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Half lost on my firmness gains to more glad heart,
Or violent and from forage drives

A glimmering of all sun new begun

Both harp thy discourse they march’d,

Forth my early, is not without delay;

For their soft with whirlwind; and balm.
Undoubtedly he scornful turn’d round ninefold,
Though doubled now what redounds,

And chains these a lower world devote, yet inflicted?
Till body or rare, and best things else enjoy’d in heav’n
To stand divided light at ev’n and poise their eyes,
Or nourish, lik’ning spiritual, I have thou appear. !

Henley

§1 moTepsAs UTOT MOUX TPYIOB, UTO CEPJIIE TPEJIN MHE,

U 651710 TO 0OKeCTOUEHBE CepAIla NI ABUKEHNE BIIepes,

Ho connIte cHOBa 03apuJjIo HAC,

1 apda BHOBE TBOA 3aroBopumIIa,

Bnepen, kak MOKHO paHbIlle U 6€3 IPOMeAJIeHb;

ToT yparaH AJs HUX CTAJ MATOK, KaK 60aib3aM.

OH TeHb COMHEHUS OTBEPT U 00BUJICA BOKPYT C HACMEIIKOM AeBATH pas,
Hamnepexop TomMy, 4TO ABaKAbI OTPA3UJIOCh 9XOM,

U nenu 5TM yXOAMIY K IPEUCTIOHEN, Pa3Be He YIKACHO?
ITokyzma Tesi0 AUBHOE UCIBITHIBAJIO PANICKIE yCaa bl
CTosATh MHE, pacCeYeHHbIM CBETOM, U B3TJISIIOM BOCIAPUTD,

Wb BCKOPMJIEHHBIH, TTOAOOHO AyXaM, s MMOABUJICA Ipel TOOO0.

Henley

1 9ra crpoda Hanucana nporpammoit Henley Ha ocrose mosmsl [[sxona MuibroHa

«ITorepsauHbIN paii». MoskeTe IONBITATHCA HAUTU TYT CMBICJ, HO JIyUIlle 3arjsd-
HuTe B r1aBy 8. — Ilpum. nepes.






NMpepuncnosue

IMens maHHOM KHUTHU — OBICTPO ¥ OCHOBATEJIBHO HAYUYUTH Bac sI3bIKY Common
Lisp. Kuura coctoutT us AByX yacTeii: B IIePBOI YaCTH HA MHOKECTBe IIpuMe-
POB O0BACHAIOTCA OCHOBHBIE KOHIIENIUY ITporpaMMupoBaHus Ha Common
Lisp, BTOpas yacTs — 9T0 coBpeMeHHOe onucanmue crangapra ANSI Common
Lisp, comep:kaiiiee Kak bl OIEPATOP SA3BIKA.

Ayautopua

Kuura «ANSI Common Lisp» npegHasHaueHa Kak IJId CTYAeHTOB, N3yUaio-
IIUX 9TOT ABBIK, TAK U JJIA TPO(EeCCUOHAIbHBIX IporpaMmucToB. Ee urenue
He TpeOyeT npeaBapuTeIbHOro 3HaHUA JIucma. OIbIT HallMCAHUA IPOTrPaMM
Ha APYruX s3bIKax ObLI ObI, 0e3yCJIOBHO, II0JIe3€H, HO He o0sa3aresieH. Ilose-
CTBOBaHNE HAUMHAETCA C OCHOBHBIX IMOHATHUI, YTO MO3BOJSAET YAEJIUTH 0CO-
00e BHUMaHNEe MOMEHTaM, KOTOpble OOBIYHO IIPUBOIAT B 3aMEIIIaTeJIbCTBO
UeJI0BeKa, BIIEpBbIe 3HaKOMAlerocs ¢ Jiucmom.

ITa KHUTA MOYKET MCIO0JIb30BaThCA B KauecTBe yueOHOro mocobusd mo Jlucmy
WU KAK 4YacTh KyPCOB, IOCBSIIEHHBIX NCKYCCTBEHHOMY WHTEJIJIEKTY WJIN
Teopuu SBLIKOB IporpaMmupoBaHus. IIpodeccronanbHble PaspabOTUYNKY,
JKeJarolue n3yuYuTh JINCH, oIleHAT IIPOCTOMH, IpaKkTuyecKuii mogxoma. Te, KTo
yoKe 3HAKOM C sI3bIKOM, HAWIyT B KHUTE MHOKECTBO IIOJIE3HBIX IIPHUMEPOB
U OIIEHAT ee KaK ynoOHbIl cupaBouHuK 1o craugapty ANSI Common Lisp.

Kak nonb3oBaTbCs KHUIOWN

JIyumuii cmocob BeIyUUTh JIMCI — MCIIOIB30BaTh ero. Kpome Toro, HaMHOTO
WHTepecHee N3y4aTh A3bIK B IIPoIecce HannucaHusa nporpamm. KHura ycrpoe-
HA TaK, 4TOOBI YUTATEJIb CMOT HAYaTh JeJIaTh 9TO KAK MOKHO paubIie. [Tocie
HeOOJIBIIIOI0 BBeJEHUA B IviaBe 2 00bsCHSETCA BCe, UTO IMOHAJAOOUTCA MJIsI
cos3naHusa nepBeIxX JImcn-mporpamMm. B riraBax 3—9 paccmaTpuBaioTCs KJIIO-
yeBbIe 9JIEMEHTHI ITporpaMMupoBanusd Ha Jlucme. Ocoboe BHUMaHUE yAeJIs-
eTcs TAKUM IIOHATHUSAM, KaK POJb yKasareJeii B JIucne, nCIob30BaHUE pe-
KYPCUHU U 3HAUNMOCTD (PYHKITNI KaK MOJTHOIIEHHBIX 00HEKTOB SI3hIKA.

Cienyroimye MaTepraJsIbl IpegHa3HAUEHb! JIA YuTaTe e, KOTOPhIe XOTAT 00-
Jiee OCHOBATEJIFHO Pa3o0dparbesa ¢ TEXHUKOM mporpaMMUpoOBaHusa Ha Jlucre.
T'naBer 10—14 oxBaTeiBatoT Makpochkl, CLOS (o6bexTHas cucrema Common
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Kon

Lisp), onepaiuu co COuCKaMu, ONITUMU3AINI0, a TAKsKe 0oJiee CJI0KHBIe Te-
MbI, TaKle KaK HMaKeTbl U MaKpochkl uTeHus. [y1aBel 15—17 mogBogAT uTOT
OpeAbIAYIIUX TJIaB Ha TPeX IpuMepax pealbHbIX IPUI0MKEHN: ITporpaMmma
I co3naHud jornueckux narepdeiicos, HTML-reHepaTop u BCTPOEHHBIHN
00'BEKTHO-OPUEHTUPOBAHHBIN A3BIK IPOTPAMMUPOBAHUA.

ITocienHsis yacTh KHUTY COCTOUT M3 UeThIPeX MPUJIOKEHUN, KOTOPhIE OyayT
moJIe3HbI BceM uuTareasaM. [IpunoskeHusa A—D BKIOUYAIOT PYKOBOJCTBO IO
oTJIafKe, UCXOAHbIe KOIbI JJid 58 0llepaTopoB sI3bIKAa, ONMMCAHNIEe OCHOBHBIX
oruunit ANSI Common Lisp or mpeasiayIinx Bepcuii A3bIKa° U CIIPaBOY-
HUK 10 Kaxkgomy onepatopy B ANSI Common Lisp.

Kuwura 3aBepiraerTcad KOMMEHTAPpUAMM, COmEPKaIllMMHN IIOACHEHUA, CCBLI-
KU, I[OHOHHHTQHBHBIﬁ KOO 1 IIpoYre OTCTYILJIEHUA. Hannune KOMMEHTapud
IIoMedaeTCsa B OCHOBHOM TEKCTe MAaJIEHbKHM KPYHOUKOM: °.

Hecmotps ma To uto kHura nocssmiera ANSI Common Lisp, mo Heit MOKHO
u3yyars Jito0yio pasHoBugHOCT, Common Lisp. IIpumepsi, 1eMOHCTPUPYIO-
II¥e HOBbIe BOBMOKHOCTH, OOBIYHO COIIPOBOYKIAIOTCSA KOMMEHTAPUAMH, 10~
ACHAIOIIUMY, KaK OHM MOT'YT OBITH aJaIITUPOBAHEI K 00JIee DPAHHUM peaJIn-
3aIuAM.

Bech Ko M3 KHUIM, CCHIIIKYU HA CBOOOAHBIN COPT, NUCTOPUYECKUE JOKYMEH-
THI, YACTO 3aJaBaeMble BOIIPOCKHI M MHOMKECTBO IPYTI'UX PECYPCOB JOCTYIIHEI
o ajpecy:

http://www.eecs.harvard.edu/onlisp/

AHOHUMHBIH JOCTYH K KOAY MOKHO IOJIYYUTH 110 ftp:

ftp://ftp.eecs.harvard.edu:/pubjonlisp/

Bompocs! 1 KOMMeHTapuu IpuckLiaiite Ha pg@eecs.harvard.edu.

«On Lisp»

B a0l KHUTe A mocTapaJicA IOKa3aTh YHUKAJIbHEIE 0COOEHHOCTU, KOTOPhIE
BBIEJIAIOT JIMcn 13 MHOKEeCTBa A3BIKOB IIPOrPAMMUPOBAHNUA, 4 TAKIKe IIpe-
JIOCTaBJIIEMbIe UM HOBBIE BO3MOKHOCTHU. Hampumep, MaKpOChl — OHU ITI03BO-
JIAIOT PaspaboTUMKy HUCATh IIPOTrPaMMBbI, KOTOPBIE OYAYT IUCATHL APYTHE
nporpaMMbl. JIucn — efMHCTBEHHBIN A3BIK, KOTOPHIN IIO3BOJISET C JIET'KO-
CTBIO OCYIIECTBJIATD 9TO, IOTOMY UTO TOJHKO OH IIPeAJiaraeT HeoOXOAUMbIe
IJs 9Toro abcrpakmuu. YurareasaM, KOTOPLIM MHTEPECHO Y3HATh 0OJIbIIIe
0 MaKpocax U IPYTIUX MHTEPECHBIX BOBMOKHOCTSIX SI3bIKA, S IIPeJiarao 1mo-
3HAKOMUTLCA ¢ KHUroi «On Lisp»!, KoTopasa ABIseTCA IIPOLOLKEHNeM JaH-
HOTO U3JaHUA.

' Paul Graham «On Lisp», Prentice Hall, 1993. — IIpum. nepes.
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bnaropapHocTtun

W3 Bcex apyseii, yuacTBOBABIIINX B paboTe HaJ KHUTOI, HANOOJIBITYIO OJa-
TOIAapPHOCTS s BhIpaskaio Po6epTy Moppucy, KOTOPBI HA IPOTAKEHUH BCETO
BPEMEHU IIOMOTaJl COBEPIIIEHCTBOBATh 9TO u3gaHue. HeKoTopble IpuMepHI,
Braouasg Henley (ctp. 149) u conmocrasiaernue ¢ o6pasiiom (CTp. 254), B3sITHI U3
HAIIMCAHHOTO UM KO/a.

51 66171 cuacTIMB paboTaTh C IEPBOKJIACCHOM KOMAH/IOH TEXHUUECKUX PEIeH-
3enToB: Ckonom Bpurranom (Skona Brittain), [{:xonom Poxepapo (John Fo-
deraro), Hukom Jlesurom (Nick Levine), [Turepom Hopsurom (Peter Norvig)
u Hsiieom Typenru (Dave Touretzky). Bpsan iz maiimercss xoTst ObI omHA
CTPaHUIA, K YIYUIIIeHUIO KOTOPOM OHY He MPUJIOKUIN PYyKY. [[:KoH Poze-
papo mazke meperucas 4acTh Kojaa K pasaeay 5.7.

Hartucs Jiroau, KOTOPhIE COMVIACUINCH IPOUYUTATh PYKOIIUCH IEJIUKOM HJIN
yacTu4uHO, BKJIouasd Kema Aunepcona (Ken Anderson), Toma Yurama (Tom
Cheatham), Puuapna ®@eiitmana (Richard Fateman), CtuBa Xaitua (Steve
Hain), Bappu Maprosuua (Barry Margolin), Yoazgo ITauexo (Waldo Pache-
co), Bunepa Pymiaa (Wheeler Ruml) u Crioapra Paccesa (Stuart Russel).
Ken Angepcon u Bunep Pymi cesiaim MHOYKECTBO IOJIE3HBIX 3aMEeUaHU.

s 6aromapen mpodeccopy Hutamy u 'apBapay B I1eJI0M 3a IIpeOCTaBIeHTE
HeoOXOAUMBIX JAJIA HAaIWCAHUA KHUTH BO3MOsKHOcTeil. Tak:ke Giaromapio
corpynHuKOB Jaboparopuu Aiiken: Touu Xaprmana (Tony Hartman), Ieii-
Ba Maswuepca (Dave Mazieres), Aunymia [xxyay (Janusz Juda), l'appu Boxme-
pa (Harry Bochner) u I;xoaunny Kauc (Joanna Klys).

f pan, uTo y MeHs CHOBA IIOABUJIACH BOSMOKHOCTD IOPA0OTATh C COTPYIHU-
kamu Prentice Hall: Ananom Anrtom (Alan Apt), Mouoit ITomnuau (Mona
Pompili), IITupau MaxT'up (Shirley McGuire) u Illupau Maiikiac (Shirley
Michaels). O610:KKa KHUTH BBIMIOJIHEHA IPEBOCXOAHBIM MacTepoM [[KuHO
JIu (Gino Lee) us Bow & Arrow Press, KomGpux.

Ira KHUTA ObLIa HabpaHa ¢ momotso KITEX, a3p1ka, codgarnHoro Jlecau Jlam-
noprom (Leslie Lamport) mosepx TEX’a Houaapma Kuyra (Donald Knuth),
C HCIIOJB30BAaHUEM [OIMOJHUTEJIbHBIX MAaKpocoB aBTopcTBa JI.A.Kappa
(L.A. Carr), Bana fAko6cona (Van Jacobson) u I'as Ctuna (Guy Steele). Yep-
TesKU OBLIM BBIMOJHEHBI C IIOMOIIIbI0 IporpamMmbl Idraw, cosmamuoit I[:xo-
oM Bamccugcom (John Vlissids) m Crorrom CramTonom (Skott Stanton).
IIpenmpocMoTp Bceii KHUTH OBLI CAOeJiaH C IIOMOIbI0 ImporpamMmbl Ghost-
view, Hanmucauuoii Tumom Teiizemom (Tim Theisen) Ha ocHoBe mHTEpIIPETA-
Topa Ghostscript, cosmarnoro JI. [Tutepom [oituem (L. Peter Deutch).

S monmken nmobsaromapuTh U MHOTUX Apyrux jgiogei: 'eapu Betikepa (Henry
Baker), Kuma Bapperra (Kim Barrett), Murpug Baccer (Ingrid Basset),
Tpesopa Biekpenna (Trevor Blackwell), ITosra Bekkepa (Paul Becker), I'ap-
pu Bucou (Gary Bisbee), @®panka [[ymmauna (Frank Dueschmann), ®@pan-
cuca [ukau (Frances Dickey), Puua u Cxorra lpeiieca (Rich and Scott
Draves), Bunna Ha6ak (Bill Dubuque), dsua ®@pugmana (Dan Friedman),
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Moxennu I'pam (Jenny Graham), 9nnuc Xaprau (Alice Hartley), HsBuga
Xenpiaepa (David Hendler), Maiika Xpronerra (Mike Hewlett), I'mernna Xou-
aosora (Glenn Hollowat), Bpsga Kapma (Brad Karp), Couio Kunu (Sonya
Keene), Pocca Hatitc (Ross Knights), Murcymu Komypo (Mutsumi Komu-
ro), Credu Kyrsua (Steffi Kutzia), [Iseuna Kysuuka (David Kuznick), Ma-
1ou Jlopx (Madi Lord), Hxyauio Masrosu (Julie Mallozzi), ITona MakHamu
(Paul McNamee), [IpiiBa Myma (Dave Moon), 'oBapga Munausurca (Howard
Mullings), Mapka Hurtoepra (Mark Nitzberg), Heucu ITapmer (Nancy Par-
met) u ee cembro, Pobepra Ileuru (Robert Penny), Matika Ilayua (Mike
Plusch), Illepun Csxc (Cheryl Sacks), Xeitzama Ceitena (Hazem Sayed),
IIlenmona Cmatipeca (Shannon Spires), Jloy Illteiin6epra (Lou Steinberg),
ITona Crommapaa (Paul Stoddard), [I:xoua Croyua (John Stone), I'ass Ctuna
(Guy Steele), Ctua Ctpaccmana (Steve Strassmann), [[:xuma Beiiua (Jim
Veitch), IpiiBa Yorkuuca (Dave Watkins), Aiigena u [[sxynuanny BeGep
(Idelle and Julian Weber), Beiikepcos (the Weickers), IIsiia Hocta (Dave
Yost) u Anana FOanu (Alan Yuille).

Ho 6oub11te Becero s 6yiaromapeH MOUM POJUTENAM U [[JKeKKH.

Houanbn KHyT Ha3BaJj CBOIO M3BECTHYIO cepUIo KHUT «VcKyccTBO mporpam-
MUPOBaHUA». B mpounTanHoil uM THIOPUHTOBCKOH JIEKIIUN OH OO0BSACHUII,
9TO 9TO HasBaHUe ObIJI0 BEIOPAHO He CIyYalHO, TAK KaK B IPOIPaMMMPOBa-
HUe ero IIPMBeJia KaK Pas «BOSMOXKHOCTD IIHCATh KPACUBBIE IIPOTPAMMBI».

Tak ’Ke Kak U apXUTEeKTypa, IporpaMMUpPOBaHue coueTaeT B cebe UCKYCCT-
BO 1 HayKy. [IporpaMmma cosjaeTcsi Ha OCHOBE MaTeMaTUYeCKUX [IPUHITUIIOB,
TaK jKe KaK 3[jJaHue JeP/KUTCA coriacHo 3akoHam dusuku. Ho sagaua apxu-
TeKTopa He IIPOCTO IIOCTPOUTH 3[jaHue, KOTOpoe He paspyinurcda. [loutu Bce-
IIa OH CTPEMUTCS CO3/aTh HEUTO IIPEKPACHOeE.

Kax u Jonansg KHYT, MHOTME TPOrPaMMUCTBI UyBCTBYIOT, YTO TAKOBA ¥C-
TUHHAA [eJIb IporpaMMupoBanus. Tak cuuTaioT mouTu Bee JIncu-xaKepsl.
CaMy CyTh JIUCI-XaKepCTBa MOYKHO BBIPA3UTh AByMsA (pasamu. IIporpam-
MUPOBaHUE AOJIKHO JOCTABJIATH PAJOCTh. IIporpaMMbl HOJKHBI OBITH Kpa-
cuBbIiMU. TaKOBBI UJieN, KOTOPHIE d IIOCTapaJiCsA IPOHECTH Yepes BCIO KHUTY.

ITon I'pam



I'Ipep,vlcnosme K PYCCKOMY U3aaHUIO

Kuura, mepeBos KOTOpPOIi BBl JepP:KUTe B PyKax, Obliaa usgana B 1996 rony,
a HaITMCaHa 1 TOTro paHbIlle. K MOMEHTY MOoATOTOBKY IIepeBOoa IIPOIILIo 15 j1eT.
151 TaKO¥ CTPEeMUTENHLHO PA3BUBAIOIIEHCS OTPACIH, KAK IPOrpaMMUPOBA-
HUe, 9TO OTPOMHBIH CPOK, 38 KOTOPBIH U3MEHUJIU 00JIUK He TOJIbKO ITapaur-
MBI 1 I3BIKU IIPOTPAMMUPOBAHISA, HO I CAMa BbIUMCIUTENIbHAST TEXHUKA.

Hecmotrpa Ha 5T0, faHHAA KHUTA U HA HACTOANIMIT MOMEHT IIPEJCTaBJISAET
OOJIBIITYIO MPAKTUYECKYIO IIeHHOCTh. OHA COOTBETCTBYET CTAHAAPTY A3BIKA,
KOTOPBIA HE MEHAJCA C MOMEHTa ee HANWCAHUA U, IOXO0XKe, He OygeT me-
HATHCA B TeUEHUE OITYTUMOTO BpeMeHu. KpoMe TOro, B KHUTE OMMCAHBI MO-
eI M MEeTOAbI, IPUIIeIIe B IPOrpaMMupoBaHue 3 Jlucna u B Toi uan
WHOM Mepe aKTyaJIbHble B COBDEMEHHOM IIPOTPAaMMUPOBAHUH.

ABTOp He pa3 yIIOMUHAET O TOM, 4TO JIucI, HecCMOTPA Ha ero JOJTYI0 UCTO-
puio, He TepseT akTyaJabHOCTU. Termepsb, KOTIa ¢ MOMEHTA U3AaHUA OPUTHHA-
Jla KHUTH IpoIio 15 jeT, a ¢ MOMeHTa co3JaHus a3biKa Jluci 6oJee moury-
BeKa, MbI OTUET/INBO BUAUM MOATBEP K IEHIE CJIOB aBTOPAa, Ha0JII0AAasI IIOCTO-
SAHHBIA POCT MHTEPECca K SI3BIKY.

Tem HE MeHee HEKOTOPbI€e MOMEHTBI B KHUI'€ ABJAIOTCA CJIEerKa yCTapeBIIIN-
MU 1 Tpe6y10T JAOIIOJTHUTEJIBHBIX KOMMEHTapueB.

B uncie yaukaabHbIX ocobenHocteir Jlucma I'psM BbIgeasgeT MHTEPaKTUB-
HOCTB, aBTOMAaTUYECKOe YIIPABJEHNe IaMATHI0, TNHAMUYECKYIO TUIIN3AI[UI0
u 3aMbIKaHusda. Ha MOMeHT HamucaHusa KHUTY JIMCII KOHKYPHUPOBAJ C TAaKU-
mu A3bIikamu, Kak C, C++, ITackanb, @opTpaH (Ha IPOTAKEHUU KHUTYU aBTOP
cpaBHUBaeT JIucn MMEHHO ¢ HUMU). ITU I3LIKU «CTAPOIl 3aKAJKU» TeHCTBU-
TeJILHO IIPECTABJIAIOT IIOJHYIO IIPOTUBOIOJIOKHOCTE Jlucmy. Ha HacToammit
MOMEHT pa3paboTaHo MHOKECTBO A3BIKOB, B KOTOPBIX B TOM MJIM MHOM CTe-
eHU 3aMMCTBOBAHBI mpeumyIiiecTBa Jlucna. Takum, HampuMep, ABISETCA
Perl, koTopbIii BEITECHsSIETCA O0JIee TPOABUHYTHIM s3bIKOM Python, a mocsen-
HUH, HECMOTPSA HAa MOMYJIAPHOCTD, CAM MCIIBITHIBAET KOHKYPEHITHIO CO CTO-
pousI s3bika Ruby, nsBecTHOro Kak «JINCII ¢ YeJI0BEUECKUM CHHTAKCHUCOM».
Taxkue aA3bIKU O1arogapsa TMOKOCTH OBICTPO HAXOAAT CBOIO HUIITY, OCTABASCH
IIPY 5TOM CpeAcTBaMU 00Iero HasHauenusd. Tax, Perl mpouno 3aHsaa HAITY
CKpUIITOBOTO A3bIKa B Unix-momob6HbBIX cucTemMax. OTHAKO MeXaHU3M MaKpo-
COB, JIe;KaIluii B ocHoBe JIucmna, moKa He ObLTT 3aMMCTBOBAH HU OJHUM U3 S3bI-
KOB, TaK KakK IIPOYHO CBSB3AH C ero cuHTakcucom. Kpome Toro, JIuca Beiroa-
HO OTJIMUAETCS OT CBOUX <«IIOCJiemoBaTesei». Coriacurechb, NCKYCCTBEHHOE
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mobaByieHNE BO3MOYKHOCTEIl B S3BIK C YJKe CYIIEeCTBYIOIIell CTPYKTYpPoi
¥ UJE0JIOTHeN CYIIeCTBEHHO OTJINYAETCA OT CAyUasi, KOTJa I3bIK N3HAYA b~
HO pa3pabaThIBajICA C YUETOM JaHHBIX BO3MOYKHOCTEM.

BpeMs KOCHYJIOCH TaKsKe U psAga UAed U MoJesell, YIOMAHYTHIX B JaHHOI
KHure. HeCKOJIbKO CTPAHHBIMY MOT'YT IIOKA3aThCs BOCTOPKEHHbBIE YIIOMUHA-
HHUA 00 00bEeKTHO-OPHEHTUPOBAHHOM IIporpaMMUpoBaHuu. IIpoIirio Hemaao
Bpemenu, u cerogusa OOII y:xe 60JbIlie He BbI3bIBAET IMOAOOHBIN BOCTOPT.

Muoroe nsmeHnusocs u B Mmupe peasusamnuit Common Lisp. ABTop cosHa-
TeJILHO He YIIOMUHAET Ha3BaHUA Pean3aluii, TaK KaK UX )KU3HEHHBIN CPDOK
He onpezesieH. MHOTUX peasm3anuii A3bIKa yiKe HeT B JKUBBIX, HO HA UX Me-
CTO IIPUIILIN HOBble. He0O0XOAMMO OTMETUTD, UTO celiuac mMeeTcs Pl Oe-
cramux peanusanuit Common Lisp, Kak KoMMepUYeCKuX, TaK U CBOOOTHBIX.
CraHgapT A3bIKA JaeT paspadoTunKaM JOBOJBHO MHOI'O CBOOOIBI JefiCTBUIA,
¥ BBIIIYCKaeMble UM peaiM3alUy KaK BHEITHe, TaK U BHYTPeHHE MOTYT
CHJIBHO OTINYAThCA APYT OT Apyra. [leTanau peanmsanuii Bac MOT'yT He BOJIHO-
BaTh, a BOT Pa3JMuusA B UX IIOBEJeHMM MOTYT CMyIaTh HOBUUKOB. Korga
pedb 3aXO0AUT O B3aUMOZEHCTBHUH C II0JIb30BaTeeM (HalpuMep, 0 paboTe B OT-
JIagUnKe), aBTOP UCIOJb3yeT HEKUI YIIPOIeHHBIN YHU(DUIIUPOBAHHBIN UH-
Tepdelic, KOTOPLII OH HAa3bIBaeT «IUIIOTeTUUECKOI» peasnzanueii. Ha neie,
BaM IIPUETCA MOIKCIIEPUMEHTUPOBATH C BRIOPAHHOI peasinsaIriueii, YTo0bI
Hay4YuThC d3(P(PEKTUBHO ee MUCIOIb30BaTh. KpoMe Toro, cefiuac mMeeTcs OT-
JuYHag cpefa paspadorku Slime!, moMuMO TPOUETo CKPHIBAIOIAs PASHUILY
B IOBEIEHUY MEKIY peaIus3aluaMu.

Bceesouiog [leMmKuH

IlepeBomguuk, Ban XoxJioB, BbIpaskaer OJyiarogapaHocTh VBaHy CTPYKOBY,
Ceprero Karpesuuy u Barny UepHenkomy 3a IIpefoCcTaBJIeHUE IIEHHBIX 3a-
MeYaHU IT0 IePeBOAY OTAEJbHBIX ITJIaB KHUTH.

! NomamnHsas cTpaHUIA IpoekTa — hitp://common-lisp.net/project/slime/.



BBepeHune

I:xou MakKkapTy CO CBOMMU CTYA€HTaMU Hauaj paboTy HaJ IepBOii peasu-
sanueii JIucra B 1958 roxy. He cuurasa ®@oprpana, Jluco — aTo crapeinmii
U3 HBbIHE UCTO0JIb3YEeMbIX I36IK0B.” HO HAMHOT0 BaskHee TO, YTO JI0 CUX TI0P OH
ocraercs IarMaHOM Cpequ S3BIKOB IporpaMMupoBaHus. CrenunaincTsl,
XOPOIII0 3HAOIIUe JIUCIT, CKAaMKyT BaM, UTO B HEM €CTh HEUTO, JeJIa0IIee ero
0COOEHHBIM II0 CPaBHEHUIO C OCTAJIbHBIMU A3bIKaAMM.

OruacTu ero OTANYaeT N3HAYAIBHO 3aJI0KEHHAA BOSMOMKHOCTD PA3BUBATh-
cd. JIucn mo3BoJIsieT IPOrPaMMUCTY OIIPEHeJIATh HOBLIE OIIEPATOPEI, 1 €CJIN
TOABATCA HOBBIE a0CTPAKIINU, KOTOPhIe TPUOOPETYT HONYIAPHOCTE (HATIPU-
Mep, 00'bEKTHO-OPUEHTUPOBAHHOE IPOIrPAMMUPOBAHME), UX BCETHA MOYKHO
Oymet peanusoBaTh B JIucme. smenascsh kak JIHK, Takoit A3bIK HUKOTIA He
BBIAIET 13 MOJbI.

1.1. HoBble UHCTPYMEHTbI

3auem usyuarh Jlucn? IloToMy UTO OH IIO3BOJISET AEJIaTh TO, YETO HE MOTYT
Ipyrue A3bIKKM. ECiM BB 3aXOTHUTE HAIMCATH (PYHKINIO, CKJIAALIBAIOIYIO
BCe UICJIa, MEHBIINE 71, OHA OyZeT OUeHb I0X0Ka Ha aHAJOIMUYHYI0 (PYyHK-
nuio B C:

; Lisp /* C x/
(defun sum (n) int sum(int n){
(let ((s 0)) inti, s =0;
(dotimes (i n s) for(i = 0; 1 < n; i++)
(incf s 1)))) S += 1;
return(s);

}

Eciu BBI XOTHTE JeJiaTb HECJIOMKHBIE BEII THUIIa Z-)TOﬁ, B CyIIHOCTHU, HE NME-
€T 3HaueHuHd, KaKOU A3BIK MCIOJIb30BATh. Hpe,I[HOJIOHCI/IM, 4YTO Tellepb MBbI
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XOTUM HamucaTh GYHKIMIO, KOTOpas NPUHUMAeT YMCJO 71 ¥ BO3BpalllaeT
(byHKIIMI0, KOTOpas H00ABJSAET 11 K CBOEMY apryMeHTY:

; Lisp
(defun addn (n)
#' (lambda (x)
(+ xn)))

Kax pyurmusa addn 6ymeT BeiraAgeTh Ha C? Ee mpocTo HeBO3MOMKHO HATIU-
caTkb.

BbI, BepoATHO, COpPOCUTE, 3aUeM 5TO MOXKeT IoHamoouTbca? A3bIKU mpo-
rpaMMUPOBAHUSA yUaT BAC HE XOTETh TOr'0, YTO OHU HE MOT'YT OCYIIIECTBUTD.
Pas mporpamMmMucTy mIpUXOAUTCA AYMaTh Ha TOM S3bIKe, KOTODPBIN OH HC-
TOJIb3YET, eMYy CJI0KHO IIPEICTABUTh TO, YEro OH He MOJKeT onucaTh. Korga
s BIEPBBIE 3aHAJCA IporpaMMupoBanueM Ha Belicuke, g He oropyaJicsa OT-
CYTCTBUEM PEKYPCUHU, TaK KaK IIOIMPOCTY He 3HaJI, UTO TaKas Bellb MMeeT
mecto. S mymas Ha Beiicuke u MoTr IpeAcTaBUTh ce6e TOIbKO NTepPaTUBHbBIE
aJITOPUTMBI, TAK C UeT0 ObI MHE GBLIIO BOOOIIE 3aYMBIBATHCA O PEeKypCcumn?

Eciu BaM He HY)KHBI JIeKCUUECKe 3aMBbIKAHUA (2 MEHHO OHU OBLIU IIPOJIe-
MOHCTPHMPOBAHEI B IIPEAbIAYIIIEM IIPUMepe), IPOCTO IIPUMUTE IIOKA UTO HA Be-
Py, uTo Jlucm-mporpaMMHUCTBI UCIIOJIB3YIOT UX IMOCTOAHHO. CJIOKHO HAWTU
nporpammy Ha Jluciie, HaImMCaHHyo 6e3 MCI0Ib30BaHNA 3aMbIKaHUi. B pas-
nmese 6.7 BbI HayunTECh OJb30BATHCSI MU,

3aMBbIKaHUA — He eIMHCTBEHHBIE a0CTPAKI[UY, KOTOPLIX HET B JPYTUX A3bI-
Kax. J[Ipyroii, BOBMOKHO maske 60Jiee BaKHOM, 0COOEHHOCTBIO Jlucma aBs-
€eTCdA TO, UTO IIPOrpaMMBbl, HAIIMCAHHbBIEC HA HEM, IIPEeJCTABJAIOTCA B BIE €TI0
JKe CTPYKTYP JaHHBIX. ITO 03HAUAET, UTO BBl MOJKETE IIHMCATh IIPOrPAMMEI,
KOTOPBIE ITUIIYT IporpaMMsl. J[[efiCTBUTEIBHO JIU JIIOIU II0JIb3YIOTCA 9TUM?
I[a, 9TO M eCTh MAaKPOCHI, M OIIBITHBIE IIPOIPaMMMCTBI MCIIOJB3YIOT X Ha
KaskgoMm 1mary. Bel ysHaere, Kak co3faBaTh CBOM MaKpochI, B riiase 10.

C makpocamu, 3aMbIKAHUAMY U JUHAMUUYECKOI Tunmsaueii Jiuco mpesoc-
XOIUT 00BEKTHO-OPUEHTUPOBAHHOE IporpaMMupoBaHnue. Eciu BBl B IIOJI-
HO¥ Mepe MOHAJIU IIPeAbIAyIlee IPeIIoKeHne, TO, BEPOATHO, MOYKETe He Uu-
TaTh 5Ty KHUTY. OTO BaKHBII MOMEHT, 1 BBl HalifleTe IIOATBEeP ;KAeHIE TOMY
B Kojze K riase 17.

TnaBbl 2—13 mosTamHO BBOAAT BCE TMIOHATUS, HEOOXOAMMbIE JJIA IIOHUMAHUA
Koza riaBbl 17. Biaromapsa BammMm cTapaHUAM BbI OyZAeTe OIyIiaTh IPOo-
rpamMMupoBanme Ha C++ TaKuM Ke yAYIIAIOIIUM, KAKUM ONBITHBIN IPO-
rpamMuct C++ B ¢BOIO ouepensb omryiiaet beticuk. CoMHUTeIbHAS, HA TIEep-
BBII B3TJIAJ, Harpaga. Ho, OBITH MOXKET, BaC BIOXHOBUT OCO3HAHUE TIPUPO-
OBl 3TOr0o auckom@opTa. Belicuk mHeymobeH mo cpaBHeHuio ¢ C++, moromy
YTO ONBITHBIN mporpammucT C+-+ 3HaeT IpHeMbl, KOTOPbIE HEBO3MOKHO
ocymiecTBUTh B Belicuke. Touno Tak ke usyuenue Jlucma gact Bam 60JIbIle,
He:keJin nobaBJIeHNe elle OJJHOT0 I3bIKa B KOIIMJIKY BaIlllnX 3HaHUI. BuI Ha-
YUYHTECh PA3MBIILIATH O IIPOrpaMMaXx Io-HOBOMY, O6ojee a(pheKTHUBHO.
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1.2. HoBble Nnpuembl

Urak, Jlucn nmpegocraBiigeT TaKue MHCTPYMEHTHI, KOTOPBIX HET B APYTUX
saseikax. Ho aro errre He Bce. OThe/IbHBIE TEXHOJIOI MY, BIIEPBLIE IIOSIBUBIIIIE-
ca B Jlucre, TaKkre KaK aBTOMaTHUUECKOe yIIPaBJIEHNe ITaMsIThbI0, JUHAMUYE-
CKas TUIIMU3AIIUS, 3aMbIKAHUSA U JPYTUe, 3HAUNTEIbHO YIIPOIIAI0T IPOrpaM-
MuUpoBaHue. BasiTble BMecTe, OHU CO3JAI0T KPUTUYECKYI0O Maccy, KoTopas
POJKAaeT HOBBII MOAXOMA K IPOrpaMMUPOBAHUIO.

JIvcn m3HauaIbHO T'MOOK — OH ITO3BOJIAET CAMOCTOATEIBLHO 3a1aBaTh HOBBIE
OIIepaTOPHI. ITO BOBMOIKHO CIIeJIaTh, TIOTOMY YTO caM JIMCIT COCTOUT M3 TAKUX
JKe QYHKITHI 1 MaKpPOCOB, KaK 1 BaIlllu COOCTBEHHBIE TporpaMMbl. [loaTomy
pacIIuPUTL BOSMOMKHOCTHY JIMCIIa HUYYTh He CJIOMKHee, YeM HAIIKNCATh CBOIO
nporpammy. Ha zmese aTo Tak mpocTo (U I0JIE3HO), UTO PacCIIMpPeHre A3bIKa
cTaJio OOBIUHOM MpaKTUKOI. [losyuaercsa, 4To Bbl HE TOJBKO ITHUIIIETE IPO-
rpaMMy B COOTBETCTBUHU C SA3LIKOM, HO U JOIOJIHSETe A3bIK B COOTBETCTBUU
C HYKJIaMU IPOrPaMMbI. OTOT IIOAXO0/ HA3kIBaeTCA CHU3Y-88epx (bottom-up).

IIpakTuecku 0b6asa mporpamMMa O0yaeT BEHIUTPHIBATD, €CJIN NCIOJIb3YeMbIi
SABBIK 3aTOYEH IIOJ Hee, U UeM CJIO}KHEee IIPorpaMMa, TeM OOJIBIITYI0 3HAUU-
MOCTBb UMeeT ITOAXO]] «CHU3Yy-BBepX». B TaKoll mporpamMme MOKeT ObITh He-
CKOJIBKO CJIOEB, KAKIbI N3 KOTOPBIX CIYIKUT YEM-TO BPOE SI3bIKA IJISI OIIU-
CcaHUA BBIMIEaeKaInero cjaos. OqQHOM M3 MepPBBIX IMPOrpaMM, HAIWCAHHBIX
TakuM obpaszom, 01 TEX. Bel mMeeTe BOBMOMKHOCTH IIHCATH IPOrPAMMBI
CHU3Y-BBepX Ha Ji000M s3bIKe, HO Ha JIucme aTo JejaTh IpoIiie BCero.

Hanwucanuble CHU3Y-BBEPX IPOTrPaMMbI JIETKO paciiupsaeMbl. II0CKOIBKY
uges pacIInpsaeMOCTH JIEKUT B OCHOBe Jlucma, 3To naAea bHbBIN A3bIK AJId Ha-
MUCAHUA PACIITNPAEMBIX TPOrpaMM. B KauecTBe mpuMepa IprUBeay TPH IPo-
rpaMMbl, HanucauHble B 80-X rogax 1 MCIOJIbL30BABIIINE BO3MOXKHOCTE pac-
mupenusd JIucrma: GNU Emacs, Autocad u Interleaf.

Kpome Toro, Koj, HamrCaHHBIN JaHHBIM METOIOM, JIETKO UCII0JIb30BATh MHO-
rokpatrHo. CyTh HaIMCAHUSA IIOBTOPHO MCIIOJIbB3YEMOTr'0 KoJa 3aKJII0UaeTcs
B OTZIEJIEHUH OOIIIET0 OT YACTHOTO, a 3Ta Ued JIEXKUT B CAMOM OCHOBE METO/1a.
BwmecTo TOTO UTOGHI IpUIATATH CYIIECTBEHHbIE YCUJINA K CO3LaHUIO MOHO-
JIUTHOT'O MPUJIOKEHUS, TTOJIE3HO IMTOTPATUTD YaCTh BPeMEHU Ha IMOCTPOeHUe
CBOET0 A3bIKA, ITI0BEPX KOTOPOTO 3aTE€M PeaIM30BLIBATH CAMO IIPUJIOKEHUE.
ITpuno:kenue 6yaeT HAXOAUTHCSI HA BEPIIUHE TUPAMUILI A3BIKOBBIX CJIOEB
u OyzeT mMeTh HamboJiee CIeruPuIHOe IPUMEHEHNE, a CAMU CJIOM MOXKHO
OyzeT IpucIocOOUTh K MOBTOPHOMY MCIIOJIL30BaHUIO. [lefCTBUTEIBHO, UTO
MOJKeT ObITH 60JIee IPUTOAHBIM AJII MHOTOKPATHOI'O IPUMEHEeHU S, YeM S3bIK
IPOrpaMMUPOBAHUA?

JIrcn 1o3BoJIseT He MPOCTO CO37aBaTh 00Jiee YTOHUEHHBIE IIPUJIOYKEHUA, HO
u nejaTh 910 ObicTpee. IIpakTrKa MOKA3bIBAET, UTO IIPOTpaMMbI Ha Jlucme
BHITVIAZAT KOpPOoUe, UeM aHAJIOTU Ha APYTUX A3bIKax. Kak morkasas @peze-
puk BpyKc, BpeMeHHBIe 3aTpaThl Ha HAIUCAHNE IPOTPaAMMBbI 3aBUCAT B IIep-
BYIO ouepenb oT ee AauHBL." B caydae JIucma aTot apderT ycuamBaeTcsa ero
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AHaAMWYEeCKHUM XapaKTepoM, 3a CueT KOTOPOI'o COKpaniaeTCda BpeMa MeK Iy
pegaxKTupoOBaHUEM, KOMHI/IJIHLII/Ieﬁ 1 TeCTUPOBaHUEM.

Morrabie abCcTpaKIuy U THTEPAKTUBHOCTD BHOCAT KOPPEKTUBHI U B TPUHITUT
paspaboTku mpuio:kenuii. CyTh Jlucma MOKHO BBIPA3UTh OAHOI (ppasoit —
ovi.cmpoe npomomunuposarue. Ha Jlucme ropasno ynobHee 1 GbIcTpee HAIU-
caTh IIPOTOTHII, YeM COCTABJIATH cuertudurauo. Bosee Toro, mpoToTum Ciry-
JKUT IIPOBEPKOM MPEAIIOJIOKeHNA, aBasgeTcs 1 3G (eKTUBHLIM BbIOPDaHHBINA
MEeTO/I, a TaKsKe ropaszo 0JIMKe K TOTOBOU ImporpaMMe, 4eM crertuuKaIs.

Ecuau BoI errfe He 3HaeTe JIUCI JOCTATOYHO XOPOIIIO, TO 9TO BBEIeHUE MOKET
moKasaThbCcsad HAaOOPOM I'DOMKHUX UM, BOBMOXKHO, O€CCMBICJIEHHBIX YTBEPKIe-
Huii. IIpeB3oiiTu 00HEKTHO-OPMEHTUPOBaHHOE mporpamvupoBanme? Ilox-
CTpamBaTh SIBBIK MO CBOM mporpaMMbI? IIporpamMmmMupoBaTh Ha Jlucie B pe-
abHOM BpeMeHu? UTo 03HAUAIOT BCe 9THU yTBep:KaeHusa? [0 Tex mop IoKa BbI
He ITI03HAKOMUTECH ¢ JIMCIIom mo0JIi:Ke, BCe 9THU CJIOBA OyAyT 3ByUaTh JJIsI Bac
HECKOJIbKO ITPOTUBOECTECTBEHHO, OJHAKO C OIIBITOM IPUJET U IIOHUMAaHUe.

1.3. HoBbIn Nnoaxon,

OpHa 13 1eJieii 3TOM KHUTH — He IPOCTO 00 bACHUTD JINCII, HO U ITPOIEeMOHCT-
pUpOBaTh HOBBLIM MOAXOMA K MPOTPaMMUPOBAHUIO, KOTOPBIN CTAJ BO3MOKEH
6Jsiarogaps sTomy a3bIKy. Iogxom, KOTOPRII BEI uallle OyaeTe BUIETHL B Oyay-
mieM. C pocTOM MOIITHOCTH CPe/ Pa3spaboTKU 1 yBeJInueHneM a0CTPaKTHOCTI
SA3BIKOB CTIJIb IPOrPaMMUPOBAHNA Ha JIMCIe IOCTEIIeHHO 3aMEHIEeT CTAPY IO
MOJieJIb, B KOTOPOH pean3aliuy IPeaIIeCTBOBAJIO IPOEKTHPOBAHIE.

CorutacHo 9T0# Moesiu 6aru BoOOIIe He AOJKHBI MOABJIATbCA. [Iporpamma,
co3aHHas 10 CTapaTeJbHO paspaboTaHHBIM 3apaHee CHeIuPUKAIUAM, pa-
6oraer oTimuHO. B Teopuu 3ByunT Hemsoxo. K coskasnenuio, atu crerudu-
Kaluu paspadaThIBAIOTCS U PeAN3YIOTCS JIIOABMY, a JI0U He 3aCTPaxoBa-
HBI OT OIMMOOK M KaKux-1ubo ymyiieauii. Kpome Toro, TaKejo yuecThb Bce
HIOAHCHI HA CTAAUU MPOEKTUPOBaHUA. B pe3ysbrare TaKoi MeTO YacTo He
cpabaTbIBaer.

PykoBogutens mpoexta OS/360 ®pemepur Bpykc OB XOPOIIO 3HAKOM
C TPAAUIIMOHHBIM OJX0I0M, & TAKIKE C er0 Pe3yJbTaTaMu:

JIro60i1 mosb3oBaTens OS/360 Bckope HaUMHAJ HOHUMATh, HACKOJIbKO JIyUIlle
MorJia ObI OBITH cucTeMa. Bojiee TOro, IPOAYKT He yCIeBaJ 3a IIPOTPEccoM,
HCIIOJIH30BAJ IAMATH OOJIBIIIE 3aIIJIaHUPOBAHHOTO, CTOMMOCTD €I'0 B HECKOJIb-
KO pas IPeBOCXOAMJIA OKUJAEMYIO, I OH He paboTas cTabuJIbHO 0 TeX IIOp,
TIOKAa He ObLIIO BBIMYINEHO HECKOJIbKO PEJIN30B.’

Tax o onuckIBaI cucremy, CTaBIIIYIO TOrga OIHOIT M3 HaunboJee YCIIEeITHBIX.

IIpo61ema B TOM, UTO TAKOM IIOAXOM HE VUMTHIBAET UeJIOBeueCcKUui (haKTop.
IIpu ucmosIb3oBaAHUY CTAPOI MOAEIU BBl OXKHUIAETe, UTO CIeIUPUKAIIUN He
comepsKaT Cepbe3HbIX OI'PEXO0B U UTO OCTAETCS JIUIIL KAKUM-TO 00pasoM OT-
TPaAHCJIUPOBATh UX B KoA. OIBIT ITOKA3bIBAET, UTO 3TO OXKUJAHIE PEIKO ObI-
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BaeT OIIpaBAaHO. I‘opasno IoJie3Hee IIpearoJiararb, 4To cruenupuranud 6Y‘
JeT peajyin3doBaHa C OUII/I6KaMI/I, a B KoJge 6y,t[8T TOJTHO 0aros.

ITO KaK pas Ta ujesi, Ha KOTOPOU IOCTPOEH HOBBIN mOoAX01. BMecTo TOro uro-
OBbI HaIesAThCs Ha 0e3yKOPUBHEHHYIO paboTy MPOrPaMMUCTOB, OHA ITLITAETCA
MHUHUMA3APOBATH CTOMMOCTD JOIIYIIIEHHBIX OIMN00K. CTOMMOCTD OMINOKY —
9TO BpeMs, He0OXOAMMOe Ha ee uclIpaBiieHrne. Biaarogaps MOIIIHBIM SA3bIKAM
¥ 9 GHEeKTUBHBIM NHCTPYMEHTaM 9TO BPeMs MOKET ObITh CYIIeCTBEHHO YMEeHb-
mrerno. Kpome Toro, paspaboTymuk 60JIbIIIE HE YAEPIKUBAETCA B PaAMKax CIe-
MUMUKAIINY, MEHbIIIe 3aBUCUT OT IIJIAHUPOBAHUA U MOMKET SKCIIEPUMEHTHU-
poBaThb.

IInamupoBaHMe — 9TO HEOOXOAMMOE 3JI0. ITO OTBET Ha PUCK: UeM OH 0O0JIbIIIE,
TeM BajKHee IJIAHWPOBAaTh Halepexn. MOIHbIE MHCTPYMEHTBI YMEHBIIAIOT
PUCK, B pe3yJjibTaTe yMEHbIIIaeTCsI U HeOOXOAMMOCTh ILIaHUpPOBaHuUsA. Jlu-
3alfH Ballleil IporpaMMbl MOKeT ObITH YJIYUIlleH Ha OCHOBAHUU MH(MOpMAa-
MUY U3, BOSMOKHO, CAMOTO IIEHHOI0 NCTOUHNKA — OIIbITA ee Pean3aliiu.

JIucm pasBuBaJica B 9ToM HanpasiaeHuu ¢ 1960 roga. Ha Jlucme BBl MoKeTe
IHCATh IPOTOTUIBI HACTOJBKO OBICTPO, UTO yCIIeeTe IPONTH HECKOJIBLKO UTE-
pamuii IPOEKTUPOBAHUSA U pPeasIM3alluy PaHbIlle, YeM 3aKOHUYMJIN ObI CO-
CTaBJATH crreniuUKAIUIO B cTapoit mogesnu. Bece ToHKOCTU peasiu3aniuu 0y-
IyT OCO3HAHBI B IIPOIECCE CO3MaHUSA IIPOrPAMMBI, IIOITOMY MIEPEKUBAHUA
0 Dbarax IIoOKa MOYKHO OTJIOKUTh B CTOPOHY. B cuiy (pyHKIIMOHAIBHOIO IIOA-
X0Za K IIPOrpaMMUPOBAHUIO MHOrMe 0aru MMEIOT JIOKAJIbHBIN XapakTep.
HexoTopsie 6aru (miepemnoiHeHus 0ydepa, BUCAIIe YKas3aTean) IIPOCTO He-
BOBMOXKHBI, & OCTAJIbHBIE IIPOIIle HAWTH, IOTOMY UTO IIPOrpaMMa CTaHOBUT-
cd Kopoue. U Korza y Bac ecTh MHTEPAKTUBHAS pa3paboTKa, MOYKHO MCIIPa-
BUTh UX MI'HOBEHHO, BMECTO TOI'0 UTOOLI IPOXOAUTEL Uepes MINHHBIA UK
PeIaKTUPOBAHNSA, KOMIMJIAIIUN 1 TECTUPOBAHUA.

Taxkoit mogxoa MOSBUJICS He IIPOCTO TaK, OH JeHCTBUTEJIBHO IIPUHOCUT pe-
syabrar. Kax ObI CTpaHHO 5TO HU 3ByYaJjo, YeM MeHbIIIe ILJIAHNPOBATh pas-
PaboTKy, TEM CTPOMHEe IIOJYUYNTCA IIporpaMmma. 3abaBHO, HO TaKasd TeHIeH-
nusa HabJIoJaeTcsAa He TOJLKO B IpOrpaMMUpOBaHuMN. B cpeaHue Bexa, 10
n300peTeHNsI MAaCJIHBIX KPACOK, XYA0KHUKHN I0JH30BAJINICH 0COOBIM MaTe-
praomM — TeMIIepoii, KOTopas He MOorjia ObITh IIepeKpallleHa NI OCBeTIeHa.
CToMMOCTh OIIMOKM OBbIJIa HACTOJBKO BEJIHKA, UTO XYAOKHUKU OOSINCH
SKCIEePUMEHTHPOBaTh. VI300peTeHrne MacaaHbIX KPACOK ITOPOAMUJIO MHOMKe-
CTBO TE€UEHUN U CTUJIel B JKUBOIMCH. Macjo «I03BOJISIeT yMaTh ABAKIBI».
ATOo JaJio pelrnawiIiee IPEeUMYIIeCTBO B paboTe CO CIOKHBIMU CIOKeTaMMU,
TaKUMU KaK uejioBeuecKas HaTypa.

Beenenue B 001MX01 MacJaSHBIX KPACOK He ITPOCTO 00JIETrYMJIO JKU3HD XYI0MK-
HuKaMm. CTau JOCTYIIHBIMU HOBbBIE, IIPOTPECCUBHbBIE uaen. SIHCOH mucaJr:

Bes macsa mokopenue GiaMaHACKUMU MacTepaMy BU3YaJIbHOI PeaJbHOCTU
ObLJIO OBI KpaliHe 3aTPYAHUTENbHBIM. C TEXHUYECKON TOUKU 3PEHUSA OHU SIB-
JIAIOTCA IPAPOJUTEIIMU COBPEMEHHOM KU BOIIMCH, IIOTOMY YTO MAacJIO CTAJIO
6a30BBIM MHCTPYMEHTOM XYI0MKHUKA C TeX II0P.’
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Kax marepmas Temniepa He MeHee KpacuBa, YeM MacJio, HO IIIUPOTa II0JieTa
daHTazUM, KOTOPYI0 00eCIIeUNBAIOT MaCJAHbIE KPACKU, ABJIAETCA PeIIaio-
muM HaKTOPOM.

B mporpamMMupoBanum HabJomaeTcsa IIoxoxkasa uiaes. HoBasa cpema — aTo
«00'bEeKTHO-OPUEHTUPOBAHHBIN JTUHAMUYECKUH A3BIK IIPOrPaMMUPOBAHI»;
roBOPS OLHUM CJIOBOM, Jluct. Ho aTo BoBce He 03HAUaeT, YTO uepe3 HeCKOJIb-
KO JIEeT BCe IPOrpaMMUCTHI ITepeliayT Ha JIuc, Beab AJIA Iepexona K Macys-
HBIM KpacKaM TO:Ke IIOTpeboBaJjoch CyIllecTBeHHOe Bpems. Kpome Toro, 1mo
Pa3HBIM COOOpaKEeHUAM TeMIIepa MCIO0Jb3yeTCs U II0 Ceil [eHb, a IIOPoil ee
KOMOMHUPYIOT ¢ MacjoM. JIuco B HACTOsIee BpeMs UCIIOJNL3YeTCsA B YHU-
BEPCUTETAX, MCCJEAOBATEILCKUX JIa00PATOPUAX, HEKOTOPHIX KOMIAHUAX,
JUAUPYIONINX B 00J1aCTU COPT-UHAYCTPpUU. A Maen, KOTOpbIe JeTJIi B OCHO-
By Jlucna (Hampumep, MHTEPAKTUBHOCTb, COOPKa Mycopa, AuHaAMUYecKasd
TUTI3AI1A), Bce OOIbITe U O0JIBITe 3aMCTBYIOTCS B TIOMYJIAPHBIX A3bIKAX.

Bousiee MoIHbIE MTHCTPYMEHTBI YOUPAIOT PUCK U3 MCCJIENOBAHUSI. ITO XOPO-
miasi HOBOCTH [JIsi IIPOIPAMMICTOB, IIOCKOJIBKY OHa O3HAUAET, YTO MOKHO
OymeT OpaThcsa 3a 0osiee aMOMIIMO3HBIE IPOEKTHI. MI300peTeHre MACAAHbBIX
KPacokK, 6e3 COMHEHU I, IMEJIO TAKOH 2Ke d(PeKT, I0ITOMY IIePUOJ CPasy Io-
cJie UX BHEAPEHUsI CTaJ 30JI0THIM BEKOM JKUBOIUCH. YK€ eCTh IPU3HAKH TO-
ro, 4TO MOAOOHOE ITPOUCXOAUT U B IIPOrPAMMUPOBAHNN.



LoOGpo noxanosatb B Jlncn

ITens oTOM TyIaBBI — HOMOYb BaM HauaTh IPOIPaAaMMUPOBATH KaK MOYKHO CKO-
pee. IIpouuTaB ee, BBl y3HaeTe JOCTATOUYHO O A3bIKe Common Lisp, 4T0OBI
HA4YaTh NIMUCATh IPOrpaMMBEI.

2.1. Popma

JIyicn — MHTEPaKTUBHBIN A3BIK, IOITOMY HAUMJIYUIIIN CITIOCO0 €70 N3y UEeHU —
B IIpoliecce McHoJb3oBaHudA. Jliobasa Jlucn-cucrema mMeeT MHTEPAKTUBHBIN
uHTepdelic, TaK Ha3bIBaeMbIH 86epXHUIL YposeHb (toplevel). IIporpamMmucT Ha-
Oupaer BbIpaskeHUA B toplevel, a crucTeMa IOKa3bIBAeT UX 3HAYECHU .

YT00BI COOOIITNUTE, UTO CHCTEMA OYKUIAET HOBbIE BhIPAKEHU I, OHA BHIBOJAUT
npuraamiesne. YacTo B KauecTBe TAKOTO MIPUIVIAIIICHNS UCIOJIb3YeTCs CIM-
BOJI >. MBI TOKe OyZIeM IT0JIb30BaThCA M.

OpuuMuy us HanboJee MIPOCTHIX BhIpaKeHUIl B JIucne ABJIAIOTC 1eJIbIe Y-
sa. Eciu BBecTH 1 mocJie IpUTIAIIeHN,

1

v = Vv

CcucCcTeMa HaledaTaeT ero SsHauyeHune, I10CJjie 4ero BeIBeJIeT ouepeagHoe IIpurjia-
IIIeHne, OKngasd HOBBIX BBIpa)HEHHﬁ.

B mamHOM ciryuae BBeleHHOE BbIPAKEHIE BBITVISIUT TAK K€, KaK U II0JIyYeH-
HOoe 3HaueHmne. TaKkue BbHIPAKEHUsI Ha3bIBAIOT CAMOBBIUMCAsIeMbIMU. ducia
(manpumep, 1) — camMOBBIUMCIsAeMble 00BEeKTHI. [laBaiiTe mocMOTpUM Ha 00-
Jiee MHTePeCHbIe BhIPAKEHUS, BEIUNCIEHNE KOTOPBIX TPeOyeT COBepPIIeHU
HEKOTOpBIX feficTBuii. Hampumep, ecii Mbl XOTUM CJIOKUTD ABa YMUCJIA, TO
HATIAIIIeM
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> (+ 2 3)
5

B BrIpaskenuu (+ 2 3) 3HaK + — 9TO onepamop, a Yucja 2 u 3 — ero apeyMenmaul.

B noBcemHeBHO »KM3HM BBI ObI HAIIMCAJIU STO BRIpaKeHue Kak 2+3, Ho B JIuc-
e MBI CHauaJia CTaBUM OIIepaTop +, CJIEJ0M 3a HUM pacliojaraeM apryMeHThI,
a Bce BBIpasKeHUe 3aKJa0uaeM B CKOOKU: (+ 2 3). TaKyio CTPYKTYPY IPUHATO
Ha3bIBaTh Npe@uKcHOill HoTaluel, TaKk Kak IepBBIM paclojaraeTcs ornepa-
Top. [ToHauasry aTOT crtocob 3amucy MOKET IOKa3aThCA JOBOJIHLHO CTPAHHBIM,
HO Ha CaMOM Jejie IMeHHO TaKOMY CII0cOo0y 3amucy BhIipaskeHuii Jlucmo obs-
3aH CBOUMU BO3MOXHOCTAMU.

HaHpHMep, €CJIN MBI XOTHUM CJIOMKHUTH TPU YHCJIa, B OOBIYHOMI (popMe 3alucmu
HaM IIPUJAETCA BOCIIOJIb30BATHCA IIJIIOCOM ABAaMKAbI:

2+3+4

B TO BpeMsd Kak B JIucme BBI Bcero Juirs o06aBisAeTe eIrle OqUH apryMeHT:
(+ 23 4)

B 00bIuHOM HOTanmuu' omeparop + MMeeT ABa apryMeHTa, OAWH Ilepel HUM

u oxuH mocie. [IpedurcHas 3anuch gaeT O0JIBIITYI0 TMOKOCTh, II03BOJIASA OIIe-
paTopy UMeTh J1000€e KOJINUECTBO apryMeHTOB UJIM BOOOIIe HU OJHOTO:

(+)

(+2)

(+234)

(+2345)

>
0
>
2
> (+ 2 3)
5
>
9
>
14

ITockosbKy y ommepaTopa MOKeT ObITH IPOU3BOJILHOE YKUCJIO APT'YMEHTOB, HY-
JKeH CII0CO0 IIOKAas3aTh, Iie HAaUMHAeTCs U 3aKaHYMBaeTCsA BeIpakenue. [[isa
9TOT0 MCIIOJIB3YIOTCS CKOOKH.

BBIpa}REHI/Iﬂ MOT'YT OBITH BJIOMKEHHBIMI:

>(/ (=7 1) (-42)
3

31ech MBI IeJIUM PA3HOCTh 7 1 1 Ha pasHoOCTb 4 u 2.

Ipyras oco6eHHOCTb MPe(UKCHOM HOTAIMK: BCe BhIpaskeHus B Jlucme — jau-
60 amomyt (Hanpumep, 1), IubO CNUCKU, COCTOAIIE U3 TPOU3BOJBHHOTO KO-
JindecTBa BeIpaxkeHuii. Ilpusesem gonycrumble JINCI-BhIPAYKEHUA:

2 (+23) (+234) (/ =71 (-42)

1 Ee TaksKe Ha3bIBAIOT UHQUKCHOUL. — [Ipum. nepes.
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B nanbueliieM Bbl yBUAUTE, UTO BECh KO B JI1ciie mMeeT TaKkoit Bul. SI3bIKu
tuna C uMeroT 0oJiee CI0KHBINA CHHTaKCHUC: apuMeTUUYeCKre BhIPaKeHU
nUMeT NHPUKCHYIO 3aMKCh, BBI3OBBI (PYHKITUI 3aMIUCHLIBAIOTCS C IIOMOIILIO
PasHOBUAHOCTU MPEPUKCHOI HOTAIIUM, UX aPT'YMEHTHI Pa3aesIaioTCA 3alsd-
TBIMU, BBIPAKEHUS OTAEIAIOTCA APYT OT APYyra C IIOMOIIbI0O TOUKHU C 3aIlsd-
TOM, a OJIOKM KOJa BBIAENAIOTCS (GUTYPHBIMU cKoOKamu. B Jlucme ke g
BBIPAKEHUA BCEX 9TUX Uel UCIOJIb3yeTCA eqUuHasa HOTAI[ .

BbiuncneHume

B npegpiayinem pasgese Mbl HabupaJiu BhIpaskeHus B toplevel, a Jlucm BbI-
BOJWJI UX 3HAUEHUsI. B 9TOM pasjgesie Mbl ITOGIMKE IIO3HAKOMUMCS C IIPOIeC-
COM BBIUHCJIEHUS BBIPAYKEHUIA.

B JIucme + — 970 QyHKIINA, a BEIpasKkeHue Bujga (+ 2 3) — 9TO BbI3OB (PYHK-
muu. Pe3yabTaT BbI30BA PYHKI[MY BEIUUCISIETCS B 2 IIara:

1. CrauaJjia BEIYHCJISIOTCA apr'yMeHTHI, cJieBa HampaBo. B HalieMm mpumepe
BCe apT'yMEHTHI CAMOBBLIUMCIAEMbIE, II09TOMY UX 3HAUEHUAMU ABJIAIOTCS
2u 3.

2. 3aTeM apryMeHThI IPUMEHAIOTCA K QYHKIINY, 3aJaBaeMOIi OIlepaTopoM.
B Hamem ciayuae 9T0 OmepaTop CJI0KeHUsA, KOTOPBIN Bo3BpaIaer 5.

AprymMeHT MOKeT ObITh He TOJbKO CAMOBBIUNCISIEMBIM 00bEKTOM, HO U IPY-
TUM BBIBOBOM (DYHKITMU. B 5TOM cJydae OH BEIUUCJIAETCA IO TEM Ke ITPaBU-
aam. ITocMoTpuM, YTO IPOUCXOAUT IPU BEIUNCIEHU BhIpaKeHusd (/ (- 7 1)
(-4 2):

1. Borumcasercs (- 7 1): 7 BeIUYHCAsIETCA B 7/, 1 — B 1. 3T apryMeHTHI IIepe-
mamTca QyHKIIUN -, KOTOpasd BO3BpaIraer 6.

2. Borumcasiercs (- 4 2): 4 BBIUKUCAACTCA B 4, 2 — B 2, PYHKIIUA ~ TPUMEHSI-
eTcd K 9TUM apryMeHTaM U BO3BpaIllaer 2.

3. 3HaueHusd 6 u 2 mepemaTcsa GYHKIIUYA /, KOTOpas BO3BpaIfaer 3.

BoabmuncTBo onepaTropoB B Common Lisp — aTo QpyHKIIMHU, HO He Bce. BbI-
30BBI (DYHKI[UIT Bcerma 06pabaThIBAIOTCA MOJOOHBIM 00pa3oM. ApPryMeHTHI
BBIUHNCJIAIOTCA CJIeBa HAIIpaBo U 3aTeM NepefaoTca QyHKINY, KOTOpasa BO3-
BpalllaeT 3HAUEHNE BCEr0 BHIPAYKEHUA. ITOT MOPALOK HA3BIBAETCS NpaA6u-
som eviyucaenus nas Common Lisp.

Tem He MeHee CYIIECTBYIOT OIEPATOPhI, KOTOPBLIE HE CJIEAYIOT IMPUHATOMY
B Common Lisp nmopsaky Berunciaenuii. OnuH n3 HUX — quote, UM OIlepaTop
IUTUPOBAHUSA. qUOTE — 9TO CREYUALbHBLI ONepPamop; 3To 0O3HAYAET, UTO Y He-
TO eCTh COOCTBEHHOE ITPABUJIO BLEIUUCICHNUA, 4 UMEHHO: HUUYEro He [eJaTh.
daxTruecKu quote 6epeT OUH apryMeHT U IPOCTO BO3BPAIIIAET €T'0 TEKCTO-
BYIO 3aIIUCh:

> (quote (+ 3 5))
(+35)



28

Mmaga 2. Jobpo noxanosaTb B Jlucn

2.3.

PewweHune npoGnembi

Ecuiz BBI BBEJIH UTO-TO, UTO JI1ICH HE IIOHUMAaET, TO OH BBIBEIET COO0IITe-
HUe 00 omubKe, U cpejia IepeBeieT Bac B BapuauT toplevel, HasbiBae-
MBbIH yukaom npepviearnus (break loop). OH gaeT OIBITHOMY IPOTPaM-
MHCTY BO3MOYKHOCTH BBISICHUTH ITPUUYUHY OIITHMOKY, HO BaM IIOKA UTO
moTpebyeTcs 3HATH TOJIBKO TO, KaK BBINTH 13 9TOr0 [MUKJIA. B pasHbIx
peanusdanuax Common Lisp BbIXOI MOMKET OCYIIIECTBIATHCS II0-Pas-
HOMY. B rumoreTruecKoil peaJu3amuu BaM IIOMOKET KoMaHaa :abort.

> (/10)
Error: Division by zero.
Options: :abort, :backtrace
>> cabort
>

B npuoskennn A moxkasaHo, KaK OTVIaXKHUBATh IPOrpaMMBbl Ha Jlucie,
a TaKJoKe IIPUBOJATCSA IPUMePEI HanboJiee pACIIPOCTPAHEHHBIX OIINOOK.

Hasa yonoberBa B Common Lisp MoXHO 3aMeHATH onepaTop quote Ha KaBbIU-
Ky. ToT ke pe3ybTaT MOYKHO IIOJYYUTh, IPOCTO IIOCTABUB ' Iepel IUTUPYe-
MBIM BBhIpasKeHUEM:

> ' (+35)

(+395)

B siBHOM Bu e orepaTop quote MOYTHU He UCII0Jb3yeTCs, 60Jee pacIpocTpane-
HAa ero COKpallleHHasd 3aIiCh C KaBBIYKOM.

IMutupoBanue B JIlucme ABIAETCA CIOCOOOM 3auumb. BbIPAKEHUSI OT BbI-
yucyeHua. B caegyromiem paszaeie OymeT mokasaHo, UeM TaKas 3allluTa MO-
JKeT OBITH II0JIe3HA.

HdaHHble

Jlvcn mpemocTaBisgeT BCe TUMHI JAHHBIX, KOTOPHIE €CTh B OOJIBIIIMHCTBE APY-
TuX S3BIKOB, a TaKyKe HEKOTOpble JPYTHe, OTCYTCTBYIOIHE Te-Iubo eIre.
C oZHUM THUTIOM JaHHBIX MBI ViK€ IO3HAKOMUJINUCH. ITO integer — 11eJioe YUCJIo,
3amuchIBaeMoe B BUe IIocjieloBaTeIbHOCTY udp: 256. [Ipyroil Tun faHHbIX,
KOTOPBIH eCTh B OOJIBIIIMHCTBE APYTUX ASBIKOB, — CMPOKA, IIPEACTaBIIAeMad
KaK II0CJIel0BaTeJIbHOCTh CUMBOJIOB, OKPY KeHHAd NIBOMHBIMU KaBbBIUKaMU:
"ora et labora’. Tak ke Kak U IIeJIble UKMCJIAa, CTPOKY CAMOBBIUMCJIIAEMBI.

B Jlucme ectb ABa THUIla, KOTOPbIEe PEeOIKO UCIIOJIB3YIOTCA B IPYI'UX A3BIKAX, —
CUMBOJIBI U cucKU. Cuma0ibl — 9T0 cjioBa. OOBIYHO OHU HPEOGDaSYIOTCS{
K BEPXHEMY PErucTpy He3aBHCHUMO OT TOI'O, KaK Bbl X BBEJIN:

> "Artichoke
ARTICHOKE
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CI/IMBOJILI, KaK IIpaBuJIO, HE ABJIAIOTCA CAMOBBIUYNCJ/IAEMBIM THUIIOM, IIO3TO-
My, YTOOBI COCJIATHCS Ha CHUMBOJI, €ero HeO6XOI[I/IMO OUTUPOBaTh, KakK IIOKas3a-
HO BBIIIIE.

Cnucok — 3TO TOCJIeIOBATEeIBHOCTh U3 HYJA UJIu 0ojee dJIeMEeHTOB, 3aKJII0-
YEeHHBIX B CKOOKM. OTHU 3JIEMEHTBI MOT'YT IPUHAILJIEKATh K JIIOOOMY THUILY,
B TOM UHCJIE MOTYT SBJATLCA APYTUMH cnuckamu. UrooOsl Jluco He cuel
CIIMCOK BBISOBOM (DYHKIIUH, €TI0 HYKHO IIPOIUTUPOBATD:

"(my 3 "Sons™)
MY 3 "Sons")

"(the list (a b c¢) has 3 elements)
THE LIST (A B C) HAS 3 ELEMENTS)

—~ NV o~ Vv

OGpaTI/ITe BHUMAaHUe, YTO IIMTHUPOBaHUE IIPpeAOTBPaniaeT BbIUYMCJI€eHEe BCEro
BbIPDaXeHUnsd, BKJII0Uas BCe ero 3JIeMEeHThI.

CHOMCOK MOYKHO ITOCTPOUTSE ¢ TOMOIIbI0 (hyHKINY 1ist. Kak u y 11060 hyHK-
Uy, ee apryMeHThI BRIUUCIAIOTCA. B cienyiolem ipuMepe BHYTPU BBI30Ba
(QyHKIUH 11st BEIUNCAAETCA 3HAaUeHNEe (PYHKIINHT +:

> (list 'my (+ 2 1) "Sons™)
(MY 3 "Sons™)

ITpuriio BpeMs OIeHUTh OAHY M3 HanboJee BasKHBIX ocobeHHocTeit JIucma.
IIpozpammvl, HanucauHble Ha Jlucne, npedcmasnsomcs 6 ude CnuUcCKos.
Eciu mpuBeneHHbIe pamee JOBOABI O THOKOCTU U 9JIETAHTHOCTH He yoenmuan
Bac B IEHHOCTH TMPUHATOMN B JIucme HOTAaIuu, TO, BOBMOXKHO, 9TOT MOMEHT
3aCTaBUT BaC M3MEHUTDL CBoe MHeH1e. VIMeHHO 3Ta 0COOEHHOCTDH ITO3BOJISAET
mporpaMMaM, HallMCcaHHBIM Ha Jlucime, TeHepupoBaTh JIMCI-KOMA, UTO TaeT
BO3MOKHOCTH PaspaboTUMKy cO3aBaTh IPOrpaMMbl, KOTOPHIE TTUIITYT IPO-
TpaMMBI.

XoTda Takue IIporpaMMBbI HE paCCMaTPUBATCA B KHUT'€ BIIJIOTH JO IJIaBbI 10,
celfiuac BasKHO IOHATH CBA3b MEKY BhIPDA’KEHUAMU U cuuckamu. Kak pas
JIJIA 9TOT0 HAM HYJKHO IUTHUPOBaHMe. ECau CIMCOK IIUTUPYETCA, TO PE3YJIb-
TaTOM €T0 BBEIUUCJIeHUA OyIeT caM CINCOK. B IPOTUBHOM cJiydyae CIIUCOK 0y-
JIeT paclieHeH KaK KOJ U OyAeT BBIUNMCJIEHO €T0 3HAUEHUE:

> (list "(+ 2 1) (+ 2 1))
((+21)3)

ITepBoIil apryMeHT UTUPYETCA 1 OCTAETCA CIIUCKOM, B TO BpeMA KaK BTOPOM
apryMeHT paclieHNBaeTCsa KaK BbI30B (DYHKIIUY U IpeBpaIllaeTcsa B YUCJIO.

Croucox mMoikeT ObITH MycThIM. B Common Lisp Bo3MOKHBI ABa TUMA TpPE-
CTaBJIEHUS IIYCTOTO CIMCKA: IIapa IIyCThIX CKOOOK 1 CHeruaJbHBIN CMBOJI
nil. HesaBucumo oT TOTro, KaK BEI BBeJleTe MYyCTOM CINCOK, OH OyaeT oToopa-
JKeH Kak nil.

> ()
NIL
> nil
NIL
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2.5.

Ilepen () HeoOA3aTEILHO CTABUTH KABBIUKY, TaK KAaK CHMMBOJI N1l CAaMOBBI-
YUCIIAEM.

Onepauum co cnuckamm

ITocTpoeHre COMCKOB OCYIIECTBJISIETCSA C HOMOIBI0 (GyHKIHHU cons. Eciam
BTOPOI ee apryMeHT — CIIKCOK, OHA BO3BPAIIlaeT HOBBIH CIIMCOK C IIEPBBIM ap-
T'YMEHTOM, N00aBJIE€HHBIM B €I0 HauaJio:

> (cons 'a "(b c d))
(ABCD)

CIIHCOK M3 OJHOI'0 3J€MEHTa TaKyKe MOJKeT OBITh CO3JAaH C IIOMOII[BIO CONS
u mmyctoro cumucka. DyHKImA 1ist, ¢ KOTOPOl MBI yyKe ITO3HAKOMUJIVCH, —
BCero JINIIIEL 0oJiee yA0OHBIH CII0CO0 II0CIeI0BATEeILHOTO UCIIOIL30BAHMIS CONS.

> (cons 'a (cons 'b nil))

(A B)

> (list "a 'b)

(A B)
IIpocreiinine GyHKIINY A9 IIOJTYUYSHNS OTAEIbHBIX 3JIEMEHTOB CIINCKA — car
u cdr.” @YHKIIUA Car CAYKUT AJIS BEIBOA IIEPBOr0 9JIeMeHTa CIIMCKAa, a cdr —
IJI BBIBOJZIA BCEX BJIEMEHTOB, KpOMe I1epPBOr'o:

> (car '(a b c))
A

> (cdr "(a b c))
(B C)

Hcmonbaysa KOMOMHAIINIO (PDYHKITHN car 1 cdr, MOXKHO IIOJYYNUThH JIF00OI dJie-
MeHT criucka. Hampumep, 4To0BI IOy YUTD TPETUH SJIEMEHT, HYKHO HAIICaTh:

> (car (cdr (cdr *(a b c d))))
C

OpgHaKO HaMHOTO IIPOIIe JOCTUYDb TOT'0 Ke Pe3yJIbTaTa C IOMOIILIO (PYHKITHIN
third:

> (third "(a b ¢ d))
C

NCcTUHHOCTDL

B Common LisSp UCTHHHOCTS II0 YMOJIYAHUIO IIPEACTABJISIETCS CUMBOJIOM t.
Kak u nil, cumBOJI t ABJIseTCSA caMOBBIUMCAAEeMbIM. Hampumep, GyHKIIUS
listp Bo3BpalllaeT UCTUHY, €CJHU €€ apI'yMeHT — CIIMCOK:

> (listp '"(a b c))
-
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(PYHKIII/II/I, BO3BpanjamwInyue JIOTnYeCKre 3HaUeHUA «MCTUHa» 00 «JIOMKbY,
Ha3bIBAIOTCHA npe@ulcamamu. B Common Lisp NMeHa IIpeJuKaTOB 4YacTo
OKaHYMBAKTCA Ha «P».

Jlookb B Common Lisp mpexacraBiserca ¢ IOMOIBIO Nil, MycTOro crmckKa.
ITpumenss 11stp K apryMeHTy, KOTOPBIH He ABJIAETCS CIUCKOM, ITOJIYYUM nil:

> (listp 27)
NIL

ITockoabKy nil mmeer aBa sHaueHus B Common Lisp, GyHKIMUS null, nmero-
miasa UCTUHHOE 3HaUeHUe IJIA IIyCTOT0 CIINCKAa:

> (null nil)
T

" QyHKIUA N0t, BO3Bpallamiasd NCTUHHOe 3HaUeHe, eCJIN ee apIr'yMeHT JIO-
JKeH:

> (not nil)
-

JIeJIaloT OLHO U TO JKe.

IIpocreiimmuit yeaoBubIi onepaTop B Common Lisp — if. O0bIYH0 OH TIpUHU-
MaeT TPU apryMeHTa: test-, then- u else-Bpipaskenus. CHavaJia BEIYUCIIAETCA
mecmoeoe test-BbipakeHue. Ecau 0HO MCTUHHO, BBIUMCJIAETCS then-BbIpa-
sKeHue («mo») 1 BO3BpAIIlaeTcs ero 3HaueHne. B IPOTUBHOM CJIydae BBIUKIC-
JnaeTcs else-BhIpasKeHMe («uHaAYe»).

> (1f (listp "(a b ¢))
(+12)
(+ 5 6))

3

> (if (listp 27)
(+12)
(+ 5 6))

11

Kax u quote, if — aTo crieninaabHBIN OllepaTop, a He GYHKIIUA, TaK KaK I
(QPYHKIIUU BBIUUCIAIOTCA BCE apryMEHTHI, a y oneparopa if BBIUHCJISAETCS
JIMIIBb OAHO W3 IBYX IIOCTEeTHUX BhIPAKEHMH.

VKasbIBaTh NOCJEHUI apryMeHT 1f HeoOsA3aTeabHO. Eciu oH IpomyIleH, To
aBTOMATHUYECKY IIPUHIMAETCS 3a nil.

> (if (listp 27)
(+23))
NIL

HeCMOTpH Ha TO, YTO I10 YMOJIUYaHUIO UCTUHA IPeLCcTaBJideTcda B Buae t, JIro-
60e BBIpasKeHue, KpoMe Nil, TakKe CUUTAeTCA UCTUHHBIM:

> (if 271 2)
1
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Jloruueckue omepaTopsl and (1) 1 or (Uau) AeHCTBYIOT MOXOMKUM 00pa3oM.
O6a MOryT IpUHUMATH JIF000€e KOJIMUYECTBO apI'yMEHTOB, HO BEIUUCISAIOT UX
JI0 TeX II0p, IIOKa He OyJeT sICHO, KaKoe 3HaUeHNe He0OOXO0AMMO BepHYTh. Ec-
JIV BCe apryMeHThI UCTUHHEI (TO eCTh He nil), To omepaTop and BepHET 3HaUe-
HYe€ II0CJIeTHEero:

> (and t (+ 1 2))
3

Ho ecnu oguH u3 aprymMeHTOB OKaKeTCs JIOMKHBIM, TO CJIeAYIONIUe 3a HUM
apryMeHTHI He OyAyT BhIUKCIeHBI. Tak Ke IefiCTBYeT U Or, BLIUNCJIAA 3HAUE-
HUA apryMeHTOB J0 TeX IOp, ITIOKa CPeAu HUX He HaiAeTcsa XOTA ObI OZHO
UCTUHHOE 3HAUEHe.

Itu nBa omeparopa — Makpocsl. Kak u crenuajbHbIe OepaTopbl, MAKPOCHI
MOTYT 00XOAUTH OOBIUHBIN TOPAJOK BhIuncJaeHuA. B riaBe 10 o6bsacHAeTCA,
KaK II1caTh COOCTBEHHBIE MAKPOCHL.

DyHKUNN

HoBble GyHKIINYT MOKHO OIIPEIeINTD C IIOMOIITEI0 orrepaTopa defun. Ox o0bIu-
HO IPpUHUMAaET TPU UJIu 60Jiee apryMeHTOB: UM, CITMCOK IIapaMeTPOB U OJHO
nsn 6oJjiee BHIPAYKEHMH, KOTOPBIE COCTABIAIOT TeJIO PYHKIIUM. BOT KaK MBI
MOXK€eM C IOMOIIbI0 defun onpeneanTb PyHKIIUIO third:

> (defun our-third (x)
(car (cdr (cdr x))))
OUR-THIRD

ITepBrIil aprymeHT 3agaeT uMda GyHKIUY, B HallleM IIpuMepe 9To our-third.
Bropoii aprymeHT, criicok (x), coOo0IaeT, YTo PYyHKIINA MOKeT MPUHUMATh
CTPOT'0 OJUH apryMeHT: x. Mlcmoab3yeMblii 3/leCh CHMBOJI X Ha3bIBaeTCA nepe-
MmenHoil. Korma mepeMeHHas IpeACTaBIIAET CO00I apryMeHT (PYHKIIUH, KaK X
B 9TOM IIPUMepe, OHA eIlle Ha3bIBAETCI napamempom.

Ocrasiiascs 4acThb, (car (cdr (cdr x))), HasbIBaeTca mesom pyuriun. Oma
coob1iaer Jlucmy, 4To HYsKHO CHeJIaTh, YTOObI BEPHYTh 3HaUeHUE U3 PYHK-
muu. Bei3oB our-third BosBparraet (car (cdr (cdr x))), Kakoe ObI 3HaUEHUE
apryMeHTa X HU ObLIO 3a/JaHO:

> (our-third "(a b ¢ d))
C

Tenepsb, Korma MbI IO3HAKOMUJINUCH C IIEPEMEHHBIMU, OyJeT Jierde MOHATh,
YyeM SABJAIOTCS CUMBOJIBI. OTO HMOIPOCTY MMEHA IePEeMEeHHbIX, CYII[eCTBYIO-
e caMu 1o cebe. IMEeHHO T09TOMY CUMBOJIBI, KaK U CIIUCKU, HYKIAI0TCA
B iuTupoBaHuu. Tak ke KaK «3aKaBbIUEHHBIE» CIIMCKU He OYIYyT BOCIPUHA-
THI KaK KO, TAK M «3aKaBbIUeHHBIE» CMBOJIBI He OYIYyT IepernyTaHbl ¢ Ie-
PEMEHHBIMMU.

DYHKIINIO MOXKHO paccMaTpUBaTh Kak 00o06iienue Jlucmo-Beipaskenus. Cie-
IyIolllee BbIpasKeHue IIPOBePseT, IPEBOCXOANUT JIX CyMMa uuces 1 1 4 4ucJio 3:
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> (> (+14)3)
T

3aMeHsaA KOHKPETHBIE UrCJia IePeMEeHHBIMU, MBI MOJKEM IOJYUYUTH PYyHK-
WO, BHITIOJHSAIONIYIO TY K€ ITPOBEPKY, HO yiKe IJIA TPeX IPOM3BOJILHBIX YU~
ceJr:

> (defun sum-greater (x vy z)
> (+xy)z)

SUM-GREATER

> (sum-greater 1 4 3)

-

B JIucmie HET pasiuuunii MeK Iy IPOrpaMMOi, IPOIenypoit u (pyukiuei. Bece
aTo pyHKIMHU (Ka 1 cam Jlucm o 6osbIteit yactTu coctout us pyurmuii). He
MMeeT CMbBICJIA OIPEAeNATh OJHY 2/.a8HYI0 QYHKIU!, Beab J006ad QyHK-
IUsi MOJKeT ObITh BbI3BaHA B toplevel. B umciie mpouero, sTo o3Hauaer, 4To
IporpaMMy MOKHO T€CTHPOBATh II0 MAJEHbKMM KYCOUKAM B IIPOIECCE ee
HAIINCAHUA.

2.7. Pekypcua

qDyHRHI/II/I, pacCMOTpPE€HHBIE B IIPEAbIAYIIIEM pas/eJjie, BbISbIBAJIN OpPyrue
(GyHKIIUYM, YTOOBI Te BRITIOJHUIN YacTh PA0OTHI 3a HUX. Hampuwmep, sum-grea-
ter BeI3BIBAJIA + U >. @YHKIUSI MOKET BhI3BIBATD JIIOOYIO IPYTYIO PYHKITNIO,
BKJITOUasA caMmy cebs.

DyHKIINY, BEI3BIBAIOIINE caMU ce0s, Ha3bIBaIOTCA pekypcusubvimu. B Com-
mon Lisp ects pyHKIIMA member, KOTOpas IPOBEPSET, €CTh JIU B CIINCKE Ka-
Koi-1r60 06beKT. Huske mprBejeHa ee yIIPOIlleHHASA Pean3alins:

(defun our-member (obj 1st)
(if (null 1st)
nil
(if (eql (car 1st) obj)
1st
(our-member obj (cdr 1st)))))

IIpenukar eql mpoBepdAeT nABa apryMeHTa Ha UAEHTUYHOCTh. Bece ocTasibHOE
B 9TOM BBIPAKEeHUU BaM JOJI?KHO OBITH yiKe 3HAKOMO.

> (our-member 'b "(a b c))
(B C)

> (our-member 'z '(a b c))
NIL

Omnurmiem cJI0BaMu, UTO AeJiaeT oTa GpyHKInsa. YToObI IPOBEPUTD, €CTh JIX 0b]j
B CIIHCKe 1St, MBI:

! Kak, nanpumep, B C, rae TpeGyercsa BBeZieHre OCHOBHOU (MyHKIUY nain. — ITpum.

nepes.
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2.8.

1. IIpoBepsem, mycT au cnucok 1st. Ecau oH mycT, 3HaUuUT, 0bj He IPUCYT-
CTBYET B CIIHCKe.

2. Ecawm obj aBasAeTCA MEPBBIM 5JI€MeHTOM 1st, 3HAUUT, OH €CTh B 9TOM CIIU-
CKe.

3. B mpyrom ciyuae mpoBepsieM, eCTh JI 0D] Cpear OCTABIINXCS 3JIEMEHTOB
CIIMCKa 1St.

ITomo6HoOe onmcaHme mopsAaAKa AeficTBUI Oy/IeT MOJe3HbIM, €CJIN Bbl 3aX0TH-
Te TIOHATh, KaK paboTaeT peKypcuBHAA PYHKITHAA.

Muorum momauajy ObIBAaeT CJIOMKHO IIOHATH peKypcuio. IIpuumua sTomy —
WCIIOJIb30BAHME OIMINO0UYHOM MeTadopbl Aas GyHKIuK. JacTto cuuraercs,
uT0o (QYHKIUSA — 9TO OCOOBII arperar, KOTOPBIH MMOJydJaeT mapaMeTpsl B Ka-
YecTBe ChIPhs, IIepPernopydaeT YacTh paboThl APYTIuM GyHKIIUAM-arperaram
¥ B UTOre MOJIyJaeT TOTOBBIN IPOAYKT — BO3Bpaliiaemoe 3Hauenue. [Ipu Ta-
KOM PacCMOTPEHWU BO3HUKAET MapaJoKC: KaK arperar MOKeT IIepemnopy-
gaTh paboTy cam cebe, eCJIU OH yiKe 3aHAT?

Bousee nogxopsimee cpaBuerue s GyHKIMYA — mporiece. s mpoiecca pe-
KYpCHUs BIIOJIHE eCTeCTBeHHA. B moBceJHEBHOM JKMBHU MbI YACTO HAOJII0aeM
PeKypCUBHBIE IIPOIECCHI U He 3ayMbIBaemMcs 00 aTrom. K mpumepy, npexacra-
BUM cebe UCTOPUKA, KOTOPOMY MHTEepecHa IUHAMUKA YUCJIeHHOCTU Hacese-
Husa B EBpore. IIporiece n3yyeHnss UM COOTBETCTBYIOIIUX JOKYMEHTOB Oy/aeT
BBITVIAZETD CJIELYIOIIUM 00pa3oM:

1. IlonyuuTh KOIIMIO JOKYMEHTA.
2. Haiitu B HeM uHpoOpMAaIuo 00 UBMEHEHNY YUCJIEHHOCTY HACEJIEHU .

3. Ecau B Hem Takike YVIIOMMHAKTCA HWHBbIE MCTOYHMKMW, KOTOPbIE MOI'yT
OBITH II0JIE3HBI, TAKME USYUUTH U UX.

ITOT IIpoIece JOBOJIbHO JIETKO IIOHATH, HECMOTPS HA TO, YTO OH PEKYPCHUBEH,
TOCKOJIbKY €TI0 TPeTUil IIIar MOKeT MOBJIeUYb 3a CO00I TOUHO TAKOM Ke MPOo-
mmecc.

ITosTomy He cTOUT pacieHMBaTh (PYHKITUIO OUr-member KaK HEKUU arperar,
KOTODPBIA ITPOBEPAET IPUCYTCTBHE KAKOTO-INOO 3JI€eMeHTa B CIUCKe. JTO
BCET0 JIUIITh HAOOp IIPaBuUJI, MMO3BOJIAIOIINX BRIICHUTDL 3TOT (haKT. Ecau MbI
Oy/aeM BOCIIPUHUMATH (PYHKIIUU IIOAOOHBIM 00pasoM, TO IIapamgoKC, CBSI3aH-
HBIU ¢ peKypcuei, ncuesaer.’

YreHue Jlncna

OmnpeneneHHass B IPeAbIAYINEM pasjese (PYHKINA 3aKaHUMBACTCS IIATHIO
3aKPBIBAIOIIIME CKOOKaMmu. BoJjee ciaoxHble (PYHKIMKM MOI'YT 3aKaHUN-
BaThCs CEeMbIO-BOCEMBIO CKOOKaMM. ITO YaCTO 00ECKYypasKUBaeT JIIOAeH, Ko-
TOpPBIE TOJILKO HaunHaIOT n3yuaTh JIuco. Kak MoKHO YuTaTh MOZOOHBIN KO/,
He TOBOPA Y2Ke 0 TOM, UTOOBI IIucaTh ero camomy? Kak 1ckaTh B HeM ITapHbIe
CKOOKU?

OTBeT IPOCT: BaM He HYXKHO IeJaTh 9T0. JIMCIT-TpOrpaMMUCTRI TUIITYT U YU-
TAIOT KOJ, OPUEHTUPYSACH II0 OTCTYIIaM, a He o cKkoOkam. K Tomy ke 1100011
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XOPOIINi TEKCTOBBIN PeJaKTOP, 0COOEHHO eCJIN OH IIOCTaBJIAeTCA ¢ JIMCI-crc-
TEMO, yMeeT BhIJeJATH HapHble CKOOKY. Eciiu Ballr pefakTop He IeJIaeT 9To-
ro, OCTAHOBUTECH U ITOCTApafiTeCh Y3HATH, KAK BKJIOUUTH ITOJ00HYIO (DyHK-
U110, TOCKOJIbKY 0e3 Hee mucaTh JINCI-KOA MPaKTUYeCKU HEBO3MOMKHO.!

C X0poIIuM peJaKTOPOM IIOMCK ITaPHBIX CKOOOK B IIPOIeCCe HAIIMCAHUS KO-
Ia mepecTaHeT ObITh IIpobJiemoii. Kpome Toro, 6aromaps oOIenpuHATHIM
COrJIAIIIeHUsIM KacaTe/JIbHO BRIPDABHUBAHUSA KOJAA Bbl MOJKETe JIETKO UUTATh
KoJI, He o0paliiasd BHUMaHUA Ha CKOOKU.

JIr060ii JIucm-xaxkep, HE3aBUCUMO OT CBOEI'0 CTAKA, C TPYAOM pasdeperT orpe-
IeJieHme our-member, ecjau OHO OyAeT 3allMCaHO B TAKOM BHUIE:

(defun our-member (obj 1st) (if (null 1st) nil (if (eql (car 1st) obj) 1st
(our-member obj (cdr 1st)))))

C mpyroi cTOpPOHBI, TPABUJIBHO BEIPABHEHHBIN KOM OYIET JIETKO YUTATHCS
naske 6e3 CKOOOK:

defun our-member (obj 1st)
if (null 1st)
nil
if eql (car 1lst) obj
Ist
our-member obj (cdr 1st)

ITO AeHCTBUTENBHO YAOOHBIHN MOAXOI IPU HATIMCAHUY Kofa Ha Oymare, B TO
BpeMs KaK B PEeIAKTOPe BbI CMOJKETE BOCIIOJIbL30BATHCS YIO0HON BO3ZMOMKHO-
CTBIO IIOMCKA MapPHBIX CKOOOK.

BBoa n BbiBOA,

o cux mop MBI OCYIIIECTBJISAINA BBOJ-BBIBOJ ¢ TTOMOIIIbI0 toplevel. UTo6bI Ba-
I1a TporpaMMa Obliia T0-HACTOAIIeMY NHTEPAKTUBHOM, 9TOr0 ABHO HELOCTA-
TouHO. B 9TOM paszgesie MBI pacCMOTPUM HECKOIBKO (DYHKIIMI BBOAA-BEIBOZA.

OcuoBHaa pyukinug BeiBoga B Common Lisp — format. Onma mpuHHMaeT aBa
uau 0oJjiee apryMeHTOB: IEPBBIN OIpenessdeT, Kyaa OyaerT HalledyaTaH pe-
3yJIBTAT, BTOPOI — 9TO CTPOKOBBIH I1a0JIOH, & OCTaJbHBIE aPI'yMEHTHI — 9TO
00'bEKTHI, KOTOPbIE OYIYT BCTABIATHCA B HYKHBIE IOSUIIUY 38 JaHHOTO I11a6-
JoHa. BOT THIUYHBIN IPUMED:

> (format t ""A plus A equals "A."%" 2 3 (+ 2 3))
2 plus 3 equals 5.
NIL

O6paTuTe BHIMaHUIe, UYTO 3IeCh OTOOPasKeHbl [Ba 3HaueHuA. [lepBas cTpoxa —
pesyJIbTaT BIIOJIHEeHNA format, HameuaranHblil B toplevel. O0bIuHO PyHKIINN
Tuna format He BEISBIBAIOTCS HAIPSIMYIO B toplevel, a ncronb3yoTesa BHy TpU
IporpaMM, I03TOMY BO3BpAIlaeMble MU 3HAUYEHU He 0TOOPakaroTCA.

1 B pemaxTope Vi aTa ONIMs BKJIOYAETCa KOMaHIou :set sm. B Emacs M-x 1isp-

mode OyZeT OTIMYHBIM BEIOOPOM.
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ITepsoiit aprymenT ais GyaKiuu format, t, MIOKa3bIBAeT, UTO BLEIBOJ OyaeT
OTIIPaBJIeH B CTAHZAPTHOE MECTO, MPUHATOEe II0 yMosdaHuio. OOBIUHO 9TO
toplevel. BTopoii aprymMeHT — 3TO CTPOKa, CaysKalas 11abJOHOM JJIsT BBIBO-
ra. B Hell kamxaoe “A ompenesigeT MO3UINIO AJIA 3alO0JTHEHUA, a CUMBOJ %
COOTBETCTBYET IIepeHocy cTpoku. [lo3unuuy 1mo nmopAaKy 3aroJHATCA 3HA-
YeHUSMU OCTABIINXCA aPT'YMEHTOB.

CragmapTHasa QyHKIUA uTeHnd — read (ee TaK:Ke Ha3bIBAIOT CUUTHIBATEJIEM).
BrizpanHas 6e3 apryMeHTOB, OHA BBIIOJIHAET UT€HUE U3 CTAHAAPTHOI'O Mec-
Ta, KOTOPBIM OOBIUHO GbIBaeT toplevel. Huke mpuBegeHa (yHKIINA, KOTO-
pas mpeaJiaraeT BBECTHU JIIO0Oe 3HAUEHUE U 3aTE€M BO3BPAIIAET €ro:

(defun askem (string)
(format t ""A" string)
(read))

Jro paboTaer Tak:

> (askem "How old are you? ™)
How old are you? 29
29

YuTrure, 4TO AJIA 3aBepIINEeHUA CUNTHIBAHUA read OyAeT OMKUAATh HAMKATUA
Bamu Enter. IIoaToMy He CTOUT MCIOJIB30BATh (PYHKIIUIO read, He mevaTas mme-
pen sTuM mpurJaliienne KO BBOAY, MHAaUe MOYKET IOKa3aThbCs, UTO IPOorpaMm-
Ma 3aBUCJA, XOTs HA caMOM Jiejie OHa ITPOCTO OKUAAeT BBOA.

Hpyras Belb, KOTOPYIO CJIeAyeT 3HATH 0 PYHKITNY read: 9TO MOUCTUHE MOIIT-
HBII MHCTPYMEHT. PaKTHUYECKH 9TO IIOJHOIEHHBIN 00padoTunk Jluco-BoIpa-
skeHuii. OHa He IPOCTO YUTAET CUMBOJIBI 1 BO3BPAIILAET UX B BUJI€ CTPOKU —
oHa 00pabaThIBAET BBEEHHOE BhIpaKeHUe 1 BO3BpallaeT Moy UYeHHBIH JIrc-
THOBBIH 00HEKT. B IpuBeseHHOM BhIlIle TpuMepe PYHKIIUA read Bo3BpaIaeT
YUCJIIO.

HecMmoTpsa Ha cBOIO KPaTKOCTD, OIIpeleieHue askem COAEPsKUT HeUTO, Yero
MBI IO CX IIOP He BCTPeYaIu — TeJ0 PYHKIINYU COCTOUT U3 HECKOJIbKUX BbI-
paskenuii. Boobiiie roBopsi, OHO MOKET COZIePKaTh Ji000e KOJIMUeCTBO BhIpa-
skeuuii. [Ipy BbI30Be QYHKIIMY OHU BBIUMCJIAIOTCA IOCIEJ0BATEIbHO, 1 BO3-
BpalllaeTcsa 3HAUEHUe MOCJIeJHEr0 BhIPaAKeH .

Bo Bcex mpeapIayINiuX pasmesiaX Mbl IPUAEPIKUBAJINUCH «UKUCTOTO» Jluctma,
TO ecTh JIucna 6e3 nobounwvLx ahperxmos. ITobounbIit 3 GeKT — 3TO COOBITHE,
KOTOpOoe KaKuM-JIr00 00pa3oM M3MEeHSAEeT COCTOSHNEe cucTeMbl. IIpu BbIUmC-
JIEHUY BhIpaKeHuA (+ 1 2) Bo3BpalljaeTcdA 3HAUeHUe 3, 1 HUKAKUX I10004-
HBIX 5()(PEKTOB He MPOUCXOAUT. B mocaenueM ke mpuMepe MOOOUHBINA (-
dekT mpousBoauTca GyHKIHMeNH format, KoTopas He TOJbKO BO3BpaIlaeT
3HaueHue, HO U IIedyaTaeT YTO-TO elre. ITO OJHa 13 Pa3HOBUIHOCTENH m000y-
HBIX 3((PEKTOB.

Ecsu MBI 3amaguMes 1eJIbIo TUCATh KO 0e3 mM000UHBIX 9()(EKTOB, TO OyaeT
6ecCMBICJIEHHO OIPefeIATh QYHKIY, COCTOAIIME N3 HECKOJIbKNX BhIPAIKE-
HUM, TaK KaK B KQUeCTBe 3HAUYCHUS (DYHKIIUHU OYIeT NCIIOJIb30BAThCS 3HAUE-
HUe IIOCJeNHero apryMeHTa, a 3HaUeHHUs MPeAbIAyIIUX BbIPAKeHU OyayT
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yTepaubl. Ecau aTu BhIpasKeHUsa He OyAyT BBI3bIBATh TOO0UHBIX 3(h(PeKTOB,
TO BBI a)Ke He y3HaeTe, BRIUKCJISI JIU X Jluen Boooie.

2.10. NepemeHHble

Opun n3 HanboJee YacTo UCIOJIb3yeMbIX omepaTopoB B Common Lisp — aTo
let, KOTOPBIY TO3BOJISET BAM BBECTH HOBBIE JIOKAJbHBIE TIEPEeMEeHHBIE:

> (let ((x 1) (y 2))
(+ xy))
3

BripaskeHue ¢ ucnosb3oBaHueM let cocrout us AByx uacteii. Ilepas cogep-
JKUT MHCTPYKIIUHU, OTIPEeaIoNnTue HOBble mepeMenHble. Kamaaa Takas uH-
CTPYKITUA COIEPIKUT UMA ITIePEMEHHOM 1 COOTBETCTBYIOIEE el BbIPaKeHue.
YyTh BBIIIE MBI CO3JJaJI1 IB€ HOBBIE IEPEMEHHBIE, X 1 Y, KOTOPBIM ObLJIV ITPU-
CBOEHBI 3HaUeHUs 1 U 2. ITU IepeMeHHbIe JefiCTBUTeIbHBI BHYTPU TeJja let.

3a CIIMCKOM TepPeMeHHBIX W 3HAUeHUH CJIeAYIOT BBIPAKEeHUSI, KOTOPHIe BbI-
YUCIAIOTCA IO MOPAAKY. B HaIeM ciaydae MMeeTCA TOJIbKO OJHO BBIpAiKe-
HUe, (+ X V). 3HaUeHWEeM BCero BbI3oBa et OyaeT sHaueHMe MoceTHero BhIpa-
JKeHudA. J[laBafiTe HamumeM 0oJiee M30MPATEIbHBIN BapUAHT PYHKIIUY askem
C UCIIOJIb30BaHUeM let:

(defun ask-number ()
(format t "Please enter a number. ™)
(let ((val (read)))
(if (numberp val)
val
(ask-number))))

MpsI co3maem mepeMeHHYIO val, comepskalyo pesysabrar BeisoBa read. Co-
XpaHsAs 9TO 3HAUEHWE, MBI MOYKEM IIPOBEPUTH, UTO ObLIO mpounTamo. Kak
BBI y2Ke JIoralaJinch, Numberp — 9To IPeIUKaT, IPOBEPAIOIINI, SBISETCS JIN
€ro apryMeHT YHCJIOM.

Eciiz BBeieHHOE 3HAUEHNME — HEUMCJIO, TO ask-number BLI3OBET caMy ceds, uTo-
OBl II0JIB30BATEIb IOBTOPUJ MONBLITKY. TaK OyaeT MOBTOPATHLCS 0 TeX IOop,
moKa PYHKITHA read He MOJYUYUT YNCJIO:

> (ask-number)

Please enter a number. a

Please enter a number. (no hum)
Please enter a number. 52

52

IlepemenHsble Tuna val, co3aBaeMble OIEPATOPOM 1et, Ha3BIBAIOTCA JOKALb-
HbLMU, TO €CTh NeMCTBUTEJIbHLIMU B OIpeAesieHHOl o0JacTu. EcTh TakKe
2/100a/1bHbLe TIEPEMEHHBIe, KOTOPbIE IelICTBUTE/ILHEI Bese.!

! Peanpnas pasHUIla MeX Ay JIOKaJbHBIMU 1 1002 IbHBIMU IIepeMeHHbIMU 6y,11e'1‘

osCHEeHa B riiase 6.
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TnobanpHasA IIepeMeHHasa MOXKeT OBITH co3ZaHa C IIOMOIIIBIO ollepaTopa def-
parameter:

> (defparameter =globx 99)
*GLOB*

Takasa nmepemenHas OymeT HOCTYIIHA Besle, KPOMe BhIPasKeHUId, B KOTOPBIX
co3zaeTcs JoKaJbHAas IepeMeHHas C TAKUM JKe nMeHeM. UYToOkI n3beraTs Ta-
KUX CIyUYaMHBIX COBIIAJCHUM, IPUHATO JaBATHh IVIO0AJIBHBIM II€PEeMEeHHBIM
NMeHAa, OKPYKEeHHbIe 3Be3JOUKAMU.

Tak:ke B TVI00aJIbHOM OKDPY/KEHUU MOKHO 3a/JaBaTh KOHCTAHTHI, NCIIOJIb3Yy A
omeparop defconstant!:

(defconstant limit (+ =globx 1))

HeT HeoOxommmocTu faBaTh KOHCTAHTAM MMeEHAa, OKPY:KeHHbIe 3Be3JOUKa-
MH, IIOTOMY UTO JIF00a s IIOMBITKA OIIPEJeJTUTh IIEPEMEHHYIO C TAKUM JKe nMe-
HeM 3aKOHYUTCSA OITNOKOoIi. UT0ObI y3HATH, COOTBETCTBYET JIM KAKOe-TO UM
TJI00a/IbHOI TIepeMeHHOI I KOHCTAHTEe, BOCIIOIbL3yTech boundp:

> (boundp '=globx)
T

2.11. NpucsanBaHune

B Common Lisp Haunbosee o6IIIUM CPeACTBOM IIPUCBAUBAHNA 3HAUCHUN SB-
Jasercs omeparop setf. OH MOXKeT IpHUCBANBATEL 3HAUEHUS II€PEMEHHBIM JII0-
OBIX THUIIOB:

> (setf xglobx 98)

98

> (let ((n 10))
(setf n 2)
n)

2

Eciu setf mplTaeTcs IpHCBOUTH 3HAUEHNE IIEPEMEHHOM, KOTOPas B JAHHOM
KOHTEKCTE He SBJISIeTCS JOKAJIBHOM, TO IepeMeHHas OyIeT Olpeae/ieHa KaK
riobaabHAasd:

> (setf x (list 'a 'b 'c¢))
(A BC)

Taxum 06pa30M, BBI MOJKeTe co3maBaThb rIo0aIbHbBIE IIepeMeHHbIe HEABHO,
IIPDOCTO IIpHCBanBasd MM 3HAUEHUA. OI[HaKO B Q)aﬁJIaX HNCXOOHOI'O KOoJga CUm-
TaeTCdAa XOPOIIMM TOHOM 3aJaBaThb UX ABHO C IIOMOIIIBIO OIlepaTopa defpara-
meter.

Kaku JJIA ClIeIlNaJIbHBIX IIEPEMEHHBIX, AJId OIIpeaesideMbIX II0JIb30BaTejIeM KOH-
CTAHT CYIleCTByeT HeIvIaCHOe IIPaBUJIO, COIVIACHO KOTOPOMY MX MMeHa clenyer
OKpYKaTh 3HaKamu +. Cirenys aTOMy IIpaBUJIY, B IPUMepPe BBIIIe MBI ObI OIIpesie-
JIUJIM KOHCTAHTY +limit+. — IIpum. nepes.
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Ho mosxHO fesaTh 6GoJIbIlle, YeM IPOCTO IIPUCBaWBaTh 3HAYEHUS IEepPEeMeH-
HbIM. IlepBbIM aprymeHToM Setf MOKeT OBITH He TOJBKO IlepeMeHHas, HO
U BBIpaKeHUe. B TakoM ciyuae 3HaueHHUe BTOPOI'O apryMeHTa BCTaBJIAETCA
B TO Mecmo, Ha KOTOPOe CChIIaeTCs 9TO BhIpasKeHNUe:

> (setf (car x) 'n)
N
> X
(N B C)

ITepBBIM aprymeHTOM Setf MOKeT OBITH IOUTH JTI000€ BhIpAKeHUE, KOTOPOe

cChLIIaeTCs Ha KaKoe-TO MecTo. Bece TaKue onepaTopbl OTMEUYEHBI B IIPUJIOKE-
Huu D Kak paboraolmue ¢ setf.

Takske setf MoKHO TepemaTs Jifo6oe (YeTHOe) Uuncyio aprymeHToB. Ciaeayio-
Uil BEI3OB

(setf a b
cd
e f)

9KBUBAJIEHTEH TPEM II0CJIeL0BaTeIbHBIM BbI30BaM setf:

(setf a b)
(setf ¢ d)
(setf e f)

2.12. PyHKUMNOHaNbHOE NnporpamMmmMupoBaHue

DPYHKYUOHAJLHOE NPOZPAMMUPOSAHUE — ITO IOHATUE, KOTOPOe O3HadaeT
HaIrcaHVe IPOrpaMM, paboTaIOINX Yepe3 BO3BpAIllaeMble 3HAUECHNUA, a He
u3MeHeHUA Cpebl. ITO OCHOBHAS napaaurma B JIucme. BoJbIITHCTBO BCTPO-
eHHBIX B JIucn QyHKIIUI He BHI3BIBAIOT MOOOUHBIX 3(h(HEKTOB.

Hamnpumep, pyHKIUS remove IPUHUMAET CIIMCOK U O0BEKT X BO3BpAIllaeT
HOBBIII CIIMCOK, COCTOSAIIUI M3 TeX Ke DJIeMEHTOB, UTO U IIPeAbIAYIIUI, 3a
HUCKJIIOUEeHNEeM 9TOT0 00'beKTa.

> (setf 1st "(car at))
(CARAT)

> (remove 'a 1lst)

(CRT)

Hoquy OBl He CKa3aTb, 4TO remove ImpocTo yaaJjdeT 3JIEMEeHT 13 caucka? ITo-
TOMY 4YTO OHA 3TOI'0 HE aeJiaeT. HCXO/‘.‘[HLIfI CIIMICOK OCTaJICA HETPOHYTBLIM:

> Ist
(CARAT)

A uTO0 eciu BBI XOTUTE NENCTBUTEIBHO YIAJIUTD 3JIeMeHThI 13 cuucka? B Jluc-
e IPUHATO IIPEJOCTABIATE CIINCOK B KAUeCTBe apryMeHTa KaKoi-11u60 QPyHK-
IIUY U IPHCBaNBaTh BO3BPAIIlaeMoe eii 3HaueHre ¢ ToMOIIbo setf. UToOwI yaa-
JIUTDH BCE 4 U3 CIIMCKA X, MBI CKaKeM:

(setf x (remove "a x))
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B dyHKIIMOHAJIBFHOM MPOrPAaMMUPOBAHUU M30EraroT MCI0Jb30BaTh setf u
Ipyrue nonob6HbIe Bemu. IloHauamy cii0?KHO BOOOGPA3UTh, UTO 3TO IIOIIPOCTY
BO3MOJKHO, He TOBOPA yKe O TOM, UTO JKeJjlaTeJbHO. Kak MOXXHO co3zaBaTh
TPOrpaMMbI TOJIBKO C IIOMOIITBIO BO3BPAIIEHNA 3HAUEHUTT?

Koneuno, coBceM 6e3 1o60uHBIX 9(pdeKToB padboTaTs Heymo0HO. OmHaKO0, Yn-
Tas gaJjbllle 9Ty KHUTY, Bbl OyJeTe Bce CUJIbHEEe YAUBJIATLCA TOMY, Kak,
B CYIITHOCTHY, HEMHOT'0O ITO00UYHBIX 3(p(heKTOoB HeoObxoarumo. VI ueM MeHbIIIe BbI
OyzeTe MU II0JIL30BATHCA, TEM JIyUIIIe.

OpmHO W3 TVIABHBIX IIPEMMYINECTB UCIIOJb30BAHUSI (PYHKITMOHAJIBHOTO IIPO-
TPaMMUPOBAHUA 3aKJIIOUAECTCA B UHMEPAKMUBHOM MECMUPOBAHUU. ITO
03HAYAeT, UYTO BBl MOKETEe TeCTUPOBATL PYHKIINM, HANTUCAHHBIE B QYHKITUO-
HAJBbHOM CTHUJIE, CPABY Ke II0CJIe NX HAIIMCAHUS, U IIPU 9TOM BbI Oy/eTe yBe-
PeHBI, UTO Pe3yJILTAT BHIIOJHEHNS Bcerma OyaeT ONMHAKOBLIM. Bbl MoikeTe
M3MEHUTH OJHY YaCThb IIPOTPAMMBbI, 1 3TO He IIOBJIUSIEeT Ha KOPPEKTHOCTE pPa-
60THI Apyroii ee yacTu. Takas BO3MOMKHOCTL 0€300A3HEHHO M3MEHATH KOJ
JeJlaeT AOCTYIIHBIM HOBBIM CTHJIb IIPOTPAMMUPOBAHUS, IIOJOOHO TOMY KaK
TeJie)OH B CPABHEHUH C TUCBMAaMU IIPEAOCTABIsIET HOBBIH CIIOCO0 OOITIeHM .

2.13. Utepauusa

Korga MbI XOTHM IIOBTOPUTH UTO-TO MHOTOKPATHO, IIOPOH yAo0HEe MUCIIOIb-
30BaTh UTEPAINIO, UeM peKypcuio. TUMNYHBIH TPUMED UCIIOJIb30BAHU UTE-
pamuu — reHeparus tadauir. Ciaenyomiaa GyHKITNA

(defun show-squares (start end)
(do ((i start (+ 1 1)))
((> i end) ’'done)
(format t ""A "A™%" 1 (+« 1 1))))

meuaTraeT KBaApaThl IeJIbIX yuces oT start mo end:

show-squares 2 5)

[S2lNep)

> (
24
39
41
52

N

DONE

Maxpoc do — ocHOBHOII mTepanuoHHBINH omepaTop B Common Lisp. Kak
U B cJyvae let, IepPBBIN apryMeHT do 3ajaeT mepeMeHHbIe. KaK A1 aJIeMeHT
STOTO CIIMICKA MOJYKET BBITIAAETH KaK:

(variable initial update)

e variable — cumBoJ, a initial u update — BoeipaskeHud. McxomHoe 3HaUe-
HUe KaKIol IMepeMeHHOII ompenessieTca 3HaueHueM initial, m Ha KarKIoi
UTepanuu 9TO 3HAUEHME OyIeT MeHSThCS B COOTBETCTBUHM CO 3HAUEHHEM
update. B mpumepe show-squares do ICIOIB3YeT TOJBKO OAHY II€PEeMeHHYIO, 1.
Ha mepBoii uteparuu suaueHue i paBHO Start, U mocje Kaka0ii yCIeIrHon
UTepanuu OHO OyeT YBeJIUUYNBATHCA Ha eUHUILY.
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Bropoii aprymeHT do — CIIMCOK, COCTOAIIN IT0 MEHBIIIEH Mepe U3 OAHOT'O BbI-
PaKeHUs, KOTOPOe OIIpelesiseT, KOoTrAa UTepanuu cjaedyeT OCTaHOBUTBLCH.
B namem mpumepe 3TUM BBIpajKeHUEM ABJIAETCA mMpoBepka (> 1 end). Oc-
TaJIbHbI€ BbIPDaKE€HUA B CIIUCKEe 6y/:[y'r BBIYMICJIEHEBI IIOCJI€ 3aBEPIIEHUA UTE-
panuii, U 3HaUEHUe TOCJeAHero 13 HUX OyeT BO3BpAIleHO KaK 3HAueHUe
oneparopa do. PyHKIMA show-squares Bcerza Bo3BpalmaeT done.

OcraBmizecsa apryMeHTBI dO COCTABJAIOT TeJsio nmukJja. OHu OyayT BbIUMC-
JIATHCA IO MIOPAAKY Ha KaKaoii urtepanuu. Ha KayKa0M 11are B IepBYIO oUe-
penb MOOTUMPUIIMPYIOTCA 3HAUEHUA ITePeMeHHBIX, 3aTeM CJIeLyeT IIPOBepKa
YCJIOBUA OKOHUAHUA IIUKJIA, TIOCJE KOTOPOI (€C/IM yCJIOBUE HE BBHIIIOJIHEHO)
BBIUUCJISAETCA TEJIO ITUKJIA.

7151 cpaBHEHUSA 3aIIUIIIEM PEKYPCUBHYIO BEPCHUIO Show-squares:

(defun show-squares (i end)
(if (> i end)
"done
(progn
(format t "7A "A™%" i (1 1))
(show-squares (+ 1 1) end))))

B Hell MBI ICIIOIBL30BAJIM HOBBINM ommepaTop progn. OH MpuHUMAaeET J11000e KO-
JIMYECTBO BHIPAYKEHUH, BHIUUCJIAET UX OJHO 3a JPYTMM W BO3BpAIIlaeT 3HA-
YeHUe II0CJIeJHETO.

s yacTHBIX corydaeB B Common Lisp cyiecTByOT 60J1€€e IpoCThie UTepaIu-
oHHBIe oneparopbl. K npumepy, sanuiinem GyHKIINIO, OIPEAEIAIONYIO M-
HY CIIHCKA:

(defun our-length (1st)
(let ((len 0))
(dolist (obj 1st)
(setf len (+ len 1)))
len))

B sTom mpuMepe omepaTop dolist mpuHUMaeT IepBLIM apryMeHT Buga (vari-
able expression) u cienyoIui 3a HUM Habop BhIpaskeHUi. OHU BBIYUCIIA-
I0TCA IJI KajsKI0r0 3JIEMEHTAa CINCKAa, 3HaUeHUe KOTOPHIX II0 OUuepenu IIpu-
cBauBaeTcd IepeMeHHOM. B aToM npuMepe AJia Kakaoro obj B 1st yBenuuu-
BaeTcd 3HaueHue len.

PexypcuBHasA Bepcusi 9ToM PyHKIUY:

(defun our-length (lst)
(if (null 1st)
0
(+ (our-length (cdr 1st)) 1)))

Ecnu crimcok mycr, ero ayinHa paBHa 0, mHaYe OHA Ha 1 00JIbIIe JINHBI CIIUCKA
cdr. 9ra Bepcusa QyHKIMU our-length Gojiee MOHATHA, OAHAKO OHA Hea(deK-
TUBHA, ITOCKOJBbKY He MCIIOJIb3yeT XBOCTOBYIO peKypcuio (cM. paszern 13.2).
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2.14. DyHKLUMNM KaK 0ObeKTbI

B JIucnie GyHKIIUYU — 3TO caMble OOBIUHBIE 00BEKTHI, TAKNE K€ KaK CHMBO-
JIBI, CTPOKHY WJIU CTUCKU. [JlaBad GyHKIIMY UM ¢ TOMOIIBIO function, MbI mo-
JydyaeM accoIlMMpPoOBaHHBIN 00beKT. Kak u quote, function — aTo cmenmaiab-
HBII OIIepaTop, W II03TOMY HaM He HYKHO OpaTh B KABBIUKHY €T0 apT'yMEeHT:

> (function +)
#<Compiled-Function + 17BA4E>

Takum cTpaHHBIM 00pa3oM 0ToOpaskaTcA GYHKIINY B TUITUYHONA peansa-
mmuu Common Lisp.

o cux mop MBI UMeJIU [eJI0 TOJIbKO C TAKUMU 00beKTaMu, KOTOPbIE IIPU IIe-
YaTu OTOOpasKarlTCA TakK Ke, KaK MBI UX BBeJU. ITO COIJIAIlleHUe He pac-
mpocTpaHsaercd Ha QyHKIuU. BerpoeHHas QYHKIUA + OOBIYHO ABJIAETCSA
KYCKOM MAaIIMHHOTO Koja. B xammoi peanusamuu Common Lisp moxkeT
OBITH CBOM CITIOCO6 OTOOPaAKeHUA (PYHKITHI.

AHaJIOTMYHO MCTOJIb30BAHUIO KABBIYKM BMECTO (UOTE BO3MOIKHO yIIOTpeO-
JeHUe #f' KaK COKpallleHusa Ay function:

> #+

#<Compiled-Function + 17BA4E>

Kax u 110601t 1pyroii 00beKT, PYHKIINA MOYKET CIYKUTb apryMeHToM. IIpu-
MepoM GYHKIIUY, ApIYyMEHTOM KOTOPOH ABIAETCA (PYHKIINA, ABIAETC apply.
Ona TpebyeT GYHKIIUIO U CIIIICOK ee apryMeHTOB U BO3BPAI[aeT Pe3yJIbTaT
BBI30BA ATOI DYHKI[UY C 3aJaHHBIMU apTyMeHTaMU:

> (apply #'+ " (12 3))
6

> (+123)

6

Apply mpuHHMAaeT Ji000e KOJINUYECTBO ApryMEHTOB, HO IIOCJEAHUNA M3 HUX
0053aTeJIbHO JOJIJKEH ObITH CIIMCKOM:

> (apply #'+ 12 (3 4 5))
15

dyurkmusa funcall meaaeT To Ke caMoe, HO He TpeOyeT, YTOObI apryMeHThI
OBbLJIV yIIaKOBAHBI B CIIUCOK:

> (funcall #'+ 12 3)
6

OObIuHO cosmaHue (GPYHKIMU U OIpPeJesieHNe ee MMEHU OCYIIeCTBJIAETCA
¢ nmomoikio Makpoca defun. Ho pyHKIMA He 00A3aTEIbHO NOJIKHA UMETH
UM, U AJI ee OIpelesieHnA MBI He 00A3aHbI ncnoab30BaTh defun. Ilogo6HO
OOJIBIITUHCTBY APYTUX O0BEKTOB Jlucia, MBI MOKeM 3aJaBaTh (QYHKIIUU
OyKBaJbHO.

Yro6b! OyKBaJIBHO COCTIATHCSA HA YHCJIIO, MBI UCIIOJIb3yEM IIOCIEN0BATEIbHOCTH
nudp. YTobbI TaKUM 3Ke 00pasoM cocaaThes Ha MYHKI[UIO, Mbl NCIIOJIb3YeM
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aamb0a-evipaxerue. JIamoaa-BeIpakeHre — 3TO CIIUCOK, COAePKAaIIUil CUM-
BOJI lambda 1 ciiemyroliue 3a HUM CIICOK apr'yMeHTOB U 1M.eJl0, COCTOSIIee U3
0 mau Gosee BuIpaskeHuii. Huske mpusemeHo asaMOma-BhIPAKeHUe, IIPE.I-
cTaBJIAOIIee (PYHKIINIO, KOTOPAs CKJIaAbIBAET ABa YMCJA ¥ BO3BPAIllaeT UX
cyMMYy:

(lambda (x vy)
(+ xy))
Crrcok (X y) COIEep:KUT IIapaMeTphl, 3a HUM CJIeAyeT TeJ0 PYHKITUH.

JIamOra-BeIpasKeHe MOYKHO cumTarTh nMeHeM (yHKIuu. Kax um ob6biunOe
uMa QYHKIINYT, JIAMOJa-BhIPAKEHNE MOXKET ObITH ITE€PBBIM 9JIEMEHTOM BBI30-
Ba QYHKIIUN:

> ((lambda (x) (+ x 100)) 1)
101

a 100aBiAd #' K 9TOMY BRIPAKEHUI0, MOYKHO MOJYUYUTH COOTBETCTBYIOIIIYIO
(QYHKITUIO:
> (funcall #’ (lambda (x) (+ x 100))

1)
101

ITomumo IIpoyero, TaKkas 3allrChb II03BOJIAET MCIIOJIB30BaTh (I)YHI-CI_II/II/I, He IIpur-
cBauvBasdA UM HMeEHA.

Yto Takoe Jlambpa?

B nmam6pa-BeipaskeHnuu lambda He ABJISETCS OIEPATOPOM. ITO IIPOCTO
cumBoJI.” B panHux auasnexrax Jlucma oH ©MeJI CBOIO I1eJib: QYHKIIUN
uMeJiu BHYTPEeHHee IIPeICTaBJIeHNe B BU/Ie CIIUCKOB, U e IMHCTBEHHBIM
CIIOCO0OM OTIUYUTH PYHKIIMIO OT OOBIYHOTO CIKCKAa OblIa IIpoBepKa
TOTO, ABJISETCS JIV IIEPBBII €r0 3JIEMEeHT CUMBOJIOM lambda.

B Common Lisp BbI MOsKeTe 3a4aTh (PYHKIINMIO B BUIE CINCKA, HO OHU
OyAyT MMETh OTJIMYHOE OT CIMCKA BHYTPEHHee IIpeJcTaBjJeHNe, II0-
sTomy lambda GoJibIilie He TpebyeTcs. Brljao ObI BIOJIHE BO3MOYKHO 3a-
MUCHIBATL QYHKIIUY, HAIIPUIMED, TaK:

((x) (+ x 100))
BMECTO
(lambda (x) (+ x 100))

HO JIMCcH-mporpaMMUCTEI IIPUBBIKJIN HAYNHATE (PYHKIIUN CHMBOJIOM
lambda, 1 Common Lisp Tak:ke ciegyeT 5TOMI Tpa UIlIN.
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2.15. Tunbi

JIuco obagaer HeOOBIKHOBEHHO I'MOKOI CHCTEeMOI TUIOB. Bo MHOruxX sA3bI-
KaxX HeoOXOAMMO 3a1aTh KOHKPETHBIN TUII AJIA KaKI0l IIepeMeHHON’ Iepes
ee ucnosb3oBanreM. B Common Lisp sHaueHuMs MMEIOT TUIILI, a IepeMeH-
Hble — HeT. [IpeacTaBbTe, UTO Y KaXK J0I0 00beKTa eCTh METKAa, KOTOPAas OIIpe-
mensier ero Tuil. Takoil mOAXof HasbIBaeTCA JUHAMUYECKO munusauyueil.
Bawm He HY»KHO 00bABJIATH TUIILI IEPEMEHHBIX, ITOCKOJIbKY JI100asd IIepeMeH-
Has MOXKET COLEePKaTh 00'beKT JIF000r0 THIIA.

HecMmoTtps Ha TO, YTO 00'bABJIEHUA TUIIOB BOBCE HE 00513aTEIbHBI, BEI MOYKETE
3a7aBaTh UX U3 COOOpPaKeHHUII IPOMU3BOAUTENbHOCTH. OOBABIEHNUSI TUIIOB
obcysxmaiores B paszgesie 13.3.

B Common Lisp BcTpoeHHbIe TUIIHI 00Pa3yI0OT HePaPXUIO IIOATHUIIOB U HATH-
moB. O6'EeKT Bceraa nMeeT HeCKOJIbKO TUMIoB. Hampumep, uucsio 27 COOTBET-
cTByeT Tumiam fixnum, integer, rational, real, number, atom u t B mopsaiKe yBe-
auueHus oburHocTu. (HucaeHHbIe TUIBI 00Cy:KAat0TcA B riaBe 9.) Tun t as-
JIseTCsA CAaMbBIM BEePXHUM BO BCEH MepapxXuu, TOATOMY KaKIbIi 00HEKT nMe-
eT Tum t.

DyHKIUA Typep onpenesser, IPUHAMLJICKNAT JIU ee IePBhIN apryMeHT K TU-
Iy, KOTOPBIH 3a/aeTCsI BTOPHIM apryMeHTOM:

> (typep 27 ’'integer)
T

ITo mepe usyuernusa Common Lisp MbI HO3HAKOMUMCS C CAMBIMHU Pa3HBIMI
BCTPOEHHBIMY THUIIAMMH.

2.16. 3arnagbiBag Bnepes,

B aT011 r1aBe MBI JOBOJILHO ITIOBEPXHOCTHO ITO3HAKOMUINCH ¢ JImcom. Ho Bce
K€ HaUMHaeT BBIPHMCOBBIBATHCA IIOPTPET 3TOI'O AJOBOJIBHO HeOﬁBI‘IHOI‘O A3bI-
kKa. Haumem ¢ TOro, 4To OH MMeeT eQUHbBIA CUHTAKCIC IJIs 3aIIKCH BCEro Ko-
ma. CHHTaKCHC OCHOBAH Ha COMCKAX, KOTOPBIE ABIAIOTCSI PA3HOBUIHOCTHIO
00BeKToB Jlucma. @PYHKIIUY, KOTOPBIE TaKiKe ABIAIOTCA JIncn-o6bekTaMu,
MOT'YT OBITH IIPEACTaBJICHBI B BHUJEe CIMCKOB. A cam JIuco — 9To ToXKe mpo-
rpamMMa Ha Jlucie, IMOUTH ITOJTHOCTBIO COCTOAINAS M3 BCTPOEHHBIX JImc-
(GYHKIIUH, KOTOPBIE HE OTJIMYAIOTCSA OT TeX (PYHKIINI, KOTOPbIe BbI MOYKETe
OIIpeneJIuTh CaMOCTOATEJTIBHO.

He cmymiaiitecs, ecjiu 9Ta 1eMOYKa B3aMMOOTHOIIIEH W ITOKa BaM He COBCEM
sicHa. JIMCIT COMEepIKUT HACTOJHKO MHOTO HOBBIX HJEl, UTO MX OCO3HAHUE
Tpebyet Bpemenu. Ho 0fHO MOJIKHO OBITE CHO: HEKOTOPHIE U3 dTUX UIeH 13-
HAYaJbHO JOBOJIHLHO JIETAHTHBHI.

Puuapp I'sGpuai ogHaXKABI B IOJYIITYTOUHOU (hopme HazBas C A3BIKOM IS
ganucauusg UNIX.” Tak:xke 1 MbI MOXKeM Ha3BaTh JIMCII A3LIKOM /18 HAIIN-
cauusa Jlucma. Ho Mexk 1y sTuMU yTBEPIKICHUAMI €CTh CYIIleCTBeHHA pas-
HUIA. I3BIK, KOTOPHIH JIETKO HAIIMCATh HA caMOM ce0e, KapAUHAJIBLHO OTJIN-
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qaeTcsA OT A3BIKA, T'OAHOIO AJA HANMCAHUA KAKUX-TO OTJEJbHBIX KJACCOB
nporpaMM. OH OTKPBIBaeT HOBBIH CIIOCO0 IPOTPAMMUPOBAHUA: BBl MOJKETE
KaK IHcaTh IPOorpaMMbl Ha TAKOM fA3bIKe, TaK M COBEPIIEHCTBOBATH A3BIK
B COOTBETCTBUU C TPeOOBAHUAMU CBOUX IIporpaMM. Ecau BbI XOTUTE IOHATH
CyTh IIporpaMMupoBaHuda Ha Jluclie, HAUHNUTE C 3TOH Uaen.

NTorn rnaebl

1.

10.

11.

12.

JIucn nHTepaKkTHUBEH. BBOA BRIpaskeHue B toplevel, BB TYT jKe mosryuae-
Te ero 3HaUeHUe.

IIporpammel Ha JIucme cOCTOAT U3 BhIpaskeHui. BeipaskeHe MOKeT ObITh
aTOMOM HJIM CIIMCKOM, COCTOSIIIMM K3 OllepaTopa U CJAeAVIOIINX 38 HUM
aprymMeHToB. Biarogapsa npe@uKCHON 3alKUCH 3TUX apryMeHTOB MOJYKET
OBITH CKOJILKO YTOJHO.

ITopsamok BeIUMCIeHUA BBI30BOB (hyHKITMIT B Common Lisp TakoB: cHaua-
Jla BBIUWMCJIAIOTCA apryMeHTHI CJeBa HAIpaBO, 3aTe€M OHU IIepemaroTCs
omeparopy. Omeparop quote He MOJUMHSAETCA 9TOMY IOPALKY ¥ BO3BpA-
IaeT caMo BhIPaKeHne HEM3MEHHBIM (BMECTO €T0 3HAUEHU ).

IToMmuMO TPUBBIYHBIX TUIOB JaHHBIX B JIMCIIE €CTh CUMBOJBI 1 CIIUCKH.
IIporpammsbr Ha JIucme 3ammchIBaIOTCA B BUJI€ CIIMCKOB, II09TOMY JIETKO
COCTaBJIATH IIPOrPaMMBbI, KOTOPbIE IIUIITYT APYyTHUE IIPOTPAMMBI.

Ectb Tpu ocHOBHBIE YHKITNY JJIs 00PAIIEHNSA CO CIUCKAMU: CONS, CTPOS-
mas CIKCOK; Car, BO3BpAIIaolas IePBLIH dJIEMEHT CIINCKAa; cdr, BO3Bpa-
malas Bech CIUCOK, 38 UCKJIOUEHNEM €TI0 IIEPBOTO dJIEMEHTa.

B Common Lisp cumMBoJ t MMeeT MCTHHHOE 3HAUYeHMWe, Nil — JIOMKHOe.
B KoHTeKcTe JIorMuecKUX omepaluii Bce, Kpome Nil, sSIBJIA€TCS UCTUH-
HbIM. OCHOBHOM yCJIOBHBIH omepaTop — if. OmepaTops! and u or TaKKe MO-
I'yT CUUTATHCSA YCIOBHBIMMU.

JIucm cocTouT 1o Goabireii yactu us Gpyukiuii. CoocTBeHHbIe PYHKITAN
MOJKHO CO3JaBaTh C ITOMOIIbIO defun.

DyHKIUA, KOTOpasd BHI3BIBAeT caMa ce0sd, Ha3bIBAeTCs PEKyPCHUBHOM.
PexypcuBryo QyHKIINIO cIeyeT IOHUMATh KaK IIPoliecc, HO He KakK ar-
perar.

CKOOKM He CO3JAaI0T 3aTPYAHEHMH, IIOCKOJIbKY IIPOTPAMMUCTHI ITHUIITYT
U yuTaioT JIucn-Kox mo oTcTyImaM.

OcHoBHBIE (DYHKIIMY BBOAA-BBIBOMAA: read, SABJISIONIASACS ITOJHOIEHHBIM
obOpaboTunkoMm JIucI-BeIpaskeHunii, u format, MCIOJAB3YOIA A1 BBIBOAA
3aJaHHbBIN IT1a0JI0H.

JIokabpHBIE IepEMEHHBIE CO3JAI0TCA € IIOMOIIIBIO et, II06abHbIE — C IO~
MOIIIBIO defparameter.

i mpucBavBaHUSA UCIOJIb3yeTcs orneparop setf. Ero mepseiit aprymenT
MOJKeT OBITh KaK ITI€PEMEeHHOI, TaK U BbIPaKeHUeM.
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13. OcnoBHoIi napaaurmoii JIucna AaBaserca QyHKIIMOHAJIbHOE IPOrpaMMU-
poBaHme, TO eCTh HaMCaHue Koja 6e3 mo6ouHbIX 9h(HEeKTOB.

14. OcHOBHOU MTEePAIIMOHHBIN omrepaTop — do.

15. @yHKIUY ABISIOTCA OOBIYHBIMU 00beKTaMu B JIucme. OHI MOTYT 3a1u-
CBIBATHCA B BUE IAMOAA-BbIPAKEHUH, a TaKKe UCII0JIb30BaThCA KaK ap-
TYMEHTBI AJIA APYTUX QPYHKITHH.

16. B JIucne sHauyeHUsA UMEIOT THUIIBI, a IIepEeMEeHHbIe — HEeT.

YnpaxxHeHus

1. Omuirure, YTO IPOUCXOAUT IIPU BEIUNCICHUN CIAeAYIONINX BhIPAKEeHIIA:

(@ (+ (-51) (+37))

(b) (list 1 (+ 2 3))

(c) (if (listp 1) (+12) (+ 3 4))
(d) (list (and (listp 3) t) (+ 1 2))

2. CocraBbTe C IIOMOIIBIO CONS TPU PAl3JIUUYHBIX BHIPAKEHUS, CO3MAIOIINe
coucok (a b ¢).

3. C momortrpio car u cdr oupenenuTe GyHKIINIO, BO3BPAIIAIOIIYIO YeTBEeP-
THIUA 9JIEMEHT CIIMICKA.

4. Onpenesnre PyHKINO, MPUHUMAIOIIYIO ABa apryMeHTa U BO3Bpallaio-
Y0 HANOOJIBIT .

5. Yro mesaroT ciaenyiomye PyHKIINI?

(a) (defun enigma (x)
(and (not (null x))
(or (null (car x))
(enigma (cdr x)))))

(b) (defun mystery (x vy)
(if (null vy)
nil
(if (eql (car y) x)
0
(let ((z (mystery x (cdr y))))
(and z (+ 2 1))))))

6. YTOo MOXKeT CTOATH HA MECTE X B CJIEAYIOIINX BEIPAIKEHUAX?
(a) > (car (x (cdr '(a (b c) d))))
B

() > (x 13 (/ 10))
13

(c) > (x # 1list 1 nil)
(1)
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7. Onpenpenure QYHKIINIO, IPOBEPSIONIYIO, ABIAETCS JIA CIIMCKOM XOTs OBI
OIVH BJIEMEHT cuucKa. I1oabp3yiiTech TOJIBKO TEMHU OIepaTopaMu, KOTO-
pble ObLIN YIOMSAHYTHI B 3TOM TJIaBe.

8. Ilpenno:kuTe nTEpaTUBHOE U PEKYPCUBHOE OlpemeseHne PyHKIIUN, KO-
TOpas:

(a) meuaTaeT KOJMYECTBO TOUCK, KOTOPOE PABHO 3aJaHHOMY MOJIOMKIM-
TeJILHOMY LIeJIOMY YHCIIY;

(b) BO3BpaIaeT KOJIM4YeCTBO CMMBOJIOB da B 3aJaHHOM CIIHCKE.

9. Bair ToBapuill bITAETCS HANKUCATL (DYHKIINUIO, KOTOPasi CYMMUPYET BCe
3HAYEHUS 3JIEMEHTOB CIIMCKa, Kpome nil. O HamucaJs JBe BepCUU TaKou
(GYHKIIUY, HO HU OJHAa U3 HUX He paboraeTr. O0'bSCHUTE, UTO HE TAK B KaK-
JIOH U3 HUX, U TIPEeAJIOKUTEe KOPPEKTHYIO BEPCUIO:

(a) (defun summit (Ist)
(remove nil 1st)
(apply #'+ 1st))

(b) (defun summit (1lst)
(let ((x (car 1st)))
(if (null x)
(summit (cdr 1st))
(+ x (summit (cdr 1st))))))



Cnuckm

CroucKku — 9T0 ofHa 13 6a30BBIX CTPYKTYP AaHHBIX B JIucme. B paHHux gua-
JIEKTaX COUCKU OBIIM eIUHCTBEHHON CTPYKTYPOHM HAHHBIX, U UMEHHO UM
JIucn 06a3au cBouM HazBanueM: «LISt Processor» (O6paboTUMK CIIICKOB).
Hprurmenraumii Jlncno y»ke He cOOTBETCTBYeT sToMy akpoHuMy. Common Lisp
ABJIAETCA A3BIKOM OOINEro HasHAYEHUS W MIPEJOCTABJIAET IIPOTPAMMUCTY
MIPOKUHA HAGOP CTPYKTYP HAHHBIX.

IIpormece paspaborku JIucm-mporpaMM YacTo HATIOMUHAET 9BOJIIOIUIO CaAMO-
ro Jlucmna. B mepBoHavaIbHO# BEPCUY ITPOrPAMMBbI BBI MOMKETE UCIIOJIb30BATh
MHOJK€ECTBO CIIICKOB, OTHAKO B ee 0oJjiee MO3THUX BEPCUAX IIejiecoo0pasHee
OyzeT mepeiTu K MCIIOJH30BAHUIO 00Jiee CIIeInaJIu3UPOBAHHBIX U dPdek-
TUBHBIX CTPYKTYP AJAHHBIX. B 3T0# ryiaBe TOAPOOHO OMTMCHIBAIOTCA OIIePaIluu
CO CIUCKAaMU, a TaKJKe C UX MOMOIIBIO TOACHAIOTCA HEKOTOPhIE 00II1e KOH-
menuuu Jlucoa.

3.1. Auenkun

B pasgese 2.4 BBogsATCS CONS, car u cdr — mpocTetitnre QYyHKITUT JJIs MaHU-
MyJANUN co cniuckamMu. B neficTBUTEeIBHOCTH, CONS O0beANHAET JBA 00HEK-
Ta B OMWH, Ha3bIBaeMbIil sueiikoil (cons). Ecau GBITH TOUHEE, TO CONS — 9TO
napa ykasareJieli, IepBblIii 13 KOTOPBIX YKas3bIBaeT Ha Car, BTOPOoil — Ha cdr.

C moMOIIIBIO CONS-sTUeeK yA00HO 00 beINHATD B ITapy 00'beKThI JIIOOLIX THUIIOB,
B TOM YHCJIe U APyrue Aueiiku. ViMeHHO OJiarozaps TaKoW BO3MOYKHOCTU
C IIOMOIITBIO CONS MOYKHO CTPOUTD IIPOU3BOJIbHBIE CIIUCKU.

Hesauem mipecTaBasaTh KaKIbIil CIMCOK B BUZE CONS-AUeeK, HO HYJKHO IIOM-
HUTH, YTO OHU MOTYT OBITH 3aJaHBI TAKUM 00pasom. JI1000ii HeTyCTOoM CIIUCOK
MOXKET CUHMTAThCA IIapoii, COmep KaIllell MePBLIN 3JIEMEHT CIINICKA U OCTaJIb-
HYIO ero uacTb. B JIucme cricKku sBIAOTCSA BOILIOIIEHEM dTOU uaen. ViMeH-
HO MOSTOMY (DYHKITHSA Car IIO3BOJIAET HMOJYUUTH IIEPBBIN 9JIEMEHT CIIKCKA,
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a cdr — ero ocTaToK (KOTOPBIH ABJIAETCA 16O CONS-AUeiiKoit, mu6o nil). 1 mo-
TOBOPEHHOCTh Bceria Oblja TaKOBOW: MCIIOJIb30BAThH Car AJid 00O3HAUEHUS
TIePBOT0 9JIeMeHTa CIUCKAa, a cdr — IJid ero ocrarka. Tak aTu Ha3BaHUS CTa-
JIU CMHOHMMAaMu omepatuii first u rest. Takum o6pasomM, CIIUCKHU — 3TO HE
OTAENbHBIN BUJ O0BEKTOB, a BCET'O JUIITh HAOOP CBA3AHHBIX MEKIYy CO00M
cons-AvueeK.

Eciiz MBI mTonisITaeMcs MCIIOJIB30BaThL CONS BMecTe ¢ nNil,

> (setf x (cons "a nil))
(A)

TO TIOJTYYUM CIIUCOK, COCTOSIITNH 13 OTHOM AUel KM, KaK ITOKa3aHo Ha puc. 3.1.
Taxoii crioco6 1300paKeHns AUeeK Ha3bIBaeTCd 0/104HbLM, IIOTOMY UTO KasK-
Ias gueiiKka IpeJCcTaBIsaAeTCs B BUae 0JI0Ka, ComepIKallero yKkasaTe i Ha car
u cdr. BeigbIBas car uam cdr, MbI MOJIyuaeM 00'beKT, Ha KOTOPBIN YKa3bIBaeT
COOTBETCTBYIOIUI YyKa3aTe b:

> (car x)
A

> (cdr x)
NIL

Puc. 3.1. Cnucok, cocmoauwjuil u3 00HO0U aueiiku

CocTaBsisa CIIMCOK 13 HECKOJIBbKUX 9JIEMEHTOB, MBI IIOJIYy4YaeM IIETIOUYKY AYeeK:

> (setf y (list 'a 'b 'c))
(A BC)

JTa CTPYKTypa nmokKasana Ha puc. 3.2. Temeps cdr cucka 6yaeT yKasbIBaTh
HAa CIIMCOK U3 ABYX 9JIEMEHTOB:

> (cdr y)
(B C)

Lol == = o]
Y !

Puc. 3.2. Cnucok u3 mpex sueex
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3.2.

I[JIH CIINCKAa 13 HECKOJIBKUX 9JIEMEHTOB yKa3aTeJIb Ha car gaeT HepBI:»IfI aJie-
MEHT CIIUCKAa, a yKasaTeJib Ha CdIr — ero OCTaToK.

AJIeMEHTAMMU CINCKa MOTYT OBITh JIIOObIe OOBLEKTHI, B TOM UHCJIe U APyrue
CIMCKIU:

> (setf z (list 'a (list 'b 'c¢c) 'd))
(A (B C) D)

CooTBeTcTByOIAA CTPYKTypa MOKa3aHa Ha puc. 3.3; car BTOPOH sSueiKu
YKasbIBaeT Ha [PYTOii CIIUCOK:

> (car (cdr z))
(B C)

|i|_H|I -
2 L[y o]
v v

b c

Puc. 3.3. BroxceHHbLil CNUCOK

B sTHxX ABYyX mpuMepax CIIMCKU COCTOSJIM U3 TPEX 2JIeMeHTOB. IIpu sTom
B IIOCJIEHEM IIPUMEPE OJUH 13 9JIEMEHTOB TOKe ABJSeTCs CIucKoM. Taxue
CIIMCKY HA3BLIBAIOT 80X eHHbLMU (nested), B TO BpeMs KaK CIOUCKU, HE CO-
Iepokaliiue BHyTpU ce0s MOACINCKOB, Ha3kIBAIOT naockumu (flat).

IIpoBeputh, ABIAETCA JIU OOBEKT CONS-AUEHKOM, MOYKHO C IIOMOIIHI0 PYyHK-
nuu consp. ITosromy 1istp MOKHO OIIpeneIUTh TaK:

(defun out-listp (x)
(or (null x) (consp x)))

Teneps onipefesnM IpeguKaT atom, y4uThIBas TOT (PaKT, YTO aToMaMu B JIuic-
IIe CUATaeTCcA BCe, KpOMe CONs-sadeek:

(defun our-atom (x) (not (consp x)))

HckiroueHeM 13 9TOr0 IIPpaBUJIa CUUTAETCA Nil, KOTOPBIN ABJIAETCA U aTO-
MOM, 1 CIMCKOM OJHOBPEMEHHO.

PaBeHcTBO

Kamxawiit pas, Korma BBl BbI3bIBaeTe (PYHKIIUIO CONS, JIMCH BBIAEISIET IaMATh
ST IBYX yKasaTesei. ITO 03HAUAET, UTO, BHI3BIBAS CONS ABAMKIBI C OMHUMU
U TeMU JKe apryMeHTaMM, MbI IIOJIYUYNM JBa 3HAUEHU, KOTOPhIe OYAYT BhI-
TVISAeTh UAeHTUYHO, HO COOTBETCTBOBATEL PA3HBIM 00 HLEKTaM:
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3.3.

> (eql (cons 'a nil) (cons 'a nil))
NIL

dyuknusa eql! Bossparmaer t (true), TOJbKO €CIM CPABHUBAEMbIE 3HAUEHU
COOTBETCTBYIOT OLHOMY OOBEKTY B maMATH Jlucma.

> (setf x (cons "a nil))
(A)

> (eql x x)

T

151 IpOBEPKU UAEHTUYHOCTU CIUCKOB (U IPYTUX 00 bEKTOB) UCIOJIb3yeTCs
npenukar equal. C ero TOUKY 3peHUsA IBa OZUHAKOBO BRITJIALAIINX 00bEKTa
paBHBI:

> (equal x (cons 'a nil))
T

ITokaskem, KaKk MOYKHO OIPENEJUTh (DYHKIIMIO equal IJIsi YaCTHOrO Caydas
IIPOBEPKM Ha PABEHCTBO CIIMCKOBZ, IIPEAIIoIaras, uTo ecju ABa 00'beKTa paB-
HBI [IJIA IpeauKara eql, To OHM OyAyT PABHBI U AJIA equal:

(defun our-equal (x vy)
(or (eql x y)
(and (consp x)
(consp y)
(our-equal (car x) (car vy))
(our-equal (cdr x) (cdr y)))))

Mo4yemy B JIucne HeT ykasaTenewn

Yro0bI ITOHATH, KaK ycTpoeH JIuco, HeoOX0AMMO 0CO3HATDH, UTO MEeXaHU3M
IpUCBAWBAHUA 3HAUCHUS IIePEMEHHBLIM II0X0K Ha IIOCTPOEHNEe CINCKOB U3
00beKTOB. IlepeMeHHO COOTBETCTBYET YKas3aTelb Ha ee 3HaUeHMe, TaK JKe
KaK cons-gueKM MMeIoT yKas3aTeJu Ha car u cdr.

HexoTopelie gpyrue sS3bIKK IO3BOJIAIOT ONEPUPOBATH YKA3ATEJNSIMHU SBHO.
JIvcn »Ke BBIIOJIHSAET BCIO PA0OTY C YKA3aTeIAMU CAMOCTOATEIbHO. MBI yoKe
BUJEJIN, KAK 5TO IPOUCXOLUT, HA IIpuMepe cuucKoB. HeuTo moxosxee mpouc-
XOJUT U ¢ IIepeMeHHBIMU. IIyCcTh 1Be mepeMeHHble YKa3bIBAIOT HA ONUH 1 TOT
JKe CIIHCOK:

> (setf x "(a b c))
(ABC)

> (setf y x)
(ABC)

B pannux guanexrax Jlucma sagauy eql Beimosansa eq. B Common Lisp eq — 60-
Jiee cTporasa (PyHKI[AsA, & OCHOBHBIM IPEINKATOM IIPOBEPKU UAEHTUYHOCTH SAB-
asiercs eql. Poss eq pasbacHAeTeA Ha cTp. 234.

DyHKIUA our-equal IpuMeHUMa He K JII00BIM CIIMCKAM, & TOJIBKO K CIIUCKAM CUM-
BoJioB. HerouHocTh B opurnHasie ykazasna Busiom Crperdopaom. — ITpum. nepes.
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a b ¢

Puc. 3.4. [Iee nepemernnsle, ykasviéarujue Ha 00UH CRUCOK

qTO IIPOUCXOOUT, KOrga MBI IIBITA€MCA IIPDUCBOUTL Y SBHAYEHNE X? Mec'ro B IIa-
MATH, CBA3AHHOE C IEPEMEeHHOH X, COIEP;KUT He caM CIIMCOK, a YKa3aTeJb Ha
Hero. UToObI TPUCBOUTDH EPEMEHHOI Y TO JKe 3HaUeHN’e, JOCTATOYHO IIPOCTO
CKOIIMPOBATh ATOT yKasaTesb (puc. 3.4). B 1aHHOM ciiyuae IBe IepeMeHHbIe
OyayT OMMHAKOBBIMY C TOUKY 3PEHUA eq1:

> (eql x vy)
.

Takum o6pasom, B Jlucme ykasaTeau ABHO He UCIOJIb3YIOTCSA, IIOTOMY YTO
J1000e 3HaUEHNe, 110 CYyTH, ABJAETCA yYKasarejeM. Korjga BeI mprucBauBaeTe
3HaUeHUe IIePEeMEeHHOI UJIN COXPAaHAETe ero B KaKYI0-IN00 CTPYKTYPY JaH-
HBIX, TyZAa, Ha CAMOM Jiesle, 3aIIUChIBAaeTCA yKasaTe b. Korga BB 3ampaniu-
BaeTe COAEPIKMMOe KaKOH-TN00 CTPYKTYPHI JaHHBIX UJIN 3HAUEHe ITIepeMeH-
HOI1, JIuc Bo3BpaIiaeT JaHHbBIE, Ha KOTOPEIE CChlIaeTcsa yKasaTeab. Ho aTo
IIPOMCXOAUT HESIBHO, II03TOMY BbI MOJKETE 3aINChIBATH 3HAUEHUS B CTPYKTY-
PBI WJIN «B» IIePEeMeHHbIe, He 3ayMbIBAasCh O TOM, KaK 9TO IIPOUCXOLIUT.

W3 coobpaskeHni TPou3BOAUTEIbHOCTH JIMCII B3aMeH yKasaTeJsieil MHOTa 1c-
TOJIb3yeT HEeIOCPeACTBeHHOe ITIpeAcTaBIeHre NJaHHBIX. Hampumep, He00 b
e IeJible YKcjia 3aHUMAaoT He OOJIbIIle MeCcTa, YeM yKasaTelb, II09TOMY
HEKOTOpbIe peanusanuu Jlucmna onepupyioT HemoCPeACTBEHHO eJIbIMU UC-
JaMu, a He yKasateaamu Ha HuxX. Ho /s mporpaMMucTa BasKHO JUIIH TO,
yTo B Jlucme 1Mo yMOJIYAHUIO MOYKHO ITOJIOKUTH UTO YTOJAHO KyJa YT'OIHO.
W ecsiz BBI IBHO He 00'BABUJIN OOPATHOT'O, TO MOYKHO 3aIIMCATh JIIOOOI BU
00beKTa B JJI00YIO CTPYKTYPY JAHHBIX, BKJIIOUAS 1 cCaMy CTPYKTYPY B ce0s.

|ni||

gl
v

!
_|_>|I

|ni||

Puc. 3.5. Peaynvmam Konupoearusi
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3.4. NocTpoeHne cNnUcKos

3.5

DyHKIUA COpy-1iSt MpuHMMAaeT CIMCOK U BO3BpaIiaeT ero Komuoo. HoBbIit
CIIMCOK OyIeT UMeTh Te JKe dJI€MEeHTHI, HO OHU OYAYT pasMeIleHbl B IPYTUX
cons-AuenKax:

> (setf x "(a b c)
y (copy-list x))
(A BGC)
Takas cTpyKTypa AdYeeKk IMoKasaHa Ha puc. 3.5. CoOCTBEHHYIO (YHKIIHIO
copy-list ompeznesnM Tak:
(defun our-copy-list (1lst)
(if (atom lst)
Ist
(cons (car 1lst) (our-copy-list (cdr 1st)))))
31ech mogpasyMeBaeTcs, UYTo X 1 (Copy-11St x) Bcerga paBHBI C TOUYKY 3PEHUA
equal, a 7d eql paBHBI, TOJIBKO €CJIU X ABJIAeTCA Nil.
dyurmua append — erre ogHAa QPYHKIUA I PabOTHI CO CIUCKAMU, CKJIEU-
BaoIasa MeKIY cO00# ITPOM3BOJIbHOE KOJTUUECTBO CIIUCKOB:

> (append '(a b) '(c d) '(e))
(ABCDE)

DyHKIMI append KOMUPYeT BCe apTyMeHTHI, 38 UCKJIIOUeHNeM I0CeLHEero.

NMpumep: oxaTne

B sTom paspmene mpuBOAMTCA mpUMEDP PaspabOTKM IIPOCTOTO0 MeXaHU3Ma
CoKaTuA CIMCKOB. PaccMaTpuBaeMbIil HUKE aJITOPUTM IPUHATO HA3BIBATh
Koduposanuem noemopos (run-length encoding). IlpencraBbTe cuTyamuro:
B pecTopaHe OPUIIMAHT OOCIYIKUBAET CTOJUK, 38 KOTOPHIM CHUIAT UeThIPe
TIOCETUTEJIS:

«YTo BBI Oy/leTe 3aKa3bIBaTh?» — CIIPAIIIMBAET OH.

«IIpuHecure hupmMeHHOE OO0, ITOMKAIYHCTa», — OTBEUYAET IIePBbIH I10-

CEeTUTEeb.

«/ MmHe ToKe», — TOBOPUT BTOPOH.

«Hy u 51 3a KOMIIAaHUIO», — IPUCOEINHACTCS TPETUH.

Bce cmoTpAT Ha UeTBEPTOro KINEHTA. «A A ObI IPeATIOues KOPUAHIPOBOE

cyde», — TUXO IPOU3HOCUT OH.

OdumnuaHT co B3I0XOM pasBopaunBaeTcA U uaeT K KyxHe. «Tpu ¢hupmen-

HBIX, — KDUYUT OH IIOBAPY, — U OJJHO KOPUAHIPOBOE cydJie».
Ha puc. 3.6 moxasau 1moo0HbBINM aJITOPUTM JJIs CIIUCKOB. PYHKITUSA COMPress
IPUHUMAET CIIMCOK M3 aTOMOB ¥ BO3BPAIIAET €ro CKaToe IIPeICcTaBIeHe:

> (compress "(1 11010000 1))
((31) 01401
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(defun compress (x)
(if (consp x)
(compr (car x) 1 (cdr x))
X))

(defun compr (elt n 1st)
(if (null 1st)
(list (n-elts elt n))
(let ((next (car 1lst)))
(if (eql next elt)
(compr elt (+ n 1) (cdr 1st))
(cons (n-elts elt n)
(compr next 1 (cdr 1st)))))))

(defun n-elts (elt n)
(if > n 1)
(list n elt)
elt))

Puc. 3.6. KoduposaHue nogmopos: cicamue

Eciu kaxoii-1ubo 9JIeMeHT IIOBTOPAETCS HECKOJBKO pPas3, OH 3aMeHsIeTCsa Ha
CIIMCOK, COAEPIKAIIUI dTOT SJIEMEHT UM YHCJIO €r0 IOBTOPEHMIA.

Boubitas yacTh pab0ThI BLINOJIHAETCA PEKYPCUBHOM (DYHKIIUEH COMpr, KOTO-
pas npuHUMAaeT TPU apryMeHTa: elt — mocJaeJHUHi BCTPEeUeHHbI 9JIeMeHT; N —
YHCJIO ero IOBTOPeHNni; 1St — OCTATOK CIIMCKA, MOIJeKalluil JaibHenIen
KoMmipeccuu. Korma cuncok sakaHYMBaeTcs, BLI3bIBAeTCa QYHKIIUA n-elts,
BO3BpAalIaoIasd ciKaToe peicTaBIeHne n sjaeMeHToB elt. Eciu mepBoIit ase-
MEHT 1St Io-TIpe:KHeMy paBeH elt, yBeJuumBaeM N U UaeM Aajbiine. B mpo-
TUBHOM CJIyUae MbI TIOJIyUYaeM CyKaToe IpefcTaBJIeHre IpeabIayInei cepun
OIMHAKOBBIX 3JIEMEHTOB U IPUCOETUHAEM 9TO K TOMY, UTO ITOJIYUUM C TTOMO-
B0 COMPr OT OCTATKA CIIMCKA.

YT06bl PEKOHCTPYUPOBATH CIKATBHIN CIIMCOK, BOCIIOJIB3YEMCS UNCOMPress
(puc. 3.7):

> (uncompress " ((3 1) 0 1 (4 0) 1))
(1110100001

Idra QYHKIIUA BBLINOJHSIETCA PEKYPCUBHO, KOMUPYSA aTOMBI UM PacKpbIBad
CIIMCKU C IIOMOIIBI0 1ist-0f:

> (list-of 3 "ho)
(HO HO HO)

B meficTBUTEIBHOCTH, HET HEOOXOAMMOCTH MCIOJIb30BaTh 1ist-of. Berpoen-
Hasa QYHKIIUA make-1ist BRITIOMHAET TY sKe paboTy, OAHaKO MCIOJIb3yeT ap-
rymeHTHI 10 KJIouy (keyword), KOTOPBIX MBI ITOKA €11le He KacaJuCh.

DYyHKIIUYU COMPress W UNCOMpress, mpecTaBJaeHHbIe Ha puc. 3.6 u 3.7, ompe-
JleJIeHbI He TaK, KaK 9TO cleJsiaJi Obl ONBITHBIHM nporpamMmmuct. OHu Hesadek-
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TUBHBI, HE OCYIIIECTBJIAIOT CXKXaTHe B noc'ra'rquoﬁ Mepe n pa60Ta10T TOJIBKO
CcO cumcKaMu aTOMOB. B CJIeAyIIINX HECKOJIBKUX IVIaBaX MBI Y3HaeM, KaK
MOJKHO UCITPABUTH BCE 3TU Hp06JIeMLI.

(defun uncompress (1st)
(if (null 1st)
nil
(let ((elt (car 1st))
(rest (uncompress (cdr 1st))))
(if (consp elt)
(append (apply #'list-of elt)
rest)
(cons elt rest)))))

(defun list-of (n elt)
(if (zerop n)
nil
(cons elt (list-of (- n 1) elt))))

Puc. 3.7. Koduposarue nosmopos: dekoduposarue

3arpy3ka nporpamMmm

Kop B aToM paszesie BIiepBbIe IPETEHAYET Ha Ha3BaHNe OT/AeJIbHOM IIPo-
rpammebl. Ecoiu Hatira mporpamMma nMeeT JOCTaTOYHO 0OJIBIIION pasMep,
YIOOHO COXPaHATH ee TeKCT B (paiti. [IpounTars Koj us daiiia MOMKHO
¢ momoIibio 1oad. Eciu MbI coxpaHuM Koj ¢ puc. 3.6 u 3.7 B (haiia mox
HasBaHUeM 'compress.lisp”, To, HabpaB B toplevel

(load "compress.lisp™)

HOJIYUMM TaKOH JKe pes3yJIbTaT, KaK ecJu Obl Habpaju BCce BhIpaike-
HUs HeIoCcpeacTBeHHOo B toplevel.

YuTuTe, 4TO HEKOTOPHIE Peaul3aliuy Jlucna MoryT NCI0JIb30BaTh pac-
mupeHue ".1sp’, a He ".1isp’.

3.6. flocTtyn

IOas gocryna K yactsam cuuckoB B Common Lisp umeroTes erfe HeCKOJIbKO
(GYHKIM, KOTOPBIE OIPENEIISIOTCA C IOMOIIBIO car u cdr. YTOOBI IOy YUTH
9JIEMEHT C OIIPEeeJIEHHBIM NHIEKCOM, BEI30BEM (DYHKI[MIO Nth:

> (nth 0 "(a b c))
A
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YT006BI MOJYUYUTH N-i1 XBOCT CITHCKA, BbI30oBeM nthcdr:

> (nthcdr 2 "(a b ¢))
(C)

dyukmuu nth u nthcdr BeayT oTcuer ajaemeHToB ciricka ¢ 0. Boobiie rosops,
B Common Lisp so6as QPyHKIIHA, 0OpaIaiomassicsa K 9JIeMeHTaM CTPYKTYP
JaHHBIX, HAUMHAET OTCUET C HYJIA.

Itu 18e GYHKIUYU OUeHb ITOX0KH, 11 BEISOB Nth SKBUBAaJIEHTEH BBI3OBY Car OT
nthcdr. Onpemesnum nthedr 6e3 06pabOTKY BO3MOYKHBIX OIITNOOK:

(defun our-nthcdr (n 1st)
(if (zerop n)
1st
(our-nthedr (- n 1) (cdr 1st))))

DyHKIUS Z€r0p BCEro JIUIIb IIPOBEPSIET, PABEH JIM HYJIIO €€ apryMeHT.
DyHKIUA 1ast BO3BpAIIlAeT ITOCJeIHIO CONS-AUeKY CIUCKa:

> (last "(a b c))
(C)

ATO He MOCJeTHUI 9JeMeHT; YTOOBI ITOJYUYUTh ITOCTAETHUH JIEMEHT, a He T0-
CJIeTHIOIO TYEHKY, BOCTIOIb3yiiTech (GDYHKIIUEH car oT last.

B Common Lisp a1 gocTyna K sjieMeHTaM ¢ TIEPBOTO I10 IeCATHIN BbIAeIeHbI
crnenuaJJbHble QYHKINY, KOTOPhIE IOJYUYNIN HA3BaHUA OT aHIVIMACKUX II0-
PAOKOBBIX UUCIUTEIbHBIX (OT first mo tenth). O6paTuTe BHUMAaHIE, YTO OT-
cyeT HAUMHAETCA He ¢ HyJid U (second Xx) sKBUBaJIeHTeH (nth 1 x).

Kpowme Toro, B Common Lisp ompezenensr GyHKIMYT THUIA caddr (COKpalreH-
HBIN BBIBOB car oT cdr oT cdr). Takke onpenesieHbl QYHKIIUY BUAA CXI, Te
X — HAbOP BCeX BO3SMOIKHBIX COUETAHUI a U d JJIMHOU 0 UeThIPeX CUMBOJIOB.
3a ucKJIIoUeHreM cadr, KOTopas CChLIaeTCs Ha BTOPOI 9JIEMEHT, He PEKOMEH-
JIyeTcs UCII0JIb30BaTh MOA00HEIe (DYHKITUH B KOJle, TAK KAK OHU 3aTPYAHSIIOT
ero uTeHue.

3.7. OToOpaxatowme PyHKLUN

Common Lisp ompeneinseT HeCKOJIbKO OIepanuil AJsd IIPUMeHeHI KaKOou-
160 PYHKIUY K KaKJOMY dJIEMEHTY COMCKa. dalie BCero AJIsS 9TOr'0 HC-
MOJIb3YeTCs Mapcar, KOTOpas BbIBLIBAET 3aJaHHYI0 (YHKIIUIO IT03JI€MEHTHO
JIJIsI OTHOT'O UJIU HECKOJIBKUX CIIMCKOB U BO3BPAIIIAET CIIMCOK Pe3yJILTaTOB:

> (mapcar #' (lambda (x) (+ x 10))
(12 3))

(11 12 13)

> (mapcar #'list
"(abc)
(123 14))

((A1) (B 2) (C3))
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3.8

Us II0CJIeJHEero IIpuMepa BUOIHO, KaK mapcar O6pa6aTI>IBaET cnyqaﬁ CO cIIu-
CKaMu pa3HOI>)I IJIVHBI. BeruncaeHnmne OﬁpLIBaeTCﬂ II0 OKOHYaHMU CaMOI'O KO-
POTKOTI'O CIIMCKa.

IToxosxxum o6pasom gercTByeT maplist, omHaKO MpuMeHAeT GYHKITUIO ITOCe-
[IOBaTeJIbHO HE K Carl, a K cdr CIIMCKa, HAUMHASA CO BCEro CIIMCKA IeJIUKOM.

> (maplist #' (lambda (x) x)
“(ab o))
((ABC) (BC) (C))

Cpenu npyrux orobpakammux GyHKIUHA MOKHO OTMETUTE Mapc, KoTopas
paccmarpuBaercsa Ha cTp. 102, a Tak:ke mapcan, ¢ KOTOPOI BbI TOBHAKOMU-
Tech Ha cTp. 209.

HepeBbs

Cons-Aued K1 TaKIKe MOYKHO paCCMaTPUBATh KaK ABOMYHBIE IEPEBbs: Car COOT-
BETCTBYET IIPaBOMY IIOAIEPEBY, a cdr — eBomy. K mpumepy, crimcok (a (b ¢) d)
IpeJCcTaBJIeH B BU/e fepeBa Ha puc. 3.8. (Eciu noBepHyTH ero Ha 45° TpoTUB
YaCOBOU CTPEJIKH, OH OyIeT HaIlOMUHATE pUc. 3.3.)

B Common Lisp ecTb HEeCKOJIBKO BCTPOEHHBIX (DYHKIIUH IJ1s1 pabOTHI C Je-
peBbamu. Hampumep, copy-tree mIpuHUMAaeT AePeBO W BO3BPAIIAeT €ro KO-
nuio. OnpenesnM aHAJIOTUYHYI0 QYHKITUIO CAMOCTOSATEIbHO:

(defun our-copy-tree (tr)
(if (atom tr)
tr
(cons (our-copy-tree (car tr))
(our-copy-tree (cdr tr)))))

CpaBuure ee ¢ QyHKITHE copy-list (cTp. 53). B To Bpems Kak copy-1ist Komu-
pyeT TOAbKO Cdr CIUCKa, Copy-tree KOMUPYET ellle u car.

Puc. 3.8. Bunapnoe depe6o
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Bunapusbie qepeBbs 6e3 BHYTPEHHUX Y3JI0B BPSAL JIX OKAMKYTCSA MOJE3HBIMU.
Common Lisp BkJitouaeT B ce0d QYHKI[UU [JIA OIEPAIUA C JePEeBbAMU He
IOTOMY, UTO 0e3 IepeBbeB HeJIb3sS O0OUTHCH, a IOTOMY UTO 3TH (DYHKIUU
OUeHb TI0JIE3HBI JJIs PA0OTHI CO CIMCKaMu U noAcnuckamu. Hanpumep, mpea-
MIOJIO?KUM, UTO ¥ HAC €CTh CIIUCOK:

(and (integerp x) (zerop (mod x 2)))

W MBI XOTUM 3aMEHUTH X Ha Y. 3aMEHUTD 9J€MEHTHI B IOCJIeI0BATEIbHOCTH
MOSKHO C IIOMOIIbBIO substitute:

> (substitute "y 'x '(and (integerp x) (zerop (mod x 2))))
(AND (INTEGERP X) (ZEROP (MOD X 2)))

Kaxk Bugure, ucnosbzoBanme substitute He gajo pesyabTaToB, TaK KaK CIIH-
COK COIEPKHUT TPHU DJIEMEHTAa, HU ONUH M3 KOTOPBIX He SBJAETCA X. 3IeCh
HaM HOHaLo0uTCsa PYHKIIUA SuUbst, padoTaroIias ¢ JepeBbAMU:

> (subst 'y 'x '(and (integerp x) (zerop (mod x 2))))
(AND (INTEGERP Y) (ZEROP (MOD Y 2)))

Hauirmre onpeesnienue subst OyeT oueHb ITOXO0Ke Ha Copy-tree:

(defun our-subst (new old tree)
(if (eql tree old)
new
(if (atom tree)
tree
(cons (our-subst new old (car tree))
(our-subst new old (cdr tree))))))

JIro0ble (PYyHKI[UM, OLIEPUPYIOIINE C JePeBbAMU, OYAYT BEIMIALETE HOX0MKIM
00pa3oM, peKyPCUBHO BbI3kIBadA cebs ¢ car u cdr. Takas peKkypcus HA3LIBa-
ercs 080UHOIL.

3.9. YUTOObI NOHATbL peKypcuio,
HY>XHO MOHATb PeKypCcunto

Yro06bI IIOHATH, KAK paboTaeT peKypPCcusi, CTYAeHTaM YacTO IPeJiaraT Tpac-
CUpPOBaTh IIOCJIEOBATEJILHOCTE BbI30BOB Ha Oymare. (Takas mocyenoBaTesb-
HOCTB, HalpuMep, usobpaskeHa Ha ctp. 291.) IHorza BHIIIOJIHEHYE TAKOT0 3a-
TaHUA MOKET BBECTHU B 3a0JIy KeHIe, TAK KaK IPOrPaMMUCTY BOBCe He 005~
3aTeJbHO YETKO IIPEICTAaBIATE cede MoCIe0BaTEeILHOCT BLI3OBOB 1 BO3BPA-
IITaeMbIX Pe3yIbTAaTOB.

Ecau mpencTaBiATh, peKypPCUI0 UMEHHO B TaKOM BHUE, TO ee IPUMeHEHUe
BBIBOBET JIUIIb Pa3apakeHne U BPAL JU MpUHeceT moJb3y. IIpenmyiecTBa
PEeKypCcUM OTKPBHIBAIOTCA IIpu 6oJiee abCTPaKTHOM B3IVISAE Ha Hee.

Yrobbl yoeAUTHCH, YTO PEKYPCUA gejIaeT TO, YTO MBI JyMaeM, HOCTATOYHO
CIIPOCUTH, TIOKPHIBAET JIM OHA Bce BapuaHThl. [locMoTpuM, K mpuUMepy, Ha
PEKYPCUBHYIO (DYHKIIWIO [JIs ONPeNeSIeHNA JINHBI CIINCKA:
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(defun len (1st)
(if (null 1st)
0
(+ (len (cdr 1st)) 1)))

MosxHO yOeIUTHCSA B KOPPEKTHOCTH (DYHKIIUIM, IPOBEPUB ABE BeIn':
1. Omna paboTaeT co CIIMCKaMu HYJIEBOH IJIWHBI, Bo3Bpaliasd 0.

2. Ecau oma paboTaeT co cIIMCKaMu, AJINHA KOTOPBIX paBHA N, TO OyaeT
cIIpaBeaJiBa TaKsKe U JJIS CIIMCKOB JJIMHOI n+1,

Ecau o6a ciiydyas BepHBI, TO PYHKIIUA BeLEeT cebsa KOPPEKTHO Ha BCEX BO3-
MOJHBIX CIIMCKaX.

IlepBoe yTBep:KIeHME COBEPIIIEHHO OUYEBUAHO: ecau 1st — aTo nil, To QPyHK-
nus TYT ke BodBpaiaer 0. Temeps IpeAIIoao:KuM, UTO OHa paboTaeT co CIIu-
ckoMm aJmHou n. CoryiacHo onpeeeHinio, AJIsd CIIMCKA JJINHOI N+1 OHA BepHeT
YmcJIo, Ha 1 0oJiblllee AJIMHBI Cdr CINCKAa, TO eCTh N+1.

9TO BCe, UTO HAM HYKHO 3HATH. IIpefcTaBisaATh BCIO ITOCJIENOBATEIBHOCTH
BBI30BOB BOBCE He 0043aTeJIbHO, TaK jKe KaK Heo0A3aTeIbHO NCKATh apHbIe
CKOOKU B oIlpefiesIeHuAX QYHKITUH.

s 6oJtee CIOKHBIX QYHKIIUH, HATTPUMED ABOMHON PEKYPCUU, CIyUaeB 0y-
et 6oJIbIlle, HO IIPOIleAypa ocTaHeTcsd nperkHeii. K npumepy, misa GyHKIITT
our-copy-tree (ctp. 41) moTpebyeTcss pacCMOTPETh TPU CJyUasi: aTOMBI, IIPO-
CThIE SUEelKU, JePeBbs, cofepsKaIue n+l sueek.

ITepBrIii coryuait HOCUT HazBaHUE 0a306020 (base case). Ecnu pekypcuBHAA
GyHKIIUA BemeT ceOd He TaK, KAK OKUAJIOCH, IPUYNHA YACTO 3aKJII0YaeTCA
B HEKOPPEKTHOU IIPOBEPKe 6A30BOT0 CIIyUas MU K€ B OTCYTCTBUU IIPOBEP-
KU, KaK B IpuMepe ¢ PyHKImelr member:

(defun our-member (obj 1st) ;. wrong?
(if (eql (car 1st) obj)
Ist

(our-member obj (cdr 1st))))

B sTom ompenmenenuu HeoOxoamMa IPOBEPKA CIIMCKA Ha IIYCTOTY, WHAYe
B cJIy4Yae OTCYTCTBUS NCKOMOTO 9JIEMEHTA B CIINCKe PeKYPCUBHBIN BBI30B 0Y-
JIeT BBIIOJHATHCA 0eCKOHEUHO. B mpuioskenuu A sra mpobaemMa paccMaTpu-
BaercsA 6oJiee JeTaabHO.

C110CcO0HOCTD OIEHUTHh KOPPEKTHOCTh PEKYPCUBHON (PYHKIIUU — JUIIH Tep-
Basd YacTh IOHMMAHUA PeKypcui. Bropas yacTh — HEOOXOAMMO HAYUUTHCS
nucaTh COOCTBEHHBIE PeKYPCUBHBIE (QYHKIINN, KOTOPEIE AeJIal0T TO, YTO BaM
TpebyeTcs. ITOMY IIOCBSAIEH paszaes 6.9.

Taxoil MeTOx TOKAa3aTeJbCTBA HOCUT HAa3BaHUe MAMeMAMULecKol UHOYKUUU. —
Ilpum. nepes.

B,IIEC]: ; wrong —aTo icommel—tmapuzl. ROMMeHTapI/IﬁMI/I B JIucme cuuraercsa Bce OoT
CHMBOJIa «;» 40 KOHILa Texymeﬁ CTPOKH.
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3.10. MHOXecTBa

CIucKu — XOPOLInii cIIoco0 IMpeAcTaBIeHN A HeOOIbIIINX MHOMKECTB. UTOObI
IIPOBEPUTD, IPUHAMJIEIKNUT JIV DJIEMEHT MHOXKECTBY, 3aJJaBA€MOMY CIIICKOM,
MOJKHO BOCIOJIB30BaThCA (PYHKI[MEN member:

> (member 'b "(a b ¢))
(B C)

Ecau uckomblii siieMeHT HaliieH, member Bo3BpaliaeT He t, a YaCThb CINUCKA,
HAUYMHAIOIIETrocsA ¢ HalIeHHOTO 9j1eMeHTa. KoHeuHO, HEITyCTOM CIIUCOK JIOTH-
YEeCKM COOTBETCTBYET UCTUHE, HO TAKOEe IOBEJEeHNE Member IO3BOJISAET MOJTY-
YUTH 00JIbITe mHPopMauu. I1o ymMoauaHuio member cpaBHUBAET apryMeHTHI
¢ momornbio eql. [IpegukaT cpaBHEHU MOKHO 3aaTh BPYYHYIO C TIOMOIITHIO
apryMeHTa I0 KJamuy. ApryMenTsI o Kiaouy (keyword) — J0BOJIBHO pacipo-
crpanenHblli B Common Lisp cmoco6 mepemaum aprymenToB. Tarkue apry-
MEHTBHI IIePeatoTCsA He B COOTBETCTBUHU C UX II0JOKEHNEeM B CIIICKe ITapaMeT-
POB, a ¢ IIOMOIIIbI0 0COOBIX METOK, Ha3bIBAEMbIX KJIFOUeBBIMU cJaoBaMu. Kirio-
YEeBBIM CJIOBOM CUHTAETCS JIIOOOU CUMBOJI, HAUMHAOIITUICS C JBOETOUNS.

OxHUM M3 apryMeHTOB IIO KJIOUY, IPUHUMAEMBIX member, ABasgeTca :test.
OH mo3BoJIAEeT UCIO0JIb30BATh B KAUECTBe IIPEeJUKATAa CPABHEHU BMeCTO eql
IPOM3BOJBHYIO QYHKIIUIO, HAIIPUMeD equal:

> (member "(a) '((a) (z)) :test #'equal)
((A) (2))

ApPrymMeHTHI 10 KJIIOUY He ABJSIOTCSA 00513aTeIbHBIMU U CJIEAYIOT ITOCIEIHH-
MU B BbI30OBE (DYHKIUM, IIPUUYEM UX IOPAJOK He MMeeT 3HAUCHU.

Hpyroii aprymMeHr 1o Kiaouy GyHKIuu menber — key. C ero moMoIIbIo MOYKHO
3a1aTh QYHKIUIO, IPUMEHSIeMYI0 K KasKJI0MY 9JIEMEHTY Iepel CpaBHeHUeM:

> (member 'a '((a b) (c d)) :key #'car)
((AB) (CD))

B sTOoM mpuMepe MbI MCKAJIH 3JIEMEHT, Car KOTOPOTO PaBeH a.

HpI/I JKeJIaHUU MCIO0JIb30BaTh 00a apryMeHTa I10 KJI49y MOXHO 3aJaBaTb UX
B ITPOM3BOJILHOM IIOPAOKE:

> (member 2 " ((1) (2)) :key # car :test #'equal)
((2))
> (member 2 ' ((1) (2)) :test #'equal :key #'car)
((2))

C momoriikio member-if MOYKHO HANTH BJIEMEHT, YIOBJIETBOPAIOITNI ITPOU3BOJIb-
HOMY IIpeIuKaTy, HampuMep 0ddp (MCTUHHOMY, KOT/[a apI'yMeHT HeUeTeH):

> (member-if #'oddp ' (2 3 4))
(3 4)

Harmra co6crBenHas GyHKIusa member-if Moryia ObI BBITVISIAETE CJIEHYIOMIM
obpasom:
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(defun our-member-if (fn 1st)
(and (consp 1st)
(if (funcall fn (car 1st)
1st
(our-member-if fn (cdr 1st)))))

dyurmua adjoin — cBoero poja ycaoBHBIN cons. OHA MpUCOeIUHSIET 3aJaH-
HBIH BJIEMEHT K CIUCKY, HO TOJIBKO €CJIU €T0 eIrle HeT B 9TOM CIIHCKe (T. e. He

member):
> (adjoin 'b "(a b ¢))
(A BC)
> (adjoin 'z "(a b ¢))
(Z ABC)

B o61ieM coryuae adjoin mpruHMMAET Te Ke apr'yMeHTHI 110 KJII0UY, UTO 1 member.

Common Lisp ompepesisgeT OCHOBHBIE JIOTUYECKHE OIlepalliy ¢ MHOMKeCTBa-
MH, TaKle KakK 00beJuHeHne, IlepeceueHie, TOIoTHeHe, 1151 KOTOPhIX OIrpe-
JIeJleHbI COOTBeTCTBYIOIMe (QyHKIUU: union, intersection, set-difference.
Ity QyHKIUY paboTaOT POBHO C ABYMA CIUCKAMU U UMEIOT Te JKe apryMeH-
THI I10 KJIIOUY, YTO U member.

> (union "(a bc) "(c b s))

(ACBS)

> (intersection "(a b c) "(b b c))

(B C)

> (set-difference "(a b c de) "(be))
(A CD)

ITockonbKy B MHOKeCTBax HeT TaKOI'o IOHATHUA, KaK yHopAnodeHUe, 9TU
GYHKIUYU He COXPAHAIOT IOPAIOK 9JIEMEeHTOB B UCXOAHBIX cIincKax. Hampu-
Mep, BbI30B set-difference m3 mpumMepa MOMKET C TeM JKe YCIIeXOM BEPHYTH
(d ¢ a).

3.11. NocnepoBaTenbHOCTU

Coucku TaksKe MOYKHO PacCMaTpPUBaTh KaK II0CJIEIOBATEIHLHOCTU 3JIEMEH-
TOB, CJIEeAYIOININX APYT 3a APyroM B uKcHUpoBaHHOM mopaake. B Common
Lisp moMumMo CIIMCKOB K 1n0ca1e008ameabHOCMaM TaKKe OTHOCATCA BEKTO-
pbl. B aTOM pasnese BbI HayuuTech PaboTaTh CO CIUCKAMU KaK C IOCJIeI0Ba-
TeJILHOCTAMU. BoJiee [eTajbHO ONIEPAIlUH C IIOCJIEeI0BATEIbHOCTAMYU OYIYT
paccMoTpeHbI B pasgeie 4.4.

JauHa mocsiefoBaTeIbHOCTH OIIPeesIsIeTCs ¢ IIOMOIIBI0 length:

> (length "(a b ¢))
3

Panee MbI nucau ypesaHHY0 BEPCUIO 9TON PYyHKI[HM, PAGOTAIOIIYIO TOJIb-
KO CO CITMCKAaMH.
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CKOIMpoBAaTh 4acTh IOCJIEA0BATEeIbHOCTH MOKHO C IIOMOIIIBIO Subseq. Bropoit
aprymenT (00s13aTe/ILHEIN) 3aJaeT HAYAJO IIOAIOC/IENOBATEILHOCTH, a TPe-
T (He00A3aTeIbHbBIN) — MHIEKC IIEPBOI0 JIEMEHTA, He IMOLJIeKAIIer0 KOIM-
POBaHUIO.

> (subseq '(a bcd)12)
(B)

> (subseq '(a b cd) 1)
(B CD)

Eciu TpeTuii apryMeHT IPONYINEH, TO IIOAIIOC/IeI0BATEIFHOCTD 3aKaHUNBA-
eTCs BMECTe C UCXO/[HOI ITOCJIeJOBATeIbHOCTHIO.

DyuKIUA reverse BO3BpalllaeT II0CJIEJ0BATEJIbHOCTD, CONEPKAIIYIO UCXO/-
HbIE 9JIEMEHTEI B 00PATHOM MOpPSAIKe:

> (reverse '(a b c))
(C B A)

C mIOMOTITBIO reverse MOKHO, HATTPUMED, UCKATh NaAJLUHOPOMbL, T. €. TIOCJIe0-
BaTeJbHOCTH, YATAE€MbIe OJJUHAKOBO B IIPAMOM U OOpaTHOM IOpAAKe (Ha-
npumep, (a b b a)). JlBe MOJOBUHBI MAJIUHAPOMA C YETHBIM KOJMUYECTBOM
apryMeHTOB OyIyT 3€PKaJbHBIMU OTPAKEHUAMU APYT Apyra. Vcmonbsysa
length, subseq u reverse, onpemeaumM QYHKIMIO Mirror?t:

(defun mirror? (s)
(let ((len (length s)))
(and (evenp len)
(let ((mid (/ len 2)))
(equal (subseq s 0 mid)
(reverse (subseq s mid)))))))

Ara (IOYHRIII/Iﬂ orpeneJisieT, ABJIAETCA JIN CIIMCOK TAKUM ITaJIMHAPOMOM:

> (mirror? "(a b b a))
T

s copTupoBKu mocaegoBaTeabHocTeil B Common Lisp ecTh BcTpoeHHAA
dysrnua sort. OHa IPUHUMAET CIIMCOK, IIO/JIeXKAIIUI CODTUPOBKE, 1 DYHK-
IIUIO0 CPAaBHEHUSA OT IBYX apr'yMEHTOB:

> (sort "(02138) #>)
(83210)

C dyuKnumei sort caegyer GBITH OCTOPOYKHBIMU, IIOTOMY UTO OHA Oecmpyk-
musHa. VI3 coobpakeH1ii MPON3BOAUTEILHOCTH SO T He CO3aeT HOBBIH CIIU-
COK, a MoamdUIupyeT UCXOAHbIH. I[IosTOMY eciy BBl HE XOTUTE M3MEHATH
HUCXOMHYIO ITOCJIeI0OBATEIbHOCTD, IepefaiiTe B PYHKIIUIO ee KOIIUIOo.’

Wcnonbaysa sort u nth, 3anuineM (hyHKIIUIO, KOTOPad IPUHUMAET I1eJIOe UKC-
JIO N ¥ BO3BpAILaeT N-ii 5JIeMEHT B IIOPAIKe YObIBAHMS:

! Puuapg @eiiTMaH yKasall, 4TO eCThb 60Jiee MIPOCTOM CII0CcO6 IPOBEPK Y TAJIUHIPO-

Ma, a uMeHHO: (equal x (reverse x)). — IIpum. nepes.
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(defun nthmost (n 1st)
(nth (- n 1)
(sort (copy-list 1st) #'>)))

M5! BBIHY K /I€HBI BBIYUTATDh QUHUITY, IIOTOMY UTO Nth MHIeKCUPYeT dJIeMeH-
ThI, HAUMHAA C HYJIA, a Hamra nthmost — ¢ eTUWHUILBI.

> (nthmost 2 "(0 2 13 8))
3

Harmra peanmusarnusa nthmost He camasa sdeKTuBHAA, HO MBI IOKa He Oyaem
BIABATHCS B TOHKOCTH €€ OIITUMU3AIUH.

DyHKIUY every U some IPUMEHAIOT IPeJUKaT K OJHON NI HECKOJIbKUM I10-
cjenoBaTeabHOCTAM. Ecyin mepefaHa TOIbKO OJJHA IIOCIEOBATEIBHOCTD, OHU
IPOBEPAIOT, YAOBJIETBOPAET JIU KAKABIHN ee 9JIeMEHT 9TOMY IPeAUKaTy:

> (every #'oddp (1 3 5))
.
> (some #'evenp (12 3))
T

Ecau 3amano HECKOJIBKO ITOCJIEOBATEILHOCTEH, IPeIUKAT AOJKEeH ITPUHU-
MaTh KOJIMYECTBO apryMeHTOB, PABHOE KOJMUYECTBY HOCJIeI0BaTEIbLHOCTEH,
¥ 13 KaKJ0li TIOCJIeOBATEILHOCTH apI'yMEeHTHI OEPYTCA II0 OTHOMY:

> (every #'> (13 5) (02 4))
.

Ecsiu nocsieoBaTe IbHOCTH UMEIOT PA3HYIO IJINHY, KpaTJyailiias us HuX orpa-
HUYMBAET IUAIIA30H IIPOBEPKU.

3.12. Ctonka

IIpencraByieHre CIMCKOB B BUJE AUE€EK ITO3BOJIAET JIETKO MCIOJIh30BaTh UX
B KauecTBe cTonku (stack). B Common Lisp ecTs gBa Makpoca mjs paboTs
CO CIIMCKOM KaK CO CTOIKOI: (push X y) KJaJeT 00'beKT X Ha BEePIIUHY CTOII-
KUY, (POP X) CHEMAET CO CTOIIKY BepXHUli ajieMeHT. O0a 9T! MaKpoca MOYKHO
OIIPeNeJINTh C TIOMOIIbI0 PYHKIMY setf. BbisoB

(push obj 1st)
TPaAHCIUPYETCS B

(setf 1st (cons obj 1lst))
a BBI3OB

(pop 1st)

(let ((x (car 1st))
(setf 1st (cdr 1lst))
X)
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Tak, HanpuMmep

> (setf x ' (b))
(B)

> (push "a x)
(A B)

> X
(A B)

> (setf y x)

(A B)

> (pop x)

A

> X
(B)
>y
(A B)

CTpyKTypa sueeK II0cje BhITIOJTHEH A IPUBEIeHHBIX BRIPAKeHUH TOKa3aHa
Ha puc. 3.9.

V:4’|i|—|—’|i|"”|

a b

Puc. 3.9. dppexm om push u pop

C TIOMOIITBI0 PUSh MOJKHO TaK:Ke ONpeAeUTh UTEPATUBHBIN BapuaHT PyHK-
WU reverse IJis CIIUCKOB:

(defun our-reverse (lst)
(let ((acc nil))
(dolist (elt 1st)
(push elt acc))
acc))

B aTom BapuaHTe Mbl HAUYMHaeM C IIyCTOI'O CIIMCKa U II0CJieJOBaTeJIbHO KJia-
JeM Ha Hero, KaxKk Ha CTOIIKY, 3JIEMEHTbl MCXOIHOIO. HOCJIe,Z[HI/Iﬁ 9JIEMEHT
OKaXeTCdA Ha BEPIINHEe CTOIIKM, TO €CTh B HauaJie CIIMCKa.

Maxpoc pushnew moxosk Ha push, OIHaAKO UCIOJIB3yeT adjoin BMecTo cons:

> (let ((x "(a b)))
(pushnew "¢ x)
(pushnew "a x)
x)

(C AB)

AJIeMEeHT a ViKe IIPDUCYTCTBYET B CIIICKE, II0O9TOMY HEe ,lIO6aBJIHeTC§I.
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3.13. To4yeyHble napbl

Coucku, KOTOpble MOT'YT OBITH IIOCTPOEHBI C IIOMOIIIBIO 1ist, Ha3pIBAIOTCA
npasunbHbvimu cnuckamu (proper list). IIpaBUIBHBIM CIIMCKOM CUUTAETCH
aubo nil, ambo cons-sTueiKa, cdr KOTOPOM — TaKsKe MpaBUJIbHBIN CITUCOK. Ta-
KM 00pasoM, MOKHO OITPENeSUTD IIPeIUKaT, KOTOPBIIl BO3BpAIlaeT UCTUHY
TOJIBKO [IJIA IPABUJIBHOIO CIIKCKA':

(defun proper-1ist? (x)
(or (null x)
(and (consp x)
(proper-1ist? (cdr x)))))

OkasbIBaeTCs, C IOMOIIBIO CONS MOKHO CO3JaBaTh HE TOJbKO IPaBUJIbHBIE
CIIMCKH, HO U CTPYKTYPHI, COAepsKalI[rie POBHO IBa djaeMeHTa. IIpu aTom car
COOTBETCTBYET IIEPBOMY 3JIEMEHTY CTPYKTYPEL, a Cdr — BTOPOMY.

> (setf pair (cons 'a 'b))
(A . B)

ITockoabKY BTa cons-sTUeKa He SBJSETCS IPaBUJIbHBIM CIUCKOM, IIPU OTO-
OpasxkeHnU ee car u cdr pasmessioTcsa TOUKoi. Takue AUeKM Ha3bIBAIOTCS
moueynvimu napamu (puc. 3.10).

Puc. 3.10. Ayeiika kak moueuHas napa

IIpaBuibHbBIE CIMCKM MOYKHO 3a7aBaTh U B BUe HAOOpa TOYEUHBIX I1ap, HO
OHU OymyT oTOOpakaThCs B BUE CIIUCKOB:

>'(a. (b. (¢ . nil)))
(A B C)

O6paTuTe BHUMaHUe, KaK COOTHOCATCA AUeeuyHas WM TOUeUHAd HOTAIIUU —
puc. 3.2 u 3.10.

I[OHYCTI/IMa TaKsKe cMellaHHadA (hpopMa 3ariucu:

> (cons "a (cons 'b (cons ‘¢ 'd)))
(ABC . D)

CTpyKTypa TaAaKOro CIMCcKa IIoKasaHa Ha puc. 3.11.

Boob61te roBops, 3TO ompejesieHne cjerKa HEKOPPEKTHO, T.K. He Bcerga OyaeT
BO3BpAaIaTh Nil 1 J11000r0 00beKTa, He ABJISIONIerocs IIPaBUIbHBIM CIIICKOM.
Hanpumep, A1d MUKJINYECKOr0 CIKUCKA OHA OyaeT padorarh GecKoHeuHo. ITuk-
JIMYecKue CIIUCKU 00Ccy K aaoTces B pasaese 12.7.
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Puc. 3.11. Cnucox moueurnbLx nap

Takum o6pa3oM, CIUCOK (4 b) MOKeT OBITh 3AIIMCAH aXK YETBIPLMS CIIOCO-
damu:

¥ 1Ipu 9ToM JIucn oToGpasuT uX OSUHAKOBO.

3.14. AccoLlmaTUBHbIE CMTNCKU

Tak:xe BIOJHE €CTECTBEHHO 3aeiCTBOBATHL CONS-IUEHKM IJIs IpPeAcTaBJie-
HuA orTobOpaskeHmuii. CIICOK TOUEUHBIX IIap HAB3BIBAETCS ACCOUUAMUBHBLM
cnuckom (assoc-list, alist). C mOMOIIIBIO HET'0 JIETKO OIPeeINTh Ha00p KaKMX-
JIn0O MIPaBUJI U COOTBETCTBUM, K IIPUMEDY:

> (setf trans '((+ . "add") (- . "subtract”)))
((+ . "add”) (- . "subtract”))

AccoruaTuBHBIE CITUCKY MeIJIeHHbIe, HO OHU yIOOHBI Ha HAUAJbHBIX dTAallax
paboTs! Han mporpamMmmoii. B Common Lisp ecTs BeTpoeHHaA QYHKIIUSI aSSOC
[LJIsI TIOJIYYEH U 110 KUY COOTBETCTBYIOIIEH eMy ITapbl B TAKOM CITHCKE:

> (assoc '+ trans)
(+ . "add")

> (assoc ' * trans)
NIL

Ecau assoc Huuero e HaXOAUT, BO3BpaIaeTcs nil.
ITonpobyem onpeseIuTh YIPOIIEHHBIN BApUAHT (YHKIIUY aSS0C:

(defun our-assoc (key alist)
(and (consp alist)
(let ((pair (car alist)))
(if (eql key (car pair))
pair
(our-assoc key (cdr alist))))))
Kak u member, peaabHasa GyHKIINS aSSOC IPUHUMAET HECKOJIBbKO apI'yMEeHTOB

o KJIouy, BKJIouas :test u :key. Tak:ke Common Lisp onpenensier assoc-if,
KoTopas paboTaerT 1o aHaJoruu ¢ member-if,
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3.15. Mpumep: NonCK KpaTyanwero nyTn

Ha puc. 3.12 mokasana mporpamMma, BEIUUCJIAIONIAS KpaTUalIui IyTh Ha
rpade (mau cetn). PyHKIIMHU shortest-path HEOOGXOAUMO COOOITUTEL HaUAIb-
HYIO 1 KOHEUHYIO TOUKHM, a TaK:Ke caMy CeThb, M OHA BepPHEeT KpaTuyanmimii
OyTh MEXKY HUMHU, €CJIA OH BOOOIIe CYII[eCTBYET.

B sToM npumepe y3s1aM COOTBETCTBYIOT CUMBOJIBI, & CaMa CeTh IIPe/CcTaBJIe-
Ha KaK aCCOI[MAaTUBHBIN CIIMCOK 3JIEMEHTOB Bua (y3e . cocedu).

Hebombmias cerTs, mokasaHHasa Ha puc. 3.13, MOKeT ObITh 3aIncaHa TaK:
(setf min "((a b c) (b c) (c d)))
HaiiTu; y3ib1, B KOTOPBIE MOYKHO TIOIIACTh U3 Y3JIa &, IIOMOKET (PYHKITUA aSS0C:

> (cdr (assoc "a min))
(B C)

(defun shortest-path (start end net)
(bfs end (list (list start)) net))

(defun bfs (end queue net)
(if (null queue)
nil
(let ((path (car queue)))
(let ((node (car path)))
(if (eql node end)
(reverse path)
(bfs end
(append (cdr queue)
(new-paths path node net))
net))))))

(defun new-paths (path node net)
(mapcar #' (lambda (n)
(cons n path))
(cdr (assoc node net))))

Puc. 3.12. Ilouck 6 wupuny

O

@/"

Puc. 3.13. IIpocmetiwias cemv
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IIporpamma Ha puc. 3.12 peanusyet nouck 8 wupurny (breadth-first search).
Kasxapiit cjioii ceTn nccaeayeTcs: IooYepeaHo APYT 3a IPYroM, IoKa He 0y-
JIeT HaleH HYKHBIA 5JIEMEHT WJIN JOCTUTHYT KOoHell ceTu. IlocaeqoBaTeinb-
HOCTH UCCJIEYEMBIX Y3JIOB IIPEJCTABIAETCS B BU/Ie OUePen.

IIpuBemennblit Ha puc. 3.12 KO clIerKa YCIOKHSIET 3Ty UAE0, IT03BOJISAI He
TOJIBKO IIPUMATH K IYHKTY Ha3HAYEHUs, HO eIlle U COXPAHUTH 3aIIHCh O TOM,
KaK MBI TyZla fo0paJuck. TakuM 00pasoM, MbI OIEePHUPYyeM He C OUepeabio y3-
JIOB, a C ouepenbio IPOHIeHHBIX Ty TeH.

ITonck BwmImONHsAETCA (QyHKIUen bfs. IlepBoHAYabHO B OUEpPEeNM TOJBKO
OIUH 3JIEMEHT — MYyTh K HadvaJbHOMY y3Jay. Takum obpasom, shortest-path
BeI3EIBaeT bfs ¢ (1ist (list start)) B KauecTBe MCXOIHOI OUEpPEeIH.

IIepBoe, uTo mossKHA caesaTsh bfs, — IPOBEPUTH, OCTAJIUCH JIU eIlle HeIpPoii-
IeHHbIe y3abl. Ecau ouepenb mycra, bfs BosBpalaer nil, curHaamsupys,
4TO IIyTh He ObLI HaligeH. Eciu ke ellle ecTh HEIIPOBEPEHHBIE V3JIbI, hfs Oe-
PerT IepBbIi 13 ouepenu. ECiu car 9TOro ysjia CONepsKUT NCKOMBIN 9JI€MEHT,
3HAYUT, MBI HAIILJIX IIYTh J0 HEro, M MBI BO3BPAIIaeM ero, IIpeJBapuTeIbHO
pasBepHYB. B mpoTuBHOM ciiyuae MbI Z0OABJISEM BCe JOUEPHUE Y3JIbI B KO-
HeIl ouepenr. 3aTeM MbI PEKYPCUBHO BBEI3BIBAEM DTS M IEPEeXOAUM K CJIELYIO-
eMy CJI010.

Tak xKak bfs ocyIiecTBIgeT IIOUCK B IITUPUHY, TO IIePBbIII HAWEHHBIN IIYTh
OyZeT OqHOBPEMEHHO CaMbIM KOPOTKUM WJIM OJHUM M3 KPaT4alIinx, ecjau
€CTb U APpyTrue MyTU TAKOH JKe IJINHBI:

> (shortest-path "a 'd min)
(A CD)

A BOT KaK BBITVISIUT COOTBETCTBYIOIAA OUepPeb BO BPeMs KaKI0TO 13 BhI-
30BOB bfs:

B kakmoii caemyiomieil ouepeau BTOPOU 3JIEMEHT MPEeAbIAYIell ouepeau cTa-
HOBUTCS TIEPBLIM, a IIEPBLIN 9J€MEeHT CTAHOBUTCS XBOCTOM (Cdr) JIOOBIX HO-
BBIX 9JIEMEHTOB B KOHIIE CJIEAYIOIIEH OUuepenu.

Pasymeercs, mpuBeneHHBII Ha puc. 3.12 Ko gaJIeK OT IOJIHOIEeHHO 3 PeK-
TUBHOU peanusanuu. OQHAKO OH yOeInTeJIbHO II0OKa3bIBaeT r’mOKOCTh 1 YI00-
CTBO CIIMCKOB. B 9TO#1 KOPOTKOII ITporpaMMe MbI NCIOJIB3yeM CIIMCKU TPEeMS
Pa3IMYHBIMU CIIOCO0AMU: CIIMCOK CMBOJIOB IIPEICTABJIAET IYTh, CIIUCOK ITY-
Tell IpeCcTaBIAeT Ouepeas! Py MOKCKe I10 IIIUPUHE, a aCCOI[UATUBHBIN CIIN-
COK m300paskaeT caMy CeThb IeJITKOM.

1 B pasgene 12.3 GymeT mokasaHo, KaK peajan3oBaTh ouepenu OoJiee s(PPerTns-

HBIM 00pPas3oMm.



3.16. Mycop 69

3.16. Mycop

Omnepainuu co CIUCKaMU MOI'YT OBITh JOBOJIBHO MEIJIEHHBIMU II0 PSAAY IIPU-
uuH. [[OCTYI K OIIpeieIeHHOMY 9JIEMEHTY CIIMCKA OCYIIECTBIISIeTCS He Hello-
CpeJCTBEHHO II0 ero HOMEepy, a IIyTeM IIOCJIeNOBaTeJhLHOTo mepedopa Bcex
MIPEeAIIeCTBYIOIINX €My 9JI€MEeHTOB, YTO MOXKET ObITh CYII[eCTBEHHO Me/IJIeH-
Hee, 0CO0eHHO IJIs 0OJBIINX CIMCKOB. TaKk KaK CIIMCOK SABJISETCS HAaOoOpoM
BJIOKEHHBIX SIU€eK, TO JJIs JOCTYIIa K 9JeMEHTY IIPUXOAUTCS BBITIOJHUTH
HECKOJILKO IIePeX0/I0B 110 yKas3aTeJasaIM, B TO BpeMsA KaK JJIsd JOCTyIla K aje-
MEHTY MAacCHBa JOCTATOUHO MPOCTO YBEJNUYUTH MO3UIIUIO YKa3aTeasa Ha 3a-
TaHHOe U1cjo. BopoueM, HAaMHOTO 0oJiee 3aTPATHBIM MOJKET ObITH BhIIeJsIe-
HIE HOBBIX f4YeeK.

Asmomamuyeckoe ynpasernue namsmspio — OfHA U3 HanboJee IeHHBIX 0CO-
6ennoctent JIucna. Jlucn-cucrema paboTaeT ¢ cerMeHTOM IIaMsATH, Ha3bIBae-
MBIM Ky4a (heap). Cucrema BiazseeT nHGoOpMaIueii o6 NCI0Ib30BaHHON 1 He-
WCITOJIb30BAHHON MaMATU U BBIJEJAET IOCJIEIHION I/ Pa3MeIeH!s HOBBIX
00bexkToB. Hampumep, QYyHKIIUA CONS BBIAEJAET aMATh IO CO3JaBaeMyio
€10 AYEHKY, II09TOMY CO3aHue HOBBIX 00beKTOB YaCTO HA3LIBAIOT CONSINg.

Ecau mamars 6yzeT BeIeIATHCA, HO HE 0CBOOOKIATHCA, TO PAHO WU O3/~
HO cBOOOHAS TaMATH 3aKOHUYUTCA, 1 JIuen npexkpatut pabory. [losTomy He-
00X0IMM MEeXaHM3M IIOMCKA M 0CBOOOKIEHUS YUACTKOB KyUl, KOTOPhIEe 00-
Jiee He COleP:KaT HYKHBIX JaHHBIX. [laMATh, KOTOPas CTAHOBUTCS HEHY K-
HOY, Ha3bIBAETCA MYCOPOM U TIOIJIEKUT YOOpPKe. TOT IIpoIecc Ha3bIBaeTcsa
coopxroil mycopa (garbge collection, GC).

Kax moasisgerca mycop? [laBaiiTe HEeMHOTO HAMYCOPUM:

> (setf 1st (list 'a 'b 'c¢))
(ABC)

> (setf 1st nil)

NIL

ITepBoHAUaIHLHO MBI BBIZBAJIH 115, KOTOpasa TPUIKABI BhI3BIBAJIA CONS, a OHA,
B CBOIO OUepelib, BhIIeJINJIa HOBBIE CONS-AYeiiKu B Kyue. [IocJie aToro MbI ce-
Janm 1st mycTeIM cumcKoM. Temepbh HM ofHa M3 TpexX suUeeK, CO3JaHHBIX
cons, He MOKeT ObITh MCIIOJIL30BaHal.

O0BEKTHI, KOTOPbIe HUKAKUM 00pa30M He MOT'YT ObITh JOCTYIIHBI AJIS UCIIOJIb-
30BaHUs, U CUUTAIOTCA MycopoM. Temeps cuctema MOKeT 6€360A3HEHHO 10~
BTOPHO MCHOJIB30BaTh IaMATh, BbIJIeJIEHHYIO CONS, II0 CBOEMY YCMOTDPEHUIO.

Takoit MexaHU3M yIIPaBJEHUSA IaMAThIO — OTPOMHBIN IIJIIOC IJIS IIPOrpaMm-
MUCTA, Beb TeIePb OH He JOJIYKeH 3a00TUTHCS O SBHOM BbIJIEJ€HUU U OCBO-
6ok gennu mamMAaT. COOTBETCTBEHHO MCUE3al0T 0aru, CBA3aHHbBIE C HEKOpP-

Jrto He Becerga Tak. B toplevel mocTymHbBI 1100aIbHBIE IIEPEMEHHBIE *, * %, ***, KOTO-
PBIM aBTOMATHYECKH IIPHUCBAMBAIOTCS IIOCJIEAHIE TPU BBIUNCICHHLIX 3HAYCHMS.
o Tex mop ITOKAa 3HAUEHUe CBSA3aHO C OMHOM 13 BHIIIEYIIOMAHYTHIX IIePeMeHHBIX,
MYCOPOM OHO He CUUTAeTCH.
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PEKTHBIM yIIDaBJIECHUEM ITaMATBIO. VYTeuKu nmaMsaTy U BUCSUME YEKasarean
IIPDOCTO HEBO3MOJKHBI B Jlucme.

PasymeeTtca, 3a yno6cTBO HaI0 JIATUTH. ABTOMAaTUYECKOE YIIPABJIEHNE TIa-
MATHIO paboTaeT BO BpeJ HeaKKypPaTHOMY IPOrpaMMIUCTY. 3aTpaThl Ha pado-
Ty ¢ Ky4el 1 yOOpKY Mycopa MHOTA CIIMCHIBAIOT HA consing. 3To nMeeT Moz
c000i1 OCHOBaHMsI, IIOCKOJIbKY, 38 NCKJIIOUEHNEM CJIyUYaeB, KOTaa mporpaMmma
HUYero He BbIOpAChIBaeT, OOJIBIIIMHCTBO BBIJAEJIEHHBIX CONS-AUYEEK B KOHIIE
KOHIIOB OKasKyTcsa mycopom. M 6ema B ToM, 4TO paboTa ¢ consing MosKeT ObITh
JIOBOJILHO 3aTPAaTHOM 10 CPABHEHUIO C OOBIUHBIMHY OIlePAIlUSIMU B IIPOTpaM-
me. KoneuHo, mporpecc He CTOUT Ha MeCTe, aBTOMaTHUUECKOe YIIpaBJIeHUE
aMATHIO CTAHOBUTC 60Jiee 9(P(HEKTUBHBIM U aJITOPUTMBI 110 c60pPKe Mycopa
COBEPIIIEHCTBYIOTCA, HO consing Bcerna OyAeT MMeTh OIPEeNeJeHHYIO CTOU-
MOCTb, JOBOJIBHO CYIIIECTBEHHYIO B HEKOTOPHIX Peain3aluax I3bIKa.

Bynyuu HeaKKypaTHBIM, JIETKO HAIIHMCATh IIPOrPaMMY, BBIAEJISIONIYIO Upes-
MepHO MHOro namsaTtu. Hampumep, remove KOIUpPyeT sTUeiKu, co3naBas HO-
BBIM CIHCOK, UTOOBI He BBI3BATh IMOOOUHBIN a(hdekT. Tem He MeHee TaKOTo
KOIUPOBaHUA MOMKHO M30erKaTh, UCIOJIb3Ys 0eCmpyKmueHble Olepaliuu,
KOTOpBIe MOAUGUIIUPYIOT CYIIIECTBYIOIME AaHHbIe, a He CO3JAI0T HOBEIE.
HecTpyKTHUBHBIE QGYHKIINY ITOAPOOHO PACCMOTPEHEI B paszaese 12.4.

TeMm He MeHee BO3MOMKHO HAIIMCAHME IIPOrPaMM, KOTOpPbIe BOOOIIe He BLIJe-
JIAIOT IIAMSATE B IIPOIlEcce BEINOJHeHuA. JacTo IporpaMMa cHauyajIa IUIIeT-
¢ B 4MCTO (PYHKIMOHAILHOM CTHJIE C UCIIOJb30BAHMEM 00JILIIIOr0 KOJINYECT-
Ba CIUCKOB, & 0 Mepe Pa3BUTUA KOIHUPYIOIe QYHKINNA 3aMEeHAIOTCA Ha
JeCTPYKTUBHEIE B KDUTUUYECKUX K IIPOM3BOJUTEILHOCTH yUuacTKax Koga. Ho
B 9TOM CJIy4ae CJI0KHO JaBaTh KOHKPETHLIE COBETEI, IIOTOMY UTO HEKOTOPKIE
COBpEeMEeHHBIe peajusanuu JIucna yIpasBIdioT HaMATHI0 HACTOJLKO XOPO-
1110, YTO MHOIA BbIJeJIEHNE HOBOM MaMATH MOXKET ObITh 3()()eKTUBHEE, UeM
HCIIOJIb30BAHNE YKe CYIIeCTBYIoIIel. BoJiee meTajlbHO 5TOT BOIIPOC PACCMAT-
puBaeTcs B paszgese 13.4.

Bo Bcakowm cayuae, consing moagxoAUT AJIA IIPOTOTUIIOB M SKCIIEPUMEHTOB.
A ecyiz BBI BOCIIOJIb3yeTECH THOKOCTHIO, KOTOPYIO AAIOT CIIMCKY, IPU M3HA-
YaJIbHOM HAIlMCAHUU IIPOT'PAMMBI, TO V¥ Bac OOJIbIIIE IIIaHCOB, UTO OHA JOYKU-
BeT 110 6oJjiee MO3HUX 9TATIOB, HA KOTOPHIX ITOHAJOOUTCSA ONITUMU3AI[ M.

NTorn rnasbl

1. Cons-Aueiika — 9TO CTPYKTYypPa, COCTOAIIAasA U3 ABYX 00beKToB. Criucku
COCTOSAT U3 CBSIBAHHBIX MEXKIY COOOU sTueeK.

2. Ilpemukar equal meHee cTpor, uem eql. PaKTUUECKU OH BO3BPAIIIAET KC-
THUHY, €CJIX 00'beKThI [IeUATAIOTCS OAUHAKOBO.

3. Bce 06bexTrI B JIucme BenyT cebsa Kak ykasaTeau. Bam HUKorjga He Ipu-
JeTCsA YIPaBIATH YKa3aTeJsiMU SIBHO.

4. CromupoBaTh CIIMCOK MOYKHO C TIOMOIITBIO COpy-11st, 00 beIUHUTE JBA CITH-
CKa — ¢ IIOMOMIBIO append.
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5. KogupoBaHre MOBTOPOB — IIPOCTOM AJITOPUTM CYKATHUSA CIKUCKOB, JIETKO
peanusyemblil B Jlucie.

6. Common Lisp umeeTr 60oraTbiii HA0OpP CPEACTB AJIS AOCTYIA K dJIeMeHTaM
CIIMCKOB, M 9TU (DYHKIITUU O PeJleJIeHbl B TEPMUHAX car ! cdr.

7. Otobpaskaromue (QYyHKIUN NPUMEHAIT OIpeleeHHY0 (DYHKIIUIO IIO-
CJIEIOBATEJNHHO K KaXKJOMY BJIEMEHTY UJIU KaKIOMY XBOCTY CIIHCKA.

8. Omepanuu ¢ BJIOKE€HHBIMYU CIUCKAMU CPOJHU OIEPAIAAM C OMHAPDHBIMU
J€PEBbAMU.

9. YToObI OIIEHUTHh KOPPEKTHOCTH PEKYPCUBHOM (hYHKIIUU, JOCTATOUHO yOe-
IUTHCS, YTO OHA COOTBETCTBYET HECKOJIBKUM TPEOOBAHUAM.

10. Cmmcku MOTyT paccMaTpuBarTbca Kak MHOKecTBa. [[y1a paboThI ¢ MHOKE-
cTtBaMu B JIucme ecTb pAJ BCTPOEHHBIX PYHKITU.

11. AprymeHTBI IO KJIIOUY He ABJISIOTCA 00s3aTeJIbHBIMU U OIIPENe/ISI0TC
He TI0JI0KEHUEM, a II0 COOTBETCTBYIOIEH MeTKe.

12. Coucox — mogrun nocneposaTenbHocTu. Common Lisp umeeT MHOMKecCT-
BO (QYHKIIII AJId Pa0OTHI C IOCIEI0BATEIbHOCTAMMU.

13. Cons-Aaueiika, He ABJAIONIAACA IPABUJIHHLIM CIVCKOM, HA3bIBAETCA TO-
YEeUHOU ITapou.

14. C moMoIIbIO CIIMCKOB TOUEUHBIX ITap MOMKHO IIPEJCTABUTH 3JIEMEHTBI OTO-
opasxkenud. Takue CIMCKY HA3BIBAIOTCS aCCOIIUATUBHBIMU.

15. ABTOMaTHMUecKOe yIpaBJIeHNe IIaMIThI0 OCBOOOKIAeT IIPOrPaMMUCTA OT
PYYHOTO BBIJEJIEHUA MMaMATU, HO OOJIBIIIOE KOJUYECTBO MYyCOpa MOXKET
3aMeAJUTh paboTy IPOrpaMMEBI.

YnpaxHeHus
1. TlpexcraBbTe caenqyIoOIIye COINCKY B BUE AUEEK:
(&) (a b (cd))
(b) (a (b (c (d))))
(c) (((a b) ¢c) d)
(d) (a (b . c). d)

2. Hamummure cBoii BapuaHT QYHKITUY UN10N, KOTOPBIN COXPaHAET MOPAA0K

CJIeTOBAHUSA 9JIEMEHTOB COTJIACHO UCXOAHBIM CITUCKAM:
> (new-union "(a b c) "(ba d))
(ABCD)

3. Hanmumure QyHKINUIO, OIPEAEIAIOINYI0 KOJTUYECTBO IIOBTOPEHMI (C TOU-
KU 3peHusd eg1) KasKJoTro dJIeMeHTa B 3aJaHHOM CINCKE M COPTUPYIOIIYIO
WX 110 YOBIBAHUIO BCTPEUAEMOCTH:

> (occurrences '(abadacdca))
((A . 4)(C.2)((d.2)@B.1)
4. Tlouemy (member ’'(a) ’'((a) (b))) BosBparaeT nil?
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. DYHKIUA POS+ MPUHUMAET CIIMCOK W BO3BpAIIlaeT HOBBINA, KaKIbIN 2J1e-

MEHT KOTOPOI'O YBEJIMYEH II0 CDaABHEHUIO C UCXOJHBIM Ha €r0 IIOJIOKEeHUEe
B CIIICKe€:

> (post (7 51 4))
(7637)

Omnpenenute aTy MYHKIIUIO ¢ IOMOIIbIO: (a) pekypcuu, (b) ureparuu u
(c) mapcar.

ITocne mosnrux JjieT pasgyMuil rocyJapcTBeHHAS KOMICCHUS IIPUHAJIA II0-
CTaHOBJIEHUE, COIVIACHO KOTOPOMY Cdr yKa3bIBaeT HA IEPBBIA IJIEMEHT
CIIHCKA, a car — Ha ero octaTok. Onpenenute caeayiomiue GyHKIIUA, YIOB-
JIETBOPSIOIIME STOMY II0CTAHOBJIEHUIO:

(a) cons

(b) list’

(c) length (mya cumcKOB)

(d) member (mJis CIMCKOB, 0€3 KJIIOUEBBIX IapaMeTPOB)

HWzmenuTe mporpamMmmy Ha puc. 3.6 TakuM o6pas3omM, 4ToObI OHA CO3aBaJia
MeHbIIee KoandecTBo aueek. (Ilogckaska: HCIOIB3YHTE TOUEUHBIE ITaPhI.)

OmnpenpenuTe QYHKIINIO, TEUATAIONTYIO 3aJaHHBIN CIIUCOK B TOUEUHOII HO-
TaIluM:

> (showdots "(a b ¢))
(A . (B . (C. NIL)))
NIL

Hanwummure nporpaMmmy, KoTopas UINeT Haubojee ONUHHbLIL TYTh B CeTH,
He cofiepKaluii moBropernii (pasmen 3.15). CeTh MOKeT coepKaTh MUK~
JIBI.

3amauy 6b moKa uTo He MOJYUYUTCSA PEIIUTD C IIOMOIBI0 NMEIOIUXCA Y Bac 3Ha-
Huii. Bam morpebyerca ocTraTouHbIN apryMeHT (&rest), KOTOPBIA BBOAUTCA Ha
ctp. 114. Ha sty onstomrHocTh yKasaa Pukapmo @eppeiipo qe Onusbepa. — [Ipum.
nepes.



CneunannsmnpoBaHHble
CTPYKTYpPbl AAHHbIX

B mpenpiayineii rimaBe 66111 PACCMOTPEHBI CIUCKY — HanboJiee YHUBEPCAJIb-
HBbIEe CTPYKTYPHI JJIA XpaHEeHUA JaHHBIX. B 8T0M riase 6yayT paccCMOTPEHBI
IpyTHe coco0bl XpaHEeHMA NaHHBIX B JIucme: MaccuBHI (2 TaKKe BEKTOPBI
¥ CTPOKM), CTPYKTYPHI U XelI-Tabauiibl. OHU He HaCTOJMbKO TMOKM, KaK CIIU-
CKU, HO TO3BOJIAIOT OCYIIECTBJATL 0ojiee OBICTPHIM JOCTYI W 3aHUMAIOT
MEHBbIIIe MeCTa.

B Common Lisp ecTs ellie OUH THUI CTPYKTYP — IK3CMNIAAPbL 00BEKM08
(instance). O Hux TOAPOOHO paccKkasaHo B ryiase 11, onuceiBatorieir CLOS.

4.1. MaccuBbl

B Common Lisp maccuBbI co3atoTcs ¢ TOMOIbI0 GyHKITUY make-array, mep-
BBIM apryMeHTOM KOTOPOI BBICTYIIaeT CIIKMCOK pasmepHocreii. Cosmammm
MaccuB 2X3:

> (setf arr (make-array '(2 3) :initial-element nil))
#<Simple-Array T (2 3) BFCA4FE>

Muoromepubie maccuBbl B Common Lisp MOTyT MMeTh II0 MEHBIIEN Mepe
7 pa3MepHOCTEN, a B Ka'KJO0M U3MePEeHNH IO JePIKNBAETCA XPaHEeHYe He Me-
Hee 1023 ssemeHTOB'.

AprymeHT :initial-element He ABaseTCA 00sI3aTEILHBIM. ECIM OH MCIIOJIB3Y-
eTcs, TO yCTaHaBJIMBAaeT HauajibHOe 3HAUEHUe KarK/I0T0 dJIeMeHTa MaccuBa.
IToBeneHMe cuCTEMBI ITPY HOIILITKE IIOJYUYUTh 3HAUEHME dJIEMEHTa MacCUBa,
He MTHUITNAJU3UPOBAHHOTIO HaUaJIbHBIM 3HaUeHUeM, He OIlpefesieHo.

! B KOHKPETHOI peaJn3aliy OTPaHUYEHNE CBePXY HA KOJIUYECTBO Pa3MEePHOCTEH

U 9JIEMEHTOB MOJKET ObITH U 0oJsbitie. — IIpum. nepes.
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YT0o0BI HOJYYUTH DJIEMEHT MaCCUBAa, BOCIOIb3yiiTech aref. Kak u 6osbma-
cTBO Apyrux GyHKui gocrymna B Common Lisp, aref HaumHaeT oTcueT aje-
MEHTOB C HYJIA:

> (aref arr 0 0)
NIL

HoBoe 3naueHne s1eMeHTa MaccuBa MOKHO YCTAHOBUTD, NCIOJIL3ys setf Bme-
cre c aref:

> (setf (aref arr 0 0) 'b)
B

> (aref arr 0 0)

B

Kak u crimcku, MaccuBBI MOTYT ObITH 3aJJaHBI OYKBAJbHO C IIOMOIIIBIO CHH-
Takcuca f#na, rae N — KOJIUYEeCTBO pasMepHocTel maccuBa. Hampumep, TeKy-
IIee COCTOSTHIE MacCHUBa arr MOKeT ObITh 3aJaHO0 TaK:

#2a((b nil nil) (nil nil nil))

Ecau rnobanbHas mepeMeHHas «print-array+! yeraHOBJIeHA B T, MACCUBHI 0y-
AYT I1e4aTaTbCAa B TAKOM BHUE:

> (setf xprint-array t)

T

> arr

#2A((B NIL NIL) (NIL NIL NIL))

7151 co3maHms OGHOMEPHOTO MACCHBA MOKHO BMECTO CIIMICKA PasMepHOCTel
B KauecTBe [IePBOr0 apryMeHTa fepenarb QyHKIuy nake-array 1ejioe Iucyo:

> (setf vec (make-array 4 :initial-element nil))
#(NIL NIL NIL NIL)

OmHOMEpHBIM MAaCCUB TaKJKe Has3bIBAIOT gexmopom. Co3maTh M 3aMOJTHUTH
BEKTOP MOYKHO C ITIOMOIIBI0 (QyHKITHY vector:

> (vector "a” 'b 3)
#("a" B 3)

Kak u maccus, KOTOpI:IfI MOXKeT ObITh 3aJaH GYKBa.TII:HO C IIOMOIIBIO CUHTAK-
cuca #na, BEKTOP MOYKeT OBITH 3agaH 6YKB3_JII>HO C IIOMOIITbIO CUHTaKcuca #().

XOTs IOCTYII K 3JIEMEHTAM BEKTOPA MOXKET OCYIIIeCTBUTE aref, mis padboTsl
C BEeKTOpaMU ecTh 0oJee ObIicTpast GyHKIUS svref:

> (svref vec 0)
NIL

! B Bameil peajusamuy *print-array* MOKeT M3HAYAJbHO MMETh 3HAUEHUE t. —

Ilpum. nepes.
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4.2

IIpedukc «sv» pacuiudpoBbsiBaeTca Kak «simple vectors. Ilo ymosmuanuio
BCE BEKTOPHI CO3IAI0TCSA KaK MPOCTHIE BEKTOPHI.!

Mpumep: GUHAPHDbIV NONCK

B sTom paspgesie B KauecTBe IpuMepa MOKa3aHO, KAK HATIMCATh (PYHKITUIO TI0-
WCKa 9JIeMeHTa B OTCOPTHUPOBAHHOM BeKTope. Ecyim HaM M3BECTHO, UTO dJie-
MEHTHI BEKTOPa PACIIOJIOKEHBI B OIIPEIEJIEHHOM IIOPAIKE, TO IIOUCK HYKHOTO
3JIEMEHTa MOXKET OBITH BBITIOJTHEH OBICTPEe, UeM C IIOMOINBI0 (pyHKIUM find
(cTp. 80). BMmecTo TOTO YTOGHI ITOCTIEN0BATEIHHO ITPOBEPATD 3JIEMEHT 34 DJIEMEH-
TOM, MBI Cpasy IlepeMeliaeMca B cepeauHy BekTopa. Ecau cpeguuii sj1eMeHT
COOTBETCTBYET NCKOMOMY, TO IIONCK 3aKOHYEH. B IPOTUBHOM cIydyae MbI IIPO-
JIOJI;KaeM IIOVMCK B IIPAaBO MJIN JIEBOM MOJOBHHE B 32 BUCMOCTH OT TOT'0, 00JIb-
II1e UJIU MEHBIITe ICKOMOT'0 3HAUEHU S dTOT CPEIHUH 9JIEMEHT BEeKTOopa.

Ha puc. 4.1 mpuBenena nporpaMma, KoTopas padoTaeT ITOog00HBIM 00pa3oM.
Ona cocTouT u3 ABYX (PyHKIMIA: hin-search? ompegesseT rpaHuUIlbl IOUCKA
U IIepenaet yupaJseHue QyHKInM finder, KoTopas UIeT COOTBETCTBY IO
9JIeMEeHT Me)Xy Io3unuamu start u end BeKTopa vec.

(defun bin-search (obj vec)

(let ((len (length vec)))

(and (not (zerop len))
(finder obj vec 0 (- len 1)))))

(defun finder (obj vec start end)
(let ((range (- end start)))
(if (zerop range)
(if (eql obj (aref vec start))
obj
nil)
(let ((mid (+ start (round (/ range 2)))))
(let ((obj2 (aref vec mid)))
(if (< obj 0bj2)
(finder obj vec start (- mid 1))
(if (> obj obj2)
(finder obj vec (+ mid 1) end)

0b3)))))))

Puc. 4.1. Ilouck 6 omcopmupo6arnHoM eKmope

IIpocToit maccuB He siBJsieTca HU paciupseMbIM (adjustable), Hu npexgpasme-
menubIM (displaced) u He numeer ykasaresns 3anonnenus (fill-pointer). ITo ymou-
YaHWIO BCE MAaCCUBEI ITPOCThIE. IIpoCcTOi BEKTOP — 9TO OAHOMEPHBIH ITPOCTOM Mac-
CHB, KOTOPBIN MOJKET COLEPIKATh SJIEMEHTHI JII000T0 THUIIA.

IIpuBenennasa Bepcus bin-search me paboraer, ecyiu eii mepegaTh 00bEKT, MEHb-
MU HaMMEHBIIero M3 9JIeMeHTOB BeKTopa. OIJIOIIHOCTL HalifeHa Puuapmom
I'punom. — IIpum. nepes.
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Korma oGisacTh momcKa COKpaliaeTcs A0 OZHOI'O 3JIEMEHTa, BO3BpaIllaeTcs
CcaM 3JIEMEHT B cJIydae ero COOTBETCTBUA NICKOMOMY 3HAUYEeHUIO 0Dj, B IPOTUB-
HOM cjiyuae — nil. Ecau o6siacTh mOMCKa COCTOUT M3 HECKOJBKUX 3JIEMEH-
TOB, OIIPEJIeJIAETCA ee CPEeIHM JIeMeHT — 00j2 (PyHKIIuA round Bo3BpaliaeT
Onuskaliliee mMeJsioe YMCJy0), KOTOPBIN CPABHUBAETCSA C UICKOMBIM 9JIEMEHTOM
obj. Ecam obj menbIIIe 0bj?2, TOUCK TPOAOIKAETCA PEKYPCHUBHO B JIEBO I10JIO-
BUHE BEKTOpAa, B IPOTUBHOM CJIyuae — B IpaBoil moaoBuHe. OcTaeTcsa Bapu-
aHT 0bj = 0bj2, HO 9TO 3HAUUT, UTO UCKOMBIH HJIEMEHT HANEH U MBI IIPOCTO
ero BO3BpalllaeM.

Ecu BcTaBUTS CIIeAYIONTYIO CTPOKY B HaUaJIo orpeaesieHna QyHKIuu finder,
(format t ""A™%" (subseq vec start (+ end 1)))
MBI CMOYKeM HaOJII0AATh 3a ITPOIIeCCOM OTCEUEeHU S ITOJIOBUH Ha KaKOM ITare:

> (bin-search 3 #(0 1234567 89))
#(01234567819)

#(0 12 3)

#(3)

3

JloroBOpeHHOCTU 0 KOMMEHTUPOBAHUU

B Common Lisp Bce, uTo ciegyeT 3a TOUKOH C 3aIlATOMN, CUMTAETCA
KoMMeHTapueM. MHOrre IIporpaMMICThI HCIIOIb3YIOT II0OCIeI0BATE b
HO HECKOJIbKO 3HAKOB KOMMEHTHPOBAHUA, PA3AEIAsI KOMMEHTAPUH II0
YPOBHSAM: YETLIPE TOUKHU C 3aIIATON B 3aryiaBuu (paiijaa, TpU — B OIIU-
cauny (PYHKIMYU WX MAKpOCca, ABe — IJIA MOSICHEeHUS IIOCJeyIomei
CTPOKH, OJTHY — B TOI K€ CTPOKe, UTO U MOsACHAEeMbI Koa. Takum 00-
pasom, ¢ UCIOJIb30BAHUEM OOIIEIPUHATHIX HOPM KOMMEHTUPOBAHUA
HaJaJo Koja Ha puc. 4.1 6yaeT BeIMIALETh TaK:

i1 VHCTpYMeHTH AN onepaunii ¢ OTCOPTMPOBAHHLIMM BekTOpamu
;1 HaxoauT anemMeHT B OTCOPTMPOBAHHOM BEKTOPE

(defun bin-search (obj vec)
(let ((len (length vec)))
., eCAM 3TO [eiCTBUTENbHO BEKTOP, NpuMeHsdeMm Kk Hemy finder
(and (not (zerop len)) ; BO3BpawaeT nil, ecnu BeKTOp nycT
(finder obj vec 0 (- len 1)))))

MuorocTpouHbIlE KOMMEHTAPUY YIOOHO JeJIaTh C IIOMOIIBI0 MaKpoca
uTeHU4 #|...|#. Bce, 4TO HaxOAUTCA MEXKAY #| U |#, UTHOPUPYETCSA CUU-
TBIBaTEJIEM.’
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4.3. CTpoKM U 3HaKKN'

CTPOKHU — 3TO BEKTOPBI, COCTOSAIINE 13 3HAKOB. CTPOKOI IPUHATO HA3LIBATH
Ha0Op 3HAKOB, 3aKJIIOUEHHBINA B ABOIHLIe KaBbIuku. ONMHOUYHELIN 3HAK, Ha-
IpuUMep C, 3aJaeTcd Tak: #\c.

Kasxpiit 3HaK COOTBETCTBYET OIIPEIeJIEHHOMY I[€JIOMY UKCIY, KaK IIPaBHUJIO,
(xora u He 06s3aTenbHO) B cooTBeTcTBUU ¢ ASCII. B GosibInHCTBE peaansa-
nuit ecth QyHKIUA char-code, KOTOpasi BO3BpaIaeT CBI3aHHOE CO 3HAKOM
YUCJIO, M PYHKITUA code-char, BRIMOJIHAIONaA o6paTHOe TpeobpasoBanme.’

151 cpaBHEHUS 3HAKOB UCITOJIB3YIOTCA clenyomnire QyHKum: char< (MeHb-
me), char<= (MeHbIIle WJIU PaBHO), char= (paBHO), char>= (00Jbllle NIV PABHO),
char> (6oJbIre) u char/= (ue paBsuo). OHM pPabOTAIOT TaK Ke, KaK U QYyHKIIUN
CpaBHEHUS YUCeJ, KOTOPble paccMaTpuBarTeA Ha ¢Tp. 157.

> (sort "elbow” # char<)
"below”

ITocKOBKY CTPOKM — 9TO MAaCCUBBI, TO K HUM HNPUMEHUMBI BCE OIEpPAI[UU
¢ MaccuBaMu. Hanpumep, MOJIyduTh 3HAK, HAXOAAINIICSI B KOHKPETHOM I10-
SUIIUU, MOYKHO C IIOMOIIbBIO aref:

> (aref "abc” 1)
#\b

OmHako sTa omeparusa MOKeT ObITh BBITOJHEHA ObICTpee ¢ IOMOIIBIO CIIe-
MUAJIN3NPOBAHHON (PyHKI[MHU char:

> (char "abc” 1)
#\b

dyurmusa char, kak u aref, MoKeT OBITH MCIIOJb30BaHA BMecTe ¢ setf misa
3aMEHBI JIeMEeHTOB:

> (let ((str (copy-seq "Merlin™)))
(setf (char str 3) #\k)
str)

"Merkin”

Yro6BI CPAaBHUTH ABE CTPOKU, MOYKHO BOCIIOJIb30BAThCS U3BECTHOM BaM (DYHK-
muel equal, HO eCTh TaKJKe U CIleIMaJn3upoBanHaa string-equal, KoTopasa
K TOMY ’Ke He YUUTBIBAeT PErucTp OYKB:

> (equal "fred” "fred")
T

> (equal "fred” "Fred")
NIL

3pmecs u faJiee BO n3besKaHMe yTAHUIIBI MEXKY CUMBOJIaMU B TepMuHax Jlucma
U CUMBOJIAMU-3HAKAMU, U3 KOTOPBIX COCTOAT CTPOKM (OyKBaMu, udpaMu u Ipy-
TUMU TUIAMH CHMBOJIOB), MBI OyJleM HasbIBaTh IIOCJIEJHIE IIPOCTO «3HAKaAMI».
B ciyuae korza myTaHWIIA MCKJIIOUEHA, MOXKET KCIIOJH30BATHCA TaKike Ooiee
TPUBBIYHBIA TEDMUH «CUMBOJI». — IIpum. nepes.
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> (string-equal "fred” "Fred")
T

B Common Lisp onrpenesier 60b11101 HA00p GyHKITNIH AJIs CDaBHEHUA U IIPO-
YUX MaHUOYJASIINUNA co ctpokaMmu. OHU IepeuncaeHbl B Ipuao:xkeHun D, Ha-
YuHAA co cTp. 378.

EcTh HECKONIBKO c1IOCO00B co3maHMA CTPOK. CaMbIil OOIIMH — ¢ ITOMOIIBIO
dyurmuu format. IIpu ucnosb3oBaHUU Nil B KauecTBe ee IIEPBOTO apryMeHTa
format BepHET CTPOKY, BMECTO TOTO YTOOBI €€ HAaIleUaTaTh:

> (format nil ""A or "A" "truth” "dare")
"truth or dare”

Ho eciu BaM HY»XHO IIPOCTO COEAMHUTH HECKOJIBKO CTPOK, MOKHO BOCIIOJIb-
3oBaThbCcd concatenate, KoTopas IpUHUMAaET TUII pe3yabTaTa U OJHY WUJIN He-
CKOJIBKO II0CJIe[JOBaTeJIbHOCTe:

> (concatenate 'string "not " "to worry")
"not to worry”

4.4.NMocnepoBaTtenbHOCTU

Tun nocaedosamenvrocms (sequence) B Common Lisp BkItouaer B cebs cu-
CKU ¥ BEKTODHI (& 3HAUUT, 1 CTPOKM). MHOrMe QYHKITNY U3 TeX, KOTOPhIE MBI
paHee UCIO0JIb30BAJIN AJIA CIUCKOB, Ha CAMOM JieJie OIIPeesIeHbI IJIs JI00bIX
mocJjeoBaTeIbHOCTEH. OTO, HAIIPUMED, remove, length, subseq, reverse, sort,
every, some. Takum obpasom, GyHKI[U, OIpeeeHHas HaMu Ha cTp. 62, 0y-
JIeT paboTaTh U ¢ APYTUMU BUAAMU IIOCJIEI0BATEILHOCTEIA:

> (mirror? “abba™)
T

Mpue1 yixe 3sHaeM HeKOTOpbIe DYHKITUY /IS JOCTYA K dJIeMEeHTaM IoCJIeIoBa-
TeJbHOCTeH: Nth A cIMCcKoB, aref u svref IJs BEeKTOPOB, char IJs CTPOK.
HocTyn K BJIEMEHTY IIOCJIEJOBATEJIbHOCTU JIIOOOr0 THUIIA MOKET OBITH OCY-
IIeCTBJIEH C IOMOIIIbIO e1t:

> (elt "(abec) 1)
B

Crenuajn3upoBaHHble QPYHKIIUU Pab0TalOT ObICTPEe, M MCIIOJIb30BaTh elt
PEKOMEeHyeTCs TOJLKO TOIIa, KOIa TUII II0CJIeI0BATEJILHOCTH 3apaHee He
M3BECTEeH.

C mToMoTIIIbIo e1t PYHKITHA Mirror? MOMKeT ObITH OMTUMU3UPOBAHA AJIS BEKTO-
pOB:

(defun mirror? (s)
(let ((len (length s)))
(and (evenp len)
(do ((forward 0 (+ forward 1))
(back (- len 1) (- back 1)))
((or (> forward back)
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(not (eql (elt s forward)
(elt s back))))
(> forward back))))))

9ra Bepcus mo-upexkHeMy OyaeT paboTaTh U CO CIUCKAMMU, OTHAKO OHA Gojee
mpucrnocobJieHa i BEKTOPOB. Pery ispHoe NCIoIb30BaHME [TOCIe0BATE I b-
HOT'0 IOCTYIIA K 9JIEMEHTaM CIIMCKAa JOBOJIBHO 3aTPATHO, & HETIOCPEICTBEHHO-
r'0 ZIOCTYIIa K HYsKHOMY 3JIEMEHTY OHU He IIPeJOCTaBJIAIOT. [[JIs1 BEKTOPOB 3Ke
CTOMMOCTD JIOCTYTIA K JTIOOOMY 9JIEMEHTY He 3aBUCHUT OT ero IMOJOKeHU .

Muorue pyukum, paboTarplue ¢ IIocJIeoBaTeJIbHOCTAMU, UMEIOT HeCKOJIb-
KO apryMeHTOB 10 KJIOUY:

ITapamerp | Haznauenue IIo ymoa-
YaHUIO

‘key DyHKIUA, IPUMeHAeMasd K KasKJ0MY 3JIEMEHTY identity

‘test IIpegukar nia cpaBHeHUA eql

.from-end | Ecau t, pabora ¢ KoHITa nil

;start WNupekc semenTa, ¢ KOTOPOTO HAUMHAETCS BBITIOJTHEHIIE 0

.end Ecnu 3amaH, To MHIEKC 9JIeMEHTa, HA KOTOPOM cJjenyeT| nil
OCTaHOBUTHCA

OpgHa M3 (PyHKIHUII, KOTOpas IPUHUMAET BCe 9THU apryMeHThI, — position.
OHa BO3BpAalIlaeT MOJOXKeHNe OIIPeIeJIeHHOT0 9JIEMEeHTAa B IOCJIe0BATEIHLHO-
cTu uau nil B caydae ero orcyTerBud. IlocMoTpuM Ha POJIb apryMeEHTOB II0
KJIIOUY Ha IIpumMepe position:

> (position #\a "fantasia™)

]

> (position #\a "fantasia” :start 3 :end 5)
4

Bo BTOpOM ciyuae MOMCK BBITIOJIHSAETCS MEXKY YeTBEPTHIM U IIIECTHIM 3Jie-
MeHTOM. ApPryMeHT :start orpaHWuYmBAeT MO/MOCJIEJOBATEIHHOCTD CJIEBA,
‘end orpaHUYUBAET CIIPaBa UJIU JKe He OTPAaHUYNBAET BOBCE, €CJIU ATOT apry-
MEHT He 3a/IaH.

3amaBas mapamerp :from-end:

> (position #\a "fantasia” :from-end t)
7

MBI IIOJIyYaeM IIO3UIIMIO 9JIeMEHTAa, OJIMKANIIer0 K KOHIY II0CIeI0BATEIb
"HocTHu. Ho mosuiims sjieMeHTa BHIUNCIAETCA KaK OOBIYHO, TO €CTh OT HauaJja
crnucka (0JHAKO IIOUCK dJIEMEeHTa IPOM3BOLUTCS C KOHITA CITMCKA).

IIapamerp :key ompenenser GYHKIIUIO, IPUMEHAEMYIO K KaKIOMY 3JI€MeH-
Ty Tiepes CPaBHEHUEM ero C UICKOMBIM:

> (position "a '((c d) (a b)) :key # car)
;

B sTom IIpuMepe MbI IIOMHTEPEeCOBAJINCh, Call KAKOI'O 3JIEMEeHTa COAEPIKUT a.
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ITapameTp :test ompenessieT, ¢ IOMOIIIBIO KaKON (QYHKIMU GYAYyT CpaBHU-
BaThCA 2y1eMeHTHI. [To ymosryanuio ucnosns3yercd eql. Ecau Bam Heobxoqu-
MO CPaBHUBATh CIIMCKY, IIPHIETCSA BOCIIOIb30BaThCA QYHKIIUEH equal:

> (position "(a b) "((a b) (c d)))

NIL

> (position "(a b) '((a b) (c d)) :test #'equal)
0

AprymeHT test MOKeT OBITH 10001 (QYHKITMEH OT ABYX djeMeHTOB. Hampu-
Mep, C TTOMOIITBI0 < MOKHO HAWTHU MEPBLII dJIeMEeHT, O0JIbIITNI 3aaHHOTO:

> (position 3 "(1 0 7 5) :test #'<)
2

C momoIrpio subseq u position MOXKHO pasfejuTh IIOCJeL0BATEIbLHOCTEL Ha
uactu. Hanpumep, QyHKIMsa

(defun second-word (str)
(let ((p1 (+ (position #\ str) 1)))
(subseq str p1 (position #\ str :start p1))))

BO3BpAIIlaeT BTOPOE CJIOBO B IPEAJIOKEeHUN:

> (second-word "Form follows function.™)
"follows”

ITonck smemMeHTOB, yAOBIETBOPAOINUX 3aJaHHOMY ITPEIUKATY, OCYIIIeCTBJIIA-
eTcsl ¢ MOMOIIbIo position-if. OHa mpuHUMaeT GYHKIIMIO U MOCJIeJ0BATEIb-
HOCTB, BO3BpAalllasa II0JOKEeHNe IIEPBOr'0 BCTPEUEHHOTI'0 9JIeMeHTa, YI0BJIETBO-
PAIOIIero IpeguKaTy:

> (position-if #'oddp '(2 3 4 5))
1

Ata (byHRI_H/IH IIPDMHUMAET BCe BBIIIEIIePEUYNCIIEHHBIE aPI'YMEHTEI I10 KJII04Y,
3a UCKJIIOUeHueM :test.

Tak:ke AJsA MOCIENOBATEJIBLHOCTEH OIpelesieHbl (PYHKIIUU, aHAJOTUYHBIE
member m member-if. ro find (mpmHEUMAaET Bce apryMeHTHI 110 KJauy) u find-if
(IpuHUMAaeT Bce apryMeHThI, KpoMe :test):

> (find #\a "cat")

#\a

> (find-if # characterp "ham™)
#\h

B orimuwme ot member 1 member-if, OHM BO3BpAIIlalOT TOJBKO CAM HaMAeHHBI
3JIEMEeHT.

Bwmecro find-if maOrma syuiie mcmoJsib3oBaTh find ¢ Kirouom :key. Hampwm-
Mep, BhIpasKeHue:

(find-if #’ (lambda (x)
(eql (car x) 'complete))
1st)
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4.5.

OymeT BBITVIALETDH MOHATHEE B BUE:
(find ’'complete 1st :key #'car)

dyurmuu remove (cTp. 39) m remove-if paboTaroT ¢ MOCIEIOBATEIHHOCTAMU
Jboro tuma. PasHuiia Me:kKay HUMM TOUYHO TaKasd JKe, Kak Mexxkay find
u find-if. CBa3aHHaa ¢ HUMHU QYyHKIIUA remove-duplicates ymajseT Bce Io-
BTOPAIOIIUECSA 9JIEMEHTHI II0CJIEI0BATEIbHOCTY, KPOME IIOCJIETHETO:

> (remove-duplicates "abracadabra™)
"cdbra”

Ara QYHKIUA UCIIOJIB3YeT BCe apI'yMEHTHI 10 KJII0UY, PACCMOTPEHHBIE B Ta0-
JIUIIE BBIIIIE.

DyHKIUA reduce CBOIUT IOCIEOBATEILHOCTD B OfHO 3HaUeHne. OHA IPUHU-
MaeT QYHKIINIO, II0 KPaliHel Mepe, C IByMA apryMeHTaMU U ITOCJIe[OBATEIb-
HOCTh. 3afaHHas GYHKIIUA IePBOHAYAJIBLHO IPUMEHIEeTCA K MEePBBIM JBYM
2JIEMEHTAM ITOCJIEIOBATEIbHOCTH, a4 3aTEM II0CJIEOBATE/ILHO K IOy YeHHOMY
pesyJIbTaTy U CJeNYIOIeMy 3JIeMEeHTY IIocJefoBaTeIbHOCTH. IlocienHee mo-
JyueHHOe 3HaueHure OyJeT BO3BpaIlleHo KaK pesyabrar reduce. Takum obpa-
30M, BBI3OB:

(reduce #'fn ’"(a b c d))
Oy/aeT SKBUBaJIEHTEH
(fn (fn (fn "a 'b) 'c) 'd)

Xoporiree mpuMeHeHre reduce — pacirupenue Habopa apryMeHTOB I PYHK-
U, KOTOPbIe MPUHUMAIOT TOJIbKO ABa aprymenrta. Hampumep, 4To0ObI I10O-
JIYYUTH IlepeceueHre TpexX uin 6ojiee CIIUCKOB, MOKHO HATINCATh:

> (reduce # intersection '((b rad ’'s) (bad) (cat)))

(A)

Mpumep: pa3dop par

B kauecTBe mpumMepa omepariuii ¢ IOCJIeI0BATEJIbHOCTAMMI B 5TOM pasieJie
IPUBOAUTCA IporpaMMa AJs pasdopa gat. Mbl HAUIIIEM IPOrpaMMy, KOTO-
pad npeBpaiaet cTpoky tuma 16 Aug 1980 B meJsble 4ucjia, COOTBETCTBYIO-
e SHI0, MeCAIly U TOfy.

IIporpamma Ha puc. 4.2 cOAEPKUT HEKOTOPbIe PYHKIIUM, KOTOPHIEe TIOTPedy-
IoTCA HaM B gaibHeiinem. IlepBasi, tokens, BbIZeJsAeT 3HAKHU M3 CTPOKMH.
DyuKmua tokens IpUHUMAaET CTPOKY U IIPEeANKAT, BO3BPAIIAs CIIMCOK IO~
CTPOK, BCe 3HAKHU B KOTOPBIX YIOBJETBOPAIOT 3TOMY Hpeaukary. I[Ipusemem
npumep. IlycTs ucnonab3yerca QyHKIIUA alpha-char-p — mpeguKar, cirpaBem-
JIUBBIN 1J1d OYKBEHHBIX 3HAKOB. Torma moayumm:

> (tokens "ab12 3cde.f” # alpha-char-p 0)
("ab” "cde” "f")

Bce ocrasbHBIE 3HAKY, HE YAOBIETBOPAOIINE JAHHOMY IPEJUKATY, PACCMAT-
puBaroTcsa KaK IpobeabHbIe.
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(defun tokens (str test start)
(let ((p1 (position-if test str :start start)))
(if pt
(let ((p2 (position-if #' (lambda (c)
(not (funcall test ¢)))
str :start p1)))
(cons (subseq str p1 p2)
(if p2
(tokens str test p2)
nil)))
nil)))

(defun constituent (c)
(and (graphic-char-p ¢)
(not (char=c¢ #\ ))))

Puc. 4.2. Pacno3nasarnue cumg8oLo8

dyHKIUA constituent OymeT MCIOJIB30BATHCA B KauecTBe IIpeAuKaTa s
tokens. BCommon Lisp k neuamnuvim 3naxam (graphic characters) oTHOCAT-
cs BCe 3HAKU, KOTOPhIe BUAHBI IIPU ITIeUaTH, a TaKk:Ke mpobes. Beizos tokens
¢ pyHKIMIeHR constituent OyaeT BBIAEAATD IOACTPOKM, COCTOAIIME U3 ITevUaT-
HBIX 3HAKOB:

> (tokens "ab12 3cde.f
gh™ # constituent 0)
("ab12" "3cde.f" "gh")

Ha puc. 4.3 moxkasaHbl PYyHKIIUY, BEIIIOJIHAIOIIIE Pa3bop aart.

(defun parse-date (str)
(let ((toks (tokens str #'constituent 0)))
(list (parse-integer (first toks))
(parse-month (second toks))
(parse-integer (third toks)))))

(defconstant month-names
#("jan" "feb” "mar” "apr” "may” "jun"
"jul™ "aug” "sep” "oct” "nov" "dec"))

(defun parse-month (str)
(let ((p (position str month-names
‘test #'string-equal)))
(if p
(+p1)
nil)))

Puc. 4.3. Pynrxyuu 0ns pasbopa dam
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4.6

DyuKua parse-date mpuHUMAaeT gaTy, 3alUCAHHYI0 B yKasaHHOU (opme,
¥ BO3BPAIIAeT CIKUCOK IIeJIbIX UYNCEJ, COOTBETCTBYIOIUX ee KOMIIOHEHTaM:

> (parse-date "16 Aug 1980")
(16 8 1980)

dra QYHKIUA OeJUT CTPOKY HA YacTU W INPUMEHSeT parse-month m parse-
integer K moayuyeHHBIM dyacTaM. PYHKIUA parse-month He YyBCTBUTEJIbHA
K PErucTpy, Tak KaK CPaBHUBAET CTPOKHU € ITOMOIIBIO string-equal. s mpe-
o0pas3oBaHUs CTPOKH, CONEP:KAIllefl UMCJIO, B CAaMO UYMCJO, HCIOJIb3yeTcs
BCTPOEHHAaA (PpyHKIUA parse-integer.

Opuaxo ecaiu 661 TakoM pyHKITMY B Common Lisp nsnauaabHo He ObI1JI0, HAM
IIPHUIIIJIOCH 6BI OIIpeneJInTh €e CAMOCTOATEJIbHO:

(defun read-integer (str)
(if (every #'digit-char-p str)

(let ((accum 0))

(dotimes (pos (length str))
(setf accum (+ (* accum 10)
(digit-char-p (char str pos)))))

accum)

nil))

OmnpenesenHass HaMu QPYHKIUA read-integer morkaswiBaer, Kak B Common
Lisp npeo6pasoBarh Habop 3HakKOB B umciyio. OHa MCII0JIb3yeT 0COOEHHOCTDH
QpyHKnum digit-char-p, KoTopada mpoBepdAeT, ABJIAETCA JU apryMeHT Iu@-
poii, 1 Bo3BpaIaeT camy nudpy, ecjau 9TO TaK.

CTpyKTYypbI

Cmpyrxmypa MOKeT pacCMaTpuUBaThCA KakK 0oJjiee IPONBUHYTHIN BapUaHT
BeKTopa. IIpeamososxum, YTo HAM HYYKHO HAIIUCATDH IIPOIPAMMY, OTCJIEIKU-
BAIOIYIO IOJIOXKEeHNe Habopa mapaJiiesenuiefos. Kaskmoe Takoe TesIo MOXK-
HO IIPEACTABUTH B BUJE BEKTOPA, COCTOSAIIEr0 U3 TPEX DJIEMEHTOB: BBICOTA,
mrprHa U riryouHa. IIporpamMmmy OyzeT mpoilie YUTaTh, €CJIH BMECTO IPO-
cThIX svref MbI Oy/IeM MCIIOJIb30BATh CIIeINAbHEIE (DYHKITUN:

(defun block-height (b) (svref b 0))

u Tak gajee. MoykeTe CUUTATh CTPYKTYPY TAKUM BEKTOPOM, ¥ KOTOPOI'O BCe
9TU (PYHKIIUN YiKe 3aJaHbl.

OmnpenesuTh CTPYKTYPY MOYKHO ¢ ITIOMOIIbIo defstruct. B mpocreiimem ciry-
yae JOCTATOUHO 3a1aTh UMEHA CTPYKTYPHI U ee II0JIeH:

(defstruct point
X

y)

Mpu1 onpemenniu CTPYKTYPY point, mMeroIeio nBa mojs, x u y. Kpome Toro,
HeABHO OBbLIM 3aJaHbl GYHKIUU: make-point, point-p, copy-point, point-x,
point-y.
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B paszgese 2.3 Mmb1 ymomuHam 0 criocob6HOCTH JIUCI-IporpaMm mucaTh Apy-
rue Jlucn-mporpaMmbl. OTO OAWMH U3 HATJIAAHBIX IIPUMEPOB: IIPU BHI3OBE
defstruct caMocToATEeIbHO OIpenessgeT Bce HeoOxonmmble GyHKIuu. Ha-
YUUBIINCH PA0OTATh C MAKPOCAMHU, BbI CAMU CMOJKETE JeJaTh IIOX0KUeE Be-
mu. (BeI gaske cMoruiu 661 HamucaTh CBOIO Bepcuio defstruct, eciu 661 B 9TOM
OblIa HEOOXOTUMOCTb.)

Kasxaw1ii BBIBOB make-point Bo3BpaliaeT BHOBb CO3aHHBIN 9K3E€MILISAP CTPYK-
TYpHI point. 3HaUEHUA OJIeN MOTYT OBITh M3HAUAJBHO 3aJaHbl C IIOMOIIIHIO
COOTBETCTBYIOIINX apI'yMEHTOB II0 KJIIOUY:

> (setf p (make-point :x 0 :y 0))
#S(POINT X 0 Y 0)

DyHKIUY JOCTYIIA K IOJIAM CTPYKTYPhI OIIPeieIeHbl HE TOJIBKO IJIS YTeHUA
oJIeli, HO 1 IJI 3aJaHUs 3HAUEHUI C IOMOIIbIO setf:

> (point-x p)

0

> (setf (point-y p) 2)
2

>

p
#S(POINT X 0 Y 2)

OmnpezesieHne CTPYKTYPHI TaKKe IPUBOIUT K OIIPEJEIEHUI0 OJJHOMMEHHOTO
tumna. KaKapii 9K3eMIIIap point IpuHALJIEKUT TUIY Point, 3aTeMm structure,
s3areMm atom u t. Takum o6pasom, MCIOJIb30BaHMEe POiNt-p PABHOCUJIBHO IPO-
BEepKe TUNIA:

> (point-p p)

T

> (typep p 'point)
.

DyuKIUa typep IpoBepseT 00beKT Ha IPUHAJIEIKHOCTh K 3aTaHHOMY THUIY.

Taxk:xe MOKHO 3aJaTb SHaAYEHUA ToJIel 1O YMOJIYaHUIO, €CJIN 3aKJIIOUUTH
M COOTBETCTBYIOIIETO II0JIA B CIIMCOK Y IIOMECTUTDH B HET'O BBIPDAMKEHUE JIA
BBIUYMCJIEHUA 3TOT'O 3SHAUYECHU .

(defstruct polemic
(type (progn
(format t "What kind of polemic was it? ")
(read)))
(effect nil))

BrisoB make-polemic 6e3 DOTOJHUTENBHBIX apryMEHTOB YCTAHOBUT UCXOJ-
Hble 3HAUEHUS ITOJIEH:

> (make-polemic)
What kind of polemic was 1t? scathing
#S(POLEMIC TYPE SCATHING EFFECT NIL)
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Kpowme Toro, MoxHO yIIpaBIATh TAKUMHU BeIl[aMu, KaK CII0CO0 0TOOpaKeHus
CTPYKTYPHI U Ipe@uKc uMeH QYHKIUH AJA AOCTyIa K moaAM. BoT GoJsee
Pa3BUTHIN BADUAHT OIIPEEJIEHUS CTPYKTYPBI point:

(defstruct (point (:conc-name p)
(:print-function print-point))
(x 0)
(y 0))

(defun print-point (p stream depth)
(format stream "#<"A, “A>" (px p) (py p)))

AprywmeHT :conc-name 3azaet npeduKC, ¢ KOTOPOro OyAyT HAUMHATHCA 1Me-
Ha QYHKIUN IJId ZOCTyNa K HOJAM CTPYKTYDPHL. Ilo ymonuanuio oH paBeH
point-, a B HOBOM OIIpefiesIeHN Y 9TO0 IIpocTo p. OTX0x OT BapmaHTa II0 yMoJI4a-
HUIO JleJIaeT KOJ MeHee YUTaeMbIM, II09TOMY MCIIOJIb30BaTh 00Jiee KOPOTKUI
npeuKC CTOUT, TOJBKO €CJU BaM IIPEJCTOUT IIOCTOSHHO IIOJIB30BAaTBhCH
(GQYHKIIUAMU AOCTYIIA K IIOJIAM.

ITapameTp :print-function — aTo umsa GyHKIIMHU, KOTOPad OyAET BHISLIBATHCA
LIS leyaTy 00'beKTa, KorJja ero Hy»KHO O0yeT oTo0pasuTh (Hanpumep, B top-
level). Takaa QyHKIMS JOJKHA IPUHAMATE TPU apryMeHTa: caM O0'bEeKT;
IOTOK, KyJla OH OyJeT HalleuaTaH; TPEeTHI apryMeHT OObIUYHO He TpebyeTrcs
1 MOXKeT ObITh mpourHopuposau’. C MOTOKaMu BBOLA-BBIBOA MBI IIO3HAKO-
MuMcsA moapobHee B pasgesie 7.1. Cefiuac OoCTaTOUYHO CKas3aTh, YTO BTOPOM
apryMeHT, IIOTOK, MOYKeT ObITh ITepegaH QPyHKIuu format.

DyHKIUA print-point OymeT oTobpakaThb CTPYKTYPY B TAKOW COKPAILeHHOI
(Gopme:

> (make-point)
#<0, 0>

4.7. Mpnmep: oBONYHbIE AepeBbs NOUCKA

ITockoapky B Common Lisp nmeeTrcs BcTpoeHHaA PYHKITHUA SOrt, BaM, CKO-
pee Bcero, He MPUAETCA CAMOCTOATEIbHO ITNCATh ITPOLEAYPhI IToncKa. B aTom
pasjesie IIOKa3aHO, KAK PEIUTD MOX0MKYIO 3a/auy, IJIsi KOTOPOM HEeT BCTPO-
eHHOU (PYHKIIUU: IToAAep:KaHe Habopa 00'beKTOB B OTCOPTUPOBAHHOM BHE.
Mpr paccMoTpuM MeTOJ XpaHEHUS OO0BEKTOB B 080UYHOM Oepede NOUCKA
(BST). CoanauncupoBartuoe BST mo3BosisieT ncKaTh, 00aBIATh NN YAATIATH
3JIEMEHTBI 32 BpeMs, IIPOIIOPIIMOHAIBLHOE log n, Te 7 — KOJIUYECTBO 00bEK-
TOB B Habope.

BST — sT0 GuHAapHOE AEePeB0, B KOTOPOM AJIs KaKIOT0 3JIeMeHTa U HEKOTO-
poii pyHKIIMU yIopAmoueHUus (IyCTh 3TO OyaeT PYHKIUA <) cOOJII0IaeTCs
MIPaBUJIO: JIEBBII JOUEPHUIH SJI€MEHT < 3JIEMEHTA-POAUTENIA, M CAM dJIeMEHT >

1 B ANSI Common Lisp BeI MoskeTe epefaBaTh B :print-object GpyHKIIMIO ABYX Ia-

pametpoB. Kpome Toro, cyiectByeT Makpoc print-unreadable-object, KoToOpbIi
MOYKeT OBITh UCIIOJIB30BAH JJIA OTOOPaKeHua 00beKTa B BUe #<...>.
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mpaBoro gouepHero ajaemenTa. Ha puc. 4.4 moxkasan npumep BST, yrnopsazmo-
YEHHOT'O C IIOMOIIbI0 QGYHKITUH <.

Puc. 4.4. [leouyroe depeso noucka

IIporpamma Ha puc. 4.5 COmEepKUT YTUIUTHI AJA BCTABKU U MOUCKA 00bEK-
T0oB B BST. B KauecTBe OCHOBHOI CTPYKTYPhI JAHHBIX UCIIOJIb3YIOTCA V3JIbI.
Kamawiit yses nuMeeT TpH IOJIA: B OJHOM XPAHUTCA caM 00'bEKT, B ABYX IPY-
TUX — JIEBBII U MIPaBbIH MOTOMKHU. MOKHO paccMaTpuBaTh y3eJ KaK COns-
AYENKY C OMHUM Car U AByMd cdr.

BST mosker ObITE 1160 Nil, I100 y3JI0M, TOALEPEBhA KoToporo (1 1 r) Tak:Ke
apaaorcsa BST. IlpomomxuM gaabHEHINTYI0 aHAJOTHIO co cuckamMu. Kak
CIHMCOK MOJKeT ObITh CO3[aH ITOCJIeq0BaTeILHOCTHIO BEI3OBOB CONS, TaK 1 O1-
HapHOe JepeBO MOJYKEeT OBLITH IIOCTPOEHO C TIOMOINBIO0 BBIBOBOB bst-insert.
AToN PYHKIIUU HEOOXOAMMO COOOIIUTD 00BEKT, AePeBO U (PYHKIIHUIO YIIOPS-
JTOUEHUS.

> (setf nums nil)
NIL
> (dolist (x "(584219673))
(setf nums (bst-insert x nums #'<)))
NIL

Terepsb gepeBo NUMS COOTBETCTBYET puUc. 4.4.

dyurmusa bst-find, KoTopas uIieT 00 LEKTHI B epeBe, IPUHUMAaET Te JKe ap-
TYMEHTBI, UTO U hst-insert. AHaJorua co CIMCKAaMU CTAHEeT ellle MMOHSATHee,
ecJIi MBI CpaBHUM omnpefeseHud bst-find u our-member (cTp. 33).

Kaxk u member, bst-find Bo3BpalmaeT He caM 3JIEMEHT, a ero IoAAePeBo:

> (bst-find 12 nums #'<)
NIL
> (bst-find 4 nums #'<)
#<4>

Takoe mpejcTaBIeHNE II03BOJIAET HAM Pa3jinyaTh ClIydyan, B KOTOPBIX UCKO-
MBIl 3JIEMEHT He HaieH (N1]) ¥ B KOTOPBIX YCIEIITHO HaMIeH 3JIeMeHT nil.
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(defstruct (node (:print-function
(lambda (n s d)
(format s "#<7A>" (node-elt n)))))
elt (1 nil) (r nil))

(defun bst-insert (obj bst <)
(if (null bst)
(make-node :elt obj)
(let ((elt (node-elt bst)))
(if (eql obj elt)
bst
(if (funcall < obj elt)
(make-node
celt elt
:1  (bst-insert obj (node-1 bst) <)
'r  (node-r bst))
(make-node
celt elt
'r (bst-insert obj (node-r bst) <)
:1 (node-1 bst)))))))

(defun bst-find (obj bst <)
(if (null bst)
nil
(let ((elt (node-elt bst)))
(if (eql obj elt)
bst
(if (funcall < obj elt)
(bst-find obj (node-1 bst) <)
(bst-find obj (node-r bst) <))))))

(defun bst-min (bst)
(and bst
(or (bst-min (node-1 bst)) bst)))

(defun bst-max (bst)
(and bst
(or (bst-max (node-r bst)) bst)))

Puc. 4.5. [leouunvie Oepedvs nOUCKA: NOUCK U 6CMABKA

Haxo:xkpenne HanbosibIilero 1 HanMeHbInero sjiemenToB BST Tak:ke He co-
cTaBJIAET 0c000ro Tpyna. YToObl HANTH MUHUMAJIbHBIN 9JIEMEHT, MbI HeM
0 JepeBy, Bcerga BbIOMpas JeByl BeTBb (bst-min). AHajsormuHo, ciaemys
IpaBbIM MOALEPEBbAM, MbI IOJYUYNM HaNOOJIBIINHA seMeHT (DSt-max):

> (bst-min nums)
#<1>
> (bst-max nums)
#<9>



88

[maBa 4. Cneumanmn3npoBaHHble CTPYKTYPbl AaHHbIX

VnaneHnue sjeMeHTa U3 OMHAPHOTO €PEBa BBIIIOJIHAETCS TAK e ObICTPO, HO
COOTBETCTBYIONN Kof (puc. 4.6) BEITIIAIUT CI0MKHEE.

(defun bst-remove (obj bst <)
(if (null bst)
nil
(let ((elt (node-elt bst)))
(if (eql obj elt)
(percolate bst)
(if (funcall < obj elt)
(make-node
celt elt
.1 (bst-remove obj (node-1 bst) <)
.r (node-r bst))
(make-node
celt elt
.r (bst-remove obj (node-r bst) <)
1 (node-1 bst)))))))

(defun percolate (bst)
(let ((1 (node-1 bst)) (r (node-r bst)))
(cond ((null 1) r)
((null r) 1)
(t (if (zerop (random 2))
(make-node :elt (node-elt (bst-max 1))
ror
:1 (bst-remove-max 1))
(make-node :elt (node-elt (bst-min r))
.r (bst-remove-min r)

1 100)))

(defun bst-remove-min (bst)
(if (null (node-1 bst))
(node-r bst)
(make-node :elt (node-elt bst)
1 (bst-remove-min (node-1 bst))
:r (node-r bst))))

(defun bst-remove-max (bst)
(if (null (node-r bst))
(node-1 bst)
(make-node :elt (node-elt bst)
:1  (node-1 bst)
.r (bst-remove-max (node-r bst)))))

Puc. 4.6. [Jeouunvie depesvs noucka: yoaienue
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DyHKIUa bst-remove! mpuHEMaeT 00BEKT, AePeBO U (PYHKIIUIO YIIOPLoUe-
HHUSA ¥ BO3BpAIIlaeT 3TO Ke JAepeBo 0e3 3aJaHHOro saemMenTa. Kak u remove,
bst-remove He MOEUMUIIULPYET UCXOTHOE NEPEBO:

> (setf nums (bst-remove 2 nums # <))
#<5>

> (bst-find 2 nums #'<)

NIL

Teneps gepeBo NUMS COOTBETCTBYET puc. 4.7. (Ilpyroil BOSMOKHBIN cydai —
IIOACTAHOBKA dJIeMeHTa 1 Ha MeCTo 2.)

Puc. 4.7. [leouuroe depego noucka nocae yoanenus 00H020 U3 3J1eMeHmo8s

VYnanenue — 6oJiee 3aTpaTHAasA IPOIEAYpPa, TAK KaK IO yAaJIeMbIM 00beK-
TOM IIOSABJISETCS HE3aHSITOe MECTO, KOTOPOe JOJYKHO OBITH 3aIIOJIHEHO Of-
HUM U3 IIOJIePeBbEeB ATOr'0 00'beKTa. ITUM 3aHuMaeTcAa PYHKIUA percolate.
OHa 3aMelraeT 2JIEMEHT JepeBa OAHIM 13 er0 IIOAJePeBbeB, 3aTeM 3aMellaeT
9TO IIOAEPEBO OSHUM U3 €20 IOAJEePEBLEB U T. 1.

YTo06nI cbaslaHCUPOBATEH JE€PEBO, percolate cayduaiiHBIM 00pasoM BHIOMpaeT
OIHO 13 ABYX ToAAepeBbeB. Buipamenue (random 2) BepHet sm6o 0, aubo 1,
B pesyabTaTe (zerop (random 2)) OyAeT UCTUHHO B IIOJIOBUHE CJIyYaeB.

Temeps, Korga MbI IpeoOdpasoBaIu HA0OP 00'LEKTOB B OMHAPHOE JIepeBo, I0-
cJIeloBaTeJIbHBIHM 00XO0/ ero 9JIEMEHTOB AaCT HaM UX B ITOPSIKEe BO3pACTaHU .

Bepcus bst-remove, mpuBeZieHHAsI B OpUTUHAJIE KHUTH, COAEPIKUT Oar.

Kpuc Crosep coobitaer: «3agauus (left child) < node < (right child) gia kaxmo-
ro y3Jsa HemoctaTouHo. Heo6xomumo 6ostee cTporoe orpanmuenue: max(left sub-
tree) < node < min(right subtree). Bes mero pyukmnua bst-traverse, mpuBegeHHAA
Ha puc. 4.8, He 0053aTEJILHO IIEPEUNCIUT JJIEMEHTHI B IOPSAAKE BO3PACTAHUA.
(IIpumep: nepeBo ¢ ocHOBaHMEM 1 mMeeT TOJIBKO IPAaBOTO IIOTOMKA 2, & OH UMeeT
ToJIbKO mpaBoro moromMka 0.) K cuacteio, GyHKIIUA bst-insert, mpeacTaBieHHAS
Ha puc. 4.5, KoppexTHa. C ApPyroii CTOpoHbI, KOPPEeKTHEIN mopAnok BST mocie
IpUMeHeHUs bst-remove He rapaHTHPYeTCA. YIAIAeMblil BHYTPEHHUH y3eJ Heo0-
XOAVMO 3aMEHATH 100 MaKCUMAJbHBIM y3JIOM JIEBOTO ITOAAepeBa, Jub0 MUHU-
MaJbHBIM Y3JIOM IIPABOTO TIOJJIePEBa, a IpUBeqeHHAA (PYHKIIMA 9TOTO He IeJIaeT.»
B nmporpamme Ha puc. 4.6 faHHBIH 6ar y:Ke ucnpasies. — IIpum. nepes.
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4.8.

(defun bst-traverse (fn bst)
(when bst
(bst-traverse fn (node-1 bst))
(funcall fn (node-elt bst))
(bst-traverse fn (node-r bst))))

Puc. 4.8. [lsouynsie depesvs noucka: 06x00

I s aToi mesiu onpenesieHa QyHKIuAa bst-traverse (puc. 4.8), KoTopas mpu-
MeHAET K KasKJI0OMYy dJIeMeHTY AepeBa QyHKITHAIO n.

> (bst-traverse #'princ nums)
13456789
NIL

(PyHKIIUA princ Bcero JIUIL 0OTOOPAYKAET OTAeIbHBIN 00HEKT.)

Konm, mpeacraBiaeHHBIN B 9TOM pasjese, CAYKUT OCHOBOI JJIs peaausanuu
IBOMYHBIX J[ePEBLEB MONCKAa. BeposaTHO, BbI 3aX0THUTE KAK-TO YCOBEPIIIEHCT-
BOBAaTh €r'0 B COOTBETCTBUHU C BAIIMMHU oTpebHOCTAMY. Hampumep, KasK bl
y3eJI B TeKYIel peajusaluy NMeeT JIUIIbL OJHO MoJie elt, B TO BpeMs KaK
MOXKET OKa3aThCsA IIOJIE3HLIM BBeleHMe ABYX II0JIel — KJIOU W 3HaueHHe.
HauHas BepCUs XOTSA U He HOAAePKUBAET TAKYI0 BO3MOYKHOCTh, HO II03BO-
JISIET ee JIEI'KO Peain30BaTh.

I BoMUHBIE [ePEBbs IIOMCKA MOT'YT UCIIOJb30BAThHCA He TOJLKO AJIs yIIpaBje-
HUSA OTCOPTUPOBAHHBIM HA00POM 00beKTOB. VX IpuMeHeHNe OINTUMAaJIbHO,
KOTJja BCTaBKU U yAaJeHUA Y3JI0B MMEIOT paBHOMEPHOE paciipeesienue. To
3HAUYUT, UYTO AJis paboThl, HAIIpUMeD, ¢ ouepenamu, BST He nyuinnii BLIGOD.
Xo0Tsl BCTABKY B OUEPEAX BIIOJHE MOT'YT OBITh PACIIpe/e/ieHbl PABHOMEPHO,
ymajgeHus OyIyT BCEra OCYINECTBIATHLCA C KOHIIAa. JTO OyIeT MPUBOAUTH
K pasbaaHCUPOBKe JepeBa, 1 BMecTo oxkumaemoir omenku O(log n) MbI mo-
ayunm O(n). Kpome Toro, nyia MmoneIupoBaHUA ouepeeil y1o0Hee NCIOIb30-
BaTh OOBIUHBIN CHUCOK IIPOCTO TOoTOMY, uTo BST OymeT BecTu cebsa B KOHeU-
HOM CUYeTe TaK JKe, KAK U CIIICOK.

Xeww-Tabnuubl

B riaBe 3 6bLJI0 TOKa3aHO, UTO CIIMCKU MOT'YT HCIOJIb30BATHCA IJISA IPE-
CTaBJIEHUA MHOYKECTB 1 0TOOpaskeHu. [[J14 focTaTOYHO GOIBINTNX MaCCUBOB
IaHHBIX (HaumHada yiKe ¢ 10 a71eMeHTOB) UCIIOIB30BAHIE XEITl-TabJIUI] CyIIe-
CTBEHHO YBEJUYUT IIPOM3BOAMTENHHOCTb. XeI-TabJIUIly MOYKHO CO3IaTh
C IOMOIIILIO (PpyHKIU Make-hash-table, koTopas He TpedyeT 00a3aTeIbHBIX
apryMeHTOB:

> (setf ht (make-hash-table))
#i<Hash-Table BFOA96>

Xemnr-Tabauilel, Kak U QYHKITUN, ITPU TIeUaTH 0ToOpaKaioTes B Bue #<...>.



4.8. Xew-tabnuubl 91

Xermr-Tabnita, Kak U acCOIIMATUBHBIN CINCOK, — 9TO CIIOCO0 aCCOIMUPOBA-
HUA map 00beKToB. UTOOBI MOJYUYNUTH 3HAUEHNE, CBA3AHHOE C 3aJaHHBIM
KJIIOUOM, JOCTATOYHO BBI3BATH gethash ¢ aTuMm Karouom u Tabutieii. [To ymou-
YyaHUIO gethash Bo3BpalaeT nil, ecjiu He HAXOAUT UCKOMOI'0 3JIEMEHTA.

> (gethash ’'color ht)
NIL
NIL

31ech MBI BIIEPBbIe CTAJIKUBAEMCs C BaxKHOU ocobernHOocThiI0 Common Lisp:
BBIpasKEHUE MOJKET BO3BpalllaTh HECKOJIBKO 3HaueHui. @yHKIuUA gethash
BO3BpaIaer aBa. IlepBoe 3HaUEHME acCCOIMUPOBAHO ¢ KJIOUOM. BTopoe 3Ha-
YeHUe, ecJIM OHO Nil (KaK B HAIIIEM IpUMepe), O3HAYUAET, YTO MCKOMBIH dJie-
MeHT He OBl HatifeH. [loueMy MBI He MOK€eM CYAUTH 00 9TOM U3 TIePBOTO Nil?
[eso B TOM, UTO 3JIEMEHTOM, CBA3AHHBIM C KJIIOUOM CO10r, MOYKET OKa3aThbCA
nil, u gethash BepHeT ero, HO B 9TOM CJIy4ae B KaueCTBe BTOPOr'o 3HAUeHUA — t.

BoabmunacTBO peasnsanuil BBIBOJUT IIOCJIEIOBATEIHHO BCe BO3BpalllaeMble
3HAUeHUs, HO eCJIN Pe3yJIbTaT MHOTO3HAUYHON (PYHKIMU UCIOIb3yeTCs APY-
roii PyHKIUell, To eii mepefaeTcsa JUIIL IIEpBoe 3HaueHUe. B pasgesne 5.5
00bACHAETCA, KaK II0JIyYaTh U MCII0JIb30BaTh CPa3y HECKOJIbKO 3HAYeHUH.

YT006BI COTOCTABUTH HOBOE 3HAUECHUE KAKOMY-TN00 KJIIOUY, UCIIOJIb3yeM setf
BMecTe ¢ gethash:

> (setf (gethash 'color ht) 'red)
RED

Temneps gethash BepHET BHOBH YCTAHOBJIEHHOE 3HAUEHUE:

> (gethash ’'color ht)
RED
T

Bropoe sHaueHue moATBEPIKIAET, UTO gethash BepHYJI peaJbHO UMEIOITHCA
B TabJInile 00'bEeKT, a He 3HaUeHUe 110 YMOJUYAHUIO.

O0BeKTHI, XpaHAIIHeCs B Xel-TabInuItax, MOI'yT UMeTh Jito0oi Tun. Hampu-
Mep, IPU 2KeJaHUU COIIOCTABUTh KAMKIOM QYHKIIUHN ee KPATKOe OIMUCAHUIe
MOJKHO CO3IaTh TAOJUIly, B KOTOPOI KJaoouamMu OyAyT QYHKIMU, a 3HAUE-
HUAMHA — CTPOKM:

> (setf bugs (make-hash-table))

#i<Hash-Table BF4C36>

> (push "Doesn’t take keyword arguments.
(gethash # our-member bugs))

("Doesn’t take keyword arguments. ")

Tak kak mo ymoauaHuio gethash Bossparmiaer nil, BbI30B push sKBUBaJIEHTEH
setf, ¥ MBI IPOCTO KJIaJEeM HAIIly CTPOKY Ha IIycToi cuucok. (Onpenenenue
GyHKIUY our-member HaXomguTCA Ha cTp. 39.)

Xemr-TabJaUIBI TAKKe MOKHO MCIIOJIb30BATh BMECTO CIIUCKOB JIJIA IIPEICTaB-
JieHnA MHOKecTB. OHU CYII[EeCTBEHHO YCKOPAIOT IIOMCK 3HAUYCHUN U UX yIa-
JIeHre B cJayuasxX OOJIBIINX 00beMOB HAHHBIX. UTOOBI JOOABUTH 3JIEMEHT
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B MHOXKECTBO, IIPEICTABJEHHOE B BHUIE XeI-TAOJUIILI, UCIOJb3yiTe setf
BMecCTe ¢ gethash:

> (setf fruit (make-hash-table))
#i<Hash-Table BFDE76>

> (setf (gethash 'apricot fruit) t)
-

IIpoBepka Ha TPUHALJIEIKHOCTD BJIEMEHTA MHOMKECTBY BBITIOJIHAETCS C IIOMO-
b0 gethash:

> (gethash 'apricot fruit)
B
T

ITo ymosmuanuio gethash BosBpamiaeT nil, MO3TOMY BHOBb CO3JaHHASA XeIll-
TabJyInIIa IpesicTaBIIAeT COOOM ITyCcTOe MHOKECTBO.

Yro0bI yAAJIUTDH 9JIEMEHT N3 MHOYKECTBA, MOKHO BOCIIOJIb30BaThCA remhash:

> (remhash 'apricot fruit)
-

Boaspatmias t, remhash curHaJIu3UPYeT, YTO UCKOMBIH 9JIeMeHT ObLIT HaligeH
U YCIIEITHO yAaJjieH.

g nrepariuy mo xemr-Tabaulie cyIecTByeT maphash, KoTopoit Heo0X0AMMO
nepenaTh GYHKIIUIO ABYX apI'yMeHTOB 1 caMy Ta0uily. 9Tta QyHKIuA OyaeT
BbI3BaHA C KaKIOW MMeIOIelicsa B TabInIle Iapoi KJIU-3HAYeHNe B IIPOU3-
BOJIBHOM IIOPSKe.

> (setf (gethash ’shape ht) 'spherical
(gethash ’size ht) ’'giant)
GIANT
> (maphash #' (lambda (k v)
(format t ""A = "A™%" Kk v))

nt)
SHAPE = SPHERICAL
SIZE = GIANT
COLOR = RED

NIL

dDyHKIUA maphash Bcerma BosBpaliaeT nil, o4HAKO BBl MOYKETe COXPAHUTDH
IaHHbIe, eCJIU MepegannTe PyHKINI0, KOTopas, HaIpuMep, OyIeT HaKaIu-
BaTh Pe3yJIbTaThl B CIIHICKE.

Xemr-TabIuITbl MOTYT HaKAILJINBATh JII000€ KOJIMYEeCTBO BXOMKICHUH, TAK KaK
CIIOCOOHBI PaACIHIUPATHCA B IIpoIliecce pabOThI, KOTMa MecTa AJA XpPaHeHUs
5JIEMEHTOB IIepecTaHeT XBaTaTb. 3aJaTh UCXOAHYI0 eMKOCTh TaOJIUIBI MOYK-
HO € IIOMOIIIBIO KJIfoua :Size pyHKIMU make-hash-table. Mcmonwpsysa aToT ma-
pameTp, BaM cJieAyeT IIOMHUTH O ABYX Belllax: OOJIBIIION pasMep TabJIUIThI
TI03BOJIUT U30EKATh ee YaCThIX PACIITUPEHUH (3TO TOBOJIBHO 3aTpaTHAA IPO-
meaypa), OJHAKO co3aaHe Ta0IuIbI 00JIBIIIOr0 pa3Mepa AJId MaJIoro Hadbopa
JTaHHBIX IPHUBEJIET K HEOOOCHOBAHHBIM 3aTPaTaM IaMATHU. BasKHBITI MOMEHT:
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mapaMeTp :Size ompeneasdeT He KOJINYECTBO XPaHUMBIX O6’BeK’I‘OB, a KoJIn-
YeCTBO IIap KJI4Y-3HaYeHUue. BI:Ipa?ReHI/Ie:

(make-hash-table :size 5)

BEPHET XeIl-Ta0JInILy, KOTOPas CMOYKEeT BMECTUTh ISITh BXOKJEHUII 10 TOTO,
KaK ell IpumeTcs pacIiInpATbC.

Kaxk u m106ad cTpyKTypa, IoApasyMeBaoIas BO3MOKHOCTE IIOUCKA JIEMEH-
TOB, XeII-TabJnIla MOKET MCI0Jb30BATh PA3JIMUHbIe IPeAUKaThI IPOBEPKU
SKBUBaJEHTHOCTU. 10 yMOJYaHUIO UCHOJb3yeTcs €gl, HO TaKyKe MOYKHO
OPUMEHUTH €0, equal MJIM equalp; MCIOJIb3YEMBIN IIPEIUKAT YKa3bIBAETCA
C IOMOIIIBIO KJro4ya :test:

> (setf writers (make-hash-table :test # equal)
#i<Hash-Table COO5EG>

> (setf (gethash ’(ralph waldo emerson) writers) t)
-

ATO OOUH M3 KOMIIPOMMCCOB, C KOTOPBIM HAM HIPUXOAUTCSI MUPUTLCS PaIu
moJiyueHns 9(PPeKTUBHBIX XelI-Ta0uil. Paboras co criucKkaMu, MbI ObI BOC-
IOJIL30BAJINCHL (PYHKITMEI member, KOTOPOM MOKHO Ka’KIbIA pas cooOIaTh
pasInvHbIe IPeAnKaThl IpoBepKu. IIpu paboTe ¢ XeIl-TabJaunamMy MblI JOJIK-
HBI OIIPEIeIUTHCSA C UCIIOJIb3YEeMbIM IIPEIUKATOM 3apaHee, B MOMEHT ee CO3-
JaHUsA.

C HeoO6XOAUMOCTBIO JKePTBOBATh OMHUM paAu APyroro B Jlucm-paspaboTke
(a ¥ B JKU3HU B IJIOM) BaM IPUIETCA CTOIKHYTHCA He pasd. ITO YacTh (pu-
Jocopun Jlucma: mepBOHAYAJIBHO BbI MUPUTECh C HU3KOI ITPOMU3BOIUTEb-
HOCTBIO paau yao6cTBa pa3spaboTKM, a 0 Mepe Pa3BUTU ITPOTPAMMBbI MOYKe-
Te MOKEePTBOBATH €€ TMOKOCTHIO PAAU CKOPOCTH BBIIOJTHEHI .

NTorn rnasbl

1. Common Lisp mogmep:XKuBaeT MacCHUBBLI He MeHee CEMH Pa3MepPHOCTEMH.
OpHOMEpHBIE MAaCCUBBI HA3BIBAIOTCA BEKTOPAMU.

2. CTpOKH — 9TO BEKTOPBI 3HAKOB. 3HaKu — 9TO IIOJTHOIIEHHBbIE CaMOCTOdA-
TeJbHbIE 00 HEKTHI.

3. IlocimemoBaTeIbHOCTH BKJIIOUAIOT B c€0sl CIIMCKU M BEKTOPbI. BOJbIIMH-
cTBO QYHKIIU AJ151 pabOTHI € IIOCJIEIOBATEIbHOCTAMY NMEIOT apr'y MEHThI
IO KJII0YY.

4. CunTakcuuecKuii pasbop He cocrasisgeT Tpyaa B Common Lisp 6iarozga-
PA HAJUYUIO MHOYKECTBA MOJE3HBIX (QDYHKIIUH )i PAaGOThI CO CTPOKAMMU.

5. BrizoB defstruct ompegesndaeT CTPYKTYPY C MMEHOBAHHBIMU IOJIAMU. JTO
XOPOIIIMH IPUMEDP IPOrPaMMBbI, KOTOPAasA MUIIET APYTe IPOorPaMMBblL.

6. IBonuHBIE JePeBbs MOMCKA YAOOHBI IJI XPAHEHUS OTCOPTHPOBAHHOIO
Habopa 00'LEKTOB.

7. Xemr-ta0bauiibl — 3T0 3G PEKTUBHBIN CIIOCO0 HpeacTaBJICHUS MHOMKECTB
1 OTOOpasKeHUH.
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YnpaxXHeHus

1.

Omnpenenure GYyHKIINIO, TOBOPAYMBAIOIIYIO KBaAPATHBIN MaccuB (MaccuB
¢ pasmepuocTaMH (n n)) Ha 90 rpagyCcoB IO YACOBOU CTPEJIKE:

> (quarter-turn #2A((a b) (c d)))
#2A((C A) (D B))

Bawm motpebyeTca array-dimensions (cTp. 374).

Pasbepurecsh ¢ onrcanuem reduce Ha cTp. 382, 3aTeM C ee IIOMOIILIO OIIpe-
JeJIUTe:

(a) copy-list
(b) reverse (myisg CIMCKOB)

CospaiiTe CTPYKTYPY A4 IepeBa, KasKIbIA y3eJ KOTOPOro IIOMIMO HEKO-
TOPBIX JAHHBIX IMEeT TPeX HOTOMKOB. OmpeaeiuTe:

(a) QyHKIMIO, KOMUPYIOIIYIO TaKOe AepeBo (Ka'KIbIN y3eJ CKOIUPO-
BAHHOTO JlepeBa He JOJKeH ObITh SKBUBAJEHTEH UCXOTHOMY C TOUKK
3peHud eql);

(b) GyHKIIUIO, TPUHUMAIONIYIO 00BEKT U TAKOE IEePEBO U BO3BPAIIIAT0-
IITYI0 UCTUHY, €CJIU 9TOT 00'BEKT BCTpeuaeTcs (C TOUKY 3peHus eql)
B TIOJIe JaHHBIX XOTA ObI OTHOTO y3Jia IepeBa.

Omnpenenure QyHKIINIO, KoTopas crpout u3 BST-nmepesa cumcok ero o0b-
€KTOB, OTCOPTHUPOBAHHBIN OT OOJILIIIEr0 K MEHBIIIEMY.

Onpegenute bst-adjoin!. @yHKIIMA paboTaeT aHAJIOrMYHO bst-insert, ox-
HaAKO J00aBJIAeT HOBBIIl O0'HEKT JIUIIIb B TOM CJIy4ae, eCJIU OH OTCYTCTBY-
€T B MMEIOII[eMCs IepPeBe.

. Comepsxumoe 11000# XemI-TabauIbl MOKeT ObITh IMPEeJCTaBJICHO B BUE

acCcoIMaTUBHOrO cuucKa ¢ ajaeMeHTamu (B . v) IJIsa KasK 0 mapbl KJII0U-
sguauenue. Onpenenure GyHKIIUIO, CTPOSIIYIO:

(a) xer-TabanIly 0 aCCOIUATUBHOMY CITHCKY;
(b) accomuaTUBHBIN CIIMCOK II0 XeIl-TadJIuire.

1

B meficTBuTEIBHOCTH, OMpeeeHne hst-adjoin 6ymeT sKBUBAJEHTHO YiKe NME0-
memycd bst-insert. Ha aTo ykasan Puuapn I'pusn. — Ilpum. nepes.



YnpaBneHue

B pasgese 2.2 BIepBble YIOMUHAETCA MOPSAAOK BBEIUUCIEHUA, KOTOPBIH Te-
ephb JO0JIKeH ObITH BaM XOPOIIIO 3HaKOM. B maHHoi ryiaBe 6yayT paccMoTpe-
HBI OIIEPATOPHI, KOTOPBIE He MOAUYNHAIOTCA 9TOMY IIPABUJIY, IO3BOJIAA BaM
CaMOCTOSTEJILHO YIPABJIATh XO40M BhIUNCIeHNA. Ecau 00bIuHbIE PYHKITAN
CUMTATh JIUCTHbAMHU JIHMCI-IPOrpaMMBbI, TO C IIOMOIIBIO TAKHX OIIEPATOPOB
MOKHO CO3IaBaTh ee BeTBU.

5.1. bnokun

B Common Lisp ecTs Tpu OCHOBHBIX OIlepaTopa AJA CO3AaHUsA 0JOKOB Koza:
progn, block m taghody. C mepBbIM 13 HUX MBI yoKe 3HAKOMbBI. BeIpasKeHus, cO-
CTaBJISAIONINE TEJIO OIlepaTopa progn, BEIUUCIAIOTCA MOCJE0BaTEeIbHO, IPU
5TOM BO3BpAIIaeTCA 3HAUEHUE TTOCTIeTHEeT0:"

> (progn
(format t "a")
(format t "b")
(+ 11 12))

ab

23

Tak Kak Bo3BpalllaeTcsA 3HAUEHWE JIUIIH ITOCJEeIHEr0 BBIPAKEHUSA, TO HC-
TOJIb30BaHME Progn (UM APYTUX OIEPATOPOB GJIOKOB) IPEAIIOIAraeT HaJIu-
yue Mo00UYHBIX 9(P(PeKToB.

Omneparop block — 8To progn ¢ UMeHeM U 3aIllaCHBIM BBIXOZ0M. IIepBbIii apry-
MEHT JOJIJKeH ObITh CHMBOJIOM, 1 OH OIIpefie iseT nMs 0joka. Haxonscs BHYT-
pu 6J10Ka, BbI MOJKETe B JII00OIT MOMEHT BO3BPATHUTH 3HAUEHUE C IIOMOIIIbIO
return-from ¢ COOTBETCTBYIOIIIMM NMEHeM OJIOKA:

> (block head
(format t "Here we go.")
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(return-from head ’idea)

(format t "We'll never see this. "))
Here we go.
IDEA

BrI30B return-from mo3BoJisieT BaM BHE3AIIHO, HO M3SIIHO BREIATH 13 JIFOOOTO
MecTa B Kofie. Bropoit aprymeHT return-from ciysKuUT B KauecTBe BO3BpaIiae-
MOT'0 3HAUeHUA 13 0JI0Ka, UMA KOTOPOTO IIepeaeTcsA B IIePBOM apryMeHTe.
Bce BbIpakeHus, HAXOAAIIMECI B COOTBETCTBYIOIIEM OJIOKe IIocjie return-
from, He BBIUMCJIAIOTCH.

Kpowme Toro, cyIecTByeT cuenuaJabHbIH MaKpoC return, BEIMOJIHSIOIMUHA BbI-
xXox 13 0JIOKa ¢ uMeHeM nil:

> (block nil
(return 27))
27

Muorue onepatopsl B Common Lisp, mpuHuMaroiye Ha BXo 6JI0K Koja, He-
SABHO 000paumBaioT ero B block ¢ mmenem nil. B wacTHOCTHM, Tak meIaioT Bce
HUTepanroOHHbIEe KOHCTPYKIINN:

> (dolist (x "(abcde))
(format t ""A " x)
(if (eql x '¢)
(return 'done)))
ABC
DONE

Teno pyuKIIUM, co3maBaeMoii defun, sBaseTcsa GJIOKOM C TeM Ke MMeHeM,
YTO U caMa (DYHKITUA:

(defun foo ()
(return-from foo 27))

Bue aBHOTrO nsu HessBHOTO block Hu return, Hu return-from He paboTaior.

C momortbio return-from MOKHO HAITUCATh YJIYUIIIEHHBIA BapuaHT QYHKIIUT
read-integer:

(defun read-integer (str)
(let ((accum 0))
(dotimes (pos (length str))
(let ((i (digit-char-p (char str pos))))
(if 1

(setf accum (+ (+ accum 10) 1))
(return-from read-integer nil))))

accum))

IIpenbiayiuii BapuauT read-integer (cTp. 83) BBHITIOIHAI IPOBEPKY BCEX 3HA-
KOB /IO TIOCTPOEHUS I[eJioro uncja. Temeps sKe ABa Iara coOpaHbl BOEIUHO,
TaK KaK UCIOJIb30BaHMeE return-from mo3BojsieT mpepBaTh BHIIOJIHEHUE, KO-
Tla MBI BCTPETUM HeUNCJIOBOH 3HAK.

TpeTuii 0CHOBHOII KOHCTPYKTOP OJOKOB, tagbhody, HOIyCKAaeT BHYTPU ceds
WCII0JIb30BaHUE oIlepaTopa go. ATOMBI, BCTpeUaroluecsa BHyTPHU 6JI0Ka, pac-
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5.2.

LEHUBAIOTCA KaK METKH, 10 KOTOPBIM MOKET BBIIIOJIHATLCA nepexon. Hiuke
IpUBEIEeH NJOBOJIHHO KOPABBIN KO AJid mevatu uyucesa ot 1 go 10:

> (tagbody

(setf x 0)

top

(setf x (+ x 1))

(format t ""A " x)

(if (< x 10) (go top)))
12345678910
NTL

Omeparop tagbody — OfWH U3 TeX, KOTOPbIe TPUMEHSIOTCS AJIsI TOCTPOEHU A
IPYTHUX OIIEePaTOPOB, HO, KaK MIPABUJIO, He TOASATCA AJIsI HeIIOCPEICTBEHHOTO
HMCIO/Ib30BaHMUsA. BOJIBITNHCTBO UTEPATUBHBIX OIEPATOPOB OCTPOEHBI II0-
Bepx tagbody, mosTomy mHOrAa (HO HE BCEr[a) eCTh BO3MOYKHOTE MCIIOJIb30-
BaTh BHYTPU HUX METKHU U IIEPEeXOJ 10 HUM C TIOMOII[BIO 0.

Kak pemuts, KaKoil u3 6JIOKOB MCIIOJIb30BaTh? IIpaKTUyecKu Bceraa momoi-
et progn. IIpu sKesanuu MMeTh BOBMOYKHOCTH S9KCTPEHHOI'O BBIXO/A JIYYIIle
ncnoab30BaTh block. IIpaKkTuecKr HUKTO He UCIIOJIb3yeT taghody HATPAMYIO.

KoHTeKcT

C omepaTopom let, ITO3BOJIAOIINM I'PYININPOBATE BEIPAMKEHU A, MbI VKe 3Ha-
KoMbl. [Tomumo Habopa BEIUMCIAEMBIX BEIPDAKEeHNI OH IT03BOJISIET 3a]aBaTh
HOBBIE IIepeMeHHbIe, KOTOPhIe JefICTBYIOT BHYTPU €ro Teja:

> (let ((x 7)
(y 2))
(format t "Number™)
(+ xy))
Number
9

OmepaTopbl Tuma let CO3JAIOT HOBBIN Jekcudeckuil konmerxcm (lexical
context). B Hamem mpuMepe JIeKCUUECKUIT KOHTEKCT MMeeT ABe HOBBIE IIiepe-
MeHHBIe, KOTOPbIE BHE €r'0 CTAHOBATCSA HEBUAMMBIMU.

BrI30B let MOKHO TTIOHMMATh KakK BhI30B (pyHKIIMU. B pasgesne 2.14 nmokasa-
HO, YTO Ha QYHKITHNIO MOYKHO CCBHLIATHCS HE TOJHKO 0 UMEeHU, HO 1 110 JIsIMO-
Ia-BeIpaskeHuno. Pas 1aM0Ona-BeIpaskeHre SKBUBAJICHTHO UMEeHN (PDYHKIIUH,
TO MBI MOYKEM HCIIOJIb30BATL €I'0 BMECTO UMEHHU, CTABSA IIEPBBIM 3JI€MEHTOM
BBIPAYKEHU:

> ((lambda (x) (+ x 1)) 3)
4

IIpumep c let, mpuBeAeHHBIN B HauaJje pasfeJia, MOKET ObITh Iepernrucan
Kak JsM0/1a-BbI30B:

((lambda (x vy)
(format t "Number™)
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(+xv))
;
2)

JI:060ii BOIpOC, BOSHUKAIOIIUI y BaC IPU NCIOJIb30BAHUM let, JerKo paspe-
IIIUTCS, €CJU IIOCTPOUTDH AHAJOTUUHYI0 KOHCTPYKIIHIO ¢ TTOMOIITLI0 1ambda.’

IIpuBenem npumep cuTyaruu, KOTOPYIO PasbsCHSIET HAIla aHAJorusa. Pac-
CMOTPUM BBIpaskeHue let, B KOTOPOM OfHA U3 ITePEeMEeHHBIX 3aBUCHUT OT IPY-
oIl mepeMeHHOM TOH Ke 1et-KOHCTPYKITHH’:

(let ((x 2)
(y (+ x 1))
(+ xy))

3HaueHue x B (+ x 1) He oIpeleseH0, M 9TO BUAHO U3 COOTBETCTBYIOIErO
JIsIMOa-BBI30BA:

((lambda (x y) (+ x y)) 2
(+ x 1))

CoBepIrreHHO 0YEBUIHO, UTO BEIPAXKEHUe (+ X 1) He MOMKET CChLIaThCA Ha IIe-
PeMeHHYIO X B IAMOIa-BbIPAKEHU.

Ho xak 6BITH, €CJI MBI XOTUM, YTOOBI OHA 13 TI€PEMEHHbBIX B 16t-BbI30BE 3a-
BUCeJa OT Apyroi? (s aToii meau CyIecTByeT onepaTop lets:

> (letx ((x 1)
(y (+ x 1))
(+ xy))
3

Br130B let+ MOJTHOCTHIO 9KBUBAJIEHTEH CEPUU BJIOKEHHBIX let. Harm mpumep
MOJKHO II€PerucaTh TaK:

(let ((x 1))
(let ((y (+ x 1)))
(+ xy)))

Kaxk B let, Tak u B let» MCXOAHbBIe 3HAUCHUA IIepeMeHHbIX — nil. Eciu nmen-
HO 5TU 3HAUEHUA BaM HYKHBI, MOYKHO He 3aKJII0UaTh 00bABJIEHUA B CKOOKI:

> (let (xvy)
(list x vy))
(NIL NIL)

Maxpoc destructing-bind siBasiercst o6oOieHreM let. BmecTo oTmenbHBIX
TIepeMeHHbBIX OH IPUHUMAaeT wabioH (pattern) — ofHY UJIN HECKOJIBKO IIepe-
MEHHBIX, PACIIOJIO}KEeHHBIX B BU/JIe JepeBa, — U CBA3BIBAET 3TU IIepeMeHHbIe
C COOTBETCTBYIOIUMU YaCTAMU peasbHOro fepeBa. Hanpumep:

> (destructing-bind (w (x y) . z) "(a (b c) d e)
(list w x y 7))
(ABC (DE))

B ciiyuae HecooTBeTCTBUA IIa0I0HA AEPEBY, IIepPeIaHHOMY BO BTOPOM apry-
MEHTe, BOSHUKAeT OIII0KA.
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5.3. YcnoBHble Bbipa)keHns

HawunboJiee IpocThIM YCJIOBHBIM OIIEPATOPOM MOXKEHO cunTaTh if. Bee ocrab-
HbIe ABJSIOTCA ero pacitupenuamu. OmnepaTop when ABJAsIeTCS YIPOIIleHeM
if. Ero TeJyio, KOTOpoe MOXKEeT COCTOSATDH M3 HeCKOJbKUX BhIPAKeHIIi, BIUNC-
JISIeTCS JIUIITD B CJIyYae NMCTUHHOCTH TECTOBOrO BhIpaskeHusa. TaKuM o6pasom,

(when (oddp that)
(format t "Hmm, that’s odd. ™)
(+ that 1))

9KBHUBAJIECHTHO

(if (oddp that)
(progn
(format t "Hmm, that’'s odd. ™)
(+ that 1)))

OmepaTop unless mefCTBYeT MPOTUBOMIOJOMKHO when. Ero Tesio BeruncisgeTcsa
JINIIG B CJIyYae JIOMKHOCTH TeCTOBOI'O BHIPAYKEHU .

Marepbio Bcex YCIOBHBIX BhIPasKeHUI (B 000UX CMBIC/IaX) ABJIAETCA cond, KO-
TOPBIH IpeJiaraeT ABa HOBBIX IIPEMMYIIIECTBA: HEOIPDAHUUEHHOE KOJIUYECT-
BO YCJIOBHBIX IIEPEXOZOB 1 HEABHOE MCIIOJIF30BaHE Progn B KasK/IOM U3 HUX.
Ero nmeeT cMBICT MCIIONIB30BATH B CIyUae, KOTAA TPETUH apryMeHT if — Apy-
roe yCcJI0BHOe BhIpaskeHue. Hampuwmep, ciiefyroiriee omrpeesesHue our-member:

(defun our-member (obj 1st)
(if (atom 1st)
nil
(if (eql (car 1st) obj)
Ist
(our-member obj (cdr 1st)))))

MOKeT OBITH [TEPEIIMCAHO C IIOMOIIBIO coNnd:

(defun our-member (obj 1st)
(cond ((atom 1st) nil)
((egl (car 1st) obj) 1st)
(t (our-member obj (cdr 1st)))))

B neticrBurenbHOCTH, peasnusanusa Common Lisp, BepoATHO, OTTPaHCIUDPY-
€T BTOPOI BapUaHT B IIePBBIN.

B o611iem carydae cond MosKeT MPUHUMATD HOJIb UK 0oJiee aprymMeHToB. Kask-
IBII apryMeHT AOJI?KeH ObITH IIPEACTABJIEH CIIMCKOM, COCTOSIIUM U3 YCJIO-
BUSA U CJIEAYIONIUX 38 HUM BbIPAKEHUI, KOTOPbIE OYYT BEIUUCIATHCS B CIIY-
Yyae MCTUHHOCTH 3TOTr0 ycjaoBusA. [Ipy BhIUMCIEHWM BbI3OBa Cond ycJaOBUSA
TIPOBEPAIOTCA II0 OUePeU A0 TeX 0P, ITOKA OJHO 13 HUX He OKAYKeTCA UCTUH-
HbIM. [lajiee BBIYMUCISAIOTCA BBIPAKEHUSA, CAEAYIOIINE 3a dTHUM YCJIOBUEM,
U BO3BpalllaeTcA 3HaUeHWe IOCJenHero u3 Hux. Ecju mociie BhIpasKeHUsd,
0KAas3aBINerocs UCTUHHBIM, HET APYTUX BRIPAKeHUH, TO BO3BPAIIlAeTCs ero
3HAUeHUeE:
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5.4

> (cond (99))
99

Eciau ycioBue nmeer TecToBOE BhIpakeHue t, OHO OyZeT NCTUHHBLIM BCeraa.
AToT (PaKT yAOOHO MCIOJIH30BATh IJIA YKa3aHUsS YCJIOBUSI, KOTOpPoe Oyaer
BBITIOJIHATHLCSA B cJyuae, KOra Bce OCTaJIbHbIe He mmomoiiau. [lo ymMoryaHuio
B TAKOM CJIyuae BO3BPAIIlaeTcs Nil, HO CYUTAETCS IJIOXUM CTUJIEM HCIIOJIb-
30BaTh 9T0T BapuaHT. (I[Iogo6Hasa mpobaema moxkasama Ha cTp. 132.)

ECJII/I BBI CDABHUBAETE BBIPaXeHue C Ha60pOM IIOCTOAHHBIX, YK€ BbIUMCJICH-
HBIX 00'bEKTOB, IIpaBUJIbHEEe Oy[eT HCIIOJb30BATh KOHCTPYKI[MIO case. Ha-
TIpUMep, MbI MOXKEM BOCIIOJIb30BATHCA Case JJIsd TPeodpas3oBaHUA UMEHU Me-
cAma B ero IPOaOJIXKUTEJIBHOCTD B THAX:

(defun month-length (mon)
(case mon
((jan mar may jul aug oct dec) 31)
((apr jun sept nov) 30)
(feb (if (leap-year) 29 28))
(otherwise “"unknown month™)))

Koncrpyknua case HaunHaeTCs ¢ BbIpaskeHUsd, 3HAUEHNE KOTOPOro Oyzer
CPaBHUBATHCA C IPEAJIOKEHHBIMY BapUaHTaAMU. 3a HUM CJIEIVIOT BbIpake-
HUA, HAaUWHAIOIecd 100 ¢ KJII04a, Ju00 CO CIIMCKA KJII0Uel, 38 KOTOPBIM
cJIelyeT IPOM3BOJIbHOE KOJIWYECTBO BhIpakeHNH. CaMu KJII0YN paccMaTpu-
BalOTCS KAK KOHCTAHTHI M HE BBIUMCJIAIOTCA. SHAUEHUE KJoua (KJIHuei)
CpaBHUBAETCSA C OPUTUHAJIBHBIM 00bEKTOM € IToMoIIbio eql. B ciyuae coBna-
JEHUs BBIYUCJIAIOTCA CJELYIOINE 3a KJIOYOM BbIpaskeHusA. PesyiabraTom
BBIBOBA CASe ABJSAETCSA 3HAUEHNE ITOCIETHEr0 BEIUNCIEHHOT0 BEIPAKEHN .

BapuaHT 110 ymoIuaHUIO MOKeET ObITH 0003HaUeH uepes t uiu otherwise. Ec-
JIV HU OJWH W3 KJIIOUeil He MOOIIeJ] NI BaPDUAHT, COAEPIKAIIUI TOXOLA-
U KJ0Y, HE COOEPKUT BhIpAKeHU, BO3BpaIlmaercd nil:

> (case 99 (99))
NIL

Maxkpoc typecase IIOX0K Ha Case, HO BMECTO KJIOUel UCI0JIb3yeT crerudu-
KaTOpBI TUIIOB, & ICKOMOE BhIPAKEHUE CBepAeTCA C HUMU uepes typep BMe-
cto eql. (IIpumep ¢ ucImoIb30BaHUEM typecase IpuUBeaeH Ha cTp. 118.)

UTepauun

OCHOBHOII UTePAIlMOHHELII OoIlepaTop, do, OBLI IIpeAcTaBJieH B pasaee 2.13.
ITockoabpKy do HeABHBIM 00pa3oM HCIIOJIb3yeT block u tagbody, BHYTpHU Hero
MOJKHO MCHOJIB30BaTh return, return-from m go.

B pasmese 2.13 661710 YKa3aHO, UTO IIEPBBIM apryMeHT d0 JOJIKEeH ObIThH CITH-
CKOM, COZIePsKAaII[MM OIMCAHUS IePeMeHHbBIX BUIa

(variable initial update)
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Bripaskenus initial u update e ob6sas3arenbHbl. Ecau BbIpaskenue update
IPOIYIIeHO, 3HaUeHe COOTBETCTBYIOIIEH mepeMeHHoi He OyaeT MEeHAThCS.
Ecau nipomryitieno initial, To mepeMeHHO IPUCBAaUBAETCA IIEPBOHAYAJIBHOE
3HaueHue nil.

B mpumepe Ha cTp. 40:

(defun show-squares (start end)
(do ((i start (+ 1 1)))
((> 1 end) ’'done)
(format t ""A "A™%" i (» 1 1))))

ILIs1 TIepeMeHHOM, co3maBaeMont do, 3aaHo BeIpaskeHnue update. IlpakTuye-
CKM BCerja B IIPOIECCE BBIMOJHEHUS BBIPAXKEHUSI 00 M3MEHAETCS XOTs ObI
oI HA IepeMeHHas.

B cayuae mopmpuramuy cpasdy HECKOJIBKUX IIEPEMEHHBIX BCTAET BOIIPOC:
YTO IPOUBOHIET, ecau (hopMa OOHOBIEHMA OSHON U3 HUX CCHLIAETCS Ha APY-
T'yI0 IIepeMeHHY0, KOTopasa TaKiKe HoJyKHa 00HOBUThCA? Kakoe sHaueHue
TocJiefHel TTepeMeHHOM OyIeT NCII0Ib30BaThCA: 3aKCUPOBaHHOE HA IIpe-
IBINYINEN UTepanum nin y:Ke nsMenenrHoe? Makpoc do mcmoab3yeT sHaye-
HUe MPeIbIAYINei nTepalum:

> (let ((x "a))
(do ((x 1 (+x 1))
(y x x))
((>x5))
(format t "(TA "A) " x y)))
(1TA) (21)(32) (43) (54)
NIL

Ha rasxo0it uTepanum 3HaueHNe X YBeJINUNBAeTCA Ha 1, a y ToJIyyaeT 3HaUe-
HUe X U3 npedvldyuieil nTepamnu.

CyImecTByeT TaKiKe ormepaTop dox, OTHOCAIIUIHCS K do, KaK letx K let. B Hem
HavaJbHbIe (initial) nau nocienyotrue (update) BEIPaKEeHUA NJIA BBIULCTIE-
HUS IIepeMeHHBIX MOTYT CChLIaThCA Ha MPEABLIAYIre IIepeMeHHble, U Ipu
5TOM OHU OYAYT IOJyYaTh UX TEKYIIMe 3HAUCHUA:

> (dox ((x 1 (+x 1))
(y x x))
((> x 5))
(format t "(TA "A) " x vy))
(11) (22) (33) (44) (55)
NIL

ITomumo do m dox cyIecTBYIOT u 6oJiee CIIEIIMAIN3UPOBAHHEIE OIIEPATOPHI.
Hreparusa 1mo cnucKy BBIMIOJHAETCS € IIOMOIITBIO dolist:

> (dolist (x "(a b ¢ d) 'done)
(format t ""A " X))

ABCD

DONE
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CyTb onepartopa do

B knuee «The Evolution of Lisp» Cmua u I'abpuan evipaxcarom cymo
do HacMosLbKO MO4HO, LIMO CO0MeemcmeyuLuil 0mpulok U3 Hee 0o-
CMOUH YUMUDPOBAHUSA:

OTno:XuM 00CysKaeHe CHHTAKcHca B CTOPoHY. HyKHO IIpu3HaTh, 4TO
IUKJ, BBIMOJHAIOIUN JUIIL UTEPAIlHIO II0 OJHON IepeMeHHOMH, I0-
BOJIBHO 0€ecCIIoJIe3eH B JII000M s3bIKe IIporpaMMupoBanus. IIpakTuye-
CKHU BCerJa B TAKUX CJIydYasX OJHA IIepeMeHHAas UCIIOJIb3yeTCs AJIs
THOJIyUYeHU s TOCeI0BaTeJIbHBIX 3HAUEHNI, B TO BpeMsA KaK elle oxHa
cobupaeT ux BMecTe. Ec/Iii ITUKJI JUIh YBeJIUUYNBAET 3HAUCHUE TIepe-
MEHHOU Ha 3aJaHHYI0 BeJIUUNHY, TO KaKJ0e HOBOe 3HaUeHUe JOJIKHO
ycTaHaBIUBATBLCA OJ1aromapsa MPUCBAUBAHUTIO... UJIW UHBIM IT000YHBIM
sdpdpexTam. ITuka do ¢ HECKOJIBKUMU IIEPEeMEeHHBIMH BBIPAXKaeT BHYT-
PEHHIOI CUMMETPUIO TeHepaluu U aKKyMYJIAIUY, TT03BOJSAA BbIpa-
3UTHh UTEPAIINIO 0e3 IBHBIX II000UHBIX 3((PEKTOB:

(defun factorial (n)
(do ((3n(-31))

(F1(+3 1))
((=30) 1))

n BIIpaBay, HET HUYETO HeOOBIYHOTO B nuUKJax do ¢ IyCThIM TeJOM,
KOTOPBbIE€ BBIIIOJIHAIOT BCIO pa60'1‘y B caMuXx wazax I/ITep.‘ilIlI/II/I.°

Tperbe BhIpa:KeHUEe B HAUAJbHOM CIKCKe OyAeT BBIUMCJIEHO Ha BBIXOIE U3
nukJa. [lo ymomuaHmio aTo nil.

IToxosxum o6pasom mericTByet dotimes, mpoberatomniuii 11 3aJaHHOTO YHcIa
n 3uauenus ot 0 go n—1:

> (dotimes (x 5 x)
(format t "7A " x))

01234

5

Kak u B dolist, TpeTbe BhIpaskeHUe B HAaUaJbHOM CIIMCKe He 00s3aTeJbHO

¥ 10 YMOJIYAHUIO YCTAHOBJIEHO KaK nil. O6paTuTe BHUMAaHME, YTO 3TO BhIPA-

JKeHUe MOJKET COJlep:KaTh caMy UTePUPYyeMYIO IIepeMeHHY 0.

DyHKIMA Mapc MOX0Ka Ha Mapcar, OAHAKO OHA He CTPOUT CIIMCOK M3 BBIUKC-
JIEHHBIX 3Haqu1/1171, II0O3TOMY MOJKET UCIIOJIb30BATHCA JINIIb PAAX HOGO‘IHBIX
s(pdexTor. OHa G6osiee rubKa, ueM dolist, MOTOMY UTO MOJKET BBIMOJIHATDH
UTEePaIIo IapajebHO CPasy 10 HeCKOJbKIM CIIMCKAM:

> (mapc #'(lambda (x y)
(format t "7A "A " x vy))
"(hip flip slip)
"(hop flop slop))
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5.5.

HIP HOP FLIP FLOP SLIP SLOP
(HIP FLIP SLIP)

DyYHKIIUA Mapc BCeraa BO3BpAaIllaeT CBOM BTOPOII apryMeHT.

MHo)XecTBeHHble 3Ha4YeHUs

Yr006bI IIOAYEPKHYTH BaXXHOCTbH (IJYHI{I_II/IOHaJIbHOI‘O IIporpaMMHupOBaHUA,
YacTo FOBOPSAT, UTO B JIucHe Kaskoe BEIpaskeHre BO3BpaliaeT 3HaueHue. Ha
caMoM [Jejie, BCce HECKOJIBKO cioskHee. B Common Lisp BeIpaskeHUe MOKET
BO3BpAIIaTh HECKOJIBLKO 3HAUEHUN WJIN JKe He BO3BpAIaTh HU ogHOr0. Mak-
CHUMaJIbHOE MX KOJHWUYECTBO MOXKET Pal3jiMUaThCA B PA3HBIX peausaludx,
HO JOJIXKHO ObITH He MeHee 19.

O @yHKIUYU, KOTOpasd BEIUUCIIAET HECKOJIBKO 3HAUEHU, 9Ta BO3MOKHOCTH
TIO3BOJISIET BO3BPAIIIATh UX 0€3 3aKJIIOUEeHUA B KaKy0-1u00 CTPYKTypy. Ha-
IpuMep, BCTpoeHHadA pyHKIMA get-decoded-time Bo3BpaIiaeT TeKyIiiee Bpe-
MdA B BUJIE JeBATU 3HAUEHUI: CEKYHbI, MUHYTHI, Yachl, I€Hb, MECAI], TOJ
¥ eIlle ABa.

MuosxecTBeHHBIE 3HAUCHUA TaKyKe IO3BOJIAIT (PYHKIIMAM IIOMCKA pasje-
JISATH CJIyYau, KOTa SJIeMeHT He Hali/leH 1 Kora HalaeH ajgeMeHT nil. Umen-
HO MO3TOMY gethash BosBpalllaeT aBa 3HaueHUsA. Bmopoe 3HaueHUe MHPOP-
MHPYeT 00 YCIIeIITHOCTU IIOMCKA, MI09TOMY MBI MOYKeM XPaHUTL Nil B XeIl-
TabJIMIle TOYHO TaK JKe, KAK 1 OCTaJbHbIe 3HAUEHU .

MuoskecTBeHHBIE 3HAUEHUA MOYKHO BO3BPATUTH C IIOMOIIBIO (PDYHKITUM Va-
lues. OHa Bo3BpaIllaeT B TOUHOCTU Te 3HAUEHUA, KOTOPbIe ObLIU IIepeaHbl
eli B BUJle apI'yMeHTOB:

> (values "a nil (+ 2 4))
A

NIL

6

Ecau BbI30B values ABJISETCS IOCJIeTHUM B Tese GYHKIIUU, TO 3Ta QYHKI[US
BO3BpAIIIAeT Te JKe MHOKECTBEHHbIe 3HAUEeHU A, UYTO 1 values. MHOKecTBeH-
Hble 3HaUeHNA MOT'YT llepefaBaThbCA Yepe3 HeCKOJIbKO BEIBOBOB:

> ((lambda () ((lambda () (values 1 2)))))
]
2

OngHaKO ecau B IeIIOUKe Iepemavyr 3HaueHUIl UTO-Iub0 IMIPUHUMAaET JIUIIb
OIVH apryMeHT, TO BCe OCTaJbHEIE OYAYT IIOTEPIHBI:

> (let ((x (values 1 2)))
X)
;

Hcmonbays values 6e3 apryMeHTOB, Mbl IMeeM BO3MOKHOCTE He BO3BpAIllaTh
HUKaKuX 3HaueHuii. Eciu ke uTo-mub0 OyaeT oKuaaTh 3HaUeHUe, OyaeT
BO3BpallleH nil.
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5.6.

> (values)

> (let ((x (values)))
X)

NIL

YT00BI MOJTYUYUTH HECKOJBKO 3HAUEHUH, MOYKHO BOCIIOJIB30BaThC Multiple-
value-bind:

> (multiple-value-bind (x y z) (values 1 2 3)
(list x vy 2))

(123)

> (multiple-value-bind (x y z) (values 1 2)
(list x vy z))

(1 2 NIL)

Eciu mepemeHHBIX 60JIbIIe, YeM BO3BPAIla€MbIX 3HAUEHUH, JIUIITHAM IIepe-
MeHHBIM OyIeT IpucBoeHo 3HaueHue nil. Eciu ske 3HaueHUiT BO3BpaIaercs
00JIbIIIe, YeM BBIZIeJIEHO IePEeMEeHHbBIX, TO JUIITHNE 3HaUeHUs OYAyT OTOpoIITe-
Hbl. TakuM o6pa3oM, BbI MOKeTe HaucaTh PYHKIIUIO, KOTOPAas IPOCTO IIe-
yaTaeT TEeKyIee Bpems:’

> (multiple-value-bind (s m h) (get-decoded-time)
(format nil ""A:"A:"A" h m s))
"4:32:13"

Mok HO IepeaTh KaKON-Tu00 PYHKIINY MHOKECTBEHHbBIE 3HAUCHU S B Kade-
CTBe apr'yMeHTOB C IIOMOIIbIo multiple-value-call:

> (multiple-value-call #'+ (values 1 2 3))
6

Kpome Toro, ects pyHKIMa multiple-value-list:

> (multiple-value-list (values 'a 'b 'c))
(ABC)

KoTopad JelicTByeT Tak ke, Kak multiple-value-call ¢ yHKImein #'1ist
B KaueCTBe IIepPBOr'0 apryMeHTa.

MpepbiBaHMe BbINOHEHNS

Yr0o0bI BEINTH U3 0JI0KA B JII00O0M MOMEHT, JOCTATOYHO BEI3BATh return. OgHa-
KO MHOTZIa MOJKeT ITOTPeOoBaThCcsa HeuTo 6ojiee paguKaabHOe, HAIIpUMep IIe-
perava yrpaBJeHHs Yepe3 HeCKOJbKO BbI30BOB (hyHKI(mi. [y aToi 1esn
CYII[ECTBYIOT CIIeIaJILHEIE OIlepaTopbl catch m throw. KoHerpykius catch
HUCIIOJIb3yeT METKY, KOTOPOU MOKeT OBbITH JII000M 00BeKT. 3a MeTKOII caemy-
eT HabOp BBIPAKEHUT.

(defun super ()
(catch "abort
(sub)
(format t "We’ll never see this.")))
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(defun sub ()
(throw "abort 99))

BrIpakenus mocjie MEeTKHU BEIUNCIAIOTCA TakK ke, Kak B progn. BeizoB throw
BHYTPH JIIOOOT0 13 9TUX BBIPAKEeHUH MPUBENET K HEMeIJIEHHOMY BBIXOY U3
catch:

> (super)
99

Omnepartop throw ¢ 3aJaHHON METKOI IepefacT yIpaBJIeHNe COOTBETCTBYIO-
e KOHCTPYKIIMU catch (TO eCcTh 3aBEPIIINT ee BBHIIIOJIHEHNE) Uepes JII00oe
KOJIMYECTBO Catch ¢ ApyruMu MeTKaMu (COOTBETCTBEHHO «yOuB» ux). Ecam
HEeT OKUIAIO0NIero catch ¢ TpedyeMoii MeTKOi, throw BEIBOBET OIITHIOKY.

BBI30B error TaksKe IpepeIBaeT BLINOJIHEHEe, HO BMECTO Iepefadl yIIpasie-
HUA BBEPX IIO EPEBY BHIZOBOB OH IIEPEJAET ero 00paboTUMKY OIuOoK Jlvc-
ma. B pesysabTaTe BBI, CKOpee Bcero, momnaaere B ornaguuk (break loop). Bot
YTO IIPOM30MIeT B HEKOI abcTpaKkTHOU peanudanuu Common Lisp:

> (progn
(error "Oops! )
(format t "After the error. "))
Error: Oops!
Options: :abort, :backtrace
>>

Bousiee moxpobuy0 nHGOpMAIUIO 00 OMIMOKAX M YCJIOBUAX MOXKHO HANTH
B IPUJIOKeHUU A.

WMHorma BaM MOXKeT MOHAZOOWTHCA HEKas TapaHTUA 3aIlUTHI OT OIIMOOK
¥ TIpepbIBaHUI THHa throw. Memoabaysa unwind-protect, BBI MOMKeTe OBITH yBe-
PEeHBI, UTO B Pe3yJibTaTe IMOJOOHBIX ABJICHUN IPOrpaMMa He OKaKeTCA B IIPO-
TUBOPEUUBOM COCTOSIHUMN. KOHCTPYKIIUA unwind-protect mpuHuUMaeT Jiro6oe
KOJIMYECTBO apI'yMEHTOB 1 BO3BpAaIliaeT 3HaueHne nepporo. OcrajbHbIE BbIPA-
JKeHus OyIyT BEIUMCJICHBI, JaKe eCJIU BhIYKUCIeHUe IIePBOro OyaeT IpepBaHo.

> (setf x 1)

]

> (catch "abort

(unwind-protect

(throw "abort 99)
(setf x 2)))

99

> X

2

3mechb, Taske HECMOTPS Ha TO 4TO throw mmepemaJ yupasJeHue catch, Bropoe
BhIPa)KeHre ObIJIO BBIUNCJIEHO IIPEXKIE, UeM OBLJI OCYIIECTBJIEH BBIXOJ W3
catch. B ciryuae xorma mepen mpeskIeBPeMEeHHBIM 3aBepIlleHreM HeoOXO0mu-
Ma KaKasd-TO OYMCTKA MU cOpoc, unwind-protect MoskeT OBITH OUEHDb MOJIe3-
Ha. OnH U3 TAKUX MPUMEPOB IpeAcTaBJIeH Ha cTp. 295.
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5.7. MMpumMmep: apnpmeTuKa Hag gaTamMmu

B HEKOTOPBHIX NPUJIOKEHUAX II0JIEBHO MMETh BO3MOXKHOCTH CKJIAIbIBATH
¥ BBIUUTATD JaThI, HAIIPUMED, UTOOBI CKas3aTh, uTo uepes 60 gueii moce 17 me-
kabpa 1997 roga macraret 15 despass 1998. B sTom pasmesie MbI cO30a 1M
HeoOXOoAMMBbIE JJIS 9TOr'0 MHCTPYMeHThI. HaMm moTpedyeTcsa KOHBEPTUPOBATh
JIaThI B IleJIbIE UKCJIa, ITPU 9TOM 3a HOJIL OyaeT npuHaTa gata 1 susapsa 2000 ro-
Ia. 3aTeM MbI CMOKEM paboTaTh C JaTaMU KaK C IeJIBIMU YUCJIaMU, UCIIOJIb-
3ysa pyHKIUU + 1 -. Kpome Toro, He06X0AUMO YMeTh KOHBEPTHUPOBATH I1eJI0€
YKCJIO OOpaTHO B JaTy.

Yro0bI IIPeodpas3oBaTh JaTy B IIeJIOE UHCJIO, OyAeM CKJIAAbIBATH KOJIMUYECTBA
IHEeHN, COOTBETCTBYIOIINE PAa3INUYHLIM KOMIIOHEHTAM AaTbl. Hampumep, duc-
J10, coorBeTcTByIoIIee 13 Hosa0pa 2004 roxa, moayuynM, CKJIagbIBasI KOJIMUe-
ctBo aHeit 10 2004 roga, KOJIUUYECTBO JHEH B TOAY 10 HOsAOpA u umeyo 13.

Ham HOTpeﬁyeTCﬂ Ta6JII/II.Ia, YCTaHaBJIMBAKOII[aA COOTBETCTBUE MEKAY MeCA-
meM W KOJIMYECTBOM JHEU B HeM JJIA HeBUCOKOCHOro roga. Haunem co crnu-
CKa, comepKalmero qJINnHbl MECAIEB:

> (setf mon "(31 28 31 30 31 30 31 31 30 31 30 31))
(31 28 31 30 31 30 31 31 30 31 30 31)

HpOBeI[eM HECJIOYKHYIO ITPOBEPKY, CJIOKHB BCE€ 3TU UYMCJia:

> (apply #'+ mon)
365

Teneps nepeBepHEM ITOT CIUCOK U IIPUMEHUM C ITIOMOITIBI0 maplist GyHKIINIO
+ K IIOCJIeJOBATEJIbHOCTHM XBOCTOB (Cdr) cmmcka. MbI mOJTyYmM KOJIMYEeCTBa
[Heil, IpoIeInre 0 Havyaia KasK/[0T0 IOCIeAYIOIero Mecsaa:

> (setf nom (reverse mon))
(31 30 31 30 31 31 30 31 30 31 28 31)
> (setf sums (maplist #' (lambda (x)
(apply #'+ x))

nom))
(365 334 304 273 243 212 181 151 90 59 31)
> (reverse sums)
(31 59 90 120 151 181 212 243 273 304 334 365)

AT UM PLI 03HAUAIOT, UTO A0 HauaJja peBpaJid mpoiger 31 qeHb, o HaYaaa
mapTa 59 u T. 1.

Ha puc. 5.1. mpuBeieH KO, BRIIOJHAIONIUH Tpeobpa3oBaHus AaT. B HeM 1mo-
JIYUYeHHBIH HaMU CIIMCOK ITpeo0pa3oBaH B BEKTOP.

JKusHeHHBIN TUKJ 00bIYHOI JINCII-TPOrpaMMbl COCTOUT U3 YeThIPEX dTAIIOB:
CHAUYaJIa OHA MUIIETCS, IIOTOM YNTAETCS, KOMIIMJINPYETC 1 3aTeM VCIIOJIH -
ercs. OTInuuTeIbHOM 0co0eHHOCTRIO JIncna aBasgercsa ToT pakT, uto Jlucn-
cucTeMa MIPUHUMAaET yJyacTHe B KasKIOM Illare 9TOM II0CJIef0BATEIbHOCTH.
BrbI Mo2KeTe B3BanMOeHCcTBOBATE ¢ JIMCIIOM He TOJILKO BO BpeMsA PaboThI IIPO-
TpaMMBbI, HO TaKiKe BO BpeMsa Komuuaanuu (paszgen 10.2) u gaxke ee uTeHUA
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(pasmen 14.3). To, kKakuM 00pa30M MBI CO3aJU BEKTOP Month, CBUAETEIHLCTBY-
€T 0 TOM, YTO MBI UCIIOJIb3yeM JIMCII Jaske BO BpeMs HAIIMCAHNS IPOI'PAMMEL.

IIpousBoAUTENBHOCT, MPOTPAMMBI MMEET 3HAUEHUE JIUIIIb Ha YeTBEPTOM
aTare — IIPU ee BhIMOJHeH M. Ha mepBhIX Tpex dTamax Bbl MOYKETe B OJHOM
Mepe TOJb30BaThCs TMOKOCTHIO U MOIIIBIO CIMCKOB, HE 3aJyMbIBasCh 00 MX
CTOMMOCTH.

(defconstant month
#(0 31 59 90 120 151 181 212 243 273 304 334 365))

(defconstant yzero 2000)

(defun leap? (y)
(and (zerop (mod y 4))
(or (zerop (mod y 400))
(not (zerop (mod y 100))))))

(defun date->num (d m vy)
(+ (- d 1) (month-num m y) (year-num y)))

(defun month-num (m y)
(+ (svref month ( - m 1))
(if (and (> m 2) (leap? y)) 10)))

(defun year-num (y)
(let ((d 0))
(if (>= vy yzero)
(dotimes (i (- y yzero) d)
(incf d (year-days (+ yzero i))))
(dotimes (i (- yzero y) (- d))
(incf d (year-days (+ vy i)))))))

(defun year-days (y) (if (leap? y) 366 365))

Puc. 5.1. Onepayuu c damamu: npeobpa3osarue 0am 6 yeible LUCLA

Ecau BeI B3AyMaeTe UCIIOJIb30BaTh 3TOT KOA AJIA YIIPDaBJI€EHU A MAaIIUHON Bpe-
MeHU, TO JIIOAY MOI'YyT He COIJIACUThCA C BAMHU II0 IIOBOAY TEKYIIel JaThl, ec-
JIW BBI TIomiazere B mporiioe. Ilo Mepe HaKOMIeHUA WHOOPMAIUY O TTPOJOJI-
JKUTEJBHOCTH I'0/ja JI0J1 BHOCUJIY N3MEHEeHUA B KaJeHjapb. B aHrIoroBops-
IUX CTpaHaX Momo0Hasa HECTHIKOBKA ITOCJAEHU pas yeTpaHsaaach B 1752 ro-
Iy, KoTzla cpasy mocJje 2 ceHTsa0psa mocyienoBayo 14 ceHTaAOps.’

KosmuecTBo mHeit B roay 3aBUCUT OT TOTO, ABJSAETCH JIU OH BHUCOKOCHBIM.
Ton He ABAsETCA BUCOKOCHBIM, €CJIU OH He KpareH 4 qubo xparex 100 u me
kparex 400. 1904 rox 6611 BrucokocHBIM, 1900 He 6611, a 1600 ObLI.

i ompenesieHUs [eJUMOCTH CYyIllecTByeT (GyHKIusA mod, BO3BpaIaomiasa
OCTATOK OT JieJIeHUs IIEPBOT'0 apryMeHTa Ha BTOPOIA:

> (mod 23 5)
3
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> (mod 25 5)
0

OmHO YMCJIO CUMTAETCSA AeJINMBIM HA APYroe, €CJIN OCTATOK OT JeJIeHUS Ha
Hero paBeH HYJI10. PYHKIUA leap? UCHOJIb3YeT 9TOT IIOAXO/ AJIS OIlpeaese-
HISA BUCOKOCHOCTH T'OZA:

> (mapcar # leap? ' (1904 1900 1600))
(T NIL T)

Haty B mesoe umcyao mpeobpasdyer GyHKIuA date->num. OHa BO3BpaIlaeT
CYMMY UHCJIEHHBIX IIPEeACTABJIEHUNA KaKI0T0 KOMIIOHEHTAa AaThl. UTOOBI BbI-
SCHUTH, CKOJILKO JHEIl IPOIILIO0 A0 HauaJia 3aJaHHOI0 MeCsAIla, OHA HUCIIOJIb-
3yeT GYHKIIHIO Month-num, KoTopas obpalaercsa K COOTBETCTBYIOIIEMY KOM-
TIOHEHTY BeKTopa month, 1o6aBJsas K HeMY 1, eCJIi 'Ol BUCOKOCHBIH 1 3aJaH-
HBIH MecsAl] HaXOAUTCA mocje ()eBpais.

YT006B! HANTH KOJIMUECTBO JHEN 10 HACTYIIJIEHNA 3aJaHHOI0 rofa, date->num
BBIBBIBAET year-num, KOTopas BO3BpAalllaeT YHCJIeHHOe ITpeacTaBienne 1 aH-
Baps 9TOro roxa. 9ra GyHKIUS OTCUNUTHIBAET I'OAbI JO HYJIEBOro roxa (To
ectb 2000).

Ha puc. 5.2 nmoxkasan Koz BTOpoil yacTu mporpaMmbl. @yHKIUA num->date
mpeo0pasyer Iejible Urcjia 00paTHo B JaThl. BEI3BIBASA NUM-year, OHA IIoJIyda-
€T I'ofi U KOJHUUYECTBO AHEN B OCTAaTKe, IO KOTOPOMY Num-month BeIUMCIIsIET
MeCsII] U IeHb.

Kaxk u year-num, num-year Beget orcuet ot 2000 rozma, cKaaabIBas IPOLOJIKU-
TeJIbHOCTH KasKJ0T0 I'ofia 10 TeX 10D, IIOKA 9Ta CyMMa He IIPEeBbICUT 3aJaHHOe
yucyo n (uau He OyzeT paBHa emy). Ecii cymMa, moJiyuyeHHAsS Ha KaKOH-TO
UTEepaIuu, IPEeBLICUT €r'0, TO NUN-year BO3BPAIIaeT I'ofl, IOy YeHHBIHN Ha ITpe-
IbIayIneit urepanuu. I[Jis 9Toro BBejeHa ITepeMeHHasd prev, KoTopas XpaHUT
YUCJIO AHEI, MoJyUeHHOe Ha TPeAbIAYINel nTepalinu.

DyuKIUa num-month 1 ee MOAIpPOIEyPa NMoN BexAyT ceda obpaTHO month-num.
OHU BBIYKCJISAIOT IIO3UIIAIO B BEKTOPE MONth 10 YMCJIEHHOMY 3HAYEHUIO, TO-
raa Kak month-num BBIYMCJISET 3HAUEHWE MCXOAs W3 3aJaHHOTO dJIeMEHTa
BEKTOpA.

ITepBrIe aBe QyHKIIUYM Ha puc. 5.2 MOTYT OBITH O0'BEJUHEHBI B OHY. BMecTo
BBI30Ba OTJEJIBHON (DYHKIMU NUM-year MOIJIa ObI BEIBHIBATH HEIIOCPEACTBEH-
HO num-month. OgHaKO Ha 9Tale TECTUPOBAHUA U OTJIALKY TEKYII[UHA BADUAHT
boJiee yaobeH, 1 00befuHeHNe (PYHKIINUI MOYKET CTaTh CJAeAVIONINM IIIaroM
mocJie TeCTUPOBAHUA.

@dyuxnuu date->num u num->date yopormaior apudmerury gar.” C Mx IIoMo-
IIbI0 padoTaeT PyHKIUA date+, MO3BOISAIONIAA CKIAABIBATE U BEIYNTATE JHU
u3 3amaHHoi marel. Temepb MBI CMOKEM BBIUNCJIHUTEL JATY II0 IIPOIIECTBUU
60 mmeit ¢ 17 gexabpa 1997 roga:

> (multiple-value-list (date+ 17 12 1997 60))
(15 2 1998)

Mz mosryunsiu 15 peBpasia 1998 roxaa.
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(defun num->date (n)
(multiple-value-bind (y left) (num-year n)
(multiple-value-bind (m d) (num-month left y)
(values d my))))

(defun num-year (n)
(if (< n 0)
(dox ((y (- yzero 1) (- y 1))
(d (- (year-days y)) (- d (year-days y))))

((<=d n) (values y (- nd))))

(dox ((y yzero (+y 1))
(prev 0 d)
(d (year-days y) (+ d (year-days y))))
((>dn) (values y (- n prev))))))

(defun num-month (n y)
(if (leap? vy)
(cond ((=n 59) (values 2 29))
((>n 59) (nmon (- n 1)))
(t (nmon n)))
(nmon n)))

(defun nmon (n)
(let ((m (position n month :test #'<)))
(values m (+ 1 (- n (svref month (- m 1)))))))

(defun datet (d my n)
(num->date (+ (date->num d my) n)))

Puc. 5.2. Onepauyuu c damamu: npeodpa3o8arue yesblx uuces 8 0ambvt

NTorn rnasbl

1. B Common Lisp ecTb Tpu OCHOBHBIX KOHCTPYKIIUU IJis OJIOKOB: progn,
block ¢ BOBMOXKHOCTBIO HEMEIJIEHHOTO BhIXoa (return) u tagbody, BHyTpH
KoTopoii paboraer goto. MHOrme BCTpPOEHHBIE OIEPATOPHI HCIIOJIb3YIOT
HesABHBIE OJIOKH.

2. CosmaHre HOBOTO JIEKCUYECKOT0 KOHTEKCTa SKBUBAJIEHTHO BBIBOBY (DYHK-
IV,

3. B Common Lisp ecTs HaG0Op yCJIOBHBIX OIEPATOPOB, IIPUCIIOCOOJIEHHBIX
[UIS Pas3JIMYHBIX cUTyaruii. Bce OHU MOT'yT OBITH OIIPEHeseHbI C ITOMO-
b0 1.

4. B Common Lisp ecTh Tak:kKe padHOOOpa3HbIe UTEPAIlIOHHBIE OIIEPATOPHI.

o

BripasxeHua MOT'yT BO3BpallaTh HECKOJIBKO 3HAUEHU .

6. BerumciieHUA MOTYT OBITH IIPEPBAHBI, & TAKIKE MOTYT OBITH 3aIUIIEHBI
OT IOCJIEACTBUM TaKUX IPEPLIBAHUM.
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YnpaxXHeHus

1.

3anuiruTe caeayIonue BhIpaskeHusa 0e3 MCIOoJb30BaHUA let mim letx,
a TaKsKe 0e3 BBIUMCJIEHUSA OJHOTO ¥ TOTO YK€ BhIPAKEeHUS TBAYKIbI:

(a) (let ((x (car y)))
(cons x x))
(b) (letx ((w (car x))
(y (+ wz)))

(cons w y))

ITepenuiiure pyuKIuo nystery (cTp. 46) ¢ ucmoarb3oBaHMEM cONd.

. Ompenenure (PyHKI[MIO, BO3BPAIIAMIIYI0 KBAaApaT CBOEro apryMeHTa,

JINIIOBb KOorga apryMeHT — IIOJIOXKHKTEJIbHOEe YMCJIO, MEHbIIIee NJIM PaBHOE
IIATH.

ITepenummre month-num (puc. 5.1), ucmoab3ysa case BMecTo svref.

. Onpenenure pyHKIUO (PEKYPCUBHYIO U UTEPATUBHYIO BEPCUU) OT 00B-

€KTa X 1 BeKTopa U, BO3BPaIlaIOII[yIO CIIMCOK O6’LeI-€TOB, CJIEOYIOIIINX He-
IIOCPEeACTBEHHO IIepea X B U:

> (precedes #\a "abracadabra™)
(#\c #\d #\r)

OnpepenuTe GyHKINIO (MTEPATUBHO U PEKYPCUBHO), IPUHIMAIOIITYIO 00h-
€KT U CIIMCOK U BO3BPAIIAIOIIYI0 HOBBIM CHKCOK, B KOTOPOM 3aJaHHBIN
9JIEMEHT HaXOUTCS MEKY KasK IO apoil 3J1eMeHTOB MCXOLHOTO CITMCKA:
> (intersperse '- '"(a b c¢c d))
(A-B-C-0D)
OmnpenenuTe QYHKIINIO, TPUHUMAOIIYIO CIIMCOK YKCEJ W BO3BPAIaio-

MIyI0 UCTUHY, €CJU PasHUIla MeXKIAY KaKIOU IIOCHeAyIOIIell mX IIapoi
pasHa 1. cnioab3yiiTe:

(a) pekypcuio
(b) do
(c) mapc u return

. OnpenenuTe OMMHOUHYIO PEKYPCUBHYIO (DYHKIINIO, KOTOPasa BO3BpAIllaeT

ABa 3HAUYE€HUA — MaKCUMAJbHBIN I MIHUMAaJbLHBINA 3JI€MEHTHI BEKTOpa.

IIporpamma Ha puc. 3.12 mpomoJKaeT IOKUCK II0CJIe HAX0KIEH!Us IIePBO-
'O HOAXOAAIIEr0 IyTH B ouepenu. I GONBIITUX ceTeil 3TO MOYKET CTaTh
Ipob6IeMOoii.

(a) Ucmonbaya catch m throw, m3MeHUTE IPOrpaMMy TaKUM 00pasoM,
uyTOOBI OHA BO3BpaIlllaja NepBbIii HAWJeHHBIN ITyTh CPa3y sKe IocIe
TOr0, KaK OH HaliJeH.

(b) Ilepenuiinre IpPOrpamMmy, UTOOBI OHA [ejaJia To JKe caMoe 0e3 mc-
IIoJIb30BaHUA catch u throw.



DyHKUUN

ITormmanue GyHKIIUYE — OAWH U3 KJII0Uell K ToOHNMaHuo Beero Jlucna. DyHK-
IUY — OCHOBHAA KOHIIENIINA, KOTOpad Jeryia B OCHOBY 9TOro A3bIKa. Ha npak-
THKe OHU ABJIAIOTCA Hambojee II0Je3HBIM MHCTPYMEHTOM, HAaXOJAIINMCS
B BallleM PACHOPAKEeHNH.

6.1. FnoGanbHble pyHKUNN

IIpenuxar fboundp coobiImaeT, cyIecTByeT Ju (PYHKIIUSA ¢ UMeHeM, 3aJaH-
HBIM B Buje cuMBoJia. Eciiu KaKou-1160 CUMBOJI ABJIAETCA UMeHeM (PyHK-
UM, TO €€ MOYKHO IIOJIYUYUTH C IIOMOIIIBIO symbol-function:

> (fboundp '+)

T

> (symbol-function '+)
#<Compiled-Function + 17BA4E>

HWcnonbaysa setf mang symbol-function:

> (setf (symbol-function 'add2)
#' (lambda (x) (+ x 2)))

MBI MOKEM OIIPEeJIUTh HOBYIO II00AIbHYI0 (YYHKIIUIO, KOTOPYIO MOYKHO KC-
[I0JIb30BAaTh TOYHO TaK K€, KaK eCJIM ObI MbI OITPEIeJINJIH ee C ITOMOoIIbo defun:

> (add2 1)
3

darTuuecku defun mesaeT HeMHOruM 0oJiee UeM IIPOCTO IIpeoOpasoBaHUIe
BBIPAKEHUS TUIIA

(defun add2 (x) (+ x 2))

B BeIpaskenmue c¢ setf. Micmonb3oBanue defun gesraet mporpamMmsel 0oJiee Jier-
KUMU [Jid IOHUMAaHUs, a TaKiKe coO0IaeT KOMIMJIATOPY HEKOTOPYIO MH-
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6.2

(opmaruio o GyHKIINM, XOTSA, CTPOrO TOBOPS, MCIIOAb30BaTh defun mpu Ha-
MIMCAHUU IPOTPaMM BOBCe He 00513aTeIbHO.

CraesaB mepBbeIM aprymesnTom defun Beipaskenue Buzga (setf f), Bl ompemesn-
Te, UTO OyaeT IMPOUCXOAUTH, Korma setf BbIZBAH C IIEPBBIM aprymMeHTom f.°
Huxe npuBenen npumMep GyHKIIUU Primo, KOTOpas SBJIAETCSI aHAJIOTOM Car:

(defun primo (1st) (car 1st))

(defun (setf primo) (val 1st)
(setf (car 1st) val))

B mocirenaem ompezesieHuM HA MeCTe UMeHU (QDYHKIINY HAaXOAUTCS BbIpParke-
Hue (setf primo), mepBBIM ITapaMeTpPOM SBJIAETCS yCTaHABJIMBaeMoe 3HaUe-
HIe, a BTOPLIM — apryMeHT primo.’

Temeps r060% setf mas primo OyAeT ABIASATHCA BHI3OBOM (DYHKITHU, OIIpe/e-
JIEHHOM BBIIIIE:

> (let ((x (list "a 'b 'c)))
(setf (primo x) 480)
X)

(480 B C)

CoBceM He 00s13aTeJILHO OMPENEeNATh caMy (DYHKIIHUIO Primo, YTOOBI OIIpee-
JINTH moBemeHue (setf primo), ogHAKO TaKue ompeeseHns OOBIYHO JAI0TC
mapaMu.

ITockonbKy cTpOKU B JlucIie — IMOJTHOIIEHHBIE BBHIPAYKEHNA, HUUTO He Mela-
€T UM HaXOqUThCA BHYTPU Tesia GyHKIuu. Cama mo cebe CTpOKa He BBIBLIBA-
eT TOOO0UHBIX 9()(EKTOB, ITOATOMY OHA HU HA UTO HE BJIUAET, €CJIN HE ABJIAET-
cdA mocJeHUM BeIpakeHueM. Eciu 'ke cTpoka OyAeT IIepBhIM BEIPAKEHUEM,
OHa OyZeT CUUTATHCA CTPOKON JOKYMEHTAIINY K PyHKITUN:

(defun foo (x)
"Implements an enhanced paradigm of diversity.”
X)

HoxkyMeHTanua K QYHKIIUY, OIIPeAeIeHHON TVI06a/IbHO, MOYKET OBITDH ITOJY-
YyeHa ¢ IIOMOIIbIo documentation:

> (documentation ’foo 'function)
"Implements an enhanced paradigm of diversity.”

JlokanbHble PyHKLUN

DyHKIUH, OIIpeieJIeHHbIe ¢ ITIOMOIIbIo defun mam setf BmecTe ¢ symbol-func-
tion, ABasIOTCA 2/100abHbLMU. KaK 1 rmobaibHbIe IepeMeHHbIe, OHU MOT'YT
OBITh MCIIOJB30BAHLI Be3me. KpoMe Toro, eCTh BO3MOYKHOCTD OIIPEIeIATE J10-
KaJbHble QYHKIIUN, KOTOPble, KaK U JIOKAJIbHbIe IIepeMeHHbIe, JOCTYIIHbI
JIVIIIh BHYTPU OIIPEIeIEHHOTO KOHTEKCTA.

JlokasbHbIe QYHKIIUU MOTYT OBITH OIPEAEJIeHbI C ITOMOIBI0 KOHCTPYKIIUHI
labels — cBoero poza let aia pyHKIuii. Ee mepBbIM apryMeHTOM SIBJISAETCS He



6.3. CMnckM NapameTpos 13

6.3

CITCOK, 33,113,1011114171 IIepeMeHHBbIe, a CIINCOK OHpeJIeJIeHI/IfI JIOKAJbHBIX (DYHK-
. KaHCI[I:IfI QJIEMEHT 9TOI'0O CIIMCKAa ABJIAETCA CIIMCKOM CJIeAYIOIIero Bruaa:

(name parameters . body)

BrayTtpu labels mro6oe BhIpaskeHUe € name SKBUBAJIEHTHO JAMOJa-BHI30BY
(lambda parameters . body).

> (labels ((add10 (x) + x 10))
(consa (x) (cons "a x)))
(consa (add10 3)))
(A . 13)

Amnanorusa c let, omHako, He paboTaeT B OJHOM cJiyuae. JIoKadbHAsd QyHK-
s B 1abels MOKeT cChlIaThCA Ha JI00ble 1pyrue QyHKIUY, OIpeieIeHHbIe
B TOI Ke KOHCTPYKIIUU labels, B TOM umcje 1 Ha caMy ce0s. ITO IT03BOJISIeT
co37aBaTh C IIOMOIIBLIO 1abels JOKaIbHBIE peKYPCUBHBIE (DYHKITUN:

> (labels ((len (1st)
(if (null 1st)
0
(+ (len (cdr 1st)) 1))))
(len "(a b c)))
3

B pasgese 5.2 roBopuioch 0 TOM, UTO KOHCTPYKIIUA let MOMKeT paccMaTpu-
BaTbhCs KAaK BBI30B (DYHKIINHU. AHAJIOIMYHO BhIPAKeHUe ¢ 40 MOYKET CUUTATD-
cs BBI3OBOM PEKYPCUBHON (PyHKIIUU. BripaskeHnue:

(do ((x a (b x))
(y ¢ (dy)))
((test x y) (z x y))
(f xy))

9KBUBAJIECHTHO

(labels ((rec (x vy)
(cond ((test x vy)
(z xy))
(t
(fxy)
(rec (b x) (d y))))))
(rec a c))

JTa MOEIb MOMKET CIYKUTh IJIsI PA3PeIleHus JIObIX BOIIPOCOB, KOTOPHIE
y BaC ellle MOIVIX OCTAThCA KacaTeJIbHO IIOBeIeHMs d0.

CnucKkn napameTpos

B pasgeie 2.1 661710 TOKa3aHO, YTO Gyarogaps IpeUKCHON HOTAIIUY + MO-
JKeT IPUHUMATh JII000e KOJIMYeCTBO apryMeHToB. C TeX mop Mbl MO3HAKOMIU-
JINCh C MHOTHMMHY TOJOOHBIMY (QyHKIUAMEA. UTOOBI HAIHMCATE TAKYIO (QYHK-
MO CAMOCTOATEJBHO, HAM IIPUAETCA BOCIIOJIb30BATLCI OCMAMOYHbLY TIa-
pametpowm (rest).
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Ecau MBI TOMecTUM dJIeMeHT &rest mepes mocjaeaHell IepeMeHHO B CIUCKe
mapaMeTpoB (OYHKI[UH, TO IPY BBIBOBE 9TOH (PYHKITNY IIOCJIEHUN ITapaMeTp
IIOJITYYUT CIIMCOK BCE€X OCTAaBIIIMNXCA apryMeHTOB. Tenepb MBI MOJKEM HaIIu-
caTb funcall ¢ momoIsro apply:

(defun our-funcall (fn &rest args)
(apply fn args))

Tak:ke HaM yKe 3HAKOMBI ITapaMeTpPbl, KOTOPbIE MOT'YT OBITH IIPOIYIIEHBI
¥ B TAKOM CJIydae MoJiyuaT sHaueHue 1Mo ymoryauuio. Takue mapamMeTps! Ha-
3BIBAIOTCA HeobazameavHbimu (optional). (O6BIUYHBIE TapaMeTPhI MHOT A HA-
3bIBaIOTCA 00a3amenvHblmu (required).) Ecau cumBos &optional BecTpeuaeT-
Cs B CIIUCKe ITapaMeTPOB QyHKIINN

(defun philosoph (thing &optional property)
(list thing 'is property))

TO BCe TOCJIeAYIOINe apTyMeHThI OyAyT Heo0A3aTeIbHBIMU, a UX 3HAUeHUEM
0 yMOJIYaHIIo OyaeT nil:

> (philosoph 'death)
(DEATH IS NIL)

Mz1 MmoskeM 3aaTh UCXOAHOE 3HAUEHME ABHO, 3aKJIOUNB €T0 B CKOOKHU BMe-
cte ¢ mapametrpom. Ciexyroras Bepcus philosoph

(defun philosoph (thing &optional (property ’fun))
(list thing 'is property))

uMeeT 0oJjiee «PaJoCTHOE» 3HAUEHUE II0 YMOIYAHUIIO:

> (philosoph ’death)
(DEATH IS FUN)

3HaUueHMEM 10 YMOJYAHUIO Heo0sA3aTeJIbHOTO ITapaMeTpa MOJKET OBITh He
TOJBKO KOHCTAHTAa, HO 1 Jito6oe JIucm-Beipaskenue. OHO OyeT BRIUNCIATHCA
3aHOBO KaKIbIi pa3, Korjaa 9To moTpedyercs.

Ilapamempyot no kawwy (keyword) npesocTaBIAOT O0JBIIYIO THOKOCTD, YeM
Heo0sA3aTe bHbIE TapaMeTphl. [loMecTuB cuMBOJI &key B CIIMCOK ITapaMeTpPOB,
BBI ITOMeYaeTe BCe MOCIeyIolIre IapaMeTphl KaK HeoOsA3arelbHbIe. Kpome
TOT0, IPU BbI30Be (DYHKIIMU 9TU ITapaMeTpPhl OyAYT IepefaBaThCa HE B COOT-
BETCTBUU C UX OKUTAEMBIM ITOJIOKEHIEM, a II0 COOTBETCTBYIOIEN MEeTKe —
KJIIOUeBOMY CJIOBY:

> (defun keylist (a &key x vy z)
(list a x vy 7))

KEYLIST

> (keylist 1 :y 2)

(1 NIL 2 NIL)

> (keylist 1 1y 3 :x 2)
(1 2 3 NIL)

[ mapaMeTpoB MO KJIOUY, TaK Ke KaK U JJid Heo0sa3aTeIbHbIX, SHAUCHU-
eM II0 YMOJIYAHUIO IBJIAETCS Nil, HO B TO Ke BpeMsA MOYKHO 3aJaTh BhIpaske-
HUEe JJIA UX BEIYUCJICHUA.
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6.4

KirroueBbie cjioBa 1 cBA3aHHBIE C HUMU 3HAYEHU S MOT'YT COOMPATHCS C IIOMO-
mIbIo &rest u B TaKOM BHUe IepefaBaThCAa IPYIUM QYHKIITUAM, 0K AAI0IIINM
ux. Hampumep, MbI MOTJIH OBI OIIPEIeJTUTh adjoin caeqyiomuM o6pas3om:

(defun our-adjoin (obj 1st &rest args)
(if (apply # member obj lst args)
Ist
(cons obj 1st)))

Tak Kak adjoin mpuHUMAaeET Te Ke mapaMeTpsl 0 KJIUy, YTO 1 member, Joc-
TaTOYHO IIPOCTO COOPATh UX B CIIMCOK U IIE€PeJaTh member.

B paspgene 5.2 6b11 IpeacTaBiied Mmakpoc destructing-bind. B obimem cayuae
KaskIoe o/ Iepeso 11abJioHa, 3aJaHHOI'0 IIEPBBIM apryMEeHTOM, MOXKET ObITh
YCTPOEHO TaK ke KOMILIEKCHO, KaK U CIIMCOK apryMeHTOB (QYyHKI[UU:

> (destructing-bind ((&key w x) &rest y) '((:w 3) a)
(list w x vy))
(3 NIL (A))

Mpumep: yTMNAUTDI

B pasgese 2.6 ymoMmuHaI0Ch, YTO JIMCI COCTOUT 110 OOJIBIIEIT YacTU U3 Ta-
KUX 2Ke QYHKIU, KaK Te, UYTO BBl MOYKETe OIIPEeNeJUTh CAMOCTOSTEILHO.
9ra 0c06eHHOCTH KpaliHe M0JIe3Ha, ITOTOMY UTO TAKOH SI3BIK IMIPOrpaMMUPO-
BaHUA He TOJHKO He TpeOyeT MOATOHKU 3aJauu MO ce0s, HO U caM MOYKeT
OBITH IIOACTPOEH MO KasKayio 3agauy. Ecau Bel saxorure BugeTh B Common
Lisp Kaxkymo-1160 KOHKPETHYI0 (DYHKI[MIO, BEI MOJXKETe HAINCATh €€ CaMO-
CTOSATEJIbHO, X OHA CTAHET TAKOM JKe YaCThI0 A3bIKA, KaK + uiu eql.

OnsiTHBIE JIUCT-pa3paboTUYNKY CO3AAIOT IPOrPAMMEI KaK CHU3Y-BBEPX, TaK
u cBepxy-BHUS. IlofcTpanBasa KOHKPETHYIO 3aauy IIOJ sI3BIK, OHU B TO JKe
BpeMs MOAMMDUIIUPYIOT A3BIK, ejad ero yaobHee IJid 9Toi 3amaun. Takum
0o0pasoM, paHO MJIM MO3JHO SA3BIK U 3a7jaua OKaKyTCA MaKCUMAaJIbLHO IIOJO0-
THAHHBIMU JPYT IIOZ APYyTa.

DyHKIUHU, cO3TaBaeMble IJIA pacIiIupeHns Bo3MoKHocTel JIucia, HasbIBa-
ot ymuaumamu. CosgaBas JIuco-mporpaMMsbl, Bbl OOHAPYIKUTE, UTO HEKO-
TOophle PYHKIINY, CO3AaHHbIe AJIA OJHON MPOrpaMMbl, MOT'YT IIPUTOAUTHCS
¥ I APYTOMH.

IIpodeccuonanbable pa3pabOTUYNKY UCIOJIB3YIOT STy JOBOJIBHO IPUBJIEKA-
TEJBbHYIO UIEI0 [JIs CO3JAHUS IIOBTOPHO HCIIOJb3YyeMbIX IIPOrpaMM. JTOT
MOIXOJ HEKOTOPBIM 00pas3oM CBA3aH C 00'bEKTHO-OPUEHTHUPOBAHHBIM IIPO-
rpaMMHpPOBaHUEM, OJHAKO IporpaMMa BOoBce He 00s3aHa ObITh 00BEKTHO-
OPUEHTUPOBAHHOI, YTOOBI OBITH ITPUTOSHOI K IIOBTOPHOMY MCIIOJIb30BAHUIO.
IToaTBep:KAEHIE TOMY — CAMU SISBIKY MIPOIPAMMUPOBAHUSA (TOUHEE UX KOM-
MUJIATOPBI), KOTOPBIE SIBJIAIOTCSA, BEPOATHO, HamboJee IPUCIIOCOOIeHHBIMU
K IIOBTOPHOMY HCIIOJIb30BAHUIO.

OCHOBHO# CeKpeT B HAIIMCAHUM TAKUX IPOTPaMM — IIOAXOJ CHU3Y-BBEDX,
U IpOrpaMMbI BOBCe He 00A3aHBI OBITh O0BEKTHO-OPHUEHTHPOBAHHBIMU,
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4TO0OBI IUCATHCA CHI3Y-BBepX. Ha camoM fesie, yHKIIMOHAIBHBIN CTUIb J1a-
JKe JIy4lIlle aJalITUPOBAH AJIS CO3JaHUA IIOBTOPHO UCIIOIb3yeMBbIX IIPOI'DAMM.
ITocmoTpum, HanipuMep, Ha sort. IMeda B pacnopsaKkeHUU 9Ty (PYHKIIUIO, BaM
BPAJ JIN TIOTPebyeTcs MUcaTh CBOU COPTUPYIOIIYe IpoIe yphl Ha JIucne, mo-
TOMY 4TO SOrt ap(eKTHUBHA U MOYKET OBITH IIPUCIIOCO0IEeHA K CAMBIM Pa3HBIM
3ajagaM. iIMeHHO 9mo 1 Ha3bIBAeTCSA IOBTOPHBIM HCIOJIb30BAHUEM.

BbI MOKeTe IPpUMEHATH 3TOT IIOAXO0MA B CBOMX IIpOrpaMMax, co3faBas yTH-
autel. Ha puc. 6.1 npencraBieHa He0OIbIAS BEIOOPKA MOJE3HBIX VTUJIUT.
IlepBhIe aBe, single? m appendl, MPUBEAEHBI C IEJbI0 MOKA3aTh, YTO JarKe
OUYeHb KOPOTKIE YTUJIUTEHI MOTYT OBITH IOJIe3HbIMU. IIlepBasa 13 HUX BO3BpAa-
IIjaeT UCTUHY, KOTJla ee apryMeHT — CIIMCOK U3 OJTHOT'O dJIeMeHTa:

> (single? '(a))
T
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(defun single? (lst)
(and (consp 1st) (null (cdr 1lst))))

(defun append1 (1st obj)
(append 1st (list obj)))

(defun map-int (fn n)
(let ((acc nil))
(dotimes (i n)
(push (funcall fn i) acc))
(nreverse acc)))

(defun filter (fn 1st)
(let ((acc nil))
(dolist (x 1st)
(let ((val (funcall fn x)))
(if val (push val acc))))
(nreverse acc)))

(defun most (fn 1st)
(if (null 1st)
(values nil nil)
(letx ((wins (car 1lst))
(max (funcall fn wins)))
(dolist (obj (cdr 1st))
(let ((score (funcall fn obj)))
(when (> score max)
(setf wins obj
max score))))
(values wins max))))

Puc. 6.1. Ymuaumut
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Bropas yruianTa HAIIOMHHAET CONS, OGHAKO, B OTJIMYME OT CONS, OHA J00aB-
JISIeT BJIEMEHT B KOHeI] CIIMCKa, a He B HauaJo:

> (append? "(a b ¢c) 'd)
(ABCD)

Culepyromas yTUINTa, Map-int, IpuHEMAaeT QYHKIIMIO U I1eJI0e YKUCJIO 11, BO3-
Bpalllas CIIMCOK, COCTOAINMI 13 3HAYEHUN dTON (PYHKIMK IJIA BCEX IIeJIbIX
yuces ot 0 o n—1.

Takasa QyHKIIUA MOXKET IPUTOAUTHCA MIPU TecTupoBaumm Koma. (Ommo u3
npeumyIrnecTB Jlucna 3aka0UYaeTCsa B UHTEPAKTUBHOCTU paspaboTKu, 6Ja-
rogapsa KOTOPOM BbI MOKETE CO3J4aBaTh ONHU (DYHKIIUU [JIsI TECTUPOBAHMUS
npyrux.) Ecau Ham BAPYT moHamoouTcs crrucok uucesi ot 0 10 9, MbI cMOXKeM

HaINUCAaTh:
> (map-int # identity 10)
(01234567389)

A eciy MBI XOTUM TOJYUYUTDH COUCOK U3 JECATU CAYUANHBIX uynces Mexxay 0
u 99 (BKJIIOUUTEJIHHO), IPOCTO MPOIIYCTUM ITapaMeTp JaMOaa-BbIpasKeHUA
¥ HAUIIEM:

> (map-int #’ (lambda (x) (random 100))
10)
(85 40 73 64 28 21 67 5 32)

Ha mpumepe map-int moxkasana pacupocTparneHHas Jluco-uguoma AJis I1MO-
CTPOEHUsA CIUCKOB. B Hell co3dgaerca akKKyMYJIsaTOP acC, KOTOPBIN MCXOIHO
COZIEP’KUT Nil, ¥ B HErO IOCJENOBATEJIbHO J00ABJISAIOTCS 9JIEMEHTHI C IIOMO-
b0 push. Ilo 3aBepiiieHN Y BO3BpAIlaeTCA IePeBePHYTHIN CIIUCOK acc.!

ATy Ke uaAMoOMYy MbI BUAUM U B filter. @yHknua filter npuHUMaeT QyHK-
IUIO U CIIMCOK M BO3BpPAIIlaeT CIMCOK Pe3yJbTaTOB IIPUMeHeHUA PyHKINU
K dJIEMEHTaM MCXOTHOT'O CIIMCKA, IPUYEM BO3BPAIIlaeMbIA CIIMCOK COCTOUT
TOJIBKO U3 3JIEMEHTOB, OTJIMYAIOITUXCA OT Nil:

> (filter # (lambda (x)
(and (evenp x) (+ x 10)))
"(1234567))
(12 14 16)

dyukmuio filter MOKHO TaKsKe paccMaTpUBATh KakK 00001eHue remove-if.

ITocnegusasa pyuknua Ha puc. 6.1, most, Bo3BpaIiaeT ajieMeHT CITUCKAa, TMeIO-
MM HAWBBICIINY PEATHUHT C TOUKM 3PEHUSA 3aJaHHON PeHTHHTOBON (PYHK-
muu. [ToMuMo 9TOro sjleMeHTa OHA TaKiKe BO3BpAIllaeT COOTBETCTBYIOIIlee
eMy 3HaueHue.

> (most #'length "((a b) (a bc) (a)))

(A B C)
3

B namnoM KOHTeKCTe nreverse (ctp. 229) mesaer To Ke, UTO U reverse, OJHaKO OHa
6ostee a(ppeKTUBHA.
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6.5.

Ecsin Takmx 91€eMeHTOB HECKOJIBKO, M0St BO3BpAalllaeT IepBhIi U3 HUX.

OOpaTuTe BHUMaHUe, UTO IIOCJIeTHYE TPU GYHKIMY Ha puc. 6.1 npuHUMAaOT
apyrue QyHKIUM B KauecTBe aprymeHToB. s Jlucma aTo ABieHUEe coBep-
IIIeHHO €CTEeCTBEHHO U SBJISIETCSA OTHOUN M3 MPUUYNH eTr0 IPUCIOCOO0JIeHHOCTHI
K IIPOrpaMMUPOBAHUIO CHU3Y-BBEPX.’ XOPOIAsa YTUINTA JOJKHA ObITh KaK
MOJKHO 6oJiee 0000IIIeHHOM, a abcTparupoBaTh 00IIee Jierue, Korma MOYKHO
nepenarh cuenu(puUUecKyIo 4YacTh B KAUeCTBE apryMeHTa-OyHKITUN.

DyHKITNY, TPUBEJEHHBIE B 9TOM pasfesie, ABIAI0TCA YTUINTAMU 00IIero Ha-
3HAUEHUS 1 MOT'YT OBITh CIIOJIL30BAHBI B CAMBIX PA3HBIX ITporpaMmmax. Onua-
KO BBI MOJKETe HAIIMCATh YTUJINUTHI [Jid 60JIee KOHKPETHHIX 3a1a4. BoJsee To-
ro, majee OyIeT IMOKa3aHO, KaK CO3LaBaTh IoBepx Jlucma crmenuainsmpo-
BaHHBIE A3BIKM IJIsI KOHKPETHBIX MPUKJIAAHBIX Oo0JiacTeil. ITO eIlle OAMH
XOPOIITUH IOAXO/ K ITOJYYEHUIO KOAa IJIS HIOBTOPHOI'O MCIIOJIb30BAHMS.

3amMbiKaHUSA

DyHKIUA, KaK 1 JII000Ii PYTroil 00beKT, MOKET BO3BPAIIlaThCsA KaK Pe3yab-
TaT BhIpakeHus. Huxe mpuBeneH npuMep QyHKINK, KOTOpas BO3BpallaeT
(GYHKIUIO, IPUMEHUMYIO IJIS COUeTaHUS 00'beKTOB TOTO Ke THUIA, UTO U ee
apryMeHT:

(defun combiner (x)
(typecase x
(number #'+)
(list  # append)
(t #'1ist)))

C ee TOMOIIHIO MBI CMOYKEM CO3JaTh KOMOMHUPYIOMIYI0 QDYHKI[UIO 06IIero
BUA:

(defun combine (&rest args)
(apply (combiner (car args))
args))

OHa TpUHUMAaeT apryMeHTHI JJI000T0 THHA ¥ 00 beJUHAET UX B COOTBETCTBUU
¢ TunoM. ([lJyig yImpoIeHusa paccMaTpUBaeTCs JIUIIH TOT CJIydal, KoTrga Bce
apryMeHTbI UMeIOT OJWH THII.)

> (combine 2 3)

5

> (combine "(a b) "(c d))
(ABCD)

B pasgene 2.10 06bACHATIOCH, YTO JEKCUUECKNEe IIepeMeHHbIe TeHCTBUTEeIb-
HBI TOJBKO BHYTPH KOHTEKCTa, B KOTOPOM OHU OBIJIN OIIpeaeseHbl. BmecTe
C 9TUM OT'PaHUYEHUEM MbI ITOJIyYaeM O0elllaHue, UTO OHU OYAYT NO-NPedcHeMYy
JIefiCTBUTEJILHEI IO TeX II0P, MIOKA 9TOT KOHTEKCT IIe-HUO0YIb NCII0JIb3yeTCs.

Ecnu dyukiua Oblyia ompeaeseHa B 30He JeMCTBUA JEKCUUYECKON mepeMeH-
HOIf, TO OHA CMOXKET IIPOJOJIKATh CChLIATLCS Ha 9Ty IIePEeMeHHYI0, Jake 0y-
JIyuY¥ BO3BPAIIEHHON KaK 3HAUEHNE, 4 3aTeM HMCIIOJIbL30BAHHOM BHE KOHTEKCTAa
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aToii mepemenuoii. IIpuBegemM PYyHKIIMIO, JOOABIAIOIIYIO 3 K CBOEMY apry-
MEHTY:

> (setf fn (let ((i 3))
#' (lambda (x) (+ x 1))))
#i<Interpreted-Function COA51E>
> (funcall fn 2)
5

Ecnu @pyHKIIUA ccpliaeTca HA ONIpeleIeHHYIO BHE Hee IIEPEeMeHHYI0, TO Ta-
Kad nepeMeHHad Ha3bIBaeTCA C80000H 0. DYHKITMIO, CCHLIAOITYIOCA Ha CBO-
OOMHYIO JIEKCUUYECKYIO IIEPEeMEeHHYI0, IIPUHATO HA3bIBATh 3amblkanuem (clo-
sure)'. CBoGomHAA epeMeHHasA OyaeT CyIlecTBOBATh [0 TeX IIOp, ITOKa J0C-
TYITHA UCIIOJb3YIOMIAs ee PYHKIUA.

3aMBIKaHME — 9TO KOMOUHAIMA QYHKIINY U OKPY KEeHUA. 3aMBbIKAHU CO3a-
I0TCS HESIBHO, KO (DYHKIINA CCBLIAETCA HA UTO-TN00 U3 JEKCUYECKOT'O OK-
DPYsKeHUdA, B KOTOPOM OHA ObLjIa OIpeiesieHa. TO IIPOUCKOAUT 0e3 KaKUX-TN00
BHEIITHUX IPOSBJIEHUH, KaK, HATTpUMeD, B GYHKIIUH, TPUBEIEHHON HUKe:

(defun add-to-1ist (num 1st)
(mapcar #' (lambda (x)
(+ x num))
1st))

DYyHKIUA IPUHIMAET YNCJI0 U CIINICOK M BO3BPAIIaeT HOBBIN CIINCOK, B KO-
TOPOM K Ka’KJOMY 9JIEMEHTY MCXOJHOTO CIMCKAa J00aBIAeTCs 3aJaHHOe UIC-
Jgo. ITepemernsas num B JAMOLa-BbIPpaKeHUN SABJIAETCA CBOOOJHOM, 3HAUUT,
GYHKIMY Mapcar mepegaeTcsa 3aMbIKaHLe.

Bouiee oueBugHBIM IIPUMEPOM ABJIAETCA (I)YHI{I.II/UI, BO3Bpalljamiiasa caMo 3a-
MBIKaHHUE. CJIeI[YIOH.Iaﬁ (bYHKHI/IH BO3BpalllaeT 3aMbIKaHNE, BBIIIOJTHAIOIIIEE
CJIOKEHHue C 3aJaHHBIM YN CJIOM:

(defun make-adder (n)
#' (lambda (x)
(+ xn)))

IIpuHuMaeTcsT YMCJIO N ¥ BO3BpaIaeTcsa PYHKIUsS, KOTOpas CKJaJbIBaeT
YHCJIO N C ee apI'yMeHTOM:

> (setf add3 (make-adder 3))
#i<Interpreted-Function COEBF6>
> (funcall add3 2)

5

> (setf add27 (make-adder 27))
#i<Interpreted-Function COEE4E>
> (funcall add27 2)

29

HasBanue «3aMbIKaHME» B3ATO U3 paHHUX aAuaieKToB JIucna. OHO IpoOUCXOoUT
U3 MeTO/Ja, C IOMOII[LI0 KOTOPOI'0 3aMbIKAHUA PEaJIM30BbIBAINChH B JUHAMUYE-
CKOM OKPYJKEeHUH.
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6.6

Bousee Toro, HeCKOIbKO 3aMBIKAHUM MOT'YT UCIOJIb30BATh OOHY U TY Ke IIe-
pemennyio. Husxe onpezesensl ABe QYHKIIUHT, UCIIOJb3YOIMe I€PEMEHHYI0
counter:

(let ((counter 0))
(defun reset ()
(setf counter 0))
(defun stamp ()
(setf counter (+ counter 1))))

Taxasa mapa GyHKIIUNA MOKET MCIIOJIb30BaThCA IJIA CO3AAHUA METOK BpeMe-
Hu. I[Ipu KaKa0M BBI30Be Stamp MBI HOJIyUYaeM YMCJIO0, Ha eIUHUILY 00JbIIIee,
yeM Ipenbiayinee. BeidbIiBasa reset, Mbl OOHYJISEM CUETUNK:

> (list (stamp) (stamp) (reset) (stamp))
(1201)

HecomHeHHO, MOXKHO cIeaTh TO K€ caMOe C UCIIOJb30BaHUEM TJI00aJIbHOMT
HepeMeHHOfI, OOHAKO IIOCJIEAHAA He 3alllUIleHa OT BO3IENCTBUY U3BHE.

B Common Lisp cymiecTByeT BcTpoeHHas GyHKIIUAA complement, IpuHIMAIO-
mias mpeguKaT 1 BO3BPAIIaoIas IPOTUBOIOJIOKHBIN emy. Hampumep:

> (mapcar (complement #' oddp)
"(12345086))
(NIL T NIL T NIL T)

Binaromapsa 3aMbIKaHUAM HATUCATh TAKYIO QYHKIIUIO OUEHb ITPOCTO:

(defun our-complement (f)
#' (lambda (&rest args)
(not (apply f args))))

Ecau BbI 0TBJIEUETECH OT 9TOTO MaJIEHBKOT'0, HO 3aMeYaTeJILHOTO IIPUMepa,
TO OOHAPYKUTE, UTO OH — JIUIIb BepIInHa alicoepra. 3aMbIKaHUA ABISIOTCS
OHOU M3 YHUKAJbHBLIX uepT JIucma. OHM OTKPBIBAIOT IIYTh K HOBLIM BO3-
MOKHOCTSIM B IIPOrPaMMUPOBAHUY, HE JOCTUKUMBIM B IPYTUX S3bIKAX.'

Mpumep: ctpoutenun pyHKUNN

fAswsik Dylan usBecten kak rubpu Scheme 1 Common Lisp, rcmoab3yomimia
cunraxkcuc Pascal.” OH umeeTr 00JbIIION HAOOP (PYHKIMI, KOTOPLIE BO3BPA-
maroT QysKInn. [llomumo complement, pacCMOTPEHHOI HAMU B IPEIBIAYIIIEM
paspene, Dylan Brarouaer compose, disjoin, conjoin, curry, rcurry m always.
Ha puc. 6.2 nmpuBenensb! peanusanuu 3Tux Gpyuarmuii B Common Lisp, a Ha
puc. 6.3 moKasaHbl SKBUBAJIEHTEI, CJAEAVIOIINE U3 9TUX OIIPeeIeHn.

IlepBast u3 HUX, COMPOSE, IPUHUMAET OAHY UJIU HECKOJHKO (YHKI[UN 1 BO3-
BpaIaeT HOBYIO (DYHKI[MIO, KOTOpas MPUMEHseT X 0 ouepeau. Takum 06-
pasom,

(compose #'a #'b #'c)
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(defun compose (&rest fns)
(destructuring-bind (fn1 . rest) (reverse fns)
#' (lambda (&rest args)
(reduce #' (lambda (v f) (funcall f v))
rest
rinitial-value (apply fn1 args)))))

(defun disjoin (fn &rest fns)
(if (null fns)
fn
(let ((disj (apply #'disjoin fns)))
#' (lambda (&rest args)
(or (apply fn args) (apply disj args))))))

(defun conjoin (fn &rest fns)
(if (null fns)
fn
(let ((conj (apply #'conjoin fns)))
#' (lambda (&rest args)
(and (apply fn args) (apply conj args))))))

(defun curry (fn &rest args)
#' (lambda (&rest args?)
(apply fn (append args args?))))

(defun rcurry (fn &rest args)
#' (lambda (&rest args?)
(apply fn (append args2 args))))

(defun always (x) #' (lambda (&rest args) x))

Puc. 6.2. Komnonosuwuxu pynrxyuii ud Dylan

cddr = (compose #'cdr # cdr)
nth = (compose #'car # nthecdr)
atom = (compose #'not # consp)
= (rcurry # typep 'atom)
<= = (disjoin #'< #'=)
listp = (disjoin #'null # consp)
= (rcurry # typep '1list)
1+ = (curry #'+ 1)
= (reurry #'+ 1)
1- = (rourry #'- 1)
mapcan = (compose (curry # apply # nconc) # mapcar)
complement = (curry # compose #' not)

Puc. 6.3. Hekomopvle sxeusaienmol
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BO3BpalljaeT GPyHKI[MIO, 9KBUBAJIEHTHYIO BbI3OBY:
#' (lambda (&rest args) (a (b (apply #'c args))))

W3 nmpuBeneHHOro IpuMepa CJIeIyeT, UTO MOCaeTHAT PYHKIINA MOKET IIPU-
HUMATh JII000€e KOJMUYEeCTBO apTyMeHTOB, B TO BpeMs KaK OCTAaJbHbBIE JOJIMK-
HbI IPUHUMATH POBHO OJWH.

HaBatiTe cosmanuM GYHKIINIO, BEIYUCJIAIONIYIO KBaAPATHBIA KOPEHb YKCJIa,
OKPYIVIAIOIIYIO PE3yJIbTAT U BO3BPAIIAIOIIYIO €70, 3aKJII0UEHHBIM B CITUCOK:

> (mapcar (compose # list # round # sqrt)
(4 9 16 25))
((2) (3) (4) (5))

Crnenyromiue aBe GyHKIIUM, disjoin u conjoin, IpUHUMAIOT HEKOTOPLIH Ha-
60p mpeauKaToB. BeI30B diSjoin Bo3BpalliaeT mpeanKaT, BO3BPAIIAOIii 1c-
TUHY, €CJU XOTs ObI OAWH W3 3aJaHHBIX MPEeIUKATOB ABJIAETCA UCTUHHBIM.
DyHKIUSI cONjoin BO3BpAaIllaeT IpeauKaT, KOTOPBIHN OyAeT NCTUHHBIM JIUIIh
B CJIyuae COOTBETCTBUA IIPOBEPSAEMOTO apryMeHTa BCEM 3aJaHHBIM ITPEIU-
KaTaM.

> (mapcar (disjoin # integerp # symbolp)

"(a "a" 2 3))

(TNILT T)

> (mapcar (conjoin # integerp # oddp)
"(a "a" 2 3))

(NIL NIL NIL T)

PaccmarpuBas mpegmkaThl KaK MHOMKECTBa, MOYKHO CKasaTb, 4TO disjoin
BO3BpalraeT o0'’beJMHEHEe MHOMKECTB, a CONjoin — UX IepecedyeHue.

dyurmuu curry u rcurry («right curry») nmeror o0IIyI0 A0 C OIIPEaeIeH-
HOIl B IpebIAyIlieM paszeisie make-adder. OHm 00e MpUHUMAIOT (QYHKIIUIO
¥ HEKOTOpbIe ee apryMeHTHI M BO3BpAIaioT (PYHKIINIO, KOTOpPas OKHUIaeT
HOJYUYUTH JIUIIIH OCTAIOIMECa apryMeHThl. Kaskaoe 13 ciaeayoInx BbIpa-
JKeHUI paBHOCUJIBHO (make-adder 3):

(curry #'+ 3)
(rcurry #'+ 3)

Pasuuna Mexay curry m rcurry cTaHeT 3aMeTHAa Ha mpuMepe GyHKIIUY, pas-
JrJaroliei cBou apryMeHThl. Eciu Mbl IpUMEHUM CUrry K —, TO IOJyYeHHad
GyHKIUA, OyAeT BLIUNTATH CBOM apr'yMEHT 13 3aJaHHOTO YKCJIa:

> (funcall (curry #'- 3) 2)
]

B TO BpeMs KakK JJIs rcurry mojiydeHHas QyHKIua OygeT BHIUUTATH 3aJaH-
HOE YUCJIO U3 CBOET'0 apryMeHTa:

> (funcall (rcurry #' - 3) 2)
-1

Hagxomnerr, always umeet cBoii amajor B Common Lisp — @gyukIuio constanly.
Ona npuHHMaeT J000 apryMeHT 1 BO3BpallaeT (DyHKI[MIO, BCETIa BO3Bpa-
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IIaoIyIo oToT aprymenT. Kak u identity, oHA MOKeT UCITOIb30BATHCS B TE€X
ciayyasax, Korma Tpedyercs rnepenaTb apryMeHT-(QyHKI[AIO.

6.7. AuHaMun4yecKkun gnanasoH

B pasgene 2.11 661710 MOKa3aHO pasanure MeK 1y JIOKAJTbHBIMU U TJIO0ATbHBI-
MU IIepeMeHHbIMU. B 1eficTBUTeIbHOCTH, PA3INYAIOT JIEKCUUEeCKUe TIepeMeH-
HBIE, KOTOPBIE NMEIOT JJEKCUUeCKUT TuaIasoH, 1 cIellnaJbHble IepeMeHHbIe,
uMerole AuHaMuuecKuil nuamason.! Ha mpakTuke JIOKaJIbHBbIE IIePEMeH-
HBIE IIOUYTU BCETA SABJAIOTCS JIEKCUUECKUMHU, a IVI00aJbHbIE II€PEMEHHBIE —
CHeIuaJIbHBIMIU, TO3TOMY 00€e ITaphbl TEPMUHOB MOYKHO CUUTATEH B3aTMO3aMe-
HSIEMBIMHU.

BuyTpu jexcuueckoro qmamasoHa CHMBOJ OYAET CChIIATHCA Ha IepeMeH-
HYI0, KOTOpAas UMeeT TaKoe JKe UMs B KOHTEKCTe, T'/e ITOSBJIAETCS 9TOT CUM-
BoJ1. JIoKa/IbHBIE IEPEeMEHHbIE 10 YMOJIYaHUIO UMEIOT JIEKCUUEeCKOe OKPYKe-
Hue. Utak, ecjiu MBI OIIpeae M (PYHKIIUIO B OKPY KEeHUH, COIePs;KaIIeM IIe-
PEMEHHYIO X:

(let ((x 10))
(defun foo ()
X))

TO CUMBOJI X, HCHOJILGyeMI:IfI B (I)YHRI_II/II/I, 6y,t[e'r CChLJIATBCA HaA 9Ty IIepeMeH-
HYIO HE3aBHUCHUMO OT TOTO, Oblja Jiu B OKPYM¥XeHUuu, n3 KOToporo (byHKI.II/IH
BBI3BIBAJIACh, IIEPEMEHHAA X, UMEIoIllad APpyTroe sSHaueHue:

> (let ((x 20)) (foo))
10

B muHaMmueckoM ke Aualia3oHe MCIIOJb3yeTCs TO 3HaUeHue IMepeMeHHOI,
KOTOpPOe UMeeTCs B OKPYIKEHU N, T/ie BhI3bIBAeTCA (PYHKIIUA, a He B OKpYKe-
HUU, T7e OHa Oblja ompeneaeHa.” UToObI 3aCTaBUTh IEPEMEHHYIO UMETD U~
HaMHUYECKUH Auala3oH, HYKHO 00bABUTE €e KaK special B TOM KOHTEKCTe,
e OHa BeTpeuaeTcd. Ecu Mbl onpeaeauM f0o ciaeayoomniuM o0pasom:

(let ((x 10))
(defun foo ()
(declare (special x))
X))

TO IepeMeHHas X GOJIbIe He OYJeT CChLIATHCA Ha JIEKCUUYECKYIO MepeMeH-
HYIO, CYIIIECTBYIOIIYIO B KOHTEKCTE, B KOTOPOM (hyHKITMA ObLiIa OIlpeeseHa,
a OyzeT cechLIaThCA Ha J00YI0 ITMHAMUYECKYIO IEPEMEHHYIO X, KOTopas Cy-
I[eCTBYET B MOMEHT BBI3OBA (DYHKI[V:

> (let ((x 20))
(declare (special x))

! Tlox nuamasoHOM (Scope) cilefyeT MIOHUMATD 00JIaCTh BUAUMOCTH; COOTBETCTBEH-

HO JIeKCcHUYecKas 00J1acTh BUAUMOCTH ¥ JUHAMUYECKAS 06J1aCTh BUIUMOCTA. —
IIpum. Hayy. peo.
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6.8.

(foo))
20

dopma declare MOKeT HAUMHATH JIFO0OE TEJIO KOJa, B KOTOPOM CO3IAI0TCH
HOBBIE IepeMenHbIe. [lekaaparius special yHUKaJbHA TEM, YTO MOKET U3Me-
HUTH IIOBeJeHre ITporpaMMbl. B rimaBe 13 OyayT paccMOTpEHBI IpyTrue AeK-
napanuu. IIpoure 13 HUX ABJIAIOTCS BCETO JUIIb COBETAMU KOMIIUJIATOPY;
OHU MOT'YT CIleJIaTh IPOorpaMMy ObICTpee, HO He MEHSIOT ee TIOBeJeHNe.

T'nobanbHBIE IEpEeMEHHBIE, YCTAHOBJICHHBIE C ITIOMOIIBLI0 setf B toplevel, moa-
pasyMeBarOTCA CHeINaJbHBIMU:

> (setf x 30)
30

> (foo)

30

Ho B ncxomHOM KO/€ Iy dIlie He IOJIaraThCA HA TaKKUe HeSABHBIE O PeIeIeHUA
U UCIIOJB30BaTh defparameter.

B KaKux ciayuasax MOKeT ObITh MOJIe3eH TUHAMUYeCKUH nuana3on? OObIYHO
OH NIPUMEHSETCs, YTOOBI IPUCBOUTH HEKOTOPOI TII00AJbHOI IepeMeHHOMN
HOBOE BpeMeHHOoe 3HaueHme. Hampumep, AJA ympaBjeHUA IapaMeTpaMu
meyaTu O0BEKTOB MCHOJNL3YIOTCA 11 rimobasibHBIX ITepeMeHHBIX, BKJIOYAd
*print-basex*, KoTopas 1o yMoJUYaHUIO ycTaHoBJAeHA Kak 10. HToObI meuaTaTh
YucJia B ITeCTHAAIIATEPUYHOM Bue (C ocHOBaHMEM 16), MOYKHO ITPUBA3ATH
*print-base* K cCOOTBEeTCTBYIOIIEl Oase:

> (let ((*print-basex 16))
(princ 32))

20

32

31ech oTOOpasKeHBI BA YMCJA: BBIBOJ Princ u sHaueHUe, KOTOpOoe OHa BO3-
Bpainaer. OHU IpeAcTaBIAIOT COO00I OHO 1 TO Ke 3HaUeHUe, HalleuaTaHHoe
CHauaJia B IlIeCTHAAIlaTepPUYHOM popMaTe, TaK Kak *print-base» mmesa 3Ha-
yeHue 10, a 3aTeM B JeCATUYHOM, IIOCKOJIbKY Ha BO3BpalljaeMoe U3 let 3Haue-
HUe yiKe He JeiicTBoBaJIO «print-basex 16.

Komnunauunsa

B Common Lisp M0XHO KOMIHUINPOBATH (GPYHKIITUY IO OTAEJIHLHOCTUA UJIU JKe
daitn meanrkom. Eciiu BeI IpocTo HabepeTe onpeneseHre pyHkun B toplevel:

> (defun foo (x) (+ x 1))
FOO

TO MHOTYE Peajin3aliuy CO3AaayT UHTepupeTupyemMbIii Koxa. IIpoBepurs, AB-
JgeTcAa U QPYHKIUA CKOMIUJINPOBAHHON, MOYKHO C IIOMOIIbLIO compiled-
function-p:

> (compiled-function-p # foo)
NIL
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6.9.

DYHKIINIO MOYKHO CKOMINJIAPOBATD, COOOIITUB compile MMA QYHKITUN:

> (compile ' foo)
FOO

ITocsie aTOrO MHTEPIIPETUPOBAHHOE OIIpeesieHne QyHKIIUY OyIeT 3aMEHEHO
CKOMIINJINPOBaHHBIM. CROMHI/IJII/IpOBaHHLIe 1 MHTEPpIIpeTupPOBaHHbIE (pyHK-
U BeAyT cedA abCOoNI0THO ONMHAKOBO, 32 UCKJIIOUEHEM OTHOIIIEHUA K COM-
piled-function-p.

DyuKIUa compile TakiKe IpuHUMAET cOUCKU. TaKoe mcnoab30BaHMe Compi-
le obcy:xkmaercs Ha cTp. 171.

K HexoTOpbIM PYyHKIMSAM COMpile He MpuMeHMMA: 5TO (GYHKIMYU TUIIA Stamp
uau reset, ompenesieHHble uepes toplevel B cobcTBeHHOM (Co3maHHOM let)
JIeKcuuecKoM KoHTekcre!. Bam mpuzercsa mabparh ot QyHKIMU B daiise,
3aTeM ero CKOMIMJIUPOBATD U 3arPY3UTh. ITOT 3aMPET YCTAHOBJEH 10 TeX-
HUYECKUM MIPUYMHAM, a He IIOTOMY, UTO UTO-TO HE TaK C OIpeIesieHueM
(GYHKIMHA B UHBIX JJEKCUUYECKUX OKPYKEHUIX.

Yarme Bcero QyHKIUY KOMIMJIUPYIOTCSA HE II0 OTAEJbHOCTU, a B COCTaBe
daiina ¢ momorikio compile-file. 9Ta GYHKIUA cO3MaeT CKOMIITMJINPOBAH-
HYIO BepcUIo 3aaHHOTrO (haiina, Kak IPaBUJo, C TeM Ke UMeHeM, HO IPYTUM
pacmupenueM. Ilocse 3arpy3Kku CKOMIUJINPOBaHHOrO (paiiia compiled-func-
tion-p BepHET UCTUHY JJs JII000# (YHKIITNY U3 9TOTO (aiiia.

Eciu onHa QyHKIIUA UCIOJIb3yeTCA BHYTPU APYTOii, TO OHA TAKIKe MOJIMKHA
OBITHE CKOMITUIMpPOBaHA. Takum obpasom, make-adder (cTp. 119), 6yayuu ckoM-
MUJINPOBAHHOM, BO3BpAIllaeT CKOMINJINPOBAHHYIO (YHKIIUIO:

> (compile 'make-adder)

MAKE-ADDER
> (compiled-funcion-p (make-adder 2))
T

Ncnonb3oBaHue pekypcuun

B Jlucne pekypcusa uMeer 60Jiblliee 3HAUECHNE, UeM B IPYTUX ASBIKAX. OTOMY
€CTh TPU OCHOBHBIE IPUYNHBI:

1. PyrKUUOHANLHOE NPOZPAMMUPOBaHUe. PEKYyPCUBHBIE aJITOPUTMbBI B MEHb-
mieii Mmepe Hy»KJal0TCA B UCIIOJIb30BaAHUY TOO0UHBIX 3(h(EeKTOB.

2. Perxypcuenvie cmpykmypv. 0anHvix. HesaBHOe ucnosb30BaHME yKa3aTe-
Jein B JIucie o61erdyaeT peKypCUBHOE CO3aHMe CTPYKTYP AaHHBIX. Han-
0oJiee 00IIIel CTPYKTYPOU TaKOT0O THUIIA IBJIAETCS CIUCOK: 00 nil, 1ubo
cons, yei cdr — TaKJKe CIIKICOK.

3. Anezanmuocms. JIuco-IporpaMMUCTHI TPUIAIOT OIPOMHOE 3HAUEHMEe Kpa-
coTe UX IIPOrpaMM, a PeKYPCUBHBIE AJIOPUTMbI 3aYaCTYIO BBITVISIAAT Ha-
MHOI'0 9JIEraHTHEE UX UTePATUBHBIX aHAJIOTOB.

B JIucnax, cymecrsoBaiux 10 ANSI Common Lisp, mepBsIit aprymesT compile
He MOT OBITH yiKe CKOMITUJINPOBAHHOI (hyHKITHET.



126

Masa 6. OyHKLMY

ITonauany HOBrUKaM OBIBAET CJIOXKHO MOHATH peKkypcuio. Ho, kak Gb1yI0 10~
KasaHo B paszee 3.9, BaM BoBce He 0043aTeJIbHO IIPEACTaBIATH cebe BCIO
TOCJIe0BATEIHHOCTh BLIZ0BOB PEKYPCUBHOM (hYHKITMU, YTOOBI IPOBEPUTH €€
KOPPEKTHOCTb.

ITo Ke yTBep:KIeHIe BePHO U B TOM CJIyuyae, KOTJa BaM HEe0OXOAUMO HaIIu-
caTh CBOIO PeKypCUBHYIO QyHKIIHIO. Eciiu BbI cMmoikeTe chopMyIuPOBATD pPe-
KYPCHUBHOE pellleHne IpobJieMbl, TO BaM HE COCTABUT TPYAA IIePEBECTHU 9TO
perierre B Kof. YTOOBI PEIIUTh 3a4auy C IIOMOIIbIO PEKYPCUH, HEOOXOIUMO
cIesarh cienyloliee:

1. Hy:xXHO moKasarb, KAK MOYKHO PEIIUTH €€ C IIOMOIILI0 Pa3/e/IeHs Ha KO-
HEeYHOe YKCJIO ITIOXO0KUX, HO 00Jiee MeJIKUX Ioa3a1adq.

2. Hy:xHo moKasaTh, KaK PEIINTh CAMYIO MaJIeHbKYIO ToA3anauy (6a30BbIil
ciydaii) ¢ IOMOIIHI0 KOHEUHOr0 Habopa omepaiiuii.

Ecuiu BBI B COCTOSHUY CEJIATH 9TO, 3HAUUT, BbI F'OTOBBI K HAIIMCAHUIO PEKYP-
cuBHOU QyHKI[UU. Tenmeps BaM U3BECTHO, UYTO KOHeUHAadA MpobjemMa B KOHIIE
KOHIIOB OyJeT paspellieHa, ecjii Ha KasK/I0M I1are peKypPCcUy OHa YMEeHbBIIIa-
eTcs, a CAaMbI MaJIeHbKUI BapraHT TPeOyeT KOHEUHOI'O YKCJIa IIaroB JJisd
peleHus.

Hanpumep, B IpeIoKeHHOM HIXKe PEKYPCUBHOM AJIIOPUTME HAXOMKIEHUA
IJIVHBI CIINCKA MBI HA KAsKJIOM IlIare PeKypPCUM HAXOAUM IJINHY YMEHbIIeH-
HOT'O CIIMCKA:

1. B oOmiem coryuae AJiMHA CIIMCKA paBHA AJIWHE €ro cdr, yBeJINUeHHOH Ha 1.
2. JIIuHy IyCTOrO CIIMCKA IPUHUMAaeM paBHOIi 0.

Korma aTo ompe/iesiene mepeBoAUTCA B KO, CHaUaJIa uaeT 6a30BbIi caydaii.
Onxuako sTan opMaTnu3aIuy 3aa9u O0BITHO HAUMHAETCS C PACCMOTPEHUS
Hauboee 00ITIero cayyas.

PaccMoTpeHHbI BBIIIE aJITOPUTM OIIMCHIBAET HAXOMKAeHNe IJINHBI [IPABUIb-
Horo cnucka. Onpenensas peKyPCUBHYIO (GDYHKITNIO, BbI JOJKHBI OBITH YBe-
pPeHBI, YTO pasiesieHue 3aJaul AeHCTBUTEJNHHO IPUBOAUT K IIOA3aZadyam
MeHbIero pasmepa. Ilepexoq K cdr cIucKa IPUBOAUT K MEHbBINEHN 3amaue,
OIHAKO JINIIIB JJIs CIIUCKA, He SBJISAIONIEroCs ITUKINYECKUM.

Celtuac MbI IIPUBEAEM €Ille ABa IPUMepPa PeKYPCUBHBIX aJaropuTmMoB. OnaTb
JKe OHU MOoApa3yMeBalOT KOHEUHBINA pasMep aprymenTos. O0paTuTe BHUMA-
HIUe, YTO BO BTOPOM aJI'OPUTMe Ha KarkOM IIare peKypcuu Mbl pasdouBaem
3amauy Ha 0ge Ioj3a aun.

member OOBEKT COmEPIKUTCS B CIUCKE, €CJIN OH ABJIAETCA €T0 IIEePBHIM
9JIEMEHTOM WJIU COAEPIKUTCA B CAr 9TOr0 cuucKa. B mycTom cru-
CKe He COEPyKUTCA HUYEro.

copy-tree  Komusa mepesa, IpeACcTaBIEHHOIO KaK CONS-AYeKa, — 9TO AUei-
Ka, IOCTPOeHHAA U3 COpy-tree MJs car UCXOMHOM STYEHKU U COPY-
tree mas ee cdr. IIs aroma copy-tree — 9To caM 9TOT aTOM.
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CyMeB onucaTh peKyPCUBHBINA aJITOPUTM TAKUM 00pa30M, BbI JIETKO CMOSKETE
HaIMcaTh COOTBETCTBYIOIEE PEKYPCUBHOE OIIpeIe/IeHe Ballleil (DY HKI[UH.

HexoTopsie a1ropuT™Mbl eCTECTBEHHBIM 00pa30M JIOJKATCA HA TaKUeE OIIpe/ie-
JIeHU s, HO He Bce. BaM mpumeTcs COTHYTHCS B TPH IIOTU0eH, YTOOBI OIIpee-
JIUTH our-copy-tree (cTp. 205) 6e3 ncnonb3oBanusa pekypcuu. C 1pyroii cTo-
POHBI, UTEepPATUBHLIN BapuaHT show-squares (ctp. 40) Oosee mocTyieH s
TOHUMAaHUSA, HeKeJIN ero PeKypCUBHEBIN aHaJjor (cTp. 41). HacTo onTuMaib-
HBI# BBIOOD OCTaeTCsA HesiCeH 0 TeX MOp, MOKA BhI He MIPUCTYIINUTE K HAINCa-
HUIO KOZa.

Ecau mpomsBoamTeIbHOCTD (DYHKIIUYM UMEET AJIA Bac CYII[eCTBEHHOE 3HaUe-
HUEe, TO CJIeqyeT YUUTHIBATh ABa MoMeHTa. OIUH U3 HUX — XBOCTOBaA PEKYyP-
cus, KoTopad Oyzmer obcy:kaaTrbesa B pasaesne 13.2. C XxOpoImuM KOMITAJIATO-
POM He JTOJIKHO OBbITH IPAKTUUYECKN HUKAKON PA3HUIbI B CKOPOCTU PabOThI
XBOCTOBOI peKypcuu U ukJa.! OmHAKO MHOIA MOXKET OKAasaTbCsA IPOIIe
nepegesaaTh GYHKINIO B UTEePATUBHYIO, YeM MOIU(MUIIMPOBATE €e TaK, UTO-
OBI OHA YIOBJIETBOPSAJIA YCIOBUIO XBOCTOBOI PEKYPCUBHOCTH.

Kpowme Toro, Bam He0OXO0IMMO MOMHUTD, UYTO PEKYPCUBHBIN II0 CYTH aJITO-
puTM™ He Bcerma adhdeKTuBeH caM 1o cebe. Kiaaccuueckuii mpumep — QyHK-
nua @ubonauun. Ita GPYHKIUSA PEeKYPCHUBHA II0 OIPeeIeHnIO;

1. Fib(0) = Fib(1) = 1.
2. Fib(n) = Fib(n — 1) + Fib(n — 2).

HpI/I 9TOM OOCJIOBHAA TPAHCIANINA JAHHOI'O OIIpeaesieHA B KO .

(defun fib (n)
(if (<= n 1)
1
(+ (fib (- n 1))
(fib (- n 2)))))

Iaet coBepIiieHHO Hea(h(heKTUBHYIO (GhYyHKIUO. [[e10 B TOM, UYTO TaKad PYyHK-
1S BEIUKCJIAET OOHU UM Te JKe BeIllu II0 HeCKOJIbKO pad. Hampumep, BeIUmc-
asas (fib 10), oma Beidoset (fib 9) u (fib 8). OgHako BeIuncaenue (fib 9) y:xe
BKJIIOUaeT B ceba (fib 8), m mosryyaeTcs, UTO OHA BBITIOJHSET 3TO BBIUHKCIIE-
H1e 3aHOBO.

Huxe nmpuBeneHa aHaJloTnyHAaA UTepATUBHAA (DYHKITUAA:

(defun fib (n)
(do ((1n (-11))
(f1 1 (+ f1 f2))
(f2 1 1))

((<=11) £1)))

B melicTBUTEILHOCTH, XBOCTOBAS PEKYPCUS IIPOCTO ITpeobpasyeTcsa B COOTBETCT-
BYIOIUH MuKJI. Takas onTUMU3AIUA XBOCTOBOII PEKYPCUM BXOAUT B CTAHIAPT
saseIika Scheme, HO oTcyTcTByeT B Common Lisp. Tem He MeHee MHOTe KOMIIU-
aaropsl Common Lisp mogaep:XuBaioT TaKkyio onTuMusamnuio. — [Ipum. nepes.
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HrepaTuBHas Bepcusi MeHee IIOHATHA, 3aTO HAMHOTI'0 6oJiee apdexTupHa. Kak
YacTo Ha IPAKTUKe MMEIOT MecTo Takue pasanunsa? OueHb peKo, 1 UMEHHO
IOTOMY B Pa3JINUYHBIX KHATAX IPUBOAUTCS OAUH U TOT »Ke npumep. Tem He
MeHee TAaKUX CUTYyaIUil CJIeyeT OCTePeraThes.

NTorn rnasebl

1.

NmeHoBanHasa QYHKIIUSA XpPaHUTCA Kak symbol-function cooTBeTcTBYIO-
miero cuMBosa. Makpoc defun ckpeiBaeT mmofobHbIe AeTaiu. Kpome Toro,
OH IIO3BOJIAET COIPOBOKIATH (DYHKIIMU MOKYMEHTaIllel, a TaK:Ke Ha-
cTpauBarTh IoBefeHUe setf.

W meeTrcss BOBMOYKHOCTD OIIPEIEIATH JOKAJIbHBIE (DYHKITNH; STOT IIPOIIECC
HAIIOMHWHAET OIlpeieIeHNe JIOKAJbHBIX IIePeMEeHHBIX.

DyHKIUU MOTYT MMETh Heo0A3aTesJbHbIE W OCTATOUHBIE apryMEHTHI,
a TaK’Ke apryMeHTHI 110 KJII0UY.

VYTUANTHL JOMOJHAIOT A3bIK. OHU IpPeACTaBJIAIOT cO00If IpPUMED MIPO-
rpaMMUPOBaHUA CHU3Y-BBEPX B MaJIeHBKOM MacIitabe.

Jlekcuueckue IepeMeHHbIe CYII[eCTBYIOT 10 TeX 110D, II0Ka Ha HUX CChLJIa-
eTcsl KaKou-11ub0o 00beKT. 3aMbIKAHUA — 3TO (DYHKIIUU, CChLIAIOIIUECS
Ha cBOOOAHBIE IepeMeHHble. BbI MOMKeTe caMOCTOATENHHO ONPEeneIaTh
GyHKIIMY, BO3BpAIIIAIOIIe 3aMbIKaHUA.

Dylan npegocraBiser PyHKIUA IJIA IOCTPOCHU Apyrux PpyuKmuii. C muc-
OJIb30BAHMEM 3aMBbIKAHUI MBI JIETKO MOYKeM peaansoBarh ux B Common
Lisp.

CrenuaJjibHbIE TIepeMeHHbBIe UMEIOT TUHAMUYECKUI uana30H.

DYHKIIUY MOT'YT KOMIIMJINPOBATbCI MHAWBUAYAJILHO UJIH (Yalle) B CO-
craBe (aiiia.

PerypcuBHBIN aJIropuT™ pelraeT 3amady pasmeieHueM ee Ha KOHeUHOe
YHCJIO ITOXO0KUX IT0/13a/1aU MEeHbIIIero pasmMepa.

YnpaxxHeHus

1.

2.

OmnpepenuTe Bepcuio tokens (cTp. 81), KoTopas MCHOJIB3YyeT KJI0UM test
u :start, mo ymoauaHuUio paBHbIe # constituent u 0 COOTBETCTBEHHO.

OmnpepenuTe Bepcuio bin-search (cTp. 75), NCHOJAB3YIOUIYIO KJIIOUM Key,
‘test, :start u :end, uMeroIie OOBIYHBIE AJI HUX 3HAUEHUSA 110 yMOJIYa-
HUIO.

Onpenenure GYHKIINIO, IPUHUMAIONIYIO JJI000€ KOJIMUYEeCTBO apryMEeHTOB
¥ BO3BPALIAIOIIYIO NX KOJIUYECTBO.

W3amennre pyuruio most (cTp. 118) Tak, uToObI OHA BO3BpAIIlajia ABa 3HA-
YeHUA — [Ba dJIEMEHTAa, UMeIOIre HanboJIbIITN Bec.

Omnpepenute remove-if (6e3 apryMeHTOB IO KJIIOUY) C MOMOIIbIo filter
(ctp. 117).
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Onpenenure GyHKIIU0O, TPUHUMAIOIIYIO OIHO YKCJIO X BO3BPAIIAOIIYIO
HauOOoJIbIIIee YKCJIO U3 BCeX PaHee IMOJYUYEHHBIX €10,

Onpegenure GyHKIINIO, IPUHIMAOIIYIO OSHO YMCJI0 ¥ BO3BPAIIAOIIYIO
ero ke, ecJi OHO 0OJIBIIIEe YKCJIa, IePeIaHHOoro 3TOM (DYHKIIUK Ha IPebI-
IyIeM BbI3oBe. Bo BpemMs mepBoTo BbI30Ba 3Ta QYHKIIUS JOJIMKHA BO3BPAa-
marhb nil.

IIpegmonosxkum, 4TO PYHKIIMA expensive mMeeT OOUH apryMeHT — IIeJioe
ypucyo Mexkay 0 u 100 BriarounTeabHo. OHAa IPOM3BOAUT CJIOYKHBIE U J0-
porocrosiiue BeiuncaeHus. Omnpenennre GyHKIuio frugal, Bo3BpaIaio-
IIIYIO TOT K€ OTBET, UTO U exXpensive, HO BBIBLIBAIOIIIYIO expensive, JUIIb
Korfa e rmepefaeTcs apryMeHT, KOTOPBIT He BCcTpeuaJics paHee.

OmnpenpenuTe GyHKIINIO Hamomobue apply, HO Te BCe UMCJa, KOTOPhIE MO-
ryT GBITB HalleuaTaHBbI IIPHU €€ BBIIIOJIHEHN N, BBIBOAATCA B BOCBMEPHNYHOM
¢dopmare (base 8).



BBoa v BbiBOL,

Common Lisp nmeeT 60orarsie BO3MOYKHOCTH AJIs OCYIIIECTBJIEHN BBOAA-BbI-
Boza. JlJis BBOZA, HAPALY C OOBIYHBIMY MHCTPYMEHTAMU [JIsI YT€HUS CMBO-
JIOB, ¥ HacC ecThb read, KOTOPBIT BKJIOUAET B ce06s MOJTHOIIeHHBIH mapcep. iia
BBIBOJIa, BMECTE C IIPUBBIYHBIMU CPEICTBAMU JIJIsI 3aIIMCU CUMBOJIOB, MBI TIO-
gyuaeM format, KOTOPBIH caM 10 cebe sIBJIAeTCs HeOOIbIITNM A3BIKOM. B aT0i
rJIaBe BBOASATCS BCe OCHOBHBIE ITOHSATHS BBOAA-BBIBOA.

Cy1iecTByeT Ba BUa IOTOKOB: ITIOTOKY 3HAKOB ¥ OMHAPHBIE IOTOKU. B aT0ii
rJIaBe PAaCCMOTPEHBI JIUIIb TOTOKY 3HAKOB; OMHAPHBIE IOTOKY OYAYT OIuca-
HEI B pazfee 14.2.

7.1. NMoToKN

ITomoxu — aT0 00BEKTHI JIuCia, mpeACTaBIAIONINE COO0I MCTOUHUKY U/UJIN
HPUEeMHUKHU JJI IIepejau CHMBOJIOB. YTOOBI ITPOYNTATH UJIU 3aIucaTh (haii,
HEeo0XO0IMMO OTKPBITH COOTBETCTBYIONIUI MOTOK. OfHAKO IIOTOK — 9TO HE TO
JKe camoe, uTo (paityi. Korma Bbl unTaere ujau meuaraere uTo-1uoo B toplevel,
BBI TAKJKe NCI0JIb3yeTe MOTOK. Co3maBas MOTOKHM, BBI Ta)ke MOKeTe UNTATh
U3 CTPOK WJIX IIHNCATh B HUX.

ITo ymosruaHUIO IS BBOZA UCIIOIb3YeTCA MOTOK *Standard-inputx, AJid BBIBO-
ma — »standard-outputs. IlepBoHAYAIbHO OHU, KAK IIPABUJIO, CCHLIIAIOTCS HA
OIVH M TOT K€ II0OTOK, COOTBEeTCTBYIoIUit toplevel.

C pyurmuamu read u format MbI yske 3HaKOMbBI. Paree MbI TOJIb30BaIUCh UMU
LIS YTeHUus u mevatu B toplevel. @yHKIIMA read nMeeT He00A3aTeIbHBIHN ap-
TYMEHT, KOTOPBIH OIIpeiesiAeT BXOAHON ITOTOK U 0 YMOJYAHUIO YCTAHOBJIEH
B »standard-inputs. IlepBbIit aprymMeHT QyHKIIMU format Tak:Ke MOXKeT OBITh
noTokoM. Paree MBI BbI3bIBaIH format ¢ mepBbIM apryMeHTOM t, KOTOPBIH CO-
OTBETCTBYeT IMOTOKY *Standard-output+. Takum o6pasom, 0 3TOrO0 MOMEHTa
MBI HaOJTIOAAJIN JINIIH TTIOBEJeHe 9TUX (DYHKIIUH IIPU NCIIOJIb30BAHUY apry-
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MEHTOB II0O YMOJIYaHUIO. OI[HaI-CO Te e oIlepanry MbI MOMKEM COBepIIIaTh
¥ C JI00BIMU APYyIruMU IIOTOKaMMU.

ITymw (pathname) — 3T0 IEPEHOCUMBIH CIIOCO0 OIIpeeIeHNA Ty TU K (hairy.
ITyTs mMeeT IeCTh KOMIIOHEHTOB: XOCT, YCTPOMCTBO, KaTaJior, MMs, THUII
u Bepcuo. Bel MOJKeTe co3aTh My Th ¢ TIOMOIITBIO make-pathname ¢ omHUM UIN
0oJiee apryMeHTaMHU II0 KJOUy. B mpocreiiiemM ciyuae JOCTaTOYHO 3aaTh
JINIIIB UMS, OCTABUB OCTAJbHBIE ITIapaMeTPhI CO 3HAUEHUAMU 110 YMOJIYaHUIO:

> (setf path (make-pathname :name "myfile"))
#P 'myfile”

BasoBasa pyukusa nad oTKpeITHA (aiiioB — open. Eif Heo0X0oaruMo COOOIIUTH
IIyTh!, a ee MOBeJeHeM MOKHO YIIPABJIATH C TOMOIIbI0O MHOI'OUKMCJIEHHBIX ap-
TYMEHTOB II0 KJIIOUy. B ciaydae ycmexa oHa BO3BpAIIaeT IIOTOK, YKAa3bIBAIO-
mui Ha pami.

Bawm myKHO yKasaTh, KaK BbI COOMPAETECH UCIOJH30BATh CO34aBaE€MbIil II0-
ToK. Ilapamerp :direction ompenesisiet, OymeT Ju IPOU3BOAUTHCSA UTEHUE
(:input), 3ammces ((output) mim u TO U IPyroe ogHOBPeMeHHO (:10). Ecau moTor
HWCHOJIb3yeTCd AJId UYTeHU s, TO IapaMeTp :1f-exists onpeznesiser ero mosese-
HUe B cJayuae, ecau Gaiii y:xe cymniecTByeT. IIpu 5ToM 00BIUHO NCIIOJIb3YETC I
:supersede (mepesanucaTh moBepx). tak, co3gaguM MOTOK, Yepes KOTOPHIH
MBI CMOJKEM 3amIucaTh 4To-Iu0o B daita "myfile”:

> (setf str (open path :direction :output
;if-exists :supersede))
#<Stream CO17E6>

Croco6 oToOpaskeHusa IOTOKOB IIPY [TeUaTy 3aBUCUT OT MCITOJIb3yeMoil pea-
ausarnuu Common Lisp.

Eciz Tenmeps MBI yKa)XKeM HOTOK Str IMepBLIM apryMeHToM (PyHKIuu format,
oHa OyzeT ImevaTaTh CBOII BEIBOJ| B 3TOT IIOTOK, a He B toplevel:

> (format str "Something™%")
NIL

Ho eciu MBI Temepb IOCMOTPUM Ha COAeps;KuMoe (paiiia, To MOMKEeM U He Hali-
TH B HEM HAIITy CTPOKY. HeKoTopbhie peainsalium OCYINeCTBISIOT BBIBOJ, IIOP-
MUSMU, U OXKHUJaeMoe comep:kuMoe (ailia MOKeT IOSIBUTHCS JIUIIb IIOCJe
3aKPBITUSA IIOTOKA:

> (close str)
NIL

Bcerna sakpriBaiiTe (paifibl 10 OKOHUYAHUY UX MCIOJIb30BaHus. Iloka BbI He
cliejlaeTe dTOTO, BBl HE MOXKeTe ObITh YBEPEHbI OTHOCUTEJIBHO UX COHEPIKU-
moro. Ecyiz MbI Temmeph B3TUISHEM Ha cofep:kumoe (aiima ‘myfile”, To ooHA-
DPYKUM CTPOUKY:

Something

! BmMecTO IyTH MOYKHO IIepeAaTh IPOCTO CTPOKY, OAHAKO TAKOU CII0CO0 He ITePeHO-

cuMm Mex [y pasauuasiMu OC.
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Ecnu MBI XOTHM BCero JIMINb IIPOUNTATH cofep:kuMoe (aiisia, To OTKpoeM
IIOTOK € aprymeHToM :direction :input:

> (setf str (open path :direction :input))
#<Stream C01C86>

Copep:xumoe (paifjia MOKHO UUTATH C IOMOIIIBIO JIF000H (DYHKIIUU UTEHUS.
Bousee mogpo6HO BBOJ onrickiBaeTcA B paszese 7.2. IIlpusegem npumep, B KO-
TOPOM JJIsI YT€HUS CTPOKHU U3 (paiijia mcuobayercs GyHKIUSA read-1ine:

> (read-line str)
"Something”

NIL

> (close str)

NIL

He 3a6yabTe 3aKpBITH (DAl oC/e 3aBEePIeHU S UTEHUS.

DyHKIIUM 0pen 1 ¢10se MpaKTUYeCKW HUKOTIa He UCII0Ib3YyI0TeA aBHO. ['opas-
0 ymoOHee MCIOJIB30BaTh MakKpoc with-open-file. IlepBbIil ero aprymeHT —
CIIMCOK, COEePIKAIIUI HEKOTOPOe NMsI IIEPEeMEHHOI 1 BCe Te JKe apI'yMeHTHI,
KOTOpBIE BbI MOTJIX ObI mepenaTh GyHKIUU open. ajee cienyoT BbIpaske-
HUSA, KOTOPBIE MOTYT UCII0JIb30BATh 3aJaHHYIO BBIIIIE TIePEMEeHHY0, CBA3aH-
HYIO BHYTPHU TeJia MaKpoca ¢c uMeHeM nepemMeHHOIi. [locjie BEIIIOJTHEHUS BCeX
BBIPa’KEHUI Tejla MaKpoca IIOTOK 3aKpbIBaeTcs aBToMaTudecku. Takum 06-
pasoM, omepanusa 3anucu B (haiia MoKeT ObITh IEJTMKOM BhIpasKeHa TaK:

(with-open-file (str path :direction :output
;if-exists :supersede)
(format str "Something™%"))

Maxpoc with-open-file ucmoanbayet unwind-protect (ctp. 295), uTo6BI rapaH-
TUPOBATD, UTO (paiiy OyaeT AefCTBUTEIBHO 3aKPhIT, JasKe eCJIN BLITIOTHEeHYe
BBIpasKeHUIT BHYTPHU Teja MaKpoca 0yeT aBapuiiHo IpepBaHo.

7.2. BBoa

OByMmsa HamboJiee TIOMYyAAPHBIMY PYHKIIUAMY YTE€HUA ABIAIOTCA read-line
u read. IlepBas uuTaeT Bce 3HAKM IO Hauajia HOBOU CTPOKM, BO3BpAIIasd UX
B Bujze cTpoku. OnuH ee HeoOs3aTe IbHBIN IIapaMeTp, Kak U AJd read, ompe-
JleJsieT BXOJHOM MOTOK. Ecyii oH He 3aaH ABHO, TO II0 YMOJYAHUIO UCIIOTIb-
3yeTrcda *standard-inputs:

> (progn
(format t "Please enter your name: ™)
(read-1ine))

Please enter your name: Rodrigo de Bivar
"Rodrigo de Bivar”
NIL

ATy QYHKIIUIO CTOUT KCIIOJH30BATh, €CJU BbI XOTUTE MOJYUYUTH 3HAUEHUA
TaKUMU, KAKUMU OHU Ob1IU BBemeHbI. (BTOpBIM BO3BpaIliaeMbIM 3HAUCHUEM
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oymer t, ecau read-line 3aKOHUUT UTeHMe (paiiia mpexkae, YeM BCTPETUT KO-
HeIl CTPOKU.)

B o61riem caydae read-line mpuHEMAaET YeThIpe HeoOA3aTeIbHBIX apryMeH-
Ta: IIOTOK; ITapaMeTp, YBeIOMJISIOIINI, BEISBIBATE JIU OIIUOKY II0 JOCTUMKE-
HUU KoHIIa (aitna (eof); mapamerp, 0003HAYAOIITNI, UYTO BO3BPAIIaTh, €CJIN
He BBIBBIBATH OMINOKY. YeTBepThIil apryMeHT (CTp. 242) 00bIYHO MOKHO IPO-
UTHOPUPOBATh.

Wrak, oTobpasutrs comep:kuMoe (daiiia B toplevel MOKHO ¢ TOMOIIIBIO CJIe-
nyromtei (GByHKITUM:

(defun pseudo-cat (file)
(with-open-file (str file :direction :input)
(do ((line (read-line str nil 'eof)
(read-1line str nil 'eof)))
((egl line 'eof))
(format t ""A™%" line))))

Ecuu BBI X0THTE, YTOOBI BBOJ IPOXOANJ CUHTAKCUUECKU Pa3bop KaK 00b-
eKThI Jlucna, ncmosb3yiiTe read. 9Ta QYHKIIUA CUUTHIBAET POBHO OJJHO BbBI-
pasKeHUe 1 OCTAHABJIUBAETCS B €70 KOHITE. DTO 3HAUUT, UTO OHA MOJKET CUU-
THIBATH 0OJIBIIIE CTPOKU MJIU MEHBIIE CTPOKU. PaszyMeeTcs, CUUTHIBAEMBIHN
00'BEKT JOJI’KEH OBITh CHHTAKCUYeCKU KOPPeKTHHIM (valid) ¢ Touku 3pernsa
cuHTaKcuca Jlucma.

IIpumenssa pyurmuio read B toplevel, MBI cMOKeM MCIOJIb30BATH CKOJIBKO
YTOMHO IIEPEHOCOB CTPOK BHYTPU OFHOI'O BHIPAYKEHUA:

> (read)
(a
b
c)
(A BC)

C Ipyroii CTOPOHEL, €CJIN HA OQHOM CTPOKE OyAeT HaXOAUThCS HECKOJIBKO 00b-
E€KTOB JIcha, read IIPEeKPaTUuT CYUThIBaHNE SBHAKOB, 3AKOHYMB UYT€HNE IIEPBO-
T0 00bEKTa; OCTABIINECA 3HAKM OYIYT CUNTHIBATHCSA IIPHU CIAEAYIOITUX BBIZO-
Bax read. IIpoBepuM 5TO IIPEAIIONOMKEHME ¢ IIOMOIILIO ask-number (cTp. 37).
BBenem ogHOBPEMEHHO HECKOJBLKO BBIPAMKEHUN U IOCMOTPUM, YTO IIPOUC-
XOIUT:

> (ask-number)

Please enter a number. a b

Please enter a number. Please enter a number. 43
43

I Ba mpuriaameHus HamevyaTaHbl OJHO 3a APYTUM Ha OIHOI cTpoke. IlepBuIit
BBI30B read BO3BpAIIaeT CUMBOJI a, He ABJSIONIUNCS YUCJIOM, II03TOMY (hyHK-
IUsI 3aHOBO IIpeJJaraeT BBECTU UYUCJO. IIepBbIil BHI3OB CUMTAJ TOJBKO a
u octaHoBUJICS. [loaTOMY CemyIoInii BEI3OB read cpasdy CUUTHIBAET 00BEKT b,
KOTOPBIH TaKKe He YUCJIO, 1 IPUTJIAIIIeH e BEIBOAUTCS eIIle Pas.
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YT006sI 130€KaTh TOLOOHBIX CIyUaeB, He CTOUT IPUMEHATD read HaIpsaMyio.
JIyumuii croco6: moab30BaTeIbCKUM BBOJ UMTAETCS C IIOMOIIBIO read-line
u maJjee obpabaTbiBaeTcA ¢ IIOMOIIBIO read-from-string.” 9ta GQyHKIINA IPU-
HUMAaeT CTPOKY U BO3BpAIIlaeT MePBbIii 00bEKT, IPOUNTAHHBIN 13 Hee:

> (read-from-string "a b ¢")
A
2

TloMmumo TpoYnTAaHHOTO 00BEKTA OHA BO3BPAIIAET IO3UIUIO B CTPOKE, Ha KO-
TOPOIi 3aBEPIITNIOCH UTEHUE.

B ob1miem cayuae read-from-string MosKeT IpuHHUMATH JBa HE00A3aTeIbHBIX
apryMeHTa U TPU apryMeHTa II0 KJaouy. [IBa Heo0s3aTeIbHBIX — Te Ke, UTO
U TPEeTUil 1 YeTBePThIN apryMeHTHI B read-line (BbIBBIBATH JIX OIUOKY IPU
JOCTHKEHUN KOHIIA CTPOKU U, €CJIM HeT, UYTO BO3BPAII[aTh B 9TOM CJIyUae).
A aprymeHTBI 11O KJIfouy :start u :end orpaHMYMBAaOT YaCTh CTPOKU, B KOTO-
poit 6ymeT BBITIOMHATHCA UTEHHE.

PaccmoTpenHbie B 9TOM paszesie PYHKITUU OIIPeIeeHbI ¢ TTOMOIIBI0 6ojiee
OPUMUTHUBHON read-char, CUMThIBAOIIEl ONMHOUHBIN 3HaK. OHA IpuHUMAaeT
Te JKe YeThIpe Heobsa3aTeIbHBIX apryMeHTa, uTo u read, u read-1ine. Common
Lisp Tak:ke onpeneaseT GyHKI[UIO peek-char, KoTopas moxoska Ha read-char,
HO He yIaJigeT IPOYUTAHHBIN 3HAK 13 IIOTOKA.

7.3. BbiBOA,

Wwmerorcsa Tpu npocTetinue GyHKIUY BBIBoZA: print, princ u terpri. Bcem um
MOXKHO COOOIIUTE BEIXOAHOM MOTOK; IO YMOJYAHUIO 3TO »standard-outputs.

Pasuuna mexxay print m princ, rpyoo roBops, B TOM, UTO prini remepupyer
BBIBOJI IJI IIPOTPaMM, a princ — aJs goaei. Tak, Hanmpumep, prinl meuaraer
JIBOMHBIE KABBIYKU BOKPYT CTPOK, & Princ — HeT:

> (prini "Hello")
"Hello”

"Hello”

> (princ "Hello")
Hello

"Hello”

O6e pyHKIIMYU BO3BPAIIlAIOT CBOI MEPBLIi apIyMeHT, KOTOPBIii, KCTATH, COB-
majgaeT ¢ TeM, KOTOPBIX oToOpaskaer prinl. @yHKIuA terpri mevyaraeT TOJIb-
KO HOBYIO CTPOKY.

3Has 00 9TuX PYHKIUAX, BaM Jierde OyeT IOHATH IOoBeeHUe 6osee 001Iei
format. C momoIrbio GyHKITUK Tormat MosKeT OBITH OCYIIIeCTBJIEH IPaKTUUe-
CKU J1000%1 BBIBOA. OHA MPUHUMAET MOTOK (a TaKsKe t uau nil), CTPoKy ¢op-
MAaTHUPOBAHUS U HOJIb Ui 6oJiee aprymMeHTOB. CTpoka (hopMaTUPOBaAHUI MO-
JKeT COMepsKaTh OUPeKmuesl (Yopmamupo8arHus, KOTOpble HAUMHAIOTCS CO
3HaKa ~ (tTuabaa). Ha ux mMecTo OyAyT BhIBEeAEHBI IPEACTaBICHUSI apTryMeH-
TOB, IIepegaHHbIX format.
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ITepenaBas t B KauecTBe IIePBOT'0 apryMeHTa, Mbl HAIIPaBJIsAeM BBIBO, B *stan-
dard-output+. Ecyiz mepBbIil aprymMeHT — nil, To format BO3BpaTUT CTPOKY BMe-
CTO TOTO, UTOOBI ee HameuaTaTh. Pagu KpaTkocTu 0yeM MPUBOAUTH TOJIBKO
Takue nmpuMepbl. DyHKINUIO format MOMKHO paccMaTpHUBaTh OJAHOBPEMEHHO
U KaK HEBEPOATHO MOIIHBIN, U KaK JKYTKO CJOYKHBINA MHCTPYyMeHT. OHa I10-
HHUMaeT OrPOMHOE KOJINUeCTBO JUPEKTUB, HO TOJBKO YaCTh U3 HUX BaM IIPU-
JleTcA UCII0JIb30BaTh. [[Be HamboJjiee pacIrpoCcTpaHEeHHbIEe TUPEKTUBBI: "A 1 ~%.
(Mexxkny “a u “A HEeT pasauuusd, OLHAKO MIPUHATO UCIIOJIb30BATh BTOPYIO AU-
PEKTUBY, IOTOMY YTO B CTPOKe (hopMaTUpoBaHUA OHA Oojiee 3aMeTHA.) A —
5TO MECTO JAJI BCTABKU 3HAUEHUHA, KOTOPOe OyAeT HaleyaTaHO ¢ IIOMOIILIO
princ. "% cooTBeTCTBYeT HOBOII CTPOKE.

> (format nil "Dear “A, % Our records indicate..”
"Mr. Malatesta”)

"Dear Mr. Malatesta,

Our records indicate..”

B aTom mpumepe format BosBpaIaer OJuH apryMeHT — CTPOKY, COAEPKAIIYI0
CHMBOJI TIEPEHO0Ca CTPOKH.

OupexTmBa ~S moxoska Ha ~A, OZHAKO OHA BHIBOJUT OO'BEKTHI TaK JKe, KaK
prinl, a He Kak princ:

> (format t "°S A" "z" "z")

"z" z

NIL
JdupeKTuBHI (hopMaATUPOBAHUA CAMU MOTYT IPUHUMATh apr'yMeHTHI. ~F HC-
IIOJIB3yeTCA OJIA IIeUaTHu BEIPDOBHEHHBIX CIIpaBa 4YMCeJI C nﬂaBanmeﬁ 3aIrd-
TOI! M MOXKeT IIPUHUMATH IIATH apT'YMEHTOB:

1. CyMMapHoe KOJIMYECTBO BBIBOAMMBIX CIMBOJIOB. ITo YMOJJIYaHUIO 9TO OJIM-
Ha gucJja.

2. KoamuecTBO BBIBOAUMBIX CUMBOJIOB IIOCJIe TOUKM. 110 yMOTuaHUIO BBIBO-
IATCA BCe.

3. CwMmelrieHre TOUKY BJIE€BO (CMeIlleHre Ha OJWH 3HAK COOTBETCTBYET YMHO-
skeruto Ha 10). ITo ymMoT4aHUIO OTCYTCTBYET.

4. CuMBOJ, KOTOPBIH OyAeT BbIBEIeH BMECTO UMCJIa, €CJIM OHO He yMeIlaeT-
cAd B KOJMYECTBO CMMBOJIOB, paspelleHHoe MepBbIM aprymeHToM. Eciau
HUYETo He 3aJaH0, TO YNCJ0, IIPEBLITITAoINee JOIYyCTUMbBIH JUMUT, OyAeT
HalleyaTaHo KaK eCcTh.

5. CumBoJI, meuaTaeMblii mepes ieBoi mudpoii. ITo ymoauanuio — mpobeJt.

B aHMI0a3b6I1YHOI JUTEpATyPe MPUHATO MCIOJH30BaTh TOUKY B KaueCTBe pasie-
JIATEJIA B JeCATUYHBIX AP00saX. B pycCKOM sI3bIKEe MPUHATO UCIIOJIb30BATh 3aTIs-
TYI0, & TAKWE YNCJIa HAa3hbIBATh «YKUCJIAMU C ILJIaBatoIei samsaroii» Bmecto «flo-
ating point numbers» (ducia ¢ maasaroieii Toukoit). B Common Lisp g samnu-
CU IeCATUYHBIX AP06eil Bcerna Ucmoaba3yercd Touka. — Ilpum. nepes.
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7.4,

Bor IIPpUMeEP, B KOTOPOM HCIIOJIB3YIOTCA BC€E IIATH apr'yMeHTOB:

> (format nil "710,2,0, «," F" 26.21875)
26.22"

WcxomHoe Umc/Io OKPYIVISIETCS OO ABYX SHAKOB IIOCJE TOUKM (CamMa TOUYKa
cmernaercsa Ha 0 TOJI0MKEeHUH BJIEBO, TO €CTh HEe CMEIIAeTCs), IJId ITeYaTH Ymc-
Jia BBIIeJIseTCs MPocTPaHCcTBO B 10 CMMBOJIOB, Ha MeCTe He3aIIOJHEeHHBIX CJIe-
Ba I0JIelt meuararmTrcd mpobensl. OOpaTuTe BHUMaHNE, UTO CUMBOJI 3BE3404-
KU IlepefaeTcs KaK '+, a He KaK oObIuHO #\+. IIOCKOJIBKY 3aJaHHOE UMCJIO
BIIMCHIBAETCS B IIPEAJIOKEHHOE MPOCTPaHCTBO 10 CIMBOJIOB, YeTBEPTHI ap-
T'YMEHT He MCIOJb3yeTCsd.

Bce sTu aprymeHThI He 00S3aTeJIbHBL AJIA MCIOJIb30BAaHMI. UTOOBI IIpuMe-
HUTH 3HAYEHNE 10 YMOJYAHUIO, JOCTATOYHO IIPOCTO IPOIYCTUTL COOTBETCT-
ByIOIU aprymedT. IIpu sxeTaHNM HAIleYaTaTh YKMCJIO, OKPYIVIEHHOE 0 ABYX
3HAKOB II0CJI€ TOUKH, JOCTATOUHO HAIIMCATh:

> (format nil "7,2,,,F" 26.21875)
"26.22"

Takas MOCJIe0BaTEILHOCTD 3aATHIX MOMKET ObITh OMYINleHa, M03TOMYy 00-
Jlee pacIpocTpaHeHa CJIeYOIas 3aluCh:

> (format nil "7, 2F" 26.21875)
"26.22"

IIpedynpesxcoenue: OKpyIiasa uucia, format He rapaHTUPYET OKPYIJIEHUE
B OOJIBINTYIO MJIM MEHBIITYI0 cTopoHy. IloaTomy (format nil "7, 1F" 1.25) mo-
JKeT BeIAaTh aubo "1.2", mubo "1.3". Takum o6pa3oM, ecau BaM HYsKHO OKPYT-
JIeHUEe B KOHKPETHYIO CTOPOHY (HAIIPUMeED, IIPU KOHBEPTAI[NU BaJIOT), IIepe]
eYaThbio OKPYTJIANTE BRIBOJUMOE UNCJIO ABHBIM 00pPa3oM.

Mpumep: 3ameHa CTPOK

B sToM pasmesie mpuBeieH IpUMep UCII0Ib30BaHUA BBOIa-BbIBOIA — ITPOCTA
mporpaMMa IJs 3aMeHBI CTPOK B TEKCTOBBIX (paiimax. MbI cosgagnuM QpyHK-
U0, KOTOPAs CMOYKET 3aMEHUTH KaXKIYI0 CTPOKY 0ld B (haiije Ha CTPOKY
new. IIpocTeiinuii crrocod caesiaTh 3TO — CBEPATH KaK I CUMBOJI C IIEPBBIM
cumBoJioM 0ld. Eciiu oHU He COBIIafaioT, TO MBI MOXKEM IIPOCTO HAIleuaTaTh
cuMBOJ U3 (paiiiaa. Ecam oHM cOBIamamT, TO CBepPsieM CJIELYIOIIUA CHMBOJI
u3 daiiaa co mopuvim cuMBOJIoM 01d, u T. n. Ecau HalieHO COBIIaieHMEe, TO
meyaTaeM Ha BBIXOX CTPOKY New.’

Yo MPOMCXOAUT, KOTZAa MBI HATBIKAEMCSA Ha HECOBIIAJeHNE B IIPOIIECCE CBEP-
Ku cumBoJioB? Hampumep, Ipeamosio KM, UTO MBI HIeM IIabJioH “abac’,
a BXOAHOI (haiia comepsKuT “"ababac”. CoBmamenue 0yaeT HaGI01aTHCA BILJIOTH
JIO UeTBEPTOTO CUMBOJIA: B (paiije 9To b, a B 11abJioHe ¢. o1 ;0 ueTBepTOro
CUMBOJIa, MBI IOHUMAaeM, UTO MOKeM HalevaTaThb IePBbIi cuMBOJ a. OmHaKO
HEKOTOpPHIE PO IeHHbIE CHUMBOJIBI HAM BCe eIlle HYKHBbI, ITIOTOMY YTO TPEeTHUi
IPOUYTEHHBIM CUMBOJI a4 COBIIAJAeT ¢ MePBBIM CUMBOJIOM ItabjgoHa. Takum
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06pa30M, HaM HOHa}IOGHTCﬁ MecTO, I'le MbI 6y,11eM XPaHUThb BCe IIPOYNTAH"
HbIe CHMBOJIBI, KOTOPBIE€ HAM IIOKa €Ille HYXHBI.

Ouepens A1 BpDeMEHHOTO XPaHEHU BXOAHON nH(pOPMAIINY HA3BIBAETCS 0Y-
¢epom. B nanHOM ciryuae HeOOXOAMMBIN pasMep Oydepa HaM 3apaHee HEM3-
BECTEH, U MbI BOCIIOJIb3YeMCSA CTPYKTYPOH HaHHBIX IO Ha3BaHUEM KOJble-
6otl 6ygep. Konbnesoii 6ydep ctpouTcsa Ha ocHOBe BeKTopa. Criocob ero mc-
TOJB30BAHUA HATIOMUHAET KOJIBIIO: STOT BEKTOP IIOCJIEIOBATEIHHO HATIOIHA-
eTcsA BHOBB ITOCTYTIAOIIINMY CUMBOJIAMH, & KOT/[a OH 3aII0JIHUTCS IIOJHOCTBIO,
Ipoliecc HAUMHAETCs ¢ HauaJjia, [I0BePX yoKe CYIeCTBYIOIINX 3JeMeHTOB. Ec-
JI1 HaM 3apaHee M3BECTHO, UTO He IMOHAJ00UTCA XPAaHUTL 6oJiee 11 dJIeMeH-
TOB, BEKTOpA AJNHOII 72 OyAeT JOCTaTOYHO, 1 Iepe3alch 3JIeMeHTOB ¢ Haua-
Jia He TPUBEET K IoTepe JaHHbIX.

Ha puc. 7.1 mokasaH KoJ, peaJu3yIONNI OIlepaIlii C KOJIbIIEBEIM Oy(depom.
CrpyKTypa buf mmMeeT IATH II0JIeH: BEKTOP AJA XpPaHEeHUS 00 bEeKTOB 1 YeThI-
pe ungexca. [IBa u3 Hux, start m end, HEOOXOMMMBI AJIA JIOOBIX OIEpAI[Hi
C KOJIbIIeBBIM Oydepom: start ykaspIBaeT Ha HauaJbHOE 3HaUeHUe B Oydepe
u OyJeT yBeJIUUNBAThCA IIPU U3BATUU dJeMeHTa us 6ydepa; end yKasbiBaeT
Ha IocjegHee 3HaUeHue B Oydepe u OyAeT YBeJINUUBATbCA IPU 100aBIeHUN
HOBOT'O 9JIEMEeHTa.

IBa npyrux mHaeKca, used u new, ToTpedyIOTCA M5 UCIIOJIb30BaHUA Oydepa
B HaImieM npuwiaokeHuu. OHM MOTYT IPUHUMATH 3HAUEHUE MEXKAY start
u end, IpuueM Bcerga OyneT co0JII0AaThCs CAeAYIOIee COOTHOIIIEHIE:

start < used < new < end

ITapy used u new MOKHO cUMTATh aHAJOTOM Start u end AJid TEKYIIIero COB-
nagenud. Korga MbI HauMHAEM OTCJIe;KUBATh COBIIaJieHUe, used OyaeT pa-
BeH start, a new — end. I8 KaKJ0T0 OCJIE0BATEIHHOTO COBIAAEHMUA TIaphI
cuMBOJIOB Used OyzeT yBeanuuBaThea. Korma used mocTurser new, aTo 0yxeT
03HaYaTh, UYTO MBI cunTaN 13 Oydepa Bce 3JI€MEHTHI, 3aHECEHHBIE TyAa 0
HavaJia IPOBEPKU JAaHHOT'O COBIIaeHuA. HaMm He HYyKHO HCIIOJIE30BaTh 00JIb-
IIIe CUMBOJIOB, YeM ObIJIO B Oy(epe Imepes HAUAJIOM HAXOMKIEHUS TEKYIIEro
COBIIAJIEHU s, HAYE MBI OBbI MCIIOJIL30BAIY HEKOTOPBIE CUMBOJIBI 110 HECKOJIb-
Ky pas. ITosTromy Ham TpeOyeTcs IPyroil UHAEKC, New, KOTOPBIN MCXOIHO pa-
BEeH end, HO He YBeJIMUMUBAETCS IPU A00aBJIEHNM HOBBIX CIMBOJIOB BO BpeMs
TIPOBEPKU COBITAAEHUS.

dyurmusa bref Bo3BpalaeT sJIeMeHT, XpaHAaIuiica B Oydepe mo 3aJaHHOMY
uHAeKCcy. Vcmoab3yss OCTaTOK OT JAeJIeHUA 3aJaHHOTO WHAeKca Ha IJIUHY
BEKTOPAa, MbI MOXKEM C/[eJIaTh B, UTO HAIll Oy(ep nMeeT HeorpaHMUeHHbBIH
pasmep. BrizoB (new-buf n) cosgaeT HOBBIN O6y(ep, CIIOCOOHBIN XPAHUTD 10 I
5JIEMEHTOB.

Yr06b!I TOMECTUTDH B Oy(dep HOBOe 3HaUeHUe, OyaeM mpUMeHATh buf-insert.
Ira QYHKIUA YBEIUUNBAET UHIEKC end U KJIaJeT Ha 3TO MECTO 3aJaHHBIN
asemeHT. O0paTHOI QyHKIIMEHN ABIgeTCA huf-pop, KoTopas BO3BpAIIIAeT Iep-
BBI 9J1eMeHT Oydepa 1 yBeJIUUUBaeT UHAEKC Start. 3Tu ABe QYHKINU HY K-
HBI IJI5 JJI000T0 KOJIbIleBOTO Oydepa.
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(defstruct buf
vec (start -1) (used -1) (new -1) (end -1))

(defun bref (buf n)
(svref (buf-vec buf)
(mod n (length (buf-vec buf)))))

(defun (setf bref) (val buf n)
(setf (svref (buf-vec buf)
(mod n (length (buf-vec buf))))
val))

(defun new-buf (len)
(make-buf :vec (make-array len)))

(defun buf-insert (x b)
(setf (bref b (incf (buf-end b))) x))

(defun buf-pop (b)
(prog1
(bref b (incf (buf-start b)))
(setf (buf-used b) (buf-start b)
(buf-new D) (buf-end b))))

(defun buf-next (b)
(when (< (buf-used b) (buf-new b))
(bref b (incf (buf-used b)))))

(defun buf-reset (b)
(setf (buf-used b) (buf-start b)
(buf-new b) (buf-end b)))

(defun buf-clear (b)
(setf (buf-start b) -1 (buf-used b) -1
(buf-new b) -1 (buf-end D) -1))

(defun buf-flush (b str)
(do ((i (1+ (buf-used b)) (1+ 1)))
((> 1 (buf-end b)))
(princ (bref b 1) str)))

Puc. 7.1. Onepayuu ¢ kKoavyesvim 6ydpepom

Cuenyroiue aBe QYHKIIMYU HAIMCAHBI CIIEINAJIBHO IJIA HAIIEro IIPUJIOKe-
HudA: buf-next uuraer sHaueHue u3 Oydepa 6e3 ero msBieUeHUsd, buf-reset
copacrIBaeT used U new 0 MCXOAHBIX 3HaueHU start u end. Ecsiu Bce 3Haue-
HUA IO New IPOUMTaHbl, buf-next Bodeparut nil. [IocKoabKy MBI cOOupaeMcsa
XpPaHUTh B Oy(depe MCKIIOUUTETHHO CHMBOJIBI, OTIMYUTH Nil KakK ocoboe
3HaueHUe He OyaeT Ipo0IeMOii.

Haxomnerr, buf-flush BeIBOAUT comepkrMoe 0ydepa, 3anuchiBas BCe JOCTYII-
HbIe BJIEMEHTHI B 3aJaHHBIH IIOTOK, a buf-clear ouuirniaet 6ydep, copackiBasd
BCe UHIEKCHI 10 -1.
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DyHKIMY U3 Koja Ha puc. 7.1 ncrnosnb3yoTcsa B KOfe Ha puc. 7.2, IpeIocTaB-
JIAIONIEM CPeJICTBA /s 3aMeHbI cTPOK. DyHKIuA file-subst mpuHUMaeT ye-
ThIPE apryMeHTa: NCKOMYIO CTPOKY, ee 3aMeHY, BXOZHOU 1 BBIXOJHOM (aii-
asl. OHA cO3/TaeT IOTOKM, CBA3aHHBIE C 3aJaHHBIMHU (DaiijiaMu, 1 BHISHIBAET
GyHKIMUO stream-subst, KOToOpasa 1 BBITOJIHSIET OCHOBHYIO PaboTy.

Bropasa ¢pyukmus, stream-subst, CIOJIb3yeT aJITOPUTM, KOTOPBII OBLI cXe-
MaTUYeCKHU OIMCAaH B HauaJie pasgesna. KaskabIi pas oHa YUTAET U3 BXOJHO-
r'0 IIOTOKa OAWH CUMBOJI. Eciiu OH He cOBIAZAET ¢ IePBBIM 3JIEMEHTOM HCKO-
MO CTPOKHU, OH TYT JKe 3all1ChIBaeTCs B BBIX0oAHO moToK (1). Korma HaumHa-
eTCs COBIaJieH1e, CUMBOJIBI CTABATCS B ouepens B 6ydep buf (2).

(defun file-subst (old new filel file2)
(with-open-file (in filel :direction :input)
(with-open-file (out file2 :direction :output
;if-exists :supersede)
(stream-subst old new in out))))

(defun stream-subst (old new in out)
(letx ((pos 0)
(len (length old))
(buf (new-buf len))
(from-buf nil))
(do ((c (read-char in nil :eof)
(or (setf from-buf (buf-next buf))
(read-char in nil :eof))))
((eql ¢ :eof))
(cond ((char= ¢ (char old pos))
(incf pos)
(cond ((= pos len) 03
(princ new out)
(setf pos 0)
(buf-clear buf))

((not from-buf) o2
(buf-insert ¢ buf))))
((zerop pos) 01

(princ ¢ out)
(when from-buf
(buf-pop buf)
(buf-reset buf)))
(t c 4
(unless from-buf
(buf-insert ¢ buf))
(princ (buf-pop buf) out)
(buf-reset buf)
(setf pos 0))))
(buf-flush buf out)))

Puc. 7.2. Bamena cmpok
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ITepemenHas pos yKasbIBaeT Ha II0JIOMKEHIIe CHUMBOJIa B ICKOMOi1 cTpoke. Ec-
JIX OHO PaBHO JJIMHE CAMOI CTPOKU, 9TO O3HAUAET, UYTO COBHAeHMe HAalIeHO.
B TakoM cayuae B BBIXOLHOM IIOTOK 3alMChbIBaeTCA 3aMeHa CTPOKHU, a 0ydep
ountmaercs (3). Ecau B Kakoii-1mb0 MOMEHT II0CJIeIOBATEIbHOCTh CUMBOJIOB
mepecTaeT COOTBETCTBOBATH MCKOMOM CTPOKE, MBI BIIpaBe 3a0paTh IEePBBIi
cuMBOJI U3 Oy(depa u 3amrcarb B BBIXOJAHOM ITOTOK, a TaAKKe YCTAHOBUTD POS
PaBHBIM HYJIIO, a caM 0ydep cOpocuTs (4).

Craenyroiiasa TabauIa HATJISAHO JeMOHCTPUPYET, UTO IMIPOUCXOAUT IIPU 3a-
MeHe "baro” Ha "baric” B (paitie, comepsralemM TOJIbKO OJHO CJIOBO barbarous:

CumBoa | Ucrounuk | CoBmameHue Bapuant BeiBog Bydep
b daiin b 2 b

a daiir a 2 b a

r daiia r 2 bar
b daitn 0 4 b b.a r b.
a oydep b 1 a a.r b.
r oydep b 1 r r.b.

b oydep b 1 rb:

a daiin a 2 r ba

r daiin r 2 rbar
0 daiin 0 3 baric

u daiin b 1 u

S daiin b 1 S

IlepBast KOJIOHKA COAEPIKUT TEKYINWI CIMBOJ — 3HAUEHNE IIePEeMEeHHOH C;
BTOpasd IOKAa3bIBAET, OTKY/Ia OH OBLJI cCUMTaH — 13 Oydepa uin Ke IPAMUKOM
u3 (paiiya; TPeThsa IIOKa3bIBA€T CUMBOJI, C KOTOPBIM MbI CDABHUBAEM, — JJIe-
MEHT 01d 0 MHAEKCY POS; YeTBepTasi YKasblBaeT HA BAPUAHT JelCTBUSI, CO-
BepIIaeMor'o B JaHHOM cCJiydae; IATasd KOJOHKA COOTBETCTBYET TEeKYIIeMy
coziepxuMOMYy Oydepa mocJie BLIIOJTHEeHNU onepanuu. B mociaenueil KOJIOH-
Ke TOUKaMU II0CJIe CHMBOJIA IIOKA3aHbI TaAKIKe IMo3uruu used u new. Eciiu oan
COBITIAAIOT, TO 3TO OTOOPAKAETCSA C IOMOII[BIO TBOETOUMS.

IIpegmonosxkum, 4TO y Hac ecThb (paiiam "testl’, comep:Kalluil CJAEYIOIIUIL
TEKCT:

The struggle between Liberty and Authority is the most conspicuous feature
in the portions of history with which we are earliest familiar, particularly
in that of Greece, Rome, and England.

ITocoe BeimorHeHMA (file-subst ™ th” " z" "test1” "test2") dpaim "test2”
Oy/aeT UMeTh CJAeAYIOINI BUI:

The struggle between Liberty and Authority is ze most conspicuous feature in
ze portions of history with which we are earliest familiar, particularly in
zat of Greece, Rome, and England.
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YT06bI MAKCUMAJIBHO YIPOCTUTH IIPUMED, KOJ Ha Puc. 7.2. IPOCTO 3aMeH -
€T OfHY CTPOKY Ha Apyryo. OgHAKO ero HeCJ0KHO 0000IIIUTh U COOPYAUTH
TOUCK IIO TIOJTHOIIEHHBIM IIa0bJIOHAM BMECTO IOCJENOBATEJIBHOCTEN OYKB.
Bce, uTo Bam moTpebyeTcs, — 3aMEHUTH BBIBOB Char= Ha GYHKIIMIO IPOBEPKU
HaA COOTBETCTBUE IIA0JIOHY.

7.5. Makpo3Haku

Maxposnaxu (macro character) — 370 3HaKu, uMelonue ocoboe 3HaAUEHUE
I GyHKIUY read. 3HAKY a 1 b 00BIYHO 00pabaThIBAIOTCS KaK €CTh, OMHAKO
3HAK OTKPBIBAIOIIEl KPYIVION CKOOKY pacro3HaeTcd KaK HayaJio CUMTHIBA-
HUSA CIIUCKA.

MaxposHaky nim ux KOMOMHAIINA U3BECTHHI TAKIKe KaK MAKPOCHL UMeHUS
(read-macro). Muorme Mmakpocsl uTeHus B Common Lisp Ha gese aBasioTcA
cokpateHuamu. Hampumep, kaBbluka. [luTupyemoe BuIpaskeHune, HaIIpU-
Mep 'a, Ipu 00paboTKe ¢ MOMOIIbIO r'ead pacKpPhIBAeTCA B CIIMCOK (quote a).
IIpu Habope momo6HOro BeIpaskeHus B toplevel omo BbIuMcIgeTCs cpasy sKe
mocJje IPOUTeHUs, U Bbl HUKOT/A He YBUAUTE 9TOr0 mpeobdpasoBanusa. Ero
MOKHO O0HapYKUTh, BbI3bIBAA read ABHO:

> (car (read-from-string "'a"))
QUOTE

Maxpoc uTeHusa, COOTBETCTBYIOIIUH (UOte, COCTOUT JIUIITH U3 OTHOTO 3HAKA,
YTO ABJAETCA PeAKOCTHI0. C orpaHMYeHHBIM HA00OPOM 3HAKOB CJIOJKHO ITOJTY-
YUTH MHOT'O OTHOCUMBOJIbLHBIX MAaKPOCOB UT€HUA. BOJBIITMHCTBO MaKPOCOB
YTEHUA COCTOUT U3 ABYX UM O60oJjiee 3HAKOB.

Takme MaKpOChl UTEHUA Ha3bIBAIOTCA ducnemuepusyemvimu (dispatching),
a X TEePBHII 3HAK HA3BIBAETCS NUCIIETUEPOM. ¥ BCEX CTAHIAPTHBIX MaKpPO-
COB UTEHUA 3HAKOM-AWCIIETUEPOM ABJIAeTCA pelreTKa #. C HeKOTOPLIMU U3
HUX MBI y2Ke 3HaKOoMbI. Hampumep, # coorBercTByet (function ...), a’ aB-
JseTcd cOKpaleHueM ajia (quote ...).

Ciiepyrolue qucieTyepu3yeMble MaKPOChl YTEHUS MbI TaKKe yiKe BUIEJIN:
#(...) ABIAETCA COKPAIlleHNeM AJIA BEeKTOPOB, #nA(...) — AJIA MacCUBOB, #\ —
IJISA 3HAKOB, #5(n ...) — naa cTpyKTyp. Ilpu BeIBOZIe HA meuaTh yepes print
(mau format ¢ ~S) TaKMe 00'BEKTHI OTOOPA3SATCA B BHUAE COOTBETCTBYIOIIMX
MaKpOCOB uTeHHUsd.! ITO 03HAUAET, YTO 00'HEKTHI, 3aMNCAHHbLIE OYKBaJIHHO,
MOTYT OBITh CUMTAHBI 00PATHO B TAKOM K€ BUIE:

> (let ((#print-arrayx t))
(vectorp (read-from-string (format nil "~S"
(vector 1.2)))))

! YT006BI BEKTOPBI 1 MAaCCHUBEBI IleHaTaJInuCh TAKUM 06pa30M, H606XOI.[I/IMO yCTaHO-

BUTH 3HAUEHUE *print-array=, paBHoe t.
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PaBYMeeTCH, Ha BBIXO/I€ II0JIydaeTCd He TOT e caMbli BEKTOD, a npyrof/i, HO
COCTOHLT_U/Iﬁ 13 TeX Ke 3JIEMEHTOB.

He Bce 00'beKTHI 0TOOPaXKAIOTCA B COOTBETCTBUU C TAOJIMUIIEI UTeHUs read-
table. DYHKIUYU 1 XeII-Ta0JUIIbI, K IPIMEPY, OTOOpasKarTCa uepes #<...>.
daxTruuecKu #< — TOKe MaKpOC UTeHUs, OJHAKO [IPU IIepeaade B read OH Bce-
TIa BBIBBIBAET OIMNOKY. PYHKIIUM 1 XeIll-Ta0JuIILI He MOTYT OBITh Halleua-
TaHbI, 4 3aTeM IIPOUUTAHBI 00PATHO, U 9TOT MAKPOC UTEHUS TapaHTHUPYET,
YTO [0JIb30BATEIN He OYYT MUTATh UJIJII03UI HA 3TOT CUeT..

IIpu onipesesieHny COGCTBEHHOTO IIPEACTABICHUA IJIs1 KAKOro-1u60 06heKTa
(Hampumep, IJIA OTOOPaKEHUs CTPYKTYP) Ba’KHO IIOMHUTH 9TOT IIPUHITUIL.
JIn6o 00'BEKT B BaIlleM IIPECTaBICHUY MOKET OBITH IPOYNTAH 00pPaTHO, JIU-
060 BBI HCTIOJIB3yeTe #<...>.

NTorn rnasbl

1. TToTOKM — UCTOUHUKU BBOJa U IIoJiydaTeJIn BbIBOJA. B morokax 3HaKOB
BBO/J 1 BBIBOJ COCTOAT M3 3HAKOB.

2. TloTok, nCIONIBL3yeMbIil 110 YMOJIUaH1I0, cooTBeTCTBYeT toplevel. ITpu oT-
KpBITUH (DaiijIoB CO3LAI0TCA HOBBIE IOTOKU.

3. BBog moixer o6pabaTsiBaThCA KaK HAOOp 00bEKTOB, CTPOKA 3HAKOB MU
JKe KaK OT[eJIbHbIe 3BHAKU.

4. (DYHKI.II/IH format mpezmocTaBiiseT IIOJTHOE yIIPaBJIeHUe BbIBOJOM.

5. UTo06BI OCYIIIEeCTBUTH 3aMEHY CTPOK B TEKCTOBOM (haiijie, BaM HPULETCS
CUUTHIBATH 3HAKU B Oydep.

6. Korma read BcTpeuaeT MaKpO3HAK THUIIA
¢ HUM (pyHKIIIO.

, OHA BBI3LIBAET CBA3AHHYIO

YnpaXHeHuns

1. Onpenmenure QYyHKIIUIO, BO3BPAIIAIONIYIO CIIMCOK M3 CTPOK, IPOYUTAH-
HBIX 13 3aJJaHHOrO (haiiia.

2. Ompegenute GYHKIINIO, BO3BPAIIAOIIYIO CIIMCOK BhIPAKEeHUI, ColepsKa-
muxcsd B 3alaHHOM (aiie.

3. Ilycts B (haiise HeKoTOpPOTO (hopMaTa KOMMEHTAPUY TIOMEUAIOTCA 3HA-
KoM %. Coziep:KuMoe CTPOKY OT HauaJjia 3HaKa KOMMEHTAPUS 10 ee KOHIIA
urnopupyercs. Oupenennre QyHKIINIO, IPUHAMAOIIYIO 1BA UMeHU (aii-
Jla ¥ 3aIMUCHIBAIOIIYIO BO BTOPOIl COAEPsKUMOe IIePBOro C BhIPEe3aHHBIMU
KOMMEHTaAPUAMU.

B Jlucne pelrieTkKa C KaBBIYKOU He MOT'YyT MCIIOJIB30BAThCA OJIA OIIMCAHUA Cl)yHK'
IIHﬁ, TaK KaK 3TOT MaKPO3HaK HE B COCTOAHUNMU IIPEACTABJIATh 3aMbIKaHUE.
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4. Omnpegenure QYHKINO, MPUHUMAIOIIYI0 JBYMEDPHBIA MACCHUB UKCEN
C IJIaBAIOIIEH 3aIATON 1 0TOOPAYKATOIIYIO €r'0 B BU/Ie aKKYPATHBIX KOJIO-
HOK. KarKapIil s/ieMeHT JOJIJKeH meyaTaTbCs ¢ AByMs 3HaKaMU MOCJIe 3a-
naroit Ha mpocrpaHcTBe 10 sHakoB. (McxoauTe U3 MPEAIIONI0KEHUS, YTO
BCE OHU yMECTATCS B OTBEJEHHOM IpocTpaHcTBe.) Bam morpebyercsa
dyuRIUSI array-dimensions (ctp. 374).

5. Mamenure GpyHKIUIO Stream-subst Tak, 4ToObI OHA MOHUMAJIA ITA0JI0HBI
¢ MeTasHakoM +. Eciiu 3HAK + MMOSBJISIETCS B CTPOKE 01d, OH MOYKET COOT-
BETCTBOBATh JIIOOOMY 3HAKY.

6. Msmenure QyHKIIUIO Stream-subst Tak, YTOOBI II1a0JOH MOT COAEPIKAThb
9JIEMEHT, COOTBETCTBYIOIIUI: JiI000M 1udpe, J1000i 1udpe u OyKBe, JII0-
6omy sHaky. I11abs0H AOJI?K€H yMeThb pacllo3HABATh JIIOObIe UNTaeMbIe
suaku. (Ilomckaska: 0ld Ternepb He 00A3aTEeIHHO JOJKEH OBbITH CTPOKOIA.)



CumBonbli

C JIucm-cuMBOJIaMH BBI YK€ JOBOJLHO XOPOIIIO 3HAKOMBI, HO €CTh eIlle HeKO-
TOpBIE BeIlM, Ha KOTOPhIE CTOUT 00paTUTh BHUMaHMe. IloHaUay He CTOMJIO
YIIyOJMATHCA B MeXaHU3M WX peajmusanuu. Bbl MOKeTe HCIIOJb30BaTh MX
KaK B KauecTBe 00bEKTOB, TAK 1 B KAUECTBE UMEH JIJIA 00bEKTOB, He 33y MbI-
BasCh O TOM, KAKM 00pas3oM CBA3aHbI 9T ABe poJr. Ho B KAKOIi-TO MOMEHT
II0JIEBHO OCTAHOBUTBHCSA U Pa30o0paThCs C T€M, UTO JKe IPOUCXOIUT BHYTPH.
B o011 ri1aBe moapo6HO 00CyKIAIOTCA BCE IeTajil, CBA3aHHbIEe C CHMBOJIAMMU.

8.1. UmeHa cumBOJIOB

B rjiaBe 2 CHMBOJIBI OITMCBIBAJINCh KaK MMEHAa IIePEMEeHHBIX, CyIIIeCTBYIOIIre
camu 10 cebe. OgHAKO 001aCTh IPUMEHEeHU ST CUMBOJIOB B JIucIie 1mupe, uem
06JIaCTB IIPUMEHEHUA IIEPEMEHHBIX B 6OJIBH_II/IHCTBe APYyrux A3BIKOB. Ha ca-
MOM Jiejie, UMSI CMBOJIA — 9TO O0BIUHAS CTPOKA. VIMsI CHMBOJIA MOYKHO II0-
JIYYUTH C IOMOILBIO Symbol-name:

> (symbol-name ’abc)
"ABC™

OOpaTuTe BHUMaHIe, YTO MMEHA CUMBOJIOB 3aIINCHLIBAIOTCA B BEDXHEM PEru-
crpe. ITo ymosmuanmio Common Lisp He UyBCTBUTEJIEH K PETUCTPY, ITOITOMY
IpU YT€HUU OH IIpeobpasdyeT Bce OYKBHI B MMeHAaX K 3aIJIaBHBIM:

> (eql "aBc 'Abc)
T
> (CaR "(a b c))
A

Iy paGoTHI C CHMBOJIAMY, HA3BaHUA KOTOPHIX COAEPIKAT IIPOOEJIBI UIH OPY-
rve 3HAKW, BIUSIOI[ME HA aJITOPUTM CUUTHIBAHWUS, UCIOJH3YETCA 0COOBII
cuHTaKcuc. Jlrobas mocaef0BaTebHOCTh 3HAKOB MEXKIY BEPTUKAJIBHBIMU
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8.2.

YyepTouyKaMu, CHUTaeTCAa CMMBOJIOM. Taxum o6pa30M BbI MOJKeTe IIOMECTUTD
JIT00bIe 3HAKU B UM CIMBOJIA:

> (list ’|Lisp 1.5| '|] 'labc| '|ABC|)
(ILisp 1.5] || |abc| ABC)

IIpu cuuTHIBAHUY TAKOr'0 CUMBOJIA IIpeo0pasoBaHre K BEPXHEMY PErucTpy
He MPOU3BOAMUTCH, & MAKPO3HAKY UNTAIOTCS KaK €CTh.

Tak Ha KaKue Ke CUMBOJIBI MOJKHO CChLIIAThCS, He Ipuberad K MCIOJIb30Ba-
HUIO BEPTUKAaJbHOI uepThl? Ilo cyTu, Ha Bce CUMBOJILI, UMEeHA KOTOPBLIX He
SABJISIIOTCS YKCJIOM U He COIePKAaT 3HAKOB, MMEIOIIUX AJIA read CriernajabHO-
ro 3HaueHUs. UTOOBI y3HATh, MOKET JIU CUMBOJI CYII[eCTBOBATh 0€3 TaKOoro
o(opmIIeHHs, JOCTATOYHO IIPOCTO IIOCMOTPETH, KaK JIUCI ero Hameuaraer.
Ecau npu meuatu cuMBOJ He OymeT oOpaMJjeH BEPTUKAJIbLHBIMU YEePTOUKA-
MU, KaK IOCJHeIHUI CHMMBOJ B HPEeNbIAVIIEM IIpUMepe, 3HAUUT U BaM He
HYKHO UX UCIIOJb30BaTh.

CﬂeﬂyeT IIOMHHUTDH, YTO BEPTHUKAJIbHBbIEC YEPTOUKH — cneunaﬂmeﬁ CHUHTaK-
CHC, a He 4aCTb UMEHHU CHIMBOJIa:

> (symbol-name '|a b c|)
"abc”

(Ecau BbI sKejiaeTe BKJIIOUUTD YEePTOUKY B UMS CUMBOJIA, PACIOJIOMKUTE IIe-
pen Hell 3BHAK «\».)

CnnUcKn CBOUCTB

B Common Lisp KaKIbIii CUMBOJI MMeeT COOCTBEHHBIN CNUCOK C80ilcma
(property-list, plist). PyHKIIA et IPUHUMAaET CUMBOJI U KJII0Y, BO3BpaIias
3HAUEHUe, CBA3AHHOE C 9TUM KJIIOUOM, U3 CINCKA CBOMCTB:

> (get 'alizarin ’color)
NIL

s comocTaBaeHUs KJIOUYEH ucoabdyerced eql. Ecau ykasanHOe CBOIMICTBO
He 3aJ1aHO, get Bo3BpamiaeT nil.

YT006BI acCOIMUPOBATEL 3HAUCHUE C KJIIOUOM, MOXKHO HMCIIOJIL30BaTh setf Bme-
cTe ¢ get:

> (setf (get 'alizarin ’'color) 'red)

RED

> (get 'alizarin ’color)

RED

Temeps cBoiicTBO color (11BeT) cuMBoJa alizarin mmeer sHaueHue red (Kpac-
HBIN).
DyHKIUA symbol-plist Bo3BpamiaeT CIUCOK CBOMCTB CUMBOJIA:

> (setf (get 'alizarin ’transparency) 'high)

HIGH

> (symbol-plist 'alizarin)
(TRANSPARENCY HIGH COLOR RED)
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8.3.

8.4.

3aMeTbTe, UTO CIMCKM CBOMCTB He IPEACTABJSIOTCI KAaK acCOIMaTHBHBIE
CIUCKHU, XOTSA 1 Pa00OTAIOT OX0KUM 00pa3oM.

B Common Lisp ciucKu CBOMCTB UCIIOJIb3YIOTCA JOBOJILHO peako. OHu B 3Ha-
YUTEJIbHOI Mepe BbITeCHEHEBI XeIll-Ta0JIUIaMU.

A CMMBOJbI-TO HE ManeHbKue

CuMBOJIBI CO3AIOTCS HEABHBIM 00Opa3oM, KOTma MBI IevaTaeM MX MMeHa,
U IIpu OTO6paDKeHI/II/I CaMuX CHUMBOJIOB UX MIM€EHAa — 3TO BCE UTO MbI BUAMM.
HpH TaKUx O6CTOﬁTeHBCTBaX JIETKO IIOAyMaTh, YTO CMMBOJI — 3TO JIUIIIb UMA
u Huuero 6osee. OJHaKO MHOI'O€ CKPBITO OT HAIIIKX IJIas.

W3 Toro, Kaxk Mbl BUAUM U HCIIOJIb3yE€M CHUMBOJIbI, MOMKET IIOKA3aThCs, UTO
9TO MaJieHbK1e 00'beKThI, TAKUe JKe KaK, CKakeM, IeJble urnciaa. Ha camom
JleJie, CHUMBOJIBI 00JIaIal0T BHYIIUTEJIbHBIMU pasMepamMu 1 0oJiee IMOXOMAT
Ha CTPYKTYPHI, opeesembre uepes defstruct. CHUMBOJI MOYKET UMETh UM,
akKeT, 3HaUueHNe CBA3aHHOM ¢ HUM IIepeMeHHO, 3HaueHUe CBA3aHHOU (PyHK-
AU U CIKUCOK CBOMCTB. YCTPOMCTBO CHMBOJIA WM B3aWMOCBS3h MEXKIY €ro
KOMITOHEHTAMHU TTOKa3aHbl Ha puc. 8.1.

MaJjio KTo mCcmoIb3yeT HaCTOJIbKO 00JIBIIIOEe KOJUUYECTBO CIMBOJIOB, UTOOBI
BCTaBaJ Bompoc 00 sxoHoMuu mamaru. OHAKO CTOUT Aeps;KaTb B yMe, UTO
CHMBOJIBI — IIOJTHOIIEHHBIE 00'BEKTHI, a He MPOCTO UMeHa. [[Be mepeMeHHbIe
MOT'YT CChLIATHLCSA HA OJWH CUMBOJ, TaK JKe KaK U Ha OJUH CIIMCOK: B TAKOM
cayuae OHM UMeIOT yKas3aTeab Ha OO 060beKT.

name - 'FOO"

package

— > value — 27
function —— #<function>
plist —r— (color red)

package

Puc. 8.1. Cmpykmypa cumsona

Co3paHue cMMBOJIOB

B pazgene 8.1 61710 mOKa3aHO, KaK MOJyYaTh UMeHa CUMBOJIOB. TaK:Ke BO3-
MOJKHO M oOpaTHOe [eiicTBue — IIpeodpasoBaHre CTPOKU B CUMBOJ. ITO 00-
Jiee CJIOMKHAaA 3amga4da, IIOTOMY 4YTO AJIdA €€ BBIIIOJIHEHNA HeO6XO]_II/IMO HNMETb
IpejcTaBJIeHNe O TaKeTax.
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JloruyecKu maKeThl — 3TO TabJIUIBI, 0TOOPaKaIoIe UMeHa B CUMBOJIbI. JI10-
001 CMMBOJI IPUHAJJIEKUT KOHKPEeTHOMY makerTy. CUMBOJI, IpUHAJIEKA-
U axkeTy, Ha3bIBAIOT UHMEPHUPOBAHHbLM B Hero. IlakeTsl fgesialoT BO3-
MOXKHOM MOAYJIBHOCTE, OTPAHNYUBAA 00JIaCTh BUANMOCTY CUMBOJIOB. VIMeHa
GYHKIUI U IepeMeHHBIX CUUTAIOTCS CUMBOJIAMHU, TI0O3TOMY OHU MOT'YT OBITH
JIOCTYIHBI B COOTBETCTBYIOINX ITAKETaX.

BosbIIMHCTBO CHUMBOJIOB MHTEPHUPYIOTCS BO BpeMsi cunThiBaHus. Korma Bbl
BIEPBBIE BBOAUTE CUMBOJI, JIMCII CO3/IaeT HOBBIH CUMBOJIBHBIN O0BEKT U MH-
TEPHUPYET ero B TEKYIIUH HaKeT (II0 YMOJUaHUIO 3TO common-1isp-user). Ox-
HaKO BBI MOJKETe CJIeJIaTh TO JKe caMoe BPYUHYIO C ITIOMOIIBIO intern:

> (intern "RANDOM-SYMBOL™)
RANDOM-SYMBOL
NIL

DyuKOua intern IpuHUMAaeT TaKyKe JONOJHUTEJNLHBIN apryMeHT — IaKeT
(10 YMOJIUaHUIO UCIOJIb3YyeTCA TeKyIuii). [IpruBeieHHBIN BHIIIE BHI3OB CO3-
IaeT B TEKyIeM makKeTe cuMBOJI ¢ mMeHeM RANDOM-SYMBOL', ecam Takroro
CHMBOJIA TIOKA el1le HeT B JaHHOM ITaKeTe. BTOpo#l apryMeHT BO3BpAIIAeT M-
THUHY, KOTZla TAKOH CIMBOJI YK€ CyIIeCTBYeT.

He Bce cUMBOJIBI ABASIOTCSA MHTEPHUPOBAHHBIMIU. VHOTIA MOKET 0Kas3aTh-
cs TOJIE3HBIM MCHOJb30BaHe HeMHTEPHUPOBAHHBIX CUMBOJIOB, TaK JKe KaK
WHOT[A JIyUIlle 3alliChbIBaTh HOMepa Teae()OHOB He B 3aMMCHYIO KHIIKKY,
a Ha OTHAeJbHBIN KJIOUOK OyMaru. HemHTepHUPOBaHHbBIE CUMBOJIBI CO3IAOT-
cdA ¢ TOMOIIBIO gensym. MbI MOBHAKOMUMCS ¢ HUMU IIPU pasdope MaKpOCOB
B rase 10.

Ncnonb3oBaHue HECKONbKUX NaKeToB

BoubIire nporpaMMbI 4aCTO Pas3messaioT Ha HeCKOJIbKO HIaKeToB. Eciiu Kask-
Iasi 4acTh IPOrPaMMbI PACIIOJIOMKEHA B COOCTBEHHOM IIaKeTe, TO paspadoT-
YHK IPYTOM ee 4acTy MOJKET CMeJIO HCIIOJIb30BATh NMeHa (DYHKIIUH 1 Iepe-
MEHHBIX, IMEIOII[MECs B IIEPBOM YaCTH.

IIpu ucnonb30BaHUY IBBIKOB, He MOAAEPIKUBAIOIUX pasaeseHne IPOCTPaH-
CTBa MMeEH, IIPOrpaMMUCTaM, PaboTaIOINUM HaJ CePbe3HBIMU MPOEKTaMMU,
TPUXOIUTCSA BBOAUTH JOTOBOPEHHOCTH, UTOOBI M30€:KaTh KOH(MIUKTOB IPU
WCTIOJIb30BAHUA OMHUX U TeX Ke uMeH. Hampumep, paspaboTunK MOACHCTe-
MBI 0TOOpaKeHUsI, BePOATHO, OyAeT UCII0JIb30BaTh NMeHa, HAaUHAIOIIeCsa
c disp_, B TO BpeMs KaK IIPOrpaMMICT, paspadaThIBAIONINIl MaTeMaTHnye-
CKIe IIPOILEeAYPhI, OyAeT MIPUMeHATh NUMeHa, HaunHamIuecs ¢ math_. Taxk,
HanpuMep, (PYHKIMS, BBIIOJHAINASA ObICTpoe IpeobpasoBanme Pyphbe,
BITIOJIHE MOKeT HOCUTh uMsa math fft.

ITakeTsI BBIOJHAIOT 3Ty PabOTy CAMOCTOATEIbHO. BHYTPH OTIEeIBHOTO TIa-
KeTa MOYKHO UCIIOJIb30BaTh JIIOObIe MMeHa. TOJIBLKO Te CHUMBOJIBI, KOTOPHBIE 0Y-
IYT SIBHBIM 00pPasoM 9KCnOpmupo6aHsl, OyAyT BUAUMBI B IPYTUX MaKeTax,
e OyAyT JOCTYIIHBI C IOMOIIBIO ITpeduKca (UIn KE8ALUPUUUPOBAHDL), COOT-
BETCTBYIOIIIEI0 IMEHU COIEPIKAIIEro X MaKeTa.
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8.6.

ITycts, HampuMep, UMeeTcA IporpaMMa, pasjiejieHHas Ha [Ba makeTa, math
u disp. Ecoiz cumBoa fft akcropTupyeTcs makerom math, To B makere disp oH
OymeT mocTymeH Kak math:fft. BHyTpu makera math K HeMy MOKHO oOpa-
maThed 6e3 mpedurca — mpocto fft.

Huixe npuBoguTcsa mpuMep OIpenesieHus MaKeTa, KOTOPOe MOYKHO IIoMeC-
TUTH B HauaJo (aiia:

(defpackage "MY-APPLICATION"
(:use "COMMON-LISP" "MY-UTILITIES")
(:nicknames "APP™)
(:export "WIN" "LOSE"™ "DRAW"))

(in-package my-application)

Jura codmaHmA HOBOTO ITakeTa ucroJsb3yercd defpackage. ITaker my-applica-
tion! ucnosw3yem mBa IPyrux makera, common-lisp mmy-utilities. 9ro osHa-
YaeT, YTO CUMBOJIBI, SKCIIOPTUPYEeMbIe MU, TOCTYIIHBI B HOBOM HaKeTe 6e3
WCIIOJIb30BAHUSA Ipe(puKCcoB. [IpakTHuecKu Bcerma B CO34aBaeMbIX IIAKETAX
WCIIOJIB3YeTCsA common-1isp, MOCKOJABKY HUKTO He XO0UeT HCIIOJIbL30BaTh KBa-
AUGUIEPOBAHHOE UM ¢ IPe(UKCOM IPU KarKJIOM O0paIlleHUU K BCTPOEH-
HBIM B JI1cII omepaTopaM u IIepeMeHHbBIM.

ITaket my-applications cam sKCHOPTUPYET JIHUIIIb TPU CHUMBOJA: win, lose
u draw. ITockoabKy B defpackage OBIJIO TaK:ke 3aJaHO COKpAINleHHOE UM
(nickname) maxera — app, TO U K SKCIIOPTUPYEMBIM CHMBOJIAM MOYKHO OymeT
o0palaThCca TaKKe U yepes3 Hero: app:win.

3a defpackage ciegyer BBI3OB in-package, KOTOpas BBICTABJAET TEKYIITUM
naketoM my-application. Temeps Bce HOBbIE CUMBOJBI, JJIs KOTOPBIX HE YKa-
3aH IMakKeT, OyAyT MHTEPHUPOBATLCSI B My-application mo Tex mop, moka in-
package He UBMEHUT TeKkyInuil naxket. Ilociae okoHuaHUA 3arpysku daiina,
cozepsKaIero BEIZOB 1n-package, 3HaUeHME TEKYIET0 IaKeTa cOpackiBaeTca
B TO, KAKUM OHO OBIJIO IO HaUuaJia 3arpy3KU.

KnoyeBble cioBa

CumMmBoJibI TakeTa keyword (M3BeCTHBIE KAK KJ1I0Ye8ble C08a) UMEIOT IBE 0CO-
OEHHOCTH: OHU BCErJa CAMOBLIUNCJ/ISAEMbI 1 BBl MOMKETE BCera CChLIAThCI Ha
HUX IIPOCTO KaK Ha X BMecTo keyword:x. Korma Mbl TOJBKO HAUMHAJN HC-
OJIb30BATh API'yMEHTHI 110 KJat0uy (cTp. 60), BeI3oB (member '(a) '((a) (z)) test:
#'equal) Mor mokasaTbcsa HaM 0oJiee ecTeCTBEHHBIM, ueM (member '(a) '((a)
(2)) :test #'equal). Terrepb MBI HOHUMAEM, IOYEMY BTOPOE, CJIETKA HEECTECT-
BeHHOe HallUCaHUe, ABJsIeTCA KOPPEKTHLIM. [[BoeToumre mepes UMeHeM CIM-
B0JIA II03BOJISIET OTHECTH €r'0 K KJII0UEBLIM CJIOBAM.

! B aTOM IIpUMepe UCIIOJIb3YIOTCA UMEHa, COCTOAINNE JIUIIb U3 3aIJIaBHBIX OYKB,

TIOTOMY UTO, KaK YIIOMAHYTO B paszeie 8.1, MeHa CHUMBOJIOB KOHBEPTUPYIOTCS
B BEPXHUH PErucTp.
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3aueM HCIOJIbL30BATh KJIIOUEBbIE CJI0BA BMECTO OOLIUHBIX cHMBOJIOB? IToTO-
MY UTO OHU JOCTYIHEI Be3ge. OYHKINS, IPUHUMAIOIASI CHUMBOJILL B KAUECT-
B€ apryMeHTOB, KaK IIPABUJIO, NOJIKHA OBITh PACCUMTAHA Ha 00PabOTKY
MMEHHO KJIIOUEBBIX cJIOB. Hampumep, CIeayoniuil KOI MOYKeT ObITh BbI3BAH
3 JII000ro maxkera 6e3 M3MeHeHMIt:

(defun noise (animal)
(case animal

(:dog :woof)
(:cat :meow)
(:pig :oink)))

Ecau 651 aTa PyHKIIUA UCIIOJIb30Baja 00BIUYHBIE CUMBOJIBI, TO OHA MOTIJIa ObI
BBI3BIBATHCSA JIUIIIb B ICXOJHOM IIaKeTe [0 TeX IOP, II0Ka He Oy T 9KCIIOPTHU-
POBaHbBI BCe CUMBOJIBI-KJIIOUHN CaSe-BhIPAKEHU .

8.7. CuMBOIbI U NepeMeHHble

8.8

B Jlucne ecTh ompeznesieHHaA 0COOEHHOCTb, KOTOPAs MOKET CMYIIaTh HO-
BUYKOB: CHUMBOJIBI MOT'YT OBITH CBA3AaHBI C IEPEMEHHBIMHY ABYMSA PA3JIUYUHbBI-
Mu cnocobamu. Ecau cuMBOJI IBJIAETCSA UMEHEM CIIEIIMAILHON IIepeMeHHO,
ee 3HAUEHNE XPAHUTCA B OTHOM U3 IT0JIel CTPYKTYPBI cuMBoJIa (cM. puc. 8.1).
ITosmyuuTh ZOCTYI K 9TOMY IIOJII0O MOXKHO C OMOIIBIO symbol-value. Takum
00pasoM, CyIIeCTBYeT IPpAMas CBSA3h MEXKAY CUMBOJIOM UM IIPEJCTaBJIAEMOMN
UM CIeIaJibHON IIepeMeHHO.

C ekcuuecKUMU II€PEMEHHBIMY J1eJ10 o6cTouT nHave. CMMBOJI, UCIIOJIb3Ye-
MBI¥ B KQUeCTBe JIEKCUYECKOU ITePEeMEeHHOI, BCET0 JIUIIh 3aMEHAET COOTBET-
cTByIoIee eMy 3HaueHUe. KoMnuiaTop OyzeT 3aMeHATH CCHLIKY Ha JIEKCU-
YEeCKYIO0 IIePEMEHHYIO PEruCTPOM MW O00JIacThI0 ImaMATu. B mosaHOCTBIO
CKOMIIUJINPOBAHHOM KOJie He OyIeT KaKUX-IN00 YIOMUHAHUNA 00 3TOM CHM-
BOJIe (pasyMeeTcsi, eCJIU He BKJIIOUEeHA COOTBETCTBYIOIIAS OMIUS OTIATKN).
Hu o Kakoli cBSI31 MeKJy CUMBOJIOM U 3HAUEHHEM JIeKCUUYeCKOIl ImepeMeH-
HOUM TOBOPUTH HE IPUXOAUTCA: K TOMY BPEMeHU, KaK IOSBJIAIOTCA 3HAUE-
HUSA, MMeHa CUMBOJIOB NCUE3aI0T.

Mpumep: reHepauunsa cny4yamHoOro TekcTa

Eciu BaM mpeAcTOUT HAMIHCATh MIPOTPaAMMY, KaKUM-TH00 00pasom padboTaro-
YO CO CJIOBAMU, OTJIMYHOU HIeell YacTO ABJIAETCS MCIIOJIH30BAHNE CIMBO-
JIOB BMECTO CTPOK, IOTOMY UTO CUMBOJIBI aToOMapHbl. OHM MOT'YT CPaBHUBATh-
cA 3a OJHY UTEPAINIO C TIOMOIIBIO €(1, B TO BpeMs KaK CTPOKU CPABHUBAIOT-
cs MMoOYKBEHHO C IIOMOIIBIO String-equal miu string=. B KauecTBe mpumepa
paccMoTpUM I'eHepallnio caydaiiHoro Tekcra. IlepBas yacTb mporpaMMEI Oy-
6T CUNTHIBATH 00pasel] Tekcra (ueM OH 0OoJIbIlle, TEeM JIyUIlle), coOupas UH-
dopmaIuio 0 CBA3SIX MEKIYy COCeTHUMMU CJIOBaMU. Bropas ee uacThb OymeT
CAyYaHBIM 00pa30M BBITIOJHATDH IIPOXOILI TI0 CETH, IIOCTPOEHHOH paHee u3
CJIOB MCXOJHOTO TeKcTa. Ilocyie TpoxXoKaeHNA KasKAO0T0 CJIOBa IIporpaMma
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OyzZeT mesaTh B3BEIIEHHBINM CAYUYaNHBIN IIar K CJAEAYIOIIEMY CJIOBY, BCTPE-
THUBIIEMYCSA IIOCJIe JAaHHOI'O B OPUIMHAJIBHOM TeKcTe. II0IyUYeHHBIN TaKuM
00pa3oM TEKCT OyZeT MecTaMH’ Ka3aTbCs HJOBOJLHO CBA3HBIM, IHOTOMY UYTO
KayxJasi Iapa cJ0B B HEM COOTHOCHUTCS APYT ¢ Apyrom. ITopasureabHO, HO Iie-
JIbIE IIPEAJIOKEH NS, a MHOTAA Jaske U a03albl OyyT IOPOM Ka3aThbCs BIIOJHE
OCMBICJIEHHBIMHU.

Ha puc. 8.2 mpuBoauTcs mepBasi 4acTh IIPOrpaMMbI — KOJ, AJid cOopa nuH(Oop-
MAaIli¥ U3 UCXOMHOT0 TeKcTa. Ha ero ocHOBe CTPOUTCSA XeII-TabauIa »words+,
Kiarouamu B Hell ABISIOTCA CUMBOJIBI, COOTBETCTBYIOII[ME CJIOBAM, a 3HAUe-
HUSAMET OyAYT acCOIMaTUBHEIE CIUCKHU CJIEAYIOIero TUIIA:

((|sin] . 1) (|wide| . 2) (]sights| . 1))

(defparameter =words+ (make-hash-table :size 10000))
(defconstant maxword 100)

(defun read-text (pathname)
(with-open-file (s pathname :direction :input)
(let ((buffer (make-string maxword))
(pos 0))
(do ((c (read-char s nil :eof)
(read-char s nil :eof)))
((eql ¢ :eof))
(if (or (alpha-char-p c) (char=c¢ #\"))
(progn
(setf (aref buffer pos) c)
(incf pos))
(progn
(unless (zerop pos)
(see (intern (string-downcase
(subseq buffer 0 pos))))
(setf pos 0))
(let ((p (punc c)))
(if p (see p)))))))))

(defun punc (c)
(case ¢
N D) Ny LD s D
GAD T (N 7 1271) )

(let ((prev "[.1))
(defun see (symb)
(let ((pair (assoc symb (gethash prev =words=))))
(if (null pair)
(push (cons symb 1) (gethash prev xwordsx))
(incf (cdr pair))))
(setf prev symb)))

Puc. 8.2. Ymenue odpasya mexkcma
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Briire mpuBeseHo 3HadueHme KJroua |discover| misa orpeiBKa u3 «Paradise
Lost» Munabrona!. Musl BuguM, 4TO CJ0BO «discover» GBLIO MCIIOJB30BAHO
B II09Me YeThIpe pasa: IIo OAHOMY pasy mepes caoBaMu «Sin» u «sights» u nBa-
JKIBI TIepen cioBoM «wide». ITomo6masa nmdopmaIiiusa cooupaerca QyHKITIeH
read-text, KOTOpasa CTPOUT TaKOH aCCOITMATUBHBIN CITMCOK IJIA KaYKIOTO CJIO-
Ba B 3alaHHOM TeKcTe. [Ipu aToM dhaiin unTaercs moOyKBeHHO, a CJI0Ba cOOU-
parorcs B cTpory buffer. C mapamerpom maxword=100 mporpaMmMa CMOKET Uu-
TaThb CJIOBA, COCTOAIIME He Oojiee ueM u3 cTa OYKB. A aHTIMHCKUX CJIOB
3TOr0 00JIee ueM JOCTATOUHO.

Eciu cunTaHHBIA 3HAK SBJISAETCS OYKBOM (9TO OIpPENEeAeTCs C IIOMOIILIO
alpha-char-p) wiam amocTpodoM, TO OH 3amuckiBaeTcsa B 0ydep. JIro0oi apy-
roil CUMBOJI CUTHAJIM3UPYET 00 OKOHUYAHUM CJIOBA, IOCJIE Uero BCce HAKOII-
JIEHHO€ CJIOBO, MHTEPHUPOBAHHOE B CHMBOJI, IlepefaeTca B (PYHKI[UIO See.
HexoTopble 3HaKM MyHKTYAIUN TAKIKe PACIIEHUBAIOTCS KaK CJI0Ba — PYHK-
LM PUNC BHIBOAUT CJIOBECHBIN 9KBUBAJIEHT 3aJaHHOI'O 3HAKA IIYHKTYAaI[H.

DYyHKIUA See PErucTPUPYeT KasKIoe BCTpeueHHoe cJIoBo. Eif TaK:ke He00X0-
IUMO MMeTb WH(POPMAIIUIO O MPEeABIAYIIEeM CJIOBE, IJIS Yero MCIOJIb3yeTCs
nmepemeHHasd prev. VIsHAUaJIbHO OHA COJEPIKUT IICEBIOCI0BO, COOTBETCTBYIO-
miee Touke. Eciiu see yiKe BBI3BIBAJIACH XOTSA ObI OUH Pas, TO Prev COAEPIKUAT
CJIOBO, TI€PeJaHHOe 3TN (PYHKI[UN Ha IPEIbIIYIIeM BbI30Be.

ITocoe orpabGoTKu read-text Tabauma =words* OyaeT comep:KaTh BXOMKIAEHUSI
BCEX CJIOB B 3aJJaHHOM TeKcTe. VX KOJIMUeCcTBO MOMKHO IIOACUUTATD C IIOMO-
meio hash-table-count. AHIIMHCKNE TEKCTHI, HEe OTIMNUYAIOIAECHd OCOOBIM
CJIOBECHBIM pasdHoobpasuem, penko cogepskar 6osee 10000 pa3imyHBIX CJIOB.

A BoOT Temeph HauMHAaETCSa caMas BeceJsiad yacTh. Ha puc. 8.3 mpeacrasien
KOJI, TeHEePUPYIOINI TEKCT ¢ TIOMOIIBI0 Koxa Ha puc. 8.2. IIpaBut 6asom pe-
KypcuBHaA (QyHKIuaA generate-text. Eif HeoOXoaAmMoO COOOIIUTE JKesiaemMoe
KOJIMYECTBO CJIOB B CO3/TaBA€MOM TeKCTe U (HeobsI3aTeIbHO) IPeAbIAYIIee CJI0-
Bo. ITo VMOJIYaHHIO 9TO TOUYKAa, 1 TEKCT HAYMHAaEeTCA C HOBOI'O ITPEeJIOKEeHN A.

g mosydyeHUA KaiKAOTO IOCJEeNVIOIIero cjaoBa generate-text BbIBBIBAET
random-text ¢ mpeAbIAYITIUM cJIoBoM. PYHKIIUA random-text caydaiiHbIM 06-
pa3oM BBIOMPAET OIHO M3 CJIOB, CJIEAYIOIIUX TOCJE PreV B MCXOTHOM TEKCTE.
BeposaTHOCTL BBIOOpPA OZHOTO M3 MEPEUNCTIEHHBIX CJIOB OIPENEIAETCA B CO-
OTBETCTBUU C YACTOTOH €ro MOABJIEHNUA B TEKCTE.

Temeps caMoe BpeMs OCYIIECTBUTHh TE€CTOBBIM 3aIlyCK HAIIIel IIPOrPaMMBI.
OpHAaKO BBI yiKe 3HAKOMBI C IIPUMEPOM TOT'0, UTO OHA MOMKET CIeJIaTh: PeUb
0 Toi1 caMoii cTpode B Hauajie KHUTH, JJIA TeHepaIruu KOTOPO ObLI MCIIOIb-
30BaH oTPHIBOK u3 «Paradise Lost» MuabTona.’

! Peub 06 5IIMUYECKOU II09Me aHIVIMICKOro MblcanTeasa [xona Muabrona «Ilore-

PAHHBIH pati», uagamnHoi B 1667 roxy. [Tosma Hanucana 6eabiM cTuxoM. — IIpum.
nepes.
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(defun generate-text (n &optional (prev '|.[))

(defun random-next (prev)

(if (zerop n)
(terpri)
(let ((next (random-next prev)))
(format t ""A " next)
(generate-text (1- n) next))))

(letx ((choices (gethash prev =words=))
(i (random (reduce #'+ choices
‘key #'cdr))))
(dolist (pair choices)
(if (minusp (decf i (cdr pair)))
(return (car pair))))))

Puc. 8.3. I'enepayus mexcma

NTorn rnasebl

1.

2.

M menem cuMBOJIa MOKET OBITH JI00asI CTPOKA, HO CUMBOJIBI, CO3/JaBaeMble
C IIOMOIIIBIO read, Mo YMOJYaHUIO IPeodpasyoTesa K BePXHEMY PEerucTpy.

C cuMBoOJIaMU CBSI3aHBI COUCKU CBOWCTB, KOTOPbIe QYHKIITMOHUPYIOT TI0-
JIOOHO accOIMaTUBHBIM CIIMCKAM, XOTd U UMEIOT APYTryio hopmy.

CHUMBOJIBI — 3TO JOBOJIBHO BHYIIUTEIbHLIE 00'BEKTHI U 0OJIbIIIE HAIIOMU-
HAIOT CTPYKTYPHI, HEXKEJIW IIPOCTO UMEHA.

ITaxkeTsl 0TOOPAKAIOT CTPOKM B CHUMBOJIBI. UTOOBI CO3aTh HOBBIM CHM-
BOJI, IPUHAAJIEKAIIUNA TaKeTy, HeoOXOAUMO STOT CUMBOJ MHTEPHUPO-
BaTh B Hero. CUMBOJIBI He 00513aTeJIbHO JAOKHBI ObITh MHTEPHUPOBAHEIL.

C moMOIIbIO IAKETOB PeaJnu3yeTcsi MOAYJIbHOCTD, OrPAHNYNBAOIIA 00-
JacThb AeicTBuA nMeH. Ilo yMoIYaHMIo IPOrpaMMbl OyAYT HAXOAUTHCS
B [I0JIb30BATEJHCKOM IMaKeTe, OAHAKO 00JIbIIIMEe IIPOrPaMMbI YaCTO Pasmie-
JIAIOTCSA HAa HECKOJIBKO MMaKeTOB, NMMEIOINX COOCTBeHHOE Ha3HaUeHNe.

CuMBOJIBI OJHOTO ITaKeTa MOTYT OBITh JOCTYHHBI B ApyroM. KirioueBbie
CJIOBA CAMOBBIUMCJISIEMBI U TOCTYIIHBI U3 JIIOOOTO TTaKeTa.

B mporpamMmmax, paboTamIMUX C OTAEeJIbHLIMH CJIOBAMU, YIOOHO TIpen-
CTaBJISTEH CJIOBA C IIOMOIIIbIO CIMBOJIOB.

YnpaxHeHus

1.

2.

MoryT 11 gBa CHMBOJIA UMETh OJJHO MM, HO He OBITH 9KBUBAJIEHTHBIMU
C TOYKU 3peHus eql?

OreHuTE pazanyre MeKIy KOJUUECTBOM ITaMATH, UCIIOJIb30BAHHON s
npencTtaBjaeHusa cTpoku "FO0" u cumBosa f0o.
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3. B BnizoBe defpackage, mpuBemeHHOM Ha cTp. 148, MCIIOJIB30BaINUCDH JUIIH
cTtpoku. Tem He MeHee BMECTO CTPOK MBI MOIVIM OBI BOCIIOJIb30BATBHCS
cuMBoJIaMu. YeM 9TO MOKeT ObITH UpeBaTo?

4. Jlo6aBbTe B IIporpamMmy Ha puc. 7.1 Kof, KOTOPBIi ITOMEIIAeT ee COAePIKU-
moe B makeT "RING". AHaJIOTMYHO 1A KOJa Ha puc. 7.2 co3maiiTe makeT
"FILE". ¥oke uMeroIuiicsa Ko JOJIKeH ocTaThCsa 0e3 N3MeHeHU .

5. HamwuimmuTre mporpaMmy, IPOBEPAIOITYI0, OblIa I 3aJaHHA ITUTATA ITPO-
usBeznena ¢ momorbio Henley (cv. pasmen 8.8).

6. Hamuirure BepCUo Henley, KOTOopad IIprMHUMaeT CJIOBO U IIPDOU3BOAUT
IIpenjyIoKeHnue, B cepearnHae KOTOPOIroO HaXOAUTCA 3aJaHHOe CJIIOBO.



Yucna

«IlepemanbiBaHUE Umces» (peIlleHne YUCJIOBBIX 3a4a4 OOJIBIIIOT0 00beMa) —
OJlHA 13 CUJBbHBIX cTOPOH JIucma. B Hem nMeeTcss 6oraToiii HaO0Op YMCJIOBBIX
TUIIOB, a II0 UX MOJJePKKe OH HacT ()OPy MHOTUM APYTUM SI3BIKAM.

9.1. Tunbl

Common Lisp npegocTaBiisieT MHOKECTBO PA3JINUYHBIX YMCJIOBLIX TUIIOB: I1€-
JIbIE UKCJIa, YKCJIA C ILJIaBaloIell 3alAaTol, paloOHAIbHbIE 1 KOMILICKCHBIE
yucaa. BoabIIMHCTBO (PYHKIINII, PACCMOTPEHHBIX B 9TOH IiIaBe, paboTaioT
OIMHAKOBO CO BCEeMU TUIIAMU UMCEJ, 38 UCKJIIOUEHNEM, MOKeT ObITb, KOM-
IJIEKCHBIX YCeJ, K KOTOPBIM HEKOTOPHIE U3 9TUX GYHKIINH He IPUMEHUMBI.

Iesoe uyncao 3anuceiBaeTca cTpokoit mudp: 2001. Yueao ¢ miiaBarolmeit 3a-
OATON, IOMUMO ITU(P, COAEPKUT AECATUUHBIA Pas3ejInTeIb — TOUKY, Ha-
apumep 253.72, niu 2.5372e2 B 9KCIIOHEHIIAJILHOM IIpeicTaBIeHnu. Paimo-
HaJIbHAS JPO0b IIPEACTABIISIETCS B BUIe OTHOIIIEHUS ABYX IIeJIbIX UKncesI: 2/3.
KomniexcHoe uncso Buga a+bi MoKHO 3anucaTh Kak #c(a b), rme a u b — 18a
JIeCTBUTEJbHBIX UKCJIa OHOTO TUIIA.

ITpoBepKy Ha IPUHAAJIEKHOCTDH K COOTBETCTBYIOIIEMY TUIY OCYII[ECTBIAIOT
npenmKare integerp, floatp u complexp. Mepapxmsa 4MCJIEHHBIX TUIIOB IIPE-
craBjieHa Ha puc. 9.1.

Huxe nmpuBeneHbl OCHOBHBIE ITPABUJIA, COIVIACHO KOTOPLIM MOYKHO OITpe/e-
JINTD, YUCJIO KAKOTr0 TUIIa OyAeT MOJyYeHO B Pe3yIbTaTe BHIUNCIEeHUA:

1. Ecau GyHKIMA nprHUMAET XOTs ObI OJHO YKCJIO C IJIaBAIOIIel 3aid-
TOH, OHA TaKJKe BEePHET AECATUUHYIO APOO0b (MU KOMILJIEKCHOE YHCJIO,
KOMIIOHEHTHI KOTOPOTO — AecsaTtuuHble apobu). Tax (+ 1.0 2) BepHer 3.0,
a (+ #c(0 1.0) 2) BepHer #c(2.0 1.0).

2. PamunonanbHasa ApoOb pU BO3MOKHOCTY OyAEeT COKpaIllleHa M0 IIeJIor0
yucJa. Beizos (/ 10 2) BepHer 5.



9.2. MpeobpasoBaHue 1 N3BReYeHUE 155

9.2

3. KomiieKkcHbIe uncyia, MEUMAasA YacTh KOTOPBIX paBHA HYJII0, OYIyT Ipeos-
pasoBaHbI B AelicTBUTeIbHBIE. TakuM 06pa3oM, BbI3oB (+ #c(1 -1) #c(2 1))
BepHeT 3.

IIpaBusa 2 1 3 BCTYIAIOT B CUJIYy B MOMEHT CUMTHIBAHUS BhIPAYKEHUS, II0-
aTOMY:

> (list (ratiop 2/2) (complexp #c(1 0)))
(NIL NIL)

ratio .
ratlonal bignum

integer
g fixnum —— bit

real
short-float
single-float

float
number od double-float

long-float
complex

Puc. 9.1. Yucnennovre munwt

MpeobpasoBaHue u U3BNe4YeHne

B Jlucme uMeroTcsi cpeacTBa IJiA IPeoOpasoBaHUs, 4 TAKyKe N3BJICUCHUS
KOMITIOHEHTOB UHCeJI, IPUHAAJIeKAIIUX JI00bIM TutamM. @yHKIuA float mpe-
o0Opasyer J11000e IefCTBUTEIBLHOE YHCJIO B 9KBUBAJICHTHYIO €MY JeCATUUHYIO
pigeYelo)

> (mapcar #' float '(1 2/3 .5))
(1.0 0.66666667 0.5)

TaksKe MOYKHO KOHBEPTHUPOBATH JIFOO0E UKCJIO B IEJI0e, HO K 3TOMY 1peodpaso-
68aHUI0 HE BCEraa cjaefyeT mpuberarh, IOCKOJIBKY 3TO MOJKET IIOBJIEYb 38 CO-
06011 HEKOTOPYIO TTOTepio mHPopmanuu. [lesouncaeHHy0 KOMIIOHEHTY JIF000-
T'0 IeMCTBUTEJIBHOI'0 YHCJIa MOMKHO IIOJIYUNUTE C IIOMOIIBI0 (hyHKIIMY truncate:

> (truncate 1.3)
1
0.2999995

Bropoe sHaueHmne sBJISAETCS PE3yJILTATOM BHIUUTAHUSA [IEPBOT0 3HAYEHUS U3
aprymenTa. (Pasuuiia B .00000005 Bo3HUKAaeT BCJeICTBIE Hen30e:KHOi Heo-
HO3HAYHOCTH OIIepaInii ¢ IJaBaloIell 3aIIsaTOM. )

dyuarmum floor, ceiling m round TakKe IPUBOILAT CBOU apryMeEHTHI K I1€JI0-
yncJaeHHBIM 3HaueHusaM. C momoIneio floor, Bo3BpalamoIneil Hanbdoabiiee
IIeJI0€e YMCJIO, MeHbIIlee NJIU PaBHOE 3aJaHHOMY apr'yMeHTYy, a TaKkKe ceiling,
BO3BpAIIAOIell HauMeHbIIee 1ejioe, 00Jbllee UM PaBHOE apryMeHTY, MbI
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MOXKeM 0000IITNTh PYHKITHIO Mirror? (cTp. 62) myisa pacmosHaBaHUA TaJTUH]-
POMOB:

(defun palindrome? (x)
(let ((mid (/ (length x) 2)))
(equal (subseq x 0 (floor mid))
(reverse (subseq x (ceiling mid))))))

Kax u truncate, pyakmuu floor u ceiling BTOpbIM 3HaUeHWEM BO3BPAIlaiOT
PasHUILy MeXXIy apryMeHTOM U CBOUM IIEPBBIM 3HAUEHUEM:

> (floor 1.5)
1
0.5

B meficTBUTEIBHOCTH, MBI MOTJIU GBI OITPENEIUTD truncate TaKUM 00pasom:

(defun our-truncate (n)
(if (> n 0)
(floor n)
(ceiling n)))

s mosmyyeHUA OIMKANIITEro K apryMeHTY IeJI0T0 YMCJIa CYIIecTByeT (hyHK-
mus round. B cayuae Korma ee apryMeHT pPaBHOYIAJIEH OT O0OUX IEJIBIX UU-
ces, Common Lisp, Kak 1 MHOTHE IpyTrue A3bIKU, He OKPYTJIAeT ero, a Boa-
BparmraeT Oyimixaiinee 4eTHOE YMCJI0:

> (mapcar # round '(-2.5 -1.5 1.5 2.5))
(-2 -2 2 2)

Taxkoit mogx0/ MO3BOJISET CIVIaAUTh HAKOILJIEHUE OITN00K OKPYTJIEHUS B PA-
e npuiokeHuii. OMHAKO ecjiu HE0OXOAMMO OKPYTJIeHe BBePX, MOKHO Ha-
mucaTh TaKyio GYHKIUIO camocTosTebHo.! Kak u octanbuble QYyHKI[MY Ta-
KOTO pofia, round B KauecTBe BTOPOTO 3HAUEHUA BO3BPAIIlaeT PASHUILY MEK-
Iy UCXOTHBIM U OKPYIVIEHHBIM UNCJIAMU.

dyurmusa mod BO3BpaIlaeT BTOpOe 3HAUEHWE aHaJOTMYHOTO BhI30Ba f100r,
a QyHKIIUS rem — BTopoe 3HaUeHue BbI30Ba truncate. Mbl yike UCIOJIb30BAIHN
dyurmuo nod (ctp. 107) nyia onpenesieHnA eIMMOCTHY ABYX YMCEJ U AJIA Ha-
XOMKAEHUS ITO3UIINHY dJIeMeHTa B KOJIbIlleBoM Oydepe (cTp. 137).

J1a mefiCTBUTENILHBIX YMCEJI CYIIeCTBYeT (PYHKIMA Signum, KoTOpasd BO3-
Bpatut 1, 0 uau -1 B 3aBUCUMOCTH OT TOT'0, KAKOB 3HAK apryMeHTa: IJIOC,
HOJIb UM MUHYC. MOAyap Yucjia MOYKHO IOJYYUTH C IIOMOINBI0 (PyHKITUN
abs. Taxkum obpasom, (» (abs x) (signum x)) = x.

> (mapcar # signum (-2 -0.0 0.0 0 .5 3))
(-1-0.00.00 1.0 1)

B mexoroprix peanusanuax -0.0 MOMKeT CYIeCTBOBAThH caM II0 cebe, Kak
B IpHUMepe, IIPUBEIEHHOM BBIIlle. B J1000M ciiyuae 5TO He HUIPaeT POJIH,
u B BeiunciaeHuax -0.0 BegeT cebs B TounocTu Kak 0.0.

! ®ymrnus format Ipu OKPYIJIEHUY He TAPAHTUPYET JarKke TOro, OyAeT JIU oIy de-

HO YeTHOe UJIU HeueTHoe yncJo. Cm. cTp. 136.
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9.3.

Panyonanbuble 1po6u U KOMIIJIEKCHBIE YUCJIA ABIAIOTCA CTPYKTYPaMU, CO-
CTOAIIUMU U3 ABYX dacTeil. [loyUduTh COOTBETCTBYIOIINE IEJIOUNCIEHHBIE
KOMIIOHEHTHI PAIlMOHAJIbHON APOOM MOYKHO C TIOMOIIBI0 PYHKITUI numerator
u denominator. (Ecsim aprymeHT y:ke ABJISETCS IEJBIM YHCJIOM, TO IlepBas
(GYHKIIMA BepHET caM apryMeHT, a IIOCJeIHAA — eIWHUILY.) AHAJOTUYHO
dyuKIIMU realpart u imagpart U3BJIEKAIOT AEHCTBUTEIBLHYIO 1 MHUMYIO Yac-
TH KOMILIeKcHOTro uncia. (Eciu aprymMeHT He KOMIIJIEKCHBIH, TO IIepBas Bep-
HeT 9TO YMCJIO, a BTOPasa — HOJIb.)

DyuKIua randon IPUHUMAaET IieJible YKCIa UIN JecATUYHbIe Apobu. Beipa-
JKeHue BuJa (random 7) BEpHET YMCJIO, 0OJbIllee MM PABHOE HYJII0 U MEHb-
11ee 7, 1 9TO 3HaUeHue OyIeT TOTo JKe TUIIa, YTO U apr'yMeHT.

CpaBHeHue

I cpaBHEHUA OBYX YMCEJ MOKHO IPUMEHATH mpeaukar =. OH Bo3Bpala-
€T UCTUHY, €CJIU apryMeHTbhI YNCJIEHHO SKBUBAJEHTHBI, TO €CTh X PA3HOCTh
paBHA HYJIIO:

> (=11.0)
T

> (eql 1. 1.0)
NIL

OH MeHee CTPOT, UeM (1, TaK KaK MOCJeqHU TaKKe TpedyeT, YTOOLI ero ap-
T'YMEHTBI 6I)I.TII/I OOHOI'O THUIIA.

IIpegukars! qyia cpaBHeHUA: < (MeHbIIE), <= (MEHBIIIE UJIU PABHO), = (PABHO),
>= (boJibIlle UKW PaBHO), > (0oJbIlie) 1 /= (He paBHO). Bce oHM MpUHUMAIOT
OIUH 1Jin 00Jiee apryMeHTOB. BbI3BaHHBIE C OMHIM apr'yMeHTOM, OHH Bceraa
BOBBpAIIAOT UCTUHY. {11 Bcex QYyHKIIUI, KpoMe /=, BEI3OB C TpeMs u OoJiee
apryMeHTaMu:

(<=wxyz)
paBHOIleHEeH 00'beJUHEeHHIO IIOIapHbIX CPaBHEeHNII:
(and (<= w x) (<= xvy) (<=y2))

Tak Kak /= Bo3BpalllaeT UCTUHY, JUIIb KOTLa Hi 00UH U3 apI'yMeHTOB He pa-
BEH IPYyTroMYy, BEIPDasKeHue:

(/wxyz)
SKBUBAJIEHTHO

(and (/=w x) (/=wy) (/= w 2)
(/=xvy) (/=x2) (/=y 2))

Cy11ecTBYIOT TaKsKe CIellaJ 3N POBaHHbBIE IPeNKATEI Zer0p, pLusp mminusp,
IpUHUMAIOIIVEe TOJIBKO OAVH apr'yMeHT U Bo3Bpallaolye UICTUHY, eCJIN OH =,
> uau < HyJIsl COOTBETCTBEHHO. OTH IIPeANKAaThl B3BAaUMOUCKJIIOUaoIue. UTo
kacaercda -0.0 (ecau peajusamus ero MCIOJIb3yeT), TO, HECMOTPA Ha 3HAK
MUHYC, 9TO 4UCJIO = 0
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9.4

> (list (minusp -0.0) (zerop -0.0))
(NIL T)
1 COOTBETCTBYET Zerop, a He minusp.

IIpenukarer oddp U evenp IPUMEHUMBI JIUINH K II€JIOUNCJIIEHHBIM apryMeH-
Tam. IIepBbIfl ICTUHEH IJI HeUETHBLIX YMCEJ, BTOPOM — IJId YeTHBIX.

W3 BCcex IIpegnKaToB, YIIOMAHYTBHIX B 9TOM pas3aeJie, JIUIIb =, /: u zerop mpu-
MEHUMBI K KOMIIJIEKCHBIM UMCJIaM.

Haubonpminii 1 HaMMEeHbBIIIUH apryMeHThl MOT'YT OBITH ITOJYUYEHBI C ITOMO-
IbI0 QPYHKIIUI Max ¥ Min COOTBETCTBEHHO, IIPU 9TOM JOJI3KEH ObITH 3a1aH XO0-
Ts GBI OMWH apr'yMeHT:

> (list (max 123 4 5) (min 12 3 4 5))
(5 1)

Ecau cpenu apryMeHTOB eCTh XOTsA ObI OJJHO YKCJIO C IIJIaBaIOIEel 3aIlsaToH,
TO TUII BO3BPAII[A€MOT0 3HAUEHUA 3aBUCHUT OT HCIIOJIH3yeMOU peaans3arum.

ApudpmMeTuka

Cro)keHure U BEIUNTAHNE BBIIOJHATCH C IIOMOIIIBIO + 1 -. Oo6e Q)YHKIJ;I/II/I MO-
I'yT paboTaTh C JIIOOBIM KOJIMYECTBOM apryMeHTOB, a B CJIyYae UX OTCYTCTBUS
Bo3BpaiaioT 0. BerpaskeHue Buja (- n) Bo3Bpartiaer -n. BeIpaskeHue Bua

(- xyz)
OKBHUBAJIEHTHO

(- (- xvy)2z)

Kpowme Toro, umerorcsa GyHKIIUu 1+ 1 1-, KOTOPBIe BO3BPAIIIAIOT CBOM apry-
MEHT, YBeJIMUEHHbBIN MJIN YMEeHbINeHHBLIA Ha 1 cooTBeTCTBeHHO. UMa hyHK-
nuu 1- MOKeT COUTH C TOJIKY, ITIoTOMY uTO (1- X) Bo3BpaIaetr x - 1, ame 1 - x.
Maxpocsl incf u decf cOOTBETCTBEHHO YBEIMUUBAIOT M YMEHBIIIAIOT CBOM
apryMeHT. BeipaskeHue Buza (incf x n) umeet Takoii sxe apdeKT, Kak u (setf
x (+ x n)), a (decf x n) — xak (setf x (- x n)). B o6oux cayuasx BTOPOIi apry-
MEHT He 00sg3aTeJIeH 1 0 YMOJYaHUIO paBeH 1.

VYMHOKeHIEe BBIMOJHAETCS C IOMOINBI0 (QYHKIIUM *, KOTOPAs MPUHUMAET
J1000€e KOJTMYEeCTBO apI'yMEHTOB 1 BO3BpAIIlaeT nux o01ee mpoussenenue. By-
JIyYU BBIBBAHHOI 0e3 apryMeHTOB, OHA Bo3BparmaeT 1.

DyHKIUA OejieHnus / TpedyeT 3aJaHus X0TsA ObI OMHOTO apryMeHTa. BbI3oB
(/ n) sKBUBaJIEHTEH BBIBOBY (/ 1 n):

> (/ 3)
1/3

B T0 Bpemsa Kak BeIpaykeHue:
(/ xvy2)
SKBUBAJIEHTHO

(/ (/ xvy) z)
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9.5.

9.6.

OGpaTI/ITe BHMMAaHIE Ha CXOJHOE II0OBeJIeHe — 1 / B 3TOM OTHOIIIEHUH.

BrizBaHHaA ¢ AByMS IeJILIMU apI'yMeHTaMu1, / BO3BpAIIlaeT pariuoHaJIbHYIO
IPo0b, ecyiv IEPBBIN APIYMEHT He JeJIUTCS Ha BTOPO:

> (/ 365 12)
365/12

Ecuu BBI OyzieTe MBITATHCA BEIUUCIATD, K IPUMEDPY, YCPETHEHHYIO IJUHY Me-
csAIla, TO BAM MOXKET II0OKasaThbCs, 4To toplevel Hax Bamu uspeBaercs. B mo-
IOOHBIX CJOyYAsaX, KOrJa BaM AEHCTBUTEJbHO HYKHA AeCATHUUYHAS APOOb,
moab3yHTeCch QyHKIIMEH float:

> (float 365/12)
30.416666

Bo3BepeHue B cTeneHb

Yro0bI HAKTHU X", BEI3OBEM (expt X n):

> (expt 2 5)
32

A 4TOOBI BEIUUCJIUTH log x, BBIBOBEM (l0og X n):

> (log 32 2)
5.0

OOBIYHO TIPU BBHIYUCJIEHUY JoraprudMa BO3BPAIIlaeTCs YKUCJIO ¢ IJIaBaoIei
3aIATOH.

J 1 HaX0MKIeHUA CTEIIeHU YKCJIa € CYIeCTBYeT CueluabHass QYHKITUA eXp:
> (exp 2)
7.389056
Brruucisienme HaTypaJabHOTO JorapudMa BeIToTHAeTCA GyHKIIUEH 109, KOTO-
POIi IOCTAaTOYHO COOOIIUTE JIUIITH CAMO UHCJIO:

> (log 7.389056)
2.0

Brruuciienne KopHEH MOKET BBIMOJHSATHCA C IMIOMOIIBIO expt, IJIA Yero ee
BTOPOM apryMeHT JOJIKeH ObITh PaIlIOHAJJIbHOI 1PO0bIO:

> (expt 27 1/3)
3.0

Ho ny1a BeIumceHus KBaIpaTHBIX KOPHeH OpicTpee paboTraeT GyHKIIMA Sqrt:

> (sqrt 4)
2.0

TpuroHomeTpuyeckne pyHKLUUN

IIpencraBienreM unca T ¢ IIJIaBaloIell 3aIIsITON ABJIAeTCA KOHCTaHTa pi. Ee
TOYHOCTH 3aBUCUT OT HCIIOJIb3yeMoll peasusanuu. @yHKIIMKA Sin, cos U tan
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BBIUUCJIAIOT COOTBETCTBEHHO CUHYC, KOCUHYC U TAHTE€HC 3aJaHHOTO B pagua-
Hax yrjia:

> (let ((x (/ pi 4)))
(list (sin x) (cos x) (tan x)))
(0.7071067811865475d0 0.707167811865476d0 1.0d0)

Bce Brilienepeunciaenuble GYHKIINT YMEIOT paboTaTh ¢ KOMIIJIEKCHBIMHU ap-
TyMeHTaMU.

O6paTHble TpeoOpa3oBaHUA BBIMIOJHAIOTCA (PYHKIIMAMH asin, acos, atan.
[ apryMeHTOB, HAXOQAITUXCA HA OTPe3Ke oT -1 10 1, asin 1 acos BO3Bpa-
IIAI0T NefICTBUTEIbHbIE SHAUECHU .

T'unepbosiuyuecKkre CUHYC, KOCUHYC WM TAHTeHC BBIUUCJIAIOTCS uepes Sinh,
cosh u tanh cooTBeTCTBEeHHO. [IJId HUX TaKJKe OmpeesieHbl o0paTHbIe Tpeos-
pasoBaHud: asinh, acosh, atanh.

9.7.MNpepcTaBneHue

Common Lisp He HaKJIaAbIBaeT KAKUX-IN00 OrPAaHUYEHUI HA pasMep LeJIbIX
uyuces. Ilesble yncia HeOOJBIIIOrO pasMepa, KOTOpPhIe MOMEIaloTCd B Ma-
IIIUHHOM CJIOBE, OTHOCATCS K TuMy fixnum. Eciu aia xpaneHus yucjia Tpe-
OyeTcsa maMaATu OOJIBIIE, YeM CJI0BO, JIMCII TepeKIoUaeTcs Ha IIPe/[CTaBICHIE
bignum, 0Jisi KOTOPOT'O BBIAEJISETCS HECKOJIBKO CJIOB JJIsT XPAHEHUS IeJIOT0
ymcsa. ITO 03HAYAET, UTO CAM S3BIK He HaKJAAbIBAeT KAaKUX-T100 Orpanmnye-
HU Ha pasMep YKCes, U OH 3aBUCHUT JIUIIIL OT JOCTYIIHOIO O0'heMa IaMSATH.

KomcranTsI most-positive-fixnum mmost-negative-fixnumsagaoT MaKcuMab-
HbI€ BeJIMYUHBI, KOTOPhIE MOT'YT 00pabaThIBaThCA peaausaliueii 6e3 NCIoIb-
30BaHuA TUIa bignum. Bo MHOrmx peanmsanusax OHU UMEIOT CJIeAYIOIIVe
3HAUEHUA:

> (values most-positive-fixnum most-negative-fixnum)
536870911
-536870912

IIpuHAAIEKHOCTD K OIpeeIeHHOMY TUITY IIPOBEPSIETCS C IIOMOIIbIO TIPeu-
Kara typep:

> (typep 1 ' fixnum)

-

> (typep (1+ most-positive-fixnum) "bignum)
-

B Kask0i peainsaiiiy UMEIOTCS CBOM OTPaHUUEHNA Ha pasMep Ynce ¢ IJa-
Batorrieii samaroit. Common Lisp mpemocTaBisgeT yeTbIpe THUIIA YKUCEJ C IIJIa-
Balolen 3amaToii: short-float, single-float, double-float u long-float. Pea-
JIUBAIUY CTaHZApPTa He 00s3aHbI MCIOJH30BATh PA3JINUHBIE IPEICTABICHUA
JLs1 Pa3HBIX TUIIOB (1 JIUIITb HEKOTOPHIE 9TO JEJIAI0T).

CyTtb Tumna short-float B ToM, YTO OH 3aHHMAaeT OJHO MaIlIMHHOE cJIOBO. Tu-
bl single-float m double-float 3aHMMAaIOT CTOJIBKO MECTa, CKOJIBKO HYKHO,
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9.8

4TOOHI YIOBJIETBOPATH YCTAHOBJIEHHBIM TPEOOBAHUAM K UMCJIAM OAVMHADPHOMN
¥ ABOMHOII TOYHOCTU COOTBeTCTBeHHO. Yucsaa Tuma long-float MoryT OBITH
0OJIBIIMMY HACTOJIBKO, HACKOJIBKO 3TO TpebyeTcsa. Ho B KOHKpeTHOI peann-
3amuu Bce 4 TUIIa MOTYT UMETH OJUHAKOBOE BHYTPEHHEE IIPeICTaBIeHNE.

Tumn uymcia MOKHO 3aJaTh IPUHYAUTEIbHO, UCIOJIb3Ys COOTBETCTBYIOIIE
OYKBBI: S, T, d MK 1, a TaKIKe e [AJId SKCIIOHeHITNaJIbHOI (hopMEI. (3arjiaBHbIe
OYKBBI TaK:Ke JONYCKAIOTCS, U 3TUM CTOUT BOCIOJIH30BATHCA AJIA IIPEeNCTaB-
JeHus tuma long-float, moTomMy UTO MaJyio 1 JIEeTKO CITyTaTh ¢ Itudpoi 1.)
HawuGosbIiree npencrasiaenue ynuciaa 1.0 MOXKHO 3a4aTh Kak 1L0.

T'mo6anbHBIE OTPAHUYEHUA Ha pa3Mep Ynces PasHbIX TUIOB 3aJaf0TCS ITeCT-
HaJIMaThIo KOHCTaHTaMU. VIX nMeHa BBITVIAAAT KaK m-s-f, Tae m MokeT ObITh
most mJm least, s cooTBeTCTBYeT positive mium negative, a f — oguH U3 YeTHI-
pex TUIIOB YMCeJI C IJIaBaloIeil 3aIaToni.

IIpesBbilieHre 3aJaHHBIX OTPAHNYEHUI IPUBOAUT K BOSHUKHOBEHUIO OIIM0-
k1 B Common Lisp:

> (* most-positive-long-float 10)
Error: floating-point-overflow.

Mpumep: TpaccupoBKa nyyen

B KauecTBe IIpuMepa 1nmporpaMMBbI, HOCTpOGHHOfI Ha YMCJIEHHBIX pacueTax,
B 3TOM pasfejie IPUBOAUTCS pellleHre 3aJaull TPACCUPOBKHU ayudeii. Tpaccu-
POBKa Jyueil — 9TO IIPEBOCXOAHLIN aJrOPUTM PeHAEPUHTa M300paKeHUid,
C IIOMOII[BI0 KOTOPOT'O0 MOYKHO IIOJIYYATh PeaUCTUUHBIe KapTuHbl. OgHAKO
JTaHHBII METOJ ABJISETCS JOBOJIBHO JOPOTOCTOSIIIIIM.

i MOZIeIMPOBAHUS TPEXMEPHOT0 N300paKeHss HaM HeOOXO[MMO OIlpe/ie-
JINTHh KaK MUHHMYM UYeThIpe IIpeaMeTa: HaOaromarels, OAUH WIn 0ojee mc-
TOYHMKOB CBeTa, HA0Op 00'bEKTOB MOZEJHPYEMOr0 MHPA U ILIOCKOCTH PHU-
cyuka (image plane), KoTopasi CIyKUT OKHOM B aTOT Mup. Harta 3agaua —
CreHepupoOBaTh M300paKeHre, COOTBETCTBYIOIEe MPOEKIMU MUpa Ha 00-
JIaCTh ILJIOCKOCTU PUCYHKA.

Yro ke gesiaeT HEOOBIYHBIM METO TPaccupoBKU ayueii? [lomukceabHass OT-
PUCOBKA BCeH KAPTUHBI ¥ CUMYJIANUS IPOXOMKACHUS JIyUa Yepes BUPTYyab-
HBI Mup. Takoi mOAX0[ IO3BOJISIET HOCTUYb PEASUCTUUYHBIX ONTHYECKIX
3((eKTOoB: TPO3PAYHOCTH, OTPAYKEHW I, 3aTeHeHUT; OH IIO3BOJISET 3a1aBaTh
OTPHCOBBIBAEMBIN MUP KaK HA0Op reOMeTPUUYECKUX TeJI, BMECTO TOT'O YTOOBI
CTPOUTD UX U3 MOJUTOHOB. OTCIOZA BHITEKAET OTHOCUTEIbLHASA IPAMOJINHEN-
HOCTH B Peajn3aiui MeTo/a.

Ha puc. 9.2 mokasaHbl OCHOBHBIE MaTeMaTUUECKe YTUINTBI, KOTOPHIMU MbI
OyzmeM mmosib3oBaThCs. IlepBasi, sq, BRIYMCJIAET KBaapaT apryMenTa. Bropas,
mag, BO3BpalllaeT AJUHY BEKTOpPa IO TPEM ero KOMIOHEHTaM X, ¥ W Z. OTa
(GYHKIMA UCIOJB3YeTCA B CAEAYIONINX NBYX. UNnit-vector Bo3BpalliaeT Tpu
3HAUEHUs, COOTBETCTBYIOIINE KOOPAWHATAM €IWHUYHOTO BEKTOpA, MMEIO-
IIETro TO JKe HallpaBJIEHUe, UTO U 3aJaHHBIN:
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> (multiple-value-call #'mag (unit-vector 23 12 47))
1.0

Kpome Toro, mag ucmosbayercss B QyHKIIMHU distance, BBIUMCJISIONIEN pac-
CTOSTHUE MEXKAY JIBYMSA TOUKaMHU B TPEXMepPHOM mpocTpaHcTBe. (Ompenese-
HUe CTPYKTYPHBI PO1NT COMEPIKUT IIapaMeTp Conc-name, paBHBIX Nil. 9To 3HA-
YUT, YTO QYHKIIUU JOCTYIIA K COOTBETCTBYIOIIUM IIOJIAM CTPYKTYPHI OyIyT
UMeTh TaKle Ke UMeHa, KaK U caMU II0JIA, HAIIPUMeEDP X BMeCTO point-x.)

(defun sq (x) (* x x))

(defun mag (x vy z)
(sqrt (+ (sq x) (sq y) (sq 2))))

(defun unit-vector (x y z)
(let ((d (mag x vy z)))
(values (/ x d) (/ y d) (/ z d))))

(defstruct (point (:conc-name nil))
Xy z)

(defun distance (p1 p2)
(mag (- (x p1) (x p2))
(- (y p1) (y p2))

(- (z p1) (z p2))))

(defun minroot (a b c)
(if (zerop a)
(/ (- ¢)b)
(let ((disc (- (sg b) (= 4 ac))))
(unless (minusp disc)
(let ((discrt (sqgrt disc)))
(min (/ (+ (- b) discrt) (+ 2 a))
(/ (- (- b) discrt) (« 2 a))))))))

Puc. 9.2. Mamemamuueckue ymuaumot

Haxkonerr, yHKIIA Minroot IpuHEIMaeT TPU JefiCTBUTEeIbHBIX YKCJIa a, b 1 C
¥ BO3BpAalllaeT HauMeHbIIee X, AJs KoToporo ax2+bx+c=0. B cayuae Korma
a He paBHO HYJI0, KOPHU 9TOTO YPABHEHUA MOTYT OBITH TMOJYUYEHBI II0 XOPO-
1110 U3BECTHOM (hopMmy.Jie:

x:—bi\/b2—4ac

2a

Kox, peanmusyromuii QyHKIIMOHAJILHO OTPAHUYEHHBIN TPACCUPOBIITUK JIY-
yeii, mpencTaBieH Ha puc. 9.3. OH remepupyeT yepHO-6esble M300parKeHusd,
OCBelllaeMble OJHUM HCTOUHHKOM CBETa, PACIIOJIOMKEHHBIM TaM ’Ke, TIe
u riias Habaogaresnd. (Takum o6pasom gocturaercs apdekT pororpaduu co
BCIIBITITKOI.)
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(defstruct surface color)

(defparameter =world+ nil)
(defconstant eye (make-point :x 0 :y 0 :z 200))

(defun tracer (pathname &optional (res 1))
(with-open-file (p pathname :direction :output)
(format p "P2 "A A 255" (x res 100) (* res 100))
(let ((inc (/ res)))
(do ((y -50 (+y inc)))
((< (- 50 y) inc))
(do ((x -50 (+ x inc)))
((< (- 50 x) inc))
(print (color-at x y) p))))))

(defun color-at (x vy)
(multiple-value-bind (xr yr zr)
(unit-vector (- x (x eye))
(-y (y eye))
(-0 (z eye)))
(round (* (sendray eye xr yr zr) 255))))

(defun sendray (pt xr yr zr)
(multiple-value-bind (s int) (first-hit pt xr yr zr)
(if s
(» (lambert s int xr yr zr) (surface-color s))
0)))

(defun first-hit (pt xr yr zr)

(let (surface hit dist)

(dolist (s =world«)

(let ((h (intersect s pt xr yr zr)))
(when h
(let ((d (distance h pt)))
(when (or (null dist) (< d dist))
(setf surface s hit h dist d))))))
(values surface hit)))

(defun lambert (s int xr yr zr)
(multiple-value-bind (xn yn zn) (normal s int)
(max 0 (+ (* xr xn) (x yr yn) (x zr zn)))))

Puc. 9.3. Tpaccuposra ayueii

st mpeacraBieHuss 00bEKTOB B BUPTYAJIbHOM MUPE HCIIOJB3YeTCH CTPYK-
Typa surface. ['oBops TouHee, OHa GyeT BKIOUEHA B CTPYKTYPHI, IPECTAB-
JIAIOIYEe KOHKPETHbIE PA3HOBUIHOCTU O0BEKTOB, Hampumep cdepsl. Cama
CTPYKTYPa Ssurface COZEP:KUT JIUIITH OJHO II0JIe COl0r (IIBeT) B MHTepBaJie ot 0
(uepubIii) 1o 1 (0eJrbIi).

IlmockocTs prucyHKa paciiojiaraeTcs BIOJIb oceit X u y. I'1a3 HaOaogaTens
CMOTPHUT BJAOJIb OCH Z ¥ HaXoauTcsA Ha paccrogsauu 200 eTUHUI] OT PUCYHKA.



164

[maBa 9. Ymcna

YT006sI 100aBUTH 00BEKT, HEOOXOAMMO IIOMECTUTH €TI0 B CIIMCOK *WOorld« (13-
HavYaJabHO Nil). YTOOBI OH OBII BUAMMBIM, €r0 Z-KOOPAWHATA MOJIXKHA OBIThH
oTpuIilaTeJ bHOMH. PrucyHOK 9.4 IeMOHCTPUPYET IPOXOKIeHMe Jyueil uepes
TOBEPXHOCTH PUCYHKA 1 UX HajeHue Ha chepy.

rna3 Habnioparens NNOCKOCTb

pucyHka

Puc. 9.4. Tpaccuposra ayueil

dyHKIUA tracer 3anuchkiBaeT usobpaskeHue B (aiia mo safaHHOMY IIYTH.
3anuchk npousBonuTcsa B oosruaoM ASCII-opmare, HassiBaemom PGM. Ilo
ymoauaHuio pasmep usobpakenusa — 100x100. 3aromoBoxk PGM-daiina Ha-
YUHAEeTCA ¢ Tera P2, 3a KOTOPBIM CJIEAYIOT UKCJIa, COOTBETCTBYIOIINE IITUPU-
He (100) u BricoTe (100) B muKcenax, mpuueM MaKCUMaJIbHO BO3MOYKHOE 3HA-
yeHnue paBHO 255. OcraBinasca yacth Gaiiaa cogep:xut 10000 1mennix ymces
ot 0 (uepubIii) 10 255 (6emabIii), KOTOpbIe BMecTe AatoT 100 ropr3oHTaIbHBIX
moJioc 1o 100 nuKceJIoB B KA 0.

Paspetienne n3obpaskeHusa MOYKeT OBITH U3BMEHEHO C IIOMOIIbio res. Ecau res
PaBHO, HaIIpUMeD, 2, TO u3dobpaskenue oyzaet cogeps;xarh 200x200 nukceoB.

ITo ymosruaruio nusdobpaskernme — 9to KBagpar 100x100 Ha mI0cKOCTH PUCYH-
Ka. Kak bt muKces mpeacTaBisgeT cO00i KOJIMYEeCTBO CBEeTa, IIPOXOAAIIEro
yepes TaHHYIO TOUKY K a3y HaOsmiogaresnd. [lJisg HaXOoKIeHUA 9TOH BeJIu-
YUHBI tracer BbI3bIBaeT color-at. Ota YHKIUA UIET BEKTOP OT riiasa Ha-
Oaromaresisi K 3aJaHHON TOUKe, 3aTeM BBIBBLIBAET Sendray, HAIPaBJsad JIyd
BIOJIb ATOT'0 BEKTOPAa Uepe3 MOAeIUpPyeMbIii Mup. B pesyabrare sendray mo-
JyuaeTr HeKoTopoe uuciio orT 0 10 1, KOTopoe 3aTeM MacIITabupPyeTcs Ha OT-
pesok ot 0 mo 255.

[ s ompeneseHnss MHTEHCUBHOCTHY CBeTa Sendray UIreT 00beKT, OT KOTOPOTo
OH OBLIT oTpaskeH. [[J1s1 aToro BeI3bIBaeTcsa QyHKIuUs first-hit, KoTopas Haxo-
IUT Cpenu BceX OObEKTOB B *WOrld= TOT, Ha KOTOPBIN JIyU HajaeT IePBbIM,
UK Ke yOerKIaeTcs B TOM, UTO JIYY He ITafaeT HU Ha oauH 00beKT. B mocen-
HEM cJIydae BO3BpaIiaeTcs IBeT (hOHA, KOTOPHIM MBI YCJIOBUJINCH CUUTATE 0
(uepHbIi). Ecau yu magaer Ha ofWH 13 00HEKTOB, TO HAM HE00XOAMMO HATH
JTOJII0 CBeTa, OTpaskeHHoro oT Hero. Coryiacuo 3akony JlambepTa, MHTEHCUB-
HOCTh CBETa, OTPAKEHHOT0 TOUKOM IT0BEPXHOCTH, ITPOIIOPIIMOHAJIbHA CKa-
JIAPHOMY ITPOM3BEICHUIO eIMHUYHOTO BeKTopa N, HalopaBJIEHHOTO M3 3TOM
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TOYKY BJAOJIb HOPMaJU K IOBEPXHOCTH (BEKTOD, JJIMHA KOTOPOro paBHAa 1,
HaIIPaBJIEHHBIH IIePIeHINKYIAPHO IOBEPXHOCTHY B 3aJJaHHOM TOUKeE), U eu-
HUYHOTO BeKTOopa L, HanpaBJIEHHOTO BJIOJb Jyuya K UICTOYHUKY CBETa:

i=N-L

Eci nCTOYHUK cBeTa HAXOAUTCA B 3TOH Touke, N u L OyAyT UMeTh OJuHA-
KOBOe HaIlpaBJieHUWe, U UX CKaJIPHOe IIPOou3BelieHre OyIeT MMeTh MaKCU-
MaJIbHOe 3HaueHue, paBHoe 1. Ecii moBepxHOCTH HAXOAUTCS o yryiom 90°
K UCTOUYHUKY cBeTa, T0 N 1 L OyAyT IepHeHAuKYAAPHBI U UX IIPOU3BeIeHIe
oynet paBuo 0. Ecii mCcTOUYHUK cBeTa HAXOAUTCA 3a MOBEPXHOCTHIO, TO IPO-
usBeneHne OyIeT OTPULATEIbHBIM.

B marmeil mporpaMmme MBI IPeAIIOJaraeM, YTO MCTOUYHUK CBETA HAXOMUTCS
TaM JKe, T/ie U IJIa3 HaOJIogaTessd, IoaTOMYy (PYHKIIUA lambert, MCIOIbB3YI0-
I1as BBIIIEONNCAHHOE IIPABUJIO I HAXOMKIEHUS OCBEINeHHOCTH HEeKOTO-
poit TOUKM MOBEPXHOCTH, BO3BPAIIlAeT CKaJIsIPHOe MPOU3BeaeHre HOpMaau
¥ TpaccupyemMoro Jyua.

B dyurmuu sendray aTo YKMCJIO YMHOMKAETCS Ha IIBET IOBEPXHOCTHU (TeMHAaA
TOBEPXHOCTH OTPAKaeT MEHBIIIe CBETa), YTOOBI OIPENeTUTh UHTEHCUBHOCTD
B 3aJJaHHON TOYKe. YIPOCTUM 3a7ady, OTPAHUUYUBIINCH JUIIL 00 beKTaMu
tuna cepsl. Kom, peanusyoiiuii mogaep:kKy cdep, mpuBeaeH Ha puc. 9.5.
CTpykTypa sphere BKJIIOuaeT surface, mosTomy sphere OymeT mMMeTh mapa-
MeTp color, Tak JKe KakK W mapaMeTpsl center u radius. BeizoB defsphere mo-
0aBJyIseT B HAIIl MUD HOBYIO c(epy.

dyurmusa intersect (mepeceueHmre) pacmo3HaeT TUII 00bEKTa U BBI3BIBAET CO-
OTBETCTBYIOIIYIO eMy (PyHKI0. Ha JaHHBIA MOMEHT MbI yMeeM padoTaThb
JauIb co cepamu. A chepsr us intersect 6ymeT BeI3BIBATBCS sphere-in-
tersect, HO HAIII KOJX MOYKET OBITH C JIETKOCTBHIO PACIIUPEH JJIS MOAePKKI
IPYTUX 00 BEKTOB.

Kax maiiTu mepeceueHue jiyda co chepoii? JIyu mpeacraBiseTca TOUKOM
p=(x, Y, 2,) 4 EIMHUIHBIM BEKTOPOM U= (X, Y , Z,). JItobaa Touka sy4a mo-
JKeT OBITH BBIPA’KeHA KaK P + nv JJId HEKOTOPOT'0 1l UJIU, UTO TO JKe caMoe,
(x,tnx,y,tny,z,+tnz). Korna 1y nagaer Ha cepy, pacCToAHUE 0 IEHTPA
(x,, y,, 2,) paBHO paguycy chepsr r. Takum 06pasom, yCaoBUe II€PECEUEHUA
Jyda u c(pepbl MOYKHO 3aIKUCATD CJIEeIYIOIUM 00pas3oM:

r:\/(x0 +nx, —Jcc)2 +(y, +ny, —yc)2 +(2,+nz, —.z'c)2
W3 sToro cienyer, uTo
an®*+bn+c=0
e
a=x’+y’+2
b=2((x0 —-x,)x, +(y,—Y.)y, +(2 —zc)z,)
cz(xo_xc)z +(y0_yc)2+(20_26)2 -r’
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(defstruct (sphere (:include surface))
radius center)

(defun defsphere (x y z r c)
(let ((s (make-sphere
cradius r
ccenter (make-point :x x 1y vy 1z z)
:color «¢)))
(push s *world=)
s))

(defun intersect (s pt xr yr zr)
(funcall (typecase s (sphere # sphere-intersect))
s pt xr yr zr))

(defun sphere-intersect (s pt xr yr zr)
(letx ((c (sphere-center s))
(n (minroot (+ (sqg xr) (sq yr) (sq zr))
(= 2 (+ (= (- (x pt) (xc)) xr)
(= (- (y pt) (y c)) yr)
(+ (- (z pt) (z ¢c)) zr)))
sq (- (x pt) (x ¢)))
sq (- (y pt) (y ¢)))
sq (- (z pt) (z ¢)))
- (sq (sphere-radius s)))))))

(+(
(
(
(

(if n
(make-point :x (+ (x pt) (* n xr))
by (F (y pt) (¢ nyr))
iz (# (z pt) (» nzr))))))

(defun normal (s pt)
(funcall (typecase s (sphere #' sphere-normal))
s pt))

(defun sphere-normal (s pt)
(let ((c (sphere-center s)))
(unit-vector (- (x ¢) (x pt))
(- (y ¢) (y pt))
(- (zc) (zpt)))))

Puc. 9.5. Chepur

g HaXO0MKAEeHUA TOUKHU IIepeceueHnss HaM HeoOX0MMO PeIlluTh 9TO KBaJ-
patHoe ypaBHeHUe. OHO MOKeT MMEeTh HOJIb, OJJUH WJIU JBa BeIeCTBEeHHBIX
KopHA. OTCyTCTBUE PEIIeHUH 03HAYAET, YTO JIyU IIPOXOAUT MUMO c(hephl;
OIHO peIlleHVe 03HAYaeT, UTO JIyU IepecekaeT cepy JIUIIL B OJHON TOUKE
(TO ecTh KacaeTcs ee); ABa PEIleHNA CUTHAJINSUPYIOT O TOM, UTO JIYY IIPOXO-
IUT uepes cdepy, mepecekas ee MOBEPXHOCTH ABa pasa. B mocaequeM cayuae
HaM WHTepeceH JIUITh, HanMeHbITNi 13 KopHeii. [Ipu ynamenun gyda oT rja-
3a HabJII0aTe A 1 YBeJINUNBaeTC A, IO3TOMY HaUMeHbIllee pelneHune o0yaeT
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COOTBETCTBOBATh MEHbIIIEMY 7. J[JId HAX0XKJeHU A KOPHA UCIIOJIb3yeTCA min-
root. Eciiu KOpeHb CyIIeCcTBYeT, sphere-intersect BO3BpaTUT COOTBETCTBYIO-
IO eMy TOUKY (x0 tnx,y,tny,z,+ nzr).

OBe npyrue pyHKIIuu Ha puc. 9.5, normal u sphere-normal, cBA3aHBI MEKIY
coboii aHasioruuHo intersect u sphere-intersect. Ilouck Hopmau s coe-
PBI KpaiiHe IPOCT — 9TO BCEro JIUIIh BEKTOP, HAIPABJIEHHBIA M3 TOYKU Ha
TIOBEPXHOCTHU K ee IEHTPY.

Ha puc. 9.6 nmokasaHo, Kak OyAeT BBIIOJIHATHCA MeHepaIusa N300pasKeHms;
ray-trace cosmaet 38 cdep (He Bce OHU OYIYT BUAMMBIMHU), a 3aTeM I'eHEePUPY-
eT u3obpasKeHre, KOTOpoe 3amucbiBaeTcA B (aiia “"spheres.pgm’. UTor pabdo-
THI MIPOTPAMMBI C TTapaMeTpoM res = 10 mpeacTaBieH Ha puc. 9.7.

(defun ray-test (&optional (res 1))
(setf =world+ nil)
defsphere 0 -300 -1200 200 .8)
defsphere -80 -150 -1200 200 .7)
defsphere 70 -100 -1200 200 .9)
do ((x -2 (1+ x)))
((>x2))
(do ((z 2 (1+ 2)))
(>z7))
(defsphere (+ x 200) 300 (= z -400) 40 .75)))
(tracer (make-pathname :name “spheres.pgm”) res))

(
(
(
(

Puc. 9.6. Hcnoavzoganue mpaccuposuuka

Puc. 9.7. H306pacernue, noniyienrnoe memooom mpaccuposKu iyieil
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ITonHOIEHHBII TPACCUPOBIIUK JIyUYell B COCTOSHUY I'eHePpUPOBaTh Kyaa 060-
Jiee CJIOKHBIEe M300paKeHnsa ¢ YUeTOM HECKOJbKUX MCTOUHUKOB CBeTa pas-
HOI MHTEHCUBHOCTH, PACIIOJIOKEHHBIX B IIPON3BOJLHBIX TOUKAX ITPOCTPAH-
crBa. [IJ1s aTOr0 mporpaMMa AOJI’KHA YUUTHIBATH 3(DMEKTHI 0TOpachIBaHUA
TeHell. PacmososKeHme NCTOUHNKA CBETA PALOM C IVIa30M HAGJIIOAATEIA TI0-
3BOJIMJIO HAM CYII[ECTBEHHO YIPOCTUTH 3a7a9y, TAK KaK B 9TOM CJIydae HU
OofHa M3 OTOPachkIBa€MbIX T€HEH He IONIaJaeT B II0JIe BUAMMOCTH.

Kpome Toro, mosTHOIEHHBIN TPACCUPOBIIUK J0JMKEeH YUUTHIBATH BTOPUYHBIE
oTpaskeHusd. Pazymeercs, 00beKThI PA3JIUYHBIX IIBETOB OYAYT OTPasKaTh CBET
mo-pasHomy. Tem He MeHee OCHOBHOM aJITOPUTM, IIPECTAaBJICHHBIN Ha puc. 9.3,
IPEIOCTABJIAET MEXaHMU3M TPACCHPOBKM, KOTOPLIN B JaJIbHEHMIIIEM MOKET
OBITH YJIYUIIEH U JOIOJHEH, HAIIPHUMED C IIOMOIIbI0 PEKYPCUBHOI'O HCIIOJIb-
30BaHUS YK€ UMEIOINXCSA METOI0B.

Kpowme Toro, peanbHass mporpaMMa-TPACCUPOBINUK A0JIMKHA ObITH TIATEIb
HO onITMMM3MpoBana. Haira mporpamMMa nMeeT cixaThie pa3Mephbl 1 He OITH-
MUBUPOBaHa HU KaK Jlucu-mporpaMma, H KaK TPACCUPOBIITUK Jydeii. [lo-
0aBJieHNe K IporpaMMe OZHUX TOJBKO AeKJapamnuii inline u mexgaparmmit
TumoB (cM. paszmes 13.3) MorkeT obecrieunTs 0ojiee UeM ABYKPATHBIN ITpU-
POCT ITPOM3BOAUTETHHOCTHU.

NTorn rnasbl

1. Common Lisp mpegocTaB/isieT B paclopsKeHUe IeJble UNCJIa, PaIro-
HaJbHBIE IPO0OU, YKCJIa C IJIaBAIOIIEH 3aIsTON 1 KOMILJIEKCHbBIE YHCJIA.

2. YucaoBble 3HAUEHUA MOT'YT OBITH ITPeo0pa30BaHbI UJIU YIPOIIEHbI, a UX
KOMIIOHEHTBI MOI'YT OBITH U3BJI€UEHBI.

3. Hpe,l:[I/IKaTBI CPpaBHEHUA YUCeJI IPDUHUMAIT J11000€ KOJTMUYECTBO apryMeHn-
TOB U IIOCJIeJOBaTE€JIbHO CPaAaBHUBAIOT UX IIapbl, 3a UCKJIIOYEHNEM /:, KO-
TOpI:IfI CPaBHHBAET BCE€ BO3SMOJKHBIE ITIapPbl apI'yMEHTOB.

4. B Common Lisp mpeacraB/ieHbl TPaKTUUYECKHU Bee QPYHKI[UU, UMeIoIre-
csA B HUBKOYPOBHEBOM MHIKEHEPHOM KaJbKyaaTope. OgHu u Te Ke PyHK-
MY MOTYT IPUMEHATHCSA K apryMeHTaM JIIOObIX THUIIOB.

5. Ywucaa tTumna fixnum — HeOOJBIIKE TIeJIbIEe UNCJIa, YMEIIAIoInecs B OLHOM
MaIlIMHHOM cJioBe. IIpu Heo6XoanMOCTH OHHI 0e3 IpeayIpe:KIeHnus IIpe-
obpasyioresa K Tuiy bignum. OgHaKo saTpaThl Ha €ro MCIIOJIbL30BaHUE CY-
miecTBeHHO BbIille. Common Lisp Tak:ke nmpegocTaBasieT 10 4-X TUIIOB YU-
ceJI ¢ ILIaBaoIel 3anAaToi. [[1sa Kak ol pealusanuy OrpaHUUYeHNA Ha
WX pasMep CBOU 1 MOT'YT OBITH ITOJIYUEHbBI 13 CIIeINaJIbHBIX KOHCTAHT.

6. TpaccHUpPOBIIUK JIyUel reHepupyeT N300paskeHne, OTCIEKUBAT IIPOX0K-
[IeHIe CBeTa uepes3 CMOeJIMPOBAHHBIN MUP U BBIUKUCJIASI NHTEHCUBHOCTD
UBJIYYEeHUS AJIs1 KasKJ0T0o MUKceaa n300paskeHns.
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YnpaxXHeHus

1.

2.

OmnpenpenuTe QYHKITNIO, IPUHUMAIOINIYIO CIIMCOK JeMCTBUTEIbHBIX UNCEJT
¥ BO3BPAIIAIONIYI0 UCTUHY, KOT/IA YMCJa CJIeAYIOT B IIOPAJKe HeyObIBa-
HUA.

Omnpenenute GYHKITNIO, TPUHUMAOIIYIO [EJTOUNCICHHYIO BeIUUNHY (KO-
JIMYECTBO IIEHTOB) M BO3BPAIAIOIIYI0 UeThIpe 3HAUECHUS, MOKAa3bIBAIO-
e, Kak coopaTh 3aJaHHYI0 CYMMY C IIOMOII[bI0 MOHET CTOMMOCTBIO 25,
10, 5 u 1 meHT, NCIOIL3YS HAaMEHbIIIee UX KOJNYECTBO.

Ha ouens gaJjiekoil miaaHeTe JKUBYT ABa BUA CYIECTB: BUTTJIBI 1 BOOO-
Jbl. Y1 iepBhIe, ¥ BTOPBIE ONMHAKOBO XOPOIIIO MOI0T. KasKabIil To HA 3TOM
TJIaHeTe TPOBOAUTCS IPAaHIMO3HOE COPEBHOBAHIUE, IO pe3yIbTaTaM KOTO-
poro BBIOMPAIOT AECATH JYUIINX IIEBIIOB. BOT pe3ybTaThl 3a IIPOIIIE-
II1e AecAaTh JIeT:

Ton 1 2 3 4 5 6 7 8 9 10
Burribsr 6 5 6 4 5 5 4 5 6 5
Bo6ab1 4 5 4 6 5 5 6 5 4 5

Hanumure nporpaMmy, CUMyIUPYOIYIO TOA00HBIE copeBHOBaHMA. Ot~
penesivTe IO Pe3yJILTATy BaIllell IPOTrpaMMbl, JeHCTBUTEIBHO JU KIOPU
KasKIbI TOJl BLIOUPAET IeCATH CAMBIX JIYUIIINX TIE€BIOB.

Onpezpenure GyHKIIUIO, IPUHUMAONIIYIO 8 N1efICTBUTEIBHBIX YHUCEJI, IIPEI-
CTaBJIAIONIUX [BA OTPE3Ka B JABYMEPHOM IIPOCTPaHCTBe. DPYHKIUA BO3-
BpaliaeT nil, ecyim oTpe3KU He NIepeceKaloTcs, B IPOTUBHOM CJIydae BO3-
BpalllaloTcs ABa 3HAUEHUA: X- U Y-KOOPAUHATHI TOUKH UX IlepeceueHnd.

IIycts yHKIuUA f mMeeT OOWH NEeHCTBUTEJNBHBIA apryMeHT, a Min 1 max —

HEHYJIEBBIE IeICTBUTEIbHBIE UNCJIa PA3HBIX 3HAKOB; f MMeeT KOpeHb (BO3-
BpAaIllaeT HOJIb) AJIs HEKOTOPOI'o YMcJIa i, TaKoro uTo min < i < max. Ompezne-
JanTe PyHKI[NIO, IPUHUMAIOIIYIO UeThIpe apryMeHTa f, min, max m epsilon
¥ BO3BPAIAOIIYI0 MIPUOJIMIKEHHOe 3HAUEeHMe i C TOUHOCTHIO A0 epsilon.

. Memod I'opnepa mosBosseT 3(GEKTUBHO pPeIIaTh MMOJUHOMBI. UTOOBI

HauTn ax3+bx?+cx+d, HyxHO BeIuncauTh x(x(ax+b)+c)+d. Oupenennre
GYHKIINIO, TPUHUMAIOIIYI0 OJWH WM HECKOJHLKO apryMeHTOB — 3Haue-
HUe X U CJENYIOIINe 3a HUM 7 JeMCTBUTEJIbHBIX UMCEJ, IPEICTaBIAI0-
IUX MOJUHOM cTemeHu (n—1). @YHKIIUA TOMKHA BBIUYNCIAATH 3HAUCHUE
TOJIMHOMA JIJIS 3aJaHHOTO X MeToxoM ['opHepa.

CKOJIBKO OUT MCIIOJIb30BaJja Obl Ballla peajins3alusa AJIS IIPeICTaBIeHU T
fixnum?

CKOJIbKO PasINUYHBIX TUIIOB YHNCEJI C IIJIaBaOIIeH 3aIATON IpeacTaBIeHO
B Ballleli peaausaiumn?



Makpochl

Jlucn-Ko/ 3anmchbIBaeTCsT B BUJie CIIMCKOB, KOTOPhIe caMu ABJA0TCA Jlucm-
obbekTamMu. B paszaese 2.3 TOBOPMUIIOCH O TOM, UTO 3Ta OCOOEHHOCTH IPEIo-
CTaBJISIET BO3MOXXHOCTD IIMCATh IIPOIPAMMBI, KOTOPLIE MUIIYT APYTue IPO-
rpamMMbl. B 3T0 riraBe MoKasaHo, KaK IEPECTYIUTh YEPTY MEKIY BhIPaKe-
HUAMHU 1 KOOAOM.

10.1. Eval

OueBUAHO, YTO CO3aBAaTh BHIPAKEHUA HYKHO IIyTeM BbI3oBa list. OmHako
BO3HUKAET JPYTroil BOIIPOC: KaK O0BACHUTH JIMCHY, UTO CO3MAHHBIN CIIU-
cok — aT0 Koz? I[na aToro cyiecTByeT (GyHKIUA eval, BEIUUCIAIONIAA 3a-
IaHHOe BhIpa'KeHUe 1 BO3BpAllaoIllas ero 3HaUeHue:

> (eval "(+ 12 3))

6

> (eval '(format t "Hello"))
Hello

NIL

Ila, numenHo 06 eval MBI TOBOPUJIM Bce 9T0 Bpems. Ciemyromas QyHKI[AA
peanusyeTr HeKoe momgobue toplevel:

(defun our-toplevel ()
(do ()
(nil)
(format t "7%> ")
(format (eval (read)))))

ITo sroit mpuuune toplevel Takskxe mHaswsiBaioT read-eval-print loop (ux.a
UTeHUe-BbIUNCICHUEe - TIeYaTh).

Bri30B eval — oquH U3 CIIOCOOOB IIE€PEIIaTrHYTh TPAHUILY MEKAY CINCKAMU
u KogoM. OmHAKO 9TO He JYUIITUHA Oy Th:
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1. O HeadEeKTUBEH: eval MoJyyaeT IPOCTOM CIMCOK, ¥ OHA BBIHY:KIEHA
ero 160 CKOMIIMJINPOBATh, AU00 BEIUKUCIUTEL B nHTepuperaTope. Heco-
MHEHHO, 060a 9TUX BapuaHTa HAMHOTO MeJJIeHHee, YeM UCIIOJTHEHUE YiKe
CKOMIIUJINPOBAHHOTO KOJa.

2. BrIpaskenue BBIUHCIISETCS BHE KaKOro-Inb0 JeKCUUYEeCKOro KOHTEKCTA.
Ecin, HanmpumMep, BLI3BATh eval BHYTPU let, BRIpaKeHUs, IepefaHHbIe
B eval, He CMOI'YT CChLIATLCSA Ha MepeMeHHbIe, OIIpeeIeHHbIe B 1et.

CyI1ecTByOT Topasao 6oJiee onTUMaJbHBIE CIIOCOOBI TeHepamuu Komxa (CM.
omucaHue B CJeAYIOeM pasjese). A uTo KacaeTcs eval, TO ee MOYKHO HC-
OJIb30BATh, IOMKAIYIA, JIUIIIb AJIA CO3LAHM Yero-TO BPOoe IUKJIOB toplevel.

IToaToMy AJiss MpOrpaMMUCTOB OCHOBHASA IIEHHOCTh £Val 3aKJII0UaeTCs B TOM,
4TO 3Ta (PYHKI[MS BEIPAKAET KOHIENTYAJbHYIO CyTh Jlucma. MoKHO cun-
TaTh, 4TO eval olpejesieHa KaKk 00JIbIIIOe BeIPAKeHMe CoNnd:

(defun eval (expr env)
(cond
((eql (car expr) 'quote) (cadr expr))

(t (apply (symbol-function (car expr))
(mapcar #' (lambda (x)
(eval x env))
(cdr expr))))))

BoabmunHCTBO BBIpakeHMit 06pabaThIBAIOTCA MIOCJETHUM YCJIOBUEM, KOTO-

pOe TOBOPUT: B3ATH PYHKIMIO, MM KOTOPOI 3aIIMCAHO B Car, BEIYUCIUTD ap-

TYMEHTHI U3 Cdr ¥ BEPHYTH PE3YJIbTAT IPUMEHeHNA QYHKIIUY K XBOCTY (cdr)
1

cuucka'.

Tem He MeHee AJIA BhIpaKeHUs Buaa (quote x) TakoH IOAX0[ HEIIPUMEHUM,
TOCKOJIbKY BCSA CYTh (UOte B TOM, UTOOBI 3aI[UTUTL CBOM apryMeHT OT BbI-
YpCAeHnA. OTO 3HAYUT, YTO HAM HeOOXOAMMO CIIeIHAaJbLHOE YCJIOBUE IJIS
quote. Taxk MBI IPUXOAUM K CYTH IIOHATHUSA «CIEIUAIbHBIA OIIEPATOP» — 3TO
oIeparop, IJis KOTOPOr'o B eval mmMeeTcss 0cob0e yCIoBHeE.

DyuKIUU coerce u compile TaksKe MPEIOCTABIAIOT BO3SMOMKHOCTD MEPEUATH
OT CIIMCKOB K Kojy. JIaMOma-BeIpaskeHre MOKHO IIPEBPATUTD B (DYHKI[HUO:

> (coerce '(lambda (x) x) ’function)
#<Interpreted-Function BF9D96>

C momomrbio QYyHKIUM compile ¢ mEPBBIM apryMeHTOM Nil TakKiKe MOYKHO
CKOMIIMJINPOBATH JAMOLa-BbIPaKeHe, IePeJaHHOe BTOPHIM apryMeHTOM:

> (compile nil ’(lambda (x) (+ x 2)))
#<Compiled-Function DF55BE>

Kax u peanpHada eval, Hamma QyHKIIUA UMeeT eIlfe OAUH apryMeHT (env), mpej-
CTaBJIAIOIINH JJeKCUUEeCKOe OKPyKeHne. HeTouHOCTh HalIe# Moaesiu eval cocTo-
UT B TOM, YTO OHA IIOJIy4YaeT (PYHKI[UIO IIepel TeM, KaK IIPUCTYIIaeT K 00padoTke
apryMeHTOB, B TO BpeMs Kak B Common Lisp mopsAIoK BBITIOJTHEHUA 3TUX OIlepa-
Ui CTIeINAJBHBIM 00pa30M He OIIpe/esIeH.
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NIL
NIL

ITockoabKy coerce u compile MOT'YT IPUHUMATE CIIMCKY B KaueCcTBe apryMeH-
TOB, IpPOrpaMMa MOKeT CO3JaBaTh HOBbIe PYHKIIMU Ha JeTy. OQHAKO 3TOT
MEeTOJ TaK:Ke HeJIb3d Ha3BaTh JIYUIIIUM, TaK KaK OH UMeeT Te Ke HeJoCcTaT-
KU, UTO 1 eval.

ITpuunna HeadeKTUBHOCTH eval, coerce u compile B ToM, 4YTO OHU Iepece-
KalOoT TPAHUILY MeKJY CIUCKaMHU U KOJOM M CO3AaIT QYyHKIUU B MOMEHM
evinoanenus (run-time). IlepeceueHme rpaHUIBI — JOPOTOE YIOBOJILCTBUE.
B GospmrnECTBE CoryuaeB 9TO JIyUIlle [eJIaTh BO BpeMA KOMUIWJIAIIUM, a He
B IIPOIlecce BHIIOJHEHU A IporpaMMsl. B cienyromiem paszgese OyzeT moxkasa-
HO, KaK 9TO CeJaTh.

10.2. Makpocbl

Hawubosnee pacnpocTpaHeHHBIH cII0CO0 MHUCATH IPOrPaMMbI, KOTOPbIE OyAYT
nrcaTh IPOrPaMMBI, — 3TO CO3JjaHNe MaKpOCoB. MakKpocsL — 3TO OIEPATOPHI,
KOTOpBIe peasin3yoTcs yepes Tpancdopmaruio. Oupenesnas MaKpoc, BBl YKa-
3bIBaeTe, KaK ero BBI3OB JOJIKeH ObITE IIpeobpasoBan. CaMo mpeobpasoBanme
aBTOMATUYECKHU BBIMOJHSIETCS KOMIIMJIATOPOM U HA3BIBAETCS PACKPbLMUeM
maxpoca (macro-expansion). Koa, mosydyeHHBIN B pe3ysabTaTe PACKPBITUS
MaKpoca, eCTeCTBEHHBIM 00pa3oM CTaHOBUTCS YACTBIO IIPOrPaMMBI, KaK ec-
Jin ObI OH OBIJI HAOpaH BaMU.

OOGBIYHO MaKpPOCHI CO3aIOTCS C ITOMOIIBLI0 defmacro. BeizoB defmacro Hamo-
MUJHAaeT BBI30B defun, HO BMECTO TOr'0 YTOOBI OIINCATh, KAK JOJMKHO OBITH II0-
JIyUYeHO 3HaUeHMe, OH YKas3bIBaeT, KaK 3TOT BBI30OB JOJIMKEH ObITH Ipeodpaso-
BaH. Hanpumep, MakKpoc, yCTaHABJAMBAIOIINNA 3HAUEHUE CBOET'0 apryMeHTa
B Nil, MOJKeT ObITH OIIpeJeJIeH TaK:

(defmacro nil! (x)
(1list ’'setf x nil))

daHHBIT MaKpOC cO3JjaeT HOBBII omepaTop Nil!, KOTOPBIN MPUHUMAET OAUH
aprymeHT. Bei3oB Buza (nil! a) 6yzer nmpeobpasoBaH B (setf a nil) u uims 3a-
TeM CKOMIIMJIMPOBAH UM BhIumcyeH. Takum o6pasom, ecau Ha6paTh (nil! x)
B toplevel,

> (nil!l x)
NIL
> X
NIL

5TO B TOUHOCTHU 9KBUBAJIEHTHO HAOOPY BhIpakeHmus (setf x nil).

YT06BI MPOTECTUPOBATH (DYHKIIUIO, €€ BBI3BIBAIOT. UTOOBI IPOTECTUPOBATH
MaKpoc, ero packpbeiBaror. @yHKIUA macroexpand-1 IpUHUMAaET BHI30B MaK-
poca 1 BO3BpAaIllaeT Pe3yIbTaT ero pacKpPbITHM:
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> (macroexpand-1 " (nil! x))
(SETF X NIL)
T

Maxpoc MoKeT pacKpbIBATLCA B APYT'oil MaKpOBbI30B. Korja KOMIUIATOD
(unu toplevel) BeTpeuaeT TaKoil MaKpPOBBI30B, OH PACKDBLIBAET 3TOT MAaKpPOC
JI0 TeX II0P, ITI0OKA B KOJIe He OCTAHETCs HU OJHOTO JPYroro MaKpPOBBI30BA.

CekpeT MOHMMAaHUSI MaKPOCOB B OCO3HAHMUU MX peanusdanuu. OHu — He 060-
Jee ueM (pyHKIIUU, Ipeodpasyrolnue BeIpaskeHuda. K mpumepy, ecyiu BhI 1e-
penanuTe BeIpaskeHue Buga (nil! a) B caemyioiyo pyHKIINIO:

(lambda (expr)
(apply #' (lambda (x) (list 'setf x nil))
(cdr expr)))

TO oHa BepHeT (setf a nil). Ilpumenasa defmacro, BbI BBITIOJHSAETE ITIOXOKYIO
pabory. Bce, uTo memaeT macroexpand-1, Korma BCTpedaeT BbIpasKeHUeE, car
KOTOPOTO COOTBETCTBYET UMEHU OJTHOTO M3 MaKPOCOB, — ATO IIepeHaIpPaBIa-
€T BTO BbIPa’sKeHNe B COOTBETCTBYIOIIYIO (DYHKITHIO.

10.3. O6GpaTHas KaBbI4Ka

Magkpoc urenus oopamuas kasviuka (backquote) mO3BOIAET CTPOUTD CIIU-
CKU Ha OCHOBE CIIeI[MAJIbHBIX I1a0J0HOB. OHA IIIMPOKO HUCIOJB3YETCSA IPU
onpenesieHUY MakpocoB. OOBIYHON KaBhIUKE Ha KJIABUATYPE COOTBETCTBYET
3aKpBIBAIOIaA IpAMas KaBbIuKa (ammocTpod), a 00paTHOM — OTKPHIBAOIIAS.
Ee HaspIBaioT 00paTHOI 113-3a ee HAKJIOHA BJIEBO.

O6paTHass KaBbIUKa, MCIOJb30BaHHAsA caMa 1Mo cebe, 9KBUBAJIEHTHA OOBIU-
HOII KaBBIUKE:

> ‘(aboc)
(ABC)

Kak u oO0bIuHas KaBbIUKa, OOpaTHas KaBBLIUKA IPEIOTBpAIllaeT BbIUHCIIE-
HUe BBIPAKEeHU.

IIpeumyimecTBOM OOPATHON KaBLIUKY ABJISIETCS BO3MOYKHOCTEH BEIOOPOYHOTO
BBIUMCJIEHUS YacTell BEIPAsKeHUA C IIOMOIIBIO , (3aIATOMN) 1 ,@ (3amaTasa-oT).
JIto0oe ToaBBIPasKEHUe, IpeaBapseMoe 3amAToi, Oyaer BeruuciaeHo. Coue-
Tasg 00PaTHYIO KAaBBIUKY U 3AISATYI0, MOYKHO CTPOUTD IIAa0JIOHBI CIIMCKOB:

(setf a 1 b 2)

>
2
> ‘(a is ,a and b is ,Db)

(A IS 1 AND B IS 2)

Hcmonb3ysa o0paTHYIO KaBBIUKY BMECTO BBI3OBA 1ist, MBI MOXKeM 3aIINChI-
BaTh OIpeieIeHA MaKPOCOB, KOTOPbIe OYAYT BHITVIAAETDh TaK JKe, KaK pe-
3yJbTaT UX pacKpeiTuda. K mpumepy, omepatop nil! MokeT ObITH OIpeaeieH
caeayIoniuM o6pasoM:
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(defmacro nil! (x)
“(setf ,x nil))

3anATrasi-sT AeHCTBYeT MOX0XKUM 00pa3oM, HO BCTABJIAET II09JIEMEHTHO CBOI
apryMeHT (KOTODPBII TOJI?KeH ObITH CITUCKOM) B CEPEeINHY NPYTOro CIIMCKa:

LST IS (A B C))
‘(its elements are ,@lst)

>
(
> “(lst is ,1st)
(
>
(ITS ELEMENTS ARE A B C)

ATO MOXKeT OKa3aThCA MOJEe3HBIM JJIsI MaKPOCOB, KOTOPhIE MCIOJIB3YIOT OC-
TATOUYHBIN apr'yMeHT, HAIIpUMeD, AJId IIPeICTaBJIEeHN A Tejia Koaa. IIpeamosio-
KUM, MBI XOTHM CO3JAaTh MaKpoc while, KOTOPBII BBIUMCIIAET CBOU apTyMeH-
THI 10 T€X IIOP, IIOKA IPOBEPOUYHOE BhIPAKEeHUE OCTAETCA UCTUHHBIM:

> (let ((x 0))
(while (< x 10)

(princ x)
(incf x)))
0123456789

NIL

Mb1 MOKEM OIpeNeIuTh TAKOM MaKPOC, UCIIOIb3Ys OCTATOUHBIN IapaMeTp,
KOTOPBIA coGepeT BCe BHIPAXKEHUs Tejia MaKpoca B CIIUCOK, a 3aTE€M 3TOT
CIIMCOK GyZeT BCTPOEH B PE3YyJIbTAT PACKPBITAA MaKpoca Garogaps ,e:

(defmacro while (test &rest body)
“(do ()
((not ,test))
,@body))

10.4. Mpumep: ObICTpas COPTUPOBKA

Ha puc. 10.1 npusenen npumep! GyHKIINY, TOJTHOCTHIO ITIOCTPOSHHOMN HA MaK-
pocax, — QyHKIIVH, BBIIOJHAOIENH CODTUPOBKY BEKTOPOB C IIOMOIIIHIO aJIT0-
putMa GBICTPOIT copTupoBKHU (quicksort).’

AropuTM OBICTPOIT COPTUPOBKHU BBIIIOJIHSIETCS CJIEAYIOIIIM 00pasoM:

1. OpuH 13 ByIeMEeHTOB IPUHUMAETCA B KaUecTBe 0nopHozo. MHorme peau-
3aIlMU BBEIOUPAIOT 3JIEMEHT U3 CePeIUHBI BEKTOpA.

2. 3areM IIPOM3BOIUTCS pPa30ueHUe BEKTOpA, IIPU 3TOM ero dJIeMEeHTHI Iiepe-
CTaBJIAIOTCA MECTaMHU JI0 TeX II0p, ITI0OKA BCEe 3JIEMEHTHI, MEHbIIINEe OTIOPHO-
T0, He OyAYT HaXOAUTHC II0 JIEBYIO CTOPOHY OT OOJIBIITNX MU PABHBIX €MY.

3. Haxomerr, ecaiu X0oTs ObI OJHA 13 YACTEH COCTOUT 13 ABYX U O0JIee 3JIeMeH-
TOB, AJITOPUTM IIPUMEHAETCI PEKYPCUBHO K KaKJOMY 13 CEI'MEHTOB.

Koz ua puc. 10.1 comep:KuT cjierka ucipasieHHbIH Kog. Omuoka HatigeHa [lxe-
mom Kpoc6u. — IIpum. nepes.
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(defun quicksort (vec 1 r)

(let ((1 1)
(g
(p (svref vec (round (+ 1 r) 2)))) ;1
(while (<=1 j) ;2

(while (< (svref vec 1) p) (incf 1))
(while (> (svref vec j) p) (decf j))
(when (<=1 7)

(rotatef (svref vec i) (svref vec j))

(incf 1)
(decf 3)))
(if (>= (- j 1) 1) (quicksort vec 1 j)) ;3
(if (>= (- r i) 1) (quicksort vec i r)))
VEC)

Puc. 10.1. Boicmpas copmuposxa

C KaIbIM HOCJIEAYIOIIUM BBISOBOM COPTUPYEMBIN CIIMCOK CTAHOBUTCS KO-
poue, U TaK JI0 TeX IIOp, ITOKa BeCh CIIUCOK He OyeT OTCOPTUPOBAH.

Peanusarmnus sroro aaropurma (puc. 10.1) TpebyeT yKasaHUSI BEKTOPa U IBYX
yucesa, 3aJal0IUX AUAa30H COPTUPOBKU. JJIEMEHT, HaXOAAIUICA B cepe-
IUHEe 5TOT0 AUAIla30Ha, BRIOMPAETCs B KauecTBe OIIOPHOTOo djaeMeHTa (p). 3a-
TeM I10 Mepe IIPOABUIKEHNS BI0Jb BEKTOPA K OKOHUYAHNIO JUAIIa30HAa IIPOU3-
BOISATCS IIEPECTAHOBKHU €r'0 3JIEMEHTOB, KOTOPBIE 100 CIUIITKOM GOJIbIIITE,
YTOOBI HAXOAUTHCS CJIEBa, JU0O0 CIUIIIKOM MaJjble, YTOOBI HAXOANUTHCS CIIpa-
Ba. (IlepecTanoBKa ABYX BJIEMEHTOB OCYIIIECTBJIAETCS C IIOMOIIBLIO rotatef.)
Iamee sTa mpoIieaypa MOBTOPSIETCS PEKYPCUBHO AJIS KaKI0M IOJIyUYeHHON
YacTu, comeprKalieii 6ojee 0JHOr0 sIeMeHTa.

ITomumo makpocawhile, ompee IeHHOTO B IPEABIAYIIEM pasiesie, Bquicksort
(puc. 10.1) sageiicTBOBaHBI BCTPOEHHBIE MaKpPOCHI when, incf, decf u rotatef.
Hx mcmosb3oBaHME CYIIECTBEHHO YIIPOIIaeT KO/, Jejias ero akKypaTHBIM
U IIOHATHBIM.

10.5. lNMpoekTUpoBaHne MakKpocoB

Hamnucanne MakpocoB — 9TO OTAeJIbHASA PA3HOBUIHOCTL IIPOrPAMMUPOBA-
HUSA, IMEIIasa COOCTBEHHbBIE YHUKAJIbHBIE IIeJIN U IPO0JIeMbl. YMEHUEe 13-
MEHATH IIOBeeHNe KOMIMIATOPA OTUACTU IIOX0Ke Ha BO3MOXKHOCTDL HU3Me-
HSTH CaM KOMIHJIATOP. IlosTOMy mpu paspaboTKe MaKpPOCOB HYXKHO MBIC-
JINTH KaK CO3IATeJb A3bIKa.

B aTom paszesne 6yayT paccCMOTPEHBI OCHOBHBIE TPYIHOCTH, CBI3aHHBIE C Ha-
nucaHueM MaKpOCOB, M METOAWKHU X paspellleHusd. B KauecTBe mpumepa
MBI CO3J]aUM MaKpOC Ntimes, BEIYUCIAIOIINI CBOE TEJIO 11 Pas:

> (ntimes 10
(princ "."))
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Huxe npuBeieHO HEKOPPEKTHOE OIIpeesienne MaKpoca Ntimes, UIoCTpu-
pyIoliiee HEKOTOPhIE IPOOIEeMbI, CBSI3aHHBIE C IPOEKTUPOBAHUEM MaKpPOCOB:

(defmacro ntimes (n &rest body) ; wrong
“(do ((x 0 (+x 1)))
((>=x,n))
,@body))

Ha mepBrIii B3TUIAL TaKOe OIIpeieIeHre KaKeTCA BIOJHE KOPPEKTHBIM. [i1a
IPUBENEHHOr0 BhIIIe IPUMepa OHO OyAeT paboTaTh HOPMAJIbHO, OMHAKO Ha
caMoM JieJie B HEM €CTh JIBe IIPO0JIeMBI.

ITepBoit mpob6aeMoii, 0 KOTOPOH JOIKHBI AyMaTh Pa3pabOTUNKN MaKpPOCOB,
ABJIAETCA HEIPeTHAMEDPEHHBIN 3aX8aMmM NepemerHblX. TO CIydaeTcs, KoTga
UMs IePEMeHHO, UCII0Ib3yeMOil B PACKPBITUY MaKpPOCa, COBIIAfaeT C UMe-
HeM IIepeMeHHO#, KoTopas ysKe CYIIIeCTBYeT B TOM OKPY KeHUHU, Ky/a BCTaB-
JsgeTcsa pacKpwiTHe Makpoca. HekoppeKTHOe onpezeseHue ntimes cosmaer
mepeMeHHYI0 ¢ uMeHeM X. IloaTomy ecaim MaKpoc BbI3bIBAETCSA TaM, I'Zie YiKe
CYIIIEeCTBYeT IlepeMeHHasd ¢ TAKUM K€ UMEHeM, Pe3yJIbTAT ero BhIIOJHEHU
MOXKET He COOTBETCTBOBATH HAIIIM OXKUIAAHUAM:

> (let ((x 10))
(ntimes 5
(setf x (+ x 1)))
Xx)
10

Mer IIpenroJiarajv, 4YTo 3HaUYEeHUE X 6y,/:(e'r YBEJINYEHO B IIATH Pa3 U B UTOI'e
oymet paBHO 15. HO MOCKOJIBKY ITepeMeHHasA X UCIOJb3yeTCs ellle U BHyTpU
MaKpoca KaK uTepupyeMmas nepeMenHas B do, setf 6ymeT yBeauuuBaTh 3HA-
yeHMNEe 5Moil IIepeMeHHO’, a He TOM, YTO IIPeAIlojarajoch. PacKpBIB 5TOT
MaKpOC, MBI YBUJIWM, UTO IIPEeAbIAYIlee BhIPaKeHe BhITVIAANT CJIeAYIOII[UM
obpasom:

(let ((x 10))
(do ((x 0 (+ x 1)))
((> x 5))

(setf x (+ x 1)))
X)

HawubGosee obiiumM pereHreM OyaeT He HMCIOJb30BATh OOBIYHBIE CHMBOJIBI
B TeX MeCTaX, I'le OHU MOT'YT ObITh 3aXBaueHbl. BMECTO 5TOr0 MOYKHO MCIIOJIb-
30BaTh gensym (cMm. pasmern 8.4). B ¢cBsA3u ¢ TeM UTO read MHTEPHUPYET KarK-
IBIF BCTPEUEHHBIW CMMBOJI, §ensym HUKOUM ob6pa3oM He OymeT paBeH (C TOU-
KU 3peHus eql) 1r000My IPyroMy CUMBOJIY, BCTPEUAIOIIEMYCS B TEKCTE IIPO-
rpammebl. Ilepenucas Halme ompemeseHne Ntimes ¢ MCIOJIb30BAHUEM (ensym
BMECTO X, MBI CMOXKeM M30aBUTHCA OT BBINIEOMMCAHHON ITPOOJIEeMBbI:

(defmacro ntimes (n &rest body) ;. wrong
(let ((g (gensym)))
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“(do ((,g 0 (+ .9 1))
((>= .9 .n))
,@body)))

Tem He MeHee B JaHHOM OIIpeeJIeHUU IIO-IPEKHEMY KpoeTcd Apyras Ipo-
OsieMa: TOBTOPHOE BhIumcieHue. [IoOCKOIbKY ITePBbIi apryMeHT BCTPanBaeT-
CA HETIOCPEICTBEHHO B BBIBOB (0, OH OyAET BHIUUCIATHCA Ha KaXK 0N UTepa-
muu. JTa oumrndKa ACHO TeMOHCTPUPYETCA IPUMEPOM, B KOTOPOM IIePBOE BbI-
pakeHue CONEP:KUT MOOOUHBIE 9(PPEKTHI:

> (let ((v 10))
(ntimes (setf v (- v 1))
(princ ".")))

ITockoabKy HauaJabHOE 3HaueHue vV paBHO 10 u setf BosBpallaeT 3HaAUeHUIE
CBOEr'o BTOPOT'O apryMeHTa, Mbl O3KUaJIU IIOJYUYUTh IeBATH TOUEK, OLZHAKO
B IEACTBUTEJIBbHOCTU UX TOJBKO IATh.

Yro6bl pasobpaThes ¢ IPUYUHON TAKOT0 3()(PeKTa, IOCMOTPUM Ha PE3YILTAT
PACKPBITHS MaKpoca:

(let ((v 10))
(do ((#:91 0 (+ #:911)))
((>= #:91 (setf v (- v 1))))
(princ ".")))

Ha xaxmoii mTepanum Mbl CpDaBHMBaeM 3HaUeHUNe ITIePeMeHHOM (gensym mpu
mevaTy 0OBIYHO ITpeABapAETC #:) He ¢ UMCJIOM 9, a ¢ BEIPasKeHueM, KOTOpoe
YMeHbIITaeTCd Ha efUHUILY IIPU KaXKI0M BBI30Be.

He?ReJIaTeJILHBIX IIOBTOPHBIX BI:I'-II/ICJIeHI/Iﬁ MOJMHO HBﬁe?RaTb, BBIUUCJIB
3HAUEHNE BhIPAYKEHU [epel HauaJIOM I[[UKJIA 1 3aII1MCaB €TI0 B IIEPEMEHHY 0.
OOGBIYHO IJI 3TOTO TpebyeTcd elre OAUH gensym:

(defmacro ntimes (n &rest body)
(let ((g (gensym))
(h (gensym)))
“(let ((,h ,n))
(do ((,g 0 (+,9 1))
((>= .9 ,h))
,@body))))

Jra Bepcud Ntimes ABIAETCSI MOJTHOCTHIO KOPPEKTHOM.

HemnpegnamMepeHHEbIEe IOBTOPHBIE BEIUNMCICHUA 1 3aXBaT IIEPEMEHHBIX — OC-
HOBHBIE€ MPOOJIEMbI, BO3HUKAIOIHE IpU PaspaboTKe MaKpOCOB, HO €CTh
u gpyrue. C ombITOM BUAETH OIINOKY B MAKPOCAX CTAHET TaK JKe JIEM'KO U ec-
TECTBEHHO, KaK MIPeAyIPeskaTh AejieHre Ha HOIb. Ho MOCKOJIBKY MaKpPOCHI
HAJEJISI0T HAC HOBBIMH BO3MOYKHOCTSIMHU, TO U CJIOKHOCTH, C KOTOPLIMU HaM
MPUIETCA CTOJTKHYTHCS, TOYKE HOBBI.

Barra peanusanus Common Lisp comep:XUT MHOKeCTBO IIPUMEPOB, Ha KOTO-
PBIX BBI MOJKETe MOYUUTHCA MMPOEKTUPOBATh MaKpPOChl. PACKDPHIBAas BHI3OBBI
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BCTPOEHHBIX MaKpPOCOB, BBl CMOJKETE IIOHATHh UX YCTpOﬁCTBO. Huxe IIpuBe-
JIeH pe3yJibTaT PacKpbITUA cond A GOJIBLIITMHCTBA peannsaunﬁ:

> (pprint (macroexpand-1 '(cond (a b)

(cde)
(t )
(IF A
B
(IF C
(PROGN D E)
F))

DyuKIUa pprint, meyaTaroIias BIPaKeHNUI ¢ HEOOXOAMMBIMU OTCTYIIaMU,
caejiaeT BEIBOAUMBIN KO JIETKOUHTAEMbIM.

10.6. O600OLLEeHHbIe CCbITKU

ITockobKYy MaKpPOBBI30B PACKPBIBAETCSI HEIIOCPEACTBEHHO B TOM MeECTe KO-
Ila, Tae OH ObIJI BhI3BaH, JIIO0OIT MAKPOBBHI30OB, PACKPBHIBAIOIINIICS B BEIpasKe-
HIUe, KOTOPOe MOKeT OBbITh ITIePBBIM apryMeHToM setf, caM MosKeT ObITh Iep-
BBIM aprymenToMm setf. Oupenenum, HaIpuMep, CHHOHUM Car:

(defmacro cah (lst) ‘(car ,1st))

Tak Kak BeIpasKeHUe C Car MOYKET OBITh IIEPBBIM apryMeHToOM setf, To u aHa-
JIOTUYHBIH BBIBOB C CaN TaKKe MOKET MMETDh MECTO:

> (let ((x (list "a 'b '¢)))
(setf (cah x) 44)
X)

(44 B C)

Hanmcanue maxkpoca, KOTODPBIH CAMOCTOATEIBHO PACKPBIBAETCSA B BBHIBOB
setf, — MeHee TpuBUAaJbHAA 3a/aua, HECMOTPS Ha KaKYIIYIOCA IIPOCTOTY.
Ha mepBbIit B3IJIAL MOYKHO OIIPENESUTE 1ncf, Hampumep Tak:

(defmacro incf (x &optional (y 1)) ; wrong
“(setf x (+ ,x,y)))

Ho Takoe olpenesjieHrue He pa60’1‘aeT. CJIeILYIOH.II/Ie ABa BBIPAMKEHUA HE OKBU-
BaJIEHTHBI:

(setf (car (push 1 1st)) (1+ (car (push 1 1st))))

(incf (car (push 1 1st)))

Ecawu 1st m3HauaapHO paBHO Nil, TO BTOPOE BhIPasKeHME YCTAHOBUT €T0 B (2),
TOra KaK IIepBOe BhIPaKeHMe YCTaHOBUT ero B (1 2).

Common Lisp nmpemocraBisger define-modify-macro Kak cmoco® HamucaHUA
OrpaHNUYEHHOr0 KJacca MaKpocoB nmoeepx setf. OH MpuHUMAaeT TPU apryMeH-
Ta: UM MaKpoCa, AOMOJHUTeIbHbIe apI'yMeHTHI (MeCcTo, IoaJesKalree n3me-
HEHUIO0, IBJIAETCA HeSIBHBIM IIEPBLIM apI'yMeHTOM) 1 UM QYHKIUY, KOTOpas
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BEpHET HOBOE 3HAUEHUE 3aJaHHOTO MecTa. Temepb Mbl MOMKEM OIIPENEIUTH
incf Tak:

(define-modify-macro our-incf (&optional (y 1)) +)
A BoT Bepcus push ayis 100aBJI€HUS 3JIeMeHTa B KOHeIT CITHCKa:

(define-modify-macro appendif (val)
(lambda (1lst val) (append 1st (list val))))

ITocmenuuit Maxpoc paboTaeT caegyoITuM 00pasoM:

> (let ((1st "(a b c)))
(append1f 1st 'd)
1st)

(ABCD)

Meoxay mpounM, MaKpPOCKI pUSh 1 pop He MOTYT OBITH OIpPeeseHbl uepes de-
fine-modify-macro, Tak Kak B push u3MeHseMOe MeCTO He ABJIAETCA IIePBbIM
apryMeHTOM, a B cJydae pop ero BO3BpalllaeMoe 3HaYeHNue He ABJIAETCA U3-
MEHEeHHBIM 00beKTOM.

10.7. MpumMmep: MaKpOCbI-yTUNUTDI

B pasgeine 6.4 paccmaTrpuBaJjiach KOHIENIIUSA YTUJIUT, OIIEPATOPOB OOIIEero
HasHaueHus. C IOMOIIBI0 MaKPOCOB Mbl MOKEM CO3JaBaTh YTUJIUTHI, KOTO-
pble He MOT'YT OBITh CO3HaHbI KaK (GyHKIMU. HeCKOIbKO MOJOOHBIX IIPHIME-
POB MBI yiKe Buaeau: nil!, ntimes, while. Bce oHM MO3BOJIAIOT yIIPaBIATH
TIPOIECCOM BBIUMCJIEHUS apI'yMEHTOB, a TI0O9TOMY MOTYT OBITh PeaIrn30BaHbl
TOJIBKO B BHJIe MaKPOCOB. B aTOoM paszesie Bbl HaiifieTe 6OJIbIIle IPUMEPOB
yruaut-MmakpocoB. Ha puc. 10.2 mpuBeneHa BhIOOPKA MaKpPOCOB, KOTOPbBIE
Ha IPaKTUKe JOKAa3aJIu CBOe IIPAaBO Ha CYIIleCTBOBAHUE.

IlepBroIii U3 HUX, for, Mo ycTpoiicTBy HanmomuuaeT while (ctp. 174). Ero Tesno
BBIUHUCJISIETCA B IIUKJIe, KasKABIN pas IJisd HOBOT'O 3HAUEHU S ITIePEeMeHHOIA:

> (for x 18
(princ x))

12345678

NIL

BI)II"JIHILI/IT HECOMHEHHO IIPOoIlle, YeM aHaJOTMYHOe BbIpaskeHue ¢ do:

(do ((x 1 (1+ x)))
((>x 8))

(princ x))

PesyabTaT packpbITHA BRIPasKeHU ¢ for OyeT oueHb ITI0X0:K Ha BhIpasKeHue
c do:

(do ((x 1 (1+ x))
(#:91 8))
((> x #:91))
(princ x))
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(defmacro for (var start stop &body body)
(let ((gstop (gensym)))
‘(do ((,var ,start (1+ ,var))
(,gstop ,stop))
((> ,var ,gstop))
,@body)))

(defmacro in (obj &rest choices)
(let ((insym (gensym)))
“(let ((,insym ,0bj))
(or ,@(mapcar # (lambda (c) ‘(eql ,insym ,c))
choices)))))

(defmacro random-choice (&rest exprs)
‘(case (random , (length exprs))
,0(let ((key -1))
(mapcar #' (lambda (expr)
“(, (incf key) ,expr))
exprs))))

(defmacro avg (&rest args)
“(/ (+ ,eargs) ,(length args)))

(defmacro with-gensyms (syms &body body)
‘(let , (mapcar # (lambda (s)
“(,s (gensym)))
syms)
,@body))

(defmacro aif (test then &optional else)
“(let ((it ,test))
(if it ,then ,else)))

Puc. 10.2. Ymuaumul Ha maxkpocax

(in (car expr) '+ '- %)

HaM IIPUIIJIOCH OBl IHCATh:

(let ((op (car expr)))
(or (eql op '+)
(eql op '-)
(eql op "+)))

Magkpoc ucCIosib3yeT JOIOJHUTENbHYIO MePEeMEeHHYI0 IJIs XPAHEHUS BepX-
Hell rpaHUILI [[UKJa. B IPOTUBHOM cjydyae BhIpasKeHue 8 BRIUUCJISIOCH ObI
KaK bl pas, a AJs 00Jiee CI0KHBIX CJIyUaeB 9TO HeyKeaaTeabHo. [[omoaHm-
TeJIbHAA IepeMeHHasI CO34aeTCsA C IIOMOIIIBIO ensym, YTO IT03BOJIAET IIPEJOT-
BpaTHUTh HeIpeIHAMEePeHHBI 3aXBaT IepeMeHHOA.

Bropoit makpoc Ha puc. 10.2, in, Bo3BpaljaeT UCTUHY, €CJIU €ro IepPBLIii ap-
TYMEHT pPaBeH (C TOYKU 3PEeHU €(1) XOTs ObI OMHOMY U3 OCTAJBLHBIX CBOUX
apryMeHTOB. Bes aTOro MakKpoca BMECTO BbIPAKEHU:
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PaBYMeeTCH, IIepBO€ BbIPpaXXe€HNe PaCKPbIBA€TCdA B HO}IOGHOG 9TOMYy, 3a HC-
KJIIOUEeHHEM TOro, 4To BMeCTO HepeMEHHOﬁ 0P MCIIOJIB3YyeTCd gensym.

Crenpyromuii mpumep, random-choice, caydaiiHbIM 00pa3oM BbIOMpPAET OAMH
U3 CBOUX apryMeHTOB U BuiuuciaAeT ero. C 3amaueit caydyaifHOro BbIOOpPA MBI
y:Ke crankuBaauch (ctp. 89). Makpoc random-choice peanmsyer ero 00606-
MIeHHBIII MeXaHu3M. BEI30B Tuma:

(random-choice (turn-left) (turn-right))
PacKpBIBaeTCsd B:

(case (random 2)
(0 (turn-left))
(1 (turn-right)))

Cuenyromuii Makpoc, with-gensyms, IpeagHasHaueH B IEPBYIO OoYepenb IJIsd
WCIIOJIb30BAHUSA BHYTPU IPYTUX MaKpocoB. HeT HuYero HeoOBIYHOTO B €T0
IPUMEHEeH!UHN B MAaKpoCcaX, KOTOPhIE BLI3BIBAIOT JeNSyM AJIsI HECKOJIbKUX IIe-
pemeHHBIX. C €ro IIoMOIIbI0 BMECTO:

(let ((x (gensym)) (y (gensym)) (z (gensym)))
)

MBI MOJKEM HallrCaThb:

(with-gensyms (x y z)
)

IToxa uTO HU OOUH M3 IPUBEAEHHBIX BBIIIIe MAaKPOCOB HE MOT OBITh HAIIMCAH
B Buje (hyHKIUU. VI3 3TOr0 CiIeayeT mpaBUiIo: MaKpPOC JOJIXKEH CO3/IaBaThCA
JIUIITH TOTJA, KOT/Ia BBl He MOXKeTe HaIlcaTh aHAJOTUYHYI0 GpyHKIuo. Ofn-
HAKO M3 3TOr0 IIpaBuJia ObLIBAIOT NCKJIIOUeHUA. Hampumep, MHOTrIA BB MOXKE-
Te OIPEeJEeJIUTh OIIePATOP KAK MaKpPOC, YTOOLI UMETh BO3SMOIKHOCTD BBIIIOJI-
HATH KaKyH-I1n00 paboTy Ha sTame KOMOUJAAIUU. IIprMepoM MOKeT CJIy-
JKUTH MaKpPOC avQ, BBIYUCISIONINI cCpefHee 3HaUeHe CBOUX apTI'yMEHTOB:

> (avg 2 4 8)
14/3

Amnanornynas QyHKIIUA OyIeT UMeTh BUI:

(defun avg (&rest args)
(/ (apply #'+ args) (length args)))

HO 3Ta QPYHKI[UA BEIHYK/JeHA CUNTATh KOJINUECTBO apr'yMeHTOB B IIpoliecce
ucnojHenusd. Ecau HaM BAPYT 3axXoueTcs m30ekaTh 9TOro, mouemMy Obl He
BBIUMCJATH AJUHY CHMCKA apryMeHTOB (BBI30BOM length) Ha sTame KOMIIU-
aAnAn?

ITocneguuit makpoc Ha puc. 10.2, aif, mpuBogUTCA B KauecTBe IpuMepa
IpegHaMePEeHHOro 3axXBara mepeMeHHo. OH ITI03BOJIAET CChLIATHCA Uepes Ie-
peMeHHYIO it Ha 3HaueHMe, BO3BpAalllaeMoe TeCTOBbIM apryMmenToM if. Biaaro-
Jlapd 9TOMY BMeCTO:
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(let ((val (calculate-something)))
(if val
(1+ val)
0))

MBI MOJKEM HaIl1CaTh:

(aif (calculate-something)
(1+ 1it)
0)

Pasymuoe ucnonvzosarnue 3axBaTa IepeMeHHBIX B MAKPOCAX MOYKET OKa3aTh
noJiesHyo ycayry. Cam Common Lisp mpu6eraer K TaKoil BO3MOYKHOCTHU B He-
KOTOPBIX Cay4Yaax, HanpuMep B next-method-p u call-next-method.

PazobOpaHubIe B 9TOM pasiesie MaKpPOCHI JeMOHCTPUPYIOT CMBICII (hPA3BI «IIPO-
rpaMMbI, KOTOPBIE MMUIIYT IPOrpaMMbl». EMMHOMKIBI OIIpeneIeHHbIN for mo-
3BOJIseT M30eKaTh HAMMMCAHUSA MHOKECTBA OJHOTHUITHBIX BRIpasKeHUil ¢ do.
EcTb i1 cMBIC B HAIIMCAHUY MaKpoca IIPOCTO AJs dKoHoMuM Ha BBoxe? Ox-
HO3HA4YHO. POBHO 110 3TOI K€ IPUYKNHE MbI IT0JIb3yeMCsA S3bIKaMU IIPOrpaM-
MUPOBAaHUsA, 3aCTABJIAA KOMIUJIATOPHI CAMOCTOSATEIHFHO TeHEPUPOBATH Ma-
IMIUHHBIA KO, BMECTO TOT'0 UTOOBI HAOMPATh ero BpyuHy0. MaKpocChl II0-
3BOJISIOT BaM JaTh CBOMM IIPOrpPaMMaM Te »Ke IIPeuMYIIecTBa, KOTOPbIe BbI-
COKOYPOBHEBBIE A3BIKU JAIOT IPOIPAMMUPOBAHUIO B IEJIOM. AKKypaTHOe
OpUMeHeHNe MaKPOCOB IIO3BOJIUT CYII[ECTBEHHO COKPATUTH pas3Mep Ballei
IpOrpaMMBbl, 00JIeTYas TeM CaMbIM ee HallucaHue, IOHUMAaHNe U TOAAePIKKY.

Ecnu y Bac Bce eije ocrayiuch Kakue-1u60 COMHEHUS, IPEACTABbTE CUTYa-
W10, KOTJIa BCTPOEHHBIE MAaKPOCHI HEZOCTYIIHEI U KOJ], B KOTOPBIA OHU pac-
KpBIBAJUCh OBbI, HEOOXOAUMO HabUpaTh BpyuHYy0. Temeph mogoiifuTe K BO-
IPOCY C IPYToii cTopoHbl. IIpeacTaBbTe, UTO BBI MUIIIETE IIPOTPAMMY, COAED-
JKaIIyI0 MHOYKECTBO CXOAHBIX UacTeli. 3agaiiTe cebe BOIPOC: «A He IUIITY JIU
1 pe3yJIbTaThl PACKPHITHSA MaKpocoB?» Eciyim Tak, TO MAKPOCHI, TeHEPUPYIO-
mIue 9TOT KO, — BOT TO, YTO BaM HY’KHO IINCATh B IeHCTBUTEIHLHOCTH.

10.8. Ha Jlucne

Temneps, Korma Mbl Y3HAIH, YTO TAKOEe MAKPOChI, Mbl BUAUM, UTO HasKe 00JIb-
mias JacTh caMoro Jlmcma, ueM MBI IIpeJIoJiarajy, HaloucaHa Ha CaMOM
JIucrie ¢ TOMOIIBI0 MaKpPOCOB. BosbminHCTBO omepaTopoB B Common Lisp,
KOTODBIE HE ABJIAIOTCA PYHKIIUAMU, — 3TO MAaKPOCHI, U BCe OHU HAIIMCAHBI
Ha JIucme. W sunib 25 BCTPOEHHBIX OIEPATOPOB ABJIAIOTCA CIEIIUAJTbHBIMU.

o Pomepapo HasBag JIMCI «IIPOrpaMMUPYEMBIM S3BIKOM IIPOTPAMMU-
poBauus».” C moMoIlb0 PYHKIUI U MaKpocoB Jluc Mo:KeT OBITH IIpeBpa-
IIeH B IPaKTUYeCKHU JIt000ii aApyroi a3biK. (ITogo0HbIN ITprMep BBl HalifeTe
B riiaBe 17.) Kakum Ob1 HU OBLII HAWMJIYYIIUN ITYTh HATUCAHUSA IPOTPAMMEBI,
MO:KeTe ObITH YBEPEHBI, UTO CMOJKeTe IIOAOTHATD JIMCII TI0]] Hero.

MaxpocCsI SBIAIOTCA ONHUM U3 KJIIOUEBBIX UHIPeANEHTOB rubKocTu Jlucma.
OHU TTO3BOJIAIOT He ITPOCTO UBMEHATD A3BIK J0 HEy3HABAaeMOCTHU, HO U [eJIaTh
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3TO MOHATHBIM U 3(PPEKTUBHBIM crocoboM. MlHTepec K MaKkpocaM BHYTPU
Jlucm-coobiecTBa o BpeMeHeM TOJIbKO pacteT. OUeBUIHO, UTO C UX IIOMO-
IIBI0 yoKe ceiuac MOYKHO JeslaTh YAUBUTEJIbHBIE BEIl[d, HO MHOTHE U3 HUX
ellie TOJbKO IIPEJCTOUT O0HAPYKUTh. BaMm, Hampumep, ecyiu 3axorure. B py-
Kax mporpamMmmucTta JIucn HermpepbIBHO 9BOTIONUOHUPYeET. VIMEHHO IT09TOMY
OH IO CUX TIOD KUB.

NTorn rnasebl

1.

2.

Br130B eval — ouH 13 CII0COO0OB UCIIOIB30BATh CIIUCKU KaK KO, HO OH He-
a(deKTuBEeH U He HYK€eH.

Yrt0o0bBI ONIpefeIuTh MaKpPOC, BAM HEOOXOAUMO OIIMCAThH TO, BO UTO OH OY-
IeT pacKkpbiBaTbcsa. Ha camom gese, MaKpoOChl — 9TO (PYHKI[MM, BO3BpAa-
I1aoIie BhIPaKeHU .

Tes0 MaKpoca, OIPeIeIeHHOE C IOMOIIBI0 00PATHON KaBLIUKM, BBITJIA-
IUT KaK Pe3yJILTAT ero PACKPLITHUA.

PaspaboTunk Makpoca JOJJKeH IIOMHUTEL O 3aXBaTe IEPEMEHHBIX U II0-
BTOPHBIX BBIUMCJIEHUAX. UTOOBI IIPOTECTUPOBATH MaKPOC, IIOJIE3HO U3Y-
YUTH PE3yJIbTaT ero PACKPBITUSA, HalleuaTaHHBIN ¢ IOMOIIIBIO pprint.

Hp06ﬂeMa IIOBTOPHBIX BBIUMCJIEHUA BOSHUKAET B OOJILIITHCTBE MaKpoO-
COB, PACKPBIBAIOIIMXCA B BBIBOBHI Setf.,

Maxpocsl 60jiee THOKHM II0 CPABHEHHUIO ¢ PYHKIITUAMIU U IIO3BOJISIOT CO3-
IaBaTh 0oJiee IIMPOKUI KPYT YTUJINUT. BEI faske MOKeTe U3BJIeKAaTh II0JIb-
3y 13 BOBMOJKHOCTHU 3aXBaTa II€PeMeHHbBIX.

Jlvcn mosKmir 1o HACTOAIIUX JHEH JIUIIE ITIOTOMY, YTO 9BOJIOIMOHUPYET
B PyKax IporpaMMUCTa. OTO BO3MOXKHO B IEPBYIO ouepenb Osaromaps
MaKpocaM.

YnpaxxHeHus

1.

ITyctb x = a,y = b,z = (¢ d). BanuIInuTe BEIPAKEHUA C 00PATHOM KaBhIU-
KOi1, cofepsKaliye ToJIbKO 3aJaHHbIEe IePeMeHHBIE (X, Y U 7) U IPUBOA -
e K CJIeSYIONUM Pe3yIbTaTaM:

(a) ((CD)AZ

(b) (X B C D)

(c) ((CDA)2Z)
OmnpepenuTe if uepes cond.

OmnpenennTe Makpoc, apryMeHTaMu KOTOPOTro SIBJIAIOTCS YKCJIO I U CJie-
IyIOIllrie 3a HUM IIPOM3BOJIbHBIE BbIpakeHus. MaKpoc H0JI:KeH BO3Bpa-
IaTh 3HAUE€HUE 1-TO BhIPAKEHUA:

> (let ((n 2))
(nth-expr n (/ 10) (+ 12) (/ 10)))
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Omnpepenute ntimes (ctp. 175), pacKpbeIBatonuiicsa B (JIOKAJIbHYIO) PEKYP-
CUBHYIO (DyHKIIMIO BMECTO BbI30Ba d0.

. Onpemenure Mmaxpoc n-of, IPUHUMAIONINI HA BXOM YMCJIO I W BBIpaKe-

HUe U BO3BPAIAOIINI CIIUCOK 3HAUEHU, ITOJYUEHHbBIX [10CIeI0BaATEeb-
HBIM BBIUHCJIEHUEM dTOTO BhIPAKEHUS IJIS BO3PACTAIOIIEro 11 pasd 3Haue-
HUSA IIepeMeHHO:

> (let ((i 0) (n 4))
(n-of n (incf 1i)))
(123 4)

. Ompenmenure MaKpoC, TPUHUMAIOIINH CIIUCOK TIEPEMEHHBIX U TeJIO KOJa.

ITo 3aBePIIeHN Y BBIIIOJIHEHU A KOo/Ja IIepeMEeHHbI€ JOJJIMKHBI IIPDUHATH CBOU
HNCXOOHBbIEC SBHAUECHUA.

Yo He TaK CO CAeLYIOINM OIIPeaeIeHreM push?

(defmacro push (obj 1st)
‘(setf ,1st (cons ,obj ,1st)))

IIpuBenuTe IpuMep cUTyaluu, B KOTOPOIl JaHHBIN Kox OymeT paboTarhb
He TakK, KaK HacToAIIUM push.

. OnpenenuTe MaKkpoc, yABaWBAIOIIUHA CBOI apT'yMeHT:

> (let ((x 1))
(double x)
x)
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CLOS

O6bekTHasa cucremMa Common Lisp (Common Lisp Object System, CLOS)
mpeAcTaBseT co60ii Habop omepaTopoB /s 00HEKTHO-OPUEHTUPOBAHHOTO
mporpaMMupoBaHusa. Becex nx o0befmHAET ncTOpUUecKoe mpormwioe.’ C Tex-
HUUYECKOU TOUKU 3PEHUs OHU HUUYEeM He OTJIUYAIOTCSA OT ocTajibHOro Com-
mon Lisp: defmethod — Takas ke HeoT'beMJieMasd YaCTh A3bIKA, KaK u defun.

11.1. O6GBbEeKTHO-OPNEeHTUPOBAHHOE
nporpaMmmMmupoBaHue

O0BEeKTHO-OPUEHTHUPOBAHHOE TPOTrPAMMUPOBAHIE — 5TO OIIPeieIeHHOe U3Me-
HEeHUe B OpraHu3aIuy IporpaMM. JTO M3MeHeHHe IOJ00HO TOMY, KOTOpoe
IIPOM3OIILJIO B pacipeaeIeH IIpoieccopuoro spemenn. B 1970 roay mmog mHO-
T'OII0JIb30BATEJIbCKOM CUCTEMOM IIOHMMAJICS OAWH MJINW ABA OOJBIINX MENH-
dpeiimMa, ¢ KOTOPLIMU COEIUHIIOCh MHOMECTBO IIPOCTHIX TepMuHAJIOB. Te-
mepb JKe MOJ 9TUM IIPUHSTO IIOHMMAaTh OOJIbIINON Habop paboumX CTAaHIIUM,
00'beIMHEHHBIX B ceTh. TaKMM 00pasoM, BBEIUMCJINTEIbHLIE MOII[HOCTH Te-
mephb pachupefesieHbl MeXXKAy NHANBUAYAJbHLIMI YYaCTHUKAMU CETH, a He
IeHTPAJN30BaHbI B OMHOM 0OJILIIIOM KOMIIBIOTEPE.

O0BEeKTHO-OPUEHTUPOBAHHOE TPOTPAMMUPOBAHNE JOMAaeT TPAAUIIMOHHOE
YCTPOMCTBO MpOrpaMM MOX0KUM 00pasdoM. BmecTo peasimsaiuy OGHOMI IPO-
rpaMMBbl, YIPaBJIAOIEH BCeMU JaHHBIMHU, CAMUM 9TUM JAHHBIM 00bSCHS-
eTcs, KaK BecTu cebs, a COOCTBEHHO IIporpaMMa CKPbhIBaeTCs BO B3aIMOIEH-
CTBUU 9TUX HOBBIX «00'BEKTOB» TaHHBIX.

HomycTuM, MbI XOTUM HAIIMCATD IIPOTPAMMY, BEIUUCJIAIOIITYIO MJIOMIAh Pas-
HOOOPAa3HBIX IBYMEPHBIX (uryp. OTHUM U3 IMTOJX0J0B MOTJIO ObI OBITH HATIU-
caHVe QYHKIIUY, KOTOpPad BHIACHAET TUI 00'bEKTa U BeJeT cebsA COOTBETCT-
BytomuM obpasom. IIpumep Takoil pyHKIMYU IpuBeneH Ha puc. 11.1.
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(defstruct rectangle
height width)

(defstruct circle
radius)

(defun area (x)
(cond ((rectangle-p x)
(= (rectangle-height x) (rectangle-width x)))
((circle-p x)
(+» pi (expt (circle-radius x) 2)))))

> (let ((r (make-rectangle)))
(setf (rectangle-height r) 2
(rectangle-width r) 3)
(area r))

Puc. 11.1. IIpedcmas.nernue naou,adeil wepe3 cmpykmypuvt U QYHKUUL

C nomoirpio CLOS MBI MOKeM IIepenrcaTh KO B IPYTroM KJioue, KaK IIoKa-
3aHo Ha puc. 11.2. B 00'beKTHO-OPHUEHTHPOBAHHON MO/IeJIN IIporpaMmMa pas-
OuBaeTCs Ha HECKOJBbKO Memo008, KasK bl 13 KOTOPHIX IIpefHa3HAUeH JJId
COOTBETCTBYIOIIIET0 THIIA apryMeHTa. [[Ba MeToa, MOKasaHHbIe Ha puc. 11.2,
HEeSBHO OIIPeJeaA0T QYHKIINIO area, Koropasd OyeT BeCTH cebdA TaK JKe, KaK
aHajiornyHad QyHKIuA Ha puc. 11.1. ITpu BeI3oBe area JIuci BEIBBIBAET ompe-
[eJIEHHBIIT METOJ B COOTBETCTBUU C TUIIOM apryMeHTa.

ITomumo pasbuenus GyHKIINI HA METOAbI 00'beKTHO-OPUEHTHPOBAHHOE IIPO-
rpaMMUpPOBaHUe IIPEeIoJaraeT Hacaiedo8arue — Kak JJis CJI0OTOB, TaK U JJIsd
meToznoB. IIycToil crircoK, mepegaHHbId BTOPHIM apryMeHTOM B ABYX BBI3O-
Bax defclass (puc. 11.2), — 9TO CIIMCOK CyIIepKJIaccoB (POAUTENIbCKIX KJIac-
coB). OnpegesinM Tenepsb HOBBII KJIaCC OKPAIIIEHHBIX 00'HEKTOB, a 3aTeM KJIacc
OKpaIllleHHBIX KPYTOB, UMEIOIIUH ABa cyIepKJiacca: circle m colored:

(defclass colored ()
(color))

(defclass colored-circle (circle colored)

)

CosgaBas sK3eMILIAPEI KJjacca colored-circle, Mbl YBUAUM [Ba BIA Hace-
OOBaHUA:

1. 9rseMmaapsl colored-circle 6yayT uMeTsh ABa cJjoTa: radius, Hacemgye-
MBIH M3 KJjacca circle, m color — m3 Kjaacca colored.
2. Tak xak a4 KJacca colored-circle cBoii MeTO He OIIpeieJieH, BBI3OB area

IJIs1 JaHHOrO KJacca OyAeT MCIIOJb30BATh METOJ, ONpenesIeHHbINH s
KJiacca circle.



11.2. Knaccbl 1 ak3eMnasapel 187

(defclass rectangle ()
(height width))

(defclass circle ()
(radius))

(defmethod area ((x rectangle))
(» (slot-value x ’'height) (slot-value x 'width)))

(defmethod area ((x circle))
(» pi (expt (slot-value x 'radius) 2)))

> (let ((r (make-instance ’'rectangle)))
(setf (slot-value r ’height) 2
(slot-value r ’'width) 3)
(area r))

Puc. 11.2. IIpedcmasnernue naowadeil yepes Kaaccovl U memoovl

C mpaKTUUYeCKOH TOUKU 3PeHNS IO 00 beKTHO-OPHUEeHTH POBAHHELIM IIPOrPaM-
MHPOBAHUEM MIOAPa3yMeBaeTCs CIIOCO0 OpraHM3aIly MPOTrPaAMMbBI B TEPMU-
HaX MEeTOJ0B, KJaCCOB, SK3eMILISIPOB 1 HacJeJOoBaHUA. 3aueM MOJKET IIOHA-
Io0uThCA momobHas oprauusanuda? OmHo u3 3asIBJIeHUH 00bEKTHO-OPHUEHTH-
POBAHHOTO TOAXOMAa 3aKJIIOUYAeTCSd B TOM, UTO OH YIIPOIIaeT M3MEHEHUS
B mporpamMMax. Eciiu MbI XOTUM U3MEHUTH CIIOCO0 0TOOpasKeH!sa 00beKTOB
KJlacca ob, HaM JOCTaTOYHO BHECTU U3MEHEHUd JINIIb B O4UH MeTOoZ display
9TOro KJjacca. Eciiz HaM HYKeH HOBBIHM KJacc 00beKTOB, IIOX0KUX Ha 0b, HO
cJerKa OTJINYAIONIUXCA OT HUX, MBI MOYKEM CO3JAaTh MOAKJIACC 0D, IJIA KOTO-
poro 3agaguM HeoOXOAMMbIe HAM CBOMCTBA, a BCe OCTAJIbHOE YHACJAeoyeTC
OT POAUTEIHLCKOTO KJIacca. A eciv MbI ITPOCTO XOTUM MOJYUYUTD OAUH 00 HEKT
0b, KOTOPBIH BefeT cedsa OTJIMUHO OT OCTAJIbHBIX, MBI MOXKEM CO3IAaTh HOBOT'O
TOTOMKAa 0bh ¥ HAIPAMYIO IIOMEHATH ero cBoiicTBa. [ BHeceHUA M3MeHe-
HHUI B IPaMOTHO HAIMCAHHYIO IPOrpaMMy HaM Heo0s3aTeJbHO JaKe CMOT-
peTh Ha OCTaJIbHOU KOof.’

11.2. Knaccbl n akzemnnapbl

B pasgeinie 4.6 mpu co3gaHuM CTPYKTYP MBI IIPOXOAMJIN ABa dTama: ¢ IIOMO-
mbio defstruct cogmaBaam onpeneaeHne CTPYKTYPHI, 3aTeM C IIOMOII[bIO CIle-
MuaJbHONM GYHKIIUU make-point cosdmaBaiu caMy cTpyKTypy. Cosmanue sK-
3eMILISIPOB TpedyeT ABYX aHAJOTUUYHBIX ITaroB. I[Jisg HauaJsia ompenesaeM
KJlacc ¢ IoMoIIbio defclass:

(defclass circle ()
(radius center))

ToJILKO UTO MBI OIIPeAeInIn KJjacc circle, KOTOpsIil mMeeT aBa caioma (o-
JOOHO MOJIAM CTPYKTYPbI), Ha3BaHHBIe radius u center.
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YT06Bl CO3AATh 9K3EMILIAP JTOr0 KJacca, BMECTO BBI30Ba CHEIIU(MUUHON
(YyHKIIMY MBI BOCIIOJIL3YeMCs OOIIel AJId BCceX KJIacCOoB PYHKI[Mel make-in-
stance, BRI3BBAHHOM ¢ UMEHEM KJiacca B KauecTBe IIePBOT0 apryMeHTa:

> (setf ¢ (make-instance 'circle))
#<Circle #XC27496>

HocTyIl K 3BHAUEHHUIO CJI0TA MOYKHO OCYIIECTBUTSD C IOMOIIbIO s1ot-value. Ho-
BOE 3HAUEHNEe MOKHO YCTAHOBUTH C IIOMOIIIBIO Setf:

> (setf (slot-value ¢ 'radius) 1)
;

Kak u 1j1s1 cTpyKTYD, 3HAUEHUA HEMHUITNAIN3UPOBAHHBIX CJIOTOB HE OIpe-
JIeJIEHBI.

11.3. CBoncTBa CJIOTOB

Tperuii aprymenT defclass HOJMKEH COLEPIKATh CIIMICOK OIIPelesIeHNA CIOTOB.
IIpocreiiium omrpeeieHIeM CJIOTa, KaK B HAIlleM IIPUMEPE, CIAYKUT CUMBOJI,
MIPEeACTABJISIOIINA UM cJoTa. B 00IeM ciyduae ompeesieHre MOXKeT ObITh
CIIMCKOM, COJEPKAIINM NMsI 1 HaGOp CBOICTB, IIepefaBaeMbIX II0 KJII0UY.

ITapameTp :accessor HesIBHO cosgaeT GYHKIINIO, 00eCIeuynBaOIIy0 JOCTYII
K CJIOTY, youpas HeoOXOQUMOCTDb UCIOJIb30BaTh Slot-value. Ecau Mbl 06HO-
BUM Hallle olpeesieHre KJacca circle caeayomuM o6pasom:

(defclass circle ()
((radius :accessor circle-radius)
(center :accessor circle-center)))

TO CMOKEM CChLIIaThCA Ha CJIOTHI C IOMOIIbIO PYHKIIUM circle-radius m circ-
le-center cOOTBETCTBEHHO:

> (setf ¢ (make-instance 'circle))
#<Circle #XC5C726>

> (setf (circle-radius c) 1)

1

> (circle-radius c)

]

Ecsiz BMecTo :accessor UCIoib30BaTh ITapaMeTphl writer miu :reader, MOMK-
HO 3aaTh II0 OTAEJTbHOCTU JN00 (PYHKITNIO YCTAHOBKY 3HAUEHUA CJIOTA, JIU-
00 PYHKITHUIO UTEeHUS.

UcxomHoe sHaueHMe CJIOTA OIpeaessdeTcsa mapamerpom initform. YToOwr
MOXKHO OBIJI0O MHUIIMAJU3UPOBATEL CJIOT B BBIZOBE make-instance mo KJOUY,
HYKHO 3aJaTh MMs COOTBETCTBYIOIEro KJIoUa Kak :initarg aToro ciora.l
Omnpenenenne Kjaacca, 00J1a1a0INero mepeurncJIeHHbIMY CBOicCTBAMY, OyaeT
BBITVISIETD CAEAYIONTUM 00pa3om:

! B kauecTBe nmen HCIIOJIB3YIOTCA, KaK IIpaBuJO, KJIK4YeBble CJI0OBA, XOTdA 9TO HE

ABJIAETCS 00A3aTeILHBIM TpeGOBaHI/IEM.



11.3. CBOWMCTBA CJIOTOB 189

(defclass circle ()
((radius :accessor circle-radius
;initarg :radius
‘initform 1)
(center :accessor circle-center
:initarg :center
sinitform (cons 0 0))))

Temeps BHOBb CO3JAHHBIN SK3eMILIAP OyAeT MMeTh YCTaHOBJEHHLIE uepes
;initform 3HaueHUA CJIOTOB, €CJIU C IOMOIIBIO :initarg He 3amaHbI ApPyrue
3HAUEHU:

> (setf ¢ (make-instance ’'circle :radius 3))
#<Circle #XC2DEOE>

> (circle-radius c¢)

3

> (circle-center ¢)

(0. 0)

O6paTuTe BHUMAaHMe, UTO (initarg mMeeT mpuoOpUTeT mepexr :initform.

CJIO0TBI MOT'YT OBITH pa3densemblmu, TO €CTh UMEIOIIMMU OJUHAKOBOE 3HAUe-
HUe [IJs BCEX 9K3eMILIAPOB KJacca. CIOT MOKHO cIesiaTh PasAesiseMbIM
¢ moMoIIbIo eKaaparnuu (allocation :class. ([Ipyroit BO3MOKHBII BADUAHT —
:allocation :instance, HO, IIOCKOJIBKY 5TO 3HaUEHUE UCIIOJIB3YEeTCHA 110 YMOJI-
YaHWI0, 3aaBaTh €ro HeT CMbIcJA.) Kciii u3MeHUTh 3HaUeHMe TAKOTO CJIOTa
B OTHOM 39K3€eMILJIApPe, 3TO IPUBEJET K U3MEeHEeHUIO 3HAYEHU A CJI0Ta 1 BO BCEX
OCTAJILHBIX 9K3EeMILIAPAX JaHHOTO KJacca. [ToaTomy ucmob30Banme pasie-
JIIEMBIX CJIOTOB OOOCHOBAHO B TOM CJydYae, KOrja KJAacC MMeeT CBOICTBO,
OJIMHAKOBOE [JI BCEX €r0 9K3eMILISIPOB.

K npumepy, IpeAIosoKuM, YTO MBI XOTUM CMOIeJINPOBATH IIPOIIECC HATIOJ-
HEHUA CONEPKUMBIM KeJITOU ITpecchl. B Harelr Mogean mosaBJIeHNE HOBOM
TEeMBI B OJHOM Ta0JIOUe TYT Ke IPUBEAET K ee MOABJIEHNI0 U B OCTAJIbHBIX,
u 9TOT (haKT HaM HYKHO OTPA3UThH B HAIIEW mporpaMme. TOTO MOYKHO JO-
OuThCA, €CJIU CHEJIATH COOTBETCTBYIOIINI TeMe CJIOT pasaensaeMbiM. Ompese-
JuM KJacc tabloid caegyromium o6pasom:

(defclass tabloid ()
((top-story :accessor tabloid-story
rallocation :class)))

Ecau kakaa-1u6o TeMa IonagaeT Ha MePBYIO CTPAHUIY OLHOTO SK3eMILIAPa
TabJaouga, OHA TYT sKe IONaLaeT Ha IePBYIO CTPAHUILY APYIoro:

> (setf daily-blab (make-instance 'tabloid)
unsolicited-mail (make-instance 'tabloid))

#<Tabloid #XC2AB16>

> (setf (tabloid-story daily-blab) "adultery-of-senator)

ADULTERY-0F-SENATOR

> (tabloid-story unsolicited-mail)

ADULTERY-0F-SENATOR
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Ecnu samano HeobasareabHOE CBOMCTBO :documentation, TO OHO HOJIPKHO CO-
JIepsKaTh CTPOKY OMMMCAHMS JaHHOTO cjoTa. 3ajgaBas :type, BbI 00s3yeTech
06eceynThb TO, YTO CJIOT OYJeT CONEePIKaTh JINIIIh 3HAUEHU S 3aJaHHOI0 THUIIA.
Iexaapaliuu TUTIOB OYIYT pacCMOTPEHEI B pa3aeie 13.3.

11.4. Cynepknaccbl

Bropoit aprymenT defclass sBaseTCA CIIUCKOM cynepkaaccos. OT HUX KJjacc
HacJiexyeT Habop caoToB. Tak, eciu MbI OIIpeNe UM KJIace screen-circle Kak
mmoAKJace circle m graphic:

(defclass graphic ()
((color ;accessor graphic-color ;initarg :color)
(visible :accessor graphic-visible :initarg :visible
tinitform t)))

(defclass screen-circle (circle graphic)

)

TO 9K3EeMILJIAPHL SCreen-circle 6yAyT UMETh YeThIPe CJIOTA, 110 IBA OT KaXKI0-
ro KJjacca-pogureisi. M mpu aTOM He HYKHO CO3[aBaTh KaKKUe-Tn00 HOBBIE
CJIOTHI KaK ero cOOCTBEHHBIe — IIOAKJIACC SCreen-circle cosmaeTcst UMb I
o0 bequHEeHN A BOBMOXKHOCTEM ABYX KJIaccoB circle u graphic.

ITapameTpsI CJIOTOB (:accessor, :initarg m Apyrue) HacJaeLyIOTCs BMECTe C ca-
MHMHU CJIOTAMHU U pabOTaIOT TaK Ke, KaK eCJIi ObI OHU MCIOJb30BAJNCH IJIs
9K3eMILJIAPOB circle mam graphic:

> (graphic-color (make-instance 'screen-circle
ccolor 'red :radius 3))
RED

Tem He MeHee B oIpefiesIeHUN KJacca MOYKHO YKa3bIBaThb HEKOTODHIE IIapa-
MEeTPBHI AJId HacJjle[lyeMbIX CJIOTOB, HaIIpuMep :initform:

(defclass screen-circle (circle graphic)
((color :initform ’purple)))

Tereps sK3eMIIIAPHI SCreen-circle OyAyT MyPIYPHLIMHU II0 YMOJIYAHUIO:

> (graphic-color (make-instance ’screen-color))
PURPLE

11.5. NpepwecresoBaHne

M5! MO3HAKOMUJINCH C CUTyaIluell, KOTa KJacChl MOT'YT MMeTh HECKOJbKO
cynepkJaccoB. Eciu IJisi HEKOTOPBIX CYHePKJIAaCCOB OIIPeeJIeH MeTO] C Of-
HUM U TeM JKe uMeHeM, JIUCII JoJIJKeH BhIOpaTh OJUH 13 HIUX, PYKOBOACTBY-
SACH IPABUJIOM NPedulecmeo6aHU.

J1s1 KasKI0To KJiacca CyIecTBYeT CRUCOK Npedulecm808aHUSA — TTIOPSIOK CJie-
JOBAHUS KJIACCOB OT HamboJee Crerun(puUHOro A0 HalMeHee CIIeII()UIHOrO,
BKJIIOUAs paccMaTpuBaeMbIil KJjacc. B mpuMepax, IpuBeIeHHBIX paHee, Io-
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PAIOK IIPeIIIeCTBOBAHUSA ObIJI TPMBUAIBHBIM, OJJHAKO OH MOYKET YCJIOXKHUTH
cs B 00JIBIINX TporpaMMax. Bot mpumep 60siee CI0KHOM nepapXuu KIaccoB:

(defclass sculpture () (height width depth))
(defclass statue (sculpture) (subject))
(defclas metalwork () (metal-type))
(defclass casting (metalwork) ())

(defclass cast-statue (statue casting) ())

T'pad, npeacraBasoONuil Kiaace cast-statue 1 ero cymepKJaaccol, H300parkeH
Ha puc. 11.3.

Puc. 11.3. Hepapxus kaaccoe

YT0o6bI ITOCTPOUTH TaKOi1 Ipad, He0OXO0AUMO HAUATH C y3Jia, COOTBETCTBYIO-
IIero KJaccy, U IBUTaThbCs CHU3Y-BBepX. PeOpa, HampaBIeHHbIE BBEPX, CBA-
3BIBAIOT KJIACC C IPAMBIMHU CyllepKJaccaMu, KOTOPbIE PacIloJIaraiTcs caeBa-
HaIIPpaBO B COOTBETCTBUU C IIOPALKOM COOTBETCTBYIOIIIMX BBIZOBOB defclass.
JTa mpoleaypa MOBTOPSAETCA IO TEX II0P, IOKAa JJIA KasKAOoro Kjacca 0yxeT
CYIIIeCTBOBATH JIUIITh ONUH CyIlepKJaacc — standard-object. 9To cupaBeInBO
ILIs1 KJIaCCOB, B OTIPeleIEHUY KOTOPBIX BTOPOiT apryMeHT ObL1 (). Y3eJ, cooT-
BETCTBYIOIINHA KaXJOMy TaKOMY KJIAcCy, CBs3aH c y3JyioM Standard-object,
a OH B CBOIO ouepenb — ¢ KaaccoM t. [Ipogenas momo6HbIe oepaIium, MBI IIO-
Jayuum rpad, nsoopaskeHHbIN Ha puc. 11.3.

Temepsb MBI MOK€M COCTABUTDH CIIMCOK IPEIIeCTBOBAHMS:
1. HauunHaem ¢ Hu3a rpada.

2. JIBusxeMcs BBEPX, BCET/a BEIOMPasi JIEBOE 13 PaHee HeIPOMIeHHBIX pedep.
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3. Ecuu o6Hapy:KUBaeTCs, UTO MBI IIPUIILIN K y3JIYy, K KOTOPOMY BeJieT pel-
PO cIIpaBa, TO OTMAaTLIBAeM BCe IlepeMellleHUsd [0 TeX II0p, ITI0Ka He Bep-
HeMcA B y3eJ ¢ APYTUMHU HEeNmpoJeHHBIMY pebpaMu. BepHyBIIUCH, IT0-
BTOpseM Iar 2.

4. 3aBepImaem Ipoleaypy mo gocru:kenun t. [lopsagox, B KOTOPOM KasKIbIi
y3eJ1 ObLJI BIIEPBBIE IIOCEIIEeH, OIIPeedeT CIIUCOK IIPeAIIeCTBOBAHNIA.

B nyaKTe 3 ymoMuHaeTcsa BasKHBIM MOMEHT: HU OWH KJIacC He MOYKET HaXO0-
JUTHCSA B CIUCKE IIPEIIIeCTBOBAHUS 10 JIIOOOT0 U3 €r0 IOJKJIACCOB.

Crpenku Ha puc. 11.3 mokassIBaioT HanpaBJieHue o0xona. CIucok mpezrre-
CTBOBaHUA HAIlle nepapxXuu OyAeT ciaenyioium: cast-statue, statue, sculp-
ture, casting, metalwork, standard-object, t. iHOorma moJyioskeHue Kjaacca B Ta-
KOM CITMCKe Has3bIBAIOT ero cneyuguirnocmyio. Kiacchl pacoyiosKeHbl B HEM
0 YOBIBAHUIO CIIEI[U(DITUHOCTH.

ITo cnucKy mpezlirecTBOBaHMS MOYKHO OIIPENeINTh, KaKOU MeTOo He0OXOmu-
MO IPUMEHUTH IPH BbI30Be 0000IIIeHHON (hYHKIIUNU. DTOT IIPOIeCC paccMar-
puBaercs B caenyroieM paszaeie. IIopsAgoK ciaeqoBaHUsA, CBA3AHHBIN C BbI-
0OpoM HacJIeLyeMOro CJIOTa, HAMHU MOKa He paccmarpuBajcsa. CooTBeTcT-
BYIOII[ME ITPABUJIa €ro OnpeaesieHisa MOYKHO HaliTy Ha cTp. 428.°

11.6. 0600, eHHbIe PYHKLNN

0600I11eHHOI (PYHKITHEl Ha3bIBAIOT (PYHKIINIO, IOCTPOSHHYIO 13 OJHOTO I
HECKOJIBKUX MeTOmOB. MeTombl ompemensatoTcesa yeped omeparop defmethod,
KOTOPBIN HaroMmuHaeT defun:

(defmethod combine (x v)
(list x y))

Ha narHbBIf MOMEHT combine MMeeT OAUH METO[, I €€ BbI30B IIOCTPOUT CIIU-
COK M3 IBYX apr'yMeHTOB:

> (combine "a 'b)
(A B)

IToxa uTO MBI He cHeJIaIi HUUYero, C YeM He CIpaBUJACh ObI OOBIUHASA (PYHK-
nusd. OQHAKO OTJINYMSA CTAHYT 3aMEeTHBI IIPHU H00aBJIEHIH eIlle OJHOTO MeTo/a.

,I[JIH HadaJia co3gaarM HECKOJIBKO KJIaCCOB, C KOTOPBIMM GYJIYT paGOTaTL Ha-
I MeTOIbI:

(defclass stuff () ((name :accessor name :initarg :name)))
(defclass ice-cream (stuff) ())
(defclass topping (stuff) ())

MpgI ontpenenau Tpu KJacca: stuff, mMeloniuii cJaoT name, a TaKKe ice-cream
u topping, ABJIA0IIMECd IIoAKJIaccamMu stuff.,

Temneps co3magmm BTOPOM METOJ AJA combine:

(defmethod combine ((ic ice-cream) (top topping))
(format nil ""A ice-cream with "A topping.”
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(name ic)
(name top)))

B aTom BBIZOBE defmethod mapamMeTpbl KOHKPEeMU3UPOBAHbL: KAYKIBIN U3 HUX
oABJsSETCA B CIIMCKe ¢ UMeHeM KJyacca. KoHKpeTnsanuu MeToa YKasbIBa-
IOT Ha TUIBI aPI'yMEHTOB, K KOTOPBIM OH IpuMeHUM. [IpuBeeHHBIN MeTOs,
MOXKeT HCII0JIb30BATHCS TOJBKO C OIIpPeJleIeHHBIMU apryMeHTaMu: IIePBBIM
apryMeHTOM JOJI3KEH ObITH 9K3eMILJIAP ice-cream, a BTOPBIM — HK3EMILJIAD
topping.

Kax Jlucm onpenesnseT, KaKoi MeTOH BbI3BaTh? M3 TeX, UTO YAOBJIETBOPIIOT
OrpaHMYEeHUSAM Ha KJIacChl, OyaeT BhIOpaH Hanboaee cuenu(puUHbIA. ITO 3Ha-
YUT, HAIIPUMEP, YTO AJIs apryMEHTOB, IPEICTABJIAIONINX KJIACCHI ice-cream
u topping cooTBEeTCTBEHHO, OyeT IPUMeHeH IOCJIeIHUN OIIpeeeHHbIN Ha-
MU METO[I:

> (combine (make-instance 'ice-cream :name 'fig)
(make-instance 'topping :name 'treacle))
"FIG ice-cream with TREACLE topping.”

s 1100bIX APYyTUX apryMeHTOB OyIeT IPpUMeHeH Halll IePBbIN MeTO:

> (combine 23 'skiddoo)
(23 SKIDDOO)

Hu oguH 13 apryMeHTOB 9TOT0 MeTo/a He ObLT KOHKPETU3UPOBAH, IIOITOMY
OH UMeeT HAUMEHBIITNI IPHUOPUTET U OyAeT BLI3BAaH JIUIITL TOTAA, KOTaa HUA
OJIVH APYTOH MeTO He mofouaeT. TaKkme MEeTOABI CIY3KaT CBOEr0 POa 3arac-
HBIM BapHaHTOM, MOAO0HO KJIfouy otherwise B case-BhIpasKeHUN.

Jlr06asa KoMOUHATIMIA TAPAMETPOB METOAA MOXKET ObITh KOHKPETU3UPOBAHA.
B ciemyromem MeToze orpaHUYMBAETCSA JUIIH IEPBBIN apTyMeHT:

(defmethod combine ((ic ice-cream) x)
(format nil ""A ice-cream with "A."
(name ic)

X))

Ecau MBI Terrepb BBIBOBEM COMbine ¢ aK3eMILIApaMu ice-cream m topping, ms
IBYX TIOCJEIHUX METOAOB OyIeT BLIOpaH Hamboee CrernpuuHbIH:

> (combine (make-instance 'ice-cream :name 'grape)
(make-instance 'topping :name 'marshmallow))
"GRAPE ice-cream with MARSHMALLOW topping.”

OmHAKO ecJi BTOPOU apryMeHT He IPUHALJIEKUT KJaaccy topping, OyaeT BbI-
3BaH TOJILKO YTO OIPEeJIeHHBIN METOI:

> (combine (make-instance 'ice-cream :name 'clam)
"reluctance)
"CLAM ice-cream with RELUCTANCE."

AprymeHTHI 000011IeHHOM QYHKIIUY OIPEEeIAI0T Habop npumeHumbLx (app-
licable) meTomoB. MeTrop cunTaeTcsa MPUMEHUMBIM, €CJIU apTyMeHTHI COOT-
BETCTBYIOT Clleu(pUKaAIUAM, HaJaraeMbIM JaHHBIM METOIOM.
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OTcyTCTBUE IPUMEHMMEBIX METOJ0B IIPUBOAUT K omubke. Ecau mpuMeHnM
JIMIIIL ONUH METOJ, OH BBI3bIBaeTcA. EC/Iu IPUMEHNMO HECKOJIbKO METOOB,
TO B COOTBETCTBUH C IOPSAJKOM IIPEIIIECTBOBAHUSA BBIZLIBAETCA Hanbojee
crenupuuHbIi. IlapaMeTpsl CBEPAIOTCS CIeBa HAllpaBo. KCau mepBhIi ma-
paMeTp OZHOI'O U3 MPHMEHNMBIX METOLOB OrpaHndeH 0oJiee CIemu(pUIHBIM
KJIACCOM, UeM II€PBBII apI'yMeHT IPYTUX METOLOB, TO OH ¥ CUNTAETCS Hambo-
Jee crerupuuHbIM. HUUbM pasperiaTcs IepexoaoM K CIeYIOIeMy apry-
MeHTY, U T. 1.

B npenwpiaymiux npuMepax Jierko HaiTu HamboJiee crieru(pUUYHBINA ITpHUMe-
HUMBIII METOZ, TAK KaK BCe 00'bEKTHI MOKHO PACIIOJOKUTD 110 YOLIBAHUIO:
9K3eMILJIAP ice-cream IpUHALJIEKUT KjaaccaM ice-cream, 3aTem stuff, stan-
dard-object u, HaKOHeII, T.

MeToznb! He 00513aHBI UCIIOJIB30BATH CIEITUMDUKATOPHI, ABIAIOIITUECT TOJIbKO
KJaccaMu, oIpenejJeHHbIMU yepes defclass. OHM TaK:Ke MOT'YT IIPUMEHATH
TUIBI (TOYHEE KJIACChI, COOTBETCTBYIOIINE BCTPOEHHBIM TUIIaM). Bot mpu-
Mep MeToza combine ¢ YUCJIOBBIMU CIeIIuUKaATOPaMM:

(defmethod combine ((x number) (y number))
(+ xy))

Kpowme Toro, MeTo1b1 MOT'YyT UCIIOJIB30BATH OTAEIbHBIE 00 BEKTHI, CBEPAEMbIE
C IIOMOIIIbIO eql:

(defmethod combine ((x (eql 'powder)) (y (eql 'spark)))
"boom)

CrenudpuKaTopsl THANBUAYAJIbHBIX 00bEKTOB UMEIOT OOJIBIIINHI IPHUOPUTET,
HeKeau cuernurKaTopbl KJIaccoB.

CHI/ICI{.I/I apryMeHToB MeTOA0B MOI'yT 6LITL JOBOJIBHO CJIOMKHBI, KaK " CIIN-
CKU apryMeHTOB OOBIYHBIX (DYHKIIUII, OZHAKO OHU JOJI’KHBI OBITH KOHZPY-
9HMHbL API'YMEHTAM COOTBETCTBYIOIEl 0000IeHH0l PpyHKIuu. MeTox K0J1-
JKeH MMeTh CTOJIBKO iK€ 00sd3aTe/IbHBIX M Heo0s3aTeIbHBIX IIapaMeTpOB,
CKOJIBKO 1 0000IIleHHAasA (PYHKI[UA, U UCIIOJb30BaThL 00 &rest, imudo &key,
HO He OJHOBpeMeHHO. Bce mpuBeeHHbIe HIKE Iaphl KOHT'PYSHTHBI:

(x) )
(x &optional vy)

(x y &rest z)

(

x y &key z)

a
a &optional b)
a b &key c)

a b &key ¢ d)

o~~~ o~

a cJieAyIoIue mapbl — HET:

(x) (ab)

(x &optional y) (a &optional b c)
(x &optional y) (a &rest b)

( (

x &key x y)

1 MbI He CMOJKEM JOUTH 10 KOHIA apI'yMEHTOB U IO-IIPEKHEMY NMETh HUYbIO, I10-
TOMY UTO TOT/Ia IBa MeToJa OyAYT IIOAXOAUTEL TOYHO II0/ OAHO U TO K€ OIIMCaHIe
apryMeHTOB. ITO HEBO3MOXKHO, TaK KaK BTOPOE OIIpeieIeHe METOLa B 3TOM CJIY-
yae IIPoOCTO 3aTPET IIEPBOeE.



11.7. BcnomorarenbHblie MeTofbl 195

JIuib o6s3aTebHbIe IIapaMeTpbl MOT'YyT OBITH crienquaJIn3nupoBaHbI. Taxkum
06p3_30M, MEeTO/[ ITIOJTHOCTBIO OIIpe/esideTCAd NMEeHEM 1 CHeI_[I/I(I)I/IRaL[I/IHMI/I 006s-
3aTeJIBHBbIX ITapaMeTpPOB. Ecan mbr oIpegesIimM enie OAWMH METO[ C TeM Ke
HNMEeHEeM U CHeHHd)I/II{aLII/IﬂMH, OH 3aMEHHUT Hpel{blﬂyu{ﬂﬁ. To ectn YCTaHOBHB:

(defmethod combine ((x (eql 'powder)) (y (eql 'spark)))
"kaboom)

MBI TEM CaMBbIM IIEPEOIIpeneIUM II0BeIeHre Conbine AJida apryMeHTOB powder
u spark.

11.7. BcnomoraTesnbHble MeToAbl

MeTombl MOT'YT JOIIOJHATHCA 8CNLOMO2AMEJIbHbLMU Memodamu, BKaoJas be-
fore- (mepen), after- (mocse) m around-merons! (Bokpyr). Before-meronb! mo-
3BOJISIOT HAM CKa3aTh: «IIpeskIe ueM IPUCTYINUTh K BLIIIOJHEHHIIO, CAeIaiTe
5T0». OHM BBI3BIBAIOTCA B MOPSAKEe YOBIBAHUSA CIEIN(PUIHOCTH, IIPESBAPIAI
BBI30B OCHOBHOI'0 MeTonma. After-merons! mos3sosaioT ckasarb: «P.S. A cue-
JlaiiTe 3a04HO 1 3T0». OHU BBEI3BIBAIOTCS IIOCJIE BBIITOJIHEHN ST OCHOBHOI'O METO-
Ia B IOPSAIKE YBEJIUUEHUS CIernuPuuHocTu. TO, YTO BBIMOJHSIETCS MEKIY
HUMU, PaHee Ha3bIBaJIOCh HAMU IIPOCTO METOIOM, HO 00JIee TOUHO 9TO — nep-
8uYHbLIL Memod. B pe3ysbTaTe BLI30Ba BO3BPAIIAETCS IMEHHO eIo 3HAUeHue,
IasKke ecJu IIocJjie Hero Obliu BuI3BaHBI after-meronmnl.

Before- u after-meToanr 03BOIAIOT OOABIATL HOBOE IIOBEeHNE K BLI3OBY
HePBUYHOTO MeToga. Around-MeTOAbI TO3BOJIAIOT BEITIOMHATE TO Ke caMoe,
HO OoJiee paguKaIbHBIM o6pasdoMm. Ecau 3agam around-meTon, oH OyIeT BbI-
3BaH éMecmo IepBUYHOro. BripoueMm, 1o cBoeMy YyCMOTPEHUIO OH MOJKET BbI-
3BaTh IIEPBUYHBIN METOJ CAMOCTOATEIHHO (C TOMOIIBI0 (QyHKIMY call-next-
method, KoTopas mpegHa3HaUeHA UMEHHO JIJIS DTOM IeJIn).

ITOT MeXaHW3M HAa3bIBAETCA CMAHIApmHOi Komobunayueii memodos. Co-
TJIACHO eMY BBI3OB 0000IIeHHO (DYHKIIMY BKJIIOYAET:

1. BrisoB Haubojiee crenupuuHOro around-MeTona, €cJau 3aaH XOTs ObI
OIVH U3 HUX.

2. B 1poTUBHOM cJyUae o MOPAIKY:
(a) Bce before-meTonsl B mopsiake yObIBAHUSA CIIEIIM(DUIHOCTH.
(b) Hau6osee cuernuuuHbIil TePBUYHBINA METO/.
(c) Bce after-meronas! B mopsifike BO3pacTaHus CIenuUIHOCTH.

Bosgepaiaembim 3HaUeHNEM CUNTAaETCA 3HaueHne around-meroza (B ciaydae 1)
WY 3HaUeHUe HamboJjiee crenu(uUHOro IIePBUYHOT0 MeToa (B cayuae 2).

BcemomoraresnbHble METOABI 3aAI0TCS YKasaHUeM KJoua-KBaauduKaTropa
(qualifier) mocsie umenu Meroa B orpenesennn defmethod. Ecau MmbI omipese-
JIIM IIEPBUYHBIN METOX Speak AJIs KJacca speaker caeqyIoiuM o6pa3om:

(defclass speaker () ())

(defmethod speak ((s speaker) string)
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(format t "7A" string))

TO BBI3OB Speak AJIsl K3EMILIsIpa Speaker IMPOCTO HaIedyaTaeT BTOPOU apry-
MEHT:

> (speak (make-instance ’speaker)
“"I'm hungry™)

I'm hungry

NIL

Omnpepensas mogkJaace intellectual, obopaunBartoiuii before- u after-mero-
IbI BOKPYT IIEPBUYHOrO METO/A Speak:

(defclass intellectual (speaker) ())

(defmethod speak :before ((i intellectual) string)
(princ "Perhaps "))

(defmethod speak :after ((i intellectual) string)
(princ " in some sense™))

MBI MOXKEM CO3[aTh IMOAKJIACC TOBOPYHOB, BCeraa N00AaBJIAMIINX B KOHEIL
¥ B HAYaJIO UCXOMHOM (hpasbl HECKOJIHKO CJIOB:

> (speak (make-instance 'intellectual)
"I'm hungry”)

Perhaps I'm hungry in some sense

NIL

Kaxk 6b1710 YIIOMSHYTO BBIIIIe, BEISLIBAIOTCs Bee before- u after-meronsr. Ec-
Ji MBI Terepb onpepeaum before- u after-meTons! AJs cymepkJiacca speaker:

(defmethod speak :before ((s speaker) string)
(princ "I think ™))

TO OHU 6y/1y'1‘ BBI3BIBATHCA U3 CEPEANHBI HAIIIEr'0 «COHABHUYa»:

> (speak (make-instance 'intellectual)
“"I'm hungry™)

Perhaps I think I'm hungry in some sense

NTL

Hesasucumo ot Toro, BeI3bIBatoTcA Jiu before- u after-meronsl, mpu BeI30Be
000011TeHHO (PYHKITUY BCEeraa BO3BpAIlaeTcs 3HaUeHUe IIePBUYHOTO METO-
nra. B mamem coryuae format BogBpartaer nil.

ATo yTBepXKIeHNe He pacIpocTpaHserca Ha around-metonbl. OHM BBIBLIBA-
I0TCA caMu 1o cebe, a BCe OCTAaJIbHbIE METOIbI BHI3BIBAIOTCS, JIUIIL €CJAU UM
m03BOJIAT around-meTon. Around- MM IePBUYHBIA METObI MOT'YyT BbI3BLIBATH
CcJIeAYIONINI MEeTO/ ¢ TOMOIIbIo call-next-method. Ilepes aTuM ymMecTHO Ipo-
BEPUTH HAJIUYHE TAKOI'O MeToAa C IIOMOIIbIO next-method-p.

C nomoIipio around-MeTOm0B BB MOYKETE OIIPEAeINTh APYTrolii, 0oJiee Ipemy-
IpeguTeIbHBINA IIOAKJIacC speaker:

(defclass courtier (speaker) ())
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(defmethod speak :around ((c courtier) string)
(format t "Does the King believe that "A? " string)
(if (eql (read) 'ves)
(if (next-method-p) (call-next-method))
(format t "Indeed, it is a preposterous idea. %"))
"bow)

Korma mepBeIM apryMeHTOM Speak SIBJISETCS 9K3eMILISAP KJacca courtier
(IpUIBOPHBIIT), ABLIKOM IIPUIBOPHOTO yIIPaBJasaeT around-MeToxn:

> (speak (make-instance 'courtier) "kings will last™)
Does the King believe that kings will last? yes

I think kings will last

BOW

> (speak (make-instance 'courtier) "the world is round™)
Does the King believe that the world is round? no
Indeed, it is a preposterous idea.

BOW

E1ie pas obpaTtute BHUMaHUe, 4TO, B oTauuue ot before- u after-meromos,
3HAUYEeHMEeM BbI30Ba 0000IIIeHHON (GYHKIIUY ABJSETCA BO3BpAaIllaeMoe 3Have-
HEue around-meToza.

11.8. KombuHauus metoaos

EnvHCTBEHHBIN NEPBUYHBIN METO[], KOTOPHIN OyAeT BBISBIBATHCA B CTaH-
JapTHON KOMOWHAINU, ABJIAETCA HamboJsee CIeUMPUUHBIM (IPpU 5TOM OH
MOXKET BBISBIBATH APYTHe METObI C ITOMOIIEI0 call-next-method). Ho mHoOTIA
HaM XOTeJOCh OBl MMeTh BOBMOXKHOCTh KOMOMHUPOBATH PE3YJIbTATHI BCEX
TOAXOAAIIUX II0 IPaBUJIaM BbIOOpPA MIEPBUYHBIX METOIOB.

MosxHO ontpeieInTh ApyTUe CIIOCOOBI KOMOMHAIINY, HAIIPIMeDP BO3BPaT CyM-
MBI BCEX IPUMEHUMBIX MeTo0B. Ilog onepamopHoil KomOuHaIell METOLOB
TMOHUMAETCS CAydail, KOra BbI30B 3aBEepPIIAaeTCs BEIUNCIEeHIeM HEKOTOPOTro
JIucn-BeIpakeHus, SBJISIONIErOCs IPUMeHeHeM oIlepaTopa K pesyabTaTaM
BBI3OBOB IIPMMEHMMBIX II€PBUYHBIX METOJZOB B IIOPAAKE YGBIBaHI/IH X cIie-
mudpuuaocTu. Ecau MbI ompemennm 0000IeHHYI0 (DYHKITHIO Price, KoMOU-
HUPYOIIYIO 3HAYEHNU C IIOMOINbI0 QYHKITUA +, ¥ IIPU 9TOM IJIA Price He Cy-
I[eCTBYeT MPUMEHNMBIX around-MeToq0B, TO OHA OyaeT BecTu cebsa, KaK ec-
Ju OBbI OHAa ObLIa OIIpeleseHa CAeIYIOIINM 00pa3oM:

(defun price (&rest args)
(+ (apply (mambosee CrIeUOUUHBIN IEPBUYHBIA METO) args)

(apply (HauMeHee crenU(pUUYHBIA IePBUYHBIA METOL) args)))

Ecuu cyimiecTByoT npuMeHUMbIE around-MeTOIbI, TO OHU BBI3BIBAIOTCS B I10-
PAOKe ouepeaHOCTH, KaK B CTAHJAaPTHOM KOMOMHAIINN. B ommepaTopHOil KOM-
ouHanuu around-MeTo[] IMO-TIPEeKHEMY MOJKeT MCIIOJIb30BaTh call-next-me-
thod, HO ysKe He MOJKeT BbI3bIBATh IEPBUUYHBIE METOIbI.
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Hcnonb3yeMblii c110co0 KOMOMHAIIY METOIOB MOJKET ObITh 3alaH B MOMEHT
SABHOI'0 CO3aHMA 0000IeHHOM (PyHKIINY uepes defgeneric:

(defgeneric price (x)
(:method-combination +))

Temeps MeTox price OyAeT MCHOJIB30BATh + AJIsI KOMOMHAIIMY METOIO0B; BTO-
poii aprymeHT defmethod-ompeneseHus JOJIXKEH coiep:kaTh +. Ompemennm
HEKOTOpPbIE KJIACCHI C IIEHAMM:

(defclass jacket () ())
(defclass trousers () ())
(defclass suit (jacket trousers) ())

(defmethod price + ((jk jacket)) 350)
(defmethod price + ((tr trousers)) 200)

Teneps ecyivt MBI 3aIIPOCUM IIeHY KOCTIOMA (SUit), TO MOJYyYUM CyMMYy IIPHIMe-
HUMBIX METOLOB price:

> (price (make-instance ’'suit))
550

ITapameTp :method-combination, mepemaBaeMbIii BTOPBIM aprymeHToM defge-
neric (a TaksKe BTOPHIM apryMeHToM defmethod), MOKeT OBITH OLHUM U3 CJIe-
IYIOIIUX CUMBOJIOB:

+ and append list max min nconc  or  progn

TakKe MOMKHO MCIIOJIB30BaTh CUMBOJ Standard, KOTOPBIH ABHBIM 06pasom
3aJjaeT UCII0Jb30BaHle CTaHAaPTHON KOMOMHAIIUY METOHOB.

OmnpenennB eIUHOMKALI CIIOCO0 KOMOMHAIIUMY AJIA OOOOIMEHHON (PYyHKIIUU,
BBI BEIHYKI€HbBI NCII0Jb30BATh ATOT CIIOCO0 IJIs1 BCeX METONO0B, MMEIOIIHUX TO
sKe uMsd. [loobITKAa UCIIONIB30BATh APYTHe CUMBOJIBI (2 TaKsKe :before u :after)
IpuBeAeT K BOBHMKHOBEHUIO OIMUOKK. UTOOBI M3MEHUTH CIOCO0 KOMOMHA-
MUY price, BaM MPUAETCA YAAJIUTH caMy OOOOIeHHYI0 (QYHKIIHUIO C ITOMO-
o fmakunbound.

11.9. UHkancynauua

OO0 BbEKTHO-OPUEHTUPOBAHHBIE A3BIKK YACTO HAIOT BO3SMOKHOCTH OTJIUYUTH
BHYTPEHHee IIpeJcTaBIeHre 00beKTa oT nHTepdeiica, KOTOPBIA OHU TIpe-
CTaBJAIOT BHeltHeMy Mupy. COKpBITHE HeTajieil peaausaliuy HeceT B cebe
MIBOMHYIO BBITOAY: BBl MOYKETe MOAUMUIIMPOBATEL Peaaus3anunio o0beKTa, He
3aTparuBas mHTEepdeiic JocTyna K HeMy M3BHe, a TaK:Ke IIpeJoTBpalaeTe
TOTEeHITNAJIbHO OTACHBIe M3MeHeHUs 00beKTOB. TaKoe COKPBITHUE AeTajeit
WHOTZIA HAa3bIBAIOT UHKANCYAAYUELL.

HeCMOTpH Ha TO, YTO MHKAIICYJAIINIO YaCTO CHUTAIOT CBOMCTBOM O0'HEKTHO-
OPHMEHTHPOBAHHOI'O IIpOorpaMMUPOBaHUA, 9T ABE NIEU B ﬂeﬁCTBHTeﬂLHO‘
CTH CYIIIECTBYIOT HE3aBHUCHUMO APYyTI OT Apyra. Muzr YViKe SBHaKOMUJINCH C UH-
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Kancyaamnuei B masoMm macinrabe (ctp. 120). dyurmuu stamp u reset umc-
MMOJIB3YIOT OOIIYIO IEPEMEHHYI0 Counter, OMHAKO BHISLIBAIOIIUI KO HUYETO
0 Hell He 3HAET U He MOYKEeT U3MEHUTh ee HAIPAMYIO.

B Common Lisp ocHOBHBIM MeTOIOM pasfeeHus nHpopManuy Ha Iy0amny-
HYIO U IPUBATHYIO ABJSIOTCA MaKeTbl. YTOOBI OrPAHUYUTD AOCTYII K UeMY-
160, MBI KJIaJIeM 3TO B ITAKET, 9KCIIOPTUPYS U3 HEro JUIIL UMeHa, SBJISI0-
I[ecs: YacThio BHEIITHero nuTepdeiica.

JJIa MHKAICYJIANNN CJIOTA MOCTATOYHO SKCIOPTUPOBATH JIUIIb (PYHKITUU
JIocTyIlla K HEMY, HO He MMdA caMoro cjora. Hampumep, MbI MOXKEM OIIpefe-
JINTH KJAacc counter 1 cBA3aTh C HUM METOABI 1ncrement m clear:

(defpackage "CTR”
(:use "COMMON-LISP™)
(:export "COUNTER" "INCREMENT" "CLEAR™))

(in-package ctr)
(defclass counter () ((state :initform 0)))

(defmethod increment ((c counter))
(incf (slot-value ¢ ’'state)))

(defmethod clear ((c counter))
(setf (slot-value c 'state) 0))

DyHKIIUY BHE ITaKeTa Ctr OyayT UMeTh BOBMOKHOCTh CO3IaBaTh 9K3eMILIIsA-
PBI counter u BBI3BIBATH increment u clear, oMHAKO He OYAyT MMETh JOCTYIIa
K caMOMY CJIOTY U UMeHU State.

A ecyiz BBI XOTUTE HE IIPOCTO PABLEJUTH BHEITHUN M BHYTPEHHUN WHTEP-
(efichl KIacca, HO U CEJIATD HEE03MONMCHbLM CAM JOCTYI K 3HAUEHUIO CJIOTA,
TO MOKEeTe IOCTYIUTH TaK: IIPOCTO OTUHTEPHUPYHTe (Unintern) mmdA cora
TIocJIe BBITIOJTHEHMA KO/Ia, KOTOPBIHA CChLIAETCSA Ha HETO:

(unintern ’'state)

Tenepb COCJIaThCA Ha CJIOT HEBO3MOXKHO HU M3 KAKOTro Imakera.’

11.10. iBe mopenu

O0BEKTHO-OPUEHTUPOBAHHOE IIPOTPAMMUPOBAHTIE MOYKET COUTH C TOJIKY OT-
YacTU M3-3a TOT'0, UTO €CTh [BE MOJEJIU €r0 Peau3aIiuu: MOLeIb Ilepesaun
COOOIIIeHU 1 MOJeIb 00001IeHHbIX (hyHKIIni. CHauajia mosBuaach mepea-
ya coOOIeHn, a BTopas MOJIeJIb IO CYTH SIBJISAeTCs 0000IeHrneM IepPBOii.

B mogenu mepenadyu COO6H.IeHHﬁ MEeTOAbI IIpUHaAJeXaT 00'BeKTaM U HacJe-
AYVIOTCA TaK e, KaK CJIOTHI. YT006BI HATITHU IJIomanab O6’beRTa, HYMXHO IIO-
CJIaTb eMy COOﬁLT_IeHI/Ie area:

tell obj area
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9T0 coolIIeHNe BHI3LIBAET COOTBETCTBYIOIIUIM METO], KOTOPBIi 0bj ompeme-
JISeT UJIU HaCJeLyer.

Wuorma HaM IPUXOAUTCA COOOIIATH JOIMOJHUTEIbHBIE apryMeHThI. Hampu-
Mep, MeTO, MOVe MOMKEeT IPUHUMATh apryMeHT, OIPeeaIoNuil JaJbHOCTh
nepemeirieHnsi. YToObI mepeMecTuTh 0bj Ha 10, IOIIIeM eMy cJaeayIoIlee Co-
ofIenue:

tell obj move 10
Ecau 3anmucaTts 3TO IpyruM criocoboMm:
(move obj 10)

TO CTAHOBUTCS OUEBUIHOI OTPAHUUYEHHOCTHh MOJEJIN IIepeaaun COOOIeHMIA:
MBI MOJKEM CIIEeITU(PUIIUPOBATH JIUIIH IIEPBBII apryMeHT. B Takoit Mmoxenu He
TOJBKO He TIOJYUYUTCS UCI0IH30BATh METOABI AJIA HECKOJIBKUX 00HEKTOB, HO
¥ TPYAHO Aa’Ke IPeACcTaBUTH cebe TAaKYI0 BO3MOYKHOCTb.

B mopmenu mepemaum cooOiieHuit MeTOAbl npuHadiexcam o0bEKTaM, B TO
BpeMs KaK B MOZeu 0000IIeHHBIX (DYHKI[UI MEeTONbl CIIeIUaIu3uPyI0TC
0151 00 beKTOB. Eciy MBI OyieM CIlenuaiu3upoBaThCA TOJIBKO JJIA IIEPBOTO
apryMeHTa, TO 3T ABe MOJEJM OYAYT II0 CyTU OLHUM U TeM Ke. Ho B Momenu
0000I1IeHHBIX PYHKIIUI MBI MOYKEM IONTHU JaJIbIlle U CIIEINaJIN3UPOBATHCA
JIJLs JTI000T0 HEOOXOMMOT0 KOJTMYECTBa apryMeHTOB. TakuM o6pa3oM, mepe-
Jlaua cOOOIIEeHUH — JIUIITh YACTHBIN cayuait 0600IeHHBIX (DYHKITUI, C TIOMO-
IIBI0 KOTOPBIX MOYKHO CHMYJIMPOBATH IIepefauvy COOOIeHU, crenuaansu-
PYs METOZIBI TOJHKO II0 IIEPBOMY apTyMeHTY.

NTorn rnasbl

1. B 06b€KTHO-OPHEHTUPOBAHHOM IIPOrPaMMUPOBAHNY GYHKINA f opee-
JisieTcs HesSBHO IIPU OIpeesIeHUN MeTO0B f IJIsd PasHbIX 00beKTOB. O0b-
eKThI HACJIEAYIOT METOIBI OT CBOMX POAUTEJIEN.

2. OmpefneseHre KJjacca HaloMHHAeT 0oJjiee MHOTOCJIOBHOE OIIpe[esieHue
CTPYKTYDBL. PasnessemMsblii CI0T IPUHAAIEKUT BCEMY KJIACCY.

3. Kiacc Hacienyer cJI0ThI CBOUX CYIIEPKJIACCOB.

4. Hpe;ucn KJiacca yImopaao4eHbl B COOTBETCTBUU CO CIIMCKOM IIPpeaIIeCcTBO-
BaHUdA. AJII‘OpI/ITM IIpeanecCTBOBaHMUA Jierdye BCEero IOHATh BU3yaJIbHO.

5. O6oOIenHasa PYHKIIHA COCTOUT 13 BCeX METO/IOB C TeM »Ke mMmeHeM. Me-
TOJ OIlpeaessieTcss MMeHeM U cIlellrnajn3anueil cBoux mapameTpon. Me-
TOJI, MCIIOJIb3yeMBbIil IIPK BBI30BE 0000INEeHHOM (GYHKIINY, OIIPEeaeIsIeTCs
COTJIACHO TOPSAAKY IpPeAIleCcTBOBaHU .

6. IlepBuumHbIe METOABLI MOT'YT OBITH JOIIOJHEHBI BCIIOMOraTeJbHbIMU. CTaH-
JapTHAas KOMOMHAIIMSA METOJ0B O3HAUAET MCIIOJb30BaHMue around-MeTo-
JIOB, €CJI TAKOBbIE MMEIOTCS; B IPOTUBHOM CJIyUae BLI3LIBAIOTCS CHAUA-
ja before-, moTom mepBUYHBIH, 3aTeM after-merozbl.

7. B omepaTopHOII KOMOMHAIINY METOOB BCE IEPBUUYHbBIE METOABLI paccMar-
PHUBAIOTCS KaK apryMeHThI 3aJaHHOT0 oIepaTopa.
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8. MHKaICyJIAnusa MOMKeT ObITh OCYIIeCTBJIeHA C IIOMOII[bIO TAKETOB.

9. CylrecTBYIOT ABe MOJe 00beKTHO-OPUEHTHPOBAHHOTO IIPOrPaMMUPO-
BaHusA. Mojens 0000IIIeHHBIX (DYHKIINI SBJIAeTCS 0000IIeHreM MOIe I
mepemavyn COOOIeHMHA.

YnpaxHeHuns

1. OmpenenuTe mapaMeTpsI accessor, initform, initarg mua KJaaccoB, ompe-
IesleHHBIX Ha puc. 11.2. BuecuTe HeoOXoAuMbIe IIPaBKU, YTOOBI KO 00-
Jlee He MCIoJib3oBaJ slot-value.

2. IlepenumuTe Kox Ha puc. 9.5 Tak, 4TOOBI chephbl U TOUKYU OBLIN KJacca-
MH, a introspect m normal — 0606IEHHBIMU PYHKITAAMU.

3. Nmeercsa HaOOp KJIaccoB:

(defclass a (c d) ...) (defclass e () ...)
(defclass b (d ¢) ...) (defclass f (h) ...)
(defclass ¢ () ...) (defclass g (h) ...)
(defclass d (e f g) ...) (defclass h () ...)

(a) HapucyiiTe rpad, mpeacTaBIsIonNinii IPEJKOB a, 1 COCTaBbTE CIIICOK
KJIACCOB, KOTOPBLIM IIPUHAIJICIKUT 9K3EMILJIAP a B IIOPAIKEe YOBIBaHUA
UX CIern(pUIHOCTH.

(b) IToBTOPHTE AHAJIOTUYHYIO IPOLEAYPY IJIA b.

4. NwmetoTcsa caeayomniue QyHKITUN:

e precedence: mpuHUMAaET OO'bEKT 1 BO3BPAIIAET AJIS HETO CIUCOK IIpel-
IIIeCTBOBAHUS KJIACCOB 10 YOBIBAHUIO CIIEIITU(DUIHOCTH.

e methods: mpuHHUMaeT 0000ITeHHYI0 (DYHKIIMIO U BO3BPAIIAET CIIMCOK
BCEX ee MeTO/IOB.

e specializations: MpuHUMAaET METOJ W BO3BpAlllaeT CIIMCOK CIel[uain-
3amnuii ero mapamerpoB. KasKOplii 9JeMEeHT BO3BPAIIAEMOTO CIIUCKA
oymeT 1ub0 KJaccom, au0o0 cuucKkoM Buga (eql x), ubo t (miis Hecre-
MUaJU3UPOBAHHOTO ITapaMeTpa).

C moMoIIbIo IePeUYnCIeHHbIX QYHKIIUH (He moab3ysAch compute-applicab-

le-methods mam find-method) onpenmenuTe pyHKIIMIO most-spec-app-meth,

IPUHUMATIOIITYI0 0000IIeHHYI0 (QDYHKIIUIO U CIIUCOK apr'yMeHTOB, ¢ KOTO-

prIMU oHA OyaeT BhI3BaHA, U BO3BPAIAIOIYI0 Hanboaee CIeruuuHbIi

IPUMEHUMBIH METO/I, €CJIU TAKOBbIE UMEIOTCA.

5. WsmenuTe Koj Ha puc. 11.2 Tak, 4TOOBI IpK KaKJ0M BEI30Be 0000IIeH-
HOI (DYHKIIMU area yBeJUUYNBAJICST HEKUH II00aJIbHBIN cueTunK. @yHK-
U He JOJKHA MEHATH CBOe MoBeleHe HUKAKUM UHBIM 00pa3oM.

6. IlpuBeguTe mpuMep 3aJauu, TPYAHOPASPEIINMOM B TOM CJydae, KOTaa

JINIIB IIEPBBIN apryMeHT 0000IeHHOM (DYHKIITUY MOKET ObITh CIIeIaJIn-
3UPOBAaH.
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CTpyKTypa

B pasgene 3.3 6b1J10 00bsICHEHO, KAKUM 00pa30M MCIOJIb30BaHNE YKa3aTeei
MIO3BOJISIET TIOMECTHUTH J000e 3HaueHWe KyJa YroAHO. ITO YTBEPIKACHUE
BKJIIOYAET MacCy BO3MOYKHOCTEIl, HO He BCe OHU MOTYT IIPUHECTH M0Jib3y. Ha-
IpuMep, 00bEKT MOKET OBITH 9JIEMEHTOM caMoTro cebsi. XOPpOIIo 5TO UJIN I1JI0-
X0, 3aBUCUT OT TOT'0, JEJIA€TCS 9TO HAMEPEHHO UJIU IIPOUCXOAUT CIYUaiiHo.

12.1. PaspensemMas cTpykTypa

CoucKu MOTYT COBMECTHO MCIIOJIb30BAThH OAHU U Te »Ke Aueliku. B mpocreii-
IIIeM cJaydae OOUH CIIMCOK MOXKET ObITh UacThio Apyroro. Ilociie BEIMOJTHEHU A

> (setf part (list 'b '¢))
(8 C)

> (setf whole (cons 'a part))
(A BC)

mepBad AYeWKa CTAHOBUTCA YAaCThIO (@ TOUHee, cdr) BTOpoi. B momoOGHBIX
cIyJasax IPUHATO TOBOPUTH, UTO IBA CIUCKA pa30ensiom 00HYy CmpyKmypy.
CrpykTypa, jJexalias B OCHOBE IBYX TaKHX CIIMCKOB, IIPeACTaBJIeHA Ha
puc. 12.1.

Puc. 12.1. Pasdensemas cmpyxkmypa
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ITomoGHBIe CUTYAIINY BEIABIACT Mpeaukar tailp. OH IpuHUMAET ABa CIICKa
¥ BO3BpAaIllaeT UCTUHY, €CJU BCTPETUT MIEPBLIH CIIUCOK IIPU 06X0/e BTOPOro.

> (tailp part whole)
B

Mpg1 mosxkem peasn3oBaThb €ro CaAaMOCTOATEJIbHO:

(defun our-tailp (x vy)
(or (eql x v)
(and (consp v)
(our-tailp x (cdr y)))))

CoriacHo 3TOMY OIIPeAeIeHNI0 KaKIbIHA CIINCOK SBJISETCS XBOCTOM CAMOTO
cebs, a nil ABJIsETCA XBOCTOM JIFOOOT'O IIPABUJIBHOTO CIIHCKA.

B Gosree c10KHOM ciydae IBa CIMCKA MOTYT Pa3feaTh OOLIYIO CTPYKTYPY,
Jaske KOIZa OOWH M3 HUX He SABJISIETCS XBOCTOM APYTroro. ITo IPOUCXOLNT,
KOTr/la OHU JeJAT OOIMUi XBOCT, KaK IIoKasauo Ha puc. 12.2. Cosmagum 1mo-
IOOHYIO CUTYAIIO:

(setf part (list 'b 'c¢)
wholel (cons 1 part)
whole2 (cons 2 part))

Temrtepp wholel m whole?2 pasmesdOT CTPYKTYPY, HO OOWH HE ABJSAETCA XBO-
CTOM APYToro.

part =
wholel =

i i > i El
whole2 = b c

2

Puc. 12.2. Pa3zOensemvlii xgocm

B ciyuae BJIOJKEHHBIX CHHCKOB Ba’jKHO OTJIMUATH CIMCKU C Pa3[esiaeMoi
CTPYKTYPOH OT X BJIEMEHTOB C Pa3iessieMoll CTPYKTYypoit. Cmpykmypa cnu-
CKa 6epXHez0 YPOBHs BKIIOUAET AUEHKU, N3 KOTOPHIX COCTOUT CAM CIIHCOK,
HO He BKJIIOUAeT KaKne-In00 SYeHKH, 13 KOTOPBIX COCTOSAT OTAEJIbHbIE 9JIe-
MEHTBI cuucKa. [Ipumep CTPYKTYPhI BEPXHEr0 YPOBHS BJIOYKEHHOrO CIIMCKA
npuBeseH Ha puc. 12.3.

WmeroT Jiut IBe sTUefiKU PasgesaieMyo CTPYKTYPY, 3aBUCUAT OT TOTO, CUUTAEM
MBI UX CHUCKAMU WJIU JePeBbAMU. [[Ba BIIOMKEHHBIX CIIMCKA MOTYT pasie-
JIATHh OMHY CTPYKTYPY KaK JiepeBbs, HO He Pa3[esaTh ee Kak cuucku. Cie-
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IYIOIINI KO CO3aeT CUTYAIlNIo, N300paskeHHyo Ha puc. 12.4, riae ABa ciu-
CKAa COoepsKaT OANH U TOT K€ DJIEMEHT-CIINCOK:

(setf element (list 'a 'Db)
holds1 (list 1 element 2)
holds?2 (list element 3))

Puc. 12.3. Cmpyxmypa cnucka 6epxHezo YposHs

Y

N ENE
+

\i

\i

element =

holds2 = —» /| —» | [ il |

Puc. 12.4. Pasdensemoe noddepeso

XoTa BTOpo# ajmeMeHT holdsl pasfesigeT CTPYKTYPY C IEPBBIM 3JIeMEHTOM
holds? (B meiCTBUTENIBLHOCTH, OH eMy HUAeHTUYeH), holds1 u holds? He memaTr
MeXK Iy co00ii 00IITYI0 CTPYKTYPY Kak cuucKu. [[Ba crircka pasaesassioT CTPYK-
TYpY KAK CNUCKU, TOJBKO €CJU OHU MeJAT OOIYI0 CTPYKTYPY BEpPXHEro
YPOBHA, Uero He AesaroT holdst u holds2.

M36esxaTh UCIIOIBL30BAHUSA PA3/Ie/IA€MOM CTPYKTYPhI MOYKHO C IIOMOIIIBIO KO-
nupoBaHusa. PyHKIIUA COpy-11st, onpemenaemas Kak

(defun our-copy-list (lst)
(if (null 1st)
nil
(cons (car 1st) (our-copy-list (cdr 1st)))))



12.2. Mogaudunkaums 205

BEPHET CIIKCOK, He Pas3e SOl CTPYKTYPY BEPXHEr0 YPOBHS C UCXOLHBIM
criuckoM. DyHKIUA copy-tree, KOTOpas MOXKET OBITH OIpeeieHa CIeayIo-
UM o6pa3om:

(defun our-copy-tree (tr)
(if (atom tr)
tr
(cons (our-copy-tree (car tr))
(our-copy-tree (cdr tr)))))

BOBBPATUT CIINICOK, KOTOPBIHA He pas3aeiideT CTPYKTYPY BCETO lepeBa ¢ UCXO/-
HBIM cOIuCKOM. PucyHok 12.5 meMOHCTPUPYET PasHUILY MEKIY BEISOBOM CO-
py-list u copy-tree AJis BJIIOXKEHHOI'O CIIMCKA.

X (copy-list x) (copy-tree x)

Puc. 12.5. ]]sa cnocoba konuposaHus

12.2. Mopgudukauunsa

ITouemy cTouT u3beraTh UCIIOJIB30BAHUSA PadaesiaeMoi cTPyKTypbI? o cux
TIOp 9TO ABJIEHUE PACCMATPUBAJIOCH BCETO JIUIh KaK 3a0aBHASA TOJIOBOJIOM-
Ka, a B HAIIMCAHHBIX PaHee IMporpaMMaXxX MBI IIPEKPacHO 00XOquInCh u 0e3
Hero. PaznenseMas CTPyKTypa BbIBBIBAET MPOOJIEMEI, €CJIN 00 bEKTHI, KOTO-
pble UMEIT TaKyIo CTPYKTYPY, MOAU(PUIIUPYIOTCA. [lejl0 B TOM, YTO MOIU-
duKaUsa OLHOTO U3 ABYX CIIMCKOB C 00IIell CTPYKTYPOIl ITOBJIEUET 3a cO00M
HeIpegHaMepeHHOe U3MeHeHe PYToro.

B mpenbigyiiem pasgeisie Mbl BHAEJAW, KaK cAeaTh OOUH CIIHICOK XBOCTOM
IPyTroro:

(setf whole (list 'a 'b 'c)
tail (cdr whole))

WsmeneHne crimcka tail moBJieueT CMMMETPUYHOE N3MEHEHUe XBocTa whole,
1 HA000pOT, TAK KaK II0 CYTH 9TO OHA 1 Ta Ke AUeiKa:

> (setf (second tail) 'e)
E

> tail

(B E)
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> whole
(A BE)

Pasymeercs, To :Ke camoe OymeT MIPOUCXOAUTD U AJIS ABYX CIIMCKOB, MMEIO-
X OOIMUI XBOCT.

smenenve IByX 00'bEKTOB OJHOBPEMEHHO He BCETZla ABJIAETCS OIINOKOM.
WHorpma aT0 MMeHHO TO, UTO Hy:XkHO. OZHAKO ecyiu TaKoe N3MeHeHUe IIPOorC-
XOAUT HeIpeJHAMEPEHHO, OHO MOXKeT IIPUBECTH K HEKOPPEeKTHOI paboTe
nporpaMMbl. OIBITHBIE IPOIPAMMUCTHL YMeIOT n36eraTh MOJOOHBIX OIITIO0K
U HEeMeIJIEHHO Paclo3HaBaTh TaKue curyanuu. Eciu cnrcok 6e3 BUAMMON
IPUYUHBI MEHSET CBOE COAEPIKUMOE, BEPOSITHO, OH MMeeT Pa3iesisaeMyIo
CTPYKTYDY.

OnacHa He cama pasfesiseMas CTPYKTypa, & BOSMOYKHOCTb €e U3MEHEHU.
YT06BI TapaHTUPOBATL OTCYTCTBUE ITOJOOHBIX OIIMOOK, ITPOCTO u3beraiire
HUCIOJIb30BaHMA Setf (a TaKKe aHAJOTMUYHBIX OIEPaTOPOB THIA poOp, rplaca
¥ JPYTUX) AJIA CHIUCKOB. Eciiu n3MeHAEeMOCTh CITIICKOB Bee XKe TpedyeTcs, To
Heo0XOIWMO BBIICHUTDH, OTKYZA B3AJICA M3MEHSAEeMBbIH CINCOK, YTOOBI ybe-
IUTHCA, YTO OH HE JAEeJINT CTPYKTYPY C YEM-TO, UTO HeJIb3s MeHATh. Ecau 'xe
9TO He TaK W/ BAM HEM3BECTHO IIPOMCXOXKEHNE CIUCKA, TO MOAMDUIIUPO-
BaTh HEOOXOMMO He caM CIIMCOK, & eT0 KOMHIO.

Hy:xHo GBITH BABOIIHE OCTOPOKHBIM IIPU HUCIOJIb30BAHUY (GhYHKIIUH, HAIIN-
CaHHBIX KeM-To ApyruM. Iloka He ycTaHOBJIEHO 0oOpaTHOe, UMeITe B BULY,
YTO BCe, UTO IepefaeTcsa QyHKIUU:

1. Mosker OBITH IEPEeNAHO NeCTPYKTUBHBIM OIIepaTOpaM.
2. Mo:keT OBITh COXPAaHEHO Ie-11u00, 1 U3MeHeHN’e 9TOTO 00 beKTa ITPUBEeT
K U3MEeHEeHUIO B JPYI'UX 4acTAX KOJa, UCIIOJL3YIOIero JaHHbIA 00beKT.!

B ob6omx Ciry4dyadX IIPaBUJIBHBIM PeEIIeHreM ABJIAeTCA KOIIMPOBaHUE apry-
MEHTOB.

B Common Lisp BbIB0B J1000%1 (PYHKITUM, BRITIOJHSAIONIENCA BO BpeMs IPO-
XOJla TI0 CTPYKTYPe (HamrpuMep, QyHKITUU-apryMeHTa napcar Ui remove-if),
He JOJIKEeH MEHATH 9Ty CTPYKTYPY. B IPOTUBHOM ciiydae IMOCIENCTBUS BbI-
MOJIHEHU A TAKOr'0 KOJa He OIpeaeseHbl.

12.3. NMpumep: ouepeaun

Paznenaemble CTPYKTYpHI — 3TO He TOJBKO MOBOJ IJiA OecmokoiicTBa. MIHO-
TZla OHU MOTYT OBITH IIOJIE3BHBI. B 9TOM paszesie TOKa3aHO, KaK C IIOMOIIIHIO
pasgesgeMbIX CTPYKTYD IpeACcTaBUTEL ouepenu. Ouepenb — 9TO XPaHUJIUIIE
00'bEKTOB, U3 KOTOPOTO OHU MOTYT OBITH M3BJIEUEHBI II0 OMJHOMY B TOM JKe

Hamnpumep, 8 Common Lisp monbsITKa nM3MeHEHUA CTPOKHU, UCIOJIb3YyeMOil Kak
UMs CUMBOJIA, CYUTAeTCA OIMIMOKON. M MOCKOJbKY HAM HEM3BECTHO, KOIUPYeT
Ju intern cBo#l apryMeHT-CTPOKY Iiepel CO3JaHueM CUMBOJIA, MBI TOJIYKHBI IIPe-
TIOJIOXKUTH, UTO MOAM(DUKAILMA JTI000I CTPOKY, KOTOpas IepefaBaJjach B intern,
IpUBELET K OIInOKe.
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HopAAKe, B KOTOPOM OHU OBLIM TyAa 3amucaHbl. TaKyi0 MOIEJNb IPUHATO
umenoBaTh FIFO — cokpariienne oT «IIepBbIM IPUIIIeI, mepBbiM yies» («first
in, first out»).

C moMOIIBI0 CITMCKOB JIETKO ITPEICTaBUTD CTONKY, TaK KaK Ao0aBJIeHUe U TO-
JIyYeHUue 3JIEMEHTOB ITPOMCXOJUT C OZHOIO KOHIA. 3amada IIpeacTaBJIeHUS
ouepeu 6oJiee CI0KHA, TOCKOJIbKY T00aBJIeHe U U3BJIeUeHe 00'beKTOB IIPO-
MCXOJUT C PasHbIX KOHIOB. [[151 9h(heKTUBHOM ee peasimsanuu HEOOX0IMMO
KaKuM-TO 00pa3oM 00ecieuuTh yIIpaBieHre 000MMY KOHITAMU CIIHCKA.

OpHa 13 BOBMOYKHBIX CTpaTeruii MpUBOAUTCA Ha puc. 12.6, rme moxasama
ouepenb M3 TPeX DJIEMEHTOB: a, b 1 ¢. Ouepeabio cUMTAEM TOUEUHYIO Iapy,
COCTOSAIIYIO U3 CIIMCKA U IMOCJeqHel AYelIKY 9TOro JKe cIinucKka. bymem Ha3bI-
BaTh UX HAYAJL0 U KOHelY,. UTOOBI IOJTYUYUTE 3JIEMEHT U3 Ouepean, HeoOXomu-
MO IPOCTO MUBBJIEUDb HAuaJ/i0. YTOOBI 10OABUTH HOBBIHM 5JI€MEHT, He0OXOIMMO
CO3aTh HOBYIO AYelKY, CHeJaTh ee cdr KOHIla ouepequ 1 3aTeM CIejIaTh ee
JKe KOHUO0M.

Puc. 12.6. Cmpyxmypa ouepedu

Takyio cTpaTeruio peaausyer Kox Ha puc. 12.7.

(defun make-queue () (cons nil nil))

(defun enqueue (obj q)
(if (null (car q))
(setf (cdr q) (setf (car g) (list obj)))
(setf (cdr (cdr g)) (list obj)
(cdr g) (cdr (cdr 0))))
(car q))

(defun dequeue (q)
(pop (car q)))

Puc. 12.7. Peanusayus ouepedeil

OHa UCIIoJb3yeTes CAeIYIOIMUM 00pas3oM:

> (setf g1 (make-queue))
(NIL)
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> (progn (enqueue 'a q1)
(enqueue 'b g1)
(enqueue "¢ g1))
(A BC)

Temeps o1 mIpeacTaBIsAET OUuepeb, M300parkeHHyIo Ha puc. 12.6:

> q1
((ABC)C)

ITonpobyem 3abpaTh 13 ouepeart HeCKOJIbKO 3JIEMEeHTOB:

(dequeue g1)

(enqueue 'd qg1)

>
A

> (dequeue qgl)
B

>

(C D)

12.4. flecTpyKTUBHbIE PYHKLUUN

Common Lisp Bkaiouaer B ce6 HECKOJIbKO (PYHKIUH, KOTOPBIE MOT'YT U3Me-
HSATH CTPYKTYPY CHOUCKOB U 3a CUeT 3TOro paboraTh ObicTpee. OHU Ha3LIBA-
I0TCA JEeCTPYKTUBHBIMU. W XOTA 9TU QYHKIMU MOT'YT U3MEHATH AYEUKU,
mepeJaHHbIe UM B KauecTBe apryMeHTOB, OHU [IeJal0T 9TO He paau Io0ou-
HBIX 9(pheKTOB.

Hanpuwmep, delete aABIsgeTcA NeCTPYKTUBHBIM aHAJOTOM remove. XOTd el
¥ II03BOJIEHO IIOPTUTHL HEPEeSAHHBIN CIIMCOK, OHA He JaeT HUKAKMUX o0eIra-
HUil, uTO TaK u Oymer menaThb. IlocMOTPUM, UTO IIPOUCXOAUT B OOJIBIITNHCTBE
peanusaiiuii:

> (setf 1st "(arabia))
(ARABTIA)

> (delete ’a 1lst)

(RBI)

> 1Ist

(AR BTI)

Kaxk u B caryuae ¢ remove, 4To0bI 3a(hUKCUPOBATH TOOOUHBIH 3P EKT, He00XO0-
AVMO HUCIIOJIb30BaTh Setf:

(setf 1st (delete 'a 1st))

ITpumepom TOTO, KaK AeCTPYKTUBHBIE QYHKIIUU MOAUDUITUPYIOT CIIMCKHU, AB-
JISIeTCS NCONC, MeCTPYKTUBHAA Bepcus append.! IIpuBemeM ee BEPCUIO IJIS IBYX
apryMeHTOB, J€MOHCTPUPYIONIYI0, KAKNM 00pasoM CIIIUBAIOTCS CIIMCKU:

(defun nconc?2 (x vy)
(if (consp x)

! BykBa N B MMEHH NCONC COOTBETCTBYET «non-consing». iMeHa MHOI'UX AeCTPYK-

TUBHBIX (PYHKIIUI HAYNHAIOTCA C N.
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(progn
(setf (cdr (last x)) vy)
X)

y))

cdr mocaenHel AUeKM IIePBOI0 CIMCKA CTAHOBUTCA yKasaTeseM Ha BTOPOU
crnucok. IlosHOIIeHHAA Bepcud A4 IPOU3BOJIBHOIO YHCJIa ApTYMEHTOB IIPU-
BOAUTCA B IpujoxkeHuu B.

DyHKIMA Mapcan MoxXoKa Ha mapcar, HO COeIUHSET B OJUH CIKCOK BO3Bpa-
mmaeMble 3HaUeHU S (KOTOPhIe MTOJIKHBI OBITH CIMCKAaMM) C IIOMOIIBIO NCONC:

> (mapcan # 1list
"(abc)
(123 4))
(A1 B2C3)

ITa QYHKIIUA MOKET ObITH OIIpefieieHa CIeyoIINM 00pa3oM:

(defun our-mapcan (fn &rest 1sts)
(apply #’'nconc (apply # mapcar fn 1lsts)))

HcnosbayiiTe mapcan ¢ OCTOPOKHOCTBIO, YUUTHIBASA €€ NeCTPYKTUBHBIN Xa-
pakTep. OHa coeguHsIET BO3BPAIIlaeMble CIIICKI C IIOMOIIIBIO NCONC, II09TOMY
uX Jyuiie 00JIbIlle HUTE He 3a1eliCTBOBATD.

DyHKIUA Napcan Moje3Ha, B YaCTHOCTH, B 3a/laUax, MHTEPIPETUPYEMBIX KaK
c6op Bcex y3JI0B OJHOT'O YPOBHS HeKoero mepeBa. Hampumep, ecau children
BO3BpAIIaeT COUCOK YbUX-TO AETel, TOTAa Mbl CMOYKEM OIPeAeanTh (PYHK-
U0 AJId IIOJIYYeHU A CIINCKA BHYKOB TaK:

(defun grandchildren (x)

(mapcan #' (lambda (c)
(copy-1list (children c)))

(children x)))

HarHaa QyHKIIUA IPUMEHAET copy-1ist K pesyabprary BbIdoBa children, Tak
KaK OH MOJKET BO3BPAIIAaTh Y:Ke CYIIeCTBYIONNI 00bEKT, a He TPOU3BOAUTH
HOBBII.

Taxksxe MOYKHO OIIPeJeIUTh HeeCTPYKTUBHBIY BapuaHT mapcan:

(defun mappend (fn &rest 1sts)
(apply # append (apply # mapcar fn lsts)))

Ucnonbays mappend, MbI MOXKeM 000MTHCH 6e3 BBIBOBOB COpy-1ist B ompeme-
JeHnu grandchildren:

(defun grandchildren (x)
(mappend #'children (children x)))

12.5. MNpumep: ABONYHbIE AepeBbs NOUCKA

B HEKOTOPBIX CHUTyaIMAX YMeCTHee KCIIOJIb30BaTh AECTPYKTHUBHEIE OIIEpa-
UMY, HeXKeJIN HeJleCTPYKTuBHbIE. B pasmeste 4.7 ObLJIO ITOKa3aHO, KaK yIIpaB-



210

[masa 12. CTpykTypa

JIATH IBOMYHBIMHU JepeBbamu novcka (BST). Bee ncmonb3oBaHHBIE TaM (QYHK-
MUY GBI HEeJeCTPYKTUBHBIMHU, HO €CJIu HYKHO npuMeHuTb BST Ha mpaxTu-
Ke, TaKasa OCTOPOYKHOCTH UBJIUIITHS.

Ha pwuc. 12.8 nmpuBeneHna necTpyKTuBHas Bepcus bst-insert (ctp. 86). Oma
IPUHUMAET TOUHO TaKHUe JKe apI'yMeHTHI U BO3BPAII[aeT TOYHO TaKoe Ke 3Ha-
UyeHne, KaK U UCXOAHAasA Bepcus. EMMHCTBEHHBIM OTIUYNEM SBJIAETCS TO,
YTO OHA MOJKET U3MEHATH AePeBo, IepejaBaeMoe BTOPHIM apr'yMEHTOM.

(defun bst-insert! (obj bst <)
(if (null bst)
(make-node :elt obj)
(progn (bsti obj bst <)
bst)))

(defun bsti (obj bst <)
(let ((elt (node-elt bst)))
(if (eql obj elt)
bst
(if (funcall < obj elt)
(let ((1 (node-1 bst)))
(if 1
(bsti obj 1 <)
(setf (node-1 bst)
(make-node :elt obj))))
(let ((r (node-r bst)))
(if r
(bsti obj r <)
(setf (node-r bst)
(make-node :elt obj))))))))

Puc. 12.8. [lgouunvie depedbs noucka: 0decmpykmueras 6Cmasxa

B paspene 2.12 6b1710 IpegynpesKAeHNe O TOM, UTO AECTPYKTUBHBIE (QYHK-
IIAY BBIBBIBAIOTCA He Paau MoO00UYHBIX 3(hderToB. [losToOMy eciiu BB XOTUTE
TIOCTPOUTH AEPEBO € IOMOIILI0 bst-insert!, BaM HYsKHO BHI3BIBATh €€ TaK JKe,
KaK ecyu ObI BBI BBIBBIBAJIU HACTOAIIYIO hst-insert:

> (setf +bstx nil)
NTL
> (dolist (x "(7 298415 12))
(setf xbstx (bst-insert! x =bstx #'<)))
NIL

BbI mozau 6br TaK:Ke ompemenuTs aHajsor push aasa BST, Ho 9To m0BOJIBHO
CJIOXKHO W BBIXOJUT 3a PaMKU maHHON KHuUTHU. (1A JI000IBITHBIX TaKOMU
MaKpoc ompeaesasercsa Ha cTp. 429.°%)
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Ha puc. 12.9! npencrasiieH qeCTPYKTUBHBIA BapuaHT PyHKIuUU bst-delete,
KoTopas cBs3aHa ¢ bst-remove (cTp. 89) Tak ke, Kak delete cBsi3aHa ¢ remove.
Kaxk u delete, oHa He moJpa3yMeBaeT BBIZOB Paau MOOOUHBIX d(hdeKToB. Vc-
IOJIB30BaTh bst-delete HEOOXOAMMO TAK Ke, KaK 1 bst-remove:

> (setf xbstx (bst-delete 2 xbstx #'<))
#<7>

> (bst-find 2 xbstx #'<)

NIL

(defun bst-delete (obj bst <)
(if (null bst)
nil
(if (eql obj (node-elt bst))
(del-root bst)
(progn
(if (funcall < obj (node-elt bst))
(setf (node-1 bst) (bst-delete obj (node-1 bst) <))
(setf (node-r bst) (bst-delete obj (node-r bst) <)))
bst))))

(defun del-root (bst)
(let ((1 (node-1 bst)) (r (node-r bst)))
(cond ((null 1) r)
((null r) 1)
(t (if (zerop (random 2))
(cutnext r bst nil)
(cutprev 1 bst nil))))))

(defun cutnext (bst root prev)
(if (node-1 bst)
(cutnext (node-1 bst) root bst)
(if prev
(progn
(setf (node-elt root) (node-elt bst)
(node-1 prev) (node-r bst))
root)
(progn
(setf (node-1 bst) (node-1 root))
bst))))

(defun cutprev (bst root prev)
(if (node-r bst)
(cutprev (node-r bst) root bst)
(if prev
(progn
(setf (node-elt root) (node-elt bst)

! JTaHHBIA JIUCTUHT CONEPIKUT UCIPABJIEHHYIO Bepcuio bst-delete. 3a moapo6HO-

cTaAMu obpalaiiTech K CHOCKe Ha ¢Tp. 89. — IIpum. nepes.



212

[masa 12. CTpykTypa

(node-r prev) (node-1 bst))
root)
(progn
(setf (node-r bst) (node-r root))
bst))))

(defun replace-node (old new)
(setf (node-elt old) (node-elt new)
(node-1  old) (node-1  new)
(node-r  old) (node-r new)))

(defun cutmin (bst par dir)
(if (node-1 bst)
(cutmin (node-1 bst) bst :1)
(progn
(set-par par dir (node-r bst))
(node-elt bst))))

(defun cutmax (bst par dir)
(if (node-r bst)
(cutmax (node-r bst) bst :r)
(progn
(set-par par dir (node-1 bst))
(node-elt bst))))

(defun set-par (par dir val)
(case dir
(:1 (setf (node-1 par) val))
(:r (setf (node-r par) val))))

Puc. 12.9. [[gouunvie Oepe6bs noucka: decmpykmugHnoe yoaseHue

12.6. Npumep: ABYCBA3HbIE CNNCKU

OObIuHBIE CIMCKHU B Jlucme SABIAIOTCS OJHOCBA3SHBIMU. OTO O3HAYAET, UTO
IBUJKEHNeE M0 YKa3aTeJAM IPOUCXOAUT TOJbKO B OZHOM HAaIpPaBJIEHUN: BbI
MOJKeTe IePeiiTH K CIeAyIoIeMy 2JIeMEHTY, HO He MOYKeTe BePHYThCS K IIpe-
IeIayiemy. JJeycessHvle cnucku UMeIoT TaKsKe U 00paTHbBIN YKasaTesb, IM0-
9TOMY MOXKHO IIepeMeIaThCsa B 00e CTOPOHEI. B aTOM pas/ese mokasano, Kak
CO3/1aBaTh U HUCIIOJH30BATh ABYCBA3HbBIE CIIMCKU.

Ha puc. 12.10 mokasaHa ux BO3MOKHAA PeaIn3anusd. CONS-AUeHKN TMeIOT
[IBa IIOJISA: Cal, YKa3bIBAIOIIUI HA JaHHbIe, U Cdr, YKa3bIBAIOIUI HA CJIIEIYIO-
LU 3JIEMEHT. JJIEMEHT IBYCBA3HOr'0 CIIMCKA JOJIMKEeH NMETD eIlle OIHO II0JIe,
YKasbIBaIlee Ha ITPeabIAyInuii aaeMenT. BeizoB defstruct (puc. 12.10) cos-
IaeT o0beKT U3 Tpex uacreil, HagBauHbIi d1 (0T «doubly linked»), KoTopHBIit
MBI OyIeM HCIIOJIb30BaTh AJIA CO3JaHUA NBYCBA3HBIX CIIUCKOB. Ilose data
B d1 COOTBETCTBYET Ccar B cons-Adeiike, a moJie next coorBercryer cdr. ITose
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prev Imoxoske Ha cdr, HO yKas3bIBaeT B obpaTHoM Hampasjenuu. (IIpumep Ta-
KO# CTPYKTYpPBI IIpuBeneH Ha puc. 12.11.) IlycTomy ABYCBSA3HOMY CIIHCKY,
KaK 1 00LIYHOMY, COOTBETCTBYeT nil.

Br13oB defstruct Takske ompenesnseT QYHKIIUY AJIA ABYCBASHBIX CIIMCKOB,
aHaJIOTUYHBIE car, cdr m consp: dl-data, dl-next m dl-p. @PYHKIIUA IeUaTH
d1->1ist BosBpaIaeT OOBLIYHBIA CIMCOK C TeMH K€ 3HAaUeHUSIMU, UTO U ABY-
CBASHBIM.

dyukusa d1-insert moxo:ka Ha cons. Ilo Kpafineir mepe, oHa, KaK U CONS, AB-
JISIeTCA OCHOBHOM (hyHKITMEN-KOHCTPYKTOpPOM. B oTsimume OT cons, OHA u3Me-
HAET ABYCBASHBIN CINCOK, IIepelaHHbIN BTOPBIM aprymMeHToM. B manHOM cu-
TyaIlii 9TO COBEPIIIEHHO HOPMAJIbHO. UTOOBI HOMECTUTH HOBBII OOBLEKT B Ha-
YaJ10 OOBIYHOI'O CIIMCKA, BAM He TPeOyeTcs ero u3MeHSATh, OAHAKO UTOOBI I10-
MEeCTUTh OOBEeKT B HAUaJO JBYCBSI3HOIO CIIKCKA, HEOOXOAMMO IIPUCBOUTH
TIOJIIO Prev yKasaTeJIb Ha HOBBIM 00'bEKT.

(defstruct (dl (:print-function print-dl))
prev data next)

(defun print-dl (dl stream depth)
(declare (ignore depth))
(format stream "#<DL "A>" (dl->list dl)))

(defun dl->1ist (1st)
(if (dl-p 1st)
(cons (dl-data 1st) (dl->list (dl-next 1st)))
1st))

(defun dl-insert (x 1st)
(let ((elt (make-dl :data x :next 1st)))

(when (dl-p 1st)

(if (dl-prev 1st)
(setf (dl-next (dl-prev 1lst)) elt
(dl-prev elt) (dl-prev 1st)))

(setf (dl-prev 1st) elt))

elt))

(defun dl-list (&rest args)
(reduce #'dl-insert args
.from-end t :initial-value nil))

(defun dl-remove (1lst)
(if (dl-prev 1st)
(setf (dl-next (dl-prev 1lst)) (dl-next 1st)))
(if (dl-next 1st)
(setf (dl-prev (dl-next 1lst)) (dl-prev 1lst)))
(dl-next 1st))

Puc. 12.10. ITocmpoenue 08Yc8sa3HbLX CNUCKO8
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Inillilﬁlilﬂliln"\

a b C

Puc. 12.11. /]eycea3HbLil cRUCOK

OdpyruMu cJjioBaMU, HECKOJIBKO OOBIYHBIX CIIMCKOB MOT'YT MMETh OOIIMi
xBocT. Ho A1 napsl ABYCBASHBIX CIIMCKOB 3TO HEBOZMOKHO, TaK KaK XBOCT
Ka'KJO0ro U3 HUX MMeeT pasHble yKasarejau Ha royoBy. Eciu 6b1 QyHKIIUA
dl-insert He ObLIa AECTPYKTUBHA, €l ObI IPUXOAUIOCH BCETIA KOIUPOBATH
CBOI BTOPOI apryMeHT.

Opyroe nuTepecHoe pasjinune MeKAY OJHO- U IBYCBASHBIMU CIUCKAMU 3a-
KJIOJYaeTcs B crocobe JoCcTymna K uX sjaemMeHTaM. Paboras ¢ OGJHOCBSIBHBIM
CIIMCKOM, BbI XpaHUTE YKa3aTe b Ha ero Hauaso. [Ipu paboTre ¢ ABYCBASHBIM
CIMCKOM, ITOCKOJIbKY B HEM 5JIEMEHThI COeIMHEeHbI ¢ 000X KOHIIOB, BBl MO-
JKeTe MCI0Jb30BaTh YKa3aTe b Ha J000ii 13 aieMeHToB. IlosaTomy dl-insert,
B OTJIMYME OT CONS, MOYKET M00aBJATH HOBBII JIEMEHT B JII0OOEe MeCTO ABY-
CBSBHOTO CITHCKA, a He TOJBKO B HAUAJIO.

dyurmua dl-1ist aeiasercs dl-amaaorom list. OHa moyuaeT Ipou3BOJILHOE
KOJIMYECTBO apryMeHTOB ¥ BO3BpAIIlaeT COCTOSIIUNA 13 HUX d1:

> (dl-1ist 'a 'b '¢)
#<DL (A B C)>

B Heli ucniosibdyerca reduce ¢ mapamerpamu: (from-end, yCTaHOBJIEHHBIM B T,
m :initial-value, yCcTaHOBJIEHHBIM B Nil, UTO AejaeT MIPUBEAEHHBINA BBIIIIE
BBI30B 9KBUBAJIEHTHBIM CJIeAYIONIEl IT0CIef0BaTeIbHOCTU:

(dl-insert "a (dl-insert 'b (dl-insert 'c¢c nil)))

3amenus #'dl-insert Ha #'cons B ompegesenuu dl-l1ist, ara GyHKIIUA OymeT
BecTH cebsa aHaJoruyHo list:

> (setf dl (dl-list 'a 'b))

#<DL (A B)>

> (setf dl (dl-insert 'c dl))
#<DL (C A B)>

> (dl-insert 'r (dl-next dl))
#<DL (R A B)>

> dl

#<DL (C R A B)>

Hakxosen, niaa ymajleHus sjieMeHTa W3 JBYCBSIBHOTO CIHCKA oIpelesieHa
dl-remove. Kak u dl-insert, oHa caesaHa AeCTPYKTUBHOI.
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12.7. UnKknuyeckas CTpykTypa

W3MeHsis CTPYKTYPY CIMCKOB, MOYKHO CO3JaBaTh UKJINYeCKHe ciiucKu. OHu
OBIBAIOT ABYX BHAOB. HanboJsiee mOIe3HBIMY SABJISAIOTCS T€, KOTOPLIE NMEIOT
3aMKHYTYIO CTPYKTYPY BepXHero yposusa. Takue CIINCKY HA3bIBAIOTCS UUK-
auveckumu no xeocmy (cdr-circular), Tak Kak IIUKJ cO37aeTcA Cdr-4acTaMu
SYEeK.

YT006BI CcO3MaTh TaKOM CIIMCOK, COAEPIKaIlluil OAUH JJIEMEHT, HeOOXOIMMO
YCTAHOBUTHL YKasaTe b cdr Ha caMoro ceds:

> (setf x (list "a))

(A)

> (progn (setf (cdr x) x) nil)

NTL

Temeps X — MUKJINUYECKU cincoK. Ero cTpyKTypa nsobpaskena Ha puc. 12.12.

Puc. 12.12. IJukauueckue cCnucku

IIpu mombITKe HalledyaraTh TAKOM CIMCOK CHMBOJI 4 OyZeT BBIBOAUTHLCS IO
0EeCKOHEYHOCTH. JTOT0 MOKHO 130eKaTh, YCTAHOBUB 3HAUEHUe »print-circ-

lex B t:
> (setf =print-circlex t)
T
> X
#1=(A . #1#)

IIpu HE0O0XOAMMOCTY MOYKHO HCIOJIb30BaTh MaKpOCBI UT€HU #N= U1 #n# I
IpecTaBJICHUA TaKOU CTPYKTYPHI.

CHoucku ¢ IMUKJINYECKUM XBOCTOM MOTYT OBITH IOJIESHBI [JIA IIPeJcTaBJiie-
HUsA, HaIpuMep, 6y(epoB iy orpaHUUYeHHBIX HaOOPOB KAKUX-TO 00'BEKTOB
(wynos!). Cienymormasa QYHKIMA IPEBPATUT TPOU3BOJBHBIN HEIUKJINUE-
CKUH HEIyCTOM CIIMICOK B IIUKJINYECKUI C TEMHU *Ke dJIeMeHTaMuU:

(defun circular (lst)
(setf (cdr (last 1st)) 1st))

1 IIys — 2T0 HaGOP MHULUAIU3UPOBAHHLIX PECYPCOB, KOTOPBIE IO IEPKUBAIOTCS

B F'OTOBOM K HCITOJIbBOBAHUIO COCTOSIHUU, & HE BBLAEJIAIOTCS 110 TPeOOBaHUIO. —
IIpum. peo.
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A pyroi Tun MUKJINYECKUX CIIUCKOB — YUKJAUYeCcKUe no 20a08e (car-circular).
CIMCOK TaKOT'0 TUIIA MOYKHO IIOHUMATh KaK JePeBo, ABJAIOIeecs Moaaepe-
BOM camoro ce6s. Ero HasBaume 00yCJIOBJIEHO T€M, UTO B HEM COAEPIKUTCS
MUKJ, 3aMKHYTBII Ha car AuyeKku. HusKe MBI cO3AaIUM ITUKJINYECKUHA 1O
TOJIOBE CIIMICOK, BTOPOI 3JIEMEHT KOTOPOT'O ABJIAETCA UM CAMUM:

> (let ((y (list 'a)))
(setf (car vy) vy)
y)

#1=(#14)

PesynbraTr nzobpasken Ha puc. 12.12. HecmoTpa Ha TUKJINYHOCTD, 9TOT IIUK-
JIMYEeCKU#l II0 ToJIOBe CIUCOK (car-circular) mo-mpesxkHemy ABideTcA IIpa-
BUJIBHBIM CIIMCKOM, B OTJIMYME OT IIMKJINYECKHUX 10 XBocTy (cdr-circular),
KOTOpBIE ITPaBUJIbHBIMU OLITH HE MOT'YT.

Crucok MOKeT ObITh [UKJINUYECKUM IO TOJIOBE M XBOCTY OJJHOBPEMEHHO. Car
¥ cdr TaKo# AYelKu OyAyT YKasbIBaTh HA Hee camy:

> (let ((c (cons 1 1)))
(setf (car c) ¢
(cdr c) ©)
c)
#1=(u4 . #14)

CJI0:KHO IIPeACTaBUTh, AJIS Uero MOTYT MCIIOJIb30BaTHCA MOAOOHBIE 00BEK-
Te1. Ha camom zese, ItaBHOE, YTO HYKHO BBIHECTH M3 9TOr'0, — HEOOXOAMMO
usberars HeIpeSHAMEPEHHOI0 CO3MAHUA MUKJINUYECKUX CINCKOB, TAK KaK
OOJIBIIIMHCTBO (DYHKINII, pabOTAIIIUX CO CIIMCKAMU, OyAYT YXOAUTH B Oec-
KOHEUHBIN I[UKJI, €CJU II0JyYaT B KAUeCTBe apryMeHTa CINCOK, [IUKJINYe-
CKUI II0 TOMY HaIlpPaBJEHUIO, 10 KOTOPOMY OHU COBEPIIIAIOT IIPOXO/I.

ITukaurueckasi CTPYKTypa MOKeT ObIThH TPO6JIEMOI He TOJBKO [JIsA CIIMCKOB,
HO U JIJIsI APYTUX TUIOB 00'EKTOB, HAIIPUMED IJIS MACCHUBOB:

> (setf =print-arrayx t)

T

> (let ((a (make-array 1)))
(setf (aref a 0) a)
a)

#1=#(#14)

U peticTBUTEIBHO, IPAKTUUYECKH JIIO00H 00'EKT, COCTOAIINI U3 2JIEMEHTOB,
MOJKeT BKJIIOUATh ce0s B KaueCTBe OJHOI'0 U3 HUX.

PasymeeTcs, CTPpYKTYpBI, co3fnaBaeMble defstruct, Tak:Ke MOTYT OBITH ITUK-
auueckumu. Hampumep, CTPYKTypa ¢, IpeacTaBIAINaA 3JIeMeHT AepeBa,
MOXKET MMeTh IIoJie parent, cozepskainee APYTYIO CTPYKTYPY P, Ube IIOJie
child cculmaercss oOpaTHO HA C:

> (progn (defstruct elt
(parent nil) (child nil))
(let ((c (make-elt))
(p (make-elt)))
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(setf (elt-parent c¢) p
(elt-child p) c)
c))
#1=#S(ELT PARENT #S(ELT PARENT NIL CHILD #1#) CHILD NIL)

s mevyaTy TOZOOHBIX CTPYKTYP HEOOXOAMMO YCTAHOBUTD *print-circlex B t
I JKe u30eraTh BBIBOJA TAKUX 00 HEKTOB.

12.8. HenameHsiemas CTpyKTypa

Heusmensiemble 00beKTHI TAKIKE SIBJIAIOTCSA YaCThIO KOJa, 1 HAIlla 3a7jauya He
JIOIYCKATh X MOAUMDUKAIIUH, IOTOMY UTO B IIPOTUBHOM CJIyUYae MbI CIydaii-
HO MOKEeM CO3JaTh IIporpaMmy, KoTopas nuiiet cama cebs. Ilutupyemsbrit
CIIMCOK SABJIAETCSA KOHCTAHTOM, II09TOMY CJIEAYEeT IPOABJIATh aKKYPATHOCTD
mpu paboTe ¢ OTAeJbHBIMHU eT0 sueikaMu. Hampumep, ecau Mbl UCIIOJIb3yeM
CJAenYIONINI IpeguKaT AJid MPOBEPKU Ha IPUHALJIEIKHOCTh K apudMeTnye-
CKHM oIlepaTopam,

(defun arith-op (x)
(member x "(+ -« /)))

TO B CJIy4yae UCTUHHOI'O 3HAUEHUA OH OyeT BO3BPAIIlATh YACTh IIUTUPYEMOTO
cunucka. VIameHsad Bo3BpaliaeMoe 3HaUeHNe:

> (nconc (arith-op ') '(as it were))
(» / AS IT WERE)

MbI UBMEHSEeM U CAM MCXOIHBII CITUCOK BHYTPH arith-op, 4To MpuBeIeT K 13-
MEHEeHUIO PabOThI 3TOI (PDYHKI[UN:

s

> (arith-op ’as)

(AS IT WERE)

BosBpar koHCTaHTHI U3 QYHKIIMY He Bcerza fABJAeTca omunokoi. OgHako
HYKHO YUUTHIBATh MOJOOHBIE CIyUay IPU IPUHATUHN PEIIeHuA o 6e3omac-
HOCTHY BBITIOJTHEHUS NEeCTPYKTUBHBIX OIlepaIinii Ha L 4eM-I1u6o0.

Wz6e:xaTh Bo3BpaTa 4aCcTU HEM3MEHHOM CTPYKTYPHI B ciIyuae arith-op Mox-
HO HeCKOJIbKUMH criocobamu. B o011eM ciryyae 3aMeHa IIUTUPOBAHUSA HA SB-
HBIH BBI3OB QYHKI[MYU 1St peruT npobseMy 1 IPUBeJeT K CO3TAHNI0 HOBOTO
CIIMCKa IPU KasKI0M BHI30BeE:

(defun arith-op (x)
(member x (list "+ "= '+ '/)))

OmHako B JaHHOM CJIydae BBI3OB 11st yapuUT 110 IPOM3BOAUTEIHLHOCTH, II0-
9TOMY 3/€eCh JIyUdIlle BMeCTO Member UCIoJab30BaTh find:

(defun arith-op (x)
(find x " (+ - = /)))

IIpo6iiema, paccMOTpPeHHAs B 9TOM paszesie, yallle BCero BO3HUKAeT IPH pa-
6oTe cO CIIMCKaMU, ONHAKO OHa aKTyaJbHA U [IJS APYTUX TUIIOB JAHHBIX:
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MaCCUBOB, CTPOK, CTPYKTYD, 9K3eMILIAPOB U T. . He caenyer moauduiiupo-
BaTh 4T0-1160, 3aJaHHOE B TEKCTE IPOrpaMMbl OYKBaJILHO.

Hasxe ecsimt BBI cOOMpaeTech HAINCATH CAMOMOAMMPUIIIPYEMYIO IIPOTPaAMMY,
u3MeHeH1e CTPYKTYP-KOHCTAHT — 9TO HEIIPaBUJIbHBIN BbIOOP. KoMmuasaTop
MOJcem CBsI3hIBATH KOHCTAHTHI C KOJOM, a JAeCTPYKTUBHBIE OIE€PATOPHI JMO-
2ym M3MEHATH CBOM apryMeHTHI, HO HU TO, HU APYroe He TapaHTUPYeTCH.
ITucars camomomupuItpyeMble IPOrpaMMbl BBl MOYKeTe, HaIIPUMep, C I10-
MOIIBbIO 3aMbIKaHU# (cM. pasnen 6.5).

NTorn rnasbl

1. IIBa cmucKa MOTYT pasfeasaTh o0muit xBocT. COIMCKM MOTYT PasmesaTh
CTPYKTYPHBI KaK JepeBbs, 0e3 pasieeHus CTPYKTYPbI BEPXHEro YPOBHSA.
Pazgenenns cTpyKTyp MOYKHO n30eKaTh C IIOMOIIbI0 KO POBAHUA.

2. PasgensieMocTh CTPYKTYPHI He BAUSET Ha MOBeAeHne PYHKITNUH, HO O HEH
HeJIL3d 3a0bIBaTh, €CJIN BbI cOOMpaeTech MOAMMPpUITIPOBATL cIUCKY. Ecu
[IBa CIIMCKA PAa3[eJIAI0T OOIIYI0 CTPYKTYPY, TO M3MEHEeHNe OTHOT'0 U3 HUX
MOJKeT IPUBECTHU K U3MEHEHUO APYToro.

3. Ouepenu MOryT OBITH ITPEACTABIEHBI KAK CONS-AYEHKHM, Car KOTOPBIX YKa-
3bIBAET HA MEPBYI0 AUEHKY CIUCKA, a Cdr — Ha IOCJIeTHIOIO.

4. W3 coobparkeHni TPOU3BOAUTEILHOCTH AECTPYKTUBHBIM OIIEpaToOpaM pas-
periaeTcss MOAU(MUIIUPOBATH CBOU apPT'yMEHTHI.

5. B HEKOTOPBIX MPUJIOKEHUAX NCIOJIb30BaHME NECTPYKTUBHBIX OIlepaTo-
poB GoJiee eCTeCTBEHHO.

6. Croumcku MOryT OBITH IMKJIMYECKUMH ITO TOJIOBE W XBocTy. Jluco ymeer
paboTaTh ¢ TUKINUYECKUMU U Pa3ieigeMbIMUI CTPYKTYPaMU.

7. He cienyeT nuaMeHATH KOHCTAHTHI, BCTPEUYAIOIIMEC B TEKCTE IIPOTPAMMBI.

YnpaxHeHus

1. HapwucyiiTe Tpu pasinUYHBIX JepPeBa, KOTOPbIe OYAYT BBIBOAUTHCS KAK
((A) (A) (A)). HamuinTe BeIpasKeHNA, TeHEPUPYIOINe KayKI0e U3 HIX.

2. Cuwuras yixe ompeesIeHHBIMU Make-queue, enqueue u dequeue (em. puc. 12.7),
HAPUCYHTe IpPeACcTABICHNE OUepPear B BUE AUYeeK II0Cje KaxkIoro cJie-
IYIOIIEro Iara:

> (setf g (make-queue))
(NIL)

> (enqueue
(A)

> (enqueu 'b q)
(A B)

> (dequeue q)

A

aq)
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Omnpegenute GyHKITUIO COPY-quUeue, BOSBPAIIAOIYIO KOITHIO OUePeIn.

OmnpenpenuTe GyHKIIUIO, IPUHUMAIONIYIO B KaUeCTBE apI'yMEHTOB O0'BEKT
¥ ouepenhb U IIOMEIIAIONTYI0 DTOT 00BEeKT B HAY A0 OUEPEH.

Onpenennre QyHKIINIO, TPUHUMAIONIYIO B KAUECTBE apI'yMEHTOB 00LEKT
u ouepenb U (IeCTPYKTUBHO) ITepeMeIaoIyo IePBhIi HaleHHbIH (eql)
SKBEMILJISAP 3TOTO O0BEKTA B HAYAJIO OUEPEU.

Onpenenute GYHKINIO, TPUHUMAIONIYI0 00BEKT U IIUKJIUYECKUI CIIU-
COK, KOTODBINl MOJKET ObITh IIUKJINYECKUM II0 XBOCTY, U IPOBEPSAIOIIYIO
HaJu4ne 3aJaHHOT0 00'HEKTA B CIIUCKE.

OmnpepenuTe GYHKIIUIO, TPOBEPAIOIIYIO, ABIAETCS JU €€ apTyMeHT ITUK-
JIMYECKUM II0 XBOCTY CIIUCKOM.

Omnpenenure PyHKIUIO, IPOBEPSIOIIYIO, SBJIAETCS JIU €€ apryMeHT IIUK-
JIMYECKUM IIO I'0JIOBE CIIMCKOM.



CKkopocTb

Ha camowm mese, JIucm couetaer B cebe ABa sI3bIKA: A3BIK MJIA OBLICTPOTO Ha-
MUCAHUS TPOTPAMM U A3BIK [JIs HalMCaHUA OBICTPHIX TporpamMm. Ha mep-
BBIX 9TaNaX CO3JaHUS IPOTPAMMBI BB MOYKETE TTOKEePTBOBATH €€ CKOPOCTHIO
pazau ymobcTBa paspaboTKu, a KOT/ia ee CTPYKTypa IPUMeT OKOHYATEIbHY IO
dopMy, MOXKHO BOCIIOJIb30BATHCA MHCTPYMEHTAMU A3bIKA, TO3BOJISIONIUMU
YBEJIMYUTH CKOPOCTH PAOGOTHI IPOrPaMMBI.

JOBOJIBLHO CJIOMKHO JaBaTh 00Ie PEKOMEHIAIINY IO TIOBOAY ONITUMU3AI[UN
u3-3a BHYIIIUTEJIbHOTO pasHoobpasusa peanusaruit Common Lisp. etict-
BUE, YCKOPAIOIIee BBITIOJHEHNE BAIlle ITPOrPaMMbl B OHON M3 HUX, MOKET
3aMeIJUuTh PaboTy B ApyToii. UeM MoIITHee A3bIK, TeM MaJbIlle OH OTCTOUT OT
amnmapaTHOM YacTH, a YeM JAJIbIlle BbI OT AIlIapaTHONW YaCTH, TEM BBIIIE
IIaHCHI, YTO Pa3HbIe Peail3alluy IOo-pasHoMy OyIyT BO3BpAIaThCA K HEH
IpU reHepaIuy mporpaMMHOro Koza. IlosaTomy, HecMOTpPSA HA TO UTO HEKOTO-
pble METOAVKY, ONUCAHHBIE HUKE, TOUTY HABEPHAKA YCKOPSAT BHIIIOJHEHUE
Koja B JIF000#1 peausaiinm, Bce JKe He CTOUT 3a0bIBaTh 0 PeKOMeHJaTeIbHOM
XapakKTepe COeP;KUMOT0 9TOH TJIaBbI.

13.1. MpaBuno Oy TbIIOYHOrO ropnbiLLKa

HesaBucumo oT peasmsanuu eCTh TPU MOMEHTA, Kacaloluecsd OINTHMU3a-
IIUU: OHA JIOJI?KHA OBITH COCPEJOTOUEHA Ha Oy THIJIOUYHBIX TOPJIBIIIIKAX, OHA He
JOJI’KHA HAUYMHATHCSA CIAUIIKOM PAaHO U OHA J0JIKHA HAUMHATHCSA C aJITOPUT-
moB. [lokaiyii, 10 IOBOJY ONTUMUBAINY BasKHEe BCEro MOHATD, YTO B JIIO-
0oif mporpamMme, KaK IPaBUJIO, €CTh HECKOJBKO Y3KMX MECT, BBIIIOJTHEHUE
KOTOPBIX 3aHUMAaeT O0JIBIIYIO YacTh Bpemenu. I1o muennio Kuyra, «mogas-
JISIOIIAS YaCTh BPEMEeHU BBIITOJHEHUS IIPOrPaAMMBI, He CBI3aHHOM ¢ BBOJOM-
BBIBOJIOM, COCPEOTOUEHA B IPUMEPHO 3% MCXOAHOTO Koga».” OnTuMusaus
TaKUX YYACTKOB JACT CYII[eCTBEHHO 0OJibIllee yBeJWdYeHUe CKOPOCTH, UeM
ONITUMUBAINA OCTAJTBLHBIX YacTel, KoTopasd OyeT IIyCTOM TpaToil BpeMeHH!.
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ITosTOMY MCKJIIOUNTENIHLHO BAKHBIN IIEPBbII IITar ONTUMU3AIINHN JIIO00H Ipo-
I'PaMMBI — IIOMCK HO/‘.‘[OGHLIX VY3KHUX MeCT, NJIN GYTBIHOHHBIX T'OPJIBIIIIEK. Muo-
rue peajmusanuu Jlucma BKJIIOYAIOT COOCTBEHHBIE NPOPUAUPOSUUKL, KOTO-
pbIEe Ha6mo,ua10'r 3a BBIIIOJITHEHMWEM IIDOrpaMMBbl M IIPEAOCTABJIAIOT OTYET
0 BpeMeHMU, 3aTPaueHHOM Ha KaKIyIO 3 ee YacTel, BBIABJIAA TEM CAMBIM y3-
Kue MecTta. [Ipo@uInpOBIITNK — IIEHHBIA MHCTPYMEHT, COBEPIIIEHHO HE00XO0-
OUMBIH IJIA CO3OaHUA NeMCTBUTEIbHO d3(p(heKTBHOrO Koma. Eciu Baima pea-
ausanusa Jlucna BKIOUYaeT mpopuInpPOBITNK, TO HaBePHAKA ITPEIOCTaBIA-
eT U JOKYMEHTAIIMI0 Ha Hero, KOTOPYIO CJeAyeT N3yUUTh. ECIn Ke TaKoro
VHCTPYMEHTa y BaC HeT, TO y3KUe MecCcTa IIpujeTcsd yraablBaTh CaAaMOCTOS-
TeJbHO, U BbI Oy/ieTe YAUBJIEHBI, KOT/a Y3HAeTe, KaK YacTo II0J00HbIe JoTal-
KU OBIBAIOT OIITMOOUHBIMU.

CrencTBue IpaBuja OYTHIIOYHBIX TOPJIBIIIIEK: He CTOUT BKJIAABIBATE CJIUIII-
KOM MHOTO YCUJIUU B ONTUMHUBAIINIO HA PAHHUX CTAAWAX HATMCAHUSA IPO-
rpammbl. KHYT peaaraer eire 6oJiee sKecTKY0 hopMyaupoBKy: «IIpexge-
BpeMeHHasI ONITUMUBAIUS SBJISETCI KOPHEM BceX 30 (Ui, I0 KpalHel me-
pe, 6oJIbITIel YacTy) B IporpaMMupoBaHum».” [Ioka mporpaMmma He HamIuUca-
HAa, CJIOKHO CKas3aTh, I'/le BOBHUKHET Y3K0e MEeCTO, II09TOMY He TPaThTe CBOe
BpeMs 3psA. Kpome Toro, ontuMusanusa saTpynHsaeT MOAUMPUKAIINAIO, U II0-
OBITKA ONTUMHU3UPOBAThH IIPOrPAMMy B MOMEHT €€ HAIMCAHUSA CPOAHU II0-
TIBITKE MUCATh KaPTUHY OBICTPOCOXHYIITUMHU KPacKaMu.

BeposaTHOCTE TOT0, UTO TPOrpaMMa MOJYUUTCA XOPOIIeii, BO3PACTET, eCJIM Ha
KaKI0U moasagaue MOYKHO OyaeT c(pOKyCHUPOBATHCS B IOAXOMAIINI MOMEHT
BpemeHu. OMHUM M3 HOCTOMHCTB Jlucma ABJIAETCS BO3MOMKHOCTH PaboTaTh
B PasHOM pPUTMe: OBICTPO IIHCATh MeIJIEHHBIN KO MJIN MeAJIEHHO II1CATh ObI-
CcTphBIit Koz, Ha mepBbIX 9Tamax BbI UCIIOJIb3yeTe IIePBLII METOJ, a Ha CTa un
OIITUMUBAIUY [IePeKJII0UaeTech Ha BTOPOIi. OTa MO/eJIb COOTBETCTBYET IIpa-
BUJIY OYTHIJIOUHOTO T'OPJIBIIIIKA. B HUBKOYPOBHEBHIX ABBIKAX, TAKUX KaK ac-
cemM0J1eD, BhI (DAKTHUUECKU ONITUMUSUPYETEe KaKAYI0 CTPOKY Koza. Bosbiasa
YacTh 9TUX YCUJIUN TPATUTCSA HAIIPACHO, TaK KaK OYTHIJIOUYHbBIE TOPJBIIITKHI
COCTABJIAIOT JIUIITH HeOOJIBIITYIO YACTh BCeTO Koza. Bosiee aOCTpPaKTHBIN SA3BIK
TO3BOJISIET VAEJUTh Y3KUM MECTAM 3HAUNTEJBHYIO OJII0 BPEMEHHU, II09TOMY
IPU MEHBIITNX YCUJIUAX BBI IOJYUYAEeTe CYIIeCTBEHHO OOJBIINYIO BBITOMIY.

IIpucrynas x onTuMusanuu, HaunHaiTe ¢ camoro Bepxy. A Hauasa y6e-
IUTECh, YTO HCIIOJIb3yeTe Hambojee ONTUMANbHBIN aJIrOPUTM, U JIUIIb II0-
TOM IIe€PeX0AUTe K HU3KOYPOBHEBBIM TPIOKAM IIPU HamucaHuu Koga. [loTeH-
muajJbHaSA BBITOJA BeJIUKa — BOSMOJKHO Ja’ke HACTOJIbKO, UTO BaM, MOKET
OBITh, BOOOIIe He mpuaeTcA mpuberarsb K KAKUM-IM00 TPIOKaM. ITO YTBEp-
JKIeHUEe HYKHO COUeTaTh C IPeAbIAYIIAM IIPaBUIOM: YaCTO pPellenue o6 aJi-
TOPUTME HY KHO IPUHUMATh HA PAHHEHN CTaquy HAIINCAHUSA IIPOrPAMMABI.

13.2. Komnunauusa

A yupaBiaeHUs MPOIECCOM KOMIIMJIAIMU JOCTYITHO HATH HapaMeTpOB:
speed (CKOPOCTH IPOU3BOAUMOTO Koza), compilation-speed (ckopocTh camoro
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mmpolecca KOMIMIANNN), safety (KOJIMYeCTBO IIPOBEPOK HA OIIUOKHU B 00B-
€KTHOM KOfie), space (pasMep MaMATH, BBIAEISIEMON A1 00bEeKTHOI'O KOJa)
u debug (00bemM MHPOPMALMM, OCTABISIEMON’ B KOJE IJIA OTJIALKN).

ITapamMeTpbl KOMITHJIAIIAY He ABJISIOTCS I€PEeMEHHBIMY B IPUBLIYHOM IIOHU-
MaHHUHU. OTO CBOEro Poja Beca, OMPeHeJIAIne BasKHOCTh KAk 0o Iapa-
metpa: ot 0 (#e BaskHO) 1o 3 (oueHb BaskHO). IIpeacTaBuM, UTO Y3KOE MECTO
HAXOAUTCS BO BHYTPEHHEM I[MKJe HEKOTOpPOoil PyHKiuu. Mbl MOKeM m00a-
BUTH JeKJIapaliio CJIeIyIOIero BUaa:

(defun bottleneck (...)
(do (...)
(.0
(do (...)
(..
(declare (optimize (speed 3) (safety 0)))
o))

Kak npasuio, mono6HbIe feKIapanuy 00aBIAIOTCA JUIIb II0CJe 3aBepIie-
HUA OCHOBHOM PabOTHI II0 CO3LaHUIO IIPOTPAMMEIL.

Yro0bI 100aJLHO 3aIIPOCUTH Hanbojee OBICTPBIA KOMIIMJINPYEMBIA KO,
MOKHO CKa3aTh:

(declaim (optimize (speed 3)
(compilation-speed 0)
(safety 0)
(debug 0)))

ITo BechbMa paguKaJbHBIA 1 YacTo HeHY KHbIH 1m1ar. He 3a0biBaiiTe mpo 0y-
THIJIOYHOE TOPJIBIIIKO.!

BaxkHBIM KJaccoM OITUMUBAI M, TPOUBBOAUMBIX KOMITMJIATOpamMu Jlucna,
SABJIAETCA OITUMU3AI[MA XBOCTOBBIX BBI30BOB. 3a1aBasd MaKCUMaJJIbHBIIA BeC
mapamerpa speed, BbI BKJIIOUaeTe DTy OII[WIO, €CJIW OHA IIOAAeP:KUBAETCS
KOMIIUJISITOPOM.

BbI30B cumTaeTca x80cmosbLm, €CJIu II0ocjie HEeTo He HY¥HO HUYEIr'o BbIUYUC-
JIATH. CJIe,I[YIOH.laﬂ (I)YHRI.II/IH BO3BpalaeT OJMHY CIIMCKAa:

(defun length/r (1st)
(if (null 1st)
0
(1+ (length/r (cdr 1st)))))

JaHHuBIN peKyPCUBHBIN BBIZOB He ABJISAETCS XBOCTOBBLIM, TaK KaK ero 3HaUe-
HUue mepegaercsa QPYHKIIUHA 1+, A BOT B CJIeAYIOIIell BepCUN €CTh XBOCTOBAS
perypcus:

(defun length/tr (1st)

(labels ((len (lst acc)
(if (null 1st)

! Crapsle peajausaiuu MOI'YT He IPEJOCTABIATE declain. B aTom ciryuae mcmosrs-

3yHiTe proclaim ¢ HUTUPYEMBIM apry MEHTOM.
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ace
(len (cdr 1st) (1+ acc)))))
(len 1st 0)))

Boo0b1te roBopsi, XxBocTOBasA PEKYypPCUS MMeeT 3[eCh MECTO B JIOKAJBLHOM
GYHKIUU len, TOCKOJbKY PEKYPCHUBHBINA BBIBOB SBJISIETCS IIOCACIHUM Aeii-
cTBUEM B (PYHKIIMU. BMeCTO TOTO UTOOBI BBIUNCIAATE Pe3yAbTUPYIOIee 3Ha-
UeHNe Ha 00paTHOM IYyTU PEKYPCUU, KaK 9TO AejaeT length/r, oHa aKKyMy-
JIUPYeT ero Ha myTu Brepex. Ilyia 3TOro m HyKeH apryMeHT acC, 3HAUeHUe
KOTOPOTO BO3BPAIIlaeTCA B KOHIE PEKYPCUBHOTO BHI30BA.

Xoportinii KOMIINJISTOP MOMKEeT Ipeobpa3oBhIBaTh XBOCTOBOI BBI3OB B OtO,
M TaKUM 00pa30M XBOCTOBASA PEKYPCUA CKOMINJINPYETCA B OOBIUHBIH ITUKJI.
B mamuuHOM Kozie, KOr[a yIIpaBJieHre BIIepBbIe IIepefaeTcs TOM ero 4acTu,
KoTopasd peaqudyeT GyHKIIUIO 1en, Ha CTEK KJageTcs nHGoOpMaIus, YKas3bl-
BaloIas, YTO HYKHO CAeJiaTh AJIdA 3aBepIIeHusa Bbi3oBa. Ho, MOCKOJIBKY II0-
cJIie caMOT0 PeKYPCUBHOTO BLI30BA JIeJIaTh HUUETo He Halo, 9TU NHCTPYKITUN
OCTaIOTCA IeHCTBUTEJNHFHLIMU TaKJKe U JIJIs BTOPOTO BBIZOBA: AJIA BO3BpaTa
U3 BTOPOT'0 BHI30BA HYKHO CAEJIATh TO K€ CaMoe, UTO U JIJIs BO3BparTa 13 mep-
Boro. Takum oOpasoM, MBI MOKEM IIPOCTO 3aMEHUTDL CTapble apryMeHTBI
(GYHKIIUY HOBBIMU 3HAUEHUSIMU, a IIOCJE 9TOTO IPLITHYTH Ha3aJ K HaUaJIy
GYHKIIUM U OeHCTBOBATh TAK, KAaK ecJu Obl 3TO OblL/l BTOPOI BBI3OB. IIpum
9TOM HeT HeOOXOIUMOCTH JeJIaTh PeabHBIN BbI30B (DYHKITUN.

Ipyroii cmocod yiTu OT 3aTpaT Ha IIOJHOIEHHBIN BbI30B (DYHKI[UU — 3aCTa-
BUTHh KOMIIMJIATOP BCTPamBaTh PYHKIIUU mocTpouHO (inline). OTo ocobeHHO
IEHHO JJIs1 HeOOJMbIUX (PYHKITHI, 3aTpaThl HA BHITIOJHEHNE KOTOPBIX COTIO-
CTaBUMBI C 3aTpaTaMu Ha caM BbI3oB. Hampumep, cienyomniasa GyHKIUA BbI-
SICHSAET, ABJIAETCA JIU €€ aPTyMEHT CIMCKOM MJIN OLUHOUYHBIM 9JIEMEHTOM:

(declaim (inline single?))

(defun single? (lst)
(and (consp 1st) (null (cdr 1st))))

WNHTepaKTUBHbIN NN NHTepNpeTUpyeMbIn

JIucm — 9To MHTEPAKTUBHBIN S3BIK, HO 3TO He 00A3bIBAET ero ObITh MH-
TepuperupyeMbiM. Panuue Bepcun JIucmna peasn3oBbIBaIUCh KaK MH-
TePIIPeTaTOPhI, B PE3YJIbTATE Uero CJOKUJIOCh MHEHHE, UTO BCe IIpe-
umyiecTsa JIncia BbITEKaIOT U3 er0 HHTEePIPeTUPYEeMOCTH. ITa Uaest
omwubouna: Common Lisp sBiasdgeTcsa MHTEPHIPETUPYEMBIM U KOMIIHT-
JIUPYEMbBIM sI3BIKOM OHOBPEMEHHO.

Hexotopsie peanusamuu Common Lisp u BoBce He MCHOJIb3YIOT WH-
Tepruperanuoo. B Hux Bce, uTo BBogUTCA B toplevel, komnuiupyercs
nepen BelunciaenneM. Takum o6pasoM, HaseIBaTh toplevel maTEpIIpe-
TaTOPOM He TOJIBKO CTaPOMOJHO, HO M, CTPOI'0 I'OBOPS, OIITNOOYHO.
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Tak xKak [0 ompezesieHus single? ObLIa caesana ryiobajbHasd inline-mexJja-
panusl, ucrnonab3oBaHue single? He OyJeT IPUBOAUTEL K PEabHOMY BBI3OBY
dyuruuu. Eciiy MBI oIIpeiesinM BBISHIBAIOIIYIO ee PYHKIINIO TaK:

(defun foo (x)
(single? (bar x)))

TO IIPU KOMOUJIAIUY F00 KO single? OyaeT BCTPOEH B KoA f00 TaK, KaK ecJiu
ObI MBI HATIMCAJIN:

(defun foo (x)
(let ((1lst (bar x)))
(and (consp 1st) (null (cdr 1st)))))

CyimecTByeT ABa orpaHudyenusa Ha inline-scrpamBaemocTts (QpyHKIuH. Pe-
KypcHUBHBIe (DYHKIIMN He MOTYT ObITh BCTpoeHbl. M eciu inline-pyHxiiusa
mmepeonpeneaeTcs, JoJKHbBI ObITh IePEKOMITNINPOBAHEI BCe APyTrue hyHK-
1Y, BHISLIBAIOIIME €€, MHAUe B HUX OCTAHETCS ee CTapoe oIpeneseHue.

I 1s Toro uTo6bI N30eKaTh BHIB0BOB (DYHKIMI, B HEKOTOPHIX 60JIee paHHUX
nuasekrax Jlucna ncnosb3oBanuch Makpocs (cM. paszen 10.2). B Common
Lisp memaTs 3T0 HE0OA3aTEIBHO.

Pasnuunbie komMnuaaTopsl Jlucna oTamuarTed IPYT OT APyra BO3MOIKHO-
CcTAMHU omTUMHU3anuu. UToObl y3HATh, KaKas paboTa peasibHO IIpojesiaHa
KOMITHJISITOPOM, IOJIE3HO M3YUYUTHh CKOMITUJINPOBAHHBIN KO, KOTOPBIH BBI
MOJKeTe ITOJIYYUTh C IIOMOIIIBI0 disassemble. Ta GyHKIUA TpUHUMAET HYHK-
U0 WX UMA PYHKIIUU U 0TOOpasKaeT pe3yabTaT ee KOMIUJISIIINN, TO €CTh
Ha00p MAITUHHBIX UHCTPYKIIUH, KOTOPhIE PeaausdyioT 9Ty GyHKIu. [laxe
ecJii AU3acceMOJIePHBIN JUCTUHT ABJSETCA AJA BaCc KUTAaliCKOU IrpaMOTO,
BBI MOKeTe XOTsA Obl BUSYAJbHO OIEHUTH KOJUUYECTBO CAEJIAHHBIX OMTUMU-
3amuii: CKOMIMJIUPYHTE ABE BEPCUU — C ONTUMUSUPYIOITUMU AeKJIaparsi-
MU 1 0e3 HUX — U IIPOCTO olleHnTe pasuuily. C IIOMOIIbIO aHAJOTMUHON MEeTO-
IUKU MOYKHO BBISICHUTD, ObLIN JIX (PYHKIIUY BCTPOEHBI IIOCTPOUYHO. B 1r000M
ciayJae, mepef Mogo0OHBIMU SKCIEPUMEHTaMU YOeIUTeCh, UTO YCTAHOBJIEHBI
Heo0XoAUMbIe IapaMeTPbl KOMITUJIAINY IJIs IOy YeHUA MaKCUMaJIbHO ObI-
cTporo Koaa.’

13.3. leknapauuu TUNOB

Ecau Jluc — He 1IepBbIH A3BIK IIPOrPAMMUPOBAHUS, C KOTOPHIM BbI CTAJIKU-
BaeTech, TO BaC MOKeT YAUBUTD, UTO O CUX IIOP MBI HU Pa3y He HUCIO0JIb30Ba-
JIX TO, UTO COBEPULEHHO Heo0x00uMO BO MHOTUX APYTUX A3BIKAX: JeKJapa-
WU TUTIOB.

B GobIIIMHCTBE A3BIKOB IJI5 KaKA0M ITepeMeHHOM He00X0AMMO O PeNeIUTh
CBOW THUII, U B TaJIbHEHNIIIEM ITIepeMeHHaA MOKET COIEPKATh JIUIIh 3HAUEHU I
sToro Tuna. Takue A3BIKU HA3BIBAIOT A3BIKAMU C CUJAbHOU munuiayuei.

1 Yrobel inline-gekaapanuu ObLIN YUTEHEI, BO3MOMKHO, IIOHAJOOUTCA TaKKe yCTa-

HOBUTH TapaMeTPbl KOMIIUJIAIUN AJIA reHepannumn GI)ICTpOI‘O Kozma.
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Takoii mmomgxox 3acTaBJIgeT MIPOrPAMMMCTA BBIMOJHATHL JUIIHIO PadboTy
¥ OIPAHMYKMBAET €r0 BO3MOYKHOCTH: Bbl HE MOJKETe IIICATh (PYHKI[UHU, IIPHMe-
HUMBIE K PA3JINYHBIM THUIIAM apryMeHTOB, a TaKKe XPAHUTL B CTPYKTYpPax
JaHHBIX pasHble TUNLL.’ OTHAKO IPEMMYIIIECTBOM JAaHHOI'O IOAXO0AA ABJISET-
cs YIPOIIEHNEe 3aJaul KOMIIMJISITOPA: €CJIU OH BUAUT (PDYHKIIHIO, TO 3HAET
3apaHee, KaKue JIefCTBUA HYKHO COBEPIIUTD.

B pasgene 2.15 ymomuHamock, uro Common Lisp ucmosbayer 6oiee TUOK M
OAXOJ, Ha3hbIBAEMBbIH JeKJIapaTuBHON Tunusanuei (manifest typing).! Tu-
bl UMEIOT 3HAUEeHUs, a He ITepeMeHHbIe. [TociienHre MOT'YT COIePIKaTh 00b-
€KTHhI JIIOOBIX TUIIOB.

Ecuiu 651 MBI Ha 9TOM OCTAHOBUJINICH, TO BEIHYKAEHBI ObLIY OBI IIJIATUTDH CKO-
PoCThIO 3a THOKOCTE. [IOCKOBKY QYHKITHA + MOYKET IPUHUMATD apT'y MEHTHI
PasHBIX TUIIOB, ITPU KaKJIOM BRITIOJTHEHUY OHA JOJIKHA 3aTPAYUBATh TOIOJI-
HUTEJIbHOE BpeMsA Ha BBIACHEHUE TOT0, C JTaHHBIMU KaKUX TUIIOB OHA BBHI3bI-
BaeTcH.

Ecau, manpumep, oT GYyHKIIUYT TPeOyeTCcs BCEro JIUIIh CI0KeHe eJTbIX Yu-
ceJI, OTKAa3 OT €e ONTHUMUIAINY IPUBENET K HU3KON ITPOU3BOJUTEIHLHOCTH.
ITogxonm K petreHuto gauuoi mpobaembl B Common Lisp TaxoB: coobiiuTte
BCe, UTO BaM u3BecTHO. Ec/iz BaM 3apaHee M3BECTHO, UTO BbI CKJIABIBAETE
IBa ymcJja TAIa fixnum, TO MOMKHO O0BABUTHh UX TAKOBBIMU, I KOMIIUJISATOP
CcreHepupyeT KoJ IIeJI0UYMCIeHHOI0 CI0MKeHNI TAKOH e, Kak B C.

Takum 06pasoM, pas3janyre B IIOAXO0Ae K ONTUMU3AIUN He IPUBOJUT K Pas-
HUIIE B IJIaHe cKopocTu. IIpocTo mepBblil mogxox TpebyeT BeexX NeKaparinii
THUIIOB, a BTopoii — HeT. B Common Lisp 00bABIEHNA TUIIOB COBEPIIIEHHO HE
o6as3aTenbHbl. OHM MOTYT YCKOPUTH paboTy IpPOrpaMMbI, HO (€C/IM, KOHEU-
HO, OHU CaMU KOPPEKTHBHI) He CIOCOOHBI M3MEHUTH €€ IIOBEeJIeHNE.

I';o6anbHBIE MeKJJapaliiy BBITIOJHAIOTCA C IIOMOINbIO declaim, 3a KOTOpPOIt
IOJIKHA cJeoBaTh XOTsA ObI OfHA JeKJapaliuoHHas (opma. [dekJaparnus
TUIIA — 3TO CIIMCOK, COAEPIKAIIUil TUII CUMBOJIA, COIPOBOMKAAEMbI HMEHEeM
THUIIA U UMEeHaMU OLHOI nau 6ojiee mepeMeHHbIX. TaKuM 06pa3oM, AJIsa 00b-
ABJIEHUA TUIIA TVI00aIbHOM ITepEeMEeHHOM TOCTATOYHO CKa3aTh:

(declaim (type fixnum =countx))
ANSI Common Lisp gomyckaer aexgapamnuu 6e3 NCIoJb30BaHUA CJIOBA Type:
(declaim (fixnum =count=))

JlokasibHBIE AEKJIapanuy BEITOJHAIOTCA ¢ IOMOIIbIO declare, KoTopas IIpu-
HUMAaeT Te Ke apryMeHThI, uTo u declaim. [eksapammum MOTyT HaUMHATBD JIFO-
0oe TeJ0 K0jJa, B KOTOPOM IIOSBJISIIOTCSI HOBBEIE IIepeMenHbIe: defun, lambda,

IIpumensiemsiii B JIucne moaxon K TUIU3AINY MOYKHO ONKCATh ABYMsA cIocoba-
MU: IO MECTY XpaHeHUuA NHGOPMAIIUY O TUIIaX U II0 MECTY ee IPuMeHeHud. [JeK-
JIapaTUBHAA TUIINIAIN I0Pas3yMeBaeT CBA3bIBaHNE HH(POPMAIINH O THUIIE C 005~
€KTOM JJaHHBIX, & MUNU3AYUS 8PeMeRU 6binosnenus (run-time typing) nonpasy-
MeBaeT, YTo NHPopMaIid O TUIIAaX MCIOIb3yeTCs JIUIID B IIPOIlecce BHIIOJHEHU A
nporpaMmsl. ITo cyTu, aT0 OZHO U TO Ke.
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let, do u gpyrue. K mpumepy, 4T00bI COOGIITUTH KOMITUISATOPY, UTO IIapaMeT-
PBI QYHKIIMY IPUHAAJIeXKAT TAILY fixnum, HyKHO CKa3aTh:

(defun poly (a b x)
(declare (fixnum a b x))
(+ (+ a (expt x 2)) (+ b x)))

Nwmsa HepeMeHHOﬁ B IeKJiapallu CChlJIa€TCdA Ha II€epeMEeHHYIO, JECTBUTEb-
HYIO B TOM K€ KOHTEKCTe, I'J€e BCTpedvaeTCda caMa AeKJIapalus.

BrbI MmosKkeTe TaKiKe 3aaTh TUII JIIOOOTO BRIPAMKEHUA B KOJE ¢ IIOMOIILIO the.
Hanpuwmep, ecoiu HaM n3BECTHO, YTO 3HAUEHUA 4, D 1 X HE TOJBbKO IIPUHAIJIe-
sKaT TAIry fixnum, HO M JOCTATOYHO MAJIbI, YTOOBI ITPOMEIKYTOUHBIE BhIpasKe-
HUSA TaKsKe MPUHAIJIEKAIN TUIY fixnum, BBl MOXKeTe YKasaTh 3TO ABHO:

(defun poly (a b x)
(declare (fixnum a b x))
(the fixnum (+ (the fixnum (* a (the fixnum (expt x 2))))
(the fixnum (* b x)))))

BrITigauT 1OBOJIBHO HEYKJIIOMKE, He Tak Ju? K cuacTbio, eCTh Be TPUYNHEI,
IO KOTOPBIM BaM PEIKO MOHAaAOOUTCA IIIITHUTOBATh YNCJIEHHBIH KO 00hABIIe-
HuaMU the. Bo-iepBbIX, 9TO JyUIlle MOPYYUTH MaKkpocaM.” Bo-BTOpBIX, MHO-
T'iie peajauns3aliy UCII0JIb3YIOT 0COObIe TPIOKU, UTOObI YCKOPUTE IeJI0OUNCICH-
HYI0 apu(METUKY He3aBHUCHUMO OT JAeKJIapaI[iii.

B Common Lisp cyimiecTByeT HeBEPOATHOE MHOr000pasme TUIIOB; UX HaO0OD
IPaKTUYeCKU He OrpaHUYEH, BeJlb BbI MOYKETe CAMOCTOSATEIHHO 00bABIATH
cobcTBeHHBIe TUIIBI. OZHAKO ABHO OOBABIATH TUIBI UMEET CMBICJ TOJBKO
B HEKOTOPBIX CIydaax. BoT [Ba OCHOBHBIX IPaBUJIa, KOT/Ia 9TO CTOUT AeJIaTh:

1. NmeeTr cMBICT JeKJapUPOBATh TUIILI B TeX PYHKIUAX, KOTOPbIE MOTYT
paboraTh ¢ apryMeHTaMu HEKOTOPBIX PasHBIX TUIIOB (HO He Bcex). Eciu
BaM H3BECTHO, UTO apryMeHThI BbI30Ba (DYHKITUH + Beerga oyayT fixnum
WJIV TIePBBII apryMeHT aref Bcerga 6yzeT MacCUBOM OJHOTO THUIIA, AeKJia-
parus OygeT moJIe3HOM].

2. OOGBIYHO MMeeT CMBICJI JeKJapupoBaTh JUIIL T€ TUIbI, KOTOPbIEe HAXO-
IATCS BHU3Y MEPapXUU TUIIOB: 00bABJEHUA ¢ fixnum mum simple-array
OyZyT IIOJIE3HBIMHU, 4 BOT JeKJapalluy integer uau sequence He IPUHECYT
OIIy TUMOTO Pe3yJIbTaTa.

Hexaapaiuu TUIOB 0COOEHHO BasKHBI IPU PaboTe CO CIOKHBIMU 00HEKTa-
MU, BKJIIOYAsd MACCUBLI, CTPYKTYPBI U 9K3eMILISAPbl. Takue HeKjiapanuy He
TOJILKO IIPUBOIAT K 0oJiee OBICTPOMY KOAY, HO 1 MO3BOJIAIOT 00jee adhek-
TUBHO OPraHU30BATh O0'bEKTHI B TIAMSTH.

Ecawu o Tuie s1eMeHTOB MaccuBa HUUETro HEM3BECTHO, TO OH ITPEACTABIISAETCS
B ITaMATH KaK Habop yKasareseit. OqHAKO eCJIU TUI N3BECTEH U BCe dJIeMeH-
TBHI IPUHAAJNEXKAT K OGHOMY TUITY, CKaxkeM double-float, Torma maccus MO-
JKeT ObITh IIPeACTaBJeH KaK Habop uucesa B popmare double-float. Bo-mep-
BBIX, TAKOU MaccuB OyzmeT 0ojiee SKOHOMHO MCIOJIb30BaTh IaMaTh. Bo-BTO-
PBIX, OTCYTCTBHE HEOOXOMMMOCTU MEPEXOAUTHh II0 yKasaTeJasaM IIPUBEJeT
K 0oJiee OBLICTPOMY UTEHHIO U 3aII1CH 9JIEMEHTOB.
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el

/

2.345d0

el

1.234d0

2.345d0

3.456d0

Puc. 13.1. Peaynvmam 3a0aHUS MUNG 3]l MEeHMO6 MACCUBA

Tun maccuBa MOYKHO 3aJaTh ¢ MMOMOINBIO apryMeHTa :element-type B make-
array. Taxoil maccuB Ha3bIBaeTcsa cneyuaaudupogannvim. Ha puc. 13.1 mo-
KasaHo, UTO OyIeT IIPOUCXOAUTE B OOJBIITNHCTBE PeaJIU3aInii ITPYU BhITIOJIHE-
HUY CJIAYIOIIero Koaa:

(setf x (vector 1.234d0 2.345d0 3.456d0)
y (make-array 3 :element-type 'double-float)
(aref y 0) 1.234d0
(aref y 1) 2.345d0
(aref y 2) 3.456d0)

Kamapiii m1paMOyTroJbHUK HA PUCYHKE COOTBETCTBYET MAIIIMHHOMY CJIOBY
B maMaTu. KaKablii 13 IBYX MAacCUBOB COAEPIKUT 3aT0JOBOK HeoIpeaeseH-
HOH AJINHBI, 32 KOTOPBIM CJIeyeT IIpecTaBIeHe TpeX dJIeMeHToB. B maccu-
Be X KasKIBIN HJIEMEeHT — yKasaTeJb. B HallleM ciydae Bce TPHU yKasaTessd
OHOBPEMEHHO CChIJIAIOTCA Ha BJIeMeHTHhI double-float, HO MOT'YT CcChLIaTbCA
Ha IIPOM3BOJIbHBIE 00BEKTHI. B MaccuBe y 9JIeMEeHTHI JeHCTBUTENIbLHO SIBJIA-
foTesa uncyaamu double-float. Bropoit BapuauT paboTaeTr ObICTpee 1 3aHUMA-
eT MeHbIIle MeCTa, HO MbI BBIHYK/I€HbI IIJIATUTH 34 9TO OTPaHUYEeHNEeM Ha Of-
HOPOJHOCTh MAacCHuBa.

3ameTnTe, UTO AJfA JOCTYIA K djIeMeHTaM Yy MBI IToJIb3oBaJsuch aref. Cnernma-
JIN3VPOBAHHBIN BEKTOP OOJIbIIIE He IPUHAAJIEKUT TUITY Simple-vector, mo-
9TOMY MBI He MOYKEM CCBLIAThCA Ha €ro 9JIEMEHThHI C IIOMOMIBIO Svref,

IIpu cosmanmm MaccuBa B KO, KOTOPBIH €ro MCI0Jb3yeT, He00X0INMO II0-
MUMO CIeI[MaJIN3aIUN 00bABUTh PA3MEPHOCTh 1 THUII sjieMeHnTa. Takasa nex-
Jlapanus OyZeT BRIMIALETE CJIeIYIOIIM 00pa3oM:

(declare (type (vector fixnum 20) v))

JTa 3amMuUCh TOBOPUT O TOM, UTO BEKTOP V UMeeT pasMepHocTh 20 u cmemua-
JIMBUPOBAH [JIA IeJIbIX ymces Tuma fixnum.

HawuGoJee o0111a5 AeKaapanus BKIOYAET TUII MACCUBA, THII 2JIEMEHTOB 1 CIIU-
COK Pa3MepHOCTEeH:

(declare (type (simple-array fixnum (4 4)) ar))
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MaccuB ar Temepsb CUMTAETCSA IPOCTHIM MAacCUBOM 4x4, cIernuaan3nupoBaH-
HBIM AJ1d fixnum.

Ha puc. 13.2 nmokasano, Kak cosgath maccus 1000x1000 sieMeHTOB THUIIA
single-float u Kak HanucaTh PyHKINIO, CYMMUPYIOMIYIO BCE €0 9JIEMEHTHIL.
MaccuBbl pacmosaraioTcsi B IaMATH B IIOCTPOYHOM HOPsAAKe (row-major
order). PekoMeHyeTCs 10 BOSMOKHOCTU ITPOXOAUTH 10 9J€MEHTaM MaCCHU-
BOB B TAKOM JKe IIOPAIKE.

(setf a (make-array ' (1000 1000)
;element-type 'single-float
;initial-element 1.0s0))

(defun sum-elts (a)
(declare (type (simple-array single-float (1000 1000))
a))
(let ((sum 0.0s0))
(declare (type single-float sum))
(dotimes (r 1000)
(dotimes (c 1000)
(incf sum (aref a r c))))
sum))

Puc. 13.2. Cymmupogarue no maccusy

YT006BI CPABHUTD IIPOU3BOAUTEILHOCTD SUM-€1tS ¢ AeKIapanuaMu 1 6e3 HIX,
BOCIIOJIb3yeMcs MaKkpocoM time. OH uamMepseT BpeMs, HeOOXOAMMOe IJIs BbI-
UYHUCJIEHUA BBIPDAXXEHUdA, IIPUYEM B Pa3HBIX peasindaliuAX Pe3yJIbTaThbl €ro
paboTwI oTanuaoTcA. Ero mpuMeHeH1e TMeeT CMbBICT TOJBbKO AJIA CKOMIIU-
JUPOBaHHBIX (pyHKIUN. Ecau MBI ckoMOuaInpyeMm sum-elts ¢ mapamerpamu,
obecmeunBaIONINMU MaKCUMaJbHO ObICTPEIN KOM, Time BepHeT MeHee IoJice-
KYHIBIL:

> (time (sum-elts a))
User Run Time = 0.43 seconds
1000000.0

Ecuiu ;e MBI Terrephb yoepeM Bee AeKJIapallii U IePEeKOMINInpyeM sum-elts,
TO Te K€ BBIUNCJIEHUS 3aMyT OOJIbIIIe TATH CEKYHI:

> (time (sun-elts a))
User Run Time = 5.17 seconds
1000000.0

BarxnocTs ekIapanuii THIIOB, 0COOEHHO IIpY paboTe C MaCCUBaAMU U OTIEIIb-
HBIMHU YHCJaMHU, CJIOXKHO IIepPeolleHNTh. B TaHHOM ciiyuae [Be CTPOUKHU Koja
obecrieunIy HaM JBEHAAIIATUKPATHBIA IPUPOCT IIPOM3BOAUTEIHLHOCTH.
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13.4. O6xoanmcsa 6e3 mycopa

JIvcn mO3BOJISET OTJIOMKUTDL PEIIeHUA KacaTeJbHO He TOJIbKO TUIOB IIepe-
MEHHBIX, HO U BbIZIeJIeHNA MaMATH. Ha paHHUX CTagUIX CO3MAaHUS IIPOrpaM-
MbI BO3MOYKHOCTD He JyMaTh O TAKUX Belllax aaeT 00JibIle cBOOOIBI BOOOpAa-
sxkeuno. Ho mo Mepe TOro Kak mporpaMMa CTAHOBHUTCS 3PEJIOH, OHA MOKET
cTaTh ObICTPEe, MEeHbIIIe IT0JIArasiCh Ha JUHAMUYECKOe BhIJe/IeHNe TaMATH.

OnxHaKo yMeHbIIIeHNEe KOHCUHTA (consing) He 006A3aTeJIbHO IPUBEIET K YCKO-
penuto mporpaMmel. B peanusanuax Jlucna ¢ mioxumMu cO0PIUKaMI MYCO-
pa TaKue IPorpaMMbI OOBIUHO PaboTAIOT MeJIeHHO. {0 HeTaBHETO BpeEMeH!
OOJIBINIMHCTBO peayin3aluii UMeJau He caMble yIauHble COOPIIUKYN Mycopa,
MO9TOMY OBITOBAJI0O MHEHWE, 4TO d(h(PeKTUBHBIE IPOrPaMMBbI IOJIMKHBI II0
BOBMOJKHOCTU M30eraTh BhIAeJIeHus maMATu. Ho mociegHue yCcOBepIIeHCT-
BOBaHUSA II€PEBEPHYJIN CUTYAIINIO C HOT HA roJioBy. HekoTophle peansaiiumu
Telrepb UMEIOT HACTOJIBKO U3OII[PEeHHbIe COOPITUKY MYyCOpPa, UTO BBIAEIATH
maMATh IO 00'beKTHI U BHIOPACKIBATL MX 34 HEHAJOOHOCTHIO OKa3bIBAaeTCs
OBICTpEe, UeM HUCIO0JIb30BATh ATy IaMATH IIOBTOPHO.

B sTOM paszesie mokaszaHbBI OCHOBHBIE METOABI 9KOHOMUY maMATH. Craskerca
JIX 3TO HA IPOM3BOAUTEIBHOCTH, 3aBUCUT OT HCIIOJH3yeMOU peaJn3alluiu.
Kaxk Bcerma, ayuriunii coBer: MoIpooyiiTe caMu — U BCe YBUIUTE.

Cy1iiecTByeT MHOYKECTBO IIPIEMOB, ITO3BOJIAIOIINX U30€3KaTh BbIIeJIEHU A I1a-
MaTu. HeKoTophle 13 HUX IPaKTUUYECKU He U3MEHAIOT BU/ Balllei mporpam-
mbl. Hampumep, ogHUM U3 HanboJiee IPOCTHIX METOOB ABJIAETCS UCIOIb30-
BaHUeE AeCTPYKTUBHBIX (QYHKIIMI. B ciexyrorieit Tabiuie IpUBOIATCA He-
KOTOPBIE YACTO YIOTPeOIAeMble DYHKIIUY U UX NeCTPYKTUBHBIE aHAJIOTU:

BesomacHrie HecTpyKTUBHBIE
append nconc

reverse nreverse

remove delete

remove-if delete-if

remove-duplicates
subst

subst-if

union
intersection

set-difference

delete-duplicates
nsubst

nsubst-if

nunion
nintersection

nset-difference

Eciu BaM m3BecTHO, UuTO MoAmGUKAIIUS CIIUCKa 0e30IacHa, UCIIOJIb3yNTe
delete BMeCTO remove, Nnreverse BMECTO everse u T. 1.

Ecau BBI :KejlaeTe IMOJHOCTBIO UCKJIIOUNTH BbIJeJIeHNEe ITIaMATH, 3TO eIlle He
3HAYUT, YTO IIPUJETCA 3a0BITH 0 BOBMOYKHOCTHU CO3oTaHUA 00'bEKTOB Ha JIeTy.
Yero ciaenyer I/I36€I‘3.TI>, TaK 9TO BbIJEJIEHUA IIaMATHU IIOL 00'BEKTHI HA JIeTy
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U ee TocJieyioiero coopa. OOIIUM pellleHneM ABJseTCs 3a0/1aroBpeMeHHOe
BhIJeJIeHNe OJIOKOB IAaMATH W UX OaJIbHelIlee IIOBTOPHOE MCIIOIb30BAHNE
«BPYUYHYIO». 3a0.1a208peMeHHO 03HAUAET B MOMEHT KOMITUJIAIUY MU HEKO-
TOPO IPOIEeNYPhl MHUIIHAIN3AINH. Korma CKopocTs HaUMHAEeT UI'PATh POJIb,
3aBUCHUT OT IPUJIOKEHU .

Hamnpumep, eciiz 06CcTOSTEIHCTBA TO3BOJIAIOT HAM OTPAHUYNTH Pa3Mep CTOI-
KM, TO BMECTO ee CO3JaHUus M3 OTAeJIbHBIX dUeeK MOXKHO clejiaTh TaK, YTO
CTOITKA OyZeT pacTy M YyMEHbBIIIaThCs B pAMKaX 3apaHee BhIAEJEeHHOTO BeKTO-
pa. Common Lisp nMeeT BCTPOEHHYIO MOANEPIKKY MCIOJIB30BAHUSI BEKTOPA
B KauecTBe CTONKU. [[JIf 3TOro ecTh HeoOsA3aTeIbHbIN napameTp fill-pointer
B make-array. IlepBblif aprymeHT make-array 3aiaeT KOJIUUYECTBO IaMATH, BbI-
JIleJiseMoU moxa BEeKTop, a fill-pointer, ecsiu 3amaH, ompeneaseT ero UCXOM-
HYI0 (PaKTUUECKYIO IJINHY:

> (setf xprint-arrays t)

T

> (setf vec (make-array 10 :fill-pointer 2
:initial-element nil))

#(NIL NIL)

DyHKIUN paboThI ¢ IOCJIEA0BATEIbHOCTAME OYAYT PacCMaTPUBATh €ro KakK
BEKTOP U3 ABYX 9JI€MEHTOB:

> (length vec)
2

HO ero pa3dmep MoxkeT BeIpacTH 10 10. IIocKoIBKY 5TOT BEKTOP MMeeT yKa3a-
TeJb 3aII0JITHEHU A, K HEMY MOYKHO IPUMEHATh QYHKITUU vector-push mvector-
pop, aHAJOTMYHBIE DUSh ¥ POP JJIA CIIMCKOB:

> (vector-push 'a vec)
2

> vec

#(NIL NIL A)

> (vector-pop vec)

A

> vec

#(NIL NIL)

Br130B vector-push yBeInmumi yKasaTeb 3alI0JHEHUsI 1 BEPHYJ ero cTapoe
sHaueHre. Mbl MOKeM 3aIIUChLIBATH B TAKOM BEKTOD HOBBIE 3HAUEHUS 0 TEX
Iop, II0OKAa yKasaTejJb 3all0OJHEHHUsI MEeHbIIe HauaJLHOI'0 pasMepa BeKTopa,
3aJaHHOI'0 IIEePBLIM apryMeHToM make-array. Korma cBo6ommHoe MecTo 3aKOH-
uuTcs, vector-push BepueT nil. B HaII BEKTOp veC MbI MOYKEM IIOMECTHUTD 0
8 HOBBIX 3JIEMEHTOB.

BexTops! ¢ yraszaTeseM 3aloJIHEHNA NMEIOT OQUH HEJIOCTAaTOK — OHU OoJiee
He IpUHAAJIexar Tumy simple-vector, m BMecTo svref HaM IIPUXOLUTCHA UC-
TOJB30BaTh aref. ATU NOMOJHUTEIbLHBIE 3aTPAThI CTOUT YUECTh IPU BhIOOPE
TOAXOAIIEr0 PeIlleHn .
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HexoTopble mpuiokeHUs MOT'YyT IPOUSBOLUTH OYEHb AJUHHBIE IIOCJIEL0Ba-
TeJIBHOCTH. B TaKOM ciyuae BaM IOMOXKET MCIIOJIb30BaHUE Map-into BMecTo
map. B kauecTBe epBOro apryMeHTa OHAa IIOJTydYaeT He TUI HOBOM IIOCJIE[OBA-
TEeJIBHOCTH, & CaMy IIOCJIeZOBATEJHFHOCTb, B KOTOPYIO OyIyT 3aIlMCaHBI pe-
3yJbTaThl. VI3 9TOM JKe ITOCJIeJOBATEJIHLHOCTH MOTYT OpaThbcAd M apryMeHTHI
U QYHKIVY, KOTOpas IPOM3BOAUT oToOpakeHue. [[y1d nprMepa yBeInInM
Ha eAVHUITY BCe 3JIEMEHTHI BeKTopa:

(setf v (map-into v # 1+ v))

Ha puc. 13.3 mokasan mpuMep HPUJIOKEHNA, pab0OTAIOIEro ¢ AJIUHHBIMU
BeKTOpaMu. ITO IMporpamMma, reHepupyrolias HeCJOKHBIN cJIoBapb pudM
(Tounee, cI0Baph paHee YBUAEHHBIX PUDM).

(defconstant dict (make-array 25000 :fill-pointer 0))

(defun read-words (from)
(setf (fill-pointer dict) 0)
(with-open-file (in from :direction :input)
(do ((w (read-line in nil :eof)
(read-1line in nil :eof)))
((eql w :eof))
(vector-push w dict))))

(defun xform (fn seq) (map-into seqg fn seq))

(defun write-words (to)
(with-open-file (out to :direction :output
;if-exists :supersede)
(map nil #’ (lambda (x)
(fresh-1ine out)
(princ x out))
(xform # ' nreverse
(sort (xform #’ nreverse dict)
#'string<)))))

Puc. 13.3. I'enepayus crosaps pugm

dyurmua read-words uuTaer cjoBa u3 (aiiyia, comep:kaIero mo cJaoBy Ha
CTPOKe,” a write-words meuaraeT ux B oOpaTHOM aJi(paBUTHOM mHopsAakKe. Ee
BBIBOJ, MOKET HAUMHATHCSA TaK:

a amoeba alba samba marimba ...
U 3aBepIiarbCcsa TaK:
megahertz gigahertz jazz buzz fuzz

Hcnonpaysa npenmylecTBa BEeKTOPOB € yKasaTeseM 3alloJHeHUA U map-into,
MBI CMOJKeM JIeTKO U 9(P(heKTUBHO HAINCATh 9Ty IIPOrpamMMy.
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B pacueTHBIX IPUIOKEHUAX OyIbTe aKKypaTHBI ¢ Tumamu bignum. Omepa-
muu ¢ bignum TpeOyIoT BhIAEeJEHUA NaMATH U PabOTAIOT CYIIIECTBEHHO MeJ-
jgenHee. Ho naske ecau Bala mporpaMMa J0JI’KHa B KOHIIe BO3BpaIlaTh 3Ha-
4eHHUsd bignum, ee MOYKHO cZesaTh 3(p(heKTuBHEE, OPraHU30BaB IIPOMEKYTOU-
HBIE Pe3yabTaThl KAK 3HaUeHus Tixnum.

Hpyroit cmocod m30esKaThb BBIAEJNEHUS MaMATU — 3aCTABUTH KOMIIUJISATOD
pasmelaTh 00'b€KTHI He B Kyue, a Ha cTeKe. Ec/ii BaM U3BECTHO, UTO KaKOIi-
160 00'bEKT OYyIeT UCIT0JIL30BaThCA BPEMEHHO, BBl MOJKeTe 130e:KaTh BhIJe-
JIEHUS IJiA HEero IaMATHU B KyUe ¢ IIOMOIIBIO feKIapanuu dynamic extent.

Hexmapupyd dynamic-extent mjisg mepeMeHHOM, BBl yTBEPIKIAETe, UTO €e 3Ha-
ueHme He OyZeT "KUTh JOJIbIIe, UeM caMa liepeMeHHadA. Kak MokeT 3HaUeHUE
CYIIIeCTBOBATH JOJbIIIe IepeMenHoki? BoT mpumep:

(defun our-reverse (1lst)
(let ((rev nil))
(dolist (x 1lst)
(push x rev))
rev))

DyHKIUA our-reverse akKyMyJaUpyeT MepeJaHHbIi el CIIUCOK B 00paTHOM
THOpAIKE B rev u o 3aBepIIleHUN BO3Bpalaer ee 3HaueHue. Cama mepemMeH-
Hasd MCUYE3aeT, a CIIMCOK, KOTOPBIA B Hel HAXOAMJICS, IIPOJOJIKAET CYIIIeCT-
BOBaTh UM BO3BpAalllaeTcs Haszaj BbI3BaBIIell (GpyHKuuu. [anbHeiIiias ero
cynbp0a HerpeacKasyeMa.

J 1 KOHTpacTa pacCCMOTPUM CJIEAYIOITYIO peaausauio adjoin:

(defun our-adjoin (obj 1st &rest args)
(if (apply # member obj lst args)
Ist
(cons obj 1st)))

W3 sroro onpezpesieHnusa GyHKIMY BUIHO, YTO CIIMCOK args HUKy/Aa He Iepe-
naerca. OH HyKeH He J0JIbIlle, UeM caMa IiepeMeHHasi. SHAUUT, B 9TOU CH-
Tyamuy UMeeT CMbBICJI CeJIaTh AeKJIapaliuio dynamic-extent:

(defun our-adjoin (obj 1st &rest args)
(declare (dynamic-extent args))
(if (apply # member obj lst args)
Ist
(cons obj 1st)))

Teneps KOMIUIATOP MOKET (HO He 00A3aH) pa3sMeIarh args Ha CTeKe, TO eCTh
9TO 3HaUeHUe OyIeT aBTOMATUUYECKU OTOPOIIIEHO IO BEIXOAY M3 our-adjoin.

13.5. Mpumep: 3apaHee BbigeneHHble HA0OPbI

Yro6bI n36€:KaTh TMHAMUYECKOTr0 BhIJEJeHUA TaMATHU B IPUJIOKEHUN, KOTO-
poe UCI0JIb3yeT CTPYKTYPHI JaHHBIX, BbI MOYKETe 3apaHee pasMeCTUTh KOH-
KpeTHOoe X KoJmuecTBO B nyJe (pool). Korma Bam Heo6xoquMa CTPYKTYpa,
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BBI OepeTe ee u3 IIyJia, a I10 3aBePIIeHNY PaboThI C Hell BO3BpAIllaeTe CTPYK-
Typy Hasaj B myJi.” YToObI MPOUJIIOCTPUPOBATD ATY UAEI0, HAIIUIIIEM IIPOTO-
TUI IPOTPaMMbl, KOHTPOJIMPYIOIIEll mepeMellleHre KopabJieili B raBaHWU,
a 3aTeM IIeperuIneM STOT IPOTOTUII C UCIIOJIb30BaHUEM TTyJIa.

Ha puc. 13.4 nokasana nepBas Bepcud. ['1o6aibHAS mepeMeHHas ~harbours
COJIEPIKHUT CIMHCOK KopalJieil, KasKIblii M3 KOTOPBIX IIPEICTABJIEH B BHJE
CTPYKTYDHI ship. @yHKIIMA enter BBIBBLIBAETCA IIPU 3axX0/e KOpabJid B IIOPT;
find-ship HaxoauT KOPaOJIEL C 3aJaHHBIM NMeHeM (eCJIN OH CYIIleCTBYeT); leave
BBI3BIBAETCS, KOTZIa KOPA0JIb IIOKU/IaeT raBaHb.

(defparameter xharbors nil)

(defstruct ship
name flag tons)

(defun enter (n f d)
(push (make-ship :name n :flag f :tons d)
~harbor=))

(defun find-ship (n)
(find n =harbor= :key # ship-name))

(defun leave (n)
(setf =harbor=
(delete (find-ship n) =harborx)))

Puc. 13.4. Ilopm

OTIMYHBIFA TOAXOM IJis HAIIMCAHUSA IEePBOI BepCUU MPOrpaMMbI, HO TaKasd
peanmsanusa IPOU3BOAUT JOCTATOUHO MHOI'O Mycopa. IIpu BEIIOJIHEHUH IIPO-
rpaMMBbI IaMSATh BBIAENAETCA ABYMS IyTAMH: IPU 3aXoje KopabJjeil B ra-
BaHb OYAYT IPOU3BOAUTHLCSA HOBBIE CTPYKTYPhI, a4 C POCTOM CITHCKA *Narbours
OyIYT BBIAEIATHCSA HOBBIE TUCHKU.

Mgl MoskeM m30aBUTBHCS OT 000MX MCTOYHMKOB MYCOPA, BBIAEIAA HaAMATH
B MoMeHT Komnuasainuu. Ha puc. 13.5 npuBemerna BTopas Bepcus IIporpam-
MBI, KOTOpAasA He IIPOU3BOAUT HIKAKOI'0 Mycopa.

CTporo roBops, BbIJleJIeHNE IaMATH BCe JKe ITPOUCXOAUT, HO He B MOMEHT BbI-
nosiHeHUA. Bo BTOpOIi Bepcum +harbour ABIsgETCA Xell-TabiuIieil, a He CIIu-
CKOM, U IIPDOCTPAHCTBO IIOJ Hee BBbIAeJIgeTcA NIpU KoMImujaanuu. Tricada
CTPYKTYD Ship TaksKe co3faeTCsa BO BpeMs KOMIHUJIANUN M COXPaHAETCA
B BeKkTOpe pool. (Ecau mapamerp :fill-pointer mmeer 3HaueHme t, yKasaTeab
3aIOJTHEHU S pa3MeIaeTcsa B KOHIle BeKTopa.) Temeph Ipu BBI3OBe enter HaM
He HY’KHO CO3[IaBaTh HOBYIO CTPYKTYPY, JOCTATOYHO HNOJIYUUTDH OOHY U3 YiKe
CYIIECTBYIOIIUX B ITyJIe C IIOMOIIbIO make-ship. A Korma leave yaajasdeT Ko-
pabsib M3 raBaHM, COOTBETCTBYIONIAA CTPYKTYpPa HE CTAHOBUTCS MYCODOM,
a BOo3BpalllaeTcsa Hasaj B IIyJI.
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(defconstant pool (make-array 1000 :fill-pointer t))

(dotimes (i 1000)
(setf (aref pool i) (make-ship)))

(defconstant harbor (make-hash-table :size 1100
‘test #'eq))

(defun enter (n f d)
(let ((s (if (plusp (length pool))
(vector-pop pool)
(make-ship))))

(setf (ship-name s) n
(ship-flag s) f
(ship-tons s) d

(gethash n harbor) s)))
(defun find-ship (n) (gethash n harbor))

(defun leave (n)
(let ((s (gethash n harbor)))
(remhash n harbor)
(vector-push s pool)))

Puc. 13.5. Ilopm, eepcus 2

Wcmonbays myJibl, MBI COOCTBEHHOPY YHO BBIITOJIHAEM YacTh PAGOTHI 10 YIIPAB-
JIeHUIO TaMAThI0. Clesiaer Ju 9TO HAIITY IIPOrpaMMy ObICTpee, 3aBUCHUT OT TO-
ro, KaK KOHKpeTHAas peaJinsalus yIpaBJsdeT nmamMsaTbio. ['py6o roBops, mc-
MOJIL30BAHNE IIYJIOB OIPABAAHO JIMIIL B PEANU3AIUAX C IPUMUTUBHBIMU
cOOpITUKaMU Mycopa, a TaK)Ke B IPUJIOKEHUAX PeabHOTO BpEMEHH, T/ie He-
IpeNCcKa3yeMbIil 3ayCK COOPIIIUKA MycOpa MOKET BbIZBAThH IIPOOJIEMBI.

13.6. bbicTpble onepaTopbl

B mauause riiaBsl Ob1JI0 CKa3aHO, uTO JIucI — 8To, II0 CYTH, ABA PA3HBIX I3bIKA.
Ecau BeI npurngaureck K gusaiiny Common Lisp, To yBuanTe, YTO YaCTh €To
0IIepPaTopPoOB IIpeIHA3HAUCHA AJIA YCKOPEHU BBIMIOJHEeHN, a APyras 4acTh —
51 ymoOcTBa pa3spaboTKM.

Hanpuwmep, ny1a foctyna K ajleMeHTY BeKTOpa CYIIleCTBYIOT TPU oIlepaTopa:
elt, aref, svref. Takoe pasHOOOpasue IMO3BOJIAET BHIXKATH U3 IIPOTPAMMBI
MaKCHUMYM IIPOM3BOAUTENbHOCTU. Ha Tex ydyacTKax, Iie BaKHa CKOPOCTD,
ucnoab3yiTe svref Bmecro elt, Koropasa paboTaeT u ¢ MacCuBaMu, 1 CO CIIU-
CKaMU.

s paboThI co ciucKaMu a(p(eKTUBHEE MCIIOJIb30BaTh CIEIINaIn3UPOBaH-
HYIO (yHKIuo nth, He:Keam elt. JIlumb ogHa GyHKIUA, length, He mMeer
aHAJIOTOB IJiA pasHbIX TumoB. [louemy B Common Lisp HeT oTaebHOM Bep-
cum 3ToH GYHKIIUU AJA crTucKoB? [loToMy UTO mporpaMMa, BBITIOTHAOIITAA
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ToJicueT AJIMHBI CIIUCKA, yiKe Oe3HaJekHa B IJIaHe IIPON3BOJUTEIHHOCTH.
B sToMm ciyuae, Kak ¥ BO MHOTMX JPYTHX, CaM JU3aiH A3bIKa 00'BACHSET,
4TO ABJIAETCA 3PPEKTUBHBIM, & YTO — HET.

Hpyras mapa moxo:kux GyHKIuit — eql u eq. IlepBoIii mpeguKaT mpoBepsaeT
Ha UIeHTUYHOCTh, BTOPOI — HA OJMHAKOBOE pPa3MellleH1e B IaMATH. Bropoii
npeguKar obecreunBaeT 0OJbINYI0 3G (GEeKTUBHOCTD, OTHAKO €ro CTOUT KC-
OJIb30BaTh, €CJIN TOJHKO BaM 3apaHee M3BECTHO, UYTO apr'yMEHTHI He SBJIfA-
IOTCA YKUCJIaMU UK 3HaKaMu. [[Ba 00'beKTa PaBHBI C TOUYKHU 3PEHUS €7, €CJIU
OHU UMEIOT OAMHAKOBOE PasMellleHue B HaMATH. YucJia 1 3SHaKU He 0013aHbI
pacmosiaratbcAa B KAKOM-JIN0O OIIPeleIeHHOM MeCTe B ITaMsATHU, II0ATOMY €(
K HUM HelpuMeHuMa (XOTA BO MHOTUX peain3aluax eq paboTaeT ¢ TUIIOM
fixnum). s Tr00BIX PYTUX apryMeHTOB eq Oy1eT paboTaTb aHAJIOTUYHO £q1l.

PasymeeTcs, ObICTpee BCEro BBIMOJHATH CPaBHEHNE 00BEKTOB C IIOMOIIIBIO
€0, TaK KaK Opu dToM JIMCIy IOCTATOYHO CPAaBHUTH JIUIIH JBA yKas3aTeJd.
ITO 3HAUUT, UTO XEII-Ta0JUIILI C TeCTOBOM yHKIIHeH eq (cM. puc. 13.5) obec-
MeYnBAaIOT CaMbIi OBICTPRIN mocTyIil. B Takux Tabiammax gethash xemupyert
JINIIIb YKAa3aTeJ ! U JasKe He CMOTPUT, HA UTO OHU YKa3bIBaIoT. [loMuMo cKO-
POCTH MOCTYIIa C Xell-TabJuIlaMU CBA3aH ellle OJUH MOMeHT. Vcmoab3oBa-
HUE eq- 1 eql-TabJaul] IPUBOAUT K JOIMOJHUTENIHLHBIM H3AePKKaM B cayuae
IpPUMEHEHUA KOMUPYIoIei cO0pKU Mycopa, ITIOCKOJIBKY ITOCJIe KasKI0i cOop-
KU XeITW TaKUX TaOJUIL JOKHBI ObITh IIepecuUnTaHbl. KCIu 9TO BhI3BIBAET
TpoO6JIeMbI, JIYUIIle UCIIOJMB30BaTh eql-TabMuITbl 1 UKcsa Tuna fixnum B Kaue-
CTBe KJIIoUeil.

Bri3os reduce MoskeTr ObITH 3(p(PpeKTHBHee BLI30Ba apply,! Korma (PyHKIUA
IPUHUMAET OCTATOUYHBIN mapamMeTp. Hanpumep, BMECTO BbIpaYKeHUA

(apply #'+ " (1 2 3))
a(ppeKTuBHEe NCIOIb30BATH CJIEAYIOIee BhIpasKeHUe:
(reduce #'+ ' (12 3))

Kpowme Toro, Ba’kHO He TOJBKO BBIBLIBATH IPABUJIbHBIE (DYHKIIUU, HO U BbI-
3BIBaTh UX IIpaBuJabHO. Heoba3aTeibHbIe apIyMEeHTHI, apI'YMEHTHI 110 KJII0UY
¥ OCTATOYHBbIE apPI'yMEHTHI JOPOTOCTOAIM. B caydyae OOBIUHBIX apryMeHTOB
BBIBBIBAIOIIIAA CTOPOHA KJaJeT X B 3apaHee M3BECTHOE BBHIBBAHHON (hyHK-
U MECTO, B TO BPeMs KaK [JId APYTUX apryMeHTOB TPeOyeTCs MOIIOJHU-
TeJibHas 00paboTKa Ha Talle BhITIOJHEHNA. Xy Ke BCero B 9TOM OTHOIIIEHUN
IeJI0 OOCTOUT C apryMeHTaMH o KJiouy. JIJId BCTPOEHHBIX (DYHKIUH, HC-
TOJb3YIOIIUX 3TH apT'yMEHTBI, XOPOIIie KOMIUJIATOPBI UCIIOJIb3YIOT 0COObIe
MOAXOMABI, YTOOBI HOJIYUYUTE OBICTPEIN Koa?. Ho B BaImux coOCTBEHHBIX (DYHK-
MUAX pPeKOMeHJyeTcsa n30eraTh UCIOJIb30BAHUSA apryMEeHTOB II0 KJIIOUY Ha

ITOo yTBEep:KIeHNe aBTOpa ABJIAETCA JOBOJHHO COMHUTENbLHBIM. 110 Kpalinei me-
pe, AJs psia COBPEMEHHBIX peasin3aluii Ha IPUBEJIEeHHOM IpUMepe HabIogaeT-
CSA BBIPAYKEHHBIN IPOTUBOIOJIOKHBIN 9 deKT. — IIpum. nepes.

Peus ujer o TaKUX TeXHUKaX, KaK, HAaIpUMep, IpsAMoe KoOAupoBaHue (open co-
ding). — IIpum. nepes.
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KPUTUYECKUX B IIJIaHE CKOPOCTH yUYacTKaX ImporpaMmbl. Taksxe pasyMHO He
nepegaBaTh MHOI'O 3HAUEHUH uepe3 OCTATOUHBLIM apryMeHT TaM, T'Le 9TOTO
MOJKHO N30eKaTh.

WNuguBuayaibHble KOMOIUJIATOPEI MHOTAA MPUMEHSIOT 0COOble OIITMMM3a-
nuu. Hanpumep, HEKOTOPBIE MOTYT ONTUMU3UPOBATH BBI30B CASE C IIEJIOUIIC-
JIEHHBIMHU KJOUYaMu B HeOOJIBIIIOM Aualla3oHe X 3HaueHHi. Kak mpasuio,
y3HATh IIOAPOOHEe O CIeN(PUUSCKNX ONTUMHU3AINAX B Balllell peaansanun
BbI MOJKETe U3 JOKYMEeHTAI[UN K HelH.

13.7. iBe ¢a3bl pa3paboTku

Ecsu B BalieM IpuI0KeHUN ITPOU3BOAUTEIHHOCTD MMEET IIePBOCTEIIeHHOe
3HAaUeHUe, B KaueCTBe OJJHOTO 13 PeIIeHU MonpolyiiTe mepenucaTb KPUTH-
YeCKHre yYaCTKM HAa HU3KOYPOBHEBOM sA3bIKe, Hanmpumep Ha C uiu accembJre-
pe. Takoit mogxon IpEMEHMM He TOJbKO K JIMCIly, HO U K JII0OOMY BBICOKO-
YPOBHEBOMY A3BIKY — KPUTHUUECKHUE y4acTKu mporpamMmmbl Ha C gacTo mepe-
OHUCBhIBAIOTCS HA acceMOJjiepe, — HO yeM abcTpaKTHee sI3bIK, TeM 0O0JIbIIIe IIpe-
UMYIIECTB JaeT pasdbueHre pa3paboTKu Ha ABe (passl.

Crangaptr Common Lisp He onuceIBaeT MeXaHU3M MHTErparuy KOLa, HAIlN-
CaHHOT'O Ha APYTUX S3bIKAaX. Ta 3a/[aUa IOJHOCTHIO JIOKUTCS Ha IIJIeUN Pas-
paboOTUYNKOB KOHKPETHO! peain3aliuu, 1 IIOYTH BCe U3 HUX TaK WM NHAUe
pemraor ee.!

Bam mo:ker mokasarbes HaHpaCHOfI TpaTOfI BpeMeHU HalluCaHnue 4aCTu Koga
Ha OOHOM A3BbIKE C IIOCJIEAYIOIINM IIePpEeIIMChIBaHUEeM €€ Ha APYI'OM. Tem me
MeHee IIpaKTHUKa IIOKas3aJjia, 4TO 9TO OTJIMYHBIN CIIOCO0 HATIMCAHUSA IIPUJIO-
JKeHU. OKa3aJIOCI:, YTO IIPOIlle CHadaJia pa3pa60TaTL (IJYHKLIHOH&JIBHOCTB
IIporpaMMBI, a 3aTe€M €€ OIITUMU3NPOBATH, UeM JIeJIaTh 3TO OMTHOBPEMEHHO.

Ecuu 661 mporpaMMupoBaHue OBLIIO BCETO JIUIIh MEXaHNYeCKUM IIPOIIeCCOM,
TpaHCAAIMeNH cuenu(pUKAInil B KO, ObLJI0 ObI PA3YMHO BBIIIOJHATDH BCIO pa-
6oty s3a omuH miar. Ho HacTosIlee mporpaMMUpPOBaHNE — 3TO COBCEM HHOE.
HesaBucumo ot npopaboTanHOCTH creniuUKaI Uil UCCIeI0BATEIbCKUHA KOM-
TOHEHT B HATIMCAHUU ITPOrPAMM OUeHb BasKeH, 1 YaCTO HAMHOI'0 BasKHee, 4eM
3TOTO OKUJAIOT.

Kasaioch 651, eciu crmenuuKanuy ObIIN XOPOWUMU, TO TTPOTPAMMUPOBA-
HUe 3aKJI0Yajioch 0bl JIAIIL B KOAUPOBAHUK. JTO IOPOUYHAS HIAesd, XOTS
U pacupoctpaHenHas. VcciemoBaTelbCKasa KOMIIOHEHTA BajyKHA YiKe XOTS
OBI IIOTOMY, UTO JI00asA CIern(pUKAIN 110 OIPeHeIeHINI0 COAEPIKUT Hem0c-
TaTku. VIHaue oHa He ObLiIa ObI crreriupuKaIue.

B aApyrux 00J1aCTAX TOYHOCTH cneumbmcaumn MOKET MMETh II€PBOCTEIIECH-
HOe 3HaueHme. Kcyu BBl IIPOCHUTE BBITOUUTH N3 KyCKa MeTaJljia OIIpenejieH-

1 Bubauorexu CFFI u UFFI npenocraBiaoT 0000IeHHLIA MEeXaHN3M HUCIOIb30-

BaHUsA nHTEep(deiica ¢ BuemauM Komom (foreign function interface), qocrymusrit
B Pas3HBIX peaJsusanuax. — Ilpum. nepes.
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HYI0 )OPMY, HEOOXOAUMO KaK MOYKHO TOUHEE OIMCATD, UTO BbI XOTUTE IIOJIY-
uyuTh. HO 5TO IIpaBUJIO He PACIPOCTPAaHSIETCA HA IIPOTPaAMMBI, MIOCKOJIBKY
¥ crenu(pUKAINH, U IPOrPAMMHEBIA KO AeJIaI0TCS U3 OLHOI'0 W TOT'O 3Ke Ma-
Tepuaja: Tekcra. Bel He moxceme paspaborarTh cruenupuUKaIuo, KoTopas
B TOUHOCTHU OIIMCBIBAEeT BCE TpeﬁOBaHI/IH 3agaun. B IIPOTUBHOM CJIy4yae 9TO
Only1a GBI y2Ke roToBasdA IporpaMma.’

B nmpunokeHuax, mogpasyMeBaoInX 3HAUUTEIbHOE KOJIUYECTBO UCCIeN0-
BaHUM (00bEM KOTOPBIX OMATH K€ IMPEeB30HAeT OKUIAHUA), UMEEeT CMbICJ
pasnesaTh peasiM3alluio IporpaMMbl Ha ABe (asbl. [IpOMeKyTOUHBIH pe-
3yJILTAT II0CJIe TIePBOI (paswl He OymeT oKoHUaTeabHBIM. Hampumep, mpu Basd-
HUU OPOH30BOM CKYJIBIITYPHI IIPUHATO AejaTh IEePBLINT HAOPOCOK M3 TJIMHEI,
KOTOPBIH 3aTe€M UCIIOJIb3YeTCs A CO3NaHuA (hOPMBI, B KOTOPYIO OyAET OTIu-
Ta CKYJbITYypa u3 OpoH3bl.” 1 XOTA B 3aBEPINIEHHON CKYJIbITYpPE TJIMHBI He
ocTaercs, 9pdeKT OT ee MCIOIHL30BAHUSA BCe PaBHO 3aMeTeH. Temeph BooOpa-
3UTe, HACKOJbKO CJI0KHEH ObljIa ObI Ta JKe 3aavua IPY HAJUYNY JUIIh CJIUT-
Ka OpoH3bI 1 3y0mia. I1lo TeM ke mpuunHAM yAo0Hee HAINCATh IIPOrPaMMYy
Ha Jlucme, a 3aTem nepemnucarsb Ha C, uem mucaTh ee Ha C ¢ caMoro HauaJa.

NTorn rnasbl

1. K onTtumusanuu He cjaenyeT OPUCTYHaTh paHbIiile BpeMeHu. OCHOBHOE
BHUMAaHUE HYJKHO YAEJATH Y3KUM MecTaM 1 HAaUMHATD CJeyeT C BbIoopa
ONTUMAJIBHOTO aJITOPUTMA.

2. JocTymHO IATH MapaMeTPOB yIIpaBjeHusa KoMmnuaaiuei. OHu MOTyT yc-
TaHABJIMBATHCA KaK IVIO0AJIBHBIMY, TAK 1 JIOKAJIbHBIMU JeKJIaparuaMuy.

3. Xopolrre KOMIAISTOPSI MOT'Y T OIITUMU3UPOBATH XBOCTOBYIO PEKY PCHUIO,
mpeBpailias ee B [UKJbl. BcTpanBaHue Kofa MO3B0JIsieT 136e:KaTh BbI30-
Ba QyHKITUI.

4. [erJyjapamuy TUIIOB He 00s3aTeJIbHBI, HO MOT'YT CAEJIaTh IIporpaMmy 60-
Jiee TPOU3BOAUTENbHOI. OCOOEHHO BasKHBI IeKJapaIiu B PACYETHOM KO-
[le U oIlepaIusiX ¢ MaCCUBaAMMU.

5. BblmesieHre MeHBIETO0 KOJHWYECTBA IAMATHU II03BOJISAET YCKOPUTH IIPO-
TpaMMy, 0OCOOEHHO B peaamus3anusax ¢ IPUMUTUBHBIMU COOPITUKAMEI MY-
copa. [lyig »TOro MCHONB3YyHTe NeCTPYKTHUBHBIE (DYHKIUU, IIpeJBapu-
TeJIbHOe BhIZIeJIeHNe IaMATH U pasdMelleHre 0O0beKTOB Ha CTEKE.

6. B pange curyanuii mosie3sHo 6paTh 00'HEKTHI U3 IPEeABAPUTEIBHO CO3TaH-
HOTO IIyJIa.

7. Hexroropsle uactu Jlucna npegHasHaueHbI AJIS ObICTPOI pabOThI, HEKOTO-
pule — 11 TUOKOI.

8. Ilporecc mporpaMMUPOBAaHUA 003aTEIHHO BKJIOUAET MCCJIET0BATEDb-
CKUII MOMEHT, KOTOPBIH CJaeAyeT OTAEJSATEH OT OIITHIMU3AINHI, MHOTAA Ja-
’Ke BILJIOTH JI0 UCIIOJb30BaAHUA JBYX PA3HBIX SI3BIKOB.
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YnpaxXHeHus

1. IIpoBepbTe, IPUMEHAET JIU BAIll KOMIUJIATOP inline-geKJgapanun.

2. Tlepenumure caeayoIiyo GYHKINIO C UCIOJb30BAHNEM XBOCTOBOM pe-
Kypcunu. CKOMIMJINPYHTE 1 CPABHUTE ITPOM3BOIUTEIHFHOCTS 00EUX BEP-
CU.

(defun foo (x)
(if (zerop x)
0
(+ 1 (foo (1- x)))))
ITogckaska: BaM moTpedyeTcs eIre OOUH apryMeHT.

3. HOG&BLTG JAeKJiapanuy B CJIeAYIOIe IIporpaMMBbl. Hackoabko YCKOPUT-
cs UX BBITTOJTHEHUE?

(a) Apudmeruka gar B pasmgeie 5.7.
(b) TpaccupoBLIKK Jiyueil B pasgere 9.8.

4. TlepenwuruTe Koj IIonucka B IIUPUHY B pasaese 3.15 Tak, uyToObI OH BbIJe-
JISJI KaK MOYKHO MEHBIIIEe ITaMsATH.

5. IlepemenaiiTe KOA IBOMYHBIX AePeBbEB MoMcKa (CM. paszaes 4.7) ¢ UCIoJb-
30BaHMEM IIYJIOB.
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Ira raBa HeoOaA3aTe IbHA. B Hell OMMCHIBAETCA PAJ 930TEPUUECKUX 0COOEH-
HocTell a3biKa. Common Lisp moxosx Ha aiicbepr: orpoMHas 4acTh €ro BO3-
MOXKHOCTEH He BUIHA AJA OOJBIITMHCTBA MOJb30BaTeieli. BLITh MOMKeT, BaM
HHUKOI'Ia He IIPUAETCA OIIpedeJIATh IIaKeThl NI MaKPOChI UTEHNA CAMOCTOA-
TeJIbHO, HO 3HaHUe HO,I_IO6HI:IX MOMEHTOB MOYKET CUJIBHO O0JIEI'UUTD YKU3HD.

14.1. CneyndpukaTopbl TUMNOB

B Common Lisp Tumbsl He aBasgioTcA o0bekTaMu. Tak, K IpuMepy, HeT 00b-
eKTa, COOTBeTCTBYIOIIero Tuiry integer. To, YTo MBI IMOJyUYaeM MPU BHI30BE
type-of u mepegaeM B KauecTBe apryMeHTa QYHKITUY typep, ABISEeTC He TH-
I0M, a cHenu(@uKaToOpoOM THUIIA.

Crenupurarop Tuma — 3To ero ums. IIpocrefinnumu cnenuuKaToOpaMu TH-
TIOB SIBJISIOTCSA CUMBOJIBI THTA integer. OHU (POPMUPYIOT HEPAPXUIO TUIIOB BO
TJIaBe C TUIIOM t, K KOTOPOMY IIPUHAJJIEeKaT Bce 00beKThI. epapXus TUIIOB
He ABJAeTCA AepeBoM. Hampumep, ot nil HaBepX BeAYT ABa MMyTU: OAUH Ue-
pes atom, a BTropoii uepes 1ist u sequence.

Ha camom fesie, T — 3TO IPOCTO MHOYKECTBO OOBEKTOB. JTO O3HAYAET, UTO
KOJIMYECTBO TUIIOB, KAK M KOJMYECTBO MHOKECTB O0'bEKTOB, MOJKET OBbITh
OeckoHeuHBIM. HeKoTOphIe TUITBI 0003HAUAIOTCS AaTOMAaPHO, HAIIpUMep inte-
ger ompeessieT MHOYKECTBO I1eJIbIX urces. Ho MbI MOMKeM TaKiKe KOHCTPYH-
poBaTh coCTaBHBIE CHEIU(UKATOPHI TUIIOB, KOTOPhIE CCHLIAIOTCA Ha JIFOObIe
MHO’KeCTBa 00'bEKTOB.

Hanpuwmep, nnycTs a u b — crienuuKaTopbl HEKOTOPBIX TUIIOB, Torga (or a b)
obo3HavuaeT 00befHEeHNEe MHOKECTB 00'beKTOB, COOTBETCTBYIOITUX TUIIAM @
u b. Takum o6pasom, 00'bEeKT OyaeT IpUHALIEKATEL TUOY (Or a b), ecau oH
OPUHALJIEKUT TUILY @ WA TULOY b.
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Ecum 651 circular? 6bL1a (yHKITHEH, BO3BPAIIAIOeH NCTUHY IJIA ITUKJINYe-
CKUX ITI0 XBOCTY CIICKOB, TO JIJIsI OIIpeesieHsA Habopa IpaBUIbHBIX IT0CE0-
BaTEJBLHOCTEN MOXHO OBLIO OBbI MCIOJIb30BATD CJAEAYIOMNI cruernupuraTop:!

(or vector (and list (not (satisfies circular?))))
HexoTopsle aTromapHbIe crielu(GUKaTOPbI TUIIOB MOT'YT BCTPEUaThCsS U B CO-

CTaBHBIX TuIax. Hampumep, cienyiomuii cueuuKaTop COOTBETCTBYET Ha-
6opy 1eabIX urces oT 1 10 100 BKIIOUUTEILHO:

(integer 1 100)

B rakux cayuasx roBopsT, UTO CIeru(pUKaTOD OIPeNeIaeT KOHeYHbLil mun.

B cocraBHOM cneun(bHRaTope THUIIA HEKOTOPABIE II0JIA MOI'YT OCTaBaThCA HE-
OoIIpeneJieHHbIMU. Taxoe 1moJsie momeyaeTcsa « BMECTO IIapamMeTpa. Tax,

(simple-array fixnum (x =))

OIMCBHIBAET HAOOP ABYMEPHBIX IIPOCTHIX MACCHUBOB, CIIEIINATN3UPOBAHHBIX
aada fixnum, a

(simple-array fixnum =)

OIMCBHIBAET MHOYKECTBO (HAATUI IIPEABIAYIINEro) MPOCThIX MAaCCUBOB, CIIe-
MUAJU3UPOBAHHBIX AJIs fixnum. S3aBepIimaroryue 3Be310YKY MOTI'YT OBbITH OITY-
IIeHBI, I09TOMY IOCJENHUH crienu(MUKATODP MOYKHO 3aIUCaTh TaK:

(simple-array fixnum)

Eciu cocTaBHOI THUII HE COAEPKUT apryMeHTOB, TO OH S9KBUBAJIEHTEH aTO-
mapaomy. Takum ob6pasom, THUI Simple-array ONMCHLIBAET MHOKECTBO BCEX
MPOCTHIX MACCUBOB.

YT00BI HOCTOSAHHO HE IIOBTOPATH I'POMOBIKYE OIIPE/IeJIEHUS COCTABHBIX CITe-
nUu(pUKAaTOPOB, KOTOPBIE BBl YACTO HCIOJb3yeTe, AJIA HUX MOXXHO OIIpeje-
JUTH ab0peBUaTYPHI ¢ ToMoIkio deftype. Ero ucnoss3oBanue HaroMuHAET
defmacro, TOIBKO OH PACKPBIBAETCA He B BEIPDAKeHNeE, a B ClleIiu(puKaTop Tu-
na. C IOMOIIBIO CJIeYIOIIEro ONpeieIeHNs:

(deftype proseq ()
"(or vector (and list (not (satisfies circular?)))))

MBI CO3/Ia€M HOBBIM aTOMAapPHBINA crielm(pruKaTOpP Proseq:

> (typep #(1 2) 'proseq)
.

Ecusu BBI omipeieiuTe COCTaABHOM CHEIIUMPUKATOP C apryMeHTaM’, TO OHU He
OyAyT BRIUNCJIATHCS, KaK 1 B cayuae defmacro. Tax,

(deftype multiple-of (n)
‘(and integer (satisfies (lambda (x)
(zerop (mod x ,n))))))

HecMmotpsa Ha TO, 4TO 3TOT (paKT OOBIYHO HE YIIOMUHAETCA B CTAHJAPTE, BBl MO-
JKeTe MCI0JIb30BaTh B cIlenu(pUKaTOPax TUIIOB BhIPAKEHUA and U 0r ¢ JIIOOBIM KO-
JINUYECTBOM apryMeHTOB, IOJOOHO MaKpocaM and 1 or.
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onpenensdet (multiple-of n) Kak cuenuUKaTOpP AJd BCEX MHOMKUTEJEH 1:

> (typep 12 '(multiple-of 4))
-

CrenuduKaTopbl TUIOB UHTEPIPETUPYIOTCA U IIOITOMY PaboTaioT MeIaeH-
HO, TAK UTO B OOII[EM CJIyUae JIJs MOJOOHBIX MPOBEPOK JYUIIlE OIPEHAeSIUTh
(PYHKITIAIO.

14.2. BUHapHble NOTOKMN

B riiaBe 7 moMMMO IIOTOKOB 3HAKOB VIIOMUHAJNUCh TAKMKE 1 61/IHapHLIe IIOTO-
Ku. BunapHBI IOTOK — 5TO UCTOUHUK U/MWJIU [IOJydaTesb He 3HAKOB, a ye-
JbLX wucea. I cosmanmsa OMHAPHOTO IOTOKA HYKHO 3aJaTh MOATHII integer
(uarte Bcero 9TO Unsigned-byte) KaK 3HaUeHme ImapamMeTpa :element-type mpu
OTKPBITHH IIOTOKA.

s paboThl ¢ OMHAPHBIMY MOTOKAMHU MMEIOTCA JIUIIb ABe QyHKIUU: read-
byte m write-byte. @YHKIUIO AJA KOITMPOBAHUA COEPIKUMOTO (haiiaa MOXK-
HO OTIPEJIeIUTH CJENYIOIIUM 06pa3oM:

(defun copy-file (from to)
(with-open-file (in from :direction :input
;element-type 'unsigned-byte)
(with-open-file (out to :direction :output
relement-type 'unsigned-byte)
(do ((i (read-byte in nil -1)
(read-byte in nil -1)))
((minusp 1))
(declare (fixnum 1))
(write-byte i out)))))

3amaBas Tuno unsigned-byte B KauecTBe aprymenTa element-type, BbI yKa3bI-
BaeTe ONepaInoHHOM CUCTeMe THUII 9JIEMEHTOB, IJISA KOTOPBIX OYIeT IPOU3BO-
IUThCS BBOA-BbIBOA. IIpu skeauuu paboTaTh KOHKPETHO, K IIPUMEDY, C 7-01T-
HBIMU YUCJIaMU, MOXKHO IlepefaTs B .element-type

(unsigned-byte 7)

14.3. Makpocbl UTeHUsA

B pasgese 7.5 Oblia mpeacTaBjeHa KOHIENIINSA MaKpPO3HAKOB — 3HAKOB,
HMeInX ocoboe 3Hauenne A read. C KaKbIM 13 HUX CBA3aHa QyHKIN,
yKasbIBamIasg read, 4To JejaTh IIPU BCTPeUe STOro 3HaKa. BbI MoXKeTe 13-
MEHSATH OIpeaeeHns (PYHKIINI, CBA3BAHHBIX C YiKe CYIIeCTBYIOIUMU MaK-
posHakaMu, a TaKsKe OIpeAeaATh COOCTBeHHBIE MAKPOCHI YTEHMUA.

dyuKmua set-macro-character mpegocTaBseT OAUH U3 CIIOCOOOB OITpeese-
HUA MakpocoB ureHus. OHA IPUHUMAET 3HAK U (PYHKIINIO, BHI3BIBAEMYIO
read mpu BCTPeYe 9TOro 3HAKA.
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OpHuM M3 cTapedInmnx MakpocoB uTeHusd B Jlucme aBiasercsa ', quote. MsI
MOTJI OBI OIIPEAEJINTE €r0 CIAEAYIOIINM 00pasoM:

(set-macro-character #\’
#' (lambda (stream char)
(list (quote quote) (read stream t nil t))))

Korga read BcTpeuaeT ' B 0OOBIYHOM KOHTEKCTE, OHa BO3BpAIIlaeT pe3yabTaT
BBI3OBA JAHHON (PYHKITNY AJIS TEKYIIIET0 COCTOSIHNUA MMOTOKAa 1 3HaKa. (B maH-
HOM cJayuae QyHKITNA UTHOPUPYET CBOI BTOPOI apTryMeHT, TaK KaK OH Bceraa
ABJIAETCA KaBbIuKoii.) [TosToMmy Korma read yBUAUT 'a, OHa BepHeT (quote a).

Temepb MOKHO IIOHSATH CMBICJ ITocjiefHero aprymenTa read. OH cooOiaer,
IPOU3BE/IeH JIX BBI30B read BHYTPU APYyroro Buidosa read. Ciemyrolue apry-
MeHTHI read OyAyT OAMHAKOBBIMY IPAKTUYECKHU JJIS BCeX MaKPOCOB UTEHUS:
TePBLII apryMeHT — IIOTOK; BTOPOM apryMeHT, t, COO0IAeT, YTO IPHU JOCTU-
JKeHUU KoHIa (aiiyia read OygeT CUrHAJIU3UPOBATH 00 OIIMOKe; TPEeTUil ap-
TYMEHT 3a/laeT 3HaUeHNe, BO3BPAIllaeMoe BMECTO JaHHOI OITUOKY B CIydae
WCTUHHOCTYA BTOPOT'O apryMeHTa (B HaIlleM IpuMepe OH He IPUMEeHSIEeTCs);
YeTBEePTHIN apryMeHT, t, COOOIIaeT 0 PeKYyPCUBHOCTH BBI30BA Iead.

Bbr moskeTe ompenenaTh (¢ momoIibio make-dispatch-macro-character) ceom
coOCTBEHHBIE AUCIEeTUEPU3NPYIOIe MaKPO3HAKY, HO Pas # yiKe olpeiesieH
JLJISI 9TOM I1eJIN, MOXKHO IM0JIb30oBaTheA U uM. IllecTs KomMOMHAII I, HAUMHATIO-
UXCA C #, ABHBIM 06p3_30M 3ape3epBUPOBAHEI AJd BallluxX HYWXKA: #!, #7, #[,
#], #{ u #}.

HoByro xoMOuHaAMO ¢ yIpaBIdgIINM MaKPO3HAKOM MOYKHO OIPEIeIUTh
C IIOMOIIBI0 BhI30OBa (pyHKIMU set-dispatch-macro-character, KoTopasa cxoxa
¢ set-macro-character, HO set-dispatch-macro-character nppuHUMaeT He OAUH,
a nBa 3Haka. Ciaeqyromuii Koa onpeesseT #? B KAuecTBe MaKpoca UTeHUs,
BO3BPAIL[AIOIEr0 CIIUCOK IleJIbIX UNCeJI:

(setf-dispatch-macro-character #\# #\?
#' (lambda (stream charl char?2)
(1list ’'quote
(let ((1lst nil))
(dotimes (i (+ (read stream t nil t) 1))
(push 1 1st))
(nreverse 1st)))))

Temeps #?n OymeT IPOUNTAH KAK CIOMCOK BCeX IeJbIX umces oT 0 mo n. Ha-
pumMep:

> #?77

(01234567)

Bropoe MecTo 110 pacIIpocTPaHEHHOCTH II0CJIe IPOCTHIX MAKPOSHAKOB 3aHU-
MaoT 3HAKU-OTPAHUYUTEIN CIUCKOB. Elle ogHa KOMOMHAIMSA, 3ape3epBU-
poBaHHAfA IJId MOJb30BaTesd, — #{. Bor mpumep ompenenenus Gosee mpo-
IBUHYTBIX CKOOOK:

(set-macro-character #\} (get-macro-character #\)))
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(set-dispatch-macro-character #\# #\{
#' (lambda (stream char1 char2)
(let ((accum nil)
(pair (read-delimited-1list #\} stream t)))
(do ((i (car pair) (+ 1 1)))
((> 1 (cadr pair))
(list 'quote (nreverse accum)))
(push 1 accum)))))

Onu 3a1al0T UYTeHNe BbhIPpaXeHUA #{x y} B KayeCTBe CIIMCKa IeJIbIX YHrcCeJI OT
X 00 Y BKJIIOUNUTEJIbHO:

> #{2 7}
(234567)

dyurmua read-delimited-list ompenesieHa cuenuaabHO AJIS TAKUX MaKpPoO-
coB uTeHusdA. Ee IIepBbIM apryMeHTOM SIBJISETCS 3HAK, KOTOPBIH paciieHnBa-
eTcsd KaK KOHeIl cuucKa. UToObI 3HAK } ObLI OITO3HAH KaK PasTpaHUUYNTE b,
He00XOAMMO IIPeIBAPUTEILHO COOOIITHUTE 00 9TOM € IIOMOIILIO Set-macro-cha-
racter.

Yr06bI IMETH BOBMOKHOCTD IIOJIL30BATHCS MaKPOCOM UTeHHI B (haiiie, B KO-
TOPOM OITpeJieJIeH caM MAaKpOoC, ero OIpeleseHne MOJKHO ObITH 3aBEPHYTO
B BRIpasKeHue eval-when ¢ 1e/Ibi0 00eCIeYnTh €T0 BEITIOJTHEHE B MOMEHT KOM-
nuasnuu. B 1poTuBHOM ciiyudae orpezesieHre 0yaeT CKOMIINJINPOBAHO, HO He
BBIUMCJIEHO /IO TeX TOP, IT0Ka CKOMITNJINPOBAHHBIH (haiiyi He OyAeT 3arpyKeH.

14.4. NakeTbl

ITakeT — 9T0 00BeKT JIuCHa, COTOCTABASIONTNHA UMEHAM CUMBOJIBI. TeKy It
maKeT Bcerjga XpaHUTCA B IVI00AJIbHOM IepeMeHHou «packagex. Ilpu samycke
Common Lisp cTapTOBBIM TAKETOM SABJISETCA common-1isp-user, HepopMaab-
HO MB3BECTHBII TaK:Ke KaK II0Jb30BaTEeJbCKUU makeT. DYHKIUA package-
name BO3BpalllaeT UMA TEeKYIIero mmakeTa, a find-package Bo3BpalljaeT makeT
¢ 3aJaHHBIM UMEHEeM:

> (package-name =*packagex)
"COMMON-LISP-USER"

> (find-package "COMMON-LISP-USER™)
#<Package "COMMON-LISP-USER" 4CD15E>

OOBIYHO CMMBOJI MHTEPHUPYETCA B MAKET, ABJIAIONINICA TEKYIIIUM Ha MO-
MeHT ero ureHudA. @yHKIUA symbol-package IpUHUMAET CUMBOJI 1 BO3Bpa-
IIaeT MaKeT, B KOTOPHII OH ObIJI MHTEPHUPOBAaH.

> (symbol-package ’sym)
#i<Package "COMMON-LISP-USER" 4CD15E>

WuTepecHO, UTO 3TO BHIPAYKEHNEe BEPHYJIO HMEHHO TaK0e 3HAUeHUe, IIOCKOJIb-
KY OHO TOJIKHO OBbIJIO OBITH CUMTAHO II€Pel BHIYUCIEHNEM, a CAMO CUNTHIBA-
HUe IIPUBEJO K MHTEePHUPOBAHUIO Ssym. [JIA IOcJiefyIoero mpuMeHeHUs
IIPUCBOUM SYN HEKOTOPOe 3HAUeHUe:
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> (setf sym 99)
99

Temepb MBI cO31aAIM HOBBIU IIAKET 1 MIePEKJIIUYNMCS B HETO:

> (setf xpackage (make-package 'mine
;use ' (common-1isp)))
#<Package "MINE" 63390E>

B aTOT MOMEHT IOJI2KHA 3a3BYYaTh 3JIOBEIAS MY3bIKa, MO0 Tereph MbI B MHOM
MHpe, Te SyN IepecTat ObITh TeM, UeM ObLJI paHbIIIe:

MINE> sym
Error: SYM has no value.

ITouemy sTo mpousortio? YyTh paHbllle Mbl YCTAHOBUJIU Sym B 99, HO caesa-
JIY 3TO B JPYTOM IaKeTe, a 3HAUUT, AJIA JPYTOT0 CUMBOJIA, HEXKeJIN Sym B IIa-
kete mine.! YTo6BI cOCIATHCA HA UCXOAHBIN Sym U3 APYTOro IaKera, Heo6Xo-
JIVIMO ero IpeBapuTh UMeHeM ero POLHOTO ITaKeTa U Iapoil [BOETOUNM:

MINE> common-lisp-user::sym
99

Wrak, HECKOJIBKO CIMBOJIOB C OJUHAKOBBIMHI MMEHAMU MOT'YT COCYILI€CTBO-
BaTh, €CJIM HAXOLSATCA B Pa3HBIX MakeTax. OIMH CUMBOJI HAXOAUTCS B IIaKe-
Te common-lisp-user, ZPYroi — B mine, 1 3TO padHbIe CUMBOJILL. B 9TOM 3aKJI1I0-
JaeTcd BeCh CMBICJI ITAKEeTOB. HOMeCTI/IB CBOIO ITporpaMmy B OTI[eJILHI:IfI I1a-
KeT, BBl MOJKeTe He IIePeXNBATh, YTO KTO-TO HCIIOJIB3YyeT BLIGpaHHBIe BaMHu
uMeHa QYHKIINHA 1 IepeMeHHbBIX Tae-To ele. [laxe ecau rae-1mbo 6ymeT mc-
MOJIL30BAHO TAKOE JKe UMs, KaK y Bac, 9TO OyIeT yKe APYroii CMBOJI.

ITakeTbl Tak:ke IIpegoCTaBJIAOT BO3MOMHOCTB COKPBITUA I/IH(I)OpMaIII/II/I.
HpOI‘paMMLI JOJIKHBI CChLJIAThCA Ha (l)yHKIH/II/I 1 IIepeMeHHBbIe II0 UX NMe-
HaMm. Ecsu BbI He aeJjiaere Kakoe-1160 uMs AOCTYITHBIM BHE CBO€ro IIakKeTa,
TO BpAL I (I)YHICHI/II/I U3 Apyrux rmaKeToB CMOTI'YT MCIIOJIB30BaTh U USMEHATH
TO, HA YTO 3TO UMJdA CChLJIaeTCHA.

Hcmonb3oBaHMe IIaphbl JBOETOUMH AJI 0003HAUEHM ST CUMBOJIA He 13 TeKYIIe-
ro ImaKeTa CYNTACTCS IIJIOXUM cTuieM. PaKTUUEeCKU BbI HAPYIIIaeTe MOLYIb-
HOCTb, KOTOpas yCTaHaBJIMBAaeTCA MakeramMu. ECau BaM IPUXOLUTCS HC-
TOJIb30BATh JBOMHOE JBOETOUME AJIS CChLIKM Ha CUMBOJI, 9TO O3HAYAET, UTO
KTO-TO HE XOUeT, UTOOBI BbI Ha HET'O CCHLIAJICE.

OOBIYHO CIeyeT CCHLIATHCA JIUIIE HA IKCNOPMUPOBAHHbLe CUMBOJIBL. Ecan
MbI BepHEeMCA Hasal B IOJb30BaTeJIbCKU makerT (in-package ycTaHaBIMBaeT
*packagex) 1 9KCHOPTUPYEM CUMBOJI, THTEPHUPOBAHHBIN B HEM,

MINE> (in-package common-lisp-user)
#<Package "COMMON-LISP-USER™ 4CD15E>
> (export 'bar)

T

Hexkotopsie peanusanuu Common Lisp meuataroT nMs maxkeTa mepes Ipuriaie-
HueM toplevel, Korga BbI HAXOLUTECH HE B IIOJH30BATEIBCKOM ITAKETE.
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> (setf bar 5)
5

TO cZleJIaeM €Tr0 BUAMMBIM U B APYTUX nakerax. Temnepb, BEPHYBIINUCH B Ta-
KeT mine, MbI CMOYKEM CCBLIATHCS Ha bar uepes ofMHAPHOE ABOETOUYNE, II0-
CKOJILKY OTHBIHE 9TO IIyOJIUYHO JOCTYITHOE MMS:

> (in-package mine)
#<Package "MINE" 63390E>
MINE> common-lisp-user:bar
5

Kpome Toro, Mbl MOKEM CIeJIaTh eIle OAUH IIaT U UMNOPMUPOB8ANb CUMBOJ
bar B TeKyIIUii TAKET, ¥ TOr/a MaKeT nine OyJeT AeJUTD ero C I0Jb30BaTe b-
CKUM IIaKeTOM:

MINE> (import 'common-lisp-user:bar)
T

MINE> bar

5

Ha uMIopTUpOBAaHHBIA CHUMBOJ MOYKHO CChIIAThCA 0e3 KaKoro-imubo mpe-
durca. Oba maxera Temephb AEJSAT STOT CUMBOJI, a 3HAUUT, yiKe He MOKeT
OBITEH OTAEJBHOIO CHMBOJIA Mine:bar.

A uTO0 IIpomsoiiLeT, ecau TaKOH CUMBOJI yike ObLI? B TaKoM ciiyuae mMIOPT
BBI30BET OIITNOKY, ITOA00HYIO TOH, KOTOPYIO MBI YBUAMM, HOIBITABIIUCH M-
TOPTUPOBATH SyMm:

MINE> (import 'common-lisp-user::sym)
Error: SYM is already present in MINE

Panee MbI npenpruHIMAJIN HEYAAUHYIO IIOMBITKY BBIUNCJIUTD Sym B mine, KO-
TOpas MpUBeJa K TOMY, YTO 9TOT CUMBOJI ObLJI MHTEPHUPOBAH B Mine. Y HEro
He OBIJI0 3HAUEHU S, U ATO BBIZBAJIO OIMMOKY, HO MHTEPHUPOBaHMUE BCe PABHO
TIPOUBOIILIIO, ITPOCTO IOTOMY, UTO OH OBbLI HAOPAH U CYUTAH, KOTA TEKYIITUM
naxkeroM ObL1 Mine. IToaToMy Temeph, KOrga MBI IBITAEMCSA UMIOPTUPOBATH
Ssym B mine, CHMBOJI ¢ TAKUM NUMEHEM YyiKe eCTb B 9TOM IIaKeTe.

Ipyroii criocob HOJYUYUTh JOCTYI K CUMBOJIAM APYTOT0 IaKeTa — UCNnoJb30-
8amb caM TaKeT:

MINE> (use-package 'common-lisp-user)
T

Tereps 8ce CUMBOJIBI, 9KCIIOPTUPOBAHHEIE IOJIb30BATEILCKIM IIAKETOM, [IPH-
Hagaesxar mine. (Ecam Sym sKCHOPTUPOBAJICS II0JIb30BATEILCKUM IIAKETOM,
TO 9TOT BBIBOB IIPUBEJET K OITIOKE.)

common-lisp — aTo makKeT, comep KaIINil MMeHA BCeX BCTPOEHHBIX OIIEPATOPOB
u GyHKIuA. Tak Kaxk MBI Iepefaii UMA 9TOT0 TaKeTa apryMeHTY :USe BBI3O-
Ba make-package, KOTOPBII cO3aJ MaKeT mine, B HeM OyAyT BUJIUMEI BCe Me-
Ha Common Lisp:
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MINE> #’ cons
#<Compiled-Function CONS 462A3E>

Kax u KOMIUIAIMA, OIepalyuy C IaKeTaMU PeIKO BBIIOJHSIOTCS HeIOo-
cpencreenHo B toplevel. T'opasgo uaime mxX BBI3OBEI COAEpIKaTCA B (paimax
¢ UCXOAHBIM KomoM. OOBIUHO MOCTATOYHO IIOMECTUTHL B HauaJje (paiina def-
package m in-package, kak Ha cTp. 148.

MopgynbHOCTE, CO3aBaeMasa MaKeTaMu, HECKOJIBKO cBoeoOpasHa. OHa maeT
HaM MOAYJU He 00beKTOB, a UMeH. KaKAbIil TaKeT, MCIIOIb3YIOITHI COmmon -
lisp, uMeeT JOCTYI K CUMBOJIY CONS, IIOCKOJIBKY B IIaKeTe common-1isp 3azma-
Ha (PYHKIUA ¢ TaKUM uMeHeM. Ho KaK cJIeICTBHE 3TOr'0 U IIepeMeHHAas
Cc IUMeHeM CONs OyIeT BUAMMA BO BCeX IIaKeTax, UCIOJb3YIOIUX common-1isp.
Ecau nmakeTsl cOMBAIOT Bac ¢ TOJIKY, TO OCHOBHAaA IIPUYMHA 3TOI0 B TOM, UYTO
OHU OCHOBBIBAIOTCdA HE Ha OG'I:GKT&X, a Ha ux I/IMeHaX.°

14.5. Loop

Maxpoc loop mepBoHauaJbHO ObIJI pas3paboTaH B IOMOIIL HAUMHAIOI[AM
JIncmn-mporpaMMucTaM AJIs HAIMCAHUS UTEPATHBHOTO KOMA, II03BOJIASA MC-
OJIb30BATH JJIsI STOT'0 BREIPAMKEHN A, HAIIOMUHAOIIEe OObIYHbIe aHIVINICKYEe
¢pasel, KoTOphIe 3aTeM TpaHcaupyiorca B Jluen-kox. K HecuacTwio, 100p
0KAasaJicsd IIOX0K Ha aHIVINHACKUI I3LIK B OOJIBIIEH CTeIIeHH, YeM IPeIIoa-
rajiv ero co3JaTesIN: B HeCJIOMKHBIX CIyUasaX Bbl MOXKETe NCII0JIb30BaTh €ro,
COBEPIIIEHHO He 3ayMbIBAasCh O TOM, KaK 9TO paboTaeT, HO MOHATH OOITU
IPUHIUAII eT0 JefiCTBUA MPaKTUUYECKU HeBO3MOXKHO.

Eciu BBI KesiaeTe 03HAKOMUTBLCS C 100D 3a OAWH JE€Hb, TO AJIsI BaC €CTh IBe
HOBOCTH: XOPOIIIas 1 IJI0Xasd. XOPOoIlas 3aKJII0UaeTCs B TOM, UTO BbI HE O~
HOKHM: MAaJIO KTO B IefICTBUTEJNLHOCTY IIOHNMAaeT, KaKk OH paboraer. Ilmoxas
JKe COCTOUT B TOM, UTO Bbl, BEPOSATHO, HUKOT[a ATOT0 He IOoMMeTe, XOTsA ObI
motomy, uTo craugapT ANSI (paxkTruuecKu He IpPegoCTaBIasAeT (DOPMATIbHOTO
OIIMCAHUA €T0 IIOBEJEeHNUA.

EnvHCTBEeHHBIM ompemesieHneM 100D SIBJISETCS €ro peayiusalusi, a eIUHCT-
BEHHBIM CITOCOOOM M3YUYUTH €ro (HACKOJBKO 3TO BO3MOXKHO) ABJSIOTCA ITPU-
mepbl. B crangapre ANSI B riiase, onuchIBaromein 100p, mMeeTcs: 00JIbIIION
Habop MPUMEPOB, U MbI IPUMEHUM 3€Ch TAKOH JKe MOJXO0M, YTOOBI IIO3HAKO-
MUTB BAC C OCHOBHBIMHY KOHIIEIIIUAMU 9TOI'0 MaKpoca.

IlepBoe, uTO JIO0AM 3aMeUalOT B MaKpoce 100D, — 9TO HAJIUYHE Y HEro CUH-
makcuca. Ero Tejio cCOCTOUT He M3 MOABbIPAKEHII, a U3 IPEeIJ0KeHNN, KO-
TOpBIE He pas3fedaTca ckookamu. Kamkmoe mpeaioskeHre nMeeT CBOM CUH-
Takcuc. B mesom, 100p-BeIpasKeHUA HATOMUHAIOT AJIT0JI-TI0A00HbIE A3BIKH.
Ho ecTh ofHO cepbesHoOe OTINYNe, CUIBHO OTAAJIAoIee 100p oT AJroja: mo-
PAIOK, B KOTOPOM CJEAYIOT IPeIJIOKeHUsI, BechMa cJ1abo onpeeiseT Iops-
JIOK, B KOTOPOM OHU OyAYT UCTIOJHATHCA.

Brurunciienne 100p-BbIpaYKeHMsI OCYIIIECTBISETCS B TPU dTalla, IPpUUYeM KarK-
JIoe IpeJIoKeHre MOXKeT BHOCHUTH CBOIl BKJIaz 0oJjiee yeM B OOMH W3 HUX.
BoT st sransr:
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1. HpOJlOZ. Bermonasaerca OJIH pa3 3a BeChb BbBI3OB loop; yCTaHaBJIMBaAET HC-
XOOHBbIE SBHAUYEHU A ITIEPEMEHHBIX.

2. Teno. Beluncasercsa Ha Kaxkaol urepanuu. HaunHaeTcs ¢ IPOBEPOK Ha
3aBepllleHne, CJAeOM 3a HUMU UIYT BBIUKUCJISEMble BbIPAKEHUs, IIOCTIe
KOTOPBIX OOHOBJIAIOTCSA UTEPUPYEMbBIE II€PEMEHHbIE.

3. dnusoz. BeiuncaseTcs Mo 3aBePIIeHU N BCeX UTepaIlnii; onpeaersaeT Bo3-
BpailljaeMoe 3HaueHue.

PaccMmoTpuM HEKOTOpBIe IPUMEPHI 100p-BhIPAKEHUI U IPUKUHEM, K KAKUM
aTamaM OTHOCATCS uX yacTu. OMUH U3 IPOCTEHINNX TPUMEDPOB:

> (loop for x from 0 to 9
do (princ x))

0123456789

NIL

JanHoe BhIpasKeHUe IeuaTaeT Ilejible yucsa oT 0 1o 9 u Bo3BpargaeT nil.
ITepBoe mpennoxeHME:

for x from 0 to 9

BHOCHUT BKJIAJ] B [BA IEPBBIX ATalla: YCTAHABJINBAET 3HAUEHUE I€PEMEHHOI X
B 0 B IpoJioTe, CpaBHUBAET ¢ 9 B HaUaJie Teja U YBEJINUYUBAET IIePEeMEeHHYI0
B KOHIIe. Bropoe npeioxenue

do (princ x)
mobaBisgeT Kof (princ-BoIpaskeHue) B TeJIO.

B 6otee ob1iem Buze mpensosKeHme ¢ for onpeneaseT (GOpMYy yCTaHOBJICHUA
MCXOHOTO 3HAUEHUA U (DOPMY OOHOBJIEHUA. 3aBEPIIIEHUE JKe MOKeT yIIpaB-
JAThCA UeM-HuOy b Tuma while mam until:

> (loop for x = 8 then (/ x 2)
until (< x 1)
do (princ x))

8421

NIL

C IIOMOIIBIO and BbI MOJKeTe CO3aBaTh COCTaBHbIe KOHCTPYKIUMU ¢ for, co-
Aeprxaliye HECKOJIBKO IIepEMEHHBIX 1 OﬁHOBJIHIOHII/Ie X I1apaJjjiejyIbHO:

> (loop for x from 1 to 4

and y from 1 to 4

do (princ (list x vy)))
(11) (22) (33) (44)
NIL

A ecsu ipeuioskennii ¢ for OymeT HECKOJIBKO, TO IepeMeHHbIe Oy Iy T 0OHOB-
JIATHCA T00YEPESHO.

E1ite ogHoOIT TMIMUHON 3amadeii, pelraeMoil BO BpeMs UTepalluu, ABJISEeTCI
HaKOIlJIeHNe KaKuX-1n00 3HaueHui. Hampumep:
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> (loop for x in (1 2 3 4)
collect (1+ x))
(2 3405)

HpI/I HWCIIOJIb30BAHUHU in BMecTO from B 0 FIIpenJjIoKeHNN IIepeMeHHasda II0
ouepenu MpumHUMaeT 3HAUEHNUA KaxKJ0I'o 13 3JIEMEHTOB CIIMCKa, a He II0CJIe-
AOBaTEJIbHBIX ITE€JIBIX UKCeJI.

B npuBemennom mpumepe collect okasbIBaeT BIMAHNWE Ha BCe TPU dTATA.
B mpoJiore cosgaeTcs aHOHUMHEBIN aKKYMYJIATOP, IMEIOIINI 3HAUeHre nil;
B Tesie (1+ X) K aKKYMYJIATOpPY IpubasisieTcs 1, a B oIIujIore BO3BpaIaercs
3HAUeHUE aKKyMYJIATOpA.

9TO HAIIl NepBHIH IPUMepP, BO3BPAIAOMINI KaKoe-TO KOHKPETHOe 3Haue-
Hue. CyIIecTBYIOT IPeAJIOKEeHN JJIA ABHOTO 3aJaHNA BO3BPAIIlaeMOI'o 3Ha-
YeHUsd, HO B X OTCYTCTBUE 3TUM 3aHUMaeTcd collect. DaKTUUECKU DTV Ke
paboTy MBI MOTJIM OBI BEIIIOJTHUTD Uepes mapcar.

Hawubouee vacTo 100p uCmoib3yeTcs A c60pa pes3ybTaToB BbI30BA HEKOTO-
POt GYHKIIMY OIIpeesIeHHOe KOJIUYECTBO Pas:

> (loop for x from 1 to 5
collect (random 10))
(38650)

B gmanmomM mpumepe MBI HOJYUUJINA CIIMCOK U3 MATU CHYYAWHBIX YUCEJI.
VIMeHHO 1J1s1 TOM I1eJI MBI yiKe onpenessanan PyHKIu nap-int (ctp. 117).
Torma 3auem sKe MbI 9TO AeJiajiu, ecjau Y Hac ecTh 1oop? Ho Toumo Tak ke
MOKHO CIIPOCUTE: 3aUeM HaM HY:KeH 100D, KOTJia y Hac ecThb map-int?°

C mmomorbio collect MOKHO TaKsKe aKKYMYJIUPOBATh 3HAUEHUA B UMEHOBAaH-
HYyI0 nepeMenHyo. Cienyromias GQYyHKIINA TPUHUMAET CIIUCOK YKUCEeJ U BO3-
BpaljaeT CIIMCKH €O YeTHbhIX 1 HEeUETHBIX 3JIEMEHTOB:

(defun even/odd (ns)
(loop for n in ns
if (evenp n)
collect n into evens
else collect n into odds
finally (return (values evens o0dds))))

IIpenmosxxenue finally moGaBiigeT KO B 9IIUJIOT. B TaHHOM ciiydyae OHO oIrpe-
JleJisgeT BO3BpAaIllaeMoe BhIpaKeHNe.

IIpensiosxkeHme sum moxosKe Ha collect, HO HaKaIJIUBAeT 3HAUEHUS B BUIE
yucJa, a He crucka. CyMMy BceX YuceJ OT 1 10 N MBI MOYKEM IOJIyUYUTh TaK:

(defun sum (n)
(loop for x from 1 to n
sum X))

Bosee geranbHOE paccMoTpeHMEe 100p COMEPIKUTCA B IPUJIOKeHU D, HAUM-
Had co cTp. 331. IIpuBemeM HECKOJIBKO IPpUMepPOB: puc. 14.1 comep:KuT aBe
uTepaTuBHBbIe (PYHKIIUM M3 IPEALIAYIINUX IJIaB, a Ha puc. 14.2 moxkasaHa
aHaAJOTMYHAA UX Pean3allus ¢ ITIOMOIIIBI0 100p.
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(defun most (fn 1st)
(if (null 1st)
(values nil nil)
(let* ((wins (car 1st))
(max (funcall fn wins)))
(dolist (obj (cdr 1st))
(let ((score (funcall fn obj)))
(when (> score max)
(setf wins obj
max score))))
(values wins max))))

(defun num-year (n)
(if (< n 0)
(dox ((y (- yzero 1) (- vy 1))
(d (- (year-days y)) (- d (year-days y))))
((<=d n) (values y (- nd))))
(dox ((y yzero (+ vy 1))
(prev 0 d)
(d (year-days y) (+ d (year-days y))))
((> dn) (values y (- n prev))))))

Puc. 14.1. Hmepayus 6e3 loop

OpnHO loop-IpeJIoKeHe MOXKeT CChLIAThCA Ha IepeMeHHbIe, YCTaHABJINIBae-
mble gpyruM. Hanpumep, B onpegnesneHun even/odd mpepnosxenue finally
CChLIaeTcs Ha IlepeMeHHble, YCTAHOBJIEHHBIE B IBYX IIpenbIayInux collect-
upenioxkeHuax. OTHOIIIEHUA MEXKAY TAKUMU IIePEMEHHBIMU SABJIAIOTCA OJ-
HUM U3 CAMBIX HEACHBIX MOMEHTOB IIPU UCIIOJIE30BaHUY 1oop. CpaBHUTE IBa
BBIPAYKEHUA:

(loop for y = 0 then z
for x from 1 to 5
sum 1 into z
finally (return (values y z)))

(loop for x from 1 to 5
for y = 0 then z
sum 1 into z
finally (return (values y z)))

OHU comepsKaT BCEro YeThipe MPEeAJIOKeHNA U IIOTOMY KaMKyTCs JOBOJBHO
mpocThIMU. Bo3BpalllaioT v OHM OZMHAKOBbLIEe sHaueHus? Kaxkue sHaueHN
oHu BepHYT? [IONBITKY HANTU OTBET B CTAHAAPTE A3BIKA OKAMKYTCA TIIET-
meiMu. Kasxgoe mpeiioskesre BHYTPU 100p caMo 10 cede HesaTeilJinBo, HO
coiemanvCsa OHU MOT'YT JOBOJIBHO IIPUYYAJINBBIM 11 B KOHEUHOM UTOT'€ YETKO
He 3aJaHHBIM 00pPa3oM.

ITo aTo0if IpUUYMHE MCIOJIB30BATh 100p He peKomeHnayercsa. Camoe sydiree,
YTO MOYKHO CKa3aTh 00 9TOM MaKpoce, — 9TO TO, YTO B TUMIUYHBIX CIAyYadX,
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KaK Te, YTo U300pakeHbl Ha puc. 14.2, OH MOXKeT ¢ceaTh Ko 0oJee JOCTYII-
HBIM [JI51 IOHUMAaHUA.

(defun most (fn 1st)
(if (null 1st)

(values nil nil)

(loop with wins = (car 1lst)
with max = (funcall fn wins)
for obj in (cdr 1st)
for score = (funcall fn obj)
when (> score max)

do (setf wins obj
max score)

finally (return (values wins max)))))

(defun num-year (n)
(if (< n 0)

(loop for y downfrom (- yzero 1)
until (<=d n)
sum (- (year-days y)) into d
finally (return (values (+ vy 1) (- n d))))

(loop with prev = 0
for y from yzero
until (> d n)
do (setf prev d)
sum (year-days y) into d
finally (return (values (- y 1)

(- nprev))))))

Puc. 14.2. Hmepayus ¢ nomowvio loop

14.6. OcoGble ycnoBus

B Common Lisp ocobbte yenosus (conditions) BKIIOUAIOT OIINOKYU U JPYTHE
CUTyallu’, KOTOpPbIe MOT'YT BOBHUKATH B IIpoIlecce BhITIONMHeHUA. Korma cur-
HaJM3UpyeTcsa KaKkoe-Tubo YCJI0BUE, BBI3BIBAETCS COOTBETCTBYIOIIUIT oOpa-
6oTunK. O0OpabOTUNK II0 YMOJTUYAHUIO AJIsI YCIOBUN-OIIIO0K OOBIYHO BEI3LIBA-
er nMukJ npepbiBanudg. Ho Common Lisp mpegocTaBiiseT 1 pasHOOOpasHbIe
OIIepaTOPLI AJIA CUTHAJIN3aIl1 1 00paboTKH yCcJI0BUil. BEI MOsKeTe mepeorrpe-
IeJIATh yKe CYIeCTBYoIre 00paboTUNKY U JasKe IucaTh COOCTBEHHBIE.

BoabmnHCTBY IpOrpaMMUCTOB HE IIPUIETCSA Pad0TaTh ¢ 0COOBIMU YCJIOBUA-
Mu HemmocpecTBeHHO. OHAKO eCTh HECKOJIBKO YPOBHE 60Jee aOCTPaKTHBIX
OIIEPaTOPOB, KOTOPHIE MCIIOJBL3YIOT YCIOBUA, IOITOMY AJISA UX MOHUMAaHUA
BCe JKe TI0JIEBHO UMETH IIPEeICTABJIEHIE O MeXaHU3Me, U3JI0KEeHHOM HIKeE.
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B Common Lisp ecTh HECKOJIBKO OIIEPATOPOB AJIA CUTHAJIUA3AIIUYA 00 OIIn6-
Kax. OcHOBHBIM sABJIseTcA error. OMUH U3 CIIoco00B €ro BhI30Ba — Ilepepada
eMy TeX JKe apryMeHTOB, uTo u format:

> (error "Your report uses "A as a verb." 'status)
Error: Your report uses STATUS as verb

Options: :abort, :backtrace
>>

Ecau rakoe ycJioBue He 06paﬁaTBIBaeTCﬂ, BBIIIOJIHEHIE 6y].'(e'r IIpEepBaHO, KaxK
IIOKa3aHO BHIIIIE.

Bouiee abcTpakTHBIMU OollepaTOpaMu AJIS CUTHAJIUSAIINN OMINO0K ABISIOTCS
ecase, check-type u assert. IlepBbIii HAIIOMUHAET Case, HO CUTHAJIU3UPYET 00
ommubKe, Korga He Hali[eHO COBIAZeHNe HU C OJHUM KJIIOUOM:

> (ecase 1 (2 3) (4 5))

Error: No applicable clause.
Options: :abort, :backtrace

>>

OObIYHOE Case-BhIPaYKEHNe B 9TOM CJIydae BepHeT Nil, HO, TIOCKOJIBKY CUMUTa-
eTcsd MJIOXUM CTUJIEM II0Jb30BaThCA STUM BO3BpaIllaeMbIM 3HAUEHUEM, UMe-
€T CMBICJI IIDUMEHUTH £Case, eCJIU y Bac HET BapuaHTa otherwise.

Maxpoc check-type mpuHHUMAET MECTO, UM THUNA U Heo0sI3aTeJTbHBIN apry-
MeHT-CTPOKY. OH CUTHAJIU3UPYeT O KOppeKmupyemoil oulubke, eciau 3HaUE-
HHe II0 JaHHOMY MeCTy He COOTBeTCTBYyeT 3ajaHuHoMy Tumy. O6paboTumk
KOPPEKTUPYeMOIi OITUOKY IPEAJOKUT OAUH N3 BADUAHTOB €€ UCIIPaBJICHUS:

> (let ((x "(abc)))
(check-type (car x) integer "an integer"”)
x)
Error: The value of (CAR X), A, should be an integer.
Options: :abort, :backtrace, :continue
>> .continue
New value of (CAR X)? 99
(99 B C)
>

ToMBKO UTO MBI IPUBEJIN IIPUMEP KOPPEKIINH OITNOKY, NCIIPABUB 3HAUCHLE
(car x), mocJie 4ero BHIMOJIHEHE ITPOAOJIAKUJIOCH C UCITPABJICHHBIM 3HAUEHU-
eM, KakK OyATO OHO OBIJIO IIepefaHo TaKUM U3HAYAJIbHO.

ATOT MaKpocC ObIJI OIpe/esieH ¢ IIOMOIIbI0 OoJiee obIiero assert. OH IpUHU-
MaeT TeCTOBOE BbIPAKeHUe U CIIMCOK OJHOI0 UJIU 00JIiee MeCT, COIIPOBOIKIae-
MBIl TeMHU Ke apryMeHTaMu, KOTOPbIe BbI ObI I€peJaJIu B error:

> (let ((sandwich ’(ham on rye)))
(assert (eql (car sandwich) ’chicken)
((car sandwich))
"I wanted a "A sandwich.” ’chicken)
sandwich)
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Error: I wanted a CHICHEN sandwich

Options: :abort, :backtrace, :continue
>> :continue
New value of (CAR SANDWICH)? ’'chicken
(CHICKEN ON RYE)
>

Tak:xe mMeeTcsa BO3MOYKHOCTL CO3IaBaTh COOCTBEHHBIE 00pPabOOTUMKU, HO
STUM PEIKO KTO I0JIb3yeTcsi. OGBIYHO 00X0AATCA YoKe UMEIOIIUMUCS CPeICT-
BaMU, HAIIPUMED ignore-errors. 9TOT Makpoc BeeT ce0si aHaJIOTUYHO Progn,
eCcJIi HY OJJVH 13 er0 apryMeHTOB He IIPUBOAUT K omubke. Ecyiu :ke Bo BpeMsa
BBITIOJIHEHU A OJHOI'0 U3 BBIPAMKEHUI CUTHAJIU3UPYeTCs OIInOKa, To paboTra
He IIpPepbIBaeTcs, a BBIPAKeHMWEe 1gnore-errors HeMeAJIeHHO 3aBepIiiaeTcs
C BO3BPATOM JBYX 3HAUEHU: Nil U yCJI0BUA, KOTOPOE OBLJIO MPOCUTHAIU3U-
poBaHo.

Hanpumep, eciiu BbI faeTe MOJIb30BATEII0 BOSMOYKHOCTh BBOLUTEL COOCTBEH-
HbIe BRIPAXKEHNA, HO He XOTUTEe, UYTOOhI CHHTAKCHUECKN HeBepPHOe BhIpaJrke-
HUe IPephIBaJIo paboTy, TO BaM IIOHAOOKUTCS 3aIl[Ta OT HEKOPPEKTHO cop-
MHUPOBAHHBIX BbIPAYKEHMIH:

(defun user-input (prompt)
(format t prompt)
(let ((str (read-line)))
(or (ignore-errors (read-from-string str))

nil)))

¢yHKHHH BepHET ﬂil, €CJIM CHUTAHHOE BbIPDaEeHre COOECPUT CUHTAKCHUYe-
CKYIO OIIIOKY:

> (user-input "Please type an expression> ")
Please type an expression> #%@#+!
NIL



Mpumep: norM4yecknn BbIBOA

B caegyromux Tpex riiaBax BallleMy BHUMAaHUIO MPENJIATAIOTCSA TPU CAMO-
croATeNnbHBIe mporpaMMbl. OHU OBLIN BBIOPAHBI, YTOOBI ITOKa3aTh, KaKOM
BUJ MOT'YT IPUHUMATD IPOrPaMMBI Ha JIucIie, 1 TPOAEeMOHCTPHUPOBATH 3a0a-
9y, JJIS PeIIeHus KOTOPBIX 9TOT A3BIK OCOOEHHO XOPOIIIO ITOAXOINT.

B o700 TyIaBe MBI HANIUIIIEM IIPOTPAMMY, COBEPIIAIONIYIO JOTUUECKUE «YMO-
3aKJIIOUEHNsI», OCHOBAHHBIE Ha HAOOpEe IPAaBUJI «ECJU-TO». ITO KJaccuue-
CKUI IpUMeP, KOTOPBINA He TOJIbKO YaCTO BCTPEUAETCA B yUeOHNKAX, HO U OT-
paskaeT M3HAUAJIBHYIO KOHIENuio JIucrma Kak A3bIKa «CUMBOJBHBIX BbI-
uncjaeHuii». MHOrMe paHHTE IporpaMMbl Ha JIncite UMeroT 4epThI TOM, KOTO-
pas onmcaHa HUKe.

15.1. Uenb

B manHOIT mporpaMmMe MbI cOOMpPaeMcs IPEACTABIATh, NH(pOpMAIO0 B 3HA-
KoMoOi1 HaM (hopMe: CIMCKOM U3 IIpeJrKaTa U ero aprymeHToB. IIlpeacraBum
daxkT orrroBcTBa [foHaNbaa IO OTHOIIEHUO K Holcu TakuM o6pasom:

(parent donald nancy)

ITomumo (paxTOB Hala mporpamMma OyIeT UCIOJIb30BATh IPABUJIA, KOTOPhIE
COO00IIIAaI0T, YTO MOJKET OBbITH BBIBEIEHO U3 UMeIuxca (paxkTo. Mbl Oymem
IIPenCTaBJIATh 9THU IIPAaBUJIA TaK:

(<- 3a20/1080K meJo)

rae 3a20/1060K COOTBETCTBYET CJIEACTBUIO, a mMeJio — yCJIOBHUIO. HepeMeHHbIe
BHYTPHM HUX MbI 6y11eM IIpeacTaBJIATb CHMBOJIaAMU, HAUMHAIOIIIMMUCA CO 3HA~
Ka BOoIIpoca. Tarum o6pa30M, cJaenyroiee IIpaBuJIO:

(<- (child ?x ?y) (parent ?y ?x))
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COO0O0IIlaeT, UTO €CJU Yy ABJISETCS POAUTEJEM X, TO X ABJIAETCAI PeOEeHKOM Y,
WJIN, TOBOPS 60Jiee TOUHO, MbI MOKEM JOKa3aTh 1000 (hakT Buga (child x v)
yepes ToKa3aTeabCTBO (parent y x).

Teno (yciioBHaA vacTh MpaBUJIa) MOKET OBITh COCTABHBIM BBIDAYKEHUEM,
BKJIIOUAIOIIUM JIOTHUYECKIMe oIlepaTopsl and, or, not. Tak, mpaBuio, corsiacHO
KOTOPOMY, €CJIU X SIBJISIETCSI MY KUNHOM 1 POAUTEIIEM Y, TO X — OTEIL Y, BBITJIA-
IUT CJIeAYIOIIIM 00pa3oM:

(<- (father ?x ?y) (and (parent ?x ?y) (male ?x)))

OpHu mpaBuUJia MOT'YT OIupaThcd Ha Apyrue. K mpumepy, mpaBuio, onpeae-
JAI0Iee, ABIAETCA JU X JOUePhIO Y, OIUpaeTca Ha yiKe oIpefeeHHOe IIpa-
BUJIO POAUTETIbCTBA:

(<- (daughter ?x ?y) (and (child ?x ?y) (female ?x)))

IIpu moxkasaTelbCTBE BHIPAKEHUI MOMKET IPUMEHATHCA JII000e KOJIMUYEeCTBO
TpaBUJI, HEOOXOAUMBIX JIJIA JOCTUKEHUS TBePAO0I IIOUBEI (PAKTOB. OTOT IPO-
Iecc MHOTA Ha3bIBAIOT 00PAMHOIL 4enoukoil ozuieckozo evieoda (backward
chaining). O6paTHOi1 IIOTOMY, YTO BBIBOJI CIIEPBa PACCMAaTPUBAaET YaCTh-CJIe-
CTBUE, UYTOOBI YBUAETD, OyAeT JIU IIPABUJIO TIOJIE3HBIM, IIPeXKIe YeM IIPOI0JI-
JKaTh JOKAa3aTeJbCTBO YaCTU-YCJIOBUA. A IEOUYKON OH Ha3bIBAETCA IIOTOMY,
YTO IpaBUJia 3aBUCAT APYT OT ApyTra, GOpMUpys IEeIoUKy (CKopee Jaske ne-
peBo) mpaBuUJI, KOTOPAas BeIeT OT TOTO, UTO MBI XOTUM JOKa3aThb, K TOMY, UTO
MBI V3Ke 3HaeM.’

15.2. ConocTtaBneHune

Yro6pl HamucaTh HAIIY IIPOrpAMMY AJIs OOPATHOH I[ETIOYKU JIOTUYECKOTO
BBIBOZIA, HAM ITOHAJ00UTCA QYHKI[UA, BHIIIOJHAIOIAA COIIOCTaBIEHNE C 00-
pasioMm (pattern-matching). 9ra dyHkIMA HOMIKHA CDABHUBATH /IBA CIIUCKA,
BO3MOJKHO, COJIepsKalliyie IepeMeHHbIe, 1 IPOBEPATH, €CTh JIU TaKasd KOMOu-
HaIuaA 3HAUEHUI NMepeMEeHHBIX, IIPA KOTOPOI CIMCKU CTajau Obl PAaBHBIMIU.
Hanpuwmep, eciau ?x u 7y — mepeMeHHbBIe, TO IBa CIIUCKA:

(p ?x ?y ¢ ?x)
(p a bc a)

COMOCTABJIAIOTCH, €CJIN ?X = a U 7y = D, & CIUCKHU

(p ?x b ?y a)
(p?y b ¢ca)

COIIOCTABJAIOTCA IIPH 7X = 7y = C.

Ha puc. 15.1 norkasana gpyukius natch, comocraBisionias qsa gepesa. Eciiu
OHM MOT'YyT COBIIaJaTh, TO OHA BO3BPAIIAET aCCOIMATUBHEIN CIIMCOK, ITOKa-
3BIBAIOIINIT, KAKNM 00pa3oM OHU COBIAAOT:

> (match "(pabca) (p?7x?yc ?x))
((?Y . B) (?X . A))
T
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> (match "(p ?x b ?y a) "(p ?y b ¢ a))
((?2Y . C) (?2X . ?Y))

T

> (match "(a bc) '(aaa)

NIL

ITo mepe moaIeMEeHTHOTr0 CpaBHEHUA match HaKaMJIMBaeT MPUCBABAHUA T1€-
PEeMeHHBIM 3HAUEeHU, KOTOpPble Mbl Ha3biBaeM céa3amu (bindings), B nepe-
MeHHOU binds. Ecam comocraBiieHMe 3aBepIIIMJIOCH YCIIEIITHO, TO match BO3-
BpallaeT creHeprupoBaHHbIE CBA3M, B IPOTUBHOM CJyuae Bo3Bpamiaetr nil.
Tak Kak He Bce yCHeNIHbIe COIIOCTaBJIEeHUA reHepUPYIOT XOTh KaKKUe-TO CBA-
3u, match, Mo TOMY »Ke IPUHITUITY, UYTO U gethash, Bo3BpaljaeT BTOpoe 3HaUe-
HUe, YKa3bIBaIoIllee Ha YCIEITHOCTh COIIOCTaBJIEHU .

> (match '(p ?x) "(p ?x))
NIL
T

(defun match (x y &optional binds)
(cond
((eql x y) (values binds t))
((assoc x binds) (match (binding x binds) y binds))
((assoc y binds) (match x (binding y binds) binds))
((var? x) (values (cons (cons x y) binds) t))
((var? y) (values (cons (cons y x) binds) t))
(t
(when (and (consp x) (consp vy))
(multiple-value-bind (b2 yes)
(match (car x) (car y) binds)
(and yes (match (cdr x) (cdr y) 0b2)))))))

(defun var? (x)
(and (symbolp x)
(eql (char (symbol-name x) 0) #\?)))

(defun binding (x binds)
(let ((b (assoc x binds)))
(if b
(or (binding (cdr b) binds)
(cdr 0)))))

Puc. 15.1. Pynryuu 01a conocmasenus

Korma match BosspammaeT nil u t, Kak IPOMS3OIILIO BBIIIIE, 3TO O3HAYAET, YTO
MMeeT MECTO YCIEIIHOe COIIOCTaBJIEHNe, He CO34aBIIee CBA3eH IJIs IepeMeH-
HBIX. AJITOPUTM JeiicTBUs MatCch MOYKHO OIKCATH CJAEAYIOIINM 00pasoM:

1. Ecuu x u y paBHBI C TOYKU 3PEHUS €71, TO OHU COIIOCTABJIAIOTCS; MHAYE:

2. Ecau x — aTo IIepeMeHHadA, yKe aCCOIMMNPOBaHHAaA CO 3HAYEHEM, TO OHa
COIIOCTAaBJIAETCA C Y, €CJIX 3HAUYEHUA COBIIAAAIOT; MHAYe:
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3. Ecau Yy — 9TO IIepeMeHHasd, yKe aCCoOournpoBaHHadA CO SBHaYeHeM, TO OHa
COIIOCTABJIAETCA C X, €CJIM 3BHAUYEeHHN A COBIIaJal0T; MHA4Ye:

4. Eciau miepeMeHHAas X He aCCOIMMPOBAHA CO 3HAUEHIEM, TO C Hell CBA3bIBa-
eTcs TeKyIllee 3HAUeHUe; NHAaUe:

5. Ecau nepeMeHHas y He aCCOIIUMPOBAHA CO BHAUEHMEM, TO C Hell CBA3bIBA-
eTCs TeKyIlee 3HAUCHYe; HAYE:

6. [IBa 3HAUeHUs COIOCTABJSIOTCH, €CJIU OHU 00a — CONS-AUeNKU, UX car-
9JIEMEHTBI COIIOCTABJISAIOTCA, a CdI COMOCTABJIAIOTCS C YUETOM MOJYUYeH-
HBIX CBSI3€H.

Bor nBa mpumepa, JeMOHCTPUPYIONHE TI0 IOPAIKY BCe IIeCTh CIIyYaeB:

> (match "(p ?v b ?x d (?z ?z))
"(pa?wc?y (e e))
(v oa) (Pwo. D))
((?Z . E) (7Y . D) (?2X . C) (?V . A) (?W . B))
T

Yro0bI HANTHU aCCOIMMPOBAHHOE 3HAUEeHMeE (eCJIM OHO UMeeTCs), match BbI3BI-
BaeT binding. Ta GpyHKIIUA SOJKHA OBITH PEKYPCUBHOI, TaK KaK B Pe3yJib-
TaTe COIOCTABJIEHUA MOT'YT HOJIYYUTHCA ITaphbl, B KOTOPHIX IIEPEMEHHA CBSA-
3aHa CO 3HAUEeHMeM KOCBEHHO, HAIpUMep ?X MOKeT ObITh CBSI3aH C a uepes
CIIMCOK, comepsamuit (?x . ?y) m (?y . a).

> (match " (?x a) " (?y ?y))
(Y . A) (X . YY)
T

ComocTaBuB ?x C ?y, a ?y ¢ a, MBI BUAUM KOCBEHHYIO CBSI3hb IIEPEMEHHOM ?X CO
3HAUYEHUEM.

15.3. OTBeyvas Ha 3anpochbl

Temeps, Korma BBeNeHBI OCHOBHBIE KOHIEIIIMY COIOCTABJIECHUS, Mbl MOMKEM
epeiTy HeIloCPeCTBeHHO K HasHAUeHNIO HAIllell IIPorpaMMbl: €CJIU MBI TMe-
eM BbIpaKeHue, BePOATHO, cojieprKalliee epeMeHHbIe, TO UCXOIA U3 MMEeI0-
muxcsa (paKTOB U IIPABUJI MbI MOYKEM HAWTU BCE aCCOIUAIINH, NeJIA0IINIe 9TO
BbIpasKkeHue UCTUHHBIM. HampumMep, ecji y Hac eCTh TOJIBKO TOT (haKT, UTO

(parent donald nancy)

¥ MBI IPOCUM IIPpOrpaMMy OOKa3aThb
(parent ?x ?y)

TO OHA BEepHET HeuTo, II0X0sKee Ha
(((?x . donald) (?y . nancy)))

STO O3HavaeT, YTO Hallle BbIPpaXXeHle MOKET 6131’1‘1: NCTHMHHBIM JIMIITHh B OJHOM
ciydae: ?x —ato donald, a 7y — nancy.
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TlockoabKY y HaC ecTh PYHKIUSA COIOCTABIEHUS, MOKHO YTBEPIKAATD, UTO
MBI Ha IIPaBUJIBHOM IIYTH. Tenepb HaM HYMXHO HAYUYUTHCA OIIPEeneJIATh IIpa-
Buiia. COOTBETCTBYIOIUIT KOI IpuBeAeH Ha puc. 15.2. IIpasuia cogepsrarcsa
B xemr-tabauiie «rules B COOTBETCTBUU € IPeJUKATAMH B 3ar0JIOBKaxX. JTO
BBOIUT OTPAHNYEHINE, UTO IIEPEMEHHBIEC HE MOT'YT HAXOAUTHCA HA MECTe IIpe-
nukaroB. OT HeTo MOKHO M30aBUTHCA, €CJIM XPAHUTH TaAKWE IPABUJIA B OT-
JeJIbHOM CIIVICKe, HO TOTJa AJIA JOKA3aTeJIbCTBA 4ero-Iu60 HaM IPUIIIOCH
OBI COTIOCTABJIATD APYT APYTY KasKI0€e IIPABUJIO U3 9TOTO CIIMCKA.

(defvar =rules* (make-hash-table))

(defmacro <- (con &optional ant)
‘(length (push (cons (cdr ',con) ',ant)
(gethash (car ',con) =rulesx))))

Puc. 15.2. Onpedenernue npagu.i

Mgz1 6ymemM UCIIOIB30BATH MAKPOC <- JIJISI OIIPeeJIeHUs U IIPaBUJ, U (DAKTOB.
dakT mpeacTaBIAeTCA B BUE MPABUJIA, COAEPIKAIIETO TOJIHbKO 3aTr0JIOBOK.
ATO COOTBETCTBYET HAIIIEMY ITPEICTABJIEHNIO O IpaBuiax. IIpaBuio riacur,
UTO AJIS JOKa3aTeJbCTBA 3ar0JIOBKa HEOOXOIMMO JOKAa3aTh TEJIO, a Pas Teja
HeT, TO 1 JOKa3hIBaTh Heuero. BoT qBa yiKe 3HAKOMBIX HaM IIpMepa:

> (<- (parent donald nancy))

]

> (<- (child ?x ?y) (parent ?y ?x))
1

Br13oB <- Bo3BpaliaeT HOMEP HOBOTO IIPaBMJIa [IJA 3aLAaHHOTO IIPeIUKAaTa;
obopaunBaHUE length BOKPYT push mo3BoJiAeT ns3beKaThb OOJIBIIIOTO 00beMa
uubopMaImu, BEIBOAUMOIL B toplevel.

Ha puc. 15.3 comep:xuTtcs 00JbIIasd 4acTh KOIa, HYKHOI'0O HAM JJIsI BBIBOZA.

DyHKIUA Prove ABJIAETCA OChI0, BOKPYT KOTOPOU BpalllaeTcsa BeCh JIOTUYE-
cKkuii BeIBoA. OHA IPUHUMAET BhIPAsKeHNe U Heo0A3aTeIbHBIN Ha0op CBA3EI.
Ecnu BBIpaskeHme He COTEPIKUT JIOTUUYECKUX OIEPaTOPOB, TO BBHI3BIBAETCA
prove-simple. IMeHHO 3eCh IPOUCXOAUT caM OOPATHBIA BHIBOA. JTa (DYHK-
IUA UIET BCe IIPaBUJIa C UICTUHHBIM IIPEJUKATOM U IILITAETCS COIIOCTABUTH
3aT0JIOBOK KayKJO0TO M3 HUX C (DaKTOM, KOTOPBIN MBI XOTUM [JOKAa3aTh. 3aTeM
JIJIT Ka’KJOTO COBIIABIIIETO 3aT0JIOBKA TOKABHIBAETCA €r0 TeJIO C YYEeTOM HO-
BBIX CBsI3eil, CO3MaHHBIX mMatch. BeI30BBI prove BO3BpamIalOT CINCKY CBSI3€IH,
KOTOpEIE 3aTeM COOMPAIOTCs mapcan:

> (prove-simple 'parent
(NIL)

> (prove-simple ’child ' (?x ?y) nil)

(((#:76 . NANCY) (#:75 . DONALD) (?Y . #:?5) (?X . #:76)))

(donald nancy) nil)
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(defun prove (expr &optional binds)
(case (car expr)
(and (prove-and (reverse (cdr expr)) binds))
(or (prove-or (cdr expr) binds))
(not (prove-not (cadr expr) binds))
(t  (prove-simple (car expr) (cdr expr) binds))))

(defun prove-simple (pred args binds)
(mapcan #' (lambda (r)
(multiple-value-bind (b2 yes)
(match args (car r) binds)
(when vyes

(if (cdr r)
(prove (cdr r) b2)
(list b2)))))

(mapcar #'change-vars
(gethash pred *rulesx))))

(defun change-vars (r)
(sublis (mapcar #' (lambda (v) (cons v (gensym "?7)))
(vars-in r))

r))

(defun vars-in (expr)
(if (atom expr)
(if (var? expr) (list expr))
(union (vars-in (car expr))
(vars-in (cdr expr)))))

Puc. 15.3. Bvio0d

0O0a moJIyYeHHBIX 3HAYEHUS IIOATBEPIKAAIOT, YTO €CTh JIUIIb OAUH IYTh J0-
KasaresberBa. (Ecau mokasaTh yTBEPIKIEHNE He II0JIyYNJIOCh, BO3BPAIIIAET-
ca nil.) IlepBoiit mpuMep OBLT BBITIOJHEH 0€3 CO3AaHMA KaKUX-Tn00 CBA3el,
B TO BpeMsI KaK BO BTOPOM IIpUMepPe epeMeHHbIe ?X 1 ?y ObLIN CBA3aHbI (KOC-
BEHHO) ¢ nancy u donald.

Mesxay mpounM, MBI BUAMM 3[€Ch XOPOIINH IIPHMED BHICKA3AHHON paHee
(cTp. 39) ugen: MOCKOJLKY Hallla IporpaMMa Hamrucatna B (DYHKITNOHAJIbLHOM
CTHUJIe, MBI MOKEM TECTUPOBATH KAKIYI0 QYHKITHIO OTAEIbHO.

Temeps mapa cJIOB 0 TOM, 3aueM HYKeH gensym. Pas MbI coObrpaeMcs UCIIOIb-
30BaTh IIPaBUJIa, COIEPsKAaIIle IIepeMeHHble, TO HaM HYKHO U30eraThb HaJIu-
UusA IBYX IPABUJ C OGHOI 1 TOI JKe TepeMeHHo. PaccMoTpuM ABa mpaBua:

(<- (child ?x ?y) (parent ?y ?x))

(<- (daughter ?y ?x) (and (child ?y ?x) (female ?y)))

B HuX yTBep:KIaeTCs, UTO AJid 1106020 X u Y 1) x ABIsIeTCA Pe6GEHKOM I/, ecau
Y ABJIAETCA POAUTENIEM X; 2) Y ABISIETCS TOUYKOU X, €CJIN [ ABJIAETCA pPebeH-
KOM X U J — JKeHITuHA. CBA3H MKy IEPEMEHHBIMU B PaMKaX OJHOTO IIpa-
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BUJIa MeeT 0OJIbIIIoe 3HaueHue, a BOT (paKT, UTO ABa IIpaBUJIa UCIOJIb3YIOT
OMMHAKOBBIE NUM€EHA MJIA OIIPeNeJIEHUA ITIEPEMEHHBIX, COBEPIIIEHHO CJIy4YaeH.

Ecsiu MBI Bocmosib3yeMcest STUMHU IPaBUJIAMU B TOM BHUZE, B KAKOM TOJBKO
YTO UX 3aIMcaju, TO OHU He OyayT paboraThk. Eciau MBI mombIiTaeMcsa AOKa-
3aTh, YTO a — JOYb b, TO COTIOCTABJIEHNE C 3aTOJIOBKOM BTOPOTO ITPAaBUJIA TACT
cBA3U 7y = a u ?x = b. IMes Takue cBA3U, MbI HE CMOKEM BOCIIOJIb30BATHCS
TEePBBIM IIPaBUJIOM:

> (match ' (child ?y ?x)
"(child ?2x ?y)
((7y coa) (7x . D))
NIL

151 rapaHTUH TOTO, UTO IepeMeHHbIe OYIyT AefiCTBOBATD JUIIID B IIpeJeIax
OJIHOT'0 IIPABUJIA, MBI 3aMEHsIE€M BCe IIepeMeHHbIe BHYTPY ITPaBUJIa Ha gensym.
s aT0i 1teiu onpesnesieHa GyHKIIUA change-vars. Tak Mbl mpuobpeTaeM 3a-
IIMUTY OT COBIIAJEHUI C APYTMMU IMEePEeMEHHBIMU B ONPEAeIeHUSIX APYTUX
npaBuy. Ho, TOCKOJIBKY IIPaBUJja MOT'YT IPUMEHATHCI PEKYPCHUBHO, HAM
TaKJKe HY KHa 3aII[UTa IIPX COIIOCTABJIEHUY C 9TUM K€ IpaBuUIoM. [ljid aToro
change-vars mOJI’KHA BBISBIBATHCS HE TOJBKO IIPU OIPeaeJeHUY MPaBUJI, HO
¥ TIPU KaXKJOM UX MCIIOJb30BAHUN.

Tenepsb ocTaeTCs JUIH OIPEAEIUTh PYHKIIUU AJIs JOKa3aTeJIbCTBA COCTAB-
HBIX yTBep:KaeHnE. COOTBETCTBYIONINI KO MpuBeaeH Ha puc. 15.4. O6pa-
0O0TKa BBIPAKEHUI 0r UM N0t IMpenesbHO MpocTa. B mepBoM ciayuae MbI CO-
OupaeM Bce CBs3U, IIOJYUYEHHBIE U3 KAKAOI'0 BhIpakeHus B or. Bo BTopom
cJiyyae MbI IPOCTO BO3BPAIlaeM NUMEIOIIeC CBSA3H, €CJIU BbIPaKeHe BHY T-
pu not Bo3BpaTmMJo nil.

(defun prove-and (clauses binds)
(if (null clauses)
(1list binds)
(mapcan #’ (lambda (b)
(prove (car clauses) b))
(prove-and (cdr clauses) binds))))

(defun prove-or (clauses binds)
(mapcan #' (lambda (c) (prove ¢ binds))
clauses))

(defun prove-not (clause binds)
(unless (prove clause binds)
(list binds)))

Puc. 15.4. Jloeuueckue onepamopul

DyHKIUA prove-and UMb UyTh ciaoskHee. OHAa padoTaeT Kak GUILTP, JOKa-
3bIBasd MePBOE BHIPAKEHUE IS KaKI0ro n3 HabopOB CBA3EH, MOJyUeHHBIX
U3 OCTAJIbHBIX BhIpaskeuuii. I1o 9Tol mprunHe BHIPAYKEHNsI BHYTPH and pac-
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cMaTpuBalOTCA B 00paTHOM mopsake. IlepeBopaunBaHue pesybraTa prove-
and KOMITEHCUPYeT 9TO siBJIeHre (TaK KaK Pe3yJIbTUPYIOMIUI CINCOK BbIpa-
sKeHu popmupyercsa QyHKIIeH B 00paTHOM IIOPAAKE, B KOHIIE ee BhIITOJIHEe-
HUSA 3TOT CIIUCOK HYKHO Pa3BePHYTH).

Temneps y Hac ecTh pabouas mporpaMMa, HO OHA He OUeHb yI00Ha IJId KOHeu-
HOT'O IT0Jb30BaTeisi. Pa3zoupaTh CONCKU CBsA3€li, BO3BPAIIlaeMbIX Prove, J0-
BOJIBHO CJIOJKHO, 8 Be[lb C YCJIOYKHEHEeM BbIPaKeHUl OHU Oy T TOJIBKO pPac-
Ti. ATy IPodIeMy pelrnaeT MakKpoc with-answer, msobpaskeHHbIH Ha puc. 15.5.
OH npuHUMaeT 3anpoc (He BLIUMCJIEHHBIIT) U BBIYKUCJIIAET CBOE TEJIO NI KasK-
JIoTo Habopa CBA3€H, MOJyUYeHHBIX IIPU 00paboTKe 3ampoca, CBA3bIBad KasK-
IYyIO TIEpEMEHHYIO 3aIlpoca CO 3HaUeHUeM, KOTOPOe OHAa MMeeT B TEKYII[eM
9KBEMILISAPE CBABEI:

> (with-answer (parent ?x ?y)

(format t ""A is the parent of "A."%" ?x ?y))
DONALD is the parent of NANCY.
NIL

ITOT MAaKPOC PACIIN(PPOBLEIBAET MOJYUYCHHBIE CBA3Y U IIPEIOCTABIIAET YI00-
HBI cIT0co0 MCIOJIb30BAHUA Prove B HaIuX nporpammax. Ha puc. 15.6 mo-
KasaH pes3yJbTaT ero PacKpbITUS, a puc. 15.7 JeMOHCTPUPYeT HEeKOTOpPhIe
IIPUMePhI UCIIOJIL30BAHNUS 3TOI0 MaKpOCa.

(defmacro with-answer (query &body body)
(let ((binds (gensym)))
‘(dolist (,binds (prove ', query))
(let , (mapcar # (lambda (v)
“(,v (binding ",v ,binds)))
(vars-in query))
,@body))))

Puc. 15.5. HumepgeiicHulil makxpoc

(with-answer (p ?x ?y)
(f ?2x ?y))

.., PacKpbIBaeTcsd B:

(dolist (#:g91 (prove "(p ?x ?y)))
(let ((?x (binding "?x #:g1))

(?y (binding "?y #:91)))
(f ?2x ?y)))

Puc. 15.6. Packpuimue 8vL308a with-answer
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Ecau mel BeimostHuM (Clrhash srules*) m 3aTeM OIIPEIeIMM CJeIyIOIre
npaBuia u (PaKThL:

(<- (parent donald nancy))
(<- (parent donald debbie))
(<- (male donald))
(<- (father ?x ?y) (and (parent ?x ?y) (male ?x)))
(<= (= 7x ?y))
(<- (sibling ?x ?y) (and (parent ?z ?x)
(parent 7z ?y)
(not (= 7x ?y))))

TO CMOJKEeM CheJjiaTh CJaenYIOIie BbIBOObI:

> (with-answer (father ?x ?y)
(format t ""A is the father of “A.7%" ?x ?y))
DONALD is the father of DEBBIE
DONALD is the father of NANCY.
NIL
> (with-answer (sibling ?x ?y)
(format t ""A is the sibling of "A.7%" ?x ?y))
DEBBIE is the sibling of NANCY.
NANCY is the sibling of DEBBIE
NIL

Puc. 15.7. IIpozpamma 6 pabome

15.4. AHanu3

MosxeT moKasaTbeCs, YTO HAITMCAHHBIM HAMU KO/ IBJISIETCS IIPOCTHIM 1 €CTe-
CTBEHHBIM peIlleHreM ITocTaBJaeHHO! 3agaunu. Ha camom mese, oH KpaliHe He-
s¢pdexTuBeH. B meficTBUTENIHLHOCTH, MBI HAIIHICAJIU, TI0 CYyTH, WHTEPIIPeTa-
TOP, B TO BpeMs KaK MOIJIU CO3AaTh KOMITUJISTOP.

IIpuBegem HaOGPOCOK TOTO, KaK 9TO MOKeET ObITH caesnaro. OcHOBHASA uaest
3aKJII0UaeTCsd B 3allaKOBKe BCell mporpaMMbl B MAaKpOCHI <- W with-answer.
B takowm ciryuae ocHOBHas YacTh paboThI OyAeT BBIIOJHATHCA Ha 9Tale KOM-
OUJIAINY, TOTOa KaK cefiuac OHa BBITIOJIHAETCS HEIIOCPEICTBEHHO BO BpeMs
3amycka. (3apoAbIill 9TOH MAern MOMKHO YBUIETH B avg Ha ctp. 181.) Bymem
IPEeICTaBJATE IPaBUJIa Kak GyHKIINY, a He Kak ciucKu. BmecTo GyHKIIMHI
THIA Prove u prove-and, MHTEPIPETUPYIOIINX BEIPAKEHUA B IIpoliecce padbo-
THI, Y Hac OyAyT GYHKIIUU IJd IPeoOpa3oBaHUs BhIPaKeHU B KoJ. Beipa-
JKEHUs CTAHOBATCA AOCTYIHBI B MOMEHT OIpeNeJeHUA IpaBUjaa. 3aueM
JKJaTh, TIOKA BBIPAYKEHME OyIeT UCI0JIb30BAHO, UTOOBI €70 IPOAHAIU3UPO-
BaTh? ITO OTHOCUTCA U K with-answer, KOTOPBIi OyAeT BBI3LIBATH (YHKIIUU
TUTA <- AJIA TeHepaIuy CBOETO PACKPBITUA.
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Kasxerca, uro mogobHasa nporpaMmma GyieT 3HAUUTEIHHO CIOKHEee HalluCaH-
HOU B 9TO¥ IIaBe, HO HA JieJie peaIns3alnyus IpeAJIoKeHHON ujen 3aiiMeT Bce-
r'o B ABa-TpU pasa 60JbIlle BpeMeHu. YuraTensaM, KeJJaloliuM Y3HaTh 60JIb-
1I1e 0 MOJO0HBIX METOANKAX, PEKOMEHIYeTCs TOCMOTpeTh KHuru «On Lisp»
u «Paradigms of Artificial Intelligence Programming»!, koTopsie comep-
JKaT IIPUMePEI IIPOorpaMM, HAIINCAHHBIX B TAKOM CTHJIE.

1 Peter Norvig «Paradigms of Artificial Intelligence Programming», Morgan
Kaufman, 1992. 9ra kaura, takxe uspecrnad kaxk PAIP, paccmaTrpuBaeT mpo-
rpaMMUpOBaHUe 3a7aU UCKYCCTBEHHOI'0 MHTEJLJIeKTa. ABTOp mcmoab3yer Com-
mon Lisp u compoBokgaeT KHUTY GOJBIIINM KOJMYECTBOM KOJa, KOTOPBII J0-
CTYIIeH 1o azpecy: http://norvig.com/paip/README.html. — I[Ipum. nepes.
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B oToii ritaBe Mbl HantuiieM HebosbI10ii HTML-TreHepaTop — mporpamMmmy, aB-
TOMaTHUYECKU ITPOU3BOIAIIYIO HAO0D CBA3aHHBIX Be6-cTpanuIl. OHa He TOJIb-
KO IeMOHCTPUPYET Pa3JINUHbIe KOHIlenuy JIucma, HO U ABJIAETCA XOPOIINM
IpUMEPOM PaspaboTKU «CHU3Y-BBepx». MbI HauneMm ¢ cosnanua HTML-yTu-
JIUT O0IIero HasHAYeHU s, KOTOPhIE 3aTeM OyeM pacCMaTPUBATh KaK A3bIK,
Ha KOTOPOM U 0yZeM IucaTh COOCTBEHHO TeHepaTop.

16.1. HTML

HTML (HyperText Markup Language, A3bIK pa3MeTKU T'UIIEPTEKCTA) — 3TO
TO, M3 YETr'0 COCTOAT BeO-CTPAHUIIBI. JTO OUEHB IIPOCTOH A3BIK, HE NMEIOIIMHI
IPOJBUHYTHIX BOSMOYKHOCTEMH, HO 3aTO OH JIETOK B u3yueHuu. B aTom pasze-
Je ipeacraBier 063op HTML.

Beb6-cTpaHUIBI IPOCMATPUBAIOTCA € IIOMOIIBIO Be6-0paysepa, KOTOPBIH I10-
JIy4JaeT KO CTPaHUIIbI (KaK IPaBUJo, C YIaJIeHHOTr0 KOMIIbIOTEepa), Ipeodpa-
30BBIBAET €r'0 B UMTAEMbIN BUA U BRIBOAUT Ha 9KkpaH. HTML-daiin — aTo TeK-
CTOBBIH (haiiji, comep:Kaluil pasmemry, BOCOIPUHUMAEMYIO Opay3epoM KaK
WHCTPYKIIUU.

Ha puc. 16.1 npusenen npumep npocroro HTML-¢daiina, a Ha puc. 16.2 mo-
KasaHo, KaK OH OyzeT oToOpaskaTbes B Opaysepe. OOparuTe BHUMAaHIE, YTO
TEeKCT MEeKIy YIJIOBBIMU CKOOKaMH1 He 0ToOpaskaeTcs. ITO U eCTh pa3MeTKa.
HTML umeer nBa Bujga MmeToK. OTHI UCIOJIL3YIOTCS OIIAPHO:

<MeTka> ... </MeTka>

ITepBasa MeTka 0603HaUaeT HAUAJIO HEKOTOPOT'O OKPY KEHU A, BTOPAA IToMeva-
et ero okonuaHme. OJHOM 13 METOK TaKOTro poza aABisercsa <h2>. Bechb Tekcr,
HAXONAIIMHICA MeXIY <h2> u </h2>, oToOpasKaeTcsa yBeIUUYEeHHBIM IIIPUDTOM.
(Haubonpimuii mpudr 3agaerca <hi>.)
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<center>

<h2>Your Fortune</h2>

</center>

<br><br>

Welcome to the home page of the Fortune Cookie
Institute. FCI is a non-profit institution
dedicated to the development of more realistic
fortunes. Here are some examples of fortunes
that fall within our guidelines:

<o0l>

<li>Your nostril hairs will grow longer.
<li>You will never learn how to dress properly.
<li>Your car will be stolen

<li>You will gain weight.

</ol>

Click <a href="research.html”">here</a> to learn
more about our ongoing research projects.

Puc. 16.1. HTML-¢aiin

Your Fortune

Welcome to the home page of the Fortune Cookie Institute. FCI is a
nonprofit institution dedicated to the development of more realistic
fortunes. Here are some examples of fortunes that fall within our
guidelines:

1. Your nostril hairs will grow longer.

2. You will never learn how to dress properly.
3. Your car will be stolen.

4. You will gain weight.

Click here to learn more about our ongoing research projects.

Puc. 16.2. BrewHruil 6u0 8e0-cmparuybL

HOpyrue napable MeTKU: <01> («ordered list», ymopsamoueHHBIN CIUCOK) AJIA
CO3aHUsA HYMEPOBAHHOTO CIMCKA; <center> IJis eHTPUPOBAHUS TEKCTA;
<a...> («anchor», AKOpL) AJIA CO3TAHUA CCHLIKU.

VIMeHHO CCBIJIKM MPEBPAIailoT TEKCT B THIePTeKCcT. TeKcT, HaXOmAuicsa
MeXIy <a...> U </a>, oTo0pasKkaercs oOpaysepamMu 0cOObIM 00pa3oM, KakK IIpa-
BUJIO, C TIoAUepKuBanueM. [Ipy HaKaTUM HA CCHIIKY OCYIIIECTBJISAETCS Iepe-
XOJI Ha IPYTYIO CTPAHUILY, aApec KOTOPOIi coaepKuTcs BHyTpu MeTKku. Cie-
IyIolias MeTKa



16.2. YTunutel HTML 265

<a href="foo.html">

o3HauaeT cculaKy Ha npyroit HTML-(daitn, Haxoaamuiica B TOM JKe KaTaJo-
re. Takum o0pasom, IpU HAKATUHN Ha CCHLIKY Ha puc. 16.2 Gpaysep sarpy-
3uT u oTob6pasuT daita ‘research.html’.

CebLiKku He 00s13aHBI YKa3bIBaTh HA (hailyibl B OHOM M TOM 2Ke KaraJiore, HO
MOTI'yT YKa3bIBaTh 1 Ha JI000i agpec B IHTepHeTe (XOTA B HAILIEM IpUMepe
9TO HE UCIIOJIb3YyeTCsT).

Ipyras pasHOBHIHOCTH METOK He MMeeT MapKepa OKOHUYaHWs. B Halrem
npumepe (cm. puc. 16.1) ncmoabsyroresa metku <br> («break», paspbIB) aiisa
mepexofa Ha HOBYIO CTPOKY u <1i> («list item», smemenT crimcka) a1 0603Ha-
YeHHUA dJIeMeHTa BHYTPHU OKpPyKeHus cuucka. Pasymeercss, HTML cozep-
JKUT U APYTHEe METKH, HO B 9TOI IJIaBe HaM MOHAA00SATC JIUIIb Te, KOTOPhIe
yOoMAHYTHI Ha puc. 16.1.

16.2. YTunutbl HTML

B sToM paszesie MbI onpenenM HEKOTOPhIE YTUJINTGI A1 reHeparuu HTML.
Ha puc. 16.3 moxasanbl 6a30Bble YTUJINTHI AJIs TeHepaIlluyu pasMeTKu. Bece
OHHU HAIIPaBJIAIOT BBIBOJ B *Standard-outputs, HO MBI BCera CMOYKEM IIepeHa-
IPaBUTH €T0, IepeHa3HAYUB 3Ty IIepEMEHHYIO.

(defmacro as (tag content)
“(format t "<T(TAT)>TA/T(CATY>
', tag ,content ', tag))
(defmacro with (tag &rest body)
“(progn
(format t "7&<(TAT)>"%" ', tag)
, @body
(format t "7&<7(TAT)>"%" ', tag)))

(defun brs (&optional (n 1))
(fresh-1ine)
(dotimes (i n)
(princ "<br>"))
(terpri))

Puc. 16.3. Ymuaumut 015 zeHepayuu padmemxu

Maxpocs! as u with mpefHa3HAUEHBI AJIA T'eHepalluy BhIpasKeHU i, OKPYIKeH-
HBIX ITapoil MeTOK. IlepBhIli IpUHUMAET CTPOKY U IleUaTaeT ee MeXXKIy MeT-
KaMu:

> (as center "The Missing Lambda™)
<center>The Missing Lambda</center>
NIL
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Bropoit npuHUMaeT TeJI0 Kofa U BEIBOAUT Pe3yIbTAaT €T0 BIIIOIHEHMA MeK-
Iy MEeTKaMU:

> (with center
(princ "The Unbalanced Parenthesis™))
<center>
The Unbalanced Parenthesis
</center>
NIL

06a sTu MaKpoca UCIOJb3YIOT YIPAaBJIAION[MEe JUPEKTUBLL ~( 1 ~) IJIdA Ieva-
T METOK B HHU:KHeM permctpe. Ha camom mene, HTML He wyBcTBUTEJIEH
K PETuCTPY, HO METKH B HUKHEM PEerucTpe Jerye BOCIPUHUMAIOTCS, 0CO0eH-
HO €CJIM UX MHOTIO.

B To BpeMs KaK MaKpOC as MBITAETCS PA3MECTUTD BECh BBLIBOJ Ha OJHOI CTPO-
Ke, MaKpoc with pacmosaraeT MeTKU Ha OTAEJIbHBIX cTpOoKax. ([lupekTuBa ~&
obecIieurBaeT HauaJjo BLIBO/Ia C HOBOM CTPOKM.) OTO AeJIaeTCs JIUIIb AJIS TO-
ro, uro6bl HTML-(aiiabr aydrre unrtaauchk. IIpu oToOpaskeHUUW CTPaHUIL
npobesbHBIE CHMBOJIBI BOKPYT METOK He IIOKa3bIBAIOTCH.

ITocnenuasa yrunura Ha puc. 16.3, brs, reHepupyeT MHOKEeCTBEHHBIE Pa3PbI-
BBI CTPOK. Bo MHOrTX Gpaysepax OHU MOI'YT HCIIOJIB30BATHCA AJIA YIIpaBJIe-
HHA BEPTHUKAJBbHBIMHU OTCTYIIaMMU.

Pucynok 16.4 cofep:KuT yTHUINTHI AJ51 HerocpeacTBenHoi reaeparuu HTML.
ITepBas BosBpailraeT uMsa (aiiia mo 3aJaHHOMY CUMBOJIY. B peajibHOM IIpu-
JIOKEeHUU OHA MOTJIa ObI BePHYTh IOJHBIA IyTh K (haiijy B yKasaHHOM KaTa-
Jore. 3ech Ke OHa IIPOCTO IPUCOEeANHAET K UMEeHH paciiupenue " html".

Maxpoc page cayKuT Ijs reHepanum Bee crpaHuibl. OH cx0ik ¢ with-open-
file, Ha OCHOBe KOTOPOI'O MOCTPOEH. BrIipaskeHus B ero TeJie Oy Iy T BBIIIOJIHE-
HBI C IIPUBASKON *standard-output* K IIOTOKY, CO3JaHHOMY IIPU OTKPBITHUU
daiisa, COOTBETCTBYIOIIETO CUMBOJY Name.

(defun html-file (base)
(format nil "7(TA7).html" base))

(defmacro page (name title &rest body)
(let ((ti (gensym)))
‘(with-open-file (xstandard-outputx
(html-file ,name)
»direction :output
1if-exists :supersede)
(let ((,ti ,title))
(as title ,ti)
(with center
(as h2 (string-upcase ,ti)))
(brs 3)
,@body))))

Puc. 16.4. Ymuaumul co3fanus ¢aiinog
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B pasgese 6.7 661710 TOKa3aHoO, KaK IPHUCBAUBATH BpeMEHHbIE 3HAUCHUS CIIe-
IUaJbHBIM IIepeMeHHbIM. B mpuMepe Ha cTp. 124 MbI yecTaHaBJANBAJIY 3HAUE-
HUe =print-basex B 16 B Teste let. PacKpbIiTHe page MOX0KUM 00Pa30M CBA3bI-
BaeT standard-outputs ¢ morokom, ykaswsiBatomuMm Ha HTML-dain. Ecou
MbI BBI30OBEM as MJIM Princ B TeJie page, TO BLIBOA OyeT ImepeHanpaBJjieH B CO-
OTBETCTBYIOIIUH (paii.

3arojioBoK title OymeT HalmeuaTaH B CAMOM BepXy CTPAHUIBI. 3a HUM CJeIY-
eT Bech OCTaJIbHOU BHIBOJ. TaKMM 00pa3om, BLI30OB:

(page ’'paren "The Unbalanced Parenthesis”
(princ "Something in his expression told her..."))

IpUBEIET K TOMY, 4TO paiia "paren.html” 6ymeT uMeThb (ITIOCKOJABKY html-file
yoKe OIlpe/ieieH) CIIeIyIoIee CoepPIKaHue:

<title>The Unbalanced Parenthesis</title>
<center>

<h2>THE UNBALANCED PARENTHESIS</h2>
</center>

<br><br><pbr>

Something in his expression told her..

31ech HaM 3HAKOMBI BCce MeTKU, KpoMe <title>. TeKcT, 3aKJIIOUEeHHBIN B MeT-
Ky <title>, He OymeT IOABJIATHCA HUT/E HA CTPAHUIE, HO 3aTO OH OYIEeT OTO-
OpasKkaTbcs Opays3epoM B 3aT0JIOBKE OKHA.

(defmacro with-link (dest &rest body)
“(progn
(format t "<a href=\""A\">" (html-file ,dest))
, @body
(princ "</a>")))

(defun link-item (dest text)
(princ "<1i>")
(with-1ink dest
(princ text)))

(defun button (dest text)
(princ "[ ")
(with-1ink dest
(princ text))
(format t " 17%"))

Puc. 16.5. Ymunumul 015 2eHepayuu cColloK

Ha puc. 16.5 mpezacraBieHbl YTUJIUTHI AJIA TeHepaluy cChlIoOK. Makpoc
with-link moxosk Ha with. OH IpTHUMAET TeJIO KOJa 1 BLIUUCIIAET eT0 MEKIY
BBIPAXKEHUSIMHU, KOTOpPbIe TeHepupyioT cchbliky Ha HTML-(daitn, uma Koro-
poro 0B1JI0 TIepeIaHo BTOPLIM apryMeHTOM:
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> (with-link ’'capture

(princ "The Captured Variable™))
<a href="capture.html">The Captured Variable</a>
">

OH ucmosb3yercsa B QyHKIIUU 1ink-item, KoTopas IpUHUMAaeT CTPOKY U CO3-
JlaeT 9JIeMeHT CIUCKA, TaKiKe ABJIAIONINICA CChLIKOMU,

> (link-item 'bg "Backquote! ™)
<li><a href="bg.html"> Backquote!</a>
"<Sa>"

U B QyHKIHUMK button, KOTOpas reHepUpyeT CCHLLIKY BHYTPU KBaJPaTHBIX
CKOOOK,

> (button 'help "Help™)
[ <a href="help.html">Help</a> ]
NTIL

TaK 4YTO OHA HAIIOMHWHaeT KHOIIKY.

16.3. YTnuta gna ntepauumu

B marHOM pasmese MBI OIIpPeeIUM YTUJIUTHI OOIIET0 Ha3HAUEHU I, KOTOPbIE
HaM IIoOHamo0ATCA B JajabHenneM. MoskeM Jiu MbI 3apaHee 3HaThb, UTO B IIPO-
mecce paspaboTKY HaM IIoHaAo0uTeA Ta uiau nHasa yruanrta? Her, He moxxeM.
OOGBIYHO B IIpOIlecce HAIIMCAHUS IIPOrPaMMbI Bbl OCO3HAETE HEe00XOAUMOCThb
KaKoM-Tn00 YTUJIUTHI, OCTaHaBJINBaeTeCh, YTOOBI CO3JATh €e, 1 3aTeM IIPO-
IOJIZKaeTe IMUCATh IPOrPpaMMYy, UCIOIb3Ys 9Ty yTuauTy. Ho onucanue 3mech
peasbHOTO mpolecca paspadoTKM CO BCEMHU ero OCTAHOBKAMU 1 BO3BpaTaMU
OB1J10 OBI BeCbMa 3aNyTAHHBIM. I109TOMY MBI OTPAHUYNMCS JIUIITh KOHEUHBIM
pesyabTaToOM W OTOBOPKOI, UTO HaOMCAHWe IIPOrpaMM HUKOTAA He OyaeT
CTOJIb IPAMOJINHEHHBIM, KaK 9T0 omrcano B Kuure. OHo Bcerma 6yaeT BKJIIO-
YaTh HEOTHOKPATHOE IIOJIHOE UJIN YaCTUUHOE IIepennuchbIiBaHme Koa.

Harmra HoBast yrunura (puc. 16.6) 0yzer pasHOBUAHOCTBIO mapc. OHA TPUHU-
MaeT QYHKIIHIO TPeX apryMeHTOB U CIIUCOK. [[JIs KasKIoro s/ieMeHTa CIIcKa
GYyHKIIUA TpuMeHseTcA KaK AJIA caMOro JieMeHTa, TaK W AJIA IPeAIecT-
BYIOII[ETO U TIOCJenyroIero aaemMeHToB. (Ecau mpeainecTByomero uin mo-
CJIEIYIOIIEro 9JIEMEHTa HEeT, TO BMECTO HUX MCIIOJB3yeTCs Nil.)

> (map3 #' (lambda (&rest args) (princ args))
"(abcd))

(A NIL B) (B AC) (CBD) (DC NIL)

NIL

Kax u mapc, oHa Bcerga BosBparaet nil.! Curyanuu, B KOTOPBIX Tpedyercsa
nofo6HAaA YTUINTA, BOSHUKAIOT JOBOJBHO yacTo. C OZHOM 13 HUX MBI CTOJIK-

! Ha camom AeJie, napC BO3BpaIljaeT 3HadeHnue CBOero BTOporo aprymeHnTa. — Hpum

nepes.
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HeMcsdA B CJeAyIOIeM pasjee, Ifie HaM ITOHAaJ00ATCA CChLIKY Ha IPeabIay-
YO U CJIEAYIOIIYIO CTPAHUI[BI.

(defun map3 (fn 1st)
(labels ((rec (curr prev next left)
(funcall fn curr prev next)
(when left
(rec (car left)
curr
(cadr left)
(cdr left)))))
(when 1st
(rec (car 1st) nil (cadr 1st) (cdr 1st)))))

Puc. 16.6. Hmepayus no mpoitkam

BapuauTom o011eii 1po6ieMbl MOKET OBITh Cayuaii, KOrjga BaM HYsKHO cJe-
JIaTh YTO-IN00 MEeXKIYy KaKI0l mapoil 5JIeMEeHTOB CITHCKA:

> (map3d #' (lambda (¢ p n)
(princ c¢)
(if n (princ " | "))
"(abcd))
A|lB|CI|D
NIL

IIporpaMMuCTBI EPUOAUUYECKU CTAJKHBAIOTCS C IOAO00HOI TPOO6JIeMO —
MOJKaJyil, He HACTOJBKO YaCTO, YTOOBI MMETh BCTPOEHHBIH OIIepaTop A3bIKa
IJIS ee PeIlleH’s, HO JOCTATOUHO YACTO IJIA TOr0, YTOOBI MMETH BO3MOJK-
HOCTB OIIPEAeJIUTDb TAKO! OIIepaTop CaMOCTOATEIbHO.

16.4. l'eHepauua cTpaHuL,

ITomo0HO KHMraM M »KypHajaaM, Ha0OpPbI BeO-CTPAHMUI] YACTO UMEIOT IPEBO-
BUAHYIO opranusanuo. KHUra MoskeT COCTOATH U3 IVIaB, KOTOPBIE COAEPIKAT
pasmesibl, KOTOPhIE, B CBOIO OUEPelb, COCTOAT M3 IOAPa3aesoB, U T.I. Beb-
CTPAHUI[BI YACTO UMEIOT IIOA00HYIO CTPYKTYPY, XOTS W He HCIIOJL3YIOT II0-
IOOHBIE TEPMUHBI.

B sTOM paszesie MbI HAIIUIIIEM IIPOrpaMMYy, 'eHEPUPYIOIIYIo Habop Be6-cTpa-
HUII, UMEIOIINX CJEAYIOI[YIO CTPYKTYpPy. IlepBas cTpaHUIlA IpeNCcTaBIsIeT
co0oii orsaBaeHme, comepsKallee CChLIKY Ha pa3denivl, KOTOphle, B CBOIO OUe-
penb, COeP:KaT CChLIKY Ha NYHKMbL, ABJIAIONINECS OTIeTbHBIMU CTPAHUIIA-
MU C OOBIYHBIM TeKCcTOM. Karkaasa cTpaHuIa J0JIKHA UMETDh CChLIKY JJIA IIe-
peMertienusa Hasaj, BOepea U HaBepX II0 APEBOBUAHOI CTPYKType. Cehlaku
BIIEpe[ 1 Has3a ] OCYIIeCTBJIAIOT IIEPeXO0/T B IpeeiaX OAHOT0 YPOBHS BJIOKEH-
"HocTu. Hampumep, cchlika BIepen Ha CTPAaHUIlE, IPEACTABIIAIOIEH TYHKT,
OyIeT YKas3bIBATh Ha CIAeAVIOIINI IYHKT JAHHOTO pasnaesia. I1o cchlIKe BBEPX
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OCYIIIECTBJIAETCS TEPeX0] OT IMyHKTa K pasiesy, a OT pasjesa K OrjaBie-
uuio. Kpome Toro, 1o:keH ObITh UHIAEKC — OTAEJIbHASA CTPAHUIIA CO CChLIKA-
MU, Ha KOTOPOI IepeuncIda0oTCA Bce IYHKTHL B aadaBuTHOM mopsagke. Omu-
caHHadA mepapxus usobpaskeHa Ha puc. 16.7.

section item
contents section item index
I I
section item

Puc. 16.7. Cmpyrxmypa caiima

OmepaTopsl U CTPYKTYPHI JAaHHBIX, HEOOXOAUMBIE JJIsI CO3AHUA CTPAHUIIL,
npeacTaBJaeHbI Ha puc. 16.8. Haita nporpamma 6yaet paboTaTs ¢ JBYMSI TH-
maMu O0'BEeKTOB: IIYHKTAMM, COAEPKAITUMU OJOKKM TEKCTa, U pasmesiaMu,
COZlEePsKAaIMMMU CIIMCKY CChIJIOK Ha MYHKTHI.

(defparameter ssections* nil)

(defstruct item
id title text)

(defstruct section
id title items)

(defmacro defitem (id title text)
‘(setf ,id
(make-item :id ', 1id
(title [ title
ctext ,text)))

(defmacro defsection (id title &rest items)
‘(setf ,id
(make-section :id ', id
‘title | title
;items (list ,@items))))

(defun defsite (&rest sections)
(setf xsections* sections))

Puc. 16.8. Cozdanue caiima

W pasgenbl, 1 TIyHKTHI cofepskar moJie id. B kauecTBe coep:KMMOT0 9TOTO
moJisi OyAyT mepefaBaThbCs CHUMBOJILI, UMeEIOIe ABa IpuMeHeHusd. IlepBoe
3aKJII0UaeTCcd B olIpenesieHuAx defitem u defsection; 3mech id — 9TO YyHUKAJIb-
HOe UM, IT0 KOTOPOMY MBI OyIeM CChIIAThCS Ha MYHKT MU pasaes. Bropoe



16.4. leHepaums CTpaHuULL, 271

npuMeHeHMe: MbI 6yIeM UCI0JIb30BaTh id B uMeHU daiiyia, mpecTaBIIAoIe-
ro IyHKT miu pasjei. K npumepy, crpanuna, npecTaBigoIas IyHKT T00,
OyzmeT sanmmucaHa B aiia "foo.html".

Kpowme Toro, pasaesbl 1 TyHKTBI UMEIOT I0JiA Title, KOTOpPbhIE HOIYKHBI OBITH
CTPOKaMU M OYIYT MCHOJB30BATHCSA B KAUECTBE 3aT'0JIOBKOB COOTBETCTBYIO-
WX CTPAHMUII.

Ilopanmok ciemoBaHWA TYHKTOB B pasiese OIpPeNesiseTcs M3 apryMeHTOB
defsection, IOPALOK CJeLOBaHUSA pas3nelioB B OIVIABJIEHUU — U3 apI'yMeHTOB
defsite.

Ha pwuc. 16.9. nmpencraBienb! GyHKIIUY, TeHEPUPYIOIME OTJIaBJIeHe 1 NH-
nmekc. KomcTauTsl contents u index sBJIAIOTCSA CTPOKAMU, CIAYKAIIUMU 3aT0-
JIOBKaMU 9TUX CTPAHUIL M UMEHAMU COOTBETCTBYIOIIUX (DaiiIoB.

(defconstant contents "contents”)
(defconstant index "index™)

(defun gen-contents (&optional (sections =sectionsx))
(page contents contents
(with ol
(dolist (s sections)
(link-item (section-id s) (section-title s))
(brs 2))
(link-item index (string-capitalize index)))))

(defun gen-index (&optional (sections =sectionsx))
(page index index
(with ol
(dolist (i (all-items sections))
(link-item (item-id i) (item-title 1))
(brs 2)))))

(defun all-items (sections)
(let ((is nil))
(dolist (s sections)
(dolist (i (section-items s))
(setf is (merge 'list (list i) is #'title<))))
is))

(defun title< (x vy)
(string-lessp (item-title x) (item-title y)))

Puc. 16.9. I'enepayus undexca u 02146J/1eHUS

dyurnuu gen-contents u gen-index B IeJIOM IMOXOMKU APYT Ha apyra. Kask-
nas us Hux orkpbiBaeT HTML-(aiin, reHepupyeT 3aroJIOBOK U CITUCOK CChI-
JIOK. PagHuIa JUIbh B TOM, UTO CIIMCOK MYHKTOB B MHAEKCE MOJIKEH OBbITh
orcoprupoBaH. OH CcTpoUTCA C MOMOIIBI0 PyHKIIUU all-items, KoTopas wmc-
TOJb3yeT QYHKIINIO yIopsaaouenus title<. BasKkHo, 4To Bce 3aTOJIOBKU CpaB-



272

[maBa 16. [MpumMep: reHepauma HTML

HUBAIOTCA QyHKIMeN string-lessp, KoTopasd, B OTANUYMeE OT String<, urHopu-
PyeT perucTp 3HaKOB.

B peanpHOM IIPUJIOMKEHNN CPABHEHIE MOYKET ObITh 00Jiee YTOHUEHHBIM, Ha-
IpuMep, OHO MOXKET UIHOPHUPOBATEL HAUuaJbHbIC aPTUKIN «a» U «the».

Ocrasmiuiica Koma mokasaH Ha puc. 16.10: gen-site remepupyeT Bech Habop
Be0-CTPaHUIL, OCTAJbHEIE (DYHKIIUU 'eHEPUPYIOT Pas3aesbl U IYHKTEL.

(defun gen-site ()
(map3 #'gen-section =sectionsx)
(gen-contents)
(gen-index))

(defun gen-section (sect <sect sect>)
(page (section-id sect) (section-title sect)
(with ol
(map3 #' (lambda (item <item item>)
(link-item (item-id item)
(item-title item))
(brs 2)
(gen-item sect item <item item>))
(section-items sect)))
(brs 3)
(gen-move-buttons (if <sect (section-id <sect))
contents
(if sect> (section-id sect>)))))

(defun gen-item (sect item <item item>)
(page (item-id item) (item-title item)
(princ (item-text item))
(brs 3)
(gen-move-buttons (if <item (item-id <item))
(section-1id sect)
(if item> (item-id item>)))))

(defun gen-move-buttons (back up forward)
(if back (button back "Back™))
(if up (button up "Up"))
(if forward (button forward "Forward")))

Puc. 16.10. I'enepayus caiima, pa3denos u nynkmos

ITox moTHBEIM HAGOPOM CTPAHUIL IIOHUMAETCS OTJIaBJIeHe, MHIEeKC, CTPaAHU-
IbI, TIPEACTABJAIONINE KaKIBIN 13 PasiesioB, M CTPAHUIILI, IPeICTaBIIIO-
mue KasKIblil 13 MyHKToB. OTilaBjeHre U WHAEKC CO3JaI0TCS C IIOMOIILIO
GYHKIUIHA, IpeacTaBJIeHHBIX Ha puc. 16.9. Pasme sl 1 IyHKTHI TeHEePUPYIOT-
cs gen-section, KoTopasd co3gaeT CTPAHHUILY pasjesia 1M BBISBIBAET gen-item
IIJIs1 TeHepaliy CTPAHNIL, IPEeACTABIAIONINX KaKIbIA IYHKT B JAHHOM pPas-
IeJe.
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Ity ABe QYHKIUM HAUMHAIOTCA U 3aKAHUYMBAIOTCA IIOXO0KUM 00pasoM: o0e
OPUHUMAIOT apI'yMEHTHI, IPEICTaBIAIONNE caM 00BEKT, a TaKKe IPeIbI Y-
Ui ¥ TOCJIENYIOIINUI 00BEKTHI TOTO K€ YPOBHA BJIOKEHHOCTH; 00€ 3aKaH-
YHUBAIOTCA BBIZOBOM gen-move-buttons ¢ IieJbi0 CreHepUpPOBaTh KHOIKHU JJIA
mepeMeIrleHnsa BIePe], Ha3aJ U BBepx. PasHuIla B cepeinHe: B OTJIMUME OT
gen-section, KoTopasd IPOU3BOAUT YIOPALOUEHHBIN CINCOK CCHLIIOK HA ITyHK-
TBI, gen-item mpocTo OTIpaBJIAET TEKCT B BEIXOJAHOM (haii.

Kakum OyzeT TeKCT KaKIOro M3 IYHKTOB — JIMYHOE JeJI0 IT0JIh30BaTeJs.
ATOT TEKCT, K IIPUMeEPY, BIOJIHEe Mo:KeT copep:kars HTML-pasmerky. Niu
JKe OH MOKeT ObITh CTeHEePUPOBAH APYTOM IIPOrpaMMOii.

IIpumep pyuHOro cosmaHua HEOOJBIIOTO Habopa CTPAHUIl IPUBEJEH Ha
puc. 16.11. B Hem npuBoauTCS IMepeveHsb HeJaBHUX nyoaukanuii 8 MHCTH-
TyTe Ileuentomniex Cyan0bI.

(defitem des "Fortune Cookies: Dessert or Fraud?” "...")
(defitem case "The Case for Pessimism™ "...")
(defsection position "Position Papers™ des case)
(defitem luck "Distribution of Bad Luck™ "...")

(defitem haz "Health Hazards of Optimism”™ "...")
(defsection abstract "Research Abstracts” luck haz)

(defsite position abstract)

Puc. 16.11. He6onvwoil caim



Mpumep: 00BLEKTDI

B aT0i1 ritaBe MBI cOOUpaeMcs peaan3oBaTh BHyTpHU JIrcna cBoi cOOCTBEHHBIHN
00 bEKTHO-OPUEHTUPOBAHHBIN A3bIK. TaKue mporpaMMbl HA3bIBAIOT 6CMPOCH-
Holmu asvikamu (embedded language). BctpauBaunue 00'5eKTHO-OPUEHTHUPO-
BaHHOTO A3bIKA B Jlucn — 310 npeanpHbIN npumep. OH He TOJIBKO JEMOHCT-
pUpyeT TUIIMYHOE UCHoJIb30BaHue Jlucna, HO elle U IOKa3bIBaeT, KaK ecre-
CTBEHHO JIO}KATCS OCHOBHBIE IOHATHUS O00BEKTHO-OPMEHTUPOBAHHOTO IIPO-
rpaMMUpPOBaHUA Ha (hyHIaMeHTaIbHbIe abcTpakiuu Jlucma.

171. HacnepoBaHue

B pasgese 11.10 06 bACHANOCH, UeM 0000IIIeHHBIE GYHKITUYU OTIANYAIOTCA OT
mepemauu cooOienuii. B Momenu mepemaun cooOIIeHNH 06 HEKThHI:

1. meroT cBOMCTBA.
2. Pearupyior Ha cooOIeHUA.
3. HacmenyioT cBoiicTBa 11 METOABI OT ITPEIKOB.

CLOS, Kak 1M3BeCTHO, peajnu3yeT MojeIb 000011eHHbIX (pyHKIuii. Ho B aTOI
TJIaBe MbI 3aHTEPEeCOBAHLI B HAIMCAHUH IIPOCTelIeil 00 beKTHOI CUCTEMBI,
He IIpeTeHAyoInei Ha comepHuuecTBO ¢ CLOS, mostomy OyaeM MCIOJIB30-
BaThb 00Jiee CTapyIo MOJIENIb.

Jlucm mpegocTaBIseT HECKOJIBKO CIIOCO00B XpaHeHn A HabopoB cBoiicTB. Ilep-
BBII CITOCO0 — TIpeAcTaBJeHNEe 00bEeKTa KaK XeIll-Ta0JuIlbl 1 XpaHeHUe ero
CBOWICTB B KQUeCTBE ee 3JIeMeHTOB. B 3TOM cirydyae MbI MOXKEM MOJYUUTh JOC-
TYII K KOHKPETHBIM CBOMCTBAM C ITIOMOIIIBIO gethash:

(gethash 'color obj)

ITockonbKY (QYHKIIUU — 9TO 00'HEKTHI JAHHBIX, MBI TAKIKE MOYKEM XPAHUTH
UX KaK CBOMCTBA. ITO 03HAYAET, UYTO MBI TAKIKE MOXKEM XPAHUTH U METOMbI.
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Yro06BI BHI3BAThH OIPE/ieJIEHHBIN MeTOJ 00heKTa, HeoOXONUMMO IPUMEHUTH
funcall K CBOMCTBY C UMEHEM MeToza:

(funcall (gethash 'move obj) obj 10)

Vcnonbsyst TaKOM MOAX0[, MOKHO ONPENeJUTb CHHTAKCHUC MTepefayu coob-
mienuit B crusie Smalltalk:

(defun tell (obj message &rest args)
(apply (gethash message obj) obj args))

Tenepsb, 4TOOHI IPUKa3aTh 00BEKTY ITepeABUHYTHCA Ha 10, MBI MOKeM CKa-
3aTh:

(tell obj ’'move 10)

Ilo cyTu, eguHCTBEHHBIA MHIPEIUEHT, KOTOPOrO He XBaTaeT rojomy Jlmc-
Ty, — 9TO TIOAIeP*KKa HacaemoBauua. Mbl MOKeM pear30BaTh IPOCTEHIITNI
ee BapUaHT C ITIOMOIIIBIO OTIIPeieJIeHIA PEKYPCUBHOM Bepcuu gethash, Kak mo-
KasaHo Ha puc. 17.1. (MMsa rget — aT0 COKpalieHue oT «recursive get», peKyp-
cuBHOe nojyudeHue.) Termepsb ¢ TOMOIIBI0O BOCBMU CTPOK KOJa MBI IIOJIyYaeM
BCe TPU BhIIIeIIepeurcIeHHbIe 3JIeMeHTa 00beKTHON OPUEeHTUPOBAHHOCTH.

(defun rget (prop obj)
(multiple-value-bind (val in) (gethash prop obj)
(if in
(values val in)
(let ((par (gethash :parent obj)))
(and par (rget prop par))))))

(defun tell (obj message &rest args)
(apply (rget message obj) obj args))

Puc. 17.1. Hacaedosanue

IMaBaiiTe onpobyem 9TOT KO B AeJie. [IpyMeHNM ero K pacCMOTPEHHOMY pa-
Hee MPUMeEPY, CO3/aB ABa 00'EKTA, OAUH U3 KOTOPBIX ABJIAETCH MOTOMKOM

ApyToro:
> (setf circle-class (make-hash-table)
our-circle (make-hash-table)
(gethash :parent our-circle) circle-class
(gethash ’'radius our-circle) 2)
2

O06weKT circle-class OymeT comepskaTh METO area AJid BceX KPyros. ATO OyaeT
(PYHKIIMS OJHOI0 apryMeHTa — 00'beKTa, KOTOPOMY IIOCHLIAETCSA COODIeHe:

> (setf (gethash 'area circle-class)
#' (lambda (x)
(= pi (expt (rget 'radius x) 2))))
#<Interpreted-Function BF1EF6>
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Temepb MOKHO 3alIPOCUTH IMJIOMIAAbL Our-circle. OHa OGyHeT BBIUUCIATHCS
B COOTBETCTBUMU C TOJIBKO UTO OIIPEleJIEHHBIM [JId KJacca MEeTOIOM: rget cum-
TBIBAET CBOICTBO, a tell mMpuMeHsaeT MeTO/I:

> (rget 'radius our-circle)
2

T

> (tell our-circle ’'area)
12.566370614359173

IIpesxme uem GpaThCA 3a YCOBEPINIEHCTBOBAHUE JAHHOM MpOrpaMMbI, pas6e-
pemcs ¢ TeM, UTO MBI yiKe caesanan. Te caMmble BOCEMb CTPOUYEK KOa IIPeBpa-
Tuau roayo Bepcuio JIucma 6e3 CLOS B 00'beKTHO-OPUEHTUPOBAHHBIN A3bIK.
Kak HamM ymajoch pelruTsh CTOJIb HEIpocTyio 3amauy? IoasKHO OBIThH, TYT
CKDBIT KAKOH-TO TPIOK: Peayin30BaTh 00'beKTHYI0 OPUEHTHPOBAHHOCTh BOCE-
MbIO CTPOUKaMu Koma!

Ia, TPIOK 3/ieCch OIpeieIeHHO IIPUCYTCTBYET, HO OH CKPBIT He B HAIIel mpo-
rpamMme. [esmo B ToM, uTo JIuco B HEKOTOPOM CMBICTE YVoKe OB 00 HeKTHO-
OPUEHTUPOBAHHBIM MJIM CKOpee maske 6ojiee 00IIUM A3bIKOM. Bee, uTo HaM
OHAL00MJIOCEH, — 9TO JOOABUTH HOBBIH (haca] BOKPYT abCTpaKInii, KOTOPhIe
B HEM y2Ke NMeJINCh.

17.2. MHOXecTBeHHOe HacnepgoBaHue

IToxka uyTO MBI yMeeM OCYIIEeCTBJIATH JINIIb OAVMHOYHOE HacCJieAOBaHue, IIPpu
KOTOPOM O0'BEKT MOJKET UMEeTh TOJBKO OHOTO0 poauTesis. Ho MOKHO peann-
30BaTh M MHOYKECTBEHHOE HacJeloBaHUe, ClesaB parent CIMCKOM U Iepeorr-
pemenus rget, KaK ImoKasaHo Ha puc. 17.2.

(defun rget (prop obj)
(dolist (c (precedence obj))
(multiple-value-bind (val in) (gethash prop ¢)
(if in (return (values val in))))))

(defun precedence (obj)
(labels ((traverse (x)
(cons x
(mapcan #' traverse
(gethash :parents x)))))
(delete-duplicates (traverse obj))))

Puc. 17.2. Muoxcecmaerntoe Hacsedosanue

IIpu ofMHOYHOM HACJIELOBAHUY, €CJIX Mbl XOTHM II0JYYUTh HEKOTOPOE CBO-
CTBO 00'bEKTA, HAM JOCTATOUYHO PEKYPCHUBHO IIPOATHCH IIO BCEM €r'0 IIPe/Ie-
cTBeHHUKAaM. Eciiu caM 00'beKT He COAEPIKUT JOCTATOUHON nH(pOPMAIUU 00
MHTEPECYIOIeM HAC CBOMCTBE, MbI IIEPEXOAUM K €ro POAUTENI0, U T. I. Ilpu
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OJOOHOM IIOMCKE B CJIyyae MHOKECTBEHHOTO HacJIefoBaHUs Hallla pabora
HECKOJIbKO YCJIOMKHSAETCS, [IOTOMY UTO IIPEAIIIeCTBeHHUKY 00 beKTa 00pasy-
IOT He IIPOCTOe JIePeBO, a rpad), 1 OOBIYHBIH MOKUCK B TIYOUHY 371eCh HE ITOMO-
sxeT. MHOKeCTBeHHOe HacJjeJ0BaHIe TMO3BOJISAET Peain30BaTh, HAIIPUMED,
TaKyI0 Mepapxuio, Kak Ha puc. 17.3: K a MBI MOYKEM CIIyCTUTLCA OT D U C,
a K HUM — oT d. [Touck B riryOuHY (37ech CKOpee B BBICOTY) AACT CJEYIOITII
mOpPAIOK o0xoxa: a, b, d, ¢, d. Ecau sKe1aemoe cBOHICTBO uMeeTCs B d U C, MbI
TOJIYUYUM 3HaUeHUe u3 d, a He U3 C, UTO He OyIeT COOTBETCTBOBATH IIPABUJIY,
10 KOTOPOMY 3HaUYeHUe U3 IOIKJIacca IPUOPUTETHEE, YeM U3 €r'0 POAUTEJIEI.

Puc. 17.3. Heckoavko nymeil kK 00HOMY CYnepr.Laccy

Yr00bI COOJIIOCTH 9TO IIPABUJIO, HAM HEOOXOIMMO UeTKO CJIEANUTh, YTOOLI HU-
KaKoll 00'beKT He 00pabaThIBAJICA PaHBIIE BCEX ero IIOTOMKOB. B Haliem
cayuae IOpSAI0K 00Xoaa JoJIMKeH ObITh TAKUM: a, b, ¢, d. Kak aTo rapanTupo-
BaTh? IIpocreiimnii cmocod — co6paTh CINCOK 13 00HLEKTAa U BCEX ero mpej-
KOB, CJeAVIOINX B IIPAaBUJHHOM IOPAJKE, a 3aTeM IIPOBEPATH II0 OYepenu
KasKIbI 5JIEMEeHT 3TOTO CIUCKA.

Takoii cnucok Bo3Bpariaer QyHKnud precedence. OHA HAYUMHAETCSA € BHI30BA
traverse, BBITIOJTHAIOIIETO MIOUCK B TIyOuHY. Ecyi HeCKOJIBbKO 00HEKTOB UMe-
IOT OOIITEro IpeaKa, TO OH BCTPETUTCS B CIIMCKe HECKOJIBKO pas. Ecaiu us Bcex
Ha0OPOB MOBTOPEHU MBI COXPAHUM TOJILKO IIOCJIEIHUH, TO B pe3yJIbTaTe mo-
JYUYUTCSA CIMUCOK IIpexinecTBoBaHUA B ecrectBeHHOM 1y CLOS mopsake.
(YnaneHue Bcex MOBTOPEHUT, KPOMeE TIOCJIETHET0, COOTBETCTBYET IPABUIY 3
Ha cTp. 192.) Taxkoe moBeeHMe 3aKperieHo 3a Berpoenuoir B Common Lisp
dyukruen delete-duplicates. IloaTomy ecam MBI epegaguM eil pe3yabTaT
TOoMCKa B TVIYOMHY, OHAa BePHET KOPPEKTHHII CITHMCOK IpeiecTBoBauusd. I1o-
cJIe TOTO KaK 9TOT CIIMCOK CO3JIaH, rget UINEeT B HEM IIEPBHI O0BEKT C 3aJaH-
HBIM CBOMCTBOM.

Hcnonbsys uiero mpeainecTBOBAHNSA, Mbl MOXKEM CKa3aThb, HAIIPUMED, 4TO
[MATPUOTHUYHLINA HETOAAN ABJISETCA Ipesk/e BCero HeroAsAeM U JIUIIb II0OTOM
narpuoTom:!

1 To ects caysxur (serves) cuauasa cebe (self) u sums 3arem crpane (country),

4TO U IPOAEMOHCTPHPOBAHO B JaHHOM IpuMepe. — IIpum. nepes.
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> (setf scoundrel (make-hash-table)
patriot (make-hash-table)
patriotic-scoundrel (make-hash-table)
(gethash ’'serves scoundrel) 'self
(gethash ’'serves patriot)  ’country
(gethash :parents patriotic-scoundrel)

(1ist scoundrel patriot))

(#<Hash-Table C41C7E> #i<Hash-Table C41FOE>)

> (rget ’serves patriotic-scoundrel)

SELF

T

Ha sTom sTame Mbl uMeeM OUeHb MOIITHYIO, HO YPOAJIUBYIO U HEd(PDEKTUB-
HYIO mporpaMmy. Ilopa OprcTyIaTh KO BTOPOMY 3TaIly — IIPUBEICHUIO Ha-
OpoCKa MporpaMMbl K BUJY, IPUTOAHOMY [IJIS UCIIOJIb30BAHUA.

17.3. OnpepeneHne o6bLEKTOB

Bo-1m1epBbIX, HAM HYK€H HOPMAaJbHBIN CIIOCO0 co3gaHUSA 00BEKTOB, CKPBI-
BaIOIINI NX UCTUHHOE YCTPOcTBO. Ecau MbI onpegennM GYHKIIUIO AJIs II0-
cTpoeHuA 00bEeKTOB, OJHUM BBEI30BOM KOTOPOII MOYKHO CO34aTh 00'EKT U OI-
PeIesUTh ero IPeaKOB, TO CMOKEM CTPOUTD CIUCOK IIPEeIIeCTBOBAHUA AJIA
00'beKTa JINIITh ONHAKABI — IIPU €70 CO3NAHNU, n36eras TeéM CAaMbIM IIOBTOPE-
HUSA 9TOW JOPOTOCTOAINEH olepanuy KasKIbIH pas, Korga HY:KHO HAWTHU
CBOMCTBO MJIX METO/I.

Ecau MBI cobupaemcs XpaHUTh CIIUCOK IIPEIIIeCTBOBAHM S, BMECTO TOT'O UTO-
ObI KasKIBIHA Pas3 ero BOCCO3/JaBaTh, HYJKHO YUE€CTh BO3MOKHOCTD er'0 ycTape-
Bauusd. Harreil crparerueii OyzeT XpaHeHNle CINCKa BCEX CYIIEeCTBYIOIIUX
00'bEKTOB, a IIPU MOAU(MUKAIIUYA POAUTEIEH KaKOoro-JInu00 U3 HUX MBI IIepe-
OIIpeieIUM CIIMCOK IIPEAIIeCTBOBAHUSA BCEX 00bEKTOB, HA KOTOPKIE 3TO BJIM-
eT. Jla, Ha IIepecTPOMKY cuucKa OyAyT 3aTpaunBaThCsA HEKOTOPHIE PECYPCHI,
HO MBI BCE PABHO OCTaHEMCS B BHIUTDHIIE, TAK KaK oOpallleHre K CBOMCT-
BaM — HAMHOTO 0oJiee yacTas onepalusd, YeM no0aBJieHre HOBBIX IPEIKOB.
Kpome Toro, sTo HUCKOJIBKO HEe YMEHBIIIUT IMOKOCTH HaIllell IporpaMMbl;
MBI IIPOCTO IEPEHOCUM 3aTPATHI C YaCTO UCIIOJIB3YEMOM onepany Ha PeIKO
HUCIIOJIBE3YEMYIO.

Ha puc. 17.4. mokasan HOBBIN Koj.” [J100a/ibHas IepeMeHHas «0DhjS+ ABJISeT-
cs CIIMCKOM BceX 00beKToB. DYHKI[US parents moaydaeT IpeaKoB 3agaHHO-
ro oobeKTa; (setf parents) He TOJBKO HasHAYAET HOBBIX ITPEIKOB, HO U BbI-
3bIBaeT make-precedence AJIA MEPECTPOHMKHU JI00O0T0 CIMCKA IIPEAIecTBOBA-
HUS, KOTOPBIN TaKiKe MOT moMeHATheA. COUCKM, KaK U HperKae, CTPOITCA
C IOMOIIIBIO precedence.

Temneps mJs co3maHuss 00bEKTOB BMecTO make-hash-table mosb3oBaTeaIu Mo-
T'YT BBI3BIBATH 0Dj, KOTOpPas CO3IaeT HOBBIN O0'BEKT U OIIPeeisieT BCeX ero
IpeaKoB 3a oAUH m1ar. MblI TaK:Ke Iepeonpeaenan rget, 9To0bl BOCIOIb30-
BaThCA IIPENMYIIIECTBOM XPAHUMBbIX CIIMCKOB IIPeAIlIeCTBOBAHUA.
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(defvar =objs+ nil)
(defun parents (obj) (gethash :parents obj))

(defun (setf parents) (val obj)
(prog1 (setf (gethash :parents obj) val)
(make-precedence obj)))

(defun make-precedence (obj)
(setf (gethash ipreclist obj) (precedence obj))
(dolist (x *objsx)
(if (member obj (gethash :preclist x))
(setf (gethash :preclist x) (precedence x)))))

(defun obj (&rest parents)
(let ((obj (make-hash-table)))
(push obj *objsx)
(setf (parents obj) parents)
0b3j))

(defun rget (prop obj)
(dolist (c (gethash :preclist obj))
(multiple-value-bind (val in) (gethash prop ¢)
(if in (return (values val in))))))

Puc. 17.4. Co3z0anue 06serxmos

17.4. DYHKUMNOHANbHbIN CUHTAKCUC

YcoBepIlIeHCTBOBATh CTOUT U CHHTAKCHUC Tepeaaun coobinenuii. Vcmoab3o-
BaHUe tell He TOJBKO 3arPOMOXKIAET 3allUCh, HO U JHUIIIAaeT HAaC BO3MOXKHO-
CTH YHTATh IPOrPaMMYy B OOBIUHON A4 JIrcia npeKCHON HOTAIIM:

(tell (tell obj 'find-owner) ’find-owner)

Mpbr MoskeM n36aBUTHCS OT tell, ompeessasa UMeHa CBOMCTB KaK (PyHKITUH.
Omnpepenum A aToro Mmaxpoc defprop (puc. 17.5). HeoGsa3aTe bHbBIH apry-
MEeHT meth?, Oyay4Yr UICTUHHBIM, CUTHAJIHU3UPYET, UTO CBOMACTBO JOJIMKHO CUM-
TaThCA METOZOM. B IPOTHUBHOM cJIydyae OHO OyJeT CUMTATHCA CJIOTOM, U 3HA-
ueHwue, moJiyyaemoe rget, 6yeT IpocTo BO3BPAIIaThCA.

Temepsb, Korma MbI OIIPEAEJININ UM CBOMCTBA,
(defprop find-owner t)

MOJKHO COCJIATHCS Ha HEero uepes BBI30B (DYHKIINIM, W HAIIl KOJ CHOBA CTaHET
ynTaTbesa Kak Jlue:

(find-owner (find-owner obj))
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(defmacro defprop (name &optional meth?)

“(progn
(defun ,name (obj &rest args)
, (if meth?

s

‘(run-methods obj ', name args)
‘(rget ',name obj)))
(defun (setf ,name) (val obj)
(setf (gethash ', name obj) val))))

(defun run-methods (obj name args)
(let ((meth (rget name obj)))
(if meth
(apply meth obj args)
(error "No “A method for "A.” name obj))))

Puc. 17.5. DYynKyuOHANLHBLI CURMAKCUC

Ter[epL HaIl HpeﬂBII[y]'_TJ,’I/Iﬁ IIpuMep CTaHeT 0oJiee UNTaeMbIM:

> (progn
(setf scoundrel (obj)
patriot (obj)
patriotic-scoundrel (obj scoundrel patriot))
(defprop serves)
(setf (serves scoundrel) 'self
(serves patriot) ‘country)
(serves patriotic-scoundrel))
SELF
T

17.5. OnpepeneHue metToaos

Mo cux TOp MBI OTIPE/IEJISATIN METOAbI CJIeYIOIUM 06pa3oM:

(defprop area t)
(setf circle-class (obj))

(setf (aref circle-class)
#' (lambda (c) (+ pi (expt (radius c) 2))))

BrI3biBas nmepBeIil MeTO U3 Cdr CIIMCKA MPEIIIeCTBOBAHUSA, MBI MOJKEM I10-
JYy4YUTh BHYTPU MeToAa 5(pdeKT BCTPOEHHOro omeparopa call-next-method.
K mpumepy, eciau MBI 3aXOTUM II€UATATH YTO-IUOO BO BPEMA BBIUMCJIEHUA
TIJIOIIAIM KPpyTa, MBI CKaXKeM:

(setf grumpy-circle (obj circle-class))
(setf (area grumpy-circle)

#' (lambda (c)
(format t "How dare you stereotype me! %)
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(funcall (some #' (lambda (x) (gethash 'area x))
(cdr (gethash :preclist c¢)))
c)))

Hauusblii funcall sKBUBaJIeHTeH call-next-method, HO OH OTKPBHIBAET OOJIBIIIE
CBOEro BHYTPEHHEro yCTPOICTBA, UeM CJIeJ0BAJIO Obl.

Maxpoc defmeth Ha puc. 17.6 mpemocTaBJiseT 60jiee yIOOHBIN coco6 co3ma-
HUSI METOZOB, a TaAKsKe 00JieruaeT BLI30B BHYTPU HUX CJIEAVIOIIEro MeToaa.

(defmacro defmeth (name obj parms &rest body)
(let ((gobj (gensym)))
“(let ((,gobj ,o0bj))
(setf (gethash ', name ,gobj)
(labels ((next () (get-next ,gobj ', name)))
#' (lambda ,parms ,@body))))))

(defun get-next (obj name)
(some #' (lambda (x) (gethash name x))
(cdr (gethash :preclist obj))))

Puc. 17.6. Onpedenenue memodos

BrIzoB defmeth packpriBaeTcs B setf, BHyTPU KOTOPOTO HAXOAUTCS 1abels-BeI-
pakeHue, 3amamolrnee QYHKIIUIO next IJd MOJy4YeHUs CJIeAyIoIero MeToza.
Ona paboraeTt Hamogobme next-method-p (cTp. 182), HO Bo3BpaIiaeT 00HLEKT,
KOTOPBIH MOsKeT ObITh BEI3BAH, TO €CTh CHYIKUT eIlle ¥ Kak call-next-method.’
Temeps npeAbIAYIIEE ABA METOLA MOKHO OIPEAEUTh CAEAYIONNM 00pa3oM:

(defmeth area circle-class (c)
(» pi (expt (radius c) 2)))

(defmeth area grumpy-circle (c)
(format t "How dare you stereotype me! %)
(funcall (next) c¢))

O6paTuTe BHUMaHNe, KAKUM 00pas3oM B onpeneaeHnn defmeth ucmoabayercs
3axBaT CUMBOJIOB. TeJio MeToa BCTaBIAETCS B KOHTEKCT, B KOTOPOM JIOKAJIb-
HO ompeneseHa PYHKIIAA next.

17.6. dk3emnnapbl

o cux Iop MBI He [eJIajIu PasIndnil MeKIY KJIacCaMU 1 9K3eMILIAPaMU, 1C-
TOJIb3YS IJIsI HUX OOILIUE TepMuH: 00sekm. KoHeuHo, Takasa yHU(DUKAIINA Ja-
eT OIIpeIeIeHHYI0 TMOKOCTh M yHOOCTBO, HO OHA KpailiHe Hes(deKTuBHA.
B GonbiiuHCTBE 00 BEKTHO-OPUEHTUPOBAHHBIX NPUJIOKEHUNA rpad) Hace-
IOBaHUSA TATOTeeT K Hu3y. Hampumep, B 3ajaue cuMyaanuu TpaduKa TUIILI
TPAHCIIOPTHBIX CPEACTB IIPEJCTABJISIOTCA MeHee UeM [IeCATHI0 KJaccaMu,
a BOT 00'bEKTOB, IIPEICTABJISIOIINX OTAEIbHbIe aBTOMOOUIN, COTHHU. IT0CKOIb-
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Ky ¥y BCeX HUX 6y11y'r OMHAKOBbBIE CIIMCKHM IIpeAIlleCTBOBaHUA, CO3aaBaThb
1 XPaHUTH UX II0 OTAEJIBHOCTH — IIyCTad TpaTa peCypCoOB BpEMEHU U ITIaMATH.

Ha pwuc. 17.7 npeacraBieH Makpoc inst, IpOU3BOAAINUN SK3eMILIAPELI. JK-
3eMILISPHI TOA00HBI 00BEKTaM (KOTOPBIE MBI TeIEPh MOXKEM Ha3bIBATh KJIac-
camMu), HO IUMEIOT JIUIIIb OMHOTO ITPEIKa 1 He COAePsKAaT CIIUCKA IPEIIIIeCTBO-
BauusA. Kpome TOro, oHM He BKJIIOUAIOTCS B CIUCOK *0bjs+. Temeps HaII mIpe-
IBIAYIIUN IPUMEDP MOYKEeT ObITh HECKOJIbKO N3MEHEeH:

(setf grumpy-circle (inst circle-class))

ITockosbKy HEKOTOPBIE O0'BEKTHI OTHBIHE HE COAEP:KAT CIUCKOB IIPEAIIECT-
BOBaHUsA, MbI IIepeoIrpeneanan rget u get-next, YToOBI OHU MOTJIU CPasy IIo-
JydaTh AOCTYI K €IWHCTBEHHOMY IIpeAKy. IIprpocT mpon3BOAUTETBHOCTU
HUKAaK He CKasaJjcsa Ha TMOKoCTU. MBI MOXKeM JesIaTh C 9K3eMILJIAPaMU BCe,
YTO MOIVIU JIeJIATh C JIOOBIMU 00 beKTaMU, B TOM YHCJIE CO3LaBaTh NX SK3€M-
IJIAPHI U TIepeHasHavaTh IPeaKoB. B mocaenuem cayuae (setf parents) 0y-
IeT a(p(peKTUBHO IIPeoOpPa3oBLIBATh OOBLEKT B «KJIACCY.

(defun inst (parent)
(let ((obj (make-hash-table)))
(setf (gethash :parents obj) parent)
obj))

(defun rget (prop obj)
(let ((prec (gethash :preclist obj)))
(if prec
(dolist (c prec)
(multiple-value-bind (val in) (gethash prop ¢)
(if in (return (values val in)))))
(multiple-value-bind (val in) (gethash prop obj)
(if in
(values val in)
(rget prop (gethash :parents obj)))))))

(defun get-next (obj name)
(let ((prec (gethash :preclist obj)))
(if prec
(some #’ (lambda (x) (gethash name x))
(cdr prec))
(get-next (gethash obj :parents) name))))

Puc. 17.7. Cozdarnue ax3emnaapos

17.7. HoBaga peanusauus

IToka uTO HU O[THO M3 HAIIINX YIYUIIIeHUN He CKa3aJ0Ch OTPUITAaTeIbHO Ha T'r0-
KocTu mmporpamMmbl. OGBIUYHO Ha MOCJEIHUX sTamlax paspadorku Jluco-mpo-
rpaMMa JKepTBYeT YacThI0 CBOeM rmOKocTu paau addexTuBHOCTH. W Haia
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mporpaMMa He UCKJIoYeHUe. IIpecTaBuB Bce 0OBEKTHI B BU/Ie X€II-Ta0JINII,
MBI He TOJIBKO II0JIyuYaeM M30bITOUHYIO TMOKOCTD, HO IIJIATUM 34 9TO CJIUIII-
KOM BBICOKYIO IleHy. B aTOM paszesie Mbl IlepenuiiieM HAIly IIpOorpaMMy, YTo-
OBI IPECTABUTH OOBEKTHI B BIJIe TPOCTHIX BEKTOPOB.

Ia, MbI OTKa3bIBAEMCS OT BOBMOYKHOCTH JJOOABJIATH HOBBIE CBOMCTBA HA Jie-
Ty — IO CHUX IIOP MBI MOIJIM OIIPEIeIMThL HOBOE CBOICTBO JII0OOr0 00beKTa,
IIPOCTO COCJIABIINCH Ha Hero. Ho MBI mo-TipeskHeMY CMOKEeM JeJiaTh 9TO C II0-
MOIITBIO TIepeonpeneeHnsa 00beKTOB. [Ipu co3ganum Kjaacca HaM IOTPeody-
eTcs IepeJaTh eMy CIIMCOK HOBBIX CBOMICTB, a IIPU CO3JAAaHUU dK3E€MILISIPOB
OHU OyIyT MOJIyuaTh CBOIICTBA Uepes HacJaeqoBaHUE.

B npenpigyiieit peaausanuu, mo CyTH, He OBLIO pas3feseHua MeK Iy Kaacca-
MU 1 SK3eMILIAPaMU. OK3eMILIAPOM CUNTAJICA KJIACC, MMEIOIIUNA JIUIIb Of-
HOT'O IIPeKa, 1 IIepeHasHaueHne IIPeIKOB IPEeBPAIlaio S9K3eMILIAP B KJacc.
B HOBOI1 peanuzanuu y Hac Oy/eT IIOJHOIIEHHOe JeJieHre MeXK Ay 9TUMU ABY-
MsA TUIIAMU 00'beKTOB, HO MBI OOJIbIIIE He CMOKEeM IIPeo0pPa30BbIBATH DK3EM-
IJISAPHI B KJIACCHI.

Kog Ha puc. 17.8-17.10 moTHOCTHIO IPEACTABIAET HOBYIO peanusaiinio. Pu-
CYHOK 17.8 coziep:KUT HOBBIE OIIePATOPHI AJIA OIPeeIeHNA KJIaCCOB U 9K3eM-
miapoB. Kiaccel u sK3eMIIAPEI IPEACTABIIAIOTCA B BUie BeKTOPOB. IlepBhie
TPU 9JE€MEHTa comepskarT MH(MOPMAIIN0, HEOOXOAUMYIO CaMOll IIporpaMmme,
a IepBbIe TPU MaKpoca Ha puc. 17.8 II03BOJIAIOT CChLIATHCSA HA Hee:

1. TTome parents aHaJIOTMYHO 3aIlMCU parents B paHee UCIIO0JIb30BaBIINXCSI
XeH.I'Ta6JII/II.IaX. ,H.TIH KJjiacca OHO 6y/1e'1' cogepxaThb CIIMCOK POAUTEJIbCKUX
KJIaCCOB, AJIA 9K3eMILJIApa — OOUH pOI[I/ITeJIBCKI/IfI KJiacc.

2. Tlone layout (pasmelrienue) 6yaeT comepKaTh BEKTOP C UMEeHAMU CBOICTB,
KOTOPBIH oIIpeesiseT UX pasMeIleHe B BEKTOPe caMoTro KJiacca MU 9K-
3eMILIAPA, HAUMHAS C er0 YeTBEePTOro ajieMeHTal.

3. Ilouse preclist aHaJOrMYHO 3ammcu .preclist B paHee MCIIOJIb30BaBIINX-
ca xemnr-radaunax. [[asa kKaacca oHO 6yIeT COAeP:KaTh CIIMCOK ITPEIIIIeCT-
BOBaHUA, OJd 9K3eMILaApa — nil.

Tak Kak aTH OIlepaTopbl — MAKPOCHI, TO OHU MOT'YT OBITH IIEPBLIMU apr'yMeH-
tamu setf (cm. paszmern 10.6).

Maxkpoc class npegHasHaueH A co3gaHuA KiaaccoB. OH mpuHUMaeT Heobs-
3aTeJbHBIN CIIMCOK CYIIePKJIACCOB, 3a KOTOPBIM CJIEAYIOT HOJIb WU OoJiee
uMeH cBolicTB. MaKpoc Bo3BpalaeT 00'beKT, IpeAcTaBIAIOINHA Kiace. B Ho-
BOM KJiacce O0yAyT 00'beIMHEHBI €0 COOCTBEHHEBIE CBOICTBA 1 CBOIICTBA, YHAC-
JIeIOBaHHBIE OT CYIIEPKJIACCOB.

> (setf =print-arrayx nil
geom-class  (class nil area)
circle-class (class (geom-class) radius))
#<Simple-Vector T 5 C6205E>

1 TlepBble 3 siIeMeHTa OAMHAKOBEI [JIA BCeX 00bEKTOB. OTO POLUTENN, COOCTBEHHO

layout u CIIMCOK TIpejIitecTBOBaHusA. — IIpum. nepes.
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(defmacro parents (v) ‘(svref ,v 0))
(defmacro layout (v) ‘(the simple-vector (svref ,v 1)))
(defmacro preclist (v) ‘(svref ,v 2))

(defmacro class (&optional parents &rest props)
‘(class-fn (list ,@parents) ',props))

(defun class-fn (parents props)
(let* ((all (union (inherit-props parents) props))
(obj (make-array (+ (length all) 3)
rinitial-element :nil)))

(setf (parents obj) parents
(layout obj)  (coerce all ’simple-vector)
(preclist obj) (precedence obj))

obj))

(defun inherit-props (classes)
(delete-duplicates
(mapcan #' (lambda (c)
(nconc (coerce (layout ¢) 'list)
(inherit-props (parents c))))
classes)))

(defun precedence (obj)
(labels ((traverse (x)
(cons x
(mapcan #'traverse (parents x)))))
(delete-duplicates (traverse obj))))

(defun inst (parent)
(let ((obj (copy-seq parent)))
(setf (parents obj) parent
(preclist obj) nil)
(fill obj :nil :start 3)
0bj))

Puc. 17.8. Peanusayus ¢ noMow,bio 6eKmopos: co3danue 06seKmos

31ech MBI CO3JaJIM JBa KJacca: geom-class He MMeeT CYIepKJIacCoB U CO-
IEePsKUT TOJBKO OMHO CBOWCTBO area; circle-class sIBaAsieTCS ITOAKJIACCOM
geom-class 1 MMeeT JOIOJHUTEJILHOE CBOCTBO radius.! @yurnua layout mo-
3BOJISIET YBUETh UMeHa IOCAeJHIX ABYX U3 IIATH ero moJeii:?

> (coerce (layout circle-class) 'list)
(AREA RADIUS)

IIpu orobpaskeHuu KJIACCOB *print-array* moykeH ObIThb Nil. IlepBuIil sjieMeHT
B CIIMCKe preclist gro6oro Kjacca caM ABJISETCA KJIACCOM, ITO9TOMY ITOIBITKA
0TOOpaKeHMsA TAKOU CTPYKTYPHI IPUBEIET K IIONAaHNI0 B 06CKOHEUHBIN ITUKJI.

BekTop IPUBOAUTCA K CHUCKY [AJIS IIPOCMOTPA €ro cofep:kumoro. Ecau «print-
array= yCTaHOBJIEH B Nil, COAEPIKMMOE BEKTOPA He 0TOOpasKaeTcs.
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Maxkpoc class — aTo mpocTo mHTep(delic K PyHKIUM class-fn, KoTopas BbI-
TIOJTHAET OCHOBHYIO paboTy. OHa BBIBBIBAET inherit-props AJs cO0pKU CIUCKa
CBOICTB BCeX IIPEJKOB HOBOT'O 00'bEKTA, CO3AEeT BEKTOP HEOOXOAMMOM JIn-
HBI U yCTaHABJIMBaeT TPU ePBHIX ero ajieMeHTa. (preclist crpouTcda ¢ momo-
b0 PYHKIINU precedence, KOTOPYIO MBI IpaKTU4YecKu He uadMmeHuan.) Oc-
TaJbHBIEe II0JIA KJIacca yCTaHaBJIMBAIOTCA B (Nil, yKasblBasd HA TO, YTO OHU He
WHUIUAJIN3UPOBAHBI. UTOOBI MOJYUYUTEH CBOMCTBO area KJjacca circle-class,
MBI MOJKEM CKa3aTh:

> (svref circle-class
(+ (position "area (layout circle-class)) 3))
NIL

ITos:xe MBI onipefeuM GYHKIINY AOCTYIIa, KOTOPHIe OyAYT AeJiaTh 3TO aBTO-
MaTUYECKU.

Haxonen, GyHKIINA inst ucmonabsyeTcsa Osd CO3HAHUA 9K3eMILIAPoB. OHa
He 00a3aHa OBITH MAKPOCOM, TaK KaK IPUHUMAET JIUIIH OJUH apT'yMeHT:

> (setf our-circle (inst circle-class))
#<Simple-Vector T 5 C6464E>

ITosiesHo cpaBHUTE inst u class-fn, KOTOPBIE BLITOIHAIOT IOXO0MKIE 3a0aUl.
Tak KaK 9K3eMILIAPLI UMEIOT JIUIIb OGHOIO POAUTES, TO HET HEOOXOAMMO-
CTH OIIPENEIATh, KaKle CBOMCTBA HACAeAYIOTCA. OK3EMILIAD MOMKET IIPOCTO
CKOIIMPOBATh Pa3MelleHne POAUTEIbCKOro Kiaacca. Kpome Toro, HeT HE06X0-
OMMOCTH CTPOUTH CIIMCOK IPEZIIeCTBOBAHNA, IOCKOILKY Y 9K3EMILIAPA ero
nompocty HeT. Takum o0pasoM, co3maHNe SK3eMILIIPOB HAMHOIO ObICTpee
cos3maHuA KJjaaccoB. Ho Tak 1 JOJKHO OBITH, Bellb, KAK IIPABIJIO, HOBBIE K-
3EMILJIAPHBI CO3OTAI0TCA HAMHOI'O UaIllle, YeM HOBBbIE€ KJIaCChI.

Temepb, 4TOOBI IOCTPOUTH MEPAPXUIO KJIACCOB U 9K3EMILIAPOB, HAM IIOTPe-
OyroTcsa QYHKIINY YTeHUS U 3aIUCH cBoiicTB. IlepBoii pyHKITMel Ha puc. 17.9
saBJsercsa HoBas Bepcus rget. Ilo dpopme ona mamomuHaet rget ¢ puc. 17.7.
Oma uMmeeT [Be BETKU — [Jid KJIACCOB U 9K3EeMILJISIPOB COOTBETCTBEHHO.

1. Eciu 00beKT sBJIsIeTC KJIACCOM, MbI 00XOIMM €TI0 CIIMCOK IIPeAIIeCcTBO-
BaHUJ 0 TeX TOP, IOKAa He HaligeM 00beKT, MOl 3HaUeH e NCKOMO-
To cBoOiicTBa, He paBHoe :nil. Ecau Taxkoil 00beKT He HalifieH, BO3BpaIa-
em :nil.

2. Ecau 00beKT ABJISETCS SK3eMILJIAPOM, TO UIeM JUIIL JOKAJIbHO, CPeINn
ero CBOIICTB, a ecJIi He HaXOA1UM, TO PeKYPCHUBHO BbIBBIBAEM rget.

¥ rget mosBUJICA HOBBIU TPeTHl apryMeHT — next?, IpefHa3HaUeHNe KOTO-
poro 6ymeT o6bsAcHeHOo mo3ske. Cefiuac JOCTaTOYHO CKas3aTh, YTO €CJIM OH Nil,
TO rget BegeT ce0si KaK OOBIUHO.

dyHKIUA 1ookup 1 oOpaTHas eif urpaioT PoJIb gethash B crapoii Bepcuu rget.
OHU UIYT B 00'bEKTE CBOMCTBO C 3aJJaHHBIM MMEHEeM UJIU yCTAHABJINBAIOT
HOBOE. ITOT BbI30B (QOYHKIIUY SKBUBAJIEHTEH IIPEIbIAYIIell Bepcuu ¢ svref:

> (lookup 'area circle-class)
NIL
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(declaim (inline lookup (setf lookup)))

(defun rget (prop obj next?)
(let ((prec (preclist obj)))
(if prec
(dolist (c (if next? (cdr prec) prec) :nil)
(let ((val (lookup prop c)))
(unless (eq val :nil) (return val))))
(let ((val (lookup prop obj)))
(if (eq val :nil)
(rget prop (parents obj) nil)
val)))))

(defun lookup (prop obj)
(let ((off (position prop (layout obj) :test #'eq)))
(if off (svref obj (+ off 3)) :nil)))

(defun (setf lookup) (val prop obj)
(let ((off (position prop (layout obj) :test #'eq)))
(if off
(setf (svref obj (+ off 3)) val)
(error "Can’t set "A of "A." val obj))))

Puc. 17.9. Peanu3sayus ¢ nomouspio 6eKxmopos: docmyn

ITockoabKy setf mys 1ookup TaK:Ke OoIIpeeIeH0, Mbl MOKEM OIIPeNeIUTh Me-
TOM area AJid circle-class:

(setf (lookup 'area circle-class)
#’ (lambda (c)
(» pi (expt (rget 'radius c nil) 2))))

B sToi1 mporpamMmme, Kak 1 B ee IPeALIAYINE BepCUH, HET YeTKOr0 pasjee-
HUSA MEXXIY KJIacCaMU U 9K3eMILIAPaMU, a «METOI» — 3TO IIPOCTO PYHKIIUA
B mmoJie o6bekTa. Ho Bckope aTo OyAeT CKpBITO 3a 6oJiee yIOOHBIM (pacamom.

Pucynoxk 17.10 comepskuT oCTaBIIYIOCA YacTh HAIllell HOBOI peasmsariuu.!
IToT Kof He [00aBJsieT IporpaMMe HUKAKUX HOBBIX BOBMOYKHOCTEMH, HO [e-
Jaet ee 6oJiee TPOCTOH B ncmoib3oBauuu. Makpoc defprop, mo cyTu, ocrajcsa
TeM 2Ke, IIPOCTO Tellepb OH BBI3BIBAET 100kup BMecTo gethash. Kak u panbIie,
OH TI03BOJIAET CChLIAThCA HA CBOMCTBA B (DYHKIIMOHAJIHHOM CTUJIE:

> (defprop radius)
(SETF RADIUS)

> (radius our-circle)
NIL

JIaHHBIN JINCTUHT CONEPIKUT MCIIPABJIEHNE aBTOPCKOH Olle4aTKy, KoTopad Oblia
obuapykena Tumom Mensucom (Tim Menzies) u ony6inkoBaHa B HOBOCTHOM
rpyune comp.lang.lisp (19.12.2010). 9ta omeuyaTKa He BHECEHA aBTOPOM B o(u-
UAJILHBIA CIIUCOK OIleYaTOK KHUIU. — IIpum. nepes.
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> (setf (radius our-circle) 2)
2

Ecau HeoOs3aTeIbHBIN BTOPOIT apryMeHT MaKpoca defprop mcTuHeH, ero BbI-
30B PacKpbIBaeTcs B run-methods, KOTOPBIN COXPaHUJICA IMIPAKTUUECKHU 0e3
M3MeHEeHU.

Haxomern, pyukmusa defmeth mpegocTaBiaseT yaoOHBIM cIIOCO0 onpeneeHusa
MeTOonoB. B 9TO# Bepcuu ecTh TPM HOBBIX MOMEHTa: OHA HEABHO BHIBHIBAET
defprop, ucmoyb3yeT 100kup BMecTO gethash 1 BeI3bIBaeT rget BMmecTo get-next
(cTp. 282) nysa MOTyUYeHUA CIAEMYIONero Metoa. Temnepb Mbl BUAUM IPUYU-
HY J00aBJIeHN S He00sI3aTeIbHOrO apryMeHTa B rget: aTa QyHKIIUS TaK II0X0-
JKa Ha get-next, 4TO MbI MOKeM OO'beIMHUTEL UX B OAHY 3a CUeT J0OABJIEHU ST
JIOTIOJIHUTEJILHOTO apryMenTa. Eciu 9TOT apryMeHT UCTUHEH, rget BBIIIOJ-
HAET PoJb get-next.

(declaim (inline run-methods))

(defmacro defprop (name &optional meth?)

“(progn
(defun ,name (obj &rest args)
, (if meth?

s

‘(run-methods obj ’,name args)
‘(rget ',name obj nil)))
(defun (setf ,name) (val obj)
(setf (lookup ', name obj) val))))

(defun run-methods (obj name args)
(let ((meth (rget name obj nil)))
(if (not (eq meth :nil))
(apply meth obj args)
(error "No “A method for “A.” name obj))))

(defmacro defmeth (name obj parms &rest body)
(let ((gobj (gensym)))
“(let ((,gobj ,obj))
(defprop ,name t)
(setf (lookup ',name ,gobj)
(labels ((next () (rget ',name ,gobj t)))
#’ (lambda ,parms ,@body))))))

Puc. 17.10. Peanusayus ¢ nOMOWbI0 66KMOPO8: MAKPOCHL uHmepgeiica

TenepL MBI MOJKEM JOCTUYD TOI'O K€ 3(1)(1)e1c’1‘a, 4YTO 1 B IIPEABIAYIIEM IIPUMeE-
pe, HO C IIOMOIIIBIO CYIIIECTBEHHO 00Jiee IIOHATHOI'0 KOLa:

(defmeth area circle-class (c)
(» pi (expt (radius c) 2)))

O6paTuTe BHUMaHMe, YTO BMECTO BbIBOBA rget MBI MOMKEM Cpa3y BBI3BaTh
radius, Tak KakK oHa Oblja ompefesieHa Kak (PYHKIMA IpU BbI3oBe defprop.
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Bnaromaps HessBHOMY BBI3OBY defprop BHyTpu defmeth MbI MOXKeM aHaJIOTHY-
HBIM 00pa30oM BBI3BATH area, YTOOBI HAWTHU IJIOMIaAb Our-circle:

> (area our-circle)
12.566370614359173

17.8. AHanus

TenepL Yy HacC eCThb BCTpOGHHLIfI A3BIK, HpHCHOCOﬁJIeHHLIfI AJId HAIIMCaHUA
peasbHBIX 00BEKTHO-OPMEHTUPOBAHHBIX TPUJI0KeHUi. OH IPOCTOMH, HO A
CBOETro pasMepa JOCTAaTOUHO MOITHBIN. KpoMe Toro, OH 6yIeT T0CTaTOUHO ObI-
CTPBIM JJI TUIITUYHBIX IIPUJIOKEHN, B KOTOPBIX OIePaIuy C 9K3eMILIApa-
MU O0BIYHO BBITIOJHSAIOTCSI HAMHOI'0 Ualrle, 4ueM ¢ Kjaccamu. OCHOBHOI 3aa-
yell YyCOBEPIIeHCTBOBAHUA KOAa ObLJIO MMEHHO IOBLIIIIEHIEe IIPOU3BOIUTE -
HOCTH IIPK PaAboTe ¢ 9K3EeMILIAPAMU.

B mamien IIporpaMmMe Co3gjaHre HOBBIX KJIACCOB IIPOMCXOAUT MEIJIEHHO U IIPO-
U3BOAUT 0OJIBIIIOE KOJIMUECTBO Mycopa. Ho ecyin Kjaacchl He CO30Al0TCA B T
MOMEHTBI, KOTrJa KPUTHU4YHAa CKOPOCTh, 3TO BIIOJIHE IIPMEMJIEMO. Yro IZLeI‘/,ICT‘
BUTEJHHO JOJIPKHO TPOUCXOAUTE OBICTPO, TaK 3TO JOCTYI U CO3aHUIE 9K3eM-
IJIAPOB. B miiane cKOpocTHu JOCTyIIa K 9K3eMILJIApaM Hallla IporpaMMa JI0C-
TUTJIA TIpeesa, U JaJbHeNIne yCOBEePIITeHCTBOBAHUS MOTYT OBITH CBSA3aHbBI
c onTuMu3aIuei npu komouaanun.’ To ke caMoe KacaeTcs 1 CO3Ja U K-
3eMILISAPOB. Yl HUKaKue oIleparuu ¢ 9K3eMILISIPaAMU He TPpeOyIOT BhIAeJIeHU
naMATH, 38 UCKJIIUEHEeM, Pa3yMeeTCs, CO3JaHnsA BeKTOpa, IPeICTaBJISIO-
miero caM sk3eMILaAp. Ceifiuac Takye BeKTOPHI Pa3MeIlaloTCsa B IaAMATU TU-
HaMHU4YEeCKHM, YTO BIIOJIHE €CTeCTBEHHO, HO IIPpU KeJIaHUM1 MOMHO I/136e}KaTI:
IUHAMUYECKOT0 BBIJEJIEHUS IIaMSATH, IIPUMEHHUB CTPATEruio, OIMMCAHHYIO
B paszeie 13.4.

Har BcTpoeHHBIN A3BIK SABISETCI XapaKTePHBIM IIPUMEPOM ITPOrpaMMUPO-
Bauud Ha Jlucme. Yike TOT (DaKT, UTO OH BCTPOEHHBII, TOBOPUT 00 sToM. Ho
TIOKAa3aTeJIbHO 1 TO, KaK JIMCI MO3BOJIMJI HAM Pa3BUBATh IIPOTPAMMY OT He-
OOJIBIIION OrPaHMUYEHHONM BepCHUHU K MOIIHOI, HO Hea()(PeKTUBHOU, a 3aTeM
K 9()(PeKTUBHO, HO CJIeTKa OrpaHUYeHHOI.

Penyranusa Jlucna KaK MeIJIeHHOTO SI3bIKA ITPONCXOAUT HE U3 er0 IPUPOILI
(emze ¢ 1980-x romoB KOMIUIATOPHI JIncia cClTOCOGHBI T€HEPUPOBATEH HE Me-
Hee OBICTPHIN KOJ, ueM KoMIuaATopsl C), a U3 TOro, YToO MHOTHE IIPOTrpaM-
MUCTBHI OCTAHABJIUBAIOTCA Ha BTOPOM dTalle Pa3BUTHUA mporpaMMbl. Kak mu-
cas Puuapg I'sGpue:

«B JIucme oueHb JIerKO HANNCATh IIporpamMmy c IIJIOXOI IIPOU3BOAUTEJIEHO-
cTbio; B C 5TO MPaKTUUYECKU HEBO3SMOMKHO».

Ida, 5T0 TaK, HO 9TO BhICKA3bIBAHUE MOKET IOHUMAThCS KaK 34, TaK U IPO-
Tus Jlucna:
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1. IIpmobperas ruGKOCTb IIEHOI CKOPOCTH, BBI 00JIeryaeTe IpoIiece Hamuca-
HudA nporpamum B Jlucme; B C BbI He MMeeTe TaKOM BO3MOYKHOCTH.

2. Ecau He onTuMu3upoBaTh Ball JIMCO-KOJ, OUeHb JIETKO HMOJYUYUTL MeJ-
JIEHHYIO IIPOrpaMMy.

Kaxasa n3 uHTepIpeTanuii onucbiBaeT Ballly IPOrpaMMYy, 3aBUCUT BCEIIeJIO
ot Bac. Ho B Jlucne y Bac Kak MUHUMYM €CTh BO3MOKHOCTD IOKEPTBOBATH
CKOPOCTBIO BBITIOJTHEHUSA Paay SKOHOMUY BAIIIET0 BpeMeHU Ha PAaHHUX 9Ta-
max co3maHuA IPorpaMMbl. [[JIs Uero HAII TPUMepP TOYHO He TOAXOAUT, TaK
9TO AJA AeMoHcTpaluu Moaean padborsl CLOS (3a McKIIOUeHMEM, TTOMKATYIH,
OPOACHEHUsA MexaHm3Ma paboTsel call-next-method). [la m KaK MOYKHO T'OBO-
puTh o cxozacTse caouonoramuoro CLOS u marmiero 70-cTpouyHOro KoMapukKa.
HelicTBUTEBFHO, PA3INYUSI MEKIY dTUMHU ABYMSA IIporpaMmmamu 6oJiee 1mo-
KasaTeJIbHbBI, YeM CXO/ICTBA. BO-IePBBIX, MBI YBUEJIHN, HACKOJIBKO IITUPOKUM
TMOHATHEM MOJKeT ObITh 00'beKTHAA OPUEHTUPOBAHHOCTh. Halra mporpamMmma
OyzZeT IOMOIITHee, YeM HEKOTODhIE APYTrHe peajus3aliui 00beKTHO-OPUeHTH-
POBaHHOTO IIPOrPaMMUPOBAHMUA, HO TeM He MeHee OHa o0JiafaeT JIUIIb Ya-
ctbio Motz CLOS.

Hama peanusamusa orsinuaercs or CLOS Tem, uTo MeTOABI ABISIOTCSA METO-
mamMu onpedeseHH020 o0beKTa. TaKkasa KOHIIENIINA METONOB IIPUPABHUBAET
UX K QYHKIUAM, IIOBeJeHINe KOTOPBIX YIIPABJIAETCSI UX IIEPBBIM apryMeH-
ToM. O606mienubIe pyuariuu CLOS MoryT yupaBasaThCs JIOOBIMU U3 CBOUX
apryMeHTOB, & METOJAMU CYUTAIOTCA KOMIIOHEHTHI 0000IITeHHOU (PDYHKITUN.
Ecau onu OyayT cunenuduIiiupoBaHBI TOJIBKO II0 IIEPBOMY apryMeHTY, TO
MOJKHO CO3/IaTh UJIJIIO3UI0, UTO METOAbI ITPUHAAJIeKaT O peaeIeHHbIM KJIac-
cam. Ho nmpeacrasiaenue o CLOS B TepMuHAX MOZENN IIepefadn COOOIeHn i
JIUIITH 3amyTaeT Bac, Tak Kak CLOS 3HaunTeILHO IPEBOCXOIUT ee.

Ormerum onuH us HegoctaTkoB CLOS: ee orpoMHBIil pasMep u IIpopadoTKa
CKDBIBAIOT TO, HACKOJIbKO 00'beKTHO-OPUEHTHPOBAHHOE TPOIrPAMMUPOBAHIE
ABJISIeTCA JUIb nepedpasupoBkoit Jlucna. IIpumep, npuBeaeHHBIN B JaH-
HOI IJ1aBe, 10 KpaiiHeil Mepe, IPOsACHSAET 3TOT MOMeHT. Eciri ObI Hac yIOBJIET-
BOpsJIa cTapas MOJAEJb IIepeaadyu cooOIIeHnit, HaM Obl XBATUJI0 HEMHOTUM
Oosiee cTpaHUIBI Koma AJiA ee peanusanuu. O0beKTHO-OPUEHTUPOBAHHOE
IporpaMMUPOBaHUeE — JIUIIH OHA U3 Belleli, Ha KoTopble cnocobeH Jluci.
A Temneps 60Jiee MHTEPECHBIHN BOIIPOC: HA UTO €IIfe OH CIIOCOOeH?



OTnaaka

B sTom IIPUJIOKEHNHN IIOKa3bIBA€TCA, KAK IIPOM3BOAUTL OTJIAAKY B JIucme,
a TaKXe IIPUBOAATCA IIPMMEPBbI HEKOTOPBIX YaCTO BCTPEYAIOIIIUXCA OITOOK.

Lnknbl npepbiBaHUS

Ecau BwI mpocuTe JIucn caenars TO, Yero OH He MOMKET, BbIUNCJIEHUE OyaeT
mpepBaHO coobieHneM 00 oIrnbKe, ¥ BBI MOMAJEeTe B TO, YTO HAa3bIBAeTCH
yursom npepviéarnus (break loop). IloBeneHme 5TOT0 IUKJIA 3aBUCUT OT UC-
TOJIb3yeMOM peans3aliii, HO BO BCeX CayUasax, KaK MpaBuUJIO, 0TOOpaKatoT-
cdA CJIeAYIOINYe BeIu: coobIenne 00 omundKe, CIIMCOK OIMIUI U CIleruajb-
HOe TIpUTJIAIleHe.

BHyTpu nukIa mpepulBaHWs BbI IO-IIPEXKHEMY MOXKETe BBIUMCIATHL BbIpa-
JKeHINs TaK iKe, Kak 1 B toplevel. Haxoaschk BHYTPH 9TOr0 IIMKJIA, BEI MOYKe-
Te BBISICHUTDH IIPUUYNHY OMINOKY U JaKe MCIPABUTHL €e Ha JIETY, II0CJe Yero
mporpaMMa IIPOAOJIKUT BbINoJIHeHne. TeM He MeHee HauboJjee yacToe Aeii-
CTBHE, KOTOPOE BbI 3aX0TUTE IIPOU3BECTH BHYTPH ITMKJIA IPEPhIBAHUA, — 9TO
BBIOpaThCs U3 Hero. B 00JIbIITMHCTBE OITIO0K, KaK IPaBUJI0, BUHOBATEI OIIe-
YaTKU UJIU MeJKIe OIJIOITHOCTH, TaK UTO OOBIYHO BBI IIPOCTO IIPEpPBETEe BbI-
ToJHEeHUe 1 BepHeTech B toplevel. B rumorernueckoii peausanuu AJIs 9TO-
ro HYKHO HabpaTh abort:

> (/10)
Error: Division by zero.
Options: :abort, :backtrace
>> rabort
>

Yro BbI OyeTe BBOAUTH B CBOEII peain3aliiu, 3aBUCUT OT Hee.
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Ecyiz BbI HaxoauTech B IUKJIE IPEPhIBAHNA U IIPOUCXOIUT €Irle OfHA OII0-
Ka, TO BBI IIOIIaJaeTe B ellle OAWH IIUKJI IpepbiBaHus.! BoJbIINHCTBO peaJin-
sanuit JIucma MoKasbIBaeT yYPOBEHb ITUKJIA, Ha KOTOPOM Bbl HaXOAUTECH,
C TIOMOIIBI0 HECKOJIBbKUX MIPUTJIAIIICHUN NI YUCJIa TIepe/l IPUTIaieHueM:

>> (/2 0)
Error: Division by zero.

Options: :abort, :backtrace, :previous
>>>

TeHepB I‘JIy6I/IHa BJIOYKE€HHOCTH OTJIaAYMKOB PaBHA ABYM, 1 MbI MOKEM BEP-
HYTBHCA B IPENBIAYINUI OTIaUNK UK Ke Cpasdy IomacTh B toplevel.

TpaccpoBka M obpaTHas TpaccupoBKa

Ecnu Bama nporpamma fiesiaet He TO, YTO BbI OKUAJIM, NHOT/IA CTOUT IIpe-
JK/JIe BCEro BBIACHUTD, ¥M0 UMeHHO OHa NesaeT. Eciu Bel BBezere (trace foo),
To JIucn OGyzeT BEIBOGUTH COOOIeHME KA AbIN pas, Korga foo BhI3bIBaeTCA
U 3aBepIaeTcs, TOKa3bIBas IIPU 9TOM IiepeJlaHHble el apryMeHThI UJIN BO3-
BpaIljeHHbIe €10 3HAaUeHNA. BbI MOKeTe OTCIIe}KUBaTh TAKUM 00pa3oM II0Be-
leHUe JII0001 3aJaHHO ITOIb30BaTe IeM (QDYHKIUU.

Tpacca oOBIYHO BBIPABHUBAETCA IO ITVIyOMHE BJIOJKEHHOCTU BBI3oBa. i
(GYHKIIUY, BBITOJIHAIONIEN 00X0M, HATIPUMED, AJIA cJeayiomnieli (GyHKIUH,
I00aBIIAOIIEH efUHUIY K KayKJIOMY HEIIyCTOMY JIEMEHTY JepeBa,

(defun treel+ (tr)
(cond ((null tr) nil)
((atom tr) (1+ tr))
(t (cons (treel+ (car tr))
(treel+ (cdr tr))))))

Tpacca 0ygeT 0To6pakarhb CTPYKTYPY, 00X0 KOTOPO ITPOUCKOUAT:

> (trace treelt)
(treel+)
> (treel+ "((1 . 3) 5 . 7))
1 Enter TREE1+ ((1 . 3) 5 . 7)
2 Enter TREE1+ ( 1 . 3 )
3 Enter TREE1+ 1
3 Exit TREE1+ 2
3 Enter TREE1+ 3
3 Exit TREE1+ 4
2 Exit TREE1+ (2 . 4)
2 Enter TREE1+ (5 . 7)
3 Enter TREE1+ 5
3 Exit TREE1+ 6
3 Enter TREE1+ 7
3 Exit TREE1+ 8

! Kaxk pas mosromy ormianuyuk B JIucne HassiBatoT break loop. — ITpum. nepes.
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Mpunoxexue A

2 Exit TREE1+ (6 . 8)
1 Exit TREE1+ ((2 . 4) 6 . 8)
((2.4)6.8)

I 1a oTKII0OUeHNA TpacCUpPOBKYU 00 BBeauTe (Untrace f00); AJId OTKJIIOUEHU S
TPacCUPOBKU BceX (pyHKIUI BBenuTe (untrace).

Bosee rubKoii aIbTepHATUBONM TPACCUPOBKU ABJIAETCA HoOABJIEHHE B KO
IUarHOCTHMYeCKOou meuaru. Iloxairyii, 3TOT MeTOH, CTaBIIIUH KJIACCUTYECKIIM,
IpUMEHseTCA B IeCATh Pas yalle, YeM U3OIIPeHHbIe OTJIa0UHbIe YTUIUTHI.
ATO elre OHA MPUYMHA, 110 KOTOPOI IT0JIE3HO MHTEPAKTUBHOE TIepeoIpee-
JeHue QyHKITUH.

Oo6pamnas mpacca (backtrace) — 3To CIUCOK BCeX BBHIZOBOB, HAXOJAIIMXCA
Ha CTeKe, KOTOPBIH co3aeTcs U3 MUKJIa IPEePhIBAHUS MTOCJIE TOT'0, KaK MIPO-
usoIia omubka. Ecau mpu TpaccupoBKe MbI KaK ObI TroBopuM: «Ilokasku,
YTO THI IeJIAeIlb», TO IIPU 0OPATHOI TPACCUPOBKeE MbI 3a/jaeM Bompoc: «Kak
MBI CIO/Ia TIOTTaJIn?». ITH [Be OMePAIly JOTOJHSIOT APYT Apyra. Tpaccupos-
Ka IOKAasKeT KaKbIll BHI3OB 3aJaHHBIX (DYHKI[UI BO BCEM [IepPeBe BBI3OBOB,
a obpaTHas TPAaCCUPOBKA — BBI3OBHI BCeX (ZYHKIIUHA B BLIOPAHHOM YaCTH KOAA
(#a myTu ot toplevel K MecTy BOBSHUKHOBEHUS OIITUOKM).

B runuumoiil peasusamuy MBI IOJYYUM 0OpaTHYIO Tpaccy, BBeas :backtrace
B OTJIafUUKe:

> (treel+ “((1 . 3) 5. A))

Error: A is not a valid argument to 1+.
Options: :abort, :backtrace

>> :backtrace

1+ A)

TREE1+ A)

TREE1+ (5 . A))

TREE1+ ((1 . 3) 5 . A))

o~ o~~~

C moMmoIbi0 00paTHON TPacCHPOBKM MOWMATL OIMIHMOKY MHOTAA JOBOJIBHO
JIeTKO. [{J151 TOr0 JOCTATOUHO ITIOCMOTPETH Ha IIEITOYKY BEI30BOB. Erte ogHIM
IPenMyIIecTBOM (hyHKITMOHAJIBHOTO IporpaMMupoBanudd (pasae 2.12) as-
JIsIeTCS TO, UTO BCe 0aru MpoABATCA IPU 00paTHOI TpaccHpoBKe. B moJsHo-
CThi0 QYHKIIMOHAJIHLHOM KOJIe BCE, UTO MOTJIO IIOBJIUSTH Ha BOSHUKHOBEHNE
OInOKY, IPU ee MOSABJIeHUN HAXOAUTCS HA CTeKe BBISOBOB (DYHKITUN.

KoaunuecrBo nHpopManuu, cogepsraiieecs B 00paTHOIN Tpacce, 3aBUCUT OT
ucmob3yemoii peasudanuu. OfHa peaansamnus MOKET BBIBOAUTE MOJIHYIO
HWCTOPHUIO BCEX HE3aBEPIIIEHHBIX BHI3SOBOB C MX aprymMeHTaMu, a apyrad Mo-
JKeT He BBIBOJAUTH IMIPAKTUYECKHX HUYETO. NmetiTe B BUAy, 4TO O6BI‘-IHO Tpac-
cupoBKa (1 oOpaTHaA TpacCUPOBKA) Oosiee MH(GOPMATUBHA /1T UHTEPIIPETU-
pyeMoro Koza, HeeJln IJA CKOMIIMJIMPOBAHHOI0. ITO eIle OJHAa IIPUUYMHA
OTJIOXKUTH KOMITUJISITMIO Ballleil IIPOrpaMMBbI [0 TeX II0p, IIOKa Bl He OyneTe
IIOJIHOCTBIO yBEPEHHI, YTO OHA pabdoraer. VlcTOpUUeCKH OTJIAAKY BEJIU B pe-
KHMe MHTepIpeTalluy U JUIIb 3aTeM KOMIIMJHMPOBAJIU OTJAKEHHYIO Bep-
cuto. OMHAKO B3TJIAALI HA TOT BOIIPOC IMOCTEIEHHO MEHAIOTCS: 110 MEeHbIIIei
mepe aBe peanusanuu Common Lisp BoBce He cofepKaT UHTEPIIPETATOD.
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Korpa Hu4ero He npounucxoanT

He Bce 6aru mpuBOAAT K MPEePhIBAHUIO BeIUuncaeHUM. [[ake 60ee HeIpUAT-
HOHW SIBJSAETCS CHUTyallus, Korma JIucn moJHOCTHI0O UTHOPUPYET BCe BaIud
mericTBusi. OOBIYHO 5TO O3HAUAET, UTO BBI IIOHAJM B 0ECKOHEUHBIN ITUKJI. Ec-
JIX 9TO IIPOUCXOAUT B IIPOIlecce UTepaIin, To JINCH co cuacTInBON YIbIOKOI
Oy/ZeT BBITIOJHATE ee 0ecKOHeuHO. Eciii ke BbI CTOJIKHYJINCH ¢ 06CKOHEUHOT
pexypcueit (KoTopas He OIITUMHU3UPOBaHA KAK XBOCTOBAs), TO BBl PAHO UJIN
TO3IHO IIOJIYYUTE COOOIIeHNe, MHPOPMUPYIOIIlee 00 OTCYTCTBUY CBOOOHOTO
MecTa Ha CTeKe:

> (defun blow-stack () (1+ (blow-stack)))
BLOW-STACK

> (blow-stack)

Error: Stack overflow.

Ecawu :xe aToro He IIPOUCXOOUT, TO BaM OCTaeTCsdA JINIIb IPDUHYANTEJIBHO IIpe-
PBaAThb BBIYUCJ/IEHUA, a 3aTeM BBINTHU 13 OURKJIAa IIPEPbIBaAHUA.

Wuorma nmporpamMmma, pelrampinas TPyJI0eMKYIO 3a1a9y, UCUePIIbIBAET MECTO
Ha CTeKe He MO0 IIpuYrHe 0eCKOHeuHOl peKypcuu. Ho 3TO IIPOMCXOAUT H0-
BOJIBHO PEIKO, U HCUepIIaHre CTeKa, KaK IIPaBUJIO, CBUIETEeIbCTBYET O IIPO-
TPaMMHOM OIITUOKeE.

IIpu cosmanmy PeKYPCUBHBIX (PYHKIIUIH U CJIOBECHOM OIMMCAHUU PEKYPCUB-
HOTO aJITOPUTMA YacTo 3a0bIBAIOT 6a30BbIH cayuaii. Hanmpumep, MbI MOXKeM
CKasaTh, UYTO Oh] IPpUHAMJIEKUT COUCKY 1St, eCliu OH ABJIAETCA ero IepBbIM
5JIeMeHTOM JIn60 IPUHALIEKUT K ocTaTKy 1st. CTporo roBops, 8TO He Tak.
MgI mo3KHBI T0OABUTH €Ilje OAHO YCJIOBME: 0bj He MpuHAaAJeKuT 1st, eciu
1st mycT. B mpoTuBHOM cJyryuae Hallle onucauue 0yIeT COOTBETCTBOBATh Oec-
KOHEUHOU PEeKyPCUH.

B Common Lisp car u cdr Bo3BpaImaior nil, ecjau uxX apryMeHTOM ABJISIETCS
nil:

> (car nil)
NIL
> (cdr nil)
NIL

IlosTomy ecsimt MBI IpoOIycTUM 6a30BO€ YCIOBHE B OIIPEAeIeHUN Nember,

(defun our-member (obj 1st) . wrong
(if (eql (car 1st) obj)
1st

(our-member obj (cdr 1st))))

TO MOJIYUYUM OECKOHEUHYIO PEKYPCUIO, €CJIM NCKOMBIN 00BEKT OyZAeT OTCyT-
CTBOBATH B CIuCKe. Korma Mbl OCTUIHEM KOHIA CIIMCKA, TAK W He HAWAA
9JIEMEHT, PEKYPCUBHBIN BBIB0OB Oy/IeT UMETh CJAeAYIONNii BUI:

(our-member obj nil)
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B xoppekTHOM ontpenenenuu (cTp. 33) 6a30BOE yCIOBUE IPUBEET K OCTAHOB-
Ke peKypcuu, Bo3Bpaiasa nil. B Hamewm omubounoM ciydae GyHKIUA OyaeT
IIOKOPHO MCKATh Car u cdr oT nil, KOTOpBIe TaKsKe PaBHBI Nil, IO3TOMY IIPO-
mecc OyIeT IMOBTOPATHCSA CHOBA U CHOBA.

Ecau npuunaa 6eCKOHEUHOrO ITpoIilecca HeOUeBUIHA, KAaK B HAIIleM cJayuae,
BaM IIOMOJKET TPacCHpPOBKa. becKoHeuHbIe ITUKJIBI OBIBAIOT IBYX BUA0B. BaMm
TIOBE3JI0, eCJIM NCTOYHNKOM 0€CKOHEUHOI'0 IIOBTOPEHU ABJIAETCA CTPYKTypa
nporpaMmmbl. Hampumep, B caydae our-member TpacCUPOBKA TYT 2Ke MIOKAKET,
rae mpobJema.

Bosee cioxHBIM cyuaeM ABIAIOTCA 0€CKOHEUHBIE ITUKJIBI, IPUYNHA KOTO-
PBIX — HEKOPPEKTHO c)OPMUPOBAHHBIE CTPYKTYPhI JaHHBIX. Hampumep, mo-
OBITKA 00X0/1a ITUKJINYECKOro cuucKa (cTp. 215) mpuBOAUT K OECKOHEUHOMY
nukay. [logoOHbIe MpobaeMbl TPYAHO 00HAPYKUTD, TaK KAaK OHU IPOSBJIIA-
0T ce0si He Cpasdy ¥ BOSHUKAIOT yiKe B KOJe, KOTOPBII He SBJIAETCS UX HeIo-
cpeAcTBeHHOI MpuunHOI. [IpaBUJIBHBIM pellleHeM ABJSETCA IPeayIpesk-
IeHne mogo0HbBIX mTpobseM (ctp. 205): usberaiiTe AeCTPYKTUBHBIX OIEpPaTO-
POB 10 TeX TIOP, MIOKa He yoequTech B KOPPEKTHOCTH PAOOTHI IIPOrPaMMBI.

Ecau Jlucnm murHOpupyeTr Balliu AeNCTBUA, MPUUYMHONA STOTO MOKET OBITh
oXugaHue BBoga. Bo MHOrmx cucremMax Haskatue Enter me mpuBoguT K Ka-
KuM-1u60 5 deKTaM, ecau BBOJ BbIpaKeHUs He 3aBepIlieH. [IpenMy1iecTBo
TaKOro IMOAXO0/a 3aKJIIOUaeTCA B TOM, UTO 9TO JaeT BO3MOMKHOCTDH BBEIEHUA
MHOT'OCTPOYHBIX BbIpaskenuii. Ho ecTs 1 HeJJocTaTOK: ecJid BbI 3a0y/ieTe BBe-
CTHU 3aKPBIBAIONIYIO CKOOKY MJIM KaBBIUKY, JIuci OyAeT o:KuaaTh 3aBepilie-
HUSA BBOJA BBIPAKEHUS, B TO BpeMs KaK BbI OyJeTe AyMaThb, UTO BBEJIU €T0
TIOJTHOCTHIO:

> (format t "for example "A™% 'this)

3mech MBI IPOIYCTUIN 3aKPHIBAOIYIO KABBIUKY B KOHIIE CTPOKY (DOPMATHU-
poBanus. Ha:xkatue Ha Enter me mpuBener Kk uemy-1ubo, Tak Kak Jluen my-
MaeT, YTO MBI IIPOJOJIIKaeM HabupaTh CTPOKY.

B HEKOTOPBIX peasn3aIusaX BbI MOKETEe BEPHYTHCS Ha MPEIbIAYIIYI0 CTPO-
Ky 1 J00aBUTH 3aBEPIAOIYI0 KaBBIUKY. B Tex cucremax, Iie BO3MOYKHOCTH
PeaKTHPOBAHUA IPEABIAYINNX CTPOK He IPeAyCMOTPEHA, YHUBEPCAIBLHLIM
pellleHreM SBJISIETCS IPepPhIBAHNE IMPOrPAMMEI C IOCIELYIOIINM BBEIXOLOM
U3 IUKJIA IPEePbIBAHUS.

MepemeHHble 6e3 3HayeHus/
HecBfi3aHHble NepeMeHHble

YacToil IpuuYnHOM Kayi00 co CTOPOHEI JIrcna SBIAIOTCA CUMBOJIBI 0e3 3Ha-
YeHUA UJIN Ke HeCBsI3aHHbIe CUMBOJIBI. OHM MOT'YT BbI3BATh HECKOJIBKO pas-
JIMYHBIX ITPO0IEM.

JlokasbHBIE TIEpeMeHHBIe, MTOA00HbIEe yCTaHABJIMBaeMbIM B let mawm defun,
JefICTBUTEIbHBI TOJILKO BHYTPH TeJIa BEIPAKEHU s, B KOTOPOM OHU OBLJIN CO3-
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naubl. ITonbITKA coc/iaThCs HA TaKue IIepeMeHHble OTKYyAa-11n60 N3BHe IIpU-
BeJZleT K OIuoOKe:

> (progn

(let ((x 10))
(format t "Here x = "A.7%" x))

(format t "But now it's gone... %")
x)

Here x = 10.

But now it’s gone...

Error: X has no value.

Korga JIucho :xayercsa mogoOHBEIM 06pa3oM, 9TO 3HAUUT, UTO BBl CIAYUATHO
cocJIaJINCh Ha MepeMeHHYI0, KoTopas He cyIiecTByeT. II0OCKOIbKY B TEKY-
IeM OKPYJKEeHUU He CYIIeCTBYeT JIOKAJIbHOI IepeMeHHOH x, Jlucm gymaer,
YTO MBI CChLIIAEMCS Ha TVIO0AIbHYIO IePEMEeHHYI0 NI KOHCTAHTY C TeM JKe
umeneM. Korza oH He HAXOAUT HUKAKOTO 3HAUEHUs, BOBHUKAET OIIMOKA.
K raxomy ske pesysbTaTy IPUBEAYT ONEYATKN B MMEHAX IIePeMeHHBIX.

IToxomxkas HpOGJIeMa BO3HUKAaET, €CJU MbI IIbITAEMCS COCJIaThCA Ha (DYHK-
IO KaK Ha IIepeMeHHYI0:

> defun foo (x) (+ x 1))
Error: DEFUN has no value.

ITonauaJsry 9T0 MOKeT 03aJaunTh: KaK aTo defun He umeeT 3HaueHuA? IIpocTo
MBI 3a0BLJIM OTKPBIBAIOIIYIO CKOOKY, M II09TOMY JIMCII BOCIPUHUMAET CUM-
BoJI defun (a aTo Bce, UTO OH IIOKA UTO CUUTAJ) KaK IJI00aJIbHYIO IIEPEeMEHHY 0.

Wuorma mporpaMMUCThI 3a0bIBAIOT MHUIIUNAJIN3UPOBATD IJI00ATIbHbBIE TIepe-
meHHBIe. Ecaiu BBI He epefaeTe BTOPOIi apryMeHT defvar, rimobajabHasd mmepe-
MeHHas OyJeT ompejiesieHa, HO He MHUIINAJN3UPOBAHA, U DTO MOYKET OBITH
KOpHEM IIPO0JIeMbI.

Heo)xuaaHHbIN nil

Ecau GyHKIUU KagIyoOTCA, UTO MOJAYUYUIU Nil B KauecTBe apryMeHTa, TO
9TO MPU3HAK TOT'0, YTO HA PAHHUX dTamax padoThl B IPOrpaMMe YTO-TO II0-
mIo He Tak. HeKoTopble BCTPOEHHBIE OIEPATOPHI BO3BPAIIIAIOT Nil Ipu He-
ynaunoM 3aBepireHnu. Ho, TOCKOJIBKY Nil — IIOJIHOIEHHBIN 06HEKT, IPO0Ie-
Ma MOJKeT OOHApYKUTH ce0A CYIIeCTBEHHO II03’Ke, KOTna KaKad-HuOyIb
IpyTad 4acThb Balllell IPOrPAMMBI IIOIIBITAETCS BOCIIOIB30BATHCA STUM AKO-
OBbI BO3BpAIlaeMbIM 3BHAUEHMEM.

Hanpumep, npeacrasum, uTo Halla GyHKIM, BO3BPAIIAIOIIAsd KOJUUYECTBO
IHEeHN B MecsdIle, COAEP;KUT 0ar — MbI 3a0bIJIN IIPO OKTAOPD:

(defun month-length (mon)
(case mon
((jan mar may jul aug dec) 31)
((apr jun sept nov) 30)
(feb (if (leap-year) 29 28))))
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Kpome Toro, Mol umeeM (GpYHKIIMIO AJIS BBIUMCICHUS KOJHMYECTBA HeIeIb
B MecCsAIIe:

(defun month-weeks (mon) (/ (month-length mon) 7.0))
B rakom cayuae mpu BeI30Be month-weeks MOYKET ITPOMBONUTH CJIENYIOIIEee:

> (month-weeks 'oct)
Error: NIL is not a valid argument to /.

Hu oxmo mu3 3afjaHHBIX YCJIOBUII B Case-BhIPAKEHUU He OBLJIO BBIMOJIHEHO,
u case BepHyJ nil. 3arem month-weeks, KoTopas OKHOAET UMCJ0, IIepeaaeT
9TO 3HaUeHUe PYHKIINH /, HO Ta MOJYYaeT Nil, YTo U IPUBOIUT K OIITHOKE.

B mamem npumMepe MCTOUHUK M MECTO IIPOSIBJIEHUS 0ara HaXOmATCA PsIIOM.
YeMm paJibilte OHU IPYT OT APyTa, TEM CJOKHee HalTu momoOubie 6aru. s
IpeaoTBpaIeHnA MOAOOHBIX CUTYAIIN B HEKOTOPBIX AHajieKTax Jlucia mpo-
XOKaeHune cond U case 0e3 BBIMOJHEHUS OHOI'O M3 BAPUAHTOB BBIZLIBAET
orr6ky. B Common Lisp B 9Toi cuTyaiuu cjieyeT NCIOJIb30BaTh ecase (CM.
pasnen 14.6).

HepewmeHOBaHMe

Oco0GeHHO 3JIOBpPENHBIN Oar MOABJIAETCA MPU MEePenMeHOBAHUUN (QYHKIIUU
nJian nepeMeHHoﬁ B HEKOTOPKBIX, HO HEe BO BCeX MeCTaX HMCIIOJIb30BaAHUA. Ha-
OpuMep, IPEAIIOJOMKIM, UTO MbI OHPEIeJUIN CIAeAYIONY (HeadPeKTuB-
HYI0) peajmsanuio QyHKIIUY BEIYUCIEHUA IIyOUHBI BJOYKEHHOTO CITMCKA:

(defun depth (x)
(if (atom x)
1
(1+ (apply #'max (mapcar # depth x)))))

IIpu mepBOM K€ TeCTUPOBAHUY MBI O0HAPYIKIM, UTO OHA JAaeT 3HAUYeHNe, 3a-
BBIIIIEHHOE Ha 1:

> (depth " ((a)))
3

HcxomHoe 3HAUEHME NOJIMKHO OBITH paBHO 0, a He 1. McopaBuM 9TOT HEIOUET,
a 3a0HO JaauM PYHKINY 60Jjiee KOHKPETHOE IM:

(defun nesting-depth (x)
(if (atom x)
0
(1+ (apply #'max (mapcar # depth x)))))

Temepsb CHOBA TPOTECTUPYEM:

> (nesting-depth '((a)))
3

Mp1 mostyuniiu TOT sKe pesyJsbrart. B uem sxe mesio? [a, ommmoKy MbI ICTIpaBU-
JI¥, HO 9TOT Pe3yJIbTAT MOJIyUaeTca He U3 UCIpaBiIeHHOro Koga. Ilpurnanu-
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TeCch BHUMATEJbHO, BeJb MBI 3a0bLJIN IOMEHATEH UM B PEKYPCUBHOM BLI30BE,
¥ Hallla HoBad (DYHKIUA IIO-TIPeKHEMY BhI3bIBAeT HEKOPPEKTHYIO PYHKIIUIO
depth.

MyTaHMLUa aprymMeHTOB Mo KJlo4vy
N Heobs3aTeNbHbIX apryMeHTOB

Ecnu (QyHKIusa TpuHUMaeT OZHOBPEMEHHO Heo0s3aTesbHble apryMeHTHI
¥ apryMeHTHI II0 KJII0UY, YacTO! OIIMOKOM ABJIAETCA caydyaiiHas Iepegada
KJIIOUEBOTO CJIOBA (II0 HEBHUMATEJILHOCTH) B KayecTBe 3HAUEHUA Heo0sa3a-
TeJbHOT0 aprymenTa. Hanpumep, QyHkIudg read-from-string umeet caenyro-
UM CIIMCOK apryMeHTOB:

(read-from-string string &optional eof-error eof-value
&key start end preserve-whitespace)

Yro0bI mepenaTh TaKol (PYHKIINU apryMeHTHI 10 KJIIOUY, HYsKHO CHadaJa
mepejaTh eil Bce HeoOsA3aTeJIbHbIE apryMeHThI. Ecau Mbl 3a0ymeM 00 9ToM,
KaK B JaHHOM IIpUMepe,

> (read-from-string "abcd” :start 2)
ABCD
4

To :start u 2 6yAyT paciieHeHbl KaK HeoOsa3aTe/IbHbIe apryMeHThl. KoppeKT-
HBIH BBIZOB OYIET BHITJIALETH CJIEIYIOIIUM 00pas3oM:

> (read-from-string "abcd” nil nil :start 2)
CD
4

HekoppekTHble geknapauum

Briase 13 00bACHAIOCH, KAK OIIPENEIATE eKJIapalluy IepeMeHHbIX 1 CTPYK-
Typ JaHHBIX. [lekJaapupys uTo-1ub60, MbI JaeM obelaHue B JaJIbHeHIIeM
CJIeOBATH ATOH MEeKJIapallui, ¥ KOMIUJIATOP HOJTHOCTHIO IIOJIaTaeTCA Ha 9TO
momnyiienure. Hampumep, o6a apryMeHTa caenyoIeil GyHKIIUY 0003HAUEHBI
Kak double-float,

(defun dfx (a b)
(declare (double-float a b))
(» ab))

¥ II03TOMY KOMIIUJIATOP CTeHEPUpPOBAJ KO/, IPeJHA3HAUEHHBIN NI YMHO-
"KeHUdA TOJBbKO yuces double-float.

Ecau df+ BeI3bIBaeTCsA ¢ apryMeHTaMu, He COOTBETCTBYIOIIUMHU 3aeKJIapu-
POBAHHOMY THITY, TO 3TO BBI30BET OIITMOKY UJIU BOBCE BEPHET Mycop. A B oI~
HOU M3 peayiusaliii IpU mepejavde B 9Ty MYHKIINIO ABYX (GUKCUPOBAHHBIX
IeJIBLIX IIPOMCXOLUT allapaTHOe IpephiBaHue:
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> (dfx 2 3)
Error: Interrupt.

Ecau y Bac BosHUKAaeT 1oo0HAs cepbe3Hasd OIIn0Ka, ¢ 00JIbIIIONA BEPOATHO-
CTBIO ee IIPUYNHON ABJISETCA HeBepHAA JeKJIapalius TUIA.

MpeaynpexnpeHus

WHuorma Jlucm MoKeT KaJioBaThCA Ha UTO-IN00 0e3 IpephIBaHUA BBIUUCTIE-
"Huii. MHOrUe U3 5TUX NPefYyIpPeKIeHUN ABIAIOTCA JOKHBIMU TPEBOTaMU.
Hanpumep, uacTo BOBHUKAIOT IPEAYIIPEKIeHNA, KOTOPHIMY COITPOBOYKIAET-
cda KoMnuiaanua QYHKINH, COIepIKAINX He3aIeKJIapUPOBAHHbIE NI HEVC-
moJb3yeMble TiepeMeHHbIe. Hampumep, Bo BTOpoM BbI3oBe map-int (cTp. 117)
mepeMeHHasA X He MCIOJb3yeTcsa. Kcim BbI HE XOTUTE, UTOOBI KOMITUJIATOD
KasKIbIN pas coo0Ial BaM 00 3TOM (paKTe, NCIOJIL3YHITe JeKJapaIuio ignore:

(map-int #' (lambda (x)
(declare (ignore x))
(random 100))
10)
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9TO IPUJIOIKEHNTE COJAEPIKUT opeaesieHns: 58 Hanbojiee NCIOIb3YEeMbBIX OITe-
patopoB Common Lisp. Tak Kak 6oJbIas yacTh Jlucna HanucaHa (UJau Mo-
JKeT ObITh HANIMCaHAa) Ha HeEM CaMOM U IIpu 3ToM JIrcn-iporpaMMbI HEBEJIUKU
(w1 MOT'yT OBITH TAKUMU), 3TO YIOOHBIHN cI0CO0 00BbACHEHNA CaMOTO A3BIKA.

Kpowme Toro, ranuoe ynpakHeHUe IeMOHCTPUPYET, UTO KOHIenTyaabHo Com-
mon Lisp He TaKo#l YK 1 OOJIBIIION A3bIK, KaK MOYKET IT0Ka3aThCA. BOJIbIITIH-
cTBO onepaTopoB Common Lisp ABiAOTCA, II0 CYyTH, GUOJIMOTEUHBIMU (QYHK-
nuamu. HabGop omepaTopoB, HEOOXOZUMBIX AJIS OIPENeJEHUs OCTAJIBHBIX,
OBOJILHO MaJl. [[J11 omIpeiesIeHNA TeX OIIEePATOPOB, KOTOPhIE MBI PACCMOTPUM
B 9TO¥1 TUIaBe, JOCTATOUHO HAJIUYUSA JIUIIH CJIEIYIOIINX OIIePaTOPOB:

apply aref backquote block car cdr ceiling char= cons defmacro
documentation eq error expt fdefinition function floor gensym
get-setf-expansion if imagpart labels length multiple-value-bind
nth-value quote realpart symbol-function tagbody type-of typep = + - / < >

Koxm, mpeacraBieHHBIT 3/1eCh, HATTUCAH TAKUM 00pa3oM, UYTOOBI 00'bACHATH
Common Lisp, HO He peanM30BBLIBATH €r0. B IIOJHOIEHHBLIX pean3aluax
9THU OIIePATOPBLI MOT'YT OBITH 00Jiee MPOM3BOAUTEJBHLIMI M JIyUIlle IIPOBO-
IUTH IIPOBEPKY Ha Hauuure omnbok. OmepaTopsl ompenesieHbl B aI(DaBUT-
HOM IIOPSAKe AJIA YIIPOIeHNs UX MoucKa. Kcau BbI [eliCTBUTEILHO XOTUTE
WCIIOJIb30BATh ATy peajmsalinio Jlucia, ompeneaeHus MAaKpPOCOB JOJIYKHBI
HaXOAUTHCA IIepes JI0O0bIM KOJIOM, KOTOPBIN UX HCIIOJIb3YeT.

(defun -abs (n)
(if (typep n 'complex)
(sqrt (+ (expt (realpart n) 2) (expt (imagpart n) 2)))
(if (< n0) (-n)n)))

(defun -adjoin (obj 1lst &rest args)
(if (apply #'member obj 1st args) lst (cons obj 1st)))
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(defmacro -and (&rest args)
(cond ((null args) t)
((cdr args) ‘(if ,(car args) (-and ,@(cdr args))))
(t (car args))))

(defun -append (&optional first &rest rest)
(if (null rest)
first
(nconc (copy-list first) (apply # -append rest))))

(defun -atom (x) (not (consp x)))

(defun -butlast (lst &optional (n 1))
(nreverse (nthcdr n (reverse 1st))))

(defun -cadr (x) (car (cdr x)))

(defmacro -case (arg &rest clauses)
(let ((g (gensym)))
“(let ((.,g ,arg))
(cond ,@(mapcar #’ (lambda (cl)
(let ((k (car cl)))

“(, (cond ((member k '(t otherwise))

t)
((consp k)
“(member ,g ", k))
(t “(eal ,g " k)))
(progn ,@(cdr cl)))))
clauses)))))

(defun -cddr (x) (cdr (cdr x)))

(defun -complement (fn)
#' (lambda (&rest args) (not (apply fn args))))

(defmacro -cond (&rest args)
(if (null args)
nil
(let ((clause (car args)))
(if (cdr clause)
“(if , (car clause)
(progn ,@(cdr clause))
(-cond ,@(cdr args)))
(or ,(car clause)
(-cond ,@(cdr args)))))))

‘

(defun -consp (x) (typep x 'cons))

(defun -constantly (x) #' (lambda (&rest args) x))
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(defun -copy-list (lst)
(labels ((cl (x)
(if (atom x)

X

(cons (car x)

(cl (cdr x))))))
(cons (car 1lst)
(cl (cdr 1st)))))

(defun -copy-tree (tr)
(if (atom tr)
tr
(cons (-copy-tree (car tr))
(-copy-tree (cdr tr)))))

(defmacro -defun (name parms &rest body)
(multiple-value-bind (dec doc bod) (analyze-body body)
“(progn
(setf (fdefinition ', name)
#' (lambda , parms

,@dec
(block , (if (atom name) name (second name))
,@bod))
(documentation ', name 'function)
,doc)

‘,name)))

(defun analyze-body (body &optional dec doc)
(let ((expr (car body)))
(cond ((and (consp expr) (eq (car expr) 'declare))
(analyze-body (cdr body) (cons expr dec) doc))
((and (stringp expr) (not doc) (cdr body))
(if dec
(values dec expr (cdr body))
(analyze-body (cdr body) dec expr)))
(t (values dec doc body)))))

. 9TO onpepgeneHue, CTPOr0o rOBOPSA, He ABNAETCA KOPPEKTHLIM, CM let.

(defmacro -do (binds (test &rest result) &rest body)
(let ((fn (gensym)))
“(block nil

(labels ((,fn , (mapcar # car binds)
(cond (,test ,@result)

(t (tagbody ,@body)

(,fn ,@(mapcar # third binds))))))
(,fn ,@(mapcar # second binds))))))
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(defmacro -dolist ((var lst &optional result) &rest body)
(let ((g (gensym)))
“(do ((,g ,1st (cdr ,g)))
((atom ,g) (let ((,var nil)) ,result))
(let ((,var (car ,g)))
,@body))))

(defun -eql (x vy)
(typecase x
(character (and (typep y ’'character) (char= x vy)))
(number (and (eq (type-of x) (type-of y))
(= xvy)))
(t (eq x y))))

(defun -evenp (x)
(typecase x
(integer (= 0 (mod x 2)))
(t (error "non-integer argument™))))

(defun -funcall (fn &rest args) (apply fn args))
(defun -identity (x) x)

. 9To onpeneneHue He ABNSAETCHA MOMHOCTbI KOPPEKTHbIM: BhipaxeHue
; (let ((&key 1) (&optional 2))) KOppekTHO, a BOT €ro packpbiTve - HeT.

(defmacro -let (parms &rest body)
‘((lambda , (mapcar # (lambda (x)
(if (atom x) x (car x)))
parms)
, @body)
,@(mapcar #' (lambda (x)
(if (atom x) nil (cadr x)))
parms)))

(defun -list (&rest elts) (copy-list elts))
(defun -listp (x) (or (consp x) (null x)))

(defun -mapcan (fn &rest lsts)
(apply #'nconc (apply # mapcar fn lsts)))

(defun -mapcar (fn &rest lsts)
(cond ((member nil lsts) nil)
((null (cdr 1sts))
(let ((1lst (car 1sts)))
(cons (funcall fn (car 1st))
(-mapcar fn (cdr 1lst)))))
(t
(cons (apply fn (-mapcar #'car 1lsts))
(apply #' -mapcar fn
(-mapcar #’ cdr 1sts))))))
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(defun -member (x lst &key test test-not key)
(let ((fn (or test
(if test-not
(complement test-not))
#eql)))
(member-if #’ (lambda (y)
(funcall fn x vy))
Ist
‘key key)))

(defun -member-if (fn 1st &key (key #’ identity))
(cond ((atom 1st) nil)
((funcall fn (funcall key (car 1lst))) 1lst)
(t (-member-if fn (cdr lst) :key key))))

(defun -mod (n m)
(nth-value 1 (floor n m)))

(defun -nconc (&optional 1st &rest rest)
(if rest
(let ((rest-conc (apply # -nconc rest)))
(if (consp 1lst)
(progn (setf (cdr (last 1st)) rest-conc)
1st)
rest-conc))
1st))

(defun -not (x) (eq x nil))

(defun -nreverse (seq)
(labels ((nrl (1lst)
(let ((prev nil))
(do ()
((null 1st) prev)
(psetf (cdr 1st) prev
prev lst
1st (cdr 1st)))))
(nrv (vec)
(let* ((len (length vec))
(ilimit (truncate (/ len 2))))
(do ((1 0 (1+ 1))
(3 (1= Ten) (1- 3)))
((>= 1 ilimit) vec)
(rotatef (aref vec i) (aref vec j))))))
(if (typep seq ’'vector)
(nrv seq)
(nrl seq))))

(defun -null (x) (eq x nil))
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(defmacro -or (&optional first &rest rest)
(if (null rest)
first
(let ((g (gensym)))
“(let ((,g ,first))
(if ,g
9
(-or ,@rest))))))

; 9Ta OyHkums He BxoauT B Common Lisp, Ho TpebyeTcs 3aechb
;NG HECKONbKMX [APYruX OnpeneneHui

(defun pair (1lst)
(if (null 1st)
nil
(cons (cons (car 1st) (cadr 1st))
(pair (cddr 1st)))))

(defun -pairlis (keys vals &optional alist)
(unless (= (length keys) (length vals))
(error "mismatched lengths™))
(nconc (mapcar #' cons keys vals) alist))

(defmacro -pop (place)
(multiple-value-bind (vars forms var set access)
(get-setf-expansion place)
(let ((g (gensym)))
‘(letx (,@(mapcar #'1list vars forms)
(,g ,access)
(, (car var) (cdr ,g)))
(prog1 (car ,g)
,set)))))

(defmacro -prog1 (argl &rest args)
(let ((g (gensym)))
“(let ((,g .arg1))
,@args
.9)))

(defmacro -prog2 (argl arg?2 &rest args)
(let ((g (gensym)))
“(let ((,g (progn ,argl ,arg2)))
,@args

.9)))

(defmacro -progn (&rest args) ‘(let nil ,@args))
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(defmacro -psetf (&rest args)
(unless (evenp (length args))
(error "odd number of arguments”))
(letx ((pairs (pair args))
(syms (mapcar # (lambda (x) (gensym))
pairs)))
‘(let , (mapcar #'list
syms
(mapcar #'cdr pairs))
(setf ,@(mapcan # list
(mapcar #'car pairs)

syms)))))

(defmacro -push (obj place)
(multiple-value-bind (vars forms var set access)
(get-setf-expansion place)
(let ((g (gensym)))
“(letx ((,g ,o0bj)
,@(mapcar #'list vars forms)
(,(car var) (cons ,g ,access)))
,set))))

(defun -rem (n m)
(nth-value 1 (truncate n m)))

(defmacro -rotatef (&rest args)
‘(psetf ,@(mapcan #’ list
args
(append (cdr args)
(list (car args))))))

(defun -second (x) (cadr x))

(defmacro -setf (&rest args)
(if (null args)
nil
‘(setf2 ,@args)))

(defmacro setf?2 (place val &rest args)
(multiple-value-bind (vars forms var set)
(get-setf-expansion place)
“(progn
(let* (,@(mapcar #' list vars forms)
(,(car var) ,val))
,set)
,@(1f args ‘((setf2 ,@args)) nil))))

(defun -signum (n)
(if (zerop n) 0 (/ n (abs n))))
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(defun -stringp (x) (typep x ’'string))

(defun -tailp (x vy)
(or (eql x y)
(and (consp y) (-tailp x (cdr y)))))

(defun -third (x) (car (cdr (cdr x))))

(defun -truncate (n &optional (d 1))
(if (> n 0) (floor n d) (ceiling n d)))

(defmacro -typecase (arg &rest clauses)
(let ((g (gensym)))
“(let ((,g .arg))
(cond ,@(mapcar #' (lambda (cl)
“((typep ,g ', (car cl))
(progn ,@(cdr cl))))
clauses)))))

(defmacro -unless (arg &rest body)
“(if (not ,arg)
(progn ,@body)))

(defmacro -when (arg &rest body)
‘(if ,arg (progn ,@body)))

(defun -1+ (x) (+ x 1))

(defun -1- (x) (- x 1))

(defun ->= (first &rest rest)
(or (null rest)

(and (or (> first (car rest)) (= first (car rest)))
(apply #'->= rest))))



N3meHeHns B Common Lisp

ANSI Common Lisp cytmrectBenHo oTanudaercsa or Common Lisp, onucauHo-
ro B 1984 roxy B nepBom uznaunuu «Common Lisp: the Language» I'as Ctu-
sga. OH TaKiKe OTINYAEeTCA (XOTS U B MEHBIIIEH CTEIIeHN) OT OIIMCAHUA A3BIKA
Bo BTOpoM mapauuu 1990 roma. 9To mpuIoKeHre ONMUChIBAeT Hanboee Cy-
IIeCTBeHHbIe pasauuns. Msmenenusi, BHeceHHbIe ¢ 1990 roga, mepeuncie-
HBI OT/JIEJIFHO B IIOCJIEJHEM Das/eJie.

OCHOBHbIe AonoJIHeHUSA

1. O6pekTHas cuctema Common Lisp (CLOS) cTasia uacTbio A3bIKA.

2. Makpoc 1oop Temeph peaju3yeT BCTPOEHHBIH A3BIK ¢ MH(MUKCHBIM CHUH-
TaKCHUCOM.

3. Common Lisp Temneps BKIIOUaeT HAOOP HOBBIX OIIEPATOPOB, KOTOPbIE B 00-
IIIeM Ha3bIBAIOTCA CUCTEMOM 0COOBIX YCIOBUH 1 IIPeHASHAUYEHBI JJIS CUT-
HaJIU3aIuu 1 00paboTKY OMINOOK 1 APYTUX YCJIOBUI.

4. Common Lisp Teneps mpeocTaBIsgeT CIIEUATBHYIO IOAIEPKKY U YIIPaB-
JIeHUe TIpoIleccoM KpacuBoii meuatu (pretty printing).

OTaenbHble AOMNOJIHEeHUS

1. MoGaBieHbI CIeLYIOIINE OIEPATOPHL:

complement nth-value

declaim print-unreadable-object
defpackage readtable-case
delete-package row-major-aref
destructuring-bind stream-external-format
fdefinition with-compilation-unit

file-string-length with-hash-table-iterator
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2.

function-lambda-expression with-package-iterator
load-time-value with-standard-io-syntax
map-into

,I[O63_BJIeHI)I CcJIenyroiIme ryio0aIbHbIE IIepeMeHHEbIe:

=debugger-hookx xread-evalx *print-readably=

DyHKUMN

1.

Wnes numenu pyHKIuy Obl1a 0000IIIeHA U TellePh BKJIIOYAET BHIPAKEHU
Buga (setf f). IlomoOHBIE BhIpAsKEHUs Telepb MPUHUMAIOTCS JIFOOBIMU
orepaTopaMy WU JeKJapaliusaMU, KOTOpble OKUAAIT UMA QYHKIIUU.
Hosasa ¢pyukmus fdefinition geficTByer momo6Ho symbol-function, Ho mpu-
HUMaeT uMA PYHKIIUY B HOBOM 00Jiee 00II[eM CMBICJIE.

Tum function 6osbItie He BKJIOUaeT fhoundp-cMMBOJIBI U JIAMOA-BbIpasKe-
HuA. CuMBOJBI (HO He JAMOMA-BBIPAKEHUs) MHO-TIPeKHEeMY MOTYT MC-
OJIb30BAThCA TaM, TIie OKuAaeTca QYHKIIMOHAJIbHBIN 00beKT. JIamona-
BBIPAsKEHUA MOT'YT ObITH IPe00pa3oBaHbl B (PYHKI[UU C TIOMOIIIBIO COEICe.

CuMBOJIBI, UCIIOJb3yeMble KaK MMeHAa apr'yMeHTOB I10 KJII0UY, OOJIbIIIE He
00s3aHbBI OBITH KJII0UeBBIME ciioBamMu. (O6paTuTe BHUMAaHMNE, UYTO CIMBO-
JIBI He U3 TIaKeTa keyword Ipy TaKOM MCIIOJIb30BaHUY JOIKHBI BbIAEIATE-
csI KaBbIUKAMM.)

15 ocTaTOYHBIX apryMeHTOB (&rest) He rapaHTUPYeTCA HOBOE BBIJEJIe-
HUe IaMATH, I09TOMY UBMEHATH UX JeCTPYKTUBHO HEOe30IacHO.

JlokasibHBIe PYHKIINMU, OonpeaeeHHbIe yepe3 flet mum labels, a TakiKe
pe3yJsbTaThl pacKkpeITua defmacro, macrolet nam defsetf HeABHO 3aKI0Ue-
HBI B 0JI0K block, MMA KOTOPOTO COOTBETCTBYET MMEHU OIPEAeIsIeMOTO
o0beKTa.

DyHKIUA, UMeoIasd WHTePHIpeTUpPyeMoe OIIpeJesieHre B HEHYJIeBOM
JIEKCUYeCKOM OKPY:KeHuU (To ecTh onpeneneHHas B toplevel uepes defun
BHYTpPH let) He MOKeT ObITh CKOMIMJINPOBAHA.

Makpochbl

1.

2.

Briiu BBemeHbI MAKPOCHI KOMIIUJISAIMYN U CHUMBOJIBI-MaKPOCHI, a TaKiKe
COOTBETCTBYIOII[I€ OII€PATOPEI.

Temepsh pacKpbuITHE MaKpoca OIIPenesAeTCsI B TOM OKPYsKeHUH!, T/e ObLI
coBepiireH BuI30B defmacro. ITo aroit mpuunnae B ANSI Common Lisp xoz
PACKPBITHA MAKPOCA MOKET CChLIATHCS HA JOKAJIbHEIE IIepeMeHHbIe:

(let ((op 'car))
(defmacro pseudocar (lst)
“(,op ,1st)))

B 1984 roxy pacKpbITue MaKpoca OIpeaesiaioch B HYJIEBOM OKPY/KeHU N
(to ecTh B toplevel).
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3.

4.
5.

TapanTupyeTcs, 4To MaKpPOBBLI3OBEI He OYIyT epepacKpPhIBATHCA B CKOM-
MUJIUPOBAHHOM KOJie.

MaxpoBBIBOBBI TeIEPh MOTYT OBITH TOUEUHBIMU CIIMCKAMU.

Makpocs! Teriepb He MOT'YT pacKpbIBaThcA Kak declare.

BbluncneHne n kKomnunsauus

1.

<SPS - YN

IIepeomnpenesien creruaJbHBIN omrepaTop eval-when, Bce ero OpurunHaIb-
HbIe KJI0UYU 00'bABJIEHBI HelKelaTeIbHBIMU.

dyurmusa compile-file Temeph IPpUHUMAET apTyMeHTBI (print u :verbose.
Wx 3HaUEeHUA MO YMOJUAHUIO XPAHATCA B HOBBIX ITVIOOAJTbHBIX ITIePEeMEH-
HBIX *COmpile-printx m »compile-verbosex.

HoBreie mepemennbie ~compile-file-pathnamex m compile-file-truenamex
CBA3BIBAIOTCA Ha BpeMdA BbI3oBa compile-file, kak um load-pathnamex
u +xload-truename* B mpoiecce load.

Hob6aBisieHa mekgapaiua dynamic-extent.
Hob6aBJiieH mapamMeTp KOMIUIAIAT debug.
VYraseH crenuaJbHBIN omepaTop compiler-let.
YnameHn Maxkpoc 4YTeHudg #, .

VYnanena riiobasibHAas IepeMeHHas «break-on-warnings«; Ha 3aMeHy eit BBe-
nIeHa 6oJtee obItas «break-on-signalsx.

Mob6ouHble 3¢ppeKTbl

1.
2.

Meropn setf Terrepb MOKET BBITIOJTHATH HECKOJBKO ITPUCBANBAHU.

Bosee ueTko ompezesieHbI CIIOCOOBI UBMEHEHUA apryMEeHTOB MHOTUMMU J1e-
CTPYKTUBHBIMU (pyHKImaMu. Hanpumep, O0JIBIITIHCTBO OIIEPATOPOB, KO-
TOPBIE MOT'YT MOAU(UIITPOBATH CIIUCKY, He TOJIBKO UMEIOT pa3pellieHne Ha
3TO, HO U 00sI3aHBI 9TO Aejarh. Temeph OA00HbBIE 1eCTPYKTUBHEIE (hYHK-
MUY MO2Ym TPUMEHSATbCA pagu MOJyUYeHUusa M000UHBIX 9()(EeKTOB, a He
BO3BpAalllaeMbIX 3HAUEHU.

Temepp ABHBIM 00pPa30M 3allpeIlleHO MCIIOJb30BaHUE OTOOPAKAIOIIUX
GyHKIUHA (2 TaKKe MaKpocoB Tuna dolist) nasa msMeHeHUs MOoCcJieIoBa-
TeJILHOCTEH, ITPOXOJ 110 KOTOPLIM OHU BBITIOJIHSIOT.

CnmBonbl

1.

HoBasa rimo6anpHaA mepeMeHHAaA *gensym-counters COmep:KUT IeJIoe Uuc-
JIO, UCIIOJIb3yeMOe IJIs MOJIyUYeHUsI ITeUaTHBIX NMEH CIMBOJIOB, CO3IaBae-
MbIX gensym. B 1984 rogy sToT cueTunK MOr OBITH HESABHO COPOIIIEH IIepe-
Jadeil 1eJIoro YucJia apryMeHTOM gensym; Terepb 9TO qeficTBYIe IPU3HAHO
HeKeJaTeJTbHbBIM.
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2. Mopudukanus CTPOKH, UCII0Ib3yeMOM KaK MM CHUMBOJIA, Tellephb CUNTA-
eTCsl OLINOKOI.

3. ®@ynkua documentation crasa 06001IeHHON HYHKITUEH.

Cnuckn

1. ®yurmuu assoc-if, assoc-if-not, rassoc-if, rassoc-if-not u reduce Temepn
IPUHUMAIOT apI'yMeHT :key.

2. ®yHKIUA last Temepb MMeeT BTOPOII HeoOs3aTeJbHBLIN mapaMerp, 3a-
IaIoIUH AJIMHY BO3BPAIIlaeMOT0 XBOCTA.

3. C mobaBieHuem complement mcmoab3oBaume GyHKIUHA -if-not 1 aprymen-
Ta 10 KJII0UY :test-not mpu3HaHO HeXKelaTeJIbHbBIM.

Maccusbl

1. obaBieHBI HOBbIe (DYHKIINH, TIO3BOJIAIOIINE IPOTPaMMaM 3aIpaIinBaTh
nnpopMmanuo 06 ooHoBIeHnY TUIIOB (type-upgrading) sjaemMeHTOB Maccu-
BOB U KOMILJIEKCHBIX UHCeJI.

2. I/IH,ZIeKCLI MaCCHUBOB TeIlePhb OIIpeeJIEHbl KaK fixnum.

CTpOKU 1 3HaKun

1. VYaganen tun string-char. Tum string 6GoJsbIlie He uAeHTUYEH THUIY (vector
string-char). Tuno character pasgeseH Ha ABa HOBBIX IIOATHHA: base-char
u extended-char. Tum string moJy4Yma HOBBIA OATUI base-string, KOTo-
PBIii, B CBOIO OUepeab, MMeeT HOBBIU ITOATHI Simple-base-string.

2. HexoTopble QyHKIINYU AJI5 CO3TAHUSA CTPOK TEIIePh MOT'YT IPUHUMATH ap-
TyMeHT .element-type.

3. YmpasaHeHbl aTpubOyTHI 3HAKOB font 1 bits, a TaKsKe Bce CBI3aHHbBIE C HU-
MU QYHKIIUY ¥ KOHCTAHTHI. EAVMHCTBEHHBIM aTpuOyTOM 3HaKa, ompese-
geraHbIM B Common Lisp, Teneps ABasieTcs code.

4. BoJbIIIMHCTBO CTPOKOBBIX (PYHKIIUHA MOTI'YT IPeoOpasoBbIBATh apryMeH-
ThI ONMHAKOBBIX TUIIOB B CTPOKU. Tak, (string= 'x 'x) Tenmepsb BepHeT t.

CTpyKTYpbI

1. OrHbIHe He 00dA3aTeJIbHO 3aJaBaTh KaKue-Iubo CJIOTHI B Tejie BLIZ0BA
defstruct.

2. TlocmencTBus mepeonpeiesieHnusa CTPYKTYPBI, TO €CTh ABYKPATHOTO BHI30-
Ba defstruct c ogHUM MMeHeM, He O peJleIeHbI.
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Xew-Tabnuupbl

1.
2.

DyHKIUA equalp Temepb MOYKET MCIOJIb30BATHCSA B XeII-Ta0IUIIaX.
Ho6aBiieHbl HOBBIE (GYHKIIUU AOCTYIIA, IO3BOJIAIOIINE IIporpaMMamM 00-
paiarbes K cBoiicTBaM XeI-Tabiuil: hash-table-rehash-size, hash-table-
rehash-threshold, hash-table-size m hash-table-test.

BeBoa-BbiBO,

1.

BBegena KOHIEMIMSA JIOTMYECKUX HyTei, a TaKyKe COOTBETCTBYIOIIHE
oIepaTopsl.

BBeneHbI HECKOJIBKO HOBBIX THUIIOB IIOTOKOB, a TaKK€ COOTBETCTBYIOIIHE
npeguKaThl U QYHKIUY JOCTYIIA.

BBenens! qupexkTuBsl (hoopmarupoBanus _, ‘Wu ~I. [fupekTuss D, B, 70,
"X u "R Temmeph IPUHUMAIOT AOIIOJHUTEIbHBINA apry MEHT.

Dyurouu write u write-to-string IpUHUMAIOT IATH HOBBIX apr'yMeHTOB
II0 KJIIOUY.

g BBoga myTeit 1o6aBIeH HOBBIM MaKpPOC UTeHUA #P.

HoBasa nepemennad »print-readably* MOYKeT UCIIOJIB30BATHCA IJIA IPUHY-
AUTEJIBHOI'O BBIBOJA B UNTAeMOM BUE.

Unucna

1.
2.

3.

Teneps Tun fixnum umeet pasmep He MeHee 16 GUT.

IMobaByieHbl BOCEMb HOBBIX KOHCTAHT, OrPAHMYUBAIOIIUX HOMIYCTHUMBIE
3HAUEeHUs HOPMAJIM30BAHHBIX YKCEJI C IJIaBafoOIell 3aIaToM.

Hob6aBjieH TUI real; OH ABJIAETCA MOATUIIOM IJIA NUMDEr ¥ HaATUIIOM JJIs
rational mu float.

MakeTbl

1.

MsmeHeHO corialiesne o crocode orpee/eHns NIaKkeToB B (pailjaax ¢ uc-
XOOHBIMHU KOZaMU. BBI3OBBI (PDYHKI[MI, CBA3AHHLIX C HaKeTaMu, u3 top-
level 6oabImie He 06pabaTbEIBAIOTCA KOMITUIATOPOM. BMecTo aTOro BBeIeH
PeKOMeHIOBaHHBIN K NCTIOJIb30BaHMI0 Makpoc defpackage. Crapas QyHK-
musi in-package 3aMeHeHa Ha MaKpOC ¢ TeM ke nMeHeM. HOBBIM Maxpoc
He BBIUNCJIAET CBOI apryMeHT, He IPUHUMAeT apr'yMeHT :USe W He CO3a-
eT IIaKeThl HesIBHO.

ITakeTsr 1isp u user mepemMeHOBaHBI B common-1isp m common-lisp-user.
BHOBB co3taBaeMble TaKeThl HE MCIOJIB3YIOT COMMON-11sp IIo yMOJIYaHUIO,
KaK 39TO IIPOUCXOLUJIO C TaKeTOM 11isp.

HNwmena BCTPOEHHBIX II€PEMEHHBIX, Q)YHKHHﬁ, MaKpPOCOB U CIIeIIaJIbHBbIX
OIIePaTOPOB IIPUHAAJIeXKaT common-1isp. ITommbrTKA Iepeorpenejienmusa, CBd-
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Tuvnbl

1.

2.

3bIBaHUSA, TPDACCUPOBKY U JJeKJIapaliyii IPUMEHUTEIbHO K JII0OBIM BCTPO-
€HHBIM OIlepaToOpaM CUUTAETCS OIITUOKOI.

Hob6aBJeH crieriumuKaToOp TUIOB €q1.

Ynaner Tum common u GYHKIIEA COMMOND.

N3meHeHnsa c 1990 ropa

1.

2.

Iob6aBJieHbI CJIEAYIONINE OIIEPATOPHI:

allocate-instance ensure-directories-exist
array-displacement lambda

constantly read-sequence
define-symbol-macro write-sequence

VaseHsl cieayIoIue OepaTopbl U MepeMeHHbIe:

applyhook function-information
*applyhookx get-setf-method
augment-environment generic-flet

declare generic-function
enclose generic-labels
evalhook parse-macro
»evalhook=* variable-information

declaration-information  with-added-methods
define-declaration

BwmecTo get-setf-method memosbayiiTe get-setf-expansion, KOTOpPBIN BBe-
IeH Ha 3aMeHYy get-setf-method-multiple-value. Kpome Toro, mpogosxaer
HMCIIOJIb30BaThCs declare, HO GOJIBITIE HE ABJISIETCA OIEPATOPOM.

. BbL1u mepernMeHOBaHBI CJIeAYIOIIE YeThIPe OIepaTopa:

define-setf-[method — expander]
get-setf-[method-multiple-value — expansion]
special-[form — operator]-p
simple-condition-format-[string — control]

a Taksxe aBa Tuma (HoBbIX ¢ 1990 roma):

base-[character — char]
extended-[character — char]

Hcnonb3oBanme MoxyJieii, yopanuoe B 1990 roay, 66110 BOCCTaAHOBJIEHO,
OIHAKO 00'bABJIEHO HEeKeJIaTeJIbHBIM.

B kauecTBe mepBoro aprymenTa setf MoykeT OBITH MCIIOJIB30BAHO Values-
BBIPaKeHUe.

. CraggmaptT ANSI 6osiee KOHKPETHO OIpPelesaeT, Kakue QYHKIIUU MOTYT

OPUHUMATH TOUEUHBIEe cOnCcKU. Hampumep, ceiuac onpeaeseHo, 4To TO-
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10.

11.

12.

13.

14.

YyeuHble CIIMCKU MOTYT OBITH aprymMeHtamu nconc. (CTpaHHO, UTO apry-
MeHTaMu append AOJIKHBI OBITH IIPABUJIbHBIE CIHCKHU, TO €CTb NCONC
u append Tellepb IPUHUMAIOT HEOAZUHAKOBEIE apI'yMeHTHL.)

Termmepb HEBO3MOXKHO IIPe00pPa30BLIBATEL integer B character ¢ IMOMOIIBIO
coerce. JlobaBieHa BO3MOKHOCTD ITpeobpasoBauus (setf f) B QyHKIUIO
C IIOMOIITBIO COerce.

OcabJieHO OrpaHUYeHe, COTJIACHO KOTOPOMY apryMeHT compile JoJIKeH
OBITH OIIpPEesIeH B HYJI€BOM JIEKCUUECKOM OKPY KEeHUU; TellepPb OKPYKe-
HMe MOXKET COIeP KaTh OIpeeseHII U JeKJIapallii JOKAJIbHBIX MaKpo-
COB MJIM CUMBOJIOB-MaKpocoB. TaKiKe IIepBbBIM apryMeHTOM Telepb MO-
JKeT OBITh yiKe CKOMIITMJINPOBAHHAA PYHKITNA.

DyHKIUMT gentemp u set Mpu3HaAHBI HEXKEJIATEJIbHBIMU.
CuMBoJI type B AeKJapalusaxX TUIOB MOKeT ObITh onyiieH. Takum obpa-

30M, OIIUOKOM SABJSAETCS OIpelesieHlre TUMA C TAKUM »Ke MMeHeM, KakK
U IeKJiapamnus, 1 Hao0opoT.

HoBas geknaparnusa ignorable MOMKeT UCIIOJIB30BaThCA, YTOOBI N306aBUThH-
cA OT IPenyIpPeKIeHN, He3aBUCUMO OT TOT'O, UCIIOJIb3yeTCA IIepeMeH-
Hasd UJIN HeT.

KoncrauTa array-total-size-limit Temeps 3agana kak Tui fixnum. ITosTo-
MY apryMeHT row-major-aref MOKHO Bcerma o0bABIATE KaK fixnum.
Bwmecto :print-function erpyKTrypa, onpezaeasemas yepes defstruct, mo-
JKeT UMeTh print-object, KOTOPBIN TPUHUMAET TOJIBLKO IIEPBBIE IBA apry-
MeHTa.

BeeneH HOBBIN THI D00lean, KOTOPOMY IIPUHAIJIEKAT TOJIbKO Nil u t.
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ITo IPUIOKEHMEe onuChIBaeT Kaskabli orteparop B ANSI Common Lisp. Msr
OyzeM cJyleoBaTh PALY COTJIAIIeHMH:

CuHTaKCcmnc

Onucanusa (I)yHR]’.'LI/Iﬁ IIpeaCTaBJIEHBI CIIMCKOM, HaYMHAIOIIMMCA C MMEHU
QJyHKI.II/II/I, 3a KOTOPBIM CJIEAYIOT OIIMCAaHHUA €€ ITapaMeTpPOB. OnucaHus crme-
IIHUAJIBHBIX OIIEPATOPOB 1 MAKPOCOB ABJIAIOTCA PETYJIAPHBIMU BEIPDAXEHUA-
MU, IOKa3bIBAOIIMHU BHENTHUH BUO KOPPEKTHOI'O BBI3OBA.

B sTuX peryisapHBIX BBIPAMKEHUAX 3BE3J0UKal, ciefyolnas 3a 00beKTOM,
03HAUYAeT, YTO 00'HLEKT IOBTOPsETCA HOJIb U 6oJiee pas: (a*) MOKeT COOTBETCT-
BOBATh (), (a), (a a) uT. 1. O0BEKT B KBaAPAaTHLIX CKOOKAX COOTBETCTBYET €ro
IPUCYTCTBUIO HOJIb MU OAUH pas: (a [b] ¢) MoxkeT ObITH (a ¢) maum (a b ).
Wuorma ayis rpynmIupPOBKU HUCIOJIL3YIOTCA (PUTYPHBIE CKOOKM: ({a b}*) Mo-
JKeT COOTBETCTBOBAThH (), (a b), (a b a b) m 1. 1. BepTuKanpHasa yepTa 03Ha-
yaeT BbIOOP MEKAY HECKOJIBKUMU ajbTepHaTuBamMu: (a {1 | 2} b) MoKeT
ObITh (a 1 b) mam (a 2 b).

MmeHa napameTpos

HmeHa mapaMeTpOB COOTBETCTBYIOT OTDAHMUYEHUAM Ha apryMeHTHI. Hcianm
mapamMeTp UMeeT UMsA, UJeHTUUYHOe UMEeHU HEKOTOPOTr'0 TUIIa, TO COOTBETCT-
BYIOIIIUH apryMeHT MOJKET IPUHALJIEKATh TOJIbKO K 9TOMY TUIly. Pang npy-
TUX UM€H (C OINCAaHUAMMN) IIePEYNCIIeH B TAOIUIIE HUKeE.

AprymMeHTBI MAKPOCOB U CIEI[MAJbHBIX OIIEPATOPOB He BBIYUCIIAIOTCS 0 TeX
0P, IOKa 9T0 He 0yAeT SSIBHO YKa3aHO B onmucaHuu. Eciu Takoil apryMeHT He
BBIUMCJISIETCS, OTPAHNYEHUA HA TUII 3aJal0TCA €r0 KMeHeM IIPUMEHUTEIbHO

! HapmcTpouHBIN 3HAK * B PErYJIsIPHBLIX BBIPAYKEHUIX HE CJAEAYeT IYTaTh C *.
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K caMOMY apryMeHTYy, a €CJIN BbIUYNCJIAETCA, TO IIPDMMEHUTEJIBHO K €I'0 3HaYe-
HUIO. ApI‘YMeHT MaKpoOcCa BBIUHMCJIAETCA B TOM OKPYXEeHUU, I'’ie BCTpedvaeTCcAa
MaKpPOBBI3OB, €CJIN B OIITMCaAHNU ABHO HE CKa3aHO APpYyTroe.

alist HonkeH OBITH ACCOIMATUBHBIM CIIUCKOM, T.€. IPABUJIBbHBIM CIIU-
CKOM, COCTOSAIIUM U3 3JieMeHTOB Buaa (key . value).

body O0o3HauaeT apryMeHTHI, KOTOPbIe MOTYT CJI€JOBATh IIOCJIEe CIIMCKA
napaMeTpoB B BeIpaskeHuu defun: mubo declaration* [string] expres-
sion*, nu6o [string] declaration* expression*. BeipaskeHue Buga
(defun fname parameters . body) o3HauaeT, YTO CHHTAKCHUC BBIPaKe-
Hua defun moxxer ObITH (defun frname parameters declaration®
[string] expression*) uau (defun fname parameters [string]
declaration® expression*). Ecyiu mocje CTpOKHU String ecTh XOTs ObI
OIHO BBIPAKeHUe expression, To CTPOKA CUMTAeTCA JOKYMeHTaI e,

c KommniexkcHoe uuciio.
declaration Cnucok, car Koroporo — declare.

environment IloxkaspIBaeT, 4TO OOBEKT IPEACTABIIAET COOON JIEKCUIECKOE OKPY-
sxkenue. (CosmaBaTh Takue 00bEKTHI BDYUYHYIO BB HEe MOsKeTe, Jlucno
WCIIOJIL3YeT ATU IapaMeTphl AJs cBoux Ieseii.) CumBoa nil Bcerga
IPEeJCTaBIIAET IVIO0ATbHOE OKPYIKEHUE.

f Yucuio ¢ miIaBaolei 3amaToi.
fname Nwmsa pyaKun: 1160 CUMMBOJI, TN00 CHUCOK (setf s), rme s — CHUMBOJI.
format CTpoka, KoTopas MOKeT ObITh BTOPLIM apryMeHToM format, JImbo

byHKIUA, KOTOpas IPUHUMAET MIOTOK U P He00A3aTeJIbHBIX apry-
MEHTOB U (IIPeAI0JOKUTENHHO) 3aIIUCHIBAET UTO-IN00 B 9TOT IIOTOK.

i ITenoe yucJio.

list Crucok Jsiro6oro Tuma. MosKeT Ju OH ObITh IUKJINYECKUM, 3aBUCUT
OT KOoHTeKcTa. PYHKINN, IPUHUMAIOIINE CIIUCKY B KaueCTBe apry-
MEHTOB, MOTYT paborars ¢ cdr-IIUKJINYECKUME CIUCKAMHU TOJIBKO
B TOM cJIyuae, ecjIid X 3ajJlaua HUKOT/[a He oTpedyeT IMOMCKa KOHITa
cuucka. Takum o6pasom, nth MmoskeT paborarh ¢ cdr-IuKJINYeCKUMU
cuuckamu, a find — Her. Ilapamerp, Ha3BaHHBIH [ist, Bcerga MOXKeT
OBITH Car-IIUKJINYECKIM.

n HeorpunareabHoe 11eJ10€ YHCJI0.
object O0BeKT I000T0 THTIA.
package ITakeT, uiu cTpoKa, IpeAcTaBIAAOINAA UM ITIaKeTa, UJIX CUMBOJI,

HpeI.[CTaBJIHIOIlII/Iﬁ M ITaKeTa.

path Mosker ObITH TyTEM K (haiiny, IOTOKOM, CBI3aHHBIM ¢ (haiijaom (B Ta-
KOM CJIy4ae 13 Hero MOKHO IMOJIYYUTh UM COOTBETCTBYOIIEro (aii-
J1a), UJIA CTPOKOIL.

place Bripasxenue, KOTOpOe MOKET OBITH IEPBBIM aPI'yMEHTOM setf.

plist CII1ICOK CBOICTB, T. €. IPAaBUJbHBIN CIIMICOK C YeTHBIM KOJIMUYECTBOM
2JIEMEHTOB.

pprint- Tabiuia gucnerTyepusanuy KPacUBOU medaTu (MU MOKET OBITh

dispatch nil).
predicate DyHKIUA.
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MpwunoxeHue D

prolist IIpaBUJILHBIN CIUCOK.

proseq IIpaBunbHAs IOCIELOBATEIBHOCTD, T. €. BEKTOD UJIU IPAaBUIbHBIN
CITHICOK.

r HeticTBuTebHOE YKCIo (real).

tree JI:06011 00'BbEKT, ABJIAOIIANCS JePEeBOM; He MOXKET ObITh car-mu cdr-
IUKINYECKUM CIICKOM.

type Crnenudurarop Tumna.

YmMonyaHus

HexoToprie HeoOsABaTeILHBIE TAPAMETPHI BCET/Ia MMEIOT OIIPeieJIEHHBIE 3HA~
UeHUd 10 yMosuaHuio. Heoba3aTerbHBIN TapaMeTp Stream Beerza o YMOJI-
YaHUIO UMeeT 3HaueHue ~standard-input* maum »standard-output* B 3aBUCUMO-
CTU OT HaIIpaBJieHuA noToKa. Heoba3aTenbHEBIN TapaMeTp package 1o yMoJI-
YaHUIO YCTAHOBJIEH B packager; readtable Bcerma ycTaHOBJIEH B readtablex,
a pprint-dispatch — B =print-pprint-dispatch=.

CpaBHeHue

Muorue QpyHKIIMM, CpaBHUBAIOIINE 3JIEMEHTHI II0CJIENOBATEILHOCTEH, IIPU-
HUMAIOT CJeAyIoIIre apryMeHTHl II0 KJuy: key, test, test-not, from-end,
start uau end. OHE Bcerza UCMOJIB3YIOTCA OAUHAKOBO (cTp. 79). [TapameTpshl
key, test m test-not MOJKHBI OBITH (PYHKIIMAMU, Start um end — HeoTpuIa-
TeJbHBIMU IEJBbIMHU YUCJIaMU. B omrucanmny Takux QyHKIUHT CJIOBA «CPaBHU-
BaeT», «UJIEH» U «BJIEMEHT» CJIeAyeT MOHUMATh C YUETOM BJIUAHUA ITOH00-
HBIX apr'yMeHTOB.

B 106071 QyHKIIMY, CpaBHUBAIOIIEN SJIEMEHTHI IOCIEJ0BATEILHOCTH, IIPe-
JUKAaTOM CPaBHEHU 110 YMOJYAaHUIO ABJIAETCA eql.

CTpykTypa

Ecau omepaTop BosBpalaeT CTPYKTYpPY (HampuMep, CIIMCOK), HEOOXOAMMO
TOMHUTB, YTO BO3BPAII[aeMoe 3HaUeHe MOKET Pas3iesaTh CTPYKTYPY C 00b-
eKTaMU, IepeJaHHbIMU B KAUeCcTBe apryMeHTOB, J0 TeX IOop, ITOKa B OIUCca-
HUU omeparopa He OyZeT ABHO YKas3aHO, UTO DTO 3HAUEHNE ABJISAETCA BHOBD
COBIAaHHOI CTPYKTYypoii. OQHAKO IIPU BBI30BE (DYHKIIMK MOT'YT OBITH MOIU-
(puIMpPOBaHEI JUIIL IAPAMETPHI, 3aKJIIOUEHHBIE B yIVIOBbIe CKOOKU ({list)).
Ecau nBe QyHKIIUY II€PEUUCTSIIOTCS OHA 34 APYroil, 9TO 3HAUUT, UTO BTO-
pas ABJseTCS JeCTPYKTUBHBIM aHAJOTOM IIE€PBOM.

BbluncneHne n komnunsauus

(compile fname &optional function) QYyHKIUA

Ecnu function He nepenana u fname ABJIgeTCA UMEHEM HECKOMIIUINPO-
BaHHOU (QYHKIUU WJIU MakKpoca, compile 3amMeHseT 9Ty (PyHKIIUIO UJIN
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MaKpoC UX CKOMIIMJIMPOBAHHOI Bepcueii, Bo3Bparasa fname. (Jlekcuue-
CKOe OKPY:KeHue PYHKIIUY UJIN MaKpoca He AOJIXKHO OTIMYAThCA OT TJIO-
0aJIbHOTO OKPY KEHUA, 38 UCKJIIOUEHNEM OIIPeleIeHUH JIOKAJIbHBIX MaK-
POCOB, CHMBOJIOBMAaKPOCOB U JIeKJiapanuii.) Eciu function (koTopas mo-
JKeT ObITH (DYHKIIMeHN mam JaM0aa-BhIpasKeHUeM) IlepefiaHa, TO compile
mpeobpasyer ee K QyHKIIUN, KOMIWJINPYET U IPHUCBANBAET il umsda fname,
BO3BpAIIAdA €ro. fname TakKe MOXKeT ObITH Nil, 1 B 3TOM CJIy4uae BO3Bpa-
maeTcsa CKOMOUJIMPOBaHHAA (GyHKIUA. TaKiKe BO3BpaIlalOTCA ABA J0-
MOJIHUTEIbHBIX 3HAUEHUS: BTOPOE SIBJISIETCS UCTUHHBIM, €CJIU IIPU KOM-
MUAISAIUY ObLIY [IOJIYY€HBI OIITUOK Y UJIN IPEeIYIIPEeKIeHN; TPeThe sIBJIs-
eTCsI UICTUHHBIM, €CJIU IPU KOMIUJIAIINY ObLJIY IOy Y€HBI OIITUOKY U IIpe-
IYIIPeKIeHNs, OTJINYHEIE OT IpeayIpex aennii o cruie (style warnings).

(compiler-macro-function frame &optional environment) QPyHKIUA

BosspaijaeTr MakKpoc KOMIIHUJIATOPA, MMEHEM KOTOPOTO B OKPY KEHUN
environment siBisercs fname (uau nil, ecsiu HUYero He HaigeHo). Maxk-
POC KOMIIMIATOPA — 9TO (PYHKIIUS IBYX apI'yMeHTOB: BCETO BbI30BA 1 OK-
PYKeHUs, B KOTOPOM 9TOT BbI30OB Hpou3oIres. MoKeT MUCII0JIb30BaThCI
B setf.

(constantp expression &optional environment) QPYyHKIUA

Bossparmaer ucTumHy, eciu expression SBJISETCS WMEHEeM KOHCTAHTHI,
WJIU CIIUCKOM, Car KOTOPOT'O — quote, miau 00'beKTOM, KOTOPHIH He SBJISIeT-
csl HU CUMBOJIOM, HIU cons-s4eikoii. Tak:ke MoKeT BO3BpaIllaTh UCTUHY
ISl APYTUX BBbIPAKEHUH, KOTOPbIe CUNTAIOTCA KOHCTAHTAMU B HCIIOJIb-
3yeMoil peaJin3aluu.

(declaim declaration-spec) MaKpoc

Amnajoruuen proclaim, Ho ero Be3oB B toplevel oOpabaTsiBaeTcss KOMITH-
JATOPOM, a declaration-spec He BBIUUCISAETCS.

(declare declaration-spec*)

ITo moBemeHMIO ITOXO0K HA CIIEIUAIBLHBIN OIIepaTop, HO He ABJIIETCI TAKO-
BbIM. BrIpaskeHnue, car Koroporo — declare, MOKeT HaXOAUTHCSA B HAUAJIE
Tesia kKojga. Ompenesnser AeKJapaluu B COOTBETCTBUY ¢ declaration-spec
(H€e BBIUMCISAETCS) OJIS BCEro KOIa B TOM OKPYIKEeHUU, I'ie HAXOAUTC TeK-
gapanus. [fonycTuMsl caeayomiue Aekaapanun: dynamic-extent, ftype,
ignorable, ignore, inline, notinline, optimize, special, type.

(define-compiler-macro fname parameters . body) MakKpoc

TToxosx Ha defmacro, HO ompezessaeT MaKPOC KOMIUIATOPa. MaKpoChl KOM-
[MUJIATOPA IIOXO0KH Ha OOBIYHBIE MAKPOCHI, HO PACKPBIBAIOTCS TOJBKO KOM-
[MUJISATOPOM U IIepel BceMU 00bIYHbIMU MaKkpocamu. OObIUHO frname — aTo
UM YIKe CYIIeCTBYIONeld PyHKIUY uan MaKkpoca. MaKpoc KOMITUJIAIAN
IpegHasHAYeH IS ONTUMUS3AIINN JINIIh HEKOTOPLIX BI30BOB, OCTAJIbHEIE
JKe OH ocTaBJigeT 0e3 mameHenuii. (Ecau 661 HOpMaJIbHBIN MaKpPOC BO3BpAa-
I[AJI ICXOJHOE BEIPAXKeHNe, 9TO BEI3BAJIO ObI OmnoKy.) CTpOKa JOKyMeH-
TaIlliy CTAHOBUTCSA JOKYMEHTAIIUeH compiler-macro ajid uMenu fname.
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(define-symbol-macro symbol expression) MaKpoc

3acTaBiseT pacreHUBaThH obparenue K symbol Kak MaKpPOBBI30OB, €CJIU
elre CyIIleCTBYeT ClleI[uaibHAA IepeMeHHa s C TAKUM JKe mMeHeM symbol.
PackpriTiem sToro maxkpoca 6yzet expression. Eciau symbol BcTrpeuaerca
B BBI30OBe setq, To setq OyzeT BecTu cebs Kak setf; amamoruuno multiple-
value-setq OymeT BecTu cebsa Kak setf mas values.

(defmacro symbol parameters . body) MaKpoc

T'no6anbro openenaer Mmakpoc ¢ umereM symbol. B 6osbminaCcTBE CTyUa-
€B MOXKHO CUMTAaTh, UTO BhIDa)keHue Buja (symbol a,...a ) mepes BbIYUC-
JeHUeM 3aMeHsAeTCs Ha 3HaueHue, Bo3Bpalfaemoe ((lambda parameters .
body) a,..a ). B obmiem ciryuae parameters CBA3aHbI C apI'yMEHTaAMU MaK-
POBBIBOBA, KaK U IIPU UCIIOJIb30BaHUM destructing-bind; oHE TaKKe MO-
TYT cofepsKaTh mapaMeTpsl &whole, KOTOPBIH OyIeT CBA3AaH CO BCEM MakK-
POBBI3BOBOM, U &environment, KOTOPBIH OyAeT CBSI3AH C OKPYsKeHMeM, B KO-
TOPOM BCTPeUeH MaKpPOBBI30B. CTPOKA JOKYMEHTAIIUY CTAHOBUTCS TOKY-
MeHTanmei function naa umenu symbol.

(eval expression) (GyHKIIUA
Brruuciser BeIpaskeHUe B IVIO0AJILHOM OKDPY)KEHUU M BO3BPAIIAET €ro
sHaueHue(d).

(eval-when (case*) expression*®) crenuaJJbHbIN oIepaTop

Ecau npuMmeHnMO X0TsA ObI OTHO YCJIOBUE U3 CASE, BLIPAKEHUS eXpressions
BBIUHNCJIAIOTCSA 10 ITOPAAKY U BO3BpalllaeTcs 3HaUeHUe IIOCJIeJHET0; B IIPO-
TUBHOM cJayudae — nil. YcaoBue (case) :compile-toplevel mpuMeHUMO, KO-
ra BhIpasKeHme eval-when HaXOqUTCA HA BePXHEM YPOBHe (aiija Ipu ero
KOMIIUJIANUUA. Yeaosue :load-toplevel TpUMEHMMO, KOTZa BBhIpPasKeHUe
eval-when mmomamaet B toplevel mpu 3arpyske daiina. Yenosue execute mpu-
MeHSAEeTCs, KOT/[a BRIpaskeHue eval-when BEIYUCIAeTCS JI00bIM JOCTYITHBIM
cmoco6oM (TT0ATOMY TOJIBKO MCIOJIb30BAHME YCJIOBUA .execute mesaeT BbI-
30B eval-then sKBuUBaJIeHTHBIM progn). CuMBoJIBI compile, load u eval aBJIsA-
I0TCA He)KeJslaTeJbHBIMU CHUHOHUMaMm :compile-toplevel, :load-toplevel
u :execute.

(lambda parameters . body) MaKpoc
IxBuBaJsieHTeH (function (lambda parameters . body)).
(load-time-value expression cHenuaJIbHBIN oepaTop
&optional constant)

JKBUBaJeHTeH (quote val), roe val — 3HAUeHMe, BO3BpaIllaeMoe BhIpaske-
HUEM expression IpU 3arpys3Ke CKOMIMJIMPOBAHHOTO (aiiyia, comepska-
miero BeIpaskeHue load-time-value. Ecau constant (He BRIUUCIISETCS) PaB-
Ha T, 9TO YKa3hIBaeT, YTO 3HAUEHNE He OyIeT N3MeHeHO.

(locally declaration® expression*®) CIeIuaJIbHBIHA omepaTop

Brrpasxkenue Buga (locally el...en) sKBUBaJEeHTHO (let () el...en), 3a uc-
KJIOUeHHeM cJayuasi, Korga 9Ta (popMa HaXOJUTCSA B BePXHEM yPOBHE;
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TOTZla U BBIPAKEHUA exXpressions CUNTAIOTCA OTHOCAIIMMUCA K BepxHe-
MY YPOBHIO.

(macroexpand expression &optional environment) QYHKIUA

Bossparmaer pacKkpbiTrie MaKPOBBIZOBA expression, mojaydaemMoe II0CJe-
[IOBaTeJbHBIM IIPUMEHEHUeM macroexpand-1 Io Tex Iop, MOKa pesyJIbTaT
mepecTaHeT ObITh MaKPOBBISOBOM. BTOpoe BosBpalllaeMoe 3HaUEHUE WC-
TUHHO, €CJIU Pe3yJIbTAT OTJINYEH OT UCXOILHOT'O eXpression.

(macroexpand-1 expression &optional environment) QYHKIUA

Ecnu expression aBiseTca MaKpOBBISOBOM, BBITIOJHSET OJWH STAIl €T0
PacKpBITHA, B IPOTUBHOM CJIyuae Bo3Bpalraer expression. Ilpuunun pa-
OOTHI: BBI3BIBAET *Macroexpand-hooks, ICxoaqHOE 3BHAUEHME KOTOPOTOo — fun-
call, c TpeMda apryMeHTaMU: COOTBETCTBYIOIAasA MAaKPODYHKIUA, expres-
sion u environment. Takum 06pasoM, 00BIYHO PACKPHITHE TPOU3BOAUTCS
nepeznaveil apryMeHTOB macroexpand-1 B BBISOB MaKpoyHKIuU. BTopoe
BO3BpalllaeMoe 3HaueHNe UCTUHHO, eCJIN PE3YJIbTaT OTJIUYEH OT NCXOLHO-
TO expression.

(macro-function symbol &optional environment) (GyHKIIUA

Bosepamjaer MmakpodyHKIIIIO ¢ muMeHeM symbol B OKPYKeHUU environ-
ment unu nil B ciiyuae OTCYTCTBUA TaKoi PyHKIUU. MakpohyHKIIUST —
9TO PYHKIUA JBYX apryMeHTOB: CaMOTr'0 BbI30BA M OKPYKeHUdA, B KOTO-
pom oH nmporcxoauT. MoskeT UCIIOJIL30BaThHCA B setf.

(proclaim declaration-spec) (GyHKIIUA

Brimosraser rimobanbpHBIE AeKJapanuu coryiacHo declaration-spec. Jlomyc-
THUMBI CJIefyIoliue OeKJapanuu: declaration, ftype, inline, notinline,
optimize, special, type.

(special-operator-p symbol) QYHKIUA
Bosspamaer ncruny, eciu symbol ABisgeTca nMeHeM CIeIaIbHOTO OIle-
paropa.

(symbol-macrolet ((symbol expression)¥) CIIeIIAJIbHBIN OIIepaTop

declaration® expression*)

Brrumciiger cBoe Teso, JIOKAaJIbHO CBA3aB KaMKIBINA cuMBOJ Symbol ¢ coor-
BETCTBYIOIIIUM CUMBOJIOM-MaKpPOCOM, TAKUM Ke 00pa3oM, KaK U C ITOMO-
mbio define-symbol-macro.

(the type expression) CIIeIINAJIbHBII OIIepaTop

Bossparmaer sHaueHne BEIPAKEHUA eXPression M NeKJIapupyeT ero mpu-
HAJJIEXKHOCTDL K Tuny type. Mosker paboTaTh ¢ BHIPAKEHUAMU, BO3BPA-
MIAIOIIUMHU HeCKOJIbKO 3HaueHUH. (CrenuuKaTOpPhl TUIIOB C values omu-
caubl Ha cTp. 418.) KostmuecTBO geKIapaIuii 1 KOJINUYECTBO 3HAUCHUH MO-
I'yT He COBIAJATh: JUIIHNE NEeKJIAPaIluy AOJKHBI ObITh t MM nil; mis
JIUIITHAX 3HAYEHUN TUIIBI HE AeKJIaPUPYIOTCH.
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(quote object) CIIeIIAJIbHBIN OIIepaTop

BosspaiijaeT cBoii apryMeHT 6e3 ero BEIUYNCIeH .

Tuvnbl N Knaccbl

(coerce object type) GyHKIIUA

Bossparjaer skBuBaJIeHTHBIN 00beKT Tuma type. Ecau o0bexT object
yoKe IPUHAAJIEKUT TUILY type, BO3BpaIllaeTcA OH caM. B IPOTMBHOM CJIy-
yae, ecJU OOBEKT SBJSETCS II0CJeJ0BATEJILHOCTHIO U IIOCJIEI0BATEIb-
HOCTb THUIIA type MOXKET COeP:KaTh Te 3Ke 9JIEMEHTHI, UTo U object, TO BO3-
BpAalllaeTcA IOCJIeOBATEeIbHOCTE TUIIA tYpe C TEMU JKe JIeMEeHTaMu, KaK
object. Eciu 06bEKT — 5TO CTPOKA U3 OJHOTO 3HAKA UJIU CUMBOJI, UMEHEM
KOTOPOTO ABJISAETCA CTPOKA M3 OJHOTO 3HAaKa, 1 3aJaH TUII character, TO
BO3BpAIIaeTcsa JaHHBIN 3HaK. Kcin 00beKT ABIAETCA MeCTBUTEIbHBIM
ymcsioM (real) ¥ TUI type COOTBETCTBYET YUCIY C ILJIaBAIOIIEN 3aIIATOH,
pesyJabTaToM OyIeT annpoKcuMaIiusa object B BUie YMCJIa C IJIaBalomniein
sansaroii. Eciu 00beKT — 970 uMA QyHKIUU (CuMBOJI, uau (setf f), manm
JAIMOma-BeIpasKeHmne) 1 3ajgal TuIl function, To Bo3dBpaIaerca QyHKIUA,
Ha KOTOPYIO YKa3bIBaeT 00'bEKT; B caydae JaMbaa-BeIpaskeHusa QyHKITUA
OyzeT oImrpejesieHa B IJI00aIbHOM OKPYsKEeHU!U, a He B OKPYKeHUU BbI3OBA
coerce.

(deftype name parameters . body) MaKpoc

IToxosx Ha defmacro, ¢ TOM JIUIIIL PA3HUIIEIl, UTO «BbI30B» NAME UCIIOJIb3Y-
eTcdA B KauecTBe yKasaTeJss Tulla (Hampumep, B pamMKax declare), a He BbI-
paskenusa. CTpoka JOKYMeHTAIlMU CTAHOBUTCA JOKYMEeHTaI el Tuma type
LIS UMEHU name.

(subtypep typel type2 &optional environment) GyHKIIUA
BoasBepamiaer nBa 3HaueHUA: IIePBOE MCTUHHO TOT/A, KOTIA MOKET ObITH
IOKa3aHo, UTO typel ABIAETCA MOATUIIOM type2, BTOpOe — KOTJa B3auMO-
OTHOIIIEHUA MEKAY ABYMS TUIIaMU U3BECTHBI TOUHO.

(type-error-datum condition) QYHKIIUA
BoasBpartaet 006K T, BBIZBBaBIIU OMUOKY TUa condition.

(type-error-expected-type condition) PyHKIIUA

BoaBpataer Tui, K KOTOPOMY MOT IPUHAJIEKATh 00HEKT, BI3BABIITHI
omubKy Tuna condition.

(type-of object) (GyHKIUA
Boasspaimjaer crenuduKaTop THUNA, K KOTOPOMY IPHUHAIICKUT O0BEKT
object.

(typep object type &optional environment) QYHKIUA

Bosspamaer uctuny, eciau 00beKT object TpUHALIEIKUT TULY type.
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anaBneHme BblindjieHnemMm "h NnoToKkaMu gaHHbIX

(and expression*) MaKpoc

BroruuciigeT BIpakeHus 0 TOPAAKY. Ecau sHaueHne OGHOTO U3 HUX 0y-
Ier nil, masibHeliIliee BBIUMCJIEHUWE ITPEPhIBAETCA W BO3BpaIaercsa nil.
Ecau Bce BhIpaskeHUs UCTUHHBI, BO3BPAIaeTCs 3HAYEHUWE ITOCJIETHETO.
Ecau BeIpaskenmda He 3a/laHbl, BO3BpAIIaer t.

(apply function &rest args) PYyHKRIIUA

IIpumenseT GyHKIUO function K apryMeHTaM args, KOTOPBIX TOJIXKHO
OBITH He MeHee ofgHoro. [locieHnit apryMeHT arg TOJIKeH ObITh CIIUCKOM.
AprymeHTaMu BBI30BA function ABIAIOTCS BCe JI€MEHThI args, KpoMe IIo-
CJIeTHETO0, TIJIIOC BCE 3JIEMEHTHI IIOCJIETHETO BJIEMEHTa args, TO eCTh CIIU-
COK apr'yMeHTOB COCTABJIAETCS TaK JKe, KaK C IOMOIIbI0 11st+, DyHKIIUA
function MoxeT OBITH TAKJKe CIMBOJIOM, X B 9TOM CJIyYae UCI0JIb3yeTCs
CBsA3aHHAasd ¢ HUM Iio0aabHAST PYHKITUA.

(block symbol expression®) CIIeIIAJIbHEIIN OIIepaTop

Brrumcssaer teso, 3akI0ueHHOE B OJIOK ¢ mMeHeM symbol (He BBIUMCIAET-
cs). VcnonbayeTtcs Bmecte ¢ return-from.

(case object (key expression®)* [({t | otherwise} expression¥)]) MaKpoc

Brruncisger 06bEKT, 3aTEM CBEPAET ero 3HAUEHUE C IOCIeYIOIINMU BhI-
PasKeHUsAMU IO TaKOI CXeMe: ecJiu 3HaueHue paBHO (eql) Kitouy key (ue
BBIUUCJIAETCSA) WIN IPUHALJIEKUT (nember) eMy, TO BBIUUCISAIOTCA COOT-
BETCTBYIOIIVE KUY BEIPAKEHNA U BO3BpAIllaeTCA 3HAUCHUE TIOCTIeJHE-
ro u3 Hux. Karoum t u otherwise cOOTBETCTBYIOT JIt060MYy 3HaUueHUio. Ec-
JIX COBIIaJieHMe He HalifeHo, Bo3Bparaercs nil. CuMBoJIbI t 1 otherwise
He MOT'YT MCHO0Jb30BaThCs B KAUECTBE KJIIOUeil, HO TOT Ke a(pPeKT MOKHO
MOJIYUYUTD, UCIOJIb3YA (t) m (otherwise).

(catch tag expression¥®) CIIeIIMAJIbHEII OIIepaTop
BrruucigeT cBoe Tesio, n06aBIAA MepexBaT METKU, 3HaUeHUe KOTOPOi
BBIUUCJISAETCA B tag. VIcmob3yeTcsa COBMECTHO ¢ throw.

(ccase object (key expression®)*) MaKpoc

IeiicTByeT aHAJOTUYHO Case, 3a UCKJIOUEHNEeM CJydasi, KOraa COBIIaie-
Hue He HalgeHo. Eciu coBuasenve He HAMIEHO, CUTHAJIU3UPYET O KOP-
PEeKTHUPYyeMOii OITuOKe THUIA.

(compiled-function-p object) GyHKIIUA
Boasepamiaer uctuny, ecau object ABIAETCA CKOMIMJINPOBAHHON (DYyHK-
uein.

(complement predicate) GyHKIUA

Bossparmaer pyHKI[MI0 OZHOIO apryMeHTa, KOTopas BO3BPAI[aeT HCTHU-
HY, KOT[la 3aJJaHHBbIN npeauKar predicate (Tak:Ke MPUHUMAIONUN OAUH
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apryMeHT) BO3BpaIIlaeT JOXKb, 1 Ha060pOT, BO3BPAIIAET JIOXKb, €CJIU pre-
dicate BO3BpAaIllaeT UCTUHY.

(cond (test expression®)¥) MaKpoc

Brruuciiaer BeipaskeHus test 10 Te€X MOp, ITOKA OJHO 13 HUX He OKaXKeTcs
UCTUHHBIM. Ec/iu ¢ HUM He CBsI3aHBI KaKue-Inbo BhIPAKeHUsA, BO3BPA-
njaeTcsa 3HaueHHUe ero caMoro, B IIPOTUBHOM cJydae CBA3aHHbIE C HUM
BbIPDAXKEHUS BBIUMCIAIOTCA II0 OUepefU M BO3BpalllaeTcs 3HAUeHUe II0-
caenHero. Eciy HU 0HO TeCTOBOe BBIpasKeHe He 0Ka3aJ0Ch UCTUHHBIM,
BO3Bpalaercsa nil.

(constantly object) (GyHKIIUA

Bossparmaer GpyHKINO, IPUHUMAIOIIYIO IPOU3BOJIbLHOE KOJIUUECTBO ap-
T'YMEHTOB; TaKiKe Bo3Bpalaer object.

(ctypecase object (type expression*)¥) MaKpocC

Brruunciser 00beKT, 3aTeM 110 0Yepeiu TPOBEPSIeT, OTHOCUTCS JIX OH K TH-
nam type, 3aJaHHBIM B CJIeAYIONIUX BEIPAKEHUAX (He BEIUMCIAI0TCA). Ec-
JIV Ha¥JIeHO COBIAJIeHUe, BBIYUCIAIOTCA COOTBETCTBYIOIINE BhIPAKEHUS
expressions 1 Bo3BpalllaeTcsa 3HaUeHMe(d) IocaeHero u3 HuX. B ciydae
OTCYTCTBUSA CBA3aHHBIX BhIPayKeHU Bo3Bpalaerca nil. B cayuae orcyT-
CTBUSA COBIIAIEHUSA CUTHAJIN3UPYETCA O KOPPEKTUPYEMOI OIIMOKe TUIIA.

(defconstant symbol expression [string]) MaKpocC

Ompegenser CUMBOJI KakK IVI00AJIbHYIO KOHCTAHTY CO 3HAUCHMEM BhIpake-
HudA expression. Hukaxue riiobajbHble UK JIOKAJIbHbBIE II€PEeMEHHbIE He
MOTYT UMETDb TaKOe JKe UMs. BeIparkeHue expression MOKeT BHIUUCIATE-
cd Ha sTane KomnuaAnuu. CTpoka string, eciiu 3ajgaHa, CTAaHOBUTCS CTPO-
KOI JOKyMeHTanuu variable nasa mmenu symbol. Bosspartaer symbol.

(define-modify-macro name parameters symbol [string]) MaKpoc

Bripaxenue Buga (define-modify-macro m (p,-p,) f) ompemessieT HOBBII
MaKpoc m, TaKOl 4TO BbI3OB BUAa (m place a,..a ) yCTAHOBUT 3HAYEHUE
no mecty place B (f val a,...a ), rie val coOnep:KUT TeKyIlee 3HaUueHue pla-
ce. Cpegu mapaMeTpOB MOTYT OBITh TaKiKe HeoOs3aTeJIbHbIE U OCTATOY-
uele. CTpoka string, ecau 3ajaHa, CTAHOBUTCA AOKYMeHTaI[Mell HOBOTO
MaKpoca.

(define-setf-expander reader parameters . body) MaKpoc

OnpenessieT MOPANOK PACKPHITUA BhIpaskeHuii Buaa (setf (readera,..a )
val). IIpu BbIBOBe get-setf-expansion A TaKOro BhIpasKeHus OyIayT BO3-
BpallleHbl IATH 3HaueHuii. CTpoka string, eciu 3agaHa, CTAHOBUTCS [0~
KyMeHTaIue setf njas cumBoJia reader.

(defparameter symbol expression [string]) MaKpoc

IIpucBauBaeT rimo6asbHOI mepeMeHHOI Symbol 3HaUeHVE BBIPAYKEHUSA
expression. Ctpoka string, eciau 3amaHa, CTAHOBUTCS JOKYMEHTAI[UeN
variable gua symbol. Bossparmaer symbol.
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(defsetf reader writer [string]) MaKpoc

CoxpalieHHbId BUA: TPpeobpasyeT BeI3OBLI BUjA (setf (readera,..a ) val)
B (writer a,..a, val); reader u writer JOJKHBI ObITh CUMBOJIAMU 1 HE BbI-
yucasiorcsa. CTpoka string, eciu 3ajaHa, CTAaHOBUTCA JOKYyMeHTaIei
setf mys cumBoa reader.

(defsetf reader parameters (var*) . body) MaKpoc

Pacmuperubiii Bua: mpeoOpasyeT BBI3OBHI Buia (setf (reader a,..a)
val) B BeIpasKeHUs, IOJydyaeMble BbIUMCIeHNEeM TeJa defsetf, kak ecau
ObI 9TO ObLI defmacro. reader MOJKeH OBITh CUMBOJIOM (He BBIUKCJISETCH),
COOTBETCTBYIOIIIUM UMEeHN PYHKIIUY NI MaKPOCa, BEIUUCISIOIIETO BCe
CBOM apryMeHTBI; parameters — 9TO CIUCOK IIapaMeTpOB IJs reader,
a vars OyayT npeactaBiaATh 3HaueHue(sa) val. Crpoka string, eciu 3ajna-
Ha, CTAHOBUTCA JOKYMeHTaIuel setf qysa cuMmBoga reader.

YT006BI COOTBETCTBOBATH MPUHIIUAITY, II0 KOTOPOMY Setf BodBpailaer HO-
BOe 3HAUEHUEe CBOEro IepBOr0 apryMeHTa, packpeiTue defsetf Tarske
JIOJIKHO BO3BpAIllaTh 9TO 3HAUEHUe.

(defun frname parameters . body) MaKpocC

T'mobanbHO ompenensieT fname Kak QYHKIINIO, ONIPENeJIEeHHYIO B JeKCH-
YEeCKOM OKPY’KeHUU, B KOTOpoM HaxommuTcs Teso defun. Temo pyHKIIUN
3aKJIIOUEHO B OJIOK ¢ MMeHeM fname, ecJu fname — CUMBOJL, UJIA [, eClI
fname — cuucox Buzga (setf f). Crpoka string, eciu 3ajaHa, CTAHOBUTCS
JOKyMeHTamuen function gus fname.

(defvar symbol [expression [string]]) MaKpocC

ITpucBauBaeT ri1ob6abHOM IepeMeHHOMN symbol 3HaueHMe expression, ec-
JIV BBIDAYKEHME exXpression 3ajaHO U 9Ta ITepeMeHHad elrle He nMeJia 3Ha-
uenus. CTpoka string, eciu 3ajaHa, CTAHOBUTCA JOKyMeHTAaIueir vari-
able nia symbol. Bosspaiiaet symbol.

(destructing-bind variables tree declaration* expression*®) MaKpoc
Brruuncisier cBoe TeJio AJid Habopa mepeMeHHBIX variables (mepeBo ¢ BHYT-
PeHHUMHU y3JIaMU, KOTOPbIe ABJIAIOTCA CIIMCKAMU apryMeHTOB), CBA3aH-
HBIX CO BHAUEHUSIMH, COOTBETCTBYIOIITUMU dJIeMeHTaM aepesa tree. CTpyK-
Typa IBYX Je€PEeBbEB JOJIKHA COBIANATD.

(ecase object (key expression®)*) MaKpocC
ITomoGen ccase, HO BHIBBIBAET HEKOPPEKTUPYEMYIO OIINOKY THUIIA IIPU OT-
CYTCTBUU COBIAJECHUS.

(eq objectl object2) GyHKIIUA
Bossparaer uctuny, eciu objectl u object2 nneHTUYUHBI.

(eql objectl object2) GyHKIUSA

Boaepamiaer uctuny, ecau objectl u object2 paBHBI C TOUKH 3PEHUA €(
WJIN ABJAIOTCS OMHUM U TE€M K€ 3HAKOM WJIN YUCJIAMU, BBITIALAIUMA
OAVMHAKOBO IIPU IIeYaTH.
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(equal objectl object2) GyHKIUA

Boaepamiaer ucruny, ecaiu object! u object2 paBHBI C TOUKU 3peHUA €ql;
60 ABJISIOTCS CONS-AYeMKaMM, YbM Car U CAr SKBUBAJIEHTHBI C TOUKU
3peHusd equal; JuOO ABJIAIOTCS CTPOKAMHU HJIN OUT-BEKTOpPAMHU OIHOI
IJIWHBI (C yIeTOM yKasaTeJ el 3aloJIHeH ), YbU 3JIeMeHThl S9KBUBAJIEHT-
HBI C TOUKY 3PeHus eq1; Inb0 ABIAIOTCA IYTAMU, KOMIIOHEHTHI KOTOPBIX
SKBUBAJIEHTHBI. [[JId IMUKJINUYECKUX apI'yMeHTOB BHI30B MOJKET He 3aBep-
IIIUTHCS.

(equalp objectl object2) GyHKIUA

Boaepamiaer ncrtuny, ecau object]! v object2 paBHBI ¢ TOUKU 3peHU equal,
char-equal nyu =; 1u00 ABJISAIOTCS CONS-gUeiKaMu, car ¥ cdr KOTOPBIX 9K-
BUBAJIEHTHEI C TOUKY 3PEHU equalp; Jrbo SABIAIOTCA MacCHBaMU OJNHA-
KOBOU MJIMHBI, DJE€MEHThl KOTOPBIX SKBUBAJEHTHBI C TOYKU 3SPEHUT
equalp; 1160 ABIAAIOTCSA CTPYKTYPAMU OLHOTO TUIIA, SJIEMEHThI KOTOPBIX
PaBHBI C TOUKU 3peHUA equalp; JuOO0 SABIAIOTCA XeII-TaOJIUIIAMU C OLU-
HAKOBBIMU TECTOBLIMU (PYHKIIUAMHU U KOJUUECTBOM 3JI€MEHTOB, KJIIOUN
KOTOPBIX CBA3aHbBI CO 3HAUEHUAMU, PABHBIMHU JJIs ABYX TAOGJIUIL C TOUKHT
3peHud equalp. JIormuHo IpeAIONaraTh, YTO BBIZOB C MUKJINYECKUIMU ap-
TYMEHTaMM MOJKET He 3aBepPIIUTHCA.

(etypecase object (key exression®)*) MaKpocC

ITomoGewn ctypecase, HO BLI3BIBAET HEKOPPEKTUPYEMYIO OIITUOKY THUIIA, eC-
JI1 He HaXOAUT COBIIaJIeHUA C OMHUM U3 KJIIouell key.

(every predicate proseq &rest proseqs) byHRIUA

Bossparaer uctuny, ecau npegukar predicate, KOTOPBIM JOJIKeH OBITH
(QYHKIMEH CTOIBKUX apryMeHTOB, CKOJLKO IIOCJIeJ0BaTeJILHOCTEN Iepe-
JaHO, UCTUHEH JJIA BCEX IIEPBBIX 9JIEMEHTOB IOCJIEeI0BATEIHLHOCTEHN Pro-
seqs, 3aTeM [Jis BCeX BTOPBIX JIEMEHTOB, W TaK [0 N-TO dJIeMeHTa, T/e
n — AJWHA Kparyaiiineil mocjiegoBaTe bHOCTH proseq. IIpoxox mo moce-
IIOBaTEJIbHOCTSIM 3aBepPIIIaeTCs, KOraa IpeauKaT Bo3sparutT nil. B saTom
ciIydae B pesyJIbTaTe BCEro BbI30BA BO3BpAIaeTcs nil.

(fboundp fname) GyHKIUSA
BoaBpalaer uCTuHY, eciu fname ABIAETCA UMeHeM II00aIbHOM (PYyHK-
MUY UKW MaKpoca.

(fdefinition fname) GyHKIUSI
Boaspaijaer rirobaabHy0 QYHKIIUIO ¢ UMeHeM frame. MosKeT UCII0Ib30-
BaThCA B setf.

(flet ((fname parameters . body)*) CIIeIIAJIbHBIN OIIepaTop

declaration® expression*)

Brruuciisier cBoe TeJio, CBA3aB JOKAJBHO KaxJ0e UM frname ¢ COOTBET-
cTByIOIIEeH GyHKImen. [leficTByeT momo6Ho 1abels, HO JOKaJIbHBIE DYHK-
MUY BUJIHBI JIUIh BHYTPU Teja; OHU He MOI'YT BBIBLIBATH caMu ce0s
" APYT Apyra (U I09TOMY He MOT'YT ObITh PEKYPCUBHBIMI).
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(fmakunbound frame) QYHKIUA

Vnansier onpegesenne riio0aaIbHOM IepeMeHH O NI MaKpoca s fname.
Ecun onpeesienre He HaiifieHO, BEISBIBAET OIINOKY. BosBparaer fname.

(funcall function &rest args) QYHKIIUA

IIpumensiter pyHrmuo function x aprymenram args. @yHKIIUA MOXKET
OBITH 3a/laHa KAaK CUMBOJI, M B 9TOM CJIyYae MCIOJb3yeTCA OIpeesieHue
T100aJIbHOM (DYHKIINHT, CBA3AHHOM C 9TUM CHIMBOJIOM.

(function name) CIeInraJIbHbIHM omepaTop

Bosspaijaer QyHKINIO ¢ UMEHEM name, KOTOPOe MOYKeT ObITh CHIMBO-
JioM, crmcKoM Buga (setf f) mum nsambpa-seipaskenuem. Ecau f — BeTpo-
€HHBII OIIepaTop, HaJNUNe UIN OTCyTCcTBre GyHKIuU (setf f) saBucur
OT HCIIOJIb3yeMOI pean3alum.

(function-lambda-expression function) QYHKIUA

IlpegnasHaueHa AJA TOJMydYeHUS JAMOJa-BbIPAYKEHUSA, COOTBETCTBYIO-
miero GpyHKIUK function, Ho MOYKET TaKsKe Bo3BpaIarsh nil. Bosspaira-
€T IBa JOIIOJIHUTEJIbHBIX 3HAUEHUA: BTOPOE, Oyayuu nil, TOBOPUT O TOM,
uTO0 (PYHKIUA ObLiIa OIpeleieHa B HYJIE€BOM JIEKCUUECKOM OKDYKEeHUU;
TpeThbe 3HAUEHUEe MOJKET HMCIIOJIb30BaThCsA Balllell peasim3aliueii, 4TOObI
BEPHYTH UMA function.

(functionp object) (GyHKIIUA

Boaepamiaer uctuny, eciu object sBasieTca QyHKIIUET.

(labels ((fname parameters . body)*) CIenuaJIbHBIHA omepaTop
declaration® expression¥®)

Brruuciser cBoe Teso, mpeJBapuTeIbHO CBA3aB JOKAJbHO UMeHA fname
C COOTBETCTBYIOIIIUMU ompeneseHuaMu GyHKIuN. [leficTByeT momo0HO
flet, HO UMeHa JIOKAJbHBIX YHKIINI BUIHBI BHYTPU CAMUX OIIpenese-
Hui. Takne QYHKIMU MOT'YT BBI3BIBATH APYT Apyra u camux ceds (To
€CTh MOT'YT OBITH PEKYPCUBHBIMM).

(get-setf-expansion place &optional environment) QPYyHKIUA

Bosepamaer maTe sHaueHUH (v,...0,), ONPEAENAONINX BUL PACKPHITUA
BBIpasKeHuit (setf place val) B OKpy:KeHUU environment. OTU NATH 3HA-
YeHUI MPEeACTABJIAIOT CO00M: CIMCOK YHUKAJBHBIX MMEH IMepeMeHHbBIX
(gensym); TaKOro Ke pasmMepa CINCOK 3HAUEHUM, KOTOpbhIe JOJIKHBI ObITH
WM IIPHUCBOEHBI; CIIUCOK BPEMEHHBIX ITePEeMEeHHBIX, B KOTOpPbIe OYIyT 3a-
nrcaHbl HOBBIe 3HAUEHUA AJs place; BhIpasKeHUe, BHIIOJTHAIOIEE YCTa-
HOBJIEHVIE HOBOT'O 3HAUEHU A, KOTOPOE MOJKET CChLIAThCA Ha IIePeMeHHbIe
U3 U, U U,; BBIPAsKEHNE, KOTOpOoe OyleT U3BJIeKaTh OPUTUHATIBHOE 3HAYE-
Hue place ¥ MOKeT CCBLIATbCSA Ha IepeMeHHbIe U3 V.

(go tag) CIIeIIAJIbHBII OIIepaTop

Haxogdace BHyTpU BeIpaskeHus tagbody, mepemaeT ynpaBJieHUE 10 aPECY
OJIMIKAMIIIEr0 Tera M3 JEeKCHUYeCKOI 00JIacTH BUAWMOCTU, PABHOMY 3a-
JAHHOMY C TOUKU 3peHud eql.
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(identity object) GyHKIUS
Boaeparmiaer o6beKT object.

(if test then [else]) CIIeIIAJIbHBIN OIIepaTop

Brruncisier suauenue test. Eciiu OHO MCTUHHO, BEIYMCJISIET X BO3BpAIIa-
eT 3HaueHNe BBIPAXKEHU then; B IPOTUBHOM CJIydYae BLIUUCJ/ISIET U BO3-
BpalIljaeT 3HaUeHMe elSe NIy BO3BpAaIljaeT nil B caydae oTCyTCTBUA else.

(let ({symbol | (symbol [value])}*) CIIeIIMAJIbHEII OIIepaTop
declaration* expression*)

Brruuciisier cBoe Teo, IpeiBapUTEIbHO CBA3AB KAKABIN CUMBOJI C COOT-
BETCTBYIOII[UM 3HAUEHUEM UJIH ¢ Nil B ciIyuae OTCYTCTBUSA 3HAUEHU value.

(letx ({symbol | (symbol [value])}*) CIIeIIMAJIbHEII OIIepaTop
declaration* expression*)

HeticTByeT Tog00HO let, ¢ TOH JIUITL Pa3HUIEH, UTO BhIPAXKeHuA value
MOTYT CCHLIATHCA Ha IPeABIAYIIHEe CUMBOJILL Symbol.

(macrolet ((symbol parameters . body)¥) CIIeIIAJIbHBIN OIepaTop
declaration* expression*)

Beruuciiger cBoe TeJ10, IpeaBapuUTEIbHO JOKAJIBHO CBA3AB KAaMKIBIN CUM-
BOJI C COOTBETCTBYIOMIMM MaKpocoM. DYHKIIUU PACKDPBITUA OIPEIesd-
I0TCS B TOM JIEKCMUYECKOM OKPY KeHUU, I'le HaXOAUTCA BBI3OB macrolet.
ITomo6Ho flet, JOKaJIbHBIE MAKPOCHI HE MOT'YT BBI3BIBATH IPYT ApPYyTa.

(multiple-value-bind (symbol*) expressionl MaKpoc
declaration* expression*)

Breruncaser expressionl, 3aTeM BBIUNCISET €0 TEJIO, IPEIBAPUTETIHLHO
CBs3aB KaKbIil cUMBOJI Symbol (He BRIUMCIAETCS) C COOTBETCTBYIOIITUM
BO3BpAIl[aeMbIM 3HaueHueM expressionl. Eciu 3HaueHuit MeHbIle, uem
CHMBOJIOB, OCTAJIbHBbI€ CMMBOJIBI IIOJIYyUalOT 3HAUYEHUA ﬂil; €CJIn1 CIMBO-
JIOB MEHBbIIIe, YeM 3Ha‘-IeHI/II71, TO JIMIITHNE SHAYECHNA UTHOPHUPYIOTCA.

(multiple-value-call function expression®) CIIeIINAJIbHBII OIIepaTop
BriseiBaer pyuKnuio function (BBIYUCIAETCA) C apryMeHTaMU, KOTOPHI-
MU ABJIAIOTCA BCe 3HAUEHU I BCeX BhIPAKEHUU expression.

(multiple-value-list expression) MaKpoc

BosBpamaeT CIIMICOK 3HAUYEHUI, BO3Bpallla€MbIX BbIDaKE€HNUEM expression.

(multiple-value-progl expressionl expression*®) CIIeIIUAJIbHBIN OIIEPATOP

Brruuciser cBou aprymMeHThI APYT 3a APYTOM, BO3Bpallas 3HaueHue(s)
IIepBOTO.

(multiple-value-setq (symbol*) expression) MaKpocC

CBssbIBaeT CUMBOJIBI (OHM He BBIUMCJIAIOTCA) CO 3HAUCHUSMM, BO3BpAa-
IaeMbIMU BbIpaKeHueM expression. Eciiu 3HaUeHUI COAUIIIKOM MaJjo, OC-
TaBIIIMECS CHUMBOJIBI MOJYYalOT Nil; ecau 3HAUEHUI CJAUIIKOM MHOTO,
JIUIITHIIE UTHOPUPYIOTCA.
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(not object) GyHKIUS

Boasepamiaer uctuny, ecau 00beKT object umeet sHaueHUe nil.

(notany predicate proseq &rest proseqs) QyHKIIUA

Bripaskenue Buza (notany predicate §,...8,) PKBUBAJIEHTHO (N0t (some pre-
dicate s,...s))).

(notevery predicate proseq &rest proseqs) bysrnua

Bripaskenue Buzna (notevery predicate 8,...8 ) 9KBUBaJIEHTHO (N0t (every
predicate s,...s))).

(nth-value n expression) MaKpocC

Boasepamiaer n-e (BbrumciisieTcs) 3HaUEHME BhIpasKeHUs expression. Hy-
mepanud HaunHaeTcs ¢ 0. B cayuae Korga BeIpaskeHre BEPHYJIO MEeHbIIe
n+1 3HAUEeHUH, Bo3BpaIaercs nil.

(or expression*) MaKpoc

BrruuciisgeT BeIpaskeHUA IPYT 3a APYTOM JI0 TeX II0P, IIOKA OJHO 13 3HaUe-
HUU He OKa’KeTCs MCTUHHBIM. B TakoM ciiydyae BO3BpaIIlaeTcs caMo 3Ha-
YyeHMe, B MPOTUBHOM caydae — nil. MokeT Bo3BpaIaTh MHOYKECTBEHHBIE
3HAYEHUSA, HO TOJILKO M3 IIOCJIeJHETO BEIPAKEHUA.

(prog ({symbol | (symbol [value])}*) MaKpocC
declaration* {tag | expression}*)

Brruuciisier cBoe TeJI0, IPeJBAPUTEIHHO CBA3aB KaKIbIIl CUMBOJI CO 3HA-
YeHWeM COOTBETCTBYIOIIEro BhIpaskeHus value (miu ¢ nil, ecaim HUUETO
He 3aaaH0). Teso 3akJrroueHo B taghody 1 6JI0K ¢ ©UMeHeM Nil, TO9TOMY BbI-
PaKeHUs expressions MOr'yT UCIIOJIb30BaTh §0, return u return-from.

(prog= ({symbol | (symbol [value])}*) MaKpocC
declaration* {tag | expression}¥)

HeticTByeT 1MOI00HO Prog, HO BeIpaKeHUs value MOTyT MCIOJIb30BaTh pa-
Hee CBA3aHHbIe CUMBOJIBI.

(prog1 expressionl expression¥®) MakKpoc
Brrumcsger cBom aprymMeHTHI OAWH 3a APYTUM, BO3Bpallas 3HAUEHUE
TIepBOro.

(prog2 expressionl expression2 expression*) MaKpoc
Brrumcsiser cBou apryMeHTHI OQUH 3a IPYTUM, BO3BpaIllasd 3HaUeHUe BTO-
poro.

(progn expression*) CIIeIIUAJIbHBIN OIIEPATOP
Berunciiser cBou apryMeHTHI OMH 3a IPYyT'UM, BO3Bpalasa 3HaueHue(s)
TIOCJIeTHETO.

(progv symbols values expression*) CITeIIaJIbHBIN OIIePaTop

Brrunciiser cBoe TeJio, IpeaBaprUTeILHO CBI3aB JUHAMUYECKN KaiKIbIi
CHUMBOJI B CIICKe Symbols ¢ COOTBETCTBYIOIIUM 3JIE€MEHTOM B CIIUCKeE
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values. Ecian IIepeMEeHHBIX CJIUIIIKOM MHOI'O, IIOIIBITKA COCJIaTbCA Ha OC-
TaBIIINEeCA BBI3OBET OH_II/I6Ry; €CJI IIepeMEeHHBbIX CJJIMIITKOM MaJio, JIWIII-
HIUEe SHa4YeHUA 6yl[yT IIPOUTHOPMPOBAHEI.

(psetf {place value}*) MaKpoc

HeticTByeT momo0HO setf, HO ecau BbIpasKeHMe value cChlIaeTcsa Ha OTHO
U3 IPeAIeCTBYOININX MecT place, ToO OHO MOJYUYUT MPeAbIAYyIee 3HaUe-
HUe. OTO 3HAUUT, uTo (psetf x y y x) IOMeHseT 3HAUEHUS X U Y.

(psetq {symbol value}*) MaKpocC

HeticTByeT momo0HO psetf, HO omepupyeT CUMBOJIAMH, a HEe MECTaMHU.

(return expression) MaKpoc

IJxBUBaJIeHTeH (return-from nil expression). MHorme MakKpochl (B TOM
yucJe U do) HesTBHO 3aKJII0UAIOT CBOE TeJIO B OJIOK ¢ MMeHeM nil.

(return-from symbol expression) CIIeIIUAJIbHBIN OIIEPATOP

BosBpaiaer 3HaueHme(sI) BEIPAKEHUS exXpression 13 JEKCUYECKU OJIu-
sKaiimero 6JioKka ¢ mMmeHeM symbol (He BbIuucaseTcsa). IIonbITKa MCIIONb-
30BaHUA return-from He BHyTpU GJIOKA C 3aJaHHBIM MMEHEM IIPUBOJUT
K omrubke.

(rotatef place*) MaKpoc

CwmeliaeT 3HaUEHUsI CBOUX apryMeHTOB Ha OJHO BJIEBO, KaK B IIMKJINUe-
cKkoM Oydepe. Bece aprymMeHTBI BEIUNCIAIOTCS IO OUEPENH, a 3aTeM, eCJII
BBI3OB UMeJ Buj (rotatef a,..a ), MecTo a, IoJsyuaeT 3HaUeHHe MecTa a,,
a, — 3Ha4YeHue a, U T. 1., 4, IoJIydaeT 3HadeHue a . Bosspamiaer nil.

(setf {place value}*) MaKpoc

O6o006ITIeHMe Setq: moMeIaeT 3HaueHe BhIpasKeHus value 1o 3aJaHHOMY
mecty. Eciu BbIpaskeHue value ccbLiaeTCs HA OJHO M3 IPEXBIAYIITUX
mect places, oHO OyeT UCIOJIH30BaTh HOBOE 3HAUEeHMe 9TOro Mecra. Bos-
BpaIaeT sHaUeHUeE TIOCJeHero BrIpaskenus value.

KoppeKkTHBIM BhIpaskeHueM IJsa MecTa place MoKeT ObITh: IepeMeHHasd;
BBI3OB JII000 «yCTaHABIMBAEMO» (QDYHKIIUU IIPU YCIOBUU, YTO COOTBET-
CTBYIOIIIUU apryMeHT SABJIAETCA KOPPEKTHBIM BbIpasKeHUeM IJid place;
BBI3OB apply ¢ mepBBIM apryMeHTOM U3 uucJa cienyromux: #aref, # bit
uiu #f'sbit; BbI30B QYHKIIUU JOCTYHA K TOJAM CTPYKTYPhI; BRIparKeHNe
the mm values, apryMeHT(bI) KOTOPOT'O ABJIAIOTCA KOPPEKTHBIMU MECTa-
MU places; BBI30B oIlepaTopa, AJisd KOTOPOTo 3a/laHO set f-pacKprITHe; UIN
MaKpPOC, PACKPBIBAIOIIIMICSA B UTO-JIN00 U3 BHIIIIETIEPEUNCICHHOTO.

(setq {symbol value}*) CIeInaJbHBIA OIepaTop

IIpucBauBaeTr KaKa0i mepeMeHHOU symbol 3HaUeHUe COOTBETCTBYIOIIE-
ro BeIpaskeHus value. Ecau omHO M3 BHIPaKEHUI cChLIaeTcsa Ha paHee
OIIpeieJIEHHYIO TIePEMEeHHYI0, OHO OyZeT MCIIOJIb30BaTh HOBOE 3HAUEHUE.
Bossparaer 3HaueHMe IOCTIETHETO BhIpAKeHU value.
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(shiftf placel place* expression) MaKpoc

CMmelraeT 3HAUEHNA CBOMX apryMeHTOB Ha OJHO BJIEBO. APryMeHTHI BbI-
YUCJIAIOTCA OAUH 34 IPYTUM; 3aT€M, €CJIU BBI3OB uMeJI Buj (shiftf a,.a,
val), sHaYEHNE A, TIOMEIAeTCsA B MECTO @, U T. ., & B MECTO &, [TOMEI[aeT-
cs 3HaueHwne val. Bosppaiaerca sHauenue a,.

(some predicate proseq &rest proseqs) GyHKIIUA

BoasBpatmiaer uctuny, ecau npegukar predicate, KOTOPBIN AOJIMKEH ObITH
(PpYHKIMER CTOJIBKUX apryMeHTOB, CKOJBKO 3aJaHO IOCJIeZOBATEILHO-
cTell proseqs, BO3BpAIllaeT WCTHHY, OyAyYd IPUMEHEHHBLIM K IIePBBIM
sJIeMEeHTaM BCeX II0CJIeI0BATEIbHOCTEHN, NN KO BTOPBIM, WJIN K 71-M, T/e
n — AJWHA KpaTdayIneil mocjaeoBaTeIbHOCTU proseq. IIpoxo mo moce-
JIOBATEJILHOCTAM OCTaHABJIUBAETCSA TOI/A, KOT/Ia IPeINKaT BepHET UCTU-
HY, BO3Bpalllasd IIPK STOM 3HAUEHMe IPeauKaTa Ha TOT MOMEHT.

(tagbody {tag | expression*}) cHelnraJbHbBIA OIepaTop

BrruuciigeT BrIpaskeHUs expressions OHO 3a IPYTUM U Bo3BparaeT nil.
Mo:xkeT comep:kaTh BBIBOBEI (0, U3MEHSAIOI[ME IIOPSA 0K BEIUNCICHUS BbI-
paskenuii. Teru tags, KOTOpPbIe JOJIMKHBI ObITh CUMBOJIAMU UJIU ITEJILIMU
YUCJIAMHU, He BHIYUCIAIOTCA. ATOMBI, II0JyUYeHHBIE B pe3yJbTaTe PaCKpbI-
TUSA MaKpPOCOB, TeraMU He CUMUTAIOTCsS. Bce MaKpOChl, UMEHA KOTOPBIX
HaumHAIOTCA ¢ do, a TaKyKe Prog W progs, HEIBHO 3aKJIIOUAIOT CBOE TEJIO
B BbIBOB tagbody.

(throw tag expression) CIIeIIUAJIbHBIN OIIEPaTOP

Boaepamniaer 3HaueHmne(d) BbIPAYKEHUA exXpression n3 OJMKalInero B gu-
HaMHUUYECKOI 00J1aCTH BUINMOCTY BBIPAKEHUA catch ¢ TaKOM ke MeTKOI
(eq), kak u tag.

(typecase object (type expression®)¥) MaKpoc
[({t | otherwise} expression®)])

Brruuciisger o6beKT object, 3aTeM 110 ouepeny CBepAET ero SHaYeHUe C I1e-
peumncJIeHHBIMU TUIIaMU type (He BhIUUCIATC). Ecam HaliieHo coBmIa-
JIeHVe NI JOCTUTHYT BapuaHT t 6o otherwise, BHIUMCIAIOTCA COOTBET-
CTBYIOII[VE BBIPAKEHUA U BO3BpAIIlaeTCA 3HAUEHUE IOCJIeHEro U3 HuX.
Boaspartaer nil, ecyiz coBmaieHunii He HAWAeHO UJIH IJIS COBIABIIIETO TH-
IIa He OIIPeeJIeHO HUKAKUX BBIPAKeHUI.

(unless test expression*) MaKpoc
Brrpasxkenue Buna (unless test el...en) 9KBUMBaJIEHTHO (when (not test) e,...
e).

(unwind-protect expressionl expression*®) CITeIIaJIbHBIN OIIePaTop

BrruucigeT cBou aprymMeHTHI IO HMOPSAKY UM BO3BpAalllaeT 3HaueHUe(d)
nepBoro. OcTajabHbIE BEIPAMKEHUA OYAYT BEIUUCJIEHBI, JaKe eCJIN BbIUKC-
JIeHUe IePBOro ObLIO IIPEPBAaHO.
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(values &rest objects) GyHKIUS

BosspaijaeT cBou apryMeHTEI.

(values-list prolist) GyHKIUS

BoasBpamiaer sanemeHTHI criicka prolist.

(when test expression*®) MaKpoc

Beruuciaer Beipaskenue test. Eciiv 0HO MICTUHHO, 110 TOPAKY BHIUUCISAET
BBIPaJKEHUA expressions 1 Bo3BpalllaeT 3HaueHUe(sI) IoCcJIefHer0; B IPO-
TUBHOM cJIydae Bo3Bparmaet nil. BosBpatmaer nil, ecam He 3ajaHO HU Of-
HOT'O BEIDAYKEHUA exXpression.

UTepauus

(do ({var | (var [init [update]])}*) MaKpoc

(test result*)
declaration* {tag | expression}*)

BrruucisigeT cBoe Teso cHauasia AJIA MCXOAHBIX 3HAUEHUN TepeMeHHBIX
var (ecau NCXoNHOE 3HaUeHUe IIepeMeHHOH init He 3aJaHO, UCIIOJIb3yeTCA
nil), a 3aTeM [Jis HOBBIX 3HAUEHUU ITI€PEMEHHBIX, ITOJYUYEHHBIX U3 BbIPaA-
JKeHUul update (Uau AJiA IPeABINYINEro 3HaUeHUA, ecsiu update He 3aza-
HO). KaxxpIrii pa3 BBRIUUCIAETCA BBIPAKEHUe fest; ecyi 3HaueHUe test
JIOYKHO, BBIUNCIISETCSA TeJIO IINKJIA, eCJIU test UICTUHHO, IIUKJI 3aBepIIIaeT-
cA BBIYUCJIEHUEM BBIDAYKEHUH result o MOpsAAKY, ¥ 3HAUEHNE IIOCJIeJHe-
TOo M3 HUX Bo3BpaIaercd. Teso IIUKJIA HESIBHO 3aKJIIOUEHO B tagbody,
a BeIpasKeHwue do IeJJMKOM 3aKJI0UeHO B 0JI0K ¢ MMeHeM Nil.

Ecuu BeIpaskeHue init cchljlaeTcs Ha IIepeMEeHHYIO C TeM JKe UMeHeM, YTO
uy var, To OyJeT UCIIOJIb30BAThCS ee TEKYIIlee 3HAUeHNE B KOHTEKCTE, T/e
HaxoguTcs BeIpaxkeHue do. Eciu Ha mepeMeHHYIO var cchbliaeTcs BbIpa-
sKeHme update, OyJeT UCIOJIH30BaTHCA 3HAUEHNE M3 IPEAbIAYINell urepa-
munu. Takum o6pa3oM, 3HAUEHUA YCTaHABIUBAIOTCA TaK Ke, KaK C ITOMO-
b0 let, a UBMEeHAIOTCA TaK Ke, KaK IIPU UCIIOJIb30BaAHUU pPSetq.

(dox ({var | (var [init [update]])}*) MaKpocC

(test result*)
declaration® {tag | expression*})

HeticTByeT m0g00HO 00, HO BHAUEHNA IEPEMEHHBIX YCTaHABINBAIOTCS II0-
cJlefoBaTeJbHO, KaK C IIOMOIIBLIO letx, a UBMEHAIOTCA TaK e, KaK IIpu
HUCIIOJIB30BaHMUU setq.

(dolist (var list [result]) MaKpocC

declaration® {tag | expression}¥)

Brruncisger cBoe Teno, CBABLIBAA IIEPEMEHHYIO UAr IIOCJIENOBATEIHLHO
C Ka'KIBIM 9JIEMEeHTOM crnucka list. Eciu nepefaH mycTol CIIMCOK, TEJO
He OyZeT BBIUMCIEeHO HU pasy. Teso HesiBHO 3aKJI0UeHO B taghody, BHI3OB
dolist mesmmKOM 3aKJIIOUeH B 610K ¢ mMeHeM nil. Boseparaer sHauenue(s)
BBIpasKeHUsd result; ecau 9To BhIpasKeHUE OTCYTCTBYET, BO3BpaIaeT nil.
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Bripaskenue result MoKeT cchliIaThCA HA IIEPEMEHHYIO VAT, AJS KOTOPOH
OymeT NCIoJIb30BAHO 3HAUeHM e Nil.

(dotimes (var integer [result]) MaKpoc
declaration* {tag | expression}¥)

Brruuciser cBoe Teno, cBA3BIBAA IIEPEMEHHYIO LA TOCJIEAOBATEIHHO
¢ 1esibIMU urcaamu ot 0 1o sHaueHusd (- integer 1) BKJounTeabHO. Ecom
3HAUeHUe integer He SIBJIAETCS ITOJOKUTEIbHBIM, T€JIO He OyAeT BhIUMC-
JeHo Hu pasy. Teso HesIBHO 3aKJIOUeHO B tagbody, BbIBOB dotimes 1esnn-
KOM 3aKJII0UeH B 0JI0K ¢ uMeHeM nil. BosBpaiiaer sHaueHme(d) BRIpasKe-
HUA result 1ubo nil, ecsiu 53TO BRIPaKeHME OTCYTCTBYeT. BripaskeHue re-
sult MOKeT cchLIaTbCcA Ha IEPEMEHHYIO var, 3HaueHue KOTOpOo#l Oyaer
PaBHO KOJIMUECTBY BbIUNCIEHUU Tesa UKJIA.

(loop expression*) MaKpoc

CokpaireHHaA (hOpMa: eCJIU BHIPAKEHUA exXpression He BKJIIOUYAIOT KJIO-
YyeBBbIX CJIOB MaKpoca 100p, TO OHU IIPOCTO BBIUUCIIAKTCA APYT 3a IPYyTIOM
6eCKOHEUHOe UMCJIO pas. BeIparkeHusa HeABHO 3aKJIIOUEHBI B 0JIOK C mMe-
HeM nil.

(loop [nmame-clause] var-clause* body-clause®) MaKpoc

PasBepuyTas (popma: 100p-BEIpaKeHUe COAEPIKUT KJIOUEeBbIe CJI0BA, KO-
TOpbIe 00pPabaTHIBAIOTCS CJAEYIOMIMM 00pa3oM:

1. M3HauasbpHO BCe co3jaBaeMble ITlepeMeHHbIe CBA3AHBI C HEOIIPeIeIeH-
HBIMH1, BEPOATHO, CJAYUATHBIMUA 3HAUYCHUSIMU KOPPEKTHOT'O TUIIA.

Brruucasercs loop-mpoJtor.

.

ITepemeHHbBIE TTOJYUYAIOT UCXOAHBIC 3HAUCHNI .
BruInmosHA0TCA IPOBEPKM HA BBIXO 13 IUKJIA.

AN S

Ecin He ynoBJIeTBOPAETCSA HU OJHO U3 YCJIOBUIT BHIX0O/A, BEIUNCIIAET-
cd TeJIo IUKJIa, 3aTeM 3HAUeHU S IePeMeHHbBIX OOHOBJISIOTCA U yIIPaB-
JIeHUe TIepefaeTcs Ha IPeAbIAYIIUH II1ar.

6. Ecau omgHO M3 yCJI0BUI BHIXO[A BBIMIOJHAETCS, BHIUUCISETCSA SIIMJIOT
¥ BO3BpAIlaloTCA 3aJaHHbIe 3HAUEHU .

OTHe/IbHO B3STOE IPENJIOKEHe MOMKET BHOCUTh CBOU BKJIAJ B HECKOJIb-
KO Pas3JNyYHBIX I1aros. Ha KasKIoM Imare mpemiosKeHNs BHIUMCIIAIOTCS
B TOM IIOPSALKE, B KOTOPOM OHI BCTPEUAIOTCS B MCXOJHOM KOJeE.

Bripaskenue 100p Bcerma HesIBHO 3aKJII0UYEHO B 010K. ITo yMoruaumio ero
UM — Nil, HO OHO MOJKeT OBITh 3aJaHO C IIOMOIIBLIO PEAJI0MKEeHU naned.

3HaUeHWEeM BCero 100p-BhIPasKEHUS ABJISETCS IOcjeaHee HAaKOIJIEHHOe
3HAUYeHNe UJ1 Nil, ecid TAKOBOro He nMeeTcs. HaKonIeHHbIM 3HAYeHH-
€M MOXXHO CUHUTAThb 3HAUEHUeE, II0OJITYyUYeHHOE€ BO BpeMsA nUTepanuun 1mpeaio-
sKeHmamu collect, append, nconc, count, sum, maximize, minimize, always,
never mau thereis.

IIpennoxxenue name-clause 3agaer mmsa 0J0Ka ¢ IIOMOIIBIO named; var-
clause Mmo:ker comep:KaTh IpeaaosKeHna with, initially, finally muu for;
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body-clause moxeT OBITH IIPEAJIOKEHUEM JIIOOOTO TUIIA, 38 UCKJIIOUEHUEM
named, with uau for. Kammoe u3 9TUX IPEII0KeHUN ONMUChIBaeTCA HIKE.

COrJIAIEHNSA: QJIEMEHTHI IPEeAJI0KEeHN He BBIUYNCIAITCA A0 TeX Mop, IIo-
Ka B onmrcaHuu o6 aToM He OyzeT ckasano aBHO. CI0BO type 03HAUAET JIeK-
JIapaIuio TUIIA; STO MOXKET ObIThL OTAEJIbHBIN creruUKaTop THUMIA MJIN
JIepeBo CIern(pPUKATOPOB, KOTOPEIE CBA3BIBAIOTCS C COOTBETCTBYOIIIMM
2JIeMeHTaMHU CIIMCKA II0 AeCTPYKTYPU3aIluu.

CuHOHUMEBLI: Makpoc 100p aKTUBHO MUCIIOJIb3yeT CHUHOHMMBI MHOTUX KJIO-
YeBBIX CJIOB. B cenyomux mapax KJruell BTOPOIl SBJISETCSA HMOJIHOIEH-
HOI 3aMeHOl mmepBomy: upfrom, from; downfrom, from; upto, to; downto, to;
the, each; of, in; when, if; hash-keys, hash-key; hash-value, hash-values; sym-
bol, symbols; present-symbol, present-symbols; external-symbol, external-
symbols; do, doing; collect, collecting; append, appending; nconc, nconcings
count, counting; sum, summing; maximize, maximizing; minimize, minimizing.
named symbol

Henaer 3agauublil cuMBOJ Symbol umeHeM 0J10Ka, B KOTOPHIH 3aKJI0-
yaeTcsA 100p-BbIpasKeHue.

with varl [typel] = expressionl {and var [type] = expression}*

CBA3BIBAET KAXKAYIO IIEPEMEHHYIO VAr CO 3HaAUeHWEM COOTBETCTBYIO-
II[ero BBIPAYKEHUA expression, AeJsias 9TO MapaJijieibHO, KaK C IIOMO-
mpio let.

initially expressionl expression®

Beruncisier BeIpaskeHus 1o MOPAAKY KaK JyacThb loop-miposora.
finally expressionl expression®

Brruncisier BeIpakeHus 10 MOPALKY KaK 4acThb loop-smuJora.
for var [typel] for-restl {and var [type] for-rest}*

CBs3BIBAET KAXKAYIO IIEPEMEHHYIO VAl CO 3HAUEHNEM, IIOJIyYaeMbIM U3
COOTBETCTBYIOILIETO for-rest Ha KasKIOH mocjemyomei nrepanun. Vc-
MOJIb30BAHUE HECKOJIBKUX TOr-IpemIosKeHnil, CBSI3aHHBIX depes and,
IPUBEIET K IapaJLIeIbHOMY OOHOBJICHIIO 3HAUEHNH ITI€PEeMEHHBIX, KaK
B d0. BosmoxkHBIE (DOPMBI IJI51 for-rest BBITJISIAAT CJIEIYIOIINM 00Pa3oM:

[upfrom start] [{upto | below} end] [by step]

Kak MUHUMYM OZHO M3 9TUX TPeX IIOABBbIPAKEHUN HOJKHO OBITH
3ajeiicTBoBaHO. Ecam mcmoib3yeTcss HECKOJbKO, TO OHM MOTYT
cJieoBaTh B MPOM3BOJIHLHOM IOPSAKe. SHAUEHNe IIepeMeHHOUN Hc-
XOIHO yCcTaHOBJIeHO B start miau 0. Ha xak ol mocsieqyIomei nre-
panuu OHO yBeJimuuBaeTcs Ha Step uiu 1. Berpaskenue upto manm
below TO3BOJISIET OTPAHUYUTH KOJIMUECTBO UTEPAIUii: Upto ocTaHO-
BUT HTepaIlni, KOTla 3HaueHUe mepeMeHHoi O0ymeT 6osbime end,
below — Korga 00JIbIlle UJAW paBHO. Ecau cuHOHUMBI from 1 to mc-
TIOJIB3YIOTCS COBMECTHO UJIH Ke from mcmoab3yeTces 6e3 to, To from
OymeT MHTEPIPEeTUPOBaH Kak upfrom.
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downfrom start [{downto | above} end] [by step]

Kax u BbIIlIe, MOABBIPpAYKEHUA MOTYT CJI€IOBATH B IPOU3BOJIHHOM
nopsfke. 3HaUeHMe IIepeMeHHON MCXO0HO YCTaHOBJIeHO B start. Ha
Ka’KJI0U MoCcJIeIYIOIel nTepaliiy OHO YMEeHbITaeTcA Ha Step nin 1.
Berpaskenue downto uam above mo3BOJISIET OTPAHUYUTDH KOJIUYECTBO
urepamuii: downto OCTAaHOBUT UTEPAIUU, KOT/[a 3HAUEHE IIepeMeH-
HOIi OyzeT MeHbIIe end, above — KOra MeHbIIIe NI PaBHO.

{in | on} list [by function]

Ecau nepBbIM KJITOYEBBIM CJIOBOM SABJIAETCA 1N, IIeEpeMeHHAa s OJIy-
YaeT 1Mo OYepeay Bce 3JIEMEHTHI CIIUCKa [ist, ecJii TIEPBBIM KJII0Ue-
BBIM CJIOBOM ABJISIETCA 0N, IepeMeHHasd MOCJIeI0BATEIHHO oJIyda-
eT Bce xBocThl. Ecoiu mepenana GyHKIUA function, oHa TPUMeEHS-
eTcs K CIIICKY BMeCTO cdr Ha KasKkaoi nrepanuu. Tak:xe 1od6aBisd-
€T TeCT Ha 3aBepIlleHNe: UTePaIls IIPEeKPaIaeTCs II0 JOCTUKEeHN N
KOHIIA CITMICKA.

= expressionl [then expressionZ2]

ITepemennasa ucxomHo mosiyuaeT 3HaueHue expressionl. Ecaiu 3a-
IaHO then, HA KaKIOH ITOCJeAyIoIeil nrepaiuy oHa OyaeT moJy-
yaTh 3HAUEHUE expression2, unaue — expressionl.

across vector

HepeMeHHaﬂ CBA3BIBAETCA I10 OUepear CO BCEMU dJIEMEHTaMU BEK-
TOopa. Takrxe IHO63.B.TIH€T TeCT Ha 3aBePIIEeHNEe: NTepannud 3aBepiia-
€TCdA II0 JOCTUMKEHHUU II0CJIeJHEero ajieMeHTa.

being the hash-keys of hash-table [using (hash-value v2)]
being the hash-values of hash-table [using (hash-key v2)]

B mepBoMm ciiyuae mepemeHHasi OygeT CBA3BIBATHCSA C OOHUM U3
KJIIOUel XeIr-TabJInIThI (IOPATOK CBA3BIBAHUA He OIIpeiesieH), a v2
(ecqiu 3ajaH) — C COOTBETCTBYIOIIUM KJIIOUY 3HaueHueM. Bo BTopom
cayuae IepeMeHHasd IOJYYUT 3HAUeHe, a U2 — COOTBETCTBY IOIIUIT
emy KJjou. J[Jo6aBiseT TecT Ha 3aBepIlleHUE: UTepalluy IIpeKpa-
TATCA O JOCTUIKEHUH IIOCIeAHero KJIoua B XeIl-TabInIie.

being each {symbol | present-symbol | external-symbol} [of package]

B 3aBHCUMOCTH OT KJIIOUA ITIepeMeHHast OyaeT MoJIyuaTh Bce JOCTYII-
HBIe CUMBOJIBI (Symbol), MMeromrecs CUMBOJIBI (present-symbol) mam
BHEIITHUE CUMBOJIBI (external-symbol) aiia makera. Aprymenr packa-
ge UCHOJb3yeTCA TaK »Ke, KaK B find-package: ecau OH He 3aJaH,
HUCIIOJNb3yeTcA TeKyIuil nakert. Jlo6aBiaseT TeCT Ha 3aBepIlleHNe:
UTeparus MPeKpaIaeTcs 0 JOCTUKEHUY IT0CJIeIHero CHMBOJIA.

do expressionl expression®
Bbrunciiser BeIpaKeHus OTHO 3a IPYTUM.
return expression

3acTaBisaeTr loop-BeIpaskeHue HEMeIJIEHHO IIPEeKPaTUTh BBIUUCIEHUA
1 BO3BPATUTHL SHAUYEHUE expression 0e3 BBEIUUCJICHUS loop-smuiiora.
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{collect | append | nconc} expression [into var]

Cobupaer cumucok (1cxomHo nil) B mporiecce urepaiuu. Ecau mepsoe
KJIIOUeBOe CJIOBO — collect, TO 3HAUEHUA BhIPAYKEHUA expression coou-
paroTcs B CIIUCOK; eCJIU append, To BO3BpalllaeMble U3 expression 3Hade-
HUA 00BbeAUHAIOTCA B CIIMCOK C IIOMOIITBIO append; ecJIu NConc, TO AeJjia-
eTCcs TO ¥Ke caMoe IecTPyKTuBHO. Eciu npefocrasigeTcsa nepeMeHHaA
var, To el OyIeT MPUCBOEH MOJYUYEeHHBIH CIINCOK, HO B 3TOM CJIyUae OH
He OyZeT Bo3BpalllaTbcA KaK Pe3yabTaT 100p-BbI30Ba II0 YMOJUYaHUIO.

BuyTpu loop mpeasiokenus collect, append ¥ nCONC MOTYT aKKyMYJIH-
poBaTh 3HAUYEHUSA B OJHY U TY Ke ITepeMeHHY10. Eciri 118 HeCKOJIbKUX
IpeaJIOXKEeHU He 3aTaHbI OT/eJIbHBIE IIepeMeHHEBIEe Var, 3To OyAeT pac-
IIeHEeHO KaK HaMepeHue coOUpaTh Bce 3BHAUEHUA B OAUH CIIUCOK.

{count | sum | maximize | minimize} expression [into var] [type]

AKKyMyaupyeT UHCJIO B IIpoIllecce mTepanuu. ECaum MCIoIb3yeTcs
KJIIOUEeBOE CJIOBO COUNt, Bo3BpalllaemMoe 3HaueHme OyaeT oTpakaTh KO-
JIMTYECTBO UCTUHHBIX Pe3yJIbTAaTOB BBIUNCIEHUSA BBIPAXKEHUS expressi-
on; ecau sum, To GymeT Bo3BpallleHa CyMMa BCeX ITOJIYUeHHBIX 3HAaue-
HUH; ecu maximize/minimize, To MakKcuMasibHOE/ MUHNMAJIHLHOE 3HAYUE-
HUe U3 BCeX MOJyUYeHHBbIX. [[JIsa count 1 SUM MCXOMHBIM 3HaUeHUEeM Oy-
nmet 0, muast maximize m minimize mcxomHOE 3HAUEHME He orpeaeeHo. Ecin
3ajJlaHa var, oHa OyaeT cBsA3aHa C IOJYUYEeHHBIM 3HAYEeHWEeM, 1 OHO He
Oy/zeT BO3BpaIlaThCA KaK 3HaAUeHMe 100p-BhIPAKEeHUA 0 YMOJYAHUIO.
Tak:xe MOKeT ObITh 3aaH TUII type aKKyMYJIUPYyeMOro 3HAUeHU .

BryTpu loop mpeasioskeHud sum 1 count MOTYT aKKyMYyJIUPOBaTh 3HA-
YeHUS B OSHY U Ty Ke IIepeMeHHYI0. Ecau n1d HeCKOJIbKUX IpPenyo-
JKeHUI He 3aJaHbl OTAEJbHEIE IIepeMeHHbIe Dar, 9TO OyeT paciieHeHO
KaK HaMepeHNte aKKyMYyJINPOBaTh BCe 3HAUECHUSA B OHO. AHAJIOTUYHO
OJs maximize m minimize.

when test then-clausel {and then-clause}*
[else else-clausel {and else-cause}*] [end]

Brruuciaser BbIDaKeHue test. Ecau oHO VCTUHHO, II0 IIOPAAKY BBIUNC-
JISIOTCSA BhIpasKeHud then-clause, B IpOTUBHOM ciiyuae — else-clause.
Berpamxenus then-clause u else-clause moryT ucrmoab3oBaTh do, return,
when, unless, collect, append, nconc, count, sum, maximize m minimize.

Bripaskenue B then-clausel nnu else-clausel MoKeT UCIIOJIB30BaTh it,
B 9TOM CJIy4yae OHO OyIeT CChLIaThCs Ha 3HAUEHe BhIPpaKeHus test.

unless test then-clausel {and then-clause}«
[else else-clausel {and else-clause}+] [end]

IIpemoskenne Buga unless test e ..e SKBUBAJEHTHO when (not test)
e..e .
repeat integer

IMo6GaBiseT TecT Ha 3aBeplleHNe: NTePAIlluN IPEKPAIaloTCA IIOCTIe
BBITIOJITHEHU integer nrepamui.
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while expression

HobGaBiisgeT TecT Ha 3aBepIIeHUEe: UTEPAIluH IPEeKPAaIaloTCs, Korma
BBIPAYKEHUE expression OyoeT JIOKHBIM.

until expression
JKBuUBaJIeHT while (not expression).
always expression

HeticTByeT mmomo06HO While, HO TaKsKe ompeessieT BO3BpalllaeMoe 3Ha-
yeHUe 1oop: nil, ecau expression JIOXKHO, B IPDOTUBHOM cirydae — t.

never expression
IKBUBAJIEHT always (not expression).
thereis expression

HeticTByeT 1momo0H0 Until, HO TaKiKe OmpeeigeT Bo3BpaIlliaeMoe 3Ha-
geHme loop: T, ecyiu expression JOKHO, N1l — B IPOTUBHOM CJIydae.

(Loop-finish) MaKpoc

MosxeT UCIIOIBL30BATHCA TOJBKO BHYTPHU 100p-BhIPAXKEHU S, TTie OH 3aBep-
IIaeT TEKYIIYIO UTEPAIlUIO U lepeaeT yIIpaBIeHue B 100D-2IIIJIOT, TOCJIe
yero 100p-BhIpaKeHre 3aBePIIaeTCs HOPMAaJIbHO.

OOBbeKTbI

(add-method generic-function method) 00001IeHHAsT QYHKITU

Cosnmaer meton method nist 006001eHHON PYyHKIMK generic-function, Bos-
Bpamasa generic-function. Ilpu coBnazeHnu cuenuprKaTopOB IIepesarnn-
CBIBAeT CyIecTBYOIIUil MeTo. [obaBiaseMblii meTon method He MOMKET
IPUHALJIEKATD IPYToi 0000IIIeHHOMi (QYHKITUN.

(allocate-instance class &rest initargs &key) 0060011ieHHAad QYHKIIUA

BoasBpartaer sxk3eM1asap Kjaacca class ¢ HeMHUITUAJIN3UPOBAHHBIMY CJIO-
Tamu. JlomycKkaeT UCIIOIb30BaAHNE APYTUX KJIIOUEH.

(call-method method &optional next-methods) MaKpocC

ITpu BBIZOBE BHYTPHU METO/Ia BEIBBLIBAET METO method, Bo3Bpalrasa 3Havue-
HUA, KOTOPbIe BEPHET BTOT BBI3OB. next-method, eciu nepenaH, NOJIKEH
OBITH CIIMCKOM METOJIOB, KOTOPBIe OyAYT BBIBBAHBI CJIEAYIOIINMU 3a Me-
thod. BmecTo meToga method MoKeT TaKJKe IIPeSOCTaBIATHCS CIINCOK BHU-
nma (make-method expression), rue expression — TeJjio MeToja. B Takom ciry-
yae expression BBIYUCIIAETCA B TVIOOAJTHLHOM OKPY KEeHUU, 38 UCKJIIOUECHU-
eM BapuaHTa, KOrJa MMeeTcs JOKaJbHOe oIpefeieHne Makpoca call-
method.

(call-next-method &rest args) QYHKIIUA

IIpu BBI3OBE BHYTPHU METO/Ia BHISHIBAET CJIEAYIOIIUN METO, C apr'yMeHTa-
MU args, Bo3Bpalljas 3HaueHN’s ero BbI3oBa. Kciu He IIpemocTaBIeHO HU-
KaKUX apryMeHTOB args, MCIIOJb3YIOTCS apryMeHTHI BBI30BA TEKYIIero
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MeToa (UTHOPUPY Jt00ble IPUCBANBAHUA 3HAUEHUH 9TUM apryMeHTaM).
B crammapTHON KOMOMHAIIMY METOAOB call-next-method MoKeT OBITH BbI-
3BaH B IIePBUYHOM MJIU around-meTtoze. Eciiu cieayoiuii MeTos OTCYTCT-
BYeT, BBIBBIBAET N0-next-method, KOTOPBIHA IO YMOJTUYAHUIO CUTHAJTUSUPY-
eT 00 orrubke.

(change-class instance class &rest initargs &key) o0000IeHHAA QYHKITAA

Wsmenser kiacc ska3eMILIApa instance Ha Kjacc class, Bo3Bpalad in-
stance. Ecou cy1iecTBYIOME CJIOTHI UMEIOT Te Ke UMeHa, YTO U JJOKaJb-
HBIE CJIOTHI KJiacca class, ToO OHU OCTaHYTCSA HETPOHYTHIMU, B ITPOTUBHOM
cJIydae 9TH CJIOTHI OyayT oTopoieHbl. HoBbIe JIOKaJbHBIE CIOTHI, TPEOYe-
MbIe KJIaccoM class, MHUIIMAJIN3UPYIOTCA BBIBOBOM Update-instance-for-
redefined-class. JlomycKaeT UCIIOJIb30BaHNE APYTUX KJIIOUEH.

(class-name class) o0o0meHHAasS QYHKITUS

Bosepairaer umsa kJacca class. MoskeT ObITh IIEPBBIM apryMeHToM setf.

(class-of object) GyHKIUSA

Bossparaer Kjaacc, sK3eMILISPOM KOTOPOTO sABJsAeTCs object.

(compute-applicable-methods o6o0IeHHaA PYHKIIUA
generic-function args)

BosspaimjaeT oTCOPTUPOBAHHBIN IO YOBIBAHUIO CIIEIN(PUUHOCTI CIIHICOK
MEeTOMOB IJIs1 0000IIeHHON GyHKIUY generic-function, BLI3BAHHOM € ap-
IyMeHTaMM 13 CINCKA args.

(defclass name (superclass®) (slot-spec*) class-spec*) MaKpoc

OmnpegenseT 1 BO3BpAIllaeT HOBLIN KJiacc ¢ uMeHeM name. Eciu name
yoKe ABJIAETCA UMEHEM KJIacca, TO CYINEeCTBYIOINe SK3eMILIAPhI OYIyT
IpUBeIeHBI K HOBOMY KJaccy. CymepKJiacchl, e OHU €CTh, 3a4al0TCs
uMeHaMmu superclass, HO UX HaJguuyme He 00A3aTesibHO. CII0TaMu HOBOTO
KJIacca ABJIAETCA KOMOMHAIINA HACJIEAYEeMbIX CJIOTOB U JIOKAJbHBIX CJIO-
TOB, OIPeNeSIeHHBIX B slot-spec. 3a 00'bACHEHNEM MeXaHU3Ma paspelle-
HUS KOH(GJINKTOB 00paTuTech K cTp. 428.

Kaxnoe onpenenenue ciora slot-spec moixHO OBITH cuMBOJIOM Symbol
aubo crimckom (symbol k1 vl*...kn vn*), e JI000M KJII0U k He MOXKET HC-
noJsib3oBarbed ABaxkbpl. CumBoJs symbol aBiserca numeneM ciaora. Kiro-
Yy kE MOT'YT OBITH CJIEH YOI MU:

‘reader fname*
Ina xkamgoro fname omnpenesnserT HeKBaJIU(DUIIMPOBAHHBIN MeETO[
¢ MMeHeM [name, BO3BPAIAIOIINI 3HAUYEHHE COOTBETCTBYIOIIETO
cjora.

writer fname*

Ona Kaskmoro fname ompenenseT HEKBAJU(PUIIUPOBAHHBIA METO.
Cc UMeHeM fname, CCBHLIAIONINICA Ha COOTBETCTBYIOIIUI CJIOT U HIPU-
TOMHBIN IJIA MCHOJb30BaHUA B setf (HO A3TOT MeTOA He MOKeT OBbITH
BBIBBAH HATIPAMYIO).



CnpaBOYHMK MO A3bIKY 337

:accessor fname*

Onast xasxkmoro fname omnpenpeinsieT HeKBaJIU(PUIIMPOBAHHBIA METOI
Cc UMeHeM fname, CChLIAIOIIUICA Ha COOTBETCTBY IO ¢I0T. MosKeT
HCHOJIb30BaThCA B setf.

:allocation where

Ecuu where — a0 :instance (110 yMoJI4aHUIO), KAMKABIN 9K3eMILIAD OY-
T UMeTh COOCTBEHHBIH CJIOT; ecJu :C1ass, TO CJIOT OYIeT UCI0JIb30-
BaThCs BCEMU SK3EMILIAPAMU KJlacca.

;initform expression

Ecau npu cospannu sK3eMIIApa He TepefaloTcs NCXOTHbIE 3HAUCHU A
cJIoTa M AJIS Hero HeT 3HaUeHUA 110 YMOJIUaHUI0, 3HAUEHUEe CJIoTa 0y-
JIeT YCTAHOBJIEHO B 3HAUEHUE eXPression.
:initarg symbol*

Kasxknprit cumBos symbol MmoxeT MCIIONB30BATHCSA KAK apryMeHT II0
KJIIOUY IJIS 3aJaHUA 3HAUYEHUS CJIOTA IIPU CO3MAHUU SKIEMILISIpPa
¢ moMoIIbio make-instance. CHMBOJIBI He 00A3aTeJIbHO JOJYKHBI OBITH
KJII0ueBbIMU cjioBaMu. OUH 1 TOT K€ CUMBOJI MOYKET ObITh UCIIOJIb30-
BaH Kak initarg B HECKOJIBKUX CJIOTaX KJacca.

‘type type

HexaapupyeT TUI type 3HAUEHUA, COLEPIKAIIEr0CA B CIOTeE.
:documentation string

ITpenocTaBiiseT CTPOKY LJOKYMEHTAIIUU K CJIOTY.

Onpepenenusd class-spec MOTyT OBITH KOMOMHAIMEH BhIpakeHW: (:docu-
mentation string), (:netaclass symbol) unu (:default-initargs k, e ..k e ).
ITocnegHee ncmoab3yeTcs MIPU CO3TaAHUU 9K3EMILIAPOB; CM. make-instan-
ce. B mr000M BBI3OBe Make-instance mMpW OTCYTCTBUU SABHOTO 3HAUEHUS
KJIfoua k GyJeT MCHoJab30BaThCs 3HAUEHUE COOTBETCTBYIOIIETO BhIpaske-
HUS e, KOTOpoe BeIuucageTcA. [lapameTp :documentation cramoBuTCA HO-
KyMeHTaIell K KJjaccy, a :metaclass MoKeT MCHOJIb30BAThC IJIA 3aa-
HUA MeTaKJacca, OTJIMYHOro oT standard-class.

(defgeneric fname parameters entry*) MaKpoc

Ompegesisger UK JOMOJHAET TEKYIee oIpeeseHre 0000IeHHON PYHK-
unuu fname. Bosepamaer camy (QyHKI[MO. BbI3bIBaeT OIMUOKY, €CJIHU
fname aBasieTcst oOOBIYHON PYHKITHEH NI MaKPOCOM.

parameters — 9TO0 CIeUAIN3UPOBAHHBIN JIAMOa-CIIUCOK; cM. defmethod.
Bce MeToab! i 0000IIeHHON (PYHKIIMYU JOJKHBI NUMETh CIIMCKHU IIapa-
MEeTPOB, KOHT'DYSHTHBIE APYT APYTY U CIIUCKY parameters.

entry MOXKeT BKJIIOUATH B ce0s OJHY MJIN HECKOJIBKO CJI€YIOIINX OIIITM:
(argument-precedence-order parameter¥)

IlepeompenenseT TOPAAOK IIPEAINECTBOBAHUSA, OMIPEAeIAEeMbIN II0
YMOJIYaHUIO BTOPBIM apryMeHToM defgeneric. I[oKHBI OBITH 3aJaHBI
BCe ITapaMeTpbl 0000I1IeHHOM QYHKITHUH.
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(declare (optimize property¥*))

Heraapanusa yYUTHIBAETCS B IIPOITecce KOMITUIAIIAY CaMOU 00001IeH-
HOI (DYHKIIMU, TO €CTh KOJla, OTBEUAaIOIlero 3a Aucneruepusaiuio. He
BJIHSET HA KOMIIUJIAIINIO caMux MeTomoB. CMm. declare.

(:documentation string)
3azaeT JOKYMEHTAIINIO K UMeHHU fname ¢ Kiarouom function.
(:method-combination symbol arguments*)

OmnpepensgeT TAI KOMOMHAIINN METOJOB, MCIIOJb3YeMbIH IJId MMEHU
symbol. BcTpoeHHBIE TUIIHI KOMOMHAIIUY He TPEOYIOT KaKUX-IN00 ap-
TYMEHTOB, COOCTBEHHBIE TUTIBI KOMOMHAIITUY MOT'YT OBITH OITPeIeIeHbI
C TIOMOIITHI0 pa3dBepHyTO (hopMmbl define-method-combination.

(:generic-function-class symbol)

OnpeznesndgeT TpUHALIEIKHOCTE 0000IIEHHON (PYHKIINY K KJIaccy Sym-
bol. MosxeT UCII0JIb30BaThCA IJIsI U3MEHEeHNA KJIacca CyIeCTBYoIeit
o6o01enHON (pyuKInu. ITo ymomuaHMio ncmoab3yercs standard-gene-
ric-function.

(:method-class symbol)

VKasbIBaeT, UTO BCe METOABI O0OOIIEHHON (DYHKIIUU MOJIMKHBI IPU-
HaJJIeKaTh Kaaccy symbol. MoryT nepeonpenensaTbCcsa KJIacChl CyIlle-
CTBYHOIITUX MeTonoB. Ilo ymosmyaHMO ucnoab3yeTcs standard-method.

(:method qualifier* parameters . body)

IxBuBaJeHT (defmethod frname qualifier* parameters . body). entry
MOKET BKJIIOUATh 00JIee OLHOI'0 BEIPAKEHNA TAKOTO TUIIA.

(define-method-combination symbol property*) MaKpoc

CokparrenHas (opma: ompezessieT HOBBIN TUI KOMOWHAIIUU METOIOB.
Kparkaa ¢opma ucmonbayercd AJsA IPAMOI OIEepaTOPHON KOMOWHAIIUYN
MeTon0B. Eciu ¢,...c, — COIUCOK BBI30BOB IIPUMEHMMBIX MeTOJ0B (OT 6osee
cuenu(pUIHOrO K MeHee cueln(pruIHOMY) AJIA KOMOMHAIIUY METOIOB C OIIe-
paropom symbol, To BbI30B 0000IIIeHHON (QYHKIIY OyAEeT SKBUBAJIEHTEH
(symbol ¢,---C,). property MOer OBITH CJIEYIOIIIIIM:

.documentation string

3azaeT CTPOKY JOKyMeHTanum nia symbol ¢ kiaodom method-combi-
nation.

.identity-with-one-argument bool

IenaeT BO3MOKHOII OITUMU3AIINIO BHIBOBOB 0000IIEHHON (DYyHKIIUH,
I KOTOPOH CYIIECTBYET TOJIBKO OAWH IIPUMEHUMBIN mMeTon. Eciu
bool uctuHeH, 3HaUeHUsdA, BO3BpalllaeMble METOJOM, BO3BpAIAlOTCH
KaK 3HaueHUa 0000IeHHOU (GyHKIUU. McHnonb3yeTcsa, HaIpuMep,
B and- ¥ progn-KoMOMHAIIYI METOOB.
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:operator opname

OnpezesndgerT aKTyaJbHBIA omlepaTop (MOKeT oTindarbea oT symbol),
UCIIOJIb3YeMbIi 00001IIeHHO (DYHKITMeT; opname MOKeT ObITh CUMBO-
JIOM WJIU JISMO/a-BhIpaKeHeM.

(define-method-combination symbol parameters MakKpoc
(group-spec¥)
[(:arguments . parameters2)]
[(:generic-function var)]
body)

ITonuas ¢popma: onpeeasieT HOBYIO (DOPMY KOMOMHAIIMY METOLOB IIyTEeM
oIlpeie/IeHNsI PACKPBLITUS BbI30Ba 0000IeHHON (GyHKIUKU. BbI30B 0000-
IIeHHON (YHKIINU, UCIIOJb3YIolIel symbol-koMmOuHanmio, 6y1eT sKBUBa-
JIEHTeH BBIPa’KeHM!IO, Bo3BpalmiaeMomy TejoMm body. IIpu BeIUMCIIEHUU
9TOT'0 BHIPAKEHUS eIUHCTBEHHON JIOKAJIBHOM CBA3HIO OyIeT MaKpooIIpe-
nejeHme AJsd call-method.

®opwmrbl, npexmrecTByoniue body, CBA3BIBAIOT IepeMeHHbIe, KOTOPhIE MO-
I'yT UCIIOJb30BATHCA AJIA TeHepalluu PACKPBITUA. parameters MOJydaeT
CIIMICOK ITapaMeTpOB, CIeAYyIoIuX 3a symbol B aprymenTe :method-combi-
nation B defgeneric. parameters2 (eciau 3amaH) moaydaet (GopmMy, KOTO-
pasd mosABIsAETCS B BbI3oBe 00001eHHON QyHKIiuu. OcraBinuecsa Heobs-
3aTesibHBbIE MTapaMeTpPhl MOJYYalOT COOTBETCTBYyMOIIme initform-smaue-
HuA. Kpome Toro, HOmycTMMO HCIOIB30BaHMe mapamerpa &whole, KOTo-
PBIi TTOJTyUaeT CIMCOK BCeX apryMeHTOB (DOPMBI. var (ecyu 3agaH) OyaeT
CBABAH ¢ caMUM 00BEKTOM 0000ITIeHHOM HhYHKITUN.

BripaskeHusa group-spec MOTYT UCIOJB30BaThCS AJs CBA3BIBAHUA IIepe-
MEHHBIX C HellepeCceKaroIIMICA CIIUCKaMU IPUMEHUMbBIX MeTonoB. Kask-
IBIM group-spec MOKeT OBITH hopMa Buzna (var {pattern* | predname}
option*). Kaxxnasa nmepeMeHHaa var OyAeT cBA3aHAa CO CIIMCKOM METOOB,
YbU KBAJU(MUKATOPHI COBIAAAIOT C IIAOJIOHOM pattern Ui yOBJIETBOPA-
IOT IpenuKary ¢ umeHeM predname. (Eciu He 3agaH HU OGVH IIPEIUKAT,
TO IOJI’KEeH ObITh ITPEICTABJIeH 10 KpaliHel Mepe onuH 1m1absioH.) I11abmo-
HOM MOJKET OBITh *, UTO COOTBETCTBYET JII0OOMY CIIMCKY KBaJIU(pUKATO-
POB, UJIU CIIMCOK CMBOJIOB, KOTOPBII coBIaaaer (equal) co CIIMCKOM KBa-
IuGUKaATOPOB. (DTOT CIIMCOK MOKET TaKKe COmep’KaTh * KaK JJIEMEHT
WJIY KaK XBOCT cItrcKa.) MeTo [Jis 3a[aHHOI'O CIIMCKA KBaJIU(PDUKATOPOB
OyZeT akKKyMYJIUPOBATHCS B IIEPBOIT I€PEeMEHHOI var, IpeguKaT KOTOPOi
BO3BPATUT UCTUHY AJIA TaHHOTO CIIHCKA WJIU JKe OAUH 13 I1a6JI0OHOB KOTO-
poii obecrieyuT coBnageHue. [[OCTYIIHBI CIeAYIONINE OMIITHN:

.description format

HexkoTopble yTUINTHI UCIIOJB3YIOT format Kak BTOPOM apryMeHT B BhI-
30Be format, TPeTBUM apryMeHTOM KOTOPOM ABJISAETCA CIHCOK KBaJU-
(GuKaTOpPOB MeTOA.
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:order order

Ecnu smauenme order paBHO :most-specific-first (mo ymosuammio),
MEeTOABI aKKYMYJUPYIOTCS MO YOBIBAHUIO CIIEITU(MDUUHOCTU; €CJIN UC-
moJib3yeTcs (most-specific-last, To B oOpaTHOM ITOPSAIKE.

‘required bool

Ecau snauenue bool UCTUHHO, TO B CJIydYae OTCYTCTBUS aKKyMYJIUPO-
BaAHHBIX METOJIOB OyIeT BO3BPAIIAThCS OIINOKA.

(defmethod frname qualifier* parameters . body) MaKpoc

OmnpepensgeT MeTon 0000IEHHOM PYHKIINY frname; eCliu OHA He CYIIeCT-
ByeT, To OyzaeT co3maHa. BosBpaliiaeT HOBBIM MeTO/I. BEIBBIBAET OIIUOKY,
ecsiu fname ABIAETCA UMEeHEeM OOBIUYHON (GYHKIINY UJIN MaKpoca.

Kranudurarops! qualifier — 3T0 aTOMBI, UCIIOJIB3yeMble IIPU KOMOWHA-
muu MeTo10B. CTanmapTHAsS KOMOMHAIIMA METOJOB JOITyCKaeT KBaaudu-
KaTopsl before, :after mam :around.

ITapameTpsl parameter mogOOHBI aHAJIOTUYHBIM B OOBIUHBIX (QYHKIIUAX,
3a UCKJIUYEeHNEM TOT0, YTO 00A3aTeIbHbIe IapaMeTpPhl MOTYT OBITH TIPe-
CTaBJIEHBI CIIMCKaMu Bupa (name specialization), rne specialization —
KJIacC MJIM UM KJjacca (IepBhIil BapuaHT) Inbo CIIMCOK BUa (eql expres-
sion) (BTopoii BapuaHT). B mepBOM ciyuae COOTBETCTBYIOIINI apryMeHT
IOJI’KeH IPUHAIJIEKaTh YKa3aHHOMY KJaccy. BTopoii BapuaHT yKasbIBa-
eT, 4YTO ImapaMeTpP B MOMEHT PACKPbITHUA BbIpaskeHua defmethod mossxkeH
OBITH paBeH (eql) expression. MeTobI OIIpeeIAI0TCA YHUKAJIbHBIM 00pa-
30M II0 KBaJdu(pUKaTopaM M CIEIUaJIN3allii, U eCJIU IBa MeToaa UIeH-
TUYHBI, TO HOBBIIl 3aMeHUT cTapblii. CIICOK parameters MOJIKeH OBITH
KOHTPYSHTEH ITapaMeTpaM APYTUX METOMOB JaHHOII 0000IIeHHOH (PyHK-
U, a TAaKKe caMoil 0000IIIeHHO (PYHKITUN.

IIpumeneHnme MeTOa 9KBUBAJIEHTHO BBI3OBY (lambda parms . body) c ap-
TyMeHTaMu 00001IeHHON (DYHKITUH, TIe parms — 3To parameters 6e3 cie-
nuaausanuu. Kak u 1asa defun, Teo HesIBHO 3aKJII0UaeTCsA B OJIOK C LMe-
HeM fname, ecau fname — cuMBOJI, Uau [, ecau fname — CIUCOK BULA
(setf f).

(ensure-generic-function frname 8&key QYHKIUA

argument-precedence-order

declare documentation
environment generic-function-class
lambda-list method-class
method-combination)

HenaeT fname (KOTOPBIi He MOKET OBITH UMEHEM O0BIYHOM DYHKITUY WJIT
MaKpoca) uMeHeM 0000ITeHHOM (PYHKITUY ¢ 3aJaHHbIMU cBolicTBaMu. Ec-
J1 06001TIeHHAasA QYHKITUA C TAKUM UMEHEM yiKe CYIIeCTBYeT, ee CBOMCT-
Ba 3aMEHSAIOTCSA IIPU BBIOJHEHUU cJenyioiux ycJjaoBuii. CoiicTBa ar-
gument-precedence-order, declare, documentation u method-combinati-
on TepesanuckiBaioTcsa Bcerga; lambda-list JoIKeH ObITh KOHT'PYSHTEH
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CIIACKAaM IIapaMeTPOB CYIIeCTBYIOIMX METOMAOB; generic-function-class
IOJI3KeH OBITH COBMECTHM CO CTAPBIM 3HAUEHUEM, 1 B 3TOM CJIydae [IJIs 3a-
MeHLI 3HaUeHUs BbI3bIBaeTCs change-class. Korma usmensierca method-
class, CcyIIecTBYIOIIEe METOAbI OCTAIOTC 03 N3MEHEeHU .

(find-class symbol &optional error environment) (GyHKIIUA

Boaspamiaer kigacc, uMeHeM KOTOPOT'O B environment siusercsa symbol.
Ecyz Takoii KJjacc OTCYTCTBYET, BbI3bIBA€TCSA OIIMOKA, KOTJa error mc-
TuHHA (10 YMOJIYaHUIO), MHaUe Bo3dBpairaercs nil. MoxeT ObITEH IePBLIM
aprymeHToM setf; YTOOBI OTBA3ATH UM OT KJacca, HeOOXOAUMO YCTaHO-
BUTH Tind-class aJs aToro Kjacca B nil.

(find-method generic-function 00o00mIeHHAT QYHKITUS
qualifiers specializers
&optional error)

Bossparaer meron 06001ieHHON GYHKIIUYU generic-function, KBaaudu-
KaTophI KOTOPOI COBIafatoT ¢ qualifiers, a cienmaausanus — ¢ speciali-
zers. specializers — 9TO CIIICOK KJIACCOB (He IMeH); KJIacC T COOTBETCTBYeET
OTCYTCTBUIO cienuanusanuu. Ecau MeTon He HaliieH, UICTUHHOCTD error
BBIBBIBAET OITMOKY, MHAUe BO3BpAIIaeTcs nil.

(function-keywords method) o0o0IeHHAas QYHKITUS

Bosspaljaer gBa 3HAUYEHUs: COUCOK apryMEHTOB II0 KJIIOUY, IPHUMEHH-
MBIX K MeTOny method; BTopoe 3HaUeHNe NCTUHHO, Korga MmeTon method
JIOIIYCKAET MCIO0JIb30BAHNE PYTUX KIIIOUEH.

(initialize-instance instance &rest initargs &key) o060OIeHHAA QYHKITHAA

BeTpoeHHBIN IepBUYHBINA MeTOJ BhI3bIBaeT shared-initialize mas ycra-
HOBKU CJIOTOB instance corjiacHo 3alaHHBIM initargs. VIcosbayeTcs B ma-
ke-instance. [lomyckaeT MCIIOJIb30BAHUE APYTUX KJIOUEH.

(make-instance class &rest initargs 8&key) 0000mIeHHAST PYHKITUS

BosspailijaeT HOBBIN 9K3eMILIAP KJacca class. BmecTo initargs moa:KHbBI
OBITH IaPbI CUMBOJI-3HAYeHNE: £, U,...k U . KasKap1ii cJIoT B HOBOM 9K3€eM-
miaspe OygeT MHUINAJIN3UPOBATHCA CJIAEAVIOIINM 0o0pasoM: ecjau mapa-
MeTp k SBJIAETCS IapaMeTpPOM CJIOTa, TO 3HAUEHUEM CJIOTa OyeT COOTBET-
CTBYIOIIUI eMy v; MHaAuUe, eCJaU KJACC UJIU OJWH U3 ero CYIepKJIAcCOB
umMeeT initarg-mapaMeTphbl MO0 YMOJYaHUIO, B TOM YKCJE OJA TaHHOTO
CJI0Ta, TO OYIeT MCI0JIb30BaThCA 3HAUEHNE [0 YMOJIUYaHUIO AJIA HanboJiee
CIIeU(PUUHOTO KJIacca; nHaue, eCJId CJIOT uMeeT initform, cJIOT moaydaeT
ee 3HaUeHMe; B IPOTUBHOM CJIyUae CJIOT OCTAeTCs HeCBA3aHHBIM. Jlomyc-
KaeT MCHO0Jb30BaHUe NIPYTUX KJIIOUeH.

(make-instance-obsolete class) o0o00I1eHHAA PYHKIIUA

BriswiBaeTcsa us defclass Ipu MONBITKe U3MEHEHU S OIIpeJieIeHU s KJlacca
class. OGHOBJISIET BCe 9K3eMILIAPHI KJjacca (BbI3bIBaA update-instance-
for-redefined-class) u Bo3Bpatmaer class.
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(make-load-form object &optional environment) 00001IeHHAsT PYHKITUS

Ecuu 00beKT object ABIAETCA 9K3EMILISIPOM, CTPYKTYPOIi, UCKIIOUECHU-
eM WJIM KJIAaCCOM, BO3BPAIIAeT OJHO WJIM IBA BHIPAYKEHUs, KOTOPhIE IIPU
BBIUUCJIEHUU B environment MPUBOLAT K 3HAUCHUIO, S9KBUBAJICHTHOMY
object B MOMEHT 3arpy3KHU.

(make-load-form-saving-slots instance QYHKIUA
&key slot-names environment)

Bosspaitaer n8a BhIpaKeHU s, KOTOPBIE IIPU BEIYKUCIEHUN B environment
IPUBEAYT K 3HAUCHUIO, 9KBUBAJCHTHOMY instance B MOMEHT 3arpys3KH.
Ecau 3amansb! slot-names, To OyAyT COXpPaHEHBI JUIIL II€PEUNCIEHHbIEe
CJIOTHI.

(method-qualifiers method) 00o00IeHHAsT QYHKITUS

Bossparmaer crincox KBaauuKaTOPOB METO/A.

(next-method-p) QYyHKIIUA

BrisBamHas BHYTPHU METOa, BO3BPAIIlAeT UCTUHY B CJIydae HaJIUYUS CJIe-
IYIOIIEero MeToa.

(no-applicable-method generic-function o6o0IeHHaA PYHKIIUA
&rest args)

BrisbiBaeTcs, Korma aJs1 00001ieHHOM GyHKITUY generic-function ¢ 3amaH-
HBIMU apryMeHTaMU args HeT HY ONHOr0O IPUMEHUMOro MeTona. Berpoew-
HBIH IIePBUYHLIN METO CUTHAJIU3UPYET 00 OIINOKE.

(no-next-method generic-function method o6o0IeHHaA PYHKIIUA
&rest args)

BriswiBaeTcs, korma meTon method o6001eHHON QYHKITUY generic-func-
tion mpITaeTCA BBISBATH CJAENVIOIIUII METOX, KOTOPLIA He CYIIEeCTBYET.
args — apryMeHThI HeCYIIeCTBYIOIEro CJIeLYIOIero Meroga. BerpoeH-
HBIU IIEPBUYHBINA METOJ CUTHAJIU3UPYET 00 OIINOKe.

(reinitialize-instance instance &rest initargs) o6o0IeHHaA PYHKIIUA

YcranaBiuBaeT 3HaUeHUA CJIOTOB 9K3eMILIADA instance B COOTBETCTBUN
c initargs. BcTpoeHHBIN IIePBUYHBIN MeTO/, IlepelaeT apI'yMeHThI B Sha-
red-initialize (co BTopbiM aprymeHToMm nil). [lomycKkaeT UCIoOIb30BaHUE
IPYTUX KJIOUEeH.

(remove-method (generic-function)y method) obo0IenHaA QyHKIIUA

HecTpyKTUBHO yaaasieT MeTon method n3 00001eHHON PYHKITUY generic-
function, Bo3Bpatas generic-function.

(shared-initialize instance names 06o00I1IeHHaA PYHKIIUA
&rest initargs &key)

YcranaBiuBaeT CIOTHI 9K3EeMILIIAPA instance B COOTBETCTBUU C initargs.
Bce ocrasiuecs cj0Thl MHUIINAJIN3UPYIOTCA COTJIacHO UX initform, ecom
UX UMeHa IIepeuyucyeHbl B names Ujau names paBeH t. [lomyckaer uc-
OJIL30BAHUE APYTUX KJIIOUeH.
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(slot-boundp instance symbol) GyHKIUS

Bosspamaer nctuny, Korga ciot ¢ uMeHeM symbol B 3aJaHHOM DK3eMII-
Jape instance MHUIMMAJIU3UPOBAH. ECau TaKOro €JI0Ta HET, BHI3BIBAET
slot-missing.

(slot-exists-p object symbol) byHKIIA
Bossparmiaer uctuny, korma o0 beKT object mmeeT cyI0T ¢ uMeHeM symbol.

(slot-makunbound {instance) symbol) byHKIMS
OTBA3BIBAET CJIOT ¢ UMeHeM symbol B 3aJaHHOM dK3eMILIApe instance.

(slot-missing class object symbol opname 00600611eHHAA QYHKIIUA
&optional value)

BrisbiBaeTcsa, Korjga omepatop ¢ UMeHEM opname He CMOTI Ha¥WTH CJIOT
c umenem symbol B o6bexTe object knacca class. (Eciu 3agaHo sHaueHue
value, TO OHO yCTaHABJIMBAETCS BMECTO HECYIIIECTBYIOIIIETO 3HAUEHUSI
cyora.) BeTpoeHHBII IEPBUYHBIN METOJ CUTHAJIU3UPYET 00 OIIuoKe.

(slot-unbound class instance symbol) 00600611IeHHAA QYHKIIUA

BrisbiBaercsa, korga slot-value sampammBaeT 3HadeHue cjota symbol
B BK3eMILIsApe instance (el Kjaacc — class), a 9TOT CJIOT ABJIAETCA HECBSA-
3aHHBIM. BCTPOEHHBIN IIEPBUUYHBLIN METOJ CUTHAJIU3UPYeT 00 OIIMnOKe.
Ecyiz HOBBIH MeTOJ BO3BpalllaeT 3HAUEHIe, 9TO 3HAaUeHue OyZeT BO3Bpa-
1eHo u3 slot-value.

(slot-value instance symbol) byHRIUA

Bosspamiaer 3uauenue ciaora symbol B axkzemmiape instance. Ecau cior
OTCYTCTBYeET, BBbI3bIBaeT slot-missing, ecam »Ke CJOT HeCBA3aH — Slot-
unbound. ITo ymMoruaHMIO B 000X CIydasiX BbI3bIBaeTcsd omrnbra. MoskeT
OBITH IIEPBBLIM apryMeHToOM setf.

(with-accessors ((var fname)*) instance MaKpoc
declaration* expression*)

BrruncisieT cBoe Testo, peaBapuTeIbHO CBSI3aB KaKAYI0 IIepeEMEeHHYI0 var
C pe3yJIbTaTOM BbIZ0Ba COOTBETCTBYIOIIel (GhyHKIUNU s instance. Kax-
noe fname MOJXKHO OBITH UMeHeM (QDYHKIIMU JOCTYIIa AJIA 9K3EeMILIIpa.

(with-slots ({symbol | (var symbol)}*) instance MaKpoc
declaration® expression*)

Berunciiser cBoe Tejo, IpeaBapuTeIbHO CBA3aB KaKIAbI CHUMBOJ (MK
var, ecju 3aaH) ¢ JOKAJIbHBIM CUMBOJIOM-MaKPOCOM, CChLIAOINMCS Ha
cJI0T ¢ uMeHeM symbol nyis sK3emMmIIApa instance.

(unbound-slot-instance condition) QPyHKIUA

BosspaimjaeT sx3eMIasap, Ueil ¢J0T He ObLI CBSI3aH B MOMEHT BO3HUK-
HOBEHUA UCKJIOUeHHnA condition.
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(update-instance-for-different-class old new 00001IeHHAT PYHKITU
&rest initargs
&key)

BrIsbiBaeTcs 3 change-class IJis yCTaHOBJICHUA 3HAUEHUI CJIOTOB IIPU 13-
MEHEeHHUH KJacca dK3eMILIApa. JK3eMILIAp old ABJseTcsa Konueil Opuru-
HAJLHOTO SK3eMILIAPA B AUHAMUUYECKOM AUAla30He; new — OPUTMHAJb-
HBI 9K3eMILIAP, K KOTOPOMY A00aBJIAIOTCA TpedyeMble CJI0ThI. BeTpoeH-
HBIII NIEPBUYHBIN MeTOJ MCIOJIb3yeT shared-initialize co ciaemyromumu
apryMeHTaMu: new, CIIMCOK MMeH HOBBIX CJIOTOB U initargs. Jlomyckaer
WCIIOJIb30BaHMe IPYTUX KJIIOUEH.

(update-instance-for-redefined-class obo0meHHAas QYHKITUA
instance added deleted plist
&rest initargs)

BriseiBaerca ms make-instance-obsolete AJid yCTAHOBJIEHWA 3HAUEHUI
CJIOTOB IIPY U3MEHEHUN KJiacca 9K3eMILIsapa; added — 3TO CIUCOK m00aB-
JISTEMBIX CJIOTOB, deleted — CIUCOK yaaasieMbIX (BKJIIOUAA T€, KOTOPHIE I1e-
pelLIu 13 JIOKAJbHBIX B paszeisgeMble); plist CONePIKUT 9JIeMEeHThI BULA
(name . val) pna Kaxporo saeMeHTa deleted, nMeBIiero sHadenue val.
BeTpoeHHBIN IepBUYHBIN MeTO BBI3bIBAET shared-initialize ¢ aprymesn-
Tamu: instance, added u initargs.

CTpyKTYpbI

(copy-structure structure) QYHKIIUA

BosBpaiaeT HOByI0 CTPYKTYpY TOTO *Ke TUIIA, UTO U Structure, Bce 3Ha-
YeHUA II0JIeH KOTOPOI paBHEI (eql) CTaphIM.

(defstruct {symbol | (symbol property*)} [string] field*) MaKpoc

OmnpezesndeT HOBBIN TUII CTPYKTYPHI ¢ MMeHeM symbol, Bo3Bpaiasa sym-
bol. Ecnu symbol y:xe cOOTBETCTBYeT UMEHU CTPYKTYPhI, IIOCJEICTBUA
He OIIpeJieJIeHbl, HO IIepeoIpeiesieHre CTPYKTY PRI C TEMU JKe ITapaMeTpa-
MU, KaK IpaBuio, 6esonacHo. Eciu symbol paBen str, Torma mo ymosua-
HUIO TaK’Ke OIpefesdaoTed: QYyHKIINA make-str, BO3BpaIaIias HOBYIO
CTPYKTYDPY; IPeAUKAT Str-p, IPOBEPAIONINI Ha IPUHALIEIKHOCTE K Str;
(QYHKIUA COpy-Str, Konmupymomiaa str; QyHKIIUN JOCTyIIa K KasKI0OMY II0-
JItO Strj TUII C ©UMeHeM Str.

Crpoka string, eciau IpeicTaBjIeHa, CTAHOBUTCA TOKYMeHTAIUeH K Sym-
bol ¢ xaouom structure. ITo ymMomuaHNIO OHA TaKiKe CTAHOBUTCS HOKY-
MeHTanuen K symbol ¢ KiouoM type, a TaKKe JOKYMEHTAIVel AJsa co-
IYTCTBYIOIIErO KJacca.
property MOXKeT OBITH OJHUM U3:
.conc-name | (.conc-name [name])
DYHKIUA A9 OOCTyIIa K HOJI0 T CTPYKTYPHI Str OymeT Has3bIBATHCA
namef BMecTo str-f (mo ymosruaurwuio). Eciu name He yrKa3aHO nIu SB-
Jsercsd nil, uMeHeM QyHKIIU OyaeT TpocTo f.
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:constructor | (:constructor [mame [parameters]])

Ecau name ykasamo u He paBHO Nil, QYHKIINAA CO3AAHNS HOBBIX CTPYK-
Typ OyzeT HasbIBaTbeA name. Eciiu name paBHo nil, Takas QyHKIIUS
He Oyzer onpenenena. Eciu uMsa He 3amaeTcs BoBce, OyIeT MCI0JIb30-
BaTbCS MMs II0 YMOJUYaHUIO, make-str. Eciam s3amaH cuomcok moJei
parameters, OH CTAHOBUTCSA CIUCKOM IIapaMeTpPoOB (QYHKIIUU-KOHCT-
PYKTOpAa, 1 Kakaoe IMoJie BHOBb CO3TaBae€MOM CTPYKTYPHI OyIeT UMeTh
3HaUEHUe, IepeJaHHOe COOTBETCTBYIOIIUM apryMeHTOM. [ omHOM
CTPYKTYPBI MOT'YT OBITH OIIPeieIeHbl HECKOJIbKO KOHCTPYKTOPOB.
.copier | (icopier [mame])

Ecnu name 3agano u He aBasgeTcA Nil, QYHKIIUA KOTUPOBAHUA CTPYK-
TypbI OyIeT HasbIBaThCsa name. Ecau name aBiasercs nil, Takas QyHK-

s He OyzaeT onpezesieHa. Eciu nmsa He 3aaeTcsa BOBCe, UCIOJIb3yeT-
CsA M4 110 YMOJIUaHNUI0, COpYy-Str.
(:include name field*)

O3HauaeT, UTO BCe CTPYKTYPHI str OyAYT TaKiKe BKJIIOUATH BCE TOJISA
CYIIECTBYIOIEH CTPYKTYPhI THIIA C UMeHeM name. PyHKIINYU JOCTyHa
BKJITOUAIoTCA BMecTe ¢ moaamu. Ilonsa fields B BeipaskeHun .include
UCTOJIb3YIOT OOBIYHBIN CUHTAKCUC (CM. HUXKE); OHU MOTYT MCIIOJIb30-
BaThCA AJIA 3aJaHUS MCXOTHOTO 3HAUEHUS IOJA (MJIU ero OTCYTCT-
BUS), UJIN IJS YCTAHOBKU (hjIara «TOJBKO UTEHMUEe», UJIU IJS CIeIu-
duKamuy TuIa ToJaa (KOTOPBIN JOJIKEH ObITH MTOATUIIOM OPUTUHAJb-
HOTO0). Ec/iu cTpyKTypa comep:kuT mapamerp :type (CM. HUMKE), BKJIIO-
yaeMas CTPYKTYpa M0JI2KHA ObITH TOTO »Ke TUIIA, B IPOTUBHOM CJIyUae
TUI BKJIOUAEMOI CTPYKTYPEI OyIeT MOATHUIIOM HOBOM.

(:initial-offset i)
CTpYKTYpBI OyAYT pasMeInaThbCsa CO CMeIlleHeM B [ HeMCIOJIb3YeMbIX
moseit. Mcmoab3yeTcs TOJBKO BMecCTe ¢ type.

‘named

CTpyKTYpHI OyAYT pasMemniaTbCsa TaK, UTO MEPBLIM BJIEMEHTOM ABJIA-
eTcsa UMdA CTPYKTYphI. Vlcmosrs3yeTcs TOJIBKO BMecTe ¢ :type.

:predicate | (:predicate [mame])

Ecau name 3amano u He siBJIseTCS Nil, IpeguKaT UAeHTU(DUKAIIAN
CTPYKTYPHI OyaeT HasbIBaThbesda name. Eciu name saBiasercs nil, Ta-
Kasa QyHKIIUA He Oymer ompeneseHa. Eciu umsa He 3amaeTcsa BOBCe,
OymeT MCII0JIL30BaAHO MM II0 yMOoJIYaHuio, str-p. He MoxkeT ncmoab3o-
BaTbCA BMecTe ¢ :type JIo TeX IIop, IIOKa He 3aJaHo :named.

(:print-function [fname])

Korpga str BeiBoguTCA Ha ITeUaTh, QyHKIUA ¢ uMeHeM frname (KoTopas
TaK:Ke MOYKeT OBITH JIAMOAa-BbIpaskeHreM) OyeT BhI3BIBATHCA C Tpe-
MA apryMeHTaMH’: CTPYKTYPAa, IIOTOK, B KOTOPBIA BBITIOJMHAETCS IIe-
YaTh, U IeJI0e YNCJIO, IIPECTABIIA0Iee TIyOnHy neuaru. Peanusosa-
Ha gobaBJyieHTeM MeToza print-object. He MoskeT GBITH MCIIOJIb30BaHA
BMecTe ¢ type.
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(:print-object [fname])
HeticTByeT momo6HO :print-function, HO BEI3BIBAETCA JIUIIH C IBYMSA ap-
rymeHTaMu. MoKeT MCIIOJIbL30BaThCS UTO-TO OJHO: JmOO0 :print-func-
tion, Imbo :print-object.

(:type {vector | (vector type) | list})

VKassIBaeT crrocod peannsanuy CTPYKTYPEI B BuIe 00beKTa 3aaHHO-
ro tuna. OTneabHbIE CTPYKTYPEL B TAKOM CJIydae OyAyT CIIMCKAaMU WX
BEKTOpPaMM; HUKAKOM HOBBIA THUII He OyJeT OIpemesieH IJs CTPYKTY-
PBI, ¥ HUKAKOH IPEeAUKAT IJIA HAeHTU(PUKAIIUYU CTPYKTYP (€CJIH TOJIb-
KO He 3amaHo :named) He 6ymeT nobaBieH. Eciu sagauHbIil TUIT (type —
(vector type), To :named MOKeT MCHOJIb30BATHCS, TOJIBKO €Cau type
SBJISIETCS HALTUIIOM Symbol.

Kasxmoe moste field Mo2xkeT OBITh OAMHOYHBIM CUMBOJIOM name uiu (name
[initform property*]).

WMs ogHOro mojist He JOJIXKHO COBIIALATH C MMEHEM IPYIroro, BKJIIOUas JIo-
KaJIbHBbIE 1 HacjegyeMble uepes :include. IMs mossa 6yaeT UCII0JIb30BATh-
CsA IPU CO3TAHUU (PYHKIMK JOCTYIA K 9TOMY IIOJI0; II0 YMOJIUAHUIO JIJIs
CTPYKTYPBI Str OyAeT onpeaenarbea GYHKIUA Str-name, HO 9TO IOBeIeHNIe
MOKHO HACTPOUTS C IIOMOIIBIO :conc-name. IMsa name Takske CTAHOBUTCS
mapaMeTpPOM II0 KJIIUY B DYHKIIUN CO3LAHN CTPYKTYP Str, 3HaUeH1e KO-
TOPOro OyAeT IIOMEII[EHO B COOTBETCTBYIOIIEE II0JI€ HOBOM CTPYKTYPHI.

Wcxopmuoe sHauenue initform, ecau 3aJaH0, BEIUNCIAETCA KaXKIbIi pas
[IPU CO3JaHUU HOBOM CTPYKTYPBI B TOM OKPYKEHUH, I'7e IIPOU3OLIE]I BbI-
30B defstruct. Ecau ucxomnoe suauenue initform He 3aaHo, 3HAUEHUE T10-
JISI HA MOMEHT CO3[aHUs He OIPeeseHo. property MOKeT ObITh OMHUM W3:
‘type type
Iexgapupyer, 4To AaHHOE IOJie OyAeT COAepP:KaTh 00'BEKTHI TOJIHKO
Tuma type.
:read-only! bool

Ecau bool ue aBasiercsa nil, moJie OyAeT «TOJIBKO AJISA UTEHUI».

Ocobble ycnoBus

(abort &optional condition) GyHKIIUA

BriseiBaeT pecrapt, BosBpaiaemsbrii (find-restart 'abort condition).

(assert test [(place*) [cond arg*]]) MaKpocC

Ecin BeIumcaeHMe test Bo3BpaIjaeT nNil, BhI3bIBAETCA KOPPEKTUPYyeMAas
omnbKa, 3afaHHasd sHaueHuaAMU cond u args. 3HaueHune test JOJIKHO 3a-
BHCETH OT MeCT places; UMeeTCsA BOBMOKHOCTh IIPUCBOUTH UM HOBBIE 3HA-

HcnpaBiena aBTopcKasi oreuaTika, ooHapyskeaHas Jlopearom Ileporom. — Ipum.
nepes.
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YeHUA U IPOAOJIPKUTH BhIUuNcaeHne. IIpy KOppeKTHOM 3aBepIIIeHNY BO3-
Bpamaer nil.

(break &rest args) QYHKIUA

BriseiBaer format ¢ aprymeHTaMu args, saTeM BBI3bIBaeT oTiamuuk. He
CUTHAJIU3UPYyET 00 0cOO0OM YCJIOBUU.

(cell-error-name condition) QYyHKIUA

BoasBpamiaer numa o6beKTa, BEI3BaBIIIET0 0c000€e yCJIOBUE, KOTOPOe HaXo-
IUTCS B Tueiike error oobexTa condition.

(cerror format cond &rest args) PYHKITUA

IeticTByeT OAOGHO €rror, HO ITO3BOJISIET MIPOJOJIMKATH BEIUNCIEHHUE C MO-
MeHTa BOSHUKHOBEHUS OIMTUOKY, Bo3Bpariasa npu aTom nil. Ctpoka for-
mat nepemaerca format mpu oTobpakeHnu nHGOPMAIIUU 00 OITHOKE.

(check-type place type [string]) MaKpoc

BrisbiBaeT KOPpPeKTUPYyeMyIO OIMUOKY, eciu 3HaueHWe MecTta place He
IpUHAAIEKUT Tuny type. Ecau 3agana cTpoka string, To oHa OyIeT BbI-
BOAUTHCSA KaK OIKUCAHME TPe6yeMoro THUIIA.

(compute-restarts &optional condition) GyHKIIUA

Bosspartiaer crincok o:KuAaioNInX PeCTapTOB, OT IOCJIETHET0 K IIEPBOMY.
Ecau nepenano ycioBue condition, CnucoK OyAeT coAeps:KaTh PecTapThl,
CBSI3AHHBIE C JAHHBIM YCJIOBUEM HJIM HE CBA3AHHBIE HU C KAKUM YCJIOBH-
€M, B IPOTUBHOM CJIy4ae OH OyeT comepsKaTh Bce pecTapThl. BosBpaiae-
MBI CIIMCOK HEJIb3sI MOAU(PUIPOBATE.

(continue &optional condition) byHKRIUA

Ecau ¢pyuxnusa (find-restart ’'abort condition) HaXOOUT pecTapT, OHA
BBIBBIBAET €I'0, MHAUe Bo3BpaIliaer nil.

(define-condition name (parent*) (slot-spec*) class-spec*) MaKpocC

OmnpemesnisgeT HOBBIM THUII YCJIOBUU 1 BO3BpAIllaeT ero nMs. ViMeeT Takoit
JKe CUHTaKCHC U II0BeaeHue, Kak u defclass, 3a MCKJIIOUEHHEM TOI'0, UTO
class-specs He MOKeT BKJIOUATH IIPeNJIOMKeHue .metaclass, HO MOKeET
BKJOUATH report. IIpegioskenue (report onpegessieT criocob BEIBOAA OT-
yera 00 YCJIOBUM. OTOT apryMeHT MOJKET OBITh CHMMBOJIOM WJIM JIAMOIa-
BBIPAYKEHHEM, COOTBETCTBYIOIIUM (DYHKIIUN JBYX apryMeHTOB (yCIOBUS
¥ TIOTOKA), 160 MOKET OBITH CTPOKOIL.

(error cond &rest args) GyHKIUA
Cur"aausupyeT 0 IPOCTOH omnbdKe s cond u args. Eciiu oxa He mepe-
XBaTbIBaeTCA 00PA0OTUMKOM, BEI3BIBAETCS OTIA UK.

(find-restart ré&optional condition) QYHKIUA

BosspaimjaeT camMblii HefaBHUN O0KUAAIOIIUI PECTAPT C UMEHEM 7', eCJIN
7' — CUMBOJI, UJI C UMeHeM, PaBHBIM (eq) 7, ecaiu 1 — pectapt. Ecau mepe-
maHo ycisioBue condition, YUUTHIBAIOTCS JIUIIL PECTAPTHI, CBA3AHHBIE
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C HUM, UJIU He CBA3aHHbIE HU C KaKUM ycJyoBueM. Ecau 3agaHHBIN pec-
TapT He HaliieH, Bo3BpaIiaeT nil.

(handler-bind ((type handler)*) expression*) MaKpoc

BrruuciigeT BeIpaskeHUA expression ¢ JOKaJbLHBIMU 00paboTunKaMu yC-
jgoBuit. Ecau curHaimsupyeTcs ycJIOBHE, OHO IepegaeTcsa B (PYyHKIIUIO
(B KauecTBe OJHOI'O 13 aPI'yMEHTOB), CBA3AHHYIO ¢ IepBbIM handler, ueit
TUN type COOTBETCTBYET ycjoBUi0. Ecau o6paboTUnK OTKAa3bIBAETCS OT
00paboTKu ycJioBUs (BO3Bpallias yIpaBJieHHNE), MONCK IIPOIOJIIKACTCS.
IIpoiina rakum 06pa3oM Bce JOKAJbHBIE 00Pa6OTUNKY, CUCTEMA HaUWHA-
eT UCKaTh 00paboOTUNKHU, CYIIeCTBOBABIIINE HA MOMEHT BbIUNCICHUS BbI-
paxxeruda handler-bind.

(handler-case test maxpoc
(type ([var]) declaration* expression®)*
[(:no-error parameters declaration* expression®)])

Brruuciser test. Eciu o0Hapy:KUBaeTCs YCJIOBUE W OHO ITPUHAIICKUT
OZHOMY U3 THUIIOB type, TOrZa OHO oOpabaThiBaeTCs, U BhIpaKeHMe hand-
ler-case BosBpaIlaeT pea3yabTaT(bl) BHIUKUCJIEHUS BBIPAKEHUN expressi-
0ns, CBSIBAHHBIX C IIEPBBIM COBIIABIIIMM TUIIOM, IIPU 3TOM var (ecau 3aja-
HO) CBA3BIBaeTCA C ycjoBueM. Eciu yciaoBue He 00HAPYKEeHO U He 3aJJaHO
IIOBEeJIeHNeE :N0-error, Toraa BeIpaskeHnue handler-case BoO3BpalliaeT pe3yab-
TaT BeIpaskeHus test. Ecou samano no-error, handler-case Bo3Bpalliaer
pe3yJsbTaTr(bl) BEIYNCJIEHUS €TI0 BEIPDAYKEHU, CBA3aB parameters co 3Ha-
YeHUAMU, Bo3BpallleHHbIMU test. IIpensioskeHme no-error MOMKeT UATHU
KaK IIEPBBIM, TaK U IIOCJIETHUIM.

(ignore-errors expression¥®) MaKpocC

HeticTByeT mogo6HO pProgn, 3a MCKJIIOUEHUEM TOT'O, UTO BBIPAYKEHUSA eXp-
ression BBIUUCJSIOTCA C JIOKAJbHBIM 00pab0TUMKOM BCEX OIITMOOK. OTOT
00paboTYNK IPUBOAUT K TOMY, UTO BO3BpAIllaeTCs ABAa 3HAUEHUs: Nil
¥ BBI3BAHHOE 0c000€ YCJIOBUE.

(invalid-method-error method format &rest args) GyHKIUA

Hcnonpayercs IJid CUTHAJIN3AIUA OIINOKY, KOIIa OAMH 13 IPUMEHNMBIX

METOOB COJAEP:KUT HEKOPPEKTHLIN KBaaudurarop. Ilapamerpsr format

u arg nepenarmTcs format qs oToOparkeHus coo0IeHns 00 OInbKe.
(invoke-debugger condition) GyHKIUA

BrI3bIBaeT oTyIaUUK AJIS 3aJaHHOT'O 0c000r0 yeaoBus condition.

(invoke-restart restart &rest args) PyHKIIUA

Ecinu restart — pecrapt, BbI3bIBaeT ero (GYHKIIUIO C apryMeHTaMu args;
€CJIM 9TO CMBOJI, BEI3BIBAET (PYHKI[MIO CAMOT'0O HEeJaBHEr0 OXKHIAIOIIEro
pecrapTa ¢ 3TUM UMeHeM U C apryMeHTaMU args.

(invoke-restart-interactively restart) QYHKIIUA

HeticTByeT momo6HO invoke-restart, HO IpeAOCTABIAECT MHTEPAKTUBHYIO
MOACKA3KY IJIS BBOJA apr'yMEHTOB.
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(make-condition type &rest initargs) QYHKIUA
Bosspamiaer HoBoe ycnoBue Tumna type. Ilo cyTu, sTO cienmansupoBaH-
Hasa Bepcusd make-instance.

(method-combination-error format &rest args) GOyHKIIUA

Hcnonp3yeTcsa MJis CUTHAJIU3AIUHU 00 OIMIMOKe P KOMOWMHAIIUYU METO-
I0B. ApryMeHTBI mlepemaioTcsa format aas oToOpaskeHusa cOOOIeHua 00

omubKe.

(muffle-warning &optional condition) PYyHKIIUA
BrissiBaet pecrapr, Bo3Bpaitaemsblii (find-restart 'muffle-warning condi-
tion).

(restart-bind ((symbol function {key val}*)*) expression*) MaKpoc

Brruuciaser BbIpasKeHUS C HOBBIM OXKUZAIONUM pecraproM. Kakabrit
cuMBoOJ symbol cTaHOBUTCS MMEHEM pecTapTa ¢ COOTBETCTBYIOIIEel PyHK-
nueii function. (Ecau cumBos symbol siByigeTcs nil, pecrapt 6yaeT 6e3bI-
MaHHBIM.) Kitoun key MOTYT OBITH CII€YIOIITUMU:

;interactive-function

CooTBeTcTBYyOIEE 3HAUECHUE VAl HOYKHO BBIUUCIASATHCA B (OYHKIIUIO
0e3 apryMeHTOB, CTPOSIIYIO CIIMCOK apryMeHTOB AJsd invoke-restart.
ITo ymonuaHMIO He IEpeJarOTCA HUKAKYE apry MEeHTHL.

.report-function

CooTBeTCcTBYIOIllee 3HAUEHNEe VAl MOJMYKHO BBIYUCIATHCS B (DYHKIIUIO
OZHOTO apryMmeHTa (IIOTOK), ITeYaTAIOIyl0 B IIOTOK OMUCAHUE HEHCT-
BUil pecTapra.

.test-function

CooTBeTcTBYIOIlee 3HAUEHNE VAl MOJYKHO BBIYUCIATHCA B (DYHKIIUIO
OIHOT'0 apryMeHTa (yCJIOBUE), KOTOPasA BO3BPAIIAET UCTUHY, €CJIU Pec-
TapT IPUMEHUM C JaHHBIM ycjaoBueM. [Io yMoadaHUIO pecTapT Opu-
MEHUM C JIIOOBIM yCJIOBHEM.

(restart-case test (symbol parameters {key val}* MaKpoc
declaration* expression®)¥)

BrorunciisgeT test ¢ HOBLIMU OKUAAIONIMME pecTapramMu. KaKablii cruM-
BOJI symbol craHOBUTCA UMeHeM pecTapTa ¢ QyHKIuel (lambda parame-
ters declaration*® expression*). (Ecau cumBoa symbol aBidercsa nil, pec-
TapT OyzeT 6e3bIMAHHBIM.) Kirtoun key MoryT OBITH CJIETYIOIITMMU:

;interactive
CooTBeTcTByIOIIee 3HaUeHe val JOJIKHO ObITH CIMBOJIOM WJIN JISIMO-
JIla-BbIPasKEeHMEeM, OMUCHIBAIONTUM (DYHKIINIO 6€3 apryMeHTOB, CTPOS-
IIYIO CIIMCOK apryMeHTOB JJiA invoke-restart. ITo ymosuanuio He 1re-
penarmTCcA HUKaKue apryMeHThI.
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‘report

CooTBeTcTByIOIIee 3HAUEeHNE val MOKeT OLITh CTPOKOIi, OIHCHIBAIO-
el AeficTBUSA pecTapTa, UJIN JKe CUMBOJIOM UJIH JISMOIa-BhIpasKeHn-
eM, OIMMCHIBAIOIIUM (DYHKIIUIO OJHOTO apryMeHnTa (IIOTOK), BBIBOMS-
IIYIO B IIOTOK OITMCAHIEe pecTapTa.

.test
CooTBeTcTByIOIee 3HAUEHE VAl TOIKHO ObITH CHUMBOJIOM HJIU JIAMO-
Ia-BhIPasKEeHWEM, OIMCHIBAIONIUM (DYHKIIMIO OZHOTO aprymeHTa (yc-
JIOBUE), KOTOpasd NCTUHHA, KOT/Ia PecTapT IPUMEHUM C TaHHBIM YCJIO-
BueM. [To ymMoT4aHUIO pecTapT MPUMEHUM C JIIOOBIM YCJIOBUEM.
(restart-name restart) QYyHKIUA

Bossparjaer ums pecrapra restart wiau nil, ecaiu oH 6e3bIMAHHBIH.

(signal cond é&rest args) QYHKIUA
Curnanusupyert o0 ycjioBuH, 3ajaBaeMbIM cond u args. Eciu oHo He 006-
pabaTrbsiBaeTcs, Bo3BpaIaeT nil.

(simple-condition-format-arguments condition) QPyHKIIUA
Boasspamiaer napamerpsl format gas simple-condition.

(simple-condition-format-control condition) QYyHKIIUA
Bosspamtaer crpory (uiu pyHKIU0) format mis simple-condition.

(store-value object &optional condition) byHRIUA

BrisbiBaeT pecrapTt, Bo3BpaIlaembrin (find-restart ’'store-value condi-
tion) nas oobeKTa object. Eciu pecrapt He HalifieH, Bo3Bpataer nil.

(use-value object &optional condition) byHKRIUA

’

BrisbiBaeT pecrapT, BosBpalfaemsblii (find-restart 'use-value condition)
st o0beKTa object. Ecaiu pectapTt He HalifieH, Bo3BpaImaer nil.

(warn cond &rest args) QPYyHKIUA

Cur"aausupyeT o IpeqyIpexIeHnun simple-warning, sagaBaeMbIM cond
u args. Ecau oHO He oOpabaTbIBaeTcs, TO IPeayIpPeKIeHIIe IIeUaTaeTC s
B *error-output* 1 Bo3BpamiaeTcs nil.

(with-condition-restarts condition restarts expression®) MakKpoc

CHauaJia BEIYNCJISETCA yCJIOBUEe condition, 3aTeM IJIs CO3JAHUS CIIICKA
pecrapToB Berumcisiercs restarts. Ilocie sToro Bce pecTapThl CBSI3bIBA-
FOTCS C ITOJIYYEHHBIM YCJIOBUEM U BHIUMCJISAIOTCS BHIPAYKEHUS eXpPression.

(with-simple-restart (symbol format arg*) expression*) MaKpocC

Brrumcsisger BrIpasKeHUs expression ¢ HOBBIM PECTAPTOM C UMEHEM Sym-
bol, KOTOpLIH, OyIyYu BEI3BBAHHBIM, 3aCTABJIAET BRIpaskeHme with-simple-
restart Bo3BpalaTh ABa 3HaUeHUsd: nil u t. AprymeHTsl format u args
mepenatoTcA B format IJIs1 BBIBOJAa OMUCAHUS pecTapTa.
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CnmBonbl

(boundp symbol) GyHKITUS

Bosspammaer uctuny, ecau cuMBoJI symbol ABIsgeTCA UMEHEM CIIeIalb
HOII TepeMeHHO.

(copy-symbol symbol &optional props-too) GyHKIISA

BoaBpamjaeT HOBBIY HEeMHTEPHUPOBAHHBIA CHMBOJI C UMEHEM, PaBHBIM
(string=) mammomy symbol. Ecnu napameTp props-t00 UCTHUHEH, HOBBIHI
CUMBOJI OyIeT MMETh Te Ke symbol-value u symbol-function, uro u symbol,
a TaKJsKe KOIImIo ero symbol-plist.

(gensym &optional prefix) (GyHKIIUA
BosspaiaeT HOBBINT HEMHTEPHUPOBAHHBINA cUMBOJI. IIo ymMouaHuio ero
UMA HaUuMHAEeTCA ¢ "G’ U COAEpIKUT yBeJIUUYEHHOE IIPe/ICTaBJIeHe 3HAUe-
HUS cueTumKa ~gensym-counter=. Ecau mpemocTaBiieHa CTpoOKa-Ipe(puKe
prefix, To oHa OyIeT UCIIOJIB30BaThHCS BMecTO G

(gentemp &optional (prefix "T") package) [byurIITIA]
BoasBpairiaeT HOBBIN CUMBOJI, MHTEPDHUPOBAHHBIN B IaKeT package. Nmsa

CHMBOJIA COLEPKUT IIPePUKC prefix 1 3HaYeHMNe BHYTPEHHEero cueTynka,
KOTOpoOe yBeJInunBaeTCcd, €CJIN CMMBOJI C TAKMM NMEHEM YyiKe CyIIeCTBYeT.

(get symbol key &optional default) GyHKIUA

Ecau cnimcox cBoiicTB cumBogsia symbol — (k1 vl...kn v)u key paBeH (eq)
HEKOTOPOMY k, BO3BpalllaeT 3HAUYeHUWe U IJIsS 3aJaHHOro KJioua k. Bos-
Bpamaet default, eciiu UCKOMOE CBOMCTBO OTCYTCTBYeET (HET TAKOro k).
Mo:xkeT OBITH ITIEPBBIM aprymeHToMm setf. k

(keywordp object) GyHKIUS
BoasBpamiaer uctuny, Korma object sBsieTCA CUMBOJIOM U3 TAaKeTa key-
word.

(make-symbol string) dyEKOUA

BosspamjaeT HOBBINT HEMHTEPHUPOBAHHBI CUMBOJI C UMEHEM, PaBHBIM
(string=) cTrpoxe string.

(makunbound symbol) GyHKIUS
VYnansger cuenmuaJbHYIO IepeMeHHYI0 ¢ uMeHeM symbol, eciu Takad nume-
etcda. ITocae aToro (boundp symbol) 6oabire He OymeT BO3BpAIIATEH UCTH-
"y. BosBpamaer symbol.

(set symbol object) [byERIUIA]
IxBUBaJIeHT (setf (symbol-value symbol) object).

(symbol-function symbol) (GyHKIIUA

Bossparaer riobanbayo GyHKIU0 ¢ uMeHeM symbol. Curnaausupyer
00 omubKe, ecau GYHKIUA ¢ TAKUM UMeHEM OTCyTCTByeT. MosKeT ObITH
MepPBLIM apryMeHToM setf,
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(symbol-name symbol) GyHKIUS
Bosspamiaer cTpory, aBiagroniyioca uMeneM cuMBoJia symbol. Ctpoka He
MOKeT OBITH MOAU(MUIIUPOBAHA.

(symbolp object) GyHKIUS
Bossparmiaer uctuny, Korga 00beKT object IBIAETCA CIMBOJIOM.

(symbol-package symbol) GyHKIIUA
Boasspamiaer fomanrauii naket gjs cuMBosia symbol.

(symbol-plist symbol) GyHKIUSA
Bossparmaer criicok cBoiicTB cumBosia symbol. MoxxeT OBITH IIEPBBIM ap-
TyMeHTOM setf.

(symbol-value symbol) GyHKIUS

Bosspamiaer 3HaueHME cieuaIbHOM IEPeMeHHOH ¢ uMeHeM symbol. Cur-
HaJIU3UPyeT 00 OIINOKe, eCJIM TaKasd IIepeMeHHasd He cyIecTByeT. MoskeTr
OBITH IIEPBBIM apryMeHTOM setf.

(remprop (symbol) key) PyHKIUS

JecTpyKTUBHO yAajsaeT IepBbINl HaliIeHHBIN B CIICKe CBOMCTB CUMBOJIA
symbol rirou key u cBA3aHHOE ¢ HUM 3HaueHVe. BosBpamaeT ucrtuny, ec-
JIV 3aJJaHHBIN KJII0Y key OBbLI HAIeH.

MakeTbl

(defpackage name property¥®) MaKpoc

Boasepamiaer maker ¢ umeneMm name (UIU €ero UM, €CJIU ITO CHUMBOJI)
¥ 3aJJaHHBIMU CBOMicTBaMU. Eciu makera ¢ TaKUM MMeHEM He CYIIeCTBY-
€T, OH CO3/laeTcs; MHaUe BHOCATCSA U3MEHEHU B yoKe UMEIOIIUIC IaKeT.
CBoiicTBaMu property MOTYT OBITD:

(:nicknames name¥*)

Henaer numeHa name (CHMBOJIBI UJIU CTPOKH) aJIbTEPHATUBHBIMU MMe-
HaMu ITaKeTa.

(:documentation string)
Henaer string CTPOKOU JOKYMEHTAIIUN K ITaKeTYy.

(:use package*)
OmnpenensaeT makeThl, NCHOJIb3yeMble TaHHBIM package; cM. Use-pack-
age.

(:shadow name*)

Wmena name MoryT OBITh CHUMBOJIAMY UJIA CTPOKAMU; COOTBETCTBYIO-
(e CHMBOJILI OYAYT OIPENe/siTh 3aTeHEeHHbIe B IIaKeTe CHMBOJIBI;
cM. shadow.
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(:shadowing-import-from package name¥)

Nwmena name MoryT 6bITH CUMBOJIAMU UJIU CTPOKAMU; COOTBETCTBYIO-
e CUMBOJIBI U3 package OyayT UMIIOPTUPOBATHCA B MAKET TaK JKe,
KakK ¢ IMoMoIIbio shadowing-import.

(:import-from package name¥)
Wmena name MoryT GbITH CUMBOJIAMY WJIM CTPOKAMMU; COOTBETCTBYIO-

e CUMBOJIBI U3 package OyayT UMIIOPTUPOBATLCA B IMaKeT TaK JKe,
KaK C IIOMOIIbIO import.

(:export name¥)

Nmena name MOT'YT 6BITB CHMBOJIaMHU NJIX CTPOKaAMM; COOTBETCTBYIO-
II[1e CUMBOJIBI OYIYT SKCIIOPTUPOBATHCA U3 package; cM. export.

(:intern name¥*)

Wmena name MoryT OBITh CUMBOJIAMU UJIA CTPOKAMU; COOTBETCTBYIO-
e CUMBOJIBI CO3IAI0OTCs B IIAKeTe, eCJIM OHU eIle He CYIIeCTBYIOT;
cM. intern.

(:size integer)
Herkmapupyer o:KugaeMoe KOJINUYeCTBO CHMBOJIOB B JaHHOM IIaKeTe.

JI106n1e cBoticTBa property, Kpome :documentation m :size, moryT BcTpe-
JaThCA HEOLHOKpAaTHO. CBOMCTBA IPUMEHAIOTCA B CJIEAYIONEM IOPAIKE:
:shadowm :shadowing-import-from, 3aTem :use, 3aTeM :import-fromu :intern,
3areM .export. Besa paboTa BeIMOJHsSETCA HA dTane KOMITUJISAIINN, €CIINU
BBIpasKeHue HaxoauTcs B toplevel.

(delete-package package) QYHKIIUA

VYnanaer naker package u3 cuucKa aKTUBHBIX, HO IIPU STOM IIPEJCTaB-
JISTIOIIUH ero 00'beKT He 3aTparuBaeTcs. BosBpalllaeT UCTUHY, €CJIN IO
yIajaeHus maker package HaXOnAMJICA B CIIUCKE aKTUBHBIX.

(do-all-symbols (var [result]) MaKpoc
declaration® {tag | expression}¥)

HeticTByeT momo6HO do-symbols, HO UTEPUPYET II0 BCeM aKTUBHBIM ITaKe-
TaM.

(do-external-symbols (var [package [result]]) MaKpoc
declaration® tag | expression}*)

HeticTByeT 110K006HO d0-Symbols, HO UTEPUPYET TOJBKO 10 BHEIITHUM CHUM-
BOJIaM IIakeTa package.

(do-symbols (var [package [result]]) MaKpoc
declaration® {tag | expression}*)

Boruucisier cBoe TeJo, CBA3bIBAA VA IO OYePeay CO BCeMU CHMBOJIAMU,
JOCTYIHBIMU B TaKeTe package. CUMBOJIBI, HAC/Ie[yeMble U3 APYTUX IaKe-
TOB, MOT'YyT 06pabaThIBaThCA HECKOJIBbKO pas. Teso 3akouaercs B taghody,
a Bechb BBI3OB d0-Symbols — B 6JIOK ¢ uMeHeM nil. BosBpaiaer sHaueHme(s)
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BBIpaIKEHU result uiau nil, ecau result He IpemocraBisieTcsa. Boipaske-
HUe result MOXKeT cchliIaTbCsA Ha var, Koropas oyaer nil.

(export symbols &optional package) (GyHKIIUA

HemaeT KaIbIN CUMBOJ, JOCTYIIHBIA B faHHOM nakete (ecsu symbols —
CIIMCOK, TO Ka’KIbI CUMBOJI B HEM), BHEIITHUM AJIA TaKeTa package. Bos-
Bparmiaer t.

(find-all-symbols name) GyHKIIUSA

Bosgparraer crincok, cogepsraluii Bce CiMBOJIBI aKTUBHOIO IIaKeTa C uMe-
HeM name (ecJu name — CTPOKa) UJau UM name (eCJau name — CUMBOJI).

(find-package package) QYHKIUA

BoasBparmiaer maker, Ha KOTOPBIA yYKasbIBaeT package, nau nil, ecau Ta-
KOro ITaKeTa Her.

(find-symbol string &optional package) QYyHKIIUA
Bosspariaer cumBoJI ¢ mMeHeM String, JOCTYIIHBIN B TakeTe package. Bro-
Ppoe Bo3BpalllaeMoe 3HaUeHUe YKa3bIBAeT, ABJIAETCA JIU CUMBOJ: :internal,
:external mam :inherited. Eciu MCKOMBIZI CHMBOJ C MMeHeM String He
HalifeH, o0a Bo3BpalllaeMble 3HAYEHUT — Nil.

(import symbols &optional package) GyHKIUS

Henaet xamabii us symbols (TomKeH OBITH CHMBOJIOM UJIV CIUCKOM CHM-
BOJIOB; ecyiu Symbols — CIMCOK, TO Ka'KAbIIl CHUMBOJI B HEM), TOCTYITHBIHN
B JAHHOM IIaKeTe, HOCTYIIHBIM B Iaxere package. Il cCUMBOJIOB, He
MMEIUX JOMAIITHero MaKeTa, UM CTaHOBUTCA package. Bosspaimaer t.

(in-package name) MaKpoc

VYeranaBIMBaeT TEKYIUM IaKeT, COOTBETCTBYIOIUM name (CTPOKAa WIn
cumBoJI). Eciiu BEIpaskeHue paciosokeHo B toplevel, pabGora BeITOIHSIET-
Cd Ha Tanne KOMIIMJIAIIIIN.

(intern string &optional package) QYHKIIUA

Bossparmiaer cumBoJI, JOCTYIHEBIH B package, c MMeHeM, PaBHBIM (String=)
string, Ipu HeOOXOLUMOCTH cOo3JaBas TaKoii cUMBOJI. Bropoe Bo3Bpa-
IIjaeMoe 3HaueHNe YKa3bIBaeT, ABJIAETCS JIU CUMBOJI: internal, :external,
:inherited mam nil (4TO O3HAYAET, YTO CHMBOJ OBIJI TOJHKO UTO CO3JAH).

(list-all-packages) GYHKIIUA
BosspamiaeT HOBBIN CIMCOK BCEX aKTUBHBIX AKETOB.

(make-package name 8&key nicknames use) PyHKIUA

BosBpairaer HOBBIN ITaKeT ¢ UMeHeM name (WU ero UMs, ecJIu name —
CHMBOJI), aJIbTePHATUBHBIMU UMeHAMU nicknames (3TO CTPOKU B CIIUCKE
nicknames u uMeHa JIIOOBIX CUMBOJIOB B HEM) U UCIIOJIL3YeMbIMU ITAKeTa-
MU, YKa3aHHBIMU B USe (CIMCOK MaKeTOB U/UJIN yKa3bIBAIOINe Ha HUX
CTPOKU U CUMBOJIBI).
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(package-error-package condition) QYHKIUA
BosspailjaeT naker, BLI3BaBIIINNA ycaoBue condition, cBI3aHHOE C OIIN0-
KOI 00pallleHns K IIaKeTy.

(package-name package) QYyHKIUA

Bossparmaer cTpoky, ABIAIOIIYIOCA UMEHeM ITakera package, niam nil,
ecJiu IaKeT He ABJIAEeTCA AaKTUBHBIM.

(package-nicknames package) GyHKIIUA
BoaBpaljaer CIIcoK CTPOK, ABIAIONINXCS aJbTePHATUBHBIMU UMEeHaAMHI
nakera package.

(packagep object) (GyHKIIUA

Boaepamiaer uctuny, ecii 006eKT object ABIsIETCA ITIAKETOM.

(package-shadowing-symbols package) GOYyHKIUA
BoasBparaer cinucok 3aTeHeHHBIX CUMBOJIOB IJ1dA TaKeTa package.

(package-used-by-list package) GyHKIUS
Bossparaer crincok maxkeTos, B KOTOPBIX MCIOJIb3yeTCA IaKeT package.

(package-use-list package) GyHKIIUA

Bosspaitjaer crincok makeToB, HCIIOJb3YeMbIX ITaKeToM package.

(rename-package {(package) name &optional nicknames) QPyHKIUA

Haetr makety package HOBoe UMs name (€CJU 3TO CTPOKA) UJIU UMSA CUM-
BOJIA name (ecJu 9TO CUMBOJI), & TAKJKE YCTAHABIMBAET HOBBIE aJIbTEPHA-
TUBHBIE UMEHA — CTPOKY U3 CIUCKA nicknames u mMeHa IPUCYTCTBYIO-
XX B HEM CUMBOJIOB. BodBpaiiiaer maker.

(shadow names &optional package) QYHKIIUA

names MOKeT ObITH CTPOKOM, CHUMBOJIOM, CITICKOM CTPOK U/UJI CUMBO-
J0B. [lo6aBiAeT yKasaHHbIE CHUMBOJIBI B CITMCOK 3aT€HIEMBIX JIJIs JaHHO-
ro makera package. HecyiecTByomnue CUMBOJIBI IIPU HEOOXOIUMOCTH
coszmaioTcA B package. BosBparmaer t.

(shadowing-import symbols &optional package) GyHKIUS

Henaet KaxabIi u3 symbols ([OKeH OBITH CUMBOJIOM UJIV CHUCKOM CHM-
BOJIOB; ecyimt symbols — CIMCOK, TO KaKABIA CUMBOJ B HEM) BHYTPEHHUM
st package v 100aBJISET €r0 B CIIMCOK 3aTeHeHHbIX. Ec/iu B makeTe yixe
CYILIECTBYET JOCTYIIHBIM CHMMBOJI C TAKMM MMEHEM, OH yaaJjsercs. Bos-
Bpariaer t.

(unexport symbols &optional package) GyHKIIUS

Henaer cumBou (ecau symbols — COUCOK, TO KAYKABIN CUMBOJI 3TOT'O CIIH-
CKa) BHYTPEeHHUM 151 package. BosBparmaer t.
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(unintern symbol &optional package) GyHKIUS

VYnanaer cumBoa symbol us nmakera package (u M3 CIVCKA 3aTEHEHHBIX
cuMmBoJioB). Ecim maker package sBasieTca AOMAIITHUM AJIA CUMBOJIA
symbol, cumBoJ ynansaeTca coBceM. BosBpaliaeT UCTUHY, €CJIN CMBOJI
symbol 6L mOCTYIIeH B ITaKeTe package.

(unuse-package packages &optional package) QPYyHKIUA

Ormenser addeKT use-package, UCIOJb3yA Te Ke apryMeHTHI. BoaBpa-
mraer t.

(use-package packages &optional package) QPyHKOUA

JlesraeT Bce BHEITHVE CHMBOJIBI IIAKETOB packages (3T0 MOKeT ObITH IIa-
KeT, CTPOKAa, CUMBOJI UJIN CIMCOK M3 HUX) HOCTYIHBIMU B package. He
MOXKET MUCII0JIb30BaThCA makeT keyword. Boasparmaer t.

(with-package-iterator (symbol packages key¥*) MaKpocC
declaration® expression*)

Brrumcnaer BeipaskeHus expression, cBasaB symbol ¢ JIOKaJIbHBIM MakK-
pocom, TocJieoBaTeIbHO BO3BPAIIIAIONIMM CHMBOJIBI U3 MaKEeTOB packa-
ges (3TO MOJKeT OBITh IaKeT, CHMBOJI, CTPOKA UJIU CIIUCOK 13 HuX). Kirroun
;internal, :external m :inherited MoryT orpaHMYmBaThL KPYTI' CUMBOJIOB.
JlokaIbHBIN MaKpOC BO3BpAIllaeT UeThIpe 3HAUCHUA: IIepBOe 3HaUeHUe
WCTUHHO, €CJIX BO3BPAIIlaeTCs CUMBOJI (IIPU 9TOM Nil 03HAYAET XOJOCTOM
3aIlyCK); BTOpPOe 3HauUeHWe — CHMBOJI; TPeThe — KJIIOU, XapaKTepus3yIio-
muii cuMBoJI ((internal, :external miu :inherited); ueTBepTOe — IIaKeT, U3
KOTOPOTO OB ITOJyUYeH CuMBOJI. JIOKAIbHBIN MaKpPOC MOYKET BO3BpAIaTh
CHUMBOJIBI B JII0OOM ITOPSAKE, a TAaKyKe MOYKET BO3BpaIllaTh OJUH CMBOJI
HECKOJIbKO pas, ecJIM OH HACJIeAyeTCA U3 HECKOJIbKUX MMaKeTOB.

Unucna

(abs n) GyHKIIUA
Bossparjaer HeoTpuIilaTeIbHOE NENCTBUTEIBHOE YUCJIO TOU K€ BeJINUN-
HBI, UTO U M.

(acos n) byHKRIUA
BosspaimaeT apkKocuHyc n (B paguaHax).

(acosh n) QYHKIUA
Bosspaimaer runep6oinuecKuii apKKOCUHYC 7.

(arithmetic-error-operands condition) GYHKIIUA
BoaBpaljaer cinucoK omnepaH 0B apuMeTUUecKoi orrubKu condition.

(arithmetic-error-operation condition) QYyHKIUA

Bossparaer onepaTop (uau ero uMsA) apudmeTnuecKoil omuoku condi-
tion.
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(ash ipos)

QPyHKIIUA

BosBpairjaer mesioe 410, IOJTyYEHHOE CIBATOM YKCJA B JOIOIHUTEIb-
HOM Kogie! i Ha pos MO3UIINI BJI€BO (UJIX BIIPABO, €CJIU POS MEHbIIIE HYJIS).

(asin n)

Boasepartaer apkcunyc n (B paguaHax).

(asinh n)

Bosepairaer runep6oanyecKuit apKCUHYC 1.

(atan nlI &optional (n21))

Bosspaiaer apkraurenc nl/n2 (B paguanax).

(atanh n)

BosspaiaeT rumep0onuecKuii apKTaHTeHC 7.

(boole op il i2)

PyHKOUA

PyHKIIUA

QYyHKIUA

QYHKIUA

PyHKOUA

Boasspariaer mesoe 4ucJio, moJydYeHHOe ITPUMeHeHeM JIOTUYeCKOr0 oIre-
paTopa op K uucJjiaM B JomoJHUTEe I bHOM Kofe il u i2. Common Lisp ompe-
menseT 16 KOHCTAHT, IIPENCTABJAIONINX IIOOMTOBBIE JOTMUYECKHE OIlepa-
nuu. B ciaenyiomieii TabnIle IpUBeJeHbI 3HAUCHNI A, BO3BpaIlaeMble boole
[IJIsI PA3JIMYHBIX OIIEPATOPOB:

Omneparop PesyabpTaT
boole-1 il
boole-2 i2

boole-andc1
boole-andc?2
boole-and
boole-c
boole-c2
boole-clr
boole-eqv
boole-ior
boole-nand
boole-nor
boole-orci
boole-orc2
boole-set
boole-xor

(logandct il i2)
(logandc?2 il i2)
(logand il i2)
(lognot il)
(lognot i2)
Bcerga 0
(logeqv il i2)
(logior il i2)
(lognand il i2)
(lognor ili2)
(logorct il i2)
(logorc2 il i2)
Bcerzaa 1
(logxor ili2)

HomonuuTenpHbIH Kofg (two’s complement) — pacmpocTpaHeHHOE MalIMHHOE

IpeJCTaBJIEHNE OTPUIIATEIbHBIX Yrces. B TaKoll 3anmcy CTapInui pa3pan oupe-
neisisieT 3HAK uncia: 0 — AJId MOJIOYKUTENbHBIX, 1 — /I OTPUIATEIbHBIX UKCEe.
Iamee Takoe IpeACTaBJIEHUE [JA KPATKOCTU MOYKET HAa3LIBATHCA «IOIIOJHU-
TeJbHBIM». — IIpum. nepes.
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(byte length pos) GyHKIUS
Bosspaijaer cnenudukarop 6aiTa gaIUHON length OUT, HUMKHUI OUT KO-
TOPOTO IpeAcTaBadeT 2P,

(byte-position spec) QYHKIUA
Bosspamaer 1log, umcia, IpeCTaBJIAMINEr0 3HAYCHHWE HUKHEro OuTa
1A 6aiT-cuentuduKraTopa spec.

(byte-size spec) QYyHKIIUA
Bossparaer kKosmuecTBO OUT AJs OaliT-crieniuuKaTopa spec.

(ceiling r&optional (d 1)) QYHKIUA
Bosspaimaer n1Ba 3HaueHUsA: HaUMeEHbIIIee IIeJI0e UHCJIO i, OOJIbIlee M
paBHoe r/d, u r- ixXd. Yucno d goj:KHO ObITH HEHYJIEBBIM JAEHCTBUTEb-
HBIM YHCJIOM.

(cis r) QYHKIUA
BosspaiijaeT KOMIIJIEKCHOE UYKCJO C JeHCTBUTENBLHOM YacTbio (COS )
M MHHUMOMH 4acTbIo (Sin r).

(complex rlI &optional r2) GyHKIIUS
BoasBparnaeT KOMIIJIEKCHOE YMCJIO C JeHCTBUTEIBHON YacThio 1l U MHU-
MO 4acThIO 12 MJIU HOJIb, €CJH 2 He 3aJaHO.

(complexp object) GyHKIUS
Bossparmaer uctuny, Korga o0beKT object ABIAETCA KOMIIJIEKCHBIM UNC-
JIOM.

(conjugate n) PYHRIIUA
BoaBpalaer pe3yabTaT KOMILJIEKCHOT'O COIPSAKEHU 1 1, €CJAU N AeHcT-
BUTEJBHOE UMCJIO, U #c(a —b), ecau n paBHO #c(a b).

(cos n) GyHKIIUA
Bosspatjaer kocunyc n (B paguanax).

(cosh n) QYHKIUA

BosspaimjaeT rumep00onuyecKuii KOCUHYC 7.

(decf place [n]) MaKpoc
YMmensbIrtaeT 3HaueHUE MecTa place Ha n MM Ha 1, €CJIU N He 3aaHO.

(decode-float f) PyHKIIUS

BoaBpalaer Tpu 3HAUEHUA: MAHTUCCY f, eT0 9KCIIOHeHTY 1 3HaK (-1.0 a1s
OTPUIATETBHOTO, B IPOTUBHOM ciayuae 1.0). [lepBoe 1 TpeThe 3HAUEHUS —
YucJa ¢ IJIaBaloliell 3amsaTod TOTO »Ke THUIIa, UTO U f, a BTOpoe — Iejioe
YHCJIO.

(denominator rational) GyHKIIUA
Ecnu rational — mpaBuIbHAsS palmoHaJdbHad IpoOb a/b, Bo3Bpaiiaer b.
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(deposit-field new spec i) QYHKIUA
BosspaimjaeT pesyabTaT 3aMeHbI OMTOB B UHCJIE i COTJIACHO OaiiT-CIIeIu-
duKaToOpy Spec Ha COOTBETCTBYIOIIME OUTHI 1ew.

(dpb new spec i) QYHKIIUA
BosBpaiaer pesyabTaT 3aMeHbI MJIAAINNUX S OUT Ha new B YUCJE i CO-
TJIacHO 0aT-cueu(UKATOPY Spec, OPeIeIA0IeMy PasMep S.

(evenp i) QyHKIIUA
BosspaimaeT uctuny, ecjau i 4eTHOE.

(exp n) GyHKIIUA
Bosspartmaer e”.

(expt nl n2) GyHKIIUS
Bossparaer n12.

(fceiling r &optional (d 1)) PYHRIIUA
HeticTByeT momo6HO ceiling, HO epBOe YKCJIO BO3BpaIaeTcs B (hopmare
C IIJIaBAaIOIeN 3aIIsaTOM’.

(ffloor r &optional (d 1)) QYyHKIUA
HeiicTByeT momo6HO floor, HO ImEepBOe UMCJIO BO3Bpaliaercs B (opmare
C IIJIaBalOIel 3aIIaToM’.

(float n &optional f) GyHKIUA
Bosspaiaer annpoxkcuMainuio ¢ IaaBalolleil 3anaToi n B popmare f
uau single-float, ecou f He 3agaH.

(float-digits f) GyHKIIA
Bossparaer kosmruecTBO (P BO BHYTPEHHEM IIPEICTABIEHNN f.

(floatp object) GyHKIIUA

Bossparaer uctuny, eciau o0beKT object ABJsAETCA UUCJIOM C IJIaBaio-
el 3aIsaTon.

(float-precision f) GyHKIUA
Bosspaljaer KoauuecTBO 3HAUAINMX UMD BO BHYTPEHHEM IIPeICTaBJIe-
Huu f.

(float-radix f) GyHKIIA

BosspailjaeT ocHOBaHMe IIPeACTABIEHU] [.

(float-sign fI &optional (f2 (float 1 fI))) GyHKIUS

BoaBpalaeT mooKuTeIbHOE UM OTPUIlaTeIbHOe 3HaueHue f2 B 3aBU-
CHMOCTH OT 3HaKa fI.
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(floor r &optional (d 1)) GyHKIUS
Bosspairaer nsa 3HaueHUsA: HANOOJbIIIEE IEJI0€ YKCJIO i, MEHbIIIee MJIN
paBHoe r/d, u r- ixXd. Yucyao d goja:KHO ObITH HEHYJIEBBIM AEHCTBUTEb-
HBIM YHICJIOM.

(fround r &optional (d 1)) GyHKIIUS
HeticTByeT momo6HO round, HO IepBOe 3HaUeHUe BO3BpaIaeTcsa B popmare
C IIJIaBAIOIEN 3aIIsATO!.

(ftruncate ré&optional (d 1)) GyHKIIUA
IeticTByeT 1mog0o0H0 truncate, HO IIepBoe 3HAUeHUe BO3BpaIiaeTcsa B hop-
Mare ¢ IJIaBaoIIei 3aATOn.

(gcd &rest is) GyHKIIUA
Boasparaer HanbGOABIINI 00U AeJINTE]Ib CBOUX apryMeHToB uiu 0,
ecJI apr'yMeHTHI He 3aJaHbl.

(imagpart n) QYHKIUA

BosspailjaeTr MEUMYIO 4acTh 1.

(incf place [n]) MaKpoc
VYBenuumBaeT 3HaUeHUE MecTa place Ha n uiau Ha 1, ecau n He 3aJaHO.

(integer-decode-float f) GyHKIIUA
BoaBpalaer Tpu IeJbIX YKNCJIa, CBA3AHHBIX APYT C IPYTOM TaK JKe, KaK
3HaUeHUs, Bo3BpallaeMsble decode-float.

(integer-length i) QYyHKIUA
Bossparmaer KonuecTBoO 6UT, HEOOXOAMMBIX JJIA IPEACTABJIEHUA i B BU-
Jle TOIIOJIHUTEJIbHOTO Ko/a.

(integerp object) (GyHKIIUA
Boaepamiaer uctuny, eciit 006EKT object ABISETCA IEJIBIM YHCIOM.

(isqrt i) $yBxnna
Boasepamraer HanboJibIIee 1eJioe Yncjao, MeHbIlee NI paBHOEe KBaapaT-
HOMY KOPHIO i (i JOJIKHO OBITH MOJIOXKUTEJIbHBIM UHCJIOM).

(Icm &rest is) QYHKIUA
Boasepamiaer HauMeHblee obiiee KpaTHOE CBOMX apryMeHTOB Uau 1, ec-
JIM apTyMeHTBI He 3aIaHbI.

(1db spec i) QYyHKIIUA

BosBpamaeT 1mesioe 4mcsio, COOTBETCTBYIOIlee OMTOBOMY IIPefCTaBJIe-
HUIO i B COOTBETCTBUH ¢ OauT-crerniudukaTopom spec. MoxxeT ObITH mep-
BBIM apryMeHTOM Setf.

(1db-test spec i) QYHKIIUA

BosspaijaeT nuctuny, ecau Jiro00i 13 OMTOB i B COOTBETCTBUU C HaiiT-cIIe-
nuGUKaTOPOM Spec paBeH 1.
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(log nl &optional n2) GyHKIIA
Bosepamaer log,,nl wim log nl, ecniu n2 He 3aJaHO.

(logand &rest is) QYHKIIUA
Bosspamaer me04nciIeHHbIA PE3YAbTAT JOIMYecKoro M nomosHuTe nnb-
HOTO IpeICTaBJIEHUA apryMeHTOB uiu 0, ecJI apryMeHTHI He 3aJaHblI.

(logandcl il i2) GyHKIIUS
BoaBpalaer 1e0uncJAeHHbIH Pe3yabTaT JJOTUUEeCKoro M MOomoIHUTe b
HBIX TIPeACTABJIEHN i2 1 JOTIOTHeHU M5 il.

(logandc? il i2) GyHKIIUA
BoaBpamiaer 1mesouncaeHHbBIA pPe3yabTaT JIOrTuUecKoro M MTomosHuTe b
HBIX IIPeACTaBJIeHU il U JOTOMTHEeHUS O i2.

(logbitp pos i) QYHKIUA
BoasBpamiaer uctuny, Korma OUT ¢ UHAEKCOM poS JOTOJHUTEIBHOTO TIPe-
craBjeHud i paseH 1. UHIeKc MJaaIero 6ura cuuraeTcs paBHbIM 0.

(logcount i) QYyHKIIUA
BosspamiaeT KommuecTBO HYJIEN B [OMOJHUTEJILHOM IIPEACTaBJIEHUU i,
€CJIV | OTPUIIATEJbHO, MHAUE — KOJIUYECTBO eITUHMUII.

(logeqv &rest is) PYyHKIIUA
Boaspartaer mesounciaeHHbI pesyabTaT oboparHoro MCKJIIOYAIOIIE-
T'O MJIN! nyist qOHOJHUTENBHBIX IPEACTABIEHUN apryMeHTOB WIN -1, ec-
JI apTyMeHTBI He 3aJaHbI.

(logior &rest is) PYyHKIIUA
Bossparaer nemouuciaenubiil pesyabrar oneparuu NCKJIIOYAIOIILE-
T'O JIN pjist mOMOJHUTEIbHBIX IIPeACTaBJIeHUI apryMeHTOB uju 0, eciiu
apryMeHThI He 3aJaHbl.

(lognand il i2) (GyHKIIUA
Boaepamiaer 1esiounciaeHHOe OOTOJHEHNUE pe3yJibTaTa IPUMEeHEeHUs JIO-
TuyecKoro Y MonosTHuTeIbHBIX IIPECTaBIeHUN apryMeHTOB.

(lognor il i2) GyHKIUS
BoaBpatiaer 1esiourcaeHHOe NOTOJHEeHNE pe3ybraTa IPUMeHeHUs JIO-
rudeckoro MJIN momoiHUTEIbLHBIX IIPEACTaBICHNI apI'yMEHTOB.

(lognot i) QYHKIIUA

Bosspaitjaer 1eJioe 9ucio, Ybe JOIOJHUTEIBHOE IIPE/ICTaBJIEHUE ABJIAET-
Cs JOIOJIHEHUEM i.

1 XNOR, soruueckas omepamus, BO3BPAIAOIasd UCTUHY, KOT[A €e apryMeHThI

paBubl. — IIpum. nepes.
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(logorel il i2) GyHKIUSA
Bosspaiiaer 1e/iouncIeHHbII pe3yabTaT IpuMeHeHn s Joruueckoro MJIN
IIJIs JOIIOJIHUTEJIbHBIX IPEeACTABJICHUN i2 U NOIOJHEHUS 10 il.

(logorc2 il i2) GyHKIUS
BosBpaimaer 1ie/iouncIeHHbIT pe3yabpTaT IpuMeHeHusa Joruueckoro MJIN
JLJIST MTOTIOJTHUTEJIbHBIX TIPEeACTaBIeHUM il 1 TOTIOJTHEHUA [0 i2.

(logtest il i2) GyHKIIUA
BoaBpalaer UCTUHY, €CJiu XOTs ObI OHA 13 €UHUIL B JOTOJIHUTEIHHOM
mpencTaBeHnY il ©MeeTcs B JOTOJHUTEILHOM IIPeICTABISHNN 2.

(logxor &rest is) (GyHKIIUA
Bosspaiiaer mesounciaeHHbIN pe3yabTaT IpuMeHeHus Joruueckoro VC-
KJIIOYAIOIIET'O NJIN K 7omoIHUTENILHBIM ITPEICTABJICHUAM apIr'y MeH-
TOB, uau 0, eCJIN aPIr'yMeHTHI He 3aJaHEbI.

(make-random-state &optional state) QYHKIUA
BosspailijaeT HOBBIN reHEPATOP CAyUYalHbBIX unces. Eciu state y:xe aBJs-
eTcsA reHepaTopoM, BO3BPAIIIAETCs ero KOIUsA; ecJii nil, To Bo3BpaIaer-
cda Konud *random-states; ecau t, To BO3BpallaeTcda reHepaTop, HHUIuAa-
JUBUPOBAHHBIN CIyUYallHBIM 00pas3oM.

(mask-field spec i) QYHKIUA
Boagpartmaer 1esoe uucyo, mpeacTaBiaeHe KOTOPOTO MMeeT TaKue JKe Ou-
ThI, KaK YMCJO i B 00J1aCTHU, ONIpeesIeHHOM OaiT-crienupuKaTopoM spec.

(max rl &rest rs) GyHKIIA
Bossparmiaer HauboIbIINI 13 apTyMEHTOB.

(min rl1 &rest rs) (GyHKIIUA
BoaBpalaeT HauMeHbIITNI 13 apr'yMeHTOB.

(minusp r) QYHKIUA
BoaBparaer uctuny, ecyiu r MeHbIIe HYJIA.

(mod rl r2) GyHKIUS
BoaBpaitaet BTopoe 3HaueHne, KOTOpPOe BepHYyJa ObI f100r ¢ TemMu ke ap-
TyMEHTaMU.

(numberp object) GyHKIIUA

Bosepairjaer ucTuHy, eciau 00beKT object sIBJISIETCS YUCIIOM.

(numerator rational) GyHKIIUA
Ecnu rational — npaBunbHaA panuoHaabHAA IPO0b BUJa a/b, Bo3Bpama-
er a.

(oddp i) QYHKIIUA
Bosppamaer uctuny, eciu i He4eTHOE YHCJIO.
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(parse-integer string &key start end radix junk-allowed) GyHKIUA

BoasBpamiaer gBa sHaueHU: M0 YHUCJO, IIPOYNUTAHHOE U3 CTPOKHU (II0
YMOJIYaHUIO UCIIONIb3yeTcA OCHOBaHUE 10), ¥ TO3UIIUIO IIEPBOT'O HEITPOUU-
TAHHOTO 3HakKa B Hell. [lapamerpsl start u end orpaHUYUBAIOT 00JIACTH
yTeHUA cTPoKU. CTpoKa $tring MOKeT COIep KaTh IIPO0eJIbl, BHAKHU + U -
¥ TOJI’KHA COLEPIKAaTh IIOCJIeJOBATEJIbHOCTD UMD, KOTOpadA IIpu He06Xo-
OIUMOCTU 3aBepiiiaeTcsa mpobensamu. (Makpochkl UT€HUA He JOIYCKAIOT-
cd.) Ecau napametp junk-allowed nosxeH (1o yMOJTYaHUIO), UTEHUE CTPO-
KU string, comepskalieii MHbIe CUMBOJIBI, IPUBEAET K BOSHUKHOBEHUIO
OITUOKM; €CJIN OH UCTUHEH, parse-integer mpocTo BepHeT nil, ecyiu BCTpe-
TUT HELOIYCTUMBbII CHUMBOJI.

(phase n) GyHKIIUA
BosspaimaeT yriioByo 4acThb YucJia 11, IPeACTaBJIeHHOr0 B MOJIAPHBIX KO-
opAUHAaTax.

(plusp r) QYyHKIUA

Bosspaimaer uctuny, ecau r 60JIbIIe HYJId.

(random limit &optional (state random-statex)) QYHKIIUA

BoasBpartaer cayuaiinoe umcyao, MeHbIee limit (KOTOPBIA AOIMKEeH ObITH
TOJIOXKUTEJTBbHBIM IeJIbIM YNCJIOM UJIU JeCATUYHON IPOObIO) U ITPUHAIJIe-
JKalmee ToMy »Ke TUIry. VcIoib3yeTes reueparop CaOydYaiiHbIX ynce state
(KOTOPBIN UBMEHAETCA B Pe3yJabTaTe BHI30BA).

(random-state-p object) GyHKITUS
Bosppamaer ucTuny, Korga o0beKT object ABIETCA reHepaTOPOM CIIy-
YaWHBIX YUCEJI.

(rational r) PyHKIIUA
IIpeoGpasyer r B palnuoHaJabHYI0 OIp0o0b. Eciu r aBiIdgeTCS MeCATUUHOMN
IPo0ObBIo, Tpeobpa3oBaHie ABIAETCA TOUHBIM.

(rationalize r) QYyHKITUA

IIpeoGpasyeT r B panimoHaJbHyI0 Apo0b. Ecau r aBisgercsa necaTUUYHONR
Ipo0Obio, IpeobpasoBaHUe IPON3BOAUTCS C COXPaHEHNEM TOUHOCTHU IIPe.I-
CTaBJIEHHOTO YUCJIA.

(rationalp object) GyHKIUSA
Boasepamiaer uctuny, ecau o6beKT object ABIAETCA PAIMOHAJIBHOU JPO-
ObIO.

(realp object) GyHKIUS
BoasBparmaer uctuny, ecau o0BeKT object ABIAETCA MeNCTBUTEIbHBIM
YHCJIOM.

(realpart n) PYyHKIIUA

BoaBpaLuaeT I[efICTBI/ITeJIbHYIO YacThb 1.
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(rem rl r2) byHKRIUA

Bossparmaer BTopoe 3HaueHre BbI30Ba truncate ¢ TeMu ke apryMeHTaMu.

(round r &optional (d 1)) GyHKIUS
BoaBpataer nBa 3HaueHuA: IeJOe YKCJIO0, OamKaiee K r/d, u r- ixd.
Ecnu r/d paBHOyZa/ieHO OT ABYX IIEJIBIX YMCEJ, BRIOMPAETCS UeTHOe.
Yuco d JoKHO OBIThH HEHYJIEBBIM JeHCTBUTEIbHBIM.

(scale-float f i) PyHKIIA
BoaBpaitaer pesyabTaT YMHOMKEHU f Ha 1), TIe r — OCHOBaHMeE IIPeCTaB-
JIEHUS YMCJIa C IJIaBaoIeil 3aIaTon.

(signum n) QYyHKIUA
Ecau n — geficTBuTeIbHOE UMCJIO, BO3BpAIlaeT 1 IJIA HOJIOMKUTEIbHBIX
yuces, 0 — AJIs HYJEBbIX YHMCEJI, -1 — IJId OTPUIATEJbHBIX uuces. Eciu
n — KOMILJIEKCHOE YMCJIO, BO3BPAIIAETCS KOMIIJIEKCHOE UKCJIO C BeJINUU-
HOM, paBHOU 1, 1 TOH Ke (Da3ou.

(sin n) byHRIUA
Boasepamiaer cunyc n (B paguaHax).

(sinh n) QYyHKIIUA
BoasBparaer runepboauuecKuii CHHYC 1.

(sqrt n) QYHKIIUA
BosspamaeT KBagpaTHBIN KOPEHb 7.

(tan n) QYyHKIUA
Bosspaimaer Traurenc n (B paguaHax).

(tanh n) GyHKIIUA
Bosspaijaer runep6oinuyecKuii TaHTeHC 1.

(truncate r&optional (d 1)) QPyHKIUA
Boassparmaer qBa 3HaueHUA: 11€JI0€ YHCJIO i, KOTOPOE MOJIyUYaeTcA yIaTeH-
eM Bcex Iudp Iocje 3alsaToN B IeCATUYHOM IIpeAcTaBaeHuu r/d, u r- iXd.
Yucyo d 10oIKHO OBITH HEHYJIEBBIM JeHCTBUTEIbHBIM YKCJIOM.

(upgraded-complex-part-type type) QYHKIIUA
BoaBpartaer Tum yacTei HauboJiee crennaIu3npoBaHHOT0 KOMIIJIEKCHO-
T0 YKcJja, KOTOPOe MOYKET XPaHUTh YaCTU C TUIAMU type.

(zerop n) QyHKRIIUA
BoaBpalaet ucTuHy, ecjiu 1 paBeH HYJIIO.

(= nl &rest ns) bysKIIIA
Bosspaiaer uctTuny, ecjiu Bce apryMeHThI paBHBI IOIIAPHO.

(/= nl &rest ns) GyHKIUS

BoaBparmiaer uctTuHy, eciu cpeu BCeX apryMeHTOB HET IBYX PaBHBIX.



CnpaBOYHMK MO A3bIKY 365

(> rl &rest rs) QYHKIUA
BosspailmjaeT ucTHUHY, €CJaM KaKAbIA MOCJEAYIOIMNII apryMeHT MeHbIIIe
IpeabIaYIIero.

(< rl &rest rs) GyHKIIUA
BoasBpalmaer ucTuHy, ecau KasKAbIH MOCTEAYIONINN apryMeHT OGOJIbIle
IpeabIaYIIero.

(>= rl &rest rs) GYyHRIIUA

Bossparaer nctuny, ecau KasKIblil ITOCJIEAYIONIUI apryMeHT MeHbIIe
WJIV PaBEH IPEeIbIAYIIEMY.
(<= rl &rest rs) byHRIUA

BoaBpaliaer ucTuHy, €Cau KasKAbIH IIOCIEAYIOIINI apryMeHT OOJIbIIIe
WJIV PaBeH IIPeIbIAyIeMy.

(» &rest ns) QYHKIUA
BosspailjaeT npousBeseHre JBYX apryMeHTOB UK 1, eCJIM apr'yMeHThI He
3aaHBbI.

(+ &rest ns) QYyHKIIUA

BosspamiaeT cymmy aprymesToB uiu 0, eCJI apryMeHThI He 3a/JaHbl.

(- nl &rest ns) GYyHKIIUA
BeisBaHHAA ¢ OMHUM apryMeHTOM, BosBparraeT -nl. Berzos Buja (- a,...
a,) BO3BpAIAET d, - ... - @ .

(/ nl &rest ns) (GyHKIIUA

BrizBanHada ¢ OZHUM aprymMeHTOM (KOTOPBIH He MOJIKEH OBITh HYJIEM),
BO3BpaIIlaeT o0paTHbIl eMy. BhI3BaHHAsSA ¢ HECKOJBKUMU apryMeHTaMHU,
BO3BpalllaeT 3HAUeHNe IIePBOr'0, pa3/ieIeHHOe Ha IIPpOU3BeleHre OCTaJb
HBIX (KOTOpPBIE He TOJIYKHBI BKJIIUYATDH HOJIb.)

(1+ n) byHKIUA
OKkBuUBaJeHT (+n 1).

(1- n) byHKIUA
OKBUBaJIEHT (- n 1).

3HaKu
(alpha-char-p char) PYHRIIUA
BoaBpatjaer uctuny, ecau char aBiaseTcsa OYKBOM.
(both-case-p char) (GyHKIIUA
Bosspaimaer uctuny, eciu char uMeeT pPerucTp.
(alphanumericp char) QYHKIUA

BosspaijaeT uctuny, eciu char apasercsa OyKBoii uau mudpoii.
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(character c¢) QYyHKITUA
BoasBepamiaer 3HaK, COOTBETCTBYIOIIUII 3HAKY, CTPOKE 13 POBHO OIHOTO
3HaKa UJu CUMBOJIY, UMEIIIeMy TaKYIO0 CTPOKY B KaueCTBe UMEHU.

(characterp object) GyHKIIUS
Bossparmiaer uctuny, eciu 00beKT object ABIsAETCA 3HAKOM.

(char-code char) bysrnus
Bossparaer arpubyT code 3HaKa char. 3HaueHUe 3aBUCUT OT peaJinsa-
IUu, HO B OOJIBINIMHCTBE peanusaliuit aTo 6yaer ASCII-kox.

(char-downcase char) byHKRIUA
Ecnu char sHaxoguTcsi B BepXHEM perucTpe, BO3BpaliiaeT COOTBETCTBYIO-
MM 3HaK U3 HUKHEro perucTpa; nHaue BosBpariaer char.

(char-greaterp charl &rest chars) GyHKITUS
HeticTByeT mogo0HO char>, HO UTHOPUPYET PETUCTP.

(char-equal charl &rest chars) GyHKIUS
HeticTByeT mogo0HO char=, HO UTHOPUPYET PETHUCTP.

(char-int char) (GyHKIIUA

Bossparaer HeoTpuliiaTesbHOE IIeJI0€ YKCJIO, IIPEACTaBJAOIIee char.
Ecau 3HaK He mMeer aTpuOyTOB, OIIpeAeIeHHBIX caMOll peaju3aliue,
pesyabTar OymeT TaKUM JKe, KaK U IJisd char-code.

(char-lessp charl &rest chars) GyHKIUA
HeticTByeT mogo6HO char<, HO UTHOPUPYET PETHUCTP.

(char-name char) QPyHKIUA
BosspaijaeT cTpoxkoBoe uMs s char uau nil, ecjiu OHO He 3aJaHO.

(char-not-greaterp charl &rest chars) GyHKIUS
HeticTByeT mogo0HO char<=, HO UTHOPUPYET PErucTp.

(char-not-equal charl &rest chars) (GyHKIUA
HeiicTByeT mom00HO Char/=, HO UTHOPUPYET PETUCTP.

(char-not-lessp charl &rest chars) QYHKIIUA
HeticTByeT mogo06HO char>=, HO UTHOPUPYET PETUCTP.

(char-upcase char) GyHKIUS

Ecnu char maxoauTcsa B HUKHEM PerucTpe, IpeodpasyeT ero K BepxHe-
My, “HaUe Bo3BpaImiaer char.

(char= charl &rest chars) GyHKIIA
Bosspaljaer ncTuHy, €cjiu Bce apryMeHThI OJUHAKOBEL.

(char/= charl &rest chars) GyHKIUS

BoasBparmiaer uctTuHy, eciiv HET HU OJTHOI Maphbl PABHBIX apT'yMEHTOB.
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(char< charl &rest chars) GyHKIUS
BosspaijaeT nCTUHY, €Clin KaKAbIH MOCJAEAVIOMINII apryMeHT OOJIbIIe
IPeabIAYIIEero.

(char> charl &rest chars) dyHKIIUA
BosBpamaer uctuny, ecau KasKIblil IOCIeNYIOMINI apryMeHT MeHbIIle
IpeabIaYIIero.

(char<= charl &rest chars) PYHRIIUA

BoaBpalaeT ucTuHy, €cau KasKAbIH IMOCIEAYIOIINUIl apryMeHT OGOoJIbIle
WJIU paBeH MpeabIAyIIeMYy.

(char>= charl &rest chars) GYHKIUA
Bosspaimaer nctuHy, ecau KasKAbIA MOCJEAYIOIMNIT apryMeHT MeHbIIe
WJIV PaBeH IPeIbIAyIeMy.

(code-char code) GyHKIIA
BosspairjaeT 3HaK char, COOTBETCTBYIOIIUN KOOy code.

(digit-char i&optional (r 10)) PYHKIIUA
BosspataeT 3HaK, IpeACcTaBIAAINAN i B CUCTEME CUUCIEHUA C OCHOBA-
HUEM 7.

(digit-char-p char &optional (r 10)) QYyHKIIUA

BosBpamaeT HUCTHUHY, €CJIN char aBusercsa IIHq)pOfI B CuUCTeMe CUUCJIEHUA
C OCHOBaHMUEM 7.

(graphic-char-p char) GyHKIUSA
Bosspaiaer uctuny, eciu char apiasercsa rpaduyecKM 3HAKOM.

(lower-case-p char) QYyHKIIUA
BoasBpartaer uctuny, ecau char HaXooUTCA B HUMKHEM PETUCTpPeE.

(name-char name) PyHKIIUA

Bossparmiaer 3Hak ¢ umeHeM name (AU UMs name, €CJIU 9TO CUMBOJI).
HeuyBcTBUTEIBHA K PETUCTPY.

(standard-char-p char) (GyHKIIUA
Bosspaimaer uctuny, eciu char ABJISeTCA CTaHAAPTHBIM 3HAKOM.

(upper-case-p char) QPyHKIUA
Bosspaimjaer nuctuny, eciu char HaXOAUTCSA B BEPXHEM PErucTpe.

Adyenikun

(acons key value alist) byHRIUA
IJxBUBaAJIEHT (cons (cons key value) alist).
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(adjoin object prolist &key key test test-not) byHKRIUA
Ecau member BepHET MCTUHY ¢ TeMU Ke apryMeHTaMU, BO3BPAIIIAET Pro-
list; unaue BepHeT (cons object prolist).

(append &rest prolists) QYHKIUA

BoasBpamiaer ciucox ¢ sjieMeHTaMu U3 BceX cIUCKOB prolists. Ilocienuui
apryMeHT, KOTOPBIN MOJKeT ObITH JJI000TO0 THIA, He KOIUPYETCs, IO3TOMY
(cdr (append '(a) x) 6ymet paBeH (eq) x. BosBpariaeT nil, eciiz BbI3BaHA
0e3 apryMeHTOB.

(assoc key alist &key test test-not) GyHKIUS

BoasBpaniaer nepBslii aaeMeHT alist, deil car coBrnazaer ¢ key.

(assoc-if predicate alist &key key) GyHKIIUA
Bossparaer nepsblii ssemeHT alist, AJig KOTOPOTo OyAeT UCTUHHBIM pre-
dicate.

(assoc-if-not predicate alist &key key) [byuKITTIA]

Boaepamiaer nepBbiii asemMeHT alist, AJIA KOTOPOTo OyaeT JIOKHBIM predi-
cate.

(atom object) GyHKIUS
Boaepamiaer uctuny, eciu 00beKT object He ABIAETCA CONS-TUEHKOM.
(butlast list &optional (n 1)) GyHKIUS
(nbutlast (list) &optional (n 1)) PyHKIUS

BoaBpamiaroTr Konuio coucka list 6e3 mocyiegHUX 1 3JIeMeHTOB WJjau nil,
€CJIV CIIVICOK list mMeeT MeHee 11 3J1eMeHTOB. BbI3bIBaeT OMIUOKY, €CJIU 11 —
OTpPHUIIATETbHOE UHNCJIO.

(car list) GyHKIIS
Ecau list — audeiika, BosBpamiaer ee car. Ecou list —nil, BodBpaiaer nil.
MosxeTr yecTaHaBIMBATHCA C TOMOIIBIO Setf.

(cdr list) GyHKIUA
Ecau list — aueiika, Bosspamiaer ee cdr. Ecou list — nil, BosBpaiaer nil.
MosxeTr yecTaHaBINBATHCSA C IOMOIIBIO Setf.

(cxr list) byaKIIINT

X TIPeACTaBJISET CTPOKY AJHUHOM OT OZHOT'O J0 UYeThIPEeX, COCTOAIIYIO 13
3HAKOB a U d. DKBUBAJIEHT COOTBETCTBYIOIIET0 coueTanus car u cdr. Ha-
npuMep, BeIpaskeHue (cdaar x) skBuBaJieHTHO (cdr (car (car x))). Mosker
yCTaHaBJIMBATHCSA C IIOMOIIBIO Setf.

(cons objectl object2) GyHKIUS

BoasBparmraer HOByIO AUeiiKy, car KOTopoi — objectl, a cdr — object2. Ilo-
9TOMY ecJiu object2 ABIAETCA CIUCKOM BUAA (€,...e ), TO QyHKIUA BEPHET
(objectl e..e ).
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(consp object) GyHKIUS

Boaseparmiaer uctuny, eciu object sBasieTcs Cons-AUeHKOM.

(copy-alist alist) GyHKIUS
dxsBuBayeHT (mapcar # (lambda (x) (cons (car x) (cdr x))) alist).

(copy-list list) GyHKIIA
Bosspaimaer cuucok, paBubiii (equal) list, CTPYKTypa BEPXHEr0 YPOBHS
KOTOPOTO COCTOUT M3 HOBBIX siueeK. Kcyu list paBeH nil, BosBpalaercs
nil.

(copy-tree tree) GyHKIIUA
Bosspartaer HoBoe mepeBo Toii sKe (DOPMBI U COAEP;KAHUS, UTO U tree, HO
cocTosiIee 13 HOBBIX siueeK. Eciu tree — aTom, Bo3Bpalaercs tree.

(endp list) GyHKITUS
Bosspaijaer uctuny, eciu list paBeH nil.

(first list)... (tenth list) GyHKIIUS
BosspaimaeT siemMeHTHI ciucKa [ist ¢ IepBOTO II0 AeCATHIN UJIX Nil, eciiu
B CIIHICKE HEJOCTATOUYHO 3JIeMeHTOB. MoKeT yCTaHaBIMBATHLCA C IIOMO-
b0 Setf.

(getf plist key &optional (default nil)) GyHKIIUA
Ecnu plist umeer Bug (p, v,..p, U ) U p, — TePBLIA KJII0Y, DaBHbI (€q) key,
Bo3Bpamiaer v,. Eciu Kiou He HalifieH, BosBpamaeT default. Mosxer yc-
TaHaBJUBATHCA C HIOMOIIbIO Setf.

(get-properties plist prolist) (GyHKIIUA

Ecnu plist umeer Bupg (p, v,...p, V) U p, — IEPBLIA KJII0Y, PABHBIH (€0) Ka-
KOMy-1u00 syieMeHTy prolist, BO3BpamawTesa p,, v, 1 (p, v,..p, v, ). B mpo-
TUBHOM cJIyuae BO3BPAIIAIOTCA TPU 3HAUEHUA nil.

(intersection prolistl prolist2 &key test test-not) GyHKIUSA

(nintersection (prolistl) prolist2 &key test test-not) byuKIMA
Boasepamniarr cricok aaemMeHTOB prolistl, mnpuHagiesxamux prolist2. Co-
OJII0IeHME TIOPAAKA CJIeIOBAHISA 3JIEMEHTOB He rapaHTUPyeTCs.

(last list &optional (m 1)) QYyHKIIUA
Bosspaijaer mocienuue n aueek B list niu list, ecau OH COOEPIKUT MeHee
n anemenToB. Ecau n paBHO 0, Bo3BpaIlaeT cdr mocJjiefHell SUeKU CIIu-
cka list.

(1diff list object) GyHKIIUS
Ecau object aBnsieTca xBoctoMm list, BO3BpaIjaeT HOBBIA CIIMCOK U3 dJIe-
MEHTOB [0 object. B IpoTUBHOM cJIyuae BO3BpaIaeT KOmuio list.

(list &rest objects) PYHKRIIUA

Bosspariaer HOBBIM CIIUCOK, COCTOAIIMI 13 00BEKTOB objects.
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(list* object &rest objects) GyHKIUS
Ecau nmepefgaH TOJBKO OAUH apryMeHT, BO3BpAaIIlaeTcs OH caM. B IpoTus-
HOM cJrydae (listx argl...argn) SKBUBaJEHTHO (nconc (list argl...argn_l)
argn).

(list-length list) GyHKIUS

BoasBpalaeT KoauuecTBO AUeeK B crucKe list uiaum nil, ecam CIMCOK SB-
JseTcA MUKJINYEeCKUM (B oTyinyme oT 1length, KoTopas He omrpeeeHa JJis
MUKJINYEeCKUX CITUCKOB). Ecnu list ABIAETCA TOUEUHOM ITapoil, BOSHUKA-
eT OIInOKAa.

(listp object) GyHKIIA
Bosspamaer uctuny, Korma object ABIAETCA CIACKOM, TO €CTh CONS-A4el-
KoM muum nil.

(make-list n &key (initial-element nil)) GyHKIIUA
BoaBpaniaet HOBBIN CIIMCOK U3 11 3JIEMEHTOB initial-element.

(mapc function prolist &rest prolists) (GyHKIUSA

BrisbiBaer dyuKIUIO function n pas (n — gauHa Kparuaiiiinero prolist):
CHaAvaJIa [IJIs IIePBOro sJeMeHTa KaKIoro prolist, 3aTeM IJid BCeX II0CJIe-
IOBaTeJbHBIX BJIEMEHTOB KaKIoro prolist, 3akamumBas n-Mu. BosBpa-
maert prolist.

(mapcan function prolist &rest prolists) GyHKIUSA
OKBUBAJICHT IIPUMEHEHU NCONC K pe3yaIbTaTy BBI30BA Mapcar ¢ TeMU JKe
apryMeHTaMMU.

(mapcar function prolist &rest prolists) GyHKIIUS

BriseiBaer dyuknuo function n pas (n — gauHa Kparuaiimnero prolist):
CHayaJja JJId IIePBOTo dJIeMeHTa KaKIoro prolist, 3aTeM IJid BCeX II0CJIe-
[IOBATeJIbHBIX JJIEMEHTOB Ka’KJI0ro prolist, 3akanumBas n-Mu. BosBpa-
IIaeT CIIMCOK 3HAYEHU, TOJIYUYEeHHBIX function.

(mapcon function prolist &rest prolists) GyHKIUS
OKBUBAJIEHT IPUMEHEHUS NCONC K Pe3yabTaTy BbI30Ba Maplist ¢ Temu ke
apryMeHTaMu.

(mapl function prolist &rest prolists) GyHKIIUA

BriseiBaer dyHKIUO function n pas (n — AauHa Kparudaiiiiero prolist):
CcHavaJia JJid KayKAoro prolist e TuKoM, 3aTeM [IJIs BCeX MOCJIeI0BATENb-
HBIX cdr Kamgoro prolist, 3akanuusas (n—1)-m. Bosspaiaer prolist.

(maplist function prolist &rest prolists) byHKRIUA

BrisbiBaer dyHKIUIO function n pas (n — gauHa Kparuaiiiero prolist):
cHavaJia JJid KasKAoro prolist e TuKoM, 3aTeM [JIs BCeX IMOCJIeI0BaTEeb-
HBIX cdr Kaskaoro prolist, sakanuuBada (n—1)-m. BosBpaiiaer criucok 3Ha-
UeHU, MOJyUYeHHBIX function.
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(member object prolist &key key test test-not) byHKRIUA
Boaepamiaer xBocT prolist, HQAUMHAIOIITUHACS C IIEPBOTO 3JIEeMEHTa, COBIA-
JIaroriero ¢ object, unm nil, eciu COBIIaieHUI He HaI€HO.

(member-if predicate prolist &key key test test-not) GyHKIUS
Bossparaer xBocT prolist, HAUMHAIOIINIICA C IEPBOTO 3JIEMEHTA, I KO-
Toporo predicate BEpHYJ UCTUHY, UJIU Nil, eCyiv COBIaLeHUN He HAMeHO.

(member-if-not predicate prolist &key key test test-not) [byrrIUA]
Bossparaer xBocT prolist, HAUMHAIOIIUICA C IIEPBOTO 3JIEMEHTA, AJII KO-
Toporo predicate BepHYJI JIOXKb, UJINU Nil, eciu COBIAZEHNUI He HAJEHO.

(nconc &rest (lists)) byuKIIIA
Bosspaiaer criucok ¢ aaemenTamMu us Beex lists (mo mopAakry). Ilpuuiiun
paboThl: ycTaHABIAUBAET CdI IOCIeAHeN AUYeH KU KasKI0ro CIIUCKa B Haua-
JIO cenyioIero cruucka. Ilociequuii apryMeHT MOYKET ObITH 00'HeKTOM
Jo0oro Tumna. BoisBanHas 0e3 apryMeHTOB, Bo3BpaIaer nil.

(nth n list) GyHKIIUSA
Bosspaitraer (n+1)-i amemeHT cuucka list. BosBpaimaeT nil, ecji CIIMCOK
list umeet meHee (n+1) amemeHToB. MOKeT yCTaHABJIUBATHCS C IIOMOIITHIO
setf.

(nthedr n list) GyHKIUS
OKBUBAJIEHT N-KPATHOIO IIOCJIEJ0OBATEILHOT'O IPUMeHeHus cdr K list.

(null object) GyHKIUS
Bossparaer uctuny, eciau 00beKT object ABasgeTcsa nil.

(pairlis keys values &optional alist) byHKRIUA
Bossparaer To ke sHauenue, uto u (nconc (mapcar #'cons keys values)
alist) nam (nconc (nreverse (mapcar #'cons keys values)) alist). Tpebyer,
4TOOBI keys u values GBI OAMHAKOBOM AJUHEIL.

(pop {place)) MaKpoc
VcramapamBaeT 3HaueHue mecTa place, KOTOpPoe IOJIMKHO BBIUUCISATHCS
B cuucke list, B (cdr list). BosBpaimaer (car list).

(push object (place)) MaKpoc
YcranaBauBaeT sHaueHUe MecTa place B (cons object place). BosBpaiiaer
9TO 3HAUEHUE.

(pushnew object (place) &key key test test-not) MaKpoc
YcranaBimBaeT 3HaueHUEe MecTa place, KOTOPOe IOJIMKHO BBIUUCIATHCS
B IPAaBUJIbHBIY CIIUCOK, B Pe3yJabTaT BbIZ0Ba adjoin ¢ TeMu 'Ke apryMeH-
tamu. BosBpaiiaer HoBoe 3HaueHme place.

(rassoc key alist &key key test test-not) GyHKIMIS
Boaspaniaet nepsBbiii aaeMeHT alist, cdr KOTOPOTo cOBIIAJI C key.
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(rassoc-if predicate alist &key key) GyHKIUS

BoaBpamiaer nepBsbiit amemeHT alist, nasa cdr KoToporo predicate BEpHYJI
WCTHUHY.

(rassoc-if-not predicate alist &key key) GyHKIUS

Bossparmaer mepssbiii ssnemenT alist, Ajs cdr KoToporo predicate BepHYI
JIOKb.

(remf (place) key) MaKpoc

ITepBrIil aprymenT, place, 1OJIKeH BBIUYUCIATHCA B CIINCOK CBOMCTB plist.
Ecnu plist umeer Bupg (p, v,...p, U,) up, - TIepBLBI p, paBHEIH (€q) key, me-
CTPYKTHMBHO yhajseT p, U U, U3 plist u sanucbiBaeT pea3yabTar B place.
Bosspamaer uctuny, ecam 4ro-n1ub0 ObLIO yAaJIeHO, B IPOTUBHOM CJIY-
Jae BO3BpAIIlaeT JOXKb.

(rest list) PYHRIIUA
Wneratuuna cdr. MoskeT ycTaHABJIMBATHCS C ITIOMOIIIBIO setf,

(revappend listl list2) GyHKIUA

(nreconc (listl) list2) byHKIIA

OKBuBaJIeHTHBI (nconc (reverse listl) list2) u (nconc (nreverse listl)
list2) cOOTBETCTBEHHO.

(rplaca {cons) object) PyHKIMS
IdxBuBaJieHT (setf (car cons) object), HO BO3BpAIIlaeT CONS.

(rplacd {cons) object) byuKIIIA
IxBUBaJIeHT (setf (cdr comns) object), HO BO3BpAIIAET CONS.

(set-difference prolistl prolist2 &key key test test-not) byHKRIUA

(nset-difference (prolistl) prolist2 &key key test test-not) bysrnua

BossparatoT criucok asieMeHTOB prolistl, He umeromuxcs B prolist2. Co-
XpaHeHUe MOPAJKa CIeOBaHUA 9JIEMEHTOB He TapaHTUPYeTCH.

(set-exclusive-or prolistl prolist2 &key key test test-not) GyHRIUA
(nset-exclusive-or {prolistl) prolist2 &key key test test-not) QyHKRIUS

BosBpamjamoT cnomucoxk sj1eMeHTOB, mMepInuxcd Jambo B prolistl, nubo
B prolist2, HO He B 000uX cIUCKaX ogHOBpeMeHHOo. CoxpaHeHre IOpAIKaA
CJIeTOBAHUS 9JIEMEHTOB He TapaHTUPYeTCH.

(sublis alist tree &key key test test-not) GyHKIUSA
(nsublis alist (tree) &key key test test-not) (GyHKIUA
BosspaimaroT gepeBo, momodHoe tree, HO KaKI0e IIOAJAePeBo, COBIALA0-
miee ¢ KJ4oM B alist, 3aMeHseTCs Ha COOTBETCTBYIOIIlee eMy 3HaUeHUe.
Ecau He 6b1710 TpousBeieHO HUKAKUX MOAMDUKAIIMI, BO3BpAIIlaeTcs tree.
(subsetp prolistl prolist2 &key key test test-not) byHRIUA

BoaBparmiaer uctuny, ecau KasKablil 9aeMeHT prolist] nmeercs B prolist2.
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(subst new old tree &key key test test-not) byHKRIUA
(nsubst new old (treey &key key test test-not) byHKIMS

BoasspaiaioT gepeso, momo0Hoe tree, B KOTOPOM BCe IIOALEPEBbs, COBIA-
nmatorue ¢ old, 3aMeHeHbI Ha new.

(subst-if new predicate tree &key key) GyHKIIUS

(nsubst-if new predicate ({tree) &key key) GOYyHKIUA
BoasBpatmiaior gepeBo, momobHoe tree, B KOTOPOM BCe TTOAePEBbA, I KO-
TOPBIX CIIPABEIJINB IIPpeaUKAT predicate, 3aMeHEHBI Ha new.

(subst-if-not new predicate tree &key key) [byrKIINIA]

(nsubst-if-not new predicate (treey &key key) [byuKIIMA]
BoaBpataior gepeso, momobHoe tree, B KOTOPOM BCe TTOAIePeBbs, I KO-
TOPBIX He CIIPABEAJINB IpeauKaT predicate, 3aMeHeHbI Ha new.

(tailp object list) GYHRIIUA
Boaspamiaer uctuny, korga object ssiBiasieTcs XBocToM list, TO eCTh KOTia
object mu6o nil, 1ubo ogHA U3 AUEEK, U3 KOTOPHIX COCTOUT list.

(tree-equal treel tree2 &key test test-not) GyHKIISA
Bosspaijaer uctuny, Korma treel u tree2 mMerT OTUHAKOBYIO (hopmy
¥ BCe UX BJIEMEHTHI COBIIAJAOT.

(union prolistl prolist2 &key key test test-not) byHKIUA

(nunion {prolistl) {prolist2) &key key test test-not) byHKIMS

BoasBpamiamT criicok 91eMeHTOB, uMerIuxcsa B prolistl u prolist2. Co-
XpaHeHre MOPsAKa CJIeJOBAHU 3JIEMEHTOB B BO3BPAIIla€MOM CIIMCKE He
rapauTupyercs. Ecau aubo prolistl, nubo prolist2 nmeeTt IOBTOPAIOIIE-
Cs BJIEMEHTBI, TO 9TU BJIEMEHTHI OyAYT AyOJIUPOBATHCS B BO3BPAIIlaeMOM
cIIucKe.

Maccusbl

(adjustable-array-p array) GyHKIIUA
Bossparmiaer uctuny, ecau MaccuB array pacuIinpsaeMblii.

(adjust-array {array) dimensions &key ...) GyHKIUS

Bossparmaer maccus, moo0HbIHN array (Myiu caM array, eCjau OH PaCIIn-
pAEMBbIii) ¢ HEKOTOPBIMY U3MEHEeHHBIMHU CBolicTBaMu. Kcyin omHa u3 pas-
MepHOCTell dimensions yMeHBIIIAeTCS, MCXOAHBLINI MAacCHUB 00pesaeTcs;
€CJIV YBeJIMUMBAETCHA, TO HOBBIE 9JIEMEHTHI 3aTI0JHAIOTCA COTJIACHO TIapa-
MeTpy :initial-element. Kitoum Te ke, 4TO U AJ1d make-array, Co CJIeyIO-
UMY JOTOJHUTEJIbHBIMU OTPAHNYEHUAMU:

:element-type type
Tun type noyKeH ObITH COBMECTUMBIM C NCXOAHBIM.
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;initial-element object

Hosrie asemenTsl OynyT paBHBI object, cTapble COXPAHAT MCXOIHBIE
BHAUYEHUS.

‘initial-contents seq

Kaxk u B make-array, cylmecTByIoliue sJeMeHTHI array OyayT mepesa-
THCAaHBI.

:fill-pointer object
Ecnu object siBnsiercsa nil, ykasaresb 3al0JIHEHUA (€CIIU IMEETC) OC-
TaHETCS IPEeKHUM.

:displaced-to array2

Ecuu ucxopHbIil MaccuB array ABgeTcA Opefpas3MelleHHBIM, a ar-
ray2 — nil, TO COOTBETCTBYIOIINE SJIEMEHTHI OPUTHHAJIBHOTO MacCUBa
OyZyT CKOIIMPOBAHBI B BO3BPAIIIaeMbIil MAaCCUB, 3aII0JIHAA BCE HEYCTA-
HOBJIEHHBIE 3HAUEHU (€CJIM TAKOBBIE MMEIOTCSA) dJeMeHTaMu :initial-
element (ecau 3amam). Eciiv mCXOmHBINM MAacCUB He ABJIAETCA IIpeapas-
MellleHHBIM U array2 — MacCusB, TOTJJa UCXOHOe 3HaUeHe OyaeT IoTe-
PAHO M HOBBIN MaccuB OyneT pasMelreH IoBepx array2. B mpoTuBHOM
cayuJae IeHMCTBYeT Tak Ke, KaK make-array.

.displaced-index-offset i
Ecau aToT aprymeHT He meperaeTrcs, IpeapasMeIleHHbI MacCuB He
OymeT cMeIlleH OTHOCUTEJILHO OPpUTHHAJIA.

(aref array é&rest is) (GyHKIIUA
Boasepamiaer ajmemeHT MaccuBa array ¢ nHAeKcaMu is (MU OJUH 9J€MEHT
9TOT'0 MacCUBa, eCJI pa3MePHOCTh MacCcuBa PaBHA HYJIIO I UHJEKCHI IS He
3agaHbl). ITHOPUPYeT yKasaTejau 3amnojHeHnsa. MoKeT ycTaHaBJINBaTh-
cd ¢ moMoImIbio setf.

(array-dimension array i) QYyHKIUA
Boasepamiaer i-to pasamMepHOCTh MaccuBa. MHIeKCUPOBaHUE HAUMHAETCS
C HyJIA.

(array-dimensions array) QYHKIIUA
BosspaijaeT crircok IesbIX YMCesi, IIPeACTaBIAIONINX BCe PA3BMEPHOCTH
MaccuBa.

(array-displacement array) QYyHKIIUA
BosspamjaeT n1Ba 3HaUueHUA: MACCHUB, IIOBEPX KOTOPOTO MIpeapasMeIeH
array, u ero cmeliersue. Bossparaer nil u 0, ecjiu MaccuB array He Ipen-
pasMeIieHHbIH.

(array-element-type array) QYyHKIUA
BoasBpamiaer Tum sj1eMeHTOB MaccuBa array.

(array-has-fill-pointer-p array) QYHKIUA

BosBpairaer uctuHy, eciii MaCCUB array UMeeT YKas3aTeb 3alI0JTHEHUS.
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(array-in-bounds-p array &rest is) QYHKIUA
BoaBpatmiaer uctTuny, eciiu Te JKe apryMeHThI Oy Iy T KOPPEKTHBIMU apry-
MeHTaMmu aref.

(arrayp object) GyHKIIUS
Boaspartaer uctuny, eciu object — Mmaccus.

(array-rank array) PYyHKIIUA

BoaBpaLuaeT KOJIL4YEeCTBO paBMepHOCTeﬁ maccusa array.

(array-row-major-index array &rest is) QYyHKIUA
Bossparaer Homep ssieMeHTa [JiA 3aJaHHBIX UHAEKCOB IS, CUUTAsA Mac-
CUB array OJHOMEDPHBIM U PACIOJOKEHHBIM IOCTpouHOo. MHAEKCUpOBa-
HUe HauMHAaeTCA C HyJId.

(array-total-size array) (GyHKIIUA
Bossparmaer KoJnuecTBO 9J1eMEHTOB B MacCUBe array.

(bit bit-array &rest is) QYHKIUA
Amnauror aref gna 6ur-maccusa bit-array. Moxxer ycTaHaBINBAaTHCA C II0-
MOIIBIO Setf.

(bit-and (pbit-arrayl) bit-array2 &optional {arg)) byuKITA
PaboTaeT ¢ 6uT-MaccuBaMU II0 AHAJOTUU ¢ 10gand IJIsI IeJIBIX UHCEJI: BbI-
HOJHSET Jorudyeckoe U myia 1ByxX OUT-MAacCUBOB OAUHAKOBOII pPa3MepHO-
CTH, BO3BpAIllas NUTOTOBBIN MaccuB. Ecyiu arg paBeH t, Bo3BpaIaeTcs HO-
BBIII MaccuB; ecau arg — nil, msMeHdeTcA cymiecTBylomui bit-arrayl;
ecsu arg — buT-MaccuB (TaKoii ke pa3MepPHOCTH), UCIIOJIb3yeTCs OH CaM.

(bit-andc1 (bit-arrayl) bit-array2 &optional {(arg)) byuKITIA
Amajor bit-and, ToIbKO OocHOBaH Ha logandcT.

(bit-andc2 (bit-arrayl) bit-array2 &optional (arg)) bysKIIIA
Amnajor bit-and, To1bKO ocHOBaH Ha logandc?.

(bit-eqv (bit-arrayl) bit-array2 &optional {(arg)) pyHKIIIA
Amnajior bit-and, To1bKO OCHOBaH Ha 1logaeqv.

(bit-ior (bit-arrayl) bit-array2 &optional {arg)) bysKIIMA
Amajor bit-and, ToIbKO OCHOBaH Ha logior.

(bit-nand (bit-arrayl) bit-array2 &optional {arg)) bysKIIIA
Amnajor bit-and, TorebK0 ocHOBaH Ha lognand.

(bit-nor (bit-arrayl) bit-array2 doptional {arg)) byuKIIIA
Amnajior bit-and, ToIbKO OCHOBaH Ha lognor.

(bit-not (bit-array) &optional {arg)) PyHKIMS

PaboTaeT ¢ 6uT-MaccuBaMu II0 AHAJOTUU C 10gnot JJIsI [eJIbIX YKUCeJI: BO3-
BpalllaeT JOruuecKoe JomnoaHenue 10 bit-array. Ecau arg — t, Bogsparma-
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eTcs HOBBLI MACCHUB; eCJId arg — nil, maMeHseTcs CyIecTBYOIUi bit-
arrayl; ecnu arg — 6GuT-Maccus (TaKOM Ke Pa3MEPHOCTH), UCIOIb3YeTCs
OH CaM.

(bit-orcl (bit-arrayl) bit-array2 &optional {arg)) byuKIMA

Amnajor bit-and, ToIbKO OCHOBaH Ha logorci.

(bit-orc2 (bit-arrayl) bit-array2 &optional {(arg)) byuKIHIA
Amnamnor bit-and, TOIbKO OCHOBaH Ha 10gorc2.

(bit-xor (bit-arrayl) bit-array2 &optional {(arg)) byuKITIA
Amnajor bit-and, TOIBKO OCHOBAH Ha 10gxor.

(bit-vector-p object) PYHRIIUA

Bosspaiaer ucruny, eciu 00beKT object ABIAeTCs GUT-BEKTOPOM.

(fill-pointer vector) QYHKIUA

Bossparmaer ykasaresb 3aII0JHEHUA BeKTopa vector. MosKeT ycTaHaBIn-
BaTbhCs C IIOMOIIBIO Setf, HO JIUIITh B TeX CIyUasax, KOrIa BEKTOP YiKe uMe-
eT yKasaTeJb 3al0JTHEeHUA.

(make-array dimensions &key element-type initial-element GyHKIUSA
initial-contents adjustable
fill-pointer displaced-to
displaced-index-offset)
Bosspariaer HOBBIM MacCcuB ¢ pa3MepHOCTAMY dimensions (MU CO3LaeT-
cs BEKTOP 3aJaHHON MJINWHBI, ecau dimensions — ogHo uucJio). Ilo ymou-
YAHUIO 9JIEMEHTHI MOT'YT UMETh JII000M THII, ecIid He 3aJaH KOHKPeTHbII
Tumn. J{oCTYIHBI CJIeAYIOINe apI'yMEeHThI 110 KJII0UY:

.element-type type
HexaapupyeT TUI type 3JIeMeHTOB MaccuBa.

;initial-element object
Kamapim ameMeHTOM co3maBaeMoro Mmaccua oymet object. He moxxeTr
HTICIIOJIB30BATHCSA BMeCTe ¢ :1nitial-contents.

;initial-contents seq

DJIeMeHTaMH MacCHhBa OYAYT COOTBETCTBYIOIINE dJIeMEeHThI Habopa
BJIO’KEHHBIX IIOCJIeIoBaTeJIbHOCTEH seq. [IJid MaccuBa ¢ HyJIeBOI pas-
MEPHOCTBHIO MOJKET HUCII0JIb30BAThCA OAUHOUHBIN aprymeHnT. He moxxeTr
HMCIIOJIB30BAaThCS BMecTe ¢ :initial-element.

:adjustable object
Ecau object nctuneH, co3maBaeMblii MacCUB TapaHTUPOBAHHO OyaeT
paclInpsaeMbIM; BIIPOUYEM, OH MOJKET OBITH TAKOBBIM U B IIPOTUBHOM
ciayuJae.

fill-pointer object
Ecau object nctunen, maccus (0JIKeH OBITh BEKTOPOM) OyIeT MMETh
yKasaresb 3anmoiHeHus. Ecau object aBigeTCA IeJIbIM YKCJIOM U3
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IIPOMEXYTKAa OT HYJIA 40 NJINHBI BEKTOPa, OH 6y11e'1‘ HCXOOHBIM 3Ha4e-
HUEeM yKas3aTeJid.

:displaced-to array

Maccus GyzeT npegpasmerrieH moBepx array. CChLIKM HaA ero sJeMeH-
THI OYAYT TPAHCIAUPOBATHCSA B CCHIIKY HA COOTBETCTBYIOIIME 3JI€MEH-
THI array (3JIEMEHTHI B TeX JKe MOBUIUAX, UTO U Y TTepeJaHHOTr0 MacCu-
BAa, 9JIEMEHTHI KOTOPOT'0 PACIIOJIOKEHBI TIOCTPOYHO).

:displaced-index-offset i
Cwmerrienme mpeapasMeIleHA I0OBePX APYyToro MaccuBa 0yIeT PaBHO i.
Mo:xkeT 3amaBaThCs JIUIITHL COBMECTHO ¢ :displaced-to.

(row-major-aref array i) QYHKIIUA
Boaspamiaer i-if a1emMeHT MaccuBa array, paccMaTpuBaeMoro Kak OLHO-
MEpPHBIA C IIOCTPOYHBIM 3aIlloJiHeHueM. VHJeKCUpOBaHWE HAUYMHAETCH
¢ HyJiA. MosKeT ycTaHaBJIUBATHCA C IOMOIIIBIO Setf.

(sbit simple-bit-array &rest is) GyHKIUS
Amnagnor aref 15 IpocThIX OUT-MaccuBOB. MoKeT yecTaHaBIUBATHCA C IO~
MOILBIO Setf.

(simple-bit-vector-p object) GyHKIIS
Bossparaer uctuny, eciu object ABIsieTCA MPOCTHIM OUT-MaCCHUBOM.

(simple-vector-p object) GyHKIUSA

Boaseparmiaer uctuny, eciu object iBasieTCs MPOCTHIM BEKTOPOM.

(svref simple-vector i) QYHKIIUA
Boasspamiaer i-ii asmement simple-vector. IHgeKcupoBaHNe HaUUHAETCH
c HyJd. 3HaUeHUEe MOYKET YCTaHABINBATHCA C IIOMOIIIBIO Setf.

(upgraded-array-element-type type &optional env) (PyHKIUA
Bossparjaer peasbHBIN TUI 9JI€MEHTOB, KOTOPBIA peaus3aliusa MOYKET
mepesaTh MacCcUBY, ueil :element-type ObLI 00'BABJIEH KaK type.

(vector &rest objects) (GyHKIIUSA

BoaBpaniaet HOBBIN IPOCTOM BEKTOD C 3JeMeHTaMu objects.

(vectorp &rest objects) GyHKITUS
BoasBpatmiaer uctuny, eciu object siBasieTcss BEKTOPOM.

(vector-pop vector) PYHKIIUA

VYMeHbIIaeT UHJEKC 3aI0JHEHUS BEKTOpa vector U BO3BPAII[aeT 9JIeMEeHT,
Ha KOTOPKIH OH yKa3biBaJ. [IoNbITKA MPUMEeHeHUs K BeKTOPy 6e3 yKasa-
TeJIsl 3aII0JTHEHUS UJIU C yKasaTejaeM, paBHBIM 0, IPUBOAUT K OIIubKe.

(vector-push object vector) (GyHKIIUA

Ecau yrasarens 3anoyiHeHUsA paBeH AJUHE BEKTopa vector, BO3BpalIlaer
nil. B mpoTHBHOM ciiyuae 3aMeIllaeT 3JIEMEHT, Ha KOTOPLIM YKas3bIBaeT
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yKasareJsb 3al0JIHeHU A, Ha object, 3aTeM yBeJINUUBaET YKasaTeb 3aI0JI-
HEeHUs U BO3BpaIIlaeT crapoe 3HaueHue. [IonbITKa TPUMEeHEHUA K BEKTO-
py 6e3 yrasaTeJis 3aIIOJTHEHUA IPUBOJAUT K OIITHOKe.

(vector-push-extend object vector &optional i) (GyHKIIUA

Amnajor vector-push, Ho ecjiz yKasaTeJIb 3aIllOJJHEHUA PaBeH JJINHE BeK-
TOpa vector, BEKTOP NPeIBapUTEIbHO VAJNHAETCA Ha i 3JIEMEHTOB (Ui
Ha 3HAUeHIe M0 YMOJUYAHUIO, 3aBUCAINEe OT peaju3aliu) ¢ MOMOIIIbIO
BBI3OBa adjust-array.

CTtpokm

(char stringi) QYHKIIUA

Bosspaijaer i-it 3Hak cTpoku string. UHAeKcanusa HAYMHAETCSA C HYJIA.
HUruopupyet ykasaresu 3anosHeHuA. MoKeT ycTaHaBJIUBATHCS C IIOMO-
b0 setf.

(make-string n &key initial-element dyHKIIUA
(element-type 'character))

BosspailijaeT HOBYI0 CTPOKY U3 11 9JIeMEHTOB initial-element (3HaUeHNE 11O
YMOJIYAHUIO 3aBUCUT OT Pean3aIium).

(schar simple-string i) QYHKIUA
HeticTByeT momoOHO char, HO IPUMEHUMA TOJbKO K IPOCTHIM CTPOKAM.
Mosxer ycTaHaBIMBATHCA C TOMOIIBIO Setf.

(simple-string-p object) GyHKIUS
BoasBpartaer uctuny, eciu object iBasieTCs MPOCTON CTPOKOTA.

(string arg) PYHKIIUA

Ecau arg — cTpoka, 0HA BO3BPAII[AETCA; €CJIU 3TO CUMBOJI, TO BO3BpAaIIa-
€TCs ero UM eCJIM 3HAK, BO3BPAIlaeTCA CTPOKA M3 STOr'0 3HAKA.

(string-capitalize string 8&key start end) GYyHKIIUA
(nstring-capitalize (string) &key start end) GyHKIUS

BossparaoT cTpoOKY, B KOTOPOIi ITepBas OYKBa KakKJOTO CJIOBA HAXOAUT-
cA B BEPXHEM PETUCTPE, & BCe OCTAJIbHbIe — B HKHeM. CJI0BOM cUMTAaeT-
cA Jiobas mocJiefoBaTeIbHOCTh al(haBUTHBIX CHUMBOJIOB. [IepBBIM apry-
MeHTOM string-capitalize moskeT OBITH CUMBOJ, U B 9TOM cJydae Oyzaer
HCIT0JIb30BATHCS €0 UMH.

(string-downcase string &key start end) QYHKIUA
(nstring-downcase (string) &key start end) GOyHKIUA
HeticTBYIOT TOZ00HO String-upcase u nstring-upcase, HO Bce 3HAKHU CTPO-
KU String nmpeodpasyoTcs K HUKHEMY PEeTUCTDY.
(string-equal stringl string2 &key GyHKIUS
startl endl start2 end?2)
HeticTByeT momo0HO String=, HO UTHOPUPYET PETUCTP.
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(string-greaterp stringl string2 8key QYHKIUA
startl endl start2 end?2)

HeticTByeT mogo0HO string>, HO UTHOPUPYET PETUCTP.

(string-upcase string &key start end) QYHKIUA

(nstring-upcase (string) &key start end) GyHKIMS
BossparmiaoT cTpoKy, B KOTOPOI Bce 3HAKU B HUIKHEM PETUCTPE IPeod-
pasoBaHBI K COOTBETCTBYIOIIIUM 3HAKaM B BepxHeM peructpe. [lapamer-
pHI start u end #AeficTBYIOT TaK ke, KAK U B IPYTUX CTPOKOBBIX (PyHKIIU-
ax. IlepBbIil aprymMeHnT string-upcase MOKeT OBITH CHMBOJIOM, 1 B 3TOM
cJayyJae UCII0JIb3yeTCs ero MMs.

(string-left-trim seq string) QYHKIIUA
HeticTByeT momo06HO string-trim, Ho o6pesaeT CTPOKY TOJBKO C HaUaJa.
(string-lessp stringl string2 8&key GyHKIIUA

startl endl start2 end2)
HeticTByeT momo6HO String<, HO UTHOPUPYET PETUCTDP.
(string-not-equal stringl string2 &key GyHKIISA
startl endl start2 end?2)
HeticTByeT mogo6Ho string/=, HO UTHOPUPYET PETUCTP.
(string-not-greaterp stringl string2 &key QYHKIUA
startl endl start2 end2)
HeticTByeT mogo0HO string<=, HO UTHOPUPYET PETUCTP.
(string-not-lessp stringl string2 &key GyHKIUS
startl endl start2 end2)
HeticTByeT momo6HO String>=, HO UTHOPUPYET PETUCTD.

(stringp object) PYHRIIUA
Boaspamiaer uctuny, ecsau object sBIsETCA CTPOKOM.

(string-right-trim seq string) QYyHKIUA
HeticTByeT mogo6Ho string-trim, Ho o6pesaeT CTPOKY TOJBKO C KOHILA.

(string-trim seq string) QYHKIIUA
Bossparraer cTpory, mogobHy0 string, B KOTOPOI Bce 3HAKU, IIEPEUNC-
JIEHHBIE B S€(, YIaJIeHbI C 000UX KOHIIOB.

(string= stringl string2 8&key startl endl start2 end2) GyHKIIUS

Bosepairjaer ucTuHy, ecau IMOAIOCIe0BaTeIbHOCT Stringl u string2
WMEIOT OJHY AJUHY U COAEePIKaT OANHAKOBLIE 3HAKU. [lapamerpsl startl
u endl, start2 n end2 paboraioT Kak o0bIuHBIE Start u end nna stringl
u string2 coOTBETCTBEHHO.

(string/= stringl string2 &key startl endl start2 end2) GyHKIIUA
Bossparmiaer uctuny, eciu string= Bo3BpaIiaeT JOKb.
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(string< stringl string2 8&key startl endl start2 end2) GyHKIIA

Bossparmaer nctuny, eciu aBe MOAIOCIEI0BATEIbHOCTH COAEPIKAT OLU-
HAKOBbIE 3HAKU 10 KOHIIA IIePBOIl II0CJIeI0BATEILHOCTY U BTOPAS IJINH-
Hee IIePBOil; MJIM eCJIU IOAIIOCJIEeI0BATEIbHOCT UMEIOT PasHble 3SHAKU
¥ JIJIS IIePBOI OTJIMUAIOIIeicsA mapbl 3HAKOB cupaBenaus char<. Mcmomab-
3YIOTCS Te JKe ImapaMeTphl, UYTO U B string=.

(string> stringl string2 &key startl endl start2 end?2) GyHKIUA

Bossparmaer nctuny, eciu aBe MOAIOCIEI0BATEIbHOCTH COAEPIKAT OLU-
HAKOBbIE 3HAKY [0 KOHIIA BTOPOU IIOCJIEI0BATEeIbHOCTH U HepBas MJINH-
Hee BTOPOM; MJIM eCJIU IIOAIIOCJIeI0BATEIbHOCTY MMEIOT PasHble 3HAKU
¥ IJIS IIePBOM OTJIMYAOINelics Imaphl 3HAKOB CIIpaBeAIuB char>. Vcmoab-
3YIOTCS Te JKe IapaMeTphl, UTO U B string=.

(string<= stringl string2 8&key startl endl start2 end2) GyHKIUSA
BoaBparmiaer nctTuny, ecau UCTUHHBI String< subo string= ¢ Temu ke ap-
T'yMeHTaMU.

(string>= stringl string2 &key startl endl start2 end?2) dyHKIIIA

BoaBpataet ucTuHy, ecau UCTUHHEI String> aubo string= ¢ Temu ke ap-
TyMeHTaMMu.

NMocnepoBaTenbHOCTU

(concatenate type &rest sequences) GyHKIIUA

BosBpairjaer HOBYIO MOCJIeI0BATEIHLHOCTh TUIIA {Ype CO CIeAYIONINMU 110
HOPALKY dJIeMEeHTaMU IocJeoBaTeIbHOCTel sequences. Konupyer Kax-
VIO IIOCJIeI0BATEIbHOCTD, JasKe IOCJIeIHIO.

(copy-seq proseq) QYHKIIUA
Bossparaer HOBy10 ITOCIeI0BATEIFHOCTD TOT'O JK€e TUIA U C TEMU YK€ dJIe-
MeHTaMu, 4TO U proseq.

(count object proseq 8key key test test-not GyHKIUA

from-end start end)
Bossparmaer KosmuecTBO COBIIaaOIMX ¢ object 2IeMEeHTOB proseq.

(count-if predicate proseq &key key from-end start end) GyHKRIUA
BosBpairaer KoIu4ecTBO 2JIEMEHTOB proseq, COOTBETCTBYIOIINX IIPEU-
Kary predicate.

(count-if-not predicate proseq &key key from-end start end) [byEKRIIA]
BosBpairjaer KoJIn4ecTBO He COOTBETCTBYIOIIWX IIpeRuKary predicate
3JIEMEHTOB proseq.

(elt proseq n) QYHKIIUA

Bosspamaer (n+1)-it asnemeHT proseq. Eciu nnmnHa proseq menbie n+l,
BBIBBIBaeTCA omuOKa. MosKeT ycTaHABIMBATLCS C IIOMOIIBIO setf.
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(fill (proseq) object &key start end) byuKIIHIA
JlecTpyKTHBHO 3aIlOJIHAET proseq ajeMeHTamMu object. Bossparaet pro-
seq.

(find object proseq &key key test test-not from-end start end) GyHKIIA
BoasBpaniaet nepBbIii cOBIafaoIuii ¢ object ajleMeHT proseq.

(find-if predicate proseq 8key key from-end start end) pyHKRIUA

BosspairaeT nepBbIii COOTBETCTBYOIINI IPEIUKATY BJIEMEHT proseq.

(find-if-not predicate proseq &key key from-end start end) [byHEKRIIMIA]

BoasBparaer nepBbIii He COOTBETCTBYIOIIUH IPEAUKATY dJIEMEHT Proseq.

(length proseq) QYHKIIUA

BosBpaniaeTr KoimuuecTBO 3JIEMEHTOB B IIOCJeN0BATEILHOCTH proseq. Ec-
JIU proseq UMeeT yKasaTesb 3all0JIHeHUS, YUUTHIBAIOTCA JUNIIh 9JIeMeH-
ThI, UAYIIIHE IO HETO.

(make-sequence type n &key (initial-element nil)) GyHKIIUS

Bossparaer HOBYIO IIOC/IeAOBATEIHLHOCTD TUIIA tYpe U3 1L 3JIEMEHTOB ini-
tial-element.

(map type function proseq &rest proseqs) byHKRIUA

BrisbiBaer Qpyukunuio function n pas (n — JauHA KpaTdyaiieil proseq):
OIVH Pas AJIA IIePBOro 3JIeMEeHTa KasK 0l proseq, 3aTeM AJIs BCeX 9JIeMeH-
TOB BILJIOTH JI0 N-X 3JIEMEHTOB KasKJA0H proseq. Bo3BpaliaeT CIiucoK 3Ha-
yeHU TUIA type, moayueHHBIX function. (Eciu type aBasercda nil, To
GyHKIIUA BeZeT ceba KaK mapc AJs MOCJIeI0BaTeILHOCTEH.)

(map-into (result) function proseq &rest proseqs) byHKIUSA

BrisbiBaer dyHKIUIO function n pas (n — AjJuHA Kpardaiiineit proseq,
BKJIOUaA result): oquH pas qJid IEePBOTO dJIeMeHTa KaK 0 proseq, 3aTeM
[IJIs BCEX BJIEMEHTOB BILJIOTH JIO N-X BJIEMEHTOB KasK 0l proseq, JlecTpyK-
TUBHO 3aMeHAET IIePBbIe 71 BJIEMEHTOB result Ha 3HaUeHUdA, BO3BpaIIae-
Mble function, v Bo3Bpariaet result.

(merge type (sequencel) (sequence2) predicate &key key) byHKIUS

9kBuBaJIeHTHA (stable-sort (concatenate type sequencel sequence2) pre-
dicate :key key), HO IeCTpPyKTUBHA U 0ojiee s(pheKTUBHA.

(mismatch sequencel sequence2 GyHKIUSA
&key key test test-not from-end
startl endl start2 end?2)

Bosspaiaer nososkenue (MHIeKCAIINA HaUMHAEGTCSA ¢ HYJIS) IIePBOTO dJIe-
MeHTa Ssequencel, ¢ KOTOPOTO HAUMHAETCA pasjimume MexAy sequencel
u sequence2. Ecyiu mocJie1oBaTeIbHOCTH ITOJTHOCTHIO COBIAIAIOT, BO3BPA-
mraerca nil. ITapamerpsl startl u endl, start2 m end2 paboraioT Kak
o0bIuHbIe Start u end nusa sequencel u sequence2 COOTBETCTBEHHO.
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(position object proseq byHKIUA
&key key test test-not from-end start end)

Boasepamraer nono:xenne (MHAEKCAIIUSA HAUMHAETCA C HYJIA) IIEPBOTO JIe-
MeHTa proseq, COBIIaaloNiero ¢ object.

(position-if predicate proseq &key key from-end start end) byHKIUA
Bossparaer mosmosxenre (MHEAEKCAINA HAUMHAETCS C HYJISA) IEPBOTO dJIe-
MeHTAa proseq, Las KOTOPOro OyAeT cipaBeiauB mpenukar predicate.

(position-if-not predicate proseq [byrKIIHIA]

&key key from-end start end)

Bossparmaer mososxenue (MHAEKCAIMA HAUMHAETCS C HYJIA) IIEPBOTO dJIe-
MeHTAa proseq, IJis KOTOPOro OyAeT HecIpaBeJIUB IpeauKar predicate.
(reduce function proseq QYyHKIUA

&key key from-end start end initial-value)

IToBemenue reduce ONMMCHIBAETCS B CJeAYIOIIel Tabiauie, rae [ — QyHK-
us, a 3JIEMEHTAMU Proseq ABJASIOTCA a, b u ¢:

from-end initial-value 9KBUBAJEHT
JIOXKD HET (f (fab) o
JIO¥Kb na (f (f (f initial-value a) b) c)
UCTUHA HeT (fa(fbo)
UCTUHA na (f a (f b (f ¢ initial-value)))

Ecau proseq coctout ms omHOTO sJeMeHTa U 3HaueHue initial-value me
IpenoCTaBJIEHO, BO3BpAIIaeTCA caM aj1eMeHT. Ecjiu proseq mycra u mpe-
nmocraBieHo initial-value, oHO BO3BpaIaercda, HO ecau initial-value we
IpenoCcTaBJieHO, (PYHKIIUA BBIBBIBaeTcA 0e3 apryMeHToB. Ecau mpemoc-
TaBJIeHBI key U initial-value, key He TpuMenseTca K initial-value.

(remove object proseq dyHKIUA
&key key test test-not from-end start end count)

(delete object (proseq) byuKIITIA
&key key test test-not from-end start end count)

BossparmiaroT nocienoBaTeIbLHOCTD, ITOX0XKYIO HA proseq, HO 6e3 Bcex dJie-
MEHTOB, COBIIaAaloNux ¢ object. Ecnu mpemocraBiien count, yaaasaiOTCs
JINIIB IIEPBBIE COUNt SK3eMIIIAPOB.

(remove-duplicates proseq PyHKIIUA
&key key test test-not from-end start end)

(delete-duplicates (proseq) byuKIITIA
&key key test test-not from-end start end)

BOBBp&H.IaIOT IIocCJIeOBaTeJIbHOCTD, IIOXOMYIO Ha proseq, u3 ROTOpOfI
YAaJIeHbI BCE ITIOBTOPAIOIIIXECA 3JIEMEHThI, KPpOMe IIOCJIeJTHETO.
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(remove-if predicate proseq GyHKIIUA
&key key from-end start end count)

(delete-if predicate {proseq) byuKIIIA
&key key from-end start end count)

BossparmiaroT nocaenoBaTeIbHOCTD, ITOX0XKYIO HA proseq, HO 0e3 Bcex dJie-
MEHTOB, JJIA KOTOPBIX CIIPaBeAJUB Ipenukar predicate. Ecau mpenoc-
TaBJIEH count, ynaJdgOTCA JUIIb IEPBbIe count 3K3eMIJIAPOB.

(remove-if-not predicate proseq [byrKITHIA]
&key key from-end start end count)

(delete-if-not predicate {proseq) [byrEIMIA]
&key key from-end start end count)

BosspararoT nmociaenoBaTe bHOCTD, IIOX0KYI0 HA proseq, HO 0e3 Bcex aJie-
MEHTOB, AJIs KOTOPBIX HECIIpaBeIJIuB npeaukar predicate. Eciu mpegoc-
TaBJIEH count, yAaJAOTC JUIIb IePBLIE COUNt 3K3eMILISIPOB.

(replace {(sequencel) sequence2 byHKIIA
&key startl endl start2 end?2)

IecTpyKTUBHO 3aMeHAET sequencel Ha sequence2 m BO3BpAllaeT Sequen-
cel. KonruecTBo 3aMeHAEMBIX 2JIEMEHTOB PABHO JIJINHE KpaTdaiiiieil mo-
ciemoBaTebHOCTA. PaboTaeT, TOJIBKO €CJIU I0CJIeI0BaTeILHOCTH PABHBI
(eq), u He paboTaeT, KOT[a OHU BCErO JUIIb PAa3JeJAI0T O0I[YI0 CTPYKTY-
py (B 9TOM cayuae pesyJsIbTaT mepesaucy He OlpeaeseH).

(reverse proseq) (GyHKIIUA
(nreverse (proseq)) byHKRIUS

BoaBpaman'r IIocjegoBaTeJIbHOCTL TOI'O Ke THuIlla, 4TO U proseq, conep-
JKAIIYIO Te Ke 3JIEMEHTHI B 06pa’I‘HOM IIOpAOKeEe. HOCJIe,L'LOBaTeJII)HOCTI),
BO3BpalImaeMasd reverse, sBcerga adBJjadeTcd KOITHUEMH. Ecmxrproseq — BEKTOD,
reverse Bo3BpaljaeT HpOCTOfI BEKTOD.

(search sequencel sequence2 byHKRIUA
&key key test test-not from-end startl endl start2 end?2)

Boaepamiaer mososxeHue (MHAEKCAIIA HAUMHAETCA C HYJId) HayaJia mep-
BOI coBHajaroIeil ¢ sequencel TOAIIOCIEIOBATEIBHOCTU B sequence2.
Ecun He HalieHO HU OLHOM COBIIAAAIOIIEH ITOAIIOCIEeI0BATEeIbHOCTU, BO3-
Bpaigaercd nil.

(sort {proseq) predicate &key key) byHKRIUS

Bosspartjaer nociaeqoBaTeIbHOCTD TOTO K€ THUIIA, UTO U Proseq, U ¢ TeMU
JKe 9JIeMeHTaMU, OTCOPTUPOBAHHLIMU TaK, UTO IJIsS JIOOBIX ABYX IIOCJIE-
IYIOIIUX 9JIeMeHTOB e u [ 3HaueHue (predicate e f) no:xHo, a (predicate
f e) — ucTuHHO.

(stable-sort (proseq) predicate &key key) QyHKRIUS

HeticTByeT momo6HO Sort, HO cTapaeTcss MAaKCUMaJbHO COXPAHUTD MOPSA-
[IOK CJIeIOBAHUS 3JIEMEHTOB proseq.
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(subseq proseq start &optional end) QYyHKIUA

BosspailijaeT HOBYIO IIOCJIeOBATEIbHOCTD, ABJISIOIIYIOCS IIOAIOCIeI0BA-
TeJIbHOCTBIO proseq. IlapameTpsl start u end orpaHUYMBAIOT OJOMKEHIE
TOAIIOCIEJOBATEILHOCTH: Start YKa3bIBaeT Ha MOJOKeHNe (MHAEKC AU
HauMHAaeTCs ¢ HYJIA) IIePBOro 3JIeMeHTa II0/II0CIeI0BaTeJIbHOCTH, a end,
ecJu 3alaH, YKas3bIBaeT II0JIOMKEHUe 110c /e TIOCJIeHEr 0 9JIeMeHTa II0ATI0C-
JemoBaresibHOCTH. MOMKeT ycTaHABIMBATLCA C IIOMOIIBIO setf, a TakiKe
replace.

(substitute new old proseq byHKRIUA
&key key test test-not from-end start end count)

(nsubstitute new old {proseq) byuKITA
&key key test test-not from-end start end count)

BosBpamaoT nociaenoBaTeIbHOCTD, IIOXOXKYIO HA Proseq, B KOTOPOU Bce
9JIEMEHTHI, COBIIaAaoInue ¢ old, 3amMeHA0TcA Ha new. Eciiu nmpegocrasis-
eTcs count, 3aMEeHSIOTCS TOJBKO IePBLIe COUNnt COBIABIINX 3JIEMEHTOB.

(substitute-if new predicate proseq GOyHKIIUA
&key key from-end start end count)

(nsubstitute-if new predicate {(proseq) bysruua
&key key from-end start end count)

BOBBpaH.IaIOT IIocJje10BaTeJIbHOCTD, IIOXOXYIO Ha proseq, B I{OTOpOﬁ BCe
9JIEMEHTHhI, OJIA KOTOPHBIX CIIpaBeIJINB predicate, 3aMEeHAITCA Ha new.
Ecan IPenoCTaBIgAETCS count, 3aMeHAITCA TOJIBKO IIepBble count coB-
IIAaBIIUX 3JIEMEHTOB.

(substitute-if-not new predicate proseq [byEKRINIA]
&key key from-end start end count)

(nsubstitute-if-not new predicate {proseq) [byrrmua)
&key key from-end start end count)

BossparmaoT mocaeq0BaTe IbHOCTD, IIOX0KYIO HA proseq, B KOTOPO Bce
9JIEMEHTBI, /I KOTOPBIX HecipaBenaus predicate, 3aMeHAIOTCA Ha new.
Ecau mpegocraBisierca count, 3aMeHAIOTCSA TOJIbKO IIEPBbIE COUNnt COB-
MAaBIINX 3JIEMEHTOB.

Xew-Tabnuupbl

(clrhash hash-table) GyHKIUA

VYnanser Bce sJIeMeHTBI, XpaHsIiuecsa B Tadosuiie hash-table, u Bo3Bpa-
Iaer ee.

(gethash key hash-table &optional default) GyHKIUS

BosBparmaer 00BEKT, COOTBETCTBYIOIINI Kiouy key B Tabauue hash-
table, niu default, ecoin 3amaHHBIA KJIOU He HalgeH. Bropoe Bo3Bpa-
mjaeMoe 3HaueHNne MCTUHHO, €CJIM MCKOMBINA 3JIeMeHT Obla HaiigeH. Mo-
JKeT yCTaHABJINBATHCA C IIOMOIIbIO Setf,
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(hash-table-count hash-table) GyHKIUS

BosspailjaeT KoanuecTBO 3J1eMeHTOB B hash-table.

(hash-table-p object) GyHKIUS
Bossparaer uctuny, eciau object ABIsIeTCA XeIl-TabJIUIEH.

(hash-table-rehash-size hash-table) GyHKIUA

Boaspamiaer yuciio, nmeroliee TaKoe Ke 3HaUeHHUe, YTO U IIapaMeTp :re-
hash-size B make-hash-table. OHO MOKas3bIBaeT, HACKOJBKO BhIPACTET Pas-
mep hash-table ipu ee pacIIupeHnN.

(hash-table-rehash-threshold hash-table) GyHKIUSA

Boapamniaer yuciio, nmeroiiee TaKoe Ke 3HaUeHHUe, YTO U ImapaMeTp :re-
hash-threshold B make-hash-table. OHO yKa3bIBaeT UMCJIO 9JIEMEHTOB, IIPU
IOCTHUKEHUU KOToporo hash-table Gymetr paciiupeHa.

(hash-table-size hash-table) GyHKIUS
Bosspaijaer emxocts hash-table.

(hash-table-test hash-table) GyHKIUS

Bossparmjaer (pyHKIMO, HUCIOJbL3YEMYIO IJIS OIPENeJIeHNs PaBEHCTBA
KJoueli B hash-table.

(make-hash-table &key test size rehash-size GyHKIIUA
rehash-threshold)

BoasBpailaer HOBYIO Xell-TabInuIly, NCIOJIb3YIONIYIO test (10 YMOIYAHIIO
eql) nasa ycTaHOBJIEHUS paBeHCTBA KJrioueii. Pasmep size ssBasAeTCS mpen-
II0JIaraeMoM eMKOCTBIO CO3aBaeMoOl Ta0IUIlbl. rehash-size ABjsgeTCA Me-
poit 06beMa, fo6aBIAEMOTO K TaOJIUIIe ITPU ee pacIiupennu (ecau integer,
TO 060beM CKJIAIbIBaeTCHA, ecau float, To ymHOMKaeTrcs). [TomokuTeabHOE
uuncJio rehash-threshold onpeesnseT cTelleHb 3aI0JIHEHI A, HAUNHAA C KO-
TOPOI OyAeT paspelreHo paciinpesne TabanIbI.

(maphash function hash-table) GyHKIUS

ITpumenset function, KoTopas AoJKHa OBITH PYHKIIMEI ABYX apTyMeH-
TOB, K Ka)KIOMY KJIOUY X COOTBETCTBYIOIIIEMY eMy 3HAaueHuIio B hash-
table.

(remhash key (hash-table)) byHKITA
VYnanser us hash-table 06 beKT, CBA3aHHBIN ¢ KJIIOUOM key. BosBparmaer
WCTUHY, €CJIU KJIIOU ObIJI HaliIeH.

(sxhash object) (GyHKIIUA

fABnsiercs, mo cyTu, Xemupyrolleli QyHKIUeN I equal-XeIrr-TadJsImil.
BosspaiaeT yHUKaJIbHOE HEOTPUIIATEIBHOE UMCJIO TUIA TiXNum I KasK-
Joro Habopa paBHBIX (equal) apryMeHTOB.



386 Masa D. CnpaBOY4HMK MO A3bIKY

(with-hash-table-iterator (symbol hash-table) MaKpoc
declaration® expression®)

Brrumcsnger BoIpaskeHUA expressions, cBA3bIBasg symbol ¢ JIOKaJIbHBIM
MaKpOCOM, II0CJIeZIOBATEIbHO BOSBPAIIA0mMuM NHGOPMAIIUIO 06 djIeMeH-
Tax hash-table. JIokanbHBIII MAaKpPOC BO3BpAIIlaeT TPU 3HAUCHUS: 3HAUE-
HUe, yKasbIBalolllee, BO3BPAIIIAIOTCA JIU APyTHe 3HaUYeHUd (Tak nil roso-
DUT O TOM, YTO MBI JIOIIJIN O KOHIIA TAOJIUIIBI), KJIIOY U COOTBETCTBYIO-
Iiee eMy 3HaYeHUe.

MyTtn K pannam

(directory-namestring path) (GyHKIIUA
BoaBpamjaer 3aBUCAIYI0 OT peayiMs3alliyl CTPOKY, IPEACTaABJISAIONIYIO
KOMIIOHEHTY directory myTu path.

(enough-namestring path &optional pathZ2) GyHKIUS
BoasparraeT 3aBUCAIITYO OT peaaus3aliui CTPOKY, JOCTATOUHYIO JIJI UIeH-
TUUKAIIUY TYTU path oTHOCUTENIbHO path2 (kak ecau ObI path2 ObLI
~default-pathname-defaultsx).

(file-namestring path) GyHKIUS
BosBpamjaer 3aBUCAIIYI0 OT peaju3aliil CTPOKY, IPeACTaBJIAIONIYIO
KOMITOHEHTHI name, type u version myTu path.

(host-namestring path) GYyHKIIUA
BoasBpamiaer 3aBUCAIYI0 OT peajii3alliil CTPOKY, IPeACTaBJIAIONUIYIO
KOMIIOHEHTY host myTu path.

(load-logical-pathname-translations string) QPYyHKIUA

3arpysxaeT omnpeeseHre JOTUUECKOI'0 X0CTa C UMeHeM String, ecjau OHO
[I0 CHX TIOp He 3arpyKeHo. Bos3Bpalaer uCTuHy, ecju 4To-1160 ObLIO 3a-
TPYIKEHO.

(logical-pathname path) (GyHKIUA

BoasBpamiaer jornyecKuii myTh, COOTBETCTBYOIIUIL path.

(logical-pathname-translations host) QYyHKIIUA

BoasBpartaer crircok mpeobpasoBaHUM AJiA £0St, KOTOPBINA JOJIKEH OBITH
JIOTMUYECKNM XOCTOM HJIM YKAa3bIBAIOIIe Ha Hero CTPOKOI.

(make-pathname &key host device directory GyHKIIS
name type version defaults case)

B03Bpa1_uae'r IIyTb, COCTaBJIEHHBIN 13 CBOUX apryMeHTOB. 3Ha‘~IeHI/I§{ He-
3alaHHBIX apryMeHTOB OepyTcs us defaults; ecau oH He TIPeJOCTaBIISIET-
Cd, XOCTOM II0 YMOJUYAHUIO cuuTaercsa XocT u3 xdefault-pathname-de-
faults+, ocTaJIbHBIE KOMIIOHEHTHI 110 YMOJIUYaHUIO UMEIOT 3HaueHue nil.
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XocT host MOKeT ObITh CTPOKOM MM CIIMCKOM CTPOK. YCTPOMCTBO device
MOJKeT ObITh cTpoKoii. Kartasor directory MoskeT ObITH CTPOKOIL, CIUCKOM
cTtpok uiu wild. UMa name u tun type MOTyT OBITH CTPOKAMM MM (wild.
Bepcusa version MoKeT ObITH HEOTPUIATEJIbHBIM IT€JIbIM YHCJIOM, :wild
nin newest (B OOJIBIIMHCTBE peausaIuii TAaKKe JOCTYIHEI (0ldest, (pre-
vious mam :installed). Bce BhIllemepeuncieHHbIE TAPAMETPBI MOT'YT TaK-
JKe OBITH N1l (B 9TOM cIyuae KOMIIOHEHTA IIOJTyJaeT 3HAUEHNe 110 YMOJIua-
HUIO) Uau unspecific, 4To o3HaUaeT «HETPUMEHUMOCTb» TaHHOMN KOMIIO-
HEHTHI (TToAIepsKKa 9TOr0 BapUaHTa 3aBUCUT OT KOHKPETHO OIlepaIiioH-
HO¥ CHCTEMBI).

AprymenT defaults mosxeT ObITH JIFOOBIM HomycTuMbIM (valid) aprymen-
TOM pathname u pacieHUBaeTCAa HONOOHBIM 00pa3oM. KoMIIOHEHTHI, KO-
TOpBIE He 3aJaHbl UJIN 3aJaHbI KaK Nil, IMOJy4aroT CBOM 3HAUYEHMUA U3 Ia-
pamerpa defaults, ecau oH 3a7aH.

Ecnu case sagan Kak :local (I0 yMOJIYaHUIO), KOMIIOHEHTHI IIyTH OYAYT
B perucTpe JIOKAJIbHOM CUCTEMBI; €CJIU case 3aJJaH KakK :Common, To KOMIIO-
HEHTBI, HAaXOAAIINECS TIOJHOCTHI0 B BEPXHEM PETHCTPE, MCIOIb3YIOTCA
TaK, KaK IPUHATO B JAHHOI CCTEME, a KOMIIOHEHTHI B CMEIIIaHHOM PETu-
CTPe UCII0Ib3YIOTCA 0e3 UBMEeHEeHU .

(merge-pathnames path &optional default-path version) GyHKIIUS

Bossparaer nyTh, D0JIyUeHHBIHN 3aII0THEHNEM BCEX HEOCTAOIINX KOM-
TOHEHT B path ¢ momorwio default-path (mo ymonuanuto default-path-
name-defaultss). Ecau path BKJIIouaeT KOMIOHEHTY name, BePCUsS MOKET
OBITH B3sATA U3 Version (II0 yMOJYaHUIO (newest); B IPOTUBHOM CJIydae OHa
6epetrcs us default-path.

(namestring path) QYyHKIIUA
BosBparmaer 3aBucANIIy0 OT peajusanuu CTPOKY, IPEACTaBJIAIOIIYIO
oyTh path.

(parse-namestring path &optional host default GyHKIUS

&key start end junk-allowed)

Ecau nyTh path He ABJsgeTCA CTPOKOI, BO3BPAIIAET COOTBETCTBYIOITNH
OyTh B O0OLIYHOM Bue. Eciiu 3amaHa cTpoka, o0pabaThIBaeT ee KakK JIOTU-
YeCKUI NyTh, IIOJYyYas XOCT U3 mapamMerpa host Mau 13 caMOU CTPOKH,
winu us nyTtH default (B npuBenenHoM mopsigke). Ecau me HalifgeH momyc-
tumblii (valid) nyTs u He 3agaH junk-allowed, renepupyet omubry. Ecoiu
junk-allowed 3anman, To BosBpaiaer nil. [lapamerps! start u end UCIIOJIb-
3YIOTCS II0 aHAJIOTUU CO CTPOKOBBIMU (DYHKIUAMU. BTOpHIM 3HAUEHHEM
BOBBpAIIlaeT MOJIOJKEeHNE B CTPOKe, Ha KOTOPOM 3aBEPIIIUJIOCH ee UTEeHNe.

(pathname path) GyHKIIA
Boaepamiaer nyTh, COOTBETCTBYOIIUI path.

(pathname-host path &key case) QYHKIUA

Boasepamiaetr kommoHeHTy host myTu path. Ilapamerp :case obpabaTbiBa-
eTcd TaK ke, Kak B make-pathname.
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(pathname-device path &key case) QYHKIUA
Boasepamiaer komnoneHTy device mytu path. Ilapametp :case oopabaTsbi-
BaeTcd Tak *Ke, KaK B make-pathname.

(pathname-directory path &key case) QYHKIIUA
Bossparmaer komnonenTy directory mytu path. IlapameTtp :case obpabda-
ThIBaeTCA TaK Ke, KaK B make-pathname.

(pathname-match-p path wild-path) GyHKIUS
Bossparmaer nctuny, ecau path copmagaer ¢ wild-path; mi060it oTcyTeT-
BYIOIIIUH KOMIOHEHT wild-path paccMaTpuBaeTcsa Kak :wild.

(pathname-name path &key case) byHKIUA
Bossparmaer komnonenTy name nyTtu path. IlapameTp :case o6pabaTsiBa-
eTcd TaK »Ke, KaK B make-pathname.

(pathnamep object) GyHKIIA
Boaspamniaer nctuny, eciau object ABIsAETCA IyTEM.

(pathname-type path &key case) GyHKIIUA
Boasepamniaetr kommoneHTy type mytu path. Ilapamerp :case odpabaTriBa-
eTcsd TaK ke, Kak B make-pathname.

(pathname-version path &key case) GyHKOUA
Boasepamraetr kommonenTy version myTtu path. IlapameTp :case oopabaTsi-
BaeTcd Tak *Ke, KaK B make-pathname.

(translate-logical-pathname path &key) byEKOUA
Boassparmiaer ¢pusuvecKkuii myTh, COOTBETCTBYIONIUN path.

(translate-pathname pathl path2 path3 &key) GyHKIUS
IIpeoGpasoBriBaeT nyTh pathl, coBmagaroiuii ¢ wild-myrem path2, B co-
OTBETCTBYIOIIUH TyTh, COBIAAAIONIN ¢ wild-myTeM path3.

(wild-pathname-p path &optional component) byHKIUA

Bosepairaer ucTuHy, ecjiu KOMIIOHEHTA IYTH, HA KOTOPYIO YKa3bIBaeT
component (Mo:keT ObITH :host, :device, :directory, :name, :type muam
version), aBaserca wild mim (ecau component 3amgan Kak nil) path co-
IEePIKUT KaKkue-1u00 wild-KOMIIOHEHTHI.

dannbi

(delete-file path) GyHKIUS
Ynanser daiii, Ha KOTOPBIHA yKasbiBaeT path. BosBpariaer t.

(directory path &key) GyHKIIUS
Cosmaer 1 BO3BpalllaeT CIUCOK IIyTel, COOTBETCTBYIOIUX PEAaJTbHBIM
daiiiam, coBIagaOITUM C IITa0JI0HOM path (KOTOPBIM MOKET COMepP KaTh
wild-KOMITOHEHTBI).
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(ensure-directories-exist path &key verbose) QPyHKIUA
Ecau karanoru, B KOTOpPLIX HaxoauTcA (haii path, He CyIeCTBYIOT, IbI-
TaeTcs cosmarh ux (mHGOpPMUPYya 06 sTOM, ecau 3amaH verbose). Bosspa-
I1aeT ABa 3HAUEHU: path M elle OHO, UCTUHHOE, €CJU OBbLIU CO3TAaHBI
Kakue-11b0 KaTaJoru.

(file-author path) QYyHKIIUA
Boaspaiiaer cTpoKy, IpecTaBIaSIONTYIO aBTopa (Biaaeabiia) daiina path,
wiIu nil, ecam Baameser] He MOYKeT ObITh YCTaHOBJIEH.

(file-error-pathname condition) PYHKIIUA
Bossparmaer nyTh, KOTOPBIHM IPUBEJ K UCKJIIOUEHUIO condition.

(file-write-date path) (GyHKIIUA
Bosspaiaer Bpemsa (B ToM ke hopmare, uTo u get-universal-time), coor-
BETCTBYIOIIlee BpeMeHH MOCJIeHero nsMeHeHus daiina path, uau nil, ec-
JIX BpeMs He MOJKeT ObITh YCTaHOBJIEHO.

(probe-file path) (GyHKIIUSA
Boasepamniaer akTyanbHOe nMs (haiiyia, Ha KOTOPBIA YKasbIBaeT path, uim
nil, ecau ¢aiia He HAKIeH.

(rename-file pathl path2) GyHKIUS

ITepemmenoBriBaeT (aiin pathl B path2 (KROTOPHIN HE MOYKET OBITH IIOTO-
Kom). HesamaHuble KOMIIOHEHTHI B file2 110 yMOJYaHUIO 3AII0JHSIIOTCS U3
pathl. BosBpaiiaet Tpu 3HAUEHUA: ITOJYUEHHBIA Ty Th, aKTYaJbHOE UM
craporo ¢aiija 1 aKkTyaJbHOe UMs HOBoro daiija.

(truename path) GyHKIIUS

Bossparmiaer akTyasbHOe nMa (haiina, Ha KOTOPBIN yKasbeiBaeT path. Ec-
Jau (paiia He HalifleH, BHI3bIBAET OIIINOKY.

MoTokn

(broadcast-stream-streams broadcast-stream) QPyHKOUA
BoasBpalaer cuucok TOTOKOB, 13 KOTOPBIX co3maH broadcast-stream.

(clear-input &optional stream) QYyHKIUA

Ouniaer s1000¥ 0KMIAIOIIUN BO BXOJHOM IIOTOKE Stream BBOJ U BO3-
Bpamaer nil.

(clear-output &optional stream) GyHKIIUA
Ouwurraet Jir000# OXKUgaIONINI B Oy(depe BBIBOM AJIS Stream 1 BO3BpAalIia-
et nil.

(close stream &key abort) dyHKIIUA

3akpbIBaeT MOTOK Stream, BO3Bpalllas t, €CJU IMOTOK OBIJI OTKPBITHIM.
Ecau 3agan abort, mblTaeTcs YCTPAHUTD BCe ITO0O0UHBIE 9(D(PEeKThI OT CO3-
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IaHUs IIOTOKA (HallpuMep, CBSIBAHHBIA C HUM BBIXOJHOU (haiya OyaeT yaa-
JieH). 3aInCh B 3aKPBITHII ITOTOK HEBO3MOXKHA, HO OH MOXKeT IIepeaBaTh-
cs BMECTO IIyTHU B ApyTrue QYHKIIUY, BKJIOUAI 0pen.

(concatenated-stream-streams concatenated-stream) GyHKIUA
BosspailmjaeT ynopsaoueHHBIIT CINCOK IIOTOKOB, U3 KOTOPBLIX concatena-
ted-stream GyaeT OCYII[€CTBJIATH UTEHUE.

(echo-stream-input-stream echo-stream) QPyHKIUA
BosspairjaeT moTok BBoza ajsd echo-stream.

(echo-stream-output-stream echo-stream) GyHKIUS
Bossparaer noTox BeIBOAA A echo-stream.

(file-length stream) QYyHKIUA
BoasBpamiaer KosmuecTBO 3JIEMEHTOB B IIOTOKe Stream Uy Nil, ecyiu 3Ha-
YyeHUe He MOYKeT ObITh OIIPeIeJIEHO.

(file-position stream &optional pos) QYHKIUA

Ecau pos He 3amaH, Bo3BpallaeT TeKyIlee MOJIOKEeHe B TIOTOKe stream
wiu nil, ecyiu mOJIOXKEHME He MOYKeT ObITh onrpeneneHo. Eciu pos 3agaH,
OH MOJKeT ObIThb :Start, :end MJIM HEOTPUIIATEJIbHBIM II€JILIM YHCJIOM,
B COOTBETCTBUU C KOTOPBIM OY/IeT YCTaHOBJIEHO HOBOE IIOJI0XKeHNe B II0TO-
Ke Stream.

(file-string-length stream object) GyHKIUS

BoasBpamiaer pasHuIilty MeXay TEKYIIIUM IIOJIOJKEHUEM B IIOTOKe Stream
¥ TIOJIOKEHUEM ITOCJIe 3alucu B Hero oobekTa object. Ecim pasHuiia He
MOJKeT OBITh OIIpeiesieHa, Bo3BpalraeT nil.

(finish-output &optional stream) QYyHKIIUA
IIpuHYAUTEILHO BEIBOTUT COep:KuMoe Oydepa BRIXOJHOTO ITIOTOKA Stre-
am, 3aTeM Bo3BpaImaer nil.

(force-output &optional stream) PYHKIITUA
HeticTByeT momo6HO finish-output, HO He OKUOAeT 3aBepIlIeHUs olepa-
MY 3aIIUCHU IIepe]i BO3SBPAIIleHUIEM.

(fresh-line &optional stream) QYyHKITUA
3amnuchiBaeT IepeBo/] CTPOKY B IIOTOK Stream, ecJiu TeKyIiiee I0J0KeHe
B IIOTOKE HE COOTBETCTBYET HauaJly HOBOU CTPOKH.

(get-output-stream-string stream) QYHKIUA
BoasBpamiaer cTpoky, comepsKalllyi Bce 3HAKU, IIepeJJaHHbIe B IIOTOK
stream (KOTOPBIHA OOJIKEH OBITh OTKPBITHIM) C MOMEHTA €Tr0 OTKPBITUS
WJIY IIOCJIeTHETO BbI3OBa get-output-stream-string.

(input-stream-p stream) QYHKIUA

BoaBpartaer uctuny, eciu stream siBAsSeTCS BXOTHBIM IIOTOKOM.
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(interactive-stream-p stream) QYHKIUA

Boaepartaer uctuny, eciu stream siBJAsIeTCS UHTEPAKTUBHBIM IIOTOKOM.

(listen &optional stream) QYyHKIIUA

BoasBpalaer ncTuHy, eCiu UMEIOTCSA 3HAKU, OKUAATOIe IPOUTeHN U3
TIOTOKA Stream, KOTOPBIN JOJKEH ObITh MHTEPAKTUBHBIM.

(make-broadcast-stream &rest streams) QPYyHKIUA
BosspaiaeT HOBBIN HIMPOKOBEIATEJNbHBIN IIOTOK, COCTaBJIEHHBIN U3
streams.

(make-concatenated-stream &rest input-streams) QYyHKIUA

BosspailmjaeT HOBBIII KOHKATeHNPOBAHHBIN IIOTOK, COCTABJIEHHBIN U3 in-
put-streams.

(make-echo-stream input-stream output-stream) QPyHKIUA
BosspaijaeT HOBBINI 5XO0-TIOTOK, IIOJYyUYalOIUU BBOJA W3 input-stream
¥ HaIIPaBJAIONINY ero B output-stream.

(make-string-input-stream string &optional start end) PyHKIIUA

BosspaiaeT BXOIHOU IIOTOK, KOTOPBIN IPU YTEHUU U3 HETO BBIJACT 3HA-
KU, colepsKalliecs B CTPOKe string, Iocje Uero BbIJACT KOHeIl (haiina.
ITapameTpsnl start u end UCIIONL3YIOTCA TAKUM 2Ke 00pa3oM, KaK U B IPy-
TUX CTPOKOBBIX (PDYHKIIUAX.

(make-string-output-stream &key element-type) PYyHKIIUA

BosspaijaeT BBIXOZHOU IIOTOK, NPUHUMAIINUN 3HAKW TuUla element-
type. 3anucaHHBIE B HETO 3HAKYM HUKYA He IePEHATPABJIAIOTCA, HO MO-
T'yT OBITH CUUTAHBI C TOMOIIBIO get-output-stream-string.

(make-synonym-stream symbol) GyHKIIUA
Bossparaer moTok, KOTOPHIH OyJeT CHHOHMMUYEH IIOTOKY, COOTBETCT-
BYIOLIIEMY CIIeIIUaJIbLHOM IIepeMeHHOo ¢ uMeHeM symbol.

(make-two-way-stream input-stream output-stream) byHRIUA
BosspaimjaeT HOBBIII JIBYyHAIIpaBJI€HHBIN MOTOK, IOJYYaIOIIUA BBOJ U3
input-stream M HANIPaBJAIOIIUI BBIBOJ B output-stream.

(open path &key direction element-type if-exists dyHKOUA

if-does-not-exist external-format)

OTKpBIBaeT ¥ BO3BpAIIlAeT IIOTOK, CBA3AHHLIN C path, uau nil, ecau mo-
TOK He MOKeT ObIThb cosgaH. VICcmoibayeT cienyiolue apryMeHTHI II0
KJIIOUY:
direction symbol
OmnpezessderT HapaBjeHe TOTOKAa 00beKTOB. MoiKeT OBIThH CJIemyIo-
muM: input (ITo yMOJIYaHUIO) AJIA UTeHUS U3 IOTOKA, output I 3a-
MUCHU B TIOTOK, |10 AJIs1 00eMX omepamnuii uJIu :probe, 03HAYAIOIUIHN, UTO
TOTOK OyeT BO3BpAIIleH 3aKPBITHIM.
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.element-type type

HexkaapupyeT TN 00 bEKTOB, C KOTOPLIMHU OyaeT paborars moTok. I1o-
TOK 3HAKOB JOJIJKEH MCII0JIb30BaTh KAKON-In00 MOATHUII character; Om-
HapHBIN IIOTOK AOJI:KEeH MCIOJIb30BaTh moATUHO Jubo integer, b0
signed-byte, 160 unsigned-byte (B aTOM ciryuyae pasmep 2JeMeHTOB 0y-
JIeT OIpeNeAThbCA ONepaIuoHHou cuctemoii). Ilo ymoauanuio Tun 3a-
IlaH Kak character.

1f-exists symbol
OmnpeznendeTr neficTBUA B ciaydae, KOTla YKasaHHBIN (aila yixe cyie-
cTByeT. BO3MOKHBI caenyIoline 3HAUeHUA: (New-version, MCIoab3ye-
MOe II0 YMOJIYaHUIO, €CJIu KOMIIOHEHTa version (aiisa path paBHa
:newest, B IPOTUBHOM CJIyUae MO YMOJUYAHUIO MCIOJIb3YeTCA error;
rename, IeperMEHOBBIBAIOIIEe CYIIECTBYIOMIUUA (aiia; :rename-and-
delete, mepernMeHOBBIBAIOIIEE U YAAJAIONIEE CYIIECTBYIOMINI haiii;
overwrite, BBITOJHSIONIEE 3aINUCh MMOBEPX CYIIECTBYIOIIUX AAHHBIX
¢ HauaJia (paiiya; append, BBIIOJHSAOIINEE 3allMCh B CYIIIECTBYIONINIA
daiia, nobaBisisa HOBbIE 3HAKU B KOHEIT; :supersede, 3aMeHAOIIee Cy-
IIeCTBYIONINI (paiij HOBBIM C TEM Ke MmMeHeM (HO MCXOMHBIN (paii,
BEPOSATHO, He yIAaJigeTcda 10 MOMEHTAa 3aKPBITUA IIOTOKA); Nil, He co3-
IOy HUKAKUX IIOTOKOB (Open BO3BpaTuUT Nnil).

1f-does-not-exist symbol
Omnpegnender qeficTBUA B cayuae, KOTIa YKasaHHBIN (aiiyi He HalijeH.
Bo3Mo:KHEBI cleAyoIe 3HaUeHUA: e0r, UCI0JIb3yeMoe IO yMOoJIva-
HUIO, ecJaU HampaBJjeHue direction paBHO .input, wmau ecau :if-exists
paBeH overwrite muum :append; :create, ICTIOJIB3yeMoOe IO YMOJYAHUIO,
ecJu HampaBJieHue direction paBHO output miu :io, wiau ecau if-exists
He ABJAeTcA HU .overwrite, Hm :append; nil, ucmogb3yeMoe 10 yMOJI-
YaHUIo, eCJIM HampaBJjeHue direction paBHO :probe (IOTOK He cO37aeT-
csi, Open Bo3BpailmaeT nil).

:external-format format
Hasuauaer popmar (paiina. ETnHCTBEHHBIM IpeAonpeae e HHbIM (Pop-
matoM format aBaserca .default.

(open-stream-p stream) GyHKIUSA

BoaBparmiaer nctTuHy, ecyiv MOTOK Stream SABJIAETCSA OTKPBITHIM.

(output-stream-p stream) QYyHKIIUA
BosspamjaeT uctTuny, ecjiz IOTOK Stream sABJAETCA IIOTOKOM BBIBOJIA.

(peek-char &optional kind stream eof-error GyHKIIUA
eof-value recursive)

BoaBpataer TeKyIuii 3HaK U3 IIOTOKA Stream, HO He M3BJIEKAET ero u3
motoka. Ecau kind — nil, To Bo3BpalaeTcsa MepPBLIN HAWIeHHBIN 3HAK;
ecyiu T, TO QYHKITUA IPOIYCKAaeT Bce MpobeabHbIe CUMBOJIBI ¥ BO3BpAaIIia-
€T IIEePBBIY MeUYaTHBIN 3HAK; €CJIN JKe 3aJJaH 3HaK, TO IIPOIYCKAaET BCe 3HA-
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KU, KpoMe 3aJaHHOr0, 11 3aTeM BO3Bpalliaer ero. Ecyiu uTeHue OIIIO [0
KoHIIa (haiiia, To 1100 BEISLIBAET OIINOKY, JIn00 Bo3BpaIaeTcs eof-value
B 3aBHCHMOCTH OT 3HAUYEHU eof-error (MCTUHA WM JIOMKb; II0 yMOJIUYA-
HUio — uctuHa). [lapamerp recursive 6yneT UCTUHHBIM, ecau peek-char
BBIBBIBAETCS U3 IPYTrOil CUNTHIBAIOINEH (DYHKIUA.

(read-byte stream &optional eof-error eof-value) GyHKIUA

Yuraer 6aiiT u3 OMHAPHOrO BXOAHOTO ITOTOKA Stream. Eciu moTOK mycT,
BBI3BIBaeTCs omnbKa Jaubo BosBpalaercsa eof-value (B 3aBUCUMOCTU OT
eof-error).

(read-char &optional stream eof-error eof-value recursive) (GyHKIIUA

HsBiekaeT u Bo3BpalljaeT IIepPBhIi 3HAK U3 MMOTOKA Stream. Ecau BcTpe-
yeH KOHeIl (paiija, curHaJgusupyer o0 ommbKe JibO Bo3BpalaeT eof-
value B 3aBUCUMOCTH OT 3HAUEHUSA eof-error (II0 yMOJYaHUIO — UCTUHA).
ITapameTp recursive 6yaeT MCTUHHBIM, Korfa read-char BbIBBIBAeTCA U3
IPYTol CYUTHIBAOIIEN (YyHKITUN.

(read-char-no-hang &optional stream QYHKIUA
eof-error eof-value recursive)

HeiicTByeT mmomo0HO read-char, HO cpasy *Ke Bo3BpaliiaeT nil, ecau IMOTOK
Sstream He COEPIKUT HEIIPOUTEHHBIX 3HAKOB.

(read-line &optional stream eof-error eof-value recursive) QYHKIIUA

BosspailjaeT cTpoKy u3 3HaKOB B IIOTOKE BILJIOTH [0 IIEPBOT'0 3HAKA IIepe-
HOCa CTPOKU (OH CUMTBHIBAETCS, HO HE BKJIIOUAETCS B CTPOKY Pe3yJIbTaTa)
UJIN 3HaKa KoHIla (aiia. Eciau mo sHaka KoHIa (aiijaa HET HU OSHOTO
IPYyroro 3HaKa, BhI3BIBAETCA OLIMOKA JIMOO BO3BpalaeTs eof-value B 3a-
BUCHUMOCTH OT 3HAUeHUs eof-error (1o ymoauauuiio — uctuna). Ilapamerp
recursive OyfeT UCTUHHBIM, ecJiu read-line BbIBBIBAeTCA U3 APYTOH CUU-
THIBAOITEN (PYyHKITUU.

(read-sequence {proseq) &optional stream &key start end) QYHKIUA

CyuTtnIiBaeT 5JeMeHTHI U3 Stream B proseq, Bo3Bpalllas IIOJIOYKEHUE Iep-
BOT'O HEM3MEHEHHOro ajieMeHTa. Ilapamerpsnl start u end Te Ke, YTO
¥ B IPYTUX CTPOKOBBIX MYHKIIUAX.

(stream-element-type stream) QYHKIIUA
BosspaimaeT Tiir 00'beKTOB, KOTOPBIE MOT'YT ObITH IPOYNTAHBI UJIU 3ATIH-
CaHkbI B stream.

(stream-error-stream condition) QYHKIIUA
BoaBpalaet moToK, CBA3aHHLIN ¢ ycioBueM condition.

(stream-external-format stream) (PYyHKIUA

BosspaiaeT BHemHTH (hopmaT moToKa streamt.

(streamp object) GyHKIIUSA

Boasepamiaer uctuny, eciu object iBasieTCss IOTOKOM.
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(synonym-stream-symbol synonym-stream) QPYyHKIUA

BosspaljaeT nMsa crenuaJbHOI IIEepPEeMeHHOI, IJA KOTOPOW 3HaueHU’e
synonym-stream sBIsIETCS CUHOHNMOM.

(terpri &optional stream) GYHKIIUA

3amnuceIiBaeT NePeHOC CTPOKY B Stream.

(two-way-stream-input-stream two-way-stream) QYyHKIIUA

BosBpamaeT IIOTOK BBOJA 4JId two-way-stream.

(two-way-stream-output-stream two-way-stream) QYHKIUA

Bossparmiaer notok BeIBO#a A two-way-stream.

(unread-char character &optional stream) QYyHKIIUA

OrMeHsAeT OgHO IpouTeHue read-char g stream. He MoKeT MpUMeHATh-
cdA ABa pasa moApAz 6e3 NCIoab30BaHuA read-char B IPOMeEKYTKe MEXKIY
auMu. He MoKeT ncmoib30BaThC IIOcIe peek-char.

(with-input-from-string (symbol string &key index MaKpoc

start end) declaration* expression®)

BrruuciigeT BbIpaskeHUdA expression, cBsasaB symbol co cTpoKoii, moJy-
YeHHOU M3 IMOTOKAa BBOJA C IIOMOIIBIO Make-string-input-stream, BEI3BaH-
HOU c aprymeHTamu string, start u end. (IlpucBanBaHVe HOBOTO 3HAUe-
HUS 9TOH TIepeMeHHON BHYTPU 3Tou opMbl 3amperieHo.) Co3maBaeMblit
IOTOK CYyIIeCTBYeT TOJBKO BHYTPU BBIpAXKeHUS with-input-from-string
M 3aKpbIBaeTcd aBTOMAaTMYECKHU IIOCJIe BOo3BpaTa 3HaueHus with-input-
from-string nyiu nmpepsiBaHus ero BerunciaeHusd. Ilapamerp index MmoxxeT
OBITH BhIpasKeHreM (He BBIYUCJISETCH), CAYKAIIUM IIePBhIM apr'y MEeHTOM
setf; ecau BBI3OB with-input-from-string 3aBepiiiaeTcda HOpMAaJbHO, 3HA-
YyeHUe COOTBETCTBYIOIIET0 MecTa OyeT YCTAHOBJIEHO B MHIEKC IIEPBOTO
HEIIPOYUTAHHOTO U3 CTPOKU 3HAKA.

(with-open-file (symbol path arg*) declaration*® expression®) MaKpocC

Brrumcnsger BeIpaskeHus expression, cBasaB symbol ¢ TIOTOKOM, ITOJTyYeH-
HBIM IIepefaveii nyTu path u mapameTpos arg Gyurnuu open. (IIpucBaun-
BaHUE HOBOT'O 3HAUEHU S 9TOU IePeMEeHHOM BHYTPU 3TOH (hOPMBI 3aIrpertie-
Ho.) IToTOK cyIllecTByeT TOIBKO BHYTPU BhIpasKeHUA with-open-file u 3a-
KpbIBaeTCA aBTOMaTUUYECKU IIPU BO3BpaTe U3 BhIpasKeHusd with-open-file
WJIU B cJIydae IpepblBaHUSA ero BhIUnCIeHuA. B mocienuem ciayuae, ecin
TOTOK OTKPBIBAJICA Ha 3alIUCh, CO3JaHHBIN (paiin ynaidaeTc.

(with-open-stream (symbol stream) declaration* expression®) MaKpoc
Y P

Brruuciger BeipaskeHus, cBsasas symbol co smauenuem stream. (Ilpu-
cBauBaHUe HOBOI'O 3HAUEHUS STOI ITepeMeHHOM BHYTPU (POPMEI 3aIrperiie-
Ho.) IIoTOK cyIecTByeT TOJIBKO BHYTPU BBIpasKeHHs with-open-stream
U 3aKpbIBaeTCsA aBTOMATUUYECKM IIPU BO3BpaTe MW IPEPbIBAHUU With-
open-stream.
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(with-output-to-string (symbol [string] &key element-type) MaKpocC
declaration* expression¥®)

Brrumcsiger BeIpaskeHuda expression, cBazas symbol ¢ TOTOKOM BBEIBOZA
Insi crpoku. IIoTOK cyIiecTByeT TOJBKO BHYTPH BBIpasKeHUA with-out-
put-to-string m 3aKpbIBaeTCA MPU €ro BO3BPaTe UJIU IpepbiBaHuMN. Eciau
CTpOKa string He 3amaHa, with-output-to-string BosBpamiaeT CTpOKy, CO-
CTOAIIYI0 U3 BCETO BBIBOJIA, 3allICAHHOTO B 9TOT IIOTOK. Ecii cTpoka
string 3ajmaeTcs, OHA JOJYKHA UMETh yKas3aTeJb 3al0JTHeHUA; 3HaKU, I1e-
pemaBaeMble B IIOTOK, 100ABJIAIOTCS B KOHEI CTPOKHU TakK ke, KaK IPU 1C-
IoJIb30BaHUU Vector-push-extend, a BbIpaskeHue with-output-to-string
BO3BpAalllaeT 3HAUEHUE II0CJIeJHET0 BEIPAKEHU .

(write-byte istream) QYyHKIUA

3amnuceiBaeT i B OMHAPHBIN ITOTOK BbIBOAA Stream. BosBparmaer i.

(write-char character &optional stream) QYHKIUA

3aluceiBaeT OAUH 3HaK character B IOTOK stream.

(write-line string &optional stream &key start end) QYHKIIUA
HeticTByeT momo6HO write-string, HO ;00aBIsAET B KOHIIE TIEPEBOJ CTPOKU.

(write-sequence proseq &optional stream &key start end) QPYyHKIUA
3amnuchIBaeT 3JIEMEHTHI IT0CJIeI0BATEILHOCTU proseq B IOTOK stream. Ila-
pameTpsI start u end Te e, UTO U B APYTUX CTPOKOBBIX (PDYHKIIUAX.

(write-string string &optional stream &key start end) GyHKIUSA
3amnuceIBaeT 3JIeMeHThI CTPOKHU String ¢ MoToK stream. IlapameTps! start
u end Te e, UYTO U B APYTUX CTPOKOBBLIX (PYHKIIUAX.

(yes-or-no-p &optional format &rest args) PyHKIUA
HeticTByeT TOJ00HO Y-0r-n-p, HO TPeOyeT ABHOTO YKAa3aHU CJIOB yeS U
N0 BMECTO OAWHOYHBIX 3HAKOB.

(y-or-n-p &optional format &rest args) PYHKIIUA

Orobpaskaetr Bompoc (ma/Her) format (O yMOJSYaHUIO ") B »qUEry-iox
TaK, KaK 9TO ceJsaJt Obl BBI3OB format ¢ aprymenTamMu args. 3aTeM BbIJa-
eT IpUIJallleHre U OKUAaeT BBOIA Y UJIN N, BO3BpaIas t uiau nil B 3aBu-
CUMOCTH OT OTBeTa. B ciiyuyae HEKOPPEKTHOI'O OTBETA ITOBTOPSIET IPUTJIA-
IIeHue.

MeyaTb

(copy-pprint-dispatch &optional pprint-dispatch) GyHKIIUS
BosBpamiaeT xonmio TabIUIIBI YIPABJIEHUA KPACUBOM IIeUATHIO pprint-
dispatch, koTopasd o ymodaHuio — «print-pprint-dispatch+. Ecau pprint-
dispatch —nil, To KOmUpPyeT UCXOMHOE BHAUEHUE »print-pprint-dispatchs.
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(format dest format &rest args) GyHKIUA

3amnuceIBaeT BBIBOJ B dest: 3T0 b0 MOTOK, JAu0O0 t (B 9TOM ciiyuae 3aIlicCh
npoucxoguT B xstandard-outputx), 1mbo nil (3ammch TPOUCXOAUT B CTPO-
Ky, KOTOpas Bo3BpalmaeTcs). Bossparmiaer nil, eciiz He ObLiia BO3BpAaIile-
Ha cTpoka. Ilapamerp format moaskeH OBITH 16O CTPOKOI, JIMO0 PYHK-
mueii, Bo3Bparmiaemoit formatter. Ecau aTo pyHKIIUA, OHA TPUMEHSAETCA
K dest u args. Ecau 9To ¢cTpoKa, 0HA MOXKEeT COePsKaTh TUPEKTUBLI (hOp-
MaTHPOBaHUS, OOBIYHO HAUMHAIOIIHECS CO 3HAKA ~, 38 KOTOPBIM CJI€IYIOT
npeduKCcHBIE TapaMeTpPhl, pasaeaseMble 3aIATbIMU, 38 KOTOPBIMHU CJIe-
IYIOT HeobOsa3aTeabHbIe MOAU(PUKATOPHI .| U @, IOCJEe KOTOPBLIX CJIETYeT
ompenesieHHaA MeTKa. IIpedmKcoM MOXKeT OBITH: IleJI0e UNCJIO; 3HAK,
npenBapAeMbIii KaBBIUKOW; \ UM V, IPEICTABIAIOIINN CIEAYIOIIUN ap-
TYMEHT (MJI1 OTCYTCTBYE IapaMeTpa, ecJiu apryMeHT — nil); #, mpeacras-
JISIONTUH KOJMYECTBO OCTABIITUXCA apryMeHToB. IIpeduKcHbIe mapamer-
PBI MOT'YT IIPOITYCKATHCS (BAMSATHIE OCTAIOTCA), U B 9TOM CJAYyYae MCIIOIb-
3yeTcs 3HAUeHUe 0 YMOJYaHUI0. 3aBepIIalorie 3anaThie TAKKe MOTYT
OITyCKAaThCH.
JomycTUMBI CJIeqyIoNniue TUPEeKTUBEI:
“w, g, m, pA
ITomo6HO princ, meuaTaeT cJeAyIONIUNA apryMeHT, CIBUHYTHIN BITPABO
(11U BJIEBO C TIOMOIITBIO @) TTO0 MEHbIIeH Mepe Ha m (110 ymMosryaHuio — 0)
9JIeMEeHTOB p (110 yMOoJIUaHuIo — #\Space), a TaKKe BJIeMEeHTHI p, cOOpaH-
HbIE B IPYIINGI 10 g (10 yMOJIYaHuio — 1), 10 TeX IIop, IOKa CyMMapHOe
KOJIMYeCTBO 3HAKOB (BKJIIOUas IpeACTaBJIeHNEe apryMeHTa) He OyxeT
6ospliie nau paBHO w (o ymoauauuio — 0). IIpu mcmosrb30BaHUU
IyCcThIe CIIMCKY OYAyT ImevaTaThbca Kak () BMecTo nil.

“w, g, m, pS
IToxo:xka Ha “A, HO meuaTaeT apryMeHT, Kak prini.
W
ITeuaraer caenmyromiuii apryMeHT, Kak write. C moguukaTopoMm : uc-

IIOJIB3YyeTCs KpacuBasd IIevaTh, ¢ @ He YUUTHIBAIOTCA OIPAHUYEHU I HA
OJINHY 1 BJIOYKEHHOCTD CIIMCKaA.

Crenmyomiuii apryMeHT OOJ:KeH ObITh 3HAKOM. KcJIu 5TO TPOCTOI
3HAK, OH OyJeT HalleuaTaH, KaK ¢ ITOMOIIbI0 write-char. C Mmogudukra-
TOPOM : HelevaTHbIe 3HAKU yOuparoTcs; '@ JeaeT TO JKe caMoe, HO
elrie 100aBJIAET IPaBUJA MOBEAEHUA AJIA HeoOBIUHBIX 3HAKOB. C Mo-
nuUKaTOpOM @ 3HAKHU MeUaTaloTCA B CUHTaKcHUce ff\.

n%
BriBoguTt 7 (o yMosT4aHUIO — 1) IEPEBOIOB CTPOK M.

n&

IToxoxxka Ha ~%, HO IePBBIY IEPEBOJ CTPOKY BBITIOJHAETCA TaK JKe, KaK
¢ moMmoIbio fresh-line.
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n

ITeuaraer n (o ymosuaunuio — 1) pasgeauTesei CTpaHUIL.

ITeuaraer n (o ymonuaumio — 1) “s.

“r, w, p, ¢, iR

Cureyromnuii apryMeHT JOJI3KeH ObITh 1eIbIM uncyoM. OH meuaTaercs
B CHCTeMe CUMCJIeHUSA C OCHOBaHUeM 1 (110 ymoauanuio — 10) u co cme-
IeHreM BJIEBO Ha CTOJIBKO p (II0 yMOJUaHUIO — #\Space), CKOJIBKO Tpe-
OyeTcst AJIs1 TOTO, YTOOBI CyMMapHOe KOJIMUEeCTBO 3HAKOB OBIJIO PaBHO,
o MeHbIeit Mmepe, w. C MOTUMPUKATOPOM : TPYIIEI U3 i (I0 yMoJI4a-
HUIO — 3) 3HAKOB Pa3IeaioTcA dJIeMeHTaMu ¢ (0 yMOJUYaHuio — f#\,).
C mopmpuraTropom @ 3HAK medYaTaeTcs Aaske JIA TOJIOMKUTEIbHBIX
quceJl.

Ecuu sukaxkve nperKChl He IPeIOCTABIIAIOTCA, R IMeeT COBEPIIIeH-
HO JpyTroe 3HaUeHUe, OTOOparkas ducja B Pa3HOOOPABHBIX HEUUCJIIO-
BBIX (popmarax. Bes momupuraropoB 4 Gymer HameuaTaHo Kak four,
¢ MoauUKaTOPOM : — Kak fourth,c@—kak IV, ac :@ — kak IIII.

“w, p, c, iD

OrobparkaeT YUCJIO B IeCATUYHOM (popmarTe. OKBuBajeHt 10, w, p, ¢, iR.

“w, p, c, iB

OrobpaskaeTr uncjio B OuHapHOM (hopMmare. IKBUBAJIEHT ~2, W, P, C, iR.

“w, p, ¢, i0

OrobpaskaeT 4nucjao B BOCbMepUYHOM (hopmare. IKBUBAJEHT 8, w, p,
c, iR.

“w, p, ¢, iX

OrobpaskaeT umcja B MIECTHAAIATEPUYHOM (opmaTe. JKBUBAJICHT
~16, w, p, ¢, iR.

“w, d, s, x, pF

Ecnu cremyooinuii aprymMeHT ABJIsSeTCA PaIllMOHAJBHON MPOObI0, OH
mevaTaeTcA KakK JecaTUUHAaA Apo0b, cMellleHHaA Ha S Iu@p BJIeBo (o
yMosrdaHUI0 — 0) ¢ ToMOIIbIo d TGP (II0 YMOTUAHUIO CTOJIBKO, CKOJIb-
KO moTpedyeTcs) Imocje AeCATUYHOTO Pa3IeIUuTeNd. UMCI0 MOKET OK-
PYIJIATHCSA, HO B KAKYIO CTOPOHY — 3aBUCHUT OT peasusanuu. Eciu 3a-
IaHO W, YUCJIO OyAeT CABUHYTO BJIEBO HA CTOJIBKO p (II0 YMOJTYAHUIO —
#\Space), CKOJIbKO ITOTpedyeTcs, UTOOBI IIOJHOE KOJUYECTBO 3HAKOB
6n1710 paBHO w. (Ecau caMo mpeacTaBIeHNe YMCIa COAEPIKUT OOJIbIIe
3HAKOB, YeM W, U 3aJaH X, TO OH OyZeT HameyaTaH BMECTO Ka’KIOoro
apyroro suaka.) Eciu omyinesnsl w u d, To s uraopupyercsa. C mogu-
durKaTopoM @ 3HAK IIeuaTaeTcs Jaske AJIA IMOJOKUTEeIbHBIX UMCe.

“w, d, e, s, x, p, mt

To :xe, uTo u ~F, HO ecJiu CJIeAYIONINH apryMeHT — PallioHaJIbHA A JPO0b,
OH IIeYaTAeTCs B HKCIIOHEHITMAJIBbHON 3amuch ¢ S (10 yMOJI4aHUIo — 1)
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SHaKaMMU 11epen 1eCATUYHBIM pa3jgeJInTejieM, d (HO YMOJIYaHUIO CTOJIb-
KO, CKOJIBKO HOTpe6ye’1‘ca) 3HaKaMH IIOCJIe HEeIr'oO U € (1'[0 YMOJIYaHUIO
CTOJIBKO, CKOJIBKO HOTpeﬁyeTCH) 3HaKaMUu B BKcnoHeHTe. Eciiu 3aman
m, OH 3aME€HUT 3HAK 3KCIIOHEHTHbI.

“w, d, e, s, x, p, mG

Ecnu ciegyroiuii apryMeHT SIBJISETCS PAIluOHATBLHOI AP00bIo, OH OY-
JIeT OTOOpasKeH ¢ MOMOIIbIo ~F nau ~E B 3aBUCUMOCTH OT YHCJIA.

“d, n, w, p$

Hcmonbayercsa AJid IeuaT JeHeKHBIX cyMM. Eciiu caenyiomninii apry-
MEHT ABJAETCA PAIMOHAJIBHON APOo0ObI0, OH Oy[eT HalleuaTaH B IecCs-
TUYHOM IIPEJCTaBJIEHUHU C, II0 MEHBIIIEeN Mepe, n (110 yMoaYaHuio — 1)
nudpamMu mepes TecATUIHBIM pasaenuTesneM u d udpamu (o yMoJI-
YaHUIO — 2) TIocJie Hero. Bymer HalleuaTaHo, 10 MeHbIIell Mepe, w (1o
ymoauaHuio — 0) 3HAKOB; €CJIV ITOTPeOyeTCs, TO YUCJIO OyAeT CMEIeHO
BJIEBO Ha p (mo ymosruauuio — #\Space). C moguduraropoM @ 3HaK Oy-
JIeT HamevaTaH Jaske mepel MoJoKUTeNbHbIMU uncaamu. C monudu-
KaTopoM . 3HAK OyaeT HameuaTaH Iepen CMeIeHueM.

ITomo6HBIM 06pa3oM melicTByeT pprint-newline c aprymeHTamMu, 3aBUCS-
MU OT MOAM(DUKATOPOB: OTCYTCTBUE COOTBETCTBYET :linear, @ cooT-
BETCTBYeT :Miser, : cooTBeTCTBYeT :fill, a :@ cooTBeTCcTBYeET :mandatory.

“<prefix~;body”; suffix™:>

HeticTByeT mmomo06HO pprint-logial-block, Tpedys, 4TOOBI CJIeAyIOIITHIA
apryMeHT ObLI cIUCKOM. prefix m suffix anamorumussl prefix (wam
:per-line-prefix, ecau 3a HUM caexyeT ~@;) u :suffix, a body urpaer
POJIb BBIPAYKEHUH, COCTABJIAIONIUX TeJo. body MOKeT OBITH JIF000H
dopmMaTHUpyIONell CTPOKOI, a apryMeHTHI AJIA Hee MOJydaloTcsa U3
CIIICKAa apryMeHTOB, KaK IIPU UCIIOJb30BaHUM pprint-pop. BHyTpHU Te-
Ja =" cooTBeTcTByeT pprint-exit-if-list-exhausted. Ecau us Tpex ma-
pameTpoB prefix, body u suffix 3ajgaHBI JUIIH ABa, TO 3HAUEHUEM
suffix mo ymosuaHuIo cunTaeTcA 'y eCJIM 3a4aH JIUIIL OOUH U3 TPeX,
To prefix Takke cuuraerca . C momupuraropom : prefix u suffix
UMeIOT 3HaUeHusd 1Mo ymoauanuio "(" u )" coorBercTBeHHO. C Mogm-
(GUKATOPOM @ CIIMCOK OCTABIIUXCSA APT'YMEHTOB CTAHOBUTCSA apryMeH-
TOM JIOTUYECKOro 0Ji0Ka. Ecyiu Besa IupeKTrBa 3aKaHYUBaeTcsa . @>, TO
HOBadA yCcJOBHadA cTpoka :fill mobaBiidercd mocje KasKIOU I'PYIIIIBI
upobesoB B body.

nl

IAkBuBaJeHT (pprint-indent :block n). C MmogmpuraTopom . aHaJo-
ruuHO (pprint-indent :current n).

“/name/

BriswiBaeT pyHKIIUIO C *MEHEM name U, 110 MEeHbIIIe Mepe, YeThIPbMA
apryMeHTaMU: TIOTOK; CJIEAVIOIIUN apryMeHT; ABa 3HAUEHUA, UCTUH-
HBIX, KOT/Ia UCIOJIb3yeTCsA | UJIU @ COOTBETCTBEHHO, a TaK:Ke JTI00bIMU
IPYyTUMHU IIapaMeTpaMu, IlepeJaHHbIMU JUPEKTUBE.
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“m, nT

ITeuaTaer mocTaTouHOE KOJMYECTBO IIPO0EIOB, UTOOLI II€PEMECTUTH
KypPCOp B KOJIOHKY m (110 yMoJyiyaHUIo — 1), a eciv JaHHAA KOJOHKA
yiKe IIPOoiieHa, TO B OJIMKAMIITYI0 KOJOHKY C HECKOJIbKIMU MHTEPBA-
gamu n (mo ymoadanuio — 1) mociye m. C MmogudurkaTopom @ rmeyaraet
m mpobeJsIoB, 3aTeM JOCTATOYHOE KOJIUYECTBO IIPOOEsIOB, KpaTHOE 7.
C mogudukaropoMm : sKBHBaJeHTHa (pprint-tab :section m n). C@
9KBUBaJIeHTHA (pprint-tab :section-relative m n).

“w, n, m, p<ttext0”;... " textn™>

OroOpakaer 3HAKHU, IIOJIyUYeHHbIe CMEIl[eHeM 3HaUeH U text Ha moJie
IMUPUHON W 3HAKOB, C, II0 MEHbIIell Mepe, m (110 ymoauauuio — 0) 1o0-
TOJTHUTEJILHBIMUY dJIEMEHTaMu p (0 YMOJUaHUI0 — #\Space), Ipu HeoO-
XOOUMOCTY BCTABJISIEMBIMU MeK Ay text. Ecau muprua BEIBOLA C yUe-
TOM MUHHMAJBHOI'O OTCTYIIA 0OJIbIIE W, OTPAHUYECHNE YBeJINUNBAET-
cs Ha umceJgo, kpatuHoe n. C Mogm@uKaTopoM @ OTCTyH OyIeT TaK:Ke
mnepe[ IepBbIM TEKCTOM; C @ — ITOCJIe ITOCJIeIHEr0o TeKCTa. ~~ 3aBepIliiaeT
00paboOTKy AUPEKTUBLI.

Ecau textO cnenyet 3a “a,b:;, a He ~;, 3HAKHU, TOJyUYeHHbIe U3 text0,
OyZyT BBIBOAUTHCA IIPU YCJIOBUMU, UTO OCTABIINXCS 3HAKOB OOJIBIIIE,
yeM b (110 yMOJTUaHUIO — JJIMHA CTPOKY MMOTOKA WU /2) ¢ yueToM a (1o
yMosruaHuio — 0) 3ape3epBUPOBAHHBIX 3HAKOB.

HWrnaopupyer caenyiomiue n (1o ymosrdaunuio — 0) aprymenTos. C momu-
durarTopoM : coxpaHsaer n aprymeHToB. C @ nesaet n-it aprymeHT (MH-
JeKcalusd ¢ HyJIs) TeKYIITUM.

“i[text0™;...”; textn™]

OrobparkaeTr TEKCT, TOJMYUeHHbIN 3 texti. Ecau i He 3agaH, UCIOIb-
3yeTcs 3HaUEHWe CJefylolero aprymenra. Eciau mociemuemy text
mpenIIecTBoBayia ;, a He ~;, TO OyZeT MCIOJIb30BAThCS IOCIETHEE
3HaueHUe text (ecau HUKaKoe Apyroe He 6b110 BhIGpaHo). C Mmonmpu-
KaTopoM . IpeAIojiaraeTcd HajJamuure TOJbKO OBYX text: BTOPOU HC-
IOJIb3YETCS, €CJIN CAeAYIONINII apryMeHT UCTUHEH, IePBLIil — B MPO-
TuBHOM cJyydae. C @ mpeamosiaraeTca HaJIU4YWe TOJBKO OJHOTO text:
€CJIU CJIeAYIOIUNA apryMeHT UCTUHEH, BLIBOAATCA 3HAKU TeKCTa U ap-
TYMEHT COXPAaHSAeTCA AJIS CIAeAYIONeil TUPEKTUBEI.

“n{text”}

HeiicTByeT MOg0OHO ITOBTOPHBIM BbI30BaM format ¢ text B KauecTBe op-
MaTHUPYIOIIEA CTPOKH ¥ TapaMeTpaMu, B3ATHIMY U3 CJIEAYIOIIEro apry-
MEHTa, ABJIAIOIIEr0CA CIIMCKOM. BBITIOJTHAETCS 10 TEX IIOp, IIOKa He 3a-
KOHUATCA apryMeHTBI, WJW NPU AOCTHIKEHHU N-TO apryMeHTa (o
yMoJUaHMUio — 6e3 orpaHUYeHn) HaunHaeT cHauasa. KEciiu qupeKkTuBa
3aBepIaeTcsa .} BMECTO ~}, TO OyAeT cesiaH 1o KpaiiHei Mepe OJUH BbI-
30B format, moka n He 6yaet paBHbIM 0. Eciiu text He 3a1aH, BMECTO HETO
WCIIOJIL3YETCA OUepeIHON apryMeHT ([OJIMKeH ObITh CTPOKOI). ~~ 3aBep-
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maeT o0paboTKy AUpPeKTUBLl. C | apryMeHT JOJIYKEeH OBITH CIMCKOM
CIIICKOB, a X 3JIEMEHTEI OyAyT apryMeHTaMU IIOCJIeI0BATEIbHEIX BhI-
30B0B format. C @ BMeCTO ouepeHOTO0 apryMeHTa 0y JeT NCI0JIb30BaThb-
CS1 CIIMCOK OCTaBIIIUXCS apryMeHTOB.

PexypcuBHEbI BBIBOB format: ouepefHOI apryMeHT BOCIPUHUMAETCSI
KakK cTpoka (hopMaTHDPOBAHUSA, & CJIeAYyIOIlre 3a HUM apryMeHTbI
(B HY:KHOM KOJIMYECTBE) — KaK apryMeHTHI JJid BbI3oBa format ¢ aToi
cTpokoii. C @ ouepegHOM apryMeHT OyeT NCI0JIb30BaThCSA KAK CTPOKA
dopmMaTHpOBaHUA, HO COOTBETCTBYIOIIIUE ITapaMeTPhl OyAyT OpaTbecsa
M3 apryMeHTOB OCHOBHOI'O BbI30Ba format.

“(text™)
ITeuaraer text, mpeo6pasys PerucTp B 3aBUCUMOCTH OT MOAUMUKATO-
pa: c : epBas 6yKBa KasKJIOT0 CJI0Ba IpPeodpasyeTcsa K BEPXHEMY pe-
THUCTPY; C @ IOMHMO 3TOTO BCE OCTAJbHBIE OYKBBI IIPE0OpPa3yIOTCs
K HUKHEMY PETHUCTPY; ¢ :@ Bce OYKBBI IPeoOpasyoTcA K BEPXHEMY pe-
TUCTDY.

P
Ecau mepBriit aprymenT paBeH (eql) 1, He ITeuaTaeT HUYEr0, MHAYE IIe-
yaraet s. C | mpegBapuTeJIbHO COXPaHAET IepBhIi aprymeHT. C @, ecoiu
THepBbIII apryMeHT paBeH 1, meuaraer Yy, MHa4e — ies; ¢ @ mpeaBapu-
TEJIbHO COXPAaHIET OAVH apryMeHT.

“a, b, c”
3aBepiraeT IUPEKTUBY format (MaM TEKYIYIO TUPEKTHUBY, €CJIU UC-
TOJb3yeTCA BHYTPU Hee) IIPU CIAENYIOININX YCIOBUAX: €CJIU He 3aJaHbl
HUKaKVe npedUKCHbIe TapaMeTphl; ecau 3aJaH OAUH IlapaMeTp U OH
paBeH 0; ecau 3alaHbI Ba PaBHBLIX ITapaMeTpa; eCJu 3aJaHbl TPU IIa-
pamMeTpa u BBITIOJHsAETCA (<= a b ¢).

Ecuau 3a ~ caengyer mepeBoj CTPOKHU, TO IIEPEBOJ CTPOKHU U BCE CJIEAYI0-
e 3a HUM Ipo0esbl urHopupyiorcsa. C @ urHOpUpPYyeTcsA IMepeBoj
CTPOKU, HO He IIPOOeJIbL.

(formatter string) MaKpoc

Boaspamiaer QyHKIIMIO, IPUHUMAIONTYIO ITOTOK W PAJ APYTUX ITapaMeT-
PoOB, 1 IpuMeHseT format K mMOTOKY, ()OPMaTUPYIOIEH CTPOKe U APYTUM
mapaMeTpaM, BO3Bpalllas JUITHUe TapaMeTpPhl.

(pprint object &optional stream) QYHKIIUA
HeticTByeT momo0OHO print, HO mBITaeTCA KpacuBee PAaCCTaBUTh OTCTYIIbI,
a TaKJKe He ITleyaTaeT BUCSIUUe IPo0eIbl.

(pprint-dispatch object &optional pprint-dispatch) GyHKIUS

Bosspamiaer Hanbosiee TPUOPUTETHYIO PYHKIUIO B pprint-dispatch, niusa
KOTOPOW object nmeeT acconiumpoBaHHbIi Tun. KEcnu pprint-dispatch me
IepesaH, UCIOJIb3yeTCd TeKyIllee 3HaUeHue *print-pprint-dispatch*; econ
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mepenaH nil, MCIOJb3yeTcsA MCXOAHOe 3HaueHue. HKcau HU OAUH THUI
B TabJ/nIle AUCIIeTUePU3alluyd HE COOTBETCTBYET object, Bo3BpalllaeTcs
GyHKIUA, evaTampIas ero ¢ mMOMOIIbI0 print-object. Bropoe Bo3Bpa-
maeMoe 3HaueHUe NCTUHHO, KOTZa IIepBoe ObLIO MOJTYUYeHO U3 TaOJIMIIbI
IUCIeTUYePU3aIluu.

(pprint-exit-if-list-exhausted) QYyHKIUA

VYrorpebasiercss BMecTe ¢ pprint-logical-block. 3aBepiiiaeT 0JIOK, eCoud
0oJIbIIle HEUero meyaraThb, MHaAUe Bo3BpaIiaer nil.

(pprint-fill stream object &optional colon at) GyHKIIUA

ITeuaTaer 06beKT object B MOTOK Stream, HO IeJlaeT 3TO UHAUE, €CJIT ITO
CIIMCOK U 3HaueHwme print-prettys uctuHHO. B ciryuae nctuHHOCTHU colon
(110 yMOJIUaHUIO) TIeYaTaeT CTOJBKO 9JIEMEHTOB CIIMCKAa, CKOJBKO CII0CO0-
HO YMECTUTHCA B CTPOKE, OKPYIKEHHOH CKOOKaMu. APryMeHT at UTHOPU-
pyetcsa. Bossparaer nil.

(pprint-indent keyword r &optional stream) (GyHKIIUA

Ecau stream 0Ovl1 codmad ¢ mOMOINBIO pprint-logical-block 1 3HaueHme
*print-pretty* UCTUHHO, YCTaHABJAMUBAET OTCTYII AJIA TEKYIIEro Jioruue-
ckoro 6;0ka. Ecau kitou keyword paBeH .current, OTCTYII yCTaHABJIUBA-
eTcsd B TeKYIIYIO MO3UINI0, CMEeIlleHHYIO Ha I'; eCJIU KJI4Y YCTAHOBJIEH
B :block, TOBUIIMSA OTCUUTHIBAETCA OT IIEPBOTO 3HAKA B TEKYIlleM OJIOKe,
K KOTOPOMY J00aBJIAETCA I

(pprint-linear stream object &optional colon at) (GyHKIIUA

HeticTByeT momo6HO pprint-fill, HO yMeIiaeT Bech CIIMCOK Ha OAHOM CTPO-
Ke UJIU KaKIbIN 9JIeMEeHT Ha OTAeJIbHOII CTPOKe.

(pprint-logical-block (symbol object MaKpoc
&key prefix per-line-prefix suffix)
declaration* expression®)
Brrumcnsger BeIpaskeHUs expressions, cBsa3aB symbol ¢ HOBBIM IIOTOKOM
(momycTUMBIM BHYTPHU BBIpasKeHUs: pprint-logical-block), KoTopwlii Ha-
IpaBJIAET BBIBOJ B UCXOAHOE 3HaUeHMe Symbol (KoTopoe JOJIPKHO OBITH I10-
TOKOM). Bech BBIBOJI, HAIIPaBJIsIEMbII B HOBBII IIOTOK, HAXOAUTCS B CBA-
3aHHOM C HUM JIOTUYECKOM OJioKe. BhIpaskeHUsA expression He JOJMKHBI
uMeTh T060YHBIX 3 (HEKTOB B JaHHOM OKPY KEHUU.

O0BeKT object moJI2KeH OBITH CITMCKOM, KOTOPBIH OyAyT meuaTaTh BhIpaske-
HUA expressions. Ecau 210 He cimcok, oH OyzeT HalleyaTaH ¢ IIOMOIIBIO
write; ecJIM CIIICOK, TO €T'0 3JIeMeHTHI Oy Ay T IOJIyYaThCs IT0 Ouepesy BBI30-
BoM pprint-pop. IIpu meuaTu cnucka ero pasnaesaseMble 1 BJIOKEHHBIE KOM-
TIOHEHTHI OYIYT 0TOOpasKaThCA COIJIACHO +print-circles m sprint-levels,

ApPrymMeHTHI IO KJIIOUY, €CIU 3aJaHBbl, JOJYKHBI BEIUNCIATHCA B CTPOKU.
prefix OyneT HameyaTaH mepe JOrnYecKuM 0JI0KOM, suffix — mocJie Hero,
a per-line-prefix — B HavaJie KaxKaoi cTpoku. Ilapamerpsl prefix u per-
line-prefix ABIAIOTCA B3aNMOUCKJIIOUAIOIITMMU.
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(pprint-newline keyword &optional stream) QPyHKIIUA

Ecuu moTok stream GbLI cO3aH C ITOMOIITBLIO pprint-logical-block u 3Haue-
HHUe *print-pretty* CTUHHO, 3aIIUCHIBAET HOBYIO CTPOKY B IIOTOK Stream
c yueToM keyword: :mandatory o3HauaeT Bcerza; :linear — ecau pe3yabTaT
KpacHuBON MeUaTy He yMeIllaeTcA Ha CTPOKe; (Miser — s 9KOHOMHOM 3a-
nucy; fill — ecau MpeabIAyINAs WUJIK CAEAYIONAas CTPOKKU OYAyT paso-
PBaHBEI.

(pprint-pop) MakKpoc
Hcnonbayerca BHyTpu pprint-logical-block. Eciu cIMCcOK 5J1€MeHTOB,
mevaTaeMbIX B TEKYIIEM JIOTUYEeCKOM OJIOKe, He IIyCT, BO3BpAIIlaeT cJje-
nyroomuii amemenT. Ecau B ciiicke ocrtaJica aTom (He nil), meuaraeT ero
BcJies 3a TOUKOI U BosBpairaeT nil. Ecau smauenue +print-length mc-
TUHHO U COOTBETCTBYET KOJIMUECTBY ysKe HaledyaTaHHbBIX dJIeMEeHTOB, IIe-
yaTaeT MHOroToure u Bo3BpaiaeT nil. Ecau suauenue *print-circlex mc-
TUHHO U OCTATOK CIINCKAa ABJIAETCA pasdfesaseMol CTPYKTypoOii, meuaraer
TOUKY, 32 KOTOPOU cJenyeT #n#, 1 Bo3Bpamaet nil.

(pprint-tab keyword il i2 &optional stream) GyHKIUA

Ecau moTok stream Ob1a co3maH ¢ MOMOIIbIO pprint-logical-block u 3Ha-
yeHme «print-pretty~ ICTUHHO, BBIBOAUTCA TAOYIAIUA TaK Ke, KaK ¢ IMo-
MOIIIBIO AU PEKTUBI (hopMATUPOBAHUA ~ | ¢ TPe()UKCHBIMY ITapaMeTpaMu
il m i2. Bo3MOKHBI CJIeAYyIOIe KJII0UeBbie CJI0Ba: :1ine COOTBETCTBYET
“T, :section — ":T, :1line-relative — "@T, :section-relative — ~:@T.

(pprint-tabular stream object &optional colon at tab) GyHKIUA
HeticTByeT mogo6Ho pprint-fill, HO meuaTaeT SJIEMEHTHI CIIMCKA TAK, YTO
OHU BBICTpPamBalOTCA B cTOJIOILI. [TapameTp tab (o ymosruanuio — 16) co-
OTBETCTBYET PACCTOSHUIO MEKAY CTOJIOIaMMU.

(princ object &optional stream) GyHKIIUSA
OrobpaskaeT 00BEKT object B IOTOK Stream B HauboJee yaAoOHOM IJId BOC-
npuaTud Buze (o Bo3Mo:KHOCTH). Escape-sHaKM (SKpPaHUPYIOIINE CUM-
BOJIBI) He 0TOOpasKaloTCs.

(princ-to-string object) GyHKIUS
HeticTByeT MOO0HO pPrinc, HO HAIPaBJSET BBIBOJ B CTPOKY, KOTOPYIO 3a-
TeM BO3BpaIIaer.

(print object &optional stream) GyHKIUS
HeticTByeT Togo0HO print, HO OKPYyKaeT 00beKT MepPeH0CaAMU CTPOK.

(print-object object stream) o00o00eHHAaT PYHKITUS

BrisbiBaeTcs cucTeMoil Ipu meyatu o6beKTa object B IOTOK Stream.

(print-not-readable-object condition) QYHKIUA

BosspaijaeT 00'beKT, KOTOPLII He yaJI0Ch HAIleUYaTaTh B UNTAeMOM BH/e
IpU BOSHUKHOBEHUU yCJIOBUSA condition.
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(print-unreadable-object (object stream é&key type MakKpoc
identity) expression¥®)
Hcmonbayerca ns oTobpaskeHusa o0beKTOB B cuHTaKcuce #<...>. Bce ap-
TYMEHTBI BBIUMCJIAIOTCA. 3allNChIBAET #< B IIOTOK Stream; 3aTeM, €CJIN
type ABJIseTCSA TUIIOM, BBIBOAUT METKY TUIIA /s 00'beKTa; 3aT€M BbIUKC-
JIeT BBIPAKEHUS expression, KOTOPbIe OJIKHBI OTOOpaKaTb O0BLEKT
object B IOTOK stream; 3aTeM, ecjiu 3HaUeHue identity UICTUHHO, 3aIIUCHI-
BaeT uAeHTU(PUKATOP 00bEeKTa; B KOHIIe 3aIUchkiBaeT >. BoaBpariaer nil.

(prini object &optional stream) GyHKIIUSA

Orobpaskaet 00BEKT 0bject B IOTOK stream TaKuM 0O6pa3oM, YTOOBI OH (10
BO3MOJKHOCTH) MOT OBITH BIIOCJIEACTBUY IIPOUUTAH C IIOMOIIbLIO read.

(prini-to-string object) dyHKIIUA

HeticTByeT momo0HO prinl, HO HAITPABJIAET BBIBOJ B CTPOKY, KOTOPYIO 3a-
TeM BO3Bpallaer.

(set-pprint-dispatch type function &optional rpprint-dispatch) dyHKIIA
Ecau snauenue function uctTurHO, 106aBJIAET 3JIEMEHT B pprint-dispatch
(o ymosruaHmMIo *print-pprint-dispatch+) ¢ 3agaHHEBIM TUIIOM type, PYyHK-
mue function u mpuopuTteToM r (o ymoauaumuio — 0). @yHKIUA function
TOJIKHA MIPUHUMATH JBA apIyMeHTa: IIOTOK M 00'beKT AJid mmeuatu. Ecin
function — nil, To ymaiser u3 TabJUIBI BCE 9JIEMEHTHI ¢ TUIIOM type. Bos-
Bparmaer nil.

(write object &key array base case circle escape gensym GyHKIUS
length level lines miser-width pprint-dispatch
pretty radix readably right-margin stream)

3amnuceiBaeT 00bEKT object B TIOTOK Stream, CBA3BIBAS KaKAYIO CIIEIU-
AJIbHYIO IIEPEMEHHYIO BUAA *Print-..» CO 3HAYEHMEM COOTBETCTBYIOIIEro
apryMeHTAa IO KJIIUYy.

(write-to-string object &key ...) GyHKIIUS

IHeticTByeT mof00HO write, HO MepeHAIPABJISET BBIBOJ B CTPOKY, KOTOPYIO
3aTeM BO3BpaIIlaer.

CuymTbiBaTenb

(copy-readtable &optional from (to)) GyHKIUS

Ecau to — nil, Bo3BpalaeT KOMMio TaOJIUIIEI YTEHUS (TI0 YMOJTUAHUIO —
xreadtablex); ecau o — TabIUIA UTEHUS, BO3BPAIIIAET €e IOCJe KOIUPO-
BaHUA B Hee TadJIunsl from.

(get-dispatch-macro-character charl char2 (GyHKIIUA
&optional readtable)

Bosspamiaer @gyHknuio (wau nil, ecau HuUero He HaleHO), BhI3bIBAE-
mMyio B readtable, eciu Bo BBoje charl ciaenyer 3a char2.
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(get-macro-character char &optional readtable) GyHKIUS

Boaepamiaer aBa 3HaueHusa: GyHKINUO (Mau nil, ecau HUYEro He HaKIe-
HO), BBI3bIBaeMyIo B readtable, Korga Bo BBOJe BcTpeuaercs char, a Tak-
JKe MCTUHY B KaueCTBe BTOPOI0 3HAUEHM!S, €CJIU char ObLI IPOUYNTAH KaK
YacTh UMEHU CIMBOJIA.

(make-dispatch-macro-character char &optional QPyHKIUA
nonterm readtable)

Hob6aBiser B readtable ynpasiaoiuii Makpo3Hak char. Ecau sHaueHme
nonterm UCTUHHO, char, CYUUTAHHBIA B cepeluHE CUMBOJIa, BeJeT cels
KaK HOpMAaJIbHBII 3HaK. Bo3Bpailmaer t.

(read &optional stream eof-error eof-value recursive) QPYyHKIUA

CunTbiBaeT oguH JINCI-00bEKT 13 IOTOKA Stream, oOpadaTbIBaeT U BO3-
Bpaiaet ero. Eciu gocTurayTt Kouer (aiiyia, JU00 CUTHAJIHU3UPYETCI
orrnbKa, a1ubo Bo3BpaIlaeTcs eof-value B 3aBUCUMOCTY OT 3HAUYEHUS eof-
error (10 yMOJUaHUIO — UCTUHA). IIpu BbI3oBe read U3 IPyTroii CUNTHIBAIO-
et pyHKIIuM OyAeT mepefaH UCTUHHBIN ITapaMeTp recursive.

(read-delimited-list char &optional stream recursive) GyHKIIUA

HeticTByeT momo6HO read, HO IPOJOJIKAET 00pabOTKY 00'bEKTOB M3 IIOTO-
Ka stream 10 TeX IIOp, IIOKa He BCTPETUT char, mocJje 4ero HeMeIJIeHHO
BO3BpAIIaeT CINCOK 00paboTaHHbIX 00beKTOB. CUrHAIU3UPYET OMINOKY,
ecau o KoHIa daiiia He ocTaeTcsa HU OZHOTO 3HaKa char.

(read-from-string string &optional eof-error eof-value GyHKIUA
&key start end preserve-whitespace)

IeticTByeT O OTHOIIIEHUIO K CTPOKe SIring Tak ke, Kak read K IIOTOKY.
BoaBpaljaer gBa 3HaueHUs: 00pabOTAHHBIN O0BEKT M MHOJOMKeHue (MH-
IeKcalusd HaunHAeTCA ¢ HYJIA) IIEPBOTO HEIIPOYUTAHHOTO 3HAKA B CTPOKE
string. Eciu 3HaueHuUe preserve-whitespace UCTUHHO, AEHCTBYET KakK re-
ad-preserving-whitespace Bmecto read.

(read-preserving-whitespace &optional stream eof-error QYyHKITUA
eof-value recursive)
HeticTByeT mom006HO read, HO OCTABJIAET B IIOTOKE 3aBEPIIAIOIHE ITPOOEIIBI.

(readtable-case readtable) GyHKIIUSA
Bossparmaer ogun 13 BapuaHTOB: Upcase, .downcase, :preserve Mam :in-
vert B 3aBUCUMOCTH OT cIIocoba paboThl readtable ¢ perucrpamMu BO BBO-
ne. MoskeT OBITH IIEPBBIM apryMeHToM setf.

(readtablep object) GyHKIUS
BoaBparmiaer uctuny, eciu 00beKT object iBasieTCs TabIUIE YTeHU .
(set-dispatch-macro-character charl char2 function GyHKIUS

&optional readtable)

Hobasuser B readtable snemenT, cooOIIarOIIUii, YTO function OymeT BbI-
3BIBAThCSA IIPU MOCJIeOBATEIBFHOM CUNThbIBaHUM charl u char2 (KOTOPBIH
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npeobpasyeTcsa K BEPXHEMY PErucTPy W He MOKeT ObITh 1udpoii). func-
tion moJiakHA OBITH (DYHKIIMEI TPeX apryMeHTOB — BXOIHOII IOTOK, charl
u char2 — 1 Bo3BpamaTh 00'bEKT, IPOUUTAHHBIN U3 TIOTOKA, JINOO HE BO3-
BpaIaTh Huuero. Bosspartmaer t.

(set-macro-character char function GYHKIUA
&optional monterm readtable)

Hob6aBuser B readtable snemeHT, cooOIIaOIIUi, UTO function O0ymeT BbI-
3BIBATHCA IIPU CUUTHIBAHUM char. function moj:KHA OLITH (PYHKI[UER
IBYX apr'yMeHTOB — BXOLHOM IIOTOK U char — 1 BO3BPAILATh JI100 CUNTAH-
HBII 00BEeKT, J100 He Bo3BpallaTh Huuero. Ecau 3HaueHue nonterm mc-
TUHHO, char, CANTAHHBINA B CepefUHe CUMBOJIA, BeJeT ce0sl KaK HOPMaJIb-
HBIN 3HAK. BosBparmaer t.

(set-syntax-from-char to-char from-char PYHRIIUA
to-readtable from-readtable)

ITepenaet suakry to-char B Tabautie to-readtable (1o ymMordaHUIO — *read-
tablex) CMHTaKCHUUYEeCKMe CBOMCTBA 3HaKa from-char us Tabauisl from-
readtable (1o ymomuaHMIO — cTaHAApTHAaA Tabauiia). Bosspaimaer t.

(with-standard-io-syntax expression*®) MaKpoc

BrruuciigeT BeIpaskeHus expression, CBA3aB Bce CIellaJIbHbIE IIepeMeH-
HbIe, YIIPABJAMINNE UTeHWEeM U IedaThio (T.e. ¢ UMeHaMHu BuUja *read-
UM +pPrint-), ¢ X UCXOAHBIMU 3HAYECHUAMU.

COopka cncremsl

(compile-file path &key output-file verbose print byHRIUA
external-format)

Komnunupyet comgepsxumoe (aiiia, Ha KOTOPBLIA YKa3bIBaeT path, v 3amnu-
chIBaeT pesysbTaT B (aiin output-file. Ecau verbose ncruneH, pakT KoM-
OUJIAIUY 3aIUChIBaeTCA B »standard-outputs Ecau print nctruneH, madop-
manusa o toplevel-BeIpaskeHuaX BBIBOAUTCA B *Standard-output+. ExmucT-
BEHHBIM (TI0 cTaHAapTy) dopmarom external-format aBiserca :default.
ITocne 3aBepIeHNA KOMOUIAINY YCTAHABIMBAIOTCA HMCXOHBLIE 3HAUE-
HUA «readtablex m »package+. BosBpalmaeT Tpu 3HaUE€HUA: UM BBIXOJTHOTO
daiina (uau nil, ecau aiia He CMOT 3allUCAThCs); 3HAUECHUE, UCTUHHOE,
eCcJI B pesyJIbTaTe KOMIIUJISAIIUY ObLIM ITOJYUYeHbl OIIUOKY WU IIPeay-
MIPeXKIEHNsT; ellle OJHO 3HAUeHe, UICTUHHOE, €CJIX ObLIN 0Ty YeHbI OII10-
KU WJIN IPeyIpesKIeHnsi, OTJINUYHbBIE OT CTUJIEBBIX IIPeIyIIPesKIeHIH.

(compile-file-pathname path &key output-file) QYyHKIIUA

Bosepaimmaer uMs BeIXOOHOTO (haiiyia, KOTOPBIA co3macT compile-file, BoI-
3BaHHAsd C TEMU Ke aprymMeHTamu. [[omycKaeT mCIOJIb30BaHME APYTUX
KJIIOUeli.
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(load path &key verbose print if-does-not-exist external-format) QyHKIUA

3arpy:kaer ¢aiiy, Ha KOTOPBII yKasbiBaeT path. Ecau ato daiin ¢ ucxon-
HBIM KOJIOM, TO BBIIIOJIHSAETCS II0CJIeI0BaTeIbHOE BLIUNCIeHEe BeexX tople-
vel-Beipaskenuii. To 'Ke caMoe MPOUCXOAUT U IJIsi CKOMITMJIMPOBAHHOI'O
daiiia, HO IPU 9TOM JJI COOTBETCTBYIOIINX (DYHKIIUI U3 HETO CIIPaBe-
auB npenukar compiled-function-p. Ecoiz mapameTp verbose nctTuHeH, nH-
dopmarnua o 3arpyske (aiiyia aHoHcupyetrca B +standard-output+. Ecim
napaMeTp print UCTUHEH, IPOIecC 3arPy3KU TaKiKe BBIBOAUTCA B *Stan-
dard-output+. Ecu mapametp if-does-not-exist nctTuieH (0 yMOJTUYaHUIO),
B CJIydae OTCYTCTBUA (haiija CUTHAJIUBUPYETCA OIIMOKAa; B IPOTUBHOM
ciaydyae BosBpalmaercsa nil. ExmHcTBeHHBIM (IO cTaHAApTy) (hOopMaTOM
external-format aBasierca .default. BosBpaimaer t, ecoiu (haiin 3arpysxeH.

(provide name) [byrxIITA]
HobaBiiAeT CTPOKY name (MU UMsA COOTBETCTBYIOIIET0 CUMBOJIA) B *Modu-
lesx.

(require name &optional paths) [bysKIITIA]

Ecuu ctpoka name (mau uMs COOTBETCTBYIOIIETO CUMBOJIA) HE HAXOAUTCS
B *Modulesx, IbITAeTCsA 3arPy3UTh (haiiiI, COAEePKAIINI COOTBETCTBY IO
monyab. Ilapamerp path, ecau 3amaercs, AOJKEH ObITH CIIICKOM ITyTe,
TIOTOKOB UJIU CTPOK, IIPU 3TOM OYAYT 3arpysKaThbcA YKas3aHHbIe Ghaiibl.

(with-compilation-unit ([:override val]) expression®) MaKpoc

Brruucisger BeIpaskeHUus expression. BuIBox mpenymnpeskaeHUit, 3amep-
JKUBaeMbIX /10 KOHIIA KOMIUJIAIINAY, OyIeT 3aZiepsKaH 0 3aBePIIeHU S BbI-
YMCJIeHUs TOCJEeIHeTr0 BhIpaskeHusa. B ciayuae BJIOJKEHHOTO BBI30Ba 3(-
deKT OymeT MoJIyyeH TOJBKO IIPU COOOIIIeHUY UCTUHHOTO 3HAaUeHUA val.

OkpyxeHue

(apropos name &optional package) GyHKIIUA

BriBoguT mHGOPMAIMIO 0 KAKA0M MHTEPHUPOBAHHOM CUMBOJIE, UM KO-
TOPOTO COJEPIKUT MOACTPOKY name (WX UMS name, eCJu 3TO CUMBOJI).
Ecuu 3aman naxer package, IOUCK OCYILECTBJIAETCA TOJABKO 1o Hemy. He
BO3BpalljaeT 3HAYECHUIA.

(apropos-list name &optional package) QYHKIUA

HeticTByeT MOIOOHO apropos, HO He BBIBOAUT WH(MOPMAIINIO, a BO3BpAIIa-
€T CIIMCOK CMBOJIOB.

(decode-universal-time i &optional time-zone) QYyHKIIUA

HMuTepupeTupyer i KaK KOIu4uecTBO ceKyH[ ¢ MomeHTa 1 auaBapa 1990 ro-
nma, 00:00:00 (GMT), BosBpalas qeBATH 3HAUEHUN: CEKYHIbI, MUHYTHI,
yac, JAeHb, MecCHAI (AHBapI0 COOTBETCTBYeT 1), ToJ, AeHb Heaesu (TOHE-
IeJIbHUKY COOTBeTCTBYeT (), JefiCTBYeT JIX JIeTHee BpeMs U PaIOHAaIb-
HOE UMCJI0, COOTBETCTBYIOIIlee CMEIIeHII0 BPEeMEeHHOM 30HbI OTHOCUTEIb-
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Ho GMT. ITapamerp time-zone moJ:KeH OBITHL PAI[MOHAJBLHBIM UHCJIOM
B HUHTEpPBAaJeE OT -24 10 24 BKJIIOUNUTEJIHHO; €CJIU OH 3aJlaeTcsd, JeTHee Bpe-
MdA He YUUTHIBAETCH.

(describe object &optional stream) byHRIUA
3anuceiBaeT onucaHue o0beKTa object B moTok stream. He BosBpaiiaer
3HAYEHU.

(describe-object object &optional stream) 00001IeHHAasT QYHKITUS

BriseiBaercsa us describe qiig onucanusa o6beKTa object us moToKa stream.

(disassemble fn) GyHKIUS
BuIiBOoAUT 00BEKTHBIN KO, CTeHEPUPOBAHHBIN M f1, KOTOpas MOKET
OBITH QPYHKITHEH, UMeHeM (PYHKITUY WU JAMOIa-BhIpaKeHueM.

(documentation object symbol) 006001IeHHaA QYHKIIUA
Boasepamiaer fokymenTanuio qs object ¢ kiarouom symbol niu nil, ecan
HUYero He HalifeHo. MosKeT yCcTaHaBJINBATHCSA C IOMOIIBIO Setf.

(dribble &optional path) GyHKIIUSA
Ecuu 3agan myTs path, HaunHAaeT IepechlIaTh B COOTBETCTBY IO M (DaAT
BBIBOJ, faHHOI#1 JIucn-ceccuu. Ecau BeI3bIBaeTcsa 6e3 apryMeHTOB, TO 3a-
KpBIBaeT JaHHBIN (haiii.

(ed &optional arg) QYHKIIUA

BriswiBaeT pegakTop (ecsiu umeeTcs XOTs ObI ofuH). Ecau arg — myTh uin
CTPOKAa, TO OyZeT PefaKTUPOBATLCSI COOTBETCTBYOIUM (haita. Ecau aTo
uMs QYHKIIUY, PEIAKTUPOBATHCS OY/IeT ee oIrpee/ieHue.

(encode-universal-time second minute hour date month year GyHKIIUS
&optional time-zone)
dyuKIUa, obpaTHas decode-unversal-time.

(get-decoded-time) GyHKIUS
dxBuBajseHT (decode-universal-time (get-universal-time)).

(get-internal-real-time) (GyHKIIUA
BoasBpamiaer TekyIee cucTeMHOE BpeMA B TAKTaX CUCTEMHBIX YacOB, KO-
TOpPbIE COCTABJIAIOT internal-time-units-per-second JOJ0 CEKYHIBI.

(get-internal-run-time) QYHKIUA

HetictByeT momo6HO get-internal-real-time, HO BO3BpalllaeT 3HAUYEHUeE,
COOTBETCTBYIOIIlee YNCTOMY BpeMeHu paboTs! JIucm-iporecca B cuCTeM-
HBIX TAKTaX.

(get-universal-time) QYyHKIIUA

Boasspariaer Tekyiiee BpemMsa KaK KouuecTBo cekyH I ¢ 1 aaBapa 1900 ro-
na, 00:00:00 (GMT).
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(inspect object) GyHKIUS
HWurepakTuBHas Bepcus describe, mMo3BoaAmINAasA IIepeMellaThbCs Mo Co-
CTaBHBIM 00'bEKTaM.

(lisp-implementation-type) QYHKIIUA
BosspamiaeT cTpokry, XapaKTepuU3yIOIIyI0 UCIOJb3yEMYIO peasin3aliunio,
nan nil.

(lisp-implementation-version) PYHKIIUA
BosspaiaeT cTpory, XapaKTepU3yIOIIYI0 BEPCUIO NCIIOJIb3YEMON peain-
3anmum, Ujam nil.

(long-site-name) (PyHKIIUA
ITomo6Ha short-site-name, HO BELIBOAUT 00JIbIIIe MH(POPMAIIUH.

(machine-instance) (GyHKIIUA
BosspaiaeT cTpoKy, XapaKTepusyII[yI0 KOHKPETHYIO MaIInHy, HA KO-
TOPOM BHITIOJNIHSAETCA Jlucm-ceccust, uium nil.

(machine-type) dyHKOUA
BosspailaeT cTpoKy, XxapaKTepU3yOIIYIO TUII MaIlITHEI, Ha KOTOPOM BbI-
noJHsaeTca Jluco-ceccus, mam nil.

(machine-version) QYHKIIUA
BoasBparaet cTpoKy, COOOIIAIONTYI0 BEPCUIO MAIIIUHEI, Ha KOTOPOI BbI-
nosusaercs JIuco-ceccus, miru nil.

(room &optional (arg :default)) GYHKIIUA
BrIiBoguT coobIiieHne, OMUChIBAOIee TeKyIee COCTOSAHMe mTaMATH. bo-
Jiee JaAKOHUYHBIA OTBET OyAeT IMOoJIyueH ¢ apryMeHToM nil, 6ojiee MHOTO-
CJIOBHBIH — C t.

(short-site-name) GyHKIUA
BosspaiaeT cTpoKy, XapaKTepU3YOIIYI0 TeKyIlee (DU3UUIECKOe PacCIio-
JIOXKeHue, uau nil.

(sleepr) PYHRIIUA
IIprocranaBimBaeT BbIUNUCJIEHUE HA I" CEKYH/I.

(software-type) (GyHKIUA

BosspaimaeTr cTpoKy, XapaKTepU3YIOIIYI0 TUII HUMKeJe:KaIlero Mpo-
rpaMMHOro obecrieueHust, uam nil.

(software-version) QYyHKIUA
BosspaimaeT cTpoKy, XapaKTepuU3yIOIyI0 BePCUI0 HIKEJIeKAIIero Ipo-
TpaMMHOrO obecIieueHus, Uau nil.

(step expression) MaKpoc

HemaeT mmar B BBIYNCJIEHUN BBIPAMKEHUA exXpression, Bo3Bpalasa 3Havue-
HUe(s), KOTopble OyAYT IOy YeHEI.
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(time expression) MaKpoc
BrruncasieT BhIpasKkeHme expression, BO3Bpalias noJayueHHoe 3HaueHne (),
a TaKsKe BbIBOAA B *trace-output* mH(pOpMAaI 1o O 3aTpauyeHHOM BPEMEHU.

(trace fname®) MaKpoc
BeiBogut mH(MOpMAMIO O BhI30BaX (ZPYHKIUU C 3aJaHHBIMU WMeHAMU
B *trace-output. MokeT He paboTaTh AJIA PYHKIIUI, CKOMIUJINPOBAH-
HBIX ¢ inline-mekJaparnueii. BoisBanHaA 6e3 apryMeHTOB, BBIBOAUT CIIU-
COK (hbYHKIINIA, OTCJAEKNBAEMbIX HA JAHHBIN MOMEHT.

(untrace fname*) MaKpoc
OrMmeHsAeT BbI3OB trace. BoidBanHasa 6e3 apryMeHTOB, OTMEHSIET TPACCU-
POBKY BCeX OTCJIE}KMBAEeMbIX (PyHKIIUHN.

(user-homedir-pathname &optional host) QYyHKIIUA

BoaBpamniaer nyThs K JoMaIHemMy KaTaJory IoJb30BaTe g Ui nil, ecan
Ha 3aJlaHHOM XOocTe ero HeT. IlapameTp A0St UCIIONB3yeTCA TaK Ke, KaK
B make-pathname.

KOHCTaHTbI U nepemMeHHble

array-dimension-limit KOHCTAHTa

ITomosxuTenbHBIN fixnum, HA eUHUILY IIPEBBIIIAOIINI OrpaHnyYeHe Ha
KOJIMUECTBO 9JI€MEHTOB B OJHOI pasMepHOCTH MacCUBa. 3aBUCUT OT pea-
JU3aIun, HO He MeHee 1024.

array-rank-limit KOHCTAaHTAa

ITonoskuTenbHBIN fixnum, Ha eTUHUILY IPEBBIMIAIONINIA MaKCUMaJbHOE
KOJIMYeCTBO Pa3MepHOCTell B MaccuBe. 3aBUCUT OT peau3alluu, HO He
MeHee 8.

array-total-size-limit KOHCTaHTAa

ITomosxkuTenbHBIT fixnum, HA eIUHUILY ITPEBBINIAIONINI OrpaHNYeHe Ha
KOJIMYECTBO 9JIEMEHTOB B MaccuBe. 3aBUCHUT OT Pean3aliu, HO He MeHee
1024.

boole-1 ... boole-xor KOHCTAHTBI
ITonoxxuTebHBIE IIEJIbIE YKCJIA, UCIOJIb3yeMble KaK MEePBBLIN apryMeHT
boole.

=break-on-signals* nepeMeHHAA

O6o01enne 6oJiee cTapoi +break-on-warnings+. 3HaueHUe MepPeMeHHOI
JIOJIXKHO OBITH crentmduraropom tuna. Ec/iu CUTHAJIU3UPYETCs YCIOBUE
3aJaHHOTO TUIIa, BHIBBIBAETCA OTJIANUUK. MlcxoqHO paBHA nil.
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call-arguments-limit KOHCTAHTAa
IToso:xuTeIbHOE IIeJI0e UMCJIO, HA eIUHUILY 0O0JIbIllee MaKCHUMAJIbHOTO
KOJIMUEeCTBa apryMeHTOB B BbI30Be (DYHKIIMU. 3aBUCUT OT peajin3allui,
HO He MeHee 50.

char-code-limit KOHCTaHTAa
ITosmo:xuTEeIbHOE ITeJI0€ YMCJIO, HAa eqUHUILYy OOJIbIllee MaKCUMAaJbHOTO
3HAUeHNs, BO3BPAIlaeMoro char-code. 3aBUCUT OT Pean3aIlii.

»compile-file-pathnamex nmepeMeHHasd
B miporiecce BeizoBa compile-file comep:KuUT Iy Th, IMOJYUYEHHBIN U3 II€PBO-
To aprymeHnTa. Bre mporecca koMmouaamu — nil.

»compile-file-truenamex mepeMeHHasa
Hacrosamiee uma gusa ~compile-file-pathnamex.

*compile-prints nepeMeHHas
HcnonpayeTrca KaK 3HaUeHUE IO YMOJYAHUIO TapaMeTpa :print Bcompile-
file. McxomHoe 3HAUEHME 3aBUCUT OT Pean3alliuu.

*compile-verbosex nepeMeHHaaA
Hcnonp3yerca KaK 3HaUEHME [0 YMOJIYaHUIO ITapaMeTpa :verbose B com-
pile-file. UcxomHoe 3HaUEHE BaBUCUT OT PEATU3AIIUU.

*debug-io=* mepeMeHHasda

IToToK, MCIIO/Ib3yeMbIH AJI NMHTEPAKTUBHOU OTJIATKH.

~»debugger-hooks nepeMeHHasA

Ecinu He siBasiercs nil, To MoJyKHA OBITHL PYHKIIHEH f IBYX apryMeHTOB.
Hemnocpeacreento mepes BbI3OBOM OTJIafuuKa [ BbHI3BIBAETCSA C BOBHUK-
muM ycaoBueM u camoii f. Ecau BbI3OB f 3aBepliiaeTcsi HOPMAaJIbHO,
yIpaBJieHUe TiepefjaeTcd B OTJIaguuK. B mporecce BbI3oBa f ~debugger-
hook+ OymeT ycTaHOBJIEH B nil.

»default-pathname-defaults+ nepeMeHHasa

Hcnonp3yeTca Kak 3HaUeHHWE MO YMOJYAHUIO, KOraa (GPYHKIIUAM TUIIA
make-pathname He nepegaH aprymeHT :defaults.

short-float-epsilon KOHCTaHTa
single-float-epsilon KOHCTaHTa
double-float-epsilon KOHCTaHTa
long-float-epsilon KOHCTaHTa

J1a KasKaA0ro COOTBETCTBYIOIIETO THUIIA OIIPeesigeT HauMeHbIIIee I0JI0-
JKUTEJBHOE UHMCJIO TOTO Ke (hopmara, KOTopoe Impu N00aBJIeHUN K HEMY
1.0 B ToM ke hopMaTe IPUBOAUT K Pe3yJaIbTaTy, OTIANYHOMY OT 1.0. 3aBU-
CHUT OT peajin3aluiu.
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short-float-negative-epsilon KOHCTaHTa
single-float-negative-epsilon KOHCTaHTa
double-float-negative-epsilon KOHCTaHTa
long-float-negative-epsilon KOHCTaHTa

I1s KasKI0ro COOTBETCTBYIOIIETO TUIIA OIIpesiesigeT HauMeHbIIee II0JI0-
YKUTeJIbHOE YMCJIO TOr'O Ke (popmaTra, KOTOpoe IIPU BEIYUTAHUHU ero u3 1.0
B TOM XKe hopMaTe IPUBOAUT K PE3YJIbTATy, OTAUYHOMY OT 1.0. 3aBUCHUT
OT peann3anun.

*error-outputs nepeMeHHasa

IToToK, MCIIOIb3yeMblii AJIS BBIBOAA COOOIIIEHM 00 OIITNOKaX.

»featuresx nepeMeHHasA
3aBUCAIINI OT peaU3aIU CINCOK CHMBOJIOB, IIPECTABIAIOINX BO3-
MOXKHOCTH, TTOAeP:KUBaeMble TaHHON peaudamnueii. ITU CUMBOJBI MO-
TyT UCIIOJIb30BATHCA KAK TECTHI B #+ U #f-.

*gensym-counters nepeMeHHasa
HeoTpunarenbHoe Iesioe YHCJI0, UCIOJIb3yeMoOe gensym OJIA CO3TaHUSA
UMeH CUMBOJIOB. McxoiHOE 3HaUeHNe 3aBUCUT OT peain3alinui.

internal-time-units-per-second KOHCTaHTa

Ecuu pasHuma mesxkay aByMsa BbIdoBaMm get-internal-run-time genurcsa
Ha JJaHHOe IeJI0e YUCJIO, Pe3yJIbTAT OyZeT IPe/ICTaBJIeH B BI/le KOJIUYECT-
Ba CEKYH] CUCTEMHOI'0 BpeEMEHU MeXXK Ay HUMU.

lambda-list-keywords KOHCTaHTa
Comucox KJmoueill B CIMCKAX MapaMeTpoB JAMOIa-BbIpaskKeHus (HAIIpu-
mep, &optional, &rest u T. 1.), HOAIEP;KUBAEMbBIX peajin3aliueii.

lambda-parameters-limit KOHCTaHTa

IToso:xuTenBHOE IIeJI0€ UYMCJI0, HA eQUHUILY OOJIbIllee MAaKCHMAJILHOIO
KOJIMUEeCTBA IIEPEMEHHBLIX B CIIMCKE IIapaMeTPOB JIAMOJa-BBHIPAIKEHM.
3aBUCHUT OT peajusaluu, Ho He MeHbIre 50.

least-negative-short-float KOHCTaHTAa
least-negative-single-float KOHCTaHTAa
least-negative-double-float KOHCTaHTa
least-negative-long-float KOHCTaHTAa

Haumenblitee o MOAYJII0 OTPUIIATEIbHOE UKCJIO C IJIaBaOleil 3alaToi
KaikI0ro TUIA, MOAAeP:KUBaeMoe peansauei.

least-negative-normalized-short-float KOHCTaHTAa
least-negative-normalized-single-float KOHCTaHTAa
least-negative-normalized-double-float KOHCTaHTa
least-negative-normalized-long-float KOHCTaHTAa

HawumensIee 110 MOAYJII0 HOPMAJIN30BAHHOE OTPUIIATEIBHOE YHCJIO C ILIa-
BaloIell 3aIATON KaxKJI0T0 TUIIAa, IIOAAepKBaeMoe pean3anueri.



412

[masa D. CnpaBo4HVK MO A3bIKY

least-positive-short-float KOHCTaHTa
least-positive-single-float KOHCTaHTAa
least-positive-double-float KOHCTaHTa
least-positive-long-float KOHCTaHTa

HaumeHnblitee 1o MOAYJIIO OJIO:KUTEJIBHOE YHCJIO C ILJIaBAIOIEeN 3amATOMn
KasKJIoTo THUIIA, IOAJePKuBaeMoe peaan3auei.

least-positive-normalized-short-float KOHCTaHTa
least-positive-normalized-single-float KOHCTaHTAa
least-positive-normalized-double-float KOHCTaHTa
least-positive-normalized-long-float KOHCTaHTa

Hawunmensblnee mo MoayJrio HOpMaJn30BaHHOE TTOJI0KUTETHHOE YHUCJIO C ILIa-
BaIOIIeH 3alIATON KaKAOr0 TUIIA, IOAAEPIKIBaeMOe peansalei.

*»load-pathnamex nepeMeHHasa
B mporiecce BeIumcaeHus: BbI30Ba 10ad CBSASLIBAETCA C IIyTEM, MOJYYEH-
HBIM M3 IIEPBOT0O apryMenTa. BHe mporiecca 3arpysku — nil.

*load-prints nepeMeHHasA
Hcmonbp3yeTca Kak 3HaUEHMeE 110 YMOJIYaHUIO ITapamMeTpa (print B BbI3oBe
load. cxomHOE 3HAUEHME 3aBUCUT OT Peain3aInim.

*load-truenamex nmepeMeHHasda
Hacrosamiee uma s =1load-pathnamex.

*load-verbosex nepeMeHHasa
Hcnonp3yeTca Kak 3HaUeHHUE II0 YMOJUYAHUIO IapaMeTpa :verbose B BbI-
30Be load. McxomHoe 3HAUEHME 3aBUCUT OT Pean3aliuu.

*macroexpand-hookx nepeMeHHasA
DYyHKIUA TPeX apryMeHTOB — pacKpbIBawINasa (GyHKIUSA, MaKPOBHIZOB
7 OKPY’KeHUe — BBI3BIBAeTCA M3 macroexpand-1 AJig reHepamuu PacKpPBI-
TU# MakpocoB. VIcxomHoe 3HAaUeHMe 9KBUBAJIEHTHO funcall miau mMeHU
COOTBETCTBYIOIIEl (PYHKITUN.

*modules= nepeMeHHasA

CIIHICOK CTPOK, MOJIYUYeHHBIX B Pe3yJIbTaTe BLI30BOB provide.

most-negative-fixnum KOHCTAHTa

HaumeHblltee BO3MOKHOE 3HaUeHUE TUNA fixnum, mogaep:KuBaeMoe pea-
Jn3aInen.

most-negative-short-float KOHCTaHTa
most-negative-single-float KOHCTaHTa
most-negative-double-float KOHCTaHTa
most-negative-long-float KOHCTaHTa

Hab6oabImee 1o MOAYJIIO OTpUIIaTeJIbHOE YHCJIO C HJIaBaIOH.IefI 3aIATON
KaxKJa0ro Tuiia, nmogaepxXuBaeMoe peanmsauneﬁ.
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most-positive-fixnum KOHCTaHTa
Hawubosbiiee BO3MOKHOE 3HAUEHME TUIIA Tixnum, mogaep:KuBaeMoe pea-
Jau3amuen.

most-positive-short-float KOHCTaHTa

most-positive-single-float KOHCTaHTAa

most-positive-double-float KOHCTaHTa

most-positive-long-float KOHCTaHTAa

Hab6oJbIlee 1o MOAYII0 MOJOMKUTEIbHOE UIMCJIO C IIJaBaIoIlel 3alaTomn
KasKJI0To TUIIA, IOAIeP:KUBaeMoe peain3aliiei.

multiple-values-limit KOHCTaHTAa
ITosmo:xuTEeIbHOE ITeJI0€ UMCJIO, HAa eqUHUILYy O0JIbIllee MaKCUMaJIbHOTO
KOJIMUEeCTBa BO3BPAIllaeMbIX 3HAUEHU. 3aBUCUT OT peasn3aliui, HO He
menee 20.

nil KOHCTaHTa
Brruuciigercs cama B ce6s. B paBHOI cTemeHU ITPeICTABIIACT JIOMKD 1 IIyC-
TOU CITUCOK.

*packagex nepeMeHHasa
Texkymuit maker. cxomro — common-lisp-user.

pi KOHCTaHTAa

ITpubau:xenue uucsa © B popmare long-float.

*print-array nepeMeHHaaA
Ecsu nctumHa, MacCUBHI Bceria ImeyaTatoTea B unTaeMoM (readable) gop-
mare. McxonHoe 3HaUeHNE 3aBUCUT OT Peaau3aluu.

*print-basex mepeMeHHasa

ITesnoe unciso mexxay 2 u 36 BKIounTeabHO. OmpeeiseT OCHOBaHUE CUC-
TeMbI CUMCJIEHIS, B KOTOPOH IeYaTaroTcs uucia. VcxomHoe 3HaueHUe
paBHo 10 (mecATuuHbIN (hopMar).

*print-casex nepeMeHHasa

VYopaider neyarbio CUMBOJIOB, MMEHA KOTOPBIX HAXOAATCS B BEPXHEM
peructpe. BodaMoKHBI TpU 3HAUEHUA: Upcase (MCXOAHOe BHaUeHue), (down-
case m :capitalize (meuaTaeT CHMBOJBI TaK, KaK IIOCJe NIIPUMeHEHU:
string-capitalize Kk X UMeHaM).

*print-circlex mepeMeHHas
Ecau ucrunna, pasmenaseMble CTPYKTYPbI OyAyT 0TOOpakaThbCA C IIOMO-
B0 MAKPOCOB UTeHUA #n=u #n#. icxoqHo paBHa nil.

*print-escapex nepeMeHHad

Ecau paBua nil, To Bce OyaeT meuaTaThCs TAK Ke, KaK ¢ IIOMOIIBIO pPrinc.
Hcxomuo paBHa t.
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*print-gensyms nepeMeHHasa
Ecau nctunHa, TO mepes HEMHTEPHUPOBAHHBIMY CUMBOJIAMHY OyAeT reva-
Tarbes #:. Mexomuo paBHa t.

*print-length= nepeMeHHasA

JIn6o nil (1cxX0HO), JIMOO ITOJIOKUTEIBHOE IeJI0e YKUCJIO, KOTOPOe OIIpe-
eJIgeT MaKCUMaJJIbHOE KOJIUYECTBO SJIEMEHTOB, 0TOOPAXKAEMBIX AJIA Of-
HOTO 00BeKTa (uiirtHme GyAyT CKPBITHI). Ecau paBHa nil, To orpaHuye-
HUSA HET.

*print-levelx nepeMeHHasa
JIn6o nil (1cX0HO), OO ITOJIOKUTEIBHOE IeJI0e YKUCIIO0, KOTOPOE OIIpe-
eJIgeT MaKCUMAaJbHBIN YPOBEHDb BJIOYKEHHOCTU OTOOpaKaeMbIX 00BEK-
TOB (ocTasbHOE OyaeT CKPBITO). Eciu paBHA nil, TO OTpaHUYEHU HET.

*print-lines mepeMeHHasa
JIn6o nil (1cX0HO), OO ITOJIOMKUTEIBHOE IeJI0e YKUCJIO, KOTOPOe OIIpe-
eJIsgeT MaKCUMaJbHOe KOJIUYECTBO CTPOK, UCIIOJIB3YEeMbIX AJIs 0TOOpa-
JKeHUsa 00'beKTa IIPU KPacuBoil mmeuatu (IMIHUe OYAYT CKPBITHI). Kcunm
paBHa nil, To orpaHNYEHNUd HET.

*print-miser-width= nepeMeHHasa
JIn6o nil, 16O MOJOKUTEIBHOE IIeJI0e YUCJIIO, KOTOPOe 3aaeT KOMIAKT-
HBIH CTUJIb KPACHUBOU MeYaTH, UCIIOJIb3YEeMbIii, eCJI HeOOXOAUMO yiKATh
mpencraBiieHne o0beKTa. VIcXoqHOe 3HAUCHYE 3aBUCUT OT PeaIu3aliiu.

*print-pprint-dispatch= mepeMeHHasa
JIn6o nil, m1u6o TabauIla yIpaBIeHUs KPacuBoi meuarsio. VicxomHo ycra-
HOBJIeHA TabJIUIA, BBITTOJIHSIOIIAA KPACUBYIO II€UaTh COIVIACHO OOBIUHBIM
paBUJIaM.

sprint-pretty= nepeMeHHAA
Korma mcruaHa, s oToOpaskeHus 00'beKTOB HCIIOJIb3YeTCA KpacuBas
nevarsb. VlcxomHOe 3HAUEHE 3aBUCUT OT PeaIu3aIuu.

*print-radixs nepeMeHHasA
Korma nctunua, 3ajaeT oCHOBaHME CUCTEMbBI CUUCJIEHUA TeYaTaeMbIX YU~
cei. McxomHoe 3gauenue — nil.

*print-readably= nepeMeHHasA
Korga mecturza, IpUHTEP AOJMKEH JU00 CTeHEePpUPOBATH UNTAEMBIN BbI-
BOJ, IN0O CUTHAJIM3UPOBATH OITIOKY. V3HauaIbHO yCcTaHOBJIEHA B Nil.

*print-right-margin« mepeMeHHasa

JIn6o nil (1CX0HO), MO0 ITOJOKUTEIBHOE IeJI0e YKCJIO0, IPEICTaBIII0-
Iree BeJIMUUHY IIPABOr0 ITOJIsI, Ha KOTOPOM HUYEro He OyIeT ImevaTaThCs.
Ecau paBua nil, BesimumHa IPABOro MOJIS 3a4A€TCA CAMUM IIOTOKOM.
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*query-iox IIepeMeHHasA

IToToK, MCII0JIb3YEeMbIi AJIS JBYCTOPOHHET0 OOIIIeH!s C II0JIL30BaTeIeM.

*random-statex nepeMeHHad
O0BeKT, MPECTABIAIOINNNA COCTOAHNE Te€HepaTopa CIYyYaWHBIX YKCeJI
Common Lisp.

*read-basex nepeMeHHaaA
ITesoe uuco ot 2 o 36 BKAOUNTENbHO. OIIpesesiseT OCHOBaHUE CUCTEMBI
CUMCJIEHUA, B KOTOPOH OyAyT CUMTHIBATbCA yucia. McxomHo paBHa 10
(mecaTuuHBIN (hopMmarT).

*read-default-float-format ImepeMeHHasd
IToxkaswiBaeT hopmar, UCIONIB3yEeMbI read IO YMOJYAHUIO AJIA UTEHUS
YymceJI ¢ IJIaBaloliell 3anaToi. [JoKHa ObITh CIIelIu(MPUKATOPOM THUIIA Y-
ceJi ¢ TIIaBaloIie sanaToii. Mcxomuoe sHauenue — single-float.

*read-evalx nepeMeHHasa

Ecau nil, #. curmanusupyet omubky. McxogHoe 3HaueHne — t.

xread-suppress« rnepeMeHHas
Ecau uctunna, read 6ymeT 60Jiee TOJIePAaHTHON K CHHTaKCHUUYECKUM pas-
auuuaMm. McxogHo paBHa nil.

*readtablex nepeMeHHasa
Texkymaa tabnauiia ureHus. VicxomHasa Tabauiia 3ajaeT CTaHIapPTHBIN
cuaTakcuc Common Lisp.

*gtandard-inputs nepeMeHHaaA

BxoHOM ITOTOK 110 YMOJIUYaHUIO.

*standard-outputs nepeMeHHasa

BbIX0OIHO IIOTOK II0 YMOJTUaHUIO.

t KOHCTAHTA
Brruncisercs cama B cebs. IIpeacTaBisier UCTUHY.

*terminal-iox nepeMeHHaa

TIoToK, MCIOIB3yeMbIil KOHCOJIBIO (€C/IM UMEeTCs).

*»trace-outputx mepeMeHHasa

IIoToK, B KOTOPKIH OTOOpAKaeTcsa pPe3yabTaT TPACCUPOBKU.

* * % * kK IIepeMeHHbIe
Comepsxar mepBbie 3HAYEHUA COOTBETCTBEHHO TPEX IIOCJAEIHUX BhIparke-
HUH, BBeJIeHHLIX B toplevel.

+ o IepeMeHHEbIe

CozepKkaT COOTBETCTBEHHO TPH IIOCJENHUX BLIPAYKEHUSA, BBEICHHBIX
B toplevel.
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- epeMeHHas
B mporecce BBIUKCIIEHNS BEIpasKeHus B toplevel comep:XuT camo BbIpa-
JKeHue.

VAR ImepeMeHHbBIe

CozepaKaT CINCOK 3HAUEHNI, KOTOPbIe BEPHY/IN COOTBETCTBEHHO TPU II0-
CIeJHUX BBIPAKEHUs, BBeIeHHbIe B toplevel.

Cneundukatopbl TUNOB

CrernuduKaTopsbl TUIIOB MOI'YT OBITH IIPOCTBIMI WJIM COCTaABHBIMU. IIpocToit
cIeriu(uKaToOp — dTO CUMBOJI, COOTBETCTBYIOINIT MMeHU TUNa (HampuMep,
integer). CocTaBHOII crieruUKAaTOP — 9TO CIMCOK M3 CMMBOJIA 1 Habopa ap-
TyMeHTOB. B aToM paszgese 6yAyT pacCMOTPEHbI BApUAHTHI COCTABHBIX CIIe-
MUPUKaTOPOB.
(and type*)

CoOTBETCTBYET IEPECEUEHUIO TUIIOB type.

(array type dimensions)

(simple-array type dimensions)
COOTBETCTBYIOT MHOKECTBY MacCCUBOB C THUIIOM type M Pa3MepPHOCTIMH,
coorBeTcTBYIonmuMu dimensions. Eciau dimensions — HeoTpuIilaTeJIbHOE
IeJIoe YKCJIO, OHO YKa3bIBaeT HAa KOJUUYECTBO PA3MEPHOCTEN; €CJU 3TO
CIIMCOK, TO OH YKa3bIBaeT Ha BeIUUNHY KaKI0N pasMepHOCTH (KaK B BbI-
30Be make-array). Mcmonb3oBaHue simple-array orpaHUYMBAET MHOKECT-
BO IIPOCTHIMH MaccuBaMu. 3HAK *, BCTPEUAIOIINIICA Ha MeCcTe THUIIa type
WJIU OSHOII M3 pasMepHocTeil dimensions, 03HaUaeT OTCYTCTBHE COOTBET-
CTBYIOIIIUX OTPAaHUYEHUIH.

(base-string i)

(simple-base-string i)
OKBUBAJEHTHI (vector base-character i) u (simple-array base-character (i))
COOTBETCTBEHHO.

(bit-vector i)
(simple-bit-vector i)

OKBUBAJEHTHI (array bit (i)) m (simple-array bit (i)) cOOTBETCTBEHHO.
(complex type)

CoOTBETCTBYET MHOYKECTBY KOMILJIEKCHBIX YMCEJ, MHUMBIE U IeHCTBU-
TeJIbHBIE YACTU KOTOPBIX IPUHAAJIEKAT TULY type.

(cons typel type2)

CooTBeTCTBYeT MHOYKECTBY SYeeK, Car KOTOPBIX NPUHALJIEKUT TUIY
typel, a cdr — Tuny type2. 3HaK * B OJHOYN U3 IIO3UI[UI COOTBETCTBYET t.

(eql object)

CooTBeTCTBYeT MHOKECTBY U3 OJJHOTO djeMeHTa: object.
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(float min max)
(short-float min max)
(single-float min max)
(double-float min max)
(long-float min max)

VKaspIBaIOT HAa MHOXKECTBO UKCEJI C IIJIaBaIOIell 3alsToi OIpeaeIeHHO-
TO THUIA CO 3HAUEHUAMHU MEXKIY min m max, rae min m max — auoo f
(BRJIIOUas yucJo f), 1ubo (f) (uckiodasa uucyo f), rae f — 4ucao CoOTBeT-
CTBYIOIIIET'O THUIIA JII/I6O *, YTO YKa3bIBA€T HA OTCYTCTBHE OI'PAHNYECHUA.

(function parameters type)

Wcnonsasyerca Tosnpko B ferkaapanuax. CooTBeTCTByeT MHOMKECTBY (PyHK-
muii, YbM apryMeHThI IPUHAJJIEeKAT TUIAM, YKasaHHBIM parameters,
¥ BO3BpAIIAIONIUX 3HaueHUe(sa) tuna type. Coucok parameters cOOTBET-
CTBYET CIUCKY CIIenn(pUKATOPOB TUIIOB AJIs apryMeHTOB GYHKIIUY (apry-
MEHTBHI 10 KJII0UY CO00IaoTesA KaK cinucok Buma (key type)). Cruenudu-
Karop, cjaemyromuii 3a &rest, COOTBETCTBYET TUIY HOCIEAYIOIINX apTy-
MEHTOB, a He TUIIy CaMOT0 apryMeHTa, KOTOPBIHA Bcerga ABJIAETCA CIIHU-
ckoM. (Taxske obparuTe BHUMaHVe Ha creruduKarop Tuna values.)

(integer min max)

Amnajor float g 1eJbIX 4KceI.
(member object*)

CoOTBETCTBYET MHOKECTBY 00 bEKTOB 0bject.
(mod i)

CoOTBETCTBYEeT MHOKECTBY IIeJIBIX YKUCEeJ, MeHBIHUX i.
(not type)

COOTBETCTBYET IOIIOJHEHUIO 0 MHOYKECTBA type.
(or type*)

CooTBeTCTBYET O0BEJUHEHUIO TUIIOB tYpe.
(rational min max)

Amnauor float Ajad pamuoHaJIbHBIX YKCEJI.
(real min max)

Amnajor float gas gqeficTBUTEIbHBIX YKCEI.
(satisfies symbol)

CooTBeTCTBYET MHOXKECTBY O0'EKTOB, YAOBJIETBOPAIOINX (DYHKIIVU C Of-
HUM apryMeHTOM 1 uMeHeM symbol.

(signed-byte i)

CooTBeTCTBYEeT MHOYKECTBY IeJIbIX yrcesa mexxkay —20°) u 2001 proun-
TeJILHO. DKBUBAJIEHT integer, eCiiu i ABIAETC *.
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(string i)

(simple-string i)
COOTBETCTBYIOT MHOKECTBY CTPOK 1 MPOCTBLIX CTPOK IJIMHOI i COOTBET-
CTBEHHO.

(unsigned-byte i)
COOTBeTCTByeT MHOMECTBY HEOTPHUILATEJIbHBIX IIeJIbIX YNCeJl, MEHbIIINX
2l OxBuBaJIeHT (integer 0 *), eCam i — *.

(values . parameters)

Hcmonbayerca TobKO B crnenu@ukaropax function u BeIpaskeHuax the.
CooTBeTCTByeT MHOKECTBY HaOOPOB 3HAUEHUIT, KOTOPhbIe MOT'YT IIepeia-
BaTheA B Multiple-value-call ¢ dyukmueidt Tumna (function parameters).

(vector type i)

(simple-vector i)
IJKBUBaJIeHTHI (array type (i)) u (simple-array t (i)) cCOOTBETCTBEHHO.
Heo6x0a1M0 IIOMHNUTH, YTO IPOCTOM BEKTOP — 9TO HE TOJLKO IIPOCTOMH OfI-
HOMEpPHBIN MaccuB. IIpocToil BEKTOD MOMKET TaKKe XPaHUTh 00BeKThI
JIIOOBIX TUIIOB.

Ma KPOCbl UTeHUSA

Maxkpocamu, COCTOAINMMMUY 13 OSHOTO 3HAKA, ABJISOTCA (, ), , ; 1 . Bece mpe-
IOoIpeJeieHHbIe yIpPaBJsgeMble MAKPOCHI UTEHUS HNMEIOT YIPABJISIONINAI
3HAK f.

#\c CoOoTBeTCTBYET 3HAKY C.

#'f OxBuBajedT (function f).

#(...) CoOTBeTCTBYET IIPOCTOMY BEKTODY.

#n(...) COOTBETCTBYET IIPOCTOMY BEKTODY U3 1 9J1eMeHTOB. Ecyii 3a1aHO MEHb-
1IIee YKCJIO 9JI€MEHTOB, HeJIOCTAOIIE 3alI0OJIHAIOTCA 3HAUEHUEM I10-
CJIeHETO.

#+bbb COOTBETCTBYET IPOCTOMY OUT-BEKTODY.

#n=bbb CooTBeTCTBYET IIPOCTOMY OUT-BEKTOPY U3 N 3jieMeHTOB. Eciu 3agaHo
MeHbIIIee YKCJIO SJIEMEHTOB, HEJOCTAOIINE 3AMOJHAOTCSA SHAUEHNEeM
TIOCJIeTHETO.

#:sym CosaeTr HOBBIII HEMHTEPHUPOBAHHBIN CUMBOJI C UMEHEM SYMm.

#.expr Cosgaer sHaUeHNE expr Ha MOMEHT CUUTHIBAHUA.

#Bddd JBouuHOE YKCJIO.

#0ddd BocbMepuuHOE YHCIIO0.

#Xddd IITecTHaAITATEPUYHOE YHCJIO.
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#nRddd Yucsio ¢ 0OCHOBaHUEM 71, KOTOPOE JOJYKHO OBITH AECATUYHBIM I[€JIbIM
yucJoM oT 2 10 36 BKIIOUNTEJIHHO.

#C(a b) CoOTBEeTCTBYET KOMILJIEKCHOMY UHuCay a-+bi.

#nhAexpr CooTBeTCTBYEeT MHOTOMEPHOMY MAacCCHBY, CO3JaHHOMY CO 3HaUeHUEM
‘expr mapameTpa :initial-contents B BbI3oBe make-array.

#S(sym ...) | CosmaeT CTPYKTYDPy THIIA SYM, 3ATIOJIHAA apI'yMeHTHI B COOTBETCTBUH
C 3aJJaHHBIMU 3HAUEHUSIMU U IIPUCBAMBaA OCTAJbHBIM apryMeHTaM
3HAUYEHU TAK JKe, KaK C IIOMOII[bI0 COOTBETCTBYIOIIET0 KOHCTPYKTOPA.

#Pexpr IKBUBAJEHT (parse-namestring 'expr).

#in=expr OKBUBAJIEHT eXPr, HO CO3aeTcs UKINUECKasd CTPYKTYPA CO CChLIKOI
Ha 9JIEMEHT C METKOI1 7.

#ni Cosnaer 06 BEKT, ABIAIOMINIICA METKOH 1 B IUKJINYECKOU CTPYKTYPE.
f#i+test expr| Ecau test npoiifeH, To SKBUBaJIEHTEH expr, HHaUe ABJIAEeTCA IPOOesoM.

ii-test expr| Eciuu test He IpOIiieH, TO SKBUBAJIEHTEH eXpr, NHAUe ABJIAETCA Ipobe-

JIOM.
I MuorocTpouHbIit KOMMeHTapuii. ITHOPUPYETCA CUNTHIBATEIEM.
#< BrIsbIBaeT onruokKy.

O06paTHYI0 KaBBIYKY JIETKO IOHATH, €CJIM PACCMOTPEThH 3HAUEHMs, BO3BPA-
maemMble BBIDa’KeHUEeM, B KOTOPOM OHA MCHOJb3yeTcA.” UTOOBI BHIUMCINTH
TaKOe BbIpasKeHUe, yAaJInM 00paTHYIO KaBbBIUKY U BCe COOTBETCTBYIOIIYE el
3amnAThle, 3aMeHAA BhIPasKeHNe [T0CJIe KaXK/I0H KaBbIUKY Ha COOTBETCTBYIO-
Iee eMy 3HaueHIVe. BplunciieHre BhIpaKeHN A, HAUMHAIOIIETocA ¢ 3aIATOMN
(BHe 00paTHOI KaBBIYKI) IPUBOIUT K OIIINOKE.

3amATasi COOTBETCTBYET O00paTHON KaBbIUKe, KOTAA MEXKAY HUMU MMEETCS
OIWHAKOBOE KOJIMUYECTBO 3AIIATHIX 1 00PATHBIX KaBbIUeK (b HaXOMUTCA MEXK-
Iy a U ¢, eCJIY @ TIPeAIIecTBYeT BEIpasKeHunio, coepskaiinemMy b, u b mpeziie-
CTBYeT BBIPAKEHUIO, COJEPIKaIeMy c). ITO 03HAUAeT, UTO B KOPPEKTHOM
(well-formed) BeIpaskeHun IOCTAEIHASI OOpaTHAA KaBbIUKa COBIAAaeT C HAU-
6oJstee TUTyOOKOJIEKAIIIel 3aIIATOM.

IIpenmosmoxum, 4TO X BBIUYUCJIAETCSA B 4, KOTOPaA BBIUUCJIAETCA B 1; U Yy BBI-
YUCJIAETCA B D, KOTOPaAA BBIUUCIAAETCS B 2. UTOOBI BLIUMCIUTD BHIPAKEHNeE:

C

(w ., x ,,y)

yaaJIiiM IIePBYIO o6paTHy10 KaBBbIUYKY 1 BBIUYMCJIMM BC€, UTO CJjieJyeT 3a COOT-
BE€TCTBYIOIIIMMU eil 3anATbIMU. Eii COOTBETCTBYET JIMIIIb KpaﬁHﬂH CIIpaBa
samnaraa. Ecau Mbr yoaJnuM ee 1 3aMEeHHMM OCTaBIlleeCsd BbIPpasKeHue ero sHa-
YeHUreM, TO IIOJIYyUYrM:

“(w,x ,Db)
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Jlerko yBUeTH, UTO 5TO BhIpasKeHUE PACKPBIBAETCH B:
(wa?2)

3Hak 3amaTasa-oT (,@) BeeT ce6sa aHaJOTUYHO 3aIATOMH, HO TOIKEeH HaXOAUTh-
CA B CIINCKE, a COOTBETCTBYIOII[€e BBIPAMKEHUE-apPIyMEHT IOJIKHO BBIUKC-
JIATBCSA B CIUCOK. [ToryYaeMblii CIIICOK BCTABJISIETCSI II09JIEMEHTHO B CIIMCOK,
cozep:kaIuii Beipaskenue. Iloaromy

“(w o, x o, ,0(list Ta 'b))
BBIUMCJISIETCS B

(w ,x ,a ,Db)

3HaK s3amATas-TOuKa (,.) aHAJOrMYeH 3aIATON-9T, HO JIeHCTBYET AECTPYK-
THUBHO.
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JKeTcsA 60Jee 0OTBEUAIONTUM AeHiCTBUTEIbHOCTH.

Wwmena car 1 cdr IPOUCXOAAT U3 BHYTPEHHErO IIPECTABJIEHUS CIUCKOB B IIEPBOM
peanusanuu Jlucma: car coorserctBoBaa «Contents of Address part of Register»,

1 ®pemepurk Bpykc «Muduueckuii 4elOBEKO-MECAIl, MIN KaK CO3JAI0TCA IIPO-

rpaMMHBIe cucTeMbl». — Ilep. ¢ aura. — CII6.: Cumpos-Ilatoc, 2000.
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TO eCTh COIEPIKMMOMY aJPECHOI YaCTH Perucrpa, a cdr — «Contents of the Decrement
part of the Register», To ecThb feKpeMeHTHOII YaCTH PerucTpa.

YuraTesau, CTOIKHYBIINECA C CEPbE3HBIMU 3aTPYJHEHUIMN B IOHUMAHUU PEKYDP-
CHH, MOT'YT OOPATUTHCA K OLHOM U3 CIEAYIOMINX KHUT:

Touretzky, David S. «Common Lisp: A Gentle Introduction to Symbolic
Computation». Benjamin/Cummings, Redwood City (CA), 1990, Chapter 8.

Friedman, Daniel P., and Matthias Felleisen. «The Little Lisper». MIT Press,
Cambridge, 1987.

B ANSI Common Lisp mmeerca Tak:ke Makpoc lambda, MO3BOJIAIONIUI IHCATH
(lambda (x) x) BmecTo # (lambda (x) x). IIocKOJIBKY OH CKPBIBA€T CUMMETPHUIO MEKIY
JAMOJa-BRIPDAKEHUAMHI U CUMBOJBbHBIMU UMeHaMUu (QyHKIU (I3 KOTOPBIX HEO0-
XOZUMO UCIIOJIb30BATS # '), eT0 UCIIOJIF30BaAHNE IPUBHOCUT JOBOJIBHO COMHUTENBHYIO
9JIETAaHTHOCTb.

Gabriel, Richard P. «Lisp: Good News, Bad News, How to Win Big». AI Expert,
June 1991, p. 34.

Crenyer ocrTeperarhcs eIrfe OZHOIO MOMEHTA IIPU MCIOJb30BAaHUM SOrt: OHA He ra-
PaHTUPYET COXPaHEHUE MOPAKA CJIENOBAHUS 3JIEMEHTOB, PABHBIX C TOUKYU 3PEHUA
dyuKIUY cpaBHeHUA. Hanpumep, mpu copTupoBkKe (2 1 1.0) ¢ mOMOIIIBIO < KOPPEKT-
Has peasusanuda Common Lisp mosxeT BepayTh Kak (1 1.0 2), tak u (1.0 1 2). YT0o0BI
COXPaHUTh NCXOAHBINA MOPAIOK IJIA OMMHAKOBBIX C TOUKM 3PEHU PYHKIIUYU CpaBHe-
HUS 9JI€EMEHTOB, UCIIOJIb3yiTe 0oJsiee MeqieHHYI0 GyHKIIUIO stable-sort (Taxske me-
CTPYKTUBHYIO), KOTOPasd BO3BpaIllaeT TOJbKO IIePBOe 3HAUEHUeE.

MHoro 651J10 CKa3aHO 0 T0JIb3e KOMMEHTapUeB U MPaKTUUEeCKHU HUYETro — O 3aTpaTax
Ha HUX. Ho KOMMeHTapuu nMMeIoT CBOIO IeHy. XOPOIIui KoM, KaK X0poIlas Iposa,
TpebyeT IOCTOAHHOrO mepecMoTpa. lJis 9Toro Ko AoJaKeH ObITh KOMIIAKTHBIM U I10-
JaTimBeIM. MesKCcTpOoUuHble KOMMEHTApPUH JIeJIaloT KOJ MeHee I'nOKUM u Gojiee pac-
IJIBIBUATHIM, 3a/IePKUBasI TEM CAMBIM €TI0 Pa3BUTHE.

HecmoTpst Ha TO, UTO MOAABJIAIOIIEE YNCJIO PEATU3AIUI UCIOJIb3YIOT HA00p 3HAKOB
ASCII, Common Lisp rapaaTupyer JIUIIIL cCJeAyIollee UX yIIopsanouenue: 26 3HAKOB
HUKHETO PETUCTPa, PACIOJIOKEHHBIX 10 BO3PACTAHUIO B a1(DaBUTHOM IOPAJKE, UX
aHAJIOTH B BEPXHEM PerucTpe, a Taxk:ke mudpsi ot 0 10 9.

CraHmapTHBIN CIocO0 peasnsanyy ouepeleil ¢ MIPUOPUTETOM — WCIOJIb30BaAHLE
CTPYKTYpPHI, HageiBaemoit kyueil. Cm. Sedgewick, Robert. «Algorithms». Addison-
Wesley, Reading (MA), 1988.

OmnpeneneHue progn MOxXoke Ha IpaBUJIO BBIYNCIEHUA BbI30BOB PyHKIIHI B Common
Lisp(cTp. 27). XoTs progn u sBJsieTCA CIIeINaJIbHBIM OIIePaTOPOM, MBI MOYKEM OIIpeie-
JIUTH MOXO0XKYI0 (PyHKIIUIO:

(defun our-progn (&rest args)
(car (last args)))

Ona 6ygeT coBepiieHHO Hea(GeKTUBHA, HO GYHKIIMOHAJIHLHO 9KBUBAJIEHTHA PeaJib-
HOMY pProgn, ecJiv IMoCJeJHUHN apryMeHT BO3BpAIllaeT TOJbKO OJHO 3HaUEHUE.

Amnajnoruda ¢ 1amM061a-BeIpakeHUAMY HaPyIIaeTcd, eClIU UMeHAMU IIepeMeHHbBIX AB-
JIAIOTCSA CUMBOJIBI, UMeIOI[Ie B CIICKe IIapaMeTpoB ocoboe 3HaueHue. Hanpumep,
BbIpasKeHMe:

(let ((&key 1) (&optional 2)))
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KOPPEKTHO, a BOT COOTBETCTBYIOIIlee eMy JAMOJa-BbIpaskeHune — yiKe HeT:
((lambda (&key &optional)) 1 2)

IIpu mocrpoenuu aHajgoruy Mes;x Ay do u labels BOSHUKAET TaKas »Ke mpobsema. Boi-
paskarto 6iarogzapaocts [pBuny Ky:xuauky (David Kuzhnik) 3a ykasanue Ha Hee.

Steele, Guy L., Jr., and Richard P. Gabriel. «The Evolution of Lisp». ACM SIGPLAN
Notices 28:3 (March 1993). ITpumep, TPOIUTUPOBAHHBIN B 9TOM OTPHIBKE, II€peHe-
cex B Common Lisp us Scheme.

YT00sI ce1aTh BBIBOJ BpeMeHU 0oJiee YNTaeMbIM, HEOOXOAUMO YOeqUTHC, YTO M-
HYTBI U CEKYHbI IPEICTABJIAIOTCS B BUE ITapbl Iudp:

(defun get-time-string ()
(multiple-value-bind (s m h) (get-decoded-time)
(format nil ""A:72,,,’00A:72,,, 00A" h m s)))

B cBoem nucsme ot 18 mapra (mo crapomy cruiio) 1751 roga Yecrepduig mucaJt:

«Xoporro nusBecTHO, uyTo IOnaucKuii KaJieHgaph HeTOYEH, TaK KaK IIepeolie-
HUBaeT IPOAOIKUTEIbHOCTh T'ofla Ha OAMHHAAIATh auei. [lama I'puropuit
TpunazamaTeiil ncupaBusa 3Ty omubKy [B 1582]; ero KamenzapHasa pedopma
HeMeJJIeHHO Oblyia npuHaTa B Kartomnueckoit EBporme, a 3aTem u mporecTan-
TaMu, HO He Oblia npuHATa B Poccuu, IlIBenuu n Aurnuu. Ha moii B3rsaz,
oTpullanue rpy0oii o0Iern3BeCTHOM OINOKY He AejiaeT AHIJINYA 0cO00M uec-
TH, 0COOEHHO B TaKOIl KOMIIaHNU. BeITekaroIue n3 aToro hakTa Heygo06CcTBa
WCIBITBIBAJIN, HAIIPUMED, T€, KTO UMeJI JeJI0 C MHOCTPAHHON KOPPECIOHIEeH-
e, MoJUTUYEeCKON uiu puHaHcoBoi. I1o 9Toi mpuynHe A MPeIIPUHAI 0~
OBITKY PeOPMUPOBAHUSA: MPOKOHCYJIBTUPOBAJICA C JYUITUMU IOPUCTAMU
¥ OIIBITHEHIIIMMY aCTPOHOMAaMU, ¥ MBI IIOJTOTOBUJIN 3aKOHOIIPOEKT II0 9TOMY
Boupocy. Ho 31eck Hauauch mepBble TPYAHOCTH: A JOJIKEH OBLI MCIIOJIH30-
BaThb OPUANUYECKUN S3BIK M ACTPOHOMMUUYECKNE BBIUMCJIEHUS, HO B OTUX BO-
mpocax s AujeTaHT. TeM He MeHee OBIJIO COBEPIIEHHO HEeOO0XOAUMO, YTOOBI
B Ilasmare JlopmoB MeHs couiv PasOMpPAIOMMCS B 9TUX BOIPOCAX W YTOOBI
OHU caMU He 4yBcTBOBaJu cebs npodanamu. Co CBOeH CTOPOHEI, S YiKe U3'b-
scusycs ¢ Humu Ha Keabreckom u CraBOHCKOM HA T€MBI, CBSI3aHHBIE C aCTPO-
HOMUeil, 1 OHU BIIOJIHE MOHAIU MeHs. [loaToMy s pelrn, YTo Jydlie 3aHu-
MaTbCA JEJIOM, a He PasIyiaroJbCTBOBATH M YTOMKAATh, BMECTO TOTO UTOOBI
uHQOPMUPOBATE. S JIUIIE JaJI UM HEOOJbIION SKCKYPC B UCTOPHUIO KaJleH1a-
peii, ot Erunerckoro k I'peropmanckomy, pasBieKas UX 3aHUMATEJIbHBIMU
WCTOPUYECKUMU drtu3omamu. IIpu aToMm s 6L KpaiiHe OCMOTPUTEJIEH B BbI6O-
Pe€ CJIOB ¥ IPUMEHNJI CBOE OPATOPCKOE UCKYCCTBO, YTOOBI IIPEACTABUTE rapMO-
HUYHOCTD U 3aBEePIIEeHHOCTb NHTEPECYIOIero MeHs caydas. ITo cpaboralo,
u cpaboraJjo ObI Bcerga. §1 ycaaani ux ciyx U JoOHeC HYKHYI0 nHpoOpMaIuio,
TocJjie Yero MHOTHe U3 HUX COOOIIMIN, UTO TpobieMa Ternepb COBEPIIIEHHO sC-
Ha. Ho, Bugur Bor, a4 faske He IbITAJICA HUYETO JOKA3bIBATD.»

Cum. Roberts, David (Ed.) «Lord Chesterfield’s Letters». Oxford University Press,
Oxford, 1992.

B Common Lisp yHuBepcaJIbsHBEIM BpeMeHEM CUUTAETCA IIeJI0€ YKCJIIO, IPE[CTABIIAI0-
mee KOJIMYECTBO CEKyHJ, mpoineninmux ¢ Havajaa 1900 roma. @yHKImum encode-
universal-time m decode-universal-time oCyIIeCTBJIAIOT IePeBOA AaT MexXAy (popma-
ramu. Takum obpasom, s gat mocyae 1900 roga 8 Common Lisp ecTs Gojiee mpo-
CTOIf CI0CO0 BBITIOJTHEHUSA 9TOTO IIPEe00pPa30BaHM:
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(defun num->date (n)
(multiple-value-bind (ig no re d mvy)
(decode-universal-time n)
(values d my)))

(defun date->num (d m vy)
(encode-universal-time 1 0 0 d my))

(defun date+ (d m vy n)
(num->date (+ (date->num d m vy)
(= 60 60 24 n))))

IToMmMO BBHIIIEYIIOMAHYTOI'O OTPAHUYEHUA UMeeTCs ITpeies, 3a KOTOPBIM IIPeICTaB-
JIeHUA JaT He OyoyT OIpUHALJIEXKATb TUIy fixnum.

112  Xorsa BbI30B setf MoskeT MOHUMATHCA KaK 00pallleHne K CChLIKe Ha KOHKPETHOE Me-
CcTO, OH peayusdyeT 6ojiee 0000IeHHBINT MexaHusaM. IlycTh, Hammpumep, marble — aTo
CTPYKTypa C OLHUM I10JIEM COlor:

(defstruct marble
color)

Cuenyiomas (QYHKIUS MTPUHUMAET CINCOK PasHOBUAHOCTEH Mpamopa (marble)
¥ BO3BpAIIAaeT UX I[BET, €CJIU OH OJUH JJIs BCeX 9KB3EMILIAPOB, U Nil — B IPOTUBHOM
ciyyJae:

(defun uniform-color (1lst)
(let ((c (marble-color (car 1st))))
(dolist (m (cdr 1st))
(unless (egl (marble-color m) c)
(return nil)))
c))

Xora uniform-color He ccplIaeTca Ha KOHKPETHOE MECTO, BOBMOYKHO U Pa3yMHO BBI-
3bIBaTh Setf ¢ aTOl (PyHKIMel B KauecTBe IepBoro aprymenTta. Oupeznenns

(defun (setf uniform-color) (val 1st)
(dolist (m 1st)
(setf (marble-color m) val)))

MBI CMOJKEM CKa3aTh
(setf (uniform-color =marblesx) 'red)
YTOOBI cleIaTh KasK bl BJIEMEHT B *Marbless KPacHbIM.

112 B pannux peanusdanusax Common Lisp mpuxoauiocs ucmorb3oBaTh defsetf mgs om-
penesieHusA pacKpbITuA setf-BeipakeHus. IIlpu onpeneseHUN MOPAAKAa CIeIOBAHUSA
apryMeHTOB HEOOXOAUMO IPOSBJIATH aKKYPATHOCTh U MIOMHUTH, UYTO HOBOE 3HAUE-
HUe pacliojlaraetcs nociedHum B onpefeaeHNN QYHKIINY, IepejaBaeMoil BTOPHIM
aprymenToMm defsetf. Takum o6pasom, BEI3OB:

(defun (setf primo) (val 1st) (setf (car 1lst) val))
9KBUBaJIEHTEH

(defsetf primo set-primo)

(defun set-primo (lst val) (setf (car 1lst) val))
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Asweik C, HanmpuMep, MO3BOJIAET IepefaBaTh yKasaTeab Ha (DYHKIIUIO, HO IIPU 9TOM
CIHMCOK TOTO, YTO BBl MOXKeTe Imepeaarb (GYHKI[UU, CYIIECTBEHHO MeHbIIe (T.K.
B C HeT 3aMbIKaHUI), KaK U CIIMCOK IeHCTBUIL, KOTOPbIE MOYKET COBEPIIUTH C 9TOHU
dbyHKIUel moayuaTesas (T. K. B C HeT aHasora apply). Kpome Toro, BbI 00s13aHbI JEeK-
JIapupoBaTh JJis Hee TUIl BO3Bpalaemoro sHadenus. CMoKeTe JIi Bbl HAIKMCATh
B C anaJjor map-int uiu filter? Pasymeercs, Het. Bam nmpuaercs mogaBiasaTh IPOBEP-
Ky THUIIOB apr'yMeHTOB 1 BO3BPAIlA€MOro 3HAUYEHUA, a 9TO OIACHO U, BEPOSATHO, BO3-
MOJKHO JINIID AJId 32-0MTHBIX 3HAUCHUIA.

3a pa3HOOOPA3HBIMU IPUMEPAMU BCECTOPOHHETO MCIOJb30BAaHUA 3aMbIKAHUNA 00-
pamaiirecs K Kuure Abelson, Harold, and Gerald Jay Sussman, with Julie Sussman.
«Structure and Interpretation of Computer Programs».! MIT Press, Cambridge,
1985.

3a momosHUTENbHOM nHpopManuei o a3pike Dylan oGpamaiitecs K kuure Shalit,
Andrew, with Kim Barrett, David Moon, Orca Starbuck, and Steve Strassmann.
«Dylan Interim Reference Manual». Apple Computer, 1994. 9ror qoxkymeHT mocry-
neH? Ha HECKOJIBKUX pecypcax, B TOM uuciae http://www.harlequin.com wu http://
www.apple.com.

Scheme — 970 ouens maneHbKUit u yncTeiil AuatekT Jlucna. Ou 6611 npugyman laem
Crunom u sxepanbaom Caccmanom B 1975 rony u Ha MOMEHT HAITUCAHUSA KHUTH ObLT
ompepnesiet B kaure Clinger, William, and Jonathan A. Rees (Eds.) «Revised Report
on the Algorithmic Language Scheme»?. 1991.

ITOT OTUET, a TAKMKe PasHooOpasHble peaanusanuy Scheme Ha MOMEHT IIeuaTy OLLIN
mocTynHEI uepe3 aHoHuMHGBIN FTP: swiss-ftp.ai.mit.edu:pub.

MoKHO OTMETHTh JBE 3aMeuaTebHble KHUIM II0 s3bIKYy Scheme: «Structure and
Interpretation of Computer Programs» («CTpyKTypa u mHTEepIpeTanus KOMIIbIO-
TEPHBIX IPOTPaMM>»), YyKasaHHad paHee, u Springer, George and Daniel P. Friedman
«Scheme and the Art of Programming». MIT Press, Cambridge, 1989.

Haub6osee menmpusaTHble 6aru B JIucie MOTYT OBITH CBSI3aHBI C [UHAMUYECKUM AHa-
nazonoM. I1o00HbBIE Belll MPaKTUUYECKU HUKOTAa He BOBHUKHYT B Common Lisp,
KOTOPBII IO YMOJTYAHUIO UCIIOJIb3yeT JeKCUUYeCKuil auamnasod. MHOTMe AuajeKThl
Jlucna, ucmnosb3yemble, Kak IIPaBUJIO, KaK BCTpaUBaeMble A3bIKM, pa00TaIOT C IU-
HaMHUYEeCKUM JUAIa30HOM, 1 006 9TOM HEOOXOIMMO IIOMHUTD.

OpuH Mog00HBIN OAar HATIOMUHAET TPOo0JIeMy 3axBaTa IepeMeHHBIX (cTp. 176). IIpen-
cTaBbTe, UTO BHI IlepefaeTe oqHY GYHKIIUIO KAK apryMeHT JPYToi, U 9Ta QyHKIUI
ToJIyYaeT HEKOTOPYIO ITIepeMeHHYIO B KauecTBe aprymeHTa. OgHaxko BHyTpU PyHK-

dTa KHUra OueHb oJiedHa. B lHTepHeTe nMeeTcs pyCCKUil mepeBoy (1o Ha3Ba-
HueM «CTPYKTypa U HTEPIPeTalusa KOMIIbIOTEPHBIX IPOrPpaMM»; KHUATA TaKJiKe
usBecTHa Kak SICP), pemrerus 60JbIITNHCTBA 3a4a4 U3 KHUTH, a TAKKe COOTBET-
crByitoiue Bugeosekuu MIT ¢ pycckumu cy6rurpamu. — Ilpum. nepes.

Ha MoMeHT moAT0oTOBKY ITepeBOia HU OLMH U3 STUX PECYPCOB, IIOXOXKe, He COLep-
JKaJl YIIOMSHYTOTO Marepuaia. JJokyMeHTanus 1 Ipodyas akTyaabHas UHGOP-
Manusa o a3eike Dylan moctymua mo agpecy http://www.opendylan.org. — Ipum.
nepee.

Ha MoMeHT IOAr0OTOBKY I1ePEeBO/a AKTYAJIbHOU ABJISJIACH IIIECTAA BEPCUS CIIEI[H-
duranuu (R6RS), rocrynnaa no agpecy http://www.rérs.org. — IIpum. nepes.
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Iy, KOTOpasd ee BbI3blBaeT, JaHHAA IIEpeMEeHHasdA He OIIpeaejieHa Uil UMeeT apyroe
3Ha4YeHue.

IIpenmosokumM, K IPpUMeEpPY, YTO MbI HAaIIMCAJIM OTPAHUYEHHY0 BEPCUIO Mapcar:

(defun our-mapcar (fn x)
(if (null x)
nil
(cons (funcall fn (car x))
(our-mapcar fn (cdr x)))))

ITycTh aTa pyHKRIUA HCIOIb3yeTCA B APYroi, add-to-all, KoTopas IPUHUMAET YUC-
JIO ¥ 00aBJIAET ero K KasKJI0OMY dJIEMeHTY CIIUCKA:

(defun add-to-all (lst x)
(our-mapcar #' (lambda (num) (+ num x))
1st))

B Common Lisp aToT Koz Oymer paborars 6e3 nmpobJiem, HO B JIrcIie, MCIOIb3YIOIIEM
IUHAMUYECKUN AUaIasoH, MBI MOJYUYUJIU Obl OIKOKY. PyHKIUA, IeperaBaeMast
KaK apryMeHT our-mapcar, ccbLiaeTcsA Ha X. B MOMEHT mepegadu 9ToM (GyHKITUU B OUr-
mapcar mepeMeHHAas X JOJIMKHA ObITH UKCJIOM, ITIePeJaHHLIM B KaueCTBEe BTOPOT'O apry-
meHTa add-to-all. Ho BHyTpm BbI3OBa (PYHKIIMU Our-mapcar mepeMeHHas X Gymer
UMeTh MHOe 3HAUeHNe, a UMEeHHO CIINCOK, IepefaBaeMblil KaK BTOPOI apryMeHT OuUr-
mapcar. Korga sToT criucok OyaeT mepemaH BTOPBIM apryMeHTOM +, OyIeT BbI3BaHA
onrubKa.

Bonee HoBBIe peanmuzanuu Common Lisp comepskaTr mepeMeHHYIO «read-evalx, KOTO-
pas MOJKeT OTKJIYaTh MaKpoc urenusd #.. [Ipu Bbi3oBe read-from-string ¢ moixbsoBa-
TEJbCKUM BBOAOM OyJeT pasyMHO CBs3aTh *read-evals ¢ nil. B mpoTuBHOM ciaydae
TOJIH30BaTe b MOYKET MOJYUUTEH H000uHbBIe 3 (HeKThI, ecau OyaeT UCIOIb30BATS f.
BO BBOJIE.

Cy1recTByeT MHOKECTBO OPUTMHAJNBHBIX AJITOPUTMOB OBICTPOr'O IIOMCKAa COBIIAJe-
HU B CTPOKAX, HO IPUMEHUTEJIHHO K IIONCKY B TEKCTOBBIX (Dailjiax HAIIl METOX I'DY-
00I CHUJIBI OKA3BIBAETCA BIIOJIHE OBICTPBHIM. 3a APYTUMHU aJTOPUTMAMU IIOUCKA COB-
majieHnii B CTPOKax obOparmaiiteck K KuHure Sedgewick, Robert «Algorithms».
Addison-Wesley, Reading (MA), 1988.

B 1984 rogy Common Lisp onpezesisi reduce 6es mapamMeTrpa mo KJaouy :key, I0O9TOMY
random-next HyXHO ObLIO OBI OIIPeleIUThH CIeAYIONIM 00pa3oM:

(defun random-next (prev)
(letx ((choices (gethash prev =wordsx))
(i (random (let ((x 0))
(dolist (c choices)
(incf x (cdr c)))
x))))
(dolist (pair choices)
(if (minusp (decf i (cdr pair)))
(return (car pair))))))

IIporpamma, momo6uasa Henley, ucmoabsoBasack B 1989 roxay a1 cuMyasIiiu HOBO-
CTHBIX JIEHT B UHTE€DHET-PACCHLIKAX aBTOPCTBA U3BECTHBIX (hIeiMepOB. SHAUUTEIb-
HOe KOJHMYECTBO UUTATeJell MPUHAJIO MoJo0HbIe co0o0IIenusa 3a npasay. Kak u 3a
BCEMU XOPOIIIUMHU PO3LITPHINIIAMHU, 38 9TUM CTOSJIA OIIpeieIeHHass uaes. UTo MOKHO
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CKasaTh 0 COTEePKaHNN PeaJbHBIX ()JIefIMOB MJIV O BHUMAHUU, C KOTOPBIM UX UHUTa-
IOT, €CJIV CJIYYaHO CTeHEPUPOBAHHBIN TEKCT MOT OBITH IPUHAT 32 PeajbHOE CO00-
meHue?

CepbesHBIM BKJIAIOM B PA3BUTHE UCKYCCTBEHHOT'O MHTEJIJIEKTAa MOYKHO CUUTATD yMe-
HUE pasfesiATh 3aJauu M0 CJI0KHOCTU. HeKoTophle 3aJaum OKas3bIBAIOTCSA BIIOJIHE
TPUBUAJIBHLIMY, APYTHUE — IIOUYTU HepaspemnMbIMu. IIoCKONIBKY paboThl, CBA3aH-
HbI€e C NICKYCCTBEHHBIM MHTEJIJIEKTOM, IIOCBAIIEHBI B IIEPBYIO OUepeab IIOCJIeIHUM,
U3yUYeHVe IEePBBIX MOXKHO OBLIIO ObI Ha3BaTh UCKYCCMBEeHHOU eaynocmuio (artificial
stupidity). Bosmo:xHO, IIynoe uMsA, HO ¥ 3TOHA 00J1aCTU €CTh OOJIbIIVE IIePCIeKTH-
BBI — OHA MOJKET JaTh HaM IporpaMMbl, mofo6ubie Henley, koTopsle 6yAyT BBIIION-
HATH POJIb KOHTPOJIbHBIX 3aa4 JIJI IPOBEPKY KaKUX-JTN00 I'UIIOTeS.

OkasbIBaeTcs, YTO MHOT/Ia CJI0Ba BOBCE He 00s13aHbI IepelaBaTh KaKue-Iu00 MBICJIH,
¥ 9TOMY CIIOCOOCTBYET CKJIOHHOCTD JIIOZEeH YCUJIEHHO NCKATh CMBICJ TaM, I'/ie ero Her.
ITosTomy ecsiz opaTop I03a0OTUTCS O IMPUBHECEHUU MAJIEHIIIer0 CMbICJIA B CBOIO
peub, 1oBepuUUBas IyOJIMKa HECOMHEHHO COUTET UX 2AY00KOMbLCIEHHbLMU.

Iloskanyii, aTO sABJIEHNE HUYYTH HE MOJIOKEe caMoro uesoBeuyecTBa. OMHAKO HOBBHIE
TEXHOJIOTUH IIO3BOJISAIOT IIATHYTh eIIle JaJIbIlle, 1 IPIMEPOM 3TOI'0 MOMKET CIYKUTD
HAIIA IporpaMMa reHepaluu CaIydainHoro rekcra. OHa mpemebHO IPOCTa, HO MOYKET
3aCTaBUTh JIIO/Ieil UCKPEeHHE CUUTATDH CBOIO «II093UI0» JEeJIOM PYK UeJIOBeUeCKuX (Mo-
JKeTe MPOBEPUTH HA CBOUX APY3bAX). Bojee CIIOKHBIE IPOrpaMMbI, HECOMHEHHO,
CMOT'YyT F'€HEePUPOBATh 60Jiee OCMBICJIEHHBIE TEKCThL.!

MuTrepecHoe 06CY K ACHE CIIyYaTHON reHepaI[iil CTUX0B KaK IIOJHOLEHHOM JTuTepa-
TypHOII (QOPMBI BBI MOKeTe HaliTu 31ech: Low, Jackson M. Poetry, Chance, Silence,
Etc. In Hall, Donald (Ed.) «Claims for Poetry». University of Michigan Press, Ann
Arbor, 1982.

Crapaunusamu Online Book Initiative TekcToBbIe Bepcuu MHOTUX KJIACCUYECKUX pa-
00T, BKJIIOUAs 9Ty, JOCTYIHEI B ceTu. Ha MOMEHT mM3maHus OpUrnHajaa? OHU ObLIN
mocTynHsl 1o anHouumuomy FTP: ftp.std.com:obi.

Tak:xe BaM MOKeT MOKasaThcA HHTepecHBIM pexkuM Dissociated Press B Emacs.

Cuenyromniasa GyHKIUS oToOpaskaeT 3HaueHUsA 16 KOHCTAHT, OMPeessaolinX orpa-
HUUYEHUS HA Pa3Mep YKCeJI C IIJIaBAIOIel 3alsATON B UCII0Jb3yeMOM peaTnsalin:

(defun float-limits ()
(dolist (m ’(most least))
(dolist (s '(positive negative))

OnucaHHas uaesa IOpPouia HeMaJio JPYTUX IITYyTOK, B ToM uucJe B Poccuu. Muo-
rue U3 HUX UTPAIOT Ha IICEeBJOHAYYHOCTH MIOJIyuaeMoro Tekcra. Hampumep, cep-
Buc Junexc. Pedepars! npeniaraer reaepamnuio pedepaToB Ha 3aJaHHBIE TEMBbI.
Cranpgajom o0epHyJIcA TaKkike sxkcuepuMmeHT M. 'enbdanga, B KOTOPOM IICEBI0-
Hay4JHas cTaThdA o HasdBaHUeM «KopueBaresb: aarOPUTM TUITUYHON YHUDUKA-
IUU TOYEK JOCTyIla M M30BITOUHOCTH», CTeHepupoBaHHaA nporpammoit SClgen
(manucauuoil B MIT) 1 nepesioskeHHAd HA PYCCKUI A3BIK C IIOMOIILIO OTEYECT-
BEHHOI pas3paboTKM «IJTam-3», Oblja JOIyIlleHa K IIeUaT B OSHOM U3 »KYPHAJIOB
BAK (8 2008 r). Ilogo6Has myTKa Oblja II03:Ke OpraHn30BaHa B OMHOM U3 aMe-
PUKAHCKUX JKYDPHAJIOB. — [Ipum. nepes.

IToxosxe, 9TOT JOKYMEHT, Kak u cama opranusamus OBI, kauyx B gety. — IIpum.
nepes.
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(dolist (f ’(short single double long))
(let ((n (intern (string-upcase
(format nil ""A-"A-"A-float”
m s f)))))
(format t "730A "A"%" n (symbol-value n)))))))

Aunropurm quicksort 0wLr mpeguiosxern Xoapom B 1962 rogy u onucan B KHure [o-
Haabaa Kayra «Sorting and Searching». Addison-Wesley, Reading (MA), 1973.

Foderaro, John K. «Introduction to the Special Lisp Section». CACM 34:9 (Sep-
tember 1991), p. 27.

3a meraJybHOI nHGOpMaIuei 06 ncnoab3oBanuu CLOS obparaiiTech K KHUTAM:

Keene, Sonya E. «Object Oriented Programming in Common Lisp». Addison-
Wesley, Reading (MA), 1989.

Kiczales, Gregor, Jim des Rivieres, and Daniel G. Bobrow. «The Art of the
Metaobject Protocol». MIT Press, Cambridge, 1991.

HaBaiiTe cKaskeM Ha APYTOU JIad: Mbl MOMCEM BbLNOJHUMb MOOUDUKAUUL MAKO020
poda dadice 6e3 npocmompa 0CmaibH0z0 Ko0a. DTU CJI0Ba MOT'YT IIPO3BYYaTh TPEBOXK-
HO JIJI HEKOTOPHIX YuTaTeseil. B HUX 3aKJI0UaeTCs PEeIenT crnareTTu-Koa.

OO0 BEeKTHO-OPMEHTHPOBAHHAA MOJEIb [I03BOJISAET YIPOCTUTDH IIOCTPOEHYE IIPOrpaMM
C IIOMOIIIBIO X pacmupeHusda. Takasd BOSMOKHOCTE B HEYMeJIbIX PyKaxX MOXKeT IIpU-
BECTH K CIATeTTH-KOAY. JTO He BCer/a IJIOX0, HO HUYero XOPOIIIero B TAKOM sBJIe-
HUU TOXKe HeT.

IIpunnynas yacTh KOrfa-I1nb0 HAIIMCAHHOTO KOZA ABJIAETCA NMEHHO CIIareTTU-Ko-
JIOM, ¥ TIOJIO}KEeHUe el BPAJL JU IIOMEHSeTCA B CKOPOM BpeMmeHuU. Ilys mporpamm,
KOTOpbIE B JIIO0OM CjIydyae 3aKOHUAT KaK CIIAreTTH, 00BEKTHO-OPUEHTHPOBAHHAA
MOZeb, HECOMHEHHO, II0JIe3HA: OHU XOTs ObI 6YAYT CTPYKTYPUPOBAHHBIMY CIATET-
Tu. Ho 114 mporpamMm, KOTOpPEIe 3KeJiaiu Obl n36eKaTh II0J06HO0 yuacTH, UCI0JIH30-
BaHHE 00'bEKTHOM OPUEHTHPOBAHHOCTUA MOYKET OBITh CKOPEe OIACHBIM, UeM IT0JIe3-
HBIM.

IIpu Hac/iefoBaHUY SK3EMILIAPOM CJIOTA C OJUHAKOBBLIM KMEHEeM OT HECKOJIbKUX CY-
EePKJIaCCOB HACJIEAYEMBIH CJIOT COAEPIKUT CYIEPIIO3UIINI0 CBOMCTB BCEX POAUTEb-
CKHX cJ0TOB. MexaHu3M KOMOMHAIIUY MOKET Pa3InuaThbCs JJIs PA3HBIX CBOMCTB:

1. CsoiictBa :allocation, :initform(ecaaum umeercs) u :documentation (ecau umeeTcs)
OyAyT MOJy4YeHbI U3 HanmboJee CIeu(PUIHOro Kaacca.

2. CsoiicTBa :initarg OyayT oO0bequHeHHEM ITapaMeTPoB :initarg Bcex cymepkJiac-
COB. OTO CIIpaBeAJINBO TaKIKe JJIS CBOMCTB :aCCessor, :reader u ‘writer.

3. CsaoiicTBO :type GyzmeT mepeceueHreM mapamMeTpoB :type Bcex CYIepKJIACCOB.

Bur mokere msberkarn HEO6XO,ELI/IMOCTI/I YAaJaATb CUMBOJIBI BPYUYHYIO, M3HAYaJbHO
HCIIOJIB3yAd HEMHTEPHHUPOBAaHHbBIE CEMBOJIBIL:

(progn
(defclass counter () ((#1=#:state :initform 0)))

(defmethod increment ((c counter))
(incf (slot-value c "#1#)))

(defmethod clear ((c counter))
(setf (slot-value ¢ "#1#) 0)))



KommeHTapuu 429

OcoGoro cMbIcya progn 37ech He HECEeT, OH IIPOCTO ITOKA3BIBAET, UTO 9T BHIPAYKEHU ST
[OJI’KHBI BHITIOJIHATHCS BMECTe B 3aJaHHOM mopsigke. Eciau s Bac aTo Heyqo6HO,
MOJKeTe BOCII0JIb30BAThCSA CIAEAYIONNM MaKpPOCOM UTEHUS:

(defvar ssymtabx (make-hash-table :test # equal))

(defun pseudo-intern (name)
(or (gethash name =xsymtab=)
(setf (gethash name xsymtabx) (gensym))))

(set-dispatch-macro-character #\# #\[
#' (lambda (stream charl char?2)
(do ((acc nil (cons char acc))
(char (read-char stream) (read-char stream)))
((eql char #\1) (pseudo-intern acc)))))

Temeps BbI CMOKETE CIeJIaTh CaeyoIee:

(defclass counter () ((#[state] :initform 0)))

(defmethod increment ((c counter))
(incf (slot-value ¢ '#[state])))

(defmethod clear ((c counter))
(setf (slot-value ¢ '#[state]) 0))

210 JlaHHBIA MaKpoC H00aBJIseT HOBBIM 9JIEMEHT B IBOUYHOE JEPEBO IIOMCKA:

(defmacro bst-push (obj bst <)
(multiple-value-bind (vars forms var set access)
(get-setf-expansion bst)
(let ((g (gensym)))
“(letx ((,g ,o0bj)
,@(mapcar #'1ist vars forms)
(,(car var) (bst-insert! ,g ,access ,<)))
,set))))

220 Knuth, Donald E. «Structured Programming with goto Statements». Computing
Surveys, 6:4 (December 1974), pp. 261-301.

221 Knuth, Donald E. «Computer Programming as an Art». In ACM Turing Award
Lectures: The First Twenty Years. ACM Press, 1987.

Jra cTaThs, KaK U IMpeabIayInas, oblaa mepeusgana B: Knuth, Donald E. «Literate
Programming». CSLI Lecture Notes #27, Stanford University Center for the Study
of Language and Information, Palo Alto, 1992.

223 Steele, Guy L., Jr. «Debunking the "Expensive Procedure Call” Myth or, Proce-
dural Call Implementations Considered Harmful or, LAMBDA: The Ultimate
GOTO». Proceedings of the National Conference of the ACM, 1977, p. 157.

CyTh OIITUMU3AIMY XBOCTOBOM PEKYPCUM 3aKJII0OUAETCS B 3aMeHe PeKYPCUBHBIX BbI-
30BOB aHAJOTMYHBIM UTEPATUBHBLIM BbIpaskeHueM. K coskasieHnio, MHOTHE KOMIIU-
JIATOPBI, aKTyaJbHBIE HA MOMEHT HAIlMCAHUS KHUTHW, T€HEePUPOBAJIU IJA ITUKJIOB
Bce JKe 6oJiee OBICTPBIN KOJI.
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HexkoTopsie mpuMepsl ncnoib3oBaHus disassemble Ha pa3IMUYHBIX IPOIECCOPAX BBI
cvmokere HalitTu B KHure Norvig, Peter «Paradigms of Artificial Intelligence
Programming: Case Studies in Common Lisp». Morgan Kaufmann, San Mateo
(CA), 1992.

ITonynsipHOCTHh 06'BEKTHO-OPUEHTUPOBAHHOI'O IIPOIPAaMMUPOBAHUSA YaCTO CBSA3HIBA-
0T ¢ monyJasapHocThio C++, KoTopas BOSHUKJIA 0Jlarogaps yCOBEPIIEHCTBOBAHUAM
B miaue tunusanuu. Koumnenryaabuo C++ casau ¢ C, HO B YucJjIe IpOUYero mo3BoJIs-
eT cOo3IlaBaTh OIlepPaTophl, paboTalolre c apryMeHTaMu pa3HblX TUHoB. OgHAKO 1A
9TOr'0 BOBCe He 00A3aTeJbHO MCIIOJIb30BaTh 00bEKTHO-OPUEHTHUPOBAHHBIA A3BIK —
MOCTATOYHO JUHAMUYECKON Tumusanuu. Eciu Bbl IOHAOIOLAaeTe 3a JIIOAbMU, IIH-
mymumu Ha C++, To 00HAPYIKUTE, UTO CO3LaBaeMble UMY NePapXUU KJIAaCCOB O0bIU-
HO ABJAIOTCA IJIOCKUMU. C++ cTaJI MOMyAAPHBIM HE TIOTOMY, UTO ITO3BOJIAET pado-
TaTh ¢ KJIaCCAMU U METOJaMU, a IIOTOMY UTO JIIOAAM He00X0AUMO 00XOIUTH HEKOTO-
pble orpannyenus tunusamnuu B C.

Cospanue gexJjaapaiuii 3HaYUTEeJbHO YIIPOIlaeTcsA ¢ IOMOIIbI0 MaKpocoB. Ciaenyio-
U MaKPOC MOJyYaeT UMA TUIIA U BbIPasKeHure (BEPOATHO, UNCJIeHHOE) U TeHepupy-
eT PacKphITUE, B KOTOPOM 3aeKJIapUPOBAH 3aJaHHBIN TUI JJIf BCEX MIPOMEIKYTOU-
HBIX Pe3yJabTaToB. UTOOBI rapaHTUPOBATH BBIUKUCJIEHVE BHIPAYKEHUS € C IIOMOIIBIO
TOoNBKO fixnum-apudmMeTHuKH, JOCTATOUHO cKa3aTh (with-type fixnum e).

(defmacro with-type (type expr)
‘(the ,type , (if (atom expr)
expr
(expand-call type (binarize expr)))))

(defun expand-call (type expr)
“(, (car expr) ,@(mapcar # (lambda (a)
“(with-type ,type ,a))
(cdr expr))))

(defun binarize (expr)
(if (and (nthcdr 3 expr)
(member (car expr) "(+ - = /)))
(destructing-bind (op a1 a2 . rest) expr
(binarize ‘(,op (,op ,al ,a2) ,@rest)))
expr))

BbI30B binarize rapaHTHUpPYeT, YTO HUKAKOI apru(pMeTUUeCKUil ollepaTop He BbI3bIBa-
eTcs1 6oJiee UeM ¢ JByMsA apryMeHTaMu. BeI3oB THIA:

(the fixnum (+ (the fixnum a)
(the fixnum b)
(the fixnum c)))

He MOKeT ObITh CKOMIIMJIMPOBAH B CJIOKEHUA YMCeJ TUIla fixnum, Tak Kak mpoMe-
JKYTOUHBIN pe3yibTatr (Hampumep, a+h) MoKeT He MpUHAAJIeKAaTh TAITY fixnum.

C momorpio with-type MBI MOKeM 3aMEHHUTh IIOJIHYIO AeKJapaluil BepCuo poly
(cTp. 226) Ha GoJiee IPOCTYIO:

(defun poly (a b x)
(with-type fixnum (+ (* a (expt x 2)) (* b x))))
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231

233

237

237

246

Eciuz Bam mpezncrouT MHOro padoraTh ¢ fixnum-apuhpmernKoil, BOZMOMKHO, CTOUT
OIIpPeIeJIUTh MaKPOC UYTEHUA, PACKPBIBAIOIIINUIICA B BBIBOB (With-type fixnum ...).

Ha muorux Unix-cucremMax NpuUTogHBIM (DAMJIOM CO CJIOBaMU ABJsAeTcA /usr/dict/
words.

T saBaserca auajiekToM Scheme ¢ MHOYKECTBOM ITOJIE3HBIX MOIMOJHEHU, BKJIOUYAS
TOAIEPKKY ITYJIOB. BosbIlte MH(MOPMAIIMY TI0 3TOM TEME BbI MOJKETE HAWTU B KHUTE
Rees, Jonathan A., Norman I. Adams, and James R.Meehan. «The T Manual», 5th
Edition. Yale University Computer Science Department, New Haven, 1988.

Ha momenT nybsaukanuu opurunHaial pykosozcrso no T, a Takske ero peaansanus
ObLyiu mocTynHb! 10 anoHuMHOMY FTP: hing.les.mit.edu:pub/t3.1.

PaBJII/I‘II/IH MeXay CHeHI/IQ)I/IKaHI/IHMI/I 1 nmporpaMMaMm MOJKHO CUMUTATh KOJIHNYECT-
BEHHBIMI, HO HE KQUECTBEHHbBIMU. O,Z[Ha}K,Z[bI IIOHAB 9TO, CTAHOBUTCS HEeCTEeCTBEH-
HBIM mpeb08ambv, 9TOOBI KTO-I100 COCTABJIAJ JOKYMEHTAIIWIO O HaYaja peasmnsa-
muu npoekra. Eciii mporpaMma muiercsa Ha HU3KOYPOBHEBOM SA3BIKE, TO OyAeT I10-
JIE3HO IIpeaABapuUTEeJIbHO OIIMCATh 3agauy B TEpPMHNHaX BBICOKOI'O YPOBHA. HO IIpHU 11e-
pexofie K BBICOKOYPOBHEBBIM fA3BIKAM HEOOXOAMMOCTH B TOAOOHBIX OeHCTBUAX
ncuesaer. B HEKOTOPOM poOie peajnsalius U MPOMEKYTOUHAS CIeIU(PUKAIINS CTa-
HOBSATCS ONHUM U TEM Ke.

Ecan nporpamma, paHee HanncaHHAA HA HUSKOYPOBHEBOM S3BIKE, II€PEIINCHIBAETCA
Ha 6oJsiee aOCTPAKTHOM sI3bIKE, ee Pean3alus HaunHAeT HAIIOMUHATH CIernduKa-
U0 Jaske B GOJIBIIIE CTEIIeHY, UeM UCII0JIb30BaBIIasacsa paHee cueruduranud. Ile-
pedpasupys OCHOBHYIO MBICJIB paszesa 13.7, MOKHO cKasaTh: cIeIupUKAIINA IIPO-
rpamMmbl Ha C MokeT ObITH HanmcaHa Ha Jlucre.

Wcropus ormuBku cKyabaTypsl «Ilepceit» BensenyTro YeiuHu, BEPOATHO, HAN00-
Jiee u3BecTHasA (1 HanboJIee KypbesHas), 110 CPABHEHUIO C APYTUMU JUTHIMU OPOH30-
BeIiMu cKyJabnTypamu. Cellini, Benvenuto. «Autobiography». Ilepesox George Bull,
Penguin Books, Harmondsworth, 1956.

Iasxe onbITHBIE JINCI-IPOrPaMMUCTHI MHOTIA HAXOAAT paboTy ¢ TaKeTaMu Hey00-
Hoi. IloTOMY 1M 9TO, YTO OHU U IIPABJA CJIOYKHBI, UJIU K€ MBI IIPOCTO He IPUBBIKJIN
IyMaTh, YTO IIPOUCXOAUT B MOMEHT UTeHUA?

ITomo6Haa KOHIlENITyaJIbHASA TPYAHOCTh TaK:Ke cBa3aHa ¢ defmacro. Boabioi o6bem
paboThI OB BBIMIOJIHEH AJIA MOMCKAa 0ojsee abCTPaKTHOM asbTepHATHBHI defmacro.
Opuako defmacro KasKeTcs CJIOYKHBIM, TOJBKO €CJIM HUCIOJIb30BATh €ro, IPUIEPIKU-
BasCH JOBOJIFHO PACIPOCTPAHEHHOTO IPEACTABIEHUA O TOM, UTO OIIPEesIeHre MaK-
poca mono0HO ompenesieHN0 QPyHKIuUM. B aToM ciayuae MOKeT IITOKUPOBATH, UTO
MPUXOAUTCA AyMaTh O HpobjemMe 3axBaTa IepeMeHHBIX. HO eciu pasMBIIIATD
0 MakKpocax KaK O TOM, UeM OHU [JeHCTBUTEIbHO ABJIAIOTC, T. €. KaK 0 Tpeo6pasoBa-
HUSIX UCXOLHOTO KOJa, TO 3aXBaT IIePeMeHHbIX OyaeT He 00JbIlell IpobJeMoi, yuem
JleJIeHUe Ha HOJIb.

Tax YTO, BOBMOXHO, IIaKEThI OKaKyTCA PadyMHBIM crmocobom peanusanguu MOAYJIb-
HOCTHU. I[ame apn Geryiom B3IVId[le OUeBUOHO, YTO OHU CUJIBHO HAIIOMMWHAIOT MEeTOa M-

Ha MoMeHT ToZroTOBKY II€peBojia 9TOT pecypc He ObLI focTyeH. [[aHHBIN JOKY-
MEHT JIETKO OTBICKATh B CETH, HO HE IMOX0Ke, UTOOBI 3TOT AUAJIEKT IPECTaBIIA
Ha HACTOAIUH MOMEHT KaKoU-I160 CyII[eCTBEeHHEIH nHTepec. — IIpum. nepes.
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KU, HCIIOJIb3yeMbI€ IIpOorpaMMHCTaMMN IIPDK OTCYTCTBHUU (l)OpMaﬂLHOﬁ MO,ZLY.TILHOI';I
cucTeMbl.!

MosKHO yTBEPIKIATh, YTO MAKPOC 100D ABJIsIeTCA 0oJiee OOIIMM U YTO HE CTOUT OIIpe-
[EJISITH MHOYKECTBO OIIEPATOPOB, UTOOBI JOOUTHCS TOT'0, YTO MOKHO ITOJYYUTD U C Of-
uHum. Ho 1oop ABJIsIeTCS OAHUM OIEPATOPOM TOJBKO ¢ (hOPMATBHON TOUKY 3PEHUS.
B sTom cmbIcie eval TakiKe siBJIsAeTCA OMHUM omepaTopoM. Ho ¢ TOUKU 3peHuss KOH-
LEeNTyaJbHOM CJIOMKHOCTU [JIS MOJb30BaTENsA 100D CONEPIKUT, II0 MEHBIIEH Mepe,
CTOJIBKO 7K€ OIIePaTOPOB, CKOJIBKO U PA3JIMYHBIX TUIIOB IpepiroKenuii. K romy ke
9T MIPEIJIOMKEHUS He MOT'Y T UCIIOJIb30BAThHCS OTAEJbHO KaK IIOJHOIEHHbBIEe OIIepaTo-
pbl B Jlucie: HEBOBMOXKHO B3STb YaCTh 100D-BBIPAKEHUs U IIepefaTh ero Kak apry-
MEHT KaKoi-To QYHKIIUY, KaK 9TO MOYKHO CIeJIaTh ¢ Map-int, Hampumep.

Bousbimre nadopmauu mo TemMe JJOrMIeCKOT0 BEIBOLA MOXKHO HaliTu B KHure Russell,
Stuart, and Peter Norvig «Artificial Intelligence: A Modern Approach»2. Prentice
Hall, Englewood Cliffs (NdJ), 1995.

IIporpamma B riiaBe 17 UCIoJab3yeT BO3MOYKHOCTD (hOopMbI setf OBITH IIEPBBIM apry-
meHTOM defun. OHa oTCyTCTBOBaJa B paHHUX peanusarusax Common Lisp, mosaTomy
VLA 3aIllycKa IMIPUBEJEHHOTO KOJa Ha PAaHHUX Peajns3anuax norpedyercsa HeGOIb-
masa MOSU(PUKAUA:

(proclaim ' (inline lookup set-lookup))
(defsetf lookup set-lookup)

(defun set-lookup (prop obj val)
(let ((off (position prop (layout obj) :test #'eq)))
(if off
(setf (svref obj (+ off 3)) val)
(error "Can’t set "A of "A." val obj))))

(defmacro defprop (name &optional meth?)

“(progn
(defun ,name (obj &rest args)
,(1f meth?

‘(run-methods obj ', name args)
‘(rget ',name obj nil)))
(defsetf ,name (obj) (val)
‘(setf (lookup ',’,name ,obj) ,val))))

9TO «IIPOPOUECTBO» OKABATIOCH BEPHBIM, U HA CETOAHAIIHUI MOMEHT IIaKeThI UC-
TIOJIB3YIOTCA IIOBCEMECTHO U TmosHoIeHHo B Common Lisp-kome u npusHaroTCs
ORHOIT U3 BaXKHENIINX 0cOOeHHOCTEH A3kIKA. — [Ipum. nepes.

Kuwura nepesenena ua pycckuii: Paccen C., Hopsur Il. «VcKycCcTBeHHBIH HHTEJI-
JIEKT: COBPEMEHHBIN MOAX0/», 2-e uda. — Ilep. ¢ auri. u pexa. K. A. Iltumnsraa. —
M.: Buasamc, 2006.

Kuura (usBectHas tak:ke kak AIMA) npexncraBigeT coboit hyHIaMeHTaJIbHBIA
TPy, HIOCBAIEeHHBII pobaemam U, OHa 1ieHHA TeM, UTO JaeT CUCTEMaTU3UPO-
BaHHOe nTpecTaBiaeHue 00 IV u 00'befuHSIeT OCHOBHBIE €0 KOHIIeII[UY, HO BPAS,
JIA MOYKET CIAYKUTH ITOJTHOIIEHHBIM PYKOBOJCTBOM II0 KAKOH-I100 OTAEJIHLHO B35~
Toii oosmactu VIM. Bac Tak:ke MmoskeT 3auHTepecoBaTh Kox Ha Common Lisp, co-
mpoBoK AU KHUTY. OH CBOGOIAHO JOCTYIIEH II0 aapecy: hitp://aima.cs.berke-
ley.edu/lisp/. — IIpum. nepes.
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281  Ecuau 661 defmeth Oblya omrpegeseHa caeyIonuM o0pas3oM:

(defmacro defmeth (name obj parms &rest body)

(let ((gobj (gensym)))
“(let ((,gobj ,o0bj))

(setf (gethash ',name ,gobj)

#' (lambda , parms
(labels ((next ()
(funcall (get-next ,gobj
,@parms)))

y

,name)

,@body))))))
TO BBI3BIBATH CJEAYIOMNI METO MOKHO OBIJIO ObI IIPOCTO Uepes next:

(defmeth area grumpy-circle (c)
(format t "How dare you stereotype me! “%")
(next))

Beirmaaut npoime. OgHAKO, YTOOBI BRIIOJIHATL paboTy next-method-p, HaM IpuUaeTCs
OIIPEJIeIUTH eIlle OJHY (QYHKIUIO.

288  Jloa mo-HacTosAIeMy OBICTPOTO AOCTYIIA K CJIOTAM MOKET IPUTOJUTHCS CJIeIY oI
Makpoc:

(defmacro with-slotref ((name prop class) &rest body)
(let ((g (gensym)))
“(let ((,g (+ 3 (position ,prop (layout ,class)
‘test #'eq))))
(macrolet ((,name (obj) ‘(svref ,obj ,’,g)))
,@body))))

OH ompefesiseT JOKAJIbHBIA MaKpPOC, CChLIAIOIINIICA HETIOCPEICTBEHHO Ha SJIEMEHT
BEKTOpAa, COOTBETCTBYIOIKI caoTy. IIonbITKA JOCTYIA K CJI0OTY OYAeT OTTPAHCINPO-
BaHA HEIOCPeJCTBEHHO B BLI3OB svref.

IIycts, HanpuMep, onpeneseH Kaacc balloon:
(setf balloon-class (class nil size))

Torma MBI CMOKeM BOCIIOJIb30BAThCA HAIITUM MaKpPOCOM, YTOOBI OBICTPO JIOITHYTH BCE
mapuru (balloons).

(defun popem (balloons)
(with-slotref (bsize 'size balloon-class)
(dolist (b balloons)
(setf (bsize b) 0))))

288 Gabriel, Richard P. «Lisp: Good News, Bad News, How to Win Big». AI Expert,
June 1991, p. 35.

Eme B gamexkom 1973 rogy Puuapn deiiTMan cyMesa mOKas3aTh, YTO KOMIIUJIATOD
MacLisp a5 PDP-10 nmpousBoau 60Jiee OBLICTPBIN KO, YeM KOMIIIATOP PopTpaHa
OT mpousdBoAuTe s dToro Komibiorepa (T. e. DEC). Cm. Fateman, Richard J. «Reply
to an editorial». ACM SIGSAM Bulletin, 25 (March 1973), pp. 9-11.

419 C moMoIbio CaenyIoeil naen Ipolie MOHATh CYTh 00paTHON KaBhIUKHU. ByaeM pac-
cMaTpUBaTh ee MoJ00H0 00BIUHOI, a ', x OyaeM packpbiBaTh B (bq (comma x)). Torma
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MBI CMOKeM 00padboTaThb 00PaTHYIO KaBbIUKY, PACIIUPAA eval, KaK II0Ka3aHo B cJe-

IyIoIeM HaOpOCKe:

(defun eval2 (expr)
(case (and (consp expr) (car expr))
(comma (error "unmatched comma™))
(bq (eval-bg (second expr) 1))
(t (eval expr))))

(defun eval-bg (expr n)
(cond ((atom expr)

expr)
((eql (car expr) 'comma)
(if (=n 1)

(eval2 (second expr))
(list 'comma (eval-bg (second expr)
(1-n)))))
((eql (car expr) 'bq)
(list "bg (eval-bg (second expr) (1+ n))))
(t
(cons (eval-bg (car expr) n)
(eval-bg (cdr expr) n)))))

ITapamerp n, UCIOJIBL3yeMBIH B eval-hQ, MpUMeEHSAETCS IJIA HAXO0MKIEHUS COBIIAIat0-
X HA TEKYIINil MOMEHT 3anAThIX. Kakaas obpaTHas KaBbIUYKa YBeIUUNBAET 3HA-
YeHUe N, a KasKIasd 3aldaTasd — yMeHbIaeT. 3anarasd, BCTpeueHHad npu n = 1, cuura-

eTCsI COBIIAIAIOIe.
Bot npumep co ctp. 419:

> (setf x 'aaly 'bb?2)

2

> (eval2 '(bg (bg (w (comma x) (comma (comma y))))))
(BQ (W (COMMA X) (COMMA B)))

> (eval2 )

(WA 2)
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B HeKoTOpHIII MOMEHT caydailHBIM 00pa3oM oOpasoBajiach OCOOEHHAs MOJIEKYJIA.
Haszosewm ee Penaiuxamopom. OHa He 00a3aTeILHO ObLIa CAMOU OOJIBIIION MJIN CAMOM
CJIOJKHOI cpenu cebe IMOAOOHBIX, HO OHa 00Jiajjajia 0COOBIM CBOMCTBOM — yMEHUEM
KOIIPOBATH caMy cels.

Puuapg Hoxkuus (Richard Dawkins)
«The Selfish Gene» (drouctuunsiii I'en)

I 1s Hauasa HaM CJIeAyeT OPeeJuTh Habop CUMBOJILHBIX BRIPAKEHUT B TEpPMUHAX
OPMEHTUPOBAHHBIX IIap U CIUCKOB. 3aT€M HYKHO OIIPENESIUTD IATH 3JIeMEeHTaPHBIX
(GYHRIUN 1 IPeIUKATOB U IIOCTPOUTH Ha UX OCHOBE YCJIOBHBIE BHIPAKEHUA U PEKYP-
CHUBHBIE OIIpefiesieHUs Gojiee MIMPOKOro Habopa QyHKIU (MBI IPUBEAEM DAL IpUMe-
POB ¢ HUMHU). 3aTe€M MBI IOKaKeM, KaK CaMH 9TH PYHKIINU MOTYT OBITH BHIPaKEHBI
B CUMBOJIBHOM BH/JIe, & TAKKe OIPeNeJ UM YHUBEPCAIbHYI0 (DYHKIIUIO apply, IIO3BO-
JIAIONIYIO BEIUUCIATD 3HAUEHNE 3aJaHHON (DYHKIIUY C 3aJaHHBIMU apryMeHTaMu.

I:xon MakkapTtu (John McCarthy)

«Recursive Functions of Symbolic Expressions

and their Computation by Machine, part I»
(PexypcuBHBIE PYHKIIMN B CHMBOJIbHBIX BBIPAKEHUAX
U UX allllapaTHOE BHIUKMCJIEHNE, YacTh 1)
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CumBoOnbl

* mepemenHas, 415

* pyHKIUA, 365

*% mepemeHHad, 415
*%% mepemenHas, 415

/, IepeMeHHasd, 416

/, byHKIUI, 365

//, nepemenHas, 416

///, nepeMenHas, 416

+, mepemenHas, 415

+, pyHKIUA, 365

++, mepemennas, 415
+++, mepemennas, 415
—, mepeMeHnHas, 416

—, QyukIusa, 365

/=, byErnuga, 364

<, pyurusg, 365

<=, dyHKIHUA, 365

=, QyHKIIHA, 364

>, pyHKIUA, 365

>=, pyHKIUI, 365

#A, maxkpoc urenus, 419
#B, makpoc urenus, 418
#C, makpoc urenus, 419
#n#, makpoc uyrenusd, 419
#n=, makpoc urenus, 419
#0, makpoc uTenusd, 418
#P, makpoc urenus, 419
#R, makpoc urenus, 419
#S, makpoc ureHus, 419
#X, makpoc urenus, 418
;, MaKpoc uTeHus, 418

¢, MaxKpoc ureHus, 418

‘, MaxKpoc ureHus, 418

(, Makpoc uteHusd, 418

), MaKpoc uTeHusd, 418

# makpoc utenus, 418
#, makpoc urenus, 419
#:, MmaKpoc ureHusd, 418
#., makpoc ureHus, 418
#’, MmaKpoc uTenus, 418

#(, makpoc urenud, 418
#*, Mmakpoc uTenus, 418
#+, makpoc urenus, 419
#<, makpoc urenus, 419
#|, maxpoc urenus, 419

Yucna

1-, pyurmusa, 365
1+, pyurnus, 365

A

abort, pyakmusa, 346

abs, pyurnusa, 356

acons, pyHKIUA, 367

acosh, pyaknusa, 356

acos, QyHkKIus, 356

add-method, o6o6menHaa pyurus, 335

adjoin, pyurusa, 368

adjustable-array-p, pyurnus, 373

adjust-array, pyurmus, 373

allocate-instance, o6o061eHHAA PYyHKITUA,
335

alpha-char-p, pyuxnus, 365

alphanumericp, pyaxusa, 365

and, makpoc, 321

append, pyukius, 368

apply, byarnusa, 321

apropos-list, pyuxnus, 406

apropos, pyukiusa, 406

aref, pyurmus, 374

arithmetic-error-operands, pyurmnus, 356

arithmetic-error-operation, pyuxmnusa, 356

array-dimension, @pyuknusa, 374

array-dimension-limit, xomcranra, 409

array-dimensions, pyukmus, 374

array-displacement, pyurnus, 374

array-element-type, byuxmus, 374

array-has-fill-pointer-p, pyuxus, 374

array-in-bounds-p, pyukiusa, 375

arrayp, QyHKIug, 375

array-rank-limit, koucraura, 409
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array-rank, pyaknusd, 375
array-row-major-index, pyuxmus, 375
array-total-size-limit, koucraura, 409
array-total-size, pyurmus, 375

ash, pyuxmus, 357

asin, pyurmua, 357

asinh, pyuxmnusa, 357

assert, maxkpoc, 346

assoc, pyHkius, 368

assoc-if, pyurmus, 368

assoc-if-not, pyurmnus, 368

atan, pyurmusa, 357

atanh, pyaxnusa, 357

atom, pyaKIIUIA, 368

Autocad, 21

B

*break-on-signals*, mepemennasi, 409
bit, pyurmusa, 375

bit-and, pyuxnus, 375

bit-andcl, pyuxmus, 375
bit-andc2, pyurmnusa, 375

bit-eqv, pyurmusa, 375

bit-ior, pyurnus, 375

bit-nand, pyuxmus, 375

bit-nor, pyurmus, 375

bit-not, pyurnus, 375

bit-orcl, pyurnus, 376

bit-orc2, pyurmus, 376
bit-vector-p, pyuxmus, 376
bit-xor, pyurmus, 376

block, crernuaJbHbIH orepaTop, 321
boole, pyuxmus, 357

boole-1, koucraura, 409

boole-2, koucraura, 409

boole-xor, koucTanTa, 409
both-case-p, pyarmusa, 365
boundp, pyukIug, 351

break, pyurnus, 347

break loop, 28
broadcast-stream-streams, pyuxmnusa, 389
butlast, pyurmnusa, 368

byte, bpyuxus, 358

byte-position, pyuxiusa, 358
byte-size, pynxmus, 358

C

C, 3BIK IPOrpaMMUPOBaAHUS
BbIpasuTeJbHAdA cuja, 19
CJIOYKHBIN CUHTaKcuUc, 27
*compile-file-pathname®*, nepemennas,
410
*compile-file-truename*, nepemennasi, 410

*compile-print*, nepemennasa, 410
*compile-verbose*, mepemennasi, 410
call-arguments-limit, koucraura, 410
call-method, makpoc, 335
call-next-method, pyurmusa, 335
car, QpyHKIUsI, 368

case, MakKpoc, 321

catch, crreruanpHbIi omeparop, 321
ccase, Mmakpoc, 321

cdr, pyuxnusa, 368

ceiling, pyuxmus, 358
cell-error-name, pyurmus, 347
cerror, QyHKIusa, 347

change-class, o600menHas GyHrus, 336
char, pyuxmus, 378

char-code, pyukius, 366
char-code-limit, koucraura, 410
char-downcase, pyuxusa, 366
char-equal, pyukmnus, 366
char-greaterp, pyuxmus, 366
char-int, pyuxusa, 366

char-lessp, byukmnus, 366
char-name, pyurmnus, 366
char-not-equal, pyurnusa, 366
char-not-greaterp, pyuxmus, 366
char-not-lessp, hyuxmus, 366
char-upcase, pyuxiusa, 366

char/=, dyuknusa, 366

char<, pyuxmus, 367

char<=, pyuxnusa, 367

char=, pyuknusa, 366

char>, pyurmus, 367

char>=, pyuxnusa, 367

character, pyaxmnus, 366
characterp, pyuxmus, 366
check-type, makpoc, 347

cis, pyurmus, 358

class-name, o6o0eHHass QyHKIIUA, 336
class-of, pyurmus, 336

clear-input, pyuxmus, 389
clear-output, pyurmnus, 389

close, pyurmus, 389

clrhash, pyurmus, 384

code-char, pyuxmus, 367

coerce, pyHriusa, 320

compile, pyurmus, 316

compile-file, pyurus, 405
compile-file-pathname, pyurmus, 405
compiled-function-p, pyurnua, 321
compiler-macro-function, pyurmus, 317
complement, pyarmua, 321
complex, pyuknua, 358

complexp, pyurus, 358
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compute-applicable-methods, 06061ieHHAR
dyurmusa, 336

compute-restarts, pyurmus, 347

concatenate, pyuxiusa, 380

concatenated-stream-streams, pyurmus,
390

cond, makpoc, 322

conjugate, PyHKIIUA, 358

cons, pyHKIMdI, 368

consp, GyHKIUA, 369

constantly, pyurnus, 322

constantp, pyuxusa, 317

continue, pyurmus, 347

copy-alist, pyurnusa, 369

copy-list, pyurnusa, 369

copy-pprint-dispatch, pyuarmus, 395

copy-readtable, pyurus, 403

copy-seq, pyuriusa, 380

copy-structure, pyuxmnus, 344

copy-symbol, pyurus, 351

copy-tree, pyurmus, 369

cos, QyHKIUA, 358

cosh, pyurnus, 358

count, pyurmusa, 380

count-if, pyuxmnusa, 380

count-if-not, pyurmusa, 380

ctypecase, makpoc, 322

cxr, pyHkusd, 56, 368

D

*debug-io*, mepemennasi, 410

*debugger-hook*, mepemennas, 410

*default-pathname-defaults*, mepemen-
Hasd, 410

decf, maxpoc, 358

declaim, maxkpoc, 317

declare, 317

decode-float, pyurmus, 358

decode-universal-time, Gpyuxuus, 406

defclass, makpoc, 336

defconstant, maxpoc, 322

defgeneric, makpoc, 337

define-compiler-macro, maxkpoc, 317

define-condition, makpoc, 347

define-method-combination, makpoc, 338,
339

define-modify-macro, makpoc, 322

define-setf-expander, makpoc, 322

define-symbol-macro, maxpoc, 318

defmacro, maxpoc, 318

defmethod, maxpoc, 340

defpackage, makpoc, 352

defparameter, makpoc, 322

defsetf, makpoc, 323

defstruct, makpoc, 344

deftype, makpoc, 320

defun, makpoc, 323

defvar, makpoc, 323

delete, pyuxus, 382

delete-duplicates, pyuxmus, 382

delete-file, pyurmus, 388

delete-if, pyurmus, 383

delete-if-not, pyurmus, 383

delete-package, hyurius, 353

denominator, pyuxius, 358

deposit-field, pyuxnusa, 359

describe, pyurnus, 407

describe-object, o6o0IeHHAT PYHKIIHA,
407

destructing-bind, maxpoc, 323

digit-char, pyurmus, 367

digit-char-p, pyarmusa, 367

directory, @yurius, 388

directory-namestring, pyuxius, 386

disassemble, pyurius, 407

do*, makpoc, 330

do, makpoc, 330

do-all-symbols, makpoc, 353

do-external-symbols, makpoc, 353

do-symbols, maxpoc, 353

documentation, o6o61ienHasa GyHKIUA,
407

dolist, makpoc, 330

dotimes, maxpoc, 331

double-float-epsilon, koucraunTa, 410

double-float-negative-epsilon, koucraura,
411

dpb, pyurmus, 359

dribble, pyurmus, 407

dynamic-extent, nexnapamnus, 317

*error-output®, mepemennas, 411

ecase, Makpoc, 323

echo-stream-input-stream, pyuaxmus, 390

echo-stream-output-stream, pyurnus,
390

ed, pyurmus, 407

elt, pyuxmusa, 380

Emacs, 21, 35

encode-universal-time, pyurnus, 407

endp, pyurnus, 369

enough-namestring, pyuxmnusa, 386

ensure-directories-exist, pyurmnus, 389

ensure-generic-function, pyurmusa, 340

eq, GpyHKIusa, 323
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eql, pyurmus, 323
equal, pyurus, 324
equalp, pyurmusa, 324
error, GyHKIuI, 347
etypecase, makpoc, 324
eval, pyurmus, 318
eval-when, cmeriuanbHBII oiepaTop, 318
evenp, yHKIuA, 359
every, GyHKIUA, 324
exp, GpyHKIuI, 359
export, yHrmnusd, 354
expt, pyurusa, 359

F

*features*, mepemennas, 411
fboundp, pyurnus, 324

feceiling, pyurmus, 359
fdefinition, pyuxunus, 324
ffloor, pyurnus, 359
file-author, pyuxmus, 389
file-error-pathname, pyurmnusa, 389
file-length, pyurmus, 390
file-namestring, pyurmus, 386
file-position, pyurmus, 390
file-string-length, pyuxmus, 390
file-write-date, pyurmus, 389
fill, pyurnusa, 381

fill-pointer, Gyurnus, 376

find, pyuxnusa, 381
find-all-symbols, pyurmus, 354
find-class, pyuxmus, 341

find-if, pyurmus, 381
find-if-not, pyurmnusa, 381
find-method, oGo6iennas pyuxus, 341
find-package, pyurmus, 354
find-restart, pyurmus, 347
find-symbol, pyurnus, 354
finish-output, pyuxusa, 390
first, pyaxmusa, 369

flet, cmermanbHEBIN omepaTop, 324
float, pyuxiusa, 359

float-digits, pyurmnusa, 359
float-precision, pyurnus, 359
float-radix, pyuxius, 359
float-sign, pyurmusa, 359

floatp, pyukmusa, 359

floor, pyuxiusa, 360
fmakunbound, pyuxmus, 325
force-output, pyuxmus, 390
format, pyuxmusa, 396
formatter, maxpoc, 400
fresh-line, pyurus, 390
fround, pyuxusa, 360

ftruncate, pyurmus, 360

ftype, nexkmapanus, 317

funcall, pyurmnusa, 325

function, cnemuanbHbI omrepaTop, 325

function-keywords, o6o6iensas GyHK-
nusa, 341

function-lambda-expression, pyHKIIHA,
325

functionp, pyurmus, 325

G

*gensym-counter¥, nepemenHas, 411

ged, pyuKnus, 360

gensym, QyHKIUA, 351

gentemp, pyuxiusa, 351

get, pyurmusa, 351

get-decoded-time, pyuxiusa, 407

get-dispatch-macro-character, pyurnus,
403

get-internal-real-time, pyuxnusa, 407

get-internal-run-time, pyuxnus, 407

get-macro-character, pyurnus, 404

get-output-stream-string, pyuxmnus, 390

get-properties, Gyurnusa, 369

get-setf-expansion, pyurmnus, 325

get-universal-time, pyuxus, 407

getf, pyakmusa, 369

gethash, pyurnus, 384

g0, crernuaJbHbIN oriepaTop, 325

graphic-char-p, byuxnusa, 367

H

handler-bind, makpoc, 348
handler-case, makpoc, 348
hash-table-count, pyuxnus, 385
hash-table-p, pyuxiusa, 385
hash-table-rehash-size, pyurmus, 385
hash-table-rehash-threshold, pyurmnus,
385
hash-table-size, pyuxus, 385
hash-table-test, pyuxmus, 385
host-namestring, pyurnus, 386

identity, pyuxusa, 326

if, cmenmaabpHBIN oepaTop, 326
ignorable, nexaapamus, 317
ignore, nexaapamnus, 317
ignore-errors, makpoc, 348
imagpart, pyaxmnus, 360
import, pyaknusa, 354
in-package, makpoc, 354

incf, makpoc, 360
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initialize-instance, o60061eHHaA QYHK-
nus, 341
inline, nexaapanusa, 317
input-stream-p, pyuaxnusa, 390
inspect, pyaxnusa, 408
integer-decode-float, pyurmus, 360
integer-length, pyuxnusa, 360
integerp, @yuaxnusa, 360
interactive-stream-p, pyurmusa, 391
Interleaf, 21
intern, pyukmus, 354
internal-time-units-per-second, Koucrau-
Ta, 411
intersection, pyaKIua, 369
invalid-method-error, pyuxius, 348
invoke-debugger, dyurmus, 348
invoke-restart, pyaxmus, 348
invoke-restart-interactively, pyurmus,
348
isqrt, pyurmus, 360

K
keywordp, pyuxiusa, 351

L

*load-pathname¥*, nepemennas, 412

*load-print*, mepemennas, 412

*load-truename®, nepemennas, 412

*load-verbose*, mepemenuasi, 412

labels, cienmaabpHBIN onepaTop, 325

lambda, makpoc, 318

lambda-list-keywords, koucrauTa, 411

lambda-parameters-limit, Koucraura, 411

last, pyuxmusa, 369

lem, pyarIUa, 360

1db, pyuKIMI, 360

1db-test, pyurmus, 360

1diff, pyurmusa, 369

least-negative-double-float, koucranra,
411

least-negative-long-float, koncraura, 411

least-negative-normalized-double-float,
KoHCcTaHuTa, 411

least-negative-normalized-long-float,
KoHcTaHTa, 411

least-negative-normalized-short-float,
KoHCTaHTa, 411

least-negative-normalized-single-float,
KoHCcTaHuTa, 411

least-negative-short-float, koucrauTa, 411

least-negative-single-float, koncraura,
411

least-positive-double-float, komncrauTa,
412

least-positive-long-float, koucraura, 412

least-positive-normalized-double-float,
KOHcTaHTa, 412

least-positive-normalized-long-float,
KOHCTaHTa, 412

least-positive-normalized-short-float,
KoHcTaHTa, 412

least-positive-normalized-single-float,
KoHcTaHTa, 412

least-positive-short-float, koucraura, 412

least-positive-single-float, xoncraunra, 412

length, pyurmnusa, 381

let*, cmermaibHbBIN omepaTop, 326

let, cientmanbpHBIN onepaTop, 326

lisp-implementation-type, pyuarmus, 408

lisp-implementation-version, pyuKIus,
408

list*, pyurnus, 370

list, pyuxusa, 369

list-all-packages, pyuxnusa, 354

list-length, Gyurnus, 370

listen, pyuxmusa, 391

listp, pyurusa, 370

load, pyuxmus, 406

load-logical-pathname-translations,
Gyurmusa, 386

load-time-value, crermaisHBIN OITepaTop,
318

locally, crrertmanbHBIN onepaTop, 318

log, pyuxmus, 361

logand, pyuxnusa, 361

logandcl, pyuxmus, 361

logandc2, pyurmus, 361

logbitp, pyukmusa, 361

logcount, pyurmusa, 361

logeqv, pyukmusa, 361

logical-pathname, pyuxmus, 386

logical-pathname-translations, Gyaxuus,
386

logior, pyuxius, 361

lognand, dyuxnus, 361

lognor, pyurnus, 361

lognot, pyukusa, 361

logorcl, pyurmus, 362

logorc2, pyurmus, 362

logtest, pyurkmusa, 362

logxor, @yurnusa, 362

long-float-epsilon, xkomcranra, 410

long-float-negative-epsilon, koncraura,
411

long-site-name, pyurnus, 408

loop, maxpoc, 331
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loop-finish, maxpoc, 335
lower-case-p, pyurnus, 367

M

*macroexpand-hook*, mepemennas, 412

*modules*, mepemennas, 412

machine-instance, pyurmus, 408

machine-type, pyuxmus, 408

machine-version, pyuxmus, 408

macro-function, pyuknusa, 319

macroexpand, pyHKIug, 319

macroexpand-1, pyarnus, 319

macrolet, crreruanbpHbIN oepaTop, 326

make-array, pyHxmus, 376

make-broadcast-stream, pyuxmus, 391

make-concatenated-stream, pyuxmus, 391

make-condition, pyurmus, 349

make-dispatch-macro-character, pyHux-
nus, 404

make-echo-stream, pyuxnusa, 391

make-hash-table, pyurnus, 385

make-instance, o6o61enHas QyHKITHA,
341

make-instance-obsolete, 0600menHa s
dyuKIUa, 341

make-list, pyuarmus, 370

make-load-form, oGo6imennas GQyHKIUI,
342

make-load-form-saving-slots, pyuxmus,
342

make-package, pyurius, 354

make-pathname, pyuxius, 386

make-random-state, pyurus, 362

make-sequence, QyHKmus, 381

make-string, pyuxnus, 378

make-string-input-stream, pyuxmnusa, 391

make-string-output-stream, pyuxmus,
391

make-symbol, pyurmusa, 351

make-synonym-stream, gyuxmus, 391

make-two-way-stream, pyurmus, 391

makunbound, pyurmusa, 351

map, pyaknusd, 381

map-into, pyurmusa, 381

mapc, Gyurmusa, 370

mapcan, GyHkKusd, 370

mapcar, pyaxiusd, 370

mapcon, QyHkusa, 370

maphash, pyurnus, 385

mapl, byurnusa, 370

maplist, Qyurmusa, 370

mask-field, pyurmnusa, 362

max, QyHKIusa, 362

member, GpyuHrIUsa, 371

member-if, pyurus, 371

member-if-not, pyuxiusa, 371

merge, QyHkug, 381

merge-pathnames, pyurmnus, 387

method-combination-error, pyurmus, 349

method-qualifiers, o6o01ieHHas PyHKITUA,
342

min, pyHKIusa, 362

minusp, GyEKRIIUA, 362

mismatch, pyaxmus, 381

mod, pyHKIUI, 362

most-negative-double-float, koncraura,
412

most-negative-fixnum, Koucraura, 412

most-negative-long-float, koucraura, 412

most-negative-short-float, koucraura, 412

most-negative-single-float, Koucraura,
412

most-positive-double-float, koucraura,
413

most-positive-fixnum, koucranra, 413

most-positive-long-float, koncraura, 413

most-positive-short-float, koucraura, 413

most-positive-single-float, komcranTa, 413

muffle-warning, pyuxnus, 349

multiple-value-bind, makpoc, 326

multiple-value-call, crreruanbHbIi
omeparop, 326

multiple-value-list, makpoc, 326

multiple-value-progl, crenmuaabHbII
omeparop, 326

multiple-value-setq, maxpoc, 326

multiple-values-limit, koucraunra, 413

N

name-char, Gpyurnus, 367

namestring, pyuxmus, 387

nbutlast, pyarmusa, 368

nconc, @yHKIusa, 371

next-method-p, byuxmnusa, 342

nil, xoncranra, 413

nintersection, pyaknusa, 369

no-applicable-method, o6o61ieHHa
byaRIUA, 342

no-next-method, o6o61iennas GyHKIKA,
342

not, pyurmus, 327

notany, pyurinus, 327

notevery, pyuxius, 327

notinline, gexaapamus, 317

nreconc, QyHKIUA, 372

nreverse, pyHKIusd, 383
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nset-difference, pyuxnusa, 372
nset-exclusive-or, pyuxmus, 372
nstring-capitalize, pyuxnus, 378
nstring-downcase, pyaKIua, 378
nstring-upcase, pyaxknusa, 379
nsublis, pyakmua, 372

nsubst, pyurmusa, 373

nsubst-if, pyurnusa, 373
nsubst-if-not, pyuxusa, 373
nsubstitute, pyuxnusa, 384
nsubstitute-if, pyurnusa, 384
nsubstitute-if-not, pyurmus, 384
nth, pyaxnua, 371

nth-value, maxpoc, 327

nthedr, pyurmnua, 371

null, pyaxmus, 371

numberp, GpyHKIIHA, 362
numerator, pyHrmus, 362
nunion, pyuHKmusd, 373
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oddp, pyurIMs, 362

open, GyuKIusa, 391
open-stream-p, Qysrug, 392
optimize, gexnapamnus, 317

or, makpoc, 327

0S/360, 22

output-stream-p, pyaxnusa, 392

P

“package*, mepemennas, 413
*print-array¥, nepemenHas, 413
“print-base*, mepemennas, 413
“*print-case*, nepemennas, 413
*print-circle*, nepemennasi, 413
*print-escape¥®, nepemennasi, 413
*print-gensym¥, nepemennas, 414
*print-length*, nepemennas, 414
“*print-level*, nepemennas, 414
*print-lines*, nepemennas, 414
*print-miser-width*, nepemennas, 414
“*print-pprint-dispatch*, nepemennas, 414
*print-pretty*, nepemennas, 414
*print-radix*, nepemennas, 414
“print-readably*, nepemennas, 414
*print-right-margin*, nepemennas, 414
package-error-package, Qyurmus, 355
package-name, QyHuKIIusa, 355
package-nicknames, pyukusa, 355
package-shadowing-symbols, GyHKIHS,
355
package-use-list, pyurnusa, 355
package-used-by-list, pyarmusa, 355

packagep, pyuKug, 355

pairlis, pyurmus, 371

parse-integer, pyuxusa, 363

parse-namestring, pyarkmusa, 387

pathname, pyurnus, 387

pathname-device, pyurmus, 388

pathname-directory, pyurmus, 388

pathname-host, pyurmnus, 387

pathname-match-p, pyuxius, 388

pathname-name, pyaxkmnusa, 388

pathname-type, Gyurnus, 388

pathname-version, pyurkmus, 388

pathnamep, @pyurnusa, 388

peek-char, pyuxmus, 392

phase, pyuxius, 363

pi, koHCTaHTa, 413

plusp, pyaKIUA, 363

pop, makpoc, 371

position, pyaxusa, 382

position-if, pyarmnusa, 382

position-if-not, pyuxius, 382

pprint, pyaxmua, 400

pprint-dispatch, pyurmus, 400

pprint-exit-if-list-exhausted, pyurmus,
401

pprint-fill, pyuxmus, 401

pprint-indent, pyuxmusa, 401

pprint-linear, pyuxmusa, 401

pprint-logical-block, makpoc, 401

pprint-newline, pyurmus, 402

pprint-pop, makpoc, 402

pprint-tab, pyaxmusa, 402

pprint-tabular, pyurmus, 402

prinl, dyaxnusa, 403

prinl-to-string, pyurmnusa, 403

princ, pyuxusa, 402

princ-to-string, pyuxnus, 402

print, dyaxnusa, 402

print-not-readable-object, pyurmus, 402

print-object, o6o6iennaa pyurmus, 402

print-unreadable-object, maxpoc, 403

probe-file, pyunxius, 389

proclaim, pyukusa, 319

prog¥, makpoc, 327

prog, makpoc, 327

progl, makpoc, 327

prog2, makpoc, 327

progn, crenuajabHBIN onepaTop, 327

progv, crenuaJabHBIN oepaTop, 327

provide, pyuxmus, 406

psetf, makpoc, 328

psetq, makpoc, 328

push, makpoc, 371

pushnew, maxpoc, 371



AndaBnTHLIV yKa3aTenb

443

Q

query-io*, mepemenHas, 415
quote, crenuaJabHBIN ortepaTop, 320

R

*random-state*, mepemennas, 415

*read-base*, mepemennas, 415

*read-default-float-format*, mepemennas,
415

*read-eval*, mepemennas, 415

“*read-suppress¥*, mepemenHas, 415

*readtable*, mepemennas, 415

random, GyHKIH, 363

random-state-p, pyurusa, 363

rassoc, pyHkiusd, 371

rassoc-if, pyaxmusa, 372

rassoc-if-not, pyurmus, 372

rational, pyuxnusa, 363

rationalize, pyurmus, 363

rationalp, pyukmusa, 363

read, pyuxmusa, 404

read-byte, pyuxmus, 393

read-char, pyuxus, 393

read-char-no-hang, pyurmus, 393

read-delimited-list, pyuxuus, 404

read-from-string, pyurmusa, 404

read-line, pyuxnusa, 393

read-preserving-whitespace, Gyuxnus,
404

read-sequence, GpyHKIUA, 393

readtable-case, pyuxuus, 404

readtablep, pyurnusa, 404

realp, pyurnusa, 363

realpart, pyurnus, 363

reduce, pyurIusa, 382

reinitialize-instance, o6001eHEHaA
byaRIUA, 342

rem, pyHKIIUSI, 364

remf, makpoc, 372

remhash, dyuarnus, 385

remove, QyHKIUA, 382

remove-duplicates, pyurius, 382

remove-if, pyurmus, 383

remove-if-not, pyuxmusa, 383

remove-method, o6o01ieHHaA PyHKITUA,
342

remprop, QyHKIuA, 352

rename-file, pyuxmnusa, 389

rename-package, pyurnus, 355

replace, pyuxius, 383

require, pyurkmnusd, 406

rest, pyaxmusa, 372

restart-bind, maxpoc, 349

restart-case, makpoc, 349
restart-name, pyurmus, 350
return, makpoc, 328
return-from, coenuaasHbI omrepaTop, 328
revappend, GyHKIusA, 372
reverse, QyHKIMUI, 383

room, pyukiusa, 408

rotatef, maxpoc, 328

round, pyHKINA, 364
row-major-aref, pyuxmus, 377
rplaca, Gyurnus, 372

rplacd, pyurmusa, 372

S

*standard-input*, nepemennas, 415

*standard-output*, mepemennas, 415

sbit, pyurmus, 377

scale-float, pyurmus, 364

schar, pyuxmus, 378

search, pyuxnus, 383

second, pyuKIUA, 369

set, pyukrmusa, 351

set-difference, pyurmus, 372

set-dispatch-macro-character, pyuxmus,
404

set-exclusive-or, pyuxius, 372

set-macro-character, pyakmusa, 405

set-pprint-dispatch, pyurmnus, 403

set-syntax-from-char, pyurmus, 405

setf, maxpoc, 328

setq, crienmaJabHBIN ommepaTop, 328

shadow, pyurmus, 355

shadowing-import, pyaxmus, 355

shared-initialize, 06001enHas QyHKIIUA,
342

shiftf, maxpoc, 329

short-float-epsilon, koucraura, 410

short-float-negative-epsilon, koncraura,
411

short-site-name, pyurnus, 408

signal, pyaxkmnusa, 350

signum, Gyarnusa, 364

simple-bit-vector-p, pyurmusa, 377

simple-condition-format-arguments,
dbyurug, 350

simple-condition-format-control, pyuk-
nusa, 350

simple-string-p, dyuxunus, 378

simple-vector-p, pyurmusa, 377

sin, pyuxkmua, 364

single-float-epsilon, koucraura, 410

single-float-negative-epsilon, xoucranra,
411
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sinh, pysrIUA, 364

sleep, pyurmus, 408

slot-boundp, pyurusa, 343
slot-exists-p, pyurmus, 343
slot-makunbound, pyurnus, 343
slot-missing, o6o0iennas Gy, 343
slot-unbound, o606mierHaa Gpyarusa, 343
slot-value, pyuxmus, 343
software-type, pyurmus, 408
software-version, pyukmnus, 408
some, pyHKIIUA, 329

sort, pyurmusa, 383

special, nekmaparus, 317
special-operator-p, pyuxmus, 319
sqrt, pyurmusa, 364

stable-sort, pyurkmnusa, 383
standard-char-p, Gyurnus, 367
step, makpoc, 408
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