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[Ipenucnosue

Lenbto xypca sBhsieTcss u3yuyeHue ujeil s3pika Jlucnm m MeTo0B (PYHKLHOHAIBLHOIO
nporpaMMupoBaHus. B kypce OyayT paccMOTPEHBI:

- MUcropus a3pika Jlucna.

- HWneun cuMBonbHOI 00pabOTKK HHPOPMAIIHH.

- INpuHIMIE GYHKIHOHAIEHOTO IPOTPAMMHPOBAHIS.
- Mertoasl nporpammupoBanus Ha Jlucre.

ABTOp s3bika Jluen — npodeccop mMatematuku U ¢punocopun dxon Mak-Kapru,
BBIIAIONIUICS YYEeHBIH B O00JACTH HCKYCCTBEHHOrO HHTEIeKTa. OH MPeIToxKII
MpoeKT s3bika JIMCI, waen KOTOpOro BO3OYIWIM HE yTHUXAroIIWe JO0 HAIIUX JHEH
JICKYCCHH O CYIIHOCTH mporpammupoBanus. CdopmymuposanHas [xonom Mak-
Kaptu (1958) xoHIenius CHMBOJIBHONH 00paOOTKH MH(OPMAIUH BOCXOJHUT K HJIIEAM
Uépua (1AMOma-uCUMCIICHHE) U APYTUX BHUIHBIX MaTeMaTHMKOB KoHLA 20-bIX TOI0B
npeapiaymero Beka. ko Mak-Kaptu npemnoxun (pyHKOMH paccMaTpuBaTh Kak
obmiee MOHATHE, K KOTOPOMY MOTYT OBITh CBEACHBI BCE JPYrHe IMOHSITHS
MPOrpaMMHUPOBAHMSI.

OcoOblii HHTEPEC MPEACTABIIAIOT PEKYPCUBHbIE (PYHKUMHM U METObI UX peaiu3alui B
cucreMax mporpammupoBaHus. [loHATHE (QYHKIMH OTYACTH COAEPIKUT KOHICTIIIUIO
BPEMCHU: CHa4aJla BBIYUCIAIOTCA apryMCHTbI B MOPSAAKE TIEPEHUCICHUSA, 3aTEM B
COOTBETCTBHUHU C 3alaHHBIM QJITOPUTMOM CTPOMUTCS 3HaueHHe (QYHKIUH - €€ pPe3yibTar.
JlakoHM3M pPEKYpCUM MOXKET CKpbIBaThb HEJETKMH IIyTh K 3JIE[AHTHOMY pPELICHUIO
3agaun. A. II. EpmoB B mpeaucioBun K pycckomy mnepeony kuuru I1.Xenaepcona
MPHUBENl TOYYUTENbHBIA TIPUMEpP 3aJaud O PEKypcHBHOH (opmyiie, cBozsmen
BbIMUTAHUC €AWMHUIIBI U3 HATYPAJIbHOI'O YUCJIa K an6aBneHmo (10705050009
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He noanasmeiics A.Yépuy u pemennoit C.Kiouau nmums B 1932 rony:
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Pemenune momyuniock uepe3 BBeAeHHE (POpMaAFHO YCIOKHEHHOH BCIOMOraTeIbHOM
(pyHKIMH ¢ HAKONMHMTEIbHBIMH NapMeTPaMH, YTO IPOTHBOPEUYUT HHTYUTHBHOMY
CTPEMIICHHIO K MOHOTOHHOCTH JIBIKEHHS OT TIPOCTOTO K CIIOKHOMY .

B HacTosmmee BpeMmsi HaOMIOJAeTCss yCTOMYMBBIM POCT PEHTHHIAa MHTEPIPETHPYEMBIX
A3BIKOB IPOrPaMMHpPOBAHMs M BKJIIOUEHHE B KOMIMIUPYEMBIE SI3BIKM MEXaHU3MOB
CHMBOJIBHON 00paOOTKH U CPEACTB IMHAMHUYECKOTO aHaIKM3a, YTO MOBBIIAET HHTEPEC K
JIucmy 1 GpyHKIMOHATIBHOMY IIPOTPaMMHUPOBAHHUIO.

B 3TOM Kypce MBI CKOHIIEHTpUpYEMCsI Ha KitoueBor ujiee Jlucna - cBe€HUHN MOHATHSA
“nporpamMma” K B3aUMOJICHCTBUIO Pa3HBIX KaTeropuid (GyHKIIMIA, a TAK)Ke Ha OCHOBaxX U
MeToax (YHKIMOHAIBHOTO TporpamMmupoBanusa. Kypc moxer OBITH aapecoBaH
CTYJIEHTaM, JIIOOUTENSAM 3KCIEPUMEHTAIbHOIO MPOrpaMMUPOBAHUS, MPENogaBaTessiM
WHPOPMATHKU M cTapiiekiaccHukaM. [loapoOHO mo3Hakomumcs ¢ OasucoMm Jlmcra,
MIPOAHATIM3UPYEM KOHCTPYKTHUBHOCTh METOJOB MporpaMMupoBaHus Ha Jlucne, usyunm
nocTpoeHue JINCI-CUCTEMBI B y3HaeM €€ apXUTEKTypHBIE 0COOEHHOCTH, PacCMOTPHUM
MeTOAbl 3(PQPEKTHBHOTO M MPHUKIATHOTO IPOTPAMMHPOBAHHUA B (PYHKIHOHAIEHOM
ctwiie. C MareMaTHYEeCKUMHU OCHOBaMM Jlucma MOXKHO O3HAaKOMHUTHCS MOApoOHee Ha
CTpaHUIax KypHaia “KoMbloTepHbIE HHCTPYMEHTHI B 00pa3zoBanun” [5,6].



Mpumeuanue [D1]: Ipumeuan
/| ue. DroT maparap aapecoBan
‘ ‘ s qUaTaTeIAM, HC 3HAKOMBIM C
1. PekypcuBHble (oyHKUMM M CTPYKTYPBI. T | e oomsoau
TIPOrpaMMUPOBAHUS U MTEOJAAMHU
peanu3anyuy peKypCHBHBIX

“BoT ooMm, KOTopbIv noctpoun hxkex ...” ymuaaii B creTeMax

TIpOrpaMMHApPOBaHHS.

Orot naparap® ajgpecoBaH HOBUUKaM, HE 3HAKOMBIM C MAaTEMaTHUYECKHMU OCHOBaMH
IPOrpaMMHUPOBaHUs U METOJAMU PeaTu3allii CUCTEM NporpaMMupoBanus. Ha
UTPOBBIX, TOYTH IYTOYHBIX, MOJEISAX PACCMOTPUM MOHSTHS:

- Pekypcus.
- Hepapxus.
- Coucok.

- @OyHKIU.

Mooens 1. "Marpemku"

[IpencraBum, 4TO mepe] HAMU CYBEHHp “MaTpelIKH”’, BKJIAABIBAIOLINECS IPYT B APYTra.
Orta Mozenb AOCTaTOYHA [l MOKa3a THUIOBBIX SIBICHUH, BbI3BIBAKOIIUX K KHU3HU
PeKypcHBHBIC (pPyHKIHH.

3a0aua 1. Kak y3HaTh, CKOJIBKO MaTpelIeK BHYTpu?
Tlpeosapumenvrolii ananuz u onucanue nPoyecca peueHus:

1) IT'mans Ha OOJNBIIYIO MAaTpEemKy TPYAHO C€Ka3aTh, CKOJIBKO B HEil copsTaHo ee
MEHBIIUX MOJAPYT. HOo MOXKHO ee MOTPSACTH U IO 3BYKY MOHATb, €CTh JIU YTO-TO BHYTPHU
WM OHA ITyCTa.

2) Ecau maTpemika He MIycCTa, TO €€ MOXHO pPa3HATb U BBIHYTh BHYTPEHHIOIO
MAaTpeIIKy, a YaCTH BHEIIHEH MaTPEIIKH COSAUHUTD U IIOCTAaBUTh B CTOPOHKY, YTOOEI HE
MeNIau aTbHEHIIIEMY SKCIIEPUMEHTY .

3) Bo3Bpamaemcsi K MCXO/HO# 3aja4e, HO ¢ MEHBIIICH MaTPEIIKOW, YTO TAPAHTHPYeET
3aBepuieHue npouecca. (PeanbHble Belld HE MOTYT YMEHbBILATHCS 10 OECKOHEYHOCTH. )

4) Ecaim MaTpelka mycra, TO MMEIOIINECS MaTPELIKH MOXKHO IIEpeCUUTaTh — OHU BCE
Ha BUJTY.

Takoro poja mpouecc MOXET ObITh MPEACTaBICH KaK PeKypcUBHasi (QYHKIUs,
OCHOBAHHAsl HA TMIOBTOPEHUM AeliCTBHIi 1 YMeHbIIEHUN JTAHHBIX JI0 TEX IMOp, MOKa
YMEHbIIIEHUE CTAHOBUTCS HEBO3MOXKHBIM. B TakoM ciiyuae BBIIIOJIHSAETCS 3aBEpILaloIiee
neiicreue. I[lpu pemeHuH 3agayd NMOHAJOOWIIMCH cienyroliue 0a3oBbie (QYyHKIMHU
(meiicTBHS):

- Pa3zbupaem BHENTHIOIO MaTpEIIKy U yOHpaeMm ee.
- BriHuMaeM BHYTpEeHHUH KOMILIEKT MaTpeLlIeK.
- Tpsicem MaTpellKy, 4TOObI y3HATh, €CTb JIH YTO-TO BHYTPH.



3aoaua 2. Ilycth Bce MaTpemiku pa3odpansl. Hamo ux codbparts B ofHY.
IIpeosapumenvruvlii ananus u onucanue nNPoYecca peueHus:
Jnis perieHust Takoi 3a1a4M OHAKO0UTC ellie 1Be PyHKIUM:

- IIpsuem MeHBIIYIO0 MAaTPENIKy B OOJBIIYIO
- CpaBHHBaeM MaTpelIKH

1) Beibupaem camyro MaJ€HbKYIO MaTpPEIIKY.
2) CpaBHMBaEM MaTpPEIIKH, UIIEM OJVDKANHIIYI0 K BRIOPAHHOM IO pa3Mepy.
3) [IpsiueM MEHBIITYIO MATPEIIKY B OOJIBIIYIO.

4) Eciu eme ocranuch MaTpeulkKd, TO BO3BpamacMcia K HCXOJHON 3ajaue c
YMEHBIICHHBIM YHUCJIOM MATPEIICK.

5) Ecniu matpeliika Bcero ojiHa, TO Mpolrecc cOOPKU 3aBepIlicH.

3neck pekypcuBHasi (YHKUMSI pelleHUs 3aJaud BKIOYaeT B ce0s MOMCK
NOAXOASALIEro 3JieMeHTa U3 Ha0opa, yMeHbIIAIOWIerocs Ha KaKJOM BUTKE IIpoliecca.
3agaga OyzeT pemieHa, KOTrIa OOHAPYKUTCS, YTO HE M3 YEro BHIOMpATh OYEPEIHOMN
3JIEMEHT.

3adaua 3. Hano BBIACHUTH CKOJIBKO MaTpeLIEK, a IOTOM CHOBA COOpaTh X B OJHY.

Tlpeosapumenvholii ananuz u onucanue nPoyecca peuweHus:

[Ipu omucanum pemieHus: cpa3y YUUTHIBAEM, YTO MOHAJTOOUTCS HE TOJBKO pa3OHparhb
MaTpeIniek, Ho u coOpaTh X o0paTHO.

1) Pemraem 3amady 1, HO ¢ HEOOJIBIIONW MOMPABKOM B IyHKTE 2:
- Eciam wMarpemka He MycTa, TO €€ MOXHO pa3HATb M BbIHYTh BHYTPEHHIOIO
MAaTpeIIKy, a 9aCTH BHEITHEH MaTPEIIKU CTABUTH PAIOM IO OYEPEeH, YTOOBI IIOTOM

ux ObIJI0 yI0OHO OpaTh Asisi COOPKH.

2) Pemraem 3ajady 2, HO C y4eTOM, YTO YacTH DPa30OpaHHBIX MATPEUIEK CTOST II0
NOPAAKY. 3HAYUT, MYHKT 2 MOXKHO YTOYHUTD:

- bepeM uacTu ouepenHOI MaTpELIKH.
CoriacoBanHoe penleHuil IByX 3a1a4 15 0oJsiee 001Iel 3aa4u 371eCh BBIPAXKEHO B
OpPraHU3aLMOHHBIX PELIEHUSIX [0 PACIOJOKEHHIO MPOMEXYTOUYHBIX PE3YyJbTaTOB, a

Takke B YTOYHEHUH PaHee CYIECTBOBABIIETO MPEIACTABICHIS 0a30BbIX (DYHKITHIA.

Mooens 2. “KoHBepTHI 1 KQPTOUKHU .



Hpyroii psaa wutocTpaluii JaeT MojeIb U3 KOHBEPTOB, BKIIAABIBAEMBIX JIPYT B JIpyra.
KouBepTsl MOXHO HaamuceiBaTh. [1ycToil KOHBEPT MOXKHO 3aMEHUTh KapTOYKOW C TOU
K€ HAJAIMUCBI0 — 3TO aTOM. BHYTpb KOBepTa MOXHO, KaKk B MaTpEIIKH, BKJIaJbIBaTh
KOHBEPTHI WM KapTOukd. [10J00HBEIM 00pa3oM yCTPOEHBI HEPapXUUECKHE CTPYKTYPHI
JAHHBIX - CHMBOJIbHBIE BbIpa:keHus (S-BbIpa:kenus). BxiansiBanue oObekTa B
KOHBEPT - MpOCTeHIas MoJeib KOHCOJMIAUUM JIBYX JaHHBIX, CLEMJICHUS UX B OJHO
Ooree CI0XKHOE JTAaHHOE.

Ilpumepoi:

Ilycte B koHBepT ¢ Hagmuceio «I'OJIOBA» BioxeH ImycTON KOHBEPT C HAIMCHIO
«XBOCT». Takyto CTpyKTypy JaHHBIX MOXKHO U300pa3UTh B BUJE S-BBIPAKCHUS:

(T'OJIOBA . XBOCT)

3akioueHue B CKOOKHM CHUMBOIM3UPYET LEIOCTHOCTh CTPYKTYphl. Eciu KOHBEpPT ¢
Hancbto «XBOCT» 3apanee BnokuTh B KoHBepT ¢ Hamucklo «CEPEZIMHAY, a ero
BIIOXKUTh B KOHBepT ¢ Haamuchio «['OJIOBA», TO COOTBECTBYIOIIYIO CTPYKTYpPY
JAHHBIX MOXKHO 3aIMCaTh B BUJIE S-BBIPAKEHUS:

(TOJIOBA . (CEPEJJUHA . XBOCT))

[TycToit KOHBEPT MM KApTOUKY 0€3 HAIMCH MOKHO H300paXkaTh Mapoil CKOOOK.

0

Mooens 3. “Komenex”.

Haxienm Ha JMIEBYI0 CTOPOHY KOHBepTa OOJNBINOI kapMmaH. [1onyduTcss HEYTO Bpoe
KOIlleJIbKa. BMECTO HaaNMHMCH Ha KOHBEPTE MOXHO B KapMaH KOIIEJIbKa BKJIAJbIBAThH
HAIITUCAHHYIO KaPTOUKY.

Bosemem kaprouky c Hamuceto «IDJIEMEHT» u BnoxuM ee B KapMmaH ITyCTOTO
KOIlIeJIbKA 0€3 HaIMCH — MOIyYUTCsl MOAETh OJHOIEMEHTHOI'O CIIUCKA!

(9JIEMEHT)

MHOrokpaTHplM NPUMEHEHMEM TaKoro Ipolecca MOXHO CTPOUTh  CIUCKU
MIPOU3BOJIBHOM JITHHBI.

(UEMOJAH ITIOPT®EJIb PFOK3AK IIOPTMOHE)

Ecnu pa3pemmts B KapMaH KOIIEbKa BMECTO KAPTOUYEK BKJIA/bIBATh Ipyrue KOIIEIbKH,
TO DJIEMEHTHI CIIMCKAa MOYKHO KOHCTPYUpPOBaTb U I0Jy4aThb MHOIOYPOBHEBBIE CIIUCKU
BUJA:

((BJ11-1 BJI1-2) BJ1 2 (BJ13-1 BJI3-2 BJI3-3) DJ14)

ITo Tpamumuu B Jlucme mycroif cnucok m3oOpaxaercss atomoM NIL. AtomapHOCTb
IMYCTOTrO CIUCKA BIIOJIHE €CTECTBEHHA B MHPE BELIEH — 3TO MPSIMOM aHAIOr YHIaKOBKH.



IlycToit KoHBEpT - 0ObIUHAS BElllb, KOTOPYIO MOXKHO HAINOJHUTh, TOT/1a OHA CTAHOBUTCSA
CJI0KHOM, MJTM OITYCTOIINTh, TOTJA OHA CTAHOBUTCS POCTOM.

Mooens 4. “Dopma , BUI ¥ IOMETKH .

IIpu opranuzanuu nporeccoB GyHKIMH U X APTYMEHTbI HCIOJb3YIOTCSI COBMECTHO
U KOKIBI KOMIUICKT apryMEHTOB (DYHKIMH Haao BeIIENATh. [losTomy B Jlucme ux
pacnonarator B obmiem crnucke. KapmaH Kolienbka MOXET COJepKaTh KapTOUKy, Ha
KOTOPOU HalMCaHo, YTO JIeJaTh C €ro COAEPKUMBIM - ApIyMEHTAMHU.

Ilpumepuoi:

(fn argl arg2 ... argN)
(Cobpatb moptdenb proK3ak)
(+12345)

(fn (gn argl) arg2 ... argN)
(Cnoxwurs (Haittu noptdens) (IToaroroButs Ciucok _MnpeaMeToB))
+5(* 2314 R)X)

IIpu TakoM TOIXOAE CIHCOK, MPEICTABJISAIOMUN BBI30B (DYHKIIMH, BHEIIHE MAajo
OTIIMYAETCS OT CIHCKA, MPEACTABISIIOIIETO JaHHbIe, He TpeOyromue 0coboit 00paboTKu.
B Takux cmydasx KOHBEPT MOXHO 3aKJIEUTh, a B KapMaH BCTaBUTh KapTOUKy C
Hagnuceio “QUOTE”, uto cooTBecTByeT OJOKMPOBKEe BBIYHMCJIEHMI. YBHJEB, YTO
KOHBEPT 3aKJICCH, MOXHO TaK €r0 U OCTaBUTh WM PacKIIeUTh. B mocieanem ciydae ero
COJIEPIKUMOE CTAHOBUTCS TOCTYITHBIM JIJIsi 00paboTKH B OyaynieM. B 3amucu 3170 MOXHO
M300pa3uTh CUMBOJIOM amocTpoda ""'.

Ipumepuor:

(COBPATD ‘(LIKATVYJIKA KOJIBIIO CEPBI'M) CYMKA)
(fn'argl arg2 ... argN)
(cons'(+12345)arg2 ... argN)

Ilpu Takoii 3ammMcH MepBble apryMeHThl (YHKIUM BBIYMCISATHCS HE OyIyT.
(PacmonoxeHbl BTOPHIMU B CITUCKAX. )

OOBIYHO TOAPAa3yMEBAIOT, 4YTO (YHKIHMS MPUMEHSCTCS K 3apaHee BBIYMCICHHBIM
3HAUCHUAM €€ apryMEHTOB. Ho eciu B KaudecTBe JaHHBIX JONYCKAaTb HE TOJIBKO
3HAYEHHS, HO U CHMBOJIbHBIC (OPMBI - 3AIMCH MPOrPAMM ISl BBIYHUCICHUS Pa3HBIX
3HAYEHHH, TO MOXKHO pacCMaTpuBaTh U PEAIM30BBIBATH CIICLHANbHbIE (QYHKIHH,
crocoOHbIe  00pabaThiBaTh apryMEHTHl HECTaHAAPTHO Io Jroboi cxeme. Takue
BapUHATHI HYXHBI JJIsI PEATU3alUK OPUCBOCHUI UM YMPAaBJICHHS IMPOIECCAMHU.
KoHBepTbl, KOWIETPKM M KAapTOUKU MOTYT OBITH PAa3HOrO IIBETa, OHH MOTYT OBITh
noMedeHsl nepdoparueil, MapkamMu, TeKCTAMH U PUCYHKaMH. Takue MOMETKH MOYKHO
MOHUMATh KaK yKa3aHHs Ha cXeMy oOpaOOTKH KOHBEpTOB M uX conepxkumoro ("Tlepen
MIPOYTCHHUEM - CKe4b!"), UTO U TO3BOJICT MOIEIUPOBATh (HYHKIUHU U (PYHKIIMOHATIBHBIC
OporpaMMbl, XapakTepHsle sl mporpammupoBanus Ha Jlucne. ITomoOHbIM 0Opazom
OpPraHU3yIOT OTOOPaKCHUSI — HEYTO BPOJE MEPEeHOCAa PUCYHKA BBIIIMBKH C OyMaru Ha
TKaHb.



2. UpeanbHbIn Jlucn

- OCHOBBI CUMBOJILHOM 00pPabOTKH.
- CpoucoyHas 3anuch
- Toueynas Horamus
- DneMeHTapHbIC QyHKIIUU
1. OcHOBBI CMMBOJILHOI 00Pa0OTKH.

WneanbHblii (4UCTBIN, NIeMEeHTapHBIH) JIHCT — 3TO CBOJ MPUHIUITHAILHBIX
0COOCHHOCTEH IPOrpaMMHPOBaHUS B (DYHKITMOHAIBHOM cTHiIe. HaunHaeTcs oH ¢
BBIOOpA TOJXOASIIEH CTPYKTYPBI TaHHBIX 1 MUHUMAIILHOTO Habopa QYHKITUI HaJ
BBIOpaHHOH cTpyKTypoil. UHpopMarmonnas o6paboTka B si3bike JIuch oTmudaeTcs
OT OOJIBIIMHCTBA IMOAXO0JIOB K IPOTPAMMHUPOBAHUIO TPeMsl BAXKHBIMH NIPUHITUIIAMHU:

1) Tpupopa AaHHbIX

Bce nannble mpeactaBngiorcs B popme CMMBOIBHBIX BhIpaxeHuil. B Jlucne [Ix.
Maxk-Kaptu Ha3Ban ux S-BeipakeHussMu. CrcTeMa mporpaMMUPOBAHMS Ha/T TAKAMH
CTPYKTypaMH OOBIYHO MCHOJIB3YET I MX XPAHEHMS BCIO TOCTYIIHYIO IaMSATh,
HO3TOMY IPOTrPAMMUCT MOXKET OBITh OCBOOOXK/IEH OT PACHPEAEICHUS MaMATH O[]
OTZAENbHBIE OJIOKU TAHHBIX.

2) CamoonucaHue 06paboTKN CUMBOJSIbHbLIX BbIpaXXeHUM

Baxxnast 0coOeHHOCTH IpOrpaMMHpOBaHus Ha Jlucne - omucaHne crioco0oB
00paboTKH S-BBIpa)KEeHUI MIPEACTABISIETCA IPOrPaMMaMH, PACCMaTPHBACMbIMHU KaK
CHUMBOJIbHBIE BbIpaxeHusl. [IporpaMMel CTpOSTCS U3 peKypPCUBHBIX (DyHKIMIi Hax S-
BeIpakeHHAMH. OTpeneneHns 1 BBI30BBI 9THX (QYHKIUH, Kak 1 100as HHpopManus,
UMEIOT BUJ S-BBIPAXKEHUH, TO €CTh (OPMANBHO OHU MOTYT 00padaThIBaTHCSI KaK
OOBIYHBIE JJAHHBIE, TOIY9IaThCs B IIPOLIECCE BHIUMCICHHH 1 IPE0OPa30BBIBATECS KaK
3HAYeHMUHI.

3) Nopobme MaMHHBLIM A3bIKaM

Cucrema nporpaMMupoBaHus Ha Jlucne J0IycKaeT, 4To IporpaMMa MOXKeT
UHTEPIPETUPOBATH W/UIM KOMIMINPOBATH IPOTPAMMBI, TIPECTABICHHBIE B BULIE S-
BRIpKCHUH. DTO cOMMKaeT MporpaMMupoBanue Ha Jlucne ¢ MeTogaMu
HH3KOYPOBHEBOTO POTPAMMHUPOBAHUS U OTIMYAET OT TPAJUIHOHHON METOINKA
INPUMEHEHUS S3bIKOB BEICOKOTO YPOBHSL.

CTpyKTypbl AaHHbIX
JIto0ble CTPYKTYPBI JAHHBIX HAUWHAIOTCS C AJIEMEHTApHBIX 3HaueHui. B Jlucne takue

3HAYCHHUS HA3BIBAIOT aTOMAMM UM CHMBOJIAMH. BHelIHe aTOM 0OBIYHO BBITJIAAUT KaK
mocjIC10BaTCIbHOCTD U3 6y1(B u HI/I(1)p, HadYMHaromasicsAa ¢ 6YKBI>I.
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O}Z[I/IHaKOBO BBITJIAAAIINNEC aTOMbBI HE Pa3jIMiuMBI 110 CBOUM CBOMCTBaM. TepMI/IH
“aToM” BBIOpAH MO aHAJIIOTUU C XUMUYECKUMHU aTOMaMH, CTPOEHHE KOTOPBIX —
npeaMeT apyroil Hayku. COriiacHO 3TOM aHAIOTHH aTOM MOKET UMETh JJOCTATOYHO
CJIO’KHOE CTPOCHME, HO aTOM HE IpefHa3HaueH /Uil pa3dopa Ha 4acTH 0a30BbIMU
CPEACTBAMH SI3BIKA.

Bonee cnoxHbIe JaHHBIE BRICTPAUBAIOTCS U3 OJMHAKOBO YCTPOCHHBIX OJIOKOB
namsaTu. B Jlucne 3To OMHapHBIE y3IIbI, CONIEpIKaIIe Mapbl 00bEKTOB
IPOU3BOJIBHOrO Buaa. Kaxkaplii OMHApHBIN y3€7 COOTBETCTBYET MUHUMAIBHOMY
OJIOKY TaMSATH, BBIICISIEMOMY CHCTEMOM MPOTPaMMHIPOBAHUS TIPH OPTaHU3AIHNU 1
00paboTKe CTPYKTYp JaHHBIX. Brijenenne 0J0Ka naMsiTH U pa3MellleHUue B HeM
napsl JaHHbIX BeimonHseT pyukius CONS (ot ciosa consolidation), a u3BneyeHue
JICBOMW W TpaBoii yacte u3 6yoka BeimodHA0T pyHkmn CAR u CDR
cooTBeTCTBEHHO (“‘content of adress part of register” , “content of decrement part of
register”).

OyHKIMSA | ApPryMeHTBI Pesynprar

Cons AtoMm ( Atom . X)
X

Car ( Atom . X) Atom

Cdr ( Atom . X) X

o cornamennto arom Nil BEIIOJHSET poib MyCTOro cnucka. buHapHsi y3eu,

conepxamuii mapy aromoB ATOM u Nil, paccmaTpuBaeTcst Kak 0JJHO3JIEMEHTHBIN CIIUCOK
(ATOM ):

o ATOM NIL

Wi nJid HaTJIAOHOCTWM:

ATOM




Ecin BMecTo aTtoma “ATOM” noacTaBisTh MPOU3BOJIbHBIC aTOMBI, 2 BMecTo “Nil” -
MIPOU3BOJIBHEIC CITUCKH, 3aTEM BMECTO aTOMOB - TOCTPOCHHBIC CIICKH M TaK Jajiee, TO MbI
MOJIyYUM MHOYKECTBO BCEX BO3MOXHBIX CIIUCKOB. MOXKHO CKa3aTh, YTO CHUCOK - ITO
3aKJII0YEHHAs] B CKOOKH TOCJIe0BATEIbHOCTh U3 pa3jieJIeHHbIX MPodeJiaMi aTOMOB
HJIM CIIMCKOB.

[Tpumepsr:

(C)

\ 4
@}

(C(AB))

Takast hopma 3amucu S-BbIpaKEHUH Ha3bIBacTCS CHHCOYHOM 3amuchIo (list-notation).

Cnucox — 310 nepeyeHb NPOU3BOJIBLHOIO YHCJIA 3JIEMEHTOB, Pa3eJeHHbIX
npodenaMu, 3aKJI0YEHHbIH B KPYIJible CKOOKH.

DJIEMEHTHI CITUCKA MOTYT OBITh JIIO00H TIPUPOIBL.

YI’lpLZOfCHEHuﬂ.' HapHcyﬁTe AuarpaMMbl U1 CIIMCKOB BUA:

(AB)C)



((AB) (DC))

((AB)(D(C E)))

JI1060¥i cIHCOK MOKET OBITh MOCTPOEH U3 MMYCTOr0 CMMCKA H ATOMOB € MOMOIIbI)
CONS 1 /1100241 €ro 4acTh MO3KeT ObITh BbIJeJIeHA ¢ IOMOLILIO IOAXO0XIIei
xommno3uuu CAR-CDR.

CONS - OyHKIUSA, KOTOpask CTPOUT CITUCKU M3 OMHAPHBIX Y3JI0B, 3aMOJHSIS UX MapamMu
00BEKTOB, SBISIONIMXCS 3HAYCHUSMU TIaphl €€ apryMeHTOB. [1epBhIif apryMeHT
MIPOU3BOJIBHOTO BHUJIa Pa3MeIaeTcs B JIGBOM YacTH OMHApHOTO Y34, a BTOPOH,
SIBJISIFOILMIICS. CIIUCKOM, - B TPaBOM.

CAR - OyHknus, odecrieunuBaronias JOCTYII K IEPBOMY 3JIEMEHTY CIIMCKa - €ro
“roJiose”

CDR - OyHKIHs, yKOpauyuBaroias CIMCOK Ha OJuH deMeHT. Ob0ecreunBaeT T0CTyI K
“XBOCTY”’ CIIUCKA, T.€. K OCTaTKy CIIMCKA TOCJE yAaJICHUs €ro TOJIOBBI.

ATOM - Oynkuus, pa3nuyaronias cocTaBHble U aToMapHble 00bekThl. Ha aTomax
ee 3HaYeHHUe “UCTUHA”, a Ha 0oJiee CIOXKHBIX CTPYKTYpaxX JaHHBIX — “JIOKB .

EQ — ®yHkuus, KoTopast IpoBepsieT aTOMapHble 00BEKTHl HA PABEHCTBO.

Tabauya 2.1 deMeHTapHble GYHKIUU HAJ CIHCKAMH

[IpuMepsl COOTBETCTBHS MEKIY apryMEHTaMU M PE3YJIbTaTaMU 3JIEeMEHTAPHBIX
(byHKIUI 00paOOTKU CIIMCKOB .

DyHKIMSA AprymenTsl Pesynprar
KoHcTpynpoBaHue CTPYKTYp AaHHbIX
CONS A u Nil (A)
CONS (A B) m Nil ((A B))
CONS A u (B) (A B)
CONS (Pesynprar npenbinymero CONS) u (C) (A B) O
CONS A u (BO (ABO)
JlocTyn K KOMIIOHEHTAM CTPYKTYPbl JAHHBIX:
CaeBa
CAR (A B O A
CAR (A (B Q) A
CAR (A B) O (A B)
CAR A He onpenenen
Copasa
CDR (A) Nil
CDR (A B CD (BCD)
CDR A B O) (B_0)
CDR (A B)O (C)
CDR A He onpenenen




O6paboTKa AaHHbIX:

CDR (ABCO) B O

CAR Pesynpratr npeasinymero CDR B

CAR (A O A

CAR Pesynbrar npeasiayniero CAR He onpenenen

CONS A un (B) (A

CAR Pesynbrar npensiayniero CONS B)
A

CONS A u (B) (A

CDR Pesynbrar npenpyaymiero CONS B)
(B)

MpepukaTbl:
AtomapHOCTb — HeAeNIMMOCTb

ATOM VeryLongStringOfLetters T

ATOM (A B) Nil - BeimoNTHSIET
POIIb JTIO’KHOTO
3HaYEHUs

CDR (A B) (B)

ATOM Pesynprat npeasiayniero CDR Nil

ATOM Nil T

ATOM O T

PaBeHcTBO

EQ A A T

EQ A B Nil

EQ A (A B Nil

EQ (AB) (AB He onpenenen

EQ Nil m () T

Paznnune ncTHHOCTHBIX 3HaYeHUH B JInce NPHHATO OTOKAECTBIATh C Pa3HULECH
MEXIY ITyCTBIM CIIUCKOM M OCTaJIBHBIMH OOBEKTaMH, KOTOPBIM IIPOTPAMMUCT MOXKET
IpUAATH B IPOrpaMMe HEKOTOPBIH Apyroi cMelci. TakuM o0pa3zoM, 3HaUCHHE “JI0HKb”

—13T10 Beeraa Nil.

Eciu Tpebyetcs siBHO n300pa3uTh 3HaUECHUE “UCTUHA”, TO UCTIOIB3yETCsl KOHCTAHTa —
atoMm T (true) kax cTaHgapTHOE MPEACTABIEHUE, HO POJIb TAKOTO 3HAUEHHUS MOXKET

BBITTOJIHUTS JIFO0OOH, OTJIUYHBIA OT IMTyCTOTO CITHCKA, OOBEKT.

ToyeyHasa HoTauunA

HUctopudeckn npu peanuzanuy Jlucma B kauecTBe eNUHON 0a30BOM CTPYKTYPHI IS
KOHCTPYHMPOBAHUS S-BBIPAXKEHUH MCIIONB30BAIaCh TaK Ha3biBaeMas “TOYedHAast




Hotanus” (dot-notation), COTrIaCHO KOTOPOH JieBas U MpaBasi YacTH OMHAPHOTO y3IIa
PaBHOIPABHBI M MOTYT XPaHUTh JaHHBIC JIIO00H MIPUPOAEI.

Bunapnslit y3en, cogepxxamuii mapy atomos ATOM1 u ATOM2,

ATOMI1 ATOM2

MO>XHO TIPEICTABUTH B BHJI€ S-BBIPAKECHUS
BUJA:

(ATOMI. ATOM2)

Ecnu Bmecto atomoB “ATOM1”, “ATOM2” pexkypCHBHO MOACTABIIATH POU3BOIHHBIC
aTOMBbI, 3aTE€EM NOCTPOCHHBIC U3 HUX MAPbI U TaK AaJI€€, TO MbI IMOJIYUYUM MHOXECTBO
BCEX BO3MOXKHBIX COCTAaBHBIX S-BBIPAKEHHM.

S-BbIpa:keHHe - ITO WJIH aTOM WU 3aKJIIYEHHAasl B CKOOKM mapa u3 AByX S-
BbIPaKeHMii, pa3aejeHHBIX TOUYKOIA.

Bce croxHbIe TaHHBIE BBICTPANBAIOTCS 3 OMHAKOBO YCTPOSHHBIX OJIOKOB -
OMHAPHBIX Y3JI0B, COJIEPIKAIIUX Mapbl 00BEKTOB MPOU3BOIBHOTO BUAa. Kaxblii
OMHApHBIN y3€ll COOTBETCTBYET MUHUMAILHOMY OJIOKY HMaMsTH.

Ilpumepoi:

(A . B)

(C.(A.B))

—_Jdc

JI1000e S-BbIpaxkeHne MOKeT ObITh OCTPOEHO U3 aTOMOB ¢ moMoubi0 CONS n
JII00asi ero 4acTh MOKeT ObITH BbiejieHa ¢ nomombio CAR-CDR.

Vnpaosicnenue. Hapucyiite nuarpamMmbl 1Jis CIEAYIOMUX S-BbIPAXKEHUM:



(A.B).C)
((A.B).(D.C))

((A.B).(D.(C.E))

Pacmupenue THuna gaHHbBIX, JOMyCKaeMBbIX B KadecTBEe BTOporo aprymenta “CONS”, Hu
B MaJIeiiIIel CTENeH: He YCIOXKHIET peann3amnio 3ToH QyHKINH, paBHO KakK U
peamuzanuio ¢pyHKImi “CAR” u “CDR”, 3aT0 X OIMHCaHUs CTAaHOBSTCS HPOLIE:

CONS - Oynkus, KoTopas CTpOUT OMHAPHBIHN y3€7 U 3allOHAET ero Mapoil 00bEeKTOB,
ABJIAIOLINXCS 3HAUEHUSIMU T1aphl €€ apryMeHTOB. I1epBbIil apryMeHT pa3melaeTcs B
JIeBOW YacTu OMHAPHOTIO Y3714, a BTOPOM - B MPABOIA.

CAR - OynHknus, odecrieyuBaronias J0CTyn K 00beKTaM, paciioioKEHHBIM CIeBa OT
TOYKH B TOYEYHOH HOTAIIUH, T.€. B JIEBOW YacTU OMHAPHOTO y3Ja.

CDR - ®yHknus, obecrednBaronias A0CTyl K 00beKTaM, pacioI0KeHHBIM CIIpaBa OT
TOYKHM B TOUYCYHON HOTALUH, T.€. B IPABOH YacTH OMHAPHOTO y3IIa.

Tabnuuya 3nemeHTapHble PYHKUMM Haf NPOU3BONbHbLIMU S-BbipaXXeHUAMMU

DyHKIMA AprymeHTsl Pesynprar
KoHcTpymnpoBaHue CTpyKTyp AaHHbIX

CONS A uB (A.B)
CONS (A.B)uC ((A.B).O
CONS A B (A.B)
CONS (PesynbTaT MpenplIyero ((A.B).O)

CONS) u C

Hocryn k
KOMIIOHEHTaM
CTPYKTYPbI J1aHHBIX:
CaeBa
CAR (A. B) A
CAR ((A.B).O) (A.B)
Cnpasa

CDR (A.B) B
CDR (A.(B.CO) B.O

O6paboTka AaHHbIX:
CDR (A.(B.C) B.O)
CAR Pesynbrar npeasiayniero B

CDR
CDR (A. O C
CAR Pesynbrar npeasiayniero He

CDR onpeJiereH
CONS Au B (A.B)




CAR Pesynbrar nmpenpiayiero A
CONS
CONS A uB (A.B)
CDR Pesynbrar npeasiayniero B
CONS
ToxpecTBa: (Ha NPOV3BOIbHLIX OObEKTaX)
CONS JlBa poM3BOIBHBIX
CAR 00BEKTa X U Y Hcxonnsiit
PesynbTar 00BEKT X
npegpiaywero CONS (mepBbIit
apryMeHT
CONS)
CONS JIBa Mpon3BOIBHBIX
CDR o0BeKTa X U Y UcxonHbrit
Pesynbrar nmpenpiayiero 00BEKT Yy
CONS (BTOpOIA
apryMeHT
CONS)
CAR [Tpoun3BoIBHBIH
CDR COCTaBHOM OOBEKT X -
CONS HE aTOM. HcxoaHblii 0O0BEKT X
ToT ke caMbIil OOBEKT X.
Pesynbratrel npeablrymux
CAR u CDR
MpeavkaTbI:
ATomapHoCTb —
HeaenuMocTb
ATOM (A.B) Nil -
BBIIIOJIHACT
poJib
JIOKHOTO
3HAYECHUS
CDR (A.B) B
ATOM Pesynprar nmpeapiayiero T
CDR
PaBeHcTBO
EQ (A.B) (A.B) He
onpezaeneH




Todeuynast HOTaNUs TOYHO MPEACTABIIACT JOTHKY XPaHSHHUS JIIOOBIX CTPYKTYP TaHHBIX B
HNaMsTH M JI0CTYIa K KOMIIOHEHTaM CTPYKTYP JIaHHBIX. B Bujie CIUCKOB MOXHO
MPEACTABUTD JIUIIb T¢ S-BBIPAXKCHUS, B KOTOPBIX MPH JBIKCHUU BIPABO B KOHIIE
KOHIIOB OOHapyxuBaeTcs aToM Nil, CHMBOJIM3HPYOIINI 3aBEPIICHUE CITUCKA.

ATtom Nil, paccMaTprBaeMblif Kak IpeACcTaBIEHHE IyCTOrO CIUCKa (), BBIIOIHSET POJIb
orpaHuyuTens B cnuckax. OJHO3IEMEHTHBIN CIUCOK (A) UACHTUYEH S-BhIpakeHuIo (A
. Nil). Ciimcok (A1 A2 ... Ak) MoxeT OBITh TIPEACTABIICH KaK S-BhIpaKEHUE BHUIIA!

(Al.(A2.(....(Ak.Nil)...))).

B mamsTi 370 pakTHUECKH OJJHA U Ta e CTPYKTYpa JaHHBIX.

Tabnuya 2.3. CooTBeTCTBME CMUCKOB U PABHO3HAYHbIX UM S-BblpaXKeHUW

List-notation -
CIIMCOYHAs 3alUCh
00BeKTa

Dot-notation - Toye4yHas
3aIlMCh TOTO K€ 00BEKTa

(ABC) (A.(B.(C.Nil))
(AB)C) ((A . (B.Nil)).(C.Nil)

(A B (CE)) (A.(B.((C. (E.Nil)). Nil))
(A) (A . Nil)

(A) ((A . Nil). Nil

(A(B.C) (A.((B.C).Nil)

(0)) (Nil . Nil)

(AB.C) (A.(B.Q))

Jli1st MHOTOIIIArOBOT'O JIOCTYIIA K OT/JEJIbHBIM 2JIEMEHTaM TaKOH CTPYKTYpHI YZ00HO
MOJIb30BATHCSI MHEMOHMYHBIMU O03HAYCHUSMH KOMITO3MIMIA 13 MHOTOKpaTHBIX CAR-
CDR. MMeHa TakuX KOMIO3UIIMH YCTPOEHBI KaK LEMoYKH nu3 “a” mim “d”, 3amaromue
MapupyT ABu:keHus u3 maroB CAR u CDR cooTBecTBEHHO, paciooKEeHHbIN MEX Ty
[ IS4

¢” u “r’. Ykasanusle TakuM criocooom CAR-CDR ucnonasarorcs ¢ OamKanIiero K
apryMeHTy Iara, T.¢. B IOPSIKA 0OpPaTHOM 3aIlvCH.

Tabruya. IIprMepsl MHOTOIIIATOBOTO AOCTYIA K DJIEMEHTaM CTPYKTYPHL.

Komnosuuum CAR-CDR Boruucistores B
opsiJIKe, 00paTHOM
3aIUCH:

Caar A

(WBC)

Cadr (ABCO) B - CDR 3arem CAR

Caddr (ABCO) C - (mBaxkmer CDR)
3atrem CAR

Cadadr (ABC)D) C - nBa pasa (CDR




| 3areM CAR)

Buo16oow:

- Cnucox — 3mo nepeueHb NPouU380IbHO20 YUCTA INEMEHMO8, PA3OETEHHbIX
npobenamu, 3aKI0YeHHbII 8 Kpy2ible CKOOKU.

- Onemenmsi cnucka mozym Ovims 000U NPUPOObL.

- S-evipasicenue - 3mMo uU AMOM UIU 3AKTHOUEHHA 8 CKOOKU napa u3 0eyx S-
sbIpadicenull, pazoeieHuvlx mouxou. Cnucox — 4acmuwlil ciyuail S-ebipadiceHus.

- Jlboe S-svipasicenue modicem Ovimb NOCmMpoero uz amomos ¢ nomouspro CONS u
arobas e2o uacme modicem Ovimo gvroenena ¢ nomouybto CAR-CDR.

- s uzobpasicenus S-8vipasicenutl UCNONb3YIOM PA3IUYHbIE HOMAYUU!
epaghuneckyro, moueyHyIo u CRUCOUHYIO.

- bBasuc Jlucna codepoicum snemenmapnvie pyuxyuu CAR, CDR, CONS, EQ,, ATOM

3. 3anucek Jlucn-nporpamm

Tenepp paccMOTpUM MpaBuUIia 3alKCcU Iporpamm Ha Jlucme.

- IIpaBuna 3anucu Jlucn-nporpamMm
- CrenuanbHble (yHKIUU

- bespMsiHHBIE PyHKIINH

- PexypcuBnsle pyHKINN

OCHOBHEBIE [TOHATHS, BO3HUKAIOIIIE IPH HATMCAHUH [IPOTPAMM — 3TO NIEPEMECHHBIE, KOHCTAHTEHI,
BBIPAXKEHHUS, BETBJICHHUS, BbI30BbI (PYHKUUHI 1 onpeeneHus. Bce oHM MpencTaBUMbI C TOMOLIbIO
S-BbIpakeHu .

1) Camas mpocrtas (opma BBIpaKEHHS - 3TO mepeMeHHasi. OHa MOXKeT OBITh
IpeACTaBIeHa KaK aToM.

Ipumepor:



X

n

Variable1
MNepemeHHan2
LongSong
Honrasllecus

2) HWmena ¢yHKIMHA, KaK ¥ MEPEMEHHBIX, Jy4llle BCETO HM300pa)kaTb C MOMOIIbIO
aTOMOB, JUIsl HAIJIATHOCTH MOKHO IPEANOYUTaTh 3arjiaBHbIe OYKBBI.

Ipumepuor:

CONS
CAR
CDR
ATOM

EQ

3) Bce Gonee cioxHble GoOpMbI  TIOHUMAIOT Kak NpUMEHeHHe (DYHKIMM K €€ apryMeHTam
(BBI30B (pyHKIMM). APryMeHTOM (YHKIHM MOXeET ObITh Jito0as ¢opma. Cnucok, HepBBIit
3JIEMEHT KOTOPOTO — MpeCTaBlIeHne (HYHKIMN, OCTAIBHBIE 3JIEMEHTHI - apTyMEHTHI (PyHKIIUH,
— 3TO OCHOBHAs KOHCTpYKuus B JIucn-nporpamme.

Ipumep:

(pyukus apryment] aprymeHt? ... )

4) Komno3uuun GpyHKIUHA €CTECTBEHHO CTPOUTH C MIOMOIIIBIO BIIOKEHHBIX CKOOOK.

Ilpumep:

(bynkumsl (pynkuusa2 apryment21 aprymenT2?2 ... ) apryMeHT? ... )

DTUX MpaBUIl JOCTATOYHO, YTOOBI OOJIEE SICHO BHIMKUCATH OCHOBHBIE TOK/I€CTBA
Jlucma, popmasibHO XapakTepu3syoinue anemenTapable pyakmun CAR, CDR, CONS,
ATOM, EQ nazg S-BeipakeHUSIMU:



(CAR (CONSxYy)) =x

(CDR (CONSxYy)) =y

(ATOM (CONS x y)) =Nil

(CONS (CARX) (CDR X)) =x 0J151 HeAMOMAPHBIX X.
(EQxx)=T eciu x amom
(EQ xy)=Nil ecau X Uy pasiuyumbl

JItoOble KOMITO3UITUY 3aIaHHOTO Habopa QyHKIMI HaJl KOHEYHBIM MHOXECTBOM
[POU3BOJIbHBIX 00BEKTOB MOYKHO ITPEACTaBUTh TAKMM CIIOCOOOM, HO KJIacce
COOTBETCTBYIOIIUX UM MPOIIECCOB BEChbMa OTPAaHMYCH U MaJIo HHTepeceH. OpraHu3anms
0oJiee CI0XKHOTO Kilacca mpoIeccoB TpedyeT Ooliee AeTaNbHOTO MPEICTABICHHS B
nporpaMmax COOTBETCTBUA MEKAY UMCHAMH 1 UX 3HAYCHUSAMU HUJIU ONIPCACIICHUSIMMU,
N300pakeHUs BETBJICHUH U OOBSBICHIS KOHCTAHT.

CrnenuanbHbie GyHKIUH

5) KoncranTa npencranisiercs kak aprymeHT cnenuanbHol pyakimn QUOTE B
BUJIE CITUCKA!

ITlpumep: CUCOK U3 aTOMOB OOBSIBIICH KOHCTAHTOM.

(QUOTE (CONST))

Hcnonp3yeres U cokpalieHHas 3aHCh — arocTpo( mepe IPOU3BOIEHBIM TaHHEBIM.

Ipumep:

CONST)

B 3aBHCHMOCTH OT KOHTEKCTa OJJHA M T€ e 00BEKTHI MOT'YT BBITIOJIHATH POJIb
MePEMEHHBIX WM KOHCTAHT, IPAYEM 3HAUYCHUS U TOTO, U IPYTOTO MOTYT OBITh
HpOH3BOHhHOﬁ clIokHOCTU. Ecin O6’beKT BBIMOJHACT POJIb KOHCTAHTBI, TO JIS
0OBSIBICHHSI KOHCTAHTHI JOCTATOYHO 3a0JIOKUPOBATH €TO BBIYHCICHUE, TO €CTh KaK OBl
B3STh €r0 B KaBBIUKH (quotation), oTMedaronie OyKBaIbHO HCIIOJIb3yeMble (pasbl, HE
Tpedyromme 00padoTku. s Takoi 6;JJ0KMPOBKH BBOIUTCS CHCIUANbHAS (DYHKIIHS
QUOTE, npenoxpansiromniasi CBO €TMHCTBEHHBIN apTyMEHT OT BBIUHUCICHUSI.

Ipumepuor:

(QUOTE A) KOHCTaHTa A 0ObsBIICHA.

(QUOTE(ABC)) koHcTaHTa (A B C) oObsBieHa.

(ATOM (QUOTE A)) =T apryMEHTOM TIpeJUKaTa SBISETCS
atoM “A”
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(ATOM (QUOTE (A B C))) = Nil

ApPTYMECHTOM TIpeIUKaTa SBISIETCS
ciucok (ABC)

(ATOM A)

3HA4YEeHUE HE OIPEIEIICHO, T.K. OHO
3aBHUCHUT oT BXOXKICHUA
repeMeHHo A, a  ee 3HAYCHHE
3aBHCUT OT KOHTEKCTa U JOJDKHO
OBITH OMpPEICICHO WIH 33JaHO IO
MOIIBITKY BBISICHUTB aTOM JIH 3TO.

(tpetuit (QUOTE (A B C)))

IpPUMEHEHUE HOBOW (QYHKIMH K
3HAUYeHUI0O, He  Tpelyrouemy
BBIYUCIICHHS

Ynpaosicnenue. 3anummre BBIpaXCHUS, COOTBETCTBYIOIINE NMPUMEHEHHIO (YHKIUH U3

BbIHICTIPHUBEACHHBIX Ta6HI/IH.

6) MocTpouts GyHKIMI0O MOXKHO ¢ momolisio Lambda-koHcTpykTopa:

Ilpumep:

(LAMBDA (x)
| |

(CAR (CDR (CDR x))) )

\ oIpesieNICHNe ¢yHKIIH

napaMeTp GyHKIUH

IIpu BBI30Be TakoW OE3BIMSHHON (YHKIMU 33a0HO IPOUCXOMUT 3aJaHUC 3HAUYCHUIA
MapamMeTPOB - CBSI3AHHBIX MIEPEMEHHBIX:

((LAMBDA (x) (atom x)) 123) ;=T

X nomyuut 3HaueHue 123 Ha BpeMs IPUMEHEHMs MOCTPOCHHON aHOHUMHON (YHKLIMY, JIeHCTBUE
KOTOPOM 3aKJIF0YAETCs B BBLICHEHUH, ATOM JIM apTyMEHT (DYHKIIHH.

CBsI3aHHYI0 NepeMEHHYI0 MOKHO O00bABUTH cnenuaiabHoili pynkumeii Lambda, a
3HAYeHUe OHA MOJIYYHUT NPHU BbI30Be (PYHKIUM.

7) CooTBercTBHE MEXIYy UMEHEM (YHKIMHA U €€ ONpEIeiCHHEM MOXKHO 3alaTh C
MOMOIIBI0  crienrabHOTO KOHCTpykTopa ¢(yHkuuii DEFUN, mnepBwiii apryment
KOTOpOTO - UMs (DYHKIIUH, BTOPOl — COOCTBEHHO MMEHYEeMOe Ompe/eneHue QyHKINH.
®opmaneHbiM  pesyapTatoM DEFUN  sBidercs ee mnepBbld apryMeHT, KOTOPBIA
CTaHOBUTCSI 00bEKTOM ApYyroii kateropun. OH MEHSIET CBOW CTATYC — TENePb 3TO UMSA

HOBOH (pyHKIIUH.

(DEFUN tpetnii (x) (CAR (CDR (CDR x))) ))
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\ [ ] ompesieeHne (yHKITHT

\ \ napaMeTpbl QyHKIHU

| UMsI HOBOH (QyHKIHH

Hosas ¢pyHkums “tpetuit” neiictByeT Tak xe kak “Caddr” B Tabmure 2.4.

HNmenoBanue PpyHkuuii paboTtaet noJo0HO 3aJaHUI0 3HAYCHUH MEPEMEHHBIM.
WneHTHduUKaTOp MPenCcTaBIseT CTPYKTYPY, CHMBOIH3UPYIOMIYIO ()YHKIIMOHATBHBIN
00BeKT. B Heli cofiepKUTCst CTUCOK (POpMaTTbHBIX MapaMeTpoB (QYHKIIUHU U TEJIO €€
OTIpEICIICHHUS.

OOBIYHO B pacCyXJICHUAX O IIEPEMEHHBIX 1 KOHCTAaHTaX MOJYAINBO MOAPa3yMEeBaeTCs,
4TO pedb UJET JUILb O JaHHBIX. Pa3HUIAa MEXKAY KOHCTAaHTAMU U IIEPEMEHHBIMU
3aKJIF0YAeTCs JIUIIb B TOM, YTO 3HAYEHUE IEPEMEHHON MOXKET OBbITh B 1000l MOMEHT
U3MEHEHO, a8 KOHCTAHTA H3MEHseTCs CylIeCTBEHHO pexxe. Jlucn paccMaTpuBaer
npeAcTaBieHus (yHKINH Kak TaHHbIE, TO3TOMY (YHKIUH MOTYT ObITh KaK
KOHCTAHTHBIMH, TAK U IIePEMEHHBIMU.

IIpeacraBiaenns QyHKIHMH MOTYT BBIYMCIATHCS U NlepeJaBaThCs KaK apaMeTpbl
WIH Pe3yabTaThl APYIUuX (PpyHKIMii.

CooTBeTcTBHE MEKIY IMEHEM (DYHKIIUH U €€ OTIpeIeIICHIEM MOXKET OBITh H3MEHEHO,
MoI00HO TOMY KaK MEHSIETCSI COOTBETCTBHE MEX/Iy HIMEHEM MIEpEMEHHOH U ee
3HAYEHUEM.

8) BerBneHue (yca10BHOe BbIpasKeHHE) XapaKTepu3yeTcs TeM, YTO XOJ Mpoliecca
3aBUCUT OT HEKOTOPBIX YCJOBHH. YCIOBHS CJeIyeT CrpyNIMpoBaTh B OOIIMi
KOMIIJICKT M COOTHECTH C HOIXOISIIMMH BETBSIMH. TaKyl0 OpPTaHH3alHdIo IIporecca
BBIYMCIICHUS] 00ECIIeUnBaeT ClrielnaibHas

¢ynkmus COND (condition). Ee aprymenTamu SBISIOTCS JABYX3JIEMEHTHBIC CITUCKH,
coziepKaliye MpeAHKAThI H COOTBETCTBYIONINE UM BBIPaKeHHA. APryMEHTOB MOXKET
ObITh r000€ yncito. OOpadaThIBAalOTCS OHM IO OCOOOH CXeMe: CHavana BEYHCIIOTCS
IEepBBIC JJIEMEHTHl ApTyMEHTOB IO TOPAAKY, NMOKa He HaiigeTcs NpeIuMKaT co
3HAYeHHeM “HCcTHHA”. 3aTeM BBIOMpAeTCs BTOPOH 3JIEMEHT 3TOTO0 apryMeHTa u
BBIUHCIICTCS €r0 3HAUCHHWE, KOTOPOE€ W CUHMTACTCS 3HAUYEHHEM BCEro YCIOBHOTO
BBIpaXXEHUS.

(COND (pl el) (p2 €2) ... (pk ek) )

| \ | MIPEeIMKATHI JUIS BEIOOpa BETBU
| | | BETBHU YCJIOBHOTO BBIPAXKEHUS

Kaxpiii iperKkaT pi WM BETBB €1 MOXKET OBITh JIF000H (hOpPMBI: TIepeMeHHas,
KOHCTaHTA, BBI30B (DYHKLINH, KOMIIO3UIMA (DYHKIUH, YCIOBHOE BBIPAXKCHUE.
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Oo6sruHOe yenmoBHoe BeIpakeHue (if Predicate Then Else) mnu (ecnm Predicate To Then
nHade Else) Moxer ObITh npencTarieHo ¢ nomoibio Gyrakiuu COND cnenyrommm
obpazoM:

(COND (Predicate Then)(T Else))

Wnu Oostee HAMIAIHO:

(COND (Predicate Then)
(T Else )

Boruncnenne psga ¢GopM B OmNpeAclieHMH MOXeT ObITh OOYCIIOBJICHO 3apaHee
3aJIaHHBIMU MPEUKATaMHU.

Ipumep:

(COND ((EQ (CAR x) (QUOTE A)) (CONS (QUOTE B) (CDR x))) (T x) )

Atom “T” mpencraBisieT TOXASCTBEHHYIO HCTHHY. 3HaUY€HUE BCET0 YCIOBHOTO BEIPAKEHUS
MOJTy4YaeTcst 3aMEHOM MEepBOTO AJIEMEHTA U3 3HAUCHMsI IEpEMEHHOM X Ha B B Tom citydae, eciaun
(CAR x) coBnazmaer ¢ A.

OO0bsBneHHble 37ech cnenuanbablie pynkuun QUOTE, COND LAMBDA u DEFUN
CYIIIECTBEHHO OTJIMYAIOTCs OT dJieMeHTapHbIX pynkumii CAR, CDR, CONS, ATOM, EQ
npaBuiioM 00paboTKH apryMeHToB. OObIUHbIC (DYHKIIUH ITOJTyYaloT 3HAYCHHS apTyMEHTOB,
MPEBAPUTEIHHO BBIYUCICHHBIC CUCTEMOU MPOrpaMMUPOBAHUS 110 popMyiaM (paKTHUSCKUX
napamMeTpoB (PYHKITUH.

CrnenuajabHble (YHKUMHU He TPeOYIOT TAKOI NMpeABapPUTEILHOH 00padoTKU MapaMeTpoB.

OHU caMy MOTYT BBIMOJIHATH BCE HEOOXOIMMOE, UCTIONB3YS MPECTaBICHUE (PAKTUUECKUX
[apaMeTpoB B BUAE S-BbIpaKEHUH.

PexypcuBHBIC (hyHKIMU: ONpEAEICHUE U UCTIOTHCHNE

9) OnpeneneHust MOTYT OBITh PEKYPCHUBHBI.
Kak npaBuiio pekypcuBHOE puMeHeHne QyHKIUIA JOHKHO ObITh OMPEIEICHO B KOMIUIEKTE C HE
PEeKYPCHBHBIMH BeTBSIMU ITporiecca. OCHOBHOE NMpEeHa3HAYCHHE YCIOBHBIX BHIPAKEHHH -

PeKypCHBHBIE onIpeneieHust QYHKIUI.
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Jnsa mpuMepa paccMOTpUM (YHKIMIO, BHIOMPAIOIIYIO B CIIMCKE CaMblii JI€BBIA aTOM:

anr_Jlesenwmnii ( COUCOK X) apr x

Hay
ecnn Atom (x)
TO 3HaY := X
nHaye 3Had := Jlesenwmn (Car (x))
KOH

Hogsas ¢pynkuums “JleBedmmii” BoIOUpaeT NEPBhIA aTOM W3 JTFOOOTO JTaHHOTO.

(DEFUN Jleeiimmii (x)(COND ((ATOM x) x)
(T (Jeeiiumii (CAR x))) ))

Ecau x sBnsercs aTOMOM, TO OH U ABJIACTCA PE3YyJIbTAaTOM, NHAYC q)yHKL[I/II-O
“JleBeiflMii” clexyeT NPUMEHHUTH K TIEPBOMY DJIEMEHTY 3HAYCHHS X, KOTOPOE
noJrydaeTcs B pe3yiibrare Berancienus popmyisl (CAR x). Ha coctaBHbIX X OyneT
BBIIIOJTHSTHCS BTOPasi BETBb, BHIOMpaeMasi 10 TOXKAESCTBEHHO UCTUHHOMY 3HAYCHHIO

BCTPOCHHOW KOHCTAHTHI T.

Omnpenenenne pynxuuu “JleBeiluii” pekypcuBHO. DTa QYHKIHS JEHCTBUTEIBHO
paboTaer B TepMUHaX caMoi ceOs. BaxkHO, 4TO 1151 JTFOOOTO S-BBIpaXKEHHSI CYMIECTBYET
HEKOTOpoe uncio npumeHennid pyakiuu CAR, mocie KoToporo u3 3Toro S-
BBIPQKEHUS BBIACINTCS KaKOH-HUOYIb aTOM, CIIe0BaTEIbHO TPOIECC BEIYHUCICHUS
(yHKINH Beerza onpeieieH, IeTePMUHIPOBAH, 3aBEPIIUTCS 32 KOHETHOE YHCIIO
maroB. MOXKHO CKa3aTh, 4TO JUIsl ONPE/IeIEHHOCTH PEKYPCUBHON (DYHKIINU clieayeT
(hopMyITHpOBaTH yCJI0BHE €€ 3aBepILIeHUs.

Beenennbie 0003Ha4YCHUS JTOCTATOYHBI, YTOOBI POHAOIIONATE (POPMHUPOBAHHE
3HAYEHH U npeodpa3oBaHue (HOPM B MPOIECCE UCTIONHEHHS (DYHKIMOHAIBHBIX
nporpamm.

PaccMmoTpuM BeIUHCTIEHHE (OPMBI:

((DEFUN Jleeiimmii (LAMBDA (x)(COND ((ATOM x) x)

(T (JIeBetitmmii (CAR x))) )))
(QUOTE ((A . B). C))
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DEFUN naet nMeHa 0ObIHBIM (YHKIIHSIM, TTO3TOMY (PaKTHUCSCKUN TapaMeTp QyHKIMH
“JleBelimii” OyzeT BEIYMCIICH JIO TOTO KaK HAYHET paboTaTh €¢ ONpeeICHUE U

[T 1)

NEepeMEHHas

X"’ monryuuT 3Hauenue “((A . B) . C))”.

x=((A.B).C))

Tabnuya. Cxema BbIBOJA pe3yabTaTa (GOpMBbI ¢ peKYPCHBHOM (PyHKIMEI.

Brruncnsiemast popma

OuepenHoil mar

Pe3ysnbrar ¥ KOMMEHTapuu

Bxon B pekypcuio

(Jepeiimmii (QUOTE ((A
-B). ()

Brei6op onpeneneHuss (QyHKITHH
nu

(COND ((ATOM x) x)
(T (JIeBeiimmii (CAR
x))))

IlepBblii mar pekypcun

Brigenenue napametpoB | (QUOTE ((A . B). C))
byHKIIMH

(QUOTE ((A.B).C)) Brruncnenve aprymenta | X= ((A.B).C)
byHKIMH

(COND ((ATOM x) x) [lepebop mpenukaroB: BeIOOp | (ATOM Xx)

(T (JleBeiimii | mepBoro

(CAR x))))

(ATOM x) Boruncnenue nepsoro | Nil = “noxs”,

mpeauKara T.K. X — HE aTOM.

[Tepexon KO BTOPOMY
MpeUKaTy
T Brruucnenne BTrOoporo | T = “ncruHa” — KOHCTaHTA.

IpeauKara Ilepexoq K  BbIAEIEHHOHN
BETBHU
Bropo# war pekypcun

(JIeeiimmii (CAR x)) BBIJICIICHHE napametpoB | (CAR x)

GbyHKIIH

(CAR x) Brruucnenne aprymenta | X= (A .B)

GbyHKIIH PexypcuBHblli mepexon K
pEAYIPOBAaHHOMY
apryMEHTY

(COND ((ATOM x) x) ITepebop mpenukaroB: BbeIOOp | (ATOM x)
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(T (JleBeiimmii | IepBoro
(CAR x))))
(ATOM x) Brruncnenue nepBoro | Nil = “noxs”,
npeauKara T.K. X — HE aTOM.
[Tepexon KO BTOPOMY
IpeauKaTy
T Brruucnenne Broporo | T = “ucruHa” — KOHCTaHTAa.
npeanKara [Tepexo K0 BTOpPOil BETBU
Tpertuii mar pekypcuu
(JIeBeitumii (CAR x)) BBIJICTICHUE napameTpoB | (CAR x)
GbyHKIUU
(CAR x) Boruucnenue aprymesra | X = A
GbyHKIIH PexypcuBHblli mepexon K
penynupoOBaHHOMY
apryMeHTry
(COND ((ATOM x) x) [lepebop mpenukaroB: BeIOOP | (ATOM Xx)
(T (JleBeiiuumii | mepBoro
(CARX))))
(ATOM x) Brruucnenue nepsoro | T —T.x. X Tenepp aTom
npearKaTa [Ipexon k mepBOM BETBU
X Brruucnenue 3HaueHU# | A
MepEeMEHHON 3HadyeHne GbyHKIUU
MOJTy4eHO

1 BBIYMCJICHUC 3aBCPIICHO

Bbixoa us pekypcum

Hexoropsie onpeaencHus: GyHKIUA MOTYT OBITH XOPOIIIO ONPEACICHBI HA OTHUX
aprymMeHTax, HO 3allMKJIMBAThCS Ha IPYTHX, H0A00HO TPAAUIHMOHHOMY ONPEISIICHUI0
(hakTOpHaNa mpy MOMBITKE €ro MPUMEHUTh K OTPUIATEIBHBIM YrciIaM. Pe3ynpratr Moxer
BBITJISIICTh KaK MCUYE3HOBEHHE CBOOOIHOM MaMSTH WIIM CIIMIIKOM JOJTHit cueT 6e3
BUAMMOTrO Tporpecca. Takue QyHKIMK Ha3bIBAIOT YACTHYHBIMHA. VX onpeaeneHus
JIOJDKHBI BKJTFOYATh B ce0s1 BETBJIEHHS JJIs IPOBEPKH apTyMEHTOB HA MPHHAIICKHOCTD
(bakTHyeckol obacTu onpeneneHus QyHKINY - THHAMAUYECKHI KOHTPOJIb. Y CJIOBHBIC
BBIPOKEHHS HE MEHEe YJOOHBI U JIIsl YUCICHHBIX PacyeTOB.

Ilpumep 1. AGCONIOTHOE 3HAYCHUE YUCIIA.

(Banucwv Ha areopummuseckol Homayuu)

anr ABC( uen_ x) apr x
Hay
ecnn (x <0)
TO 3Ha4y :=-X
nHavye 3Ha4 = X
KOH
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(Jlucn-npoepamma)

(DEFUN A6c (LAMBDA (x)(COND ((<x 0) (- x))
(T %) )

ITlpumep 2. @akTopuall HEOTPUIIATEIHHOTO YUCHA.

(Banucev Ha aneopummuyeckol Homayuu)

anr PAKTOPUAN (uen N)apr N
Hay
ecnm (N =0)
TO 3Hay ;= 1
uHaye 3Hay =N * PAKTOPUAIT (N - 1)
KOH

(JTucn-npoepamma)

(DEFUN ®aktopuan (LAMBDA (N)(COND (=NO0)1)
(T (* N (Pakropnan (- N 1))) ) )))

OT0 onpe/esieHUe He 3aBepIlaeTcs] Ha OTPULATEIbHbIX apryMEHTax.

Bxrodaercs 1 Habop Hanbosee ynoTpeOUMBIX 0a30BBIX ONepaluii HaJl TAKUMH
naHHbIMU. Eciii BBeNIEHBI YUCiia, TO BBEACHBI M TPAIUIUOHHBIC apA(pMeTHIecKHe
onepanuu, Ho opMa UX IPUMEHEHHS MOAYNHEHA OOLTUM MpaBUIIaM:

(+1234) =10

OyHKUHMA, KOTOpas onpeAesieHa JUIb AJ11 HEKOTOPbIX 3HaYeHUH apryMEHTOB
€CTECTBCHHOU 00JIACTH OIIPEIeNICHHs, Ha3bIBACTCS YACTUYHON (PyHKIHEIH.

Ipumep 3. Anroput™m EBKiHIa A5 HAXOXKJICHUS HAUOOJbIIIEro 00IIero NEMUTeNsl IByX
MOJIOKUTEITLHBIX IIEITBIX YHCEIT TIPH YCIOBHH, YTO onpe/eseHa GyHkuus “OcTaTok”.

(3Banuce Ha ancopummuyeckou Homayuu)

anr HOJl (uen x, y) apr x
Hay
ecnm (x <y)
T0 3HaY = HOJI (Y, X)
nHec Ocratok (y, x) =0
TO 3Hay := X
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nmHaye 3Hay := HO[ (Ocrarok (y, X), X)
KOH

OCTaToOK [X, y] - (bYHKIII/ISI, BBIYUCIISAIOIIAA OCTATOK OTACJICHHUA X HA Y.

(JTucn-npoepamma)

(DEFUN HOJI (LAMBDA (x y)(COND ((<x y) (HOJly x))

((=(ocratoxk y x) 0 ) x)
(T (HO/I (ocTaTtok y X) X)) ))

Kak u mo6oe S-BeIpaskeHre, CHMBOJIBHBIE TIpeACTaBIeHUS (YYHKIUH MOTYT OBITH
3HAYCHUSIMH apPTYMEHTOB - (JYHKIHOHAJIbHbIE aPTYMEHTHI.

Basuc ssementapuoro Jlucna o0pasyioT msath GpyHKImid Haj S-BeipakeHusMu CAR,
CDR, CONS, ATOM, EQ u deThipe criendanbHbIX (YyHKITHH, 00ECIICUNBAIONIHIE
yIpaBleHHe MporpaMMaMH U IpolleccaMy U KOHCTPYUpOBaHUe (DYHKIIMOHATBHBIX
o6nexroB QUOTE, COND, LAMBDA, DEFUN.

[lasiee Mbl IOCTPOUM omnpefielieHue yHuBepcaibHoi pyHknun EVAL, no3Bomnsioniei
BBIUUCIIST 3HAYSHHSI BBIPAXKEHUIA, TIPEJCTaBIEHHBIX B BUJIE CIIUCKOB, - IPABUJIO
HHTEPHPETAINH BHIPAKEHUI.

dopmanbHO JUIA Mepexo/ia K MPaKTUKE HY)KHA HECKOJIBKO OOJIbIas ONPEIeIeHHOCTD 0
Me€XaHU3MaM UCIOJIHEHHUS IPOTrpamMM, IPEICTaBIEHHBIX S-BbIPAXKEHUSIMHU:

- apryMeHThl (YHKOUH KaK MpPaBWIO BBYUCISAIOTCA B TOPSAOKE HX
MepeyrClIeHus,

- KOMIO3ULIMU (YHKIHMH BBITOJIHIIOTCS B MOPSAIKE OT CaMOi BHYTpPEHHEH
(hYyHKIIUH HapYXKy 10 CaMOM BHEIIIHEH,

- IpeACTaBIeHHe (YHKIUM aHATU3UPYETCs MO0 TOro KaK HAYWHAIOT
BBIYHCISTBECS apTyMEHTHI, T.K. B CIy4Yae CHCIHATBHBIX (DYHKIIMHA apryMEHTHI
MO’KHO HE BBIYUCIIATE,

- OpH  BBMYHCICHUN JIAMOAA-BBIDAKCHUI CBSI3M  MeKAY MMeHaMH
NepeMeHHbIX M MX 3HAYEeHHSIMHM, a TAKXKE MEXJIy MMEHaMu (YHKUUI U HX
OIIpeAeNeHUAMHY, HAaKaIIMBAIOTCS B TaK HA3BIBACMOM ACCOLMATHBHOM CITHMCKE,
HOMNOJIHSEMOM MpPH BBI30BE (DYHKIUM M OCBOOOXKIAEMOM IpPH BBIXOJE U3
¢yHKINU.
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Buoieoowr:

OcHogHbie NOHAMUSA, B0ZHUKAIOWUE NPU HANUCAHUU NPOSPAMM — MO NepeMeHHble,
KOHCINAHMbI, BbIPANCEHUSA, 8eMBILEHUs, BbI30608 (YHKYUll u onpedenenus. Bece onu
nPeoCcmasgumbl ¢ NOMOUBIO S-BbIPAICEHULL.

C8513aHHYI0 NePeMEeHHYI0 MOJCHO 00bssums cneyuanvhou @yuxyueti Lambda, a
3HAYeHUe OHA NOJYYUM NPU BbI306€ (DPYHKYUU.

Ipedcmasnenust yHKYUU MO2YM 8bIYUCTAMBCS U NEPeda8AmbCsl KaK Napamempbl
UU pe3yIbmamol Opyeux QyHKyuil.

CneyuanvHule yHKYUU He mpeOyom npedsapumenbHol 06pabomKy napamempos.

Baszuc snemenmapnozo Jlucna obpasyrom nsame Qynxyuil Hao S-eblpaiceHusmu
CAR, CDR, CONS, ATOM, EQ u uemvlpe cheyuanvbHbix yyHKyuu, obecnevusaioujue
Ynpaegnenue npoSpamMmamt U nPoyeccamu U KOHCMpyuposauue @GYHKYUOHATbHbIX
obvexmos QUOTE, COND, LAMBDA.

U Oannvie, u npoecpamma 6 Jlucne npedcmasiaromcs ¢ NOMOWbI0 S-8bipaANCEHUIL.
Paznuuame dannvie om npoepammvr modicno ¢ nomowpto gynxyuu QUOTE.

Onpedenenue u uMs HOBOU (DYHKYUU MOICHO 3A0aMb C NOMOUBIO CHEYUANbHOU
¢ynxyuu DEFUN.
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4. OnpenesieHnne sI3bIKa

Temepp MoOXeM JjgaTh Ooyiee TOWYHOEe ompeaeneHue Jlucma Kak — si3bIKa
IPOrpaMMHUPOBaHUSL.

- Cunrakcuc Jlucma
- CewmanTtuka Jlucma
- HakomurenbHbIe TapamMeTphl
- BcnomorarenbHbie QyHKITUH

HauneMm ¢ cuHTakcuueckoro 0000IIEeHNS.

Omnpenenenue s3pIKa MPOTPaMMHUPOBAHUS OOBIYHO HAYMHAOT C CHHTAKCHYECKHX
(hopmyi, HazsiBaeMbix BH® (popmynber bexyca-Haypa). Onpenenenne Takux Gpopmy
CBOJIUTCS K CJICTYIOIIUM MOJIOKCHUSIM:

SI3bIK XapakTepu3yercs HabopOM ONpee/IIeMbIX TTOHATHH.

KaxioMy MOHSATHIO COOTBETCTBYET HA0Op BapHAHTOB CHHTAKCHIECKUX (POPMYIL.
Kaxxnp1il BapyanT — 3T0 OCAE0BATEIbHOCTh 3JIEMEHTOB.

DNeMeHT — 3TO WM TEePMHUHAIbHBII CHUMBOJ HJIM CHUHTAKCHUYECKOE IIOHATHE —
HETEPMUHAJIBHBIA CUMBOJL.

CuHTakcuc aaHHbIX B Jlucme cBOAWTCS K MpaBujaM MPEACTABICHHUS aTOMOB U S-
BBIPaXKCHUI.

<atom> ::= <BYKBA> <koHeL_aToma>

<KOHeL_aToMa> ::= <nycTo>
| <BYKBA> <koHeu_aToma>
| <uncno> <koHeu_artoma>

B JIucne aToMbl - 3TO Melb4yalinne 4acTuipl. Mx PA3JI0KECHUEC I10 JIUTEPAM HE UMCCT CMBICJIA.

<S-BblpaxeHne> ::= <atom>
| (<S-BblpaxeHne> . <S-BblpaxeHue>)
| (<S-BblpaxeHne> ... )

ITo »ToMy TipaBUITy S-BbIPasKeHHS - 3TO WU aTOMBI, WM Y371l U3 Mapbl S-BhIPAKEHUH,
WM CIIUCKU U3 S-BBIPAKEHUIM.

/Tpu TOYKM O3HAYAIOT, YTO IOIYCTHMO JIF000€ YUCIO BXOXKICHUH MPEIIICCTBYIONIETO
BH/Ia O0BEKTOB, BKJIFOYAst HA OJHOTO./
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CumBoOI «» - HAYaJ10 KOMMCHTAapHA 1O KOHIIA CTPOKH.

T.o. “()” ecrb momyctumoe S-BbipaxkeHue. OHO B s3blke JIMCH MO COIAIIEHUIO
SKBHBaJICHTHO aTromy Nil.

ba3oBasi cuctema mpeiCTaBlICeHUs JAHHBIX - TOYEUYHAs HOTAIMs, XOTS Ha TPAKTHKE
3alMch B BUJE CIUCKOB ynoOHee. JIF0OOW CIHMCOK MOXHO TPEACTaBUTH TOUYEYHOM
HOTAaIlUEH:

() = Nil
(a . Nil) = (a)

(a-1 (... (@K .Nil)...)) = (a1 ... aK)

Takas eqMHasi CTPYKTYpPa JaHHBIX 0Ka3aJlach BIIOJHE JOCTATOYHOM AJISl MPEACTaBICHUS
CKOJIb YTOIHO CIIOXKHBIX TporpamM. JlampHeiimiee omnpezaeneHue s3pika Jlrcma MOXHO
paccMaTpuBaTh Kak BOCXOMSIIUN Tpollecc TeHepallid CEMaHTUYEeCKOro Kapkaca, Mo
KIIIOUYEBBIM TO3HIUSAM KOTOPOTO pACIpENEICHB CeMAHTHYeCKHe [eHCTBHS TI0
00paboTKe mporpaMm.

Hpyrue mpaBuia TIpeACTaBICHUS JAHHBIX HYXKHBI JIUIIb TIPH PACHIUPEHUH U
CreIaTu3aliy JIEKCUKH sI3bIKa (YHcia, CTPOKH, MIMEHa 0co0oro Buaa U T.1.). OHU HE
BIUSIOT HM Ha OOINMH CHHTAaKCHUC S3blKa, HA Ha CTPOH €ro IOHSATHHA, a JIUIIb
XapaKTepU3yIT pazHooOpasne cepbl ero KOHKPETHBIX MPUIIOKCHUN.

CuHrakcuc nporpamMm B Jlucre BHEIIHE HA OTIMYAETCs OT CHHTAKCHCA [aHHBIX.
IIpocto  BBLAENSIEM  BBIYMCAUMBbIC  BbIpaskeHust  (popMel), T.c.  JaHHBIE,
IPHUCIIOCOOJICHHBIE K BBIYMCICHUIO. BHEIIHEe 3TO BBITTSIUT Kak OOBSBICHHE 0OBEKTOB,
3apaHee M3BECTHBIX B SA3BbIKE, U INPEJCTABICHUE PAa3HBIX ()OPM, BBIUHCIEHHE KOTOPBIX
obranaeT onpeaesieHHON creln(puKou.

Bemonnenne mnporpamMMel  Ha Jlucme yCTpOE€HO Kak HMHTepHpeTanusi [JaHHBIX,
MPEICTABIIAIOLIUX BBIPAXKEHUS, UMeIoLIe 3HaueHue. Huxke npuBeeHbl CHHTaKCUYEeCKHUE
OpaBwiIa Uil OOBIYHBIX KOHCTPYKIHH, K KOTOPBIM OTHOCATCS HIECHTU(UKATOPEI,
MIEPEMCHHBIC, KOHCTAHTHI, ApTYMEHTBI, (JOPMBI U (DYHKITUH.

<vageHTumkaTop> ::= <aTom>

Hnentudukarop - 3TO aToMbl, HCIHOJb3yEMble IIPU HMMEHOBAHUU HEOJHOKPATHO
UCTIOJIB3YEMBIX 00BEKTOB MPOrpaMMbl - (GYHKIMI U nepeMeHHbIX. [Ipennonaraercs, 4To
00BEKTHI Pa3MEIIAIOTCS B TAMSITH TaK, YTO MO UACHTU(HUKATOPY X MOKHO HaWTH.
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<cbopma> ::= <KOHCTaHTa>
| <nepemeHHas>
| (pyHKUMS> <apryMeHT> ... >)
| (COND (<cbopma> <chopma>) (<gpopma> <chopma>) ... )

<KoHcTaHTa> ::= (QOUTE <S-BblpaxeHune>)
| '<S-BblpaxkeHne>

<nepeMeHHas’> ::= <ugeHTugunKkaTop>

IlepemenHasi - 3T0 UJACHTU(HUKATOP, UMEIONINI MHOTOKPATHO HMCIIOJIb3yeMOEe 3HAUYCHUE,
paHee BBIYMCIIEHHOE B MOIXOJsIIeM KoHTekcTe. [logpasymeBaercs, 4To OJHA M Ta Ke
TepeMeHHasi B Pa3HbIX KOHTEKCTAaX MOKET UMETh pa3HbIe 3HAUCHUS.

®opma - 3TO BBIpAXKEHHE, KOTOPOE MOXKET OBITh BhIumciieHO. dopmMamm SBISIOTCS
nepeMeHHble u cnucky, HaunHatoumecs ¢ QUOTE, COND wunu ¢ mpeacTaBieHHS
HEKOTOPOH (PYHKIIUY.

<aprymeHT> ::= <tpopma>

Ecin ¢opma nipencrapnsier coboil KOHCTAHTY, TO HET HEOOXOJAUMOCTH B BBIYHCIICHUSX,
HE3aBUCUMO OT BHJAa KOHCTaHTHl. KoOHCTaHTHBIe 3HAYeHHMs, MOTYT OBbITh JHO00I
CIIO)KHOCTH, BKJIOYAsh BBIYHCIMMBIC BBIDOKCHHSA.  KOHCTaHTBHI HM300pakaloTcsi ¢
nomMouipto  creruanbHo  pynkmmu  QUOTE, Onoxupyromeii  BbIYHMCIIeHHe.
IIpencrasnenue koncrant ¢ nomonibio QOUTE ycranaBnuBaeT rpaHully, gajiee KOTOpOi
BBIUMCIICHHE He wuaeT. Mcmomb3oBanue amoctpoda (') - TPOCTO  COKpAIICHHOE
o0o3HaueHue Ay yaoOctBa HaOopa BHemHUX ¢opM. KoHcTaHTHBIE 3Ha4YeHUSA
apryMeHTOB XapaKTepHbI IPU TECTUPOBAHUU U JJEMOHCTPALIUH IIPOrPaMM.

Ecmu dopma mpezncraBisier coboi MepeMEHHYIO, TO €€ 3HAYeHUEM JOJDKHO OBITh S-
BBIPAKCHHUE, CBS3aHHOE C JTOM NEpEeMEHHOH [0 MOMEHTa BBIYHCICHUS (DOPMBL.
CrnenoBaTenbHO TIIE-TO JIOJDKHA XPAaHUThCS HEKas Taliula, MO0 KOTOPOW, 3HAas WUMS
MIEPEMEHHOM, MOKHO HAWTH €€ 3HAYCHHE.

TpeThs MpaBWIIO TITACUT, YTO MOXKHO HANKCATh (PYHKIMIO, 3aTeM MePeYHCIHTh ee
apryMeHTBI ¥ BCE 3TO KaK OOIIHI CITUCOK 3aKITFOUYUTh B CKOOKH.

ApryMeHTHI IPEeCTaBIAIOTCA (hopMamMH. DTO 03HAYACT, YTO JIOMYCTHMBI KOMIIO3HIMH
(pynkmmii. OGBIYHO apryMeHThl BBIYHCJISAIOTCA B MOPS/IKe BXOXKIEHUS] B CIHCOK
apryMeHTOB.

[ocnennee mpaBwio 3amaer (opMaT yCJIOBHOrO BbeIpaxeHHs. CorimacHo 3ToMy
(¢opmaTy ycJIOBHOe BbIpaskeHHE CTPOUTCS W3 Pa3MEIICHHBIX B JBYXIJIEMEHTHOM
CIMCKE CHHTAKCUYECKU PA3IUYUMBIX IO3UIMHA U1 YCIOBUH U OOBIYHBIX (OpPM.
JByXa/ieMEHTHbBIE CIMCKU U3 ONpEAETICHHs YCIOBHOIO BBIPAXKEHHUS paccMaTpHUBAIOTCA
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KakK MPEICTaBICHUE NpPEANKaTa M COOTBETCTBYIONIETO €My S-BBIpaKCHHs. 3HAYCHUE
YCIIOBHOTO BBIPAKECHHUS OIPEACISIETCS MepedopoM MpeIuKaTOB M0 NMOPSAIKY, IIOKa HE
HaiineTcs Qopma, 3HaueHHWE KOTOpPOH oTiamyHO OT Nil, 94TO O3HAYaeT IIOTHYECKOE
3HaueHue "uctuHa". CTporo roBops, Takas ¢opMa JOJDKHA HAWTHCh HENMPEMEHHO.
Torma BeIMUCIAETCS S-BhIpaKECHHE, Pa3MEIICHHOE BTOPBIM 3JEMEHTOM OTOTO JKe
JIBYX3JEMEHTHOro crnucka. OcTanbHbIE MPEIUKAThl U (JOPMBI YCIIOBHOTO BBIPAXKEHHS
He BbMHCIAIOT (Joruka Mak-Kaprn), ux ¢dopManbHas KOPpPEKTHOCTh WIIH
OIIPEICIICHHOCTD HE BIHSAIOT Ha CYIIECTBOBAHUE PE3yJIbTaTa.

PazHura Mexay npeankaTaMy ¥ OObIYHBIME (DOpMaMHM 3aKIIFOUACTCS JIUIIb B TPAKTOBKE
uXx pe3ynbraroB. JIlrobas opmMa MOKET BBIIIOIIHUTE POJIb IIpEUKAaTa.

<dpyHKUUSI> = <Ha3BaHue>
| (LAMBDA <cnncok_nepemeHHbIX> <cpopma>)
| (DEFUN <HasBaHWe> <yHKUMA>)
<CMUCOK_MNEPEMEHHBIX> ::= (<NepeMeHHas> ... )

<Ha3BaHWe> = <pgeHTudunkatop>

Ha3Banmue - 310 naeHTUGUKATOP, ONpE/IeieHHE KOTOPOro XPaHUTCsl B MaMSTH, HO OHO
MOYET HE MOJBEPIaThCsl BIMSIHUIO KOHTEKCTA BHIYHCIEHHUIA.

Takum o00pa3oM, (YHKIHUSI - 3TO WIM Ha3BaHUE, WM TPEXAIEMEHTHBIH CIIHCOK,
maunHarommiics ¢ LAMBDA winu DEFUN.

OyHKIMST MOXKET OBITh IpPEACTaBlICHa MPOCTO MMEHEM. B TakoMm ciyuae ee CMBICI
JIOJOKEH OBITh 3apaHee u3BecTeH. Hanpumep, Bctpoennbie pynkunn CAR, CDR u 1.1.

OyHKIMSI MOXKET OBITH BBEJICHA C MTOMOIIBIO JSAMOAa-BbIPAKEHHSI, CTAHABIBAIOIICTO
COOTBETCTBHE MEXIYy apryMeHTaMH (YHKIMH W CBSI3AHHBIMH TMepPeMEHHBIMHU,
YIOMHUHAEMbIMU B Telle ee ompeseneHus: (B ompenenswoomeil ee gopme). Popma us
onpezaencHus (YHKIIMA MOXKET BKIIIOYaTh TEPEMEHHBIC, HE BKJIFOYCHHBIC B JIAMOMa-
CIIUCOK, - TaK Ha3blBacMblc CBOOOJHBbIE MepeMeHHble. X 3HaYeHUs JIOJIKHBI
yCTaHABIUBATHCS Ha Ooyiee BHEITHeM ypoBHe. Eciin QyHKIMSA peKypcuBHA, TO CIIEAyeT
OOBSIBUTH €€ UM C OMOIIbI0 cnenuaibHoii pyHkuuu DEFUN.

OOmui MexaHu3M BBIYHCIICHUS (GopM OyeT Mmo3IHee onpeeicH Kak yYHHBEepCcallbHas
¢ynkmus EVAL, a ceifyac 3amporpaMMupyeM psii BCIIOMOTaTedbHbIX (QyHKIMI,
MOJIE3HBIX TIpU 00paboTke S-BhIpakeHWi. HeKoTOpble W3 HUX NPUTOIATCS MpPU

OIIpe/IeIeHH HHTEPIIPETaTopa.

HauneMm c 00mmux MeToa0B 00padOTKH S-BbIPAKEHHUIA.

AMONG — mpoBepka BXOAMT JIM 33/IaHHbIN aTOM B JaHHOE S-BhIpayKEHUE.
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(DEFUN among (xy) (COND
((ATOMYy) (EQ xy))
((among x (CAR y)) (QUOTE T))
((QUOTE T) (among x (CDR y) ))

EQUAL - mpeaukat, mpoBepstonil paBeHCTBO JBYX S-BbIpa:keHuii. Ero 3HaueHue
"uctuHA" IS MISCHTHYHBIX apryMEHTOB W "IOXb" Uil pa3inuyHbIX. (DJIeMEHTapHBIA
npenukat EQ onpenenen tosbko s atoMmoB.) Onpenenenne EQUAL ummoctpupyer
YCIIOBHOE BBIPA)KEHHE BHYTPH YCIOBHOTO BBHIPAKCHHS (IBYXYPOBHEBOE YCIIOBHOE

BBIPKCHHE U JIBYHAIPaBJICHHAS PEKYPCHST)

(DEFUN equal (x y) (COND
((ATOM x) (COND
((ATOMy) (EQ x y))
((QUOTE T) (QUOTE NIL))

)

)
((equal (CAR x)(CAR y)) (equal (CDR x)(CDR y)))
((QUOTE T) (QUOTE NIL))

)

HpI/I JKEJIaHUM MOXKHO JIaTh Ha3BaHUE ATOMU d)YHKHI/II/I MO-pyCCKHU:

(DEFUN paBHo_nu (xy) (equal xy))

SUBST - ¢yHKIusS Tpex apryMeHTOB X, Y, Z, CTpOsIIas pe3yJbTaT
BBIPAXKEHHUEM X BCEX BXOXKJEHMI aTOMa Y B S-BBIPAXKEHUE Z.

3aMeHbl S-

(DEFUN subst (x y z) (COND
((equaly z) x)
((ATOM z) 2)
((QUOTE T)(CONS
(subst x y (CAR 2))
(subst x y (CDR z))

)
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(subst'(x . A)'B'((A . B) . C)) .= ((A.(x.A)).C)
(subst 'x '(B C D) '((A B C D)(E B C D)(F B C D))) := ((A . )(E . x)(F . X))

CumBoa «» - HA4YaJI0 KOMMCHTapus.

Hcnonbs3oBanue equal B 3TOM OINpeICIICHUH TI03BOJISIET TTOJICTAHOBKY OCYIIIECTRIIATh U B
OoJiee CI0XKHBIX CiTydasix. Harmpumep, IUsl peyKIIMu COBIAAAIOIINX XBOCTOB
IMOJICIIMCKOB:

(DEFUN lMoactaHoBKa (X y z) (subst x y z))
(Moactanoeka '(x . A) 'B'((A . B) . C)) =({(A.(x.A).C)

NULL - npeaukaT, OTJHYAOLIUNH MYCTOH CHHCOK OT BCEX OCTANBHBIX S-BBIPAsKECHUH.
Hcnonp3yercsi, 4TOOBI BBIACHATH, KOTAA CIHCOK HcdeprnaH. [IpuHMMaeT 3HaueHHe
"rcTUHA" TOT/Ia ¥ TOJNBKO TOT/Ia, KOTJa ero apryMeHT - Nil.

(DEFUN null (x) (COND
((EQ x (QUOTE Nil)) (QUOTE T))
((QUOTE T) (QUOTE Nil))

)

[Ipy HEOOXOAMMOCTH MOXXHO KOMIIOHEHTHI TOYEYHOH Tapel pPa3MECTHTh B
IBYX2JICMEHTHOM CIIHCKE U HA00OPOT, U3 MEPBHIX ABYX 3JIEMEHTOB CIIHCKa IIOCTPOUTH
B TOUYEUHYIO [apy.

(DEFUN pair_to_list (x) (CONS (CAR x) (CONS (CDR x) Nil)) )

(DEFUN list_to_pair (x) (CONS (CAR x) (CADR x)) )

ITo stum OMPCACIICHUAM BHUIHO, YTO CIIMCOYHAsA 3allMChb CTPOUTCIA OOJIBIIMM YHCIIOM
CONS, T1.€. Ha Hee pacxojyeTcst OoJIblIe MaMsTH.

OcHoBHBbIE MeTO/bI 00PA0OTKH CIMCKOB

Crnenyronye GyHKIIUN HCIIOIB3YIOTCS, KOT/Ia pACCMATPUBAIOTCS JIMIIb CIIMCKH.
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APPEND - ¢yHKIHs IBYX apryMEHTOB X U Y, CHENJISIOMIAsI IBA CHUCKA B OJIVH.

(DEFUN append (x y) (COND

((null x) y)
((QUOTE T) (CONS
(CAR x)
(append (CDR x) )

)

)
)

(append '(A B) '(C D E)) -=(ABCDE)

MEMBER - QyHkuus AByX apryMeHTOB X W Yy, BBIACHSIONIAsS BCTpedaeTcs: Ju S-

BBIPAXKEHUE X CPCIU JICMCHTOB CIIMCKaA Y.

(DEFUN member (x y) (COND
((null x) (QUOTE Nil))
((equal x (CAR y)) (QUOTE T))
((QUOTE T) (member x (CDR y))

)

PAIRLIS - ¢yHKIHS TpeX apryMEHTOB X, Yy, al, CTPOUT CNMCOK MAap COOTBECTBYIOIIUX
OJICMCHTOB M3 CIHCKOB X U Y - CBA3BIBACT M TMNPUCOCAUHACT HUX K CIHUCKY al.

ITosrydeHHBIA CIUCOK Tap, TOXOXKUI Ha TaOIHILy C

ABYMsI CTO.HGIlaMI/I, Ha3bIBACTCA aCCOLMATUBHBIM CIIMCKOM WX aCCOHHaTHBHOﬁ
Ta6J'II/IIIeI\/'I. Takol CIMCOK MOXET HCIOJIb30BaThCs JJI1 CBA3BIBAHWA MMEH IMEPEMCEHHBIX

¥ (QYHKIMHA IpU OpraHn3aum
BBIYHCIIEHUN HHTEPIPETATOPOM.

(DEFUN pairlis (x y al) (COND

((null x) al)
((QUOTE T) (CONS (CONS (CAR x)
(CARY))
(pairlis (CDR x)
(CDRYy)
al)
) ) )
)
(pairlis '(ABC)'(utv)'(D.yXE.Yy)) ;=((A.u)B.t)C.v)D.y)E.y))
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ASSOC - ¢yskims nByx aprymeHToB X W al. Ecnm al - acconmaTHBHBIH CNHCOK,
oTI0OHBIH TOMY, 9TO GopMupyeT GYHKIHS pairlis, TO assoc BRIOUpAET U3 HETO MEPBYIO
napy, HaUMHAIIIYIOCS ¢ X. TakuM 00pa3oM, 3T0 (GYHKIUS MOMCKA OMpeaeIeHus] HiIn
3HAYeHHUsl MO TadJIMIle, PeaTu30BaHHOM B JOpPME aCCOLUATUBHOTO CITUCKA.

(DEFUN assoc (x al) (COND
((equal x (CAAR al)) (CAR al))
((QUOTET) (assoc x (CDR al))
) )

)

(assoc'B'((A . (mn)) (B. (CARx)) (C.w) (B.(QUOTET)))) ;= (B.(CARX))

YacTuuHas (bYHKLII/IH - paccunTaHa Ha HAJIMYUC aCCOLIUALIUU.

SUBLIS - ¢yskmus nByx aprymeHToB al M y, Ipeamojaraercs, 4ro MHEpBBIA H3
aprymeHToB AL ycTpoeH kak acconuaTuBHbIN ciircok Buaa ((ul . vl) ... (uK . vK)),
IJIe U eCTh aTOMBI, a BTOPOH apryMmeHT Y - moboe S-BeipakeHue. JlelictBue sublis
3aKimo4aeTcs B 00paboTke Y, Takod 4TO BXO:KAeHHS MepeMeHHBbIX Ui, CBS3aHHbBIEC B
ACCOITMAaTUBHOM CIIMCKE CO 3HAYCHUSAMH Vi, 3aMeHSIIOTCSI HAa 3TH 3HaYeHus. [pyruMu
CJIOBaMHU B S-BBIpaKEHUU Y BXOXJCHHS epeMeHHbIX U 3aMEHSIOTCS Ha
cooTBeTcTBYIOImMUE UM V u3 crircka nap AL. BBogum BcnoMorateibHY0 QyHKIHIO
SUB2, 06pabaThIBaroNIyt0 aTOMapHbIe S-BBIPAXKEHUS, a 3aTE€M - [IOJIHOE OIpE/ACICHUE
SUBLIS:

(DEFUN sub2 (al z) (COND

((null al) 2)

((equal (CAAR al) z) (CDAR al))
((QUOTE T) (sub2 (CDR al) z))
))

(DEFUN sublis (al y) (COND
((ATOM y) (sub2 al y))
((QUOTE T)(CONS
(sublis al (CAR y))
(sublis al (CDRy))

)))

Ilpumep.

(sublis '((x . Wekcnup)(y . (Pomeo n xyneeTtTta))) '(X Hanucan Tpareguio y))
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;= (ILlekcrmp Hamucai tpareauto (Pomeo u JIxynberTa))

INSERT — BcTaBKa Z nepea BX0KIeHHEM KJII0Ya X B CITUCOK al.

(DEFUN insert (al x z) (COND
((null al) Nil)
((equal (CAR al) x) (CONS z al))
((QUOTE T) (CONS (CAR al) (insert (CDR al) x z))

)
)

(insert‘(abc)b’s) ;= (asbc)

ASSIGN - Momeanb mnpUCBAMBaHHSI MepPeMeHHBIM, XpaHANIMM 3HAYCHUS B
ACCOIIMAaTUBHOM CITUCKE. 3aMEHa CBS3aHHOTO C JAaHHOW IEePEeMEHHOH B IMEpBOH mape
3HAUEHHMsI HA HOBOE 3aJjaHHOe 3HaueHue. Eciu He ObLIo maphl BOOOIIE, TO HOBYIO Mapy
U3 MEpeMEHHOH M ee 3HAuYeHUs pa3MelllaeM B KOHell a-CIHCKa, 4TOObl OHa Morja
paboTarh Kak riodaibHasl.

(DEFUN assign (x v al) (COND
((Null al) (CONS (CONS x v) Nil ))
((equal x (CAAR al))(CONS (CONS x v) (CDR al)))
((QUOTE T) (CONS (CAR al) (assign x v (CDR al)

)
)

(assign‘a111‘((a.1)(b.2)a.3)) ;
(assign ‘@111 ‘((c.1)(b.2)@a. 3))) ;
(assign ‘a 111 ((c . 1)(d . 3)))

((@a.111)(b.2)a. 3))
((c. b .2)a.111))
(c.1)d.3)(@.111))

Vnpaoxcuenue: Bseautre @yHknmm ¢ wmeHamu — Ilycro, Ilapa B cmucok,
Cnoucok B mapy, Bxoaut ju, Coeamnenwe, Onement, CBs3bpiBaHHMe, AccoLuanus,
Psn_nmoacranoBok, BcraBka, IIpucBauBaHue, Kak aHaJIOTW  BBIIEHPUBEICHHBIX

(hyHKIUA.

3aoanue: Hamummre onpenenenne pyaknun REVERSE — oopamenue cnucka

Omeem:

(defun reverse (m) (cond ((null m) NIL)(T (append(reverse(cdr m))
(list(car m)) )) )
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Tenepp NOCMOTPUM €€ BapUaHT KaK IPUMEpP MCIIOJIb30BaHUS HAKaIIMBAIOIIMX
apaMeTPOB M BCIIOMOTaTEIbHBIX (PYHKITHH:.

(defun rev (m n) (cond ((null m) NX(T (rev(cdr m) (cons (car m) n)))))

(defun reverse (m) (rev m Nil))

Boieoowi:

- Cunmaxkcuc Jlucna ouenw npocni. B HEKOMOPOM CMbICIIE MO cocpedomaqueaem
pa3pa6omtmkoe Ha cemarnmuke, 4mo nopoduﬂo OoIbULOE KOMUYECBO OUAICKINOS.

- @opma - >5mo GvIpadiceHue, Komopoe Mmodcem Ovimb evbiyucieno. Dopmamu
aenaiomcst nepementvle u cnucku, Hauwunaiowueca ¢ QUOTE, COND umu c

npeocmasnenus HeKomopou YHKYUU.

- Bumonnenue npozpammur  na Jlucne ycmpoeno kax uHmepnpemauusa OAHHBIX,
npeoCcmasIAIoOuWUx 8blPadlCEHUs, UMeroujue 3HAUEeHUe.
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5. UHTepnpeTaTop

Teneps paccMOTpUM OmpeieJICHUE ONEPAIMOHHON cemMaHTukuy Jlucna B BUE
YVHHBEpCAITbHON (DYHKINH, 3aaf0NIei IPaBUIIa BEIYACICHIS (YOPM U IPUMECHEHHSI
(hyHKIUI K apryMeHTaM.

- TpebGoBaHus K OIpENEICHUIO.

- CuHTakcuueckas CBOJKA.

- OmpezneneHre yHUBEpPCATbHOHN QyHKIIMN
- EVAL-APPLY.

- IIpenukarel ¥ HCTHHHOCTE.

HNHTepnperanus Uik yHUBEpcanbHas QyHKIHS - 3TO (GYHKIUS, KOTOpasi yMeeT
BBIYHCIIATH 3HAUCHHE 000U (POPMEI, BKITIOUAst POPMBL, CBOIMMBIC K BEIYHCICHUIO
MIPOU3BOJIBHOM 3alaHHON (YYHKITUY, TPUMEHSAEMOMN K MPEJICTABICHHBIM B 3TOH ke hopme
aprymMeHTam, I0 JOCTYITHOMY ONHCaHuIo JaHHO# ¢yHkimu. (KoneuHo, ecinu GpyHKIHS,
KOTOPOH MPEACTOUT HHTEPIPETHPOBATHCS, IMEET OECKOHEUHYIO PEKYPCHIO, TO
UHTEpIpeTays OyAeT MOBTOPATHCS OECKOHEUHO. )

OmnpenennM yHHUBEPCATIbHYIO (QYHKIHIO eval OT apryMeHTa eXpr - BEIpaKeHHUS,
SIBIISIFOILETOCS TIPOM3BOIBHON BEIMHCIMMOM (hopMOit si3b1ka Jlucr.

YuuBepcajibHasi PYHKIHUSA A0JKHA TIPEyCMaTPUBATh OCHOBHBIE BUJIBI BHIYHCIISIEMBIX
(opm, 3amaronIux 3HAYCHUS apTyMEHTOB, a TAKKE IPEICTaBICHUS (DYHKITUIA, B
COOTBETCTBHUHU CO CBOJIOM BBIIIEIIPUBENECHHBIX NpaBuil A3blka. [Ipu unTepnperanuu
BBIPQXKEHUN YYUTHIBAETCS CIEAYIOIIEe:

- ATOMapHOG BbIPpaKEeHUe OOBIYHO ITOHUMAETCS KaK NepeMCHHad. HHH HETO CJIeAy€eT
[}

HAWTH CBSA3aHHOE C HUM 3HadeHue. Hampumep, MOTyT OBITh IEpeMEeHHBIC BUAa “X”,
“elem”, CMBICJI KOTOPBIX 3aBUCHT OT KOHTEKCTa, B KOTOPOM OHHU BBIYHCIISIOTCS.

- Koncranrsl, npescrasnennsie kak aprymenTs! Gyaknun QUOTE, MoxHo npocto
W3BIIEYb U3 CITUCKA ee apryMeHToB. Hampumep, 3HaueHnem konctantel (QUOTE T)
aBysieTcst aToM T, OOBIYHO CHUMBOJIM3UPYIOIIMI 3HaUeHHUE "UCTHHA".

- YciaoBHOe BbIpa:keHHe TpeldyeT ceniaJabHOr0 aJropuTMa Jyis IoMcka HCTUHHBIX
MPEeJUKaTOB U BbIOOpa HYy)KHOH BeTBU. Hanmpumep, nHTeppeTanus yCiIOoBHOTO
BBIPAKEHMUSI

(COND ((ATOM x) x)
((QUOTE T) (first (CAR ) )) )

JIOJDKHA oOecrieunBaTh BEIOOP BETBH B 3aBUCHMOCTH OT aTOMAapHOCTH 3HAYSHUS
aprymenTta. CemanTuka gucroro Jlucna He onpezesnser 3HadyeHHE YCIOBHOIO
BBIPAKCHMS IIPU OTCYTCTBUH IIPEIUKATa CO 3HAUCHHUEM "UCTHHA".
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- OcrasnpHble GOPMBI BBIPOKECHUI pacCMAaTPUBAIOTCS 110 O0IIEH cXeMe KaK CIUCOK U3
(ynkuum u ee aprymeHToB. OOBIYHO apPTyMEHTHI BBIUUCIISIIOTCS U 3aTEM BBIYHCIICHHbBIE
3HAYCHUS MMePearoTcss PYHKIMH ISl HHTSPIPETALNN ¢ onpeaeineHus. Tak
o0ecrieunBaeTcs BO3MOXKHOCTh MUCATh KOMIO3MIMHY QyHKIMHA. Hanpumep, B
BeipakeHnd (first (CAR x)) BHyTpennsis Gynkius CAR cHavana momydur B KauecTBe
CBOEro apryMeHTa 3HaueHUE IIEPEMEHHOH X, a IOTOM CBOM pe3yJbTaT NepeaacT Kak
apryMeHt Ooinee BHelIHeH GyHkuuny first.

- Ecnu QyHKIms mpezcraBieHa CBOMM Ha3BaHUEM , TO CPEIU HAa3BaHUI Pa3IndarOTCsI
uMeHa BCTpPoeHHbIX pyHkumii, Takue kak CAR, CDR, CONS u T.11., u ©MeHa
(byHKIMI, BBEJICHHBIX B IIpOrpamme, Harpumep, first. s BcTpoeHHBIX QyHKITUI
UHTEpPIIPETAIMS CaMa 3HACT KaK HAWTU MX 3HAYCHUE IO 33JJaHHBIM apryMEHTaM, a JUIs
BBEICHHBIX B IporpaMMe (DYHKIHH - UCIIONB3YET UX OMpeaeaeHue, KOTOPOe HaXOAUT T10
HUMCHU HJIH 110 KOHTEKCTY.

- Ecimn pyHKIMS nconb3yer AaM0aa-KOHCTPYKTOP, TO IPEXKIE, YeM e¢ IPUMEHSTS,
MOHA00NTCA CBS3BIBATH NMepeMeHHbIe U3 JIAMOIa-CIIUCKA €O 3HAYEHUSIMH
aprymeHToB. OYHKIHSA, HCTIONB3YIONIas JIIMO1a-BRIpaKEHHUE,

(LAMBDA (x) (COND ((ATOM x) x)
((QUOTE T) (first (CAR x) )) ))

3aBHCHUT OT OJJHOT'O apryMeHTa, 3HaU€HHe KOTOPOro JOJKHO OBITh CBA3AHO C
nepeMeHHo X. B onpenenennn ncnonp3yercst cBOO0AHAS (PyHKIIMOHATBHASI
nepemMeHHas first, koTopas 10/pkHa OBITH OIpesiesieHa B 0ojce BHELIIHEM KOHTEKCTe.

- Ecnu npencrasnenne ¢pynkiun HaunHaeTcss ¢ DEFUN, To moHaxo0uTest COXpaHUTH
UM (PYHKIIMH € COOTBETCTBYIOIIMM ee Olpee eHHeM TaK, YTOObl KOPPEKTHO
BBHITTONTHSUTUCH PEKYPCUBHBIE BBI30BH (hyHKIMU. Hampumep, mpeapiayiee
LAMBDA-onpezaenenue 0e3pIMIHHON (DYHKIIMU CTAHOBUTCS PEKYPCHBHBIM, €CIIH
€ro cJiejaTh BTOPhIM apryMeHToM criermaiibioi Gpyrkinuu DEFUN, nepsbiii
apryMeHT KoTopou — fisrt, iMsi HOBO# QyHKIIUH.

(DEFUN first (x) (COND ((ATOMx) x)
((QUOTE T) (first (CAR x) )) )

MoxHo cka3atbh, 4To DEFUN 3aMbIkaeT BbIpaXeHHE, cojepxaiiee QyHKIMOHATbHYIO
[IEPEMEHHYIO.

Taxum o0pa3zoM, HHTEpIIpeTanus (GYHKIUH OCYIIECTBISETCS KaKk B3aUMo/ielicTBHe
YETBIPEX IOJCUCTEM:

- 00paboTKa CTPYKTYp JaHHBIX (cons, car, cdr, atom, eq),
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- KOHCTpyupoBaHue PyHKIMOHATBHBIX 00bekToB (lambda, defun),
- ueHTH(HUKaKs 00bEKTOB (MMEHA MIEPEMEHHBIX U Ha3BaHUs (QyHKIIUI),
- YIpaBIIeHUE TOPSIKOM BBIYHUCICHUH (KOMITO3HUIUH, quote, cond, eval).

OnpenesieHue yHUBepCAJIbHONH PyHKUMH

YuuBepcanbHas QyHKIHS eval, KOTOpYIO IPEJICTONUT ONPEETINTh, JOJDKHA
YIOBIETBOPATH CIENYIOIEMY YCIOBHIO: €CJIH NPeICTABJICHHAA apryMeHToM (hopma
cBoauTCHA K GyHKINHU, MMeIoLIeli 3HAaYeHHe Ha CIIHCKe APTYMEHTOB JTOH Ke
(hopMmbL, TO 3TO 3HAYECHHE U ABJIACTCH PE3yIbTATOM (QYHKIUH eval.

(eval '(fn arg]l ... argK))

Pesynbrar npumenenus "fn" k aprymenram "argl, ..., argK".
Boruuciienue

SIBHOE ompeneneHre Takoi (HYHKLHIH ITO3BOJISIET JOCTHYb YeTKOCTH MEXaHH3MOB
00paboTku Jlucn-nporpamm.

(eval '(LAMBDA (x y) (CONS (CAR x) y)) (A B) “(C D)))

= (ACD)

Brogum nBe ocHoBHBbIe pyHKImMU eval u apply 1 00paboTku hopM U oOpaIieHus K
(yHKIMAM cooTBeTCTBEHHO. Kaxkaast n3 3TuxX (PyHKIUI MCHOJIb3YeT acCOUATHBHbII
CIUCOK /I XPAHEHHS CBSI3AHHBIX HMEH - 3HAa4YeHHIi IepeMeHHbIX U Ompe/ieIeHul
¢ynxnuii. CHavyana 3TOT CITUCOK MYCT.

BepHemcs K CHHTaKCHYeCKOH CBOJIKE BEIYHCIUMBIX (GOPM.
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Tabauya. CuHTaKCHYeCKAs CBOJIKA NMPOrpamMM Ha s3bike Jluci.

<¢hopma> ::= <nepemeHHas>
| (QOUTE <S-BblpaxeHue>)
| (COND (<cpopma> <cbopma>) ... (<cbopma> <chopma>))
| (SpyHKUMSA> <aprymeHT> ... <aprymeHT>)
<aprymeHT> ::= <tpbopma>
<nepemMeHHas> ::= <ugeHTudmKaTop>
<dyHKUNS> ::= <Ha3BaHue>
| (LAMBDA <cnucok_nepemeHHbIx> <cpopma>)
| (DEFUN <HasBaHue> <tpyHKUMA>)
<CMUCOK_MEePEMEHHbIX> ::= (<nepeMeHHas> ... )

<Ha3BaHWe> = <uaeHTUdKKaTop>

<ugeHTUdUkaTop> ;= <aTom>

Kakoii BeTBH 3T0# CBOJKHM COOTBETCTBYET BETBb YHHBEPCAJIbHOI (PYHKIIMM:

(DEFUN eval0 (e) (eval e '((Nil . Nil))))

Bcnomorarenbhas ¢pynknus eval() nonamoousnace, 4To0s! B eval BBecTn

HAKAIUINBAIOLIUii MapaMeTp — acCOLMAaTHBHBII CIHCOK, B KOTOPOM OYAyT XPaHUThCS

CBA3HU MCXKAY NEPEMECHHBIMU U UX 3HAYCHUAMU U HA3BAHUAMU d)YHKIII/IfI Hn ux
OIIPCACIICHUAMU.

(defun eval(e a) (COND
( (atom €) (cdr(assoc e a)))
((eq (car e) 'QUOTE) (cadr e))
((eq(car ) 'COND) (evcon(cdr e) a))
(T (apply (car e) (evlis(cdre)a)a))) )

(defun apply (fn x a) (COND
((atom fn)(cond
((eq fn 'CAR)(caar x))
((eq fn 'CDR)(cdar x))
((eq fn 'CONS) (cons (car x)(cadr x)) )
((eq fn '"ATOM)(atom (car x)) )
((eq fn 'EQ) (eq (car x)(cadr x)) )
((QUOTE T) (apply (eval fna) x a)) ))

)
((eq(car fn)'LAMBDA) (eval (caddr fn) (pairlis (cadr fn) x a) ))
((eq (car fn) 'DEFUN) (apply (caddr fn) x (cons (cons (cadr fn)(caddr fn)) a)))))
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YI’lpCZOfCHEHue.' 210 OIpeaCICHNE MOXKHO HEMOI'O YTOYHUTD, €CJIN a-CIIUCOK IIPpHU
CBSI3BIBAHUN HA3BaHUI (bYHKI_II/Iﬁ IIOIJIHATH HE B HA4YAJIC, a B KOHIIC.

assoc u pairlis yxe onpesesieHsl paHee.

(DEFUN evcon (c a) (COND
((eval (caar c) a) (eval (cadar c) a) )
(T (evcon (cdrc)a) )))

*) [lpumeuanue. He nomyckaeTcs OTCYTCTBHE HCTHHOTO MPEIUKara, T.e. mycToro C.

(DEFUN evlis (m a) (COND
((null m) Nil )
(T (cons(eval (car m) a)
(evlis(cdrm)a) )) )

IIpu

(DEFUN eval0 (e) (eval e ObList ))

onpeaeneHus GyHKIUN MOTYT HAKAILUTUBAThCS B cUCTeMHON niepemeHHON ObList, To
ecTh paboTarh Kak riodansHbie onpeaenaeHus. ObList 00s3aTenbHO AOKHA COAepKaTh
NI00aTBHOE ONPEICIICHUE BCTPOCHHON KOHCTaHTHI Nil, MOXKHO H cpa3y pa3MecTUTh B
Heil T.

[TosicHuM psijT MyHKTOB ATUX OMpPEEICHHI.

ITeperiii aprymenT eval - hopma. Eciu oHa - aTOM, TO 3TOT aTOM MOXKET OBITH TOJBKO
UMEHEeM MePEMEHHOI1, a 3HaYeHHe NMepPeMEeHHOIi T0KHO ObI YKe HAXOUThCS B
aCCONMATHBHOM CIHCKE.

Ecnu CAR ot dopmsl - QUOTE, T0 oHa mpezcraBnseT co00il KOHCTaHTY, 3HAUCHUE
koTopoii Bbruucasercs: kak CADR ot Hee camMoid.

Ecmu CAR ot ¢opmer - COND, to dopma - yciioBHOE BeIpaskeHue. BBogum
BenomorateabHyo gynknuw EVCON, (onpenenceaue ee OyneT 1aHO HUXKE),
KOTOpasi 00eCIICUYNBACT BBIYUCICHUE MTPEIUKATOB (IIPOMO3UIIMOHATBHBIX TEPMOB) IO
MIOPSIAKY ¥ BEIOOP (DOPMBI, COOTBETCTBYIONICH IEPBOMY MIPEIUKATY, TPUHUMAIOIIEMY
3HaueHue "uctuHa". Orta ¢popma nepenaercss EVAL st nanbHERIIMX BRIYUCICHHM.

Bce ocTanbHBIE ciydan paccMaTpUBAIOTCS KaK CIMCOK U3 (PyHKIMH €
NMOCJIeTYIIHMA apTyMeHTAMH.
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BcenomorarenbHas ¢gynkuust EVLIS ofecnieunBaeT BhIYHC/IeHHE APTYMEHTOB,
3aTeM MpeacTaBleHNe (QYHKIUH U CIIMCOK BBIYMCICHHBIX 3HA4YEHHI apryMEHTOB
nepenatorcs Gpynknuu APPLY.

IlepBsrii apryment apply - dyukius. Eciau oHa - aToM, TO CyIIECTBYET JBE
BO3MOXHOCTU: aTOM IIPEACTABIISET OJHY M3 3JIeMEHTApPHBIX (hyHKIMIi (car cdr cons
atom eq). B Takom cirygae cooTBETCTBYIOIIasl BETBb BHIYHCIISAET 3HAUEHUE ATOU
(yHKIIMHM Ha 3aJaHHBIX apryMeHTaX. B IpOTHBHOM ciydae, 3TOT aTOM - HMSI paHee
3a/IaHHOT0 OMpe/ieJIeH s, KOTOPOE MOYKHO HAITH B aCCOLMATUBHOM CIIHCKE.

Ecnu ¢pynkims naunHaercs c LAMBDA, To ee apryMeHTBI MONAPHO COEAMHAIOTCS
€0 CBSAI3aHHBLIMH NMepeMeHHBbIMM, a Teo onpeneneHus (dhopma u3 iamoaa-
BBIp@KEHH) MTepelaeTcs Kak apryMeHT (QyHKIWH eval Juis fanpHeimei 00paboTKy.

Ecmn ¢ynxuus Haunnaercs ¢ DEFUN, To ee Ha3BaHMe U onpeesieHHe COeANHSIOTCS
B Mapy H MOJyYeHHAsI Mapa pa3MelaeTcs B ACCOMUATHBHOM CIIHCKe, YTOOBI HMsI
(YHKINH CTaJIO OTIPEICICHHBIM IIPY AaTbHEHINX BeIYuCIeHUsIX. OHU POU30HIYT KaK
PEKypCHUBHBIH BBI30B apply, KoTopas BMECTO HMeHHU (pyHKIIUH Terieph paboTaeT ¢ ee
OTIpeIeNICHHEM TIPH 00JIee TIOTHOM aCCOIIMAaTHBHOM CITHCKE - B HEM TETEePh Pa3MEICHO
onpexaenenne umeHn pynkuuu. [TockonbKy onpeneneHue pazMeniaercs Ha "Bepxy"”
CTeKa, OHO CTAaHOBUTCS JIOCTYITHBIM JUISl BCEX TOCIEYIOIINX TIepeolpeaeeHHH, TO
eCTh paboTaeT Kak JIOKAJbHbIi 00BbeKT. [J100a1bHbIC 00BEKTHI, TAKHE KaK
obecneunBaet ncesao-¢ynkius DEFUN, ycrpoensl HeMHOTo MHaye, 9To Oyner
PaccMOTPEHO B CIEIYIOMICH JIEKIIAH.

Onpenenenue yHUBEPCATEHONW (DYHKIIUH SBISICTCS BAYKHBIM [IATOM, TIOKA3bIBAIOIIAM
OJHOBPEMEHHO M MeXaHU3Mbl PeajJM3aluH sI3bIKOB IPOrpaAMMMPOBAHUSA, U
TeXHMKY (yHKIMOHAJBLHOI0 NMPOrpaMMHUPOBaHMsA Ha J1I000M s3bike. [Ioka erie He
OTIMCAaHbI MHOTHE APYTHE OCOOCHHOCTH sA3bIKa JIuCII, KOTOpBIe OyayT pacCMOTPEHBI
no3nHee. Ho Bce oHU OyayT YBs3aHBI B €UHYIO KAPTHHY, OCHOBAa KOTOPOU COTJIACyeTCs
C 3THUM OIIPE/IETICHUEM.

1) B cTporoii Teopuu 31eMenTapHoro Jlucna Bce QyHKIIUHU CIeAyeT ONPEACIIATh
BCSIKHIA pa3, KaKk OHU UCIIONIB3YIOTCA. Ha mpakTuke 310 Hey100HO. PeabHble cHCTEMBI
UMEIOT OOJIBIIIOH 3amac BCTpOeHHBIX (QyHKIwmi (6onee Toicstun B Clisp-€), N3BECTHBIX
SI3BIKY, M BO3MOXXHOCTD IIPUCOEINHEHNS TAKOTO KOIMIECTBA HOBBIX (DYHKIHH, Kakoe
MTOHAJIO0UTCSL.

2) B uncrom si3bike Jlucn 6a3ucupie pynkunn CAR u CDR He onpeneneHs! s
aTOMapHBIX apryMeHToB. Takue (GyHKIMU, UMEIOIINe OCMBICICHHBIH pe3yabTaT He Ha
BCEX 3HAUEHMAX €CTECTBEHHOH 001acTH ONpeeNieH s, Ha3bIBAlOT YACTHIHBIMH.
OTnaznka ¥ IPUMEHEHUE YaCTUYHBIX (PyHKIMH TpeOyeT O0JIbIIero KOHTPOIS, YeM
paboTa ¢ TOTaIbHBIMH, BCIOJY OIPEIEICHHBIMH (HYHKIHAMH.

Bo muOrHX Jlucn-cucremax Bce alieMEeHTapHbIC (PYHKIMH BBIPaOATHIBAIOT PE3YJIBTAT U
Ha CIHCKAaX, U Ha aTOMax, HO €ro CMbICI 3aBUCUT OT CUCTEMHBIX PELIECHHH, YTO MOXKET
C03/1aBaTh TPYAHOCTH IIPU NIEPEHOCE IPOTrpaMM Ha APYyrue cucrteMbl. bazucHbiit
npenukat EQ Bcerna nMeeTr 3Ha4€HUE, HO CMBICII €r0 Ha HEaTOMAapHBIX apryMeHTax
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GYI[CT 00Jiee IOHATEH MOCJIE 3HAKOMCTBA CO CTPYKTYypaMU JaHHBIX, UCIIOJIb3YyECMbIMU
A IPEACTABIICHUA CIIMCKOB B MalllMHE.

3) Jlns paciiMpeHui U IHAJICKTOB s13bIka JIMCIT XapakTepHO OOJIBIIOE pa3HOOOpasue
YCIIOBHBIX (pOpM, KOHCTPYKIMi1 BEIOOpA, BETBICHUH U IUKJIOB, IPAKTUIECKU O3
orpaHuyeHui Ha ux komOuHupoBanue. @opma COND BriOpaHa 151 HAYATEHOTO
3HAaKOMCTBA KaK HanbOoiee o0mras. 3a penkuM HcKiroueHneM B Jlucn-cucreme HET
HeoO0xoauMocTH nucaTh B ycloBHBIX BhipaxeHUsX (QUOTE T) unu (QUOTE NIL).
BMmecTo HUX HCITONIB3YIOTCS BCTPOeHHbIe KOHCTAHThI T 1 Nil COOTBETCTBEHHO.

4) B peasbHBIX cUCTEMaX (PYHKIIMOHAIBHOTO MPOrPAMMHUPOBAHUS OOBITHO
MOAeP:KUBAETCS PadoTa ¢ HeJbIMH, IPOOHBIMHU U BELIECTBEHHBIMH YHCIAMH B
npefeJbHO MHPOKOM THANA30HE, a TAKKE paboTa ¢ KOAaMu u CTpokaMu. Takwue
JIAHHBIE, KaK U aTOMBbI, SBJISIOTCS MUHUMAIbHBIMUA OOBEKTAMH TIPH OPraHU3aIHH
00paboTKu HpopMalMK, HO OTIIMYAKOTCS OT aTOMOB T€M, YTO MX CMBICI 33JlaH HX
COOCTBEHHBIM IPECTABICHUEM HEIOCPEACTBeHHO. X moHIMaHue He TpeOyeT
accouualui Wiy cBsizpiBaHus. [103TOMY M KOHCTaHTBI TAKOTO BUJIA HE TPEOYIOT
npedukca B Bujie anoctpoda.

IIpeaukaTbl 1 HCTHHHOCTH B Jlucme

B Jlucne ecth 1Ba aTOMHBIX CHMBOJIA, KOTOPBIC MPEJICTABISIOT HCTHHY H JI0XKD
cooTBeTcTBEHHO. JTH aA8a atoMa - T 1 NIL. DTh cMMBOJIBI - IEHCTBUTEILHBIE
3Ha4YeHMs BCEX MPEAUKATOB B cucTeMe. [ 1aBHas MpuyKrHa B y100CTBE KOJAUPOBAHUS.
Bo MHOTHX Ciy4asx JOCTATOYHO OTJMYATH MPOU3BOJIbLHOE 3HAYEHHE OT IYCTOr0
CITHCKA.

He cymectByet opmanbHOro pasnuuus Mexay GyHknuei u npeankatom B Jlucre.
IIpenukar MoxeT ObITH ONpeiecH Kak PYHKIHS co 3HaueHussMu Ju0o T 6o NIL.
MoO>KHO KCIOIB30BaTh (OpMy, HE SBIISIOIIYIOCS MTPEAUKATOM TaM, Iie TpeOyercs

MNpeauKar: NpeAuKaTHas MOo3ulusa yCJIOBHOI'O BbIPAKCHUS WK apTyYMEHT JIOTUYECKOI'0O

npeaukata. CeMaHTHYECKH JH000e S-BhIpakeHue, ToJbko He NIL, Oyaer
paccMaTpHuBaTchi Kak HCTUHHOE B TakoM ciydae. [Ipeaukar EQ Bemet cebs
CIIEYFOIUM 00pa3oM:

1) Ecnu ero apryMeHThl pa3indHbl, 3HaueHueM EQ sBusercs NIL.
2) Ecau 00a ero apryMeHTsl SBISIFOTCS OJHUM M TE€M e aTOMOM, TO 3HadeHHe - T.

3) Ecnu 3HaueHus OJIMHAKOBBI, HO HE aTOMBbI, TO ero 3HaueHue T wnu NIL B
3aBUCUMOCTH OT TOT'O, HAEHTHYHO JIH NIPEACTABJICHHE APTYMEHTOB B ITAMSITH.

4) 3nauenue EQ Bcerna T wnu NIL. OHO HUKOT/Ia HE ObIBAaET HEOMPEACICHO, TAXKe
€CJIM apTyMEHTBI TUIOXHE.

BhInonHeHO 10CTaTOUYHO CTPOroe MOCTPOEHUE COBEPILICHHO (popMAaIbHOM
MaTeMaTH4YeCKoil cucTeMbl, Ha3biBaeMoi ‘“iaementapubiii JIUCIT.
Cocrasisoniye 3Toi GopMaabHON CUCTEMBI:
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1) MHOX€ECTBO CMBOJIOB, Ha3bIBAEMBIX S-BBIPAKCHUSMU.

2) Cucrema (PyHKIIMOHAIBHBIX 0003HAUCHHUN JJIS1 OCHOBHBIX HOHATHH, TPYOEMBIX MpH
MIpOrpaMMHUpPOBaHUH OOPOOTKH S-BBIpAKEHUH.

3) ®opmanbHOE TIpecTaBlIeHue PYHKIIMOHATBLHBIX 0003HAYCHUH B BUIE S-
BBIPAKEHHN.

4) YuuBepcanbHas (GpyHKIMS (3aMCaHHAs B BUJE S-BRIPAXKECHHUS), UHTEPIPETUPYIOIIAS
oOpalieHue IPOU3BOIbHOM (DyHKIINY, 3aIIUCAHHON KaK S-BBIpa)XKEHUE, K €€
apryMeHTam.

5) Cuctema 6a30BBIX (PYHKITUH, 00ECTIEUHBAOIINX TEXHHUYECKYIO MTOIIEPIKKY
00pabOTKH S-BEIPaKCHUH, U CIEUATBHBIX (DYHKIUI, 00eCTIeUNBAIOIINX YIIPaBICHUE
BBIYHCIICHUSMH.

BrImonHeHHOE ONpeieNieHie YHUBEPCATLHON (DYHKIIMH — MAaKETHBINA oOpa3ser Jlucr-
CUCTEMbI, OCHOBHBIE YepPThl KOTOPOH YHACJIEJOBaHbl MHOTMMHU CUCTEMaMHU

IIPOrpaMMHUPOBAHUS.

Buoiteoowr:

- Yuueepcanvnas ¢hynxyus — smo ynkyus, Komopas Modicem Gbl4UCIAMb 3HAYEHUE
10601 hopmbl u npedcmasisien coOol UHEMPHPEMAamop 6 MUHUAmiope.

- [lpu peanuzayuu ynusepcanbHol QyHKYuu HeobXo0UMo y4umuléams cnocoo
npeocmasieHusi KOHMeKCma u 6U0bl BbIUUCAIEMbIX POPM.

- Koumexcm yoobrno npedcmasisims ¢ NOMOWbIO ACCOYUAMUBHBIX CHUCKOS.
- Yuueepcanvnas ¢hynkyus oondcna npedycmampugams 0CHOGHbIE 8UObL

BLIMUCTAEMBIX (POPM, 3A0AIOWUX 3HAYEHUS APSYMEHMO8, A MAKICe NPedCmasieHs
@yHKYULl, 6 COOMBEMCMBULU CO CBOOOM BbIUENPUBCOCHHBIX NPAGUT A3bIKA.
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6. OToOpaskeHUs U (PYHKIMOHAJIBI

B aTom maparpade Mbl pacCMOTPUM CIIETYOIIHE MEXaHH3MBI:
- oToOpaxeHwus,

- YHCIa ¥ CTPOKH,

- Oe3bIMSIHHBIC OTIpeIeICHHs (PYHKITUH,

- (GuUIBTPHI U CBEPTKH (PEAYKIIHH).

OtoOpaxeHus: OOBIYHO HCIIONB3YIOTCS TpPH aHajdu3e W 00pabOTKe MAaHHBIX, MPEACTABIISIOMINX
uHpopmanmio paszHoil npuponabl. Hywmepanus, komupoBaHue, uIeHTU(UKAIMS, MHUPpOBaHUE -
KaXIbId WX OTHX TIPOLECCOB HCIIOJIB3YeT HCXOJHOE MHOXECTBO HOMEPOB, TEKCTOB,
UACHTU(UKATOPOB, COOOIIECHUH, MO KOTOPHIM KOHKpPETHAas OTOOpakaromias (GYHKIUS HaXOIHUT
3aHyMEpPOBAHHBI OOBEKT, CTPOUT 3aKOJIUPOBAHHBIA TEKCT, BBIACIACT HIACHTHU(QHUIIMPOBAHHBIN
¢dparmeHT, nosyyaer 3amuppoBaHHOe coodmieHne. Takum ke o0pa3oM paboTaeT 000e BBEICHNE
0003HaYEHUH - OT 3HAKa MPOUCXOMT MEPEXOJI K ero cMbICy. [lepeBo1 ¢ 0JTHOTO sI3bIKa HA IPYTOH,
dororpadusi, KHHOChEMKa, CIIOPTUBHBIA PEMOPTAXK - BCE 3TO MOKHO PacCMaTPUBATh KaK MPUMEPHI
OTOOpaKECHUH.

OtoOpaxkeHust - KioueBod MexaHm3Mm wuH(popmatuku. [loctpoenue mo0oit HH(MOPMATMOHHOM
CHCTEMBI COTIPOBOXKJIACTCS OIpPEACIICHHEM M pealln3aifeil OoJbIIoro 4mciia orodpaxeHuit. Bo-
NEpPBbIX, BHIOUPAIOTCS IaHHBIE, C TOMOIIBbIO KOTOPBIX MpecTaBisgeTcss nuHpopmanus. B pesynbrare,
M0 JJaHHBIM MOKHO BOCCTAHOBUTH IPEJICTABICHHYIO UMM MH(DOPMALIUIO - N3BJIeYb MH(DOPMALIUIO U3
naHHbIX. Hampumep, o cuMBOJIaM 3alKiCcH YUCIIa MOKHO BOCCTAHOBUTH €0 BEJIMYMHY. BO-BTOPBIX,
KOHCTPYHPYETCsl HA0Op CTPYKTYP, TOCTATOYHBIN JUUISl pa3MEIeHus] U 00paOOTKH JaHHBIX B MAMSTH
KoMmIbloTepa. JlaHHbIe 0TOOpaKEHBI B HAOOPHI CIICIUAIILHO OPraHU30BaHHBIX KOJIOB, MO KOTOPHIM
MOJKHO TpeoOpa30BbIBaTh U CTPOUTH HOBBIE KOJbI. Hampumep, mo Koy KOMaHIbl MOHO BBEIOpATh
XpaHUMYIO B TaMSTH MOANPOrpaMMy, KOTOpas MOCTPOUT HOBBIE KOABI YHCENl I CTPYKTYp
JMaHHBIX. B-TpeThux, KOAbl M3 HyJlEeW W eIWHUI] OTOOPa)KaloTCs B HAOOPBI TOUYEK, 0Opa3yrole
OyKBBI WJIM PUCYHKH, KOTOPBIE MOYKHO BBIBECTH Ha IE€YaTh WM BBHICBETUTH Ha auciuiee. Kaxprii
TAaKOM mIar JOCTaTOYHO OYEBUJCH, HO KOMIIO3ULMU OTOOpaKeHHM MOryT o0yiagaTh BecbMa
CJIOKHBIM TOBEJICHUEM.

['oBOpsIT, 4TO OTOOpa’keHHE CYIIECTBYET, €CIIM 3aJjaHa Tapa MHOKECTB U 0ToOpakaromas (GyHKIUs,
JUI. KOTOPOHl mepBoe MHOXKECTBO - 00JacTh OMpeeNeHHs, a BTOpoe - obnacTe 3HavyeHus. llpu
OTIpEICTICHUH OTOOPAKCHUIN TIPEXKJIC BCETO JIOJDKHBI OBITH SICHBI CJICAYIONIHE BOIPOCH:

- YTO MPEJCTABISAET COO0 oToOpakaromas PyHKIUS;
- KaK OpraHu30BaHO JIAHHOE, TPEJICTaBIAIONIEe 0TOOpaKacMoe MHOKECTRBO;
- KAKUM CITIOCOOOM BBIJICIISIFOTCS 3JIEMEHTBI 0TOOpakaeMOTro MHOYKECTBA.

OTO0 mMO3BONSIET 3a4aTh MOPSJIOK Tepedopa MHOXKECTBa W METOA Iepenayn  (pakTHUecKuX
apryMEHTOB JUIA  BBIYUCIICHHS  oOToOpaxaromedt ¢ynkuun. Ilpm  oOxome  CTPYKTYpBHI,
MIPEICTABIIAIONICH MHOXKECTBO, OTOOpakaromas GpyHKius OyAeT MpuMeHeHa K KaKIOMY SJIEeMEHTY
MHOXXECTBa, CJIEIOBaTeIbHO MOXXET OBITh BbIpaOOTaHa TOMO00OHAs CTPYKTypa MHOXKECTBa
pe3yibpTaToB. BO3MOXHO, HE BCE IONYYCHHBIC DPE3YJIbTaThl HYXKHBI, MOITOMY IelIeco00pa3Ho
IPOSICHUTH 3apaHee elle psiji BOIIPOCOB:

- LA pasMCIIaCTCa MHOKCCTBO BCEX ITOJYUCHHBIX PE3YJIbTATOB,



- UCM OTJIMYAIOTCA HYXXHBIC PE3YJIbTATHI OT MOJIYUYCHHBIX IMOITYTHO,
- KaK CTpOUTCA UTOIOBOC JJAHHOC U3 0T06paHHI)IX PE3YJIbTATOB.

[Tpu pyHKIMOHATEHOM CTHIJIE MPOTPAMMHUPOBAHUS OTBET HA KaXIbI M3 TaKUX BOIPOCOB MOXKET
OBITh JIaH B BHJIE OTICIIBHOW (YHKIHU, IPUYEM POJIb KKAOW (YHKIMH B CXEME pealu3alliu
OTOOpaKEHHUS JOCTATOYHO YETKO (PHKCHUPOBAHA.

Cxema peanm3alil OTOOpaKEHUs MOXeT OBITh TIPEACTaBICHA B BHJIC OIPEICICHHUS,
(bopMaIbHBIMU MTapaMeTpaMu KOTOPOTO SBISIOTCS 0003HaueHMs ITHX poieil. Takoe ompeneneHue
HaszpiBaeTcs "QyHkimonan". bonee TouHO, (PyHKIMOHAT MOXKET OMEpUpPOBaTH (PYHKIUSIMHU B
KayecTBE apryMEHTOB WJIH pe3ylbTaToB. YUTOOBI OMpenenuTh KOHKPETHOE OTOOpakeHHe C
MOMOIIBbI0 (DYHKIIMOHANa, HAaJO0 B KadecTBe (DAKTUUYECKHX IapaMeTpoB 3aaaTh (QYHKIUH,
BBITOJTHSAIOIINE KOHKPETHBIE POJIH, T.C. JAIOIIUE OTBETHI Ha BBIIICTIPUBEICHHBIC BOMPOCHL. Takwue
(GYHKIIME MOTYT OBITh JOCTaTOYHO OOIIMMH, YHUBEPCAJIbHBIMH, IOJIC3HBIMH IIPH ONPEACICHUH
pasHBIX OTOOpPaXCHWM, - OHU MOJYYAIOT MMEHA JUIsi MHOTOKPAaTHOTO HCIIOJNIb30BAHUS B Pa3HBIX
cucremax ompezaeneHuit. Ho Moryt ObITh M 4acTHBIMH, Pa30BBIMH, HYKHBIMH JIAIIb B JIaHHOM
KOHKPETHOM CJy4ae — TOTJa MOXKHO OOOWTHCH 0€3 HMMEH, HCIIOJIb30BaTh TEJO OIPEACICHUS
HETIOCPE/ICTBEHHO B TOYKE BBI30Ba (DYHKIIMY KaK 3HAUYCHHE apryMEHTA.

Takum 0Opa3zoM, ompeeieHre 0TOOpaKeHHSI MOYKET OBITh JEKOMIIO3UPOBAHO Ha YacTh (QyHKIIUU U
(GyHKIMOHAJBI) PA3HOTO HAa3HAYEHUS, TUIIMYHOTO IS MHOTUX CXeM MH(OpMAIMOHHON 00padOTKH.
DTO MO3BOJSET YNPOIIATh OTIAIKY CHCTEM OIpeNeseHH, MOBHIMATh KOI()(MUIIMEHT MOBTOPHOTO
UCIIOJIb30BaHMS OTJIaXEHHBIX ¢GyHKumid. He Oyner mnpeyBenndeHueMm yTBEp)KACHHE, UTO
oToOpakeHus - 3PGEeKTUBHBIA MEXaHU3M aOCTParupOBaHUsI, MOJICIUPOBAHNUS, MPOSKTUPOBAHUS U
dbopmanmzanuu KpynHoMmacimTaOHo 00paboTku uHpopManuu. Bo3MOXKHOCTH OTOOpaKeHH B
WHPOPMATHKE 3HAYUTEIBHO IIHUPE, YeM OCBOCHO MPAKTHYECKUM IPOTPAMMUPOBAHUEM, HO HX
NpUMEHEHHUE TPeOyeT JOMOIHUTENBHBIX TOSCHEHHH, KOTOPBIE U SIBIISTFOTCS LENBIO STOMU TJIABHI.

Yucaa u cTpokn

JIro0y1o nHGOPMAIHMIO MOXKHO TPEJICTABUTh CUMBOJIBHBIMH BBIPDAXEHUSIMU. B KauecTBe OCHOBHBIX
BHUJIOB CUMBOJIbHBIX BBIPOKCHUI BBIOPAHBI CIIMUCKH U aTOMBI. ATOM - HE/IGIUMOE JJaHHOE,
HpeCTaBIAoNee HHPOPMAIIHIO IPOU3BOIBHON IIPUPOIBL:

Ho Bo MHOTHX ciy4asx 3HaHUE MPUPOABI MH(OPMALIUK 1aeT Oosiee YeTKoe TOHNMaHue
0coOeHHOCTEH U3ydaeMbIX MeXaHU3MOB. [IporpamMmmupoBanie paboThI C YUCIAMU U CTPOKAMH —
NPUBBIYHAS, XOPOIIO OCBOCHHAs 001acTh HHYOPMAIMOHHONW 00pabOTKH, y100HAas! ISl OLIEHKH
IPEUMYIIECTB UCIOIb30BaHus PyHKIIMOHATIOB. OIycKast TEXHUUECKHE MOPOOHOCTH, IPOCTO
OTMETHM, YTO YHCJIAa U CTPOKH PAacCMaTPUBAIOTCS KaK caMOONpeieJIMMble aTOMbI, CMBICII KOTOPBIX
He TpeOyeT HUKAaKOro acCOL[MMPOBAHUs, OH IOHATEH IPOCTO MO BUAY 3allHCH.

Hampumep, HaTypaJibHbIe YHCJIA 3aMACHIBAIOTCS 0€3 0COOEHHOCTEH U MOTYT OBITh TIOUTH
MPOU3BOJILHON JIJTUHBI:

1
-123
9876543210000000000000123456789




MosxHo paboTaTh C APOOHBIMH M BellleCTBEHHBIMH YHCIaMU:

8/12 = 213
3.1415926

CTpOKI/I 3aKJIFOYAIOTCS B OOBIYHBIC I[BOI\/iHI)Ie KaBbIYKH:

"CTpoKa nobor ANMHbI, N3 NPOU3BOSbHLIX CUMBOSOB, BKITHOYasi BCE YTO yrogHo"

Crucok - cocTaBHOE TaHHOE, IEPBBIN JIEMEHT KOTOPOTO MOXKET pacCMaTpUBAThCs KakK (YHKIUS,
IpUMEHsIeMasi K OCTaJIbHBIM 3JIEMEHTaM, TaKkKe MPeACTaBICHHBIM KaK CUMBOJIbHBIE BBIPA)KEHUSI.
OTO OTHOCUTCS U K ONEpaIUsIM HaJl YUCIaMU U CTPOKAMHU:

(+123456) ;=21
(-12 6 3) =3
(I 35) = 3/5

BonbmmHCTBO onepanuid Ha/l YUCIaMu NP MPEPUKCHON 3aIMCH €CTECTBEHHO pacCMaTpUBaTh Kak
MYJIBTHONIEPAIUH OT IPOU3BOIBHOTO YHCIIA APTYMEHTOB.

(string-equal "ctpoka 1" "ctpokal") ;= Nil
(ATOM "a+b-c") =T
(Char "CTp1" 4 ) ;: l‘lll

Co cTpokamMu MOKHO IPH HEOOXOIUMOCTH pabOTaTh MOCHMBOJIBHO, XOTSI OHU pacCMaTpPUBAIOTCS
KaK aTOMBI.

JIr060¥ CIMCOK MOXKHO MPEBPATUTh B KOHCTAHTY, MOCTaBUB riepe HUM """ anoctpod. IT1o
HKBUBAJICHTHO 3anucu co cnenuansHoi ¢pynkmueit "QUOTE". lns uncen u CTpOK B 3TOM HET
HEOOXOAMMOCTH, HO 3TO HE 3alpeIieHo

‘1 =1
GHabCH ;: "abC"

MOHO CTPOUTHh KOMIO3UIMH (DYHKIMI. BeTBIeHus peIcTaBiIeHbI KaK Pe3yibTaT CHeHaIbHON
axaun COND, ncnonbs3yronieit otnuure oT Nil B kauecTBe 3HaueHus “uctuHa’. Yucia U CTpoku
b
TaKUM 00Pa30M OKa3bIBAKOTCS JIOIMYCTHUMBIMH MPEICTABICHUSIMHU 3HAYCHUS “UCTHHA .




CumBon «G» - HA4YaJI0 KOMMCHTapHus.

Otka3 ot 6apbepa MeX1y IpecTaBIeHUSIMU (YHKIUNA U 3HAYEHUHN 1aeT BO3MOXXHOCTh CUMBOJIbHBIE
BBIPAKEHHUS UCIIONIB30BATh KaK JIJIsl M300paKeHMs 3aJaHHbIX 3HaYEHUH, BKITI0Yas JIIOObIE CTPYKTYPbI
Ha/I YUCIIAMHU U CTPOKaMHU, TaK U JJIs onpeneneHus QyHKIui, 00padbaThIBaOIINX JTIOObIE TaHHBIC.
(Hammomunaem, uro onpezeneHue GyHKINHU - JAaHHOE. )

DOYyHKIHOHAIBI - 3TO QYHKINH, KOTOPBIE HCIIOIB3YIOT B KAYECTBE apTyMEHTOB HIIM PE3YJIbTATOB
npyrue pyskmun. [Ipu moctpoeHnn QyHKIIMOHAIOB MEPpeMEeHHbIE MOTYT BBINOJIHATH POJIb HMEH
(¢yHKIMiA, orpeieieHus] KOTOPBIX HAaXOATCS BO BHEITHUX (POPMYJIax, UCTIONB3YIOIINX
(GyHKIIMOHAIIBI.

Ceo0ka panee npoii0eHH020

JIroOyro HH(OPMAIIHIO MOKHO MTPEICTABHTH CHMBOJIBHBIMHU BBIPOKCHUSIMHU. B KauecTBE OCHOBHBIX BHJIOB CHMBOJBHBIX
BBIpOKEHHUI BBIOPAHBI CIIUCKU M aTOMBI. ATOM - HEJIEIIMMOE JTaHHOE, MPECTABIISIONIee NHPOPMAIIUIO IIPOU3BOIIEHON
MIPUPOJBIL:

CHHCOK - COCTABHOE IaHHOE, NIEPBBII 3JIEMEHT KOTOPOTO IIPHU 3aMUCH IIPOrPAMM BEITIOIHSACT POJIb (PYHKIIUH,
IIPUMEHAEMOM K OCTaJIbHBIM 3JIEMEHTAM, TAKXKE IIPEICTABICHHBIM KaK CHMBOJIbHBIC BBIPAKEHUS:

mn

JIr000#i CIICOK MOXHO NPEBPATUTh B KOHCTAHTY, IIOCTaBUB Tepe HUM """ arocTpod. DT0 IKBUBAJICHTHO 3aIIHCH CO

cnenuaneHor ¢pynknueit "QUOTE" :

MO’KHO CTPOUTH KOMITO3UIINH (hYHKIIUH:

BeTBneHus mpeACTaBICHBI Kak pe3ysbTaT crenuanbioi ¢pyHkuua COND:

Ortka3 oT Oapbepa MEX/1y NPEACTABICHUSMU QYHKIMHA ¥ 3HAYEHHH JaeT

BO3MOXKHOCTh CHMBOJIBHBIE BEIP@XKEHHUS UCIIOIB30BATh KaK Ul H300paXKeHHs 3a/IaHHBIX 3HAUCHHUMH, TaK U IS
omnpezeneHus GyHKIHi, oOpadaTeiBatomux ooOsre fanHble. (HamomuHaem, 9To onpeneneHue pyHKIUH - JAHHOE. )
OyHKINOHAIHI - 3TO (DYHKIIMH, KOTOPHIE UCTIONB3YIOT B Ka4eCTBE apIyMEHTOB WM Pe3yNbTaToB Apyrue ¢yHkiwd. [Ipn

MOCTPOCHUH (DYHKI[MOHATIOB [IEPEMEHHBIC MOTYT BBIIOJIHSITH POJIb UMEH (DYHKIIHI, OTpeeeH s KOTOPBIX HaXOMATCs
BO BHEIIHUX (hOPMYIIax, HCHIONB3YOMHX (DYHKIHOHAEL.

DOYyHKINOHAJBI - 00111ee TIOHSITHE

PaccMoTprM TEXHUKY HCIOJIb30BaHUSI (PYHKIIMOHAJIOB W HAMETUM, KaK OT IMPOCTHIX
3aj1a4 MeperTH K 0osee CIOKHBIM.

prwep 1. I[J'IH KaxKJI0ro 4rcija u3 3aJaHHOT'0 CITMCKaA IMOJIYYUTh CJICAYIOMICC
3d HUM YHUCJIO U BCC PE3YJIbTATHL C06paTB B CIIMCOK.

(defun next (x1) ; Ciepmyonme 4ymcja:
(cond [IOKa CHMCOK HE IIYyCT
(x1 (cons (1+ (car x1)) npubaBiseM 1 K ero I'ojoBe
(next (cdr x1)) ¥ repexoguM K OCTAaJIbHBIM,
cobupasa pes3yjbTaTEl B CIUCOK

NSe N NN




(next '"(1 2 5 )) ;= (2 36)

Ipumep 2. TlocTpouTh CIMCOK U3 "TOJIOB" JIIEMEHTOB CITMCKA

(defun 1st (x1) ; "romoBre!" smemenToB = CAR
(cond ; IIOKa CIIMCOK HE MyCT
(x1 (cons (caar x1) ; BelOupaemM CAR OT €ro I'OJIOBEI
(1st (cdr x1)) ; M HepexommM K OCTAaJIbHEBIM,

) ) ) ) ; cobupas pesysabLTaTEH B CIUCOK

(st '"((ommu mBa ) (one two ) (1 2 )) ) ; = (omomH one 1)

IIpumep 3. BBISICHUTH AJTUHBI 3JIEMEHTOB CIIHCKA

(defun lens (x1) ; JJIMHBE 5J1€MEHTOB
(cond ; Iloxka CcrnMCcoOK HE MyCT
(x1 (cons (length (car x1)) ; BEIYUMCJIAEM IJIMHY €I'0 I'OJIOBEI
(lens (cdr x1)) ; U nepexommM K OCTAaJILHEIM,

) ) ) ) ; cobupas pesysbTAaTE B CIMUCOK

(lens '"((1 2 ) () (abcd) (1 (abcd) 3))) ;=1(220143)

BHemnraue oTauuus B 3aMucH 3TUX TpeX (QYHKIUH MalOCYIIECTBEHHBI, YTO MO3BOJISET
BBecTH OoJiee 00MIyr0 (PYHKIIMIO map-el, B ONPEACICHUHA KOTOpOol mMeHa "car", "1+"
u "lenth" mMoryT OBITh 331aHBI KaKk 3HaYeHHs Tapamerpa fn:

(defun map-el (fn x1) ; IossmemeHTHOe npeobpasoBaHme XL
; C noMomeln QyHKIMM FN
(cond ; Iloka XL He nycT

(x1 (cons (fn (car x1) )
; nOpmMmeHseM FN xak QyHKIMIO I'OJIOBE X1}

(map-el fn (cdr x1)) ; M HepexonmmM K OCTaJIbHEBIM,
) ) ) ) ; cobupas pes3yJIbTaTh B CHIMUCOK

! TIpumeuanne: Ha Clisp 910 onpejiesienue BEITISINT HE CTONb TAKOHHYHO, OHO
Tpebyer BcTpoeHHoit ¢pynkimu funcall:




DddexT Pynkuuit next, Ist 1 lens MOKHO MOTYUNUTH BBIPAKEHUSIMU:

(map-el #'1+ x1) ; Crenpyromme 4ucia:
(map-el #'car x1) ; "rosoBrl" symemeHTOB = CAR

#’ x ;= (FUNCTION x) - cokpalieHHOe 0003Ha4YeHHE (HYHKIINU-3HAUCHUS

(map-el #'length x1) ; JJIMHEI 5JIEMEHTOBR

(map-el #'1+ '(1 2 5)) ; = (2 3 6 )

(map-el #'car ' ((omuu mBa ) (one two ) (1 2 )) ) ; = (ommH one 1)
(map-el #'length '"((1 2 ) () (abcd) (1 (abcd) 3)))

; = (20 4 3)

COOTBETCTBCHHO.

Otu onpenenenus GyHKIMNA GOpMaTbHO SKBUBAJICHTHBI paHee PUBECHHBIM — OHU
COXPaHSIOT OTHOLIEHUE MEXK]Ly apIyMEHTaMU U Pe3yJIbTaTaMHu.

Bce TPpH IIpUMEpPa MOKHO PCIINTH C IOMOIIBIO TaAKUX OIPECACIIAIOINX BBIpa)KeHI/II\/'Ii

(defun next (x1) (map-el #'1l+ x1 )) ; OuepernHrple YmMCya:
(defun 1st (x1) (map-el #'car x1 )) ; "rosoBer"
sypemMeHTOB = CAR

(defun lens (x1) (map-el #'length x1 )) ; JIMHEI 3JIEMEHTOB

IMapamMeTpom pyHKUMOHAIA MOKET OBITH JII00Asi BCIOMOTraTeJbHAA (DYHKI[HA.

Ilpumep 4. Ilyctb nana BcioMoratesibHasi QyHKIIMS SqQW, BO3BOJAIIAS YUCIIA B KBAJpaT

(defun sgqw (x) (* x x)) ; BosBenmeHme umcisa B KBaIparT
(sqw 3) ;=9

[TocTpouTh CIMCOK KBAPATOB YKCEI, UCTIONB3YsI (PYHKIIUIO SqW:

(defun map-el (fn x1)
(cond
(x1 (cons (funcall fn (car x1) )
; NPUMeHsieM NEPEbill AP2YMeHm KaK (QYHKYUIO
; K NEPEOMY DNEMEHNLY 6MOPO20 AP2YMEeHMA

1 (map-el fn (cdr x1) )
) )) )




(defun sgware (x1) ; ; BozBermeHmMe cCOmMcCkKa 4YMceJI B KBanparT

(cond ; Iloxa aprymeHT HeEe HIycCT,
(x1 (cons (sgw (car x1)) ; IOpuMMeHsSeM Sqw K eI'0 I'OJIOBE
(sgware (cdr x1)) ; U HnepexommM K OCTAaJILHEIM,

) ) ) ) ; cobupas pesysbTaTel B CIMCOK

(sqware '"(1 2 5 7)) ; = (1 4 25 49 )

MosxHO ucnosb30BaTh map-el:

(defun sgware (x1) (map-el #'sqw x1))

Hwxe mnpuBeneno ompeneneHue QyHKIMU sqware- 0e3 BCIIOMOTaTeNbHOW (YyHKIIWH,
BBITIOJTHSIONIEE YMHOXKEHHE HerocpencTBeHHO. OHO BJ€YeT [BOWHOE BBIYUCIICHHE
(CAR xl), T.e. Takas TexHuka He BroyiHe Y (HEeKTUBHA!

(defun sqgware- (x1)
(cond
(x1 (cons (* (car x1) (car x1) ) ; KBamgpaT I'OJIOBEI

; BEIYMCJISTE HpJ/IXO,HMTCH IOBAaXxIel
(sqware- (cdr x1))

IIpumep 5. Ilyctb nana BciomorarensHast pyHkims tuple,
IIpeBpaliaras Jodoe JaHHOE B Mapy:

(defun tuple (x) (cons x X))

(tuple 3) ;= (3 . 3)

(tuple 'a) ; = (a . a)

(tuple '(Xa)) ; = ((Xa) . (Xa)) = ((Xa) Xa) - »T0 omHO M TO Xe!

Uto06s1 TpeoOpa3oBaTh JIEMEHTHI CIIMCKA C TIOMOIIIBIO TaKOW (PYHKITUH, MUILIEM Cpasy:

(defun duble (x1) (map-el #'tuple x1)) ; OyOJamMpoBaHMe 5BJIEMEHTOBR

(duble '"(1 (a) ())) ;o= (1 . 1) ((a) a) (()))

HemHoruwm cioxHee OpraHnu30BaTh MNOKOMIIOHCHTHYIO 06pa60TI<y ABYX CIIMCKOB.

Ipumep 6. IlocTpoUTh aCCOIMATUBHBIN CIIUCOK, T.€. CIIMCOK Map U3 UMEH U
COOTBETCTBYIOUINX UM 3HAUEHUH, 110 33/IaHHBIM CIIICKaM MMEH U MX 3HAUYCHUI:

(defun pairl (al vl) ; AccollMaTUBHEN CHMCOK
(cond ; Illoka AL He nycT,
(al (cons (cons (car al) (car vl)) ; Hnapel m3 “rojsioB”.

(pairl (cdr al) (cdr vl)) ,; Ecam VL mcyepnaercs,




’

) ) ) )

'(omoun nmBa two three) '(l1 2 mBa TpHu))

(pair
= 1) (oBa 2) (two gBa ) (three

; ((oomH

70 CDR 6ynmer maBaTk NIL

TpK ))

Ipumep 7. Onpenenutsb PyHKINIO TOKOMIIOHEHTHOW 00PabOTKH JIBYX CITUCKOB C MTOMOIIIBIO

3agaHHON QyHKIMHU fn:

(defun map-comp (fn al vl) ; fn MNOKOMIOHEHTHO HIPUMEHUTE
; K COOTBECTBEHHEM 3jieMeHTaM AL u VL
(cond
(x1 (cons (fn (car al) (car vl))

; Bri3oB maHHOTO FN Kak QyHKIIMM
(map-comp (cdr al) (cdr vl))

Tenepb IIOKOMIIOHCHTHBIC HeﬁCTBHH HaJa BCEKTOpaMu, HNPCACTABJICHHBIMU C
IMOMOLIbKO CIIUMCKOB, IOJHOCTBIO B HAIIHUX pPYKax. Bot cnucku u CyMM, H
HpOHSBeHeHHﬁ, " 1ap, ¥ pe3yJIbTaTOB IPOBCPKHU HA COBIIAACHHUC:

(map-comp #'+ '(1 2 3) '(4 6 9)) ; = (5 8 12 ) Cymmer
(map-comp #'* '(1 2 3) '(4 6 9)) ; = (4 12 27 ) IIpomusBemeHMs
(map-comp #'cons '(1 2 3) '(4 6 9))

;= ((1 4) (2 6) (3 9)) Haper
(map-comp #'eg '(4 2 3 ) '"(4 6 9)) ; = (T NIL NIL ) CpaBHeHMUS

I[OCTaTO‘lHO YACHUTB, UTO HAJ0 JCJIIAaTh C 3JICMCHTAMU CIIMCKA, OCTAJIbHOC I€JIaCT 0T06pa>1<afom1/1171

byHKIHOHA map-comp.

prwep 8. I[J'ISI 3a/IaHHOTO CITMCKAa BBIYHUCIIUM Pl €Iro anI/I6YTOB, a UMMCHHO - JJIMHA, HepBLIfI

QJICMCHT, OCTAJIbHBIC 3JICMCHTHI CIIMCKa oe3 IepBoro.

(defun mapf (fl el)
(cond

(f1

; Iloka HmepBErt apr'yMEeHT He OycCT,
((car fl1l) el )
; IpMMEHSIEM OYEPEnHYK QYHKLIMIO
; KO BTOPOMY apI'yMeHTY

(cons

(mapf (cdr fl) el)
; ¥ HepexomuM K OCTAaJbHEM (QYHKLMSM,
) ) ) ) ; cobupas ux pesyJbTAaTE B OOmMII CHUCOK

(mapf ' (length car cdr) '(a b c d)) ; = (4 a (bcd))

Komno3unusMu Takux (QyHKIHOHAJIOB MOKHO HPUMEHATh cepuM (QYHKIMH K CIHCKY OO0IIuX
apryMEHTOB WIM K IapajuIelbHO 3aJaHHOW II0CJIEI0BAaTEIbHOCTH CIIMCKOB HMX AapryMEHTOB.
EctecTBeHHO, U cepuu, U MOCIIEIOBATEIILHOCTH MPEICTABISIOTCS CIUCKAMU.



be3biMsiHHBIC QYHKIIMH
Onpez[eneHI/m B IIpUMEpax 4 ¥ 5 He BIIOJIHE y,HO6HI)I o CJIICAYOIHUM IpUYrnHaM:

v' B onpenenenusx ueneBbix (yHkiuii duble m sqwure BCTPEYaArOTCs MMEHA CIEHAIBHO
OTIpE/ICTICHHBIX BCIIOMOTATEIbHBIX (DYHKITHH.

v' ®opMabHO 3TH (YHKIIMK HE3aBMCHMBI, 3HAYMT NPOIPAMMHUCT JOJDKEH OTBEYATh 3a MX
HAJIMYKME TMPH KCIOJIB30BAaHUM LIEICBBIX (PYHKIMH Ha MPOTSHKEHUH BCETO JKU3HEHHOTO ILHKIIA
IIPOrpaMMBbl, 4TO TPYAHO FAPAHTUPOBATH.

v BeposATHO, UMsl BCIIOMOTATEeNbHON (YHKIMK OYIET MCIOJIB30BAThCS POBHO OJWH pa3s - B
OTIpe/ICTICHUH 11EIeBOM (PYHKIIHH.

C onHOM CTOPOHBI MOCJEIHEe NMPOTUBOPEUYUT IMMOHMMAHHUIO CMbICIAa MMEHOBAHMS KaK TEXHUKH,
obecreunBaroIell HEOJHOKPATHOCTh MPUMEHEHHSI TTOMMEHOBAHHOTO 00BbekTa. C Jpyroil CTOpOHBI
MPUAYMBIBaTh XOPOLIUE, TOJIFO COXPAHSIONINE MOHATHOCTh U COOTBETCTBUE 1€, UMEHA - 3ajaya
HETPHUBHUAJIbHAS.

VYuuteiBas 310, ObUI0 OBl YJ00HEEe BCIIOMOTATENbHBIE OMPECIICHUS BKIIAbIBATh HETIOCPEACTBEHHO
B OIpENeNCHUs IeNIeBbIX (YHKIHMA U OOXOIUTHCS MPH ATOM BooOme 0e3 mmeH. KoHcTpykTop
byHKIHIA

lambda o0ecrneunBaeT Tako CTUIb MOCTPOEHUS ONpEAeNeHUil. DTOT KOHCTPYKTOp JitoOoe
BBIPOKEHUE eXpr MpeBpamniaeT B PyHKIMIO ¢ 3aJaHHBIM criuckoM aprymeHToB (x1 ... xK) B popme
TaK Ha3bIBaeMbIX lambda-BrIpakeHmMiA:

(lambda (x1 ... xK) expr )

NMmenn Takas (i)yHKIII/Iﬁ HEC HMMCCT, IMO3TOMY MOXKET OBITh IMPUMCHCHA JIMIIb HCIIOCPEACTBCHHO.
Defun HUCIOJIB3YCT 9TOT KOHCTPYKTOP, HO, KPpOME TOI'O, 1aCT (bYHKL[I/IHM HMCHAa.

Ipumep 9. Onpenenenne Gpynkuuit duble n sqwure u3 npumepos 4 u 5
0e3 UCIOIb30BaHUS UMCH M BCIIOMOTATEIbHBIX (DYHKITHIA:

(defun sqgware (x1) (map-el (lambda (x) (* x x)) x1))

(defun duble (x1) (map-el (lambda (x) (cons x x)) x1))

JIro0yro cucTeMy B3aUMOCBSI3aHHBIX (YHKIMH MOXHO MpeoOpa3oBaTh K OJHOH (yHKIHH,
UCIIOJIB3YS BHI30BBI O€3bIMAHHBIX (DYHKIUI.

Komno3unun pyHKIMOHAT0B, QUIBTPLI, peAYKIHH
BbI130BBI (hyHKIIMOHATIOB MOKHO OOBEIUHATH B 00JI€€ CIIOKHBIE CTPYKTYPBI TAKHM K€ 00pa3oM, Kak

U BBI3OBBI OOBIYHBIX (YHKIWH, & MX KOMIIO3UIIMA MOKHO HCIIOJh30BATh B ONPEICICHUSIX HOBBIX
GyHKIUH.



KOMHOSI/IHI/II/I (I)yHKIII/IOHaJ'IOB IMO3BOJIAKOT MOPOKAAThL U ooiee MOIIHBIC MMOCTPOCHU, JOCTATOYHO
SICHBIC, HO Tpe6y10HlI/Ie HEKOTOPOI'0 BHUMAHUH.

Ilpumep 10. JlekapTOBO MPOU3BEICHUE XOUYETCS MOTYUYUTh ONPEAECICHUEM BHUIA:

(defun decart (x vy)
(map-el #' (lambda (i)
(map-el #' (lambda (j) (list 1 J))

Y)
) x) )
Ho pe3ynbTat BeI30Ba
(decart '"(a s d) '"(er t))
Jaer
(((AE) (AR) (AT)) ((SE) (SR) (5T)) ((DE) (DR) (D T)))

BMCECTO OXKMJaEMOTI'O

((AE) (AR) (AT) (SE) (SR) (ST) (DE) (DR) (DT))

Heno B ToMm, 4yTo GyHKIMOHANI map-el, kak U map-comp (mpumep 7), coOMpaeT pe3yibTaThl
oToOpaxkaromield (QyHKIMH B OOMIMKA CIHCOK C TOMOIIBIO OMEpaldd CONns TaK, YTO KaXKIbIi
pe3ynbTar PyHKIMH 00pa3yeT OTIeIbHBIN AJIEMEHT.

A 10 cMBICTTy 33a4H TpeOyeTcs, YUTOOBI CIIUCOK ObUT OJJTHOYPOBHEBBIM.

[TocMOTpHM, YTO MOJNYYUTCS, €CIAM BMECTO cons TMpH cOOpe pe3ylbTaToB BOCIOJIb30BaThCS
dbyskimei append.

Ilpumep 11. IlycThb 1aH cucok cnuckoB. Hy>KHO UX BCe CLENUTh B OJUH OOIIMI CITHCOK.

(defun list-ap (11)
(cond
(11 (append (car 11)
(list-ap (cdr 11) )
) ) ) )

(list-ap ' ((1 2) (3 (4)))) ;= (123 (4))

Tor;[a 110 aHAJIOTHH MOKHO ITOCTPOUTH OIMPCACIICHHUC (bYKHI_II/IOHaJ'Ia map-ap:
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(defun map-ap

(fn 11)

(cond
(11 (append (fn (car 11) )
(map-ap fn (cdr 11) )
) ) ) )
(map-ap 'cdr '((1 2 3 4) (2 46 8) (36 912)))
; = (2 3 4 4 6 8 6 9 12)

CrnenoBaTelibHO, HHTEpECYIOIas Hac (hopMa pe3ysbTaTa MOXKET ObITh MOJyUYeHa:

(defun decart

(x y)

(map-ap #' (lambda (i)

(decart '(a s

y)
d) '"(er t))

; = ((AE) (AR) (AT)

(map-el #' (lambda
) x) )

(s E) (SR) (5 T) (DE)

(3)

(list i §))

(D R) (D T))

CoenuHeHne pe3yJbTaTOB OTOOpaXeHUS C TOMOIIbI0 append oOyiamaeT emie OAHWM TO0JIE3HBIM
CBOMCTBOM: IIPH TAKOM CIICTUICHHUM MCUYE3aI0T BXOXKICHHUS MMyCThIX CITUCKOB B pe3yiibTaT. A B Jlucne
MYCTOM CIUCOK HCHOJB3YETCs KakK JIOKHOC 3HAYCHHE, CIICJIOBATCIIBHO TakKas cXema OTOOpaKCHHS
MPUTOJIHA JUIS OPTaHU3alud GrIbTPoB. @UIABTP OTIUYACTCS OT OOBIYHOTO OTOOPAKECHUS TEM, YTO

OKOHYAaTCJIIbHO CO6I/IpaeT HE BCC PC3YJIbTATHI, a4 JIMIb YAOBJICTBOPAIOIINEC 3a/ITAaHHOMY IMPCAUKATY.

Ipumep 12. TIoCTpOUTH CIUCOK T'OJIOB HEMYCTHIX CITMCKOB MOKHO CJIEIYIOIIUM 00pa3oM:

(defun heads (x1) (map-ap
#' (lambda (x) (cond (x

)
(heads ' ((1 2)

7
’

x1

(cons (car x) NIL)))

)

; BPEMEHHO I'0OJiOoBa palsmMmemaercd B CIVMCOK,

yTOOR ITOTOM CIMCKHU crennThb

O (34) (O (506))) ;= (1 35)

PaCCMOTpI/IM CIIc OAuH TUNUYHBIN BApHUAHT NPHUMCHCHU q)yHKHI/IOHaJ'IOB. HpeI[CTaBI/IM, 4YTO HaC
HHTCPECYIOT HCKHUEC MHTCTPAJIBHBIC XAPAKTCPUCTUKU PE3YJIbTATOB, IMOJYUYCHHBIX IIPU 0T06pa)KeHI/II/I,
HAIpuMmep, CymMma IIOJYYCHHBIX 4YHUCCJI, HAMMCHBIICC WA HauOoJbIIee U3 HUX M T.I. B Takom
ClIydac roBopiAT O CBCPTKC pE3yJjibTaTa WX €ro pCAYyKIHUH. PeI[YKLII/ISI 3aKJII04YacTCA B CBCACHHHN
MHOXXECTBA OJOJIEMCHTOB K OJHOMY DOJIEMCHTY, B BBIYHCICHHH KOTOPOI'O SaﬂeﬁCTBOBaHBI BCC

OJICMCHTBI MHOXXCCTBA.

Ilpumep 13. IlogcuutaTts CyMMy 3JIEMEHTOB 33J]aHHOT'O CIIHCKA.

(defun sum-el ( x1)
(cond ((null x1) 0)
(x1 (+ (car x1)
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(sum-el (cdr x1) )

(sum-el '"(1 2 3 4 ) ) ; =10

[lepectpoum ompenenenne, uytoObl BMecTO "+" MOXKHO OBUIO HCIOJB30BaTh MPOU3BOJIBHYIO
OuHapHYIO QYHKIHIO:

(defun red-el (fn x1)
(cond ((null x1) 0)
(x1 (fn (car x1)
(red-el fn (cdr x1) ) ))))
(red-el '+ '"(1 2 3 4 ) ) ;=10

B kakoii-To Mepe map-ap BeieT ce0sl Kak CBEpTKa - OHa CIEIUISeT Pe3ysbTaThl 0e3 COXpaHEeHHUs
IPaHHIl MKy HUMH.

Takue ¢GopMynbl yIOOHBI TPU MOJEITMPOBAHUM MHOXKECTB, I'padOB M METAIMHIBUCTHUYECKUX
dopmy, a K uX 00pabOTKE CBOAUTCS HIMPOKUHN KJIacc 3a/a4 He TOJIBKO B MH(OpMaTHKe.

Buigoowt:

- Omobpadicarowue pyHKYUOHATBL NO360AIOM CIPOUMb NPOSPAMMbL U3 KPYIHBIX OeliCBULL.

- @yHKYUOHAbI 0Oecneyusarom 2uOKOCms 0MooOPad’CceHUll.

- Onpeodenenue pyHKyUYU MOXCEM COBCEM He 3A8UCUMb 0Nl KOHKPEMHbIX UMEH.

- C nomowpto YyHKYUOHAN08 MONCHO YNPABIAMb 8bl00POM (POPMbL Pe3yTIbMAaAmos.

- Ilapamempom ¢ynkyuonanra modcem Ovimv a106as QyHKkyus, npeobpasylowas aemMeHmol
CMpYKmMypbi.

- QYHKYUOHAILL NO36OISAIOM POPMUPOBAMb CepuU HYHKYULL Om 0OWUxX OAHHbIX.

- Bcmpoennvie 6 Clisp ¢ynkyuonanvt npucnocobnenvl K NOKOMNOHEHMHOU 00pabomke
NPOU3BOILHO20 YUCLA NAPAMEMPOB.

- JIobyo cucmemy 63aUMOCBA3AHHBIX (DYHKYUL MOICHO npeodpazosamv K OOHOU @YHKyuUuU,
UCNONb3YSL 8b1308bL OE3LIMAHHBIX YHKYUIL.
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7. IMeHA U KOHTEKCTBhI

- Omnpenenenust pynknuii. [IceBno-pyHkmu.
- HmeHoBaHue 3HAUEHUN U NOABBIPAKEHUM

- IlepemenHbIe 1 KOHCTAHTHI.

- OyHKIUH U JaHHBIE.

Peanu3zanus s3pIka MpOrpaMMHPOBAHHS BCET/Ia COMPOBOXKIACTCSI HEKOTOPHIM YTOYHEHHEM T'PaHMUII,
B KOTOPBIX NPUMEHSIOTCS OOlen3BecTHble MMOHATHSA. Llems yTo4HeHWs -  ymo00CTBO
POTrPaMMHUPOBAHUS U MOBBIIIEHHE 3()(HEKTUBHOCTH MPOrpaMM. PaccMOTpUM OTAEIbHBIC PEIICHHS,
YTOYHEHHbIE MpH peanu3auuu psaa Jlucm-cucreM, Ha HEOOJBIIOM MNpPUMEpPE MOACTHPOBAHMUS
paboThI C MHOXKECTBAMH.

3aoaua: Tlycth MHOXKECTBA TIPEJICTABIICHBI C TIOMOIIBIO CITUCKOB. [1JI Havaaa pacCCMOTPUM MPOCTHIE
MHOJKECTBA, DJIEMEHTAMH KOTOPBIX MOTYT OBITh TOJILKO aTombl. Hamo peanun3oBaTth oObeIUHEHHE
(UNION) u nepeceuenue (INTERSECTION) mHokecTB.

Ilpeosapumensnvlit ananus 3adavu:

Oyukquun  UNION u INTERSECTION npuMeHSIOT K MHOXECTBaM, KaXKJ10€ MHOXKECTBO
MPEJICTABICHO B BHJE CIIHMCKA aTOMOB. 3aMETHM, 4TO 00€ (YHKIHWH PEKypPCHUBHBI U HCIIOJNB3YIOT
BCIIOMOTATEIbHYI0 (YHKITUIO, BBEISICHSIONIYIO BXOIUT Ji aToM B ciicok (MEMBER).

Paboty »Tux GyHKIIMI MOKHO BBIPA3UTh CICTYIOIINM 00pa3oM:

MEMBER — 510 QyHKIUS 1BYX apryMEHTOB, IEPBHIi apryMeHT “A” - aToM, a BTOPOW apryMeHT —
criucok “X”. dyukuus BeipadbatbiBaeT 3HaueHue “T”, ecnu “A” BXOIUT B cIHCOK “X”.

Anroputm:

Onpenenenue Tena GyHKIUU COCTOUT U3 TPEX BETBEH:

- Ecam BTOpOW apryMeHT — IMyCTOM CIUCOK,
TO 3HauYeHue ¢pyHkimu Nil, T.e. aTOM B CIIUCKE HE HAWJIEH.

- Hmuade ecsim aTom “A” coBIagaeT ¢ “ToJIOBOI” BTOPOro apryMeHTa,
TO 3HaueHue pyHkuu T, T.e. aTOM UMeeTCs B CIHCKE.

- HWua4ve mpomomkaeM IMOWUCK B “XBOCTE” CIHCKE, T.€. PEKYPCHBHO MNPUMEHSEM HCXOJIHYIO
(GYHKIHIO K peAyIIUPOBAaHHOMY BTOPOMY apryMEHTY.

anr member ( aToM_a, CNUCOK X) apr a, X
Hay
ecnu nycro (a)
710 3Hay := Nil
WHeC paBHoO (a, ronosa (x) )
TO3Ha4Y =T
uHa4ye 3Hauy := member (a, XBOCT (X))
KOH
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UNION - 3710 (hyHKIUS ABYX apryMeHTOB, 00a aprymenTa “X” u “Y” - CIIUCKHU, IPECTABIISIONINC
MHOXecTBa. DYHKIUS BhIpaOATHIBAET HOBBIA CIUCOK, B KOTOPBIM BXOAST BCE aTOMbI M3 CIHCKOB
(13 29 (13 2
X’n “Y”.

AnropuTMm:

Omnpenenenue Tena PyHKIUN COCTOUT U3 TPEX BETBEH:

- Ecam nepBriil apryMeHT — IyCTOM CIHCOK,
TO 3HAUYECHUEM SIBIIIECTCS BTOPOU apTyMEHT, T.€. MO)KHO HUYETO HE CTPOUTH.

- Hua4e ecam “rojoBa” mepBOro aprymeHTa BXOJUT BO BTOPON apryMEHT,
TO JIOCTaTOYHO OOBEJUHHUTH XBOCT IIEPBOTO apryMeHTa €O BTOPBIM apryMEHTOM, T.€.
PEKYpPCUBHO MTPUMEHSIEM UCXOIHYIO QYHKIIMIO, PeIyLIUPYs NIEPBbIN apryMeHT.

- Hwuave ‘roysoBy” TMEpBOr0 apryMeHTa NPHUCOSAUHSEM K pe3yiabTaTy OObeAMHEHHS
pEeAYLHUPOBAHHOTO MEPBOT0 apryMEeHTa CO BTOPHIM apryMEHTOM.

anr UNION (cnucok x,y) apr X, y
Hay
ecnu nycTo (X)
TO 3Ha4 =y
nHec member ( ronosa (x), y )
T0 3Hay := UNION (xBocT (x), Y)
uHave 3Hau := cons (ronosa (x), UNION (xBocT (X), ¥))
KOH

INTERSECTION - 310 (pynkuums nByxX apryMeHToB, oba aprymenta “X” wu “Y” - CHHCKH,
MPEICTABIAIONINE MHOKeCTBA. DYHKIMS BbIpaOaThHIBACT HOBBIN CIIUCOK, B KOTOPBIA BXOAAT aTOMBI
crmcka “X”, BXOISINIE B CIIUCOK Y.

AJropuUTM™:

Omnpenenenue Tena GyHKIIMA COCTOUT U3 TPEX BETBEM:

- EcJm nepBslil apryMeHT — ITyCTOM CIIUCOK,
TO U [IEPECEUCHHE - ITyCTON CIHUCOK.

- Hnade ecsm “rosioBa” nepBoro apryMeHTa BXOAUT BO BTOPOI apryMeHT,
TO “TOJIOBY” IEPBOrO apryMEHTa MPUCOEAMUHSEM K pEe3yJIbTaTy MEepeceueHus peayLipOBaHHOIO
IIEPBOr0 apryMEHTa CO BTOPBIM apryMEHTOM.

- HWnave npuMeHsieM IepecedyeHUE K pEeayLUpPOBAHHOMY II€PBOMY apryMEHTy €O BTOPBIM
apryMeHTOM.

anr INTERSECTION (cnucok Xx,y) apr X, Yy
@
ecnu mycro (x)
70 3Hau = Nil
uHec member ( ronosa (x), y )
T0 3Hay := cons (ronosa (x), INTERSECTION (xBocT (Xx),
y))
uHavye 3Hay := INTERSECTION (xBoCT (X), y)
KOH
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Omnpenensis 511 GyHKUINHU Ha JIucme, Mbl HCIIOIB3YEM CIIEIHATIbHYIO ICEBA0-(PYHKIHIO
DEFUN. IIporpamMma BBITJISIINAT TaK:

(DEFUN MEMBER (A X)
onpeagerieHne npoBepkn BXoauT Jin aToOM B CIMNCOK
(COND
((NULL X)  Nil)
(EQ A (CAR X)) T)
(T (MEMBER A (CDR X)) )

) )

(DEFUN UNION (X Y)
onpeagerneHune O6'beﬂ,V|HeHVIFI OBYX MHOXEeCTB
(COND
((NULL X) Y)
((MEMBER (CAR X) Y) (UNION (CDR X) Y))
(T (CONS (CAR X) (UNION (CDR X) Y))) )) )

)

(DEFUN INTERSECTION (X Y)
onpegeneHne nepece4v4eHna oByx MHOXeCTB
(COND

((NULL X) NIL)

((MEMBER (CAR X) Y) (CONS (CAR X) (INTERSECTION (CDR
X)Y)))

(T (INTERSECTION (CDR X) Y))
)

(INTERSECTION '(A1 A2 A3) '(Al A3 A5))
;,TeCT Ha nepecevyeHne Byx MHOXeCTB
(UNION ‘(X Y Z) '(U V W X))

;TECT Ha 0ObeanHeHMEe OBYX MHOXECTB

Orta mporpammMa mnpezaraetr Jlucm-cucreme BBIYMCIUTH MATh pas3iauuHbix (opm. IlepBeie Tpu
dbopmbl cBonsATca K mpuMmeHeHuto niceBao-pynkuuun DEFUN. 3nauenue derBepToit popmsel - (Al
A3). 3nauenue maror ¢opmel - (Y Z C B D X). AHaiu3 myTH, IO KOTOPOMY BBITIOJHSIETCS
peKypcus, IIOKa3bIBALT, TOYEMY JI€MEHTH MHOXECTBA MOSBIISIOTCS IMEHHO B TAKOM HOPSIIIKE.

IceBno-pynkuus - 370 QyHKIUSA, KOTOPAsi BHIMOJHACTCS Paid €€ BO3ICHCTBHUS HA CUCTEMY, TOT/Ia
Kak oObryHast pyHkuus - pagu ee 3HaueHus. DEFUN 3actaBisier QyHKIIUHM cTaTh ONpeIeICHHBIMHI
JOMyCTUMBIMH B CHUCTEME PAaBHOMPABHO CO BCTPOSHHBIMU (yHKIUsMH. Ee 3HaueHue - ums
omnpenensiemor ¢yHkiuu, B nanHoMm ciaydae - MEMBER, UNION, INTERSECTION. MoxHo
CKa3arb Oosiee TOYHO, YTO MOJHAst 00nacTh 3HaueHus ncepno-pynkuuu DEFUN BritouaeT B cebs
HEKOTOpBIE JOCTYIIHBIE € YacTH CHCTeMbI, OOecredrBaolMe XpaHeHHe HH(OpMaIUu o
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(GYHKIMOHAIBHBIX 00BEKTaX, a GOpPMaNIbHOE €€ 3HAYCHHE — aTOM, CUMBOJIM3UPYIOIINI ONpeeTeHne
byHKIUH.

B »sTtomM mpumepe mOpPOAEMOHCTPUPOBAHO HECKOJIBKO AJIEMEHTAPHBIX TMPAaBWJI  HAMHCAHUS
(YHKIIMOHAJIBHBIX TPOrpaMM, BBIOPaHHBIX TpU peanu3anuu uHTepnperatopa Jlucm 1.5 B
JIOTIOJIHEHUE K HJICATM3UPOBAHHBIM TpaBWiIaM, CPOPMYIHPOBAHHBIM B cTporoi Teopum Jlucra,
KOTOpas onucaHa B MPEbIIyIIEM pa3ere.

1) IIporpaMmma coCTOMT M3 MOCJI€I0BATeIbHOCTH BbluucAsieMbIX popM. Eciiu  dopma criucok,
TO €€ NEepBbIil 3JeMEeHT HUHTepuperupyercss kKak  QyHkuusa. OcTaabHble 3JIEMEHTHI CIHCKA —
apryMeHThI 715 3Toi GyHKIMU. OHU BRIYUCIAIOTCS ¢ momoibio EVAL, a dyHKIMS nmpuMeHseTcs K
HUM ¢ iomonisio APPLY 1 monydyeHHoe 3HauU€HHE BBIBOJAUTCS KaK Pe3yJIbTaT MPOrpaMMBbl.

2) Her ocoGoro ¢gopmara nns 3anMcu nporpaMM. ['paHuibl CTpOK HUrHopupyrorcs. Popmar
pOrpaMMBbl, BKJIIOYast HACHTU(PUKALINIO, BBIOPaH MPOCTO Ui Y00CTBA UTCHHUS.

3) JI1o60e 4nci10 NpodesioB U KOHIIOB CTPOK MOKHO Pa3MECTUTH B JIFOO0I TOYKE MPOTrpaMMBbl, HO
HE BHYTPH aToMa.

4) He ucnonszytorcs (QUOTE T), (QUOTE NIL). Bmecto nux ucnons3yercs T, NIL, uto Bieuer
COOTBETCTBYIOIIEe M3MeHeHue onpenaesenus EVAL.

5) ATOMBI J0JIKHbI HAYMHATHCS C OYKB, 4TOOBI JIETKO OTJIHYATHCS OT YHUCeJI.
6) ToueyHass HOTAlMsI MOXET OBITH MpPHUBJIEUEHA HApPsAYy CO CIHMCOYHOU 3amuchio. JIroboe yucio
npo0OenoB Iepex WIM IOocCie TOYKH, KpPOME€ OJHOro, OyneT HUrHOpupoBaThCcs (OAMH mpolen

00513aTeNIbHO HYXKEH).

7) Todeunsie mapbl MOTYT HOSBISATHCS KaK JEMEHTHI CITUCKA, U CIIUCKUA MOTYT OBITh 3JIEMEHTAMU
TOYEYHBIX Map.

Hanpuwmep:

((A.B) X (C.(EF D))) - ectsb momyctumoe S-BbIpaskeHHE.

OHO MOXeET OBITh 3alMCaHO KaK

(A.B).(X.((C.(E.(F.(D.Nil)).Ni)

N

((A.B) X (CEF D))
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8) ®opma tuna (A B C . D) ectb cokpamenue ans (A . ( B. ( C . D) )). Jlrobas npyras
paccTaHOBKA 3aISThIX WM TOYEK HA OJIHOM YPOBHE €cTh ommunoka, Hanpumep, (A. BC)mwm (AB.C
D) He COOTBETCTBYIOT HMKAKOH CTPYKType HaHHBIX. (PeanusanmoHHOE pacuIMpeHHe CHHCOYHON
3anucu. “. D” 31eck o3HaydaeT, uto BMecTo Nil, 10 yMOJYaHUIO 3aBEPILAIOIIErO CIUCOK, B JJAHHOU
CTPYKTYpe pa3melieH atom “D”)

9) Habop ocHOBHEIX (hyHKIHI oOecriedeH cucteMoi. J[pyrue GyHKIIUH MOTYT OBIThH
BBEZICHBI IPOTrpaMMUCTOM. JIto0ast pyHKIHS MOYKET UCIIOIB30BaThCS B ONPEACTICHUN
JIpyroi GyHKIIHU C y4eTOM HepPapXuH MOCTPOCHUH.

BriBoj1 S-BhIpaXkeHMId HA TIeUaTh U B (aitiibl BeioyHsAET niceBao-GpyHknus PRINT, urenne naHHbIX
obecnieunBaetr ncepno-pynkuus READ. Tlporpamma u3 daiina MOXeT OBITh 3arpykeHa MCEeBIO-

¢yukuueit LOAD.

Ipumep:

(LOAD 'TEST.LSP)

[Tpu HaGope ¢opM B Jauaore MHTEPIPETATOP CaM HaIedaTaeT pe3yJbTaThl, a IMPH 3arpyskKe
nporpamMmbl UX (Qaiisia Haio 03a00TUTHCS O BBIBOJIC PE3YJILTATOB MPOTPAMMBI C IIOMOIIBIO TICEBIO-
¢bynkimu PRINT.

Ipumep:

(PRINT (INTERSECTION (A1 A2 A3) '(Al A3 A5)) )
(PRINT (UNION '(X Y Z) (U V W X)) )
(PRINT (UNION (READ) '(1 2 3 4)))

; 00beTMHEHNE BBOJUMOTO cicKa co criuckoMm '(1 2 3 4)

NMmeHoBaHMe 3HAYEHHUI M TIOABbIPAKEHUI

IlepemenHas - 5T0 CUMBOJI, KOTOPBIA UCTIOIB3YETCS JUIS IPEACTABICHUS apryMeHTa (yHKITUH.
ATOM MOXET OBITh KakK MEPEeMEHHOW, TaKk U (PAaKTUYECKHM apryMeHTOM. HeKkoTophie CIOXKHOCTH
BBI3BIBAET TO OOCTOSTENLCTBO, YTO UHOTA ApTYMEHTHI MOTYT OBITh MEPEMEHHBIMHU, BEIUYUCIISIEMBIMH
BHYTpPH BBI30Ba IPYyTroi (QyHKIIHH.

Yactp mHTEpIpETaTOpa, KOTOPAs MPU BHIUNUCICHUN (YHKIIUH CBS3BIBACT ITEPEMEHHBIC, HA3bIBACTCS

APPLY. Korna APPLY BcTpeuaer ¢ynkuuto, HaunHatonryrocs ¢ LAMBDA, ciircok nmepeMeHHBIX
MIOTIAPHO CBS3BIBAETCS CO CIIMCKOM apryMEHTOB U J100aBISETCS K HaYally aCCOLIMAaTUBHOTO CITUCKA.
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YacTe wuHTEpHpeTaropa, KoTopas IOTOM  BBIUMCIMT IepeMeHHble, Ha3biBaeTcs EVAL. Ilpu
BeluMcieHnn Tena ¢yHkuun EVAL  moxer oOHapyxuTh mepemeHHble. OHa HMX HIIET B
accolMaTHBHOM cnucke. Eciim mepemMeHHas BCTpedaeTcs TaM HECKOJBKO pa3, TO HCIHOJb3yeTcs
MIOCJIEIHEE WIIM CAMOE HOBOE 3HAUCHHE.

[TponmmrocTpupyeM 3TO paccyxicHue Ha mpumepe. [Ipemmosokum, WHTEPIpPEeTaTop MOoTydaeT
cleayroiiee S-BbIpaxKeHue:

((LAMBDA (X Y) (CONS X Y))'A 'B)

DyHKIUA:

(LAMBDA (X Y) (CONS X Y))

AprymenTtsl: (A B)

EVAL nepenaet stu apryments! pynkuun APPLY. (Cwu. 6).

(apply #(LAMBDA (X Y) (CONS X Y)) ‘(A B) Nil )

APPLY cBskeT mepemMeHHble M TepenacT (YyHKIUIO W Y/UIMHHEHHBIH a-crucok EVAL s
BBIYHCJICHUS.

(eval (CONS X Y) * (X . A) (Y B) Nil))

EVAL Boluncnser mepeMeHHble u cpa3y mnepenaer ux ¢yakmuum CONS, crposmuii U3 HHX
OMHAPHBIN y3ell.

(Cons ‘A’B) = (A . B)

MoxHO J00UTBhCS OOJbIIeH MPO3PAYHOCTH CIIOKHBIX OIpENeNeHUHd (QYHKIHHA, WCIONb3YS
HepapxXHi0 KOHTEKCTOB W CpE/ICTBA MMeHOBaHUsI BbIpaxkenmii. CrneunmanbHas ¢(yHkius Let
COMNOCTABIISAET JIOKAJbHBIM INEPEMEHHBIM He3aBHCHMbIe BbIpameHHs. C €€ NOMOIIBIO MOKHO
BBIHECTHU U3 CJI0)KHOTO OIPE/IesICHUS JIF0OObIe COBIAIAIOIIHNE MTO/IBBIPAXKECHHUS.

Ipumep:
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(defun UNION- (xy) (let ( (a-x (CAR x))
(d-x (CDR x)) )

(COND ((NULL x) y
(MEMBER a-xy) (UNION d-x y) )
(T (CONS a-x (UNION d-x ¥y))) )

OOBIYHO TEpEMEHHAsI CUUTACTCS CBSA3aHHON B 00JaCTH ACWCTBUS JIIMOAAa-KOHCTPYKTOpa (DyHKITUH,
KOTOPBIH CBSI3BIBAET TIEPEMEHHYIO BHYTPU Tela OmpeAeiieHHs (YHKIMH METOJIOM pa3MEIICHUS
napbl U3 UMEHH M 3HaY€HHsS B Hadaje acCOIMAaTHBHOTO CIHCKa (a-cmucka). B Tom cimyuae, xorma
nepeMeHHas BCerJa IMeeT ONpe/IeJICHHOE 3HaUeHNE He3aBUCHMO OT TEKYILEro COCTOSIHUS a-CIHCKa,
oHa OyneT Ha3bIBaThCid KOHCTAHTOH. Takylo HEM3MEHSEMYIO CBSI3b MOXHO YCTaHOBHTbH, pazMelias
napy (a . v) B KoHel[ a-cnucka. Ho B peanbHBIX CHUCTEMax 3TO OpPraHM30BaHO C IOMOINBIO TaK
Ha3bIBAEMOI'0 CNHCKA CBOMCTB aTOMAa, SIBJSIONIETOCs MpejcTaBlieHueM IepeMeHHo. Kaxprit
aTOM MMEET CBOM CIUCOK CBOMCTB (property list - p-cmHMCOK), ITOCTYIHBIN Yepe3 X3UI-TA0JauIy
HaeHTH(PUKATOPOB, 4YTO padoTaer 3ddekTuBHee, yem a-cnucok. C KakIpIM aTOMOM CBs3aHa
CHelMabHas CTPYKTYpa JIaHHBIX, B KOTOPOW pa3MeIIaeTcsi UMsi aTOMa, €ro 3HaYeHHe, OTpeciiCHHIE
(GYHKIMH, TPEACTABISEMON 3TUM K€ aTOMOM, M CIIMCOK TPOHM3BOJILHBIX CBONCTB, MOMEUYEHHBIX
unaukaropamu. [lpu Beruucinenun nepemeHHsix EVAL uccnenyer 3Ty CTpyKTypy 10 NOHMCKA B a-
ciicke. Takoe yCTpOMCTBO KOHCTAHT HE TTO3BOJISIET UM CITY)KUTh IEPEMEHHBIMU B a-CITUCKE.

['moGanbHBIE TIEpEeMEHHBIC peaTu30BaHbl AHAIOTMYHO, HO WX 3HAYCHHE MOXHO H3MEHSTh C
nmomoIisto crienuanbHo GyHkuu SET.

OcoObIit MHTEpPEC MPEACTABIACT TUIT KOHCTAHT, KOTOpbIe Beerna o3Havarot cedst — Nil u T, mpumepst
Takux KOHCTaHT. Takue xoncrantel kak T, Nil u npyrue camoonpenenumble KOHCTaHTHI (4MCIIA,
CTPOKH) HE MOTYT UCHOJb30BaThCs B KauecTBE MEpeMeHHBIX. YHcia U CTPOKM HE UMEIOT CIIHCKa
CBOJNCTB.

Cutyanus, Korga atoM o0O3Ha4aeT (PYHKIMIO, pPealn3alioHHO MoJ0o0Ha TOH, B KOTOpOW aToMm
o0o3HavaeT aprymeHT. Ecim ¢yHKIMS peKypcHUBHa, TO €H Haao JaTh WUMs. OTO JelaeTcs
CBSI3BIBAHUEM Ha3BaHUS C oIpe/eieHneM (DYHKIIUN B aCCOLMATUBHOM criucke. Ha3BaHue cBsi3aHO C
onpeaeneHrneM (QyHKIIUN TOYHO TaK)Ke, KaK IepeMeHHast CBsi3aHa CO CBOMM 3HAYCHHUEM.

Ha mpakTuke cBs3pIBaHHE B aCCOLMATUBHOM CITUCKE sl (YHKIMHA MCHOIB3YeTCs penKo. Y jo0Hee
CBSI3BIBATh HA3BAHUE C ONPECIICHUEM APYTUM CIIOCOOOM - pa3MelIeHHEeM OIpeieleHns (PYHKINU B
CIHCKe CBOWCTB aTOMa, CHMBOJHU3UPYIOLIETO €€ Ha3BaHHE. BBIMOMHSET 3TO MNCEeBAO-PYHKIUS
DEFUN, onwmcannas B Haudaie storo mnaparpada. Korma APPLY wunTepnperupyer ¢yHKIHUIO,
NPEJCTABIEHHYI0O aTOMOM, OHa HCCIEAyeT P-CIIMCOK 0 HCCIEAOBAaHUS TEKYIIEro COCTOSIHUS a-
CIIMCKA.

Tor ¢akr, 4To OONBPIIMHCTBO (PYHKUIMH - KOHCTAHTBHI, OMNpEACICHHBbIE MNPOTPAMMHCTOM, a HE
NepeMeHHbIe, W3MEHSEMBbIC TMPOTPAMMOI, MPOMCXOIUT OTHIOJb HE BCIEACTBUE KaKOTO-THOO
Henoctatka noHstui Jlucna. HampoTus, 3TOT pe3epB yKka3plBaeT HA TMOTEHIMAN MMOJX0/1a, KOTOPIH
MBI HE HAYYHIIUCH HCIIOJIB30BATh JIyUITUM 00pa3oM.
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HekoTopble (DyHKIIMM BMECTO OIPENEICHUH C TOMOIIBIO S-BBIPAKCHHIA 3aKOJAMPOBAHBI  Kak
3aMKHYTbIE MAIIMHHBIC TOMIpOrpaMmbl. Takast QyHKIus OyJIeT UMETh 0COOBI MHIUKATOP B CIIHCKE
CBOWMCTB C YyKa3zaTeleMm, KOTOPBIH TO3BOJSET WHTEPIPETATOPY CBSA3ATHCA C IMOANPOTPAMMON.
Cy1iecTByeT TpH Ciiydasi, B KOTOPbIX HH3KOYPOBHEBasi MOAMPOrpaMMa MOXKET ObITh BKIIIOUEHA B
CUCTEMY:

1) [Toamporpamma 3aKkoAMpoOBaHa BHYTPH JIUCIT-CHCTEMBI.
2) ®yHKIMA KOAMPYeTCcs M0JIb30BaTe1eM BPYYHYIO Ha sI3bIKe THIa acceMOiiepa.

3) @DyHkuus CcHadajga ONPENENAETCS C TOMOLIBIO S-BBIPAXKEHHUS, 3aTe€M TPAHCJIHPYeETCs
koMnuiasitopom. KomnuiupoBaHHble (DYHKIMH MOTYT BBINOJHATBCA Tropa3fo ObIcTpee, 4eM
UHTEPIIPETUPOBATHCS.

O6bryH0 EVAL BbIuuCHseT apryMeHTsl (GYHKIHMNA 10 MPUMEHEHHs] K HUM (YHKIUA C TOMOIIBIO
APPLY. Takum o6pazom, ecniu EVAL 3amano (CONS X Y), To cHavana Beraucisores X 1 Y, a
notom paboraer CONS nHan nomyuyenasivu 3HaueHussMu. Ho ecniu EVAL 3amano (QOUTE X), to X
He Oyner Beruuciatees. QUOTE - cnenmanbsHas popma, KOTOpast MPEemsITCTBYET BHIYUCICHUIO CBOMX
apryMEHTOB.

CnenuanabHasi ¢gopma otiauvaercs OT APYrux (QyHKIUH aByMs uepramu. Ee aprymeHTsl He
BBIYUCIISIIOTCS JIO TOTO, Kak cnenuadbHasi (popMa camMa mMpocMOTPHUT cBou aprymeHThl. COND,
HarpuMep, UMEEeT CBOM 0COOBIN crmoco0 BBIYMCIEHUS apryMEHTOB C ucrnonb3oBanueM EVCON.
Bropoe ornuume oT (QyHKIMIA 3aKIOYAaeTCs B TOM, YTO cHelHaJbHbIe (GOpMBI MOTYT HMMETh
HEOrPAaHMYEeHHOe YUCJI0 APTYMEHTOB.

Omnpenenenue peKypcUBHON (PyHKIIMH MOXXKHO TpeoOpa3oBaTth K Oe3bIMsHHON (opme. TexHuka
IKBHBAJIEHTHBIX NMpPeo0pa3oBaHMii TO3BOJSAECT MOMACPKHUBATH LEIOCTHOCTh CHUCTEMBI (DYHKIIHA
BTATHBAaHUEM O€3BIMSHHBIX BCIIOMOTATENbHBIX (PYHKIHWNH BHYTPHh T€la OCHOBHOTO OIPEIETICHHS.
Bepno u oOpatHoe: 500yI0 KOHCTPYKIHIO M3 JISIMOJa-BBIPAKEHUN MOXHO TpeoOpa3oBaTth B
CHUCTEMY OTHENbHBIX (yHKIUH. TexHuka (yHKIIMOHATBHBIX OMPENEICHUN M HX MpeoOpa3zoBaHUI
MO3BOJISIET pacCMaTpUBaTh PEIICHUE 33]aul C €CTeCTBEHHOM CTENEHBIO MOJPOOHOCTH, THOKOCTH U
MOOMIIBHOCTH.

Crnenmanbhas ¢yHknus FUNCTION oOecnieunBaeT nocTyn K (DYHKIIMOHAIBHOMY OOBEKTY, a
¢ynkust FUNCALL obecrieunBaeT mnpuMeHEHHE (YHKIMM K  MPOU3BOJIBHOMY YHCIY €€
apryMEHTOB.

(funcall fa1 a2 ... ) = (apply f (list a1 a2 ...))

Pazpacranve umcna QyHKUMN, MaHUMYTUPYIOMMX (QYHKIUSIMH, CBS3aHO C pealn3allMOHHBIM
pa3IMyueM CTPYKTYPHOTO MpEACTABICHUS JaHHBIX U MPECTABIAEMbIX UMU (DYHKIUH.

IIporpammel s Jlucn-uHTEpIperaTopa.

HCJ’IB 9TOM YacTH - IOMOYb Ha MNEPBLIX MIarax n30exaTh HEKOTOPBIX 06HII/IX OIINOOK.
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Ipumep 1.

(CAR (A B)) = (CAR (QUOTE(A B)))

Oynakumst: CAR

AprymenTs: ((A B))

3HaueHue ectb A. 3aMeTHUM, YTO MHTEPIPETATOP OKUIAET CIUCOK apryMeHTOB. EJIHMHCTBEHHBIM
aprymentom ajisi CAR sBnsiercst (A B). Jlo6aBounas nmapa ckoOok Bo3HukaeT T.K. APPLY nonaercs

CIIMCOK apryMCHTOB.

Moxno namucath (LAMBDA(X)(CAR X)) Bmecto npocto CAR. DT0 KOPpEKTHO, HO HE SIBISIETCA
HEOOXOIUMBIM.

Ilpumep 2.

(CONS'A ‘(B . C))

@®yuxuusa: CONS
Aprymentsl: (A (B . C))
Pesynbrar (A . (B . C)) mporpamma neuatu BoiBezeT kak (A B . C)

Ilpumep 3.

(CONS '(CAR (QUOTE (A . B))) '(CDR (QUOTE (C . D))) )

@ynkuusa: CONS

ApPrymMeHTsI:

((CAR (QUOTE (A . B))) (CDR (QUOTE (C . D))))

3HaYeHNEM TAaKOT'0 BEIUHMCICHUS 6y,H€T

((CAR (QUOTE (A . B))) . (CDR (QUOTE (C . D))))
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Ckopee Bcero 3To OTHIOAb HE TO, YTO Okujan HoBUYOK. OH paccuuthiBai BMecTo (CAR (QUOTE
(A . B)) monyunuts A u oxugai (A . D) B kauectBe urorooro 3Hauenuss CONS. Kpome oueBunoro
CTHpaHUS arnocTpodoB:

(CONS (CAR (QUOTE (A . B))) (CDR (QUOTE (C . D))))

HUKE TIPUBEJICHBI €11l TPH NMPaBUIILHBIX CIIoco0a 3anucu Hy>kHOH ¢opMel. [TepBorit
coctouT B ToM, 4To CAR u CDR uactu ¢pynkuuu 3anarorcs ¢ nomompbio LAMBDA B
omnpenenennu ¢pyHkuuu. Bropoii - B neperoce CONS B apryMeHTHI M BBIUUCICHUU UX C
nomoiubio EVAL npu nyctom a-criucke. TpeTuil - B IPUHYAUTEIBHOM BBIITOJHEHUH
KOHCTAHTHBIX JIEUCTBUI B NIPEICTABICHUN apTyMEHTOB,

((LAMBDA (X Y) (CONS (CAR X) (CDR Y))) (A . B) '(C . D))

OyHKIUS:

(LAMBDA (X Y) (CONS (CAR X) (CDR Y)))

ApPrymMeHTsI:

((A.B)(C.D))

(EVAL '(CONS (CAR (QUOTE (A . B))) (CDR (QUOTE (C . D))))
Nil)

Oyukmus: EVAL

ApPrymMeHTsI:

((CONS (CAR (QUOTE (A . B))) (CDR (QUOTE (C . D)))) Nil)

3HaueHneM Toro u Apyroro ssisercs (A . D)
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((LAMBDA (X Y) (CONS (EVAL X) (EVAL Y))) '(CAR (QUOTE (A . B)))
'(CDR (QUOTE (C . D))))

PyHKUMS:

(LAMBDA (X Y) (CONS (EVAL X) (EVAL Y)))

AprymeHThbI:

((CAR (QUOTE (A . B))) (CDR (QUOTE (C . D))))

Pemenus storo IIpuMEpa MOKa3bIBarOT, YTO I'PAaHb MEKIAY (l)yHKIII/IﬂMI/I U JAHHBIMU J0CTATOYHO
YcioBHA - OAHM W TC€ K€ BBIYUCICHHA MOXHO OCYUICCTBHUTH IIPpU pPA3HOM pPaCIpPEACIICHUU
MMPOMEIKYTOIHBIX BBIYKCJICHUN BHYTPHU BBIPpAXKCHUS, IICPCABUTAA 3TY I'PAHDb.

Buvieoowt:

- UYmobwi gpinonnums vlyucieHue Ha peanvbHom Jlucn-unmepnpemamope HeodX00uMo yYmouHUums
A0 npasui no ogopmaenuio mexema Jlucn-npozpammeoi.

- Onpedenenus QhynKyuti MOJNCHO coeramsv 0003pumee UMEHOBAHUEM BbIPANCeHUU. Dmo daem u
9IKOHOMUIO HA BPEMEHU BbIYUCTIEHUS COBNAOAIOUWUX POPM.

- Ilpu peanuzayuu cucmemvl NPOSPAMMUPOBAHUS  BOZHUKAIOM OONOJIHUMENbHbIE MEXAHUMBL,
maxkue Kak CHUCKU CBOUCME amomd, Nosvluawue cKOpoCms O00CMYna K HeoOX00umou

unghopmayuu.

- Hexomopuie ¢ynkyuu cucmemvi HeoOX00UMO peanru308bléanmy 8 GUOe MAUUHHBIX NOONPOSPAMM.
Onu obpazyiom 50po cucmemul.

- Ilpu noozomosxe npocpamm 0ns Jlucn-unmepnpemamopa 2epamnb MedxHcoy npocpamMmoun u
OAHHBIMU MOHCEM YCMAHABTUBAMBCS 8 3AGUCUMOCIU O MEKYUUX 00CTNOAMENbCE.
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8. Yupasiienue npoueccamu

Teneps paccMOTpUM 00Jiee TOHKUE METO/IbI MOBBIIIEHHS () (HEKTUBHOCTH U PE3yIbTaTUBHOCTH
BBEIYHCIICHUN:

® 3aMCAJICHHBIC BBIYHMCICHUSA
® PpPCUCHThbl BBIYHUCIICHUA

3amenienHbIe BbruuciaeHns (lazy evaluation)

WHTYyUTHBHOE NpeICTaBIEHHE O BEIUUCICHUN BBIPAXKEHUHN, COTIIACHO KOTOPOMY (DYyHKITHS
IIPUMEHSETCS K 3apaHee BBIYMCIECHHBIM apryMEHTaM, He BCETa FrapaHTUPYET MOJIyYeHUE
pe3ynbTaTa. Pasu monHOTHI BEIUMCIEHUH, THOKOCTH IIPOTPaMM U PE3yJIbTaTUBHOCTH IIPOLIECCOB
TaKO€ IPEACTaBIEHHE MOXKHO PAaCIIUPUTh U BBECTU KATETOPUIO CIIELUANIbHBIX (DYHKIMH, KOTOpbIE
""camu 3HAIOT", KOTJa U 4TO U3 UX apIyMEHTOB CJI€yeT BBIUMCIUTE. [IpuMepbl Takux GyHKIMH -
cneuuansuble GyHKImH QUOTE u COND, KoTOopble MOTYT aHAJIM3UPOBATh U BAPHHPOBATH
YCIIOBHS, IPH KOTOPBIX BBIYKCIEHUE Heo0Xoaumo. Takue GpyHKIIMY MaHUIYJIUPYIOT TaHHBIMH,
IPEACTaBIAIOUIMMI BBIPAXKCHUS, U IBHO ONPEEIIAIOT B IpOrpaMMax MO3ULUHU 00OpaleHus K
UHTEPIPETaTOopYy.

Hcrounnkom HeA(h(PEKTUBHOCTH CTAHIAPTHBIX “TIPSIMOTMHEHHBIX BBIYUCIICHUN MOXET OBITh
HEJIOCTHOCTH OOJIBIINX CIIOKHBIX JTaHHBIX, N30BITOYHOE BBIYHCICHHE OSCIIONE3HBIX BRIPAKCHHIA,
CUHXpOHU3a1uUs (OpMaANTBbHO HE3aBUCHUMBIX AecTBUN. Takyro HeA(EeKTUBHOCTH MOKHO CMSTUUTH
MPOCTHIMU METOJIaMU 3aMe/lJIeHHbIX BbIuucJaeHuit (lazy evaluation). Heo6xoaumo numib Bectu
y4eT JIONOJHUTEIbHBIX YCIOBHUH JUIsl UX (PAKTHUECKOTO BBIITOJHEHHS, TAKUX KaK BOCTPEOOBAaHHOCTb
pe3ynbTara BelYucieHui. Takue cooOpakeHus 1mo oopadboTke napameTpoB HyHKIIMA HA3bIBAIOT
“BbI30B 110 HEOOXOIUMOCTH .

JI1000e 00J1bI110€ CJI0KHOE JaHHOE MOKHO BHIYHCIATH '"'mo yacTtam'' . BMecTo BeIUKUCIIEHUS
CIIACKa

(x1 x2 x3 ...)

MO>KHO BBIYHMCIIUTB X1 ¥ IOCTPOUTH CTPYKTYPY

(x1 (peuenT BBIYMCICHHS OCTAJIbHBIX 3JIEMEHTOB))

[TosyyaeTcst MpUHIUITUATBHAS YKOHOMUS TAMSTH 1ICHOH HE3HAUUTEIILHOTO pacxo/ia BpeMEHU Ha
BCIIOMOTaTeIbHOE TIOCTPOCHHE. PerenT - 3T0 cChlTka Ha yXKe CYIIECTBYIOIIYIO MPOTrPaMMYy,
CBSI3aHHYIO C KOHTEKCTOM €€ MCIIOJIHEHHUSI, T.€. C COCTOSTHUEM aCCOIMATHBHOTO CIIMCKA B MOMEHT
MOCTPOCHUS peIIeTiTa.
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Ipumep: Iloctpoenue psina uensix oT M 1o N ¢ nocienyromum ux cymmupoanreMm. OObIuHas
dbopmyna:

(defun psim_tienn (M N) (cond ((> M N) Nil)
(T(cons M (psg_tien (1+ M) N)))))

(defun cymma (X) (cond ((= X 0) 0)
(T (+ (car X)( cymma (cdr X))))) )

BBenem crienmanbHbBIC ONEpalni || - MPUOCTAHOBKA BHIYUCIICHUN U (@ - BO30OHOBIICHHE paHee
OTJIOXKEHHBIX BBIYHUCICHUN. [[procTaHOBKa CBOJUTCS K 3aIIOMHUHAHUIO CUMBOJIEHOTO
MPEICTABIICHUS IPOTPAMMBI, KOTOpasi Bp€MEHHO HE BBIYUCIISIETCS, HO MOKHO BEPHYTHCS K €€
BBIUMCIICHUIO C TIOMOIIBIO OTIepalii BO300HOBIeHUs1. OTII0KEeHHAas MporpaMMa peoldpas3yercs B
TaK Ha3bIBACMbIi pellenT BbIYMCJIeHHsI, KOTOPhIH MOXHO XPaHHUTh KaK JaHHOE W BHITIOJHSTH B
JIF000H MOMEHT.

B perente XpaHuTCs HE TOJIBKO BhIYUCIIsieMas opMa, HO U KOHTEKCT, B KOTOPOM IIEpBOHAYATIBHO
OBLIO MPEAYCMOTPEHO €€ BhIUKCIICHHE. TakuM 00pa3oM, rapaHTHPYETCS, UTO MEPEXO0/] OT OOBIYHOM
IPOrpamMMBbl K IIPOrpaMMe ¢ OTJIOKEHHBIMU JICHCTBUSIMHU HE HapyIIaeT OOIIHUi pe3ysIbTar.

N36exkaTh 11eI0CTHOTO MPEeCTaBICHHs O0IBIIIOTO U BO3MOKHO OECKOHEUHOTO Psiia YUCEN MOKHO
HEOOJIBIITUM H3MEHEHHUEM (OPMYJIbI, OTIIOKHB BhIYHCIEHHE BTOporo aprymeHTa CONS “no myqmmx
BPEMEH”’ — KOT'Jla €r0 3HaUYCHUE JICHCTBUTEILHO MOHAT00UTCsI OoJiee BHEITHEH (pyHKIINU:

(defun psa_nen (M N) (cond (> M N) Nil)
(T(cons M (|| (psiz_uent (1+ M) N))))))

(defun cymma (X) (cond ((= X 0) 0)
(T (+ (car X)( @ ( cymma (cdr X))))) ))

MO’KHO HCKJIIOYUTH NOBTOPHOE BHIYMC/ICHHE COBIANAIOIIMX pelenToB. /[ 3Toro Bo
BHYTpPEHHE IIpeJ/ICTaBIeHUE pelienTa BBOAUTCA (iar, umeromuil 3HaueHue T - CTUHA IS yKe
BBINOJIHEHHBIX penenToB, Nil - J10Xb JIJ1s1 HEBBITIOJIHEHHBIX.

Taxum o6paszom penent umeet Bua (Nile AL ) wm (T X ), rme X =(eval e AL ) nnst
MPOU3BOJIBHOTO €, B 3aBUCUMOCTH OT TOT'0, ITOHAJ00MIIOCH JIU YK€ 3HaYEHUE pelierTa WiH ele He
OBLIIO B HEM HEOOXOIMMOCTH.

OT0 320/IHO AaeT BO3MOXKHOCTh MOHATHE JAHHBIX PACIPOCTPAHUTH HA 0eCKOHEYHbIE
MHOXecTBa. Hampumep, MOKHO MaHUIYJTHPOBATH PSIOM IEIBIX, TPEBOCXOISAIINX M ¢ TTOMOIIBIO
GbyHKINU:

(defun men (M) (cons M (|| (men (1+ M) ))))
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MO0>KHO U3 TaKUM 06pa30M OpraHru30BaHHOI'O CIIMCKa BI)I6I/IpaTI) HYXHOC KOJIMYCCTBO 3JICMCHTOB,
HanIpuMcep, ICpBLIC K s11eMEHTOB MOXKHO NOJIYYHUTHh 110 Q)opMyne:

(defun mepssie (K Int) (cond ((= Int Nil) Nil)
(=K 0) Nil)
(T (cons (car Int)( mepBbie ( @ (cdr Int))) )) ))

dopmanbHO YPPEKT TAKUX MPHOCTAHABIUBAEMbIX H BO300OHOBJISIEMbIX BbIYHCIEHH
MOJTy4YaeTcs ey IolIel peanu3aluel onepanuii | u @:

le =>(lambda()e)
@e => (e),

YTO NP WHTEPIPETAUH JACT CBSI3bIBaHNE ()YHKIIMOHAIBHOTO apTyMEHTa C aCCOIUATHBHBIM
CITUCKOM JJISI OTIEPAIIHH || - TpHOCcTaHOBKA M BBI30B (yHKmu EVAL nis onepanun @ -
BO300HOBJICHUE BEIYUCIICHHN.

OOBIYHO B S3BIKAX MPOrPAMMHUPOBAHHS PA3ITUYAIOT BBI30OBHI 10 3HAYCHUIO, IT0 UMEHH, 110 CCHLIKE.
TexHuKa TPUOCTAHOBKU U BO30OHOBIIEHHUS (DYHKIIUI MOKET ObITh Ha3BaHa BEI30BOM TI0
HEO0OXOIUMOCTH.

HpI/I HeOOJIBIIOM YHCIIE 3HAYEHUI 3aIaHHOI'0 TUIla, HAIPpUMEP, AJII UCTUHOCTHBIX 3Ha‘leHPII>i,
BO3MOHBI BBIYHUCJIICHUA C BApUAHTAMU 3HAUCHUM C nocJaC YoM BI)I60p0M peaHBHOﬁ
AJIbTCPHATUBLI I1OJIB30BATCIIEM, HO 3TO yz[06Hee 06CYI[I/ITB MO3AHCC, IMPU U3YUCHUU BAPUAHTOB U
HCACTCPMUHHUPOBAHHBIX BBIYKCIICHUIA.

TexHMKa 3aMeICHHBIX BBIYMCIEHHUH ITO3BOJISET BBIIOIHAT AEKOMIIO3UIMIO IPOrPaMMBbI Ha
00513aTeIHHO BBIIOJIHUMBIE U BO3MOYKHO HEBBIIIOJIHUMBIE JIeHCTBUA. BhImonHnMbIe 1eiicTBHS B
TEKCTE OIpeJIeICeHUs 3aMeIIAl0TCs Ha X Pe3yJbTaT, a HEBBIINOJIHUMBIE ITPe0OpaszyoTcs B
0CTaTOYHbIE, KOTOPbIE OY/IyT BHIMOJIHEHBI [10 MEpE MOSBICHUS JOMOJHUTEIbHON HH(POPMAIIH.

MHuorue BBIPAXXCHUA 110 CMBICITY UCIIOJIb3YCMbBIX B HUX onepaum‘/'l HWHOTJa ONpCACJICHBI IIpH
YaCTUYHOI OMMPEACIICHHOCTHU UX OICPAHIOB, YTO YaCTO UCIHOJIB3YCTC IIPHU ONTUMHU3AlIU KOAa

nporpamm (yMHOkeHHe Ha 0, pa3HOCTb WJIM YAaCTHOE OT JCJICHUS COBMAIaromuX (GopM U T.I1.)

OTn0XEeHHEIE ﬂeﬁCTBHﬂ - €CTECTBCHHBII MEeXaHU3M nporpaMmMupoOBaHuA ACHMHXPOHHBIX U
mapaJujyICJIbHBIX ITPOLECCOB.

Buoieoowt:
- 3ameonennvle gvruucienus Mocym 0vimov pe3yivmamueree 0ObIYHbIX.

- XpClHUMble emecme ¢ OAHHbIMU peuyenmaosl ux BLIYUCICHUL NO3BOJISAIOM pa6omamb C
bOeCcKOHeUHbIMU MHONCECMBAMIU.
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B psioe cnyuaes 603m024CcHO nonyuenue noIH020 pe3yaibmama npu HeonpeoeieHHbIX 3HAYEeHUAX
yacmeil.
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9. TpaaunmnonHoe (CTAaHAAPTHOE) NPOrPaMMUPOBAHUE

- HwmmepatuBHOE MpOrpaMMUpPOBaHUE
- Croucku CBOMCTB aTroMa

- CTpyKTYpbl JaHHBIX U NaMSATH

- JlecTpyKTHBHBIE OlEpalyuu

- CBoOojiHas aMATh U MYCOPUIUK

®opma “Prog” u nuKJIbl

[IporuBomocTaBieHne GPyHKIIMOHATHFHOTO H HMIIEPATHBHOTO (0NIEPATOPHO-TIPOLETYPHOT0)
CTHJIeH MPOrpaMMHUPOBAHNS ITOPOW HATIOMHHAET CBUPTOBCKUE OOU OCTPOKOHEUYHHKOB C
TYIOKOHEYHUKaMu. Bripouewm, nepenucath pyHKIIHOHATIBHYIO POTPAMMY B UMIICPATHBHYIO
mpoie, 4eM Ha0OopoT.

C mpakTU4YeCKON TOYKH 3pEHHUS JTI00bIe KOHCTPYKITUU CTAHIAPTHBIX SI3bIKOB TPOTPAMMHUPOBAHUS
MOTYT OBbITh BBEJICHBI KaK (DYHKIMH. DTO JeNIaeT UX BIOJHE JIETAIbHBIMU CPEJICTBAMU B paMKax
(GYHKIIMOHAIBHOTO 1MoAX0/1a. Hao Juiie 4eTKO YSACHUTH IIEHY TaKOTo JIOTIOJHEHHUS U €T0
MPEUMYIIECTBA, OOBIUHO CBSI3aHHBIE C HACJIEJOBAaHUEM PEHICHUI WK C MPUBJICYCHUEM
noJip30BaTeneil. B nmepBrix peann3zanusax Jlucna ObuUtH cpa3y NpeaiokeHbl CennaibHble POPMBI U
CTPYKTYPBI JaHHBIX, CIIy>Kalllie€ MOCTOM MEXAY Pa3HbIMHU CTHJISIMU ITporpaMMupoBanusi. OHu
3a0JHO CMArYaJld Ha MPAKTUKE HEJOCTATKH YINPOUIEHHOM cXeMbl HHTepIpeTaunu C-BbIpakeHHi,
BBICTPOSHHOM 711 y4eOHBIX M HCCIIE0BATENILCKUX Ieel. BaxkHeimue cpencTBa Takoro posa,
BEIJICpKaBIIIee NCTIHITAHUE BpEMEHEM, - prog-gopma, CIiiCKH CBOMCTB aTOMa U JCCTPYyKTHBHBIE
omepanuu. B pe3ynbrare s3pIK MPOrpaMMHUPOBAHUS PACIIHPSICTCS TaK, YTO CTAHOBSITCS
BO3MOXHBIMH ONTUMHU3HUPYIOIINE MMpeoOpa3oBaHus CTPYKTYP JAaHHBIX, TPOTPAMM H MPOIIECCOB U
packpyTKa CUCTEM MPOTPaMMHUPOBAHHUSI.

Paccmorpum npennoxennsiii MakKapru npumep, nokassiBatoliuii BO3MOXXHOCTH Prog-(GopMsl
IpY UMIIEpaTUBHOM cTuile onpeaenenus pynkuun Length. DT1a pyHKUMS CKaHUPYET COHCOK U
BBIYHCIISIET YHCIIO 3JIEMEHTOB Ha BEPXHEM YpOBHe crcka. 3Hauenue pynkuuu Length - nemnoe
YHCII0. AJITOPUTM MOKHO OIIUCATH CIIETYIOIIUMU CIIOBAMMU:

"Omo pyukyusn oonozo apeymenma L.
OHa peanuzyemcs npocpammotii ¢ 08yMsa padoyuUMu NepemMeHHbIMU Z U V.
3anucamo yucno 0 8 v.
3anucamv apeymenm L 6 z.
A: Ecnu z cooepacum NIL, mo npoepamma ebinoninena u sHaveHuem
A6751emcsl mo,
Ymo ceuuac 3anuUcaHo 8 v.
3anucamo 6 z cdr om moeo, umo ceuuac 6 z.
3anucams 6 v na edunuyy 60abue mo2o, Ymo cetyac 3anuUcano 8 v.
Hepevimu x A"
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OTy nporpaMMy MO>KHO 3anucath B Buje [lackanb-nporpaMMel ¢ HECKOJIBKUMHU MOAXOAALUIMMHU
TUNIAMH JaHHBIX U QYyHKIMSIMH. CTpOKaM BBIILIEONHMCAHHON IPOrpaMMbl COOTBETCTBYIOT CTPOKH
onpenenenus ¢pynkuuu LENGTH, B mpeanonoxxenuu, uro cymiectByer oubdianoreka Jlucn-
¢dyukuuii Ha [Tackane:

function LENGTH (L: list) : integer;
var Z: list;
V: integer;
begin
V:=0;
Z =1
A:  if null (Z) then LENGTH =V,
Z = cdr (2);
V = V+1;
goto A;
end;

IlepenuceiBas B Buae C-BbIpaXKeHus, MOIy4aeM IPOrpaMmy:

(defun
LENGTH (lambda (L)
(prog (Z'V)
(setq V 0)
(setqZL)
A (cond ((null Z)(return V)))
(setq Z (cdr 2))

(setqV (+1V))
(go A) )) )

:==================z====TECTbls============
(LENGTH '(A B C D))
(LENGTH (X . Y) ACAR (N B) (X Y 2)))

HOCJ’ICI[HI/IC ABC CTPOKHU COACPIKAT TCCTHI. Wx 3navenus 4 1 5 COOTBETCTBEHHO.

®opma Prog umeer cTpyKTypy, Mog00HYI0 onpeneneHusM GyHKimi u nporenyp B [lackasne:
(PROG, criucok pabo4nx nepeMeHHbIX, TOCIeI0BATEIbHOCTD ONIEPAaTOPOB U ATOMOB ... ) ATOM B
MOCTIEIOBATENIbHOCTH BBITTOIHAET POJIb METKH, JIOKAJTU3YIOIIEH OrepaTop, pacloloKEeHHBIN BCIIe]
3a HUM. B BhIlIENIpHUBEICHHOM NPUMEPE METKA A JTOKAIU3YET ONepaTop, HAUUMHAIOIUNCS C
"COND".

[Tepssiii ciricok nocie cumBosia PROG Ha3biBaeTcs cmuckoM padounx nepeMeHHbIX. [Ipu
OTCYTCTBUHU TaKOBBIX JOJKHO ObITh Hanucano NIL umnu (). C pabounmu nepeMeHHbIMU
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o0OpanaroTcsi IPUMEPHO KaK CO CBSA3aHHBIMU NIEPEMEHHBIMU, HO OHU HE MOTYT OBITh CBSI3aHbI HU C
KaKMMH 3HaYeHHsIMH Yepe3 lambda. 3Hauenne kax ol padodei mepemenHoii ects NIL, 1o Tex mop,
noka eii He OyIeT IPUCBOCHO YTO-HUOYIb IPyToOe.

Jlis npucBauBanus nepemMeHHoi npumensiercs popma SET. UToObI MPHCBOUTH IEPEMEHHO pi
3HaueHue 3.14 numercs:

(SET (QUOTE PI)3.14)

SETQ nono6ua SET, HO oHa ellie ¥ 0JIOKHPYeT BbIYMCIeHHe epPBOro aprymenra. [loatomy

(SETQ PI 3.14)

3anuck Toro ke npucBauBanus. SETQ o6sraHO ynoonee. SET u SETQ mMoryT usmeHsiTh
3HAYeHHs JIObIX NepeMEeHHbIX U3 aCCOIMATHBHOTO CIHCKa 00Jiee BHEITHUX ()YHKITHA.
3nauenueM SET u SETQ siBisieTcst 3HaueHre UX BTOPOTrO apryMeHTa.

GO-¢opma, ucnionszyemas 1 ykazanus nepexozga (GO A) ykasbIBaer, 4To mporpaMma
MPOAOJIKACTCS ONEPATOPOM, TIOMEUEHHBIM aTOMOM A, IpryeM 3T0 A MOXKeT ObITh U U3 Oosee
BHEIIIHETO Prog.

YciaoBHBIE BBIPAKCHUA B KAYE€CTBE ONI€PaToOpoOB IIPOrpaMMbl O6J'IaI[aIOT IIOJIC3HBIMU
ocobennoctsamu. Ecian Hu OJWH U3 MPEANKATOB HC HCTUHCH, TO IIpOoIrpaMMa NpOa0JIKACTCA

oneparopomM, CICAYyHOIUM 3a YCJIOBHBIM BbIPAKCHHUEM.

RETURN - HopMaJsibHOe 3aBepLIeHHe POrpaMMbl. APryMEHT return BIYUCIISIETCS, YTO U
SIBJSIETCA 3HAUEHUEM MporpaMmbl. Hukakue nmocnenyromue oneparopbl HE BBIYACIISIOTCS.

Ecnm mporpamma mniporuia Bce CBOM orepaTophl, He BCTpeTuB Return, oHa 3aBepiraercs co
3gauenueM NIL.

Prog-¢opma Mo:keT ObITh peKYPCHBHOIA.

Ipumep: @ynkuus REV, obpararomnias Crucok U Bce MOACITUCKH, CTOIb )K€ €CTECTBEHHO MUIIIETCS
C TIOMOIIBIO PeKYpCUBHOM Prog-dopMsl.

Jlucn ITackanb
(DEFUN rev (x) function rev (x: list) :List
(prog (y z) vary, z: list;
begin
A (COND ((null x)(return y))) A: if null (x) Then rev :=y;
(setq z (CDR x)) z :=cdr (x);
(COND ((ATOM z)(goto B))) if atom (z) then goto B;
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(setq z (rev z)) zZ:=rev (2);

B (setqy (CONSzy)) B: y:=cons(zvy);
(setq x (CDR x)) X :=cdr (X);
(goto A) goto A
) end;

Oynkuus rev odpamaer Bce ypoBHHU cnucka, Tak 4to rev oT (A ((B C) D)) mact (D (C B))A) .

Jis Toro, 4To0bI opMa prog Oblia MOJHOCTHIO 3aKOHHA, HE00X0IMMa BO3MOYKHOCTh JIOTIOTHSTh
ACCOILMATUBHBIN CIIMCOK pabOYMMHK repeMeHHbIMU. KpoMe Toro orepatopsl 3Toi popMbl TpeOyIOT
CIIEIMATbHOTO PACHIMPEHUS S3bIKa - B HETO BKJIIOYAIOTCS (OPMBI g0, set U return, He U3BECTHHIE BHE
prog. (Popmbl Go, Set, Return BO3HUKIIM Kak onepaTtopsl JHIIb Ha BepxHeM ypoBHe PROG nnu
BHyTpu COND, Haxoasmerocs Ha BepxHeM ypoBHe PROG. Ho B coBpeMeHHbIX Bepcusix Jlucna ux
MO>XHO BCTPETUTh U B IPYTUX MMO3HUIIHSIX.)

ATOMH, BBIIIOJHAIOIIHE POJIb METOK, pa60Ta10T KaK yKa3aTe/Id IOMECIYECHHOI' 0 0J10Ka.

Kpome Toro npousomnio yTouHeHuE MeXaHu3Ma YCIOBHBIX BBIPAXKEHUH, - OTCYTCTBUE UCTUHHOTO
MpeauKaTa He MPEnsITCTBYeT (OPMUPOBAHHIO 3HaUeHUs cond-omepaTopa, T.K. BCe OlepaTophbl
UTHOPHUPYIOT BEIpaO0OTAaHHOE 3HAUYCHHE. DTO MO3BOJISET CYUTATh, YTO 3HAUECHUEM siBJsieTcs Nil.
Takoe noonpesesieHUue YCIOBHOTO BBIPAKCHUS JABHO NIEPEKOYEBATIO U B 00J1aCTH OOBIYHBIX
(GYHKIIHIA, TJIe 9acTo JaeT KOMIIAKTHBIE (POPMYJIBI JJIsi PEKYPCHHU 10 CITUCKY. Mcueszaer
HeoOxoauMocTh B BeTBH Buaa “(T NIL)” .

B mpunnune SET u SETQ MoryT ObITh peain30BaHbl ¢ TOMOIIBIO a-CIHCKA MPUMEPHO TaKKe KaK
JIOCTYII K 3HAUEHUIO apIryMEHTa, TOJIbKO C KOMMPOBAHUEM CBS3EH, paCIlOIOKEHHBIX paHee
M3MEHIEMOMH IepeMeHHoM (cM. QyHKITHIO assign 3 maparpada 4). boiee apdexruBras
peanu3aiusi, Ha OCHOBE CIIMCKOB CBOMCTB, OyeT OMMCcaHa HIDKE.

(DEFUN set (x y) (assign x y Alist))

OO6parute BHUMaHKE, YTO BBEICHHOE TaKUM 00pa3oM IpHUcBanBaHuE padoTaeT pazHooOpa3Hee, YeM
TPaMIIMOHHOE NTPUCBAMBAHUE: JOMYIIEHA BRIYHCISIEMOCTD JIEBOI YaCTH NMPUCBAUBAHMUI, T.C.
MOJKHO B ITPOrpaMMe BBIYHCIATH HMEeHA NMepeMeHHbIX, 3HAYCHUE KOTOPBIX MPEJICTOUT TTIOMEHSTh.

Ipumep:

(setq x'y)
(set x 'NEW)
(print x)
(printy)
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Hamneuataercs Y u NEW.

ChnuckH CBOMCTB aTOMOB

J1o cux mop aToM paccMaTpHBAJICs TOJBKO KaK YHUKATIbHBIN yKa3areib, 00eCeunBaIoIInil ObICTPOEe
BBISICHCHHE Pa3JIMYMMOCTH UMEH, Ha3BaHUI WJIM CUMBOJIOB. B HacTosiiem pasjiene OmuchIBarOTCs
CNUCKH CBOWCTB, HAYMHAIOIINECS B YKAa3aHHBIX siueiikax. (OOpa3HO roBops, MePeXo UM OT
XUMHH K PH3HKeE.)

Kaxnaplii aTom uMeeT cnimcok cBoiicTB. Korga arom untaercs (BBOIUTCS) BIEPBBIS, TOTAA U
CO3/1aeTCsl I HETO CITUCOK CBOMCTB. CNMCOK CBOMCTB XapaKTePU3yETCs CIeIHATIbHOM
CTPYKTYpOIA, To100HOM 3anucsiM B [lackase, HO ToJIsi B TaKOW 3aIMCHU COMTPOBOKIAFOTCS
WHMKAaTOpaMU, CHMBOJIM3UPYIOIUMH CMBICI WU HazHadeHue Xxpanumont nundopmaruu. [lepBorit
AJIEMEHT 3TOU CTPYKTYPHI PACIIOJIOKEH T10 a/Ipecy, KOTOPHIN 3a71aH B yka3arese aroma. OcTalibHbIe
AJIEMEHTHI JOCTYIHBI IO 3TOMY K€ YKa3aTesto ¢ TOMONIBIO Psijia ClIelUaIbHBIX (YHKIUH.
DNeMEeHThI CTPYKTYphI COJepkKaT pa3inyHble CBOMCTBA aToMa. Kaxkioe cBoiicTBO momMeyaeTcs
aTOMOM, Ha3bIBACMbIM HHAHKATOPOM, HJIU PACIIOJIOKEHO B (PUKCUPOBAHHOM I10JIE CTPYKTYPBHI.

Cornacno crangapty Common Lisp riio6ansHbie 3HaYSHHS IEPEMEHHBIX U OTpeAeNieHus PyHKIUN
XPaHATCS B PUKCUPOBAHHBIX IMOJISIX CTPYKTYPHI aroMa. OHU TOCTYIHBI C IIOMOIIBIO CIIEIIUATBHBIX
¢bynkmii symbol-function u symbol-value coorBeTcTBeHHO. CTICOK POU3BOIBHBIX CBOHCTB
MO>KHO MONTy4nTh pyHKImer symbol-plist. @ynkmust remprop B Clisp yaanseT quib nepBoe
BXOJKJICHHE 3aJJaHHOTO CBOMcTBa. HOBOE CBOMCTBO MOYKHO BBeCTH (DOPMOIA BHIA:

(setf (get Unaukarop ) CBOKCTBO)

Yucna OpeaAcCTaBJIAOTCA B JIucne kak CHeI_II/IaJ'IbHHﬁ THIT aTOMa. ATOM TaKOr0 THIIA COCTOUT M3
yKa3aTeysl € TOrom, CHCI_II/I(l)I/II_II/Ip}IIOIJ_[I/IM CJIOBO KaK 4HMCJIO, THII YHCJIa (I_IeJ'ILIe, I[pOGHBIe,
Be]l[eCTBeHHBIe), H aapec COOCTBEHHO quciia, KO KOTOPOIro MOXET OBITE HpOHBBOJ’IBHOﬁ JJINHBI. B
OTJMYHE OT OOBLIYHOTO aTOMa OAWHAKOBBIC YHCJIa HE COBMEIIAIOTCS IIPHU XpaHCHUHA

CTpyKTypa CHUCKOB M NAMSITH

J1o 5TOro MOMEHTa CIUCKHU pacCMaTPUBAINCH Ha YPOBHE TEKCTOBOTO BBOJa-BhIBOJA. B HacTosmeM
paszerne paccMaTpuBaeTCsl KOAOBOE MPEICTABICHNUE CIIMCKOB BHYTPU MAIlIMHBI U MEXaHU3M COOPKH
Mycopa, 00ECTIeYUBAIOIIHA TOBTOPHOE MCIIOIb30BAHNE TTAMSITH.

B MammHe circku XpaHATCs He KaK MOCJIeI0BaTeIbHOCTH CUMBOJIOB, a B BUJIE CTPYKTYPHBIX (QopM,
MOCTPOEHHBIX U3 MALIMHHBIX CJIOB KaK yacTel JepeBbeB, MoA00HO 3anucsam B [lackane npu
peann3anuy OJHOCBA3HBIX CIIMCKOB. AJlpeca B TAKUX 3aIUCAX COIIPOBOXKAAKOTCS TaK HAa3bIBAEMBIMU
Teramu, cieuGUUUPYIOUIMMH TUI IaHHOTO, PACIIONIOKEHHOTO 10 yKazarento. [Ipu cxematnyHom
M300paKEHUU CTPYKTYPHI CIIHCKA B BUJIE TUArPaMMbl MAIIMHHOE CIIOBO PUCYETCS KaK
MPSIMOYTOJIbHUK, Pa3/ICJICHHbIN Ha JIBE YaCTHU: aJpec U JeKPeMeHT.

Tenepb MOXHO JIaTh IPABWIIO TipeicTaBiaecHUsT C-BhIpakeHnl B MamuHe. [IpeacraBieHe aToMoB
OyIeT TIOSICHEHO HIKE.
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[IpenmyiecTBa CTPYKTYp CIIUCKOB Jist XpaHeHus! C-BbIpaKeHUN B MAMSITHU:

1) Pazmep 1 gaxke 4nCiIo BBIPAXKEHUH, C KOTOPBIMU MpOrpaMma OyJIeT UMETh JIeI0, MOXKHO He
npeacKasbiBaTh. Kpome TOro, TpyAHO OPraHu30BaTh sl pa3MEIICHUsT BEIPAKCHUN OJIOKH MaMsTH
(UKCUPOBAHHOM JITTUHBI.

2) SIdeiiku MOYKHO TIEPEHOCHTH B CIIMCOK CBOOOTHOM MaMsITH, KaK TOJIBKO HCYE3HET HE0OX0IUMOCTh
B HUX. Jlaxke BO3BpAT OJIHOM STYEHKH B CIIMCOK UMEET 3HAUCHHE, HO €CIIU BhIPAKEHUS XPaHsITCA
JUHENHO, TO TPYIHO OPTaHU30BaTh MUCIIOIB30BAHNE JIUIITHETO UM OCBOOOIUBIIIETOCS MPOCTPAHCTBA
13 OJIOKOB SYEeK.

3) BI)Ipa)KeHI/ISI, SABJIIFOIIUECA TPOAOJDKCHUEM HECKOJIbKUX BLIpa)KeHHfI, MOT'yT OBITH MpeaACTaBJICHBL
TOJIBKO B OTHOM 3K3CMILIAPE.

Jliis mpuMepa paccCMOTPUM THITHYHYIO IBYXYpOBHEBYIO CTPYKTYpy (A (B C)).
Omna mMoxet ObITh mocTpoeHa u3 A, B u C ¢ moMompto

(cons ‘A (cons (cons ‘B (cons ‘C NIL)) NIL))

WJIH, UCTIONB3YS QyHKIMIO list, MOXKHO TO K€ caMmoe 3arucaTh Kak

(list *A (list ‘B “C))

Ecmu nan cnimcok x u3 Tpex atoMoB X = (A B C), To aprymenTst A, B u C, ucnosib3yemsie B
MpeabLAYLIEM IOCTPOCHUH, MOKHO HAaUTH Kak

A = (car x)
B = (cadr x)
C = (caddr x)

Hcxomuyto CTpyKTypy M3 TaKOTO CIIMCKA MOXKHO MONYYUTh QyHKIUEH grp, crposmeit (X (Y
7)) u3 cnucka Buga (XY Z2).

(grp x) = (list (car x) (list (cadr x) (caddr x)))

3n1ech grp MPUMEHSETCS K CIUCKY X B IIPEIIOIOKEHUH, UTO OH 3aJJaHHOTO BUAA.

JlecTpyKTHBHBIE (pa3pyLIaloniyue) onepauun
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OnemeHTapHbIii Jlucn yHUBepcaleH B CMBICIE TEOPUH BEIYUCIUTENBHBIX (QYHKIUHA OT
CHUMBOJIbHBIX BbIpakeHui. Ho A7 mpakTUYHOCTH KaK CHCTEMa MpOorpaMMHUpOBaHus TpeOyercs
JIOTIOJTHUTEJIbHBIN MHCTPYMEHT, YBEIMUUBAIOIIUI BEIPA3UTEIbHYIO CUITY M 3G (EKTUBHOCTh
A3BIKA.

B wactHocTu, snemenTtapusblil Jlucn He mMeeT BO3MOKHOCTH MOIUPHUIIPOBATH CTPYKTYPY CIIHCKA.
Enuncreennas 0azucHasi GyHKIHS, BIUSIONIAs HA CTPYKTYPY CIIMCKA - 3TO CONS, a OHA HE U3MEHSET
CYILECTBYIOIME CIIUCKH, a CO3A€T BCE HOBbIE M HOBble. DyHKIINH, OMCaHHbIE B yicTOM Jlucne,
Takue Kak subst, B 1eHCTBUTEIBHOCTH HE MOIUPUIUPYIOT CBOM apIyMEHThI, HO JIeTIat0T
MOJIM(UITUPOBAHHYIO KOITUIO OPUTHUHAA.

OnemenTtapslii Jlucn paboTaeT Kak pacumpsiemMas cucremMa, B KoTopoi HHpopMarus Kak Ob
HUKOTJa He ponasiaeT. Set BHyTpH Prog smmib popmanbHO cMATYaeT 3TO CBOMCTBO, COXpaHsst
acCOLMAaTUBHBIN CIIMCOK U MoAenupys npucBauBanus remMu xxe CONS.

Teneps ke JIucn 060011aeTCsl C TOUYKH 3pEHUsS] CTPYKTYPBI CIIHCKA JOOaBICHUEM
pa3pyLIaoIIUX CPEJCTB - AeCTPYKTUBHBIX 0a3MCHBIX Onepauuii Haj cnuckamu rplaca u
rplacd. Otu onepanuu MOTYT IPUMEHSTHCS IS 3aMEHBI aJipeca WK JeKpPEeMeHTa JIF000ro y3ia
B CIIMCKE MOAO0OHO CTaHJapTHBIM MpHucBanBaHusAM. OHU UCTIONB3YIOTCS Pajid UX BO3JCHCTBUA
Ha MaMATh U OTHOCATCS K KaTETOPUH TICEBI0-(PYHKINH.

(rplaca x y) 3aMmeHsieT aJpecHyto 4acTh X Ha y. Ee 3HaueHue - x, HO X, OTJIMYHOE OT TOr0, YTO
Obu10 panbiie. Ha s3pike 3HaueHMi rplaca MOYXKHO onMcaTh paBEHCTBOM

(rplaca xy) = (consy (cdr x))

Ho neiicTBre COBEPIIICHHO pa3IMYHO: HUKAKHE CONS HE BBI3BIBAIOTCS U HOBBIC CJI0BA HE
CO3JAI0TCA.

(rplacd x y) 3aMeHsIET IE€KPEMEHT X Ha Y.

JlecTpyKTUBHBIE OTIEpalliX JOJIKHO MPUMEHSTH C OCTOPOKHOCTHIO! OHM MOTYT COBEPILIEHHO
MpeoOpa3uTh CYIIECTBYIOUIUE ONPEACSICHUs U OCHOBHYIO MaMATh. X mpuMeHeHrne MoskeT
MOPOAUTH MUKJINYECKHE CITUCKU, BO3MOXHO, BJIEKYII1Ee 0eCKOHEYHYI0 MeYaTh WIH
BBITJISA/sIINE 0eCKOHEYHBIMH [Tl TakuxX QyHKIUH Kak equal u subst.

Takue GyHKINUN UCTIONB3YIOTCS MPH PeaTU3allii CIIUCKOB CBOWCTB aTOMa U psiaa
3¢ (eKTUBHBIX, HO Hebe3omacHbIX, pynkuuii Clisp-a, Takux Kak nconc, mapc u T.11.

Jlis mpumMepa BepHeMCsI K QYHKIHMU grp. DTO mpeodpa3yoliasi cnHCcOK (PyHKUMA, KOTOpas
npeodpa3yeT KOMUIO CBOETO apryMEHTa, pEOPTaHu3ys MOACTPYKTYPY

A B C

B CTPYKTYpPY U3 T€X KE aTOMOB:
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B C

BrrmenpusennHoe onpeaeneHre GyHKIUH JIEIaeT 3TO CO3JJaHUEM HOBOW CTPYKTYPBI M HCIIOJIb3YET
JUISL 3TOTO 4eThIpe cons. M3-3a TOro, 4to B OpUrnHalie TOJIbKO TPH CJIOBA, 0 KpailHel Mepe oJIMH
cons HEOOXOMM, a grp MOXKHO TIepenucaTh ¢ momoikko rplaca u rplacd.

H3MmeHeHne COCTOUT B CJICAYIOLICM:

A /_ B C

[TycTh HOBOE MaIIMHHOE CJIOBO CTpOUTCS Kak (cons (cadr x) (cddr x)) . Torma ykaszatens Ha
HEro 3aroTaBjHBacT Gopma:

(rplaca (cdr x) (cons (cadr x) (cddr x)))

Jpyroe u3MeHeHrEe COCTOUT U3 YJAJICHUS YKa3aTelsl U3 BTOPOro cJioBa Ha TpeTbe. OHO
nenaercs kak (rplaca (cdr x) NIL).

HoBoe omnpenenue GpyHKINU pgrp MOXKHO ONPEIEIUTh KaK COOTHOILICHHE:

(pgrp x) = (rplacd (rplaca (cdr x) (cons (cadr x) (cddr )x))) NIL)

OyHKIMS pgrp UCIONIb3YETCs B CYIIHOCTHU pajiu ee aeiicTBus. Ee 3HaueHuem,
HEHUCIOoJIb3yeMbIM, siBisieTcs mojactpykrypa ((B C)). ITlostomy HeoObxoaumo, 4ToOsl pgrp
BBINOJIHAJIOCH, @ €€ 3HAYeHUE UTHOPHUPOBAJIOCH.

PaCHII/IpeHHblﬁ ACCTPYKTUBHBIMHA (bYHKI_II/IHMI/I Jlucn XOopouio HpI/ICHOCO6HeH K olITUMM3aluu
nporpamm. JIro6n1e COBIIAAAOIIHEC MMOABBIPAKCHUA MOKHO JIOKAJIM30BATh U BBIHCCTHU 3a CKOOKH.

Buoieoowt:
- Ilpu peanuzayuu s3vika NPOSPAMMUPOBAHUS NPOUCXOOUM €20 PACUUPEHUE C YeTbIO

- NoBblUEeHUS NPAKMUYHOCIU NPOSPAMMUPOEAHUS.
- Cmanoapmmuvie, onepamopHo-npoyedypHvle NOCMpOeHUs MOOeIUPYIOMCS C NOMOWbIO QYHKYUIL.

35



Cnucku ceoticme amomos obecneuusarom npAMoL 00CMyn K 3HAYeHUIM U OnpeoeseHusm, a
Maroice K NPOU3BOIbHbIM CEOUCMBAM, KAK 6CMPOEHHbIM, MAK U NPOSPAMMUDYEMBIM.
JecmpyxmusHvle onepayuu mocym oams O0IbULYIO IPDHeKMUBHOCMb bIYUCTIEHUT YEHOU

HAOEHCHOCIU NPOCPAMMUPOBAHUSL.
Aemomamuyeckoe nepepacnpeoeienue namsamu no360Jsem nPocpamMmMUcmy He omeieKamocs

om pewerust ceoux 30044 HA MexHuyecKue I’lpO6Jl€Mbl.
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10. ITapaagurmMbl NIPOrpaMMHUPOBAHUS

CpencrtBa U MeTOIBI MpOorpaMMupoBanus Ha Jlucme oOpa3yroT nBa ciosi. [ myOuHHBIN Cl0i -
JIOKAJIbHOE MPOrpaMMHUPOBaHMe, HAIIEIIEHHOE Ha OIpe/IeIeHUE:!

CTporux (PyHKIIHA,

- 0€30TXOJIHBIX CTPYKTYp JaHHBIX,

PETYISPHBIX OTOOpAKESHHIH,

CPENICTB YIPABJICHUS BBIYUCICHUSIMHU.

BHenrnwmii cinoit - (pyHKIIMOHAIBHOE MOACTUPOBAHKE TPAKTHYHBIX MAPAAUTM
NPOrpaMMHPOBAHUS:

- TOPOTOTHIIBI U MAKETHI IPOTPAMM,

- MHTerpauus pa3sHbIX CTWIEH U METOJOB IIPOrPaMMHUPOBaHUS,

- JKCHEPUMEHTAIBHOE MPOrpaMMUPOBAHME,

- NpOBEpKa HOBBIX UJEH U MOJXO0/J0B K OPraHNU3aluu HHPOPMALIMOHHBIX CUCTEM.

Cruits pazpaboTku mporpamm Ha Jlucrne, mosyuuBInii Ha3BaHue "(yHKIHOHAIEHOE
nporpammupoBanue” (PII), BoCIpUHAT MHOIMMH SI3bIKAMU IPOTPAMMHUPOBAHUS C 0011el JTOTrMKOoi
YTOUHEHHsl pelIaeMbIX 3a/1a4 1 00001IeHNs pellIeHUI Ha OCHOBE BBIOPAaHHBIX CIIEIHATIBHO
0a30BBIX KOHCTPYKIIHUIA:

1) Ba3oBble KOHCTPYKIIMH ONPEACIISIFOTCS KaK CTPOTHE (YHKIIUH.

2) [Ipu HEOOXOTUMOCTH BBITTOTHSFOTCS MPe00Pa30BaHusi MPOrPamMM, (KOMITHIISINS, OTITUMH3AITUS
U T.IL.) 7S YITy4YIIEHUs SKCIUTyaTal[HOHHBIX XapaKTePUCTHK, CBSI3aHHBIX C MPOIIECCaMU
UCTIOJIHEHHS TIPOTPAMM.

3) Baxnsrit kputepuit kauectBa OII - mosHOTA ccTeMbl (PYHKIMA M YHHMBEPCAJIbHOCTH
ompeeJeHNi /I CHHTAKCHUECKHU YIPABIIEMOH 00paObOTKH TaHHBIX (YHKIIMSIMUA BBICOKHUX
MOPSAJIKOB (KOMITUJISITOP U T.I1.), YTO CYUIECTBEHHO MOBBIIIAECT HAJICKHOCTh POrPaMMHUPOBAHUSI.

4) Pazpabotka NC cpencrBamu OII ycnemHo BHIIOTHIET POJIb MPOTOTUIIA JIJIS pEATU3AIIAN
IpyrumMu, 0oJiee MPUBBIYHBIMU, CPEACTBAMHU.

OTrpaBisisiCh OT OAHO3HAYHBIX (PYHKIHMIA, MBI PA3PELININ NPEAEIbHO IIMPOKOE TOJIKOBAHNE
MOHATHS ‘‘3HAaYCHHE”, BKIIOYATOIIEe MOHATHE “CTPYKTYypa MaHHBIX U “QyHKINA .

1) OpueHTHpYSCh HA peKYPCHBHBbIE onpeaeaeHus (PYHKIMIA, MbI BBEJIM HECIOXKHYIO CXEMY,
JIOCTATOYHO yJIOOHYIO JUIsl MOCTpoeHus hopMyJl, 3a1ar0luX (yHKIMOHAIbHbIE onpe/eneHus. B
KayecTBe MpUMepa pacCMOTPEH dJ1eMeHTapHblii Jlucn.

2) IlpencraBnenus GyHKIUH 0TOOpakeHbl HA MHOXKECTBO CIIMCKOB M aTOMOB U OIpe/ieeHa

YHUBepcajabHasi PYHKIMSA, TI0 CIIUCOYHOMY IpeACTaBIeHUIO (QYHKIMY U €€ apryMEHTOB CTPOSIIIast
€e pe3yJbTaT.
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3) U3yueno pacmmpenue GyHKIMOHAIBHOTO S3bIKa, TOCTATOYHOE JJII CTAHJIAPTHOIO
MPOrpaMMMPOBAHUS, €CTECTBEHHOTO JJIsl IPUBBIYHBIX 3aj1a4.

KoncrpyupoBanue GyHKIHA cpecTBaMu YuCTOro JIncna 10CTaBIIseT HHTEUIEKTYyallbHOE
YAOBOJIBCTBUE, OHO CPOJAHH PELICHUIO MaTEMAaTHYECKUX FOJI0BOJIOMOK. B 3TOM HCKITIOUNTENBHO
MOIITHOM $I3bIKE HE TOJIBKO PEa30BaHbl OCHOBHBIE CPE/ICTBA, 00ECTICUHBIINE TPAKTUIHOCTh U
Pe3yIbTaTUBHOCTH (PYHKIIMOHAIHFHOTO MTPOrpaMMHUPOBAHMS, HO U BIIEPBBIE ONMPOOOBAH EIbIH Psij
MOPA3UTENIbHO TOYHBIX OCTPOSHHH, IEHHBIX KaK KOHLIENTYaIbHO, TAK U METOJHUYECKU U
KOHCTPYKTHBHO, IOHUMaHHE U OCMBICJICHHE KOTOPBIX CIUIIKOM OTCTAET OT MPAKTUKU PUMEHEHHUS.
[TonsTuitHO-(pyHKIIMOHATBHBIN MOTEHITHAI sA3bIKa Lisp 1.5 B 3HauUnTEILHOM Mepe yHACIeI0BaH
crangaprom Common Lisp, HO He Bce UAeH MOTYYHIH JOCTOHHOE pa3BuTHe. Bo3MOXKHO 3TO A€o
OyAymiero - sl HOBOTO IMOKOJICHUSI CHCTEMHBIX IPOTPAMMUCTOB, HO ATO YK€ APYyrasi HCTOPUSI.

[To Mepe HaKOIUICHUs OTbITA peanu3anuu JIucma u Apyrux s3pIKOB CHOPMHUPOBAHBI OOIIUPHBIE
OoubmmoTexu GPyHKIUH, BecbMa 3 (HEKTUBHO MOAIEPKUBAIOIINX 00pa0OTKY OCHOBHBIX CTPYKTYP
JAaHHBIX - CIIUCKOB, BEKTOPOB, MHOKECTB, XAIII-TA0JIHII, @ TAK)KE CTPOK, (PaiiyIoB, TUPEKTOPUH,
THIIEPTEKCTOB, H300pakeHi. CyIIecCTBEHHO MOBBICHIIACH PE3YIbTATUBHOCTh CUCTEMHBIX PEIICHHIA
B 00JIaCTH pabOTHI C MAMSITHI0, KOMITWIISAIUCH, MAHUITY IMPOBAHHS MTAKETaMU (DYHKIHIA U KJIAaCCAMHU
00BexToB. Bee 310 mocTymHO B coBpeMeHHBIX cucTemax, Takux kak GNU Clisp, Python, CMUCL u
Ip., OCHOBHAS Iipo0JieMa MpH N3YYEeHHH KOTOPHIX — CITUIITKOM MHOTO BCETO, pa30eraroTcs riasa,
TPYZIHO BRIOpaTh MepBoouepeaHoe. Bee aTo npeBpaiaer qr060i quanexT Jlucna B mpakTHIHBINA
UHCTpYMEHTapui, 001aJaroIuil HHTEPECHBIMHU TTEPCIIEKTUBAMH.

PesynbraTuBHOCTS Hjiei Jlucna nmoaTBepkaeHa caMoi UCTOPUEN Pa3BUTHUSL €ro JUAJIEKTOB U
POICTBEHHBIX €My SI3bIKOB porpammupoBanus. (Pure Lisp, Lisp 1.5, Lisp 2, Interlisp,
CommonLisp, MicroLisp, MuLisp, Sail, Hope, Miranda, Scheem, ML, GNU Clisp, CLOS, Emacs,
Elisp, xLisp, Vlisp, AutoLisp, Haskell, Python, CMUCL). Crangapt Common Lisp B cpaBHeHHH ¢
Jlucnom ot MakKaprtu umeer ps oTIM4mnil, HECKOJIBKO BIUSIOIUX HA MporpaMMoTexHuky. GNU
Clisp, xLisp, CMUCL cooterctBytoT ctannapry Common Lisp.

DyHKIHOHATBbHOE POrPaMMHPOBaHue c(POPMUPOBATIOCH IIPU UCCIIEIOBAHNUU U PA3BUTUHU
HCKYCCTBEHHOT'0 MHTEJJIEKTa U OCBOEHUHU HOBBIX TOPU30HTOB B HH(opMaTuke. [IpoymanHocTs u
MeTouecKas 000CHOBaHHOCTh NEepBbIX peanu3alnuii Jlrcna no3Bosuia ObICTPO HAKOMUTH OIBIT
pelIeHHs] HOBBIX 3a/1a4, OJTOTOBUTH UX JIJISl PUKIIATHOTO M TEOPETHUECKOTO MPOTrpaMMHUPOBAHHUS.
B HacTositiee Bpemsi CyIIeCTBYIOT COTHH SI3bIKOB (DYHKIIHOHAIBHOTO MPOTPAMMHUPOBAHUS,
OPHUEHTHUPOBAHHBIX Ha pa3HbIE KJIACCHI 3a/1a4 U BUbl TEXHUUECKHUX CPEJICTB.

HNnen Jlucnma BhIACpXKAIM MHOTOJICTHIOW HUIMGOBKY M 3aCIy)XWJIH JIOCTOHHYIO OIEHKY
CHEIHMATUCTOB U JII0OUTeNel. YHHUBEpcaAIbHOCTh Jlucna AocTaTo4yHa Ajisl MOJICIHPOBAHUS JIFOOOTO
CTHJII TpOorpaMMUpoBaHus. Brwipazutenphas cuna Jlucma oOperaeT HOBOE JAbIXaHHUE HA KaXKIIOM
HBOJIIOLIMOHHOM BUTKE pa3BUTUS WHGOpPMAIMOHHBIX TexHonorui. Ilorenmman Jlucma nam emie
NpeaCTOUT pacKpbiTh. CtunucTruka Jlucna HECKONBKO MPOTHBOpEUYAT TPATUIIMOHHBIM MOAX0AaM K
npeacTaBieHuto nporpaMM. Ho 3To mpotuBopeune orcTymnaer nepes oO0assHUEM CTpPOroM JIOTMKH
a3bika. Onpenenenue Jlucn-cucrem cpeacTsamu camoro Jlucmna gaet rTuOKyro OCHOBY /ISl pa3BUTHS
SI3bIKA U peau3yIolleil ero cucreMsl nporpammupoBanusd. Ha Jlucne pemenue 3agauu BeIpaxkaeTcs
B TEPMUHAX MOCTAHOBKH 3aJauu 0€3 MPHUBJICYCHUS PEATH3AIIMOHHBIX CYIHOCTEH U MHTEPPEHCHBIX
3¢ deKToB.
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Basuc Jlucna uaeanbHO JTaKOHUYEH - aTOMBI M IIPOCTHIE CTPYKTYPbI JaHHBIX —IEBSITh (GYHKUIUN U
(GYHKIMOHAIOB - OObIYHBIE (YHKIMH, KOTOpBIC AHAIM3HPYIOT, CTPOAT U pa3OuparoT Jro0be
CTPYKTypHBIE 3HadeHus (atom, eq, cons, car, cdr,), U cneuuagbHble (QYHKIMOHAJBI, KOTOpHIE
yIpaBIAIOT 00pabOTKONW CTPYKTYp, MPEICTABISIONINX BbIUUCIsSEMble BbIpaXkeHUs (quote, cond,
lambda, eval).

Cunrakcuc Jlucna u3sICKaHHO npocT. Pa3zaenutens - mpoOesn, OrpaHUYUTENHN - KpyTible CKoOku. B
CKOOKH 3aKiltoyaeTcs MpeicTaBieHne (yHKIMH C €€ apryMeHTamu. Bce ocTanbHOe - BapHaluu B
3aBHCHMOCTH OT KaTeropuu (YHKLIHH, ONPENEIIEHHOCTH aTOMOB M BBIYMCIMMOCTH BBIPa)KEHUII,
TUTIOB 3HAYEHUW M CTPYKTYp MaHHBIX. DYHKIHOHAJBI - 3TO OJHA W3 Kareropuil (yHKIUH,
UCHOJIb3yeMas IIPU OpraHU3alUK YIIPABICHUS BEIYUCICHUSMHU.

Jlucn - A3bIK CHMBOJIbHOH 00padoTku mHopmanuu. MeToasl nporpaMmupoBaHus Ha Jlucne
YacTO HaBIBAIOT “‘(DyHKIIMOHAIBHOE MpOrpaMMupoBanue”. JIucH mpouHo yTBEpAMIICS KaK ICIEPAHTO
JUIs 3aJad UCKycCTBeHHOro uHreiuiekra. K cepenmne cemmpaecsatsix rogoB XX Beka Ha Jlucne
pewanuch HauboJiee CJI0KHbIe B IPAKTHKE NPOrPAMMHPOBAaHUS 33/1a41 U3 00J1aCTH TUCKPETHOM
Y BBIYUCIIUTEIBHON MaTeMaTHKH, SKCIIEPUMEHTAIIBHOTO POTPaMMUPOBAHMS, JIMHTBUCTUKH, XUMHUH,
Oouosoruv, MeIWIUHBI U WHXXEeHepHOro mnpoektupoBanus. Ha Jlucne peanmmzoBana AutoCAD -
CHUCTEMa AaBTOMATHU3alMM WHKXEHEPHBIX pacyeToB, AW3allHa M KOMIUIEKTALlMM W3JEIUN W3
JIOCTYITHOTO KOHCTPYKTHBa, M Emacs — BechbMa MOMYyJSIPHBIA TEKCTOBBIM PENaKTOp B MHpPE
UNIX/Linux. Muorue co3peBmme Ha 0aze Jlucma cucTeMHBIE peIIeHHS TOCTENEeHHO OOpenu
CaMOCTOATEIBbHOCTD U BBIJCIIUIIUCH B OT/IEJIbHBIEC HAIIPABJICHUS U TEXHOJIOTHH.

Peanuzannonnsie HaxoAku Jlucna, Takue Kak CChIJIOUHAs OpraHU3aIMs MaMsATy, “‘cOopka mycopa’” -
aBTOMaTH3allMs IMOBTOPHOTO HCIOJIb30BAHUS MaMsITH, YacTUYHAs KOMIWIALMS MporpamMMm C
UHTEPIPETaUeH POMEKYTOYHOTO KO/, [UIUTEIBHOE XpaHEHHE aTPHOyTOB OOBEKTOB B MEPHOJ] UX
WCTIOJIB30BaHMS U JIP., IEPEKOYEBATN M3 00IaCTH UCCIEAOBAHUI 1 SKCIIEPUMEHTOB Ha 6a3e Jlucna B
MPAKTHKY PEATU3aIH ONEPAIIMOHHBIX CHCTEM U CHCTEM MPOTrPaAMMHUPOBAHUS.

[TpuBepskenipl JIucna 1eHAT ero He TOJNBKO 32 3JIeraHTHOCTh, THOKOCTh, HO U 32 CMOCOOHOCTH K
TOYHOMY MPeACTABJICHHI0) TNPOrPAMMUCTCKHX Haeil M yno0HO# oTiaaake. B cranmapTHbIX
S3bIKaX MPOTrPaMMHUPOBAHUS MPHUHATA HMMIIEpATUBHAs OpraHU3allds BBIYMCICHUN MO MPUHIIUITY
HEMEJUICHHOTO BBIMOJIHEHUS] KaXJ0M odepeaHold KoMmaHAbl. OJTO He Bcerga OOOCHOBAaHO U
s dextuBHO. HemmmnepaTUBHBIE MOJENHM YHPABICHHS IPOLECCAMH TO3BOJISIIOT TPEPHIBATh H
OTKJIJIIBATh MPOIIECCHI, a TOTOM MX BOCCTAHABJIMBAThH U 3aITyCKATh HIJIM OTMEHSTH, YTO 00eCreueHo
B Jlucme cpencTtBamMu KOHCTPYHMpOBaHUSI (YHKIUH, OJIOKMPOBKH BBIYMCIECHHUH H WX SBHOTO
BBIITOJIHEHUS.
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HcTopus U BBIBOABI (BMecTo 3aKkmi0uenns )

I/ICTOpPIﬂ Jlucna IMIPOHU3adHA XKAPKHMHU CIOpaMH, IIPUTUBOPCUUBBIMHU CYKIACHUAMU, APKUMU
JOCTHXKCHUAMHU U CMCJIBIMU I/1306peTeHI/I$IMI/IZ

1958 - Ilepsoie myOmukanuu J>xona Maxk-KapTtu o 3ambIcie si3bIka CHMBOJIBHON 00pabOTKH.

1962-1964- ABTOpCcKHE MPOEKTHI MEepBHIX JIUCTI-CUCTEM .

1964- JlemoHCTpanusi NPUHIUMIUATIBHOW pPEIIaeMOCTH TPoOJIeM HCKYCCTBEHHOTO WHTEIIEKTA.
(Hanucannas JIx.Beitnen6aymom Ha Jlucne mporpamma-cobecenHuK “nu3a’, UMUTUPYOIIast

pedeBoe MOBEJCHHUE NICUX0aHATUTHKA, J1ajla MOJIOKUTENIbHBIM OTBET Ha BOIPOC O BO3MOKHOCTHU
HCKYCCTBEHHOTO pa3yma.)

1972-1974 - PaspelieHue TEOPETHUECKUX MapaJoKCOB, CBSI3aHHBIX C OECTUIOBBIM JIAMOAa-

HCUHUCIICHUEM.

1972-1980 - Cranpaptuszanus s3bika Jlucn.

1978 — IlosBnenue JIncn-KOMIbIOTEPOB.

1965-1990 - IlocTtpoeHue chHeUMATU3UPOBAHHBIX AWANEKTOB Jlucma M co3laHue NPaKTUYHBIX
peanu3anuil s MIMPOKOTO CHEKTPa BECbMa PAa3IUYHBIX MPUMEHEHUH, BKIIIOYasi HHKECHEPHOE
MIPOCKTHUPOBAHNE U CUCTEMBI MAaTEMAaTHICCKON 00pabOTKH WHGOpMAITHH

1992-2002 - Pa3zpaboTka Bu3yanbHBIX U cBepXdppekTuBHbIX Jlucn-cucrem, Takux kak CMUCL.

B namelt crpane nporpaMMupoBaHu€ 3HAKOMCTBO C si3bIKOM JIMCI cOCTOsIOCHh U3 MEPBBIX PyK. B

koHte 1968 rona /[xon Mak-Kaptu nudno mo3nakoMui nporpamMmuctoB MockBbl 1 HoBocuOupcka
¢ JIucnom, 4To moOyAusIoO K peaian3alii OT€UYEeCTBEHHBIX BEPCUH S3bIKA.
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TepMmuHbI

Tepmun Term Onpenenenue

AJropuT™m algorithm AGcTpakTHOE IPECTABICHAE IIPOIIECCa, KOTOPBIN MOXKET
OBITH MCXaHU3HPOBaH, T.K. €My IIPEACTOMT ObITh
3alpOrpaMMHUPOBAHHBIM IS BBIIOJHEHHSI MAILIHOM.

A-cnucok a-list AcCOUMATHBHBIH CIHCOK

ACCOIIHATHUBHBIN CIIHCOK

Association list

CIiCcoK map, SKBUBAJICHTHBIN TaOJHIIE C IBYMS CTOJIOIIaMH.
Vicrionb3yeTcs I CBSI3bIBAHUS MePeMEeHHBbIX C UX
3HAYEHUSAMU U (PYHKLMIA C UX OIPEICHUSIMU.

Hanpumep, (VAR1 . VAR2) (B . (U V (W)))(C . Z))

ATomM

Atom

ATOMHBIH CHMBOJI

ATOMHBIH CHMBOJI

Atomic symbol

MuHUMaNEHBIH JIeMEHT S-BbIpazkeHui. JlomycTumele
ATOMHBIE CUMBOJIBI — 3TO OMpEIEICHHbIE 10CIE0BATEIbHOCTU
OyxB, rudp u cnennanbHEIX autep. [pumepsr: Al M NIL
baza_2-1

Basucuble gyHKuuu

Basic functions:
CAR, CDR, CONS,

OTH QyHKIMU Ha3bIBAIOTCS OA3UCHBIMH, TIOTOMY YTO X
J10CTaTOYHO JUIS IIOCTPOEHMS IIOJHOIO KJIACCa BBIYMCIMMBIX

EQ, ATOM (yHKIHI OT S-BBIpaKCHUH NCTIOIB30BaHNEM KOMIIO3UIIHH,
YCIIOBHBIX BBIPAXEHUH U PEKYPCHUH.
Berony- total
. DyHKIMS, KOTOpask BO3BpAILAET pe3yJibTaT Ha
onpejeieHHbIe functio
IFOOOM apryMeHTE - TOTAJTbHAS (YHKIUSA
bynkuun n
Destruc
JeCcTpyKTHBHBI tive DYHKIUH, U3MEHSIOLIUE CTPYKTYPY BXOTHBIX
e QpyHKuuMn functio nanHbIX. Hanpumep, nconc
ns
Monens BBIYMCIEHUH, TPU KOTOPOH
Laz 3a7Iep)KIBACTCS BBIYMCIICHUE BCEX (aKTHYECKUX
3ameJieHHbIE eval}lll afi ApryMEHTOB BCeX (DYHKIHUH, a TaKxKe
BbIYMCJIEHUS on 3a]ICP)KIBACTCS BBIYUCICHUE CaMUX (DYHKIIHH.
J171s1 IOy 9eHns pe3ynbTaTta He0OX0auMO
BO300HOBIISITh BEIYUCIICHUSI.
Omnpenenenue GyHKINH + KOHTEKCT B MOMEHT
omnpeneneHust 3Tol GyHkmn. B JTucrme
. 3aMBIKaHHE CTPOUTCS C TOMOIIBI0 (DYHKIIUU
3aMbikaHue Lexical N
FUNCTION. Iloctpoenue 3amMblKaHU
$yHkuun closure
03BOJISICT O0JIee HATEKHO ONEPUPOBATH C
(YHKIHSAMY, Y KOTOPBIX €CTh CBOOOTHBIC
TIepeMEeHHbIC
Pure
Hneanbuas functio Yucras pyHkuus, 6e3 mo6ouHbIX 3¢ HEKTOB C
ynxuus n OJITHO3HAYHBIM PE3YIbTaTOM
HNuauxaTtop cBoiicTBa Indicator Vwms cBoiicTBa aToMa (aTpu0yT), pacroioKeHHOE

HETIOCPECTBEHHO Mepe/l 3HAY€HHUEM 3TOT0 CBOIMCTBA B CITUCKE
CBOMCTB aTOMa.
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HNnTepnperatop

Interpreter

WHTepnpeTaTop BBIIONHAET IPOrpaMMy, UCIIONIB3YS €€
MICXOJIHBIN SI3BIK M ()OPMAIIBHO UCTIONHSISA IPEICTABICHHBIC
[IpOrpaMMOM alropuTMBbL. B 3TOM oTiin4Me OT KOMIMIATOPA,
KOTOPBII IEPEBOUT IIPOrPaMMy € UCXOJHOTO A3bIKA Ha SA3bIK
MAIIHBI 7SI MHOTOKPATHOTO UCTIONHEHHS alTOPUTMOB TIOTOM.

HcTHHHOCTHBIE
3HAYEHHUA

True
values

HUctuna u Jloxb. B Jlucne 3tuM noHATHsIM
cooTBeTcTBYIOT aroMbl T u NIL.

Komnuastop

compiler

Iporpamma, epeBOAAILIAs C HCXOJHOTO SI3bIKA HA
MaIIMHHBIA (0OBEKTHBIH) 5A3bIK. B 0Tn4ue oT G0sbIIMHCTBA
KOoMIMIATOPOB, LISP — komMnuisTop He nmblTaeTcs
KOMITHIIMPOBATh MOJIHYIO MPOrpaMMy 0 €€ UCIIOTHEHHS.
bonee 3¢hexTrBHA KOMITMIIAINS OTIEIBHBIX (QyHKITHH,
ONMCAHHBIX KaK S-BbIPasKeHHs1, HA MALIMHHBIN SI36IK BO BpEMsI
BBIYHCIICHHS, TT0 MEPE HX OTIAIKH.

Komnosuuus

composition

Kommozutyst GyHKIHH — 3TO UCTOTb30BaHIE 3HAYCHHSI
OJHOM (DYHKIMU B Ka4eCTBE apryMeHTa Apyroi. OObdHO
KOMIIO3UIIMS 3aIIUCBIBACTCS C MMOMOILBIO BIIOKEHHBIX CKOOOK.

[Ipumep: (CONS (CAR Y) X)

Koncranra

Constant

CHUMBOJI, 3HAUEHUE KOTOPOTO HE MEHSETCS B TCUCHHE
BEIYMICIICHUM.

ITpumepsr: T NIL 12 3 «cTpoka ...

KonTekcr

context

CocrosiHHE Cpe/ibl, B KOTOPO# POUCXOIHUT
BBIYHCIICHHC

Jlucn

Lisp

YHUBepCaIbHBbIil A3bIK IPOrPaMMHUPOBAHUS,
co3aanHbli J[HxoHom MakkapTu B KoHIe 60-¢
TOJI0B.

Jlucn-
Npoueccopsl

Lisp
process
or

AmnmapaTHbIe peann3aliy IOAMHOXKECTB S3bIKa
Jlucn, kouuenTyanbHo 6imu3kux SECD u s3bIKy
Scheme - aKTHBHO HCIONB3YeTCSI CTATHIECCKUH
KOHTEKCT. BbUTH BBIMYIIIEHBI PSIOM BEAYIIUX
¢bupM B koHIe 70-X TooB XX Beka.

Jlornyeckasi popma

Logical form

CnennansHas ¢popma, Bxrouaronias AND, OR wmn NOT,
KOTOpasi MO>KET UCTIOJIb30BAThCS IS TOCTPOEHHS 3HAYEHUH
MCTUHHOCTY U KOHCTPYHPOBaHUs NPEIUKATOB.

JIsam0a-BoIpakeHue

Lambda notation

O6o03HaueHHe, BIIEPBLIC IpeaIokeHoe Yepuem s
0000mIeHust BbIpaxeHHi (Gopm) U GYHKIHIH, HCTIONIB3YIOIIEEe
IPEYECKYI0 OYKBY «JISIMOJIa» JUIS YETKOTO BBIICICHUS B
(opMyax apryMeHTOB (pyHKIIHI.

Memo Memo- DyHKIUSA, KOTOPask HAKAIIMBAET paHee
dynKus functio BBIUMCJICHHbIE COOTBETCTBUS MEXIY apIyMEHTOM
Y n 1 pe3yNbTaToOM
. [TonMHOXKECTBO AEKaPTOBOTO MPOU3BECHHS 00NIACTH
Orobpaxenue Imaging, map A flerap p A
OIIpeaereHus 1 00JIaCTH 3HAUCHHS
[lepemenHas - CHMBOII, 3HAYEHHE KOTOPOTO
Iepemennas variable MOXET MEHSTECS B TIPOIECCE BHITOTHCHUS
IPOTrPaMMBI.
Ipenukar Predicate DyHKIUS cO 3HAYSHUSIMU UCTHHA (true) uiu J0Xb (false)
Pseudo-
IlceBno- .
functio DyHKIUSA ¢ TOOOYHBIM dPPEKTOM
GyHKUIHA
n
Empty Crmcok, B KOTOPOM HeT 3yeMeHToB. B Jlucme

Iycroii cnucox

list

00o03nauaercs kak NIL
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Pexypcust

Recursion

OmnpezeneHue sIBISETCS PEKYPCUBHBIM, €CJIM OHO CCBUIASTCS
Ha ce0s1. DTO MOXKET OBITH SIBHAS CChIIKA U3 OTPEIEICHISI WITH
KOCBEHHAsI, Uepe3 CEPHUI0 ONPEICITCHUI

Coopka «mycopay»

Garbage collector,

IIpoBepka HOCTYIHBIX CTPYKTYpP C TIOMETKOH, YTOOBI

reclaimer BBIZICIUTh HEHYKHBIE, HEAOCTYITHBIC CIIOBA — «MYCOp» . 3aTeM
BECh «MYCOp» COOMpaeTCs B CIUCOK CBOOOTHON MaMSITH, C
TeM 4TOOBI ATH CJIOBA UCIIOIB30BATh IOBTOPHO.
ATOM, 0071aJal0MAIl CIICKOM CBOMCTB [UIS XpPaHESHHS
CumBoa Symbol MMCHH, 3HAUCHUS, ONIPEACICHHS (DYHKINH, UICHTU(DHUKALIMN

MPUHAJIIC)KHOCTHU ITAKCTY U IIp.

Cnmcok CBOMCTB

Property list, p-list

HaGop nHIMKaTOPOB 1 3HAYEHHIA CBOMCTB, 00bEAMHEHHBIX B
OJIHOYPOBHEBBII CITHCOK M CBS3aHHBIA C HEKOTOPHIM aTOMOM B
TabJIMIE ATOMOB.

CnemnanbHas gpopma

Special form

Bcerpoennble GyHKIINY, KOTOPBIE CAMH BBIYHCIISIOT CBOU
apryMeHThl. Takast TeXHHKa 00eCIIeUnBaET CBA3BIBAHIE
MEpPEMEHHBIX, OJI0YHYIO CTPYKTYPY, LIMKIIBI U APYTHE MPOILIECCHI
YIIpaBJICHUsI BEIYUCICHUAMU.

CBo0oanasi nepeMeHHast

Free variable

[lepemenHnas, He 0OBSBICHHAS HU KaK pabodas B OJ0Ke, HH
Kak cBsi3aHHas B pyHKUMHU. [lepemeHHas MOXxeT
paccMaTpuBaThCsl KaK CBS3aHHAsl UM CBOOOJHAS TOJIBKO
BHYTPU KOHTEKCTa, B KOTOPOM OHa mosBiseTcs. [t
BBIYMCIICHHS! HHTEPIIPETATOPOM IIEPEMEHHAs! JOJKHA OBITh
CBs3aHA HA HEKOTOPOM yPOBHE HJIH MMETh ITOCTOSHHOE
3HaYeHne (KOHCTAHTA).

CaoiicTBO
aToMa

Propert
y

JlaHHOE, pa3MelIeHHOE B CUCKe CBOMCTB
aTOMAa HEMOCPEACTBEHHO BCIIE 32 MHIUKATOPOM
STOr0 CBOMCTBA.

Cpsi3aHHbIE NlepeMeHHbIe

Bound variable

HepeMeHHaa, BXoJs1as B CIIMCOK CBA3AHHBIX IICPEMCHHBIX,
pacnonoxxeHHbid 32 LAMBDA.

3Ha4YeHUEM CBA3aHHOU IIEPEMEHHOM SBIISIETCSA apIyMEHT,
PacnoJIOKEHHBIN B O3ULIMH, COOTBETCTBYIOLIEH BXOXKIEHUIO
nepemenHoil B LAMBDA-cnucok. Hanpumep, B BeIpaXeHUU
BUJA:

((LAMBDA (X Y ) E )(QUOTE (A B)) (QUOTE C))

Y umeer 3Hauenne C, 11t moObIX ero Bxoxkaeuuii B E, a X
— (A B).

Cnucok cBo0OIHOM NaMATH

Free-storage list

CHHCOK JOCTYIIHBIX CJIOB aMSTH, UCIIOJIb3yEMbIX IIPH
BeranciieHny. Kaxaoe oopamenne k CONS mpeoOpa3zyer
TepBOE CJIOBO CIMCKAa CBOOOIHOM MaMsITH, KOTOPOE U3 dTOTO
crrcka uckirodyaerca. Korma crmcok ¢cBoOOIHOM maMaTH
HcUepIiaH, TOra NPOBOAUTCS cOOpKa Mycopa U CTPOUTCS
HOBBII CITHCOK CBOOOIHO ITaMSITH.

Cnucok

List

S-BbIpaskeHue, U1 KOTOPOTO JBM)KEHUE BIIPABO
orpannyeHo cumBosioM NIL.

IMpenukar LISTP(x) = NULL(x) OR (NOT (ATOM (x))
AND LISTP (CDR (x)))

Cnuco4yHasi 3anuch

List notation

Merton n3zo0paxeHus: S-BbIpaKeHUi B BUJIC
(ml m2... mn) BMmecTo BHIA

(ml. (m2.(....(mn.NIL)))
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Tadauna Atom ®dopma xpaHeHHs HHPOpManuu 00 aToMax B
aTOMOB table eanu3anusax Jlucma.
Koz THma 3Ha4YeHust B CTPYKTYpE JaHHBIX.
Ter Tag A TPYKTYpe 2t
CompoBOXKIAET aJIpec B yKazaTele.
Total
Toraxbnast functio Bcroay onpenenenHasi pyHKmus
yuknusn n y onp Y

Touyeunasi HOTaLUSA

Dot notation

Merton 3anucu S-BbIpa:KeHUH COCTABICHUEM 3aKITFOYCHHBIX
B CKOOKH TIap S-BBIpaXEHHI, pa3IeIeHHBIX TOUKOH. TodeuHas
HOTaIMsl — 0a30Bast CTPYKTypa NaHHbIX B Lisp-e. CimcoyHas
3aMuch ONPENENsIeTCs C MOMOIIBI0 TOYEUHOM HOTAIINH.

Ipumepsr: (A . B) (A .NIL)

Yka3zareanb

Pointer

OO0BIYHO - afipec, 0 KOTOPOMY, MOXKHO HalTH
rnpojomkenrne nadopmaruu. B Jlucie Takoi
aipec COMPOBOXKAAETCS TErOM, 3aAA0IIHUM THIT
3HAUEHUS, PACOJI0KEHHOIO 1O aApecCy.

YHuBepcaibHa
A1 pyHKIHusA

Univers
al
functio
n

DyHKIUS, ApTYMEHTBI KOTOPOi — S-
BBIP2)KCHUSI, TIPEACTABIIIONINE TIO0YI0
BEIYMCIMMYIO (GOpMY MM yHKIIMIO U ee
apryMeHTbl. 3HaUCHUE YHUBEPCAIbHON (yHKINU
— 9TO 3Ha4YeHNEe (HOPMBI FIIH Pe3yIbTaT
BBIYMCINMON (DyHKIIMN, IPIMEHEHHOH K e
apryMeHTaM.

ITpumepsr: EVAL, APPLY

YcaoBHoe BbIPa:K€HUE

Conditional
expression

3amuch BeTBJICHHS B BHJIE BBIPAXKEHHs, COCTOSAIIETO U3
CTIHCKA MIPEANKATOB U COOTBETCTBYIOIINX MM (hOPM.
3HaueHHUEM YCIIOBHOTO BBIPAKEHHUS SIBISIETCSI
3HauYeHHe (POPMBI, COOTBETCTBYIONIEH TIEPBOMY HCTHHHOMY
[peJuKary.

IIpumep: (COND ((< A 0) B) (T C))

®opma

Form

Bripa:keHue, KOTOPOE MOXKET OBITh BEIUHCICHO, €CIIN
YCTaHOBJICHO HEKOTOPOE COOTBETCTBHE MEXKTy BXOJSIIUMH B
HETo IIEPEMEHHBIME U Ha00poM (PaKTHIECKUX apTyMEHTOB.
@OyHKIMY B 0TIMYKE OT GOPMBI CIIELYeT SIBHO 3a/1aTh
apTyMEHTBI.

DOYHHKINOHAJIbHbII
apryMeHT

Functional argument

DyHKIUS, SBISIOMAsCS apryMeHToM (yHKIHOHana. B
Jlucre GyHKIMOHABHBIC apIyMEHThI 0003Ha4Yal0T GopMoit “#’
(FUNCTION).

l

DOyHKIHA

Function

DyHKIUs Tpeodpa3yeT BXOHBIC TaHHBIC B BBIXOIHEIE.
OyHkuuu B Jlucne onuchIBatOTCs C MOMOIIBIO CHIEMaIbHON
¢yukmmn DEFUN. [Iporpamma Ha Jlucme - 3T0 KOIIEKITHS
(yHKITHH.

Yucroni JIucn

APPLY

Pure
lisp

APPLY

AGCTpPaKTHBIH SI3BIK IPOTPAMMHUPOBAHUS Ha
0a3e MuHUManbHOrO Habopa pyHkiwmii: CAR,
CDR, CONS, EQ, ATOM, COND,
LAMBDA,QUOTE.

Meron npuMeHeHns (pYHKIUH K CITIUCKY €€ apTyMEHTOB.
EVAL u APPLY - GyHKIHH C TOMOIIBIO KOTOPBIX MOKHO
CKOHCTPYHpOBaTh uHTeprperarop Jlucna. Bee GpyHkmum
BBICIIINX ITOPSJIKOB B TOW WJIM MHOW CTETNIEHHU UCIIOJIB3YIOT
APPLY wiu FUNCALL
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CAR

CDR

EVAL

NIL

S - BhIpa:keHHe

CAR

CDR

EVAL

NIL

S - expression

TonoBa HearomapHOTO S-BhIpamenus. Mims 06pa3oBaHo OT
Contents of Addres of Register. ['ostoBa cricka umm
TOoueuHOU napsl. JIeBas 4acTh

XBOCT HeaTOMapHOTO S-BEIpakeHus. lIMs oO6pa3oBaHO OT
Contents of Decrement of Register

DyHKIMA, KOTOpask BEIUMCIIAET BpaxkeHus B Jlucne B
COOTBETCBHH CO CITUCKOM (DaKTHIECKHX MTapaMeTPOB U
CEMaHTHKOW BBIYHCIISIEMOTO BBIPKEHUS

Iycroii cimcox. JIoxs.

YHHBepcaanaﬂ CTPYKTYpa JaHHBIX JUISI CUMBOJIBHBIX
BBIYHCIICHHA — CHMBOJILHOE BBIDAKCHUE.
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