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VYyebHoe mocoOue TmpeAHa3HAyeHO [UI AaCHUpPAHTOB  HaIpaBJICHUS
noaroroBkn 09.06.01 myisgs ocBOeHMS AUCHUIUIMHBI «APXHUTEKTypa KOMIIBIO-
Tepa U SA3BIKM [porpaMMupoBaHus». B mocoOum paccMOTpeHBl  apXu-
TEKTypa  COBPEMEHHOIO  KOMIIBIOTEpa,  OpraHu3alus Mpoleccopa, OCHOB-
Hele xapaktepuctuku mporeccopoB CISC, RISC, MISC, opranuzamms mpo-
LIECCOB BBIYMCIICHHS] B IPOLIECCOPE, CIOCOObI MOBBIMICHHUS HX OBICTPOIAEHCTBUSA
3a MapajuleJIu3MOM BBIYMCIICHHNH. B pasnene mporpaMMHpOBaHUS pacCMOTPEHBI
OCHOBHBIE MApaJUIMbl NPOrPAMMHUPOBAHHUS, XAPAKTEPHBIE I COBPEMEHHBIX
A3BIKOB  NPOrpaMMHUpOBaHMs.  JlaHBI  ompeneneHuss M XapaKTEPUCTUKU
OCHOBHBIX  MapajurM: UMIIEPATUBHOM, (YHKIIMOHAIBHOM, TIOTUYECKOW U
OOBEKTHO-OPUEHTUPOBAHHOM.  [[Is  Kaxkmol  mapaaurmMbl pAaCCMOTPEHBI  Xa-
pakTepHble Uil HEE KOHCTPYKLMH, S3BIKM C 3JEMEHTaMH CHHTaKCHCa U Ce-
MaHTHUKH.

©bennuk H.B., ITonkosckas M.H., 2022
©MU 3 natenscTBO MpkyTrckoro 'AY, 2022



BBEJAEHHUE

Llenpr0 M3y4eHUs] OUCUMIUIMHBI SIBISETCS 3HAKOMCTBO CO CTPYKTYpOU H
peanu3anueldl COBPEMEHHBIX KOMIIBIOTEPOB M COBPEMEHHBIMH  METOJaMHU
MPOEKTUPOBAHUA U Pa3pabOTKH MPOTPAMMHOTO 00eCTICUSHHUSI

OcCHOBHBIE 321a4M OCBOCHHMSI TUCLIUILINHBI:

* OCBOGHME MHKPO  ApXHUTEKTYphl, 0a30BbIX  MHUKPOIPOLECCOPOB,

KOMMYHUKAIIMOHHBIX CpE;
* paccMOoTpeHue 0a30BbIX NPHUHLMIIOB OPTraHU3alUU  apXUTEKTYp C
HapaJyIeIM3MOM Ha YPOBHE JAHHBIX, KOMaH/, [IOTOKOB U IPOLECCOB;

* 3HAKOMCTBO C Pa3JINYHBIMH IapaJurMaMu IPOrpaMMHUPOBAHMS.

Pe3ynpraToM OCBOCHMS NHCUMIUIMHBI «APXUTEKTYpa KOMIIBIOTEPA U S3BIKH
IIPOTPAMMHUPOBAHMS>  SIBISIETCA OBJAJACHUE acCIUpaHTaMd 110 HaIpPAaBJICHUIO
noarotoBku 09.06.01 MudopmaTtuka M BBIYMCIHTENbHAS TEXHHUKA CIEAYIOIIMX
BUJIOB TPO(PECCUOHATIBHOMN €SI TEIbHOCTH:

* MpenojaBaTelibcKasi AEATEIbHOCTh MO 00pa30BaTENIbHBIM IpOorpaMmmaM

BBICIIET0 00Opa30BaHuUs;

. HAy4YHO-UCCIIEI0BATEIbCKAS JEeSTENbHOCTD B obnacTu
(GYHKIMOHUPOBAHUS BBIUMCIUTENBHBIX MAIIMH, KOMIUIEKCOB, KOMIIBIOTEPHBIX
CeTell, CO3AaHMus AIEMEHTOB M YCTPOMCTB BBIYMCIUTEIBHOW TEXHUKH Ha HOBBIX
(Gu3NYECKUX W TEXHUYECKUX NPUHLHUIAX, METOJOB 0OpaOOTKM U HAKOILJICHUS
uHpOpMalluK, aIrOPUTMOB, IPOrpaMM, S3bIKOB MPOTPAMMHUPOBAHUS U YEJIOBEKO-
MaIIMHHBIX UHTep(dericoB, pa3pabOTKM HOBBIX MaTeMaTHYECKHMX METOIOB U
CPEICTB TOJJEPKKH HHTEIUICKTyalbHOW 00pabOTKM JaHHBIX, pa3pabOTKH
UHPOPMALIMOHHBIX UM  aBTOMATHU3HPOBAHHBIX CHUCTEM IMPOEKTUPOBAaHUS U
yIpaBICHUS B MPUIOKEHUH K PA3IMYHBIM IPEIMETHBIM 00IACTSAM.

[Ipensaraemoe mocodue COCTOMT W3 JBYX dYacTeil. B mepBoii wvacTu
PacCMOTPEHBI OCHOBHBIE MOJOKEHHUS, CTPYKTypa M peaju3alus COBPEMEHHBIX
MIPOLIECCOPOB, CHOCOOBI OPraHU3alMM BBIYMCIUTEIBHOIO MPOLECCa U CPENICTBA
MOBBIIIEHUS OBICTPOACHCTBUS MyTEM Mapajuieu3mMa NpoLUECCOPOB U BEIUMCIICHUN.

Bropas yacth mocBsllleHa NPOTPaMMHPOBAHUIO HA SI3bIKAX, OTMEYEHBI
OCHOBHBIE€ TapaJUrMbl MPOrPaMMHUPOBAHUS, U MPOrpaMMHUPOBAHUE Ha S3bIKAX
OCHOBHBIX MAPaJUTM.



1. APXUTEKTYPA KOMIIBIOTEPA

1.1. Cmpykmypa Kkomnvromepa

1.1.1. TunoBasi CTPYKTypa KOMINbIOTEpPa

B o6miem cityuae ctpykrypy KoMIibroTepa MOYKHO TIPEJICTaBUTh B CIICIYIOIIEM
Bune [1]:
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Pucynok 1.1. Tunosas crpykrypa Komnerorepa

AJIY — npenHa3Ha4yeHO IS BBIMOJTHEHUS! apU(METUYECKUX U JIOTHYECKUX
npeodpa3oBaHU HaT JAHHBIMH OTPEICICHHON JUTMHBI.

IMamaTe, - mnpenHazHaueHa Ui XpaHeHuss wuHGopMmanuu (JaHHBIX U
nporpamMMm). YacTto cocToUT U3  ONEPaTUBHOM  MaMSITH U BHENIHETO
3alIOMUHAIONIETO YCTPOUCTBA.

Kak npaBuio, ganuele, K KOTOpbIM MOXeT oOparmiatbess AJIY HaxoasTcs B
OIl

B3Y — ucnonb3yercs 711 JOJITOBPEMEHHOTO XPAHEHUS JAHHBIX

YupasJasiiomee ycTpoicTBo (YY) - aBToMaTHuecku 0€3 yJyacTus 4esioBeKa
yOpaBisieT BBIUUCIUTEIBHBIM MPOIECCOM, MOChUTasi CUTHAJBI BCEM YCTPONCTBaM
JUISL  pealu3allii  ONpEeJeIEeHHbIX JEUCTBUN (Hampumep, Ui BBIIOJHEHUS
onpenesieHHon onepanun AJIY).

VYV B cBoelt paboTe pyKOBOJCTBYETCSI IPOrPaMMOH.
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IIporpamma cOCTOMT M3 KOMaHJ, Ka)xJasi U3 KOTOPBIX, OMpPENEISAET KaKkoe
anbo neiictBue W omepana. [IporpamMmma B CBOIO OdYepelb OCHOBBIBAETCS Ha
QITOPUTME PpELIECHUs [OCTaBJIEHHOM 3amauu. Takod cmoco® yrpaBieHUs
IpOLIECCOM  pEHIeHMs  3aJayd  Ha3bIBaeTCd  IMPUHLUIIOM  POrPpaMMHOTO
yIpaBJICHHUS.

Kaxk npaBuno, nporpammsl xpansarcs takxke B OIl HapaBHe ¢ nanHbiMu. [Ipu
TOM TMepe] BBHINOJHEHUEM MPOrpaMMbl COOCTBEHHO MpOTrpaMMa M JIaHHbBIE
JOJDKHBI ObITh oMenieHbl B OI1. Yare Bcero 3To mpoucXoIuT Yepe3 yCTPOUCTBO
BBOoJa WH(popManuu (KiaBuatrypa, AucK). KoMaHIbpl BBINMONHSIOTCS B TOPSAKE
CJIEIOBaHUA B POrpaMMe KpoMe KOMaH/| IEpexoaa.

YerpoiicTBa BbIBOAA CIyKaT UId BBIJAYM HHPOpPMAIMH, PE3yIbTaTOB
(Hanpumep, Ha TUCIUICH, IPUHTED).

IIyasT ynpaBieHUss UCHOIB3YETCS ONEpaTOpoM I KOHTPOJIS XOJa
BBITIOJIHEHUS MPOTpaMM U BO3MOKHO Jiig ero npepsiBanHus (B [IKOMIIBIOTEP -
OTCYTCTBYET).

Pemenue 3anau ¢ nomonipio Komnbrorepa npeacTaBieHo Ha PUCYHKE:
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Pucynok 1.2. Cxema pemrenus 3agad Ha Komnerorepe

B nactosmee Bpemss Hanbosee pacnpocTpaHeHHBIM BHIOM KommbroTepos
aBisieTcs  nepcoHanbHbll  Kommbiorep. CTpykTypHas cxeMa MepCOHAIbHOIO
Kommnrsrotepa npencrasieHa Ha pucynke 1.3.
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Pucynok 1.3. CtpykTypHas cxema nepcoHnaibHoro Kommerorepa

1.1.2.B3anMoCBSI3b aNNAPATHBIX M MPOTPAMMHBIX CPeICTB KOMIILIOTEPa

ITockoNbKy B OCHOBY NIpPHHIIUIIA paOOThl KOMITBIOTEpPA ITOJOKEH IPUHITUII
MPOrPaMMHOI0 yNpPaBJICHUS, TO 3TO O3HAYaeT, YTO ISl PEIICHUS 3aJa4d B
KOMITBIOTEPE UCIIOIB3YIOTCS CPEACTBA ABYX BUJIOB: allapaTHBIEC U MPOrPaMMHEIE.

OnepanmoHHas CHUCTEMA - BBIYMCIWTENIbHASA W IeHTpalbHas yacth [1O:
yIIpaBJICHUE BBIYHCIIUTEILHBIM MIPOIIECCOM, TIAHUPOBAHUE padoTHI,
pacnpenesieHusl peCypcoB KOMIIBIOTEpA, aBTOMATHU3AIUs IPOILECCOB MOATOTOBKH
IporpaMM W OpPTaHM3allMs WX BBINOJHEHHUS, OOJierdeHue OOIIEeHUs oleparopa ¢
KOMITBIOTEPOM.

[Tonp30BaTeIh HE MOXKET HANIPSIMYIO OOIIATHCS C anmapaTHBIMU PECYpPCaMH.
Oty 3agaay 6epet Ha cedst OC.

[Iporpamma TeXHUYECKOTO OOCITY>KUBAHUS - ISl IPOBEPKU 00OPYAOBaHUS,
JMarHOCTUKH, TeCTHpOBaHUsA. IlakeThl NMPHUKIAJHBIX MporpamMMm - 0a3bl JaHHBIX,
TEKCTOBBIEC MTPOLIECCOPHI.


https://sites.google.com/site/gosyvmkss12/organizacia-evm-i-sistem/01-obsaa-struktura-evm-naznacenie-osnovnyh-blokov-vzaimodejstvie-programmnogo-i-apparatnogo-obespecenia-evm-osnovnye-harakteristiki-evm/3.PNG?attredirects=0

Omepatop

l

Hang OC MamHHEHO-HE3AEHCHMEIE
ASHIEH

IlageTH OPHEI4AAHEIR

Accembnep nporpau

MEmEEHLE A3HE

e
OnepadHOHEHEAR CHCTEMA

F 3

-
ANN3apaTHEE CPeOcTER

Pucynok 1.4. CTpykTypa CHCTEMHOTO IIPOrPpaMMHOT0 00eCTICUeHUS
KOMIIbIOTEPA.

1.2. Ilpoueccop u mukponpoueccop

1.2.1. IlousiTue mpoueccopa 1 MUKpPOIpoLeccopa

[Ipy TPOEKTUPOBAHUU TMOIYNPOBOJHUKOBBIX aBTOMATOB, PEATH3YIOIIUX
HEKOTOPYIO BBIYUCIUTEIbHYIO (PYHKIIMIO, BCET/Ia BO3MOXXHO JIBa CJIyJasi:
® peanu3oBaTh BCIO JIOTWKY aBTomata (nmorumueckue Qpynkiuu U, NI, HE,
ECJIN... TO u gpyrue) ammapaTHO, TO €CTh CO37aTh MHUKPOCOOPKY WITU
MUKPOCXEMY, PeaJIU3YIOIINI TaHHbBIN anroputm "B caMmoM cebe",
® CO03/1aThb HEKOTOPHBIN "YHHBEPCAIbHBIN BBIUYMCIUTEND', KOTOPBIM pean3yeT

BECh AJITOPUTM MTPOTPAMMHO.

IIpu 3amMaH4YMBOM MOPOCTOTE MEPBOrO MOAXOJA BO3HHUKAKOT CIEIYIOIINE
CIIOHOCTH: TPOEKTUPOBAHUE, TMpOBEpPKa pabOTOCIOCOOHOCTH, OTJIajJKa Ha
OMBITHOM 00pa3lie MHUKPOCXEMbI, OTJIaJKa TEXHOJIOTHU €€ W3rOTOBJICHUSA —
TpeOYyIOT MHOTO BPEMEHHU U CPEACTB, MOATOMY TaKUM CIIOCOOOM pean3yroTCs
J1M00 OYEHb MPOCTHIC AJTOPUTMBI, JTUOO MUKPOCXEMBI, PEATH3YIOIINE MAaCCOBBIC
JITOPUTMBI U MO3TOMY BBIITYCKAIOIIHECS KPYMHbIMH cepusiMu. Kak pa3 K »Tum

MHUKpPOCXEMaM OTHOCAT MHKPOIIPOIIECCOPHI, CIIOCOOHBIE HE TOJBKO paboTaTh IO


https://sites.google.com/site/gosyvmkss12/organizacia-evm-i-sistem/01-obsaa-struktura-evm-naznacenie-osnovnyh-blokov-vzaimodejstvie-programmnogo-i-apparatnogo-obespecenia-evm-osnovnye-harakteristiki-evm/4.PNG?attredirects=0

CTpPOrO 3aJaHHBIM aJIropuT™MaMm, HO U '"SMYJIUPOBaTh' MHOXKECTBO JIPYTUX
aJITOPUTMOB.

BcnenctBue  atoro, npuMeHeHHE — YHUBEPCAJIbHOTO  BBIUMCIUTENSA"
MPEANOYTUTENbHEN eclTi He0OX0IUMO:

® [pU UCHOJb30BAHUU OJTHOTUIIHBIX CIOXHBIX aJIrOPUTMOB, TPEOYIOIMIUX
BBIYUCIUTEILHON MOIIHOCTH W i1 KOTOPBIX HE BBIFOJHO HW3TOTOBIATH
MUKPOCXEMBI € "KECTKOI" JTOTUKOW;

® [IpU peAM3aAlUU PEAKO HCIOJIb3YEMbIX AITOPUTMOB JIOOOW CIIOKHOCTH,
o100 B YCTPOMCTBaxX, JJIsI KOTOPHIX TpeOyeTcs JacTas CMEHa alfOpUTMa
(HanpuMep, B aBTOMATU3MPOBAHHBIX TEXHOJOTUYECKUX JIMHUAX, HAYUHBIX
UCCJICIOBAHUSIX U T.J1.)

Bo Bcex aTHX ciywasix TpeOyeTrcsi HEKOTOPOE YCTPOWCTBO, SIBISIOIIUMCS
»TUM BbruucinutenemM. OH Ha3bIBaeTCs ""'npoyeccopom'.

llpoyeccop — OT JNAaTUHCKOTO 'MPOABHKEHUE" — YacThb BBIYUCIUTEIBLHOIO
ycTporcTBa, Brmodamomero AJIY u YV, npenHazHaueHHas Ui peaavu3aluu
anroputT™a (Mpouecca caMOyNpaBIIAIONICHCsS MOCIEI0BATENbHOCTA ONEepauui s
pelieHuss  HEKOTOpOoW  3ajaud) B COOTBETCTBUM  C IPUHIUAIIOM
NPOCPAMMHO20 YNPaGleHUs. — ABTOMATHYECKUM BBITTOJTHEHUEM
MOCJIEA0BATEIPHOCTH KOMAHJI COCTABJICHHOM M BBEICHHOM B KOMIIBIOTED
IIPOTPAMMOM.

Llenmpanvuoiti  npoyeccop  (L{Il) — ocCHOBHOU  paOouuii  >JIEMEHT
KoMmbioTepa. OCYIIECTBISAECT BHIYUCICHUS aITOPUTMA 33/1a4i U YIIPABJICHUE BCEM
KOMITBIOTEPOM KaK €IMHBIM IIEJIOM.

Muxponpoyeccop (MII) — nOTYyNPOBOTHUKOBBIM KPUCTAIT WM KOMILJIEKT
KPUCTAJUIOB, HA KOTOPBIX PEaIU30BaH UEHTPAIbHbIN IPOLIECCOP KOMIBIOTEPA.

Conpoyeccop — MHKPOIPOIECCOPHBIN BJIEMEHT, JTOTIOJTHS FOIIUAIA
BO3MOXHOCTH OCHOBHOTI'O nporeccopa. Comnpoueccop pacumpser
BBIYUCIUTEIBHYI0 (MAaTeMaTUYECKYI0, CUMBOJIbHYIO, OJIOYHYI0) CIOCOOHOCTH
MpoIecCcCopa, U OJJHOBPEMEHHO — Ha0Op KOMaH]I, KOTOPBIMU MOXET TMOJIb30BaThCs
POTPaMMMUCT.

e  Mukpoxoumponnep — MoxHo paccMaTpuBaTh JIBa BU/JIA!
Muxpornponeccopras  BUC, CIIEUAJILHO  TpEIHa3HAYCHHas  JUJIA
WCIIOJIb30BaHUs B YIIPABISAIONIUX YCTPOUCTBAX, CUCTEMBI Mepelauu TaHHbIX,
cuctemMax  o0pabOTKM  M300paKeHU W CHUCTEeMax  YIpaBJICHUSX
TEXHOJIOTHYECKUMHU  mponeccamMu.  OOBIYHO  MHKpOCXeMa  TaKoro

KOHTpPOJJIEpa HMECT CPAaBHUTCIBHO H€6OJ'IBH_IYIO paspsAaAHOCTG CJIOBa H



OoraTelii HA0Op KOMaHJ MAaHWMYJIUPOBAHMS OTIEIBHBIMH OUTaMHU, HO HE

CrlocOOHa peanu30BaTh HEKOTOpPhlE apU(METHUYECKHE U  CTPOKOBBIC

orepalyy, XapakTepHbIe I IEHTPAIbHBIX (YHUBEPCAIBHBIX) MPOIIECCOPOB.

Kak npaBuino, MUKPOKOHTPOJUIEPHl pabOTAIOT COBEPIICHHO HE3aBUCUMO OT

LEHTPAJIBHOIO MPOLIECCOPA U YAaCTO HE YIPABJISIOTCS HM.

e MuKpONPOLIECCOPHOE YCTPOMCTBO WJIM CUCTEMaA, MNpEAHA3HAYEHHAs IS
UCIIOJIb30BAaHUSI B CHUCTEMax  VyIOPABICHHS W OCHOBaHHbIE  Ha
MUKPOIIPOLIECCOPE.

IIpoyeccop 8800a/8b1600a — CHEUUATU3UPOBAHHBIN poIieccop,
OCYUIIECTBJISIONMNA aBTOHOMHYIO OOpabOTKYy JaHHBIX, KOTOPHIMH OOMEHHMBAETCS
YCTPOMCTBAa BBOJIAa-BBIBOAA M LEHTPAJIBbHBIA IIpoleccop Win LeHTpaibHoe O3Y
KoMIbloTepa. MoXeT uMeTh COOCTBEHHBIE CpEACTBAa IPOrpaMMHpoBaHus. B
HACTOSIIIEE BPEMsI 3TOT TEPMUH yCTapEBaeT.

Cesasnou npoyeccop — CHEUHAIM3UPOBAHHBIA MPOLIECCOP BBOAA-BBIBOJA,
UCIIOJI3YEMbIA JJIsl YIPAaBJICHUS HEKOTOPBIM KOJIMYECTBOM JIMHUM M yCTPOMCTB
CBS3U. OTU JMHUM pabOTalOT MEIJIEHHO [0 CpPAaBHEHUIO CO CKOPOCTSIMHU
BBIYMCIICHHUS, [TI03TOMY OJMH MPOLECCOP MOXKET B PEXKHUME pa3JCiICHUS BPEMEHHU
oOcCiIy’)kMBaTh OOJIBIIIOE YHUCJIO JIMHUK (YCTpOHCTB). CBsi3aHHBIE IPOLIECCOPHI
UCIIOJIB3YIOTCS Uil O0OpaOOTKM JaHHBIX, OpPraHU30BaHHBIX B BHUJAE OJIOKOB,
MaKeTOB, COOOIIECHUM, IeUTarpaMm u T.]I.

B Hacrosimiee BpeMms yHugepcanbHvle MUKPOIPOLECCOPHBIE  YCTPOWCTBA
UCIOJIB3YIOTCS JUISl peaju3alid PEIKO HCIOJIb3YyeMbIX JUOO YacTO MEHSEMBIX
QITOPUTMOB C IMUPOKUM HAOOPOM BBIYUCIUTENBHBIX (DYHKIHM, a JIJIs1 00pabOTKH
CIIOXHBIX QJITOPUTMOB, TPEOYIOMMUX OOJBIINX OMAHOTUITHBIX BBIYUCICHUN W
KOTOPBIE HE HaJ0 MepernporpaMMpOBaTh, npu TOM
UCIIOJIB3YIOTCSl MUKPOKOHMPOLIEPbl U MUKPONPOYECCOPHbBIE cucmembl c
3auUuUmou npocpammo.

Hcropuueckn  pasaeneHue  MpOLECCOPOB  HA  IPOLECCOPBl |
MUKpPOIPOIIECCOPhl BO3HUKIO B Hadaie 70-x rogoB XX Beka, C HavalioM
IPOM3BOJCTBA OONBIINX MHTErpajbHBIX cXeM. COOCTBEHHO MHUKPOIIPOLIECCOP
OTJMYAETCS OT OOBIYHBIX MPOLIECCOPOB TEM, YTO pACIOJIaraeTcsi Ha OJIHOM
kpuctraiuie bUC.

Ecnu oTcnexxuBaTh MOKOJEHUSI KOMITBIOTEPOB IO 3JIEMEHTHOM 0a3e, MOXHO
YBUJETh, YTO C MEPBOTO MO TPEThE MOKOJECHUE KOMMBIOTEPOB (HA Jammax, Ha
TPAH3UCTOPAX M HA MAJIbIX HHTETPAJIbHBIX CXEMaX) 3JIEMEHThl KOMIIbIOTEPOB

(AJIY, peructpsl) 3aHMMaid MHOTO Mecta (IO IUIOMIAAM IJIaThl), U TO3TOMY



OOBEAUHATH UX B OJIOKU MO (PYHKIMOHAIBHOMY MPU3HAKY HE ObLIO cMbicia. [laxe
B OBM III-ro nokoneHusi CylmecTBOBAIIA OTACIbHBIE MUKPOCXEMbI CyMMAaTOpOB,
pPErucTpoB, AeMU@PPaTOpOB, KW YaCTO OBUIO TPOIIE 3aMEHUTH OTACIbHYIO
HEHUCITPaBHYIO0 MUKPOCXEMY, YEM BECh MTPOILIECCOPHBIN OJIOK.

Cutyanus crana MeHIThCs B KoHIle 60-x TooB XX Beka, KOr/ia, BO-MEPBBIX,
YMEHBIIWIUCH pa3Mepbl 3jeMeHToB (Tak mnosBuwinck bBbUC), a BO-BTOpBHIX,
YBEIMYUJIACh HAJIEKHOCTh M BBIXOJ TOTOBBIX MHUKpocxeM. Torma craiu
MIPOBOAUTCS MCCIENOBAHUS IO MOCTPOCHUIO MPOILIECCOPA HA OJHOW MHUKPOCXEME.
Ot cnoB "Mukpocxema" ("MICROchip") u nponeccop ("PROCESSOR") Bo3HukI10
noHsATue "Mukpomnporeccop” ("microprocessor"), a BOBce HE OT "MHHHATIOPHBIN
npoueccop”. Torma wMukpompoueccop CUATAIM YyAa4eCTBOM YYEHBIX W
MHKEHEpOB. B koHIe KOHIIOB B 1968 roay rpynmna ydeHsix Bo riaBe ¢ Kparom
bappetom (Crag Barrett) Bblgenwiach cO CKaHAAIOM U3 AMEPUKAHCKOIO
HCCIIEIOBATENIbCKOTO  LIEHTPa, 3aHUMAIOUIErocs  pa3pabOTKOM  TEXHOJOTHUHU
WHTErPaIbHBIX MUKpPOCXEM, B oTaenbHylo ¢upmy — Intel. Dra rpynma crana
co3/aBaTh MHUKpormpoleccopbl. B 1969 romy u3 3Toro e meHTpa BBIACIUIACH
dbupma AMD.

OObeauHeHne AJIEMEHTOB Mpolleccopa Ha OJIHOM KpPHCTalie MOBBICHJIA HE
TOJIBKO HAJIEKHOCTh, HO U CKOPOCTh €ro paboTsl. [lociie 3Toro ckopocTs paboThl
MPOIIECCOPOB YBEJIMUMBATIU TOBBIIICHUEM €T0 Pa3psSIHOCTH W YacCTOThI, O 4YeM
OyJeT cKazaHoO HIKE.

1.2.2. PaspsiiHOCTD Ipoleccopa

BaxxHbIM CBOMCTBOM MHUKpOIpoOLIEccOpa SIBISIETCS Pa3psiAHOCTh €ro IIUHBI
JAHHBIX U ajgpeca. BoIACHUM, TOYeMY 3TO TaK.

C oObenvHEHUEM DJJIEMEHTOB Mpolleccopa B OJUWH KpUCTAl Haubosee
Y3KMM MECTOM B IPOM3BOJMTEIBHOCTH IPOLIECCOPA CTANIA HE MEPECHIIKA JaHHBIX
MEXIy OJJIEeMEHTaMH TMpoIeccopa, a CKOPOCTh OOMEHa JaHHBIMH MEXIy
IPOLIECCOPOM U OCTalIbHBIMU YyCTpoWcTBaMu 1o ImuHE. Ilockoibky mrobas
orepaiysi, B TOM YKCJIE U MEpechUIKa JaHHBIX, HE MOXKET MPOUCXOIUTH ObIcTpee,
4YeM 3a TaKT, JIOTUYHO MPEIOJIOKHUTh, YTO KEJIaTeJbHO NepelaBaTh Kak MOKHO
Oonplie MHPOpPMALIMK 32 OJAMH TaKT. Tak Kak eAUHUIEH MH(POPMALMM SBIISETCS
OJMH OUT (TBOUYHBIN pa3ps), TO, 4eM OOJIbIIE MepeaacTCsl pa3psI0B 3a OJIUH TaKT

(Mo MIMHE TaHHBIX), TEM OBICTpEe pabOTaET MPOIECCOP.



C pa3psIHOCTBIO IIMHBI aipeca HEMHOTO cioxHee. Jleno B ToM, 4TO BCs
ajpecyemasi mamsTh KOMIbIOTepa MpOHyMepoBaHa mobaiTHO. I[loatomy s
oOpalieHusi mpoleccopa K maMiaTh €My HEeOOXOAMMO 3alpOCUTh aJIpeC HY>KHBIX
JAHHBIX MO0 aJpecHOM mmmHe. Pa3psgHOCTh MIMHBI ajapeca OmIpenemseT
MaKCUMAaJIbHBIA HOMEpP OaiTa, KOTOPHIM MOXET OBITh 3aTpe0OBaH MPOIECCOPOM.
Tak, npu 8-mMu pa3psaHON IIMHE BO3MOXKHA aapecanus 256 Oaiit, npu 16-Tu
pazpsiaHoit — 64 Kbaiit, npu 32-x paszpsaHoi — 4 ['6aift . a npu 64-X pa3psaHoi —
4 T'GauiT

Mexnay muHOW aapeca W IIMHOM JaHHBIX €CThb  AMIIUPUYECKOE
COOTHOIIIEHHE: YeM OOoJIbIlie MPOLECcCOp MOJDKEH aapecoBaTh MaMsTH (T.. 4eM
OoJbIIE Pa3psAOHOCTh LIMHBI agpeca), TeM OBICTpEe OHU JIOJDKHBI MOCTyHaTh B
npoueccop. CrenoBaTenbHO, TEM LIKMPE MIKMHA AaHHBIX. OJIHAKO Ha pa3psAIHOCTh
IIMH HAaKJIaJbIBAETCS TEXHOJIOIMYECKOE OrpaHWYEHHUE: YeM IIMpE LIMHA, TEM

CJIOKHEC CACIaTh €I'0 KOMIIOHCHTHI.

1.2.3. TakToBas 4yacrora.

BaxnellliuM napamMeTpoM, ONpPENESIOIIUM CKOPOCTh padOThl JIFOOOTrO
npoleccopa, SBIAETCA TakToBas yactora. OHa MpEeACTaBISET COOOW MMITYJIbCHI
NpsMOYTOJIbHOM  (OpMBI, C KOTOPOM CHHXPOHHU3UPYIOTCS BCE€ OIlepaluuu
npoueccopa. Ilo  apyroMy, TakToBas 4acToTa Ha3bIBAETCS  YacTOTOM
CUHXPOMMITYJIbCOB. TaKTOBOM e 4acTOTON OHA Ha3bIBACTCS MOTOMY, UTO JIt0Oas
orepalysi B MpoLeccope He MOXKET ObITh BBINIOJIHEHA ObICTpee, YeM 3a OJUH TaKT
(mepuo1) CHHXpPOUMITYJIHCOB.

Bce onepanun B MUKpONPOLIECCOPE CUHXPOHU3UPYIOTCS CO CHEUATbHBIMU
CUHXPOUMITYJIbCAMH, BbIPA0ATHIBAEMOW CIELUATIBHON MUKPOCXEMON — TailMEpOM.
CHHXpOUMITYJIbCHl HY>KHBI Ul TOrO, YTOOBI BCE CXE€MbI padOTall C OJMHAKOBOM
CKOPOCTBIO. JleJI0 B TOM, 4TO pa3HbI€ 3JIEMEHTHI CXEMBbI (TPUITEPBI, CYMMAaTOPHI,
JIOTHYECKHE 3JIEMEHTHI, AemudpaTopsl) MO ONpeAeSeHUI0 paboTaloT ¢ pa3HOu
ckopocthro. [loaTomy B "nmoruky" cxembl BBOIAT JONOJHUTENBbHBIA IJIEMEHT —
CUHXPOCHUTHAJI, U BCE ONEpaldyd MPOUCXOASIT TOJHBKO B MOMEHT CMEHBI CHUTHaja
cunxpoumnyibca ¢ 0 Ha 1. KoHeuHo, 3TO HaMHOro 3amemsisieT padoTy CHUCTEMBI,
OJIHAKO TOSBIISIETCS TapaHTHUsA, YTO ornepauus OyAeT MPOUCXOJUTh C TEKYIIUMHU

JAHHBIMM Ha "TekymeM' Imare, a He MNPOLUIBIMU WIH JaXXe MO3aMpOUUIbIMH,



NOCTYNUBIIMMHA C ONO3JaHUEM B TpeoOpa3oBaTelb JaHHBIX H3-3a pa3HOU
CKOPOCTHU PabOThI 3JIEMEHTOB CXEMBI.

Kaxercs oueBMAHBIM, YTO YEM BBIIIE TAKTOBAas YacTOTa, TEM BBIIIEC
CKOpOCTh paboThl mporeccopa. OpHako HE Bce Tak MNpocTo. YToOBl caenarhb
TAaKTOBYIO YacTOTY BBIIIE, HEOOXOJWMO YMEHBIIUTH OJJIEMEHT CXeMbl (T.€.
YMEHBUIUTh PACCTOSHUE, MPOXOJUMOE HOCHUTEIIMH 3apsiia). JTO, BO-NEPBBIX,
CIIOKHO TEXHOJIOTMYECKH. BO-BTOPBIX, YBEIMYMBAETCS COMPOTHBICHHUS KaXKIOTO
arieMeHTa. DTOo 3HauuT (3akoH Jlxoyng-JIeHua), yrto mpoueccop OyIeT CHIIBHO
HarpeBaThcsi. A 3TO, B CBOIO OYe€peb, MPUBEIET K €lle OOJIbIIEMY M3MEHEHHUIO
napamMeTpoB  MHUKPOCXEMbI M  CKOPOCTH  palOOThl  Pa3jUYHbIX  YYacCTKOB
MUKpOCcXeMbl. M MBI ONSATH MPUILIM K HCXOJHOMY COCTOSHHIO. B-TpeThux,
ycuiMBaeTcss T.H. "apoboBoil 3 dext" B mpubope, 4TO MOMKET COBEPIICHHO
W3MEHUTh COOTHOIICHUE "'CUTHAI - IIyM' B MUKPOCXEME U MCKA3UTh CUTHAJ.

B nagame 90-x romoB XX Beka Opak MpH NMPOHU3BOJICTBE WHTETPAIBbHBIX
mukpocxem B CIIJA nocturan 95% ! UtoOsl 11eHbl HA MUKPOTIPOIIECCOPHI HE ObLIN
ACTPOHOMHYECKMMU TpU TakoM Opake, HCIOJIb30BAIaCh W JI0 CHUX IIOp
UCIIOJIb3YETCSI MHOTOYPOBHEBAsI CUCTEMA KOHTPOJIS, IMO3BOJIAIONIAS YMEHBIIUTH
opak g0 npuemiiembix 10%.

Kak yxe yka3piBaoCh MUHUMAJIBHOE BPEMSI MCIIOJHEHUSI KOMaH]Ibl — OJIUH
TakT. Ho HEKOoTOphIe onepanuy BBIOJHAIOTCS MEAJIEHHEEe, WM BKIIIOYAIOT B ce0s
HECKOJbKO 0oJiee TMPOCTHIX omepanuii, Takue ormepaluyd BBIIOIHSIIOTCA 3a
HECKOJbKO TakToB. [loaTOMy camblii Jydimuii crnoco® MOBBIIIEHUST CKOPOCTH
paboThl KOMIIBIOTEPA — YMEHBIIIEHUE KOJMYECTBA TAKTOB JJIsI OJHOM CIIOKHOU
oneparuu. VIMeHHO 1O H3TOMy MNYTH HUIAYT pPa3pabOTUYUKU APXUTEKTYPhI

MHKPOTIPOIIECCOPOB.

1.2.4. RISC, CISC u MISC npoueccopsbl

A66pesuatypa RISC (reduced instruction set computer) mosBWIach B
cepenune 80-x rogoB XX Beka, KOrjaa ydeHble u3 bepkiin cooOnmm o co3aanuu
"KOMIIbIOTEpa C OrpaHUYeHHBIM HaOOpoM komaHna'. C Tex MOp OcCTaabHBIC
kommbioTepbl ctanu HazbeiBaThess CISC (complication instruction set computer —
KOMITBIOTEPBl CO CIIOKHBIM (pacuimpeHHbiM) Habopom komana.) K CISC-
npoleccopam OTHocsTcss mpoueccopbl cuctembl IBM 360/370, Intel 80x86 u
Pentium, Motorola MC680x0, DEC VAX wu nekoropeie napyrue. K RISC-



nporeccopam otHocsTcss Sun Ultra SPARC, MIPS, Alpha DEC, PowerPC wu
HEKOTOpBIE IPYTHUE.

RISC-mporieccopbl XapakTepu3yrTCs CASTYIONUMH 0COOCHHOCTSMM:

1. W3 HUX ynaneHbl CIOKHBIE (TUMA JBOMYHOTO YMHOXXEHHS) U PEAKO
WCITOJIb3yEeMbIC MHCTPYKITUH.

2. Bce wuHCTpyKIun umeroT oaHy maiauHy. [Ipw 3TOM yMmeHbIIaeTcs
CIIOKHOCTh YCTPOMCTBA YIPAaBJIEHUS MPOLECCOPAa MU YBEIUYUBAECTCS CKOPOCTH
e pail KOMaH.

3. OTCYTCTBYIOT HWHCTPYKIMH, paOOTaiolue C MaMsIThI0 HaNpSIMYylo
(Tuna komaHja "mamATh - mamATh", "peructp - mamsaTh"). Bo3MokHa TOJIBKO
3arpy3ka JaHHBIX W3 TaMSATH B PETUCTP W HAOOOPOT, M3 PETHCTPa B IAMSTh.
COOTBETCTBEHHO Ha MOPSAOK YBEIUUMBACTCS YUCIIO PETUCTPOB.

4, OTCyTCTBYIOT Oorepanuu paboThl CO CTEKOM.

S. Bo3M0kHO UCIIOJI30BaHUS KOHBEHEpa U NapaslieIbHbIX BHIYUCICHUH.
AJTY, nammpumep, OJJHOBPEMEHHO MOKET padoTaTh ¢ 2-Ms 32-X pa3psaHbIMU, 4-Ms
16-tu pa3psaaHbIMH, U 8-MbIO 8-MU pa3psAHBIMU yuciaamMu. CMBICI K€ KOHBelepa —
B HAKOIUICHUM IIOCJIEIOBATEILHO BBIMIOJIHSIEMBIX KOMAaHJ MpOorpaMmbl (T.H.

JUHENHBIX YYacTKoB) B Oydepe mnsi HMX YCKOPEHHOro JACMIM(PPOBAHUS U

BBITIOJTHEHHUS.

6. [loutn Bce omepanuud  OCYIISCTBIAIOTCS 32  OJWH  TakT
MUKpPOITpOIIeCcCcopa.

7. bnaromapss »TuM  HOBOBBeJEHMSM TakToBas 4actora RISC-

IPOLECCOPOB (ITPU MPOYUX PABHBIX YCIOBHSIX) BBILLIE.

Bbonee Toro, B RISC-mukpomnpoiieccopax mosiBujiach BO3MOXKHOCTh PaOdOThI
pPa3HbIX €ro COCTaBISIOIIMX HA Pa3HbIX TAaKTOBBIX yacTtoTax. Hampumep, u3-3a
TOTO, YTO COJEPKUMOE MaMSITH OOBIYHO AYOJHMpYETCs B K3LIE, YacTOTy padOThI
AJIY, peructpoB u Jgemudparopa KOMaHJ MOXHO TIOBBICUTh, a YacTOTY
CUHXPOHHU3ALUK TEPEChUIKM MEXKAY K3IIEeM M MaMAThI0, MPEABBIOOPKH KOMaHJ
MOXHO yMeHbIUTh. [lo3TOMYy mnpM yKa3aHMM TaKTOBOM YacTOTHI IpoIEccopa
BBIOMPAIOT €r0 MaKCUMAJIbHYIO YacTOTY.

RISC-nporeccopsl fokazaiu CBOIO COCTOSITENBHOCTh YK€ B Hadaie 90-x
rogfoB XX Beka. K »TomMy BpeMeHM Hadajics TIepeBOj]] OOJIBIIMHCTBA
BBICOKOTPOU3BOJIUTEIBHBIX KOMIIbIOTEPOB (cepBepoB) Ha RISC-apxurtektypy.
OnHako K TOMY BpPEMEHHM HAKOMWIOCH OOJBIIOE KOJUYECTBO MPOrpamw,
HanucaHHbiX 1751 CISC-mpoueccopoB. Ux mnepeBon (mepeKoMOWISIUA) s

BoimosiHeHuss Ha RISC-mporieccopsl 3aHsamo0 Obl MHOTO BpeMeHU (HECKOIBKO



NECATUIIETHH), mo3ToMy (QUPMBL  npousBoguTenu  TpaguuuoHHbix  CISC-
MPOLIECCOPOB MPUAYMAIId OPUTHHAIBHBIN crIOCO0 perieHus 3Toi npoodsiembl. OHU
pasenuwiv Mpoleccop Ha JIBe yacTu. B mepBoi yacTu, Ha3BaHHOW sIPOM, ObLI
peanuzoBan opuruHanbHbId RISC-niponieccop. OH paboTtan ¢ BBICOKON TaKTOBOM
4acTOTOM, M MOr oOpamarbCcsi TOJBKO K K3MI-MaMATH. Bo BTOpoOW ke 4actu
pacnionaraiicss Onok "mepekonupoBku" CISC-unctpykuuii B RISC-komaHbI,
BBITIOJIHAEMBIX SPOM MHUKpOIIpolieccopa. B Hel Takke HaXOIWIINCh:

® CHCTEMa YIpaBJCHUS CErMEHTalued W CTPaHUYHOro MpeoOpa3oBaHUs

MaMsITH;

® CHUCTEMA yIpPaBJIEHUS KAII-AMATHIO;

® KOHBENeED;

® cuCTeMa MPEACKa3aHNs BETBICHUM.

Takum oOpa3oM, Ha BXOJie 3TOT MPOIECCOP MOTy4Yand HAOOp HHCTPYKIIMMA
tpaguuuoHHoro CISC-kommbroTepa, a BbINOJHSUT BbhluMciieHHs Kak RISC-
KOMIIBIOTEP. IJTO, BO-NIEPBBIX, IMO3BOJWIO YBEIWYUTh MPOU3BOIUTEIBLHOCTD
KOMITBIOTEPA, @ BO-BTOPBIX, MOSIBUJIACH BO3MOKHOCTh BBEJCHHUS JIONIOJHUTEIbHBIX,
MOTOKOBBIX MHCTPYKIMH, OJiarogapsi KOTOPbIM KOHTEWHEp cTal padoTaTh
IIPOU3BOJUTENIBHEE U YMEHbIIMIOCH BpeMs nepeBoaa CISC-nncrpykuui B RISC-
koMmaHabl. Tpamunuonssie, "uductele CISC-mponeccopsl” 3TOoro He MOIIU
JIOCTUTHYTh.

[IpumepoM Takux MPOIECCOPOB MOTYT CIYKHUTh Mporieccopsl Pentium Pro,
Pentium II, Celeron, Pentium III, Pentium 4 xopnopanuu Intel, AMD K5, K6 u K7
(Athlon) kopniopaniuu AMD, Intel Itanium II u HekoTOpBIE IpyTHE.

MISC (anrn. Minimal Instruction Set Computer) - nporeccop, padoTarormii
C MHUHUMAaJbHBIM HAO0OpOM IJUHHBIX KoMmaHi. JlanbHelinee pa3BUTUE UACH
komaHIbl Yaka Mypa, KOTOpBIN MOJIAraeT, 4TO MPUHIIMUIT IIPOCTOTHI, U3HAYAJIbHbIN
st RISC-niporieccopoB, ciuimkoM OBICTPO OTOMIEN Ha 3aAHUM miiaH. B mbeuty
00prOBI 32 MakcuMainbHOe ObicTponeicTBue, RISC nornam m mepernanm MHOTHE
CISC npoueccopsl o cioxHocTH. Apxutektypa MISC cTtpoutcs Ha CTEKOBOM
BBIYUCIUTEILHON MOJICIM C OTPAHUYCHHBIM 4uciioM KoManj (mpumepHo 20-30
KOMaHs).

YBenuueHue pas3psOHOCTH IMPOLECCOPOB NPHUBEIO K HIAEE YKIAAKU
HECKOJBKMX KOMaHJ B OJHO OOJBIIOE CIOBO. DTO TMO3BOJMIO HCIOJIB30BaTh
BO3POCIIYI0  IIPOM3BOJMUTENIBHOCTH  KOMIIBIOTEPA M €r0  BO3MOXKHOCTH
00pabaThiBaTh OJTHOBPEMEHHO HECKOJIBKO MOTOKOB JMaHHBIX. Kpome storo MISC
UCIIOJB3YET CTEKOBYK) MOJENb BBIYMCIUTEIBHOIO YCTPOMCTBA M OCHOBHBIE



KOMaHbl paboThl co crekoMm Forth s3pika. MISC npuHIMO MOXeET JiexkaTh B
OCHOBE MHKpOMNporpaMmbl BbllONIHEHHUsT Java u .Net mnporpamMm, XOTsS IO
KOJIMYECTBY MCIOIb3yEMbIX KOMaH]l OHU HapyIaoT npunimn MISC

[Ipotieccoprl, 00pa3yromne «KOMIBIOTEPHl C MHUHUMAJIBHBIM HabOpOM
koMmaHm» MISC, kak u iporteccopsr RISC, xapakTepu3yroTcsi HEOONMBIIMM YHCIOM
yaiie BCero BCTpeyaronmxcs KoMmana. Bmecte ¢ 3TuM, IpUHIUT «OYEHb JJIMHHBIX
cioB komaHm» VLIW obecnedynBaeT BBINOJHEHUE TIPYIIbI HENPOTUBOPEUHBBIX
KOMaHJl 3a OJMH IUKI paboTbl mnporeccopa. [lopsaok BBIOJHEHUS KOMaH]]
pacrnpenensercs TakdM o0pa3oM, 4YTOObl B MAaKCHMMAaJbHOM CTENEHU 3arpy3uThb
MapHIpyThl, 10 KOTOPBIM MPOXOAST MOTOKH JTaHHBIX. TakuM 00pa3oM apXUTEKTypa
MISC ob6wenununna BMecte cynepckaasipayo 1 VLIW kornenmuu. KoMmoHEHTHI

npoleccopa NpocThl U pabOTaIOT ¢ BBICOKUMH CKOPOCTSIMHU.

1.3.Knaccugpukauua muxponpoueccopos

PaccmatpuBarot ciegyroniue BUbl KiiacCupUKauu MUKPOIIPOILIECCOPOB
IHo yncay BUC B MUKpPOIIPOLIECCOPHOM KOMILJIEKTE:

e oaHokpucrainbHbie MII;

® MHOTOKPHUCTAJIbHBIE;

® MHOTOKPUCTAJIbHBIE CEKIIMOHHBIE.

B nepByro ouepenp Ha Takoe JeJIEHHE NOBIUsIM Bo3MoxHocTH BUC:
OTPAaHUYEHHOE 4YHUCJIO 3JIEMEHTOB, BBIBOJOB KOpiyca, B TO BpeMsa kak MII
JIOBOJIBHO CJIOKHO€ YCTPOMCTBO, HMMEIOIIEE MHOTO JIOTMYECKHUX DJIEMEHTOB H
TpeOytoiiee 0OJIbIIIOE KOJIMYECTBO BbIBOIOB Kopiyca BUC.

Oonokpucmanvuoii  MII onydeH TpyU pealu3alvu  BCEX arlapaTHBIX
cpeacts MII B Buzne ognot bBUC nnmm CBHUC. OcHOBHBIE XapaKTEPUCTUKU TAKUX
MII 3aBucsT ot Texnonoruu usrorosyuenus bUC.

Mmnoeoxkpucmanvrovle MII ionydeHsl TpPU  pa30MEHUH €r0o  JIOTUYECKOU

CTPYKTYPBI Ha (bYHKHHOHaHBHO 3aKOHUYCHHBLIC YdCTH KW pPCaIM3allvid HX B BHIAC
BHUC.



OII - onepaliiOHHBIN MPOIECCOP CIYKUT AJI1 00pabOTKU JaHHBIX.

VII - ynpapnsoomuii  1poueccop  BHIMOJMHSAET (QPYHKIUU  BBIOOPKH,
JEKOAUPOBAHUS M BBIUYKMCIECHUS aJpECOB OIEPAHIOB, a TaKXKe TEHEPUPYET
MOCJIEIOBATENBHOCTh KOMaH 1, (GOPMUPYET OUEpEab KOMAaHI.

HNII - unTepdeiicHblil npoueccop Mo3BOJsSET NOAKIIOUYUTH MaMsaTh K MIT.

VII, OIl, UIT Moryt paboTaTh aBTOHOMHO (MapajijiebHO) U TEM CaMbIM
OpPraHU30BBIBATh KOHBEHED OIEPALUH.

Mnuoeoxpucmanvuvie cexyuonnwvie MII nonydarorcss koraa B Bujge BUC
peanusytorcs jorudeckue cTpykrypsl MII npu dyHKIMOHaNEHOM pa3OueHuH ee

BCPTHKAJIbHBIMH IIJIOCKOCTAMMU.

VII: |

OIT:

[Ipumep: ecnum HeBo3MOXkHO peanuszoBaTh OIl 16-Tm paspsnoB B OJIHOU
BUC, ero nmenst Ha yacTH, peanusyembie kaxaas B cBoeit BUC. Onu oOpaszyior
MUKPOTIPOIIECCOPHBIE CEKIMU (Hampumep, 4-paspsiiHasi — MHUKPOIPOIECCOpHas

CEeKITHS).

I1Io Ha3HaYeHMIO:
e yHusepcanbHbie MII;
e crneuuanbubie MIL
Vuusepcanonvie MII MOTyT OBITH TPUMEHEHBI [JISI PEIICHHS IIHPOKOTO
kpyra 3agad. [Ipu sTom ux 3pdexTuBHasT TPOU3BOAUTEIHHOCTh MaJl0 3aBUCHUT OT
npoOnemMHou cnenuduku 3amaaun. Kak mpaBmiio, 5To OnpenemnsieTcs T0CTaTOUYHON

LIMPOKOW YHUBEPCAIBHON CUCTEMON KOMAaH/I.
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Cneyuanonvle MII- npoOGaeMHO opueHTHpoBaHHbIE MII, KoTOpBIE
HAlEJICHbl HAa YCKOPEHHOE BBINOJIHEHHUE OIpENeTCHHbIX (YHKIUH, 4YTO
yBEJIMYUBAET JPQPEKTUBHYIO MPOU3ZBOJUTENBHOCTh MNP PEUIEHUH  TOJIBKO
OIPEIEIICHHON 3a/1auu:

® MaTEMaTHUYECKHUE ITPOLECCOPBHI;

® MHUKPOKOHTPOJUIEPHI;

e mapajuienabHas 00paboTKa TaHHBIX;

e 1udpoBas 06paboTKa curHana - udpossie GuabTpsl U T. 1. [Ipumep:
CpPaBHEHUE BXOJHOIO CHUTH&JIA OJHOBPEMEHHO C HECKOJIBKUMU
ATaJOHAMU JUIs BBIACIECHUS HY>KHOTO CUTHAJA.

IIo xapakTepy BpeMEeHHOM OpraHu3auuy padoThl :

® CHUHXPOHHBIE;

® ACUHXPOHHBIE.

CuHXponHble - HAYaJIO0 MW KOHEL BBINOJHEHUS OIEpalvil  3aaroTcs
YCTPOMCTBOM YIIpaBiIeHUsI (BpEeMs BBINOJIHEHUS HE 3aBUCHUT OT BUAA KOMaHMbBI U
OTICPAHJIOB).

AcunxponHvie TO3BOJSAIOT HAYaJIO BBINOJHEHUS CIEAYIOLIEH Olepalnuu
ONPENEUTh MO (HAKTUUECKOMY OKOHYAHMIO TMpeapiayme. YcrpoiictBa MII
paboTalOT aCHHXPOHHO, U TOCJIE€ BBIIIOJHEHHS ONEPALMK BBIJAIOT CUTHAJI O CBOEH
roroBHOCTH. llpu sTOM, posib pacnpenenutenst pabOT MOXeT OpaTh Ha ce0s
IaMsTh, KOTOpas B COOTBETCTBUM C 3apaHEE YCTAHOBJIEHHOM HPHOPUTETOM
BBITIOJIHAET 3alpoChl OCTaJbHBIX YCTPOMCTB MO OOECHEUEHUI0 MX KOMaHAHOMN
uHpopMalen 1 TaHHbIMU.

ITo opranu3anum CTPyKTYpbl MHOIOIIPOLIECCOPHBIX CHCTEM:

® OJHOMAarucCTpajibHBIE;

® MHOTOMAarvucCTpajbHBIE.

OonomazucmpanbHuble - BCE YCTPONCTBA UMEIOT OJMHAKOBBIN MHTEpdelic u
NOAKIIOYAIOTCA K eAMHOM HMHGOPMALIMOHHONW MAarucTpaivd, IO KOTOpOH

NnepeaarOTCsa KOJAbl AAaHHBIX, aIPpCCOB U YIIPABJIAIOIINC CUTHAJIOB.

om | )

A
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Mnozcomacucmpanvuble - yCTPOWCTBA TPYMNIIAMHU TOJKIKOYAKOTCS K CBOEU

HH(I)OpMaHHOHHOfI MarucTpain, 3TO IO3BOJIACT OCYHICCTBUTL OAHOBPCMCHHYIO

nepenavy

UH()OPMAIMOHHBIX

CHTHAJIOB

HpOI/IBBOIlI/ITeJIBHOCTB YBCINYINBACTCA.

|
{
v

3

] A
f um |

-

I10

Ilo KOJINYECTBY BLINNOJHACMBIX IIPOrpaMmMm :

OJIHOIIPOIPAMMHBIE;

® MYJBTUIPOTrPAMMHBIE.

HCCKOJIbKNM

MarucCTpaiMm.

MynbTUnporpaMMHbIE JTHOO MOTYT OJHOBPEMEHHO BBIIIOJHATH HECKOJIBKO

porpamm,

0o

MYJIBTUIIPOTPAMHOCTH.

HUMCIOT

CpeIcTBa

TUTST

MOIEPKKHU

BUPTYaJIbHON

1.4. Tunvt cmpykmyp xkomano. Cnocood pacuiupenus Ko0oe onepayuil

1.4.1. Tunsl koMaHg

B coBpeMeHHBIX KOMIBIOTEPAX MOMXHO BBIAEIUTH MSATh TUIIOB KOMaH/I.
1) yeTbIipexaapecHass KOMaH/a

KOII

Anpec
1 onepanpa

Anpec
2 onepannga

Anpec

pesvIbsTaTa

Anpec cneviom et
KOMAaHE]

ITona agpecoil wWeTH

JIJist MTaHHOM CTPYKTYpPBI XapaKTepHa MPUHYAUTENIbHASI BRLIOOPKA KOMaH]T
2) TpexaapecHas

KOII

Anpec
1 omepannma

Anpec
2 onepanna

Anpec

pesvILTaTa

311ech UCITOIB3YETCS €CTECTBEHHAS apecays KOMaH I
3) nByxXaapecHas

KOII

Anpec
1 onepanna

Anpec
1 omepanpma

PCBYJ'IBTaT BCCraa IIoMcliacrca Ha MECTO OAHOIO U3

(moagpa3zymeBaeMblii aapec)
4) omHOapecHast

OIIEPaHIOB
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KOII Anpec
orepaHma

Anpec BTOpOro omepaHia | pe3yibTara IMoApa3yMeBaeTcs (Hampumep,
aKKyMYJISITOD)
5) 6e3aapecHas

KOII

Anpeca BceX OICPaHJIOB IOJApa3yMeBarOTCs (HampuMmep, CTEKOBas
aapecarus)

Cnoco0 pacmmpeHust KoJI0B Onepaiuu.

Ecnmu pomabl yacTed KOMaHIBl ITOCTOSHHBI, TO YacTO HEBO3MOXKHO
KOJIUPOBATh OOJIBIIOE KOJIUYECTBO PA3JIMUHBIX OMEpPAIil 1 OJJTHOBPEMEHHO UMETh
rubkyro (opMy ajapecaluu JaHHBIX. JTO peLIACTCS PaCUIMPEHUEM KOJIOB
omnepanui.

B nmannom cnywae mimnaa KOII He ocrtaercs mnocrtosiHHOW. Yacrto
HCIOJIb3yEMbIE KOMAH/Ibl KOJUPYIOTCSI TI0 BO3MOKHOCTH MEHBIIUM KOJIMYECTBOM
OuT, pexe ucHojap3yemble — OonbmuM. [Ipu 3TOM HEOOXOIUMO BBHIJCICHUE
CIIEIMAJIBHBIX KOJOBBIX KOMOMHaIMK, Hecymux uHpopmanuio o mmHe KOII. Kak
MPaBUJIO, JAHHBIH METOJl YCIOXKHSET Memu@paiuio KOMaHJ, OJHAKO ITO3BOJISET
3HAYUTEJIBHO COKPATUTH JJIMHY YaCTO UCMOJIb3YEMbIX KOMaH/I.

KOII Anpec Anpec
1 omepanna | 2 onepanpa

KOII Anpec
1 orrepanna

KOII

1.4.2.00mas crpykrypa komanabl. Ciioco0bl agpecanuu onepaHionB

O6paboTka MHPOpPMAIIMKM B KOMIBIOTEPE OCYIIECTBISETCS aBTOMATUYECKH
MyTeM TporpaMMHOro ympasieHus. [IporpamMmma mpencrtaBisieT coOOW anropuTm
00paboTkn uH(OpMaNKMK, 3alMUCAaHHBIA B BHAC ITOCICAOBATEIHLHOCTH KOMAaH]I,
KOTOPBIE TOJHKHBI OBITH BBITIOJIHEHBI JIJIS TTOJTYYSHUS PEIICHUS 3aa4H.

Komanoa npeacraBisier  co0oil  KOJ,  ONPEACHAIONIMA  OTEPAIHIO
BBEIYHMCIIUTEIILHON MAaIlIuHBl W JIaHHBIC, ydJacTByIomue B omneparuu. KomaHma
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COJIEP)KUT TakXke B SIBHOM wiM HesiBHOM (opme umHbopmaruio o0 aapece, IO
KOTOPOMY TMOMEIIAeTCs PE3yNIbTaT ONepaluy U 00 ajpece CIeAyromei KOMaH Ibl.
B xomanze 3a9acTyro comepikaTrcs He caMu OTIepaH/Ibl, a HHpopManus 00 ux
PaCOJIOKEHHH.
OO6mr1ast CTpyKTypa KOMaH/Ibl UMEET CIICTYIONTUI BU/I:

KOII ApgpecHad WACTh

Onepayuonnas 4acTb COACPKUT KOJ| OTIEpallUU U 3a7aeT BU onepanuu (+, -
% 1)

Aodpecnas uacms CONEPKUT HUHPOpMAIIMIO 00 ajapecax ONepaHI0B U
pe3yJibTara Onepalny, a THOTAA U aJpec CIECAYIOMIEH KOMaH/Ibl.

Dopmam _KOMAHObL 3TO CTPYKTypa KOMAaHIIbI C pPa3METKOM HOMEpOB
Pa3psioB, OMPEACISIONIUX - TPAHUIIBI OTACIBHBIX MOJEH KOMaH/IbI.

CtpykTypa KOMaH/Ibl OYEHb CHJILHO BIIASIET HA MPOU3BOIUTENBHOCTh MII:

e HeoOxoanma kak MOXXHO 0oJiee KOPOTKasl JIJIMHA KOMaHAbI JUIsl OOJBIIETro
yucia onepaui uim aapecHo nHhopMalum.
e Yem Oosbllie KOMaHa, TeM OOJBIIE BPEMEHH YXOJIUT HAa €€ CUUTHIBACT U

nemupprupoBaHue.

OnHako, O4EHBb YACTO CUCTEMA KOMAaHJ I0CTAaTOYHO BEJIMKA, U Pa3PSAHOCTh
[ITA cocraBnser no 128 pa3psgoB. Bce 3TO mpUBOAUT K MOSABJICHUIO OYEHB
JUTUHHBIX KOMaH/l U CHUKEHUIO () PEKTUBHOCTH.

Ecmu MII moxet BeimonHAT, M onepanmii, To:

Nkor >= 10g2M

KomngectBo 6ut KOII mis M=200: ny,,=8

Ecmu OIl umeer S aapecyeMbIx siueek, TO [JI MPEICTABICHUS aapeca
OJIHOTO OTepaH]ia HEOOXO0IUMO:

Na>=10¢,S

Kpome Toro, nnmHa KomaHJ JOJDKHa OBITh COTJIaCOBaHAa C JIJIMHOMU
oOpabarbiBaemMbix MIT-oM maHHBIX (yOpolaeTcst anmaparypa). ITo, Kak IpaBuio,
MPUBOJUT K IJIMHE KOMaHJ, KPATHBIM Pa3psAIHOCTH IIWHBI JAHHBIX

1.4.3. Cnoco0bl apecannu

YacTo B KOMaHax YKa3bIBalOT HE CaM aapeEC, a CIIOCO0 €r0 BBIYMCIICHHUS.

Paznuyaror:

o anpecHbli Koa - uHpopmanus o0 aapece omepaHia, CoJepskauiasics B
KOMaHJIE.

° VCIIOJIHUTEIBHBIA apec - HOMEP S4YEUMKU IaMATH, K KOTOPOWU

(akTUYECKU MPON3BOAUTCS OOpalieHue.

Cnocobuvl adpecayuu:

1. TlogpazymeBaeMblii onepaH.

B xomanzie He comep)KuTCs SIBHBIX YKa3aHH 00 ajgpece omepaHaa, OnepaH/
noJipazyMmeBaeTcs U (PaKTHUECKU 33aCTCs KOJIOM OTEPAIIUU:
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INCINXTr (n<-(n+1

2. TlonpazymeBaeMblii ajpec

B xoMaHzie OTCYTCTBYET ajpec OlepaHjaa WiW pe3ybTara, HO 3TOT aJpec
MOApPa3yMEBAETCHI.

ADDB (A)<-(A)+(B)

3. HenocpencrBeHnasi aapecanus

B komanzae comepxxutcs He aapec, a cam omnepanj. Mcnonb3yeTcsi 00bIYHO
JUIs KOHCTAHT. BeiOopka onepania u popMHpOBaHUE €ro ajipeca He HY»KHO.

4. TIpsimas agpecanus

HcnomHuTenbHBIA aipec COOTBETCTBYET aJpecHOMYy Koay. B komaHnje
HaXOJMTCS caM aJipec.

“-” INIMHHBIA aJipec, HEOOXOIUMO CUUTHIBATD.

5. OTHocuTebHAA ajpecanus (0a3upoBaHue)

HcnonHutenbHbIA apec OmpeneisieTcsi CyMMOM aJpecHOro Kojaa KOMaHJbl
¥ HEKOTOpOTo ymcia (0a30BOro ajapeca)

Actiuenr=Asas T Axom

bazoBblli aapec YacTo XpaHUTCS B CHEUHUAIBHOM peructpe (06a3oBbli
peructp). B xoMaHe Bbiiensi€TCs MOJIE JIsl yKa3aHUus HOMepa 0a30BOr0 perucTpa.

“+” MeHbllIasi JIMHA aJpPECHOTO Kojaa, IpU OOpallleHUH K JII0OOW suehKu

naMsTH. B KoMaHe yKa3bIBa€TCs TOJIBKO CMEIICHUE.
OI1

N

F_IE'.I'IEEDﬁ agpec

———4

I neTI] eH e

b az0EBLI agpec

-
Paznuyaror agpecannio CyMMUPOBAHUEM U COBMEILICHUEM.
a)
Ne bas. pernctpa | CMemesme
R
CM
—

HenommrensHELT agpec

ba. perncIphl
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6)

Ne baz. permctpa

CrieneHme

D& . perncTpel — cTapume
paspadel agpeca
a) MCIIOJIB3YETCS Yallle, HO CII0KEHUE - IOJITO.

0) 0a30BbIN agpec COACPKUT CTapIIMe Pa3pslbl, a CIACAYIONIUN MIIaIIIne

paspsiIbL.

¢ 9

v

HenommTenbHBLI agpec

HE BO3MOHa aapecanus Bcen OIL.

6. YKOI)O‘leHHaﬂ ajapecanus

AJnpecHbId KOJI COIEPKUT TOJBKO YacTh ajpeca (MIIaIIMEe WIA CTapIIve
MoxeT uCnoNb30BATECA  TOJIBKO

paspsanasl). OcranbHOE TMOApPA3yMEBACTCSI.

COBMCCTHO C OPpYI'HMH crocodoaMu aJipcCalunm.

Hcnonb3yercs 1isi yMEHBIIEHUS ITTHHBI KOMaHTbI.
7. PerucTpoBas aapecauus

YacTHbli Ciydail YKOPOUEHHOM aJpecauu

16 POH - 4 pa3psiga anpeca
8. KocBennas aapecauust

AJZlpecHBIN KOJ KOMaHJbl YKa3bIBA€T aJpec SUYCHKH TMaMsATH, B KOTOPOH

HaXOIMTCS apec orepaHa.

KOII

OI1
ﬂ_

JlaHHRIE

9. ABTOMHKpEMEeHTHasl U aBTO/leKpeMeHTHasl ajJipecanusi
OddextuBHa mpu pabore ¢ maccuBamu. Mcmomp3yeTcsi, Hampumep, Mpu
paboTe C KOCBEHHOM ajpecainueit, 4yToObl 1jsi 00pabOTKH Ka)XJAO0ro 3JIeMEHTa

‘(_,-f”

|

J\'Hmeﬂnﬁ ampec
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MAacCHBa HE 3arpyaTh HOBOE 3HAYEHHUE aJipeca, a UCIOJIb30BaTh aBTOMATUYECKOE
YBEIIMYEHUE WIIM YMEHBIIICHUE HA | COEPKUMOTO PETUCTpa C aAPECOM.

10. Axapecaums cJI0B NepeMeHHOM AJIMHbI

Jist  moBeimieHus  d(PPEKTUBHOCTH  HEOOXOAUMO, UYTOOBI  HMMENAch
BO3MOXXHOCTh  BBITIOJIHSITH OlNEpallud HaJ JaHHBIMU [EPEMEHHOW JJIMHBI.
AJnlpecaniisi TakMX JaHHBIX peaju3yercss IyTeM VyKa3aHus B KOMAaHJIE
MECTOIIOJIOKEHHS B ITAMITH Hadaja CJIoBa U €Tro JJIUHEI.

11. CrexoBas aapecaumsi.

CrekoBas maMATh peali3yeT 0e3aapecHoe 3aJaHie ONEePaH]IOB.

Crex mpencTaBisieT coO0OM TPYITy MOCIET0BATEIbHO MPOHYMEPOBAHHBIX
PETUCTPOB WM SU€eK MaMATH CHAOKEHHBIX yKa3aTeIsIMU CTeKa (perucrpamu), B
KOTOpPOM aBTOMAaTUYECKH TMOIJEPKUBACTCS HOMep (aapec) MocleIHeH 3aHATON
sYehKH (BEpIINHA).

[Ipu 3amucu 3aHOCMMOE B CTEK CJIOBO IIOMEHIAETCS B CIEIYIOLIYIO
CBOOOJIHYIO SYEHKY CT€Ka, a TMpPU CUUTHIBAHUU U3BJIEKACTCS IMOCIEAHEE
nocrynusiiee B Hero cinoBo. [puamun LIFO.

T.x. ykazareib CTEKa [JOJDKEH W3MEHATCS aBTOMATHYECKH, TO TIpHU
omepairusix CcO CTEKOM UCIOJb3yeTcss Oe3aapecHOoe 3aJaHue oOlepaHja, T.e.
KOMaH/ia HE COJICPKUT ajipeca sSiUeHKHU cTeKa (HO COAEPXKUT aipec 2-To OnepaHa).

JarIceE B CTeK Yremie M3 cTeKa
+
3 100 .. SP+l 100 4+ 1
2 73 4 73 :
1 825 85 : SP-1
0 AF 1 AF P 7 OTI
2

Poau OIl  |data =100

1) 5P+1 2) zarmice 1) gremie 2) 5P-1

C nmomonipr0 CTeKa IMpU OMNPEIECIEHHBIX IMOJOKEHHUSIX ONEPAHIAOB B CTEKE
MOKHO BBIYHMCIIATH apudmeTnueckue BblpaxkeHus. g storo apudmerndeckue
BBIPAXKEHUS 3aIIMCHIBAOT C MTIOMOIIBIO MOJBCKOM 3anucu BeipaxkeHui [1OJIN3.

Jist sToro: uurtaerca apuMETHYECKOe BBIPAKEHHE CJIeBa HANpaBoO W,
MOCJIEA0BATENBHO APYT 3a APYTOM, BBIIIKCHIBAIOTCS BCTPEUYEHHBIE Onepanabl. Kak
TOJBKO OKa3bIBAKOTCS BBIMMCAHBI ONEPaHAbl HEKOTOPOW OINEpPAaLNH, 3alIHChIBAETCS
3HaK 3TOM onepauuu. Eciau omepanus MMeeT pe3yiabTaToM OIEpaH]l HEKOTOPOU
NpEeAbIAyLIEd ONepaluuy, 3HAK KOTOPOM BBINIMCAH, TO CUYHUTAEM OTOT OIEPaH]
BBIITHCAHHBIM:

(k+I-m)*(p-s)
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BbIUCKIBaeM: kl+m-ps-X

Anpec K
Ampec L
+

Anpec M

Anpec P
Anpec 5

+

aapec k, I, m - komaHbI 3aCBUTKH B CTEK ONIEPAH/IOB.

-, +, * - 0e3azipecHasi KOMaH/ia onepauu.

Beinmonnenue:

Komanaer onepariuii BEIOHparoTcs U3 cTeka 1 wim 2 onepaHza, BBIMOJHSIIOT
OTEepalnio U 3alUChIBAIOT PE3YJIbTAT B CTEK.

Takoit crmoco® TO3BOJIIET YMEHBIIUTHh JUIMHY KOMaHA W YBEJIHYHTh
OBICTPOJICHCTBHE, HO SBISETCS CIOKHBIM M YMEHBIIACT BO3MOXKHOCTH JIPYTHUX
KoMaHj1 (1epeiaya yrnpaBiaeHusl, BBOA/BBIBO/I, ....)

B MII 4yacTto WuCHONB3YIOTCS OJHOBPEMEHHO HECKOJBKO CHOCO0O0B
anpecanuu. Becbma uwacto B MII ucnosib3yrOT PErucTpoBYIO APXUTEKTYPY C
aKKyMYJISITOPOM, aJpec  KOTOpOro mojJipasymMeBaercss B  apu(METHUYECKUX
KOMaH/IaX, 4TO B COBOKYIHOCTH ¢ mnpuHiunoMm pacmmpenuss KOII mo3zBossier
noyyuuTh HeOonpmyo amuHy KOII u goctatoyHo MpocTOd  yHpaBIIsIOUIUI
aBTOMaT.

1.5.Texnonozuu noeviuenus npou3800umeﬂbuocmu npoueccopose

1.5.1. KonBeiiepnasi o0padotka komana (pipelining). Cynepckansipuzanust

PaccMoTpuM mpoliecc BBINOJHEHUS MPOLECCOPOM KOMaHAbI JUIsl KOPOTKUX
oneparuii. Kak 00 3ToM roBopuioch paHee, o0pabOTKa KOMaHIbI, WM UK
npoueccopa, MOXKeT ObITh pa3/ielieHa Ha HECKOJIbKO OCHOBHBIX 3TaroB, KOTOPHIE
MO>KHO Ha3BaTh MUKPOKOMAaHJaMH, KOTOPBIX U3BECTHO IISITh OCHOBHBIX THIIOB.

Kaxnas onepauust TpeOyeT uisi CBOEro BBINOJHEHHS] BPEMEHHU, PAaBHOTO
TaKTy reHeparopa npoueccopa. OrmeTuM, 4To K aauHHbIM onepauusm (I1T) sto
HE UMEET OTHOILEHUsS - TaM Apyras apupmeruka. O4eBUAHO, YTO MPU TAKTOBOMH
gactote B 100 MI'1 6bicTpoaeiicTBre cocTaBUT 20 MJIH. ONEpalluii B CEKyHIY.

Bce sTanbl kKoMaHbl 3a1€UCTBYIOTCS TOJIBKO 1 pa3 v Bceraa B OTHOM U TOM
kKe TOpSAKe: OJHA 3a JIPYyrod. DTO, B YACTHOCTH, O3HAYAET, YTO €CIId TepBas
MUKpPOKOMaH/Ia BBITIOJIHWIIA CBOIO pa0OTy U Iepeiaia pe3ysibTaTbl BTOPOMd, TO JUIs
BBITIOJIHEHUS TEKYIIEH KOMaH/bl OHa OOJIbIIEe HE MOHATO0UTCS U, CIEA0BATEINbHO,
MO>KET MPUCTYNUTH K BBITIOJHEHHUIO CIEAYIOMIEH KOMaH/bl.

KonBeilepuzanusi  OCyIIECTBISIET  MHOTONOTOYHYIO  IMapajuIeIbHYIO
00pabOTKy KOMaHJ, TaK YTO B KaXJbIi MOMEHT OJIHA M3 KOMAaH]l CUMTHIBAETCS,
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npyrasi JEKOAUpPYEeTCs W TaK Jajee, U BCero B 00pabOTKE OJIHOBPEMEHHO
HaXOJUTCA NATh KOMaHZ. Takum o00pa3oMm, Ha BBIXOJE KOHBEHEpa Ha KaKIOM
TaKTe Mpolleccopa MOSABISIETCA pe3yJabTaT O0O0paOOTKM OJHOW KOMaHAbl (O7HA
KOMaHJa B OAMH TakT). [lepBas MHCTPYKIMS MOYKET CUMTATHCSA BBINOJHEHHOM,
KOI'/Ia 3aBepIIaT padoTy BCE MATh MUKPOKOMAH/I.

Takass Texnomorus oOpaOOTKM KOMaHI HOCHUT Ha3BaHHWE KOHBEHEPHOI
(pipeline) o6pabotku. Kaxknmas dacTe yCTpONCTBA HA3BIBAETCS CTYNEHbIO
KOHBelepa, a o0l11ee YUCI0 CTYIECHEH - IJIMHON JIMHUU KOHBeHepa.

C poctoM umcla JUHUK KOHBEWEpa M YBEJIMYEHUEM YHCIIA CTYNEHEH Ha
JIMHUU YBEJIMYUBACTCS MPOIYCKHAsl CIIOCOOHOCTBH IMpolieccopa MpU HEM3MEHHOMN
TakTOBOM yacToTe. IIponeccopbl ¢ HECKONBKUMU JTUHUAMHU KOHBENEpa MOIYUYUIIU
Ha3BaHUE CynepcKalsgpHbIX. Pentium - mepBbIil cynepckaisapHbiil nponeccop Intel.
31ech ABE JIMHUM, YTO TO3BOJISIET €My IPU OJMHAKOBBIX YacTOTax OBbITh BJIBOE
npou3BouTesibHel 180486, BRIMOHSAS Cpa3y JIBE KOMAH/IbI 3a TAKT.

1.5.2.by1oku onepanuii ¢ JIaBawien 3anaToi

Hauwnas ¢ 80486 Bocemb peructpoB s [13 (mmenyembix ST(0) - ST (7))
BCTPAMBAIOT B LEHTPAJIbHBIN Iporeccop. Kaxaplil peructp uMmeer mupuny 80 OuT
U XpaHuT uuciaa B (opmare crangaptra 113 pacmmpennoid tounoctu (IEEE
floating-point standard).

OTU perucTpsl JOCTYIIHBl B CTeKOBOM mopsiake. lMeHna (Homepa)
PETUCTPOB YCTaHABJIMBAIOTCS OTHOCUTENbHO BepunHbl cteka (ST (0) - BeprmHa
creka, ST(1) - cnenyromuii peructp HUxe BepinHbl cteka, ST (2) - BTopoii mocie
BEpIIMHBI CTeKa W Tak Jjanee). BBoauMble AaHHbIE TakuM 00pa3oM Bcerja
CABUTAIOTCS «BHM3» OT BEPIIMHBI CTEKAa, a TEKYIIAs OIEpalus COBEPIIAETCS C
COJIEP>KMMBIM BEPILUHBI CTEKA.

1.5.3. SLMD - npouecchbl (KOMaHIbI)

I'. ®auanoM B 1966 romy Obuia mpenjoxkeHa knaccupukauus IBM u
BBIYMCIIUTEIBHBIX CUCTEM (B OCHOBHOM - CYNEPKOMIIBIOTEPOB), OCHOBAaHHAs Ha
COBMECTHOM PAacCMOTPEHHMH IMTOTOKOB KOMaHJ W JaHHbIX. B mporeccopax Takux
W3BECTHBIX mpou3BoauTeneit kak Intel 1 AMD Bce Oonee MOJIHO MCTIOMB3YIOTCS
HEKOTOPBIE U3 ATHX apXUTEKTYPHBIX HAPaOOTOK.

Tabnuna 1.Knaccudukarum OnvHHa

MoTox IHorox KoMaH
AAHHBIX OnuHOYHbBIH MHo:xeCTBEHHbIH
OaUHOYHBI SISD - Single Instruction MISD - Multiple
i stream/Single Data  stream || Instruction stream/
(Omunounsit motok Komann u || Single  Data  stream




Onunounbli mMoTok JlaHHbIX - || (MHOXKECTBEHHBIH
OKOJ) IMOTOK Komann 5
OIUHOYHBIN MMOTOK
Hannbeix - MKO/I)

MHo:kecTB SIMD - Single MIMD - Multiple
€HHBII Instruction stream/Multiple | Instruction
Data stream (OmwmHOouHBIH || Stream/Multiple Data
MOTOK Komann u || Stream
MHO€eCTBEHHBIN noToK || (MHOECTBEHHBIH
Jannabix - OKM]I) IIOTOK Komang "

MHOXECTBEHHBIN MMOTOK
Janaeix -MKM]I)

Hampumep, B o6mem cinyudae apxurekrypa SIMD (OKMJI) mpeanonaraer
CO37laHUE CTPYKTYp BEKTOPHOM WM MaTpuuHOM o0padotku. Ilom aTy cxemy
XOPOIIIO MOJIXOAT 33a4l 00paOOTKK MATpPHI] UM BEKTOPOB (MAaCCHUBOB), 3aJa4u
pelieHusT  CUCTeM  JIMHEHWHBIX U HENWHEWHBIX,  anreOpandyeckux U
nuddepeHnanbHbIX YpaBHEHUH], 3a/1a4M TEOPUU TIOJIS U APYTroe

B Mukpompoiieccopax ~ MaccoBOro  BhIIycka  Npu  oOpaboTke
MYJIBTUMEIUMHBIX JaHHBIX TaKXke IeJecCOO0pa3HO MPUMEHSTh MOJA00HBIE
pEIICHUS.

1.5.4. Innamudeckoe ucnoanenue (dynamic execution technology)

JluHaMu4yeckoe  HUCIOJIHEHWE -  TEXHOJOrusi  00pabOTKM  JTaHHBIX
npoiieccopomM, odecneunBaroiias 6osee >hPexkTrBHYI0 paboTy Mpoleccopa 3a
CUYEeT MAHHUIYJIUPOBAHUS JAHHBIMU, & HE MPOCTO JTUHEHHOTO UCTOJIHEHUS CIIHCKA
VHCTPYKLIHH.

IIpeacka3anue BeTBJIEHUI

C 6omnbmoit TouHocThio (00siee 90 %) mpolieccop mpeacKa3biBaeT, B KaKOH
00JaCTH TaMATH MOXKHO HAWTH CJEAYIOIIUE HHCTPYKIHMU. DTO OKa3bIBAETCS
BO3MOXHBIM, TOCKOJBKY B TMPOIECCE MCIOJHEHUS WHCTPYKIIMU IPOIIECCOP
MIPOCMATPUBAET MPOTPaAMMy Ha HECKOJIBKO IAaroB BIEPE]I.

BHeouepeanoe BbinoJiHeHHe (BbITIOJIHEHHE BHE €CTECTBEHHOTO MOPSIAKA
- out-of-order execution

[Tponeccop aHanmu3upyeT MOTOK KOMAHJ U COCTaBIICT IpauK UCIIOTHEHUSI
WHCTPYKIIUH B ONTHUMAJIBHOM ITOCEIOBATEILHOCTH HE3aBUCHUMO OT TOpSIIKa UX
CJICIOBAHUS B TEKCTE MPOTPAMMBbI, TPOCMATPHBasl IEKOJIUPOBAHHBIC HHCTPYKIIUN
W OTIpe/IeIsisl, TOTOBBI JTU OHHM K HEMOCPEICTBEHHOMY MCIIOJIHCHUIO WITH 3aBUCAT OT
pesynbTata ApYyruxX WHCTpyKui. Jlanee mporieccop ompenensieT ONTHMATbHYIO
MOCJICIOBATEILHOCTh  BBITIOJIHEHWSI W UCIOJHSET WHCTPYKIIMU  Haunbosee
3¢ PeKTHBHBEIM 00pa3oM.

IlepenmenoBanue (poramusi) perucTpos (register rename)



Yrobbl  m30ekaTh  IEPECBUIOK  JAHHBIX  MEXKIYy  PETUCTpaMH B
COOTBETCTBYIOIICH KOMaH/Ie M3MEHSETCS apec PErucTpa, COACPIKaIIero JaHHbIE,
Y4YaCTBYIOIIHME B CleAyroliel omnepamnun. [103TOMy BMECTO MEPECHUIKH JaHHBIX B
PETUCTP-UCTOUYHUK OCYIICCTBISCTCS TPAaKTOBKA PErHCTpa C JIaHHBIMH Kak
UCTOYHHKA.

BobinoJsiHeHHE 10 MPeANoJIoKeHHI0 (cekyasaTuBHOe — speculative)

I[Tporieccop BBIIOIHIET HHCTPYKIMH (70 MATH HHCTPYKIIUN OJHOBPEMEHHO)
0 Mepe HX IMOCTYIUIEHHS B ONTUMH3UPOBAHHON IIOCIIEAOBATEIILHOCTH
(crrekynsaTuBHO). TTOCKOJIBKY BBIIOJIHEHHE WHCTPYKIUN MPOMCXOIWT HAa OCHOBE
IpEeICKa3aHus BETBJIECHUMN, PE3YIbTAaThl COXPAHSIOTCS KakK IIPEAOIOKUTEIbLHBIE

(«criekynsiTUBHBIE»). Ha ~ KOHeyHOM  3Tame  MOPSAOK  MHCTPYKIMMA
BOCCTaHABIIMBAETCS.

CyliecTBYIOT CIEAYIONIME BAPUAHTHI CIIEKYISITABHOTO BBITIOJIHEHUS:

o npeaukamust  (predication) - OJAHOBPEMEHHOE  HCIIOJIHCHHUE

HECKOJIbKMX BETBEW MPOrpaMMbI BMECTO MpPEICKa3aHUs MEePeXo0B (BBITOITHEHHS
HauOoJiee BEPOSITHOTO);

o omepexaroiee uTeHue JaHHbIX (speculative loading), To ecTb
3arpy3ka JaHHbIX B PETUCTPhl C ONEPEXKEHHEM, A0 TOrO, KaK ONpPEIeIHIOCH
peaibHOE BETBJIEHHUE IPOrpaMMBI (IIEPEXO]] YIIPABICHHUS).

OTU BO3MOKHOCTU OCYIIECTBISIOTCA KOMOMHUPOBAHHO - NMPU KOMITUJISLUH
Y BBITIOJIHEHUHU TTPOTPAMMBI.

IMpenuxkanun

OOBIYHBIN KOMIIWJIATOP TPAHCIMPYET ONEpaTop BETBIEHUs (Hampumep, if-
then-else) B OJOKM MAIIMHHOTO KOJa, PACIOJOKEHHBIC IOCIEAOBATEIBHO B
notoke. OOBIUHBIN TPOIECCOP B 3aBUCUMOCTH OT HMCXOJa YCJIOBHSI MCIOJHSET
OIMH W3 3TUX 0a30BbIX OJIOKOB, Mpomyckas Bce apyrue. boiee pa3BuThie
MIPOIECCOPBI MBITAIOTCS MPOTHO3UPOBATH UCXOJ OMEpaIyl U MPEIBAPUTEILHO
BBITIOJHSIOT TpeJCKa3aHHblil Onok. [Ipu sToM B ciydyae ommOKH MHOTO TakTOB
TpaTuTcs BiycTyro. Camu OJIOKM 3a4acTyiO0 BEChbMa Majibl - JIB€ WJIM TPU KOMaH/IbI,
- a BETBJCHHUS BCTPEYAIOTCS B KOJAE B CPEIHEM KaKIble IIecTb MaHJ. Takas
CTPYKTYpa KoJia JeJlaeT KpaiHe CI0XKHBIM €0 MapajieIbHOE BhIIOIHEHHUE.

[Ipu wucnonb30BaHUU TMPEAUKALMNA KOMIWISATOP, OOHAPY>KWB OIEpaTop
BETBJICHUS B UCXOAHOM MporpamMme, aHaJIM3UPYeT BCE BO3ZMOXHbBIE BETBU (OJIOKN)
U ToMeYaeT MX MeTKaMu wind npeaukaramu (predicate). Ilocme »Toro o
OTIpENIETseT, KaKue U3 HUX MOTYT OBITh BBITIOJHEHBI MapaljieNbHO (M3 COCEIHUX,
HE3aBUCHUMBIX BETBEH).

B mpomecce BBIOTHEHMSI MPOTPaMMBI IEHTPATBHBINA MPOLIECCOP BHIOMpAET
KOMaH/Ibl, KOTOPhIE B3aWMHO HE3aBUCHMBI M PACIpeeisieT UX Ha MapauieIbHYo
00paboTky. Eciii nieHTpaibHblid mporeccop oOHapyKUBAET ONEepaTop BETBIICHUS,
OH HE TIBITACTCS MPEICKa3aTh MEPeXoJl, a HAYMHAET BBIMIOJHATH BCE BO3MOXKHBIC
BETBH IMPOTPAMMEI.

Takum oOpa3zoM, MOTYT OBITH 00pabOTaHBI BCE BETBU MPOTpamMMbl, HO 6€3
3aIliCH MOJTYYEHHOTO pe3ynbTara. B omnpeseneHHblii MOMEHT MpoIieccop HaKOHell
«y3HaeT» O pealbHOM MCXOJ€ YCIOBHOIO OIepaTopa, 3alHiChiBaeT B MaMsITh
PE3YNbTAT «IIPABUILHON BETBMU» M OTMEHSET OCTAIbHBIC PE3YJIbTATHI.



B 1o xe BpeMs, eciau KOMOWISTOP HE «OTMETHJI» BETBJIEHUE, MPOIECCOP
JEHCTBYeT KaK OOBIUHO - MBITAETCS MPEACKa3aTh MyTh BETBJICHHUS M TaK Jajiee
WcnpiTanus mokasaiu, 9YTO OMUCAHHAsE TEXHOJIOTHS MO3BOJSET yCTPAaHUTH Oojee
MOJIOBUHBI BETBJICHUI B THUIHYHON Mporpamme, M, CIEAOBATEIbHO, YMEHBIIUTH
0osee yem B 2 pas3a YuCIIO BO3MOKHBIX OIIMOOK B MPEACKa3aHUSMX.

Onepexariiee YTeHUst

Onepexaroniee ureHue (IpenBapuTeNbHasi 3arpy3ka JaHHBIX, YTEHHE I10
MPEANOJIOKEHUIO) pa3/ieNiaeT 3arpy3Ky JJaHHBIX B PETUCTPbl U HMX peajbHOe
UCIIOJIb30BaHUE, M30eras CUTyallH, KOrja MpoLeccopy NPUXOAUTCS OXHUAATh
MIPUXO0JIa TAHHBIX, YTOOBI HAYaTh UX 00PabOTKY.

[Ipexxne Bcero, KOMOWISATOpP aHAIM3UPYET MporpamMmy, ONpenensis
KOMaH/Ibl, KOTOpbIE TPEOYIOT MpUeMa JaHHbIX U3 ONepaTuBHOU namatu. Tawm, riae
3TO BO3MOKHO, OH BCTaBJIIET KOMAHJbl OIEPEKAIOIIEr0 UYTEHUS U MApHYIO
KOMaHay KOHTpOJIS omnepexatoiero yreHus (speculative check). B To ke Bpems
KOMIOWISATOP TEPECTaBlIsAeT KOMaHABl TakuM o00pa3oM, UYTOOBI IIEHTPaJIbHBIHI
MPOIIECCOP MOT UX 00pabaThIBaTh MapaICIbHO.

B mpomecce paboThl LEHTPATBLHOTO MPOIECCOpPa BCTPEUaeT KOMAHIY
OTEPEKAIONIET0 YTCHHWS W TBITATCS BHIOpATh JaHHBIE W3 MaMATH. MOXKeT
OKa3aTbCsl, YTO OHU €IlI€ HE TOTOBBI (PE3yNbTaT PadOTHI OJO0KAa KOMaH[, KOTOPBIN
elle He BBIMOMHWICA). OOBIYHBIN MPOLECCOP B 3TOM CUTyalluu BBIAAET COOOIIEHNE
00 ommbKe, OJHAKO CHCTEMa OTKJIAAbIBAE€T «CHUTHAJI TPEBOTU» 1O MOMEHTa
IpUX0Ji1a Ipolecca B TOUKY «KOMaH/1a IIPOBEPKH OIEpesKaroiero ureHus». Ecinu k
TOMY MOMEHTY BCE MpPEALIECTBYIOIINE MOAINPOLECCHl 3aBEPIICHbl U JAHHBIC
CUMTaHbI, TO 00pabOTKa MPOJOIIKAETCS, B MPOTUBHOM Ciyyae BbIpabaThiBaeTCs
CUTHAJ MPEPHIBaHUSI.

1.5.5. MHorokparTHoe 1eKOAMPOBaHHE KOMAH/

B 10 Bpems kak TpaguLMOHHBIN TPOLIECCOP JIMHEWHO MEPEBOIUT KOMaH/bI B
TaKTOBbIE MHUKPOKOMAHJIbI M TIOCIEAOBATEIIbHO WX BBINOJHAET, LEHTPAIbHBIN
MpOLIECCOpP C MHOTOKPAaTHBIM JEKOAUPOBAHMEM CHauyajia MpeoOpa3yeT KOJbl
UCXOJHBIX KOMaHJ MpOrpaMMbl B HEKOTOPbIE BTOPUYHBIE IICEBAOKO/IBI
(npenBapuTeNbHOE JEKOJUPOBAHHME, WM MPEIEKOJUPOBAHUE), KOTOpPHIE 3aTeM
6onee 3(PEKTUBHO HMCHOTHSAET SIAPO Tpolieccopa. ITU MPeoOpa3oBaHUS MOTYT
COJEp’KaTh HECKOJBKO JTarnoB. B KkayecTBe MNpUMEPOB pPaccMOTpUM 2-3-
CTYIIEHYATBIE IE€KOJIEPHI.

MHOroKpaTHble I€KOEPhl U CMEKHBIE TEXHOJIOTHH

o npeodpazoBanue CISC/RISC B VLIW;

o npeodpazoBanue VLIW/CICS B RISC;

o MaKpOCJHSHUE;

o MUKPOCIHUSIHUE

NexonupoBanne komaua CISC/RISC B VLIW
HexonupoBanne komana CISC/RISC B VLIW. Dtu TexHosoruu
UCIIOJIb30BaHbl B MOOWIBHBIX Tmporeccopax Crusoe (¢upma Transmeta) wu



HEKOTOPBIX IEHTpalbHBIX mporeccopax Intel - apxurektypol [A-64 u EPIC

(Explicitly  Parallel Instruction Computing - BBIYHCICHHS C  SIBHOW
MapajuieIbHOCTBIO UHCTPYKITUN).
B uyactHoctn, B Crusoe Ha BXxoAe Impoleccopa - MPOTPaMMBbI,

MOJITOTOBJICHHbIE B cucTteMe komaHja Intel x86, ogHako BHYTpEHHSSI cuUcTeMa
koMmaHn VLIW He nMeer Hudero oOmero ¢ KkomangamMu x86 u paspaboTaHa Iis
OBICTPOTO BBIMOJHEHUSI MPU MAJOW MOIIHOCTH, MCHOJB3yd 00buHyr0o CMOS-
TEXHOJOTHI0. OKpyXalIUil ypOBEHb MNPOrPaMMHOIO Ha3bIBAIOT MPOrPAMMHBIM
obecrnieuenueM moaudukaimu kojaoB (Code Morphing software - CMS, unu CM),
3/1€Ch OCYIIECTBIISICTCS JUHAMUYECKUN MEPEeBOJ KoMaH 1 x86 B komaH bl VLIW.

AHanoruyHble IpUEeMbl UCTIONB3YIOTCS B Ipolieccopax Intel Itanium - 3mech
IIPU KOMITWJISIIMU TOTOBATCS MakeThl (CBs3kH, bundles) komans (o 3 KoMaHJIbI B
128-6utoBom makere). Tem cambiM, KOMOWISTOP BBIMOJHSET B JIAaHHOM CIy4yae
¢ysxun CM.

NexogupoBanne komana CISC VLIW B RISC

VYkazannsle Bblie TOCTOMHCTBA RISC-apXuTEKTyphl MPUBENH K TOMY, YTO
BO MHorux coBpeMeHHbiXx CISC-mponeccopax wucnome3yercss RISC-sapo,
BBINIOJIHAIOIIEE 00padOTKy JaHHBIX. llpu 3TOM mOCTymaromye CrIoXKHbIE H
pazHodopmaTHbIE KOMaH/Ibl MIpeIBapPUTEIHLHO npeoOpazyrorcs B
nocyenoBaTeabHOCTh NpocThiX RISC-omepanuii, OBICTPO BBINOJHAEMBIX ATHUM
IPOLECCOPHBIM siipoM. Takum o0pa3zom, paboTalOT, HANPUMEP, COBPEMEHHbIE
Mozenn mpoueccopoB Pentium u K7, kKoTopple MO BHEIIHMM MOKa3aTesIM
otHocsATea K CISC-mpoueccopam. McenonbszoBanue RISC-apXHUTEKTYypHl SBIISETCS
XapaKTEPHOM YEPTOM MHOTHUX COBPEMEHHBIX IPOLIECCOPOB.

Maxkpocausinue (macrofusion)

B mporeccopax mpenpiaynux MOKOJICHUN Kakaas BBIOpaHHAs KOMaHJa
OTIIEIBHO JEKOAUPYETCS U BBINONHIETCS. MaKpOCIUsHUE MO3BOJISIET 00bEIUHATD
TUMAYHBIE TAapbhl  [OCJIEAOBATENbHBIX KOMaHJ (Hampumep, CpaBHEHUE,
COMPOBOXK/IAIOIIEECS] YCIOBHBIM TIEPEXOJOM) B €IMHCTBEHHYIO BHYTPEHHIOIO
KoMaHy-mukpooneparuio (MkOII, micro-op) B mpouecce nekonupoBaHusi. B
JNaIbHENIIIEM JIB€ KOMAaHAbl BBIMOJHSIOTCA Kak ogHa MkOII, cokpamast mojHbIi
00beM paboThI Mpoleccopa.

Muxkpocausiaue (micro-op fusion)

B coBpeMEeHHBIX JOMHHHUPYIOLIUX Mpoleccopax KOMaHsl X86 (macro-0ps)
o0bryHO pacuseHsitorcs Ha MKOII mpexnae, yeM mnepenaroTcsi Ha KOHBeiep
npoueccopa. Mukpocnusiaue rpynnupyer u coeaunser MkOII, ymenpmas ux
yucno. MccnenoBannsa nokasanu, 4yro ciusaue MkOII BKyrie ¢ BBITOJTHEHUEM
KOMaH/1 B U3BMEHEHHOM MOPAJIKE MOKET YMEeHbIUTh uncio MkOII Gonee yem Ha
10 mporteHToB. /laHHas TEXHOJIOTUS HUCIIOIb30BaHa B cucteMax Intel Core, a panee
anpooupoBainachk B [T MoOunsHbBIX cucTteM Pentium M.

B npoueccopax AMD K8 kouBeiiep cTpouTcs Ha TOM, 4TO paboTa C
notokoM MKkOII npoucxonutr Ttpoitkamu UHCTpyKuMii (AMD Ha3biBaeT wux
muHusiMu - line). Kouseitep K8 o0pabarbiBaeT MMEHHO JHMHHHM, a HE X86-
MHCTPYKIUU WIH OT/AEJIbHbIE MUKPOOTIEpallUH.

Texunosoruss Hyper-Threading (HT)



31ech peanu3yeTcs pa3/iejeHue BpEMEHHU Ha arrnapaTHOM ypoBHe, Pa3ouBas
bu3MYecKuil PoIeccop Ha JiBa JIOTHYECKHUX MPOIECCopa, KaKIbIH M3 KOTOPHIX
UCIIOJIB3YEeT PECypChl UWIa - SAPO, KOII TaMsTh, IIIWHBI, HWCIIOJHHUTEIHLHOE
YCTPOMCTBO.

bnaromaps HT wHoromporeccHass oOIepanuoHHas CHUCTEMA HCIIOIb3YET
OJIMH TIPOTIECCOP KaK JIBa W BBIIACT OJHOBPEMEHHO JIBa MOTOKAa KoMmaHa. CMBICI
TEXHOJIOTHH 3aKIIFOYAETCS B TOM, YTO B OOJBIIMHCTBE CIIYyYacB HCIIOTHUTEIIHHBIC
YCTPOMCTBA Tpolieccopa JajieKkh OT MOJHOM 3arpyxeHHocTH. OT mepenayu Ha
BBINIOJIHEHHE BJIBO€ OOJBIIEr0 TOTOKAa KOMaHJ IMOBBIIIAETCS — 3arpy3ka
UCITOJIHUTEIIbHBIX YCTPOUCTB.

TexH0JIOTMH «HEBBINOJHUMBIX OMTOB

TexHonoruu «HeBBIMOTHUMBIX OUTOB» (No-eXecute bit). but «NX» (63-i
OuT ajapeca) MO3BOJSIET ONEPAIIMIOHHON CHUCTEME OIPEACIIUTh, KAaKHe CTPAHHIIBI
ajapeca MOTYT COJAEpXKaTh WCIOJHSAEMBIE KONbI, a Kakwe - HeT. [lombiTka
oOpatutbcsi k NX-ajpecy Kak K HCIOJHAEMOM MpOorpaMMe BbI3BIBAET COOBITHE
«HApPYIICHHWE 3allUThl TaMATH», TOJ00HOE IIOMBITKE OOpPAaTUTHCA K MaMSTH
«TONBKO JUISI YTCHHS» WM K OO0JIACTH Pa3MEIICHHS OTEPAMOHHON CHUCTEMBI.
DTHUM MOXKET OBITH 3aIIPEIICHO BBHITIOJHEHUE MPOTPAMMHOTO KOAa, HaXOAIIETOCS
B HEKOTOPBIX CTPAHMIIAX MAaMSATH, TaKHM 00pa3oM IpeIoTBpalias BUPYCHbBIC WIIH
xakepckue araku. C TEOpEeTWYECKONM TOUYKH 3PEHHS, 37eCh OCYIIECTBISICTCS
BUpTyaJlbHOE Ha3zHaueHue «l apBapACKON apXUTEKTypb» - pa3eieHHe MaMsITH
JUI1 KoOMaHa U Ui gaHHbeiX. O6o3HaueHne «NX-bity ucnonb3yercs AMD, Intel
UCIOJB3YeT BhipaskeHue «XD-bit» (eXecute Disable bit).

1.6.Texnonozuu noeviuenusn np0u3300umeﬂbuocmu Komnbiomepoe

1.6.1. MeToa0/10r1sl NOBBILICHUS IPOU3BOAUTEILHOCTH KOMIILIOTEPOB

[To Mepe TOro Kak KOMIIBIOTEPBI CTAHOBSTCS BCe Oosiee ObICTPHIMU, MOKET
BO3HUKHYTh COOJIa3H MPEANOIOKUTb, YTO KOMIIBIOTEPHI, B KOHEUYHOM CYETE,
CTaHyT "MOCTATOYHO OBICTPHIMH', U UTO ANNETUT YBEJIWYEHUS BBIYMCIUTEIHHOU
MOIIHOCTH OyAeT TNOCTENeHHO YMEHbIIaThcs. OHAKO HCTOPUS Ppa3BUTHUSA
KOMITBIOTEPOB  MMOKA3bIBAET, 4YTO IO MEpEe TOro KaK HOBas TEXHOJOIHUS
YIOBJIETBOPSIET YK€ M3BECTHBIE MPUIIOKEHUS, MOSBIISIOTCS HOBBIE MPUIOKEHUS,
WHTEpEC K KOTOPHIM OB BbI3BaH 3TOM TEXHOJOTHUEH U KOTOpBIE TeNepb TPEOYIOT
pa3paboTku emie 0osiee HOBOM TEXHOJOTUMHU W Tak jainee. Tak, Hanmpumep, nepBbie
uccienoBanusi peiHka cObita Gupmoint Cray Research mpenckaspiBaii pHIHOK B
necsaTok cynep-2BM, onHako ¢ Tex mop ObUIO MPOIaHO MHOTO COTEH cynep-OBM.

TpaanuroHHO, YBEIMYEHHE BBIYMCIUTEILHON MOLIIHOCTH MOTHBHPOBAJIOCH
YUCJIOBBIMU MOJIEJTUPOBAHUSAMM CJIOKHBIX CHUCTEM, TAKUX KaK MOroja, KJIumar,
IPOU3BOJACTBEHHbIE  NPOLECCHl, (U3NYECKUE U  XUMHUYECKHE  MPOIECCHI,
MEXaHUYECKHUE W DJIEKTPOHHbIE YycTpoicTBa. OJHAKO, HAa CErOJHSAUIHUN JEHb
HanOoJiee CYIIECTBEHHBIMU CUJIaMU, TPeOyromuMu pa3paboTku Oosee OBICTPHIX



KOMIIBIOTEPOB,  CTaHOBSTCSI KOMMEPYECKHE MPWIOKEHMs, Uil  KOTOPBIX
HE00X0MMO, 4TOOBI KOMITBIOTEp OBLT CIOCOOEH 00paboTaTh OrpOMHBIE OOBEMBI
JAHHBIX, IPUYEM HCIOJIB3YSl MHOT000pa3ne CIOKHBIX METOAOB. DTH MPHIIOKEHUS
BKJIIOYAIOT 0a3bl JaHHBIX (OCOOEHHO, €CIIM OHHM HCIOJIB3YIOTCS TMPH MPUHATHU
pelieHuit), BUACOKOH(EPEHIINHU, COBMECTHBIE pabodre Cpeibl, aBTOMAaTH3AIUIO
JTMArHOCTUPOBAHUS B MEIUIIMHE, Pa3BUTYIO IPaQUKy U BUPTYAIbHYIO peaJbHOCTD
(0COOEHHO 151 TPOMBIIIIJIEHHOCTH Pa3BICUCHUH ).

XOTsI KOMMEPUYECKHE MPUIIOKEHUSI MOTYT B JOCTaTOYHOW MEpPE ONpeAeIuTh
apXUTEKTYpy  OOJBIIMHCTBA  OyQylIIMX  HapajUIebHBIX  KOMIIBIOTEPOB,
TPaJMLMOHHBIE  HAy4yHble  NPWIOXKEHUS  OyAyT  OCTaBaTbCsl  BaKHBIMU
NOTPEOUTEISIMU TapajlIEIbHOW BBIYMCIUTENBHON TEXHOJOTUU. JlelCTBUTENBHO,
IOCKOJIbKY HEIMHEWHbIE A (EKTHI 3aTPYIHAIOT IOHUMAHUE YHCTO TEOPETUUECKUX
UCCIJIEJOBaHUM, HIKCIIEPUMEHTBI CTAaHOBATCS Bce Ooiiee U 0oJiee JOPOrOCTOSILINMH,
HEMPAKTHYHBIMH W HEBO3MOXXHBIMHU TI0 MOJMTUYECKUM HIIM KaKUM-JTHO0 APYyTUM
npuuuHaMm (Hampumep, CILIA mpoBoguT simepHbIC WCHBITAHUS, UCTIONB3YS JIUIIb
CYNEPKOMIIBIOTEPHI), TO BBIYUCIUTEIbHBIC WCCICAOBAHUSA CIOXHBIX CHCTEM
CTaHOBATCA Bce Oosee n O6ojee BaXKHBIMH. BBIYMCIUTENbHBIE U3IEPKKH, OOBIYHO,
YBEJIMYUBAIOTCS KaK Y€TBEpPTasl CTENEHb U Ja)ke 0ojiee OT TOUHOCTH BBIUMCICHHA.
HayuHble nccnegoBaHUsl 4acTO XapaKTEPU3YIOTCA OONbIIMMH TPeOOBAaHUSAMH K
00BbeMy MaMATH, MOBBIIICHHBIMA TPEOOBAHUSMHU K OpPraHM3aIlMH BBOJA-BBHIBOJA.
Tak 4yTO 111 HAy4yHBIX HCClIEeNOBaHHI OyaeT HeoOXoauMa BCE BO3pacTarolas
MOIIHOCTh KOMITBIOTEPA.

[TorpebHOCTE BO BCce 0Oo0jiee MOIIHBIX KOMIIbIOTEpaxX OyJeT ONpeaesnsiTcs
3alpocaMy KaK MHTEHCHUBHBIX IO JaHHBIM KOMMEpPYECKUX NPUJIOKEHUH, TaK U
UHTCHCUBHBIX 110 BBIUYMCICHUSIM HAy4YHBIX W TEXHUYECKUX MPUIIOKECHUH.
TpeGoBanust 3TUX O00NacTel  YENOBEYECKOM  JEATEIBHOCTH  MOCTEIIEHHO
CONMMKAIOTCS - HAayYHbIE M TEXHUYECKHE MPUIOKECHHUS BOBIEKAIOT BCE OOJBIIHNE
00BEMBI TaHHBIX, @ KOMMEPUYECKUE MPIIOKEHNUS HAUWHAIOT TIPUMEHSAThH BCe Ooiee
CJI0’KHBIC BBIYUCIICHUS.

Jlo Hacrosiniero BpeMeHu 3(()EKTUBHOCTh CaMbIX OBICTPHIX KOMIIbIOTEPOB
BO3pOcCya MOYTH TO JKCTOHEHTe. [lepBble KOMIBIOTEPH! BHITIOJHWIN HECKOJIBKO
JIECATKOB OIEpAlMil C IUIABAIOLIECH 3amlsiTOM B CEKYHIy, 4 MPOU3BOAUTEIBLHOCTH
napauIeTbHBIX KOMITBIOTEPOB CEPEIUHBI IEBSTHOCTHIX JOCTUTAET JACCITKOB U JaXKe
COTEH MWJUIMApPAOB OIEepaluii B CEKyHIy, M, CKOpee BCEro 3TOT POCT OyaeT
npoaokarbesa. OHAKO apXUTEKTypa BBIYUCIUTEIbHBIX CHUCTEM, OIMpPENESIOIINX
3TOT POCT, U3MEHMUJIACh PATUKAIbHO - OT MOCIEAOBATEIBHON A0 MapauIeIbHOM.
Opa OJHOIMPOLIECCOPHBIX KOMITBIOTEPOB MPOAOIKAIACH J0 MOSIBICHUS CEMeNCcTBa
CRAY X-MP/ Y-MP - cnabo napajiebHbIX BEKTOPHBIX KOMITbIOTEPOB ¢ 4 - 16
poLEeccopaMy, KOTOPBIX B CBOIO OUY€pe/lb CMEHMJIM KOMIIBIOTEPHI C MAacCCOBBIM
napajyieIun3MOM, TO €CTh KOMITBIOTEPHI C COTHAMM WJIM ThICSIYaMHU MPOLIECCOPOB.

O PeKTHUBHOCTh KOMIBIOTEpA 3aBUCUT HETMOCPEACTBEHHO OT BpPEMEHH,
TpeOyeMOoro Jjisi BBINOJIHEHUS 0a30BOM omepaiuu U yucia 0a30BbIX OIEpaluu,
KOTOpBIE MOTYT OBITh BBITIOJIHEHBI OJTHOBPEMEHHO. Bpems BbImonHeHus: 6a30BOi
olepalii OTPAaHWMYEHO BPEMEHEM BBHITIONHEHHUS BHYTPEHHEH DJIeMEHTapHOM
oreparuu Tporeccopa (TaKTOM IMpoleccopa). YMEHBIICHHE TaKTa OrpaHuYEHO



bu3nueckuMu TMpeaesaMy, TaKUMH Kak CKOpPOCTh cBeTa. UToObl 00OMTH 3TH
OTpaHUYEHMs,  MPOU3BOAUTENM  IPOLECCOPOB  MBITAIOTCS  PEATNU30BATh
napauielibHyl0 padoTy BHYTPU YMMa - TPU BBIIOTHEHUU DJIEMEHTApHBIX H
0a3oBbIx omeparuid. OJHAKO TEOPETHYECKHW OBbUIO IOKAa3aHO, YTO CTpaTerus
Ceepxricokoro YpoBus Muterpammm (Very Large Scale Integration - VLSI)
ABJISIETCSA JIOPOTOCTOSIIIEH, YTO BPEMSsl BBHINOJHEHUSI BEIYMCICHUN CUIILHO 3aBUCUT
oT pazmepa mukpocxembl. Hapsimy ¢ VLSI a1t moBsilieHUst Tpou3BOIUTEILHOCTH
KOMITBIOTEPA HCIOJB3YIOTCI M Jpyrue CrocoObl: KOHBeWepHas 00paboTka
(pa3nuyHble  CTaJAMM  OTHEIBHBIX KOMAHJ  BBIMOJHSETCS  OJHOBPEMEHHO),
MHOTO(YHKIIMOHANIbHBIE MOAYJIH (OTACJIbHBIE MHOXHUTEIU, CyMMaTOpbl, U T.I.,
YIPaBJISIOTCS OJJUHOYHBIM IIOTOKOM KOMaH/IbI).

Bce 6omnbiie u Gosbiiie B DBM BKITIOYAETCS HECKOJIBKO "KOMIBIOTEPOB" U
COOTBETCTBYIOIIAs JIOTUKA UX coennHeHus. Kaxaplii Takod "kKoMmibroTep' HMeeT
CBOU COOCTBEHHBIE MpoIeccop, namsth. Ycnexu VLSI TexHonoruu B yMeHbIIICHUU
YHUCJIO KOMIIOHEHT KOMIIbIOTEpa, objeryart co3aanue takux IBM. Kpome Toro,
MIOCKOJIbKY, XOTSl U OY€Hb MPHUOJIMU3UTENIBHO, CTOMMOCTh OBM mponopuuroHanbHa
YUCITy UMEIOIIUXCS B HEW KOMIIOHEHT, TO YBEJIUYCHHE WHTETPallid KOMIIOHEHT
ITO3BOJIAET YBEIUYUTH YHCIIO MpoueccopoB B OBM mnpu HE 04eHb 3HAYUTEIBHOM
MOBBIIIIEHUH CTOMMOCTH.

Jlpyras Ba)kHasT TEHIICHIIMS Pa3BUTUSI BBIYUCIECHUU - O5TO OIPOMHOE
YBEIIMUEHHUE MPOU3BOAUTENbHOCTH ceredr DOBM. FEmie HenaBHO ceTH HMeNd
obicTponeicteue B 1.5 MOuT/c, HO B KOHIE JEBSHOCTBIX, CETU C
osicTponericteuem B 1000 Mowut/c Oynyt moBcionxy. Hapsimy ¢ yBennueHuem
OBICTPOJICHCTBUSI CETEW YBEIMUYMBACTCS HANIEKHOCTh IMepefadyd JaHHBIX. ITO
MO3BOJISIET pa3pabarbiBaTh MPHUIIOKEHHUS, KOTOPbIE HCIONB3YIOT (U3HYECKU
pacnpeneneHHble pecypchl, Kak OyJITO OHHM SBISIOTCS YacTSIMH  OJIHOTO
MHOTOITPOLIECCOPHOrO KommbloTepa. Hampumep, KOJIJIEKTUBHOE HCIOJIb30BAHUE
yAAJIEHHbIX 0a3 JaHHBIX, 00paboTKa TIpauUuecKuxX AaHHBIX Ha OJHOM WJIU
HECKOJIbKUX TpaUyecKUX KOMIIbIOTEpaxX, a BBIBOJ M YIPABJICHUE B pPeajbHOM
MacmTabe BpeMEHH Ha padOyuX CTAHIIMSIX.

PaccMoTpeHHBIE TEHICHIIMM Pa3BUTUSI APXUTEKTYPbl U UCIOJIb30BaHUS
KOMITBIOTEPOB, CETEH MO3BOJIAIOT MPEANONIOKUTh, YTO B CKOpOM Oyayniem
napajyieIbHOCTh HE OyAET yNIeJIOM TOJIbKO CYNEPKOMIIBIOTEPOB, OHA MPOHUKHET U
Ha PBIHOK pa0OYMX CTaHIMH, MEPCOHAIBHBIX KOMIBIOTEpOB u cereir DOBM.
[Iporpammbl  OyAyT WCHONB30BAaTh HE TOJBKO MHOMKECTBO IPOIIECCOPOB
KOMITBIOTEPA, HO M TMPOIIECCOPHI, JOCTYMHBIC TI0 cCeTH. [10CKOIBKY OGOJBITMHCTBO
CYILIECTBYIOLIUX AJITOPUTMOB MPEANOJIAraloT UCMOJIb30BAHUE OJHOTO MPOLIeccopa,
ATO MOTPEOYIOTCSI HOBBIC AITOPUTMBI M IPOTPAMMBI CTIOCOOHBIE BBITIOJIHITH MHOTO
omepalnuii oxHOBpeMeHHO. Hanmuume U wucnonb3oBaHUE napanierusma Oyner
CTAHOBUTHCSI OCHOBHBIM TPEOOBaHUEM IMPHU Pa3pabOTKE AITOPUTMOB U ITPOTPAMM.

Yucino  mpoueccopoB B KoMmmbloTepax — Oyner  yBeIMYMBAThCH,
CJIEIOBATEIbHO, MOXHO TMPEANOJIOKUTb, YTO B TEYEHHE CpPOKA CIYKOBI
IpOorpaMMHOro  obecredyeHuss OHO OyIeT JKCIUIyaTUpOBAaThCsl Ha  BCE
YBEIMYMBAIOLIMMCS YHCIIE MPOIECCOPOB. B 3TON CBSI3M MOXKHO MPEANOJIONKUTD,
4TO TUISt 3aIUTHI KanuTaJI0BIOKECHU N B IPOTPaMMHOE



obecneuenue, mawmaobupyemocmo (scalability)  mporpammuoro  obecrneueHus
(TMOKOCTh 10 OTHOIICHHIO K YBEIHMYCHHIO/M3MEHCHHIO YHCIIA HCIOJIb3yEeMbIX
IPOIIECCOPOB) OYyIET CTOJNIb e BaKHa KaK IepEeHOCHMOCTh. IIporpamma,
CIIOCOOHAs WCIIOJIB30BaTh TOJBKO (DHKCHPOBAHHOE YHCIIO IPOIECCOPOB, OYyIET
TaKOM JKe IIOXO0H, KaK W Imporpamma, CrocooHas paboTarh TOJbKO Ha OHOM THIIE
KOMITHIOTEPOB.

OTIUYMTENBHBIX MTPU3HAKOM MHOTHX MapaUIeIbHBIX apXHUTEKTYP SBIISCTCS
TO, YTO JOCTYN K JIOKaJbHOW MaMsATH Ipolleccopa JCIICBIE, YeM JOCTYN K
yIAJICHHOW maMaTH (maMsaTd Jpyrux mporeccopoB cetn). CrenoBaresbHO,
KeJaTeNIbHO, YTOOBI JOCTYI K JIOKQJIBHBIM JIaHHBIM ObUT 0OOJiee YacThIM, YeM
JOCTYIl K YAaJCHHBIM JaHHBIM. J[aHHOE€ CBOMCTBO MPOrPaMMHOI0 OOECICUCHUS
Ha3bIBAIOT JlokanbHocmbto (locality). Hapsimy C napauIeIu3MOM u
MaIlTaOUPyEeMOCThIO, OH SIBIISICTCS OCHOBHBIM TPeOOBaHHMEM K MapauICIbHOMY
OpOrpaMMHOMY  OOeClledeHHni0. BaKHOCTh 3TOr0 CBOKMCTBA  OMpEAEsCTCS
OTHOIIIEHHEM CTOMMOCTEN YAAJICHHOTO U JIOKAJIbHOTO OOpalieHuid K maMsTH. ITO
oTHoIlIeHHEe MOXkeT BapbupoBaThcsa oT 10:1 mo 1000:1 umu Gonblie, 4YTO 3aBUCUT
OT OTHOCHTENIBbHOM 3()(HEKTHBHOCTH MPOIECCOpa, MAMSITH, CETH, ¥ MEXAHH3MOB,
UCIIOIb3YEMBIX ISl IOMEIICHHS JaHHBIX B CETh M M3BIICYECHUSA UX U3 CCTH.

Teneps paccMOTPHUM MOJEIH MApaUICIbHBIX KOMITBIOTEPOB, MapalieabHbIX
BBIUUCIICHHUH, MPOOIEMbI, BOSHUKAIONIUE IPU pa3padOTKe, HAIMCAHUU U OTJIaaKe
Hapajvie)IbHBIX MPOTPaMM.

1.6.2. Moaenu napajuieJibHbIX KOMIILIOTEPOB

C camoro Hadana KOMITBIOTEPHOW SpbI CYIIECTBOBajIa HEOOXOJIUMOCTh BO
Bce Oosiee 1 OoJee MPOU3BOAUTENBHBIX CUCTEMaX. B OCHOBHOM 3TO JOCTHrajaoch B
pe3yabTaTe BOJIIOIMU TEXHOJIOTUN MPOU3BOJICTBA KOMIIbIOTEPOB. Hapsany ¢ atum
MMEJIM MECTO IIONBITKM MCIIOIB30BaTh HECKOJIBKO IIPOLECCOPOB B  OJHOU
BBIYHCIIUTENILHOM CHCTEME B pacdyere Ha TO, UTO OyJeT JOCTUTHYTO
COOTBETCTBYIOLIEE YBEIMUYCHUE NPOU3BOAUTEIBLHOCTH. [IepBOl TakoM MONBITKOM,
ocyuiecTBieHHOM B Hawane 70-x romos, asisiercss ILLIAC IV. Ceituac umeercs
Macca MapajyieIbHbIX KOMITBIOTEPOB U MTPOEKTOB UX PEAIU3allUH.

ApPXUTEKTYpbl  TApaUICNIbHBIX ~ KOMIBIOTEPOB  MOTYT  3HAYUTEIbHO
OTJIMYAThCS APYT OT Apyra. PaccMOTpUM HEKOTOPBIE CYHIECTBEHHBIC MOHATHUS U
KOMITOHEHTBI TIapajUIeIbHBIX KOMIIbIOTEPOB. [lapannenbubie KOMOBIOTEPHI COCTOST
u3 Tpex OCHOBHBIX KOMITOHEHT: npoyeccopbl, MOOYIU namsamu,
U KomMmymupyrowas cems. M0OXXHO paccCMOTpETh U 0osiee U30IIpeHHOe pa3OrueHne
MapajuieIbHOTO KOMIBIOTEP HA KOMIIOHEHTHI, OAHAKO, JAHHBIE TPU KOMIIOHEHTBI
JIy4llle BCErO OTIMYAOT OJWH NapauieIbHbIi KOMIIBIOTEP OT APYTrOTO.

CeTh, COETHHAIONIAA OJHOIIPOMECCOPHBIC KOMITEIOTCPEI




KoMmmyTupymomas cerb COeIMHSAET MPOLECCOPhl IPYr ¢ APYrOM U HMHOTIIA
TaKkKe C MOAYISIMH maMaATu. [Iporeccopsl, HCIONb3yeMble B MapaielbHbIX
KOMIIBIOTEpaxX, OOBIYHO TOYHO TaKWe K€, YTO U MPOLECCOPHI OJAHOMPOIECCOPHBIX
CHCTEM, XOTSI COBpEMEHHAsi TEXHOJIOTHS, MO3BOJISIET Pa3MECTUTh Ha MHUKPOCXEME
HE TOJIbKO OJUH Mpoueccop. Ha Mukpocxeme BMecTe ¢ MpOIECCOPOM MOTYT OBIThH
pacmojoXeHbl Te€ KOMIIOHEHTBHl MM HMX COCTaBIIOIIME, KOTOPhIE JaloT
HanOobIKi 3P PeKT Mpu napayieabHbIX BRIYUCICHUAX. Hanpumep, Mukpocxema
TpaHCIbIOTEpa HApALY C 32-pa3psiAHBIM MHUKPOMPOLECCOPOM U 64-pa3psiHbIM
COIPOIIECCOPOM TUTaBaIOUIEH apu(PMETUKU COACPKUT BHYTpH KpucTaibHoe O3Y
eMKocThio 4K06ailT, 32-pa3psiiHyio MIMHY MaMsTH, TO3BOJISIONIYIO aJApecoBaTh 10
4I'6aliT BHEMIHEWM 1O OTHOWIEHUI0O K  KPUCTALTy TaMATH, YEThIpe
MOCJIEIOBATEIbHBIX ~ JBYHANIPaBICHHBIX JIMHUM  CBA3M, OO0OECIEYMBAIOIIMX
B3aMMOJICHCTBHE TPAHCIIBIOTEPA C BHEIIHUM MUPOM U PaOOTAIOIIKX MapalIeIbHO
c LII1Y, unrepdeiic BHEMIHUX COOBITHIA.

OmarM W3  CBOWCTB  pasNUYAOMIMX  MapajUIebHBIE  KOMIIBIOTEPHI
ABIIACTCS YUCNIO  BO3MOJCHBIX  NOMOKO8 KOMAaHO. PaznmnyaiorT crieayrolue
ApXUTEKTYPHIL:

e MIMD (Multiple Instruction Multiple Data - MHOeCTBO TOTOKOB KOMaH]| 1
MHOECTBO IIOTOKOB JTAHHBIX ). MIMD KOMIIBIOTEP
umeeT N nponeccopoB, N motokoB koMana U N moTOKOB JaHHBIX. Kaxblii
npoueccop (QYHKIUOHHUPYET TMOJ YIPaBICHUEM COOCTBEHHOI'O IOTOKA
KOMaH/I.
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CeThb, COeTHHAIOIIAA OAHOIIPOLECCOPHBIE KOMIIbHOTEDEL

e SIMD (Single Instruction Multiple Data - equHCTBEHHBIN MOTOK KOMaHJ U
MHOECTBO TOTOKOB JaHHBIX). SIMD kommbrotrep umeeT N UIEHTUYHBIX
CUHXPOHHO paboTaromux mporeccopoB, N TOTOKOB JaHHBIX M OJWH MOTOK
koManJ. Kaxxaeiii mpoieccop o61aiaeT coOOCTBEHHOM JIOKATBHOU MaMSThHIO.
CeTb, COETMHSIONIAS TTPOILIECCOPHI, OOBIYHO UMEET PETYIISIPHYIO TOMOJIOTHIO.
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CeTh, COeqHHAROIIAA OQHOIIPOLIEC COPHEBIC KOMITBHOTCPDEL

Jpyrum  CBOMCTBOM, pa3IMYalOlIUM  [apajuielibHbIE  KOMIIBIOTEPHI,
ABIIIETCSI CNOCOO Oocmyna K MOOVIAM NaMamu, TO €CTb HMMEET JIM KaxIbld
IPOIIeCCOp JIOKAIbHYIO IIaMATh W OOpamaercs K JpyruM OJIoKaM IaMsTH,
UCTIONB3YS] KOMMYTHPYIOIIYIO CETh, WJIM KOMMYTHPYIOIIAs CETh COCIUHSET BCE
nporeccopsl ¢ o00mer mnamsaTeio. Mcxoas w3 cmocoba JocTyna K IMaMsTH,
pa3IMyaloT CIEAYIONIME (JOBOJBHO YCIOBHBIE) TUMBI MapamuienbHbix (MIMD)
apXUTEKTYD:

Komnwviomepul ¢ pacnpedenennon namsmoio (Distributed memory)

Kaxnprii mpoueccop MMEET AOCTYH TOJbKO K JIOKAJIBHOM COOCTBEHHOM
namatu. llpoueccoppl oO0BearHEHBI B ceTh. JlOCTyn K YHAaJICHHOW TaMATH
BO3MOKEH TOJIBKO C IIOMOILIbIO CUCTEMBI 0OMEHA COOOILIEHUSIMU.

Komnwviomepul ¢ obwetl (pazoensemoit) namsmoio (True shared memory)

Kaxapiii mporeccop KOMIbpioTepa 007agaeT BO3MOXKHOCTBIO IIPSIMOTO
JOCTYIIa K OOIIel MaMsATH, UCIIOIB3Ys OOIIyI0 IMHHY (BO3MOYKHO, PEeaTn30BaHHYIO
Ha OCHOBE BBICOKOCKOPOCTHOM ceTH). B Takux KOMIIbIOTEpax HEb3sl CYIIECTBEHHO
YBEIUYNUTh YHCIO IPOIECCOPOB, IOCKOIBKY IPH 3TOM IPOUCXOAUT PE3KOE
yBEJIUYEHUE YUCIIa KOH(DIUKTOB JOCTYIIA K IIHHE.

CPU CPU CPU CPU
Kerrn Kern Kein Keirn
! ]l[mlia )
O0Ie0CTYIIHAS [TAMATE

B HEKOTOPBIX apXUTEKTYpaX KaKIbIA IPOLIECCOP UMEET KaK MPSAMOMN JOCTYIT
K 001Iel MaMsITH, TaK ¥ COOCTBEHHYIO JOKAJIbHYIO MaMsITh.



OO01Ied0CTYIHAA ITAMATL

Komnviomepol ¢ eupmyanvrnoii obweil (pazoensemoti) namsmoio (Virtual
shared memory)

B Ttakux cucremax oOmasi maMsaTh Kak TakoBas OTCYTCTBYyeT. Kaxkblii
MPOIIECCOP UMEET COOCTBEHHYIO JIOKANbHYIO MaMsTh. OH MOXET oOpamarbest K
JIOKaJIbHOW MaMSITU JPYTUX MPOIECCOPOB, UCIOJIB3Ys "TiobanbHbI aapec”. Ecnu
"rnobanbHBIA apec” yKa3bIBae€T HE HA JIOKAJbHYIO MaMsTh, TO JOCTYIl K MaMSTH
peanu3yercsi ¢ MOMOUIBI0 COOOMIEHUI ¢ Maylol 3aJep’KKOW, MepechUIaeMbIX I10
CETH, COCIMHSIONIEH MPOIIECCOPHI.

OTmMeTM JBa KjJacca KOMIIBIOTEPHBIX CHCTEM, KOTOphIE HHOTA
UCTIONB3YIOTCS KaK MapaljieIbHbIe KOMITBIOTEPHI:

o jokanvivie eviuucaumenvhvie cemu (LAN), B  KOTOPBIX KOMIIBIOTEPHI

HAXOJATCA B (PU3NUYECKON OJIM30CTU U COCTUHEHBI OBICTPO CETHIO,

o cnobanvrvle  evruucaumenvuvle  cemu (WAN),  KOTOpble  COCIUHSIOT
reorpauuecku pacrpeneacHHbIe KOMIBIOTEPHI.

Ethernet
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XOTsI CHUCTEMBI 3TOr0 COpTa BBOJAST JOIOJHUTEIBHBIE CBOMCTBA, TaKUE
KaK Ha0exicHOCmb N 3auuma, BO MHOTHUX CIIy4asX OHU MOTYT paccMaTpUBaTHCA
kak MIMD koMIbIOTEPBI, XOTSA U C BBICOKOW CTOMMOCTBIO YAAJIEHHOTO JOCTYIIA.

1.6.3.Moaeau napauieJbHbIX BbIYHCIEHUH

[TapannenbHoe  NPOrpaMMUPOBAHUE  NPEACTABISAECT  JOMOJHUTEIbHbBIC
UCTOYHUKU CIIO)KHOCTH - HEOOXOJUMO SIBHO YIPABJISATh pabOTOW  ThICSY
MPOIIECCOPOB, KOOPJAUHUPOBATH MUJITTMOHBI MEXITPOIIECCOPHBIX B3aUMOJICHCTBUM.
Jlnst Toro pemmTh 3aJady Ha MapajuiebHOM KOMIIBIOTEpPE, HE0OXOAMMO
pacnpenenuTh BBIYUCICHHUS MEXAY MPOIECCOPAMU CHCTEMBI, TaK YTOOBI KaXIbIl
mporieccop ObLT 3aHAT PENICHHEM YacTH 3a1auu. Kpome Toro, enaTenbHO, 4TOObI
KaK MOXXHO MEHBIIUNA O0BEM JaHHBIX TMEPEChUIAICA MEXIy IMpoIeccopaMu,
MOCKOJIbKY KOMMYHHUKAIlMM 3HAYUTEIBLHO OOJIbIlIe MEIJICHHBIC OIEepalvu, 4YeM
BBIYUCIICHUS. Yacro, BO3HUKAIOT KOH(JTUKTHI MEXTy CTEIEHbIO
pacnapalyielMBaHusl 1 00beMOM KOMMYHHUKAIIMH, TO €CTh YeM MEXy OOJbIINM
YUCJIOM TIPOIIECCOPOB pacmpejesieHa 3ajada, TeM OOJbIIUNA 00BEM JIaHHBIX



HE00XO0AUMO nepechUIaTh MEKITY HUMH. Cpena napajuieIbHOTO
MpOrpaMMHUPOBAHUS  JODKHA  OOeclieymBaTh  aJeKBaTHOE  YIIPaBJICHUE
pacnpeneneHueM 1 KOMMYHUKAUSIMU TaHHBIX.

N3-3a cnoxHOCTH NapayieIbHBIX KOMIIBIOTEPOB M HMX CYIIECTBEHHOTO
OTJIMYMSL OT TPAJAULUMOHHBIX OJIHOMPOLIECCOPHBIX KOMIBIOTEPOB HEIB3S MPOCTO
BOCIIOJIb30BaThCA TPAAUIIMOHHBIMHU S3bIKAMU TMPOTPAMMHUPOBAHUS U OXKHUJATh
MOJyYEHUsS XOPOWIIEH MPOU3BOAUTEIIBHOCTA. PaccMOTpUM OCHOBHBIE MOJIENIH
napajyieIbHOTO MPOTPaMMHUPOBAHUS, UX a0CTPAKIMU aJI€KBATHBIC U IOJIE3HbIC B
napasuieIbHOM IPOrpaMMHUPOBAHUU:

Ilpoyecc/kanan (Process/Channel)

B sroit Monmenu mporpamMmbl COCTOSIT M3 OJIHOTO WM OoJjiee MPOIECCOB,
pacrpeeneHHbIX o mporueccopam. [Iponecchl BBINMOIHAIOTCA OJHOBPEMEHHO, UX
YUCJIO MOXKET HW3MEHHUTBHCS B TEUEHHE BPEMEHHM BBIIOJIHEHUS IPOTrPaMMBbI.
[Ipomeccbl OOMEHMBAIOTCS JAaHHBIMU 4Yepe3 KaHajbl, KOTOPBIC MPECTaBIISIIOT
co0Oli OJHOHAIPABJICHHBIE KOMMYHUKAIMOHHBIE JUHUHU, COCAUHSIONIUE TOJIBKO
JBa mpornecca. Kananbsl MOXKHO CO3/1aBaTh U yJIAJISTh.

Oomen cooowenuamu (Message Passing)

B bsroii mMomenu mnporpaMmbl, BO3MOXKHO pAa3jIMYHbIC, HAIMKWCAHHBIC Ha
TPAJUIIMOHHOM  TOCJEJOBATEIBHOM  SI3BIKE  HUCIIOJHSIIOTCS — MOPOLIECCOPaAMHU
KommbloTepa. Kaxnas nmporpaMma HUMEIOT JOCTYI K MAMATH HCHOJHSIOMIETO €§
nporeccopa. [Iporpammbel 0OMEHHBAIOTCS MEXAY COOON NaHHBIMHU, HCIOIb3YS
MOJANPOTPAMMBI  NIpUEMa/Tiepesiaul  JaHHBIX HEKOTOPOM KOMMYHHUKAIIMOHHOMN
cuctembl.  [IporpamMmbl, UCHONB3yIOIIME OOMEH  COOOIICHHUSIMH, MOTYT
BBINOJIHATHCS TOJIBKO HA MIMD kommnbroTepax.

Iapannenusm oannvix (Data Parallel)

B »3T0#1 MOJIenM €IMHCTBEHHAs MporpaMma 3aJaceT paclpeleieHue TaHHbIX
MEXJY BCEMHM NPOLECCOpPaMH KOMIBIOTEpa W  ONEpallMd HAaJ  HUMH.
PacnpenenseMbiMu TaHHBIMU OOBIYHO SIBJISIFOTCSI MacCuBbl. Kak mpaBuiio, S3bIKU
MPOrPaMMHPOBAHHUS, TOAAEPKUBAIOIINE JAHHYI0 MOJIENb, JOMYCKAKOT ONEpaluu
HaJl MAacCHMBaMH, IMO3BOJSIOT HCIMOJIb30BATh B BBIPAKECHUAX I1IEJIIE MACCHUBBHI,
BBIPE3KM M3 MAcCHUBOB. PacmapajuiennBaHue omepanuii HaJ MacCUBAaMU, LIUKIIOB
00pabOTKM MacCCHUBOB TO3BOJIET YBEJIMYUTH MPOU3BOJUTEILHOCTh MPOTPAMMBI.
KommunisiTop oTBeHaeT 3a reHepanuio KOJia, OCYIIECTBIAIOUIETO PACIPEACICHUE
3JIEMEHTOB MAaCCHUBOB W BBIYMCIIEHUN MEXIYy Iporeccopamu. Kaxapii mpoueccop
OTBEYAET 3a TO NOAMHOYXKECTBO AJIEMEHTOB MAaCCUBA, KOTOPOE PACIOJIOKEHO B €TI0
JoKanpbHOM mamaATu. [IporpaMmpl C mMapauieTu3MOM JAaHHBIX MOTYT OBITh
OTTPAHCIUPOBAHBI U UCTIONHEHBI Kak Ha MIMD, tak u Ha SIMD koMmbroTepax.

Oowen namamu (Shared Memory)

B »T0if Momenu Bce MpoIecChl COBMECTHO HCIOJB3YIOT OOIee aIpecHOe
MpoCTpaHCcTBO. lIpolecchl acMHXPOHHO oOOpamarTcs K OOIIed MmamsATh Kak ¢
3ampocaMu Ha YTEHUE, TaK U C 3alpocaMy Ha 3allrcCh, YTO CO37aeT MpOoOIeMbI NpU
BBIOOpPE MOMEHTa, KOTJla MOXHO OyAeT MOMECTUTh JaHHbIE B MaMATh, KOTJa
MOXHO OyAeT yaaiuTh uxX. [ ynpaBiieHHss OCTyHoM K OOIIeH MmamsiTu
UCIIOJB3YIOTCS CTAaHJApPTHBIE MEXaHU3Mbl CHUHXpPOHHU3AIMU - ceMadopsl U
OJIOKUPOBKH MPOIIECCOB.



Mogesb npouecc/KaHa  XapaKTepU3yeTcs CIeAyIOIIMMU CBOMCTBAMMU:

[TapanensHOE BBIYHUCIECHUE COCTOWT M3 OJHOTO WIIM 0O0JIee OJHOBPEMEHHO
WCITOJTHSFOIITUXCST  TIPOIIECCOB, YHCIO KOTOPBIX MOMKET H3MEHATHCS B TCUCHUE
BPEMEHU BBITIOJTHCHUS TIPOTPAMMBEI.

[Ipomecc - 3TO TMoOCIemOBaTENbHAS MPOTPaMMa C JOKAIBHBIMUA JaHHBIMH.
[Iporecc mMeeT BXOIHBIC W BBIXOJHBIC MTOPTHI, KOTOPBIE CIYKHUT MHTepdeiicom K
cpelie mpoiecca.

B nononHeHue K OOBIYHBIM OMNEpALMSAM MPOLECC MOMKET BBINOJIHATD
clenyroume ACHCTBUSA: TMOCiIaTh COOOIICHHE 4Yepe3 BBIXOJHOW MOPT, MOIYYUTh
COOOIIeHHE U3 BXOJIHOTO MOPTa, CO37aTh HOBBIN MPOLIECC U 3aBEPIIUTD MPOIIECC.

[Toceunaromascst ornepanusi aCUHXpPOHHas - OHA 3aBEpIIAETCs cpasy, He
OXUJasi TOro, Korja JaHHble OynyT mnoiydeHbl. [lomywaromasics omepanus
CUHXPOHHAs: OHa OJIOKUPYET MPOIIeCC O MOMEHTA MOCTYTUICHUSI COOOIIEHUS.

[Tapel W3 BXOMHOTO W BBIXOJHOTO IIOPTOB COCAMHSIOTCS OYEPEISIMH
cooOlleHn, Ha3biBaeMbIMU KaHallamu (channels). Kananbl MOXHO co3maBaTh U
ynanatb. CChUIKM Ha KaHaibI (MTOPTHI) MOYKHO BKJIFOYATh B COOOIICHMSI, TaK YTO
CBSI3HOCTh MOYKET U3MECHHUTHCS TUHAMHYCCKHU.

[Ipomecchl  MOXKHO  pacmpeieniarb 10  (QU3UYSCKUM  TIPOIECCOpam
MIPOU3BOJIBHBIM crocobamu, puaeM HCITIOJIB3yEeMOe O0TOOpaKEHUE
(pactipenienieHne) HE BO3JEHCTBYET HAa CEMAHTHKY IporpamMmbl. B uacTtHOCTH,
MHOKECTBO MPOIIECCOB MOKHO OTOOPa3UTh HA OJJMHOYHBIN ITPOLIECCOP.

[Tonsitue mporecca MO3BOJSIET TOBOPUTH O MECTOMOJOKEHUU JaHHBIX:
JTAHHBIE, COJIEPXKAIIUXCS B JIOKAIIBHOW MaMsITH MPOIIeCcca - PACTIONOKEHBI  OJIU3KO
", apyrue aaHHble yaaneHwl". IloHsATHe KaHanma oOecreurBaeT MEXaHU3M IS
yKa3aHus TOTO, YTO JJISl TOTO, YTOOBI MPOIOJKUATH BBIYMCICHUE OJTHOMY IMPOIIECCY
TpeOyIOTCSI IaHHbBIE APYTOTO TMpoiiecca (3aBUCUMOCTD IO TAHHBIM).

Moaeab 0O6meH cooouweHuamu

Ha cerogHsmuuii [eHb MOAEIb 00MeH coobwenuamu (Message passing)
SABIIICTCSI  HamOoJiee MIMPOKO  HWCIOJB3YeMOM  MOJCIBIO  MapaijIeIbHOTO
nporpamMmmupoBanus. IIporpamMmmbl  3TOM  MoOJenu, MOAOOHO MporpamMmam
MOJCIIN Npoyecc/Kanal, Co3Mal0T MHOKECTBO TMPOIECCOB, C KAKIBIM M3 KOTOPBIX
aCCOIMMPOBAHbI JIOKAJbHBIE JaHHBIC. KakIblii mporiecc HASHTHPUIIUPYETCS
YHUKaQJIbHBIM HMeHeM. [Iporiecchl B3aMMOJCHUCTBYIOT, TOCBHUIAs M IOJydas
coobmiensi. B 3TOM  OTHOIIEHHE MOJAENb 0OMeH COOOUeHUsAMU SIBIISIETCS
Pa3HOBUIHOCTBIO MOJIENH NPOYECc/Kanal i OTIMYAETCS TOJIbKO MEXaHHU3MOM,
WCITIOJIb3yEMbBIM TIPH Tiepeiaue JaHHBIX. Hampumep, BMECTO OTHpaBKUA COOOIICHUS
B kaHau "channel 2" MoxHO TocnaTe cooOIieHue nporieccy "process 3".

Mopaenab 00men coodujeHuaAMuU HE HAKIAABIBAET OTPAaHUYEHUNW HU Ha
JTUHAMUYECKOE CO3J]aHUE MPOIIECCOB, HU Ha BBITIOJIHECHHE HECKOJBKUX MPOIECCOB
OJTHAM TIPOIIECCOPOM, HHM Ha HCIIOJIb30BAaHWE PA3HBIX IPOrpamMM IS Pa3HBIX
npoueccoB. Ilpocto, dopmanbHble ONUCAHUS CUCTEM 0OMEHA COOOWEHUAMU HE
paccMaTpUBAIOT BOIPOCHI, CBSI3aHHBIC C MAHMITYJIMPOBAHHEM IPOIIECCAMM,
OpHako, TIpW peaiM3aliii TaKUX CHCTEM NPHXOAMTCS MPUHUMATh KaKoe-Ir0o0
pelieHrue B 3TOM OTHOIICHWH. Ha MpakTHKe CIOXHUIOCh TaK, 4TO OOJBITHHCTBO
CUCTEM 0OMeHa cooOWeHusMU TIPU 3alyCKe MNapaJUiebHOM MporpaMMbl CO37aeT



(UMKCUPOBAHHOE YHUCIIO HJIEHTUYHBIX MPOILIECCOB M HE IMO3BOJSET CO3[aBaTh U
pa3pyaTth MpoLECcChl B TEYEHUE pabOThI TPOTrPaMMBI.

B Takux crucreMax KaxIblid MPOLIECC BBITOIHIET OAHY U Ty € IPOrpamMmy
(mapamMeTpU30BaHHYI0 OTHOCHTENHHO HACHTH(HKATOpa JubO mporecca, JuO0
mporeccopa), Ho paboTaeT ¢ pa3HbIMU JAHHBIMH, MOATOMY O TAaKHUX CHUCTeMax
roBopsaT, 4ro oHu peanmsytor SPMD (single program multiple data - oxana
nporpaMmMa MHOIO JIaHHBIX) MOJENb nporpamMmupoBanusa. SPMD  monens
npuemiieMa M JOCTaTOYHO YJ0OHa JJisi IIMPOKOro JAuarna3zoHa MPUIOKEHUN
napajieIbHOTO MPOrpaMMUPOBAaHMs, HO OHA 3aTPYyIHSIET pa3paboTKy HEKOTOPBIX
TUIIOB NapaJJIEIbHBIX AJITOPUTMOB.

Mogaeab napannenusm OaHHBIX TAKKE SBISIETCA YacTO HCIOJIb3YEMOU
MOJENBIO IapajuIeNIbHOrO IMporpaMmMupoBaHus. Ha3zBanue monenu mpoOMCXOIUT
OTTOrO, 4YTO OHAa O3KCIUIyaTHUPYeT NapajjIeiu3M, KOTOPBIM 3aKJIFO4aeTCs B
IPUMEHEHUU OIHOW M TOH € omepaluud K MHOXECTBY 3JIEMEHTOB CTPYKTYD
naHHbeIX. Hanpumep, "yMHOXUTH Bce 37eMeHThl MaccuBa M Ha 3Hauenue X", win
"CHU3UTh I1I€HYy aBTOMOOWJIEH CO CPOKOM OJKCIUTyaraiuu OoJjiee S5-Tu Jjet".
[Iporpamma ¢ napanneausmom  OaHHbIX COCTOUT M3  TOCIEAOBATEIbHOCTEN
nono0HbIX omnepauuid. ITockonbKy omepanuu Haja KaXKIbIM 3JIEMEHTOM JaHHBIX
MO>XHO paccMaTpuUBaTh KaK HE3aBUCUMBIE MPOLECCHI, TO CTENEHb ACTAIU3aLUU
TaKuX BBIUUCIICHUN OYEHb BEJIMKA, a MOHITHE "MOKAIbHOCTH" (pacipeiesieHus 1o
npoueccaM) JaHHBIX OTCyTcTBYeT. CleqoBaTeNbHO, KOMIWISTOPBI S3BIKOB C
NapajuleIu3MOM JaHHBIX YacTo TPeOyIOT, YTOOBI HPOrPaMMUCT MPEIOCTaBHII
UH(POPMAIIMIO OTHOCUTEIBHO TOTO, KaK JIaHHBIE JIOJDKHBI OBITH pacHpeeieHbl
MEX1y TIpoLeccCopamMu, IpYruMH CIIOBaMH, KaK IporpamMma JI0JKHbI ObITh pa3ouTa
Ha npoueccbl. KoMOuisitop TpaHcaupyeT NporpaMMmy C napaiieiusmom OAHHbIX B
SPMD nporpammy, reHEpUPYSE KOMMYHUKAIITMOHHBIN KOJI aBBTOMAaTHYECKHU.

Mopeab oowaa namams. B Mouenn nporpaMMUpPOBAHUSL C oduyeil
namamu, BCE TPOLECCHl COBMECTHO MCHOJB3YIOT 00Illee aipeCHOe MPOCTPAHCTBO,
K KOTOPOMY OHM aCHMHXPOHHO OOpamaroTcs C 3alpocamMu Ha YTEHHE M 3aluch. B
TaKMX MOJENAX /Jid YNpPaBJICHHUs TOCTYNIOM K OOIIed NaMATH HCIOJb3YHOTCS
BCEBO3MOXKHBIE MEXaHU3Mbl CHHXPOHM3alMU TUIa cemMadopoB U OJIOKUPOBOK
nmporeccoB. lIpeuMymecTBo 3ToM MOJENM C TOYKM 3PEHUS IMPOTrpaMMHPOBAHUS
COCTOUT B TOM, YTO MOHSTHE COOCTBEHHOCTH JAHHBIX (MOHOMNOJBHOIO BJAJCHUS
JaHHBIMU) OTCYTCTBYET, CJEIOBaTENbHO, HE HYKHO SBHO 3a/aBaTb OOMEH
JaHHBIMUA MEXJly NPOU3BOAUTEISIMU U MOTPEOUTENAIMU. IJTa MOJENb, C OJHOU
CTOPOHBI, YIIPOILIAeT pa3paboTKy MPOrpaMMbl, HO, C APYTroil CTOPOHBI, 3aTPYyIHSIET
NOHUMaHUE " yIpPABJICHUE JIOKaJIbHOCTBIO JaHHBIX, HaIlMCaHue
JETEPMUHUPOBAHHBIX IporpamMM. B OCHOBHOM 3Ta MOJENb HMCHOJB3YyETCS NpU
IPOrpaMMHUPOBAHUU JJISI APXUTEKTYP C OOIIEOCTYTHON NaMsThIO.



2. A3BIKU ITPOI'PAMMMUMPOBAHUASA

2.1. Ilpunyunst nocmpoenusa A3b1K08 NPOZPAMMUPOCAHUA

2.1.1. OnpenesieHue I3bIKOB MPOrPAMMHUPOBAHUS

[Ipexne yeM aHaNM3UPOBaTh KOHKPETHBIE MApaJAUIrMbl IPOrPaMMHUPOBAHNUA,
paccMOTpUM 3ajady OIpEAeNICHUs CHCTeM mporpammupoBanus. OObIYHO NpuU
pa3paboTKe CUCTEMBbI MPOrPAMMHUPOBAHMS PA3TMYAIOT TPU YPOBHS: CHUHTAKCHC,
CEMaHTHKa M IparMaTuKa peaju3yeMoro si3blka. PasrpaHnueHue ypoBHEW HOCHUT
YCJIOBHBIN XapakTep, HO MOXHO KOHCTaTUPOBATh, YTO CHUHTAKCUC OIPEIEISAET
BHEIIHUN BHJI NPOTrpaMM, CEMaHTUKa 33JacT KJIAcC IPOLECCOB, MOPOKIAAEMBIX
nporpaMMamMi, a IMparMaThka pealn3yeT IMPOLEcChl B pPaMKaX KOHKPETHBIX
yCJIOBUM NpUMEHEHUs nporpamm. [Ipy m3yueHuu mapaaurm MNporpaMMHUPOBAHUS
LHEHTPAJIbHYIO pPOJb WIPAaeT CEMAHTHKA, & CHHTAKCUC M IparMarthka JUllb
UCITIOJIB3YIOTCSl KaK BCIIOMOTaTEIbHbIE IOCTPOCHUS Ha PUMEPaX.

Benckuii metron (BM) omnpeneneHus S3bIKOB HPOrpaMMHUPOBAaHUS ObLI
pa3zpaboran B 1968 rony B Benckoit nabopatopun IBM mnon pykoBoactsom II.
Jlykaca Ha ocHoBe uaeu, Bocxomsammx k Jx. Makkaptu. BeHckas mertoauka
ONpEJENECHHS]  SI3bIKOB  MPOTPAMMHUPOBAHUS €  IOMOILIBIO  ONEPALMOHHOM
CEMaHTHUKH, UCIIOJIb3YIOLIEH KOHIENIUU TPOrpaMMUPOBAHUS NIPU CreUU(PUKAIIIH
CUCTEM IIPOrpaMMHUPOBAHMS, ya00Ha TUISt CpaBHEHHUS napajgurm
pOTrpaMMHUPOBAHUSL.

bnaronapsi xoporo pa3paboTaHHOW KOHIEMIUUA aOCTPAKTHBIX OOBEKTOB,
NO3BOJISIIOIIEH KOHLUEHTPUPOBAaTh BHHUMAHHME JIMIIb Ha CYIIECTBEHHOM U
UTHOPUPOBATh BTOPOCTENIEHHBIE J1€Talu, BEHCKUI1 METOI TOANUTCA ISl ONUCAHUS U
MaIIMH, U aIrOPUTMOB, U CTPYKTYp AAHHBIX, OCOOEHHO MPU OOyYEHUU OCHOBAM
CUCTEMHOr0 TmporpammupoBaHus. [lo MHEHHIO BeoylIUX MPOrPaMMUCTOB,
BeHckuii MeTOJ1 BHE KOHKYPEHI[MU B 00JACTH OMUCAHUsI a0CTPaKTHBIX MPOLIECCOB,
B YaCTHOCTH, TMpPOIECCOB  HMHTEPNpEeTalMd  [porpaMm  Ha  SI3bIKAX
nporpammupoBanusi. COriiacHO KOHUEMIUN a0CTPaKTHBIX 00bEKTOB (a0CTPaKTHBIN
CUHTaKCHC, adCTpaKTHas MallliHa, a0CTPaKTHBIE MPOLIECCH) UHTEPIPETUPYIOIIHIA
aBTOMAT COJEPKUT B KAUE€CTBE KOMIIOHEHTHI COCTOSIHUSI YNPABISAIONIYIO YacTh,
COJIEP)KUMOE KOTOPOH MOXKET HM3MEHSTHCS C TOMOIIBIO Omeparui, MoJI00HO
IPOYUM JaHHBIM, UMEIOIIHUMCS B 3TOM COCTOSIHHH.

Mopnenp aBTOMaTa ¢ COCTOSSHUSIMHU B BHJI€ APEBOBHIHBIX CTPYKTYpP JaHHBIX,
CO3JAaHHOrO JUIsl MWHTEpHpETalud NpOorpaMM COrjJacHo BeHCkoil MeTonuke,
ABJIAIETCSI JOCTaTOYHO MNpocTo. TemM He MeHee OHa TMO3BOJIAET OIKCHIBATH
OCHOBHBIE HETPUBUAJIbHBIE MOHSITHUSI IPOTPAMMUPOBAHUS, BKJIIOUAs JIOKAIU3ALIUIO
OTIPEJICIICHHUI TI0 MepapXuu OJIOKOB BBIYMCIICHHM, BHI30OBBI MIpoOLIeAyp U (DyHKITHA,
nepeaady mnapameTrpoB. Takas Mojenb AaeT TiayOOKoe MOHMMaHUE MOHSATUN
IPOrpaMMUPOBAHMS, MOJE3HOE B KAYECTBE CTApTOBOM IUIOLIAAKU ISl U3YHYECHUS
pa3HbIX MapajJurM MOPOrPaAMMHUPOBAHMS M CPAaBHUTEIBHOIO aHalu3a CTHIIEH
pOrpaMMUPOBAHMUS.



Omnpenenenue s3pika nporpammupoBanus (AIl) mo Benckoit Metomuke
HAaYMHAETCS C YETKOrO OTACJICHHS CYIIECTBA CEMAaHTUKHM OT CHHTAKCHYECKOTO
pa3zHoo0pa3usl ONPEAEIIEMOro A3bIKa.

C aT0i1 1enplo 3amaeTcst oToopaxkeHne KonkpetHoro cuHTtakcuca (KC) Il B
abctpakTHbld cuHTakcuc (AC), BHJI KOTOpPOrO HWHBAPUAHTEH I CEMeWcTBa
HKBUBAJIEHTHBIX S3BIKOB.

KC = AC

Cemantuka Il ompenensieTcss Kak yHUBEpcajbHas HMHTEPIPETUPYIOLIAs
bynkuus (MD), naroias cMmbici 10001 mporpamMme, IpeiCTaBIEHHON B TEPMUHAX
abCTpakTHOro CHHTaKcuca. Takas (GyHKUUS HUCIONB3YET OINPEACIICHHYIO S3BIKOM
CXeMy KOMaHJ| — SI3bIKOBO OPHEHTHPOBAHHYIO aOCTpakTHyI0 MamuHy (AM),
MO3BOJISIONIYI0  CMBICH  mporpamMMm  (opmynupoBaTh  0€3  KOHKPETHKHU
KOMITBIOTEPHBIX APXUTEKTYP.

No: AC=>AM

Bri6op komaHa aOCTpakTHOM MAIIMHBI MPEACTABIAET COOOM KOMITPOMHMCC
MEXIy YpPOBHEM O0a30BBIX CPEACTB fA3bIKAa U CIOXHOCTH HMX peaju3alid Ha
npenoiaraeMbiXx KOHKpeTHbIX MamnHax (KM), BEIOOp KOTOPBIX OCYIIECTBIISIETCS
Ha YPOBHE IIParMaTuKH.

AM => KM

Croco® Takoro omnpeneneHusi CEeMaHTHKU S3bIKa MPOTrPaMMHUPOBAHMS C
NOMOUIBIO TPAHCIATOpPA HAJ A3BIKOBO OPUEHTUPOBAHHOM aOCTPaKTHOW MAaIIMHOM
Ha3bIBAIOT OINEPALlMOHHOM CEMAaHTHKOM s3bika. Ecinu paccMaTrpuBaTh B KayeCTBE
TPAHCIATOPA UHTEPIPETATOP, TO MIPUHATAS B ONEPAIIUOHHON CEMAHTUKE JUHAMUKA
yhpaBiieHus: 00sagaeT Oosbliield TMOKOCTBIO, Y€M ATO MPHUHATO B CTAHIAPTHBIX
cucremax nporpammupoBanus (CII) koMmmunupyromero tuma. 9TO MOKa3bIBAET
pe3epBbl  pa3BuTus CII HaBcTpedy COBpPEMEHHBIM YCIOBUSAM pPa3pabOTKU U
NPUMEHEHUsT HH(POPMALMOHHBIX CUCTEM C TOBBIIIEHHBIMU TpPEOOBAaHUSAMH K
HAJIeKHOCTU U O€30MaCHOCTH.

CHHTaKCUC MpPOTrpaMM B SI3bIKE€ MPOrPAMMHUPOBAHUS CBOJAUTCS K MpaBUIIaM
MPEACTABICHUS JTAHHBIX, ONEpPAaTOPOB W BBIpaXXE€HUM s3bika. HauHnem c BbIOOpa
a0CTPaKTHOrO0 CUHTAKCHCa Ha MPUMEpE UMIIEpAaTUBHOTO si3bika Pascal.

KOHKpeTHbII ~ CHHTakCHC  A3BIKOB  MPOrPaMMHMpPOBAaHUSA  MPHUHATO
npeacraBiiath B Buie npocteix BH® (dopmyn bekyca-Haypa). BH® — »st0
dopMaibHasl cuUCTeMa ONHMCAHMsS CHUHTAaKCHCA, B KOTOPOH OJIHM CHHTaKCHYECKHE
KaTEeropuu IOCIEIOBATENBHO OIPENEISIOTCS 4epe3 apyrue kareropun. bHO
UCIIONIB3YETCSl JJI1 ONMUCAHUSI KOHTEKCTHO-CBOOOIHBIX (hOpPMajbHBIX I'PaMMAaTHK.
CymectByer pacmupenHas ¢opma bakyca-Haypa, ornuuaromasics numis Ooliee
€MKUMH KOHCTPYKLMSIMU. B mpaBoil yacTM TakuxX TpaMMaTUK JOMYCKaeTCs
VICITOJIB30BAHUE CIIEAYIOIIUX «PETYISPHBIX ONEpaLnii»:

A B - mocnenoBarenbHo A, 3a TeM B.

A | B - anbrepHaTuBa. Ynrtaercs: «A wim By.

A* - pou3BOJILHOE KOJWYECTBO MOBTOpeHUM (B ToMm uucie - 0 pa3) A.
Yuraercs: «1ociaenoBaTeaIbHOCTh Ay.

A # B - skBuBanentHo A ( B A )*. Uuraercs: «mmocieaoBaTeIbHOCT A
yepes By.



CuHTakcuc  OMHCAaHHWA  alNTOPUTMOB B NpOCTeHIIEM  S3BIKE,
MO/I/ICPY)KUBAIOIIEM HMIICPATUBHYIO MOJENh MPOTPAMMHUPOBAHUS, MOT Obl OBIThH
TaKUM:

Omnepatop ::= [IpocTtoii oneparop | CTpyKTYpHBIH oniepaTop;

IIpoctoii omeparop ::= Omnepatop npucBamBanus | OmepaTop BBI3OBA |
Omneparop BO3Bpara;
CrpykrypHbiii onepaTtop ::= OmnepaTop MOCIEI0BATEIBHOTO UCTIOTHEHHUS |

Omnepatop BeTBieHus | OnepaTop 1UKIIa

Onepatop npucBauBanus ::= [lepemenHnas := BripaxkeHnue ;

Omnepatop Bb130Ba ::= Mms noanporpammsel (CIMCOK apaMeTpoB ) ;

Oneparop Bo3Bpara := return [ Bripaxenne | ; Omnepatop
NocJIeI0BaTEILHOTO UCcoNHEeHus ::= begin Oneparop™ end;

Omnepatop BetBienus ::= if Beipakenue then Oneparop* (elseif Beipaskenue
then Oneparop™)* [ else Oneparop* | end;

Omneparop nukia ::= while Beipaxkenne do Oneparop™ end.

Takoi cuHTaKCHC TO3BOJIAET CliejaTh onucaHue omneparopa if s3pika Pascal
B bBHO:

<ycnoBHblid omeparop if> ::= if <OyneBo BbpaxkeHue> then <omepartop>
[else <omepaTop>]
<OyJeBO BBIpaXEHUE™> ::= <OYyJIEBO BbIpaXXEHUE™> <OYyJIEBO BBIPAKCHUE™|

<BBIPaXXCHHE™> <JIOTUUECKHUM OIIEPaTOP>> <BBIPAKCHUE™>

<JIOTUYECKHM omepaTop> ::=<|>| =

<BBIpaKEHUE™> ::= <MEpEeMEHHas> | <CTpOKa> | <CHUMBOJ>

JIns si3pIKa PyHKIIMOHAIBHOM MmapaaurMbl JIMCIT TaHHBIE SI3bIKA - ATO aTOMBI,
CIIUCKH U OoJiee 00IMe CTPYKTYpPhl U3 OWHAPHBIX Y3JIOB — Map, CTPOSIIUXCS W3
JOOBIX JAHHBIX, 1 CHHTAKCUC MOYKHO MPEACTABUTH:

<atrom> ::= <bYKBA> <konen_aroma>

<KOHCI]_aToMa> ::= <IIyCTO~>

| <BYKBA> <konen_atoma>
| <uudpa> <xoner aroma>

<ITaHHOE> .= <aTOM~>

DTO MPABUIIO KOHCTATUPYET, YTO JAHHBIE - ITO WJIM aTOMBI, WU CIIUCKUA W3
JTAHHBIX.

CornacHo TakoMy MpaBWIIy €CTh JonycTuMoe JaHHoe. OHO B si3bike Jlucn
10 COTJIANICHUIO KBUBAJIEHTHO aToMy Nil.

Takas equHasi CTPYKTYpa JaHHBIX BIOJIHE IOCTATOYHA JJIsSl IPEICTABICHUS
CKOJIb YTOJHO CJIOXKHBIX mporpamm. JlampHelee onpenenenue s3uikoB Pascal u
Jlucm  MOXHO paccmaTpuBaTh KaK  BOCXOISIIMM  MPOLECC T'€HEpaluu
CEMAaHTHUYECKOI0 KapKaca, IO KIIOUYEBBIM MO3ULMUSAM KOTOPOTO pPaCHpEeIICHbI
ceMaHTHYecKHUe JeHcTBUSL MO0 o0paboTke mporpamm. [lo3unum pacmno3HaroTCs
KaK BBI30BBI COOTBETCTBYIOIIUX CEMAHTUYECKUX (PYHKIIUM.

[pyrue npaBuiia TpeACTABICHUS TAaHHBIX HYXXHbI JIUIIb IPU PACIIUPEHUN U
CrelUaJIM3allid JeKCUKH s3bIKa (4uciia, CTPOKM, UMEHa 0co0O0TOo BHUAA U T.IL.).
OHU He BJIMSIOT HM Ha OOIIMN CHHTAKCUC f3bIKA, HU HA CTPON €ro MOHATHH, a
JIUIIb XapaKTepU3YIOT pa3zHooOpa3re chepbl ero KOHKPETHBIX MPUIOKEHUM.



1.1.2. CuHTaKCHMYecKHe KOHCTPYKIUH SI3bIKOB MPOrPaAaMMHPOBAHUA

AOCTPAKTHBIA CHMHTAKCHC MPOrPaMM SIBJISETCS YTOUHEHUEM CHUHTAKCHCA
JAHHBIX, A HMMEHHO — BBIJIEJICHUEM IMOAKIAcCCa BbIYMCIMMBIX BbIPAaKeHHH
(popm), T.e. [dAaHHBIX, UMEIOUIMX CMBICI KaK BBIpQXKCHHS S3bIKa U
IPUCHOCOOJICHHBIX K BBIYHMCICHHIO. BHENHe 3TO BBIMSAIUT Kak OOBSBICHUE
OOBEKTOB, 3apaHee W3BECTHBIX B SI3bIKE, W MPEACTABICHUE pa3HBIX GopM,
BBIYHCIICHUE KOTOPBIX 00J1a1aeT ONpeIeICHHON Crien( KO,

OnepanmoHHasi CEMAHTHKA $3bIKA ONpPENEsAeTCS KaK HWHTepHpeTanus
a0CTPAKTHOI0 CHHTAKCHCA, T[PEJICTABISIONIETO  BBIPAXKEHUSA, HMEIOIINE
3HaUCHHE. YUUTHIBas HCCIEAOBAHHOCTh MPOOJIEM CHUHTAKCUYECKOrO aHajlin3a U
CYIIIECTBOBAHHE HOPMAJIbHBIX (DOPM, TAPAHTUPYIOMINX T€HEPAIUI0 ONTHUMAIbHBIX
pacro3HaBartesied MPOrpaMMHBIMH HMHCTPYMEHTaMH, B KadecTBe aOCTpaKTHOTO
cuHTakcuca ais Jlucrna BBIOpaHO HE TEKCTOBOE, a CIMCOYHOE IMPEACTABIICHUE
nporpamm. Takoe penieHue CHUMaeT 3aady paclno3HAaBAHMS KOHCTPYKLIMM sSI3bIKa
— OHA PEIIAECTCS IPOCTHIM aHAJIU30M IIEPBBIX 3JIEMEHTOB CIIMCKOB. OTHOBPEMEHHO
pemaercsa M 3ajJada Mepexoja OT KOHKPETHOTO CHUHTAaKCHUCAa TEKCTOB S3bIKA K
aOCTpPaKTHOMY CHHTAKCHCY €ro MOHSATUHHON CTpyKTypbl. Ilepexon mosydaercs
IIPOCTO YTEHHEM TEKCTa, CTPOSIIIIMM JIPEBOBUIHOE MPEACTABICHUE POrPAMMBI.

Huxe npuBeneHbl CHHTAKCUYECKUE MPaBUiIa 1Jisi OOBIYHBIX KOHCTPYKIUH, K
KOTOPBIM OTHOCATCA WIEHTU(UKATOPBI, MEPEMEHHbIE, KOHCTAHTbI, APTYMEHTHI,
(bopMbl U QYHKIHUH.

<uneHtudurarop> ::= <atom>

NaenTudgukarop - 370 NOAKIACC AaTOMOB, UCIIOJIB3YEMBIX IPU UMEHOBAHUU
HEOJTHOKPATHO HMCMOJIb3yEMbIX OOBEKTOB MPOrpamMmbl - (GYHKUUN U NMEPEMEHHBIX.
[Ipeanonaraercs, 4to uaeHTUGUIIMPYyeMbie 00BEKTHI pa3MEIIAIOTCS B TAMATH TaK,
YTO MO UACHTUPUKATOPY UX MOKHO HANTH.

IlepemenHnas - 370 moakiIacc UACHTU(PUKATOPOB, KOTOPHIM COMOCTABICHO
MHOTOKPAaTHO MCIIOJIb3yEMOE 3HAYEHUE, PAHEE BBIYMCIEHHOE B IMOAXOIALIEM
KoHTekcTe. [loapasymeBaeTcsi, 4TO OAHA M Ta K€ NEpPEeMEHHas B pPa3HbIX
KOHTEKCTaX MOXKET UMETh Pa3HbIEC 3HAUCHUS.

dopma - 3TO BBIpAKEHUE, KOTOPOE MOMKET ObITH BEIYHCIICHO.

®opmMa, mpeacTaBisitonias coO0M KOHCTAHTY, BBIJIACT ATy KOHCTaHTY Kak
CBO€ 3HaueHuWe. B Takom ciayyae HET HEOOXOAMMOCTH B BBIYMCICHUSAX,
HE3aBUCUMO OT BHJA KOHCTaHThl. KOHCTAHTHBIE 3HAYEHHMSA MOTYT OBITH JIFOOOMH
CIIOXHOCTH,  BKJIOYas  BBIUUCIUMBIC  BhIpaxeHus.  UYToObl  m30exaTh
JIBYCMBICIICHHOCTH, B (DYHKITMOHAJIBHOW Y JIOTUYECKOW MapajurMax mnpeiaraercs
KOHCTaHThl M300pakaTh Kak pe3ynbTaT crnenuanbHo ¢ynkimn QUOTE,
Osoxupyomeii Boiuuciaenue. Ilpencrapienne koHcrtant ¢ nomoupio QOUTE
YCTAaHABJIMBAET TPaHUIly, Jlajiee€ KOTOpPOW BbIYMCIEHUE HE uaeT. KoHcTaHTHbIE
3HAQUEHUSI apryMEHTOB XapakKTepHbl MPU TECTUPOBAHUM U JIEMOHCTpAIUU
IpOrpamm.



Ecnu dopma npencrasisier coboi mepeMeHHyI0, TO €€ 3HaYEHUEM JOJIKHO
OBITH JaHHOE, CBSI3aHHOE C 3TON MEPEMEHHOM 10 MOMEHTA BBIYUCIICHUS (DOPMEI.

Tperbst BeTBb ompeneneHuss (GOPMBI TIIACHT, YTO MOXKHO HAIMKCATh
(GyHKIMIO, 3aTeM NEPEeYNCIUTh €e ApryMeHTbl, U BCE 3TO KaK OOIIUNA CIUCOK
3aKJIIOYUTh B CKOOKH.

ApPryMeHTHI TIPEACTABISIOTCA (GopMaMu. DTO O3HAYAET, YTO JAOMYCTHUMBI
koMno3uuu (pyHkinuii. OOBIYHO aPryMeHTHI BBLIYHMCJSIIOTCA B TOPSIKe
BXOKJIE€HUsl B CNHCOK aprymeHToB. Ilo3mums «aprymeHT» BblaeieHa AJis TOTO,
yTO0OBl OBLIO YJIOOHO B JaJIbHEHIIIEM JIOKAJIM30BaTh pa3HbIe CXEMbI O0OpaObOTKH
apryMEHTOB B 3aBUCHUMOCTH OT KaTeropuu (PYHKIUH. APryMEHTOM MOXXET OBITh
mobass ¢GopMa, HO METOJ BBIYMCICHHS ApPTyMEHTOB MOXET BapbUPOBATHCA.
@DyHKIUS MOXKET HE TOJIbKO YYUTHIBAaTh THI 00pabaThIBAEMOTO JIaHHOTO, HO H
yIOPAaBJISITH BpeMEeHeM OOpaOOTKH JaHHBIX, MPUHUMATh PEIICHUS MO TIIyOMHE U
MOJIHOTE  aHaidW3a JaHHBIX, OOeCleYynBaTh MPOJODKCHHE cUeTa IpH
WCKITFOUNATEITLHBIX CUTYaIUIX | T.I1.

[TocnenHsist BEeTBL ompenenseT popMar yCIOBHOTO BeIpakeHHs. CorjacHo
aToMy (QopMary ycJOBHOE BbIPa’keHHe CTPOWUTCS U3 CHHTAKCHYCCKH
pPa3TUYMMBIX TIO3WIUN I NpeauKaTa W JIBYX OOBIMHBIX (GopM. 3HaAYCHHE
YCIIOBHOT'O BBIPQKCHHS OINPEACIISICTCS BRIOOPOM IO 3HAUCHHIO TIPEeIUKaTa MepBOn
un BTOopoil dopmbl. IlepBas dopma BBUHCISCTCS NMPU UCTUHHOM 3HAYCHUU
npeauKaTa, uHadye BbIUMCIAETCS BTopas ¢opma. Jlrobas dopma MoxkeT wurpaTh
pOJIb MpeauKaTa.

HasBanme - 5T0 mojakiacc HICHTUPHUKATOPOB, OMpENEIECHUE KOTOPBIX
XpaHUTCS B MaMsITH, HO OHO MOXET HE IOJBEPraTrhCsl BIUSHUIO KOHTEKCTA
BbIYUCJICHUH.

ODyHKIMS MOXET OBITh MpEJCTaBIeHa MPOCTO UMeHeM. B Takom ciydae ee
CMBICIT JIOJDKCH OBITh 3apaHee wu3BecTeH. DyHKIHMS MOXKET OBITh BBEICHA C
MTOMOIIIFIO BbIPAKE€HHsI, YCTAHABIMBAIOIIECTO COOTBETCTBHE MEXKIY apryMEHTaMU
GYHKIMA ¥ CBSI3AHHBIMH  TlEPeMEHHBIMH, YIOMHHACMBIMH B TeElle ¢¢
onpenesieHus (B onpenenstonieit ee hpopme).

MoXHO TmOKa3aTh, 4YTO TIOJIyYCHHass CHCTEMa TPaBWI CBOJAMMA K
HOpPMAJIbHBIM  (hopMaM, TapaHTUPYIOIIUM BO3MOKHOCTH  aBTOMAaTHYECKOTO
MOCTPOCHUS KaK aBTOMAara paclo3HaBaHMUS TEKCTOB, MPHHAMICKAIINX 3aTaHHOMY
dTUMHU (popMmynaMu SI3bIKYy, TaK M aBTOMaTa T€HEpallud CIHMCOYHBIX CTPYKTYP,
HKBUBAJICHTHBIX ATOMY s3bIKy. [loaTOMYy mpuBEeneHHOE OmpeneieHne MOXKET
OJTHOBPEMEHHO PacCMaTPUBATHCS KaK OMPEICTICHIE U MHOYKECTBA TEKCTOB SI3bIKA —
KOHKPETHBIN CUHTAKCHUC, U MHOXECTBA CTPYKTYPHBIX MPEJACTABICHUN TPOTrpaMM —
aOCTpaKTHBIA CHHTAKCUC. DTO CHUMAET HEOOXOAMMOCTh 3/IeCh paccMaTpUBaTh
3a/lauy Mepexo/ia OT KOHKPETHOTO CUHTAKCHCa K aOCTPaKTHOMY.

BBenas moHsATHE YHHMBEpCANbHOHW (YHKIMM MOXKHO CYHMTaTh, 4YTO
UHTEpHpeTanus (QYHKIUHA OCYIISCTBISETCS Kak B3aMMOJAEHCTBHE YETHIPEX
TTOJICHCTEM:

o 00paboTKa CTPYKTYp JaHHBIX;

° KOHCTpYHUpOBaHUE (HYHKIIMOHATBHBIX 00BEKTOB (TEN0 (PYHKITUN);



o uaeHTu(UKass OObEKTOB (MMEHAa TEePEMEHHBIX M Ha3BaHUSA
byHKIHIA);

o YIPABJICHHUE JIOTUKOW BBIYMCIICHUM.

OnpeneneHue yHHMBEPCAIbHOW (DYHKIMH SBISETCS Ba)KHBIM  ILIAroM,
IIOKa3bIBAIOIIMM OJHOBPEMEHHO M MEXaHHU3Mbl peaJu3alud, U TEXHHUKY
NPOrpaMMHUPOBAHMSA HA JTIO00M sI3bIKeE.

1. B crTporoii Teopum s3bIka NPOrpaMMHpPOBaHUSl Bce (DYHKUUU
CIIEIyET OINpPEAENATh BCAKMM pa3, KOrJa OHM McCHosb3yroTcsa. Ha mpaktuke 310
Hey100HO. PeanbHble cHUCTEMBl MMEIOT OOJIBIION 3amac BCTPOEHHBIX (DYHKLUH,
U3BECTHBIX SI3bIKY, U BO3MOXXHOCTb IPHCOECIWHEHUS TAKOI'O KOJIMYECTBA HOBBIX
(yHKUIHIA, KOTOPbIE MOT'YT IOHAOOUTCS.

2. JInst I3bIKOB TPOTrpaMMUPOBAHUST XapaKTEPHO OOJIbIIIOE pa3HOOOpa3ue
YCIIOBHBIX (hOpPM, KOHCTPYKIIMI BBIOOpA, BETBICHU M LUKIIOB, IPAKTUYECKH O€3
OrpaHUYECHHI Ha X KOMOMHUPOBAHHUE.

3. B peabHBIX cucTeMax [IpOrpaMMUPOBAHHUS 00bIYHO
MOIePKUBACTCH PadoTa ¢ HeJbIMHU, JPOOHBIMU U BEIIECTBEHHBIMHU YHCIAMH
B MNpeleJibHO IMPOKOM IHMalNa30He, a Takke padoTa C KOJAaMH U CTPOKaMHU.
Takue naHHBIE, KaK M aTOMBbI, SBJSIOTCS MUHUMAJIbHBIMU OOBEKTAMU IpHU
o0paboTke MH(pOpMaIMU, HO OTIMYAIOTCA OT aTOMOB TEM, YTO UX CMBICI 3ajaH
HENOCPEICTBEHHO UX COOCTBEHHBIM IIPE/ICTABICHHUEM.

2.2.0030p napaouzm npozpammupo8anus

3HaKoMoe HaM U3 (pUocouu CIoBO «Hapaaurmay UMeeT B uH(GOpMaTHKE U
MPOTPaMMHUPOBAHUU Y3KO MPO(PECCHOHATBHBIA CMBICH, COMMKAIOMUA UX ¢
JTUHrBUCTUKOM. [lapagurmMa mporpamMMHupoBaHUsI KaK HWCXOJHAs KOHUENTYaJIbHas
cXeMa IIOCTAaHOBKHM TMPOOJIEM MW WX PEHICHUS SBISCTCS HHCTPYMEHTOM
IrpaMMaTHYECKOTO OnucaHus (haKTOB, COOBITHIA, SIBICHUH M TIPOILIECCOB, BOBMOKHO,
HE CYIIECTBYIOIIUX OJHOBPEMEHHO, HO HHTYHUTHBHO OOBCAMHSCMBIX B OOIIee
MOHSITHE.

Kaxxmas mapagurma nporpaMMHUpOBaHUS UMEET CBOM KPYT IMPUBEPKECHIIEB U
KJIACC YCHENIHO peIaeMbiX 3aaad. [IpUHATHI pa3Hble TPUOPUTETHI NPHU OIIEHKE
KadyecTBa MPOrpaMMUPOBAHUS, OTIMYAIOTCS MHCTPYMEHTBHI U METOJbI paOOThl U
COOTBETCTBEHHO - CTWJb MBINUICHUS U  HU300pa3uTeIbHbIE  CpPEACTBA.
HenuneiHOCTh  pa3BUTHS  MOHSATUM, 3aBUCUMOCTh MX  0000IIEHUS  OT
WHJIMBUIYaJIbHOTO ONBITA U CKJIaJa yMa, YyBCTBUTEIBHOCTh K MOJIC U BHYILICHUIO
MO3BOJIAIOT BBIOOPY TapagurM B CHUCTeME MPOo(PEecCHOHANTBHON MOATOTOBKHU
MH(POPMATUKOB BJIMATH Ha BOCIIPUUMYHUBOCTh K HOBOMY.

Benymas mnapagurmMa NOpHUKIQIHOTO MPOrpaMMHUPOBAHHMS Ha OCHOBE
HMIIEPATHBHOIO YIIPABJICHUSA U NMPOLEIYPHO-0NIEPATOPHOIO0 CTUJIS TOCTPOCHUS
mporpamMM TOJyuYujia TOMYJSIPHOCTh OoJiee TATHUACCATH JIeT Haszaa B cdepe
y3KOMpoheCCHOHANBHONW  JACATENHHOCTH  CIEIUATUCTOB IO  OpraHu3alluu
BBIYUCIUTEIBLHBIX U MH(POPMAIMOHHBIX MPOIECCOB. 21-M BEeK PE3KO PacCIIUpPIUI



reorpario MH(YOPMATHUKH, PACIIPOCTPAHUB €€ Ha CPepy MaccOBOTO OOIIEHUS U
nocyra. B ¢Bsi3u ¢ 3TUM MEHSIOTCS] KPUTEPUH OLIEHKHA WH()OPMALIMOHHBIX CHCTEM U
IpeInoYTEeHUS B BEIOOpE CPECTB M METOA0B 00paboTKH MH(pOpMAIIUH.

OO01ue mapagurMel MPOrpaMMHUPOBAHUS, CIOKUBIIMECS B CaMOM Hauaje
3pbl  KOMITBIOTEPHOTO  MPOTPAaMMHUpPOBAHUS, - TMapajurMbl MPUKIATHOTO,
TEOPETHUYECKOr0 M (DYHKIIMOHAJIBHOTO MPOrPaMMHUPOBAHUS B TOM YHCIIE, HMEIOT
HanOoJIee yCTOMYUBEIN XapaKTep.

[Tpuxnanxoe IpOorpaMMHUpPOBaHUE HOTYMHEHO po0JIEMHOM
HAIpPaBJICHHOCTH, OTpaXarolled KOMIIBIOTEpU3aLUI0 HMH()POPMALMOHHBIX U
BBIUMCIIUTENBHBIX MPOLIECCOB YUCIEHHON 00pabOTKH, NCCIEI0BAaHHBIX 33I0JITO JI0
HOSIBJICHUS ~ KOMIBIOTEPOB. VIMEHHO 31ech OBICTPO  HPOSBUICS — SIBHBIM
IPAKTUYECKUNA pe3ynbTar. ECTECTBEHHO, B TakMX 00JIACTAX HPOrpaMMHUpPOBaHUE
Maj0  OTJIMYaeTCs OT KOAUPOBAHUS, IJIsl HEro, Kak HpPaBHIO, JOCTATOYHO
ONEPATOPHOTO CTWJIS TMPEACTABICHUS JACHCTBUUA. B TMpakTUKe NPHUKJIATHOTO
NPOrpaMMHUPOBAHUSI TPHUHITO JOBEPSATh MPOBEPEHHBIM IMabJOHaM U
OubIMoTEeKaM MPOILEAYp, N30eraTh pUCKOBAHHBIX AKCIIEPUMEHTOB.

L{eHuTCsA TOYHOCTh U yCTOMYMBOCTh HAYYHBIX pacdeToB. f3bik PopTpaH -
BETEpaH MPUKIATHOTO MPOrpaMMHUpOBaHus. JIMIb B mocieaHee OeCATUIIETHE OH
CTaJI HECKOJIBKO yCTymnaTth B 3T0i obsactu [lackamo-Cu, a Ha CylepKOMITbIOTEPAX
- SI3BIKaM TapaJJIeILHOTO IPOTPAMMHUPOBaHUs, TakuM Kak Sisal.

Teopernueckoe mporpaMMHpoOBaHue MPUIEPKUBACTCA MyOIMKAMOHHON
HAIpaBJICHHOCTH, HAIIEJICHHOW Ha COMOCTaBUMOCTb pPE3YyJbTaTOB HAyUYHBIX
HKCIIEPUMEHTOB B 0o0JacTM  MpOrpaMMUPOBaHUA U UH(POPMATHUKH.
[TporpaMMupoBaHue MbITAETCSA BBIPa3UTh CBOM (hopMasibHbIE MOJIEIH, IOKA3aTh UX
3HaYUMOCTh U (PYHIAMEHTAIbHOCTb. DTH MOJIEIHN YHACJEI0BaIM OCHOBHBIE YEPThI
POJCTBEHHBIX MAaTEeMaTUYECKUX MOHATHH U YTBEPAWINCH KaK aJrOPUTMHYECKUI
noaxox B uHpopmarrke. CTpeMiieHUE K JOKA3aTeIbHOCTU MOCTPOEHUHN U OLICHKA
ux 3(Q(EKTUBHOCTH, MPaBAONOA00US, MPABUIBHOCTU, KOPPEKTHOCTH M JAPYTHUX
dbopManu3yeMblX OTHOLIEHMH Ha CXEeMaxX M TEKCTaX MPOrpamMM MOCITYKUIH
OCHOBOW CTPYKTYPHOI'O NMPOTrPaAMMHUPOBAHUS U APYTUX METOIUK TOCTHKEHUS
HAJEKHOCTH TMpolecca pa3pabOTKU MporpaMM, Hanpumep, TIPaMOTHOe
nporpammupoBanue. CraHmaptHele mnoaMHOXkecTBa Anrona u  [lackans,
NOCIYKMBIIME padOYMM  MaTepHaioM [JIi TEOpPUM [POrpaMMHUPOBaHUS,
CMEHWJIUCh Oojiee YAOOHBIMU JUIsl 3KCIEPUMEHTHPOBAHUS ANIMUIMKATHBHBIMHU
si3pIKamMm, TakuMu kak ML, Miranda, Scheme u npyrue nuanexts! Jlucna. Tenepb
K HUM IPUCOEINHAIOTCS oAMHOkecTBa Cu u Java.

OcHOBHBIE CpelCTBa U METOAbl MPOTPAMMUPOBAHUS CIOXKHINCH 1O MeEpe
BO3pacTaHUs CJIOKHOCTH pellaeMbIX 3afad. [Ipou301I0 paccioeHue mnapajaurm
MPOTPAaMMUPOBAHKS B 3aBUCHUMOCTH OT TJIYOMHBI W OOIIHOCTH MPOPabOTKU
TEXHUYECKUX JIeTajel OpraHu3aluud MpPOLECCOB KOMIBIOTEPHON 00paboTKU
uHpopmauu. Beigenuiuch pazHble CTUIM IPOTrpaMMUPOBaHUs, Hanboliee 3pesbie
U3 KOTOPbIX — HHU3KOYPOBHEBOE (MAalIMHHO-OPUEHTUPOBAHHOE), CHCTEMHOE,
JEKJIapaTUBHO-JIOTMYECKOE, ONTUMHU3ALUOHHO-TPaHC(HOPMALTMOHHOE, u
BBICOKOMPOU3BOIUTEIbHOE/ TApAIIIIEIbHOE TPOTPAMMUPOBAHHUE.



HuskoypoBHeBoe NPOrpaMMHPOBAHHE XapaKTEPHU3YeTCs ammapaTHHIM
MOJIXOJIOM K OpraHu3aunuu paboThl KOMIIbIOTEpA, HAICJICHHBIM Ha JOCTYN K
JI00BIM BO3MOXKHOCTSIM 000pyAoBaHusA. B 1eHTpe BHUMaHUS - KOHQUTYpamus
0o0Opy/IOBaHUS, COCTOSIHME TMaMATH, KOMaHJbl, T[epelayd  yIpaBlIeHUS,
OYEPETHOCTh COOBITUH, WCKIIOYEHUS U HEOXHUJAAHHOCTH, BPEMs pPEaKIUH
YCTPOMCTB M  YCHEIIHOCTh  pEarupoBaHMS. AccemOrep B  KadecTBe
IPEINOYTUTENBHOTO H300Pa3UTENBHOTO CPEACTBA Ha HEKOTOPOE BPEMS YCTYIHII
sa3plkaM  Pascal m Cu paxkxe B 00sacTU  MUKpPONPOTpaMMHpPOBAHUS, HO
YCOBEPIICHCTBOBAHHE IOJIb30BATEIILCKOTO MHTEpdeiica MOKET BOCCTAHOBUTH €T0
MO3HILINY.

CucremMHOe NporpaMMHpOBaHHe  JIOJrO€ BpEMs pPa3BUBAJIOCh IIOJ
IPECCOM CEPBUCHBIX M 3aKa3HbIX paboT. CBONCTBEHHBIM TakuM paboTam
IPOU3BOJCTBEHHBI IMOAXOJ] OMMPAETCS Ha MPEANOYTEHHUE BOCIPOU3BOIUMBIX
MPOIECCOB M CTaOMIBHBIX MPOTpPamMM, pa3padaThiBa€MbIX IS MHOTOKPATHOTO
UCTIONB30BaHus. J[si Takux mporpaMm oOmpaBJaHa KOMIIWJISIIMOHHAs CXeMa
00pabOTKH, CTATUYECKUN aHAJIN3 CBOMCTB, aBTOMATH3UPOBAHHAS ONTHMH3AIMSI U
KOHTpOJIb. B 3TOi o0nacT AOMUHUPYET HMMIIEPATUBHO-TIPOLICTYPHBIA CTHIIb
IPOrpaMMHUPOBAHMS, ABJISTFOLIUICS HEIMOCPEICTBEHHBIM 0000111eHrEM
OMEpPaTOpPHOTO CTWJISA TMPUKIAAHOTO TporpammupoBanus. OH  jgomyckaer
HEKOTOPYIO CTaHIapTU3allMI0 U MOJYJIBHOE MPOTrpaMMHUpPOBaHHE, HO oOpactaer
JOBOJIBHO  CJIO)KHBIMM ~ TIOCTPOEHHUSIMH,  CleUu(UKALUAMHU,  METOJAMHU
TECTUPOBAHUS, CPEICTBAMU MHTErpallMi IporpamMm u T.1. JKecTkocTh TpeOoBaHUM
K  23Q(deKTUBHOCTH M  HAJASKHOCTH  YAOBJETBOpPSAETCA  pa3pabOTKOU
po(heCcCHOHABLHOTO UHCTPYMEHTAPHsI, UCTIONb3YIOIIEr0 CI0KHbBIE acCOLUATUBHO
CEMaHTUYECKUE HIBPUCTUKH HAPSAAY C METOJaMU CHUHTAKCHYECKH-YIPABIIEMOIO
KOHCTPYMpPOBAaHUS M TEHEpaluHu MporpaMM. beccropHblil MOTEHIMAN TakKoro
WHCTPYMEHTApUS HA MPAKTUKE OTPaHUYEH TPYJOEMKOCThIO OCBOCHHUS - BO3HHUKAET
KBaJTM(DUKAITMOHHBIN IEH3.

BbicokonpousBoauTeibHOEe ~ NMPOrpaMMHpPOBAHUE  HAIlEJICHO  HA
JOCTHKEHHE TIPESIbHO BO3MOXHBIX XapaKTEPUCTHK TMPH PEIIEHUH 0Cc000
BaXHBIX 3a/ad. EcTecTBEHHBIM pe3epB MPOU3BOAMTEIHLHOCTH KOMITBIOTEPOB -
napajulebHBIe TPOIECCHl, W HMX OpraHu3anus TpeOyeT IeTalbHOTO yueTa
BPEMEHHBIX OTHOIIEHWH W HEUMIIEPATUBHOTO CTWIISI YIIPABJICHUS JIEHCTBUSMHU.
CynepKOMITbIOTEPHI, OIEPIKUBAIOLINE BEICOKOIIPOU3BOAUTENBHBIE BHIYUCICHUS,
noTpeboBa 0COO0M TEXHHKHM CHCTEMHOTO mporpamMmmupoBanus. ['padoo-
CeTeBOM MOJXOA K MPEJICTaBICHUIO CHUCTEM M MPOLECCOB I MapauieIbHBIX
ApPXUTEKTYpP MOJYYHI BEIPAKEHUE B CIEIIMATM3UPOBAHHBIX SI3bIKaX MapaijIeIbHOTO
IPOrpaMMHUPOBAHUS U CYTIEPKOMIMIATOPAX, MPUCIOCOOIEHHBIX Il OTOOpaXKEHHUS
aOCTpakTHOW  HMepapXWuh MPOIECCOB  YPOBHS  3aJad HAa  KOHKPETHYIO
MIPOCTPAHCTBEHHYIO CTPYKTYPY MPOIIECCOPOB peaaIbHOro 000pyA0BaHMS.

@OyHKIHOHAJIBLHOE NPOrpaMMupoBaHue CcHOPMUPOBATIOCH KaK JaHb
MaTEeMaTHYeCKOM  HAMpaBJICHHOCTH  MPU  HWCCICNOBAaHUM W Pa3BUTHHU
UCKYCCTBEHHOTO HWHTEIJICKTa M OCBOCHHM HOBBIX TOPHU30HTOB B WH(OpMAaTHKE.
AOCTpakTHBIII  TOAXOJ K TMPENCTaBICHHIO WHGOPMAlWK, JAKOHWYHBIH,
YHHUBEPCATbHBIA CTUJIb MOCTPOCHHS (DYHKIIWH, ICHOCTh OOCTAHOBKH HMCIIOJTHEHUS



JUIsL pa3HbIX Kateropuil GpyHKuuid, cBo0O/a PEKYpCUBHBIX MOCTPOEHUM, TOBEpUE
UHTYUIIMM  MaTeMaTWKa W  HCCJIEeNoBaTeNs, YKIOHEHHE OT  OpeMeHu
NPEKICBPEMEHHOTO PEIICHUs HENPUHIUMIHAIBHBIX Mpo0OJeM pachupeesieHus
namsITH, OTKa3 OT HEOOOCHOBAaHHBIX OTrpaHWYCHHM Ha o00JacTb JEHCTBUS
ompenesieHnii — Bce 310 yBsazaHO Jlxonom Mak-Kaptu B ugee sizpika Jlucno [8].
[TpogymMaHHOCTh U MeTOIMYECKash 0OOCHOBAaHHOCThH MEPBBIX peanu3anuil Jlucma
MO3BOJIMIIA OBICTPO HAKOIMUTH ONBIT PEUIEHUS HOBBIX 3a/1ad, MOATOTOBUThH UX IS
IPUKIAAHOTO M TEOPETHYECKOTO IPOrpaMMHUpoOBaHMs. B Hacrosmiee Bpems
CYUIECTBYIOT ~ COTHM  (YHKIMOHAJIBHBIX  S3BIKOB  IPOrpaMMHUpPOBaHUS,
OPUEHTHPOBAHHBIX Ha PA3HBIEC KJIACCHI 33]1a4 U BUbI TEXHUYECKUX CPEICTB.
JlekiapaTuBHOe (JIOrMYecKOe) MPOrpaMMHMpPOBaHHE BO3HHMKIO Kak
yhnpolieHne (QyHKUMOHAIBHOTO MPOrpaMMHUpPOBAaHUS JUIsl MAaT€MaTUKOB U
JUHTBUCTOB,  PEIIAIOIIMX  3aJa4d  CHUMBOJBHOM  00pabotrku. (OcoOeHHO
IpUBJIEKAaTEIbHA BO3MOXXHOCTh B KAaue€CTBE MOHATHMHOW OCHOBBI MCIOJIb30BaTh
HEJETEPMHUHU3M, OCBOOOXKIAIOMIMA OT MNPEKIECBPEMEHHBIX YINOPSAOYECHUN MpHU
IpOrpaMMUpPOBaHUK 00paboTKU (popmyi. ITpoayKIHMOHHBIM CTHIIb MOPOKACHUS
IPOLIECCOB C BO3BpaTaMu O0JaaeT JOCTATOYHOM E€CTECTBEHHOCTBHIO IS
JUHTBUCTUYECKOTO TMOAXO0JAa K YTOYHEHUIO  (OPMaIU30BAHHBIX  3HAHUU
AKCIIEPTaMU, CHUKAET CTapTOBBIM Oaphep BHEAPEHUS NH(POPMAITMOHHBIX CUCTEM.

TpancdopmannonHoe NMPOrpaMMHpPOBaAHUE METO0JIOTUYECKH
OOBEAMHWIO TEXHUKY ONTHUMHU3AIMHU MPOTrpaMM, MaKpOT€HEpallMH U YaCTUYHBIX
BbIYMCIICHU. lleHTpanbHOE TMOHSATHE B JTOM 00JaCTH - 3KBUBAJICHTHOCTH

uHpOpMalluU, U OHA MPOSBISETCS B ONPEICICHUN NMPeoOpa3oBaHUi MporpamMm U
IPOLIECCOB, B TOUCKE KPUTEPUEB NPUMEHUMOCTH IMpeoOpa3oBaHHil, B BBIOOpE
CTpaTeruy UX HUCIO0JIb30BaHUA. CMelIaHHbIe BBIUUCICHMS, OTJIOKEHHbIE 1eHCTBUS,
«JICHUBOE» TMPOTrpaMMHpOBaHUE, 3aJep>KaHHbIE MPOIECCHl U T.N. HCHOIb3YHOTCS
KaK METOJbl MOBBIIEHUS 3(PPEeKTUBHOCTH HHGOPMAILMOHHONW 00pabOTKU mNpu
HEKOTOPBIX TOTIOTHUTEIHHO BBISBIISIEMBIX YCIOBHSIX.

JlanpHeliee  pa3BUTHE  TapagurMbl  MPOTPAaMMHPOBAHUS  OTpakaeT
W3MEHEHHE Kpyra JIMI], 3aWHTEPECOBAHHBIX B MPUMEHEHUH WH(OPMAIIMOHHBIX
cucreM. dopMmupoBaHHE JKCTEHCHBHBIX TMOJIXOJOB K MPOTPAMMHPOBAHUIO —
€CTECTBEHHAsl peaklUMs Ha paJuKalbHOE YIY4YIIEHUE HKCILTyaTallMOHHBIX
XapaKTepUCTHK OO0OpYyIOBaHUS M KOMIIBIOTEPHBIX ceTeil. [lpomcxoaut mepexon
BBIUMCIIUTENBHBIX  CPEICTB M3 Kjacca TEXHHYECKMX MHCTPYMEHTOB B KJIacc
ObITOBBIX mpuOOpoB. IlosBuiach mouBa it  OOHOBJEHHUS TOAXOJOB K
IPOrpaMMHUPOBAHHUIO, @ TAK)KE€ BO3MOXHOCTh peaOUIMTALIMU CTAapbIX UAEH, ci1abo
pa3BUBABIIMXCS M3-32 HHM3KOM TEXHOJOTMYHOCTH U  IPOU3BOAUTEIHLHOCTU
komnbioTepoB.  [IpeacraBnsier  uWHTEpec  pa3BUTHUE  HCCIENOBATENLCKOTO,
HBOJIIOLIMOHHOTO, ~ KOTHUTHUBHOTO W aJalTallMOHHOIO  TMOJAXOAOB K
IPOrPaMMHUPOBAHUIO, CO3JAIOLIUMX TMEPCIEKTUBY PALMOHAIBLHOTO  OCBOCHHS
peabHBIX HH(OPMALIMOHHBIX PECYPCOB U KOMITBIOTEPHOTO MOTEHIIHATIA.

Uccaenosarenbckui MOIXO0]T C y4eOHO-UTPOBBIM CTHIIEM
po(ecCHOHANBHOT0, 00YYaIOIIETO U JIIOOUTEIHCKOTO MPOrpaMMUPOBAHUS MOKET
IaTh UMIYJIbC HM300pPETaTeTbHOCTH B COBEPIICHCTBOBAHWHM  TEXHOJIOTHUU



IPOrpaMMHUPOBAHUs, HE CIPABUBIICHCS C KPU3HCHBIMH SIBICHUSIMH Ha TPEKHEH
AJIIEMEHTHOM 0ase.

DBOJIIONMOHHBIN TMOAX0J C MOOWIBHBIM CTHJIEM YTOYHCHHSI MPOTPaMM
JIOCTaTOYHO SIBHO TIPOCMATPUBACTCS B KOHIIEIIINN 00bEKTHO-OPUEHTHUPOBAHHOTO
NporpaMMHUpPOBaHMsl,  TIOCTCTIICHHO  MEpepacTalomero B CYOBEKTHO-
OPHUEHTHUPOBAHHOE U JIAXKE ATO-OPUEHTUPOBAHHOE TIporpaMmupoBanue. [loBTopHOE
WCITOJIb30BAHUE OTPEICICHUN | HACJICJIOBAHUE CBOWCTB OOBEKTOB MOTYT
YIJIUHUTH JKA3HEHHBIM WK OTJIAXHBACMBIX HH(DOPMAIIMOHHBIX OOCTaHOBOK,
MOBBICUTh HAJC)KHOCTh WX (QYHKIIMOHHPOBAHHWS W  TPOCTOTY TMPUMEHEHUS.
KOrHUTHBHEIN MOAXO0A ¢ MHTEPOTIEPAOCIbHBIM CTUIIEM BU3yalbHO-UHTEPHEHCHOM
pa3pabOTKH OTKPBITHIX CUCTEM M HCIIOJIH30BAaHUE HOBBIX ayAHO-BHIEO CPEACTB M
HECTAH/IAPTHBIX YCTPOMCTB OTKPBIBAIOT IMyTH aKTHUBU3ALWN BOCIPHUSTHS CIIOXKHOU
uH(OpMAIUU U YIIPOIIICHUS €€ aJIeKBaTHOU 00padOTKH.

XapakTepHble  CBOWCTBA OCHOBHBIX TApaJurM  TPOTPAMMHPOBAHUS
npeacTaBiieHbl B Tabmurie 2.

Tabmuua 2.
CBoucTBa MapaurM NporpaMMUPOBAHHUS
IHapagurma Karwuesoit | IIporpamma | Boinmosinenue | Pesyabrar
KOHUENT NPOrpaMMbl
NmneparuBHas Komanna ITocnenoBa- | McnosiHeHue Hrorosoe
TEJILHOCTH KOMaHJ COCTOSIHUE
KOMaH/{ MaMsITH
dyHkuuoHaabHasa | OyHkuus Hab6op Brruncnenue 3HaueHue
byHKIUH GyHKUIMA TJIABHOM
dbyHKIIUU
Jlornyeckasn [Ipenukar Jlornueckue | Jlornueckoe PesynbraT
bopmybl JIOKA3aTEIbCTB | JJOKA3aTENbCTB
0 a
O0BeKTHO- OOBeKT Hab6op O6mMeH PesynbpTupyro
OPHEHTHPOBAHHAA KJIaCCOB COOOILIEHUSIMU | I1I€€ COCTOSIHUE
00BEKTOB MEXTY 00BEKTOB
o0BbeKTaMu
AJlanTarimOHHBIN OAXON c YPrOHOMUYHBIM CTUJIEM
VHIWBUAYAJIA3UPYEMOTO KOHCTPYUPOBAHUS NePCOHUPUITMPOBAHHBIX
WH(OPMAIIMOHHBIX CHUCTEM MPENOCTaBisieT UH(MOpMaTHKaM BO3MOKHOCTb

IPaMOTHOTO MPOrPaMMHMPOBAHUSA, OpPraHU3alMKA U 00€CIIeUeHUs] TEXHOJOTUYECKUX
MPOLIECCOB PEANbHOTO BPEMEHH, YyBCTBUTEIBHBIX K YEIOBEUECKOMY (DaKTOpYy.

2.3. Bvicokoypoenesoe npozpammuposanue

JIns UMOEepaTUBHOTO MPOTPAMMHPOBAHUSI XapPAKTEPHO UYETKOE pa3JeieHue
MOHATUH «IpoTpaMMa» M «IaHHOE» W y4eT B Tpolecce O0OpabOTKH JTaHHBIX



CPEACTB KOHTpPOJS THUIIOB JaHHBIX. KpoMe TOro wuaeum CTPYKTypHOTO
IPOrpaMMHUPOBAHMS HAJIAral0T HA CTUJIb MPOTrPaMMUPOBAHUS Psii OrpaHUYEHUH,
CHOCOOCTBYIOUTNX YI0OCTBY OTIAJAKU MPOTPaMM:

o OVCLHUIUIMHA JIOTUKHU YIIPABJIEHUS C HCKIOYEHHEM IEPEXOJO0B I10
METKaM;

o MUHUMH3ALUsl UCIOJB30BaHUs TJIOOAJIBHBIX MEPEMEHHBIX B IOJIB3Y
IapameTpoB IIPOLENYD;

o TIOJTHOTA YCIIOBHM B BETBJICHUSX, OTKA3 OT OTCYTCTBHS «else;

o OJHOTHITHOCTb PE3YJIBTATOB, IOJYYECHHBIX IPU MPOXOKICHUU 4Yepe3

pa3HbIE BETBU.

OO6mumit MexaHU3Ma UHTEPNPETALUU CTAaHAAPTHON MPOTrpaMMbl €CTECTBEHHO
MPEACTaBUTh KaK aBTOMAT C OTIEIbHBIMM TaOJHUIIAMU HMEH Uil TIEPEMEHHBIX,
3HAYEHHS KOTOPBIX IIOJBEPKEHBl HW3MEHEHUSAM, W JUII METOK W HPOLEayp,
ONpe/eNieHUs] KOTOPbIX Heu3MeHHbl. Haubonee pacmpocTpaHEHHBIE —SI3BIKH
nporpaMMHpOBaHus, Takue kak ®Doptpan, Pascal, Cu, Basic, mpuaepxuBaroTCs
IPUMEPHO TAaKOW CEMAHTHKM IIPU CJIETKa BapbUPYEMOM CTPOTOCTH KOHTPOJISA
TUMOB JaHHbIX. CeMaHTHKa CTaHAAPTHBIX HMMIIEPATUBHBIX SI3BIKOB JOIYCKAaeT
npuUMeHeHue oOlmeld aOCTPaKTHOM MalllMHbBI, 4TO OOBSACHAET CYIIECTBOBAaHUE
MHOTOSI3BIKOBBIX ~ CHUCTEM  IPOrPAMMHUPOBAHMS, MOAJAECPKUBAOIIMX  0OIIMe
OMOMMOTEKM TMpoLEeNyp, KOMIIOHEHTOB W MOAYJEH, a TaKKe HWHTErPALHI0 C
acceMOJiepom.

PaccMoTpuM ~ OCHOBHBIE ~ KOHCTPYKIMH  SI3BIKOB  HMMIIEPATUBHOIO
IpPOrpaMMHUpPOBAHMSI M  HMX  KpPaTKOE€ ONHMCaHWE U  MPEICTaBICHUE C
UCIIOJIb30BaHUEM TICEB/IOKO/A U OJIOK-CXEM, M UX BOIUIOLICHUS Ha Hauboiee
NOMYJISIPHBIX SA3bIKaX MPOrpaMMHPOBaHuUs, Takux kak Pascal/Delphi, Cu, Basic,
Java . IlceBaoko — 3T0 NICEBAOA3BIK MPOrPaMMHUPOBAHUS, HA CUHTAKCUC KOTOPOTO
CTaH/JApTOB He cyliecTByeT. IIceBIoKO I JINIIEH HECYIIECTBEHHBIX ISl IOHUMAHMS
CYTH aJlrOpUTMa JeTajied, 0e3 KOTOpPBIX HEBO3MOXKHO OOOMTHCH NMpPH HANMCaHUU
MporpaMM Ha pealbHBIX S3bIKAX MPOrpaMMUPOBaHUsA. EJIMHCTBEHHas LEJb
NCEBAOKOJA — (pOpMaIM30BaTh OMKMCAHUE aJITOpUTMA. 3a/ladyM, PEIICHUs KOTOPbIX
ONMMCAaHbl Ha T[ICEBAOKOJIE, OYEHb JIETKO TMEPEHOCATCS Ha J000H S3BIK
IPOrpaMMHUPOBAHMS, TTOCKOJIBKY TICEBJIOKOJ M €CTh SI3bIK MPOrPaMMHPOBAHUS C
TOW JIMIIb Pa3HULEW, YTO JJIsi HEro HE CYHIECTBYET KOMIIWIATOpA, a
€IMHCTBEHHBIM UHTEPIIPETATOPOM JIJIL HETO SIBJISIETCS YEJIOBEYECKUI MO3T.

2.3.1.Buipa:keHus

BripaxkeHuss He SBISIOTCS CaMOCTOSTEIBHBIMM KOHCTPYKLIMSIMH  SI3bIKA
nporpaMMupoBaHus. Yaime Bcero, OHU ABJSIOTCS ApryMEHTaMH omneparopa
IIPUCBAaNBaHMUs, YCIOBHOIO ONEpPATOpa MU LUKJIA.

Mamemamuueckoe gvlpasicenue
Ha3nauenue: omnucaHue BbIpaXKEHUS, PE3YJIbTATOM KOTOPOTO SIBJISIETCS
YUCIIOBOE 3HaueHHe. B cocTaB MaTeMaTHYeCKOTO BBIPAXKEHUS MOTYT BXOJUTH



KOHCTaHThl (KOHKPETHbIE YHUCJIOBbIE 3HAYEHHUS), MEPEMEHHBIE JIEMEHTAPHBIX
TunoB 1 pyHkuuu. [IpakTudyeckn Bce SI3BIKM MPOTrPAaMMUPOBAHUS TOIACPKUBAIOT
OCHOBHBIC MaTeMaTHYeCKHWe orepanuu: + (clokeHue), - (BplYUTaHuUE), *
(ymMHOXeHUE), / (neneHue). HekoTopeie Takxke MoaIep >KUBAlOT Ha 0a30BOM YPOBHE
BO3BEJCHHE B CTENEHb (), OCTAaTOK OT JeleHus W Jpyrue. boiee cioxxHbie
orepalyu JOCTYMHbI, KaK MPaBWJIO, B BUJE BCTPOCHHBIX (YHKIMWH, HampUMep,
sqrt(x) — kBagpaTHBIN KOPEHb WK eXp(X) — 3HAYCHHUE SKCIIOHEHTHI. ECTECTBEHHO,
YTO CHHTAKCUC MATEeMaTHUYECKUX BBIPAKEHUU MOJJEPKUBACT CKOOKU M YHApPHBIN
MUHYC.

[Ipumep MaTeMaTUUECKOTO BBIPAXKEHUS:

(8bluUCIeHUe OIUHBI CHOPOHbL MPEY2ONbHUKA NO Meopeme KOCUHYCOB8)

SQRT(B"2 + C"2 - 2*B*C*COS(alpha))

Jlozuueckoe sviparicenue

Hasnauenme: OmucaHue BBIPAXCHUS, PE3YJBTATOM KOTOPOTO SIBIIACTCS
uctuHa (true) wim J1oxb (false). B coctaB noruueckoro BbIpakeHUsT TaKkKe MOTYT
BXOJINTh KOHCTAHTHI, TTepeMeHHbIe, QYHKIMN 1 cKoOku. [lmroc ko BceMy, MOTYT
WCITOJIB30BAThCSA  OTEpaIliid  CPAaBHEHHS: «OOJBINE», «MEHBIIE», «PaBHOY,
«HepaBHO» U jormyeckue oneparuu: «M» (AND), «MJIN» (OR) u «<HE» (NOT).

HpI/IMep JIOTHUYCCKOI'O BBIPAKCHUA:
(ycnosue cyuecmeosaHnus peuleHust K8aopamHo2o YpasHeHUs1)
(A=0) UJIU (C=0) UJIU ((B"2-4*A*C)>=0)
Cu, Java
(A==0) [| (C==0) || ((B*B-4*A*C)>=0)
Pascal /Delphi, Visual Basic
(A=0) or (C=0) or ((B*B-4*A*C)>=0)

Cmpoxoeoe eviparicenue

Hasnauenme: wmanumynsanus co cTpokamu. [lo  BuAy  HamoMHuHAaeT
MaTEeMaTHUeCKOe BBIPAKEHHE, HO pEe3ylbTaTOM €ro SBISETCS HOBAas CTPOKA.
Omneparuss + (ClIOXeHHE) B KOHTEKCTE CTPOKOBOTO BBIPAKEHHUS O3HAYACT
oObeauHeHue (KOHKAaTEeHAIMIO) IBYX U 00Jiee CTPOK.

2.3.2.0nepartopbl

Onepamop — 3TO OCHOBHasi KOHCTPYKIUSI B SI3bIKE€ MPOrPAMMHUPOBAHUS,
KOTOpasi TPEJICTABIACT COOOM KOMaHIy BBIUUCIUTEIHLHOW MAIIMHE BBHITIOJHUTH
HEKOTOpOE JEHCTBHE WJIM OpPraHU3yeT BBHINOJIHEHUE [JPYTrUX ONEpaToOpoB B
OMPEICTICHHOM MOPSJIKE.

Cocmagnoit onepamop
Haznauenue: opranuzanys HECKOJBKHX OIEpaTOPOB B OJUH COCTaBHOM
ornepatop. Mcmonb3yeTrcst B CTPYKTypHUPOBAaHHBIX OTepaTopax.
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Onepartop 1

L 4

Onepartop 2

!

!

Oneparop M

.

brok-cxema coctaBHOro oneparopa.

IIceBnokon:

Hauaino

Cnucok onepamopog

Konen

B s3pikax Cu, Java u HexkoTophiX CH-TIOJAOOHBIX SI3bIKAX COCTaBHOM
omepartop 3akirodaercss B (urypHeie ckoOku {}. B s3pike Pascal /Delphi
COCTaBHOHM oOIlepaTop HAYMHACTCSA KIIOUEBBIM CJIOBOM Degin m 3akaHumBaeTcs
KJIIIOYEBBIM cj10BOM end, a B Visual Basic Hadaio ¥ KOHEI[ COCTaBHOTO OIeparopa
MOTYT BBITVIIETH Mo-pazHomMy, Hapumep If/End If mmm Sub/End Sub.

Oovaesnenue nepemenHou

Hasznauenue: oOBsBICHHME U BBIACICHHE TIaMITH TIOJ IEPEMEHHYIO
3alaHHOTO THUMA. B ciaydae c oObekTaMu, OOBSBIICHHE W BBIJCICHUE IMaMSTH
MOXET BBITIOTHATHCS OTIEIBHO. B ciiydae ¢ mepeMeHHBIMU 3JIEMEHTAPHBIX THIIOB
U DK3eMIUBIpAaMU CTPYKTYp MaMATh TOJ HHUX BBIIEISICTCS cpazy Mo (akrty
o0bsBiacHUA. OOBSBICHUE TMEPEMEHHOM, MOMHUMO THIIA U HMEHH, MOXKET OBIThH
JIOTIOJITHEHO WHUITMATU3UPYIOMIMM 3HAYeHUEM M MOJU(PUKATOPOM KOHCTAHTHI.
Hannune moaudukaTopa KOHCTaHTBI 3aMpeliacT M3MEHATh 3HAUCHHUE TIEPEMEHHON
IIOCJIe €€ MHULHATU3aIUH.

IIceBnokon:
[KOHCTAHTA] umMs_muna Hmsa_ nepemennou

[={unuyuanuzupyrowee 3nauenue|svipasicenue|dynkyus}]

[Ipumepsl onpeaeneHrst NIEPEMEHHBIX:
IJEJIBIH A
CHUMBOJIBHBIF C="A"
KOHCTAHTA BEILIJECTBEHHBIV PI= 3.1415926535

Cu

int A;
char C ="A";



const double Pl = 3.1415926535;

Java
int A;
char C ='A";
final double Pl = 3.1415926535;

Pascal /Delphi
var A: Integer,
var C: char ='A";
const P1: Double = 3.1415926535;

Visual Basic
Dim A As Integer
Dim C As Char = "A"
Const Pl As Double = 3.1415926535

Onepamop npuceaueanus
Haznauenue: u3MeHeHME 3HAUYEHUSA NMEPEMEHHOW. APryMEHTOM oOIleparopa
MIPUCBANBAHUS MOKET OBITh MATEMATHUECKOE, JIOTUYECKOE, CTPOKOBOE BhIPAKEHUE

Wi QyHKIMsA. Bo MHOTUX sI3bIKax MPOTPaMMHUPOBAHUS OMEPaTOp MPUCBAUBAHUS
MO>KHO COBMECTUTD C OOBABICHUEM ITIEPEMEHHOM.

IIceBaoKO/I:
Hms nepemennoii = {3nauenue|evipasicenue|yuxyus}
HDI/IM@D oreparopa NpucBanBaHUA:
Cu, Java, Visual Basic
C=sqgrt(B*B+C*C-2*B*C*cos(alpha));
Pascal /Delphi
C:=sgrt(sqr(B)+sqr(C)-2*B*C*cos(alpha));

Ycnoenwiit onepamop unu onepamop IF

Hasnauenue: opranusanysi BETBICHUS X014 BBIYMCICHUN B 3aBUCUMOCTH OT
ycioBus. ECJIM yciioBre UCTHHHO, TO BBIIIOJIHSIETCS OCHOBHAs! 4acTh YCJIOBHOIO
oneparopa TO. Takxke €CTb BO3MOXHOCTb OIPEACIIUTh AIBTEPHATUBHBIA XOJI
Borunciieaniit UHAYE, nannune KoToporo He sSBIseTCst 00s13aTEIbHBIM.



noxb WCTHHA

ECNK
yCnoBue

[MHAMYE onepatop 2] TO oneparop 1

brok-cxema ycjIoBHOTO orepaTopa.
IIceBnokon:
ECJIN (Jlocuueckoe gvipadicenue)

TO Cocmasnou onepamop
[MHAYE Cocmasnoii onepamop]

[IpuMep yCIOBHOTO oneparopa:

(Pewenue keadpamuozo ypasuemuis)

ECIIH (b"2 >=4 *a *¢)
BEIJECTBEHHbBIN d = SORT(H"2 - 4 * a* C)
BEIJECTBEHHBIN x1 = (-b +d) / (2* a)
BEIJECTBEHHBIH x2 = (-b -d) / (2 * a)

HHAYE
BbBIBO/[('Pewienus nem!')

KOHEI] ECJIU

Cu, Java
if(b*b>=4*a*c)
{
double d =Sqgrt(b *b - 4 * a * ¢);
double x1 = (-b +d)/ (2 * a);
double x2 = (-b-d) /(2 * a);
}

else //Pewwenus nem!

Pascal /Delphi
program example;
var d,x1,x2:real;
begin
Writeln (" Bseoume a,b,c:");
Read (a,b,c);
if b*b>=4*a*c
then
begin
d:=Sgrt(b *b -4 *a*c);




xL:=(-b+d)/(2*a);
X2:=(-b-d)/(2*a);
end
else WriteIn(" Pewenus nem!");
end;

Visual Basic
Sub example()
Ifb*b>=4*a*cThen
Dim d As Double = Math.Sgrt(b * b - 4 * a * ¢)
Dim x1 As Double =(-b +d) /(2 * a)
Dim x2 As Double = (-b-d) /(2 * a)
Else 'Pewenus nem!
End If
End Sub

Onepamop evioopa unu onepamop SELECT (SWITCH)

Hasznauenue: opranuzaiusi BETBJIEHHUS X0/a BEHIYUCICHUN B COOTBETCTBUU CO
3HaUYE€HUEM KpuTepus BblOOpa. OmepaTop BbIOOpa MpeamnoyiaraeT Iepeaady
yIpaBJ€HUs] OJTHOMY U3 BAPUAHTOB BHIOOPA, C KOTOPHIM aCCOLIMMPOBAHO 3HAYEHUE,
paBHOE 33JJaHHOMY KPUTEPUIO.

[IceBaoKOI:
BBIEOP (Kpumepui)

BAPUAHT 3nauenue 1: Cocmagnou onepamop
BAPUAHT 3nauenue 2: Cocmagnou onepamop

BAPUAHT 3nauenue N: CocmasHotu onepamop
[UHAYE: CocmasHot onepamop]

[Tpumep:
BBIBOP (Key)

BAPUAHT 1: Bvigoo("1")
BAPUAHT 2: Bvigoo("2")
HUHAYE: Bvieoo("Key<>1 U Key<>2")

Cu, Java
switch (key)
{
case 1://key ==
break;
case 2:/lkey ==
break;
default://key 1= 1 && key 1= 2
break;




}

Pascal /Delphi
Case key of
1: WriteLn("1");
2: WriteLn("'2");
Else WriteLn("'key<>1 and key<>2");
End;
Visual Basic
Select Case key
Casel1l'l
Case 2 2
Case Else 'key<>1 and key<>2
End Select

Huxna c onpeodenennvim Koauuecmeom umepayuii uau yuxkia FOR

Hasnauenue: opraHuzanusi OINPEIEIECHHOIO 3arojOBKOM IHMKJIa YHcla
urepanui. Yaime BCe YMCIO WTEpalnil 3aJaeTcsi HAyaJbHbIM M KOHEYHBIM
3HAQYCHUEM CYETYMKa IMKJIa U IIaroM €ro M3MEHEHUs C KaXJI0h uTeparue.
CueTunk [MKIA — 4YHCIOBas TMEPEMEHHAas, 3HAUYCHUE KOTOPOH MOXKET
HCIMOJIb30BaThCsl B TeJI€ MMKJIA, HaNpUMEp, B KauyeCTBE HHJEKCA TEKYIIETro
AJIEMEHTa B MAacCHBE B 3a/1a4ax IOCJIEIOBATEIbHOM 00pabOTKU MacCUBOB. SIBHOE
OTIpeJICJICHHE BEJIMYMHBI I1ara 00sA3aTeIbHBIM HE SBIISCTCA. 3HAYCHUEM Iara Io
YMOJTYaHUIO, 0OBIYHO, SBJISICTCS CAMHUIIA.

!

‘ OT=2, [10=7, WAr=? ‘

I

‘ =0T ‘

OT==l==00
.roe | — cueTunk uukna

TENO UWKNA (onepatop) ‘

}

I=l+ LA ‘

!
bnok-cxema nukia FOR.

IIceBiOKOA:

HHUKJT Cuemuux={Hauanrvnoe s3nauenue|Mamemamuueckoe evipadcenue)
O {Koneunoe 3unauenue|Mamemamuueckoe evipaxcenue! [IIIAI" {Benuuuna
waea|Mamemamuuecxoe gvipasicerue]

CocmasHoti onepamop
CJIEAYVIOIEE 3HAYEHUE



[Tpumep:
(Bviuucnenue gpaxmopuana uucina N)

IJEJIBIF N=10
LJEJIBIN F=1
UK I=2 J]O N
F=F*|
CJIEAYVIOIIEE 3HAYEHUE

Cu, Java
int N=10;
int F=1;
for (inti=2; 1 <=N; i++)
{
F=F~*i;
}

Pascal /Delphi
program fact;
var N, l:Integer; F:Longlnt;
begin
F:=1;
Writeln (" Bseoume N:");
Read (N);
fori:=2to N do
begin
F:=F*I;
end;
end;

Visual Basic
Dim N As Integer = 10
Dim F As Integer = 1
For | As Integer =2 To N
F=F~*I
Next

Huxkn ¢ npedycnoeuem unu yukn WHILE

Ha3nauenue: opranuzaiys TOBTOpPEHHUs (3aIllMKJIMBAHUS) OIpeIeICHHON
YacCTH MPOTPaMMbl. Y CIIOBHEM BBINOJHEHHUS Tejla IUKJA SIBISETCS HCTUHHOCTH
32JIAHHOTO JIOTUYECKOTO BhIpakeHMs. [{UKII ¢ mpemycioBueM XapakTepeH TeM, 4To
CHayajsia IPOBEPSIETCS JTOTUUECKOE BBIPAXKEHUE U TOJIBKO MTOTOM BBITIOJIHSAETCS TEJIO
nukina. TakuM oOpa3om, Teao IUKIa ¢ MPEAyCIOBUEM HMMEET BCE IIAHChl HE
BBITIOJTHUTBHCSI HU OJTHOTO pasa.



MOKA
yCnoBue

WCTHHA

TEND UWMKNA (onepaTtop)

|
.

brok-cxema muKIiIa ¢ mpeycIoBUEM.
IlceBnokon:
1IOKA (Jlocuueckoe svipasicerue)

CocmasHoii onepamop
KOHEIL] IJUKJIA I1IOKA

[Tpumep:
(Bvruucnenue gpakmopuana uucaa N)
LJEJIBIF N=10
IJEJIPIH F=1
IJEJIBIN I=1
IIOKA I<N
I=1+1
F=F*I
KOHEI] [JUKJIA IIOKA

Cu, Java
int N=10;
int F=1;
int 1=1;
while (I<N)
{
|++;
F=F*I;
}

Pascal /Delphi
program fact;
var N, I:Integer; F:Longlnt;
begin
Writeln (" Bseoume N:");
Read (N);
F:=1;
I:=1;
while I<N do




begin
I:=1+1;
F:=F*I;
end;
end;

Visual Basic
Dim N As Integer =10
Dim F As Integer = 1
Dim I As Integer =1

While I <N
I=1+1
F=F*I

End While

Huxna ¢ nocmycnosuem unu yuxkn DO (UNTIL)

Haznauenwue: Bce aHAIOrMYHO NUKIY C NOPEAYCIOBHEM C TOM JIMIIb
pa3HUIICH, YTO CHayajga BCErJa BBIMIOJHACTCSA TEIO LHKJIA, a MOTOM IMPOBEPSIETCA
YCJIOBHE TOBTOPHOIO €ro BBIMOJHEHUSA. LMK C MOCTYyCIOBHEM BBINOJHSIETCA
MHUHUMYM OauH pa3! C mNOMOlBI LHUKIA C TMOCTYCIOBHUEM, K MPUMEDY,
MPOrpaMMHUPYIOT BCEM  H3BECTHYIO 3aJlauyy  «yrajail 4ucio», KpUTEepUEeM
3aBepIICHUS IHMKJIA B KOTOPOM sBIseTcs (aKT COBMHAJACHUS BBEJACHHOIO
MOJIb30BATEJIEM BapHaHTa C «3arajJjaHHbIM» MalllMHOW 3HadeHueMm. CyllecTByeT
JIB€ Pa3HOBUHOCTH IIMKJA ¢ noctyciioBueM: ki BoinojHseTcsa IIOKA ycioBue
uctuHHO wuiau 1ukia  BeinonHseTcs [IOKA HE ycinoBue HWCTMHHO, T.€. ITUKI
3aBEPIIACTCS, KaK TOJbKO YCIOBHE CTAHOBUTCS MCTUHHBIM U BBITIOJHSIETCS, MOKa
OHO JIOXKHO.

TENQC UWKNA (oneparop) TENC UWKNA (onepatop)

WCTHHA

MNOKA HE
yCnoBue

MOKA
YCNoBHE

WCTHHA

biiok-cxema 1ukiia ¢ moCcTyCIOBUEM.
IIcenokon:
BAITIOJIHATH
CocmasHoti onepamop
1IOKA (Jlocuueckoe svipasicernue)
unu
BAITIOJIHATH
CocmasHoti onepamop



1IOKA HE (Jloeuueckoe svipadicenue)

[Tpumep:
(Berancnenue daktopuana uyncia N)

IJEJIBIF N=10
LJEJIBIN F=1
LJEJIBIU I=1
BAITIOJIHATH
I=1+1
F=F*I
IIOKA I<N
uiu
LJEJIBIF N=10
IJEJIBIN F=1
L[EJIBIH I=1
BBITTOJIHATH
I=1+1
F=F*I
ITOKA HE 1>=N

Cu, Java
int N=10;
int F=1;
int 1=1;
do
{

|++;
F=F*I;
} while (I < N);

Pascal /Delphi
program fact;
var N, I:Integer; F:Longlnt;
begin
Writeln ("Bseoume N:");
Read (N);
F:=1;
I:=1;
repeat
I:=1+1;
F:=F*I;
until I>=N
end;




Visual Basic
Dim N As Integer = 10
Dim F As Integer = 1
Dim I As Integer =1

Do
I=1+1
F=F~*I
Loop While | <N
NN

Dim N As Integer =10
Dim F As Integer = 1
Dim I As Integer =1
Do

I=1+1

F=F*I
Loop Until | >= N

Bwix00 u3 noonpozpammut uau onepamop RETURN/EXIT

Hasnauenwne: MOCpPOYHBIA BBIXOJ W3 MPOIEAYPHI WM (YHKIUU. B s3bIKax
Cu, Java omeparop return B KOHTEKCTE MPOLEIYPHI MPOCTO TOCPOYHO 3aBEPIIACT
ee paboTy, a B KOHTEKCTE (YHKIMU €Ille W OMpelAeisieT ee 3HaueHue: return
result value;. B s3eikax Pascal /Delphi onepatop exit mpocto 3aBepiiaer
BBHITIOJIHEHUE U TIPOIEAYPhl U (PYHKIMH, a 3HAaYeHUE (QYHKIIUU NMPUCBAUBACTCS TIO
ee umenn: function_name:=result_value;.

Bovixoo w3 cocmaenoco onepamopa wunu onepamopvt BREAK u
CONTINUE

Ha3naueHnue: HOCPOYHBIM BBIXOJ M3 COCTABHOIO OIEpaTOpa, HaMpUMED,
JocpouHoe 3aBeprieHue uukiaa. B sseikax Cu, u Java u Pascal /Delphi
omneparop break mo3sosnsier 3aBepmuTh pabOTy TEKYyIIEro NUKIA WIA OIepaTopa
switch. B Visual Basic mist 3Tux 1ieneit ucnons3yroorces nHeTpykuuu Exit For, Exit
While, Exit Do u t.n1. B s3pikax Cu, Java u Pascal ecthb eie u oneparop continue,
KOTOPBIi B oTirune oT break He BBIXOAMT COBCEM M3 IIMKJIA, a 3aBEPIIAeT TOJIbKO
TEKYIIYIO UTEPALIUIO, T.€. IEPEXOAUT K aHAINU3Y 3aroJI0OBKa IIUKJIA.

Memka u nepexoo k memxe unu onepamopwvlt LABEL u GOTO

Ha3nauenwue: BbIeNeHHE OMPENEICHHOTO MecTa B IporpamMme (yCTaHOBKA
METKH) C BO3MOKHOCTBIO O€3YCJIIOBHOTO TIEpPEX0jia K 9TOM METKE U3 JIPYroil 4acTu
nporpammbl.  Ilepexomx damie BCero BO3MOXKEH TOJBKO B T'paHMIIAX
OJTHOM Tporieyphl Wik GYHKIUU. Ecmb MHeHue, 4mo ucnoib308aHue Memox —
5MO NJIOXOU CMUbL 8 npocpammuposanuu. Yamie Bcero ornepaTopom 0E3yCIOBHOTO
nepexoja K MEeTKe SBIISICTCS KoMaHa goto.



[IceBokon:
(ITpumep ycTaHOBKM METKH U IEPEX0]a K METKE)

Nms_metku:
[NEPEXO/] Umsa_meTkn

B GOJIBIIHHCTBE S3BIKOB ITPOTPAMMHUPOBAHUS PabOTa ¢ METKaMH OYyJIET BBITJISICTh
IPUMEPHO TaK:
[label] msa memxu:

goto Mma memxku

2.3.3. JlekoMmno3uiusi MPOrpaMMHOT0 KoJaa

[Ipouenypsl ¥ (QYHKIUU SBISIOTCS KJIIOYEBBIMH KOHCTPYKIUSIMH B
MPOLIETYPHOM TPOTrPAMMHUPOBAHHUH, TOCKOJIbKY TO3BOJISIIOT pa30UTh BECh
MPOTpaMMHBIN KOJI Ha ()parMeHThI, PEIIAIOIIUe JOKAIbHbIC 3aa4l U MPUTOIHbIC
JIJIsi MHOTOKPATHOTO MCIIOJIB30BaHUs B MPOIIECCE OCHOBHOM 00pabOTKHU JaHHBIX.

Ilpoyeoypa

Hasznauenue: BBIICIUTH YAacCTh MPOTrpaMMbl, MPUTOJHYIO MJi MOBTOPHOIO
ucrnosb3oBanus. IIpouenypam narOT MMEHa, OTpa)karollUe CyTh TOrO, YTO OHHU
BBIIOJHAIOT. [Iporeypsl MOryT wuMeTh Ha0Op BXOJHBIX TapaMeTpoOB —
apryMeHToB Tmpoueaypsl. JlJiss BbI30Ba MpOLEAYpPhl B MIpOrpaMMe JOCTATOYHO
yKa3aTh €€ UMS U CIIMCOK 3HaYE€HUI apryMEHTOB.

IIceBIOKOI:
IIPOILIEJ/]YPA Ums (CIIUCOK IIAPAMETPOB)

CocmasHoti onepamop

[KOHEIL] IIPOLIE/]VPHI],

rae CIIMCOK IMTAPAMETPOB — 3710 cnucok o0bsaBieHH (HOpMaTbHBIX
napameTpoB (U1l KaXKJI0ro apryMeHTa MPpOLEeypbl), pa3AeIE€HHbIX 3alsThIMH.

Dynukyus

Ha3nauenue: aHalOrM4yHO MpoLEAype C TOW pa3HHIEeH, 4TO (QYHKUIHS
BO3BpAIlA€T pPEe3yNbTaT ONPEJCICHHOTO Uil Hee THUma. BhI30B (yHKIIMM MOKET
OBITh HE TOJIbKO YacCThIO COCTaBHOTO OIepaTopa, HO U apryMEHTOM olepaTopa
[IpUCBaUBaHMUs, 4acCTbIO MaTeMaTU4eCKOro, JIOTUYECKOTO Wi
CTPOKOBOTI'O BBIPAJKECHUS.

IIceBaoKoOI:
DOVHKIINA Umsa (CIIUCOK ITAPAMETPOB) THUIT

CocmasHoti onepamop



[KOHEI] ®VHKI[HH]

PaccmoTpum, kak HUCIOJIL3YIOTCS byHKIIIH B HMIICpAaTUBHOM
IIPOrpaMMHUPOBAHNH Ha IIPUMEPE 3aJa4d BBIYHUCIICHHSA IOCJIEA0BATCILBHOCTH
IIPOCTBIX YHCEII.

Cu, Java

public class Application

{

public static void Main()

{

Console. Write(" ©opmupyem nocredogamenbHocmb NpPOCMbIX Yucel

He bonee N =");

}

int_MaxValue = 0;
try
{

}

catch (Exception ex)

{

_MaxValue = System.Convert.Tolnt32(Console.ReadLine());

Console.WriteLine("IIpouzowna owubka 6sooa: "'+ex.Message);
Console. WriteLine("Haoicmume nt106y10 KHONKY 0711 gvixooa...");
Console.ReadKey();
return;

}

//Tlepebupaem éce yucaia om 2, 0o _MaxValue
for (inti=2;i<=_MaxValue; i++)
{

if (i ==2|| IsPrime(i))

{
if (i>2)

Console.Write(*,");

Console.Write(i.ToString());
}
}
Console.WriteLine();

Console.WriteLine(" Haxcmume mo6yro knonky oist évixooa...");
Console.ReadKey();

//Onpeoenenue, a81saemcs U 4ucio d npocmoim?
static bool IsPrime(int d)

{

KOpHA U3 d

int _sqrt_int = (int)Math.Sqrt(d); //llenas wacms om xKeadpamno2o



for (inti=2;i<=_sqrt_int; i++)
if ((d % 1) == 0) //[Ilposepka.: ocmamok om denenus d/i==0?
return false;

return true;
}
}
Pascal /Delphi
program PrimeNumbers;
uses crt;
var MaxValue, i : Integer;
function IsPrime(d:Integer):boolean
var sgrt_int,i : Integer;
begin
sqrt_int:=round(sqrt(d));
for i:=2to sqrt_int do
if (d mod i =0) then

begin
IsPrime:=false;
Exit;
end;
IsPrime:=true;

end;

begin

Write('N =);

Read (MaxValue);
for i:=1 to MaxValue do
if IsPrime(i) then writeln(i);
ReadlLn;
end.

2.3.4. Tunpl JaHHBIX

Tunvt OanHblx — 3TO TO, 0€3 uero JOOOH BHUI MPOrPaMMHUPOBAHUS HE
BO3MOXXCH B TMPHUHIMME. OTH KOHCTPYKIMW TpEAHA3HAYEHBI MJi OIHCAHUS
dbopmara o6pabaTeiBaeMOM MporpaMMoi HHPOpMAITUHU: OT JIEMEHTapPHBIX JaHHBIX
JI0 CJI0KHOOPTaHU30BaHHBIX CTPYKTYD.

dnemenmapnovie (6azoevie) munvl OAHHBIX

Ha3nauenue: omucaHwe HeIeIuMOW dYacTd HWHGOpPMALUKM, HaIpUMep,
YUCIIOBOM IEPEMEHHOW, CUMBOJIA WM pPE3yJibTaTa JIOTUYECKOTO BBIPAKECHHUS.
BONBIIMHCTBO  SI3BIKOB  MPOTPAMMMPOBAHUS MOAACPKUBAIOT OOHU W TE XK€
AJIEMEHTAapHbIE WM  0a30BbIe  THIBL:  IICJIOYMCICHHBINA,  BEIIECTBEHHBIMH,
CHMBOJIBHBIA, JIOTUYECKUM, Jara W Bpemda. JluamazoH 3HadYeHUM IS



LEJIOYMCIICHHOTO M BEIIECTBEHHOIO  THUIA  OMNPEACNSETCS  KOJIMYECTBOM
3aHHUMaeMbIX UM Oaiit. OnuH 6aiT — 3T0 00BeM HH(GOPMALUU, CIIOCOOHBIN
XpaHUTh 256 pa3IMYHBIX 3HAYEHUN U cocToAmui 3 8 o6ut. but, B cBOO0 ouepenp,
criocoOeH XpaHuTh Julh ABa 3HaueHus: 0 u 1. KomOunanuii u3 8 Hynei u e 1uHuI
poBHO 256 (28). B 5TOM KOHTEKCTE ILIEJIOYMCIECHHBIE M BEIICCTBEHHBIC THIIBI
JIENSATCA Ha TOJATUIBI, KOTOPhIE B KaXJIOM SI3bIKE MPOrPaMMHUPOBAHUS MOTYT
o003HauaThCsA MO-pa3HOMYy. Takke, K  DJIEMEHTApHBIM  THIIAM  9acTO
OTHOCST CTPOKOBBIH THI JaHHBIX (ITOCIEAOBATEILHOCTh CHMBOJIOB - CTpPOKA),
KOTOPBIM HEJETUMBIM HE SIBJIICTCS, HO TaKK€ OTHOCUTCS K 0a30BbIM TuIlaMm. Hiuke
MpUBEJICHA Ta0JIUIla C OCHOBHBIMU AJIEMEHTAPHBIMU THUIIAMH HanboJee U3BECTHBIX
A3BIKOB ITPOTPAMMUPOBAHUSI.

TaOmuma 3.
OCHOBHBIE THIIBI JAHHBIX
Onucanne Pa3zmep Pascal
A (6uTH) J{nana3on Cu VB Java /Delphi
baiit co 3Hakom 8 ot -128 mo 127 sbyte SByte byte shortint
baiit 6e3 3Haka 8 ot 0 mo 255 byte Byte - byte
KopoTtkoe nenoe
YHUCJIO colb6 ot -32 768 1o 32 767 short Short short integer
3HAKOM
Koporkoe nezoe ot 0 1o 65 535 ushort UShort - word
4yrcio 0e3 3HaKa
Cpennee 1enoe
or -2147483648  no. i .
YHCIIO co32 2147483647 int  Integer int longint
3HAKOM
Cpemiiee uenoe ot 0 10 4294967295 uint  Ulnteger- .
4yrciio 6e3 3HaKa
oT -
Jmrioe. nenoe 9223372036854775808
YHCIIO co64 10 long Long long comp
SHAKOM 9223372036854775807
JlnuHHOE 11€M0€ OT 0 10 i i
auciio 6es swaka 07 18446744073709551615 [U1ON9 Ulong
BemecTtBenHoe
IHCII0
OZMHAPHON 32 +1,5%10* no £3,4*10% float Single float single
TOYHOCTH C
TUIABAIOIIECH
3aIsTON
BemecTtBenHnoe
YHUCJIO JBOMHOM
TOYHOCTH c64 +5%103%% o +1,7*10°°® doubleDouble double double
TIaBaloIIeH

3ansaTON



CumBoi (8 6ut) 8 ASCII - - - char

Cavsor (1615 yniCODE char Char char -
ouT)

JTIP?;H%CKHH 8 {true, false} bool Boolean booleanboolean
Crtpoka - - string String  String string
[Tycroii Trm - - void - void -
Cmpykmypa

Hasznauenue: onucanue CIOKHBIX (COCTAaBHBIX) TUIMOB AaHHBIX. CTpyKTypa
MOXXET B cebe  colepKaTh ONpPEACNICHUs]  MEPEMEHHbBIX 3JIEMEHTAPHBIX
TUIIOB (YUCIIOBbIE, CUMBOJIbHBIC, JJOTHYECKUE), a TaKKe OMpEe/eJICHUs MAaCCHUBOB,
3amuce, KOJUIEKLHM, KJIACCOB, NPYTHX CTPYKTYyp U T.JA. Bce cocTaBHble yacTu
CTPYKTYpPbl Ha3bIBAIOT NOJAMU CMPYKMYPbl. IK3EMIUISIPbl CTPYKTYpP CO3/IAI0OTCSA
TOYHO TaK >K€, KaK JK3eMIULSIPbl MPOCThIX TUIOB. JlocTynm K J00OMY MO0
CTPYKTYpbI, KakK TMpaBWIO, OCYUIECTBIAETCS IO WMEHH COOTBETCTBYIOIIECH
MEPEMEHHON — AK3EMIUISIPA CTPYKTYPhI M1 UMEHU TI0JIs, Pa3JICICHHBIX MEX Iy cOO0M
TOYKOM.

[IceBnokon:

CTPYKTYPA Hms

Obvsesnenue noas 1

Obvsesnenue nous 2

Obvsesnenue noas N

KOHEIL] CTPYKTYPbI

Pascal /Delphi

{obwssnenue cmpykmypwol Record (zanucw)}

Type

Student = Record
Fam, name: String /20], {obvsenenue nonet 3anucu,
Pol: (men, women);
Bday, dinp: Word;
Fac: String [15];
End;

JlanpHenee pa3BUTHE HMMIICPATUBHOW ITapaJUIMbl I[IPOrpaMMUPOBAHMS
OTpaXaeT M3MEHEHWE Kpyra JIMI, 3auHTEPECOBAHHBIX B IMPUMEHEHUU
nHpopManmMoHHBIX cucTeM. DdopMHUpOBaHHE HOKCTCHCHUBHBIX IIOJXOJIOB K
MIPOrPAaMMHUPOBAHUID — €CTECTBEHHAsT PEaKUWs Ha pPAJAUKAIBHOE YIIYUIIECHUE
DKCIUTyaTAIIMOHHBIX XapaKTEPUCTUK OOOPY/IOBAaHUS W KOMITHBIOTEPHBIX CETEH.
[TosiBMace mouBa JyuIsi OOHOBJICHHS ITOAXOJ0B K IPOrpaMMHMPOBAHHIO, a TaKXKeE
BO3MOXXHOCTh PEaOMIMTAlUKM CTaphIX HACH, cl1ab0 pa3BHUBABIIUXCS HM3-3a HU3KOM
TEXHOJIOTUYHOCTU M TpousBoauTenbHOCTH OBM. [IlpencraBiser wuHTEpecC
pa3BUTHE MCCIIEI0BATENbCKOTO, 3BOJIFOIIMOHHOTO, KOTHUTHUBHOTO u
aJanTalMOHHOrO TMOJAXOA0B K NPOrPAMMHUPOBAHUIO, CO3HAIOIIMX MEPCHEKTUBY




pallMOHANIBHOTO  OCBOEHHUSI  peajbHbIX  HMH(POPMALIMOHHBIX  PECypcoB U
KOMIIBIOTEPHOr'0 MOTEHIMANA.

2.4. @ynkuyuonanvHoe nPoOZpamMmuposanue

2.4.1. Beenenue B (PyHKIIHOHAJILHOE IPOrPAMMHpPOBaHNeE

HecmoTpss Ha Ooraryt0o UCTOpUIO pa3BUTHS TPAJAUIIMOHHBIX S3BIKOB
pOrpaMMUPOBAaHMs, OHM HECyT Ha ce0e poJIoBYIO meyaTh (OH-HEHMaHOBCKOMN
apXUTEKTYpPhl, HMCIOJB3YIOIIYI0O HMIIEpAaTUBHYIO mapaaurmy. B To ke Bpems
NepeoBble MPOTrpaMMUCTBI  BTOpPOM TMOJNOBHHBI 20-r0 BeKa CUMTAIU, YTO
MPOrPaMMHUPOBAHUE MOXKET M JOJDKHO OBITh HMHTEIJIEKTyaJIbHO OJ1aroapHoi
JESATEIbHOCTIO; UTO XOPOIIMMA SI3bIK MPOTPAMMHUPOBAHMS SBIISETCS MOIIHBIM
WHCTPYMEHTOM aOCTPaKIUid - HHCTPYMEHTOM, IMPUTOIHBIM Ji OpTraHHU3aIuH,
BBIPDQKEHUS, OKCIEPUMEHTUPOBAHUS W  Jaxe OOIIeHuss B  Mpolecce
WHTEJJIEKTYalIbHOM JESTEILHOCTH; YTO B3TJIAJ Ha MNpPOrpaMMUpPOBAHHME Kak Ha
KOJIUPOBAHUE - PYTUHHBIA, MHTEIUIEKTyaIbHO TPUBHAIBHBIM, HO OYEHb
TPYAOEMKUM W YTOMUTEIBHBIA 3aKIIOYUTEIBHBIN ASTal PEIICHUS 3ajadydl Mpu
MCIIOJIB30BaHUN KOMITBIOTEPOB, - BO3MOXKHO, W SBJISICTCS TJIyOMHHOW NPUYMHON
SIBJICHUSI, HA3bIBAEMOI'0 KPU3UCOM MPOTPAMMHUPOBAHUSI.

WubiMu crioBaMu, TJ1aBHAs MBICIB 37I€Ch 3aKIIOYaeTCd B TOM, YTOOBI HE
YeJIOBEeKa BBIHYAUTH MPU CO3/IaHUU MPOTPAMM MBICIIUTh B KaTETOPUAX MAIIWHBI, a
KOMITBIOTEP 3aCTaBUTh MOHUMATh SA3BIK C 0OJiee BHICOKMM YPOBHEM aOCTpakIvu,
yIOOHBIN 1711 POPMYIUPOBKH M TUTAHUPOBAHUS PEIICHUS 3a/1a4y YeJloBeKoM. boiee
TOTO, B MaTeMaTHKE W3BECTHBI TaKHME MaTeMaTH4eCKue (popmanu3anuu MOHSATHA
QIrOpUTMAa W MOJICIHM BBIUUCICHUN, KaK PEKypCHUBHBbIC (DYHKIIMH, HOpMaJbHBIC
anroput™Mbl MapkoBa, JSIMOJa-UCUMCIIEHWE, HE TMPUBSI3aHHbIE K TOHSTHIM
COCTOSIHUSI, IIara MporpaMMbl U 3alUCH 3HAYCHHS B SUCUKY, XapaKTEPHBIM IS
MamuHbl  ThropuHra. OHH  MOTYT  CIOY)KHTh MOIIHBIM  TEOPETHYCCKUM
GyHIAMEHTOM TPU CO3JaHUU SI3bIKOB MPOTPaMMHUPOBAHUS, KOTOPHIE MOXKHO C
ONPEAECICHHON HATSXKKOM Ha3BaTh HETPAAUIIMOHHBIMU.

OyHKIIMOHAIIBHOE ~ MPOTpaMMHUpPOBaHUE -  OJHA  HU3  OCHOBHBIX
HETPAJUIIMOHHBIX  TapagurM IporpaMMHUpPOBaHUs, Ha3blBacMasi  TaKXKe
aIlMUIMKaTUBHOW. [IpUYMHON 3TOrO SIBIAETCA TO, YTO B HEW BBIYMCIIUTEIbHBIN
MPOIIECC CBOAMTCS K MPUMEHEHHI0 (DYHKIIMM K apryMEHTy, a TCOPETUYECKUM
0a3ucoM CIYyXKUT A-UcuucieHue (IsIMOma-ucuucieHue). B kauecTBe BaKHOTO
MPEUMYIIECTBA JTAaHHOW MOJENIM BBIYUCICHUN MOXKHO BBIJCIUTH, B YaCTHOCTH,
OTCYTCTBHE TaK Ha3bIBAEMBIX TTOOOYHBIX 3(PHEKTOB, YTO O3HAYAET, YTO PE3YyJIbTAT
BBITIOJTHEHUS TPOTPaMMbl TOJHOCTBIO OINPEIETAETCS €0 CaMOW M HCXOJHBIMHU
nanueIiMU. [InoHepoM B 3T0#t obmactu cran [xon Mak-Kaptu, kotopsiit B 1958
rogy BO BpeMms paboThl B MaccauyCeTCKOM TEXHOJIOTHYECKOM HWHCTUTYTE
pazpaboran s3pik nporpammupoBanusi LISP (ot anrn. LISt Processing —
00paboTKa CMHUCKOB). DTO, BEPOSITHO, MEPBBIA U3 S3BIKOB, KOTOPBIM OCHOBBIBAJICS
Ha CEpPhe3HOM TEOPETUYECKOM (YyHIAMEHTE M TMBITAJICA TOAHATH MPAKTHKY



IIPOrPaMMHUPOBAHMS A0 YPOBHS KOHLEHLIAN, a HE OITYCTUTh KOHLEIIIIMH 10 YPOBHS
CYILLECTBOBABIIIEH HA MOMEHT CO3/IaHUA sI3bIKa MpakTUKH [12]. B pycckosi3piaHON
JUTEepaType UCHOIB3YIOTCS pa3UyHble BapuaHThl HamucaHus Ha3BaHusi — LISP,
Lisp, JIUCII, mb1 B ocHOBHOM Oynem Ha3biBaTh ero Jlucm. Jlucn Obut n3o0pereH
Kak (opmanmm3M IS PacCYXKICHUH 00 OINpEeAaeICHHOM THUIIE JIOTUYECKHUX
BBIPAKEHUI, Ha3bIBAEMBIX YPABHEHHUSIMU PEKYPCHUHU, KAK O MOJEIIA BBIYMCIICHHI.

2.4.2. S3bik nporpammupoBanus Jlucn. O0mmue cBegeHus

[Iporpamma Ha Jlucme cocrouT w3 BblpaxeHui. [Ipm 3TOM Kaxkmoe
BBIPOKEHUE SIBIIAECTCS JTUOO aTOMOM, JIMOO CHUCKOM. 3J€Ch aTOM — HEKOTOPBIN
OOBEKT,  MPEACTABICHHBIA  MOCJIEI0BATEIBHOCThIO  al(aBUTHO-IIU(POBBIX

CUMBOJIOB. IIprMepbI aTOMOB:
7
A
IIPUBET
S17

Crnucku — 06a3oBasi cocTaBHasi CTPYKTypa JaHHBIX s3bika. [loj crimckom
MOAPa3yMEBACTCS YIOPSATOUCHHOE MHOYKECTBO HEKOTOPBIX AJIEMEHTOB, HAIIPUMED:
((KOPOJIb ®EP3b) ((JIA/[bA) (CJIOH)) IIELIIKA)

DJeMEHThl MOTYT OBITh Kak aToMaMH, Tak M CHUCKaMH. boiee Toro, B
OTJIMYME OT CHHCKOB B PSJIC NPYTUX S3BIKOB MPOTPAMMHPOBAHUS, B CIHCKAaX B
Jlucnie saeMEHTBHl MOTYT UMETh Pa3sHy0 NMPUPOJY, YTO BHUIHO U B MPUBEJIECHHOM
npuMepe. BHYTpeHHsIsl 4acTh CIKCKA 3aKJII0YAETCS B KPYTIJIble CKOOKH, DJIEMEHTHI
O0OBIYHO pa3aeistoTes nMpodenamu. BaxkHol 0COOCHHOCTRIO s3bIKa JIMCH SBIIIETCS
TO, YTO camMa TMporpaMmMa B HEM TMpPEACTaBIsieT COOOW CHHCOK. DTO Jaer
BO3MOYKHOCTh MPOTpaMMaM BBITIOJHATH JOBOJIBHO WHTEPECHBIC MAHUITYJISIINH HaJT
caMuMu co0OH, a Takke nepeaaBaTh QYHKIIMM B KAYECTBE apryMEHTOB (PYHKITUH,
WHBIMHU CJIOBAaMH, HCIOJB30BaTh (YHKIIMK BBICIIUX MOpsAkoB. HecmoTpst Ha TO
yTo JIHCI - S3BIK, CO3MaHHBIM TMOYTH cpa3y nocie DoprpaHa, HA 3ape IMOXU
S3BIKOB TIPOTrPAMMHUPOBAHMS BBICOKOTO YPOBHS, B HEM BOIUIOIIEHBI HECKOJIHKO
uJel, JUIb 3HAYUTENIbHO T03][HEE MOJYYMBIIUX pPaclpoCTpaHEHHWE B HauboJjiee
IIUPOKO HCIOJIB3yeMbIX s3bIkax. Cpeau HHUX TOMHUMO (DYHKIIUH BBICIIHX
MOPSIKOB:

® CCBUIOYHASI OpPTaHU3AIUS TTAMSITH;

e yn00CTBO 00paOOTKM CHMBOJBHBIX JAHHBIX;

e cOopka wMycopa (aBTOMAaTHYECKOE€ OCBOOOXKJIEHHE CHCTEMOM He
UCIIOJIb3yeMOi 0oJiee MaMATH);

® LCIIOJB30BAaHUE 3aMBbIKAaHUN (JIOKAIHHO OIpEAEIsieMbIX B HEKOTOPOM
KOHTEKCTE (PYHKIIUH);

o ¢yakuuu npoBepku (RTTI) Tuma 3HaueHHWs B XOJE€ BBIMOJTHEHUS
MIPOTPAMMBI.

K nmocromnctBam  Jlucma  OTHOCSAT ~ TOYHOCTb,  OMPEIEIIEHHOCTD,
JAKOHUYHOCTh (HA MHOTUX HEO(PHUTOB MPOM3BOAUT BIEYATICHUE KPATKOCTh



nporpamm Ha Jlucrie, BBIMOJHAIOMIMX T€ K€ JEUCTBUS, YTO M 3HAYUTENIBHO OoJiee
JUIMHHBIE TporpaMmbl, Hampumep, Ha Ilackane). OH sBIseTCS XOpPOUIUM
CPEACTBOM ISl TPEJICTABICHUS APEBOBUIHBIX CTPYKTYyp. WMHTEepecHo, uTO,
HayMHas C TEPBBIX peanu3anuii, TpaHcusTop Jlumcma nmpuHATO pa3pabaThiBaTh
METOJIOM PACKpPyTKH (MPOCTEUIIINE ONEpalK PEATU3yIOTCS B MAIIMHHOM KOJIE, a
OCTaJIbHBIE - HA CAaMOM S$3bIKE MpOrpaMMupoBaHus). B cocraBe cucremsl cpazy
MpeayCMaTPUBAINCh U WHTEPIpPETaTop, U KoMmuiasaTop. Oba 3TH HHCTpyMEHTA
ObLTM BechbMa TOYHO OINHUCaHbl Ha camoM Jlucme, mpuyeM OCHOBHOM 00BeM
ONMCAHWK HE MPEBBIIIAN Mapbl CTPaHUILL. Bee 3TO MpUBENIO K TOMY, YTO K CEPEINHE
1970-x romoB Ha Jlucne pemanuch HamOoJiee CIIOXKHBIE MPAKTUYECKUE 3a]auH,
CBS3aHHBIC C NPUHATUEM PEIICHUH, IOCTPOCHUEM CHUCTEM MCKYCCTBEHHOTO
uHTtemekra u np. Jlo cux nop Jlucn ocraercs si3pikoMm Ne 1 B Mupe mipu co3gaHuu
WHTEJJIEKTYaJIbHbBIX CUCTEM.

Hekoropsle aToMbl SBISIOTCS UMEHaMH (PYyHKUUNA. 3a0CTPUM BHUMaHUE Ha
TOM, 4YTO B COOTBETCTBUM C TPUHATOM B JISIMOJA-WCUUCIICHUM, SIBIISIOIIEMCS
TeopeTnyeckor 0aszoil Jlucma, 3amuchio MPUHATO, YTO NMPUMEHEHHE (PYHKUUU K
apryMeHTaM 3aliChIBAETCS KaK CIIUCOK

(<@yukyus> <apel> <ape2> ... <apen>)

B OTJIMYME OT MPUHATON B KJIACCUYECKOW MaTeMaTHUKE U APYIHX SA3bIKaX
pOrpaMMUPOBAHUS 3aTUCH

<@yukyua> (<apzl> <ape2> ... <apen>).

UToOsI onpenenuTh, Kak BOCOPUHUMAThL aTOM - KaK KOHCTaHTY WJIM KaK UMS
byHKIMM, 3HAYEHUE KOTOPOM HAa0 BBIYMCIUTH, B Jlucme ucCmonb3yercs
cnennanbHoe KirodyeBoe cinoBo QUOTE. Ecmu nepen atomom uper QUOTE,
Jlucn-cuctema BOCIPUHUMAET €T0 Kak He TPeOyroluii Beraucienus. Yacto BMECTO
QUOTE nepen uMeHEM, KOTOPOE HE HYKHO HEMEJJICHHO BBIYUCIATH CTaBUTCS
anoctpod: ‘L.

HexoTopbie cHMBOJIBI UMEIOT CIIeIMAIbHOE Ha3HaueHue. Hanpumep, cuMBoi
T o3Hauaer nornueckyto uctuHy, NIL Hapsamy ¢ myCThIM CIUCKOM - JIOXKb.

Ucnonb3yst mycTol CUCOK, CTPYKTYPY JAHHBIX CIIHMCOK MOHO ONPEETUTh
peKypcuBHO. MTak, CIUCKOM ABJISETCS WM IMYCTOM CIUCOK, WJIM HEKOTOPBIN
AJIEMEHT, Ha3bIBA€MbIH T'OJIOBOM CMMCKA, 32 KOTOPBHIM CJIEAYeT CaM CIIHUCOK (Tak
Ha3bIBAEMBIN XBOCT).

2.4.3. ODynkuum o6padOTKH CIUCKOB

B3siTue roj0BBI M XBOCTa HEKOTOPOTO CIIMCKa SIBISIETCA Mapoil HauOoliee
U3BECTHBIX BCTpoeHHbIX B Jlucn gynkiuit - CAR u CDR. Jlto6onbITHO, 4TO CBOU
HA3BaHUS OHU IMOJIyYMJIM OT JBYX acceMOyepHbIx komana OBM IBM 704 - Biarus
3HAUEHUA MO aJpecy MW B3SATUS 3HAYCHUS M3 MaMITH C aBTOMAaTHYECKUM
JEKpEMEHTOM (yMEHBUIEHMEM Ha eAuHMIy) anpeca. IlpuBeneHHble pnanee
npuMepsl uinntoctpupytor npumenenne CAR u CDR (cmpaBa mociie CTpenku
3aMrcaH Pe3yNbTaT BHIYKCICHUS (YHKIMHA, HEMEIJICHHO BbIIaBaeMmblid Jlucr-



MHTEPIPETATOPOM IOCI€ BBOJA COOTBETCTBYIOIEH CTPOKM B JIHAJIOTOBOM
PEXHME):

(CAR'(ABC)) —» A

(CAR '(A)) — A4

(CAR'A) — owubkra, A — amom, a e cnucok
(CAR '(NIL)) — NIL

(CAR NIL) — NIL

(CAR '(NIL A)) — NIL

(CDR '(AB C)) — (B C)

(CDR '(4)) — NIL

(CDR '4) — owubdxa, A — amom, a He CNUCOK

(CDR (4 (B C))) — ((B C))

(CDR '(NIL A)) — (4)

(CDR ())— NIL

st yno6etBa rosoBoii myctoro cnucka cuuraercs NIL. [Tockonbky B

nporpamMmMmax Ha Jlucrme JAOBOJBHO 4acTO MOXKHO  BCTPETUTh  LIETIOYKHU
nocienoBaTenbHbiXx BbI30BOB (GyHKIM CAR m CDR, B s3bike pasperiaercs
HCII0JIb30BaTh YA0OHBIE coKpalieHHble o0o3HaueHus Buga CADDR, CADR u mp.:

(CADR S) ; mo oce camoe, umo (CAR (CDR S))
(CADR'(A B C)) ; nonyuum B
(CADDAR S) ; mo aice camoe, umo (CAR(CDR (CDR (CAR S))))

CumBonbl B mporpamme Ha Jlucne, crosimume mociie TOYKM € 3arsiTol U 10
KOHIIa CTPOKH, CUUTAIOTCA KOMMEHTapueM. [Jisias Ha mpuMepsl, MOKHO 0OpaTUTh
BHUMAaHHUE €€ Ha OJIHYy 0COOeHHOCTh Jlucma. DTo - A3bIK 0€3 CTPOrol CUCTEMBbI
TunoB. M3-3a 3TOro npu BBIUUCICHUU (YHKIIMU OHA MOXET ObITh MPUMEHEHA K
aprymMeHTaM pa3jIM4yHOro TUIa, YTO, B CBOIO OYEPE/lb, MOKET NMPUBECTHU K OLITUOKE.
3ato B Jlucne uMeroTcs (PyHKUIMM MPOBEPKU THUIA apryMeHTa MpPHU BHIMIOJHEHUU
nporpammbl. HekoTtopeie dyHKinu Jlucna SBASIOTCS NPEIUKATHBIMU, WHBIMU
cioBaMu, Bo3BpaumatoT B kaudectBe 3HaueHus win UCTUHY - T, unu JIOXKD B
Bujsie NIL. imenno k HuM otHocsiTCs Takue ¢pyHkimu, kak ATOM, nposepsitomas,
aBisgercss i aprymeHt aromMoM, u NULL, onpepensromasi, He SBIAETCA JIH

apryMEHT MYCThIM CITUCKOM:
(ATOM 'A) - T
(ATOM '(4 B C)) — NIL
(ATOM ())— T ; nycmoii cnucox amomapeH
(NULL NIL) - T
(NULL '4) — NIL
(NULL (CDR*'(4TOM))) —> T
(NULLT) — NIL

Ha ocHoBaHuuM 3THX NMpPUMEPOB MOXHO caenarh BbIBOM: QyHkiuio NULL
MOHO HCIIOJIb30BaTh M KaK JIOTMYECKOE OTpUUAHHE. Brpodem, i 3THX ke
neneit B JIucne cymectByet u npenukaraas ¢yakius NOT. [Tomumo Hee ecTh u
dbynakuuu AND (normueckoe U, ecnu cpenu mocneayomux apryMeHTOB XOTh pa3
Bcrperutcss NIL, 3nauenunem Oyzaer NIL, B mpoTHBHOM cilyyae — 3HA4Y€HHE
nocieaHero u3 aprymentroB) u OR (sormueckoe MJIM, ecnu cpenu aprymMeHTOB



BCTpPEYACTCs BBIPAXKEHUE CO 3HayeHUeM, oTnuHbIM OoT NIL, Bo3Bpamaercs oHO,
nHaue — NIL).

Oyukuuss CONS npotuBononoxknHa no aeiictBuro CAR u CDR, oHa
KOHCTPYUPYET CHUCOK M3 JBYX CBOMX AapryMEHTOB, KOTOPBIE JOJOKHBI OBITh
3JIEMEHTOM — Oy TyIiel TOJI0BOM U CIIMCKOM — XBOCTOM IOJIy4aeMOT0 CIHCKA!

(CONS ' '(B C)) — (A B C)

(CONS 'A NIL) — (4)

(CONS '(AB) '(C)) — ((AB) C)

(CONS (CAR '(A B C)) (CDR '(A B C))) — (4 B C)

[MTomumo CONS cnucku cospator @ynkuuu LIST u APPEND. APPEND
NOJIy4aeT Ha BXOJ HA0Op CIIMCKOB — B OOILEM CIy4yae MPOU3BOJBHOE YHCIIO, YTO
ABIIICTCS, B YAaCTHOCTH, WJUIIOCTpaned pomyctumoctd B Jlucne QyHkumii
IPOU3BOJIBHOIO KOJIMYECTBA APTyMEHTOB, — U (POPMHUPYET U3 HMX DJIEMEHTOB
€IMHBII CIIUCOK, YISl BHEIIHUE CKOOKH JUISl KaXKI0TO U3 UCXOJIHBIX CIIUCKOB:

(APPEND '(4) NIL '((B)(C))) — (4 (B)(C))

B otnnume ot storo pynkmus LIST ¢popmupyer oOmuii CIMCOK U3 CBOUX
apryMeHTOB (KOTOPBIMH MOTYT OBITh U @TOMBI), OCTaBJISISI CKOOKHU:

(LIST '(4) NIL '(B)(C))) = ({(4) ((B)(C))) (LIST '(4) NIL) — ({(4) NIL)

Oynkuuss SETQ mno3BoisieT CBA3aTh HEKOTOPBIM aTOM CO 3HAYEHHEM
BBIPAKEHHUSI, ITOCJIE YErO OH CTAHOBUTCS €70 UMEHEM:

(SETQ G '(A B(C D)E))

Tenepbs MOKHO HCIIOIB30BATH 3TO UMSI BMECTO MCXOAHOTO BBIPAKECHUS:

(CAR G) — A

BaxHO moadepkHyTh, 4TO HE cleayeT ucnoab3oBaTh SETQ B kadecTBe
aHajora TNpPUCBaMBaHWA B HMMIEPATHBHBIX S3bIKAX [POrPaMMHUPOBAHUS.
Paspymaroniee npucBamBaHue, KOrga B XOJA€ MCIOJHEHUS ITPOTPaMMBbI
IIEpEMEHHAsl M3MEHSET CBOE 3HAYECHHME, HEXApPaKTEPHO JUIs aNIUIMKaTHBHOTO
nporpaMmupoBanus. Bmecto storo sydme nymarb, yto SETQ B HekoTOopoMm
CMBICJIE HAKJIEUBAET ApJblK Ha BbIpaxkeHue. [[ns pabotsl co cnuckamu B Jlucne
€CTb €LIE PAJ MOJIE3HBIX (PYHKIIUI, HA30BEM JIUILb HEKOTOPbIE U3 HUX.

LENGTH Bbrumcnsier JiuHy CHucka (KOJWYECTBO DSJIEMEHTOB, YHCIIO
«OpaTheB MEPBOTO YPOBHS») M BO3BPAIIIAET LIETI0€ YUCTIO:

(LENGTH '((AB) C (D))) — 3

REVERSE o0paiiiaet cniicok, 3anuchiBasi 3JIEMEHTBI B 00paTHOM TMOPSIIKE:

(REVERSE '(4 (BC) D)) — (D (BC) A)

Jlis ompezeneHust Toro, SIBISETCS JM HEYTO «OpaTom» MEpBOrO YpOBHS B

OIpe/IeICHHOM CITUCKE, UCTIONb3yeTcs npenukarHas Gpynkuns MEMBER:
(SETQ M '(AB (CD) E)) (MEMBER 'F M) — NIL
(MEMBER 'C M) — NIL
(MEMBER 'BM) — T

Oynkuuss SUBST no3BoJisieT BBITOIHUTh MOJACTAHOBKY M HMEET TpHU
aprymenTa. Pe3ynbTaToM BBIOTHEHHUS (DYHKIIMU SBISICTCS 3HAYEHHE TPETHETO
apryMEHTa, B KOTOPOM BCE€ BXOXIEHHS BTOPOrO0 apryMEHTa 3aMEHEHbI MEPBBIM,
HaIpuMep:

(SUBST'A'B'(AB C)) > (A A C)



Oynkuus RPLACA umeet nBa aprymenTa. [lepBwiif U3 HUX — crnucok. B
KayecTBE pe3ysbTaTa (YHKIUS BO3BPAIACT €ro ¢ 3aMEHOW MEPBOrO AJIEMEHTa
BTOPBIM :

(SETO G '(4 B C)) (RPLACA (CDR G) 'D) — (D C)

Oyukius RPLACD mnoxoxka Ha ¢yakuuio RPLACA, HO mnpu ee
UCITI0JIb30BAaHUU U BTOPOM apryMeHT AO0JKeH ObITh criuckoM. OH 3ameHsieT co0oi B

PEIYIBTUPYIOIICM CIIMCKC XBOCT CITMCKA, ABJIABIICTOCS apI'YMCHTOM:
(RPLACD G '(123)) — (4123)

2.4.4. ODyHkuum st padoThl ¢ YUCIAMHA

B Jlucm BctpoeHn Habop (yHkmmit ayis o6padoTku uyucen. Kak Hy»)HO uX

MCIMOJIb30BaTh, ICHO U3 CIECAYIOIIUX MPUMEPOB:

(+23)—>5

(+12345)—15

(-52)—3

(*45) — 20

(/82)— 4

(MAX5876)— 8

(MIN5876)—5

(SORT 16) — 4 ; keaOpammbwlil KOpeHsb U3 Yucia

(ABS -3) — 3 ; mooyab uucna

Oyukuus REM no3Bossier HAalT OCTaTOK OT ACIEHUS:

(REM 72) — 1

JJist cpaBHEHHMSI YUCeN MOKHO UCIOJIb30BaTh QYHKIUU <, >, >=, <=

(>23) — NIL

(>=23) — NIL

(>=33) »T

JIns mpoBEepKM Ha PaBEHCTBO (HE TOJbKO yucen) B Jlucme mpuMeHSroTCs
¢bynkunu EQUAL u EQ:

(EQ 'A 'B) — NIL

(EQ'A'A) > T

(EQ 'A (CAR (A B)) —» T

(EO () NIL) > T

Crnenyer moMHHTB, 4TO mnpeaukaT EQ NpuMeHMM JuIib K aTOMapHBIM
apryMeHTaM, U HE MOXET ObITh MCHOJIb30BaH MJis CMHUCKOB. OTJIMYHBIM B 3TOM
IJaHe OT Hero u OoJsiee OOmMM i CHUCKOB siBisiercst mpeaukar EQUAL,

ITO3BOJIAIOIIMN CPABHUBATH J1BA CIIUCKA:

(EQUAL 'A'A) — T (EQUAL '(AB) (4B)) — T

[Ipeaukatupie ¢ynxkuun NUMBERP u  ZEROP nposepsioT cBou
aprymeHtsl. NUMBERP Bo3Bpamnaer ucrtuny, eciu apryment - uncio, ZEROP -
€CJIM apryMEHT paBeH HYJ0 (IPUMEHUM JUIIb yncaam!):

(NUMBERP /) — T

(NUMBERP 'A) — NIL

(ZEROP 0) - T

(ZEROP 11) — NIL



2.4.5. DyHKIUH BHICIIMX MOPSIAKOB

Becbma nHTEpecHBIMH BO3MOKHOCTsIMH oOnagaiorT ¢yHkiuu MAPCAR u
APPLY. ®ynkuus MAPCAR npumeHsieT CBOM MNEpBbI apryMEHT, KOTOPBIA
JOJDKEH SIBJSITBCS YHAPHOU (DyHKIHMEH, KO BCEM 3JEMEHTaM BTOPOTO apryMEHTa,
KaK B CJIEYIOLLEM [TPUMEPE:

(MAPCAR 'ABS '(1-23-45)) — (1 23 45)

Oynkuus APPLY npumeHsieT cBOW NEpBbIN apryMeHT — (PYHKIIHIO — KO
BTOPOMY:

(SETOA'(458 1)) (APPLY '+ 4) — 18

C nomompbio APPLY u MAPCAR, sBistomuxcs (QyHKUMSIMU BBICIIAX
NOPSZIKOB, B IporpaMmax Ha JIucre MOKHO JIETKO M 3JIETAaHTHO IIEPEHOCUTH
neicTBUS JIIOOBIX (DYHKIMI Ha 3JIEMEHTHI CIIHCKA.

2.4.6. Hanucanune nporpamMMm Ha si3bike Jlucn

Hamcanne mnporpammbel Ha Jlucme CBOOUTCS K ONPEACICHUIO HOBBIX
dbyukmui. Cnenats 310 no3BojisieT ocodas pyukius DEFUN crnenytomero Buma:

(DEFUN <amom-uma> (<ai1>...<an>) <gvlpasicenue-meino>)

31ech MEPBBIM aprymMeHT — HUMs CO3JaBaeMoil (PyHKIUM, 3aTeM HJIET
CIIMCOK, CoAepKamuii (popMasibHbIe TapaMeTphbl, U MOCJE 3aBEPIIAIOINICH CIHCOK
CKOOKM — BBIPQ)KEHUE, BBIUUCICHHE KOTOPOro OyJeT MPUHUMAThCA B KaueCTBE
pe3yabTara BBIYUCICHUS JaHHOW (yHKIuU. Onpeaenum i mpuMepa (yHKIHIO

BBIYUCJICHUA KBaz[paTa CYMMI)I ABYX YUCCJI.
(DEFUN SUMKVAD (XY) (+ (*XX) (* YY)))

OOparure BHMMaHUW€ HAa CTWJIb HAmUCaHUS. AHAJIOTMYHO MporpaMmaM Ha
Cu, nmporpammbl Ha Jlucme MOXHO chaenath 0oJiee yIOOHBIMU JJISI BOCIPUSITHS
YEJIOBEKOM, IMPUMEHAS «JIECEHKY», COOTBETCTBYIOUIYIO JIOTMUYECKOW CTPYKTYype
nporpammsl. Teneps Mbl MOKEM MCIOJIb30BaTh MOCTPOCHHYIO (PYHKIUIO:

(SUMKVAD 2 5) — 29

Opnako 3Ta (QyHKUMS HE BKIIOYAET BO3MOXXHOCTH OOpPabOTKH pa3HbIX
CllydyaeB MpH  BBIIIOJIHEHMH IporpamMmbl. B HMmepaTuBHBIX  sI3bIKax
pOrpaMMHUpPOBaHMs 1MOJA00Has 00paboTKa OOBIYHO peaTu3yeTcsi C MOMOIIbIO
oneparopoB ECJIM - TO - MHAYE wunu onepatopoB BwiOOpa. Jlucn paer
BO3MOXHOCTh peaju3ali oO0pabOTKU pa3HbIX CHUTyallMid, B TOM YHUCJIE C
noMoIbI0 MOIIHOW KOHCTpYKIuu COND. D10 QyHKIMS, 3anuckiBaeMas 0COObIM

obOpazom:
(COND (<t1> <vi>)
(<t2> <V2>)

(<th> <vn>)



)

[Ipu ee ncnonb30BaHWK MPUMEHSAIOTCS mapsl (<ti> <vi>). 3Hauenne COND
BBIYUCIISIETCS O cieayromieil cxeme. CHavyana BBIYUCIISAETCA 3HAYCHUE BbIPAXKECHUS
ti.. Eciim oo ornmuaercs or NIL, Belumcisercs 3Hauye€HHUE BBIPAXKEHUSA Vi U
BO3BpAILlAETCs B KayecTBe pe3ynbTaTa BbeinojiHeHus Bcel pyHkuuu COND. Ecnu
pe3yabrar Beiuncienus t; — NIL, Beruncisercs 3HaueHue t;. Eciim oHO OTIM4HO
or NIL, BpiumcisieTcss W BO3BpallaeTcsi B KauyeCTBE HTOTOBOIO pe3ysbTaTa
3HaueHue V; u T. A. Eciam Bce ti Oymyr ummerh 3Hadenue NIL, oHo Oyner
okoHuarenbHbIM 3HaueHneM COND. Hekortopble BblpakeHUS Vi MOTYT
OTCYTCTBOBaTh. B 3TOM ciyuae, eciu tj Oyaer nepsbiM otimyatronumcs ot NIL, B
kauectBe 3HaueHuss COND Oyner Bo3BpalleHO 3TO 3HaueHue. B kauectse {;
OOBIYHO HCIOJIB3YIOT TpeauKaTHble (YHKIMH, BO3BpAIIAIOIINEC 3HAYCHHEC
NCTHUHA wmu JIOXKb. YacTto B mocienHel mape B KaudecTBe 1, MCHONB3YIOT
pocTO KOHCTAHTY T, 4TOOBI, €ciii He cpaboTajna HUA OJHA U3 BBILIEIESKAIINX I1ap,
B JIIOOOM Cllyyae HEYTO BBIMOJIHUTH, — aHanor else wim default B s3pike Cu.
Crnenytomass mporpaMma WUIOcTpupyeT wucnoisibzoBanne COND. 3Jto ananor
nonoOHoi mnporpammbel Ha Ilackane, mepeBOAsIIEH OLIEHKY, BBIPAKEHHYIO B
Oannax, B ee cioBecHoe oOo3HaueHue. Kpome Toro, mporpamma 3amedaresibHO
WUTIOCTPUPYET BO3MOKHOCTU U ocoOeHHocTu Jlucma, cBsi3aHHBIE ¢ 00pabOTKOM
CUMBOJIbHOM HMH(OpMAllMd W HECTPOrOMl IMHAMHYECKOW THUMH3alued, — OHa
MPOU3BOJUT U OOpaTHOE MpeoOpa3OBaHUE CIOBECHOTO BBIPAKEHHUS OIEHKH B

OaJLIIBI:
; pyukyus "Oyenka”
; 2- Heyo/ 3- yo/ 4- xop/ 5- omn
(DEFUN MARK (A)
(COND
((EQUAL A 5) 'OTJIHHYHO)
((EQUAL A 4) 'XOPOIIIO)
((EQUAL A 3) 'V/[OBJIETBOPUTEJIbHO)
((EQUAL A 2) 'THEYJ]OBJIETBOPHUTEJIbHO)
; nepesoo U3z CMpoxu 6 6avl
((EQUAL A'OTJIMYHO) 5)
((EQUAL A 'XOPOLIIO) 4)
((EQUAL A 'V/IOBJIETBOPUTEJIbHO) 3)
((EQUAL A 'HEVIOBJIETBOPHUTEJIPHO) 2)
(T "HEIIOHATHO)

)
)

Urak, ¢pynkuuss COND npuMeHsieTcsi Kak aHaJIOr YCJIIOBHOTO OlepaTopa H
oreparopa BbIOOpa MMIIEPATHBHBIX S3BIKOB IMporpammupoBaHus. Yrto, eciau B
nporpamme Ha Jlucre HEOOXOAMMO HEOJAHOKPATHO BBIINOJHUTH HEKOTOPHIE
nercTBus? B MMmepaTHBHOM S3bIKE IJIi 3TOTO HaumOoJiee 4YacTo MPUMEHSIETCS
UTEpalusl, peajin3yemMas C TOMOIIBIO TOr0 WIM UHOTO Olleparopa nukia. B uncrom
(GYyHKUIHMOHATIBHOM MPOrpaMMHUPOBAHMU IUKIBI HE HCHOJB3YIOTCS. Bo3HUKaeT
3aKOHHBIM BOIIPOC: 4YTO XK€ NpUMEHseTcss BMecTo Hux? ba3oBblii MexaHHW3M
HNOBTOPEHUSI B (PYHKIIMOHAJIBHONW NapagurMe MpOrpaMMUPOBAHUS - PEKYpPCHUS.
HanomHuM, 4TO OHa CBOJUTCS K BBI3OBY, IPSIMOMY WJIM KOCBEHHOMY, (DYHKLIUU U3



camoii 3ToW QyHKIMHU. Vcrnonb30BaHWE PEKYpPCHH TMPH MPOTPAMMHPOBAHHH
TpeOyeT onpezaeneHHoN nepecTpoiiku MblnuieHus. HeoO0xoaumo 3abexarh Biepen
U TIPEICTaBUTh, UTO MBI YK€ UMeeM (DYHKIIMIO, KOTOPasi BBIOJIHSIET HYKHOE HaM,
HO HE COBCEM /ISl TMOJHOW COBOKYMHOCTH HCXOJHBIX JAHHBIX - HampuMmep, 3a
UCKJIIOYCHHEM OJHOTO JJIeMeHTa cmucka. Jlaiee HY>KHO MpEACTaBUTH, KaK MbI
MOJKEM HCIOJb30BaTh €€ s pemeHus Bced 3amaun. Kpome »sToro, mpu
HAIMCAaHUH PEKYPCUBHBIX IPOrPaMM HY>KHO MTOMHHUTH O HEOOXOJIUMOCTH H30eraTh
OECKOHEYHOT'O TOBTOpEHUs. B TOW WM WHON CHUTyalldd HYKHO OCTaHOBHTH
pexypcuto. s 3TOrO ClEeMyeT WCIOIb30BaTh COOTBETCTBYIONIEE YCIOBHE
(manpumep, ¢ nomoipto GyHkuuun COND s3bika Jlucm). [Ipu o6paboTke criuckoB
TaKUM YCIIOBHEM YacTO OyJIeT MPOBEPKa BXOAHOTO CITUCKA Ha ITyCTOTY.
PaccmMoTpuM B KadecTBE MpUMepa MPOTrpaMMy IOACYETa JUTHMHBI CITHCKA.
[TonoOHass QyHKUMS, €CTECTBEHHO, UMEETCS B CTaHJIApPTHOM mocrtaBke Jlucna, HO

MEI €€ HOBTOpI/IM B y‘-IC6HBIX oeJrsIx:
snoocyem ONUHbL CHUCKA
(DEFUN DLINA (S)

(COND
((NULL S) 0)
(T (+ 1 (DLINA (CDRY))))

)
)

[TockonpKy I mojacdeTa KOJHWYECTBA DBJIEMEHTOB B CIHCKE HYXXHO HX
nepedparh, a UX HECKOJbKO, HaM MOTPeOyeTCs MOBTOPEHUE OJHUX U TEX KE
nevctuii. CremoBarenbHO, TporpamMma OyJaeT peKkypcuBHOM. YUTO MOXXHO
UCIIOJIB30BaTh JUIsl OCTAHOBAa PEKypCUHU, Kakoe ycioBue? Buaumo, B J1aHHOM
ciydae 3To OyJeT CUTyalus, KOr/aa Ha BX0JI MOCTyHaeT mycToi cnucok. [IpoBepka
storo opranusyercsi ¢ nomombio ¢yHkuuit COND u NULL. B stom ciyuae
JAIbHENIIINE BBIYUCIICHUSI HE TPOBOJSATCS, & B KQUECTBE PE3YJIbTaTa BO3BPAIIACTCS
Hysib. Jlanee JauMHY BCEro CHHCKa MOXHO OMNPENeIUTh MyTeM MNpuOaBICHUs
CAUHULIBI K pE3yJbTaTy BBIYUCICHUS [JIMHBI CIHUCKa 0€3 OJHOro 3JIEMEHTa
(Hampumep, ToJI0BbI). PekypcuBHBIE TporpaMMbl Ha JIncie mucaTh JErko U MpocTo
3a CUET TOro, B YaCTHOCTH, 4TO 0a30Basi CTPYKTypa JAAHHBIX SI3bIKA — CIHCOK —
PEKYpPCHBHA U3HAYAIBHO, 10 CBOEH MIPUPOJIE.

PaccMoTpuM emie oauH HpuUMep — MPOrpaMMy, OOpPAIIAIONIYI0 CITHCOK,
WHBIMH CJIOBAaMH, 3aIlMCHIBAIOIIYIO 3JIEMEHTHI MCXOJHOIO CIIMCKa B OOpaTHOM
TOPSIJIKE:

(DEFUN ZERKALO (S)

(COND
((NULL S) S)

(T (APPEND (ZERKALO (CDR S))(LIST (CAR S))))

)
)

[IporpamMma momoOHO mpenplaymieil OyIeT SIBIATbCS PEKYPCUBHOM B CHILY
HEOOXOIMMOCTH 00pPabOTKH HECKOJIBKUX 3JIEMEHTOB MCXOJHOro crucka. OcTaHOB
pPEKYpCHUH TPOU3BOJIUTCS B CIy4ae HAJIMYUSI HA BXOJAE IYCTOrO CIIUCKA — €ro
MOXHO  CYMTaTh  COOCTBEHHBIM  oOpameHueM.  Pesymprar  mosmydaem
MPUMUCBIBAHUEM TIEPBOTO AJIEMEHTa UCXOJHOTO CIUCKA K 0OpaIlieHHON OCTaIbHOMN



yactu 3Toro cnucka. I[lockonbky Bce aprymeHTsl APPEND noibKHBI SIBIATHCA
cnuckamu, ucnoiasdyem ¢ynkiuio LIST nns mpeoOpas3oBaHus mepBoro sjieMeHTa
MCXOJTHOTO CIHMCKA B CIIMCOK M3 OJHOIO 3TOro anieMeHTta. Cieayroas nporpamma
pemaer 3a1ayy reHepaluyd YMCIO0BOM MOCIEN0BATEIbHOCTH, HAUMHAS C 3aJaHHOTO
YUCIIa, 10 3aKOHY

un
eciu Un YyemHuoe
u . =< /2

n+1
3u, +lunaue

; PIMP — I'EHEPAILIUA l]HCJYOBOF[HOCﬂEﬂOBATEﬂbHOCTH
(DEFUN PIMP (U)

(PRINT U)

(COND

((EQUAL U 1) NIL);ocmanos pexypcuu

((ZEROP (REM U 2)) (PIMP (/ U 2)))

(T(PIMP (+1(*U3))))

)

)

B nporpamme wucnonesyercsa eme oaHa (ynkmus Jlucma - PRINT,
neyaTaroniasi 3Hau€HHE CBOEro aprymeHTa. Takum oOpa3om, MpHU OYEPEIHOM
pexkypcuBHOM Bbi3oBe (pyHkiuu PIMP ona cHauana mewaTtaer cBod aprymeHT. B
Ka4eCTBE yCJIOBUs OCTAaHOBA IPUMEHSETCSI pABEHCTBO apryMEHTa €IUHULIE.

[IpoBepka 4ETHOCTU OCYIIECTBISCTCA C MOMOIIBIO BbhI3oBa PyHKIMU REM,
MOACYUTHIBAIOIIEHN OCTATOK OT JIEJICHUS Ha 2.

Cnenyromuii npuMmep mporpammbl - GyHKIUS O0ObEIMHEHUS MHOXKECTB Ha
Jlucne. MHOXecTBa TMPEACTABISAIOTCS CHUCKAaMM, IOJABAa€MbIMH HAa BXOJ B
KadecTBe apryMeHToB. OCOOEHHOCTBIO MHOKECTB MO OTHOIIECHHUIO K CIHCKaM
ABJISIETCS TO, UYTO OHU, BO-TIEPBBIX, B OTJIMYUE OT CIIUCKOB, HE YIOPSAOYEHBI, a BO-
BTOPBIX, SJIEMEHTHI B CITUCKE MOTYT MOBTOPSITHCS, @ B MHOXECTBO B 00IIIEM Cily4yae
AJIEMEHT MOYKET BXOJUTh JIUIIb OJIUH pa3. [loaToMy nmporpamMmma J01KHA BBIABISATH
AJIEMEHTHI, BXOISIIME W B NEPBbIM, U BO BTOPOM CIHUCOK. B cBsA3M C 3TUM
peanu3dyeM CcHayaia BcromorarenbHyro — QyHkiuto  APP, mposepstomryio
BXOJXKJIGHWE JJIEMEHTa B CIHCOK. 3aTeM OHa wucnonb3dyercs B ¢yHkuuu UNI,

oOwenunstomen aprymentsl E u F, ¢ nomemenuem pesynbrata B F:
; Obveounenue mroxcecms na Jlucne
, 6CnomozameilibHa qbyHKuu;z — nouck amoma A 6 cnucke X
(DEFUN APP (A X)
(COND
((NULL X) NIL)
((EQUAL A (CAR X)) T)
(T (APP A (CDR X)))
)
)

; COOCMBEHHO 00beOUHEeHUe MHOMCECE
(DEFUN UNI (E F)
(COND
((NULLE) F)
((APP (CARE) F) (UNI (CDRE) F))
(T (UNI (CDR E) (CONS (CARE) F)))



)
)

B cJIcayromceM IIpuMepe pa366peM YK€ IIPHUBOIUBIIYIOCA IIpOrpaMMy
moacyeTra CYMMBI HCUYCTHBIX 3JICMCHTOB CIIMCKA.
y nodcqem CYMMbl HEYEMHDLX DJIEMEHNTIO6 CNUCKA
(DEFUN SUMNECH (X)
(COND
((NULL X) 0)
((ZEROP (REM (CAR X) 2)) (SUMNECH (CDR X))
(T (+ (CAR X) (SUMNECH (CDR X))))

)
)

[Tockosibky HE00XOAUMO TMepedupaTh HECKOJIbKO 3JIEMEHTOB CIIHCKA,
IporpaMma SBIIIETCSI PEKYPCUBHOW. YCIIOBHE OCTaHOBA — IIYCTOM CIIMCOK Ha
BXOJI€: SICHO, YTO CyMMa HEUETHBIX B HEM paBHa HYJO. J[Ji1 MpOBEpKU YETHOCTHU
ucnonb3yrorcs: BcTpoeHHble ¢yHkuuu Jlucna ZEROP u REM. Ecau nepsblit
AJIEMEHT CIKMCKAa YETHBIM, OH TMPOCTO OTOpachiBaeTcs W MPOJOJKACTCSA
BBITIOJTHEHUE I XBOCTa CIKMCKA, B TPOTUBHOM Cliydae OH J00aBIsSeTCS K
pe3ynbTaTy 00pabOTKM XBOCTa chucka. Bmpouem, mporpamma mojicdeTa CyMMBbI
HEYEeTHBIX Ha JIucre MoxKeT ObITh HAITMCaHa U TO-JIPYroMy.

B Jlucne mnpucyTCTBye€T BO3MOKHOCTH HCIIOJB30BaHUS TaK HA3bIBAEMbBIX
asMOaa-QyHKIUM, Wik Oe3bIMSHHBIX (PyHKIMH. JIsMOna-hyHKIMs onpeaensercs
CJIETyIOITUM 00pa3oM:

((LAMBDA (<nep>) <evipl>) <ewvip2>)

Y BO3BpAIlACT 3HAYCHUE BBIPAKECHUS <6blp[>, B KOTOPOM BCE BXOXKICHUS
dbopMaIpHOTO MapameTpa <nep> 3aMEIICHbl 3HAYCHUSIMU BBIPAKCHUS <Gbip2>.
[lepBoe BwIpakeHHE — TENO JAMOMA-(PYHKIIMH, BTOPOE BBIPAXKEHUE —

daktuueckuit apryment. [Ipumepsi:
((LAMBDA (X) (ATOM X)) 123) — T
(MAPCAR (LAMBDA (I) (+110)) '(12345)) — (11 121314 15)

Jlmga mpuMepa — COBCEM KOPOTKAsl MporpaMma MoJic4eTra CyMMbl HEYETHBIX
AJIEMEHTOB YHCJIOBOM TOCIEAOBAaTEILHOCTH Ha Jlucme ¢ TenmoMm  (yHKIWH,
COCTOSIIIUM W3 OJHOM CTpOoKHu. [Iporpamma uUCHONB3yET TPHOK CO CBOMCTBAMU
YMHOKEHHUS U CIIOKEHHS, IIMO1a-QyHKIUIO ¥ PYHKITUU BBICIIMX MOPSIKOB:

(DEFUN SUMN (S)

(APPLY '+ (MAPCAR (LAMBDA (X) (* X (REM X 2))) S))

)

B npanHOW mnporpaMMme B SBHOM BHUAE PEKYpCUS HE HCIOJb3YETCH.
Crnenyromuii mpuMep IporpaMMbl OTHOCUTCS K KJIACcCy MPOrpaMM COPTUPOBKH, a
VMEHHO COPTHUPOBKE IEPECTAHOBKOW. Maes, BOIUIONMIEHHAss B 3TOW MIpoOrpaMme,
3aKJIF0YAETCsl B TOM, UTO BHAYAJIE HA NEPBYIO MO3ULMIO B CIIMUCKE MEPEMENIACTCS
MHHUMAJIBHBIN 3JIEMEHT, 4 3aTEM IMPOLEAypa OBTOPSETCSA Il OCTABIIENCA YaCTH
CIIMCKA:

;Copmuposka nepecmanogxou na Jlucne

;8CnOMoO2amenvHas (QyHKYUs 603spaujaem MuHumaibHoe 3Haderue 6 cnucke (DEFUN
MINS(X)

(COND

((NULL (CDR X)) (CAR X)) ;B cnucke 00um snemenm — OH dice min



((< (CAR X) (MINS (CDR X))) (CAR X)); pexypcus
(T (MINS (CDR X)))

)

)

;6CROMO2AMENbHAS PYHKYUS YOAISLem NePEOe 6X0NCOCHUE INEMEHMA 8 CNUCOK
(DEFUN REMV (EL S)
(COND
((NULL S) NIL)
((EQ EL (CAR S)) (CDR S)), ecu nepesutii-so3epaujaemcst xeocm
(T (CONS (CAR S) (REMV EL (CDR S))));pexypcus
)
)

;CcOOCMBEeHHO PYHKYUS COPMUPOBKU CNUCKA NO 803PACMAHUIO NePeChaHO8KOl
(DEFUN SORTS(X)
(COND

((NULL (CDR X)) X)

(T (CONS (MINS X) (SORTS (REMV (MINS X) X))))

)
)

EH_IC OJIMH BapWaHT IIpOoIrpaMMbl COPTHPOBKM OCHOBAH Ha HACC BCTABKH,
HaduuHag C IICPBOro, 9JEMCHTA B CIIMCOK Ha Hoz[06afomee cMy MCCTO B
3dBUCHMMOCTH OT BCIIMYHUHBI, CBOCI'O pOJia BBIIIOJITHCHUC KOMAH/IbI:

;Copmuposka écmaskoti Ha Jlucne

;8CnOMO2amenvHas YYHKYUs 6CMasKu d1emenma

;8 CNUCOK Ha nodobaroujee Mecmo

(DEFUN INS(X'S)

(COND

((NULL S) (LIST X)), ecnu 6vin nycmoti cnucox
((< X (CAR §)) (CONS X S) );ecnu meHvuie nepgozo, 6cmagisiemcs neped Hum
(T (CONS (CAR S) (INS X (CDRS)))) ))
;pyHKYUs copmupyem cnucox no 803paAcmaHuio
(DEFUN SORTS(X)
(COND
((NULL X) X)
(T (INS (CAR X) (SORTS (CDR X))))

)

)

Cnenyer ynomMsiHyTh Takke O TOM, 4YTO B  (PYHKUHOHAIHHOM
IPOTPaMMHUPOBAHUN HCIIOJB3YETCS] KOHLEIIUS <JIEHUBBIX BBIYMCICHUN», KOTIA
3HaueHWE (PYHKIUMU BBIYUCISETCS JHIIb B MOMEHT, Korjga (M eciau) OHO
notpedyercs. [Topsaok BeIUUCIEHUS CI0KHBIX BbIpakeHH B Jlucie crneayrommii:

1. AprymeHThl (YHKIMU BBIYUCISIOTCS B TMOPSJAKE IEPEUUCTICHUS.
[Mpumep: (FUN A B C).

2. Kommosunmu (QyHKIMI BBIYHUCIAIOTCS OT BHYTPEHHEH K BHEIIHEH.
[Mpumep: (FUN1 (FUN2 A) B).

3. IlpencraBnenne GyHKIMKA aHATU3UPYETCS 10 TOTO, KaK HAYMHAIOT
BBIUHCIISITECSI APTYMEHTBI, TaK KaK B HEKOTOPBIX CIIy4dasiX apryMEHT MOXKHO U HE
BBIYUCIISITH.

4. Ilpu BblYMCIHEHUH JAMOJA-BBIPAKCHUA CBSI3M  MEXKAY HWMEHAMH
NMEePEeMEHHBIX, a TaKkKe MEeXIy HMEHaMH (QYHKIHA W WX ONpeaeTIeHUsIMU



HAKaIUIMBAIOTCA B TaK HA3bIBAEMOM AaCCOLIMATUBHOM CIIMCKE, ITOIOJHAEMOM IIpU
BBI30BE (DYHKITMH ¥ OCBOOOKIAEMOM TIPH BBIXOJIE U3 (PYHKITHH.

2.4.77. CoBpeMeHHOe COCTOsIHNE U NePCNeKTUBbI GYHKIIMOHATBHOIO
NPOrpaMMHUPOBAHUS

[ToguepkHeMm, 9TO B HacTosAImIee BpeMs (PYHKIIMOHATHHOE HAIPABJICHHE B
S3BIKAX MPOTPAMMUPOBAHUS aKTHBHO Pa3BUBACTCS, W, HECMOTPS Ha HAHOOJBIIYIO
M3BECTHOCTH JIUCIa, OH JajJeKo HE €AMHCTBEHHBIM — W HE CaMbIi KOHUENTYAJIbHO
YUCTBIA — TMPEACTABUTEH CEMEHCTBA aNTUIMKATUBHBIX S3BIKOB, TO €CTh SI3bIKOB, B
KOTOPBIX TJIaBHBIM JCHCTBHEM OCTaeTCid NMPUMEHEHUE (PYHKIMU K apryMEHTY.
Cpenn Hauboniee u3BecTHbix — Hope, Miranda, 1enoe cemMeicTBO S3BIKOB,
nopoxaeHHbix Haskell (Ha3BaH B yecTh MaTemaTHKa U Jioruka Xackeia Kappu),
— Curry, Clean, Gofel. Eme ogHo ceMelcTBO (QYHKIIMOHAIBHBIX S3BIKOB,
BeIylux Hadaio oT s3eika ML, Bkmowaer Standard ML, Objective CAML,
Harlequin’s MLWorks, F# u np. SI3siku Nemerle u F# noctpoens Ha matdopme
Net. A3bik Joy Oasupyercs Ha Kommno3uuuu (QYHKIMNA, a HE Ha JsIMOpa-
ucuncieHnn. B HacTosmiee Bpems Joy cunTaeTcs KaHOHMYECKUM ITPUMEPOM SI3bIKa
KOHKATCHATHBHOTO MporpaMMupoBaHusi. Bce B Joy sBmserca GyHKOusIMHU,
NPUHUMAIOIIMMA CTE€K KaK apryMEHT W BO3BpAIIAlONIMMU CTEK B KadeCTBE
pe3ynbrara. bpiBaeT, 4TO co3AarenM W3HAYAIBbHO (YHKIHMOHAIBHOIO S3bIKA
MIPOTPAMMHUPOBAHMS  CTPEMSITCS  TIO3BOJIUTh  HMCIOJB30BaTh TE€ WIJIA HHBIE
BO3MOXXHOCTH APYrux moaxonoB. Tak, si3piku Scala u Oz oTHOCATCA K Tak
HA3bIBAEMBIM MYJIbTHIIAPAAUTMATBLHBIM, HIIN SA3bIKaM, B KOTOPBIX TOIIEP)KUBACTCS
Oonee OJHOW CHCTEM B3IJISOB HAa NPOrPaMMHUPOBAHHME, HO B HHUX 000UX
GbyHKIMOHATBHAS TTApaIuTMa 3aHUMAeT IOCTOMHOE MECTO.

Cpenu OTEYeCTBEHHBIX pPa3pab0TOK (DYHKIIMOHAIBHBIX SI3BIKOB YIOMSHEM
[Mudarop (mapamiensHbiil HHOOPMAITMOHHO-(PYHKITMOHAIBHBIN aITOPUTMUYECKUN
(Kpacnosipck, 1995)) u ®akrop. Bece ke Hanbosiee MHOTOYHCICHHBIM OCTAeTCs
JIucn-cemencTBO, BKIIIOYAIOILEE CErO/IH MHOTOYUCIeHHbIe OTBeTBIeHUs (MulLisp,
Common Lisp, Scheme, Closure, Sisal, FP, FL u ap.). B xauectBe npumepon
npuMeHeHus JIucna B MHIYCTPUHA TTOMHUMO CHCTEM HCKYCCTBEHHOTO HMHTEJIICKTA
Ha3zoBeM AutoLiSp — auanekT, UCIoNIb3yeMblii KaK BCTPOCHHBIM 0Oa30BBIA SI3BIK
IPOTPaMMHUPOBAaHUs B CUCTEME aBToMatu3aunu npoektupoBanus AutoCAD. Ha
Jlucne nanucan nomnynspubii B UNIX-coobmiectBe TekcToBbIi penaktop Emacs.
BcerpoeH s13b1k ¥ B CBOOOTHO pacmpoCcTpaHseMblid ayaunopeaaktop Audacity, u B He
MeHee CBOOOIHBIN Tpaduueckuii pegakrop Gimp.

2.5. Jlozuueckoe npozpammuposanue

2.5.1. BBeieHue B J10THYECKOE IPOrPAMMUPOBAaHNeE



Jlornyeckoe mporpaMMuUpoOBaHUE — Hapsay ¢ (QPYHKIUOHAIbHBIM — €IIe
OJlHA U3 HamboJiee M3BECTHBIX aJbTEPHATHUB TPATUIMOHHOMY HUMIIEPATUBHOMY
nporpaMMUpoBaHu0. MOXHO  cKa3aTh, 4YTO Hapajgurma  JOTHYECKOTO
IPOrpaMMHUPOBaHMS elle 0o0Jiee TOBBIMIACT YPOBEHb alOcTpakiuu. J[ocTaTouHO
CKa3aTh, YTO S3BIKM JIOTMUECKOTO MpOrpaMMupoBaHus, B yacTHocTu [Iposor,
3aCIIy’KE€HHO MOTYT OBbITh OTHECEHBI K JIekiIapaTuBHbIM. MHbIMU crioBamu, [Iposior-
CUCTEMa MOJKET HAaXOAWTh PEIICHUE 3aJadyd CaMOCTOSATEIbHO, 0O€3 YEeTKOTO
MPEANUCAHUS. CO CTOPOHBI IMPOrpaMMUCTa, Kak 3TO caenartb. [Iporpammucty
HEOOXOJMMO JIMIIb YKa3aTh, YTO Mbl XOTHM TMOJY4YUTh, U UYETKO OIHUCATh
MPEIMETHYIO0 00JIacTh Ha HEKOTOpOoM (hopMalibHOM si3bike. Hampumep, Mbl 3HaeM,
yTo X - 15 — 1 = 224. Kak naiitu x? Ha s3sike [Iposor-JI ajist 3Toro 10cTaTo4Ho
HaIUCaTh:

?VYMHOEHHE(x,15,-1,224).

Cucrema naetr HeMenneHHbIM OTBET: Xx=15. Ho camoe 3ameuarenbHOE 371€Ch
TO, YTO MBI MOKEM HUCIIOJIb30BaTh OJHY U TY K€ MPOrpaMmy JJIsl PEUIEHUS APYTrou
3aJlayu: CKOJIbKO HYXHO OTHATH OT MPOU3BENEHUS X * 15, 4ToObI MonyduTsh 2247
Jns 3TOrO CHeAyeT JUllb EPECTaBUTh IEPEMEHHYIO:

?YMHOMEHHE(15,15,x,224).

u B oTBeT noiyuyuM: —l. He mpaBma nu HeoObluHO? B TpaauiMOHHBIX
A3bIKaX MPOTPAMMHUPOBAHUS MbI MPUBBIKIM K TOMY, UTO MIporpaMMa UMEET YETKO
OTpENICJICHHbIE BXOJHBIE M BBIXOJHBIC JaHHbIE. boiee TOro, Mbl MOXKEM
ucnoias3oBath Ilposior, Hampumep, Uisi HAXOXJEHHS BCEX Iap apryMEHTOB,
JAIIUX 3aJaHHbIl oTBeT. Hampumep, Mbl Moxkem crnpocuth y cucteMbl GNU
Prolog, xak cdopmupoBath cnucok [a,b,d] causHUEM ABYX MOACHHUCKOB,
clenyronuM 00pa3oM (Ha OCOOCHHOCTSX CHHTAaKCHCAa YHUTATEN0 Tpeaiaraetcs
MOKA HE OCTAHABJIMBATHCS, XOTS BCE JOBOJIBHO IMPO3PAYHO):

?- append(X,Y,[a,b,d]).

U TIOJTy4YUTh HA0OP OTBETOB:

X=0Y=[abd]?;

X=[a]lY=[b,d?;

X=[ablY=[d]?;

X=[abd Y=[7;

Haxxatne Ha kmaBumty {;} HCHONB3yeTCs JUIsl TOJMYYEHHUS OUYEPEIHOTO
BapuUaHTa OTBETA.

B 0CHOBY SI3BIKOB JIOTHYECKOTO TPOTPaMMUPOBAHUS, KaK CIEAYET U3 CaMOTo
Ha3BaHMUsI, MTOJIOKEHA JIOTHKA. A JIOTHKA, KaK U3BECTHO, ATO «HAyKa O MPaBUILHOM
MBIIIUICHUWY, «IpaBuiia paccyxjacHus». C TOUKH 3pEHUs] MPUBEPKEHIIEB ATOTO
CTHUJISI, SI3bIK MPOTPAMMHUPOBAHMS JIOJKEH OBITh MHCTPYMEHTOM MbllieHus. JI.
Crepmuar u 3. Ilanupo [14] numyrt: «Mbl CKIOHHBI JyMarb, 4YTO
MPOTPAaMMUPOBAHNE MOXKET M JIOJDKHO OBITh YacThlO Mporiecca COOCTBEHHO
peleHus 3aa4u; 4TO PacCyXJA€HUsI MOXKHO OPraHMW30BaTh B BUJE MPOrpamMM, Tak
YTO CJEACTBUSI CJOKHOW CHUCTEMBl TMPEANOIOKEHUNH MOMXKHO HCCIIEIOBATD,
“3amycTUB” MPEIOI0KEHUS; YTO YMO3PUTEIBHOE PEIICHHE 3a/1aud JIOJKHO. ..
COMPOBOXKIAThCSI paboTaroeld mMporpaMMoi, JEMOHCTPHUPYIONIEH MPaBUILHOCTh
PEIICHUS U BBISIBIISIIONIEH Pa3IMUHbIE aCTIEKTHI POOJIEMBD.



CxonctBo M pasnuuue s3bIKOB  mporpammupoBanus Jlucn u  Ilposor
IpUBEAECHBI B Ta0. 2.

Tabnuna 4
Cx0ACTBO U pa3nuyue s3bIKOB NporpammupoBanus Jlucn u IIposor
CxoacTBo Paziunume
Ob6a opuentupoBansl Ha | B Ilponore TeopeTudeckoil OCHOBOHM SIBISIETCS
CUMBOJIBHYIO 00paboTKy Jorvka mpenukatoB, a B Jlucme — namOna-
HCUYUCIICHUE
[ITupoxo npuMensiercs | Jlucn akruBHee ucnonb3yercs B CIIIA, a [Tpomor —
peKypcust B EBporne u Anonun

AxkTuBHO  ucnonbp3yiorcs | B Jlucme BbIYMCHAETCS €IWHCTBEHHOE 3HAYCHHE
npu paspaboTke cucteM | pyHkuud, a B Ilponore cucreMa  MOXKET
UCKYCCTBEHHOT'O CaMOCTOSITEIbHO HMCKaTh MHOKECTBO 3HAYCHHH,
UHTEJUIEKTa YIOBJCTBOPSIONINX HAJIOXCHHBIM OTPAaHUYCHHSIM,
IpUYeM Kak OT apryMEHTOB K 3HAUEHHUIO (PDYHKIIHH,
Tak ¥ HA00OpOT, OT 3HAYEHUS K MPUBOISAIIUM K €T0
NOJIYYEHHUIO apryMEHTaM

HenpenyGexneHHOMYy 4ellOBEKY, HE 3HAKOMOMY € KyXHeW coznanus DBM,
maimuHa QoH HelimaHa mokakeTcs MpUUYJIUBBIM CYIIECTBOM. PaccykieHus B
TEPMUHAX MAIUHBI TPEOYIOT 3HAUYUTENBHBIX MBICIUTEIBHBIX YCUIMNA. OTa
0COOEHHOCTh MPOTrpaMMHUpPOBAaHMS Ha KommbloTepax (on Heiimana npuBoauT K
pa3eNIeHUIO CO3JaTelie mporpaMM Ha M300pETarolUX METOJbl PEIICHUsS 3a7ad
aneopummucmos M peanusyronmx airoputM Ha OBM 3HaTOKOB ocoOeHHOCTeH
MAIlIMHHOTO $I3bIKa - KOOUposwjuxkos. Ilpu 3TOM B MpOrpaMMUpPOBAHHUM, KaK U B
JIOTUKE, TpeOyeTcsl SIBHOE BBIpAKEHHWE 3HAHUW C TIOMOIIBIO HEKOTOPOTO
dbopmanusma.

[TomobHast ¢opmanm3anus yTOMUTEIbHA, OJHAKO B JIOTHMKE IIOJIE3HA,
MOCKOJIbKY oOecrieunBaeT MmoHMMaHue 3anadd. [ns mammbel pon Helimana 3to
BpSJl JIM MPUBOJIUT K mogobHoMy 3¢ dekty. Kommbiorepam Bce elie Janeko 0
TOTO, 4YTOOBI CTaTh pPaBHBIMH MMApTHEPAMU YEJIOBEKA B HHTEIUICKTyaJIbHOU
nearenbHocTH. (OHAKO UCHOJb30BaHUE JIOTMKM IMPU  MPOTPaMMHUPOBAHUU
MPEACTABIISETCS €CTECTBEHHBIM U TUIOJJOTBOPHBIM, MOCKOJIBKY OHA COIPOBOMKIAET
MPOIIECC MBIIIUICHUSI.

Jlornueckoe MpOrpaMMHUPOBAHUE CUJIBLHO OTKJIOHSETCS OT OCHOBHOTO IyTH
pa3BUTUSI A3BIKOB MPOTPAMMHUPOBAHUA. 3]1€Ch HCIOJB3YEeTCS HE HEKOTOpas
MOCJIEA0BATEILHOCTh MPEOOPa30BaHUM, OTTAIIKUBAIOIIUXCS OT apXUTEKTYphl (HOH
Heiimana u npucymiero et Habopa ornepanuii, a TeopeTudeckas MoJielib, HUKaK He
CBSI3aHHAS C KaKUM JIMOO TUIIOM MAallTUHBI.

Jlornueckoe mporpaMMHpOBaHUE OazUpyeTCs Ha CIEAYIOIIeM yOeKICHHUU:
HE YEeJOBEKAa HAJ0 YYWUTh MBIIUICHUIO B TEPMUHAX KOMIIBIOTEPA, a HAMpPOTHUB,
KOMIBIOTEP JTOJKEH YMETh BBINOJIHATh JEHCTBUS, CBOMCTBEHHBIE YEIIOBEKY.

Jlornueckoe MNpPOrpaMMUPOBAHUE MOJPA3yMEBAET, YTO KOHKPETHBIE
WHCTPYKIIMM HE 33JIal0TCS, BMECTO 3TOT0 HCIOJIB3YIOTCS JIOTUYECKUE aKCUOMBI U
npaBuja BBIBOJIA, C TTOMOIIBIO KOTOPBHIX (HOPMYITUPYIOTCS CBEJEHUS O 3ajadye |




NPEANnoJoXKeHUs, JocCTaTouHble nisi ee pemeHus. IlocraHoBka 3amaum
dopmanu3yercs B BHAE  JIOTHYECKOTO  YTBEPXKICHHUS,  MOJJIEKAIIETO
JI0Ka3aTeNnbCTBY. Takoe yTBEpKJIEHHE HA3bIBACTCS IIEJIEBBIM YTBEPKIACHUEM WIIU
BOITPOCOM.

[Iporpamma - 3TO MHOXXECTBO aKCHMOM W TMpPaBWJ BBIBOJIA, & UCIOJHECHUE -
MONBITKA JIOTUYECKOTO BBIBOJIA IIEJIEBOTO YTBEPKACHUS U3 TTporpaMmel. [Ipu 3Tom
UCIIOJIB3YETCSl KOHCTPYKTUBHBINA METOJ J0KAa3aTeNIbCTBA IIEJIEBOTO yTBEPKACHUS,
TO €CTh B IPOIIECCE JI0Ka3aTeNbCTBA HAXOJSTCS apryMEHTBI, KOTOpBIE JI€JaloT
UCTUHHBIM JJaHHOE 1IeJIeBOe yTBepkaeHue. [lokaxem, Kak MOKHO B JIOTUYECKOM
S3BIKE 33J1aThb HEKOTOPOE MPABUIIO PACCYXKICHUM, HAIPUMED: «ITIOOUT — 3HAYUT,

nmaput usetb». Ha IIposore-/1 MmoxHO 3anucars:
oapum_yeemvi(X,y):-mrooum(x,y). %enocuieckoe npasuio
mobum(Bacs, Mawa). Yogpaxm
mooum(Kons, /lawa). Yepaxm
?0apum_ysemnvi(x,y). Yo60onpoc Ilponoe-cucmeme.
Byner crenepupoBan HaOOp OTBETOB:
x=Bacsa y=Mawa

x=Kona y=/lawa

[Iposior MOXXHO «HAy4YUTh» M JPYTUM IpaBUIIaM, HAMpUMEp: <«JTIOOUT -
3HAUUT, JAPUT OPUIILSIHTBI) UITH, COTJIACHO MTOTOBOPKE, «ObET - 3HAUUT, JIFOOUT.

3nech MBI MOAXOJUM K TOMY, 4YTO JIOTMKa OBbIBaeT pa3HoOH. OTo
JEHUCTBUTENBHO Tak. Kpome KiaccH4ecKkoil, CylecTBYIOT pa3iuyHble BUbI JOTHUK.
Hanbonee OypHOe pa3BuTHE JOTMKa MOJydWsia ¢ Hayaina XX BeKa, Korja
MaTeMaThKaM yJaajoch JOTUKY (opmanu3oBaTh. [IpuMepamu HekI1acCHYECKHX
JIOTUK SIBJISIFOTCSI (MPUBOJISITCS XapaKTEPHBIE AJIsI HUX POPMYITUPOBKH ):

® TeMmIopanbHble («KOTJA-HUOYIh TOWIET CHEr», «CHEr OyleT WITU
BCET/1a»);

e MHOTrO3HauHbIE (TPUMEP TPEXZHAYHOM:
WCTUHA/JI0Kb/HEOIPEACIICHHOCTD, MSITU3HAYHAS — CHCTEMa IIKOJbHBIX OIIEHOK U
T. IL.);

e HeueTkas (pa3MbiTas);

e BeposTHOCTHaA («C BepoaTHOCTHIO 0,7 Bacs moout Mariry»);

® JIOTHMKa BO3MOXHBIX MHUPOB («X HMCTUHHO B BO3MOXXHOM Mupe K»
(BapuaHTBI pa3BUTHSI COOBITHIA)).

N3navanpbHO JOTMKA cudTainack dacTtbio ¢uiocobun. Cpeaw yUEHBIX,
(UKCHUPOBABIINX 3aKOHBI MTPABUJILHOTO MBIILICHHS, MOKHO Ha3BaTh APHUCTOTENS,
Asunienny, Il. AGenspa, WM. Kanta, I'. B. JleiitGuuma. Co BpemMeHEM JIOTHKa
CTaHOBWJIACh Bce 0oJjiee TOYHOW. 3HAUYMTENbHBINA BKJIAJ B 3TOT MPOLIECC BHECIH
Takue ydeHsle, kKak k. byns u ne O. Mopran. MoHO cka3aTp, 4YTO, HAUMHAs C
tpynoB JIx. Ileano, a Taxxke kiaccuueckod kHuru b. Paccena m A. Vaiitxena
«OCcHOBaHMS MaTEMATUKW», (hopMalibHAs JIOTHKA BBIJECIMIACH B CAMOCTOSITENBHYIO
JUCHUTUINHY.

31ech, OJIHAKO, BOBHUKAIOT HEKOTOPBIE BOMPOCHI, HAITPUMED:

e B Kkakoil cTemeHHM YMECTHO paclpOCTPAaHEHHE MaTEeMaTHUYECKUX
METOJIOB, IPUHSATHIX B TEOPUH YUCEN U anredpe, Ha JIOTUKY?



o Kakum 00pazoM mepexoauTh OT JOTUYECKON CUMBOJIMKHA K KOHKPETHOU
VMHTEPHPETALUH, CBA3aHHOW C TOM WJIM WHOW mNpeameTHol oOnacteio? HMHaue
TOBOpsI, UCTUHHA JIM HEKoTOpas ¢GopMaibHAas JOTHKA MPUMEHUTEIHLHO K JaHHOU
npeaMeTHo obnacTu?

MareMatrka Bcerja cuyurTaigach OOJAcThlO 3HAHUM C TOYHOM CHUCTEMOM
paccyxneHuid. B OCHOBaHMAX caMOM MATEMaTUKU JIEKUT JIOTHKA. JlemMmbl,
TEOPEMBI, JTOKA3aTEIbCTBA — HEOTHEMIIEMBIE COCTABIIIOIINE MAaTeMaTHYECKOTO
3HaHMs. Maremaruka, B CBOIO Oouepe/lb, JIGKUT B OCHOBE MHOXECTBA HayK, Oojiee
TOro, MO CTENEHU 3HAYUMOCTH MNPUMEHEHHS MATEMATHYECKOIrO amnmapara Mbl
BbIICNISIEM TOuyHble Hayku. [IpoucxoxaeHve WHGOPMATHKU JOBOJIBHO CHUIIBHO
CBS3aHO C MaTeMAaTHYECKOM Jornkoi. HeynuBurensHo, 4To ¢ nosisiiecHneM 9BM u
CO3JIAHUEM JUJI1 HUX TMEPBBIX MPOrPpaMM BO3HHUKAJO KEJIIAHUE «CKPECTUTH) JOTUKY
u nporpammupoBanue. K 1969 romy oTHOCATCS IepBbI€ MOTYyYMBIIME JOBOJIBHO
HIUPOKYIO W3BECTHOCTD MIOTBITKU CO3/1aHus JOTUYECKUX  SI3BIKOB
nporpaMmMupoBaHus — 3T0 Absys, co3maHHbIl B yHuUBepcutere AbOepauHa B
[Hotnanauu, u Planner — ¢yHIIMOHAIBHO-TOTMYECKU $3bIK, pa3paboTka K.
XptouTa U3 Ja0OpaTOPUM HCKYCCTBEHHOTO MHTEIUIEKTa MaccauyceTcKoro
texHosornueckoro mHctutyta (CHIA). Planner BmociencTtBuu mopoawl EbINA
psI OTOMKOB, cpean koTopeix QA4, Popler, Conniver, QLisp u Ether.

OnHuM W3 paHHUX A3bIKOB JIOTMYECKOrO MPOrpaMMHUPOBAHMS  CTall
HKBAIIMOHANIBHBIN s13bIK Golux B KOTOpOM IMporpaMma MPEACTaBIsieT COoOOM
cOoBOKYMHOCTh paBeHCTB (1973). Ero asrop II. Xaiiec cdopmynupoBan Hiaero
«BBIYUCJICHUSI =  KOHTpoJiupyemas  Jeaykuus». OJaHako  HaumOOJBIIYIO
nomyJsipHOCTh 3aBoeBan [Iponor m ero muanexktol [14], paspaborannsiii B 1972
rony B yHuBepcutere Mapcenp-Okc. ABtopamu IIpomora sBusrorcs A
Konbsmpaysp u P. KoBanbckuii.

Cpenu Haunbonee U3BECTHBIX AuaiekToB lIposora, moanep>KuBaeMbIxX
COOTBETCTBYIOILIMMH TPAHCIATOPAMH W cpefamu pa3pabotku, otmetum GNU
Prolog, Turbo Prolog, Prolog-10, SW-Prolog, IC Prolog, Edinburgh Prolog, Visual
Prolog, MUProlog, P# nns mnnardopmsel .Net. bbuium co3maHbl Bepcuu s
napajuiebHOro nporpamMmMmupoBanus, Hanpumep Parlog u Parallel Prolog.

OtmeruMm peanmzaruu [Iponora Ha 6a3e pycCKOro CMHTaKCHCa BCTPOEHHBIX
MpPEAUKATOB, HampuMep yxke ynomuHaBmumiics Ilpomor-JI. BmocnencrBun Obuin
pa3paboTaHbl U JAPYTUE A3BIKU JIOTHYECKOTO MPOrPaMMHUPOBAHUS, CPEAN KOTOPBIX
B MIEPBYIO OYepeib MOKHO Ha3BaTh Mercury, Strand, ALF, Fril, Godel, XSB, KLO,
ShapeUp, Hayes. Becbma momynsipHbIMU CTajdl ¥ TaK Ha3bIBaeMble THOPUIHBIC

A3BIKH — A3BIKH, NoAACPKHMBAIOIINC Cpasy HECKOJIBKO mapaanrm
nporpaMMuUupOBaHM:. CDYHKI_II/IOHaJ'IBHO-J'IOFI/III€CKI/IM MOXHO CYHTATb MIIUPOKO
HCHOJ’IBByCMBIfI JIIA CO31aHuA MHOTI'OIIOTOYHBIX HpI/I.HO)KCHI/Iﬁ B

TeJIeKOMMYHUKaIMOHHOM oTpaciu Erlang, pazpaborannsiii pupmoit Ericsson.
[Tockonbky IIposnor pacnpocTpaHeH HauOojiee IIUPOKO, HMEHHO OH
paccMaTpuBaeTcs 3/1€Ch Kak MPUMEP sI3bIKa JOTHYECKOTO TPOrpaMMHUPOBAHMSL.



2.5.2. si3bik nporpammupoBanus [Iposor

Kak yxe ormeuanoch, sa3bik [Iposor Ob11 co31aH BO (PpaHIly3CKOM TOpojie
Mapcene. llensto paGoTel OBUIO cO3MaHWE SI3bIKA, KOTOPBIAH MOT OBl JenaTh
JIOTHYECKHE 3aKII0YCHHsI Ha OCHOBE 33/1aHHOTO TekcTa. Ha3zBanue Prolog siBisiercs
cokparnieHreM oT Programming in logic. 'maBHsIMu pa3zpaboTunkamu sBisitoTCs P.
KoBansckuit u  A. Konbmpaysp. Ilepen »tum KoBanbckuit pabotan Han
nporpammoit Ha DopTpaHe, MpeIHa3HAYCHHOW JJi JOKa3aTelbCTBa TEOpeM. JTa
nmporpamma JIoJbKHa Oblia 00padaThiBaTh (pa3bl HA €CTECTBEHHOM si3bike. [lepBas
peanuzanusg s3pika [Iposora ¢ ucnonszoBanuem komnwisitopa Bupra ALGOL-W
ObLa 3akoHYeHa B 1972 romy, a OCHOBBI COBPEMEHHOTO SI3bIKa OBLIU 3aJI0’KEHBI B
1973 rony. IIposor nmocTeneHHo paciupOCTPAHSIICS CPEId YUEHBIX, 3aHUMABIINXCS
JOTUYECKUM  MPOTPaMMHUPOBAHUEM,  OJHAKO  HEJOCTAaTOK  A(PPEKTHUBHBIX
peanu3anuii CAEpKUBAJl €ro pacupoCTpaHEHUE.

Crnenyer OoTMETUTh, UTO, Kak U B ciayyae ¢ Jlucmom, mporpecc B 00iactu
MPOU3BOAUTEIIBHOCTU cpenHerd DBM Mmo3BOMWII B 3HAYMTEIBHON CTENEHU CHSTH
npo6nemsl [Iposora, cBsI3aHHbBIE ¢ HE CTOJIb BBICOKOW CKOPOCThIO 00pabOTKH, KaK,
HarpuMmep, B Cu.

[Iporpamma Ha s3bike IIposior cCOCTOMT W3 TPEANIOKEHHN (BBIpAXKEHUN).
[IpennoxxeHus: CTpoSTCA U3 aTOMAPHBIX AJIEMEHTOB — IEPEMEHHBIX, KOHCTAHT, a
Takke TepMoB. [l oGo3nauenuss nepemeHHblx B GNU Prolog ucnomb3yrorcs
JaTUHCKUE OYyKBbI M 1UGPHI, HAYMHAS C MPONMUCHOM JIaTUHCKOW OykBhl. B
HEKOTOPBIX pean3alMsIX JIOMYCKAaeTcsd HCIOJIb30BaHUE 0CO00M Oe3bIMSIHHON
nepeMeHHo, 0003HauaeMoOW CHUMBOJIOM ToOM4YepkuBaHus . KoOHCTaHTHI
0003HaYaI0TCS C MTOMOIIIBIO JIATUHCKUX OYKB U UpP.

[Tponor-/I miist 3TUX ke 1enel MOMUMO JATUHCKUX MO3BOJISIET UCTOJIb30BaTh
pycckue OykBbl. B KauecTBe KOHCTAHT OOJBIIMHCTBO peanuzanuii I[Iposora
JOMYCKAeT TAKXKe UCIOIb30BAHUE YUCEN.

Tepm omnpenensercst peKypCcUBHO:

® KOHCTaHThI U IEPEMEHHBIE — TEPMBI;

® TEpMaMH SIBJISIIOTCS TaK)KE€ COCTAaBHbIE KOHCTPYKILHWHU, COJEPKAIIUE UMS
GbyHKTOpa ¥ MOCIEA0BATEIIbHOCTh U3 OJTHOTO UK 00Jiee 3aKIIOYEHHBIX B CKOOKHU
apryMEHTOB, TaKKe SIBISAIOMIMXCS TepMaMu. DYHKTOpP 3aJaeTcsi CBOUM UMEHEM U
aApPHOCTBIO — KOJIMYECTBOM apryMEHTOB.

ITIpumeps TepMOB:

® nems — NPOCMOU mepm, COCMOAWUL U3 OOHOU KOHCMAHMbL Nemsi;

e JO0) — mepm c apuwocmvio 1 ¢ gynkmopom J u apeymenmom
koHcmanumou 0,

o [opauuii (monoko) — mepm ¢ ¢yukmopom lopsuuii apnocmu 1 u
apeyMeHmom MOAOKO;

o Umsa (Bama,Kons) — mepm c ¢yukmopom Hwmsa apwocmu 2 u

apeymenmamu Bans u Kons;



o List(a,li(b,n)) — mepm c ¢gynkmopom List apnocmu 2 ¢ nepsvim
apeyMeHmoM KOHCMAHMOU a U 8MOPLIM APCYMEHMOM COCMABHLIM mepmom i
apuocmu 2 u apeymernmamu b u n.

TepMmbl, B KOTOpbIE HE BXOAST MEPEMEHHbIEC, HA3bIBAIOTCS OCHOBHBIMHU.
[Tonpa3zymeBaeTcsi, 4TO (YHKTOP TMO3BOJSIET MOJYYUTh HEKOTOPOE 3HAYCHHUE.
@DyHKTOpPHI MOTYT OBITh pa3HbIMH. DYyHIAMEHTaIbHYIO pOJib B s3bike l[Iposor
UTparOT IpeauKaTel. HamoMHUM MaTeMaTHU4eCcKOE ONpENEIeHUE: MPEeqUKaT — 3TO
GbyHKUMS, TPUHUMAIOIIAsL 3HAYEHUS U3 JBYXAJEMEHTHOIO MHOXKECTBA, HAIpUMED:
HUCTHHA u JIOKD, Ou 1, J][A u HET.

CymectByeT TecHas CBS3b MEXKIY IpeauKaTaMd M OTHOLIEeHUsMU. Ecim
HEKOTOpble mpeaMeTbl A1, Az, ..., Apn BCTYMAIOT MEXIY co00il B oTHoIeHue P,
MOXXHO CKa3aTb, YTO, OYyIy4d MCIOJb30BAaHHBIMH B Kauye€CTBE apryMEHTOB
COOTBETCTBYIOILIETO MpEAMKaTa apHOCTH N, OHM JAIOT B KAadyecTBE pe3yibTaTa
3HaueHne UCTUHA wu JIOXD — B nmpoTuBHOM ciy4ae.

[Iporpamma Ha s3bike IIpojor MokeT BKIIIOYAaTh HECKOJIBKO BHUIOB
BBIPAKEHUN:

e (axThI;

e [IpaBHJIA BHIBOJIA;

®  BOINPOCHI.

Taxxke  gomycTMMBI ~ KOMMEHTapuu. B kadecTBeé  KOMMEHTapus
BOCIIPUHUMAETCS JII00asi MOCJIEe0BAaTEIbHOCTh CHMBOJIOB, HAYMHAIOIIAACS C
CUMBOJIa % W 3aKaHYMBAIOIIASACS CUMBOJIOM KOHIA CcTpoku. Daxtel B IIposore —
ATO MPEAMKATHI, 3aKaHYMBaromuecs Toukoil. [Ipumepsl (akToB B mporpaMmme Ha

IIponore:
Omey (Anexceii,Mean).  %Anexcei — omey Heana
IInoc(2,3,5). %2+3=5
aooum(Bacs, Mawa).
nrooum(Kona, Mawa).
nrooum(Bacs,si610Ku).

Kax npaBuso, TOT Wi MHOU QakT U3 KU3HU (MPEIMETHON 00J1aCTH) MOKHO
chopMyIMpOBaTh pa3HbIMU crocobamu. VICKycCTBO MNpOrpaMMHpPOBaHUsA Ha
[Iposore 3akitoyaercs, B YaCTHOCTH, B UX MPaBUIbBHOM BbIOOpe. [Ipumeps! 3anucu
OJIHOTO U TOTO K€ (paKkTa U3 *U3HU B riporpamme Ha [Iposore:

oapum_ysemvl(Bacs, Mawa).

oapum(Bacsa, Mawa,yeemoi).

oapum(yeemol, Bacs).

noayuamens(ysemol, Mawa,).

Bormpoc 3anuceiBaeTcsi Tak e, Kak U (akT, TO €CTh OOBIYHO MPEACTABISIET
coboit mpeaukar. Kak mpaBuiio, Bompoc, B orTinuue OT (akrta, mpeaBapsercs
cuMBOJIOM ?. JlomyckarOTCs Tak Ha3bIlBA€Mble KOHBIOHKTHBHBIE BOMPOCHI,
COZEpIKAIllMe€ HECKOJIBKO HMMEH IIPEAUKATOB, PA3JEICHHBIX 3arsiaTod. B KoHIE
BOIIPOCA CTABUTCS TOYKA, Kak U npu odopmiieHnu pakrta. Bompoc saBisieTcst 11e51bio
jJoruueckoro BeiBoga s [Iposor-cucrtemsl. Cucrema JOJKHA MONBITATHCA HAWTH
otBeT Ha Borpoc B Buae A nim HET.

B nporpamme Moxer (HoOpMyIHpOBaTbCS HECKOJBKO BOMPOCOB-LIETEH.
[Ipumepsl BormpocoB B mporpamme Ha IIposore:



?mooum (Bacsa,Mawa). % a miobum nu Baca Mawy? Jla unu nem?

?mobum (Bacs,X). % nepeuuciums 6ce X, komopuwix ntobum Bacs

?mobum (Bacsa, ). % nodoum nu Baca xoms ko2o-Hubyow? /la unu nem?
?mooum (X, a010Kku) % 6v10ams ecex, kmo 10oum A010Ku

?mobum (X,Y) % evigecmu ecex Ha uucmyro 8600y

?mooum (X, Mawa),niobum (X, a010ku). Yonatimu arodsweco Mauty sbaoxoeda

HpaBI/IHO - OTO YTBCPIKIACHHUC, BKIOYAKOMICC OIBC YaCTH, pPA3ACIICHHBIC
CUMBOJIaMH - (B HEKOTOpBIX peanu3auusx [Iposiora MOXeT MCMOIb30BaThCs <-
WM UHAs KOMOMHAITMS CUMBOJIOB):

A:-B1,B>,..,Bn.

B koHue mnpaBuna BbIBOJA TakKe MNPUCYTCTBYET Touka. Beipaxenue A
Ha3bIBACTCA 3arOJIOBKOM, HJIM 3aKIIFOYCHUCM IIpaBWJid, B HpaBOﬁ qaCcTu HUIACT €ro
TeJo, cocrosiee u3 B, — mochok, wim runotes. JJomKHO co0II0aaThCs yCIIOBHE
n > O, N 3aroJIOBOK, W ITIOCBUIKH OOJIKHBI IIPCACTABJIATDH coboit IIPpCAUKATHI.
[Tpumepsl ipaBuII BeIBOJIA si3biKa [Iposor:

coin (X, Y):-omey (Y,X),myaxncuuna(X).

ooub (X, Y):-omey (Y,X),scenwuna(X).

HOHYCKEICTCH HCCKOJIBKO IIpaBWJI BbIBOJA C OAHHUM H TCM KC 3aI'OJIOBKOM. B
HpOCTGﬁHIGM ClIydac IporpamMma Ha Hponore MOXET COCTOATH M3 OJHOI'O JIMIIb
BOIIPpOCa (I_[CJII/I). Mo>xHO IMOUHTCPCCOBATLCA: 4 O UCM CIIpalllMBATb CUCTCMY, CCIIH
MBI He 3ajaiu el Hu ofHoro (dakra? Jleao B ToM, 4TO OOJBIIMHCTBO peanu3aiuii
Hponora IMOCTABJIAIOTCA € 3apaHCC OIIPCACIICHHBIMHU BCTPOCHHBIMU IIPCAUMKATAMU,
WHOT/Ia MPOCTEUIIMMHM  apu(PMETHUYECKUMU U  JIOTUYECKUMH, a HHOTrJa
dbopmMupyrOIIMMHU TI0BOJILHO Ooratyto 6ubanoteky (Hanpumep, B GNU Prologe).

2.5.3. Hanucanue 6a3 nanHbIx U 3HaHuii Ha [IpoJiore

Becbma xopomio Iposior moaxoauT juisi HanmMcaHusl 0a3 TaHHBIX U 3HAHUMU.
[TonpoOyem mpojaenarh 3TO Ha mpuMepe 0as3bl 3HAHUN O POJICTBEHHBIX CBS3SX.
[ToOyauTenbHBIM MOTHUBOM JIJIs HAITUCAHUS ATOW MPOTPaMMBbl MOXET CIIY>KHUTh TO,
YTO POJICTBEHHAsI CBSI3b - TOXKE OTHOIIECHUE, COOTBETCTBEHHO, JIETKO TIEPEBOIUTCS
B OazoBeie musa Ilponora tepmunbl mnpenaukaToB. s Hayama HE0OX0IUMO
OTIPEJICIUTHCS, OT KaKUX 0a30BBIX POJICTBEHHBIX CBSI3€H (OTHOIICHUI) MBI OyaeM
OTTaJIKUBAThCS, 3a7aBas 0oJiee CIOXKHBIE OTHOIICHHS. JIOTUYHO BBIIEIUTH CAaMYIO
OJIM3KYI0 KPOBHYIO CBSI3b, @ MMEHHO «OBITH poauTesieM» («ObITh PEOSHKOM)).
Cpazy poroBopuMcs sl ONPEAEICHHOCTH, YTO TIEPBBIM apryMEHTOM OyJleT UATH
pOIMTENb, a BTOPHIM - €ro peOCHOK, W CTaHEM NPHICPKUBATHCS 3TOTO JKE
TIPUHITUIIA JUTSI BCEX MOCICAYIONUX MPEAUKaTOB. BechbMa BaKHOH B 4eITOBEUECKOM
IIUBUJIM3AIMH SIBJISCTCS TI0JIOBAs MPUHAIICKHOCTh. [109TOMY, MOYKHO BBIICTUTH
TaK)Ke MPEANKATHI IS «OBITh MYXYHMHOW» M «OBITh JKEHITUHOW». MBI 3/1€Ch HE
UMEEeM B BHJY IEPEHOCHBIM CMBICI JTHUX TMOHATHH, a MOAXOAUM K Iy YHUCTO
dopmanbHo. HemanmoBakeH nisi Hac W MHCTHTYT Opaka. BBemem 0a30Bbiii
MpPEeIUKaT 1JIs1 0003HAUYCHUSI OTHOIICHUS «OBITH CYIIPYTaMm.



HpCI[HOJIO)KI/IM, Y HaC UMCIOTCA (i)aKTBI, OIMMCBIBAIOIKUE HCKOTOPYIO CCMBIO!:

pooumenwv(Kons,Ilems).

pooumenv(Kons, Mawa).

pooumenwv(Kons, Bonoos,).

myacuuna(Kons).

myaxcuuna(Bonoos).

arcenwuna(Mawa).

cynpyeu(Kons, Huna).

[Iporpamma Ha Ilponore, coaepskamias OJHM JIUIIb (aKThI, SBISCTCS
IIPpAMBIM aHAJIOT'OM 0asbl JaHHBIX - HH(bOpM&HHOHHOfI CUCTCMBI, B KOTOpOﬁ MO>XHO
34lIOMHUHATh HCKOTOPYIO I/IH(I)OpMaHHIO n U3 KOTOpOﬁ I10 3aIIpOCy I10Jb30BATCIIA
HU3BJICKATH €€. HaHpI/IMCp, B JAaHHOM CJIydac Mbl MOXCM 3a1aTb CHUCTCMC BOIIPOC:

KTO sABisieTcs netbMu Komu?

? pooumenv(Kons, X).

NupiMu  cnoBamu, ¢GopMmyiaupyeM K Hamed Oa3e ClIeAyrollMid 3ampoc:
«BbIIail Bce X Takue, 1 koro Koms sBisieTcss poaureniem». B Hactosiee Bpems
HamOoJiee pacHpoCTpaHEHbl TaK Ha3bIBaEMbIC PENAIMOHHBIE 0a3bl JaHHBIX,
onMparoIuecs Ha MOHITHE «OTHOIIeHUs». [Iposior mocTpoeH Ha 6a3e mpeauKaToB,
a TpeauKaThl HEPA3PBIBHO CBSI3aHbl C OTHOHIEHUSAMH. 1103TOMY HEyJIHUBUTEIBHBI
SIBHBIC aHAJIOTUM MEX]Iy PEJIAIIMOHHON 0a30i1 JaHHBIX U Mporpammoil Ha [Iporore.
WM npenukara siBisieTcsl aHaJI0roM UMEHU OTHOIIeHU (Tabmuibl). Kax sl gakt
COOTBETCTBYET CTPOKE OTHOUICHUS (TabiuIlbl) B pelsauuoHHOM 6aze. OmHako
[Iposior ob6nagaeT O6osee OOraThiIMU BO3MOXKHOCTSIMU. Ha HEM MBI JIETKO MOXKeM
CO3/1aBaTh HE TPOCTO 0a3bl JAHHBIX, a 0a3bl 3HAHUM.

Onpenenenue 0a3pl 3HAHUM MOJpa3yMEeBaeT AaKTUBHBIA XapakTep ee
COJIEP’)KUMOTO, BO3MOXXHOCTh Ha OCHOBAaHMHM OJIHOM wuMemwIleiics B 0ase
uH(popMauu noiayyaTh (BBIBOAUTH) Apyryro. IloanepkuBaromuii 3TOT MPOIECC
MexaHu3M B [Iposiore ocHOBaH Ha MCIOJB30BAHUU MpaBUi BbIBoAa. [lompoOyem
HAay4YUTh MPOrpaMMy ONPEAENSITh, KTO KOMY MPUXOJUTCA MaTEpPblO, OTIIOM,
JI0YEPbI0, CBIHOM, OpaTOM U cecTpoil. MOKHO cienaTh 0€3yCI0BHO BEPHBIN BBIBO/I
O TOM, YTO €CJIM HEKTO SBJISICTCS POJUTEIIEM W IMPHU 3TOM MY>KYUHOM, OH Oyjaer
OTIIOM.

[IpaBumno BeiBosa Ha [Iposiore MoxkeT ObITh CHOPMYITUPOBAHO CIEAYIOIMIUM
oOpazoM (B mpuMepe, TOCKOJbKY JJis YCTaHOBJIEHHUS (akTa OTIIOBCTBA
HECYIIIECTBEHHO, KTO WUMEHHO SIBIIAETCS PEOCHKOM, HCHOJB3yeTcs Oe3bIMsHHAs
nepeMeHHas ):

omey(A4,B):-pooumenv(A, ),mymxrcuuna(A).

AHanornyHbeIM 00pa3oM (hopMynupyeTcs MpaBuiIo BEIBOAA i Matepu. Jljis
MOJIyYCHUS] HAa OCHOBaHWUU (akToB O TOM, 4TOo B sBIseTcs >KEHIIUHON U
HEKOTOpPBIN A siBIIsieTCs poauteseM B, 3akitoueHust o ToM, yTo B — 104b, MOXKHO
WCIIOJIB30BaTh MPABUIIO BBIBOJA

0ouwv(B,A):-pooumens(A4,B),orcenuuna(B).

[Tono6HBIM k€ 00pa30M MOXKHO TTOCTPOUTH MPaBUIA BEIBOAA JJISI MTOJTyYCHUS
uH(popMaIuu o chiHe, OpaThax u cectpax. [lomyuutes ciaemyromuii HaOOp MpaBHIT
BBIBO/IA!

omey(A,B):-pooumensv(A, ), myxncuuna(A).



mamu(A,B):-pooumens (A, ),orcenwyuna(A).

coiti(A,B):-pooumens(B,A), myoxcuuna(A).

0oub(B,A):-pooumennv(A4,B),scenwuna(B).

opam(A4,B):-pooumens(Y,A),pooumens(Y,B),myxncuuna(A).

cecmpa(A,B):-pooumensv(Y,A),pooumens(Y,B),orcenuuna(A).

Ha crmenyromem srane mepengeM K APYyromMy HOKOJIEHHIO — OIIHILIEM
POACTBCHHBIC CBA3U BHUIA «6a6y1111<a», «acayaiKa», «BHYK» U «BHYUYKa»:

6HyK(A,B):-pooumenv(Z,Y), pooumenwv(Y,A),myxncuuna(A).

eHyuka(A,B):-pooumens(Z,Y),pooumens(Y,A),scenwuna(A).
oabywrxa(A,B):-pooumenv(A,Y),pooumens(Y,B),ocenwyuna(A).
oeoyuxa(A,B):-pooumens(A4,Y), pooumens(Y,B), mysrcuuna(A).

HepefmeM K TCTAM U JA04M, INIEMAHHUKAM H ILNICMAHHULAM .

niemsanHuk(A,B):-pooumens(Y,A),6pam(Y,B),myancuuna(A).

ninemsanHuk(A,B):-pooumens(Y,A),cecmpa(Y,B),myocuuna(A).
niemsannuya(A,B):-pooumens(Y,A),6pam(Y,B),ocenuuna(A).
naemannuya(A,B):-pooumensv(Y,A),cecmpa(Y,B),scenuuna(A).
memsi(A4,B):-nnemannux(B,A),scenwuna(A).
mems(A4,B):-nnemannuya(B,A),scenwuna(A).

0505(A,B):-nnemsannux(B,A),myaxncuuna(A).

0s05(A,B):-nnemannuya(B,A), mysxcuuna (A).

B »tux MpuMEpax MMpoACMOHCTPUPOBAHBLI TAKHC 0COOEHHOCTH Hponora, KaK
CyCCTBOBAHNEC HCCKOJIBKHUX IIPABUJI BBIBOJA JJIA OAHOI'O WM TOI'O JKC 3aKJIIOUCHUSA
(HpOHOF'CI/ICTeMa HCpC6I/Ipa€T HNX BCC B IIPOLCCCC IIOIIBITKKU BbIBOAA LCIN U, CCIN
KaKOC-TO IIPaBHJIIO IIOAXOAHUT IIO IIOCBIJIKAM, HMCIIOJIB3YCT CI'O) U II0JYYCHHC
CUMMCTPHUYIHOI'O OTHOIICHUA M3 PAHCC OIIPCACIICHHOI'O, HAIIPUMCP, KTCTA» Ha Oaze
CIIJIEMAHHUK» HWIIN <«IIJICMSHHHUIIA». CHeI[yIOH_[I/IC IIpaBujia IMO3BOJAIOT OIIMCATb
HCKOTOPBIC HCTPUBHUAJIBHBIC POACTBCHHLIC CBA3U:

cmpwlii(x,y):-nana(z,y),opam(x,z). % 0105 no omyy (bpam omya)

Vi(x,y):-mama(z,y),6pam(x,z). % 0505 no mamepu (bpam mamepu)

ceeKop(x,y):-myac(z,y),nana(x,z). %o omey mysxnca

C8eKOpOo8b(X,Y):- Mydc(z,y), mama(x,z). Yo mame mydnca

mecmu(X,y).-ocena(z,y),nana(x,z). %o omey sHcemnvi

mewa(x,y).:-sxcena(z,y),mama(x,z). %o mams dHceHul

3mb(X,) - Mya#c(X,z),004b(z,y). Yo My douepu
HegecmKa(x,y):-oicena(x,z),coii(z,y). %o ocena cvina
cHoxa(x,y):- oicena(x,z),nana(y,z). % stcena cvlna 0711 e2o omya

oesepu(X,y).-Myauc(z,y),opam(x,z).% opam mysxrca

301108Ka(X,y):-Mmyauc(z,y),cecmpa(x,z). %6 cecmpa mysica

wypun(x,y):-ocena(z,y),opam(x,z). % o6pam dxcervl

ceosuenuya(x,y):-ocena(z,y),cecmpa(x,z). %o cecmpa sHnetul

Hakonen, cpopmynupyem Oojee riyOOKOe MOHSATHE, @ UMEHHO MpPEIoK.
[IpaBna, B pyCCKOM pa3rOBOPHOM PEYM HE MNPUHATO OTHOCUTH K IPEIKaM
COOCTBEHHO poauTenel, a Takxke 0adymiek u genymek. OJHAKO B MOJIOACKHOM
JKApPTOHE ATO TMPHUHATO: KTO HE CIBIMIAT BBIPAKECHUS «MPEAKA Ha nade»? Mbl
MOCJEAYEM 3TOMY IIPUMEPY:

npeook(A,B):-pooumens(A,B). Yoepanuunoe ycnosue

npeook(A,B):-npedox(4,C),pooumens(C,B).



2.5.4. Beenenue apudgmetruxku 4epes joruky B [IpoJiore

BecbMa nHTEpECHBIM sIBIIIETCS UCTIONb30BaHue [Iposora pis AeMoHCcTpauu
Mo Jorukd. Hampumep, Mano KTO 3aqyMbIBaeTcsi O TOM, YTO OOBIYHAs
IIKOJTbHAS apru(PMeTHKa MOXKET OBITH OTpe/eieHa JIOTUUECKUM ImyTeM. Mbl Oyaem
paccMaTpuBaTh 3TO B HECKOJIBKO yIpolleHHOM Buje. JlJisi Hayana HEOOXOIUMO
JIOTUYECKU OIPENEIUTh MOHATHE «HATypallbHOE 4Hcio». [IpumeMm, 4TO HOJb
ABIgeTCsl HaTypaidbHbiM uucioM. Ha Ilpomore 310 MokeT OBbITH 3amucaHo,
HaIrpuMep, Kak

nat(0).

OnHako HaTypaJbHBIM P C HYJIA BCErO JIMIIb HAYUHAETCS, 4 YXOAUT OH B
0eckoHeyHOCTh! UTO MBI MOXEM cienarb AJig TOro, YTOObl BMECTUTH IOHSITHE
HaTypaJIbHOTO 4YKciia B KoMnbloTep? Kak yke 0oTMedalioch, HE BCE TOHUMAKOT, YTO
OBM c KOHEYHOW MaMsThIO MPOCTO HE MOXKET pabdoTaTh C, €CIM MOXKHO TakK
BBIPA3UThCS, «HACTOSIIMMK» MaTeMaTUYEeCKUMU uuciamu. KMwmewT peno ¢
KOHEUHBIMU TPUOIMKEHUSIMU YUCET — KaK JCHUCTBUTENBbHBIX, TaK U JPOOHBIX.
NMeHHO OTBOAMMOE TIOJ CTAHJAPTHOE TMPEJCTABJICHUE 4YHUCIA B KOMIIBIOTEPE
KOJIMYECTBO OUT HAa3bIBACTCS €ro pas3psAIHOCTbIO. Eciu Tmpu BBIIOJTHEHUU
BBIYUCJICHUNA JIOJDKHO OBITh TIOJYYEHO OOJIbIIIEE YHCIO, YEeM JOIMYyCKaeT
paspsaaHocTs OBM, kak mpaBuio, NPOUCXOIUT TaK Has3blBaemas OIIuOKa
nepenonHenua. Ho crporas, TouHas MaremMaTU4yecKas JIOTMKA JOJDKHA
MPENOCTABIISATh MHCTPYMEHT JUIsl OMHMCAHUSI OECKOHEYHOTO psifia 4yuces (OCTaBIIsis
noka 3a ckoOkamMu TO, 4uTo Joruka B I[Iposiore peanmusyercs Ha peabHO
cymectBytomeiddr OBM ¢ mpucymmmu el orpanmueHusMu)!  JelcTBUTEIBHO,
JIOTHYECKUIM TMOIXO0/ TO3BOJSCT HCMONB30BaTh (GYyHKTOP S(X), CMBICI KOTOPOTO
3aKJII0YAETCSl B TOM, UTO MbI BBOJUM JIJIsl HATYPAJIBHOTO YKCJIA ONEPaIUI0 B3SITUS
CICAYIONIETO 3a HUM IO TOPSAKY YKcia (SKBUBAICHTHYHO MPUOABICHUIO
eauHulbl). Hampumep, a1t HyJis 9T0 OyneT eNUHUIA, 1)1l SAMHUIEI — JIBOMKA U T.
1. Bo BBeJieHHBIX O0O3HAUECHUSX €AUHUIIA — YHCIO, CIEAYolee 3a HyJeM, —
MoskeT 3amuchiBaThes Kak S(0), ciaemyromiee 3a eaunHmIel ynucio asa — kak S(S(0))
U T. 1.

@DaKTUYECKHA, MBI BOCIIOJB30BAIUCH peKypcuen. HarypanbHble uncina —
MpocTeias peKypcruBHasi CTpyKTypa AaHHbIX. Cleayromuid BaXHbII Iar COCTOUT
B TOM, YTO MBI BBOJIMM JIOTHYECKOE MPABUJIO BBIBOJA O TOM, YTO €CJIIM HEKOTOPOE
YUCJIO SIBJIIETCSI HATYPaJIbHBIM, TO CIEAYIONIEE 32 HUM MO MOPSAKY (ToJIydaeMoe ¢
nomMoitneio pyHkTopa S(X)) Takke OyIeT SIBIATHCSA HaATypajdbHBIM uncioMm. Ha
[Tposore (GNU Prolog) 3To MOXeT ObITh 3aliCaHO KaK

nat(s(X)): — nat(X).

JIaHHBI ~ TpUMEp  CIOYXKUT  HAIVIIAHOM  WUIKOCTpALlMEed  paHee
ynoMuHaBIIierocs ¢akrta O [IHPOKOM  HKCIOJIB30BAHUM  PEKYpPCUU  TpHU
nporpamMmmupoBaHuu Ha [Iposiore. OCTaHOBOM PEKYpPCUU CIYKUT MPEJIOKEHUE, B
KOTOPOM B KauecTBe apryMmeHnTa ¢urypupyet 0.

Urak, nporpamma Ha Ilposiore, onpeaenstonias HaTypaJibHbIe YKcia (TIoKa
0e3 onepanuii HaJl HUMH ), BBITJISITUT CIEAYIOITUM 00pa3oMm:

nat(0). nat(s(X)):- nat (X).



Komy-m1100 3T0 MOXKET MOKa3aThCsl YAUBUTEIbHBIM, HO MOXET OBITh CTPOTO
MaTeMaTHYECKH [JOKA3aHO, 4YTO mnopoxzaaembele 3tou [Iponor-mporpammoint
cymroctd 0, S(0), s(s(0)) m T. 4. PKBHBAJICHTHBI HATYpPaJIbHBIM YHCJIAM, IIO
KpalHEM Mepe A0 MOMEHTa, I[IOKa MporpaMMa HE IPEPBETCS BCIEICTBUE
VCUYEPIIaHNs HAIMYECTBYIOLIEH ITAMATH KOMIIBIOTEPA.

[IpopomxuM pa3BUTHE HAIIEW JIOTMYECKOM NPOrpPaMMBl, OIKCHIBAIOLIEH
HaTypaJbHble 4uciaa. Ha MHOXECTBE HATypajgbHBIX YHCENI CYIIECTBYET
€CTECTBEHHBIN mopsiaok. [Iporpamma MoXKeT 3a7aTh OTHOIIEHHE < (MEHbIIIE WU
PaBHO) CIEAYIOLIUM 00pa3oM:

mir(0,X):—nat(X).

mir(s(X),s(Y)):—mir(X,Y).

DTO TOXKE PEKypCUBHAsl IpOrpaMMa, OCHOBBIBAIOIIASICA HA TOM, YTO €clid X
<Y, 0 X+ 1<Y + 1. OcraHOB peKypcuu, WM TPAaHUYHOE YCJIOBHUE, 3IECH
0a3upyeTcst Ha TOM, YTO HOJIb MEHbIIE JHOOro HaTypajJbHOIO YMCIa WM PaBEH
eMy.

[lepeiinem k apudmernueckum nenctBusiM. DyHAaMEHTATbHBIM SBIISICTCS
cnoxkenue. Ha ITposiore iorudecku OHO MOXKET OBITh BBEJIEHO Kak

suma(0,X,X):—nat(X).

suma(s(X),Y,s(2)):-suma(X,Y,2).

[TonpoGyem pa3zo0paThes, HA YEM CTPOUTCS NaHHBIN (PparMEHT MPOrpamMMBI.
[TockonbKy omnepanusi CIOKEHUS JBYXMECTHas, €l MOXeT OBITh COIOCTaBJICH
TPEXMECTHBIM NIpeauKar Suma. byaem monapasymeBarb, 4TO NPEAUKAT WMCTHUHEH,
€CJIM NEPBBIM apryMEHT IUTKOC BTOPOM apryMEHT JaroT TpeTuid aprymeHT. IlepBas
CTPOKa 03HAYaeT, YTO J00ABICHUE HYJSI HE U3MEHSIET JII000€ HATypajIbHOE YHUCIIO.
Bropas - 4to eciu y Hac ecTh Tpoika uncen, Takux, uto X + Y =27, mo (X + 1) +
Y = (Z + 1). Bo3MOXHO, KOMY-TO TOK@XKETCS YAMBHUTEIBHBIM, HO 3TOTO
JIOCTaTOYHO, YTOOBI JIOTMUECKH ONpENeNUTh cliokeHue. bomnee Toro, ata xe
nporpaMMa yMeEeT BBINOJHSATH BbIYMTAHUE. YOEAUTHCS B HTOM HECIOXKHO —
JOCTaTOYHO 3a7aTh lIponor-cucteMe HECKOJIBKO BOIIPOCOB (31€Ch Il KPaTKOCTH

OTBET CHCTEMBI 3aITUCHIBACTCS B TOM JKE€ CTPOKE TIOCIIC CTPEIIKH ), HAIIPUMED:
?suma(0,s(0),s(0)). — JIA (yes)
?suma(0,s(0),X). — s(0)
Zsuma(s(s(0)),s(s(0)).X). — s(s(s(s(0))))
?suma(s(0),X,s(s(s(0)))). — s(s(0))
?suma(X,Y,s(s(s(0)))). %uwem sce napwr X, Y maxue umo X+Y=3
3necy cHavana nposepsercs 0 + 1 = 17, BO BTOpOH CTPOKE BBIUUCIIAETCS

cymMMa HyJss U eauHuubl. [loMuMo mnpodero — Ha BCAKUU chydail! — Mbl
MPOBEPSIEM, YEMY ) HAIlIe MporpaMMbl paBHO 2 + 2. J[Be mOCIeayomue CTPOKU
WUTIOCTPUPYIOT Molb [Iposor-cuctembl — MBI UCHOJB3YyEM  ONPENECIICHUE

CIIOXEHUST (PAKTUYECKU JIJIsl BHIYMTAHMS, WM pernaeM ypaBHeHue 1 + X = 3, a B
CJIEIYIONIEH CTPOKE BOOOIIE aBTOMATHYECKH TMOJIy4aeM BCE TMaphl HATYPATbHBIX
yucel, JaloluX B CyMMe 3.

EcTecTBeHHO, B MPUBOAMMBIX 3/IeCh MpOTrpaMMax JUIsl 3alliCH 4UCed -
apryMEHTOB Ml HHTEPITPETAIIUU apTyMEHTOB MCTIOIB3YETCS IPUHATAS HOTAITUS

0-0,1—5s(0),2—s(s(0)) um. o.



[TonyuuB Takue oOHAIEKUBAIOIINE PE3YIBTATHI JUIS CIOKEHU, TIEpeiaeM K
YMHOKEHUIO. AHAJOTMYHO MPEAUKATY Suma ONPEACINM TPEXMECTHBIA MPEAUKaT
um:

um(0,X,0). % noboe wucio npu yMHONCEHUU HA HOb 0aem HOlb

um(s(X),Y,2):-um(X,Y,W),suma(W,Y,Z2).%(X+1)*Y=Z,eciu X*Y=W, Z=X+W

[Ipenukar ompenensiercss peKypCUBHO, KaK M Suma, HO IPHU OIpPEICIICHUU
YMHOEHUSI Mbl JOINOJHUTEIBHO ONUPAEMCS Ha PAHEE ONPEAECICHHOE JOTUYECKHU
cnoxenue. [Iposepum, uemy paBHO 2 - 2 y Hamen MporpaMMabl:

2um(s(s(0)).5(s(0)).X). — s(s(s(s(0))))

Ha BosHe ycmexa mepewzieM K OIPENCIIEHHUIO ONEpalid BO3BEIACHUS B
CTEIICHbB:

step(step(X),0,0).

step(0,step(X),s(0)).

step(step(N),X,Y):-step(N,X,Z),um(Z,X,Y).

Jlanee mnpuBOAATCA 4YyTh OoJiee CJIOXKHBIE IPOTpaMMbl (TEM HE MEHee
OTMPAIOIIMECsS Ha JIOTHYECKOE BBEJICHHE HATYpPaJbHBIX YHCEN), COMPOBOXKIAEMbIC
TIPUMEPAMHU BOIIPOCOB 11 KX IPOBEPKH:

Y%gpaxmopuan

fakt(0,s(0)).
fakt(s(X),2):-fakt(X,Q),um(s(X),Q,2).
?fakt(s(s(s(0))),X).

Yomunumym

mini(X,Y,X):-mir(X,Y).
mini(X,Y,Y):-mir(Y,X).
?mini(s(s(0)),s(0),X).

Ycmpoeo menvuie
men(0,s(X)):-nat(X).
men(s(X),s(Y)):-men(X,Y).

? men(X,s(s(0))).

%ocmamokx om oenenust
ost(X,Y,X):-men(X,Y).
ost(X,Y,Z):-suma(X1,Y,X),0st(X1,Y,2).
?0st(s(s(s(0))),s(s(0)),X).
YoHaubonbwull 00WULL Oenumend Yyucia

nod(X,0,X). nod(X,Y,G):-men(0,X),men(0,Y),ost(X,Y,Z),nod(Y,Z,G).

?nod(s(s(s(s(0)))),s(s(0)),X).



2.5.5. OopadoTka cnuckoB Ha s3bike [IpoJior

B sa3pike nporpammupoBanms IIpomor, xak m B Jlucme, akTUBHO
ucnonp3yercs pekypcus. ECTh B HeM U yoOHbIe cpeAcTBa st 00pabOTKH TaKoi
0a30BOM PEKYPCUBHOM CTPYKTYpPHI JIaHHBIX, KaK CHUCOK. JIJisi 3ajmaHusi ciucka B
[Iposore MOCTaTOYHO  3aKIIOYUTh B  KBaJApPAaTHbIE CKOOKM  HEKOTOPYIO
MOCJIEA0BATEIBHOCTh TEPMOB, NEPEUHUCICHHBIX 4Yepe3 3amsaTyro. B mpenenpHOM
CJTy4dae CIIMCOK MOKET OBITh ITYCTHIM U 0003HauvaeTcs npocto [ (uu nil).

COmucok MOXKET BKJIFOYATh B CBOM COCTAB BIIOKEHHBIE CITUCKH, KAK U B SI3BIKE

nporpammupoBanus Jlucm. [Tpumeps! cimckos Ha [Iposiore:
[a,b,c]
[1.2]

1

[[a,b].2,[[a]]]

Becbma ynobusiM cpenctBoMm Ilposiora, mpeBOCXOISANIUM MO KPATKOCTH
cpeacta Jlucma CAR u CDR, saBnsieTcs cnoco0 B34THS HAYalbHOTO dJIEMEHTA U
xBocTta cnucka. [Ipeamosnoxkum, 4YTO B CIHMCKE HAAO BBIACIUTH TOJIOBY U
0003HauuTh €e X U XBOocT, 0003HauuB ero Y. B IIponore noctatouHo HanmucaTh:

[X]Y]

[IpocTO NOCTaBUB BEPTUKAIBHYIO YEPTY, MOKHO Cpa3y BBIACIUTH U MEPBBIN
AJIEMEHT, U BCe ocTanbHbIe. bonee Toro, [Iposor gonyckaer 3anucu Buaa

[XYIZ]

B npuBeneHHOM npuMepe BBIACISIOTCS MEPBBIA U BTOPOU DJIIEMEHTHI CITUCKA
X u Y u xBOCT Z. 3aM€TUM, 4TO HaM JJI 3TOr0 HE MOTPEOOBANKUCH HU LIUKJ, HU
NepeMeHHas-uTepaTop, KOTOPhIE, CKOPEE BCEr0, HY>KHbI ObLIA Obl B aHAJIOTUYHOMN
IIPOrpaMMe Ha UMIIEPATUBHOM SI3bIKE.

Jlornyeckumu cpeactBamu [Iposiora criucok MOXeT ObITh ONPEIEIICH KakK

cnucok([]).
cnucok([X|S]):-cnucok(S).

Pazbepem mpuBenennyio mporpammy. Mrtak, cHavaia yTBEp)KIaeTcs, 4TO
MyCTON CIHCOK €CTh CIUCOK. M BO BTOpO# cTpoke A00aBiieHHnEe B HAYaJIO CITUCKA S
IPOM3BOJIBHOTO 3JIEMEHTAa X OCTaBIAET CTPYKTYPY CHUCKOM. lIpuBeneHHbIN
MpUMEpP TO3BOJISIET B MEPBOM MNPUOTMHKEHUH TMOYYBCTBOBATH CTWJIb HAMHMCAHUS
nporpamm o0pabOTKH CIMCKOB Ha si3bike [Ipostor.

[Toiinem naneie. BxoxkaeHue 3JIEMEHTAa B CIIHCOK MPOBEPSIET CIEAyIOIIas
IporpaMma:

unencn(X,[X| ]).
unencn(X,[Y|S]):-urencn(X,S).

[lepeiigem OT MPOBEPKHU BXOXKJIEHUS OJTHOTO 3JIEMEHTA B CIIUCOK (XOTS 3TUM
AJIIEMEHTOM MOET OBITh U MOJICIIHMCOK) K MPOBEPKE TOTO, SIBJISETCA JU HEKOTOpas
MOCJIEIOBATEIBHOCTh  3JIEMEHTOB  MOJCIHMCKOM  HEKOTOpOro cmucka. Jlis
YIOPOUIEHUS PEIICHUs 3a/1a4i TIOCTPOEHUS IpeIMKaTa MOACIUCOK YI0OHO peliaTh
ee TMO3TAIHO U CHavajla peain30BaTh JiBa APYTUX IpeaukaTa: npepukc u cypduxc.
[Ton mpedukcoMm 31ech MOHMMAETCS MOJCIUCOK B Hauyaje JPYroro CHUCKa, MOJ
cy(dukcoM — MOACTUCOK, 3aBEPIIAIONTUN APYTON CITUCOK.



B nporpammupoBannu Ha Ilposore HCHOJIB30BaHHE CAMOCTOSATENBHBIX
COJICPKATEJIbHBIX OTHOILICHUM B KayeCTBE BCIIOMOTATENIbHBIX MPEAUKATOB —
TUTIOBast TeXHUKA. [[pOM3BONBHBIN MOICITMCOK MOKET OBITh IIOTOM OTIPEIEICH KaK
cyhduxc Hexoro npedukca win npepukc Hekoro cydukca:

e [Ab,B,I'JI,E] — uCXOJHBII CIHCOK;

e [A,b,B] — npeduxc;

e [B,B,IJI,LE] — cydduxkc;

e [b,B,I'] — noxcnucoxk.

[IpuBenem ompeneneHue mnoacnucka uepe3 cyhdukc u mnpedukc Ha
[Ipomnore:

noocnucox(X,Y):-npeghuxc(P,Y),cyipduxc (X,P).Yonpeguxc cygpgurca

noocnucox (X, Y):-npepuxc(X,S),cyppuxc(S,Y).  %cyppuxc npeduxca Camm
npeaukaTsl npedukc U cyGPukc MOTyT OBITH ONPENIETEHBI CAEAYIOIUM 00pa3oMm:

npeguxc((], )-

npecpurc([X|S].[X|Y]):-npedurc(S.Y).

B npuBeneHHoOM porpaMme yTBEPKAAETCS, YTO, BO-IIEPBBIX, ITyCTON CIIUCOK
MOXET CUMTAThCA MPEe(UKCOM JIFOOOTO CIHUCKA, a BO-BTOPBIX, €CIM HEKOTOPBIN
NOACIUCOK S sBigercss npedukcoM crucka Y, g00aBiIeHUE OJMHAKOBBIX
AJIEMEHTOB B HAYAJIO S U Y HE U3MEHUT CUTYAIUU:

cyppurc(X.X).

cypepurc(X,[_|S]):-cvpgurc(X.S).

3/1ech cHayvajga OMPEIENsIeTCs, YTO CIMCOK MOET CUUTAThCS COOCTBEHHBIM
cypdukcoMm, a 3areM peKypcHMBHO ompenensiercss cypdukc npu 100aBICHUH B
Hayajo paccMaTpUBAEMOr0 CIHCKa MPOU3BOJBHOTO 3ieMeHTa. OpHako
oTpejieNieHre Tojicrucka 4epe3 mnpedukc cypdukca wim, HA000pOT, cyPdukc
npedukca HE  SABISETCA ~ CAWHCTBEHHO  BO3MOXHBIM.  BooOmie  npwu
nporpaMMmupoBaHuu Ha IIposiore yacTo BcTpeuyaercs cUTyalusi, KOrja OJJHO U TO
K€ TOHATHE MOXXHO OINpEeNeinTh pa3HbIMU crnocobamu. Kak wu mnpu
NpOrpaMMHUPOBAaHUM Ha JPYrUX sI3bIKaX, Mbl HMEEM JeJ0 C CHUTyaluein
CEMaHTHYECKH OJMHAKOBBIX, HO CHMHTAKCUYECKHU pa3iuyaroiuxcs mnporpamm. Ho
pa3HuIla OOBIYHO HE TOJIKO B 3allUCH — pa3Hble pealu3alid MOTYT HMETh
CYLIECTBEHHO  pa3iuyaromuyecs mnokazarend  3(Q(EKTUBHOCTH,  HalpuMeEp
KOJIMYECTBO ONepaluii, HEOOXOIUMBIX JJIsl TOCTUXKEHHS TTOCTABJICHHOMN 1IEJIH.

B cnenyromeit mporpamme npeaukaT MOACIHCOK OINPENENIeTCs Yepes
npepuKC U PEKYPCHIO:

noocnucok(X,Y):-npeguxc(X,Y).

noocnucok(X,[Y|S]):-noocnucox(X,S).

CHauana roBOpUTCs, 4TO Mpe(UKC - YaCTHBIA CIy4yai MOJCIUCKA, a 3aTEM -
YTO MOJICITUCOK HEKOTOPOTO CIUCKA OCTAETCS UM TpU T00aBICHUH B HaYaJI0 3TOTO
cnucka sneMeHta X. Clenyrolieil HMHTEPECHOW Omepanueil HaJl CIUCKaMHu
ABJISIETCSA CJIMSIHUE CHUCKOB (IIPUMUCHIBAHKME, WM KOHKareHanus). Omnpenenum
NpEeAUKaT CIUSHUE, UMEIOIIUN TPU apryMEHTa U CTAHOBAILIUICS UCTUHHBIM, €CIU
MpU MPUNKCHIBAHUUA BTOPOTO apryMEHTA-CIIKCKAa K MEPBOMY MOJIYUYUTCS TPETUH

CIIMCOK:
causnue([],Y,Y).
cauanue([D|X],Y,[D|Z]):-cruanue(X,Y,Z).



JlanHasi mporpaMma peKypcHBHas, B HEH TOBOPUTCS CHayajga O TOM, 4YTO
MPUMKACHIBAHUE MYCTOTO CIHUCKA HE MEHSAET JII00OM CIUCOK (TpaHUYHOE YCIIOBUE
peKypcur), a 3aTeM — 4YTO €CJIM JIBa CIHUCKa JaBaju NMPHU CIUSHUM HEKOTOPBIHA
CIIMCOK, I[OGaBJICHI/Ie B Ha4aJIO pe3yJibTaTa 1 OAHOI'O U3 ApryMCHTOB OJMHAKOBBIX
AJIEMEHTOB HE M3MEHHT CHUTyaluu. JII0OOMmBITHO, UTO, MMEs MPEANKAT CIUSHUE,
MOKHO €111€ OAHUM CII0COOOM OIPCACIUTD IMPCANKAT IMOACIIMCOK, BCCbMa KPaTKO:

noocnucok(X,S):-cmusanue(A, W,S),crusanue(X,B, W).

CpaBHUM 3Ty CTpOKY C BooOpaxkaeMoi mporpammoit Ha [lackane wim Cu,
JIeJIA0IIEH TO )K€ caMoe.

Crnenyroiiiasi nporpaMmma BbIJIETISIET B CIUCKE KOHIIEBOM 3JIEMEHT:
nocneonuii(X,S):-cauanue( ,[X],S).

HNHTepecHbIM SIBIIETCS HAlMCAHUE — MO0 aHAJIOTHU C PAHEE CO3JaHHOU
nporpamMmoit Ha Jlucne — u cpaBHEHUE ¢ Hel MporpaMMbl OOpallieHusl CIIUCKOB Ha
IIponore:

oopam([],[]). oopam([X|S],Z):-06pam(S,Y),cruanue(Y,[X],Z).
PaccmoTpenue mporpamMm oOpaOOTKU CHUCKOB ObLIO Obl HEMOJHBIM, €CIIH
Obl MBI HE PAcCMOTpEIM NporpaMMmy IOACYETa CYMMbI HEYETHBIX YJICHOB

YHUCJIOBOU I10CJIEA0OBATCIIBHOCTH Ha A3BIKEC HpOHOT:
CYMHEY([],0). “%0cmanog pexypcuu u cymma 011 nycmozo cnucka =0

CYMHEY([X\|Y],S):-9ET(X), CYMHEY (Y,S). Y%uemnvle — nponycxaem

CYMHEY ([X|Y],S):-HEYET(X), CYMHEY(Y,L), CJIOJKEHUE(L,X,S).

% Heuemmbvle CK1AObIBAEM

[IpaBna, B ciiydae OTCYTCTBHSI B CTaHJIapTHOM OMOJMOTEKE HCIOIb3yeMOM
Bepcuu [Iponora npegukaroB UET u HEUET ux npuzaercs onpenenuTs OTAEIBHO.

Paccmotpum mporpamMmbl COPTUPOBKM CIIMCKOB. B mporpamMmMupoBaHuuM Ha
s3pike [Iposor 1iogoTBOPHO NMPUMEHSETCS METOJ| «00pa3oBaTh U MPOBEPHUTHY.
Jemo B TOM, 4TO, Kak MblI BHUJEIM paHee, l[Iponor-cucrema B Tmporecce
BBIYUCJICHUN CIIOCOOHA mepedupaTh BO3MOKHBIE 3HAUYCHUSI aprymeHTa. B Mmetone
«o0pa3oBaTh W TMPOBEPUTHY» OJUH W3 NPEAUKATOB CIYKHUT [Jid TeHEpaluu
BO3MOYKHBIX BAapUAHTOB OTBETA, a APYrOM — ISl TIPOBEPKU TOTO, SBISETCS JIA
MOJIYYEHHOE PEIICHUE UCKOMBIM — YJIOBJICTBOPSIONIUM 3aIaHHBIM TPEOOBAHUSIM.
JlaHHBIN TTOAXOJ TPUMEHUM JIJIsl PEIICHUSI IepeOOPHBIX 3a1a4, BCTPEUAIOUIUXCS B
3a7a4ax CO3/IaHUsI UHTEJUIEKTYAJIbHBIX CUCTEM, HAIPUMED JIOTUUECKUX UTP U TIp.

Ecnu mogxoauTth K 3ajjaye COPTUPOBKHU C MO3ULIUM MeToAa «o0pa3oBaTh U
MIPOBEPUTHY», MOKHO CO3/aTh MPEAUKAT YHnopsooyeH, KOTOPbIA OyJIeT MpOoBEpSThH
CITMCOK, TIOJIyY€HHBIN B KQ4ECTBE apryMEHTa, HA OTCOPTUPOBAHHOCTH. Jlpyrou xe
MPEIUKAaT MOXET MNpeAHa3HayaTbCsl Uil TEHEpalMu BCEX  BO3MOXKHBIX

IICPCCTAaHOBOK CIIMCKa. HGCOMHeHHO, Cpcan HHUX 6y,Z[eT U HUCKOMad — KoOrzaa
9JIEMEHTHI BBICTPOCHBI 110 MOPsIKYy. HauHeM ¢ mpeawkaTa ynopsoouen:
ynopsioouen([X] ).

ynopsoouen([X,Y|S]):-MEHBILIE(X,Y),ynopsoouen([Y|S]).

IlepBasi cTpoka mporpamMmbl TOBOPUT O TOM, YTO MbI MOYKEM CYHUTATh
CIIMCOK, COCTOSIIIMA W3 OJHOTO JJIEMEHTA, YIOPSIAOYEHHBIM. BTopas crTpoka
MOKAa3bIBAET, YTO €CIM Mbl HMEEM HEKOTOPBIA YIOPSAOYECHHBIM CIIUCOK,
HAYMHAIOMIMICS C djIeMeHTa Y M MMEIOIMKA XBOCT S, M J00aBJIIeM B €ro Hayalio
MEHBIIMKA Y 3JIEMEHT X, CIUCOK OCTAaHETCA YNOpsANO4YEeHHBbIM. s mpenukara



NepecTaHOBKAa HaM MOTPeOyeTCs BCIIOMOTATeNIbHBIN MpeauKaT 6vipe3, KOTOPBIH
OyJleT U3BJIEKATh U3 CIHCKA HEKOTOPBIM 3JIEMEHT, TOUHEE, €r0 MEePBOE BXOXKICHUE
(omepauust BwIpe3anus). Ilockonpky IIposior He peanuszyeT HEMOCPEACTBEHHO
byHKIMNA, mpeaukaT OyAeT UMETh CISAYIOIINEe apTyMEHTBI: TIEPBBIM — JJIEMEHT,

MOJUICKAIIMM  U3BJICYEHUIO W3 CIHCKA, BTOPOM — CIHCOK, IOMJICKAINAN
00paboTKe, U HAKOHEI] — PEe3yJIbTUPYIOIINN CITHUCOK:
svipes(X,[X|S],S).

evipe3(X,[Y|S],[Y|Z]):-evipe3(X,S,Z).

B niepBo#i cTpoKe TOBOPHUTCS, YTO €CJIM U3BJIEYb IIEPBBIN 3JIEMEHT U3 CIIUCKA
C royioBoi X M XBOCTOM S, IMOJIY4YaeTcsl CIUCOK S. BTopas cTpoka peKkypcuBHas U
IIOKa3bIBAECT, YTO €CIM B pE3yJIbTaTe€ BBIPE3aHUs dJeMeHTa X M3 CIUCKa S
IIOJIy4YaeTCsl CIUCOK Z, TO B Clly4ae PaCCMOTPEHUS CIIMCKOB, IOJIYYEHHBIX IIyTEM
no0aBIeHMs TOJIOBBL Y K S U Z, CUTyalus HE U3MEHUTCS.

Hanumem Tteneps npenukar nepecmarHo6éka, OCHOBAHHBIM Ha OIEpaluu
8bipes:.

nepecmanosxa([],[]).
nepecmanoexa(X,[Z|S] ):-evipe3(Z,X,Y),nepecmanoska(Y,S).

HepBa;I CTPOKa IMTOKAa3bIBACT, YTO KaK HHU HCpCCTaBHHﬁ COACPKHUMOC IIYCTOTO
CIIUCKA, TOJYYWINb JIMIIb IYCTOW CHHCOK. BTopas cTpoka TroBOpHUT, YTO,
HanpuMmep, MOJYYUTh U3 COUCKa X €ro MEPECTAaHOBKY MO>KHO, B3SB HEKOTOPBIN
DJIEMEHT Z U3 CIIICKA U IIepeCTaBuUB €TI0 Ha IIEPBOC MECTO. HaKOHCH, caM IIpcauKar
COPTUPOBKA, KOTOPHIA U OyAE€T COOCTBEHHO MPOIEAYPON COPTUPOBKH, BBITIISIUT
BEChMa IPOCTO:

copmupoexa(X,Y):-nepecmanoska(X,Y),ynopsoouen(Y).

Mo3xHO CKazaTb, 4YTO 3ACChb HAIIMCAHHUC IIpOTrpaMMbl HAIIOMHUHACT
dbopMaIbHYI0 MOCTAHOBKY 3aAaud. [Ipu aToM mporpaMMHCT U30aBJI€H OT MEIKUX
JleTajel, CBS3aHHBIX C peanu3anued pemeHuss Ha OBM, Takux kak pasmep
MacCHBA STYEEK MaMsTH, OTBEJICHHBIX IO JAaHHBIC, WJIM UHJIEKC B OTOM MAacCCHUBE.
NubiMu crioBamu, [lposior mogHMMaeT MporpaMMUpoOBaHUE Ha 0oJiee BBICOKUMH
YpOBEHBb a0CTPaKIIUH.

2.5.6. [Iporpammbl 00padoTKN HH(OPMAIIUH, 3ATIMCAHHON CUMBOJIAMH

Kaxk roBopunocs panee, [Iposor, kak u Jlncn, n3HayaapHO OPUEHTUPOBAH Ha
00pabOTKy CHMBOJBHOW HWH(OpPMAIMK, a HE Ha BBIUMCICHHS, KaK, HampuMep,
®opTtpan. B s3pike nporpammupoBanus lIponor nmepemMeHHass MOXET NMPUHUMATD
KaK 4YHCIIOBOE, TaK M CHUMBOJIbHOE 3HaueHue. Momib 00paboTku uHpOpmaIuu,
3alMMCAaHHONW CHUMBOJAMHU, MOXET OBbITh MPOWUIIOCTPUPOBAHA TPUBEICHHBIMU
Janee TpUMEpaMH, B TIEPBOM W3 KOTOphIX [Ipornor «oOydaercs» NpaBHILHO
pacrno3HaBaTh B HEKOW MOCIEI0BATEIIBHOCTH CUMBOJIOB KOPPEKTHO 3alMCAaHHBIA B
COOTBETCTBHH C OIPECICHHBIMU TPaBUJIAMU MHOTOWICH, a 3aTEM BBITIOJIHSTH
muddepennupoBanre GyHKIHMN (MMEETCS B BUAY MOTYYEHUE TI0 3alMUCH UCXOTHON
GyHKIUA 3anmuch GOPMYIIbI BEIYUCIICHHS MIPOU3BOIHOM). UeM HEe MCKYCCTBEHHBIH
WHTEJUICKT?!



B cuny HexkoTtopeix orpanndeHuit Bepcuu [Ipomnor-J] npumepsl B JaHHOM

nonpaszene npusosaTcs Ha GNU Prolog.

HpoepaMMa, pacno3narnasis MHO2041€Rbl.

%llpoecpamma pacnosnaganus MHO2041€HO8

%BcnomoeamenvHvle npeduxamol

constant(X):-atom(X).

constant(X):-integer(X).

natural_number(X):-integer(X),X>0.

2% Cumeonvroe pacnosnaeanue noJauHomMoe

poly(X,X).

poly(Term,X):-constant(Term).

poly(Term1+Term2,X):-poly(Term1,X),poly(Term2,X).

poly(Term1-Term2,X):-poly(Term1,X),poly(Term2,X).

poly(Term1*Term2,X):-poly(Term1,X),poly(Term2,X).
poly(Term1/Term2,X):-poly(Term1,X),constant(Termz2).
poly(Term”N,X):-natural_number(N),poly(Term,X).

IIpuBeneHHON IporpaMme MOKHO 33J1aTh BOIIPOC

?poly(x"2-3*X,X)

Y MOJIYYUTh OTBET «Ja» HA aHTJIMMCKOM SI3BIKE.

Cnenyromei pOrpaMMONn Oyner nporpamma CHMBOJILHOTO
mupdepenurpoBanuss  (MOoJ0OHBIE — MpPeoOpa3oBaHUS  MHOTAA  HA3bIBAIOT
CAMBOJIBHBIMU  BBIYMCIICHUSIMH, HAa  HHUX  CHEUUAIU3UPYIOTCI  CUCTEMBI
KOMITBIOTEPHOU anreOpsl, Hapumep Maxima).

[Ipenukar derivative wWcTHHEH, €CIM TIOCICAHMA apryMeHT - 3aIluCh
MIPOM3BOJIHOM MO BTOPOMY apryMeHTy (DYHKIMM, 3alMCh KOTOPOH IOJaeTcs B
KadecTBe MepBoro aprymenta. [Iporpamma cuMBosibHOTO AudPepeHIIMPOBaHUS Ha

si3eike GNU Prolog:

%llpoepamma cumeonvHo20 OuppepeHyuposanus avlpajiceHul
%Cnpasounux 6a308blx NPOU38OOHBIX OJisl NONYAAPHLIX PYHKYULL
diff(X,X,1).

diff(X"N,X,N*X*(N-1)).

diff(sin(X),X,cox(X)).

diff(cos(X),X,-sin(X)).

diff(e"X,X,e"X).

diff(log(X),X,1/X).

%l Ipasuna ouggepenyuposanusi cymm, pazHocmetl, YACMHbLX

diff(F+G,X,DF+DG):-diff(F,X,DF),diff(G,X,DG).

diff(F-G,X,DF-DG):-diff(F,X,DF),diff(G,X,DG).

diff(F*G,X,F*DG+DF*G):-diff(F,X,DF),diff(G,X,DG).

diff(1/F X,-DF/(F*F)):-diff(F,X,DF).

diff(F/G,X,(G*DF-F*DG)/(G*G)):-diff(F,X,DF),diff(G,X,DG).

Herpyano ybeauThcss B COCOOHOCTSX MpOrpamMMBbl, 3a7aBasi € BOIPOCHI
B4, HATIpUMED,

?derivative(e”x,x,e"X) wiu diff(ex+sin(x),x,X).



2.5.7. Orpunanue u orcedenusi B [Iposiore

HexoTopyto CIIO)KHOCTh B JIOTUYECKOM MPOrPAMMHUPOBAHUHU C ITOMOIIBIO
[Iponora wmmMeeT pacCMOTPEHHE JIOTHYECKOrOo OTpuuaHus. [lemo B ToM, 4TO
MCNOJIb3yeMbIi B [Iposiore MexaHu3M JIOTMYECKOrO BBIBOJIA HA OCHOBE METOJA
PE30JIIOLMM  HE TO3BOJISIET TOYHO YCTAaHABJIMBATH JIOKHOCTH HEKOTOPOTO
MpEIOKEHNSI. B CHIly 3TOro «HacTOAIIEr0» CTPOrOoro JIOTUYECKOTO OTPHUIIAHUS
OonpiMHCTBO Bepcuid Ilponora He BkiaouarT. YacTUUHOM, HO HE CTPOTOU
3ameHo joruyeckoro noHATus JIOJXKDb MoxkeT CityuTh pacliecHUBaHHE JIOKHOCTU
KaK HesblgoOumocmu. VIHadue TOBOps, €Clv, MUCXOAS W3 3aJaHHBIX MPOTPaMMOMN
(GbakToB W MpaBuWil BBIBOJIA, 33JaHHYIO 11€Jb BBIBECTH HE YJA€TCs, OHA CUMTAETCS
70HOM. OJTHAKO MPU peaIn3aluy OMKMCAHHOTO MOJX0/a HAC TOXKE MOJACTEPEratoT
MOABOAHBIE KaMHHU: B CBSI3U C OTPAHUYECHHOCTHIO pecypcoB OBM noruueckuii
BBIBOJI MOXKET MPEPBATHCS, HE JOUIS IO JOKA3aTEIbCTBA HY>KHOTO MPEIJIOKECHUS.

OTpuilanue B CMBICIIE€ HEBBIBOJAUMOCTH MOXKET OBITh pPEAIM30BaHO B
[Iponore ¢ mOMONIBIO TaK HA3BIBAEMOTO OTCeUeHUs. 110 OTceueHneM NOHUMAaEeTCs
3aBeIOMOE OTOpachbiBaHME HEKOTOPBIX BETBEW B JiepeBe Iepedopa BapUaHTOB
oTBeTa. Bo MHOrMX mporpammax 3TO UMEET CMBICI, HATPUMEDP, U3 IBPUCTUUECKUX
cooOpaxenuil. Kpome Toro, y Ilpomora wumeercs mnpoOieMa MOIyYECHUS
HECKOJIbKAX OJIMHAKOBBIX OTBETOB, €CJIM B IMPOrPAMME MOKHO JIOTHYECKU MPUNTH
K HUM pa3HbIMU NyTsIMU. OTCEUYEHHUE MO3BOJISIET MPEPBATh MPOLIECC JOTUYECKOTO
BBIBOJIa, €CJIM YK€ TIOJIYyYEH OTBET. 3alUChIBAETCS OTCEYEHUE C IOMOIIBIO
BOCKJIMIIATEILHOTO 3HAaKa !, KOTOpBIM paccMaTpuBaeTcs KakK CHEIUaTbHBIN
npeaukar 0e3 aprymeHToB, Bcerga Bospamarommii UCTUHY u He maromuii
OTKaTUThCS Ha3aJ, 4YTOOBl BBHIOpATh QJIbTEPHATUBHOE pEIICHUE IS YKe
YCTAHOBJIEHHBIX TOAUENEH, TO €CThb Te€X, KOTOpPhIE B CTPOKE MPOTrpaMMBbI
pacmoJioKeHbl JieBee oTcedyeHus. Ha moamenu, pacnosioKeHHbIE ITIpaBee,
orceueHue He BiusieT. Kpome atoro, orceueHue orOpachiBaeT BCE MPEIOKECHUS
MPOTPaMMBbl, HAXOASIINECS HUKE MECTa, IJIe CpadoTaio OTCEYCHUE.

[Tpumep mporpamMebl MOMCKAa MAKCUMyMa C UCIIOJIb30BAHUEM OTCEUEHUS:
maxi(X,Y,X):-X>Y, 1.

maxi(_,Y,Y).

Haxoxnenune makcuMyMa U3 TpeX YKCEII C UCIIOJIb30BAHUEM OTCEUCHUS:
max3(X,Y,Z,X):-X>Y, X>Z,1.

max3(_,Y,Z,Y):-Y>=Z,\.

max3(_, ,Z,2).

B nporpammax Ha IIponore orcedeHue TMO3BOJSET HWMUTHPOBATH

KOHCTPYKIIUIO if...then...else... UMIIEPAaTUBHBIX SI3bIKOB CJICTYIOIIUM 00pa30M:

%if <Y>then P

% else P2

S:-<Y>1P.

S:-P2.

[Tocne yHupUKAIMU TOPOXKIAOIICH IETH C 3arojJOBKOM IIPEIIOKCHHS,
Collep)KaIlero OTCEUYCHHE, IIeb BBITONHICTCS © (UKCUPYETCS IS BCEX
BO3MOXKHBIX BBIOOpPOB TMpeuioxkeHud. KOHBIOHKIMS IeJedl 10 OTCeYCHHS



MPUBOJUT HE 00JIee YeM K OJIHOMY PEIICHHIO, HO HE BIIUSET Ha T€, YTO BBIBOISTCS
nocJje Hero. B ciiyyae Bo3BpaTa OHM MOTYT OPOXKJIATh 00Jiee OJTHOTO PELICHUS.

[Ipumep mnporpamMmbl ONPENEICHUS MHOTOWIEHA IIPU MCIOJIb30BAHUU
OTCECUYCHUS:

polinom (X,X):-!.

polinom (Term,X):-constant(Term),!.

polinom (Term1+Term2,X):-!,

polinom (Term1,X), polinom (Term2,X).

polinom (Term1-Term2,X):- !, polinom (Term1,X), polinom (Term2,X).

polinom (Term1*Term2,X):-!, polinom (Term1,X), polinom (Term2,X).

polinom (Term1/Term2,X):-1, polinom (Term1,X), polinom (Term2,X).

polinom (Term1”N,X):-!, natural_number(N),polinom (Term1,X).

Kak Bunnte, orceueHrne no3BosIET JOCTUYb JIBYX LIEJICH:

® [0Jy4YaTh 00JIee KOMITAKTHBIC IIPOTPAMMBI;

® ONTHMH3UPOBATH MPOIECC BBIYMCICHUN 3a cYeT OTOpachIBaHHS
3aBEJOMO HEINEPCIICKTUBHBIX BETBEH JIEpEBA MTOUCKA.

BepueMmcsa k omnpenenenuto otputianus B IIponore. MoxxHO MCIONB30BaTh
CIECAYIOIYIO IMPOrpaMMy, HCHOJB3YIOLIYI0O TaKXe BCTPOCHHBIE CHCTEMHBIC
npenukatsl fail u call (mpumep na GNU Prolog):

not(X):-call(X),! fail.

not(X).

Brinonusercs 3Ta nporpamma cieayronmM oopaszoM. [IpumMensieTcs nepeoe
npaBuwino. Ecimm npemnoxkenne X - JI0Ka3yeMO, MPOUCXOAUT  OTCEYEHUE,
COOTBETCTBEHHO, II€JIb HE BhIMOJIHAETCS. Eciin X HE BBIBOAMTCS, TO MPOUCXOIUT
MepexXo] KO BTOPOU CTPOKE.

2.6. Odovekmno-opuenmupo8annoe nPoOpammuposanue

2.6.1. OcuoBHbIe nmojoxkenus OOIT

Konnenmust 00bekTHO-OpreHTHPOBaHHOTO mporpammupoBanus (OOII)
nosiBWIIach 0oJjiee COpoKa JIeT HazaJ, Kak pa3BUTHE HAEH MpOLETypHOTO
nporpaMMupoBanus. OCHOBHAsI MMpOrpaMMa B MPOLEAYPHOM MPOTrpaMMHUPOBAHUU
TaKXKe SIBIIeTCA Tpouenypoi (pyHkimeit), B Tee KOTOPOl MOTYT OBITh BBI3OBBI
apyrux npoueayp U ¢QyHkuud — moxamporpamMMm. CyTh  IpOLIETYpPHOTO
IPOrpaMMHUPOBAHUS MTPOCTA: JaHHBIE OTACIHHO, TOBEACHNUE OTICNBbHO. Pa3znenenue
KOJAa Ha TOANPOTPaMMBI, BO-TIEPBBIX, TMO3BOJSIET BBIACIUTH TOBTOPHO
UCTIONb3yeMble (DparMeHThl KOJa, a BO-BTOPBIX, J€laeT KOJ MpOTpaMMbI
CTPYKTYpPUPOBAHHBIM.

Nneonorust 00eKTHO-OPUEHTHPOBAHHOTO IPOrPaMMHUPOBAHNUS, KaK CIIETyeT
U3 CaMOro Ha3BaHUS, CTPOUTCS BOKPYT MOHATHS 00BEKT. OOBEKT OOBEAUHSET B
cebe u naHHbe U noBeneHue. OOBEKT — 3TO J00asi CYIHOCTh, C KOTOPOM MMEET
JIeJI0 TIporpaMMa, a HWMEHHO: OOBEKTHl NMPEAMETHON 00JIacTH, MOJAEIUpPYEMbIe
IPOrpaMMoOii; pecypchl ONEpalMOHHOM CHUCTEMbI; CETEBbIE MPOTOKOJIBI M MHOTOE
npyroe. Ilo cytu, oOBeKT — 3TO Ta € CTPYKTypa (COCTaBHOW THII), HO



JOTIOJTHEHHAsT TpoueaypaMu U (DYHKIMSAMH, YHPaBISIOMIUMU 3JI€MEHTAMU 3TOU
cTpykTypel. K mpumepy, ans paGoTel ¢ ¢ailzioM B MpOLEIYPHOM S3BIKE
IpPOrpaMMHUpPOBAHUS OTAETBHO OblIa OBl CO37aHa TMepeMEeHHas s XpaHEHUs
UMEeHHU (Qaillla U OTAENbHO — JJs XpaHEHUs €ro JAecKpumnTopa (yHUKaIbHBIN
uACHTU(UKATOP pecypca B OMNEPAllMOHHOW CHCTEME), a TaKKe PAl TMPOLEIyp
paboThI ¢ (ailioM: OTKpPHITH (hailyl, MpoUnUTaTh JaHHBIC U3 (ailia U 3aKphITh (ail.
Bce Obl 3TH mporenypsl, IOMUMO OOBIYHBIX MAPaAMETPOB M NEPEMEHHBIX IS
XpaHEeHUs pe3ysibTara, o0s3aHbl ObLIM Obl MPUHUMATH TOT CAMbId JECKPHUIITOP,
YTOOBI MOHATH, 0 KAKOM UMEHHO (aiijie UIEeT peyb.

B 00BbeKTHO-OPUEHTUPOBAHHOM SI3bIKE JJIS ATUX K€ Liefiel ObLI Obl omucaH
00BeKT-(paitsl, KOTOPBIM Takke Obl XpaHWI BHYTpPH ce0s UM U JECCKPUNTOP H
MPEIOCTABIISI Obl TOJIL30BATENI0 MPOUEAYPHI IJIsi OTKPBITUS, YTCHUS U 3aKPbITHS
cebst camoro ((aitya, accOMUPOBAHHOTO C KOHKPETHBIM OOBEKTOM). Pasnuia
ObL1a OBl B TOM, YTO AECKPUOTOP OBbLI ObI CKPBIT OT OCTAJIBHOW YaCTH MPOTrPaMMBlI,
co3/laBaJicsi ObI B KOJI€ TIPOLIEAYPHI OTKPBITUA (Dailiia U UCIIOJIB30BAJICS Obl HESBHO
TOJIBKO CaMUM  OO0BEKTOM. TakuM o00pa3oM, TMOJb30BAaTENI0  O0BEKTa
(mporpaMMHOMY KOJY BHEIIHEH MO OTHOIIEHHWIO K OOBEKTY MpOTrpaMMbl) HE
HY>XHO OBbLJIO ObI IEpeaBaTh IECKPUIITOP KAaXKABIM pa3 B apaMeTpax mporeayp.

OOBEKT — 3TO KOMIUIEKT JAHHBIX M METOJIOB PabOThl C 3THUMH JaHHBIMU,
YacTh U3 KOTOPBIX MOXKET OBITh CKPBITA OT OKPYKAIOUIEr0 €ro MUpa, K KOTOPOMl U
OTHOCSATCS JETAIH pealu3alu.

OObeKTOM B OOBEKTHO-OPUEHTUPOBAHHOM SI3BIKE IMPOTrPaMMHPOBAHUS
SBJIIETCS] IPAKTUYECKU BCE, 32 UCKIIOYEHUEM OIIEPATOPOB: U 3JIEMEHTAPHBIE TUIIBI
SIBIIIIOTCSI OOBbEKTaMH, W OIMCAHUE OIINOKH SBJISIECTCSI OOBEKTOM M, HAKOHEIL,
OCHOBHas IIporpaMMa TaKXe SBJIIETCS OOBEKTOM.

Btopeim ocHoBononaratrouuM nousitueM OOIT sBisiercs knace. Kitace — 310
TOT CaMblii HOBBI B CpPaBHEHMHM C NPOLEIYPHBIM MPOrpaMMHUPOBAHUEM THII
JAHHBIX, SK3EMIUIAPbl KOTOPOTO M Ha3bIBatOTCs oObekTaMu. Kiacc, kak yxe Obu1o
CKa3aHO, MOX0 Ha COCTaBHOM THUI JAHHBIX WJIH CTPYKTYpPY, HO JOMOJHEHHBIH
npoueaypamMu U PyHKIUAMU (METOIaMK ) JJ1sl padOThl CO CBOUMH JJTAHHBIMHU.

Ilepen Tem, Kak MEPENTH K ONMMCAHUIO NMPEeUMyIIecTB, KoTopele gaet OOII
pa3paboTyuKaM MPOrpaMMHOr0 OOECHeUYeHHs] B TMPOLEcce MNPOEKTHPOBAHUSA,
KOJUPOBAHMS M  TECTHUPOBAHUA MPOTPAMMHBIX MPOAYKTOB  HEOOXOIUMO
MO3HAKOMUTbHCS ¢ HauboJIee YacTO BCTPEUYAIOUIMMHUCS TEPMUHAMH B 3TOM 00JIaCTH.

Knacc — tun naHHbIX, ONUCHIBAIOUINM CTPYKTYPY U MOBEJEHUE OOBEKTOB.

Obvexm — HK3eMIUTIp Kilacca.

Ilone — »>n€MEHT [aHHBIX Kjacca: IEPEMEHHasl 3JIEMEHTAPHOIO THIIA,
CTPYKTYypa WA IPYTOM KJIacC, SIBISAIOIIANMCS 4acThIO KJlacca.

Cocmosinue o6vexma — HAOOp TEKYIIUX 3HAYCHUN ToJiel 00bEKTa.

Memoo — nipouetypa i QyHKIMS, BBIIOTHSIONMIAACS B KOHTEKCTE OOBEKTa,
JUIS KOTOPOTO OHA BbI3bIBAE€TCA. METONIbI MOTYT HU3MEHSTh COCTOSIHME TEKYILEro
00BEKTA U COCTOSIHUS 0OBEKTOB, MEPEIABAEMbIX UM B KaYECTBA TaPaMETPOB.

Ceoticmeo — cHeuMaldbHbId BHUJ METOAOB, TMPEIHA3HAYCHHBIA JJIA
Mou(dUKALIUK OTAEIBHBIX MoJiel o0bekTa. FMiMeHa CBOWCTB OOBIYHO COBMAAAIOT C
MMEHaMH COOTBETCTBYIOLIMX ToJiel. BHeliHe paboTa co cBOWCTBaAaMHU BBITJISIUT



TOYHO TaK kK€, Kak padoTa C MOJSIMU CTPYKTYpbI WM KJacca, HO Ha caMOM Jielie
nepea TeM, KaK BEPHYTh WM NPHUCBOUTH HOBOE 3HAYEHHUE MO0 MOXKET OBITh
BBIIIOJIHEH NIPOTPAaMMHBIA KOJ, OCYIIECTBIIIIOIIMKA Pa3HOrO0 poAa INPOBEPKH, K
IpUMEPY, IPOBEPKY Ha JOIYCTUMOCTh HOBOTO 3HAUEHMUSI.

Ynen xnacca — onsi, METOIBI M CBOMCTBA KJ1acca.

Moouguxkamop Oocmyna — J[ONOTHUTENbHAS XapaKTEPUCTHKA YIICHOB
KJ1acca, OMpenessroNas, UMEeTCs JIM K HUM JOCTYI W3 BHEIIHEH NPOrpaMMBbl, WU
K€ OHM MCHOJB3YIOTCS MCKIIOYUTEIBHO B TpaHHUIlaX Kiacca M CKPBITHI OT
OKpyXxaroiero Mmupa. MonudukaTopsl 10CTyna pa3esaioT BCE DJIEMEHTHI Kiacca
Ha JIeTaJld peaiu3allii U OTKPBITHIA UM YaCTUYHO OTKPBITHIA UHTEpGENC.

Koncmpykmop — cnenuanbHBIi METOJl, BBINOJHSEMBIN cpaszy ke Mocie
co3JaHus dK3eMIusipa kiacca. KOHCTpYKTOp MHUIMATM3UPYET MOJsl 00bEeKTa —
OPUBOJUT OOBEKT B HauaJdbHOE COCTOSIHME. KOHCTPYKTOpPBI MOTYT OBITH Kak C
napameTpamu, Tak u 0e3. KoHcTpyktop 0€3 mapaMeTpoB  HAa3bIBaIOT
KOHCTPYKTOPOM IO YMOJYaHUIO, KOTOPBIM MOKET OBITh TOJBKO OJIMH. UM MeTona
KOHCTPYKTOpA, Yallle BCET0, COBIAAET C UMEHEM CaMOro KJlacca.

Jlecmpykmop — cneuMadbHbId METOJ, BBI3BIBAEMBIA CPEION HCIOJHEHUS
IporpaMmMbl B MOMEHT, KOrja OOBEKT yAalseTcsd W3 OINEpPaTUBHOM NaMSTH.
JleCTpyKTOp HCHOJB3yeTCs B TeX ClydasX, KOrjJa B COCTaB Kjacca BXOJIAT
pecypchl, TpeOyrolue SBHOrO 0OCBOOOXkAeHUS ((dailibl, coenuHeHus ¢ Oa3zamu
JTaHHBIX, CETEBbIE COEAMHEHUS U T.I1.)

HUumepghetic — wabop METOAOB U CBOMCTB OOBEKTa, HAXOMSIIUXCSA B
OTKpPBITOM JIOCTYII€ W TPU3BaHHBIX pELIAaTh ONPEIEICHHbI Kpyr 3agad, K
npumepy, unrepdeiic hopmrupoBanus rpaduuecKoro mpeacTaBieHuss 0ObeKTa Ha
9KpaHe WM HHTEep(]ec COoXpaHeHHs COCTOsSHUA OO0bekTa B (haitne mam Oaze
JTAHHBIX.

Cmamuyeckuil uneH — JO00M 3JIEMEHT KJlacca, KOTOPbIH MOXET ObITh
MCIIOJIb30BaH 0€3 co3AaHusl COOTBETCTBYIOUIEro oobekra. K nmpumepy, ecnm Metos
KJlacca HE UCIHOJIb3yeT HHU OJHOro ToJisA, a padoTaeT HCKIIYUTEIBHO C
NEepeJaHHbIMU €My TapamMeTpaMH, TO HUYTO HE MEIIAET €ro HCMOoIb30BaTh B
KOHTEKCTE BCEro KJlacca, He CO3/1aBasi OTEIbHBIX €ro FK3eMIUIIpoB. KOHCTaHTHI B
KOHTEKCTE KJ1acca OOBIYHO BCEr/ia SBJISAIOTCS CTATUYECKUMU €r0 YWICHAMH.

PaccmoTpum  cBOMCTBAa, KOTOpBIE  NIPHOOpETaeT MporpaMma  IpH
UCIOJIb30BaHUU OOBEKTHO-OPUEHTUPOBAHHOIO MOAXO0/a K €€ MPOCKTUPOBAHUIO U
KOJMPOBAHMIO.

Nukancyasiuuss 0003HA4YaeT COKpBITHE JeTajliell peaju3alud  KJIaccoB
CPEICTBAMHM  HArpaXKJCHUS OTACIBHBIX €ro YIEHOB COOTBETCTBYIOIIUMHU
MoauduKkaropamMu 1ocTymna. Takum o0pa3om, Bcs (DYHKITMOHAIBHOCTh OOBEKTA,
HalleJICHHAsT Ha  B3aUMOJCHCTBHE C JAPYTUMH OOBEKTaMH  MPOTPAMMBbI
rpynnupyercsa B OTKpBITBIA HHTepdeiic, a aeTand TIIATEIbHO CKPBIBAIOTCS
BHYTpPH, YTO U30aBISIET OCHOBHOM KOJ] OM3HEC-TOTMKH HHPOPMALIMOHHON CUCTEMBI
OT HEHYXHbIX eMmy Bemleil. MHKancynsinusi MOBBIIAET HAAECKHOCTh PadOTHI
IPOrPaMMHOr0 KOJa, MOCKOJbKY TapaHTUPYET, YTO ONpENEeJICHHbIE JaHHbIE He
MOTYT ObITh U3MEHEHBI 3a MPEEIaMH COAEPKAILETro UX Kiacca.



HacaenoBanme.  Kpaeyrosnpaeii  kamenb  OOIl. B oObekTHO-
OPUEHTHPOBAaHHOM  MPOTPAMMHUPOBAHMHM €CTh  BO3MOXKHOCTH  HACJIEIOBaTh
CTPYKTYpy M TIOBEJAEHHE KJjlacca OT Jpyroro kiacca. Kmacc, or KoToporo
HACJENyIT, Ha3blBaeTcsd O0a30BbIM WM CYINEPKIAcCOM, a KJacc, KOTOPbIU
MOJIy4aeTCsl BCJIEICTBUE HACIEAOBAHMS — IMPOU3BOJHBIM WM MPOCTO MOTOMKOM.
JIr000i1 KJ1acc MOXET BBICTYNATh KaK B POJM CylepKiacca, TaK U B POJIM IIOTOMKA.
CBsi3u HaCJIEOBaHMS KJIACCOB 0Opa3yIOT MEpapXHI0 KIaccoB. MHOKECTBEHHBIM
HACJIEIOBAHMEM Ha3bIBAIOT OIpE/AeNieHHe MPOM3BOJHOIO Kjacca cpasy oT
HECKOJBKUX CymnepkiaccoB. He Bce 0O0OBEKTHO-OPHUEHTHUPOBAHHBIE —SI3bIKU
POrpaMMUPOBAHUS MOJJIEPKUBAIOT MHOKECTBEHHOE HacJe/I0BaHHUE.
HacnenoBanne — 93T0 3¢ ¢deKTUBHBIM crmoco0  BBIACICHUS MHOTOKPATHO
UCIIOJIb3YEeMbIX (PparMEHTOB KOJia, HO Y HEro €CTh MU MHUHYChI, O KOTOpPBIX OyJeT
pacckaszaHo janee.

AOcTparupoBanne. Bo03MOXHOCTh OOBEIUHSITH KJIacChl B OTJIEJIbHbBIC
TPYMIBL, BEACTSASA 00IIKe, 3HAYUMBIE 111 HUX BCEX XapaKTEpUCTUKH (001Iue mois
u obmiee mnoBeneHue). CoOCTBEHHO, aOCTparMpoBaHME U €CTh CJIEICTBUE
HacJeI0BaHMs: 0a30BbI€ KJIACCHI HE BCErJa MMEIOT CBOKO MPOEKIUI0 Ha OOBEKTHI
peanbHOr0 MUpPA, a CO3AAIOTCA UCKITFOUUTEIBHO C IENIbI0 BBIIEIUTh OOLIUE YEPThI
1esnoi rpymnmsl 00beKkToB. K mpuMepy, 00bekT Mebelib — 3T0 6a30BO€ MOHSATUE NS
CTOJa, CTyJia M JUBaHa, BCEX UX OOBEAMHSET TO, YTO ITO JABIKHMOE MMYIIECTBO,
4acTh MHTEpPbEpa MOMEIIEHUH, U OHU MOTYT OBITh BBITIOJHEHBI I JAOMa WJIU
oduca, a Tak)Ke OTHOCUTHCS K «OKOHOM» WK «rpeMuym» kiaccy. B OOII ectsb
JUISL ATOTO OTHEJIBHOE MOHATHE a0CTPAKTHBIM KilacC — Kiacc, OOBEKThl KOTOPOTO
CO3/1aBaTh 3allpeIlleHO0, HO MOKHO HCIIOJIb30BaTh B KayecTBe 0a30BOro Kiacca.
HacnenoBanune u aOGCTparupoBaHHE IMO3BOJISIOT OMUCHIBATH CTPYKTYPHI JaHHBIX
MIPOTPAMMBI U CBSI3U MEKy HUMH TOYHO TaK K€, KaK BBITJIAIAT COOTBETCTBYIOIIHE
UM OOBEKTHI B pacCCMaTPUBAEMOI MOJIEN MPEIMETHOM 001aCcTH.

Mosumop¢pusm. Emie oAHO CBOMCTBO, KOTOPOE SABJISAETCS CIIEICTBUEM
HacienoBanus. Jlemo B TOM, YTO OOBEKTHO-OPUEHTHUPOBAHHBIE  SI3BIKU
POrpaMMHUPOBAHMS TO3BOJISIIOT paboTaTh ¢ HAOOpOM OOBEKTOB M3 OJIHOM
UepapXuu TOYHO TaK ke, KaK ecid Obl BCE OHHM ObUIM OOBEKTaMU HX 0Aa30BOrO
kiacca. Eciam BepHyThCS K mpuMepy po MeOeb, TO MOYKHO MPEATNOI0KUTh, UTO B
KOHTEKCTE CO3[aHUSl MHPOPMAIIMOHHOW CHUCTEMBI IJii MEOENbHOTO Mara3wHa B
0a30BBIM KJIacC U1l BCEX BHUAOB MeOETM pa3syMHO JOO0aBUTh OOIIMMA ISl BCEX
METOJI «TI0Ka3aTh XapakTepucTukm». [Ipu pacreuaTke XxapakTepUCTUK BCEX BUIOB
TOBapa mporpamma Ob1 06e3 pa3zdoopy A BceX 0OBEKTOB BhI3bIBAIA OBl ATOT METO/I,
a KaXIbIi KOHKPETHBIM OOBEKT yXe caM OBl pemaj, Kakyto HHPOPMAIHUI0 eMy
npenoctaBiATh. Kak 3To peanusyercs:

Bo-niepBeix, B 0a30BOM Kjacce OMpEnemsitoT OOMmui It BCEX METON C
oOMM JJIsl BCeX MOBeJlieHHeM. B ciydyae ¢ HammM npuMepoM 3T0 OyleT MeTo/,
nevyaTaruil o01ue s JTF0ObIX TUTIOB MEOEITH mapaMeTphl.

Bo-BTOpBIX, B KaXXJOM MPOU3BOJHOM KJjacce, TJe 3TO HE0O0XOIuMO,
nepeonpeaessitoT 0a30BbIM METOA (I00ABISIOT METOJ C TEM K€ HUMEHEM), TIe
pacmmpsoT 0a30Boe TMOBEACHHWE CBOMM, HANPUMEP, BBIBOISAT XapPaKTEPHCTHUKH,
CBOMCTBEHHBIE TOJBKO KOHKPETHOMY BHUIY MeOeNbHOM mNpoaykuuud. Meton B



0a30BOM KJlacce HWHOT/a BOOOINE HE 00s3aH CoJepKaTh Kakou-Iubo KOJI, a
HEOOXOJMM TOJBKO JUIsI TOTO, YTOOBI ONPEAETUTh UMS U HAOOp MapaMeTpoB —
CUTHATYpy MeToja. Takhe MeTOAbl Ha3bIBalOT aOCTPAKTHBIMU METOJAMH, a
KJIACChI, UX COJIep Kalllhe, aBTOMAaTUYECKH CTAHOBATCS a0CTPAaKTHBIMU KJIACCaMU.

Hrak, monmuMopdusmM — 3TO BO3MOXKHOCTH €IUHOOOpPA3HOTO OOIIEHUS C
O0OBEKTaMHU pa3HBIX KIJIACCOB uepe3 ompeaeneHHbld uHTepdeiic. Wpeonorus
noJiMMop¢u3Ma TJIacuT, 4TO sl OOLIEHUsI ¢ 0OBEKTOM BaM HE HYXHO 3HATh €ro
THII, @ HY>KHO 3HAaTh, Kakoil uHTep(derc OH MOJIEPKUBACT.

Nurepdeiic. B HekoToOphIX sA3bIKax nporpammupoBanus (C#, Java) nonsitue
uHTepdeiica BBIICIEHO SIBHO - 3TO HE TOJBKO OTKPBITHIE METOJBI M CBOMCTBA
camoro kiacca. Takue s3bIKd, KaK MMPaBUJIO, HE TIOJJIEPKUBAIOT MHOKECTBEHHOTO
HACJIEIOBAHUS U KOMIIEHCUPYIOT 3TO T€M, YTO JI000H 00BEKT MOKET UMETh OJIUH
0a30BbIll 0OBEKT M pealn30BBIBATH 000 KOMM4ecTBO nHTepdericoB. MHTepdeiic
B UX MHTEPOPETALMH — 3TO MOJI00Me a0CTPAKTHOIO Kjacca, COAECPHKAIIEro TOIbKO
omnucaHue (CUTHATYPY) OTKPBITBIX METOJIOB U CBOMCTB.

Peanuzauus mHTEepdeiica JOXKUTCA Ha IUIEYM KaXIOro Kiacca, KOTOPBIH
coOupaercs ero nogaepkuBarb. OJIMH U TOT K€ UHTEPPENC MOTYT pean30BbIBATh
KJIAcChl  aOCOJIOTHO pa3HBIX HEpapXuid, YTO pAaCIIMPAET BO3MOKHOCTH
noimumoppusma. K mpumepy, uHTepdelic  «COXpaHEHUE/BOCCTAHOBIECHUE
uH(popmanuu B 0aze JaHHBIX» MOIJIM Obl PEAIM30BBIBATh KaK KJIACCHI MEpapXuu
«Me0enby», TaK M KIJIACChl, CBsI3aHHbIE ¢ O(DOpPMIICHHEM 3aKa30B Ha U3TOTOBJICHHE
MeOenu, a MpU HaXaTUU Ha KHOIKY «COXpaHUThY IMporpamma Obl MpOILIACh IO
BCeM O0ObeKTamu, 3ampocuiia Obl y HHUX OTOT uHTepdeldc U BbI3Bajga Obl
COOTBETCTBYIOIIAN METO/I.

OOBEKTHO-OPUEHTUPOBAHHOE MPOTPAMMHUPOBAHUE TTOCTOSTHHO Pa3BUBACTCA,
MOpOKJass HOBBIE MapaJurMbl, TaKUE KaK AacClHEKTHO-OPHUEHTHPOBAHHOE,
CyOBEKTHO-OPUEHTUPOBAHHOE U Jaxe areHTHO-OPUEHTUPOBAHHOE
nporpammupoBanue. HyxnHo ormerut, uto mnaBpsl OOIl He pgamOT MOKOS
OCTaJIbHBIM TEOpPETUKaM, M OHM CIEMIaT MPEeJIOKUTh CBOM BapUaHThl €ro
COBEPILIEHCTBOBAHMS U PACHIIUPEHHUS.

Hekotopble  37€MEHTBI  COBPEMEHHOIO  OOBEKTHO-OPUEHTHPOBAHHOTO
pOorpaMMHUPOBaHUS

Bpems He cTouT Ha Mecte, 1a U BpeMeHH ¢ MoMeHTa nossieHus OOII yxe
MPOIIIO JOBOJIBHO MHOTO, IO3TOMY HE CTOUT YAUBIATHCS, YTO CETOJHS CIOBAPh
10 00BEKTHO-OPUEHTUPOBAHHOMY IPOrPaMMHUPOBAHHUIO CEPbE3HO pa3poccs. UTak,
BOT HEKOTOPbIE HOBBbIE TEPMUHBI U MOHATHS, cBsi3aHHbIe ¢ OOIL.

CoOpiTHs. CroenuaipHbIl BUJ OOBEKTOB, CO3MaBAE€MBbI JISI OIOBEILIEHUS
OJTHUX OOBEKTOB O COOBITHSX, MPOUCXOAIINX C APYTUMH oOBbeKTamMu. B pasHbIx
S3BIKAX MPOTPAMMHUPOBAHUS MEXAHU3M COOBITUN peaTn3yeTcs Mo-pPa3HOMY: TJe-TO
C TOMOIIBIO CIHEIUATbHBIX CHHTAKCUYECKUX KOHCTPYKIIMH, a T/e-TO CHJIaMu
6a3oBbIx cpeactB OOII.

YHuBepcaabHblii THN. KoOHIENIMS yHUBEPCAIBHBIX THUIIOB HE CBS3aHa
HenocpeacTtBeHHO ¢ koHuenuuedn OOII, HO oHa SBIAETCS NMPUUMHON TOSBJICHUE
TaKMX D3JIEMEHTOB, KAaK YHUBEPCAJbHBIA KJIAacC, YHUBEPCAIbHBIA METOJ,
YHUBEpCAIbHOE COOBITHE MW T.JO. YHHUBEpPCAJIbHBIM THUI — OTO  THII,



napaMeTpU30BaHHbBIN JIpyruM TUMOM (Habopom TumoB). KeM siBisieTcst 3TOT THII-
MapaMeTp B KOHTEKCTE MPOCKTUPOBAHUSI YHUBEPCAIBHOTO TUIIA HEU3BECTHO, XOTS
€CTh BO3MOKHOCTb OTPAaHWYUTH 3HAUCHUS TUIIOB-TIAPAMETPOB, 3aCTABUB UX OBITh
MMPOM3BOJHBIMA OT KOHKPETHOIO KJacca WM PEaau30BbIBATh ONPEACICHHBIC
uHTepdeiicel. B kadecTBe mpuMepa MOXKHO MPHUBECTH YHUBEPCAJIBHBIA KIlacc
COPTUPOBKM  MOCJIEAOBATECIIBHOCTA  AJIEMEHTOB, T[JI€ THI  J3JEMEHTa B
MOCIIEIOBATEILHOCTH 3apaHee Heu3BeCTeH. [Ipu mpoeKkTHUpoBaHWM TAKOTO Kiacca
BAXHO YKa3aTh, UTO TUM-TIAPAMETP JOJKEH MOACPKUBATH OTIEPALIMIO CPABHEHMUSI.

HUckarouenusi. Eme oquH crneruaibHbIi BUI 00BEKTOB, MOACPKHUBACMbIN
BCTPOCHHBIM B KOHKPETHBIA S3BIK MPOTPAMMHUPOBAHUS MEXaHU3MOM OOpPabOTKHU
OmMM1OOK M MCKIIOUUTENIbHBIX cUTyalui. VCKIroueHus, MOMUMO KoOjJa OIIHOKH,
coAepXaT €€ ONMMCAaHHWE, BO3MOXHBIC NMPUYUHBI BOSHUKHOBEHHUS U CTEK BBI3OBOB
METOAOB, MMEBIIMK MECTO JO MOMEHTAa BO3HMKHOBEHMS HCKJIIOUCHHMS B
porpamMMme.

2.6.2. IlpakTuka ucnoanzoBanus OOII

PaccmoTpum mipumephsl  MCHOJB30BaHUS OCHOBHBIX mojoxeHnit OOIl -
WHKAINCYJSUMY, HAacIeqoBaHUs U noauMopduizma. OObEKTHO-OPUEHTUPOBAHHOE
IPOrpaMMHUPOBAHUE TO NPOrpaMMHpPOBaHHE OT 00BekTOB. [Iporpamma
MpEACTaBIsACT cO00M HAOOp CBs3aHHBIX 00BEKTOB. Kakblli 00BEKT MpeACcTaBIseT
co00il HabOp KaKWX-TO JAHHBIX U HA0Op ACHCTBUH, KOTOPHIE OH YMEET JeaTh.
EcTecTBeHHO ¢ 00BEKTOM CBSI3bIBATH UMEHHO T€ JCHCTBUSI, KOTOPHIE HEOOXOAMMBI
MpU BBINOJIHEHUU MPUBS3AHHBIX K HEMY JEWCTBUU. OJTHU AEHCTBHUS HA3bIBAIOT
MeTO0JaMH 00beKTA.

Tunel  O0OBEKTOB  HA3BIBAIOTCSA  KiaccaMu  O0BEKTOB.  OOBEKTHO-
OpPUEHTHUPOBAHHBIM-IPOTPAMMUCT OMHCHIBAET UMEHHO KJIACChl, a HE OOBEKThL. B
O0OBEKTHO-OPUEHTUPOBAHHOW TMporpaMMe TakKe NPHUCYTCTBYET MPOIEaypa,
3amyckaemasi mpyu MHUIMAIN3alli1, KOTopasi co3/1aeT o0BeKT 0a30BOT0O Kjacca, a
3aTeM ITOT OOBEKT y>KE€ caM BCE UTO HY)KHO JIETIAeT - 3aHUMAETCS MOPOXKICHUEM U
YHUYTOXXEHUEM JIPYTUX OOBEKTOB.

Nuxkancynsuusa. Mexanusm pabGotel uHKancymsuuu B OOIl  MoxHO
onucaThb MPUMEPHO TaK: MPU BBI30BE TOTO WJIM MHOTO METOJAA Kjlacca CHavaja
UIIETCS METOJT B caMOM Kitacce. Eciu MeTo1 Hali[ieH, TO OH BBINOJHSAETCS, U TIOMCK
TOr0 MeToAa 3aBepiiaercd. Eciu ke Meroj He HaileH, TO MPOUCXOJUT
oOpallleHue K pOJAUTEIHLCKOMY KJIACCy W MINETCS BhI3BaHHBIM MeToj B HeM. Ecnu
OH HaWJEH, TO MPOUCXOJUT, KaK MpPH HAXOXKJICHHH METOAa B caMOM Kiacce. A
€CIIM HET, TO MPOAOJIKAETCS NATbHEHIINII MOUCK BBEPX IO HEPAPXUUYECKOMY
JIepEBY, BILUIOTh 0 KOPHS (BEPXHErO Kilacca) UepapXuu. ITOT MPUMEP OTpa)Kaer
TaK Ha3bIBAEMbII MEXaHWU3M PAHHETO CBSI3bIBAHUA.

Paccmorpum npumer oObekta B Typ6o Ilackame (Delphi). Jns ommcanus
00BEKTOB B HEM 3ape3epBUpOBaHO ciioBO Object. Tum object — »T10 cTpykTypa
JAHHBIX, KOTOpas COJEPKUT TOoJsi W MeToAnl. Ommcanne OOBEKTHOTO THUIIA
BBITJISIAUT CJICAYIOIMM 00pa3oMm:



<Uoeumughuxamop muna oovexma>=0bject
<none>;

<none>;
<memoo>;

<mMemoo>;

End;

[Tone comepXUT WMS W TUN JaHHBIX. MeETOAbl - 3TO MNPOUEAYpPHl WU
GbyHKIUU, 0OBSIBICHHBIE BHYTPHU ACKJIapallud OOBEKTHOTO THIIA, B TOM YHUCJIE U
0CcOoObIe TIPOICAYPHI, CO3AIOIINE U YHUUTOXKAIOIINE O0BEKThl (KOHCTPYKTOPHI U
JnecTpyKTophl). OOBSABICHHE METOJIa BHYTPH OMHUCAHUS OOBEKTHOTO THUITA COCTOUT
TOJILKO M3 3arojioBka (kak B pazuesie Interface B momyiie si3bika Pascal).

Jlns mpumepa onuiiieM 00BEKT «0OBIKHOBEHHAs IpoOby» ¢ Metogamu «HO/]
YUCTUTENS U 3HAMEHATEIISD, «COKPAIEHUEY, «HATypabHasl CTEIICHbY.

Type
Natur=1..32767;
Frac=Record
P: Integer;
Q: Natur
End;
Drob=0Object A: Frac;
Procedure NOD (Var C: Natur);
Procedure Sokr;
Procedure Stepen(N: Natur; Var C: Frac);
End;
Onucanue 0ObEKTHOT'O THIIA, COOCTBEHHO, U BBIPA)KAET TAKOE CBOMCTBO, KaK

AHKATICYJISALUA.
[TpommmocTpupyem majiee pabOTy C ONMHUCAHHBIM OOBEKTOM, PEaTU3aAIUIO
€ro MeETOJ0OB M oOpaleHne K yka3aHHbIM MeToaam. I[Ipu sToM moHamoOsTCs
HEKOTOPBIE BCIIOMOTaTEIIbHBIE METO/IBI.
Type
Natur=l..Maxint;
Frac=Record
P: Integer;
Q: Natur
End;
{Onucanue ob6vexmnoco muna}
Drob=0Object A: Frac;
Procedure Vvod; {6600 opoou}
Procedure NOD(Var C: Natur); {HOd}
Procedure Sokr;
Procedure Stepen(N: Natur; Var C: Frac);
Procedure Print; {6és1600 opo6u}
End;
{Onucanus memooos obvexma;}
Procedure Drob.NOD;
Var M,N: Natur;
Begin



M:=Abs(A.P); N:=A.Q;
While M<>N Do
If M>N
Then If M Mod N<>0 Then M:=M Mod N Else M:»=N
Else If N Mod M<>0 Then N:=N Mod M Else N:=M;
C:=M
End;
Procedure Drob.Sokr;
Var N: Natur;
Begin
If AP<>0
Then Begin Drob.NOD(N); A.P:=A.P DivN; A.Q:=A.Q DivN End
Else A.Q:=1
End;
Procedure Drob.Stepen;
Var |: Natur;
Begin
C.P:=1; C.Q:=1;
For I:=1 To N Do Begin C.P:=C.P*A.P; C.Q:=C.Q*A.Q End;
End;
Procedure Drob.Vvod;
Begin
Write(' Bseoume uucaiumens opobu:'); ReadLn(A.P) ;
Write('Beeoume 3namenamens opodu:');Readln(A.Q) ;
End;
Procedure Drob.Print;
Begin
WriteLn(A.P,'/",A.Q)
End;
{Ocnosnas npoepamma}
Var Z: Drob; F: Frac;
Begin
Z.\vod; {6800 opobu}
Z.Print; {neuams 66edennoii opoou}
Z.8okr; {cokpawenue esedennoii opobu)
Z.Print; (neuamo 0pobu nocne cokpawenusi}
Z.Stepen(4,F); (6036edenue 66edenHotl Opoou 6 4-10 cmeneHy)
WriteLn(F.P,'/'/F.Q)
End.
[IpokOMMEHTHPYEM OTIEIBHBIE MOMEHTBI B PACCMOTPEHHOM MPUMEDPE.
Bo-miepBbIX, peanmuszanus METOI0B OCYIIECTBIIAETCS B pas3zieiie ONMCAaHWM,
nocjae OObBsABICHUS OOBEKTa, MPUUEM IMIPU peaju3allid METoJa JOCTaTOYHO
yKa3aTh €ro 3arojloBOK 0€3 CIuCKa IMapaMeTpoB, HO C yKa3aHUEM OOBEKTHOTO
THIA, METOJIOM KOTOPOTO OH fABJSETCS. BCe 3TO HallOMUHAET CO3/1aHUE MOJYJIS B
nporpamme Ha Ilackane, rme Te pecypebl, KOTOpbIE JOCTYHHBI TIPU €ro
MOJKIIOYCHUH, IIPSKIEe Bcero oOBABISAIOTCA B paszaene Interface, a 3atem
peanusyorcs B pazzaene Implementation. B aelicTBUTENTbHOCTH OOBEKTHI U HX
METO/Ibl PEAIN3YIOT Yallle BCETO UMEHHO B BUJIE€ MOJIYJIEH.
Bo-BTOpHBIX, BCe NeHCTBUS HaJl 0OBEKTOM BBIMOJHSIOTCS TOJIBKO C TOMOIIBIO

€ro METO0B.



B-Tperbux, i paboThl ¢ OTAEIBHBIM AIK3EMIUIIPOM OOBEKTHOIO THIA B
paszesie ONKcaHus MNEPEMEHHBIX JOJDKHA ObITh OOBSABJICHA MEpeMEeHHas (WIn
NEPEMEHHBIE) COOTBETCTBYIOIIEro THUMHA. JIerko BUAETh, YTO OOBSABICHUE
CTaTUYECKUX OOBEKTOB HE OTIUYAETCS OT OOBSIBICHUS APYTUX MEPEMEHHBIX, a UX
WCITOJIb30BAaHUE B IPOrpaMMe HAIOMUHAET MUCIOJIb30BAHKUE 3aITUCEN.

HacnenoBanme. OOBEKTHBIE THIBI MOYKHO BBICTPOHUTH B uepapxuio. OauH
OOBEKTHBIA TUI MOXET HACJIEAOBAaTh KOMIIOHEHTHI U3 JAPYroro 0OBEKTHOTO THUIIA.
Hacnenyromuii 00beKT Ha3bpIBaeTCAd MOTOMKOM. OOBEKT, KOTOPOMY HaclEAyloT, -
npeakoM. Eciu npenok cam sIBIsIeTCsl YbUM-IMOO HACIETHUKOM, TO IMOTOMOK
HacJeqyeT W 3TH mojis U MetoAsl. CienyeT MOJYEepKHYThb, YTO HACIEIOBAaHUE
OTHOCHTCS TOJIBKO K MUNAM, HO He 9K3eMNIApam 00beKma.

Onucanue TUNA-IOTOMKA UMEET OTJIMYUTEIbHYIO OCOOEHHOCTD:

<ums muna-nomomxa>=0bject(<ums muna-npeoxa>),

JaTbHEHIIas 3aMCh OIMCAHUS OOBIIHAS.

CrnenyeT MOMHHTH, YTO TOJISI HACIEAYIOTCS 0€3 Kakoro-IM00 MCKIIOYEHUS.
[TosTOMy, OOBSIBISIE HOBBIE MOJSI, HEOOXOAUMO CIEAUTh 32 YHUKAJIBbHOCTBIO MX
MMEH, MHA4Y€ COBIIAJCHUE HUMEHHU HOBOI'O MOJSA C MMEHEM HACIEAYyEMOTO ITO0JIA
BbI30BET OmKOKYy. Ha MeTobI 3TO MpaBUIIO HE pACIPOCTPAHSICTCS.

OmmmmeM OOBEKTHBIM THUIT «BBUHCINTEIL» C METOJAMH «CIIOKCHHEY,
«BBIUMTAHUE», «YMHOXCHHUE», «JCICHUE» (HEKOTOPHI HCIOJHUTENb) |
MPOU3BOAHBIA OT HEro TUIl «IIpOJBUHYTHIN BBIYHUCIUTEIBY) C HOBBIMH METOJAMU
«CTEMEHbY, KKOPEHBb N-U CTEIIEHU).

Type
BaseType=Double;

Vichislitel=0bject 4,B,C: BaseType;

Procedure Init; {6600 unu unuyuanuzayus nozeti}

Procedure Slozh;

Procedure Vich;

Procedure Umn;

Procedure Delen

End;

NovijVichislitel=Object(Vichislitel)

N: Integers;

Procedure Stepen;

Procedure Koren

End;

006001123 BBIIECKA3aHHOE, TIEPEUNCITUM TIPaBUiIa HACIEOBAHUS:

e uyH(pOpPMAIIMOHHBIC TOJS U METOAbl POJUTEIILCKOTO THIIA HACIETYIOTCS
BCEMH €r0 TUIIAMHU-TIOTOMKAMH HE3aBUCUMO OT YHUCJIA TTPOMEKYTOYHBIX
YPOBHEMN UEPaAPXUU;

® JIOCTYII K IIOJIIM M METOJaM POJUTENILCKUX TUIIOB B pAMKax OMUCAHUS
JHOOBIX TUITOB-TIOTOMKOB BBITIOJTHSIETCS TaK, KaK Oy/ATO ObI OHU OMUCAHBI

B CAMOM THIIE-TIOTOMKE;
¢ HM B OJHOM U3 THUIOB-IIOTOMKOB HE MOIYT HCHOJIB30BAThCS
UAeHTUUKATOPBI TIOJIEH, COBIMAMAIONINE C HUJCHTU(DHUKATOpaMH TOJIeH



KaKOro-In00 M3 POIUTEIBLCKUX THUIOB. DTO MPABUIO OTHOCHUTCS U K
uneHTuGUKaTopaM (popMaIbHBIX ApaMETPOB, YKa3aHHBIX B 3ar0JIOBKAaX
METO/OB;

® THUI-IIOTOMOK MOXET JIOOMPEACIIUTh MTPOU3BOJIBHOE YUCIO COOCTBEHHBIX
METOJ/IOB U MH(POPMAITMOHHBIX TIOJICH;

e 1000€ HM3MEHEHHE TEKCTa B POJUTEIBCKOM METOJIe aBTOMAaTHYECKHU
OKa3bIBACT BJIMSIHUE HA BCE€ METOJbI MOPOXKICHHBIX THUIIOB-IIOTOMKOB,
KOTOPBIE €T0 BbI3BIBAIOT;

® B TIPOTUBOIOJIOKHOCTh WH(POPMAIMOHHBIM TOJISIM HACHTU(DUKATOPHI
METOJIOB B THIIAX-MIOTOMKAaxX MOTYT COBNAJaTh ¢ UMEHAMH METOJIOB B
poauTenbCKkux thnax. [Ipy 3ToM OAHOMMEHHBIA METOJ B THUIIE-TIOTOMKE
MOJABJISIET OJHOMMEHHBIM €My POIUTEIIbCKHM, W B pPaMKax THIIA-
MOTOMKAa TpPH YKa3aHUM HMMEHHU TaKoro MeToja OYyAeT BbI3bIBATHCS
MMEHHO METOJ TUIIA-TIOTOMKA, & HE POJIUTEIbCKHM.

Bb130B HaciemyemMbIXx METOJIOB OCYUIECTBIISIETCS COTJIACHO CJICAYIOIIUM

MIPUHITUIIAM:

® IIPH BBI30BE METOJIA KOMITWISATOP CHA4dalia UIIET METOJ, UM KOTOPOIO
OIPEEICHO BHYTPH THIIA OOBEKTA;

® ¢Clu B TUIE O0OBEKTa HE OMPENEJICH METOJ C YKa3aHHBIM B OINEpaTope
BBI30BA UMEHEM, TO KOMIWJISATOP B MOMCKAX METOJA C TAKUM HUMEHEM
MOJHUMAETCS BBIIIE K HEMMOCPEICTBEHHOMY POJAUTEIBCKOMY THILY;

® CCJIM HACJEIyEeMbId METOJ HAWJIEH U €T0 aJIpeC MOACTABJIEH, TO CICIYET
MIOMHUTh, YTO BBI3BIBAEMBIH MeTOJ OyaeT paborath Tak, KaKk OH
ONPEJICJIEH U KOMITHJIMPOBAH JUJIsI POAUTEIILCKOTO THIA, & HE JIJISI THUIMA-
oToMKa. Eciuy 3TOT HacieayeMblil pOJIMTEIbCKUN THIT BBI3BIBAET €LIE U
JIpyru€ METOAbl, TO BBI3BIBATHCS OYAYT TOJIBKO POAUTEIBCKUE WU
BBIIIEIICKAIIME METO/Ibl, TAK KaK BBI30BbI METOJIOB M3 HIKEIICKAIIUX 110
MEpPAPXUH TUIIOB HE JIOMTYCKAIOTCS.

Hoaumopdpuzm. Kak ormeyanoch Bbiiie, noauMoppusm (MHOrooOpasue)
MPEIIOIaraeT OMNPENCICHUE KIacca WM HECKOJbKHX KJIAaCCOB METOJOB A
POJICTBEHHBIX OOBEKTHBIX THUIIOB TaK, YTO KaXJIOMYy KJIacCy OTBOJHUTCSI CBOS
byHKIIMOHAIBHAS POJb. METOJbl OJHOrO Kilacca OOBIYHO HAICIAIOTCS OOIIUM
HMECHEM.

[Iycth  uMeeTcs  pOAMTENBCKUN  OOBEKTHBIA  THUI  «BBITYKJIBIH
YETHIPEXYTOJbHUKY» (MOJIsI TUIA «KOOPJUHATHI BEPIIWH, 33JJaHHbIC B MOPSIAKE UX
00x0/a») 1 THIIBI, UM TTOPO’KJICHHBIC: MapaJljIeIorpaMmM, poMO, KBaIpat

JIiist ykazaHHbIX PUTYp HEOOXOAMMO CO3AaTh METOABl «BHIYMCIICHHE YTIIOBY
(B rpamycax), «BBIUHUCICHHE [AHArOHANICW», «BBIYUCICHUE JUIMH CTOPOHY,
«BBIYUCIICHUE TIEPUMETPA», «BBIYUCICHUE TIIIOIAIN.

Type
BaseType=Double;

FourAngle=Object x1,y1,x2,y2,x3,y3,x4,y4,A,B,C,D,D1,D2,Alpha,Beta, Gamma,Delta;

P,S: BaseType;

Procedure Init;

Procedure Storony;



Procedure Diagonali;
Procedure Angles;
Procedure Perimetr;
Procedure Ploshad;
Procedure PrintElements;
End;
Parall=0bject(FourAngie)
Procedure Storony;
Procedure Perimetr;
Procedure Ploshad;

End;
Romb=0bject(Parall)
Procedure Storony;
Procedure Perimetr;

End;
Kvadrat=0bject(Romb)
Procedure Angles;
Procedure Ploshad;

End;

Procedure FourAngie.Init;

Begin
Write (‘Bseoume koopounamol eepuiun 3a0aHHO20 Yemblpexy20ibHuKa:');

Readln(x1, y1, x2, y2, x3, y3, x4, y4);

End;
Procedure FourAngie.Storony;

Begin A:=Sqrt(Sqr(x2-x1)+Sqr(y2-yl));
B:=Sqrt(Sqr(x3-x2)+Sqgr(y3-y2));
C:=Sqrt(Sqr(x4-x3)+Sqr(y4-y3));
D:=Sqrt(Sqr(x4-x1)+Sqr(y4-yl));

End;

Procedure FourAngle.Diagonali;

Begin
DI:=Sqrt(Sqr(x1-x3)+Sqr(yl-y3));
D2:=Sqrt(Sqr(x2-x4)+Sqr(y2-y4));

End;

Procedure FourAngle.Angles;
Function Ugol(Aa,Bb,Cc: BaseType): BaseType;

Var
VspCos, VspSin: BaseType;

Begin
VspCos:=(Sqr(Aa)+Sqgr(Bb)-Sqr(Cc))/(2*Aa*Bb);
VspSin:=Sqrt(1-Sqr(VspCos));

If Abs(VspCos)=>le-7
Then Ugol:=(ArcTan(VspSin/VspCos) +Pi*Ord(VspCos<0))/Pi*180
Else Ugol:=90
End;
Begin

Alpha:=Ugol(D,A,D2);

Beta:=Ugol(A,B,DI);

Gamma:=Ugol(B,C,D2);

Delta: =Ugol (C,D, DI);

End;



Procedure FourAngle.Perimetr;
Begin P:=A+B+C+D End;
Procedure FourAngle.Ploshad;
Var Peri, Per2: BaseType;
Begin
Perl:=(A+D+D2)/2;
Per2:=(B+C+D1)/2;
S:=Sqrt(Perl*(Perl-A)*(Perl-D)*(Perl-D2))+Sqrt(Per2*(Per2-B)*(Per2-C)*(Per2-
DI))
End;

Procedure FourAngle.PrintElements;

Begin
WriteLn('Cmoponwi:',A:10:6,B:10:6,C:10:6,D:10:6);
WriteLn(* Verwi:',Alpha:10:4,Beta:10:4,Gamma:10:4,Delta:10:4);
WriteLn("Ilepumemp:' P:10:6, TInowaos."S:10:6);
WriteLn(’Juaconanu:', D1:10:6,D02:10:6)

End;

Procedure Parall.Storony;

Begin
A:=Sgrt(Sqr(x2-x1)+Sqr(y2-yl));
B:=Sqrt(Sqr(x3-x2)+Sqr(y3-y2)) ;
C:=A; D:=B

End;

Procedure Parall.Perimetr;

Begin
P:=2*(A+B)

End;

Procedure Parall.Ploshad;

Var Per: BaseType;

Begin
Per:=(A+D+D2)/2;
S:=2*Sqrt(Per*(Per-A)*(Per-D)*(Per-D2))

End ;

Procedure Romb.Storony;

Begin
A:=Sqrt(Sqr(x2-x)+Sqr(y2-yl));
B:=A; C:=A; D:=A

End;

Procedure Romb.Perimetr ;

Begin
P:=2*A

End;

Procedure Kvadrat.Angles;

Begin
Alpha:=90; Beta:=90; Gamma:=90; Delta:=90;

End;

Procedure Kvadrat.Ploshad;

Begin
S:=Sqr(A)

End;

{Ocnosnas npoecpamma;

Var obj: Kvadrat;



Begin

obj.Init;
obj.Storony;
obj.Diagonali;
obj.Angles;
obj.Perimetr;
obj.Ploshad;
obj.PrintElements
End.

Taxum 0Opa3om, BEIYHCIEHIUE COOTBETCTBYIOIIETO AJIEMEHTa B (pUType, eclu
3TO JACWCTBHE IO CPaBHEHUIO C JIPYTHUMH SBIISCTCS YHUKAIBHBIM, MTPOU3BOIUTCS
oOpaleHueM K CBOEMY METOY.

OOBEKTHO-OPUCHTHPOBAHHBIN  MOAXOJ  aKTUBHO  TMPUMEHSETCS  IPH
paspaboTke rpadudecKkux WHTEP(]EHCOB: OKOIIKU, KHOMKHU, TEKCTOBbIC HAIIIHCH,
4eKOOKCHI U Jpyrue rpaduueckue aneMeHTsl uuTepdeiica (graphical user interface
controls) - Bcé 3TO0 OOBEKTHI, BIOXKEHHBIC IPYT B Jpyra M IMOCBLIAIOIIUE APYT
npyry cooOmieHusi. Hampumep, Korja TIJIaBHOE OKHO TMOJy4YaeT COOOIeHre
3aKPBITHCS, OHO JIOJDKHO OTHPABUTh AHAJIOTHYHBIC COOOIIECHUS BCEM CBOUM
JIOYEPHUM OKHaM (0OBEKTaM).

Kpome Toro, 00beKTHO-OpHEHTHPOBAHHBIN MMOIX0]] €CTECTBEHHBIM 00pa3oM
WCITOJIB3YETCSl TIPU TPOTPAMMHPOBAHUN CIIOKHBIX CTPYKTYp HaHHBIX. OOBEKT,
COOTBETCTBYIOIIUNA CTPYKTYpPE MAaHHBIX, HHKATICYJIUPYET B ceO€ BCE JTaHHBIC ITOU
CTPYKTYpPBl a TaKke BCIO (PYHKIIMOHAIBHOCTH CBS3aHHYIO C H3BJIICUCHHUEM U
MOAU(pUKAIIUEH JTaHHBIX.

2.6.3. loctouncrBa OOII

Ot nmoboro MeroAa MPOrpaMMUPOBAHUS MBI JKJIEM, YTO OH MTOMOKET HaM B
pemieHny Hamux TpoOsiemM. Ho oaHON M3 cambIX 3HAYMTEIBHBIX MPOOJEM B
MPOTPAMMHUPOBAHHUH SBIISIETCS CIIOKHOCTh. UeM OoJibllie U CIIOKHEE MporpaMma,
TEM Ba)XXHEE CTAHOBUTCS pa3OUTh €€ Ha HEOOJbIINE, YeTKO OYEPUYEHHBIC YaCTH.
Ut00BI TOOOPOTH CIOKHOCTh, MBI JOJIKHBI a0CTParupoBaThCA OT MEJTKUX JETaIeH.
B stom cmbiciie OOII mpeacTasisitor coOoit BecbMa yA0OHBIN HHCTPYMEHT.

e Kiaccel TO3BOJNSIOT  MPOBOAWTH KOHCTPYMPOBAHWE W3  TOJIE3HBIX
KOMITOHEHT, O0JaJafoIuX TPOCTHIMH  HMHCTPYMEHTAMH, YTO  JAeT
BO3MOKHOCTh a0CTparupoBaThCs OT AeTallel pean3aluu.

e JlanHbie U omeparyy BMecTe 00pa3yIoT ONMPEETICHHYIO CYIIIHOCTh U OHHU HE
«pa3MasbIBAIOTCS 0 BCEW MporpamMme, Kak 3TO HEPEIKO OBIBACT B Cirydae
MPOILIETYPHOTO MIPOTPaMMHUPOBAHMUSI.

o Jlokanu3amus Koda W JAaHHBIX YIy4IlaeT HAIJBIIHOCTh M YA0OCTBO
COIPOBOXKICHUSI IIPOTPAMMHOT'O 00ECTICUCHHUSI.

e Mukancynsauus nHGOpMAIMK 3alUINACT HanOoJiee KPUTHYHBIC JTaHHBIE OT
HECaHKIIMOHUPOBAHHOTO JOCTYTIA.

OOII nmaer BO3MOXKHOCTH CO37aBaTh paclIupsieMbie CUCTEMBI (extensible
systems). 9T0O OJIHO U3 cambIX 3HAYUTENbHBIX TOCTOMHCTB OOIIl 1 MMEHHO OHO



OTJIMYAEeT JAHHBIA MOAXOA OT TPAAUIMOHHBIX METOJIOB MPOrpaMMHUPOBAHMUS.
Pacmupsiemocts (extensibility) o3HadaeT, 4TO CYIIECTBYIOIIYIO CHCTEMY MOXKHO
3aCTaBUTh pabOTaTh C HOBBIMH KOMIIOHEHTaMH, IpuyeM Oe3 BHECEHHS B Hee
KaKuX-M00 u3MeHeHuil. KoMIOHEeHThI MOryT OBbITh [100aBJIEHBI Ha JTane
BBITIOJTHEHMS.

Pacmmpenue tuma (type extension) W BBITEKAIOIINK W3 HETO TOJIUMOPPUIM
NEPEMEHHBIX OKa3bIBAIOTCS TOJIE3HBIMUA TMPEUMYIIECTBEHHO B  CJIEIYIOIINX
CUTYaIIHsIX.

e (OO6paboTKa pa3HOPOJHBIX CTPYKTYp NaHHbIX. [Iporpammbl MOryT paboTaTh,
HE YTpyXkJas ce0si u3ydeHueMm Buja oObeKkToB. HoBbie BUABI MOTYT OBITh
n00aBJICHBI B JIIOOO MOMEHT.

e li3MeHeHue noBeneHUsI BO BpeMs BbIMoIHEHUs. Ha sTamne BhIMoTHeHUs OAUH
OOBEKT MOXKET OBITh 3aMEHEH JIPYTUM. DTO MOXKET MPHUBECTH K U3MEHEHUIO
aJITOPUTMA, B KOTOPOM HCIIONB3yETCs JaHHBIA OOBEKT.

e Peanuzaius poJoBbIX KOMIIOHEHT. AJITOPUTMBI MOXHO 00001IaTh A0 TaKOU
CTEIIEHHU, YTO OHHM YK€ CMOryT paborarb Oojee, 4eM C OJHHUM BHUIOM
OOBEKTOB.

e JloBenenue nonydadprkaroB. KOMIOHEHTHI HET HAIOOHOCTH MOJICTPaUBaTh
MoJ, ONpPEACIICHHOE TpHiIoKeHne. X MOXXHO coxpaHsTb B OUOIMOTEKE B
Busie mnonydadpukaroB (semifinished products) u pacmupsaTe mo mepe
HEOOXOMMOCTH /IO PAa3UYHBIX 3aKOHUYEHHBIX TMPOIYKTOB.

e Pacmmpenue kapkaca. HezaBucumble OT NPUIOKEHHUS YacTH MPEIMETHOU
o0nacTu MOTryT OBITh peai30BaHbl B BHUJE Kapkaca U B JajJbHEHIIEM
paciiypeHsl 3a c4eT 00aBlieHUs] yacTel, creun(UuyHbIX i1 KOHKPETHOTO
MPUIIOKEHUS.

MHoOropazoBoro MCrnoiab30BaHUs MPOrPaMMHOI0 00ECIIEUeHHsI Ha MPAKTHKE
NOOUTBhCS HE yJAeTcsi M3-3a TOTO, YTO CYIIECTBYIOLIME KOMIIOHEHTBI YXE He
OTBe4aroT HOBbIM TpeboBanusiM. OOII momoraer 3Toro J10CTUYb 0€3 HApPYIICHHS
paboThl yKe MMEIOIIUXCS KIMEHTOB, YTO MO3BOJISIET HAM W3BJIEYh MAKCUMYM H3
MHOTOPa30BOT0 UCTIOIH30BAHUS KOMIIOHEHT.

e Mhl cokpairaeM Bpemsi Ha pa3pabOTKy, KOTOPOE C BBITOJI0M MOXKET ObITh
OTJAHO JAPYTUM MPOEKTAM.

e KOMNOHEHTH MHOIOpa3oBOr0 MCHOJIb30BaHUS OOBIYHO COJEpKaT ropaszio
MEHbIIIE OIIMOOK, YeM BHOBBH pa3pabOTaHHbIC, BEJb OHU YK€ HE pa3
M0JIBEPTAJIUCH MPOBEPKE.

e Korma Hekas KOMIOHEHTa MCTOJB3YeTCS Cpa3y HECKOJIbKHMH KIIMEHTaMH,
TO YIydYIlIEHWs, BHOCHMBIE B €€ KOJ, OJHOBPEMEHHO OKAa3bIBAIOT CBOE
MIOJIOKUTEHHOE BIMSIHIE U HA MHOXKECTBO PabOTAIOIIMX C HEW MPOTPaMM.

e Ecnu mnporpamMma omnupaercs Ha CTaHAapTHbIE KOMIIOHEHTBI, TO €€
CTpYKTypa W  TIONb30BaTeNbCKUil  uHTEepdelic  cTaHoBsATCA  Oonee
YHU(PHUIMPOBAHHBIMU, YTO OOJieryaeT €€ MNOHMMAaHHWE U YIpPOIIaeT ee
UCIIOJIb30BaHUE.



2.6.4. Henocratku OOI1

OOBEeKTHO-OPUEHTUPOBAHHOE MTPOTPAMMUPOBAHNUE TPEOYET 3HAHUS YEThIPEX
BEILIEH.

1. Heobxomumo moHUMaTh 0a30Bble KOHIICMIIMH, TaKHE€ KaK KIIACCHI,
HACJIEIOBAHKUE U IMHAMHUYECKOE CBs3bIBaHME. J1Jisi IPOrpaMMUCTOB, yiKe
3HAKOMBIX C TIOHSTHEM MOMAYJS U ¢ a0CTPAKTHBIMU TUITAMH JaHHBIX, 3TO
noTpedyer MHUHUMAJIbHBIX ycunud. [l Tex ke, KTO HHUKOIJa He
WCITIOJIb30BaJl MHKAICYJIAIMNIO JaHHBIX, 3TO MOXKET O3Ha4yaTh U3MEHEHUs
MHUPOBO33pEHUSI W MOXET OTHSATh Ha U3YYEHUE 3HAYUTEIBHOE
KOJIMYECTBO BPEMEHHU.

2. MHoropa3oBoe  HUCHOJb30BaHUE  TpeOyeT  OT  MOpOrpaMMUCTa
MO3HAKOMUTHCS C OOJBIIMMHU OHOJMOTEKAMU KIIACCOB. A 3TO MOMKET
OKa3aTbCsl  CIOXHEE, YeM JaKe H3yYeHHEe  HOBOrO  SI3bIKa
nporpaMmMupoBanus. bubnroreka kiaaccoB (PaKTHUECKH MPEACTABISIET
co00il BUPTyalbHBIA S3bIK, KOTOPBI MOXXET BKJIIOYAaThb B CEOSl COTHU
TUIIOB U ThICSYM oneparuii. B s3p1ike Smalltalk, k mpumepy, 10 Toro, kak
NepeTH K MPaKTUYECKOMY MPOrPpaMMHUPOBAHUIO, HYXHO HW3YYUTh
3HAYUTEIBHYIO YacTh €ro OHMOJIMOTEKH KJIaccoB. A 3TO TOXe Tpelyer
BPEMEHH.

3. IlpoekTupoBaHue KJaccoB - 3ajadya Kynaa OoJiee CJIOXHas, 4eM HX
ucrosibzoBanue. lIpoekTpoBaHne Kiacca, Kak W IPOEKTHPOBAHUE
A3blKa, TpeOyeT OOJBIIOro OmbITa. JTO HMTEPATUBHBIA NpOLECC, I
IPUXOJIUTCS YUUTHCS HA CBOUX YK€ OLIMOKAaX.

4. OueHb TPYJHO U3Yy4YaTh KJIACCHI, HE UMES BO3MOKHOCTH UX «IOIILYIATh.
TosbkO ¢ MPUOOPETEHMEM HEKOTOPOIrO OIbITa MOXHO YBEPEHHO ceOs
MO4YyBCTBOBATH NpHU padote ¢ ucnoaszoBanrem OOIT.

Kak mbl Bugenu, ycuinus Ha OCBOEHUE 0a30BbIX KOHLIEMILIMA HEBETUKH, HO

BOT B cllydyae OMOJIMOTEK KJIACCOB M HUX MCIOJB30BAHUS OHU MOTYT OBITh OYEHB
CYILLECTBEHHBIMHU.

[TockonbKy JeTanu peanu3alldd  KJIacCOB OOBIYHO HEW3BECTHBI, TO
IPOrpaMMUCTY, €CJIM OH XO4YeT pa3o0parbcs B TOM WJIM MHOM KJIACCE, HYKHO
ONMMpPaTbCAd Ha JAOKYMEHTALMIO M HA HCIOJIb3yeMble MMeEHa. M Bpems, KOTOpoe
OBLIO COIKOHOMJICHO Ha TOM, YTO YJAJOCh OOOMTHCH Oe3 HamucaHusi COOCTBEHHOTO
KJ1acca, JTIOJDKHO OBITh OTYACTH MOTpayeHO (OCOOEHHO BHauaje OCBOEHHs) Ha TO,
9TOOBI pa300paThCs B CYIMIECTBYIOMIEM KJIacce.

B croxHBIX HepapXusx KJIAcCOB IMOJSI U METOJbl OOBIYHO HACIEAYIOTCS C
pa3HbIX ypoBHeW. W He Bcerga Jerko ONpPENeNuTh, KaKUe TOJII U METO[bI
(bakTHUeCcKH OTHOCATCS K JaHHOMY kiaccy. s mosydyeHus: Takoi uHGoOpMaiuu
HY)KHbl ~CIIEIMAJIbHBIE WHCTPYMEHTBHl BpOJE HABUraTopoB KkiaccoB. Ecmu
KOHKPETHBIN KJIaCC PacUIupsieTCs, TO KaKIbId METOJ OOBIYHO COKPAIAIOT Mepe.
nepeaadeit coodbieHus: 6a3oBomy kiaccy. Peanuzanus onepaiuu, TakuM o0pazoM,
paccpenoTOuMBaeTCsl MO HECKOJBKUM KjaccaM, W 4YTOObl TOHSTh, Kak OHa
paboTtaer, HaM IPUXOAUTCS BHUMATEIBHO MPOCMATPUBATh BECH KOJI.



Metobl, KaK MpaBUI0, KOpoUe MPOIEAYP, MOCKOJbKY OHU OCYIIECTBIISIOT
TOJIBKO OJTHY OTIepaIiio HaJl JAaHHBIMU. 3aTO KOJUYECTBO METOJOB HAMHOTO BBIIIIC.
KopoTkue MeToibl 001a1af0T TEM MPEUMYIIIECTBOM, YTO B HUX Jierde pa3onupaThCs,
HEYIOOCTBO K€ MX CBS3aHO C TEM, YTO KOJ I 0OpaObOTKH COOOIIEHUsS WHOTIA
«pa3mazaH» 10 MHOTHM MaJICHBKUM METOaM.

AOGCTpakIys JaHHBIX OTPAaHUYUBAET THOKOCTh KIMEHTOB. KIMEHTHI MOTYT
JIUIITH BBITIOJIHATH T€ ONEPAIK, KOTOPHIE MPEAOCTABIIICT MM TOT WJIM WHOM KJtacc.
OHu yXe JHIIeHb HEOTPaHWYEHHOI'O JOCTyna K JaHHbIM. [IpuuumHBl 31€CHh
aHAJIOTUYHBI TE€M, YTO BBI3BAJM K JKHU3HU HCIOJB30BAHHE BBICOKOYPOBHEBBIX
S3bIKOB  IIPOTPAMMHMPOBAHHUS, a HMMEHHO, 4YTOObI H30€XaTh HEMOHSITHBIX
MPOTPAMMHBIX CTPYKTYP.

AOcTpakiuell JaHHBIX HE CIEAYyeT 3JI0ynoTpeOsaTh. Yem OojbIle TaHHBIX
CKPBITO B HEJpax Kjacca, TeM CJIOXKHEE ero pacmupsaTh. OTIpaBHOM TOYKOM 3/1€Ch
JOJDKHO OBITh HE TO, YTO KJIMEHTAM HE pa3peniaeTcss 3HAaTh O TEX WM HHBIX
JAHHBIX, @ TO, YTO KJIWUEHTaM /i1 paboOThl ¢ KJIAcCOM JTHX JaHHBIX 3HATH HE
TpedyeTcs.

OnHO U3 BO3MOXKHBIX PEIICHUN - CTPOUTH 0A30BBIN KJIaCC ¢ MUHUMAJIbHBIM
YUCJIOM METOJIOB, a 3aT€M YK€ PEaIM30BBIBATh PA3IMYHBIC PACIIUPEHHUS ITOTO
KJIacca, KOTOPBIC TIO3BOJIAT HAPACTUTH (DYHKIIMOHATBHOCTD.

Jpyroii moaxon - maTh BO3MOXXKHOCTH KOMIIOHOBINUKY YIQISATh JIUITHHUE
MeTonbpl. Takwe WHTEICKTyaJdbHble KOMIIOHOBIIUKH YK€ JOCTYIIHBI IS
Pa3IMYHBIX S3BIKOB W ONEPAIMOHHBIX CHCTEM. TakuM 00pa3oMm, HEIb3s
yTrBepxkath, 4To OOII BooOIIE HEIPPEKTUBHO.

Ecou  kmaccel UCHONB3ylOTCS JUIIL  TaMm, TJA€ 3TO JICHCTBUTEIIBHO
HEO0OXO0MMO, TO MOTepss d(PGHEKTUBHOCTH M Ha dTalle BBHIOJHEHUS U B CMBICIIE
MaMsTH CBOJIUTCS NMPAKTUICCKH HA HET.

2.6.5. Byaymee OOII

BookuBeT 11 00bEKTHO-OPUEHTUPOBAHHOE MPOTPAMMHUPOBAHUE, UK OHO
JMIIb MOJHOE TIOBETPUE, KOTOPOE CKOPO UCUYEZHET?

Knaccel Hamum cBoe MecTO B OOJBIIMHCTBE COBPEMEHHBIX SI3BIKOB
nporpaMMupoBanus. OHO JIMIIb 3TO TOBOPUT O TOM, YTO UM CYXAEHO OCTaThCS.
Knaccet B camom Onmkaiiiiem OyaylieM BOMAYT B CTaHIAPTHBIM HaOop
KOHIEMNIUHN Ui Ka)KAOro MpOrpaMMHUCTa, TOYHO TakK K€, KaK MHOTHE CETOJHs
OPUMEHSIOT IUHAMUYECKUE CTPYKTYpHI TaHHBIX U PEKYpPCHIO, KOTOPbIE JBAIATh
JeT HazaJ ObUIM TaKkKe B AUKOBUHKY. B TO ke Bpems Ki1acchl — 3TO MPOCTO €Iie
OJIHAa HOBas KOHCTPYKIUS HapsALy ¢ ocTalbHbIMU. Ham HY>XHO y3HAaTh, AJi KaKHX
CUTyalluii OHHM TOIXOJAT, W TOJBKO 37eCh MBI M OyIeM WX HCIHOJIb30BaTh.
[TpaBmiibHO BBIOpAaTh MHCTPYMEHT I KOHKPETHOW 3a7aud — 00sA3aTeNIbHO IS
Ka)JI0T0 MacTepOBOI0 U B elle 0OJbIleli CTeNeH! AJIs KaXI0ro HHKEHepa.

OOII BBepraer MHOrux B cocrosiHue sidopuun. Ilectpsimas Tyt u Tam
pekIamMa CyJIUT HaM HEBEpOSTHBIC BEIIM, M JaK€ HEKOTOpHIE HCCIEIO0BATENH,
HoX0Xe, CKIOHHBI paccmarpuBaTh OOII kak maHarero, CocoOHYIO PEeIIuTh BCE



npobJieMbl pa3paboTku mporpaMMmHoro obecrnedeHus. Co BpeMeHeM 3Ta sidopus
MOCTETNIEHHO yisbkeTcs. VM mocne mepuona pazodapoBaHHs JIOAH, OBITH MOXET,
nepectanyT yxe roBoputh 00 OOII, TOUHO TakXe KaK CeroAHsl BPsi JIM OT KOTO
MOXHO YCIBIINIATh O CTPYKTYpHOM TMporpammupoBanuu. Ho kmaccel OyayT
UCIIONb30BaTh KaK HEYTO caMO COOOM pasymeromieecsi, U Mbl CMOXKEM, HAaKOHEII,
MOHSATH, YTO OHHU COOOM MPEACTABIISIIOT: MPOCTO KOMIIOHEHTBI, KOTOPBIE TTIOMOTAIOT
CTPOUTH MOAYJIBHOE U PACIIMPsEMOE MPOrPAMMHOE 0OeCTIICUeHHE.
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