B. B. BoesoauH, Bn. B. BoesoguH

lapanaenshbie
BbIYHCABHH

PexomeHnosaHo MuHucTepcTBOM 06pasoBaHus Poccurickor Penepaiim
B Ka4ecTBe y4e6HOro nocobust Ansi CTYAEHTOB BbICLLIMX YH4EOHbBIX 3aBEAeHN,
obyyaioLmxcs no HanpasneHwnio 510200 "TpuknaaHas marematka v HgpopmMmatvka'™

CaHkT-lMNeTepbypr
«BXB-MeTepbypr»
2002



YIK 681.3.06+519.68
bBbK 32.973
B63

Boepomun B. B., Boesonun Bi. B.
B63 ITapanenbhble BuiurcneHuss. — CI16.: BXB-Ilerepoypr, 2002. — 608 c.: un.

ISBN 5-94157-160-7

KHuTa U3BeCTHBIX POCCUICKUX YYSHBIX TTOCBSIIEHa 0OCYKIEHUIO KITIOUEBBIX TTPO-
OseM COBpPEMEHHBIX MapajieNbHbIX BblunciaeHui. C equHbIX MO3MLIMI paccMarpuBa-
IOTCST apXUTEKTYpPhl TapajlieIbHbIX BBIUMCIUTEIbHBIX CHUCTEM, TEXHOJOTMU mMapaj-
JIEIBHOTO TIPOTPaMMMPOBAHUSI, YHMCJIEHHbIE METOIbl pelleHust 3agady. Bwmecte co
CTPOTUM OTIMCAHWEM OCHOBHBIX TIOJIOKEHWI TeOpUU WH(MOPMAIIMOHHON CTPYKTYpPbI
MPOTPaMM U aJITOPUTMOB, KHUTA COAEPXKUT OOTaThlil CIIpaBOYHbBINA MaTepuas, He0OXO-
OUMBII UIST opraHu3aiuy 3(PGEeKTUBHOTO pellieHrsT OOIBIINX 3a1ad Ha KOMIThbIOTEpax
C napajjieJIbHOM apXUTEeKTypO.

st HayuHbIX pabOmMHUK08, UHXMCEHepO8, npenodasameneli, ACRUPAHMOB
U CMYOeHmMOo8 ecmecmeeHHOHAYMHbIX CHeylalbHOCHell

VK 681.3.06+519.68
bbK 32.973

I'pynmna moaroToBKH M3AAHUA:

['naBHBIi penakTop Examepuna Kondykosa
3aM. mIaBHOTO pemakTopa Anamoauti Adamenko
3aB. penakuuei Anna Kyssmuna
PenaxTop Ilemp Haymenko
KommnbloTepHast BepcTka Hamansu Cmuprosoti
KoppexTop Hamanusa Iepuwakosa
JuzaitH 0610XK1 Heopsa Lvipyasrurosa
3aB. IIPOU3BOACTBOM Hukonaii Teepckux

Nuuenaua U, Ne 02429 ot 24.07.00. Mognucaxo B neuyatb 23.09.02.
®Dopmar 70x100'"6. Meuartsb odhceTHas. Ycn. neu. n. 49,02.
Tupax 3000 3k3. 3aka3s No
"BXB-lMeTepbypr", 198005, CaHkT-lNetepbypr, Uamaiinosckuii np., 29.

lvurnennyeckoe saknioueHne Ha npoaykuuio, Toap Ne 77.99.02.953./].001537.03.02
ot 13.03.2002 r. BeigaHo [enaptamentoMm FCOH MuHagpaea Poccun.

OTnevataHo C roTOBbIX AUAMNO3UTUBOB
B AKagemMuyeckoii Tunorpacum "Hayka" PAH
199034, CaHkTt-lNeTepbypr, 9 nuHus, 12.

ISBN 5-94157-160-7 © Boesoaun B. B., Boeomun Bi. B., 2002
© Odopmienne, nsgareascrso "BXB-IlerepOypr”, 2002



CopepxaHune

TIPEIHICITOBHE .......co.eeuerenereneraneeesteeseensencenssanssnssrnsssnsesnssnsssesssesssnsssnssenssnsssnnssnssnnsss 1
MHoOro 1 Hajgo 3HaTb O MAPAICAbHBIX BHIYUCICHUSIX? ..ovvveeeeeeeeeeeeeeeeeeveeeaeenn. 1

YACTE 1. IIAPAJUIETBHBIE BEIYACTUTEIBHBIE CUCTEMBI .....ccuverenneceearercaneeeee 11

I'naga 1. YTo CKpHIBAIOT "0OBIKHOBEHHBIE" KOMIBIOTEDD ..vvverererrrescrsrcscsassssescssseses 13

§ 1.1. HeMHOro 00 YCTPOMCTBE KOMITBIOTEPA ....vvvveeenerreeeeenreeeeenreeeeareeeesennneeesnnneeens 14
[Mpencrasnenue nHopmanuu. OBIEe YCTPOMRCTBO KOMITbloTepa. Onepaly U OmepaH-
nbl. Komanabl. Ynpasnenue. ApudmeTuko-iornyeckoe ycrpoiictso. [Tamste. Yerpoiict-
BO BBOIa/BBIBOMA. LIeHTpalIbHBII Tpolieccop. Bompock! 1 3agaHusl.

§ 1.2. OMCPALMU C YMCIIAMU -..neeeeneiaeaeieeeieeaieaeecaeae e eameeeaeeeaaneaeneeeamseeaaeeaasceeaneen 19
JIBonuHoe mpeacTaBieHue uucenl. Paspsmbl. DuxkcupoBaHHAsS U IUIABAIOLIAS 3allsTasl.
OxkpyrneHue uncen. Omunbka okpymieHus. CpaBHeHMe IpeacTaBicHuil yucen. Bompochbl
U 3aJaHUSL.

§ 1.3, VICpapXUsl IIAMSIT . ......veeieeeereeeeiiieeeeeeeeeeteee e e e enreeeenneeessanneeessnnneaesnneaens 25
Pazmiunble BUIObBI MMAMSITU. BpeMH JOCTyIa. BMpTyaanaH namsaTh. BausHue Ha BpEMs
pellieHust 3amaun. TpyaHOCTH paboThl ¢ MEAJICHHON MaMsIThlo. Bompockl u 3agaHusl.

§ 1.4. f3BIKM TTPOrPaAaMMHUPOBAHUS W TIPOTPAMMB ..eeeieeeeeiiiiireeeeeeeienereeeeeeeeennnneeeeess 31
SA3bIKu HU3KOTO U BbICOKOTO YpoBHSI. [IpobremHO-opueHTHpOBaHHBIE SI3BIKU. KOHTpOITH
s¢dexTuBHOCTH mporpaMM. KommnbloTepHasi 3aBUcUMOCTb. [lopTabebHOCTh MPOTPAMM.
Komnunsitopbl 1 3ddekTuBHOCTL nporpaMMm. HeoOxomuMocTh mpuBIeUeHUs] AOMOTHU-
TenbHOM nHbopManuu. Bompock! u 3aganust.

§ 1.5, VBKIUE MECTA..occcuiiiiieiiiee ettt e e e e e e essnnneeesnneaens 37
WmocTpatuBHasi MoAeidb KOMIbloTepa. [IMKoBas W peajbHasl MPOU3BOAUTEILHOCTD.
BzaumoneiicTBe OTACIBHBIX Y3JI0B KOMIIbIOTEpa. DddEKTUBHOCTh. Y3Kue MecTta. Bo-
MPOCHI ¥ 3aaHuUsl.

I'maBa 2. Kak moBpImAalT NPOA3BOAUTEIBHOCTD KOMIBIOTEPOB ....ccoeeerreerrensenncencennces 42

§ 2.1. YcmoxkHeHe W HapallluBaHWE AMMAPATHBIX CPEIMCTB «oooevereeeieiieeaieieeeaneeenns 43
VmMmenbiieHue pasmepoB. CkansipHasi, KOHBeliepHasi U napaienbHas oopadorka. Mepap-
XU MTaMSITHU. OHCpC)KalOHH/Iﬁ MIPOCMOTP KOMAHII. JloKajgbHOCTh BBEIYUCICHUN W UCIOb-
30BaHUs maHHBIX. [Ipumepsl. Bompockl u 3amaHust.

§ 2.2. IloBHIllIeHNe WHTEIEKTYATBHOCTHA YIIPABIEHUS KOMITBIOTEPOM .....ooeeneeeee.... 60
3akoH Mypa. Cneunpoueccopbl. Cynepckansipubie 1 VLIW-apxurextypol. KommyranmoH-
Hble cxeMbl. Tornonoruu cBsizeil mpoueccopoB. SMP-kommbiotepel. Apxutektypsl NUMA 1
ccNUMA. Pazsutue nporpammHoro obecrieueHust. [Ipumepnl. Bonpochb! 1 3amaHust.



v CopepxaHue

§ 2.3. CrctemMa PYHKITMOHATBHBIX YCTPOMCTB . .ccuuveeeueieaiieaaiieaaeiaeeeeaaneeaaneeaaseaanneens 78

ITpocTthie 1 KoHBeiepHble ycTpoiicTBa. CTOMMOCTb paboThl. 3arpy:KeHHOCThb. ITukoBast u
peaibHasi TPOU3BOAUTENBHOCTL. DhPEKTUBHOCTD. PasnmuuHble COOTHOIIEHUS. 3aKOHBI
Awmpana u I'ycraBcona—bapcuca. BzaumocBsizb 3akoHOB. Borpoch! 1 3amaHusl.

Tnasa 3. ApxuTeKTypa NapALIEIbHBIX BHIMHCTATENBHBIX CHCTEM .coeueneneromenercncaoncnene 94

§ 3.1. Knaccudukanus napaieJbHbIX KOMIIBIOTCPOB U CUCTEM .....ovvveeevrreeennnnnnnn. 96
Knaccudukanus @nunna, Xokuu, Denra, Xenmrepa, [lnaiimepa, CxwuiMKopHa.
BszauMocBs3b knaccudukauuii. ApXUTEKTypa KOMIBIOTEPOB U CTPyKTypa 3azad. Bompo-
CBI U 3aaHusI.

§ 3.2. BeKTOPHO-KOHBEHEPHBIE KOMITBIOTEDBI -....ceeeeeeieeeieiieeaieieeeaneeeeaanneeeeaaneeeens 114

JleranbHoe paccmoTpeHue kommbiotepa Cray C90. CrpyKTypa ONepaTMBHOW IaMSITH.
PerucrpoBast ctpykrypa. PyHKIIMOHATbHEIE YCTpoiicTBa. [TnKoBast 1 peajgbHasl TPOU3BO-
IUTETbHOCTh. BOmpocs! ¥ 3amaHusl.

§ 3.3. IlapaicabHble KOMIIBIOTEPhL ¢ OOLICH HAMSTDIO ....veeeeeevveeeeereeeeenreeeeenennens 134
[etanbHoe paccMotpeHue kommbiotepa HP Superdome. flueiika kommnbroTepa. JlokanbHbie
u ynaneHHbie siueiiku. ITpoueccop PA-8700. Pabora ¢ namsiteio. Borpochbl u 3amaHust.

§ 3.4. BoluncauTeabHbIe CUCTEMbBI ¢ PACIPEACACHHON MAMSITBIO......vveeeeevveeeeeenen. 142
[MeranpHoe paccmotrpeHue kommblotepoB Cray T3D/T3E. VYmpamnsomme U BBIYUCTH-
TenbHble y3nbl. [IpoueccopHbiit ameMeHT. CereBoit nHTepdeiic. CeTeBoil MapiIpyTH3a-
top. KomMyHukaimorHast cetob. [Mamsith. KinactepHbie mpoekThl. Bormpockl 1 3amaHusl.

§ 3.5. Konuermust GRID ¥ METAKOMTITBIOTHHT .....cceieeeeiiiiiiieeeeeeeeenriieeeeeeeenenreeeaess 154

MeTtakoMIIbIOTEP KaK OrpoMHasi pacrpeneiieHHasi cuctemMa. OcoOeHHOCTH pacipenee-
HUS 3ama4 U nepegauu gJaHHbIX. Pasnuunbie npoektsl. Konuenuust GRID. [Mpo6nembl
nojbp3oBaresieii. Bonpocsl u 3agaHus.

§ 3.6. [IpoU3BOAUTENBLHOCTD MAPAICIBHBIX KOMIIBIOTEPOB. ......eceveeeveeeeeeeraenreennnns 162
CpaBHCHI/IC BBIYUCIUTENbHBIX cucTeM. [InkoBast MNPOU3BOIUTCIBHOCTL U (I)OpMaT JaH-
HbIX. BeruncianurenbHble 1 KOMMYHHUKAIIMOHHBIC sgApa. TecTbl. BOHpOCI)I W 3agaHusl.

YACTH II. ITAPAJUVIEJIBHOE IIPOTPAMMUPOBAHMUE .....cceeuvereereeeereceereecereeeeneeeee 179

I'naBa 4. Boapmue 32729 ¥ OAPAIIETBHBIE BBITHCTCHHS «..o.veveeerreesrensenncenacenasannss 181

§ 4.1. bonbiuye 330241 U GONBIINE KOMIIBIOTEPDBL ....vvveeeeerrreeeerrreeeereeeennreeeesnneeens 183
MOI[CJ'[I/IpOBaHI/IC KJINMATUUYECKON CUCTEMBI. OO0TekaHue JICTAaTCJIbHBIX aIIapaToB. Ma-
TEMATUYCCKUEC MOICIU U BBIYUCIUTCIIbHASI TEXHUKA. OI‘pOMHbIC O6'b€MbI BBIYUCJICHUN U
pasMEpLI MaMATH. BOHpOC])I " 3aJaHUs.

§ 4.2. I'pad anropuT™Ma M TAPATITETBHBIE BEIUMCTEHMS. .. .eeeeeeieeieeeneeeeeieeeeeaneeeenns 191
IMopsinok Bbrumncnenuii. I'pacd anropurma. IlapanienbHbie popMbl rpada. SApyc u Bbico-
Ta. IHBapHaHTHOCTh K OIIMOKaM OKpymieHus. I'pad anropurma u wHGOPMAILHOHHOE
saapo. ITapamerpusauus B rpade. Bonpockl u 3amaHusl.

§ 4.3. KoHilenuys HEOTPaHUYCHHOTO MAPATICTUBMA .....evvveeeenerreeeeeereeeennreeeesnnnens 198
[MapamnensHsle anroput™Mbl. [IpuHIUN caBauBaHus. [IpuMepsl alTOPpUTMOB MajiON BBI-
COTBI. Ol'paHI/I‘{CHHOCTb KOHUCITIUU. Hosblie AJITOPUTMbI — HOBBIC CBOJCTBA. prﬂHOCTH
B mpobiieMe mopTabeapbHOCTH. Bormpockr u 3amaHust.

§ 4.4. BHYTPEHHWM TTAPATITEITHBM ...neneieeainiieeaiieeeeaneteeaaeeeeeaaneeeeaaneeeeaanneeeeaaneeeeann 206
ITpenmyiiecTBa BHYyTpeHHero napamienusma. I[Ipumepsl. OOHapyKeHUE HOBBIX CBOICTB.
JIeXOMIIO3HIIKMS aJIrTOpuTMOB. Mcmonb3oBaHue MemIeHHON maMsti. CTpyKTypa ajropur-
MOB U mporpamm. Bompocer u 3amaHust.



CopepxaHue v

I'naBa 5. Texnojornn napayiebHOTO MPOTPAMMHAPOBAHHS «...eeveeerreerensenncencenasanans 219

§ 5.1. Ucnonb3oBaHre TpaaUIIMOHHBIX TTOCIEA0BATENBHBIX SI3BIKOB ...........ouu........ 221
O0wiue cpeAcTB MapajyieIbHOTO MporpaMMmupoBaHusi. TpynHocTu npumeHeHus. Heob-
XOOUMOCTb JOMOJMHUTEAbHONU HMHpopMmauuu. Cuctembl nporpammupoBanusi OpenMP,
DVM, mpC. [Ipumeps! ucnonb3oBanusi. Bonpocsl u 3agaHus.

§ 5.2. CucteMsl TIpOTrpaMMHUPOBAHMST Ha OCHOBE TIEPEAAUN COOOIIEHUA. .............. 268
Cucremsl mapajuieibHoro mporpammuposanusi Linda, MPI, MPI-2. Unrepdeiics ans
nocienoBarenbHbiX s13bikoB Fortran, C, C++. Ilpumepnl ucnonb3oBaHus. Bompockl u
3aJaHMsI.

§ 5.3. Ipyrvie SI3BIKM Y CUCTEMBI TIPOTPAMMUPOBAHMST «..evvvvreeeeeeenenrrrieaeeeeaenenneenanss 301
T-cucrema. Cuctema nporpammupoBanuss HOPMA. [lpuGnxeHHOCTbh K MaTeMaTuye-
ckuM 3amnucsiM. [Ipumeps! ucnons3oBanus. Bormpocer u 3agaHus.

I'naBa 6. Tonkas nHGOPMANMOHHAS CTPYKTYPA HMPOTPAMM ...co.vereeerreerrenserncencenasanass 320

§ 6.1. T'pachOBBIE MOMENH TIPOTPAMM.....eeeeeieeieenieereeieeieesieeiessesssaessesssasssassesssennes 324
WNHpopMalMoOHHas CTPYyKTypa mporpaMMmbl. OnepalnroHHas ¥ WH(OPMALMOHHAS CBS3b.
I'padbr ynpasneHus, onepaunoHHO-IOIMYECKOR MCTOPUH, HHOOPMALIMOHHDINA, UCTOPUU
peauzaly, 3aBUCUMOCTEH, BIMsHUS. MuHMManbHbe Tpadbl 3aBucumocteii. CHOBa
rpa¢d anroputMma. I[Ipumepsl rpados. Bornpock! u 3amaHusi.

§ 6.2. BBIOODP KIIACCA IPOTPAMM.....oeeeveeeeeeeeeeeeeeteeeeeeeeeeeaeeeeeeeaeeeaeeeseeeseeeseeeseeeseeneenns 337
Cratuyeckuii aHaiu3 CTPYKTYypbl mporpamm. CraThcTuyeckass 3HAUMMOCTb OTAEIbHbBIX
ormeparopoB. JIMHeiHbII KiTacc mporpamMM. Bompocsr u 3amaHus.

§ 6.3. I'pachbr 3aBUCHMOCTEN T MUHMMATBHBIE TPADBI...cvveeeienieenieeieeeieeeieeeeeeeennes 342
OnopHble omneparop, THe3I0 LIMKIOB, obnacTb. [IpocTpaHcTBa utepauuii. Jlekcukorpadu-
YecKUii MmopsimoK. Tunbl 3aBucuMocTeil. MakcuManbHbIi 1 MUHUMAIbHBIA rpacbl 3aBUCH -
MocTell 1 uxX cBoiicTBa. Teopema 06 WHGHOPMALIMOHHOM TIOKPHITUU. Bompockt 1 3amaHusl.

§ 6.4. TIpocThbie W BIEMEHTAPHBIE TPAMBI .eoovveeeiienieenieeieeieeieeieeieeeieeeiaeereennenenenns 351
[MpocTeie ¥ 3jeMeHTapHble rpadbl ¥ MporpaMMbl. PaciueruieHne MUHUMAIbHBIX rpadoB
Ha npoctbie. [lorpyxeHue MUHUMANbHOIO rpada B oObeauHeHUe 3neMeHTapHbIX. CBe-
JIeHUE K aHaIu3y 3JIEMEHTApHBIX IIporpaMM. Bompockl 1 3agaHusl.

§ 6.5. JlekcnkorpadaecKuit TOPSIIOK W L-CBOMCTBO MATPHIT.....oeeeveenreeranrannnnnse 355
Jlexcukorpaguueckuii MAaKCUMyM B MHOTOTpaHHUKe. L-cBoiicTBo Marpull. Kputepuii gex-
cuxkorpadguyeckoro MakcuMyma. JlOMoJTHUTEIbHbIE CBOMCTBA MaTPHUL ¢ L-CBOMCTBOM.
BOHpOCbI n 3aJaHusl.

§ 6.6. [NocTpoeHe MUHUMANBHBIX TPA(POB 3aBUCUMOCTEM! ....ovveeeieeeieeeieeeieeeieeenne 363
OcHoOBHas 3agaya. KOHCprKTI/IBHBIC AJITOPUTMBI ITOCTPOCHUSA 3JIEMCHTAPHBIX, IMPOCTBIX
¥ MUHMMAJBHBIX TPadoOB 3aBUCUMOCTEH IS IPOrpaMM M3 JMHEHHOro Kiacca. Bompocsr
U 3aJaHUs.

§ 6.7. LHuknbl ParDO v N30BITOUHBIE BBIYMCIEHHSI. ... vveeeveeeeeeeeeeeeeeeeeeeeeeeeeeaneenes 373
Jlekcukorpaduuecku npaBuibHble rpadsl. [lapannenbHbie MHoxecTBa. [lapanmnenbHas
crpykrypa nporpamm. Kpurepuii uukna ParDO. V30bITOUHbIE BBIUUCACHUSI U KPUTEPUIA
X oOHapyxXeHMs. Bompockl u 3amaHusI.

§ 0.8, TIPHMEDDI ..ot e e et eeeaeeaaeean 378
dopmann3oBaHHOE MOCTPOCHUE TIPadoB AJITOPUTMOB JJII KOHKPETHBIX ITPOTPAMM.

CrnoxHeiimme tpadbl aTOPUTMOB IS TMPOCTEHIIMX MPOrpaMM. 3aBHUCUMOCTH TMapaj-
JICJIBHOW CTPYKTYPBI OT TOPSIIKA BBIMTOTHEHNSI ONMCPALHIA.



vi CopepxaHue

I'naBa 7. DKBHBAJICHTHBIE MPEOOPAZOBAHHA MPOTPAMM «...ooeeemenneromcnsaeeoncnsaceonensasees 393
§ 7.1, PazBEPTKM TPAMA......eueiiiiieiieeeiiiiiieeeeeeeiieieeeeeeeeittteeeeeeeeeenareaaeseeeesnnsesaaeas 394

Crporast 1 obobiieHHass pa3BepTku. CBoiicTBa pa3BepToK. Pa3BepTku u mapanieabHbIe
MHOXecTBa. KOHCTPYKTUBHEIM aJTOPUTM TOCTPOCHUSI KYCOYHO-JTMHEITHBIX Pa3BEPTOK.
BrizeneHue B rpacdax CTpOTMX W HECTPOTUX 3aBUCUMOCTeil. Bormpockr u 3agaHus.

§ 7.2. Maxporpadbl 3aBUCUMOCTEI ......eeeeeeereeieiiieeeeirieeeeireeeecieeeeeneeeesnreeeenneeens 404
MakpoBepIlHbl 1 MaKpoOAyrn. YKPYIHEHHOE NpeacTaBlIeHue 3aBUcUMocTeil. Passepr-
KU 1 JCKOMITIO3UIIMS aJITOPUTMOB. PaCHpeﬂCIICHHbIe BorurciaeHus. Pabora c MeﬂJ]CHHOﬁ
IMaMsIThIO. BOHpOCbI " 3aJaHusl.

§ 7.3. OKBUBAIEHTHBIE TIPOTPAMMBI.......eeeeieiieeaieieeeaieieeeaeeeeeaaneeeeeaneeeeaanneeeeeaneeeeaas 408
DKBUBaJICHTHBIC HpeO6paSOBaHI/IH nporpaMmm. DKBUBAJICHTHBIC IO BBIUYUCICHUSIM npo-
rpaMMbl. [Ipeobpa3zoBaHusi, TapaHTUPYIOIINE SKBUBAICHTHOCTb. Bompockl u 3agaHusl.

§ 7.4. Haubouee pacnpocTpaHEHHBIC IIPEOOPA30OBAHUSI IIPOIPAMM ...oeeevvreennnnennns 415
IlepecranoBka uukioB. Cnusinue HukioB. [lepeynopsimounBaHue omnepatopoB. Pacmpe-
neneHue nukaa. CkammmBaHue ukia. PaclierrieHue mpocrpaHcTBa urepauuii. Boimos-
HEeHMEe UTepalMii LIMKIa B oOpaTHOM mopsiake. TpeyronbHbie nmpeoopasoBaHusi. Bompocst
U 3aJaHKSL.

§ 7.5. /IB€ COTTYTCTBYIOTHME BAIMAUM . ... uvvrreeeeeeenerrrrreeeeaaannnessraeesesessnsesssseesassssnnssseeens 421

OueHuBaHUE JUIMHBI KPUTUYCCKOTO ITYyTU rpa(ba 3aBUCUMOCTEI. PaCHpCﬂCJ’ICHMC Maccu-
BOB IO MOIYJISIM MMaMsTH.

§ 7.6, TIPUMEDDL ... e e e ae e e e reeeseene e 426

dopmanu3oBaHHOE IOCTPOCHME PA3BEPTOK M MAKPOrpacoB ISl KOHKPETHBIX MIPOrPAMM.
Onpenenenue uukioB ParDO. PacnpeneneHre MacCUBOB IO MOAYJISIM MaMSITH. DKBUBA-
JIeHTHoe mpeoOpaszoBaHue mnoanporpammbl OLDA u3 makera tectoB Perfect Club
Benchmarks. Cambie nyyiumne pesynbratbl. Cucrema V-Ray.

YACTB ITI. CMEXHBIE IPOBJIEMBI I IPUMEHEHMHE......ccecveverererereesceenesesesessdd]

I'naBa 8. BoruncanTe bHbIE CACTEMBI H AJNTOPHTMDI «..ceeveeereseresencsseesseeserssenssanssansss 443

§ 8.1. PacimmipeHvie M YTOUHEHHME JTUHEMHOTO KITACCA «oeeuevereeiiiieeeiieeeeanneeeeaneeeenns 448
anMaH IIOoACTaHOBKaA. Breruncisiemsrit LUK go fo. Beruncnsiembie BeTBieHusI. Henuneii-
HbIC MHACKCHBIC BbIPAXKCHUA. YTouHeHNEe OmMMCaHUSI BHEIITHUX MNEPEMEHHBIX. l'[oz[r[po—
rpammbl U GyHKIn. Oyakuuu min u max. [psvoe BerauciaeHne rpados. Bompockl u
3aJaHus.

§ 8.2, TPAM-MALLIMHA ......ooiieiiieieiiiee et e e e e enneaeas 459
JlokanbHOCTb ynpasieHus. CBoiicTBa pa3nMuHbIX peanusaiuii. [oMoMopdHas cBepTka.
I'pad-maimHa u rpad BbIUMCAUTENbHOM cucTeMbl. COXpaHEeHHE BPEMEHHBIX PEXMMOB.
Bomnpocs! 1 3agaHusl.

§ 8.3. PerynsipHbie 1 HATIPABTEHHBIE TPAMBT -...eeeeeeiieaiiieeiieeiieeiieeiieaeeeeeeeaaaeeaas 471
Utepanmonnsie mpolecchl W pery/sipHble rpadbl. PaciierieHne 6ecKOHEUHOTO pery-
JsgpHoro rpada. [naBHbli perynspHbiit noarpad. Kputepuii oTcyTcTBUSI KOHTYPOB. JIu-
HeWHbIe pa3BepTKH peryasipHoro rpada. ['omoMopdHas cBepTKa peryisipHBIX TpadoB.
Bormpocsr u 3amaHus.

§ 8.4. MareMaTtrnuyecKue MOJCAN CUCTONUUYCCKUX MACCHBOB........ccccevvveeeenrreeeenennnns 482
CI/ICTOIII/I‘{CCKl/Ie MACCUBBbI KAK BBIYUCJIUTCIbHBIC CUCTCMBI. .]-[OKaJH)HOCTb VIIPABJICHMUSI.
MuHuMaNbHble KOMMYHUKALMOHHBIE CBsI3u. Peanusanust peryaspHbIX rpadoB anropur-
MOB. HpI/IMepr IIOCTPOCHUSI CUCTOIUYCCKHUX MAaCCHUBOB ISl 3aJaHHBIX aJITOPUTMOB. BO-
IIPOChI U 3aJaHUs.



CopepxaHue Vil

§ 8.5. MaremaTrueckast MOZIeb aITeOpPaMIeCKOTO BEIUMCIHMTENS .o.veeeeeneeeneeennneen. 499

Crpykrypa anreopanyeckux 3azad. Creumpoleccop st anredpamyeckux samad. Mc-
MMOJIb30BAHKE CHUCTOJIMYECKOrO MacCcuBa sl MaTpuuHoii onepauuu A + BC. Bompocsl u
3aJaHMSI.

§ 8.6. MaTpUIIBl W CTPYKTYPA ANTOPHITMOB ...eeeeieenieeeieeieeieesieeiensteensenssasssennsanssennss 503
OO011ue BBIYMCAUTENbHBIC IMpoLecchl. BapuanumoHHasi MaTpuua anroputMa. Marpulbl
CMEXHOCTel M MHUumeHIuid. Kpurepuii pa3BepTku. YpaBHOBeleHHbIe Tpadbl. Kpure-
puii ypaBHOBeleHHOCTU. Bompock u 3amaHust.

§ 8.7. HoBoe TIpuMeHeHEe CBEIEHUN O CTPYKTYPE ..eveeeeeeeeerrrireeeeeeaennrreraeeeaaeannnneeeeess 511
BoccraHoBneHue nuHeiiHOro (yHkKUMOHana. BblunciaeHue rpagueHTa. AHaIU3 OIIMOOK
OKpymIeHusI. Beromy BapualoHHas MaTpuiia aJropurMa. Bompockl u 3agaHusl.

§ 8.8, TIPHMEDBL ..ottt e e e e e ee e e e e e n e e sannneeeennneeens 528

TexHuka YCKOPEHHOTO BBIYMCJIICHUA IpaguCHTa (1)yHKHI/II/I. BoimonHeHue aHanuza OIIM-
00K 110 d)OpMaJ]beIM IIpaBuIaM. HaxoxneHue mManbIX OTHOCHTEIbHBIX 3KBUBaJICHTHBIX

BO3MYILICHUIA.
I'naBa 9. Iloib30BaTeNb B CPEIE NMAPATLUICTM3MA ... cuereeereseresareseacsseessrsserssensanssansse 533
§ 9.1. TUTTMYHBIE CUTYAITHA B BOTIPOCAX M OTBETAX ...eeeeeeueereeaneieeaaneeeeaanneeeeaaneeeens 534

KoHKpeTHbIe BOMPOCH M3 IMPAKTUKHU IapauIeIbHOTO mporpammupoBanus. Mcciemnosa-
HMe BOBHUKILIUX CUTyalnii. BO3MOXHBIE UIEH U MyTH peleHus. YTo cieayer us mepe-
YMCACHHBIX MpuMepoB? Bompockl u 3amaHusl.

§ 9.2. IlporpaMMHBIl cepBUC B MAPATUIETBHBIX BEIUMCHEHUX ..oeoeeeeeeaneereeaneeennn. 558
ITouemy B mporpamme uto-To He Tak? KoMmuasiTopbl, OTIagYMKH, MPOMUIMPOBIIMKY,
aHayu3atopsl, KoHBepropel. Cucrema V-Ray. Cratudeckue M IUHAMUYECKME XapaKTe-
PUCTHUKH IApa/UIEIbHBIX IIPOrpaMM. AHAIU3 CTPYKTYPhI mporpamm. I'pacdoBbie CTPYKTY-
PBI IIPOTPaMM Ha IpakTHKe. Bompockl u 3agaHusl.

§ 9.3. OpraHu3aLuyOHHAS TOAACPKKA MOJB3OBATCI «.veeeeeerreeenerreeeeeereeeenenrreeesannnens 581
Nudpactpykrypa nmoaaepxku paboTbl mosib3opareneil. MHbopMallMoHHO-aHATUTUYECKU I
LIEHTP IO mapajuiebHbIM BblunciacHusiM Parallel.ru. Bonpocsl u 3amaHust.

3akmouenne. I1apajieabHble BHIMACIEHHS: HHTerpamus oT A 10 i .........c..cceveeeeee... 585
CIIACOK JIATEPATYPBI «eoveereeneenncenneenarencrassrnsarnssressasssesssosssssssssssnssasssnsssnsssnsssnssnnss 588
I HT e PHET-PECYPCBI ceveerrerrncrrecerecererencrancronsssnssssesssssssesscssscssecssesasesasssascsasssasssnses IDL

TIPEAMETHBIH YKABATEMD «c.vcneiemeneroneremoniomeneronciomeneromereronssonenronesescnssonenssonssonenes 593



Npepucnosune

MHoro nu Hapo 3HaTb
O napannenbHbIX BbIYNCNEHNAX?

Hwuero Hemb3s ckasaTh o TITyOHUHE
JIy3KW, €CJIM He I10IacTb B Hee.

H3 3axonoe Mepgdu

B axkTnBe yejgoBevecTBa UMeeTCSl He TaK MHOTO M300peTeHUli, KoTopble, eaBa
BO3HUKHYB, ObICTPO paCTIPOCTPAHSIIOTCS TI0 BceMy MUpY. OJHUM U3 HUX SIBIIETCS
KoMTIbIOTep. [ToSABUBIIKNCE B cepeMHE ABAAIATOTO CTOJETUSI, OH Yepe3 HEeCKONb-
KO JECATKOB JIET TTOBCEMECTHO CTAJl HE3AMEHUMBIM WHCTPYMEHTOM U HAIEXKHBIM
TTOMOIITHUKOM B 00paboTKe camMoil pasHooOpasHoil WHdopMaluu: 1TUQpoBoi,
TEKCTOBO, BU3YAILHON, 3BYKOBOW U JIp.

M3BecTHO, 4YTO IMEepPBONPUYMHOI CO3MAHUSI KOMIIBIOTEPOB ObLIa HACTOATEIbHAS
HEOOXOOMMOCTb OBICTPOIO MPOBENEHMUS BBIYMCIUTEIbHBIX PadOT, CBI3aHHBIX C
pelieHueM OOMBIIMX HAYYHO-TEXHUYECKUX 33134 B aTOMHOM (hU3UKe, aBUACTPOe-
HMU, KIMMATOJOTMM U T. II. PellleHMe Takux 3amay U ceddyac ocTaeTcs I[JIABHbIM
CTUMYJIOM COBEPILIEHCTBOBAHUS KOMIIbIOTEpOB. ONHAKO B HACTOSIIEE BPeMSI OC-
HOBHag cdepa uX MpUMEHEeHHs] CBSI3aHa ¢ COBCEM MHOM NeATeIbHOCTBIO, B KOTO-
POl BBIUUC/IMTENbHASL COCTABIA0IAd MO0 OTCYTCTBYET COBCEM, JIMOO 3aHMMAaeT
HEeOOJIBILYIO YACTh.

Pabora Gupxku, ymnpasieHue MPOU3BOACTBOM, OMUCHBIE MPUIOXKEHMS, KOpIopa-
THBHBIE WH(OPMAIIMOHHBIE CHCTEMEBI, Tpollecchl 0Opa3oBaHUsSI, WTPHI, BEMCHHE
JOMAIIHero Xo3sicTBa — 9TO BCEro JUILb OTASNbHbIC MPUMEPhl 001acTeil HeBbI-
YUCTUTETHHOTO WCITONB30BaHUS KOMTIBIOTepoB. B MOMOOGHBIX 06NacTAX BITONHE
MpUEMIEMO IIPUMEHEHUE MMePCOHANBbHBIX KOMIbIOTEPOB U PAOOUUX CTAHLMKA IJIsd
JTOCTIREHUSI HeOOXOAMMEIX Tieeii. OTHOCUTENbHAS TIPOCTOTa MpoIlecca MCTIONb-
30BaHUSI U KOMQOPTHASI IPOrpaMMHas cpeaa GOpMUPYIOT 31eCh YCTOMYMBOE BIIe-
yaTJieHWe O KOMTIbIoTepe KaK O BechbMa JPYKECTBeHHOM ToMolmHuke. M maio
KTO U3 IOJb30BATENEIl TaKOH TeXHUKU OOraabiBaeTcs M, TeM Oonee, 3HAET, 4YTO
BCE pPamMKaIBHO MEHSIETCH ¢ TIEPEeX0oIoM K PeIIeHNI0 GOTBITNX U OUYeHb OONBITIX
3aga4. KoMIIBIOTEphl CTAHOBATCS BeChbMa CIOXHBIMH, KyIa-TO MPOINAAaeT ApYyxKe-
CTBEHHOCTh MHTepdeiica, mporpaMMHasT cpeia TepeXoauT Ha KecTKUM KOMaHd-
HBIH SI3bIK U HaYMHAeT TpeOOoBaTh OT IOJb30BaTeNell MPeaoCTaBIeHMs] TaKO UH-
dopmannm, KoTopas He BcerJa U3BeCTHA, W T. TI.

D1a KHUIra O OOJBIIUX M CYINEepPOONbIIMX KOMIILIOTEPAX U OCOOEHHOCTIX MX HC-
noiab3oBaHus. O Tex mpobjeMax, ¢ KOTOPbIMU HEU30eKHO MPUXOAUTCS CTANKH-
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BaTbCA J11060My IIOJb30BATEC/IIO, BbLIHYKICHHOMY IIPUMCHATb BbIYUMCIUTCIBHYIO
TEXHUKY Ha IMPpeaciic €€ BO3MOXHOCTEH.

Boobmie rosopst, Oombilie 3amadym camMu Io0 cebe He SIBISIOTCS IIpeaMeTOM Ha-
rero obcyxkneHns, TeM Oosee, AetanbHoro. Ho mHOTHA MBI Oymem obparmiaTbes K
HUM SIBHO, YTOOBI MPOWITIOCTPUPOBATh KaKKue-To TojoxXeHnst. HessBHO Xe 0ob-
Ire 3a7a4i OyKBajbHO TIPOHM3BIBAIOT BCIO KHUTY, T. K. JII000e 00Cy:KIeHNe Jalle
BCETO TIPEIIONATACT, UTO pellaeTcsi HMeHHO OofbImast 3agada. DopMajIbHO Xapak-
Tep oOCY:KICeHNS HUKAK HE CBA3aH ¢ THIIOM 337ad, XOTS MOXKET OIIYIIAThCS HEKO-
TOpas opueHTallls Ha HAYIHO-TEXHUYECKYIO cepy ACATeTBHOCTH. DTO OOBSICHS-
eTcs BCEro JINIIb TeM, YTO OCHOBHOE TpHMEHEHHEe OONBIINX W CYIIepOOIBIINX
KOMIIBIOTEPOB CBA3aHO MMEHHO ¢ JaHHOW cdepoil U moTpeOHOCTH HaHHOW cdepbl
OKa3LIBAIOT HAaWOOJbIIIee BANSHHAEC HAa Pa3BUTHE KOMITHLIOTEPOB, IO KpaliHel Mmepe,
B HacTogdlee BpeMsd. TeM He MeHee, o0cyxXaaeMble B KHUTE TIpoOIIeMBl B OMHA-
KOBOM Mepe OTHOCATCS K OOJBIIMM 3amadaM KaK HayIHO-TeXHHWYECKWM, TaK W
JIIOOBIM JAPYTUM, HanpuMmep, WHHOPMAITMOHHBIM.

Bce, uro cBsizaHO ¢ GOJNBIIMMHU KOMIIbIOTEPAMM M OOJbIIMMM 3adaYaMu, COIPO-
BOXK/IA€TCS XapaKTepHBLIM CI0BOM "MapajiefibHblil": mapaieibHble KOMIBIOTEPHI,
[apajuie/ibHble BbIMUCIUTEIbHBIE CUCTEMbI, SI3bIKU [APAIUIEIbHOIO IIPOIPAMMU-
poBaHMs, Iapajlie/ibHble YMCICHHBIE METOAbl U T. II. B 1iupokoe ymnorpebdiaeHue
3TOT TEPMUH BOILLEJL IIOYTU CPa3y IOciie HMOSBIEHMs IIePBbIX KOMIIbloTepoB. Tou-
Hee, IIOYTH Cpasy IOC/Ie OCO3HAHUS TOro (hakra, YTO CO3MaHHbIE KOMIIbIOTEPhL HE
B COCTOSIHMM PELUUTh 33 IpUEeMIIEMOe BpeMsi MHorue 3ajgauu. Beixom u3 cozias-
LIErocss IOJAOXKEHUsS] HalpaliuBaics caMm coboi. Eciu ofuH KOMIIbIOTEP HE
CIIpaB/sieTcs ¢ pellieHMeM 3aJadd 33 Hy:XKHO€ BpeMsi, TO IIonpodyeM B3sTh [Ba,
TPU, [ECITh KOMIIBIOTEPOB M 3aCTABUM WX 00HOGpeMeHHO PAbOTaTh Hail Pasjidd-
HbIMHM YacTIMU OOlLel 3a1aun, HaesICh IIOJIYUYUTh COOTBETCTBYIOLIEE YCKOPEHUE.
Haes nokasanack ILI0JOTBOPHOI, U B HAYYHbIX UCCIIEIOBAHUSIX KOHKPETHOE YUC-
JIO O0BbeIMHSIEMbIX KOMIIBIOTEPOB JOBOJBHO OBICTPO IPEBPATUIOCH B IIPOU3BOJIb-
HO€ U JaXe CKOJIb YIOAHO OOJIBIIOE YUCIIO.

O0benHEHNE KOMTIBIOTEPOB B €IMHYIO CHCTEMY TTOTSHYJIO 32 cO0OM MHOXECTBO
crenctuit. YToOBI 00ECITEYNTh OTACITbHBIE KOMITBIOTEPH paboToi, HeOoOXOIMMO
WCXOAHYIO 3amaduy pasgeinuTb Ha (parMeHThI, KOTOPbIe MOXHO BHITTOHSITL He3d-
éucumo JIpyT or apyra. Tak craqn BO3HWKATH CIEWATBHBIC YNCICHHEBIE METOMBI,
JOTTYCKAIOIINE BO3MOXHOCTh MOMO0HOTO pasaeneHnsa. YToOBl omucaTh BO3ZMOXK-
HOCTb OJHOBPEMCHHOTO BBITIOJTHEHUST PA3HEBIX (PparMeHTOB 3alauyM Ha Pa3HBIX
KOMIIBIOTEPAX, MOTPeOOBATNCH CHEUATbHBIE SI3BIKA TTPOTPAMMUPOBAHUSI, CIICIIH-
abHEIE OllepallMoOHHbIe cucTeMbl U T. 1. ITocremenHo Takue cjioBa, Kak "OTHO-
BpeMeHHBIH ", "HEe3aBUCUMBIN" W TIOXOXHNE HA HUX CTAIN 3aMEHSITLCS OITHUM CJIO-
BOM "napaaseavhwitl”. Bc€ 3TO CUHOHWMBI, €CIU UMETh B BUJY OMTUCAHUE KaKUX-TO
MPOIIECCOB, ACHCTBUI, (HAKTOB, COCTOSIHWI, He CBSI3AHHEIX APYT ¢ JapyroM. Hu-
.

Yyero WHoTo cjoBa "Mapauienu3aM” 1 "apalelbHbI" B 001aCTsIX, OTHOCSIINXCS K
KOMTIIBIOTEpaM, HE O3HAYAOT.
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Haneko He cpasy ygaioch oObeAMHUTbL OOJBILOE YUCIO KOMIIbIOTEPOB. IlepBbie
KOMIIBIOTEPBl OBLIM CAMILKOM T[POMO3IKMMH, MHOTPeOISIM CAMILKOM MHOIO
JHepruM, 1a ¥ MHOTHUE TEeXHOJOIMYecKue MpodaeMbl KOMILIEKCUPOBAHUS ellle He
Hauy addekTuBHoro peieHusd. Ho co BpeMeHeM ycrmexu MUKPOJIEKTPOHUKHU
MPUBEIM K TOMY, YTO BAXHEMHIIME DJIeMEHThl KOMIIBIOTEPOB IO MHOIMM CBOUM
rnapaMeTpam, BKII0Yasl pasMepbl U 00beM MOoTpebIseMoll DHEPTUU, CTAIM MEHbILEe
B ThicsiuM U Oojiee pa3. Muaes oObeauHeHUs] OOJIBLIOIO 4YMCIA KOMIIBIOTEPOB B
eIMHYIO CUCTEMY CTaja [IaBEeHCTBOBATH B MOBBIIIEHUU OOLIEH MTPOM3BOAUTEIBHO-
CTU BBIYUCAUTENbHON TEXHUKU. B 0fHOI M3 caMbIX OONbIIMX COBPEMEHHBIX CHC-
teM ASCI White obbenuHeHo 8192 mpoueccopa. Ilpu aToM mocTuraloTcs BechbMa
BIIEYAT/SIIONINE CYMMApHbIe XapaKTePUCTUKU: MMKOBasg IMPOU3BOIUTENBHOCTh 0O-
nee 12 Tonornc, oneparuHas namsath 4 Toaiit, auckosbiit Maccus 160 Toaiit. Ho
BCEM 3TUM OOTaTCTBOM HYXHO €1le YMETb BOCIIOJb30BATHCA.

TMapannenusm Ha pasNIMYHBIX YPOBHSIX XapaKTepeH JUISl BCEX COBPEMEHHBIX KOM-
MHIOTEPOB OT TIEPCOHANBHBIX JIO CYNMEepOONbIINX: OTHOBPEMEHHO (DYHKIIMOHUPYET
MHOXECTBO IIPOIIECCOPOB, TepeaarTcsi JaHHbIE MO KOMMYHMKAIIMOHHON ceTH,
paboTarT yCcTpPoHWCTBA BBOIA/BLIBOAA, OCYIECTRBISIIOTCS ApyTrrue AcicTsust. JIroboit
MapajuleTu3M HampasjieH Ha ToBbllleHNue 3h(pEeKTUBHOCTH padoThl KOMIIBbIOTEpa.
HexkoTtopble ero BUABI pealiM30BaHBl XecTKO B "XKejese" WMAM OOCTY:KMBAIOIINX
TporpaMmax W HETOCTYIHBI JJs BO3MCUCTBUS Ha HETO PSIOBOMY TOJIb30BaTENIO.
Ho ¢ moMolIpo XecTkoit pealusalun He yIaeTcsl TOCTUYb Haubdoblel sddek-
THUBHOCTH B OONBIIMHCTBe ciydyaeB. [ToaToMy MHOTUe BHMIBI TlapamjieiusMa pea-
JIU3YIOTCS B KOMITBIOTEpax TUOKO, U TIOJIL30BATEII0 TPEIOCTABISAETCS BO3MOX-
HOCTh PacropsikaTbesl UMU 10 COOCTBEHHOMY YCMOTPEHUIO.

IMoa tepMuHOM "napajjiebHble BbIUKMCIEHUS" KaK pa3 U IMOHUMAETCS BCS COBO-
KYIHOCTb BOIIPOCOB, OTHOCSILIMXCS K CO3AAHUIO PECYPCOB Mapaiiein3Ma B Mpo-
Leccax pelleHus 3agad u rubKoOMy YIPaBICHUIO peajiusalideil 3Toro mnapaie-
JIU3MA ¢ LENbl0 JOCTHXEHMS Hambojblied 3(¢heKTHBHOCTH MCIOAb30BAHMS
BBIUMC/IMTENIbHON TEXHUKU.

BoT yxe Ooiee mosdyseka TapajieJibHble BbIUMCICHUS TPUBICKAIOT BHUMaHHUE
caMbIX PasHbIX CIelUaNUcToB. Tpu oOCTOSTENbCTBA MOAASPXKUBAIOT K HUM TO-
CTOSIHHBIN MHTepec. Bo-TiepBBIX, 9TO oUeHb BaXHas cdepa JAesiTeTbHOCTH. 3aHH-
Masich TapaJuIeIbHBIMI BBIYMCIEHUSIMU, UCcIenoBaTe b TIOHUMaeT, YTo OH JeNa-
eT YTO-TO, OTHOcsIeecs K caMbIM OOJBIIUM 33dadyaM, caMbiM OONBIINM
KOMIIBIOTEPAM U, cleloBaTeJbHO, Haxojslleecss Ha MepefoBoM (POHTe HayKu.
Kak mMuHuMyM, Oau30cTh K TepeloBoMy (POHTY HayKu BAOXHOBJseT. Bo-
BTOPBIX, 3TO OYeHBb OOUIMpHas chepa nesTenbHocTU. OHa 3aTparuBaeT paspadoT-
KY YMCIEHHBIX METOAOB, U3YUYEHUE CTPYKTYPHBIX CBOWCTB aJITOPUTMOB, CO3/IaHNE
HOBBEIX SI3BIKOB TIPOTPAMMUPOBAHNS M MHOTOE JIPYTOe, CBA3aHHOE ¢ MHTepdelicoM
MEXy TMojib3oBaTesieM W COOCTBEHHO KOMITbIoTepoM. [lapannenbHble BbIUMCIE-
HUSI TECHO CBSI3aHBI U C CAMHUM TIPOIIECCOM KOHCTPYUPOBAHUS BBIUMCIUTEIHHOMN
TexHuku. CTpyKTypa ajJropuTMOB TIO/ICKA3bIBAeT HEOOXOAUMOCThL BHECEHUsS B
KOMTIBIOTEP U3MEHEHU, 3(D(HEeKTHBHO MOMLAEPKUBAOIINX PeaU3alui0 CTPYKTYpP-
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HbIX ocobeHHocTell. MHKeHepHble e HOBLISCTBA CTUMYJIUPYIOT pa3paboTKy HO-
BBIX AITOPUTMOB, DG@EKTUBHO 5TU HOBILIECTBa HUCIONb3YIOILUMX. M, HakoHel,
B-TpeThuX. C dopMaabHbIX NO3ULIMI paccMaTpuBaemas cdepa aesaTelbHOCTHU Jer-
KO IOCTYIHA /Ul MccaenoBaHuii. JoctarouHo Gonee win MeHee MO3HAKOMUThLCH
C €e OCHOBAaMHU Ha YPOBHE IOIY/ISIPHOM JIUTEPATYypPhl U YK€ MOXHO IeIaTh comep-
JKaTeJIbHble BbIBOABI, BO3MOXHO, Ia)Xe HUKEeM He OIyOJIMKOBAHHLIE.

IMocnenHee o6GCTOSITENECTBO TPUAAET XApaKTEPHYIO OKPACKy WCCIEIOBAHUSAM B
ob6acTH TapayIeTbHBIX BBEYMCTEeHNI. JleTkKoe oCBOeHWE OCHOBHBIX TIONOXEHUIt
TIPUBIEKAeT K TIApaJIeTbHBIM BLIYMCICHUSIM OOJBIIOE YUCIO CIEIHANTNCTOB W3
JpyTHX obmacTeit. DTo MOpPoXKIAeT HeMalo HOBBIX 3aiad, 0COOCHHO Ha CTHIKE BEI-
YUCTNUTETFHON TeXHUKN U TIpWIOXeHNH. HeKoTophle N3 HUX OKa3bIBAIOTCS WHTE-
peCHBIMHI W TIepCTIeKTUBHBIMA. Ho, ¢ mpyToit cTOpoHBI, TPOCTOTA OCBOCHUST OC-
HOB TIOPOXXIACT Maccy JIETKOBECHBIX Pe3yIbTaTOB, UYTO He AelacT MapaijielbHbIe
BBEIYHCIICHUSI TIPUBIEKATEIBHOM OOACThIO IS CePhe3HBIX WCCICTOBAHWM W He
TTO3BOJISIET PACKPHITh BCe WX GOTATCTBO M MHOTOOOpA3Ne CBA3CH.

B nonTBepxkieHue ckazaHHOrO IpUBEIEeM HEKOTOpble NaHHBIe Ha Hadano 80-x
rOAOB MPOLIEAIIEr0 CTOJAETUI. DTO OBbLI MEepUOd, KOIAa B IUPOKOE UCIIONb30BA-
HME CTaIu IMOCTYIaTh CaMble Pa3sHOOOpa3Hbie KOMIIbIOTEPhl U BBIYUCIMTENbHbIC
CHCTEMBbI IapaUIebHON apXUTeKTyphl. K 3TOMy BpeMeHM TOJbKO MO IpodieMaM
KX OCBOeHUs ObLI10 omybaukoBaHo ooee 5000 padoT, u MoTOK NybaMKalui uMes
SBHYIO TEHICHLMIO K pacllupeHunio. B maHHOM MOTOKe 3aMeTHYI0 4acTb COCTaB-
JIAId paboThl, CBSI3aHHBIE C OOCYXIeHMEeM OCOOSHHOCTEH peaniu3aluM Iapa-
JIeJIbHBIX YUCASHHBIX METOIOB, IVIABHBIM OOpa3oM, Mo JUHeiiHoi anrebpe. MHTe-
pec K MeTogaM JIMHEeHHOH aureOpbl BIIOJHE IOHATEH, T. K. OHM COCTABISIOT
OCHOBY MPOLECCOB PEILeHUS] MHOIUX CIOXHBLIX IpobaeM. CorjaacHo AaHHBIM,
B3ATbIM U3 Oubnuorpaduyeckux ykazarejeid Ha Hauyano 80-x rogoB XX Beka, B
00/1aCTU BBIYMCJIUTENbHBIX METONOB JIMHEHHOM anredpbl ObUIO OMYyO0IMKOBAHO
npumepHo 8000 pabot. IIpu 3ToM okono 120 yueHBIX MUpa UMEIU 110 3TOi TeMa-
TuKe 6onee yeM o 10 pabor. Kazanoch Obl, YTO UMEHHO MM U Pa3BUBATh Iapas-
JIeJIbHBIE METObL IMHEHHON anrebpel. Ho cpean HUX HA TOT MepPUO JUIIb OKOJIO
10 yenoBeK MMeIM MO OAHOM-ABE NMyOJMKALMM, KOCBEHHO OTHOCSIIMXCHA K Ma-
paLIeNbHBIM YMCISHHBIM METOAAM M UX IPUMEHEHUIO Ha MapalieNbHBIX BbIYUC-
JIUTENbHBIX cUcTeMax. M TOJIbKO HECKONBKO Y€JIOBeK MMENIU MyOIUKALUM, IPIMO
[OCBSILIEHHbIE OOCYXIEHUIO 3TUX ITPOOJIEM.

I/IHTCpCCHO OTMECTUTDH, YTO B OIIPECACIICHHOM CMBICJIC MCTOPUA MOBTOPSCTCH. AnHa-
JIOTUYHOW ObIa CUTyauuss Ha pY66}KC TIOSIBJICHUS TIEPBLIX BBIYHUCIUTCIBHBIX Ma-
HINH. Torz[a MATEMATUKNU-AJITOPUTMHUCTBI TAKXKE TIPUHUMAIU ciraboe y4acTue B
pa3pa60TKe YUCJICHHBIX METOIOB U MPOTrpaMM IJIsI KOMITBIOTEPOB. Hpoumo MHOTO
JICT, TIPEXKAE YEM TTOJJOXKCHUEC HU3IMCHUJIOCD. HOCJTCI[CTBI/ISI JK€ OTOTrO TIEpuola
OMIYIIAOTCA OO0 CHUX TIOP. B nacrosimee BPEMS BBIYUCIUTEIBHOC COOOIIIECTBO aK-
TUBHO TIEPEXOAUT HA HCITOJIB3OBAHUE KIIACTCPOB, TeN 13110704 MHOTOITPOLECCOPHDBIX
CUCTEM, HCOOTHOPOIHBIX CUCTEM W CUCTEM, PACIPEACICHHBIX IIO 3HAYUTEIBbHON
TEPPUTOPUH. N omars Beayliast pojib B OCBOCHUU HOBEWIIIEW TEXHUKU B LEJIOM
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NPUHALIEKUT He MpodeccMoHaTaM B CO3MaHMM YUCICHHBIX METONOB, a paspa-
0OTUMKAM $3bIKOB IMPOrpaMMMPOBAHUS, KOMIIMJIATOPOB, OMNEPALMOHHBIX CUCTEM
U IPOCTO JULAM, KOTOPbIM HEOOXOIUMO peluaTh 3amayd. K ToMy BpeMeHHU, Koraa
MaTeMaruKaMM OymeT MOHSTO, KaK HAamo MPaBWIBHO PeaM30BbIBATH YMCIEHHbIS
METOJbl HA HOBOIl TeXHHUKE, MEHATb MPOIPaMMHYIO cpely, cKopee Bcero, Oyder
no3aHo. Ho MMEHHO OT YMCJIEHHBIX METONLOB BO MHOIOM 3aBMCHT, HACKOJbKO
YCIEIIHO UCIOJb3YeTCs BhIUMCIUTENbHASI TEXHUKA.

INnanupysa HamvcaHWe 3TOM KHUTH, MBI TTOHUMAJTH, YTO 3aBEIOMO TIPHIACTCS HC-
KaTh KOMITPOMHCC MEXITy MHOroodpasweM CTOpPOH 3aTparnBaeMoil TpobieMbl 1
TTOTHOTON WX ONWCaHWs. YJaueH BBEIOpaHHBIM KOMIIPOMHCC WJIN HET — CYIHUTH
yuTare io. Ml Wb XOTUM CHavajga MOSICHUTE CBOIO TIO3WINI0. Bo3MoxXHO, 4TO
TToCIIe 3TOTO GyNeT Jerde TOHITh KaK eI TOSBICHUST TOTO WM WHOTO Marepua-
Jla B KHWTE, TaK W TYTH WX JOCTIDKCHUS.

Y pasHBIX CHEUUANUCTOB, CBI3aHHLIX ¢ MapaLIeJbHON BBIYMCIUTEIBHON TEeXHM-
KO, pasHble B3LIIABl Ha TO, YTO MPEACTABIAIOT COOOM mapaslenbHble BbIUMCIIe-
HM{, TO¢ U Kakue aKUEHThl HAlIO CTABUTb IpU U3NOXKEHUU Mmarepuana. B aroit
KHUIE Mbl MOMBITAIUCH OTPA3UTh [MO3ULUIO [OJb30BATENEH U T€ MpoOieMbl, ¢
KOTOPBbIMU UM IPUXONUTCA CTAIKUBAThCS. ['0BOps 0 MOAB30BaTENAX, Mbl UMEEM B
BUIY, IIPEXIE BCEro, TeX U3 HUX, KOTOPblE OCBAUBAIOT CEpUliHO BbITYCKAEMYIO
TEXHUKY, KOTOpPbIE BBIHYXIEHbl M3y4aTh OCOOEHHOCTH 3TOM TEXHMKM, UTOOBI pe-
1IaTh HA Hell pealbHbIe 3amayu Oosee aggexmii6ro, U KOTOPLIM UL TOCTHXKEHMS
3P HEeKTUBHOCTU MPUXOIUTCI MHOTOKPATHO HEPenticbi@ams CBOU IMPOrpaMMBbI.

DTo B 3HAYUTEILHON Mepe OTpeeSTUIo TIpeICTaBIeHHBIN B KHUTe Marepualr. Mul
cpasy OTKa3ajHuch OT WCKYIICHAS OMUCaTh MHOTHE, B TOM YHCIe, BechbMa KpacH-
BBI¢ WHIXKEHEpHBIE, TIPOTPAMMUCTCKIE M MaTeMaTHUecKie WAeH, OKasaBIInuecs Mo
KaKUM-T00 TIpUYMHAM 060 HepeaTn30BaHHBIMY, JIMOO anpoOUpOBAaHHBIMI HE-
nocratouHo. Ho maxe mpW TakKoM OTpaHWYCHHWW WHTEPECHBIX WAeH W TOCTHIKe-
HUI, OTHOCSIMINXCSA K TapaTeIbHBIM BBEIYUCICHUSM, oKazajgoch Hemanmo. OTt6op
MaTepuajga W CTPYKTypa €ro OMHWCAHWUST TOMYMHEHBI OAHON W3 Teleil KHWTU —
TTOKa3y MHOTOOOpasust W TIYOWHEBI CBSI3eil pasmMWYHBIX HaIpaBIeHWH JeqaTeabHO-
CTH B MApaIETBHBIX BEIMUCICHHUAX ¢ COCETHUMHI obacTsIMi. B mepByio ouepenb,
C CO3TaHWEM BBIYUCTUTETHHON TEXHUKH, paspaboTKol MporpaMMHOTO obecriede-
HUS W MaTeMaTUIeCKIMH MCCIeTOBAHNSIMI.

C Kakoil ObI CTOPOHBI HE PaccMaTPUBATh MAPAICIBHYIO BBIYMCIUTENbHYIO TeX-
HMKY, IJTaBHBIM CTHUMYJIOM €€ pa3BUTUSI ObUIO M OCTaeTcd MOBbllIeHUE dDdeK-
TUBHOCTU IIPOLECCOB pellieHusa OOJbIIMX U O4YeHb OoJbiIMX 3amad. DddexTun-
HOCTb 3aBMCUT OT IPOU3BOAUTEIbLHOCTH KOMIIBIOTEPOB, Pa3MEepOB U CTPYKTYpPhI
UX MAMATH, NPOIYCKHON CIIOCOOHOCTU KaHAIoB cBA3UM. Ho B He MeHbllell, ecau
He OoJblieil, CTemeHn OHA 3aBUCUT TAKXKe OT YPOBHS pPa3BUTHUSL SI3bIKOB IIPO-
rPaMMUPOBAHUS, KOMIIMISATOPOB, ONEPALIMOHHBIX CUCTEM, YUCIEHHBIX METOIOB U
MHOIUX COIYTCTBYIOLIMX MAaTreMaTU4ecKux ucciesoBaHuil. Eciu ¢ 2Toi Touku



6 lpenucnosue

3peHUs B3MISIHYTh HA MPUOPUTETHI OAb30BaTeel, TO OHU BCEraa CBI3aHbl C BbI-
GOpPOM TeX CPelCcTB, KOTOPhIe MO3BOJSIOT pelliaTh 3anayn 6osee a¢hHeKTUBHO.

Db dHeKTUBHOCTE — TOHATHE MHOTOIIIAHOBOE. DTO YIOOCTBO MCTIONMB30OBAHUS TEX-
HUKM M M[OPOrpaMMHOIoO obecreuyeHus, Haauyue HeoOXoduMoro uHTepdelica,
MpoCTOoTa focTyna U MHoroe apyroe. Ho mmaBHoe — 3T0 nocTkeHue OIU3KON K
MMMKOBOI MPOU3BOIUTENBHOCTH KOMIbIOTePOB. JlaHHBIA (hakTOp HACTONBLKO Ba-
SKeH, YTO BCIO UCTOPWIO PA3BUTHS BEIYUCINTEILHON TEXHUKN W CBSA3aHHBIX ¢ HEM
obaacTeii MOXHO OMMCATh KAK MCTOPHMIO MOIOHM 3a HauBbiclield 3PGEKTUBHO-
CTBIO PETIeHNS 3amad.

KoHeuHo, Takoit B3TJISII OTpakaeT TOUKY 3peHUs TMojib3oBaTeneil. Ho Benb nMeH-
HO IIOJIb30BATENSIM IPUXOTUTCS "BBLKMMATL' BCE BO3MOXHOE U3 MMEIOLIUXCS Y
HUX CPEICTB W IIPUBOAWTL B IEHCTBHE Bce "phiIarn’, YTOOBI MOCTUYDL MaKCH-
MaJIbHOIM IMPOU3BOAUTENBHOCTH KOMIBLIOTEPOB HA CBOMX KOHKPETHBIX 3ajadax.
IMosToMy WM HYXHO 3HaTh, TJic HAXOMSTCH SBHBIE M CKPBITHIE BO3MOXHOCTH TTO-
BBILIEHUS IIPOU3BOJUTEIBHOCTU U KaK HAWIYYIIMM OOpas’oM UMM BOCIOJb30-
BaTbcsd. PeanbHas TIpOW3BOAUTEIBHOCTh CIOXHBIM 00pa3soM 3aBUCHUT OT BCEX
COCTABJIAIONIMX IIpolecca pellleHUd 3agauy. MOXHO HMMETh BbICOKOIIPOU3BO/IM-
TeJTBHBIN KoMmmbloTep. Ho ecn koMmunaTop cosmaeT He 3(h¢heKTUBHEIN KO, pe-
aJbHasg MPOU3BOAUTENBHOCTbL OyiaeT Majoi. OHa OyaeT Maloll U B TOM clydae,
ecin He 3¢hpeKTUBHBI UCTIONb3yeMble anropuTMbl. He addextnBHO paboTtaroimas
[IporpaMMa — 3TO MOpsIMble IOTEPU MPOU3BOAUTENBHOCTU KOMIIBIOTEPA, CPEICTB
Ha ero TIpuobpeTeHne, YCUIINM Ha OCBOEHWE W T. . TakuX moTepb XOTEJOCh OB
u30exarb Wi, 110 KpaiiHeil Mepe, UX MUHUMU3UPOBATh.

[TpoGinembl nojb3oBaTesieil HaM U3BECTHbI HE IOHACIbILIKE. 3a ILieYaMu JIEXUT
Oornee MBANIATH JIET HAYYHOW, TPOU3BOJACTBEHHOW WM TIEJAroTUYeCKOU AesiTeTbHO-
CTU B 00J1aCcTH Iapaslie/ibHbIX BbIYMCIAEHUIA. 3a 3TO BpeMs OCBOEHbI MHOI'UE KOM-
MHIOTEPBI U OOJIBIIIME BBIYUCIUTESbHBIE CHCTeMBl. BbIIo pelleHo HeMalo 3ajaad.
Ho He 0bL10 HU omHOro ciy4asg, Korma oiHa M Ta Xe mporpamma >@dheKTUBHO
peanusoBbIBajiach 0€3 CYIIECTBEHHOMW TepeelKn TpU Tiepexoie K Ipyroi TeXHU-
ke. KoHeYHOo, XOTS U TPYAHO, HO BCE XK€ MOXHO 3aHOBO [epelucarb MporpaMmy,
VIOBJETBOPSS TPeOOBAHUSAM SI3bIKA TPOTPAMMUPOBAHUST U TITATHOTO KOMTUJISITO-
pa. OnHAaKO HOBYIO OONbIIYIO IMPOrpaMMy CYIEPCIOXHO claenarb 3h{eKTUBHO
paboTaroieit.

TexAomorHs OOHAPYXKEHNWS Y3KMX MECT Tpollecca pealTi3aliy TIPOTPaMMEl TUTOXO
AIrOPUTMU3UPOBaHa. ONBIT MOKA3bIBAET, YTO I IOBBIIEHHS 3DPEeKTUBHOCTU
TIPUXOIUTCS paccMaTpHUBaTh BCE STAMBI ASHCTBUI, HAYMHAS OT TIOCTAHOBKW 3aMaui
1 KOHYAs U3YdeHHUEM ApXUTEKTYPhbl KOMIIBIOTEPA, Yepe3 BbIOOP YMCIEHHOrO MeToda
W aITOpUTMA, TIIATEIFHO YYWUTBIBAST OCOOCHHOCTH S3BIKA TIPOTPaMMHPOBAHUS W
Jake KoMIiaTopa. OCHOBHOH CIIOCOO OOHAPYXEHUS Y3KHUX MECT — 3TO METO[
mpob 1 ommbOK, COTPOBOXAAIINNCA OONBITNM YHCIOM TIPOTOHOB BAapHWaHTOB
nporpammbl. HeoGxoauMoCTb MHOTUX DKCIEPUMEHTOB OOBSCHSETCS CKYIHOCTbIO
WHGOPMAITIH, TTONMYYaeMoil oT KOMITHIISTOpa TIocie Kaxnoro mporoHa. K Tomy e
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HM OJMH KOMIIWISITOP HE JaeT HUKAKUX TAPaHTUI OTHOCUTEBHO Mephl 3 PeKTUB-
HOCTU peaTu3yeMbIX UM OTAEIbHBIX KOHCTPYKIIMM $I3bIKa TIpOrpaMMUPOBAHMSI.
C camoro Hayaja IoJb30BaTe/lb CTABUTCS B TAKME YCJIOBMS, KOIIa OH HE 3HaeT, KaK
Haymo mrcath 3dpeKkTuBHBIE TTpOrpaMMEL. [ToMyINTh COOTBETCTBYIONIYIO WHpOPMA-
LIMIO OH MOXKET TOJBKO HA OCHOBE OIIbITA, U3yYas IMOYTH KAK YE€PHBIA SILMK BIMI-
HUE Pa3TUIHBIX (GOPM OMMCAHUS ATTOPUTMOB Ha 3(HeKTHBHOCTD.

Hamu wuccnegoBaHus TOKa3bIBAIOT, YTO OOJBIIMHCTBO U3 Y3KHX MECT MOXKET
ObITb O0OBEIMHEHO B TpU Ipynnbl. IlepBasg cBg3aHa COOCTBEHHO C KOMIIBIOTEPOM.
Ha moboM napanienbHOM KOMIBIOTEpe He BCe TMOTOKHM JAaHHBIX o0pabaThIBAIOTCS
onMHakoBo. Kakue-To U3 HUX peau3yloTcd NpelesibHo 3¢hQPeKTUBHO, KAKKUE-TO
JocTaTouHo Tuioxo. M3ydast ocoOEHHOCTH apXUTEKTYpPbl KOMIMbIOTEpa, OYeHb BaXkK-
HO IOHSITh, YTO IIpe/cTaB/sier co0Oi Te U Jpyrue MOTOKU M ollMcaTb UX MareMa-
THYecku. BTopas ompenessieTcsl CTPYKTYpol CBs3eH MeXIy omepalusMHu Tpo-
rpammbl. He B Kaxioili nporpamMme o0s3aHbl CyIECTBOBaTb (hparMeHThI,
peanusyemble 3¢ GheKTHBHO Ha KOHKpeTHOM KommbloTepe. M, HaKoHel, TpeTbs
3aBUCUT OT UCIOJb3YEMONH B KOMIIMISATOPE TEXHOJOIMU OTOOpakeHUs Iporpamm
B MAalllMHHBINA KOJI.

Ecnu TexHoMOTHS MO3BOMSET pa3ioXNUTh MTpoTpaMMy Ha (pparMeHThl, MO KOTOPLIM
MOYTU Beeraa OymeT cTpouTbes 3G MEeKTUBHBIN KO, TO Y3KUX MECT B OTOH IpyIlie
MOXeT He ObITh. Takue TeXHOJOTUM OBUTU pa3paboTaHBl IS TIEPBBIX Mapajjieib-
HBIX KOMIIbIOTEpOB. Ho mo Mepe ycaoXHEeHUS BBIYMCAUTEIbHONH TEXHUKH TeXHO-
JIOTUU KOMMUJISIIIUM CTaHOBATCS Bce MeHee W MeHee 3h(PEKTUBHBIMU, U Y3KUX
MECT B TPETbeM IPYIIIe OKAa3bIBaeTCd Bce 0oJibllie U Oonbiie. s Oonbluux pac-
TpeJeIeHHBIX CUCTEM Y3KUE€ MecTa KOMIUJISIIIUM HAaYWHAKOT WUTPATh PElIalolLyio
poisib B motepe obuieil addektuBHocTU. [loaToMy yxXe JaBHO HAMETWJIOCH U Te-
Mepb TOYTH BOTUIOTUJIOCH B peajbHOCTh "KOMIIPOMMCCHOE" pasfiejieHue Tpyna:
HauMeHee aJrOpUTMU3UPOBAHHBIE U CIOXHO peajM3yeMble DTallbl KOMITMJISLIUH,
B TIEPBYIO ouepe/ib, pacilleryieHne TIporpaMMbl Ha TiapaJiie/ibHble BETBH BbIYKMCIIE-
HMI, pacOpeieleHre TAHHBIX 10 MOTYIAM MaMITH U OPraHU3alMIO IEePEeChLIOK
JAHHBIX BO3JArarTcsl Ha Tosib3oBatens. [IpobaeM oT 3Toro He cTajo MEHBIIe.
[IpocTo 0 ToM, 0 YeM paHbliie 3a00TUIUCh Pa3pabOTIYMKU KOMIUISITOPOB, TEIeph
JIOJKHBI O€CTIOKOUTBCS caMU TTOJTb30BaTeNN.

AKIIEHTHpOBaAaHHOEe BHMMaHWeE K Y3KMUM MecTaM TIpoliecca pellieHus 3amaq sSBseTcst
XapakTepHON YepToi HACTOAILEH KHUIU. Y3KHe MeCTa OMUCHIBAIOTCI U U3Yy4aloT-
¢ TIPaKTHYECKN BCIOMY: B TMapameNbHBIX KOMITbIOTepaX W GOJBIINX BBIYUCITH-
TeNbHBIX CHUCTEMAX, Ipoleccax paboTbl MHOTMX (DYHKIIMOHAIBHBIX YCTPOHCTB,
KOHCTPYAPOBAHWH UYWCICHHBIX METOIOB, SI3LIKAX W CHUCTEMaxX TporpaMMHpoBa-
HMA, Pa3IMYHbIX IPUWIOKEHUSIX U Aaxe B padoTe Nonb3onareieil. Ocoboe BHUMA-
HUE yIensieTcsl Y3KMM MeCTaM, CBSI3aHHBIM C BBISIBICHUEM TTapajiiIeIbHBIX CTPYK-
TYp @ITOPUTMOB U MPOrpaMM U MX OTOOPaKEHUEM Ha apXUTEKTYPY KOMIIbIOTEPOB.

MCCHG,Z[YH PAa3/InuHbIC BOIIPOCHI MapalICIbHbIX BbI‘{I/ICJICHl/Ifl, Mbl HCOIHOKPATHO
Y6€)KI[3JTI/ICI) B TOM, YTO BCE¢ OHHU CBAI3aHbBI MHOTHUMU HE3PUMBIMH HUTIMU KaK
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MeXIy co0OM, TaK U ¢ COBEpIISHHO JaJeKUMHU OT J1000ro napauiennsma obaac-
TSIMW 3HAHWH. DTH CBSI3M He JIEKAT Ha TIOBEPXHOCTH, W MOYYBCTBOBATHL WX MOXK-
HO, JHUILIb ITOCTABUB UCCIEIOBAHMS HA CTPOIYIO MAaTeMATHUYECKYl0 ocHOBY. M To-
rJa HauWHAeT BO3HWKATH OINYIIeHWEe, YTO TapaulebHbIe BBEIYMCICHWS CBOWMMU
KOpHIMHU YXOAIT BO UTO-TO OYeHb (PyHAaMeHTaibHOe. BO3MOXHO, 3TO YTO-TO
eCTh WHMOPMAITMOHHAST CTPYKTYpa aJTOPUTMOB. BO3MOXKHO, OHO OKaXXeTcs deM-
To UHBIM. Ho B 1060M ciyyae MOABISAETCA YBEPEHHOCTb, YTO INyOOKOe M3ydyeHHe
TTapamIeNbHBIX BBEIUYACIACHHUH TPUBEIET, B KOHIlE KOHIIOB, K TIOHWMAaHWIO TOTO,
KaK IOJDKHBI OBITH YCTPOEHBI HAIIM JITOPUTMBI, KOMIIBIOTEpPHI U IMPOrpaMMHOE
obecrreuenne. Ceituac mapamiebHBIe BBIYUCICHUS MPEACTABIAIOTCS THTAHTCKIM
alcOeproM, BEpXyllIKa KOTOPOIO McCleNoBaHa BecbMa ocHoBaTeabHo. Mcciemo-
BaHWE X€ OCTANBLHOM eTo YacTH TONBbKO HayrmHaeTcd. [lepcleKTHBY 3TOTO TMpo-
L1iecca Mbl TaKXe IMOIBITATUCH OTPAa3UTh B Hallleil KHUTe.

CoaepxaHue KHUIU U ee CTPYKTYpa XOPOLIO BUAHBI U3 MOAPOOHOIO COMEPKAHMSL.
[losToMy caenaeMm Mo Hell JHMIIb HECKOJIbKO 3aMeuyaHuil. B cBoeil ocHoBe KHMIa
SIBJIAeTCI MOHOrpadueit, IOCKOIbKY B Hee BKIIOYeHO MHOIO YHMKaIbHOIO aBTOp-
ckoro Marepuana. OgHAKO comepKaHue CUCTEMaTU3MPOBAHO TAKUM O0pa3oM, YTO
KHHUIA MOXEeT CIYXUTb Y4eOHBIM MOCOOMEM U1 CTYAEHTOB, ACIMPAHTOB M CIIe-
LIMATMCTOB, CBA3AHHBIX B CBOEil neATeJbHOCTU ¢ HampapieHueM “IlpuxiamHasg
Matemaruka U MHgopmaruka”. g ee yTeHUsT Hy>KHbl MUHMMAJIbHbIE HAYAIbHbIE
3HaHus. HexoTopeie pasmenbl JOCTYIHbL JaXe IIKOJbHHUKAM, BAAALIONIMM HABbI-
KaMu paboThl ¢ KOMIBIOTEpOM. BMecTe ¢ TeM, B KHUIE TAKXKE IPUBOIATCSA CBede-
HMS OYeHb BBICOKOIl CTeNEeHU CAOXHOCTHU, JOCTOMHBIE BHUMAHHUS CAMBIX CEpbe3-
HbIX HccienoBareiaeil. g obneryeHus 3HAKOMCTBA ¢ KHUIOM Kaxnias IJlaBa
HauyuHaeTcs ¢ HeGOJIbILOTO BBEAEHUS, MOSCHAIOLIErO Lelb U OCOOEHHOCTH H3J10-
>KeHHoro B Heil marepuana. Ilocie o3HaKOMIEHUs ¢ HOBBIM MaTepUaoM YUTaTe-
JIIO IpemiaraeTcs OTBETUTb HA BOIPOCHL M BBINOJIHUTL 3amaHus. Bompockl u 3a-
JaHus, MOMeYeHHBIE OTHOM WM ABYMS 3B€3MOYKAMU, OTHOCITCS COOTBETCTBEHHO
K CJIOXHBIM U OY€Hb CIOXHBIM.

Cosnmanne yaebGHOTO TIOCOOUS TMMTUPOKOTO MPodWIS O TapajuTeTbHBIM BBIYMCIIE-
HUSAM — 3TO, TTOXaIyi, camas TAaBHas 1eJTb HAITMCAHWsT HACTOSIIEeH KHUTH. MBI
MTOCTAPATICH ¢ eAMHBIX TTO3UIIAI He TONBKO paccKasarh 00 oCHOBaX TaHHOTO Ha-
VYHOTO HaTpaBJIeHWs, HO W TIOKA3aTh €ro MpobJIeMbl M TIEPCTICKTUBBI PA3BUTHA.
KoneuHo, o mapanne bHBIM BBEYUCICHUSIM MMEETCS HEeMajo XOpOIIMX KHUT W
myonmKkanwii. Ho Bce oHM, Ha HAII B3MIAA, CIUIIKOM (dparMeHTapHBI U HE CO3-
JIAIOT TIETHLHOTO BITEUYATIICHUS O paccMaTpuBacMoil cdepe AesITeTLHOCTH, OCYIIe-
CTBIISIEMOM Ha CTBIKE MHOTMX HayK. CTpyKTypa W (opMa M3JTOXEHHUS Marepuaia
3TOM KHUTH (hopMUPOBATNCE TOBOJIBHO monTo. HayuHble WcciiemoBaHUS TO3BO-
JWIN BBIIETATH OMOPHBIE TOYKW MApaIeTbHBIX BBIYUCICHUN Cpeld OTPOMHOTO
ynceaa obIMKUX pe3yabTaToB U HAMETHUTh WX CBSI3b MeXmy coboit. B mpemBapuTens-
HBIX TIYONMMKAIUSIX ObIia TIPpenNMpUHATA TOTBITKA Pa3BUTh W CUCTEMATH3NPOBAThH
5TH CBSI3W Ha OCHOBE CTPOTHUX MaTeMaTUYEeCKWX OTpEAelIcHU W BHIKIAmoK. Pas-
JUYHBIE (pparMeHTH KHUTH HEOTHOKPATHO OOCYXIaMWCch HAa KOHGEpeHITNIX, ce-



lpenucnosue 9

MUHApax M B AUCKyccUsIX ¢ KojuleraMmu. Ha ocHoBe oToOpaHHOro Mmarepuaia B
Te4eHUe MHOTUX JIET YUTAIOTCS OCHOBHBIE U CIIELMATbHbIE KypChl B MOCKOBCKOM
rocyiapcTBeHHOM yHuBepcuTeTe uM. M. B. JloMoHocoBa, (pM3UMKO-TEXHUYECKOM
MHCTUTYTE M MEXAYHAPOLHOM TOCYIAapCTBEHHOM YyHMBepcuteTe B I. JlyoHa. Pe-
LIAIOLIMM OOCTOSTENIBCTBOM, MOBAMSABIIMM Ha YCKOpPEHHE IIpoliecca HAIMCaHM
KHUIHY, CTAI0 Hallle YYacTUe B MOJOAEXKHbIX HayyHbIX Likosax. HeobxogumocTb
CO3aHUs Y4eOHBIX MOCOOMMI MO MapalaeNbHBIM BBIYMCICHUSM TaM OILYIIAIach
0CO0EHHO OCTpO.

3aHumarbesl TapauIebHBIMU BBIYUCTCHUSIMUA JTOBOJIBHO CJIOXHO. DTy 00JacTh 3a
KOpPOTKOE BpeMsi TPYIHO OCBOWTL W, TeM Oojiee, TPYAHO TOJYUNTh XOpOIIHE pe-
synbTathl. [loaToMy B KOJIIEKTHBAX, T/Ie TPOBOMATCS TOMOOHBIE pabOThI, UMeeT
Oojibllloe 3HAYEHWE co3laHue aTMochepbl MOMIEPKKH, 3aWHTEPECOBAHHOCTA U
TeprenuBocTu. Ham MpHsTHO BbIpasuTh TpHU3HaATeNbHOCTL akageMuky . M. Map-
YyKy, KOTOPBIHM Takyw atmocdepy co3lan B MHCTUTYTE BbIYMCIUTEILHOW MaTeMa-
THKM Poccuiickoil akajeMun HayK MU B T€UEHHE MHOTUX JIeT MOMAEepKHUBAT 3TO
HampasJeHWue ucclieJJOBaHU.

Mbl OaarogapHbl akagemuky B. A. CagoBHUYeMy 3a CTONb Xe OJaromnpUsITHYIO
atmMocepy B MOCKOBCKOM YHMBEPCHUTETE U IONAEPXKKY paboT HayyHO-
HCCAEN0OBATEbCKOIO BRIUMCAUTEAbHOrO LieHTpa MIY mo cosmaHuio XKpynHeii-
LIero LEeHTpa IO BbICOKOMPOU3BOAUTENbHBIM BbIYMCIEHUSIM B CHUCTEME BY30B
Poccuu. Muoronernee corpyanudectso MUBM PAH u HUBII MIY B obGinactu
MapayIeNbHbIX BbIYMCICHUNH IO3BOJIMIO MPUOOPECTH OeCLEeHHBIl ONBbIT KaK B
pelieHUd OOJBLIMX 3a1a4, TaK U B IPaBWIbHOH pacCTAHOBKE AKILIEHTOB B MPO-
Leccax o0pazoBaHMs U MOATOTOBKU BBICOKOKBATMGULIMPOBAHHBIX KaapoB. [losgs-
JIEHUE DTOM KHUTH €CTh OXHO U3 CIEACTBUI JaHHOIO COTPYIHUYECTBA.

B npoliecce HamucaHuWs KHUTM HaM TIPUIIOCh KOHTaKTUPOBATH CO MHOTUMM
Kkomneramu. HekoTopble M3 HUX TMPeAOCTaBWIN CBOM MaTepHUalbl, TTOMOTaolne
JIy4llie OCBETUTD OTAENbHBIE pasaeibl. C APyTUMU ObUTO MPOCTO MOJIE3HO TTOTOBO-
pUTh, YTOOB chOPMHUPOBATHL HYXKHYIO TOUYKY 3peHWA. BeceM WM MBI BbIpaxkaeM
Hally  TpusHareJbHocTh.  OcobeHHO  oTMedaeM — ydyacTWe — akajeMuka
B. TI. IsiMHMKOBA, WieH-KoppecnioHaeHTa A. B. 3abponuHa, A0KTOpPOB (hU3UKO-
Marematuuecknx Hayk C. M. A6pamoBa, A. H. Anuapuanosa, A. JI. JlactoBenxoro,
B. A. KptokoBa, A. H. TomunuHa, KaHAuAaToB (PU3NKO-MATEMaTHUYECKUX HayK
K. H. Edumkuna, H. A. KoHoBasosa.

Mbl BeIpaxkaeMm OmaromapHocTh PoccuiickoMy ¢doHay ¢yHIaMEHTANbHBIX UCClie-
JOBaHUI U MUHUCTEPCTBY IPOMBIIICHHOCTH, HAYKU M TexHoyoruii Poccuiickoit
®epepaunn. MHorue pe3ynbTaThbl, O KOTOPLIX T'OBOPUTCSA B KHUIE, ObLIM IOJIyYe-
Hbl B paMKax BbIIIOJHEHUS PAHTOB OT 3TUX opraHusauuil. be3 moigepxkku 3Tux
opraHu3aluii Hanucarb Takylo KHUIY ObL10 Obl ropasiio CJOXHee.

Mpur GnaromapuM TIpefcTaBUTeabeTBO Kommannm Hewlett-Packard B Poccuu 3a
MMPEeIOCTABIEHHBIE MaTepUabl, BOBMOXHOCTh NCTIOJH30BAHUSI €€ BBEIYUCIUTETb-
HOW TEXHWKH, 32 BHUMaHWE W TTIOCTOIHHBIN WHTEpec K Hallreil pabore.
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Mbl uckimouuTeabHo onarogapHel A. M. KapaaeBy, mpekpacHO HOArOTOBUBIIEMY
BC€ WUTIOCTPALlMU, MCIONB30BaHHbIE B JAHHOH KHure. Haia umckpeHHss Gnaro-
JAPHOCTb COTPYIHMKAM JAa00paTOpuM MapauleNbHbIX MHOOPMALMOHHBIX TEXHOJIO-
ruii HUBIL MI'Y: kanaugary ¢usuko-maremarudyeckux Hayk A. C. AHTOHOBY,
A. H. Auapeepy u C. A. 2Kymaruio 3a MHOXECTBO LIEHHbIX 3aMEUYaHUil IO PYKOIIUCH.

M, mHakoHel, Hamy ocoOyw TPU3HATEIBHOCTH MBI XOTHM  BBIPa3uTh
T. C. Tamaronosoit 1 C. H. BoeBoanunoit. bes nx camooTBepkeHHOU paboThl O
Habopy TekcTa, ero MpoBepKe, MOJATOTOBKE OPUTUHANI-MAaKeTa U KOPPEKIIUKN MaTe-
prajga KHUTa Morjia 66l He TTOSIBUTBCST B CPOK.

[MapannenpHbie BHIYMCIEHUS — NePCHEKTMBHAS M AMHAMMYHO U3MEHSIOLIASCS
0071aCTh HAYYHOH M MPUKIATHOH AedTelbHOCTUM. MBI HageeMmcsl, YTO BbIOPATh
MPABUJIbHBIA yTh B HEll TOMOXET 2Ta KHUIA.

Baneumun B. Boesodun u Baadumup B. Boeeodun
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NMAPANNENbHbIE
BbIUMCNTUTENbHbLIE CUCTEMbI



MhaBa 1

Y10 CKpbIBaAIOT "O6BIKHOBEHHbIE"
KOMMblOTEpbI

BuyTrpu kaxaoit 6o/blIo 3a1a4d CUIAUT
MaJieHbKasl, TTHITAIoNIasicsl TIPOOUThCS HAPYXKY.

U3 3axonoe Mepgu

B cBoeM pasBUTHUH TIepCOHATBHBIE KOMITBIOTEPHI TOCTHTIIH BHICOKOTO YPOBHS CO-
BepiieHcTBa. OHN KOMTIAKTHBI, 00JTafaroT GOMBITON CKOPOCTBIO BHITIOJTHEHHS 3a-
JTaHWH W, 9TO 0COOEHHO BaXXKHO, TOCTATOYHO MPOCTHI B obpameHnn. Bee stn ka-
YecTBa TPUBEIN K WX TTUPOKOMY HCTIONB30BAHWIO, B TOM YUCE CpelM JIWI, He
UMEIOIINX CTEIHATEHON KOMITBIOTEPHON ToATOTOBKHU. [lo cyIllecTBY MepcoHamhb-
HBI KOMITBIOTEp CTAHOBHUTCS TaKWM K€ TIPUBBIYHBIM YCTPOMCTBOM, Kak TTBUIECOC,
KYXOHHEIN KoMOaifH 1 TeieBu3op. OH ocTaeTcsl YAOOHBIM MWHCTPYMEHTOM 0 TeX
Top, MoKa He TPUXOANTCS peliath odeHb OGonpimne 3amaun. KoHedyHo, B 3TOM
cyJae MOXHO TMOTIBITATECS MCTIONB30BATh CAMBI OBICTPHIN TIepCOHATHLHEIN KOM-
MBIOTEP ¢ MaKCHMAJTBHO OONBIION MaMAaThio. MOXHO Takke MepeHTH K MCITONb-
30BaHMIO paboueit ctaHnnu. OaHAKO YBeTWYeHWE BO3MOXHOCTEH Ha 3TOM TYTH
Bce JXe orpaHnueHo. M Torma mpuxoanuTest o6pamaThes K CYyTIepKOMITBIOTEpaM.

CornacHo pachnpocTpaHeHHOMY MHEHHIO, CYNEPKOMIIBIOTEp — 3TO TaKO KOM-
MbIOTEP, Y KOTOPOro BCE CaMoe-caMoe: CyIepOobllias CKOPOCTh, CylepOobLIasa
namMsTh, cynepboipluas 1eHa. DTo AeilcTBUTeabHO TaK. Ho, mepexonsa ot mnepco-
HaJIbHOIO KOMIIbIOTEPA K CYNEPKOMIIbIOTEPY, IOJAb30BATENI0 MPUXOAUTCI TAKXKE
CTAJIKUBATLCSL ¢ OYeHb OOJBIUMMU TPYIHOCTSIMU B MX MCMIOAB30BaHMU. IJaBHoOe,
Ha CyIepKOMIIBIOTEPAX OTCYTCTBYET XapaKTepHas M1 MepCOHaTbHBIX KOMIIbIOTE-
POB IoJb30BaTeNbckasa cpena. OKa3blBaeTcs, YTO MCIONb30BATh CYIEPKOMIIBIOTED
ropasfo cjoxHee, YeM MNePCOHATbHBIA KOMIIBIOTEP, 4 HEKOTOPbIE CYINEPKOMIIbIO-
Tephl Jaxe o4eHb CA0XKHO. KpoMe 5Toro, BBISICHAETCS, YTO pa3HbIX TUIIOB CyMep-
KOMIIBIOTEPOB JOBOJIbHO MHOIO, OHU HE COBMECTUMbLI APYI C APYIrOM, M Ha pas-
HBIX CYINEPKOMIIBIOTEPAX COBCEM pasHbie I[IOJb30BaTelbcKue cpeiabl. BiaBecus
MPEACTOSIINE TPYAHOCTU, MOAB30BaTe/Id HEPEAKO OTKA3bIBAIOTCS OT MCIIONb30BA-
HMS CYNEPKOMIIBIOTEPOB BOOOILE MIM MepexomdarT K Oojiee MPOCTBIM CYIEepKOM-
nblotepaMm. Eciu ke mojab3oBaTellb BCe Xe pellaeTcss MCIONb30BaTh CYIIEPKOMITh-
I0TEP, €My BAXKHO IMMOHMMATb IPUYUHBI MOABASHUS HOBBIX TPYIHOCTE U MyTH UX
MIPEOIOIEHUS.

CoBpeMeHHBIe CYTepKOMIILIOTEPB BOZHUKIN He BAPYT. OHU SIBASIOTCS TTPOAYKTOM
JUTUTETHHOTO Ppa3BUTUSI "OOBIKHOBEHHBIX KOMIILIOTEPOB, K KOTOPBIM, KCTaTH, OT-
HOCHUTCSI W THTIOBON TEPCOHABHBIN KOMMBIOTEP. DTH "0OBIKHOBEHHBIE" KOMITBIO-
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Tepbl UMEIOT Psil NPUHLMIIMAILHBIX Y3KMX MECT, KOTOPBIE HE II03BOJISIOT JOCTUYb
CKOJIb YIOAHO OOJBILON CKOPOCTU M MMETh CKOJIb YIOAHO OOJIBIIYIO IIAMSTh.
CrpemiieHUe clelaTh KOMIIBIOTEPhl 00jee MOIUHBIMM M pa3Bsi3arh y3KUE MecTa
[IPUBEIO, B KOHLE KOHLOB, K TEM H3MEHEHMSIM, KOTOpbi€ IIpeBpaTuid "0ObIK-
HOBEHHBIA" KOMIIBIOTED B CYIEPKOMIIBIOTEP. Y3KMX MECT B KOMIIBIOTEPAX MHOIO,
MHOTO U CIIOCODOB X Pa3BsI3KU. DTO [IOPOLIO MHOIO TUIIOB CYIIEPKOMIIBIOTEPOB.
K coxanenuio, 3a BO3pOCLIME CKOPOCTU U OOBEMbI HAMSITH [IPUXOAUTCS ILUIATUTD.
Huist nosb3oBareieil 51a IUlara CBA3aHa, B IIEPBYIO OuUepelb, CO 3HAYMTENIbHBIM yC-
JIOKHEHHEM W YXYILISHUEM I10Jb30BaTeIbCKOM cpefibl. MHOroe M3 TOro HeBUIuU-
MOIO0, 4TO JIeJajd "0ObIKHOBEHHbIE" KOMIIBIOTEPHI, HA CYIIEPKOMIILIOTEPAX MOJIb30-
BaresisiM Hajgo fenars camum. Ilpocro moroMy, uto mpobiembl 3¢hhHEKTUBHOIO
00C/IyKMBAHUS 10Jb30BATEIbCKUX 324 CTAJIM HACTOJIBKO CIOXHBIMHU, YTO IIOKA UX
HE HAayYWIMCh XOPOLIO PeLUaTh B ABTOMATUUECKOM PEKHMME.

YtoOB! ydille TTOHATh IPUINHBI MOSBICHUST HOBLIX TPYTHOCTEH M, BO3MOXHO, Ha-
METUTb B JaJbHeiillleM YT UX IPEeOAONeHus], pAaCCMOTPUM CHavala, Kak yCTpPOeH
"OOBIKHOBEHHBIH' KOMITBIOTEP. MBI He OymeM 3aHMMAaThCsT ACTATBHBIM M, TeM 00-
Jlee, WHXEHEePHbIM aHaau3oM. JIMIb paccMOTpUM Te y3KUe MecTa, pa3Bsi3biBaHUE

KOTOPBIX, ¢ TOYKH 3PCHUA TTOJIb30BATC/IsI, N MIPEBPaAIIacT "OOBIKHOBEHHBIH' KOMITb-
I0T€P B CYNEPKOMIIBIOTED C €10 JOCTOMHCTBAMU W HEIOCTATKAMMU.

§ 1.1. HemHoro o6 yctpoictee KomMmnbloTepa

3a oYeHb pEmKUM WCKIIOYEHWEM BO BCEX CYIIECTBYIOIIMX KOMIIBIOTepax, Kak
"0OBIKHOBEHHBIX", TaK W CyIep, pealu30oBaHA OJHA U Ta XK€ KOHCTPYKTHUBHAsI
uaes. OHa COCTOWT B TOM, YTO BCSI UCXOMHASI M IrepepadaTbiBacMasi HH(POPMALIHS
XPAHUTCSI B KOMIIBIOTEPAX B (POPME HEKOTOPOIO MHOXKECTBA JBOMUYHBIX Pa3PsLIOB
A 6umoes, a Moboe ee TIpeobpasoBaHe CBOIUTCSH, B KOHIIE KOHIIOB, K TIpeobpa-
30BaHUI0 BUTOB C IIOMOLIbIO HECKOJIBKUX HPOCThIX HYHKIIMA.

Cejiuac HepeaJbHO IaXe MPEeACTABUTh TaKyl0 CUTYALMIO, IPU KOTOPOH IMONb30BA-
TeJTb 3alUChIBACT U YUTAET CBOIO WH(popMaIuio B ABOUYHOM BUJIE, a TaAKXKE OTH-
CBIBAET €€ IIpeoOpa3oBaHue KaK IpeoOpazoBaHue MHOXecTBa OutoB. B meilicTBu-
TEJIBLHOCTU OH Bcerja oblaercs ¢ KOMMbIOTEPOM Ha KaKOM-HUOYIb MTpUEMIIeMOM
IUId Hero s3bIKe. YacTo Monb3oBaTelb JaXe He 3HAeT, KaKue IMPOLEeCcChl IPOUCXO-
JIIT B KOHKPETHOM KOMITbIOTEPE TPU pellieHUn ero 3agad. OgHako Ul Hac o4eHb
BaXXHO MOMHUTH, YTO, TEM He MeHee, BCe DTU IpoLiecChl B J1I0OOM clydyae ocylle-
CTBJISIIOTCSL Ha OUTOBOM ypoBHe. YacTHYHO Tiepexol K OUTOBOMY YPOBHIO U 00-
PATHO BBIIOJIHAETCS ABTOMATUYECKU € TIOMOLLBIO AIIIAPATHBIX CPELCTB, YACTUYHO
MporpaMMHBIM TiyTeM. OT TOTo, HacKOJIbKO 3 (hEeKTHBHO peau3yioTcs 3TH Mepe-
XOJbl, B HEMAJIOI CTeNeHM 3aBUCUT yCIIeX B pellieHUM I10Jb30BATEIbCKUX 3a1a4.

He ¢ kaxagoro BXOmZHOTO sI3bIKa pa3pabOTYMKKU KOMIIBIOTEPOB U €ro Iporpam-
MHOTO OKPY;KEHWS MOTYT aBTOMaTHYeCKHW OpraHn30BaTh 3¢eKTHBHBIC OMHApHBIC
npouecchl. M Toraa oHU HAYMHAIOT TPeOOBATH OT IOJB30BATEN KAKUe-TO AOIOJ-
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HMTeNbHBIE CBeAeHMs. Yalie Bcero MOMONHUTEIbHBIE TPpeOoBaHU (POPMYIUPYIOTCS
B crnelnuduIecknx KOMIBIOTEPHBIX TepMUHAX, He BCErda OYeBUAHBIM o0pa3zoM
CBS3aHHBIX C 3agayedl MM METOIOM ee pellleHusl. Bce 3To yCcaoxXHIeT KaK BXOA-
HOM SI3BIK, TaK W BCKO TIPONEAYpY OOIIEHUS ¢ KOMMbIOTepoM. Takas cuTyanms
0COOEHHO XapakTepHa IJIA CYMEePKOMIIbLIOTEPOB, HO HE TaK YX peiko OHA BO3HM-
KaeT U B CBSI3M ¢ "OOBIKHOBEHHBIMU" KOMITHIOTEPAMMU.

OCHOBHbIM MH(MOPMALIMOHHBIM 3JIEMEHTOM B KOMIIbIOTEpE SABJIAETCA ¢1080. Kax-
JIoe CJIOBO TIpEACTABISIET coOOM yIopsiioueHHBIN Habop OuToB. CloBO MOXET Je-
JIUTbC HA 6aiimsi. ballT o3Havyaer ymnopsaodyeHHbId Habop u3 8§ outoB. Yucio
OUTOB B clloBe Ha3bIBaeTcsl ero diunou. B m0GOM KOHKpPETHOM KOMIIBIOTEpE BCe
CIOBa UMEIOT OMHY W Ty X€ [UIMHY. B pasHbIX KOMIBIOTEpax IIMHA CJIOB MOXKET
ObITh pasHoit. Hampumep, B TepcOHATLHOM KOMITHIOTEPE CIIOBO COCTOUT U3 OJI-
Horo Gaiita, B kommbiotepe Cray-1 oHo cocrout u3 64 6uros. Ecau B ciose 3a-
MUcaHa Kakasi-To WHbopMaIns, TO 9TO O3HAYaeT, YTO B KaXJIO0M OWUTE ClioBa 3a-
(UKCUPOBAHO OMHO U3 ABYX BO3MOXHBIX ero cocTosgHuil 0 win 1. CoBOKyMHOCTb
COCTOSTHUI BCeX OUTOB CJIOBA OTIPEACNSIET codepicumoe ca08a. YCTPOUCTBO, B KO-
TOPOM XPAHUTCH BCE MHOXECTBO CJIOB, 0000ILIEHHO HasbiBaercsd namamovr). OHO
MOXET OBITh MPOCTBIM WJIU CIOXHBIM, OJHOPOJHBIM TIO YCTPOMCTBY WU pa3HO-
POMHBIM B 3aBMCHMOCTM OT TUIIA MM Ha3HaYeHuUs1 KomikeloTepa. Bce ciopa mo-
uMeHoBaHbl. MMst citoBa HasbiBaeTcsl adpecom. CTpyKTypa ajpeca B oIpenesieH-
HOM CMBIC/Ie OTPAXAeT CTPYKTYpy maMmaTu. PasHble cioBa MMEIOT pasHbie ampeca.
Kaxerit agpec ¢BsI3aH ¢ KOHKPETHBIM (GDU3NYCCKAM MECTOM B TIAMSITH.

Ecau maMsTh ycTpoeHa CIIOKHO U, K TOMY e, pa3HOPOJIHA TI0 CBOEMY CTPOCHUIO,
BpeMeHa oOpallleHMsl K OTJAe/IbHbIM CJ10BaM MOIYT BapbUpPOBATLCS B OYEHb LIMPO-
KUX TIpeJenax, oTIuvasich ApYT OT Jpyra He TOJBKO B pasbl, HO U B JIECSITKH, COT-
HM U JaXe ThICAYM Pa3. DTO UCKIIOYUTEIbHO BAXHOE 0OCTOATENLCTBO U OHO He-
peKo pelaninuM obpa3oM omnpeensieT BpeMsl pelieHus 3amad. K pasnuyHbiM
BompocaM 3(¢PeKTUBHON pabdoThl ¢ HaMIThIO Mbl OyIeM BO3BpallaThCcd B ITOM
KHHATE HEOTHOKPATHO.

OcHoBHasl 3aja4a JIOOTO KOMIIBIOTEPA COCTOUT B IIPEOOPa3OBAHNU XpaHsIIeicst
B nmaMartu uHdopmaimy. OHa Bcerma peaausyeTcs KakK BBINOIHEHME MOCIea0Ba-
TEJIBLHOCTU HPOCMbIX OMTHOZHAYHBIX (DYHKIIUI Hall COAEPXKUMBIM OTACTBHBIX CIIOB.
Kak mpaBuiio, Bce GyHKIMU UMEIOT He Oonee ABYX apryMeHToB. DyHKIIMKU MOIYT
WCIOMB30BaTh W/WIN W3MEHATH KaK CJI0Ba IETMKOM, TaK W WX YacTH. Boobire
rOBOpS, pPa3Hble KOMIIBIOTEPbI MOIYT HMEThb pasHbie HAOOpPbl MCIOIHSIEMbIX
¢yuxumit. OgHako ovYeHb YacTo 3TU HaOopbl (hYHKIIMOHAIBHO COBMAAAIOT BO
MHOIOM WIM MOJTHOCTBIO, pazanyasch JHUIIb TexHHMKo# peanusanuu. Haubonee
pacTipocTpaHeHHBIMUA  (DYHKIMSIMUA ~ SIBJISIIOTCS  TIpocTeine  apudmeTndeckue
olepaluu Haja yuciamu (CJIOXEeHUEe, BbIYMTAHUE, YMHOXEHUE U T. 1.) W JIOrUYe-
CKHe ofepalun OyleBoi anreOpbl Hal OUTaMU cJTOB (KOHBIOHKIINS, AUBIOHKITHS
U T. 0.). OObIMHO B KOMIIBIOTEPHOH TEPMUHONOIMHU BCe (YHKIHUM HA3bIBAIOTCH
onepayusmi, a 3HaAYEHUE apryMeHTa, WHOT/IAa caM apTyMeHT U Jaxe aapec clIoBa,
[Je CONEPXKUTCS apryMeHT, — onepandamu.
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B xoMmpioTepe omepaius peaausyercs B BUIE HEKOTOPOM BIEKTPOHHOI CXEeMBbl.
g obo3HaueHUs pealu3alil OTUX CXEM MCIIONb3yeTcd camasl pasziuyHasg Tep-
MuHonorus. OHY HAa3bIBAIOTCS YMIIOM, YCTPOMCTBOM, IPOLIECCOPOM, COIPOLEC-
COPOM U T. II. B 3aBUCMMOCTH OT UX CJIOXHOCTH, CBSA3U IPYL C APYIOM U JdaXe
BKyca KOHCTpYKTOpa. MBI OyaeM MCIIONb30BaTh TEPMUH "yCmpolicmeo”, oCcTaBss
Opyrue HaspaHust Uit MHbIX Leneil. COBOKYIHOCTb YCTPOMCTB, Peaju3yoliux
apuMeTUIECKHE U JIOIMUYSCKUE OIePALMU, HA3bIBACTCS APUEMEMUKO-102UMECKUM
yempoiicmeom (AJ1Y).

Kpome onepanumit Haa comepkaHUeM TIaMSITH, KOMITHIOTEP JOKEH OCYIIECTBISITE
TaKkKe W Bce AeHCTBUSA, CBSI3aHHBIC ¢ OpTaHW3aIell Tpollecca TpeobpasoBaHms
nHpopmaluu. Bo3MoXHBIE JeHCTBUSI KOMITbIOTEPA OMUCHIBAIOTCS CHUCTEMOT
mawuHHbix kKomand. Kak v mobas apyras wHbopmMalivs, MalliliHHas KoMaHaa 3a-
MMUCHIBAETCSI KaK COAEPKUMOe CIoBa. B omNMMcaHNM KOMaHJbI 3a/1al0Tcsl KOJ Ofe-
parm W Te OTepaHabl, Hal KOTOPBLIMHU Ofepalus OymeT MpPOBOAUTEL AcHCTBUS.
HexkoTtopble MalliMHHBIE KOMaHABl BBIMOMHSIOT ASHCTBUS Hall CcIOBAMHU, Pacrioyo-
KEHHBIMH B CTPOTO OTIpeJIeICHHOM MecTe, Hampumep, B (PMKCUPOBAHHBIX pPErH-
crpax. Takme KOMaHABI He TpeOYIOT SBHOTO YyKasaHWsT omepaHmaoB. Cucrema
KOMaH/I BCEerjia YCTpoeHa TaKWM o0pa3oM, UYTO BBIMIOJHEHUE KaKAOW KOMaHIbI
OJTHO3HAYHO oOTMpeaenser cieaywlnyn KoMmanay. JIobolt mpoiiecc mpeobpazoBa-
HUs WHpOpMaIIUU  OTMCHIBAETCSI KOHKPETHOW COBOKYITHOCTBHIO MAITUHHBIX
KOMaH/I 13 YKclla BO3MOXHBIX JJI JAHHOTO KOMITbIOTepa. DTa COBOKYITHOCTh Ha-
3bIBACTCS MAUUHHBIM KOOOM WU TIPOTPaMMOM BO GHympeHHem Kode. TeM caMbiM
MOAYEpPKABACTCA, YTO TMpollecc OIMCAH TporpaMMoif Ha A3bIKe MAaITMHHBIX
KOMaH/I, a He Kak-1nbo nHayve.

CTpyKTypa MAallMHHBIX KOMAHA BCeraa IMpUBs3aHa K CTPYKTYPE KOMIIbIOTEpa U
MOXET ObITb COBCEM HE MOXOXeil Ha CTPYKTYpY TeX NeHCTBUIl, KOTOPHIE IONb30-
BaTe/lb IpelronaraeT BeIIOAHATb. Kak IpaBuio, CBOM NEHCTBUS IIOJb30BATEb
OIMCBHIBAET MPOrpaMMaMU Ha s3bIKAX @bicOKO20 YpoeHs. KOMIbIOTEPhl UX "HE IO-
uumaiot”. Iloaromy, YTOOBI MPOrpaMMbl MOINIU OBbITh BBIIOAHEHBI, OHU AOJKHbI
ObITb IepeBeleHbl, MPEXIe BCErO, B IKGUEANCHMHbI] MALIMHHBIA Koa. Takol me-
pPEBOM  OCYIISCTBISAIOT CIELUMaNbHble IPOrPAMMHBIE CUCTEMbl, HA3bIBAEMbIE
Komnuaamopamy. KOMIUIATOPbl OYEHb CJOXKHBL M BBIIOIHSIIOT OYEHb OOJIBIIONL
00beM paborel. OT TOro, KAK MMEHHO OHM IIPeoOpasyloT IpOorpaMMbl MMOJIb30BA-
TeNsd, pellaroliMM o0pa3oM 3aBUCUT 3(P@EeKTUBHOCTh PEAIM3ALUM IO1y4aeMOro
MaILIMHHOTO KOJA U, CIeA0BATENbHO, IPHEKTUBHOCTD MPOLECCa PEellleHu s 3a1ay.

Mo Toro Kak MalmWHHEIM KON HAYHET WCTOTHSATBCS, BCe KOMAHABI M HeOOXOMN-
MEBI¢ TaHHBIE TONKHBI OBITH TTIOMENICHBI MITH, KaK TOBOPST, 3aTPY;KEHBI B MaMSITh.
DTO OCYIIECTBIAETCS ¢ TIOMOIIBIO CTHEITUATLHBIX KOMaH Yepe3 TaK HasbIBacMEIC
yeTpoifcTBa 660da. K HUM OTHOCSATCSI YCTpOMCTBA CYMTHIBAHWS WH(MOPMANIMHA C
JUCKETH M JIA3ePHBIX JIUCKOB, CKAHEPHI, KIaBuaTypa W T. M. Pe3ymbraTsl paboThi
KOMIIBIOTEPA BEIBOIATCA M3 MAMSTA TakKe ¢ TTOMOIIBIO CITEIMANBLHBIX KOMAaHI
yepe3 ycTpoifcTsa 6sieoda. K HUM OTHOcATCS yCcTpolicTBa 3ammcu wHhopMaIim
Ha AUCKETHl W JlazepHBIC MWCKU, TpadormocTponTenn, TpuHTepsl 1 T. . Ceifuac
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CYLLECTBYET OTPOMHOE paszHooOpasue ycrpoidicTB BBoga/BeiBoga (YBB). Ho Hesa-
BUCHMO OT MX KOHCTPYKTUBHBIX ocobeHHocTeli YBB ocraiorcs cambiMu MejieH-
HBIMM YCTPOMCTBAMU KOMIIBIOTEPA. DTO OOCTOSTENBCTBO BBI3BIBAET MHOIO TPYI-
HBIX IIPOOJIeM, KOrjJa o0beM BXOJHON WU BbIXOAHONH MH(MOPMALIMK OKA3BIBAETCS
O4YeHb OOJBILIUM.

IMocre 3arpy3ky B TaMsITh MAITMHHOTO KOJA W JTAHHBIX KOMITBIOTED MOXKET HAUH-
HaTh CBOI0 PaboTy. PYKOBOICTBO €10 OCYIECTBISIET YCTPOUCTBO yupasienus (YY).
OHO COTEPKUT HEOOXOMMMBIC PETUCTPHI, CUSTUYNKN W JPYTHE 3JIeMEHTHI, obecre-
YMBAKOIINAE VIIPaBIeHWE TepeMellleHneM WHGhOPMANN MeXmy maMmaThio, AJTY,
VBB u npyriMn gacTsIMU KOMIThbIoTepa. YY MOIDKHO pellaTh ABE TPOTHBOPEUH-
BEI¢ 3amaun. C ogHOI CTOPOHEI, YV MOMKHO paboTaTh TOCTATOYHO OBICTPO, YTO-
OB He 3aMepsKUBaTh TIpollecce pelreHunsT 3amaun. C apyroit cTopoHE, YV ITOIKHO
VIIPABJISATh CAMBIMHA PA3TUYHBEIMHM YCTPOHCTBAMU, B TOM YHCITE, VIAJICHHBIMA APYT
OT Jpyra W paboTaromuMu ogHoBpeMeHHO. [TosaTtoMy YV Beerma ycTpoeHo TIO He-
papxXuuecKoMy W pacTipeleleHHOMY TIpHHIHTY. CaMBIit GBICTPBIN YPOBEeHb — 3TO
Te DIEKTPOHHEBIC CXEMBI, KOTOpPBIE pacIiIMdpOBLIBAIOT COMEPKAHWE OYeperTHOM
KOMAH/IBI, BBIICISIOT KO OTIepallii M aipeca OoTeparopoB, BLIOMPAIOT UTS aHa-
32 OHY WIN HECKOJIBKO TOCHeAYIONMX KoMaHd. [Ipyroit ypoBeHb YV — 310,
HammpuMep, CXeMBl, YIPaBIAoIIe BeITorHeHneM omiepartiii AJTY. CoBOKYITHOCTD
VYCTPOMCTBA YIIPABICHUS, apu(pMeTHKO-JIOTHISCKOTO yCTpoiicTBa U 610Ka Hanmbo-
Jlee OBICTPOI TMAMSITH HA3LIBACTCST LEHMPANLHBIM HPOUECCOPOM.

Bo Bcex coBpeMEHHbBIX KOMIIBIOTEPAX PEAIM3YIOTCd [Ba CIoco0a yIpaBleHU:
CXEeMHBIIl M MUKPONPOrpaMMHbIA. CxeMHbId MCIOAb3YeTCs TOraad, KOrma BO3HM-
KaeT HeoOXOIUMOCTh OUeHb ObICTPOIrO, HO OTHOCUTENBHO IPOCTOIO YIIPaBICHUS.
MukponporpaMMHBIA — B Cllydyae CJIIOKHOro yipasieHus. B uenom YV zaHumaer
LEHTPAIbHOE MECTO B YIpaBleHUU paboToil KommbioTepa. Ho oHo obGpocno
MHOTMMU MPOrpaMMHBIMH U MMKPOIPOrPaMMHBIMM CUCTEMAaMM, CBSI3aHHBIMU C
pelieHueM YacTHBIX YIpaBleHUYeCKUX 3amay. HekoTropble M3 HUX OY€Hb CIOXHEL.
Hanpumep, cucrema ynpapieHus ¢aigamu IO CYIIECTBY MNpPeACTaBiIsgeT coboil
CIIeLIMATU3UPOBAHHYIO BBIUMCAMTENbHYIO MALIUHY, KOTOPAas UMEET CBOIO IaMATh
1 CBA3aHA ¢ MaMATBIO U MArHUTHBIMM AMCKAMM OCHOBHOIO KoMmIbloTepa. Eiie
Oojiee CIOXKHOW SIBISETCS cUcTeMa YIpaBieHus1 rpadgpuueckoil mHpopMmauuein u
T. 1. COBOKYITHOCTb IMPOrpaMMHBIX CUCTEM, 00€CIEeUMBAIOIIMNX YIpaBieHue pado-
TOH KOMIIBIOTEPA, MPUHATO HA3BIBATL OnEpauuonHol cucmemou. J1as Bcex coBpe-
MEHHBIX KOMIIbIOTEPOB OIlepallMOHHAd CHUCTeMa HEeOoTAelUMa OT COOCTBEHHO
KOMIIbIOTEpa U SIBISETCS €ro IporpaMMHBIM IpomoinkeHueM. OIMH U TOT XKe
KOMIIBIOTEP MOXET MMETh HECKOJBKO OlepalloOHHbIX cucTteM. Hampumep, mis
MEePCOHANBHBIX KOMIIBIOTEPOB IIMPOKO PACIPOCTPAHEHBbl OMNEepPallMOHHBIE CUCTe-
Mbl MS-DOS, Windows u Unix. Kaxaas U3 HUX UMeeT CBOU OCODEHHOCTH U pe-
LIAeT CBOU 3aJa4M.

TakoBa oOmag cxema "0oOBIKHOBeHHOTO' KoMIibloTepa. OHa TIpencTaBieHa Ha
puc 1.1. Koreurno, sTa cxema MaeaJqn3npoBaHa 1 JINIIb WITIOCTPUPYET CBI3W MEXK-
JIy OTAETLHBEIMI YacTSIMHU KOMTIBIOTepa. TeM He MeHee, B Hell OTpakeHO BCe TO, UTO
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MbL OyleM oOcyxXaaTh Oojiee OeTalbHO, BbIABIAS "y3kue Mecta'. OTMETUM, UTO
KOMIIBIOTEPBI [MOJOOHOIO TUIIA KPOME HAa3BaHUS "OOBIKHOBEHHbINH" HUMEIOT TaKXKe
Ha3BaHUS "OIHOMNPOLECCOPHbIA", "(hOH-HEAMAHOBCKOIl apXUTEKTYpbl" U Jp.

TMepeiinem Tenmepb K Oojiee AeTaTbHOMY OOCYXIEHUIO OTACNBHBIX 3JIEMEHTOB
"OOBIKHOBEHHOTO" KOMTIBIOTEpA.

OMNEPALMOHHAA
CUCTEMA

—

NPOrPAMMA

KOMMUITATOP

Puc. 1.1. O6uwiasa cxema KoMnbioTepa

Bonpochbl n 3apaHua

1. IlpuBeaute npuMepbl (GU3MUYECKUX, INEKTPUYECKUX M MEXAaHUYECKUX YCTPOMCTB,
umerwoux p = 2, 3, 8, 10 yCcTOMUUBBIX COCTOSHUIA.

2. Ha ocHoOBe MpemToXeHHBIX YCTPOWCTB TMOCTPONTE CXeMBI BBITIONHEHWST aphdMeTHUe-
CKWX OTICpalluit Hajl TIETBIMU THUCITAaMHU.

3. MHccaenyiite 1106001 KaJbKyaaTop Kak KoMmbioTep. KakoBbl B HEM LIEHTpabHbI Mpo-
LIeCCop, NaMsTh, olepallMOHHAs cucTeMa, dhopMa NpeacTaBleHus Yucen?

4. TlpenrmomoXnuM, YTO KOMITBIOTEp WMeeT YHWBEPCATLHBIM Tpolieccop W MaMiITh 00bhe-
MoM B 1 wim 2 suetikn. Kakue 3agaam MoXXHO pelraTh Ha TAKOM KOMITbIOTepe?

5. 3HaeTe JiM Bbl, UTO IEPBblC JIEKLIIMK 00 aBTOMATHU3ALUU IPOLECCA BHIUUCIEHUI TIPOYu-
TaHbl QHIJIMACKUM MaTeMaTUKOM U 3KoHoMucTtoMm Y. bo06uskem B 1840 r.?

6. YCHOBHBIN TIepeXof sIBISeTCA OMHON M3 BaXXKHEWIIMX KOMaHH YIpapliecHUA. 3HaeTe JIN
BBI, UTO BIEPBBIC Wesl MCIMOIL30BaTh YCJIOBHBIC TIEPEXOAbl Oblla BhICKA3aHa MpJIaH/-
cknM Oyxrantepom I1. Jlyarevitom B 1903 1.?
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7. Paccmotpute m06y10 crcTeMy MallMHHBIX KoMaHA. C TOMOIIBI0 KOMaHI, peasn3yro-
IAX JIOTMYECKHWe OTiepallii M ofepaliui 0e3ycJOBHOTO Tepexosa, COCTaBbTe TPo-
TpPaMMy, PeaTU3YIONIYIO0 OTIEPaINIo YCIIOBHOTO Tlepexoa.

8. 3uaere JuM Bbl, UTO IlepBas BbLIYUCAWTEAbHAS MallKMHA ObUla MOCTPOEHA HEMELKUM
yueHbiM K. Llyse B 1936 r. 1 Gbu1a oHa MexaHUYeCKOI?

9. 3Haete 7MW BB, UTO TIepBas OTECYECTBCHHAS SJICKTPOHHAS BBIYMCIUTETLHAS MallliHa
MBCM 6rina mocTpoeHa KOMIEKTBOM, BO3ITIaBIsieMbIM akageMukom C. A. JleGeneBbim,
B 1951 1.2

§ 1.2. Onepauyun c Yyncnamm

Ecth omHO 06CTOATENBCTBO, OOIee M BCEX KOMITHIOTEPOB, OCYIIECTBITSIONINX
pabdory ¢ umciaamu. D10 — ¢GopMbl npeiacrapieHus uyucen. C ogHOM CTOPOHBI,
OHU JMKTYIOTCS Mpuponoil camux uuces. C apyroil — OUTOBBIM MPEACTABICHUEM
UHdopMaLIU.

H3zBecTHo [5], uTo M0oboe BelllecTBeHHOE Yuca0 X # 0 MOXHO €JUHCTBEHHBIM 00-
pa3oM TIPEACTaBUTD B BUe OECKOHEUHOTO psifa IO CTETIeHsIM Yhcia 2, T. €.

b
x:iZa,Q’. (1.1)

i=—00

3nech KoaPUUUEHTHl @; MPUHUMAIOT OAHO U3 3HayeHuid 0 wiu 1, yucno b 3a-
BUCUT OT uncia x u ap = 1. Tlpu XxpaHeHWU 4uceT @; B KOMIBIOTEPE WX MOXHO
OTOXJECTBIATh C ABOMYHBIMU paspsaamu ciosa. [lostomy u kosdduuueHTs g;
YacTO HA3bIBAIOT deouunbiMu paspadamu yucaa x. Tlpu 3ToM KoadhGUIMEHT a; Ha-
3bIBaeTCd i-bIM paspsaaoM. Bmecro psma (1.1) yucio x TakKe 3alMChIBAIOT MIPO-
CTO TIepeUucIeHUEM KO3(DDUITMEHTOB

X =t ayap—...ap,a-10-)..., (1.2)

MHOIIa ¢ yKazaHMeM 3Haka, uHorma 0e3 Hero. He Bcerma craButca v 3ansamas,
oTnensitonias KoahbUIMEeHTs TPU HeOTPUTIATENbHBIX CTeleHsIX NBoHKHN B (1.1) oT
K02 GULMEHTOB IPU OTPULIATENbHBIX CTEMIEHSIX.

Hukaxue TexnHumueckue pellieHHs He Aal0T BO3MOXHOCTb XPAHUTh BCE ABOMYHBIE
paspsiibl yncia, T. K. B 001IeM ciyvyae ux OeckoHeuHo MHoro. [Tostomy uyucia
MPEACTABIIIOTCA UL KOHEUHBIM HAOOpOM cmapuwiux paspanoB. JpyruMu cio-
BamH, oT yuciaa (1.2) octaeTcsl TOJbKO HabOp KOGhOUIIUEHTOB @p...dg TSI HEKO-
toporo s < b. CnemoBarenbHo, Ji060e YMCIO, MMEIOIIee B CBOEM PA3NIOXEHUU
(1.1) Gonbllloe KOMMYECTBO 3HAYAIIUX Pa3PSIAOB, NOKHO 3aMEHSITHCS KAKUM-TO
00pa3oM YMCIOM, UMEIOLIUM OTBEIEHHOE KOJIMYECTBO PaspsioB. Dra olepauus
3aMEeHbl Ha3bIBACTCS OKpyeteruem uuced. Pa3HOCTb MEXIYy OKPYTJICHHBIM U OKPYT-
JITeMbIM YMCIAMU HA3bIBACTCS OuUOKOU OKpy2aeHUs.
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Teoperuuecku ornepanys OKPYLJASHUS YMCAA MOXeT ObITh JMOO OJHO3HAYHO OIpe-
JeNeHHON (DyHKIMEH OKpYIJISIeMOoro 4ucia, Jubo ciydaiiHoi ¢pyHkuueit. Kak ciy-
yaiiHag (pyHKIIMA OHA PeaTu3yeTcs B KOMIIbIOTEPaX UCKIIOYUTEIbHO PEIKO, T. K. B
OTOM CJIYYae Heeo3MOMCHO TIPU MOBTOPEHUU PACYETOB IOJIYy4YaTh OAHM U Te XKe pe-
3yaeTarhl. Kak onHo3HAYHO ompemeneHHasd (hYHKIMS OMepalusd OKPYLJIeHUST MOXET
OBITh PEWIM30BaHa CAMBIMU PA3HBIMU CIIOCO0AMU, K YeMYy €CTb BECKUE MPUUYMHEL.
Onepauus OKPYIJIEHUS MCKIIOUMTENbHO BakHA IS IOJb30Barensda. YeM MeHblie
oIIMOKa OKpYITIeHMs, TeM B OOILEM cilydae TouHee pesyibrar. Hawmyuiee oxpyr-
JIeHWE OYEBUIHO, U Pealu3yeTcsd OHO OObIYHBIM "LUKOJBHBIM" IpaBuioM. B stom
cilydae ollnbKa OKPYIJIEHUS HUKOIIA He IMPEeBOCXOMUT ITOJNOBUHbBI MOCIEIHEro pas-
psna B okpyrieHHoM uucie. Ho peanusains faHHOro mpaBuUia B KOMIIBIOTEPE Tpe-
OyeT MONOJIHUTEIbHO U alMaparypbl, U BpeMeHU. B moroHe 3a cKOpOCTbIO BBIIOJ-
HeHMd apuUGMETUYECKUX OIepaluii MHXEHEephl YacTo Pealu3yloT Oonee MpocThie
omepanuu okpymeHus. MHorga oHM HOenaloT 3To oueHb HeyaauHo. Hampumep,
[IPOCTO IUIOXO OBbLIA BBHIIOJAHEHA OINepaliis OKPYIJIEHUs B IEePBbIX MOIEIIX 3HAMe-
Huroro xommbiorepa Cray-1. Toneko pe3kas KpUTHKA CO CTOPOHBI MOIb30BATENENH
3acTaBUIa U3MEHUTh OIEPallii0 OKPYLAEHUS B IMOCASIYIOLINX MOISISIX.

KOHC‘{HO, oLIMOKU OKPYIJICHUA I1O0 OTHOLICHHUIO K CAMHUM YUCIaM ABJIAIOTCA Ma-
JILIMH IIOIIPABKAMMU. HpI/I BBIIIOJIHCHUHU Pas3anyHbIX OHCpa]_ll/Ifl OHH BHOCATCA B
PE3YJIAbTAT IIOUTH BCErid. W >t mansie IOIPAaBKH PAAUKAIBHO MCHAIOT CBOICTBA
onepaumﬁ. Ecau Ipyu TOYHOM BBIUIOJIHCHHUU OIICpAlMU CHIOXKCHUA, BbIYUTAHNMA,
YMHOXKCHUA KU OCJICHUA 00J1a1210T CBOMCTBAMU ACCOUUATUBHOCTHU, KOMMYTATHUB-
HOCTHU U ,Z[I/ICTpI/I6YTl/IBHOCTl/I, TO 5TU CBONMCTBA IIpU BbIIIOJHEHUMU TEX 2KE€ OII€pa-
LU ¢ OKPYIJICHUEM IIPpOIAaaaroT. (DaKT, KOTOprfI JOCTAaBJIACT OYC€Hb MHOIO XJIO-
IOT IIPpHX KOHCTPYUPOBAHUM YHCIICHHBIX METOJ0B.

TMpencraBneHue yncen B BUAC ABOMYHBIX pasinoxeHnii (1.1), 6e3ycioBHO, MPOAUKTO-
BaHO JIBOUYHBIM TIpe/IcTaBlIeHrneM 0ol nHbopMaluin B KoMmmbioTepax. K coxaie-
HUI0, OHO UMEET Psil HEYCTPaAaHUMBIX U3BHOB. JIokazaHo, B YaCTHOCTH, 40 NpU Gbi-
NOAHEHU MAKUX APUPMEMIHecKUX ONepayuli, KaK CAOXCeHUe U GbMUMAaHUe, ONepaulis
OKpyeAeHlsl, Peatu308aHHAs HO A00MY HECAVHAUHOMY Hpasuty, daem OwUOKU ¢ HeHyie-
8bIM cMeljeHuem. ITO TIPUBOJINT K HEHYJIEBBIM CMEIIEHHUSIM OIIMOOK M B OKOHYATETh-
HBIX pe3y/bTarax, 0 yeMm He ciienyeT 3a0bBarTh. C TOUKM 3peHNs OIMOOK OKPYTJIEHUS
Oosiee TIpWBJIEKATEIGHBIM SARISIETCS Pa3fiokeHUe yucen 1o crerneHsm uuciaa 3. Toma-
pobHee ¢ OKpYIJIeHNEM YHCeNl MOXKHO TIO3HAKOMUThLCS B KHUTE [5].

Ecnu unTepecHo 3HaTh, KaK pealn3oBaHa olepalus OKPYLIeHUS Ha KOHKPETHOM
KOMIIBIOTEpPE, MPOBEAUTEe HA HEM CAenylolIMil axcrepuMeHT. IIpu TOYHBIX BbI-
YUCIeHHUSAX PeKyppeHTHas dopmMy.aa

Yo =1,y = i=1/bk, k=1

naet y; = 1 14 Bcex k. He uaMenss mojoxeHusl cKOOOK, MPOBEIUTE PACYETHI IO
Hell Ha KomInbloTepe B TedyeHre 10—15 MUHYT U BbIBeJUTE 151 HEKOTOPbIX k 3HA-
YyeHUs oLIMOKU

Er = |)~//\- - 1|-
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3mech y, ecThb peanbHO BbluucieHHas BesuuuHa. CKopee Bcero, g OyIeT JTuHei-

HO pacTu ¢ poctoM k. Ho Beab HekoTopble 3a/1aui CUYUTAIOTCI YacaMM, CyTKaMu U
Jaxe poiabine. Terepb 3aiaiiTech BOMIPOCOM O TOM, MOXHO JIM JAOBEPSITh TMONY-
yeHHOMY pelneHuto. Ecin BO3HUKIIN COMHEHMUS, Bbl Ha MpaBUJIBHOM MyTH. Torma
ToJIMcTaiTe KHUTY [5] Oojlee BHUMATETBHO.

TpebopaHue YHUDULUPOBAHHOIO BBIIOIHEHUS apupMeTUIecKUX olepaluil Ipu-
BOIMT K yHU(UKALMU U300paxKeHus ducea B KoMmibiortepax. [lycTb i Kaxioro
4yuc/a OTBOAMTCS T JBOMUYHbIX Pa3psaoB naMiaTu. OObIYHO OHU COCTaBJISIOT CJIOBO
WM HECKOJILKO cJoB. TIpexiae Bcero mOKHO ObITh YCTAHOBJIEHO B3aMMHO OIHO-
3HAYHOE COOTBETCTBUE MEXIY OTIAEJAbHbIMMU OMTAMWU M JIBOMYHBIMU Pa3psaaMu
yucia. B 3aBUCUMOCTU OT TOro, SIBJSETCH JIM 3TO COOTBETCTBUME OJHUM W TEM XK€
JUIS BCEX YMCEN WJIM 3aBUCUT OT YMCJ/a, Pa3jinMyaloT [IBa OCHOBHBIX cIlocoba mnpei-
CTaB/JIEHMS YMUCEN B KOMIIbIOTEPE, HA3bIBAEMbIX COOTBETCTBEHHO IIPEACTaBIEHUEM
¢ (PUKCUPOBAHHONI U IIABAIOLIEH 3aISTOM’.

IMpeamonoxuM, 94To T IBOWYHBIX PA3psIOB MaMATH CIVKAT UIST W300pakKeHUS T
MTOCJIEIOBATEIBHBIX Pa3psIaoB YHCE, TIpHYeM TOMOXKEHHE 3alsSITON Cpeay HUX
($pUKCUpPOBAHO W SABISETCS OMHUM W TeM Ke IS BceX uncen. bymeM cumraTthk, 4To
Ha n3o0pakeHNe pa3psaaoB, CTOSIINX CJIEBA OT 3alsSITO, OTBOAWTCS r OUTOB, TIE
r>0. Takoli cmoco® mpeACTaBIeHUS 4YNCET HA3bIBACTCS IIPEACTABICHUEM C
gurxcuposanrol 3anamoti. C NMOMOIIBIO 3TOTO crocoba MOXHO TOYHO 3alTOMHUTH
JBOMYHOE pazjoXeHHe JI000T0 M3 YMcelsl, UMEIOMNX He Oojiee » HEHYJIEBBIX pas-
PSITOB cileBa OT 3aIIsITON W He Oojiee T — F HEHYJIEBLIX Pa3psaoB cIIpaBa OT 3alls-
Toi. Bece ™! uncia yexkar B AMamnasoHe

—2r<x <2

OauH M3 HEJOCTAaTKOB IMPEICTABICHUS Yucell ¢ (PUKCUPOBAHHON 3algaTOi BUAECH
cpasy. Ecnu 4yucio mMHOro Mesblie 27 mo MOAy/II0, TO 0OJbILASA YacTh U3 OTBE-
JEHHBIX T OUTOB M300paxaer crapliue HyJieBble paspsibl U (PaKTUYECKU HE MC-
nojp3yercs. IloaroMy annpokcuMaluss MaliblX YUCEN YMCIOM ¢ (PUKCUPOBAHHOMK
3amsAToil ¢BgI3aHA ¢ OOJBILIOH OTHOCUTEIBHOH olIMOKOI. OmHako mId 4ucel,
OMM3KUX K 2" 110 MOIyJlIO, UCIIOJIb3YIOTCI Bce T OuTOB. B oTOM ciydae oTHOCH-
TeJbHAs OLUMOKA ABISIETCS MUHMMAAbHOK. AOCONIOTHASI OLIMOKA IIpelCTaBIeHM
yucea ¢ PUKCUPOBAHHOM 3aIATON BCEraa JIeXUT B OJHUX M TeX Xe Ipeaeaax He-
3aBUCUMO OT BeJIMYMHbL unced. JOCTOMHCTBOM MPEeACTABIEHUS YUCel ¢ PUKCU-
POBAHHOH 3aISITON SBISIETCSI OTHOCUTEIbHAS MPOCTOTa AJITOPUTMOB CINOXEHUSI U
ymHoOXeHHsd. Ilo cyluiecTBy OHM HHMYEM HE OTAMYAIOTCA OT XOPOILIO H3BECTHBIX
"LIKOJbHBIX" aJTOPUTMOB BbIIOJHEHUS 3TUX ONEPALIMid.

IMpeacrapieHue yuced ¢ niasarwell 3anamoii 3aKiodaercs B caenytoieM. [Tpu-
HuMast Bo BHUMaHue (1.1), 3anuineM 9ucio x B BUjae

x = a2b. (1.3)
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Torma 6yneM MMETb, UTO
1/2 <lal < 1. (1.4)

Yucno a HazbIBaeTCd MAHMUCCOU YWCIA X, YMCNO b — €ro ABOUMUYHBIM HOPAOKOM.
Ecnu x =0, to cuuraerca, uro a = 0, a yuciao b He onpeaeneHo. Ilyctb Ha u3o-
OpaxkeHue nopsaaka 0e3 3HAKA OTBOAMUTCS 7 OUTOB, HA M300paXKeHHe MAHTHCCHI
0e3 3Haka T — 7 6uroB. [IpeacTaBuB NOPSIAOK U MAHTUCCY KaK 4ucaa ¢ (PUKCUPO-
BAHHOM 3aII4TOi, MBI IIOJYYAEM MPEACTABICHUE YMCNA X C IUIABAIOLIEH 3aIsITOM.
IIpu M300paxkeHUM MAHTUCCHI M IOPSIKA HET OTMEUEHHOI BbIIIE IOTEPU OTHO-
CUTENbHOI TOYHOCTH, T. K. B 000UX CJIydasx IOJOXEHHUE 3aAISITON CTPOIo Ompeae-
seHo. Ilopsamok Bcerna siBngeTcs LIENbIM YKCIOM, A II€PBbIA IOC/IE 3aMsITO JABO-
MYHBIA pa3psa MaHTucchl Bceraa paBed 1. Ilopsimok mpencraBnsieTcsl TOYHO.
MaHTtucca OyAeT TOYHO IIPeACTaBleHa TOJBKO I YMCe, KOTOPbIE B ABOMYHOM
pasnoXeHUd MMEIOT He 0ojiee T — r HEHyJIeBbIX paspanoB. Bce uucna, KoTopbie
MOIYT OBbITh MHPEACTABIEHbLI C ILUIABAIOLIEH 3aIlSITOH, BCEraa IPEencTaBIdIOTCS C
BBICOKOI OTHOCHUTEJBHOI TOUHOCTBIO. JTO 4MCaa U3 IUana3oHa

27 < <2¥.

MuHUMaIbHOE TTOTOKUTETBHOE YHCIO ®, KOTOPO€ MOXHO MPpEACTAaBUTL C TIIa-
BAKOIIEN SaHHTOﬁ, Ha3LIBACTCS MAUIURHbIM HY/AEeM. HCHO, 4TO B HAlIEW TPaKTOBKE
TIPCACTABICHUS YUCET

- r
0=27.
Bce uncna u3 nuamasoHa

_Ar _Ar
-2 <x<2?

1300paxaloTcs HyldeM. B pasHBIX KOMIBIOTEpax IMOI MOPSAAOK U MAHTUCCY OTBO-
JATCA pasHble yucaa pa3psaaoB. B 4acTHOCTU, B yIOMMHABILEMCS yKe KOMIIbIOTe-
pe Cray-1 Ha MaHTHCCY CO 3HAKOM BblAeAeHO 49 pa3psmoB, HA IBOMYHBIA MOPI-
J0K — 15 paspsinoB. OrpoMHBIN AUAIA30H NPEeACTABISIEMbIX Yice]l U OOJbIIAsT UX
OTHOCUTEJIbHASI TOUHOCTb, O€3yCIOBHO, OIpeneiaeHbl OpUeHTallMeil KOMIIbIoTepa
Cray-1 Ha HayYHO-TEXHUYECKUE PACUETHL.

B coBpeMeHHBIX KOMIThIOTEpaX WCIMONB3YIOTCS 00a crmocoba TpencTaBIeHUs IH-
cen. Omepannu Haa ynuciIaMu ¢ (pUKCHPOBAHHON 3aMmsTOM BBITTOTHSAIOTCS OBICT-
pee, YeM Haja YNCIAMW ¢ TUTABAIOIIEH 3amAToi. DTO CBI3aHO ¢ TeM, UTO TP pea-
JIN3AIAN OTIepaliuii ¢ TITaBaoIIei 3aMmaToi 1Mo CYIIeCTBY TIPUXOANTCS BBITIONHSTh
Bce JACUMCTBUS ¢ TTapaMy umcen ¢ GUKCUpoBaHHOM 3amsaroii. PaccMoTpum mBa unena

x=a2b, y =c2
¢ TTaBsaronieit samnstoii. Umeem
xy = (ac)20* 9,
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Ecnu 1/2 < |ac| < 1, To MBI cpa3y mojydaeM MIpeAcTaBAeHUue yucaa xpy B opme ¢
maapaionieir zangroit. Ho eciu 1/4 < |ac < 1/2, To HyXHO€ MpeacTaBleHue YucC-
Ja xy oyner apyrum. UmenHo,
xy = Qac)20+-1,

EctectBeHHo, 4TO mpM peanu3aldy olepalMu YMHOXEHMS YUCeN ¢ ILaBarolieit
3an4Toi 00e CUTyaluu IOJOKHBI OCYLIECTBISATbCS HECKOJIBKO I0-pasHoMmy. Ilo-
9TOMY B IIpoliecce PealM3aluy Olepaludd YMHOXEHMS 4YuCel OOJKHbI OBITh
BETBJICHUSI.

Eme Oosnee ciOXXHO OCYIECTBISIETCS OIepallis CITOXKEHUs Yucesl ¢ TrIaBaioleit
sargtoit. [lyets mig onpenenendocT b > d. Umeem

(x +y) = (a + 2d=0))2b, (1.5)
TTpUYeM BCETa BEITIONHAETCS HEPABEHCTBO
la+ c2(d=b) < 2,
Ecnu
la + c2d=b)| =0,
To TpencrapiaeHue (1.5) cpasy gaer dopMy yuciaa x +y ¢ TaBaAIIEH 3amsToun.
IMpeamonoxum Temnepb, 4T
2r=l <a + @b < 2r
JUTS. KaKOTO-HUOYIB TIeToro yncia r. [1penctaBuM 9uciio x + y B ClemylolieM BUie:
x+y=((a + c2d=0)2=n20b+n, (1.6)
Taxk Kax BBIIOIHSIOTCS COOTHOILEHUS
1/2 < |(a + 2d=b)2=n < 1,
to (1.6) maer dopmy ¢ masamwlleil 3anaToi aaa yuciaa x + y. 3aech b + r ecth
MOPSAAOK YUCAA X + Y, BBIpAXKEHHE
(a + 2d=byp=r
3amaeT ero MaHTHccy. [Ipollece peanwsalinw ONMepalriiy CIOXKEeHWST Takke WMeeT
BETBJICHUST, TTpuYeM GoJiee CIIOXHEIEC, YeM Y ollepalliid YMHOXEeHUS.

[IpeacrapieHue yucen ¢ MIABAIOLIEH 3aMITOH OKA3bIBAETCA MPEANOUTUTEIbHbIM B
TeX CAy4agx, KOrma MPUXOTUTCI UMETh AEA0 ¢ UMCIaMU U3 OYeHb OOJBIIOIO A1a-
nazona. Takagd cuTyauus TUIMYHA IPU IPOBEISHUM HAYYHO-TEXHUYECKHMX pacye-
toB. OIHAKO JOBOJBHO 4acTO BCTpevaioTcss W japyrue curtyauud. Hanpumep, B
(MHAHCOBBIX pacyerax, 3amadax KOJMYECTBEHHOIO ydyeTa 3apaHee U3BECTeH AMa-
[a30H paccMaTpuMBaeMbIX 4Yucel. 3AeCh BIOJHE MOXET MCIOAb30BATLCA Mped-
cTaBieHue uuces ¢ GUKCUPOBAHHOM 3amdaroil. HeoOXooMMocTh DKOHOMMU ammna-
paTypbl TaKXKe MPUBOAMT K (PUKCUPOBAHHOMN 3aISITON. YMeloe ee UCIOIb30BaHue
MO3BOJISAET TOOUTLCA OOJIbLIEH CKOPOCTH U OONbIleH TOYHOCTU pelleHus 3aauu,
yeM MCIIONb30BaHue ILIaBalolieil 3angroii. Eie 6ombliero ahdekra MOXHO T0C-
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TUYb IIYTEM PAa3yMHOI'0 COYCTAHUA BbIUMCIEHUNH 000oux TuioB. OOHAKO MBI HE
6YZL€M CKOHbKO-HI/I6YZLb HOZLpO6HO OCTaHaBJIMUBATBCA 31€CHh HA 3TUX BOIIPOCAX.

YerpoiicTBa, BBITIOTHAIOMNE OMEPaAITid  CIOXCHWS/BEIYUTAHNS, Ha3bIBAIOTCS
CymMmamopami, BbIIOJHSIOIIUE Olepallud YMHOXEHUS — YmHoucumeaamu. Bce
3TH YCTPOINCTBA HapsAy € YCTPOUCTBAMU, PEATU3YIOIUME JOTUYECKUE OTepallii,
BxomdT B coctaB AJIY. Onepauuu ¢ pUKCUPOBAHHON 3aITON BBIIOJHSIIOTCS ObI-
cTpee aHATOTUYHBIX OTepaluil ¢ TiaBatoleit 3ansatoit. Omnepalnu clI0XeHUs Bbi-
[OJIHSI0TCS OblcTpee onepauuii yMHOXeHus. JIIoOble JorMyeckue ornepaiuuu pea-
JTU3YIOTCS OBICTpee oTlepallinii CIOKEHUS/BEIMUTAHNS ¢ (HOUKCHPOBAHHOM 3amsITOM.
Ha xaxmoM KOHKpeTHOM KOMIIBIOTEPE JIUTENbHOCTH BBIMOIHEHUS CTAHAAPTHBIX
orepaluil oTINYarTcs APYT OT Apyra He Oosee, YeM B HECKOJBKO pas.

Bonpocbl u 3agaHus

1. HOK&)KI/ITC, yro Joboe BCHICCTBEHHOC YHMCIIO X MOXHO TIPCACTABUTHL B BHIAC TPOHWY-
HOTI'0o pasIoKCHUA
i
3,

=S

i=—00
TAe uicha @; MPUHUMAKT OfHO U3 3HavyeHui 0, 1, —1.
2. JlokaxkuTe, 4TO 3HAK YMCAa X B . | coBMajgaeT co 3HaKoM uwncha ab, ecnv ab = 0.

O003HaUUM 4Yepe3 X, YUC/O, MOIyYaeMoe U3 TPOMUHOTO Pa3ioXeHHs uKcaa X oTopa-
CBIBAHUEM BCEX pa3psaoB, HauMHas ¢ (s — 1)-ro. JlokaxuTe, 4TO A/ TPOUUHOTO pa3-
JIOXEHUS X, > X, ©C/IM MEepBblii U3 HEHYIEBbIX OTOPOLIEHHBIX PAa3psioB OTPULIATENb-
HBblii, U X; < X, €C/IU OH TOJIOXUTEIbHBbIN.

4. Obnangaet nu ABoWUYHOE pasnoxeHne (1.1) aHaTOrMYHBIM CBOMCTBOM?

Hoxaxure, uro uucino (1/2)3° He MoxeT ObITh 33]aHO KOHEUYHOI APOoObIO 110 CTelie-
HIM 4mca 3.

6. Joxkaxkure, uTo B 0003HaYeHWSX TM. 3, 4 WMEIOT MeCTo HeymyvilaeMble OIIeH-
KU |x — x| < 2% a9 JBOMYHOIO pasioxeHus u |x — xJ < (1/2)3% ang TpouuHoro pas-
JIOXEHUS.

7. B kaxoit cucTteMe, TBOWIHOW MM TPOWYHOM, JIeTde BHITIONHSITH OTMEPalldio OKPYTIie-
HWS, eCITM CTPEMUTBCS K MUHUMHU3AINHN aGCOMOTHON OITMOKM?

8. 3HaeTe M BbI, UTO MepBask B MUPE JIEKTPOHHAS BbIYMCIUTeIbHASA MaliuHa "CeTyHb",
paboTaiolas Ha TPOMYHOM CUCTeMe, Oblla CKOHCTpYMpOoBaHa B MOCKOBCKOM YHUBEP-
cutete K.T.H. H. I1. BpyceH110BbIM?

9. Tlpemmoxurte KakoW-1mbo crocod M300pakeHUWsT 4YHcelsl, OTAWYHBII oT crocoba ¢
dukcupoBaHHOW WK TaBawolieil 3anaroi. Hackojibko CIOXHO TpPHW 3TOM BBITION-
HSIOTCS OTIepaliiy Hajl yruciaMu?

10. Tlouemy umcna w3 WHTepBaia ( —®, ®), TME » €CTh MAITWHHBIA HOJb, 3aMEHSIOTCS
HyJieM, a He KaKUM-JTUOO0 ApYyruM gnciom?
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11. MoXHO 1M B NPEACTABIEHUU YHCEIl C IJ1ABAKOLIEH 3aN4TOl BEIUUCAUTDL YHCIO @ '?

12. TTpu TouHBbIX BbuMCIeHUSIX (1 + 2 2=3+2 \/E . Ecnu moncTaBUTh cieBa U cripasa
BMecTO +/2 Joboe ero MpUOIMKeHHOE 3HaYeHWe, TO pe3ysIbTaThl Bcerna OymyT pas-
muyHBIMA. Kakoe e M3 SKBWBAJICHTHBIX BhIpaxkeHMi (1 +\/§ )2 wm 3 + 2\/5 HaJo
OpaTb 3a OCHOBY BbLIUUC/IEHUIA?

13. 3aBUCHT M CcOCTaB MHOXeCTBa MPUOJMXKEHHBIX PEIIEHUI 3adauu, OINpPeaesaeMOoro
TTOPSITKOM BBITTOTHEHUST oTiepanwii, oT BEIGpaHHOTO crocoba OKpyTrieHNS Yncen?

§ 1.3. Nepapxua namaTtun

[Ipeanonoxum, YTO HA KOMIIBIOTEPE peIlaeTcd Kakasg-HUOyAp O4YeHb OOJbILAS
3amava, HaTIpuMep, CHcTeMa JIMHEWHBIX anrebpanvyecKuX YpaBHEHWH ¢ MaTpulleit
MakcuManibHoro pasmepa. Eciu ucnons3yercd Merton I'aycca, To MCKIIOUATh dje-
MEHTBI MOXHO B CaMBIX PasNMYHBIX Topsiakax. [Ipu sToM obIlee YUCTO BBITTON-
HeMBIX apU(pMeTHISCKUX ONEPALMI OCTaeTCa OOHUM U TeM Xe MM MEeHsSeTcsl He
6onee yeM B 2—3 pasza. OmgHako, TIpOMycKas pasHble BapWaHTH METOMA IUTS Of-
HOI U TOW Xe CUCTEMBI, 3aMeuaeM, YTo oOLlee BpeMsl PEeLICHUs 3a0a4l MEHSeTCs
B JecaTKM pa3 n Gomee. Jpyraa peambHas cutyanus. [lyeth 3adMKcHpoBaH Ka-
KO#i-1100 BapuaHT Meroga laycca, Ho Temepb PELIAIOTCS CUCTEMbl Pa3IMYHBIX
pasMepoB. [lpn 3ToM oxmmaeTcst, 4To oOIee BpeMs pelleHWS 3amgaun OymerT Me-
HIThCS MPOMOPLUUOHANLHO OOLIEMYy YMCIy apudMeTudeckux omepauuii. Ho u B
3TOM CJIydae BCTPeUaloTes] HeoXMAaHHOCTH. MHoTaa mIsT HEeKOTOPBIX TIOPSIIKOB
BpeMsl pellieHMs 3a1a4d MOXeT OKA3aThCsl CYLIECTBEHHO OOJIbIIMM.

Ha oGuiee Bpems1 pellieHus 3agadyyd BiIuseT MHOro ¢akropoB. Ho rnashbie us
HUX — 3TO BpeMs BBITIOJTHEHUS apnbMEeTHISCKUX OIepalnii U BpeMs B3aUMOJIECH -
cTtBUSL ¢ mamMaThio. B Meromax Tuma I'aycca Bca cCOBOKYMHOCTh apudpMeTUYeCKuX
olrepaltnii U3BecTHa 3apaHee. [TosToMy, ecim BpeMsl pellieHUs 3aJaul MTOYEMY-TO
HeonpaBIaHHO BO3PACTAET, TO, CKOPEE BCEro, ecTh omnpeleJeHHAash HeaKKypaT-
HOCTb B WCHONB30BAHUU TAMITH. A 3TO O3HAYAeT, YTO MMEIOTCS TIPUYWHBI JUTS
bojiee IyooOKOro oOCYXIEHUsI CTPOSHUS MaMSITU U IPUHIMUIIOB €€ UCIIOJb30Ba-
aus. Tem Oosee, ecu BO3HMKAET HEOOXOAMMOCTD pelliaTh OOTBIINE 3aJa4n.

Kak 661 H ObIla yCcTpoeHa MaMATh B KOMIIBIOTEpe, KaKABIH OUT wHbOpMaInn
MOIEIUPYETCA MPOCTEUIIMM TEXHUYECKUM DJIEMEHTOM, NMPUHUMAIOILUM JBa CO-
crosHAS. TITOTHOCTE PACTTONOXEHUSI TaKWX 3JIEMEHTOB MCKITIOUNTETHLHO BBICOKA.
Hanpumep, B ciaydae 2IeKTPOHHOIO YCTPOMCTBA MAMITH YMUCAO DJEMEHTOB Ha
OITHOM KPHCTAJJIe MOXKET TOCTUTATh MHOTHX MWITHOHOB. OTHAKO 3TO He 03HaYa-
€T, YTO IaMsITh MOXHO CAEIaTh CKOJIb YTOTHO OGOJBILION.

I'maBHoe TpebGoBaHue K NMaMITH — OOecleueHue MATOIO épeMeHy Jocmyna X OT-
JIeNbHBIM ciioBaM. BooO61e ToBOps, OHO MOMKHO OBITh HAMHOTO MEHBINE, YeM
BpeMsl BBINOAHEHMS OIepaluii Haa clIOBaMU, B KpaiHeM cilydae — COU3MepH-
MBIM ¢ HUM. Ty 9acTh maMsITH, I KOTOPOHM XapaKTepHoe BpeMs JOCTyIa 3aMeT-
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HO MEHbILE BPEMEHH BbIIOJIHEHUSI OIePaLMil, HA3bIBAIOT 0bICHIPOL, OCTAIBHYIO —
medaennol. Boapinag yacTe o0pasyer adpecyemyio TIaMsTh, MEHbINASI — Headpe-
cyemyro. B aapecyeMoil maMaTH KaxIoe CJIOBO UMeeT aapec. DTa 4acTb MaMsITH
JOCTYITHA Mojb30oBaTento. Padoras ¢ Hell, MOXKHO KaK 3aMUCHIBATE WHMOPMAITUIO,
TaK U cUMThiBaTh. OHA TakKxXe Ha3bIBaeTcs onepamusnou namarbio (OII), a coot-
BETCTBYIOIICE TEXHUICCKOE YCTPOWCTBO — ONEPAMUBHBIM 3AROMUHAIOWUM YCMPOLi-
cmeom (O3Y).

HeangpecyeMas maMsrh HeAOCTyIHa I0Ab30BaTeNsIM. B Hell pasiuyaloT nocmosH-
Hyto IAMSTh U cgepxObicmpyto MaMsITh. B MOCTOSHHYI0 NaMATh HUYEro Helb3d 3a-
MMCaTh, HO U3 HEe MOXHO MHOIOKPAaTHO CUUTHIBATh 3AIMCAHHYIO paHee MUHDOpP-
Manuio. OOBIYHO B HEil XpaHATCS KOMAHAbI 3allycKa KOMIIBIOTepa, pasiuyHbie
CIyXeOHble MPOrpaMMbl U T. I. MCIMOIb30BaHUE ONTUYECKUX TEXHOJOIUH OTKPhI-
BaeT BO3MOXHOCTh CO3AaHUSI MOCTOSIHHON MaMITH OrPOMHBIX pasMepoB. B aTom
clyyae B Hel MOXHO OydeT XpaHWThb, HampuUMeEp, Bech Oarax OMOIMOTEK MHpo-
rpaMM IIMPOKOrO HA3HAYEHMS.

CBepxObIcTpas TTaMATh OTIMYAETCS OT OTEPATHBHON CYIIECTBEHHO MEHBIINM
BpeMeHeM moctyma. Yame Bcero ona mmeer 1—2 ypoBHS. CaMBlif OBICTPEITT ypo-
BEHb — 3TO peeucmposas NamsiTh. OHA WMeeT OYeHBb HeOOJBINoH 00heM, M3Me-
pAEMBINT eMMHNTIAMW WJIW IecATKaMU cJIoB. B Hell XpaHSTcsST Te pe3ymbTaThl BbI-
TTOTHEHUSI  OTIepallii, KOTOpPBIe HEOOXOMWMEI JUTSI pealu3alliy  KOMAaHHI,
HeMOCPENCTBEHHO CIeAyIolieit 3a ncromHgemoi. 1o cymecTBy permcrpoBas ma-
MSTh SIBIISIETCST HeoTheMireMolt yacTeio AJIY. Tlourn Takoii ke OBICTPOIf OKa3biBa-
etca Kkaui-namames. OHA gBIIETCS CBOEOOPAa3HBIM OydhepoM MEXIY perncTpoBOit
MTaMSITBIO W OTTepaTHBHON TTaMATHI0. B coBpeMeHHBIX KOMTIBIOTEPax ee 0OheM Io-
XOAWT IO MIJIJTMOHA CITOB. B He#l XpaHsATCsS Te pe3yabTaThl BBHITTOJTHEHHS OIepa-
MY, KOTOpPEIe MOTYT TOTpeGOBaThCST I peaqn3allid KOMaHA, BCKOpE CIeAyro-
MUX 32 WCTOMHIEMBIMHU. YTIpaBisieT WCTOIL30BAHMEM CBEPXOBICTPOM TaMSITH
yCTpoOicTBO ympaBmeHuss. Ha crtammm Tepesoma TporpaMM B MalIWHHBIA KOX
KOMTIMJISTOP MOXKET BBEICTPAaWBaTh KOMAHIB TaKHM 06pa3oM, YTOOB 3(HeKT oT
WCTOTB30BAHNS CBepXOBICTPOI TTaMATH OBUT MaKcMManbHBIM. Ho 3T0 memaercst He
BCerya.

YT0o0OBl 1OOUTHCI MaJOCTU BpEMEHM AOCTYIA K OINEPAaTUBHON MaMITU, HEOOXOau-
MO BBIIOJHUTb MHOIO YCIOBMI, B YACTHOCTH, MUHUMU3UPOBATh BPEMs IIPOXOXK-
JeHUs YIPaBJISIONIMX CUTHAMOB K ee saemeHTaMm. Cpenu mpodyero, B CYLIECTBYIO-
IIMX TEeXHOJOTUSX BTO 3aBHUCUT OT MIMH coeduHeHuit. Ilpu OonbiioM umcie
9JIEMEHTOB JaKe TEOPETUUYSCKU IIMHbBI COEMHEHUI HEeIb3s COeNaTh PABHOMEPHO
ManbiMU. TIpu 3TOM HEpPaBHOMEPHOCTb TeM OOJblile, YeM OOJblle YMCIO DIeMEH-
TOB. YK€ OJHO 3TO OOCTOSTENLCTBO MOJIKHO MPUBOAUTL K HEOTHOPOAHOCTH Ia-
MATHU ¢ TOYKHM 3pEHMS €€ UCIOab30BaHU. [IpU KOHCTPpyMpPOBAHUM OMNEPATMBHOIO
3alIOMUHAIOLLEr0 YCTPOMCTBA UCIIONb3YIOT pa3iMuHble TEXHUUYECKUE pelleHus s
YMEHbIIEHUS HexXeaaTelbHoro 3¢ ¢eKra 00JbILOro paszdpoca BpeMEHH AOCTYIIA.
B yacthocTtu, O3Y genalor uepapxuueckuM, YTO COOTBETCTBYET AEJCHUIO MAMITH
Ha KyObl, OJIOKU, CEKLIUM, CTPAHULILL U T. I1. YeM Bblllle ypOBEHb UEPAPXUU, TEM
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MCHBILIE pa36poc BpE€MEH AJ0CTylla K OTAC/JbHbIM CJIOBAM OJAHOIO PaA3agcia IaMATH
JaHHOI'O ypOBHA. Ha camomMm BbicokOoM YPOBHE BbIACIAIOT I'PYIILI CJIOB, JOCTYII K
KOTOPbIM MOXKET OBITh OCYLICCTBJICH WM OOJHOBPEMCHHO, UMM C MUHUMAIbHOM
PAa3HOCTbIO BPEMCH. Yamie Bcero 3To CIOBA C IOCAEA0BATEAbHLIMU ¢U3U’¢€CICLLMLI
aapecaMu WM agpecaM, MCHAIOIMINMHUCA ¢ IIOCTOAHHBIM IIAIOM.

TaknMm obOpazoMm, cTpeMmiieHWe ceflaTh OTNepaTUBHYK TMaMsTb "OOBIKHOBEHHOTO"
KOMIIBIOTEPA JOCTATOYHO OOJBINIONW TIPUBOAUT K YCIOXKHEHWIO €€ CTPYKTYPHI.
B cBow ouepenb, 3To Hem30eXKHO YBeNUUMBAET pa3dpoc BpeMeH MoCTyra K OT-
JeNbHBIM cioBaM. Hawnydmmuit pexxuM paboTsl ¢ ONepaTUBHOU MaMSIThbIO OOBIYHO
TOJ/IepKUBaeTCSl KaK OTMepallMOHHBIMU CUCTEeMaMU, TaK U Kommuasrtopamu. Ho
JUISI TIpoTpamMM TIPOM3BOJIBHOTO BUAA OH HE BCET/Ia MOXKET ObITh peanusoBaH. Yro-
Obl €r0 MCIOIB30BaTh, COCMABUMENb NPOSPAMM 00AXHCeH CO0A0amb 8HOAHEe Onpede-
JAEHHbIE NPABUAA, O CYUECMBOBAHUI KOMOPbIX ciedyem Y3Hamy 3apanee.

Ecnu nns peanuzanuu alroputMa HYXHO HE IPOCTO COCTABUTH KaKyIO-HUOYIb
nporpaMmmy, a AJOOMThbCs, YTOObLL OHA PAdOTANA MAKCUMAALHO Obicmpo, TO CODJIIO-
JEHME ITUX IIpaBUJI MOXET Jarh olLyTUMbIA 3¢hdekT. Kak yxe oTmeyanock,
MHOIUE KOMIIBIOTEPBI OCOOEHHO OBICTPO OCYLUECTBISIOT AOCTYI K CJIOBAM C IIO-
claenoBarelbHbBIMU PU3MYECKUMU ampecamu. IlycTb, Hampumep, Mporpamma co-
crapiasgercsd Ha sg3bike Fortran. C TOYKu 3peHMs 3TOro s13bika 0e3pasiuyHo, Mpo-
BOIMTbL OOpabOTKY DJEMEHTOB MACCHMBOB IO CTPOKaM WM  CTOJIOLIAM.
BespazanuHo 3T0 U ¢ TOYKM 3peHUsl CIOXHOCTH IMoaydaemMoil mporpammbl. Bee
pasaMuyue CBOAUTCS JHUIIb K TOMY, YTO B OJHOM CIyuyae Mbl MMEEM JeJI0 ¢ Ipeod-
pa3oBaHMEeM DJIEMEHTOB KAKHUX-TO MAaTpMll, 4 B IPYIOM — TPAHCIOHUPOBAHHBIX K
HuM. [lpuHMMas BO BHMUMaHUE clelM(MUKY JOCTyIAa K MaMsATH, KOMIITMJISTOPbL C
a3bika Fortran Bcerga pacnoaraloT MacCUBbI B (pUM3UYECKON MaMITH MOC/Iea0Ba-
TEJNbHO IO ampecamM, CToa0el 3a CTOMOLOM, c/ieBa HAIPaBo U cBepxy BHU3. Ilpen-
MOJOXUM, UTO Pealu3yeTcs aarOpUTM pPelleHMs CUCTeM JIMHeHBbIX ajaredopaumde-
CcKuX ypaBHeHM#I MmeromoM [aycca. B arom ciayuyae Bpemsi paboOThl IPOrpaMMbl
OymeT ompenendaThcsd ee TPeXMEePHBIMU LUKIAMU. B 3aBUCUMOCTU OT TOrO, pacio-
JIOXKEHAa Marpulla CUCTEMbl B MAacCHUBE [0 CTOJIOLAM WM CTPOKaM, BHYTPEHHUE
LMKJIbl IPOrpaMMbl OYAYT TaKK€ OCYIIECTBIISATh 0OpaboOTKy 3/1€MEHTOB MacCUBOB
o crojduamM uid crpokaMm. BpemeHna peanuszauuu o0OUX BapuaHTOB MOIYT pas-
JIMYATbCI BEChMA 3aMETHO, MHOIMA B HECKOJbKO pa3. MakT cylliecTBeHHBI, eClau
pedb UAET O Pa3paboTKe OnMUMAAbHBIX TIPOTPAMM.

IMposenennoe obcykAeHNE KacaeTes, TIIaBHBIM 00pa3oM, TOTO cirydasi, Koraa Tpu
pelIeHN N 3a7aul YIaeTCsT OTPAaHNINTRCH JUIND WCTIOTB30BAaHHEM AOCTATOMHO ObI-
CcTpolf omepaTuBHONW TamsITH. [loloXXeHWe CTAHOBHUTCS 3HAYHTEIHHO CJIOXHEe,
eCJIN TIPUXOINTCS WCITONB30BaTh MEAJICHHYIO TTaMSITh.

B GonbLIMHCTBE A3BIKOB IPOrpaMMMPOBAHMS OTCYTCTBYeT IIOHATHUE pa3Mepa ma-
MATH. DTO CBSI3aHO ¢ KeJaHMeM He AedaTh MpOorpaMMbl 3aBUCHMMbIMM OT Iapa-
METPOB KOMIIbIOTEpOB. TeM He MeHee, HAa KAXIOM KOHKPETHOM KOMIIbIOTEpe
[10JIb30BATENI0 MOXET ObITh IPEAOCTABIEHA MAMATD JUILb OrPAHUYSHHOIO pasMe-
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pa. CtpemieHre MAaKCUMAIBHO YBEIUYUTh €€ pa3Mep IMPUBOAMT K HEOOXOMHUMO-
CTU KMCIOJb30BaTh He TOABKO OBICTPYIO ONEPATUBHYIO MAaMATh, HO M MEMICHHYIO
naMsaTh. Ha coBpeMeHHbIX KOMIIBIOTEPAX MeIIeHHAas MaMAThb 4allle BCEro peaum-
3yercs Ha XKecTKux muckax. Ee pasmepbl Bo MHOro pa3 Oojblle pa3MepoB olepa-
TUBHOI namsartu. OgHAaKo BO MHOro pa3 Oojbllie y Hee W BpeMs goctyna. Ilpu
pelieHuH IpeaeabHO OOJBbIIMX 330324 OCHOBHYIO YaCTh JAHHBIX HEUM30€XHO IpH-
XOAMTCS XPAaHUThb B MeMIeHHoH mamatu. Ho B 11000M KOMIIbIOTEpe olepauuu
BBIIOJHSIOTCS. UL HAX JaHHbIMM, HAaXOASIIUMMUCA B ObicTpoil mamaTtu. [loato-
My B Ipoliecce pelieHus OOJbLIMX 3a0a4 HYXKHO 00s3aTeJbHO M, KaK IpaBuio,
MHOTOKPAaTHO MePeHOCUTh NaHHBIE M3 MEIJIEHHOH MaMITH B OBICTPYIO U 0OpaTHO.
DTO 03HAYAET, UTO BpeMs pelieHus OObIUUX 3a1a4 OIpeesaeTcs ABYMsl COCTaB-
JITIONIMMU: BPEMEHEM BbITOJHEHUs ONepalMil alropuTMa U BPpeMEHEM OCYLIEeCT-
BJIEHHUS OOMEHOB MEXAY MeMIeHHON M ObIcTpoil mamareio. OCHOBHas Ipobiema
HCMOAB30BAHMS MEIIeHHON IMaMsITH COCTOUT B TOM, UTO HeydauHasd opraHu3alys
OOMEHOB MOXET MPUBECTU K TOMY, YTO BTOpas COCTaBJsAIOIIas OyIeT MpeBOCXo-
JIUTh TEPBYIO B ASCITKU, COTHM U Jaxe ThICAYM pa3. HamomMHuM, uyTo HeymadyHas
opraHusaius padboTbl ¢ ONEPATUBHOU MaMATbIO MOXET YBEJIUYUTh BpeMs peau-
3alMM aIrOpUTMa TOJIbKO B HECKOJBKO Pas.

KsamudwmmmpoBanHas opraHu3anusl 0OMeHOB MeXIy MeIeHHOW W OBICTpoll ma-
MSTbIO OazUpyeTcsl Ha TPEX OCHOBHbIX MPUHLMIIAX: 00pallartbcs K MEIJIEHHOR
MTaMsITH KaK MOXHO peXe, TIepPeHOCHTh 3a 0OMeH KaK MOXHO OOJbllle JaHHBIX,
NpU KaKAOM MepeHoce B OBICTPYIO MAMATb OOpadaThiBATh MAHHBLIE KAK MOXKHO
nombite. OcylecTBUTh ONTUMANBHBIN OadaHc 3THX TIPUHIIUTIOB — TPYIHAS 3a1a-
ya. YToObl He IyMaThb O €€ pellleHUH, [1OIb30BaTe/ 10 HEPEeAKO Ipeanaraercsa pabo-
TaTh C GUPMYAIbHOI TIAMITBIO. DTa TIaMsITh yemoBHasg. OHa WMeeT BITOJTHE OTIpe-
JeJIeHHbId pasMep U BIIOJHE OIPeIeNeHHYI0 CHCTEMY anpecaldyd CJIOB.
BupTyambHasg maMmaTh MOXKET paccMaTPUBATHCS KaK OTHOPOMHAS WM MMETh He-
KOTOpPYIO CTPYKTYpy. s Hee MoxeT ObIThb paspaboTaHa cUcTeMa IpaBWl Mped-
MTOUYTHTETHLHOTO pasMeleHns JaHHBIX. Kak KOHKpeTHO OoToOpakaeTcsl BUPTYalb-
Hasgd MaMsITh Ha (U3HMYECKYI0O U KaK B JEeHCTBUTENbHOCTH OPraHU3YIOTCS OOMEHbI
MeXIy MeIJIeHHONH W OBICTPOI TTaMATBIO, 3aBHCUT OT COOTBETCTBYIOIIINX ANTOPUT-
MOB, 3aJI0XKEHHbIX B OIEpallMOHHYI0 cucTeMy. Koe-uTo 00 2THX airopurMax
MOXHO y3HaTh W3 MOKYMEHTAIMW TI0 KoMIbioTepy. OMHAKO ciieayeT TTOMHUTD,
YTO, KaK MPaBUJIO, OHU YHMBEpPCalbHbIE U MOITOMY JMOO HE YUYUTHIBAIOT COBCEM,
60 VINTHIBAIOT OYeHD c1abo 0COOEHHOCTH KOHKPETHBIX TIPOTPAMM.

OT1crona crienyer, 9TO MPH pelIeHNN OOJNBINNX 3314 Heabssn 6e302080p04HO 006e-
pAmb OpraHu3alyio oOMEHOB ¢ MEIIeHHOH IaMsIThi0 OINEPALMOHHON CHCTEME.
Cravaya Jydie TpoBepUTh KadecTBO ee¢ paboThl ¢ TIOMOIIBIO CIETYIOMETO SKC-
nepuMenTta. Ha kakoM-HHOyIb OOJBILOM MpPUMEpPE, OTPAXKAIOIIEM CYILECTBO pe-
maeMoi 3amaun, HYXKHO 3aMEepHUThb B MOHOITOTBHOM PEXHMME ACTPOHOMHUYECKOE
BpeMsl pealu3aluy MpUMepa HA KOMIIbIOTEPE W MOACYMUTATL BPEMS BBIIOIHEHM
HeoOXonMMBIX omepannii. Ecim miepBoe BpeMsl MpeBHIIIIacT BTopoe He Ooilee UyeM
B HECKOJBKO Da3, paboTy olepauuMOHHONH CHCTeMbI IO OpraHu3aluu OOMEHOB
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MO2KHO IIPHU3HATDH y,[lOBJICTBOpl/ITeJIbHOﬁ JJ14 JaHHOTI'O Kiiacca 3a1ayd. B IIPOTUBHOM
ciIyqae uX HaJO OPraHU30BLIBATh CAMOCTOATECIBHO, OPUCHTUPYSACH Ha BBILIECHU3IIO-
XKEHHBIC IMPUHIIMUIIBL. le/I 9TOM CTOUT IIOMHHUTDL, YTO HE IJIA KaXJION 3a1a4u Bpe-
MST OOMECHOB C MEIJICHHON MaMSThI0 MOXHO AOBECTH A0 HU3KOTO YPOBHA.

B kadecTBe MOATBEpPKICHUS BaXHOCTH BOIIPOCOB, KacalolInxcs oOMEHOB ¢ Mea-
JIEHHOM TTaMATBIO TIPW pelleHWN OONBITHUX 3a7ad, PAaCCMOTPUM OIWH TIpUMEp U3
HWCTOPHU paspaboTKU METOMOB W TIpOTpaMM IUTS CHCTeM JMHEHHEIX ajredpairde-
CKMX ypaBHeHMH. HecMoTps Ha eTo copoKameTHIOI TaBHOCTh, OH M ceifyac ocTa-
eTcd BechMa TTIOYINTETBHBIM.

B cepenune 60-x rogoB MpolLIOro CTOIETUS B Hallleid cTpaHe ObUlM LUMPOKO pac-
MPOCTPAHEHb! BBLIYMCIUTENbHBIE MAIIMHBL TUIA M-20, IOCTpOEHHbIE KOJIEKTH-
BOM, BoarjaaBngdeMbiM akageMukoMm C. A. JlebeneBbiM. Ilo Tem BpemeHaMm 3TO ObI-
JIU BIIOJIHE COBPEMEHHBbIE KOMIIBIOTEPHI, O0JAAAIONINE IPOU3BOAUTEIbLHOCTHIO
okoso 20 Thic. omepalMii B cekyHay. OnHaKoO UX omeparuBHAas IamsaTh ObLia Ma-
JIO M IMO3BOJIAIA PEllaThb CUCTEMbl JMHEHHBIX alredpanyeckux ypaBHEHUH C
IIOTHOM MaTtpuieidl mopsaka Bcero jauiib 50—100. TpeGopanus mpakTUKU 3a-
CTABISUIM UCKATh CIIOCOOBI pPELIEeHMS CUCTeM 3HAUMTEIBHO OOJIBIIEro MOopsaKa.
B xayecTtBe MeaneHHON IMaMsITH HAa STUX MAIIMHAX MCIONIb30BAIMCh MATHUTHBIE
b6apabanpl. OHM UIPAIU TOTAA TAKYIO XK€ POJib, KAKYI0 ceiyac B IMePCOHATBHOM
KOMIIBIOTEPE UIPAIOT XKecTKUe aucku. EcTecTBeHHO, ¢ MONMPaBKoil Ha 00beM Xpa-
HuMoit nHdopmauuu. Iloa 3ToT TN MeaIeHHOI mamMATU ObUla paszpaboTaHa cre-
LMaabHas Ojl04YHas TEXHOJOrMs pellieHusl OoJbLIMX aaredpanyeckux 3agad [13].
OHa Mo3BoJisia ¢ MCIOoJb3oBaHUEM TolbKO 300 CloB omepaTMBHONH MAMATU pe-
1IaTh CUCTEMbI MPAKTHYECKU J100oro mopsaka. TouHee, TAKOro MOpSAKa, Mpu
KOTOPOM MATpHMLIA M IpaBas 4yacTh MOIVIM LEIMKOM Pa3MECTHUTbCI B MelTeHHOR
naMaTu. Ilpu 3ToM cHCTEMBI pelllaauch MOYTH CTOb Xe OBICTPO, KaK OyaTo BCH
vHboOpMAIIMS O HUX HA caMOM nene ObLla pasMelleHa B ONEpATUBHON MaMSTHU.
Co31aHHBIE HA OCHOBE JAHHON TEXHOJOIMH MPOrpaMMbl ObUIM BechbMa (hdek-
TUBHBL. B yacTHocTH, HA MammHax tdna M-20 oHU MO3BOJSUIM PEIaThb CUCTEMBI
200-ro nopsaka Bcero 3a 9 MUHYT.

B xonie 60-x ToI0B TPOIILIOTO CTOJNIETHS TIOABMIACH MalimHa BOCM-6. Dro 6bI-
Jla ofTHa U3 JIYYIIUX BBIYUCIUTEIBbHBIX MaimiuH B EBpore. OHa obnagana mpous-
BOJIMTENBHOCTBI) OKOJIO OJJHOTO MWJUITMOHA OTlepaluii B ceKyHAy, T. €. Oblia Obl-
ctpee MmaimnH Tuma M-20 mpumepHo B 50 pas. PaspaGorana BOCM-6 Gbuia
KOJIJIEKTUBOM TIOf pyKoBojacTBoM akanemmka C. A. Jlebenesa, ero samectuTeneit
B. A. MenshukoBa u JI. H. Kopojnesa. Cpenn maremaTudeckKoro obecriedeHHust
MaiuuH BOCM-6 ObUH ¥ cTaHZAPTHBIE MPOTPAMMEI TSI PELICHUS] CUCTEMBI JIH-
HEeMHBIX airedpanvyecKuX YpaBHEHWU OONBIIOTO MOpsIKa € WCIOJb30BAHUEM
MeUTeHHoM TaMaTth. OXUAanoch, YTO ¢ UX TTOMOIIBK MOXHO peliath Oombliine
cucTeMbl, ecii U He B 50, To xoTs OBl B HECKOJIBbKO pa3 ObicTpee. OJHAKO OMBIT-
Hasl TIpoBepKa Jajla yauBUTeNbHBIE pe3yabTaThl. Cuctema 200-ro mopsiika pelia-
Jnack 3a 20 MuHyT. TakoBa 1eHa HEaKKypaTHOTO WMCIOJIb30BAHWSI TIpOrpaMMucTa-
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Mu MemteHHoi mamsartu. KoHeuno, co Bpemenem Ha mamuHe BODCM-6 rtoxe
MOSABWINCH XOpollue nporpamMmbl. Ho mpu 3ToM OpuIlLIOCh BMELIMBATLCS B pa-
00Ty onepauMOHHON CUCTEMBI.

3amerum, uto M-20 u BACM-6, 5TH THOHEPHI BEIYUCIUTEIBHON TEXHUKU, OTHO-
cATesl K Kiaccy "OOBIKHOBeHHBIX” KoMmbiloTepoB. Ho Bce obOcyxkmaeMble BhITIE
MpoOJIeMbl SBISIOTCS aKTYATbHBIMU U JUJISI COBPEMEHHBIX KOMTIBIOTEPOB TOTO Ke
Kiacca. B aToM moxeT jerko yoeauTbesl Kaxknabiii. CpaBHWUTE TPOU3BOANTENb-
HOCThb CBOETO MEPCOHANIBHOTO KoMIbloTepa U MaimuHbel M-20. Teneps peuinte Ha
CBOEM KOMIIBIOTEPE CUCTEMY JIMHEHHBIX anrebpanyeckux ypaBHeHuit 200-ro mo-
psiaka meToaoMm laycca m mamepbTe Bpemsi ee pelieHUs. Jlanee cpaBHUTE OTHO-
IIeHNe TTPOU3BONTENBLHOCTEN U OTHOIIIEHWE BpeMEeH pellieHusT CUCTeM JUIST 000uX
KoMTIbIOTepoB. U ybenuTech, 4To cpaBHEHWE JalleKo He B TOJIb3Y Balllero KOM-
nbioTepa. Torga pe3oHHO 3a1aTh BOIIPOC, TTOUYEMYy XKe TaKoe MOXKET TPOU30NTH.
Ecnau xe BBl peninte cucteMy OOJBIIOTO TIOPSIIKA ¢ MCIOJIB30BAHNEM XKECTKOTO
JIMCKA B KAYecTBE MEMJIEHHON MaMsITA, TO PE3YJIbTaT CPaBHEHUS ¢ YIETOM pasiiu-
Ynsg B TOPSAIKE CHCTEM OKaxercs emie Xyxke. M cHoBa 3amaiite cebe TOT XXe BO-
npoc. To, 4To 371ech 00CcyXnajgoch, KaK pa3 JIeKUT B pyciie TToucKa oTBeTa.

Bonpochbl n 3apgaHna

1. 3maere BbI, UYTO B Ka4YCCTBE BHEIIIHEN TTaMATH TEPBLIX SJICKTPOHHBIX BBIYHUCINTEIIb-
HBIX MAUIMH MCIIOJb30Bajach MarHUTHAas JeHTa?

2. Ilyctb Bhiumcasiores matpullbl C = AB u D = BA Kak mnpou3sBejeHMe ABYX KBaapaT-
HBIX MaTtpull A n B nopsnka n. Tlpenmonoxum, uto Matpuusl A, B, C, D pacrionara-
IOTCSl BO BHEILIHEH MaMATH MOAPSJ COOTBETCTBEHHO MO CTPOKAaM, CTOJIOLIAM, CTpoKam
u crpokaM. [TocTpoiiTe COOTBETCTBYIOIINE aNTOPUTMBI, €CITA JJIST X pealn3aliiid MOX-
HO MCIOJb30BaTh TOJbKO ((#1) fYeeK ONepaTUBHOMN MaMSITHU.

3. Yro MeHsieTcs B AJICOPUTME BBIYUCICHUA MaTpUlibl D, €c/li OHA JOJLKHA ObITh pacno-
JIoXeHa 1o cronbdmam?

4. Jlna mim. 2, 3 TTONyYnTe OLIEHKY BpeMEHM paboThl ¢ BHEIIHEH TMaMSIThIO TIPW BBIYHCICHUN
Matpull C, D, eciiu B KauecTBe BHELIHEN MaMATU UCMONb3YETCs MarHUTHAS JIEHTA.

5. 3uaeTe JM Bbl, YTO BIIEPBbIE BHELIHAS MaMSAThb HA XKECTKUX AMCKax Obula paspaboTaHa
B 1956 T., Kakmbrii IUCK UMeT 0OBEM BCETO JTUIITL B HECKOJIBKO MerabaiiT W pasMephl ¢
NUCbMEHHBbIH cTON?

6. Jna nm. 2, 3 moayduTe OLEHKY BpeMEHM paboThbl ¢ BHEILIHEH MaMsTbiO MPH BblUKCIE-
Hrn Matpril C, D, eci B KadecTBe BHEITHEHW TaMATH WCTIONB3YETCA JKECTKHIM TACK.

7. 3HaeTe M BB, UTO BIIEPBbIe KOHIICTIIIMS BHUPTYAJbHONM TaMsITH Obla pealn3oBaHa B
1962 r. na mawute ATLAS?

8. Ecaum Bam gocTyneH anmapaT BUPTYyalbHOH MaMATU, BbluMcaure marpuubsl C, D us
. 2, 3 Mg caMBIX GONMBIINX 3HaueHWit 7. CpaBHUTEe BpeMeHa pealns3aiii aJiTopuT-
MOB IPH OJHHUX M T€X X€ 3HAUEHMSIX #, HO PasHbIX PacIojioXeHUax marpuil. Kak Bbl
MoXeTe 0OBICHWUTEL pa3nudne BpeMeH?
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§ 1.4. A3blkn NporpaMMuUpoBaHus
n NporpamMmbl

MBI yxke TOBOPWIM O TOM, YTO KOMIIBIOTEp CITOCOOEH BHITTOMHATEL JUIND TMTPO-
TpaMMBI, HalMCcaHHBIe B MAITMHHBIX KoMaHmax. OmHako TporpaMMHpOBaTh B
MAITMHABIX KOMaHAaX WCKITIOYNTERHO TpyaHo. [lpexkme Bcero, m3-3za TOTO, 4TO
CTPYKTYpa KOMAHJ Yallle BCETO COBCEM He TIOXOXa Ha CTPYKTYPY TeX AeHCTBUIL,
KOTOPBIMI TIOJTB30BATeNTb MPEATIONAracT OMHUCHIBATL AITOPUTMBI PEIeHHST CBOWX
3amad. Ecam cocTaBiasgTh TporpaMMBbl B MAIlIMHHBIX KOMaH/IAX, TOTB30BATENO He-
M30€KHO TIPUAETCS MOMISNHPOBATh KAKWUMU-TO TIOCTETOBATENILHOCTIMH KOMAaH
Kaxaoe W3 cBOWX neicTBrii. Ho y aToro cmocoba mporpaMMUpOBaHUS €cTh OTHO
HEeCOMHEHHOE TOCTOMHCTBO: OH TIO3BOJNSIET CO3MABAaTh cambie gpexmuenvie npo-
epammer. OOBICHSETCA 3TO TeM, YTO B JAaHHOM ciiydae MMeeTcs BO3MOXHOCTH
TIIATETLHEIM  00pa3oM YUWTHIBATE COBMECTHO KOHKPETHBIE OCOOCHHOCTM Kak
KOMIIBIOTEPA, TAK W 3aJaYH.

PsmoBoMy mosib30BaTenio He MPUXOAUTCA MPOTPAMMUPOBATE B MAILMHHBIX KOMaH-
Jax. Y Tex Xe CIelUaJIMCTOB, KOTOpbIM TpebyeTcs cosgaBaTk 3PGEKTUBHBIE
MPOrpaMMbl, Takas MOTPeOHOCTh MOXET MosgBUThCA. Hampumep, oHa yacTo BO3-
HUKaeT y pa3paboTyuKoB OMONMOTEK CTAHAAPTHBIX IPOTrpPaMM IIMPOKOro HazHa-
yeHusd. YtoObl B KAKOH-TO Mepe OOJErdyuTh TPYA TaKUX CIELUAIUCTOB, UM Mped-
Jlaraercd MporpaMMUpOBATh B HEKOTOPOH CUCTEME CHMBOJBHOIO KOAMPOBAHUS,
HasbIBaEMOM aemoxodom. I1o cylecTBy, 3TO CUCTEMA TeX K€ MAIIMHHBIX KOMAHI,
HO ¢ Oojee ynoOoHol CUMBOIUKOI. KpoMe 3Toro, B aBTOKOA MOIYT OBITh BBEAEHBI
JOMOJHUTENbHBIE MHCTPYKIIMU, MOLENUPYIOLIUE MpocTeiilire u Haubosee 4acTo
BCTpevalolecs KOMOMHALIMM MAllMHHBIX KoMaHia. KoHedyHo, Ha KOMIIbIOTepe
MMEEeTCSl KOMIIWIATOP, KOTOPbIA MEePEeBOAUT IPOrpaMMbl, HAMUCAHHbIE Ha aBTO-
KOJe, B MAIIMHHBIA KO,

ABTOKOJ — 3TO TIPOCTEHIINI SA3BIK TTPOTPAMMHUPOBAHUST TUTH, KaK €TO HAa3LIBAIOT
WHaYe, SI3BIK caMoTo Huskoeo ypoBHS. Llnpoko mporpaMMmupoBany Ha HEM TONb-
KO Ha TIePBBIX KOMTIBIOTepax. MaccoBoe TporpaMMHpOBaHNWe Ha aBTOKOIE TIpe-
KpaTHJIOCh TIO0 CIEAYIONINM TIpHYrHaM. Kak oTMedanmoch, MporpaMMHpoBaHe Ha
HeM ouYeHb TpyAaoeMKo. [ToaToMy Ham aBTOKOAOM CTalTd CO3/IABATHCS PAa3TAYHBIC
SI3BIKOBBIE HAICTPOMKM, HA3bIBacMbie S3BIKAMM 6bicoKko20 YPOBHS. OCHOBHAs 3a-
Jada 3THX SI3BIKOB 3aKITIOYaeTesl B OOJErdeHWH TIpollecca TIPOTpaMMUPOBAHUS
MyTeM 3aMeHBI HETOHSITHBIX WHCTPYKIIMH aBTOKOMA APYTUMH HWHCTPYKITHSIMMU,
bojee TPUOMTKEHHBIMIU K TTOTH30BATETLCKUM. BepImHOI A3BIKOB BBICOKOTO
VPOBHS ABISAIOTCS HPOOAeMHO-OPUEHMUPOBaHHble SI3BIKN. WX WHCTPYKIIMHA TI03BO-
JITIOT TIOJTB30BATENSIM THCATh TIPOTPAMMBI TIPOCTO B TIpodecCHOHATBHBIX TepMHU-
Hax KOHKPETHBIX MpeIMEeTHBIX obnacteit. Ha KaxkmoM KOMIThbIOTepe aBTOKOM, Kak
MpaBUJIO, OMWH. SI3BIKOB BBICOKOTO VYPOBHS, OCOOGHHO MpOOIeMHO-OPUEHTH-
POBAHHEIX, TOCTATOUHO MHOTO. KOMITMITATOPHI ¢ HUX CTaNW CIOKHBIMW WepapXu-
YeCKUMHU TIPOTpaMMHBIMH cHcTeMaMi. OOpaTHOM CTOpOHON YIIPOIIEHUS SI3BIKOB
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MPOrpaMMHPOBAHUS CTAIO YCIOXHEHUE ITOPUTMOB MPeodpPa3oBaHMs MPOrpaMm
B MalMHHBIA KOX U, KAK CIAEICTBUE, HOMEPsT NPOSPAMMUCIIOM 803MONCHOCIU KOH-
mpoauposame IPpexmusHocms €030a8aeMbIX UM HPOSPAMM. DTO HUCKIIOUUTEIBHO
BaxXHOEe OOCTOATENbCTBO, M MbI OyleM BO3BpalllaTbcsd K HEMY HEOIHOKPATHO,
MPUHMMAS BO BHUMAaHKE HAIly HALIEJEHHOCTh HA pellleHue OOJBbIIUX 3amay.

C TOYKHW 3peHus TOJIb30BaTe/IsI TPOTPAMMUPOBATH HA aBTOKONE HE TOJBKO TPYI-
HO, HO U HEelesecoo0pa3Ho M3-3a €ro OPUEHTAUUU Ha KOHKPETHbIA KOMIIbIOTED
W, KaK TOBOPSIT TIO JIPYTOMY, KOMHbIOMEPHOU 3aeucumocmu. Ha pa3sHBIX MOJETsIX
KOMIIbIOTEPOB aBTOKO/Ibl Pa3Hble. YHUBEPCAIbHOIO TPAHCIATOPA, IEPEBOALIIEIO
MporpaMMy U3 OTHOTO aBTOKOJA B APYroii, He cyinecTByeT. [TosToMy, mepexost
OT OJHOIO TUIIA KOMIIBIOTEPOB K IPYLOMY, I10Jb30BATENI0 NPUXOAUTCH IePern-
CBIBaTh 3aHOBO BCE TIPOTpaMMbl, HANMCAHHbLIE HA aBTOKOAE. DTOT Tpollecc He
TOJILKO CBEPXCIOXHBII, HO U KpaiiHe goporoii. CilegoBarejlbHO, OJHONA U3 BaX-
HEWIMX 3a1a4, CTOSIINX Tiepen pa3paboTUNKaMmMu SI3LIKOB TIPOTpaMMUPOBAHUS
BBICOKOI'O YpPOBHS, ObLIO CO3/aHUE€ $SI3bIKOB, HE 3aBUCAILUX OT OCOOEHHOCTEN
KOHKPETHBIX KOMIIBIOTEPOB. Takue S3bIKKM TOSBUINCH B OOJBIIIOM KOJUYECTRE.
K HumMm otHocgTcs, HanpuMep, Algol, Fortran, C u ap. OHU TakK U Ha3bIBAKOTCI —
MAUUHHO-He3a8UCUMble, YTO Bpoje Obl TTOAUEPKUBAET UX HE3aBUCUMOCTb OT KOM-
Mbl1oTePOB. Ellle UX HA3bIBAIOT VHUBEPCAALHbIMU, YTO YKA3blBAET HA BO3MOXHOCTb
OMUCHIBATL OYEHb MPOKKUI KPYT aITOPUTMOB.

Co3naHne MaIlTMHHO-HE3aBUCUMBIX SI3bIKOB TIPOTPaMMUPOBAHUS TIPUBENIO K TIO-
SBJIEeHUI0 HA pyGexe 50—60-x rogoB NpOLLIOro CTOJETUS 3AMEYAmenbHol No céoell
kpacome udeu. TpamuIIMOHHBIE OMUCAHUS AJTOPUTMOB B KHUTAX HEdb3sT Oe3
MPENBAPUTEILHOIO HUCCIEI0BAHMA IepPEeKIanbiBaTh Ha JI000H KOMIIbIOTEPHBIA
sa3bIK. Kak TpaBujio, OHW HETOYHBI, COAEpPKAT MHOTO HEMTOMOJBOK, AOMYCKAIOT
HEOJAHO3HAYHOCTb TOJKOBAHMI M T. . B vacTHocTM, HM3-3a MpeanonaraeMmblx
CBOMCTB acCOIMATUBHOCTH, KOMMYTATHBHOCTH W JIUCTPHOYTUBHOCTU OTepaITmit
Haj yuciaaMu B opMynax OTCYTCTBYIOT MHOIME CKOOKH, OIpeelsioliue IMops-
JIOK BBITIONIHEHUS omepaiiuit. [ToaToMy B IefCTBUTETLHOCTH KHUXKHBIE OTTMCAHUS
cojiepxkar lieJloe MHOXECTBO aJrOPUTMOB, Ha KOTOPOM pPa30poc OTHENbHbIX
CBOICTB MOXET OBITh 0YeHb OONBITUM. B pesynbrare, Kak MpaBUIoO, TPYIOEMKUX
HCCAENOBAHUI U3 JAHHOIO MHOXKECTBA BBIOMPAETCS KAKON-TO O0UH aieopumm,
o0anarInil BIOJHE TIPUEMIAEMBIMI XapaKTepucTUKaMUu, W UMEHHO OH TIpo-
rpaMMUpyeTcs.

B nmporpamme 110600 alropuTM Bcerga ONMUChIBAETC abcoaomuo mouro. B ero
Ppa3paboTKy BKIAALIBAETCS OOJIbIION MccaedoBaTenbckKui Tpyd. UToObl U30aBUTH
JPYTUX CHELUATUCTOB OT HEOOXOAUMOCTH €ro IMOBTOPITh, HAMO DTOT TPYH COXpa-
HaTh. [IporpaMMbl Ha MAIIMHHO-HE3aBUCUMBIX I3bIKaX BBICOKOIO YPOBHS KaK pas
yIOOHBIL [IJIs1 BblIOJHEHUsI (PyHKUMA xpaHeHus. Maed cocTosdna B ToM, 4TOOBI HA
TaKUX SI3bIKAX HAKAIUIMBaTh Oaraxk XOpollo OTpabdOTAHHBIX JITOPUTMOB M MPO-
rpaMM, 4 Ha KaXIOM KOMIIBIOTEPE HMETb KOMIIMISITOPHI, IIePeBOASIIME IPO-
IPaMMBI ¢ DTUX f3bIKOB B MalUMHHBIA Koa. Ilpu sTom Bpome Obl ymaBazoch pe-
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LIUTb Cpa3y AB€ BaXHbIE MpodaeMbl. Bo-mepBhiX, cokpaliaaioch AyONUpoBaHKUE B
nporpaMMupoBaHuu. M, BO-BTOPBIX, aBTOMATUYECKU PEIUANCS BOIPOC O HOPHIA-
OenvHocmy MPOrpaMM, T. €. 00 UX IePeHOCe ¢ KOMIIbIOTEpa OJHOIO CTPOEHMSA HA
KOMIIBIOTEpP OPYroro crpoeHus. Bompoc, KOTOphIil ObUI M OCTAe€TCA BEChbMA aKkTy-
NbHBIM, T. K. KOMIIBIOTEPhI CYLIECTBEHHO MEHSIOT CBOE CTPOEHUE AOBOJBHO Yac-
to. Ilpu peanuzauuu JaHHON uaeru (QYHKIUUM HO aANTALUU [POTPAMM K OCO-
OEHHOCTIM KOHKPETHBIX KOMIIbIOTEPOB Opanum Ha cebda koMnuaaropbl. Kax
CIeICTBUE, I01b30BATEAb OCBOOOXIAACA OT HEOOXOAMMOCTU 3HATh YCTPOHCTBO U
MNPUHIUIB GYHKIMOHUPOBAHUS KaK KOMIBIOTEPOB, TaK M KOMIIMISITOPOB.

B mepBoBie TOB MAed pa3BUBANACh W pealn3oBEIBANAch oueHb OypHo. M3maBannch
MHOTOUYHMCJIEHHBIE KOJUTEKIIMA XOPOIIIO OTpabOTAHHBEIX alTOPUTMOB W TIPOTpaMM
W3 caMBIX pasHBIX TIPUKIATHEIX obacteii. BuIm HamakeH IMHpoOKWit oOMeH MU, B
TOM YHCIIe, Ha MeXKIYHApOTHOM ypoBHe. [IporpaMMBl TeHCTBUTETBHO JETKO Tie-
PEHOCWINCH C OJHUX KOMIBIOTEPOB Ha japyrue. [locTelieHHO W TONb30BaTEIU
OTXOAWIIA OT AETATHHOTO M3YYeHUS KOMIIBIOTEPOB W KOMIUJIATOPOB, OTPAHMIH-
Basgch pa3paboTKo¥ TporpaMM Ha MAaITMHHO-HE3aBUCUMEIX SI3BIKAX BBICOKOTO
ypoBHA. ONHAKO paay:XKHBIe HameXXTbl Ha JUTUTENLHBIN 3(¢deKT oT peamnsaltnu
obcykmaeMolt uaen TOBOJBHO CKOPO CTATH MEPKHYTD.

[lpuunna oxazagach MPOCTOM U OKazajach CBI3aHA C HECOBEPILIEHCTBOM PabOThI
OOJIBIIMHCTBA KOMIMWIATOPOB. KoOHEYHO, peub He MAET O TOM, YTO OHMU CO3AAIOT
HeMNpaBUJIbHBIE KOIbI, XOTs TaKoe TOxXe ciydyaercs. [eno B ApyroM — Hu ooun u3
KOMRUASAMOPOs8 He eapanmupyem >poexmugrnocms noayvaemsix Koooe. Bompoc o0
93¢ HEeKTUBHOCTU PEIKO BO3ZHMKAET IIpM pelleHnud HeOonbluux 3amay. Takue 3ama-
Yy peaNu3yloTCsa HACTOJbKO ObICTPO, YTO IIOJbL30BATE]b HE 3aMedyaeT MHOTHe
npobiembl. Ho paziuynble acnekThl 3G @deKTHBHOCTH IMPOrpaMM, B MEPBYIO O4e-
penb, CKOPOCTb HMX pealM3allud W TOYHOCTh MOMYYaeMbIX PELIeHM CTAHOBSTCS
OUeHb aKTyaJbHBIMHU, €CIM HA KOMIIbIOTEP CTaBATCs Oojbliue U, TeM Oojiee, mpe-
JeJIbHO OOoJIbILME 3aAaul.

Lexnpo Mpon3BoACTBA HOBBIX KOMITBIOTEPOB SIBISETCSA TIPEMOCTABICHHE TTONb30Ba-
TEJISIM BO3MOKHOCTH peTraTh 3amaun 6onee 3hdeKTUBHO, B TIEPBYIO ouepenb, bomee
6uicTpo. [MosTtoMy, paspabareiBast MporpaMMBl Ha S3BIKAX BBICOKOTO YPOBHS, TIOTb-
30BaTelh BIIPABE PACCYMTHIBATG HA TO, YTO BpeMsl WX peaTu3alini OymeT YMeHb-
IaThesT TIPUMEPHO TaK Xe, KaK pacTeT TPON3BOINTEILHOCTh KOMITBIOTEPOB. Kpome
3TOTO, OH, KOHEYHO, TIPEAIIONAaraeT, 4To MporpaMMBbl Ha MAITHHHO-HE3aBUCHUMBIX
SI3bIKax OyAayT AeHCTBUTENHHO He 3aBUCETh OT ocobeHHocTel TexHWKh. OmHaKko
BECh OTIBIT PA3BUTHS KOMIBIOTEPOB W CBI3aHHBIX ¢ HUMH KOMITWISITOPOB TTOKA3HI-
BaeT, YTO B TMOJTHONM Mepe Ha 3TO HamesThesT Hemb3sd. CKOpOCTh pean3aliii Tpo-
rpaMM Kak (YHKITHST TIPON3BOIUTETEHOCTH KOMITBIOTEPOB OKasanach Ha TIPaKTHKe
He JHHeHHOM, a 3HAYNTeNbHO Oomee crmaboil, mpudeM, YeM CJIOXKHee YCTPOoeH KOM-
MBIOTep, TeM oHa ciabee. TIporpaMMBl Ha MaIlTMHHO-HE3aBUCHMBIX S3BIKAX TTOKa3a-
JIW 3aBUCHMOCTB OT PasNMIHBIX OcOOEHHOCTEH KOMIBIOTepoB. TlocTosTHHOE Xe TIo-
SIBITEHIE Bce HOBBIX W HOBBIX SI3LIKOB TIPOTPAMMUPOBAHNS 0e3 obecneyentis KaKux-
AUBO 2apaHmMuUil Kauecmea KOMAUAUPYeMbiX TIPOTPAMM JIMIID YBETMINBACT CIOKHOCTh
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penieHdsd MHorux npob6iseM. Ha mpakTuke mosb3oBaresb HE MOXET Cepbe3HO BIIM-
SITh Ha pa3paboOTKy SI3bIKOBOM M CUCTEMHOI cpenbl KomibloTepa. Ho mMeHHO oH
oIlLlyLIAeT Ha cebe Bce ee orpexu. EMy M mpuxoaMTcsl ¢ Heill pasbuparbesd, XOTa 9TO
COBCEM He ero 1iedb. Ero neip — peniarh 3agady.

Bosuukna crpanHast cutyanus. ITonbp3oBarelb caMbIM MTPSAMBIM 00pa3oM 3amHTe-
pecoBaH B 3¢ ¢EeKTUBHOCTH pEIIeHnsT CBOUX 3a/ad Ha KoMmbiorepe. sl MmoBbI-
meHnsT 3HEeKTUBHOCT OH TpuWjaraeT OrpOMHBIE YCHWJINS. MEHSIET MaTeMaTude-
CKHE MOIENTH, pa3pabaTbiBaeT HOBBICE YHCIEHHBIE METOAbI, MHOTOKPATHO
TepenuCchIBaeT MporpaMMEl U T. TI. Ho momb3oBaTelb BUANT KOMITHIOTED TOJBKO
yepe3 MporpaMMHOE OKPY:KEHHE, B TIEPBYIO OUYepelb, Yepe3 KOMMIUISATOp U Olle-
panmoHHy0 crucremy. CosmaBasi U UCITOTHSIS MalIMHHbBIE KOABI, 3TH KOMITOHEHTEI
CWJILHO BIUSIOT Ha 3¢P@PEeKTUBHOCTh pPeaTM3alliy TTOIb30BATETECKUX TTPOTPAMM.
OmHako ¢ WX TIOMOIIBI0 AU0O0 TpyaHO, JUOO0 MPOCTO HEBO3ZMOXHO TIOHSTH, 2de
HAxX00amMcs y3Kue Mecma CO30aHH020 MAWUHH020 K0OQ U 40 Heo0X00uUMO USMEHUMb
8 KOHKDEeMmHOI Npocpamme HA S3bIKe 8bICOKO2O YPOGHS, Mobbl nosvicums ee 3pgex-
muenocms. JeiicTBuTebHAs WHbOPMAs, KOTOPYIO MOKXHO MOJYIUTb OT KOMITH-
JIITOpa M OIEPAITMOHHON CHCTEMBI MOCJIE Peaanu3alui MporpaMMEl, Yallle BCero
OKa3bIBaeTCd HACTOJIBKO CKYIHOW U TPYAHO BOCHPUHWMAEMOI, YTO €10 PEIKO
yIaeTcsl BOCIIONB30BaThCS TIPH BBEIOOpE TyTEeH MOASPHU3AINM KaK caMoi TIpo-
TPaMMBI, TaK W pean3yeMbIX €i0 aJlTOPUTMOB.

Huist 110J1b30BaTe/ sl BOIPOC B3aUMOICHCTBUS ¢ KOMIIbIOTEPOM C LIEIbI0 IIOMCKA
nyreit coszganug Haubosee 3(¢heKTUBHBIX MPOIPAMM SBISIETCS OY€Hb aKTyajlb-
HbiM. Ho ero pelleHue MOYTU MOJHOCTHIO HEPEIOXKEHO HA ILUIEYM CAMOIO I10J1b-
sopare/ist. lllTarHoe mporpaMMHOe OKpYXeHME KOMIIbIOTepa He COAEPXKMT HUKa-
KUX OTIaAYMKOB, CHMCTEM aHajlu3a CTPYKTyphl IporpaMM u T. 1. M3 omnucanuii
KOMIIMJISITOPA IPAaKTUYeCKd HEBO3MOXHO HANUTH [aXe TaKyl HEoOXOAMMYIO MH-
dopmaluIo, KaK IpdexmusHocms pabomvl 8 MAUUHHOM K0Oe OMOeAbHbIX, Hauboaee
SHAUUMBIX KOHCIPYKUUL A3bIKA 6bICOK020 YpoeHsa. ECTb MHOIO OCHOBaHMI ylpek-
HYyTb CO3[aTeleil I3bIKOB, KOMIIMISTOPOB M OIEPAaLMOHHBIX CUCTEM B HeEIOCTa-
TOYHOM BHUMAHUU K MHTEpecaM paspabOTYUKOB ajlrOpUTMOB U Iporpamm. B rta-
KOM YIIPeKe €CTb J0JS MCTHHbI, T. K. MHTEPEChl I10Jb30BaTeleil AeiiCTBUTEIBHO
3aTePSUIUCh CPELU MHOIUX APYTUX MHTEPECOB CUCTEMHBIX [POrPAMMMUCTOB U I€-
pecraiu ObiTh AOMUHUPYOWMMUA. OIHAKO HAAO TAKXKE IPU3HATH, YTO IPOO/IeMbI
[10JIb30BAaTE 1€l OKA3a/IMCh COBCEM HEIPOCTBIMMU.

OI[HOﬁ U3 BOKHEULINX XapaKTECPUCTUK BBIYUCIUTCIBHBIX MPOUECCOB SABISICTCA
TOYHOCTDL ITOJTYYAaCMbIX PE3YJIbTATOB. Vike JABHO W3BECTHO, YTO KPOME ob1ero
OTTUCaHUsI TIPOLIECCOB, HA HEE BIUSIOT d)opMa TIPEACTAaBICHUA YUCET U crocod
BBITIOJTHEHUSA OTICpAallUM OKPYIJIICHHA. O™ Cl)aKTOpI)I MaIlTMHHO-3aBUCHMEIe. WH-
Cl)OpMaHI/IH O HHUX HE BOCIPUHUMACTCS S3bIKAMHW BBICOKOTO YPOBHS. HOSTOMy,
CTPOTO TOBOPSA, TAKHUE SA3BIKW OAaXKE TTO OJIHOU 3TOW TIPUYUHE HEJIb3S CYUTATh Ma-
IMWTHHO-HE3aBUCUMBIMU, T. K. HA Pa3HBIX KOMIBIOTEPAX MOTYT HOIYCKATLCA pa3-
HBIC MPEACTABICHUS YUCET W PA3HBIC CcTI0COOBI BBHITIOJTHEHUS OKpYTHeHI/Iﬁ. B xo-
HEYHOM CYETE, 3TO MOXKET NMPUBOINUTL, U HA TPAKTUKE NMPUBOAUT, K JOCTATOUYHO
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0OJIBIIOMY pa3dpocy pe3ylbTaToB pealu3allMil OfHOH U TOH e mporpaMmel. Ho
TOIAa BO3HUKAIOT MHOTOYMCIEHHBIE BOIpochl: "Kakoil cMbICI Hago BKIAAbIBAThL B
MOHATHE MallMHHO-He3aBUCHUMBbII s13bIK? Kak paszpabaTbiBaTh aJITOPUTMBL U IIH-
caThb MPOIrPamMMbl, YTOOBl XOTA Obl ¢ KAKMUMM-TO OTFOBOPKAMHU HX MOXHO OBLIO
paccMaTpUBaTh Kak MalIMHHO-He3aBUcUMble? Kak TpakToBaTh pe3yabTaThl pea-
JIM3ALMU IPOrpPaMMBbl ¢ TOYKM 3peHus TouHoctu?" W T. m.

Bbutn mpennpuHSITH 3HAYNTENbHBIE YCUITHUS, YTOOB! TIOJIYYUTH OTBETHI HA BCe 3TH
BOTIPOCH. YHUMUIIUPOBaHHB! (opMbl TIpefcTaBieHust ynces. PaspaboTaHbl cTaH-
JapThl Ha BBITIONIHEHWE OTepalii OKpyrieHus. H1si MHOTMX alTOpUTMOB TONY-
YeHbl OIEHKU BIAWSHUS OIMUOOK OKpyIiIeHus. B 1esom Xe ycriexu HeBEIUKU.
Bo3MoxxHO, YTO TJABHBIM JIOCTUKEHHMEM TIPEANPUHSITBIX YCUIUI SIBISIETCS OCO3-
HaHWE TOTO, YTO TpU pa3paboTKe YHUCICHHOTO TIporpaMMHOro obecrieyeHus Bo-
MPOCHl BIUSHUS OIMUOOK OKPYIJEHUS Helb3s WTHOpupoBaTh. Kakoe-To Bpemst
Kazajioch, YTO MpodieMa TOYHOCTU SBJsIeTCS €IMHCTBEHHOW MPUHIUTHATBHON
TPYAHOCTBIO, CBSI3aHHOM ¢ pealusalyeil aJropuTMOB Ha KOMITBIOTEPAX Pa3HBIX
TUTIOB. U XOTd Ha JIerkoe pellieHne 3Tol MpoOieMbl HENMb3s OBLIO pacCUNUTHIBATH,
TeM He MeHee, O0O3HAYMJIHUCh ONpeleieHHble TepcrnekKTHBh. [locTerneHHo Kak
Oynro crana ¢hopMHUPOBATLCS YBEPEHHOCTh, UTO BCE XK€ yAacTcsl co3/1aTh Ha ajro-
PUTMHUYCCKUX $SI3BIKAaX 3PeKTUBHOE MalllUHHO-HE3aBUCUMOE YHCIEHHOE Tpo-
rpaMMHoOe obecTiedeHHue 1, cleoBaTe/IbHO, IOBECTH /IO TIPAKTUUYECKOTO pelieHUs
MpobJyieMy MopTabeTbHOCTH MPOTpaMM.

JefcTBUTENbHOCTh MOLIATHYIA WM OTY YBEPEHHOCTb. BBUIO BBISICHEHO, 4YTO HAa
MHOKECTBEe IIPOTrpaMM, SKBUBAJIEHTHbBIX C TOUKU 3PEHUS I0Ab30BaTellsd MO TOYHO-
CTH, YUCIY apUpMETHUYECKUX ONepaluuii U APYTMM UMHTEPECHBLIM ISl Hero Xapak-
TEPUCTUKAM, Pa3dpOC pealbHBIX BPEMEH pealu3allMd pas3iuvHbIX BApUAHTOB HA
KOHKPETHOM KOMIIbIOTEPE OCTaeTcs OueHb OojbluMM. [lpuyeM He TONbKO I
CIOXHBIX MPOrpamMM, HO U ISl CaMbIX MPOCThIX. Hampumep, mporpaMMbl pelie-
HMS CHUCTEM JMHEHHbIX alredbpanyeckKux YpaBHEHMH C HEBBIPOXIEHHONH Tpe-
YrONbHOI MAaTpulieil, HANMCAHHbIE HA $3bIKe BBICOKOIO YPOBHSI, MOIYT OaBaThb
CYLLECTBEHHO PA3JIMYHbIE BPEMEHA PEATU3ALUUU [POCTO B 3aBUCUMOCTU OT TOLO,
OCYIIECTB/ISIIOTCA JIM B HUX BHYTPEHHHUE CYMMMPOBAHMS IO BO3PACTAHUIO MHIEK-
COB WIM MO MX YOBIBAHMIO. DTO O3HAYAET, YTO IOJb30BATEIb HPUHUUNUAALHO HE
MoJicem BBIOPATH 3apaHee TOT BAPUAHT IPOrpaMMbl HA SI3bIKE BBICOKOIO YPOBHS,
KOTOpbII OymeT oauHakoBO 3h@eKTUBEH Ha pasHelx KoMibioTepax. [lpuHIMIIN-
A1bHO HEe MOXET XOTs Obl IOTOMY, YTO TAKOIl BaApUAHT, CKOpee BCEro, He cyujecm-
eéyem. Ho 2T0 03HAyaeT Takxke, YTO SA3BIKU MPOrPAMMUPOBAHMS BHICOKOIO YPOBHS
MOXHO U 1O DTOH MPUYMHE CUUTATh MALUIMHHO-HE3aBUCUMbBIMU JIUILDb YCIOBHO.

HTak, 4TOOBl TIOJIYYUTH ONMTUMANBHBIN MalIMHHBIA KO, HEoOXOAUMO, KaK MU-
HUMYM, MPEIOCTaBUTh KOMIIMJISITOPY OIMCAaHUE BCETO MHOXECTBAa BapUaHTOB
MporpaMM, 3KBUBATEHTHBIX ¢ TOYKHW 3pEeHUS Tojb3oBaresiss. Ho Ha TpaauimoH-
HBIX aJITOPUTMHUYECKHX SI3bIKAX BBICOKOTO YPOBHSI MOXHO OTMCATh TOJBKO OIWH
BapuaHT. OTClofla BBITeKaeT jJBa BAXHBIX BbIBOAA. Bo-TiepBbIX, 3¢heKTHBHO pe-
IATh TIpobeMy TOPTA0ETbHOCTU TIPOTpaMM, OPUEHTUPYSCh Ha HCIONb30BaHUE
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SI3bIKOB BBICOKOIO YPOBHS 6e3 npedocmaenenus OONOAHUMensHOl uHgpopmayuu, He-
BO3MOXHO. M, BO-BTOPBIX, AJIA MOCTPOSHUS IPOrpaMMbl, obecreduBaloIieil omn-
TUMAJIbHBIA MAIIMHHBIA KOI Ha KOHKPETHOM KOMIIBIOTEPE, HCKIIOUUTEIBHO
BaXXHO UMETh BO3MOXHOCTb IOAYUYCHUSI KEAIUDUUUPOGaHHOU U OOCMAMOYHO HOA-
HOU uHopMayuy O CTOPOHBI KOMITMJISTOPA M ONEPALMOHHON CUCTEMbI HA KaX-
JbliA IPOTrOH MPOIrPAMMBIL.

Ho Tex mop moka Takagd BO3MOXHOCTh He OydeT peayli30BAHA MOJIHOCTbIO, MOJb-
30BaTeNIIM TPUAETCS MHOTOKPATHO TIEPEeNMCHIBATL CBOW TPOTPaMMBI B MMOWCKAX
ONTUMAJbHOIO BapuaHTa. g yMeHbILeHUs YUCIa MIePenuCchiBAHUN MPUMEHSIOTCS
pasTUIHBIe TIpUeMBl. Hampumep, B TIporpaMMax BEIICTSIOTCST GbI4UCAUMEAbHbIE
Aa0pa, T. €. y9acTKU, Ha KOTOphIe IIPUXOAUTCSI OCHOBHOH OOBEM BbIUMCIAEHUIT. DTU
smpa TUIIyTed Ha aBTokome. [Ipu Tmepexone K HOBOMY KOMITBIOTEPY TTepPETTHCHI-
BalOTCS TONbKO OHM. Tem camMbiM obecreduBaeTcsd BbICOKad 2(hdEeKTUBHOCTD
mporpamm. [To TakoMY TIPWHITAITY OPTAaHW30BAHBI TAKWE TTOTYISIPHEIC TTaKeTHI IS
pelienus 3agad auHeiiHoi anrebpel, kak EISPACK, LINPACK, SCALAPACK
7 1p. BeramcanTenbHBIe sapa B HUIX OPTAHW30BAHBI B CIEITUANBLHYIO OUOTHOTEKY
nporpamMmMm BLAS, koropas HamucaHa Ha aBTOKOAE M MEPEIIMCHIBAETCHA KaxIbli
pas TIpu Tiepexofe K HOBOMY KOMIThbIOTepy. Kak moxasan oIBIT, 3TOT TMpueM I0-
BOJILHO JOPOroii M He Bceraa MPUMEHUM, OCOOEHHO IpU CO34aHMU OOIbILUX
MTPOTPAMMHEIX KOMTLTeKcoB. K ToMy Xe, KaK BBISICHWJIOCH, TIPU TIepexode K KOM-
MbIOTEPAM C MPUHIUIHAILHO UHON apXUTEKTYpOll IPUXOIUTCS NEPemuchiBaTh He
TOJTGKO BLIYUCIUTENBHBIE S/Ipa, HO M X OOONOUKY.

Haxke kpaTkoe oOCyXaeHHWE ToKaszajlo, YTO BOTIPOCHI PaspaboOTKU s@gpexmieno
peairuzyemuix U 00420 UCHOABIVEMBIX NPOSPAMM OKA3AUIUCh UCKIIOUUTENbHO TPYyd-
HBIMMU W WHTepecHBIMU. OHU TOTpeOOBa M HE TOJNBKO CO3/aHUS SI3BIKOB BBICO-
KOTO YPOBHS, HO M M3YYEHUSI CTPYKTYPbl IPOrpaMM U AITOPUTMOB, Pa3pabOTKU
HOBBIX TEXHOJIOTHI TIpOTpaMMHUPOBaHUS, OMpeAeeHNs MECcTa U Mepbl UCTIONb30-
BaHUA MAallMHHO-OPUEHTUPOBAHHBIX SI3bIKOBBIX CPel, COBEPIIEHCTBOBAHUS Pabo-
THI KOMIUJISITOPOB U OTEePallMOHHBIX CUCTeM W MHOTOTO Jipyroro. Bece aTu Bompo-
Cbl HUKAK He MCYe3al0T B CBSA3M C YCOBEPIUEHCTBOBAHHMEM KOMIIBIOTEPOB, 4,
HaoBOPOT, CTAHOBATCH Bce Oosiee M Oojiee aKTyaTbHBIMHU.

BO"pOCbI n 3apgaHung
1. 3HaeTe U BbI, YTO MEPBbIE B MUPE IpPOrpamMMbl cocTaBuia Aodb nosta Jx. baiipona
rpacduna A. Jlasneiic, U caenaga oHa 310 id Mawunbl Y. be6ounxal!?

2. 3naete /i BB, 4T0 Fortran, oMH M3 TIepBBIX SI3BIKOB MIPOTPAMMHPOBAHUS BBICOKOTO YPOB-
He, OBUT peayn3oBad B 1957 1.2 W akTMBHO WCTTONIB3YETCS JI0 HACTOALIETO BpeMEHN?

! Yapnbs Boobumx (1792—1871) paboran Haj CO3AHMEM MEXAHMYECKOIO KOMIILIOTEDA,
nporpaMmupyemMoro ¢ nomouibio nepgokapr. I'padunsa Aga Asrycra Jlapieiic, noMmumo
HanMcaHus NPOrpaMM, 4YacTHUHO (hHMHAHCUPOBAJIA 3TOT NpoekT. — Ped.

2 Fortran 6bu1 pa3paboTad IpyIloil coTpyaHukos ¢upMbl 1BM noa pykosoacrsoM JxoHa
Bakyca. — Peo.
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3. 3maete MM BHI, 9TO 361K DopTpad TeproIUIecKH TTOMBEPTACTCST OKECTOUCHHOM KPH-
TUKE CO CTOPOHBI pa3pabOTYMKOB APYTUX SI3bIKOB IpOrpaMMupoBaHus. TeM He Me-
Hee, M0 CHUX Top B cdepe HAYIHO-TEXHWISCKWX 3afad MONs TPOTpaMM Ha sI3BIKe
@opTpaH U €ro AuaneKkTax MpeBOCXOAUT AOJIO MPOrpaMM Ha BCEX OCTAJbHBIX SI3bIKAX
TTPOTPaMMUPOBAHMS, BMecTe B3ATHIX. Kak BHI IymaeTe, TTouemMy?

HCCJ’[CZ[YVITC Ha YCTOﬁqHBOCTB Pa3JINYHLBIC Q)ODMBI 3alTMCU aJITOPUTMOB Ha A3BIKE BBLICO-
KOIro ypoBHA 4JIA CIACAYIOLIUX 3aJay:

4. BbluucieHHe COSX Yepe3 Sinx Mpu OYeHb MajlbIX 3HAUEHHUSX X.

5. Brumcaenus sinx depes tgx npH odeHb OOJbILIMX 3HAYEHMSIX X.
6. Bbiuucinenue mis O0bILIKMX # BeauduHbl 7 = 2m)!l/(2n + 1)1,
7

Bhiuncnenue BenduuHbl v = x — P(x)/P(x) nig mHorouneHa P(x) BbICOKOI CTeleHu
TIPY MaJTBIX W GOJTBITNX 3HAYCHUSX X.

o

Brerancienne CPEAHETO apI/I(l)MCTI/FICCKOFO GOJTBITIOTO KOJIMIECTBA YHCE]T PA3HBIX 3HAKOB.

9. Bwuncnenmne CPCAHETO TCOMCTPUUCCKOTO OOJIBIIIOTO KOJMYECTBA OONBIINX TTOJOXKH-
TEJIbHbIX YUCEIL.

10. PeuieHue cucTeMbl JUMHEHHbIX alredpanyeckux ypaBHEHUI
x +42 y=1
V3x+46y =43

TPV pasiIMIHBIX MPUOIMKCHNSIX il v2 , /3, ..., V6.

11. Yro mMensterca B 3amanHusax 4—10, ecnu BHIUHWCIEHHWS OCYIECTBISITh B PEXHUMax ¢
GUKCUPOBAHHOM WM ILIABAIOLIEH 3amsaToi?

12. MoxeTe a4 Bbl rapaHTUPOBATh B IIPEAJIO2KCHHBIX PCIICHUAX BbICOKYIO OTHOCHUTECJIb-
HYIO TOYHOCTH PE3YJIbTaTa U €CJIN HET, TO HO‘-ICMY?

8§ 1.5. Y3kune mecrta

KoMmnploTepbl MOCTOSIHHO COBEPLIEHCTBYIOTCS. I/aBHBIA BEKTOp MX Pa3BUTUS —
MOBBIILIEHUE IPOU3BOAUTENbHOCTH, T. €. BO3MOXHOCTU BBIIOJHATE OOJblliee
YUC/IO oNepaluii B eAMHMUIY BpeMeHM. [laHHBIA BeKTOp o4yeHb BaxkeH. O6 3ToM
FOBOPUT XOTS ObI TOT (PaKT, YTO B MOCAEIHHE TOMIbl MPOU3BOAUTEILHOCTD KOMITh-
IOTEPOB YBENUYMBAETCA HA MOPSIA0K MPUMEPHO KaxKaple IATh JIET. 3a MPOU3BOAM-
TENbHOCTb B KOMIIBIOTEPE OTBEUYAET, B MMEPBYIO ouepelb, apudMeTUKO-TOrMUYEeCKOe
yerpoiictBo. Ho oHo 3aHumaer juib okoio 20% Beero obopynosanus. Cienosa-
TeNbHO, pellias [VIABHYIO 3a1auy — obecleyeHue Mojib30BaTels] HHMOPMALMOHHO-
BBIYMCIUTENBHBIMU YCIYTAMHM, — KOMIIbIOTED pelllaeT U KaKUe-TO BCIOMOTrareib-
Hble 3a1a4Md, BUAMMbIC WMIM HEBUAMMbBIC I IoJb3oBarensd. MeHsercs cocTaB
9TUX MAIEHBKMX 3a1a4, MEHSIOTCS MeToabl UX pelieHus. BooOiue rosops, Bce
OHU PA3BUBAIOTCA CUHXpOHHO. Ho MHOrma HeKOTOphbie M3 MATEHBKMX 3a1ay MId
JaKe OJHA M3 HUX CTAHOBUTCI HACTONBKO KPUTUYHOM, YTO HA ONpeaeseHHOM
JTaIe pa3sBUTHSA KOMIIbIOTEpPA OKA3bIBAETCS CaMOM IMaBHOIl, 3aTMeBasd coboil gaxe
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KoMnbioTep B LiejioM. O00 BceM 3TOM Mbl OydeM MOApOOHO TOBOPUThL B 21aee 2.
YroObl Jyullie MPencTaBldTh, KaK U MOYEMY B IIPOLIECCE PA3BUTHI KOMIIblOTepa
BO3ZHUKAIOT pa3JMyHble Y3KUE MECTa, PACCMOTPUM CIEAYIOLIYIO UAMOCIHPAMUGHYIO
Modens.

Bymem cumTaTh, 4TO KOMIBIOTEP W €r0 MIPOTPAaMMHOE OKPYKEHIE ecTh HEKOTOpOoe
npeonpusmue wupoKoeo npoguias TO O0KazaHUK WHGOPMaIMOHHO-BBIUYNCTH-
TEIBHBIX YCIYT. YCIyroi sBisieTcsl o0paboTKa KaKoi-TO COBOKYITHOCTH JAaHHDIX.
IMoTtpedbuTenn »Tnx ycayr — Toiab3oBarefn. [lobp3oBaTtenb MpeacTaBiIseT MIpea-
MMPUATHIO COTJIACOBAHHOE C €T0 TpeOOBAHUSIMM mMexHu4ecKoe 3adanue Ha YCIYTY.
D10 — TIporpamMma, HamWcaHHasg Ha TOM WJIW WHOM s3biKe. OTmaBast 3aka3 Ha
KOHKPETHYIO YCJIYTY, TOJb30BaTe/Ib, €CTECTBEHHO, HE XOTeJ OBl HWYEro 3HaTh O
TOM, KaK TIpeINpusiTHe OyIeT ee peaTu30BbIBaTh. TpeOoBaHMS MOTB30BATENS TIPO-
CTBI. Yciyra moykHa OBITh BBIIONHEHA TPaBWIBHO, OBICTpo M gelreBo. Ha mern-
KHX yciryrax oObpMHO Tak M ObiBaeT. Ho ecom yeayra MacmtabHasi, MOTYT TIPOUC-
XomuTh cOom. Yamie Bcero mpeANpUATHE HE MOXET OOCCIICYMTH BBIIONHEHNE
yoryr B cpok. KoHeuHo, moIb3oBaTeb MOXET OOpaTUTHCS B JIPYroe IMPearipH-
ate. MHorma sto moMoraer. OMHAKO HEPEAKO BO3ZHUKAIOT W APYTUE CHTYAIIUU.
Hanmpumep, BoImmoTHEHME 3aKasa B CPOK MOXKET MOTpeOOBaTh OT TOb30BATEIS
OYeHDb OONBINNX AOTIOJHUTEIBLHBIX 3arpar. MM MoxXeT oKaszaThbesl, 4TO BOOOIIE
HU OJHO U3 TIPEANPUATHI He OepeTcs 3a BBIMOJTHEHNE 3aKa3za. M Torma mojb3o-
BaTeII0 cCaMOMY TPUXOIUTCS pa3OdMparhbes, MOYEMY 3TO MPOUCXOINT W YTO HAIO
JIeJTaTh.

Jlioboe mnpeanpusaTHe IO oOOecHeuYeHMI0 UHOOPMALMOHHO-BbIYMCINTEIbHBIMU
yCIyraMu OpraHM30BaHO JOBOJBHO cJIOXKHO. Ho Bcerma ero sapom fABAsIETCA Apo-
U3600cmeeHHblid cexmop. DTo — apupMeTUKO-JIOrMuecKoe ycrpoiictso. B ero co-
CTaBe UMeeTCd HEKOTOpPbId Habop 000pyIOBAHUSA, TAKOTO KaK CyMMAaTOpPbl, YMHO-
KUTEJU, COIPOUECCOPbl W T. 1. Bce OHO BBIIOJHSAET Kakue-TO IpocTeiline
olepaluu, BooOlle roBopsi, He MMEIOLIMEe IPSMOro OTHOILEHUS K KOHEYHOU yc-
ayre. Tekyleil opraHu3auueil padoTbl MPOU3BOACTBEHHOIO OTAE/]a 3aHUMAaeTcs
CeKmop ONepamueHo20 ynpaeaeHus. D10 — yCTpoicTBo ynpapieHud. Ha npeanpu-
SITHUU CYLIECTBYET CKAa0 IS XpaHEHUs] MCXOAHBIX MATEPUANOB, a TAKXKe IIpoMe-
KYTOYHOH M KOHEYHOH MpOAyKIMU. DTo — maMmaTh. CTpyKTypa cKiana pa3BeTB-
JeHHad. Ee cloxXHOCTb OOBSICHAETCS HEOOXOOMMOCTBIO XPAaHUTh CAMYIO PAa3HYIO
10 XapakTepy MCIOAb30BaHM IpoaykKuuio. [Ipu paboTe Mpou3BOACTBEHHOTO CEK-
TOpa MOSIBISIOTCA MPOMEXYTOUHbBIE PE3YJIbTaThl, KOTOPbIE OYyAyT BOCTPEeOOBAHBI
UM Xe WM cpa3dy, WIM IMOoYTU cpa3y. HeT HUKAKOro cMeiciaa OTChLIATh UX B Jalb-
HMI yroj cKiaga, yTo Hem30exXHOo MpHUBesIo Obl K o0leMy 3aMeLIeHUIO Ipoliecca.
[loaToMy oTmenbHBIe SAYEHKU CKIAAa PACHoOIaraloTcd cpeaud obopynoBaHHUs IMPo-
M3BOJICTBEHHOIO CEKTOpa. DTO — PErucTpoBasd IMamMdTh. Jpyrue psaoM ¢ HUM.
Bro — KauI-naMaTh. Heckosbko majbliie pacmojiaraercd ObICTpasi olepaTHUBHAS
naMsaTh. M nanelie Bcero — MeajeHHAd MaMsITh.

OI[HI/IM W3 BAKHEHUIINX SIBIISICTCS MEXHOA0UHeCKULl Cexmop. NmMenno oH Ha ocHO-
BE€ TCXHWYECKOro 3aJaHud p33p36aTbIBaCT TUTAH MCITOJIb30OBAHUS 06OPYI[OBaHI/IH
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MPOU3BOACTBEHHOIO CEKTOpa, CKIaga KM HEKOTOPBIX APYIUX M[OApa3deneHuit
NPEANpUITHS I PeaIu3alii KAKIOH KOHKPETHOM YCIyITH. DTO — KOMITMISATOP.
OcylliecTBIEHNE TAHHOIO IUIAHA HEU30eXHO TpedyeT NepeMelleHusT pPa3IMuHbIX
0OBEKTOB U3 OLHOIO MecTa B Apyroe. OOECIIeYeHUEM BCEX MEePEMELLEHUA 3aHMMA-
eTCSI MPAHCHOPMHbIL CeKmop. DTO — PA3NUYHBbIC COSOMHEHMS, IIMHbI, KaHAJbl
U T. 1. M HakoHel, opraHu3yeT peaibHOE BBIIOJAHEHHE PAbOT B COOTBETCTBUU C
Pa3pabOTAHHBIM IUTAHOM OPeaHU3AUUOHHBLII ceKmop. DTO — ONEpallMOHHAs CUCTEMA.

Taxosa Tpybast MoAeTh yeTpoicTBa W Tipollecca (YHKITMOHUPOBAHUS KOMITBIOTEpA.
B peambHOCTH Bee closkHee: OTACTLHBIX TIONpasmeIeHHH B MPEINpUATHH TOpasio
6oxpie, GHYHKIMN MeXITy HUMU pasfefieHbl He Tak 4eTKo W T. 4. TeM He MeHee,
Jaske Ha 3TOM WITIOCTPATHBHON MONIENTW MOXKHO YBHIETh TOBOJIBHO MHOTO.

Boobie ropops, a1000i1 YHUBEPCANIbHbII KOMIILIOTED CIOCOOEH peluTh JI00yio
3a1a4y, €cd TOJbKO Yy Hero UMeercs JOCTaTOYHO mamsiTu. Jpyroe meno, 4yTo oHa
MOXET pelLIaThcs HACTOABKO MOJITO, YTO HE XBATUT BPEMEHU MOXIATbCS pe3ysbTa-
TOB. B paccMoTpeHHOII MoAeau BUAHO, YTO BpeMs PelleHus 3aJa4l OIpeaeaseTcs
MHOIMMU hakTopamMu. [JIaBHBIA U3 HUX — MOLIHOCTb OOOPYIOBAHUS MPOU3BOA-
CTBEHHOrO cekropa. Ho u oT Ipyrux cekropoB 3aBucUT Hemano. Eciau obopyno-
BaHME TPAHCIOPTHOIO CEKTOPAa HECOBEPLISHHO, IMepeMellleHus] 0ObeKTOB U3 Od-
HOrO MecTa B ApPyroe OyIyT OCYIIeCTBIAThCS MeaaeHHO. B aTux ycnoBusax au6o
OUeHb TPYIHO, JUOO JaXe HEBO3ZMOXHO HOOUTHCI BBICOKOI MPOU3BOIUTENIbHOCTH
BCero mpeanpuarud. Eciu TeXHOMOrMYECKU CEKTOP COCTABUT Hed(heKTUBHBIA
[L1aH, TpeOyoILuid, HanpuMep, OOJbLIMX HAKIAAHBIX pacxogoB, — 3ddexT Oyaer
noxoxXuM. OyeHb MHOIOE€ 3aBUCHUT OT TOTO, KAK OPraHU3alMOHHBINA ceKTop Oyder
pPeaIM30BLIBATL ILIAH, IPEMJIONKEHHBIA TEXHOJOIMYeCKUM cekTopoMm. Eciu us
JIbHUX YIJIOB CKaa HEeOOXOAMMO 4YacTo IepeMellarb OojblivMe KOJMYeCcTBa
00BEKTOB, TO HEPAlIMOHAJBHO IMepeMellaTh UX MalbiMu nopuusamiu. I'opazmo agd-
QexTUuBHEe OCYLIECTB/ISATh IepeMelleHre OonbliuMMu rpynnamMu. Kak Oyner sto
OPraHu30BaHO, 3aBUCUT OT pPeLUeHUid, IPUHUMAaEeMbIX OpPraHUM3alUOHHBIM CEKTO-
POM. A 3TU PeLUEHUs], B YACTHOCTU, ONPENEIsIoTcs CTPYKTYpoil ckinaga. v . 1.

TaknM obpasom, paboTa HaIIETO MOJACIBHOTO TPEATPUATUS TIO OOecTIeUEeHUTO
Tojib3oBartefielt HH(popMallMOHHO-BBIYUCTUTETLHBIMUA YCIIyTaMU 3aBUCUT OT JIeH-
CcTBUI Bcex ceKTopoB. Ero 6azoBasi MpoU3BOAUTEIBLHOCTD OIPENEsieTCss MOIIHO-
CTBI0 ODOPYIOBAHMUS TIPOU3BOJICTBEHHOTO cekTopa. CyMMapHasi TIPOW3BOINTENb-
HOCTh BCero o0OpYIOBaHUSI BTOTO CEKTOpa Ha3bIBACTCS HUKOBOU NPOU3BO-
dumenvHocmbio. DTO0 — TeopeTHueckoe MoHATHe. OHO He YUUTBIBAeT HUKaKHUe
BpeMEHHBIC 3aTpaThl OT IEATETHLHOCTH JIPYTMX CEKTOpPOB. PeatvHas npousgodu-
MeAbHOCMb — 3TO TIPOU3BOAUTENBHOCTD TIPEANPUSITUS, KOTOPYKD OHO peatbHO
JIOCTUTAeT TIPU BBITIOJTHEHUW KOHKpPEeTHOH yciyru. Boobiie roBopsi, oHa MOXeT
3aBUCETh OT BWAA YCaAyrH. PeanbHasi MpOM3BOAUTENHHOCTh HUKOTAA HE MOXET
MpeBbIIaTh MUKOBYK. CTeneHb ee OJU30CTH K MTMKOBOI TOBOPUT O CTENeHU CO-
TJTACOBAHHOCTH PabOTHl CEKTOPOB MeXay coboit u 06 3¢dheKTUBHOCTH padoThI
MpeAnpusITUS B TieJoM. OTHOIIIEHNE pealbHOM MPOU3BOAUTENHHOCTU K TTHUKOBOM
Ha3bIBaeTCs AppexmusHocmbio padoThl TpeanpusTusa. CBOIO 010 B YMEHbIIIEHHE
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93¢ HeKTUBHOCTU BHOCAT Bce cekropa. OaHu 0ojibllie, APYTHUe MEHbIIE, KAKUe-TO
OYeHb MHOIO.

Kaxnplit 13 ceKTopoB pelaeT cBO MajeHbKylo 3amauy. M Toabko BMecTe OHM
CTIOCOOHBI c/ieNlaTh HeuTo Oofbiiioe. B mpoliecce pasBUTHSI TIPEANPUSTHSI HACTY-
maeT MOMEHT, KOTJa 3BOJIOIMOHHBIM TIYTEM YXKe Helb3sl TOIHATH MPOU3BOIH-
TEIbHOCTh. Torjaa TIPUXOANTCS TPOBOAUTH TINOOATLHYIO MOAepHM3alnio. B mep-
BYIO ouepenb HeOoOXOMUMO pellinTh, KaK pPaaukKalbHO YBEIUYUTH THUKOBYIO
MPOU3BOAUTENBHOCTh. EcTh NBa TMyTH, OTpaboTaHHbIE BeKaMU B CaMbIX pPa3HBIX
oTtpacnax. I'pydbo roBopsi, OIMH M3 HUX CBSI3aH C HapalllUBaHWEM OJHOTHUITHOTO
obopyaoBaHWd, Ipyroit — ¢ opraHusaineil KoHBeliepoB. B HaieM ciydae roasitcst
o0b6a m maxke nx KomOwHanug. O6 3TOM MBI TakKe OymeM ToapoGHO TOBOPUTH B
2na6e 2. Ha mepunon peKOHCTPYKIIMHM ITPOM3BOIACTBEHHOTO CEKTopa €ro 3amada
cTaHOBUTCS TNaBHOU. Ho 3areM Hens30exXHO MPUXOIUTCS MOJACPHUIUPOBATH U BCe
Jpyre cextopa. [JTaBHBIMH CTAHOBSITCS 3adauM PEKOHCTPYKIIUW CKJIaaa, TpaHC-
TOPTHBIX TIyTei, ympasieHust U T. 1. JIrobasg manasi 3ajaya CTAHOBUTCS TJIABHOM
TOT/A, KOT/Ia OHA OKA3bIBAeTCsl CAMBIM Y3KUM MECTOM B JOCTIKCHUW HAWBBLICIIECH
peanbHOoI TPOU3BOIUTEIBHOCTH TIPEATIPULTHSI B 1IETIOM.

Bce ckazanHoe, B ToM 4ucae Kacaiolleecs 3¢G@MeKTUBHOCTH, UMEET MPSIMOe OT-
HOlleHUEe K JI060oMy KoMibloTepy. Eciyu Ha GoablMHCTBE mporpaMM 3h¢heKTHB-
HOCTb paboTBl KOMIIbIOTEpa HaxomuTcsa B npeaenax 0,5—1, cUTyaluio MOXHO
cuuTarh xopoiuei. Eciu ke adpdekTMBHOCTE HAMHOIO MEHbIle, a 3ama4yd Tpedy-
eTCd pellaTb KaKk MOXHO ObICTpee, IMPUXOAUTCS pasOMpaTbhCcd, TAE XK€ TepsaeTcsd
MIPOU3BOAUTEILHOCTh U UTO HAAO CAEaTh OJIA ee MOBblleHusA. Jpyrumu cioBa-
MHU, HaI0 YCTAHOBUTHL Y3KHE MecTa Ipoliecca QyHKIIMOHUPOBAHMSA KOMIIbIOTEPa U
ero IPOrpaMMHOIO OKpY:XeHMA B IeqoM. ComlacHO pacCMOTPEHHOH MoOIenu, B
MePBYIO oYepelb OHU MOTYT ONPEAEIsAThCA:

/
O cocTtaBoM, NMTPUHIUIIOM PabOTHEI W BPeMEHHBIMU XapaKTepHUCTHKaMM apudme-
THKO-JIOTHYECKOTO YCTPOICTRA;

/
COCTABOM, Pa3MEPOM U BPEMEHHBIMM XapaKTePUCTUKAMU MaMSITH;
CTPYKTYPOH W TIPOTTYCKHOM CTTOCOOHOCTHI0 KOMMYHUKAITMOHHOMW CPENbI;

KOMIIWJIATOPOM, CO3Jal0IUM HCB(b(bCKTI/IBHble KO/IbI;

[ R [y

OTepallMOHHON cHcTeMON, opraHusylonieil HeaddeKTHBHYI0 paboTy ¢ mamsi-
TBIO, 0COOEHHO MEUTCHHOM.

Kak Mbl yBUAMM B JajbHEiIlleM, IOCTOSHHOE COBEPIIEHCTBOBAHUE MMEHHO Ie-
pPEYMCAEHHBIX COCTAB/SIOIIMX CHEJAI0 BO3MOXHBIM IIpeBpallieHue "oObIK-
HOBEHHOro" KOMIIbIOTEPA B CYNEPKOMIIbIOTEP. XOTI U B CYNEpPKOMIIBIOTEPAX ITU
COCTABJSIONINE OCTAIOTCS MOTEHIMAIbHBIMU HMCTOYHUKAMU BO3HUKHOBEHMA Y3-
KUX MecCT.
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BOI'IpOCbI n 3agaHua

L.

10.

IpeaAnonoxuM, uyTo OAUH 3eMJIEKOI MOXET 32 Uac BbIPHIThL My pasMepoM Ix1x1 m?
" criocobeH paboTaTh B TAKOM pPeXMMeE JIOCTATOYHO JOJTO. 3a Kakoe Bpems Opwurana
n3 5, 10, 20 3eMJIEKOIIOB BEIPOET IMY PasMepPOM 2x2 M2 U Ty6HuHOH 1 M?

TToctpoiite TpadnK BpeMeHMN BBITIOTHEHWS pabOTHl B 3aBUCMMOCTH OT UMCa 3eMJe-
KOIIOB B Opurafe.

TMosTopuTe 3amanus i 1, 2 a1a aMbel pasMepoM 10x10 M2, ry6muHol 1 M 1 GpuTagnl
u3 10, 100 zemaexonos.

UYeM NPUHIUIIUATBHO Pa3IvyaloTcs 5TU BapUaHTh?

[lycTb npeanpuHUMaeTcsl MOMbITKA YBEJIMUKUTL PealbHYI0 MOLIHOCTb MPOM3BOACTBEH-
HOTO OTIeNa W3 WJUTIOCTPATUBHOW MO KOMITBIOTEpA TTyTeM HapallliBaHUST ONHO-
TUIHOro oGopyaoBaHusl. He KaxeTcs M BaM, YTO BO3HUKHET CHUTyallusl, aHaJIOIMY-
HasT pacCMOTPeHHOM B T, 1—4?

Hng coznanHvst o4eHb MOIIHOTO KOMIThIOTEpa YacTo OOBeIWHSIOT BMecTe OOJIbIoe
YKCJIO MepCOHaIbHbIX KoMmmbloTepoB. IlycTth ux Oymer A, Jna oOMeHa uHgopmauuein
MeXJIy KOMIBIOTEpaMM HeoOXOMWMO CO371aTh KOMMYHUKAIIMOHHYIO CeTh. TeopeTnde-
CKH CaMblil MPOCTOil cnocod — COENMHUTb KaXKblii KOMILIOTEP ¢ KaKAbIM MPSAMbIMH
CBSI3SIMU, T. K. B 9TOM cliydae WHopMalusa Bpoe Obl OKHA TiepeaBaThesl Haubo-
see ObicTpo. Bceero norpeGyercss n(n — 1) takux cBaseil. PaccMorpute 1nono0OHbie
KOMMYHUKAIIMOHHBIE ceTH st n = 3, 5, 8.

B peajbHBIX KOMITBIOTEpaX BEJIWYMHA 7 MOXET mocturath 104—10°. MoxeTe nu BBl
NPeACTaBUTb BCIO COBOKYMHOCTb CBSI3€H B OTOM Cjydyae, €cjd OHU OpraHM30BaHbl
coTmacHo . 6?

TTycTh cHOBa CBepXMOIIHBIN KOMTIBIOTED CO3MacTcsl KaK OOBCAMHEHUE A TEPCOHATb-
HBIX KOMIIbIOTEpPOB. IlocTpouM HeOopHUEeHTUpPOBaHHBIA rpad, B KOTOPOM BEPLUMHbI
CHMBOJIM3UPYIOT TIepCOHANBFHBIE KOMTIBIOTEPH, a pebpa — TIpsAMBIe CBS3HM. Bymem
cuuTaTh, 4TO rpad CBA3HBIA, T. €. I KaXA0H Hapbl BEPLIMH CYLLECTBYET CBSI3bl-
Batollag mx 1emb pebep. Takoit rpad HaswiBaeTes xommynukauuonusim. Wccrenyiime
KOMMYHUKALMOHHbIA rpac u3 1. 6.

Ilyctb B KOMMyHUKaLlMOHHOM Ipade CYlIeCcTBYIOT He Bce pebpa. bymem cuurarhb, 4TO
repenadya WHGoOpMalMKu MeXAy TepPCOHANTbHBIMU KOMITBIOTEpAMU MOXeT OCYIIeCTB-
JIATbCS BAOJAL JIIOOOH LieMM KOMMYHHKallMOHHOro rpada, CBA3bIBAIOIIEH COOTBETCT-
ByOIIIMe BepiUHBL. [TocTpoiiTe paznmmyHble KOMMYHUKAIIMOHHBIE Tpadbl, YMEHBIIIas
oluiee yncao pedep.

Eciu BaM yaagoch MOCTPOUTb KOMMYHMKALIMOHHBIH rpad, UMEIOLIMii # BEpLIUH, A
pebep M Takoi, 4To MeXIy JIOOBIMH JABYMS BEPIIMHAMHU CYILECTBYET IeTh, COCTOSI-
was He Oosee yeM U3 2logyn pebep, TO Bbl Ha NpPaBWIbHOM IyTH. COOTBETCTBYIOLLME
KOMMYHUKAITMOHHBIC CETH HAa3bIBAIOTCH KACKAOHBIMU NEPecmpaueaemvimu CeTIMU.



MnaBa 2

Kak noBbiwialor npon3BoaunuTesibHOCTb
KOMIMbIOTEpPOB

HesaBucumo ot Toro, Kyaa Bbl MIETE,
3TO B TOPY W TIPOTHB BeTpa.

U3 3axonoe Mepgu

3aMeueHo, YTO SMOIMOHATBHOE COCTOSTHUAE YeloBeKa, BIIEPBbIe CTATKUBAOIIETOCS
C CyTNEepKOMITBIOTEPOM, TPOXOAUT HECKoJbKO cTaauii. CHauaja OH WCIBITHIBACT
YTO-TO Bpojie 31ichopHuK, HAUUTABIINCH PEKITAMHBIX JAHHBIX O KOMITBIOTEPE U HAXO-
JISICh B TIPEJABKYIIEHNUN OBICTPOTO paspelieHns BceX CBOUX BBIMUCIUTEIBHBIX TPO-
oneM. TTocie mepBoro 3amycka cBoei MmporpaMMbl Y HETO BO3HHKAET HeIOyMeHNe U
MOA03pEHNE, YTO YTO-TO OH CHie/Nal He TakK, MOCKOJNBKY PEeabHO JTOCTUTHYTAsI MPO-
W3BOJIUTENIBHOCTD CIUIIIKOM CWJIBHO OTIWYaeTcsl oT oxuaaemoit. OH 3amyckaer
MporpaMMy TOBTOPHO, HO pe3yibTar, €cii U MEHSIETCS B JIYUIIYK) CTOPOHY, TO
OYeHb W OYeHb ciMabo. OH WAEeT K MECTHOMY KOMIMBIOTEPHOMY Typy, U TYT-TO €ro
TomKraaeT HacTosdmmi yaap. CHavyaiza eMy ToBOpAT, YTO TIONyIeHHBIe UM 5% ot
MMUKOBON TPOU3BOAUTEIHLHOCTH KOMIIBIOTEPA SBISIOTCS HE TaKUM YK U TUTOXUM
pe3yabTatoM. A 3arteM JO0aBISIIOT, UYTO €ClIU OH XodeT "BbDKAaTh' U3 TaKOW BBIYMC-
JIUTEIbHOM CHCTEMBI MaKCHMyM, TO JIISi Hero Bcsl padoTa TOJMBKO HavMHaeTcs.
HyxHo 06oliTH Bo3MOXHBIE KOH(MIUKTBI B TTaMSITH W TTOCTapaThesl cOanmaHCHpoBaTh
BBIMUCIUTENBHYIO Harpy3Ky Mexmay rpolieccopami. Heobxoanmo moaymarb od of-
TUMaJTbHOM pacTipe/ieJICHUN TAHHBIX, TIOMOYb KOMITUJISITOPY pa3oOpaThesl CO CTPYK-
TYpOii TIPOTPaMMBI, 3aMEHUTH TOCIEI0BaTEIbHbIC YaCTU alTOpUTMA Ha Tapaiieb-
voie. Hamo cnemares enie MHOTO 4Yero, 4To, BOOOIIE-TO TOBOPS, paHbIIE
COBEPIIIEHHO He ObLTO CBOMCTBEHHO paboTe MpUKIaTHOTO TMporpammucta. M Bee
TpeXHNE TTPOOSIEMBI, XapaKTepHBIE JUIS TTOCIeI0BaTeIbHBIX KOMITBIOTEPOB U TPAIM-
IIMOHHOTO TIOCNIEAOBATELHOTO TIPOTPaMMUPOBAHMST, PasyMeeTcsl, OCTalOTCH...

BTy cUTyauuio 3aMEeTUJIM JABHO U Ipeaaaraayd paziuuHble CrocoObl ee pelleHUs..
H3MmeHsiach apXUTEKTypa KOMIIBIOTEPOB, pas3BUBANACh cpeia IporpaMMUpoBa-
HUSI, HO OCTaBajJoCh MOCTOSIHHBIM OJHO — "TOJIOBHAs1 00Jb" IMPUKIAAHBIX IIPO-
[PAMMUCTOB, PELIMBILIUX CEPbE3HO BCTaTh HA IIyTh NApailiejbHbIX BBIYUCASHMIA.
OroBopuMcsl Cpasy, Mbl JaJeKd OT MBICAUM KOTO-1U00 OOBUHSITH B TaKOH CUTya-
uuu. MHxeHepaMu M OporpaMMUCTaMu IIpojeaHa KojoccalbHas pabora, 0es
KOTOPOU W IIpeaMeT Hallero odcyxaeHus He cyliecTtBoBan Obl. IlpocTo obnacth
CJI0XHA cama 1o cebe, 14 U XU3Hb IIOCTOSSHHO BHOCUT CBOU KOppeKTUBbL. Co3ma-
Basg K3UI-NaMATh, KOTOPAS IPeKpacHO padoTaeT B OJHOM MUKPOIpPOLiECcope, HU-
KTO W He MOoJ03peBaj, Kakue MpobieMbl OHA IPUHECET B MHOIOIPOLECCOPHBIX
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cucreMax. ToJbKO HAayYWIUCh AHATM3UPOBATH CTPYKTYPY UMCXOJHOIO TEKCTa
nporpamm Ha Fortran, kak mogBuiauch g3bikd C u C++, mpuUBHecCIIUe 3HAYM-
TeJNbHBIE TPYAHOCTH B CTATUYECKUH aHAINU3 Mapa/UIeJbHON CTPYKTYPBI IMIPOTPaMM.
YyTh AWM HE €IUMHCTBEHHBIM TOCTIKEHUEM, MOCTOSHHOE PA3BUTUE KOTOPOro HM-
KaK He 3a[eBaeT MpOorpaMMMCTa, SBJSETCS YBEIMUYEHHE TAKTOBOM YaCTOTBIL: MPO-
rpaMma paboraer ObICTpee, & OH I OTOr0 HUYEro AOMOJIHUTENbHOIO HE Je/IaeT.

B Toit obnactu, KoTopas aBisieTcsl MpeaMEeTOM Halllero uccieloBaHus, Beerna ObLio
W Bcerma OyfieT oyeHb MHOTO HOBOTO, HEMPUBBIYHOTO, YacTo JaXKe MapaaoKcalb-
Horo. Bo Bce BpeMeHa Ut KOMITBIOTEPOB, paboTaroluX Ha TIpeAeTbHBIX CKOPOCTSIX,
OymyT TpebOBaThCS TEXHONOTHH, OTIUYAIOIIUECS OT "MAaccOBBIX', OHM Bceraa OyayT
"Ha TiepeIoBOM Kpae”, 1, cieaoBaTeIbHO, OHM Bceraa OyayT BbI3BIBATh TPYAHOCTU B
Wcnoib3oBaHuUu. Ho st Toro U co3maHa JaHHas KHUTA, YTOOBI MMOKA3aTh BO3ZMOXK-
HbIe TIpoOieMBbl 1 TIyTU ux pemeHns. Ho 3To HeMHoro mosxke. B gaHHoOl T1aBe Mbl
OCTaHOBMMCST Ha 0a30BbIX MOHSTUSIX W TIOCMOTPUM, KaK TIPOXOIUIO pa3BUTHE U
KaKOBBI OCHOBHBIE OCOOEHHOCTH COBPEMEHHBIX KOMITBIOTEPOB.

§ 2.1. YcnoXxHeHune v HapawjuBaHue
annapaTtHbIX cpeacTB

BeccriopHo, ycriexu MUKpO3JIEKTpOHWUKHM Brievyatssitor. CornacHo sakony Mypa, He
UMEIOIIETO CTPOTOTO TOKA3ATEILCTBA, HO TIOATBEPKIAIOIIECTOCS VKe He ONWH Jecs-
TOK JIeT, TTPOU3BOANTEIBHOCTb "OOBIMHBLIX' KOMITBIOTEPOB YABAUBACTCSI KaXKIbIe
montopa roga. OmMHAKO TOTBITagMcs Pa3odpaThes, TOMBKO JW STHMHA TIPHYITHAMUT
OTIPEIENSIIOTCS Te PEKOPAHBIC TIoKa3aTeau TPOU3BOANTEIBHOCTU, KOTOPBIMKU 00J1a-
JIAf0T COBpPEMEHHBIE KOMIBIOTEpBl. OOpaTiMcs K M3BECTHBIM MCTOPMYECKUM (haK-
TaM W TIpoBefieM TpocToe cpaBHeHue (puc. 2.1). Ha omHOM U3 MepBBIX KOMIIBIO-
tepoB mupa — EDSAC, mnosBusiiemcsi B 1949 rony m WMeBIIeM BpeMsl TakTa
2 MUKPOCEKYH/IbI, MOXHO ObLJIO BBITOJTHUTL 27 apudmeTuueckux onepaimii 3a 18x
MWUTUCEKYHI, T. €. B cpenHeM 100 apudmernueckux omepanuii B cekyHay. CpaB-
HHUM 3TW TaHHBIE, HAIPUMEp, ¢ XapaKTepUCTHKaMU OTHOTO BBIYHCIUTETHLHOTO Y3Ta
coBpeMeHHoro cynepkommbiotepa Hewlett-Packard Superdome: Bpemst Takta mpu-
omusutensHo 1,3 He (npotieccop PA-8700, 750 MT1r), a nmukoBast IpOU3BOANTEb-
HOCTb 0KoJI0 192 MUJTMap/IoB apudMeTUUecKuX orepaiuii B CeKyH/y.

EDSAC HP Superdome
1949 200 2001 e0d
maKmosasi Yacmoma 0,5 MI'y, 770 MT'y,
npou38oouUMesibHOCMb 1020n/c 1,9x10" on/c

Puc. 2.1. YBennieHne npomnssogntenbHoctn IBM — 3a cyeT 4ero?
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Yro xe momydaetcss? 3a ToNBeKa IPOW3BOMMTENBHOCTE KOMITBIOTEPOB BHIPOCITA
[IOYTH B jABa Muuiuapaa pas. [Ipd 5ToM BBIMIPHIL B ObICTPOAEHCTBUU, CBSI3aH-
HBII ¢ YMEHBIIeHNEM BpeMeHH TakTa ¢ 2 MKc 10 1,3 He, cocTaBmsgeT AT OKOJIO
1500 pa3. C osroii uuppPOi €CTECTBEHHO CBI3aTh Pa3zBUTHE MUKPORJIEKTPOHUKU
(4TO0 BepHO, KOHEUHO K€, JUIIb B HEKOTOpOM TpuomkeHnn). OTKynma Xe B3s-
Jiock ocranbHoe? OTBET JA0CTaTOMHO OYEBUAEH — HCIIOJb30BAHUE HOBBIX pelle-
HUI B apXUTEKType KOMIIBIOTEPOB, W CPeNd HUX JaTeKO He TocaeIHee MECTO 3a-
HMMaeT MPUHLMII [apajuieibHOM 00paboTKU JAHHBIX, BOILIOLIAILUA WIEHO
OIHOBPEMEHHOTO BBITIOTHEHNST HECKOJTBKUX ACHCTBUIA.

YauBuUTETBEHO, HO HECMOTPS HA Bce MHOroodpasue hopM TPOSIBICHUS Mapaie-
JIU3Ma B ApPXUTEKTYPE KOMIbIOTEPOB, HA OOMJIME COIYTCTBYIOLIUX MPOOIeM, cCy-
LIECTBYET JIUIb 08a Chocoba NapaireasHol obpabomku O0aHHBIX: COOCTBEHHO Ma-
pajienusM U KoHBeliepHOCTh. bosee Toro, 06a crocoda UHTYUTUBHO MOHSTHBI, U
HaM HEOOXOMMMO CIENATh JUIIb HEOOMBIINE TTOSICHEHUS.

MapannenbHaa o6paboTka

TMpenmonoxxum, YTo HaM HY>KHO HalTU CyMMY JBYX BeKTopoB, coctosiux 3 100 Be-
LIECTBEHHbIX YUCEN KAXKAbIA. B HalleM pacnopsakeHUU €CTb YCTPOUCTBO, KOTOPOe
BBITIOJTHSIET CYMMMpPOBaHUE Mapbl Yhcell 3a TATh TaKTOB padOThl KOMIIbIOTEpa.
YCTpoiicTBO ClenaHo TakK, YTO Ha BCE BPEMS BBIIOJHEHUS JAHHOM omepalud OHO
OloKMpyeTcs, U HUKAKOM JIpyroi Mnojie3Hol padoThl BHITIOIHSITL HE MoXeT. B Ta-
KUX YCJIOBUSX Bcd omepauus OyneT BbimonHeHa 3a 500 takToB. PazButue mpoiec-
ca 00paboTKM BO BpEeMEHU CXEMaTHYHO M300pakeHo Ha puc. 2.2.

Tenepp HOMyCTUM, YTO Y HAC €CTb ABA TOYHO TaKUX XK€ YCTPOICTBA, KOTOpbIE
MOTYT paboTaTh OTHOBpEeMEHHO W HE3aBUCUMO MpyT OT apyra. s TIpoCTOTHI
OymeM paccMaTpUBaTh MIASANBbHYIO CUTYALMIO, KOTAA HET HUKAKUX JOMOAHMTENIb-
HBIX HAKITAAHBIX PACXONOB, CBS3aHHBIX C TIOJYYCHUEM YCTPONCTBAMU BXOIHBIX
JAHHBIX M COXpaHeHUeM pe3yibTaroB. IlocTogHHO 3arpyxkas KaxIoe yCTPOHCT-
BO 2JIeMEHTAMM BXOTHBIX MAcCHBOB, MOXKHO TIONYINTh UCKOMYIO CYMMY Ve 3a
250 TakToB (puc. 2.3) — ycKopeHue BbIIOJHEeHUs paboThl B ABa pasa. B ciyuae
10 TTOMOGHEBIX YCTPOMCTB BpeMs TIONYIeHUS pe3yabTata COCTaBUT Beero 50 TakToB,
a B 0o0lIeM ciyyae cucrteMa M3 N YCTPOMICTB 3aTpaTUT HA CYMMUPOBAHUE BpeMs
oxormo S00/N.

OdYeHb MHOTO TIPUMEPOB TapayIeNbHOM 00paboTKM MOXKHO HAWTH M B Halei
MOBCEAHEBHON XU3HU: MHOXECTBO KACCOBBIX alapaTroB B CyINepMapKeTe, MHO-
TOTIOJIOCHOE ABWKEHNE TIO OKWBICHHBIM aBTOTpaccaM, Opuraga 3eMJIeKOIIoB, He-
CKOJIbKO OEH3MHOBBLIX KOJOHOK Ha aBTO3allpaBOYHbIX cTaHLMAX U T. m. Kcrartu,
OMHWM W3 TIMOHEpPOB B TapaTenbHON ob6paboTke ObIm akameMWK A. A. Ca-
MapCKUi, BBIIOAHSBILIMI B Hauajae 50-X rogoB MPOILIOrO CTOJETUS PACUEThI, He-
0OXOIMMBIC TSI MOMETVPOBAHUS SICPHBIX B3PLIBOB. ANleKcaHIp AHIpeeBUY pe-
LI 9Ty 3aAa4y, IOCAAUB HECKOABKO AeCITKOB OapblllieHb ¢ apudMOMETpaMU 3a
CTOJTEL. BapbIliTHM TepenaBamy AaHHBIE APYT APYTY MPOCTO HA CIOBAX W OTKJIAmbI-



