3aHumaTenbHas UCTopusi anTm

BBeaeHue

Ha cante pacnonoxeHbl KHUr1M N0 agMUHUCTPUPOBAHNIO PENSALNOHHBIX 6a3 AaHHbIX. Ecnn
HauYMHaTb N3y4YeHne ¢ Hynda, Tema 6a3 AaHHbIX NOKAXKETCS CIOXHOW U HenHTepecHown. Nepen
n3y4YeHnem agMMHUCTPUPOBaHUS, 0bbIYHO, Npeasiaranock HavYaTb U3yyeHne ¢ asbika SQL. KHura no
SQL BbIIOXEHa Ha canTe, HO Jaxe 3Ta KHUra MOXeT rnokasaTbCsl 3aHYAHOW MNPy CamMOCTOATESNIbHOM
N3yyeHunn.

B aTon kHure cobpaHbl 3aHMMaTENbHbIE UCTOPUUN PA3BUTUS MHOYCTPUKN alTh, YTOObLI cTanm
MOHATHBIMUN €€ UCTOKW.

Yactb 1. UcTopusa uncen

YHapHasa cuctema cumcneHums

Cuctema cumcneHus - 9To NpeacTaBneHme Yncen ¢ NOMOLLbIO 3HakoB. Camas apeBHAs cuctema
CUYMCNeHns - yHapHas (unary, eguHuyHas). B yHapHon cucteme ecTb eQUHCTBEHHas undpa, KoTopyro
0603Ha4alT eanHNLEN, YEPTOYKON. Hanpumep, Y1cno Tpu B yHApHOW CUCTEME MOXHO 3anucaTtb Kak
TPW YEPTOYKK: | | |. YHapHas cucteMa cumcreHus sendeTcs "Heno3munoHHoOn", To eCTb NO3MLUUs
YEpPTOYKM (NepBas UnNn BTopas no NopsaKy) He BNUAET Ha YMCHOo (CYyMMY YEPTOYEK), KoTopoe
obo3HavaeTca YépToukaMmn. YHapHas cucteMa NnpuMEHSIETCA:

1) Npy 06y4eHnn CHETY B HaYanbHbIX Kraccax LWKOSbl C UCNOMb30BaHNEM CHETHbIX Nasnoyvex;

2) npu ncnonb3oBaHUn 3apybok Ans BeAeHUs KaneHgaps Tam, rge HeT 6ymarn. PobmH3oH Kpyso B
pomaHe JaHuansa dedo genan 3apybkmn Ha gepeBsaHHOM cTonbe aong nogcyéTta aHewn;

3) ana otobpaxkeHns YpoBHSA Ha MHAMKaTOpax:

4) pns 0603Ha4YeHNs UMdp BHYTPU LWECTUOECATEPUYHBIX Pa3psaoB B BaBUITOHCKON CUCTEME
CUYUCNEHNS.

Yucna ncnonb3oBanuck Ansa nogc4éta NnpegMeToB U BblYMCNeHUW. Hanpumep, CKOnbKo nopLmmn
efbl HY)XXHO 3anacTu, 4Tobbl KOPMUTb TPEX LOMALLHUX XUBOTHLIX B TEYEHUE Heaernu, eCnmn ogHo
XMBOTHOE €CT OAHY nopumio B AeHb. MoHagobutca 7*3=21 nopuus. BelumcneHns npoBogunm pykamm
U1 NOAPYYHbIMU CPEeACTBaMM - packnabliBarnu nanoyky UM KamyLLKK.

[dBeHaguaTeprM4yHasa cucTema cuYucreHus

[BeHaguaTeprnyHasa cuctema CYUCIIEHUS BO3HMKITA U3 CYETA, NpY KOTOPOM BonbLUMM nanbuem
PYKM CHUTAIOT Kaxayto dpanaHry YeTblpéx nanbLeB TOW Xe camoun pyku. [1BeHaguaTepuydHbIn
nanbLEeBOW CYET cenvac pacnpocTpaHéH Ha Tepputopumn NHauu, Maknctana, AdpraHucrtana, Mpana,
Typuwun, Npaka.

lNepsbie mpu cmeneHu Yucna 12 umerom cobcmeeHHbIe Ha3gaHUs: OoxuUHa = 12; epocc = 12
OroXXUH; macca = 12 epoccos. [JeeHaluamb mapesiok amo "0roxxuHa mapesiok". Mernkue sewu,
makue Kak CKperku, rnpodasaru epoccamu, rno 12*12=144 wmyk. ®pasa "macca Hapody"
obo3Hayarna He gec, a Jucso nodel: Kak MUHUMYM, 12*12*12=1728 yernosex.

Ypno6cTBO ABEHAALATEPUYHON CMCTEMBI B TOM, YTO Y Yncna 12 mHoro genutenen: 2, 3, 4, 6. 910
3Ha4uT, YTO ABEHaJuaTepuyHble Ymucna nerde genutb 6e3 octaTtka U MOXHO o6xoanTbes 6es



Apoben. [iBeHaguaTepnyHasa cuMctema CYHMCIIEHMS COBMECTMMA C LUECTUAECATEPUYHON, TaK Kak 12
asnsgeTca genutenem vmcna 60.

B opeBHem Pume yHUma 6bina 1/12 yacTtbio mepbl Beca libra (B nepeBoae "Bechl"). CoBpeMEHHbI
yHT ob6o3Ha4vaeTca kak "Ib", uto aBnaeTca cokpailieHmem oT libra. AHrIunckaa cuctema mep
OCHOBaHa Ha pumMckon. B XX Beke aHrnunckasi cuctema Mep ctana BbITECHATLCA METPUYECKON,
KOTopas OCHOBaHa Ha OeCATepUYHOM CUCTEME CHUCITIEHUS.

I.IJecmp,ec;lTequHaﬂ Ccnctema cHyucrieHus

MpouncxoxaeHve WecTMaeCATEPUYHON CUCTEMbI HEACHO, TakK Kak MMCbMEHHbIX CBUAETENbCTB TOro
BpemeHn mano. o ogHon u3 runoTes, LecTuaecaTepmyHas cucteMa CYMCneHns nosiBunach Kak
KOMBUHauusa aBeHaguaTepuyHON U NATEPUYHON CUCTEM. Ha 3To ykasbiBaeT TO, YTO LUyMepcKue
Ha3BaHua Yncen 6, 7, 9 UMetoT cnepl NATEPUYHOro cHéTa. B pMmMcKom 3anmcm Takke MCnonb3yTca
OykBbl Ans o6o3Ha4veHus natépok: 1=1, v=5, x=10, 1.=50, c=100, D=500, M=1000. Ona gpoben B
PUMCKOWN CUCTEME NCNOMb30BannChb 3Havkn S = 1/2, 0 = 1/12 (yHums).

LWecTnpgecatepuyHas cuctema cHMcrneHus ucnonb3oBanacb B BaBunoHe 3a gBe TbiCA4M NeT 4o
Haluen apbl. [Ana 3anMcm ymcen Ncnosnb3oBanmchb 3HaAYKK:

"1" pna o6o3HavYeHNs eanHULL;

<" ons 0603Ha4YeHNss AECATKOB BHYTPW LLECTUAECATEPUYHOIO paspsaaa;
"| =" ona obo3HavyeHnsa Yyucna 100;
<| =" pnsa o6o3Ha4yeHus yucna 1000.

Mpumep 3anucm uncna 23: "<<| | | ". [loyemy 3Ha4ykM MMEIOT Takyto cBoeobpasHyto bopmy
HadepTaHUA? 3HaYKM HAHOCUITUCb TPEYrofbHOM Nano4vkomn (KIMHOM) Ha ChIpYIo FIMHY N ABNANUCH
OoTneYvyaTkoM KrnnHa. NoaToMy BaBUITOHCKas NMMCbMEHHOCTb Ha3blBaeTCcs KnnHonucbto (cuneiform).
I'Ipvlmep m306pa>|<eHv|;| ,u,peBHem cyquM M KIMHOMMCHOTO TeKCTa:
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B BaBMnoHckon cucteme Ang Hyns He 6bIno 3Hayka, YTo NPUBOANIO K HEOAHO3HAYHOW 3anmcu
yucen. O 3Ha4YeHMM Yncen NPUXoannoch AOoraabiBaTbCs MO KOHTEKCTY UM N0 OTCTYNam MeXay
3Hadkamu. NMo3gHee, mexay VI n Il Bekom 0o Hawen apbl, 0603HaYEeHNE Hynsi NOABUIOCH B BUAE
cumBonoB "\ \", HO MCNOMb30BaNoOChb TONbKO B CPEANHE LUECTUAECATEPUYHLIX YnNCen Ans
0003Ha4YeHus NyCTbiX pa3psaoB. B KOHLE YMcna 3HauYkm Hyns NCNOMb30BannChb TOSMbKO B
aCTpPOHOMMUYECKUX BbluucrieHusx. Npumep 3anncu ynucen ot 1 4o 59 B BaBUNOHCKON
LIEeCTUAECATEPUYHON CUCTEME:
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LectngecatepuyHasi cuctema ncnonb3oBanacb peBHErpeyeckumMm acTpoHOMamm s
N3MepeHNa yrnoBbIX KOOPAMHAT 3BE3. ONEeMEHTbl BaBUITOHCKOMW LLECTUAECATEPUYHON CUCTEMDI
CUYMCIEHMS AOLNM A0 HaLWero BPEMEHU 1 UCMONb3YTCA NPU N3MEPEHNN BPEMEHM M YITIOB: B 4Yace
60 muHyT, B Kpyre 360 rpagycos.

AcTpoHomam Bcerga Obinn Hy>XHbl TOYHbIE BblYMCNEHUS. ocne pasBuTua MOpeniaBaHns, TOYHbIE
BblUYMCIeHNs NnoHagobunuceb ons Hasurauum B mope. Nocne nsobpeteHns 6e3abiMHOro nopoxa B 19
BEKe, Korga cHapsiabl CMOrnm fnietatb Ha 60nblUMe PacCTOsAHMSA, TOUHbIE BblYMCIEHMST NOHAA006MNMch
Ans pacyéTta TpaekTopun cHapsaaos (bannuctukn). Tam, roe ectb 6onbLIne paccTosiHUS, B
BbIYUCIIEHMAX HaKaNIMBAKOTCA NOrPELUHOCTN U pe3ynbTaT UCKaXaeTcs, MO3TOMY ULLYTCSA CNocobbl
MNOBbICUTb TOYHOCTb BblYUCHIEHMI. [10OTPEBHOCTL B TOYHBIX BbIYMCIIEHUAX cnocobCcTBOBaNa passuTuio
MaTeMaTUKN 1 NpMBENa K CO34aHMI0 BbIYMCNNTENBHbLIX MaLLVH.

JecAaTuyHaa cuctema cuncrieHus

B NO3MLUMOHHBIX cucTeEMax CYUNCNEHNS 3HAYEHME KaXKO0ro 3Hayka 3aBUCUT OT €ro no3numm
("pa3psga"). BaBunoHckas cuctema - No3nLMOHHAsA, HO KaXkgoe YMCno 3anucbiBaeTca B
"apanTneHon" (Heno3mumoHHon) popme. OgHom 13 npobriem 3anucu GbINo To, YTO ANA NOHUMAaHUS
TOro, Kakoe YMcno n3obpaxeHo NPUXoAnoChb NCNONb30BaTb OTCTYNbI (Mpobens). Mpumep 3anucn
ABYX YMcer B BaBUITOHCKOW cucteme: " | "=61,"11 |"=121.

[MepBoe cBMOETENLCTBO O NPUMEHEHNN AECATUYHON CUCTEMbI CHUCIEHMA OBHapyxeHo B VIHann n
oTHocuTCcs K 595 rogy. OCHOBHbLIM NMPENMYLLIECTBOM CUCTEMBI BbISIO TO, YTO B HEW MMESICA 3HAK AN1s
0603Ha4YeHNs HyN4, a camoe rNaBHOe, YTO ATOT 3HaK MCNONb30BarCA B KOHUE Ymcna (bmHanbHoOn
no3numnm).

Yucno 10, kak OCHOBaHWE CUCTEMbI CYMCEHMS, BbINO BbIGpaHO MO YMCny NanbLeB Ha ABYX pyKax,
KOTOpble MOXHO BbINO MCNONb30BaTh NpU CHETE, 3armbas nanbLbl M NOKa3biBas 00enmMmn pykamu
yncno. OgunH naney o6o3HavYan eanHNLY B yHapHOW CUCTEME.

N3 nann gecatnyHaga cuctema npuvina B apabckue CTpaHbl. anb-Xope3mu onucasn MHOUNCKUM
CYET B CBOEW KHUre, KoTopasi nonana B EBpony. NpocTbie n yaobHbie npaBuna CRoXeHUs 1
BblYMTaHMS YMCen ECATUYHOWN NO3NULMOHHOM cucTeme, caenanun eé nonynsapHon. Knira ans-
Xope3mun HanmucaHa Ha apabCckoM A3blke, NO3TOMY AECATUYHASA CUCTEMA CYUCIIEHMS cTana
Ha3blBaTbCA B EBpone apabckon, a uHanmnckme umdpbl ctanu HasbiBaTb apabckumun. Apabckue
LUUdpbI NOCTENEHHO BbITECHUITM PUMCKYIO 3anncb LUMpP 1 apyrme HeNO3nUNOHHbIE CUCTEMBI.



lMo3MumMoHHas 3anncb apabckummn unudpamm B 4ECATUYHOM CUCTEME MMEET NpenMyLLLecTBa no
CpaBHEHUIO C PUMCKOW MOTOMY, YTO:

- OHa KOMMAaKTHeE PUMCKOW;

- OHa NO3BONSIET BM3yanbHO CPaBHMBATL YNCA MO BENNYMHE;

- B HEWN eCTb NPOCTblE CNOCOObLI YMHOXEHUS U AENEHNS.

B pumMckon 3anucm cnoXxHo 3anucbiBaTtb 6onbluMe Ynucna, a gpobu BoobLLe HE 3annCbIBatOTCS.
Mepexon Ha apabckune undpbl U AECATUYHYO CUCTEMY YCKOPUIT pa3BnTnEe MaTeMaTUKN.

BykBbI 1 LU pbI

[o nosiBneHus apabckux ymcen, undpbl o6o3Havanucek byksamu andgasuta. [ns undgp He
cyliecTBoBarno cob6CTBEHHbIX CUMBOJIOB.

ABpaam (OCHOBOMOMOXHUK TPEX penurni), Habngas 3a 3sé3gamu, caenan BolBo4 O
CYyLLLECTBOBaHUN €4MHOWN CUbl.

B KopaHe 6:76 HanucaHo: Korga ctano TeMHO, OH yYBUAEN 3Be3ay U ckasan: JTo - mon 'ocnoab. A
Korga oHa 3akaTuracb, OH ckasan: $1 He MOKMOHAKChL TOMY, YTO 3aKaTbiBaeTCA.

B bubnuu, rnaee bbitne 26:5, HanucaHo: "Ttak ABpaam cnbiwan Mon ronoc".

B BasunoHckom Tanmyae HanucaHo: "Amu cbiH AbBa ckasan: ABpaamy 6bino 3 roga, korga
HanncaHHoe (B rnaee bbiTne 26:5) nponsoLwno” n NpuBogaTCs BbIYUCIEHNA METOAOM "reMatpun'.

B rematpun y kaxxgon OyKBbl UMEETCs1 CBOE YMCIOBOE 3Ha4YeHme. "'emaTpuen crnoea" Ha3biBaeTCs
CyMMa YMCMOBbIX 3HAYEHUN BXOAALLNX B CNOBO OYKB. ECniv y cnoB ognHakoBas reMatpus, TO
CUYMTaETCA, YTO MeXay CNoBaMu eCTb CMbICIIOBas CBA3b. ['emaTtpus cnosa "utak" (2p¥, coctTonT 13
Tpéx 6ykB, npomsHocutca "akeB") paBHa 70+100+2=172. [lenaeTcs BbIBOA, YTO ABpaam crbllwian
ronoc 172 roga. Aspaam xun 175 net. Jlenaetcsa BbiBOA, 4TO ABpaam ycnbiwan ronoc B 175-172=3
roga.

AHanoru remaTpumn ecTb B Apyrux andgasuTax: akwapa-caHkxbs B MHOAUNCKOM (OeBaHarapm),
aboxagma B apabckom.

B nycTtbiHe (nnn B ropax) B 6e306na4Hyto norogy Ha HOYHOM Hebe OTYETNNBO BMAHBLI 3BE3AbI OT
Kpasa n 0o kpas Heba. Bug 3s8€3gHoro Heba BooayLleBMn ManeHbLKoro ABpaamMa 1 oH 3agancs
BonpocomMm: "KTo cosgan ato" (npomnsHocutcs kak "Mu 6apa One"), Bonpoc ctan yTBepXaeHneMm, 4to
KTO-TO co3garn.

[o Aspaama niogu Bugenu 1o xe camoe Hebo, HO Bpsia N obpallani BHMMaHWE Ha ero KpacoTy,
BO3MOXHO, MOTOMY, YTO HE BUOENMU B HEM NOSb3bl ANA CBOEW HEMNErKOM XU3HU B ApEeBHEM MUpE, U
ero Bug He npobyxaan B HUX MbICIIUTENbHYH aKTUBHOCTb.

Bud 36é30H020 Heba (Starlight Headliner) docmyneH naccaxupam asmomobuneu Pornnic-Podc ¢
2003 eo0a, Ha4yuHas ¢ mooesniu @aHmom VII:



Honb

B pumMmckux undpax oTcyTCTBYyeT 3Ha4YOoK Ansa oTtobpaxeHus Hyns. B EBpone, 0o nosiBneHns
apabckmx Lundp, MCNoNb30BanuMcb pUMCKME UMdpbl U OTCYTCTBUE HYNA 3aTPyOHANO pasBuTme
mMaTemaTukn. Bmecto Hynsa ncnons3osanu cnosa nulla unu nullae (B 3HavyeHumn "HeT")

Mcnonb3oBaHue Hynsa 1 onepaumin ¢ Hynem Bnepsble U3ydnsl 1 onucasn MHOUACKUA aCTPOHOM U
mMaTemaTuk bpaxmarynta B 628 rogy. [1o Hac gowsno ero counHeHune "bpaxma-cnxyTta-cmgaxaHra”,
KOTopoe nepeBoamTca Kak "[oKTpuHa (aanmKecT, KaHOH) MaHudecTaumm (NPosBNEHUS, y4EHNS)
Bpaxmbl". B coumHeHnn onuceiBaeTcs "MaTemaTtuka npouenyp” (anroputmel), "MatemaTuka "
(ypaBHeHNR), apudMeTnYecKne onepaumm, psabl, nponopuumn (opobn).

B "KHuze pekopdoe 'uHHeca" camasi bornbwasi eQuHUUa U3MepeHUsi 8peMeHU - UHOUUCKasi
"kanbna" ("0eHb Bpaxmbl", pasHbil 4,32 munnuapda nem). EOUHUYa uamepeHus orucaHa 8
"nypaHax" (OpesHux cka3kax), komopsble bbiriu 3anucaHsl! 8 nepuod c Il no Xl sex.

BpaxmarynTta onpegenun HOMb Kak pe3ynbTaT Bbl4MTaAHUA U3 YMcna camoro vnicna. B
coBpeMeHHon anrebpe Honb onpeaenseTca Kak "HenTpanbHbIN 3NIEMEHT" OTHOCUTENBHO onepauumn
cnoxeHuns: a+0=0+a=a. KpoMme CroxeHus, HOMb Takxe HenUTpaneH OTHOCUTENbHO BblYMTaAHNS
EonHuua asnsetcsa "HenTpanbHbIM 35IEMEHTOM" OTHOCUTENBHO Onepaunn YMHOXEHNA, BO3BEAEHUS
B CTEeNeHb N AeneHns.

BpaxmarynTta onucan npasuna apugmeTn4eckmx onepaunin Haga nonoXnTenbHbIMU,
oTpuuaTeNibHbIMM YUCNamMn N Hyném, paccMmaTpusas nNpu 3TOM NOSIOXKUTESbHbIE YNCHa Kak
MMYLLECTBO, a oTpuuaTenbHble Yncna Kak "gonr". bpaxmarynta gaxe gan onpegerieHne geneHnsa Ha
HOMb:

[eneHune Hyns Ha HOMb PaBHO HYIHO;

[eneHne NONOXUTENBHOIO UM OTpULATESTbHOIO YXCA Ha HOSb PaBHO APO6u C HYNEM B
3HameHaTene;

[eneHne Hyns Ha NONOXUTENBHOE UM OTpULATESNTbHOE YNCIO PaBHO HYIHO.



EanHunua

B opeBHOCTN MaTeMaTuKn Takke OTAENbHO BbIAENANN YACIO 1, cuMTasa ero gaxe He YMCnom, a
OoTAenNbHbIM NoHATUEM. [IpeBHerpeyeckmin matemaTuk EBknng, xmneLumi npumepHo B 300 rogy oo
Halleun 3pbl, CHavyana gan onpegeneHve eguHuue, a 3atem onpegenun "4mcno”, Kak MHOXXeCTBO
eouHuy. o ero onpeaenennto, eauHNLA He ABASIETCS YMCIIOM U YHUKATbHbIX YNCEN He CyLLecTBYeET.
K npumepy, nobble ABe eanHULbI U3 Habopa eauHUL, ABNAKOTCH YMCIOM 2.

Mpn ncnonb3oBaHUN BONYHOW CUCTEMbI CHUCTIEHUS, HEOAHO3HAYHOCTK UCYEe3atoT, HO B TO BPEMS
ABOWYHYHO CUCTEMY CHUCIIEHUS ELLE He n3obpenn, oHa nosiBunack Tonbko B 1703 roay.

Akademuk, OOKmMop ¢bu3uko-mMmamemamuyeckux Hayk, rpogeccop XKypaerées, 8 ceoel KHU2e
"OcHo8bl meopemu4eckol MexaHuKu" nucar:

TouHo Tak e akcHoMaTH3alUMsa apudPMETHKH He ABIAETCH NpeaMme-
ToM camo#t apudmeruxku. [lo 3ToMy nososy yMecTHO NMpPOUMTHPOBATH
A. Tlyankape *, koropbi#t, aHanu3upys npobnemy akcuoMaTHU3aLMM
apudpmeTHKH B riaBe "MaTemMaruka M JIOrMKa’, NHUILET:

... Bypann-®optn onpenensier yucno 1 caeayrouwum obpasom:

1 =.T"{Ko ~ (u, h)e(ueUn)}.

JTo onpeaesieHde B BbICIUEH CTeneHM MOAXOAMT AJsi TOro, 4Tobsl naTh

npeacTapsieHne o yucae | TeM sMuaM, KOTOpbleé HUKOrJa O HeM HH4Yero

He ciablwanu!”.

lMpumeyamensHo, ymo ¢hopmyna, npusedéHHas 8 kHuz2e Poincaré "Science et méthode”,
omrudaemcsi om mod, 4mo npusedeHa 8 cmamee bypanu-®opmu "Una questione sui numeri

transfiniti". Nlomepsinuce 08a 3Ha4yKka 8UHKY1yma (YHEpPMOYKU 88epXY):

1 =1 T¢Ko ~ (u, h)e(ucUn) (Def)

MoxxHo rpednonoxums, Ymo 8UHKYITyM obo3Hadyaem 2pynnuposKy 3/1eMeHMo8 U 3Ha4OK MOXHO
6561510 661 Orycmums, HO Yepmouyka rpodosnkaemcsi Had 3rCUTOHOM U MPOCMO mak e€ oryckamae
Hernb3s. [Nepsyo yépmouky bypanu-®opmu moxe nocmasusi He 0518 Kpacomsbl. CrioXHbIe
0bo3HayYeHus u 3ariymaHHble orpeodesieHusi, Komopble UCo/b3yrom MamemMamuku, nomo2arom um
Halimu 4mo-mo HO80e€, 832/1IHyMb Ha MamemMamu4ecKue rnoHImMus ¢ 0py2ol cmopoHbl. Ecnu
8bI4ypHoe orpedesieHue eOuHUUbI nomoasio bypanu-®opmu omkpeime “napadokc bypanu-®opmu”,
mo makue 0bo3Ha4YeHuUs U uerioyka /102u4ecKux yMo3aktodeHul bbinu 018 Heao rnonesHsl. s
Opya2ux MamemamuKkog e20 0603HayeHuUs1 6ecrorne3Hbl rnomomy, 4mo 8cé, 4mo MOXHO bbir10
OMKpPbIMb C UX nomouwbro, bypanu-®@opmu, eepossmHo, yxxe omkpsin. [losmomy, [NyaHkape u
XKypaernee He sHuKarnu 8 0603HayeHuUs, Komopskle ucrosb3oearn bypanu-®opmu. Npu 0byyeHuu
MameMamuke cmaparomcsi ucrosis3oeams Hauborsee rpocmsie 0603Ha4YyeHus u ornpedesieHusi, Ho
3Mmo He geceada yOaémcH.

B 1960 rogy 8 BMC CLUA co3sganu npuHumn npoektupoBaHus KISS (Keep It Simple, Stupid): yem
npowie cnctema, Tem oHa nyywe pabotaert. MNpuHUMN 3anpeLwaeT ncnonb3oBaHmne 6onee CroXxHbIX
CpeAcTB, YeM HeobxoauMO ANd peLleHns 3agadn. STOT NPUHLMN NMPUMEHSETCS U Npu
NPOEKTUPOBaHMM 1 Npu pa3paboTke nporpamm.

dpaHuyscknn matemaTuk AHgpe Bennb pacckasan matemaTtuky Bnagnmmpy ApHonbay, YTO OH U
€ro 0OQHOKYPCHMKWN, 3aKOHYMB YYUTLCS, NPULLNK K BbIBOAY, YTO BCE npenogaBaHne maTemMaTukm
HEMOHATHO C CaMbIX OCHOB W HY>XHO BCE nepefenaTb. ATON nepeaerikon OHM 1 3aHANUCb, CO34aB
A58 3Toro rpynny nog HassaHueM "Hukona bypbakn”.

Lns 0603HavYeHuUs1 nycmoa2o MHoxecmea bypbaku esenu cumeosn @ (nepedépkHymbili HOMb),
KomophbIl cmairi Ucrosib308ambcsi 07151 0603HavYeHUs1 Hyrnsi 8 KOMIMbIOMepPHbIX wpugmax 051 moao,
umobbl He 803HUKaIIO rnymaHuubl ¢ 6ykeol "O", noxoxel Ha HOJb.



O603Ha4YeHNsa 1 NnpaBua X UCNONb30BaHUS BAUAIOT Ha NIErKOCTb U3YYEHNHA. OTO OTHOCUTCS K
nobor obnactn, n K MaTeMaTuKe 1 K MHopMaTuKe.

HatypanbHble yncna

Llenble NonoXxuTesnbHbIE YMCIa UCTOPUYECKN Ha3bIBaOTCA "HaTypasribHbIMU", TaK Kak OHU
BO3HMKAIOT €CTECTBEHHbIM (HaTyparnbHbIM) 06pa3oM Npu NoacyETe NpeamMeToB. HaTypanbHble ynicna
MCNONb3YITCA ANS ONUCaHMA Yncna NpegMeToB U NOPSAKOBOro HoMepa npegmMeTta.

CyuwecTByeT ABa noaxoaa K onpegeneHnto HaTypanbHbIX Y1cen:

1) onpegenuTb MUX Kak Yncna, BO3HMKaroLwmue npn Hymepauumm (nogcyéte) npeaMeToB: NepBbIn,
BTOPOW, TPETUN, YeTBEPTLIN, NATLIN. B 9TOM noaxone psia HaTypanbHbIX YACEN HAYMHAKOT C
eavHuubl. OpanvHanbeHble (NopsagkoBble) Yucna npuayman matematuk Kantop. Ero nogxon Hassanu
HanMBHOW Teopuen MHOXECTB, TaK Kak MaTemMaTuk bypanu-®opTn Hawen B HeN napagoKc, KOTOpbIn
TakK 1 Ha3Banu "napagokc bypanun-doptun".

2) onpefenuTb UX Kak Yncra, BO3HMKaoLwme npn obosHayvyeHumn konmyectea npegmeTtos: 0
npeameTos, 1 npeameT, 2 npegmMmeTa, 3 npeameTta, 4 npeameta, 5 npegmeTos. [pyn Takom
onpeaeneHuu, psa HaTypanbHbIX YACEN HaYMHaAeTCsa ¢ Hyna. OTOT noaxon ucnosnbayet bypbaku.
Hanuune Hyna obneryaet oopMynmnMpoBKY 1 AOKa3aTENbCTBO TEOPEM apUDMETUKN.

MaTtemaTtukm oo 20 Beka He CMOrfM onpeaesniMTbCs, CTOUT NN cHUTaTb HOMb HaTyparnbHbIM
yucnom. B atom um nomorna MexayHapogHast Opranunsaums no CtaHgaptusauumm (International
Organization for Standardization, ISO). B 1992 rogy ISO Bbinyctuna crangapt ISO 31-11
"MaTtemaTnyeckme o603Ha4YeHNss U1 CUMBOSbI A4S UICNOSIb30BaHUSA B €CTECTBEHHbIX HayKax u

TexHonornn", rae otTaensHo orosopunu, 4to cumeon N o603HayaeT "MHOXECTBO HaTyparbHbIX

yucen, BkNo4vaa Homnb". NocnegHne gBa crioBa Moo KOHeL, MHOrOBEKOBOW HEOAHO3HAYHOCTU, U
HOJb 3aHAST CBOE MECTO B paAy HaTyparibHbIX YMcen.
Yncno aneMeHToB Ha3bIBalOT MOLHOCTBIO UMW KapAMHaNbHbIM YACIIOM MHOXECTBa NPeaMeTOB.

MowwHocTb 0603HavaeTcs 6ykBon aned N. MoLWHOCTbL MHOXeCTBa HaTyparnbHbix Yicen N

obo3HauatoT Kak "aned-Hynb" N

11 asaycma 1982 200a 3dceep [elikcmpa, nepebil HUdOepaHOCKUU rpoapammucm, orybriukosar
cmambsio EWD831 (oH Hymeposari cmambu ceoumMu UHUyuanamu u rnopsiokogsiM Homepom) “oyemy
Hymepauyusi 0o/mKHa Ha4uHambCs ¢ Hyrns".

Hymepauyus anemeHmMoe8 8 Maccugax, KO/IeKyusix U cuMeosios 8 cmpokax 6 bonbwuHcmee
SA3bIKO8 rpo2paMmMupo8aHusi Ha4uHaemcs ¢ Hyns (a3biku C, C++, Java, Python), HO ecmb S3bIKu, 20€
ucrionb3yromcs opyaue rpasuna. B a3bikax Lua, MATLAB Hymepauyusi maccugog Ha4uHaemcs ¢
eO0uHUUbI, a 8 fA3blKe rpoepammuposaHusi Algol npu onpedeneHuu maccuea 8 gpopme a [0: 3]
Hymepauusi Ha4uHaemcsi ¢ HyJs, a npu onpeodesieHuuU 8 ghopme a [ 3] HyMepauyusi Ha4uHaemcsi ¢ 1.

Helkcmpa npugodum apaymeHm ¢ moYKu 3peHus npakmuku: "ObwupHbIl onbim pabomsi ¢
SA3bIKOM ripoepammuposaHusi Mesa riokasarsi, 4Ymo ucrosib3oeaHue mpéx opyaux rpasus, bbi1o
MMOCMOSIHHBbIM UCMOYHUKOM HEJTI08KOCmuU U owuboK, U Ha OCHO8aHUU 3Mo&20 Orbima
npoepammucmam Mesa menepb HacmosimesibHO PEKOMEHOYEMCS HE UCIMOob308amb Ux".

Hanucamb cmamsro Jelkcmpy “nobydun uHyudeHm, ko20a 8 3MOUUOHasIbHOM ropbige, 0OUH U3
npenodasamersieli-MamemMamuKkos 8 yHusepcumeme (He agnsowulcs crneyuanucmom rno
UHopmamuke) 068UHUIT HECKOJTLKUX MOJI00bIX rpernodasamerieli UHghopmMamuku 8 "nedaHmusme”,
nomomy 4mo (o rnpuebiykKe) OHU HadYanu Hymepauyuro ¢ Hyrns. Mamemamuk eoCripuHsn
Co3HamesbHoe rnpuHsmue Haubonee pa3yMHOU yCI08HOCMU KakK Mpogokayuo."



PasHuua 8 Hymepauuu y Maccueos, 8eposimHO, 8 MOM, Ymo pa3pabomuyuku 00HUX S3bIKO8
npedcmaensnu cebe ykasamerb afleMeHma Mmaccusa Kak cMeweHue om Havasna maccuea, a opyaux
A3bIKo8 rnpedcmaernsnu cebe ykazamerb KaK rnopsiOKoebili HOMep 3rieMeHma maccusa.

OpeBHUe Urpbl

B opeBHOCTU, AN urp ncnonb3oBanucb 4OCkn ¢ dourypamum (uikamm), Tak Kak He BbIno
KoMnbloTepHbIX Urp. B 1980x rogax KOMNbOTEPHbIE UrPbl CMOCOBCTBOBANN LUMPOKOMY
pacnpoCTpaHEeHM0 AOMAaLLHMX KOMMNbIOTEPOB. [1puMepom ApeBHEN UrPbl ABNAETCSA
ApeBHeernneTckas HacTorbHasa urpa ¢ nepeasmkeHmem duLek no Jocke, HasblBawoLwascs "ceHeT"

(ciNg, "npoxoxaeHue"), nssectHas ¢ 3500 roga oo Hawen apsbl.

lMponsHoLleHne Ha3BaHUSA UrPbl HEM3BECTHO, KaK M NOBbIX CIIOB ermneTcKkoro A3blka. Cambin
APEBHUIN NOJSHbIA KOMMNEKT ANsl CEHET HanaeH B rpobHuue Bpaya Xecu-Pa, bubnuortekapsa dapaoHa
"écepa B Cakkape (lll guHacTnga, 2686 rog Ao Hawen apbl). Kak 1 BO MHOMMX Urpax, BbIUMPbILL B
CEHET 3aBucen OT COEANHEHUS YMEHUS (CTpaTerMm nrpbl) U crnyv4amHocTu (yaauum). OnemeHT
CNyYanHOCTW BEOEH B Urpy "reHepaTopoM criydanHblxX Yncen" - GpockomM YeTbIpEX nasoyek.
Mcnonb3oBanucb nanoyvky nnockon ¢opmbl, 04Ha CTOPOHa YépHas, apyras 6enas.

Mocne 6pocka nanoyek cuMTanu: ogHa nanodka ynana 6enon CTOpoHon BBEPX - 1 OYKO U
AONOSTHUTENbHBIV BPOCOK; ABE - 2 04Ka; TpU - 3 O4Ka, YeThbIpe - 4 U AONONHUTENBHLIN Bpocok. Ecnu
BCE Narnoyku ynanu YepHON CTOPOHOWN BBEPX - 5 OYKOB M AONOSTHUTENbHBIM BPOCOK (3TO
MakcuMarnbHbIn pe3ynbTaT). OuYkn onpeaensanu HacKoIbKO XO40B MOXHO NepeMecTUTb (PULLIKA.

[anblwe B urpy BCTynano yMeHne urpoka: oH MOIr UCMOSb30BaTb OYKM OS5 NepeaBkeHns Natu
domLLeK, OQHOM UM HECKONbKUX. Pe3ynbTaTt urpbl 3aBncen oT YMEHUW UTPOKOB U CITyHanHOCTU

(yoaum).

CeHeT (hapaoHa AmeHxoTtena lli



B opesHem Pume vrpanu B "tabyny" (npon3oLwno oT rpedeckoro crioBa TaBAn, gocka), kotopas
SABNSETCA NpeaecTBEHHUKOM COBPEMEHHOW Urpbl "Hapabl”.

XXIIT EXKIOID EXXID © XXD | XX IXVIIID D XVIID | XVIT | XVI | XV [XIIL | XIID

I II I | III v VII | VIII | VIO | X X1 XII

cxema [oCKM Ans urpbl B Tabyny

B tabyne 6pocanu He nanoyku, a Kyobuku.

B mpéxmepHom mupe ecmb 5 "npasuribHbix" MHo2o2paHHUKOS ("namoHosesl mena”) - makux,
KOMmMOopbIe UMEerm poCcmpaHCmMEeHHY0 CUMMeMmpPUto U 00uUHakosble epaHu. OAuH u3 HUX - 3mo Kyb ¢
6 kgaOpamHbIMU 2paHamMu. Y mpéx Opyaux - 4, 8, 20 mpeyaonbHbix epaHed, y 00Ho20 - 12
namuyeaorsibHbIX 2paHed.

a@é o8

B 4-mepHoM npocmpaHcmee ecmb WeCcmb pasuribHbIX MHO202PaHHUKOS.

B npocmpaHcmeax ¢ 601bWUM YUCIIOM U3MePeHUl 1Mo mpu npagusibHbIX MHO202paHHUKA.

C npocmparcmeamu cesidaHa meopema ®pobeHuyca u meopema [ypsuua. BekmopHoe
npousgedeHue 00HO3Ha4YHO 0rpPedesIeHO MOJbKO 8 MPEXMEPHOM MPOCMPAaHCMBe U OnuChi8aemcsi
K8amepHUOHaMU.

namsmsasi mabnuyka: lNpoeaynueasice 30ecb, 16 okmsabps 1843 eoda, 8 2eHUarIbHOM 03apeHuUU,
cap amunbmoH omKpbin ¢hopMyry rNepeMHOXeHUsI K8amepHUOHOS.
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Lns Oyanuama ecmb aneebpa OKMOHUHOHO8, HO UX rpou3gedeHue fuweHo accoyuamugHocmu.

B Adpuke n Asum urpanu B urpbl cemenctea "MaHkana" (A—is , mangalah). 31o urpa gns gByx
WrpoKOB, KOTOpbIE NepemMeLLatoT 3épHa, , KOCTOYKM, KaMyLLKK no nyHkam. Urpa qalah (kanax)
- COBpEMEHHas urpa 13 aToro cemencraa. [locka ans urpbl:

E ! = I

1
1
I

Wrpa kanax 6bina peanusoBaHa Ha komnbtoTepe BOCM-6 (Bonbluas 3nektpoHHaa CYETHas
MawwuHa). B BOCM-6 6bina ananorosas nporpamma [kuH. Nonb3oBaTtenb KoMnboTepa urpan ¢
nporpaMmmomn. ¥ urpoka v nporpammol 661no:

6 NYHOK - UTPOBbLIX NOen,

OpHa 6onblias nyHka, KoTopas HasbiBaeTcs galah, B HE€ Hago NePeMeCcTUTb KaMHN.

[MepBoOHa4anbHO KamMHW pacnpeneneHbl NOPOBHY MO BCEM UIPOBbLIM fyHKaM.

lMocmosiHHasi moHkoU cmpykmypel - 6e3pa3mepHoe Jucsio, npumepHo pasHoe 1/137,035999.
Onpedensiem cuny g3aumodelicmeusi Mexo0y 3rieKmpoHamu u sopamu amomos. Ecnu 6bi
rnocmosiHHasi 6bina 6onbwe Ha 4%, mo 38630kl He Moasu 6kl npou3sodums yarepod u boree
MmsiKérnble arieMeHmabl.

Anrebpa

Knura Bpaxmaryntel nonana B baraag, roe eé nepesenu Ha apabckum a3blk. B 9 Beke y4€HbIN
(acTpoHoMm, reorpad, UCTOPUK, NEPEBOAYMK, Pnnocod, MaTeMaTuK) anb-Xope3mm Hanucan KHUry
"Kutab anb-mxebp Banb-mykabana" (KHura o cnoxeHuu n BoldntaHun). OT Ha3BaHUSA KHUMA
Npon30LLITIO CNOBO anrebpa. anb-Xope3amu onucan MHOUNCKYO NO3ULNOHHYI0 AECATUYHYIO CUCTEMY
cuucrneHus, cpopmMynupoBsan npasuna BblIYMCIIEHWUIA, B TOM YUcne Ans Hynsa. Hguvnckoe Ha3BaHue
Hyns OH nepeBén kak as-sifr unu npocTto sifr, 0oTkyaa nownu cnoea umdpa u Wwndp.
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anb-Xopesvn 6le'| I'IepBbIM qenoaeKOM, KOTOpPbIN paccmanMBan anre6py Kak CaMOCTOATENbHYIO
ANCLMNIMHY, a Takke NepBbiM Havyan npenogasatb anredpy B npocton gopme (bykBanbHO "c
Hyns"), NO3TOMY OH NPU3HaH OCHoBaTenem anredpbl.

anb-Xope3mu poauncs B ropoge Xua Xopesmckon obnactm B 783 rogy. Cenvac ropog Xusa
HaxoauTcs B Y3bekucTtaHe. anb-Xope3mn nepeexan B bargaa, roe sosrnasvun bant anb-Xukma (dom
MYAPOCTW, aHanor COBpeMeEHHbIX AKageMui HaykK), CO34aHHY0 Xannugom anb-MamyHOM, CbiIHOM
MapyHa anb-Pawwnga, KoTopbin ynoMuHanca B kHure "Tbicada n ogHa Houb" (Kutab anbg nenna sa
nevna).

anb-MamyH npumevarteneH Tem, 4yto B 831 rogy nepBbiM, CO BPpEMEH CTpOUTENbLCTBA NMpaMnipl
hapaoHa Xydy (NMpOn3HOLLEHNE EMMMNETCKMX CITIOB HEM3BECTHO, rPEKN Nncanu nMmsi papaoHa Kak
Cydumc->Caocpuc->Xeonc), Bowen B 6onbLuyto ranepeto nupamuabl Xeonca. ane-MamyH
NMOKPOBUTENBLCTBOBAN Y4E€HbLIM, NO ero 3akady 6bin caenaH nepesog "Anbmarecta” lNronemes Ha
apabckun A3bIK.

Anbmazécm (om apabckozo anb-Maoxucmu) "Berukoe Mamemamu4yeckoe rnocmpoeHue o
acmpoHomuu 8 13 kHuzax" - npouseedeHue Knasdus Nmonemesi, cosdaHHoe okono 140 eoda u
8KJIIOHarouee 8ce U3gecmHble acmpoHoMu4Yeckue 3HaHus peyuu u briuxHeao Bocmoka mozo
gpemeHu. Ha npomsixxeHuu 13 sekos AribMazecm ocmasarsicsi OCHO80U acmpOHOMUU.

B Espony Anbmazecm rnionan 8 nepuod Bo3poxdeHusi 8 apabckom rnepesode.

Cnycta ctoneTtue nocne anb-Xopeamu B bant anb-Xukma pabotanu anb-brupyHn n ero konnera
n6H-CuHa (ABmueHHa). B 1000 rogy anb-bupyHu B CBOEM COUMHEHUN "XPOHOMOIUS, MU NAMSATHUKN
MUWUHYBLUMX NOKOMEHNA" onucan BCe N3BECTHbIE eMy KaneHaapu 1 COCTaBWUIT XPOHOMOrMYeCKyo
Tabnuuy Bcex anox, HaumMHasa oT BUBNENCKNX NaTpmapxoB..

B nepson nonosuHe 12 Beka kHura anb-Xopesmu nonana B EBpony B flaTUHCKOM nepesoae.
BmecTe ¢ kHurom anb-Xopeamu B EBpony nonanu MHAMNCKME Lnpbl, KOTOpble CTanu HasbiBaTb
apabckumun. KHura HaumHanacok co cnos: "Dixit algorizmi" (Anb-Xope3amu rosopun), OTKyga 1 nowsno
CMNOBO anropuTM.



KHura nepemeH

Knura nepemeH ("W usmnn") - kutanckmin omnocodckunin TekcT, gatnpyemoin npumepHo 700 rogom
00 Hawen 3pbl. TEKCT KHAMM NpuMeYaTernieH TeM, YTO B HEM UCMNOSTb3YTCA CUMBOSTbl ABOUYHOIO
CUYUCIEHNS: TOPU3OHTaNbHas YepToyka 1 NpepbiBUCTasa YepTodka. B TekcTe kHurm npuseneHo 64
3Ha4ka, obo3Ha4aemble 6 paspsagamu. B coBpeMeHHOM OBOUYHOM CYUCIIEHUUN 3HAYKU MO Obl
obo3Ha4aTbesa asonyHbIMKU Yncnamu: 000000 = 2, 000001 = £, 000010 = 2, 000011 = 2. CumBoOnbI
Ha3sbIBalOT "rekcarpammamMmn” OT CrioBa rekca (LWwecTtb). ['ekcarpammbl COCTOAT U3 ABYX TPUrpaMM.
Kaxxgas Tpurpamma v rekcarpaMmma umeeT CBOE Has3BaHWe, 3Ha4YeHMe 1 TONKOBaHME.

Takxe rekcarpammy (6 genutcs Ha 3 1 2) NpeAcTaBnAlT Kak 3 napbl U3 ABYX YepTodek. B
ApeBHeKknTanckon omnocodun ectb Tpu anemMeHTa: Hebo, yenoBek, 3emns. [lepBas napa YepTOYeK,
HayMHasa CHU3Y, CUMBONU3NPYET 3eMITo, BTopas napa - Yenoseka, TpeTbs Hebo.
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N3 6eckoHeyHocTn (WUji - HMYTO, 0603HAYaeTCsa KPYXXKOM - 3HAYOK HYINs1) CO34aéTcsa pa3geneHue
Ha aBe npoTtuBononoxHocTu (Taiji). OgHa ctopoHa (AH) o6o3HavaeTcs NMHMEN, BTopas CTOpoHa
(MHB) NpepbiBUCTON NNHWERN. [anblue OHY KOMOMHMPYIOTCA, NONyYaeTca YeTbipe KOMOUHaLmn,
Kaxkgasa n3 aByx yeptouyek. [MoTom ewwé pa3 KoMOMHMPYOTCA, NONy4YaeTcss BOCeEMb KOMOMHaUM No
TPV YEPTOYKU (TpUrpamMmbil).

3Haku TpUrpamMmm u rekcarpamm npuUCyTCTBYHOT B COBPEMEHHOMW YHUBEPCArbHOM CXeme
koampoBaHusa cumonoB Unicode, aTo cumBonbl ¢ 2630 no 2637 n ¢ 19904 no 19967.

B nBOMYHOM cUCTEME CHMCNEHUS LWEeCTb pa3psaaoB NO3BONSeT XpaHuUTb 226 (OBa B cTeneHu
LWeCTb) = 64 3HadYeHns. OanH 6anT cocTomT U3 8 BUTOB N XpaHuT 28=256 3HaveHun.

[BouYyHaa cuctema cumcrieHus
[BonyHaga cuctema cumncneHns boina snepsble onncaHa B 1703 rogy HEMELKUM YYEHbBIM
JlenbHuuem B ctatbe "Ob6bAcHeHMe ABOUYHOM apudMeTrkun". JlenbHuy n3obpén TepmuH "pyHkumna",

cTan OCHOBOMOJNOXHMKOM MaTeMaTun4eCcKoro aHasnn3a mn nepBbiM Npe3naeHToM BepﬂMHCKOVI
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akagemuun Hayk. JlenbHuy nepBbIM Ha4Yan Ncnonb3oBaTb TOYUKY "-" ANg 0603HAaYEHUA YMHOXEHMS,
MOCKOJSTbKY CMMBOJ KPECTUK "x" MOXHO nepenyTtaTb C nepeMeHHon, 06o3Havaemom BykBom "x" (MKC).
B a3blkax nporpamMmumpoBaHus Ans onepaumm yMHOXeHUs ncnonb3yetca cumson "*". C cuMBonom
AerneHnst NonyyYnnocb HaobopoT. JlenbHuy, ctan ncnonb3oBatb cumBon ": " onga geneHnd, 4tobbl He
cnyTaTb onepauuto aeneHusi ¢ obosHayveHnem gpoben, KoTopble B TO BpeMS Obiniv NONyNspHbI B
MaTemMaTu4ecKkux ctaTbax. [lBoeToume okasanocb HeyaadHoW 3aMeHOW, Tak Kak ABoeTo4Yne
ncnonb3yeTcst B 00blYHbIX TekcTax. YTobbl He BbINI0 HEOAHO3HAYHOCTU, CTanM UCNOSb30BaTb CUMBOJ
"=" HO 3TOT CMMBOJT HE MONYYUN PAaCNPOCTPAHEHNSA N OTCYTCTBYET Ha KnaBnaType KOMMNbOTEPOB.

B a3bikax nporpaMmMmmnpoBaHus pobu, Kak TUN aHHbIX HE UCMOMNb3YTCSH, NO3TOMY B A3blKax
nporpamMmMmnpoBaHnsa onepaTop geneHnsa obo3HavaeTca cumaonom /",

Ha cosgaHune gBonyHon apudmeTukn JlembHmnua HaToNKHYNO 3HAaKOMCTBO C KUTanckon KHurom
nepemMeH, C KOTOPOW OH O3HAaKOMWUIICH, NepenncbIBasiCb C MMCCUOHEPOM U KapTorpadom bysa.
JlenbHuy, 3ameTun, 4yto rekcarpammbl KHUrn NepemeH cooTBETCTBYHOT ABOMYHBLIM Ymcriam oT 000000

fo 111111.

[BonyHaga cuctema ygobHa ans BbINOSHEHUS apuMeTMyeckmx onepauumi. Hanpmumep, cnoxexve

nmeeT Tpu Npasuna: 0+0 = 0; 0+1 = 1;1+1 = 0 nepeHoc 1 B CTapwmin paspsg.
al-nrool 9 P gddisi 110{36 101]] 111ollr4
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Tabnuubl CNOXEHNS, BblYUTaHUS, YMHOXEHNSA 13 ctatbu JlenbHuya "ObbacHeHne ABONYHOM
apnpmeTnkn"

F'omabpud JletibHuy poduricsa 1 urons 1646 2oda. B 6 iem oH nomepsisi omuya, rpogheccopa smuku
Jletinyuackozo yHusepcumema. Omeu ocmasun nocrne cebs 6onbwyto bubnuomexy.

Yyumens JlelibHuya 3amemur, 4mo e20 y4eHUK Yumaem KHU2au U Mowesl xasnoeamscsi
podcmeeHHUKam flomgbpuda, Ymobbl oOHU 0bpamuriu 8HUMaHUe Ha "HeymMecmHoe u
npexoespemMeHHoe" YmeHue KHU2, Komopakle, o MHeHUI ydumers, bbiniu He 0nsi e2o so3pacma. OH
661 y6edurn 8 amom podcmeeHHUKo8 JlelibHuuya, ecrnu bkl criydaliHbiM caudemersieM 3mo2o
pa3z2oeopa He oKasarics, Xuewul rno cocedcmay, y4éHbIl U MHO20 rymeuwecmeosaswiuli 080PSIHUH.

[NopaxxéHHbIU HeA0bpOXXENameibHOCMbIO yHUMesis, Komopbil Mepusl 8cex 0OHOU mMepoUl, OH
cKasari, Ymo 6b110 6bl 271yMo 0OepaHU4YUMb UHMePEC Masnb4uKka K Hayke u Hado rpusemcmeosamsb
cmpemrieHue K 3HaHusIM. Ha ecsikul criyyad, npuanacunu Fomgpuda, oH npasusibHO omeemur Ha
80r1poChkl 08OPsIHUHa U mom 3acmaasusi poocmeeHHuUKo8 JletibHuya dams cr1080, Ymo f'omgpudy
0adym docmyn 8 bubriuomeKy omua u paspewam Yyumame 8C€, Ymo 3axo4yem.

Kak nucan JletbHuy: "SI mopxecmeosar, kak ecriu bl Hawén Knad, nomomy 4ymo caoparsl om
HemepreHusi yaudemsb Ope8HUX, KOMOPbIX 3Ha/l MOJIbKO Mo UMeHU - LjuyepoHa u KeuHmurnuaHa,
Cenexky u lNnuHus, N'epodoma, KceHoghoHma u NnamoHa, nucameneu aroxu umnepamopa Asaycma
U MHO2UX JTaMUHCKUX U 2pe4yecKux omuos uepkeu. Bcé€ amo s cmarn Yyumamb, CMOmpsi o
grieqyeHuto, u Hacnaxaoarsics HeobbidalHbiM pa3HoobpasueM ripedmemos. Takum obpa3omM, He umesi
ewé dseHaduyamu fiem, 1 c80600HO NMOHUMaI flambiHb U Ha4yas rnoHUMame ro-2pedyecku.”
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bubnuomeka omua rno3sonuna JletdbHuuy usy4ums KHU2U, K KOMOPbIM OH Moe 6bi Mosy4umse
docmyrn moJsibKo 8 cmyoOeHYecKue 200b1. B eospacme 12 nem JletibHuy, 66151 3HamMOKOM flambIHU, 8
go3pacme 13 nem cmasn nucame cmuxu. B 14 nem oH OKOHYUT 2uMHa3Uu U 8 so3pacme 15 nem
nocmynun 8 Jlednyuackut yHugepcumem, 20e ripernodasar e2o omel.

CnoxHo ckasaTb, cTan 6bl JlenbHuy y4éHbiM, ecnn 6bl HE TPYAHOCTM B NOMYyYEHUN JOCTYNa K
KHUram, KOTopble NoAorpeBany CTpeMreHme nonyyYnTb enaemoe. B Hawe Bpemsi 4ocTyn K
6onbliomy 06bemy nHopmaumm NpocT, bnarogapst HANUYNKIO UHTEPHET M MOUCKOBBLIX CanToB. Yntas
KHUIMN, MOXXHO BCTPETUTb HEMOHSATHLIM TEPMUH U MOXHO NErKO HANTN B UHTEPHET ero onucaxune. C

APYroi CTOPOHbI, MpU 06MnMn nHopMauun, BaXHOCTb KHUT HUBENMPYETCS U YMEeHbLUaeTCcs
XenaHue pas3bmpaTbCs B TOM, YTO B HUX MULLYT.

CyéTbl

[na nogcyéta ymcen B pMMCKOW 3anmMcy NCNONb30Bancb PUMCKME CHETLI, KOTOPbIE Ha3Banuchb
abacus ("abak"). 3HaueHne cnoBa MOXHO TpPaKTOBaTb, Kak "gocka ¢ necumHkammn" ( ,
3épHamMu, KOCTOYKaMu, kaMmyLukamu). MpoToTUNOM PUMCKUX CHETOB MOXHO CYMTaTb AOCKY C NMUHUSMU

(yrnybneHnsmu), B KOTOpbIE Krnanu KaMyLlKn (KOCTOYKKM), KOTopas ucnonb3oBanach B BaBunoxe
o6onee 3000 net oo Hawew 3psbl.

. g
-

S

(g ]

g gm gm

| gunomm -y |
| gunummc -y |
00—

| RERREmO )

O BT

puUMcKne cYéThbl (abacus)
B Kutae, Toxe Oblnn CY4ETLI, OHU Ha3blBanMCh "CyaHbnaHb". [epBoe ynoMMHaHWEe O KUTanCKnx

cuyétax patmpyetcs 190 rogom. Camoe paHHee n3obpaxeHne KUTanckux CHETOB NPUBEAEHO B
apeBHekntTanckom bykesape 1371 roga. [Npumep KNTanNCKUX CHETOB:

He6o

3emna

U3 KHueu Hobenesckoz2o naypeama o ¢usuke Pudapda ®PeliHmaHa "Bbl, KOHEYHO, Wymume,
mucmep PetHmaH!":

N mym Ao meHsi 0oxodum: OH He 3Haem 4uces. Koada y mebs ecmb cyemabl, He HYXXHO
3arnoMuHame MHOXeCme0o apughmemuyecKux KOMbUHayul; Hy>HO MPOCMO Hay4YumbCsl WénKkamo
Kocmswkamu e8eepx-eHU3. Hem Heobxodumocmu 3arnomMuHamse, 4mo 9+7=16; mbi npocmo 3Haeuws,
umo koz0a ripubasnsewpb 9, Mo HyXXHO repedsuHymb 0eCAMUYHY KOCMAWKY 88epX, a €OUHUYHYH

- 8HU3. [loamomy OCHOBHbIe apughmemuyeckue delicmeusi Mbl 8bIrNOIHIEM MeOIEHHEe, 3amo Mbl
3HaeMm yucra.
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Gonee mozao, cama udes o npubnuxxeHHoM memode 8bi4ucieHuUs bbina 3a npedenamu €20
MOHUMaHUsI, HECMOMPS Ha MO, YMO 0bbIYHO HEBO3MOXHO MOYHO 8bIYUCTIUMb KybUYeCKUU KOPEHb.

CyéTHble MalunHbI (apudMomeTpbl)

ApndMOMETPbI - 3TO MEXaHMYECKMe YCTPOMNCTBA, BbINOMHAKLWME apupmeTmyeckme onepaunn Hag
yncnamm. Ytobbl yCTPONCTBO cUMTAnNocb apudMOMETPOM, AOCTATOYHO, YTOObLI OHO YMENOo
cknagblBaTb yucna.

MepBbIn apudmomeTp cosgan Bunerenom LWnkkapg B 1623 rogy. Ero apndpmomeTp BbINOSHAN
yeTblpe apudPMeTUYECKNX AENCTBUSA HAL LWECTU3HAYHbIMU AeCATUYHbIMK Ynucnamun. Wnkkapa caenan
ABa ak3emnndapa apupmomeTpa. OgmH 3K3eMnnsap npegHasHavanca acTpoHOMY U MatemMaTuKy
Kennepy, KOTOpbIN NpuMeYyaTeneH OTKPbITUEM, YTO NNaHeTbl ABWXKYTCSA NO MSIMNTUYECKUM KPUBBIM,
a He no kpyry. Oba apudpmomeTpa cropenu nNpu Noxape, HO YepTeXn apnpmomeTpa COXpaHUINCh U
Aokasanu npuoputeT LUnkkapaa, kak nsobpetarensa apudgpmomeTpa.

BTopbim apudpmomeTp cosgan bnea MNackanb B 1962 roay, korga emy 6bino 19 net. Ero otew 6bin
cHOpLUMKOM HanoroB 1 4YacTo BbINOSHAN Aosirve pacdeTol. bnes 3axoten asBTomaTnanpoBaTb 3TOT
yTOMUTENbHBIN TPYA, YTOOLI OTew 6ornbLue BpeMeHn yaensan cembe. B To Bpems prHaHcoBbIe
pacy€Tbl BENUCb B AEHEXHbIX eQUHMLAX, KOTOopble Ha3blBanucb NMBpSI, Cy, AeHbe. CNOXHOCTb bbina
He B Ha3BaHUsX, a B TOM, 4YTO B nuepe 6b1no 20 cy, a B cy 6bino 12 aeHbe. ApudmMomeTp xe
ncnonb3oBan AeCATUYHYIO cUcTeMy M Bbln He oYeHb yOobeH ANs NOACYETOB, MO3TOMY HE MOyyun
LLMPOKOro pacnpoctpaHeHus. bnes NMackanb cobpan Bcero 50 apudmomeTpos.

TpeTtun apucdomomeTp npugyman Jlenbnuy B 1673 rogy. OH pewmnn co3gatb apudMomMeTp nocrne
TOro, Kak MaTemMaTuK, aCTPOHOM U NepBbIn Npe3naeHT PpaHLy3ckon akageMmn Hayk [torureHc
noceTtoBarl, YTO eMy NPUXOANTCS BbINONHATL MHOIMO YTOMUTENbHbIX BbIYUCNEHUMN.

Wwnkkapg, MNackane, JlenbHuy cosganvn ceon apmdMOMETPbl HE3aBMCUMO ApPYr OT Apyra, No3ToMy
MOryT Ha3blBaTbCH n3obpertarten

--------

bornee crnoxHble CY4ETHbIE MALLMHbI CTanNu co3gaBaTb ropasfo nosxe. TEeXHONOormm Toro BpEMEHU
He NO3BOSIANN Co34aBaTh CNOXHblE MEeXaHN3Mbl 3@ Pa3yMHY CTOMMOCTb. [1epBbIn KOMMepYeCcKku
ycnewHbin apugmomeTp 6bin n3odbpeteH B 1820 rogy, ctan npogasaTbesa B 1840x rogax, a MaccoBo
npogaBaTbCH cTan TonbKo B KOHUEe 1870x rogos. OToT apudmomeTp caenan Lapnem KcaBbe Toma,
KOTOpbI 3a CBOE M306peTeHne nonyymnn gpaHuy3ckmui opaeH No4YEéTHOro nermoHa.

B 1822 rogy babbugx noctpomn mogesnb CHETHOM MaLLMHbI, KOTOpPas BblMMCASNA 3HAaYEHNS
MaTteMaTndecknx PYHKLMN NO MHTEPNONSaUnoHHON hopmyne HbloTOHa METOAOM KOHEYHbIX
pasHocTten (finit difference), noaTomy Ha3Ban cyéTHyto MawunHy difference engine (pasHocTHON
MaLUNHON).

MepBbIN NPOEKT KOMMNbIOTEpA

B 1833 rogy B3bbuax pewwmn co3gatb YHUBEPCANbHYIO BbIYUCIIUTENBHYIO MaLLMHY, KOTOPYHO OH
Ha3Ban aHanuTnyeckon. B ee coctaB Bxoamnun apnpmeTnyeckoe yCTponcTeo, kotopoe babbnox
HasBasn "MenbHUUa"; 3anoMmnHaroLee yCTporncTeo ans xpaHeHus 50 yucen ("cknag"); yctponcTea
BBOAa-BbIBOAA C UCMNONb30BaHNEM nepdokapT. PasHoCTHas MallnHa Morna BbINOMHATb TONBKO OAHY
3agadvy, a aHanuTnyeckasa cMmorna Obl BbINOSTHATL NPOU3BOSIbHbIE 3af4a4un (NporpamMmbl), MO3TOMY OHa
ABNAETCA NPOEKTOM MEPBOro B UCTOPUM KOMMbIOTEPA. JTa MallnHa JoMmkHa Bbina cocToATb M3
25000 geTanen - LWWeCTEPEHOK M BpalLaKOLWNXCA LMNUHAPOB, a NPUBOANTLCS B ABMKEHNE NapOBbIM
asuratenem. TexHOnornm Toro BpeMeHn He No3BOMSNN NOCTPOUTb MaLLUHY TakoW CITOXHOCTW.
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KOMI'IblOTepr CTano BO3MOXHbIM CO30aTb TOJIbKO C NoABJIEHNEM 3NeKTpn4ecTtBa Ha
ANEeKTPpUYEeCKNX pere, namnax n nosiynpoBOOHNKOBbLIX 3J11IEMEHTax.

Apa JlaBnenc

Bab6ugxy nomorana Aerycta (Aga) Jlaenec, poamBliasica 10 gekabps 1815 roga. Aga onucana
anropuTM BblYMCNEeHnsa yncen bepHynnm Ha aHanMTMYeCKon MalunHe, BBeAA NOHATME LMKNA,
NepeMeHHbIX, MHMUManu3aunum nepemMeHHbix. To Obina nepeasi NnporpaMmma, HanvcaHHasi ons
BbINOSIHEHUSA Ha BbIYUCNIUTENBbHOWM MalumMHe, NoaTomy Aaa JlaBnenc - nepsbii NPOrpaMMncCT B
NCTOPUKN YenoBeyecTBa.

Ada ¢ demcmea yesriekanacb MexaHUKoU U 8 12 nem pewursia CKOHCMpyupogamse siemamersibHbIU
annapam. Hayana c npoekmuposaHusi Kpbinbes. OHa u3y4yuna mamepuaribl, cpedu Komopbix 6binu
bymaea, rpomacsieHHbIU WETIK, rnpososioka u rnepbs. s onpederieHUsi pasMmepa Kpbiiibeg U (popMbl
OHa u3y4ana aHamomuto nmuuy. B 12 nem Ada Hanucana kHu2y, Ymobbl He 3abbimb ceou
Hapabomku.

MNepBasa KoMnblOTepHas Nnporpamma

B 28 net Aga onybnukosana nog ncesgoHnmom A.A.L. cTaTbio 06 aHanuTu4deckon mawumHe. B
crtatbe Obina npeacTaBneHa nporpammMa Bbl4MCNeHnn 13 25 waros, BKIKOYas LMKbI:

Diagram for the computation by the Engine of the Numbers of Bernoulli.  See Note G. (page 722 ef seq.)
1 | | Data | Working Variables. | Resalt Variables
S [ ofh o i (e¥ ol | ol [Faj (o) I (el o o] o] t e o] ©
Variables Lo 0| o] o 0 0 0 ] 0| 0 0 0 o i
scied | ¥ Statement of Results elojelelo|ofololo]o 0 0 0 &
\ o 1] 0 0 [ ] 0 0 0 = o
e S e T
EIE O O T (2| (]| (D
L] e | L PLimessldi)oe st S8 Sy G211 B e ] L
| S ==
[ |
1| x v, xiv, w | 2 | |
L}vy |
S R L — | |
L. 1
IS AR T : 1 |
| 25— 1 |
e vy vy ) S T
o 1 2a—1
5 VIV, BV I ER TS i
A 1 2n—
[ ‘-.,--l“i"“ e L 0 e | A
Tl = vy =V BV e 2
B |+ vy 4oV, ]
8 | - v,y 2n | 2 o | Fi Ll
| F]
10 | X [1v, sV, 1V 2n _ 24
2 XV = BiopeBily] o o By
1 S T R - 0 _1 2a-1 25
gl Thg
12 | = vy, n—2
13 (| r—hvg —av, BV, . [2n=1
|
L) vy v BV, - |
15| [ tevy+2v, vy ..o |45V | ?ga—,l
v 2n2n-1
16 X[y X3V, o I “;- na
7 =V =V, o @0 -9
S| 1V 2 Y 19 et U, 4 |
| g 25 Zn—1 2n—2
19 | [] v, 2y, v, 2 gl et SER=E O SRt
| I = As
XV, x4V, 2 w0 L
|| X[ ¥ V0V g connnens) | OV - i | 0 ByAy hen & B By
vt v, b D I P | 0 ¢
¥ e (SRS o Ay B By . . {mtmn+ma}
V=3V
= V=1V, PVp ceeeeinas Al 10 — (L ekt v =
#\,, v, BV, {‘\. e l=r—ac=1) . 1 | I e
Here follows a repetition of O ions thirteen to y-thi
| Tl W=y,
Hov v, v, . {.vgzs,v: Sl | el o O TR Bl e i T (N .= el [ o i B
I
5, :{,;jx.l' o Ll o T 6o ol B 0| o
<y H A A TR 175V, = 9V, |by o Variable-card.
| W = OV, [bya Variable card. :

Ha kaxxgom Lware nporpammbl pacrnmcaHo, Kakasi BbINOMHAETCH ornepaumsa Hag Kakumm
nepemMeHHbIMU, B KaKyto NepeMeHHyIo 3anucatb pesynbTar. Linknsl 0603Ha4veHbl hurypHbiMm
ckobkamu. OkoHYaTeNbHbIN pe3ynbTaTt BbluMcneHun B7 yucna bepHynnu 3anuceliBaeTcs Ha 24 ware
B NepemMeHHyo V24,
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MprnoputeT nepson ownbku (bug, NnponsHocuTCs Kak "bar") B KOMMNbOTEPHOW NporpaMmme ToXe
npuHagnexut Age: B 4 ctpoke, 3 ctonbue Bmecto V5/V4 gonxkHo 6biTb V4/V5.

MepdokapTbl

B aHanntnyeckon mawwmHe 63bbugxa npegnonaranock MCNonb3oBaTb NepdopMpoBaHHbIE
kapTouku ("nepdokapTbl") ANs BBOAA AaHHbBIX U nevaTn pedynbtaToB. [MoaToMy B nporpamme Aabl
ncnonb3yetcs TepmuH "Variable card". NepdokapTbl 661 n3obpeteHsbl XKakkapgom B 1804 roay
AN8 TKALKMX CTaHKOB. TKaHb, M3rOTOBIEHHYIO Ha CTaHKax XKakkapga, CTanu HasblBaTb XXakkap4oBOW.

damunusa XKakkapg co3sy4dHa ¢ hamunmen LLnkkapaa, KOTOPbIN XN Ha CTONETUE paHbLLUe.

nepdgokapta XXakkapga

OTBepcTUA Ha nepdokapTe KogmpoBanu nHopmMaunto ob ysope Ha TkaHuU. MOXHO ckasaTb, YTO
nepdokapTbl onpegenany NporpamMmmMy HaHeCeHUs1 pUCYHKa Ha TKaHb. KOMNbIOTEPOM TKaLKUA CTaHOK
Ha3BaTb HENb3s, Tak Kak He ObINOo JaXe MUHUMAaTbHbIX BblYUCeHUI. [N 60MnbLworo NonoTHa TKaHn
NCnonb30Banocb MHOro NepgokapT, KOTopble COeANHANUCE BMeCTe B JieHTY. [Novemy
Ncnonb30Bannch KapTbl, a He nepdoneHTa? V3 nepdokapT MOXHO 6bIN0 COCTaBMATb HOBbIE Y30pPbl,
MeHss Habop nepgokapT. BTopas npuynHa - ecnun ncnoptutca nepdoneHTa, To NpuaeTca ee
NMOSIHOCTBLIO MEHATb, @ NPU UCNOSIb30BaHMM NepPgOKapT 4OCTATOMHO 3aMEHUTb OAHY KapTy.
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TKaLUKUW CTaHOK C nepcokapTamu

MepdokapTbl yaobHbl 4ns 3anmMcu Yncen n gpyrnx 3HakoB B ABoOMYHON doopme. OTBepcTune
O3Ha4aeT eAMHNYKY, OTCYTCTBME OTBEPCTMSA HONUK. Hannume oTBEpCTUSA MOXHO CYMTbIBATD
MeXaHNYECKUMU LLyNnamMMu.

B 20 Beke nepdokapTbl 1 NepdoneHTbl UCNOSb30BannChb C KOMMNbOTEPaAMU ANA XpaHEHNUS
nporpamMm 1 AaHHbiX. OHW NnepecTany NCnonb3oBaTbCA NOCNe N306peTeHNs MarHUTHbIX HOCUTENEN
WMHpopMaLUK - NEHT N ANCKOB.

[ns BbiBOga pe3ynbTaToB BbluMcneHnn 6onee ygobHbiM 6binn apyrme cpeactea oTobpaxeHus:
KONECUKN C HapUCOBaHHBIMW YMCNamMm, NaMnoYkn, NeYaTHbIE MaLLVHKW.

MprynHbl, NoYemy nepdokapTbl HE UCMONb30BaNUCh A8 BbIBOAA Pe3yNbTaToOB BblYUCIIEHU:

1) pe3ynbTaTthl BbIYMCNEHNA NPOCMATPUBAET YESOBEK, a ANnd YenoBeka HeygoOHO CUMTbIBaATL
CUMBOJbI C NepdoKapT;

2) pesynbTaTbhl BbIYUCNEHUIN KaXKabI pa3 pasHble 1 Npuxoaunock 6bl NCNonb30BaTh KaXabi pas
HOBYIO KapTy UMW NEHTY.
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A36yka Mop3se

B 1838 roagy nossunca tenerpadHbIi annapaTt co cxeMon koanposaHus cumsosios Mopse. K
KOMMNbOTEPHON TeXHUKe a3byky Mop3e He OTHOCAT, XOTH ANA nepegayn UCNonb3yTCA KOPOTKNE
("Touka"), anuHHble ("TUpe") curHanbel 1 NPOMEXYTKN Mexay Humu. Kaxxgas 6yksa kogupoBanacs ot 1
0o 4 curHanamn. Undpsl nepegasannck 5 curHanamu. Yem yaue Bctpevanach GykBa B aHIMNCKOM
peyn, TeM MeHbLLE CUrHANoOB UCMNONb3oBanock. [Ans BBoga-BbiBOAA B KOMMNbIOTEPHbLIX YCTPOMUCTBAX
a3byka Mop3ae Hukorga He NpuMeHsnacs.

TenerpadHbi annapat n asbyka Mopse - npumep KOMMepPYECKN YCneLwHbIX N300peTeHNn, HO He
nmerLmnx dyayLero nnm TeopeTnieckomn (Hay4Hom) LEHHOCTU. M3 93bIKOB NporpaMMmnpoBaHus
TynunkoBown BeTBbio aBnisieTca a3blk COBOL, xoTa Ha HeM B 1960-70x rogax 661510 HanMcaHo MHOro
nporpamm, KoTopble paboTatoT o cmux nop. Komnbtotepos Commodore 64 ¢ 1982 no 1994 roa 6bino
npogaHo 6onee 12,5 MUNNnMoHoB. ATa MOAESNb KOMNLIOTEPOB Nonasa B KHUry pekopaos 'MHHeca,
Kak camas npogaBaemMas B mupe. JlnHenka komnbtoTepoB Commodore nepectana cywectBoBatb, a
kKomnaHus-npounssogmtens Commodore International o6basuna o 6aHkpoTcTBe B 1994 rogy, 6bina
KynneHa HemeLKon komnaHnen Escom, kotopasi yepes rog nocne nokynkn Commodore International,
Takke obaHKpoTUnack, XoTa 4o atoro Obina Begywmm npoussoantenem IBM PC coBmecTnMbIx
KomnbtoTepoB B EBpone ¢ o6opoTom 2 munnuapaa gonnapos B rog.
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B 1870e roabl booo cosgan koa, B KOTOPOM KaxAbln 3HaK nepegasancsa 5 outamu, ans
TenerpagHoro annaparta, KOTopbi OH e 1 n3obpén. Kog boao Obin 6nuxe K MalmHam, Yem K
yenoseky. B yacTHoCTK, kKaxabin 3HaK nepegaBancs UKCUPOBAHHBIM YNCIIOM OUT.
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INDICATES A MARK ELEMENT (A HOLE PUNCHED IN THE TAPE)
INDICATES POSITION OF A SPROCKET HOLE IN THE TAPE

o@®

The International Telegraph Alphabet

OOVH 13 BapunaHToB koaa bogo

B 1963 roay nossunca cemnbutHbin kog ASCII n nAaTMOUTHBIE KOAbI CTanu BblITECHATbCA. B 1927
rogy B yectb bogo Gbina Ha3BaHa UCTopuyeckas eanHuLAa N3MEPEHNsT CKOPOCTM nNepeaaydn 3HaKOB -
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604. [na oBOMYHbIX AaHHbIX 604 paBeH uncny 6uT, nepegaBaemblx B cekyHay. Hanpumep, ecnu
3Hak kogupyeTcs 8 Gutamu, To 1 604 paBeH 8 Gutam B CekyHAy.

-~

nepdoneHTa ¢ 5-6UTHbIM KOAOM
IBM

B 1890 rogy XonnepuTt CKOHCTpynpoBasi CyMMUPYIOLLYIO MaLluHy (Tabynstop), koTopas nobeauna
B KOHKypce Ha 06paboTKy AaHHbIX nepenucun Hacenenus CLUA. B Tabynartope ncnonb3oBanmcb
nepdokapTtbl. B 1896 rogy Xonneput cosgan pupmy Tabulating Machine Company gnsa
NPOM3BOACTBA CYETHBIX MaLIMH 1 nepdokapT. MallnHbl Oka3anucb NOSIE3HbIMU HE TONbKO ANS
nepennucu HacerneHus, HoO N B ApYrnx oTpacnsax akoHoMmuku. B 1911 rogy komnaHus o6beanHunacs ¢
ApYrMMmn KOMNaHusMmn u noMeHsana HassaHue Ha Computing-Tabulating-Recording Company. B 1914
rogy komnaHuio Boarnaesun Tom BatcoH, npopaboTtaBLumi B Her Ao ceoen cmeptn B 1956 roga. B
1924 rogy komnaHuio nepemmeHoanu B International Business Machines Corporation (IBM).

B 1944 roagy npu y4yactum IBM 66111 co3gaH penenHoin komnbtotep "Mapk 1. B 1952 rogy
nosBuncs namnoBbin komnbtoTep IBM 701, gaBwwuin Havano cepumn komnbstotepos IBM 700/7000,
KOTOpble CTanu HasblBaTb "ManHgpenmbl”. KomnbloTepbl 3ToN cepun Bbinyckanucb 0o 1964 roga. B
1964 rogy 6bina BbinyweHa cepus IBM System/360, koTopas HaMHOro NpeBocxoaunna nNpoAayKLUmto
KOHKYpeHTOB 1 caenana IBM moHononucTom Ha pbiHke MarHdppenmoB. ManHppenm -
YHUBEpPCarnbHbIA, 0TKa30yCTONYMBLIN KOMMbLIOTEP C 60MbLIMM 06BEMOM ONEPATUBHON U BHELLHEN
namaTu.

B marHdperimax ana nporpammmpoBaHus ncnonbs3doBanuch a3bikn FORTRAN, PL/1, Algol,
COBOL, LISP. B 1960-x rogax IBM 3aHumana 70% pblHKa KOMNbIOTEPOB B MUpPE.

B 1971 rogy komnaHua IBM co3gana rubknin MarHUTHbIA OUCK, KOTOPLIM 3aMeHns nepdoneHTbl 1
Ha OeCATKM neT cTan cTaHa4apToM OS5 XpaHEeHUs AaHHbIX.

B 1981 rogy komnaHua co3gana IBM PC - nepCcoHarnbHbIn KOMMNLIOTEP, apXUTEKTypa KOTOPOro
cTana ctaHgapToM 45151 KOMMbOTEPHOW OTpPacin U NepcoHasnbHble KOMMNbIOTEPLI CTanm
MCNONb30BaTbCA NMOBCEMECTHO: B paboymx 1 OMaLLHUX LensxX.

Teopema HankBucra-LlleHHOHa

Mo Teopeme aHaNOroBbIN CUrHaN ¢ OrpaHNYEHHON MakCUMarbHOW YacTOTON MOXET ObITb NepenaH
N BOCCTAHOBIEH YMcnamMu, nepegaBaeMbiMy ¢ YaCTOTOM B ABa pa3sa Yalle MakCumMaribHOM 4acToTbl
aHanoroBoro curHana. Yucna xpaHaTt nsmepeHme BenuunHbel pyHkumm (amnnutyay). Kak cnegcreue,
Ans nepegayn 3Byka ¢ yactotom o 22Ky (makcMmarbHas YactoTa 3BYyKa, KOTOPYH CRbILWNT
OONbLUMHCTBO NIOAEN) MOXHO UCMNOSb30BaTb YacToTy Anckpetmsaummn 44.1KIMy (mcnonb3oBanach B
nepBbIX CTaHAapTax oundpPOBKN 3BYKa ANS 3anncu Ha kKoMnakT-amck, compact-disk digital audio, CD-
DA). AMnnuTygy 3Byka MOXHO U3MepsiTb 16-OUTHbIMY Yncnamm, KoTopble JarT 2°16=65536
YpPOBHEWN 3BYKa.
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Teopema HaunksuncTta-LLleHHOHa nexxuT B OCHOBE LM POBON Nepeaayn aHanoroBbiX CUrHanoB no
LUMdPOBLIM KaHanam. [Ans BblYMCNIMTENBHON TEXHMKM Bonee akTyanbHa nepegada umdpoBbIX
CUrHasnoB No aHanorosbIM KaHanam nepegayun u LeHHoH B 1948 onybnunkoBan ctaTbio
"MaTtemaTtnyeckas Teopus csasun", rae passun naen Hankesmncta n BBesn NOHATUE NHAPOPMALIMOHHOM
SHTpONMN, KOTOpaa ABNSETCA Mepon HeonpeaeneHHOCTN nHhopmMmaumn.

Npoes LleHHOHa cocTosina B TOM, YTO KOMMYECTBO MHADOPMAaLIMK, KOTOPOE BO3MOXHO nepenaTb
3aBUCUT OT SHTPOMUM (CNYy4arnHOCTU COOBLLEHUIN B UCTOYHMKE curHana). OCHOBbIBasiCb Ha
CTaTUCTMYECKON XapaKkTePUCTUKE NCTOYHNKA COOBLLIEHNIA, MOXXHO 3aKoaMpOoBaTb MHAOPMAaLMNIO Tak,
4TOObI 4OCTUYb MaKCMMarbHOW CKOPOCTU Nepeaadn AaHHbIX, KoTopasi onpeaenseTcs TeopeMmon. B
TO BpeMS 3TO BbINo BOCMPUHATO Kak BaXXHOE AOCTMXKEHMNE, TaK Kak paHee nonaranu, YTo MakCumym
MHOPMaLIMN UCXOL4HOrO CUrHana, KOTopoe MOXHO nepefaTtb Yepes cpeay, 3aBMCUT OT CBOMCTB
KaHana (4acTtoThbl), HO He OT CBOMCTB curHana. CxaTtue gaHHbIX nepen nepegaden He Obino
N3BECTHO, TaK Kak eLLé He CyLeCcTBOBarO BblYUCINTESNTbHON TEXHUKN N anirOpUTMOB, KOTOPbIE MOIn
BbINOMHATb CXXaTue.

MHcpopmaTuka n knbepHeTnka

Hop6epT BuHep B kHure 1948 roga "KnbepHeTuka, unm ynpaBneHmne 1 CBA3b B XKMBOTHOM U1
MaLlWHe" Hanucan, 4To nocnan Hay4yHomy pykosoauTento LLleHHOHa NpUHLMMbI NOCTPOEHNUSA
KOMMNbIOTEPOB:

1) CyMmmMumpyoLme n MHOXUTESbHbIE YCTPONCTBA OOIMKHbI ObITh LUmMdpoBbiMK (Byww cosgan
aHaroroByH BblYUCANTENBHYIO MaLUVHY);

2) CymmupyoLme n MHOXUTENbHbIE YCTPOMUCTBA, ABNAIOLWMECH MO CYLLECTBY NepeknovaTensamu,
OOJDKHbI COCTOATb U3 ANEKTPOHHBIX flamn, a He 3yb4aTtbix nepefay unu anekTpoMexaHn4eckux pene.
OTO HYXHO, YTOBLI 0becneunTb Npuemsniemoe BbICTPOOENCTBUE;

3) JomkHa ucnonb3oBaTtbCcsa 6onee 3KOHOMUYHAA OBONYHAS, a He AecATUYHas cuctema
CUYMCNEHNS;

4) NocnegoBaTenbHOCTb AENCTBUIA AOKHA NNAaHMPOBATLCS KOMMBbIOTEPOM Tak, YTOObI YeNoBEK
He BMeLuMBasiCAa B MPOLLECC peLleHns 3a4a4un ¢ MOMEHTa BBEAEHNSA UCXOOHbIX OAaHHbIX A0
NONy4YeHns1 OKOHYaTemNbHbIX Pe3ynbTaToB;

5) KomnbloTep AOMmMKEH MMeTb YCTPOMUCTBO AS151 HAKOMMEHNSA JaHHbIX. OTO YCTPOMCTBO LOSMKHO
ObICTPO MX 3anUCbiBaTb, HAAEXHO XPaHUTb 40 CTUPaHUS, BbICTPO CYNTBIBATL, BBICTPO CTUpPaATh MUX U
HemMenneHHO NoAroTaBNMBaTLCA K MOSyYEHMIO HOBbIX LaHHbIX.

MprHUMMbI OKa3anucb TOYHbIMKU U Npeackasanu, Kak OyayT pa3BmBaTbCs KOMNbOTEPLI. [10 naTomy
NpVHUMNY, AOBOSbHO GbICTPO, B 1956 roay, NoSBMICA NEPBbIN HAKONUTENb Ha MarHUTHbLIX AUCKaX
IBM RAMAC o6bémom 5 Merabawnr.

BuHep n ero konneru pewnnu Ha3eaTb TEOPUIO YNPaBNEHNSA 1 CBSA3M B MaLUMHAX U KUBbIX
opraHmamax "kmbepHeTnkon", oT rpeveckoro crnosa pyneson (cubernetes). OHM cunTanu, 4To pynu
Kopabnen 66111 OgHUMU N3 NePBbIX YCTPONCTB ¢ obpaTHOM cBA3bto. Konneron y BuHepa Obin AOKTOp
meanuunHbl Aptypo PoseHbntoT (Arturo Rosenblueth) ¢ dhamunuen, cossydHon chammnum dpaHka
PoseHbnatta (Frank Rosenblatt), cosgatens nepuentpoHa.

BuHep cumTtan, 4to "nHdopmauma aTo nHdopmauus, a He MaTepusi N He aHeprmna”.

B 1948 roay ewé He 6bino TepMmnHa "MHdopmaTmnka" n ncnonb3oBancsa TepMuH "kKnbepHeTuka".
TepmuH informatik Bnepsble nosasuncs B 1957 rogy B ctatbe Ha HEMELKKOM A3blke. Bo dpaHumn
TepMuH informatique nosiBunca B 1962 rogy. TepmnH computer science nossuncsa B 1959 roay.
Computer science ncnonb3yeTcsi B aHrMosA3bl4HbIX CTpaHax, MHpopmaTtumka B apyrmux. Oba crnoea
0603Ha4alT OAHO U TO Xe.

[enkcTpa Takke cumtan, 4yto "MHdopmaTuka UMEET K KOMMbloTepam He BOnbLLE OTHOLLEHUS, YEM
acTpoHOMMSA K Tenieckonam".

YacTtb 2. [lossBneHne KOMNbIOTEPOB

ByneBa anre6pa
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JTiobble apudmeTn4ecKkmne BbIYUCIIEHUS C YACTTAMU MOXHO BbIPa3uTb C MOMOLLIbIO TPEX NTOrMYECKNX
onepatopoB AND (&, 1, *, KOHblOHKUMS), OR (|, unu, v, ausbloHkums) u NOT (!, He, oTpuuaHme,
nHBepcusi). CrnoBa KOHBLHOHKLUMSA, AN3BIOHKLNSA, NHBEPCUSI MPOU3OLLISIN OT NTATUHCKNX CINOB.
Mcnonb3oBaHue natbiHM BbINO pacnpocTpaHeHOo B cpefHue Beka. B HacTosiwee Bpems
NCNoNb30BaHME NAaTUHCKMX CMNOB 3aTPyAHAET NOHUMaHME.

BbluncnntTenbHy0 YacTb KOMMAbOTEPA MOXHO MOCTPOUTL U3 KOMOUHALMK TPEX SNEMEHTOB,
peanusyrLmx fiormyeckme onepatopbl: AND OR M NOT. CHavana Ymcna npuBogaTcst K ABOUYHOM
dopme, a NOTOM NPON3BOAATCS BbIYNCIEHNA NYTEM NPUMEHEHMUS K BTaM NOrnM4ecKnx onepaTopos.

Kpome aTux Tpéx onepaTtopoB CyLLECTBYHOT fIOrM4eckne onepaTopbl, KOTOpPble MOXHO cO34aTb
nyTeEM UX KOMBUHMPOBAHMS:

1) NAND: obpasyetcs kombuHaumen aneMeHToB NOT (x AND y). CHavana Kk AByM onepaHaam
npumensietca AND, a notom k pesynbTtaty NOT. Yto nHtepecHo, NAND obnagaet cBOMCTBOM
"PYHKUMOHANbLHON NOSHOTHI", YTO 0O3HA4YaeT, 4YTo Ntbada normyeckas PYHKUNA MOXET BbITb
peanu3oBaHa C NOMOLLbIO Habopa Tonbko anemeHToB NAND.

2) NOR: NOT (x OR vy).BosBpawaet 1 Tonbko, ecnu oba onepanga pasHbl 0. Onepatop NOR
TOXe obnagaet "dyHKUMOHanNbLHON nonHoTon". Hanpumep:

(NOT x) = (x NOR x)

(x AND y) = (x NOR x) NOR (y NOR v)

(x OR y) = (x NOR y) NOR (x NOR vy)

XNOR: NOT (x XOR vy) .

3) =, TOXOECTBEHHOCTb: (x == y). Ecnu oba onepaHga pasHbl 0 nnu odba onepaHga pasHbl 1, TO

onepaTop Bo3BpawaeT 1.

4) XOR: ucknovarowee OR. (x XOR y) BoaBpawaeT 0, ecnv 3Ha4yeHus onepaHaoB OgMHAKOBbI, a
ecnn 3Ha4YeHnsa onepaHAoB pasfinyHbl, TO Bo3BpawaeT 1. XOR npumMeyaTeneH Tem, YTo (x XOR (x
XOR y) = y. Wcnonb3ys XOR MOXHO NOMEHATb MECTaMM 3HAYEHNSA OBYX NEPEMEHHbIX
OLMHAaKOBOro TMNa AaHHbIX, HE UCNOJIb3yS BPEMEHHYIO NEPEMEHHYIO.

Kak sameHntb XOR Tpems onepatopamm?

(x XOR y) = (x AND (NOT y) OR ((NOT x) AND y) = ((NOT x) OR (NOT y)) AND
(x OR vy).

OnepaTopbl NAND, NOR, =, XOR NOJSI€3Hbl TEM, YTO UX MUCMOSNb30BaHNE Ha YPOBHE Xenesa bonee
3(PPEKTUBHO, YEM NOCTPOEHNE CXEM, PEANUIYIOLLNX TPU OCHOBHbIX onepaTopa. TexHonoruu
narotonexms pnaw-namatn HasbiBatoTca NAND-dpnaw n NOR-¢naw notomy, 4To Ana XpaHeHus
OMTOB MCNOSb3YTCA HABOPbI TPAH3UCTOPOB, KOTOpble peanu3ytoT norndecknin anemeHT NAND mnnu

Co3pgaHune cxem U3 NIOrMYecKnX 3yIEMEeHTOB

[na cnoxeHnsa OBOUYHBIX YMCen NUCMONb3YTCH CxeMbl "cymmaTopoB". Hanpumep, HYy>XXHO
CNOXMWTb ABa ABOMYHbIX yncna: 01 + 01 = 10. [NpaBbi pa3psag - HaMMeHbLnA (Mnagwun). B
AECATUYHOMN 3annCK CROXeHne 3TUX ABYX YNCeN BbIrMaanT Tak: 1+1=2. [INa COXeHUS HY>XHO
BbINOJSTHWUTbL ONepaumio ¢ NpaBbiMM BUTaMn 1 ecnun B HUX 060UX CTOAT e4MHUYKK, TO pe3ynbTaT byaeT
HOJb, @ eAMHMNYKa OOSMKHA NepenTn B pasps/ fesee (Ctaplumim paspsag). ATy 3agady v BbIMOMAHAKT
"cymmatopbl".
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B PA ) o 1 ) XOR SUM
/i
/i
Cin
AND
Carry
ouT
AND

A 1 B - pa3psagpl, 3Ha4eHNsA KOTOPbIX HAA4O0 CNoXuTb (CymmupoBaTb). Cin - curHan oT MeHbLUero
paspsaga. CarryOUT - BbIXOQHOM CUrHan Ans ctapliero paspsaga, kotopbin coeguHutcea ¢ Cin Takoro
Xe cymmaTopa, Tonbko ansa 6onee crapuwero paspsga. SUM - pesynbTat CymMmMMpoBaHus ans
paspsaga TekyLen cxembl cymmaTopa.

B npumepe cnoxenusa 01 + 01 = 10 gns mnagwero paspsaga: Cin=0 (Tak kak paspsia camblii
MAagWnn, TO KOHTaKT oTcyTcTByeT U 3HaumT 0), A=1, B=1, SUM=0, CarryOUT=1.

[ns ctapwero paspsga cnoxenna 01 + 01 = 10: Cin=1, A=0, B=0, SUM=1, CarryOUT=0.

[ns peanusaumu crnoxeHnsa aByxpaspsagHbiX ABOUYHBIX YUCEN HYXXHO ABa CymMmMaTtopa.

CoBpeMeHHble KOMMNbIoTepbl paboTatloT ¢ 64-pas3psaHbIMY ABOUYHBIMU YUCIaMU U YUCHO
CyMMaTOpOB [0BOSIbHO 6onbLuoe - Toxe 64. B kaxxgom cymmaTope no 5 nornyeckmx afieMeHToB
XOR, AND, OR.Kaxgblin IOrMyeckmin anemMeHT MOXHO peann3oBaTtb 6 TpaH3nCTopaMmn unm gpyrmmm
anemMmeHtTamu. IHTepecHo, 4To a4venka namatn SRAM Takke ucnonb3yeT 6 TpaH3McTopoBs. Toro Ha
oanH cymmartop 5*6=30 TpaH3UCTOpPOB, a AN CyMMUpOoBaHus 64-paspaaHbix yncen 30*64=1920
TPaH3UCTOPOB. OTO LOBOSIBLHO MHOrO. ELLé 6osblue YuCro coeguHeHNn Mexay BbiBO4aMMU
anemMeHToB. [10 NOSBNEHNS MUKPOCXEM pa3Mepbl KOMMNbIOTEPOB ObINN BHYLWIMTENBHbIE, a ASIMHA
NpOBOAOB U3MepsAnacb COTHAMM KUAOMETPOB. [1na TOYHOCTM MOXHO CKasaTtb, YTO Npu
NpoekTupoBaHum 6e3 MMKpoCxem, CXeMbl ONTUMU3NPOBANNCL N YUCIO TPAH3UCTOPOB (Namn, pene)
ANs peanusaumm norm4eckoro anemMeHTa Morno 6biTb He 6, a 2-3, HO Npuxoauiock AobaBnATb
pe3ncTopbl. Pe3ncTopbl BbIAENAOT TEMO, MO3TOMY UX CTapatoTCa HE UCNONb30BaTb B MUKPOCXEMAX.

SRAM 1 DRAM

[ocTyn K onepaTMBHON NamMsATM B KOMMbOTEPAX NPOM3BOSbHLIN (random access). AnbTepHaTuea
NPOM3BOSIbHOMY AOCTYNY - NOCneAoBaTeNbHbIA AOCTYN, KAk NPU YTEHWUM C NeHTbl. YToObl NnpovecTb
coAepXnmoe, 3anncaHHoOe Ha NeHTe, HYXKHO MPOMOTaTh JIEHTY, @ Ha 3TO TPaTUTCSH BpeMs.

[na onepaTtMBHON NamMATU UCNOSb3YHOT:

1) SRAM (static random access memory) - cTaTudeckas onepaTtmMBHas naMmaTb. HasbiBaeTcs Tak
NOTOMY, YTO COOEPXKMMOE MaMsITU HE HYXXHO nepuogmyeckn obHoBNATb. Mpumep averkun ( XpaHuT
oavH 6ut) namatn SRAM:
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Onsa ogHoro 6uta namatn SRAM Hy>XHO LWeCTb TPaH3NCTOPOB. YTeHne 1 3anucb 6e3 3agepxex,
TaK KakK He HY>XHO BbINOMNHATb NOArOTOBUTESNbHBIX AENCTBUI AN OCTYNa K s4enkam namaTu.

2) DRAM (dynamic random access memory) - AMHamMu4eckas namsTb. [Ans xpaHeHust buta
ncnonb3yeT ogMH TPAH3UCTOP M OAUH KOHAEeHCcaTop (EMKOCTb ANSA HaKonneHus 3apsga us
3r1IEKTPOHOB), KOTOPbIE pacrnonaratTcs Ha KPEMHUEBOM Yune. 3aps>KeHHbIW KOHAEHCATOP XpaHUT
HOJb, 3apsKeHHbIN eanHuLy. KoHaeHcaTop M3-3a TOKOB YTEYKU pa3psikaeTcs CO BpEMEHEM, MO3TOMY
KOHZEHcaTopbl HAA0 Nepnoanveckn nogsapsaTb, OTCIO4a U NMPOU3OoLLIO Ha3BaHMe "guHamnyeckas”,
TaK Kak MOCTOSAAHHO NMPOTEKAKT NPOLUECChl, UBMEHSAIOLME COCTOSTHUE NAaMATU, AaXe eCNnn K NaMsaTu
HeT obpaleHnin. TpaH3nCTop MCNOoNb3yeTCa ANs 3apsiga-paspsiaa KoHgeHcaTopa U Kak yeunuTenb
TOKa, YTOObI MOXHO ObIfNIO CTabMNbHO ONpPeaenuTb 3apsXKeH UNK paspsikeH KoHaeHcaTop. MNpumep
cxembl 16 aueek DRAM:
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Ona ogHon svenkn DRAM HyxeH TpaH3UCTOp 1 KoHAeHcaTop. [lepnogmnyeckn Hy>XHO ocBeXxaTb
coaepxnmoe Bcex siveek. [oka cunTbiBaeTCca Unu 3anncbiBaeTcs O4Ha siuenka B Habope aveek (Ha
PUCYHKE MO rOpU3oHTanu Unun no BepTukanu), 4o0CTyna K Apyrum s4emkam HeT, YTO CHUXKaeT
NpOM3BOAMTENBHOCTb PaboThl C Takon NamATbio. Ha 3apagky-paspsiaky KOHAEHCATOPOB TOXE HYXXHO
BpeMms.

[lo noaBNeHMss MUKPOCXEM, Ha KOTOPblE MOXXHO HAHECTU CITIOM KOHOEHCATOPOB U TPAH3NUCTOPOB,
ncnonb3oBanacb NamMaTb Ha PEePPUTOBLIX KOrbLaX:
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CKOpOCTb HamMarHM4MBaHUsi-pasMarHMyYMBaH1s CpaBHMMa C 3apsaoM-paspsaoM KOHOEHCATOPOB.
Hepoctatok cheppUTOBbIX KOSEL, B TOM, YTO pa3mep Kaaoro konbla Obln He MeHbLUEe YeTBEPTU

MUnIiMMeTpa, 4To AOBOJIbHO MHOIO.
Moesa ncnonb3oBaTbe MarHUTHbIN MOMEHT BMECTO ANEKTpHN4eCKnxX 3apAaaoB nojiyydmiia pa3Bnutme B

MarHuTHo-pesucTusHon namsatm MRAM. BeicTpogencTame Takom namatn cpasHumo ¢ SRAM.
lMpenmyLlecTBa MarHUTHOM NaMATK B TOM, YTO pagnauns He BMSET HA MarHUTHoOe none, 4YTo
no3BonsieT ncnonb3oBaTtb U bepputoBble Korbua n MRAM B kocmoce.

PenenHble KOMNbIOTEPbI

B 1937 roay LLeHHOHY BbINo 22 roga, korga oH B Marmctepckon gucceptauumn "CumMBonnyeckun
aHanms penerHbiX 1 KOMMYTaLMOHHbBIX cxeM" onucan cnocob peanuaaunm onepaTopoB 4BONYHON
NOTMKN C MOMOLLIbIO 3MEKTPOHHBIX perie 1 nepekntodartenen. ATUM OH 3aroXusi OCHOBY

NPOEKTUPOBaHUSA LMEPOBLIX CXEM AN OyayLMX KOMMNbLIOTEPOB.
Ecnun nocnegoBaTenbHO coeguMHUTL ABa HOPMarbHO Pa3OMKHYThIX (TO eCTb 6e3 HanpsXKeHus)
pene, nonyuyntca norndeckun anemeHT AND - curHan Ha Bbixoge Oyaet Torga, Korga HanpsbkeHue

OygeT nogaHo Ha oba pene.
U3o0paxeHue “U” Tabn.2
Alg IC
B

0o
O Om
H O 00N

Cxema 3amelleHums “nN”

T A B C 1

Ecnu coeauHntb pene napannensHo, TO NONy4YnTcs norndeckuii anemeHT OR - curHan Ha Bbixoae
6yaeT, ecnv xoTsl Gbl HA OAHO pene NoAaHo HanpsiKeHWe.
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U3o6paxeHue “UNTA” Ta6bn.1

Al e AIBIC
o 0/0(0
= 011
1101
11111

Cxema 3amelleHus “UNnn”
+ -

Monadya HaNpPsXEHUA Ha
KaTywky pene C UMUTHpYeT
nosBneHne “1“ Ha BbIxoge

“Uunn-

[lBa nocnepoBaTeribHO COEQUHEHHbLIX HOPMarbHO 3aMKHYTbIX perie AagyT NOrMyeckum areMeHT
NOR. Ecnu HopmarbHO 3aMKHYTblE pernie cCoeauHUTb napansienbHO NoyYnTCs NOrMYECKUn ANEeMeEHT
NAND.

B 1944 roagy Obin NOCTPOEH KOMMbIOTEP (BbIYUCIINTENBHAA MaLLMHA C BO3MOXHOCTbIO
nporpammunpoBaHus) Mark | Ha ocHoBe anekTpomexaHndecknx pene. OH Becun 35 TOHH, cogepXarn
npumepHo 755 Teicay getanen, 800 knnomeTpoB NpoBoAOB U 3 MUNNMOHa coeamHeHnin. Mark |
cknagbiBan 3a 0.3 cekyHAbl, yMHOXan 3a 3 cekyHAabl, aenvn 3a 15 cekyHn 23-pa3psagHble
AecaTndHble Yucna. TpuroHoMeTpuyeckue pyHKUUN 1 norapngmel BbIYUCIANMCE BOMbLUE MUHYTHI.
Mapk | cunTbiBan 1 BbINOMHAN UHCTPYKLMM C LUMPOKOW NepdopupoBaHHOM ByMaXHOW NEHTbI.
YCnoBHbIX NepexoaoB cpean KoMmaHa He 6bino 1 nporpamma npegcrasnsana cobon AnNUHHbLIN
NEHTOYHbIV PYIIOH.

HepocTaTok pene - Hu3kasi CKopocTb cpabaTbiBaHWs. OTO OrpaHMyYnBano Npou3BoAMTENbHOCTb
penenHbix KoMnbloTepoB. HopbepT BMHep ykasbiBan Ha 3TO B CBOMX NPUHLUMMIAX NOCTPOEHUS
KOMMNbIOTEPOB.

Cnoeo Mark - mpaduyuoHHoe 0603Ha4yeHue nopsidkosou mMooesnu, eepcuu. Mo Ha3gaHue
rnpucymecmesyem u 8 HazgaHuu 6pumaHcko2o komrsomepa "Colossus Mark 2", He umesweeao
omHoweHus K Mark |.

MepuenTpoH

HasaHne "MARK 1" Takke nmeno HebonbLoe yCTpONCcTBO, co3naHHoe Po3eHb6naTtTom B 1958
rogy, KOTopoe Ha3sblBalT "NepBbIM HENPOKOMMLIOTEPOM". YCTPOMUCTBO HE BbISTIO KOMMBIOTEPOM, OHO
peanv3oBbIBano NoHATME "nepuenTtpoHa” n 6110 CNOCOBHO C KAaKON-TO BEPOATHOCTLIO pacrno3HaBaTb
OyKBbl aHrnMnckoro andgasuTta. lNepuenTpoH - MoAeSib BOCNPUATUS MHGOPMaL MM MO3MOM - TO, Kak
npegcraBnanu cebe paboty HeMpoHOB Mo3ra. M3dyyas HeMpOHHbLIE CETU TUNAa NepLENTPOHa,
Po3eHbONaTT Hagesancsa NoHATb (PyHOaMeHTanbHble 3aKOHbl OpraHM3aunn, obuime ans Bcex cuctem
06paboTkn MHopMaLnK, BKNKOYaa MallMHbl U YENTOBEYECKMI pa3yM. OTU NCCNeLOoBaHWs B TO BpeEMS
He NoSy4YMnn passBuTUS No NPUYMHE OTCYTCTBUS NPaKTUYECKUX pe3ynbTaToB. [lepuenTpoH cTan
nepBon MOAENbIO HEMPOCETN.
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Figure | ORGANIZATION OF THE MARK | PERCEPTRON

Mo3sr o6pabaTtbiBaeT AaHHbIE, KOTOPbIE MOMy4YaeT OT OPraHoOB YyBCTB, B OCHOBHOM, OT 3pEHUS U
cnyxa. B npouecce 06paboTku, 4enoBek U3BnekaeT ans cebs YTo-To NonesHoe - MHpopMauuio.
[aHHble - 3TO odepTaHMst BYKB, NO KOTOPbLIM pacno3HarTcs OykBbl. [NepuenTpoH cunTbiBan
oyepTaHusa OyKB M NbiTancsa pacno3HaTtb, kakas OykBa nsobpaxeHa.

Peub, aBnaoLascs CNOXHON cMcTtemon obmMeHa curHanamm, No3Bosiva YernoBeKy pasBuTb
MblLLieHMe, 0bMeHMBaTbLCS MHOPMaLIMEN N COXPaHATb €€ B NaMATU APYruX NIOAEN NN MUCbMEHHO.
Peyb no3sonuna coBepLUMTb NIOAAM Ka4ECTBEHHbIN CKAYOK B pa3BUTUM, MO CPaBHEHUIO C
XMBOTHbIMUW. B npouecce pasBuTusa peyum nosBUINCb A3bIKU U MMCbMEHHOCTb.

BonblKe A3bIKOBLIE MOoAenu

bonbwas asvikoBas mogenbs (LLM, Large Language Model) - a3bikoBas mogernb, cocToswas 13
HEeNPOHHOM CeTu C MuUnNuapgamMmu napameTpoB, camoobyyaBLlascs (To ecTb 6e3 ykasaHuin: 3To
YyTBEPXKOEHNE BEPHOE, a 3TO NOXb U daHTa3nsi) Ha OrPOMHbIX 06 bemax TekCToB. bonblne o6bembl
AaHHbIX M NapaMeTPOoB MO3BOSIUIN COBEPLUNTL KAYECTBEHHbIA CKAYOoK: BbIBOAbI W 3aKMOYEHUS,
KoTopble reHepupytoTca LLM, 6onee-meHee nornyHsbl.

o nosiBneHus LLM ncnonb3oBanucb A3blkoBble MOAENU, B KOTOPbIX 06yyeHne 6bino
"KoHTponmpyembIiM" (supervised, noa pykoBoacTeom). KoHTponnpyemoe o3HavaeT, YTo A3bIKOBOM
MoAenun JaéTcs OTBET: NPaBUSibHO UKW HE NPaBUSbHO OHAa Bbldana 3akrto4eHne, YTo No3BoNseT
S3bIKOBOW MOAENMN NOACTPaMBaTh CBOM BHYTPEHHUE NapaMeTpbl 1 AenaTh BbiBOAblI 60nee TOYHO.
A3bIKoBblE MOAENWN YCNELHO UCMONb3YITCH B Y3KOCNeLManm3npoBaHHbIX LIENSX: MOUCKe aHanormm un
NPOrHo3npoBaHun. Hanpumep, B pacno3HaBaHUn NuL, pacno3HaBaHUM NeceH No pparMeHTy, Kak B
NpUoXeHun ona cMmaptgoHoB Shazam.

LLM npumeHsaoTCca ansa n3sneyeHns ntHopmMmauum M3 TekcTa, Co3gaHnsa anaxecToB (KpaTKnx
onucaHun), OTBETOB Ha BOMPOCHI, NepeBoja Apyrue s3blku.

"eHepaTUBHbIN UCKYCCTBEHHbIA MHTENNEKT ncnonb3yeT LLM ansa reHepaunmn Tekcta, nsobpaxxeHum
B OTBET Ha NOACKa3KM TOro, KTO CTaBUT eMy 3aJauM.

["leHepaTUBHbLIN UCKYCCTBEHHbIWN MHTENNEKT MOXET UCMOSIb30BaTb TEKCT, COCTOSALMIN N3 CNOB;3
NPOrpaMMHbIN KOA; N306paxeHns ansa reHepaumm KapTUHOK U BUAEO; CXeMbl MOMEKYI,
nocrnenoBaTenbHOCTU aMUHOKUCIIOT 4SS reHepaumm MOMEKyn 1 ONMCaHMEM CBOMCTB, KOTOPbIMU OHU
mMoryT obnagatb.

NamnoBble komn bHOTEepbI

BbICTpOD,eVICTBVIe JlaMn ropasao Bbille, 4YeM pere 1 namnbl CTann NCnofib30BaTbCA BMECTO peErie.
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B 1945 roay 6bino 3aBepLueHo co3ganune Electronic Numerical Integrator And Computer (ENIAC) -
KOMMbIOTEPA Ha OCHOBE NlaMmr, KOTOpbI ycnewwHo npopaboTan go 1965 roga. B HEM
ncnonb3oBanuck 17.5 Teicad namn, 7 Tbicay amogos, 1.5 Thicayn pene.

C 1951 no 1958 rog sbinyckanucek namnosble komnbtoTepbl UNIVAC |. OHn cocTtosanu na 5200
namn, Becunu 13 TOHH 1 3aHMManu nnowaab 4*2.5 metpa. B kayecTBe yCTponcTBa BbIBOAA
Mcnonb3oBanachk aNeKkTpuyeckas nevyaTHaa MalivHka. B kayecTBe BHELLIHEro HakonuTens AaHHbIX -
MarHuTHas fnieHTa.

JTamnoBble KOMMNbIOTEPbI CYNTAOTCA NEPBbIM NOKONIEHNEM KOMMNbIOTEPOB.

Mpumep peanusaumm nornkn NOT Ha namnoBom Tpuogae:

+150 v

Symbol for Resistor

Qutput

Input +150 v
- Plate (or Anode) ‘ l
—_—————+50v

Grid

i ‘ i Cathode
=50 v ——]

Ground Symbol {Machine Frame)

Mpun nosiBneHun HanpsikeHus +1v Ha KoHTakTe Input, Tpnoa "oTkpbiBaeTca" - 3NEKTPOHbI
Ha4YMHaOT NepemeLLaTbCsa OT KaToda K aHo4y U HanpskeHne Ha Bbixode nagaeT co 150 sonbT go 50
BOMbT.

HepoctaTtok namn B BbICOKOM HanpsXXeHuu, TemnepaType paboTbl, HEOOX04MMOCTM HACTPOMKM
(Hanagku) 1 YacTbix NoNoMKax. HacTporika 3aknovanacbk B NpoBepke Toro, YTobbl iamnbl
Nnepekniyanmcb B 3agaHHbIX AnanasoHax HanpsbkeHun. Nonomkmn BO3HMKaNn 4acTto 1 gaxe vaile,
4YyeM B penenHbIX MalLnHax.

Mpumep peanuaaumm 3NEMEHTOB Ha BakKyyMHbIX Anogax:

-

Input Input
+150v B
. v _:\1
-———OOulput
————OOutput
$5IK
Input Input
A B —100

cnesa peanusauus nornkn AND, cnpasa peanusauyus normkm OR

B ogHom BakyymHon Konbe ob6beanHeHo ABa aguoda. PasHuua mexay normyeckumMm anemeHTamm B
HOMMHanNax pe3ncTopoB 1 HanpsekeHun. Onsa normkn AND HyxHO, 4TobBbl 06a Anoga Havanm
NponyckaTb TOK TOSbKO NpU nogaye HanpsbkeHna Ha Bxogbl A n B. JllamnoBble anogbl HaYnHaOT
NponyckaTb TOK CKa4Koobpa3Ho, Koraa pasHuua HanpskeHUn NPEBLICUT NOPOT, 3@ KOTOPbLIM
9NEKTPOHbI CMOTYT NepemeLlaTbCs B BaKyyme OT KaToda K aHoAay.

Ons nornkn AND HoOMMHan peauctopa n HanpsikeHme nogobpaHbl Tak, YTo ANs OTKPbITMS Noboro
N3 OUOAOB HY>XHO YTOObI HanpsbkeHne NoaBMNock Ha 0bonx Bxodax, NOSIBIIEHNSA HANPSHXKEeHUS Ha
OHOM M3 BXOA0B HEe JOCTaTO4HO.

[na nornkn OR HOMWHaN CONPOTUBIIEHUS U pa3HULIA HaNPsKEeHU MeHbLue. [1nsa OTKpbITUS
nboro 13 AnoaoB AOCTATOYHO NOL4AYM HAMPSPKEHNA HA OOMH U3 HUX.

XoT4a namnbl MOryT paboTaTb Ha BbICOKMX YacTOTax, OHU TPebyT 60MbLINX TOKOB U HANPS>KEHUN.
Mcnonb3oBaHue namn gnsg KOMMyTaLMn Bbi3biBAaeT CKaYku TOKa B LeNsAX NUTaHus. YBennyeHme
4YacTOTbl NEPEKITIOYEHNI YBENMYMBAET YNCO OWNBOK N OrpaHMyYnBaeT NPon3BOAMTENBHOCTb
NamMnoBbIX KOMMbIOTEPOB.
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TpaH3ucrtop

B 1947 ropgy 6bin co3gaH TpaHauctop (transfer resistor). Jlornka paboTbl TpaH3ncTOpa Noxoxa Ha
namMnoBbIN TPUOA, HO pa3Mepbl, HaNpsHKeHne, TeMmnepaTtypa ropasgo MeHbLle. Takke
NONynNPOBOAHNKOBbLIE 3NIEMEHTbLI HE U3HALLMBAOTCA U HE NOABEPXKEHbI MEXAHUYECKUM
Bo3gencTemsM. Nocne Havyana NPoOMbILLNEHHOrO NPON3BOACTBA TPAH3UCTOPOB, OHX CTanu
MCNONb30BaTbLCA B KOMMbOTEPAX BMECTO Nnamn. Kak pene n namnbl, TpaH3MCTOPbI UCMOSb3YHTCS B
BbIYMCINIUTENBHOM TEXHUKE KaK NepekntovaTenu:

1) TpaH3ucTop "oTKpbIT" ("BKMIOYEH", MPOMYCKaeT TOK) - COOTBETCTBYET eAMHULE;

2) TpaH3ucTop "3akpbIT" (HE NPonycKaeT TOK) - COOTBETCTBYET HYJIHO.

Bonblune TokM B pexnume nepekniodatenen Yyepes TpaH3nCTopbl HE NPOXOASAT, HANPSXKEHNA TOXe
HebonbLne (HECKONbKO BOSLT), B OTAINYME OT flaMmn, Y KOTOPbIX HaNpsXKeHMEe OKOMO COTHMU BOJbT.
YpoBeHb eauHuLbl y TpaH3ucTopoB 3.3-5 BONbT, yposeHb Hynsa 0-1,6 BonbT. HanpshkeHne nutaHus
MUKPOCXEM pasfnnyaeTcd, HO NeXuT B AManasoHe 3-15 BosbT.

TpaH3ncTopbl 6biBalOT ABYX BUAOB: C n U p KaHanamu. OQHO 1 TO e HanpskeHne OTKpbiBaeT
TPaH3UCTOP C n-KaHasroM 1 3aKpbIBaeT TPAH3UCTOP C p-KaHasioM, TO €CTb OHU JONOMHAT APYr Apyra
(koMmnnMmeHTapHbl). Ha cxeme TpaH3uCTopbl C n U p KaHanamm oTnM4yatTCa HanpasneHmeM
CcTpenoyek n/vnu Hanu4inem ManeHbKOro Kpyxodka y 3aTeopa.

BonbLuon kpyr B cxemax obo3HavyaeT Hannume koprnyca y TpaHauctopa. B cxemax npumeHstoTcs
pa3HoobpasHble 0603HaYeHns. Hanpumep, 4ns cxem ¢ NoneBbIMU TPaH3UCTOPaMK HanNpsXXeHne
nuTaHna obosHavarT Vdd (drain, CTOK, KyAa CTeKkalT aNeKTPOHbI, Nrtoc), Vss (source, UCTOK,
NCTOYHWK SNIEKTPOHOB, MUHYC).

CuntaeTcs, 4TO TOK TEYET OT NNKCa K MUHYCY M 3TO 3anyTbiBaeT. ATO NPOU3OLLSIO NOTOMY, YTO
3NEKTPOHbI OTKPbINN NO3XKE ANEKTPUYECTBA, HE 3HANN, YTO OHU ABNAIOTCA HOCUTENAMM 3apsaaa U
NPUHANW HanpaereHne ToKa: OT MNMCca K MUHYCY, Tak Kak Npu ranbBaHM3aumm aToMbl MeTanna
nepeTekatoT C Mtoca N ocaxaarTCa Ha MUHYCe.

Vdd
T. ~f
A v A— ——Q
n Ny
Vss

peann3auuna JIorm4eckoro aremMeHTa NOR Ha NONAPHbIX TPAH3UCTOPAX

KomnbtoTepbl, MCNOMb3YOLWME TPAH3UCTOPbI, OTHOCAT KO BTOPOMY MOKOSNIEHNIO KOMMbIOTEPOB, a
NCNONb3YIOLINE MUKPOCXEMbI - K TPETbEMY MOKOSEHMIO.

Ko BTOopomMy nokoneHuto otHocutcsa komnbtoTep BOCM-6. C 1968 no 1987 roga 66110 BbinyLweHo
355 maLumH.

K TpeTbeMy nokosieHuto otTHocuTca cepus IBM System/360. Cepus Havyana BbinyckaTbes ¢ 1965
roga. Ha cmeny 360 npuwna cepua 370 (aHoHcMpoBaHHas B 1970 rogy), 3atem cepust 390 n System
z. Mpumep nnaTtbl TpaH3NCTOpPHOro komnetoTepa IBM 7090:
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T e : yaiey B

Kpyrnble getanu ato TpaH3ucTopsbl. [onocaTble getanu - pe3aucTopbl (CONPOTUBIEHUS).
LiBeTHbIMM Nonockamun 3aKoAMPOBaHO 3HAYEHME COMPOTUBIIEHNS PE3UCTOPOB.

Komnbtotep IBM 7090 B CTaHadOpACKOM YHUBEPCUTETE:
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Mukpocxembl

Mpu yBENMYEHUUN Yncna TPaH3NCTOPOB, PE3UCTOPOB, KOHAEHCAaTOPOB HAAEXHOCTb KOMMbIOTEPOB
yXyALaeTcs, a Bpems novcka HemcnpaBHocTen yBenmumsaeTtcs. [NpnynHa B TOM, YTO CTaHOBUTCSA
MHOMO KOHTaKTOB, @ OHWU MOTYT OKUCIIUTBLCH U NepectaTb NPOBOAMUTb TOK.

Tak kak paccemBaemasi MOLHOCTb MpPY UCMONb30BaHUN TPAH3MCTOPOB Kak Nepekrityartenen
("BeHTUNEN") ANA peanusaunmn NOrMYECKUX 3rIEMEHTOB HEBENUKA, TO TPAH3UCTOPbLI MOXHO caenaTb
MUHWATIOPHBIMW. TPaH3NCTOPbI MOXXHO 06beAMHUTL B OAMH KOpNycC (MUKpOCXemy). OTa naes
nossunack B 1952 rogy v B 1959 rogy 6bino HanaxeHo cepmnHoe Npon3BoaCTBO MUKPOCXEM.

B undpoBoi TeXHMKE MCMONb3YOTCA MUKPOCXEMbI, BbINOMHEHHbIE N0 TexHonornn KMOT
(koMnnMMeHTapHas CTpyKTypa meTann-okeug-nonynposogHuk; CMOS, complementary metal-oxide-
semiconductor). B KMOIT ncnone3ytoTcs "nonesble TPaH3UCTOPbI C U30NIMPOBaHHLIM 3aTBOPOM".
MprynHa ncnonb3oBaHUsA NONEBbLIX TPAH3UCTOPOB B TOM, YTO Y 3TOMO TUMNa TPaH3MCTOPOB ManeHbKui
TOK NOTPebNeHnsa n aHeprna TpaTUTCs NPenMyLLLEeCTBEHHO B MOMEHTbI NepekntoveHns. Mukpocxemsl
KMOT1 nosisunuce B 1968 roay.

AnbTtepHaTua KMOIT - mukpocxembl TTI1 (TpaH3ucTpoHo-TpaHauctopHas Jlornka) Ha
BMnonaApHbIX TPaH3ncTopax u peancropax. CKopocTb paboTbl U NNOTHOCTb MOHTaa KMOI HamHoro
Bblwe, yem y TTJI.

KpemHueBasa nonuHa

MonynpoBOAHMKaMN SBASKOTCHA XUMUYECKME ANIEMEHTbI U XUMNYECKME COEANHEHUS. DNEMEHTbI:
repmMaHun, KpemHun, yrnepog, 6op, onoeo, Tennyp, ceneH. FepMmaHnin n KPEMHUN UMELOT
KpUCTannmyeckyo peLleTky Tuna anvasa.

MepBble TpaH3MCTOPbI MCMOMBb30BaNN KpUCTansbl repMmaHus, gaxe 6binia n3obpeTeHa MuMkpocxema
(nHTerpanbHasa cxema) Ha OCHOBe repmaHusa B komnaHum Texas Instruments, HO KpeMHWI Okasarnca
Hanbonee yaobHbIM A4NA CO34aHMs MUKPOCXEM, Tak Kak ero guokcug aBnsetcs oTnnYHbIM
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AN3NEKTPUKOM U KPEMHUIN MeXaHUYeCcKn npoyeH B 6onee WMPOKOM AnanasoHe TemnepaTyp, Yem
repMaHum.

[na cosgaHma NonynpoBOAHUKOBLIX 3N1IEMEHTOB TaKKe MOAXOAAT COeQMHEHUSI XUMUYECKNX
3NIEMEHTOB: apceHn rannus, kapbug kpemuus, Hutpug rannus (GaN). Hutpua rannus nonyyun
NonNynApHOCTb OTHOCUTENBbHO HEQABHO, OH Hawen cebs B uensax NUTaHnst ANeKTPOHHOM TEXHUKM.
Cxema 6n0oKOB NUTaHMs ynpocTunach, OHM CTanu MoLLHee nNpu HeBGONbLLOM pa3mMepe.

B 1959 rogy komnaHua Fairchaild Semiconductor cosgana "nnaHapHyt" (NNockyto,
MOBEPXHOCTHYI0) TEXHOSMOMMI0 CO34aHNA MUKPOCXeM. Ha nnockyto nnacTuHy KpeMHUEBOro KpucTanna
HaAHOCAT NpoBoAsLLME N HenpoBoaswue (guanektpudeckue) cnou. lo 1965 roga, komnaHns
ABNAMAacb NMAepoM B MHAYCTPUM NPON3BOACTBA NOMYNPOBOAHMKOB, HO 13-3a HEaO4EeKBaTHOMO
PYKOBOACTBA M3 KOMMNAHMUM CTanm yBONbHATLCA UHXEHepbl. NHxeHepbl co3gany 6onbLlioe Ymcno
TEXHONOrM4yecknx komnaHmm B npuropogax CaxH-®paruucko B wtate KanudopHus. MNpuropoasbl, rae
pacrnonaranucb HOBble KOMMaHWK, ctanun HasbiBaTbca "KpeMHuneBasa gonvHa". [1Ba nHxeHepa -
Po6epT Horic un MNpaoH Myp ysBonunuck ns Fairchaild semiconductor B8 1968 rogy n ocHoBanu
komnaHuto Intel.

FapBapackas apXuTeKkTypa KOMNbLIOTEPOB

ApXUTeKTypa KOMNbloTEpPa - 3TO MOerb KOMMbOTEPA, COCTOSALAA U3 YacTen, onmcaHue
B3aMMOAENCTBUA YacTen Mexay cobon 1 BHELUHUM MUPOM, MPUHLMIMbI NPOEKTUPOBAHUS U Pa3BUTUSA
mMoZenu. B apxuTekTypy KOMMbOTEpPa BXOAUT OnvcaHne opmMaToB, TUMOB KOMaHL, napameTpoB U
YyCOBEpPLUEHCTBOBaHUN. TepMUH "apxutektypa komnbtoTepa" nosasuncsa B 1959 rogy BMecTto TepmuHa
"MalumHHas opraHmsauus”.

Pa3 yx nosBMNnCb MHb-Hb, HOMb N eAnHULA, TPAH3UCTPbI C n U p KaHanamu, TO U B UCTOPUM
KOMMbOTEPOB BbINO CO34aHO ABe apXMTEKTYpbl: rapBapackast U NPUHCTOHCKas.

Komnbtotep Mark | ucnons3oBan "rapsapackyto” apxmtektypy. B MapBapackon apxuTtekType:

1) namaATh, rae XpaHUTCcAa NporpaMMHbIv Ko (nocrnefoBaTenbHOCTU KOMaHA) U NamMsTb, rae
XpaHATCS AaHHble, KoTopble 0bpabaTtbiBalOTCA 3TUM KOAOM, hunandeckn pasgeneHsl. Cerperaums v
ANCKPUMUHAUUSA: OAaHHbIE HE MOTYT CTaTb KOAOM, a KOA4 He MOXeT NopoXaaTbh HOBbIV KOL;

2) WnHa, No KOTOPOW Ko nepedaéTcst Ha BbINOSTHEHME, U LWWNHA JaHHbIX (PU3NYECKN OTAENEHDI
Apyr oT gpyra. Ha kapTuHke BUOHO, YTO KO4 (MHCTPYKUUN) U AaHHbIE NOCTYNaloT B npoleccop (a
WMEHHO, ero 4acTb: ynpasnsitoLiee yCTPONCTBO) MO pa3HbIM LUMHAaM (KaHanam):

Namatb | ~ YcTtpoiicTBO MNamaTb
WHCTPYKLMN  ynpaBneHus AaHHble

Beoa/BbiBog,
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[MpenmyLLecTBO rapBapACKO apXUTEKTYPbl B TOM, YTO UMEETCA ABE LUWHbI: AN OaHHbIX U NS
nporpaMmHoro koga. [laHHble 1 Kog MOryT nepefaBaTbCA B ABa pa3a bbicTpee, 4em npu
MCNOMb30BaHMUM OOHOWN LUMNHBI.

OpHako, pasgeneHue koga n obpabaTbiBaeMbiX MM JAHHbBIX YCNOXHAET HanmcaHve nporpamMm.
Takke nporpamMmma He MOXeT co3faTb NPorpaMMHbINA KO4 U NepefaTtb eMy ynpasneHue. Hanpumep, B
rapBapACKOM apXUTEKType Hemnb3s 3anyCTUTb OnepaLMoHHY0 CUCTEMY, B ONepaunuoHHON cucteme
co3faTb nNporpaMmmy, CKOMMUAMPOBaTb CO34aHHYI0 NPOrpaMmmy 1 BbIMOMHUTD.

B rapBapackon apxutektype pasgeneHne AaHHbIX 1 MporpaMMHOro Kkoga no3sonsdet obutsca
nydwen "6esonacHoCTU" - 4aHHbIE HE MOTYT CTaTb KOAOM, HO MakcMmaribHas "6e3onacHocTb" - 3To
OTCYTCTBME KOMNbIOTEPA: "HET KOMMbLIOTEPA - HET NPobnemsbI".

B komnbtoTepe Mark | gnst MHCTpyKUMin cnonb3oBanacb nepdopupoBaHHas neHTa, a onga paboTsl
C JaHHbIMU - 3aneKTpoMexaHndeckme "perucTpbl”. PerncTp - namMatb Ana XpaHeHus yucna.

ApxuTtektypa ¢poH HenmaHa
B apxutektype ¢oH Herimana ("lMprHCTOHCKas" apxuTtekTypa) nporpaMmbl U AaHHbIE XPaHATCS

COBMECTHO B 06LLel namsATi. To NO3BONSET NPOU3BOANTL HaA KOMaHO4AMM Te e onepauun, 4To u
Hag AaHHbIMKU. Hanpumep, co3aaTtb NporpamMMHbIN KO4 U nepeaatb eMy yrnpasrieHue.

LLeHTpanbHbIA Npoueccop

YcTpoucrteo
ynpasneHus

ApudmMeTHko- .
norunyeckoe YcTpokcTeo

YCTPOWCTBO o Ll

L

bnok namMaTH

YCcTpoOUCTBO
BBOAA

Y3KkuM MeCToM B apxutektype ¢oH HerimaHa siBnsieTcs kaHan (LwmHa) gocTtyna K namatn. ns
YCKOPEHUS NPUXOOUTCA UCMOMb30BaTh KALLUKU, YTO YCITOXHAET co3aHne npoueccopoB. OTOT
HeJoCTaToOK NepeKkpbIBaeTCs NPOCTOTON CO34aHuUs NporpamMMm 1 X PyHKLMOHANbHOCTLIO.
CoBpeMeHHbIe npoLeccopbl UCNOMb3YT apXUTEKTypy ooH HelrimaHa.

["apBappckas apxuTekTypa Hawna cebsa B KOHTpornnepax (npoueccopax, cneumannsnpyoLnxcs
ANs pelleHnsa ogHon 3agaydn), obpabatbiBatoLmx NOTOK 3ByKOBbIX AaHHbIX (Digital Sound Processor,
DSP), B KOTOpbIX Ba)XHO, YTOOLI HE ObINO 3ag4epXKekK, 3BYK He nnasar BO BpEMEHN U He TpeboBanoch
Obl CNOXHbIX PELUEHUI NO CUHXPOHU3ALMM 3BYKOBbIX AAHHbIX C BpEMEHEM. 3BYKOBbIE AaHHbIE NAYT
MOTOKOM C OAMHAKOBOW CKOPOCTLIO MO KaHarny AaHHbIX, @ MOTOK KOMaHA MAET No ApYyroMy KaHany u3
TOM YacTU NamMATU KOHTPONsepa, Kyaa 3arpy>KeH MUKpokoa 06paboTkm 3BYKOBbIX AAHHbIX.

[apBappckas apxuTekTypa Takke ncnonb3yeTcs npu paboTte ¢ KaLW-NaMaTbio NEPBOro YPOBHS B
COBpPEMEHHbIX Mpoueccopax. Y TakMx NpoLeccopoB K3l Ans KoMaHa 1 AN AaHHbIX pasHbli. [Ons
paboThbl C K3LLEM NEPBOro YPOBHS pa3paboTyunk npoueccopa, 0bbl4HO, CO30aET "MmUKpokoa" -
yNpaBnsioLyo nporpaMmmy, KOTOPYH MOXHO Ob1sio 6bl Npy HEOBXOAUMOCTN NOMEHSTD.
HeobxoanmMocTb BO3HUKAET, Koraa obHapy>KMBakoTCA:

1) ownbkm B paboTe MMKpokoaa;
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2) HecTabunbHOCTb paboTbl Npoueccopa Nog Harpy3kown;

3) BbICOKOE TENSIOBLIAENEHNE;

4) YTO MOXHO YNy4LINTb NOrMKy paboTbl MMKpOKoda nnn ob6aBnTb HOBblE KOMaHAbI.

Ecnun npu obHapyxeHnn owmnbkn nporpammy 6bino HENb3s MEHATb, TO MPULLMIOCL Obl MEHATL
GpakoBaHHbIE NPOLLECCOPbl HA HOBbIE.

B 1994 200y e npoueccopax Intel Pentium 6bina obHapyxeHa owubka. lNpu deneHuu 08yx Yucesn
C rnnaesarowieli 3anssmou pesyrnbmam uHo20a bbii1 HerpaausibHbIU. KomaHOa rpoyeccopa
Hasbleanacbk FDIV (float divide), noamomy owubky Ha3eanu " Owubka Pentium FDIV". B cnipagoyHou
mabnuue rpoueccopa, ucrosb3yemou rnpu ornepayuu oesneHusi, bbirio owuboyHoe 3HaYeHue.
Tabnuuyy Henb3s bbIrI0 3aMeHUMb, MakK Kak 8 rpoyeccope He UCrofb308arsics MUKpokoO. Intel
obHapyxuna rpobriemy, koeda rpoueccops! yxxe rnpodasasuchb U yMosdasa o Hel, mak Kak
cyumarna, Ymo npobriema cyu,ecmeeHHa morsibKo O] Hay4YHbIX 8bl4UCIEHUU, a npoapaMmal,
Komopsble ucrosib3yrom obblYHbIe r1051b308amesiu pedko 0erisim yucra ¢ rnnasarouwed 3animod.
lNokynamernu, xenarouwue 3aMmeHUMb rpoueccop, 0o/mKHbI bblriu 06pamumbCsi 8 KOMaHUK U
Odokasamb, Ymo owubka Oris HUX cyujecmeeHHa. XKenaHue cKpbimb rpobremy u HeygaxxeHue r1o
OMHOWEHUIO K MOKyrnameJsisiM 8bi38asiu He0080IbCMEBO U He2amugHO Moesusiiiu Ha perymayuro
Intel. Intel ucnpasunace u 3asieuna, Ymo 6ydem ceob00HO obmeHuU8amsb rpoueccopbl. IHOU [pys,
pyKosooOumersib U 00UH U3 ocHogameredu Intel, nybru4yHO NpuHecC U3BUHEHUS 3a HeOoCMOoUHoe
rnosedeHue. Owubka cmouna Intel 475 munnuoHoe dosinapos, boree rnoo8uHbI NMpubbIIU 8
yemeepmom keapmarsie 1994 2o0a.

B 2022 200y npu npoussodcmee rpoueccopa Raptore Lake bbina ucrnonb3o8aHa 3a2psi3HEHHas
meOob. MedHbie omeepcmusi 8 KOHMAaKMHbIX riowadkax nod KpucmasisioM rpoueccopa OKUCSIUCh,
rpouyeccop HadyuHan cboums U Yepes Kakoe-mo 8pemMsi 8bixo0us1 u3 cmpos. Intel obHapyxuna
npobnemy, Ho coobwuna o Hel obwecmeeHHocmu, Oaxe Koeda ¢ rpobremol cmasio
cmarkueambcs 6cé borbuwie rnosb3osameried rnpoyeccopos. B nepeoHayanbHOU peakyuu Ha
npobnemy, 29 anpens 2024 2oda, Intel suHuna Mukpokod, Kobbi No3eonsaguwull yeenudueams
HanpsixeHue numaHdusi npoyeccopa u rnepeknadbigasnia omeemcmeeHHOCMb Ha rpou3godumernel
MamepuHCKUX rraam, rno3e0sIsi8LWUX yeenuyueams HarnpsXXeHue numaHus rnpoyeccopa. 22 uroris
2024 200a Intel pewurnack npusHams bpak 8 rpouzeodcmee rpoueccopos, Ho 3asierieHuUe ecé
makxe bblr10 sumuegamabiM (8800sWUM 8 3abryxoeHue): "Mbi moxem nodmeepdums, 4mo
rnpoussodcmeeHHas npobriemMa ¢ OKUCIeHUeM 3ampaauearna HeKkomopble paHHue ripoueccopsl Intel
Core 13-20 nokoneHusi 0nsi HacmornbHbix [1K. Tem He meHee, npobriema bbinia ycmpaHeHa U peueHa
C IMOMOWbIo 1PouU3800CMEEHHbIX yryduweHul 8 2023 200y. Takxe Mbl U3y4uriu omy4émasi 0
HecmabunbHOCMU HacmorsibHbIX rpoueccopos Intel Core 13-20 nokosneHus, u 8 pesynbmame
rnpogedeHHO20 aHasnu3a 8bISICHUIOChL, YMO flub He6OIbWOoe KOIU4Yecmeaeo 0m4yemos O
HecmaburnbHocmu Moxem bbimb C853aHO C rpou3zeodcmeeHHoU ripobremod. s npobrnemsi
HecmaburnbHOCMU MbI rIocmasJsisieM ucripassieHue MUKpokoda, Komopoe ycmpaHsiem go3delcmaue
[108bILUEHHO20 HarpsiXXeHUS, A8IISHoWeecs KIT4Ye8bIM 3r1ieMeHmMomM rnpobriems HecmabunibHocmu”,
3a Heckorbko OHel akyuu Intel nomepsinu mpems cmoumMocmu.

Kalww-namsaTb ncnonb3yeTca ans yckopeHusi 06paboTkmn faHHbIX onepaTUBHOW (OCHOBHOW) NaMSTMW.
Eé o6bem HebonbLon, YacToTa ee paboTbl COOTBETCTBYET TAKTOBOW YacToTe npoueccopa. B Heé
aBTOMaTUYECKN KOOOM MUKPONPOrpaMmbl 3arpy>KaroTca AaHHble U3 onepaTtmBHOM namaTn. CKopocTb
paboTbl C onepaTMBHOW NAaMATLIO HA NOPSAKM (B AECATKM UM 40 COTHU pa3) MeasieHHee, YeM C
namaTbio Kawa. [na xpaHeHna 6uta ncnonb3yeTcsa 6 TpPaH3MCTOPOB M3-3a YEro Kaw-namsaTb 6onee
aoporasi U 3aHMMaeT bornblle MecTa, YeM OCHOBHas NamMATb. B OCHOBHOM namaTu Ana XxpaHeHus
O4HOro 6uTta MCNonb3yeTCcsa KOHOEHCATOP N TPaH3UCTOP.

Mukpokog ans DSP u npoueccopos "npowmnsaetca” (flashing, 3arpyxaetcs) Bo pnaw-namatb
(mMamaATb NOCTOSAHHOIO XpaHeHus1), PUNYECKN OTAENEHHYO OT OCHOBHOM NamATn npoueccopa

B 6uonorun HK ncnonbsyetcs 1 ans XxpaHeHna AaHHbIX U Ans kogupoBaHua. MoXHO ckasaTb,
4YTO B KreTKax ucrnonb3yetcs He [[apBapackas, a [NpMHCTOHCKas apxuTekTypa. poH HermaH
pa3paboTan KOHLENUMIo KNeTo4YHOro aBTomaTa - CaMOBOCNPON3BOAALLENCSA MALLVHbI.

MawuHHOe cnoBo
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MalunHHOe cnoBo - oparMeHT AaHHbIX PUKCMPOBAHHOIO pasmepa, obpabaTbiBaeMbi annapaTtHo
Kak eguHoe Lenoe KomaHgamu npoueccopa. Hanpumep: KomaHaa CrnoXeHUs Yncna, HaxoasLerocs
B sl4elke NaMATh a , C YACIIOM U3 S4ENKN b : ADD a, b. BeluncnutenbHas mawwmHa obpabaTbiBaeT
yucna, npu obpaboTke Ncnonb3yeTcs ABOMYHOE NpeacTaBneHne Yncern, NoaToMy andaeuT y
KOMMbIOTEPOB HECITOXHbIN: "MalnHHbIX 6ykB" Bcero ase: 0 n 1.

Mo aHanormm ¢ 4YenoBe4YeckUM sA3bIkoM ByKBa - TO, YTO YESIOBEK BOCNPUHUMAET Kak HeAenmMmoe
(aTomapHoe, auckpeTtHoe). Hanpumep, 6yksa "A" Ha YyacTn He genntcs. B yenoBeyecknx A3blkax
AITMHA CroB MMEET NPOU3BOSIbHLIN pasmep.

B 1948 200y LlleHHOH 8riepeable ucrorb308ari cr1o80 bit (binary digit) 0nsi o6o3HavyeHus
HaumeHbwel eOuHUUbI Koriudecmea uUHghopmauuu 8 ceoeli cmamee "Mamemamu4yeckass meopusi
cessu”.

OO0uH 6um - cumeos, KomophkIl MOXem fMPUHUMams 00HO U3 08yx 3HavyeHuU: da unu Hem,
UCMUHHO UJTU JTIOXKHO, 8KITIOHYEHO UriU 8bIKIoYeHo. B dgouyHou cucmeme cyucrneHust bum amo 1
(eduHuuya) unu 0 (Hosb).

Cnoeom "uHepopmayus” LLleHHOH o6o3Ha4aem OaHHble. B Yeroeeyeckol pe4vu uHpopmayus,
UHGOPMUPO8aHHOCMb 3MO 4YMO-mo uMeruiee cMbicr. Hanpumep, 0aHHbIMU 51871551€MCS YUCIIO:
299792458. Camo no cebe 4yucrio He umeem cMmbicria, npocmo Habop yugp. MHgopmayus - amo
mo, 4ymo yucro 299792458 sensgemcsi ckopocmbio ceema 8 8aKkyyme, USMepeHHOU 8 Mempax 8
ceKkyHOy. MIHgbopmayusi - 3mo mo, 4mo 4Yesio8eK u3eriekaem u3 OaHHbIX.

CHa4vana KoMnblTepbl MCNOSb30BaNM TONbKO ANns 06paboTKM LenbiX 1 BELLECTBEHHbIX (C
nnaBatoLen 3anaTon) YnNcen n HasbiBanu UX BbIYUCIIMTENbHBIMU MalnMHaMK. BellecTBeHHbIe Yncna
MCNoNb30BannCb Ans1 HayYHbIX PacYeTOB: fIorapudMoB, pacdeTa TpaekTopum CHapsao0B.,
BblYNCIIEHUI 0EPHON PU3NKK. [1o3Ke KOMNbIOTEPAM HaLLM NPUMEHEHNE B 9KOHOMUKE U CTanu
MCNoNb30BaTbCA ANA XpaHeHNa n 06paboTkM HE TONbKO Yncen, HO 1 byks. B aHrnuninckom andasute
26 6ykB. B nucbmeHHON peyun, kpome BYKB, MCNOSb3YIOTCH AECATUYHbIE LNpPbl (MX 4EeCATb LWTYK
0123456789) 1 3HaKM NpennHaHna (NyHKTyauuu), Hanpumep: "!' 2, . ()"

lMocunTtaem, CKonbKO 3HaAKOB nonyyuntcsa: 26 6yks nntoc 10 umndp nntoc wrtyk 10-20 3HakoB
npenuHaHus. B cymme nonyyaetcs 46-56 3HakoB. [1ns xpaHeHusa 56 3HakoB JOCTATOYHO 6 6uT.
[MoaTomy Ha 3ape komnbloTepHon apbl (B 1950-1960-x rogax) anvHa "mMawmnHHoro cnosa" 6oina
paBHa 6 6MT. 6-6UTHas KOOMPOBKa MCNOMb30Banacb NOTOMY, YTO AN NpeacTaBNeHnsa Bcex Lmdp v
OyKB aHIMUNCKOro andgasunta, 4OCTAaTOYHO 66110 6 6UT: KOMOMHaLMK BUTOB NO3BONANN
3akogupoBaTtb 32 cumBona B ogHoM peructpe, 10 undp v 3Haku npenuHaHus.

Mpumep: oBymMs GUTaMm MOXHO 3aKOAMpPOBaTb YeTbipe cumBona: 00, 01, 10, 11. Tpems
outamn Bocemb cumBosnos: 000, 001, 010, 011, 100, 101, 110, 111.Ecnunpooormkntb,
TO MOXHO OBHapPY>XUTb, YTO KONMMYECTBO CMMBOJSIOB, KOTOPbIE MOXHO 3aKOAMPOBATb YMCNOM GanT,
paBHO ABOWKEe BO3BEAEHHOM B CTEMEHb 3TOro Ynucna. B npuBegeHHOM npumMepe: ABa B CTENEHU ABa
paBHO YeTbipe, ABa B CTENEHU Tpu (2*2*2) paBHO BOCEMb.

B mukponpoueccope Intel 4004, Bbiweawem B 1971 rogy, MmalumHHoe crnoBo 6biio 4 6uta, HO 3TOT
MUKponpoueccop Obin npegHasHavyeH Ans KanbKynaTopoB 1 06paboTku yncen.

MosgHee, ansa AnuHbl "MaLMHHOIO crioBa” cTanu UCnonb30BaTh TOSMbKO CTENEHN BOCbMEPKU: 8,
16, 32, 64 6uta. NpuunHa B TOM, 4YTO AN4 Ynna Ha Kpuctanne 6e3 pasHuubl UMeTb 6 NNMHUK nnu 8
NMHUI NPOBOAHMKA, 3TO NULLb HEMHOIO YBENWYMT NoLwaab 1 TENNOBbIAENEHNE KpucTanna
MuKponpoueccopa. PasHuua xxe B ymcne 6ut B MalLMHHOM CIOBE CYLLECTBEHHO BNUAET Ha
HanncaHme nporpamMm. C NosiBfeHNEM MUKPONPOLECCOPOB TPYAOEMKOCTb HaNMcaHmsi NporpamMmm
cTana urpatb 60nbLUY0 ponb, YeM nogelleBeBLUee Xeneso. B uenax ynpoweHus Takke
yHUdULMpoBanun n agpecaumo namaTtu, oHa ctana 8, 16, 32, 64-6utHon. NepeHoc nporpaMmm Ha
HOBblE BEPCUW MPOLIECCOPOB NPOCTa, ECNM ANNHA MaLUMHHOIO cnoBa yasanBaeTcs. [1pn nosiBneHmm
16, 32-OMTHbIX NPOLLECCOPOB apxXnTeKTypbl X86 gaxe He TpeboBanocb NEPEKOMNUINPOBATL
nporpamMmsbl, HanMcaHHble Ans 8-6UTHBIX NPOLLECCOPOB.

8 6uT Ha3eanu cnosom 6ant (byte). CteneHn BocbmEpku: 8, 16, 32, 64 GuTa HawWnNM oTpakeHne B
A3blKax NporpaMmupoBaHmsi. Bo MHOrMx a3bikax NporpaMmMmMpOBaHNSA €CTb TUMbl AHHbIX ANs LenbiX
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yucen: byte pasamepom 8 6uT, short pasamepom 16 6uT, integer pasmepom 32 6uT, long
pa3mepom 64 buta.

Cnoeo "6aum" bbino ernepebie Ucronb308aHo 8 utoHe 1956 2oda npu npoekmuposaHuu
mpaH3ucmopHoz20 komrbtomepa IBM 7030 0nss o6o3HaqyeHusi nopyuu 00HO8PEMEHHO
rnepedasaemMbix 6umos o rnposodHuUKam. Hucrno nposodHUKO8 8apbuposasniock om 1 0o 6. [No3xe 8
mom e rnpoekme baum 6b1n pacwupeH 0o socbmu 6umos. Criogo "6aum” (byte) 6b1r10 8bibpaHo Kak
uckaxxéHHoe cri080 bite (nepesodumcs Kak nopyus), MPOU3HOCAWeecs mak xe. 3ameHa 6ykebl "i" Ha
"yv" noHadoburnack, Ymobb! He rymams HO80€ C/1080 CO C/1080M bit.

lMobatimosyto adpecayuro namssmu erepeabie Ucrosib308arsnu 8 fuHelke koMmrnsomepos IBM
System/360. B 6ornee paHHuUx KoMribromepax adpecogamb MOXHO bb1/10 MOJIbKO UesluUKOM
MawuHHoe crnoso, cocmosiswee u3 36 (IBM 701), 18 (PDP-1), 48 (CDC 1604) 6um, ymo

3ampyOHsirio 06pabomky meKkcmoabix 0aHHbIX.

Mpumep paboTbl KOMNbLIOTEPA apXUTEKTYpPbl (poH HenmaHa

B 1953 roay 6bin co3gaH oguH 13 nepBbix kKoMmnbloTepos "Ctpena”. B HEM ucnonb3oBanach
npocTas u NoOHATHas "TpéxagpecHasa cuctema kKomaHa" ¢ PukcMpoBaHHOM OIMHOW MaLLUMHHOIO
cnosa. OTO NO3BOSNASIO OTHOCUTENBHO fErko NMcaTb MaLUMHHbLINA KOA4 1 0B6y4aTbCs €ro HanMcaHuio.

MamaTtb y Ctpenbl coctosna ud 2048 sueek, kaxxgas U3 KOTopbix XpaHuna 43 bura.

Kaxgasa avenka namsaTn, B COOTBETCTBUN C apxuTekTypon poH HenmaHa, xpaHuna nnubo 43-
OuTHOE uncrno, Nnbo KomaHay AnmMHou Toxe 43 buta. To ecTb, MallMHHOE CNOBO UMENo pa3mep 43
oura.

KomaHaa coctodana ns natn yacten. [Npumep Komangbl, 3annMcaHHOW B AeCATUYHON dopMe:

2045 2046 2047 0 01

OTa KoMaH4a 03HayaeT: YMCIOo U3 AYENKN C NOPAAKOBLIM HOMEPOM 2045 CRNOXUTb (KOg KOMaHAbI
01) c yncnom un3 ayenkn Ne2046 u pesynbtaTt NOMeCTUTb B s4enky Ne2 04 7. Kaxaas komaHaa B
3TOW MalUMHe UMEET Tpy onepaHaa.

[ns xpaHeHUs agpecoB A4eek NnamaTn ucnonb3oBanncb 12 dut: yncno syeek 2028 paBHO ABoKike
B CTeNeHn OAvMHHaAuaTh, ewé oauH 6uT ncnonb3oBancs Npo 3anac, YTobbl NnamaTe Morna 6biThb
paclumpeHa o 4096 siyeex.

Tpu agpeca sueek, KOTopble UCNOMb30BaNMCh B KaXaon komaHae, 3aHnmanu 12*3=36 out. Eweé
ocTaétcs 6 6uT Ha KoMaHAbl U "KOHTPOIbHbIN 3HaK". "KOHTPONbHLIN 3HAK" 3aHMMan oauH 6ut n
npuHmMman 3HadeHne 0 unm 1. "KoHTpOonbHbIN 3HAK" ncnonb3oBancs Ans oTnaaku nporpamm. Ans
OTnagku Ha naHenun komnbtoTepa "Ctpena" onepaTop Bknoyan Tymbnep (nepekntoyaTens) 1
BbINOSIHEHNE NPOrpaMmbl NMPUOCTAHABAMBANOCh NOCHE BbINOMIHEHNA KOMaHA NporpaMmsl, y KOTOPbIX
"KOHTPOMbHbIV 3HaK" 6biN paBeH eanHuue. OnepaTop okuabiBan B3opoM naHens "Ctpensl”,
COCTOSILLYIO N3 NamMnoYeKk U MOr NOCMOTPETL C NOMOLLbIO JTAMMOYEK COAEPXKUMOE SYEEK NaMAaTH.
OnepaTtop Mor NPOAOIMKUTE BbINOMTHEHME MPOrpamMMbl 40 crefyoLwen 0CTaHOBKMU.

Mon Homep komaHabl 13 43 6utoB oTBOAUNOCL 6 6UT. B cTpene ncnonb3oBanock 44 komaHabl. 6
OUT NO3BONSAOT UCNONBb30BaTb A0 64 KOMaHA (ABOWKa B LLECTON CTEMEHN).

B Ctpene 6bina komaHga Ne20 ycnosHoro nepexoga (aHanor onepatopa GOTO unu jump).
Mprmep:

0031 0032 0000 0O 20

B apudpmeTndeckom yctponctae CTpernbl BolpabaTtbiBanca curHan (M3 asyx coctodHun 0 unu 1).
OTOT curHan npuHuman 3HadeHue 1, ecnu pesynbTaT apudmeTndeckon onepaumm 6oin
oTpuuaTenbHbiM yucnom. Komanga Ne20 npoBepsina 3TOT CUrHas, oCTaBLUMIACA OT npeablayLuen
KOMaHAbl, eCriv OH ObIN HYNEBbLIM, TO NepeaaBana ynpasneHne Ha NepBbiv agpec KoMaHgb! (B
npumepe Ne0031), ecnu eanHNYKON, TO Ha BTopon (Ne0 032), TpeTui agpec B komange Ne20 He
MCNoNb30Barics.

[Mporpamma, cocTosAILLNX N3 NPOHYMEPOBaHHbIX CTPOK MO NATb Y1cen Buaa:

1) 2045 2046 2047 0 01

2) 0031 0032 0000 0 20

3TO NpMMep nporpamMmMbl B MaLLUHHbBIX KOAax.
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Mpumep nynbTa kKomnbioTepa CTpena:

[aHHble n nporpammbl BBogMnuck B "Ctpeny” ¢ nepgokapT, BbIBOAUNIUCE Ha nepdokapTbl Unm
nevaranucb Ha 6ymaxxHomn neHte. Ha ogHon nepcokapTe nomewanocb ABeHaauaTb 43-OUTHbIX
yncen. Ha ogHon nepdokapTe nomewtanocb 12 mawmnHHbIX croB. CkopocTb paboTsbl "CTtpenb!” -
2000 komaHp B cekyHay.

B komnbloTepax, rae ucnosb3yeTca pasfeneHne Ha perucTpbl 1 onepaTUBHYO NaMATb, KOMaHAbI
NpUHMMalOT OOUH-ABa onepanaa, a He Tpwu, kak B Ctpene. [pn MeHbLlieM yncne onepaHaoB
nporpamMmmmpoBaTth B MaLUMHHbBIX KOAax cnoxHee. Heyno6CcTBO NnporpaMmMnpoBaHnst B MaLUMHHBIX
Kodax B TOM, YTO €CNN HYXXHO BCTaBUTb KOMaHAyY B CepeanHy nporpamMmmbl, TO agpeca Bcex KOMaHz
HWXe BCTaBNeHHOW NoMeHaATcsa (cmecTaTcsd). [puaérca nepenpoBepsaTb BCe KOMaHbl nepexoaa,
KOTOpble yKasblBanu Ha cTapble agpeca 1 MeHATb agpeca Ha HoBble. [1pu ucnonb3oBaHum
accembnepoB aToM Npobnembl HET: B NpoOLECCe TPaHCAALMN B MaLLMHHbBIA KOA 13 acceMbnepHoro,
agpeca naMsaTu U perucTpbl Ha3HaA4YalTCH aBTOMaTUYECKN.

Accembnep

Accembnep - aTo TpaHcnaTop (npeobpasoBaTtens) NporpaMMbl U3 TEKCTA Ha A3blke accembrnepa B
MaLUMHHbIE KOoAbl. BMECTO MalLMHHbIX KOOOB B accembriepax UCnosib3yrT NOHATHbIE YEroBEKY
0603Ha4eHns KomaHg (Hanpumep, add BMecTo 01, jump BMECTO 20) 1 onepauum, KOTopble HYXXHO
BbINONHNTL. B accembnepax MOXHO MCNOMb30BaTh HAa3BaHMA NEPEMEHHbIX U MOMeYaTb CTPOKM KOAa,
Accembnepbl NO3BOMAIOT HE yKa3biBaTb aApec A4erkn NnaMmaTh, a UCNOSb30BaTb Ha3BaHWe
nepemMeHHOW 1 He yKasblBaTb SYENKY NaMATU C KOMaHLOW, a Ucnonb3oBaTb MeTKW. [pu TpaHcnaumm
METKM 3aMEHSAIOTCA Ha agpeca ss4eek NaMsaTh, KOTOpble aBTOMaTUYECKM Ha3Ha4yarTCH, ucxoas 13
ymcna cBoDOAHbIX AYEEK.

Accembnepbl ynpoCTUM HanNnncaHne NPorpamMmm Nno CPaBHEHUIO C HaNMCcCaHWeM NporpamMm B
MaLUWHHBbIX Kogax.

AMynATOpbI PeTPO-KOMMNbLIOTEPOB
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Ha Beb-cTpaHuue http://tpmail.ru/dstef/m20/index_ru.html ectb amynatop (nporpamma,
nmuTmpytowas padoty) komnoetotepa M-20 1959 roga ¢ TpéxagpeCcHoOm CUCTEMON KOMaHA, Kak 1 B
Ctpene. Y M-20 mawmnHHoe cnoBo AnvHon 39 6uT, U3 HUX Kog onepaunn 6 Ut 1 Tpu ykasaTtens Ha
a4Yenkn namat no 11 6uT Kaxabln, YTO No3BonseT agpecoBaTtb 2048 sueek namsaTn. ITOT AIMYNATOP
MoxeT paboTtaTtb B Windows.

Ha Be6-cante http://www.besm6.0org ecTb JOKYMEHTaAUMA N 3AMyNATOpP (NporpaMmma, MMUTUpYyoLLas
paboty) komnbioTepa BOCM-6 (komnbloTep Gbin cosdaH B 1967 roay):

Terminal - mc [student@course]:~/simh/BESM6 - + X
File Edit View Terminal Tabs Help
bP3 [4 :
BP3 [3
BP3 [2
BP3 [1
BEP3 [0

1
1
]
1
1

Octanos, "CuAC": 00004 (-> 3m, 3n)
##
### Done; data cache registers are displayed above. An error message
### would be usually displayed there after a STOP instruction.
### Naturally, at the moment they all contain zeros. Booting the 0S now...
#HH
Resetting all devices... This may not have been your intention.
The GO and CONTINUE commands do not reset devices.

2048 - 00

13.10.99 09.49.13

1HMB-01234567 2HMB- 34567

PEC: 1710

ECTb

[ATA:29.07.95 BPEMA:09.31.00

CM1N:00.00.3BM-3 [ATA:29.07.95 BPEMA:09.31.60 000.00 ‘

BOCM-6 ncnonb3oBana ogHoagpecHbIe KOMaHAbl C PEMMCTPOM U HanncaHne KogoB bonee
cnoxHoe. TpéxagpecHble komaHabl 6onee NpocTbl U Ny4lle NoAXoAAT Ans 0byyeHus.
MpenmyliecTa amynaTopa: ectb NpMbopHasa naHesb, Ha KOTOPOKW NMOKa3blBalOTCS 3HAYEHUS B
BydepHbix Pernctpax 3anuncu (BP3), onepaumoHHas cuctema OUCIAK ¢ Habopamu nporpamm,
acceMbrnepbl (B 4OKYMEHTaL MM K COBETCKUM KOMMNblOTEPaAM accembriep Ha3biBaloT ClIOBOM
"aBTokoa").

TpéxagpecHble KOMaHObl MCNONb3YHTCA B BUpTYyarnbHoN "YuyebHon TpéxagpecHon mawumHe YM-3"
A58 U3y4eHnsa NporpaMMmnpoBaHns Ha NnepBoM Kypce dpakynbteta BeiuncnntensHon Matematunkm mn
KnbepHetnkn MI'Y: http://cmcmsu.info/1course/um3.command.set.htm

Ha cTpaHnuax amynsTopoB eCTb MHCTPYKLMN KaK cCkadaTb, CKOMMUAMPOBaTb, 3anyCTUTb
AMYIIATOP, HO HET MHCTPYKUMK, YTO AenaTtb ganblue. Hanpumep, HET MHCTPYKUMK, Kak 3anyCTUTb
NPOCTYIO UTPY, Kak NOCcne urpbl HaNUcaTb 1 3anyCTUTb NPOCTY0 NporpaMmmy. Takke ecTb
TexHu4eckue Hegoaenku. Hanpumep, B amynatope bOCM-6 ncnonb3yeTcs packnagka knasmaTtypbl,
OTNIMYaloLLasaACa OT packnagkM COBPEMEHHbIX KnaBmaTyp U HabmpaTb KOMaHAbl 3aTpyAHUTENBHO. B
YM-3 MHeMOHMYeckme (CoKpalLéHHble) Ha3BaHusa komang CJ1L, BUL, YUY TpygHbl onga socnpuaTtus.
Bonee NOHATHLIMM 1 NOXOXMMW Ha Ha3BaHUSA KOMaHA 1 (PYHKLNA COBPEMEHHbIX A3bIKOB
nporpammMmmnpoBaHns obinn obl cokpawenns SUM, SUB, MUL.

Ha Be6-cante http://simh.trailing-edge.com/ npoekta Computer Simulation and History moxHo
HaNTU AMYNATOPbLI APYrMX KoMNbloTepoB, B ToM yncrie DEC PDP n VAX. HegocTtaTok B TOM, 4TO NO
cobpaHHbIM Ha canTe KOMMbTEPaM Mano AOKYMEHTaLUN U OHA Ha aHrMMACKOM A3blke, YTO AenaeT
NCMNONb30BaHME AMYIIATOPOB AN 3TUX KOMMbITEPOB HEYAOOHBIMU 4NA YYEDDI.

AproHomuka

B 1940 roay, Ha BbicTaBke B Hblo-/lopke, AeMOHCTpUpOBanach MrpoBast BLIMUCIIMTENbHANA
MalUMHa Ha aNeKTpoHHbIX pene "Nimatron". 3To He 6bIn KomnbloTep 06wero HasHavyeHus, Nimatron
MOr BbINOJSTHATb OOHY NporpamMmy - urpy B "HuUm".

XoTs 370 6bin NEPBbLIA B UICTOPUM UIPOBOWN KOMMBIOTEP, HU UrPa, HX OH HE OKa3anu BNUAHWE Ha
pas3BUTNE ANEKTPOHHBIX UIP U KOMMbIOTEPOB. NMprMeyaTenbHbIM BbINo TO, YTO BAEPBbLIE B UICTOPUN
HamepeHHO 3amennunu paboTty komnbloTepa. KoMmnbioTep paccunTbiBan CBOM X0 3a 4ON0 CEKYHAbI,
4YTO 0BEeCKypaxmBano UrpokoB, KOTopble 064yMbIBanNu Kaxabi cBon xo4. YTobbl Urpokn He
4yyBCTBOBanu ywepbHocTn, 6bino gobaBneHo 3amenneHne npu Bblaayve pesynbTaTa Xo4aa, KOTopbIv
aenan KomnbtoTep.

OpaoHOMUKa u3ydyaem, Kak npucrnocobume O0/MKHOCMHbIE 0b6s3aHHOCMU, paboyue mecma,
rnpedmemsi u 06beKmbl mpyoa, KOMIMbIOMepPHbIe rnpopamMmbl 0risi 6e30rnacHo20 U aghgheKkmueHO20
UCrosib308aHusl, UCX005 U3 (hu3U4YECKUX U Ncuxu4eckux ocobeHHocmel Yyenoseka. [ns amoao
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uccrnedyromcs Oelicmeusi Yesiogeka 8 ripoyecce pabomebi, CKOPOCMb 0C80EHUS HOBOU MEXHUKU,
3ampambl yMCMeEEeHHOU, rcuxosio2udeckou, chusudeckol 3Hepauu Yyerioeeka, rpou3eooumeribHoCmb
U UHMeHcusHocmb pabomeil.

Ecnun y4yebHbIn Kypc, N0 KOTOPOMY Bbl M3yvaeTe NpegMeT, He NOHATEH, BO3MOXHO, Y4eOHbIN Kypc
HE3ProHOMUWYEH, TO €CTb He ya0o06eH Anst BOCNPUATUSA.

Nimatron paspabotan 9aBapa KoHgowm, ctaBwui B 1945 rogy anpektopom HaumoHanbHOro
NHCTUTYyTa ctaHaapToB u TexHonorun (NIST),a B 1946 rogy npe3angeHToM AMEPUKAHCKOro
dom3nyeckoro obuiecTsa.

BTopbiM nrpoBbiM KomMnbioTEPOM B nctopmmn 6bin Nimrod, co3gaHHbii B 1951 rogy Ha ocHoBe
knoHa komnbtoTepa Mark |. KomnbtoTep ncnonb3oBanu Ha NPOMbILLIIEHHbIX BbICTaBKax ans
nonynspusauum KOMnbTepoB. B komnbioTepe ncnonb3oBanock 350 namn gnga pacyetos, 130
3anacHbix namn, 120 pene 1 HECKONbKO repMmaHneBbIX anoaoB. KomnbtoTep notpebnan 6 kunosaTT
3HEeprum.

Nimrod - ums uapsi 8 OpesHem BasurioHe, Komopbil xomersl cxxedb Agpaama, HO AgpaaMm He
ceopern, Yyem paccmpousi Humpoda.

Mukponpoueccopbl

15 HOos16pa 1971 nosiBunca mukponpoueccop Intel 4004.

Mukponpouyeccop - amo Mukpocxema Ha Kpucmarine KpeMHUs, 8 Komopou rnomeuw,aemcs 8cé,
4Ymo OMHOCUMCS K Jio2UKe npoueccopa. 8bI4UCUMESIbHOE U JI02U4YEeCKOe yecmpolicmeo,
yrnpasessruwee ycmpoucmeo, peaucmpsbl, maumep, ycmpoucmaea yrpasieHusi naMsimaio, a makxe
€CMb 803MOXXHOCMb 8bINOIHEHUSI Ha HEM POU380/IbHbIX MPO2PaMM.

B mukponpoueccope Intel 4004 ncnonb3oBanack ["apBapackas apxuTekTypa, TO eCTb pa3fenbHoe
XpaHeHne NporpaMmm 1 gaHHbIX, U3-3a Yero npoueccop 6bin He yaobeH ans co3gaHus NporpaMmm.
PaspsagHOCTb pernctpoB MMKponpoLeccopa U BHYTPEHHSS LWWIMHA nepedadn gaHHbIX 6binuv 4 6uTa.
Mukponpoueccop 6bin pa3paboTtaH no 3akasy anoHckon komnaHmm Nippon Calculating Machine gns
nx kanekynaropa u coctossn u3 2300 TpaH3NCTOpPOB.

1 anpensa 1972 roga nosisuncs npoueccop Intel 8008 Ha apxuTekType hoH HenmaHa (c obuien
namMaTbo 4N Koda U gaHHbIX) Ha 3098 TpaHaucTopax, ¢ 8-6utHon WwunHown, 14-6UTHOM agpecauunen
namaTu, 6narogapsi koTopon mor pabortatb ¢ 16 kunobantamm namatu. MNpoueccop 8008 He
aBnseTca passutnem npoueccopa 4004, y HUX pasHasa apxuTekTypa n Habop KoMaHz,.

B urone 1974 2o0a, 8 xypHane Radio-Electronics, 6bina onybrnukogaHa cmamesi ¢ pekramou
Komribtomepa Ha npouyeccope Intel 8008, komophkil Ha3easnu "nepcoHarsribHbll MUHUKOMIbIOMep
Mark-8". Paspabomuyuk MuHUKomrstomepa obpauw,asncs 8 XypHan Popular Electronic, Ho amom
XXypHasn He cmarn nybnukoeame cmambto. B cmamee npednazsanock Kynume 3a 5§ cxemy cbopku
Komrbromepa, 3a 508 MoHmaxxHble nnamsel. JJemarnu 0511 KoMrbomepa rnpeodnazanoch
pasbicKkugamae U roKyrnams camocmosimersibHo. [lepcoHarnbHbIU MUHUKOMIIbIOMeEP ycriexa He UMerl.
Mo mpaduyuu, nepgoomkpbisamernu He rony4arom rpubbiiu, HO CKopee 8Cce20 OCHO8Has rNnpu4uHa
6bina 8 mom, ymo paduonobumerniu He xomesiu mpamumbe 8peMs Ha rnouck paduodemarneu 0ns
cbopku. Jlrodu nobsm dopabambigamb U co30asampe 4YMoO-mo CaMoCmMosIMesibHO, HO MOJIbKO, eCliu
3MO He C/TUWKOM CITOXHO.
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B 1974 roay nosiBuncsa mukponpoueccop Intel 8080A. B mukponpoueccope 6bino 4758
TpaH3UCTOpOB, 16 kKOMaHA nepegayn AaHHbiX, 31 komaHga 06paboTkn AaHHbIX, 28 KoMaHg Ans
nepexona Ha Apyryto Komanay, 5 komaHg ynpasneHusa npoueccopom. [1ns paboTbl ¢ namMaTbio B
npoueccope ucnonb3oBanacb 16-6utHas WnHa, N03ToMy npoueccop Mor paboTtaTb ¢ 64K6 namaTu.
Mcnonb3oBanack apxuTtektypa poH HelimaHa, To eCcTb namMaTb He pa3gensnachb Ha naMsTb s
nporpamMm 1 gaHHbiX. B po3Huuy npoueccop ctoun 360 gonnapos. MNpoueccop Intel 8080A 6bin
3HaunTenbHO yny4dweHHon sepcuen Intel 8008. B Intel 8080A 6bin cyLlecTBEHHO paclumMpeH Habop
KOMaHA.

Mpoueccop Intel 8080A ncnonb3osancs B MmukpokomnbtoTepe Altair 8800, koTopbIn NosiBUNICS B
1975 roay. KypHan Popular Electronics onybnukoan ctatbto 06 Altair 8800. Komnbtotep
npoaasarcs B obopMe KOHCTpyKTOpa 3a 439 gonnapa unm B cobpaHHoM Buae 3a 621 gonnap.
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Cnpoc Ha Altair 8800 npeBbicun nporHo3bl. 3a Nnepsbln MecsL, ¢ Havana npogax 6b110 NnpogaHo
HECKOSNbKO ThICAY HabopoB KOHCTpYKTOpa. lNprMevaTenbHO TO, YTO NOANUCHUKN XypHana -
paguontobutenu, npegnodntann npnobpetatb UMEHHO KOHCTPYKTOP, TO €CTb O4HOM M3 Lenen Obino
cobpaTtb KOMMNbIOTEP CBOMMU pyKamu. Y KOMMblOTepa He BbINo HWU KnaBmaTypbl, HU guchnes,
noatomy, ncnonb3osaTb Altair 8800 ons pelleHns npakTM4eckmMx 3agay oo 3aTpyAHUTENBHO.

Monynapusaums koMnbloTepa Yepes XXypHan ansa pagunonioduTtenen, BoirogHas LieHa rno
CpaBHEHMIO C PO3HUYHOM LiIeHOW Ha npoLleccop, yaadyHas cuctemHas wuHa S-100, oTKpbITOCTb
apxXuTEKTYpbl, caenana KoMnbloTep nonynsapHeiM. Pagmnontobutenamm 6einn cosgaHbl nnatol
pacLMpeHns, npespaTMBLLNE ero B NOSTHOLEHHbIN KOMMbIOTEP € nepudepuen. Pagnontobutenn
3aHUManucb NbUMbIM AenoMm - KOHCTpynpoBaHneM u gopaboTtkon. Ho camoe rmaesHoe, Ansi 3TOro
KOMMbloTEpa cTanu nucatbest nporpammel. [Non AnneH n bunn Nentc Hanncanu nHTepnpeTatop
a3blka BASIC anga Altair 8800.

B CCCP sbinyckaricsi kiioH ripoueccopa Intel 8080A nod HaszeaHuem KP580BMBSO0A.

B xypHane "Paduo” e 1986 200y nybnukosasnuck cxembl 0519 caMocmosmeribHol cbopKu
Mukpokomrbromepa "Paduo 86PK". Yepes kakoe-mo epemsi cmariu 8bifyckamb Habopbi! 051 cOOpKuU
Kkomrbromepa Paduo-86PK. Habopbi Hasbiganuck OnekmpoHuka KP-01... KP-04 u npodasanucek 3a
395 pybriel. B 1987 cman ebinyckambscs kiioH "Paduo-86PK", Hasbigaswutics "Mukpowa", oH
npodasarics 3a 500 pybnedu:

e u.‘-- ! FrmsERv NNy

H““ A S : !

q quvnnﬁ”
qupﬂaﬂn

G WEP 184124
BES 283 257

PaHee 8 xypHane "Paduo” (Ha npomsixxeHuu 1982-1983 2o008) nybrukosanucb cxembl
komnbtomepa "Mukpo-80", Ho 8 HEM 6bino npumepHo 200 demaned. Kak u ¢ komnstomepom Mark-8,
demarnu ripednazasnock npuobpemame camocmosmesibHo, noamomy "Mukpo-80" He nonyyun
pacrpocmpaHeHus.

IBM PC

8 nioHa 1978 roga nosisuncsa mukponpoueccop Intel 8086, nepBbii 16-OUTHBIN MUKPONPOLIECCOP
komnaHuu Intel. Ero Habop komaHa cTan oCHOBOW Anst apxUTekTypbl X86. Habop komaHg, Obin
HecoBMeCTMM ¢ Habopom komaHg Intel 8080 1 nporpammbl Ha accembnepe HyXXHO 6bIno
nepenucbiBaTb, YTOObLI OHM cMOrnm paboTaTb Ha HOBOM MpoLeccope.
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B npoueccope 6bino 98 komaHa: 19 komaHg nepegaymn AaHHbix, 38 komaHg ux obpaboTku, 24
KOMaHAbl nepexoa Ha apyryto komaHay, 17 komang ynpasneHusa npoueccopoM. CoBpeMeEHHbIe
NpoLEeCcCopbl COXPaHSAKT BO3MOXHOCTb BbINOSTHATL BCE 3TU KOMaHAabl. [poueccop Mor agpecoBaTtb
1M6 onepaTuBHON NamsiTM ¢ NnoMoLLbto 20-6uTHOM agpecHon WuHbl. LnHa gaHHbIX 6bina 16-6uTHON.
HayanbHas ctoumocTb npoueccopa 6bina 360 gonnapos. bbein BeinyLweH aHanor, npoueccop Intel
8088, koTopbI cToun ropasgo gewesne - 125 gonnapos.

IBM pewuna ncnonb3oBaTb npoueccop 8088 B HoBou nuHenke komnbtoTepos IBM PC (Personal
Computer, NepcoHanbHbIi KomnbioTep), BbinyweHHoW B aBrycte 1981 roaa.

IBM PC npusenu k ycnexy:

1) MOAYNBHOCTb - KOMMbBIOTEP COCTOAN U3 NIETKO 3aMeEHSIEMbIX MOLYNEN;

2) OTKpbITad apxmMTeEKTypa - CXeMbl KOMMbIOTEPA HE AepKanochb B cekpeTe 1 npogasanuck 3a 49
ponnapos, 6narogaps 4emy CTOPOHHUE KOMMAaHUN MO NPOU3BOANTL NEpUdEPUIO N KINOHbI

3) Hanuyune BIOS - nporpammebl, fatoLlen cTaHAapTHBI NPOrpaMMHbIA UHTepdenc Ans Aoctyna K
yCTPOWCTBaM, pacrnonoXeHHbIM Ha MaTEPUHCKOM nnare, Y4To ynpoCcTUIo pa3paboTKy Nporpamm.
Haunnas ¢ 1984 roga ctanu nossnatbes BIOS cTtopoHHMX npon3soamnTenen: komnaHmm Phoenix,
American Megatrends, Award Software.

OTkpbITOCTb apxuTekTypbl caenana IBM PC ctaHgapToM nepcoHarnbHbIX KOMMbOTEPOB, BbITECHUB
KOHKypeHTOoB. B 1987 rogy IBM nonbiTanack BbITECHUTb CTOPOHHUX MPON3BOAUTENEN, BbIMYCTUB
ceputo NepcoHanbHbIX KOMMbIOTEPOB Nof HasBaHneM "PS/2" ¢ 3akpbITON apXUTEKTYPOKN U LUMHOMN
MCA, HO He cmorna KOHKypupoBaTb W, B KOHEYHOM UTOre, nepecrasna caMmoCTOATENbHO
NpPon3BOAMTL NepcoHarnbHble KomnbloTepbl. 3 apxutekTypbl PS/2 B apxutektypy IBM PC nepewen
pasbeM (annapaTHbIn "NopT") KNaBmaTypbl U MbILX, KOTOPbLIA CTanu HasbiBaTb PS/2-nopT, a Takke
ANCKETbl YMEHbLUEHHOro pa3mepa 3 fionima, BMECTO 5 AOMMOB.

1 peBpansa 1982 roga 6bin BbinyLeH npoueccop 80286, KOTOpbIM BblfT NOTHOCTLIO COBMECTUM NO
KomaHgam ¢ npoueccopom 8086. LLinHa agpecaunn namsaty 6bina ysenudeHa oo 24 6ut, noaTomy
npoueccop mor pabotate ¢ 16M6 onepatMBHOM NamaTn.

B 1985 roay 6bin BeinyLweH npoueccop 80386, nepBbit 32-OUTHBIM NpoLEecCcop cemMencTea
npoueccopoB x86. Permnctpbl npoueccopa Obinn pacumpeHsl 4o 32 61T (pasmep MaLlMHHOIO CrnoBa
ctan 32 6uta) n ynpoctunacbh agpecauums namatu. lNpoueccop mor agpecosaTb 416 onepaTuBHON
namsaTu.
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B 1989 roay 6bin BeinyLeH npoueccop 80486, B 1993 rogy npoueccop, KOTOPbIN NOSy4Ymn
camocTtosiTenbHoe nmsa: Pentium.

Little Endian un Big Endian

[aHHble namepsaTcs n xpaHaTes B 6antax. OguH 6anT coctont na 8 BUT 1 MOXET 3aKOANPOBaTb
256 (OoBovika B CTeneHn BOCEMb) OTNNYAOLWMXCA APYr OT Apyra 3Ha4YeHUn, YTo HeMHoro. B pearnbHom
MUpe UCnornb3yrTcs Yncna 6onblien pasmepHocTu. [ns yncen, He BNUCbIBAKOLWMXCA B ANanNa3oH oT
0 #o 255, HY)KHO UCMNoNb30BaTb HECKONBLKO 6anT.

Uucna coxpaHalTca B NaMAT KOMMbIOTEPOB. [1aMaTb MOXHO npeactaButb cebe kak
ynopsgoyeHHbIn Habop 6anT: ¢ nepsoro 4o nocnegHero. Hanpumep, 4ecAaTUYHOE YnCro 255 MOXHO
3anucaTtb B ABOMYHOM hopme kak 11111111. [decatnyHoe Hncno 256 TpebyeTt anst XxpaHeHus aBa
GanTa 1 ero MOXHO 3anucaTb B ABOMYHOM Buae AByMsi cnocobamu:

00000001 00000000 - oT ctapwero 6anta k mnagwemy (big-endian, BE), ctapwwin 6ant nveet
MeHbLUMN agpec.

00000000 00000001 - oT mnaawwero 6anta Kk ctapwwemy (litle-endian, LE)

BuTbl TpagMLUMOHHO 3anNnCbIBAKOTCA OT CTapLuero paspsga k mnagwemy. C sannceio 6UToB HET
HEeOAHO3HAYHOCTK, @ BOT C NOPSAKOM 3anucu n nepegaym 6anToB NCTOPUYECKN BO3HUKNA
HEeOAHO3HAYHOCTb.

TepmuHnbl big-endian u little-endian e3smbi u3s pomaHa [JxoHamaHa Ceugpma “lNymewecmeusi
l'ynnueepa”. B pomaHe nununymsel pa3desniunuck Ha dea fiazepsi - CMmOpPOHHUKO8 pa3busams AUUO C
ocmpozao KoHuya (little-end) unu ¢ mynoeao (big-end).

Co3dameriu mepMUHO8 NMoOHUMasIu KOMUYHOCMb Ccyu,ecmeogaHusi 08yx eapuaHmos, HO
anbmepHamuebl MOCMOSIHHO 10581151oMcs - eceada Haldémcs Kmo-mo € allbmepHamueHbIM
832/1100M Ha ripedmem, 0a)ke ecriu MOHSMHO, Ymo afnlbmepHamuea beccMbicrieHHa. [Joka3zamb
beccMbiCrieHHOCMb MOXHO, y6edumb Hernb35, mak kak 0oKka3aHHass 6eCcCMbICIIEHHOCMb
cmaHo8uUMCcs MPUHYUNOM.

ArnbmepHamugHasi mo4ka 3peHusi Cocmoum 8 moM, Ymo asflbmepHamuehbl rof1e3HbI MeM, 4mo
denarom XU3Hb HECKYYHOU - Yesrlogek Moxem eblbupame.

XoTtsa 3anuck big-endian kaxxeTca 6onee ecteCTBEHHOM 1 NOHATHOW, little-endian umeet
npenmyLLecTBo npu obpaboTke AaHHbIX: Y little-endian agpec Yncna (ykasatens Ha nepsbln 6anT
4yucna) He 3aBMCUT OT ANWHbLI JaHHbIX. Hanpumep, ynucno 127 xpaHutcs B 16-pa3psagHoM Buae v
3aHMMaeT aBa banTa:

00000000 01111111 - ot ctapwero 6anta k mnagwewmy (big-endian, BE), ctapwwin 6ant nveet
MEHbLUMI afpec.

01111111 00000000 - oT mnagwero 6anta k ctapwwemy (litle-endian, LE).

Ecnu yncno xpaHutca B big-endian bopmaTte, TO Npy CHUTBIBAHUN Yncria B OAHOBaNTHLIN perncTp
npugeTca NnponycTuTb nepebin 6anTt. Ecnn yncno xpanutca B little-endian doopmate, agpec atoro
yncra He MEHSIETCS - CYUTbIBAHWE HAYMHAETCsa ¢ nepBoro 6anta B perncTtp ntobor pasMepHOCTU.

Big-endian ncnonb3oBancsa npoueccopamu IBM/360, Motorola 68000, Sun SPARC.

Little-endian ncnonbayetca B npoueccopax Intel x86. MNMpoueccopsl ARM ncnonbaytoT little-endian.
ApxuTtektypa npoueccopoB RISC-V, nosiBusliasacsa nodxe apxutektypbl ARM, ncnonb3yeTt TonbKO
litte-endian. little-endian ncnonb3yOT NOYTU BCe COBpEMEHHbIE NMpoLeccopsl, a big-endian
npoLeccopbl CTanu UCTOPUEN.

3anuce big-endian yaobHee onga YteHus niogbMu 1 Takon Nopagok 3anucn 6anT ncnonb3yeTcs no
YMOSYaHM0 B TEXHNYECKON nuTepaType.

[ns TekctoBbIX hannos B kogmposke UTF-16, B KOTOpoOW CMMBOSbI XpaHATCS B ABYX banTax,
nepsble ABa 6anTa B Havane danna (BOM, Byte Order Mask) onpegenstor little-endian nnu big-
endian dpopmat. Ecnun 6anTbl OTCYTCTBYIOT, TO CTaHOAPT PEKOMEHAYET cunTaTb NopsaaokK Kak big-
endian.

Cuctembl komaHg CISC mn RISC
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B 1970x rogax npu noucke BO3MOXXHOCTEN YCKOPUTb paboTy KOMMbIOTEPOB, BbISICHUNOCH, YTO 13
BCEro pasHoobpasunsa KomaHg, KOTopble MO BbINOSHATb NPOLLECCOp, Yalle BCEro BbINOMHANOCH
HECKONbKO NPOCTbIX KOMaHA: 3arpy3ka AaHHbIX U3 NaMATU B permcTpbl Npoueccopa, komaHga
nepexoaa, HeCIOXHble BUTOBbIE OnNepauun U BO3BpaT 3HAYEHUI B NaMATb.

Mosasunack naes, kotopyto Haseanm RISC (Reduced Instruction Set Computing, yMeHbLUEHHbIN
Habop KkoMaHzg) - ybpaTb 4OMro BbIMOMHAOLWNECS KOMaHAbl U OCTaBUTb Hanbonee npocTole,
GONbLIMHCTBO KOTOPbIX BbIMOMHAMNOCH Obl 3@ O4MH TaKT NpoLueccopa. YMeHbLUEeHNE Yncna KoOMaHz,
ObIno uenbio, a No6o4HbIM 3 HEKTOM. YMEHbLLUEHNE BPEMEHM OOCTUIANOCh YHUUKaAUNEN OANUHbI
KOMaH BMecTe C onepaHgamu (napameTpamMm KOMaHa), YTO MNO3BOSIANIO YMEHbLUNTL YNCHO
TPaH3UCTOPOB 4118 peanu3aumm KOMaHA.

lMapamempbi KoMaHd ripoyeccopa (UHCMpyKUyul) Hasblearom orepaHdamu rnomomy, 4mo
KoMaHObI 8bIMOSIHSOM ornepayuu (eblqucrieHusi) ¢ daHHbimu. lNpumep: 1 + 2 pagHsemcs 3. "+" - amo
onepayus. Yucna 1 u 2 amo onepaHdkl. Y onepayuu "+" dea onepaHda, nosmomy orepamop
Hasbleaemcsi 6uHapHbIM (bi - o3Hayaem 0ea). Ecmb yHapHbIe oriepayuu, y Komopbix 0OUH ornepaHo.
lMpumep: NOT (ompuuyaHue): NOT true pasHsiemcsi false. NOT false pasHsemcs true.

ApXUTEKTYpPY KOMaHZ, KoTopas ucnonb3oBanack o nosisneHnsa RISC, Hassanu CISC (Complex
Instruction Set Computing, cnoxHbin Habop komaHa). B CISC - nobasnanu crnoxHble KomaHAabl,
KOTOpble MOryT BbITb peann3oBaHbl TOrMYECKUMU dNieMEHTaMM B Xernese, YTOObl YMEeHbLUUTb YMCHO
6onee NpocTbiX KOMaHA, KOTOpbIMK Morna 6bl ObITb peanna3oBaHa CrioXkHas kKoMaHaa.

MpumMep CrnoXxHon KoMaHAbl: CpaBHUTL CTPOKKU. [TpuMep NPOCTON KOMaHAbI: BblHECTb OOHO
MaLUMHHOE CcnoBo n3 apyroro. CrnoxHble koMaHabl MOryT 6bITb 3aMeHeHbl HabopPOM NPOCTbIX KOMaHA,
Peanusauusa crnoxHblx KOMaH4 Ha YpOBHE Xernesa No3Bosnsna SKOHOMUTb ONepaTUBHYIO NaMSATb,
KoTopasi B TO BpeMs Obina goporon. [Ana peanusauum NnporpaMmMHON 3agadm MeHbLIee YMCo
CNOXHbIX KOMaHA TpeboBanun MeHbLLero obMeHa ¢ NamATblo. Hanpumep, ecnv onepauus Hag
CTPOKOW CMMBOJIOB BbIMOMHAETCS OAHOM KOMaHAOW, TO BO BPEMSA €€ BbINOSNHEHUS, HE HYXXHO
NoArpy>xaTb U3 onepaTUBHOW NaMsTK Ko, ¢ ApyrMMu KomaHgamu. [NMamsaTtb nocTeneHHo aellesena,
Heo6Xxo4MMOCTb B 9KOHOMMUM MOCTENEHHO YMeHbLUanach. [lonroe Bpems yckopeHne paboTbl
npoueccopos wro no nytu CISC - annapaTHOW peanu3aunen HOBbIX KOMaHA 1 yBENUYEHUS UX
KonumyecTtBa 1 3To ObINo onTumaneHo. [Ana npoueccopos x86 Intel ncnonesosana apxutektypy CISC
n 310 6bINO ONPaBAaHHO.

C ygoeweBneHnem namaTn y3KMmM MECTOM CTaHOBUITUCH BbIYUCIUTENbHbIE MOLLHOCTU NpoLeccopa.
YCKOPATb BbIYMCNEHNA MOXHO ObINO pacnapannenMBaHMeM BbINOMHEHNS KOMaHA npoleccopa. [ns
pacnapannenMBaHusa UCNOoMb3yHT CreayrLmne TEXHUKN.

1) KoHBeriep (pipeline). CnoxHble KoMaHabl COCTOAT M3 NOCneaoBaTeNIbHOCTU NPOCTLIX KOMaHL,.
BmecTo nocnegoBaTenbHOro BbIMOMHEHUS (OXXKMOAHUA 3aBEpPLUEHNS] KOHLA O4HON KOMaHAb! U
nepexoa K BbINOSIHEHWUIO CreayoLen KoMaHabl), KOMaHAbl HAYMHAKOT BbINOMHATLCA NapansienbHO
MU CO CABUIOM B OAVH UM HECKOSbKO TAKTOB NpoLeccopa, €CNn OHW He MeLLatoT Apyr apyry
(ncnonb3ytoT pasHble YacTu npoleccopa).

2) CynepckansapHoe BbINONHEHMEe KoMaH. B npoueccope genatoT He OAWH, a HECKOMbKO
PYHKUNOHAsbHbIX Y3510B OQHOMO BUAa: apuMeTnyeckme yCTpomCcTBa, YMHOXUTESN.

3) CnekynaTuBHOeE BbINONHEHWE. Hanpumep, HYXXHO NpoBepUTL ycnosue a>0 1, eCnn OHO BEPHO,
BbINOSIHUTb KOMaHAY b=b+2, a ecnv He BEPHO BbINOSIHUTb KOMaHAy b=b-2. OTO yCcrnoBmMe MOXHO
3anucaTb Tak:

if (a>0) then b=b+2 else b=b-2;

[Mpy CNEKYNATUBHOM BbINOSIHEHUN CIIOXEHUE b+2, BblYMTAHNE b-2 U BblMUCIEHME YCNOBUSA a>0
HaYMHaKT BbINOMTHATLCA OAHOBPEMEHHO. Kak TONbKO BblpaxkeHne ByaeT BbluncreHo, 6epéTtca oguH
N3 OBYX YK€ BbIYUCIIEHHbIX Pe3ynbTaToB M NpMUCBaMBaeTCs NepemMeHHon b. Ecnn ymcno komang,
KOTOpble MOTyT BbINOMHATLCA NapannensHo HeborbLloe, TO UCMNOonb3yeTcs "npeackasaHne
nepexonoB", TO eCTb BbINOMHAETCA Ta KOMaH4a, KoTopasi BeposTHee Bcero 6yaeT BbiNOSIHEHA.
Hanpumep, B 60nbLWMHCTBE CnyYaeB yCcrnoBue a>0 UCTUHHO, Tak Kak B MPOTMBHOM crly4ae
nporpaMmucT bl Hanncan a<=0.
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4) BHeo4yepeaHoe BbINONHEHWe koMaHg. Ecnv 3HayeHns onepaHaoB 451 BbINOMTHEHNSA O4YepeaHON
KOMaHAbl HEOOCTYMHbI, MOXET BbINOMHATLCA CneayLas KoMaHaa, rotoBas K BbiNONIHEHWO. Yem
AJNIMHHEe KoHBenep, TeMm achdeKkTnBHEE BHEOHEPEAHOE BbINOSIHEHNE KOMaHA.

5) MNepenmeHoBaHMe perncTpoB. Ecnu npyn BHEOYEPEAHOM BbINOSTHEHUN ABE KOMaHAb!
MCNONb3YIOT OOHU U TE Xe PErNCTPbI, TO 3aMeHa PErMCTPOB NPU KOMAUNALUN NO3BOSNUT BbINOMHUTL
BTOPYIO KOMaHAy O4HOBPEMEHHO C NEPBOW, TaK Kak OHM ByayT MCNOMNb30BaTh pa3Hble perncTpbl. Hem
Gonblle perncTpoB obLero HasHa4yeHus!, Tem 6onbLue BEPOATHOCTb, YTO KOMNUNATOP HAKOET
cBOOOAHbIE PEMMCTPbI U CKOMNUIIMPYET KO, Tak, YTO YAACTCS BbIMNOMHUTL BTOPYIO KOMaHAy.

OTN TEXHUKN YCKOPEHUSA MOTYT COBMECTHO UCMONb30BaTbCA.

Mpobnema CISC B TOM, 4TO KOMaHAbl TPEOYIOT pas3Hoe BPEMS (YMCNO TAaKTOB) HA CBOE
BbINOSIHEHNE N Y KOMaHA MOXeT ObITb pasHast AnunHa. 13-3a aToro pacnapannenuTtb BbiNOSIHEHNE
Komang npobrnematnyHo. KomaHabl O4MHaKOBOW ANMMHBI MOXHO 3arpy>kaTb MOTOKOM M3 MeANEeHHOM
namaTu.

Y npoueccopa Intel 286 (CISC) 6bino 357 komaHa n ux sapmauun, y ARMv1 (RISC) HamHoro
MeHbLe - 45 komaHAa 1 nx Bapuaunin. MeHsLee ymcno komaHg y RISC ato cneactesue. Otnuunga
RISC ot CISC:

1) y CISC yvacTtb KomaHpg TpebyeT 6onbLioe Ymcno TaktoB Ans BbinonHeHus. B RISC takve
KOMaHAbl nocTapanucb yopaTb;

2) komaHabl CISC moryT 3arpyxaTtb AaHHble U3 NaMsTK 1 BO3BpaLlaTb UX B NamsaTb, a B RISC
KomMaHabl paboTatoT TONbKO C "pernctpammn” n ecTb KOMaHAbl: "3arpy3nTb AaHHbIE B PETUCTP U3
namaTn" u "BepHyTb AaHHbIe N3 pernctpa B namatb". Pernctpbl - 3T0 HE6OMNbLIOW y4acTOK NaMATn
ANs XpaHeHus Yncna pukcupoBaHHOW ANUHbI (Hanpumep, 32 6uTta) B caMoOM npoLeccope, 4OCTyn K
perncTpam BbINOMHAETCS 3a 04MH TakT. KomaHabl 3 onepaTtMBHON NamaTi NonagaroT B perncrp,
nocne 4yero Mmukponpoueccop obpabaTbiBaeT ux;

3) B RISC ybpanu ctekn n oCcTaBunm TONbKO PErNCTPbI, YNCHO KOTOPbIX yBeNn4unu. Y
KOMMNUNATOPOB NOSBMACh BO3MOXHOCTb AN ONTUMU3aUMK: B KaKne PerncTpbl HYXKHO MONMOXUTb
AaHHbIEe ANSA BbIYUCNEHUN, YTOObI MMHUMN3NPOBATbL OOMEH AAaHHBIMU C NAMSTHIO.

Cmek (stack, cmorika) - criucok, opaaHu308aHHbIU ro npuHyuny LIFO (Last In - First Out,
rnocredHUM rnpuwén - nepebiM ebiwert). Cmek cpagHusarom co cmorikou bymaa: Ymobb! 835imb
8mopyto bymazy ceepxy, Hy>XHO CHadasia 835imb riepayto ceepxy. B npoyeccopax cmeku
ucriosnb3yromcsi 05l XpaHeHUs1 OaHHbIX.

HepocTtaTtok RISC B TOM, YTO YMCNO KOMaHA B NporpammMax yBenu4MBaeTCsi B HECKOSbKO pas3 no
cpaBHeHuto ¢ CISC, a npenmyLLecTBO - AEKOMNUASALNS KOL4a M NOUCK YSA3BUMOCTEN B UCNOSTHAEMbIX
nporpaMmmax CroXHbl AN 3N0yMbILLNIEHHUKOB, Tak Kak Npu aHanuae koga npuxoantcsa obpaluartb
BHMMaHME Ha TO, YTO HAaXoauoch B O6LLMX pernctpax 4o nepegayn ynpasneHnsa n3 apyrown
dyHKunK. OgHaKo 3TO ABNSAETCA U HeQOCTATKOM: NS peanv3aumm MHOro3agaqyHocTy onepaunoHHOM
cucTemMe NpUXoLMTCs NPOrpaMMHO COXPaHATb COCTOSAAHME perncTpoB. CoXpaHATb COCTOAHME AO0SMKHA
BbI3blBaoLLas PyHKUUA, MOCKOSbKY TOMbKO e N3BECTHO, Kakne perucTpbl oHa ByaeT ncnonb3oBaTb.
Ecnn koMnmunsaTop He CMOXeT NpeackasaTth, Kakme permctpbl 6yayT ncnonb3oBaTtbes, TO
COXPaHSOTCA BCE PerucTpbl, a 310 AOMro.

Mcnonb3oBaHue accembnepa ans HanucaHus nporpamm ans npoueccopo CISC 661510 BO3MOXHO
n umeno cmblicn. Micnonb3oBaHune accembnepa ana Hanucanua koga ansa RISC Bo3amMoXxHO, HO
TPYAOEMKO, TaK Kak n3-3a 60MbLIOro Yncna KoMmaHg, KOTOPbIMU NPUXOOUTCS peann3oBbiBaTb TO, YTO
y CISC penaet ogHa komaHAa, CroXHO NpocneauTb JIOrMKy nporpamMmmbl. YacT4HO 3To
crnaxueaeTcsa Makpocamu accembnepa.

XKenes3o pa3snBanock Mo Nyt yMeHbLUEHUS pa3mepa 3f1eMEHTOB Ha Ynnax U TOKONPOBOOSALLNX
COeANHEHWIA, YTO NO3BOMANO YBENNYMBATL YacTOTy paboTbl NMPOLLECCOPOB. YBENNYEHNE HYacToThbl
paboTbl NpoLeccopa NO3BOMAET BbIMOMHATL 60nbLUe KOMaHA 3a TO e BpeMsi. CKOPOCTb TOKa He
GeckoHeYHa, ANIMHHbIE COEQUHEHNSA OrpaHMYMBAlOT YacToTy npoueccopa. Ecnm gaHHble nepegatoTcs
MO OAHOBPEMEHHO HECKOSbKNUM COeAMHEHMAM, TO No Bonee ANNMHHOMY COeaAnHEHUIO curHan byaet
NOTUN C 3a0EPXKKOMN.
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Yem GonbLue Yucno TpaH3nCTopoB Ha eavHuLy obbema Kpuctanna vvmna u Yem MeHblUe ceveHne
COeANHEHUI Mexay HUMK, TeM BornbLue TennoBblAeNeHne, a CKOPOCTb OTBeAEeHUA Tenna
orpaHu4eHa.

Tak kak y RISC-npoueccopoB MmeHbLle TpaH3ncTopos, To RISC nmetot npenmyiectso. Intel 386
ObIn nocrnegHnM MukponpoLeccopoMm ¢ knaccmndeckom CISC-apxutekTtypon. Npoueccopsl
apxXuTekTypbl X86 cTanu BHyTPEeHHE ncnonb3oBaTtb apxutekTypy RISC, HO ana coBMectMmocTu ¢
Habopom komaHa CISC ycnoxHuncs annapaTtHbli Aekogep, KoTopbin Npeobpa3oBbiBan KOMaHAbI
CISC B Habop 6onee npocTbix KOMaHA (Mukpokon). [lekoaep coaepXUT MHOrO TPaH3UCTOPOB,
3aHMMaeT GonbLUyo NNoLwaab Ha Kpuctanse KpeMHust U paboTaeT NOCTOAHHO, YTO NPUBOANT K
B6onbLomy aHepronoTpebneHnto npoueccopa aaxe, Koraa oH npoctaveaeT. B npoueccope,
MCNONb3YIOLEM MUKPOKOZ, CIOXHbIE AN BbINOSIHEHMS] KOMaHAbl peanuayoTca B Buae Habopa
NPOCTbIX KOMaHA. B ganbHenwem, Ana ynpasneHnsa 4eKkoaepom cTanuy Ucnonb3oBaTb 0OHOBNSEMbIN
MUWKPOKOA, YTOObl MMETb BO3MOXXHOCTb MCMNPaBMATb OLWMOKN NPOEKTMPOBAHNA annapaTHOWN
apxXuTEKTypbl Npoleccopa n gaxe Aob6aBnNaATb HOBblE KOMaHAbI.

4 Y N\
MpuknagHble NporpaMMel
N v
' 4 A
JononHntensHoe cucteMHoe 0
L MporpaMmMmHoe
CrcTEMHOE Monb3oBaTeNbCKOE OKPYXeHune oBecneyeHme
-
nporpaMMHoe OnepaunoHHasd
cucTeMa - -
obecneyeHne Aopo onepauoHHOW CUCTEMBI
A (cynepsu3aop)
é BcTpoeHHoe nporpammHoe obecrnevyeHune
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\. Y,
AnnapaTHas
f
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r “
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\_ . J
( )
LinchpoBOi NOrMYECKNA YPOBEHL
J
-
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B HacTosiLLee BpeMsi, cuctema KomaHg x86-64 ncnonb3yeTcs NpenMyLLECTBEHHO B KOMMNbIOTEpaX,
a RISC ncnonbayeTtca B cneumann3npoBaHHoOW (BCTpaMBaeMon) TEXHUKE, rAe BaXXHO HebonbLloe
9HepronoTpedneHune.

Npoes RISC 6bina peanusoBaHa B npoueccopax RISC-I, MIPS, SPARC, PowerPC, DEC Alpha.
OpHako, 9TM Npoueccopbl HE UMENN NPENMYLLECTB (MO NPON3BOANTENBHOCTU, 3HEPronoTpebneHuto,
CTOMMOCTW) MO CPABHEHUIO C NPOLECCOPaMmn apXUTEKTYPbI X86 1 ocTanncb B NPOLLSIOM. TOMbKO
npoueccopbl MIPS npogomkatoT MCnonb30BaTbCA B MUKPOKOHTPOSNepax, rae KoHkypupytoT ¢ ARM.

MepBbIM Npoueccopom, ucnonbayrowmm naeto RISC, 6bin npoueccop RISC-I, co3gaHHbIn B 1982
rogy. B Hem 6bino 44420 tpaHauctopos 1 32 nHetpykuun. RISC-II, BeinyweHHbin B 1983 rogy nmen
40760 TpaH3aucTopos, 39 NHCTPYKUnn n pabotan B Tpu pasa beictpee RISC-I.

48



IEEE ycmaHosuna memopuarsibHyto 0ocKy 8 KanughopHulickom yHugepcumeme 8 bepkru:

CmyOdeHmbI yHUBepcumema 8 bepknu cripoekmuposariu u nocmpousiu rnepebit KOMbomep ¢
CokpaweHHbIM Habopom komaHO (VLSI) 8 1981 20dy. YnpoweHHble komaHObl RISC-I ymeHbwunu
obbem xerne3a, Heob6xo0umozo 05151 0eKoOUPOBaHUS U 8bINOSTHEHUS KOMaHO, 4mo no38071Us10
ucrionb3o8ampe 32-6umHoe adpecHoe npocmpaHcmeo, bornbwol Habop peaucmpos U KoHeelepHoe
8bInosIHeHUe KomaHd. Xopowo coyemasch ¢ ripoepammamu Ha si3bike C u onepayuoHHoU cucmemou
Unix, RISC-I noenusin Ha Habopbkl KoMaHO rnpoyeccopos, WUPOKO UCIOIb3YeMbIX 8 Hacmosiuee
8peMsi, 8KIItoYasi rpoueccops! 0151 U2p08biX KOHCcOos1el, cmMapmagbOHO8 U rniiaHWemoas.

-

LJCAL ENGINEERING
'UTING

Computing) Microprocessor
UC Berkeley stude and built the first VLSI reduced

instruction-set co ' 81. The simplified instructions of
RISC-I reduced jardwar istruction decode and control,

which enabled a fla 5 space, a large set of registets,
and pipelined exe ' od match to C programs and the Unix
operating systen, ericed instruction sets widely used

1

today, incl s, smartphones and tablets,

ARM

B Benukobputanum BBC (British Broadcasting Corporation, BputaHckas BelwartenbHas
Kopnopauus) 3akasana pa3spaboTKky KoMnbloTepa KomnaHmm Acorn (NepeBoaNTCS Kak XEnyab) Ans
HaLMOHaNbHOro TENEBU3NOHHOIO LIOY, NOCBALLEHHOIO KOMMNbIOTEPHOM rPAaMOTHOCTMW.

M3-3a BbICOKMX TeXHMYEeCcKknx TpedoBaHnm BBC He otgana 3aka3 komnaHum Sinclair, yen
KomnbtoTep ZX Spectrum gommHuposan B BenukobputaHmm cpean goOMallHUX KOMMboTeEPOB. B
TpeboBaHNA BblnNn BKITHOYEHBI BO3MOXHOCTb CO34aHus nporpamMm, rpaduka nis NpoeKkTMpoBaHNs
(CAD - Compuer-Aided Design), nogaepxka 3Byka, paboTa ¢ nepudepuinHeiMmn yCTpOMCTBaMu
(NnpuHTepbl). lomMallHMe KoMnbloTepbl, TakMe Kak ZX Spectrum, opueHTMpoBanncb, B OCHOBHOM, Ha
Urpbl U UMENU NPON3BOANTENBHOCTbL JOCTATOYHYIO AN Urp, HO He ansa TpebosaHu BBC. B 10
BPEMS Urpbl BbINN NPOCTLIMU, KOMMNBIOTEPHYIO rpadouKy MCMNOMNb30Banu NporpaMmmbl As
NpoekTupoBaHusi, 06paboTkun nsobpaxeHnin. O6paboTKy rpachmkm BbINOMHSAM NPOLIECCOP U €ro
BblYNCIIUTENbHbIE MOLLHOCTU BbINN BaXHbI.

K koHuy 1981 roga Acorn paspaboTtana komnbtoTep, ero Hassanm BBC Micro. Bbino BbinyLeHo
1,2 MUNNUOHA LWITYK, 3TN KOMMbIOTEPbLI NCNOMNBb30BaMCh B aHMMNCKUX LUKOMNax.
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[na peanusaunn TexHn4yecknx TpedosaHum Acorn noHagobuncs 16-6uTtHbIM Npoueccop.
PaccmaTtpuBanucek npoueccopsbl Intel 80286, National Semiconductor 32016 n Motorola 68000. O1n
npoueccopbl Nokasanucb MeaneHHbIMU, HeaEKTUBHO UCMONb30Bann onepaTUBHYO NaMATb U
oKasanucb CroXHbIMU ANS NPOrpaMMUpOBaHUs Ha A3blkaX BbICOKOrO YPOBHS ANA AOCTUXKEHUSA
xenaemown npounssogutensHocTn. B 1985 rogy nosisuncsa npoueccop ARMv1 (Acorn RISC Machine),
pa3paboTaHHbIN BCEro 3a NonTopa roga uHxeHepamm komnadmm Acorn. Npoueccop ncnonb3osarn
HOBbI HAbOp KOMaHA 1 apXUTEKTYPY U He BblsT COBMECTUM C CyLLIECTBOBABLUMMU npoLeccopamu. B
npoueccope Obino 27 TbiCAY TPAH3UCTOPOB. Y aHanormyHbix npoueccopos Intel 80286 - 134 Tbicauw,
Motorola 68000 - 68 Teica4y. B ARMv1 oTcyTcTBOBanu Kal-namsiTb, annapaTHble YCTPOMUCTBa AJ1s
BbINOSIHEHUSA YMHOXEHUS U AeNeHUs, BblMUCIEHWI C NNaBatoLen 3andaTon, npm 3ToM nNporpaMmmbl
BbIMOMHANUCE Ha NOpPsiAoK beicTpee, YeM Ha Intel 80286.

Takxe y npoueccopa ARMv1 6b1r10 HM3Kkoe aHepronoTpedbnenune: 0,1 BaTT. Y NpoLEeCccopoB C
aHanorm4yHom Npomn3BOaUTENBHOCTLIO, AHepronoTpebrieHne, a 3Ha4YnT N Harpes, BbIT B 4eCcATKN pa3
Bonblue - HecKorbKO BaTT. Yepes MHOro neT, Koraa nosiBUnMcb MobunbHble YCTPOMUCTBA, HebonbLuoe
9HepronoTpebneHne apxmtekTypbl ARM cTano oCHOBHbIM NPEUMYLLECTBOM 3TOM apXUTEKTYPbI.

B 1987 roay 6bin BbinywweH npoueccop ARMv2 n komnbtotep Acorn Archimedes Ha ero ocHoBe.
OpHako, cyllecTBoBaBLUME OMNepauVoHHbIE CUCTEMBI M NPOrpaMMbl He NoAAEPKMBANU 3TOT
npoueccop. M3-3a 3Toro KoMnboTepP He cTan NonynspHbIM, XOTA 661N JOBONBHO NPOM3BOAUTESNbHBIM.
PbiHok 3aBoeBanu IBM-PC u Apple Macintosh, Ha koTopbix paboTanu nporpammel PageMaker,
Word, Excel.

KomnaHuna Apple pelumna BbinyCTUTb KapMaHHbIn KomnbioTep Newton u nckana npoueccop ¢
HU3KNM aHepronoTpebnenunem. MNMpoueccop Acorn ARM nydywe Bcex nogxoaun nog TpeboBaHus, a
kKomnaHum Acorn Bbina HyxkHa 6onbluas KoMnaHusa gnga nonynspusaunmn npoueccopa. B Hoabpe 1990
roga komnanmsammn Apple, Acorn, VLSI (npoussoguTtens npoueccopoB) bbina cosgaHa KoMmnaHus
ARM (Advanced RISC Machines). C Toro BpemeHu Bce npoueccopsbl, ucnons3dyemole B Apple iPhone
n iPad, ncnonb3sytot apxutektypy ARM.

Urpbl n komnbloTepHasn rpadpuka

B 1984 rogy ansa komnbtoTepos BBC Micro n Acorn Electron, nponasogummbix komnaxHmen Acorn,
Oblna co3gaHa komnbloTepHas urpa Elite. B urpe ncnons3oBanack kapkacHasi TpéxMmepHas rpaduka.
WUrpa npegcraBndana cobon kocmudeckumn cumynatop. BecenernHas Elite coctosana n3 Bocbmu
ranakTuk no 256 nnaHeT B KaxAoWn. [[anakTuku reHepmupoBanucb Npu 3anycke urpbl. [Fanaktmku
Koanposanacb Hebonbwmnm HabopoM LnUcpP, KOTOPbIE UCMOMNB30BANUCL KakK Ha4YanbHOe 3Ha4YeHne
(seed) ons reHepaTopa NceBAoCyYanHbIX YUCEN, KOTOPbIN UCMOMb30Bancs ANg HanosIHEHUS
ranaktuk. Mpy nocnegyoLwmx 3anyckax COXpaHeHHOW Urpbl, reHepaTop MHULMMPOBAIICA TEM Xe
HabopoM undp, reHepaunsa ranakTuk Npoxoauna Te xe camble atanbl. BceneHHas
BOCCTaHaBnmMBanacb B TOYHOCTW, KaK Npu NnepBoM 3anycke urpbl. HasBaHus, KoopanHaThbl 3B€3[
ocTaBanucb Temu xe. Mrpa HaunMHanacb Ha opbuTansHoM cTaHumn nnaHeTbl Lave ¢ 100 credits
(oeHexHbIX eguHMu) 1 kopabném. Urpok netan Ha kopabne no 3Be3gHbLIM CUCTEMAM, cpaxarncs c
Apyrmmun kopabnamu, nokynan u npogasan ToBapbl. 3apaboTaHHble credits TpaTUnnch Ha
OCHaLleHue Kopabnsa opyxuem, 3almnTon, yBenu4eHneM rpy3onoabeMHocTu. B urpe He 6bino uenu,
UIPOK MccnegoBan KOCMOC U Mor JocTudb padra Elite, ons nonyyeHns KOToporo Hy>HO ObIfo
Bbinrpatb 6400 cpaxeHnn. C 1985 no 1988 roga urpa Elite 6bina noptupoBaHa Ha Bce nnatdopMbl
Toro BpemeHu: ZX Spectrum, Commodore, Apple I, Atari, Amiga, MSX n IBM PC. K 20 ceHTa6ps
2014 ropa, 30-neTHemy tobuneto urpbl, 6bina co3gana urpa Elite:The New Kind, npubnukeHHas k
opuruHany.

lNpumep epacbuku uepsbi:

50



SHORT RAMGE CHART

Front Uiew’

L Tl | |
0O06000000000H

FUNREROO-JOMAEOD RS

[ETETETEY
=+

[l _—
[ —
[ L —
=000 ]

Ha Front view - kapkacbl (o4epmaHusi) kopabreu u 38€30bI 8 sude moyek. Ha Short range chart -
Kapma 38e30 U Kpye, nokasbiearoulel dasibHOCMb rnosiema kopabrisi Ha 0OHoU 3arnpaske. Ha Front
view - Kapkac opbumarsibHoU cmaHyuu 8 eude MHO202paHHUKa U KPYXOK, 03Hadarowul bruxadwyro
38e30y. MowHocmu npouyeccopa xeamarsio, Ymobbl nIagHo ompuco8bieams JIUHUU MPEXMEPHO20
Kapkaca U MeHsimb roJsioxeHue 38€30.

Wpoes urpol Elite cxoxa ¢ ogHon n3 nepsbIX KOMMbIOTEPHbIX Urp "Spacewar!" (3B€3aHble BOVHbI),
koTopasd bbina cosgaHa B 1961 rogy ansa komnostotepa DEC PDP-1 CtuBom Paccenom,
coTpyaHukom MaccauvyceTtckoro TexHornormnyeckoro MHctutyTa. lNpuynHa cosgaHus urpsl - y
KOMMbloTepa 6bIN gucnnemn, XoTenocb NPOAEMOHCTPMPOBATL BO3MOXHOCTU KOMMbioTepa. B nrpe
ObINI0 peann3oBaHo ynpaBreHue TpaekTopmen kopabns ¢ TArom 1 BpalleHneMm, 3anycka pakeT. [Ana
pacyeTa TpaeKkTopui Kopabns n pakeT y4nTbiBanucb MHEPUUSA N rpaBuTaums no 3akoHam HeloToHa.
Wrpok gormxkeH 6bin yunThiBaTh MX, 3apaHee npegnonaras, kak 9To NoBNUAET Ha pesynbTtaT. Takoe
HECII0XXHOE KpaTKOCPO4YHOE NaHnpoBaHME daBarno MHTEPEC K Urpe u ncnosnb3oBanock B urpe Elite B
4YacCTu CTbIKOBKM C opbuTanbHON cTaHumen u B urpe Lunar Lander, umutupytoLlen nocagky Ha nyHy,
B KOTOPOW HY>XHO HENTpanu3oBaTtb NpUTsXXeHue JlyHbl, UICNONb3ys YCKOPUTENN A1 MaHEBPUPOBaHMUSA
N 3amearsieHnst nageHnsa nog AencTeueM NpuTaxeHns. BTopon MOMEHT, JaBaBLUMN UHTEPEC K Urpe -
ObIiCTpass CMeHa UrpoBOro Nons, peanu3oBaHHas "npbikkaMmyn B runepnpocTpaHcTBo”. [1na 3B€3AHOrO
oHa B BMAE TOYEK MCNOMb30BasCs reHepaTop criydyanHbix Yncesn. PaspaboTka nrpbl 3aHsana 6
Heaenb 1 200 yenoBeko-4acoBs.
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HecnoxHas urpa, obbl4HO, ABNSETCA NepBOM NPOrpaMMon, KOTOPYIO CO34atoT Npu N3yvyeHum
nporpaMmmupoBaHus. HYenosek CTPEMUTCS NMOBTOPUTL TO, C YEM CTafkKMBaeTCs Npu n3y4eHun 4ero-To
HOBOrO. NpKn N3y4yeHnmn 3bIkOB NPOrPaMMMPOBAHMS MOXET AaXKe BO3HUKATb XeraHne nsobpectu
COBCTBEHHbLIN A3bIK NPOrPaMMUPOBaHUS.

lNon AnneH, ocHoBaTenb MukpocodT, B cBoen kHure "ldea man" nucan:

Kaxdomy HosuYKY HY)xeH HacmagHUK, u 8 C-Cubed ux 6b1r10 mpoe. Bce oHU 6biru
rpoepaMmmucmamu MUpo8o20 Kracca, Hepdamu ¢ Harnémom aKcuyeHmpu4yHocmu. B omnuyue om
busHec-pyKkosodcmea, OHU He OMHOCU/UCHL K HaM Kak K 0ocadHou rnomexe. 5 dymaro, OHU sudesnu 8
Hac cebsi 8 mornodocmu. Nopol MHe Ka3anochk, YmMo U3 Cmapuwux Kiaccos s rornas Ha ceMuHap
acrupaHmos ro rpod8uUHYMoMy CUCMEeMHOMY Mpo2pamMMUpPO8aHUIo.

Cmue Paccen, o knudke "Topmo3", anaeHbil no xenesy, 6bii1 HE8bICOKUM U MOSIHbIM, C €0KUM
yygcmeom romopa. B mpudyame 0OuH 200 OH 8criel 3a [xoHom Makkapmu rnepebparics u3
Lapmmyma e Maccadycemckul mexHonoau4yeckut uHecmumym. Tam Paccen co30an Ha
komnibtomepe PDP-1 nepayto no-Hacmosiwemy UHMepakmugHyH KOMIbomMepHyro ugpy "38€30Hble
BoliHbI",

bunn Bautep, xyOou o4ykapuk, 208opust Mmaso. M3gecmHsiti memMm, ymo paspaboman SOS (Son of
STOPGAP, 00uH u3 nepsbix mekcmosbix pedakmopos), OH 8blefisides Kak cpedHesekosbIl nucey. S
guder, Kak oH 6e3 ycmasiu Koprnum 3a C80UM MEPMUHAIIOM, c030a8asi CIIOXHbIE CMPYKMYypbl
3ambIcI08amozo Kooa.

Huk I'proH, 6biswut kKoHcynbmaHm DEC, nosHakomuswuticsi ¢ Paccerniom u Belixepowm 8
CmaHopOe, bbin cambiM obwumernbHbIM U3 8cex, haHamom ¢hacmaepyda u ckabpe3Hbix WymoK, ¢
KorHou Kyopsiebix eosioc. 1o crioeam [proHa, He podurack ewe ma oriepayuoHHasi cucmema,
Komopyr OH He cmoz bbi nodsecums (cbol onepayuoHHOU cucmembl, Ko2ada OHa He MoXXem HuU4Ye20
8bIMNOSIHAAMb U mpebyem riepe3azpy3ku). 1 emy Herb3s1 6b1r10 He 1osepums.

Lns Hux mbi 6binu "0emu u3 Jlelkcatida"” (HazgaHue WKosbl) unu "mecmuposuwukamu”. N3pedka
OHU 2080pursu Ham ¢ burnnom edmcom 0OHOBpPEMEHHO 3arlycKamb HECKOJIbKO 9K3eMIIIspo8
waxmamHou uepbl, 4mobbi nodsecume orepayuUoHHy cucmemy. 3mo 3adaHue omnuyHoO
coomeemcmeosgarsio rnoopoCmMKO8OMY CMpPeMIIeHUro siloMamb 8CE noopsi0 padu pa3erieqeHus,
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OOHOBPEMEHHO Harpassisisi 3mo cmpemsieHue 80 YmMo-mo nosnesHoe. Kak s no3xe cka3an 00HOMY
XypHanucmy u3 Cuamina: "Cambili agpgpekmueHbIt criocob obydeHuUst - amo rpakmuyeckul orbim
pabomsi € nyHWUM Ha mom MOMEHM KOMMbOMePOM, U3ydeHUe moeo, Kak oH pabomaem, 4ymo
HYXHO, YmobbI cOennamb Ha HEM Ymo-mo rosie3Hoe unu He coenams (make it or break it)".

Lpyeol no0xod 3akrroyarics 8 3arycke cmpecc-mecmos (8ud mecmuposaHusi Orisi orpedesieHus
rpeodersios, rnpu KomMopbIx rpogpamma criocobHa pabomams 6e3 owubok) 00 mex rop, roka
rnpoepamma He 3asucarsna. Mbi dokymeHmuposanu Ha bymaze, kakue Hawu delicmeusi npueenu K
3aesucaHuro u rpodosmkanu mecmuposams. Hacmosuwum xumom 6b1rio nodgecums oriepalyuoHHYH
cucmemy, 4mo MOXHO bbir10 orpedesiums Mo 3a8UcaHUr0 U XYXXKaHUK mepMuHara, ecriu Xamb Ha
Kknasuwu. Paccen u 'proH Haxodunu rpuduHy cbosi, u padoegasiuchb Kak 0emu, 3Hasi, Ymo UM He
8bIicmagsim c4ém 3a UCrosib308aHuUe rpoueccopHo20 spemeHu komnaHuu DEC, mak kak éusnnuHa
3asuc emecme ¢ ornepayuoHHou cucmemod. Mbi ¢ bunnom moxe padosasiuchk. [Toka Mbl Haxodusiu
owubKu, Hac He MPO20HSU U N0380/1su pabomamb ¢ KOMIIbOMEPOM.

RISC-V

Komnanuna ARM npogaét nuueH3nm Ha Bbinyck npoueccopoB apxutektypbel ARM. C nuueHaunen
AaéTcsa cxema agpa npoueccopa, cpeactaa pas3paboTkn nporpaMmm (KOMNUASATOP, OTNagyunk) n NnpaBo
npogaBaTb NPOU3BELEHHbIE NPOLIECCOPbI C HEOOMbBLUOKW NAATON 3a KaXKabl BbiNYLLEHHbI
npoueccop. JlueHsnn pasHoobpasHbl, HaNpUMep, ecTb NULEeH3nn Ha apxmutektypy ARM, koTopasd
no3sonseT pa3pabartbiBaTb COOCTBEHHbIE NpoLeccopa ¢ Habopom MHCTpyKumin ARM n
ncnonbe3yoLlmne nateHTbl KomnaHum ARM, koTopas He TpebyeT nnaThbl 3a KaXXAbl BblMyLLEHHbIN
npoueccop.

B 2010 nosiBunack cuctema komang RISC-V. B 2015 rogy npaBo ctaHgapTusauum 6bino
nepenaHo mexagyHapoaHown opraHudaumm RISC-V International. B 2022 rogy B aapo Linux 6bina
pobasneHa nogaepxka komaHg RISC-V. B 2022 rogy npoussBoanTens MUKPOKOHTponnepos (SoC,
cucteM Ha kpuctanne) ESP32 gns "vHTepHeTa Belen" ctan ncnonb3oBaTtb cuctemy komaHa RISC-
V. Nepexoay Ha RISC-V crnocobcTByeT OTCYTCTBME NULEH3MOHHBIX OTYUCIIEHUI, KOTOPbIE eCTb Y
ARM.

Cuctema komang RISC-V onpegensieT 32 uenodncneHHblx pernctpa obuiero HazHavyeHuns u 40
0a30BbIx KOMaHA Ansa 32-6uTHoM apxuTekTypbl. [AnuHa komang 32 6uta, nopsagok 6anT Tonbko little-
endian. Cuctema komaHg RISC-V passuBaeTtcs, B He€ 0obaBnaoTCcAa HOBble KOMaHabl. OnncaHmsa
komaHa (Instruction Set Architecture, ISA), koTopble 06a3aTeNbHO OOMKHbI ObITb, HA3bIBAKOTCS
"npodounamn”. Hanpumep, B oktabpe 2024 roga 6uin onucan npodouns RVA23, ao atoro 6binum
npocpunm RVA22 n RVA20. B npodune RVA23 ctanu obs3aTtenbHbIMU KOMaHAabl BEKTOPHbIX
onepauun, BUpTyanusauumn, MHCTPYKLMIA C NriaBatoLLen TOHYKOM, aTOMapHbIX onepauuin.

MponsBoguTens onepaunoHHon cuctembl Ubuntu, ogHon 13 nonynsapHbix c6opok Linux, o6bssun,
4yTO B Byaywem byaeT nogaepkmBaTb npoueccopa Tonbko ¢ npodunem RVA23. 310 03HayaeT, 4To
B koage byaywmx sepcui Ubuntu 6yayT ncnonb3oBaTbCs BEKTOPHbIE ONepauumn 1 BUpTyanu3aums.
Ecnu B npoueccope komaHabl ByayT OTCYyTCTBOBaTh, TO ONepaumoHHas cMcteMa Ha Takom
npoueccope He CMOXeT paboTaTtb. TpeboBaHue Hannums oba3aTenbHOro Habopa kKomaHg ynpoLlaeT
pa3paboTKy onepaunoHHbIX CUCTEM - pa3paboTymkamM He HY>XHO NucaTb Kog, NporpaMmMHO
BOCNPOU3BOASALLMI TE€ OENCTBUS, KOTOPbIE MOXET 3hEKTUBHO BbINOMNHATL npoueccop. Co3gaHne
Koga amynsauum - nyctas TpaTa BpeMeHn pa3paboTymMKoB, Tak Kak Takon Ko4 3aBegomMo byaet
paboTaTb MeASIEHHO, a NPOrpaMMHbIE PELLEHNSA HE UMEKOT HAYYHOWN LIEHHOCTM.

Ycnex apxutektypbl RISC-V Byget onpeaensaTbCs TeM, HACKOMbKO YyAa4YHO HEKOMMepYecKas
opraHmsauma RISC-V International, Haxopsawascsa B LUeenuyapum, 6yaet passmBatb CTaHapThl NO
cpaBHeHMo ¢ bputaHckon komnaHnen ARM, koTopon BnageeT snoHckas komnaHua Softbank. byaet
nn y RISC-V Bbigepxunsatbca 6anaHc mexay NnpocToTOM peanu3aumm KOMaHa Ha ypOBHE XXenesa U
yoobCcTBOM reHepauumn NnpoLeccopHOro Kkoaa.

EPYC ato He EPIC
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EPYC - Ha3BaHne coBpeMeHHoun cepun npoueccopoB AMD. NokoneHnsa npoueccopoB
HasblBatoTCA Kak ropoga Utanun: Naples (Heanonb), Rome (Pum), Milan (Munahr), Genoa (I'eHys). B
apXUTeKType 3TUX NPoLLECCOPOB NCMOMb3YeTCs yaadHaa NpoCTpaHCTBEHHAA KOMNOHOBKA. KaLwl
TPEeTbEro ypoBHSA pacrnorioXeH NoBepx saep npoueccopa, 0bwascb ¢ HUMK Yepes MefHble
NpoBoAHMKN. KOMMOHOBKa NO3BONUIIA YBENMYNTD K3LL TPETLErO YPOBHS, YMEHbLUNTL AMNHY
coeANHEHW. YMeHbLLEHE ANNHbI COEOUHEHWNN MO3BONUIO YBENNYUTL YacToTy paboThbl C KILLEM n
YMEHbLNTb TennosbliaeneHne. boICTpbIn 1 60NbLUION K3LW TPeTbEro YPOBHSA obecnevmBaeT BbICOKYHO
NPOM3BOAMTENBHOCTb N MPEMMYLLECTBO MO CPABHEHMUIO C KOHKYPEHTaMMU.

EPIC (explicitly parallel instruction computing, sBHoe pacnapannenusaHue KoMaHg npoLeccopa) -
pa3Butne apxmtektypbl npoueccopos VLIW (Very Long Instruction Word, oueHb annHHas malumHHas
komaHga). geqa VLIW B Tom, 4TobbI 0gHa "anuHHaa" (MHOro onepaH4oB) KoMaHga onuckiBana
HeCcKonbKo "KOpoTkmnx" (Mano onepaHaoB) KOMaHA, KOTOPbIE MOTYT BbIMOMHATLCA NapannensHo.
"0ANHHbIE" KOMaHOb! AOMKHbI POPMUPOBATLCS Ha aTane KOMNUMSAUUK. Y CKansipHOW apXUTEKTYpbl
pacnapannenMBaHnemM KOMaHg 3aHMMaeTCcs annapaTHoe YCTPONCTBO npoLeccopa - NaHNPOBLLNK
komaHa. N3obpetatenn VLIW nogymanu, 4To yaaneHue nnaHMpoBLUMKA YMEHbLUUT CIIOXHOCTb
npoueccopa, a KOMIUNATOP NPoaHanNM3npyeT NporpamMmMHbi ko 6onee agdekTnBHo. OgHakKo
OonbLUOK pasmep onepaHaoB NPUBOAUI K TOMY, YTO HaZo BbIIO 3arpyKaTb UX N3 OCHOBHOMW NaMsaTu
Yyepes k3. KoMnmnaTtop He MOXeT nNpeackasaTtbh 3aepKKu nNpy NOArpy3ke onepaHaoB U3 Kallen
namMsaTun B pernctpbl npoueccopa. Komnanus Intel pewmnna nonpoboBaTth pa3paboTaTh npoueccop
apxutektypbl VLIW, nobaBmB apxXuTeKTypHbIE€ peLLeHmns], MO3BONSLWMNE crnaguTb npobnemy. 3tn
apxuTekTypHble peweHuns Haseanm EPIC. Cnoso epic o3HayaeT nereHgapHoO, NopasnTesibHo.
OpHako, "anu4Ho" ncnonb3yeTcs U B crioBoco4veTaHmm epic fail (annyHbIi npoBan). 3To He
HacTOpOXnIo pykoBoAacTBo Intel. bonee Toro, Nnpu BbiNycke Ha PbIHOK NpoLeccop Ha3Banu Itanuim, a
3TO CO3BYYHO Ha3BaHMo "HenoTonnseMoro” kopabns Titanic, KOTOPbIA 3aTOHYN B NEPBOE Xe
nnasaHue. HeyansutenbHo, 4To npoueccop Intel Itanium annyHo npoBanuncs.

Bbinn nonbITkM ncnone3oBatb apxutekTypy VLIW n B gpyrmux npoueccopax. Hanpumep,
Transmeta, ocHoBaHHas B 1995 roay, korga texHonorus VLIW ewé cumtanace MHoroobellaroLlen,
cosgana npoueccopbl Crusoe u Efficeon, koTopble He nonyyunu ycnexa. Transmeta npekpatuna
BbIMycKaTb NpOLEecCcopbl U NbiTanack NpoAaBaTh CBOM NaTeHTbl bonee yaayHbIM Npon3BoaUTENSM
NpoLeccopoB, HO He npeycnena. B koHe4yHoMm uTore, Transmeta 6bina KynneHa gpyron KoMnaHuen,
KoTopas obaHkpoTunack. Apxutektypa dnbbpyc (ELBRUS, ExpLicit Basic Resources Utilization
Scheduling, sBHOE NnaHMpoBaHME NCNOSb30BaHUSA OCHOBHLIX pecypcoB) aBnseTcs passutmem VLIW.

ApxuTekTypa npoueccopa ltanium nmeeT TexHnyeckoe HasBaHue |A-64, 4TO He UMeeT OTHOLLEHNS
K apxuTekType x86-64, Tak xe kak EPIC He umeeT oTHoweHna kK EPYC. CosgaTtenem apxuTekTypbl
x86-64 asnsaetca komnaHnen AMD. AMD cosgana apxutektypy x86-64 Ttak, 4Tobbl OHa bbina
coBMecTMMa C x86.
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AMDZ1 3D CHIPLET TECHNOLOGY

Structural silicon

64MB L3 cache die

Direct copper-to-copper bond

Through Silicon Vias (TSVs) for
silicon-to-silicon communication

Up to 8-core “Zen 3" CCD

Arduino

B Havane 2000 roga B utanbsHCKOM ropoge Ivrea npoBogunnch Kypcbl 0byyeHus
nporpaMmmupoBaHuio. Ha Kypcax ncnonb3oBanucb Hegoporue nnatbl ¢ PIC-MUKpOKOHTponnepamu, a
ANs nporpamMmMuMpoBaHns ncnosb3osarica BapmnaHT a3blika BASIC. PIC n BASIC He camble ygayHble
peLLeHuns, HO caMble NpocTble 1 Aeweésble. CTyaeHTbl C NpenogaBaTensMy co3ganu nnaTy Ha
MUKpoKoHTponnepe ATmega 128 n npocTyto cpeay pa3paboTkn, NCMNOonb3YoLLYy BapnaHT a3blka C.
lMpocToTa ncnonbL3oBaHus, CBOOOAHOE NULIEH3NPOBaHNe caenanun NnpoekT Arduino nonynapHbIM.
HassaHue Arduino cesizaHo ¢ 6apom "Arduino” B ropoae ViBpes, rae cobupanucb ocHoBaTenu
nnaTtdopmbl. bap HasBanu no nmeHun kopons Utanun, nadbpaHHoro koponém B 1002 roagy (B Te
BpemeHa koponen nsbupanm), mapkrpadga Mepeu.

Mcnonb3oBaHue Arduino He TpebyeT 6oMbLUNX 3HAHNIN SNEKTPOHUKN U NPOrpaMMUpPOBaHMSI.
TexHonorusa Arduino obpena nonynsipHOCTb, NOsABMNAch nepudepust: nnaTbl pacluMpeHuns co
CTaHA4apTM30BaHHbIMWU pa3beMamu, NO3BOMSOLWMMK COCTbIKOBaTb Nnathbl ¢ nnatamu Arduino.
lMo3gHee, BMecTto ATmega 128 ctann ucnonb3osatbcs 6onee ObicTpble npoueccopbl ARM 1 ESP32.

Kpome Arduino nmetotca n 6onee nponssBoauTenbHble OAHOMNATHLIE KOMMLIOTEPLI TUNa
Raspberry Pi, HO X CTOMMOCTb CYLLIECTBEHHO BbILLE.

BBC micro:bit

Yepes 30 neT nocne cosgaHusa mmkpokomnbtoTepa BBC Micro, paspaboTtka koToporo npmsena K
NOSABMNEHNIO apXnTekTypbl npoueccopoB ARM, 6putaHckas BewaTtenbHas kopnopaumsa BBC pewwuna
NOBTOPUTb YCMeX 1 3anycTusia npoekT nNo oby4eHno NPorpaMMmMpOBaHMIO LLIKOSbHUKOB.
PaspaboTtanu n 6ecnnaTtHo pasgasany 6puTaHCKuUM LWKOMbHMKaM 11-12 neT ogHONNaTHLIN
MUKPOKOMMbIOTEP, KOTOPbIM Ha3Bann BBC micro:bit. B 2015 rogy B 6puTaHckune wkonsl nepeganu 1
MUWNIMOH MUKPOKOMNbIOTEPOB AN ydaiwmxced. B 2018 rogy 6bino BbiNyLWeHO 2 MUNNMoHa
ak3emnnsapos BBC micro:bit gna pacnpoctpaHeHus B 50 ctpaHax mupa. B mukpokomnstotepe BBC
micro:bit ncnonsayetca npoueccop ARM Cortex-MO.

KomnaHuna Microsoft pelunna ydactsoBaTb B O6LLECTBEHHO NOSIE3HOM Aene oby4eHns
LLUKOMbHMKOB 1 co3gana anst BBC micro:bit cpegy Bn3yanbHOro nporpammMmpoBaHns Nog Ha3BaHNEM
MakeCode. Cpeaa pa3spaboTkm 6ecnnaTtHo JOCTYMNHa Kak Beb-npunoxeHue Ha cante microbit.org
Unu Kak otaensHoe npunoxexHune. B MakeCode ectb amynaTop MmkpokomnstoTepa BBC micro:bit
(nporpamma, umntnpytowas paboTy MMKpokomnbroTepa). brnarogapsa HanMuuo aMynaTopa MOXHO
TecTupoBaTb NporpamMmmbl He UMest MuKpokomnbtoTepa BBC micro:bit. Kpome ncnonb3oBaHus
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BM3yarnbHOro nporpammmpoBaHunsa B MakeCode MoXHO nucaTb nporpamMmmsbl Ha a3blkax JavaScript n
Python. BusyanbHoe nporpammupoBaHne paccymMTaHo ans UCNofb30BaHUS AeTbMU OT 8 ner.

PaspaboTka nporpamm gnst BBC micro:bit BoamoxHa Ha Arduino IDE ¢ ncnonb3oBaHuem s3bika C,
KOTOpbIN ucnonb3yeT cpena paspabotkm Arduino IDE.
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[ns otobpaxeHuns pesynbTaToB paboThl Nporpammbl B micro:bit nmeetcs 25 ceetogmonos n aee
KHOMKM O5151 nepegayv curHanoB nporpamMmme.

XoweH

B bnbnuu onucbiBaeTca HarpyaHasa gOcCKa (XOLWeH), K KoTopor Bbinun npukpensieHbl 12
pa3HOLBETHbIX KaMHeN (CBETOANOO0B B TO BPeEMS He ObIfno), pacnonoXeHHbIX MO TPU KaMHS B
YyeTblpex psgax. Ha kamHsx 6b1ro nsobpaxeHo no 6 6yks, B andasute 22 6yksbl. [locka
ncnonb3oBanachk rnaBHbIM CBALLEHHUKOM Kak TepMuHan Angd nony4eHust oTseta Ha cBov Bonpockl. C
AocKon BbINn cBA3aHbl ABa YCTPOMUCTBA C Has3BaHuAMM "ypum" n "tymmum” (on/off). Bykssbl,
n3obpakeHHble Ha KaMHSAX, NOACBEYMBANINCH, a CBALLLEHHUK MHTEPNpeTMpoBan oTBeT.

A3bik nporpammupoBaHnsa BASIC

Asbik BASIC (Beginner’s All-purpose Symbolic Instruction Code, yHMBepcanbHbI CUMBOSIbHbIN
KOO MHCTPYKUMIN ANs Ha4YnHarowmx) 6bin co3gaHd B 1964 rogy ans obyyeHnsa CTyaeHTOB-
HenporpaMmmMmcToB HOBOMY npeameTy "lMporpammupoBaHme”.

Asbik BASIC 6bin cCnpoekTMpoBaH 4515 UCMOMb30BaHWUsS HA TePMUHANax B MHTEPaKTUBHOM
pexume. B To BpeMda BMECTO aKpaHa v KraBmaTypbl UCMOSb30Bannch "tenetannsl” - anekTpuyeckne
nevyaTHble MaLUUHKW.
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Altair 8800 - Video #7.1 - Loading 4K BASIC with a Teletype
Mpumep nporpammbl Ha sa3bike BASIC 13 ogHoM CTpoku: PRINT 242

MoxHO 6bIno HabpaTb O4HY U HECKONBKO CTPOK NPOrpamMMbl U NONYYNTb pedynbTtaT. A3blk
BASIC ctan HabupaTb nonynsipHOCTb Nocrne nosisneHnsa mukpokomnototepa Altair 8800. BASIC 6bin
NpaBuIbHO BbIOpaH 41 MMKPOKOMMbIOTEPOB TOrO BPEMEHW MO MPUYNHAM:

1) A3bIk NpocT 1 byaeTt Hanbonee yaobeH ans nonb3oBaTenen MMKPOKOMMbIOTEPOB;

2) 93bIK NPOCT N MHTEpNpeTaTop A3blka He ByaeT 3aHMMaTb MHOIo NamMATU. KOHKypeHUuio no
KpuTepuio pasmepa Koga nHrepnpetatopa Mor co3gatb Tonbko s3blk FORTRAN, HO OH Gbin
cnoxHee BASIC,;

3) ocHoBaTenu Microsoft, MNon AnneH n bunn Nentc 3Hanu A3bIK, Tak Kak U3y4anu ero B LLKOre,
rae OHM BMECTe YYUIUCh.

2+2 nnun Hello Word!

B nepBbIx kKOMMblOTEPAX ANA TECTMPOBaHMS paboTocnocobHOCTN NUcanun nporpaMmmy, Kotopas
AOJSMKHA Oblna BblMUCANTE 2+2 1 BbIBECTU pe3ynbTaT Ha YCTPOMCTBO BbIBOAA 3TOrO KOMMbOTEPA.
YCTpoKrCTBa BbIBOAA Ha3blBaNMUCh: 3KPaH, MOHUTOP, TEPMUHAN, OUCMEN, MPUHTEP, KOHCOSb.

Mo3gHee nepBas nporpamma gosmkHa bbina otobpasnte dpasy "Hello word!".

lMporpamma cocTouT U3 HebonbLIOro bparmeHTa Koga 1 UCnonb3yeTcs:

1) ona NpoBeEpKM TOro, YTO NporpammMmHoe obecneyeHme yCTaHOBMEHO U paboTaeT NpaBuibHO,
MOXET KOMNUMPOBATL U BbIMOMHATbL NPOrpaMmbl;

2) ona nnnctpaumm 6a3oBoro CMHTaKcuca A3blka;

3) No TpagMumMm NULIETCA Kak nepBasi nporpammMa npu n3y4yeHnn a3bika NporpamMmmMmmpoBaHus.

Bnepsble dpasa "Hello word!" 6bina ncnons3osaHa B kHure 1978 roga bpaaHa KepHuraHa n
[eHHuca Putum "Asbik nporpammmpoBaHnga Cn'".

Moxoxas dppasa "hello word" ncnonb3oBanack 4yTb paHblie (B 1972 rogy) bpanaHom
KepHuraHom B pykoBOACTBE MO A3blky B.

Microsoft
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O6noxka xypHana Popular Electronics 3a aHBapb 1975 roga ¢ nsobpaxeHnem komnbtotepa Altair
8800 sooaywesuna bunna Nentca n oH Hanucan nHtepnpetatop A3bika BASIC. 310 6bin nepBbi
A3bIK NPOrpaMMUPOBaHUS ANA NepBOro NepcoHanbHOro KOMNbTEPa U Nepeas NporpaMmma KoMnaHum
Micro-Soft.

BASIC cosgaBancsa 6e3 camoro komnbioTepa, paspaboTka Benacb Ha komnbtotepe DEC PDP-10,
ansa kotoporo Mon Annen, ewé 0o noasneHna XXypHana ¢ potorpaduen Altair, Hanucan amynaTop
n oTnagyvk ansa npoueccopa Intel 8008. MNon AnneH n bunn NenTc ncnonb3oBanu amynsaTop Ans
HanMcaHmsi NporpamMmmMbl N3y4EeHUSA TPaAHCMOPTHBLIX NOTOKOB. OHM XOTENU NpoaaBaTtbh
MyHUUMNanMTeTam ycrnyriu no aHanmay Tpaduka ans onTumManbHOW HacTporku ceeTodopos. Kak
TONbKO OHM HaNMcanu NporpamMmy, WTaTbl CTann NPeaoCTaBNATb Takne yCnyrm MyHuyunanmtetTam
OecnnaTtHo. brusHec-nNpoekT AByx Apy3en noTepnen omMacko, HO Y HUX NOSIBUIICA AMYNSTOP
npoueccopa Intel 8008.

Mon AnneH agantupoBan amMynaTop u otnagymk ans npoueccopa Intel 8080A, koTopbIn
ncnonb3osancs B Altair, a bunn Nentc Hanucan nHtepnpetartop A3bika BASIC ansa Altair. Paamep
nporpamMmsbl 66151 HEGONbLLIOW - YyTb MeHbLUE 4 KunobanT.

Bunn Mentc npeanonoXxun, 4YTo LeHbl HA KOMMNbIOTEPbI CHU3ATCH, KOMMNbIOTEPLI CTaHYT
nonynsipHbl, KOMMAbOTEPaM OyAyT HYXXHbl MPOrpamMmMbl U MOXHO ByaeT 3apaboTaTb Ha npogaxe
nporpamm.

BASIC ans Altair npogasancst B po3Huuy 3a 150$. OH cTtan nonynsipeH cpeav BnagenbLes
komnbtoTepa Altair 8800, ogHako, BragenbLbl npeanodnTann 4ennuTbca Apyr C 4PYroM KOnusiMu
Altair BASIC, a He npnobpeTaTb nx. C camoro ocHoBaHus Microsoft cTpagana oT KOMNbIOTEPHOIoO
nupaTcTBa.

3 dpespans 1976 roga bunn NenTc Hanncan OTKPbITOE MMCLMO KOMMbIOTEPHOMY COObLLIECTBY, B
KOTOPOM Bbipa3uns pasodapoBaHmne, YTo 6OMbLUIMHCTBO KOMMbIOTEPHbLIX SHTY3NacCTOB,
ncnonb3oBaswwunx Altair BASIC, He 3annatuno 3a nporpammy. lNpuynHon HanncaHus nucbma obino
TO, YTO Nony4YeHHbIn bunnom n NMNonom goxoa OoT NpoAaXm NporpaMmmbl COOTBETCTBOBAI onnaTe
Tpyda Bcero 2 gonnapa B 4ac, 4To Oblf10 4OBOSIbHO Mano.

What about the guys who re-sell Altair BASIC, aren't they mak-
ing money on hobby software? Yes, but those who have been reported

to us may lose in the end. They are the ones who give hobbyists a

bad name, and should be kicked out of any club meeting they show up
at.

I would appreciate letters from any one who wants to pay up, or
has a suggestion ox comment. Just write me at 1180 Alvarado SE, #114,
Albuquerque, New Mexico, 87108. Nothing would please me more than
being able to hire ten programmers and deluge the hobby market with

good software. .
Bl Pt

Bill Gates
General Partner, Micro-Soft

B panbHenwem, komnannsa Microsoft cosgana nHtepnpetatopbl BASIC anga Bcex
MuKpokoMnbloTepoB. NHTepnpeTtaTtopbl BASIC ocTtaBanucb OCHOBHbIM UCTOYHUKOM foxoaa Microsoft
00 nosiBneHus onepaunoHHonm cuctemsl MS-DOS.

2 anpens 1980 roga Microsoft Beinyctuna nnaty pacwumpenua Z80 SoftCard ansa komnbelotepa
Apple Il 3a 349 ponnapos u nuueHsnposas CP/M, ycnewHo npogasana ak3emnnsapbl CP/M B Tex xe
konuyectBax, 4to u Digital Research. bonee Toro, ctapt npogax Z80 SoftCard npuHecnu Microsoft
nonoBuHy rogosoro goxoaa. OCHOBHOW NPUYMHOKM Cripoca cTano To, YTO Nosib30oBaTeNy CMOIIM
3anyckaTb nonynsapHbii TekcToBbli pegaktop WordStar Ha Apple |l. KomnbtoTepsl Apple 1l 6binm
nonynsipHbl, HO He nogaepxuneanu nporpammbl aAns Intel 8080A n coBmecTmoro ¢ H1UM no Habopy
KomaHz npoueccopa Zilog Z80.
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® MICROSOFT |«
SOFTCARD <\,

E193351 A

CP/M n MS-DOS

OnepaunoHHas cuctema CP/M (Control Program for Microcomputers, ynpasnstoLiasa nporpamma
ANS MUKPOKOMMbIOTEPOB) Obina HanucaHa nporpammuctom Mapm Kungann Ha HanMcaHHOM UM e
A3blKe NporpaMMmnpoBaHusl, KOTopbin oH Hasean PL/M (Programming Language for Microcomputers).

B 1976 roagy Napu n ero xeHa cosganu komnaHuto Digital Research ana npogaxwu konuin
onepaumoHHon cuctembl CP/M. K 1980 rogy komnaHuna npogana 250 TbiCAY KOnuii onepauyoHHOM
cuctembl CP/M. CP/M 6bina Hanbonee nonynspHOM onepaunoHHON CUCTEMOW AS151 KOMMNbIOTEPOB Ha
npoueccopax Intel 8080A. C Bbixogom npoueccopos Zilog Z80, Motorola 68000, Intel 8088, Intel
8086 CP/M 6bina agantnpoBaHa Ansi 9TUX NpOLLEeCCOPOB.

B 1980 roay komnaHusa IBM oco3Hana noteHuman MMKPOKOMMbIOTEPOB Kak nnatgopmbl Ans
KoprnopaTuBHoOro peiHka. IBM obpatunack k Microsoft (koTopas k ToMmy BpeMeHu npogana
noniMuIMoHa konun nHtepnpetatopa BASIC), xxenas nmetb B HoBon nnatgopme IBM PC (paboyee
Ha3BaHue npoekTa "lLlaxmaTbl") KOMNUNATOPbLI U MHTEPNPETaTOPbl A3bIKOB NPOrpaMmMupoBaHus. B
IBM noHumanu, 4yto 6e3 nporpamm KOMMboTepPbl 6eCnonesHbl, a NULWYT NPOrpaMmbl Ha A3blKax
NporpaMmMmMpoBaHnNS, MOITOMY HYXXHO, YTOObI Y HOBOW NnaTtopmMbl Obin Ka4eCTBEHHbLIN HAOOP A3bIKOB
nporpammupoBaHus. Microsoft Beinyckana KoMnmnaTopbl U UHTEPNPETaTOPbl MHOXECTBA A3bIKOB, B
Tom ymcrie FORTRAN, COBOL, Pascal.

bunn NenTc cknoHun pykoBoauTenen npoekrta "lWaxmaTtbl" K nCNonb3oBaHnio 6onee HOBOMO
npoueccopa Intel 8086, Bmecto Intel 8080A. B ceHTsi6pe 1980 roga IBM ctana uckatb
onepaumoHHY0 CUCTEMY AS1S TOro NpoLeccopa, Tak Kak NoHaAna, 4To onepaumMoHHasa cuctema obina
Obl TOXXe nonesHa. MNMon AnneH B cBoewn kHure "ldea man" onucan cobbITUA TOro BpeMEHM:

bunn 'eimc noseoHun Napu Kundanny u ckasan: "5 omnpassnsio K mebe HeCKOIbKO Yesi08eK U
X04y, 4mobbl mbl XOpOWO € HUMU obpawarcs, nomomy 4ymo Mbi oba 3apabomaem Ha amou coesike
MHo20 OeHez". OH He Ha3earsn IBM rno umeHu, NOCKOMbKY KOMMaHUsi Hacmauearsa Ha MakcumarsibHou
KoHgpudeHyuanbHocmu. Mo cmeyeHuro o6cmosimenbscme Kudasn bbinn 8 KOMaHOUPOBKE, a e20 XeHa
u busHec-napmHep omkasasnacbk Nodnucbigame coaslaueHue 0 Hepa3sanaweHuu u npeodnoxuna
cobcmeeHHy chopmy dokymeHma. Pykosodumenb rnipoekma IBM eepHyrncs e Microsoft u ckasan: "5
He Oymaro, Ymo Mbl cMoxXeMm pabomams ¢ amumu pebsmamu, Hawemy rpududeckomy omaoesy
rnoHadobumcsi noneoda, Ymobbli oghopMumb ece OOKyMeHmMbI. Y eac ecmb Opyaue udeu? Bbi moenu
661 cripasumbcsi ¢ amum camocmosimesisHo?". bunn N'eumc 6bi1 836ewéH, mak Kak rood yepo3sy
cmasurics 8ecb npoekm, eedb y Microsoft He 6b1r10 cobcmeeHHOU ornepayUuoHHOU cucmemsl.

lNocne nouckos, Microsoft npuobpena npasa Ha 16-pa3psiOHbIU KrioH CP/M y komnaHuu Seattle
Computer Products 3a 10000 donnapos nintoc 15000 donnapos 0risi Kaxxoou KoMmraHuu, komopasi bl
Kynuna nuyeHsuto y Microsoft. B cymme 25000 Oornnapos, mak kak y Microsoft 6b11 mosibko 0OUH
KrueHm - IBM.

OmkyOda nosisurics krioH? Tum NammepcoH u3 Seattle Computer Products npodaesarsn nnamy
pacwupeHuss SCP-200B ons cucmemHou wuHbl S-100 ¢ npoueccopom Intel 8086 ¢ Havyana 1980
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2o00a, Ho cripoc bbinn HebonbwoU, mak Kak KnueHmam bbinia Hy)XHa ornepayuoHHasi cucmema.
Kundann obewarn ebinycmums CP/M-86, Ho He 8birycmurl.

Tum lNammepcoH, Ha ckopyto pyKy, ¢ anpessa no urtnab 1980 eoda, Hanucan 16-6umHyro
ornepayuoHHyro cucmemy ¢ paboyum HassaHuem QDOS (Quick and Dirty Operating System,
cOernaHHasi Ha ckopyro pyKy). 3akoHyue nucams QDOS, NammepcoH nepeumeHosar eé g 86-DOS.

TammepcoH 2o8opurn: "Mbi bbiru 661 cyacmiiugel, ecriu bbl onepayuoHHy cucmemy coenar
Kkmo-mo Opyaou. Ecnu 6bi Digital Research ebinycmuna ee 8 dekabpe 1979 2o0a, ce200Hs 8 mupe
He bbl1r10 6kl Hu4ezo, kpome CP/M".

6 Hos16ps 1980 2o0a IBM 3akntrouuna doz2oeop ¢ Microsoft cmoumocmbto 430000 donnapos:
75000 donnapoes 3a adanmauuto, mecmupogaHue U KoHcyrnbmauuu, 45 000 donnapos 3a
onepauyuoHHyro cucmemy; 310 000 donnapoes 3a UHMepnpemamopb! U KOMUMSMOPbI S3bIKOS.

IBM ycTtaHaBnuBana onepaumoHHY CUCTEMY Ha KOMMbIOTEPbI CBOErO NPOM3BOACTBA MO,
Ha3BaHnem PC DOS (Personal Computer Disk Opeating System), Microsoft npogaesana konumn
onepaumoHHon cuctembl nog HassaHnem MS-DOS 3a 40 gonnapos. Yepes kakoe-To Bpem4 Digital
Research Beinyctuna CP/M-86 ans IBM PC, Ho u3-3a Bbicokon ctommoctn B 240 gonnapos CP/M-86
He Nonb3oBanacb CrPOCOM.

B 1982 roay nosisBunack Bepcus CP/M-68K ans npoueccopa Motorola 68000. N3HayansHO oHa
Oblna HanncaHa Ha s3blke Pascal/MT+68k, Ho no3xe nepenncaHa Ha a3bike C. NepeHoc Ha sa3blk C
no3sonun nerko agantuposatb CP/M-68K ansa 16-6utHbix npoueccopos Zilog Z8001 1 Z8002.

B 1988 roay Digital Research Ha ocHoBe CP/M BbinycTuna ans KoMnbioTEPOB apXUTekTypbl! Intel
80x86 MS-DOS-coBmecTMmyto onepaumoHHyto cuctemy, Haseas eé DR-DOS Bepcun 3.41. Homep
Bepcum 6bin BblbpaH Tak, YTobbl cooTBeTCTBOBaThL Tekyuwen sepcun MS-DOS. DR-DOS
npogasanaco 3a 270 gonnapos, a MS-DOS 3a 40 gonnapos. Pa3Huuy B ueHe Kungann
060CHOBbIBas TEM, YTO CYMTA CBOO OMepauMoHHY cucTeMy NpodecCnoHanbHbIM NPOAYKTOM, a
MS-DOS "urpyweyHbiMm". INMpodeccnoHanbHOCTL Obina Mano3amMmeTHa Nonb30BaTeNAM.
Mpaktnyecknm npemmyectsom DR-DOS 6binia BO3MOXHOCTb 3alumLLaTh AUPEKTOPUM Naponamm ot
aocTtyna u dannbl OT 3anucu. iges pasrpaHnyeHns AMCKOBOro NpocTpaHcTea Obina B3ata ns CP/M.
3710 6bINO NOMNE3HO Ha KOMMNbIOTEPAX OpraHM3aumii, KOTOpble COBMECTHO UCMOSb30BanInCb MHOMMMM
nonb3oBaTenamu, Hanpumep, B y4ebHbix 3aBefeHunax. [Ana obbl4HbIX NONb3oBaTeNen Takne
BO3MOXHOCTU He onpasbiBanu pasHuuy B LeHe. BoamoxHocTn DR-DOS okasanuch
HecoBMmecTuMbiMu ¢ Microsoft Windows. DR-DOS nepectana nonb3oBaTbCsi CNPOCOM Nocre
nosieneHuns Windows. BaxHbl He TONTIbKO BO3MOXHOCTU, HO 1 COBMECTUMOCTb NPOrpamm.

YacTtb 3. lporpamMmmbl
MokoneHusa A3bIKOB NporpaMmMmmpoBaHus

MalumHHble koAbl (KOMaHgbl NpoLeccopa) - 3TO NepBOe NOKOSEHME SA3bIKOB NPOrpamMMUpOBaHNS
(1GL, first-generation programming language). Y nepBbIXx KOMMNbLIOTEPOB KOMaHAbl BBOAUUCH
nepekrnoyaTensaMm Ha KOHCOMM KOMMNbIOTEPA UK C MOMOLLIbIO NepdoKapT U NepdOneHT.

Ko BTOpOoMy nokoneHuto A3blkoB (2GL) oTHOCAT accembnepsbl - COOpLLMKM (TPaAHCNATOPSI,
npeobpasoBaTenun) NnporpaMm 13 TEKCTa Ha A3blke accembriepa B MalLMHHbIE KOAbl. BmecTo
MaLLMHHBIX KOOOB B acceMbriepax MCnornb3ytoT 0003HAYEHNSA KOMaHA 1 OnepaHaoB.

2GL = accembnepbl

Accembnepsbl 3aBUCAT OT CUCTEMbI KOMaHA npoueccopa u cnocoboB agpecaunmn a4eek namaTu.
OOweynoTpebunTenbHOro CUHTakcuca accembnepa He cywecTtsyeT. ba3zoBon KOHCTPYKLMEN A3blka
accemMbriepa siBNseTC MHEMOHMYECKUI KOA (MHEMOKOA) - COKpaLLEHHOE A0 2-4 CMMBOJSIOB Ha3BaHWe
KoMaHgbl npoueccopa. Npumep ana npoueccopa x86 B cuHTakcuce Intel:

mov eax, '/
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nepecbinaeTt (move) B perncTp eax YNCno 7. Pernctp eax n 7 9BNa0TCA onepaHaamMm KOMaHbl
mov. OnepaHgammu MoryT 6biTb PEFUCTPbI, KOHCTaHTbI, agpeca s4eek NnaMmaTu U NOpTOB BBOAA-
BblBOAA, MeTkn. KomaHaa ¢ Takumu onepaHgamu 6yget TpaHCnMpoBaHa B MaLlLMHHBIN Ko BS.

[ns accembnepoB ecTb ABa Buaa cuHtakcuca: AT&T u Intel. OcHoBHOE OTnUuYKe - pasHbiii
nopsiaok onepaHaos. B cnHTtakcmce AT&T npuBeaéHHas komaHaa 3anncbiBaeTCs Kak:

movl $7 , %eax

PasHbIn cMHTakcuc AByx BMAOB accemMbnepoB co3aaéT HeyaobCcTBO Npy YTEHMM NPOrpamMmM.
CunTakcuc AT&T 6bin paspaboTaH onga accemdnepa PDP-11 1 ucnonb3dyeTtcsa onsg apxXuTekTyp
NpOoLLECCOPOB, OT/IMYHbLIX OT X86.

Bonee Toro, Aaxxe kKOMMeHTapum B pasHbix acceMmbnepax HECOBMECTUMbI APYr C OPYrOM,
ncrnonb3yTcsa Tpu BapuanTa: ";" "/ /" "#".

HanucaHue nporpammbl Ha accembnepax TPyLOEMKO: HYXXHO MOMb30BaTbCS CTEKOM,
OrpaHMyYeHHbIM KONMMYECTBOM PEMMCTPOB ANSA BbIMNOIHEHUS NPOCTENLLNX AeACTBUI. [porpaMmbl Ha
A3blke acceMbnepa CroXXHO NepeHecTn Ha MaLUMHY C APYron apXUTEKTYPON.

C nossneHuem ga3bika C He06X0AMMOCTb B UCMOMNb30BaHUN acceMmbnepa ctana CHUKaTbCS.
[Mporpammebl Ha s3bike C OblfM HACTOMBKO Xe 3PMEKTUBHbI, Kak U NPOrpamMMbl, HAaNNCaHHbIE Ha
accembnepax. NpumeHeHne acceMbnepoB Cy3niocb 4O MUKPOKOMMbIOTEPOB, @ NOTOM [0
MUWUKPOKOHTPOINEepoB. TO eCTb YCTPOUCTB, Y KOTOPbIX Maro naMsiTM U HeBbICOKas
NPON3BOAUTENBHOCTb, @ 3HAYUT, MPOrpamMMbl MPOCTbI HACTOSBLKO, YTO YErIOBEK CMOXET HanucaTb
HebonbLUY NporpaMMmy Ha HU3KOYPOBHEBOM A3blke accemMbnepa. Takke NpUMEHANNChH
"accembnepHble BCTaBkn": 6onbLuasn 4acTb Koga NULLIETCH Ha A3blKe BbICOKOro ypoBHs Tuna C, a
yyacTKu, AN KOTOPbIX KPUTUYHA NPOM3BOAMTENBHOCTL, NMMBO Tpebytowme obpalleHns
HenoCcpeaCTBEHHO K annapaTHbIM pecypcam, NMcanucb Ha accembnepe.

A3bik C rioenusn Ha ghopMuposaHue 8cex s3bIKog, co30asaeMbix HadyuHas ¢ 1980-x 2o0oe8. Yacmb
513bIKO8 co30asaruchk Kak npsimbie HacredHuku (C++, C#, Objective C), HO He cmanu ny4we camoao
C, yacmb 53bIKO8 UCMOo/Ib308aslu €20 CUHmakcuc u udeu.

LeHHuc Pumdyu: "C - amo npu4y0nuebili, HECO8EPUIEHHbIU, HO HEBEPOSIMHO YCreWwHbIlU s3bIK".

Accembnepom nosb3oBannch B Cry4vasx, Koraa HOBbI NPOLLECCOp UM MUKPOKOHTPONIep
HayMHanu BbiNyckaTb, @ NPorpamMHoe obecneyeHne K HeMy He ycnesanu HanucaTb. OTcyTCcTBME
nporpaMmHoro obecnevyeHms He NpensaTcTBMe ANs Hayana nocTtaBoK npoueccopoB. KoMnnnatopsl
A5 BbICOKOYPOBHEBbBIX A3bIKOB MO BblMycKaeMbli MPoLEeccop nucanncb U COBepLLUEHCTBOBANIUCH
yXe nocrie Bblrycka NpoLeccopoB U MUKPOKOHTPOMNEPOB. Kak TONbKO KOMMUASATOPLI C A3bIKOB
BbICOKOIO YPOBHSA AOMNUCLIBANnChb, OT acceMbnepHbiX BCTaBOK NOCTENEHHO M3baenanuce. B
HacTosLLee BpeMs, accembriepbl NOYTU HE UCMOMb3YTCSH, TaK Kak KOMMUIISATOPbI BbICOKOYPOBHEBbIX
A3bIKOB reHepupyroT Bonee NPon3BOANTENbHbLIN MAaLUWHHBIV KOA, YeM MOr Obl HAaNUCaTb CpegHUN
nporpaMMuUCT Ha accembrnepe.

C nosiBneHnem acceMbrnepoB BO3HUKIIO NOHATUE "MCXOOHOro Koaa" (TEKCTOBOro NpeacTaBreHns
nporpaMmebl, KOTOPOEe OTNINYAeTCA OT MaLLUMHHOIO KoAda, KOTOPbIN NOHMMAaeT NpoLeccop).
AccembnepHbI KOA4 Ha3blBann NCXOAHbIM KOAoM. AcceMOBnepHbIN Ko TpaHCcnmpoBarncs
(npeobpasoBbiBancs) B MalMHHbIN.

B accembniepax nmetoTca naeHTudmnKaTopbl HavYana Yyacten Koga, KotTopble CUbHO YNPOCTUN
HanucaHue nporpamm. Npu TpaHCNAUMN NOEHTUUKATOPLI 3aMEHSAOTCA aApecoM yvacTka Koaa,
KOTOPbIN CTAHOBUTCHA U3BECTEH TOSbKO MOCNe 3aBepLUeHns HanucaHnsa NnporpamMmmel.

B accembriepax BnepBble NOABUNNCL KOHCTPYKLWUN, KOTOPbIE 3aTEM NONyYnnun passutme B Opyrux
A3blKaX:

1) Makpochbl - BO3MOXHOCTb AaTb Ha3BaHWe y4acTKy Koda W ykasblBaTb Ha3BaHWe Makpoca
HapaBHe C kKoMaHgaMu. TpaHCcnAaTop NOACTaBUT BMECTO Makpoca y4acTok koga. Makpockl ¢
napamMmeTpamMmn NOXoXun Ha nognporpammel (Npoueaypbl). Makpochl - "cTpouTenbHble Kyoukun"
nporpaMmm Ha accembrniepe. OHuM CyLeCTBEHHO ynpoLLanun HanMcaHne Koaa.

2) MeTkun ona nepegayn ynpasneHna (jump, jmp) Ha NOMEYEHHbI KOA.

3) OvpekTuBbl - KOMaHObl TpaHCNATOpY. [103BONAT BNUATL HA NpoLEeCcc TpaHcnaumn. upekTussbl
- NpeLwecTBEHHMKM aHHoTaumn ("nparm"), KOTopble B BbICOKOYPOBHEBBIX A3blkax 06aBNsA0T
3NeMEeHTbI AeKNapaTUBHOCTY U PaCLLUMPSIOT BO3MOXHOCTM A3blka 6€3 M3MEHEeHMs ero CMHTakcuca.
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4) NMeHOBaHHbIE€ KOHCTaHTbI, KOTOPbIE NO3BOMSAIOT AaBaTb MMS YUCITY, U YNPOLLAOT U3MEHEHUNE
3Ha4YeHUs1 KOHCTaHTbl B UCXO4HOM Koae.

5) koMMmeHTapun. bes koMMeHTapueB CrnoXxHoO pasobpaTtbcsi B acceMbriepHOM Koze.

Moka KoMMboTePbI ObINM NPOCTLIMU U PELIany HECINOXHbIE BblYMCIUTENBHbIE 3a4auu,
nporpaMMmpoBaHne Gblfo HEe CIAMULIKOM YTOMUTENbHBIM. 1o Mepe yCrnoXHeHUsi 3agad, KoTopble
peLlanucb KoMMnbloTepaMu, HanMcaHne NporpaMmm Ha accembnepax cTaHOBUIIOCH 6oree CroXHbIM.

3GL = BbICOKOYpPOBHEBbIE A3bIKU

TpeTbnm nokonexHnem (3GL) ctanu A3bIkn NporpaMMmUpOBaHUS BbICOKOTO YPOBHS
abcTparmpoBaHus (oTAaneHusa) ot MalwKnHHOro koga. NepBbiM A3bIKOM BbICOKOTO YPOBHS CTas
FORTRAN (formula translator). FORTRAN 6bin co3gaH B 1954-1957 rogax rpynnor nporpaMmmMmncToB,
paboTtaBwwux B IBM nog pykosoacteom bakyca. MoxHO 6b1no 66l ynomsHyTh 1 a3bik Plankalkidl, HO
OH pa3spabaTbiBarncs n3onMpoBaHHO OT MUPOBOro coobLecTBa N He BHEC BKNag B pasBuTme
NporpaMmMmnpoBaHus.

BTopbIM s13bIkOM BbICOKOr0 ypoBHS Obin s3bik B-0 (Business Language Version 0), kKOTOpbI Takke
HasbiBancsa FLOW-MATIC. OHn 6bin co3gaH ans komnbetotepa "UNIVAC I" rpynnon nporpammMmucToBs
nog pykosoacTteom [penc Xonnep. Ha ocHoe B-0 6bin1 co3gaH s3bik COBOL, koTopbin B 1960x
rogax ctan OCHOBHbIM S13bIKOM pa3paboTku 4enoBbIX U SKOHOMUYECKMX nNporpamm. 'penc Xonnep
HasbiBatoT "6abywkon COBOLa". M3yuyate COBOL n nucaTb Ha HEM Nporpammbl 6bIN0 CNOXHO, B
HEM 6b1n10 6onee 300 3ape3epBUpOBaHHbLIX CrOB 1 43 onepaTopa.

K a3bikam 3GL 0THOCATCA NOYTU BCE A3bIKM MPOrpaMMUpoBaHns, NO3TOMY AeneHne A3bIKOB Ha
MOKONEHMSA NOTEPSANO CMbIN. A3bIKM CTanu knaccuuumpoBaTtb NO APYIMM KpUTEPUAM, Hanpumep, no
CMUCKY MCNONb3yeMbIX Napagurm.

MoxxHOo BCTpeTuTb BblaeneHue nokoneHnn 4GL n gaxe 5GL, HO S3bIKK1, KOTOPbIE OTHOCST K HAM He
nydwe a3bikoB 3GL. K 4GL oTHOCAT y3KocneumMannanpoBaHHbIE A3bIKM, KOTOPbIE peLuatoT
KOHKpeTHyto 3aaadvy (domain-specific, nog KOHKpEeTHYH NpeaMeTHY0 0b6nacTb). ATO Aaxe He SA3bIKU,
a cpeacTBa pa3paboTku, B KOTOPbIX BU3yasibHO CO34al0T AeKknapaTMBHOE ONucaHue CBONCTB
nporpammel. 'paHunya otHeceHus kK 3GL nnn 4GL ycnosHa.

[MATbIM NOKONEHWEM CTanu Ha3blBaTb A3blKM YETBEPTOrO NMOKOMEHUS B peknamHbIx uensax. Jloam
AymaroT, 4To 5 6onblie (HoBee), YeM 4, a 3HauuT nyywe. K n9TomMy NOKONEHUI0 OTHOCAT CcpeacTsa
aBTOMaTU3NPOBAHHOIO CO34aHMsA NPOrpamMM C MOMOLLIbIO BU3yarbHbIX CPeACcTB pa3paboTku, 6e3
3HaHus nporpammupoBaHus ("low-code"). To ecTb, MPOrpamMMnUCT YTO-TO KOH(UIYpUpyeT B
BM3yanbHOW cpeae pa3paboTku, a cpeaa pa3paboTku cama co3gaéT TEKCT NporpaMmMbl Ha KakoMm-
HMBYOb yHMBepcanbHOM s3blke. Vges, 4To MOXHO co3faTb cpeay pa3paboTku, rae He Hago nNucaThb
KO, a TONbKO KNUKaTb MbILLKOW nocewiana nporpammmncToB Bcerga. O6bIMHO BCE CBOAMIOCH K TOMY,
YTO NPOrpaMMMUCTY Hago ObiNo 3HaTb: Kak U KakoW Kog reHepupyeTcst Npyu BbINOSTHEHUN MaHUNYNSUNUA
B cpefe pa3paboTku, TO eCTb CaM A3bIK MPOrpaMMmnpoBaHnsa u cpeay paspabotku. [Nonyyanocb
bonee TPyAOEMKO, YEM Cpa3y NMcaTb Ha A3blKe NPOrpaMMUPOBaHUS.

Uupekc TIOBE
OTO MHAEKC, OLEeHMBaOLWLMIA NONYNSPHOCTb A3bIKOB NPOrpaMMMpOBaHMs Ha OCHOBE NoACcYéTa
4yucra NOUCKOBLIX 3anpoCcoB, COAEPXKaLLMX Ha3BaHMeE A3blka. TO eCTb 3anpochkl BUAa: "4To-To A3bIK".

MHaekc He oueHMBaeT A3blkM NO KayecTBy MM 06 beMy HanMCaHHOro KoAa.
Hanbonee nonynspHbl 3anpockl no a3bikam: C, Java, Python, C++.
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TIOBE Programming Community Index
Source: www.tiobe.com
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Mapagurmbl nporpaMmMnpoBaHuA

Mapagnrma (Mogenb, CTUMb MbILWMEHWS) - TO, Kak MporpaMMmnCT npeacTtasnseT cebe npouecc
(noruky) o6paboTkm aaHHbIX. COBPEMEHHbIE A3bIKM MYNbTUNAPAAUTMEHHbIE - MOXHO NucaTb B
pa3sHbIX CTUNAX, HO KAKOW-TO CTUIb BEAYLUMA 1 ero ygobHee ucnonb3osatb. [Npumepbl napagurm:

- YnpaBneHue noTokoM BbINOfHeHUs: ceobogHoe (accembnep, GOTO)/CcTpyKTypHOE;
- MmnepaTtueHoe/[leknapaTmeBHoe

- MpoueaypHoe/PyHKUMOHaNbHOE

- Anroputnmmnyeckoe/O6bEKTHO-OPUEHTUPOBAHHOE

Anroputm

ANropuTMm - MHCTPYKLUMN, ONUCbIBaKOLLME MOPSAOK OeNCTBUIA, YTOObI pelmnTb 3agadvy. Bmecto
cnosa "nopagok" korga-To MCNonb30BasrioCb CNOBO "MOCreoBaTeNlbHOCTL", HO MO Mepe peanusaunm
TEXHUK pacnapannenmeaHnga B paboTe npoLeccopoB CNOBO "nocrnegoBaTenibHOCTL" CTanu 3aMeHsATb
bonee o6wmm cnosom "nopsagok". MHCTpykumm MoryT ObiTb YNOpsiAOYEHbl B KOAE NporpamMmsbl, a
BHYTPU npoLieccopa BbIMOMHATLCA NapannensHo, a He nocrnegoBaTeribHo.

ANropuTMbl €CTECTBEHHbI A5 MbILUNIEHUSA NIOAEN, TaK Xe Kak U uenble yucna. Hanpumep, peuent
NpUroToBneHus onoga sBnseTcsa anroputMom, No KOTopomy 651040 roTOBUTCS.

Bbnok-cxema

Bnok-cxema - rpaduyeckoe npeacTtaBneHne anropmtma. Micnonbsyetca ans 4OKyMEHTMPOBaHNS
TOro, Kak paboTtaeT anropuTM. Bnok-cxembl nCNonNb3oBanu, Korga NpPorpaMmmbl NMMCanNMCch Ha
accembnepe unm B MalnHHbIX Kogax. [porpamma Ha si3blkax NporpaMMmnpoBaHmns BbICOKOrO YPOBHS
C KOMMeHTapusimm 6onee NPOCTO ONMUCLIBAET anropuTM, Yem Onok-cxema. MNMporpamMmmbl Ha 06 bEKTHO-
OPMEHTUPOBAHHbBIX A3blKax NPOrpaMMMpoBaHns B Buae 6roK-CXembl onucaTtb HENb3s.

Bnok-cxembl MCNonb3oBany Npu U3y4eHnn anroputMoB nepes Nepexoaom K N3y4eHuHo si3bIKOB
nporpaMmmmnpoBaHus. 3To BbINIO oNpaBAaHHO B A3blkax, rae Yacto ncnonedyetrca GOTO (onepaTop
nepexoda Ha CTPOKY NporpamMmmbl, Ha3BaHME KOTOPOW yKa3biBaeTCcs B MapaMeTpe onepaTopa).
Mpumep BGnok-cxembl, ONUCLIBAKOLLEN anropuTM BblYMCNEeHUs dakTopuana:

63



Lukn i
om10on

Yeenuyume
iHa 1

N\ Uukni /

Bbieecmu
a

OcmaHos

Mporpamma Ha A3bike C, cooTBeTCTBYOLW AN GOK-CXeMe NpoLLeE:

a=1;

for(i=1; i<=n; i++)

{

a=a*i;

}

return a;

[o nosiBneHus a3bika C, anropuTMbl B HayYHbIX Ny6rvkaumsax onucbkisanm Ha a3bike Algol.

"padhunyeckoe npeacraBneHme MoxeT ObiTb yaoOHbIM, 0QHaKo, rpadmyeckoe NpeacTaBreHne He
ABnsieTca camouenbto. Hanpumep, anarpammel, ncnone3yowmne UML (yHMBepcanbHbIn A3bIK
MOAENVUPOBAHMUS) HACKOSbKO "yHMBEpPCanbHbI", HACTONBLKO N 6ecnonesHsbl.

O6bl4HO, AOKYMEHTUPOBAHME BbIMOSHAETCS MO OCTAaTOYHOMY MPUHLUMNY U HE CaMbIMU
KBanuduumpoBaHHbIMK crieunanuctamu. Ecnm Bel yBuguTte anarpammebl, KOTopble Bam OyayT
HEeMNOHSATHbI, 3TO HOPMarbHO.

Ecnun gnarpammbl ynpoulatoT pa3paboTKy, TO OHM nonesHbl. Hanpumep, nonesHbl gnarpaMmmbi
KriaccoB B 0O BbEKTHO-OPUEHTMPOBAHHbIX S3blKax NporpammupoBaHus. lNonb3a B TOM, YTO cpeda
pa3paboTkm Ha OCHOBE AgMarpammbl Co30aET Habop dpannos ¢ WabfoHHLIM NPOrpaMMHbIM KOAOM,
KOTOopble MOXHO AopabaTbiBaTbh, 406aBNAS NPOrpaMMHbINA KOA,.

PacwupeHHas ¢popma Bakyca-Haypa (PBH®)

PBH® paspabotaHa BupTtom u aBnseTcsa ynpoweHnem "dopmbl bakyca-Haypa" (BH®). BHO
npegHasHayeHa ong onncaHusl CUHTakcuca A3bIKOB nporpammmpoBaHua. MNpenmywectsom PBH®
ABMSIETCA NPOCTOTa U NOHATHOCTL Ans nogen. B PBH® ncnonbayeTtca Bcero 10 cneynanbHbIX
3HakoB: [ ] { } () | = " (Tpu Buga ckobok, BepTUKanbHasa YepTta, 3HaK paBHO, KaBblYKN,
3anaTas). CuHTakcuc onpegensietca natbto npasvnamu. PBH® aensetca ctaHgaptom ISO/IEC
14977. Opyrnx ctaHgapToB AN ONMCaHUsS CUHTakcuca HeT, noatomy PBH® ncnonb3yioT B
AokyMmeHTauuun. MNpumep onucaHna komaHgbl B PEHO:

CREATE OPERATOR mMs (
{FUNCTION|PROCEDURE} wmMs_ @QyHKLMUHM
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[, LEFTARG Tun_cmeea ] [, RIGHTARG Tun_cnpasa |
[, COMMUTATOR kxomMyT omeparop ]| [, NEGATOR o6paTssni_oneparop |

durypHble ckobku { | } - Habop dpas, pasgeneHHbIX 3HakoM |, umetowmm cmbicn OR. B
KBagpaTHbIX CKOBKax onumoHanbHble dpasbl. Npumep komaHgbl, KOTOpasi NOAXOAUT Nog 3TO
onucaHue:

CREATE OPERATOR == (
FUNCTION equals,
LEFTARG string,
RIGHTARG string,
NEGATOR <>

Bakyc paspaboTtan s3bik FORTRAN. BupTt paspaboTtan a3blk Pascal ana obyyeHusi CTyaeHToB
CTPYKTYPHOMY NpOrpaMmMMpOBaHUIO, HO OH NepecTan pasBMBaTbCA U UCNONb30BaTbCA. B y4ebHbIx
Lensax a3blk Pascal He nnox, HO n3y4aTb CUHTaKCUC A3blka, KOTOPbLIA Ha NPaKTUKe He UCMorb3yeTcs,
HepasyMHo.

Ha BonHe nonynapHoOCTM 06 bEKTHO-OPMEHTUPOBAHHBIX A3bIKOB nNporpammMmmpoBaHnda B 1986 rogy B
Apple 6611 co3gaH a3bik Object Pascal. Bupt He yyacTtBoBan B co3gaHumn Object Pascal, TouHo Tak
Xe kak TOMMCOH He yvyacTBoBarn B pa3paboTtke a3blka C++. [lpuMeyaTensHO TO, YTO AnanekTom
Object Pascal saBnseTtca nonynsipHbIn, B CBOE BpeMs, A3blk Delphi, 0 KOTOpoM MOXHO ckasaTtb
NpUMEpPHO TO, 4YTO Hanucan denkctpa o sa3bike BASIC B 1975 rogy: "lNMporpammuposaHne Ha COBOL
Kaneumt mo3r. [1oaToMy obyyeHne emy AOSMKHO TPAKTOBaTbCA Kak npecTtynneHune". B HacTosiwee
BpeMs pascal-nogobHble A3bIK1 He BCTPEYalTCa U He NpeacTaBnaioT ONacHOCTU Ans pasyma
NPOrpaMmMmncCTOB.

O sasbike BASIC [enikctpa nucan: "CtyaeHToB, paHee nayyaswmx BASIC, npaktuyecku
HEBO3MOXXHO 0By4MTb XOpoLleMy NporpaMMmnpoBaHunio. Kak noteHumanbHble NPorpamMmmMmCTbl OHU
noaBeprnmMcb HeobpaTMMon ymMCTBEHHOM Aerpagaumn”. HeT HM4ero nnoxoro B ToM, YTobbl NnucaTtb
nepsble nporpammbl Ha BASIC, HO ncnonb3oBaTb ero Kak OCHOBHOW SA3bIK AN N3yYeHUs
NporpaMMnpoBaHUs He CTOUT.

C ponewn WyTKNM MOXHO CKa3aTb TO e caMmoe npo JavaScript, pacnpocTpaHeHHOCTb KOTOPOro Tak
Xe BbICOKa, Kak bbina B cBoé BpeMs y s3bika COBOL. Vicnonb3oBaHue JavaScript cyxxaeT namaTb
nporpaMmMmncTa 40 HECKOMbKNX CTPOK KoAa, OTYEro NoABMASETCS HECMOCOOHOCTb K NPOEKTMPOBAHNIO
nporpamMm (KOHUEeNTyanbHOMY MbILLSIEHUIO).

Letikcmpa 6bin1 uzsecmeH edkumu agpopusmamu. E2o konneza AnaH Kel npudyman aghopusm 8
cmune [elkcmpsl: "Bbicokomepue 8 KOMbomepHoU HayKe usdmepsiemcsi 8 HaHo-0elukcmpax", a rno
rnosody aghopusmos [etikcmpbi Ket eogopurn: "[]Jee cambie 6onbuiue npobnemsi 8 Hawel He
coecem-mo obriacmu - amo me, KMo crywar e20 C/IUWKOM 8HUMamesibHO, U me, Kmo criywarn e2o
HedocmamoYHO 8HUMamersibHO".

CTpyKTypHOe nporpamMmupoBaHue

B 1966 matemaTtukn Bém n AxkonvHu gokasanu cnegyrowyto Teopemy. lNporpamma, 3agaHHas B
BuAe H6NoK-CxeMbl MOXET ObITb NpeaAcTaBneHa B BUAe TPEX ynpaBnatoLmnX CTPYKTYp:

1) nocnegoBaTenbHOCTb BbIMOSIHEHUS - CTPEenoYka nepexoda u3 6roka B 610k Ha 6rnok-cxeme;

2) ycnosHbin onepatop |IF THEN ELSE, peanusytowmit branching, BeTBneHne notoka
BbINOSTHAEMbIX KOMaHA;

3) uukn.

CyTb TeopeMbl B TOM, YTO peanu3auuns anroputmoB Bo3mMoXxHa 6e3 onepatopa nepexoga GOTO.

B 10 Bpems yacTo ncnonb3oBarncs onepatop nepexoga GOTO n nporpammbl NOMAyYanucb
3anyTaHHbIMK, ObIfI0 CMOXHO NOHATb, Kak paboTtaeT nporpamma. NpuynHel ncnonb3osaxHms GOTO B
TOM, 4YTO B MaLLMHHbIX KOgaxX U accembrnepax He 6bINo KoMaHa, peanuayoLwmx Lmknbl. Jlornka
LIMKINOB M yNpasrieHne NOTOKOM BbINOSIHEHUSA KOMaH, peanu3oBbiBanncb KOMaHOOW nepexona jump
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("nepenpbirun"), aHanornyHon GOTO. MNMporpaMMUCTbI, MUCaBLLUME HU3KOYPOBHEBbIN KO Npw
nepexoe Ha BbICOKOYPOBHEBbIE A3bIKM MPOAOIKANN UCNONb30BaTh TO, K YeMY MPUBLIKIN.

Mpobnema GOTO unncTpupyeT TO, YTO BLIOOP sA3blka NPOrpaMMMpOBaHus BIUSET Ha
MbILLMEeHME 1 B ByayLlemM CHWXKaeT BEPOATHOCTb HanmcaHus 3¢pekTMBHOroO 1 Ka4eCTBEHHOMo Koaa
Npv nepexoae Ha aApyrue A3blku NporpamMmmMmMpoBaHns U cpeacTea pas3paboTku.

Xoap, BupT, [lenkcTtpa co3ganu CTpyKTypHOe nporpammmpoBaHue. [lenkctpa coopmynmposarn
NPOCTbIE MPUHLMNbI:

1) cnegyet oTkasaTbcsa OT onepaTtopa nepexoga GOTO;

2) nporpaMmma CTpouTCSA U3 TPEX YNPaBSAIOLWNX CTPYKTYP: NOCNea0oBaTeNbHOCTb BbIMOMHEHMS,
BETBIIEHME, LMK,

3) ynpasnsowme KOHCTPYKUuuK (61okn) MoryT 6bITb BNOXEHbI APYr B ApYra;

4) nosTopsitomeca pparmeHTbl (Koga, Habopa 6510k0B) MOXHO ochopMuTL B BUAE "nognporpamm”
(Mpouenyp n yHKUMIA) - NPpOrpaMmm C OOHUM BXOLOM U BbIXOAOM;

5) normyeckn cBsA3aHHYH rpynny MHCTPYKLMIA CTOUT 0POPMUTL Kak Bnok;

6) BCe CTPYKTYpPbl OIMKHbI UMETb OOUH BXOA, U OL4MH BbIX0OS;

7) nporpamMmmbl CTOMT pa3pabaTbiBaTh "cBepXy-BHM3" (OT 06Lero kK YactTHoMy). HavaTtb ¢ 6rokoB
BXoAa (kakue napameTpbl nporpaMmma npMHMMaeT) u 6roka Bbixoda (Kakow cTaTyc Uin AaHHbIe
AOJPKHA BEPHYTb NporpaMmma), 3aTeM OCHOBHbIE YacTu B Buae nognporpamm. Peannsaumio
(kogmpoBaHue, co3gaHue NocrneaoBaTeNlbHOCTU ONEPaTOPOB Ha A3blke NPOrpaMMUPOBaHNSA)
BbINOSTHATE No3xe. MoXHO co3gaBaThb "3arnyLwku” nognporpaMmm, He peannays ux, 4To nossongdeTr
ObICTPO co34aBaTb NPOTOTUMNbLI MPOrpamMm.

Bbnoku

Bnok - rpynnupoBka (0603HaveHune) ngyumx nogpsia KomaHa (MHCTPYKUMIA, onepaTopoBs, BbI30BOB
dYyHKUMIA, Opyrmx 6510KOB) B UICXOAHOM KOAe nporpaMmel. [lepeMeHHble (CTPYKTYpPbl AaHHbIX,
dyHKUMN), onpeaenéHHble BHYTpM Brioka "nokanbHbl" - BUAHbI TONBKO B Npegenax 6noka. Mpu
BbIxOAe 13 6noka nokanbHble NepeMEHHbIE UCYE3al0T U NaMATb, KOTOPYH OHU 3aHUMarnM,
ocBoboxpaetcsa. brioku:

1) nomoratoT ynpaBnATb BPEMEHEM XU3HU AaHHbIX 1 06MacTblo BUAMMOCTU NEePEMEHHbIX
(CTPYKTYp OaHHbIX);

2) NO3BONAT NpeacTaBnATb HAbOP KOMaHA Kak eauHoe uenoe;

3) MOryT BKNaablBaTbCA OOUH B APYroun.

Bnok MoXHO NpeAcTaBUTb Kak MPOMEXYTOYHbIN LWar K nognporpammMam (npouegypam, QyHKUUAM,
MOAynsiM, MeTodaM), Tak Kak 6510k Bcerga siBnsieTcs Tenom noanporpaMmmel. Y 6110KkoB HET
napamMeTpoB, HO TaK Kak OHW ONpeaensaTCa B TOM Xe MecTe, rae v kog 6rnoka, To B 6n1okax BUAHbI
BCE NepeMeHHble, onpeaenéHHble B TOM Brnoke, B KOTOPOM OHM HaxogsaTcd. To ecTb y 6nokos
"npospayvHasn” rpaHuua.

B JavaScript 6110k cBa3aH ¢ Mano3aMmeTHbIMU OCOBEHHOCTAMM, KOTOPbIE YCIOXHAT UX
MCcnonb3oBaHUe. AT 0OCOBEHHOCTU HENOMUYHbI U UHTYUTUBHO HEMOHATHbLI U, €CNIN O HUX HEe 3HaTb,
NpMBOAAT K NOBOYHBIM ahhekTam.

O603HauyeHue 6NoOKOB

B coBpeMeHHbIX si3blkax MporpaMMmnpoBaHns 6r1I0KM UCNOSb3YTCA OYEHb YaCTO U CUHTAKCUC UX
NCNonb30BaHUs A0MKEH BbITb NpocTbiM. B sa3bike C n C-nogobHbIX A3bikax 651okn o6o3HavarTes
3HauYKamu ourypHble CKOBKN: { }. ATO UHTYUTUBHO MOHATHO U ecTecTBeHHO. Aaa JlaBnewc
ncnonb3oBana B NepBou nporpamme ourypHble CKOOKM nsi rpynnUMpoBKM OnepaTopoB B Tena
LMKIOB. YOMBUTENBHO, HO 0 nosBreHus sa3bika C durypHble cKobkn He ncnonb3oBann. Bmecto Hux
MCNonb30BannUCb aHrNMUCKNe crnosa BEGIN 1 END, npuweaiwme ns Algol. B aTux cnosax mHoro 6yks,
4yTO yXyawaeT untabenbHocTb nporpamm. CnegoBaHve naee, YTo aHrmMunckne criosa bonee
NPUATHBI N MOHATHBI MpOrpaMMmncTam, caenano HanncaHme Kkoga HeyaobHbIM. BONbLUMHCTBO U3 3TUX
A3bIKOB OorbLue He ncnonb3yetcd. OHN He NCNONb3YTCA HE TONbKO U3-3a CNoB "begin-end”
BMecTo "{ }". OTn cnosa - mapkep, NokasblBalOLLNIA, YTO B SI3blkax U B OCTanibHOM ObInn BbiOpaHbI
HEEeCTECTBEHHbIE PELLEHNS.
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B a3bike Ada nonbiTanucb yCTpaHUTb HeJOCTaToK, caenas nucnosnb3osBaHne begin 1 end
ornumMoHanbHbIM, HO BBENW 3aBepLuatoLmne cypdukcol 4ns ynpaBnaoLmMx KOHCTpYKUn. HanncaHue
Koga crano ewgé MmeHee NoHATHbIM. A3blikin PL/SQL 1 plpgsql, ucnonb3yemble B penaunoHHbIX 6asax
AaHHbIX, YHacnegosanu cMHTakcuce s3blka Ada. Npumep:

begin

if a>0 then
a=a+l;
a=a+t+l;
end if;

end;

Mocne then naét Habop komaHa 6e3 0603HauYeHnst 6noka, 3ToO HENOMMYHO U AenaeT Koa CroXxHee
ansa socnmuaTtus. Ha C-nogobHbix si3blkax 3anmcb Obina Obl Takown:

{

if (a>0)
{
a=a+l;
a=a+l;
}

}

B asbike Python, koTopbi nosisuncsa B 1991 rogy, To eCcTb No3xe, 4em nossusica a3bik C, ans
0603HayeHns1 6NOKOB UCMONb3YITCH OTCTYMbI, TO €CTb HEBUAUMbIE CUMBOJbI: Npobenbl 1
Tabynauyun. 3To HANOMMHAET UCMONb30BaHME NPOGENOB BMECTO HYNA B BABUIOHCKOW CUCTEME
CUYMCIIEHMS.

Co3damernb si3bika Python o6ocHo8asn ucrosb308aHUe 0mcmyros mak:

"cnonb3o8aHue omcmyrog ymeHblwaem 8u3yasibHoe Ha2poMoxX0eHue u 0eniaem npozpamMmabl
Kopoue, memMm caMbiM COKpaujasi 06bém eHUMaHUs, Heobxo0umozo 0nsi eocripusimusi 6a3osou
e0uHuUbl koda. Bo-emopsbix, amo daém rpogpammucmy MeHblwe c8obo0bl 8 hopmamuposaHuu,
mem cambim Oeriasi 803MOXHbIM bonee eQUHO0bpPasHbIlU cmusib, 4mMo obriecyaem YmeHue 4Yyxo20
KoOa (cpasHume, Harpumep, mpu usu 4Yemsbipe pasudHbiX coanaweHusi 0 pasmeuweHuU uaypHbIX
ckobokK 8 Cu, Kaxxdoe U3 KomopbIX UMEEM CUSIbHbIX CIMOPOHHUKO8)".

Lpyeumu criogamu:

1) akoHoMus1 Ha cumeonax { }

2) CKIIOHSAMb MPOo2pPaMMUCMO8 K UCMOob308aHUK0 omcmyrios 015 gpopmamuposaHus (indentation).
Omcmynbl ynydwarom yumaberibHoCmb rpogpammbl, Ho HeydobHo rnodcyumsigame HeguOUMbIe
CUMBOIJIbI.

He cmoum npuHumame Ha 8epy nNpu4uHbl, KOmopbie npueén co3damersib si3bika. OH Moa 3abbimb
YroMsIHymb, 4mo coesiasn amo 0515 pa3eniedeHus. HassaHue si3bika Python npoucxodum u3
KomedutiHo2o mesiewoy "llemarowut yupk MoHmu llNMadmoHa".

B KOHEYHOM MTOre, UCTOPUSA COXPaHSAET NyyLUNe pPeLLEHUS, HO B KaXKO bl MOMEHT BPEMEHM
CyLeCcTBYEeT MHOIO PELLEHN N CYLLLEeCTBOBATbL OHW MOTyT 4onro. [lJonroe Bpems nogn cumtani, 4to
COSHLE BpalaeTcs BOKPYr 3eMSIM UMM YTO HOMb HE HaTypanbHoe 4ncno. Kakaa aons pewweHun He
coxpaHnutca? Ckopee Bcero, no npuHumny Mapeto 80 k 20. [NNo3aToMy, HE CTOUT OPUEHTUPOBATLCS Ha
6onbwmnHcTBO. CTOUT JOBEPATL cebe, a He cneaoBaTh YYXXUM MAEAM UK "NPUHLMNMANBHbIM
coobpaxeHnam".

Pa3melueHue ¢purypHbiX CKOGOK

Mo>HO ckasaTb, YTO pa3meLleHne OUrypHbix CKOBOK 4ero BKyca Kaxgoro nporpammucta. Ctout
npocneauTb, Kak BO3HWKaeT pa3Hoobpasue.

B a3bike C mecTo purypHbix ckobok 6bir1o 3agaHo KepHuraHom n Putum B nx kHure "The C
programming language":

main ()

{
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printf ("hello, world\n");

}

Mpo pacnonoxeHne B KHUre HanucaHo: "PacnonoxeHne ckobok MeHee BaXkHO, XOTS Noaun
CTPacCTHO NpuAEPXMBaKOTCS cBoero ctuns. Mbl BbiOpanu oanH n3 nonynsapHbIX ctunen. Bolbepute
CTWUIb, KOTOPbLIN BaM NOAXOANUT, U NpUAEPXKMBANTECH €ro”.

Te, KTO 4nTan KHUry, CTaHyT pacnonaraTb ourypHble CKOOKM Kak B KHUre. OTO eCTECTBEHHO U
nornyHo n 20% nporpammmncToB Ha C-NoAo6HbIX A3blkax 3TO Mcnonb3yoT. Kak pacnonaratoT cKO6ku
80% nporpammuncToB? Tak Kak OHW pacnonaranucb B 3blkaX, Ha KOTOPbIX OHU U3y4anu

nporpaMmMmupoBaHue.
Mo>xHO NpeanonoXnTb, YTO CTUNb:
if a>0 then
a=a+l;
end if;
NpUBEN K NOSBNEHUIO CNEeAYHOLEro CTUIS pacnofioXeHnsa purypHbIX CKOBOK:
if a>0 {
a=a+l;
}
Haxe KepHuraH 1 Putum ncnonbe3yoT 3TOT CTUIb ANA ONepaTopoB, HO He ANns Tesm OYHKLUUA 1
©nokos..
Takxe ecTb Bapuauns:
if a>0
{
a=a+l;
}
koTopyto HasbiBatoT "ctunb GNU". GNU nonynspuauposanocs CtonnmaHoMm. NMpegnonaratoT, 4To
Ha ucnonb3oBaHne CTONSIMaHOM OTCTYNOB nepea purypHbIMmn ckobkaMmm, NOBAUSAS €ro onbIT

nporpamMmmMmmnpoBaHna Ha s3blke LISP.

Allman Kernighan & Ritchie GNU Whitesmiths
while (x == vy) while (x == y) { while (x == y) while (x == y)
{ funcl(); { {

funcl(); func2(); funcl (); funcl();

func2(); } func2 (); func2();

} } }
Horstmann Haskell style Ratliff style Lisp style
while (x == y) while (x == vy) while (x == y) { while (x == y)

{ funcl(); { funci() funcl(); { funci();
func2(); ; func2() func2(); func2(); }
} i 3

B ctunax Allman n GNU 6nokn cbanaHcMpoBaHbl U CUMMETPUYHbI. HecMMmMeTpryHbie B6nokn
CNOXHee Ans BOCNPUATUS.

MpoucxoxaeHune a3bika C

B 1957 rogy B komnaHum IBM 6bin paspaboTaH sa3bik FORTRAN, nepBbi 13blK BEICOKOTO YPOBHS.

B 1958 rogy Ha HegenbHOM KOHepeHumn B Litopuxe 6bin paspaboTtaH a3bik Algol (algorithmic
language). OH MHoroe yHacnegoBan oT FORTRAN, npu 9ToM OCHOBHbIE MOHATUS Bblnn cobpaHbl B
©onee nornyHyto cTpykTypy. B Algol nosBunuce 6nokun koga n 4ob6aBunm BO3MOXHOCTb PEKYPCUN.
Algol - npouenypHbIn, MNepaTUBHbINA, CTPYKTYPHbIV S3blK CO CTPOron Tunusauunen. Yepes gsa roga

cneumdumkaumio a3bika gogenanu n Hassanu Algol-60.
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B 1963 roay Ha ocHoBe Algol-60 6bin co3gaH s3bik CPL (Combined Programming Language),
KOTOpbIN NpegocTaBnsan 60onbLue BO3MOXHOCTEN NO B3anMoaencTamio ¢ xxenesom. Algol-60 6bin
MUHMMArUCTUYEH N He yaobeH aAnsa peweHns cnoXxHbiX 3agad. Asblik CPL 6bin nepeycrnoXHeH, HO
Yepes HECKONbKO feT Nocre ero nosiBneHns Ha ero ocHose co3ganu s3blk BCPL (Basic Combined
Programming Language), y6pas 13 CPL dyHKUMOHanN, KOTOPbIN YCNOXHAN KOMMUIIALMNIO
(TpaHCNsAUMIO B MaLLMHHLIN KOA) NporpaMm, No3ToMy K HasBaHuio gobasunu cnoso Basic (6a3oBbin).

Asbik CPL 6611 ManonpumeyarternbHbiM, HO B 1969 rogy Ha ero ocHoBe COTPYAHUKM KOMMaHum
AT&T TomncoH 1 Putun co3panu a3bik, Ha3BaB ero "B". B a3bike B 6bina cemanTtmnka BCPL n
cuHTakeuc sa3bika small Algol (nogmHoxecTBo a3bika Algol-60, npegHasHayeHHoe Ans HebonbLIMX
KomnbtoTepoB). pyrnmu crnosamu, B Beirnagen kak small Algol, a pabotan kak BCPL. Nockonbky
a3blk B Bobpan B cebst n3 BCPL Tonbko T0, 4TO TOMMCOH nocyuTtan Hanbosee nonesHsIM, a 3To
NPUMEPHO YEeTBEPTbL OT TOro, 4To 6b110 B BCPL, TO pewwnnu n3 HaseaHus "BCPL" BbiIGpocuTb TpeTb
oyks. Tak n3 "BCPL" nony4nnocs "B".

Asbik B 6bin paspaboTaH Ans HanMcaHnsa CUCTEMHbIX NporpamMm. OTo 6bin 6ecTMnoBon A3bIK, C
€[4MHCTBEHHbIM TUMOM [aHHbIX - MALMHHLIM CITIOBOM. B 3aBMCMMOCTM OT KOHTEKCTA, 3HAaYEeHNSA 3TOro
Tvna obpabaTbiBanoch Kak Lenoe 4ncno unu agpec namatn. Asbikn B u BCPL 6binu
NHTEPNPEeTUPYEMbIMI, TO ECTb KOMNUIAATOP ANS HAX HE COo3daBanm.

C 1969 no 1973 rog TomncoH n Putun nepenucbiBanu ko onepaumoHHon cuctemsl Unics
(Uniplexed Information and Computing Service, nepenmeHoBaHHbIN B Unix) Ha a3bik B. B 1972 rogy
Obina BbinyLeHa BTopasa Bepcus Unix, nepenucaHHasa Ha a3blk B. [NMpyn nepenncbiBaHnM A3bIK
npasuncs. B a3bik 6binmn gob6aBneHbl CTPYKTYPbI - NEPEMEHHbIE, XPaHSALLME MHOXECTBO OTAENbHbIX
3HaAYEHUN CBAA3aHHbLIM (CTPYKTYPUPOBAHHBIM) 06pa3oM, YTO CyLLLECTBEHHO YNPOCTUIIO
nporpaMmmupoBaHme. Putun n TomncoH nocumtanu gobaBneHne CTpykTyp, KOTOpbIX He 6bino B B,
small Algol, BCPL n CPL, 3Ha4unTenbHbIM U3MEHEHMEM, YTODObI AaTb A3bIKy HOBOE UMS U A3blK B
npespaTuncs B A3blk C. Tak nonyyuncs a3bik "C" (nponsHocuTcs Kak "Cu").

A3bik C

Asbik C co3gaBancs HeCKOMbKO NeT B Npouecce nepeHoca Ha Hero Koga onepaunoHHON CUCTEMBI
1 nony4nncsa yaobHeiM 1 NpocTbiM. A3blk C Bbin nepBbIM A3bIKOM, KOTOPbIV HE NbITancs HaBsa3bIBaTb
Kakon-nnbo cTunb NporpaMMUpoBaHUs Unu criegoBaTh Kakor-To napagurme. C Obin nepBbiM
BbICOKOYPOBHEBBIM S13bIKOM, NPEAOCTaBNSAOLWNM LOCTYN KO BCEM BO3MOXHOCTAM MnpoLeccopa, Taknum
Kak "ykaszaTenin" - CCbINIKM Ha y4aCTKM onepaTUBHON NamMsiTM 1 onepauusamMm nobuToBbIX COBUMOB,
KOTOpble CTanu NosABNATLCA B KOMaHAaxX NpoLEeCcCopoB.

KomnunaTtop ansa HoBOro A3blka C BXOAWM B MOCTaBKY TpeTeun Bepcun onepaumoHHON CUCTEMDI
Unix, Bblweawen B 1973 rogy. B Tom e rogy Bblwna 4 sepcma Unix ¢ 44p0M, NMONHOCTbLIO
nepenncaHHbIM Ha A3bIK C.

B 1975 roay Bobiwna 5 Bepcus Unix, NONHOCTLIO NnepenucanHan Ha a3blk C. C 1974 roga
ncxogHbin kog Unix Ha sa3bike C pacnpocTpaHancsa cpean yHmBepcuteToB. Unix u a3bik C ctanu
nonynsipHbl. K 1978 rogy Unix 6bina yctaHoBneHa 6onee yem Ha 600 komnbtoTepax. Ycnexa a3biky C
pobasuna nybnvkauua B 1978 rogy kHurn "The C Programming Language" KepHurana n Putuun.
KHura Ha 228 cTpaHuy 6bina npocTton n NOHATHOW. B kHMre He ncnonbadyetcsa popma bakyca-Haypa
(BNF) ansa onvcaHnsa cuHTakcmuca asblka.
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B cegbmom knacce KeH ToMncoH 3amHTepecoBarnca ABONYHON apudMeTnkon. OH Npoyén
HECKOJSIbKO KHUI N0 MaTemMaTtuke, u3yumn apumeTndeckue onepaumm B ABOUYHON cucteme. Y Hero
ObIn MexXaHN4ecknin apudMoMETP, MOXOXMI Ha CHETBI M OH cOo3aar NoxoXxee YCTPOMCTBO AJS
BblYMCIIEHMI B ABONYHOM apudmeTrke. B BbINyCKHOM Knacce TOMMNCOH YBNEKCS 3NIEKTPOHMKOMN U
xoTen cobpaTb aHanoroBoe BblYUCANTENBHOE YCTPOMCTBO, HO NOCTYNMB B YyHUBEpcuTeT bepknu oH
nosly4ymn JOCTYN K KOMMbOTEpaM 1 arnblle 3aHMMarca TONIbKO UMMU.

W3 BbicTynneHnsa TomncoHa B HaumoHansHOM 3ane cnasbl nsobpeTtaTtenen:

A yyqurncs 8 ceObMOM Kriacce. 5 copyxursicsi ¢ enadesnbyeM MecmHo20 paduomaza3uHa. OH
r10380J15/1 MHE 3aHUMambCs mak Ha3bigaemol "pabomol” - peMoHMom paduornpueMHUKO8 U 8CE20,
umo 6bI10 8 MOUX cusiax, Komopakle bbiriu He makK yX 8esluKu.

[No3xe s 3axomen cobpamp paduornpuéMHUK Ha namu mpaH3ucmopax. [lepesie u
e0UHCMeeHHbIe KoMMepYecKu OocmyriHble mpaH3ucmopbkl cmousnu 6onbwe nsamu dosinapos 3a
wmyky. 3mo bbir1o 0aneko 3a rpedenamu Moez2o brodxema, HO 1 8CE pagHO Hayars Konume.
Bnadeneu maza3suHa cka3as MHe, YmMo CMOXXem Haumu 3mu mpaH3ucmopskl dewesrie dosinnapa 3a
wmyky. IMeHHO cmoribKO S U HaKonusl Ha amu rnsimb mpaH3ucmopos. Mmak, s Kynus
mpaH3ucmopsl, cobpar paduoripuémMHUK, U mernepb S 30ecb, Ha 3Mou cueHe.

MHe u 8 2onogy He npuxodusio, 4mo Mou omey u eradeney Maza3uHa Kyrnusau mpaH3ucmopsl U
npodasiu ux MHe POBHO 3a My UEHY, Komopyto 1 Moz cebe no3sonume.

3Amo nuwb 00Ha ucmopusi U3 MHO2UX, KOmopble MoOMOIIKHYIU MEeHS K momy, 20e s celivac.
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Ken Thompson's Hall of Fame Induction

Urpbl n nporpammupoBaHue

Wrpbl nomoratoT B AeTcTBe n3yvatb mup. Korga nogmn Bnepsble 3HAKOMUINCh C KOMMbIOTEPaMMU,
TO CaMO€ MPOCTOE, YTO ObINO MNOHATHO - 3TO KOMMbLIOTEPHLIE Urpbl. Urpbl AatoT nobyxageHue K
N3y4YEeHN0 KOMMBIOTEPOB. Y YacTu NMOAEN BO3HUKAET XKenaHne N3yunTb JIOMMKY Urpbl, Kak oHa
YCTpPOEHa, NOTOM - HanucaTtb CBOIO UTpPY.

Ha koMnbtoTepax Toro BpeMeHu 6bin nHTepnpeTaTop Unmn KOMNUNATOP Kakoro-HMbyab s3blka
nporpammupoBaHusi, obbi4Ho, BASIC. HaunHanu ¢ urp ¢ npocTon Nornkon 1 peannsaumen:
KpecTuku-Honmku, o, Ladder, Xonix. OgHako, co3gaHne KOMNbOTEPHbIX NporpamMmm AaéT Gonbliee
yaoBonbCcTBME. HayumBLUMChL cO34aBaTh CBOM NPOrpamMMbl, MUHTEPEC UrpaTb NPOXOAW, Kak 1 B
AeTcTBe, Nocne Toro, Korga A0CTaTtoqHO U3yYnnu Mup.

M3 nHTepsblo KeHa TomncoHa "Pushing the Limits of Technology: The Ken Thompson and Dennis
Ritchie Story":

Unix 6b1r1 co30aH 05t MeHs.

A He cosdasan Unix kak orepayuoHHy cucmemy 055 dpyeux noded,

A cman co3dasampb Unix, ymobbl ugpamsb u Ot Opyaux ceoux 3aHsamud.

51 eceada ysnekarcs uepamu, uepbl bbiriu moel cmuxued.

A uepan Ha uepoebix asmomamax 6 uzgpy "lMuHbon" u eckpbigas 3aMKU Ha 3a0HUX 08epsix
u2poesbIx asmomamos. 5 udydar nNpUuHyUnuUasbHble CXeMbl, KOMOPbIE mamM UMEIUCH.

VIMEeHHO mak 51 U Hay4uricsl io2uKe rocmpoeHUsi rpozpamm.

Wrpa Microsoft Flight Simulator 6bina BeinyweHa B 1982 rogy 1 morna ncnonb3oBaTbCa Aaxe AN
N3y4YyeHusi NMNOTUPOBAHUSA CaMONETOB.

N3 kHueu Pu4yapda ®eliHmaHa "Bbl, KOHEYHO, wymume, mucmep DedHmaH!":

A umo kacaemcsi mucmepa DpeHKeris, Komopbil 3amesis1 8Cto amy desimesibHOCMb, MO OH Havarsl
cmpadamb 0m KOMbomepHoU 601e3HU - 0 Hell ce200HS 3Haem Kaxxobll, Kmo pabomarn ¢
Komribromepamu. 3mo o4yeHb cepbe3Hasi 6onesHb, U pabomams rpu Hel HE803MOXHO. beda ¢
KOMrMbtomepamu cocmoum 8 mom, Ymo mbl ¢ HUMU uzpaewsb. OHU mak npeKpacHbl, CMOoJsibKO
803MOXXHOCMeEU - ecriu HemHoe Yucrio, enaewb 3Mo, eciu HeyemHoe, deflaeulb mo, U O4eHb CKOPO
Ha 00HOU-eOUHCMBEHHOU MawWUuHe MOXHO derlamb ece bornee u boree U30WPEHHbIE 8eWU, eCrlu
mosibKO mbl A0CMamoYHO YMEH.
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... €CNu 8bl Ko20a-HUbydb pabomarsu ¢ KoMrbromMepamu, 8bl MoOHUMaeme, 4mo amo 3a 60/1e3Hb -
8oCXUWEeHUe om 803MOXHOCMU y8UOemb, KaKk MHO20 MOXHO coeslameb.

Wrpbl - 3TO aTan pa3suTtus nogen. Nocne Toro, kKak MHTEpeC K urpaM yMeHbLUaeTcsl, NoABNSeTCH
cnefyoLwmnn MHTepeC - HanTU owKnBKK B NporpaMmmax 1 gokasaTb cebe, YTO MoXeLlb caenaTh nyyle,
TO eCTb "B3nomartb" cuctemy, ¢ yero HaumHanm lNMon Annexn n bunn Nentc. Ctne BoaHsk, ocHoBaTemNb
komnaHum Apple, B toHOCTU co3gan ungpoBoe ycTponcteo BlueBox, koTopoe co3gaBaro 3BYKU,
NOXOXWe Ha ynpasnsowmne curHanbsl TenedoHHbIX CTaHLMA. YCTPONCTBO NO3BOMASO yCTaHaBNMBaTb
mMexayropoaHble TenedoHHble coegmHeHns 6e3 onnatbl. CTuB BosHsik co cBoum gpyrom Ctusom
[xobcom passnekanucb, ycTpamsas po3birpbiwn no tenedoHy. OgHaxabl Bo3HAK 4o3BOHMACA 0
BaTtukaHa u, npeactasusLlumct I'eHpun KuccmHgkepom, nonpocun kK tenedony Many. Opy3bs
npounssoaunu n npogasanu BlueBox, HO 3TO ObIfI0 PUCKOBAHHO M HE OYEHbL 3aKOHHO. OHM
npekpaTunn aTMM 3aHMMaTbCS U Co34anm CBOW KOMMbIOTEP 1 KOMNaHuio Apple.

CtpemneHue "B3nomaTtb" CUCTEMY NPUXOAUT U3 OETCTBA, 3TO CTPEMIIEHNE pa3obpaTh npeameT
n3yyeHus Ha Yactu. B getcTBe pasbupaloT ManHKN U UrPYLLKK, YTOObI NOCMOTPEThL, YTO TaM
BHYTpW. Takke B 4ETCTBE TECTMPYIOT rpaHuLbl 403BONEHHOrO, "OYHTYIOT" 1 3TO TOXE OOMH M3 3TanoB
pasBUTUA. XaKkuUHT - 3TO UccrnegoBaHue paboTel nporpamm. [ns S3bIkoB, rge nporpammbl
KOMNUNUPYIOTCS B MAlUHHBIV KOA, Hanpumep, Ang nporpaMmm Ha s3blike C, BO3MOXXHa AEKOMMUAALMS
B accembnepHbIn kKog. o pesynbTatam nccrnegoBaHus co3garoT CBOM NporpamMmbl v Lngposble
YCTPOWCTBA, TO €CTb CO34al0T YTO-TO HOBOE. Pa3pyLueHune - npoMexyTouHbl aTan u 6e3 nepexoaa K
co3ugaHuto Yenosek He passuBaeTcs. CtuB BosHsk n Ctue [xobc, 6bICTpo nporasa atan
"paspyweHuns”, cosgann KomnaHuo Apple 1 4OCTUIN ycnexa B XXU3HW.

Urpbl, XxakuHr - cnocob nosHaHus mupa. Te, KTO 3aJepXXmMBaeTcsa Ha aTUX aTanax, nepecratT
pasBmBaTbCA. Hanpumep, MOXHO pa3obpaTtb KOMMbITEP UM HOYTOYK, C LeSbio BbICHUTb, Kak OHU
paboTatoT. Bpag nu ygacTtcs HauTu 4TO-TO MHTEPECHOe, camMoe MHTepecHoe (NporpaMmmbl) HAXOAUTCSA
B namsTu Komnbtotepa. CosngaHue - pazobpatb 6e3 paspyLlueHns, NOYUCTUTb-NOYUHUTD, MOXET
ObITb AopaboTaTb 1 cobpaTb 3aHOBO.

C6opka cxemM 13 NonynpoBOLHUKOBBIX AeTanen aTo Takke OAUH U3 3TanoB No3HaHUsA mupa. KeH
TomncoH cobpan paguonpuemMHuk, Ctne Bo3Hsk TenedoHHoe ycTponcTteo BlueBox. OHu npoLunu
3TN 3Tanbl 1 Nepewnn K y4ébe B yHMBEPCUTETE U HAaNNCaHUIo NporpamMm. Micnonb3oBaHne
unanveckmx (MatepumarnbHbIX) YCTPOMUCTB (KOHCTPYKTOPOB, pOOOTOB, NNaTt MUKPOKOMIMLIOTEPOB)
MHTEpPeCHO B AeTCcKoM Bo3pacTte. Koraa passmBaeTcs abCcTpakTHOE MbllneHne, usndeckmne
YCTPOMCTBA CTAaHOBATCHA Heoba3aTeNbHbIMU, 4OCTATOYHO UCMNOSIb30BaHUSA NPOrPaMMHbIX AMYJISTOPOB
dumamnyeckmx yctponcts. [Non AnneH n bunn Nentc paspabatbiBanu BASIC gna komnbtotepa Altair
He umesi ero, paspaboTka Befnacb Ha amynsTope npoueccopa Intel 8080A Ha komnbioTepe DEC PDP.

CucreMHoe 1 npuknagHoe nporpaMmmMmpoBaHue

CuctemHoe nporpamMmmMmpoBaHue - 3To co3gaHue nporpamm, obcnyxmeatowmx gpyrne nporpaMmmbl.
Mpumep: onepaumoHHbIE CUCTEMBI; Cpeabl pa3paboTku, Komnunauumn, copku, 3anycka, BbINOSTHEHUSA
nporpamMmm; gpanBepa; yTUnuTbl; CUCTEMbI yripasneHna 6aszamm JaHHbIX; cepBepa NPUNoXeHUH,
BMPTYanusaunm; aMynaTopbl yCTPONCTB.

MpuknagHble nporpamMmel - Te, KOTOpble pellatoT Bu3Hec-3agaun n B3auMogencTBYIOT C
nonb3oBaTtenamu. Hanpumep, TEKCTOBbIE N BU3yarbHble peakTopbl, Urpbl, MOYTOBbLIE KITUEHTDI,
Opay3aepsbl, byxrantepckue, cknagckme nporpaMmmeil.

lMoHATME cucTeMHoro nporpammMmmpoBaHuns noasusiock B 1950-1960x rogax kak cosgaHue
KOMMUASATOPOB, 3f1EMEHTOB ONepaLuMOHHbIX CUCTEM OIS NEPBbIX KOMMbOTEPOB. B TO Bpems
nporpamMmbl cCo34aBanu B MallMHHLIX Kogax n accembnepax. B 1960x rogax ctany NnpuMeHaTbLCS
A3bIKW BbICOKOrO YpoBHs Tuna Algol. [ns npuknagHeix nporpamm ucnons3osancsa COBOL.

[nsa cosgaHmsa onepaumoHHbIX CUCTEM Y ApaviBEPOB Nydlle BCEro noaxoaaT A3blku
nporpaMmupoBaHusi, obecrneynsaroLLme nNpsaMon 4oCTyn K Xeneay Ha "Hu3koM" (6riM3koMm K xxernesy)
YypOBHe NOpTOB, LWWH BBOAA-BbIBOAA. Takon 4oCTyn JatoT accembnepbl U A3blk C, MOCKOMNbKY OH Obis
CO3/1aH 1 COBEpPLUEHCTBOBArICA B NpoLecce co3faHus onepaumoHHON CUCTEMBI.

B cuctemMHOM nporpamMmMmMpoBaHnmn BaXXHO 3HaHME apXUTEKTYpPbI XKernesa; CTPYKTYP AaHHbIX,
KOTOpble BnM3KKN K TEM, YTO UCNOMb3YET Xene30; aPeKTUBHbIX anroputmoB 06paboTkM AaHHbIX;
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3HaHMA Kak paboTaeT NamATb BCceX ypoBHEN. PelleHne 3agaqy cCMCTEeMHOro NporpamMmmMmMpoBaHng
MOXET ObITb AOBOMBHO CAOXHbBIM N e, Kak peanu3oBaTtb 3agady, MOXET He cpa3y BO3HUKHYTb. K
YacTu 3aJadv NPUXOANTCS Yepes Kakoe-TO BpeMs Bo3BpaLlaTbcd. Hanpumep, pelueHve 3agaydm
NpyoCTaHaBnMBaeTCa 4O peanu3aumy Apyrnx 3agad, oT KOTOpbIX 3aBUCUT NpUoOCTaHaBnMBaeMas
3agava.

B npuvknagHom nporpammupoBaHun 3agaym yaaétcsa pasbusatb Ha HebonbLLME N30NMPOBAHHbIE
noAsagayu, pelieHme KOTOpPbIX BO3MOXHO 3a KOpoTKoe Bpems. MHorve 3agaydn wabfioHHbI
(noBTOPAKOTCA), NOITOMY 3a4a4uv NPUKIAAHOro NPOrPaMMMPOBaAHUSA MOTYT peLlaTbCs C MOMOLLbIO
reHepaTMBHOIO MCKYCCTBEHHOIO UHTEeNNeKTa. B npuknagHom nporpammMmMpoOBaHNUN MOXHO He
yaenaTb BHUMaHue 3(pekTUBHOCTN NCNONb30BaHUSA Xernesa, NamaTn 1 COCPeaoTOuNTLCH Ha
peanusaunn 3agaym Hambonee NPoOCTbIM (C TOYKM 3peHUs Tpyao3aTpaT) NyTEM - rnaBHoOe, YTOObI
nporpamma paboTana v Bolgasana pesynbtat. [1puknagHoe nporpaMmupoBaHne MeHee
TPyoOEMKOe, YeM CUCTEMHOE, NOTPEBOHOCTbL B CO34aHMM NpUKNagHbIX nporpamm 6onee BbICOKa,
Nopor BXOXAeHus (HaBblku, Heobxoanmble ana addekTMBHOM paboTbl) HU3KUK. PelueHne
LWabnoHHbIX 3a4a4 aBTOMaTU3NPYETCA NPOLLE, YEM CITOXHbIX, UX CMOTYT peLlaTb reHepaTuBHbIE
A3bIKOBbIE MOLENNMW.

Tunbl AaHHBLIX

B 1976 roagy 6bina nsgaHa kamra Bupta "Algorithms + Data Structures = Programs”.

Mporpammbl NCNONb3YIOT yNpaBnAoLmME CTPYKTYpbl 4ns 06paboTkmn AaHHbIX. [JaHHbIE - HOCUTESb
nHpopmaumn. [laHHble obpabaTbiBatOTCs KOMaHgaMu (onepaTtopamm).

CTpyKTypa OaHHbIX - UX HOCUTENb, OHa NO3BONSET XPaHUTb OAHOTUMHbIE U/UNWN NTOTNYECKN
CcBsi3aHHble AaHHble. [1ns "obpaboTkun" (qobaeneHus, nomcka, UAMEHEHNS, yaaneHus AaHHbIX)
CTPYKTYpa AaHHbIX NpeaocTaBnsaeT MHTepdenc B3anMoLgencTBms C HEW, KOTOPbIA COCTOUT U3
dyHKUMn (onepaTtopoB). OnepaTop - KOpoTKMin cnocob Bbi3BaTb yHKUMIO. MNpumep: "a + b" -
BblpaXkeHne, B KOTOPOM MCMNOSb3YETCA OnepaTop CNOXeEHUS, UMEET ABa onepaHaa (aprymeHTa,
napameTtpa). OkBMBaneHT B Buae gyHkummn: "sum (a, b) ". 3anuce ¢ onepatopom 6onee kKOMNakTHas,
TakK Kak MCnonb3yeTcsa MeHbLUEe CMMBOOB.

[ns co3gaHns BbICOKOYPOBHEBBLIX NPOrpaMmM, KOTOpbIE peLlaroT KaKyo-To 3agadvy no obpaboTtke
AaHHbIX peanbHOro Mmpa, yaobHo Ucnonb3oBaTth TUMbl AaHHbIX, NPUGNMXKEHHbIE K peanbHbIM.
Hanpumep, aaTbl, BpEMS, TEKCTOBbLIE CTPOKU, KOOPAWHATLI U LIBET TOYEK HA 3KpaHe. [MoaTtomy
BbICOKOYPOBHEBbIE A3blkM MMEOT Habop Hambonee YacTo MCMNONb3YOLWMXCA B 3a4adax, ANg KOTOPbIX
npegHasHayeH A3blK NporpaMMmnpoBaHns TUNOB AaHHbIX. [ns yaobcTBa XpaHEeHNa OaHHbIX S3bIKU
MMEIT MacCcuBbl U Apyrne CTPYKTYpbl, KOTOpblE NO3BONAT 06pabaTtbiBaTe HAOOPbLI AAHHbLIX KakK
eanHoe uenoe. Takke A3blkM MOryT MO3BOMSATb KOHCTPYMPOBATb CBOM TUIMbI (KNaccbl 06HEKTOB) U
noakntoyaTtb GubnmoTekn (Moaynum), B KOTOPbIX onpeaeneHbl TUMbl U UHCTPYMEHTbI paboTbl C HUMMU:
ornepaTopbl U PyHKLNN.

Tununsaumnn

Mporpammbl NpuHUMatoT, obpabaTtbiBatoT, BbigaloT AaHHble. OguH U3 YPOBHEN Knaccudgukaumm
A3bIKOB: 6ECTUNOBLIE 1 TUNN3NPOBAHHbIE. BecTnnoBkle - 3TO A3bik acceMmbrniepa u a3bik B, B HUX
AaHHble - 3TO Yncna, COOTBETCTBYHOLLME Pa3MEPHOCTN PErMCTpoB npoueccopa: 16, 32, 64 6uta. MNpu
paboTe nporpamMmmbl HE BbINOJTHAKTCA NPOBEPKN COOTBETCTBUS TUMOB, TONbKO 6a30Bble MPOBEPKMU,
OCHOBaHHbIE Ha hunandeckon apxmtektype. Hanpumep, npu cbopke nporpammbl Ha accembnepe
OyaeT owmnbka cOOpKM ANA MHCTPYKUMN: mov cx, eax; TaK Kak pernctp cx 16-6utHbeln, a pernctp
eax 32-6uTHbIN. OTCYyTCTBME NPOBEPOK MNP BbINOMHEHUN NPOrpaMmbl YBENNYMBAET
npon3BoanTENbHOCTL. HegocTtaTtok 6eCTMnOBbLIX S3bIKOB B TOM, YTO HEYA0OHO paboTaTb C AaHHbIMU,
NMEIOLLIMMU COXHYIO CTPYKTYPY: CTPOKaMu (MpmuxoamTcsa paboTtaTtb € YaCTAMM CTPOK OSIMHON B
MaLUWMHHOE CIOBO), Konnekumsimun. CrioxkHble TUMbl AaHHbIX HY>KHbI 4159 NPUKNagHbIX NporpamMm.

A3bIKM ¢ TUNK3aunen ObIBAOT: CO CTaTU4eCKon/ anHaMnyeckon Tunualaumen, cunbHown/cnadon,
SIBHOW/HEABHOWN. A3blk C nMeeT cTaTudeckyto, cnabyto, siBHyt0 Tunuaaumio. Asbik Java nmeet
CTaTUYECKYH0, CUITbHYIO N NPEUMYLLECTBEHHO SIBHYIO TUNN3aALUMIO, XOTS €CTb 3N1IEMEHTbI HEABHOM
TUNM3aLUUKN, HO UX MOYTU HE NUCMOMb3YHOT.

73



[OnHammnyeckasn TMnnsauma o3Ha4yaeT, YTo NPOBEPKM paboTbl C AaHHLIMU BbIMOMHAKTCA Ha 3Tane
BbIMOSIHEHUSA, @ HE KoMNMNAuuK. [na nporpaMmm, co3gaBaeMblX Ha S3blKkax C AUHAMUYECKOMN
TMNM3aUmnen HY)XXHO co3aBaTb MaccCy AeTallbHbIX TECTOB, HO BCE OLMOKM He yOaéTCs BbISBUTD.

Co cTatnyeckom Tunnsaumen NnpoBEPKM NPaBuibHOCTU paboTbl C TUNAMK AAHHbIX BbINOJTHAETCA
Ha aTane KoMNUIALMM NporpamMmmel. Ha atane BbINOSTHEHWSI MPOBEPKM BbINOSTHATL HE HYXXHO U
nporpamma paboTtaet bbicTpee. CTaTmyeckasi TMnM3aumnsa ynpowaeT HanMcaHue Koga, Tak Kak cpeapl
pa3paboTku, 3Has TN AaHHbIX, MOTYT BblgaBaTb CMUCOK AONYCTUMbIX onepauumn, MeTogoB paboTbl C
AaHHbIMKW, 3aBepLUaTh CNoBa 1 BblgaBaTb NoAckasku. [Npumep ob6baBnNeHus nepeMeHHon (variable)
CO CTaTU4ecKon TUnNusaumeun:

int 1i; // nepemeHHas i 6yaeT XpaHuUTb Lienble Yncna Tmna int

[OuHamnyeckas TMnmsaums:

var 1i; // nepemeHHas i ByaeT XpaHUTb HEU3BECTHO YTO

C Bnagy, ouHammn4yeckasa Tunusaumsi NO3BoNsieT co3fgasaTh "yHMBepcasbHbIN' Ko,
obpabaTbiBatonin gaHHbIe noboro Tnna. Takke co3naét BUANMOCTb NPOCTOTLI - HE HAZ4O NomMaTb
ronosy Hag Bblbopom Tuna. MNpocTtoTa obmaHumnBa, Tak Kak YCrOXHAETCS MOMCK OWnBOK n
TecTupoBaHue. Kog, obpabaTbiBaoLLmnin NPON3BOSIbHbIE LaHHbIE, NIETKO CO34aETCs B A3blKax CO
CTporov TUNu3aumen, Takmx kak Java. luHamudeckas Tunusaumsi ucnosnbadyetcs B A3blkax Python,
JavaScript.

In Strong Typing We Trust

nioeomun siseika Ada ¢ Hadnucbko "Mbl eepum 8 cmpoeyro munusayuro”. Hadnuce u ygem -
anmoaus (allusio, Hamék) Ha Hadnuck Ha donapax u ux ueem

Cnabas Tnnmnsauusa no3BonsieT BbINONHATL HEABHbIE NpeobpasoBaHus (NpuBeaeHUs) TUMNOB.
Bnarogaps aToMy MOXHO HE NMCaTb KOHCTPYKUMM NpUBESEHUSA TUNOB. HegoCTaToOK B TOM, YTO MOXET
NPON30ONTN NOTEPS TOYHOCTM UNKU NPUBELEHME TUMNA, O KOTOPOM He y3HaeT pa3paboTuumk. [paHmua
cnabas/cunbHas Tunusauusa pasmbiTa. Hanpumep, B Java ectb noHsiTue boxing/unboxing -
aBTOMaTM4eCcKoe nNpuBeaeHne NPMMUTUBHBIX TUMOB (Hanpumep, int) K 06BEKTHBIM U 0BpaTHO, YTOGbI
YCTPaHUTb HENPUATHYIO 0COBEHHOCTL Java. B Hel konnekumMm He MOoryT XpaHnTb NPUMUTUBHbIE
TUNbl. TeM He MeHee, cunTaeTcs, To Java a3bik Co CTporon Tunudaumnen. Aspik C oTHOCUTCA K
cnaboTMnM3npoBaHbIM, HO Ha NMPaKTUKe 3TO HE NMPUBOAUT K HEOAHO3HAYHOCTAM. [1pnymHa B TOM, 4TO
B C He Tak MHOro TUMNOB [aHHbIX, @ CO34aHNe CBOMX TUMNOB CIOXHOE U A3bIK CKIOHSAET
NPOrpaMMMUCTOB K MCMOMNb30BaHMIO NPOCTLIX TUMNOB. A3blk C++ NO3BONSET MCNONb30BaTh MHOXECTBO
CNOXHbIX TUMOB N NpW CO34aHnn nporpaMmm Ha C++ NposBATCA HegOCTaTKM cnabon Tunusaumm mn
co34aBaTb Ka4yeCTBEHHbIE NporpamMMbl CAOXHO. CNOXHbIE TUMbl UCNOSb3YHTCA B MPUKNaaHOM
nporpaMmmupoBaHuun. B npuknagHoMm nporpaMmMupoBaHum ygobHo nucaTb NporpaMmmbl B O6GBEKTHOM
ctune. [nsa ndydeHnss 06 beKTHO-OPUEHTUPOBAHHOIO NPOrpaMMMpPOBaHNA NOAXOAUT A3blK Java, HO He
A3bIK C++.

ABHasa TMNM3auna o3Ha4vaeT, BMeCTe C UMEHEM NepeMeHHON HYXXHO SIBHO yka3aTb €€ Tun. [pu
MCNOMb30BaHMM SIBHOW TUMNM3aLMK NErko YnTaTb Kog. Cpasy BUMAHO, KaKoW TUM MOXET XpaHUTb
nepemMeHHast Unun Kakowm Tun BepHET PpyHKUMS. [Tpymep SBHOW TUNU3aunn:

boolean equals (int x, int vy);

Mpn HeABHOM TUNN3aumm 3anmcb KOpoYe:

def equals(x,vy);

B a3blkax ¢ aBHOM Tunmnsauuen MoryT ObiTb anemMeHTbl HesiBHOW. Hanpumep, B Java ectb diamond
operator ("<>"). A3blkM NpOrpaMmMmMpoOBaHNA 3BOSTHOLIMOHUPYIOT U B HUX MOSIBASAOTCA BO3MOXHOCTMU,
KOTOpble XOPOLUO 3apekoMeHAoBanu cebs B Apyrnx sa3blkax.
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Mopenu

Mopgenb - npeacTtasneHe ob6bekTa, npouecca B kakon-nmbo popme (MaTteMaTU4eCKon,

P13MYECKON, CUMBOSTMYECKON, rpaddUHECKON U NPOCTO ONMCaTENbHON).
CHavana cosgaetcs "aBpucTtunyeckaa” mogenb - obpasbl B BoOobpaxeHun Yenoseka. CnocobHOCTb

K TaKOMy MOAENMPOBaHUIO 3aBUCUT OT paHTa3uu, onbiTa, apyauLunn.
Hanblue ans getanvsaumm MOryT CO3[aBaTbCsl MPOMEXYTOYHbIE MOAENN: CXEMbI, BI1OK-CXEMbI,

AanarpamMmmbl, YEPTEXMN.
Hanbwe cospaétcsa "vHdopmaumoHHas" Mmogernb - onucaHne CyLeCTBEHHbIX CBOMCTB, BO3MOXHbIX

COCTOSIHUI 0OBEKTA, NMPOLLECCOB CMEHbI COCTOSIHMI, B3aUMOCBSI3b C BHELLUHUM MUPOM (BBOZA, U BbIBOA,
AaHHbIX), BbIGMpatoTcs TUNbl AaHHbIX. K cBOMCTBaM OTHOCATCS: CBSI3W, OrpaHUYeHus], npasuna,

onepauuu.

B3aumopgencTBme ¢ KOMNbLIOTEPOM: AMNANIOrOBbIN U NAaKeTHbIN PEXUMbI

B3anmopgencTtaune ¢ nepBbiMU KOMMNbIOTEPAMM LSO B "NnakeTHoM" pexnme. lNporpammel nucanumcb
Ha nucTtax 6ymarun B popmate, NOXOXEM Ha TOT, KOTOPbIN ucnons3oBana Aga JlaBnenc gns sanvcu

nepBon B UICTOPUM KOMMNbIOTEPHOW nporpamMmmel. [NMpumep dopmbl 4nsa 3anvcu nporpaMmmbl Ha
accembnepe:

Assembler Coding Form GX28:65087 UM 050°
Printed in US.A.

OF

PROGRAM X S . | PUNCHING GRAPHIC | { 4
- - 1 INSTRUCTIONS T f
l DATE PUNGH | i § CARD ELECTRO NUMBER
: i

PROGRAMMER

> STATEMENT ¢+ = ==
Comiments 1 Sequence

80 85 P o 2 8

Operand
s 25

30

qk‘k

3artem nporpamma nepeHocunach B MallMHHbIE KOAbl HA NepdOopUpoBaHHbIE KapThbl
(nepchokapTbl) U NnepdokapTbl OTAABaNUCh Ha BbiNofiHeHWe. [Npumep pacneyvaTky nporpamMmmbl B
MaLIWHHbIX kogax ans IBM System/360 n ctonka nepdokapT ¢ nporpaMmmon:
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Uepes kakoe-To BpeMs BblaaBarncs pesynbTaT. Ecnv nporpamma cogepxxana owmnobky, To
NPUXoAnIioCb 3aHOBO Aeratb NepdoKapThbl, OTAaBaTb UX HA BbIMNOMIHEHUE U XOaTb pe3ynbTar.
[MpryKnHa NCnonb30BaHUA NAKETHOMO PeXUMa B TOM, YTO He Bbino onepaunoHHbIX CUCTEM UMK
nporpamMm, KoTopble pasrpaHmymsany 6bl JOCTYN KIIMEHTOB K KOMMbIOTEPY.

lMocne nakeTHoro 6bin peanun3oBaH "AnanoroBbin" pexnm. KomnbioTepy nepegasany KOMaHgbl 1
nony4vanu oteseT. K ogHOMY KOMMbIOTEPY NOAKIHOYAIM HECKOSTbKO TEPMUHANOB U HECKOSBKO YeroBeK
MOFSIM COBMECTHO UCMNONb30BaTb OANH KOMMbIOTEP. Takon pexnum ncnonb3yeTcs Ansa obLieHus ¢
A3bIKOBbIMM MOAENSAMU B PEXMME YaTa: TepMUHANIOM ABNAETCA MHTepHeT-0pay3ep nnm MmobunsHoe
npunoxeHune. B kayecTse KNUeHTa NCNONb30Barnca Tenetann (SNeKTPoHHaa NULLYLLaa MallnHKa).
Mo3xe, BMeCTO TeneTtanna ctanm Ucnonb30BaTbCs MOHUTOPLI (AUCMNEN) C KnaBmaTtypamMmum, a BMECTO
nepdokapT 1 nepdoneHT - guckeTbl. B HacTosiLee BpeMsi, BMECTO AUCKET UCMNOSb3YOTCA riaLu-
HakonuTenu. MNo3xe NoABMNNCL NePCOHarnbHbIE KOMMNbIOTEPDI, K KOTOPbIM HE Hago BbIo
pasrpaHuynBaTtb SOCTYM.

CHa4vana TepMuHanbl oTobpakanu TONbKO TEKCT U nevaTanu ero nocTpoyHo. OnepaumnoHHble
cucTeMbl 1 6a3bl AaHHbIX, B KAYECTBE CTaHAAPTHOIO KITMEHTCKOrO NPUMOXEHNH, A0 CUX Nop
NCNONb3YHT TEKCTOBLIE KOHCONK, paboTatolme B AManoroBom pexmnme. Nosxe B KOMaHOHOW CTpoOKe
NosABUMNMCb CUMBONMbI "nceBaorpadukn” - NUHUK, rpadpruyeckne CUMBOIbI TUNa [ LY o, notom
rpadouyeckumn pexum. CHayana B TEKCTOBOM, a MOTOM U B rpadduyeCcKkoM pexume ctanm
NCNonb30BaTb OKHA, B KOTOPbIX OTOBpaxanucb AaHHble. OkHa yaobHbI TeM, YTO nerye
BOCNpUHMMaTb MHopMaLmio no YactaMm. beina cosgaHa onepaunoHHasa cuctema Windows (OkHa).
Co BpemMeHeM MHGOPMALMOHHOE HanoMNHEHNe rpaddMyeckoro nHTepdenca crano CHUKaTbLCS, Tak
Kak NosiBMNoCh 6ombLloe YNCNO rpadhnyeckux arieMeHTOB, KaPTUHOK, KOTOPbIE HE UMEIDT
CMbICITOBOrO COAEPXKaHuS.

Mpn HanncaHmM N TeCcTMpoBaHUM NPOrpamMm JOCTATOYHO, YTOObLI MporpamMma Morna BbIBOAUTb
TEKCT, 4NS 3TOro A0CTaTOYHO KOHconu. [epeaasatb nporpammMe BXOAHbIE aHHblIE MOXHO
yCTaHaBnmBasi 3Ha4eHusi NepeMeHHbIX B TEKCTe nporpamMmel. [pn 3HakomcTBe C
nporpaMmmMmpoBaHNEM B KHUrax u obydaroLmx Kypcax noHavany ucnosib3yrT NPOCTON TEKCTOBLIN
penakTop U yTUnUTbl KOMaHOHOW CTPOKWU. OTO NO3BONSIET CKOHLEHTPUPOBATLCA HA OCHOBHOM, YTO
aenaetca. [Ins aToro nogxoaut YepHo-6enas TekcToBas KOHcoNb. Ecnv yenoBek nsyvaet 4to-To
HOBOE, TO 00bEM JaHHbIX, KOTOPblE€ OH MOXET 3anOMHUTbL HEDOOMbLLOMN.
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Mpumep peaakTMpoBaHUSA B TEKCTOBOM peflakTope mousepad Nporpammbl Ha a3blike C 1 eé
rnocneaytoLLen KOMIUISALMW 1 3anycka B TEKCTOBON KOHCOMM ONepauyoHHOM cucTeMbl Linux:

= Terminal - student: - - + X

* -fHello.c - Mousepad

File Edit Wiew Terminal Taks Help
File Edit Search View Document  Help

: : 4
#1include =stdio.h= :~$ mousepad Hello.c &
i : g [1] 46619
int maini{void] {
puts("!!tHello world!it"}; i~§ cc Hello.c -o Hello
return O; ~% /Hello

; |l IHello World!!! H

:~$!

Mpumep 3anycka Tou Xe nporpamMmmbl B rpaduyeckon cpege paspabotku Eclipse:

File Edit Source Refactor MNavigate Search  Project  Run Window  Help

I|“:§||6|| @HORun ||E|He|lo |
SxGE &> &% > @ Eray [ fryrFvriHrQv~@-~
e g B w =y e =l E (=)
fhpx = B [g*Helloe X =0 o x BT ®e |5 H
=R . 4 Try the new C/C++ editing experience - Learn more - Give feedbac | o =] 1% ™ »f @ 3 &
- 2 T
Z=int main{void] { 0 GETEET) Al
4 puts{"!!1Hello World!!!"]);
=) return ©;
5 1
7.
& Problems & Tasks B Consele X [ Properties #3 Call Graph =gl

X% | aE=EE ~0 oy

<terminateds {exit value: 0) Hello [C/C++ Application] thomesstudentieclipse-workspace/Hello/DebugsHello {
111Hello wWorld!!! |

—

B okHe Eclipse MHOro KHOMok 1 meHt. Ecnn yctaHoButb Eclipse n 4obutbcs komnunaumm
BbIMNOSIHEHUS NPOCTOMN NpOorpamMmbl, TO NUCATb NPOrpaMmbl U U3y4vaTtb s3bik OyageT yaobHee, yem B
KoHconwu. B Eclipse MOXXHO BbINOMHATL NporpaMmmy Mo Lwaram, ucnonb3ysa oTnagyvk. lNowarosoe
BbINOSIHEHNE YNPOLLAET 3anoMMHaHne Toro, kak paboTtaeT nporpamma.

HacTtponka cpeabl pa3paboTku, Kak n Hadano padoTbl B Nl0b6on nporpamMme, MOXKET NoKasaTbCsl
CNOXHOW. Hy>KHO nmeTb HabnogaTenbHOCTb, 6a30BYHO NOMMKY U MHTYULMIO, YTOObLI CNpaBUTLCA C
HUMW. Hanpumep, xo4eTcsa 3anycTuTb nporpaMmmy B oTrnag4yuke. Kak ato caenatb? Ha kapTuHke
MOXXHO HaMTWN KHOMKY C n3obpakeHnem 3en€HOro xydka. [loragatbCs KIMKHYTb NPaBon KHOMKOW
MbILLIM Ha HOMepe CTpokM 1 BbibpaTth "Toggle breakpoint”, 4To6bI OTNAagYMK ocTaHOBUIICSH, AOMAA A0
CTPOKM, rae yCTaHOBIEHA TOYKa OCTAHOBKW. [pnMep CrOXHOCTEMN:
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File  Edit Source Refactor MNavigate Search  Project  Run Window  Help
AR || % || ® || Debug | 5] Hello [ . By ®Rov @i B v aiw[clw &G v

Ty Dv R vQv ®Es vi[F. ET B widvbvOfoy il Q5| [E
[Ty ProjectExplo X = B [€ Hello.x X = B 5= outline X [E TeskLlist @ BuildTarg = B
ER=I 8 4 Try the new C/C++ editing experience  Learn more * Give feedback > O AR s e ¥

1 #include =stdio.h=
2

W stdioh

: : : . ain{void) @ int
s=int main(veid] { ‘Leunching Helle' has encountered a problem. SRTANTICHT
4 puts{"!!!Hello world!!!"]); _ _
g return o; Error with command: gdb --version
5 1
7 ———
| <= Details | O
& Problems 45 Tasks B Consele X [T Prope =g
— Errot with command: gdb --version i - - . -
Cannot run pregram "gdb": Unknown reascn ‘ b ﬁ}li:” A 1|E| w2
COT Build Conscle [Hello]
gee -00 -g3 -Wall -¢ -fmessage-length=0 -MMD -MP -MF'src/Hello.d" -MT"src/Helle.o" -o "src/Hello.o" "../src/Hello.c"
Finished building: ../src/Hello.c 7= il AR e
Invoking: GCC C Linker :~% gdb --version
gse -0 "Hello' ./sresHello.o Command 'gdb' not found, but can be installed with:

Finished building target: Hello sudo apt install gdb

Building target: Hello File  Edit View Terminal Tabks Help 7
:~$ sudo apt install gdbl ‘

11:11:068 Build Finished. © errors, O warnings.l .

Writable Smart Insert 4:12:45

AT T

Mpn HaXxxaTuM Ha KHOMKY C n3obpaxkeHnem 3enéHoro xyyka (debugger = otnaguuk, yctpaHset
bugs = xyuku, 6arn) B Eclipse nosiBunocb okHO ¢ owmnbkon "He mory 3anyctuTtb nporpammy gdb:
npyynHa HemseecTHa". [puymHa B TOM, 4YTO paspaboTtunkm Eclipse He co3ganu npoBepkKy -
yCTaHOBMeHa nu nporpamma-otnagyvk gdb nepeq tem, kak e€ 3anyctutb. [poBepka Hann4uus
nporpamMmebl nepe ee 3arnyckoM aHanormyHa nposepke Toro NPUCBOEHO NN 3HaYeHne NepeMeHHON B
nporpaMmme nepeq cYNTbiBaHNEM 3Ha4YeHUs nepemMeHHoN. 3abbiTb MPUCBOUTL 3HAYEHUE NEPEMEHHON
- TMNMYHaga owmnbka npy nporpammupoBaHuun. Eclipse cosgaH gns nporpammmncToB 1 HebonbLune
Npobnembl OHW OOSMKHbI YYNTBCH peLlaTb.

Ha kapTuHKe npuBegeH npumep Bbi30Ba B OKHE TepMUHana KomaHabl gdb --version Ha
KOTOpY0 TepMUHAN Bblgan owubky: "nporpamma gdb He yCTaHOBMNEHA, HO Bbl MOXETE YCTaHOBUTb
€€ KoMaHaon sudo apt install gdb". 3TO Nnpumep yaobHoro ansa nonb3oBaTtenen (user friendly)
coobueHus. Nocne BbINONHEHUA KOMaHAbl OTnagymk B Eclipse ycnewHo 3anyctuTcs.

Pekypcus

PekypcrBHbIN BbI3OB NOANPOrpamMmbl - OAWH U3 anroputMoB. Pekypcus - 3TO BbI3OB (PYHKLNK
(Nnpouenypsbl) U3 HEE XXe caMon, HENOCPeACTBEHHO (NPOCTasd PeKypcus) unmn Yepes gpyrne yHKLmMm
(cnoxxHas unu KocseHHas pekypcust). Pekypcusa 6onee cnoxHa gnsi NOHMMaHus, HO NO3BoNseT
co3gaBaTb 3PEKTMBHbIE MPOrpaMmbl.

Peanusauunsa pekypCcuBHbIX BbI30BOB (DYHKLMI B MPAKTUYECKN NPUMEHSAEMbIX A3blKaxX U cpegax
NporpaMMmnpoBaHnsi ONUPaEeTCs Ha CTEK BbI3OBOB.

Cmek MOXHO npedcmasume cebe kak mpybKy, 8 KOmopyro 3arnuxusaromcsi wapuku 0OUH 3a
Opyaum. LLlapuku MOXHO 8bIHymMb U3 MPYbKU, Ha4yuHasi ¢ rnocriedHe2o. Ymobbl dobpambcs o
repe8o2o 8cmassieHHO20 wapuka, HyXHO 8bIHymMb 8ce Wapuku, Komopble bblriu ecmassieHbl 3a HUM.
Takou nopsi0oK u3erieqeHuUs Wwapukoe udeasibHO nodxooum O5isi PEKYPCUBHO20 8bI308a hyHKUUU U
go3gpama pe3yribmamos U3 HuUXx.

Agpec, Kyfa HyXXHO BEPHYTb ynpasneHne npu Bbixoae U3 OyHKLMM 1 foKarbHble NepeMeHHble
PYHKUMK, 3annCbIBAlOTCA B CTEK, Brnarogaps Yemy Kakabl Crnefytowmmn pekypcrBHbIA BbI30B 3TON
PYHKUUKN NONb3yeTCcs CBOMM HAOOPOM NOKarbHbIX NEPEMEHHbIX 1 3a CHET aToro pabortaet
KOPPEKTHO. HeaocTaTok B TOM, YTO Ha KaXabli PEKYPCUBHbLIN BbI3OB TpebyeTcs namMaTb 1 Npu
OonbLon rnybuHe pekypcum B CTEKE MOXET He XBaTUTb NaMsATL.
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TeopeTnyecku, nNobyo pekypCcuBHYH OYHKLIMIO MOXHO 3aMEHUTb LIMKITOM UM py4HOM paboTom co
ctekom. OgHako Takas moamndukauus, Kak npaBnno, 6eccmbICneHHa, Tak Kak NPMBOAUT NULLb K
3aMeHe aBTOMaTMYeCKOro COXpaHeHNA KOHTEKCTa B CTEKE BbI30OBOB Ha Py4YHOE BbINOSTHEHME TEX Xe
onepauun ¢ Tem xe unmn 6onbwnm pacxogom namaTtu. B a3sikax FORTRAN, COBOL, PL/1 nonavany
He 6bIfo pekypcumn n 3To BbINO HEJOCTATKOM 3TUX A3bIKOB.

Mpumep pekypcmMBHOro Bbi3oBa OYHKUMM NS BbIYUCIEHNSA hakTopmnana Ha s3bike C:

#include <stdio.h>
long factorial (long n) // onpegeneHve oyHKUUN
{
if (n<=1) return 1; //npoBepka ycrnosus Bbixoaa n3 oyHKUMn
return n * factorial (n-1); // pekypcus - BbI30B PyHKLMM BHYTPU HEE CaMOM
}
int main () // OCHOBHas PyHKUMSA, C KOTOPOM HAYMHAETCS BbINOSIHEHNE NMPOrpamMmbl
{
printf ("$1d\n", factorial (20)); // neyaTb pe3ynbTata u BbI30B OYHKLMM
return 0; // BO3BpaT cTaTyca nporpaMmmeol
}

Komnunauyms:
cc factorial.c -o factorial

BbinonHeHue:

./factorial

2432902008176640000

Mony4eHHoe uncno 64-6utHoe (8-6anTHOE). XOTA TN 1ong rapaHTUPOBAHHO XPaHUT TONbKO 32-
OuTHbIE YMcna, HO Ha 64-OUTHbBIX NpPoLEeCccopax BblYMCNEHUS 64-0MTHbIE 1 MEHATb Ha3BaHWeE TUNa
"long" Ha "long long" n dopmat "$1d" Ha "$11d" HeobGs3aTENbHO.

Mpwn BblvncneHun caktopmana 21! =51 090 942 171 709 440 000 nporpamma Bbl4acT HEBEPHbLIN
pe3ynbTaT, TaK Kak OH He BrnucbiBaeTcsa B 64 6uta. MakcnmansHoe 3HayeHne ans 6e33HakoBoro
yernoro 64-6utoro yncna 9 223 372 036 854 775 807.

DYHKUNIO C PEKYPCUBHBIM BbI3OBOM MOXHO 3aMeHUTb (PYHKLMEN C LUKIOM:

long factorial (long n)

{

long result=1l;

for (long i=2; i<=n; i++) result = result * i;
return result;

}

Mo>XHO NOCMOTpETb, Kak Bbirnagen obl kog nporpammebl, ecnv 6bl ero nucanu Ha accembnepe.
KomnunaTop a3bika C BbiBegeT accemMOnepHbin Kog B pann factorial . s KOMaAHOOM:

cc -S factorial.c

B cosgaHHom canne factorial.s ¢ accembnepHbim kogom 6yaeT He meHbLle 80 CTPOK U3 HUX
BbluMCeHne gpaktopurana okono 10 MHCTPYKLMIA (MHEMOHMK) Ha accembrepe.

Mpumep dyHKUUK, BbIMUCHSIOLLEN haKkTopmar, Ha accembnepe apxmutekTypbl x86. dainn fact.s:

.globl fact
fact:
movl $1, %eax  #nomectuTtb 4ncno 1 B pernctp eax (eax=1)
movl %edi, %ebx # ckonupoBaTtb 3HayeHue edi B ebx (ebx = edi)
Ll: cmpl $0, %ebx  # cpaBHUTb 3Ha4YeHUe B ebx ¢ Hynem (ebx==0)
je L2 # nepexof Ha L2, ecnu cpaBHeHNe NCTUHHO (goto L2)

79



imul %ebx, %eax # yYMHOXeHMe (eax = eax * ebx)

decl %ebx # nekpemeHT (ebx = ebx-1)
jmp L1 # nepexop Ha L1 (goto L1)
L2: ret # BbINTY N3 PyHKLMM (return)

Pernctpbl eax, ebx, edi eCTb U Ha 32-6UTHbIX Npoueccopax Xx86 1 Ha HMX, MakCUMarnbHoOe
4YMCIO, AN KOTOPOro MOXHO BblYMCNUTL dbakTopuan, ato 12!=1932053504.

Ha 64-pa3psaHbix npoueccopax apxutekTypbl x86-64 koa 6yaeT CKOMAMNMPOBaH C
ncnonb3oBaHnemM 64-6UTHbIX pernctpoB. MoXXHO ncnonb3oBaTh Ha3BaHUA 64-6UTHbLIX PErNCTPOB,
3ameHuB BykBy "e" Ha "r":

.globl fact
fact:

mov $1, %rax # nomecTnTb Yncno 1 B perncTp rax (rax=1)
mov %rdi, %$rbx # ckonupoBaTtb 3HaveHue rdi B rbx (rbx = rdi)

Ll: cmp $0, %rbx # cpaBHUTb 3Ha4YeHune B rbx ¢ Hynem (rbx==0)
je L2 # nepexop Ha L2, ecnun cpaBHeHMe NCTUHHO (goto L2)
imul %rbx, %$rax # yMHOXeHue (rax = rax * rbx)
dec %rbx # nekpemeHT (rbx = rbx-1)
jmp L1 # nepexop Ha L1 (goto L1)

L2: ret # BbINTWN N3 PyHKUMKM (return)

Mporpamma Ha a3bike C, Ans BbldoBa acceMbnepHon pyHkumn (dpann factl.c):

#include <stdio.h>

extern long fact(long);

int main ()

{

printf ("%$1d\n", fact(20));
return 0;

}

C 64-6UTHBIMM YMCNaMmn MOXHO BblYMCNUTL dhakTopuan yucna 20.
3auem ucnonb3yeTcs kog Ha a3bike C? [Nporpamma Ha accembnepe, KoTopasi BbIBOAUT TEKCT Ha
KOHCONb, nmerna 6bl MHOro KOMaHz, a Ha a3bike C AOCTAaTOYHO MCMNOMb30BaTh PYHKUMIO printf ().

Komnunaums nporpammbl Ha s3bike C 1 accemMbnepHoro koaa:
cc factl.c fact.s -o factl

nnn Apyrum nonynsapHbIM KOMMUAATOPOM:
clang factl.c fact.s -o factl

BbinonHeHne ckoMnunupoBaHHOW NporpamMmbi:
./factl

2432902008176640000

Ha komnbloTepax apxuTekTypbl X86 B Bbl3biBAaEMYHO (DYHKLINIO Yepes perncTpbl MOXHO nepedaTb
[0 ABYX LEeno4YmcrieHHblX napamMeTpoB. [epBbiin napameTp nepenaérca yepes pernctp rdi (edi),
BTOpOW Yepes pernctp esi (rsi). Bosspawaemoe 3HayeHne 3abmpaetcsa U3 perucrpa eax (rax).
Ha 32-6uTHbIX npoLieccopax BO3MOXHO BEPHYTb 64-6MTHOE 3HaYeHue, cTapLumne paspsagbl
3abupatoTcs M3 pernctpa edx. Ecnu BosBpauwiaTb 3Ha4YeHNsa 6onbLiero pasmepa, To TONbKO Yepes
NamsaTb, JOCTYN K HEW HAMHOrO MeafIeHHee, YeM K pernctpam.

Ha x32-64 B oyHKUMIO Yepes pernctTpbl MOXHO nepefaTtb A0 WecTU napaMeTpoB BKITHOYNTENBHO.
[MapameTpbl C TpeTbero no WecTon nepeaarTcs Yepes perucTpel rdx, rcx, r8, r9.[lepegava
napameTpoB Yepes3 perncTpbl YpesBbliHanHO ObicTpasi. Ecnun HyxxHO nepenaTb 6onblie napameTpoB
NN TUMbl NApaMeTPOB CrOXHbIE, TO 3HAaYEeHUs NepeaarTcs Yepes onepaTMBHY NamMsThb, a 3TO
MeAJSIEHHO.

B npumepe, ncnonb3oBaHne accembnepa He 4o6aBuno yHKLMOHaNa no CpaBHEHUIO C
nporpammon factorial . c, HanMcaHHOM Ha s3bike C. bonee Toro, accembnepHbIn KO4 NOAXOAUT
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TONbKO Ana X86, Ha ApyrMx Npoueccopax OH He CKOMMUINPYETCHA U HE CMOXET paboTaTb.
AccembnepHbIn Kof noneseH Ansa n3ydeHus Toro, Kak onepaTopbl si3blika C npeobpasyorcs B
KOMaHAbl NpoLieccopa, Kak 3anyckaeTcs nporpaMmma Mnmn Kak oHa Bbi3bliBaeT (OYHKLMM OnepauuoHHON
CUCTEMBI.

CKpunTOoBbIe A3bIKM NPOrpaMMUpPOBaHUA
B onepauunoHHbIX cuctemax ecTb criyxkebHas nporpaMmMa - TeKCTOBasi KOHCOSb (TepMuHarn,

KOMaHAHasa CTpoka, wenn), rae MOXHO MHTepaKkTUBHO (B pexume "ananora” ¢ onepaunoHHOM
CUCTEMOW) BbINONHATE KOMaHAbI.

= Terminal - student: ~ = e
File  Edit Tabs Help
:~$ komannall H

View  Terminal

Terminal
Emulator

[ns BbINOSIHEHMSI KOMAHL, NO anropuTMy - YCNOBUIO, UITY MOBTOPHO (B LMKIE) UCNONb3YOT
cueHapum (CKpunTbl), HANMCAaHHbIE Ha CKPUNTOBBIX A3blKax NPOrpamMmMuMpoBaHnd. B HazBaHUK A3bIKOB,
o6bI4HO, NpucyTcTBYtOT crosa "script" unu "shell" (o6onoyka), Hanpumep, ECMAScript (ero
ananektbl JScript, JavaScript, ActionScript), VBScript, bash (bourn again shell).

CKkpunToBbI€ A3bIKM MOTYT UCNOSb30BaTLCA AN M3y4eHUs 6a30BbIX ONepaTopoB: NPUCBOEHUS
3HayeHus nepeMeHHbIM "1i=1" (nepeMeHHON C Ha3BaHWeM i NpucBanBaeTcs 3HavyeHue 1);
apupmeTndeckmx i++, i--, i+=1, i-=1, i*=1; nepexoga if, switch, return,
continue; umknoB while, do while, for, loop; peanu3auunu NPoCTbIX anropuTMoOB.
[MpenmyLLecTBO CKPUMNTOBLIX 3bIKOB B TOM, YTO €CNU yAarnock 3anyCTUTb KOHCOSb,
noagep>K1BaroLLyo A3blK, TO cpady MOXHO NMcaTb Kof Ha 9TOM s3blKe U 3TOT Koa byaet
BbINOSTHATHCS.

fork-oombOa

Mpumep nporpammbl Ha CKPUNTOBOM AA3blke bash, KOTOPYHO MOXHO BbINOSTHUTL B KOMaHAHOWM
CTpoke Linux:

2O { &}

B aTOM KOHCTPYKUMKM 3HaK ":" aBNAeTCcsa Ha3BaHMeM (PyHKUMKU. B NpogyMaHHbIX A3blkax
nporpaMMmmupoBaHue HasBaHue OYHKLUN SOIMKHO HaYMHATLCSA C BYKBbI @aHIIMACKOro andgasuTa, HO
bash He nmeeT Takmx npasun. 3ameHnm asoetoyme Ha byksy "f":

£0

Onpepensietca yHkumsa 6e3 napameTpoB. B Tene yHKumm (Teno BHYTPK OUrypHbIX CKOBOK):

f | f &

Bbl3blBaeTCs cama pyHKUnA. B npoayMaHHbIX A3blkax NporpaMMmnpoBaHms Npu Boli3oBe (pyHKUMUK
0bs13aTenbHO NCNONb30BaTh Kpyrible CKOOKN nocne Ha3BaHusa yHkummn f(). A3bik bash un
BGONbLIMHCTBO CKPMMNTOBbLIX A3bIKOB MPOrpaMMUpPOBaHUs 3TOro He TpebytoT. [laxe ecnuv aTo sA3blK
BbICOKOrO YPOBHS, TO Maes B "rmbKocTn" - NyCcTb NPOrpamMMuCT peLuaeT, CTaBUTb KPYrible CKOOKM nnn
HeT. OTO He fobaBnsaeT rMHBKOCTN, Tak Kak He CTaBAT Kpyrible CKOOKM n3-3a oneyvyaTok, 3abbiBYNBOCTHU
MM NOTOMY, YTO CKOMMPOBanun oTKyAa-To KOA, He BAYMbIBAsiCb B HEro (MHaye Obl gobaBunu Kpyrnble
CKOOKM 1 caenanu 6bl KOA4 YMTaeMbiM) U ATOT Koa paboTaeT.

Mepenuwwem TeNo PyHKUMKM C KpYribiMu CKOBKamu:

£toO | £0) &

3Hayok " | " o3HavaeT - pesynbTaT BbINOIHEHUS KOMaHAbI CrieBa Nepegan komaHge cnpasa ot
3TOoro 3Hadka. Korga BbINoOMHSETCA TO, YTO CreBa, BO3HUKAET pekypcusi. CTek BbI30BOB (PyHKLUM
ncyepnbiBaeTCsa N NpoLecc 3aBepLUaeTcs ¢ oWmnbKon. XoTa y yHKUUN HET NapaMeTpoB, Npwm
PEKYPCUBHOM BbI30BE (PYHKLMM COXPaHSAETCA afgpec, Kyaa nepefatb yrnpaBreHne noToky
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BbIMOSHEHNSA KOMaHA Npw Bbixoge 3 pyHkuum ("agpec Bo3sparta”) u Ha 3To TpaTUTCA NamMsaTb. OTOT
aZlpec CoxpaHsieTcHa B NamsaTh, OpraHM30BaHHOWM B BMAE CTeka (HakonuTesb No TUNy NepBbiM BOLLES,
nocrnegHUM BbiLler), NO3TOMY Ha3blBaeTCs CTEK BbI30BOB.

3HayokK "&" 03HaYaeT - He AoXKuaancsa pesynbTaTa BbINONIHEHUS TOrO, YTO CneBa OT 3Ha4vka "&",
nopoautb (fork) HOBbIV NpoLEecC U NPOAOIKUTL BbIMOSIHEHME.

OTOT KOof BbI3bIBAET UCYEpPNaHUe pecypcoB onepaumuoHHOM CUCTEMbI, €CIIN OHU He Bblnun
OrpaHMyeHbl, NO3TOMY Ha3biBaeTcss 6omMbon. DTO NPMBOAUT K 3aBMCAHUIO ONEPALMOHHON CUCTEMBI
NN HEBO3MOXHOCTU B Hen paboTaTtb. MeHee "BpeaoHoCHbIN" Ko (6e3 nopoXxaeHus HOBOro
npouecca 3Haykom "&"):

tO{ £} £

nnu 6e3 3Hayvka navna "|", TONbKO C PEKYPCUEN:

tO{ £:101F

BbinoniHeHne aTux NporpaMmm MOXHO OCTaHOBUTb, 3aKpbIB TEPMUHAN, B KOTOPOM 3TU NpOrpaMmbl
BbIMOJSTHAOTCA.

J30Tepuueckue (yamButesnbHble) A3bIKM NPOrpaMmMUpoBaHuUs

O30TepnyeckMMmn HasBanm A3blkv, CO3AaHHbIE AN UCCIEAO0BaHUSA rpaHnL, BO3MOXHOCTEN
pa3paboTkn A3bIKOB NPOrpaMMUpOBaHUS, ANA AoKasaTenbCTBa NoTeHUMansHO BO3MOXHOM
peanusaunm Kakon-To naeun, B Ka4ecTBe NPon3BeAeHNst NPOrpaMMHOro UCKYCCTBa UIn B Ka4ecTBe
WyTKK. o BonbLluen YacTn 3TU A3bIKM NMPUAYMaHbl 4518 pa3BneyvyeHunst, 4acTo OHU NapoaupyoT
HacToALME A3bIKM NPOrpaMMMPOBaHNA NN ABNAOTCA abCypAHbIM BONMOWEHNEM KOHLENLUUI
nporpaMMmupoBaHus. Ha npakTuke Takve a3blkv 6ecnonesHbl, 0AHaKo NporpaMmmMmpoBaHne Ha
HEKOTOPbIX U3 HNUX ABNAETCHA HEMMOXON TPEHNPOBKOW, MO3TOMY MX HYaCTO BKIIHOYAOT B CMMCOK
pa3peLLEHHbIX A3bIKOB Ha KOHKypcax Mo nporpaMMmnpoBaHuio.

MepBbI N3 N3BECTHBLIX 330TEPUYECKMX A3bIKOB Obin co3aaH B 1972 rogy v HasbiBancs InterCAL.
OH ObI1 co3aaH cTyAeHTaMu, Kak Napoans Ha CyLlecTBYyHoLUe A3blKWU NPOrpamMMUPOBaHNA U KaK
pasMnHKa Ansa yma.

B 1993 roay 6bin co3gaH a3bik FALSE gns toro, 4tobbl MOXHO 66110 HanucaTb KOMNUATOP ANs
Hero pasmepom He 6onee ogHoro kunodanta n YTobbl NpUayMaTb CUHTAKCUC, KOTOPLIN Obl BbIrNsaen
Kak Lmngposka (crnyyanHoii Habop CMMBOIOB).

[nsa aToro B A3blke UCNOSb3YHTCH 3K30TUYECKNE 3HAKN NMYHKTyaL MM U OTCYTCTBYIOT Npobensl.
Mpumep peanusaumm ycnoeua i £ (a>1) b=3; (ecnu a 6onbLie 1, To npucsonTb b 3HaveHne 1) Ha
sa3blke FALSE:

a;1>[3b:]7?

HanomunHaeT nporpammMy Ha CKpMNTOBOM A3blke bash, xoTa bash He oTHOCAT K 330Tepuyeckum
A3bIKaM.

3Hak "?" aTo onepartop "if". 3Hak ":" aTO NpucBamBaHue. "3b: "03Ha4YaeT NPUCBOUTb b 3HAYEHNE
3. 3Hak "=" 970 cpaBHeHue. 3HaK "; " 03HavyaeT NoNoXnTb 3Ha4YeHe NepeMeHHOM B cTek. EanHnyka
CpaBHUBAETCH CO 3HAYEHMEM NEPEMEHHOMN, HAaXOOSALLENCA B CTEKE.

CTeKoBble A3blKM NPOrpaMmM1MpoBaHuA

CTekoBble s13bIKM NPOrpaMMUPOBaHMS UCMOMb3YT 00paTHY NOCTMMUKCHYO HOTaLMIO
(HayepTaHue), B KOTOPOKM NapameTpbl KOMaHAbl (onepatopa) A0SKHbI ObITb 3anMcaHbl Nnepen camon
KOMaHOon (onepaTopoM), NpuyeM NepBbIv NapaMeTp pacnosioXkeH npaeee nesoro. Hanpumep,
00bl4HOE cnoxeHne AByx umcen "1+2" (koTopoe HaykoobpasHO Ha3biBaeTcs "MHPUKCHaS HoTauma")
Oyget 3anucaHo kak "1 2 +" (obpaTHas nocTuKcHasa HoTaums). B npedmnkcHon HoOTaumm cnoxeHue
Bbirnggeno 6ol "+1 2" unu "+ (1 2)". Kpyrnble ckobkn genatoT BblpaXKeHUe NOHATHbIM, HO uenu
caenaTb NOHATHee HeT. Micnonb3yeTcs NpaBuio: eCriv YACOo onepaHaoB (PUKCUPOBaHHOE, TO CKOBKM
Heobs3aTenbHbl.

CTtekoBble s3bIKM Aanblue OT YernoBeyeckon, HO Bnmke K MalmnMHHOM peanunsaumm paboTbl C
ayenkaMmm namaTn (permctpam) no NorMke cTeka: 3annxHu (NIorMka cteka) B S4enky naMmsiTm YMCro 2,
MOTOM BO3bMM YNCIIO 1 1 NpubaBb K TOMY, YTO HAXOAUTCA B SYeike naMmsaTu. B npoueccope moxeT
ObITb OAWH NN HECKOSBKO CTEKOB C Pa3HOM Pa3MepPHOCTbIO AaHHbIX.
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lMocTdUKCHYIO HOTaUMIO Ha3bIBalOT NOSIbLCKOW, Tak Kak eé nsobpen B 1920 rogy NosibCKUIA NOTUK.
Yncno napameTpoB KOMaHabl (onepaHaoB ornepaTopa, apryMeHTOB npeankarta) HasbiBatoT N-
apHOCTbIO. Hanpumep: yHapHbIN onepaTop - 3Ha4YUT onepaTop C 0gHMM onepaHgoM. Hanpumep,
"a++" HasblBaeTCHA NOCTPUKCHBLIN YHAPHbIN, YTO O3HAYaET yBenvyeHne Ha eguHuuy: "a=a+1" nnu
"a+=1". BuHapHbIN onepaTop - onepaTop ¢ AByMA onepaHgamu. Hanpumep, onepaTop CroXeHus
"a+b". TepHapHbIN onepaTop - ¢ TpeMsa onepaHgamu. Hanpumep, yCnoBHbIM onepaTop
z=(x>y) ?a:b 3KBUBANEHTEH:

if (x>y)

TepHapHbIN onepaTop BO3BpaLAET 3Ha4YeHMe, a yCrnoBHbIN onepaTop if He Bo3BpalLlaerT.

CTtekoBble s13blkM HEYA0OHbI ANS HAaNUcaHNA NporpaMm YennoBEeKOM, MO3TOMY He pacnpoCTPaHEHbI.
Mpumep cTekoBoro A3bika - PostScript, koTopbin ncnonb3yetcs npuHTepamu. Npumep nporpaMmmbl Ha
PostScript:

%! PS-Adobe-1.0

0 10 1 { % uyukn ot 0 go 10 ¢ warom 1

(Hello) show % Hane4yaTtaTb crnoBo Hello
} for
showpage

Ha sasbike C aHanorn4Has nporpamma BbIrmMAagnuT Tak:

#include <stdio.h> //[no6aBuTb hann, rae onucaHa pyHkums puts

int main (void) //byHKUMS, C KOTOPOWN HAYHETCS BbINOSNIHEHNE

{

for (int 1=0;i<=10;1i+4+) /lumkn ot 0 go 10 c warom 1
{

puts ("Hello") ; //HanevaTaTb Hello
}

}

B a3bike C He Tak MHOro NOCT(PUKCHBIX U NMPeUKCHBIX ONepaTopoB U BCE OHN C OQHUM
onepanaom. NpedukcHble onepaTopbl Obiny AobaBneHbl B s3blk C, HO MOXKHO Bb110 661 060MTUCH
6e3 Hux. o GonbLien YacTn NpedUKCHbIE onepaTopbl HYXKHbl, YTOObLI NpenoaaBaTenm Ha ypokax
MHOPMATUKKN cnpalumneanu "4em oTnnyaeTcs NPeUKCHbIM MHKPEMEHT OT NOCTGUKCHOro".
MHKpeMEHT - aHrMNINCKOe CroBO, O3HaYalLLlee yBenmyeHne, AEKPEMEHT - YMEHbLLEHNE,
MYNbTUNNUKALMS - YMHOXEHME.

Mpumep nporpamMmmbl Ha A3bike C

Mporpamma, copTupytowas Ymcna MeToaoM ny3blpbka.
CosgaTb hann ¢ HasBaHMeM bubblesort.c

#include <stdio.h>
int main ()
{
int a[]={3,5,4,1,2}; // maccuB 4Yncen onst CoOpTUPOBKM
int n = sizeof(a)/sizeof(a[0]); //4ucno 4ymcen B maccmee
for (int i=0; i<n-1; i++) // copTnpyem
{
for (int j=0; Jj<n-i-1; J++) // cpaBHMBaeM coceaHune afieMeHTbl MaccmBa
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{
if(alj] > alj+1]) [/ ecnv anemeHTbl He NO NOPSAAKY, MEHSIEM UX MecTaMm

{
int temp = aljl;
aljl = alj+11;
alj+l] = temp;
}
}
}
for (int i=0; i<n; 1i++) // nevatb pesynbTaTa
{
printf ("sd ", alil):
}
printf ("\n"); // ne4aTb cMMBONa BO3BpaTa KapeTku
return O; // BO3BpAT cTaTyca BbIMOMHEHUSA NPOrpaMmmbl

}

CkomnunmpoBaTtb CO30aHHY NporpaMmmy KOMaHLom
cc bubblesort.c -o bubblesort

BbINOSIHUTL CKOMNUITMPOBAHHYIO NPOrpaMmy:
./bubblesort

1 2345

postgres@student :~% gocc bubblesort.c -o bubblesort
postgres@student :~% . /bubblesort

12345

postgres@student :~% |

Mpumep nporpammbl Ha A3bike PL/PgSQL

MocmoTpuM, Kak BbIFNAAMT NporpammMa Ha a3blke cemenctaa Ada. Asbik PL/PgSQL noxox Ha
CUHTaKcuc sa3bika Ada, Tonbko B s3bike Ada maccuBbl 0603Ha4alOTCA HE KBaApaTHbIMU, a KPYribiMuy
ckoBGKamu, 4TO CO3OAET NyTaHULY M 3aTPYAHSIET YTEHME KOf4a NporpamMMbl: MaccuBbl B A3bike Ada
nerko cnytaTtb C PyHKUMAMN.

student:~$ psql

postgres=# CREATE OR REPLACE FUNCTION bubblesort(a int[])

RETURNS int[] AS

$$
DECLARE
n int = array length(a, 1);
temp int;
begin

for 1 in 1..n loop
for j in 1..n-i loop
if a[j] > al[j+1l] then
temp = al[]jl;
aljl = alj+11;
alj+1l] = temp;
end if;
end loop;
end loop;
return a;
end;
$$ LANGUAGE plpgsqgl;

BbinonHeHne co3gaHHOW OYHKUMM KOMaHOoM select bubblesort (ARRAY[3,5,4,1,2]1);
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return a;
end;
$% LANGUAGE plpgsqgl;
CREATE FUMNCTION
postgres=# select bubblesort(ARRAY([3,5,4,1,21);
bubblesort

11,2,3,4,5}
(1 row)

postgres=# | H

[ns co3gaHns anekTpUYecKMx CXemM UCNoSb3yTCA A3bIKM onncaHusa annapaTtypsbl: Verilog - Ha
ocHoBe a3blka C 1 Verilog - Ha ocHoBe si3bika Ada. NMporpammbl Ha 3TUX A3blkax ONUCLIBAKOT
aencteus no obpaboTke faHHbIX. [JaHHbIE - aNeKTpu4eckne curHansl, enNcTBus - onepauuu tuna
NOR, AND, XOR, KOTOpble peanuayrTcs afieMeHTaMu AaNeKTpuyeckmx cxemM. 13 Tekcta nporpammbl
reHepupyeTcsa NPOCTPAHCTBEHHASA CXeMa U3 3NEeKTPUYECKNX KOMMOHEHTOB, TOKOMPOBOAALLNX
AOpOXeK Mexay HUMN. CxeMbl CIOEB nNpeobpasyoTcs B KAPTUHKN, N3 KOTOPbIX MOXHO cO34aTb
doToLwabnoHbl AN BbITPaBNMBaHMA JOPOXEK HA KPEMHUEBOW NacTMHe METOA0M
ynbTpaduonetoson nutorpacgum. dotowabnoHbl NCNOMb3yHTCS, Tak Kak y cBeTa Hebonbluias AnvHa
BOMHbI, @ 3HAYUT BbICOKOE paspelleHne. B HacTosiwee BpeMsi npoLeccopbl MOryT NPOU3BOANUTLCS C
paspeLueHnem 2-5 HaHomeTpoB. lNpoueccop Apple A16 co3gaéTtcs ¢ paspelleHnem 4 HaHOMeTpa.
MuKpocxembl 5155 MacCOBOroO pblHKa UCNOSb3YHOT NPOLECCHI C XYALUUM pa3peLleHneM, Tak Kak nx
npoun3BoacTeo Aewesne. MNpoueccopbl ESP32 ncnonbaytot paspeleHne 40 HAHOMETPOB 1 NPU 3TOM
NMEIT HN3Koe aHepronoTpebneHne. Paamepbl TpaH3NCTOPOB BorbLUe paspeLleHnst, KoTopoe
onpegensieT MUHUMarbHbIA pa3Mep COegUHEHUI, a He pa3Mep TpaH3UCTopoB. [1oaTomy, npu
yNyydleHnn paspeLleHnss MEHSIOT NPOCTPaHCTBEHHYH KOMMNOHOBKY TpaH3MCTOPOB. HasBaHusA
komnoHosok: VTFET, GAAFET, FinFET. B GAAFET (Gate-all-around) 3aTBop TpaH3ucTopa
NOJSTHOCTbLIO OKpYXaeT kaHan, a B FinFET yacTtuyHo.

Yto panbLie?

[ns n3ydyeHna paboTbl B Linux n nporpammmpoBaHmst MOXeT BbITb nonesHa KHura "Asbl
nporpaMmMmnpoBaHus”, KOTOPY MOXHO HanTn Ha canTe http://stolyarov.info/

[ns Tex, KTo XO4eT U3y4nTb apXUTEKTYPY KOMMNbIOTEPOB M NO3HAKOMUTLCS C acceMbnepom
https://teach-in.ru/course/architecture-and-assembler/about

Ecnu Ha koMmnbloTepe He ycTaHoBMeH Linux, To MOXHO ycTaHoBuTb Virtualbox
https://www.virtualbox.org/wiki/Downloads , cka4aTte 06pa3 BUpTyanbHOM MalLMHbl B hopmaTte open
virtual appliance (ova, koHdurypaumm) https://disk.360.yandex.ru/d/eUu522ezEGuXVA , B KOTOpPOK
MOXHO cpa3y nucaTtb Nnporpammbl Ha A3blke C, KOMAMNNMPOBATbL N BbINOSHATL. Takke yaobHO
YyCTaHOBUTb B BUPTYyarbHyto MaluvHy cpeny paspaboTku Eclipse IDE for C/C++ Developers
https://www.eclipse.org/downloads/packages/ . Bo3amMoxHO, Bbl cCripaBuTeCb C YCTAaHOBKOW.
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