Tema 1. DBoJIIOIUA PA3BUTHA U COBPEMEHHOE COCTOSIHNE BHIYUCIUTEIbHOM
TeXHUKH
OcHOBHBIE BONIPOCHI:
1.1. Kparkuii ucropuaeckuii 0030p.
1.2. Tloxonenus DBM. DBomtonust ”HPOPMAITMOHHBIX TEXHOJIOTHH.
1.3. PaszButHe cpelncTB BRIYUCIUTEIHHON TEXHUKH HA COBPEMEHHOM 3Talle.

1.1. Kparkuii ucropuieckuii 0030p

Haynem 0030p ¢ ynmomMuHaHUs ABYX COOBITHI, MPOU3OMIEAIINX O HAIIEH 3pHI:
nepBble cueTbl — abak, n300peTeHHbIe B IpeBHeM Bapwminone 3a 3000 €T 10 H. 3., U UX
0oJnee «COBPEMEHHBI» BapuUaHT ¢ KOCTOUYKAMU Ha MPOBOJIOKE, mosiBuBLIUMCA B Kutae
npuMepHo 3a 500 jeT Takxe 70 H. 3.

Hauano XVII Beka — mosiBeHHE TEepBOH MEXaHWUYECKOW MAIIMHBI, CITIOCOOHOM
POU3BOJUTE 4 apu(METUUECKUX TEUCTBHUSL.

B 1623 r. B. lllukkapa (1542—1635) u300pen MamuHy, KOTOpas HE TOJBKO
CyMMHpOBaja, HO M YaCTUYHO yMHOXkaua 1 feiuia. O0 3Toi MallrHe MaJio YTO U3BECTHO.

bonee wu3BecTeH HACTONBHBIN apudMoMeTp, CO3JMaHHBIH B 1642 r. BenMKUM
¢pannysckum ¢pustocodpom u yuenoiM b. [ackanem (1623—1662). Emy npuriia uaes
MEXaHU3UPOBATh KAHIICISPCKHE PACUYCThl, KOTOPBIC MPOM3BOIWI €ro OTeIl, OBIBIIMNA
MYHHUITUTIATEHBIM HHCTICKTOPOM IO HAJIOTaM.

B 1671 r. memenkuit ¢punocod u maremaruk I'. Jleliounn (1646—1716) coznmain
«3y0uaToe koseco JleiOHuLay, BonoHsBIIEE 4 apuMETHUECKUX JIEHCTBUS.

XIX Bek ObLT BEKOM «3HAUUTEIbHBIX» BBIYMCIICHUH, BHITTOHAEMBIX BPYUHYIO, —
ATO U COCTaBJICHHUE TAOJUIL JJorapu(MOB, U PaCUEThl B ACTPOHOMHUU U .

3a/1aBIIUCh 1IEIbI0 aBTOMATHU3MPOBATh TMPOIECCHI CO3/JaHUS TAKUX TaOJIMII,
anramiicknii matematuk Y. B306mmk (1791—1871) nayan padorats B 1821 roay Haj
MPOSKTUPOBAHUEM «PA3HOCTHOW MamMHb. [10 ero 3ambicny 3Ta MamMHa ¢ 3y04aThIMU
KOJIECAMH JIOJDKHA ObLTa BBIYHCIATH 3HAUCHUS MOJUHOMOB. [IpUBOAWTH B JBIIKECHUE
MaIllMHy TPEeINoJaraiock ¢ MOMOIIBI0 mapoBoro apuratens. OIHAKO peamnu3oBaTh ITY
MalIHY HE YJaI0Ch.

Hogas cuetnas mammHa b360uaka monydnsia Ha3BaHUE «AHAJTUTHYECKAS» U B
1834 r. oH U3J10KWII €€ OCHOBHBIE MPUHIUIIBI. JTa MalllMHA BIEpBbIEe ObliIa MPUMEHEHA B
TKAaI[KOM CTaHKe ¢ neppoKapTOUYHBIM yIpaBieHueM. Ha oHOM cTaHke MOKHO OBLIO TKAaTh
TKaHU C PA3IUYHBIMU Y30paMd B 3aBHCHUMOCTH OT KOMOMHAlMU OTBEPCTUH Ha
nepdokaprax.

[To 3ambicny ba60umKa Takass MaIMHa O KHA OblJla aBTOMAaTUYECKHU BBITIOJIHATD
pa3nUYHbIC BBIYMCICHUS IIPU TOCIIEI0BATEILHOM BBOJIE Habopa nepdokapt, coaepKammx
KOMaH/Ibl ¥ TaHHBIE.

AHanmuTHyeckas MallMHa — 3TO IporpaMMmupyemMas aBToMarnueckas BM c¢
NOCJIeIOBATEIbHBIM YIIPABICHUEM, COIEpIKaIIast apu(PMETUIECKOE YCTPOUCTBO U MTAMSATb.

Menenar npoekra — rpaduns Amxa Asrycra JlaBaeiic (1815—1852) — mous
nopna baiipona — Oblia mporpamMmucTko 3Toii BM. B ee dyecTh Ha3BaH S3bIK
nporpammupoBanust  AJIA. Peanuzauuss  MamumHbBl  3aBeplIniach  JMIIb  Ha
AKCHEPUMEHTAIBLHOM CTA/INH.



K 3acnyxuBaromuM BHUMaHUE OTIIMYUTEIBHBIM YE€PTaM aHATUTUYECKON MalTUHBI
cJeayeT OTHECTH MOSBICHUE KOMAHObL YCI0BHO20 Nepexood.

Bo Bropoii monosune XX Beka I'. Xosaepur (1860—1929) pazpadoran mamuny
¢ nepdoKapTOYHBIM BBOAOM, CIOCOOHYIO aBTOMATHYECKH KiacCUPUIUPOBATh U
COCTaBJIATh TAOJMIIBI JAaHHBIX. JTa MallnHa ucnojib3oBasack B 1890 . B CIIA mpu
MIPOBEACHUYU TEpPeNnucH HaceleHus. Hamuuume — oTCyTCTBHE OTBEpCTHS B mepdoKapTe
00HApPYKUBAJIOCH JIEKTPUUECKUMU KOHTAKTHBIMU IIETKAMU, a B CYCTUMKAX PUMEHSUIUCH
pene.

B 1896 r. Xosu1epuT ocHOBan GpUpMy, KOTOpas sBUJIAchk npeamecTBeHHuKoM |IBM?
(na3zBanue IBM Boznukiio B 1924 r.). Ilepdokaptsl, ucrnonb3yemble B 3TOM Mepenucu
HaceJIeHUs, OblIM IPUMEHEHBI BriocieAcTBuu ¢pupmoii IBM.

B Tepmanum B 1938r. K. Ily3ze (1910—1995) co3man MeXaHUYECKYIO
BBIYKMCIUTEIbHYIO MaliuHy Z 1. B Hell BriepBbIe ObLTH HCIIOIb30BaHbI ABOUYHBIC YHCIIA.

CIIA 1944 r., I'. Aiiken (1900—1973) cripoeKTHpOBaJ YHUBEPCATbHYIO MAIIIUHY,
KOTOpast TOsSIBUJIaCch Ha CBET Npu coxaerictBuu pupmbl IBM. Ona naszeiBanace Mark-1. Ha
NPOCKT MAIlIMHBI OKa3ald BJIMSHHE WIeH br0OWmKa, MOAITOMY OHa OIEepUpoBaia
JECATUIHBIMU YHCIIAMHU.

CKopocTh BBIYMCIEHMM B MEXaHMYECKMX MallMHaXx M B MalIMHAX Ha
AIIEKTPOMEXAHWYECKUX pesie Obula He BbICOKAa, MmodToMy B 30-X rojax Havyaluch
pa3pabOTKU 3JIEKTPOHHBIX BEIUMCIUTENbHBIX MaiuH (OBM), anemeHTHOH 6a30i1 KOTOPBIX
CTajJla TpeX »JJIEKTpOJHAas BaKyyMHas Jamma — TpHoJ, u3oOpeteHHas B 1906 r.
JI. ®@opocTom.

[Tepass 9BM ENIAC (Electronic Numerical Integrator And Calculator) nosiBunacs
B 1946 r. u Obuta pazpaboraHa B yHuBepcuteTe I. [leHcHIbBaHMS MOJ PYKOBOJCTBOM
Jix. Maymuu u k. Ikkepra. Pa3paborka Hauanacsk B 1943 1. u 3akoHumnach B 1946 r.

Mamuna Becuna 30 1, 3anuMana miomans 200mM?, cogepxkanal8 Teic. namn u
notpebisyia MomHOCTh 140 KBT., HUCIONBb30Bajia JIECATUYHBIC OMEpalud U ee
RPOCPAMMUPOBAHUE OCYULECMEIIATIOC, NYMeM YCMAHO8KU nepeKkaruamenei u
Kommymayuu pazvemos. IIpu 5ToM Ha TPOTPaMMHUPOBAHUE YXOIUIIO MHOTO BPEMEHH, U
eIie BcTaBajia mpobjeMa ¢ MHOTOUHCICHHBIMU OITUOKAMH.

Nxon ¢on Heitman (1903—1957), sBnsBiiuiics B TO BpeMsi KOHCYJIbTaHTOM
npoekta ENIAC, npennoxun 3anuchiBaTh alropuT™M BBIUKCICHHUH B MaMiTh BMECTE C
JTAHHBIMH TaK, YTOOBI COJIEP)KMMOE €r0 MOKHO OBUIO CBOOOJHO W3MEHSATH BMECTE C
JAHHBIMU. DTOT MPUHLMUII OJYYNII Ha3BaHUE «[Ipunyun Xpanumor npocpammoly.

Jx. @oH HeliMaH BBIICTWII U JE€TABHO OMUCAT 5 KIH04Ue8blX KOMNOHEHM 08 TOTO,
4TO ceiyac Ha3bIBAIOT «ApxuTekTypa Gon Heiimana» coBpeMEHHOTO KOMITBIOTEpA.

KomnbroTep ms obecrieueHuss KpurepueB >PQPEeKTUBHOCTH U YHHUBEPCAIBHOCTU
JIOJDKEH BKITIOYATh B ce0s1 CIeTyIONIHe KOMIIOHEHTHI:

1. [entpansHoe apupMeTUKO-TIOTHIEeCKOe ycTpoicTBO (AJIY);
2. llentpanbHoe ycTpoiicTBO ympasienue (YVY);

3. 3anommuHaromiee ycTpoicTro (3Y);

4. YcTpolcTBO BBOIA MHGOPMAIINH;
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5. YcrpoiicTBO BbIBOJIa MH(OPMALIUH.

Ha puc. 1.1. npencraBieHa apXuTeKkTypa KOMIbIOTepa, npeaioxeHHas k. ®on
Helimanom, koTopast 10JKHa paboTaTh ¢ 08OUUHBIMU YuUcAaAMU, OBbITH 2J1eKMPOHHOU U
6bINOJIHAMY ONEPAYUUU NOCTIEO06AMEILHO.
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Puc. 1.1. ba3zoBbie KOMIOHEHTHI apxuTekTypsl @on Helimana

Baxuenmue natel pazsutusa cpeacts BT B Poccuu:
1874 r. — pycckuii umxxenep B.T. OnHep nzo6pen Mmexannueckuii apupMomeTp

1878 r. — axax. ILJI. YebObimeB un3zo0pen wmexanuueckyro BM, xotopas
BBINIOJHsIIA +,-,%,/

1911 r. — Axkan. A.H. KpbrioB nipeanoxkun BM st pemenus apudmernueckux
ypaBHEHUN

1918 r. — M. bonu-bpyeBuu n300pen Tpurrep (3JIEKTPOHHOE peie)

1951 r. — coznanue nepoii IBM MOICM (Manas OnekrponHas CuerHas
Maruna) mox pykoBojactBom akan. C.A. Jlebeaesa (r. Kues, uactutyt KubepHuetukn).

1955 r. co3znanue mamnasl BACM (beictponeiicTBytomas OnekrporHas CueTHas
Mammna) B THCTUTYTE TOUHON MEXAaHUKU M BBIYUCIUTEIBHON TEXHUKU AKaJeMHH HayK
CCCP (MUTMBT) r. Mocksa. beicTpoaeiictBie 7—=8 ThIC. O11/CeK

1.2. IToxosennst IBM. JBosonusi ”HPOPMALUOHHBIX TEXHOJIOT U

B kauecTBe y3JI0BBIX MOMEHTOB, OINPEICIAIOIINX MOSBICHUE HOBOTO MOKOJEHHUS
BT, oOb14HO BBIOMpPAIOTCS PEeBOJIIOIMOHHBIC WM WM TeXHOJOrn4ecKHue MPOpPbIBbI,
KapIMHAJIbHO U3MEHSIONIUE TAJIbHENIIIEE pa3BUTHE CPEICTB ABTOMATU3AIUN BEIYUCIICHUMN.
OnHoOM M3 TakUX HACH NPUHATO CUUTATh KOHUENMUHMI) BBIYUCIUTEIHLHOW MAIIUHBI €
XPAHUMOH B MAMSATH NPOrpamMmMoi, cpopmyaupoBaHHyo /[koHom ¢pon HeiitmanoMm.

B34B ee 3a Touky oTcuera, uctoputo pa3Butus BT M0KHO MpeicTaBUTh B BUAE TPEX
ATAIOB:

® (QOHEIIMAHO6CKO20 nepuooa;



® IPbl  GHIUUCTUMETIbHBIX MAWUH U cUcmem ¢ (DOH-HeUMAHOBCKOIL
apxumeKkmypoiui;

® NOCHMHEIUMAHOBCKOU INOXU — INOXU RAPAIIETbHLIX U PACHPEOeeHHbIX
6bIUUCICHUIl, TNIE HAPSAIY C TPAAUIIMOHHBIM IOJIXOJ0OM BCE OOJIBIIYIO POJIb
HAYMHAIOT UTPATh OTJIMYHBIE OT (POH-HEHMAHOBCKUX MPUHIIUIBI OPraHU3AINH
BBIYMCIIMTEIIFHOTO TIpoliecca.

3HauuTeNpHO OONbllIEe  paclpoCTpaHEHHE, OJHAKO, IOJIydusaa IpHUBs3Ka
MOKOJIEHUH K CMEHE TEXHOJIOTUW. [IpHHATO rOBOpUTH 0 «MEXaHMYECKOI» 3pe (HyJeBOe
IIOKOJIEHUE) U ITOCJIEI0BABIINX 3a HEW 1ATH nokosneHusx BC.

[lepBbie 4eThIpe MOKOJEHUS TPAJAUIIMOHHO CBA3BIBAIOT C D3JEMEHTHOW Oa3oi
BBIYHCITUTEIIBHBIX CHCTEM: OJJICKTPOHHBIC JIAMIIBI, TIOJYIPOBOJHUKOBBIC TPHOOPHI,
UHTErpalibHble cxeMbl Majoi creneHu wuHTerpauuun (MMC), O6onemue (BUC),
ceepxOompime (CBUC) u yiasTpa 60mabimue (YBUC) naTerpanbHpie MUKPOCXEMBI.

HyuaeBoe nokosnenue (1492—1945) 610 paccmorpeno pasgene 1.1.

«Mexanuueckas» 3pa (HyJeBoe mnokojgeHue) B IBowonuu BT cBszana ¢
MEeXaHUYeCKMMH, a I03Ke — 3JIEeKTPOMEXaHUYeCKHMH BbIYNCINTEIbHBIMHA
ycrpoiictBamu. OCHOBHBIM 3JIEMEHTOM MEXaHWYECKUX YCTPOWUCTB ObUIO 3y0O4aToe
koneco. Haumnas ¢ XX Beka poib 0a30BOro dJIeMEHTa MEPEXOJUT K
AIEKTpOMEXaHUYeCKoMy petie. He ymansisi 3HaueHHUsI MHOTUX UAEH «MEXaHHUYECKOW APHI,
HEOOXOJIMMO OTMETHTh, YTO HHM OJIHO W3 CO3JIaHHBIX YCTPOWCTB HENb3 C IOJHBIM
OCHOBAaHHMEM HA3BaTh BBIUHUCIUTEIBHON MAIIMHON B COBPEMEHHOM €€ TOHUMAHUU.

[Tokonenne DBM — cepusi MaiivH, 00JaJalONIMX €IUHBIMU HAyYHBIMH U
TEXHUYECKUMU TPUHIIUIIAMH TTOCTPOCHUS, BO3MOXKHO CO3JaHHBIMU B Pa3HBIX CTpaHaxX U
bupmax.

CMeHa OKOJICHHSI OTIPEICTSeTCS:

1. W3MEHEHHUEM SJIEMEHTHOU 0a3bl,
2. HOBBIMU PEIICHUSMU B APXUTEKTYPE;
3. W3MEHEHUSMH B BEIYMCIUTEIILHOM MPOLIECCE U MPOTPaMMHOM 00ECTICUCHUH.

1-0e mokosenne: 1945 r. — cepeauna 50-x rr.

DJyieMeHTHasi 0a3a — DJIGKTPOHHBIC JIaMIbl (OCTaJbHBICE KOMITIOHEHTHI
KOMIIBIOTEPHI UCITOJIH30BAIH PE3UCTOPHI, KOH/ICHCATOPHI, TPAHC(HOPMATOPHI.)

Jas 3Y ucnonb3oBainch GeppuTOBBIE CEPICUHUKH.

Apxutekrtypa: apxutekrypa . @Pon - HeitmaHa.

IpoussoautenbHocTh: 10 onep/cex-20*10° onep/cex.

Ipumep: ENIAC - «+» —500 onep/cex

«*» — 40 onep/cek.

MDCM (1950—51 rr.) BeimonHsiaa 50 omep/cex u 7 ThIC. Onep/MHUH.

Ctpena, Ypaa 1;2, BACM-4 — 10 Teic. oniep/cek. 1953r.

IIporpaMMupoBaHue: MallTUHHBIC KOJIBI.

OCHOBHO#i THII MaMIMH: OOJIBIIINE MAIIUHBI, TOTPEOJISITA OOJIBITYIO MOIIHOCTh U
3aHUMAaIU OOJIBIITYIO TIJIOMIAb.

Ha puc. 1.2 npuBenena apxutexrypa 9BM 1-ro u 2-T0 MOKOJIEHUH, CIIONTHBIMH
CTpeNIKaMM yKa3aHbl HH(OOPMAIIMOHHBIE TIOTOKHU, MYHKTUPHBIMU — YTIPABJISIOLIHE.
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Puc. 1.2. Apxurekrypa 9BM 1-ro u 2-ro moKoJIeHUH
2-0e noxoJieHue: cepequHa 50-x — cepeaquna 60-x rr.

DJieMeHTHAas 0a3a: IOJyIPOBOAHUKOBBIE TPUOOPBHI.

IpoussoautenbHocTh: 10° onep/cek—10° omep/cek.

IIpumepsr: RCA (CIIA)

Munck -22(32).

Hdast 3Y: marautHas JeHTa.

IIporpamMupoBanus Ha s3eikax: Anron, @oprpan, AccemOep.

OcHOBHOI1 THII: 0OJIBIIINE MAIIUHBI.

Pazsutne I1O: nosBIAIOTCS ONEpallMOHHBIE CUCTEMBI U TPAHCIISITOPHI.

Kputepuii 3¢dekTuBHOCTH: BpeMs pelIeHUs 3a/1a4 U 00bEM UCIIOIb3yeMOn
MaMsITH.

[TosiBIeHME MEPBBIX CPEACTB MYJIBTUIIPOrPAMMUPOBAHUS

Pacmmpenue rpynim nmoas3oBaTesnen.

3-e nmokoJieHue cepeanna 60-x — kounen 70-x rr.

JueMeHTHAast 0a3a: HHTErpaibHAsE MUKPOCXEMa.

IpoussoaureabnocTh: 10° onep/cex

BHeniHee yeTpoiicTBO: paciimpeHHbI HAOOp Mporpamm Jjisi BBOJa/BbIBOIA
UH(pOpPMALIUH.

Ipumepsi: IBM 360/370, EC 3BM, BOCM, CM 3BM — ceMeicTBO MalIbIx
OBM

IIporpamMupoBanue Ha si3bikax: Anroi, @optpan, Accembnep, Kobo,
beticuk, [Tackans, ITJI/1.

OCHOBHOI#1 THII: OOJTBIINE MAIIIUHBI.

Pazsutue OC: nosisnenrie UNIX

KiroueBasi TeXHOJIOTHSI: PEXUM pa3/ieJICHUS] BPEMEHH,
MYJIbTUIIPOrPAMMHUPOBAHUE.

Kpurepnii 3¢pekTHBHOCTH: TPYJOEMKOCTh pa3padOTKH IIPOrpamM.

Ha puc. 1.3. npuBeaena o6o6mieHHas apxutekrypa 9BM 3-ro mokosenus.
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Puc. 1.3. Apxurekrypa 9BM 3-ro nmokoneHus

4-e mokosienune: koHen 70-x — 85 rr.
JduaemenTHas 6a3a: BUC, CBUC, nosiBienne MUKpOIpOLIECCOPOB.

IpoussoauTtenbHocTh: 10° —108 omep/cex
IIpumep: MHoronporeccopHblii BHIYUCIUTENBHBIA KOMIUIEKC "Dnbp0pyc".

Dne6pyc -1Kb umen OvicTpoielicTBHE 10 5,5 MITH. Oniepaluii ¢ miaBaroIieil TOYKOM
64 M6. VY

B CEKyHIy, a o0O0beM ONepaTHBHOW MaMsITH [0

IPOU3BOAUTENBHOCTH 10 120 MIIH. onepanuii B CeKyHAY, EMKOCTh ONEPaTUBHON MaMsTH
10 144 M6 umm 16 McnoB (c10BO = 72 IBOMYHBIX pa3psiia), MaKCUMallbHas POITYCKHAS
COCOOHOCTH KaHAJIOB BBO1a-BhIBoJga — 120 MO/c.

S3bIKM IPOrpaMMHpPOBAHMSA:
e 1po0JIEeMHO-OPUEHTUPOBAHHBIE;
® 00BEKTHO-OPUEHTUPOBAHHBIE;

e [lackanpu C
OCHOBHOM THII:
[ ]

Ha puc. 1.4 npuBeneHa cTpykTypHas cxema NepCOHaIbHOIO KOMIIBIOTEPA

(TIDBM).

MIePCOHAJIbHBIE
pabouune CTaHIUU
MHOTOMPOIIECCOPHbIE
TPAHCIIBIOTEPHBIE CUCTEMBI

CYyHEPKOMITBIOTEPHI
MUKpO OBM.

B3Y

"Onpopyc-2"
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Puc.1.4. CtpykrypHas cxema [IDBM

5-o0e nokoJienue: 85—95 rr.

[IaToe mokoneHue B OOIMIETPUHITON UHTEPIIPETAIMUA ACCOIUUPYIOT HE CTOJIBKO C
HOBO AJIEMEHTHOM 6a3011, CKOJIBKO C MHTEJUICKTYa IbHBIMHU BO3MOKHOCTSIMU BC. PaGoTh!
1o co3aannto BC msToro nokoiaeHus BEJIMCh B pAMKax YEThIPEX JOCTATOUHO HE3aBUCUMBIX
nporpammM, ocyuiectsisaBmmxca ydeHsiMu CIIA, fInonum, ctpan 3amanHod EBpomnsl u
cTtpan CoBeTa SKOHOMUYECKOW B3aMMONOMONIM. BBUAY TOro, 4To HU OJHA U3 MPOrpamMM
HE IIpUBEJa K 0°)KMIA€MBbIM pe3yJibTataM, pa3roBopsl 0 BC msaToro nokosieHus HOHEMHOTY
yTuxaroT. TpakToBKa TMATOrO TOKOJEHHUS SBHO BBINMANAET U3 «TEXHOJOTUUYECKOTO)
npunuuna. C apyrod croponsl, mnpuuucieHue Bcex BC Ha 06a3e cBepxOonblInx
uHTerpasbHbIX cxeM (CBUC) k yeTBepTOMY MOKOJEHUIO HE OTPakaeT MPUHLIUIHAIBHBIX
n3MeHeHul B apxutektype BC, mpousomienmmx 3a nociaeH1e robl.

SAnoncknii npoekt «MHTEmnekTyanbsapie BM»:
e OO6mienue ¢ OBM Ha s13bike po0IeMHOI 00acTy (pedeBoil BBOJ JTaHHBIX, BBOJI
TeKCTa, TpaduKu, U300paKEHHUS ).
e [loHumManue onucHIBaEMOi MPOOIEMBI Ha SI3bIKE, OJIM3KOM K €CTECTBEHHOMY.
e ABTOMAaTHYECKUH CUHTE3 MPOLEAypbl 00paOOTKHU JAHHBIX.
e MaHunynauus 3HaHUSIMU U TIOJTyY€HUE JIOTMYECKUX BbIBOIOB HAa ocHOBE B/I.
MammHel JIOTHYECKOT'0 BBIBOIA.
B monHoM 00bemMe MPOeKT pearn3oBaH HE ObL.

['mtaBHBIM MOBOJIOM ISl BBIACIICHHS] BBIYMCIUTEIBHBIX CUCTEM BTOPOM MOJIOBUHBI
80-X ro/10B B CaMOCTOSITEILHOE IMTOKOJIEHHUE CTANIO CTpeMuTenabHoe pa3sutue BC ¢ coTHsMu
NPOIIECCOPOB, CTaBIIee MOOYAUTEIbHBIM MOTHBOM JJsi Tporpecca B oOjacTtu
IapaJuIeIbHBIX BBIYMCICHUN. PaHee mapanienusM BeIUMCICHUN BBIPAXKAJICS JIMIIb B BUIE
KOHBeHepHu3aluu, BEKTOPHOH 00paboTKK U pactipeaenieHus: paboThl MEXKIy HEOOIbIINM
YKCIIOM MPOIIECCOPOB. BhIuncANTEIbHbIE CHCTEMbI NATOI0 MOKOJEHUs 00eCIeYNBaIOT
TaKO€ PaCIpEeleNICHHE 3a1ad 10 MHOXECTBY IIPOLIECCOPOB, NPU KOTOPOM KaKIbIM W3
IIPOLIECCOPOB MOXKET BBINOJIHATH 33J]a4y OTAEJIBHOIO MOJb30BaTENS.

B paMmkax mnsTOro TOKOJEHUS B apXUTEKType BBIUYUCIUTEIBHBIX CHCTEM
chOpMUPOBANIKCH JBAa NPUHIUNHAIBGHO PA3MUYHBIX TOAXONA: ApXUMmeEeKmypa ¢
COBMECHIHO UCNONb3YEMOIl NAMAMbIO, U ADXUMEKMYPA C PACHPEDeIeHHOI NAMAMbBIO.



XapakTepHbIM MPUMEPOM TIEPBOTO IMOAXOAA MOXKET CIYKUTh cucTteMa Sequent
Balance 8000, B kotopoii mMmeeTcst OoJjbllas OCHOBHas MaMsATh, pasacisemas 20
npoiieccopamu. [loMHUMO 3TOro, KakIbIi MPOIECCOP OCHAIIEH COOCTBEHHOM K3III-
namsThi0. KakIbIii 13 mMpomeccopoB MOXKET BBITIOIHSATE 33/1a4y CBOETO MOJIH30BATEIIS, HO
IIPUA 3TOM B COCTaBE€ MPOTPaMMHOTO OOECTICUCHUSI UMeeTCs OMOIMOTEeKa TOIAIPOTPaAMM,
TIO3BOJISIONIAsT MPOTPAMMUCTY TPHUBIICKATh IS PEIICHUS CBOCH 3amavd 0oJiee OHOTO
nporeccopa. CucremMa IUPOKO HCHOIB30BANACH ISl WCCIEJOBAHHUS TapalIeIbHBIX
AITOPUTMOB ¥ TEXHHUKH ITPOTPAMMHUPOBAHUSI.

Bropoe HampaBieHme pasBUTHS CHCTEM TISITOTO TOKOJEHUS — CHCTEMBI C
pactpeIeICHHON TaMSThIO, TIe KKl MpoIieccop 00agaeT CBOMM MOIYJIEM ITaMSITH, a
CBSI3b MEXY MpoIleccopaMu 00ecrieunBaeTcs CeThio B3auMocBsizeit. [Ipumepom Takoit BC
MokeT ciyxuth cuctema iPSC-1 ¢upmbr Intel, Gomee u3BecTHas Kak «THIIEPKYO».
MakcumanbHBId  BapuMaHT CUCTEMBbI BKIodal 128  mpoueccopoB. Ilpumenenue
paclpeseieHHOH TaMsATH TO3BOJHIIO yCTPAaHUTh OTPAaHWYEHUS B TMPOMYCKHOU
CIIOCOOHOCTH TPAKTa IIPOIECCOP—IIAMATEY, HO MOTEHITHAIBHBIM «Y3KHM MECTOMY 3/I€Ch
CTaHOBUTCS CETh B3aUMOCBS3EH.

Haxkower, TpeTbe HampaBiICHHE B apXUTEKTYPE BBIYUCIUTEIBHBIX CHCTEM IISITOrO
nokojieHuss — 370 BC, B KOTOPBIX HECKOJIBKO THICSIY JOCTATOYHO MPOCTHIX MPOIECCOPOB
paboTaroT MOJa yIpaBJICHHEM EAMHOTO YCTPOWCTBA YIPABJICHUS M OJIHOBPEMECHHO
MPOMU3BOJIAT OJHY M TY 7K€ OIEPAIINIO, HO Ka)K/IbIi HaJl CBOMMH JaHHBIMU. K 3TOMY Kitaccy
MosxHO oTHecTH Connection Machine ¢pupmsbr Thinking Machines Inc. u MP-1 ¢pupmbi
MasPar Inc.

B HayuyHBIX BBIUYMCICHHUAX MO-TIPEKHEMY BEAYIIYIO POJIb WUIPAIOT BEKTOPHBIC
cynep3BM. MHOTrHe MPOU3BOJIUTENH TMpesaratoT Oosiee 3¢ (EeKTHBHBIE BapUAHTHI C
HECKOJIbKUMHU BEKTOPHBIMH TPOIECCOPAMH, HO YHCIO TaKUX TMPOIECCOPOB OOBIYHO
HeBeJUKo (0T 2 110 8).

RISC-apxuTexkTypa BBIXOJUT U3 CTAAUHU SKCIEPUMEHTOB U CTAaHOBHUTCS 0a30BOM
apXUTEKTYpOH st pabounx ctaHmmii (workstations).

3HAKOBOW NMPUMETON paccMaTpPUBAEMOrO IEPUOAA CTATIO CTPEMUTEIIBHOE Pa3BUTHE
TEXHOJIOTUI I100aJIbHBIX U JIOKAJIbHBIX KOMIILIOTEPHBIX CeTeil. ITO CTUMYJIMPOBAJIO
U3MEHEHHS B TEXHOJOTMH paboThl MHAMBUAYAIbHBIX MoOJib3oBaTeneid. B mpoTuBoBec
MOIIHBIM yHUBepcalbHbIM BC, paOoraomum B pexXuMe pas3ieleHus BpPEMEHH,
NOJb30BaTeNIM Bce Ooiee  OTHAIOT  MPEANOYTeHHE TMOAKIIOYEHHBIM K  CeTH
UHAUBUAYAJIbHBIM paboOuyuM CTaHUUsAM. TakoW MOAXOA TO3BOJISET JUIsl pPEelICHUs
HEeOOJNIBIINX 33]a4 3a/1eWCTBOBATh MHAMNBUAYAIBHYIO MAIMHY, a TP HEOOXOIUMOCTH B
OO0JIBIION BBIYUCIUTENIBHON MOITHOCTH OOpPAaTUTHCA K pecypcam IMOJICOeIMHEHHBIX K TOU
K€ CEeTH MOIIHBIX (paili-cepBepOB UIIU CYNEPIBM.

6-oe mokosienue: 1995 — nacr. Bpemst

Ha paHHuMX cTagusx SBOJIOUMH BBIYMCIUTENBHBIX CPEICTB CMEHA IOKOJEHHM
aCCOLMMPOBAIACH C PEBOJIOLMOHHBIMA TEXHOJOTMYECKUMHU MpopbiBamMu. Kaxmoe wu3
MEPBBIX YETHIPEX MOKOJECHUM MMEJI0 YETKO BBIPAXKEHHBIC OTIMYUTEIbHbIC NMPU3HAKUA U
BIIOJIHE OTPEICJICHHBIE XpOHOJIornyeckue pamku. [locnenyroniee eeHrue Ha MOKOJIEHUS
y>K€ HE CTOJIb OUYEBU/IHO U MOKET OBITh MOHSTHO JUIIb MPU PETPOCIIEKTUBHOM B3IJIsI/I€ HA
pPa3BUTHE BBIYMCINUTEIBHON TeXHUKU. IIsATOC M mIecToe mokoJieHus: B 3Bojironuu BT —
3TO OTPa’KeHHe HOBOI'0 Ka4eCTBAa, BOBHMKIIEr0 B pe3yJbTaTe MOC/Ie10BaATEJIbHOI0



HAKOIUIEHHS] YACTHBIX [OCTH:KeHMii, TJIaBHBIM 00pa3oM B apXHTEKType
BbIYMCJIUTEJbHBIX CUCTEM U, B HECKOJILKO MeHbIIIell Mepe, B cepe TeXHOJIOTHil.

[ToBoOM TSt HaYaa OTCYETa HOBOI'O MOKOJEHHUS CTAJH 3HAYUTEIbHbIE YCIeXH
B 00JIACTH NMapaJLIeJIbHBIX BHIYUCIEHHIl, CBSI3aHHbIE ¢ IIMPOKUM PACHpPOCTPaHeHHEM
BBIYHCJIHTEIBHBIX CHCTEM C MACCOBBIM Napasiieu3MoM. OCOOEHHOCTH OpraHU3alluu
TakuX cucreM, obo3HauaeMbix abOpeBmarypoii MPP (Massively Parallel Processing),
OyIyT pacCMOTPEHBI B HHKE. 311ECh JK€ YIPOIIEHHO OMPEAEIMM HX KaK COBOKYITHOCTB
OOJIBIIIOTO KOJIMYECTBA (70 HECKOJBKUX THICSY) B3aUMOCHCTBYIOINIMX, HO JOCTATOYHO
ABTOHOMHBIX BBIYHCIUTEIbHBIX MAlIUH. [10 BEIYUCIUTETBHOW MOITHOCTH TAKUE CHCTEMBI
yKe YCIEITHO KOHKYPUPYIOT ¢ cyniepDBM, KOoTOpBIE 10 CYyTH B Ha4Yaje CBOETO Pa3BUTHS
aBsTiCh  BeKTOpHBIME  BC. TlosiBlIeHHE BBIYHMCIMTENBHBIX CHCTEM C  MAaCCOBBIM
napauieIM3MOM J1aJl0 OCHOBAaHHE T'OBOPUTH O IPOM3BOAMTEILHOCTH, H3MEPSAEMON B
TFLOPS (1 TFLOPS=10% onepanuii ¢ niasaroIeii 3ansaToii B CEKyHy).

Bropasi xapakTepHasi yepTa IIeCTOr0 MOKOJIEHUSI — Pe3KO0 BO3POCHIUIA
ypoBeHb paboumnx craHuuii. B mporieccopax HOBBIX pa0OuMX CTAaHIUN YCHEIIHO
coBmemaroTcess RISC-apxutexktypa, KoHBeWepu3alds U MapaienbHas oOpaboTka.
Hekortopeie pabGoune CTaHIMM TO NPOU3BOJUTEILHOCTH COMOCTABUMBI C CYIEPIBM
YETBEPTOro MOKOJeHMs. BrieuaTisonye XxapakTepucTUKU padoyuX CTaHIMM MOPOAMIN
UHTEpPEC K TEeTePOTCHHBIM (HEOJHOPOJHBIM) BBIYHMCIEHUSM, KOIJIa TMporpamma,
3aIylIeHHast Ha OJIHOM pabodeil CTaHIIMK, MOXKET HAUTH B JIOKATBHOW CETU HE 3aHSTHIC B
JAHHBIA MOMEHT JpPYTrHe CTAHLIMHU, MOCJIE€ Yero BBIYMCIIEHUS pacnapajiiesIiBalOTCs U Ha
ATH NMPOCTAUBAIOIINE CTAHIIUH.

Hakonen, Tperbeid mpumeroil mecToro mokoJieHuss B 3Boawunun BT craa
B3PBIBHOM POCT IJ100aJIbHBIX CeTeN.

3aBepias o0cyxaeHue 3Bomonuu BT, oTMeTnM, 4To BepXHss TpaHHUIA IIECTOTO
MOKOJIEHUSI XPOHOJIOTUYECKM TMOKAa HE OINpeAeieHa W JalibHEWIlee pPa3BUTHE
BBIUKCIIUTEIIbHOW TEXHUKHA MOXKET BHECTH B €0 XapaKTEPUCTUKY HOBBIE KOPPEKTUBBI. He
HCKIIFOUEHO TaKXe, YTO MOCIEAYIONHEe COOBITHS JaAyT MOBOJ] TOBOPUTH U 00 ouepeIHOM
IMOKOJICHHUH.

1.3. Pa3BuTHs cpeaCcTB BHIYUCIUTEIbHOM TEXHUKHA HA COBPEMEHHOM 3Tale

1. CosepiieHCTBOBaHUE PJIEMEHTHOM 0a3bl OT MUKpOMpoLieccopa A0
NPUHIMITHAIEHO HOBBIX KOMITHIOTEPOB: ONTHYECKUX, OMOJIOTUYECKUX,
HEHPOKOMIBIOTEPOB, MOJIEKYJISIPHBIX, KBAHTOBBIX.

2. bypHoOe pa3BUTHE CETEBBIX TEXHOJOTHUM B paMKaXx JIOKAIbHBIX CETEH U Cylep-3BM
+ rno6anbuble cetd — GRID-mexnonozuu, memaxomnoromunz, oo1aumvle
eévbluucienus.

3. MaccoBoCTh M JOCTYITHOCTh CPEACTB 00paOOTKN MHPOPMALIUH.

2 u 3 eneuem 3a cob0l NPUHYUNUATILHOE UBMEHEHUe PbIHKA MPYOd 8 CIOPOHY POCma
npouszeooumereti | T-npooykyuu!!

4. Poct CIOXHO pelraeMbIx 3a7a4 U Kak pe3yibTaT — pOCT TPeOOBaHUIM K
MPOU3BOJIUTEIHLHOCTH BEIYUCIUTENBHBIX CPECTB.

Ipumepul crodcHbIX pacuemmubix 3a0ay.



@) uccnedo8anusi c8epxXnpPoBOOUMOCHI.
0) pacuem eeHoMma uenogexa.

8) 3a0auu ¢hapmarxonocus

2) pacuem npoecHo3a no2oowl u op.

5. MoIuHbIE KOMIIBIOTCPHBI €CTh IIOKA3aTCJIb YPOBHA pa3BUTUA 06I_HeCTBa.

HNudopmanuio o TeHACHIMAX PA3BUTHSI COBPEMEHHBIX CYNEPKOMIBIOTEPOB CM. B
npe3enTanuu akaaemuka B.K.JleBuna
B npe3enTanuu npuBeneHbl 1aHHble HA HOSOpb 2014 T.

BepXxHU ypoBEeHDL
npon3BoOAUTESIbHOCTU CYNEepKOMIMbIOTEpPOB
— BKCTpanondaumsa pgaHHbiXx cnuckoB Top 500

fogbl | 2008 | 2012 |2015-16|2018-20
[lportos | 4 ‘ 10 ‘ 100 ‘ 1000

[Petaflops]

CDaKmOpr rnoebiieHus npouseodumeanocmu:
« bunsmyeckoe OLICTPOOENCTBMUE KOMMOHEHTOB;

* CTPYKTYPHbIA Mapannenmsm
— BHYTPUMPOLIECCOPHLIM U MHOTrONPOLLECCOPHbIN;
- NpobnemHas opueHTauust — crneymanusaums.

2011r. Intel CK 2015 r. - 100 Pflops,
Knight Corner: 50-100 TbIC. YMNOB,
>50-npoueCcCcopHbIN Yumn, ~100 ctoek, ~10 MBT,

22 HMm, 1 Tflops 4—8 MIH. NpoLeCccopoB



Левин._Суперкомпьютеры%20-%20современное_состояние_и__перспективы_развития.pdf
Левин._Суперкомпьютеры%20-%20современное_состояние_и__перспективы_развития.pdf

PaKkTopbl pasBUTUA CYNepKOMMNbIOTUHIa

e MnkpoanekTpoHUKa:
- ObICTPOOENCTBNE U YPOBEHb MHTErpauuu;
- HAAEXHOCTb; mMaccogeocmb
- CTOMMOCTb; | npou3zsodcmea
- 3HepronoTpebneHue, TennooTeo,.

o CucrtemHasi nHTerpaumsa — pasHoobpasme KnacTepos,;
nporpaMmMHoe obecrnedeHune; obwas namsThb;
cdhepbl U MeTOObl NPUMEHEHNN.
e [1Ipo6NEMHO-OPUEHTNPOBAHHbBIE CUCTEMBI.
e Grid-TexHoOonorun:
- B3anmopgemnctene KpynHbix BLI; Q?j:; 2:2:;;)
- CETU MaCCOBbIX KOMIbIOTEPOB.

e 3awmTta MHdoOpMaUNK: MoAenu Yrpos, HOpPMbI,
cpencTBa 3alliuTbl, OpraHusauUus akcnnyaTauum.

e NHdpacTpykTypa, KoopauMHauua U OOMEH OrbITOM.
o [ouckoBble UccneaoBaHusl, «HeTpagULMOHHbIE» Hanp.

«JlomoHocoB», HUBLL MI'Y, 2009 r. 414 Tf/s nuk.
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4420 y3noB no gesa 4-agepHbix Xeon; 2,93 [Tu;
CyMMapH. onepaTtmeHasa namate 57 GB; ceTb Infiniband







