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NMOXBAJIbHbIE OT3bIBbl HA KHUT'Y
UNPPOBASI CXEMOTEXHUKA U APXUTEKTYPA KOMIBbIOTEPA

Aemopebl KHU2u eblgenu rnpernodasaHue npedmema Ha Kav4eCmeeHHO UHOU
yposeHb, cozfas bosiee docmyrHbIl Ot MOHUMaHUsT U Haz2rsiOHbIU y4ebHUK,
yem “Ycmpolicmeo u npoekmuposaHue Komrbtomepos” (“Computer
Organization and Design”), u onucas 6 HemM 8 Oemarnsx,
Kak cripoekmuposame MuKporpoueccop apxumekmypsl MIPS ¢ nomowbto
s3bIko8 SystemVerilog u VHDL. Tekcm okaxemcst 0CO6eHHO rone3HbiM 0nsi
cmydeHmo8, Komopbie 8 rpoyecce 0by4deHUss cMOJIKHymcs ¢ pa3pabomkou
6onbLuiux yughposbix cucmem Ha cospemeHHbIx MNJINC.

Oosupg  A. TlatrepcoH, KanudopHuickuin YHuBepcuteT B bepknn
(npum. nepeBogyvka: [asupg [lMaTTepcoH — COaBTOP BbILLEYNOMSIHYTOrO
yyebHuKa “YCTPONCTBO M NPOEKTUPOBaHNE KOMMbIOTEPOB”).



iv

KHuea Gaem ceexuli 832150 Ha cmapyto OucyunnuHy. MHoaue y4yebHUKU
HarnoMUHarm HEYXOXeHHbIe 3apoCiu KycmapHuka, HO asmopbl OaHHO20
yyebHUKa cymenu omcmpuydb 3acoXwue eemeu, COXPpaHUue8 OCHO8bI U
npedcmasue UX 8 COBPEMEHHOM KOHMeKcme. 3ma KHuz2a [oMoxem
cmydeHmam crpasumbsCsi ¢ MEXHUYECKUMU UCMbIMaHUsIMU 3asmpauwiHeao
OHsSl.

Oxnm ®peHsen, YHuBepcuteT Angaxo.

KHuza HanucaHa 6 UHGOPMamueHOM npUSMHOM Ofi1 YmeHusi cmune.
Mamepuan npedcmasneH Ha xopowem yposHe Onsi e8edeHust 8
rpoekmuposaHue KOMIMbIOMEepPo8 U COO0epXum MHOXEeCcmeo OIE3HbIX
Ouaepamm. KombOuHauUOHHbIE CXeMbl, MUKpoapxumekmypa U cucmemsbl
namMsimu u3s10xeHbl 0COBeHHO XOPOWO.

Oxenmce MuuTtep-Tok, Konnegx nm. [JoHanbga MakkeHHbl, KnepMoHT.



Mpeancnosue K n3gaHuio Ha PYCCKOM A3bIKe \%

Xappuc u Xappuc Hanucanu o4eHb SICHYH U neeKyto Onsl MOHUMaHUsi KHUz2y.
YrnpaxHeHusi xopowo paspabomaHsl, a nMpumMepbl U3 peanbHOU fpakmuKu
aensomesi 3amedyamernbHbIM  QoroniHeHueM. [nuHHble U e8eodswue 8
3abnyx0eHue ob6BbSICHEHUS, Yacmo ecmpeyarwuecs 8 noO0bHbIX KHU2aX,
30ecb omcymcmeytom. OuyesudHO, 4YmMO asmopbl OCeIMUIU MHO20
8pemeHu u ycunul co3daHuro GocmyrnHo20 mekcma. 51 HacmosimesibHO
PEKOMEHOYIO KHU2Y.

Menn Yxao, YHmBepcuteT YenmeHa.

Xappuc u Xappuc Hanucanu nepsyto KHuU2y, Komopasi ycrewHo cosmewaem
poekmuposaHue UugposbiX cucmeM U apxumekmypy KOMMIbOMEPOS.
KHueza — OQoneoxdaHHoe y4yebHoe rmocobue, 8 KOmopom ModpobHO
paccmampueaemcsi  MPOEKmMuposaHue  Uugposbix cucmem U 8
gaHmacmuyeckux  Oemansix  obbsicHsemcsi  apxumekmypa  MIPS.
A HacmosimesnibHO PEKOMEHOYI0 3my KHUZY.

Dxenmc 3. CtanH, Mn., YHuBepcuteT OKnaxombl
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Omo eenukonenHasi KHU2a. A8mMopk! op2aHUYHO C8sI3bI8alOM 8CE 8aXHbIE 8
npoekmuposaHuU MUKPOMPOUECCOPO8 37IeEMEHMbI — MPaH3UCMOpPbI, CXEMbI,
Jlo2uyeckue 3r1eMeHmsl, KOHeYHble asmomamel, namsime,
apugpmemudeckue 6710KU — U [0TyHarom KOMIbIOMEPHYIO apXumekmypy.
3mom mekcm sienisiemcs He3aMeHUMbIM PyKogodcmeom Ofisi MOHUMAaHUS,
Kak nocriedosamersibHO paspabambieams C/I0XKHbIE CUCMEMbI.

Dxexa Knum, Pambyc UHk.

Amo oyeHb XOPpoWo HariucaHHasi KHueza, Komopas 6ydem rosieaHa Kak
MOs100bIM UHXeHepaM, u3y4darowum npedmem eriepsebie, mak u OriblImHbIM
UH)XeHepaM, Komopble CcMo2ym  UCriosib3ogamb ee 8 Kadecmee
cripagoy4HUKa. 51 HacmosimersibHO peKOMeHayIO ee.

A. YTky Oupwun, Kopnopauns Sueugma.
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CBepeHnsa 06 aBTopax

Oasug Manu Xappuc (David Money Harris) — goueHT B Konnegxe
um. Xapsu Mappa (Harvey Mudd College). OH nonyuun y4eHyto cTeneHb
KaHguaaTa Hayk no anekTpoHuke B CTaH(OPACKOM YHMBEPCUTETE U CTEeMNeHb
mMarmcTpa no 3MeKTPoHWKe W uHdopmaTuke B  MaccadyceTckom
TexHonorndeckom uHctuTyTe (MIT). lMepen CtaHdopaom oH pabortan B
komnanun WNHTten (Intel) B kayecTBe cxeMoTexHMKa n pa3paboTymka nornku
ansa npoueccopoB Wtannym u lMentnym 2 (Itanium and Pentium |I).
BrnocrneactBum oH pabotan koHcynbTaHToM B CaH Mankpocucrems
(Sun Microsystems), XbtonetT-Makkapg (Hewlett-Packard), OBaHc 9HA
Casepneng (Evans & Sutherland) n gpyrnx komnaHumsx.

YBnedenns [aBuaa BkrovatoT B cebs npenogasaHve, pa3paboTKy Yvnos u
aKTMBHbIM OTAbIX Ha npupoge. B cBoGogHoe oOT paboTbl Bpems OH
3aHMMaeTCs newwnM TypM3MOoM, ckanonasaHmeM 1 anbnuHmaMom. OcobeHHo
OH MOOUT ANWHHbIE NPOrynNkM € CbiHOM ABpaxamom, KOTOpbIA poauncs,
korga [dasug Hayan paboTtaTtb Hag aToN kHUron. [1aBua nmeet Bonee gecatu
NaTeHTOB 1 ABMIAETCA aBTOPOM TPeX APYrnX y4eGHUKOB N0 NPOEKTUPOBaHMIO
4nnoB, a Takke ABYyX nyTeBoauTenen no ropam KOxHon KanudopHun.
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Capa J1. Xappwuc (Sarah L. Harris) — goueHT B konnegxe nm. Xapsun Magaa
(Harvey Mudd College). OHa nonyuuna cTteneHun maructpa v KaHgupara
Hayk no anekTpoHuke B CTaHHOPACKOM YHMBEPCUTETE U CTEneHb
OakanaBpa MO 3NEKTPOHMKE W BbIYUCIUTENbHON TEXHWKE B YHUBEpCUTETE
Bpanama Aura (BrighamYoung University). Capa Takke paboTtana B
koMnanusix XetonetT-MNakkapa, CynepkomnbtoTepHom LleHTpe CaH-[uero
(San Diego  Supercomputer  Center), 3uBugma  (Nvidia) wu
uccrnegoBaTtensckoM oTaene komnaHum MankpocodT (Microsoft Research) B
MekunHe.

MHTepecbl Capbl He OrpaHM4MBalOTCA nNpenogaBaHVWeM,n3ydeHnem W
pa3paboTko/ HOBBLIX TEXHOMOMWI, OHa Takke nOOUT MyTelecTBOBaTb,
yBrnekaeTcs BUHACEPdUHIOM, ckarnona3aHnem v urpon Ha rutape. Cpean ee
HEJaBHUX HaYMHAHUA MOXHO OTMETUTb uccregoBaHud B obnactu
NHTEPdENCOB, MO3BOMNSALINX MNPOEKTUPOBaTh LMEPOBbLIE 3NeKTpuYeckne
CXeMbl MPOCTbIMW PUCYHKaMu OT pyku, paboTy B KayecTBe Hay4yHOro
KoppecnoHaeHTa gns dwunuana HaumoHanbHoro O6wectBeHHoro Paawmo
(National Public Radio) n obyyeHue kantcepcpuHry. Capa roBopuT Ha
YyeTblpex fA3blkax U cobupaeTcss M3yyMTb elle HecKOonbKo B Onwkainiem
Gynywem.



I'Ipe,u,mcnosme K U3OaHUK0 Ha PYCCKOM A3blKe ix

Moel cembe, [xeHHugbep, Abpaxamy, Camroesnto u beHdxamuHy
— DMH

UeaHy u OkaaHy, 6pocarouyum 861308 flo2UKe
—SLH
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MpeancnoBue k U3aaHUIO Ha PYCCKOM fi3bike XXViii

Mpeaucnosue K 3aaHUI0 Ha PYCCKOM si3blKe

WcTopua passutna BblumcnmTenbHon TexHukm B CCCP  HacuuTbiBaeT
npakTU4eckn CcTonbko e neT, kak u B CLWA, Tak kak paspaboTtka
ObICTPOAENCTBYIOWMX KOMMBIOTEPOB SBMANAcCb HEOTLEMIIEMON YacTblo
TEXHOMOrMYeCcKoro CconepHWyecTBa ABYX CBepxaepxas. Bckope nocne
pa3paboTkn MepBOro amepuKaHCKoro KommbloTepa oblero HasHaveHus
ENIAC  (1943-1947), B CCCP ©Obina paspabotaHa MOCM
(Manas anekTpoHHas cyeTHas MawuHa, 1947-1950), cambii ObICTpbINA
KOMMbIOTEP B KOHTMHEHTanbHOW EBpone Toro BpemeHwu.

C passanom CCCP ans BblMMCIMTENbHOM TEXHWKW HacCTynunu TPyAHble
BpeMeHa, Koraa BCeM HOBbIM roCyapCTBaM OHa OKa3arach NPakTU4eckn He
HyXHa. PblHOYHbIE pedopmaTtopbl cuuTanu, 4To BCce Mpobnembl MOXHO
pewunTb 3aKynkamy Ha MUPOBOM PblHKE W COBpPEMEHHasi 3f1eKTPOHHas
NPOMBILLMEHHOCTb SABMSIETCA M3nuwHen obys3ol Ans CTpaHbl B YCrOBMSIX
nepecTpPONKN 3KOHOMUKN.

KomnbloTepHasi 1 anekTpoHHasi MHXXeHepUsi okasanucb HeBOCTpeboBaHHBIMM
B OTE€YECTBEHHOW NPOMBbILLNIEHHOCTN U yCcToN4MBO Aerpaguposanu ¢ 1990-x



MpeaucnoBue K U3AaHUIO HA PYCCKOM si3blKe XXiX

n po cepeavHbl 2000-x rogos, Korga pykoBOAWUTENSAM CTpaHbl cTana
OYEBVAHOW HEBO3MOXHOCTb pelleHus npobnem nHdopmatTnusaumm cTpaHbl
3a cuyeT wumnopta 6e3 yrpo3bl MOMHOW MNOTEPU TEXHOMOMMYECKOro
cyBepeHuTeTa, COBMELLEHHOW C BO3MOXHbIM MNOAPLIBOM HaLMOHAMbHOWM
©e30nacHOCTU.

PaspaboTka COOCTBEHHbIX apXUTEKTYpP  9NEKTPOHHO-BbIYUCIIUTENbHbIX
MawuH (3BM) n MukponpoLeccopoB OblNu NPakTUYEeCKN OCTAHOBMEHBI, U
HEMHOrO4MCIEHHbIe BbIKMBLUNE KOHCTPYKTOPCKO-TEXHOMOrM4eckue
CTPYKTYPbl 3aHUManucb, B OCHOBHOM, KMOHWPOBaHWEM MWKPOMPOLLECCOPOB
BeOyLMX MUPOBbLIX Mpou3BoAMTenew B npedenax BblAeneHHbIX Becbma
OrpaHuyeHHbIX OtogxeToB. YydecHbIM WCKITIOYEHMEM MOXHO HasBaTb
MUKPOMPOLIECCOPbl C OTEYECTBEHHON apXuTeKTypon «3nbbpyc», KOTOpble
paspabaTtbiBatoT n passuBaior OAO «MHIYM um. U.C. bpyka» n cmpma
«MLCT».

PasymeeTcs, 9TO nNpvBENO K CYXeHWo cdepbl NPUMEHEHNS COBPEMEHHON
KOMMNbIOTEPHON MHXEHEePWUM B pamMKax 3TOro Kpyra NpeanpusaTui, KOTOPbIM
ObiMM  OOCTYMHbI  JIMLUEH3MM Ha MPOM3BOACTBO W COOTBETCTBYOLUME
WHCTPYyMeHTanbHble cpeacTBa. Kpome Toro, Takoe COCTOsiHME Ckasarochb Ha
BKNaZe OTEYECTBEHHOW 3NEKTPOHWKM B MUPOBYK uHAaycTpuio. Cran
aKTyarnbHbIM BOMPOC: €CTb I B Poccum anekTpoHnka?



MpeaucnoBue K U3AaHUIO HA PYCCKOM si3blKe XXX

Ecnn cpasHmBatb ¢ Poccuen 1913 roga, TO 3neKkTpoHMKa B CTpaHe,
6e3ycnoBHo, bbina. Ho ecnn cpaBHMBaTb C MMPOBOW MHAOYCTPUEN — TO ee
npakTuyeckn He 6bino. Obwuii o6bem NPon3BOACTBA ANEKTPOHNKN B Poccumn
B 2008 rogy cocTtaeBnan BOCEMb MUNNMapLoB A[ONNapoB  (AaHHble
Accoumaunm nponsBoauTENen anekTpPoHHoOW npodykumn P®), To ecTb Bcero
0,4% oT MMpOBOro pblHKa, 0ObEM KOTOpOro cocTaBnsn Oonee AByX
TpUNNMoHoB JonnapoB. Hacenenve Poccuu (142 mnH) coctaBnsno Ttorga
2,14% HaceneHus nnaHeTbl, TO eCTb YPOBEHb PA3BUTUSA 3NEKTPOHMKN Obin B
NATb pa3 HWXe «rnopora camoyBaxeHus Hauum» (2,14/0,4 = 5,35). N ato
NPOVCXOAMMO NPY HaNUYMKU KagpPoBOro Kopryca MHXeHepoB 1 paboTatolen
BbICLLEN MHXEHEPHON LUKOSE.

HaunHas ¢ cepegunbl 2000-x rogoB Havyanu u3gaBatbcs Oonblune y4eOHuKn
MO KOMMbIOTEPHOW  apxXuMTEKType (apXuTeKType MUKPOMpPOLLECCOpPOB),
KOTOpble  ABMANWCb MNepeBoAaMu  MOMYMSAPHbIX  aMEPUKAHCKUX — UIn
€BPOMNENCKUX YHUBEPCUTETCKMX Yy4ebHukoB. Hanpumep, wusgaTenbCcTBO
«[MnTep» yxe nagano, No KpanHen mepe, ABa Takux yyebHuka:

» Mammepcox [., XeHHeccu [x. Apxumekmypa KoMmrbiomepa U
npoekmuposaHue KoMrbromepHsoix cucmem. 4-e u3d. CIl16.: lMumep,
2012. — ISBN 978-5-459-00291-1;
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P Tanenbaym 3., OcmuH T. Apxumekmypa Komrnbiomepa. 6-e u3d. Cr16.:
lMumep, 2014. — ISBN 978-5-496-00337-7 (a makxe npedbidywue
u3daHusi).

K obwum HepgocTaTkamM 3TUX NONYNSAPHbLIX KHUT OTHOCUTCS MX OnucaTtenbHbINn
XapakTep MO OTHOLLUEHMWIO K apXUTEKType MUKPOMPOLLeCCOPOB, Takke Kak M
HEBO3MOXHOCTb CnpoekTMpoBaTh " nocTponTb COBCTBEHHbIN
MuKponpoleccop, 6asnpysacb Ha U3y4yeHnn maTepuana, Npe4cTaBrieHHOro B
aTux y4yebHumkax. K HepocTaTkam pyCCKOA3bIYHbIX W3OaHWA OTHOCATCA
owunbKM B nepeBOAE CheumanbHOW TepMUMHOMOrMKM K YacTas noTeps
TEXHWYECKOrO CMbICria B MPeasiokeHnsX, Takke Kak W OTHOCUTENbHO
Hebonbwon Tnpax B 2000 ak3emnnsapoB, 0OyCNOBNEHHbIN OrpaHUYEHNSIMM
nproGpeTeHHON N3[aTenbCTBOM NULEH3NN.

NspatenbctBo «TexHocdepa» npu nogaepxke OAO «MHIYM um. W.C.
Bpyka» roToBuUT nepeBos eLle ogHoro y4ebHuka:

XeHHeccu [.J1., [lammepcoH [. KomnbromepHass apxumekmypa.
KonuyecmeeHHbil nodxod / nepesod ¢ aHan. nod ped. k.m.H. A.K. Kuma.

OTO XOpOLWO M3BECTHbIA W MOMNYNAPHBIA y4eBHWMK ONsi CTapLUMX KYpCOB U
MarucTepckux nporpamMM, HO OH HayMHaeTCss MMEHHO TaM, rae
3aKkaH4YMBaeTCsl  «ApxuTekTypa  KOMMblOTEpa U NPOEKTUPOBaHWE
KOMNbOTEPHBIX cucTeM» lMNaTTepcoHa n XeHHeccu. [MoHMMaHWe 1 ocBoeHue
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mMmaTtepuana m3 3T1oro y‘-le6HVIKa NpakKTn4eckn HeBO3MOXHO 6e3 ocBoeHus
MaTtepuana n3 npeallecTByrLWNX KHAT.

OteyecTBeHHas yuyeGHas nuTepaTypa Mo apxuTektypam OBM 1
MMKPOMNPOLIECCOPOB NpeAcTaBneHa KHUramu:

P> JKmakuH A.M. Apxumekmypa 3BM. 2-e u3d. Cl16.: BXB-lemep6ype,
2010. — ISBN 978-5-9775-0550-5;

» Opnoe C.A., Uunbkep B.51. Opearusayuss 9BM u cucmem. 2-e us3o.
Cri6.: NMumep, 2011. — ISBN: 978-5-49807-862-5.

O™ yuyebHukn B elle GoMblUe CTeMeHW HOCAT onucaTenbHbIi XapakTep
cnocoboB MOCTPOEHWS  Pa3nM4YHbIX  MUKPOMPOLIECCOPOB Ha  OCHOBE
3apy6exHbIX NybnvKaumin u MoryT paccMaTpuvBaTbCA Kak CNpaBOYHMKM MO
OaHHOMY MnpegMeTy, XOTs COoAepxaT [ganeko He BC MHgopmauuio o6
apxutektypax. OHM Takke HEenpurofHbl ANs NPakTU4eckon pas3paboTkm u
NOCTPOeHNst COBCTBEHHOrO MUKPOMPOLIECCOPa M HYXXAalTCH B CNeLnansHOM
nabopatopHom npakTukyme. Kpome 3Tux KHWF, MMEKTCSH MHOTOYUCIIEHHbIE
MeToauveckue nocobusi, u3gaHHble B pasHbIX YHMBepcWUTeTax, Kypcbl U
KOHCNEeKTbl  NeKuuMid no npeameTy, [OOCTynMHble u4epe3 VHTepHerT.
K coxaneHuio, HW OAMH M3 HUX He MOXeT WCNoMb3oBaTbCA B KayecTBe
MaccoBOro y4ebHvKa Ans CTYAEHTOB, Kak MNafLwmx, Tak U CTapLumx KypCoB.
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Mporpecc NonynpoBOAHUKOBBLIX TEXHONOMMI N MHCTPYMEHTasbHbIX CPEACTB
npoekTnpoBaHus Lundgposbix cuctem B 1990—2000-e roabl BolBEN Ha NepBbI
nnaH €3blkn onucaHus annapatypbl System Verilog u VHDL, koTopble
npakTNn4eckn BbITECHWUNN TpaanLMOHHOE CXeMOTexHu4yeckoe
NpoeKkTnpoBaHue 3NEKTPOHHbIX YCTPOWCTB, BKItoYas 6noku
MukpornpoueccopoB. Co3fiaHMe  CMOXHbIX CUCTEM Ha  KpucTanne,
06BbEANHSIOWMX HECKOMbKO pPasnuyHbIX TUMOB MUKPOMPOLIECCOPOB, CTarno
BO3MOXHbIM TOMNbKO NPV  UCMONb30BaHWM CPEACTB  MPOEKTMPOBaHUS,
MOJENMPOBaHUSA U BepuduKauum ynbTpa-60nblumMX MHTErpanbHbIX CXEM,
noctaenseMbix pupmammn Cadence, Synopsys n Mentor Graphics.

Kpome Toro, nosiBUnMcb JOCTYMHblE MO LEHe cpeAcTBa MOAENVMPOBaHMSA U
MaKeTVpOBaHWSA B BUAE KOHCTPYKTOPCKMX nnat, ucnonbaytowmx FPGA (Field
Programmable Gate Array), HasbiBaemMbix B Poccun  MJINC
(Mporpammupyemas nornyeckast MHTerpanbHasa cxema). Takve nnartbl MOryT
ObITb NPMOGPETEHDbI MOOLIM Y4EOHBIM LEHTPOM UNN AaXe YaCTHbIM NULIOM.
Wcnonb3ys  4A3blikm  onucaHua  annapaTypbl M MpegocTaBleHHble
Npoun3BoOANTENEM FPGA WHCTPYMEHTarbHble cpeacTtea oT
BbILLEYNOMSIHYTbIX (OUPM, 16GOM rPamMOTHBIN  CTYOEHT B COCTOSIHUM
CaMOCTOATENbHO CMPOEKTUPOBATb WM  MOCTPOUTb  CIIOXHYK  LIMppOBYHO
CUCTeMy, BKITIOYasa MUKPOMPOLIECCOP.

K coxaneHuto, MaccoBbiX y‘-leGHbIX nocobuin, MNO3BONSOLLNX n3yyatb
APXUTEKTYPY MUKponpoueccopoB C NMPaKTU4YECKUM YKIIOHOM, B TOM 4ucne n
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CTyOeHTaMm Mraflnx KypcoB, A0 NOCIEeLHEro BpeMeHW NpOCTo He Obino.
BTtom wuucne u B CLWA, roe OCHOBHbIM y4eBGHMKOM OCTaBarncs
BbILLEYNOMSAHYTHIN  y4ebHuK [laTtTepcoHa u  XeHHeccn «ApxuTekTypa
KOMMblOTEPA W MNPOEKTUPOBAHME KOMMbIOTEPHbLIX CUCTEMY», KOTOPbIA
BrnepBble 6Obin M3gaH B Hadane 1990-x rogoB, Korda COBPEMEHHbIe
WHCTPYMeEHTarnbHble CpeacTBa eLle He Obinv MaccoBO AOCTYMHbI.

Moatomy nsgarHein B 2012 rogy Bo BTOpon pa3 y4ebHuk [osnga Xappuca n
Capbl Xappuc «Digital Design and Computer Architecture» ctan kpaiHe
nonynsapHeim B CLA, Bkntovast KanudpopHuickun Yumusepcutet B bepknu, B
koTopom pabotaeT npodpeccopom [. MaTtrepcoH. C OQHOM CTOPOHbI, OH
6asvpyeTcsa Ha Kraccudeckom MaTepuane u3 y4vebHuka [laTtTepcoHa wu
XeHHeccKn, C ApYron CTOpPOHbl, A0GaBnseT BCe YPOBHW MPOEKTMPOBAHUA
uncpoBbix GMOKOB Ha si3blkax onucaHus annapatypbl System Verilog u
VHDL, nossonsiower npakTUYecKyld peanusaumio MeTodoB MOCTPOEHUS
6rnokoB MukponpoueccopoB Ha nnatax FPGA. Kpome TOro, oH comgepxut
WHTEHCUBHbIA MNPaKTUKyM MpOrpaMMuMpoBaHuMs Ha 43blke accembnepa
nonynsipHoro mukponpoueccopa MIPS. Bce getann nogrotoBkM 3TOW KHUMM
M MOTMBaALMIO Bbl MOXETe npoynTatb B MPEAMCrNoBMM aBTOPOB K
aMeprKaHCKOMY M34aHuIo.

TpaguMuMOHHBLIN NOAX04 K PyCCKOA3bIMHOMY WU3OaHUKD TaKoro y‘-le6HI/1Ka
npueen Obl K aHanornm4yHbIM pesynbTatam, NonydYeHHbIM n3OaTeslIbCTBOM
«Mutep» — Marnomy Tupaxy u OorpaHuyeHHom OOCTYNHOCTU ONnA CTyAeHTOB
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MInaglWwnx KypcoB M TEXHWKYMOB, F4e 3Ta KHura morra Obl npuHecTu
HanbonbLuyo nonb3y. MoaTomy, Ana Toro, YTobbl caenaTbh PYCCKOA3bIYHOE
n3fgaHve aToro y4yebHnka MaccoBO AOCTYMNHbLIM, €ro Hy>XHO 6bino caenatb B
3NEeKTPOHHOW Bepcuu, 3arpyxaemon vepes VHTepHeT 6e3 onnatbl unu 3a
MUHMManbHyo nnaty. Kpome Toro, Hy>XHO GbIN0 HaWTU CMOHCOpPa, KOTOPbLIN
6bl onnaTun CTOMMOCTb NUUEH3uMKn y mapartensctea Elsevier n nogrotoBky
nepeBoda 3TOW KHWMM Hapsgy C HeobGXoAMMOW BepCTKOW M NOArOTOBKON
TEKCTa K O9MeKTpOHHOMY u3fdaHuio. PelleHve Bcex 9TUX BOMPOCOB
BbIrMA4eno KkpanHe npobneMaTnyHbIM.

HanbHenwmne cobbiTs, CBA3aHHbIE C 3TUM MPOEKTOM, MOXHO OTHECTM K
KaTeropyum MWUCTUYECKOrO COBMAaAEHUs MHOMMX CryvyawHOCTeN, KOTopble
npegonpegenunu  danbHewwyto cyabby npoekta. [lepBbiM M rnaBHbIM
dakTopom cTana nuyHas wuHuumatuea HOpus [landyna, paspaboTumka
mukponpoueccopoB MIPS, niuunaTtopa nepesoga Ha pyccKkvin A3blk BTOPOro
nspaHus ydebHuka «Digital Design and Computer Architecture», KOTOpbI OH
aKTMBHO nponaraHauposan B yHuBepcuteTax CLUA, Poccun n YkpauHbi.

[o BkntoyeHnss komnaHum MIPS B cTpykTypy OpuTaHCKOM Koprnopauuu
Imagination Technologies nepcnekTnBbl u3gaHWs y4eOHMKA Ha PYCCKOM
A3blke OblNMM OOCTAaTOYHO NPU3paydHbl BBMAY OTCYTCTBUS 3HAYMMbIX OM3HEC-
npoektoB MIPS B Poccun. Moatomy BTOpbIM dhakTopom Obin npuxon
OpuTaHckux ynpaeneHueB B nogpasgeneHve MIPS B coctaBe Imagination
Technologies, koTopble Hayanu WMHTEHCUBHYIO 3KCMAHCUIO Ha POCCUINCKUIA
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pbIHOK Mpu akTuBHOW nomowwm HOpwusi MaH4vyna u pPOCCUCKOW KOMMaHWUK
«Haytex». Cnoxunacb cuTyauus, Korga nosiBunacb  peanbHas
HeobXxoAMMOCTb B MaccoBOM y4ebHuMKe, B KOTOpOM B AeTansax
paccmaTpuBaeTcs  apxutektypa  MukponpoueccopoB MIPS wu  ero
npakTuyeckoe npuMeHeHWe Ans MOCTPOEHUS COBPEMEHHbIX CUCTEM Ha
KpucTanne Ans pacTtyLlero poCCUNCKOro pbiHKa.

TpeTbum daktopom ctan npuxod B Imagination Technologies Hosoro
MeHeKepa no MMpoBbIM 06pasoBaTtenbHbiM nporpammam Pobepta OyaHa
(Robert Owen), KOTOpbI NPEANOXU CNOHCUPOBATb 3MEKTPOHHOE U3aaHue
pycckoro nepeBofa ydebHMKa WM NMUEH3MpOBaTb NpaBO Ha MNepeBoj Yy
nagatensctBa Elsevier. [MmaBHbIM ycnoBuem sBnsinocb 6GecnnaTHoe
pacnpocTpaHeHne PYCCKOA3bIMHOW Bepcun yyebHuka ¢ obGpasoBaTenbHOro
noptana Imagination Technologies.

YeTtBepTbiM akTopoMm, CAenaBLUIMM BO3MOXHbIM YCNex MpoekTa, cran
9HTY3Va3mMm MW MacCCMOHAPHOCTb PYCCKOS3bIYHBbIX WHXEHEPOB MUPOBOWA
anekTpoHHoOW uHAycTpumn kak B CLUA, Ttak u B Poccumn, B3siBLUMXCS 3a
nepesoq rnaB W pas3genoB yvyebHMka MeETOAOM  KpayAcopCuHra npu
akTmBHOW koopauHauum KOpusa Manyyna. lMepeBog v pefakTnpoBaHve
MHOIMX [NaB W pasgenoB, a Takke MNonHas Bepudukaumsa nepesoda u
CUHXPOHMU3ALMS TEXHWYECKUX TEepMUHOB Obimn Obl HEBO3MOXHbl 6e3
aKTUBHOrO y4yacTusi nNpodeccopoB, AOLEHTOB, CTaXepoB W acnupaHToB U3
yHuBepcuteToB Poccum n YkpavHbl, Takke NpUCOeaNHUBLLMXCS K MPOEKTY.
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MATeIM ¥ nocnegHMM (HakTOPOM MOXHO HasBaTb aKTUBHYIO MOMOLLb
n3gaTenbCckMx CTPYKTYp M coTpyaHukoB Imagination Technologies wu
kopnopaumn PocHaHo, KoTopas TakkKe akTMBHO BKMIOYMNACb B MPOEKT Mo
n3gaHuio  y4yebHuka B pamkax MOAAEPXKKM  PasBUTUS  ANEKTPOHHON
NHXXeHepun 1 paspaboTKkn HAHOINEKTPOHMKN B Poccuu.

Hapgeemcs, 4TO 3TOT MPOEKT MOMyyYuT darnbHenlee NpogosbkeHne B BuAE
nsgaHma OymaHoM Bepcum ydyebHMKa W CO3daHusA nopTana nogaepXky
pa3BUTUSI AMEKTPOHHON NHXEHEPWM B CTPaHaX PYCCKOA3bIYHOIO Mypa. Takon
nopTan HeobxoAuMM ANs KOHcCONMMAauuMn y4ebHbIX M Hay4HbIX PECcypcoB,
KOTOpble MOMOrYT yHMBEpcUTeTaMm U Konnegxam Bcerga «ObiTb Ha ocTpue
nporpecca 3reKTPOHHbIX TEXHOMNOrMN U MHCTPYMEHTarnbHbIX CPEACTB.



MpeancnoBue K U3aaHUIO Ha PYCCKOM si3blke XXXViii

BINArOAAPHOCTU YYHACTHUKAM MNMPOEKTA

MepeBon BTOpOro m3gaHusa ydyebHuka [asupa Xappuca u Capbl Xappuc
«Digital Design and Computer Architecture» Ha pycckun A3blk Obin
OCYLLECTBNEH B peKopAHble CPOKM — BCEro 3a yeTbipe mecsaua. lNepesog u
pefakTMpoBaHue  BbLIMOMHWMA KOMaHga W3  MOMyCOTHUM  3HTY3MacToB,
3aMHTEPECOBaHHbIX B TOM, 4YTOObI B pPYCCKOSI3bIYHbIX CTpaHax (Poccuu,
YkpaunHe, Benapycn, KasaxctaHe v ppyrvx) BO3HMKNa TBepAas OCHOBa
npenogaBaHVsl COBPEMEHHOW  LM(POBON  SMEKTPOHUKM Ha  OCHOBE
CUCTEMHOIO noaxoda, C OOHOBPEMEHHbIM BBEAEHUMEM B pa3paboTky
annapaTypbl U HU3KOYPOBHEBOIO NporpaMMHoro obecneyeHus.

B rpynny nepeBoauvKoB BOLIMM NpenofjaBaTenyn POCCUNCKUX U YKPaUHCKMX
YHWBEPCUTETOB, COTPYOHWKM WHCTUTYTOB POCCUIACKOW akagemMuu Hayk,
WHXEHEepbl BeadyLUMX POCCUICKUX, aMepuKaHCKMX W 3anagHOEBPOMNenckux
KOMMaHWin. 3TO MO3BOMUMIO BOCMPOU3BECTY YCTOWYMBYIO TEPMUHOJIOTNIO,
NPUroaHyl He TOMbKO Ans 3TOro NpoekTa, HO U Ans Oyaylwyx KHUM Mo
UMPPOBOM CXEMOTEXHUKE, A3blkaM OMUCaHUS annapaTypbl, KOMMbIOTEPHON
apXUTEKTYpPe U MUKpOapXuUTeKType, pa3paboTke CUCTEM Ha Kpuctanne,
MCNONb30BaHWUIO MPOrpaMMUPYEMbIX FOMMYECKUX WHTErpanbHbIX CXem U
MUKPOKOHTPOJIIIEPOB.
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WHnumnaTopamm npoekTa BbICTYMUIN:

> [Opuin MManuyn, cTapwuiti uHXeHep Mo paspaboTke annaparypbl
KoMMaHuu Imagination Technologies, rpynna paspaboTku
mMukponpoueccopa MIPS 16400;

P> Tumyp ManTawes, cTaplinii MEHeXKep rpynnbl KOMMbIOTEPHOW rpacuku
komnanun Advanced Micro Devices;

P> PoGept OysH, KOHCYNbTaHT Mo obpasoBaTefibHbIM MporpaMmMam,
MeHemKep  MUpPOBbLIX  OOpasoBaTenbHbIX  nporpamm  Imagination
Technologies.

XoTtenocb 6bl 0COO0 OTMETUTH CrEeAyHLMUX YYACTHUKOB, KOTOpble
OTNMYMNNCL 06 BLEMOM, CKOPOCTHIO U KAYECTBOM NepeBoaa:

P Banepwuit KasaHues, cTapLumnii MHXeHep No NMPUMEHEHWI0 NMPOLIECCOPHBLIX
snep ARC komnanum Synopsys, CaHkT-lMNeTepOypr, Poccus;

P> AnekcaHgp Bapa6aHoB, OOUEHT Kadeapbl KOMMbIOTEPHON WHXEHepUK
akynbTeTa pPaguMoU3nKM, SMEKTPOHUKM U KOMMBIOTEPHBLIX CUCTEM
KneBckoro HauMoHanbHOro yHuBepcuteTa umeHu Tapaca LeByeHko;

» pynna nepeBoa4MKoB B Camapckom rocygapcTBEHHOM
a’poKoCMMYECKOM YyHMBepcuteTe uMMeHu akagemwuka C.I1. Koponésa
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(CTAY), pykoBOAMTENb rpynmnbl — A€KaH pagnoTexHU4eckoro dakynbreTa
Unbsa Anekcangposud KyapsiBLes.

Takke xoTenocb 6bl nobnarogaputb konnektus komnaHum AHO «eNanov,
co3gaHHon PoHAOM MHMPACTPYKTYpHbIX obpasoBaTtenbHbix nporpamm OAO
«POCHAHO», 3a BbiCOKOKa4eCTBEHHy0 paboTy no dopmMaTUpOBaHUIO U
BEpCTke KHUrn. «eNano» opraHusoBanu onepaTuBHbLIA W CRaXeHHbIN
npouecc paboTbl Ha4 M3OaHWEM, KOTOPbIA CYLLECTBEHHO 06nerymn BbiXon,
KH1r1 B cBeT. OKOHYaTenbHYyt0 BEPCUIO KHUMM NoMor co3gaTe otaen Creative
Services komnaHuu Imagination Technologies.

31 dekabps 2014 20da

Tumyp lNManmawes, Advanced Micro Devices, Sunnyvale, California, USA
FOputi Man4yn, Imagination Technologies, Santa Clara, California, USA
Pobepm QysH, Imagination Technologies, Hertfordshire, United Kingdom
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MNMpeaucnosune

3ayem nybnukoBaTb ewe opHo YyyebHoe nocobue no  UmdpoBow
CXEMOTEXHUKE W apXUTEKType KoMmnbtoTepa? HeckonbKo AHXWH KHUM MO
undpPOBLIM CUCTEMAM YKe ONyOrMKOBaHbl M akTUBHO MCMONb3yTcA. Takke
CYLLECTBYET HECKOJIbKO XOPOLUMX U3AaHWUA MO KOMMbIOTEPHOW apXUTEKTYpE,
B TOM 4ncne u knaccuyeckme y4ebHukn MatrepcoHa n XeHHeccwn (Patterson
& Hennessy). Npeanaraemas kHWra yHukanbHa TeM, 4YTO B Hel nogpobHo u
OOCTYMHO OMUCaH MpOoLEecC MPOEKTUPOBAHUS LMAPOBBLIX CUCTEM C TOYKU
3PEHUSI KOMMbIOTEPHOW apXUTEKTYPbI, HAYNHAS C ABOMYHBIX LUdp «0» 1 «1»
W 3aKaH4MBas NPOEKTUPOBaHNEM MUKpornpoLeccopa MIPS.

B TeyeHne mHormx net B komnegxe Harvey Mudd mbl ncnonb3oBanuv
pasnuyHble wu3gaHma  kHurm  MatTepcoHa wu XeHHeccn  «Computer
Organization and Design» (npum. nepegodyuka: 4emeepmoe u3zdaHue amou
KHUau repeeedeHo Ha pycckul s3bik 8 2012 200y u3damesibcmeom
«Mumep» nod HasgeaHuem «Apxumekmypa KoMribromepa u
IPOEeKMUPOBaHUE KOMIMbIOMEPHbLIX cucmem»). B nx kHure Ham ocobeHHO
HpaBWUTCS ONucaHWe apxXuTEKTypbl U MUKpoapxuTekTypbl MIPS BBuay Toro,
yto MIPS 9BnAeTcs KOMMEPYEeCKM YCNEeLHOW MUKPOMNpPOLLEeCCOPHON
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apXUTEKTYpOW, HO MpPX 3TOM OCTaeTCsl AOCTaTOMHO MPOCTOM M MO3BONSET
CTyAeHTaMm MMagLlunx KypcoB CaMOCTOATENbHO NOCTPOUTE MUKPOMPOLLECCOP.
Tak Kak 3TOT KypC He MWMeeT chneuuanbHbIXx TpeboBaHum no
npeaBapuTenbHbIM  3HAHWSIM, MepBas MOMOBUHA cemMecTpa MocBsileHa
OoCHOBaM NpOeKTUPOBaHMS UMPpPOBBIX  CUCTEM, KoTopble He
paccmatpuBatoTca B kHure attepcoHa n XeHHecw. [pyrue yHUBEpCUTETHI
TOXe MCNbITbIBaNM noTpebHocTb B y4eOHOM nocobum, KoTopoe coyeTano Obl
UNEPOBYIO CXEMOTEXHUKY M KOMMBIOTEPHYK apxXuUTekTypy. MoaTtomy mbl 1
B3ANM Ha cebsi 0693aTENBCTBO NOArOTOBUTL TaKY KHUTY.

Mbl  cuuTaem, UTO NPOEKTMpPOBaHME  MUKpOMpoLEeccopa SABnseTcs
cBoeobpa3HbiM 00psAOM MOCBALEHUA AN CTYAEHTOB WHXEHEPHbIX W
KOMMbIOTEPHBIX CrneuManbHocTen. BHyTpeHHAss paboTa mukponpoueccopa
KaXXeTCA MOYTM Marmdeckom AN HEenocCBSLEHHbIX, HO Mpu nogpobHOM
00bACHEHMN OKasblBaeTCA MpPOCTOM U  [OCTYNHOW ANs  MOHMMaHUS.
MpoektMpoBaHue  uUMpPOBBIX CxeM camMo no cebe  saABnsetcd
3axBaTbliBalwLWMM npeameTom. lNMporpammmupoBaHve Ha si3blke accembnepa
NO3BONSIET NOHATb BHYTPEHHUI 513bIK, HA KOTOPOM FOBOPUT MUKPOMPOLLECCOP.
MuKpoapxuTekTypa, B CBOK O4epefb, SIBMSETCA TEM CBSA3YHLMM 3BEHOM,
KOTOpoe 06beanHAEeT 3T NpeameTbl BOEAMHO.

[aHHaa kHMra nogxoauMT Kak [Ans cXkaTtoro O4HOCEMECTPOBOrO Kypca
«BBegeHue B HM(prBy}O CXEMOTEXHUKY N apXUTEKTYPY KOMMNbOTEPA», TaK U
ans  6onee yFJ'Iy6J'IeHHOFO OBYyXCeMeCTpOBOro Kypca, no3Bosidlowero
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CTydeHTaMm nocBATUTL Oomnblue BPEMEHW OCBOEHWIO MaTepuana u
nposegeHnio nabopaTtopHbix paboT. Kypc MoXeT npenogasBaTbCs «C Hyns»
n He TpebyeT nNpenBapuTenbHON NOArOTOBKW. MaTtepuan, cogepxawmicsa B
KHUre, obbI4HO NpenogaeTcs Ha BTOPOM UMK TpeTbeM KypCe YHUBEPCUTETOB,
HO ¥ 3aMHTEpPEeCcOBaHHbIE MEPBOKYPCHUKM TOXE CMOTYT OCBOUTbL €ro.

OCOBEHHOCTU KHUTU
3OTa KHUra cooepXxuT pan ocobeHHocTeN.

OpHoBpeMeHHoe ucnosnb3oBaHue A3blkoB SystemVerilog n VHDL
Asblkn onucaHua annapatypel (hardware description languages, HDL)
HaxodaTca B LEHTpe COBPEMEHHbIX METOAOB MNPOEKTUPOBAHWSA CROXHbIX
umdposbix cucteM. K coxaneHuo, paspaboTuvku pfendAtca Ha ABe
NMPUMEPHO paBHble TPYyNMbl, MWCMOMb3ylolWMe [ABa Pas3HbIX HA3blka —
SystemVerilog n VHDL. Asbikn onvcaHua annapaTtypbl paccMaTpyBaloTCst B
rmaBe 4, cpasy nocrne [naB, MOCBAWEHHbIX MPOEKTUPOBAHMIO
KOMOVHALMOHHBIX W MOCNeaoBaTeNbHOCTHBLIX JIOrMYeCcKnx cxem. 3aTem
a3blkv HDL ncnonb3ytotes B rnase 5 v rmase 7 Ans pa3paboTku LmdpoBbIX
6rnokoB Oonbllero pasmepa W npoueccopa LenMKkoM. TemMm He MeHee,
maBy 4 MoxHO 6e360ne3HeHHO NponyCcTUTb, ecnu usyyeHue sA3bikoB HDL
He BXOAUT B Mporpammy.

OTa KHUra yHuKanbHa TeMm, 4TO UCMOonb3yeT oAHOBpeMeHHO n SystemVerilog,
n VHDL, 4TO nosBonseT uutatento OCBOUTb MPOEKTUPOBaHME LUGPOBbIX
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CUCTEM cpasy Ha AByX s3blkax. B rmaBe 4 cHadvana onuvcbiBaloTcs obLine
NPUHUMMBI, MPUMEHUMbIE K 060UM S3blkaM, a 3aTeM BBOAUTCS CUHTAKCUC U
NPUBOAATCA MPUMEpPbI MCNOMb30BaHUS 3TUX A3bIKOB. JTOT ABYA3bIYHbLIN
nogxon obnerdaeT npenogasatento Bbibop fA3bika HDL, a uutatenio
NO3BONUT NEPENTN C OOQHOrO A3blka Ha APYron Kak BO BpeMs yyebbl, Tak u B
npodgeccrnoHanbHoO AeaTeNbHOCTH.

ApxuTeKTypa U MMKpOapXuTeKkTypa krnaccu4yeckoro npoueccopa MIPS
maBbl 6 U 7 nocesiweHbl M3ydeHuto apxutektypbel MIPS 1 HanucaHbl Ha
ocHoBe yyebHuka [NaTTepcoHa n XeHHeccnm «Computer Organization and
Design». Apxutektypa MIPS aBnseTtca ngeansHOW B TOM CMbICre, YTO 3TO
peanbHas apxuTekTypa, Ha KOTOPOM OCHOBaHbl MWIMOHLI BbliMyCKaeMblX
€XEerogHoO MMKPOCXEM, U B TO € BpPeMsi OHa npocta ansa m3dyyeHus. Kpome
TOro, COTHM YHUBEPCUTETOB MO BCEMYy Mupy paspabaTbiBaloT y4vebHble
Kypcbl, nabopaTopHble paboTbl M Pa3nNUyHble WHCTPYMEHTbI MMEHHO Ans
3TON apXUTEKTYPbI.

Xusble npumepbl

B nmaeax 6, 7 u 8 B KayecTBe npumepa TaKkKe paccmaTpuBaeTcs
apxuTeKkTypa, MUKpOapXMTeKTypa W uepapxusi namsith NpoLeccopoB
Intel x86. B «kauyecTBe pgpyroro npvmepa B rrasBe 8 ONMCbIBaKOTCA
nepudepuiiHble  YCTPOMCTBA  MUKPOKOHTposniepoB  PIC32  komnaHum
Microchip. 3T xuBble nNpvMepbl NOKa3bIBalOT, Kak OMWCaHHble B AaHHbIX
rmaBax KOHUENuUW NPUMEHSIOTCA B pearnbHbIX MWKPOCXEMax, KOTopble



MNpeancnosue xlv

LUMPOKO UNCMONb3YyOTCA B NEepCOHallbHbIX KOMMNbKOTEPAxX WU ObITOBOMN
SNEKTPOHUKE.

[docTynHoe onucaHne BbICOKONPOU3BOAUTENbHbLIX apXUTEKTYP

maBa 7 comepxwuT KpaTkuii 0630p COBPEMEHHbIX BbICOKOMPOU3BOAUTENBHBLIX
MUKPOAPXUTEKTYP:  CynepckarnsipHoW, C BHeoYepedHbIM  BbIMONIHEHWEM
KOMaHz, MHOrONoTOYHOW U MHorosiaepHo. MaTepuan usnoxeH B 4OCTYMNHOM
AN NepBOKYPCHWKOB (HOPME W MoKa3blBaeT, Kak MOXHO pacluvpuTb
MWKPOAPXUTEKTYPbI, OMUCAHHbIE B KHUrE, Y4TOObI MOMY4YNTb COBPEMEHHbIN
npoueccop.

YnpaxHeHuUs1 B KOHLe rnaB U BONpochbl Ansa cobeceqoBaHus

Jlyywwmm  cnocobom  m3ydeHWss UMAPOBOM  CXEMOTEXHMKUM  ABNSAETCH
paspaboTka ycTponmctB. B  kOHUe KaxgoW rmaBbl  NpuUBEOEHbI
MHOTOYMCIIEHHbIE  yMpaXHeHus. 3a  ynpaxHeHuamu criegyeT Habop
BOMpOCOB Ans cobecefoBaHWsl, KOTOPbIE HallM Komnern obbl4HO 3apatoT
CTydeHTam, mpeTeHayloWwMM Ha paboTy B oTpacnM. 3TW  BOMPOCHI
npeanaratloT yaTaTento B3MMsAHYTb Ha 3adadyun, C KOTOPbIMW COWCKaTensm
npugeTcs CTONMKHYTbCA B Xoge cobecedoBaHus npu TPyAOyCTPOMCTBeE.
PelieHns ynpaxHeHu AOCTYMNHbI Yepe3 BebcaWT KHUMM U crneumanbHbIv
BeGcanT Ansa npenogasatenen. bornee nogpobHas nHdopmaumsa npusegeHa
B criegytowiem pasgerne.
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MATEPWUAJIblI B UHTEPHETE

[ononHuTenbHble matepuansl A5 3TOW KHUMM AOCTYMNHbLI Ha Bebcavite no
appecy textbooks.elsevier.com/9780123944245. 3toT Bebcanmt AOCTyneH
BCEM YMTaTENAM W COAEPXKUT:

>
>

vvyywyy

\ 2 4

PelueHns HeyeTHbIX ynpaxHeHn

Ccbinkn Ha npocheccuoHanbHble CpeacTBa  aBTOMAaTU3MPOBAHHOIO
npoektnposaHus (CAIP) komnanui Altera® n Synopsys®

Cchblinka Ha QtSpim (Takke ussecteH kak SPIM), cumynsatop MIPS
HDL-kog ans npoueccopa MIPS
MonesHble coBeTbl N0 ucnons3oaHuto CAIP Altera Quartus |l

MonesHble coBeTbl MO MCMONb30oBaHMIO cpedbl paspaboTtkmu Microchip
MPLAB IDE

Cnangbl nekumn B popmate PowerPoint
O6pa3ubl y4ebHbIx 1 NabopaTopHbIX MaTepuanoB Ans Kypca

Cnuncok onevyaTok


http://www.textbooks.elsevier.com/9780123944245

MNpeancnosue xlvii

Takke cyuwecTByeT cneuuwanbHbii Bebcant pgna  npenopasaTenen,
3aperncTpmpoBaBLLnXcs Ha textbooks.elsevier.com, KOTOPbI COAEPKMUT:

P PelueHuns Bcex ynpaxkHeHuin

P> Ccbinku Ha CAIMP komnanuin Altera® u  Synopsys® (Synopsys
npegnaraet wuHcTpymeHTapui  Synplify® Premier yHuBepcuteTam,
YAOBMNETBOPAOLLMM onpeaeneHHbIM TpeboBaHusiM, B ynakoBke no 50
TINLEH3UNA. Onsa nony4yeHns noapobHom MHdopmaLmm 06
YHUBEPCUTETCKMX nporpaMmax Synopsys 3aviauTe  crneumanbHbIv
BebGcanT onsa npenogaBaTenen)

P PucyHku u3s Tekcta B popmatax JPG u PPT

JononHuTtenbHas uHdoOpMaumsi MO UCMOMb30BaHNK MHCTPYMeHTOB Altera,
Synopsys, Microchip n QtSpim B Bawem Kypce npusefeHa B crnegyoLlem
pasgene, Tam e Haxogutcs UMHdopMauus O MaTepuanax Aans
nabopaTtopHbIx paborT.


http://www.textbooks.elsevier.com/9780123944245
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KAK MICMNOJIb3OBATb NPOrPAMMHbIA MHCTPYMEHTAPUU B
YYEBHOM KYPCE

Quartus Il Web

Quartus Il Web Edition aBnseTtca 6ecnnatHon Bepcmen npodeccmoHansHom
CAlP Quartus ™ I, npegHasHayeHHON Ansa paspabotkm Ha FPGA. 3710
No3BONnseT CTyAeHTaM MpOoeKTMpOoBaTb UWMGPOBLIE YCTPOWCTBA B BUAE
NPUHUMNManbHbIX CXeM unn Ha sa3bikax SystemVerilog u VHDL. TlMocne
C034aHusl CXeEMbl UMW Koda YCTPOWCTBA CTYAEHTbl MOFYT CUMYNMpOBaThb KX
nosegeHue c ncnonb3osaHnem CAIP ModelSim ™ - Altera Starter Edition,
KoTopas goctynHa Bmecte ¢ Altera Quartus || Web Edition. Quartus Il Web
Edition Takke Bkno4YaeT B cebsi BCTPOEHHbIA JTOMTMYECKUA CUHTE3aTop,
nogaepxvBatolmn kak SystemVerilog, Tak n VHDL.

PasHmua mexxgy Web Edition n Subscription Edition 3akniovaetca B Tom, 4to
Web  Edition nopaepxvmBaeT  TONMbKO  MOAMHOXECTBO  Haubonee
pacnpocTtpaHeHHbIx FPGA npoussogctea Altera. PasHuua mexay ModelSim
- Altera Starter Edition n kommepuecknx Bepcun ModelSim 3akntoyaeTcsa B
ToM, uTo Starter Edition uckycCTBEHHO CHWXaeT nNPOM3BOAUTENBHOCTb
CUMynSAUMM ONsi NPOEKTOB, cogepxawux 6onblie 10 Teicsad ctpok HDL-koaa.
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Microchip MPLAB IDE

WHTerpnpoBaHHas cpepa paspabotkm Microchip MPLAB saBnsetcs
WHCTPYMEHTOM Ans  MporpaMmMmpoBaHns  MWKpOKoHTpornepos PIC u
poctynHa ana ceBobogHoro ckaumBaHua B cetn. MPLAB obwveguHsieT
HanucaHue nporpamMmbl, KOMNWAALUMIO, MOLENVWpOBaHWe W OTnagky B
eanHoMm uHTepdpenice. OHa BkntoyaeT B ceba komnunaTop fAsbika C wu
oTnagyuK, Mo3BOMAWMA  cTydeHTam  paspabaTeiBate C-kog u
accembriepHble MNporpaMMbl, KOMMAMAMPOBATb WX, @ TaKke 3arpyxatb U
3anyckaTb UX Ha MMKpokoHTponnepe PIC.

OononHutenbHble UHCTPYMEHTbI: Synplify Premier n QtSpim

Synplify Premier n QtSpim aBnsioTca AONOMHUTENBHBIMW UHCTPYMEHTaMu,
KOTOpble MOryT ObITb MCNOMNbL30BaHbI B 3TOM Kypce.

CAINP Synplify Premier saBnsetca cpemon [Anst CUHTE3a W OTNAgKu
undposbix cuctem Ha FPGA n CPLD. B komnnekte ectb HDL-Analyst,
YHUKanbHbIA  rpadpmyeckuin  UMHCTpYMeHT adanu3a HDL-koga, koTopbin
aBTOMaTUYeCcKu reHepupyeT MNpuHUunuManbHyto cxemy u3 ucxogHoro HDL-
Koda W MO3BONSieT B pearlbHOM BpPEeMEHW BuAETb COOTBETCTBME
onpefeneHHbIX KOHCTPYKLMIA A3blka U YacTen NPUHUMNUANbHON CXeMbl. JTO
0O4YeHb MOMe3Ho B Npouecce 0by4eHust U OTNagKu.
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Synopsys npegnaraet nHctpymeHTtapun Synplify® Premier yHuBepcuteTtam,
YAOBMNETBOPAOLWMM onpefeneHHsiM TpebosBaHuaM, B ynakoBke no 50
nuueHsun. Ana nonyyveHus nogpobHon mMHpopmauun 06 yHMBEPCUTETCKUX
nporpammax Synopsys 3anaute Ha cneuuanbHbii  BebGcaWT ang
npenopasaTtenen (textbooks.elsevier.com/9780123944245).

QtSpim, Takke n3BecTHbI kak SPIM — 370 cMMynATOp, KOTOPbIA UCMONHSAET
koA Ha a3bike accembnepa MIPS. CTyaeHTbl AOMKHbI COXpaHWTb CBOM
acceMbriepHbli KoL, Kak TEKCTOBbIM hain un 3anycTuTb €ro C MOMOLLbHO
QtSpim. B QtSpim oTvobpaxalTca KOMaHAbl, COAEPXWMOE NaMATh U
3HayeHus permcTpoB. CCbiNKkM Ha pPYyKOBOACTBO MONb30BaTens U NpuMmepbl
bannos OOCTYMHbI Ha BebcanTe KHUMN
(textbooks.elsevier.com/9780123944245).

JTaGopaTopHble paboTbl

BebcanT KHUMM copepXuT CCbINkn Ha psa nabopaTopHbix paboT, KoTopble
0XBaTbIBAIOT BCE TEMbI, HA4YMHas OT NPOEKTUPOBAaHNSA LMPOBbLIX CUCTEM K
3aKkaH4MBasi apXUTEKTYpoW KoMnbtloTepa. M3 nabopaTopHbix paboT CTyAeHTbI
y3HaloT, kak ncnonb3oBatb CAlNP Quartus |l ona onncaHns cBOMX NPOEKTOB,
UX CMMYNMPOBaHUS, CUHTE3a 1 peanu3aumu. NlabopatopHble paboTbl Takke
BKIIHO4AIOT TEMbI MO MPOrpaMMmnpoBaHunio Ha A3bike C 1 a3bike accembnepa ¢
ncnonb3oBaHMeM cpeabl npoektuposanns MPLAB IDE.


http://www.textbooks.elsevier.com/9780123944245
http://www.textbooks.elsevier.com/9780123944245
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lMocne cuHTE3a CTyAeHTbl MOryT peanu3oBaTb CBOMW MPOEKTbl, WCMONb3ysi
nnatel Altera DE2. 3Tta MowHaa v OTHOCUTENbHO Hedoporas nnarta
JOCTynHa Ans 3akasa Ha BebGcawite www.altera.com. [lMnata cogepxut
mMukpocxemy FPGA, KOTOpYIO MOXHO CKOH(UrypupoBaTb ANA peanu3auuu
cTyaeH4eckux npoektoB. Mbl npepoctaBnsem nabopatopHble paboThl,
KOTOpble ONMCbIBalOT, KaKk peann3oBaTtb pasnuyHble 6roku Ha nnate DE2 ¢
ncnons3oBaHnem Quartus Il Web Edition.

[nsa BbINnonHeHns nabopaTopHbIX paboT CTyAeHTb! AOMKHbI OyAyT 3arpy3nTb
n yctaHosutb CAIP Altera Quartus Il Web Edition n Microchip MPLAB IDE.
MpenopaBatenu mMoryT Takke YyctaHoBuTb 3T CAIMP B yyebGHbIx.
NabopaTopHble paboTbl BKIHOYAKT MHCTPYKUUK MO pa3paboTke MPOEKTOB Ha
nnate DE2. 3tan npaktuyeckon peanusaumm npoekTa Ha nrate MOXHO
NponycTUTb, OAHAKO Mbl CYMTAEM, YTO OH umeeT Bonblioe 3HaveHue Ans
NONyYeHUsi NPaKTUYECKNX HABbLIKOB.

Mbl  npoTtectupoBanu nabopatopHble pabotel Ha OC Windows, Ho
MHCTPYMEHTbI AocTynHbl U anst OC Linux.

OMEYATKU

Bce onbiTHble NporpaMMmucTbl 3HaKT, 4TO Nobas mporpamMma CrnoxHas
nporpaMmMa HEMNPEMEHHO COAEPXMT OWMOkU. Tak Xe MPOUCXOAUT U C


http://www.altera.com/
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KHUramu. Mbl cTapanucb BbiSiIBUTb M UCMPaBUTL BCe OLUMOKM U oneyaTku B
3TON KHUre. TeM He MeHee, HekoTopble owunbkn mMornn octatbes. Cnucok
HangeHHbIx owmnbok ByaeT onybnukoBaH Ha BebcanTe KHUMN.

MoxanyvicTa, NpuckinanTe HangeHHble oWwmMbKM No agpecy iup@imgtec.com.
MepBbii 4yenoBek, KoTopbI coobwmTt 06 ownbke wn nNpegocTaBuUT
ucnpaeneHne, KOTOpoe Mbl Ucnonb3yem B Oyayuwiem usgaHuw, Oypner
BO3HarpaxaeH npemueit B $1!

NMPU3HATEJIbHOCTb 3A NOOAEPXKY

Mpexae Bcero, mbl 6narogapvm Oasuaa MattepcoHa n [xoHa XeHHeccu 3a
pa3paboTKy HOBATOpPCKUX MuKpoapxutekTtyp MIPS, onucaHHbix B uX
yuebHuke «Computer Organization and Design». B Te4yeHne MHOrmx net mol
MCMONb30BaNN pasnuuyHble M34aHWst 3TOW KHUMM B npenogasBaHun. Mbl
BbICOKO LIEHUM MOAAEPXKKY, OkasaHHy [3Bnaom v [PKOHOM npu HanMcaHum
3TON KHWMU, a TakKe WX BENWKOAYLUIHOE pa3peLleHue Ha WCMoNb3oBaHue
3TMX MUKPOAPXUTEKTYP B HaLeM y4ebHuke.

OtpenbHoe cnacubo [OyariHy Bubowu (Dwyane Bibby), Hawemy nrobumomy
XYLOOXHUKY-ODOPMUTENIO, KOTOPBIA [AONM0 W YNOPHO TPyAWUncs,, 4ToGbl
NpOUNMICTPUpPOBaTh pa3paboTky uLmudpoBbiXx cuctem. Mbl Takke BbICOKO
ueHMM 3HTy3nasm Hanta Mak®apneHa (Nate McFadden), Toppna puHa
(Todd Green), OsHuana Mwunnepa (Danielle Miller), PobuHa Oaa (Robyn


mailto:iup@imgtec.com
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Day) u ocTasbHbIX 4YneHOB koMaHabl uspaTtensctBa Morgan Kaufmann,
KoTopble caenany BO3MOXHbIM NOSABNEHNEe 3TOW KHUTU.

Mbl xoTenu 6bl no6narogaputb MaTtbio YoTkmHca (Matthew Watkins),
KOTOPbIA MOMOr HanucaTb pasgen O reTeporeHHbIX MHOroMnpoLECCOPHbIX
cuctemax B mase 7. Mbl Take 6narogapHsl Kpucy lMapkey (Chris Parks),
Kapny [upcony (Carl Pearson) n [xoHaTaHy Yam (Johnathan Chai),
KOTOpble MpOBepMnn koAdbl W paspaboTanu ornaeBneHue Ans BTOPOro
n3paHus.

OrpomHbIN BKMag B ynyylleHue KavyecTBa KHWUMM BHECNM MHOMOYUCIEHHbIE
peueHseHTbl: [xoH Bapp (John Barr), xak BpanHep (Jack V. Briner),
OHppto BpayH (Andrew C. Brown), Kapn baymrapTtHep (Carl Baumgaertner),
YTy Oupun (A. Utku Diril), Dxum ®peruens (Jim Frenzel), Oxasxa Kum
(Jaeha Kim), ®unnun Kunr (Phillip King), Oxewmc MunTep-Ilakn (James
Pinter-Lucke), Amup Pot (Amir Roth), xeppwu LWwn (Z. Jerry Shi), ODxenmc
CraiiH (James E. Stine), Jliok Tacke (Luke Teyssier), MNenyn Yxao (Peiyi
Zhao), 3ak Odopgac (Zach Dodds), Hatanman lan (Nathaniel Guy), SwsuH
KpvwhHa (Aswin Krishna), BonHen Megponn (Volnei Pedroni), Kapn Banr
(Karl Wang), Pukapao n aHOHUMHbBIN peLieH3EHT.

Mbl Takke O4veHb Npu3HaTenbHbl HaWWM CTydeHTam B komnnegxke Harvey
Mudd, koTopble ganu nonesHble OT3biBbl HA YEPHOBWKU 3TOr0 yyebHuKa.
OTgenbHOro ynomuHaHus 3acnyxusatoT Matt BarHep (Matt Weiner), Kapn
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Yonw (Carl Walsh), 3Hgpto Kaptep (Andrew Carter), Kencu LWunnuHr
(Casey Schilling), 3nuc KnudptoH(Alice Clifton), Kpuc 3nkoH (Chris Acon) n
CtuseH bpayHep (Stephen Brawner).

N, KOHeYHo e, Mbl Grnarogapym Halu cembi 3a X NMoBOBL U NOALAEPXKKY.
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1.1 nNIAH UrPbl

3a nocnegHue TpuauaTtb et MUKponpoLleccopbl ByKBanbHO M3MEHWUM HaLu
MUp [0 HeysHaBaemocTu. CerogHsilwHMA HoyTOyk obnagaet 6Gonbluen
BblYMCNNTENBbHOW MOLUHOCTbIO, 4YeM OOnbLUION KOMMbTEP HeAaBHEro
npowsoro, 3aHMMaBlWIMK  Uenyl koMHaTy. BHyTpu coBpemeHHoro
aBTOMOOWNS NPEeACTaBUTENbLCKOrO Krnacca MOXHO OOHapyXuTb OKOMO
NaTMOecATM  MUKpornpoueccopoB. VimMeHHO  nporpecc B obnactu
MUKPOMNPOLIECCOPHON TEXHWUKM cAenan BO3MOXHbIM MOSIBIEHME COTOBbIX
TenedoHoB U VIHTepHeTa, 3HAYUTENbHO MPOABWHYN BMNepes MEAULUHY U
pagvKanbHO U3MEHWIT TaKTUKy UM CTpaTerMid COBPEMEHHOW BoWHbl. OObem
npogax MMWPOBOW MOMYNPOBOAHWKOBOW MPOMbILLNIEHHOCTU  BbLIPOC C
21 munnuapga gonnapos B 1985 rogy no 300 munnuapnoB AonnapoB B
2011 ropy, npvyYeM MUKPOMPOLLECCOPbl COCTaBUIN JIbBUHYHO AOMI0 3TUX
npogax. N mbl ybexaeHbl, YTO MUKPOMPOLECCOPbl BaXXHbl HE TOMbKO C
TEXHUYECKOWN, 3KOHOMMUYECKOM WM COUManbHOW TOYEK 3PEHUsi, HO U cTanm
OLHVMM M3 caMbIX yBneKaTesnbHbIX U300peTeHnii B UCTOpUMN YenoBevecTBa.
Korga Bbl 3aKOHUMTE 4TEHME 3JTOM KHUMKM, Bbl Oyaete 3HaTb, Kak
CrpoeKkTupoBaTb W MNOCTPOUTL Bawl COOCTBEHHLIN MUKponpoLueccop, a
HaBblKW, MOMy4YeHHbIE Ha 3TOM MyTW, MPUrOAATCS BaM Ans pa3paboTku u
MHOIUX ApYyrnmx UmMdpoBbIX CUCTEM.

Mbl npegnonaraem, 4To y Bac yxe ecTb 6a3oBble 3HaHWS MO Teopwuu
3MeKTpMUYecTBa, HEKOTOPbIN OMbIT MPOrPaMMUPOBAHUS U UCKPEHHee
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XenaHune MoHATb, YTO NPOUCXOAUT NOA KanoToM KoMMbioTepa. B aTon kHure
OCHOBHO€ BHMMaHve yaenseTtca paspaboTke uUMPOBLIX CUCTEM, TO eCTb
CUCTEM, KOTOpPbIE UCNOMb3YIOT ANA CBOeN paboTbl ABa YPOBHA Hanps>KeHus,
npeacTaBNAoWmMX eauHnly 1 Hynb. Mbl Ha4HEM € NPOCTEeNLWNX LMdPOBBLIX
nornyecknx anemeHtoB — BeHTunen (digital logic gates), koTopble
NPUHUMAIOT OMnpedeneHHylo KOMOWHAUUK eAuHUL U HynenW Ha BXxode M
TpaHcOpMUPYIOT ee B APYryl0 KOMOMHALUMIO eAUHUL U HyNen Ha BbIXOAe.
Mocne atoro Mbl C BamMu Hayunmmcs OObeAuHATbL 3TU  MpocTellune
riornyeckve anemeHTbl B 6onee crnoxHble Mogynu, Takme Kak cymmaTopbl U
6rnokn namaTM. 3ateM Mbl nepengeM K NporpamMMPOBaHUIO Ha SA3blke
accembrniepa — pogHOM fA3blke MuKponpoueccopa. W B 3aBeplueHue, 13
KMPMWYMKOB NOTMYECKMX OMEMEHTOB Mbl C BaMu cobepem MOMHOLEHHbIN
MUKPOMPOLIECCOP, CMOCOOHbLIN BBLIMOMHATL Baluv NpPOrpamMmbl, HanucaHHble
Ha s3blke accembnepa.

OrpomMHbIM  MPENMYLLECTBOM  LMEPOBLIX CUCTEM HAA aHanoroBbIMU
SIBNSAETCA TO, YTO HeobOxoaMMble ANs UX MNOCTPOEHUst BOKM Ype3BblHaNHO
NpoCTbl,  MOCKOMbKY  OMEPUPYOT  HE  HEMpepbIBHbIMW  CUrHanamu,
a eQMHULAMN U HYTSIMU.

MocTpoeHne UMPOBOI CUCTEMBI HE TPeByeT 3anyTaHHbIX MaTeMaTUYEeCKmX
pacyeToB UnK ryBoKMX 3HaHWM B o6nacTu gusmnkn. BmecTo aToro, 3agava,
cTosiLias neped paspaboTyMKOM LMPOBLIX YCTPOMCTB, 3aKMoYaeTcs B TOM,
4TOGbl cOBpaTh CROXHYI0 PaboTaloLLy0 CUCTEMY M3 3TMX MPOCTbIX BIIOKOB.
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Bo3mMOXHO, MuKponpoLeccop CTaHeT MepBON CMPOEKTUPOBAHHOW BaMu
CUCTEMOMW, HaCTONbKO CMOXHOWN, YTO €e HEBO3MOXHO LENVKOM yaepxaTtb B
ronose. IMEHHO MNO3TOMY OAHOW W3 TeM, NPOXOAALMX KPacCHOW HUTLIO
yepes 3Ty KHUTY, ABNSETCS UCKYCCTBO YNPaBreHnsi CIIOXHOCTbIO CUCTEMBI.

1.2 WUCKYCCTBO YNPABJIIEHUA CITOXXHOCTbLIO

OpHOM u3 XapakTepuCTUK, OTNMYalLMX NPOdECCMOHANBHOIO MHXeHepa-
3MNEKTPOHLMKa  wWnM  nporpaMmucTta  OT  gunetaHTa,  sBnseTcd
CUCTEMATUYECKMI MOAXOA K YMNPAaBMEHWUIO CIOXHOCTBIO MHOrOYpOBHEBOWA
cuctembl. COBpEMEHHbIE LIMPOBbLIE CUCTEMbI MOCTPOEHbI U3 MUMIIVOHOB U
MUNNMapaoB  TPaH3UCTOpPOB. YenoBeveckMin MO3r He B  COCTOSIHWM
npenckasartb nosegeHve NofobHbIX CUCTEM MYTEM COCTaBIEHUS YPaBHEHWN,
ONMCbIBAIOWMNX OBWXKEHUE KaXOAOro 9SMeKTpoHa B KaXAOM TpaH3ucTope
CUCTEMbI, U NMOCINEaYLEro peLleHnss 3TON CUCTEMbI ypaBHeHUn. [inga Toro,
yTOObI paspaboTaTb yAayHbIi MUKPOMPOLIECCOP M HE YTOHYTb Mpu 3TOM B
MOpe WM3ObLITOYHOM WHGOPMaUMK, HeobxoOUMO Hay4uTbCH YNpaBnsaTb
CMOXHOCTbIO pa3pabaTbiBaeMon CUCTEMBI.
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1.2.1 A6cTpakumsa

KpuTuyeckn BaxHbI NPUHUMN  yNpaBrieHns

Application
Software Programs CNOXHOCTbIO ~ CUCTEMbl —  abcmpakyus,
Operating Device nogpasymesatoLas UCKIIOYeHne n3
Systems Drivers pacCMOTPEHUsT TeX SNemMeHTOB, KOTopble B
Architecture B [Instructions AAHHOM KOHKDETHOM Crly4ae HEeCyLLeCTBeHHb!
wmmmm— | Registers AN NOHMMaHust paboTbl 3TON  CUCTEMBI.
Micro- D:::D Datapaths Jliobyo cucteMy MOXHO paccmaTpuBaTtb C
architecture Controllers pasnuuHbIX YpoBHen abcTpakuun. [onuTuky,
Logic _. Adders yyacTtByolleMy B Bblbopax, Hanpumep, HeTt
Memories HYXXObl y4nTbiBaTb BCE AeTann OKpyXaroLiero
Digital AND Gates ero Mupa, emy [OCTatovHO abCcTpakTHOMW
Circuits NOT Gates

nepapxmyeckom MOOENU CTpaHbl, COCTOSLLEN
f:.r‘npmiers M3  HacemneHHbIX MyHKTOB, ob6nacten u
ters cdbenepanbHbIX Okpyros. B obrnactu Mmoxet

Devices @ Transistors OblTb  HECKONIbKO  HAaCEemneHHbIX  MyHKTOB,

Analog
Circuits

Diodes ~
a defepanbHbli  OKpYr BknoyaeT B cebs
Physics Electrons pasHble obnactu. Ecnu nonutuk Gopetcs 3a
nocT npe3ugeHta, TO ero, ckopee BCero,
Puc. 1.1 YpoBHu abGcTpakumm MHTEepecyet TO, KaK nporonocyet

3MEeKTPOHHON BbIYMCNINTENbLHON beneparnbHbIi OKPYr B LIEMOM, MpW 3TOM eMy
cucTembt He 06s13aTeNbHO 3HATb, Kakoe KONMUYECTBO
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ronocoB OH HabepeT B KaXAOM KOHKPETHOM HAaCeNeHHOM MyHKTe 3TOro
okpyra. [ina nonutuka deaeparnbHbIA OKPYr — 3TO €ro ypoBeHb abeTpakumu.
C opyron cTopoHbl, 610po nepenucu HaceneHus 06593aHoO 3HaTb KONMMYeCTBO
XuTenem B KaxOoM TrOpoAe UMM nocenke CTpaHbl M MOTOMY [OIMKHO
onepupoBaTtb Ha CaMOM HWU3KOM YPOBHe abCTpakumu AaHHON CUCTEMBbI — Ha
YPOBHE HaceneHHbIX MyHKTOB.

Ha Pwc. 1.1 nokasaHbl ypoBHM abCTpakumu, TunuMyHble Ana nobon
3MEKTPOHHOW KOMMbIOTEPHON CUCTEMBI BMECTE CO CTPOUTENbHLIMK Briokamum,
XapaKkTepHbIMW ANS KaX[0ro ypoBHSA abcTpakumm aton cucteMbl. Ha camom
HW3KOM YpOBHe abcTpakuuy HaxoauTcs du3vka, u3yyarowas OBWKeHue
3MeKTpoHoB. [oBeAeHVe 3N1eKTPOHOB OMNWUCHLIBAETCH KBAHTOBON MEXaHUKOW 1
cuctemon ypaBHeHu Makceenna.

PaccmatpyBaemas HaMmn coBpeMeHHasi afeKTPOHHasi cuctemMa COCTOMT U3
NonynpoOBOAHUKOBLIX YCTPONCTB (devices), Takvx Kak TpaH3MCTophbl (a Korga-
TO 3TO ObINK 3NEKTPOHHbIE Namnbl). Kaxaoe Takoe yCTPOMCTBO MMEET YeTKO
onpefeneHHble TOYKN COeAMHEHUS C APYrMMM MogobHbIMKM yCTPOMCTBaMM.
O™ Toukn Mbl Byaem HasbiBaTb KOHMakmamu (B aHrnos3bl4HON nuTepaTtype
ucnonb3yetcss TepmuH terminal). Jlloboe 3nekTpoHHOE YCTPOWUCTBO MOXET
O6biTe  npefdcTaBrneHo  abcTpaKTHOWM mMaTtemaTn4ecKom Moaenbo,
OMMCbIBAIOLWWEN M3MEHSIIOLLYIOCS BO BPEMEHW B3aMMO3aBMCMMOCTb TOKa U
HanpsbxkeHus. Takme xe U3MEHEeHUsi ToKa WU HanpsXeHUsl MOXHO HabngaTtb
Ha 9KpaHe ocuunnorpada, ecnum NoaKMiYUTE ocumnnorpad K KoHTakTam



aea 1 OT Hynsa Ao eanHULbI 8

peanbHOro  ycTpoWcTBa. [aHHbIi noaxod  O3Ha4vaeT, 47O, ecnu
paccmaTtpuvBaTb CUCTEMY Ha YPOBHE YCTPOMCTB, MYHKLUUN KOTOPbIX
OAHO3HAYHO OnpeAeneHbl, TO MOXHO He YYUTbIBaTb NOBEAEHWNE SMEKTPOHOB
BHYTPW OTAESbHbIX YCTPOWCTB 3TOW CUCTEMBI.

Cnepytolwmii  ypoBeHb abCTpakuumM — 3TO aHasio2oebie cxeMbl (analog
circuits), B KOTOPbIX MOMYNPOBOAHMKOBbLIE YCTPOWCTBA COEAMHEHbI TaKUM
06pa3om, YTobbl OHM 0Bpa3oBbIBan PyHKLMOHANbHLIE KOMMOHEHTLI, Takue
KaK ycunuTenu, Hanpuvep. HanpspkeHne Ha BXode U Ha BbIXOA4e aHanoroBom
Lenu n3aMeHsieTcsl B HenpepbIBHOM AuanasoHe.

B otnuume ot aHanoroBbIX Lenew, yugpossie cxemsl (digital circuits), Takne
KaKk IorMyeckue BEHTUNW, WCMOMb3YT [Ba CTPOro  OrpaHWYEHHbIX
OVCKPETHBIX YPOBHST HanpshxeHus. OanH 13 3TUX OUCKPETHbIX YPOBHEW — 3TO
NOrnYecKU Hymnb, APYron — noruyeckas eguHuua. B pasgenax aTom KHurm,
MOCBSILLEHHbIX pa3paboTke LUPOBbIX CXEM W YCTPOWCTB, Mbl Oyaem
MCnomnb3oBaTh MpocTenne uudpoBbie CXeMbl AN MOCTPOEHUS CIOXHbIX
UMdPOBbLIX MOAYNEN, TaKUX Kak CyMMaTOpbl U BNoKM NaMaTy.

MuKpoapXmMTeKTypHbIN YypOBEHb abcTpakumu, nnu npocTo
MuKkpoapxumekmypa (microarchitecture), cBA3blBaeT FOMMYECKUA WU
apXUTEKTYPHBIN YPOBHWN abcTpakumn. ApXMTEKTYPHBIA YpOBEHb abcTpakumu,
unu apxumekmypa (architecture), onucbiBaeT KOMMNbIOTEP C TOYKWU 3pEHUS
nporpammucta. Hanpumep, apxutektypa Intel x86, wucnonb3yemas
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MUKpornpoLeccopamm BONbLUMHCTBA NepcoHanbHbiX  komnbtoTepoB (1K),
onpepenseTca HAboOPOM MHCTPYKLMIA 1N permcTpoB (MamATn AN BPEMEHHOIO
XpaHeHNs nepemeHHbIX), AOCTYMHbIM AMS UCMONb30BaHUSA NPOrpaMMUCTOM.
MukpoapxuTekTypa — 9TO COeAMHEHNE NPOCTENLINX LMPOBLIX 3NIEMEHTOB
B normyeckme 6noku, npegHasHayeHHble Ans  BbINOMHEHUA  KOMaH,
onpegeneHHbIX KakoM-TO KOHKPEeTHOW apxuTekTypol. OTdenbHO B3dATas
apxuTekTypa MoxeT ObiTb peanu3oBaHa C WCMOfIb30BaHWEM pPa3nUYHbIX
BapuMaHTOB  MWKPOApXWTEKTYp C  pasHblM  COOTHOLUEHMEM  LiEHbI,
NPOM3BOAMTENBHOCTN WM MOTPebnAemMon 3Hepr1, U Takoe COOTHOLLEHWe
3a4actyo BblbupaeTca kak 6GanaHc mexagy 3aTumMu Tpemsa bakTopamu.
Mpoueccopbl Intel Core i7, Intel 80486 w AMD Athlon, Hanpumep,
NCMONb3YIOT OAHY W Ty Xe apxvuTekTypy Xx86, HO peanu3oBaHHyl C
MCMOMNb30BaHNEM TPEX PasHbIX MUKPOAPXMTEKTYPHbBIX PELLEHWA.

Tenepb Mbl nepemewaemcs B obnactb nporpammHoOro obecneveHus.
OniepayuoHHas cucmema (operating system) ynpasnsieT onepauusmu
HVDKHEro YpOBHS, TaKMMU Kak AOCTYM K XXECTKOMY AUCKY WINu yrpasreHve
namsaTtelo. W, HakoHel, nporpammHoe obecneyeHune Mcrnonb3yeT pecypchl
onepauvoHHON CUCTEMBI AN PELLEHWS KOHKPETHBIX 3a4a4 nonb3oBaTerns.

MMeHHO npuHUMn abcmpazuposaHus om mManogaxHbix 0emarel no3sonset
Bawei 6abywke obLaTbca ¢ BHykamu B VIHTEpHETe, He 3agyMbiBasicb O
KBaHTOBbIX KoriebaHusax ONEKTPOHOB UM opraHnsaumnm namAaTn KoMmnbroTepa.
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MNpegmeT STOM KHUMM — YpPOBHWM abcTpakuuy OT UMAdPOBBIX CXeM Ao
KOMMbIOTEPHOW apxuTekTypbl. Pabotas Ha kakom-nubo M3 3TUX YpPOBHEN
abcTpakumm, nonesHo 3HaTb Koe-4To M 06 ypoBHAX abcTpakuum,
HEenocpeaCTBEHHO COMPSXKEHHbIX C TEM YPOBHEM, rAe Bbl HaxoaWTECh.
MporpammucT, Hanpumep, He CMOXET MOSIHOCTBLIO ONTUMU3MPOBATL Kof 6e3
MOHMMaHUS apXMTEKTypbl Mpoleccopa, KOTOpbIi OyAeT BbIMOMHATL 3Ty
nporpammy. MHxeHep-aneKkTPoHLMK, paspabaTbiBalownin Kakon-nmbo 6ok
MWKPOCXEMbI, HE CMOXET HaWTh KOMMPOMUCC MexAdy ObICTpoAencTBrEM U
YPOBHEM MOTpebneHusi sHeprum TpaH3MCTOPaMW, HWYEro He 3Has O Toun
uncppoBor cxeme, rae 3ToT Onok GyaeT ucnonb3oBaTbes. Mbl Hageemcs,
YTO K TOMY BPEMEHM, KOrAa Bbl 3aKOHYUTE YTEHWE 3TON KHWUIMK, Bbl CMOXETE
BbibpaTh ypoBeHb abCcTpakummn, Heo6XoANMBbIA ONSA YCNELIHOTO BbIMONHEHWS
nobor cTosilen nepen BamMu  3ajadn, W OUEHWUTb BMWSIHUE BaLUUX
WHXEHEPHbIX PeLLeHUn Ha Apyrme ypoBHW abcTpakuuny B pa3pabaTtbiBaemon
BamMu cucrteme.

Kaxgass rmaBa 9TOM KHUMM HauMHaeTcss C WKOHOK (cM. Puc. 1.1),
CMMBOMNUYECKN 1306paxatoLmx YpoBHY abCTpaKkLmm aNeKTPOHHON CUCTEMBI,
KOTOpble Mbl NEpPeYncnunm Boille. MIKoHKa TeMHO-CUHEro LBeTa ykasbiBaeT
Ha TOT ypoBeHb abCcTpakumu, KOTOPOMY YAEenseTcs [NMaBHOe BHUMaHue B
3TOM KOHKpeTHOM rnaBe. MKoHkM 6Oonee CBETNOro OTTEHKa CUHEero
yKa3blBalOT Ha [ApyrMe YpoBHU abCcTpakuuu, Takke 3aTpoHyTble B 3TON
rnasee.
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1.2.2 KoHcTpyKTOpCKas aucumnivHa

KoHcmpykmopckasi JucyuninuHa — 9TO NpedHaMepeHHOe OorpaHunyeHvie
CaMUM KOHCTPYKTOPOM BblOOpa BO3MOXHbLIX BapuaHTOB pa3paboTku, 4TO
nossonseT paboTaTtb NPOAYKTMBHEE Ha Bonee BbICOKOM ypoBHe abcTpakumm.
Mcnonb3oBaHne B3aumo3aMeEHSIEMbIX YacTel — 3TO, BEpOSATHO, CaMbli
XOPOLIO 3HaKOMbI BCEM HaM MpUMeEp MNPaKTUYeCcKoro MnpUMeHeHus
KOHCTPYKTOPCKOW  AvcumnnuHel.  OgHMM M3 nepBbiX  MpPUMEepoB
NCMONb30BaHNA B3anMMO3aMEHSAEMbIX AeTanen U y3nos crana yHudukauma
npv npomnsBoAcTBe KPeMHEBbIX pyxen. [lo Hayana 19-ro Beka Takue pyxbs
NpPoOn3BOAMNUCH BPYYHYHO " B LUTY4HOM nopsake.
BbicokokBannuLMPOBaHHbBIN OPYXXEWHbIN MacTep TwaTenbHO noaravusarn
W MNOAFOHAN  KOMMMEKTYIoWMEe, NPOU3BEAEHHblE  HECKONMbKMMW  He
CBA3aHHLIMW  ApPYyr C [OpYyroM pemecneHHnkamu.  KoHcTpykTopckas
avcumnnuHa ana obecneyeHus B3avMO3aMEHSiEMOCTM AeTanen u y3nos
npov3Bena PpeBOMIOLMI0 B OPYXXENHOW MpOMbIlneHHoCTU. OrpaHuyeHune
accopTVMeHTa KOMMMNeKTYylWux Aetanel Ao craHgapTHoro Habopa ¢
XECTKO YCTaHOBMEHHbIMW [OMyCcKamMy Ans Kaxaon pAetanu MnossBonunio
cobvpaTtb U peMoHTMpOBaTb PYXXbs ropasfo beicTpee n Mcnonb3oBaTb Npu
3TOM MeHee kBanuduuMpoBaHHbIM  nepcoHan. OpyxenHbli  macTep
nepectan TpaTWTb CBOE BpeMS Ha paspelueHue npobnem, CBA3aHHbIX C
HWKHAMM  YPOBHAMM  abCTpakumu, TakMMM Kak [dOBOAKa Kakoro-To
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KOHKPETHOro CTBOMa unAM ucnpasrieHne ¢opMbl OTAENbHOMO  B3ATOMO
npuknaga.

B koHTekcTe JaHHOW KHWUMM cobnogeHne KOHCTPYKTOPCKOW AUCLIMMMUHBI B
BMAE MaKCMManbHOro WUCMOMb30BaHWUA LUMPOBLIX CXeM Wrpaet O4veHb
BaXHYI0 ponb. B LUMdpoBbIX Cxemax MCNomnb3yTca OUCKPETHbIE 3Ha4YeHWs
Hanps>keHus, B TO BpeMs Kak B aHanoroBbiX CXemax HanpshkeHue
N3MeHsieTca HenpepbiBHO. Takum obpa3oM, uudpoBbie CxeMbl, KOTopble
MOXHO paccmaTpuBaTb Kak MOAMHOXECTBO aHanoroBbiX Lenen, B
HEKOTOPOM CMbICIlie YCTynatoT N0 CBOMM XxapakTepucTikam bonee WnMpokomy
knaccy aHanorosbelx LUenew. OpHako uudpoBble LEnu ropasgo npolie
npoektuposaTtb. OrpaHnyMBasi WCMOMb30OBaHWE aHarnoroBblX CXeM W Mo
BO3MOXHOCTM 3aMeHsis WX UMPOBLIMW, Mbl MOXEM Ferko o6beauHATb
OTAEnNbHbIE KOMMOHEHTbLI B CIOXHbIE CUCTEMbI, KOTOPbIE, B KOHEYHOM UTOre,
ans  6onbwMHCTBA NPUMOXEHUA NpPeB3OVWAYT MO CBOMM napameTpam
CUCTEMbI, NMOCTPOEHHbIE Ha aHanorosbiX Uensx. [lpyMepom TOMy MoOryT
CNyXunTb UMpoBble Tenesm3opbl, komnakT-guckn (CD) u MobGunbHble
TenedoHbl, KOTOpble YXe MPaKTUYEeCKN MOSHOCTBbI0 BbITECHUNM CBOMUX
aHanoroBbIX NPeALIEeCTBEHHNKOB.
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1.2.3 Tpu 6a3oBbIX NpuHUMNA

B pononHeHve k abcTparMpoBaHWO OT HECYLLIECTBEHHbIX AeTanen u
KOHCTPYKTOPCKOM  AUCLMNIMHE  paspaboTumMKkM  SMEKTPOHHBLIX  CUCTEM
MCnonb3yloT elle Tpu 6asoBbIX NPUHUMNG ANS YNPaBreHUsl CIIOXHOCTbIO
CUCTEMbI: MePapXNYHOCTb, MOAYIIbHOCTb KOHCTPYKLUK U PerynsipHOCTb. OTH
NPUHUMNBI MPUMEHUTENBbHO Kak K MporpaMmMHOMYy obecneyeHuto, Tak U K
annapaTHOM YacTu KOMMbIOTEPHbBIX CUCTEM.

P UepapxuyHocms — NPUHLMM MEPapPXMYHOCTM NpeanonaraeT pasgaeneqve
CUCTeMbl Ha OTAENbHbIE MOAYNW, a 3aTeM Mocrefytllee pasgerneHue
KaXJOro TaKoro MoAynsi Ha dparMeHTbl A0 YPOBHSl, MO3BOMSIOLLENO
NErko NoHsITb NOBEAEHME KaX0ro KOHKPETHOrO bparmeHTa.

» MolynbHocmb — NPUHUMN  MOAYNBHOCTU TpebByeT, 4TOBbl Kaxablii
MOAyfNb B CUCTEME UMEN YeTKO OnpefeneHHyto (yHKUMOHANbHOCTb ©
Habop wuHTepdpelicoB M Mor ObiTb nerko u 6e3 HenpeaBUAEHHbLIX
NO6OYHbIX 9PDEKTOB COEAMHEH C APYTMMU MOAYISAMWU CUCTEMBI.

P PezynspHocmbs — NPUHLUMN  perynsapHocTM TpebyeT cobniogeHus
eavHoobpasns npu NpPOEKTUPOBAHUU OTAENbHbIX MOAYNEN CUCTEMBI.
CraHgapTHble Mogynuv o6LLero Ha3Ha4YeHus, Hanpumep, TakMe Kak 0roku
NUTaHUS, MOTYT MCMOSb30BaTbCsl MHOTOKPATHO, BO MHOrO pa3 CHWxas
KONMM4ecTBO MoAyrnen, Heobxoaumblix AN pa3paboTkM HOBOW CUCTEMBI.
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KanutaH Mepwuyasep Jlblouc — oAauMH M3 pyKoBOAWUTENEW 3HAMEHUTOWN
akcnegvummn Jlbtonca n Knapka Ha ceBepo-3anag CLUA, 6bin, noxanyi,
OAHMM M3 CaMblX PaHHWX CTOPOHHUKOB B3aumo3dameHsiemoctu. B 1806 rogy
B CBOEM [HEBHWKe, Kacasicb YHUUKaLMM geTanei KPeMHEBbLIX pyKel Toro
BPEMEHW, OH Hanucan crneayioLlee:

«Pyxbsa [Iptoepa n cepxaHta lNpanopa 04HOBPEMEHHO BbILLN U3 CTPOS.
Ha pyxbe [pioepa cnomancs yAOapHO-CMyCKOBOW MeXaHu3M, U Mbl
3aMEHWNN ero Ha HoBbIN. Y pyxXbsi cepxaHTa [lpaviopa 6bin criomaH
KYPKOBbI BWMHT, BMECTO KOTOPOro Mbl MOCTaBUMM 3anacHOW KypKOBbIV
BVHT, 3apaHee W3rOTOBMIEHHbIM CreuuanbHO AN YAAPHO-CryCKOBOrO
MexaHu3Ma 3TOro pyXbs Ha MaHydakType Xapnepc Pevipu, rge 9T0
opyxve u 6bino npoussegeHo. Ecnu 6bl He npeayCcMOTPUTENBHOCTb,
3aKNoYaBLIAACs B TOM, YTO Mbl 3apaHee Mo3aboTunucb O 3amacHbIX
YyacTax Ans pyxew, n He mactepctso [koHa Lnnaca, BeINONHMBLLETO BCO
paboTy, TO GOMBbLUMHCTBO PY)KEW HalLeWn JKCneauuum K 3TOMYy BpPeMEHU
ObINo Obl MOMHOCTLIO HEMPUIOAHO AN KAKOro-nNnbo ucnonb3oBaHus. U s
MMelo NOonHoe NpaBo 3anucaTb B CBOEM [AHEBHWKE, YTO, K CYacTblo Ans
Hac, BCe Halle opy>Kne HaxoauTCs B NPEKPAaCHOM COCTOSHUMY.

Cm. Wctopus akcrieduyuu Jlbtonca n Knapka B YeTbipex Tomax Mo
pegakuven dnvota Kyaca. lNepsoe wspaHve: Xapnep, Hbto-Mopk, 1893;
nepeusganuve: dosep, Hoto-Nopk (3 Toma), 3:817.

Ons wvnnioctpaumm Tpex 6a30BbiX NPUHUMMNOB BHOBb BOCMOSb3yEMCS
aHanorven n3 opyxemnHoro npowussoactea. HapesHoe KpemHéBoe pyxbé
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6bINO O4HMM M3 CaMbIX CHOXHbIX YCTPOWNCTB MAacCOBOTO NPUMEHEHWUS B
Hayane 19-ro Beka. Mcnomb3ys MpUHLUMN MEPapXmMYHOCTU, Mbl MOXEM
pasgenuTb ero Ha Tpu rMmaBHbIX MOAYINSA, Kak nokasaHo Ha Puc. 1.2: cTteon,
YAAPHO-CMYCKOBOW MEXaHW3M W NPUKNag C LLeBbEeM.

CTtBON — 3TO ANVHHaA MeTannuyeckas Tpyba, Yepes KOTOpyto Npu BbICTpene
BblibpackiBaeTca nyns. YAapHO-CMyCKOBOW MEXaHW3M Npon3BOAWT BbICTPEr.
[epeBsaHHble Mpuknag M LeBbe COeOMHSAIOT BOEAMHO OCTamnbHble 4acTu
pyXbs U obecneunBaloT CTPenKky HadeXHoe yAaepXaHue OopyXus npu
BbiCTperne. B cBolo oyepedb, yAapHO-CMyCKOBOW MeXaHW3M BKMOYaeT B
cebs CnyckoBOW KPIOYOK, KYpOK, KpPeMeHb, OTHMBO W MOPOXOBYH MOJKY.
Kaxgbpin M3 3TMX KOMMOHEHTOB TakkKe MOXeT paccmaTpmBaTbCsi Kak
CrnepyroLwmnin nepapxmyeckuin ypoBeHb U MoxeTt ObiTb pasgeneH Ha Gonee
Mernkve getanm.

MpvHuMn modynbHOCTM TpebyeT, 4TOObl KaXKAblAi KOMMOHEHT BbIMOMHSAM
YeTKO onpeaeneHHyo YHKLMI0 1 nven mHtepdenc. PyHKuMa npuknaga v
ueBbA — CNyxuTb 0as3on Ons yCTaHOBKM CTBOMA M YyAapHO-CMYCKOBOrO
mexaHusma. WHTepdenc ana npvknaga M ueBbs — 3TO WX ANVMHA U
pacronoXeHne KPEenéxHbIX 3MNEMEHTOB, TakMX Kak BWHTbI UMW LUYpyMbl.
CTtBON pYyXbSA, W3rOTOBMIEHHOrO C COGMOAEHUEM MpUHLUMNG MOAYSbHOCTU
KOHCTPYKLMKN, MOXeT ObITb YCTAHOBIEH Ha MpwKNagbl U LEeBbS OT PasHbIX
npov3BoanTenen, ecnv Bce CoOeANHAEMbIE YaCcTh UMEIOT NPaBUMbHYIO ANNHY
N noaxodsiume KpenéxHole anemMeHTbl. PyHKUMS CTBOMa — pasorHaTb Myrnio
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A0 HeobxodMMOW CKOpOCTM W MpuaaTb ei BpalleHue, 4YTobbl yBennynTb
TOYHOCTb CTpenbObl (NpMMeyaHue nepeBodYMKA: KPEMHEBbIE PYXbS He
ObINM HapesHbIMKM 1 1CMonNb3oBanu Kpyrnble nynu). MpuHUMN MOAYNBHOCTM
TpebyeT Takke, 4TOObI NPU COEAMHEHUW MOAYFNEN He BO3HUKaNoO HUKaKuX
NoBOYHbIX 3PPEKTOB: KOHCTPYKUMS NPUKNaga W LUeBbs He [AOrkHa
npenaTcTBoBaTh MYHKLMOHUPOBAHMIO CTBONA.

MpuHLUMN perynspHOCTN yunT TOMy, YTO B3anMoO3aMeHsieMble AeTanu — 3T0
xopowas nges. Npu cobniogeHun NpuHUMNa perynsipHOCT NOBPEXAEHHbIN
CTBOJ1 MOXeT ObITb C NErkoCTblo 3aMeHeH Ha MAEHTUYHbIN. CTBOMBI MOTYT
M3roTOBMATLCSA Ha MOTOYHOW NWHUM C ropasfo Gombluen 3KOHOMWYECKOW
3P PEKTUBHOCTLIO, YEM B Crlyyae LUTY4YHOrO Npou3BOACTBa.

B gaHHOM KHUre mbl 6y/J,EM NOCTOAHHO BO3BpaLLaTbCA K 3TUM TpeEM 6a3oBbIM
npuHUMnam: nepapxm4yHOCTn, MoAOyrnbHOCTUN U PErynapHOCTHU.
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MpyxuHa
Monka

YAapHO-CNYCKOBOA MeXaHn3M

Puc. 1.2 KpeMHEBbLIV pyXeWHbIN 3aMOK
(PucyHok n3 Euroarms Italia www.euroarms.net © 2006 r.)


http://www.euroarms.net/
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1.3 UMNDPPOBAA ABCTPAKLIUA

Pe

Yapnb3 B3a6ouax, 1791-1871

Yapnb3 Babbumk pogwunca B 1791 rogy. 3akoHuun KemGpuokckui
YHMBEPCUTET U XeHuncs Ha [xopmkuaHe Bwutmyp. OH  wm3obpen
AHanutnyeckylo MalimHy — nepBbli B MUpE MEXaHUYeCKUA KOMMboTep.
Yapnba Babbumk Tawke un3006pen npegoxpaHUTENbHYK pelleTky Ans
JIOKOMOTMBOB, CMMAOMETP W YHMBEPCAarnbHbI MOYTOBbLI Tapud. Y4YeHbl
Takke OYEeHb MWHTEepecoBancs OTMblYKaMy AnA 3aMKOB M NMOYEMY-TO
HeHaBugen YnuyHblX My3blkaHToB. (MopTpeT mo6e3Ho npedocTaBneH
Fourmilab LLisenuapus, www.fourmilab.ch).

BonbLIMHCTBO hM3MYECKMX BENUYMH M3MEHSIETCA HenpepbiBHO. Hanpumep,
HanpsbkeHMe B JNEeKTPUYEeCKOM NpoBOAe, 4actota Komebanun wnu
pacnpegerneHne Maccbl — BCe 3T0 NapameTpbl, U3MEHSIIOLLMECS HEMPEPLIBHO.
LindpoBble cuctembl, ¢ APYror CTOPOHbI, MPeacTaBnsalT MHpopMaLmio


http://www.fourmilab.ch/
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B BMOe OUCKPETHO MEeHAKLNXCA nepemMeHHbIX C KOHEYHbIM YMUCIIOM CTPOro

onpeaenéHHblX 3Ha4YeHNN.

Puc. 1.3 AHanuTuyeckas maliMHa
Be66uaxa B roa ero cmepTth (1871)
(N306paxeHne nobesHo
npepocTaBneHo Myseem Hayku un
obuiectsa)

OpHoM 13 Haubonee paHHUX LMGPOBbLIX
cucteMm ctana AHanutuyeckas MawuvHa
Yapnb3a Babbuaxa, KoTopas
ucnonb3oBana MepeMeEHHbIE C [eCATbIo
ONCKPETHbIMM  3HaYeHnsiMU. HauuHas ¢
1834 ropma u po 1871 roga ! Babobuox
paspabaTbiBan 1 nbiTancs nocTpouTb 3TOT
MexaHu4eckun komnbtoTep. LecTepeHkn
AHannTudeckon MawwuHbl MOrnu
HaxoouTbCA B OOHOM U3  [EcATn
(PUKCUPOBAHHBIX MOMOXEHUIN, a Kaxgoe
Takoe MonoXeHue ObiNo NPOMAapPKMPOBaAHO
or 0 go 9 nomobHO MexaHU4YeckoMy
cyeTumky npobera aBTomobuns. Puc. 1.3
nokasblBaeT, Kak BbIrNsSgen npoToTun
AHanutuyeckon MawwuHbl. Kaxabin psag
LLeCTepeHoK Takol MallnHbl obpabaTbiBarn
ogoHy uudpy. B cBoem mexaHuyeckom

1A 6OJ'IbLLIVIHCTBy M3 HaC KaxeTcd, 4To oGyHeHme B yHMBEpcUTeTe — 3To Tak gonro!
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koMnbtoTepe BaGOMax ncnonb3osan 25 psAoOB LWeCTEPEHOK Takum 06pasom,
YTOGbI MalLMHa obecneynBana BblYUCIIEHUS] C TOYHOCTBIO 0 25-T0 3HaKa.

B omanuve or  mawuHbl Ba66umka  GONbLMHCTBO — 3MEKTPOHHbIX
KOMMNbIOTEPOB MCMOMnb3yeT ABOUYHBIN (BMHapHbIN) kod. B cnyvae aBonyHoro
KOAa BbICOKOE HanpsbkeHue — 3TO eAMHMLA, @ HU3KOE HanpsbkeHue — Hyrb,
MOCKOMbKY ropasfo nerye onepmpoBaTth ABYMS YPOBHAMM HAMPSXEHWS, Yem
AecATblo.

O6bem nHdopmaumn D, nepegaBaeMbiil OOHOM OUCKPETHOW MepeMeHHON,
KoTopasi MOXeT HaxoauTbcsl B N pasfnnyHbIX COCTOSIHUSIX, M3MepsieTcsl B
eavHuuax, HasbiBaemMblx Oumamu, W BblMUCISIETCA MO CrepyloLlen

dopmyne:
D =logzN bits (1.1)

[BonyHas nepemeHHas nepepaeT log22 = 1 — oguH 6UT uwHDOpMauuw.
Tenepb BaMm, BEpPOSITHO, MOHATHO, MOYeMy eguHUUa WUHGopMaLmm
Ha3biBaeTcs 6uToM. Bit (bum) — aTo cokpalleHue oT aHrnunckoro binary digit,
4YTO JOCIOBHO MepeBoanTCs Kak 08ouyHbIl pa3psAd. Kaxpas wecTepeHka B
mawmHe Babbuaxa cogepxut 10g210 = 3,322 6uT MHOpMaLnn, NOCKONbKY
OHa MOXEeT HaxoauTbCs B odHOM K3 23322 = 10 yHMKaNbHbIX MOSOXKEHWNA.
TeopeTnyeckn HenpepbIBHbIA CUrHaM MoXeT nepegaBaTe 6eckoHeyHoe
KONMYecTBO MHAOPMaLUM, MOCKOSIbKY MOXET MPUHUMAaTb HeorpaHu4yeHHoe
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yncno 3HayeHun. Ha npakTuke, ofHako, WyM M OWMOKM M3MepeHus
orpaHuymnBaloT WHcopMaLumio, nepegasaemyto BONbLUIMHCTBOM
HenpepbIBHLIX curHanos, Auana3oHom ot 10 6uT go 16 6ut. Ecnn xe
n3MepeHue ypoBHHA CurHana AOSMKHO ObiTb NPon3BeAeHO oYeHb ObICTpo, TO
obbém nepegaBaemMon uHdopmauun bypet ewe Hwxe (B crnydae 10 6uT,
Hanpumep, 310 OyaeT Tonbko 8 6uT).

MpeomeT 3TOM KHWUMM — UMEPOBBIE CXEMbI, UCMOMNb3YHOLWME [BOVNYHbIE
nepemeHHble Hymnb 1 eanHuuy. [xopax bynb paspaboTtan cuctemy norviku,
NCMOMb3YIOLLYI0 ABONYHbIE MEPEMEHHbIE, U 3Ty CUCTEMY CErofHsl Ha3bIiBaloT
ero nMmeHem — byneea nozuka. byneBbl nepemMeHHble MOryT MpuHMMaTb
3Hayenus UCTUHA (TRUE) wnn JIOXKb (FALSE). B anekTpOHHbIX
KOMMNblOTEPaxX MONOXWTENbHOE HanpsbkeHne OObIMHO  npeacTaBnseT
€AVHMLY, a HyneBOe HanpskeHue npeactaBnseT Hynb. B aTOM kHure mbl
6yaem ucnonbsoBaTb NoHATUS egunmua (1), UICTUHA (TRUE) n BbICOKOE
(HIGH) kak cuHOHMMBbI. AHanorumyHeiM obpasom mbl Byaem mMcnonb3oBaTb
Hynb (0), NOXb (FALSE), n HN3KOE (LOW) kak B3avMoO3aMeHsiemble
TEPMUHBI.
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Dxopax Bynb,1815-1864

[bxopmk Bynb pogunca B cembe Heboratoro pemecrneHHuka. Popurtenn
[bxopmpka He mMornm onnaTtuTb ero oopMarnbHOro obpasoBaHWsi, MO3TOMY OH
ocBaviBalyl MaTemaTuKy camoyykor. Hecmotpsi Ha ato, Bynio yganmocb cratb
npenogasatenem Koponesckoro komnemka B Mpnawgum. B 1854 ropgy
[bxopmk Bynb Hammucan csowo paboty VccnegoBaHve 3aKOHOB MbILLMEHUS,
KOTOpasi BNepBble BBENa B HAY4HbIi 000POT ABOMYHbLIE MEPEMEHHbBIE, @ TakkKe
TPpUY OCHOBHbIX Nnornyeckux onepartopa U, U, HE (AND, OR, NOT).

(MopTtper  mwbe3Ho  npedoctaBneH  AmepukaHCckuMm  dusmyeckum
UHcTuTyTOM).

MpeumywectBa yugpposoli abcmpakyuu 3aknoyalTcsa B TOM, 4TO
pa3paboTunk LMpoBOA CUCTEMBI MOXET COCPEAOTOUUTLCS UCKIMIOYUTENBHO
Ha efuHMLAX W HynsiX, MOMNHOCTBI WrHOpMpys, kKakum obpasom 6ynesbl
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nepemeHHble npefcTaBneHbl Ha (u3nyeckom yposHe. Paspabotyvka He
BOJTHYeT, NPeACTaBneHbl NN HYNU U eAUHULBI ONpeAeneHHbIMU 3Ha4YeHNaIMU
HanpsbkeHns, BpaLLaloWLUMNCS LECTEPHSAMU UM YPOBHEM rMapaBnmMyeckon
xugkoctun. lMporpammncT MOXeT NPOAYKTMBHO paboTaTtb, He pacnonaras
petancHon uwHpopmauuen o6 annapatHom obecneyeHun KommbloTepa.
OpHako, nNoHMMaHue Toro, kak paboTaeT 3To anmnapatHoe obecrnedyeHuve,
No3BOMSAET MPOrpaMMMUCTY ropasgo fyydlle onTMMUM3NPOoBaTh NporpaMMy Ans
KOHKPETHOro KoMMbioTepa.

Kak Bbl MOMMK BUAETL Bhille, OAWH-eANHCTBEHHbIA BGUT He MOXeT nepeaartb
Gonbluoro Konuyectsa MHgopmauuun. MoaTomy B criegytolweM pasaene Mbl
paccMOTp¥M BOMPOC O TOM, KakuM 06pasoM HaGop OWMTOB MOXHO
“cnonb3oBaTth Ans NpeAcTaBneHust OecATUYHbIX Yucen. B nocnegyrowmx
rmaBax Mbl TAKKe MOKAXeM, KaK rpynnbl GUTOB MOTyT NpeacTaBnsTs OyKBbI U
Jaxe Lenyo nporpammy.
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14 CWUCTEMbI CHUCIEHUA

Mbl Bce npuBbIKNMM paboTaTb C OeCATUYHbIMM  umucnamu. OpHako,
B UMCGPOBLIX  CUCTEMAX, TMOCTPOEHHLIX Ha  eguHuUax W Hynsx,
ncnonb3oBaHne OBOWYHbLIX WK WeCTHagUuaTepuyHbliX 4Yucen 3advacTtyto
bonee ynobHo. B gaHHOM pasgene Mbl pacCMOTPUM CUCTEMbI CHUCMEHUS,
MCMONb30BaHHbIE B 3TOW KHUTE.

1.4.1 JecATU4HasA cuctema cHYUCNeHus

Ewe B HayanbHOM LWKONE HaC BCEX HayyunuM cuuTatb WU BbINOMHATH
pasnuuHble apudmMeTnyeckme onepauum B decamuyHol (decimal) cucteme
cuucrienns. Takas cucteMa ucnonbe3yeT gecatb apabekux undp: 0, 1, 2, 3, 4,
5, 6, 7, 8 9 — cTONbKO X€, CKOMbKO Y HAc manbueB Ha pykax. Yucna
bonblwe 9 3anucbiBaldTCs B BuAe CTPokM umdp. [lpunyem, umdpa,
HaxoOsLasca B KaXaow Mocrneayollen no3mumm Tako CTPOKW, HavyuHas c
KpanHen npaBoy undpbl, UMEET «BECY, B AECATb pa3 NpeBbiLlaloLLNA KBECH
undpbl, Haxogswencs B npegpigywien nosvMuun. MMeHHo noatomy
OECATUYHYI0O CUCTEMY CYUMUCIEHWS] Ha3biBalOT CUCTEMOW MO OCHOBAaHUKO
(base) 10. CnpaBa HaneBO «BeC» KaXgow no3vuum yBenuynBaeTcs
cneaytowmm obpasom: 1, 10, 100, 1000 u T1.4. Mo3uumio, koTopyto LmMdpa
3aHMMaEeT B CTPOKE AECATUYHOTO YMCna, Ha3biBaloT pas3psaoM UK AeKazon.
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YT06bI M3bexaTb Heaopa3yMeHun npu O4HOBPEMEHHoW paboTte c Oonee
YemM OOHOW CUCTEMOW CHYUCMEHMS, OCHOBaHWE CUCTEMbl OBbIYHO
ykasblBaeTcsl nyTem AoGaBneHust undpbl N03agu U YyTb HUXKE OCHOBHOIO
yncna: 974210. Puc. 1.4 nokasbiBaeT, ANA Npumepa, kak AeCcATUYHOE YUCHOo
974210 moxeT ObiTb 3anucaHo B BuAe CyMMbl LU(p, COCTaBRSOLWMX 3TO
UYNCMO, YMHOXEHHBbIX Ha «Bec» pas3psiia, COOTBETCTBYIOLLErO KaxaoW
KOHKpeTHOW uudpe.

N-paspsgHoe [OecATMYHOE 4YMCIO MOXeT MNpeacTaensTe ogHy u3 10N
uMdpoBbIx komBuHauui: 0, 1, 2, 3, ... 10N — 1. 310 HasblBaeTcs
AunanasoHoMm N-paspsigHoro ymicna. [lecaTmyHoe Yncno, cocTosiliee us Tpex
undp (paspsgos), Hanpumep, npeactaeBnaeT ogHy M3 1000 BO3MOXHbLIX
undpoBbix KOMOUHaUMI B AnanasoHe ot 0 go 999.

1.4.2 1BOMYHaA cuctema cYMCreHus

OOUWHOYHBI OUT MOXET MNpuHMMaTb OOHO M3 ABYX 3HadveHun, 0 wnn 1.
Heckonbko OGWUTOB, COEAMHEHHbIX B OOHOW CTpOKe, 00pasyT 08ouyHoe
(binary) uncno. Kaxxgast nocnegytowias nosmuns B BOVYHOW CTPOKE MMeeT
BABOe OOnblIMI «Bec», 4YeM npeabigylias no3vuud, Tak 4YTo [BOUYHAst
CUCTEMA CUYUCIIEHUSI — 3TO CUCTEMA MO OCHOBaHWUKO 2. B ABOMYHOM 4ucne
«Bec» Ka)K,CI,OVI nosnunn yeennymBaeTcd (TaK Xe, Kak nu B AeCATUYHOM —
crpaBa Haneeo) crnegyowum obpasom: 1, 2, 4, 8, 16, 32, 64, 128, 256, 512,
1024, 2048, 4096, 8192, 16384, 32768, 65536 1 1.4. PaboTasa ¢ 4BOUYHbIMU
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ynucnamu, oYeHb MoNes3Ho AN COXPaHeHUst BPEMEHW 3anoMHUTL 3HaYeHust
cTeneHen asoriku go 218,

uwInjoo $,0001
uwn|oo $,001
uwnoa sk
uwn|E9 s, |

9742,0=9x10°+7x 10° +4 x 10" + 2 x 10°

nine seven four two
thousands hundreds tens ones

Puc. 1.4 TpepcTtaBneHne AecATUYHOro Yncna
MpoussBonbHoe N-paspsgHoe OBOMYHOE YMCIIO MOXET MpeacTaBnsTb OOHY
13 2N undposbIx kKoMGUHaumin: 0, 1, 2, 3, ... 2N = 1. B Ta6n. 1.1 cobpaHsl

1-6UTHble, 2-OUTHble, 3-OUTHble, U 4-OUTHble [ABOWYHbIE YMCNA U UX
[ECATUYHbIE 9KBMBANEHTbI.

Mpumep 1.1  NIPEOBPA3OBAHUE YUCEN U3 ABOUYHOW CUCTEMBI
CYMNCIEHNA B AECATUYHYIO

MpeobpaszoBaTtb ABOUYHOE Ymcro 10110, B AecsTUYHOE.

PeweHue: HyxHble npeobpa3oBaHus NpefcTasneHsl Ha Puc. 1.5.
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Ta6n. 1.1 Tabnuua ABOUYHBIX YMCEN U UX AECATUYHLIA SKBUBANEHT

1-6UTHbIE 2-6UTHblEe 3-6UTHbIE 4-GUTHbIE LecatnyHble
[BOUYHbIE Y/CMa OBOMYHbIE YMCa ABOMYHbIE YMCNA ABOWYHbIE YMCIa  SKBMBANEHTbI

0 00 000 0000 0

1 01 001 0001 1

10 010 0010 2

11 011 0011 3

100 0100 4

101 0101 5

110 0110 6

111 0111 7

1000 8

1001 9

1010 10

1011 11

1100 12

1101 13

1110 14

1111

=
(&)1
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=0 H~MN =

Ry vw

a5 o000

00 00 Q

Scecec

£§3333

3333

=]

101102 =1x2*+0x2°+1 x22 + 1 x 2"+ 0 x 2°= 22,9
one no one one no
sixteen eight four two one

Puc. 1.5 Tpeo6pa3oBaHue ABOMYHOrO YuCNa B AeCATUYHOE YUCIIO

Mpumep 1.2 TIPEOBPA30BAHME YNCEN U3 OECATUYHON CUCTEMBI
CUYNCNEHNA B ABONYHYIO

MpeobpaszoBatb gecAaTu4Hoe Yncno 84¢ B ABONYHOE.

PeweHnune: OnpegenuTe, 4YTO [OOMKHO CTOSTb B KaXdoW no3vuuyM OBOWYHOMO
pesynbtata: 1 unu 0. Bbl MOXeTe genaTtb 3TO, HA4YMHAs C NIEBON UMK NPaBON NO3ULIMU.

Ecnu Hauvatb cneBa, Hamgute HambOnbLUyl0 CTEMEHb 2, MEHbLUE WU paBHYH
3agaHHoMy yucny (B MNpumepe Takas cteneHb — 310 64). 84 > 64, noatomy ctaBuM 1 B
nosuuum, cootTBeTcTByloLern 64. OctaeTtcsa 84—64 = 20, 20 < 32, Tak 4TO B No3uumm 32
Hapo noctaBuTb 0, 20 > 16, noatomy B nosuumm 16 ctaBum 1. Octaetca 20-16 = 4.
4 < 8, noatomy 0 B no3uumm 8. 4 = 4 — ctaBum 1 B no3uumio 4. 4—4 = 0, nostomy byayT
0 B no3uuusix 2 n 1. Cobpas Bce BMecTe, nonyyaem 8419 = 1010100,.

Ecnu Havatb cnpaBa, 6ygoem nocnegoBaTenbHO OENWTb UCXOOHOE YUCIO Ha 2.
OcTtaTok naeT B ovepeaHyto no3vumio. 84/2 = 42, noatomy 0 B camoi npaBow No3unuum.
42/2 = 21, 0 Bo BTOopyto no3uvuumto. 21/2 = 10, octatok 1 mMAaeT B NO3NLUIO,
cooTBeTCcTBYHOLWYLO 4. 10/2 = 5, noaTomy 0 B No3mumio, COOTBETCTBYHOLLYIO 8. 5/2 = 2,
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octaTtok 1 B no3uuuio 16. 2/2 = 1, 0 B 32 nosuuuto. HakoHeu, 1/2 = 0 ¢ octaTkom 1,
KOTOpbIN naeT B no3uumio 64. CHoea, 8410 = 1010100,

1.4.3 lllecTHaguaTepu4yHaa cuctemMa CYUCIIeHusA

Vicnonb3oBaHue OJIMHHBLIX OBOWYHbLIX YnUcen Ans 3annucu U BbINONHEHUS
mMaTeMaTUYEeCKNX pac4yeToB Ha Oymare yTOMUTENbHO M YpeBaTo oLMbKaMu.
OpHako ANMHHOE OBOMYHOE YMCIO MOXHO pas3buTb Ha rpynmnbl MO YeTbipe
6uTa, Kaxgasi M3 KOTOpbIX NpefcTaBnsieT ogHy u3 2* = 16 UUdpOBbIX
KoMBuHauuii. VIMeHHO Mo3ToMy 3adacTylo GbiBaeT ygobHee ucnonb3oBaTb
ans  paboTbl cMCTEMY CuYMCNeHUs NO  OCHoBaHuioo 16, HasbiBaemyro
wecmHaduyamepuy4Hol (hexadecimal). Onsi 3anucu wecTHagUaTepPUYHbIX
yncen mcnonb3yoTca umdpbl ot 0 4o 9 n 6ykebl oT A oo F, kak nokasaHo
B Tabn. 1.2 B wecTHaguaTepuyHOM YUCIEe «BEC» KaxKAOW no3uumm
MeHsieTcs criegytowmm obpasom: 1, 16, 162 (unu 256), 162 (unm 4096) u T.4.

WHTepecHo, 4to TepmuH hexadecimal (wecTHaguaTepuyHbI) BBEAEH B
Hay4HbIN 06uxon kopropauver IBM B 1963 rogy un sBnsietcs kombuHaumen
rpeyeckoro crnosa hexi (wecTb) n natuHckoro decem (gecsATb). MNpaBunbHee
ObINo 6bl MCMOMb30BaTh MaTMHCKOE e CMoBO Sexa (LecTb), HO TePMUH
sexadecimal BocnpuHumancsi 6bl HECKONMbKO HEOAHO3HAYHO.
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Ta6n. 1.2 WecTHapuaTepu4Hasa cucTema CHUCeHuUs

LlectHapuaTepuyHas uudpa

[ecaTnyHbI 3KBUBANEHT

[BOVNYHbIV 3KBUBANEHT

30

0 0 0000
1 1 0001
2 2 0010
3 3 0011
4 4 0100
5 5 0101
6 6 0110
7 7 0111
8 8 1000
9 9 1001
A 10 1010
B 11 1011
C 12 1100
D 13 1101
E 14 1110
F 15 1111
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Mpumep 1.3 NPEOBPA3OBAHME WECTHAOUATEPUYHOIO YACHA
B IBOMYHOE N JECATUYHOE

MpeobpasoBaTh LiecTHaaLaTepuyHoe Yncno 2ED;s B ABONYHOE U AECSTUYHOE.

Pewenue: MpeobpasoBaHue LWeCTHaALATEPUYHOro Yvicna B ABOWYHOE M obpaTHO —
O4eHb MPOCTOe, TaK KaK Kaxaas LiecTHaguaTepuyHas umdpa npsamo COoTBETCTBYET
4-pa3psgHoMy ABOWYHOMY uucny. 236 = 0010, Eis = 1110, u Dyg = 1101,, Tak 4to
2ED;s = 001011101101, [llpeobpa3oBaHne B [ECATUYHYID CUCTEMY CUHUCHEHUS
TpebyeT apudmeTukmn, nokasaHHom Ha Puc. 1.6.

Qg

2!

e 5§

53°

=1

2EDg=2x 162+ Ex 16" + D x 16° = 749,

two fourteen thirteen
two hundred sixteens ones

fifty six's
Puc. 1.6 Tlpeobpa3oBaHue WeCTHaALATEPUYHOro Yucna B AECATUYHOE YACIIO

Mpumep 1.4 TNPEOBPASOBAHME IBOVNYHOI O YACNA
B LUECTHAOUATEPUYHOE

Mpeobpaszosatb gBon4vHOEe Yncno 1111010, B wecTHaguaTepuyHoe.

Pewenwne. lMoBTopMM elle pa3, 310 nNpocTo. HaunHaem cnpaBa. 4 HaumeHee
3HauumMbIx 6uta 1010, = Ass. Cnepytowme 6utol 111, = 716. OTctoga 1111010, = 7As.
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Mpumep 1.5 TMNPEOBPA3SOBAHVE JECATUYHOIO YACHA
B WWECTAHOUATEPUYHOE N IBONYHOE

MpeobpaszoBaTtb gecsATnYHOE Ymncno 333, B LecTHaAUaTEPUYHOE Y BONYHOE.

Pewenwue. Kak n B cny4vae npeo6pasosaHMﬂ OEeCATUYHOro 4mcna B ABOUYHOE, MOXHO
Ha4aTb KaK cnesa, TaK U cnpasa.

Ecnu HauaTtb cnesa, HaiguTe HambonblUylo CTeneHb LUEeCTHaALATW, MEeHbLUYo Uin
paBHyt0 3agaHHoMy ymncny (B Hawwem criydae aTo 162 = 256). Yucno 256 coaepxutcs B
yucne 333 TONbKO OAMH pa3s, MOSTOMY B MO3ULMIO C «BECOM» 256 Mbl 3anucbiBaem
eguHudy. Octaetcsa uucno 333-256=77. Yucno 16 cogepxutcsa B uncne 77 veTbipe
pa3a, nosTomMy B MO3UUMIO C  «Becom» 16  3anucbiBaemM  4eTBEpKY.
Octaetca 77 — 16 x 4 = 13. 1319 = D1, NO3TOMY B NMO3NLMIO C «BECOM» 1 3anucbiBaem
undpy D. Utak, 33319= 14D;6, 3TO YMCNO NErko Nnpeobpa3oBaTb B ABONYHOE, KaK Mbl
nokasanu B npumepe 1.3: 14D = 101001101,

Ecnu HaunHaTb cnpaBa, 6yaem noBTOpsiTb AeneHue Ha 16. Kaxaplin pa3 octaTok uget
B ouyepenHyto konoHky. 333/16 = 20 ¢ octatkoM 1319 = Dig, KOTOPbI MOET B CaMmyro
npasyto nosuuuto. 20/16 = 1 c ocTaTkoM 4, KOTOpPbIN MAET B NO3ULMIO C «BecoM» 16.
1/16 = 0 c ocTaTkoM 1, KOTOPLIA MAET B NO3MUMIO C «BecoM» 256. B pesynbTaTte onatb
nonyyaem 14Dg.
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1.4.4 BanT, nony6anT u «Becb 3TOT A)Ka3»

pynna n3 BocbMu OMTOB HasbiBaeTca 6aum (byte). banT npeacraBnset
28 =256 uudpoBbIX KOMOUHaumil. Pa3mep Mogynei, COXpaHeHHbIX B
namsT1 KoMnbloTepa, 0bbIYHO N3MepseTca MMeHHO B 6anTax, a He butax.

lpynna w3 4eTbipex 6uToB (NonoBuHa 6awiTa) HasbiBaeTca nosybalim
(nibble). MonyGant npeacraenseT 24 = 16 UMPOBLIX KOMBUHauuiA. OgHa
wecTHaguatepnyHad uudpa 3aHMmaeT oauH nonybawTt, a gBe
LecTHaguaTepuyHble umMdpbl — oauH 6anT. B HacToswee Bpems nonybanTsl
YK€ He HaxoAaT WMPOKOro MPUMEHEHWs!, OAHaKO 3TOT TEPMUH BCE e CTOUT
3HaTb, Aa W 3By4uT OH 3abaBHO (B aHrnuickom s3bike nibble osHavaet
OTKYCbIBaTb YTO-NMMBO ManeHbLKMMMN KyCOYKamm).

Mwukponpoueccop obpabaTtbiBaeT AaHHble He LenuMkoM, a HebonbLumMmu
6rnokamu, HasbiBaembiMu crnoBamu. Pa3avep croea (word) He sABnsetcs
BENNYMHON, YCTAaHOBMNEHHOW pa3 M HaBCer4a, a onpefenseTcss apxXuTekTypon
Ka)KOoro KOHKPETHOro MuKpornpoueccopa. Ha MOMEHT HanMcaHus STOW rnaebl
(8 2012 rogy) abconoTHOoe O6OMNbLIMHCTBO KOMMBIOTEPOB MCMONb30Baro
64-6uTHble npoueccopbl. Takne npoueccopbl 0bpabaTtbiBalT UMHMOPMaLUto
6rnokamu (cnoBamu) anvHoM 64 Outa. A ewe He Tak [ABHO BEpPXOM
COBEpLUEHCTBA CUUTANUCb KOMMblOTEPbI, 0bpabaTtbiBatoime KMHOPMaLMIO
cnoBamu gnuHon 32 6uta. MHTepecHo, YTo U cerogHs Hamboree npocTble
MWKPOMpPOLIECCOPbl MU OCOBEHHO Te, YTO YNpaBnsoT paboToW Takux ObITOBbLIX
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YCTPOWCTB, KaK, Hanpumep, TOCTePbl UMM MUKPOBOMHOBLIE MEYN, UCTIONb3YIOT
crnosa AfiMHon 16 6uT unu gaxe 8 our.

B pamkax ogHomn rpynnbl GUTOB KOHEYHbIA OUT, HaxoOAWMWACA Ha OOHOM
KOHUE 3TOM rpynnbl (06bIMHO MPaBOM), Ha3bIBAETCA HauMeHee 3Ha4yuMbIM
bumowm (least significant bit, Isb), vnn npocto mradwum 6umom, a GUT Ha
OPpYromMm KoHLUe rpynnbl HasbiBaeTcs Hauboriee 3HaqyumbiM 6umom (most
significant bit, msb), nnn cmapwum 6umom. Puc. 1.7 (a) aeMoHcTpupyet
HaumeHee M Haubonee 3Ha4YMMble GUTbI B crnyvae 6-6MTHOrO OBOWMYHOrO
yncna. AHamnornyHbiM 06pa3omM, BHYTPM OOHOIO CrOBa MOXHO BblAENUTH
HammeHee 3Havumblv 6awnT (least significant byte, LSB), nnu mnagwwii 6awr,
N Haubonee 3HauMMmbIi B6anT (most significant byte, MSB), nnu crapun
6ant. Puc. 1.7 (b) nokasbiBaeT, Kak 3TO geraetca B cnydyae 4-6GanWTHOro
yucna, 3anMcaHHOro BOCEMbIO LIECTHaALATePUYHbIMU LUdpamu.

101100 DEAFDADS
most least most least
significant significant  significant  significant
bit bit byte byte

(a) (b)

Puc. 1.7 HaunmeHee u Hanb6onee 3Ha4YMMbie OUTbI, U 6aNTbI
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B cuny yaayHoro coBnagenusi 210 = 1024 = 103, 3TOT hakT No3eonsieT HaMm
MCcnonb3oBaTb MNPUCTaBKY KUo (rpevyeckoe HasBaHwe Thicaun) Ans
CoKpalleHHoro o6oaHadeHus 219, Hanpumep, 21° 6ait — 310 oAuH KunoGant
(1 KB). MNopobHbim e obpasom, Meea (rpedeckoe Ha3BaHWe MWMMMOHA)
o603HavaeT 220 = 105, a euesa (rpeyeckoe Ha3BaHWe MUNNNapAa) ykasoiBaeT
Ha 230 = 10°. 3Has, yto 210 = 1 Thicaua, 220 = 1 munnuoH, 2%° = 1 munnuaps
M MOMHSA 3HaYeHUs cTerneHen OBOMKM A0 2° BKMYWUTEnNbHO, GydeT nerko
NpMGNN3NTENBLHO paccynTaTb B yMe Mobyro ApYryto CTeneHb ABYX.

Ecnm  nogxogute  abcomioTHO  CTPOrO K TepMUHOMOrMKM,  TO
MWKPONPOLIECCOPOM Ha3bIBaETCS TAaKON NPOLIECCOP, BCE ANEMEHTbI KOTOPOro
pasmellaeTcds Ha opHou Mukpocxeme. [Oo 70-x rogoB XX Beka
NorynpoBOAHNKOBAas TEXHOMOTMSA He Mo3Bofsna pa3MecTUTb MpoLeccop
LEeNnMKOM Ha OJHOW MMWKPOCXeMe, MNO3TOMY MpOLEeccopbl  MOLLHbIX
KOMMbIOTEPOB MNpeacTaBnsanM cobon Habop nnat ¢ AOBOMbHO OonbLUMM
KONMMYECTBOM Pasfnn4YHbIX MUKpPOCXeM Ha Hux. Komnawus Intel B 1971 rogy
npeacTaBuna nepsbii 4-6UTHBIM MUKPONPOLIECCOP, MOMYYMBLLNIA B Ka4ecTse
HasBaHuA Homep 4004. B Hawu p[OHWM paxe cavble nNepefoBble
CYNepKOMMbIOTEPbI MOCTPOEHbI Ha MUKpPOMpoLieccopax, Mo3ToMy B 3TON
KHUre Mbl Oygem cuuTatb  «KMUKPOMPOLIECCOP» U «MPOLIECCcop»
TOXOECTBEHHbIMWA MOHATUAMM W WCMOSb30BaTb 00a 3T TepMmuHa Kak
CUHOHWUMBI.
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Mpumep 1.6  OLIEHKA CTEMEHEW ABOVIKU
Haigute npubnuautenbHoe sHadeHne 224 6e3 UCMomb30BaHUSA KarnbKynsaTopa.
Pewwenue. MNpeacTaBbTe 9KCNOHEHTY Kak YMCMO KpaTHOE AEeCATH U OCTaToK.

2% = 220 x 24 220 = 1 MunnuoH. 2* = 16. Utak, 2%* = 16 munnuoHos. Ha camom gene
2% = 16 777 216, HO 16 MWMNIIMOHOB — [OCTATOYHO XOpoliee NPUBIKEHVe ans
MapKETUHIOBbIX LieNen.

Tak xe kak 1024 Ganta HasbiBatoT Kumobatimom (KB), 1024 6Guta HasbiBalOT
kurnobumom (K6 wnmn k6but). AHanornyHeim obpasom, MbB, M6, I'b u 6
NCMOMb3YIOTCA ANA COKpaLLeHHOro 0603Ha4yeHnss MUnMoHa v munnuapaa
6anTtoB n 6uToB. PasmMepbl aneMeHTOB MamMaTM OObIMHO WM3MEpPSTCH B
HanTax. A BOT CKOPOCTb Nepeaayn AaHHbIX M3MepseTcs B butax B CekyHay.
MakcmanbHas CKOpOCTb nepedadv AaHHbIX TernegOHHbIM  MOOEMOM,
Hanpumep, cocTaBnsaeT 56 KMnobut B cekyHay.

1.4.5 CnoxeHue ABOUYHbIX YUcen

CnoxeHve [BOWYHBIX YMCEN MNPOM3BOAMTCA TaK Xe, Kak W CrOoXeHue
OECATUYHBIX, C TOM NULWb Pa3HULEN, YTO ABOUYHOE CIIOXKEHUE BbIMOSTHUTb
ropasgo npouwe (cM. Puc. 1.8). Kak n npu CnoxeHun OeCATUYHbIX YMCEen,
ecnu cymMma ABYX YMCEn MpeBbIlaeT 3HayeHue, NMoMeLLarLLleecss B OOUH
paspsg, Mbl nepeHocum 1 B cneaywowmn paspsg. Ha Puc. 1.8 gng
CpaBHEHUS NMOKa3aHO CHOXEeHNe AeCATUYHbIX U ABOUYHbIX Yncen. B kpaiiHen
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npaBon konoHke Ha Puc. 1.8 (a) cknagpiBatotca uimcna 7 n 9. Cymma 7 + 9 =
16, yto npesbIWwaeT 9, a 3HaunT, 6onbLle TOro, YTO MOXET BMECTUTb OAMH
OecaTnyHbln  paspsag. [lostomy Mbl 3anucblBaem B NepBbii paspsg 6
(nepsas KonoHka), n nepeHocum 10 B cnepytowmn paspsa (BTopasi KOnoHKa)
kKak 1. AHanormyHbIM >xe 06pasoM Npu CNOXEHUM ABOWUYHBIX YMCEN, ecru
CyMMa [ByX umcen npesbiwaeT 1, Mbl NepeHocuM 2 B Cneaylowmin paspss
kak 1. B npaBon kornoHke Ha Puc. 1.8 (b), Hanpumep, cymma 1 + 1 = 210 =
102, YTO HE MOXET YMECTUTbCSl B OLHOM ABOWMYHOM paspsae. MosTtomy Mmbl
3anucbiBaem O B nepBoM pa3psife (nepsasi KofioHka) m 1 B crneaylolemM
pas3psge (BTopasi KOroHka). Bo BTopol konoHke onAatb cknagpisaiotca 1 1 1
n ewe gobasngeTca 1, nepeHeceHHas cioga Mnocne CroXeHus 4ucen B
nepson konoHke. Cymma 1 + 1 + 1 = 310 = 112. Mbl 3anuceiBaem 1 B nepBbIv
pa3psg (BTopas KONMOHKa) M cHoBa gobaensem 1 B crnefywoowmin paspsag,
(TpeTbs KonoHka). o oyeBMAHOWM NpuuMHE OUT, [OOABMNEHHBIN B COCEOHUI
pa3psig (KOMNoHKy), Ha3blBaeTcst buTom nepeHoca (carry bit).

11 <« carries» 11

4277 1011
+ 5499 + 0011

9776 1110

(a) (b)

Puc. 1.8 TpumMepbl cnoxeHus ¢ nepeHocoMm: (a) AecaTuyHoe (b) ABonyHOE
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. Mpumep 1.7 ABOWNYHOE CNOXEHWE

0111 Bbiumcnvts 0111, + 0101,
+ 0101 Pewenue. Ha Puc. 1.9 nokasaHo, 4to cymma paeHa 1100,.
1100 MepeHoCh! BblOENEeHbI CUHUM LBeTOM. Mbl MOXEM MpoBepUTL
Puc.1.9 Mpumep Hally paboTy, NOBTOPUB BLIYUCTIEHNS B AECSTUYHON CUCTEME
nABouyHoro cnoxenns  cuncnennsa. 0111; = 750, 0101, = 5. Cymma paBHa 125 =
1100,

LindpoBble cucteMbl OObIMHO  OMEPUPYOT  4YMclamMm C  3apaHee
onpefeneHHblM U (UKCMPOBAHHBIM KONMMYecTBOM pa3psifoB. CuTyauuio,
Korga pesynbTaT CIOXEHWUsi MPEBbILIAET BblAENEHHOE AN HEro KONMM4ecTBO
pa3psaoB, HasbIBalOT rneperosiHeHuem (overflow). YeTbipexbuTtHasa sdenka
namaTn, HanNpumep, MOXET COXPaHATb 3HadeHus B ananasoHe [0, 15]. Takaa
SAYenka nepenonHaeTcs, ecnu pesynbTaT CroXeHUs npesbilwaeTt yucno 15.
B aTom cnyyae [ononHUMTENbHBIA NATLIA OUT oTOpackiBaeTcs, a pesynbTarT,
OoCTaBLUMNCA B YeTbipex butax, byaeTt ownboyHbiM. MNepenonHeHne MOoXHO
0BHapyxuTb, ecrnv cneauTb 3a nepeHocom buta M3 Hauboree 3Ha4MMOro
paspsga ABOMYHOro yucna (cm. Ha Puc. 1.8), n3 Hanbornee neBomn KOMOHKN.
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1.1
1101
+ 0101
10010

Puc. 1.10 Mpumep
ABOWUYHOrO CIIOXEHUSA
C nepenonHeHuem

Mpumep 1.8  CIIOXXEHWE C NMEPENONHEHVEM
Bbuucnute 1101, + 0101,. ByaeT nu nepenonHexHune?

Pewenue. Ha Puc. 1.10 nokasaHo, 4to cymma pasHa 10010,.
PesynbtaT BbIXOOWT 3a  rpaHuubl  4eTbipexbuToBOro
OBOUYHOro uucna. Ecnun ero HyxHoO 3anoMHuTb B 4-x buTax,
Havbornee 3HauYMMbI GUT NponageT, OCTaBMB HEKOPPEKTHBIN
pesynbtat 0010,. Ecnu BbluMCREHWA NpoM3BOAATCA C
yucnamm c nATbo unu Gonee 6utamu, pesynbtat 10010,
6yOeT KOPPEKTHbLIM.

1.4.6 3HaK ABOUYHbIX Yuncern

o cux nop Mbl paccmaTtpvBanu ABOMYHbIE Yucrna 6e3 3Haka (unsigned) — 1o
eCTb TOMbKO MOMOXMTeNbHblE 4Yucna. Yacto, ogHako, ANS BbIYUCNEHUN
TpebytoTCA Kak NONoXWUTeNbHbIE, TaK U OTpULaTeNbHbIE YACNA, @ 3TO 3HAYMT,
4YTO AN 3Haka [ABOWYHOrO 4Yucra Ham notpebyeTcs AOMOMHUTENbHbLIN
pa3psa. CyulecTtByeT HeCKONbKO CrnocoboB MpeacTaBrneHns OBOWYHBIX
yncen co 3HakoMm (signed). HanGonee wmpoko npumensitotes aea: Mpsamod
Koo (Sign/Magnitude) v JononHumenbHbit Kod (Two’s Complement).
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Mpamon kop

MpencraBneHve oTpuuatenbHbIX ABOWMYHBLIX C MCMONb30BaHWEM MPSAMOro
KOAa MHTYUTMBHO NOKaxeTcs BaM Hanbonee npuBnekaTenbHbIM, MOCKOMNbKY
coBMagaeT C NPMBbIYHBIM CNOCOBOM 3anmncy oTpuuaTenbHbIX Yncen, Koraa
CHayana wuaeT 3HaK MUHYC, a 3aTeM abConTHOe 3HayeHue Jucna.
[BounyHoe uucno, coctoswee n3 N 6UTOB M 3anMcaHHOe B MPsSIMOM Kofe,
ncnonb3yet Hambonee 3HauMMbI OUT ondA 3Haka, a octanbHele N-1 6uTa
ons  3anucn  abcomnTHOro 3HadeHWss aToro umucna. Ecnn  Hambonee
3HauMMbIn 6uT 0, TO 4Ymcno nonoxutenbHoe. Ecnn Hambonee 3Ha4YMMbIN
6uT 1, TO YMCno oTpULLATENBHOE.

Mpumep 1.9 NPEOCTABNEHWE YXCEN B NPAMOM KOAE

BanuwmTe ymcna 5 n —5 kak YeTbipexbuToBble YMcna B NPSAMOM Koae

Pewenune: Oba uncna mmetoT abconoTHyO BenuUnHy 550 = 101,. Takum obpasom,
510= 01012 Nn-5,= 11012

K coxaneHuto, CTaHOapTHbIM cnocob crnoxeHus He paboTaeT B crnydae
OBOMYHBIX YMCEN CO 3HAKOM, 3anucaHHbiX B MNpsAMOM kode. Hanpumep,
cknagbiBast =510 + 510 NpuBbIYHBLIM cnocobom, nonydaem 11012 + 01012 =
100102. YT0, ecTecTBEHHO, €CTb MOJHbIVA abcypa.

[BonyHasa nepemeHHas anvHon N GUTOB B MPsAMOM  KOAE MOXET
NpeacTaBnAThb YACo B AnanasoHe [-2V1 + 1, 2V -1 - 1].
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[pyron HecKonbKO CTPaHHOW OCOGEHHOCTbIO MNPAMOro Koda SBMseTcs
Hannyue +0 n -0, npnuem oba 3TUX YMcna COOTBETCTBYIOT OAHOMY HYIIHO.
HeTpyaHo nNpeanonoxuTb, YTO NpeacTaBneHne OQHOW U TOW Xe BENUYMHbI
ABYMS pasnuyHbiMm cnocobamm YpesaTto oLunbkamu.

JononHuTenbHbIN Kog

[BonYyHblE Yncna, 3anMcaHHble C UCMONb30BaHWEM AOMOMHUTENBHOMO Koaa,
N OBOVYHblE yucra 6e3 3Haka WMAEHTUYHbI, 3a WCKMOYEHWEM TOro, YTO B
crydae [OOMOMHUTENbHOTO Koda Bec Hambonee 3Hadyumoro 6Gura —2N1
BmecTo 2V1, kak B crnydae ABOMYHOrO uucna 6e3 sHaka. [JononHUTenbHbIN
KOA rapaHTUpyeT ogHO3Ha4yHOe NpeacTaBrieHNe Hyns, AONyCKaeT CrOXeHue
yucen no NpYBLIYHOM CXeMe, a 3HauuT, U3baBneH OT HeOOCTATKOB MPSIMOro
Kona.

B cnyyae pononHUTENbHOrO Koda HyneBoe 3HayeHue npeacTaBrieHo
HynsMn BO BCex paspsgax gsouyHoro uucna: 00...0002. MakcmmansHoe
NONOXUTENbHOE 3HAYeHWe NpPeACTaBleHO Hyrnem B Haubonee 3Ha4YMMOM
paspsige M edvHMuaMuM BO BCEX [ApYrMx paspsiaax ABOWMYHOrO 4ucna:
01...1112 = 2Nt - 1, MakcumanbHoOe OTpuuaTenbHOEe 3HayYeHve MmeeT
eavHWUy B Hauboriee 3HauUMMOM paspsie M HynuM BO BCEX OCTarlbHbIX
paspagax: 10...0002 = -2N-1 OtpuuatenbHas eguHuua npeacTasneHa
eavHMLamMKn BO BCeEX pa3spsaaax ABonyHoro yucna: 11...1112.
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Paketa ApwaH-5 ueHoW 7 MuNnMapZoB OONNapoB, 3anylueHHas 4 WoHS
1996 roga, OTKNOHWMMAck OT Kypca WM paspywunack Yepes 40 cekyHg nocne
3anycka. OTka3 6bin Bbi3BaH TEM, YTO B GOPTOBOM KOMMbLIOTEPE NMPOU3OLLIIO
nepenonHeHne 16-paspsgaHbIX PErMcTpoB, MOCIE KOTOPOrO KOMMbIOTEP
BbILLEN U3 CTPOSI.

MporpammHoe obecneyeHne ApuvaH-5 Gbino TWATENbHO MPOTECTUPOBAHO,
HO Ha pakeTe ApuaH-4. OgHako HoBasi pakeTa umena gspuratenu ¢ bonee
BbICOKMMMW CKOPOCTHbIMW MapaMeTpamMu, KOTopble, Oyayyn nepedaHHbIMU
6opTOBOMY KOMIMbLIOTEPY, U BbI3BANV NEPENONIHEHNE PEMNCTPOB.

.

(Poto: ESA/CNES/ARIANESPACE- Service Optique CS6)

42
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O6patute BHUMaHME Ha TO, 4YTO Hauboree 3HaYMMbIN pas3psn Yy BCeX
NONOXUTENbHLIX Yncen — 310 «0», B TO Bpemsi Kak Yy oTpuuaTtenbHbIX
yncen — 310 «1», TO ecTb Hanbonee 3Ha4YUMbIN BUT OOMNOMNHUTENBHOIO KoAaa
MOXHO paccmaTpuBaTth Kak aHarnor 3HakoBoro 6uta npsimoro koga. OgHako
Ha 3TOM  CXOACTBO  KOH4YaeTCcs,, MOCKOMNbKy  OCTanbHble  OUTbI
[OMNOMHUTENBHOIO KoAa MHTEPNPETUPYIOTCA He Tak, kak OMTbl NpsSMOro koaa.

B cnyyae gononHUTENbLHOrO KoAa, 3HaK OTpMLATENbHOIrO ABOMYHOMO Yucna
N3MEHSIETCA Ha MNPOTMBOMOSNIOXKHBIA MNYTEM BbINOMHEHMS  CrneLumansHON
onepaumu, HasbiBaemon OQornosnHeHuemM 0o 0syx (taking the two’s
complement). CyTb 3TOM onepauum 3akn4yaeTca B TOM, 4TO
WHBEPTUPYIOTCS BCe OWTbI 3TOro 4YMcna, a 3aTeM K 3HAYeHUI0 HavMeHee
3HaumMoro 6uta npubasnsetca 1. NopobHasa onepaums NO3BONseT HaNTU
OBOWYHOE NpeACTaBrieHMe OTpUUATENIbHOro Yucra Wnv onpeaenuTb ero
abcontoTHoe 3HaveHue.

Mpumep 1.10 NPEOCTABNEHNE OTPULIATENIbHbIX YXACEN
B AOMNOJIHUTEJIbBHOM KOLE
Haiitv npeacraeneHne —2;0 kKak 4-6MTOBOro Yncna B AOMONMHUTENBHOM Kofe.

PelweHune: HayHute c +2;0 = 0010,. AnA nomyvyeHus —2io MHBEPTUPYUTE OUTbI 1
nobaebTe eauHuuy. WHeepTupyst 0010,, nmonydumm 1101, 1101, + 1 = 1110,.
Utak, —210 pasHo 1110..
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Mpumep 1.11 SHAYEHUME OTPUUATEJIbHLIX YACEN B AOMNOJIHNTENBHOM
KOOE

Haritn gecatnyHoe 3HaveHune ymicna 1001, B 4ONOMHUTENBHOM KoAe.

Pewenune: Yucno 1001, wumeeT cTapwyio 1, NO3ITOMYy OHO [OMMKHO ObITb
oTpuuatenbHbIM. YTobbl HANTK ero Moaynb, UHBEPTUPYeM Bce 6uTbl 1 fobasnsem 1.
MuBepTtnpysa 1001,, nonydmm 0110,. 0110, + 1 = 0111, = 740. Otctoga, 1001, = =74,

HeocnopvMbIiM NpenmyLLIECTBOM AOMOMHUTENBHOMO Koda SIBMSIeTCst TO, YTO
NPYBbIYHBIN CNOCO6 CNoXeHUa paboTaeT Kak B Criydae MonoXuTenbHbIX, TakK
N oTpuuaTenbHbIX Yncen. HanomHum, ogHako, 4To Npu crnoxeHnn N-GUTHBbIX
yncen N-Hbin 6uT (T.€. N + 1-1n 6UT pe3dynbTaTta) He NepeHoOCUTCs.

Mpumep 1.12 CNOMKEHWE YNCEN, MPEACTABNEHHbIX B JOMNONHUTENBHOM
KOOE

Bbiumcnutb (a) =210 + 1io U (b) =710 + 710 C NOMOLLBIO YMCEN B AOMNOSHUTENBHOM KoZe
PelwweHue: (a) _210 + 110 = 11102 + 00012 = 11112 = _110. (b) _710 + 710 = 10012 +

0111, = 10000,. MsaTeIn 6GUT oTOpacbiBaeTCs, OCTaBMsAs MPaBUIbHbIA 4-OUTOBLIN
pesynbtat 0000s.

BbluMTaHMe OOHOro ABOMYHOIO YMCna M3 APYroro OCYLUECTBNSETCA nyTem
npeo6pa3oBaHMs BbIYMTAEMOr0O B [OMOMHUTENbHbIA KOA U NocneaytoLlero
€ro CIOXXEHUS C yMeHbLUaeMbIM.



aea 1 OT Hynsa Ao eanHULbI 45

Mpumep 1.13 BbIMUTAHUE YACEN B OMNONHNTENBHOM KOOE

Bblumennte (@) 510 — 310 M (b) 310 — 510, ucnonb3ys 4-pa3psgHble uucna B
[OOMOMNHUTENBHOM KoZe.

PeweHue:

(a) 310 = 0011,. Bbluncnsas ero 4ONONHUTENbBHBIVA KOA, nony4um -3 = 1101,. Tenepsb
cnoxum 559 + (=310) = 0101, + 1101, = 0010, = 2i0. OTMETUM, YTO NEpeHOC K3
Hanbonee 3Ha4MMON NO3nLMKN cOpackiBaeTCs, MOCKOMNbKY pe3ynbTaT 3anucbiBaeTcs B
yeTbipex buTax.

b) Bbluncnss AononHUTENbHBIN KOA OT 519, NONy4nM —5;0 = 1011,.
Tenepb Croxum 3o + (=510) = 0011, + 1011, = 1110, = =24,.

[ononHeHne Hyns OO0 ABYX Takke NPOM3BOAUTCS MyTEM WHBEPTUPOBAHWUS
Bcex 6utoB (ato gaet 11...1112) n nocnegywowmmMm npubasnexHmem 1, 4to
JenaeT 3HayeHust Bcex GuToB paBHbiM 0. IMpu 3aTomM nepeHoc HaubGonee
3HauMmoro Guta urHopupyetcs. B pesynbTaTe, HyrneBoe 3HayeHue Bcerga
npeactaBneHo Habopom TOmnbKO HyneBbix GUTOB. B oTnnume ot npsimoro
Kofa OOMONHMTENbHBIA KOO He MMeeT oTpuuaTtenbHoro Hyns. Hynb Bcerga
cUMTaeTCA NOMNOXUTENbHBLIM YMCIIOM, TaK Kak ero 3HakoBbIli 6UT Bcerga 0.

Tak e, Kak 1 ABOMYHOE Yncro 6es 3Haka, npoussonbHoe N-BUTHOE YMcno,
3anucaHHoe B [OMOMHUTENMbHOM KOA4E, MOXeT MpuHUMaTb oaHo u3 2N
BO3MOXHbIX 3Ha4yeHuin. OfHako, Becb OTOT OManasoH pasfeneH Mexay
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NoONIOXKMUTENbHLIM W OTpUUaTenbHbIM  Yucnamn. Hanpumep, 4-6uTHoe
ABouyHoe 4vmcno 6e3 3Haka MoxeT npuHumatb 16 3HaveHun ot 0 go 15.
B cnyyae pononHuTenbHoro kopa, 4-OMTHOE 4MCNO Takke MpuUHUMaeT
16 3HayeHui, Ho yxxe oT —8 go 7. B obwem cnyyae, guanaszoH N-6GutHoro
yucna, 3anucaHHOro B AOMOMHUTENLHOM Koale, oxBaTbiBaeT [-2N2, 2N-1 — 1],
Jlerko MoHsITb, NOYeMy B OTpuLATENBHOM AMana3oHe O0Ka3anocb Ha OOHO
3HayeHne 6Gonblue, YeM B MONOXUTENbHOM — B [JOMOSMHUTENBHOM Koae
OTCYTCTBYET OTpuLUaTenbHbIA Hynb. MakcumanbHoe oTpuuaTenbHOEe YUCIO,
KOTOpPOe MOXHO 3anucaTb, UCnonb3ys gononHuteneHbln ko 10...0002 =
-2\ uHorga HasbiBalOT cmpaHHbIM yucriom (weird number). YTo6bI
OOMOMHUTBL 3TO YMCNO A0 ABYX, MHBEPTUPYEM BCe ero 6utbl (3TO JacT Ham
01...1112), npubasmum 1 n nonyynm B pesynbtate 10...0002 — onaTb 3710 Xe
camoe «CTpaHHoe» unmcno. To ecCTb, 3TO eOUHCTBEHHOE OTpuuaTernbHoe
4YMCI0, KOTOPOE HE MMEET MOSIOXKMUTENBHON Napbl.

B cnyyae OONOMHUTENBHOrO KoAda CIOXEHME ABYX MONOXWUTEMbHbIX UMK
oTpuuaTenbHbIX N-BUTOBbLIX YMCEN MOXET MPUBECTU K NEepPenosHeHMo, ecriu
peaynbTat 6yaeT 6onblue, yem 2Nt — 1, unu mexblue, yem —2N1, CrnioxeHue
MOMOXMTENBHOMO M OTPMLATENIbHOrO YMCra, HanmpoTMB, HUKOrAa He
npuMBOAMT K NepernoniHeHutio. B oTnuune oT aBouyHOro uucna 6e3 3Haka
nepeHoc Haubonee 3HauMmoro OuTa He ABNSETCS  NPU3HAKOM
nepenonHeHuss. BmecTo 3Toro MHAMKATOPOM MepenoniHeHus saBnseTcs
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CUTyauund, Korga nocrie CIrioXeHua OByX 4ucen C OAMHAKOBbIM 3HAkKOM
3HaKOBbI OUT CyMMbl HE coBMaadaeT CO 3HaKOBbIMU OvTamu craraembix.

Mpumep 1.14 CIIOXEHWME YNCEJ B AOMOJIHATEJIbHOM KOAOE
C MNMEPENONHEHMEM

Bbluncnutb 419 + 510, MCNOMb3ysi YeTbIpEXOUTHBIE YMCNa B OOMOMHUTENBHOM KOAE.
Mpownsonget nu nepenosHeHne?

Pewenwue: 4,9 + 590 = 0100, + 0101, = 1001, = —74. Pe3ynbTat He nomeLlaeTcs B
OManasoH MOMOXMWTENbHBIX YEeTbIPEXOUTHBIX 4ucen B OOMOSNHUTENbHOM  KoZe,
oKasblBasiCb OTpuuaTenbHbiM. Ecnu Obl BblMUCNEHME BLINOSHAMNOCL C MSATHIO UMK
bonee 6utamu, pesynbrat 6bin 6bl Takon 01001, = 944, YTO NPaBUIBHO.

B cnyyae HeobGxogmMMoCTW yBenu4yeHusi konmdectsa GUTOB NpOM3BOSBHOrO
yncna, 3anuMcaHHoOro B AOMOSHUTENbBHOM KOAe, 3HayeHue 3HakoBoro buta
OOMKHO  ObITb  CKOMMPOBAHO B Haubornee  3HauMMble  paspsiabl
MOOMMULMPOBAHHOIO 4ncna. JTa onepauusi HasbiBaeTCs  3HAKOBbIM
pacwupeHueM (sign extension). Hanpumep, uucna 3 1 —3 3anucblBaloTcs B
4-6uTHOoM pononHuTensHom koge kak 0011 n 1101 cooTBeTcTBEHHO. Ecnu
Mbl YBENWYMBAEM YUCNO paspsgoB OO0 cemMu OWUTOB, Mbl  JOMMKHbI
CKOMUPOBaTb 3HAKOBbIN OUT B Tpu Haubornee 3Ha4YMMbIX OuTa
MoaMULMPOBaHHOrO Yncna, Yto gaet 0000011 mn 1111101.
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CpaBHeHMue cnoco6oB nNpeacTaBNeHuUs ABOMYHbIX Yncers

Tpn Hanbonee yacTo UCNONb3ywLWMECS Ha NpakTuke cnocoba
npeacTaBneHns OBOWMYHBIX 4Mcen — 3TO [ABOMYHble 4ucna 6e3 3Haka,
npsMor kog W JononHuTenbHbi kod. Ta6n. 1.3 cpaBHMBaeT Auanas3oH
N-BUTHBIX 4Mcen Ans Kaxgoro M3 atux Tpex cnocobos. [MpeumyuiecTsa
OOMOMHUTENBHOMO KoAa 3aKM4valTcsl B TOM, YTO ero MOXHO MCMOSb30BaTh
ONs NpefcTaBneHnst Kak MONOXWUTENbHbLIX, TaK M OTpuUaTenbHbIX LENbIX
ymcen, a npuBbIYHBLIA cnocob croxeHus paboTaeT ans Bcex uucen,
NPeACcTaBreHHbIX B OOMOMHUTENBHOM Kode. BblumTaHve ocyulectBnsieTcs
nytem npeobpasoBaHMsa BblYMTAEMOrO B OTpuLATeNbHOE YUCNO (T.e. NyTeM
JOMOMHEeHNss 3TOro 4YMcna [0 ABYX) W MOCMeayloLwero CrioxeHuss c
yMeHbllaembiM. B pganbHedweM B 3TOW KHWre, eCnu He ykasaHO WHoe,
npegnonaraeTcsi, 4YTO BCe [OBOWMYHbIE 4uiCna  MpeacTaBneHbl B
[OMNOMHUTENBHOM KoAe.

Ta6n. 1.3 Ounana3oH N-GUTHbIX Yncen

Cuctema [unanasoH

[1BonuHble uncna 6e3 3Haka [0, 2N —1]
Mpsimoii kog, [-2N-1 + 1, 2N-1 — 1]
[lononHuTenbHbIN Kof, [-2N-1, 2N-1 — 1]
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T T T T T T T T T T T T T T T T T T T T T T T T
-8 -7y 6 5 4 -3 2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Unsigned 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111

1000 1001 1010 1011 1100 1101 1110 1111 0000 0001 0010 ©O11 0100 0101 @110 0111 Two's Complement

0000
1111 1110 1101 1100 1011 1010 1001 0001 0010 0011 0100 0101 0110 0111 S|gn."Magmtudc
1000

Puc. 1.11 Yucnosas wkana u 4-6MToBOE ABOMYHOE KOAMPOBaHMe

Ha Puc. 1.11 wu3obpaxeHa [pecaTndHass 4ucnoBas LWKanma C
COOTBETCTBYHOLUMMU OECATUYHBIMU U 4-OUTHBIMU  ABOWYHLIMW  YMCHIAMU,
NpeacTaBneHHbIMU TPeMs BbILLeNepeyncrneHHbIMn cnocobamu. [BonyHbIe
uncna 6es3 3Haka Haxogatcs B gvanasoHe [0, 15] w pacnonaraiotcs B
oOblyHOM nopsigke. 4-O6MTHblE [OBOWMYHBIE 4MCRa, MNPEACTaBlEHHblE B
OOMOMHUTENBHOM  KoZde, 3aHumatroT aumanasoH [-8, 7].  [llpuyem,
nonoxwuTteneHele yucna [0, 7] cnonb3yT TOYHO Takyo e KOAMPOBKY, Kak 1
OBouYHble uucna 6e3 3Haka. OTpuuartenbHble xe uucna [-8, -1]
KOAMPYIOTCA Takum oOpasom, 4YTO Haubonbluee [ABOMYHOE 3HaveHue
KaXgoro Takoro Yncna 6es3 3Haka npegcraBnsieT 4mcro, Hambonee 6nuskoe
k 0. O6paTTe BHUMAHUE Ha TO, YTO «CTpaHHoe Yncno» 1000 cooTBeTCTBYET
OECATUYHOMY 3HA4YeHuto —8 M He UMeeT NONOoXUTENbHOW napbl. Yucna,
npeacTaBneHHble B MPSMOM KOAE, 3aHUMaloT AnanasoH [—7, 7]. MNpu aTtowm,
Hanbonee 3Ha4YMMbI OUT ABNSETCA 3HaKoBbIM. [lonoXuTenbHble 4Yucna
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[0, 7] ucnonb3ytoT Takylo xe KOAMPOBKY, Kak N ABOMYHblE Yucna 6es 3Haka.
OTpuuaTtenbHble 4Yucria CUMMETPUYHBLI  MOMOXWTENbHLIM, C TOW MNULWb
pasHuLen, 4To MX 3HaKoBbIM BUT nmeeT 3HadveHve 1. Hynb npeacraeneH
aByms 3HaveHusimm 0000 m 1000. B pesynbTate TOro, 4ro ABa u4ucna
COOTBETCTBYIOT OAHOMY Hymo, nwboe npoussonbHoe N-paspsgHoe
[BOVYHOE YMCIIO B NMPSIMOM KOZEe MOXeT NpeAcTaBnsaTh Tonbko 2N — 1 uenbix
yucna.

15 JIOTMYECKUE IJNEMEHTbI

Tenepb, KOrga Mbl 3HaeM, Kak MCMONb30oBaTb OMHApHbIE NMEpPeMEeHHble Ans
npeacTtaBneHnss  uMHGoOpMauuu,  paccMoOTpMM  UudpoBble  CUCTEMBI,
CMOCOGHbIE BLIMOMHATL PasnM4yHble onepauMm ¢ 3TUMU NEePEMEHHBLIMU.
Jloeu4yeckue seHmunu (logic gates) — aTo npoctenumne LUUdpPOBLIE CXEMBI,
nonydawowime oauH unum 6Gonee [OBOWMYHBIX CUTHANOB Ha BXOAE MU
NPOV3BOAsLIME HOBbLI ABOUYHBIA CUrHan Ha Bbixoge. [pu rpaduyeckom
N300paxeHnn norMdyeckmx BeHTUnen Ans 0003HayeHuMs OJHOro  Wnu
HECKOMbKMX BXOOHBLIX CWUrHaroB W BbIXOQHOMO CWrHama WChosnb3ykTcs
crneuunanoHble cuMBOInbl. Ecnn cmoTpeTb Ha u3o0pakeHue norm4yeckoro
3rneMeHTa, TO BXOAHbIe curHanbl 06bIYHO pa3meLlatoTcsl crnesa (Unv cBepxy),
a BbIXOOHbIE CUrHamnbl — cnpaBa (UnuM cHusy). Pa3paboTyunkm LMdpOoBbIX
cucTeM OObIYHO MCMONb3YKT MepBble OykBbI NATUHCKOro andasuta and
0603HaYeHNs1 BXOAHbIX CUTHANoOB U NnatuHckyto OykBy Y ans o6o3HayveHus
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BbIXOOHOrO curHana. BsaumocBAsb Mexay BXOOHbIMW CUrHanamu u
BbIXOOHbIM CUrHaNoOM JIOMMYECKOro BEHTUNS MOXeT ObITb onucaHa ¢
nomMoLbo mabnuusl ucmuHHocmu (truth table) unn ypaBHeHnem ByneBoi
noruku. Cnesa B Tabnuue UCTUHHOCTM NpeAcTaBfieHbl 3HAYEHUS! BXOOHbIX
CcuUrHanoB, a cnpaBa — 3HayeHWe COOTBETCTBYIOLLEro BbIXOOQHOMO CurHana.
Kaxpas cTpoka B Takow Tabnuue COOTBETCTBYET OAHOW W3 BO3MOXHbIX
KOMOUHaUuA BXOOHbIX curHanoB. YpaBHeHve bByneBon normku — 3To
MaTemaTMyeckoe BblpaXeHne, OnuCbiBaloWee JOrMYEeCKUn 3fIeEMEHT C
MOMOLLIbIO BOVYHbIX NEPEMEHHbIX.

1.5.1 Norunyecknint BeHTUNbL HE

Tlornyeckun Bentnb HE (NOT gate) mmeeT oauH

NOT BXo4 A 1 oauH Bbixoq Y, Kak nokasaHo Ha Puc. 1.12.
A b& Y Mpuyem BbIxogHOW curHan Y — 3TO curHar, obpaTHbIN
_ BXOAHOMY curHany A, wnu, Kak ewe roBopsrT,
Y=A uHsepmuposaHHbill A (inversed A). Ecnun curHan Ha
Bxogde A — 310 JIOXKb, To curHan Ha Beixoge Y Oyaet
Al Y
o 1 NCTUHA. Tabnuua MWCTUHHOCTM W ypaBHeHue
1] o0 Byneson norvkn Ha Puc. 1.12 cymMMUpYIOT 3Ty CBA3b

Puc.1.12 Bewuns HE ~ BXOAHOTO 1 BBIXOAHOTO  CUTHaroB. B ypaBHeHuM
ByneBor norvkn nuHMs Hag 0OO3HayYeHWeM curHana
yuTaeTcs Kak «He», TO €eCcTb MaTemaTuyeckoe
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BblpaxeHue Y = ANponsHocUTCs Kak «Y paBHsieTcs He A». IMeHHO noaTtomy
noruyeckumn BeHTUNb HE Takke HasbiBaloT uH8epmMopoMm (inverter).

[ns o6o3HayeHms normdeckoro BeHTuna HE ncnonb3yot 1 aApyrne cnocobbl
3anucy, Bkntodas: Y = A, Y = 1A, Y = IAun Y = ~A. B atoi kHure mbl 6ygem
NomNb30BaTbCA WUCKIIOUMTENBHO 3anuckio Y = A ofHako He yaMBRsMTECH,
€Cnn B Hay4YHOW N TEXHUYECKOW nuTepaTtype Bbl CTOMKHETECH WU C APYrMMU
0603HaYeHnsamu.

1.5.2 bBydep
BUE OpyrMm npMmepoMm NOormyeckoro BEHTUMSA C OOHUM BXOAOM
asnseTtca 6yghep (buffer), nokasaHHbIM Ha Puc. 1.13.
A{> Y Bydep npocTo konmpyeT BXOAHOW curHan Ha Bbixod. Ecnn
vea paccmaTpuBaTbe Bydep kak YacTb NIOMMYECKON CXembl, TO

TakOM 9MEeMEHT HWYEM He OTNM4yaeTcs OT NpOCTOro
AlY npoBoda M MOXeT nokasaTbcs 6ecnonesHbiM. BmecTte ¢
oo TeM, Ha aHanoroBoM ypoBHe Gydep MoxeT obecneunTb
1 XapaKTepucTukn,  Heobxoaumble  ANs  HOPMAasbHOro
Puc. 1.13 Bydep  hyHKLMOHMPOBaHUS pa3pabaTbiBaeMoro ycTponcTaa.

1
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Bydep, Hanpumep, Heobxoaum Ana  nepepayn  Gonblworo  Toka
anekTpoaBuraTento unu Ang 6uiCTpor nepegayn curHana cpasy HeCKONbKUM
NornyeckMMm anemeHTam. JTO ewe OAMH nNpuMep, [AOoKasbiBatoLui
HeobXoAMMOCTb PacCMOTPeHUs NGO CUCTEMbI C HECKONbKUX YPOBHEN
abcTpakumm, ecnu Mbl XOTMUM B MOfIHOW Mepe MOHATb 3Ty CucTemy.
PaccmoTpeHnne Bydepa Tonbko € No3uuum LMdPOBOro ypoBHS abcTpakumum
He No3BONseT HaM pasrnNaaeTb ero peanbHy QYHKUMIO.

B nornyeckux cxemax Bydep obosHayaeTcs TpeyronbHWKOM. Kpyxok Ha
BbIXO[e JIOTMYECKOro dremMeHTa, B aHrnos3blMHOW nuTepaType 4acto
HasbiBaeMbIi 1y3bipem (bubble), yka3biBaeT Ha WHBEPCUIO CUrHana, Kak,
Hanpumep, nokasaHo Ha Puc. 1.12.
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1.5.3 Nlornyeckun BeHTUnNb U

Jlornyeckne BEHTUNU C ABYMS BXOOHbIMW CUrHanamm
ropasgo uHTepecHee, 4em BeHTUns HE wun 6ydep.
ADY Jlornyeckuin BeHTUnb U (AND gate), noka3aHHbIN Ha
Puc. 1.14, Bblgaet 3HadyeHne WNCTUHA Ha Bbixoa Y
UCKMOYMTENbHO TOMbKO ecnn oba BXOoAHbIX curHana A
n B umetoT 3HadeHne ICTUHA. B npotuBHoM cny4vae
BbIXoAHoOM curHan Y umeet 3HadeHne JIOXKb.

B ncrnonb3yemom Hamu corfialleHny BXodHble curHanbl
nepeuucnexsl B nopsgke 00, 01, 10, 11, kak B cnyyae
Puc.1.14 Bentune U nogcyeTa B ABOWYHOWN CUCTEME CUMCIEHMSI. YpaBHeHME

Bynesow noruku gnsa norumyeckoro anemeHTta W moxet
ObITb 3anncaHo HeckonbkumMu crniocobamu: Y =A< B,Y =AB, unm Y = AN B.
CvumBon N unMTaeTcs Kak «nepecedyeHve» u Oonblue APYruxX HPaBWUTCH
cneunanuctam B MaTemaTtudeckon norvke. OpgHako, B 9TOWM KHUre Mbl
npeanoyMTaemM UCNonbL3oBaTh BbipaxeHne Y = AB, KOTOpoe 3By4uT Kak «Y
paBHO A 1 B», NpOCTO NOTOMY, YTO Mbl AOCTATOYHO JIEHMBLI, YTOObI BbIOpaTh
TO, YTO KOpOYe.

Mo cnoBam cosgatens A3bika nporpamMmupoBaHus Perl Jlappu Yonna, Tpu
OCHOBHbIX [OCTOMHCTBAa MpOrpaMMuMcTa — 3TO I€Hb, HETEpreHVe WU
CaMOyBEpPEHHOCTb.
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1.5.4 Nornyecknn BeHTUnb UIN

Puc. 1.15 Bentuns NN

Tlornyeckuin BeHtunb UM (OR gate), nokasaHHbIN
Ha Puc. 1.15, Bblgaét 3HadveHne MCTUHA Ha Bbixoa
Y, ecnu xoT4a Gbl OOUH U3 ABYX BXOAHbIX CUrHanoB A
unn B wumeer 3HadyeHne WCTUHA. YpaBHeHue
Byneson norvkn ana norndeckoro anemeHta WA
3anuceiBaeTca Kak Y =A+BunnY = AU B.

CumBon U uutaeTcs Kak «obbeanHeHne» n onsiTb
e Oonblle Bcero HpaBMTCA  MaTemMaTuKam.
Pa3paboTumnkm LM POBbIX cuctem 06bIYHO
Nonb3YKTCA NPOCTLIM CUMBOJSIOM +.
MaTtemaTtuyeckoe BblpaxeHne Y = A + B 3Byuut
«Y paBHO A unu B».
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1.5.5 [ipyrue nornyeckue afnemMeHTbl ¢ ABYMA BXOAHbLIMU CUrHanamm

XOR NAND NOR

A

s v & P D
Y=A®B Y=AB Y=A
A By A Bl vy A