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1.MMonsaTne apxutekTypsl IBM u BC

Apxutektypa O9BM - 3T0 MHOrOypoBHEBasi HepapXHsl alnapaTypHO-IIPOrpaMMHBIX
CpeICTB, U3 KOTOpbIX cTpoutcst OBM. Kax bl u3 ypoBHEH J0IycKaeT MHOTOBapUaHTHOE
noctpoeHue u npuMeHenue. Konkpernas peanusanusi ypoBHEH OIpeneisieT 0COOCHHOCTH
CTPYKTYypHOTo noctpoeHus 9BM.

Jletanusanuei apXuTeKTYpHOI'O M CTPYKTYPHOT0 NocTpoeHus DBM 3anumarorcs
pa3IuYHbIe KaTErOpuH CHEeHaIMCTOB BRIUNCIUTEIbHON TeXHUKH. H)KeHephI-CXeMOTEXHUKU
MPOEKTUPYIOT OTAEIbHBIE TEXHUYECKHE YCTPOMCTBA M pa3padaThIBAIOT METOIBI X
comnpsikeHust Apyr ¢ ApyroM. CucTeMHble MPOTPaMMUCT CO3/1al0T MPOTrpaMMBbl YIIPABIICHUS
TEXHUYECKUMH CPEJCTBAMU, HHPOPMALIMOHHOTO B3aUMOICUCTBHS MEX]Y YPOBHSIMM,
OpTraHu3alUHU BBIYUCIUTEIBHOTO npouecca. [IporpaMMuCThI-IpUKIAAHUKH pa3padaThIBalOT
MakeThl IporpamMm 0oJiee BBICOKOTO YPOBHS, KOTOpbIe 00€CIEeUNBAIOT B3aMMOACHCTBIE
nosib3oBaresneit ¢ 9BM 1 HeoOXoIMMBII cepBHC NP PEUICHUH UMH CBOUX 3a7au.

[Tonb3o0Barenss HHTEPECYIOT OOBIYHO OOJIee 00IIKME BOMPOCHI, KacarolIhecs ero
B3auMozieiicTBrs ¢ OBM (4uenoBeko-MamMHHOTO HHTEepdeiica), HaurmHas CO CICTYIONTUX
IPYIII XapakTepucTuk OBM, onpenensiomux ee CTpykTypy:

e TEXHWYECKHE W  DJKCIUIyaTallMOHHBIE  Xapaktepuctuku  DBM
(ObIcTpOneiicTBME M NPOU3BOJUTEIBHOCTH, MOKa3aTeNH HaJEKHOCTH,
JOCTOBEPHOCTH, TOYHOCTH, EMKOCTh ONEPAaTHBHOW W BHEIIHEH
naMmsTH, rabapuUTHBIE pa3Mepbl, CTOUMOCTh TEXHHYECKUX H
NpOTPaAaMMHBIX CPEJCTB, 0COOCHHOCTH AKCIIyaTalluu U Ip.);

® XAapaKTepPUCTUKU U CcOCTaB (PYHKIUOHAIBHBIX MoJyined 0Oa3zoBoH

KOHpHUTYypaluu OBM; BO3MOXXHOCTbH pacumupeHus cocTasa
TEXHUYECKUX M MNPOTPAMMHBIX CPEICTB; BO3MOXXHOCTh H3MEHEHUS
CTPYKTYDBHI;

e cocTaB mnporpaMMmMHoro oOecneyeHuss OBM wu cepBUCHBIX YycCuyr
(omepanmuoHHaAs cucTeMa UM Cpeaa, MakeThl MPHUKIAJAHBIX MPOTPaAMM,
cpeAcTBa aBTOMAaTHU3alUU NPOTPAMMUPOBAHUSA).

B mmpoxom cMbIciIe apXHTEKTypa 0XBaTbIBAET IMOHATHE OPTraHU3ALNH
CUCTEMBbI, BKJIIOYAIOIIIEe TAKUE aCeKThl pa3pabOTKH KOMITbIOTEpa KaK CHCTEeMY
NAMATH, CTPYKTYPY CHCTEMHOI IIMHBbI, OPraHU3aMI0 BBOAA/BbIBOAA M T.II.



B y3koM cmbIciie 1101 apXUTEKTypOi TOHUMAIOT ApXUTEKTYPY HAa00opa KOMaH/I.
ApxutexTypa Habopa KOMaH/l ONPEEISIeT IPaHUILy MEK/Ty almnapaTHbIM U
MPOTrPaMMHBIM 00ECIICYeHUEM U MPEJCTABISET Ty YaCTh CUCTEMBI, KOTOpasi BUAHA
MPOTPaAMMHUCTY UITU Pa3pabOTUUKy KOMIUISITOPOB.



2.RISC- u CISC-apxuTeKkTypbl

JIByMsi OCHOBHBIMH  apXHMTEKTypaMu Habopa KOMaHJ, HCIOJIb3yEeMbIMU
KOMIIBIOTEPHOW  MPOMBINUIEHHOCTBIO  HAa ~ COBPEMEHHOM  JTale  pa3BUTHUSA
BBIYUCIIUTEILHON TEXHUKH, SABIISOTCS apxuTekTypbl CISC u RISC.

OcHoBononoxkHUKOM CISC-apXuTeKTypbl — apXUTEKTYpbl C IMOJHBIM HA0OpOM
koMmana (CISC — Complete Instruction Set Computer) MmoxxHo cuutath ¢pupmy IBM c ee
06azoBoii apxutektypoit IBM/360, sanpo koTopoi ucrnosb3yercs ¢ 1964 r. u gouuio a0
HAIIMX JHEU, HapuMep, B TAKUX COBpEMEHHBIX MeiHPpeiimax, kak IBM ES/9000.

Jlupepom B pa3pabOTKe MHUKPOIPOIIECCOPOB C TMOJHBIM HAOOPOM KOMAaH]
cuntaercs kommnanus Intel ¢ mukponpoueccopamu X86 u Pentium. 3To mpakTHuecku
CTaHJAPT JUIsl ppIHKAa MUKPOIPOLIECCOPOB.

[Ipy  TpOEKTHpPOBaHMU  CYNEPMHUHHKOMITBIOTEPOB Ha 0a3e  MOCIeTHUX
noctmxernii CBMC-TexHomornn 0Kazanoch HEBO3MOXKHBIM TTOJTHOCTBIO TEPEHECTH B
HEee apXUTEKTYPy YAa4HOTO KOMITBIOTEPA, BHIMIOJIHEHHOTO HA IPYTOi JIEMEHTHOH 0asze.
Takoit mepeHoc ObuT ObI OYeHb HEAI(DPEKTUBEH H3-3a TEXHUUYECKUX OTPAaHMUYCHHUM Ha
peCypchl KpucTajuia: TIoaab, KOJIMYECTBO TPAH3UCTOPOB, MOITHOCTh PACCEHBAHUS U
T. II.

Jns cuartus ykazaHHbIX orpaHudeHuid B bepxim (CHIA, Kamudopuus) Obuia
paspaborana RISC(Restricted (reduced) instruction set computer)-apxuTekrypa
(perucTpo-opueHTUPOBAaHHAS apXUTEKTypa). KOMIBIOTEpHI ¢ Takoil apXUTEKTYpOi
MHOT/Ia Ha3bIBAIOT KOMITBIOTEPAMU C COKpaIIeHHBIM HabopoM komaHa. CyTh €€ COCTOUT
B BBIICIICHUM HauOoJIee YIMOTPEOUTENBHBIX ONEPAMiA W CO3JaHUM aPXUTCKTYPHI,
IPHUCTIOCOOJICHHON IS HMX OBICTPOM peanm3alid. OTO TO3BOJHIO B YCIOBHUAX
OTPaHWUYCHHBIX PECYpPCOB pa3pad0TaTh KOMIIBIOTEPHI C BBICOKOW TIPOITYCKHOMN
CIIOCOOHOCTBIO.

3.RISC apxuTtekTypa
3.1. OcHoBHble npuHIUIbI RISC-apxutekTypbl

B xoMmmnbroTepHON MHAYCTpUM HaOmrojaercs Hacrosmuid Oym cuctem ¢ RISC-
apxuTekTypoil. Paboune craHiuu u cepBephl, co3aaHHble Ha 6a3e koHmeniuu RISC,
3aBOEBAJM  JIMAMPYIOLIME  MO3UMLMU  Onarojapss  CBOMM  HCKIIIOUUTEIbHBIM
XapaKkTepUCTUKAM W YHUKAJIBHBIM CBOMCTBAM OII€palMOHHBIX cucTteM Tuna UNIX,
UCIOJIb3yEeMbIX Ha 3THUX IUIaTPopMax.

B camom Hagane 80-X ro/10B MOYTH OJHOBPEMEHHO 3aBEPIIMIINCH TEOPETUICCKHE
uccienoBanust B oomactu RISC-apxurektypsl, mpoBoausiuecs B KamudopHuiickom,
CtHbopackoM yHUBEpCHUTETaX, a Takxke B Jabopatopusx ¢upmel IBM. Ocolyto



3HaYuMOCTh uMmen npoekT RISC-1, kotopeiii Bo3rmaBuiam mnpodeccopa [aBua
ITarrepcon u Kapno Cexkyun. IMenHo onu BBenu B ymnorpebieHue tepmuH RISC wu
chopMyTUPOBAIIA YeThIpe OCHOBHBIX NpuHIuna RISC-apxurekTypsbl:

® Ka)XIas KOMAaHJAa HE3aBUCMMO OT €€ THUIIA BBINOJIHAETCSA 3a OJIHH
MAIIMHHBIM IUKJ, JAJIUTENbHOCTh KOTOPOTO JOJDKHA OBITh MAaKCHUMAJIBHO
KOPOTKOW;

® BCE KOMaH/bl JOJKHBI UMETh OJIMHAKOBYIO JIJIMHY M MCIOJIb30BATh
MUHUMYM aJIp€CHBIX (DOPMATOB, UTO PE3KO YIPOILIAET JOTHUKY LIEHTPATbHOTO
yIIpaBJI€HUS POLIECCOPOM;

e oOpamieHHEe K MaMATH MPOUCXOAUT TOJIBKO MPHU BBHINOJTHEHUU
omepaiuii 3amucd M 4YTEHHsA, BCS 00paboTKa MAaHHBIX OCYIIECTBISIETCS
VCKJIIOYUTEIIBHO B PEFUCTPOBOM CTPYKTYpE MPOLECCOPa;

® criCTeMa KOMaH]I JI0JDKHA 00ecriedrBaTh MOJACPKKY SI3bIKa BEICOKOTO
ypoBHsl. (MmeeTcs B Buay moadop cUCTeMbI KoMaH 1, HanbOosee 3P heKTHBHOMI
JUTSI pA3JIMYHBIX S3BIKOB MPOTPAMMUPOBAHUS. )

Co BpeMeHeM TpaKTOBKAa HEKOTOPbIX W3 OJTHUX NPUHIMIIOB IpeTepresna
U3MEHEeHHsA. B 4YacTHOCTH, BO3pOCIIME BO3MOXHOCTH TEXHOJIOTUH I103BOJIMIH
CYIIECTBEHHO CMSTYUTh OrPAaHUYCHHUE COCTaBa KOMAHI: BMECTO IIOJyCOTHH
WHCTPYKIIMH, UCTIOIH30BABIIUXCS B aPXUTEKTypax MEPBOrO MOKOJCHHS, COBPEMEHHEIC
RISC-nponieccopsl peanusytot okono 150 unctpykuuit. Ognako ocHoBHOM 3akoH RISC
ObUT W oOcTaeTcss He3bIONIeMbIM: 00Pa0OTKA JAHHBLIX JIOJKHA BECTHCh TOJLKO B
PAMKaX PerucTpoOBOii CTPYKTYPHLI M _TOJbKO B (opmMaTe KoMaHI ''perucrp —
perucrTp — peructp'.

B RISC-mukpormpoiieccopax 3HAYUTENbHYIO 4YacTh IUIOLIAAM KpHUCTasia
3aHUMAET TPAKT 00pabOTKM JAHHBIX, @ CEKLIIUU YIPaBICHUS U JeU(PPaTOPy OTBOAUTCS
OY€Hb HEOOJIbIIIAsl €r0 YaCTh.

AnmnapartHas Mmojajaep>Kka BHIOPaHHBIX oIepaluii, 0€3yCclIOBHO, COKpAIllaeT BpeMs
UX BBIIIOJIHEHUS, OJTHAKO KPUTEPUEM TaKOH peaau3aluy SIBISETCS MOBBIIEHUE 00IIe
IPOU3BOJUTEIIBHOCTH KOMIIBIOTEpPA B ILEJIOM M €ro CcTouMocThb. llostomy mpu
pa3paboTKe apXUTEKTYpbl HEOOXOAUMO MPOAHATUZUPOBATH PE3YIHTATHl KOMIPOMUCCOB
MEXIYy Pa3IM4YHbIMUA MOJAXOJaMH, Pa3jIMYHbIMU HAaOOpaMu orepanuid U Ha UX OCHOBE
BbIOpaTh ONTUMAJIBHOE PELICHHE.

PasButne RISC-apxuTekTypbl B 3HAUUTENBHONW CTENIEHHU ONPEAEISIETCS yCIEXaMU
B 00JIaCTU MPOEKTUPOBAHMS ONTUMHU3HUPYIOMIUX KOMIMIATOPOB. TOJBKO COBpEMEHHAs
TEXHOJOTHsSl KOMIOWIALMUA TMO3BOJSET 3(P(GEKTUBHO HCIOJIB30BaTh IMPEUMYLIECTBA
OOJBITIOTO PETUCTPOBOTO (pailyia, KOHBEHEPHOW OpraHU3alMM U BBICOKOHW CKOPOCTH
BBITIOJIHEHNS KOMaH/. ECTh M IpyrHe CBOMCTBA MPOLECCA ONTUMHU3ALNUHA B TEXHOJOTHH
KOMITWJISALIMK, 00BIYHO Hctiob3yemblie B RISC-niporieccopax: peanuszanus 3a1epaHHbIX



IMNEPEXOA0B U CYIICPCKAIsIpHAsA 06pa60TKa, IIO3BOJIAIOIIUE B OAHMH H TOT XE€ MOMCHT
BPCMCHHU IOCHIIATH HA BBIITOJIHCHUC HCCKOJIBKO KOMAH/I.

3.2. OrimmunrenbHsie 4epThl RISC- u CISC- apxurekTyp

Kak y»e oTmMeuanocs Bblllie, IByMsi OCHOBHBIMHU apXUTEKTypaMu Habopa KOMaHI,
UCIOJIb3YEMBIMU  KOMIBIOTEPHOM IPOMBILUIEHHOCTbIO Ha COBPEMEHHOM  JTalle
Pa3BUTHS BBIYUCIUTENBHON TEXHUKH, ABISIIOTCS apXuTeKTyphl CISC n RISC.

IIpoctora apxutektypsl RISC-mporeccopa oGecnedmBaeT €ro KOMITAKTHOCT,
MPAKTUYECKOE OTCYTCTBHE TMPOOJIEM C OXJKICHUEM KpHUCTalllla, Yero HET B
nporieccopax ¢upmsel Intel, ymopHo npuaep>KUBarOMICICs MyTH Pa3BUTUS ApXUTEKTYPbHI
CISC. ®opmupoBanue ctparerun CISC-apXUTeKTyphl MPOU30LUIO 32  CUET
TEXHOJIOTHYECKOW BO3MOKHOCTHU MEPEHECECHUs "MEeHTpa TsHKeCcTH" 00pabOTKH JaHHBIX C
MIPOTPAaMMHOTO YPOBHS CHCTEMBI Ha alapaTHBIN, TaK KaK OCHOBHOU IMyTh MOBBIIIICHUS
spdextuBHocTr s CISC-kommbroTepa BUIENCS, B MEPBYIO OYEpEllb, B YIPOILIECHUU
KOMIWJISTOPOB U MUHMMHU3AIUU UCTIOHSAEMOTro Moayiist. Ha cecoonswnuii oenv CISC-
npoyeccopbl NOYMU MOHONOJLHO 3AHUMAIOM HA KOMNbIOMEPHOM PbIHKe CEeKmop
NepCOHANbHBIX KoMnvlomepos, ooHako RISC-npoyeccopam nem pasHuix 6 cekmope
8bICOKONPOU3BOOUMENILHBIX CEPEEPO8 U PAOOYUX CIAHYUII.

OcHoBHbIe uepThl RISC-apXuTeKTypbl ¢ aHAIOTHYHBIMHU IO XapaKTepy 4YepTaMu
CISC-apxuTekTypsl 0TOOpa)KaroTCs CleayroImuM oopasom (tadi. 3.1):

Tabnuya 3.1. OCHOBHBIE YEPTHI APXUTEKTYPHI

CISC-apxurekTypa RISC-apxurekrypa
Mmuoecobatimosvie KOMAHObL Oonobatimoevie KOMAHObL
Manoe xonuuecmeo bonvuoe konuuecmso pecucmpos
pe2ucmpos
CrnoowcHvle KoManobl Ilpocmoie komanOwvl
Oo0na unu meHee KOMAauo 3d Heckonvko xomano 3a ooun yuxn
00UH YUK NPOYeccopa npoyeccopa
Tpaouyuonro 00Ho Heckonvko ucnonnumenvhwix
UCNOJIHUMENbHOE YCMPOUCTBO yCempoucme

Opanum u3 BaxHbIX mpeumymiectB RISC-apXuTekTypsl SBISIETCS BBICOKas
CKOpOCTh apudmeTnueckux BbiuucieHud. RISC-mponeccopsl mNepBBIMU  JTOCTHUIIH
IUTaHKU HaumboJsee pacrnpoctpaHeHHoro crangapra [EEE 754, ycranaBnuaromero 32-
paspsiAHbIi  (opMaT A MPEACTaBICHHUS 4Yuced C (PUKCUPOBAHHOM TOUKOM u 64-
pa3psaaHbIi GopMaTr "MOTHOM TOYHOCTU'" NJIsi YHICEN ¢ TUTaBarolied Toukou. Bricokas
CKOPOCTb BBINIOJIHEHUS apU(PMETUYECKUX ONepaluii B COYETAaHUM C BBICOKOU
TOYHOCTBIO BbluucieHul obecneunBaeT RISC-mporeccopam 0e3ycliOBHOE JTUAEPCTBO
o owicTpojelicTBuio B cpaBHeHuu ¢ CISC-nporieccopamu.



Hpyroit ocob6enHocthio RISC-mporieccopoB  sBISIETCS KOMIUIEKC CPEJICTB,
oOecreunBalMX 0€30CTAHOBOYHYIO paboTy apu(dMETHUECKUX YCTPOMCTB: MEXaHHU3M
JTUHAMUYECKOTO TPOTHO3UPOBAHUS BETBJICHUH, OOJIBIIOE KOJUYECTBO ONEPATHUBHBIX
PETUCTPOB, MHOTOYPOBHEBAs! BCTPOEHHAs KAII-TIaMSATh.

OpraHuzaiusi perucTpoBOid CTPYKTYpbl — OCHOBHOE JOCTOMHCTBO M OCHOBHAas
npobsniema RISC. Ilpaktuyecku mobas peanusamnuss RISC-apxuTekTypbl HCMOIB3yeT
TPEXMECTHBIC OIepanuu o0pabOTKH, B KOTOPBHIX PE3yJbTaT M J[Ba OMEpPaH]a MUMEIOT
camocToaTenbHyto aapecanuio — R1:=R2,R3. DT1o mo3BomsieT 06e3 CyIlecTBEHHBIX
3aTpaT BpPEMEHH BHIOpATh OMEpaHIbl M3 aJPECyeMbIX OINEPATUBHBIX PETUCTPOB U
3amucaTh B PETUCTP pe3yabTaT omepanuu. Kpome Toro, TpeXMECTHBIE ONepariuu Jar0T
KOMITWJIATOPY OOJBIIYI0 THOKOCTH IO CPaBHEHUIO C THUIIOBHIMU JIBYXMECTHBIMU
onepanusmu ¢opmara "peructp — mamaTte" apxutektypsl CISC. B coueranum c
osicTponericTBytomierd apudmerukoir RISC-omepamuu Ttuma "peructp — peructp"
CTAQHOBATCS OYECHb MOIIHBIM  CPEACTBOM  IOBBIIICHUS  IIPOWU3BOJAMTEIHLHOCTH
npoiieccopa.

Bmecte ¢ Tem omopa Ha perucTpsl sBisercs axwuiecoBod nsTton RISC-
apxutekTypsl. [Ipobnema B ToM, uTO B mpolecce BbinojdHeHus 3anaun RISC-cucrema
HEOJTHOKPATHO BBIHYK/I€HAa OOHOBIISITH COACPKUMOE PETUCTPOB MPOLIECCopa, MPUIEM 3a
MUHUMAJIbHOE BPEMs, YTOOBI HE BBI3BIBAThH JIUTEIBHBIX MPOCTOEB apU(PMETHUECKOTO
ycrpoiictBa. Jnsa CISC-cucrem momoOHOM MpoOieMbl HE CYIIECTBYET, ITOCKOJIBKY
MoAu(UKAIMS PETUCTPOB MOKET MPOUCXOIUTh Ha GoHEe 00paboTKu KoMaHJ (popmaTa
"MamsATh — NaMATh".

CymiecTByIOT JIBa MOAXO0/Aa K PEIICHUIO MPOOJIeMbl MOIU(DUKAIIUU PETUCTPOB B
RISC-apxutekrtype: anmapaTHbslid, npejoxkeHubiii B mpoektax RISC-1 u RISC-2, u
MporpaMMHBIN,  pa3paborannbiii  crnenuamuctamu IBM u Craaadopackoro
yHuBepcuTeTa. [IpuHIMNMANbHAS pa3HUIIA MEXKIYy HUMH 3aKII04YaeTcs B TOM, YTO
amnmapaTHOE PEIIeHre OCHOBAHO Ha CTPEMJICHUHM YMEHBIUTH BPEMs BBI30Ba TPOIEAYP
3a CYET YCTAaHOBKH JIOMOJHUTEIBHOTO OOOpYJOBaHUS TMpolleccopa, TOraa Kak
MIPOTrpaMMHOE PelIeHne 0a3upyeTCcss Ha BO3MOKHOCTSIX KOMITIIIATOPA U SBISICTCS OoJiee
HPKOHOMHUYHBIM C TOYKH 3PEHUS anmapaTypsl Mporeccopa.

3.3. HexoTtopsnie 3anauu peanusanuu RISC-npoueccopon

Buvioop onmumanvnozo naoopa onepayuii.

OOBIYHO IO HEKOTOPOH JHPKEHTIILMEHCKOM CMECH 3aj/1ay, JJIsl BBIMOJHEHUSI KOTOPOM
npeHa3HauYeH KOMITbIOTED, BHIOUPAIOT MAKET KOHTPOJIBHBIX MPOTPaMM U CTPOSIT JIJIsi HUX
npouiib UX BBIMOJHEHUS JTUOO MCIOJIL3YIOT METOJ| CTATUYECKUX WM JUHAMHUYECKUX
M3MEPECHUH MMapaMeTPOB CaMHUX MMPOrPaMM.

[Ipu npodumupoBaHUM NPOrpaMMbl OMPEEISeTCs A0Js OOIEero BpeMEeHU
[EHTPAIBHOTO TMPOIECCOpa, 3aTPAuMBAEMOr0 Ha BBIMOJIHEHHE KaXKIOTO omepaTropa
(omeparuu) TPOrpaMMbl. AHAIW3 TIOJYYCHHBIX PE3yJbTaTOB II03BOJIUT BBISIBUTH
XapaKTepHbIE 0COOEHHOCTH MPOPUIUPYEMOI POTPAMMBI.



[Ipu cTatWyecKkuX WIM TUHAMUYECKHX HM3MEPEHUSX TOJCUYUTHIBAETCS, CKOJIBKO
pa3 B IporpamMme BCTpedaeTcsi TOT WJIM WHOHM omepaTop (ormeparus) WM Kak 4acTo
NpU3HAKA TPUHUMAIOT TIOJOXKUTENIbHBIE WM OTPUIIATEIbHBIC 3HAYCHUS B TEKCTE
MpOTpaMMBbl (CTaTUKA) JIMOO B pe3yJIbTaTe BHIMOJIHEHUS (JUHAMUKA).

CodyeTaHue pe3ynbTaTOB, MOJYYEHHBIX B XOJ€ MPEJIOKEHHBIX HCCIEIOBAHUM,
JaeT OO0 KapTUHY aHAIM3UPYEMOUN MporpaMMbl. BOT pe3ynbTaThl OJTHOTO U3 TaKUX
U3MEpPEHUI B CTaTUKE, MPOBEJACHHBIE JIJIs1 TPOrPaAMM-KOMIMISITOPOB:

e orepaTopsl nprcBanBanus — 48 %;

® YCJIOBHBIC OTIEpaToOphl — 15; 1ukIIbl — 16;
e orepaTopbl BbI30Ba-Bo3BpaTa — 18;

e mpouue oreparopsl — 3 %.

N3smepeHne TpexcoT mpoueayp, UCIOIb3yEMbIX B IIPOrpaMMax — OINEPAlMOHHBIX
CUCTEeMax B IMHAMUKE MOKA3aJIM CIEAYIOIIME U3MEPEHNS TUIIOB ONIEPAHIOB:

e KOHCTAHTHI — 33 %0;

e CKaJLsIphl — 42;

e MaccuBbl (CTPYKTYypsl) — 20

e u npouue — 5 %.

[Tpu >TOM cTaTHCTHKA CPeId KOMaH/I YIIPaBJICHUS TOTOKOM JaHHBIX CJICTYIOMIAs.
B pa3HBIX TECTOBBIX MaKeTax MporpaMm

® KOMaHbl YCJIOBHOIO MEpPEXoaa 3aHUMaroT oT 66 10 78 %,

e KOMaH/IbI 0€3yCIOBHOTO niepexoa — ot 12 1o 18 %,

® 4acTOTa MEPEXOJ0B Ha BBINOJIHEHUE cocTaBigeT oT 10 10 16 %.

OTcroja MOKHO cIenaTh BbIBOJ, YTO ONEPAaTOpPbl PUCBAMBAHUS 3aHUMAIOT
OCHOBHYIO 4acThb B IPOrpaMMax-KOMIWIATOpax, a ONepaHAbl TUIIA KOHCTaHTa U
JIOKaQJIbHBIE CKAJISIPbl COCTABISIOT OCHOBHYIO YacTh OINEPaH/IOB B MPOLENypax, K
KOTOPBIM ITPOUCXOAUT OOpAIEHUE B IIPOLIECCE BBINOJIHEHUS IPOIPAMMBI.

[Tono6HBIE KOMTUYECTBEHHBIE U KaYECTBEHHbBIE U3MEPEHUSI 00Pa3yl0T OCHOBY JJIsi
ONTUMH3ALIUU [TPOLIECCOPHOUN aPXUTEKTYPHI.

Tak, ecnu onepatopsl MpUCBauBaHUs 3aHUMAIOT 48 % Bcex onepaTopoB, TO SICHO,
YTO ONEePalMIo J0CTYNa K ONepaHAaM cjeayeT peajn3oBaTh annapaTHo. OcoOeHHO
TO Ba)XHO, €CJIM pedyb HJET O HEUYUCIOBBIX 3aJauax, B KOTOPBIX OIepanuu
BBIYHMCIIUTEIBHOTO TJIaHA, KaK MPaBUIIO, MPOCTHI. B yCIOBHBIX ornepaTopax, ornepaTopax
IIMKJIa ¥ BBI30Ba-BO3BpaTa MPOU3BOIATCS MAHUTYJISAINKM HaJ MHOKECTBOM OIIEPAHJIOB,
YTO TakKe IOATBEP)KIAET HEOOXOMMMOCTh AaNMapPaTHOW peajn3anuu oONepanun
A0CTYNA K ONepPaHIaM.

[Tpu ananu3e TUMOB ONEPaHA0B OOBIYHO YUUTHIBAIOT TPU KATETOPUU:



® KOHCTAHTBI — HE MEHSIOTCSI BO BpEeMsl BBIMIOJIHEHHS MPOTrPaMMbI M UMEIOT, KaK
IPaBUJIO, HEOOJIBIIINE 3HAYCHNS,

® CKaJISAPbI — 00palIEHUE K HUM MPOUCXOJUT, KaK IPABUIIO, SIBHO 110 UX UMEHHU.
Wx 06BIYHO HEMHOTO, ¥ OHU OMHCHIBAIOTCA B MPOLIEAYpaxX Kak JIOKaJIbHbIE;

e o0palieHue K 3J1eMEeHTAM MACCHBOB M CTPYKTYP IPOUCXOJUT MOCPEICTBOM
UH/IEKCOB M YyKa3aTejiel, T. €. 4epe3 KOCBEHHYIO aJpecaluio. DTHX 3JIEMEHTOB, Kak
IIPaBUJIO0, MHOTO.

Jlns ocymiecTBieHusi AOCTyNa K OMNepaHAy HEoOXOAMMO BHAdaje OINpeaeiuTh
dusnyeckuil anpec AYEHKH, T€ XPAHUTCSA OMEpaH[, a 3aTEeM OCYILIECTBUThH OCTYI K
onepanay. Ecnu omepana — KOHCTaHTa, €€ MOKHO ykKa3aTh B koMmaHje. JlocTym Kk Heit
MOET OBITh OCYIIECTBJIEH HEMEUICHHO Moclie oOpamieHus. B apyrux ciydasx Bce
3aBHCHT OT THIIA MMaMATH, TJIe XPaHUTCS omepaHa. PerucTpoBbie OJOKH M KAII-TIAMSTh
MaJIO OTJIMYAIOTCS TI0 eMKOCTH, CKOPOCTH OCTYIa U CTOMMOCTH, OJTHAKO CYIIECTBEHHO
OTIMYAIOTCS 10 HAKIaJAHBIM pacxoaaM Ha afapecaruto. OOpaiieHue K KIII-TIaMsITH
OCYIIECTBIISICTCSl MPHU TOMOIIM aJPECOB TOJHOW JJIMHBI, KOTOpbIe TpeOyroT Oomee
BBICOKOM TIOJIOCHI TPOMYCKaHWsA KaHanoB oOmeHna. Kak mpaBuio, 3TOT aapec
NpUXOIUTCS (OPMUPOBATH BO BPEMS BBIMOJHEHUS MPOTPAMMBI, YTO KaK MHUHUMYM
TpeOyeT MOTHOPA3PSIAHOTO CIOKEHUS WM OOpallleHHus K PErucTpy audo U TOro, U
apyroro. PeructpoBbie OJ0KH apecyroTcsi KOPOTKMMH HOMEpPaMH PETUCTPOB, KOTOPbIE
OOBIYHO YKa3bIBAIOTCS B KOMaHAE, YTO YIPOLIAeT HX JAeKkogupoBaHue. OmHako
PETUCTPOBAs MAMITh MOXKET XPAaHUTh TOJIBKO ONPEIEICHHbIC TUIIBI JAHHBIX, B TO BPEMsI
KaK KJII-IaMATh MOXXET MHCIIONb30BaTbCd M Kak OCHOBHas. B cBI3M ¢ 3TuM
pacnpe/iesieHne CKaJspHbIX IEPEMEHHBIX MO PErucTpaM HEOoObIYailHO Ba)XHO, MO0
CYILIECTBEHHO BIIMSET HA CKOPOCTh 0OPa0OTKHU.

Heobxoaumo pemuTh BONpoCc ¢ pa3MEpPOM PETUCTPOBBIX OKOH, UOO B OOBIYHOM
apXUTEKTYpE OKHAa OJHOPETUCTPOBbIC, 4YTO TpeOyeT omepauud 3alOMUHAHUS-
BOCCTAHOBJICHUS IIPU KaKJIOM BBI30BE-BO3BpATE.

[Ipu BBI3OBax mpoleayp HEOOXOAMMO 3allOMHUHATH COJIEPKUMOE PETHCTPOB, a
MpU BO3BpAIlEHUM — BOCCTAHABJIMBATH MX, HAa YTO TPATUTCS 3HAYUTEIHLHOE BpEMS.
Bri130BbI  TIpoIielyp B COBPEMEHHBIX CTPYKTYPHPOBAHHBIX MpOTpaMmax JeiaroTcs
JIOBOJIBHO 4YacTO, MPU 3TOM CYMMAapHbIE€ HaKJIaJHbIE PACXO/bl HA BBHIMIOJHECHUE KOMAaH]
BBI30BA W BO3BpaTa M3 NPOLEAYp Ha CTAaHJAPTHBIX mporeccopax goxoaut 10 50 % Bcex
oOpailleHUi K maMmsaTd B nporpamme. UToObl YMEHBIIUTH BpeMsl Nepefadyd JaHHBIX
MEXKIy MpOUEAYypPaMHU-POIUTEISIMU U MPOLEAypaMHu-AouepbMu (B cllydae, Korjaa
IyOMHa HX BJIOKEHHOCTH OOJIbIIIE €IUHUIIBI), MOXHO CO37aTh OJIOK PErucTpOB,
OpPEAOCTaBUB M POJUTEISAM, M JOYEPSM JOCTYH K HEKOTOPbIM M3 HuxX. pyrumu
CJIOBaMH, HEOOXOJIMMO CO3/laTh TMEpeKphIBaloImuecss OJIOKU perucTpoB. Takas
BO3MOXHOCTh PEaJM3yeTCsl yepe3 MmepekphiBaroiuecs "okHa'", HakjIaJablBaeMble Ha 0JI0K
peructpoB. DTOT MexaHu3M peann3oBaH B RISC-apxutektype. MHorue usaMepeHwus
MOKa3bIBAIOT, YTO OKOJO 97 % mnponeayp MMEOT He Ooliee MIECTH MapaMeTpoB, YTO
TpeOyeT, 9TOOBI MEPEKPHITHE COCSTHUX OKOH ITUIO TIe-TO HA MATHh PETUCTPOB.



[Ipotieccop Bcerna coAep UT yKa3aTeldb TEKYIIEr0 OKHa C BO3MOXKHOCTBIO €ro
MOJU(UKALIUY B pAMKaX peaIM30BaHHON IMTyOMHBI BIOXKEHUs nporenyp. Ecnu riyouna
MEPENOJIHAETCS, YAaCTh COJIEPKUMOT0 OKOH HAINpaBISAE€TCS B OCHOBHYIO MaMSATh, YTOObI
MMETh MECTO s HOBBIX mpoueayp. dns mpoctotsl peanuszanuu B OIl HampasiseTcs
COJIEPKMMOE  II€JIOT0  OKHAa. JTO TOBOPUT O 11eJ1eCO00pa3HOCTH  BBEACHUS
MHOTOOKOHHOTO MEXaHU3Ma C 3aJlaHHbIM pa3MepoM OkHa. Pazmep okHa ompenensiercs
KOJIMYECTBOM TMEpPE/IaBa€MbIX IMapaMEeTPOB, a KOJHUYECTBO OKOH — JOITYCTUMOM
BJIO’KEHHOCTBIO MPOLIEAYD.

Cpeny JOCTOMHCTB TIPUMEHEHUS OOJBIIUX PETUCTPOBBIX OJOKOB MOXKHO
BBIJICIIUTh BBICOKYIO CKOPOCTh JOCTyNa K OJOKaM M YBEJIIMYEHHWE YacTOThI BBI30Ba
npoueayp. Cpean HETOCTATKOB — BBICOKAsk CTOMMOCTh OOJIBIIIOTO PErHCTPOBOTO OJI0Ka,
OpraHU3yeMoTo B ymiepo ApyruM (pyHKITMOHAIBHBIM OJIOKaM Ha KpUCTAJLIE.

AnnapaTHasi peajau3aius MeXaHu3Ma MePEeKPBITUS OKOH JOJKHA BBOJUTHCS, €CIIH
MOJIy4aeMblil BBIUTPBILI IEPEKPHIBAET 3aTPATHI.

Tak xak 3HaUMTENIBHAS YacTh IPOLEAYp TpeOyeT OT Tpex A0 IIECTH MapaMeTpoB,
TO CJIEAYET MoAYyMaTh 00 ONTUMH3ALMHU UCIIOJIb30BaHUS OKOH. Bo-IepBhIX, EpechuIaTh
B OIIl B ciyyae nepenosiHeHHs] perMCTPOBOro OJIOKa MOXHO HE BCE OKHA, a TOJBKO
COZIEPKUMOE PEruCTPOB, MCHOJb3YEMbIX [UIsl JTaHHOW NpPOUEAYphl, U, BO-BTOPBIX,
OPUMEHSATh MEXaHU3M C OKHAMHM MEPEMEHHBIX PAa3MEpOB, OMPEACNAEMbIX BO BPEMs
BBITIOJIHEHUS.

[TepcriekTrBHON pa3HOBHIHOCTBIO RISC-apXuTEKTyphl SBHIACh apXHTEKTypa
SPARC (Scalable Processor Architecture). Scaling — macwmabuposanue, m. e.
CnOCOOHOCMb NPeOCmasisims OaHHble MAKUM 00pa3om, YmooOvbl U OHU, U pe3yrbmam
NPOBOOUMBIX C HUMU BbIYUCTEHUU HAXOOUNUCL 8 OUANA30He Uucell, KOmopvle MO2ym
0bpabamvieamvCs 8 pamMKax OAHHO20 NPoYecca Uil Ha OAHHOM 0O60PYO0BAHUN.

HoBas cepuss SPARCSTATIONS ¢upmsr Sun Microsystems Oa3upyercss Ha
SPARC-apxutektype. [lepBbie Mogenu 310 GpupmMbl ObUIM U3rOTOBIEHBI YKe B 1989 r.
OmneparnmmoHHoW cpemod g Bcex cTaHiui ¢upmbl  Sun  sBiasercs  SunOS —
pazHoBuaHOCTE OS Unix, cHaOxeHHass MHOTOOKOHHBIM Tpaduueckum uHTEpdeiicom
Open Look.

JI7si TTOBBIICHHUSI CKOPOCTH OOpPaOOTKH JaHHBIX HCIIOJIB3YIOTCS KOMIIBEOTEPHI C
VLIW (Very Long Instruction Word)-apxurektypoit. CTpykTypa KOMaHIbI TaKHX
KOMITBIOTEPOB Hapsily C KOJOM OIEpalud W aApecaMu OIEpaHJO0B BKIOYAET TETH U
AecKpunTopsl. Hapsimy ¢ CyIIeCTBEHHBIM YCKOpPEHHEM OOpabOTKHM JaHHBIX Takas
apXHUTEKTypPa MO3BOJISIET SKOHOMHTH ITaMSITh MIPU JIOCTATOYHOM KOJIMYECTBE 0OpAaICHUH K
KOMaH/IaM ¥ COKpaIaTh o0I1ee KOJIMYeCTBO KOMaH]] B CHCTEMe KOMaH]I.



3.4. MeToabl ajpecaniy U THIIbHI KOMAH/I

B mammHax ¢ peructpamu o0IIero Ha3HaA4YeHUs: METOJ (MU PeXUM) ajpecaluu
O00BEKTOB, C KOTOPHIMU MAHMITYJIUPYET KOMaH/Ia, MOXKET 3a/1aBaTh KOHCTAHTY, PETUCTP

WJIN STYENKY ITaMsATH.

B tab. 3.2 npeacraBieHbl OCHOBHBIE METO/IbI a/IpeCallii OTIEPaH/IOB.

Tabnuya 3.2. Metonp! anpecaniuu

Meton IIpumep CMmbica HUcnoab3oBanue
ajipecanuu KOMAaH/IbI KOMAaH/IbI KOMAH/IbI
Pecucmposas Add R4, R3 R4 = R4+R3 s 3anucu
mpebyemozo 3HaueHus
8 pecucmp
Henocpeocmeennas | Add R4, #3 R4 = R4+3 s 3a0anus
UYL IUMEPHASL KOHCMAHM
basosas co Add R4, R4= R4+M(100+R1) s oopawenus k
cmeujeHuem 100(R1) JIOKAIbHbIM
nepemeHHbIM
Koceennas Add R4, R4 = R4+M(R1) s oopawenus no
peaucmposas (R1) yKazamenio K
BLILUCIEHHOMY AOpec)y
Hnoexcnas Add R3, R3 = R3+M(R1+R2) Ilonesna npu pabome
(R1+R2) ¢ maccusamu: Rl —
oasza, R3 — unoexc
Ipsimas unu Add R1, R1=R1+M(1000) Ilonesna ons
abconommuast (1000) obpawenusi
K CIamu4ecKum
OaHHbIM
Koceennas Add R1, R1 =R1+M(M(R3)) Ecau R3 — aopec
@(R3) yKazamejs p, mo
8b1OUpPaAemcsL
3HAUeHUue no IMOMY
yKazamenio
Aemounkpemenmuas | Add R1, R1=R1+M(R2) Ilonezna ons npoxooa
(R2)+ 8 YUKIe N0 MACCUB) C
R2 = R2+d wazom. R2 — nauano
maccusa. B kasxcoom
yuxne R2 nonyuaem
npupauwjerue d
Aemooexpemenmnasn |  Add R1, R2 = R2—d Ananocuuna
(R2)- npeovioywetl. Obe
Rl = R1+M(R2) Mmo2ym
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pearusayuu cnmexka

baszoeas unoexcnas Add R1=R1+M(100)+R2+R3*d| /{ns unoexcayuu
Co cMeujeHuem u MACCUBo8
macumabuposanuem R1

100(R2)(R3)

Agpecansi  HETIOCPEACTBCHHBIX JIaHHBIX M JIMTEPHBIX KOHCTAaHT OOBIYHO
paccMaTpuBaeTCs KaK OJIMH U3 METOJIOB aJipecalliy MaMATH (XOTs 3HaYCHUS JTaHHBIX, K
KOTOPBIM B 3TOM CJTy4ac IPOU3BOIATCS OOpaIICHHs], SIBISIOTCS YaCThIO CaMOW KOMAaH bl
1 00pabaTpIBatOTCs B 00IIEM MOTOKE KOMAaH]I).

B Ttabn. 3.2 Ha npumepe koMaHnbl cioxkeHus (Add) nmpuBeaeHsl HaumbOoJiee
yHIOTpeOUTEbHBIC HA3BaHUSI METOJIOB aAPECAINH, XOTS MPU OMUCAHUN APXUTEKTYPHI B
JOKYMEHTAIMU MNPOU3BOAUTENN KOMIbIOTEPOB U [IO HMCHONB3YIOT pa3Hble Ha3BaHUA
JUTst O THX MeToAoB. B Tabmn. 3.2. 3nak "=" ucmonb3yeTcs st 0003HaUCHUS orepaTopa
npucBaMBanus, a O0ykBa M oOo3Hauaer namsate (Memory). Takum obpaszom M(R1)
0003HAYaeT COJIEPKUMOE STUEHKH MaMsTH, apec KOTOPOH ONMpenesseTcsl COAEePKUMbBIM
peructpa R1.

HMcnonp30BaHuE  CIIOKHBIX MCTOZOB aapccCalu II03BOJIACT CYHICCTBCHHO
COKpAaTUTh KOJIMYCCTBO KOMAHJA B IpOorpamMmme, HO IIpH OTOM 3HAYMUTCIIBHO

YBCIIMYNUBACTCA CIIOKHOCTD allllapaTyphbl.

KomaHp!l TpaAUIIMOHHOTO MAIIMHHOTO YPOBHSI MOXKHO Pa3AeiUTh Ha HECKOJIBKO
TUIIOB, KOTOpbIE MOKa3aHbl B Ta0. 3.3.

Tabauya 3.3. OCHOBHEIE THITHI KOMAaH]I

Tun onepanuun IIpumepsl
Apupmemuueckue Llenouucnennvle apugpmemuyeckue u nocuieckue
u 102uyecKue onepayuu: Cl0d4ceHue, 8blyUmanue, 102uieckKoe
CIIOJICeHUe, TO2UYECKOe YMHONCeHUe U M. O.
Ilepecoiiku OanHbIx Onepayuu 3azpy3ku/3anucu
Ynpasnenue nomoxkom | bBesycnosHule u yciosnvle nepexoobl, 8613066l NPOYEOYP
KOMAHO U 8036pambvl
Cucmemnvie onepayuu Cucmemnoble 8b1306bl, KOMAHObL YNPABGILEHUS]
BUPMYATILHOU NAMAMBIO U M. O.
Onepayuu c Onepayuu cnodxcenust, 8bI4UMAHUS, YMHONCEHUS U
niasaouell moykou oellenusl Ha0 8eueCcmMBeHHbIMU YUCTAMU
Hecamuunvie Hecamuunoe cnodicenue, ymMHodcenue, npeoopazosanue
onepayuu Gopmamos u m. 0.
Onepayuu Hao Ilepecvinku, cpagnenus u NOUCK CMpPOK
cmpoKamu




Tun omepanma MOXeT 3aJaBaThCsl JIMOO KOJOM OIEpaly B KOMaHe, OO ¢
MOMOIMIBIO Tera, KOTOPBIA XpaHUTCS BMECTe C JaHHBIMA W HWHTEPIPETHPYETCA
armaparypou Bo Bpemsi 00paOOTKH TaHHBIX.

OObpuHO THN omepaHaa (LeNblid, BEIICCTBEHHBIM, CMMBOJ) ONPEICISCT M €ro
pa3sMep. Kak mpaBuiio, nienpie ynciaa OpeACcTaBiIsIOTCA B JIOMOJHUTEILHOM Koxe. Jliis
3agaHus cuMBOJIOB kKommanusi IBM wucnons3dyer kong EBCDIC, npyrue kommanuu
npuMensitor koj ASCII. [lns npenctaBieHUs BEIIECTBEHHBIX YHCEN C OJUHAPHOU H
JBOMHOM TOYHOCTHIO NpuiepkuBaroTcs cranaapra IEEE 754.

B psae npoueccopoB NPUMEHSAIOT JBOMYHO - KOJUPOBAHHBIE JIECSITUYHBIE YUCIA,
KOTOpBIE MPEACTABIISIIOT B YIIAaKOBAHHOM U HEYNAaKOBaHHOM (popMarax. YTaKOBaHHBIN
dbopmart npeanonaraer, yTo sl kogupoBanus 1udp 0 — 9 ucnonp3yiot 4 paspsiga u ABe
JeCATUYHBbIE LU(PHI YNMaKOBBIBAIOTCA B KaXIbld OailiT. B HeymakoBaHHOM Qopmare
0aiiT comepKUT OJHY JECATUYHYIO UHU(ppy, KOTOopas OOBIYHO H300pakaeTrcs B
cuMBoJibHOM koae ASCII.

3.5. KomnbTepsbl €O CTEKOBOH aPXUTEKTYPOii

[Ipu co3manuy KOMIMbIOTEpAa OJHOBPEMEHHO MPOCKTUPYIOT U CUCTEMY KOMAaH]
(CK) nns mero. CyrecTBeHHOE BIMSHHUE Ha BBIOOp omepariuii juist ux BmrodeHus B CK
OKa3bIBAOT:

e 1JjileMeHTHasi 0a3a W TEXHOJIOTMYECKUH YpPOBeHb TPOM3BOACTBA
KOMIILIOTEPOB;

® KJACC peliaeMbIX 3aJa4, ONPEAeSIomuid HeoOX0MUMbIA HAOOp omeparuid,
BOTLJIOIIAEMBIX B OT/ICIbHBIE KOMAH/IbI,

® cCTeMbI KOMaH/I JJI1 KOMITBIOTEPOB aHAJIOTHYHOTO KJIacca;

e TpeOOBaHHs K OBICTPOAEHCTBUIO 00paOOTKU JTaHHBIX, YTO MOXET MOPOIUTH
CO3/IlaHu€e KOMaH/1 ¢ 6oJbIIoi JuHoM cioBa (VLIW-komaHab!).

AHanmu3 3a1a4 IIOKa3bIBAECT, YTO B CMECAX IPOrpamMM JOMHUHHUPYIOILYIO pOJIb
UTParOT KOMaHAbl IIEPECHUIKA U IIPOLIECCOPHBIE KOMAHABI, UCIIOIb3YIOINE PETUCTPHI U
IIPOCTBIEC PEKUMBI aIPECALUH.

Ha ceropmsimanii 1eHh HanOoOJbIIEE PACIIPOCTPAHCHHUE TONYYHIIN CICTYIOIINE
CTPYKTYpbl KOMaHJI: oaHoajpecHbie (1A), nByxaapecHbie (2A), TpexaapecHsie (3A),
oe3aapecusbie (BA), koman el ¢ 00bIoN muHOK cinoBa (VLIW — BJIC) (puc. 3.1):

1A ~ KOII Al

2A ~ KOII Al A2

3A ~ KOII Al A2 A3
bA ~ KOIT




BJIC ~ KOII Anpeca Teru JleckpunTopbl

Puc. 3.1. CTpykTypbl KOMaH]

[IpnueM omnepaHa MOKET yKas3bIBaThCs Kak aJApecOM, TaK M HEIOCPEACTBEHHO B
CTPYKTyp€ KOMaH/bI.

B ciiyqae BA-komMan oriepaHisl BRIOUPAIOTCS U PE3YJIBTATHI TOMEIIAIOTCS B CTEK
(marazus, THe3/10). TUNUYHBIMM TIEPBBIMU NpPEACTaBUTENAMU bBA-KOMIOBIOTEPOB
sapisitorcst KDF-9 u MBK "Onpbpyc". Mx xapakTepHOH OCOOCHHOCTBIO SIBIISETCS
HaJM4Khe CTEKOBOW MaMsITH.

Crek — 3TO 00JaCTh ONEPATUBHOM MaMSATH, KOTOpas HCIOJIb3YeTCs JJId
BPEMEHHOI'O XpaHEHMsI JaHHbIX M omnepanuuil. JlocTym K 3JeMeHTaM CTeka
ocymectBisiercsa no npuHiuny FILO (first in, last out) — mepBbIM BoIII€I, MOCIETHUM
BbiIes. Kpome TOro, IOCTyn K 3J€MEHTaM CTE€Ka OCYIIECTBIISIETCS TOJBKO Y€pe3 €ro
BEpUIMHY, T. €. MOJb30BATEN0 "BUJIEH" JIMIIb TOT 3JIEMEHT, KOTOPbIA MOMEIIEH B CTEK
MTOCJIETHUM.

PaccmotpuMm  pyHKIIMOHMpPOBAHME TIPOIECCOpPA CO CTEKOBOW OpraHU3aIMei
MaMSATH.

[Ipy BBIMOTHEHWW PA3NTHYHBIX  BBIYUCIUTEIBHBIX TMPOIEAYP TMPOIECCOp
UCIIONIb3yeT JIMOO HOBBIE OMEpPaHJbI, JO CHX IOP HE BBHIOMpPABIIHMECS W3 TaMSITH
KOMITBIOTEPA, MO0 OIMEepaH/bl, YMOTPEOIABIIMECS B MPEABIAYIIUX oOrepanusix. B
MpoIieccopax ¢ KIacCHUeCKol CTPYKTypoi oOparieHue K arooomy onepanay (1A-2BM)
TpeOyeT IUKIIa TaMSATH.

Paccmotpum mipumep.

[TycTh mporieccop BHIYUCISIET 3HAUCHUE BBIPAKEHUS

a‘+ b

b+c

X

[TporpamMma perieHuss 3TOH 3aJaddl JUIsl OJHOQJPECHOTO KOMITBIOTEPA MOXKET
ObITh citeayromei (Tad. 3.4).

Tabnuya 3.4. Tlpumep nporpaMmbl

Homep Komanpga KomMmeHnTapuu
KOMAH/IbI
1 C—=3
’ (Z )+b
3 Z )—=h P\ — pabouas sueiika
4 a—




[2 )4«’ P, P, _ pabouas auelxa

O 00| N| o O
o
)
1

10 [Z ):[Pl) a’+b’
b+c

—2

@ (P,
3ameuanue. BpbllONHEHHE KOMaH[Ibl THUIA [Z ) ( 1) MOJIPa3yMEBAET, YTO
pe3yibTaT oOlepaludyd [OMEIIAETCs B TEPBBbIM PErucTp, B JaHHOM Ciy4yae B

perucTp 2

Kak crnenyer u3 nmpuBeJeHHOM MporpaMMebl, OTIEpaH]l & BEIOMpaeTca U3 maMaTu 2
pa3a (komauael 4 u 5), b — 3 pasa (komangsl 2, 7 u 8). Kpome Toro, morpeboBainch
JIOTIOJTHUTENbHBIE OOpallleHuss K NaMsATH JJIsl 3allOMUHAaHUST M BbI30BAa W3 MaMSTH
PE3yNbTATOB MPOMEKYTOUHBIX BbIUHUCIECHUN (KOMaHsI 3, 6, 9, 10).

Ecnu rnaBHBIM (akTOpoM, OTpaHMYUBAIOLIUM OBICTPOJCHCTBHE KOMIIBIOTEPA,
ABJISIETCS BPEMS IIMKJIA MaMsTH, TO HEOOXOIUMOCTh B JIOMOJHUTEIBHBIX OOpAIIeHUSIX K
NaMsTH 3HAUYUTEIBHO CHIKAET CKOPOCTh €ro padboThl. O4eBHUIHO, YTO MPUHIUIUAIBLHO
HEOOXOIMMBI TOJIbKO OOpallleHus K MaMsITH 3a JaHHBIMU B MEPBLI pa3. B nanpHeiimem
OHM MOTYT XPaHHUTBCS B TPUITEPHBIX peructpax wim CO3Y.

VYkazaHHble COOOpaKCHHS TOJYYMIIM CBOE BOIUIOIICHHE B PsIie JIOTHUECKHUX
CTPYKTYp mporeccopa. OnHa U3 HUX — MPOIECCOP CO CTEKOBOM mamsThio. [IpuHiun ee
paboThI MOSCHSET CXeMa, IpeICTaBlIeHHas Ha puc. 3.2.

CrexoBasi mamsTh MpeICTaBIseT co00il HAOOp M3 N PErUCTPOB, KAXKIbIM U3
KOTOpPBIX CIOCOOEH XpaHUTh OJIHO MAIMHHOE cJI0BO. OJHOMMEHHBIE pa3psabl
peructpoB P;, Py, ..., P, coenunenbl mexay coboil nensmu casura. I[lostomy Bech
HAOOp PErucTpoOB MOXKET paccMaTpUBATBhCS KakK TpyIa n-pa3psaHbIX CIBUTAIOLIUX
PErUCTPOB, COCTaBJIEHHBIX U3 OJIHOMMEHHBIX pa3psaoB peructpoB P, Py, ..., Pp.
Nudopmarus B cTeke MOKET IPOJIBUTATHCS MEKy PETUCTPAMH BBEPX U BHH3.

Iswkenue BHH3: (P1) &> Py, (P2) &> Ps, ..., a P; 3amonHsercs MaHHBIMH U3
IJIaBHOM MaMSITH.

Hewxenne BBepX: (P,) = Phy, (Ph.1) = P2, a Py 3anomHseTCS HYITSIMH.
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Puc. 3.2. CtexkoBas opranusaiiusi rnporeccopa

Peructpet P; u P, cBsazansl ¢ AJIY, oOpa3ys aBa omepaHaa sl BBIIOJIHEHUS
onepaunu. Pesynbrar onepanun 3anuceiBaercs B P;. CiienoBatensHo, AJIY BeIonHAET

OIIEPALIUIO (P)®(P,) - P,

OnHOBpEMEHHO C  BBIOJIHEHHWEM  apudmernyeckoir  omepauuu  (AO)
OCYIIIECTBIISICTCS TIPOJBIKCHUE OIEpaHIOB BBepX, He 3arparuBas Pi, T.e. (P3) > Py,
(P4) > Pzu . 1.

Takum o6pazom, AO HCHONB3YIOT MOAPA3yMEBAEMbIE aJpeca, YTO YMEHbILAET
JUIMHY KOMaHAbl. B mnpuHmune, B KOMaHAe€ JOCTATOYHO MMETh TOJBKO IIOJIE,
ompeneidmronee Kozj omnepauud. I1o3ToMy KOMIIBIOTEpBI €O CTEKOBOW IAMSTBIO
Ha3bIBAIOT Oe3ajpecHbIMU. B TO ke BpeMsi KOMaH[bl, OCYLIECTBIISIOIINE BBI30B WU
3arloMUHaHue MH(OpMalUU U3 I1aBHOW MaMsTH, TPeOYIOT yKa3aHUs ajpeca OonepaHia.
[TosTomy B DBM c0 CTEKOBOM MaMATHIO UCIOJIB3YIOTCSI KOMaH/bl IEPEMEHHOM JIJIUHBI.

Hanprmep, B KDF-9 komanabr AO — 0HOCTIOTOBbIE, KOMaH bl 0OpaIieHHs K TaMsTH U TIepeiad YIIpaBICHHS
— TPEXCJIOI'OBLIC, OCTAJIBHBIC — IBYCJIOTOBBIC.

KOM&H,Z[I)I pacmojiararorCsa B IIaMATH B BHAC HCIPCPLIBHOTO MaCCHBa CJIOTOB
HE3aBHUCUMO OT I'paHHIl AYCCK IIaMsTH. OTO TO3BOJISIET 3a OIHH THKII 06pa1ueHI/151 K
IHaMsTH BbBI3BATh HCCKOJIBKO KOMaH/I.

Jnst 5hdexTUBHOTO HCIMONB30BAaHUS BO3MOXHOCTEW Takod mamsatd B OBM
BBOJSTCS CITIELIKOMAH/IbI:



ennyonupoBanue ~ (P1) > Py, (Py) > Ps, ... u 1. 1., a (P;) ocraercs mpu 3ToM
HEU3MEHHBIM;

epeBepcupoBanne ~ (Py) > P, a (P;) > Py, 9ro ymoOHO i BBITOJHEHUS
HEKOTOPBIX OIEPALIAM.

PaccMOTpuM TOT ke IpUMep I HOBOM cuTyaluu (tadu. 3.5):

2 2
a‘+b
W =

b+c



Tabauya 3.5. Peanu3aius mporpaMMbl CO CTEKOBOM MaMSITHIO

Ne KOMaHﬂa Pl Pg P3 P4
n/n

1 Buvizos b b

2 Jlybnuposanue b B

3 Bui306 ¢ C B B

4 Croorcenue b+c B

5 Pesepcuposanue b b+c

6 Jlybnuposanue b B b+c

7 Ymnoorcenue b? b+c

8 Buizos a a b* b+c

9 Jlybnuposanue a A b’ b+c
10 Ymnoorcenue a’ b? b+c

11 Croorcenue a°+b? b+c

12 enenue a?+52

bt

Kak cienyer u3 tabmn. 3.5, noHaA0OUINCH JIMIIH TPH 0OPAIleHUsT K NAMSTH JJIs
BbI30Ba omepaHaoB (koManabl 1, 3, 8). Menbiie oOpanieHuil OPUHIUITHAIBHO
HEBO3MOXHO. OrepaH/ibl U MPOMEXYTOUHBIC PE3YyJbTaThl MOCTYNAIOT JJIsI OTiepaluii B
AY u3 cTekoBoM namsaTu; 9 komau u3 12 sSBIsSIOTCS 0€3aApEeCHBIMH.

Bcs mporpamma pasmeniaercs B Tpex 48-pa3psiiHbIX siueidKax NaMsaTH.

['11aBHOE MPEUMYIIECTBO HMCIOJIb30BaHUS MAara3MHHOM IMAMSATU COCTOUT B TOM,
yTo npu mnepexone K mnoxgnporpammam (IIII) wmm B ciywyae mnpepblBaHUS HET
HEOOXOJUMOCTH B  CHEUMATbHBIX JCHCTBUSIX IO COXPAHEHHUIO COJEPKUMOTO
apu(pMETUYECKUX PErUCTpOB B naMATu. HoBas mporpamMma MOKET HEMEIJIEHHO HayaTh
paboty. Ilpu BBeaeHMM B CTEKOBYIO TIaMsAThb HOBOM uWH(pOpManuu JaHHbBIE,
COOTBETCTBYIOIIME MPEABIAYLIENH MPOTpPaMME, ABTOMATHYECKU TPOIBUTAIOTCS BHU3.
Onu Bo3BpaiarTcs 00paTHO, KOTJa HOBasi MpOrpaMMa 3aKOHYHUT BHIYHCIICHUSI.

Hapsiny ¢ yka3aHHBIMU MPeMMYIeCTBAMHU CTEKOBOM IMaMSITH OTMETUM TaKXkKe:

®YMEHBIIICHHE KOJMYECTBA OOpaIeHUH K TaMATH;

eymnpolieHue crnocoda oopamenus k [111 1 o00paboTku npeprIBaHUM.

HepocraTky CTEKOBOM OpraHU3aluy NaMATH:

®0O0JIBITIOE YUCIIO PETUCTPOB C OBICTPHIM JOCTYIIOM;

®HEOOXOMMOCTh B JIOTIOJIHUTEJIIBHOM OOOpYy/IOBaHUHU, dYTOOBI CIEIUTh 3a
MePENOJIHEHNEM CTEKOBOU MaMSTH, N0O YHCIIO PETHUCTPOB AMSATH KOHEYHO;

®TIPHCIIOCOOJICHHOCTh TJIABHBIM 00pa3oM JUIsi pelieHus HaydHbIX 3a1ad U B
MEHbIIEH  CTelmeHu [JJIsi  cUcTeM  Oo0paOOTKM  JaHHBIX WM  YIpaBJICHUS
TEXHOJOTUYECKUMH MPOLECCAMHU.



3.6. OnTumMu3anus cucTeMbl KOMAaH/I

BaxxHbIM  BONpOCOM  TOCTpOEHUs JIIOOOM CHUCTeMbl KOMaHj  SIBJISIETCA
ONTUMAJIbHOE KOJAupoBaHHWE KomaHi. OHO ompeaessieTcsi KOJIMYECTBOM PETHCTPOB U
MIPUMEHSEMBIX METOJIOB aJpecaliy, a TakKe CIONKHOCTHIO anmaparypbl, HEOOX0IUMON
s aekonupoBanus. MMmeHHO mosToMy B coBpeMeHHbIX RISC-apxurektypax
UCTIONB3YIOTCS 00CHAMOYHO RPOCHIbIE MEmoobl adpecayuu, Nno380IAUUE DPE3KO
ynpocmums 0ekoouposanue komauno. boiee crnoxXHble W PEIKO BCTpEUAIOIIUECS B
pealbHbIX  MpOrpaMMax  METOAbl  aJpecallid  pPeajlu3yloTcsi C  [OMOUIBIO
JIOTIOJTHUTENIBHBIX KOMAaHJI, 4YTO, BOOOIE TOBOPS, MPUBOAMUT K YBEIWYEHHUIO pa3zMepa
porpaMMHOro koja. OJIHaKO TakKoe YBEJIUYECHHE MPOrpaMMbl C JIMXBOW OKyIaeTcs
BO3MOXHOCTBIO TMPOCTOro yBeaudeHus 4actotbl RISC-mporneccopoB. DToT mpoiiece
MOYXHO HaOJI0/IaTh CEroJiHs, KOrJa MaKCHMAJIbHbIE€ TaKTOBBIC YACTOTHI MPAKTUYECKU
Bcex RISC-mponeccopoB (Alpha, R4400, HyperSPARC wu Power2) mnpeBblaioT
TAaKTOBYIO YacCTOTY, JIOCTUTHYTYIO Mporieccopom Pentium.

OO0y TEXHOJOTHI0 MPOEKTHPOBAHUA CHCTEMbI KOMAaHJ i HOBoii DBM
MO>KHO 0003HAUMTh TaK: 3Has KJacc pellaeMbIX 3a/1a4, BBIOUpaeM HEKOTOPYIO TUIIOBYIO
CK g mMpOKO paclpOCTPAHEHHOIO KOMIIBIOTEpAa M HCCIEAYEeM €€ Ha IpeaMeT
MPUCYTCTBHUSL BCETO pa3HOOOpa3usi omepalnuii B 3aJlaHHOM Kiacce 3anady. Bosce He
BCTPEUYAIOIINECS WJIM PEIKO BCTPEYAIOIIMECS OINEpPAalUM HE IOKPHIBAEM KOMAHJAMM.
Bce ywactotsl BcTpeu onepauuii i 3aganus ux B CK Beskuil pa3 MOXHO ONpeAeIUTh
U3 COOTHOWIEHHWH '"CTOMMOCTH 3aTpaT — CJO0KHOCTb pPEANIM3AUUA — IOJTYy4aeMbIi
BBIATPBIII'".

Bropoit myrs mnpoexktupoBanusa CK cocrouT B pacmmpeHnn HMeErOLIENcs
cucteMbl komana. OIMH U3 COCOOOB TAaKOIO PACHIMPEHUS — CO3[JaHUE MAaKpPOKOMAaH],
BTOPOM — HCHOJIB3Yysl MMEINIUNCS CHUHTakcuc sa3bika CK, T0MOIHUTH €ro HOBBIMU
KOMaHJaMH C MOCJEIYIOIIUM MepeacceMOIMpOBaHuEM, Yepe3 pacliupeHue (QyHKIUMI
accemOnepa. O6a 3T cnoco0a NPUHIMIHUAIBHO OJUHAKOBBI, HO OTIMYAIOTCS B TAKTUKE
peanu3anuy anmapara pacliupeHus.

Tak, cucrema koman iiig [1IK IBM nokpbIBaeT Ciaeayrolne TPYIIbl ONepaIuid:

nepeaaur JaHHbBIX,
apu(pMeTHYECKUe ONepaInH,
OTIepaIlliy BETBJICHHS W ITHKJIOB,
JIOTUYECKUEC OTICPAITHH
orepanuu 00pabOTKU CTPOK.

Pa3paborannyro CK cunenyer onrummsupoBatrb. OauH U3  crnocoOoB
ONTHUMM3AIUN COCTOMT B BbISIBJIEHMH YACTOTHI MOBTOPEHUIl COUETAHMH IBYX WJIH
0osiee KOMAaH/, CJICAYIOUIUX JPYyr 3a JAPYrOM B HEKOTOPBIX THUIIOBBIX 3ajayax JIjis
JTAHHOTO KOMIIBIOTEpA, € TMOCJEeAyHIIed 3aMEeHOM MX OJHOM KOMAaHIO0H,
BBLINOJIHSIIONIE Te Ke (YHKOMH. OTO MNPUBOJUAT K COKpPAIICHUIO BpPEMEHU
BBITIOJTHEHUS IPOTPAMMBI M YMEHBIIICHUIO TPeOyeMoro o0ObemMa mamsITH.



MOXHO TaxKe MCCIIE0BAaTh U 4aCTO F€HEPUPYEMBIE KOMIIUIISITOPOM HEKOTOPHIE
II0CJIEI0BATEIbHOCTH KOMAH/I, YOUpasl U3 HUX U30bITOYHBIC KOBI.

OnTuMu3anuo MOKHO IPOBOJUTH U B IIPEENaX OTAEIBbHON KOMAHJbI, UCCIEMYs
ee HMH()OPMALMOHHYIO €MKOCTb. [l 3TOro MOXHO NPUMEHUTH amnmnapaT TEOpHUH
uH(popManuu, B YaCTHOCTU JUIsl OLEHKM KOJMYECTBA MepeJaHHOM HH(pOpMaluu —
SHTPONMIO UCTOYHHUKA. TpakT "mporueccop — naMATh" MOKHO CUUTATh KAHAJIOM CBS3U.

3ameuanue. DHTPOTHS — ITO MEPa BEPOSTHOCTH NPEOBIBAHUS CHCTEMBI B JAHHOM
COCTOSIHUHU (B CTaTUCTUYECKOHN (U3HKE).
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