Bixkineaid

CynepckaasipHICTh

Marepian 3 Bikinefii — BiibHOI eHLUK/IOTIE A1l

CynepckanspHiCTb — apxiTeKkTypa
004K CIIOBA/IBHOTO si7Ipa, 1[0 BUKOPHCTOBYE KibKa
JlekoZlepiB  KOMaHJ, fKi MOXYTb HaBaHTa)XXyBaTU
poboTorO ZieKibka BUKOHABUMX OJ10KiB. [laHyBaHHS ' ‘
BUKOHAHHS TIIOTOKY KOMaHJ € [JWHaMiuHUM i
371iliCHIOETHCS CAMUM 0OUKCITIOBA/IBHUM SIIPOM.

F | ID | EX |MEM| We
IF | ID  EX |MEM WB
IF | 1D [ EX [MEM wB
IF | 1D | EX |MEM WB |

F | ID | EX |MEM we
sIki110 B mpoijeci pob0TH KOMaH/TH, 1110 00pOb/ISFOTECS ‘ IF | ID | EX [MEM| WB | _
KOHBEEPOM, He Cylepeuyarh OJHa OJHIil, i ogHa He IE] 1D | EX MEM| WB |
3a/1eKUTh Bijl pesy/sTary iHIIOL, TO TaKWil MPUCTpii I8 10 | EX [MEM| WB |
MOXKe 3[iMCHUTH Tapajie/lbHe BUKOHAHHSI KOMaH/[. Y MpocTnin cynepckansHuin koHBeep (IF = gocTaBka
CyrnepCKalsipHUX CUCTeMax PpillleHHs Tpo 3aryckK iHCTpYKUIi, ID = gekomyBaHHA iHCTPYKLjT, EX =
IHCTPYKL il Ha BUKOHAHHSA rpuiiMae caMm BVKOHaHHA, MEM = goctyn o nam'ati, WB =
o0uMC/IIOBaIbBHUM  MOAY/Mb, 10 BHUMarae Oarato — 3anuc perictpa Hasag, i = HOMep IHCTPYKUT, ¢ =
pecypciB. Y MisHIMX CcHCTeMax, TakuX K Empbpyc i Wk [T06TO yac])
[tanium, BUKOPHCTOBYETHCS CTATIJIAHYBaHHS, TOOTO
napasesbHi iHCTPYKIii 00'€[HYIOTBCS KOMIT/IITOPOM
B JIOBT'Y KOMaH/Y, B sIKili Hariepe/| BiZloMo, 1110 BCi iHCTPYKI]ii mapane/nbHi (apxiTekTypa VLIW).

CymniepckansipHa apxiTektypa LIIT BTintoe dopMy mapanesnisMmy BifioMy sIK mapasesiisM piBHSI iHCTPYKIiii
Ha 0/IHOMY IpOLIecopi.
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AnB. TaKoX

IcTopis

Icuye cynepeuka 100 Toro, sky EOM Mo)XHa BBa)KaTy IepIIO0 3 BUKOPUCTAHHAM CylepCcKaasipHOL
apxiTekTypH. Y 3aximHiii mitepaTypi HaituacTiiie Bka3yerbcsst CDC 6600 (1964) po3pobieHa Ceiimypom
Kpeem. ¥ CPCP nepioro cynepckansipHoro EOM BBaxkaBcs «Eb0Opyc», po3poOka sikoro Besiacsi B 1973
—1979 pokax B UTMuBT. OcHOBHOIO CTPYKTypHOIO BimsHakoto EnbOpyca Big CDC 6600 (kpim,
TIPUPO/IHO, abCOJIFOTHO iHIIOT BUAMMOI TIPOTpaMicTy CUCTeMH KOMaHJ — CTeKOBOTO TUMY) Oy/o Te, 10
BCi MoAyni BUKOHaHHS B HbOMY Oynd KOHBEEPH30BaHi, $IK Yy CYYaCHHUX CyIePCKaIsIpPHUX
Mikporporijecopax. Ha mifcragi 1iboro dakty b. A. babasH 3asB/isB 1ipo nipioputer pajsHcbkux EOM y
MUTaHHI TOOyJOBU CyTepCcKaisipHUX OOUYMC/TIOBAIBHUX MalllMH, OJHAaK MOoro [AyMka mo30aBjeHa
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JIOCTaTHIX mizicTaB, 60 Bxe HacTymHa 3a CDC 6600 mammHa dipmu Control Data, CDC 7600 1969 poky
Majla KOHBeEpM3allilo BUKOHaBUMX MpucTpoiB. Kpim Toro, gemjo panimie (1967) dipmoro IBM Oyma
BunylleHa MammHa IBM 360/91, 1mo BHKOPHUCTOBY€E I103auyeproBe BUKOHAHHS, IepeliMeHyBaHHS
pericTpiB i KOHBeepu3allil0 BHMKOHaBUMX NpUCTPOiB. [lepmmM >ke KOMepLIMHO LIMPOKOAOCTYITHUM
cynepckansipHuM MikporpoijecopoM ctaB Intel i960, mjo BuimoB B 1988 pomi. ¥ 1990-x pokax
OCHOBHHMM BUPOOHUMKOM CyTIepCKa/spHUX MiKporpolecopiB crasna ¢ipma Intel.

Peani3aiii

[Ipornecopy, 10 MiATPUMYIOTH Cyl1epCKa/IsAPHICTb:

Mepwa

ApXxiTeKkTypa peanizalis

Pik Po3po6HUK Mpumitka

KoHBe€ep BUKOHAHHA
KOMaH[, Kifibka BUKOHYHUNX
npucTpois (ane He
KOHBEEPU30BaHNX)

CDC 6600 CDC 6600 1964 Control Data Corporation

lMoBHa KOHBeepu3aLis 3
AVNHaMIYHUM

IBM neperiMeHyBaHHAM

System/360 | IBM 1967 pericTpiB Ta AMHaAMIYHUM,

Model 91 nif, Yac BUKOHAHHS,
BU3HAYEHHAM NOPSALKY
KOMaH/,

MoBHa KOHBeepM3ayia — i
CDC 7600 CDC 7600 1969 Control Data Corporation BUKOHAHHA KOMaH[, i camux
BUKOHYHOUMX NPUCTPOIB
MoBHa KOHBEEpM3aLif 3
ANHaMiYHUM
neperiMeHyBaHHAM
Enbbpyc Enbbpyc-1 1979 NTMuBT pericTpiB Ta AMHaMIYHNM,
nig Yyac BMKOHaHHA,
BU3HAYEHHAM NOPSAAKY

KomaHz,
Intel 1960 1960 1988 Intel

SPARC SuperSPARC 1992 Sun Microsystems

x86 Pentium 1993 Intel

MIPS R8000 1994 MIPS Technologies

ARM Cortex A8 2005 ARM

IIpuckopeHHs 00UKC/IeHD

Y cynepckansipHUX OOUMC/TIOBaIbHUX MallliHAaX BUKOPUCTOBYETHCS Psifi METOZIB /ISl TIPHUCKOPeHHS
o0uKc/ieHb, XapakKTepHUX Hacamriepe[ [jis HUX, OJHAK TaKi MeTOJd MOKYTb BHKOPHCTOBYBATUCS i B
[HIIUX TUIAX apXiTeKTyp:

= [lo3aueproBe BMKOHaHHs (aHr. Out-of-order execution) — MeToA, 3aCTOCOBYBaHUI Npw
po3po6Li 06UMCNOBasIbHUX NPUCTPOIB, 3 METOK NiABULLEHHS NPOAYKTUBHOCTI. Mloro
0COONMBICTb NONArae y TOMy, WO iHCTPYKLiT HAOX0AATb Y BUKOHABYI MOAyNi HE B MOPSAAKY iX
cnigyBaHHSA, AK 6y/10 B KOHUEMNLIT BUKOHAHHSA IHCTPYKLiA NO nopsaaky (aHr. In-Order
execution), a N0 roTOBHOCTI A0 BMKOHaHHSA. Cepep, LWMPOKO BiAOMNX MaLUNH BRepLUe Lei
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metog 6yna B iCTOTHIN Mipi peanizoBaHuii B MawmHax CDC6600 cipmu Control Data i IBM
360/91 chipmu IBM.

= [lepeiMeHyBaHHSA pericTpiB (aHrn. Register Renaming) — MeTof, ocnabneHHs
B3aEMO3a/IeXXHOCTEN IHCTPYKLiA, 3aCTOCOBYBAHMIA B NpoLecopax, Wo 34iCHIOTH iX
nosaveprose BUKOHaHHA (aHrni. Out-of-order execution). Y Tomy BUNazky, SKW0 BigNoBiAHO
ANsi ABOX a60 6inblue IHCTPYKLUiN HEOOXIAHO 3A4iACHNTM 3anNnC aHUX B OAWNH PEricTp, iX
KOpPEKTHe rno3ayeproBe BMKOHAHHSA CTa€ HEMOX/IMBUM (HOBILLA iIHCTPYKLIA He MoXxe ByTu
06pobneHa [0 3aBepLUeHHS Bi/lbLL paHHbLOI) HaBITb Y TOMY BUNAAKY, AKLLO NPU LbOMY HEMAE
3a/1eXKHOCTI 32 faHMMW. Taki B3aEMO3a/1eXXHOCTI YaCTO Ha3nBalTb XMOHMMUY (y pasi iICTUHHOI
3a/1eXXHOCTI iICHYE 3a/1eXHICTb | 3a faHMMK). Tak K KifIbKiCTb apXiTEKTYPHUX PEricTpiB
3a3Buyait obmexeHa (Hanpukniag, cTaHAapTHO apXiTekTypa x86 nepepnbdayae TiNlbku BiCim
pericTpiB 3arasibHOro NPU3HaYeHHs), MMOBIPHICTb BUHUKHEHHS MOMUIKOBUX
B3aEMO3a/1eXXHOCTEN [OCUTb BE/NKA, LLLO MOXE MPU3BECTU [0 3HMKEHHSA NMPOAYKTUBHOCTI
npouecopa. NepeiMeHyBaHHA pericTpiB ABMSE COO0I NePETBOPEHHS NPOrpPaMHmX
NnocunaHb Ha apxiTEKTYPHI pericTpy B nocuaaHHA Ha (pi3nyHi perictpu i 4O3BONSIE
nocnabuTn BNANB NOMUIKOBUX B3aEMO3a/IEXXHOCTEN 3a paxyHOK BUKOPUCTaHHSA BENKOI
KIJTbKOCTI (PI3NYHUX PETICTPIB 3aMiCTb 0OMEXEHOT KiNIbKOCTI apXiTeEKTYPHUX (Tak, Hanpuknag,
x86-cyMmicHi npouecopu apxitektypu Intel P6 micTtatb 40 thiznyHnx perictpis). MNpu Lbomy
npoLecop BiACTEXYE, CTaH SKMUX (PI3NUYHNX pericTpiB BigNOBiJae CTaHy apXiTEKTYPHUX, a
BMaa4va pesynbratiB 34iINCHIOETLCA B NOPSAKY, KM nepefdadyeHnii nporpamoto.

= OG6'elHaHHA KiJIbKOX KOMaH[ B OAHY — METO/ po3napasiesnitoBaHHA 004YMCNEHb Ha PiBHI
KOMMIiNAUiT, Wo A03BOJSE OQHOYACHO BMKOHYBATK AeKisibKa iIHCTPYKLUiA Ha o6nagHaHHi, ke
[103BOJISIE Napasie/ibHy He3asiexHy poooTy.

MeTouKH 30i/1bIIIeHHSA MPOYKTHBHOCTI

= Mogynb nepefbdavyeHHss yMOBHUX nepexodiB (aHrn. Branch Prediction Unit) — npucTpii, wo
BXO4MTb [10 CK/1aZly MIKpPOMpoLEecopiB, WO MalTb KOHBEEPHY apXiTEKTYPY, BU3HAYa/IbHUIA
HanNpPsAMOK po3rasyxeHb (NnepegbdavatoTb, Un 6yae BUKOHaHU YMOBHUIA nepexia) B
BUKOHYBaHI nporpami. NepegbdbayeHHsA posranyXeHb A03BOJISE 34iNCHIOBATN NONepeaHto
BMOIPKY IHCTPYKLiN | faHNX 3 NaM'aTi, @ TaKoX BUKOHYBATW IHCTPYKL,T, LLLO po3TalloBaHi nicns
YMOBHOIO nepexoay, A0 TOro, ik BiH 6yae BUKOHaHWA. MNepeabdayeHHs NepexosiB €
HEeBIA'EMHOI0 YaCTMHOKO BCiX CyYaCHUX CyrnepCcKaIApHUX MIKpONpoLecopis, TOMY LLO B
6iNnbLIOCTI BUNagKiB (TOYHICTb NepefdayeHHsa NepexoaiB B Cy4acHUX npoLecopax
nepesuLLye 90 %) A03BOMSAE ONTUMA/ILHO BUKOPUCTOBYBATW OBGUNC/IIOBasIbHI pecypcu
npouecopa.

= Kew — NpUCTpIii, WO 3HAX0AUTLCA MK NPOLECOPOM Ta onepaTUBHOK Nam'AaTTIO | ABNSE
co6010 WBNAKOAiHY NPOrpamMHO HeOCTYNMHY Nam'aThb, Aka 3abe3neyye TMM4YacoBse
30epeeHHsA faHNX 3 MOXJ/IMBICTIO TX YUNTAHHSA Ta 3anucy 6e3 3BepHeHHS 40 MeHLU
LUBNAKOAINHOT ONepaTUBHOI Nam'aTi.


https://uk.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D0%B9%D0%BC%D0%B5%D0%BD%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F_%D1%80%D0%B5%D0%B3%D1%96%D1%81%D1%82%D1%80%D1%96%D0%B2
https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
https://uk.wikipedia.org/wiki/%D0%9C%D0%BE%D0%B4%D1%83%D0%BB%D1%8C_%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B1%D0%B0%D1%87%D0%B5%D0%BD%D0%BD%D1%8F_%D0%BF%D0%B5%D1%80%D0%B5%D1%85%D0%BE%D0%B4%D1%96%D0%B2
https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
https://uk.wikipedia.org/wiki/%D0%9A%D0%B5%D1%88
https://uk.wikipedia.org/wiki/%D0%9E%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D0%B0_%D0%BF%D0%B0%D0%BC%27%D1%8F%D1%82%D1%8C

= KOHBeep KoMaH — MPUCTPIN, LLO OAHOYACHO AeKOAYE AeKislbka KOMaH[ Ta Y3romkye ix
MOX/IMBE O0AHOYaCHE BUKOHaHHS, 3aCTOCOBYETLCA B CyYaCHUX CyNnepCKasIApHUX

npouecopax.
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JAUB. TAKOX

» CTpyKTypa cynepckasisipHoro npouecopa

ApXxiTekTypa

ApXiTeKTypa CUCTEMU KOMAHA,

Po3psagHicTb

BUKOHaHHSA iHCTPYKLiiA

MapanensHi 064YNCNeHHs

BaratoHUTEBICTb

TakcoHoMifA PniHHA

Tunn

Cknapgosi

TexHonorii npouecopis

rapeapacbka (MoaudpikoBaHa NapBapacbka) - hoH HelimaHa -

lNoTokn paHux - TTA

ASIP - CISC - EDGE - EPIC - MISC - URISC - RISC - VLIW - NISC -
ZISC - TRIPS - MNopiBHAHHSA

1 6iT - 4 6iTn - 8 6IT - 12 GIT - 16 6IT - 24 6iTK - 32 6iTK - 36 BIT - 40 BIT
- 48 6IT - 64 6iTK - 128 6IT - 256 6IT - 512 6GIT

KoHBeep komaHpg, (Bubble - Operand forwarding) - lNMo3ayeprose
BMKOHaHHSA (MepeiiMeHyBaHHS pericTpiB) - CnekyaTMBHe

BMKOHaHHA (Moaynb nepefbayeHHs nepexoqis - Memory

dependence prediction) * KoHNiKTM B KOHBEEPI

Bit (Bit-serial) - KomaHau (CkansapHicTb - CynepckansipHicTb) - JaHi
(BekTop) - Nam'aTtb - 3aBaaHHs (Hutka - Mpouec)

UacoBa 6aratonoTokoBicTb (MpouecopHuii yac) - baraToHUTEBICTb
(Hyper-threading) - ButuckanbHa 6arato3agadHictb - KoonepaTtnBHa

b6ararto3afaqHicTb
SISD - SIMD - MISD - MIMD (SPMD) - Cnoco6u agpecadii nam'siTi

Mpouecop undgposux curHanis (DSP) - GPGPU - MikpokoHTposiep -
®isnyHuiA npouecop - Cuctema Ha kpuctani (SoC) - CekuiiHuni

npouecop - Barrel processor - Cellular

Brok reHepadii agpecun (AGU) - ApndMeTUKO-NoriYHnUiA NpUCTpiii
(ALU) - Barrel shifter - ®yHkuioHanbHWUin 6110k (EU) - MaTtematnyHmii
cnisnpouecop (FPU) - Back-side bus - (Mynstunsekcop) - Perictpu -
Moaynb kepyBaHHA nam'stTio (MMU) - Bydep acouiatMBHOT
TpaHcnsuii (TLB) - Kew - Perictposuii dhaiin - Mikpokog, - MNpucTpiii

kepyBaHHs - TakToBa YacToTa
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APM - ACPI - luHamiyHa 3MiHa YacToTu - JuHaMiuHa 3MiHa Hanpyru

YnpaBniHHA XXUBJI€HHAM

3arasnibHe

PiBHI napanenismy

Hutkn

Teopis

EnemeHTHN

KooppguHauis

MporpamyBaHHA

AnapaTHe 3a6e3ney4eHHs

API

Mpo6nemu

- Clock gating

MapanenbHi 0GUUCIEHHSA
XMapHi o6uncneHHs - Cynepkomn'totep - Knactep - Po3nogineHi
o6umncneHHs - Ipig - Mogens napanesibHux 064ncieHs - Tunu
napanenbHux o64yncneHb
Bit - Instruction - Data - Task
Super-threading - Hyper-threading
3akoH Ampgana - 3akoH N'yctaBcoHa — Bapcica - LiiHoBa e(peKTUBHICTb *
MeTpuka Kapna-®natra - NapanenbHe cnoBifibHEHHS * MPUCKOPEHHS
Mpouec - MoTik - BosiokHO - MapasiesibHa MalunHa 3 A0BiSIbBHAM AOCTYMNOM -
lMnaHyBanbHUK 3aBAaHb
BaratosagayHicTb - baratonoTokoBiCTb * KorepeHuis nam'aTi -
KorepeHTHicTb Kelwy - Cemadiop - M'loTekc - KputnyHa cekuist - ®'totekc -
Bap'ep - CuHXpOoHi3auis - KOHTPO/IbHI TOUKKM - OBMIH NOBIAOMIEHHAMM
BaratonoTtokoBe 06po6neHHA aaHmx - Mogeni (HesiBHmiA napanenism -
ABHMI Napaneniam - KOHKYPEeHTHICTb) * TakcoHOMisA ®iiHHA (SISD « SIMD «

MISD « MIMD) * He6nokytounii anropmutm

BaratonpouecopHictb (CumeTpuyHa - AcumeTpuyHa) - MNam'aTtb
(NUMA - COMA - distributed - shared - distributed shared) - SMT

MacoBo-napasnenbHa apxitektypa * CynepckansipHicTb - BektopHuii
npovecop - Cynepkomn'totep - Beowulf

POSIX Threads - OpenMP - MPI - OpenACC - UPC - Intel Threading
Building Blocks - Boost.Thread - Global Arrays - Charm++ - Cilk
MpuronomMwnmnea napasnesnibHIiCTb - Bennknin Buknuk - Nporpamye
6nokyBaHHA - MacluTaboBHICTb + CTaH rOHUTBU - B3aeMHe 610KyBaHHS +

[eTepmiHOBaHW anropnt™

OtpumaHo 3 https://uk.wikipedia.org/w/index.php?title=CynepckansipHicTb&oldid=39472004
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