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CISC n RISC

« RISC: reduced-instruction set computer
— TepMUMH HacTao no4YeTkoMm ocamaeceTumx (Patterson)
— RISC-I (Patterson), MIPS (Hennessy), IBM 801 (Cocke)
— [pumepu: PowerPC, ARM, SPARC, Alpha, PA-RISC

« CISC: complex-instruction set computer
— OBaj TepMUH HKje nocTojao npe TepmuHa RISC
— lpumepu: x86, VAX, Motorola 68000, ...

« KoHuenTtyanHa 6opba 3ano4vyena cpeguHoM ocaMaeCceTux
— RISC npuctyn gobuno TexHomnoLke butke

— CISC npuctyn gobmo Ha nosrby HanpeagHux peLlliewa
(oo geBegeceTux 4o caga)

— RISC npuctyn gobuo Ha norby MobunHux n yrpaheHmnx ypehaja




Mpumep CISC

 VAX (Virtual Address eXtension to PDP-11)
— lNpomeHsrbnBa ayxuHa nHetpykumje: 1-321 bajral!!
— 14 perncrapa + PC + SP + buTtun ycrnosa

— lWupuHa nogartaka: 8, 16, 32, 64, 128 dbuta, geunmantu
bpojeBn, CTPUHIOBY

— WHCTpYyKUMje 3a npmucTyn MeMopuju 3a cBe TUNOBE
nogaTaka

— CneuwjanHe MHCTpyKUWMje: crc, insque, polyf, kao n Benuku
6poj KoHBEpP3Kja




Mpumep CISC

« x86: ,Difficult to explain and impossible to love”
— [NlpomeHrbmBa ayxnHa NHCTpykuuje : 1-16 6ajtosa

— 8 cneunjannaoBaHux perncrapa + OuTK ycrnosa
(NpeKronrbeHN perncTpmn)

— lwvpuHa nogartaka: 8, 16, 32, 64 dbuta

— AxkymynaTtopcku pag (peructpu n memopwuja) 3a uene 6pojese,
CTEKOBCKW pap 3a bpojeBe y NOKPETHOM 3ape3y

— Anpecupama; MHOMPEKTHO, ckanupaHo, ca nomepajem, +
CErMeHTH, ...

— CneuujanHe MHCTpPyKUuje: push, pop, CTPUHI MHCTpyKuuje, MMX,
SSE /2/3




x86 — ADD uHCcTYKUM]a

04 ib

05 iw

05id
REX.W+05 id
80/0ib
REX+80 /0 ib
81/0iw
81/0id

REX.W+81 /0 id

83 /0ib
83/0ib

REX.W+83 /0 ib

00 /r
REX+00 /r
01 /r

01 /r
REX.W+01 /r
02 /r
REX+02 /r
03 /r

03 /r
REX.W+03 /r

ADD AL, imm8
ADD AX, imm16
ADD EAX, imm32
ADD RAX, imm32
ADD r/m8, imm8
ADD r/m8*, imm8
ADD r/m16, imm16
ADD r/m32, imm32
ADD r/m64, imm32
ADD r/m16, imm8
ADD r/m32, imm8
ADD r/m64, imm8
ADD r/mS8, r8

ADD r/m8%*, r8*
ADD r/m16, r16
ADD r/m32, r32
ADD r/m64, r64
ADD S8, r/m8

ADD r8%*, r/m8*
ADDr16, r/m16
ADD 32, r/m32
ADD r64, r/m64
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Ml
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Ml
Ml
Ml
MR
MR
MR
MR
MR
RM
RM
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Valid

Valid
Valid
Valid
N.E.
Valid
N.E.
Valid
Valid
N.E.
Valid
Valid
N.E.
Valid
N.E.
Valid
Valid
N.E.
Valid
N.E.
Valid
Valid
N.E.

Addimm8 to AL.

Addimm16 to AX.

Add imm32 to EAX.

Add imm32 sign-extended to 64-bits to RAX.
Add imm8 to r/m8.

Add sign-extended imm8 to r/m8.

Add imm16 to r/m16.

Add imm32 to r/m32.

Add imm32 sign-extended to 64-bits to r/m64.
Add sign-extended imm8 to r/m16.
Add sign-extended imm8 to r/m32.
Add sign-extended imm8 to r/m64.
Add r8 to r/mS8.

Add r8 to r/mS8.

Add r16 to r/m16.

Add r32 to r/m32.

Add r64 to r/m64.

Add r/m8 to r8.

Add r/m8 to r8.

Add r/m16 to rlé.

Add r/m32 to r32.

Add r/m64 to ré4.

*|n 64-bit mode, r/m8 can
not be encoded to access
the following byte registers
if a REX prefix is used: AH,
BH, CH, DH.



Mpumep RISC

« MIPS, PA-RISC, SPARC, PowerPC, Alpha, ARM
— 32 BuTHe UHCTPYKUMje
— 32 perncTtpa 3a papg ca uenobpojHum BenuynHama
— 32 perncTtpa 3a papg ca BenuynHama y nokpeTtHOM 3ape3om
— Load/store apxuTtekTypa ca marno agpecupama
— [1yHO cnnYHNX apXnTEKTypa, CBakn npomnssohay 3a cebe



Mpumep RISC

 DEC Alpha (Extended VAX):
— Ynet RISC
— 64 outHM nogaum (32, 16, 8 gogaTtu KacHuje)
— CBe agpecy cy nopaBHarte

— JeanHo MeMopunjcKo agpecunpare permctapcko
NHOWPEKTHO ca nomepajem

— CneuwjanHe MHCTpyKUMje: yCrOBHA CMELLUTaHsa,
OoBnayvyewe yHanpen



UcTopunjcku pasBoj

* [lpe 1980
— HenoysgaHu npesoanoun (py4HoO nucame acembnepa)

— KoMnnekcHo, apxutektypa BUCOKOI HMBOMA
(nako nucawe acemonepa)

— Cnopa Mukponporpamcke uMmnreMeHTauuja Ha BuLle 4Ynrnosa
« Op 1982

— HanpasrbeH npouecop Ha umny...

* ...aNflnm caMo 3a jeAHOCTaBHE apXUTEKType

— [lepdopmaHce oBakBe MHTErpaumje cy oune ounrnenHe
« RISC maHudpecT: hopmmupat apxutektypy Koja ...

— lNojeaHocTaByje Kopuwhewe jegHoOr Yymnna

— OnakwaBa ontTumMusauuje npunmMkom npesohema




CKMua apxuteKTtypa

RISC CISC

N3BpLliaBarbe Tpaje jeaaH TaKT NHCTPYKLUMje mory TpajaTu BMLIe TaKTOBaA

OrKnyeHa peanmsauuja MuKkponporpamcka peanmsauuja 3a gyrotpajHe
MHCTPYKLMje

Load/store apxutekTypa Pernctap-memopuja n memopuja-memopuja

Mano HauMHa agpecmpara [locTa HauMHa agpecmpara

NHCTpYyKUMje ucte gy*KuHe MHoro ¢opmaTa MHCTPYKLKja

Ocnarbake Ha onTMMmM3auuje PyuyHO Buparse MHCTPYKUMja aaje nobpe

npesogmoua nepdpopmaHce

MHoro perucrapa Mano perucrapa

(KopucHo 3a onTuMm3sauujy)




Mepdpopmarce RISC Hacnpam CISC

« JegHauymHa Koja onucyje nepdpopmaHce:
NMepdopmaHce = 1/ Bpeme nsspluaBama

« Bpeme nsspuiaBarwa = MHCTPYKLKMje*TaKTOBaA MO MHCTPYKUUjU*Nnepuog
*  UMHCTpYKUuje = L = nHcTtpykumja/nporpam

* TakToBa No MHCTPYKUNju = CPl = TakToBa/MHCTPYKLU)U
* nepuog = Tc =1/ f = cekyHau/TakToBa)



Mepdpopmarce RISC Hacnpam CISC

« CISC
— Manu 6poj MHCTPYKUKja No nporpaMmy KOpuUcTtenn KoOMnnekce MHCTPyKUnje
— [loBehare TakToBa NO MHCTPYKUUJU NN OYXN Nepuos
— JepHocTtaBaH acembnep, Benuka ryctuHa Kkoga
« RISC
— [loborbwaH 6poj TakToBa NO MHCTPYKLUM] Y3 AOCTa KpaTKMX MHCTPYKLUKja
— [loBehaH Bpoj MHCTPYKLUKja No nporpamy
» [lpeBogunav 0BO MOXe CMarbUTU
— [loborbwaH 6poj TakToBa Y jeauHULM BpeMeHa (CeKyHan/TakToBa)
* Kopuwhere jegHOCTaBHUX UHCTPYKLM]ja
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NMopeherwe - pebara

* AprymeHTU Ha cTpaHu RISC apxutektype

— CISC apxutektypa je y OCHOBU OrpaHunveHa

— 3a gary texHonornjy RISC nmnnemeHTaumnje cy borbe/6pxe
Kapa je CISC 3axteBa Buwe ymunosa RISC je kopucTtmo jegaH yumn
Kaga je CISC npewao Ha jegaH 4nn RISC je gobuo npotodHy obpany
Kapa je CISC gobuo npotouny obpany RISC je gobuo ke
Kapa je CISC gobuo kew RISC je nobuo Bulie jesrapa

. AprMe.I.-I.TI/I Ha cTpaHu CISC apxutekType
— CISC Huje orpaHnyeH camo My Tpeba BuLLe TpaH3UCTOpa

— Mypos 3akoH he cmawbuTn pasnunky RISC/CISC pasnuky
* [NpotoyHa obpaga: RISC = 100K TtpaHaunctopa, CISC = 300K
* Op 1995: 2M+ cy nspaBHanu passnuke
— LleHa nporpama je JOMMHAHTHa, KOMNAaTUBUITHOCT je HajBaXHuja

13



UHTenos x86 Tpuk: RISC nsHyrtpa

1993: UHTen je xxeneo ga Hanpasu uU3BpLUaBake BaH pefocrena
(out-of-order execution) kog lNeHTnyma llpo.

Tewko ca KpynHUM UHCTPYKLMja Kao Koa X86 apxXuUTekType
Pewene?

TpaHcnauuja n3 x86 y RISC mukpoonepauunje y xapasepy!!

14



UHTenos x86 Tpuk: RISC nsHyrtpa

MmnnemeHTnpanu codpreep: OC, apajsepu, 6ubanorteke, anamkauuje
CISC
3 £
CraHpapaHu z § - BM ausajH
‘l' Aekopep : % npesohewe
‘ RISC
A2
[Mporpam
MpoToyHa OTOYHa
obpapa obpapa
XaEABeECKa annemeHTauMia: I'Ieouecop, memopuja, YU xeeljaiu =




UHTenos x86 Tpuk: RISC nsHyrtpa

[Tpouecop eKCTepHO 3aapxaBa X86 apXuTektTypy 3oor
KOMMNaTUOUNHOCTH

[Tpouecop nHTepHo usBpwasa RISC mISA 36or umnnemeHTauuje

Kopuwhemne npesonerwa omoryhasa ga ce x86 usBpLuaBa Kao aa je
RISC

— WHTen je nmnnemMeHTMpao nsspLLuaBarke BaH peaocrnena npe Heke
RISC komnaHuje

— W3BpwaBake BaH peaocnena takohe nomaxke x86
(3aTO LUTO apXUTEKTypa orpaHmn4yaBa NpeBoanoLe)

OBo kopucTe n octarne x86 umnnemeHtaunje (AM[)

Pasnuunte Mmnkpoonepauuvje 3a pasnuynte ausajHe padyHapa
« OBoO HuUje pgeo apxutekTtype!
* Hwuje jaBHO gocTynaH



Moryhu HaunHu npesohema

 BehunHa x86 MHCTpYKUNja ce MOXe NpecnukaTn Ha jedHy
00 Tpu MUKpoonepauuje
* BehuHa nHCTpyKUUja ce npecnukaesa y jeAHY
MUKpoonepauujy
— add, xor, compare, branch, ...
— [1pnmep 3a Load: mov -4(eax), ebx
— [1pnmep 3a Store: mov ebx, -4(rax)
« (CBaku npuctyn MemMmopuju gogaje no Mmkpoonepauujy
— addl -4(eax), ebx - ABe MuKponepauymje (load, add)
— addl ebx, -4(eax) - Tpn Mukpoonepaumje (load, add, store)
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Moryhu HaunHu npesohema

Pan ca ctrekom (PUSH/POP) — oBe mukponepauumje

— [lpuctynu cTeky, axxypupaj nokasnsau
push eax
Ce moxe peann3oBatn Kao.
store eax, -4(esp)
addi esp, esp,-4
[TosmB npoueaype (CALL) — yeTnpun mmkponepauumje
— [Hoxeatn PC peructap, cmectn PC Ha cTek, axypupa nokasmeau,
6e3yCroBHN CKOK

[ToBpaTak n3 npouenype (RET) — Tpn mukponepauuje
— AXypupa nokasmead, y4nTtaj BPe4HOCT ca CTeKa, CKOYM Ha
cpadyHaTy agpecy
OBo je npeTnocTaBKa, MOXe BapvpaTtu o mogena oo mogena,
reHepauwuje oo reHepauuje

18



Tunosu gekopepa 3a npesohemwa

YrpaheHa noruka: 6pau, 3axTeBajy gogaTHW xapaBep
(3a MHCTPYKUKje ca Marno Mukpoorepadmja)

3 Simple
Decoder >

Kopuwhere tabena: cnopu, padyHajy ca CTpaHe U He YCroXH-aBajy
OoCTaTak padyHapa

— OOpahyjy Beoma crioxxeHe UHCTpyKunje kopnwherwem mukpo ROM

— KopucTu ce 3a crnoxxeHe MHCTpykumje (> 4 mukpoonepauuje), Ha
npumep pag ca CTPUHroBMMa, Unn npekugnma

Micro-

Sequencer
|,Fuops

Complex |—>
—| Decod —
ecoder

;g 19



[ToBe3uBare aekopgepu

KomnnekcHe UHCTPYKLU M} Micro-

Sequencer
,|;uops

Complex
Decoder

Simple
Decoder

Simple
Decoder

Pep, ca muKpoonepaumjama

Simple
Decoder

Pep, ca HCTpyKUuMjama



dekoaepu — npumep P6

* VIHTEenoBwu gekoaepu

— WMma 3 napanenHe gekogepcke jeanHuue
* 1 KOMNNEKCHY
e 2 jegHOCTaBHe

— Oncnyxyje KoMmnnekcHe / jeaHocTaBHe / jedHOCTaBHE

 AMI (ATnoH) oekooepu

— WMma 3 napanenHa gekogepa

« Oncnyxyje cBaky KOMbUHaLUNjy MHCTPYKUUWja Kopuctehmn ouno
KOju OeKodep jep Cy CBU OAeKoO4epu NCTOBETHHU

— Oncnyxyje n kKoMnnekcHe 1 jeaHoCTaBHE UHCTPYKLNje

21



Moryhu HaunHu npesohema

e Xx86 nporpamu novnwsy aa nmye Ha RISC nporpame
— [Nlpunukom npenacka ca 32 6UTHe Ha 64 OUTHY
apXUTEKTYpPY yABOCTPYYEH je bpoj perncrapa
« Moxe ce merwaTn KOHBEHUMja no3nBara
« Buwe pernctapa 3a onepanae Makwe pushe/pop onepauuja
— Pes3ynTar?
* Mare CrnoXeHux MHCTpyKUWnja
* Mare Mukpoornepaumnja no x86 MHCTPYKLUMjH



MpeTxoaHO AeKoaoBaHhe UHCTPYKLMUja

« [lpouecopu Texe ga gekoanpajy BuULLE MHCTPYKLUMjE MO TaKTy.

* AKO Cy CBe UHCTpYKLNje NCTe AyXMHe, Taga UX NpoLecop Moxe
napanenHo obpahueatu.

« 0OBo je npuHumn RISC npouecopa.
» x86 (CISC) nHctpykumje:

CY KOMMJEeKCHe
Cy npomeHsrbmBe ayxuHe (og 1 go 15 Gajrosa)

nMajy pasnnimT 6poj onepaHaga

HeMajy KOH3UCTEHTHO Koaupahe

ogpenuBame OyXMHEe 3axTeBa MNPoBepYy HEKOSMKO OajToBa MHCTPYKLNje

« TeLKo je BP30 oapeanTn OY>XKUHY UHCTPYKUM]E.

* [loTpebHo je 3HaTW OAYXUNHY jeaHe NHCTPYKLUNje Kako bu ce 3Hano
ofakre novnkwe apyra MHCTpyKuuja.

« 30o0r Tora je TELKOo napanenHo oapeanuTn Oy>XMHEe UHCTPYKUUja.




MpeTxoaHO AeKoaoBaHhe UHCTPYKLMUja

* Y ¢basu 3a npeTxoaHo gekoampare (PD) ce oTkpuBajy n
obenexasajy rpaHuLle nsmehy MHCTpykumja.

* W3 kew memopuje ce yuntaBa Behun 6poj bajToBa nogaTaka,
Npo30p nogaraka (TpeHyTHa ayxuHe 16 6ajTosa).

* Y pen ca MHCTpYyKUMjamMa ce MOXe ynucaTu BuLle MHCTPpYKUMja
NCTOBPEMEHO (TPEHYTHO MaKkcumMarHo 6).

* Ynucyje ce o MakcumarHor opoja MHCTpPyKUUja No LUKyCy
NI OOK ce He noTpolle 6ajToBa U3 NpPo3opa, WTa rog ce npso
gorogmw.

 Hehe ce yyntatn HOBM NPO30OP 40K Ce NPETXO4HN NPO30op
NoTnyHoO He obpaaw.
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MpeTxoaHO AeKoaoBakbe UHCTPYKLUUjA

Next PC

\
[Mpo3op

25



Pep, ca MHCTPYKUMjama

 badyep nameny jeanHuue 3a NpeTxogHo aekogupame
MHCTPYKUWja N gekoaepa

— Moryh ynuc Buwie npenekogoBaHUX MHCTPYKLUMja
NCTOBPEMEHO

— YyBa BULLE NHCTPYKUMK]ja
— Moryhe 4ntake BuLle NHCTPYKLKja NICTOBPEMEHO
— CBakoj MHCTPYKUWjX je OaT NpPoCTOp MakCcumarnHe gyXuHe



Kew 3a mnkpoonepauuje

MHCTpYyKUMje ce HaKOH LUTO ce Aekoaupajy y Mukpoornepauuje
4yyBajy Yy Kell MeMopuju 3a YyBaHhe MUKpoonepaumja.

YMecCTO Aa npuctyna MHCTPYKUMjaMma y MHCTPYKLUJCKOj KeLl
MeMopujn HMBoa 1, npucTyna ce gekogmpaHnm
MUKpoonepauujama.

JeaaH BaxaH passior 3a To je WTo je dhasa gekogmpara buna
YCKO Ipfio Ha paHnjum npouecopuma.

Kewnpake Mukpoonepaumja ymecto MHCTpPyKLMja omoryhaBsa
aa npouecopu kopucte RISC texHonornjy Ha CISC ckyny
NHCTPYKLUWHJa.

27



Kew 3a mnkpoonepauuje

AeKoaosawe
MHCTPYKLUMja

Pepn ca mukpoonepaumjama

28



Kelw Tparosa u3sspLiaBakba

* VHCTpyKUWje 3ajegHO ca penocnenom nsspluaBaka ce
HaKOH LUTO ce AeKkoaupajy y Mmkpoonepaumje n nseplLue
MOry YyBaTu y KeLl MeEMOPWjU 3a YyBaH-€ Tparosa.

« Tpary Kelly je HU3 MUKpoOOonepaLuja Koje ce nsspLuaBajy
Y HU3Y, YaK N aKo HUCY CeKBeHUWjarnHe y opurmHanHom
Koay.

« [lpenoHocT oBoOra je WwTo je 6poj unKnyca Takrta
NOTPOLLUEHMX HA CKaKaH-e Mo Kelly MUHMUManaH.

* Behe nckopuwihere kel nuHuje.




Kelw Tparosa usspLiaBamba

AeKoaosawe
MHCTPYKLUMja

Pepn ca mukpoonepaumjama
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Kew mukpoonepauuja <> Kew tparosa

« Kew memopuja Tparosa nsspLiaBata Nokyllaea aa
3aMeHU cBe npeTxodHe CcTeneHe Koju KopucTe Ccropo
nooxeahake U gekogmpake MHCTPYKLUU)a,

« Kell Memopuja 3a MUKpoonepaLmje ce Moxe
nocmMaTpaTtu Kao NpoLUnper-e NHCTPYKLUjecKke KelLll
MeMopuje.
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Kew mukpoonepauuja <> Kew tparosa

« Kew Tparosa:
— je CKyn 1 KOMMNJInKoBaH

— MMa pasnununTe crnopenHe edpekTe Kao LWTo je noTtpeba 3a
ncnupaHkem NPUNMKOM NpoMeHe KOHTEKCTA.

— pes3ynTupa BENKUM aynnnpatem
« Kell Munkpoonepaunja Hema OBUX HegOoCTaTaka.
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Mpumep jeanHnue 3a n3BpLIaBakbe MHCTPYKLUUjA

Register
File

Port 4 Port 5

Port 0 Port 1 Port 2 W Port 3
Integer/ AGU AGU Integer/
wuL [ MMX ALY N:rl\];;gi/u ADD Store | |MYXALY:
2x AGU Load Store Branch
SEE SEE Addr. Addr. Dl SEE
MUL/DIV ADD Unit Unit ADD
Méve M(X T T i i Mae

Result Bus
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Makpoonepauuje

Makpoonepauuja je gepurHMcaHa Kao aToMCKa jeanHuua 3a
pacrnopenuBam€e Koja cagpxu BULLE NHCTPYKLUKja ca
CeKBeHUUWjanHm pegocrieaom naspllena. sspwiasame
Makpoonepauuje mopa duTn aTOMUYHO (UK Y MOTNYHOCTK
NN HUKaKo). To 3Ha4M ga Makpoonepauuja Moxe:
— OUTKU n3BpLUEHA TEK HAKOH LUTO Ce 3a[l0BOSbE UMM 3arapaHTyjy
na he onTK 3a4oBOoJbeHEe CBE 3aBUCHOCTU MO NnogaunMa, Tako Aa

Ce cBaka MHCTpYKLUMja y Makpoornepauuju Mmoxe goBplnTn 6e3
KpLleHa OBUX 3aBUCHOCTU AedUHUCAHUX Y nporpamy, u

— n3gaBale Makpoonepauuje rapaHTyje HeCMeTaHo U
OETEPMUHUCTUYKO U3BPLUABaH€ MHCTPYKUUjA cagp)KaHUX Y HOj.
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Makpoonepauuje

[ekogepu npetesapajy x86 NMHCTPYKLUje NPOMEHIbUBE OYXUHE
y Makpoornepauuje puKCHe ayXxuHe 1 JocTaBrbajy 1X 3a
n3BpLUaBaH€ NpemMa HUXoBOM peaocneny gonacka in-order.

OBe makpoorepaumje ce warby pasnopehusadnma Kako ou
ce n3spLuune BaH pegocnega out-of-order.

Pacnopefsay npeTBapa makpoonepatuje y
MUKpoonepauuje, koje ce npocnehyjy u3BpLUHUM jeauHuLLama.

|/|3BpLIJHe jegnHuue Mory m3spuimnTtin BuLle Ml/IKpOOI'IepaLI,I/Ija
MO TaKTY.

3apartak aekoaepa je Aa oap)kaBaky TOoKa MHCTPYKLUMja, Tako
[ia ce HMKa/ He 3aycTaBum 300r HeocTaTka Makpoonepauuja
KOje ce Larby Ha U3BpLUaBaH-e.




Makpoonepauuje — UHTen

* WHTen: x86 NMHCTPYKLUUje NPOMEHIbMBE OYXKNHE.

— Y HbMXOBOM KOHTEKCTY, Makpoorepauuje cy npoMeHIbnee
OY>XUHE U MOory OUTU NPUITMYHO CIIOXEHE 1 cnocobHe aa
n3BpLUaBajy BULLE MEMOPUJCKUX N apUTMETUYKNX
onepauuja oajegHoM.

— Y AM/[]-oBOM KOHTEKCTY, OHE ce Ha3uBajy CTBapHUM
,/AMI64 nHcTpykunje’.



Makpoonepauuje - AM/

« AMA: 1. nojegHocTaBIibEHE UHCTPYKUKjE QOUKCHE
Oy>XnHe (NMoHeKan 1 CNoXXeHnje UHCTPYyKuuje).
— Y HbMXOBOM KOHTEKCTY, Makpoorepauuja je UHCTpyKuuja

dMKCHE OyXXMHE KOoja ce MOXe cacTojaTu o onepauuje
npucTtyna Memopuje n apuTtMeTuyke onepauuije.

— Ha npumep, jegaH makpoornepauuja Moxe N3BpLUUTU
onepauunjy Ymtaka, Mogndukosata 1 nucama.
e 2. UHCTPYKLMjEe KOja Cy npoLusnie HU3 TpaHcoopmaumja
Kako DU ce yknonune y CTPOXW, ann nnak CrioxXeHu
00nuK.

— Y VIHTEeNnoBOM KOHTEKCTY, TakaB KOHLIENT He NOCTO|jW.
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Mukpoonepauuje / Makpoonepauuje — AMA

KomnnekcHocT

LY*KUH
MHCTPYKLUMje
MpasBunHocTy

pacnopeay
nosba

Software Optimization Guide for AM

KomnnekcHe

JeaHa MHCTPYKLUMja MOXKe
cneumnduumnpaT jeaHy nam
BUwWe cnegehux onepauuja:
* Integer / floating-point

e Load

e Store

MpomeH/bMBa (MHCTPYKUMje
Cy pasinuunTe ayKuHe)

He (pacnopes nosa m

AedrHuUmje Bapupajy mehy
NHCTPYKLMjama)

amily rocessors

NpoceyHe

JeaHa makpoonepaunja moxe
cneundunumMpaT HajsuLe
jeany integer / floating-point
onepaumjy u jeaHy oa
cneaehux onepaumja:

e Load

e Store

e Load + Store Ha ncty agpecy

®uKcHa (cBe makpoonepaumje
CYy UCTEe AY*KUHE)

[a (puKcHa noKaumja nosba m
FUX0Ba AePUHMLMja 3a CBE
MaKpononepaumje)

JegHocTaBHe

JegHa mmnKpoonepauuja
cneundunumnpa camo jeaHy of,
cnepehmx oCHOBHUX
onepaymja:

e Integer / floating-point

* Load

e Store

®uKcHa (cBe MUKpoonepauuje
CY UCTE AYKUHE)

[a (puKcHa noKaumja nosba m
HMX0Ba AePUHMLMja 3a CBE
MUKpononepauuje)
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Makpoonepauuje — APM

 APM: cnoxeHe MHCTPYKLWje KOje ce pasnaxy Ha
oapehenn bpoj Mmkpoonepauuja kojuma je notpebaH HK3
nTepaumja Kpo3 NpoToyHy obpaay ca BuLle UMKnyca.
— Takohe 1 Heke gpyre cnoXeHe NHCTPYKLUMje Koje ce

pasnaxy Ha Make MUKpoonepauuje ce Mory cmaTpaTu
Makpoornepauujama

* Y HbUXOBOM KOHTEKCTY, HE KOPUCTU Ce eKCNULMUTHO OBAa|
n3pas.



Cnajambe onepauyuja

« Cnajarbe Mukpoonepaumja

— Cnajake MyKpoonepalmja Koje ce noHaerbajy y nporpamy
(cnajarse naposa load/add, cnajake cmewTane agpece u
nogarTka)

— YuyntaBawe MuKpoonepaumje ce moxe cmarwntn 3a 10%
« Cnajarbe Mmakpoonepaumja

— cnajake caMux MHCTPYKLKja, He caMO MUKpoonepaLluja.
(Nnpumep: crnajare nopehera n ckoka Kog x86)

— Y4yntaBam€e MHCTPYKLWja ce MoxXe cMamwnTn 3a 15%
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Cnajambe onepauyuja

* Heke dpase y npoToyHOj 0bpaan cy ycka rpra ca
MaKcMMasriHoM npornycHowhy y 6pojy Mukpoonepauunje
no TakTty. [la bu ce nocturao Behun NpoOTOK KPO3 OBa YCKa
rpna, yopyxyje ce Heke onepauunje Koje Nnponuctuyy 13
NCTE MHCTPYKLUMjE a KOje CYy Y NPeTXo4HMM npoLecopuma
burne nogerbeHe y ase.

« Cnajarwe omoryhaBa ga oHo WwTo 6u bune (aoBe)
OOBOjeHe onepaumje (MMKpoonepaunje nnu
Makpoorepauuje), KoOMOnHyjy ce unu ce ctanajy y jegHy
MUKpoornepauujy.
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Cnajambe onepauyuja

« CnojeHe onepauunje gene jegHy Mukpoonepaunjy y BehuHm
cTerneHn npoToyHe obpane u jegaH yHoc y badep 3a
npeypehnBamwe penocnena (reorder buffer - ROB).

— Ako oBaj 3anuc y badepy npeacrtaerba Ase ornepaumje koje
MOpajy Aa n3BpLUe ABe pa3nnyinTe U3BpLUHE jeauHuLEe OHOa ce
CMOjeHU 3anuc Warbe Ha Ba pasnuyuTta U3BpLlHa nopta, anu
MOpa ga ce 3aBpLum (retire/graduate) kao jegHa onepauuja.

— Ako oBaj 3anuc y badepy npeacrtaBrba Ase ornepaumje koje
MOXe Ja U3BpLUM jeHa U3BpLUHA jeauHMLa oHOa Ce CrojeHu

3anuc Wwarbe Ha Taj jegaH U3BpLUHW NopTa, U 3aBpLUaBa Ce Kao
jeaHa onepauwja.




Cnajambe onepauyuja

« Ca cnajakem onepauuja, gekogep jeaHoCTaBHO eMUTYje
jedHy MUKpoornepauunjy Koja 3ay3mma camo jegaH 3anuc y
CBaKoj 0 NPEeTX0aHO MOMEHYTUX CTPYKTYpa.

 TokoMm pacrnopena 1 nsspluera, ABe NofIoBUHE
MUKpoonepaunje Mmory ce usgasaTtm 1 UsBpLUaBaTu

HEe3aBWCHO Kao [a cy y cTBapu ABe OABOjeHe,
pasnuuuTe, TpaamuuoHanHe Mukpoonepauuje.



Cnajatbe mukpoonepauuja

* TexHuKa cnajarka MUKpoonepaumja ce TPEHYTHO MOXe
NMPUMEHUTU KOO ABE KOMDOUHaLMje MUKpoonepauwja:.
— Onepauuja Koje ynucyjy y memopujy
— Onepauuja Koje Ynta u Mmer-a onepaHg
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Cnajatbe mukpoonepauuja

Decode Queue Scheduling Dispatch EX

PaspBajajy ce aKo je
TO NoTpebHo

100
ImuEEn
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Cnajatbe mukpoonepauuja

« Onepaumnja ynucmBara y MeMOPUjy Hajuyellhe ykibyyyje
KOpake u3spavyyHaBawe agpece 1 NnpeHoc nogaraka.

* Ha npumep: mov [mem32], eax
Ha Heknm npouecopuma cy oBa ABa KOopaKa nogesbeHu y
OBe MuKpoonepauuje, rge jegHa jeanHuuya (nopt 3)
bpuHe 0 U3padyHaBawy agpece, a gpyra jeanHuua (nopt
4) 0 NpeHocy nogaTaka.

* Onepauuja Yyntarba MeMopuje Hajyewhe 3axTeBa camo
jeaHy Mukpoonepaumnjy To jecT jeaHy jeanHuuy (nopt 2).

[mem32| O3Ha4aBa HEK! aﬂeecz ) MEMOEMIM, HE U HAYNH adpeCnparba 46



Cnajatbe mukpoonepauuja

[pyra BpCcTa onepauuja Koja ce MoXe CrojuTun je onepaunja YmtTama-
MOONdUKOBaH-A.

Ha npumep:

add eax, [mem32] - 2 mukpoonepauuje.

[1lpBa Mukpoonepaumnja Ynta ce 3 Mmemopuje (nopt 2), apyra
Mukpoornepaumja (nopt 0 nnn 1) gogaje BpeOHOCT Koja je npoynTaHa
y eax. TakBa MHCTPYKLMWja je nogerbeHa y ABe MUKpoonepaumnje Ha
NpPeTXo4HMM rnpoLecopuma, anm ce Mory CrojuTu.

OBO ce 0HOCK Ha MHOLUTBO MHCTPYKUMja 3a YnTawe U
MoandUKOBaHEe KOje page Ha permctpuma onwte HameHe,
PErMCTPOM CTEeKa ca NOKPETHMUM 3ape3oM n MMX peructpuma, anu
HEe N Ha MHCTPYKLUMje 3a YyuTake U MoandUKoBaHe Koju paae Ha
XMM peructpuma.
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Cnajatbe mukpoonepauuja

* VIHCTpyKUUje YnTawa-moandukoBara-nmcaka, Kao WTo
je add [mem32], eax He cnaja Yntame u
MOoAn(PUKOoBaH-€ MUKpoonepaluja, anv cnaja ase
MUKpoonepauuje notpebHe 3a nucame.
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Cnajatbe mukpoonepauuja

* [lpumep cnajaka MUKpoonepaumja:
— movV (esi), eax; 1 cnojeHa uop
— add eax, (esi); 1 cnojeHa uop
— add (esi), eax; 2 nojeguHayHe + 1 cnojeHa uop
— fadd qword ptr (esi); 1 cnojeHa uop
— paddw mmaO0, qword ptr (esi); 1 cnojeHa uop
— paddw xmmO, xmmword ptr (esi); 4 uop, Hema cnajara
— addss xmmO, dword ptr (esi); 2 uop, Hema crnajara
— movaps xmmword ptr (esi), xmmO; 2 cnojeHe uop
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EMutroBarbe AeTeKTOBaHUX NeT/byU

« [etekToBane netrbn (Loop Stream Detector - LSD)

— OBaj MexaHn3am MoXxe OUPEKTHO Aa eMuTtyje
MUKpooriepaumje 6e3 notpebe 3a NOHOBHMM JOXBaTakeEM
NN geKogoBaHEM.

— OBO je jegHOCTaBaH Ha4YMH 3a yLITeady eHepruje jep ook je
MexaHn3aM akTuBaH ocTaTak npeawer gena je HeakTnBaH
(n oekogepu 1 Keww MUKpoonepauuja).

« [la 6u ce NCKOPUCTMNO OBaj MeEXaHM3aM NeTrba Tpeba aa
bynoe mana Tako ga ctaHe y nponucaHu 6poj
MUKpoonepauuja.
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EMutroBarbe AeTeKTOBaHUX NeT/byU

He Kopuctu ce

[leTeKToBaHa newba

MHCTPYKLUHMjA

Pea ca MuKpoonepauujama



PasaBajatbe mukpoonepauuja

* Pep 3a mukpoonepauuje npyxa yHKUNjy HakHagHor
oekoaupamna 3a ogpeheHe TMnose MHCTpPYyKUWKja.
KOHKpeTHO, yunTaBawe y KOMOMHaUNjKU ca padyHCKUM
onepauujama n cea cCMellTana, Kaga ce KOpUCTK ca
NHOEKCUPAHUM agpecunparem, NpeacrtaBibeHa cy Kao

jedHa MUKpoonepaumja y aekoaepy Unm kel Memopuju.

* Y peay 3a Mukpoonepauunje oHU Cy pa3gBojeHn y ABa
MUKpoonepauunje Kpo3 npoLec Koju ce Hasnea
pasgBajakbe (un-lamination), jeaaH BpLUM yYnTaBamwe, a

Opyrn onepauuyy.
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PasaBajatbe mukpoonepauuja

Decode Queue Scheduling Dispatch EX

EEER|EE
4
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PasaBajatbe mukpoonepauuja

* TununyaH npumep je:
add ax, (bp+si); ax :=ax + ld(bp+si)

* CnKn4YHO je N ca MHCTPYKLNjOM KOja KOPUCTU TPpU
perncTpa Koja ce pasgBaja Ha MHCTPYyKUMje 3a
reHepucamwe agpece 1 reHepucawe nogaTka:

mov (sp+cx*4+12345678), al
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PasaBajatbe mukpoonepauuja

« [opatHe MUKpoornepauuje reHepucaHe pasgBajalkbeM KOpUCTe
BULLIE pecypca y hasu npenmeHoBaka 1 3aBpLUeTKa
MHCTpyKUMje. MehyTum, To ma yKyrnHy KOPUCT Mo NOTPOLLHY
CTpyje 1 0 bpoj nckopuwheHnx TpaHancTopa (3ajedHo ca
rMaBHOM NPOMEHOM Y Kopuhery OU3NYKOr PErmcTpCKor
drajna, ymecTto ga ce ynasHu/usnasHu nogaum vysajy y
bedepy 3a npomeHy pegocnena).

« 3a Ko KojuM OOMUHMPA NHAEKCUPAHO agpecupamne (Kao WTo
ce 4YecTo AdelwaBa kog obpage Hu3a), anropnutMm 3a
Koanpawe aa 6u ce kopmctuno 6asHo (unu 6asHo ca
nomepajemM) agpecmpare Mory noHekag nodorsLatu
nepopmaHce ogp>xaBakeM JoxBaTtawa U obpage u
NHCTPYKLNje 3a YyBaH-€ CTOMBEHUM.
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Cnajartbe maKkpoonepauuja

* Yobu4yajeHn napoBu NHCTPYKLNjAa KOMOMHOBAHW Y jeANHCTBEHY
Makpoonepaumjy:

— ynopehunBarwe npaheHo yCrnoBHUM CKOKOM OBWja ce TOKOM
doase gekogmpama

+ Kopuwhewe nobosswaHe AJTY (EAITY)
— jeQHOUMKNYHO 13BpLLaBaHke KOMOUHOBAHUX NapoBa
NHCTPYKLNja
* [lpowmnpeHo Ha cnajake MuKpoonepaumja
— Makpoonepaumje nogerbeHe Ha Make MUKpoonepaumje
— MUKpoonepaumje crnojeHe u n3BpLueHe 3ajegHo

— CMakbyje bpoj MuUKpoorepaumja Kojuma ce pyKyje BaH pegocriega
3a Buwe oa 10 nocto




Cnajartbe maKkpoonepauuja

Fatch Decode Queue Scheduling Dispatch EX




Cnajartbe maKkpoonepauuja
« [loborbwaHe AJTY (EAJTY)

Pacnopehusame - SC

cmpjae eax, [mem], label PC

VI33p|.uaBa|-be EX

| | [TpoBepa ycrnosa CKoka

PesyntaTt (VIHJJ,VIKaTOpVI n agpeca)y oeo 3a cmewTanwe - WB

58



Cnajatbe maKkpoonepauuja — x86

« [ekopepwn he cnojutn nHcTpykumje nopeherwa (CMP n TST)
ca Hape4HOM YCITOBHUM CKOKOM Y jeaHYy MUKpoonepauunjy
ynopehuBaka 1 rpaHara y ogpeheHnm cnydvajeBmma.
MwuKkpoonepauuja ynopehusame 1 rpaHake ce He 4enn Ha
OBa gena Ha U3BPLUHMM jeguMHMUama, Beh ce Ha U3BPLUHOM
NOPTY M3BpLUaBa Kao jeOMHCTBEHY MUKpoonepauujy. To 3Hauu
Oa gysuja makpoonepauuje wrean NpornycHW orncer y CBUm
daszama npoToyHe obpane o gekogmparba 40 3aBpLUeTKa.

« Cnajarbe Mmakpoonepaumja, MenyTum, He NoOMake ako je dasa
npeTxoaHor gekogosamwa (PD) ycko rpro.




Cnajatbe maKkpoonepauuja — x86

« Cnajarbe Mmakpoonepaumja je (TpeHyTHO) moryha camo
aKo Cy ucnyweHu ceu criegehn ycnosu:

— [lpBa uHcTpykumja je CMP unun TST nHCTpyKumnja, a gpyra
WHCTPYKLUWja je MHCTPpYKLUja YCNOBHOTI CKOoKa, ocum JECXZ
n LOOP.

— CMP vnun TST uHCTpyKUMja MOXe Oa uma OBa onepaHa
pernucTpa, permcrap u HenocpegHw onepaHg, perucrap u
MEMOPW|CKM onepaHa, anu He U MeMopujy 1 HenocpegHu
onepaHs.



Cnajakbe maKpoonepauuja — MMma cnajama

Yuta ce 5 HCTpyKUUje N3 pega ca
MHCTpyKuunjama (Instruction Queue)

Ha uctn gekogep ce warbe nap Koju
ce MOXe CMojuTH

JegHa Mukpoonepauuja 3a ase

Pep ca MHCTPYyKuMjama

NHCTPYKLUWje

Takt 1

decO

decl

dec2

dec3
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Cnajatbe maKkpoonepauuja — x86

[paHe koje npoBepaeajy oute Z u C (JE, JNE, JB, JBE, JA, JAE)
Mory ce ctonutu ca npetxogHum CMP nnun TST . To ykibydyje cBa
Heo3Ha4yeHa nopehewa. ['paHe 3a o3Ha4yeHUM nopehewa (JL, JLE,
JG, JGE) mory ce cnojutu ca nperxogHum CMP unn TST Ha Heknm
jesrpuma (Core Nehalem), ann camo ca TST Ha jearpy Core 2.

[paHe Koje npoBepaBajy bute 3a npenuBawe, NAapUTET UNKU 3HaK
(JO, JNO, JP, JNP, JS, JNS) mory ce crnojutn ca TST, anu He 1 ca
CMP.

N3ameny aBe MHCTpyKUNje ce He CcMejy Hahu gpyre MHCTpyKuuje.
YCnoBHU CKOKOBU He 61 Tpebano ga 3anounkse Ha rpaHuum nposopa
KOju ce Y jedHOM TaKTy yuymnTasa u3 kel memopuje (16 6ajtoBa) HUTK
Oa npenasu Ty rpaHuuy.

AKo BMLLIE Of jefHOr TakBOr Napa MHCTPyKUMja AOCTUTHE
NCTOBPEMEHO (ha3y dekogoBaHa caMo Ce NpBu cnaja.
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CnojuBocTt makpoonepauuja — x86

JO/INO

JC/IB/JAE/JNB

JE/JZ/INE/INZ

JNA/JBE/JA/INBE
JS/JNS/JP/IPE/INP/IPO
JL/INGE/JGE/JNL/JLE/ING/JG/IJNLE

+ + + + + +
+ + + + + +



Cnajatbe maKpoonepaumja — Hema crnajama

Pep ca MHCTPYyKuMjama

 YunTa ce 4 HCTpYyKUKje U3 peda ca
MHCTpyKuunjama (Instruction Queue)

« (CBaka MHCTpyKUWja ce HeE3aBUCHO
aekonayje y nocebHy mukpoornepauujy

[Mpumep

for (int i=0; i<100000; i++) {

Ha HeKum Bep3njama ce mory cnojuTtu
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Cnajakbe maKpoonepauuja — MMma cnajama

« YunTa ce 5 MHCTpyKUKje U3 pena ca
MHCTpyKuunjama (Instruction Queue)

* Ha uctn gekogep ce warbe nap Koju
Cce MOXe CMojuTH

« JegHa MuKpoonepaunja 3a ase
NHCTPYKUW]e

Pep ca MHCTPYyKuMjama

¢ anMep Takt 1
for (unsigned int i=0; i<10000

decO

decl

dec2
dec3

[ g g, 65



Intel Core i7

* i/ npowwupyje lNeHTnymoB npuctyny
» KopucTtun arpecmBHy cnekynauujy 3a usBpLuaBaHwe BaH pegocnena
« Kopuctn gyboky npotodHy obpaay (14 cdasa)

— [oxBaTahe MHCTPYKUMja — aoxBaTta 16 6ajToBa 3a gekogmpane

nocTtoju 3acebHa jeamHnua (Integrated Instruction Fetch Unit — [IFU)
KOj NyHW pep Koju MoXe UCTOBpeMeHOo Aa ycknaguwti ao 18
NHCTPYKUWja

3a pa3nuky oa lNeHTnyma, oekoampame ce BpLiv NoMohy kopaka
Koju ce HasuBa dy3uja Makpoonepauuja Koju KoMouHyje
NHCTPYKLUMje KOje nMajy He3aBMCHEe MUKpoorepaLlunje Koje ce Mory
n3BpLLUaBaTh napanesiHo

aKo ce OTKpMje neTrba Koja cagpXmn Mame of 28 MHCTPYKUMja nnu
256 6ajToBa, oBe MHCTPYKUMje he ocTtaTn y badepy 3a BULLEKPATHO
nsnaBame (YMECTO MOHOBIbEHUX AoOXBaTa MHCTPYKLUMjA)
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Intel Core i7

[loxBaTtawe MHCTPYKLMja Takohe yKIby4dyje

— Kopuwhene 6agepa ckokoBa ca BULLE HMBOA M CTEKa NoBpaTHe agpece
* [lpomaweHo npeaBuhare CKoka HOCK Ka3Hy of Oko15 yuknyca

— Kew memopwuja nHcTpykumja og 32 KB
[lekognpare NpBo npeTBapa MallMHCKe UHCTPYKUMjEe Y MUKpoonepaumje u
pa3buja ux y aea tmuna nomohy 4etmpu gekogepa

— JepgHocTtaBHa Mukpoornepaumje (no 3)

— CnoxeHe mukpoornepaumje (no 1)
N3naBare MHCTPYKLKje MOXe n3gaTt 4o 6 Mukpoonepauuja no LnKnycy

— 36-97 ueHTpann3oBaHUX pe3epBaLMOHUX CTaHMLa

— 6 (pyHKUMOHaNHUX jeguHuua, ykisydyjyhu 1 jeouHuuy 3a yantaBame U 2
jeavHuue 3a cknaguwTene Koje gene dadep memopuje nosesaH Ha 3
pasnuynTe Kew mMemopuje nogaraka

67



128-Entry f,y| 32 KB Inst. cache (four-way associative) |«
inst. TLB &

v
Intel Core i7 =X 6-8yto pro-decode - macro-op

fusion, fetch buffer

. v
"-'St"ul ctl s | 18-Entry instruction queue |
hardware | = > »
w h
Complex Simple Simple Simple
Micro macro-op macro-op macro-op macro-op
o decoder decoder decoder decoder
code Ty v v

28-Entry micro-op loop stream detect buffer

[ Register alias table and allocator |
Retirement L4
register file |[¥ 128-Entry re+order buffer

P 36-Entry reservation station
v h 4 L 4 b 4
i 7_ ALU ALU Load Store Store ALU
I 7 -9 2 0 (N eh al em ) shift shift address address data ‘ shift
1 1 1
SSE SSE v v -2 SSE
shuffle shuffle Memory order buffer shuffle
ALU ALU ALU
| | 1
128-bit 128-bit 128-bit
FMUL FMUL Store FMUL
FDIV FDIV & load FDIV
1 1 I
|
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512-Entry unified | 64-Entry data TLB
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32-KB dual-ported data 256 KB unified 12
L2 TLB (4-way) —»| (4-way associative) | | cache (8-way associative) P cache (eight-way)
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clock/power state differences)



Intel Core i7

I
128-Entry | 32 KB Inst. cache (8-way associative) |
nst. TLB |~ ¥
(8-way) Pre-decode-+macro-op
1l *_ fusion, fetch buffer
Instruction L
fetch Instruction queue
hardware
L] ) L L
Complex Simple Simple Simple
7 |~ macro-op macro-op macro-op macro-op
s decoder decoder decoder decoder
-code : I

| 64-Entry micro-op loop stream detect buffer |
I

&

T

i7- 6700 (Skylake)

| Register alias table and allocator |
Retirement ¥
register file |~ 224-Entry reorder buffer |
¥
-] 97-Entry reservation station |
¥ ' ) ¥ ¥ ¥
ALU ALU Load Store Store ALU
shift shift address address data shift
[ |
SSE SSE + * + SSE
shuffle shuffle Memory order buffer shuffle
ALU ALU {72 load; 56 stores pending) ALU
| | |
128-bit 128-bit 128-bit
FMUL FMUL Store FMUL
FDIV FDIV & load FDIV
I I T

1536-Entry unified

]

L r L ]

L2 TLB (12-way)

64-Entry data TLB | |
(4-way associative)

32-KB dual-ported data
cache (8-way associative)

r
256 KB unified 12
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cache (4-way)

v 4

8 MB all core shared and inclusive L3
cache (16-way associative)

Uncore arbiter (handles scheduling and
clock/power state differences)




i7 920 (Nehalem) vs i7 6700 (Skylake)

Micro-op queue (per thread) 28 64
Reservation stations 36 97
Integer registers NA 180
FP registers NA 168
Outstanding load buffer 48 72
Outstanding store buffer 32 56
Reorder buffer 128 224

Copyright © 2019, Elsevier Inc. All riginuSIRESSEE M [ 0000



Intel Core i7 - nepdopmaHce

CPI 3a pasne SPECO6 Tectose ,
[MpoceyHun CPIl je 1,06 3a

_ uenobpojHe nporpame u
0,89 3a OHe y NOKpeTHOM

g S ) 3apesy. OBO je 6poj
11 NOKPEHYTMX MaLUMHCKMX
- MHCTPYKUMja (He
|| H MUKpoonepauuje) na
O . L . . ’ ' ' . . .
ﬁo&@& & ‘i@i@@é@\‘ﬁﬁi&f@ S éﬁp@“ S @b & S0 & %Q\\\o@ - pobujarbe BpegHOCTU HUje

e NOTNYHO Pa3NyymB.

[MeHTMym 1 i7 cy noanoKHM Haraharbuma, WTo pesyntmpa usrybsseHmm pagom, nsrybm ce go
40% yKynHor paga Koju ynasn y Specs06 TecT.

[ybuTak HacTaje u 36or npomatuaja y kewy (10 umknyca nam suwe n3ryb/beHmnx ca npomalluajem
y L1, n 30-40 3a L2 npomauwaje n 4ak go 135 3a L3 npomatuaje)

Copyright © 2019, Elsevier Inc. All riginSREseVe I ] 71



i7 920 (Nehalem) vs i7 6700 (Skylake)

3
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i7 920 (Nehalem) vs i7 6700 (Skylake)

ASTAR 1,51 1,53 2,14
GCC 1,82 2,54 1,82
MCF 1,85 1.27 1,71
OMNETPP 1,55 1,48 1,96

PERLBENCH 1,7 2,11 1,78

Copyright © 2019, Elsevier Inc. All riginuSIRESSEE M [ 0000
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AMD - Zen

https://en.wikichip.org/wiki/amd/micisershitcoimeszen I

Front End

Physical

Request Queue

Micro-Tags
(L1$ & HOPS)

ITLB

8 entry LO (all sizes)
4 entry L1 (all sizes
512 entry L2 (no 1G]

L1 Instruction Cache
64KiB 4-Way

L1/L2 BTB

Return Stack (32 entry)
Indirect Target Array (ITA)
(512 entry; direct map)

Next PC

OP Cache
Tags

OP Cache
(2K entry)

4-8 MOPs

32B/Cycle

| Instruction Byte Buffer |

| PreDecode / Pick |

4 Instructions

4-Way Decode
(Including fused uOPs)

|Decuder ” Decoder H Decoder ” De:oder‘

4-8 MOPs

HOP Queue (72 entry) ‘

Stack Engine
Mernfile

Dispatch

6 pOPs

8-wide retire

|nteger | Rename / Allocate |
| Scheduleni Scheduler| Scheduler|ll Scheduler| Mem Sche|[Mem Sche
(14 entries)[(14 entriesi(14 entries)i14 entries)14 entriesfj14 entries)

Physical Register File (168 entries)

Move Elimination I

6 pOPs

Forwarding Muxes

Execution
Engine

apAdjspeo] ¢

(44 entries)

32B/cycle store

4 uOPs

| Rename / Allocate |

| Non-Scheduling Queue (NSQ) |

ity DT || Scheduling Queue (SQ)
ads (86 entries)
Physical Register File (160 entries)
4 p0OPs

Forwarding Muxes

Load Buffer
(72 entries)

64

entry L1
1.5K entry L2 (no 1G)

DTLB

L1 Data Cache
32KiB 8-Way

anis/d4

Memory

32B/cycle
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ARM - Zeus

https://en.wikichip.org/wiki/arm_holsingsjimmicreansitesiunesyiic GVersSenvil,

Branch Predictor| Return
(BPU) Stack

i p—

anoBTE (96-ent

icraBTE (6 4-2ntry)
Main BETE (BK)

L1 Instruction Cache
64 KiB 4-Way

<16 Btjcyclu

Instruction TLE
(48-entry)

Front

Instruction Fetch

<4-8 nsfcycle

' w
hJ
d
MOP Cache e T End N2
(3K-entries) . I 5
54Way Decode
=8 MOPs |ch=d!r| |D!c=dzr| |ch=d!r| ID!cudEr| |DEc=d!r|
] MOF  MOP ] ] ] ] o N
Rename / Allocate / Commit g- g
ReOrder Buffer {256-entry) al
wl U
P P P P P P P s | I
1 2 p E S :
e g P Dispatch 5 mo
PP EFEEEY o8
| i B .
| Integer |ssue Queus FPUISIMD |ssue Queus 11 LSU |ssue Queus é E
Fort Fort Fart Fort Fart Fort
K )
¥
g
LE
LsuU
Load Buffer Store Buffer
(85-ertry) (90-ertry)
Execution Engine
Memory L1 Data Cache ;i:t:;f,,
Subsys 64 KiB 4-Way

aphajgze xz
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