KepaAaio 4

O ene¢epyaocTng




Eicaywyn

[Mapayovrec ammodoong t1ng CPU
[TARBOC evToAWV

KaBopiletal atrd TNV apXITEKTOVIKI) CUVOAOU EVTOAWYV KaIl TO
METAYAWTTIOTN

CPI ka1 Xpovog KUKAou
KaBopiletal atré 10 UAIKO TnG CPU

@a eg¢eTdooupe OUO uAotroinoeic Tou MIPS

Mia atTAouoTeUpEVN £€KOOON

Mia 1T1I0 peaAIoTIKI) €kdoon pe dloxeteuan (pipeline)
ATTAO UTTOGUVOAO, OEiXVEl TIG TTEPIOCTOTEPEG
TITUXEC

Avagopd pvAung: 1w, sw

ApiBunTikéc/hoyikéc: add, sub, and, or, st

MeTagpopdc eAéyxou: beq, J
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EKTEAEON EVTOANG

PC — uvnun evioAwyv, Trpookouion (fetch)
EVTOANG
ApIBUOI KaTaxwpPNTWV — APXEIO KATAXWPNTWV
(register file), avayvwon Kataxwpntwyv
AvaAoya Je Tn KaTnyopia TG evioAng
Xpnon 1ng ALU yia Tov utToAoyIoNO
ApIBUNTIKOU ATTOTEAEOUATOGC

AigeuBuvonc uvung yia evioAeg load/store
AigeuBuvaon TrpoopIcuou diakAadwong

[TpooTtréAaon puvnung dsdouevwy yia load/store
PC <« dievubuvon trpoopiopou 1 PC + 4
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Emriokotmrnon tng CPU

ABp

Aedopeva

Ap. Kataxwpntn
KataxwpnTég AieuBuvon
Ap. KaTaxwpntn

= PC @ Aic0Buvon EvtoAn

——-

] MvAun | |
Mvnp’n Oedopévwyv
EVTOAWV Ap. KataxwpnTn

» Aedopuéva
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[MTOAUTTAEKTEG

2

ABp

ABp

Agv ytTOPOUNE
ATTAWG VA EVWOOUNE
KaAwoIla padi

Xpron TTOAUTTAEKTWYV

[

PC

Aigubuvon EvtoAn

MviAun
EVTOAWV

—~5

Aedopéva

Ap. kataxwpnTi
Kataxwpnrtég

Ap. Kataxwpntn
Ap. KaTaxwquf](

™

ALU AievBuvan

— MvApn [
/, Sedopévwyv
» Aedopéva
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f

4 —»

Y

>

Aig0Buvan  EvrioAR

Mviun
EVTOAWV

Branch
—
NG
—>
iy C |.
=
[®]
C |-
ALU operation
L-| AeSopéva AN |
~| Ap. kaTaxwpnT MemWrite
-— Karaxwpntég - >ALU > AlelBuvon
, o
| Ap. kataxwpnTi c Zero Mvipn
20 Oedopévwyv
> Ap. KataxwpenTh E
RegWhite » Aedopéva
MemRead
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Baoika AoyIKAG oxediaong

H TTAnpo@opia KwOIKOTTOIEITal QUADIKA
XaunAn taon =0, YynAn taon =1
‘Eva KaAwdio ava bit

Aedopeva TTOAAWYVY bit KwolkoTrolouvTal UE
OIAUAOUG TTOAAWYV KAAWOIWV

2.UVOUOOTIKO OTOIXEIO
Etrevepyei o€ 0edouEva
H ££0d0c¢ cival ouvapTtnon NG £10000U
2. TOIXEIO KaTAOTAONG (OKOAOUBIOKQ)
ATTOONKEUOUV TTANPOPOPIEC
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2UVOUOOTIKA OTOIXEIO

[TUAN AND ABpoioTic A~ Ly,
Y=A&B Y=A+B B —
A —
Y
s L Ap1BunTIKA/AOYIKNA
[MOAUTTAEKTNC Movaoa
Y=S711:10 Y =FA,B)

A —

M
10 u Y >A|— Y
11 « 5 -

S F
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Kataxwpion 1 bit

latch latch

Ql
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AKoAouBiaka oTolxXEia

KataxwpenTtng: atrobnkeuel 0edouEVA O€
£EVa KUKAWPO
XpNOIYOTTOoIEi onua poAoyiou yia va KaBopioel
TTOTE EVNUEPWVETAI N ATTOONKEUPEVN TIUN

AKuoTTUpodOTOUHEVN: evnNuEpwon oTav 1o Clk
aAAaCel atto 0 oe 1

Clk

D — —>Q

vt e—ed—
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AKoAouBiaka oTolxXEia

Kataxwpntng He eAEYXO eyypaeng
Evnuepwvel oTNV aKun Tou poAoyioUu uovo
OTaV N €i0000¢ EAEYXOU eyypa@nc civai 1
XPNOIYOTTOIEITAI OTAV N ATTOBNKEUPEVN TIUN
QTTAITEITAI APYOTEPA

Clk
Write — D : ;
Clk —> i\ﬂL A i A k\n
o [N e
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MeBodoAoyia XpoviouOoU

H ouvOuaaTIK Aoyikn heTtaoxnuariel Ta
Oedopeva oTn OIAPKEIQ TWV KUKAWY poAoyiou
MeTacU akpwyv poAoyiou
Eicodoc¢ atrd oTtoixgia kataoTaong, €C000C O€ OTOIXEID
KATdoTaong
H peyaAutepn kabBuoTtEpnon kabopilel TRV TTEPIOOO
TOU poAoyiou

2TOIXEIO 2T0IXEIO
KOTAOTAONG TuvOUAOTIKR AOVIKN KardoTaong
1 2 .| ZTOIxeio 2uvOuaaTIK AoYIKN

KaTaoTaong

KUkAog pohoyioy ——
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Kataokeun 01a00poung O0eO0ONEVWYV

Aladpoun d0edopevwy (datapath)

2. TOIXEIa TTOU £TTECEPYAlOVTAl OEQOMEVA KAl
dleuBuvoeic otn CPU

Kataxwpnteg, ALU, TTOAUTTAEKTEC, NVAMEG, ...

Oa KATAOKEUAOOUUE Pia Oladpoun
OedouEVWY MIPS pe d1adoxIka Bruara

Oa KAVOUUE TTI0 AVOAUTIKO TO OUVOAIKO OX£DI0
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NMpookouion evroAng (Instruction Fetch)

ABp
4 \
| pC [—e—| AiEUBUVON AUgnon kartd
avayvwong 4 yia TV
—_— , ETTOMEVN
Kataxwpntng EVTOAN |— N
32 bit EvToAn
MvAun
EVTOAWV
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EvToA£c popopnc R

Avayvwaon OUO TEAECTEWV KATAXWPNTWV
ExTEAEON apIOUNTIKAG/AOYIKNC AEITOUpyiac
Eyypa@n ammoTEAEOUATOC O KATAXWENTN

Ap1Bpoi ) 5
KOTOXWPNTWV

Aedopéva { —

KaraywpnTig

avayvwong 1 Acdopéva

Karaxwpntng avayvwons |

avayvwong 2

Karaxwpnrég

KataxwpntAg

EYYPOPNS Aedopéva
avayvwong 2

Aedopéva Y e

EYYPAQPNG

4 ALU operation
— |

RegWrite

a. Karaxwpnrég

Zero |—»
> Aedopéva >ALU
AmroTéAeopa[—
ALU
/
B.ALU
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EvToAég Load/Store

Avayvwaon TEAECTEWV KATAXWPNTWV
YT1ToAoyIouO¢ dieuBuvong JE XPNon TNG OXETIKNG
arrootaonc (offset) Twv 16 bit

Xpnon 1nG ALU, aAAG pe eTTEKTOON TTPOCTUOU TOU offset
dopTwon (Load): avdyvwon YvAPNS Kal EvNUEPWON
KataxwpenTn
AtToOnKeuon (Store): eyypa@nc TIMAG Kataxwpentn oTn
MVIHN

| MemWrite

. Aedouéva

—{AleUBuvon avdyv&f;on c

MvApn
dedopévwv

Aedopéva

EYYPAPNS

MemRead

a. Movada pvrung dedopévwv  B. Movada eméKTaong TTPOCUoU
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EvToA£g Oi1akAadwong (branch)

Avayvwaon TEAECTEWV KATAXWPENTWV

2.UYKPION TEAEOTEWV
Xprijon ALU, agaipeon Kal EAeyXoc¢ TNG £€000U
Zero

YTroAoyIiouocg d1eubuvong TTpoopIouoU
ETrEKTO0N TTPOCHMOU TNC METATOTTIONG
(displacement)
AploTepn] oAioBnon katd 2 B€oeIC (METATOTTION

AEENG)
[1p60oBeon oto PC + 4
‘Exel AON UTTOAOYIOTEI ATTO TNV TTPOCKOUION EVTOANC
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EVTOAEG S1AKAAOWONG

ATTAWCG
eTTavadpopoAoyeEi
TIG EYYPOPEG

PC + 4 a6 1n diadpopn 0edopEVWY TTPOOKOMIONG EVTOAG—

EvroAn ‘

Kataxwpntg

avayvwang 1 AeSopéva

KaTaxwonThic avayvwong 1

avayvwaong 2
Karaxwpnrtég

KataxwpnTig

EYYpaQng Aedopéva

Aedopéva avayvwang 2

EYYPOPNG

AOp
AB Mpoopiopog
poigHa OlakAGdwang
ALU operation

Mpog Aoyikni
eAéyyou SlakAadwong

RegWrite

EtravaAappaveTtal 10
KaAwdIo Tou bit TTpocriuou
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AnuIoupyia TWV OTOIXEIWV

Mia TTpwTn d1adpoun d0edopEvwY (data
path) eKTeAEi pia evTOAN o€ Evav KUKAO
POAOYIOU
KaBe oToixeio TG d1adpourng 0EO0ONEVWV
KAVElI JOVO Jia ouvapTtnon KAaBe gpopd
‘ET01, Xpe1alOUOOTE CEXWPIOTEC UVAMEC
EVTOAWYV Kal OEOOUEVWV
XpNon TTOAUTTAEKTWY OTAV XPNOIUO-
TTOIOUVTAI OIOPOPETIKEC TTPOEAEUCEIC
OEQOUEVWYV OE DIAPOPETIKEC EVTOAEC
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Aladpopun dedouévwy yia Tutro R/Load/Store

o | KaraxwpnTg AeBoLt 4\i\ALU operation
avayvwong 1 gdouEvVa ,
" aviywwan | MemWrite
Kayaxwpnmg 1 MemtoReg
EvTOAf] | avayvwong 2 , ALUSrc
Ka'ru?(wpnrsg ' ALU Aedopéva| [~
¢ | KaTaxwpnrig Aedopeva g— ATtrotéAeopa AgBuvon SVayvwang &
EYYPAPNg avayvwaong ALU on g
Aedopéva ? SvAHn =
. Hev > SeSOoNEVWV =
eYypaeng :
| Aedopueva
RegWrite " | Eyypaeng
16 MemRead
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NMANPNG O100pOUN OEOOHUEVWV

>A9p

PCSrc

-

Alg0Buvon
avayvwong

EvroAn

Mvipun
EVTOAWV

Add
AtrotéAeoua

ALU

MoA/kTng

Kayo:xwpmr’]g ) 4 ALU operation
avayvwong 1 Aedopéva
~avayvwong MemWrite
Kataxwpntig 1
avayvwaong 2
Karaxwpnrég Aedopéva
Kataxwpntrig a\%sﬁc:s;va _avayvwong
EYYPaPIi yvwons ArevBuvon
AeSopéva Mvipn
— EYYPOOIC §s&opwwv
| Aedopéva
RegWrite " | evypagng

MemRead

MemtoReg

MoMA/kTng
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‘EAgyxoc ALU

H ALU xpnoliJoTrolEiTal yia
Load/Store: AsiToupyia = add
Branch: Asitoupyia = subtract
Tutrou R: Agitoupyia ecaptaTal atro 10 TTEdI0

funct
‘EAeyxoc ALU AeiToupyia

0000 AND
0001 OR
0010 add
0110 subtract
0111 set-on-less-than
1100 NOR

KepdAaio 4 — O emregepyaoTng — 22



‘EAgyxoc ALU

Y1roBeToupe OTI eva TTEdIo 2 bit ALUOp
£CAyYETAI ATTO TO opcode

2.UVOUAOTIKN AOYIKN €cayel Tov EAeyxo TG ALU

opcode ALUOp | Aeitoupyia funct ALU function ALU control
W 00 load word XXXXXX | add 0010
S 00 store word XXXXXX | add 0010
beq 01 branch equal XXXXXX | subtract 0110
R-type 10 add 100000 | add 0010
subtract 100010 | subtract 0110
AND 100100 | AND 0000
OR 100101 | OR 0001
set-on-less-than 101010 | set-on-less-than 0111
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H KUpI1a povada eAEyxou

2. NUATA EAEYXOU TTOU £CAYOVTAI ATTO EVTOAN

TUtTToU R 0 rs rt rd shamt funct
31:26 25:21 20:16 ’\15:11 10:6 5:0
Load/ 35 or 43 rs rt address
Store
31:26 25:21 20:16 ’\ \ 15:0
Branch 4 rs rt address
31:26 25:21 20:16 \ \ 15:0 \
- ~ 2N ~ J
opcode TTAVTA avayvwon, eyypaon ETTEKTOON
ava- EKTOC QTTO TN || YIA TUTTOU TTPOCH OV
YVwon load R kai load Kal
TTP6o0Beon
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Aladpopun OEOOHEVWV KOl EAEYXOG

ABp

4 —»

EvroAn [31:26]

AlglBuvon
avayvwong

EvToAq

131:0] [

Mvijpn
EVTOAWV

Evio [25:21]

‘EAgyxog

RegDst
Branch

MemRead

1 NoNkTng 0

MemtoReg

ALUOp

MemWrite

| ALUSrc

RegWrite

EvtoAr [20:16]

L.

EvtoAn [15:11]

1 NoANkTtng 0

EvtoAn [15:0]

>

Karaxwpntig
avayvwong 1 AeBopéva
avayvwaong
Karaywpntrig 1
avayvwong 2
Aedopéva

Karaxwpntig  qyayvwong
EYYPOAQPHG 2

Aedopéva
EYYPaQIG

0)

Kataxwpnrég

1 NMoNkTng

Zero

ALU Arroré-
Aeopa
ALU

@

EvToAn [5:0]

AigdBuvon avayvwong

Mvipn
Sedopévwv

AgSopéva

" | eyypaerig

Aedopéva

0 NoA/ktng 1
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EvToAn Tuttou R

ABp

4 —»

EvToAn [31:26]

AigvBuvon
avayvwang

Evtohi
[31:0]

Mvipn
EVTOAWV

EvToAn [25:21]

‘EAeyxog

A\ A

RegDst
Branch

/

1 MoMNkTng 0

ATTOTE-

ABp Aeopa

MemRead

MemtoReg

ALUOp

MemWrite

| ALUSrc

RegWrite

EvToAr [20:16]

Karaxwpntig
avayvwong 1

Aedopéva

avayvwaong
Karaywpnrrig

L.

EvTtoAn [15:11]

1 MoMNxktng 0

Eviod [15:0]

avayvwong 2

AeSopéva

Karaxwpenis  gyvayvwone
eyypagig 2

IAedopéva
EYYpaQrig

Kataxwpntég

16 32

ETrékraon

v

1 I'ION'KanP\

Zero

ALU ATroTé-
Aeoua

ALU

/

Aedopéva

Y

Vw

EvtoAR [5:0]

EYYPAPrS

AigBuvaon

dedopévv

Aedopéva
avayvwaong

Mvrun

0 MoA/ktng 1
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EvroAn Load

=)

v

> =

A8p \ <
. 3

ATTOTé- | =

ABp Aeopa -

RegDst
Branch
|\ MemRead
EvioAr| [31:26] ) MemtoReg
EAeyxog ALUOp
MemWrite
| ALUSrc
RegWrite

EvTohr [25:21]
- Kataxwpntrig
AigGBuvol
Lo PC &> avdvac:]]g avéyvwong 1 AcBopéva
EvtoAn [20:16] avayvwa I11€
. Kumxmpmr’]zg Zero
A avayvwong
Brom He L. S ALU ATOTé-
[31:0] £ . Acdopéva IS Aeopa Agtouvon Aedontva —
) ] quxwpnmg avayvwong w ALU r"t’xvv:‘xvvum'mg I
MvAun Evrod [15:11] 3 eyypagng 2 £ - £
EVIOAQV | E = . 2
- : s| | Mvipn S
Acdouéva c H
> leyyparig ) 9 ~ SeSopévwv =)
Karaxwpnrég
»| AcBopéva
EYYPAPNS
EvToAn [15:0] 16 m 32
EmékTaon

—w

EvtoAn [5:0]
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EvroAn Branch-on-Equal

A6p

EvTtoAn [31:26]

AigvBuvon
avayvwong

Evrohr

[31:0] [

Mvripn
EVTOAWV

EvToAn [25:21]

"EAeyxog

RegDst
Branch

1 MoNkTtng 0

MemRead

MemtoReg

ALUOp

MemWrite

| ALUSIrc

RegWrite

»|Kataxwpntrig

EvroAn [20:16]

avayvwang 1 Aedopéva

avayvwong

Kataywpntrig 1

L.

EvtoAn [15:11]

1 NMoA/ktng 0

EvtoAn [15:0]

A

avayvwong 2
Agdopeva

0)

Koraxwenmic  gugyvweng
eYYPaPig

[Aedopéva
£YYPOPrG

Kartaxwpntég

16 m 32
Emékraon

1 NoNKTNg

] MvAun

Aedopéval
avayvwaong

AigBuvan

0 MoA/ktng 1

dedopévwv

Aedopéva

Y

mwpOoCHHoU

EvToAR [5:0]

EYYPAPNS
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YAoT1roinon aApNATWY

Jump 2 address
31:26 25:0

H Jump xpnoiyoTroiei SietBuvon AEENG

Evnuepwaon tou PC ue ouvevwon Twv
YwnAotepwyv 4 bit Tou TTaAiou PC
AleuBuvonc aAparog Twv 26 bit
00

Xpeladetal Eva TTITTAEOV CHUA EAEYXOU
ATTO TNV ATTOKWOIKOTTOINON TOU opcode
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Aladpopr 0€06. he TTPOOCONKN AANATWYV

A6p

EvToAR [25:0]

Apiotepiy\ AleUBuvon dAuatog [31:0]

oAioénon
26 Kard 2

28

PC + 4 [31:28]

[ o

EvroAr [31:26]

AlgBuvon
avayvwaong

EvroAr
[31:0]

Mvripn
EVTOAWV

EvToAn [25:21]

RegDst
Jump

\ Branch

,\

ATTOTE-

1 MoANkTng 0

ABp Acopa
ALU

/

MemRead

C

0 MoANkTng 1

MemtoReg

ALUOp

MemWrite

| ALUSrc

RegWrite

EvrtoAn [20:16]

y

EvtoAR [15:11]

1 MoA/kTng 0

EvrtoAn [15:0]

Karaxwpntig
avayvwong 1

Aedopéva

avayvwaong
1

Kartaxwpntig
avayvwong 2

Aedopéva

Kmaxwpmr’]g aVayvwong
gyypaeng 2

Aedopéva
eyypagig )
Karaxwpntég

EméxkTaon

1 no)\lK'rngE\

'

Agdopiva

@

EvToAn [5:0]

EYYPaPIiG

AiguBuvon

Aedopéva
avayvwong

Mvripn

dedopévwv

0 MoA/kTng 1

KepdAaio 4 — O emre§epyaotig — 30




ZnTAHATa atrodoong

H ueyaAutepn KaBuoTtépnon kaBopilel TV
TTEPIOOO poAoyiou
Kpioiun diadpopn (critical path): evroAn load

Mvun evIoAwWvV — apxeio kataxwpntwyv — ALU —
UVAUN OEOOUEVWV — APXEIO KATAXWPENTWV

Agv gival eQIKTA OIAPOPETIKN TTEPIOOOC YIA
OIAPOPETIKEC EVTOAEC

[MapaBialer Tn oxedIAOTIKA apXn

Kave Tn ouvnBiouévn TTEPITITLWON YPRyoen
Oa BeATIWOOUPE TNV ATTOdOON HE TN OIOXETEUON
(pipelining)

KepdAaio 4 — O emregepyaotig — 31



AvaAoyia OIOXETEUONG

MTTouyada Je DIOXETEUON: ETTIKAAUWN EKTEAEONC
H Trapa)\)\n)\la BeATIWVEI TNV ATTOO0ON

6MM. 7 8 11 12 1 2 .M.

Xpbévog
Zelpd

EPYAOIWY

;B e
c 5=
0 90l
Xoovoc 6MM. 7 8 9 10 11 12 1 2NM. TE’ZO'O'EpG (POpTi(]
ove | | | | | |
I =S EmmTaxuvon
o Sl =8/3.5=2.3
. l=%g' AoTapdTnTa:
. EE EmTaxuvon

=2n/0.5n +1.5=4
= apIOUOG oTadiwV



AloxeTreuon Tou MIPS

[1EvTe oTAOIO (Stages), Eva BAua o€ KABE
OTAdIO
IF: Instruction fetch from memory (TTpookouIon
EVTOANC ATTO TN MVAMN)
ID: Instruction decode & register read
(aTTOKWAIKOTToINON €VTOANGC & avayvwon
KATAXWwPNTWYV)
EX:. Execute operation or calculate address
(ekTEAEON AgiTOoupyiacg r} utTToAoyiouo¢ d/vong)

MEM: Access memory operand (TTpooTTéEAaoN
TEAEOTEOU PVAMNG)

WB: Write result back to register (eTraveyypaen
ATTOTEAEOMATOC O€ KATAXWENTN)
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ATTO000N OIOXETEUONG

‘E0TW OTI 0 XpOVOC TWV OTAdIWYV €ival
100ps yia avayvwan f eyypaen Karaxwpntn
200ps yia Ta aAAa oTadia

2.UyKpIon TNG O1aOPOUNG OEOOUEVWYV UE
OloXETEUON ME TN O1AdPOUN OEQONEVWV EVOC

KUKAOU
EvToAn Instr fetch | Register | ALU op Memory | Register | 2UvOAIKOC
read access write XPOVOG
\W 200ps 100 ps 200ps 200ps 100 ps 800ps
S 200ps 100 ps 200ps 200ps 700ps
R-format | 200ps 100 ps 200ps 100 ps 600ps
beq 200ps 100 ps 200ps 500ps
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ATTO000N OIOXETEUONG

Evog kukAou (T.= 800ps)

Zeipa X0 200 400 600 800 1000 1200 1400 1600 1800
EKTEAEDTC povog T T T T | T T T >
TIPOYPAuUaTog

(o€ evTOA£QG)

w $1,100(0) | MO | AL | TSN | oy
w $2,20030) 800 ps | Moo | kanex|  ALU | "o |
w $3,300(30) ) 800 ps | Moo
Y e —->
’ 800 ps
Me dloxeteuon (T.= 200ps)
TeIpd Xoc 200 400 600 800 1000 1200 1400
eKTEAEONG povos T T T T T T T >
TIpoypdauuaTog
(o€ eVTOAEQG)
w $1,10080) | "o | [k ALU | TETREON o
D — i :
w $2,200(80) 200 ps | o Kaox| ALU | Eeaener | Karad
- . .
w $3,300(30) 200 ps | | [Kerox] ALY | TR | Karax
Y - P

200ps 200ps 200ps 200ps 200ps
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ETiTaxuvon AOyw OI0XETEUONG

Av gival IcoppoTTNUEVA OAQ T OTAOIA
AnAaodn, 0Aa dlapKouv Tov idIo XpOvVo
XPOVOG PETAGU EVTOAWV ¢ 50y ¢reuon
= XpOVOG PETAGU EVTOAWV, i si0xéteuon

ApPIBUOC oTadIWY

Av OtV gival ICOpPPOTTNMEVA, N ETTITAXUVON Eival
UIKPOTEPN

Emraxuvon Aoyw augnuEVNG DIEKTTEPAIWTIKAG
IKavoTnTag (throughput)

AavBavwyv xpovog — latency (Xpovog yia KABe evioAn)
OEV UEIWVETAI
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AloxETEuon Kal oXediaon OUVOAOU EVTOAWYV

To ouvoAo evioAwv Tou MIPS gival oxedlaouEVo
Yia OIOXETEUON

OAec o1 evioAEc gival Twyv 32 bit

EUukOAOTEPN TTPOOKOMION KAl ATTOKWOIKOTIOINON O€ £vav
KUKAO

ouyKkpion JE X86: evToAEC 1 €wg 17 byte
NIYEC KAl KOVOVIKEC MOPPEC EVTOAWV

MT1TOpEI VO aTTOKWOAIKOTTOINOEI KAl va dIaBACEl KaTaxwpnTEg
o€ €va PBrua

AieuBuvoiodoTtnon Load/store

MTropei va uttoAoyioel T d/von oTo TPITO OTADIO, KAl VO
TTPOOTTEAQCEI TN PVAUN OTO TETAPTO OTADIO

EuBuypappion Twv TEAEOTEWV PVAMNG

[MpooTtréAaon pvRuNG OIAPKEI JOVO €vav KUKAO
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Kivduvol (hazards)

KaTtaoTACEIC TTOU ATTOTPETTOUV TNV EKKivNOoN TNG
ETTOMEVNG EVTOANC OTOV ETTOMEVN KUKAO

Kivduvoc OouNnG (structure hazards)
‘Evac ammaitouhevog TTOPOC €ival ATTaoXOANMEVOC
Kivouvoc dedopevwy (data hazard)

[TPETTEI VA TTEPIPEVEI TNV TTPONYOUNEVN EVTOAN Va
oAokKAnpwael TNV avayvwon/eyypagrn 0eO0UEVWY TNG

Kivduvocg eAgyxou (control hazard)

H ammo@aon o€ pia eveépyeia eAEYyXOU eCapTATAl OTTO
TTPONYOUMEVN EVTOAN
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Kivbouvol doung

AlEvecn oTn Xpnon vog TTopou
2.Tn oloxEteuon Tou MIPS pe pia povadikn uviun
O1 evTOA£G load/store atraitouv TTPOoTTEAQCN UVANNG

H 1TTpookOuIon eVTOANC TTPETTEI va KaBuoTteprjoer (stall)
O€ EKEIVO TO KUKAO

@a TTpokaAouce «puoaAidar» Tng dloxETeuoncg (pipeline
“bubble”)

‘ET01, 01 D100pOPEC DEDOUEVWYV UE DIOXETEUON
ATTAITOUV CEXWPIOTEC UVIMES
EVTOAWV/OEDOUEVWIV

'H cexwploTéEC KPUPEC HVAUEC (Cache memories)
EVTOAWV/OEDOUEVIV
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Kivdouvol 0edopEVWIYV

Mia evTOAN €€apTaTal atrd TNV OAOKANPWON MIOC
TTPOCTTEAAONG OEQOUEVWYV UIAG TTPONYOUNEVNC
EVTOANG

add $s0, $t0, $tl
sub $t2, $s0, $t3

. 200 400 600 800 1000
Xpovog T T T | | >

add $s0, $t0, $t1 IF —':-' ID

() () ()
9 9 9 O O

sub $t2, $s0, $t3 IF — 1D WB |
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NMpow6Onon (Forwarding)

NAeyetal emiong MNapakauwn (Bypassing)

Xprjon Tou atmroTeAEOHATOC OTaV dnuIoupynOEi
Mnv TTEPINEVEIC va ATTOONKEUTEI O€ KaTaxwpnTtn
ATTQITEI ETTITTAEOV OUVOEOEIC OTN OIAOPONN OEDOUEVWV

PXATo]o
EKTEAEONIC , 200 400 600 800 1000
TTpoypdpparog  Xpovog . | | | |

(o€ eVIOA£EG)

add $s0, $t0, $t1 IF

MEM WB |

sub $t2, $s0, $t3

Y
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Kivouvocg 6edopévwv DoépTwong/Xpnong

dopTtwon/Xpnon (Load/Use)
Agv PTTOPOUNE VA ATTOPUYOUUE TTAVTA TIC KABUOTEPNOEIC
LUE TNV TTPOWONON
Av n TigN dgv €xel uTTOAOYIOTEI OTAV XpEIdleTal
.y Agev UTTOPEI Va Yyivel TTpowBnon TTPo¢ Ta TTicw OTO XPOVo!
glpa

SKTF'I}\&C{ ne ) 200 400 600 800 1000 1200 1400
TTPOYPAUMATOG XPOVOS T | I | | | I

(o€ eVTOAEQ) I .
lw $s0, 20($t1) IF —': ID %—MEM WB

-

9 9

MEM WB

sub $t2, $s0, $t3 IF —=X ID
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Xpovotrpoyp/HOg KWOIKA VIO ATTOPUYN KOBUOTEPNOCEWYV

AvadldTacn KwoIKa yia atropuyn Xpnong Tou

arroteAEOPATOC TNC load oTnVv €TTOMEVN EVTOAN

Kwolkac CylatToA = B + E; C = B + F;

Tw  $tl, 0($t0) Tw  $t1l, 0($t0)
Tw @ 4($t0) Tw

kaBuoTépnon |~ add $t3, $t1’ Tw
sw $t3, 12($t0) add $t3,
w (5t4)-8(5t0) sw  $t3,

KaBuaTépNoN — add $t5, $t1, add $t5,
sw $t5, 16($t0) sw $t5, 16($t0)

13 KUKAOI 11 KUKAOI
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Kivbouvol eAfyyou

H d1akAGdwaon KaBopilel Tn pon Tou EAEYXOU
(flow of control)
H TTpooKOMION TG ETTOUEVNG EVTOANG €CaPTATAI
QTTO TO ATTOTEAECUA TNG OIAKAGOWONG

H dloxETeuon OEV UTTOPEI VA TTPOCKOUIOEI TTAVTA
TN OWOTH EVTOAN
AKOMN O0UAeuel oTo 0TAOI0 ID TNG dlakAGdwWaONG

2.Tn OloxEteuan Tou MIPS

[TPETTEI VO CUYKPIVEI KATAXWPENTEC KAl va
uttoAoyioel Tn d/von TTPOooPICHOU VWPIC OTN
dloxETeuon

[MpooBrikn UAIKOU yia va yivouv 1o oT1ddio ID
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KaBuoTtepnon o€ d1aKAGOwOonN

Stall on branch

[Mepipeve PEXPI VO KOBOPIOTEN TO ATTOTEAEOUA TNG
OIaKAAdWANG TTPIV TTIPOCKOUICEIC TNV ETTOMEVN EVTOAN

2elpd 200 400 600 800 1000 1200 1400
ekTéAeong  Xpovog I T | | I I I
TIPOYPAPHATOG
(o€ eVTOALQ)

add $4. 95,36 | i [Karax| AL “W y—
beq $1, $2, 40 *m—p; FpockOysan : Moot
@ O O O O
Yor o B 400 ps npompm n&'ﬁﬂ?ﬁﬁ" Karra.
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MpoBAewn S1AKAAOWONG

Branch prediction

O1 peyaAUTEPEG OIOXETEUTEIG OEV UTTOPOUV VA
KaBopioouv oUVTONA TO ATTOTEAECUA TNG
OlakAadwaong

H 1Toiviy kaBuoTtépnong (stall penalty) yiverai

UTTEPBOAIKA PEYAAN
[TpOBAewn (predict) Tou aTTOTEAECUATOC TNG
OlakAadwaong

KaBuoTépnon uovo av n TpoAewn gival AavBaouevn
2.Tn dloxeteuon Tou MIPS

MTTopEi va yivel TTpOBAswn uN ANWNS TNG
OlakAadwaonc (predict not taken)

[TpoooKOuION TG EVTOANC META TN DIAKAAOWON, XWPIC
KaBoAou KaBuoTépnon
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MIPS pe TrpofAeywn pn AnYng

ZeIpa 200 400 600 800 1000 1200 1400
ekTéAeoNg  Xpbvog I I T I I T I
TTpOypPAupaTOg
(o€ eVTOAEQG)

\

add $4, $5, $6 ”mc’” Kamax.|  ALU nacaops'vmv Karary.
2WaTn beq $1, $2, 40 ‘207" Mpooképon kaox| ALY | | Koo
2 s
TTPORAEWN P m— —
w $3, 300($0) 200 ps | i Koy ALY | e e | KoK
Y
Zelpd 200 400 600 800 1000 1200 1400
ekTéAeang  Xpdvog T T T | T T T >
TTPOYPApATOG
(o€ evTOAEQ)
Mpoakdpion MpooTrehaon
. dd $4, $5, $6 ' Koray.| ALU : Korma.
AavOaopévn | |29¢84 96,56 | e oy
; MpoaTréha
TTPORAEWN beq $1,92,40 ¥ ”m“,:f’” mpw‘f,”
—p- Or $7, $8, $9 rlpooxopm I'Ipochl»:l\ﬂcn
Y 400 ps X Bedopvey [(OTOX
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Mo peaAIoTIKR TTPORBAEWN OI1OKAGdWONG

2.TATIKA TTPOLBAEWN dIAKAGdWONG
BaagileTal 0TNV TUTTIKI) CUUTTEPIPOPA TWV OIOKAADWOEWV

[Mapadelyua: dIakAadWOEIC O€ BPOXOUGC Kal EVTOAEG if

[MpoBAewn diakAadwoewv TTpo¢ Ta TTiow (backward branches) wc¢
AauBavOuEVEC

[MpoBAewn diakAadwoewv TTPpo¢ Ta eNTTPOC (forward branches) wg
MN AauBavoueveg
Auvauikn TTpoRAewn diakAddwong
To UAIKO PETPAEI TV TTPAYMOTIKI) OUMTTEPIPOPA DIOKAADWOEWV
TT.X., KaTtaypagel Tnv Tpoo@artn 1I0Topia KABe diakAadwong
YTT00£T1El OTI N HEANOVTIKA) OUPTTEPIPOPA Ba cuveXioel TRV TAON

2.€ TrepiTrTwaon AaBoug, yivetal KaBuaoTEpnon KATa TNV
ETTAVATIPOOKOMION, KOl EVNMEPWON TOU ICTOPIKOU
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[MepiAnYWn OIOXETEUONG

H dioxéTeuon PeATIWVEI TNV ATTOdOON UE TNV
augnon TNG OIEKTTEPAIWTIKNAG IKAVOTNTAC O€
EVTOAEC

EKTEAEI TTOANEC EVTOAEC TTAPAAANAQ

KaBe evtoAn £xel Tov idlo AavBavovTta Xpovo

YTTOKEITAI O€ KIVOUVOUG

AopnNg, 0EOOPEVWYV, EAEYXOU
H oxediaon Tou cuvoAoU eVTOAWYV ETTIOPA OTNV
TTOAUTTAOKOTNTA TNG UAOTTOINONG TNG DIOXETEUONC
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Aladpoun 0edopéEvwyv MIPS pe dloxéTeuon

WB: Write back
(eaveyypaer)

EX: Execution or
address calculation
(extéAeon
uTroAoyIopAS
dietBuvaong)

MEM: Data memory
access (TTpooTréAacn
MVAMNG dedopéviuv)

ID: Instruction decode
and register file read
(atToKWadIKOTTOINON
€VTOANG Kal avayvwaon
apxEiou KaTaxwpenTwy)

IF: Instruction Fetch
(TTpOOKGOUION EVTOAG)

4|

ABp AToTéAETUa
> P Tpdobeong

|

|

|

I

|

|

1

I

|

|

|

|

|

|

|

|

|

|

- |
PC Aig0Buvon |
|

=t

|

I

|

|

|

|

o
g »-|Kataxwpntig  Aedopéva o
] avayvwong 1 avayvwaong v z
E 1 ero —'—b—
—-| 5
S - Karaxwpntig ALU
§ avayvwong 2 AToTéAeopa »- AicuBuvon ) -
EvToAn ) Karaywpntég o AL Aedopéva U
‘ E avayvwang £
» | KaTaxwpnTiig Alzﬁopsvu 5 MV E
Mviipn " |evyeagig  avayvwong £ vripn :
M E M EVTOAWV . 2 2 SedopEvv 2
AeSopéva L 2 c
/ EYYpagns = _ | AeBopéva e
” [EYypaQrig
r 14 r /
Pon atrd de€Ia TTpog
16 z
Aep{TTpOCTHO

aploTEPG 0dNYEi o€
Kivduvoug (hazards) || WB
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KaTaxwpnTtéC OI0OXETEUONG

XpeladovTal KAtaxwpnTeCc avapeoa aTa oTadld

['1a va KpaTrioouv TTANPOPOPIEC TTOU TTAPAYOVTaAl OTOV
TTPONYOUPEVO KUKAO

IF/ID ID/EX EX/MEM MEM/WB

(=)
w
£
3 PC »| AiguBuvon Karaxwpnic  Aedopéva
2 % avayvwons 1 guayvwong >
= & - K“.T“X“’mmg ! ero+— _—
MvApn > |avayvwong A .
evToA® — Karaxwpntés S ArtoTéAEO A AigdBuvon uvaeﬁ?'s;va (-
K 2 Aedopéva w ALU yvwons
anaxwpnTrie oot hone v
£yypagic 5 E / Mviiun
»|AeBopéva 3 BeBOPEVIWV
yypagis c c
AeSopéva
EYYPOPriG
16
A r—
AY

KepdAaio 4 — O emre§epyaotng — 51



AgiToupyia OIOXETEUONG

Ava KUKAO, pon TwV EVTOAWYV UECA ATTO TN
O100POIN OEOOHEVWY PE DIOXETEUON
Alqypapupua dIOXETEUONG «EVOC KUKAOU pOAOYIOU»
(“single-clock-cycle”)
Agixvel Tn Xpnon NG OIOXETEUONC O€ EVA JOVO KUKAO
Tovilel TOUG TTOPOUC TTOU XPNOIUOTToIoUVTAl
2 UYKPION ME OIAYPAUMO «TTOAAWY KUKAWY POAOYIOU»
(“multi-clock-cycle”)
['pa@nua TNG A&IToupyiag aTo XPOVvo
Oa doupe diaypdupara «evoc KUKAOU poAoyioU»
Yia EVTOAEC load Kai store
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210010 |IF yia Load, Store, ...

lw

Mpookopion evioAng

1 NoA/ktng 0

o
O

IF/ID ID/EX
>>p :
4 —] /
Alg0Buvon Karaxwpntis o<
p péva
_g avdyvwong 1 avéyvwone
@ Kﬂ;axwpmﬁé
avayvwong
Mvﬁpﬂ Karaywpnrég
EVTOAWY —o
Karawpntfic ~ Acdopéva o
eyypaeng Cthvvwcn; g
Aedopéva %
eyypagrg ) 2
16

EX/MEM
>A9p
Amotéheopa
Tp6éaBeang
Zero > >
ﬁ#(gé)\ecpu o Aedopéva
A
ALU IEUBUVOT avayvweng
Mvrpn
deSopévwv
Aedopéva
g eyypagrig

MEM/WB

0 MoA/kTng 1
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210010 ID yia Load, Store, ...

Iw
| |

| ATTOKWOIKOTTOINON EVIOARG

1 MoA/ktng 0

IF/ID ID/EX EX/MEM MEM/WB
® \‘
4 —] / Aep >
(Apiovepi Ano.TéAeouu
oAigbnon MPOTOEONS
Kad 2

PC > AlsiBuvan KaToxwpnThig AeBoubva
=3 7 |avayvwaong 1
B[ [ evawueng RS ,
& Karaywpnric Zero—
Mvijpn 1 YV Kgrguxwpnrtg ﬁ#ol;'é)\wua - Aegeuvon Acopéval |
At > > . -
EVTOAWV KaroxwpnThig A;.Eopéva > ?é‘ ALU avayvwong v
eyypagrig | AV chng g Mviiun g
Aedopéva % BeSopévuv %
EYYPAPrG c g
Aedopéva
| eYYpaQrg
2
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210010 EX yia Load

Iw
|

EkTéAeon

Y

!

1 NoNktng 0

b
(2]

IF/ID

ID/EX

EX/MEM MEM/WB

\:/
>
<)
°

QiglBuvon

Mvipn
EVTOAWV

VTOAR

l

Y

Karaxwpntic  aesopevg

ApioTepiy
ohictnon
Koé 2

Abp

Atrotéecua

mpdodeong

avayvwaong 1 avayvwong
1

Karayxwpntig
avdyvwong 2
Kataywpntés AsSopéva

KaraxwpnTig ovayvwang
eyypagrig 2
Aedopéva

EYypagnig

% > e

L) ﬁ#gé,\sapu > > Agouvon AeSopéval_, | e
= ALU avayvwong ¢
x
% Mvipn 2
2 SedopEvV 2
= (=]

_ | Aedopéva

EYYPaQrig
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2Taoio M

EM yia Load

Iw

1 NoMktng 0

o
(o]

MAig0Buvon

Mvijpn
EVTOAWV

IF/ID ID/IEX EX/MEM MEM/WB
>ABp
‘AToTéNecpa
Karaywpntig
< avéyvwong 1 uvA,EGDMéVG >
3  avayveong
2 Karaxwpnrig Zero+—» -
avayvwong 2 ALU AcBopéva
. | Karaywpntés aesopeva Q Amotéheopa LietBuven | qvdyvwonc [~ — T
Karaxwpnmic  avayvwang g e ALU g
EVVPaQHS 2 El Mvripn 2
AeSopéva 3 o SeSoNEVV 2
EYYpaQnig | =
N Aedopéva
£yYpagng
16

mpooiHou

Mpoaméhaon pvApng
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21ad1o0 WB yia Load

1 MoA/kTng 0

o
g}

IF/ID IDIEX
4 — /
ApioTepi
ohignon
ward 2
AiglBuvon o | Karaxwpntig
f= avdyvwang 1 A.Eﬁopévu _
S avayvwong
& KaraxwpnTrig 1
Mvij wang 2
w}uﬂ — QATAXWPNTES
e Karayupntig ~ Aedopéva > (2
~Jg > leyygadrg | avdyvwong £
2 ]
AeSopéva 20
/ EYYPAQiG 2
/ 16

ap1Buog
KaTaxwpnTn

Iw
Emaveyypaenr

EX/MEM MEM/WB
ABp
ATIOTEAEO PO _
TipéaBeong '
x > -
Q#g'rléhwua AigoBuvon AsBopéval | -
ALU avayvwaong ‘gp
Mviiun >
SeSopévv Ig
o
Aedopéva
EYypagng
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AlopOwpueEvn O1adpoun Load

1 NoAkrng 0

IF/ID EX/MEM MEM/WB
4 — / >Aep
Amotéheapa >
PC AiguBuvon KataxwpnTig
= avdyvwong 1 Aedopéva o
S  avayvwong
5 _ [Karaxwpentrig 1 Zerd - »
Mviun | avayvwong 2 ALU AcBout
eSopéva -
EVTOAGIV > — Kamxwpr!Tég Asopéva . o Amotéheaua > > AicuBuvon uvé(vvrj:crn c —| >
_ Ku'rctxmpnmg avayvwang g ALU E
eyypagrg 2 g / Mviipn =
Aedopéva [-] BedopéEvwv E
eyypagris n = o
_ Acdopeva
" eyypagig
16 >
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2Tad010 EX via Store

Sw |

ExTéAeon

IF/ID ID/EX EX/MEM MEM/WB
4 —-/ Agp
AtrotéAeopa
mpdodeong
-,
E
% PC | AicuBuvan o | Karaxwpnrig AsBopéva
= ;g avayvwong 1 avayvwong >
2 Kuarilxxu:pr]ng 1 Zero »- >
My avayvwong ALU
w.r‘:y:;,lv > -t Karaywpntég AcSopéva N . /o AmoTéAeapa AleGBuvon A,Eﬁopévu L | —
o |Karaxwpntig avayvwong ” T e ALU avayvwang £
" |evypagrig 2 [+ Mviiun £
Aedopéva E SedSopévwv é
EYYPaQrig [ = s
_ Acdopéva
eyypagng
1? Emékraon >
A (Irpocuoy
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21010 MEM via Store

sw
| I

MpooTtréAaon PvAiung

1 NoA/ktng 0

ID/EX EX/MEM MEM/WB

>A9p
AmoTéAeopa

IF/ID

S
L

NS
>
[+
°

PC »| Aleubuvan _ | Kataxwpnrmig .
- avayvwong 1 AF0oKEva > \
Z avayvwong >
u’>; Kataywpnrig 1 Zero > e
Mviiun avayvwong 2, ALU AsSopéva
EVTOAGV > — Karaxwpntés acsoptva S AmrotéAeopa > »| AIEGBUVON  qvayvwone [ -
Karaxwenms  avayvwang . ALY &
E
EYYPAPAS 2 3 / Mvriun 3
AcSopéva 20 Bedopivoy S
eyypagg | C S
_ Asdopéva
£YYpagrig
16 @3\2

A mp =
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2T1ad010 WB vyia Store

1 NoMNktng 0

o
(2]

N
>
@
°

IF/ID

1
A\

A

AigvBuvan

Mvipn
EVTIOAWV

1 Eviohf

Kotayxwpntrig .

avayvwong 1 Alséopevu
avayvwong

Kataxwpntig

avayvwong 2
Karaxwpnrés Aesopéva
Kartaxwpnmg  avayvwong
EYYPaPng 2
AsSopéva

EYYPaPrig

sW |
E

TTaveyypagn
EX/MEM MEM/WB
Abp
ATTOTEAECHO >
\Zero - =
ALU, . AeSopéva
_ S AmotéAeopa AievBuvan avayvwang | — :‘
= w ALU o
& . c
£ / Mviipn %
% SeSopEvv 2
| = o
Aedopéva
™| eyypaoric
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Alaypaupa OI0XETEUO NG TTOAAWYV KUKAWYV

Moppn TTou OEiXVEl TN Xpnon Twv Tropwv

Xpovog (o€ KUKAOUG poAoyiol)
CC1 CC2 CC3 CC4 CC5 CCé6 CC7 CCs8 CCQ

2e1pd eKTEAEONG

TIPOYPAMHATOG
(o€ eVTOAEG)

lw $10, 20($1)

sub $11, $2, $3

add $12, $3, $4

Iw $13, 24($1)

add $14, $5, $6

g
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Alaypaupa OI0XETEUO NG TTOAAWYV KUKAWYV

[Tapadoaiakn popen

Xpbvog (o€ KUKAOUG poAoyioU)

2e1pa
EKTEAEONG

TTPOYPAUHATOG
(o€ evioA£g)

Iw $10, 20($1)
sub $11, $2, $3
add $12, $3, $4
Iw $13, 24($1)
add $14, $5, $6

[

CC1 CC2 CC3 CC4 CC5 CC6 CC7 CCs8 CC9
ni‘\’ggfﬁf” AEE%?% Irgo- EkTtéAeon n&%ﬁ:ﬁﬁgﬂ” Emaveyypagpry
niﬁ;}?ﬁfn A:Tzé(i”%{o- EkTéAean naps%%gz:cg;n Emaveyypagr
o] S | Emoen | o
npg,?;fﬁéon A:Tzé?%lrz 0- Exréheon ﬂar;%%ggc&c\rfn Etraveyypogr
ﬂzﬁggﬁéon A:":é(i)%ngo- EktéAeon n&%?;g&? Emraveyypapr
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AlQypapMa OIOXETEUONC EVOG KUKAOU

KataoTtaon TnG OlIoXETEUONC 0€ OEQOPEVO KUKAO

t

l

1 MoNktng 0

add $14, $5, $6 | Iw $13, 24 ($1) | add $12, $3, $4 | sub $11, $2, $3 | W$10, 20($1) |
Mpookdpion eVIOAG | ATTOKWOIKOTTOINON EVTOARG | EkTéAEON | MpooTréAaon PvApng | Etraveyypaoen |
IF/ID ID/EX EX/MEM MEM/WB
> ABp > > \
4 — ABp .
ApioTepry! AnuTé:\mplz
m«j "

PC AigiBuvon __ | Kamaxwpntrig
< > | avayvwong 1 Aedopéva
o . avayvwory
E > K“wxwpmng 1g Zero > —
Mvripn L4 ] “"f;’l’i’,fﬂime; ALU - - AeBopéva o/
evTOADY - KaTaveon Bopéva ) AmotéAeapa > > AlEGBUVON qyayvwong[ | w
WPt o s ALY £
EYYPaPriC ayvwang E A z
2 = Mviun 2
AeSopéva 3 BeSopévv 2
o

EYypagig L
_ _ | Aedopéva
m EYYPOQrig

1 E:’ Emékraon 32

8 _—

\ w |
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‘EAgyxo¢ dloxETEUONG (aTTAOUC.)

PCSrc
IF/ID EX/MEM MEM/WB
>A> g \l
ApioTepi| ArmotéAecpa Branch
ohiotnon Tp6aBeang I_
Kamé 2 ;
v RegWrite
c 1
.‘g PC »—i AlcUBuvon Karaywpnmg |
c % | avdnwons | mﬁﬁi > MemWrite
—\ - £ Karaywpntrig 1 Zerd > - 1 MemtoReg
v w > avdyvwong 2 ALUSrc A(-)p =
viun Karaxwpnrég AeBopéva -
i > > A -1
£VTOAWY Karaywpnrfic | AeB0uEva e A"‘““‘ng AiedBuvon o svvwone s
> eyvpogrg  FVayvwone 3 &
2 1 Mvipn =
AcBopéva 3 SeBopiviv 2
EYYPagric = =
Aedopéva
" |eyypagng
Eviohf
[15:0] 16 8 [ew !
g ' YX0S
ALU MemRead
EvtoAn
[20:18]
%) ALUOp
=
% > >
EvToAn Ig
[15:11] -
——
RegDst

KepdAaio 4 — O emre§epyaoTig — 65



‘EAgyxoc¢ dloxeTeuong

2. NUaTa EAEYXOU £CAyOVTAl ATTO TNV EVTOAN
OT1rwc¢ kal otnv uAoTtroinon evog KUKAoU

:WB

IF/ID ID/IEX EXIMEM MEM/WB
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‘EAgyxoc¢ dloxeTeuong

PCSrc
ID/IEX
WB LEX/MEM
Movada
eAéyyou M wB | MEM/WB
EX M WB=
IF/ID
r—
Adp T~
Aroréheonal
4 [\ Agp /e
® ApiaTeph Branch
£ a2 e -
s W ALUSrc
D —
o)
Ly ?é. o g o
5]
g PC AigGBuvon - Karaxwpntrig £ né
E < avayvwong 1 Aedopéva g E
——\ — . ava
'u>: Kermaxwpntric avvmn? Zerd — 2
Mvijpn — G‘f;f_‘::’;:l::fé; /7 ﬁ#ol;'éhwpa 0 Acdopeva | 1y v
EVTOAWV Karaywpnic \eBopéva ?é' ALU AigBuvon avayvwang 'L-rl'
eyyPaQIg avanwons £ Mviiun b
AeBopéva % Sedopiviv 2
b | A = =
Eyypagng -
_ Aedopéva
" eYypagng
EvToAfy
[15:0] 16 [Enécraon| 32 6
T>|mpoonpou/™F X I MemRead
EvioM U
[20:16] =
g
g >
EVTOAR %
[15:11] e
— — RegDst —

KepdAaio 4 — O emre§epyaotng — 67



Kivouvol 0edoueEvwy o€ evTtoAég ALU

@ewpnoTe TNV akoAoubia:

sub , $1,93
and $12,%2,%5
or $13,%6,

add $14,%2,

sw $15,100(%2)

MTTopoUpE va ETTIAUCOUE TOUC KIVOUVOUC
ue TTpowOnaon (forwarding)

[TWG avixveUOUUE TTOTE TTPETTEI VA ViVEI
Tpowonon;
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ECapTnoeic Kal Trpowbnon

Xpovog (o€ KUKAOUG poAoyiou)

o

TiuR Tou CC1 CcC2
KataxwpnTh $2 10 10

2eIpd eKTEAEONG
TTPOYPAPUATOG

(o€ evTOAEG) -

—
sub$2,$1,$3  |IM LF‘_QI

and $12, $2, $5 IM —

or $13, $6, $2

add $14, $2, $2

sw $15, 100($2)

CC3

10

—1
—E{Fleg

[

1\

CC4

10

DM

CC5 CC6 CC7 CC8 CC9
10/-20 -20 -20 -20 -20

Reg

s

Reg T DM —!ﬁe_gj:

M =Reg S DM Reg

[

I
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Avixveuon avaykng yia Trpowenon

MeTaBiBaon apiBuwy Kataxwpntwy JEoa oTn
OIOXETEUON
m.X., ID/IEX.RegisterRs = apIiBuo¢ kartaxwpenrn yia
T0 RS TTOU BpPioKETOI OTOV KATAXWPENTN
dloxeteuong ID/EX
O1 apIBuoi KaTaxwpenTWV TWV TEAEOTEWV TNG
ALU oT1o otddio EX divovrtal aTtrd 1a

ID/EX.ReqisterRs, ID/EX.RegisterRt

Kivouvol 0edouEVWY OTAV \ TFissaTans
EX/MEM.RegisterRd = ID/EX.RegisterRs | | exvem

EX/MEM.RegisterRd = ID/EX.RegisterRt J [KoTaX. 0/0x.

MEM/WB.RegisterRd = ID/EX.RegisterRs | [Fpows. and
MEM/WB.RegisterRd = ID/EX.RegisterRt [ | MEMWB

Kartay. OloX.

\
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Avixveuon avaykng yia Trpowenon

AANG uOVo av n eVTOAN TTOU TTPOWOEI

TTPOKEITAI VA YPAWEI O KATTOIO
Kataxwpnth!

EX/MEM.RegWrite, MEM/WB.RegWrite

Kal yovo av 1o Rd tn¢ evroAncg dev eival
$zero

EX/MEM.RegisterRd # 0O,
MEM/WB.RegisterRd # 0O
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Aladpopuéc TTpOoWONONC

EX/MEM

Y

4

ID/EX
—- _
—-| > -
- -
Karaxwpntég
—- > >
-
Rs
Rt
Rt

-n
o
2
)
a
(1]

Rd

Yy

MoAuTrAéKTNG) {MoAutrAékTng)
M
o
F
Q
a
b

MEM/WB

Mviun
dedopivuy

A J
A J

MoAUTIAEKTNG

A J

EX/MEM.RegisterRd

(MoAuTtrAékTng)

=
>

>
>

MEM/WB.RegisterRd

<

\‘ Tpowenong/

B. Me rpowBnon
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2uvOnkec rpowdnong

Kivduvocg ato at1ddio EX

if (EXIMEM.RegWrite and (EX/MEM.RegisterRd # 0)
and (EX/MEM.RegisterRd = ID/EX.RegisterRs))

if (EXIMEM.RegWrite and (EX/MEM.RegisterRd # 0)
and (EX/MEM.RegisterRd = ID/EX.RegisterRt))

Kivduvocg aT1o a1adio MEM

if (MEM/WB.RegWrite and (MEM/WB.RegisterRd # 0)
and (MEM/WB.RegisterRd = ID/EX.RegisterRs))

if (MEM/WB.RegWrite and (MEM/WB.RegisterRd # 0)
and (MEM/WB.RegisterRd = ID/EX.RegisterRt))
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AITTAOC KivOUVOC OEOOUEVWYV

@ewpnoTe TNV akoAoubia:
adc ,$1,9%2
add , 51,%3
add $1,%1,%4
2. U[Baivouv kal o1 dUO KivOuvol
O@ENOUE VA XPNOIYOTTIOINCOUUE TOV TTIO
TTPOCPATO
AvaBewpnon TnS ouvenkng Trpownong
Tou MEM
[MTpowBnon poévo av n ouvernkn KivOuvou Tou
oTadiou EX dev gival aAndng
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AvaBewpnuévn ouvOnNkn TTpowdnong

Kivduvo¢ oto o1adio MEM
if (MEM/WB.RegWrite and (MEM/WB.RegisterRd # 0)

and (MEM/WB.RegisterRd = ID/EX.RegisterRs))
ForwardA = 01

if (MEM/WB.RegWrite and (MEM/WB.RegisterRd # 0)

and (MEM/WB.RegisterRd = ID/EX.RegisterRt))
ForwardB = 01
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Aladpopun 6edopEvwy PE TTpOoWONON

Mvipn
evToAwv

ID/EX

|“ we EX/MEM
Movada _
eAéyxou M WB MEM/WB
IF/ID | »| EX > M > \WB [—
R
=~ E
2 N
=2
i
- =/ -
- ,
< Karaxwpnrég { ALU . . . E-
[ __ W
i > e £
— "€ Mviipn 2
- -‘é’ . Sedopévwy =
=2
[ - o ’g
\T{_
IF/ID.RegisterRs Rs -
IF/ID.RegisterRt Ri
IF/ID.RegisterRt Rt _ /‘52] EX/MEM RegisterRd
IF/D.RegisterRd___|  [rd k= >
= .
W MEM/WB.RegisterRd
| Q)owenong )=
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Kivouvog 0e0ONEVWIV POPTWONS-XPNONS

Xpovog (o€ KUKAOUG poAoyioU)

2eIpd eKTEAEONG

TIPOYPAPATOG
(o€ evTOA£Q)

Iw $2, 20($1)

and $4, $2, $5

or $8, $2, $6

add $9, $4, $2

slt $1, $6, $7

CC 1

CcC2

Re

L

-

CC3

CC4

o

CC5

/ ATTaiteital
KaBuoTépnon

'

CC6 CC7 CcCs8 CC9

yia Evav

KUKAO
DMl (HReg

1
E} o s

| = — [
—qLFieg| | >~ DM F{egj
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Avixveuon KivOUvou @OopTwoNnG-XpRong

‘EAEYX0OC OTAV N EVTOAN TTOU KAVEI TN XPNON
ATTOKWOIKOTTOIEITAlI OTO OTAOIO ID

O1 ap1Buoi Twv KataxwpnTwyv TeAeoTeWV TNS ALU
oT1o oTaodlo ID divovTal aTtro Ta

IF/ID.RegisterRs, IF/ID.RegisterRt
KivOuvocg pOopTwaong-Xxpnong otav
ID/EX.MemRead and

((ID/EX.RegisterRt = IF/ID.RegisterRs) or
(ID/EX.RegisterRt = IF/ID.RegisterRt))

Av avixveuBei, yivetal kaBuoTtépnon TNG
OIOXETEUONC KAl EI0AYETAI PUOAAIdQ
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[Mw¢ KaBuoTePE N OI0OXETEUON

O1 TIuEC eAEyxou oTov kaTaxwpenTth ID/EX
vivovtai O
Ta EX, MEM kai WB ekteAoUv nop (no-operation,
arrpagia)
ATTOTPETTETAI N evnuEPWOoN Tou PC kal Tou
kataxwpntn IF/ID
H €vTOAN TTOU KAVEI TN XPNOoN AaTTOKWOIKOTTOIEITAI KAl
TTAAI
H eTrouevn eVTOAN TTPOOKOMIZETAI KOl TTAAI

H kaBuoTépnon 1 KukAou emmitpétrel oto MEM va
diaBdoel Ta dedopéva yia TNV eVIoA 1w

MTTOpEi OTN oUVEXEIQ va KAvel TTpowBnon oto otddio EX
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KaBuoTtépnon/euoaAida otn O10xXETEUOT

.

Xpoévog (og kUkAoug poAoyiol) >
CC1 CcC2 CC3 CC4 CC5 CcCe6 CC7 cCs8 CC9 CC10

2EIpA eKTEAEONG

TTPOYPAHUATOG
(o€ eVTOAEG) - - —

s IO Bl
cpucou\iﬁi/ H
and yiveral nop IM — —qu;@_ IVB KUG,UUT?'PHG[]
- glI0AyeTal £OW)

and $4, $2, $5 IM

or $8, $2, $6

add $9, $4, $2

DM Reg
— 1
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KaBuoTtépnon/euoaAida otn O10xXETEUOT

-
!

Xpovog (oe KUKAOUG poAoyiou)
CC1 CcC2 CC3 CC4 CC5 CCe6 CC7 cCs CC9 CC10

2€1IpA eKTEAEONG
TTpoypappaTog

(o€ eviOAég) - - _
ws2,2061) | MR ] %>F oM Rgd

-
and yivetal nop IM — —E{Reg_ @

and $4, $2, $5 kabuoTepei oo ID

QuoaAida

or $8, $2, $6  kaBuoTepei oo IF IM

add $9, $4, $2

DM Reg
— 1

H, yia Tnv
akpipela ...
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Aladpopun OEOOUEVWV HE aVIXVEUON KIVOUVWYV

PCWrite

MovdSa ID/EX.MemRead
> avixveuong |
KIvEivwy
oo
)
£
% ID/EX
T v wB EX/MEM
E
X
w
£ M we |MEMNVB
-<
o
|FV|D = EX M WB
)
> > »| £
&
- 'E >
2
) " 2
< KaraywpnTég N E
K
o > "
S > ALU i
PC Mvijun - o 2) 5
- = — l; . °
EVTOAQV N u Mviipn c
E " Sedopévwy
<
[<]
=

IF/ID.RegisterRs _
IF/ID.RegisterRt i
IF/ID.RegisterRt Rt
IF/ID.RegisterRd Rd,

ID/EX.RegisterRt
Rs Movada | |
Rt mpowenong )
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KaBuoTtepnoeic Kai arrodoon

O1 KaBuOoTEPNOEIC MEIWVOUV TNV ATTOd00N

AAAQG gival aTTapaiTnTEC YIa va TTAPOUNE
OWOTA ATTOTEAECUATA

O UETAYAWTTIOTAC UTTOPEI VO avadIaTALE!
TOV KWOIKA VIO VA AaTTOPEUXB0oUYV Ol
KivOuvol Kal Ol KOBUOTEPNOEIC

ATTaITEl yvwon TnS OOUNG TNG OIOXETEUONG
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Kivdouvol 01a0kKAadwong

Av 10 atToTéEAEONA TNG OIOKAGdWONG KaBopileTal OTO

f

Xpovog (0€ KUKAOUG poAoyiou) >
CC1 CC2 CC3 CC4 CC5 CC®6 CC7 CCs8 CC9

2€1pa eKTEAEDNG

TTPOYPGUUATOG
(o€ evIOALQ)

40 beq $1, $3, 28

44 and $12, $2, $5

Exkkévwon autwv
> TWV EVTOAWV

48 13, 36, $2 z z
or $13, $6, $ (TIMEG EAEYXOU
oT1o 0)
52 add $14, $2, $2 I:I:’_ITDL_'I_IQ )
72 1w $4, 50($7)
v sa— ¢ [ +R e s
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Meiwon kaBuotTEépnong d10KAGdwWOo NG

MeTa@popa UAIKOU YIQ TTPOCOIOPICHO
QATTOTEAEOMATOC OTO OTAOIO ID
ABpoioTn¢ dielbuvong TTPOOPICUOU
2. UYKPITAC KATAXwWPNTWV
I'Iapaéalypcx )\apBavouavn OlaKAGdwWOnN

40:
44 :
48:
52:
56:

/2:

sub
beo
and
or

ado
slt

Tw

$10, %4,
$1, $3,
$12, $2, $5
$13, $2, $6
$14, $4, $2
$15, $6, $7

$4, 50(%7)

KepdAaio 4 — O emreepyaoTiig — 85



MNapadeiypa: AapyBavopevn d1akKAAdwon

[ | [ |
and $12, $2, $5 : beq $1, $3, 7 : sub $10, $4, $8 : TpIv<1> : TpIv<2>
[ | [ |
| | [ |
| | [ |
IF.Flush | } ' }
| | [ |
T | [ |
I f Movada \ l I l
avixveuong | : : :
o
KIVOUVWV / | | |
ID)lEX : :
| |
ﬂ | g EX/MEM |
& |
| Seviow = : M wa] MEM/WB

|_’ 2 —

IF{ID 0=-\" wB

A 44 EX M —

Y
$1
Karay

MoAumAékTng

MvrApun
Sedopévv

D
S

PoAd1 3

$4
$8
. |
Movéda |
mpowelnong i T
D |
|
|
|
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MNapadeiypa: AapyBavopevn d1akKAAdwon

Iw $4, 50($7) | uaalida (nop) | beq $1, $3, 7 ! sub$10,... | Ton<t>
IF.Flush | | | |
| | | |
| | | |
| / N | | |
i Movada | | |
t,@vsuang | | |
KIVEUvwy
/ | | |
| |
IDJEX | I
Al ' ’
= I
Movada w
| chévyou £ M MEM/WB
.g —Ll
| F |_ 0=\E wB
72 EX
)
ApioTepry
oAioBnon
kard 2
Karaxwpntég w
™ E
:
. Mviipn 3
dedopivwv
WV
| | |
| Movéada |
| mpowdnong y, " ® :
| ! f
| I |
| | |
| | |
| | |
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Kivouvol 0edopévwy yia OI10KAAdWOEIG

Av €vac KaTtaxwpenTtnc ouykpiong Eival
TTPOOPIOHOC evTioANC ALU TTOU TTpONYyEiTal KOTA 2
N 3 BEOEIC

add , $2, $3 IF H ID _ EX _MEMl—I WB
add , $5, $6 IF : ID : EX :‘liflEMl_ WB
_ IF _ ID ___I:_?(__MEMl_ WB
beq . , target IF o' |||[ ex _MEM||:| WB

MTropei va AuBei pe TTpowbnon
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Kivouvol 0edopévwy yia OI10KAAdWOEIG

Av €vac KataxwpenTng ouykpiong €ivail
TTPOOPIONOC evioAnc ALU tTou tTponyeital
AMEOWC N EVTOANC pOPTWONC TTOU
TTPONYEITAlI KATA 2 BE0EIC

Xpelaletal 1 KUKAOC KaBuoTEpnong

Tw , addr IF H D [||| Ex MEMl—I WB

add 94, $5, $6 IF : D : EX :‘IE/IEMl_ WB

2 HElslolo

beq $1, $4, target _ ID_|_ EX _MEM||:| e
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Kivouvol 0edopévwy yia OI10KAAdWOEIG

Av €vac KataxwpenTng ouykpiong €ivail
TTPOOPIOPOC UIAC EVTOANC pOPTWONC TTOU
TTPONVYEITAlI AMECTWC

XpeialovTal 2 KUKAoI kKaBuaoTEpnong

Tw  $1, addr IF H D ||| Ex MEMl—I wB

= A=|o oo

bec o lolo

beq $1, %0, target _ ID-|_ EX _MEM||:| e
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Auvapuikn TTPOoBAswn O10KAAOWONG

2.€ TTI0 BaBIEC Kal UTTEPRBABPWTEC DIOXETEUOEIC, N
TToIV) TNG O1aKAQAOWONC €ival TTIO ONUAVTIKN

Xpron OUVANIKNG TTPORAEYWNC
[Tpoowpiv) pviun TTPORAeWn¢ diakAadwoaong (branch
prediction buffer), TTou AfyeTal Kal TTivaKAG I0TOPIKOU
dlakAadwaonc (branch history table)

Aciktodorteital atro TIc d1euBUVOEIC TNG TTPOCPATNG
EVTOANG dlaKAAdWONG
ATToOnKeUEl TO atmroTéAeopa (Aqun/un Aqwn)

['1a eKTEAEON MIAG DIAKAGOWONG
"EAgyX0C TOU TTivaka, utto0£0n TOU idIOU OTTOTEAECHATOC
EkKivnon TTPOOKOUIONG ATTO TNV ETTOUEVN I} TOV TTPOOPICHO
Av AGBoc¢, ekkEvwaon dIOXETEUONG KAl avTIOTpoPn TTPORAEWNC
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Alatagn TpoBAswng 1 bit: pelovékTnua

O1 OIGKAADWOEIC TOU ECWTEPIKOU BpOXOoU TTPORAETTOVTAI
AavBaopuéva dUO PoPEC

outer: ..

inner: ..

beq .., .., 1nner | —

beq .., .., outer

NAavBaopuevn TTPOLBAswn AqWnG oTnv TeEAEUTaIA
ETTAVAANYN TOU E0WTEPIKOU BpoXou

MeTa AavBaopuévn TTpoRAewn un Aqwng otnv
TTPWTN ETTAVAANYN TOU ECWTEPIKOU BpOXou TNV
ETTOMEVN POPA TTOU Oa EKTEAEOTEI
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Alatagn TTpOBAsWNG TwWV 2 bit

AANNGCEl N TTPORAEYN POVO PETA ATTO OUO
OIAOOXIKEC AavBaOUEVEC TTPOPBAEWEIC

AneBeioca

Mn AnoBcica -
g MpdéBRAswn
( Ayng dilokAadwong
Angbcica
A
Mn AnoBcica AnoBcica
\d
Mn AngBcioca
MpdBAswn
L MN AQwng dlakAddwong
AngBeica -

Mn AngBcica
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YTTOAOYIOHOG TTPOOPICHOU DIGKAAOWONG

AKOMN Kal JE TTPOLBAEWN, TTPETTEI AKOPN VO
UTTOAOYIOTEI N OlEUBUVAON dlakAAdWaONG
[Toiv) 1 KUkKAou yia Aauavopevn diIakAadwaon
[TooowpIVI) YVAKN TTPOOPICHOU
dlakAadwaonc (branch target buffer)
Kpu®@n pviun yia d1eubuvaoeic TTpoopIcuoU

AgikTodoTeiTal atro Tov PC otav TTpookouideTal
N EVTOAN

Av uttapxel euoToyia (hit) kar n evroAn €ivai
OIaKAGdwWaON ue TTPORAsWN ANWNC, MTTOPEI VA YiveEl
AuEON TTPOCKOMION TOU TTPOOPICUOU
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ECalipECEIC KAl OIOKOTTEG

«Mn avauevopeva» ocuuavra TTou aTtraiTouy
aAAayn TNC PONC TOU EAEYXOU

AIQQPOPETIKEC APXITEKTOVIKEC OUVOAOU EVTOAWYV

XPNOIMOTTOIOUV TOUG OPOUC DIQ@POPETIKA
E€aipeon (exception)

[Napouaoialetal yeoa atn CPU

T.X., MN OpIouEVOC KWOIKOC AciToupyiag (undefined opcode),
utrepyxeihion (overflow), kAnon cuoTtiuarog (syscall), ...

AlakoTrn (interrupt)

ATTO Evav eEWTEPIKO EAEYKTN €10000U/e€Od0U
AUOKOAOC 0 XEIPIOPOC TOUC XWPIC va BuolaoTei
aTTod00N
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XEIPIOHPOG ECAIPETEWYV

210 MIPS, TIC ecaipéacic dlaxelpileTal Evag
2 UVETTECEPYAOTNG EAEyXOU 2uoTAuaTog (System
Control Coprocessor), o CPO

AtroBnkeuon Tou PC TnG EVTOANG TTOU
OIOKOTITETAI
210 MIPS: Exception Program Counter (EPC)
ATTOoBNKEUON TNG £vOEIENC TOU TTPORANUATOC
2Tov MIPS: kataxwpnTth¢ Cause (Aitiou)

Y1roBetoupe 1 bit yévo

0 yia pn opiouévo KwdIKO Asitoupyiag (undefined opcode), kai
1 yia uTTEPXEIAION

AAua oTo xelpiot) otn 6/von 8000 00180
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EVAOAAOQKTIKOC NNXOVIOHOG

AloOvUOUATIKEC OIOKOTTEC (vectored
Interrupts)

H d/van Tou xeIpioTh kaBopileTal atro TV aItia

[Mapadelyua:
Mn opiopuévog opcode: CO00 0000

YTrepXeilion: C000 0020
; C000 0040

O1 evTOAEC €iTE
AcoxoAouvTal ye TN OIOKOTTH, EIiTE
KAvouv GAPYa oTOV TTPAYUATIKO XEIPIOTN
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EVEpyYEIEC TOU XEIPIOTN

Avayvwaon aiTiou, Kal JETAGBaon oTo
OXETIKO XEIPIOTN

KaBopIouoc ammaitTouhevng EVEPYEIQC
AV n EVTOAN €ival ETTAVEKKIVAOIUN
(restartable)

ExTEAEON DIOPOWTIKAG EVEPYEIAC
Xpnon tou EPC yia emoTpoen oT0
TTPOYPAHHA
AANNIWC
TepUATIONOG TTPOYPAUMATOG
Avagpopa o@aAuaTog pe xpnon tou EPC, tou
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ECaipEcelg O€ MO DIOXETEUON

AAAN popPE@N KIVOUVOU £AEYXOU

O@ewpnoTe UTTEPXEINION OTNV TTPOCBEC OTO

oTaodio EX

add $1, $2, $1
Atropuyn ¢nuIag (eyypaeng) otov $1
OAOKANPWON TWV TTPONYOUPEVWYV EVTOAWV
Ekkévwon TnG add kail Twv eTOPEVWV EVTOAWV

PuUOuion Tipwv Twv Kataxwpntwyv Cause kal EPC
MeTa@opa eAEYXOU OTO XEIPIOTH

Oupoia pe AavBaopuévn TTpoBAeWn d1IaKAGdWOoNC
XpAon JeyaAou PEPOUG TOU idIOU UAIKOU
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AIOXETEUON ME ECAIPETEIG

EX.Flush

IF.Flush

ID.Flush
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[MAaveg

H dloxéteuon gival eUKoAn (1)
H Baoikr) 10€a gival EUKOAN
O d1aBoAocg kKpuBeTal OTIC AETTTOUEPEIEC
TT.X., QViXVEUaN KIVOUVWYV OEQOUEVWIV
H dloxéTeuon gival avecapTnTn aAtro TNV
TEXVOAoyia
TOTe yiaTi Oev KAvAUE TTAVTA DIOXETEUON,

Ta reploocoTepa TpavlioTop KAVOUV EQIKTEC TIC TTIO
TTPONYMEVEC TEXVIKEC

H oxediaon apXITEKTOVIKWY OUVOAOU EVTOAWYV TTOU
OoXeTiCeTal JE TN DIOXETEUON TTPETTEI VA AAUBAVEI
UTTOWN TNG TIC TEXVOAOYIKEC TAOEIC
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MNayideg

H @TwynN oxediaon TG apXITEKTOVIKNG OUVOAOU
EVTOAWYV UTTOPEI VO KAVEI OUGKOAOTEPN TN
OIOXETEUON

T.X., TTOAUTTAOKO gUvoAa evioAwv (VAX, 1A-32)
2 NUAvVTIKA ETIBApUvVON yia va DOUAEWEI N DIOXETEUON
[Mpoogyyion Tou 1A-32 ye JIKPOAEITOUPYIEC (Micro-ops)

TT.X., TTOAUTTAOKOI TPOTTOI DIEUBUVOI000TNONG
[TapevEPYEIEC EVNUEPWONG KATAXWPNTWY, EYPECOTNTA
HVAMNG

T.X., KAaBuoTeEPNUEVEC DIOKAQDWOEIC

O1 TTPONYHEVEC DIOXETEUOEIC £XOUV MEYAAEC UTTODOXEC
KaBuoTEPNoNg
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2UHUTTEPOAOCHMATIKES TTAPATNPNOEIG

H apXITEKTOVIKI) OUVOAOU eVvTOAWYV £TTNPEACEl TN oXediaon
TNG OI00POMNNG DEDOUEVWY KAl TNG HOVADAC EAEYXOU

H 0100popur) 0ed0oUEVWY Kal N JOVAOa EAEYXOU
eTnpealouv TN oxediaon TNG APXITEKTOVIKNG OUVOAOU
EVTOAWV

H dioxEteuon BEATILOVEL TN DIEKTTEPAIWTIKI IKAVOTNTA
EVTOAWV [PE TN Xprion trapaAAnAiag
[MeplooOTEPEC EVTOAEC OAOKANPWVOVTAI VA DEUTEPOAETTTO
O AavBavwyv Xpovog KABe evTOANC O€ pelwvETal

Kivduvol. doung, 0edOUEVWY, EAEYXOU

[TOAAQTTAN €EKKiVNON Kal QUVANIKOG
XPOVOTTPOYPANMATIONOC (TTapaAAnAia eTTITTEdOU EVTOANC

O1 ecapTroelg TTeEPIOPICOUV TNV ETTITEUCIWN TTApAAANAia
H 1ToAuttAOKOTNTA 0dNYEi OTO TEIXOC TNC I0XUOC (power wall)
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