KepaAaio 4

O emmeepyaocTnNG




Eicaywyn

[Tapayovrec ammodoong tng CPU
[TARB0OC evioAwv

KaBopileTal atrd TNV apXITEKTOVIKI ) GUVOAOU EVTOAWYV Kal TO
METAYAWTTIOTN

CPI ka1 Xpovog KUKAou
KaBopiletal atmro 10 UAIko TG CPU

@a eceTdooupe duo uAotroinoeic Tou MIPS

Mia atrTAouaTEUUEVN £KOOON

Mia 1m0 peaAIOTIKI) €Kdoon e dloxETeuon (pipeline)
ATTAG UTTOOUVOAO, OEiXVEI TIG TTEPIOOOTEPEG
TITUXEC

Ava@opd pvAung. lw, sw

ApiBunTtikéc/AoyikéC: add, sub, and, or, slt

MeTagpopd eAéyxou: beq, J

KepdaAaio4 — O eregepyaomc— 2



EKTEAEON EVTOANG

PC — uvAun evroAwyv, Trpookouion (fetch)
EVTOANG
ApIBuOI KaTaxwpnNTwyV — APXEI0 KATAaXwWPNTWV
(register file), avayvwon kataxwpnTwy
AvaAoya PE TNV KATNyopia TNG EVIOANC
Xpnon tn¢ ALU yia Tov uttoAoyIouo
ApIBUNTIKOU OTTOTEAEOUATOC

AigeuBbuvoncg pvAung yia evioAég load/store
AigeuBbuvon TTpoopioou dIaKAGdWONG

[MpooTtréAaon uvAung dedouEvwy yia load/store
PC <« dieuBuvon trpoopicpou n PC + 4

KepdaAaio4 — O eregepyaomc— 3



Emiokotrnon tng CPU

it
4 _’\ —
>
%y ABp
. —

L Agdopéva
Ap. KaTaxwpnTy
- PC [® Aic0Buvon EvToAR 4—{: Karayxwpnrtég Aigubuvon
Ap. KataxwpnTn MV N
Mvnp’n 0edopévwyv
EVTOAWY > Ap. KaTaxwpnTh
»| Acdopéva
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[MTOAUTTAEKTEG

@ Agv UTTOPOUUE

Q/ ATTAWCG VO EVWOOUE

4 KaAwdla yadi
ABp Xpnon TTOAUTTAEKTWV
ABp .
7O\
L Aedopéva \
Ap. KaTaxwpnTn

PC & AiciBuvon EvtoAn ~—£ KaraxwpnTtég ALU AiedBuvon

o Ap. Kataxwpntn N MvAun ||
VN Oedopévwyv
» Acdopéva
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Branch
—
% NG
E -+
:‘.{j
E
=
&
C
r—
4 —»
> 2 2
Ap i’ C .
> =
o)
C |-
ALU operation
| Aedopéva AN |
| Ap. kataxwenm MemWrite
AiebBuvan  EvioAn [e— Kataxwpnrég - >ALU » Ale0Buvon
] > Ap. KataxwenT 3 Zero Mviun
MVTIAII"I 20 Sedopévwv |
EvToAwy > Ap. kataxwpnTn C
RegWrite » Aedouéva
MemRead
Movdada
gAéyxou
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Baoika Aoyikng oxediaong

H TTAnpo@opia KwOIKOTToIEITAl QUADIKA
XaunAn tadon =0, YynAn taon =1
‘Eva kaAwdlo ava bit

Aedopueva TToOAAWYV bit KwoiKkoTToIoUVTAI JE
OlaUAOUC TTOAAWYV KOAWDIWV

2.UVOUOOTIKO OTOIXEIO
Etrevepyei oe 0edopEva
H £€codoc gival ouvaptnon TNG £10000U
2. TOIXEia KATaoTaoNG (OKOAOUBIaKQ)
ATTOONKEUOUV TTANPOPOPIEC
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2UVOUOOTIKA OTOIXEIO

[TUAN AND ABpoiotTng A~ Ny,
Y=A&B Y=A+B B —
-
Y
L) ApIBuNnTIKNR/AOYIKNA
MOAUTTAEKTNC Movaoda
Y=S?2I1:10 Y =FA B)

A —
M
RO }
X —>
B
S F
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Katayxwpion 1 bit

latch latch

Ql
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AKOAOUBIOKO OTOIXEIO

KataxwpnTtng: attoOnkeuel 0edOUEVA O€
EVA KUKAWO
XPNOIJOTTOIEI Orjua poAoyiou yia va KaBopioel
TTOTE EVNUEPWVETAI N ATTOONKEUPEVN TIUN

AKJoOTTUpOOOTOUEVN: evnuEpwaon otav 1o Clk
aAAGCel amto 0 oe 1

Clk

D — —»Q

ok b ¥ i ¥
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AKOAOUBIOKO OTOIXEIO
KataxwpnTng Je EAEYX0 eyypapng

Evnuepwvel oTNV AKUN TOU POAOYIOU UOVO
OTaV N €i0000C EAEYXOU eyypagpnc civai 1
XpnoliJoTrolgital OTav N atroOnKeUPEVN TIKNA
ATTAITEITAI APYOTEPA

Clk

. Q Write

D —
Write — D
Clk —> >< >< &\n

= | S|
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MeBodoAoyia Xpoviouou

H ouvduaoTIKn AoyIKn JETaoXnMaTilel Ta
dedouEva aTN OIAPKEID TWV KUKAWV poAoyiou
MeTagl akpwyv poAoyiou
Eicodoc atrd oToixeia kataotaong, €Cod0¢ o€ OTOIXEIA
KATAoTO0NG

H peyaAuTepn kaBuoTtépnon kaBopilel TNV TTEPiIodOo
TOU poAoyiou

KaraoTaong

2TOoIXEiO 2T0IXEIO
KaTGOoTAONG TUvOUAOTIKA AOYIKN KardoTaong
1 2 .| ZTOIxeio 2UvOUOOTIKA AOYIKI

KUkAog pohoyioy ——
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Kataokeur 0100p0ouNG OEOONEVWYV

Aladpopurn d0edopevwy (datapath)

2. TOIXEia TTOoU £TTECEPYAlOVTAl DEQOMEVA KAl
dleuBuvoeic otn CPU

Kataxwpntég, ALU, TTOAUTTAEKTEC, PVAMEG, ...

©a KAOTAOKEUAOOUME PIa OIadPOMN
oedopeEvwy MIPS ue diadoxika Bripara

@a KAVOUNE TTIO AVAAUTIKO TO OUVOAIKO OXEDIO
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NMNpookouion evtoAng (Instruction Fetch)

Abp
4 \
.| pc |—e—| Al€UBuvon AuZnon kard
avayvwong 4 yia TV
/ 0

KaTaxwpentig EvioAf) —» errouiv’n

32 bit EVIoAn
MvAun
EVTOAWV
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EVTOAEC poppNG R

Avayvwaon OUO0 TEAEOTEWYV KATAXWPENTWV
ExkTEAEON ap1BunTIKNS/AoYIKNC AsIToupyiag
Eyypa@n ammoTeAECUATOC O€ KATAXWENTN

ApiBpoi
Kono:xuupr]mbv< <

Aedopéva { —

KaraxwpnTig

avayvwong 1 Aedopéva

KaTaxwpnTric avayvwong 1

avayvwong 2
Kataywpnrtég

KataxwpnTig

EYYPOPNg AeSopéva

avayvwaong 2
Agdopéva Y s

EYYPAPNG

RegWrite

a. KataxwpnTtég

ALU operation
N\ 4
—

Zero —»
> Aedopéva >ALU
AtroTéAeoua— >

ALU

) _'/

B.ALU
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EvroAEg Load/Store

Avayvwon TEAECTEWV KATAXWPNTWV
YT1ToAoyIouog dleuBuvong JE XpPrnon TNG OXETIKNAG
amrootaong (offset) Twv 16 bit

Xprion TnG ALU, aAAaG e eTTEKTaon TTpoonuou Tou offset
doptwon (Load): avayvwon uvAunNg Kal eVNUEPWON
KatayxwpnTn
AtTobnkeuon (Store): eyypa@nc TIUNG KATAaxwpeNTr oTn
Mvnun

| MemWrite

Aedopuéva

—{AlgUBuvon avayvwaong

MvAun
SedSopévwv
Aedopéva
EYYPaPNg

MemRead

a. Movada pvrung dedopévwy  B. Movada eméEKTaong TTPOCTHOU
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EvToAég OdiakAadwong (branch)

Avayvwon TEAEOTEWV KATAXWPNTWYV

2.UYKPION TEAECTEWYV
Xpnon ALU, a@aipeon Kal EAeyX0¢ TNG £COO0U
Zero

YTroAoyiouog dleuBuvoncg TTPoopICUoU
ETreKTAON TTPOCUOU TNG METATOTTIONC
(displacement)
ApioTePN OAICBNON KATa 2 BE0EIC (METATOTTION

A£gng)
[1poobeon oto PC + 4
‘Exel NON UTTOAOYIOTEI ATTO TNV TTPOCKOMION €VTOANC
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EVTOA£EC DIOKAGOWONG

ATTAWG
eTTavadPOUOAOYEI
TIC EYYPOAPEC

PC + 4 amrd tn diadpopr) SedOPEVWY TTPOOKONIONG EVTOAG—

EvroAn ‘

KaraxwpntAg

avayvwong 1 AeSopéva

Kataxwpnmig avayvwong 1

avayvwong 2
Karaxwpnrtég

KaraxwpntAg

EYYpPaQng Aedopéva

AeSopéva avayvwong 2

EYYPOPNG

AbBp

> ABpoiopa Mpoopiopadg

SlakAadwong

ALU operation

Mpog Aoyikn
eAéyyou dIakAadwaong

RegWrite

EmravaAappBaverar 1o
KaAwdIio Tou bit Trpooruou
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AnUIoupyid TWV OTOIXEIWV

Mia TTpwTn d1adpour dedopeEvwy (data
path) eKTeAEl pia eVTOAN O€ Evav KUKAO
poAoyiou
KaBe oT1oixeio TNG d1adpourc OEQOUEVWY
KAvEl JOVO Wia ouvaptnon KAabe popa
‘ET01, Xp€1alOMOOTE CEXWPIOTEC UVNUEC
EVTOAWYV Kal OEOOUEVWV
XpNon TTOAUTTAEKTWY OTAV XPNOIUO-
TTOIOUVTAI OIAPOPETIKEC TTPOEAEUCEIC
OEQOUEVWYV OE OIAPOPETIKEC EVTOAEC
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Aladpopn dedopévwy yia Tutro R/Load/Store

»| KamaxwpnTig
avayvwong 1 Aedopéva
avayvwaong
Karaxwpnmg 1
EVTOAY] I avayvwong 2
Karaxwpnrég
¢—»| KaTaxwpntrig Aedopéva
EYypaeng “VGWLUGHE
L Aaﬁoué\fa
gyypaeng
RegWrite

Y

4 \i\ALU operation
| MemWrite
MemtoReg
Aedopuéva —
ATTOTEAEO O Atd avayvwong &
ALU veuvon g
Mviun o
dedopévwy =
| Aedopéva
" | Eyypaoeng
MemRead
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[MANPNG 0100pOUN OEOOHUEVWV

A

PCSrc

>A9p

AlgBuvon
avayvwong

EvToAn

Mviun
EVTOAWV

e P
EYYPOQIig

Kataxwpnmg )
avayvwong 1 Aedopéva

~avayvwong
KaraxwpenTng 1
avayvwong 2
Kataxwpntég
Karaywpnmic Aedopéva

eyypagrig  VAWLOTE

Aedopéva

RegWrite

MoA/kTng

MemWrite
MemtoReg
Aedopéva -
avayvwo c
AlgUBuvan yvons ',22
Mviun £
dedopévwyv
| Aedopéva
" | evypagnig

MemRead
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‘EAeyxoc ALU

H ALU xpnoiyotrolcital yia
Load/Store: Acitoupyia = add
Branch: Asitoupyia = subtract
Tutrou R: Asitoupyia ecaptaral atro 10 TTedio

funct
‘EAeyxoc ALU NeiToupyia

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

YT1ro0eToupe OTI eva 1TEdIo 2 bit ALUOp
£CAYETAI ATTO TO opcode

2.UVOUOTIKN AoyIKn ecayel Tov EAeyxo TN ALU

opcode ALUOp | Aermoupyia funct ALU function ALU control
lw 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 eAEyxouU

2. NMOTA EAEYXOU TTOU £EAYOVTAI OTTO EVTOAN

Totrou R 0 rs rt rd shamt funct
31:26 25:21 20:16 ‘\15:11 10:6 5:0
Load/ | 35 o 43 rs rt address
Store
31:26 25:21 20:16 \ \ 15:0 t
Branch 4 Ir's I address
31:26 25:21 20:16 \ \ 15:0 \
- ~ 2N ~ J
opcode TTAvVTa avayvwon, eyypaoen ETTEKTAON
ava- EKTOG ATTO TN || Y1Q TUTTOU TTPOCT|JOU
yvwon load R kai load Kal
TTPOoBeoN

KepdaAaio4 — O ere§epyaotigc— 24



Aladpopun OEOOMEVWYV KOl EAEYXOGC

A6p

EvToAr [31:26]

AigBuvon
avayvwong

EvToAj

[31:0] [

Mvrjpn
EVTOAWV

Eviohd [25:21]

"EAeyxog

RegDst
Branch

MemRead

1 MoANkTNng 0

MemtoReg

ALUOp

MemWrite

| ALUSrc

RegWrite

EvToAn [20:16]

A

L.

EvrtoAd [15:11]

1 MoA/ktng 0

>

EvToAr| [15:0]

Karaxwpntrig

avdyvwong 1 AcBopéva

avayvwong

Kataxwpntrig
avayvwong 2

Aedopéva

Karaxwpnmis  qyayvwong
Eyypaong 2

Aedopéva
EyyPaers

Karaxwpnrég

1 nol\lx'rng-o\\

Zero

ALU Arroté-
Aeopa
ALU

Acdopéva

A\

AiguBuvan avayvwaong

Mviun
dedopévwy|

Aedopéva

@

EvtoAn [5:0]

" | eyypaerig

0 MoA/ktng 1
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EvroAn tUutTou R

o
w
- £
A8p \ g
. 3
ATTOTE- =
4 —»| Alp Aeoua -
RegDSt /
Branch
MemRead
EvioA [31:26] A MemtoReg
> £YXO
YXoS ™ ALUOP
MemWrite
| ALUSrc
RegWrite
EvToAd [25:21]
, Kataxwpntig
AigGBuvon .
| PC < avayvwaong avayvwong | AeSopéva
EvToAn [20:16] 0WO!VV(MWE
Kayuxwpmr’]é; Zero
A avayvwol
EEI:BT?')E;} o |_. < yvwens ALU A;\nmé- o
' < Acdopéva (o] Vo] . edopéva —
E |, [karaxwpnmis gvayvione (s ALU AE0BVON gyayvong |
Mvipn EvTohr [15:11] 2 EYYPAPNS 2 £ £
EVTOAWV »| E > . 2
A\ ¢ S Mvipn g
Aedopéva = / : =
—leyypapric . " - Sedopévwyv S
Karaxwpntég
»| Acdopéva
EYYPAQIig
EvToAr [15:0] 16 32
EmékTaon
w
EvToAn [5:0]
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EvroAn Load

PC

ABp

4 —»

AigGBuvon
avayvwang

EvroAn
[31:0]

Mviiun
EVTOAWV

-

Eviohr [31:26]

EvTtoAr [25:21]

4

RegDst
Branch

gl K =]

w

- c
E

\ e
3

ATroTé- c

Aeoua -

A6p

\ MemRead

MemtoReg

ALUOp

MemWrite

| ALUSrc

RegWrite

Eviohr [20:16]

L.

EvToAR [15:11]

1 MoA/kTng 0

EvioAn [15:0]

™ levypagrs

Karaxwpentig
avayvwong 1 Aedopéva
avayvwaong
Kataywpntrig 1
avayvwong 2
Aedopéva

Kamxw'pnrr']g avayvwong
EYYPOAPNS 2

[Aedopéva

Karaxwpnrég

16 /\ 32
ETrékraon

Zero —
ALU AToTé- )
N T I P s
2 ALU avayvwaong| v
:
< .
2 Mvipn 2
q = ] SeSopivv o
Aedopéva
EYYPaQrig

‘\

w

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

A6p

1 MoA/kTng 0

RegDst
Branch
MemRead
EvroAn [31:26] } MemtoReg
EAgyxog ALUOp
MemWrite
| ALUSrc
RegWrite

EvToAn [25:21]

AiglBuvan vavaoone 1
| PC [~ avayvwong . vayvwons Aedopéva .
EvtoAn [20:16] avayvwong

L Kataywpntig

3
4 L gy ppronens? s
AeBopéva ALU Agopa Aedopéva

Karaxwpenmis  gydyvwong y AieGBuvan avayvwong
2

EYYPUPIig
] Mviipn

Sedopévv

»-|KataxwpenTig

EvioMd
[31:0]

0)

Mviun EvroAn [15:11]
EVTOAWV >

1 MoA/kTng 0

0 MoNkTng 1

Acdopéva
£Yypagns i
Karaxwpnrég

1 MoNkTng

»| Acdopéva

gyypagng
EvToAn [15:0] 16 /\ 32
EméxTaon

mwpooHpou

EvroAn [5:0]
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YAoTtroinon aApaTwyv

Jump 2 address
31:26 25:0

H Jump xpnoluoTrolei 01euBuvon A&Eng

Evnuépwon tou PC ue ouveEvwon Twv
YynAotepwyv 4 bit Tou TaAiou PC

AlgeBuvong aApatog Twv 26 bit
00

Xpelaletal Eva eTITTAEOV ONUa EAEYXOU
QTTO TNV ATTOKWOIKOTTOINCN TOU opcode
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Aladpopn 6€0. ye TTPOoOAKN AAPATWYV
@ LieiBuvon Aparog [31:0]

EvTtoAn [25:0] N
> non =<
> 26 Kara 2 28 > o —
PC + 4 [31:28] w w
I 3 3
A6p ® =2 >
o [}
ATTOTé- = c
4—s Abp Aeopa > =
ALU
RegDst
Jump
\ _Branch
MemRead
EvToAA [31:26] EA MemtoReg
- £YXO
YXoS ™ALUOp
MemWrite
| ALUSrc
RegWrite
EvroAn [25:21] « ,
. aTaxwpenTig
Alspeuvcn avayvwong 1 .
AVAYVWONG 'séopsvu
EvtoAr [20:16] avanveans
- Karaxwpntig
EvToAq | S avayvwong 2
[31:0] 4 AsSoué . Aedopuéva -
£ Karaxwenrrig GV;W?S?[/E /C:,. AiedBuven oy svviang w
Mviun EvioAj[15:11] | 3 [ [evvroers 2 E =
EvTOAWV »| & 2 . 3
. Aedopéva £ Esglg:gv'lov E.:
™ evypoepric ) -
Karayxwpnrég
»|Aedopéva
EYYpaQrg

EvrtoAn [15:0]

Emékraon

@

EvToAn [5:0]
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ZnTnuarta amrodoong

H peyaAuTtepn kaBuaoTtépnon KaBopilel TNV
TTEPIOOO poAoyiou
Kpioiun diadpoun (critical path): evioAn load

Mvriun evioAwv — apxeio kataxwpntwv — ALU —
UVAUN OEOOUEVWV — APXEIO KATAXWPNTWVY

Agv gival eQIKT OIAPOPETIKN TTEPIODOOC YIa
OIAPOPETIKEC EVTOAEC

[Mapafiadel Tn oxedIaoTIKA apXn

Kave 1n ouvnBiouévn TTEPITTTWON Ypryopn
Oa BeATIWOOUUE TNV ATTOO00N PE TN DIOXETEUON
(pipelining)
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Avaloyia dloXETeuong

MTTouyada pe OIOXETEUON: ETTIKAAUWN EKTEAEONC
H ﬂapa)\)\r])\la BeATIWVEI TRV aTTOd00N

6MM. 7 1 12 1 2 .M.

o=l
EE ]

A
B
] #5=l
D

Teooepa @opria:
Emitaxuvon
=8/3.5=2.3

AoTopaTnTa:

Emitayxuvon
=2n/0.5n+1.5=4
= apIBuoC oTadiwv




Aloxeteuon Tou MIPS

[1€vre oTAdIO (Stages), £va PBripa o€ KAbe
oTAOIO

IF: Instruction fetch from memory (TTpookouIon
EVTOANC ATTO TN UVAMN)

ID: Instruction decode & regqister read
(aTTOKWOIKOTTOINON EVTIOANC & avayvwon
KATAXwPNTWY)

EX: Execute operation or calculate address
(eKTEAEON AgiTOUPYIAG I UTTOAOYIOHOG O/vOoNng)

MEM: Access memory operand (TTpooTTréAaon
TEAEOTEOU PVIUNG)

WB: Write result back to register (etraveyypaor)
ATTOTEAECUATOC O€ KATaxwpnTtn)
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ATTO000N OIOXETEUONC

‘EoTW OTI 0 Xpdvocg Twv oTadiwv gival
100ps yia avayvwaon ) eyypaen Kataxwenn
200ps yia Ta aAAa oT1adIa

2.UyKpIon TNG O1adPOouNG OEQONEVWVY UE

OloXETEUON ME TN O10OPOI DEQOUEVWV EVOC
KUKAOU
EVTOAn Instr fetch | Register | ALU op Memory Register | ZuvoAIKOG
read access write XPOVOG
lw 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 OIOXETEUONC

Evoc kukAou (T.= 800ps)

Zeip& . 200 400 600 800 1000 1200 1400 1600 1800
EKTEAEONC Xpovog T | | | | T T T >
TTPOYPAUHOTOG

(o€ evioA£g)

w $1,100(80) | 0NN kam| ALY | Eeaanann | Ko
w $2,200(0) 800 ps | Moo || ALU | "o i
w $3,300(30) ) 800 ps | Mooeepon
Y - -
- 800 ps
Me dioxEteuon (T.= 200ps)
ZeIpd ot 200 400 600 800 1000 1200 1400
EKTEAEONC povos T | | | | T | >
TTPOYPAUUATOG
(o€ evTOAEQ)
w $1,10080) || [kaox| ALY | TR0 o
| . ,
w $2,200(80) 200 ps | e karox| ALU | eaaniver! | Karax
- . .
w $3,300($0) 200 ps | oo | [Kex] ALY | TERREE |k
Y - — — — —p

200ps 200ps 200ps 200ps 200 ps
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ETTiTaxuvon AOyw OI10XETEUONG

Av gival IcoppoTTnUEVA OAQ Ta aTAdIA
AnAadn, oAa dlapkouv Tov idIo XpPOvo
XPOVOG UETAGU EVTOAWV ¢ 50véreuon
= XPOVOG HETAGU EVTOAWV, e sioxéreuon

ApPIOOC OoTAOIWV

Av Ogv gival Ic0ppOTTAMEVA, N ETTITAXUVON Eival
UIKPOTEPN

ETiTaxuvon AOyw augnuEvNG OIEKTTEPAIWTIKNG
IKavoTnTag (throughput)

AavBdavwv Xpovog — latency (Xpovog yia KABe evTOAN)
OEV UEIWVETAI
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AloxETeuon Kal oxediaon cuvoAou eVTOAWYV

To ouvoAo evioAwv Tou MIPS egival oxedlaouEvo
via OlIOXETEUON

OAecg o1 evioAEg gival Twv 32 bit

EUKOAOTEPN TTPOCKOMION KOl ATTOKWOIKOTTOINON O€ Evav
KUKAO

ouyKpIion ME X86: evIoAEC 1 €wg 17 byte
NIYEC KaI KAVOVIKEC UOPPEC EVTOAWV

MTTOpEi va atToKWOIKOTTOINOEI KAl va OIaBACEI KATAXWPNTES
o€ €va BAua

AieuBuvolodotnon Load/store

MTropei va uttoAoyioel Tn &/von oTo TPITO 0TADIO, KAl VO
TTPOOTTEAQCEI TN JVAMN OTO TETAPTO OTADIO

EuBuypduuion Twv TEAEOTEWV PVNMNG

[MpooTtréAaon uvAuNG dIaPKEi HOVO €vav KUKAO
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Kivouvol (hazards)

KaTaoTACEIC TTOU ATTOTPETTOUV TNV EKKIVNON TNG
ETTOUEVNC EVIOANG OTOV ETTOMEVN KUKAO

Kivduvoc¢ doun¢ (structure hazards)
‘Evac¢ amraitToupevog TTOPOC ival AatTacXoAnUEVOC
Kivouvoc dedopéEvwy (data hazard)

[TPETTEI VA TTEPIMEVEI TNV TTPONYOUMEVN €VTOAN va
oAOKANPWOEl TNV avayvwaon/eyypagr 0ed0OUEVWY TNG

Kivouvoc eA€yyxou (control hazard)

H amro@aon o€ pia evépyela EAEYXOU ECAPTATAI ATTO
TTPONYOUHEVN EVTOAN
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Kivouvol douNnG

AIEveEn oTn Xpon vog TTOpou
2.Tn OloxeTeuon Tou MIPS pe pia povadikn yvAun
O1 evToAEG load/store atraiTouv TTpocTTEAQCN UVANNG

H 1Tpookouion evioAnG TTpETTEl va KaBuaTtepnoel (stall)
O€ EKEIVO TO KUKAO

@a TTpokaAouce «puaalida» Tne dloxéTeuong (pipeline
“bubble”)

‘ET01, 01 0100POHEC OEDONEVWY UE DIOXETEUON
QATTAITOUV CEXWPIOTEC UVAMES
EVTOAWV/OEDOUEVWIV

'H cexwplioTEC KpUPEC pvrpeS (cache memories)
EVTOAWV/OEDOUEVWV
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Kivouvol 0eOOUEVWYV

Mia evioAn e€apTaral atrd TNV OAOKANpwaon PIag
TTPOCTTEAQCNG OEQOUEVWV MIAC TTPONYOUUEVNC
EVTOANC

add $s0, $t0, $t1
sub $t2, $s0, $t3

\ 200 400 600 800 1000
Xpovog : | | : >

add $s0, $t0, $t1 IF —':.' ID

ucaNBa uca)\lﬁa UO’C(AI5CI ucra)uESa
() () ()
9 9 9 O O

sub $t2, $s0, $t3 IF —': ID WB |
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MpowOnon (Forwarding)

NAéyetal eTioncg MNapakauwn (Bypassing)

Xpnaon Tou ammroTeEAECUATOC OTaV dNnuIoupyNnoBEi
Mnv TTEPIMEVEIC VA ATTOONKEUTEI O€ KATAXWPENTN
ATttaitei eTTITTAEOV OUVOEDEIC OTN O1adpPour OEOONEVWIV

PXATo]o

EKTEAEONS , 200 400 600 800 1000
TTpoypappaTog  Xpévog . | | | |
(o€ eVIOAEQ)

-

add $s0, $t0, $t1 IF

MEM WB |

sub $t2, $s0, $t3

Y
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Kivbuvog dedopévwyv PopTtwong/XpRong

dopTwon/Xpnon (Load/Use)

Aev UTTOPOUE VO ATTOPUYOUUE TTAVTA TIC KABUOTEPNOEIC
UE TNV TTPOWONON
Av n TIPN Ogv £XEI UTTOAOYIOTEI OTAV XpeladeTal
Agv UTTOPEI VA Yivel TTpowBnon TTPOG TA TTiIoCW OTO XPOVO!
2e1pd
EKTEAEONG 200 400 600 800 1000 1200 1400
| | |

TTPOYPAUHATOG XpOvog I I | I
(o€ evTOAEQ) .

w $s0, 20($t1) | IF —F 1D SEX|—|MEM|—e—| WB '

o .

MEM WB

-

sub $t2, $s0, $t3 IF —=% ID
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Xpovotrpoyp/pHOg KWIIKA IO ATTOPUY KOOUOTEPNOEWYV

AvadidTacn KwOoIKaA yIa atToQuyn Xprnong Tou

QATTOTEAEOMATOC TNG load oTnV £TTOMEVN EVTOAN

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

Tw  $t1, 0($t0) Tw  $t1, 0($t0)
w (5t2)-4(5t0) Tw

KaBuoTépnon — add $t3, $tl’ Tw J8
sw $t3, 12($t0) add $t3,\$
w ($t4)-8($t0) sw  $t3, 12¢

«aBuorépron | — add $t5, $tl, add $t5, $t1,
sw $t5, 16($t0) sw $t5, 16($t0)

13 KUKAOI 11 KUKAOI
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Kivouvol gAéyyou

H dilakAadwaon kaBopilel TN por Tou EAEYXOU
(flow of control)
H TTpooKOUION TNG ETTOMEVNG EVTOANG £€apTATAl
ATTO TO ATTOTEAEC A TNG OIAKAAOWO NG

H dloxeTeuon OEV UTTOPEI VA TTPOCKOUICEI TTAVTO
TN CWOTN EVTOAN
AKONN O0ouAeuel oTto aTadio ID NG diakAadwaong

2.Tn dloxeTeuon Tou MIPS

[MPETTEI VO CUYKPIVEI KATAXWPENTEC Kal VO
utToAOoyioE€l Tn &/vaon TTPOOPICHOU VWPIC OTN
OlOXETEUON

[1TpooBNnkn UAIKOU yia va yivouv oTo oTadio ID
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KaBuoTtEpnon o€ O10KAAdwWOoN

Stall on branch

[Mepipeve PEXPI va KOBOPIOTEN TO ATTOTEAECHA TNG
OIaKAAdWONG TTIPIV TTPOCOKOMIOEIC TNV ETTOPEVN EVTOAN

2€1pa 200 400 600 800 1000 1200 1400
ekTéEAEONG  XpOvog I I | | T I [

TTPOYPAUHATOG
(o€ evIOALQ)

add $4, 95,86 | sy | | AV “W Karex
beq $1, $2, 40 *m—p; Meoakdyon : Mpooméhaon
O O O O O
Yor $7, $8, $9 - o l'lptmowon ”&Pﬁ:ﬂwﬁn -
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[MpoBAewn OI1AKAAOWONG

Branch prediction

O1 peyaAUTEPES OIOXETEUTEIG OEV UTTOPOUV VO
KaBopioouv OUVTOUA TO ATTOTEAECHA TNG
OlaKAQdWONC

H 1Toivi) kaBuoTepnong (stall penalty) yiverai
UTTEPPBOAIKA pEYAAN

[Tp6BAewnN (predict) TOU ATTOTEAECUATOGC TNG
OlaKAGdWONC

KaBuoTtépnon yovo av n TpoBAewn cival Aaveaouévn
2.Tn dloxEteuon Tou MIPS

MTropei va yivel TTPpORAewn BN ANWNG TnG
dlakAadwaonc (predict not taken)

[TpoOKOpION TNG EVIOANG UETA TN OIAKAAOWAON, XWPIG
KaBoAou kaBuoTépnon
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MIPS pe TTpofAewn pn AnYng

2elpd 200 400 600 800 1000 1200 1400
ekTéAEong  Xpodvog I I T I I T I >
TTPOYPGUUATOG
(o€ evTOAéQ)
add $4, $5, 36 | rooehen Komax.|  ALU nacaoutvmv Kama.
2WwoTn beg $1,82,40 Toodn | |krox| AU |TEaarene! | Kora,
2 S
TrpOB)\sLIJn ’ ~4——»| [pookduion MpooTréAaon
Iw $3, 300($0) 200 ps | &viorav Kamox| — ALU dedopévay | KOTOX
Y
Zelpda 200 400 600 800 1000 1200 1400
ekTéNEONG  Xpovog T T T | T T T >
TTPOYPAUUATOG
(o€ eVIOAEQ)
Mpoaxadpion MpooTreAaon
, dd $4, $5, $6 ; Kooy, ALU : Karmay.
Aaveaouévn add $4, 95,36 | e oevopey
£ I n
TTPORAEWN beq $1,92,40 0¥ ”m"” aiao“p'mé o
—»-Or $7, $8, $9 ﬂpOGI(OHIOT] I'Ipocmu\ﬂcn
\ 400 ps SeBopivav |1
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Mo peaAioTIKA TTPORAEWYN d1AKAGOWONG

2. TATIKA TTPOLBAEWN OIAKAGdWONG

Baaoiletal oTNV TUTTIKA CUMTTEPIPOPA TWV DIAKAAOWOEWV

Mapdadeiypa: dlakAadwoelc o€ BPOX0oUC Kal EVTOAEC if

[MpoBAeywn dilakAadwoewv TTPo¢ Ta TTiow (backward branches) wg¢
AapBavopeveg

[MpoBAewn dlakAadwaoewv TTPog Ta euTTPO¢ (forward branches) wg
uN AauBavoueveg

Auvapikn TTPORAewn dIOKAGdWONC
To UANIKO JETPAEI TNV TTPAYMATIKA CUUTTEPIPOPA DIOKAADWOEWV
T.X., KATaypa@Eel TNV TPO0@ATn I0ToPia KABE diakAadwong

YTT00£T1E1 0TI N HEAAOVTIKA CUMTTEPIPOPA Ba ouUVEXIOEI TNV TAON

2.€ TTEPITITwoN AdBoug, yivetal kKaBuoTépnon Kata Tnv
ETTAVATIPOOKOMION, KOl EVNUEPWOTN TOU I0TOPIKOU
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[MepiAnyn OIO0XETEUONG

H dioxEteuon BeATiwveEl TNV attdd0O0N PE TNV
augnon TNG JIEKTTEPAIWTIKNAC IKAVOTNTAC O€
EVTOAEC

EKTEAEI TTOAAEC EVTOAEC TTAPAAANAQ

KdaBe evtoAn €xel Tov idlo AavBavovta Xpovo

YTTOKEITAl O€ KIVOUVOUC
Aoung, 0eOONEVWY, EAEYXOU

H oxediaon Tou cuvOAOU eVTOAWYV ETTIOPA OTNV
TTOAUTTAOKOTNTA TNG UAOTTOINONG TNG DIOXETEUONC
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Aladpoun dedopévwyv MIPS upe dloxéTeuon

WB: Write back
(eaveyypaer))

EX: Execution or
address calculation
(extéAean n
uTroAoyIopdg

MEM: Data memory
access (TTpooTEAacn
MVAMNG Sedopévv)

ID: Instruction decode
and register file read
(atmokwdikoTroinon
€VTOANG Kal avdyvwan

IF: Instruction Fetch
(TTpoOKGOpIOT EVIOARG)

Kivduvoug (hazards) || WB

| I | I
| I | I
| I | I
I I I I
| OpXElOU KATaXWPENTWY) | Bievbuvong) | |
| I | I
! ! : |
I I | I
I I | I
| I | I
| I | |
) Aser | | |
4 | I ¢ |
| | PR ] |
| | | I
I I I I
| I | I
) | - — | | I
£ | »-|KaTaxwpnTmg A’sﬁopsvu I > \ | I
g PC AiglBuvaon [ avayveon 1 uvuwwo”? [ Zero_l—p. [
3 [ > :Séﬂxwpnrﬁc | ALU | s |
yvwong 2 Amotéheaua »| AiesBuvon
= EvToAf <=9 KaraxwenTéc } > < ALY | AsBopéva '\;
| o |Kataxwpnrg  AeSopéva | g | CIVCI_VVUJUIII; E
MEM e B i T | seanivan
evioAGv I AsSopéva I [ E | é
| EVYPaPAS | Aal I _ |AeBopéva e
% | T EvYPaQrc
14 r r I | |
Por} atré de¢Id TTpog . | |
r r
apIOTEPQ 0dNYEi O€ |
I
I
f
I
I
I
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KataxwpnTtEg OIOXETEUONG

Xpeialovral KATaxwpnTtec avapeoa oTta otadla

['1a0 va KpATROOoUV TTANPOQORIEC TTOU TTAPAYOVTAl OTOV
TTPONYOUUEVO KUKAO

\

!

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

Kataxwentig  AeBopéva
avayvwong 1 gvayvwong

_ |Karaxwpnmg 1
> |avayvwang 2

1 MoA/ktng 0
b
(1]
]
[
[==]
=

l Eviohd

r
KaraywpnTég d AeSopéva
VTOAGY [=) ArotéAeapa AigbBuvon  avayvwong [
Kataxwpntg _AE00H v ALY
EVYPAQAC avayvwong g / s
= vnun
AcSopéva 3 SeSopevov
> 5 =
EYypaeng [ -
Aedopéva
EYYPagric
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AgiToupyia OIOXETEUONG

Ava KUKAO, por TWV EVTOAWYV PECQ ATTO TN
Ol10dpourn OEDOUEVWV UE DIOXETEUON
AlGypapua OIOXETEUONC «EVOC KUKAOU pOAOYIOU»
(“single-clock-cycle”)
Agixvel TN xprion 1nG dIOXETEUONG O€ £va UOVO KUKAO
Toviel TOUG TTOPOUC TTOU XPNCIMOTTOIoUVTA

2 UyKpion JE BIaypappa «TTOAAWY KUKAWY POAOYIOU»
(“multi-clock-cycle”)
['pa@nua TNG AEITOUPYIAG OTO XPOVO
©a doupe dlaypApUaTa «EVOC KUKAOU poAoyIiou»
via eVTOAEC load Kai store
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210010 |IF yia Load, Store, ...

lw

MNpookouIon EVTIOAAG

IF/ID ID/EX EX/IMEM MEM/WB
4 — / Abp
ATroTEAEC O
Tpdobeong
PC AiglBuvon Karaxwenis — sos e
;g > |avayvwong 1 uvév\m:g
S
e e Bline
Mvrun Karod ALU AeBopé
: XWPnTéS ¢ . ebopéva
EVTOAV —P | kavaxwpnrtic  Acboutva _ e AnoTeAs:ES ArdBuvon  avéyvwang [ g
eyypagng - avGyvwone 3 Myviipn £
Aedopéva 2 SeSopévv S
eyypagrig c =
Acdopéva
> EYYPagrig
16 >
AY p—
X
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210010 ID yia Load, Store, ...

w

ATtTokwaIKOTTOINaN EVTOANG

1 NoA/ktng 0

v
(2]

IF/ID ID/EX
>A> "
4 — /
Apiatepi
oAioBnon
Kard 2
AigiBuvan > KadTaxwpnTﬁf AcBopéva
< avdyvwo
3 A ng' avayvwong
u>J Karayxwpntig
i avayvwong 2
VN Karaxwpnrég
e —a
EVIOAWV _ |Karaxwpnmg  Aedouéva (%
evvpaoig | GVAWwWnS 3
Aedopéva %
EYYPAQHG c

EX/MEM
h :
ATroTéNeC O
mpoadeong
% > >
ALU £
’ N , Aedopéva
Anon)\s:fﬁ > AiguBuvon avayvwang
Mviipn
SeSopévwv
AeBopéva
| EYYPOPriG

MEM/WB

0MoAKTng 1
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210010 EX yia Load

Iw
| I

| EkTéAean

1 NoNktng 0

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

ABp

ATmroTéAeopa

m TMPOCOEONS
Kodi 2 /

-

PC AigoBuvon o | KOTOXWPNTAS A5y v
-% avayvwong 1 avayvwong >
. 1
& > Ku;axwpmnzc Zero - —
avayvwol
Mvﬁp'n > — Kuvr‘;xwlgnrég Aedopéva ﬁLU > > Y Aedopeva v
evioA®v : EOo {5 pa=ieaka— > AedBuvon gy vu:or]g-.- L
Karaxwpntig uvcxvvwcrng v ALU ! ¢
EYYpQ 17
YYP q?ng g Mvipn 2
Aedopéva E Sedopévwv =
EYYpaQrig - 2
_ | Aebopéva
v EYYPOQIiG
16
A} > pr—
A3
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210010 MEM via Load

Iw

1 NoMkng 0

o
(2]

EX/MEM MEM/WB
Abp
‘AToTéAeapa
Zero > -
AAnLo':rjéAacxpa Aigi0 Aedopéva L,
1elBuvan —
ALU avayvwong [ :’,:_,.
Mvipn £
BESOUEVWIV E
o
AeSopéva
eyypagrg

IF/D ID/EX
4 —-—/
AevBuvon - ﬁgggﬁggz‘f Aedopéva
2 avayvwong "
'u>: Kataxwpntrig 1
My avdyvwong 2
munhl:i?v > —s K“T“X"-'P'!Tég AsBopéva -~ o
Karaxwpntrig  avayvwong g
eyypagfig 2 £
Aedopéva %
eYYPaQrg >\ =
16

MpootéAaon pvAuNg
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Tadio WB via Load

Iw
Emaveyypagn

1 NoMNktng 0

PC

IF/ID

Y

ID/EX

AigvBuvon

Mviipn
EVTOAWV

Y

VTOA

NGBo¢
aApPIBUOG
KATaxwpenTn

Karaxwpnig
Aedopeva
avdyvwaong 1 avéyveong
.| Kataxwpnrig 1
wong 2
Karaywpnrég
Kataxylpntig ~ Aedopéva
e fic avévvwong
Aedopéva
EYYPaPig

EX/MEM MEM/WB

Y

X - —-
ALU

. Aedopeva
AToTéAeopa 5 AEOOHEVT Ly, -
> 3 ALU AigBuvan QVaYVWONG »
£ I3
L Mvriun =2
3 SedopEvv 2
[ = o
Agdopéva
| evypagric
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AlopOwpueEvn O1adpoun Load

1 MoA/krng 0

ID/EX EX/MEM MEM/WB

h
Amoréheapa -
Tp6GBEang

IF/ID

A\epl
4—»/

\ J

Y

N

PC | AlcUBuvon KaraxwpnTrig
= avayvwong 1 Aedopéva _
K  avéyvwong g
‘5 _ |Kataxwpnrrig 1 Zerd - >
vl > avayvwong 2 ALU
viun B AeSopéva —
evToAWv > = Kcl'raxwpr!rég Aedopéva - o ATroTéAeopa AieyBuvan uvﬂvvu‘:ong —- "
| KOTOXWPNTAS - oy gvvinamg o ® ALU <
e 2 % / Mviipn =
Aedopéva o SeSopévov .2
eyypagii c o
_ | Aedopéva
| evypagng

A A
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2Tao010 EX via Store

| W |
| ExtéAeon |
IF/ID ID/EX EX/MEM MEM/WB
4 — / Agp
Atrotéleopa
Tpoobeang
- <,
£
x - . .
i KPS pcsoueva
E -E uvuvvwcng
] Kagsxwpmﬁzc Zero > >
. avayvwang ALU
M
m‘g}“:;','v — Karaywpnrés AcSopéva L /o AmrotéAeopa »| Aig0Buvan AeBopéval —
| Kataxwentig  avéyvwong > > e ALU avayvwong g
" |evypaeric 2 L Mviipn X
AeSopéva 2o:: SeSopéviv 2
EYYPaQIiG 4 c o
Aedopéva
" | evvpaerg
16 . >
\ Eméxraon
V7 hrpooijpou
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210010 MEM vyia Store

sw |

MpoaoTtéAaon pvipng

IF/ID ID/EX EX/MEM MEM/WB
A\ep . .
4 Abp
Amotéheopa
o
w
£
x P
PC | Aleubuvan _ |Karaxwpntrig ,
3 < avayvwong 1 Aedouéva \
E 5 avayvwang " g
u'>: Kataywpnrng 1 Zero > >
Mviiun avayvwong 2. ALU AeSopéva
EVTOAGV — Karaxwpnrés agsopgva LS ATroTéAgopa | AIEGBUVON  qvayvwong [ -
o | Kamaxwenmis  avayvwong gl ALY -
EYYPAPIig 2 £ / Mvipn 3
AeSopéva % SeSopévwv ]
EYYPaQriG | = S
R AsGopéva
eyYpaQig
16 @3\2
3 MPOCHiy v  —
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210010 WB vyia Store

Taveyypagn
IF/ID ID/EX EX/MEM MEM/WB
4 — / A6p
'ATIOTEAEOUQ -
o
w
E
x
2 PC »| Aie0Buvon Kataywpntic ]
4 Aedopéva
E 3 avayvwong 1 GVdW(Eang - . \
~ 2 o
& Ka;dxwpnmg Zero—» —
avayvwaong ALU .
Mvi . ; AsSopéva
ewol‘}\‘:i?v —e Kumxwpr!m; AeSopéva S AtmrotéAecpa > Aig(Buvon uvﬂvvutjcng — T,
Kataxwpnmis  avayvwong o ALY 3
EYYPaog 2 £ / Mviiun X
AcSopéva % SESOPEVIDV 2
EyYpagng = o
Aedopéva
> eyypagpg
16
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Alaypapupa O10XETEUONG TTOAAWY KUKAWYV

Moppn TTou OEiXVEI TN XpNon Twv nopwv

Xpoévog (o€ KUKAOUS poloyioU)
CC1 CC2 CC3 CC4 CC5 CCé6 CC7 CC8 CCQ

2e1p@ ekTEAEDNG

TIPOYPAUUATOG
(o€ evTOAég)

Iw $10, 20($1)

sub $11, $2, $3

add $12, $3, $4

Iw $13, 24($1)

add $14, $5, $6

g

KepdAaio4 — O eregepyaomg— 62



Alaypapupa O10XETEUONG TTOAAWY KUKAWYV

[Mapadoaoiakn popen

Xpobvog (o€ KUKAOUG poAoyiou)

2elpd
EKTEAEONG

TTPOYPAUATOG
(o€ evTOAEQ)

w $10, 20($1)
sub $11, $2, $3
add $12, $3, $4
Iw $13, 24(51)
add $14, $5, $6

o

CC1 CC2 CC3 CC4 CC5 CC6 CC7 CC8 CcC 97
ni?gg)?r":fn A:Tzcl’:f%lrgo- EkTéAeon n&%‘;ﬁgﬁﬁ;ﬂ Emaveyypagr
ey | A | B[ e
np&fgfﬁf" A:{é(f%:z - EktéAeon nﬁi%?ggain Emraveyypagr
nps?goK)?rl;ém A:%cf%;zo- ExtéAean naps%%ﬂgﬁﬁ,%” Emaveyypagr
I'Ipa?ﬁrr;%%.léon A:‘Tzé:?%:ico- Exréhean ”gz%zggg;n Etraveyypogr
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AIQYyPOUMO OIOXETEUONG EVOG KUKAOU

KataoTtaon TnG OIOXETEUONGC O€ OEOOMEVO KUKAO

Iw $13, 24 ($1)

add $12, $3, $4

sub $11, $2, $3

w$10, 20($1)

add $14, $5, $6
Mpookodpion evioAng AtrokwdIkoTToINOo™N EVIOANG EktéAean MpooTtréhaon pvrpng Emaveyypaen
IF/ID ID/EX EX/MEM MEM/WB
7 Adp \
4 — ABp
ApioTepr) ArotéAecpa
ohignon TipéoBeong
—-( <,
E
2 PC Aig(Buvon | Katoxwpnig
2 £ w |avéyvwong 1 AsBopéva
-\ =] . avéyvwong
s | Karaywenriig 1 ZorS - >
Mvripn w > | ovdyvwan 2 ALU AcBoue
" Karaxwpntég - L opéva -
— . A
EVTOAV Karaywontic lbopr:vu > 3 AnoTéAeXIEJS > -1 AicuBuvon avuvvwong_" (e
EYYPagri avayvwaons 3 ] £
, 2 2 Mvipn 3
Azbout\fu E Bedopévwv c
> evvpagig c S
_ | Acdopéva
Eyypogrig
1? Eméxtaon 3(?
| w |
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‘EAgyxo0¢ dl1oxETEUONG (aTTAOUC.)

PCSrc
IF/ID EX/MEM MEM/WB
M}l) > g \I
4 — / Abp
ApiaTept] AToréheopa Branch
ohicBinon mpéaBeang |_
KaTé 2 )
L, o RegWrite [
© 1
.‘g PC » AicUBuvon Karaywpnrmig
3 < * | avayvwong 1 AeSopéva -l MemWrite
. [=] . avyvwol
= S | Karmaxwpnrrig o ﬂ? Zerd > - L MemtoReg
Mvin w avayvwang 2 ALUSrc AOp
A Karaxwpnrég - . Aedopéva -
EVIOAGV 5 ATioTéAeopa > Aietid . >
Karaywpnig ~_A€00wéva @ All.JU EIBUVAN  qvayvwang £
eyypagric auayvians £ . x
2 ¥ Mvrpn =
AeBopéva 2 SeSopéviov 2
Eyypagrig [ = o
_ Aedopéva
EYYPAPrg
EvroAr 6
[15:0] \_ [ Eheyxog
ALU MemRead
EvroAn
20:16
[20:16) =\ ALuop
=
% o .
EvtoAr 2
[15:11] -
[
RegDst
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‘EAgyxoc¢ dloXETEUONG

2 NUATA EAEYXOU £CAYOVTAI ATTO TNV EVTOAN
OT1rwc¢ kal otnv uhoTtToinon £vog KUKAOU

:WB

IF/ID ID/EX EX/MEM MEM/WB
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‘EAgyxoc¢ dloXETEUONG

PCSrc
ID/EX
WB LEX/MEM
Movéada
eAéyxou M wB | MEM/WB
EX M WBr—
IF/ID
—
Amotéh
4 /\ ABp inse
@ ApioTeph Branch
= (‘“"/ ALUSrc
g |
LT, o 2
3 = g
3 PC AigBuvon - KamaywpnTic z %
2 3 avayvwong 1 Aedopéva g g
——\ — . ovd
& Koo S zem - 2
avayvwong
:‘f":}':;}v KaTaywpnrég A e Q#olijz’)\wpu AigoBuven Acdopéva [1,,] W
Kaaxwpntig ~_AeBouéva v ALY avayvwong g
evypagri vanmang E Mviipn 3
Aedopéva % SeSopévwv E
— v g c
EYYpa@ng =
Aedopéva
o EYYPAQrig
EvroAf
[150] 16 [entxraon| 32 6
Y @ T Ay MemRead
EvioAr
[20:16] =
w
=
] >
EvToAi <
[15:11] 2
- S RegDst — —
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Kivbuvol 6edouEvwy oe evToAéc ALU

O@ewpnoTe TNV akoAouBia:

sub , $1,9%3
and $12,%2,9%5
or $13,9%6,

add $14,¢2,

sw $15,100(%2)

MTTOpOUlE VA ETTIAUCOUNE TOUG KIVOUVOUC
ue TrpowBnon (forwarding)
[TwWC avixveUOUNE TTOTE TTPETTEI VA ViVEI
Tpowobnon;
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E¢apTnOEIC Kal TTpowlnon

Xpovog (o KUKAOUG poloyioU)

Ty Tou
kataxwpent $2

2ZeIpA EKTEAEONG

TTPOYPAPHATOG
(o€ evTOALG)

sub $2, $1, $3

and $12, $2, $5

or $13, $6, $2

add $14, $2, $2

sw $15, 100($2)

CC 1
10

CcC2

10

-

CC3

10

CC4

10

DM

| cReg

| Rp—

CC5 CCe6 CC7 CcCs8 CC9
10/-20 -20 —20 -20 -20

Reg

s

T DM —Ee_gj:

IM |— —H{Reg_ B DM Reg

L
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Avixveuon avaykng yia rpowénon

MetaBiBaon apiOuwyv KataxwpenTwy JECA OTN
OIOXETEUON
m.X., ID/IEX.ReqgisterRs = apiOuog chTcxxwpr]Tr] yia
10 RS TTou BpioKeETAI OTOV KATAXWENTN
dloxeteuong ID/EX
O1 ap1Buoi KataxwpnTwy TWV TEAECTEWV TNG
ALU oTto otadio EX divovtal armrd 1a

ID/EX.RegisterRs, ID/EX.ReqgisterRt

Kivouvol dedouEVWY OTAV . ,
! ; [MpowB. atd
EX/MEM.RegisterRd = ID/EX.RegisterRs | |Eexmem

EX/MEM.RegisterRd = ID/EX.RegisterRt  [KamAx: oiox.

MEM/WB.RegisterRd = ID/EX.RegisterRs | [fpows. amo
MEM/WB.RegisterRd = ID/EX.RegisterRt [ | MEMWB

Katay. OIOX.

/
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Avixveuon avaykng yia rpowénon

AANG udvo av n eVvTOAN TTou TTPpowOEi

TTPOKEITAI VA YPAWEI O KATTOIO
Karaxwpentn!

EX/MEM.RegWrite, MEM/WB.RegWTite

Kal yovo av 1o Rd TnG evioAncg dev ivai
$zero

EX/MEM.RegisterRd # O,
MEM/WB.RegisterRd # 0
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A1adpOoHEC TTPOWOBNONG

ID/EX

by

Karaxwpnrég

> {MoAutrAékTnCG)

Rs

orwardA

ALU

Y

Rt

Rt

MoAuTTAéKTNG)

ForwardB

Rd

Yy

(MoAuTtrAékTng)

Y

EX/MEM MEM/WB

Mvrun _ (&

oedopévwyv| R

£

=2

<

> [*]

c
EX/MEM.RegisterRd
MEM/WB.RegisterRd

Movado g

':\. TTpowodnoNG /=

B. Mg mpowBnon
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2uvOnkec Trpowdnong

Kivouvo¢ o1o o1adlo EX

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

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

Kivduvo¢ oto otadio 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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AITTAOG KivOUuvOog OEOONEVWYV

O@ewpnoTe TNV akoAouBia:

adc ,$1,%2
add , 51,%3
add $1,%1,9%4
2. UdBaivouv Kal ol OUo Kivouvol
O@&AouuE va XpNOIPJOTTIOINOOUPE TOV TTIO
TTPOOPATO
AvaBewpnon TNG ouvonkng Tpowdnong
Tou MEM

[Tpowbnon povo av n ocuvlnkn Kivouvou Tou
oTadiou EX dev gival aAndnc¢
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AvaBswpnuévn ouvnkn TTpowlnong

Kivduvoc¢ oto oT1adio 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 TTPpOWONON

ID/EX
| ~|We EX/MEM
> M > WB MEM/WB
IF/ID | | EX > M > WB [
R
a il
E >
=2
S
> T e/
< Karaywpnrég { o ",:£
3 ALU - g gl
Mvi u -(®) £
W I 3 Mviipn 2
EVTOAWV o . E _ Sedopévwv =
2
o O
\T{_
IF/ID.RegisterRs Rs -
IF/ID.RegisterRt Rt
IF/ID.RegisterRt Rt /a EX/MEM.RegisterRd
IF/ID.RegisterRd___ Rd - E .
= .
W MEM/WB.RegisterRd
>\ TIPOGONTNG )
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Kivouvocg 0edopévwy @opTWOoNG-XPNoNS

Xpovog (o€ KUKAoUG poAoyioU) >
CC 1 CC2 CC3 CC4 CC5 CC6 CC7 CCs8 CC9

Zelpd eKTEAEONG

TTPOYPAUNATOG
(o€ eVTOALG) .

- _ :
w $2, 20($1) I LRGI :D' DM Hegl/ A'ITGITfZITCXI
B i KaBuoTépnon
I i yia évav
and $4, $2, $5 I — ﬁ'ﬁe@[ w_]_ﬁeg. KUKAO
| = | \ [ |
or $8, $2, $6 W =Reg ][> —Reg
=T E r_ S
add $9, $4, $2 r —.]: > |
IM — —=Reg -[DM— —Reg
slt $1, $6, $7 — -
Y IM — —Re » DM eg
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Avixveuon KivOUvou @OopTWONS-XPNong

‘EAgyXx0c¢ OTav N eVTOAN TTOU KAVEI TN XpNon
ATTOKWOIKOTTOIEITAI OTO OTAdIO |ID

O1 ap1Buoi Twv KataxwpnTwyv TeEAEOTEWY TG ALU
oTO O0TAO0IO ID divovral aTtrd T1a

IF/ID.RegisterRs, IF/ID.RegisterRt
Kivouvog @popTwaonc-xpnong otav

ID/EX.MemRead and

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

Av avixveuBei, yivetal kaBuoTtEpnon TNG
OIOXETEUONC KAl EI0QyETAl PUOAAIdQ
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[Mw¢ KaBuoTepel n OIOXETEUON

O1 TINEC EAEyXOU aToV KaTtaxwpenTn ID/EX
yivovrtai O
Ta EX, MEM ka1 WB ekteAouv nop (no-operation,
atrpacia)
ATTOTPETTETAI N evnuEPWON Tou PC Kal Tou
Kataxwpentn IF/ID
H evioAn TTou KAVel TN XPron atroKwOIKOTTOIEITAI KAl
TTAAI
H eTTOpevn €vIiOAN TTPOCKOMICETAI KOl TTAAI

H kaBuoTtépnon 1 kUkAou emiTpétel oto MEM va
dlapaoel Ta dcdouéva yia TNV evioA 1w

MTTopeEi 0TN ouVvEXEIQ va KaAvel TTpowBnon oT1o oTadio EX
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KaOBuoTtépnon/@uoaAida otn O10XETEUON

Xpovog (o€ KUKAOUS poAoyiol)
CC1

2€1pA EKTEAEONG

TTPOYPGUUATOG
(o€ evioAég)

lw $2, 20($1)

and yiveTal nop

and $4, $2, $5

or $8, $2, $6

add $9, $4, $2

CC2

g
L —

>

CC3

T (el

CC4

CC5

eg

Ay

CC6 CC7 CcC8 CC9 CC 10

QUOaAIBa H
/ KaBuoTépnon

gl0AyeTal W

DM Reg
— 1
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KaOBuoTtépnon/@uoaAida otn O10XETEUON

o
-

Xpoévog (o€ KUKAoUg poAoyioU)
CC 1 cc2 CC3 CC4 CC5 CCeo cCc7 cCcs CC9 CcC 10

2E1PA EKTEAEONG
TTpoypAppaTog

(o€ eviOA£G) = = -
1= | |
Iw $2, 20($1) M =Red ] :D '[DM_]'E»re_gJ
r I =
and yiveral nop IM —CiLFieg_ )\CD

and $4, $2, $5 kabuoTepeioto ID

QUOaAIda

or $8, $2, $6  kaBuoTEpEi oTO IF IM

add $9, $4, $2

DM Reg
1

'H, yia TNV
akpipela...
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Aladpopun OeOOPEVWYV HE aViXVEUON KIVOUVWYV

Movada ID/EX.MemRead

aviXveuons |

KIvBOvwyv

[
g ID/EX
Q WB
i v |" EX/MEM
£
Movdda 5
" | eAéyyou > E M WB MEM/WB
o |<° | ,
= IFrID 0=\ L EX M WB —
£
(2)
> > > E
X
|2
E >
2
=
Ki £ w
E ATAXWPNTEG " E
(] e W
v u% ) ALU -E
pe an | ~¥ , 5
EVTOAWYV N u Mvrjun =
'3: SeSopévwv
»! O
T

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

ID/EX.RegisterRt
Rs Movada | |
Rt mpowenong )=
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KaBuoTtepnoeic Kal atrodoon

O1 KaBUOTEPNOEIC HEIWVOUV TNV ATTOO00N

AAAQ gival atTapaiTnNTEC YIa va TTAPOUUE
OWOTA ATTOTEAEOUATO

O HETAYAWTTIOTAC UTTOPEI VO avadIATALEI
TOV KWOIKA VIa va aTToPeuxBouv ol
KivOUVOI KQlI Ol KOBUOTEPAOEIC

ATTauTel yvwaon NG OOPNE TNG OIOXETEUONG
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Kivouvol d1aKAAdwong

Av TO atToTEAeOa TNG OIOKAGdWONG KabopileTal OTO

>

Xpovog (o€ KukKAoug poAoyiol) >
CC1 CC2 CC3 CC4 CC5 CC6 CC7 CCs8 CC9

2ZEIPQ EKTEAEDNG

TTpoypAaupaTog
(o€ evioALQg)

40 beq $1, $3, 28

44 and $12, $2, $5

Exkkévwon autwv
TWV EVTOAWV
(TIMEG EAEYXOU
oT1o 0)

48 or $13, $6, $2

52 add $14, $2, $2

72 1w $4, 50($7)
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Meiwon KaBuoTEpNong d10KAGdwWoNg

MeTa@opa UAIKOU YIO TTPOCOIOPICUO
QTTOTEAECUATOC OTO OTAOIO 1D
ABpoloTnc dleuBuvong TTpooPICHOU
2 UYKPITNC KATaXwpnTwV

[Mapadeiyua: AaupBavouevn dlakAadwon

36:

40:
44 .
48 :
52:
56:

/2:

sub
beg
anc
or

add
slt

Tw

$10, $4,
$1, $3,
$12, $2,

$13, $2,
$14, %4,
$15, $6,

$8

$5
$6
$2
$7

$4, 50(%$7)
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Mapadeiypa: AauBavopevn dilakAadwon

[ | [ |
and $12, $2, $5 | beq $1, $3, 7 | sub $10, $4, $8 | TpIv<1> | Tmpv<2>
| | | |
[ | [ |
[ | [ |
IF.Flush | } } }
| | | |
T | [ |
I f Movada \ l I l
avixveuong | : : :
e
ey J | | |
ID)lEX : :
| |
- EXAMEM |
Movéd 3 [
| entyxov = £ we] MEM/WB
IF{ID | ,— NG M wa
44 72 r —
b y
Karay &£
$8 [
Mvipn 2
7 Sedopivv
|
|
[
|

PoAar 3

| \
Movada |
Tpowelnong T I
| |
I
|
I
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Mapadeiypa: AauBavopevn dilakAadwon

(=}

WB

Iw $4, 50($7) | puaalida (nop) | beq $1, $3,7 | sub $10, . .. | mpiv<1>
IF.Flush | | | |
| | I |
I | I |
I /—\ | I |
i MovaSa | I |
uvixgsuong | | |
KIVBOvwv | | |
* I |
ID{EX | I
I |
ra | i ‘WB EXMEM |
| hevion : M el MEM/WB
<° —1
.J c J
72 EX

PoAdr 4

ApiaTepr
ohiaBnan
Kard 2

rb_

Katayxwpnrég

MoAumAékTng

Mviipn
dedopévwv

Movada
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Kivbouvol 0edopévwy Yia OIaGKAAOWOEIG

Av €vag Karaxwpentng ouykplong gival
TTPOOPICHOC eviOANG ALU TTOU TTpOoNnyEiTal KATA 2
N 3 BEoEIC

add , $2, $3 IF H ID _ EX _MEM—‘ WB
add , $5, $6 IF _ ID _ EX :‘L/IEM WB
_ IF | ID __I:__X__MEI\/I WB
beq $1, 94, target |1 o] ex _MEI\/1H WB

MTtropei va AuBei e TTpowbnon

KepdaAaio4 — O eregepyaomic— 88



Kivbouvol 0edopévwy Yia OIaGKAAOWOEIG

Av £vacg Kataxwpntng ouykpiong ival
TTPOOPICHOC eVTOANC ALU TTOU TTpONYEITAI
OQMEOWC N EVTOANC @OPTWONG TTOU
TTpoNyEiTal Kata 2 OEocEIg

Xpelaletal 1 KUKAOG KaBuoTEpnong

Tw , addr IF H ID EX MEM—‘ WB

add , $5, $6 IF _ ID |||| EX :‘E/IEM WB

beq IF _ ID O OO

beq , , target _ ID_|_ EX _ME!\/1|:| WB
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Kivbouvol 0edopévwy Yia OIaGKAAOWOEIG

Av £vac KaTtaxwpenTng ouykpiong ivai
TTPOOPIOHOC MIAC EVTOANC pOPTWONG TTOU
TTPONYEITAI AMECWGC

Xpelalovtal 2 KUKAOI KaBuoTEpnong

Tw , addr IF H ID EX MEM—‘ WB

veq Ao oo

bec Elololo

beq $1, $0, target _ ID_|_ EX _ME!\/1|:| WB
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Auvapikn TTPORAeWN d1aKAAdWONG

2.€ M0 BaBIEC Kal UTTEPPABUWTEC DIOXETEUOEIC, N
TTOIVN TG OIOKAAOWONC €ival TTIO GNUAVTIKN

Xprjon duvauikng TTPORAEWNCS
[Tpoowpivr) pvAun TTPORAeWnC diakAddwaonc (branch
prediction buffer), TTou A&yeTal Kal TTivaKag I0TOPIKOU
dlakAadwaonc (branch history table)

AcikTodOTEITAI ATTO TIC OIEUBUVOEIC TNG TTPOCPATNG
EVTOANG OIaKAAdWONG
AT1T0BNKEeUEl TO aTTOoTéEAEO A (ARWNn/un Anwn)

['1a eKTEAEON UIOG DlAKAAdWONG
"EAgyx0¢ TOU TTivaKa, UTTOBE0N TOU idIOU ATTOTEAEOUATOC
EkKivnon TTpOOKOMIONS ATTO TNV ETTOUEVN 1] TOV TTPOOPIOHO
Av AGB0¢, ekKEVWAN DIOXETEUONC KAl AVTIOTPO®N TTPOBAEWNC
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Alatagn TrpoBAewncg 1 bit: peloveEKTNHO

O1 dIaKAQOWOEIC TOU EOWTEPIKOU Bpoxou TTPoBAETTOVTAN
AavBaouéva dUO PopPEC

outer: ..

inner: ..

beq .., .., 1nner|—

beq .., .., outer

AavBaopevn TTPOBAEWNn ANWNG oTNV TEAEUTAIO
ETTAVAANYN TOU E0WTEPIKOU BpOXOU

Meta AavBaouévn TTpOBAEwn un Anwng otnv
TTPWTN ETTAVAANYN TOU ECWTEPIKOU BPOXOU TNV
ETTOUEVN POPA TTOU Oa EKTEAEOTEI
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Alatagn TTPORAEWNG TWV 2 bit

AANNGCel N TTPOPAEWN HOVO PETA ATTO OUO
O1AO0XIKEC AaVOAOUEVEC TTPORBAEWEIC

Ano6eica

Mn Ang6cica

Mn AngBcica %
g MpdBRAswn
( Ayng diakAGdwaong
AngBcica
A
Mn Anopbeica AneOcica
4
Mn Ano6cica
1o0P MpoBAewn
_( pn Aqung diakAadwaong
AngBeica i
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YTTOAOYIOHUOG TTPOOPICHOU SIAKAAdOWONG

AKOUN Kal JE TTPORBAEWN, TTPETTEI OKOUN VO
UTTOAOYIOTEI N O1EUBUVON d1aKAGOWONC
[Toivl 1 KUKAoU yia Aaufavouevn diakAGdwaon

[TpoocwpIv VPN TTPOOPICUOU
dlakAadwonc (branch target buffer)
Kpu@n yvAun yia d1eubuvoeic TTpoopIcuoU

AgiktodoTeiTal ard Tov PC 0tav TTpoOKOoMICETAl
N EVIOAN

Av uttapyxel euotoyia (hit) kai n evioAn €ivai
OIaKAGdwWOoN YE TTPORBAEWN ANWNG, MTTOPEI VA YiVeEl
AUEON TTPOCKOMION TOU TTPOOPICHOU
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ECaipEoeic Kal OIOKOTTEC

«Mn avauevopeva» ouppavra TTou ATTaITouV

aAAQyr) TNC PONG TOU EAEYXOU
AIOQPOPETIKEC APXITEKTOVIKEC OUVOAOU EVTOAWV

XPNOIUOTTOIOUV TOUG OPOUG OIAPOPETIKA
Ecaipeon (exception)

[Mapouaoialetal péoa otn CPU

T.X., NN opIopEVOC KWOIKOG AsiToupyiag (undefined opcode),
uttepxeillon (overflow), kAnpon cuothuaroc (syscall), ...

AlakoTrn (interrupt)
ATTO évav eCWTEPIKO EAEYKTH €100d0U/eCOOOU
AUOKOAOC O XEIPIOPOG TOUC XWPIC va BuoiaoTei

ammodoan
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XEIPIOHPOG ECAIPETEWYV

210 MIPS, TIC e€aipEacic dlaxelpieTal £vag
2 UVETTECEPYOAOTNG EAEYXOU 2uoTnuaTog (System
Control Coprocessor), o CPO

ATTo0nkeuon Tou PC NG €viOANG TTOU
OIOKOTITETAI
210 MIPS: Exception Program Counter (EPC)
ATTOBNKeUON TNG £VOEICNG TOU TTPORANMATOC
2Tov MIPS: kataxwpntic Cause (Aitiou)

Y1roB<Toupe 1 bit yévo

0 yia un oplopévo KwOIKO Asitoupyiacg (undefined opcode), kal
1 yia utTEPXEIAION

AAua oto xeipiotr) otn o/vaon 8000 0080
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EVOAAGKTIKOG MNXOAVIOMOG

AlavuouaTikec OIaKOTTEC (vectored
Interrupts)

H d/von Tou xeipiot kaBopileTal Ao TNV AITia

[Mapadeiyua:
Mn opicuévoc opcode: CO00 0000

YTrepxeiAion: C000 0020
; C000 0040

Ol eVTOAEC €iTE
AoxoAouvtal Je TN OIOKOTTN, EITE
Kavouv GApa oTOoV TTPAYUATIKO XEIPIOTH
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EVvEpyeElec TOU XEIPIOTN

Avayvwon aiTiou, Kal JETABAON OTO
OXETIKO XEIPIOTN

KaBopIouOC atTaIToOUUEVNC EVEPYEIAC
AV n eVTOAN €ival ETTAVEKKIVAOIYN
(restartable)

ExTEAEON OIOPOWTIKNG EVEPYEIAC
Xpnon tou EPC yia emmioTpo®n 10
TTPOYPappa
ANIGC
TEPUATIOUOC TTPOYPAMMATOC
Ava@opd ao@aAuaroc ue xpnon tou EPC, Tou
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ECaipEceIg o€ MIa OIOXETEUON

AAAN HOP@N KIVOUVOU EAEYXOU

O@cwpnoTe uttepxeilion otnv TTPO0BEoN OTO

oT1adlo EX

add $1, $2, $1

ATroQuyn ¢nuIag (eyypaeng) otov $1
OAOKANPWON TWV TTPONYOUHEVWY EVTOAWV
Ekkévwon NS add Kal Twv ETTOPEVWV EVTOAWV
PUBuion Tipwv Twv KataxwpnTtwyv Cause kal EPC
MeTa@popa eAEYXOU OTO XEIPIOTN

Oupoia ye AavBaouévn TPORAewn dIGKAGdWONC
Xpnon peyaAou pEPOUC Tou idIoU UAIKOU
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AIOXETEUON ME ECAIPETEIC
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[MAQveg

H dloxeTteuan €ival eUKoAn (1)
H Baaoikn 10€a gival EUKOAN
O J1GBoAOC KPURBETAI OTIC AETITOMEPEIEC
T.X., avixveuon KivOuvwy 000N EVWV
H dloxETeuon €ival avegapTnTn Ao TNV
TEXVOAOYia
TOTE yIaTi OV KAVAUE TTAVTA DIOXETEUON;

Ta TrepiIoooTEPA TPAVEIOTOP KAVOUV EPIKTEC TIC TTIO
TTPONYMEVEC TEXVIKEC

H oxediaon apXITEKTOVIKWY TUVOAOU EVTOAWV TTOU
oXeTieTal JE TN DIOXETEUON TTPETTEI VO AAUBAVE
UTTOWN TNG TIC TEXVOAOYIKEC TAOEIC
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[Mayidoeg

H @Twxn oxediaon TNS ApXITEKTOVIKC OUVOAOU
EVTOAWV UTTOPEI VA KAvel DUOKOAOTEPN TN
OIOXETEUON
T.X., TTOAUTTAOKO oUVOAa evioAwv (VAX, |A-32)
2 NUavTIKA eTTIB&puvon yia va dDoUAEWEL N dIoxETEUON
[Mpooéyyion Tou 1A-32 Je HIKPOAEITOUPYIEC (MICro-ops)
TT.X., TTOAUTTAOKOI TPOTTOI O1EUBUVOI000TNONG
[TapevEPYEIEC EVNUEPWO NG KATAXWPNTWY, EJUECOTNTA
HvuNgG
T.X., KaBuoTEPNUEVEC DIOKAQDWOEIC

O1 TTPONYMEVEC DIOXETEUTEIC E£XOUV JEYAAEC UTTODOXEC
KaBuoTEpnong
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2UHUTTEPOAOCMATIKES TTAPATNPNOEIG

H apXITEKTOVIKI) CUVOAOU EVTOAWYV €TTNPEACEl TN OXEdIAON
TNG O1AOPOUNG OEQOUEVWV KAl TNC MOVADAG EAEYXOU

H d1adpoun 0eO0UEVWY KAl N Jovada EAEYXOU
eTnpeadouv Tn oxediaon TNG APXITEKTOVIKNG OUVOAOU
EVTOAWV
H dioxeTeuon BeATIWVEN TN OIEKTTEPAIWTIKN IKAVOTNTA
EVTIOAWV ME TN Xprion TrTapaAAnAiag
[1epIc0OTEPEC EVTOAEG OAOKANPWVOVTAI AVA OEUTEPOAETTTO
O AavBavwy Xpovocg KABe evioANG OV PEIWVETAI

Kivouvol: douNng, OedOUEVWY, EAEYXOU

[TOAAQTTAR EKKIVAON Kal QUVAMIKOC
X POVOTTPOYPAUMATIONOG (TTapaAAnAia eTTITTEOOU EVTOANG

— ILP)
O1 ecapTnoelg TTEPIOPICOUV TNV ETTITEUCIMN TTAPAAANAIQ
H 1TTOAUTTAOKOTNTO 0ONYEI OTO TEIXOC TNG 1I0XUOGC (power wall)
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