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2TPOTNYIKA ZWARVWONC

* [pookoulon eVtoAng

e Amnokwdlkomnoinon evtoAng

* YrtoAoylopog teAeoctwy (.. evepyoc dtevbuvon)
* [Mpookoulon TeEAECTWV

* EkteAleon evtoAng

* Eyypadn amoteAsopatwy

* ErukaAuvn twv nopamndavw otadiwv



2wARvwon evtoAnc pe dvo octadia

Instruction Instruction Result
Fetch Execute >

{a) Simplified view

Wait MNew address Wait

Instruction Instruction Result
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Discard

{(b) Expanded view



Xpoviopoc otn ZwAnvwon
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Instruction 3

Instruction 4
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Instruction 6

Instruction 7

Instruction 8

Instruction 9



AlrakAadwon otn cwAnvwon
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ZwAnvwon evtoAng
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EvaAAokTikn
Amewkovion
ZwAnvwong

Time

12

13

14

FI | DI | CO|FO | EI (WO

IS5 |13 )12)11

Io |IS| 1413|1211

o

I7|Io |15 )14 | I3 | 12

IB|I7] 16|15 |14 |13

9|I8[I7]|16 |15 |14

9118|1716 | IS

o[ rr s

EEE|§§§

(a) No branches

12

13

14

IS I3 )12)|11

lﬁ|15|14|13|12|lll

I7|Io |15 )14 | I3 | I2

115 13 I

116

(b) With conditional branch



BeAtiwon otnv anodoon s
HE ZwARvVwon
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Xewplopog drakAadwoswv

* MOoAAEC oUVEXELC POEC

* po — nmpocaywyn otoxou dtakAadwaong
* Mpoowpvn pvnun Bpoxou

* MpoPBAePn dtakAadbwonc

* KaBuotepnuevn dtakAadwon



MOAAEC CUVEXELC POEC

AtaBetoupe VO CWANVWOELG

Mpo — npooaywyn kaBe dtakAadwoncg os Eexwplotn
>wWANvwon

Xpnon kataAAnAnc cwAnvwonc

Odnyel og kaBuoteprioelg Stekdiknong yra StovAo Kot
KOTOLXWPNTEC

MoAAatAEc SLakAadwaoelc amattovv TNV dSnULovpyla VEWV
OUVEXWV POWV
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[Mpo — mpoocaywyn 6ToXou
SrakAadwonc

e O otoxocg tnc dtakAadwaonc po — MpooAyeTaL poll pe
TLC eVTOAEC TToU akoAouBouv tnv dtakAadwon

e O oto)o¢ dlatnpeltal HEXPL VAL EKTEAEOTEL N
StakAadwon

e Xpnolpornoleitat amno tov IBM 360/91



Npocwpivny pvun Bpoxou

MoAU yprivopn pvhun

2UVTNpPELTaL oo TO oTAOLO TIPOOKOULONG TS CWANVWONC

[lveTal EAeyxoc TNC MPOCWPELVAC LVALNG TTPLV TNV
Pocaywyn EVIOAWYV ATTO TNV VAN

[MOAU KA TEXVLKN Yla LKPOUC BpOXouC N UTtEPTNONOELC
Onwc n cache

Xpnotuoroleitat oo tov CRAY-1
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AlaypaLLO TPOOWELVNG
HVARNG BpOxoL

Branch address

[ nstruction to be

Loop Buffer decoded in case of hit
ﬁ
77 (256 bytes)

Most significant address bits
compared to determine a hit
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NpoPAedn drakAadbwong, ;

* MpoPAedn: dev yivetal note
" Qewpel 0TL bev Oa cupPel umepndnon
" [ldvta TPOOoKOWUL(EL TNV ETIOLLEVN EVTOAN
" 68020 & VAX 11/780

= O VAX b6gv Ba mpoxwpoUoe O€ (PO — TPOCOYywWYN LETA Ao
StakAadwon av npogkumte opaipa osAidac (O/S v CPU design)

* MpoPAedn: lNvetal mavtote
" Qewpel 0TL Oa oupBel umepmndnon

= [ldvta TPOooKOWilEL TNV EVTIOAN OTOXO
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NpoPAedn StakAadwon,

* MpoBAePn: pe tov Opcode

" MEePLKEC EVTOAEC elval TteploooTEPO TILOAVO va
NMPOKAAECOUV UTIEPTINONON OO KATIOLEG AAAEC

" Mmopetl va £xeL wg 75% emituyia
* [payuatornoinon/ LN mpaypotonoinon HEToywync
" Baolletal 0TO LOTOPLKO

= KaAn TEXVLKN yLa BpOYouC
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NpoPAedn drakAadbwong; ;

* KaBuotepnuevn dtakAadwon

" Aev ekteleital n StakAadwon ooo Sev slval
anapaltnto

" Etavadlataén evioAwyv



fpadnua pong yia tnv
npoBAsdn dtakAadwonc
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Read next
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branch instr
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Predict taken

Read next

branch instr
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Read next
conditional
branch instr

Predict taken

Read next
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branch instr

Branch
taken?

Predict not taken
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AlLQYypO O KOTAOTAONC YLo
neoBAePn StakAdadwonc

Not Taken

Taken

Taken

Taken
Not Taken

Not Taken

Not Taken

Predict
Not Taken

Predict
Not Taken

Taken

¥



XELPLOMOC
SLakAadwoewv

Mewt sequential
address
) I
| = Memuory
E .| Branch Miss
Handling

{a) Predict never tanken str ate gy

Mext sequential
iIi address

Eranch
IPFAR
|——| instruction  Target >

address addvess  State =
Likup - = *
il = Mernary
.
Add new > IPFAR =instruction
entry = - . prefix address register
Update * *
state I
Branch Miss J Redivect

_l_' Handling
E

(b} Branch histovy table stvatery
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Intel 80486 Pipelining

= Amo cache ) e€wteptkn pvhAun

. Npookouon

= Elcaywyn o€ éva amno TG Vo 6-byte MPOCWPLVEG UVALEG TIPO - TTPOCAYWYNG

= FEULoE TNV poowpLv amoBrikeuon e véa edopéva HOALS Ta ponyoUeva xpnaotomnotndouv

= ‘Evag péoog 6pog 5 evtoAwv npookopiletal o KaBe popTwon

. Aveédptnta amo ta GAAa oTddla 0 XWPOC TPOCWPLVAG arodrkeuong Slatnpeital mAvVTa «yEUATOC
. Anokwdikonoinon npwtou otadiov — D1

. MAnpodopia Opcode & address-mode

. Jta mpwrta tpia bytes tng evioAng

= Mrtopel e Ta mapandvw vo KateuBUveL To otddlo D2 yla va TapEeL To UTTOAOLTO TNG EVIOAAC
. Anokwdikonoinon gutepou otadiov — D2

= Avdhuon tou opcode og orjpata eAéyyou

. YroAoylopog nepimAokwv tpdnwv SleuBuvolodotnong
. EktéAeon

. ALU Aettoupyieg, avadopeg otnv cache, evnuépwaon KATaxwpnTwy
*  Evvpadi

. EvNuépwaon KataxwpnTtwy Kot onuaiwv

= AnootoAn Twv anoteAeopdtwy otnv cache & otov Siaulo Slemadrg e TOUG KATAXWPENTES eyypadng
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80486 Instruction Pipeline Examples

MOV Regl, Meml

| Fetch | D1 p2 | EXx | wB
Fetech | D1 | D2 | EX | wB MOV Regl, Reg2
Fetch | D1 D2 | EX | WB | MOVMem2, Regl

{a) No Data Load Delay in the Pipeline

CMP Regl, Imm
Jee Target

Fetch | D1 D2 EX WB MOV Regl, Meml
Fetch | DI D2 | EX MOV Reg2, (Regl)
(b} Pointer Load Delay
Fetch | D1 D2 EX WB
Fetch | D1 D2 EX
Fetch | D1 | D2 | EX |Target

{c) Branch Instruction Timing



Katoywpntéc otov Pentium 4

{3} Integer Unit
Type MNumber Length (bits) Purpose
General 8 32 General-puipose nser registeis
Segment & La Contain segment selectors
Flags L 32 Stats and comtw| bits
Lrstmiction Pointer L 32 Lnstroction pointer

(b} Floating-Point Unit

Type Mumber Length (bits ) Purpose

Mumeric 8 80 Hold floating-paint numbers

Comtml L La Contral bits

Status L L& Status bits

Tag Word L La Specifies contents of numeric
registers

Lrstmiction Pointer L 4B Points to imstmction intermpted
by exception

Data Pointer L 45 Points to opemnd intermpted by

exception




EFLAGS Register

fi 21 16 /15 0
I"I'"A\"R N IO (ODII|T|S|Z A P C
Dfp C|M|F T|PL |F|F|F|F|F|F F F F

ID = Identiflication flag DE = Direction flag

VIP = Virtual interrupt pending IF = Interrupt enable flag

VIE = Virtual interrupt flag TE = Trap flag

AC = Alignment check 5B = 5ign flag

VM = Virtual 3086 mode LB = Zeroflag

EEF = Resume flag AF = Auxiliary carry flag

NT = MNested task flag PE = Parity flag

IOPL = IO privilege level CEF = Carry flag

OF = Overflow flag
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CR4

CR3

CR2

CRI

CRO

Control Registers

f VI
PlEIM|E|E TIE|WV
c.-|-;:|c:|n sIEls|vm
EJBIBE]JEIE il |E

Page Directory Base F 5#'
= DT
Page Faull Linear Address

plC m A wl N|E| T|E[Mm|P

G| D M| | P E|T|S|M|P|E

31 3[&\51\ ] '\\Iﬁ\ "“'xj % “‘xl X

PCE = Performance Counter Enable PG = Paging

PGE = Page Global Enable CD = Cache Disable
MCE = Machine Check Enable NW = NolWrile Through
PAE = Physical Address Exlension AM = Alignment Mask
PSE = Page Sire Exlensions WE = Wrile Protect

DE = Debug Extensions NE = WNurmeric Brror
T5D = Time Stamp Disable ET = Extension Type
PVl = Protected Mode Virtwal Interrupt TS = Task Swilched
VME = Wirtual 8086 Mode Extlensions EM = BEmulation

PCD = Page-level Cache Disable MP = Monitor Coprocessor
PWT = Page-level Wriles Transparent PE = Prolection Enable



Apxttektoviki} urtodoyiotwv —Aopr kaw Agttoupyia tng CPU, ,, Turpa Mnxavikwv MAnpodopukrig, TEI HNEIPOY - Avoiytd Akasnpaikd Maéripata oto TEI

BiBAloypadia

William Stallings. (2011). Apxttektovikn & Opyavwon YrmoAoylotwv. Ekdooelg TUOAa.

AnpooBévng E. MmoAavakng. (2011). Apxitektovikry MikpoUTIOAOYLOTWVY: OPXEC TIPOYPOUHUOTIONOU XopnAoU
eTnEéSou Kal ePpOpPUOYEC e TO pkpoeAeykty M68HCI08GP32, Ekbooelg ZUyxpovn MNatdeia.

Tanenbaum Andrew S. (1995). H Apxttektovikn Twv YmoAoylotwv pla Sounuévn TPocEyylon Zuyypodeag
Tanenbaum Andrew S. Ekd0oelc KAeldaplBpoc.

Luce T. (1991). Apxitektoviki Twv YroAoylotwy. Ekdooelg T{LOAa.

Gilmore. (1999). Mikpoene€epyaoteg Bewplia kat epapuoyéC. Ekdooelg TUOAA.

Predko M. (2000). Npoypappatilovtag tov Mikpoeheyktn PIC, Ekdooelg TUOAQ.

Mrnekdakog M.M. (1994). Apxitektovikr) umoAoylotwv & Ttexvoloyia mapdaAAnAng emefepyoaoiag, EkdOoeLg
JTAMOUANC.



Apxttektoviki} urtodoyiotwv —Aopr kaw Agttoupyia tng CPU, ,, Turpa Mnxavikwv MAnpodopukrig, TEI HNEIPOY - Avoiytd Akasnpaikd Maéripata oto TEI

2nueiwpa Avadopac

Copyright Texvoloywko 16pupa Hrteipou. Qwtng Bapliwnc.
APXLTEKTOVLIKN UTTOAOYLOTWV.

Ekboon: 1.0 Apta, 2015. AwaBeowpo amo tn OKTUAKN
dlevBuvon:

http://eclass.teiep.gr/OpenClass/courses/COMP115/



http://eclass.teiep.gr/OpenClass/courses/COMP115/

Apxttektoviki} urtodoyiotwv —Aopr kaw Agttoupyia tng CPU, ,, Turpa Mnxavikwv MAnpodopukrig, TEI HNEIPOY - Avoiytd Akasnpaikd Maéripata oto TEI

Znpueiwpa Adsrtodotnonc

—_— =

To mapov VALKO dlatiBetal pe toug 0pouc TN adstacg xpnong Creative Commons
Avoadopa AnuloupyoU-Mn Epmoptkny Xpnon-Oxt Moapaywya Epya 4.0 AteBveg
[1] N petayeveotepn. E€alpouvtal ta aUToTeAn Epya Tpitwy T.X. Pwtoypadieg,
Awaypappata KA., T Omola EUTEPLEXOVIOL OE QUTO KoL T ormola
avadepovtal pall pe Toug 6pouc xprnong Toug oto «XZnueiwpa Xpnonc Epywv
Tpitwv».

O Owalovyoc pmopel va mopexel otov adelodoxo Eexwplotn adsla va
XPNOLLLOTIOLEL TO £PYO YL EUTIOPLKA Xpron, Epocov auto tou I{ntnbeL.

[1] http://creativecommons.org/licenses/by-nc-nd/4.0/deed.el


http://creativecommons.org/licenses/by-nc-nd/4.0/deed.el

Apxttektoviki} urtodoyiotwv —Aopr kaw Agttoupyia tng CPU, ,, Turpa Mnxavikwv MAnpodopukrig, TEI HNEIPOY - Avoiytd Akasnpaikd Maéripata oto TEI

TéEAo¢g Evotntog

Eneéepyaocia: Evayyeloc KapBouvng
Apta, 2015

— et ©loee]

Evpawmaixn Evwon

Tportes Cornases “eyaie

Me ™ ovyypapmedémnam o Dadac wo e Eepunaion; Tweon



TéANoc Evotntog

Aoun kat Aettoupyia tng CPU, ,




