APXITEKTOVIKN YTTOAOYIOTWYV

(TuApa A-Q)
[Mavayiwtn¢ Toavakac, Kabnyntnc EMIT

210 7722541

BonBo6c¢ didaockaAiac:
XpnoTtoc AvOpikocg

210 7722495
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2UYYPOMHO

Opyavwon kair Zxediaon YmoAoyioTwy (n
dIaoUvOEan UAIKOU Kal Aoyiouikou), 41 ekdoan,
David Patterson and John Hennessy, petagpaon,
ekdooeIc KAe1dapiBuog, 2010. AiaBEoipo pEow
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[Mepiexopeva 1/2

[EVIKEC EVVOIEC KAl TEXVOAOYIQ UTTOAOYIOTWV.
AAYOPIBOI aPIBUNTIKWY TTPACEWV.
APXITEKTOVIKEC 2UVOAOU EvToAwyv (ISA)-

AVOTTAPAOCTAON EVIOAWYV, TO OUVOAO EVTOAWYV TNG
apxitekTovikng MIPS (RISC).

2.Xediaon etrecepyaaTr): 0iod0C OEDONEVWV
(datapath) kai povada eAEyxou (KaAwWDIWUEVN
AoVIKN).
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[Mepiexopeva 2/2

AUgNON TNG €TTIOOCONG PE XPNON
OIOXETEUONC (APXITEKTOVIKN AYyWYOU-
pipelining).

2uotnua pvnuneg (Opyavwaon, 1epapxia,
Kpugeg pvrpeg).

Movdaodec Eloddou/Ecodou (1/0).
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Baoikec Evvoieg

TEXVOAOVYIKEC POTTEC
TomKkoTnTa TNC avaPopag
A@aipeon
[1lpoTuTTOTTOINON

KepdAaio 1 — A@npnHéEVeG £VVOIEG KAl TEXVOAOYiO UTTOAOYIOTWYV — 5



TeXxvoAoyiKeEg E¢eAicelc

: : Optical Fibre
DOU(E"!L:?h;I;Ime (bits per second) Gilder's Law
ke \ L+ (32X in 4 yrs)
9 12 18

Data Storage
(bits per sq. inch) Storage Law

/(16X in 4yrs)
\ L

Moore’s Law

T (6Xin4yrs)

0 1 2 3 4 o}

Number of Years

Chip capacity

(# transistors)

Performance per Dollar Spent

Triumph of Light — Scientific American. George Stix, January 2001



EcEAIEn E@apuoywy

HD-OnDemand

HDTV and large files

transfers 100 Mbps

entercainment
. 18 Mbp=
through video
and audio 10 Mbps

Internett for browsing,
banking and
entertainment

1995 9 2003 2005 2007



TomkoTNTAa TNS AVa@opdac

Xpovikn TotmkoTnTa

Xwpikn TotmmkoTnTa
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[lpoTUuTTOTTOINON

‘Epeuva
EkAoyikeuon
EKJNETAAAEUON
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Eicaywyn

A@nNPNHEVEG EVVOIEG KOl
TEXVOAOYida UTTOAOYIOTWYV



ETTavaoTaon UTTOAOYICTWYV

[1p0000C TNC TEXVOAOYIOC UTTOAOYIOTWV
O@eueNvVETAI ATTO TO VOUO TOU Moore
KaIVOTOUEC EPAPUOYEC YiVOVTAI EPIKTEC
YTTOAOYIOTEC O€ AUTOKIivVNTO
KivnTta TNAEpwva

EpeuvnTIKO TTPOYPOANUO avOpWwTTIVOU
yovidiwpaTtog (human genome)

[Taykoopiog lotoc (World Wide Web)
Mnxavec avalntnong
O1 uTTOAOVYIOTEC BpioKOVTal TTAVTOU
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KaTtnyopiec UTTOAOYIOTWYV

EmTpartediol (desktop) UTTOAOYIOTEC
['EVIKOU OKOTTOU, TTOIKIAIO AOYIOHUIKOU
2 UuBIBacuoi (tradeoffs) kooToug/atmodoong
AIOKOUIOTEC (Servers)
Baaoilovtal o€ dIiKTUO
MeyaAn XxwpnTiKOTNTA, ATTOO00N, ACIOTTIOTIA
EUpOG: HIKPOi DIOKOMIOTEG MEXPI MEYEBOC KTNPioU
EvowpaTtwuevol (embedded) uttoAOYIOTEC
«KPpUUUEVOI» WG CUCTATIKA GAAWV CUCTNUATWY
AuoTnpoi TTEPIOPICHOI I0XUOC/AaTTOO00NG/KOOTOUC
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H ayopd TWV ETTECEPYAOTWYV

H Kivntd tTnAépwva B PC O TV

ExaToppUpIa
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T1 6a padete

[Tw¢ peTappalovTtal Ta TTPOYPAMMATA OTN

YAwoOoa TNG PNXavng
Kal TTw¢ Ta EKTEAEI TO UAIKO

Tn dlaocuvdeon UAIKOU Kal AOYIOUIKOU

T1 kKaBopilel TNV atrédoon TWV
TTPOYPOANMATWY
Kal TTw¢ auTth JTTopEi va BEATIWOEI

[Tw¢ BeATILWVOUV TNV ATTOOOCN Ol
OXEOIAOTEC TOU UAIKOU

Ti eival n TTapAdAANAN eTTecepyaaia
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Katavonon tng amrodoong

AAYyOpPIBuOC

KaBopilel Tov aplBud AEITOUPYIWY TTOU EKTEAOUVTAI
[[Awooa TTPOYPAUMATIONOU, HETAYAWTTIOTAC,
QPXITEKTOVIKN

KaBopilouv Tov apiBuo Twv EVIOAWV PNXavig TTou
eKTEAOUVTAI ava AsiToupyia

ETrecepyaoTtnc Kal cuoTnua pvnung
KaBopilouv TNV TaXUTNTA EKTEAEONC TWV EVTOAWYV

2uoTnua Elc6dou/ECodou (TTepIAapBavel Kal To
NAEITOUPYIKO 2U0TNUQ)

KaBopilel TNV TaXUTNTA EKTEAEONC TWV AEITOUPYIWV
£10000U/eCOOOU
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Katw a1ro 1o TPOYPANMA COC

/AOYIOUIKO EQAPUOYWV
[[papuEVO O0€ YAWOoOoa uwnAou eTTITTEOOU
(high-level language)
AOYIOUIKO CUCTNUATWY
MeTayAwTTIOTAC (compiler): petappadel
KwOoIka HLL o€ kwdika pnxavng
NAEITOUPYIKO oUOTNUA: KWOIKAG UTTNPECIWY
XeIPIOUOG €10600u/e€OO0U
Alaxeipion yvApng kal arroBnkeuong
XPOVOTTPpOoYyPAUMATIONOGC Epyaciwy & KOIVA
Xprnon mopwv
YAIKO

ETre€epyao TG, UvAuN, EAEYKTEG
£10000u/e¢Od0U
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ETTiTreda KWOIKA TTPOYPAM/TOG

’ ’ ’ Mpdypaupa swap (int v[], int k)
[AWoCa UPnNAOU ETTITTEOOU Yy
, , emrréﬁpu v[k] - v[k+1l];
ETriTredo agaipeong 1Mo (0 yAbooa C) | vOs) - e
KOVTQ OTO TTPOLBANUa |

[TapExel TTapaAywyIKOTNTA
Kal gopnToTNTA

z U IJ BOAI Kr’] YA(DGGG Mpéypapua swap:

GUMBOAIKASG multi $2, $5,4
(asse m b |y Ian g u ag e) mgzggﬁgepvacm MIPS) i:d zié $g’(§§)
AvatrapdoTaon EVIOAWV w46 0t
)

SW $15, 4($2

UNXavNC ME KEIMEVO e
AvatrapaoTtaon UAIKOU

l
Auadikd yneia (bit)
KWwOIKOTTOINMEVEC EVTOAEC

Kal 6860“8VG Mpoéypappa 00000000101000100000000100011000
Suadikig 00000000100000100001000000100000
yAwooag 10001101111000100000000000000000
unxavng 10001110000100100000000000000100
(yia emegepyaoty 10101110000100100000000000000000
MIPS) 10101101111000100000000000000100

00000011111000000000000000001000
Ke@dAaio 1 — Apnpnuéveg £€VVoIEG Kal TEXVOAOYia UTTOAOYICTWY — 17



2UCTATIKA EVOG UTTOAOYIOTN

AgloAéynon
amédoong

Ta idla ouoTaTIKA yia OAQ TO
£idN UTTOAOYIOTWYV

A i Emmitpatédiol, DIOKOWIOTEC,
($ EVOWMATWHEVOI
son S H eicodo¢g/€codo¢
; s 2 UOKEUEG OIaoUVvOEDNG XPNOTN
; (user-interface)
i . .wumxog) 1 0B806vn, TTANKTPOAOYIO, TTOVTIKI
| 7 . 7 } S UOKEUEC OTTOBRAKEUONC
‘ ;.gigf:;‘;?v . S >kAnpo¢ diokog, CD/DVD, flash
- N [Mpoocapuoyeic dikTuou (network
— Enstepyaothc adaptel’s)
T ——— ETrikovwvia pe GAAOUC
UTTOAOYIOTEG
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AvaToMia EVOG UTTOAOYIOTN

e

2UOKEUN
e€O00U

KaAwodlio

OIKTUOU

Zqusuﬁ \ \ . ZUO:K&UF]

s10000uU A : €10000uU
- T
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AVOTOMIO EVOC TTOVTIKIOU

OTTTIKO TTOVTIKI
Mia LED @wrilel Tnv
ETTIPAVEIQ YPAPEIOU
Mikpr) KGpepa XapnAAic
avaAuang

BaoIKOG OTITIKOG

ETTECEPYAOTNG
[MapaTtnpei METAKIVIOEIC
OTOUC ACOVEC X, Y

[TAAKTPO & TPOXOC
AVTIKOOBIOTA TO

UNXAVIKO TTOVTIKI JE
TNV UTTIAIQ
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MEoa a1ro TOV KOOPEWPTN

O0o6vn LCD (liquid crystal display): mriceA (pixels),

N €EIKOVOOTOIXEIA

AVTIKATOTITPICEI TA TTEPIEXOUEVA TNG TTPOCWPIVAG
uvnung kapé€ (frame buffer)

MpoowpIvh) VAN Kapé

N (Y EE U S

Xy X

0086vn kabodikou cwARva
odpwong pAaocTep

Xo

I
X
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To dvolyua TOU KOUTIOU

=

2kAnpog Emegepyaotnic Avepiotripag ©éon ©¢on Mntpikry  Avepiotipag  Movada
diokog pe KGAuppa DIMM  pmratapiag  KapTa ME KGAuppa DVD
pvripng
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Meoa oTtov erecepyaoTtn, CPU

Aladpopurn dsdousvwy (datapath): ekTeAegi
AEITOUPYIEC OTA OEOOEVA

‘EAeyx0C: opilel TNV akKoAouBia AEITOUpYIWY
oTn 01adpOouN OEOOUEVWY, TN MVAUN, ...

Kpupn yvnun (cache memory)

Mikpn ypriyopn pvnun SRAM yia apeon
TTPOOTTEAQCN OEOOUEVWV
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AMD Barcelona: 4 mrupnvec (cores) €TecepyaoTn)

Méoa otov ETre¢epyaoTi

Koivo-
Xpnot
Kpuer
pvipn
L3 twv
2MB

HT PHY, link 2

2

HT PHY, link 3

| HTPHY, link1 |Apy6 I/0] Aogaheieg

Movada kivntig
UTTOBIa0OTOARNG
Twv 128 bit

Movada
poépTWONG/a-
TroBrikeuong

Kpuer pvi-
pn dedo-
pévwv L1

Kpugn
pvripn

Movada
eKTEAEONG

L2 twv
‘EAeyxog | 512 kB

L2

Mpookéuion/
ATTOKWJIKO-
Troinon/
AlakAadwon

Kpugr
pvApn ev-

TOAWV L1

Muprvag 2

Bopeia yépupa

Muprvag 4

MuprAvag 3

HT PHY, link 4

Apy6 1/0

AcpdAeieg

<I7T OO
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Aopaipsocig (Abstractions)

O1 agaipEoelc uac BonBouv va XEIPIOTOUPE TNV
TTOAUTTAOKOTNTO

KpUBouv AeTTTOPEPEIEC XOUNAOU ETTITTEDOU
APXITEKTOVIKI) OUVOAOU evTOAWV (Instruction set
architecture — ISA)

H diaouvdeon uAIkoU Kal AoYIGUIKOU
Auadikr dlaouvdeon epapuoync (application
binary interface)

H ISA Kai eTITTAE0V N d1a0UVOEO TOU AOYIOUIKOU
OUCTNUATWY

YAotroinon

O1 AeTTTOUEPEIEC KATW ATTO MIa dlaOUVOED
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AC@PAAEC HEPOC VIO ODEOOMEVA

[1tnTikn (volatile) kupla pyvAun
XAavel TIC eVTOAEC Kal dedouéva OTav dev s
£xel pevpa - Ditra EN

120&!..,. _

Mn mrTnTIKA (non-volatile) deutepetouoa
HvAMN

MayvnTIKOG OiOKOG

MvAun @Aag (flash)

Ommikég diokog (CDROM, DVD)
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AiKTUO

ETTiKoIvwvia Kal KoIvr) Xpron mmopwy

Totmiko dikTuo (local area network, LAN):
Ethernet

MEoa o€ Eva KThplo

AikTUO eupeiag TTeploxn¢ (wide area network,
WAN): 1o Internet

Acouppuarto diktuo: WIFI, Bluetooth
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TAOCEIC TNC TEXVOAOYIOG

TaXVOAOYiG 1.000.000 -
NAEKTPOVIKWYV OUVEXICELs ™™
va e€eAicoeTal

10.000 -

1000 -

MeyaAuTepn o0
XwWENTIKOTNTA KAl

Kbit xwpnTikdTn

64K
16K

16M T25M22M

64M
4M

1M

256K >

1G
512M

10

ammodoon
MelwuEVO KOOTOG

‘ETog TTapouaciaong

XwpnTtikétnta DRAM

T T T T T T T T T T T T T T T 1
1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

OAOKANPWHEVO KUKAWUa (ULSI)

‘ETOoC | TexvoAoyia 2 XETIKI a1T0000N/KOCTOG

1951 | Auyvia kevou 1

1965 | TpavdlioTop 35

1975 | OAOKANPWHEVO KUKAWMO 900

1995 | INoAU peyaAng KAipakag 2.400.000
OAOKANPWHEVO KUKAWHA (VLSI)

2005 | YtrepuwnAngG KAipakag 6.200.000.000
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OpIoCHOG TNG atTTOd00NG

[Tolo agpoTtTAdvo €£xel TV KAAUTEPN ATTOO00N;

|I:| TaxuTnTa nTRong (piAia ava wpa) |

[ [ [ [ [
Boeing 777 | Boeing 777 |
Boeing 747 Boeing 747
BAC/Sud | BAC/Sud | |
Concorde Concorde |
Douglas Douglas DC- |
DC-8-50 8-50 I I I I
0 100 200 300 400 500 0 2000 4000 6000 8000 10000
O X0 pnTIKOTNTA ENIBATOV | | O AuTtovopia (piAia) |
[ [
Boeing 777 Boeing 777 | | |
Boeing 747 Boeing 747 |
BAC/Sud | BAC/Sud | |
Concorde Concorde
Douglas Douglas DC-
DC-8-50 :&] ss0 1
0 500 1000 1500 0 100000 200000 300000 400000

||:| EmiBareg x pikia ava wpa
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Response time — Throughput

XpOvocg atrokplong (response time)
[1000 OlapKEi N EKTEAEON MIAG EPYATIAC
AIEKTTEQLAIWTIKA IKaVOTNTA (throughput)

2.UVOAIKI) OOUAEIA TTOU YiveTal ava povadda Xpovou
TT.X. epyaociec/ouvallayeég/... avd wpa

[Tw¢ eTnpeadovTal 0 XPOVOC ATTOKPIONC Kal N
OIEKTTEQLAIWTIKN IKAVOTNTA ATTO
AvVTIKATAOTOON TOU ETTECEPYAOTN UE TAXUTEPN €KDOON;
[Tpo0oONKN VEWV ETTECEPYAOTWY;

EoTialoupe 0TO XPOVO ATTOKPIONC TTPOC TO
TTAPOV...
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2XETIKN atTod00Nn

Oplopog Amodoon = 1/XpOvocg eKTEAEONC
‘0 X gival n QOoPEC TaXUTEPOC ATTO ToV Y’

Arrédoon, /Amodoon .,
= XpOVOG eKTEAEONG , / XPOVOG EKTEAEONG , =N

TTAPAOEIYUA: XPOVOC EKTEAEONC TTPOYP/TOC
10s otov A, 15s oTov B
XPOVOG eKTEAEONGE | XPOVOG EKTEAEONG,
=15s/10s=15
Apa o A gival 1.5 popEC TaxuTePOC Tou B
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METPNON XPOVOU EKTEAEONG

«lMapeABwv» xpovocg (elapsed time)

2.UVOAIKOG XPpOVOG atToKplong, TTepIAQUBAvel Ta TTAVTA
Emegepyaaia, €i00d0/€5000, empBapuvon Az, adpavig
XPOVOG

KaBopilel Tnv attod0o0n TOU CUCTAMOATOG

Xpovo¢ CPU (CPU time)

O XpOVOG ETTECEPYATIAC VIO MIA OUYKEKPIPEVN

Epyaaciag
XWwpPic 10 Xpovo £10000u/e€OOOU Kal TNV KOIVA Xprjon atro
AAAEC Epyaaieg

ATtroteAgital atro 1o Xpovo CPU xpnotn (user CPU

time) ka1 1o xpovo CPU cuoTtiuarog (system CPU

time)

Al0QOPETIKA TTPOYPANHATA ETTNPEACOVTAI OIAPOPETIKA

a1ro TNV ammodoon tng CPU kal Tou cuoTAMATOC
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Xpoviouog CPU (clocking)

H AsiToupyia Tou yn@iakou UAIKou puBuileTal
a1TO £€va POAOI oTaBgpPOU pubuou

[Mepiodog poAoyiou
N -

PoAdI (KUkAor)
MeTagopa : : : :
SeDOPEVWV KO ( X X )
UTTOAOYIOHGC | | | |

Evnuépwon <:> <:> <:>

KATAOTAONG

[Tepiod0OC poAoyiou: n JIAPKEIO EVOC KUKAOU
T.X., 250ps = 0.25ns = 250%x10-1°s

2.UxvoTnTa (puBuoc) poAoylou: KukAol/second
.X., 4.0GHz = 4000MHz = 4.0%x10°Hz

KepdAaio 1 — A@npnuéveg £VVoIEG Kal TEXVOAOYia UTTOAOYIOTWY — 33



Xpovog CPU (CPU time)

Xpovoc CPU=KukAoi1pohoyiou CPUx Xpovocg KUKAoUpoAoyioU
_ Kukhoipodoyiou CPU
PuBuocpoioyiou

H atrodoon BeATIWVETAI YE
Meiwon Tou apiBuou Twv KUKAWY poAoyiou
Aucnon Tou pubuou Tou poAoyiou
O oxedlaoTrC TOU UAIKOU TTPETTEI VO KAVEI
ouxva oupBIBacuouc NETACU TOU pubuou
POAoyIoU Kal Tou TTARBOUC TV KUKAWV
poAoylou
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Mapadeiyua xpovou CPU

YT1roAoyioTn¢ A: poAdl 2GHz, xpovog CPU 10s

2. Xediaon Tou uttoAoyioTH B
2.TOX0G gival Xpovog CPU 6s

MTTopei TO0 poAOI va gival TaxUTEPO, AAAQ TTPOKAAEI augnon Twv
KUKAWYV 1.2 X KUKAOI poAoyiou

[T0c0 TaXUTEPO PTTOPEI Va €ival TO POAOI TOU B,;
PUBLGC POMOYIOU,, = KU|<)\’0|po)\oy|ouB _ 1.2xKukMoipoioyiou,
Xpovog CPU, 6s
KukAolpoAoyiou,, = Xpovog CPU, xPuBuogpoioyiou ,
=10sx2GHz =20x10"

1.2x20x10° B 24%10°
6S 6S

PuBudgpoloyiou, = =4GHz
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[MANOG0o¢ evTtoAwyv Kai CPI

KUk Aoipohoyiou=TTAMBocevioAwv x KUKAolava evioAn
Xpovoc CPU=TTABocevioAwv x CPIx XpbvocKUKAoupoAoyiou
[TAMOocevioAwy x CPI
B PuBuocpoioyiou

[TANB0C¢ evioAwyv (Instruction Count) TTpoypAPMATOC

KaBopileTtal atrd 10 TTPOYPAUMA, TRV APXITEKTOVIKI) GCUVOAOU
eVTIOAWV (ISA), Kal TO HETAYAWTTIOTH

MEoog aplBuocg KUkKAwv ava evioAn (CPI — clocks per
Instruction)

KaBopiletal atrd 10 UAIKG Tn¢ CPU

AV 01 DIO@OPETIKEG EVTOAEC £xouV dlagpopeTIKO CPI
To péoo CPI ernpeaderal a1ro 1O MiyHa TWV EVIOAWV
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Mapadeiyua CPI

YtroAoyiotn¢ A: Cycle Time = 250ps, CPI =2.0
YtroAoyiot¢ B: Cycle Time = 500ps, CPIl = 1.2
1010 apXITEKTOVIKI) OUVOAOU evioAwv (ISA)

[Tolo¢ €ival TaxUuTEPOC, KAl KATA TTOO0O,

XpoOvog CPUA =[1ABocevioAwV x CPIA x XpOVOC KL’JK)\OUA

=1x2.0x250ps=1x500ps

A TaxUTEPOG. ..

XpOvog CPUB =[1ABogevioAwV x CPIB x XpOVOG KL'JK)\OLB

=1x1.2x500ps=1x600ps

Xpovog CPUg _I1x600ps_. ., _

Xp6vog CPU,  1x500ps

...KaTtd 1600
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To CPI ye AeTTTONEPEIO

AV OIAPOPETIKEC KATNYOPIEC EVTOAWYV
OIaPKOUV OIAPOPETIKO APIOUO KUKAWY

KUkMoipodoyiol = > (CPI, xMAB0G evioAwv ;)
i=1

2100uiopevo (weighted) yeoco CPI

CP| - KU|,<)\0|po)\oy|(’)u _ Z CPI x I'I)\rleog EVTO)\U’)Vi
[TABoC eviohwv ‘3 [MTAB0C evioAwv

2 XETIKI oUXvOTNTA EVTOAWV
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Mapadeiyua CPI

EVAAANOGKTIKEC aKOAOUBIEC HETAYAWTTIONEVOU
KWOIKA UE EVTOAEC TPIWV KaTnyopiwv A, B, C

Karnyopia A B C
CPI 1n¢ karnyopiag 1 2 3
[MARB0G evioAWYV 2 1 2
(IC) akoAouBiag 1
[TARBOG evioAwV 4 1 1
(IC) akoAoubiag 2
AkoAouBia 1: IC =5 AkoAouBia 2: IC =6
KUKAoI poAoyiou KUKAoOI poAoyiou
=2%x1 + 1x2 + 2x3 =4x] + 1x2 + 1x3
=10 =9
Méoo CPI = 10/5 = 2.0 Méoo CPI =9/6 = 1.5
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2uvoyn TnG atrodoong

EVTOALC y KUK Aol poAovyiou y AsUTEPOAETT TA

Xpovoc CPU=—— - - -
[MpOypauua EvroN) KUKAOG poAoyiou

H aroédoon ecapTtaTal atro
AAyOpIBuo: eTTnpeadlel To TTARBOC evioAwy, TTIBavov
kKail To CPI
[[Awooa TTpoypauuaTtiodou: eTnpeadel To TTANB0C
evioAwv kai 1o CPI

MeTayAwTTIOTNG: €TTNEEACEI TO TTANOOC EVTOAWYV KAl TO
CPI

APXITEKTOVIKI] ouVvOAoU evioAwyv (ISA): etTnpeadel 10
TTANB0o¢ evioAwv, 10 CPI, Kal TNV 1TEPIOdO (OUXVOTNTA)
TOU poAoyiou
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O1 Tao€IC TNV NAEKTPIKNA 10XV

10000 pog 300 2667 — 120
N + 100
= 1000 +
= 95 | —
>
2 100+ +60 T
(@] D
(o} >
g 12,5 140 b
g 7 2
o 3,3

1 T T T T T T T 0

(o B~ O = © X — = <0 < o

o Y o8 o0 ES £S5 E~cE~NT
[se) 0 se) = D £ € Q

N o <t = O D «— <t R .

» )] » = S o O O
o o o = c O S e SEOo 3 pS 20
o~ So =8 g O0ac™

o o< o N4

2.TN TEXVOAOYia OAOKANPWHEVWY KUKAWUATtwy CMOS

loxU¢ = PopTio XwpnTIKOTTAS x Tdon® x ZuxvotnTa

/ \ \

x30 S5V — 1V x1000
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Meiwon TNGS 10XUOG

Y1roBeoTe Ot pia véa CPU £xel
85% TOU POpPTIOU XWPNTIKOTNTAG (capacitive load) TnG
mmaAidg CPU
MEIWPEVN TAON KATA 15% Kal cuxvotnTa Kata 15%

Pow C.4x0.85x(V,,x0.85)*xF,,x0.85

new

. —=0.85* =0.52
Pog Coia X Voia XFoig

To 1eixo¢ TNC 10xU0C (power wall)
Agv UTTOPOUNE VA UEIWOOUME AAAO TNV TAON
Agv YTTOPOUNE VA aTTayAyoupe TN BepuoTnTa
[Tw¢ aAAIWC JTTOPOUNE VA BEATIWOOUUE
TNV Aa1rod0o0N;
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ATTOO00N HOVOETTECEPYATTWV

10,000

Intel Xeon, 3.6 GHz __64-bit Intel Xeon, 3.6 GHz

1000

=20%

ava €106
100

52% avda €tog

Atrédoon (Evavt Tou VAX-11/780)

10

----- 1.5, VAX-11/785

1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006

Mepiopiletal atrd TNV 10XU, TV TTapaAAnAia etiTrédou evioAnG (instruction-
level parallelism), To AavBavovta xpdévo pvriung (memory latency)
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[TOAUETTECEPYOOTEG

[ToAuTtTUpNVOI PIKPOETTECEPYAOTEC (Multicore
MICroprocessors)

[TePICCOTEPOI TOU EVOG ETTECEPYAOCTEG AVA TOITT
ATTaITEl pNTO TTAPAAANAO TTPOYPAUMATIONO
(explicitly parallel programming)

2.UyKpIon PE TTapaAAnAia eTTITTEOOU EVTOANG

(instruction level parallelism — ILP)

To UANIKO eKTEAET TTOAAEC EVTOAEC TAUTOXPOVA

O TTpoypaAuPaTIOTHC OEV TO YVWPICE!
MeyaAec OUOKOAIEG

[TpoypapMATIONOS VIO JEYIOTN aTTOd00N

E¢icoppotnon ¢goprtiou (load balancing)

BeATioTOoTTOINON £TMIKOIVWYVIAS (Communication) Kai
OUYXPOVIOMOU (synchronization)
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Kartaokeun OAOKANPWHEVWYV

Keva
PaBdog mupitiou TTACKISIa

2 UOKEUN 20 €wg 40
—— , | —— —_— o .
TEYAXIOKOU BrAuaTta emTetepyaoiag

/

Aokiyacouévol KuBol AoKipaopévo Alapop@wpéva TTAakidIa
OO TTAaKi®I0 T T
5 /[ \
2UYKOAANGON TOU DDDDDDED AoKiLf [\ - N
TOITT OTN OUOKEUO- 4— o oy o g oy 4 KoTrmiké - | BOKIHN | o }
aia Tou KUBoU TAQKIBiwv L
OO000 {
l B0 ‘N /
2 UOKEUAONEVOI KURBOI AOKIHOOMEVOI CUOKEUATUEVOI KUBOI
Aokiun . |@ ATTOO0TOAN
KoppaTioU OTOUG TTEAATEG

Eocodcia (yield): TooooT1o TOITT ava TTAaKidIo
(wafer) TTou AciIToupyouv cwaoTd
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AMD Opteron X2 Wafer

X2: 300mm tTAakidlo, 117 Toit, texvoAoyia 90nm
X4: 1exvoAloyia 45nm
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Kootoc OAOKANPWHEVWYV

KooTtog ava TTAaKidI0
KuBorava mmhakidiox Ecodeia
KuBorava mmhakidio ~ Emeaveia mAakidiou/Emgdveia Kk Uou
1
(1+ Atéheiec ava povada emmgaveiog x Emmeaveia kUBou/2)Y

KdéoTtog ava KuBo=

Eocodcia =

Mn YPOUUIKA £CAPTNON ATTO TNV ETTIQAVEIQ (area) Kal To
puOuO aTteAciwy (defect rate)
KooTocg kai etnipaveia trAakidiou (wafer): otaBepa

Pubudéc areAeiwv (defect rate) e€aprtaral amd tn diadikaoia
KATAOKEUNG

Em@aveia toimr (die/chip area): e€aptaral amd TNV apXITEKTOVIKNA
KAl TN oXediaon TOU KUKAWMATOG
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MeTpotmrpoypaupata SPEC CPU

XpnoligoTrolouvTtal TTpoypAuUaTa yia TN HETPNON TNG ATTOd00NG
YT1ToTiOeTaI TUTTIKA YIa £va TTPAYMATIKO QopTio epyaciac (workload)
Standard Performance Evaluation Corp (SPEC)

AvaTtrtuooel petpotrpoypdupara (benchmarks) yia CPU, €icodo/é¢odo,
loTo, ...

SPEC CPU2006

«MNapeABwvy» (elapsed) xpovog yia TNV eKTEAEON MIOS GUAAOYNC
TTPOYPAMMATWYV

ApeAnTéa €icodog/€€0doc¢, apa eaTidlouv oTnv atrodoon Tng CPU
KavovikoTroinon o€ oxéon Je yia pnxavr) avagopdg (reference
machine)
2Uvoyn wW¢ YEWMETPIKOG HECOC (geometric mean) Twv Adywv atrdédoong
(performance ratios)

CINT2006 (integer) and CFP2006 (floating-point)

ri/ | [ Névog xpdvou exTéNeong;
i=1
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CINT2006 yia Opteron X4 2356

Ovopa Mepiypagn ICx10° CPl | Tc(ns) | Xpov. ext. | Xpov. avp. | SPECratio
perl Interpreted string processing 2,118 0.75 0.40 637 9,777 15.3
bzip2 Block-sorting compression 2,389 0.85 0.40 817 9,650 11.8
gcc GNU C Compiler 1,050 1.72 0.40 724 8,050 11.1
mcf Combinatorial optimization 336 10.00 0.40 1,345 9,120 6.8
go Go game (Al) 1,658 1.09 0.40 721 10,490 14.6
hmmer Search gene sequence 2,783 0.80 0.40 890 9,330 10.5
sjeng Chess game (Al) 2,176 0.96 0.40 837 12,100 14.5
libquantum | Quantum computer simulation 1,623 1.61 0.40 1,047 20,720 19.8
h264avc Video compression 3,102 0.80 0.40 993 22,130 22.3
omnetpp Discrete event simulation 587 2.94 0.40 690 6,250 9.1
astar Games/path finding 1,082 1.79 0.40 773 7,020 9.1
xalancbmk XML parsing 1,058 2.70 0.40 1,143 6,900 6.0
Geometric mean 4 11.7

YwnAoi puBuoi aoToxiag kpupnig
MVAMNG (cache misses)
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MeTpotrpoypaupara SPEC Power

KatavaAwaon 1oXUoc¢ OIaKOMIoTN (server)
o€ OIO@OPETIKA ETTITTEOA POPTIOU EPYATIaC
ATTO000N: SS|_ops/sec
loxuc: Watts (Joules/sec)

10 10
Overall ssj_opsper Watt :(Zssj_opsj / (Zpowen}
i=0

i=0
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SPECpower ssj2008 yia X4

doprTio oTOXOU %0 ATT0d00n (SS]_ops/sec) Méon 1oxuc (Watts)
100% 231,867 295
90% 211,282 286
80% 185,803 275
70% 163,427 265
60% 140,160 256
50% 118,324 246
40% 920,35 233
30% 70,500 222
20% 47,126 206
10% 23,066 180
0% 0 141
Overall sum 1,283,590 2,605
> ssj_ops/ > power 493
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Mayida: vopog Tou Amdahl

H BeATiwon piag TTAEUPAc evOC UTTOAOYIOTN Kl
N avapovn availoync BeATIwoNG TNG OUVOAIKNC
aATTO000NC

T

TTOU £TTNPEACETAl
NPEAg AT

T — |
OUVTEAEOTH C BeATiwong oV smeedeera

META TN BeATiLWoN

[Mapadelypa: o TToA/ouocg ival Ta 80s/100s

[16on BeATiwon TNS atrddoon¢ Tou TTOA/OPOU WOTE N

OUVOAIKN attodoon va 5-TTAACIA0TEI;
20 = 80 120 Agv yiverai!
n

[1oplopa: KAve TN ouvnNBIouEYN TTEPITITWON YPyopn
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[MAavn: XapunAn 1Io0XU¢ adpaveiag

AEITE TO YETPOTTPOYPAUUA IOXUOC OTOV X4
210 100% TOU @opTiou: 295W
210 50% TOU PopTiou: 246W (83%)
210 10% TOU @opTiou: 180W (61%)

Kévtpo dedouivwy Google
Kupiwg Asitoupyei oto 10% — 50% Tou @opTiou
Me popTtio 100% o€ AiyoTepo atro 1% Tou XpOovou
2 KEPOEITE TN OXEDIAON ETTECEQYAOTWYV ME
KATavaAwaon 1o0XU0o¢ avaAoyn JE TO QOPTIo
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MNayida: yerpo amrodoonc MIPS

MIPS: Millions of Instructions Per Second
Ae AapBaver uttown:

Ala@opeg ISA peTagu uTTOAOYIOTWV
AI0@OPEC TTOAUTTAOKOTNTOC PETACU EVTOAWYV

MIPS — [TANB0C evioAwv
Xpovoc ekTéAeong x10°
[TAB0C evioAwv PuBudécpohoyiou
~ TIARB0C evioAwV xCPl_. ¢ T CPIx10°
PuBudégpoioyiou

To CPI 1ToIKIAEl HETACU TTPOYPAMMATWY O€ JIa
dedopevn CPU
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2UMUTTEPOAOCHATIKES TTOPATNPNOTEIG

O AOYyOoC KOOTOC/aTTOd00N PEATIWVETAI
NAOYW TNG £€EAILNC TNC TEXVOAOYIOC
lepapxIKa TTITTEOA APAIPETNC
2.TO UAIKO KQlI OTO AOYIOMIKO

APXITEKTOVIKI) OUVOAOU eVvTOAWV (Instruction set
architecture — ISA)

H diaouvoeaon UAIKOU Kal AoyIOUIKOU
XPOVOC EKTEAEONC: TO KAAUTEPO PETPO ATTOOOCNC
H 10xUC gival TTEPIOPICTIKOC TTAPAYOVTAC

Xpnon mapaAAnAiag yia BeAtiwon TG atrodoong
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