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The power consumption and performance comparison
between Intel Pentium 4 and Core2 Duo
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Abstract

There are many metrics when designing microprocessors. Especially, energy, power consumption and
performance are the most fundamental metrics. Since these metrics are contradictory, microprocessor
designers give more weight to some metrics than the other metrics. In this paper, we compare Intel
Pentium 4 and Core2 Duo both qualitatively and quantitatively. Furthermore, we provide detailed
comparison between Pentium 4 and Core2 Duo when running real benchmarks. Through performance
counter of real processors, we calculate energy and power consumption. Performance metric is execution
time. In experimental result, Core2 Duo consumes less energy and power. Moreover, performance of Core2
Duo is also better than that of Pentium 4. However, in case of bzip2 which is optimized in Pentium 4,
Pentium 4 shows much better performance and lower energy and power consumption than Core2 Duo.

» Keyword : #FE X (Computer Architecture), m¢l EE8AM (Power efficiency), A4S
(Performance), Zme2! =Xz} (Compiler optimization)

cHIXMX D FEE DAXK B

<42 1 2008. 10. 1, AAM 1 2008. 11. 10, MAIAEY @ 2008, 12. 24.

C At AREANG ANHE o adden AuEAne 2 FH ATy 2us

% o] A7l Feld AFAE 28 BK21 A3 20089E R (2gAER)Y AdoR FETAAR
(RO1-2007-000-20750-0)"9} A 4u] 2 woke



166 #E AFEFEREE FE(2008. 12)

.M B

nlo]AZZ2AA AA A AUA], 9], 1]z APzt
< F83% Fxolt}, £ 3 7o) vxe2AY (nano-
scale) 2 Wzl ufghA o] Al 711 AEE 0% o] A=S)
A mdorgict (1). o] Al 7k F9e M= A5He 54
o] glojA, 9] ARE FolA =HE o] A=, A%
<= S 3 oW u§] AE7E ARt mlolaz T2 A A
AAAEE A7 Al o] Al 71 9l digjA sz $3]A]
%3 o] s HA9 duA, 39 Auske BEE 7t
Az AR

ulo]AZZ2AA AA A, o] ZR2AAV} o S 2
U Aol whgkA] ] Al 7EA] 718 Sl 715 E E 5 %
th A& S0, dHY=/Eukd tiulo] 2o olE wlo]AR
EZ2ANY AL, BeEde duRY ssid $HE Fu
AAZ olfe gultls/Euld tulelze] 74 wiE|E]
3% (5) olv 0] mlo|ARZZA|AC] g, ofiA] AR
o HZ=7] Q& FelM 4t £ Brjgtm U],
g ARE Fole Ao] 4Al A dAAQ E¥7L "),
2 247 rlolZRE2AN] 4, x|, He] LBE
the A% $HE 53 AR ol 245 volaz
Z2AAME Fbo] 7] Wi, Higlz] $Hre s
AL 3, FEjREe] A% S T Wil

T, od 3 S| 1ERE Frka A UHR] &
Holl thair] H3] 228 <+ & F §ick ol ol A%
o] Folx, et AufA] ARt AZechd 1 slejaz X
ZAME FEASA AW @A g BMge) At} §3), o
S} olux] ARt A2, slo|az T2 A AEA &
A7) o= AA=7) 2o HAAEL 74 g FA
317] aiA] oA, B8] LRl tieiA AE mRieA] &g
F itk 2 9] AL spviR| ot} wheld, vlelzE
ZZAN AA A diA] AR, B39 28 A%, o] Al 7R
S| el Fgd oz misjof gt

£ =RdME tEAQ] 48 nlelazZaAMQl A4 A
9 4 (10) ¢ 7012 72 (11) 9 dvix), 3¢, A% &
ol A v msED LolrbA o] F 7k EHE BF 1
22 v ofd Z2AAM7E o ZEAAR o disjA] v wslE
th ol SiBd, HAade HAsg (2), (4) 7t v 9%
TAE BlysjEc), £ =2 dAte s A Al2EloA
A% AFTIE ol 43l A mlola2 T2 AN HAITE A
g AR duAl 20 A%, 12ln EDPE 343 3%

o} EFoly, 3% o2)¥ 33 A3e ohe A7 &
43 A8 28E 4 Uk vEe], dA 24 vlelA=L
ZAN vlaE BN HAAELS Z2AM AA Al ofF
Z9E ol zelsiof sta, oJgA ok Al 7R Sl i)
A 7P B84 Z2ANE AAE ¢ 2 Aol iE T2

©
Y2 4 4 U Ao

o AE|Y 4 rlejaRZ2AA G QU Foj2 Fo EB
Ae B4 d23 AAE AFE ] Bo] 2ojx e =
EAMolth, A4 AFRHE ouR/oh¢] LRBECE 4%
o 8% Fu AAE7 gEd A% A3 oL
AAlC) 2ol gFolA] R HT A HY A
ARFE o] meislojof she FAlolt). olfiv I AR
7} SAE AS, nlo|lARERAN ] AF) ) A3 ZAIE
o 4 gl welt), mlelazZ2 A9 Al dolz}
< 98 7R RS Iee oA, ex BAIE d=
E F gu. vlolazzeAAMe 2=E 3 LRF 27
o] Eshe|, 98] A7) ST AL nlo|aRT2A M F
4] (hotspot)& 4717 3lx, ol& nlo|aRZBAAS] 1
& A=A AY, 3EEY A S vo|Z2Z2AME B
A DE F5 ot (6). wEp FHZ ulo]ARZZAA A
H9/edA) AREE S5 pHEE 9kt
HD 4 (10) o AF a7 ~Ze} (superscalar) Z2A]
A AR, BA YUF 289 (Simultaneous Multi-
Threading) (8) & A1¢sh4, slolzalQl &A7} 208 A &
3l 72 do|Zalel 72 dA|Z MM E8 FurE
g Tl weEd & 29 FIsE /W, ole
79 &% S S 71 5 v gl FRolvh =3,
Ze slolZeRl P2 QA golzelQl T Aeld] EAE}
£ 2H3= (overhead)7} Haid 4= wiol glch. wepr 24
Falprt FolAAlT HEo] shi & Aele 28 AllE 4t
Polgong e ZWoMx T4 B3 &io] Sirt.

v Fol2 Fo Z2AA (11) 9o A, HojzElE
AEeR A At 29 Fugvt dddes W
tlal, AZE mlo]AZlF1EA (microarchitecture) & ©l
431, A5g TolgHtt B8, vlo|22Z2AA sl
Fol7} 27) Eolgiet. QS FFE ] AL obF =2
(Multi-programming) 73-& AMFIER, o|2i@ thF =

A




e
i)
i,

AHY 49 202 Foof APALH HYiwd e vlw 167

019 dAle &&Hole & 4 Atk H&F (throughput)
SHoA B MEZ T2 ZTEA X (process) £ AH=
(thread) 7} BAld shbe] ZzAMN deggeeg e
4 49 vEIN B2 A TS 7IUE S o

E 18 #HElY 49 Fo2 FoE $XH o= v|wdt Hol
o HEY 49 AL 30]2 FoRT R B FY Fu
£ BTy o fe HolZaldl Zlo|e} #AL Ut} B
o] gl GAE AR AUsA AHEo 2N HolTalele A
A o JA Ak Zo] 7R, & el wHo] Age)
AL dele Alzle] 29 F7] A8 ARsks 240l
=2 39 FoE /Rite AL 99 A% Eudae o
P A £ Qo) olfe B4 ¢ ango) teF 2

o] Ax7] W&ot (9].

T} A Boc f Vde

SIRERAE RS V}Zd .................................................. (2.2)

T2 (2. D)ellA g9 ARk ZaAMe] 8 Fu(f)
o vl T AH(vVdd)el AF HlAETH E 1A
Hol wie} o] FIEIY 49 FTF AL Foi2 F oot vlw
A 0.2V A= w1 29 o4 £3 o B} wah wE
H 49] 9] e e A9 el B AYPAZE o) o
2 ool vjalA duiRez & Agta et 4 gtk =g
T4 (2.2)0119} o) iR Ange FY Fusoe o
AZF AT FF A AF vl MR iR &
B oEg BY3 A FEE F0E A% A6 471 3012
Foroh Be A dad + 9l

HelY 4= @Y 2ole] 2z L2 SMTE <48t
3, 3012 FoE 2 gy} 12, F:009] gl 2
i)z SElY 4ol wig)A slo|zElel o7t AR o g ¢t

. Al

ok

&z

AA BAA Adslr] 98 27 W1 Q49 3012 T
o HEaE AN A AFNE 188 & A% 4
(Functional Unit) ¥ A% A4S FE34dh A% A
715 o183t Z 715 fHe A2 A5E A H, 20 7
st 9 AREE 2AEGG. 2 1L A4 3
A el el 2ARE adelt) mle]lazz AN 2
7Ie 2 Ao As712RH A% AsE FE3tn, 47

T R 13 A2 T o9 ARHE FHA dA B3 A%

e

A

TS FEIAT. 3] ARFE (3) A AGEHAD ) &
3 g ARl (3] A vle]AREZ A MM A
T AFE 353 7 18 AT @ ARsheE B3 A
Foll F3ke WS AHESITE A HER A3 AR
AR, AUAE iR S glo] oh7] Wi, &
2 249 (Analytic Model) & A4319tt & =FoA] AME
oy Ang &4 2d vgd 2t g ReiE A
FATE B 1 Y AllE F HTEoR 4ARH 9]
A8 AREE F3H AA ouA AREE =28 F it

o2 S4o2 e 44 (2.3)% 2ok

0 mjo

43 N 2

ol

(e}

i ot
S
I

T3 2 sioMe oA AnE dee] F34EA H
7V ¢18led EDP (Energy-Delay Product) & % 3h}e]
23 71F0 2 AP} EDPFL 424 (2.4)9) o] Axtzitt,

EDP=
oﬂLﬂzliE%“(J)xgﬁg/\}@(%) ........................... (24)

HElY 4% B3 shte] T2AA 320 (core) oA Ha=
3, o2 e ZRAA Fojrt 27leltt. F:0i2 FooA
A Tl 7izte) Fojoa Al e T2
o] AgsE AR rHgsitt.

A9l Bah= SPEC2000 #WAmk2 (benchmark) (12)
oM 47l eeZ2aRE MFHET (gzip, bzip2,
crafty, twolf) ] Ul 7pA Wix|upze] WA 2} o] A&
2% A%, EDP 234F EodE Aolvt. bzip29 7+ 3E
& 40 HA3sl] AR 3L, gzip, crafty, twolf ©l
A 7] SEER e oz nlo|ARZRAME HZH g}
=R gkt

1. HEl 49 302 F2o| A vlm (10), (11)
Table 1. Quantitative comparison between Pentium 4
and Core2 Duo (10, (11)

3.0 GHz 2.0 GHz
22! 37| ARE 0.3333 ns 0.5 ns
Sa o 15V 1.225-1.325 V
09| 5 1 2
mo|=zajol Zlo| 20 A 14 A




168 ®E AFEHHERSE HILH(2008. 12.)

i

INEEEE NEELELEEE)

T8 1. A A HAE ofo|lazZzAkolN 2 715
T 8 M5 AKE FEsi1, 0|5 HIECR njo|a2TRAMAN
A mielaqgi z} 7|5 fK o oeanate TEE
ok MRS T2 ENsl0] FU Moz ollux]| Aozt
EDPE £3& = oot
Fig 1. Overall experiment process. Through
performance counter of each functional unit, we
calculate power consumption of microprocessor and
each functional unit. To evaluate performance, we
can measure execution time, which can be used to
calculate energy consumption of microprocessor and

B =B HEY 49 70i2 F9o9] Juir] Amdk)
A%, 283 1 F 7R E FEE R vuslE 4 9ls EDP
2%kl tsiA 29Z Aol

41. AZt BB wE oty 422 HlW

o] Folxe HEIY 49} Foi2 F29| A7t B8 2
ZH 7% R w9 AR vwgt) 19 2€ HEY 49
$4EZ Yo wE 7} 7% §Y d d3Y ARFE BAE
ol 7] $4ZR 0 BE FEHCE A4 gR2H &
Y (IntReg)®] ¢] ARako] 7Pg B2 202 Vepsith. o]
fe ol 714 $-8Z2 3 Eo] SPEC INT Wx|nt=o]7] o
#olct, SPEC INT MiX|slae= 4R S F2 AN §
L£E2IYER PAH] gtk o) Andkel Wishe 82
22| X0 7191817 WEel $-EZ2 | uetA ot
9] ARFo] Azt wepr Haldtt. Gzip A4l 74
B 9] ARTS HAFT)

a9 32 292 F29 ] /KA $EZ2agd nE 7

EDP. 7% FR 8 9 ARFE HoAZTh 3o)2 Fo9 B9

£ 3% #2 (INT_c0)9l 9] 2230 Aoz 714 &

V. Al Ao S LEPE AR R EPC R EE DIPS T

B uid, 73012 729 Zfole 34 A2] 74 (Integer
8 TRy 8 TRt
7 BusCH1 7 BusCtil

FpExe
— L1_Cache_TOP
e LZZBPU

L1_Cache_BOT
Alioc

- FpExe
—L1_Cache_TOR
-~ L2_BPY

— FpReg

InstrQ

DILB
Rename
BusCti2
TrCache_TOP
MOE

(1) Gzip

1_BPU
Retive
L2_Cache
7 BusCtil

— FpExe
~L1 Cache TOP
-L2_BPU
FpReg
InstrQ
DTLE
Rename
BusCtr2
TrCache_TOP
MOB

1ne
--L1_Cache_BOT
- Alloe

G

(2) Bzip2
s TRy
L2_Cache
7 BusCtil
= Lifxcaache TOP
6 BPU

-~ L1_Cache_BOT
Alloc

(3) Crafty

(4) Twolf

T8 2 "EIY 49| 88Z20 Y ARl WE 2} 7is R4 Y nj Amgk yEo| thelE olE(Wolch
Fig 2. Power consumption of each functional unit in Pentium 4 according to applications. The metric of y-axis is Watt (W).



= Z il 7 .0
old HEIY 49 3:ol2 Foof AAANH YL F A4 Hu 169
8 e o . et Thypave 50 I . . . s e hypass ob
UROW00  bON_sD UROHE GO bON,c0
7 b e - . Doecallen e b0 0 wulloe el o b0Led
e ABULED b3l ~AGHS0 - bO0 et
bOS_oC bOD_® 6+ b0 _s bOD_s0
BP_ o0 BOG_s? BP_od bOG 2%
bOR_c0 sommit 20, comasiz 50,
b30_c0 decode o3 decode 6
8Tb_co b0%_30 00K 50
50B_o0 oA <0 bOA_5G
.00 faT_c0 RALLeo
1OF e (200 126,90
bOE o0 L3 et ~184.60
N —— - ompli 68
—bd oo —DLicO oLice
bOM_cc  —sID_c — §IMD_s
ba_0 PoR_c0 —ROB_c¢
bac_c0 RS0 RS20
IFQ.e0 bopz0 | bOP_53
(1) Gzip (2) Bzip2
3 W o e ypass ot |
URON e UROM.$D  bOH_cD
alloz_c0 allos D bl
AGU_e0 AGU_ed —bog =0
B ) b0S_ed 0D 55
BP0 BP0 606 20
B 50 BRAD eammiad
5 BAGLED  deiode,sf | LB T S b0Q_c® dvosie, o0
. VR AVC R SRRLI PP RSN PO TR T Bl B bk
P W Y P Ay ¥ 505 _e0 boB_ctt bos 20
;e Lte0 RAT0
b0F_c0 bOF 5D 12500
BOE_0 | L5008
bk _ce cmpl( 0 —emplas0
b0l e0 oLL_s0 - DLis0
OGO~ SIMDEO | - SWD.c0
WSO AR | - ROB_8O
BOC, o 500 | RS 5
S ke bnwﬁg_»; o bOF a0

(3) Crafty

(4) Twolf

% 3 30PR F20 2RE2 W W AR WE 2 Jis 84 ¢ el angt yEe| Hfls de(W)olch
Fig 3. Power consumption of each functional unit in Core2 Duo accordmg to applications. The metric of y-axis is Watt (W),

ALUY®) stel 2msgo) 713 ek, 2912, AES 42} 359
£ 2ol $8muageln) g 1S o) 2ake 100

B8}, Grip, bzip2, 2813 craftyd] A-¢ A4 49 9
Y Avgel s Be W Twolfd 7% uridd

{Reservation Station)9] 9] A& go]
ok, &8, gzip® bzip29] A4
& W, crafty$} twolfe] B-fole e el #als}
BFNELE AT ol gzip? bzip27t WR2AE AT
Yol & wlo]AREZ QA0 oi]iwrt Ado g Hy) o
Folth Crafty®} twolfd-& 7ol nlRe) 4ol oty
BA o7 el vlolAzT oMM LAY $F o] 3
A& aRake Aol lok @2 oo A4 ZaA
A F0j7}t 2740|7] WiEol Ze 71F fule] 2744 EAs]or
Al e T2 AE Y] ohE solol A Aol Alaiagl
AR 7M7) Wiel 3ol 17He] o9 Ax Halgehs
ERATE,

k| 254 308 njFoldd M2 g 749 ojuhg vy
o, #f3 F og] hRgo] AEG o HR EAEF
T Uk, Gzip 7% AEY 4004 AFAHE o) Fof gkl
AaRFo] 75W (B4 HA L 4] B¢ whde] 3012
2] A% 5.TW (35 ] f1le] A)elt, o) 202
29 T Agte] HEIY 480} 0.2VEE B2 ey

7V A vebs
Folle 9] angge] Wapt §

A% 2

) tle

n

¥t

Es
=

:1n

7} 3.00Hz2 2.00Hz9! 3012 Fouc} o 58 A 7gig

SR RELECYRBE S E DRSO REEE
g3 29 Fokeol S sloe 2 Z2aue 49N

A% A% 57 A9 8

$oll 9] 2Rl s

Fort o & HEY 49 7
B}, AElg 49 22 709 7P
HE Bl axdke 7% %‘;191 He] AR Aole S8
2aWd e Aol iR o g 2~3WE R HEY 47t 2
o2 7o) & FAE Bol 2RFTH

42, A A7
A3 /‘1?}94 73, A4 ?/]'-‘fri Al2ele] Fed 8 (Context-
switch) 5 718} SWE=E Aelsta, st g8T2
ol @5!5& NZrg *—*@5}“@‘ O¥ 4% HAEY 49 7012
Feo 2t ggugad g Ay AlE BeEnt Gzips 7
+ 206408 = 32012 %SJ} W23, crafty?] 74 1L4THEE
:70%2 Fort B2 AT S HAFQI twolfe] 3+ Bo] 2t
ofubAlE ekl (1. 28HH) o2 oot o & A%
& HojFQivh B2 HEelY 49 B¢ 2L gojzE] 72
2 33 29 FoE JUE oot YR g gol
Zl YA R 9% sgolZelel T Alelgl euEz (o
el dlA| A o B AEAYE (interconnect) A1) E2
SlglA] Tolgdl 28 Fulrz e oS eufE| s QL



170 HE A FEBRES HCEE(2008. 12.)

3

| mmees
Bac2se

BHEY 4 WHEH 4

BR02§F2

RRN2F2

twolt

bzip2 gip bzip2

twolf hzip2 gtin

7 4. HElY 4%} 202 {29l 45 H(|a
x52 S8Z=2 M olEo[1L, vER X
chejoct,

Fig 4. The comparison of
performance between Pentium 4 and
Core2 Duo. The metric of y-axis is
second.

3% &4dol vl AR, 224, bzip29] 2% 2.880 =
HEIQ47} 202 FouT WE Aee BT olfe
Aside] 4317} bzip2e WEIY 40 %50l H2stE o] 3l
7l MEY. BE SEZRIYS| HolFe A} Wy
itEe AAE BoFed ot A HHrt el
AlAlE 9l AT AE HAFnt

=1
[

43. o 4X| A2

3ol ARG vie} Zho] phg) Amard) HAPA|Tte] HE
g ol 43l 8= e APAHE e F LA AR
FE =23gich

a9 5% AE Y 49 30)2 F29] duiA LI
Zt}. Gzip, crafty, 121 twolfe] A4 202 Fo0}
Yz Eg40] Eoh Twolfe] %ol HEIG 471 2.5413
= Be duiRE ARste Ao vyt 123 crafty
9] AL B2 Aolg Holxle gskont, #HEY 471 2003
T AqUAE Bol &3 Aoz el Gzipd 3%
Held 7} 25%3= e XS AR Ty,
bzip29] 7% Zol2 Feo oA Axdo] 453] Wl
I °olfrZ, bzip27t MEID 40 HAsEY FHd HIWI
& 22 Foot € AA LREE HA3PA|Tte] HE
4 47F Fol2 Foo Hig] B4 AY] e o B ouix
& 2Rt & 4 3 3202 Tt e $&Zead
E (gzip, crafty, twolf) & APAAE o, Yz 22 &
Holl A gds] HEY 480t FA T 28Z2 IR0 HA )
7F AEHYE AS, "R 22 JuRE A F uke
AEo| Y2th oA Ame] B¢, A3 Al7to] o8 HE
FE 9 nE ouiRe] AE% Y73 Wi, s AR

A~oake

Aty =

12l 5. HE|Y 4% [02 729 ol
22 HlR x&2 8=z ojg0l1,
yE2 &

Fig 5. The comparison of energy
consumption between Pentium 4 and
Core2 Duo. The metric of y-axis is

Joule (J).

02| 6. HE[R] 49} 202 72| EDP
HN x52 S8Z27 0|80|7, yE2
E(J)=xE(s) =Hlolet.

Fig 6. The comparison of EDP
between Pentium 4 and Core2 Duo.
The metric of y-axis is Joulexsecond

(Jxs).

(J) eelolet.

F oo HaPAztel I EF FAE 5 st

4.4. EDP (Energy-Delay Product)

AU A% T 7Y &84 g BAld 22E
9lE X9 EDPE vlwsiEgich. EDP] Aldt Wyl e 3%
oA BojRl ule} o] ggx=aUE HYPAZFS W,

He duiR|e 48AZHE F3 ghe] Hoh

39 604 Hole uleh Zo] EDPIIME F /e g2
F97) WEd, 98y ®o] o7} ve AL AT + 3
o}, Gzipd ¢ 2.83MA R 0|2 F27F EDPHAAN €%
@ Aoz Jehln, crafty? 74 1.518), 221 twolfe
7% 3.314) o)z} e} 28} bzip29] A5 iR HE
4 47} EDP &&4o] 13.56MA3E £& AR vehdr}.
olf= YollA AP AXNY bzip2e HED 4 HA3)
= ulolda] (binary)ol?) WEol Az AR EH3} L3
Azt Z2uidl 9538 F2 ZE BAFrh (2¥ 694
bzip2e] 2012 FoAe] EDP &43gte] W F Z7] Waol
A2 FAF) ol 9A) nelAR T 2N T2 o]
o Asjdeie] FAz} deht & YL HAEAE AP
= ZAjo|t},

[<]
AT

t

,0

V.ZE ¥ F I

2 =2dMe HEY 49 2012 F29] QA 391 &
w2 gz 43S vlaaEsict Aajela Relko]
9], YR 2%, APA7E 2E 2H)A Fo2 Foot o
ve dne HolFQich 18y bzip2e] AFelA HolRe]
Aolds] HH3} ouR] et Al PlAE Gl 3T



3 Atk e Ut F, molagzeAA iy 72
obe] 2 dAlsldeks Axadeldel A¥st soiglA)

oml ouiA] 25} Aol G g oA & Yo,
rlolAz ZRAMe] AA 7]F of2 7kx)7} Al AdA

FEE duA] 228 F0l1, A%E gole AN A2

AEEE Hio] gloja] g ZollA o]E-g HY 3 o=

238 Holo} 3t} e} vlolazTAN AARS S
o] F7/RE L5 AR dofsiA qutth B w=fdAe
EHQ g rlolaRE AN QY] HEel 49 2
o2 {29 dhix] 289 A% vusEoen nolag
Z2AA AR oUA AR, AFF ol ouid 98 EAt
sleA] swirt. £ =88 %75}@1 Fefpo] wholaR RN
& UAY u, ofujst -‘?AH o] 84| Holof gm oFA A

A7t slojof sheR] AAAES old e FAHE A& &
A& Aot} B =RolMe 1T nlelZRZ2AM7]2] ¥l
wERAEL -“-}"? A AoRE W

A% (embedded) wF
olARTEAX Y DAY wlo|ARERAME Blm, BAY
Agoltt,

T

eSink

rek

{1} S. Borkar. "Design Challenges of Technology Scaling,
TEEE Micro, 1999.

{2) John L. Hennessy, David A. Patterson. "Computer
Architecture: A Quantitative Approach’, 4th
Edition Morgan Kaufmann 2007.

(3] C. Isci and M. Martonosi. “Runtime Power Monitoring

in High-End Processors: Methodology and Empirical

Data.” In 36th ACM/IFEE International Symposium

on Microarchitecture (MICRO-36), Dec. 2003.

John S. Seng, Dean M. Tullsen: The Effect of

Compiler Optimizations on Pentium 4 Power

Consumption. Interaction between Compilers

and Computer Architectures 2003: 51-56

(5] T. Simunic, L. Benini, G. D. Micheli. "Energy-
efficient design of battery-powered embedded
systems.” IEEE Trans. VLSI Systems. 9(1),
pages 15-28, 2001.

(6) K. Skadron, M. R. Stan, W. Huang, 5. Velusamy,
K.  Sankaranarayanan, and D.

(4

Tarjan.
“Temperature-aware microarchitecture.” In 30th
ACM/IEEE

International  Symposium on

Computer Architecture (ISCA-30), pages 2-13,
June 2003,
(7} J. Srinivasan, S. V. Adve, P. Bose, J. A. Rivers.

“The Case for Lifetime Reliability-Aware
Microprocessors.” In 3lst  ACM/IEEE
International  Symposium  on  Computer
Architecture (ISCA-31), pages 276-287, June
2004,

[8] D. M. Tullsen, S. J. Eggers, H. M. Levy,
“Simultaneous Multithreading: Maximizing

In 22nd ACM/IEEE
International  Symposium  on  Computer
Architecture (ISCA-22), pages. 191-202, June
1995.

(9} B. Zhai, D. Blaauw, D. Sylvester. and K.
Flautner. The limit of dynamic voltage scaling

on-chip parallelism’,

and insomniac dynamic voltage scaling’, IEEE
Trans. VLSI 131D,
1239-1252, 2005,

(10] Intel(R) Pentium(R) 4 Processor on 90 nm

Datasheet. Available at
ftp://download.intel.com/design/Pentiumd/dat
ashts/30056103.pdf

(11) Intel(R}) CoreIM2 Duo Processor E8000 and
E7000 Datasheet. Available at
http://download.intel.com/design/processor/da
tashts/318732.pdf

(12) SPEC2000 benchmark suite. http://www spec.org

Systems, pages

Process

Series



172 WE AFEBREE HEE(2008. 12)

BT=E
20073 8Y: T HHREAIE

AT )
20073 98~xh: weiietm HF
EERELE I
A ek 3
B gok AFE 72, 4 AR
B, Qe Z2A

YR
20034 29 Agmgw A7) AR
E1ZE} gt
2003 19~20059 2¥: A
WeAlEE Senior
engineer
20054 3€~2006d 1€ HE o
74, Department of
Computer Science,

University of Virginia.
20064 32~8A4: widlm AT
EJgAFEE =
A
B Hob AFE 7, ZeAM
= ¥, 294 wi=a,
System on Chip

IS
20084 2¢: meitigha AFele
g}
2008 3¢~3A: neliEw AF
BRSSPy gt &
Y Eok AFH 7= 2T AF

B, AR A2

0l & 4
2007d 29: weidiglw FREA
g ZAsrE st e}
20079 3Y~A: zithdlw FR
BAuE AFEsger
A1 Agt 5
Y Bok AFE F2, A2H AT
Edo], Solid-State
Disk




