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Abstract

Many researchers have studied on the methods to improve the processor performance. However,
high
problems such as battery life, high power density, hotspot, etc. Especially, as hotspot has critical
impact on the reliability of chip, thermal problems should be considered together with performance
alleviate the thermal

integrated semiconductor technology for improving the processor performance causes many

and power consumption when designing high-performance processors. To

problems of processors, there have been various researches. In the past, mechanical cooling
methods have been used to control the temperature of processors. However, up-to-date
microprocessors causes severe thermal problems, resulting in increased cooling cost. Therefore,

recent studies have focused on architecture-level thermal-aware design techniques than mechanical

cooling methods. Even though architecture-level thermal-aware design techniques are efficient for

reducing the temperature of processors, they cause performance degradation inevitably. Therefore,
if the mechanical cooling methods can manage the thermal problems of processors efficiently, the
performance can be improved by reducing the performance degradation due to architecture-level
thermal-aware design techniques such as dynamic thermal management. In this paper, we analyze
the cooling efficiency of high-performance multicore processors according to mechanical cooling
methods.

consumes more power than the air cooler whereas

According to our experiments using air cooler and liquid cooler, the liquid cooler
it reduces the temperature more efficiently.
Especially, the cost for reducing 1C is varied by the environments. Therefore, if the mechanical
cooling methods can be used appropriately, the temperature of high—performance processors can be

managed more efficiently.

» Keyword : High-performance processor, Mechanical

cost, Cooling efficiency

Hotspot, cooling method, Cooling

F29 e § Wl A0 AgAe] el S
& gt W 35S AT A A7t FHAOL of

=2
LM 2 Szt

A ZRANS) A5e 2 oM AT 724

A e 7l o) Po] tdt v)sg 3
3} QlEH|o] A2 71 AR} 7)715L AFal= Adko] Axb
AL Qlek. AFE A" AFAES o3 AR
LTE WEAI7)) Q8 TRl AE gt AZES)
o] ZHdMe Hedt 7S 7 Z2a8 Ads) A
AR} QB 0)2~E Adlshet] AT S-S T3 =

s} Zlolte TAjpe] 2TESlole] ABE TS 9]

G| Ae] AFE nigto g 779} vlwate] HofH o &)
FHFARHINZIENAL ARARES] 875 FE3] USA]
7171 SlelME e 3] wihe S 240l oS ¥
FAFN7] gk AFE ALH SR o] Folxfof gt
34 7Ied] TEe EWAXEH A7|E EAFTAL 29
upeh Z2AM 9] Adse] A FEE AR BHE 7HA
J

=
< W, AE A SR Qs wE G4 @ (HotSpot)



AL 29 71Hel WE 14T HER

of ZAM W 5 ¥4 3

o AN NP AP BAYS Fushck 1Y
1914 Hol v} o], 54 7l%o] WA e} maA
A R M8 dx(Power Density)e H243] £7Fh=
Ae B 5 ok AY WEe) Fhe ZzAA YR
27} A AESE B8 RS FESE, o T
o 245 9RE e, slze] WAL PUAAN Fe 4
2 (Reliability) 3 gl #4249 & w7 2
# 2014 Hol= upeh o] 27t sl webA Az &
FY oF TUEL AF Hog ke A ;T + A
ok Egh ol 25Ut sl webx o o] FolA
A Hed, HY 2% 10015T sl =W Ao 7
o] Autog Zpidithe 7 A ¥ vl vhHs] =
& ZEAM R 2 A W v *‘lﬁr 717 H-&
S7FE ololXtHI]. wabA ZEAN L Al2FY] 2%
HEE e AR A" A, i, 2ga AE
Eo|7] 13 B9l AR diFHA Slvk
A AEE siEs] Q13 ite 2= ZIAIFES] W7t 7]
W2 723 H12s 58 &= Ao 73
Tol Atk 72 HTE T 2% Aol 71 F 7P g
AREE 4 2% Aol 7HOTM: Dynamic Thermal
Management)> 7P Y} 3= ZFH(DVFES: Dynamic
Voltage and Frequency Scaling)e|ut 1% A (Fetch
Throttling) 71" & T3 FdHR  JTHISIN6EINT].
A 2% Aol 7S T3 72 HES B 25 Ao
71 Z2AAMY] =T G o S sAl HHE ZREAA
o] FA& Algtete] o] s AAE JAg oA Y =
BA|AeA %HEQE g AAE A7) Wi Wzt Hlg
(Cooling Cost)& %& 4 YA o] 7S Ag3k= 4%
Z2AM9] F& AT R ¢ 7 =
Aghet. olol wial, Z1A1H< ‘%s‘ ZF g ol 8she Afolle
Zg2AMe s Ak flo] & |
17‘—‘10 W2 e 257t = } "“j 2085E Y7 vlgol
A ]

23] 27137 whel W3

tlo tu Lo i-

1 AN Al 2l A2 2
9 A3 Thermal Resistance)& é@‘ﬁ AN LR
A43k)7 o2 B4 & A 4

HHog ol 4 e oaabo

.
)Y
£

1000

s
1=
S

Watts/cm2

Power Density

e

1386 i486  Pentium Pentium Pentium Pentium Pentium Nuclear
Pro I Juf 4 Reactor

Enhancing Pracess Technology

T2 1. Z2EMMe| M = Bt FA[5]6]
Fig. 1. Trends of the power density on processors

Failure Factor
P

0 ‘ 20 40 60 80 100 120 140

Temperature °C

T8l 2 250 mE MAIRE| 2F LS 0]
Fig. 2. Failure factor of electronic device according to

temperature

A e Z=ANE dL AR B2 ke st
7] WEell BHHoZ el Fe 2E7F AR o5
A3}A)717] fls) T2H] A 7S H88l7]= SRRt A
Aoz e B2 2EE Alosly] AeliMe Hk=A] 7]
AAQ Y7ol Basith g, 72A e T3 2
= Aol AsE ATV wle] deE 88k Al
Hlods 2 2AVE 2 i gloh wel, Z1AIER W2 71y

e 228 & 4 9& Aotk
2 ERANE FA W 7P 39 ST S

719l feel e El:“ﬂ i*ﬂ*iﬁl £8 A3t 7}



4 R FE RS ioGE2011. 7)

olsh 2 2] 4 thest vt 29I ZAE
2 7o)t 71%eka, e B e Ageln A
$3he 3SR W2t IS B4 Q2o distel 4
AS) ek 4l ZA4 W Ee) SR BE

Ao BEAS BA) A8 4% oY 845 4
@ AnE S Bl BA Ao SeE B
o] A% % GF Aol dhate] Tl

| 7|AIE Wzb x|
AFE AlzHlellx] ARgEE W2 71 (Cooling Method)
& AlZE Y ReA RS ES A8le WalS ofn|sit
7o AFHES ZEAXY TA SETL AF R =7
ol Wk dio] Ao FAIF £ Qe FFEoIU7] WE,
ZZA] FEHS B 7S Bl T %‘7—.‘ 2%
E 710 & ik SR W2 71gel gk Faxrt =
2 Bk A9} g, Hal AE A2 A9 ]—E
7iee] w2 el JAF R JAHEIE HA HoRA BE
o] =77} A3t HUA HaHe R Wt 7Y F8/4do
ZoAR Stk 53], AFEY AN AXYA FLAH =
(CPU: Central Processing Unit)9} 4bgo] e 1)
¥ X2)ZX(GPU:  Graphics Processing Unit)&
Q1 W7 X7} gloha ARgo] B7FsE g e Go| W
Agtk 28E2 H4 AFE A=Y R4S A6
Aare B 258 fFEske FXES A% A W
71"§o] RE=EA] Fgsict
AFENA AR 71AA W7 AAe FAAHD iR
2EE WHFE ’\l"EﬁJ Wzt W 257t o] MAskE
o Aol Wzt wpalo g TrY 2 »l
s ]iEé] W4 o rs c>EIW W2 Air
Cooling) 7IHe] F2 ARGEIL A7 Yoz =
H(Passive) ¥ 71, 55 I(Active) W7F 719, A&
AHThermoelectric  Module) W7 7§, 3|E o=
(Heat-pipe) ¥2F 71, 28 2343 53
Wzt 7Y Fol ARSETHIO0L
59 W2 7 WaEnks AMSskE WvIHeE &
£o] Golx] HluA & WA Hadus gyt Bl
3 ¥4 71

At R dAAs A AHShE

1%

|

[

2)(Liquid)

& m2ANY Wt B3k A2 W S5 G3E Bl
0] el A28 WA FA] stk dek 5 W
7 703 558 W7 7o aRe] o) ohe
A Qs BHH S5 YAU1e) B8-S AR 3o
% 847} Bk 4G o] ERHo] e WA
S 42 A9 ol YaR QAR BHoRA 9
$ARe EoF] uholct R ERT YARS 97 ALg
e I E T RIS Hoham A} Z7)g oh)

gzaop_ = ﬁ_tﬂ— {47} Eh:}
a9 3 %J} Wzh 713e] Y28 BojFy Qi 2
E]o] G2KPeltier Effect)E &83l= FaAt W 7
= gl Heto] AP AP} o)FetHA 2= AL i
Y5 Tl WZ4E sl =9, AL olake 2m7A|
WAAZ F Adrke Aol °‘\:} SAYE HEjo] Azl= g
4 & 19} 4 Zd @t 5

ol LA @-‘Xﬂﬂ% ler"“’ﬂ 7}@3"1 7]**] ”Eﬂi
2 48 Adsia EHere A
23] Fof|, ThA] @ 11]7]' Hol SR %ﬂﬂ* wHeR T
Zgit). S|E slo|Ze JRSLE o]fale] E& e}
ol EL WAEEAE AT S :IL—‘J]' Fresiar
5ol FEo] Paax] gho} AL fARS Hl§O =2 JIYgTH
o= AR Thssithe Aol Atk AedlA Vs W 7
o= AHH3HPhase Change) W2t 7¥olu A A
ol-&% Wzt 7Y ol EAgTE
AWl ASFE] Al2EloA 7S Bol ARSEE W 7
Hoge FAAT FA YAVIE o)8% 7HE & 5 A
T 7HES 1@7—.‘ B oAM= B 7IEE His)
< A Axulgol AREe A
A e WML AgHoR =& 88 e
F=2 AREEAL Sloh
=RAE ZIAE W2 el wE HE)Zo] ZaA|
o W7t AEAS IS B4 SJeix] LRk o R A}
< 384 ¥4 7T w4 W e AR A

E‘ Ho]—/\l 2 &lO

2

JIE |

e ot



ZIAA 29 71 W 1% BEIo] ZEAXNY W7t 584

e
1%
a1l

ol thel 2msE M3 2 Wz e Lk Ao 5
Awnaz gk

o

T2l 3 ZE[o] K| 2[00
Fig. 3. Principle of peltier elements

* 4 ANS S b Yo 1
e L 2B 2
2= 37132

~—r— 1+ 1
R 2R 2 =

T2l 4 S|E mo|=e| SE z|21]
Fig. 4. Principle of heat pipe

Il SYA/=d4 42 7|y

1. 3% 4 dZ7|(Air Cooler)
3% 55 3712 o]&ate] AN A LAsl= S Al
4 Wzple] 4% el RoiFa vk ago

A mole e} 2ol, Be Y Falelg) mAT 2
AN B WAMCooling Fan)e ol83tel HHoz
W7eke Zo] oheh ZeANsh A Ao HaE el
olElE Bl WrkR) % A Wrble) Qe meA
Aol @2 Hehio} mAYR ehrlololelz WL ol§atel A
7He B71E n) LE Alojahe WAl

AFE A=) A B S ddsket glolA 7HEe
W 208 aolth QAo 1A IS AN B

wfahe Aol W7k w2 i AA gEck ojeh 2
TVAZ ) Az Ao A Fegd] WrE Hlgo] A &7
wzel g2 o]8H1 Ak ok WS fs) 5718 o8
317] witel] FH %o AHAQ) JS wo wk FEA
o] Sitke ©o] Sltk o5 SEs}] flaf HZelle el
olEls} WS o] AL B, grjeolEld] FE
go|zE s = Ft.

T2l 5 ZA| iz |o| =Xt 2j7|

o= =

Fig. 5. Operation principle of air cooler

$3el ZRANIA
P e
o+ AN ZE A 41 e S
tolold, 2 8 A7)E P, Bda, aeln #ow 7
Aeo] gl SEEEE So ¥l Faade) wagos
Bt eelolelE R FFHE WArE A9, 98y
S0 w9 TRANE FFRES WASLE olgalel

T A4S s, FrdolEE 3 E% o]-83fo] LA Ao
;1:‘;1_ JEEEo g S % T2 TEE =AYN 3

e BYaE ) B FE 92 S, mA Y2
S RO Sl 4 Seldolels Foje ol 2

2 o oA & F94 Yk Ak WASE o
gok) m2ANE A5l mAN WA T A4l B
FIe 2B 722 D Uk 194 YAl 2
2 Wrlsh waste] 0] Az 37 vhlel B olg3}
7 gl o e W B4 AZI AT 394 3
719 SRR B olIIRL dsgol ] ek

B3 FHe| 25
ﬂrﬂlﬂ_ﬂr 71Ao] HIMAL §A] Ko W ulgo] Pashy

ES o] 83| wjiel] 7 2 Aol ZEAM AHE
otdgke WA 5= QU] wiEel] AX] 2 ARE A g& Fo}
a3k

of
o°"

& wo] W) EH, F4 Y

bt



6 W FE e (2011 7)

Iv. 29| A¥

£ =Rolxe 71AE W47 8848 437 S8l
A T W79 s WE ARt A4 ARs
SRt HAY Ane 2nE= Q12HE2(Inspector?) 9
HWMonitor[22]E  o]-83te] SA3t}. J2HERE HFE
o] AAZE &R Y F4ES Aal AR-E 213, HWMonitor
e Fo] ZZAAM UF 7 Folo HAARE 25, HiLy,
HALEE 25 24T & Qe T otk Ag Al A3

AL % 19] A8 el

_l

ot

WATER TANK —

) CPU WATER BLOCK

RADIATOR

it

T2l 6 A Wzple| Sxt 2le|
Fig. 6. Operation principle of liquid cooler

i

132 MICROSOFT WINDOWS 7 23R E2¢
ke 4709 FolE 71X ZRAXANTEL QUAD CORE)
AMg3te] el md ZaANY A TS T
B3l dut ZeAM9} AT ZRANZ 47 S A
shdch dwt Z2AMY F3 Fog= 25 GHzolw, 114
5 ZEAXY T Fuee M EE7(Over-Clocking) &
Hg3le] 206GHZ A5 AFTh A8 AdollM, 25GHz
2 AMgsle A Oit ZEAME Yehly, 296128 A
she 7Afole 1485 ZEAME YRtk Z2AAA T
AEE 4 Aoy 3l AHEE 4 7¥e W)=
INTEL REFERENCE COOLER©|x, <=#4] 7] Wz
71 KOOLANCE EXO0S-25¢]th 432 Wzrle
Aol W} 3HAZ Ao} sk o] W A= &
Bt Ql%o] a4 Wzbv)e] W2t iy 3 B2 %
2 FESAE o]9) o] AY BAS FES T W)
FR9 B7t ANE 2EsEA 48S AAEINT,

£ Ao E 2] B AN Aige w2
2P0l BAs7] 98] Standby60, MP3, L_Encoding,
H_Encoding®] 4714 792 F8Ith Standby60e £

It

T

AA7E APE dEfelA 608 B oFF Y= A e
Ide 82 ZAXM9 H{ES 1% vHvs ARt
MP3E MP3 AW Z2I38E 53 3o Adske 345
Yl L _Encoding& Light Encoding®® & <l=tiz}
23S FA Encoding 2SR AAISH A
u|shy, wiA=o 2 H_EncodingS Heavy_Encoding
03 A2HY H{-ES t] #o|7] 918 Encoding 243 370
Jol X18st A9 yepdth e -9l oisf, Al
do] FEE ol ARE Fst] A 4 AEs
371 A 0F B¢ Idle FEIZE ti7]§ o] Fol, 3027t 7
St A= =A% MP3, L Encoding,
H_ Encoding®] Z2AA A& 22 273%, 30735,
T0780%5 BRItk 29 8 Alole ZEAAMY BE o
EolA Bl2=F(Task) Edo] AR 23] w53k o]F]
7] wjizel|, Zojel W HAiE Wsle Ao JeA etk

I 1. EOIE AAE 1Y b
Table 1. System Parameters

e

o

FA
)

o

TAQIRY T e
S2HHH| MCROSCFT  WINDOWS 7
SHA 2 INTEL  REFERENCE COOLER
TRA 2 KOOLANCE ~ EXOS25
ZZMM INTEL QUAD CORE
Q-2 5GHz
Kl
T TAS2%GH
H2 A 7o) Y5 FE
Table 2. Codlling Levels of Liquid Cooler
EcheZ| Fan  Power (%) Pump  Power (%)
1 28 5
2 5 68
3 100 100

1. 8y &2 H1
AR AFelA F YA7Ie ArE Jela, 4
1= W7 @A we} Waterl 2302 Jehdoh 42
4719 SAlE A AZFE WS o A 3

She 7495 vehdch 29 77 19 8 7 Age o
FAX S} 1T ZEANAAN FHAL BS- AREE
S W37 o] wet Jehd geltk A ARE A
ZEHo| A AREE AAZE 1Y ge 9T Rz 9

SLE(W: Watt)Z A3}

_l

0}

s (T

J8 (K

q

¢

)

rr

>,

rr



ZIAA 29 71 W 1% BEIo] ZEAXNY W7t 584

e
1%
3

el 1 & 4 AURo] ZEAA Hi-Eo] T
o WEhA] F T A4k ol TR wite] ZEAA
Al vlEE MY Eg FTleRe A ZR1E 4 Qirh E=3
¥ 79 O 8% vlws| B eHEEAS B3 vATe
2 FAske A9l AvlEe A
T Atk

ZZ2AX A& Wz 7ol et s ABlEE A
o] GEizitt. M FeP2 71T 32 7] ALl
AoIA &H] HEe] Zjo|7} o] WS & 4 Slrk Ank
MY 13% Z2AAM AN T FA 1
Al Aol7t BEH oz 2025Wet 2.25Wolth wEhe F
739 B A 7ol Wzks 93l o] B HEs Avlg
The AS SallFa ot E=3t 32] 7THE AfoldAx o
Z AL BolderE o %o ¥ S 4HsH A EAE
ZZAN Ffr&o] gobgell weba et g4 7Y A
ol WAS= AnAY ] 2} A Aol s g9 &
I Atk o] AHf-&o] okl mepA Z2AX ] 2ol
wolx] o] AiAa AAH o R ZEAIX A Ao
o] Fsdle 2HE A Aok Z2AMY 2= Jso
83 A9 S7I=E ololA FUHA AY ARE it
=] 7] wjolok

a8 734 29 89 TjzeA Role A= W2 71l
e} Al2Elo A AA Ao T ARE AEES JERI Sl
AzEHolH AREE Mg 534 A (Dynamic Power)Z}
A4 HH(Leakage Power)o.Z TEHETL [23]0] wi=w,
WD 255 7Pke g sjo] CPUCIA AvlEle F4 A
& olge} 22 Aoz & & Sl

(1) Pleak=a-Area-ef(Tcurrent-"T0)
(2) Ptotal=>Pleak

mAjir ®mWater 1 = Water 2 Water 3

(s)mms o

H_Encoding

Standby60 MP3 L_Encoding

7] 7. 28t ZEAMMe| T2 AR H|w
Fig. 7. Power consumption on general processors

mAjr mWater 1 = \Water 2 ®Water 3

Standby60 MP3

8 8 IS Z2MAMe| &= Az H|w
Fig. 8. Power consumption on high-performance
processors

L_Encoding H_Encoding

A& R

Air Waterl

Water3

T8l 9. HZ2t 20| WE M2 A MM H(W
Fig. 9. Detailed power consumption analysis
according to cooling efficiency

o] % 40l o 71 BH HY &M ke B B
3400 we} Wske ggolth B8 Teurents @A) 2,
TOE 7% B2 22 46 @ o) LEg e, a9
2oy el Ue g3 Ade] ge 1 v s
Pleakgke] Fo.2 78 4 9tk ols 2ol 4 o] AR
7] wheo] 2ol Waph Solsd A Aol A wat
Zol57l Hk 2% A3E B9 44 A7 P2 I3}
A 1317 $I3 HBncoding 5N 1417 52k
avlsle AR 3U4 MR F94 384 F U @
AE AR % 1A F3ol el TReke] Zgske 4
2 SasigTh olol 9 AR APoz FAN 4
2718 wh PN BAAE S Bo) 2 )M &
Hlshe A Ho13 Fol, 408 g} HEncoding® 5
PspaA ST A9 Aol ANFOZA 2§zt A
e} W77lE Asle AzdelN 2l deEe o
249 G52 ol3io] 3U4 W1 AR A9 &
B49) 169 3AS ALGIRE Sl olel e Az
W AR Y, Y] an AgoE TRse] e dvke




8 W FE e (2011 7)

% 9904] Hol= nie} 2tk

9 99 Jehd T 2E SRIS|EA Fe42] 7MY vl
slod =a2] 7S AHEshs 9ol AlzEo A AREE A
o] dup} ZASI=AE & = ek el ZoA A A
28 AL 2n7l Al ad F4 Ay 25E
w3t} W2h7) Aol A AREE HEo] FeAld) a2l
A% 2 AolE Ho|7] Wi, HA A L2TE ] o
4718 A8k 7497t 5Wet 3W A& B ZA YERA
T WYZ)E AQS AlsElAM AREE HEe 5Wet
10W A% 7hrsle] Wz §840] 242 4ES ¢ &
At

o] HollX= Wz w3 4n AY Jglu Lxo wlE
A el WAE APS 53 AT F AU F2
Wz71e vls) a4 WS AR T
HIsHAl Hok TS 19 90l|4] Hole ueh 2
7100 WZellA AgEE HEo] vl 8] o] Fei
WZb7He) W7k S 7haA) 4= ok A AlzE oA
AHlshe MES grigez A 4 sde AV E A

oI,

= (&

9,

2. 2 vl

28 1034 23 112 guk ZeAXX e} 1A% A
Aol F42] 7y a4 7PHY| 3EAIE HEsiGs | =
AHe Hu £58 BojFy Qi I ZE o) T
FeAle] Wzt g3 ztols 45 IRT 5 vk T4
7MY B¢ a#=e] MP3¢} L Encodingdlld £ 4 %
o] 1 )7} 0T olde] ApolE HolRo] ZRAX Hi-&
o] ool mEbA MM 257} 453 S she W
W, e 7Y Aeddls HARgY Aot M E
Standby60%} H_Encoding®] 2% HIWE HH 1 2fo]7}
5CAHEY Aojgt A Jra TaAM Higo| Fo}
Aolgte 259 Je £ AA G55 ¢ F Ytk ol =
A 255 Alofshke dl YoM F32] 7 ETE 52
21 7¥e] X o &S oulgt) w3t e 7Y
FoAN= W7t DAV okl wEb W7t are oS g
T S ZEANE o E AES A9E B o
HE T2 A MM 2] 99} 2% WEe] sjele iR u]S3)
ARk duk 22 vl AHHOR £ 25F Bl
ot wir 3T Z2AMAME ¥ 58S U =Y &
= Wo] dasiA Fok

mAjr mWater 1 = \Water 2 ®Water 3
90
P g
¢ 7
2 €0
k
50
T 40
e 30 -
m 20 4
p 10
¢ 0 T
=~ Standby60 MP3 L_Encoding H_Encoding
T2 10, Bt Z2ANe| 2D 2
Fig. 10. Peak termperature of general processors
= Air ®mWater 1 = Water 2 mWater 3
E]
P g0
€ 70
2 e
k
50 =
T 40 —
e 30 —
m 20 —
p 10 - | .
oc O T T T
=~ Standby60 MP3 L _Encoding H_Encoding

2! 1. IS Z2MMe] 21 2%
Fig. 11. Peak temperature of high-performance
Processors

oA, 227, 183 3PAIE H83

= Water 1 ®Water 2 = Water 3

w

25

15

0.5

o

Standby60 MP3

L_Encoding H_Encoding

T2 12 2Hh ZEMMoA R4 T [Ro| 524
Fig. 12. Codling efficiency of liquid cooler on general
processors



AN 2F 1A e 2% dHIo] Z2AM W4 2 4 9

= Water 1 = Water 2 Water 3

25

1.5

. || |

0.5 — —

, HHE memm ‘ |
MP3

Standby60

L_Encoding H_Encoding

T2 13 s Z2AAMOIM 284 71| 584
Fig. 13. Codling efficiency of liquid cooler
on high-performance processors

el B 4 glo] ZeANO SaE: 4q 3
ol Z713) mje} ZzANe] L2/} Geier) ddo]
942 Faxo] O ERHOE LEE UE 4 uk s
S 7o) W2k AL 2SR SRR B Sla) &
F Aee) 27 vlald BE e Lt ad 1
go] Zol=t AL ) & 4+ odvk wela Alxsel A}
9730 meld e WA e Aesees Hele)
8¢ Hzsan W7t 58S AR 5 AL Rl

V. 248

E2AMe] 0] FRERN Z2AN RPN 28 @
o) ekl Btk R B e Sls) Qure.
2 724 A2 BH L Ao S A8, o
Aole LEE 9F) A5 5ol HsE A
ERES ERECE R EE LR St
W7 7S] Ago] BEAold, B ERelAE 7144
77 % V3 Bo) AHSEE B4R 54 TS W
2492 A B3 nglek ) A ZHoln 3
o Hlsh 4 Aol WA 91 o we A

o 390 LEANE B R $49) 7
3 BgES Mol $940] 2= Aol kv
S 9 % A EF, 92 M) B B8

—

hacs
2

1A

BN
)

o
N

o2
e El ¥2 > o ]

H

[

ol
=

H

i
to

1}

tlo
)

oL
fe o
2
ol
e
N

M 1We] FHor v £ Qe RES B4 Y =
ZAA ) ddo] s o] o A oE RS Al

ofshAlR, 4 71l W2k AZIZE Z7hgel st 2
S Aol BolHol = B7eka L= W Fo| Hopd
H2Ao] Baspl B 22 & 5 ek olsh gAY 2
B2 gz AN B4 MEe B

Aejgchd 727 7PEE Bol LEE AClT ) WA

1]

il

Mo
ot

(1] M Powell, SH Yang, B. Falsafi K Roy, and TN
Vijaykumar, “Gated-Vdd A circuit technique to
reduce leakage in deep-submicron cache memories,”
In Proceedings of Intermational Symposium on Low
Power Electronics and Design, pp. 90-9%, July 2000.

21 S. J E Wison, N P. Jouppi, “An enhanced access
and cycle time model for on-—chip caches,” Technical
Report  9B/H,  Digital  Equipment  Corporation,
Western Research Laboratory, 1994.

(381 N P Jouppi, “Inproving Direct-Mapped Cache Perfor
mance by the Addition of a Smell Fully-Associative
Cahe and Prefetch Buffers” In Proceedings of 17th
Anmual  Intemational ~ Symposium on  Computer
Architecture, pp. 364-373, June 1990.

[4 Y] Pak JM Km CH Km “Lowpower Filter
Cache Design Technique for Multicore Processors,”
Journal of The Korea Society of Computer and
Information, Vol. 14, No. 12, pp. 9-16, Dec. 2009.

6] JH Kong, SW. Chung, “Recent Thermal Management
Techniques for Microprocessors,”  Communications  of
KIISE, Vol. 27, No. 11, pp. 7277, Nov. 2009

[6] F. Pollack “New Microarchitecture Challenges in the
Coming Generations of CMOS Process Technologies,”
International Symposium on Microarchitecture
(MICRO-32) keynote speech, 1999.

[71 P. Dadvar, K Skadron, “Potential thermal security
risks” In  Proceedings of the IEEE/ASME
Semiconductor  Thermal — Measurement,  Modeling,
and Management Symposium (SEMI-THERM), pp.
229 - 234, March 2005.

(8] JH Choi, “Thermal Management for Multi-core Proce
ssor and Prototyping Thermal-aware Task Scheduler,”
Jounal of KISE : Computer Systems and Theory,
vol.305, no7 * 8 pp.364-360, Aug. 2008,

91 S. Gunther, F. Binns, D. Cammean, and J. Hall



10 AT E RS k(201 7)
“Managing the Impact of Increasing Microprocessor In the &h International Workshop on THERMal
Power Consunption,” Intel Technology Journal, 5, INvestigations of ICs and Systems 2002.
Feb. 2001 [19] “Energy-Optimal Dynamic Thermal Management
[10] JH Jeong, ‘“Beatradiant and Cooling Device of Computation  and  Cooling ~ Power-Optimization”,
Central Processing Unit and Peripheral devices,” Donghwa Shin, Sung Woo Chung, FEui-Young
JOURNAL OF KOREA INTELLECTUAL PATENT Chung, Nachyuk  Chang, [EEE  Trans.
SOCIETY, Vol 8 No. 4, pp. 3343, Dec. 2006. Industrial Informatics, Vol. 6, No 3. Aug. 2010
[11] L. Yeh, R Chy, “Themal Management of Microel  [20] Peltier Module, http//blog.daumnet/iantech/804548
ectronic  Equipment,”  American  Society  of  [21] HeatPipe, http://withnotebook tistory.comys
Mechanical Engineering, 2001. [22] HWVlonitor, http://www.cpuid.com
(121 Z Zhijun, L. R Hoover, and A L. Philips, [23] A K Coskun, A B Kahng, T. S. Rosing, “Tenpe
“Advanced thermal architecture for cooling of high rature- and Cost-Aware Design of 3D Multiprocessor
power electronics,’  Components and  Packaging Architectures,” In Proceedings of 12th Furomicro
Technologies, IEEE Transactions on, vol. 25, no. 4 Conference on  Digital  System  Design  and
pp. 629-634, Dec. 2002. Architectures, Methods and Tools, pp.  183-190,
(13] HJ. Choi, NR Yang, JA IEE JM Km CH 2000.
Kim, “Processor Design Technique for
Low-Tenperature Filter Cache” Journal of The & & A W
Korea Society of Computer and Information, Vol
15, No. 1, pp. 1-12, Jan. 2010. e
[14] K Sankaranarayanan, S. Velusamy, M. Stan, and B
K Skadron, “A  Case for  Thermal-Aware AR . e}
Floorplanning  at  the  Microarchitectural ~ Level,” 0103 Akefsk
Journal of Instruction-Level Parallelism, vol. 7, pp. AR TSl A
1716, July 2005, iliol e Ici=A)
[15] D Bodks ad M Matoos, “Dynanic Themral  Manageent Bl © freexz84@gmail.com
for HghPerfommance Maoprocessas” In' Poceedings of the
th Intematiodl Synposum on Hgh-Rerfammance CGonputer r
Aritecture, pp 172122, Jan 201 e
. . . 2000 Adigla
[16] K Choi, R Soma, M. Pedram “Dynamic voltage and - _ 3
AR St
frequency scaling based on workload Tul P ]
decomposition,” In  Proceedings of the 204 n AR 23} AN}
international symposium on Low power electronics Aok AAE A ATE T2
and design, pp. 174-17, Aug. 2004 Email © chj6083@hanmeail.net
(171 L. Benini G. De Micheli E. Maci, M Poncino, R
Scarsi, “Symbolic synthesis of clock-gating logic for o &l 2
power optimization of synchronous controllers,” In DI0: Ak
Transactions on Design Automation of Electronic a FAZTFEI TR FEAL
Systems (TODAES), vol. 4, isste. 4, pp. 31-35, \ o 2010~ Addigia
Oct. 1999 ‘ b < - et AP
[8 R Mehgjan, “Thermal Menagement of CPUs A dieok BHETE PiH= Sh=

Perspective on Trends, Needs, and Opportunities,”

gloy A
BEmail : ggw411@gmail.com



7NAA 2 7| w

al

of Z2AAM Y

7

i<

[e]
=

A

=)
o

1%

11

5t 7 &

1991: At ZAFEE3AL

196 Bk
HEEe M

1997: =78 ladd
AFETL )

2002 - EAL Adthshar

AR R B 5

TRk VIESA X

HEYT Z2eF
Fmail : hyeoung@chonnam.ac kr

71 =
[= ==Yy .}

1965 AL 2715t
2000: University of Florida
ECE 4}
20050 Georgia Institute of
Technology ECE ¥4}
2005 - 2007 23R Ied
ATl
2007 - B3k SApsan
AREAREN TR 15
TR} QLS SC HFERES
ZIAN A, EEAY
Email : jmkim(7@ulsan.ackr
2d s
1998 AHghet AFETA
2000: A&t ot
AFETIR A}
2006 Mgt sl
ANVAFEFER W}
2005 - 2007: AP WHEAR
SYSLSKISH 219} 7<)
2007 - Ak Adeista
AT B 35
TARRF ¢+ GHTI=AIAR], ZSTE]
T2 SoC AA|, A A
Emuil : cheolhong@gmail.com



WWwWWw.KcCi.go.kr



