BAF2£R ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software,2023,34(12):5887-5904 [doi: 10.13328/j.cnki.jos.006779] http://www.jos.org.cn
O R RR B A BT T TR Tel: +86-10-62562563

APU: — ST B TR B S B S I I T 5
BEB, BEA, WAL FEf

(UL TSR S EOR B, #TVL B 310027)
EAE/E# A A, E-mail: wingwingtwo@hotmail.com

 OE M EE R, BB RS (SaaS). ik BP RS- (FaaS) /R SAEZR 4942 4, $38 & SAE 4 IR 4
IR, @IE E RS TRE EIK: —F @F 2IRIEIR SR F (quality of service, QoS), 5 — 7 & X E Z 3 4|
FTRAA. A T AR FRAL G R AT AR R R A ETARZLE WK, — A E S0 D RAREN
T ik A KA AT SRR AR S 63T E R AR CPU AR & & T B DME R 6 RBOVA B AR ARG L&, ik 2
st F R E T A TR, KA T I S ATRIE T O8) AL E B AR B T RLAERR, XFEOHE
AL IR I HACAREAE R BAFMRR. AT LA —PAE PR, KT AR KA 69 RN R EARAT A 01
A FE — IR AAZ LR H A Ak APU. BB R 2| REI ARG B P 4837 9 609 A 40 B AR ), iR 4%
T RAAEINT E: — R TR E X FOFN, AR —F A TR R4 E XL EIL. APU 7 kAR 4% CPU #)
JARIGAFE AN, AR LB ENER, 25T N T BT L3R ERM, 1 F HoREAHR R e 3,
PRk Z o ik w8 R A G A . kUG i aE SPEC FEMRAR B it — 8] i 5 R R A T AR 6OAEE, 2R3
3 AP RORAL B AT SLE B IR AE IR E AR 20%, 50%, VAR 20% FHZE 5% AN, 4 T #t—3 £ APU #9 5%
R ), B R ET F PN ERET, EEGIFRFRTT €0 R ER.

KRR BAAR; BT B IR CPU AR A%k fentT

hEE 52 S: TP303

s AR AR, R, XA, T, APU: — RIS i iFAili 2 L Ab BE 28 5 W RBRE P A7 ik, SR AF25 4, 2023, 34(12):
5887-5904. http://www.jos.org.cn/1000-9825/6779.htm

H3C 5| F#% 0 Wen YY, Cheng GJ, Deng SG, Yin JW. APU: Method to Estimate Computing Power Consumption of Hyper-threading
Processors. Ruan Jian Xue Bao/Journal of Software, 2023, 34(12): 5887-5904 (in Chinese). http://www.jos.org.cn/1000-9825/6779.htm

APU: Method to Estimate Computing Power Consumption of Hyper-threading Processors
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Abstract: With the development of cloud computing and service architectures including software as a service (SaaS) and function as a
service (FaaS), data centers, as the service provider, constantly face resource management. The quality of service (QoS) should be
guaranteed, and the resource cost should be controlled. Therefore, a method to accurately measure computing power consumption becomes
a key research issue for improving resource utilization and keeping the load pressure in the acceptable range. Due to mature virtualization
technologies and developing parallel technologies, the traditional estimation metric CPU utilization fails to address interference caused by
resource competition, thus leading to accuracy loss. However, the hyper-threading (HT) technology is employed as the main data center
processor, which makes it urgent to estimate the computing power of HT processors. To address this estimation challenge, this study
proposes the APU method to estimate the computing power consumption for HT processors based on the understanding of the HT running
mechanism and thread behavior modeling. Considering that users with different authorities can access different system levels, two

implementation schemes are put forward: one based on the hardware support and the other based on the operating system (OS). The
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proposed method adopts CPU utilization as the input without demands for other dimensions. Additionally, it reduces the development and
deployment costs of new monitoring tools without the support of special hardware architectures, thereby making the method universal and
easy to apply. Finally, SPEC benchmarks further prove the effectiveness of the method. The estimation errors of the three benchmarks are
reduced from 20%, 50%, and 20% to less than 5%. For further proving the applicability, the APU method is leveraged to ByteDance
clusters for showing its effects in case studies.

Key words: hyper-threading (HT); data centers; computing power evaluation; CPU utilization; system performance analysis
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S BURUES KT P, A E AN £ L, BRAS RS SE YERR APU B, T0BUREE N 1, th -0 S B
U, T Bl R T 0 2 R 4 P, 47T LA P 37— A KB 10 APU fiL, 1% APU f1031F 4k
FAEGE CPU R4S hE.

34 FEZLH
341 SEFREEVPAL
SRR 2 ) L B U S SR P v S5 R G I R FRE B AT IR T P A SRR IZ AT I AR I TR, (EL& T AN 2k
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FEIM &, FESEBRPT &5 CPU RIS () T RE th 138 45 AT AR . FRATLLE 7 4 14T B AR R AR 428, R
DAL RE L U S s TfE A Bl s b, SUE 2270750, 0 5 AN Y. an R DU e e QR iz
IrfEsbEgs b, S0 3 AT R TP ANI BRI, 3L 6 A CPU I3 ).

T EEIET HEET

A% LU

B B bUE =R

20 1 %0 #41

B I I Iy —
(GRIEE))

K7 MR CAE RS E BN O L E BN O R AT B I CPU I 3]

BTV XA 2 44T A AT FRABE, 4450 BOAH IR TAE U380 #E 1) CPU W E A E& S M FAH LT LE S

DT B ELBIHEAT VP4, Bt 2 O BB R (overlap coefficient, OC). OC HITHHE 7 ] LLE L h:
oc = HE B HLIICPUR AV FE @
T H S LI CPUR (R VH #E

A FRATTAT LAAS 2 7 Fias () TAE /3K OC 150 1.2. H 6 A~ CPU I a]B/5 A4~ CPU I [a] B it 5453 2.

OC WA FIMEAE R TA5T 1 BFE I, RO SRS ST FER CPU B A S5F ol K TR E S5 0L R 5 4E.
AT OC MAERUE 4 3 A I (1) 24 OC E KT 1 /T 2 i, JRATT i 8 2 P2 AR A 43 B A B 43 /) CPU
ISR 44 JE B T W4 12 58 CPU INFIAD, T 551 [F) 47 3 (1) CPU INFIA) 7 sk B8 KN T 2 i, T AR R B AR T
OC /NT 2 MG OLE G A R T REP I AT BE. (2) 24 OC E%5T 2 I, MERRFT i R (B 4 Wi 5 CPU W), &5
BAT AR T 220 2 500 CPU B NI AH A5, BRI 2 R s ARG P 6 28 E DG 47 TS it JE IE TR AZ L. (3) 4
OC {EKT 2 b, R R 0B 4R W CPU W [R], > T84T RPN 0 2 T W 51K CPU I (M1 #E, T LA
LR FRFAGZ R0 6 3AT F7 IR 50

PAZR 1 T BEUEER 45 TR ), BT IX —SEHENRR 1) OC HIEAT . R4 OC I ¢ U CPU ) 52 21
LR FE RS BT K LB, A4 T RE S AR I i CPU B 1 e BT AR B A 3 SR A 30 L B R OC j s be. HR 4
1 BIEAR, FAVIEEFE—0> CPU W M40, 78 58 (15 00 R r UG EE 2274404/2=1137202 T PR, BREL 2
oy NBAEYERE b, B MW FE T — N EZ B CPU BHF. Mi7E LESEI T, oL
2499904 (1 FH sk, FirLh OC {f H 2499904/1137202 13355 1~ 2.198. OC {H K T~ 2, TATTAEAL I £ BEVEAL T8
LR FERAN T 2SN LA S 1.

3.42  FETIEAEEM ST

T VAR A8 4 A ) T 3 A0 R LA, R mT DA () R, S R 2 O M A s S — AT
o R A5 AT A DRSS R U A B AR LR R A TG O, WITE AT E & 4) (#(Non-overlap) ), U1
RPN E AL IR AL TR PARES, W NEZ 5> (#(Overlap) ), PIANEZBAZ AL AIZAT, WITH R EIRE
(#(Idle)). MM 15 BIAER (1 5 B By, JC 58 L) LK R B LA, A perft 4 451, rp 2 3 < 475 1) 5 A P9 A% 10 2
cpu_clk unhalted.thread any A} cpu clk unhalted.thread. 2LH7, “ thread’ $a bR M5 H 12 4R AZ M AEAS 2 4% 1 (B

© PEFEEESK I hitps/ www. jos. org. cn



BABR F: APU: —FAF ARG AR K2R RE A2 E G F ik 5895

i ) B threadO 1 threadl, ©.thread any’ A PHANZ 8 A% AT R — MR (AN BAZ 3 bR (EAR [R])) ST R
— AL TG IR R Bh 2. SR 5L threadO+thread1-thread_any BIf§ 2] T #(Overlap) &84y, MM {5
#(Non-overlap) & 47-.

T IR T FESE D PR A el P A A R, — A SR S o S IR, — i R C S A ) R

N . #(Overlap) . Ny .
2 oY ’ k- A ¥ E TS 1 ) =
B P(ER) & B R #(Overlap) + #(Non-overlap) + #(die) ° [i] W] LS A9 T0 S 1 L B POEE &)
#(Non-overlap)

m RES AR R I)AR TN R OC 14, NEESRESHERIRS,
(Overlap) + #(Non-overlap) + #(Idle)
B CPU I [a] 38 0 g JRUAS (14 i, T8 AT AR [F) TAE S8 i 75 E2 (1 CPU W (RIS OC 5. NLE BB ATH584
FHISAT, LT E A HM R LESEM 2/0C fi5. WY LEESRSIAE TESRE TEMEM2/0C 5. HiILF
2| CEWFEN S ) B A #HE SN e . POCEE)- % +P(ES).

BT S B E T PAA A P RS UL, — RSO0 BRI E R T LAE 64 (0C <2), W5E A B
T ARER I e v AR BRI BT A . W R g TSN T REACEE G SR AN R 1 AL, RS LT IR
FEIERA 1AL 55— P ol REFAAF] T TAERE (0C > 2), R AR AAE SN HIL,
R SE R TESREOUCT I REAL B TR 1A AL, RS OL T B AT & E R 0C/2 A5y, KT 1. bl
%E‘Jﬁﬁ‘%‘/}ﬂﬂu%&ﬂ%?ﬁ%%%ﬁ%‘%@/}ﬂ?ﬁﬁEKJmax(%,l)%.

LA R 45 APU RITTHE 7RI T Bis:

p@@é»% + P(ER)
max(%, 1)

FH AT 45 2 PP Ay Ab 0 8% 2 W5 0 AR B R RE AR . 1T 2 AR SE I v A A B g P B H s ) M R T
FERE, FOSC A A LA 8 T Intel 20 7673 1018 PIARLEA SC BT T A
343 ETHAERGENSCI

SR ICVE SR AR 2 1 S RE AT HERA 1K) CPU W8 & A TH 0K 315 #(Overlap) , #(Non-overlap), #(Idle) 195 {4
B, BATNERAE RS Z T AT LASRAS AL S8 1) CPU R 2 F8 b, % Fabn ol LLYR 7R A8 R A% 70— W00 1 1) i 11
o VR ERTE A Rl L. AT U0 DL U1 43 52 7s PN @ A% R 1Y) CPU ) H #44H.

AR 2 RFEREA IR F B SR, — NERFR TR IR I — AN IS BRI A BRI DGR, B AR LK CPU F1J %
FITHE 7 (R R B, A0 kg — ol sy i ) 390 75 Ak 476 RS (P MR 6. 4 R A 7 A I e J 0] 2 10 Vi R A A MR
FAFI R AERUAN R A, HIE B % 30 43 LA R TG 3 3% 35040 1) LA, FRATIA B0 R i oh B A K

P(EZ)=U0xUI
PCEEZ)=(1-U0)-Ul+U0-(1-U1) 5)
P(HE)=1-U0)x(1-U1)

BB TR EE S A IR AL AL T WOIRES R, 80— AN 0 2 B — N R AR v 3
KA. TEZMH I HGE RN EEAZ T EE e TIERIRES DU S — AN T ARG BRSO, IR BRI
AN E AL AL TG PRSI, t st B 1t mT LIS 2095 APU N T iR 2210 POEEZ) M P(ES) H. %
SR T MR R G CPU R e bl AN EE TR M/proc/sys SCAEIE T BLEL—AN SO 23 AR, T AL
T2 SR AT a3 LR b, B DAEERBCER I AN/, oA ARS8 K.

3.5 APU SFLbiEgeitaEiess
3.5.1 Xkt CPU FIHI &

HTET 5 RS CPU FIH HAHI R, B A ENEHEA RSN F38 CPU I U, BITGEAF RN E %

BRI 260500, 5 VE R 20 R B E R LT v LA S35 4 3 B PR AR % b, B BLERATT AT B

APU = “
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B A EHAZ LOE IR A RIEAT. TRETEERZZ LRI T (BAEIE 0C 5 2 FK/PNKANE
PR R TAZ R, 7T RN T LA 6 APU = (1 - OC)- U2+ OC - U, TAIFR G 8053k fai Ak i
1) APU. fiifb ¥ APU 54648 CPU I HI 2 1) 22 (555 T

APU-U =(0C-1)-(-U*+U) (6)

FATAT LUK HL APU MH 51648 CPU A 23— IR &M R B 0 38 WEUE I A1 FE 404, ANk OC TIRE, #5: K
M ZAEHAS R ILTE U HSET 0.5 BN, 1Y U BT 0 B Eix T 1 i, APU MMES U EZ=BIET 0.

3.5.2 X ThreadAny

ThreadAny 7345 75 W B ) 5 1A, AT R — AN BHAZ AL T o5 TR A I i R B0 B A f e b i ik 5
APU AT AL, B2 T AR /NME A% I, /2 Thread Any /EREAF4R bR, RAE N TR H A Vi
IAMEA 2 AR, DT o P e vt sl . BT 1A 5 perf T HAH R A i 44 7720 (1% A2 Linux R4 N
SRR AN TR, FRiZAE {1 45FR A ThreadAny.

ThreadAny AH T 44481 CPU A 2 MR AALE T BRI 518 T EE I, AL HENHAZKIEN CPU A
FHZE R34 T LAARER A I8 0 BT A AR B 90 AN B BRAZ o 1) — I8 4R % W 58 4% 7 i1, ThreadAny $R/75 )
THAEFR S 100%, 1711548 CPU ) H 25 T 1% A0 #1385 1 42 55007 I VRAL A2 PR AN @ A% R 28 1) 3 (8. — A
100% FI I R B AR AN 55— 0% R B AL SRV RIFRAT T 50% (5 IHFERERE I 45 3. B %
P FER TR G FE R AE CPU FIFI 2RI RGP, SEFR & A VHAE T 50% 5 JLikAgn. AL T APU, ThreadAny
) 46 0] 455 FE B i 4 LA R OC B3 4, NN B E S A ESN T 5 Re ) R4, w2 Sbr EIEE & W B 3)
Ty AR RSN F7. BT LA ThreadAny 84545 7] T3k S HUAG V5 0 T FERLE, S8R A5 o 0w 10 T
100% JHFE, 55 SEBRAEAEMZE.

4 SCRIFAH

41 XWWE
4.1.1 SEEGFREE

BATTHs S L 1 SE UGS AT AE MR ML L, iZHLAR ) CPU %45 2 Intel Xeon Platinum 8163. i% CPU FEHESR Ny
2.5 GHz. ML BB AEIY, FEAEEXT N — AN b3S, AN AR T a2 A%, %S AL BEAR A 24 M)A
BEAPLESTF B LA S RE, AN EZR N 24 DN EALAR % 48 AN AL, EAHLAE N 48 MY ELAZAZ A 96 118 4
. AP DU B MZST R 32K (1) L1 32247, 32K 1K) L1 522517, 1024K [¥) L2 254%, LA KA A i Ab #2856t
MR —AN LK) 33792K 1) L3 2247 (K R 1024).
412 SEITE

T AR T VE RS A Pk, e Ny SRR AR S B I ) YRR AT LR AR S R B VY AR AR
M LA, BT AR TT F& 04350 20 A0 S 56 360 I B, AT 328 B0t I 28 S BCTE A0 At ) = 45 2 (transaction-based) & #E
DRFR PRI APU [R5 2501k, AT 15 21 A0 3128 1K 8 07 T FE & 1E L T 45 18w R oK & 8545 B 5 AR 7 1
BATZ R th P R K51 R M 45w N, B0 F P IR A0 3Kk, @47 AR S EEAAH R, 1847 — I -
TS B P B 3 AR, T LA AT DU I FH P 0 33 SR 0 2R ke R B L A i 1 s A . o HL i SR TR R g 3
il 38 43 MR D, B F R )R P AR AL BEAE b, BT DA 2 A R 10 A SR T LURE Sk R sk
o [ b B A 1) T FE R B 5 B FRAT 90 UE T 4 HH U VA I IE A L (DR APU 5 AR B AN R BR T A BT A
SRS )T ) FH P BN P R T S A R BRI ST SR R IR, NS R G AN G (AR AR AR O, T LA 32 8
HKI)JRBR.

SN UHERAIN APU SIZHL 7252 2 TR SR, 2 T4 R SE LR 3B AR VR i) — AN Hh e, 2 T AR
T, AT R A S T 77 925 R B AR AR K BT B A RSB A A A T DA AT o 5 6 50 0 L 3 M
DUFEFRFHHE T 45 E 2R G0 SEIMAR AR PRI 2 L) b )RR, M TATIE I 5 T B 4 SR8 SE T T AT k. Bl i o) 2 T4
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fE RGP R A PR BEEAT B0 TR L 56, WTSRAE APU J7 R BOUERATE. S 7 A HAD SR AR A0 ME e b AT % b, FRATTH )
I 2 HALGE CPU A H T E LI, APU 5K, ThreadAny [MiHHE R, LRI 3.5.1 15 P42 RN &L
fix APU [f)7- S0,
4.1.3 AR

FeAi1 3% ] SPEC (standard performance evaluation corporation) FvENI LT %), SPEC & —ANE & A 115t
G AL, BTSN ARAE IR . SPEC &1 AS [F] 1937 5 R0 77 SR E& b7 22 b 2 284 0 kA
M. EARSCHISLEG T, A PRRIRRFE R, TTE 3 Fhilid & T AL,

SPECpower_ssj 2008 SEHEFE T B W) BB T E 1102 MR 55 5 1% 52 T RE 1) A P52 R LU A U0 2 28 1 i e 5 B =i
ZIAIROCER . T 9 X — ok H AR, SR P s N A 20477 &R SR b By LAERAT IR A SRR 7 1)
A HN D) BE, E BATMNR S 3. B s ATy NSRS Y, — R BL, ) — N B AR B B
B, fERBERY B, SRR A R R Oy 3R, R % AL R s SR, W1 B R G I E )y N R 2 AT RE AL
PR P SR A, BR oM iE KB _E B (high bound injection rate, HBIR). WA ¥ & H br 7135 Be 2 HBIR %
{8, LE a7 T R .

SPECjbb 2005 #&4& T Java 1) 3 |2 &5 N HFRFY, 3 |2 &5 AEH 7k Kk, W 4584, LRSI Z. H gk
T I BEATL AR ) 7 AL, o ]2 SR T e B 1l 45 1B A RN, B 0 S o) 5 8 3 1 T 3 S I T AN S A A
AR, B Java AR BASRAEEE 2540 S HF . 2 BRI BURE 7 10 5 S AE T ) (Rl 25 2 48 2T, 231 TPC-C
JB R, IBATE A Java JERINLT, IF B RBRAR T — ALy, 2582 WA B (W BEHLAE BOH -
SR AHSC I N . A FEERR P A8 A7 2R 80 M 19 00 £ A5 4t 1 B B45 8 I E AR B0 11, FRIT AR B AW ) 3
W28 LA K 1/O AH 2% .

4.2 ENESIBH IR

BATR B B AZ L IsAT AT 908, — AN ELAZON B () P AN 38 5 4% 43 ) 95 2 8 4T SPECjbb 2015 BL &
SPECpower_ssj 2008. 1t SPECjbb 2015 # ¥ & A #e A 8 i H g R i &, =7 B AR ) 2 . 1
SPECpower_ssj 2008 15 & k2 i B4 i B P i SR &, %I 8N 0% 32 #7482 40 B 8 0 1) 100%. - AT14 51 81
XA AR B 1) CPU I 3% BLAE ] 8 th. BARTRATI ¥ E SPECjbb It TAE S g i e, (Hg i T 5 — AN 8%
PI4T35, 53008 CPU R 3B A — AN, X MAER T 5 2.1 1 oA ) 51380 R AR CPU F)
R L R TR FRAT T — 2508 P 356 1R 177 L RN 366 T 354 R 45 2 (PR R 00 vk AT 55 B, LR an 1 9
T, R I A s 9 3R A IR AR, T DBV T LA ek B A (R 8 4 R 4 S I K 2D B i A RN AT
il AT

1.0 1.0
0.8 0.8 |
g . =
15 3 15}
< 0.6 | : < 0.6 |
N N
EE £
2 04 ¢ 2 04 ¢
[ [
®) )
02 02
0+ . 0 .4.'-""“'.0*.0n00~
0 500 1000 1500 0 500 1000 1500
Timestamp Timestamp
(a) SPECjbb 2015 (b) SPECpower _ssj 2008

K8 MAMZEARLK CPU R A HL

R EIFAET  httpe/ www. jos. org. cn




5898 HAEFIR 2023 5 34 A5 12 4

1.0 Probability deduction 1.0 ¢
Profiled overlap

0.8 08
=
= 3]

.g § ®

5 06 | & 206 |
2 S 5 <
I . 2
a . =

S04t j E 04 |
o g * s
P »® . 2
é , ool 2

02 & ® Ta 02

2t d
0 le@® ece00 (" 0 H
0 500 1000 1500 0 025 0.50 0.75 1.00
Timestamp Profiled overlap
(a) R 45 2R 55000155 150 2 B (b) HEM 25 5 ML BLxs b

PO A IO AR ARE S5 o) o2 T 3 40 R R

43 APU MEIITEHR
43.1 SPECpower ssj 2008 [RS8 47 75 P AN@ HA%Z L 1) s 5

PATHs SPECpower_ssj 2008 #E A HEAN R4 LT o A CPU 4% L, BI—ANP3IAZ T Y. (1) P AN 2 A% 2 7k
BT RN R IEAT. B 3 AN D0 R AR E Be3k A HBIR {H, B 5 BATT8E A AR 3N 0% HBIR JF4R, &K1 N
10%, 5| 100% HBIR, FHAAM 8 I PIAN 1 2 BB B, 110% LK 120% PEANE B LA K — AN a1 9% 31 0% IR B LA
A NIRE T IR G S SEUE NIRRT %2 B H A f 3 T30

U1 10 J7m (S 45 B SR, BEAMKRE 7R BUAN R HBIR B 43 FLISAT &N BE, [ S AR 5 6 7 R 45 24 T
(1 47 BRA XS T R G b v U BT 43 L, DL SO sS A A bR 3 7 P e FR A DA 1R 550 T FERR B2 (9 17 43 LB 350
%) HBIR T &7 1) TAE S 8UA B 90% A4 (18 sl RAEAL IS B 90%), & i T8 & FR B AR X T SPECpower_
ssj 2008 HA A IVEH, BUZFE i 3k BE W E S S L EEMHOC T HIL, A EZ N S TSR A 2
RYi R BT A BRSO, LSRR E R #E 75 K HBIR {H, £ 5¢ & EARIET 7 A ReiE B 5w TIE ke
H, AT EEASAT 7 BEIE BN SR AE 11 90% AiAq, At LARLAR IR S TR s 1) 52 B &R 40 AR SR8 15 3 100%.

BATATLUR LA 10(a) 4SRN CPU I 26 25 S5 T REIE 0, BB EM BUA BRI E 1) 5815 5] 100%
H{E. B 10(b) T APU Fabr A IHEE T Fabr 7B 128, AR bR 1R 2R S IR SE R i S 3R 26, 1y Hx e 41t
A MR B e s NER, HEABBMEI R, B SR XS 0 B 8 i —8ohE. 51 e 1% 22 5 K1
80%HBIR F B, B4E4E CPU FIFH AR PR R 22 N 20% FAGE] 5%. B 10(c) %7~ T ThreadAny X TfifEd5hr
RN, TEZRT BRI TAL 48 CPU FIH %, e BRI 3N SR B W) &, AR TEXS T f e S8 Al
e, HERIA 100%, 1M G720 2B LR TR 0 1E [ i 2 e /R . B 10(d) Sk T RiE T 16 APU WiAR 1)
TN, A MG P IBEAZ H T- SR 24, s mT DUR B — R VPG R B, T S pfs B0 BL5 T8, %
WAL FAESE CPU FIFHZE RS, BT AR BB Z 150 ulias Pl A PRS2 BRAG R, 4510 AT LS 4R 1) APU A4SV
432 SPECpower ssj 2008 i&1T{E— N

FA 144 SPECpower_ssj 2008 F& IS AT EWIBIAZ IO BT A B ERAZ FP (0L —A b, i@ ATR IR & LA 3 AN
B BN AR PAFZ AL E R I HBIR {H, A5 W E KRG IR T 0% FF46, R 10%, HHEFH] 100%
HBIR, TIPS 110% F1 120% BB, SaiaiT7E 0% 157 8 B LU A B AR P I8 AR 71 280 T4t

WIE 11 BRI S22 3 R, SRR R LUK R HBIR 1 43 LGB AT &AM BY, R TE A A bR 36 R 45 24 1T
(9 57 AR T R G I v SO BT L, DA ST s A b e o P e i B DA PR B T RE R B2 00 17 43 LB T8
LRFE TR B S AR, B DO SR 0B AT A0 S AN B A Lk B R G R A 21 gt v SR 28, BT o o i (1 e
KAH S 100%.
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BATIT LRI 11(a) F TR 4258 CPU R 2 Fbm 48 7% 1R 55 i 0 R T 2802 50%, R AN Z 4Rz A
HAp— A, 55— AT INEIRE, 100% 5 0% T35 543 5] 50% MUE B 7R, CPU R R Ha a5 56 br 714k
Z IR R Ao BB i 2251, BRI S FER LR AR T AR 4E. I 11(b) BRI APU 45 A IE 71X —4
XPEUA B ZERE, 6 DL R A BRI B AREUEM) . Ban{E R 22 5 K1) 100% HBIR BB, #4448 CPU FIA
RIEFRITEAE IR 72 N 50% FEAGE] 2%. 1B 11(c) in i Thread Any T8 i 8 A7 (B4 %0, f KA B 2 4 3 3)
100%. 3X— J&) BRI AE AR S50t AS S AR AR 1 VPG R I, (EAF 3R FR (05 W & SE bR s 3k, B 11(d) TR 1)
APU TR H PN E A% R FH P, PR R ILEAT ThreadAny 4, H2 5 IH HeAE et CPU FI H 345 T 4
M. BT AR BB Z I BT, s S AN HAZ AT 25 43 Bl AT T 2 (AP (i s 46— 100% I 2811 )
—/> 0% FIFHE), TR APU {5 1H BEAF IR AR IR 55 K 1R 22 AN 50% BEAIREI12 20%.

433 SPECjbb 2005 £k i

SPECjbb 2005 IS AT /7 2R & #i i N PR, FA LG S BATAEX N —A CPU @8i% b, H a4k
FREE /D T W AR B (R I A, ZeFE 2 TRl B FE AR &N A% L, T A& RN A% 4G — AN 3
S, TN DA B BB ATLE 5 MBI RE R 10 AN B A% E, T8 2 0254, B LATRAT 1AL Y 5
AP (1 SE 50 HHE S AR IEAT U,

Wi 12 s, BEAAARER 7R T RN L R, — AR N B — AN A% b T AR R IR RS
{1 47 BRAF S T R G v SO B 43 L, DL SO s bR 3R 7 P R FE A DA PR B30 T RERR B2 00 17 43 L. 2R3
A 1IN 5 B, REFTREAR R AR RIEE EFOaR, il 5 ARG, N 6 NMEREE] 10 AR
(DR T N, R8BS P B I AT AR AR AR G2 RN (BRRLZAZ /), SRR 6 21 10 ANSERE I iz, 45— S35 0 i) £&
FREAE L 7 — NI B . 2R S BRI —— X, J5 S MBI AT IR AN ) T RT 5 A
BRAZIR A ).

100+ cpu % 1 1007, Apu A
g0 | ¥ EIRAG MK R T g0 | ¥ EFRRGEGE . ¥ 0
. . x - x
SR : X < 60 x
) . x ﬂ .
K 40 | x <H§ 40 | . I
MO . x X
20, H—F 20
O —t+——F—t+——F—+—+— e S W i
1 2 3 4 5 6 71 8 9 10 1 2 3 4 5 6 71 8 9 10
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