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A Metadata-Driven Optimization for Sampling Simulation
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Abstract  This paper analyzes the disadvantage of mainstream sampling simulation techniques
using fixed-length samples and proposes a metadata-driven optimization for sampling simulation,
BiglLoopSP. In the approach, the compiler selects candidate loops and annotates the boundaries of
those loops as metadata. Those metadata are used to divide the execution into varied-length can-
didate samples, for which each candidate sample corresponds to one iteration of the chosen loop.
Since the program execution exhibits dynamic behaviors, the approach combines the knowledge
from the metadata and the dynamic profiles to guide phase partition and selects simulation points
for those phases. This approach effectively reduces the number of representative samples while
preserving the good quality of them. So, compared with those mainstream sampling simulation
techniques, such as SimPoint, our approach achieves better accuracy and reduces more simulation

time (a speedup of 2. 63X over SimPoint).

Keywords compiler; simulator; metadata; sampling simulation

ERALADUBE PF AT oA - AL 0L 450 9 ST 3 5 i UL
B A AR 8. I DR AR 0 I B 4L 8 119
PAAT 3 2 L T IO A 45 10, 2 A5 400 BORS Affy 1) A

B A AE T AR R MU R P EE T 7. XA E RS EJHE 10 B
F O 2 TR RGBTSR 5 J7 . AR @t R DR R M T RN AT AT PRI OR.
e HA R SRR D0 T 8 Bl Al SR TR Y 03 AT R — B TR R A 4

1 5]

T

Wk H 3 - 2008-05-26 5 f 26 W R WL 2 H 9 : 2008-09-09. A BRAF £ Intel K23 EIHRIBE By, /™ 58. 55 . 1984 454 B L AT 5S4k . 38
WEFE 5 16) A A R A R A i Al Sk A e, 53 . 1974 4 A L1 L, DRV . 2 SR 58 05 1) A 1R AR A58 5 4 AL fE. E-mail: zhangweihua @ fu-
dan. edu. en. X171, 93,1985 42 A BT AR 2 BRI ST 1) S K R A5 40 5 A R A0 AL R R L U 1965 4F A BB LA e 32 AT
FEAIE N A R S5 5 iR Al SRAEBE 15,1943 4R BT 1 L AR S U 22 B F 5 U0 TR R S5 4 5 g R I AE.



1144 o RA R R T U RO B SRR AR S AR (A 1987

AT I R 2 —.

E R BEADL28 0 A IR 7, — RO AT I () 4
KR AR AP K R 9 B s U 1 i [
— 1 B B3 I A ) aE AR R)— 2 A AR R AT
S CEVAAT R . T3k o6 52 B R 0947 o A A e B
JEREAE M R B SRR MRS BT DL X X
S 3k P R AR R A TG 8 1) IS P A AL T X R AR B 2
V1) f 7R B3 ULt 2 BE RSB, AR s ) Pk 2
A% B PEBETR A5 0K TS 3 A BT 0 M BE 4 A
TR A BT A 55 119 SR A B I /N TR 58 B 1Y
T3 BT BT 5 1 48 4 550, T ELAE AL 58 I Je —
A gl AT DA RO LA R L T AR BE AL R BE
A 2850 Hb /0 B AU 2 B0 1 B[R] R T AL BE
AR ASHEAT B P B AEL, SRR R HE R SR 5l A —
TE R B R 25 ] A AR TEKE B B AT 4R R L R R RE 4
Jo RS AU N 1] — B2 SR A B ADL G R T 75 A 2 114 5 B (1]
Wz —.

H R 32 38 A SR AR B ADLHE AR — BB R T E KA
D7 RV AN BRI AT 2o AR i R E 4 4
B 53 1 — R 5 A KA R RE A B S AR A WA 1Y
B L & B [RUREAS 1 AP o DT 3 26 B A 1 2K )
AR JE AT R SR A S B 5 SO R L B P
S I TR PEAT S A0 B B 3 U AN R] % AR
OB E M SERIT AT S B R A — A2k,
RIS [R] 4 0 B3 04 AN [ 1) 32 AR 38 38 A TR] 7 o 500 A [
U 8 BT 5 1 4 4 80— Rk 2 AN [R) . e DL fil
FHE KA 43 FEAS X I) A] g 5 BORE A i A5 52 B
FEIF R AT Ry 14 300 A AH A S s R A 43 B B I
HEAT A A3 R o AT AR S O R A 5 2 R
AT« DI e 8 8 BB 22 1) R A1E s ok 114 7 A4

H2 a0 SR 200 R AR v vl A S A AR Y A
151 G A B £ B R AR AR R R A0 M S AR AR B 3 R AR
ASCIE Ao 43 BT AT BRAT B ) S AR T e i X
AL B AR LG R BRI g 1R AR O R T A b
AR 26 B0 T A8 H A3 A F A AR i 7 o
A LAR 2y AR 3045 b s BU5 L. n 2R IxX 265 B RE %
PAICEE B TE 2CARAF T o8, AR 2 o 1 i 38 551 v o 42 45
FAA 11 370 RN B2 ] 1) 56 Rk 5 AR R AR A 5

A SCAE AT BT R AR i KA A R Z
Jei BT B LA G 1 25 0 B R Sk B A ) B A 4
PERFEH AR (BigLoopSP). FoA1T 8 4% 1 4 3% 2% Uk
AR A5 R AT R 0 JE AT O 0 30 RS B S oo B A
SR VG T g 4 7 AR W TR 45 B R Y 1 B B AT
AT JE AT S R A3 R R AR I I SE IR 4

BR MR TFEAME K REHEAR SimPoint™*,
BigLoopSP 7 £ i A5 i P 1Y [m] i, ik — 25 R AR 1 4
LRT 5 B B 1), A % F SimPoint A] DL 3k 15 S
2. 63 [ 73 hn k.

AR 2 AT T KA RFEHOR A L 5
55 3 AR IR T BigloopSP A A 2 U v 5 2 4
LT AE VRS ) i FE RS R A 5 a2
T BEADL A I R G 5 i T RS 40 S A DG B 9T T
Vi s B Ja 1E5 6 W 4y 4548,

2 ERBARERRHATE

FE R FEASRAEHAR S H FT I 5o Tz i A
R FEROR Z —. AR IZ D7 25 A0 ORI RS B 1 19 [) I
AT DA IR b 20 A5 400 BT 0 1) B [ H 3K B v L A7
TE— 2N, e FEM A L 2 KA R 1 7 n] fE
5552 By R T A AT S CAn A 26 5538 051 A9 AN [A] 2
RO B AN VE L.y st 52 BO0E 52 B 1Y JE AT S 2 i
ARG o DT 3 8GR A R B TC AR FRATTHE 1
IR 7R BB A

B 1R 2 Ay R T 173, applu i
100M 7 K 45 4 E5kl 43 F1 LA BF 125 48 Sk 341 53 ) 4
PEREA Z 5 AEAAT Ay B AR AF: B ] 18] 9 728 Ak 7R X
A T3 AR m w BBV E b i 5 B P s 17 0
HAT R AR b B AR H5 bR, A B ] i BBV (Basic
Block Vector)™) J& 2% A S i 1) Z) Il 2 )5 17 4 /1)
FEbn. B — BT AT R R 2 U b A R Y A
HCPAT B3 232 1) [ B (] Sk v ) A R 6 N Y AR
A AR 7 BOh B AT 19 B e 132 AR B 4
0% BT BBV 22 4Em L K1 AE 2 gl
2 2 £ 2 & 5 Hr PCA (Primary Component
Analysis)"" B4 2 J5 15 21 16 FRAE i 28 AP B Ak R
SEREA G T YA BRI B4R 2 05 15 B B FRAE 1A

I 3 Ll X P A S Al 2 n] DLk B DA BE %
PR i R o i AR Z IS . BBV B RRAE(E 19 25 1k
ARFLI. 5] 2 el e BE A R — H L M AE L 1 A, i
A AR S A e i B L X - E
SR 2 100M 45 2 BUE KFEAR R 1 5 S FR iy
7R W) i BEASUC L, #E 173, applu W SE BR (9 47
IR E S 1540M 548 4[5 I X 7 33 B A 15
B FH 8 K AR A G R 5 2 7 Bl ) 43 o B 2 1
JASAAT Ay o DT e 328 JBCHE 22 1) SR A AL

DA L T A 7 B v RT DA B 3 R S DS S AT
RE XS SCHE AR AT D 1 A5 A0 8040 7 A ™ 14 52 W



i

5

1988 it #L

2008 4

AL

70.60 1000 2000 3000 4000 5000 6000
FEAR G5
& 1 173. applu i 100M g KAEA K BBV BT AT R 1Y 228 1k
O~30 T T T T T T T T
0.25F —
0.20 —
i 0.15 ]
&
£ 0.10 —
0.05 -L —
O - -
005 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180
REA G 5
K 2 173. applu DAEEREAC N # AR 3 FEA Y BBV BEFE 7 AT 30 72 19 728 £k

A5 AR BT B A A7 D A S B — b A2 R i AR ok
SSVRNEE Nt NI 2 N T 05 NG R 0 R SR & K 15
F8 ME . X T 3o Ao 0 5 A DC B T R AN R R L BT LA
MELR P 5 1 A 3k — 28 3 A

(D M KA S T 24 bR i 17 o J8 39
CIE 3 AR DL AD & 58 1 FEAS AN B HE 1 i 4 A4
J 393 X A 0 2 5 EOUAR A SR 300k B, TR 2
RAEAHY R /INA I SE B il 0 A B A I 2 R BUE K
FEAS AR AL 5 AN 52 B 10 S 00 DTG 8 T4 A R ik
i 5229 B L (AR 3 22 TUAR AT o TR 0 g A5 41
FEAS BE— 280 1 B ALL I (]

ASEBRAT 0 B A II /T T i B

(2) M KREEA AR 5 AN A~ S Pr 1047 9 JH
W CIEL 3 H TS O B) o S s B A 5 R A il A BE
AEFEA AT Ry B0 R AE S IR 4 500 5 1 2 A e A
HACH X — A ).

7 H. G182 BB Al A DT PE A9 15 D0 » G 8
M REA R H 38 22 B 1 2 B g e A5 400 14 1 1) 2 b
WA AT B K 5 IR LEAE AR 2 (8] Y 2y REAL 4D BT 75 /Y
WL & 4 g i T T — AR S A B R
SOLIRE [ 14 75 3. P e B 2 A7 3 o 5 U 3 AR AR 47 4 AR
Je— 0 QR AR R R A0 1 A o RO REAS
] e R B B O — A SR AR A B AR A O A A
S B AT AR SR T D E AR R0 2 B REAS L i
TR 73 205 YRR A 1 55 S PR AT B 25 A 2 AN T

- ) gt *----

§ WUE KRS BN ROREAR | B KA SO P | it B T 53 3507 T 35 A R A A RE R AE X AN 5 R

DU IR EAC S | DA ER I AQ g 0 Yt | LA IR AR 2 2 Kok 3K AN R AS 2 Ja] 5 o e A By yEAT A L &
e, e e, 2N WA RE AR 22 18] ek 46 4 BT L &

AN E BERE DL (8] ph b m] UL 26 A 3 R

BB (7 00 L KT B A96 K, e T SYETTUN I
e —— L e e *-- St Il NURIRTIRRE ad o
| DL K 4 MO AP OB | DL KA R 2 0 | vl L [ o
LTI (00 91802 LRI A Jy 45 | DABR (0 09t | DRI i
WHGREA | WAMEA | WA
3 s B 3 T SRR A,

357 7 UC L 1) A

FUA TR BUA 1) Ty REAE FEL ] 3]



1144 T

5 A« — o T 0 BRI A SRAE A UL B AR L1 1989

K32 53 73 Ao e A A A R T SO ) B O RS A 1 RE A
R AT 2 g A DL

3 BigLoopSP #FAXIXENE %

BT BT AT g O T g
i TR 1 O A A UL AR 338 BUGR 7L BigLoopSP. i
FRE T G R A AT O A T BORE Y R AT by e
UL R A 454, BT LA BigLoopSP %37k v fifi 11
I IEAR B 30 B Ry R0 G i 16 RE AR I AR g X T A
14 Ak R TR AT AR SR AR — 43

ZHEENEELRNT.

(D A RCEUR. g 4% 70 BT IR RE 7 6 AR i —
E AT PAT SO A [ B A T S fi 39 0 2 30 37 1) T
Bl . a8 B 05 R Z I vk A TR A S 2
W G R

(2) BEHLFAG IR, #- s — 4106 20 H 3 55 % L
DL FEF BT P AT N RRAE.

) ik zh & 47 . it Profiling X | — 25 %
HH A8 PR SR LA G I 364Xy 00 BRI i i RE A T
AT H.

PR K 4R Mk

BRI K P
Tofii Bk <

PR BT R T
B
TR AR TR
JSYUP S8 ’
B ERIPS
IOPTW PSS

HHA ]
fEf

I A
X

K TefE

/ S K

TSR TS

(4) W s BERUREAS. 20 BT R B0 1 3 505 B LA
AP A AU AR (1 7 ' 0 A
3.1 £mTHiE

R T A 35 BRURE AN B o Aff 3R A A SR AT R R AR
(4320 P51 e o B A P 2 5 4 0 A B 10 798 A A
KAF B T B X TR A B T e e A b
T b TR R T B 0 2 DL BT RAE R =2 R Y O AR

X HL6HFRATT SE T A i T A 1 FE AR AE 4
HEATY J& R ARAE T s WG IR 30 A e st . 1 e )
(B AN 5 R, B RTIZ 45 44 30 5% 0 T 8K
I Ay M A P 0 300 A . DO RO A 2 4 b B
ZERY, — LA LA AR =2 T02 #0502 R AL
MSCHE B 56 2 MGG E B 58 =2 2
T TR 5 N T A Y 0 1 SR A L. 3 SR A P A G 1 1
SRAR T T R 4 g B AT BT I A5 S b
TR LA 45 4 1 sk L 191 31 35 4 Fi i 4 4
1 ik 3 2. 55 =2 A0 SR AR R R TR 2 i T
Bt b AP R L T 8 R G B N T 40 4 4
fiE. JCECHRE /Y 2 0T DA 3 ok g 198 4 bR 4R T 4
Bt 3R A5 A B2 5 9 T BUHE s DA S 11 T B HE Bt
F4 T =X B 0 A S A 9 — 8 ok T AT SO

!

? R
! R PR T30 Mo b
! LIS

/ ey | AR
TEf B k< Sl

/ MR AR G TT A5

LS 4 5

ﬁ%m%<

) o fE ik

L [
> pas

S 2R S

5 e TR A U

TE A oo B I 0 2R G B ik B 6 B L 08 T S
HCEAT R o 8 07 T Feal B 2 R R PE R ik
PP PR AN 23 I TE B 2 A B T R L R
B2 BARE I AR 1] BB AR JZ IR 58 SE 976 B
fix & (perfect loop nests) B 7E /Y JZ . T 1 A AL RS
AT - NETE R R E b R R ROE A )2 IR E R R
) 7% 151

for (i=0; i<<100; i+-+){//LOOPO

for (j=0; j<<50; j+-+){//LOOP1

statementA ;

for (k=0; k<{25; k+-+){//LOOP2

statementB;
}
}

7E_E i, LOOPO FI LOOPL & T — 21 58 £
¥k E. BT LOOP1 il LOOP2 2 [a] 775 — 25 1
Wil A Z S e s BT L e AN R T —
20 5% FEE P i . AR 08 T A L DU % £ LOOPT fE



1990 it "

Hl

AL
-

i 2008 4F

AR — G W B A2 IR E IR IR, 7R X
HZ BT AN EE LOOP2 Jr 76 19 J2 A 5l 3 )2 IR
R A, 2 O R & 5 3L statementA Al
statementB 517547 AN 23 B AT o] i 25 918 B 04 0 [ BT
8 B I B 06 2 6 TR AL T RE 4 ) SR 2
SR T P i BR™ ) R L 3 ) T 3 R A Ah
JEUE IR SRS, T RE 23 18 B4 % 18 A B 2 I 1
HORAGIR) AR RIG A B R R B 2R
J Bl11% 2% (Cold Start Bias) A4 5% Wi H #5332
FATHEMAL Z )5 B L FRZ A BigLoopSP 1 J5 A
3.2 BEERERIK

TG IR FET T A S 5 i B R AR i B A
W T W EPER, Profiler 23 ItHE 1 — RN
TUECHE b 10 B IR LE A PR TE R T 3B 47 3 R v S B T
BB L. SR S O R BT e A B L R T
0. 5V MG IR I ic S R ENFEEAN P it i
JOT o5 Y LA . X I8 2 BT A B AR K T
0. 5% HAE R NG F1 ) o 44 AN 43 78 L v i JRORE 0 4
AR — 7 T2 Ry 0 T AS 23 R R Y 45 T
REFE B it AR K A8 5% ) 5 — 7 T2 PR oA T R % 90
L FRFHAT I R 0 135 . iTRE S 9l A — B R K
18 ) BEASE DL A 2o VB iy 1 2 K 84 A 4L iy T
1y R B [ P 6 s 1 U T SRR B L FRAEFE A 5K
Fe R F 0.5 % G IR 1 e i — S FE AR AT R 5 48 4
B IAS KT 0. 5% B PRI 1 I g — A BE AR 2 ) A
PR AR ) — BEE B, th S BN 5 AR K — B T
RE AL Ay Bof [ o 1 L RS A 33X — /N B L A 23 %)
e A SRS A B AR T T DA 7 3 R R 2
A Bt rh BRI MG IR

FAEE>05% FAEH<0.5%

B A B PR 1) | AR 1A D B A0 I ) | 5 4 B0 K 1

B R —MREAR BeJa —AMFEAR
® >
FEFP I U A FE 2k o5

B 6 5 AMIEER T 2 R Tl o 3 £
) R BEABLEN 1) < 84 A

3.3 BERIETITH

BT —Map s S —2 il T g
FIAT R AR AL s T LAAS BE f] 50 A o — ST v ik A
B3R B AT AR SR — B AR 1. B D, AR R L
Profiling #fi 3R X 26 8 217 K. BigLoopSP % ik o fiff
I BBV Sk i AF 5 o 3 4R 2 8] AT O 89 AR k.
Profiling T =520 #748 1% 3296 4 45 1~ 2 48 BBV %%
P 5 o] DA AR — 25 1 B AR AR

3.4 TREEIFER

SimPoint F 2L £ mean B2 T HE 2
PG AR A R 2R 53 B L. BigloopSP %k
B X G I BBV B 5217 23 A, LA
e B RERRE AR (3K — T L o oG B 1) 20 R il 2
5 k-mean B k1Y X S 8 K. £ 100M Sim-
Point 1" K IHEFE(E 2 10, {72 3% A B 2 £ X
FERFEABCE Y . T BigloopSP 57 1k w1 i LA A
5 RAEAAM 2 B HARERNE g 1k £ 00
R BIRAAEAS 5 258 Y 98 Ko B H

P FoATE LT LR AR A Ko 1E.
COV ntructionCount |}

123X B, COVipaructioncomn 38 A TG R v 4 5 AR
84 B AL 7 R B COV (Coefficient Of Varia-
tion) ya SE ORI 7, M HTE Ry 10. 3% BF AT M
100M SimPoint H' K. [ HEFE(E 10 1E 8 Ko B
KAH.

TR G B 2% AR Z ) 9 78 S5 R BB AR /DN & K
MR LS R B E TRz G
R T Ko B 72 57 R B IG K H X IR A
M) el PO Ak S50 4 A5 R B A A 400 45 R A IS T Y 52
BT DAE B, 6T SRS R B Y K. =1 B,
HEHREH A 100M SimPoint (K, = 10) 41 [, {1k
VR MRS SRAE RS 0 M 2 4 i HL R
U0 5 S R I R A 2 3 — 20 D

K,.=min{10,max{1l,a *

4 LWHER

B0 3 ] A BR A B AT 3E T T SPECEp2000
FrEg 9 A4~ B R P (wupwize, swim, mgrid, ap-
plu, mesa, facerec, lucas, sixtrack Fil aspi) 3 PFf
BigLoopSP AR, i £ I 1 72 77 #R A T rel B A
4. M e s /9 Alpha a] P47 SCHF I 38 i 18 ki
) GCC 4. 0 % 3% 7 A= M40 A J7 1 8 il 19 /2 Sim-
pleScalar Tool Set 3. 0M. 5% 4l #% HL A& 19 S BOiE &
L L

B F 100M SimPoint® J& SimPoint K #f ¥ &
e P TG I G R R 136 B K B SR L7 v ) 4
HE 100 fir LFRATT s F B 1 O BigLoopSP #Y b 4%
X4, IE T CPY AE Sy L B0 25 S0 o M 1) 4 4

@ SimPoint fx # 1 T./E Software Phase Marker™®) j& F % ]
AR TAE AR E B HAUAGE i 4 B — 28 1 3
PRI BATT o 19 300 A5 S, 1 LB 1 AS i e KR
AN SimPoint #ER , [A] B i T8t % 52 I3 SimPoint [19 %
BRRAS L B G FRATT T bR E B 5 B 4 Rk AT .



1144 T

5 A« — o T 0 BRI A SRAE A UL B AR L1

1991

YHE . ORSB M L 35 Y 3 o 08 38 3 32 17 SimpleScalar
Tool Set H1 5 #h Wk A< i%) sim-outorder 3k 15 9. It 4F
R TR K o B A RO AT PRAS  FRATT 0 225500

100M SimPoint 3% FH# /MY K (1.2,3,4,5), DL
k5 BigloopSP 145 R k4T L%

x 1 EBEE

25 fH
HLF AT 8 P AR o It 4 52 T
ROB/LSQ K/h 128/64
AT 32 NMETE FAT AR 32 NIRE M AR

IhRERIC 6 1> integer ALU,2 4" load/store unit,6 4> FP adder, 4 /> integer MULT/DIV,4 4~ FP MULT/DIV
L1 84 47 32KB, H WL . 32 “FATHRI/IN S 1 A i e ] 391 4
L1 ¥4l 217 128KB, 2 FALAHIR .32 F 5 HLR /N T A I 4o ] 39 42 isp
BE L2 g7 IMB. 4 BEAAEE . 64 T35 HL RN, 23 A I ] 39 42
S 3T A% Combined, 16KB 4~ BHT %

PN 75 1) S I

330,20 /4 & W 48 s} (first, following)

4.1 THEEEER

K7 FE S harilss T BigloopSP il 100M
SimPoint Z [A] A% i H AT CPT 5% 25 (1 F . ax B
M- BE AVG i F Y2 L35, s iR g5 R
F, W5 SimPoint A5 1 M &% & 09 B & 100M
SimPoint #4 ¥ , BigloopSP £t 2. 63 {5 R 2 F
B T mny CPIAS#1 . BigloopSP [~ CPI
BER 0.27% (F K CPTiR 2 1.08%), 1fif 100M
SimPoint ) F-# CPI 22 £ 0. 56 %0 (e Kk CPI i3 22
2.94%70). 7€ 9 AWML FEF L A 4 AR R 1Y
BigLoopSP 11 CPI i Z I K F 100M SimPoint, {H
TG e DA SRS B 25 2R 1 B 1R 2 0 AR O S A I 2
-2 25 R AR U] BigLoopSP ] L3k 44 BKS A 1)

45

2.5 ——m 100MSimPoint
1\4@ 2.0 —— o BigloopSP

E 8 BigloopSP 5 100M SimPoint 7 CPI % 22 )7 ifii [t L %%

2 W B A AR B T BigLoopSP BB AH X T
100M SimPoint B(/5 2. 63 4% &4 i e i B 9. 3
F145 T BigLloopSP 5 100M SimPoint H iy J 5
DL ) BE AL AL 1 45 2 BT o 58 B S ALL R AN AR AT
JIr s 18 2 B e, Hoh Y K fE " J2 BigLoopSP
R HEAERR Y v o 4 A B ] B R A B R Y
Koo fH. WA LB F]: (1) HF BigLoopSP i 1 T

= 20- N S ey I NIV RY NS =
S I T - A 0 R A RO U D TR LR AR Y B
=2 - C2) R R FAA I T - A1 2 0 5 1 B 0
25 S 1 L9 D L2 o 9 e 1
O N R = SBO FTHE 980T AR 2 6 00 AL D K
FEES S S B R T R,
N - Nl © o 2 N ey y:
< : T3 A1 s DAL R B ] T 38 R A 2 A B Y
7 BigLoopSP A% T 100M SimPoint MY K 1 — A RIVE FH - 24 2y e AR 0L ] A D 2D R
(K e = 10) B X K 1 RE FIK T B e AR 400 I (] 38 o esf AR 400 A S I 1]
& 2 BigLoopSP 5 100M SimPoint By # #1174 %Kit
. oy Bl K Y Bl e ARl /O
r— Ko . I A5 P14 4 B/ o - - Ty e L 4 24/ % —
BigLoopSP 100M SimPoint BigLoopSP 100M SimPoint
wupwize 1 1. 31 0.16 6. 37 72.98
swim 1 0.12 0. 29 1.00 73.38
mgrid 1 4. 00 0. 10 12. 00 77.43
applu 1 0.29 0.17 1.57 97. 28
mesa 2 0. 20 0.28 80. 02 99. 29
facerec 1 1. 46 0.21 87.56 90. 22
lucas 1 0. 81 0.63 21.03 92.21
sixtrack 1 0. 04 0. 08 1.78 78. 56
aspi 1 1.42 0.17 5.97 96. 81
SE{E 1.1 0.52 0. 20 8. 30 85. 85




1992 it "

Hl

2y e 2008 4

oA K. X BB T mgrid Al facerec £ ffi
BigLoopSP Z Ji5 I g A5 B 480 2 bE 25 L i F 100M
SimPoint fir FAG H A0 3 LA ) S5 A
4.2 K.ENERES

R T VA Koo A 8 AT 22380080/ T
100M SimPoint i) K, fH. & 9 FIK 10 P25 T
100M SimPoint ¥ 48 X%} fill i# b B X T Ko = 10
) 100M SimPoint) fI -3 CPI 1% 2= fF bl K. 1728
et WAl LU 2] 1E Ko KT 2 ZJ5,100M
SimPoint [YEAY i &5 WP B RIE £ 5 K,.o= 10
[ 100M SimPoint JJf 75 i ~F- 34 I [A] Je A AR 3T 3 0
D] Sy I B A AR 22 ] ) ) R S 4BL ISF i) 6 28 o hy e S A
LT B BT A B R WA F KD F 5,
100M SimPoint fif 1% CPI iR %8 B K T Ko =
10 B RIRZEHGBIL T 5%+ Koue =1 B KR 22 $E
FIRF] T 18,540, th M nT WL A LAAE 56 i AR
S 53 g EAE AS 1) A A R T R DR UE AT A BT A 1) I 4

X
= 3.5
= 30 ‘\
E 25 ~_
= 2.0
% 15 ~.
Hj 1.0 \‘ —— ——
05
- '
=< 1 2 3 4 5
K.

Bl 9 100M SimPoint [ AH XTI AL FE K o 148 10 4 35

20

18—K
x 16 \C —— TR A
14 N\ - KR ]
oK 12 \C
=10
&g AN
EN] R L N\

0 L T I h 4

1 2 3 4 5 10

max

10 100M SimPoint [) CPI iR 22 fERE K o (025 1k 4 35

4.3 THIEHFHE
B 1T gy 7 AT ERAT SO AR B8 e s 2 )5

£

'Hx7

EE\G

w55

ﬂJ‘P*?él

S

52 ]

R 9 . . .
FS Dy o & > & & G
& S R & & SR
@Q“&%%\&%&\&“&“V

/M 11 BigLoopSP H i AIJT(F B T BT 47
SO RN Tk o JRURR SCF IR /IN B L A1

SCATE IR /INARDRS T D 4 SCAF /0N B8 18 6 1 B 4] e
FIBR T mesa fl sixtract Z #b, HoAth 3L AEFR ¥ 7] $AT
SO RN B BB AE 1% L. mesa FlI sixtract fif)
SRR/ 3 R I 2 060 B4 D TR O K SRR e N R
A REEH L.

5 MHXIE

5.1 ISR INEME X

L L1 7 Jor 8 40 3 1 B 5% A R AT A4 AR
JUZE: (1) K 750 ALE 5 (2) #RIBTEAT 5 (3) SRAFFBLHL 5
(D FFAT AL

K a7 i AR 48 00 38 o R R AR T AR L (S
56 B L AUL T 5 S AR A B8 D DT 38 3 /0 48 40 I
] B %% 5. KleinOsowski 2 A 2 SPEC CPU 2000
AEE T MinneSPECH” . Alameldeen 25 A%} TPC-C
PRAL TR T AR L BRI A R AN T R A
PAEFA F AT AR RS R A Z G o TR
R AE 32 JRL Ih i A AR B B A7 o R AE A1 11 75 22 4K
BRAR K AL SR X B8 7 A< B FE 47 20 M. S8 1m0 % T8
S TR o L LU o A L BB R AE 58 R AR
PRI ME £ .

BT AT 16 1Y 2 S AR P 4D 58 — B WS e 1Y
K BE R P B 2 5 w4 1k ML L L T X T
LAY 13 AN B B 1 5 S 10 T 2 R R 40 8k 2 A
RGN X K484 ARG HHT Y K464 1
M (warmup) , fx J5 76 56 WUBE J5 19 Z 2548 4 #6417 B
JPR 2 JE AT L X B XL Y, Z R T A
BB I H i 0F H AW G Z 4038 A WA BT S R 1)
FEAE B . X A B AR W] LLR FHAE 45 F 75 R 3
S H E TSRV 3 78 AS [ i I i 5 4 A B Y
KRR, B AAAE B AR R0 25 57 7 U B R R ARG
Ty b, 220 1 2 5 A9 4T DR SRR AR

AL AT DL — 25 40 53 U T 48 1 Bs iy R
FEASE AL T R AR AR A B SR AR B ADL. o A1 — 26 5T 44
Fe ARG W B AR R AL P, DL Ok s
D IR S I R B AR REAS R 22 (code-start bias). 3
TRRAEFE AR (14 SR AR DL 48 30 20 43 A7 B2 3 BRA T S
FEAE Ok 355 BURE 0% fi g Hb 28 B 3 26 KR AIE 1 FE AR Sim-
Point™ % gt & B RL (1 AR 3. JE T S8 1T B8 1 R AF
DL D) 75 ) B AR 4DL R 3 1) SRR A E AT 43 AT T A
A i o e i B B A 2 HIREAS A RO X 2R 4L
RERE R SMARTS . SMARTS iy REAS & 144
O3 A AE RSB I FE p fn R FRE S N S A



1144 o RA R R T U RO B SRR AR S AR (A 1993

SRR IR B8 € 1Y B AE B nT DU i 2 4
HH ) SO R — U UL A S BOUE R i 4R
RAES AR, AL Iy . B T SMARTS i HUAY
FEAS R &) o3 A A B AR e B, B Al 72 A S
AR B A IR A AU A0 45 R R B DU
LN [R] B 22 3 52 R T 50 B AR UL AN PRAT BT o 1Y
BF ], Bt SMARTS #5480 r 5 9 B (1] 38 % &R L
SimPoint It 7 [ B [8] . 76 25 F 0K o % 7 1,
SimPoint f F H ] 5 T #2748 4 i BBV 1E b ik
IR A8 2 B AR A Be iy B S I LLUHE N A7 D7 THI Y
SER A 2% 5 M SMARTS AN A7 76 MR 3 72 7 45 4F 1k
SRR TR] R T DA G A& T 25 SR SR 1 #FZE LE SimPoint
4T, Software Phase Marker™ %} SimPoint #4175 T3
Ji& A 2 RE A 16 OIS SRR A, B o o0 A — ol S
ARIUR AT A 30 AU B th TR ARG B
A 3 O E B L AN A0 E AR A 9 SimPoint
HETH.

SR AEAS AL I 5 AR ST A fi g A Y — 2R A0
BELA L H X 28 3 30 A9 SR A U R R R R DUE K 4
A B A3 e e REAS L T ELER A A B 4 1R 4 ok A Ak
RAERLAL AL B A SCH) TTBR A AE TR TS B
2 P i AL 1) TT U R SR A AU A B2 A3 B 4 10 7
R e A A K] 43 O 25 LA B0 A SR AR AR UL Y
H .

FEATBEAUFE Y A2 0 o A 0L 4 T 3 24 b
FHZE b ol 2 AL 5K . Girbal 2 AN R T —Ff
Sy A CAHESE DIST. ‘& AT LA 1 U028 6 0L 2 5 A ) Bt
(1) CPT 15 22 2k 2y 25 Ml 4 5% 55 4> 40 A | 900 9 ot 72
AR B S DA 7 D E 90 /) TR AR A ) [ I e O AT
Ho Wk 2 ¥ i Bl BT ORI R 25, Penry 5 N
Liberty Simulation Enviroment (LSE)! 3 4 7 —
i E Ak AR JE AT BOR . HoA 5 947 B LA O
B TAE B35 SCHRLL7-18 [ r ik iy TAE.

5.2 THEEMEX

i 1E i o0 B T W T gl A0 A U G
ar JCHUE AT LS WO B ) S SRR R AT ARG G 3
PP IIZ 1T R0 JAVA Anotation"™*" J2& H LA 1y
JO7FH S g i A L e B e 5k T S 3 S LAk
AIAR OCAT L LA 2D 3l 28 B sl A1k JAVA 5
i AR 7E STk L5 A oo B8 Bl ok il 9 TA-32
EL"* gh 24 Ak i % 25 42 #4543 B 00 B oh e 42 &
FPEACH i 32 A7 850 3. T A SC T 48 K 1 1) P 400 15 4%
TR SR S AT A GG R R AR L B AT
DAY J7 125 0] Sy A S ).

6 # it

AR HT T RAEE B KA AR,
Pt T — b 3 T G 15 A T KO SRR L HOR A AL
BigLoopSP. % 1t Ak 52 A i By 4 15 4% 52 1 #Y o0 B s
ER AR P AR R 0 B0 00 3 5 5 AR BRI Bk
AR Sy 0] 406 358 FF A 1) 300 5 AN 2 R T TR
FERL LA v IR E K95 2 BOR R 73 R A i S i 7
8. LA 23 A8 K i e A A A ) T I B 3 B R R
BT AR HESS B 785 100M SimPoint f e 42 52 5
R DU B 00 B Uk AR 0 1) i 28 A A A DR IE RE A
JoT 2 BRI B2 R A R 08 D T T R AR A AR Y B
K AH B3 F 100M SimPoint, BigloopSP 7F #2 &
At 1 1 () I A 3 — 25 B AR T R0 T 5 ) ).

H R Bl B AR S AN REDEAE h F328 9 5 15 19 J 35
PEAT N 38 VA 5 A0 A XS T 106 BR 45 40 A7 4 B O B A4 1Y
A7 PR, X T 3 2 52 XY 43 B R A BHDRE 2 B AT
R TAE R AL

& % x #

[1] Wunderlich R E, Wenisch T F, Falsafi B, Hoe ] C. Smarts:
Accelerating microarchitecture simulation via rigorous statis-
tical sampling//Proceedings of the 30th Annual international
Symposium on Computer Architecture. New York, USA,
2003 84-97

[2] Sherwood T, Perelman E, Calder B. Basic block distribution
analysis to find periodic behavior and simulation points in ap-
plications//Proceedings of the International Conference on
Parallel Architecture and Compilation Techniques. Washing-
ton, DC, USA, 2001 3-14

[3] Sherwood T, Perelman E, Hamerly G, Calder B. Automati-
cally characterizing large scale program behavior//Proceed-
ings of the International Conference on Architectural Support
for Programming lLanguages and Operating Systems. New
York, USA, 2002 45-57

[4] Johnson R A, Wichern D A. Applied Multivariate Statistical
Analysis. 5th Ed. Upper Saddle River, NJ, USA. Prentice
Hall, 2002

[5] XuC, LiJ, Bao T, Wang Y, Huang B. Metadata driven
memory optimizations in dynamic binary translator//Pro-
ceedings of the 3rd international conference on Virtual execu-
tion environments. New York, USA, 2007 148-157

[6] Muchnick S S. Advanced Compiler Design and Implementa-
tion. San Francisco, CA, USA: Morgan Kaufmann, 1997

[7] Perelman E, Hamerly G, Calder B. Picking statistically valid

and early simulation points//Proceedings of the International



1994 07 W A /[ R S 4 2008 4
Conference on Parallel Architectures and Compilation Tech- [15] Penry D, Fay D, Hodgdon D, Wells R, Schelle G, August

niques. Washington, DC, USA, 2003: 244-255
[8] Burger D, Austin T M. The simplescalar tool set, version
2. 0. Madison, Wisconsin, USA: Computer Sciences Depart-
ment, University of Wisconsin - Madison, Technical Report
1342, 1997
[9] Lau J, Perelman E, Calder B. Selecting software phase
markers with code structure analysis//Proceedings of the In-
ternational Symposium on Code Generation and Optimiza-
tion. Washington, DC, USA, 2006. 135-146
[10] Klein Osowski A J, Lilja D J. Minnespec: A new spec
benchmark workload for simulation-based computer architec-
ture research. IEEE Computer Architecture Letters, 2002,
1(D. 7-11
Alameldeen A R, Martin M M K, Mauer C J, Moore K E,

Xu M, Hill M D, Wood D A, Sorin D J. Simulating a $ 2m

[11]

commercial server on a $ 2k pc. Computer, 2003, 36(2):
50-57
[12] Haskins ] W, Skadron K. Minimal subset evaluation: Rapid
warm-up for simulated hardware state //Proceedings of the
International Conference on Computer Design: VLSI in Com-
puters & Processors. Washington, DC, USA, 2001: 32-39
[13] Haskins ] W, Skadron K. Memory reference reuse latency:
Accelerated warmup for sampled microarchitecture simula-
tion//Proceedings of the IEEE International Symposium on
Performance Analysis of Systems and Software. Washing-
ton, DC, USA, 2003. 195-203
[14] Girbal S, Mouchard G, Cohen A, Temam O. Dist: A sim-
ple, reliable and scalable method to significantly reduce pro-

cessor architecture simulation time//Proceedings of the 2003

ACM SIGMETRICS International Conference on Measure-

ment and Modeling of Computer Systems. New York, USA,
2003 1-12

YAN Qiang, born in 1984, master
candidate. His main research interests
are computer architecture and compiling

optimization.

ZHANG Wei-Hua, born in 1974, Ph. D. , assistant pro-
fessor. His main research interests are computer architecture

and compiling optimization.

D, Connors D. Exploiting parallelism and structure to accel-
erate the simulation of chip multi-processors//Proceedings of
the 12th International Symposium on High-Performance
Computer Architecture. Austin, Texas, USA, 2006 29-40
Vachharajani M, Vachharajani N, Penry D A, Blome J A,
August D L
Proceedings of the 35th Annual ACM/IEEE international

[16]

Microarchitectural exploration with liberty//

Symposium on Microarchitecture. Los Alamitos, CA, USA,
2002, 271-282
[17] Chidester M, George A. Parallel simulation of chip-multipro-
ACM Transactions on Modeling and

Computer Simulation, 2002, 12(3): 176-200

cessor architectures.
[18] Eeckhout L, Bosschere K D. Efficient simulation of trace
samples on parallel machines. Parallel Computing, 2004, 30
(3): 317-335
[19] Poulsen D K, Yew P-C. Execution-driven tools for parallel
simulation of parallel architectures and applications//Pro-
ceedings of the 1993 ACM/IEEE conference on Supercomput-
ing. New York, USA, 1993: 860-869
[20] Azevedo A, Nicolau A, Hummel J. An annotation-aware Ja-
va virtual machine implementation. Concurrency: Practice
and Experience, 2000, 12(6): 423-444
[21] Krintz C, Calder B. Using annotation to reduce dynamic op-
timization time//Proceedings of the SIGPLAN Conference on
Programming Language Design and Implementation. New
York, USA, 2001: 156-167
[22] Baraz L, Devor T, Etzion O, Goldenberg S, Skaletsky A,
Wang Y. Zemach Y. Ia-32 execution layer: A two-phase dy-
namic translator designed to support ia-32 applications on ita-
nium-based systems//Proceedings of the 36th Annual IEEE/
ACM International Symposium on Microarchitecture. Wash-
ington, DC, USA, 2003: IEEE Computer Society, 2003:

191-201

LIU Li-Li, born in 1985, master candidate. His main
research interests are computer architecture and compiling
optimization.

ZANG Bin-Yu, born in 1965, Ph. D., professor, Ph.
D. supervisor. His current research interests include parallel
compiler and computer architecture.

ZHU Chuan-Qi. born in 1943, professor, Ph. D. super-

visor. His main research interests include parallel processing

and compiling.



