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Abstract  This paper introduces PartitionSim, a parallel simulator for future thousand-core pro-

cessors with software-managed cache coherence. The purpose of PartitionSim is to improve the

simulation performance of many-core architectures at the expense of little accuracy sacrifice. To

achieve this goal, we propose a novel technique: timing partition. Timing partition is based on

such an observation: in a target system, interacting components communicate with each other and

impose simulation synchronization while non-interacting components don’t communicate with

each other and allow asynchronous simulation. It divides the target timing models into two

groups: non-interacting group and interacting group. Non-interacting timing models are simula-

ted by host threads that synchronize little with each other to improve speed and hurt little accura-

cy, while interacting timing models are simulated by host threads that synchronize strictly with

each other to preserve accuracy. Using PartitionSim, We have simulated a target composed of

thousands of cores on a 16-core SMP machine. The evaluation results show that PartitionSim

scales well with near linear speedup and has considerable performance (up to 25MIPS) at the ex-

pense of little accuracy sacrifice (average 0.92%).

Keywords parallel simulation; multi-core; many-core; Godson-T; timing partition

WO B :2011-08-29 5 S 28 BURS U 2 H 1912 2011-09-22, A PR EIA5 21 1 58 B AR B2 3k 4 1 2000 H (60736012) [ 52 Ju-b =7 5 & L ik F
FER IR H %k 4 (2011CB302500) [ 58 “ N 75 =7 & 8 R BF 58 & J& i1 R 3 H 4 4 (2009AA01Z103) B KA # 4F B 24 5k 4
(60925009) . [F 5 [ SR FF 2% 3t 4 61 357 WF 58 BE 1K Bl 2% 5 4 (60921002) b 5T [ AR B2 5L 4 (4092044) “B &5 367 1 K R 5 & k& 10
(2011ZX01028-001-002) B¢ . #& Wb, 55, 1984 4F A4 WL B 5 A P T REAL A & (CCF) 2 B, E W7 1]y i M AR T FEAL IR R 2454
MIHFA758 5. E-mail: jlaoshuai@ict. ac. cn. # B, 53,1982 4F 4 [ HBF 53 4, EE W58 07 00 0 i M RETH B DLIR R 45 4 IR 47 B0k %
B, 51982 4R A A BF ST AL ST o W M BT LR R ST RL. SERE LB 1979 R LRI BFAE RL  AE S
FFE G Gy AR A A PR AR TR S A R A AR R A A ANERRE L 3, 1968 A A LI L B B R S W R RO U 1O

PUR RS54 L PERE VA8 A0 00 A s AF R 4.



11 fE 0% . PartitionSim: — N T [ AR A% 45 A4 14 I 17 B 40 2% 2085

1 5]

T

B ARAZ R I B, — S RAZAL FEER T B
S fEROS A BN T EEZ IS I
FEAEAS I 1 AR B I Ak B 400X A 1Y IR AT 451 2
EORM P, HET. K2 5804 88 2 R AT . Hh AT
B ] — A EVL AR BN HAs R 4. 4 H
i 2 G0 I A% B I 4 TE 45 A A% 1 A 401 e
N

HEIC &A1 2 I ik g R s s 40, ax 2y
ARG AT A AT CFPGA Jimak - 4§
SR 3K S B R AT RN Sy BB 6% R T B
FR &5 1 K AR W IEAT R AE - BRTEAIR K A SMP 3 H 4L
S T ERA WG IR, AR
PR Y A7 1 400 AR S AR T B H e 1 5K 2 i AR 40 A%
PDES'/,

PDES 18l %84 4 1£ 55 PDES #13/L PDES. &
i1y PDES LUl #% i4: BoRs 6 M. e 11308 P T 4 4t
A R R 25 Tk (quantat®™ 5 lookahead™™ ) , &% 3% #
TIPS [R) 20 AH S5 | A A8 5 5 2F 1 Xof B I 6 R
At PDES #8185 (] 4 SlackSim™™ 1 Graphite™)
02 T £ v ASEHOL L L A I S A5 B b R [ 2P
T AP A

1 3% 58 PDES A PDES %8 Jg 8 s A 7]
(R [R] 24T S < ASEAUL H B 45 1 T A7 A R i, B2 R Bk
(] 25 ABE AL, 2 R ™ s ] 2D AR UL SR T3 3 A 4 00 4%
INAZ 25 RE) 0 A AR L FRATT A B - A B A8 P R ] 5 {5 43
Z A BB AR Dl 15 . XA WAL T3
H Cache — ZUH (9 AR A% 45 #9 (Intel SCC | Rigel ™
I Godson-TH""*0) tpJt Sy B Sk 7 % 55 1+ A7 1 1
Cache — B 1 AR AZ 45 0 s — BOME B 30 25K A %
(1) Cache [H] 30 {5 . ¥ A Hb 155 400 5 2630 {5 75 2278 B 1
Cache Vil S5 4 b 8 [F) 2. 76 801448 B Cache — 3K
PERYIE LT s Cache HBA 1 1% /N 17 5] Cache [A]
WA . BRLX AR Cache A5 R . — H.
Cache FJ DA 5 25 A5 400 I8 4 B A /N Qi 7K 4k +-
Cache) 5t o] LA # 55 25 B 4.

YT I A SO B AR BRI YR —
1 Cache — U ARAZ Z5 46 I o JHCRA XoF /N A% 1 [] 20 B
FUAT DA g A5 400 32 O EL A0 R AR /N i v B8 i T
XA AR A SO TR L T L I L
J o3 E S48 B bR i P AR 53 Ry AR 43 < AR A 5 O
A B AR SY . A58 5 AR 3 5 A0, 38 B AR A 4™

A 1 [ 20 AU A SO FRATHE T 4t A AR A% 2 A
41 A Core(AEAZ H)F 43 A1 NOCZE H) #47.

SRR B P 4 ) 5 A AR08 AR A A [R) R
SO

(1) B4R Core 5 Core Z A& A B HEE . [HE
Core 5 NOC Z [A]3 A 3047 » w0 20 25 451 31X 2650 15 , A
AEik Core 584> . B Hi B S 20 #5241

(2) A Core 41598 43 5 SO 7 4 2%, Anff
Yol 7 33k B B 5 2k

N TR AR, AT T A T IR
s e R e i L I f A felE P AR A T O R
¥ NOC 3| Core Z[1] [y b J 3l {75 . 3 F X 2L % %
(I s Core AT LA 25 NOC 520 8401 SR T .
F Core FF B % 19 NOC-to-Core B} J57 iz 17, HF 4
P Core-to-NOC I ¥ 3 A5 5 A & HE A 1. I 7
A R R M K &2 Core-to-NOC 1 i J7 38
7. Bl 1R T A SCH A VAR,

Core timing

Cache

timing rebuilding

Cache
X

timing assuming %
router
‘ 1
L iR e # R BB CH bR R B 8 4 S Core il
NOC; i J5 I % (timing assuming) 2 [ Core %} NOC
B B P AR 1 5 B 2 78 (timing rebuilding) K & Core-
to-NOC A i} 8 15)

K I 2 F A AT T — A I AT
78 PartitionSim, ¥ & #l Godson-T A #% 22 #4.
PartitionSim {fi F§ POSIX thread (Pthread) ZZ ¥ , i&
174 SMP linux k. i i iz 17 8% # B9 SPLASH-2
N AR P, FATPEAS T PartitionSim 78 82 8 T %
Godson-T 22 ¥4 i} i 14 €. 45 R £ 7~ » PartitionSim
A R AF 0 m s L . 4 B AT 38 25 MIPS, SF- 25 i 7 46
%0 0.92%.

ACES 2 IR PartitionSim 1 RS 458 ;55 3
RIS I 2 RO S 5 4 TN IR SRR A R
55 5 AR A OC TLAE RS 5 6 Y 4 Hh A5 IR AR Ok
TAE.



2086 i "

Hl

# 2011 4F

L
¥

2 PartitionSim &K & 54

PartitionSim Jg& — ™ [ [n] Ak 4% 45 14 1) i 1 72 )7
FOFTRIER. B 2 IR T — A 2480 R JF W
] e e Bt ) — A~ A A% &b B g A OF B — S R
SMP 15 MU L. 40 2 . H AR A b B 2% 2
LAY tile W IT, A 4G B A tile: Core tile A1 MC
(Memory Controller PR T #%) tile. X 2 tile Bk
— R I mesh [ 45 3% #2585k 4> Core tile 3%
— NN, — AR = L2$ f1— A router. & MC
tile £ & — > router Fl—4~ P77 & il #%. MC tile Jik
ETE mesh P28 WG P A7 45 AR 94 9 AT DL B
PR HUAS [/ /9 J #h 7l 5. PartitionSim SR 58 8
BT B S — DT RER AN Z A I P AR T fiE
B PN /IMZ I I 7 B 5 i R B 4 Core model, H
BB PR router . 1.2$ I MC G2 FR 2 NOC
model. X 26 5 He ok H Godson-T AR # #5412
GAS HLE 8 M A M B J2 8 Godson-T Jt &Y
AR B A .

WAEE 2R ¥
N\ N\

‘ Host SMP OS ‘
Host Host Host Host
Core Core Core Core

[ Shared memory |

Kl 2 PartitionSim #9484 &

WK 2 ik~ . 78 PartitionSim B — 324 W fh £k
2 : AP(Async-ParalleD) £k #2 1 SP (Sync-Parallel)
. AP LB Core model, SP £ B 8l NOC
model. & 3 JB78 T PartitionSim [ EAISZ 3. AP £
FE2Z 6] 53 20 3847, SP 4 A 22 [a) 1A~ ] o Ji JU0 0 5 2
[F25. T, G HAR T b A [ 2P, AP KRt %
[l 5 UG IE A 1. AP Zefefi i trace 47 SP 4 k.
SP ZRFEAF B iX L8 trace K58 i NOC 73 1 i 5 A
L. A trace BAICAL G — A I E] R L 504 28 AL FAH
KRy Mk BCE B, AR H AT R, AP LR
trace 5 ASCHF ARG it SP AR k. XHERY N
FE— WG B — W AR Jr R AL T B0 & 1 53T [m] I
M AR IR AP ZRFE R SP 4R R 1 i R T .
Ah s LISCARTE AE TR 1Y trace A] DL 48 5 2L 5 & Bt
LR B[R] X FERLIUAS [/ 2 800 Fr b 28 i o 2o
R KRy Core #4328 8 S L4, HU 28 4613
A trace 314

S LR )35 2L
« AP > + Sp N

Async-Parallel Sync-Parallel

% 3 PartitionSim £k F2 407

HE R b, B A ADLI i) 4 43 oA AP i) A SP
IfTE]. AP B a] X 8% 40 APSCAP Sequential) B[]
il APP(AP Parallel) B [i]. APS B [H] 45 1 4] 5 £
PLHARREF AT B BLA B ). H bR R T R AT B B2
Hirfr A — G s &0 B Be. APP A [H] 2
TR AR B H AR R T IEAT B B B (). SP R[]
R 43 i, SPW (SP Workload) F1 SPB(SP Barrier) fif
[]. SPW & 45 SP £k & 19 11 2k T 8% (Workload) i
[, SPB J& 45 SP £k #& 1Y [A] 2 (Barrier) JF £ B [].
APS FB 53 Bl BN ERARASTH AL B [B] AN 23 (R Ry 1
PLIAZ A LT A5 fb. APP 34y 1 &2 AP 45 it 554
FEATREAEL, I AT 0 b ) £ E STk EH . T SPW
1 SPB, Y EHUAZ LG K i, SPW B[] B 2 I 47 5
P U /> SPB o (1] B Sy [7] 25 4 485 KT 38 o



11 fE 0% . PartitionSim: — N T [ AR A% 45 A4 14 I 17 B 40 2% 2087

3 HFE

X IR B A3 ) B O B - I B RN
. T . T ATE L Cache-Miss-Refill 354y 4
O il B I AR BB A I e B A AR R B — A
Cache-Miss-Refill 3 4 14 & — 4 Cache-Miss
(Cache %k 4y %) 25 4 1 %F 7 B Cache-Refill (Cache
] 38 =5

M~ Core B & H —4~ Cache-Miss 3
P € 2 HLWS T 5 A ML Y Cache- Miss-Refill &
R AFE R FMEEER (1L2$ 4b P st E] A AT 58 /) A 4k
JEIR. A PartitionSim Hv . FATTR 1] 58 04 550 2 0k Ak
THIX S GEIR ¢ 5 b 2% Y S 3R O — S R b 4% 4
FERLAU A 5 125 1Y miss/hit {5 QR A BE Y Fr Hb
FE SR F B A TS Rk UL AE R SCH, FRATT
AL(Assumed Latency) f1 RL (Real Latency) & 1%
B FN B 52y Cache-Miss-Refill #EiR .

Core I B H AL 5. &M AL R4k £ #i4)
Core model, H #| Core 58 4 #% [H 2£ 8¢ & Cache-
Refill S & A= 753X > 28 F o B B4 09 B Ar i
Wi BR oM E Z B F (Overlapping cycles). B & It/ A
AR 2 2 s N BRA AL 7K £ Ak B g R 4 rh WL 22 21 43
W G — DU R TE Cache W& A miss I 2545 (7]
SIS S U KR T LA AR 22 AT U K £ E i 46 4. e
AN PRI AR Pt A B, B 4R TES
IR — AT Bs B 4R OR O T ORISR AT 4
F MO (Maximum Overlapping cycles) 3k & x — 4~
AINAZAE TC R K (8] SEL ] [B) 17 50 T & AF 1 B B 16T

NOC #id g2 Yr Core I % K 1) Cache-Miss
Fef H A I ] AR S REE ) NOC I .
AP A 2 Core I 7 LR FI NOC I J7 #8528 11
P Core ZEHRF — A 3 I B AS My i P 405
Z T

NOC i A NOC SR (i 8 R 48 & i 2] 5
{7F £18 F ] 8 ok o A =R R

K 4 ik 1 — Ay A 4] 7« Core fEAR
Ml B A 5 3 K T — 4 Cache-Miss 2 ff;
NOC 3 % 2 14 1 Cache-Miss-Refill %iE iR (Bt
8 R 10) IF Had sk Bk 8 B ke P % T
I A i Core 4k 224D 5 & I 1, 11 & I i Core Y
BN LS S CiPiE N R < S WA i = 3ingA
FEIR T, Core H T 4T FF A Hb B S 4 22 85 401, 76 A b
F4h%5 8 3, Core & 55 2 4~ Cache-Miss 354 (i

B 8). NOC i He &t Hpf [A] 8 O 18(18 =8+
10) 2R J5 15 H & £ 84 NOC #ER.

overlapping cycles

Core—timing >

|| d
NOC—timing | |
[T

(a) B F

0 3] 3 8
Core—timing EE
5 5
\
NOC—timing Y10 !
3 13 18 "
(b) Iy HE gt
K 4

4 MO <AL 3 H MO <RL B}, 5t 2%, A~
EREBRBEWE T T, & 2ELLHF T, —4
Core #f2x#E Cache-Miss J5 » Cache-Refill Fij BH 2.
WG AL F RL 1 22 51 5 AS 52 o I 25 4 1) 25
PR Sy 5 o 5 450 1 2 N 2 A R . 2 B BRAR
ANAZ 45 48 22 2R 17 50 09 00 /0N A 0 3 A9 L B K9
2 TEXFE BT AT AF I SE IR (NOC SEIR) 13
LR T/MZAT LB T EH S P, FEXMIERLT .
AR SR A I Y R AR SRR E A K &2 Core-to-
NOC #4385 1 ).

TEHR L5 B0 . Core 75 FH ZE il % & W 1> Cache-
Miss(ffil i1, #§ 4 Cache-Miss FI%# Cache-Miss).
TEX L B0 Core 2R BCAH I Y Cache-Refill 2
PRI B AT R A I HL 1B R A% i B (R B4R X AN R
ST AN HER Y o AH 3B B 45 5 R A BR A DR X R
e/ MR E . FEBAR LB L LIS A R A
HOHIE 95 % .38 4 FIEE Cache-Miss [HER T /)N,

=
4 X Iy

XA RIS R, 4.1 TR T E AL
HH b 45 4 it . 4.2 A1 4.3 5148 PartitionSim
(AR 3D R RS B4 . 4. 4 T X PartitionSim I f&
4t PDES.Graphite 347 FL %K.

4.1 RIIRE

ARSI 1 fE EHLE—A 16 1Y Intel (R) Xeon
(R) E7420 CPUs, 4 2. 13GHz, NfE K/ 128 GB
DRAM. #:/E &2 4 2 Red Hat SMP Linux,kernel it
A 2. 6. 18 H 4L H #5514 )2 4 Fl T-#% Godson-T
ke Ay a4 T1024,T2048,T4096 i1 T8192. 4
Fpa /i BC B AR S AE 2 1 . L T1024 S5, 1024 4~



2088 i " N 2 i 2011 4F
Core tile 1 64 4~ MC tile 3 7E— 1 34 X 32 W F 2 BHEFSY
LM% . X T Godson-T FIE 8 4 48 # Cache b7 o 5 T /S S
— B S B RT DL S B SCER 10, 14 ). % T H #R R matrix 1024 X 1024 1K,2K,4K,8K
N T RTIN -y f 16 M points 1K,2K,4K
J¥ . AL T SPLASH-2 B 3 A~ HA R 1) 2 ! pomts
. ~ . . radix 64M keys 1K,2K,4K,8K
J¥ (lus radix Al 0 Fl— A~ J B AR 1% matrix. 3% 2 lu 10241024 (88 block) 1K,2K,4K,8K
F 26T i e AR e ) B 3k S 4L
_ " 4.2 Pl 3R
%1 BR&HSY Rl
VA A v
— T 3 PR TR ALIE S AR JFAT
EE7¥:35d — — N . —
* Mesh /N Core #( IR 2N i - o = I 1 M 1B N O el ) B
T1024 (3242) X 32 1024 - S e v
o SR o iR 22 R (A B R K b 4. 0 TEe_1024 B 9S
T4096 (64+2) %64 4096 ([t QT 1024 NERFE.B477E T1024 |, 54745
18192 (128+2) X 64 8192 St B9 MIPS (Million Instructions Per Second) {H
AP . 1 GHz; L1 (D/1) Cache: Private, 32 KB (per core . . R . . R
tile) , 32 Byte line size, 4-way associative, LRU replacement; (*[Elﬁ/%\ﬁ E /lé’fT Hﬂ‘lEﬂ )E/T\‘E 5 k. *%?U\ H‘TIETJ Hﬁﬁﬂ
L2 Cache: shared, 128 KB(per 1.2% tile), 64 Byte line size, 8- yi —
way associative, LRU replacement; OFF 8 F ZEiR : 150 cycles. ]}'%ﬁﬁﬂ—\‘ﬁ_‘;@ 6 ‘t
x3 ZTHHER
. ) e TEAS TR RS B0 R ADLE |) /s
H A5 B A &4 %/10° AT E B R/ 10°
1 2 4 8 16
radix_1024 20.5 0. 055 18806 9525 4770 2873 1821
radix_2048 20. 9 0. 024 24829 11939 6130 3219 1708
radix_4096 21.7 0.017 35948 18466 8997 4459 2084
radix_8192 23. 4 0. 020 72947 36192 16349 7719 4347
fft_1024 29. 2 0.129 32516 23194 18300 14109 12571
fft_2048 29.6 0.147 44952 29853 21400 16401 14649
{ft_4096 30. 7 0.131 64766 44020 28543 20434 15634
lu_1024 48.5 0. 051 27596 14780 7650 4778 2757
lu_2048 91.1 0.048 54764 26545 13950 7421 4205
lu_4096 176. 2 0. 046 114893 53441 26175 13742 7090
lu_8192 346. 2 0. 046 276 820 133236 55111 26444 13626
matrix_1024 15.1 0.015 10173 4941 2457 1310 766
matrix_2048 15.1 0.008 12842 5940 2824 1376 828
matrix_4096 15. 2 0. 005 14971 7809 3408 1468 679
matrix_8192 15.2 0. 004 16751 9925 4768 1915 898
12 J¥. X2 APP #4532 58 4 5B B 02 I AT
10} e e < Sz i - _ .
AP B 7 %5 5B 43, 1 B, e > JB s Je 3 19 n
). 8t Ny N Ny
- Eb X S OB B APP il /N, I H APS He ] B
= 6} . ‘ et N
2, ot KR APS F 73 52 BR AT AU - I AN BE A I 47 52
| it Bl K 35
o e 8]
8 164 SRR M (SPB i B ] He ) b6 % 3 LA

DBoad & o qN Sl
Q)/ﬂ ’>$ (,\‘ a ’>9 ) QWQ ’);
SR
. 7. 7. 7
St
F&E

» D o
Q X O
DR

|
&+/&+/\\+;&+/Q\\/®/%&/\\5/\0/\0/\0;-*&;
<

® o SV

o
{Z‘ I

AT HLAL

B 5 AT RS B0 B 4L
MIE S FTLLE e —AFEF APP L8R , 475
AN LB, BnTEl 6 S . HARFR T B APP L iR
INHERE 2+ lu * pO1 > matrix_* p01>>radix_* p01 >
fft_* pOl. [& 5 H 5 7% B9 0 B bl A 1F 47 498 4 5 A I

08 T T 4 o (EL 0 B D B R AR o
o SPB ) FC AR HEHE E 0/ (B 6). Bl 4> BE
GO AE TGO T - D BV LR EE A
A HARME L PRI TAR R 2B 1 R IF
HOR.
4.3 RUBE

TIERT A A HARIL I r A5 S0UAG B 5. RS 1
JEE R o 5 R AT R UL I 2R LR AR OR Y (R AT



11 4 & 4R . PartitionSim: — > 6] AR A% 45 14 Y £ 4400 4% 2089

100+ 100
90+ 90
- 80 il . 80
S N
= sl ] = 60
550_ -1 1 = SPB §50 = SPB
e %8 ] = SPW & §8 = SPW
N 1 i L lmapp| R = APP
lg:¢ = = > = APS 18 = APS
— O\ < 00O O\ =00 €O — QNI = 00 O —(\] =00 O
OO OHODO OO —HO OO O—HOOOO
I A N USSR AURURUAL
< < < << 00 00 00 00 00 (O OO O O AT NI NI AN
ANANNNNFFFHFFOOODI DO
OO OO OO OO0 rArdA
BRI RERNNNNNNENN]
CGGTTGG 0T GG TG G OGO G
T TTTTTTCACTTCTCTTTCR T ®
I R I I I R ]
) .
100+ ] B 100+
ot 11 i 90] 1
SOTHN] B 80+
< 704 il i < 704 |
= 60+ - E 60 -
= 501 ” [ [=SPB = 50] -
£ 4010 - 2 404 - |=SPB
& 301 il - |m SPW xR 28 | [= SPW
%8: I = | |m APP 10l | |m APP
i - m APS ()-8 8 s
0 1 O\ < 00O —I O\ H OO €O — O 00 €O QN <+ 00 <O N xfc NN \Vc NN = APS
fafre oW Wt W i Wl i W o ity Wl NN PN DD o Do A, 2, P
—\rl—\rlwlvlvloolooooooloolwwwlolnolmlc\llc\llx\llmll Qq’ Qq’ Qr" Qb‘ Q‘X QQ QOA Qo" \DA \03
ANNANNFF FF LD DT DD DD DD B2 I R R L S S M)
SOO OO OO OOOO OO rdArd rdr—rdi A+/4$/_+/4+/,+/A+/.$/_+/ .\_,/..1’./
O D i F L L L LS
252225255332525255535 P FPFPFPFPFIIIY

(d) matrix_*

K 6 radix_* (a), fft_* (b), lu_* (¢), and matrix_* (d) AL [E] 3 A

BRI I e 45 SR AR R FATT I B AR . A&l 6 i
7N I R (Error) #5/0 F 1.4%. o K 28
Cache-Miss-Refill 488554 MO<<AL 3 H MO<<
RL. 2 7k B 3 A% /9 fi B, J& AT M e _ 1024,
lu_1024,radix_1024, and matrix_1024 43 5 K AL
T 1M B JE . A X e R) 5L X A R D R
3ASH AL RL fil MO. 30t A B AR /N BT A
FHFRYIX 3 DS BOERIE AL 7K 8 BYZ5 5. K
HA[LE H . MO<AL<<RL. % & MO<<AL jf H
MO<ZRL.

1.2}

1ot
= 0.8t
~

2 0.6}
=04t
0.2}
on.u.5 8 NN EE.N §.H

I S
AR LRI S P SR LR g
QQQQ\;\,QQQQ’QQ%\,\Q%Q}Q

X

N W N D AT QW
,§->\+/&$/§\+/tz§\+/ QR RS \o/&&,/ .0.‘./1.51.
D
ARG G FEFF S

K7 AR

— ARG e BRI R B AT
5 CAPS) o HE1 B fe KA P B IR A48 23 BT X
MR AT ML T HERF A E 20
Je 18 491 B4 T il X PR Ry £ AR R AE < B0 R

PE2E . B E A B K AER 484 i 2. [1i_1024 1
% — 2% Cache [ iy b F K 94.3% ., X ZAK T
radix_1024 (98.9%), lu_1024 (99.9%) Fl matrix
(99.9%). #l B 1) Cache-Miss H { & W K I &
Cache-Miss AR BE. 575 4b, 75 it BL,BREEES AL
B25h 3% . 1£ Godson-T /N . — A~ BUKE J3E Bk vk
T ZFET 11 DI — A SO R 45 %
R ZRER 17 DB PP R . X e K IER R 2 7 5 R 3L
Mk AL A1 RL B 3 8 I 7. 3 P A A 00 T 3 e *
(18 B B A AR AR R A 2 5 DT 77 A A X R 1 B )
FEiR.
4.4 EALLE

X750 TR O R SR g B 1 AN S R
% PartitionSim F1{% 45 PDES . H & 4
PDES J7 i LA 4 [6] 26 19 75 XOF A7 40L&l 9 fr
7~ s PartitionSim JC I8 J2& 7E 48 %) # i (MIPS) if J& 7E
Jnd e EAR AL B8 PDES J5 58 8841 Xt K o 1L 48
PDES Jy i 75 54> ML LA 78 B 401 4R B0 I Fr A
A H AR (Core.Router #1 L2$), B 221
Cache FIJ I #8. 3X — s A LA Fb A8 95 Fh 7 25 19 £R 47
BAUE k. & 9 PR, iR AT BLALAT , PartitionSim
LA i F PDES.: radix_1024 4 76 %, lu_1024 ¢
60% » matrix_1024 Bt 80% , lu_1024 R 200 %.

2 AL s 2 AR PartitionSim 5 Graphite,



2090 it (= 2 Eild 2011 4
160000 160000
— AL
140000 I 140000 — RL
— MO
120000 I ’ ’ ' 120000
l‘f}f 100000 J»}h \Mﬁ‘ L,J JU L ig 100000
S 80000 . ~ 80000
% Vi 2 WWM Al
# 60000 et , = 60000 | | N‘L i ‘WJ J
— MO
40000 40000
L (N R T I ooy
20000 20000
% 200000 400000 600000 800000 1000000 % 200000 400000 600000 800000 1000000
I b JE) 3 I ) 3
(a) matrix_1024 (b) radix_1024
160000 160000
— AL
140000 140000 RL
— MO
120000 120000
= 100000 = 100000 .
= HT
80000 80000
e R : ‘ J ““Mﬂ fMWWF“W\WMWW"‘“WW”‘M"'M“‘*‘“‘vf‘mw
® 60000 RL = 60000 “ M H‘ '
— MO
40000 R bk 40000
20000 20000
% 200000 400000 600000 800000 1000000 % 200000 400000 600000 800000 1000000
R IS ) 34
(o) fft_1024 (d) lu_1024
B8 AT RAM IM B8P i ALCEED ,RLOPED A1 MOCT D
95 K 0.93% , X F It Graphite {&, Graphite [} JF
22 mi B Lax 500 F 2 7.5%. 7 laxP2P 15 0 F 2
20k
=t 1. 28% .1E lax-barrier {5 % T J2& 1. 31%. PartitionSim
o 1oF RO = RS B0 B Ok A B Y I e B A AR X 58 B Ay
=l (NOC) Y $5471 7 25 B0 3R IR 25 J7 2% 1L Graphite
M lax,laxP2P,lax-Barrier [ #}ZE ™ #5 .
5k

9  PartitionSim(. par) filf& 45 PDES(.PDES) A5 ) fF 44

10 s 1T BN gR 1 fft, radix, #l lu AN
HEEb. PartitionSim B 2 b J& 38 48 3 5 %1024,
% 2048, *_4096F1 *_8192 [ F- 4 (& 15 3 9. Graphite
R Lok BT SCHRL9 ], 1 Graphite 19 16 4%
URTE A HL A B SE Y. R 45 R WK, Parti-
tionSim 7E AL O F (1 2] 8 #%) kb Graphite B
LAY & X TR BE L K PartitionSim Y4 ) B2
AT HARFE P B RRAE o (H R B 7 2 I P 4 5%

K 10 PartitionSim(.par) il Graphite (.gra) Al k. b4

5 MHxXIE

BEADUIE TT S B BT 5 2 1 e B B R H BT
R AR R ZHOR BT, BATR AR IE1T7E



11 fE 0% . PartitionSim: — N T [ AR A% 45 A4 14 I 17 B 40 2% 2091

P FEHLLRRE L Y AR [ R RO i 2 B
53 TC 25 B AZ AR ADLBE 0 25 T B H AT Y fin R
WA A AL HE AT L B AT L FPGA
PR AR A AR T FRATTN 5 AR SO PR O 1 T A
PEATIE . 0 45 £ 48 PDES G 47 B 8L 4 9K 3 Y
B 25 B 2% | SlackSim , Graphite FI COTSon.

TEAE S ) PDES B 88 B, F B2 &% W b
DLERF 22 G0 10 1 B 1k R o B ML R TR A8 R n
PDES f) 2 75 2. B A B A PIR i I 2 AR 57
{18 FBCEE 1Y PR ST 5 i AR /DN oL ke A I ) 5 A
FEORE = 7 4 58 4 00y B 48, 3 O T B TRORS O i
A48 SC ik [ 14 ef i) A ) 2B XL WWTTTY
5T quantum (¥ 25 J7 2R SCHER [ 10 ] By 42 §i &
(lookahead) J7 =K.

iF [E) 4 Ctime bucket) [7] 25 7 AL BN I 72 43 1
T JE AR R B R AT R LR BB T A ik JR 8 [) 25
— K. T BloE Lo H bp B e iy fie /N 38 BLAE IR BT
quantum (1) [/ 25 75 2 5 0[] 4 09 05 AR A7 R
“quantum” 8 gt A B ] AR B A O e JE A BB T o
— AR quantum & 3 253+ 500K 1. 78 52 1 &
I B ) Core 2315 3] — N RRT R L, R
J& XFIX AN /INZ R AT DA% 4 B4l LA B B 9
NGRS

PR B TR T % SR VR A ) kAR R — HL
BRI B B A ) s R A RNE . AR L g
5 GTWH J5 3 4 (3 Jy 75 )2 Time Warp' #
YEZR G R TR . 3 BB AR J) 01k b 15 8 4G
S — B B P 3 461l (B0 VR B B O ) A A AR UE
DA Ay s A 2 A A

HAREGE ) PDES J7 R $&4ILTE 2 0 s L (5 2
R B Bt B S A0 AN Y R () RN 2 ] RS Ok R
AR A 5L 5 AU B 8] 23 () R AL 33 RN AR AE 5
HhEYIE AT AR (i GTW B anti-messages). 5
= [V AT R 2 AR A AR AT B R R. )
AN SRS B R 3 K B 3 481 A [ R s R 2 S
R SRR LR,

5145 PDES Ul 5 A~ [7] /4 52 . BL1¢ PDES #%
U0 5 im0 B R R ) B4 4% A SlackSim Al
Graphite. f& SlackSim B A& W Fh EHLL R : Core 2k
FEA Manager £k 2. Core 2k 2 1 Manager 2k 2 H.
FHIEAE A — BB 1. 2T thread (9 4< M
Ao 7R X S 7 1 BLE L SR DL B s AT Y e
B I XA I [P A A X A O A BT
&4t PDES RE 7™ A= 81 K M HOHA 1. fHJE , — > KAy i)
PR 11325 A 22 1 BB 152 RN 6 ). Graphite

KT 2950 A LA, DT $ (L BT 4 T R SR
7 » 35 AL 30 5 119 8 2B 3R AN B ™ Ak 19 ) 25 7 8. o LA
Graphite A5 A R HI T AU TR AR 1) 7 125 ok 4
A SRy I SR B R i B

7 A M e SE B COTSon™ 42 1,
COTSon J&— 1~ I 5 Ty fig-0F 15 43 %) 0 B 40 8% 7
COTSon HL, B} 3 5 & #% ] ok F & B i€ 8 (spin-
lock) [ i} 5. PartitionSim J& — 4> 3 15 I} -0 7 49
F| R 2%, 76 PartitionSim B, I 7 55 2 3= % ]k
PRS2 WA I s A . 3 41 COTSon 1) T RE & 43
FH AMD /4y SimNow!. SimNow ! J& 4~ & 17 85 il
BLCERRH T COTSon 3 JEE.

6 HEMT—HITIE

X CEANYL T PartitionSim, — > ] [4] &
AL G PRI ES , T 42 T — A B A7 B4
T3 v R 4 AL AUL R B O 7 AR /N I I A R S
B~ s PartitionSim fZEAL L E T # 19 Godson-T A%
SER IS R A S L AT X P S R D 1 B
1%, 514 PDES Mt PDES(Graphite) i H %
7R, PartitionSim HA B i (1) 348 B2 FOAG B2 L3 A
SCH) T AR AR HAEXT Godson-T 33X A 1y 51 F 4 #E 1Y
Cache — Bk R AZ 458 b, & — 25 FR AT 0 58 1 1f
J- 4 B4 T v 2 A5 40U T 58 T ) AR A A5 4 An SR A
f Cache — B ) ARAZ 2514

Z % x W

[1] Bell S, Edwards B, Amann J et al. TILE64 processor: A
64-core SoC with mesh inter-connect//Proceedings of the
International Solid-State Circuits Conference. San Francisco.
USA, 2008 88-598

[2] Howard J, Dighe S, Hoskote Y et al. A 48-core IA-32 mes-
sage-passing processor with DVFS in 45 nm CMOS//Pro-
ceedings of the International Solid-State Circuits Conference.
San Francisco, USA, 2010: 108-109

[3] Kelm John H, Johnson Daniel R, Johnson Matthew R et al.
Rigel: An architecture and scalable programming//Proceed-
ings of the International Symposium of Computer Architec-
ture. Saint-Malo, France, 2009, 140-151

[4] Das S R, Fujimoto R, Panesar K S, Allison D, Hybinette
M. GTW. A time warp system for shared memory multipro-
cessors//Proceedings of the Winter Simulation Conference.
Lake Buena Vista, USA, 1994 1332-1339

[5] ChenJ, Annavaram M, Dubois M. SlackSim: A platform for
parallel simulations of CMPs on CMPs. ACM SIGARCH
Computer Architecture News, 2009, 37(2): 20-29

[6] Miller ] E, Kasture H, Kurian G et al. Graphite: A distrib-



2092 i "

Hl

2011 4F

E

M

uted parallel simulator for multicores//Proceedings of the
16th IEEE International Symposium on High-Performance
Computer Architecture. Bangalore, India, 2010; 1-12
Chiou D, Sunwoo D, Kim J et al. FPGA-accelerated simula-
tion technologies (FAST) ; Fast, full-system, cycle accurate
simulators//Proceedings of the 40th Annual IEEE/ACM In-
ternational Symposium on Microarchitecture. Porto Alegre,
Brazil, 2007 249-261

Fujimoto R M. Parallel discrete event simulation. Communi-
cations of the ACM, 1990, 33(10): 30-53

Mukherjee S S, Reinhardt S, Falsafi B et al. Wisconsin wind

7]

[8]

9]
Tunnel II; A fast, portable parallel architecture simulator.
IEEE Concurrency, 2000, 8(4): 12-20
[10] Chandy K, Misra J. Distributed simulation: A case study in
design and verification of distributed programs. IEEE Trans-
actions on Software Engineering, 1979, 5(5) . 440-452
Fan D R, Yuan N, Zhang J C et al. Godson-t: A many-core

processor for

[11]

efficient multithreaded program executions.

JIAO Shuai, born in 1984, Ph. D.
candidate. His research interests include
high performance computer architecture

and parallel algorithm.

XU Wei-Zhi, born in 1982, Ph. D. candidate. His re-
search interests include high performance computer architec-

ture and parallel algorithm,

Background

As the “many-core era” approaches, some many-core
processors have already arrived. Thousand-core processor is
no longer infeasible, and it is likely that thousands of cores
on a single die will become a commodity. Simulating such
parallel systems is a big problem. Currently, the majority of
simulators available are sequential. Sequential simulators run
the simulation workload on a single host thread. When the
number of cores increases in a target system, the simulation
performance for each core goes down.

Conventional PDES simulators are loyal to accuracy.
They either conservatively provide limited synchronization
relaxation (small quanta or look-ahead) or aggressively allow
large scale of relaxation at the expense of introducing addi-
Modern PDES
simulators (e. g. , SlackSim and Graphite), which intend to

tional overhead to handle timing violations.

deliver speed increase, has to relax the synchronization con-
dition between host threads and sacrifice accuracy. This pa-
per introduces PartitionSim, a parallel simulator for future
thousand-core processors with software-managed cache co-
herence. The purpose of PartitionSim is to improve the simu-
lation performance of many-core architectures at the expense

of little accuracy sacrifice. To achieve this goal., we propose a

Journal of Computer Science and Technology, 2009, 24(6) :
1061-1073
[12] Fan Dongrui, Wang Da, Fan Lingjun. High-efficient archi-
tecture of Godson-T many-core processor//Proceedings of
Hot Chips 23. Palo Alto, USA, 2011(to appear)

[13] Bai

Lv Huiwei, Cheng Yuan, Lu., Chen Mingyu, Fan
Dongrui, Sun Ninghui. P-GAS. Parallelizing a cycle-accu-
rate event-driven many-core processor simulator using paral-
lel discrete event simulation//Proceedings of the 24th ACM/
IEEE/SCS Workshop on Principle of Advanced and Distribu-
ted Simulation (PADS 2010). Atlanta, USA, 2010. 1-8

[14] Jefferson D, Beckman B, Wieland F, Blume L, Diloreto M.

Time warp operating system//Proceedings of the 11th ACM

Symposium on Operating System Principles. Austin, USA,

1987, 77-93

Monchiero M, Ahn J H, Falcon A, Ortega D, Faraboschi P.

How to simulate 1000 cores. ACM SIGARCH Computer

Architecture News, 2009, 37(2): 10-19

[15]

TANG Shi-Bin, born in 1982, Ph. D. candidate. His re-
search interests include high performance computer architec-
ture and parallel algorithm.

FAN Dong-Rui, born in 1979, Ph. D. . associate profes-
sor. His research interests include low-power architecture
and processor micro-architecture.

SUN Ning-Hui, born in 1968, Ph. D., professor, Ph.
D. supervisor. His main research interests include computer

architecture, high performance computing and distributed

OS.

novel technique: timing partition. Timing partition is based
on such an observation; in a target system, interacting com-
ponents communicate with each other and impose simulation
synchronization while non-interacting components don’t com-
municate with each other and allow asynchronous simulation.
It divides the target timing models into two groups: non-in-
teracting group and interacting group. Non-interacting timing
models are simulated by host threads that synchronize little
with each other to improve speed and hurt little accuracy,
while interacting timing models are simulated by host threads
that synchronize strictly with each other to preserve accuracy.
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