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Abstract Computer system simulator has long been a useful tool for researchers. It is applied in many
different areas, from code design to software programming. In the development of simulators,
performance has always been the main focus of researchers, and the improvement of performance will
in return benefit the performance of real computers. A number of optimization work has been
proposed in both serial and parallel simulations, such as threaded code, binary translation, FPGA
accelerator, simulation separation techniques in serial simulation and the solution for the load balance,
synchronization and communication in parallel simulation. In this paper, we provide several basic rules
and structures that are used in common simulator design, and summarize recent studies of serial and
parallel simulation and simulators. First, we introduce the current development of simulators,
including current research results, technical problems and challenges. Then, we talk about the
structure and the classification of current simulators. After that, the technique in serial simulators is
introduced, and the optimization work in parallel simulation is also organized, according to the
problems they tend to solve. Some mature simulators as well as simulation platforms are presented

later in the paper. At last, potential issues and future work are also introduced.
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Fig. 1 Base structure of simulators.
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Fig. 2 Framework for optimization of parallel simulation.
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B ik Z2 0 [A) 20 TF 4. SR e H3 AT A 40 o B A1 2R A
HR A 53 T B ] — > b B ST rp AN A AR A TR
ERAEIEATRA f1 T 4 TE 2 A [ b 23R T 1 2R
2 [A) s SR A7 AT L 3XORE 09 38 {8 2 2 AT AT
AP Hh O R 38 B A, AN e 43 TG AT 55 A5 38 A T B S
IR A B H N Z —.

— P B AR B B D ¥ S R T s S A A
(static load balancing) 13 Z& 71 2% ¥ #7 ( dynamic
load balancing). # 2 f 2 24 7 J7 1% $2 5ij % 452 40 72
FP AT 43 B TR B 22 H X B A B9AT: 55 AE %
AL B R ST Z [R) R AT R A3 T Bl A A A8 A i D)
FEVFAE AT RN B $hAT 3 2 v b BB ST R A7 4T 55 AN
I VR A A B B R S R AR Y A Al T
AR T — Bl E i 8 R 2 )5 e R P R
AT R A A2 AL AN SRR T AT L AR
NN TF5H 5 T 2l 25 B 2 18 4 1 R R T SR X
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TP A TR T AL 88 S 76 R 7 U7 o 72 h AR 4l
T 7 038 A7 RS 45 1 32 8k 3L B 5 1) R ok R
TR T X 2 5 B ANAIF RS R TE B TR
FE4G Z 10050 M B B 53 A BB R P R AE G Bk R S
TS ), R AR T B S AT T A BB A B IE AN
AR A, o 3 SR B0 A B A 1 A A D A

TCAE A2 i 2 B 48 2 0 2 3h 2 B 4R X A, 7 A
PR 7 I B 22 i 2 A o AR R 0 A 43 A U R4
X R P R A R A E — AR G R R m
AN AU (1 58 SR n AN A 1 . T R R A
B NMEG R LS DT E S BE R T
REAF 55 o 114 G 22 18] 1 31 19 AU =2 AU AT BB D 53X
A ) JR T — 2 s R BT LA AR A e L
1L e

D) SR R

PSR 1 S B A A T ik v ) 43 T BR R X RR
J¥ 0BT T REFRAT I A58 E A7 RS, R JHE b i) O
PAT AR

SCHRC25 ]k F T ek [22 ] v 4l A TR) 25 1 i
(W BP0 . L SR B HEAT T BE AL 0 46 R
g3 BRIF IS AT I X AT fig 23 77 AR Y38 4R B T 22 R Y R
B R HEAT TR S PR AL L 8 AR R BOR X 32 g
JCZ 8] ) 38 15 HEAT 25 &, Ok i E R B R
AR X — B R R AL A8 X R Y ) 38 A FF B AT
TR A B TR Y S A

SCHk (26 0 F $i T 32 B AR AR I 47 4k ) R R
FH T 8 25 5 a8 A A SO R I AR
05 i BT R AN AT Ly AR A R
V) P 38 15 TF 8 de /0y » B B B — > H BRI B
AR, TR 1 RS IF B 5 kA 2 B A B
JCHEALA 1k Briner ¥ X% 7 kB T — 225 4k, ff
592 55 e 08 A BT v B 2 R0 194 3 £ 0 A AR I 15
{0+ 3 g R G T Al A BT L B L g R
ARKM S M H.

— PSR FH A B0 2830 43 R R 4 A BT AR A
17 R B 45 31 B e g 440 22 T AR 3 1k 1y Xl 4 T 8% 5 AR
P i A BT 55 6 32 58 Ak BE 20T 1 A e &) . X
Fofr B 2 119 23 A 3 B 8% 1 45 IR A T BT L 1 PHA T AR A5 T
GF BB A T 5 AT S sl AR o I B AP T RS 2
SR I e R AL RE AR T, (R F SR o T
PR R Y A AT BA R0 T X IR 42
L30T AE B 2 1 07 288 35 i B 1 N 3 T A=

2) BRI AR

— At FH 9 20 A T B A B R 202 5 T AR UL IR

A ML AH S AE 3 25 S BRI AT H AR b AR WL [ 28 HIL
r R R A [i) R R T b X 1

o 4 A 3BT B 3R TR R AR R R X A
SRR Z 752 5 A P 0T O 2 A B A SR A T
FIE 18 21 [0 VR FIARUES 1 1% 00« 3 o 2 SR UL [] 25 #1L ) 1Y
FRAE 22— X AR G0 R R0 28 AT 5 23 B 40 19 4F 55
3 BC 28 vy B A8 A Ak B BR T S T S B 5 O Y B A
XA 55 A e B AR A A BB ST rh S A TR /D 1
TR LU B #4025 R 2 R 2 1t
R T LI —T57 % Reiher S5 A4R T HK R
AR PR BTG i B 2R (effective processor utilization)
(O PEAR AL 7 L 334 B d S e T Ao 3 B 5 T Ak 3L 1Y
1155 v B A 23 M B 38 T AS 23 3RS I A 55 BT o R 3
SR I] 7T FEIR S PHA T o 2 s WA I A 55 T o5
) B6F 1) %5 4 25 PR ] Cidle time) . MHE X — A X oK
HHEMIE S Reiher 55 AHE I T4 55 M m A 84 Al
JFH 7 B A BB C o) AR AT 500 A8 1 Ak BB T AT AR 1Y
— S

TE )75 FL A AT 55 1 # (0 o A2 v, i o 25ty
(time warp) ™) i3 47 76 — A~ BRI 52 50 ) . i
TAb PR SCAEE S 4R R A P S AR B A R T
TE T I 0 75 B0 3 4 iy o A L AT A B L OBt £
PE 0 Bh A AN 4 TF 8. Reiher %5 A3 H 0 fif D 7 %6
FE AT 55 AT TR R AT 55 1 e I Rl 0y 224 B
(phase). X4E 5517 th BUIS . 2 19 v Be (AL Ho g s
T RO MORAEAE T 5K 1 12 B b BB ST | TR Y
B0 AR 2 8 Ak B T B R Y i B TH
A R BOR P U1 HUAS o AR 40 R Y 22 B 4k 3R T B
HBCRRESESEF R XL 5 T/ 0 A
T ZER R Py AR B AT e RS L T 2 e A
S5 Rt 2N IHA Fr B RS .

Glazer 7E 3CHR[ 28 Tt fF 5% i b 25 il HL i 119 172
RS R D 8] R O BT 2 T R G as AT
. Glazer DT 5532 17 (14 B[R] VE by 40 W7 b K 43 &
B IE) s 7E 45 22 48 T s 17 B 43 T A 3 K 0 A e ]
VA ARAIE #5 PR T (1) 4 1F 3 B 1Y) — (. Boukerche 4§
NPT B TR ST PDES (19 8 25 38k 44 5 v
HF BTG5 kR AR U g b & S 38 A0 £ 801 A AR R R
Xof 4 Jay B AR S AT WSO R R W 1 I B 0T B
R X 5 BT B8 1Y 19 s Z ) AT AR AT, Ho
8 B 2801 7 2 A 0 4 Ry B S S IR AR T
A WL 1Y) SR BIDRE IS 2 0 219 U I — L T3
S G AR [ G R iR 4 L T A RIS B N B A T R
15 B Z 5 1R A1 33 R A i) B A 2 e 6% s A 1 280 3 Al
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LRRE N R GEPAT R B (B2 X P A2 R R AR X T
— AL RAT I A K
442 AL

LI ZE R AN [ 32 5 b BB ST 2 ] PR G R 1Y
FEATHLSI A LAT P A .

IO 7SS

k(22142 HH T CMB(Chandy-Mista-Bryont)
Bk XA I R EE I HAEZ R R
A CARSY [R] A LM 1) S5 ST 5 bt A LLZ SR A
N RE.

b T P A R A BRI 8] %S
FRIF TR Ty Wi Ty B 24 O 32 4 3B e i 40 A 34
fF v fe /N B IR IA) 38, RO P AR BRI R) E, 2 8B R
RESE I [N T T S

HARSER BMLAT 3 A5 .

@ 2 HORE 44 23 1iE 21 2% 4> Ak B T L IR
SE S 2 18] Y B A 3

@ i P A A~ Ak B SC A O 4 I (] BRI BE
% J2 W A A B (58 J5 AT I 5

@ H— Ak B ST A AT A R R T AR
— IR Ok sz e 24 T Ak PR R BA B R Sk
FF I A RS IR SR A D 2 AR LR L%

i Al 7 B2 iz e 12 Ak B BT i 30T 2 AT Y L 1 B ]
F .

B — A~ A BT N R R AL BRI AR AR

O 2 Fr A Ak 2 BB 3% Bz v st 1] B A /N 1 —
UNIE

@ NG BAF A Fg b BE A B R E AT
b B, T H % A B s TR A QD

@ RISy =5 8 4 BH 2E 55 FF , B B% E 1%
AH R AR B EEE L BURZ BAS  [E) L A D.

H24 R G5 BT 45 BA A I gk 25 B BE A
(deadlock) L4 , K] 4y b B BA 5] v 2 AT {5 6., Ak B2
JCAL T2 R RAS A 40 2R 2 A BA 3 [R) Ak 5 A1 B
SRPRAS L2 B B B 4.

FEREAN CMB Bk i N it Tk ik =8
TH B K R T 1Y) I 1k 23 T BT AR 1 A i ) A
JSNIURIEDS - Sapiz N SR N/ R

@ B BRI 23 LA 2 JR 99 2 3%l A B ) 8 T
(23 14 B RIS BN T T A3 2R W6 78 1% 4k 21
Lot 4 Ab B

@ $ 3 23 T 0 322 A B 50 B TR B ) 3 oK
AW BBNF B [ N T T S Rk L 2R
ANFEAER RN T, 000 I8 20%35 B A5 3% %2

@ Gnk & G b fir A A B[R] B Ry 25 gk 2 o BT
BAPE G, ik 25 I A 1Y J7 XU B A DR AL L 42 . il ke
07 152 I A 1 5L BA S v BBUAS INF ] 38 e /N 1 TH S 32
[(RpLELR

75 3R FEAS B £ 57 5w Al 1 i Re A £ T 1)
el A lookahead HL#I% . lookahead #8152 T
—IZ AL T K T B R B TR B R R 52
FI I A 0 22 {HL. 9, — > b B ST 24 i b 2
T .1 H lookahead {82} L iX U6 W% Ak B 8450 LU S
B IE R I TR AR R T T+ L. sy A 25 AL
WERSE LR Z D lookahead 18 B 5% W A F
K. Wm0 T . lookahead {57 0, IR A Xk 1E 5
F PR SF R 2E 36w TR iR 1) CMB BLE A7 7E K 1 &
TH B AT I aA 3% 3R EESRAT: 553 B 5 BRAK 3 £
AT IR TN X — B R A A AR 22 H Al 0 i ke
% CMB 55092 v T X S8 801 1 Ji 4 fige e Ty 10k 2% A 4 kit
B SR A AT b T 3 % FE RS D R BT A A 3
JiEXS T lookahead Sy 0 WY1 B F Al 68 2% Hh 3L 5L
B G A e R AT A R A

PRST SR % 1 ffe o5t 2 38 T 5 DL g - % 4 o X%
8 W R W NS L2 S P S 1V S o D v o v o Wl £ O
Rl 4 FH 2 T B X R R e MR T A 7840 1 T .

2) SR

5 Ry R L S sk ik R RS R R R B
AN T A1 U 5 It D) gt o 1 3 R 7] 1 3 1EL IS B A5 4G
W55 52 5 PRy SRS AR L o SR WL SR I B 8 K 1R B4
P 0 IEAT AR EE i v A R B A S 1 T e A
SR (L A 50 10 Ak B 45 S IE B X A A O R £
A B 2 5 W [) 26 5K s mT A I A7 A 385K R A4 =4
T PR S SR I D) 25 AR 40 J #40 BAT2R 5G 28 M Ak 33 7 4>
FeF. G A DR AT S T EAMS R TR A AR Bk
JE AR PRAT I o T S5 U0 [] 25 D) AN 75 2 3 2 3 44
MAF B R AT BB IE B M X T R B LR S
KA o A WL R W LU PR ST SR T g L (R Ak T R IR Y
P 5 5 g . H SR OUL IR 2D 25 T AR A 2 10 B R R
8 T34 0] fig 42 1R (rollback) By =4, X £ 5 5k
—E MR K.

SCHRL23 145 H 118 i 4o 25 ity 56 s 2 o WL IR) 28 g A
e, LA 3% 58 4b B oA T A B2 03 B ) o T
S G0 SR 1 B[R] D T 32 4 Ak 3R ST B A
rh R/ IS I B[R] 22 B8 50 gt 2% (8 7R 3 4 i3 e g
B B [PIVR AN TG 22 WK 2 1232 5 4 P 50 oo A BA 31
rh 22 B PRAT 2o Y B R] 38 T 4 i 3 e ) 380 0
T ZERUES Cunsend) 3 26 55 {4 22 1 ] Ath b BE 55T
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R I . S I R I g B BL R B T B, (anti-
message) HIL . [ 4 B & Z i E &k IE T A
(positive message) (¥4 D1, 5 % 207 2. BA 371 v []
A A A 58 4 — FF 1Y 0 TE B I8 A X A TE B
HBEL YL M BR. an 2R — A~ b B FOT AR ROE B R4
S0 12 AR 4R DE E ML N B © 2 i B ey IETE R
XA RE 2 51 A — FR 1 A AH OC I B 0 VR AR X
— AR E B A R B AN B 2 5 A2
45

X — 2 TR A AT I S B 2 A A A ) A
P s DA L3 2 Jo vk BIVR /9. B 4an 1/O #:4E: @ i
T A BT A O 2 AT 0 S5 4 09 Iy s BAE L X
X T N AE R TH AR TC B8 2 B K 1. 3 7 A4 5] 804 AT LA
1 1 4 J5 i L [E] (global virtual time, GV'T) 2 fi#
e GVT R T R AL K AR IR i 42 3 Bir A7 B ]
)T 5t 3k R CE I R BN T GVT S RS
FITH B AR T L0 Ab B AN TG 2 S T R B e SR
Tk TR R Ak B A R AER A3 Ak 3SR Y I ]
B /MESA T GVT HME ., — B GVT {8 %%
W E T A N EE/NT GVT 1 1O BAEER AT LUK
FE22 A B [ BN T GVT B AF i 25 18] 4B v] LA #t
=0

PR ) B A ot SR 23 32 B T AR WA T 51 R
[F] L 1 PR I A 2 kb 3B 5T AT R 2 90 S Al Ak B AR
TG K 2 B[] S BYOAE it R T 8 DA Rk 1 Tl 9 i)
R R TR ok S TR R, SCHR (30 14t 1 B i) 2k L 44
185 2B J5 v SCRRE3T ] 8 i g 4b 3 5 2 4 )5 42
22 H B GVT #3312 55 14 B A 400 B ] 8. 3 T
2 AN a0 S ) 32 A3 1T R AR T R R kL R
AT E S i e Ty vk H R SR U SR B A R T
W AF R A fit © 2848 22 1Y 3 1 Ok 52 I MR i #R4E ,
TR —FE A (B8, SCHRL 32 48t IRR 1 55 vl LA
SN Z 00 3 A7 i SCHR 033 1IN A b BEAE 1
— WM ZJE AR R A A R R R T GVT
(AR ZS B o R B oA A7 2 ) A ] DA 5 L A S X s
B i i A RCHE A TR P E SR S B ) 1
AT B2 1 9 Bl () 740 A% e 15 0 T #0247 23 B S5
A B S BUE [ 2 T R SR S #EAT R 5 2L T
VB SR 34 55 B 5 ) 7R85 72 v R 0 A 3 0
(18 5105 ok R A 3ok 6 2 B 1) M o DA T 42 TR 8L e
4.4.3 EAFHLE]

ARG RIR K VREE el C R i R R IS Y
Z a3 A5 AR L EE RN RBCRRRILR
2

[) A5 3 A 110 2 R 6 AN A B 1 XU A TR
At B R B AR — s MR RE AR R
S AT AR, =0 W 2 B IR R A
BRUE R v AT I A L R L A D00 R Y 38
S BREL AH B R BAE R S AR R G ORE
PNIBIEEFIRR

(7] — 4 2 A P S 0 315 AT LA SR Bt 114 =X
HEATIRAR 20 T A7 0 R $R T T AT 1R
— 5 VR R R R A A — A S T A
T4 B R 3638 ELE R BT S BN i i S 2 i
DI S BRI Hh R O B T A B R R
A4 10 B BAF 6 B B 5 DL T AN 75 2 X A% 7 1 T
BB #1752 %A 2 i Lamport 78 3CHR[20 ]
rhgR R A ELR SBR[ 20, 35 UL B 43 48 H X A oy e
HBETE NAEAT 6 7 — B 18 50 F A 3& H gk
SRV T ELT AT 9 R G0, X R 7 02 0 RE
0. I X TR > 9 L BA A A AR A [ AR
() A 7 25 R 2 3 I 2 R 2 R Y cache
5% =2 5] B, PR 5 % PDES [R] 45 48 45 & il 45 A
{14 380 15 AL 1 ke 46 T3 15 280

PDES B4 LIC 4% 2 KR 2= H B, X 2
R AE R R BT AT HE B F T A 2 SR TV
Qb T A R R AR e 5 2 ) At Ak B 5T 3% 7S T B
SR W 23 T S 3 8 B 5T 23 4 SRR I R T R 3
2 B TR Bl X A ERAE S T IR AT ALY
A2 — 84338 15 TF Y k3% 25 T 2 T SR A R R
6 IV BT BB R A R AR AR 2 7 AR KR AR 3 oK
L S-Sl PSN N IRVE S ERA IR TR )| AN g |
B, QR AR A & B O Y B ] R N T )
(18 25 31 J2 T 485 ol 1 B (D 398 AN 1z 27 5 D3R [l £
V75 TH AN BB HE 3D 1 SRR A 08 AT S 3 SRR A AT AR
23R Ik I BIE K. T3 I LB A AE 2B B AR R
IR 1o 38 SR B A A 2% T AT B R B TR) R A T
TR 2 %68 23 I S8 HEAT I 88 BT 485 5 1) s SR R TR
(1) 385 28 G0 T A X — 18 100 P DL B 2 3 30 5 1 2
BCE AR B A U R B B S Bk B R
F.OX TR & 2% (lazy send) ) 7 2CAD BE 1% I /D
[ 25 BL T 04 30 B A% 38 35 T S8 E 1R

5 HRIUELA
5.1 EBRITHEIIEE

1) Gem5. Gem5-* 2 4E i, M5 #2555 F1 GEMS
R0 2 7T B D A5 T T BE S ) Ak B A UL AE 2. Gem
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fi#i i C+ +F1 python :[FFF &, H C++ 45K
JZYIRERIT . python & i F)ZBELEE R G, AT
7 AR XG0 . P dl AR R 5 8. Gemb
A A Fhoa] LUA BB e i CPU #5540 84 58 . Atomic-
SimpleCPU, TimingSimpleCPU, InOrderCPU #i
O3CPU. H 1 AtomicSimpleCPU & % faj B8 1) CPU
B, A R 52 AL ) BE AL 8L &6 435 TimingSimpleCPU
AT LA BT 9 A7 34 B9 B ) 5 InOrderCPU e % 452 41
WK 2B 1E s O3CPU (OutOfOrderCPU) M fE 5 421
TR ELT I Kk 2 2R A = S5 I P B4 7
&4 4 B0 (ISA) J5 T » Gemb 37 45 H Al 3 7 (10
X86,ALPHA, ARM,SPARC, MIPS %41 4. Gem5
ARSI 3l 05 5K 4 o P R, — RO R 480
(simulated emulation) , A] DL B 22 & 480 — 8 5] 5 A
Y A — R R RGN AT HiE R SR & B
MY Linux2. 4/2. 6 SF#AE R S8, Gemb WA P AL %
T E A Z AR E R B — 5 B, Gemb
AT AR AR 45 A5 4 o o REASHUL 0 140 22 ) 11 i
X AT Gem5 A5E4LL 25 I A 57 BBk i 2 i E .

2) Simics. Simics"" &£ R G F &, &
SRR AL A 1 R RO B AR R Simices SRR
MZ W48 IF HRet B2 17 BB MW Linux,
Solaris, Windows 25 /E R G5 b8 475k 19 2 Simics
BEWE SC P I 0] #4047 (excute in backward direction) ,
B Bh 4 BT FE 1 5 1% (bug) FILF) 71 (exception) J& Ul
ol B B AN AE ARSI Linux (9 44E R G 76
O B3 SC A 22 SR SR R 1l BRAT S T 4 2 A I 1Y
SO s R R
5.2 FATARILEE

1) MPI-SIM. MPI-SIM" ) ¥4 (% 55 () 25 1 B %
AL SRR A A R BRI T BE6E
Vol /0 [ A JF 484 14 0 A6 T Be . MPT-SIM. nf LUAR 48 H F5
RGH S B4 MPT R 3 9 #5480 45 2. MPI-SIM
JETEfE G MPL [ 36 ml T im AT 6] 25 R g8 3 1 2
e, AL 5 MPI R J3p AN 5 BE9E 47 4T T 18 o0k RE 6%
JHH MPI-SIM JE i# 17 $47. MPI-SIM FE 234 5 A
AT R Y AT F2 R ROR 1 42 R A8 AR
A 1 72 e B2 B A BB T AE U7 ] 3 26 B2 B )
HAz 3 C 1y 1D, {45 54> 4 B 8% U7 0] 42 Ja 28 i 1]
A AN Z 5% 0. MPI-SIM [y 32 55 4b B 500 2 i 2
A E AR A B A A BB T 2 4R B T B BA A LB b
5. KOS 7 T H AL ISA 515 EHLER 41 [H)
MR, OF HL75 B HR AT R 1 U AT

2) BGLSim. BGLSim™ & IBM JF % (1) Blue-

Gene/L (LA 98 2 BAL 4% . 124775 LAY Linux
HLAEE L RS BLHL 2 717 29 BlueGene/L #2541
B RE 4, 76 I JE Al 132 17 BlueGene/L ) Linux %
40, H F YEAE T BlueGene/L ) MPI F , i F X &
J2E 8 1 AR e A5 T LA AR A0 A ) S PLRE | aB AT
BGLSim & 4 R e 0145 - BE 08 L 0L ab BE 2% 2 7% 11
Ab BB TT | N AE A B A I L b IR AR R AR LA
WK 4. BGLSim 76 B 400 i 5 22 4 47 3 R & .
bglsim (B4 BlueGene/L BB &), ethgw (4bF
BIATALLTS 1 Z 1) LA K A ASE DL 50 L 5 Y 5% 22 [ 1
H AR LA K idochip Chb 3 4 458 400757 i RS 40 2%
P B0 2 8] B9 B 45 ) . BGLSim RE 9% 76 B 3L AL
ar BSE ot 512 BB AL A ML R L4, JF B
RE NS A5 B Xt Blue-Gene/ L #8258 4L L (1% b 44 32k
TR HLR I 1K
5.3 #HUFEE

1) HLA. HLA (high level architecture)* &
H 5 [ ] By 70 B AL 110 5 TR 2555 A [R] ol 25 0 A2 40 5 B
(0 IR 55 2848 A5 Y 94T VA RIFAT R W E D AR
SR DA i 2 B R B HLA (9 B )2 7 JF
T T A 0 B 2R A RS AE T AR i AT I %)
SRk ) R b AR AR AR 55 1 B A Uy ) 4 1L X fi AR
HLA RSB R 2 Mk 45 0T LA 37 FF & 9846 T
AT EER R R BB RGN ] H
FHPE. HLA 3220 8 T X KRB AN HE & 2R 9L AT
L0, 0 20RL BE 1Y R M RE BT HUOT AN IS L OF B HLA
JE A $at b S S O ) 0 o R L X e
S IR FE S 7 BIK S A HUL R0 3R 1Y) DG B i 78

2) psik. psik" 1 H 7 T¥ PDES HAR H 1Y
AN FR A3 I ST A A T TE 3 26 A% b T S8 B TH
A B BB 2 AR AU R R L 3 e AL i A TR X A A0
BRI AT EEAE 8 A B0 2R 58 )2 18 1 2. psik
R B TN E R 4 (microkernel
operating system) , fiff PN A% R &t H 32 13t B 3L 45 19 iR
55 GEERZ TR L k23 (8] 45 17 A1 Bl %) 2R 4 iR 45 00 £
PUG 38 itk ok O 258 25 080

6 AREE

B A — i Ak B A 0 AR G0 R A B B A B L R
oK B R A e g B 5 X s S ) A UL % T 5
Jr I 46 5 AR BB & 0 98 TAE 2 ELE 3 A4
T T

1) B ARZEH. BUA B B3 AT BE DL &% 18 5 2N 1K
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HELAAR A ADL A ) 503 R )2 A B A SRR AL 1Y
IBATHE ], SRR 2 0 ZE A R A R e R AT AR
L2 AN W7 & J 1 ) 5 7 . IR AT AR B A T I AR A
RGBT AERE AR UE B 205 0 — B R
(1% [ 80, 20 o] 24 5 A B B0 56 22 [ 19 FROA T 00T Al 2 75
TN L A 1], 06 AP R IR A A T
VE#AE 5 4> BB BN (E. 55 SN FE R 88 19 53 R
IR % 22 1 H2 11 F IR ist 2 6% 2 i IR 8, O
ol FH 2 X B AEL 2% 2E 47 5 1 O R A B R T AT 1Y
S E RIS & R v Y VR S
% pE Y ]

2) Bt i T E AT B R 0 B B K
AT BN T 2 LT M 2 R G (1 B4
FHL ORI Z AT 58 T AR & T IR AT RIS 1Y TF
RGIFFTHAR AL, FHorb, R HLH EAR T
Zo )z MU ST SR X 45 R 6 2 3 A B X
(6] 25 4 5% W) o 51 Gt e 285 B0 480 1 A5 X6 T B 2 oty o
B R0 23 0 A B S e — > R A R R 1 [a)
I DR N il K T (TN 25 ) B = )
o QA B kR 1 B A O SR T B — o ) TAE L
PTG T [R5 AL A0 BIF 5 2% R Al 22 22 Rk, R
XoF 5 W] 25 5 W o ey v 2 [l VR Bk A I R] AN S
V] L= A & A T = AR A W 51 T B RIS O Tl IR Y
WA G A LR IC SR IR SE W B i
SEABAE B L Ae] 7 S R AR 5L A AR v Bh 2 B Bk gk
KW B HE N RS B MNP
(R 5 IR A ) PN I A S N SOk (42 ] b 4 1 1 3
T4 A 18 IS Y JE T4 A B R X T S A
HLTT 2 (8] 1 [R) A5t A 26 3 1 D g, oy A XS
K JRAF AN KCANEE AT R R 19 22 4 B 50 AR A A
S5k 50 O H AL A AR 2 AL Z AL, G0 Tk
A3 FAHRAIL b 56 T G R 4 A A S8 1 R L
FH S A7 A 400 Hp Al S A5 8 A ) A

3) DL 7 H b A 5 4 8K P A R A AR A
TR T L A0 22 2R R B A P R T A R T A R
A BIF 5 AR A T AL 28 P T 20T 12 S A (o 4 i L A
IRAE B 5 L3 AT DL R i R 1 Y S BRI 5T
T AT G T ORI 40 oA B f S B R R A
SR X TR A ST 5 TR A AR B B A i
i P RE % B L 08 1E 40 A0 BF R 45 B OF HLBL LR 19
RSO0 A T LA A7 R e Ak 1 5 ) 3 O o
T RE PR SR AR AL T IE 2R T AE R G Ty
TH] - BLAE (1) 544 22 % A 3125 10 O Ak 8 3 — SE BiF 5%
O R FLIE I T Y S A 2 S R
B2 BEAT T 1 IF BLAR M A 2 B 5t TSI

JE AT AL 7 0 2 H A AL 45 AT RE A% 0 Ak B A8 A% L
(9 2 B AT ST B 5E L O T SR 2 R R BT
7 S S AR B 5 (9 B U5 52 L B AR B HE AT LU
JER AL TN S Y 2 10 R A S R L R T LT
LA 5 2 R GERAUAR R 56 UE 5 M 2 RS
PaawE e e iR R A N L N T S Ve
oK LA ORI % 9 R L 190 285 3 £ ik A

7 HRIE

AR SCH Se X R A IR 00 A R AT R A L R R
PG T REALLER A AL 23 2 L 43 DA R AT BRI T
AR AEL P AN 75 1 X BUAT (9 U008 AL B AR A7 25
20 fi i RN B K R SR AT T R

AR T 2T T AR F GERYBE AU T AR 2045 1
BIETE B FA AT T 1) I SN B3 A S T I AT B S
BLE AR A PR TR AR s 4> BUAT i i 25 i AL
1 A [ R ORI B R Y B 4 [ 20 SRS 5 3 b L AL
LR EDUNIZES R a2 i R AT e SR LSV s a7 N TBE R
(19 A% 35 45 A BIF 9 IV R AR 2 L O (A 5T T AR 1Y
JETT . B o 52 8 b 38 B i [) 5 g ke 7 SR B BB 58
MR 27 B 45 4 BT

2 % x #

[1] Bell S, Edwards B, Amann J, et al. tile64-processor: A 64-
core soc with mesh interconnect [C] //Proc of ISSCC’2008.
Piscataway, NJ: IEEE, 2008, 88-598

[2] Howard J, Dighe S, Hoskote Y, et al. A 48-core ia-32
message-passing processor with dvfs in 45nm cmos [C] //
Proc of ISSCC’2010. Piscataway., NJ: IEEE, 2010: 108-109

[3] Li Yue, Qian Depei. A distributed parallel network simulator
based on NS [J]. Acta Electronica Sinica, 2004, 32(2):
246-249 (in Chinese)

(A, BRAENG. JET NS W RO AT MBI B
T2, 2004, 32(2): 246-249)

[4] Eyerman S, Eeckhout L., Karkhanis T, et al. A mechanistic
performance model for superscalar out-of-order processors
[J]. ACM Trans on Computer System, 2009, 27(2); 3.1-
3.27

[5] Rosenblum M, Bugnion E, Devine S, et al. Using the simos
machine simulator to study complex computer systems []].
ACM Trans on Modeling Computer Simulation, 1997, 7(1) .
78-103

[6] Binkert N, Beckmann B, Black G, et al. The gem5 simulator
[J]. SIGARCH Computer Architecture News, 2011, 39(2)
1-7

[7] Bellard F. Qemu, a fast and portable dynamic translator [C]
/[Proc of the 14th USENIX Annual Technical Conf. Boston,
USA: FREENIX Track, 2005: 41-46



14

HENMR SR E 2015, 52(D)

[8]

[9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

23]

[24]

Jaleel A, Cohn R, Luk C K, et al. Cmp $im: A pin-based
on-the-fly multi-core cache simulator [C] // Proc of the 4th
Workshop on Modeling,
Simulation. Piscataway, NJ: IEEE, 2008. 28-36

Ganger G, Worthington B, Patt Y. The disksim simulation

Annual Benchmarking and

environment version 2. 0 reference manual [R]. Pittsburgh,
PA: Carnegie Mellon University, 1999

Wang D, Ganesh B, Tuaycharoen N, et al.
memory system simulator [J]. ACM Sigarch Computer
Architecture News, 2005, 33(4); 100-107

Bohrer P, Peterson J, Elnozahy M, et al. Mambo: A full

Dramsim: A

system simulator for the powerpc architecture [J]. ACM
SIGMETRICS Performance Evaluation Review. 2004, 31
(4. 8-12

Yourst M. Ptlsim: A cycle accurate full system x86-64
microarchitectural simulator [C] [/Proc of the 8th
Performance Analysis of Systems &. Software. Piscataway,
NJ: IEEE, 2007. 23-34

Bell J. Threaded code [J]. Communications of the ACM,
1973, 16(6): 370-372

Magnusson P, Christensson M, Eskilson J, et al. Simics: A
full system simulation platform [J]. IEEE Computer, 2002,
35(2): 50-58

Bansal S, Aiken A. Binary
superoptimizers [ C] //Proc of OSDI’2008. New York: ACM,
2008 177-192

Hookway R, Herdeg M. Digital fx132: Combining emulation

translation using peephole

and binary translation [J]. Digital Technical Journal, 1997,
9(D): 3-12
Chiou D, D, Kim J, et al

Sunwoo Fpga-accelerated

simulation technologies ( fast): Fast, full-system, cycle-
accurate simulators [C] //Proc of MICRO’2007. Piscataway,
NJ: IEEE, 2007 249-261

Patterson D. Ramp: Research accelerator for multiple
processors—A community vision for a shared experimental
parallel hw/sw platform [C] //Proc of ISPASS. Piscataway,
NJ: IEEE, 2006. 1-1

Fujimoto R. Parallel discrete event simulation [C] //Proc of
the 21st Conf on Winter Simulation. New York: ACM,
1989, 19-28

Lamport L. Time, clocks, and the ordering of events in a
distributed system [ J]. Communications of the ACM, 1978,
21(7): 558-565

Andersen R, Lang K. An algorithm for improving graph
partitions [C] [/Proc of SODA 2008. New York: ACM,
2008: 651-660

Chandy K, Misra J. Distributed simulation: A case study in
design and verification of distributed programs [J]. IEEE
Trans on Software Engineering, 1979, 5(5): 440-452
Jefferson D. Virtual time [J]. ACM Trans on Programming
Languages and Systems, 1985, 7(3): 404-425

Nicol D. Automated Partitioning of Simulations for Parallel
Execution [M]. Virginia; Department of Computer Science,
School of Engineering and Applied Science, University of

Virginia, 1985

[25]

[26]

27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Nandy B, Wayne M L. An algorithm for partitioning and
mapping conservative parallel simulation onto multicomputers
[C] //Proc of the 6th Workshop on Parallel and Distributed
Simulation. San Diego: Society for Computer Simulation,
1992. 139-146

Briner J. Parallel mixed-level simulation of digital circuits
using virtual time [D]. NC, USA: Duke University, 1990
Reiher P, Jefferson D. Virtual time based dynamic load
management in the time warp operating system [ J]. Trans of
the Society for Computer Simulation, 1990, 7(2): 91-120
Glazer D. On process migration and load balancing in time
warp [J]. IEEE Trans on Parallel and Distributed Systems.,
1993, 4(3) . 318-327

Boukerche A, Das S. Reducing null messages overhead
through load balancing in conservative distributed simulation
systems [ J]. Journal of Parallel and Distributed Computing,
2004, 64(3): 330-344

Fujimoto R. Exploiting temporal uncertainty in parallel and
distributed simulations [ C] //Proc of the 13th Workshop on
Parallel and Distributed Simulation. Piscataway, NJ: IEEE,
1999. 46-53

Dickens P, Reynolds P. SRADS with Local Rollback [ M].
Charlottesville, Virginia: Institute for Parallel Computation,
University of Virginia, 1990

Lin Y B, Preiss B. Optimal memory management for time
warp parallel simulation [J]. ACM Trans on Modeling and
Computer Simulation, 1991, 1(4). 283-307

Palaniswamy A, Philip A W. An analytical comparison of
periodic checkpointing and incremental state saving [J].
ACM SIGSIM Simulation Digest, 1993, 23(1): 127-134
Das S, Fujimoto R. Adaptive memory management and
optimism control in time warp [J]. ACM Trans on Modeling
and Computer Simulation, 1997, 7(2). 239-271
Gharachorloo K, Phillip B G.

sequential consistency [C] //Proc of the 3rd Annual ACM

Detecting violations of

Symp on Parallel Algorithms and Architectures. New York:
ACM, 1991. 316-326

Binkert N, Dreslinski R, Hsu L, et al. The m5 simulator:
Modeling networked systems [ J]. IEEE Microsoft, 2006, 26
(4): 52-60

Martin M, Sorin D, Beckmann Bradford, et al. Multifacet’s
general execution driven multiprocessor simulator ( gems)
toolset [J]. ACM SIGARCH Computer Architecture News,
2005, 33(4): 92-99

Prakash S, Bagrodia R. Mpi-sim: Using parallel simulation
to evaluate mpi programs [C] [/Proc of the 30th Conf on
Winter Simulation. Los Alamitos, CA: IEEE Computer
Society, 1998: 467-474

Almasi G, Bellofatto R, Brunheroto J, et al. An overview of
the bluegene/l system software organization [J]. Parallel
Processing Letters, 2003, 13(4);: 561-574

Dahmann J, Fujimoto R, Weatherly R. The department of
defense high level architecture [C] //Proc of the 29th Conf on
Winter Simulation. Los Alamitos, CA: IEEE Computer
Society, 1997 142-149



XIS H LR G L ST ST 25 i

15

[41]

[42]

Perumalla K S. psik-a micro-kernel for parallel/distributed
simulation systems [C] //Proc of the 19th Workshop on
Principles of Advanced and Distributed Simulation.
Piscataway, NJ: IEEE, 2005;: 59-68

Shan Lei, Zhao Tianlei, Tang Yuxing, et al. Research on
efficient execution technique of atomic instructions in parallel
simulation [C] //Proc of the 16th CCF Annual Conf on
Computer Engineering and Technology. Hunan: National
University of Defense Technology Press, 2012: 548-553 (in
Chinese)

(BF, BRE. MMAE, & TR TR T4 1 ML
PATHEARBELCT B T ARRIENL TR TE4ES8E =
JE WAL B BRI IR e S0, Kb EIB AR EOR KAl
t, 2012 548-553)

Liu Yuchen, born in 1987. PhD candidate.
His main research interests include high
performance computer architecture and

machine learning.

Wang Jia., born in 1990. Received his
master’s degree from the Institute of
Computing Technology, Chinese Academy
of Sciences. His main research interests
include  high  performance  computer

architecture and machine learning.

Chen Yunji, born in 1983. Professor and
PhD supervisor in the Institute of
Computing Technology., Chinese Academy
of Sciences. His research interests include
computer  microarchitecture, machine

learning and parallel computing.

Jiao Shuai, born in 1984. PhD candidate.
His research interests include high
performance computer architecture and

parallel system.



