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Abstract This paper concerns fast and time accurate HW/SW cosimulation for MPSoC (Multi-
Processor System-on-chip) architecture where multiple software and/or hardware components exist.
It is becoming more and more common to use MPSoC architecture to design complex embedded
systems. In cosimulation of such architecture, as the number of the component simulators participating
in the cosimulation increases, the time synchronization overhead among simulators increases, thereby
resulting in low overall cosimulation performance. Although SystemC cosimulation frameworks show
high cosimulation performance, it is in inverse proportion to the number of simulators. In this paper,
we extend the novel technique, called virtual synchronization, which boosts cosimulation speed by
reducing time synchronization overhead: (1) SystemC simulation is supported seamlessly in the virtual
synchronization framework without requiring the modification on SystemC kernel (2) Parallel
execution of component simulatorswith virtual synchronization is supported. We compared the
performance and accuracyof the proposed parallel SystemC cosimulation framework with MaxSim, a
well-known commercial SystemC cosimulation framework, and the proposed one showed 11 times
faster performance for H.263 decoder example, while the accuracy was maintained below 5%.
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1 while (1){ // for each trace

2 for (i=previously_paused_comp; i<numComp; i++) {
3 task = OS_Modeler( i)

4 if (task->trace == NULL) {

5 previously_paused_comp = i;

6 return; I/ activate trace-obtaining part
7 }

8 if (task->trace->time < min_access_time)

9 min_access_time = task->trace_time;

10 min_task = task;

11 }

12 }

13 CommArch_Modeler( min_task->trace );

14 }
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5.1 SystemC AlZ2|0|E{e] X|&

oA 7ME71E ZIHAME 3l=do] AlEEH Y
2 RTL AlE#olEI8l Model3imE AHEsl9th RTL
AlEF O E Y A9  GHzo T2E MudA A&
o)Ag FAY W 27 9 1K AIEY w$ v A
& Holyl wiie], MA SHAEHH HFe BHE
o] HAtE F, 4 ()X Az FFAIEH A AR
e 3 R FEAA 71dsed RTL A& 0]
Ble] Szt wl =] wEe) WEo] Wt o] A9
RTL A& B 713 Bo] 2ol TLM A& H
¢l SysetmC AlEFOEHZE UAg F8 Tt} 433
A wEl AF Fo] /MFE7IE 7EeA ayEHe T
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go]2=E A4 4 dojof ot
3) wERozRY Y dHoletE: gy, &9 b

ole} 2 MAE Eol~E WEalA AET)
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Ho|xrt AFEEE o] AEFHo]AE AME3l H9
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1% 55 9ukH<Ql SystemC EFAIEH A =
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g de] JHF 718 71 ZHdHaY FRE EAE
3 gtk ¥ 57t BHAAF AEHCHE 238
© YubEQ SystemC B¥AEEHH #79 T2
g, SystemC #de] A AlE|E(Z-& A& e]A
REd)SE2AET TR BRAEHCIA Ad
g8e £yt 39 5h)e B =RAA Agtske
SystemC A Ed OB S T3 7 5718 7|H=Z 8
Hzolnt. o] FReA SystemC AlE#HoIH=, 3hte]
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o HAHA W&, 713 718 7ol 83 7% E
S FY3le AEolE] ABHo]AE SystemCH '@}
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FEFo Atk AMBAE ARM T2 AAE 3 Bl
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7V B8 VM-S FHEs] A4E AlEHely "
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AlEHE O IEHo|AR of¥A AFdHErIE HY
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[owen] L)

OS (scheduler)
188 HW IP B

AMBA bus library
SystemC kernel (cosimualtion engine)

(a)

Dummy
SW task || scheduler HW IP
0OS APIs Eda_jta / ‘ AMBA bus library
traces simutator
Memory model interface
SystemC kernel
185 r (HW simulator)
L backplane (cosimualtion engine)

(b)

28 5 (@ dAY SystemC FFAEY ] 87, (b) SystemC A olE7} £3He 7V F718 1He o4

FAEH A 8

void ahbmst_read(const unsigned addr, unsigned& data) {
myCosiminterf->readData(addr, data, 1);

}

void ahbmst_write(const unsigned addr, const unsigned data) {
myCosiminterf->writeData(addr, data, 1);

}

void cosiminterf::readData(const unsigned addr, unsigned
data[], const int len) {
1. Synchronize with the backplane
112. Read data from the memory model
/3. Generate trace

}

void cosimintef::writeData(const unsigned addr, const unsigned
data(], const int len) {
/11. Synchronize with the backplane
/12, Write data to the memory model
//3. Generate trace

}

virtual void ahbslv_read(const unsigned addr, unsigned& val)=0;

virtual void ahbsiv_write(const unsigned addr, const unsigned
val)=0;

2% 6 SystemC ALHIHE AT 7MY A8 Ay
AEIH o)z H 9

= 39 5(b)9 FRoME W2 2 e o i
SystemC Edo] tf o]} AMS-Ex| 7] WjZo] A&y
°l8 UEHolx ANt T vime mde FFHT
et FoAR Fael AZshe dolelst Al AlEH o)
B AH#Hol2 e I vEa] mde) EA)six] g
o gE A AL s ol 5718 2Ed o
AR 2 5 APAYD Edol2m FA) A4s)
EE AR F7171 wlolet §7] At} ooz} o]
W Edol2e] AGE AN AstA sc_time() S
Fzgct

T, 19 69 PN B £ g%, &golr g
ElHol 2 pure virtual P52 FelHo] [P zHz}
TEIED 94 APAR) vxd) Y ABgold m
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g, ttef W) dFA" | wxEyl oW [PE
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IEFo)2=g 7HAe 2t IP A g XoleeE 27
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dE=EE edold IPY Aol g Huigre Ass)
oF @t i} oEg Ak HA WA MAANNE
EAE Aolmg B =N Ags= o)A
279 gl & & Qick

ARF oz Adske M%7 71HE 98 SystemC
AEFHOIH QlEEo)AE SystemCel AAZEY} A
R =] IPE AF $£A8A gole Hu wAMA
ERAA APIZ} AR 2H 7% sR fok
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5719 9eA F wole &4 Yu WaA Ay}
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HEIEE NE o8 Z2 NS uYsim wreF i
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g F3 FAs, ME g8 =AM wgE Ha
2 zhol) dolel g&Ade] Ue o L dojel B 4
QA A dlolgte] =77t BRIIA dle] niE HA
%7) wEo B 2, olE A s A
T B71E Wl AtelE FYIAL WR AF Al
He wE AEYoAeE A% A% ZUIE Zlgsky)
SRS

Agtste M B3 7IHE o4 HE A&
Ae dolgl o&Ae] e ¥He INNE FHFHo=
EEo2H HIAYS EIHAY 7). F, #Hd
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) ; W : Write
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[ W W] 7 | Proc 1 R :Read
™ -~ W : Write Blocked
&k B Tﬁ! ‘TK | .. T IE___l R :Read Blocked
P
k L 1 | FE— | 2 | . data dependency
1% teration T 2%iteration | 37iteraion N™ iteration —» : synchronization
() [l : invoke simulator
B : wait simulator
w7 O w—w O w O O
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B R O F—H O 2 O
Buffer [ ] (B 1 = (| 1 ]
(b)
W W W O I . I Simulator 1
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| Backplane
13 [ ] 13 11 Virtual Buffer
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HEo] A F77t 1oln F ZAM AEECE7}
gole FolzEQl dAlelzg, s} MHE 1+1=29]
F712 AAgd. gl HRo], 27] ©@A olF o
- @AM AlEdolE1T AlEEHClE 27 ME2 BEFHo)
glol WEHoE 430] "o}, o] W FrE gF3HE
7Vd F713 ZREZo] EAdTE o)UYy AA
ool dFete Z2AME A3 A ZEAM Al
EHolgEL o=zl dA2] wHE(iteration)o] B¢
ety AZF 5218 Fddtor FTH@). 28 7(c)AA
AlEHolH 271 971 B5& F¥A Fskeolx w
H(iteration)o] B¢ Wit} 571& +P UL ¥
A F AUtk

olz1dt 71He 7 F7I8 7iME o]&sly] Wi
7Hsstth 71 5718 Z1HeiA e Edols 44w E
gojx AHPo] FRHEBZ Ed ol AT v e
A& (out-of-order) L2 FPHolx FHA3} 7| wjFolch
Edolx AHE Aol M BiFe] tig EFo]x A
F& & dve /M s dBso] sle e #y
o g HZoz FAE i3l L) o)A 3}
A, 7 9y gle}l eatdes EFAE A AL W
o HngS o FY AY=E AFA drh

6. & &

6.1 &g & 9 oy
#A 7145718t 7IWL PeaCE(IS]zhe B84A &

739 pE=o] glch 2ol A8 HAE H263 HY L
gagzA, o] FolA IDCT(nverse Discrete Cosine
Transform)= St=do 2 BFEY, IDCTE AFH
£-& 3 7/He] ARM926ej-s Zolol w3t} 7143}
95T FAHQA WY ARE 1Y 87 £ 19 A
A, FHA o] AIAT. 1Y 8ol BEe] 2
Z2AMES 28 W29 24 WEE sixy, ==
AX7E FAE S T/ vlxer) &3k o &
2¥ H2E B FodEoh 22d ¥Wzde IDCT
st=do] IPEo] AZH 3, =3 I AHE A
EE3(Vectored Interrupt Controller)”} 16]AIDCT
9 AEg AAPske Z2AM M9 IDCTY £3& AHF)
© Z2AA A4z dEge], IDCT {4Fe Aulg
2 F, IDCTY €895 A AT 4 Z2AMENA
JHYES A%

E 1914 H263Readerdle BE2L avi file ¢JoiA
T Zdy daddA AdAgdls 2024 =g
992 FPEn. UHA EEEL a2 EE 992
FEed, 2 Aydrs QCIFEdUY {¥e t=zd
a2 g ZHY 7 9Me MAaREEe] FYgc) Z
Az B¢ gisix ARM1)lM<= VLD, DeQuant,
InvZigzagel F¥H 3, IDCT7} st=dol2 350,
ARM(2)e) )= MotionCompensation®} 3 B oHF 31
2, DisplayFrame® 99719] sjZ2EE t]Edo] &=
8 F Aag 2935, =Y @92 s =20

[

E 1 H263 3 A9 BE R o3 PR, 2 A&l AT HlE

Processor Element Name Algorithm Block Name Simulation Time Portion (%)
ARM(0) H263Reader 0.4
ARM(1) DeQuantizer 50.4
InvZigZag, etc.
IDCT(Y) IDCT_Y
IDCT(U) IDCT_U 1.2
IDCT(V) IDCT_V
ARM() : DisplayFra:‘{le 24.0
MotionCompensation, etc. 24.0

—
ARM(1) Local ARM(0)
926-¢js Memory 926-¢js

Local Local ARM(2)
Memory Memory 926-ejs

>

»

o
-

T
[ |G

i
VIIC J

a3 8 AP 2R ERF =M=
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t}h). o]g} o] 2 M2} 1749 F=do IPr) I
olZelel Felz WHHLE FYso] 99rfe] AR
E£&& t3dgsle Aot} ojgt o] 4Rt H.263
gzgeA QCIF x93 =&Y, P, P)& tl=ds4
Agtsls FEA BN B73AM SystemCAEH o)
A& Dynalith SystemC &-3[13]0.2 F33P LZE
d9) == ARMAY] ARMulator2 3%} 623
7 6349 FE AlE#olEH= Intel Dual-Xeon 1.8
GHze] Td3 AMudx Sg3igden, gl e
arm-elf-gcc 3.45 (O3 opticn) 2.2 W =38} ch
6.2 SystemC AIEOIE{0f| CHEt J[AMSD(8L 718 HE
SystemC A E#olEd] 7/M3E71s 7THS FEAUS
) 7]1& RTL st=do] AlEdelH= 7 5713t 71
< 74P R viE FEAEHHY HEo] dvt
U RS AEAE B 2004 U 4 3ok IDCT7
RTLEZ 71&59 ModelSimol A 3= AL W AA)
AlEGol AJ7EL 127%0]3, BoM HEg BHAF3
RAAE FAgh o] AIZE Fo)A ModelSimol A 3"
AL 10922A 86%0 st Z, RTL s=49
A EH B E A" A2 =] AEHEANA A
Z& Aol AA S EH o)A HEIAYS A
g = Ytk F=do AFEHCIHE 2 =Rl Altd
A o] SystemC AlECIHZ T3S /M 57]
3 NS o4 BERAEHALS FAI, =AY
AlE oA Hele ARME £ 0.18%7} FHol HA
Aoz of 7549 HF NS ¥& F Qltk =02
TRse(gse) B8] B BLE5 5 SystemC
A EHoHE 8oz d= 4% Adxs /18
Aot} o] AYAA RTL AlEdolHE AMEAE w}
SystemC AlEHCEE AIS-HL wo] AZTEYS] nE
= 593} RTL IDCT$} SystemC IDCTS =dl=
QA o3 MAHoE 2% LA} BHFATE
6.1804 dgsEEo] ozl e BE U=
g Fostn g Z2HMe 27124 42 IDCT ©)
A} IDCT o]FE(MotionCompensation)$] WIZEE
tzdg @3dted, of T Z2AA AlEHolgA

U

2L

1 O
(o
—

>

Zdele Agdold Alzte] Az 782, 747224 WA

ZAA AEFHOEHI M2 WEBG] HAEES ¢
4 ok

6.3 SEIAIZ20|M 45 ¥ FEE Hlw

B =8l At g3d T B8 71 A
9 AFEE 49y 4R 48 TLM 53AEH A
#74¢9 MaxSim[1]3 ¥ng d=zs F 34 A
ot Al 9712 Sl H263Reader BE¢) Wi
239 armccE AFYSPEH, ol MaxSimoAl
#4d ¢7] 59 /O 2932 armecE FAIHE
T A Q4H7] w&olct. 2y o] HlA2Art AMAEE
o] Alo|Fel A A= HIFL 1.09(55,148 cycle)st
o] ¢t B3, arm-elf-gec 345 BlA A% 03 $4o
2 AodPe o B A9 ES armecd} vlwste
-55% ol Zojrt VAl gov 2 H263Reader EE9)
o8 eak= FAIE § it

7V3E7E S o83 FRAIEH A 842 It
g ARSE WBE SHAEHCIA EE F&dt
A3 ofd Aom FEIl] FAFTE E 394
g & JRo], HA EFAEHAL A gduE=
SystemC AlEgolgd] 7Hd 718 71d& 3831
S P& W(VS_serial+SystemC)  <F300
Kcycle/sec2A4] MaxSimoll HIsjA] 8u) o9 A5 =
e €2 F Uth A% F7e 8191 4249 4 (3)
oA AstHzel, Azt F718 vlBo] dAHs] Fols
I FANZE AEHCA A Fon ZFH ujRed
s dxel AEHolHz £33kA] Qo Y] i
Folr}, whdd] AFEE 5% FHL LAE Holwd),
o] A= 4234 AT M V18 JIHAAMY =
48 2xte} A=z o2 SISl #73) %E &
A 7A=Y wAE Zpolo) 2§ A FIR1gIc)

7P WS E o] &% HESEA R e FUl2
ZA8-9E W =(VS_parallel+SystemC) ¢ 400 Keycle/
secEA MaxSimo] wi3jA 118) o)t s F9E

E 2 SystemC A E#o|ES 283 735715 714 g Hs F7t

Simulated cycles Simulation time cycles per second Error Speedup
VS_with_ModelSim 5,202,621 126.65 sec 41,079 cycle/sec 0% 1.00
VS_with_SystemC 5,329,886 17.20 sec 309,877 cycle/sec 2% 754

¥ 3 Aokt EAEG A Z1HER MaxSim™e SN EH A A, FEx vim

Simulated cycles Simulation time Performance Error Speedup
MaxSim 6.0 5,053,686 cycles 142.57 sec 35,447 cycle/sec 0% 1.00
VS_serial+SystemC 5,329,886 cycles 17.20 sec 309,877 cycle/sec 5% 8.74
VS_parallel+SystemC 5,261980 cycles 13.24 sec 397,430 cycle/sec 4% 11.21




878

Ak 7 18 1AM BE BFEAEY A V)
HE AR e Ao HIsiM 28%9 A% Ao
olRojAct ¥ FEFAIEHAY AT F71 A5 Il
A2 tdigo] He dAe B o A, B
Ageln 44 e tzole) HAHL o 32%%
Zojtt. E 19 AA F2 & AgolM 3 wde
dIZClE e AHdA ¢ados FPAEY A
RE 9 ZF A EHolEldA A A7ty vIFEE RAF
I Atk 61" A AR FolZal Hely #HY
tazgel F93tn Je FAE 2719 ARM Z2AHA
S} IDCTSIH], H263Reader® o¢}vz} DisplayFrame®©)
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HE(%)E 71822 Ag FAA He F719 A8
<, 100/{max(50.4, 48.0)+1.2+0.4}0] °}J2}+ 100/{max
(50.4, 24.0)+1.2+0.4+24.0} = 1.32°] €t}

SystemCE ARS8 Z2AA AlEgole]e]
AF FEANEHIM Ao WEO HY
MPSoC FZ2xd Z2AA9 A+7t BLEFE
AHATHIE 1). BA B8 F36) Foshs Z2A
A AEYoHY At BEFE MY 5218 HE
o]43 ¥ B E AN g7 0|5 avE A
A},
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LR
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of RdME 48 N9 AZEJY FL scdo
AXVES 28k MPSoC(Multi-Processor System-
on-chip) o}7|€AE WMEZAME H&gstA FHAEH
o)A 3= W8 TET 7S ALY Edelx Jut
o] 7 B718 71YE FNEe R dled SystemC 34l
BEolde HIgHoz YT £ e 7IYES AU
Ak

A SystemC AlE#H o] 7 F7|3} 7Y A&
sta] 7] WEo] HJYW RTL AlEHEES A}
I BEAEHAY S AdAREE, Add Y
2 SystemC #AZ I=L o4 [P 2Eo] ¥xE9
3o} Ba gtk AHol ok

SystemC AlE#HOEE tAISFAE MPSoC +Z9%
2o ZEAA AEHCIHY AFt S FHAE
gojd 5o WEe] Hed, ol AFsy] giME
7V 718 7S o8¢ HE AlEHolA /YL Al
<HahA T

H263 ¥t tlzd A& mdezm gz giA
e AR SystemC EHAE# 1A 8742 MaxSim#}
A5 Y=g vzPe w, ALste 71EL 1) o)
29 A% F7ME ol ¥ 5%9 exvHe Bt
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MaxSim, http://www.arm.com/products/DevTools/
MaxSim.html

ConvergenSC, http://www.coware.com/products/con-
vergensc.php
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