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Abstract

In this paper. the efficient HW/SW co-
simulation method which selects the ISA model
dvnamically 1is proposed. Because the ISA models
with only fixed accuracy have been used in
previous co-simulation environment. it may result
in bad performance in speed or accuracy. In the
proposed method. the cycle accurate ISA model is
used in-the case that the states of the detailed
system are to be inspected. In other case,
instruction-based model is executed in order to
accelerate the. simulation speed. The proposed
dynamic model selection can be done by setting the
conversion point in the application code before
the simulation starts. The experiment on the
embedded RISC processor have Dbeen performed., and
its result shows that the proposed method is more
efficient than the case of using fixed ISA model.

Hel Aagse da SddAe 3
Atk ;A BE AjzglEo]l ASICH Z& dtmdof

323 RISC Z2AAsh g 2ZEdo] Rz 1
dold FHEch =8, W9 YHEI F7HwA o
He Asge Y Aoz Fystels wd A%E
ARsE 7ge FoE: FRe weln Ao,
52, ©Y Ho EPY H=sdols rZEdo By
2 B FEse BA AL N12e Foltnl o]

2% Y% 7 =2 QA 2dA, s
doigt AxZEole] FTA ) M(co-simulation)ol
g A7 @ol A 11[6]117].

AANEHo|AL Bl ZgZ A9 ISA (Instruction
Set Architecture) 2 dlojlA Aais]i= Al 22} $8 =
233 2EF Unix dmgol Nadn A6 3%
goh, duryoz. BF Ao AMEEHE T2 w
9-& instruction-based modelolc[4]. o] & <lE]
o]~ "ol cycle—accuratedt ElolWE& A I
BIM(Bus Interface Model)z} Zgslod dt=glol Alg
dolelg AASAEG. v, [3]olM DSP =i
AAE Sd Alold Wl HBEE NHARE E2

& RYYse] TABAIME FAFA}.

B =& Me Al&dold 7ol wat instruction
-based model®} cycle~accurate model& u}ito] 2lal
Ngozs dshi Pt AME ZdYe 4T
MAE HA ARdM Ae 3Y 4 ol TAH
ol WHg A<t

(o}
—

-396 -



AR Z2AA 2 Aoy o3t 53] sAlEoIA Wby

0. A el &7
2.1 13A model

kgl HV/SW ZAlEdo]AoME L2ZE -E'-%
Al Edoldsty] gla) 1SA a8 A&, ISA
& gA Z2 MY Hael FFe N1eHA %ﬁr‘ﬂ'
Pdgst: AE Lk, o]AL TR A HL 24
Ag Uil etold HRE n R gorz v mw
274 d3E = k. 1SA 2d e mstruction-based
model @ cycle-accurate model & Al&%ct, F =248
il FAslgce, 18 12 fetch, decode,
execution®] 3 stage pipeline$d 71z 3 U= ZZ A
Mol F3& el Fojut.

Cycle . Instruction—based
[T—F»
ADD { F | D E
L

|
Instruction  syg | F D E

1 o g2 o

AND | |F D E

i
Cycle—accurate \

< 18 1 > Pipeline operation

lustruction-based model & Elol™ & n#3dx ¥
Wegole] WURES 7} A) Z2ANE 2dYsc.
ghA . ol Bde wWago FAAML Z2AM BHE
Qg stR gk, o] Y Hite] TR MAE 7
AL Y= FLE 5 F Ul geolZAg ¢
el wdeldxie ga, 2do] ¥ W Agd «, @
$olg 19I5} Dol selZelel® weh A Aol
3 Instruction-based
model o] 4% & i 2 2000004 20000749} HEgolg
gatckn A ek [2] oleke dad, RdE A}
ol# wtelel HERE NANER FAY £5 Ut o)
cvele-accurate model & 3 ¥l JHZE o, 1PlolA
Xy delZarglel MR & BEE AEHoMEA ®
th. ®Rdol w2E o stolZeklel stali[s]elut
flush/refill & nalgsinz mstruction— based
model B.ob ] -gldl A8fict, § HA9eo 29l T
memory, memory mapped 1/0. 1/0 S3te] AAL 23l
M ol g7 phases] HEBERR ¥4I gty Ho
d a8t}

= -

-897-

2.2 BIM

ISA 22 C programSe & FAS7] WEo] =4
of Mgl 43 g7 HAlHE FUol Bus
Interface Modelo] %B.%}B}.‘ o] md zAE AA B
2 *ﬂl—%am Bz w 2de § REoz FHED.
Ha 2AF8E 1SA B 248 o7, 271, A

3 %‘%»} e sTEY oWES WH VnI
2e Fo. 77 qi-&5HE sedo] olWEE &Y.

agx, Z F AtejFo] gulEg &AMdE 2#AFY
gk o] EAYAES AHYEY vz 2Ad AH
(memory wait state)9} Z& 29| JHEL HAHs) 1
A7l 9d T2 AN FZo i ARt Aje|F 5
of g FEE 722 o]n] pendingdti Y& EJPA
REDR g7 2AF80. &d, sL @ Bde 3=
gho] A|Bdoleld] pin delay back- annotationg #|

TR
[ instruction Cycle
Accurate Accurate
Model Mode!
HBEIX @2 1 cycle® 2t A
EHE QINES HEE OINEE
BIM | w2 Aolg BIM | wa otz
2HFa 2HFe
phasefil {24 4 phase()ﬂ et
HEE Of@_E_%" HEE WE
. - — 1
CES:| [ odam
f=1-1 29 |
e i

<Y 2> rE X

1Y 29] instruction-based model®} cycle-
accurate modelol] th&] 7153 BIMES RodFm 9]
t}. cycle-accurate model 2 EZAMAE Alo]l& i)
2 %3& »ddgsipg BIMo] instruction-based
model®] BIME T} Zbaaact, Ale)Eo] wel HHs
oMl EE phased] wel FHE stmdo] o|HER &
717l%k & E7] WiEeltk. HHoj FHE AYF
thE golxejle] 4 F& olnl Y oA o}
Folhrt.

2.3. Interface



1999 XBEFIRE KEHFELBWMAE RXE F228 F28K 99/11

A EY oA AL ek ISA Bde 5 714 &
el EASHA gich Stk A8 g ez EAQ5)
7ol ohE gl eHAE 9 Hejg FEA5
roFelrk, =gl My sAdR EAse FAee
UNIX IPC(Inter Process Communication)& A}F£3ho]
lglo]l AlEelolE9l E4S 6}7111?“1} shz| gk, o]
2% eyl Auweld g gt b
bottlenecko] ¥ich. QM AE _.,}0.1 —»XH 3y AEe
st slo]l AlgeolEle] o) Eeld winjcl A,

C programe] VHDL tixpelx d4dd F+ e AL
VHDL ‘93¢l 4} Heol¥! Forcign attributeld Z3)
ch. shARE Al gellolE] ol ok BAE AT
d] Svnopsys VSS CLI. Mentor MTI FL1%& o] gic).

2
L

HDL Simulator

<~ > <L,‘ N CHBL L T

7em[§‘

ffe‘ Oireclygim J’Y{i;?;iﬁ _____ 3
- __MHotdesign

<a§ 3> AA BEE

1 39 4iokdt siMEdHeld e Wy EEL
& vhER Zojth. ISA modelo] BINe Adsle] Fo
ol AlEiojglo] <14 ¥o} v}, Ibr\ model 2} 7o
B fuae w9 Gujir =], w 2 Abo]
Hopc) shigjo] Al uloltle] ola) Heizlc),

m =

i

kil

ot

boll olgk A B 2ol A

Cyelemaccurate model @ Tizaglae] Hzte % v
A8 meteste i instruct ion-bhased model ¥ ¢} U
Bl 71e S W el sk vk B3 Aol o)
18 B2e wEe)l violrh dolAW instruction
“hased model wke} e A vhabvl WA A=A Ao

o Wyl dgbwol Aa) Alvleli: MZ trade-off

WAL A3 ol e, diEel A9 gy =
e A s vy e gloh aee, o
ul GEE el A bTEA tuw wue 4

AR DA AF el AHS EE%*H!C}. 194

of A Algelo] g Falshe FoF ISA mdg W
v g HelFa gtk

Conversion Conversion
Point 1 Point 2
4 4
Instruction- Cycle- Instruction-
ISA Based Accurate Based
Model Mode! Mode! Mode!
Al 2} >

> 2 wE

4 d
st 1SA 2uel WEe e ZzAMeld 2
99 Zray asd 54 2P ApolFe] vje] Wl

=
‘u‘(Conversnon oint) & #H& & &, AFyolA

- E% Apolo] Wato] g W FHA] WIAE ¥
il 71 SollAep ol F A Yol F mwl slolo] &
2 s}

Cycle I-1 I [Conversion Point]
'_ Intermediate
a0l FlD | E region
, sR| F| D Et1]E2]
Instruction - * T
sug | F . 0Dl E
| i
Cycle—accurate AND ! F | D E
| R
Instruction—based
< 2% 5> o] Zelglel A el md Wi} 3y

2] 1YL cvelemaccurate model-& 4 syslcizb SIB

e o] Rl instruction-hased model & A 813k i

AE HojFEa o, d APe [ evelex ‘“‘FHL'
SUB *d&golir dalAl ek, [-1 cvclent#ly: cvele-
accurate model-& B 3lsickst ¥k Adal [ eyvele
ol M intermediate region® F&3dluh, o] 7| 7ho]i-
instruction-hased model 3} FA}6lAl 7t2 2 wako x
A8 ELl. cvele-accurate modelof| A] =83} Hhto.
Fadstal eyl SIB wuoliigli  ekwla
mstruction-hased modelo} 2 & ¥ ),

Cycle-accurate modelol] A instruction-based model
2 oRFE A% gola Aus AT s ol
ofdet. xkA FW AgolM HHD o cvele-
FARStTE %ol7h 9lg Mol
g 2ol S e g

accurate model ¥}

intermediate regionofl A 1=

-398 -



Al =AM 2d Ad=le] g x84 IAEH ol uhy

cvele-accurate modelo]l Q838 H3¢ + YEF
olZelele] AeNd A HsA Halgct,

V. A3

=2 v

B ZAME AR 7% 9sto] ISA model &
cycle-accurate model  instruction-based model &
ANSI € programnming language® F&stgch5]. ste
dlolel Aldeo 1"1% AL dtrdol AgYolHE £
3lo] ol oA T E Sk 2¥L B 71xe dE A
Ab B-# S (computational complexity) et /0O activity &
71 oW gl el = s Ak

Q

19l 3= cycle-accurate model?Hg 438 3¢
o #WE AHEL instruction-based model#} cycle-
accurate modelo] 50%% A3 HEE A3 hybrid
modelel  zb ol xlE Hays d#E woizm o
Simple2 & Atk -5’1 ¥5E bR dAlelxn

o . o
Complextr %2 A4t B d%5E 713 ool

5

< H1>50%E dirod AL

Speed(Instruction Per Second)/Speedup

B Cycle-accurate
| ' © Hybrid model
I

model only
66K /1
62K /1

74K / 1.11
68K / 1.10

Simple
i Complex

3£ 290143 hybrid modelel A 7} instruction-based
model#  cvcle-accurate model2]l w7} zhz} 25%
30V, 75%7F Fl%F sle] 7} dl4E A N8 A3E

of F=a1 gt

< 2> 7 wdlel Wt e A

i flnstruclion—based : Cycle-accurate
i_"""“ 13 11 301
I Simple 70K 74K 78K
‘ Complex 65K 68K 72K

glol g AN dgky] el osf Al B oA
ot W9 cvelemaccurate modelthg ¥ g3 A

Sl Ha Lol du FEE €8 ¢ deE ¢

s -0

= 9l

V. 38

2 sddME Y AgHeds Fse

Wl 57} o [SA 28 AP AN v/
W 7l A4 SR HH ste B¢ A% S
& AAstATt ol AEHAE A7) Hel W
3 A¥eg vE HAYs) oM olFoAE Aol
T ARM Z2AHM9 [SA 248 3 43e 5H3
AN FhME =Z2s
modeling 2}z YW 7] 7] %54
Eelold Aleg Y & Ug
o] Fal= vt AHE A

T

rlr
—'l*‘
o
2

=‘=.

}o

1 HA A

#

A 2 cvcle-accurate
|

F3hy
ﬂ}ﬂq gow
slol Axst @ A7

o o

< e ol

Fxn £

[1] T. Albrecht, J. Notbauer, S. Rohringer, "HW/SW
CoVerification Performance Estimation &
Benchmark for a 24 Embedded RISC Core
Design”, DAC, pp.808-811, 1998

[2) J. Rowson, "HW/SW co-simulation”, DAC.
pp.439-440. 1994

[3] L. Guerra, J. Fitzner, D. Talukdar, C. Schliger,
B. Tabbara, V. Zivojnovic, "Cycle and Phase
Accurate DSP Modeling and Integration for
HW/SW Co-Verification”, DAC, pp.964-969, 1999

[4] R. Earnshaw, L. Smith, K. Welton, "Challenges i
n cross-development”, IEEE Micro, pp.28-36, Jul
v/Aug. 1997

[5] S. Furber, "ARM System Architecture”, Addison
Wesley, 1996

[6] R. Klein, "Miami: A hardware software co-simul
ation environment”, IEEE Int’t workshop on Rapi
d System Prototyping, pp.173-177, 1996

[7] B. Lin, K. Van Rompaey, S. Vercauteren, D. Ver
kest, I. Bolsens, H. De Man, "Designing single ¢

hip systems” , ASIC, 1996

- 3899 -



