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Abstract As the complexity of SoC (System-on-Chip) design increases dramatically, traditional
system performance analysis and verification methods based on RTL (Register Transfer Level) are no
more valid for increasing time-to-market pressure. Therefore a new design methodology is
desperately required for system verification in early design stages, and hardware software (HHW SW)
cosimulation at TLM (Transaction Level Modeling) level has been researched widely for solving this
problem. However, most of HW-SW cosimulators support few restricted abstraction levels only, which
makes it difficult to integrate HW-SW cosimulators with different abstraction levels. To overcome this
difficulty, this paper proposes a multipurpose framework for HW SW cosimulation to provide
systematic SoC design flow starting from software application design. It supports various design
techniques flexibly for each design step, and various HW-SW cosimulators. Since a platform design
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is possible independently of abstraction levels and description languages, it allows us to generate

simulation models with various abstraction levels. We verified the proposed framework to model a
commercial SoC platform based on an ARM9 processor. It was also proved that this framework could

be used for the performance optimization of an MJPEG example up to 44% successfully.
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LCD_CTRL_RI1 TFTLCDCTRL_REC
(SystemC/TLM) (VHDL/RTL)
4 R N\
clic panel HCLK 1ep_out ||| TFTLCDCTRL:
InPortclk;
resetn HRESETn InPort resetn:
tl:::f lave I;SHIII:II pid%UUl:r AHB.TLM.componentSide.slave timSlave;
aster L4 P AHB.TLM.componentSide.master ttmMaster;
OutPort{] pannel;
TFTLCDCTRL_REC:
| TFTLCD CTRL | InPort HCLK;
InPort HRESEThn;
clk AHB RTL.componeniSide.slave.in pSIN;
resetn AHB.RTL.componentSide.slave.out pSOUT;
slave. {in/out} AHB.RTL.componentSide.master.in pMIN;
master. {in/out} AHB.RTL.componentSide.master.out PMOUT;
_ Y, \OutPon{] LCD_OUT; Y,
®
TFTLCD_CTRL: TFTLCDCTRL_REC:
clk=clk; clk=HCLK;
resetn = resetn; resetn =HRESETn;
slave =tlmSlave; slave.in =pSIN;
slave.out=pSOUT;
master = timMaster; master.in =pMIN;
msster.out=PMOUT;
panel =panel; panel=NULL;
LCD_OUT =NULL; LCD_OUT =LCD_OUT;
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(" AHB( "
TLM { RTLBUS_C_M_IN {

componentSide { TLMBUS_S slave; InPort HGRANT;
TLMBUS_M master; } InPort[] HDATA;
busSide { TLMBUS_S slave; -
TLMBUS_M master; }
} RTLBUS_C_M_OUT{
} OutPort HBUSREQ;

RTL { OutPort[] HADDR;
componentSide {
slave { RTLBUS_C_S_IN in; }
RTLBUS_C_S_OUTout; }
master { RTLBUS_C_M_IN in;
RTLBUS_C_M _OUTout; }

RTLBUS_B_M_IN {
OutPort HGRANT;
} OutPort[] HDATA;

busSide {
slave { RTLBUS_B_S_INin;
RTLBUS_B_S_OUTout; }
master { RTLBUS_B_M_IN in;
RTLBUS_B_M_OUT out; }

}
RTLBUS_B_M_OUT{
InPort HBUSREQ;
InPort{] HADDR;
} -
} }
J JL J

29 9 w2 glEHolag) e

T2Z, Y F43 8 2 FEES F83] Y3t
o A7 HUck RTLF TLME W29 TAo] than,
RTLS 79 XEZ W& Ro AAsh= B9 HE
HUE Zd §x3l= A9V} TE Y&¥o| vz "tk
olg} e B THUEL 2T EIY F 1, A=
F48 £F2 M FE UEE 28H 2o ¥
djdol2E Aosle A7 FERE AUt d
9], 23 9914 AHB ®z¢] HAIXIE % slave
TE "gAls TLM9 3% et EX8tAlT, RTLY
Agole F M7t A4 o RTLY H2: RXE 9
A7k 48 == ey 29 g2s Bdoez UHo
BA =97 dgEdd, AP AR e Wy FRE
a9 99 o2& B}

WA ATUES] B2 XE mdze o
9] A% 2A dao A4 Hx HIPE
master/slave £E 7i571 AalA e A3
o|Ag, E I YYAadMe 2 el AFgE FA &
ok wgay Z2RES 34 s 3G B
EE B2 XE J&o] g} A& aAsiAY, B
A B2 WA XTEVL e HEVEE A}
wgA7IR] Fet) B 2ddy ¥ W AY
b ) HESA HA% ZYPES sFEAe
FHE ok

WA e U 2de sMgn A4 HEIE 2
Edxe EFAEY A FAHAAN HEAdT ZHF
ARE 9, 2 ZHJYIE SFRF ol EAsle 22
UEEY glojBda g #lsled, o] o) o2 Fxd
ESS AR 43T S I AA4SA, o
2 AXVE e AR} o)8d AHB_M{M}_
S{S}¢} Zo] master/slave £E Ay ARE HAAL 4

Wy do

do g =

o

Hr
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e o

A E 3z Yot weF 99 wlAst 309 master ¥
E9 779 slave REE AMEIIEE ZYE Ao X
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E2 o]lRojdtk EHE FvEE 28 10(h)ek 2ol
ZHEY AEHOHE A FRES v} I,
W2e] ®We a9 10(0)sh 2ol WA IHF slave LE
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ARG AMRstd A3 AAED, ol HFHOE 4
Ed] Aod F4o Frtdh

olg} e FHAFL AX HAR FHEL 19 11
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T2 A ) 84 v, 2) A9 gy, 3) Axd
E g2E, 4) 9F FRE o]FolH glon, ol £
XML #dS £43te 25 B¢ TLM# RTL 3
£ 72 D AIVE A, 2) RE 3 4EE A%
Alad A9, 3) AXVE J2x"a A4, wegee 4
A Y EE A9 N dAE A"
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B Ad¥dqMe TLM 5 HW-SW 53 Al EdolE
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[15]& SystemCE A3t TLM FEoz2 ®dy 3}
£ AlEdelg o]t} SoCBaseSCE CPU AlE#Ho|HE
GDBE A¢3lxz 12w, untimed TLM¥ timed TLM
o] ¥ 7R 43 458 ALt o] o, untimed TLM
L FAFXIE YR dalo] RdYE 31K &7] Wi
At AE=E BAEA FAW, 2o wWE AlS#eld
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hdilanguage whal

Otngnbgeeer 2 AW

<t vesan
Fmpeg saxnazenots

o
+ Dunerty. qu aiek

- rewe

suite

hdiLibrary ieee. std_logic_1164
hdiSimuiatorName  modeilsim
hdiSimulatorComp... vcom
hdiSimutatorComp... -93
hdiSimutatorSimul... vsim

hdiSi Simul... -do wave.do
timeScale lns

Target Setectign
Saect Domain ng Targes

Arcei - piatbocre L

= X3
[E R
o

SoCBaseSim

oo ${SOCBASEHOME}/s!. .
SoCvertSim ${SOCBASEHOME)/si. .
nenatige e 4 m“d - (b)

a0 SPLRASERMES
= I BEEONE:

¢ .
¢ Master Ports

Pt e e

(a)
¥ 10 (a) ARlsle ZHdH=Y EAE 24 873
wae) vy 9 44 2 A4

<fxml versior=*1.0° encoding="utf-g" 7>
- <design name="mjpeg_sochase* (brary="platform* vendor="Co8oC"
figtype=‘plotform’>
<eny name="ENV_DIR
valua="${PEACE_! BVBTEMB)/mjpsLsnmasals(slM_ENv) Ied
+ <globalconfig>
- <componentiist>
+ <brdge name="0CBASEAHB2AHBIZ1"
star="80CBassAHB2AHB >
. names"
star="80CBaseTFTLCDGCEA'>
+ ©0 name="8nCRAAseVirtualTFTLCDIZE"
star="S0CBaseVirtuallFTLCO"™>
+ <care name="80CBasRARMI268js158"
star="8aCRasSeARM926e]s">
+ <bridge name="BOCBaseAHBZAHBIST'
star="80CBaseAHB2AHB">
+ <p name= 72" stars

+ <bus name= tar=! "> ldesngn
+ <perip names= star="
+ <penpheral names=’ 105" star=
name= 114"
nar* ‘SoCBaseCounter’>
. name.= 121

star="S8oCBaselntretr™>
+ <0 name="8oCBaseVirtualRE2321129"
star="80CBaseVirtualRB252">

+ <8tc hame=' 151" star=" 4

+ <atc names’ 161" star=’

+ rame= 170" star= gl

+ <bridge name="80CBaseAHB2AHBIZ12"
star="80CHaseAHB2AHB >

+<g name= tar=

+ name=" 7" star

+ chwip name= 70° stars’

+ cmem name= y
star="80CBasesImpleMamoryP™>
</componentists
- ctopology>
- chushists
+ «<bus name="8oCRaseAHBID star="8pCBaseAHB’>
- <bus name="80CBaseAHBIO" star="§0CHaseAHB">

(a)

env* l

globalconfig

componentlist

9 Master({0] SeTRasesRW AT DS
priority 1
mstEoes S ¢ Masterjl) SalBaLesRY
-+ ; priority 0
9 Master[3] 3 A Akl ANl
priority 1
Slave Ports
¢ Slave(0] 5aBase b SR
BaseAddr  OxC0000000
Size RS OB IEIe]
¢ Slavell] S0l Brsesmpiel o
BaseAddr  0x00000000
Size SO0 AN
Default Slave Dummy
(©)

. (b) EAEFL RTL AlEHl3E 4% Fetv)E, () AHB

{core|bus| ref :1 "
b‘.'idgh el I configuration fined”
eriphera ::4 :

p hvfip ol config*

generator] X, y, width,
memlete}+ | Yposition height,
rotation
X, y, width,
position height,
rotation
matrixconfig
3 * ref
buslist bus dofinod®
configuration =
config*
config*
Y busconnectionlist }— port* < -
pin
— - from
‘{ connectionlist Hconnechon* =
t

®)

a3 11 (a) SHE FAZEE AE QA" XML 3 oA, (b) XML stde] +2

®2 39t a9 o), SoCBase THE oA F skt
¢l ARMO26E]-S Z2AAlo) 7lvtal ZHES MAYs}
o 12 293 9t o FYREFL 18 124 #
1 Al 7he]l AHB ®Z:9} ¢ 7ie] APB HZ2E 7AH
o} 213, LCD, UARTS} Z2 9% &9 Ao~
2 wgstm th ZEAMY F WEd e 2
JEo] gFHER o|EL dhiel AHB w20l ¥jX|5

[}

ey, Urx] AIJEES
& DMA$ LCD BEEH %A dx9 AHB H 2 0]
HiAE Tk APB W 2oflE MZ#°§ & 3
AsA g FH A WX HeH, 0121?‘# wi X =
ol AXHUEEY v o2 o3 dFHo=m
A48 Zojth

ole} o] HARE FYRE YoM 20x20 BF FA &

FollX ez dgFo
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E 2 A4¥ AL ¥ HW-SW 5§ A Edel4 29

Application Abstraction . Simutated | Simulation
software model HardwareIP level Cosimulator time (ns) time (sec)
Untimed TLM - 15
Platform . - SoCBaseSC
Exp.1 | development | Handwrittencode Timed TLM 5,174,794 31
scenario*
RTL Seamless CVE 5,614,224 75
Untimed TLM 13
0s SoCBaseSC
Exp.2 generation Timed TLM 4,395,148 27
P
seenario RTL Scamless CVE | 4,328,320 50
Untimed TLM - 418
- SoCBaseSC
- Timed TLM 127,940,656 739
MIPEG RTL Seamless CVE | 154,771,360 2104
amless N
Exp.3 ez:.:ﬂp i: Model based
op ation Untimed TLM 326
scenario *** SoCBaseSC
Imported [P (IDCT) { Timed TLM 104,735,518 600
RTL Seamless CVE | 86,554,000 1359
* Application: 20x20 matrix multiplication example
** Simulated time = OS boot-up time
*** Application: 350x240 MIPEG decoding example, Simulated time =1 frame decoding time
Input stream Output stream

Huffman
decoder

Y
3
v

Dequantizer E IDCT

Color converter
(YUV toRGB)

R
3
B

a9 12 (a) ARM926E]-S¢ 71918 SoCBase Z2

eSS JAS HEENGTh E 29 R UA gl
ool #PereH, of HYE ol FAES ARHQ
TE3} ZeAAN, W=, A HeY, was ge A
FUESY 2 A3 498 4 A

5.2 29 MM S MY

o] A8 A WA 4¥L oo HFE ZUEA
ot HAstE 2 AAE AToE Agsta, 44
€ 29 A FUI B mn FAA] A2

Tz ol ’é‘?ﬁ«l 277t He AlgEeld A
e TIAAZ 27 B2 AZE ok “H”P‘l 2=
AlZtold, o] F}AgelA *JV*% +% AAde €&, =Y
F9 ved H2 9 JEYE FF uF GgE

®)

¥, (b) MJPEG <llA

FE A o]FAAA Et} o]g Z2 AE|e 9 Y
& B39, TRES A o5 29 AAE 7FE
F Ae FEAA AFse 4AE B ZYdEE §
st #E 4 S FAATH

5.3 MJPEG OfiH| =3}

o] AuvEjes A WA AN 7“
AgE FallA 29 ANAG A A EHRE gl
MJPEG ¢lAE ol43lzm, 1 "é%—% ﬂ’ﬁi}s}“& ki
FHAAoltt. o] ARNA dAE AT YFL 350x240 =
712 =299 MJPEG F%974°™, & 29 AAIR Al
EHolHd AT 3 ZHPs 0IZIFT Ajtolth

Wz RrhEe st=de] JIENE AMEEA

S35 A

3=
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MJPEG dAZ 28 12)$} 2ol 317l Ad-gg
2d 7o) M4 534 53l AAstn, olE tagd
FF9 AEHold EY oA FEIe AFE AA
AZ3Yh 97l a8 12(2)98] FX RER Zo], &
5 AL Y8 dR=iE AFwee s=so] IDCT
V5718 ERE Flsla, olE FEIe =EtolHE
2y sto, A B4 59 AEYold 2SS F
3l AFsle BAAPE FPIAet. 2 A7, AlE oM
zeviek 2 B@x7F QAT 7 &3 RTL AlE3
o} 7% 154771 msolA 86554 msE o 44% 9]
A Fde AU FAFATH

ol#g A Avele] AYE 5o B Ty
Azt $8& MEste BFAAM AMZE = Tk
71& B9k, o8 A7) Hetd &89 RdFEE

WS A% 2e oo A4 e e
¥ 4 e HAY F AN A A W

o] z} A EHolA v o 4% Ade A7 W
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A5 249& mEA £33 4 311, o]F IdE RTL
FEog o)A 4 duke Aol Uk

5.4 AIEd0lM Ao} 24

Untimed TLM¢] ZA$ole Qo] 2dye sA &
7] & 2 A BEEE BZY 5 A% timed
TLMS ddEole mdydn o= B33l % 2
Al RTL dthy] Hdl 20%<e] & 2318 Heolx ok
o]& SoCBaseSC HW-SW %% Alg#e]E}7} CPU

A EYelAE 93td A8 GDB7F £ #st7) Wi

olth, GDBel W& ARM Z2AA AlEHolele Wx
g A2 99 HHo o didt Alo)|F Ja HREB
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ARMulatorell HI3led <jAe] @77t AMFE 2 Q4
= AAA grk
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AEGolE o] R 1@ EAY Bl WAl @
ZYPE] FA/F EFFHoR FAEF FFgolth SystemC
AEgoHE AXVES Z2HAE TEI7] 95y
SC_METHOD, SC_THREAD, SC_CTHREAD % &
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WEs 2eY=g AF FEsE SC_THREADE AR
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