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Abstract The complexity of embedded systems and the effort to develop them has been rising
in proportion with their importance. Also, the heterogeneity of the hardware and software parts in
embedded systems makes it more challenging to develop. Errors caused by hardware/software
interfaces, especially, account for up to 13 percent of failures with an increasing trend. Therefore,
verifying the interface between hardware and software in embedded system is one of the most
important research areas. However, current approaches such as co-simulation method and model
checking have explicit limitations.
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In this paper, we propose the synthesizable interface co-verification framework for hardware/
software co-design. Firstly, we introduce the separate interface specifications for the heterogeneous
components to describe hardware design and software design. Our specifications are expressive
enough to describe both. We also provide the transformation rules from the software specification to

the hardware specification so that the whole system can be described from the software view.
Secondly, we address the solution of verifying the interface of the software and hardware design by

adopting and extending existing verification-techniques and extending them. In hardware interface
verification, we exploit the model checking technique and provide more efficient verification by closing
the hardware design from the assumption of the software behavior which is ensured by software
verification step. Lastly, we generate the interface codes such as device APIs, device driver, and
device controller from the specification so that verified hardware and software codes can be

synthesized without extra efforts.
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module DoorController:
input open, close, opened, closed;
output moveUp, moveDown,
output open_compl, close_compl;
loop

await open;

abort

sustain moveUp;

when opened;

emit open_compl;
end loop;

loop

await close;

abort

sustain moveDown;

when closed;

emit close_compl;
end loop;
end module

state = CLOSED;

while(1){
userReq = getReq();
switch(userreq){

case OPEN_DOOR:
if(state == CLOSED){

openboor();
state = OPENED;
}
break;

case CLOSE_DOOR:
if(state == OPENED){

closeDoor();
state = CLOSED;
}
break;

}
}
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(¢ a0, @) == le/q] lla/g,])le/q]

(@ratg) == [/q] lle/g]
(@ranb % q) == [¢/q]"[2a,7/g]le/q)"

29 5 4 ATRYE o8¢ =S LEAIEY
ol @

& #4718 AEFHl= FF 7Y 329
o 2ol QEVEE UFdAtty FAY £ 3
th 8 B 29 3(0)¢ W AnrEHeE AN
FoFstd ol 2

uEy Z2ay F9 3
close; close_comple] dA<® A]agd LA =
2aYL o] HAE wEd= Iz oAyl open;
open_compl; close; open_compl;e] A THA o]
HAE UEA REile zaaijelrk

4.2 2ZEY 0 QAEIHOIA HA|

AZEY QEFHolA HAE tjule]A APl 33
g FERolztn B £ Utk oE So &ZES7t
Y tjulolxgt @S £PF o, AZEYdME
=] open()E 523 o]Fo] read(), write() §
F2 3%3ln HFHoZE close()l= tupolx
APIS zZsd|o} 3tk A Za), read()E open()E
o H1A] EeAs o dd). e g BARE H
% EUEIE AT d=dd QdEo]: 2 Ent

£ Wystn gHe) FgE dutelx APIY Fe=
HEGE AZECS A% BA oz AE &
Ak oA WA FFAHA Foe 2lel SW A4
AE AZ =7A Pruv-CH BA % Fdsith
He] 2: 2T Ego] AHFo|x 2 EvjE}
swF= < Q, qpretVal, fName,§ >= th&9] TA/AE
712,

R 3 E Y @

< AIZ3H ¢ € Q)

« Quleo| X API] 2|1k retVal: true or false;

. tule]2 APIES] ol&S 9H|3he fName;

« §S QX (fName X ret Val) X Q2] o] 35,

Q% ¢ AHERENE Suyt Roj® 2ZEd s}
7 4 3le AU AHE gt eEn)
Blolie] ARe sEdolE AEF W &k Hulels
API ©|§3} eldigke] Aotk el 8(g, fName,ret Val)
= pE ARTFY UETh 71N g pE AFolx

open; open_compl;

ole &3 (g fName,ret Val,p) & EAIZL & Utk &
o 2 =EoAE 4ol HUE truesh falses] 3
& % 258 PP

a9 62 £xES0] ALso)2 LEstE] U o
g nd7n g g4 Hgd a9 19 2= o
& axedo] dAd A Aot d%ez F |
29 ot ¥4 A%0E T W EE BE Y4E B
=7 @es zzage] dAsldel dthis AL o

e 79d Aot o|#F AZEG Y B Ho|x
SEvElE AFEHoE FIY 4 Uk oldE 1¥
69 tiz) AFERLE FHEF Aot
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(open(), true)

(open(), false) (close(), false)

(close(), true)
1Y 6 AXE o] QdElHe]x HAY 4

4T el ABislols LETEL Fole ©, o

Z2ago) o] QEREE BEAGE e ZzaYo

ZRE MY & e dutelx AP #59) Jugt

o AA2}k o eEviel AFEQY YU 714d

F Aee guigth W =zay 59 3

open()=false; open()=true; close()=true? <4<

2 AR27 dAHTE Z2a8e o] JAE wEshe

zzaYoltt. 3|9k open()=true; open()=false;

9] 35 AlE2V EAFOE o] WAE ¢E3A B}

= Zzaygolt}

4.3 SW SIEHO|A HHERE HW THo &
seslojst 2zEsle]l WA zte) emel HolF

A7) Qal, 2t £zEd] Ansola o Eoje

23 s=do desiols euvteze W 7

< AFgt o] A et LAZEJO PAE =

o] AelHolA QEvIELZ Bif3}D, 1 §F o] 2 F

vlele] S ) S=do] AEH): YAE L&

& 9ok
£ZEO] QEUEAM J=do] LEREZ] W

Aol dAHo=m AL 71537 HAM Eeld o]

Froll disfA aeisiol stk ey YUY WE HAs

Aoyl Y8 vEle # /A s sl 2eAlg

% 7148 oleie Zrh

« ZHASE SfEgo] BEJA Y ¢ TICKo] £ZE

fjolel g 2 H T MET]
AR sl=dols) AxEAY 7Hy 71} & Aol
o 9 fxoith dl=go] ZEL TICKS 23
F718tEo] FEetaL, o] TICKE AZE Y ¢
7] Aarc wad, gaA LAZE7} F=Eg) o]
EEERYH HoHE 9 W = BEelA
AZE7L HolHE dActs 2ol E wrA
29 dolgE AKMA fAser dk &, ¢
AAte] 8 3-way handshaking *34]9] Aol g
a3,

« 7FF 2ZESJol7} SlESOIE E2E of HEes &
€ fulo]x API= EZ7(blocking) ®Y& fEd
aZEdolrt st=do] g W d¢ 3F& @
F, Sl=dol28H $Ee] Y] Ad vz ™ e

H-EZ 7 (none-blocking) F@e] tule]x API®E
AL F=dAZRE 9o UL WA sidEs
E£27 249 APl g% Qo). tulols APIY §
glo vlEsted WEF3 o] ZI18 £ Qo A AF
A& tilolx API= B5F H27 Rdojge 7}
A 3ol F4% e WY 73L& AFHEF o
olE§ 7L AeFlo]x F= HAE T AA F
@7} kA o] radc)

( [/CLOSED]+ [open/OPENING] [/OPENING]+
{open_compl/OPENED] [/OPENED]+ [close/CLOSING]
[/CLOSING]* [close_compl/CLOSED] )*

7133 mEAlae FHesle AZEgC] QEnielz
BE] gloglo] QERELE A, ofgigl o] sy
o 2ZEge] @9 HolFAd sl A A9 =
flo] AEH o2 Aol o] AARAT]

(g, FO,true, g) == (g, £, 1,41 ) (d 1, ftrue,7d"y);

{d"y» fuack, !, qp)

(¢, FO, false, q) == (g, £, ¢, ); (d, ffalse,7sq"));
(41”1’f—0d97!7¢12) ‘

A4 (0T 59 &S Aagd 7hie AeEe
PAolA B, fele Al1de st=gol= Bl Aoz,
I ZAnE Aadz wA "doh(AdFol f_true, AR
f false) 2 F 3=9)ole) BEA ARTH= AL 2
7] 943 ack AZE FA Bk

g=goje} AZE Oyt ER AFIEE AXE
o} HAZRE HEgd =9 2Eriele] 98 FH
3 Bt=slo] AAIZE AAk & st=d o] QlEFHoe|~
PAZE gok o gof) AFE Sedoy) Waths 1
AR mel AZ e input op) BPL =9
o] AEFolx WA sustain opd] FHoZ ol e}
Zo] H3dd.

AG7NA AT LZE0] JeHel: WAZRE
st=go] o]l Bz TAA ¥ dugE
o 27 79 Ut ek

5. SIEAO/AZEY O QE{HOIA SAIAS

el /M- FE 99 A4FE gaEo du
Hog JY-HE 82 ¢olgke /1A o &4 ve
NEAT e Z2AY MFH T4 ¢S WFAIEe T2
Y M7 EAE o, MF M9 B8 YL 3 54
S HEAIGE o) 22 FE I oin.
<H>SM<U> <true>M <¢p>
<true> MM <¥>
29 AF ZH YA ML s=do] =2y




st=do)/AZES Y TFAAZFE 9

Algorithm 1. AXEg o] ¢IEAu]A THERE
gledfo] Wesjcls FH #&
INPUT: swF= < Qg ret Vi, fAame,§>
OUTPUT: huwF= <@, g.0p 44 49, §>
1 2= EQ0] UEMolA 2 EnlEE FEE 9n|
9 sizqlo] UEEo|lA  EnlElR Wi
@ huF=<Q= g,q=suwF g,op=(1#7),
Al=g,4%=g, s=p >r x5y
© swPAA AZHtE wadd, o Aridd ¢ ¥
= dusx ke e dEtth Ay ool
A deiE rde (g, f0strue g ot w2,
@ gAUE hwFe Azt 2780 fOt B
Utk ol 32 YL 2 A% 2ot
@ ¢’ JHE YY8ld hwFe Jud Qi 2715
3, (gp filig)el JolRAE hwFe) ol 2715t
@ Y3Hetrue(ol AL frunB YYNE Al 2
71tttk @Il fased] B U4 false)
® @'g Aol @ 27a g ftruetg”)
o ZHE S 27T
@ Y5Y+ack(ol A% fad)E #YNE A% 27t
a1 (g fadkhg)d A Fioe SRt
#o 24e BPS R B WEHE BE Y
2 RE Folol yaA i,

2 #dA dojP cslo] UHHolA A AHe
HolN dHe a2z=esglois) tigsio EREE B
Z200] 4o WiZt WHE Y+ttt

® hwre RE A% Yas3s nE AlY Yxs
& ul2g,

Q@ & W&l RE 1outpu)d WinpudE BRI, 2
£ Y™ & sustain £HMLE BlETL

a4 7 swF 28 wF & ¢332

Hardware

Software output close_true, close false;
Design loop

3 &4 7153 Qe AE Y 331

o] H3, M'e AZESY Zzaolt}) ¢ v 7
Zt st=dojst LxZE st U A BAZE
ok fEle AZESO7L AZES O] YA ¢ TFA

Aotz 7HAHsa, ¢ A3 selMw st=doizt WA
Us gtEaeA A58 Pt

o] Folre 4% B3 =g ol/AZES] UH
ol HAZEE sf=dold LAZEO] T B
AZol ARG o]FAAeR ] tfsiM A Agich

5.1 5l=2lof QE{EO|A HS

st=gle] AAl tig <dEselx HAE AFI
AeiA sh=glo] Reobe] F A7 Hel sle 2d A
Z 71&S Fgth ey HF ZddHIdAe st
E9jo] AAE 93] Esterel 90]8 ARE-ah=t] o] <o
E 93 2dAZEIIE Xeve[22]7F EA%) Xeves 7]
£o] md Az g Rdo] ol ZRIYP =
= AAE Jdges welSoln, 3 A2E FH3}A9
2oy Ay Fdol ofd &8 Aade] BT £
FEA JEAE Az F= I 717 2ARS
Z1o)t}. getd XeveF o834 $E]9] LEFEE A
37 siMe LErFEY] digk WAe HEd &4
o digte] Xeved] YHFE(A71ME Esterel Z=)2
9] Q1=mgo] Pzt ol RrpHoz Yo AFHH
2 2d Z4FY AFIE 5017] A AZEH S 4
Aol g ZAHYS sl P A|2ES EF A|AFo
2 g Frh Ztzbe] FAHQ W] ] o} el
b O R e =

511 2T Ego} 2dlg)

HEEE AZESS F4E APt st=so] 4
AlX A 2y HEUree variable)EE A AZCh

module DoorController:

input open, close, opened, closed;
output moveUp, moveDown;
output open_true, open_false;

await open;
abort

module TOP:
input opened, closed;
output moveUp, moveDown;

Closed System

singal ... in
run DoorController ||
run SoftwareModel

end signal;

end module

module DoorControiler:

a9 8 &ZES0] BT 4




332 AR} =EA

A o A¥uitt 248 JEA Hol o B
HHE ob7lsle BdAZIY A dEAga, BE
A3 7HASY] oo LA H (false alarm)E WS
&tk gaA A2de 23 AAdHes vrEr) 93
AN AZE O] F2g ndy = RAo] Yo

ag ollMe o] A xo AEE A digte &
ZEYo By Fo AuF 2= Ao Wit AeA
g B33 ok a9 89 Adde] a9y Z=v =Y
ol H7| e BF folojaylda d=do} Ao
ol 7MEEe 2ZESY FHozdE LTEJ
£ 2d¥y & ¥ EF tholojays sl=dllo] dA o]
ot 2T Eoisle] QIEHo]: AXIE(RE oA
AadE)e] A we & o A mdASe
8% 5 9o

AZEJO 9 FAE RdY 3= 21 Foi 4AX
Eo] e ]2 HAZRE AR 47Fo)A ofr]
AT EgJole] HMZRE FFH AH)9 st=4o] HA
2 a%ste WHe AdEsch o)A WEd =S
o] HAHES Zt Ae]E°] Esterel ZE9 E7]Eez &
dado] @y a9 9& =90 LEFES] HeEER
Bl Esterel £71%22 293y F=g RAFh e
7t 7 AE AolAES] Alad ¥ ¥l e o
g A7 e 4 ded oY 99 $8eg Ao
Heg R 371X A% sy 28 94 7E
SRtk TEaye F£IYPSHUN LErE Jlegd A
Zoll ¥k=A] ] Ageelwt Wt Zt Adeola A
od 4 e T £ AIE F=do REE P
AAFIY e duE AelslAu, sl=se]l R RE
48 45E won tg A= Holde Hojth oy
g Z+ A e BFEL I AP Urke Aold
Z5d ot dF39d. 18 9@ 9b)e JHEREH
e ZHA(RO|TFANE vl 7iAe AHd dig &
7172 Edgoly, 1Y 9(c)e F M9 AogAL 7}
A dele] ot 2d¥ Aot

wA Z4zte) g2 g9 2 AHE deiie Al
ade] MRS wolth, Feol =] olF, Eirt
A HMeo] tigh 3] Ho] FALE JPAE YHA
37t SESoERE AT wzx ZdEa, v
Z¢dAd] tigl HolsrdAw Qe AT 99 A
¢ 7 & &9 &9 A3E QAN 499
AFHe B8 98 triggergle A12de =Y
ot ¥ ) olde] Ho] #AL sHA B AL E F
9] 9A dojt HAo| wet e Holg FYJh
B7t 8 A4S 7HAe F O o1 Aol #&HE 7
AR T FAol FHe FutFe trigger N1EE EY
83, trigger A2do] LAl 3 AN L I

AZEYol & §& A 37 A A 4 2(20104)

@ (g 0% )9 HolF 7= 48 @

=

case q_1 do % entry code
await a; % wait for presence of a
emit q_2; % ql->q2 transition
emit pre_q_1; % to remain the pre state

® (gyale) 9 Aol 714 A4 ¢

=
case q_1 do % entry code
await trigger; % wait for random time
emit a; % la
emit q_2; % ql->q2 transition
emit pre q.1; % to remain the pre state

© (g.a%e) 3 (g.&he) HolFE 2kxe e ¢
=

case q_1 do % entry code
await [a or trigger]; % because of 2 edges
present a then

emit q_2; % ql->q2 transition
else

emit b; % make b

emit q_3; % ql->q3 transition
end present;
emit pre_q 1; % to remain the ql

9 9 =] LEUEIREE] AZE Y Ry

Al7ie Holg dch wkA trigger A4 FlgE
LEnle}l oA & FeeA velg 4 e FHd &
AR &3 7h s Tt

51.2 st=9lo] WAl 2dF: Automata Observer

AZE H8A st=do] HAel g Adz=Pe] da
e 8 o)A Automata Observer2 w3l
Automata Observer= % 7HA H38 3ot AH,
Hx) 9 Tzayge AHE FHsin 7|9gth
, Z2ao] XA Al FFsle Al1dE
ALIA HBA7)L, LEvE oM Holg dodle
A Azdo] HAstHE WA wEt o el T
3t Ald e AFA LAY £, =] B
Al A AA sustain F3 glojok s Al2de] FAL
A 713t o|& U ETh F, TRl £ F
sustain Aol7} WA s Al2do] sustain HI
Aojot gtk AL ov|El= sustain_SignalName 8
o Aladg A dAAzIth o] Az o Holvt
WA Q7] fAS ] o= Al1de] sustaine] HO
oF Z=AE AAME 4 ok ¥ 102 =90 BA
9] Z+ Aey2RE MAE Automata Observerol g+
Esterel Z=5 Btk Ateirl 7HAs Aolale] A
ad 3 zH] de} g8 F97F EASAT 29 10



Sodol/AZEA FAHTE AT ¥ 7T

@ (g.0. 7 @) =¥ (g0, ) AolE 1A A8 ¢
=

case immediate q_1 do

[

% entry code

abort
pause;
sustain q_1; % sustain q_1
when state_change; % for —state_change
Il
await a; % ?a
emit q_2; % ql->q2
emit state_change; % broadcast
emit pre_q_1; % remain pre state

=
case immediate q_1 do % entry code
()47 abort ~ wheng £4)
Il
await 3; % 7a
% remain sustain sig
% ql->q2
% broadcast
% remain pre state

emit sustain_a;
emit q_2;

emit state_change;
emit pre_q_1;

1

2 10 9AZ53E Automata Observer A4

9] &80 HAHALE sustain JAL AT A9
AR %v BEE Yol 7IEsidoh

513 4 3= AA

lzgo] QEHe)x: PAZRE AEY £45S A
T A3 Esterel Z=¢ ez 333} Xeve
2dAZIe 2O S T oW &7 A
ado] ¥hEE 4 1A HUlE AT 4 dve 3
Hukg 4HFEE, &£40] UEEA] B H¢ 5F Al
ads HANde duE =g A 8E BA
IEE ) =0 QUAEHolA HAHZL FolFS o,
goz AFd AF 2ol vl 7 FFHY §49 Z=§
gt ool &4 HA AR 7IEZ emit()
T BI®Y Aadoe] dA =M HAAUSE 9o
u&k3, pre()E vIE HW 509 B, post()=
A EF50)F9 Q29 Azt AdAs} FAFTHE
AL 9vlgich
* Qutput Violation:

t=do] AEjHolx= FHAld HAIE t2 =9

EEAA 9455 YrUx AeAS 2R &

AT = st=do] HA Aol HAE ZeMwr 24

ALY} sustain Hojop & Adelwt wAlsiop gtk

olfo} e Ao dsj 2= APdTh

o

AejFol = HF 71¥ 333

foracA°, (pre(g,) Nemit(g,)) vV

emit(a) —
(gpatig) €8

\/ (pre (qa) N emit (qb) Aemit (b))

(goanbE AN q,)ES

V (emit (sustain_a) )

Sustain Violation:

sustain opE 7H3 AejAoel7l WA o) sustain A
ofzol AAANEANE RISy Y, ofefier THe
ZAd] diaiA HAl m=rt AAEo

fora€ A%, (g, a4, q,) €6,

emit (sustain_a) —emit(a)

Deadlock Detection:

AZEYo)d dulelz APl & 8] TSR
AArle o] tiulelx APl WiF &9 A&st A
Sk @t 234 PR TAAA7L EAVT o
9} 22 &4 w3l wAHE AAske Z=E A
e kin=g

for (g, a(),ret Val, q,) €8 in swF,

emit (a) —>post (a_true) V post (a_false)

Non-deterministic Transition Check:
WA Holg WAAYIE ASE AN 2ET)
A]lEd.
for (g, (tor#),a, q,), (q,,(tor #),b,¢,) €4,
(pre(q,) Aemit(a) ——emit(b)) A
(pre(g,) A emit (b)) — —emit(a))
514 249 53 2 AS
Az Eo] 2983} Automata Observerst $4 =
=9 Aol EuE, AAR o] A 71X 849 AA 3}
=90 AAE T3] HHEZ F£3Y3k o)FA 5F
H 3= Xeved 8o Eo7HA i, Xeved] A
YARZ )43ty AdHHo0|A HEE gt

5.2 2TEQ0] QlE{HolA HE

2ZESY] A diF deHelx AES FHEA
2ZE 7} =SS SutEA AMEslL S-S A
%313, 3t=do] e 0|28 AFH W JIANE &
ZEJY Ao W BFS & & vy Pruv-CE
FA 2ZELS dA Wg #E5S FYFTt o] o
2ZE FH 2 o)9lo] tule]x API Z=7t F
asjci(tute]2= API Al disiA e 6730l &,
o] B YYo= F1 AIZESo] WA 3] Pruv-C
9] JHFAR A=FG3Y AFIH AZESLS QET

ol AFE £ AFRE EYsfFok

o
=

6. QIE{HO|A ZE MY

a9 113 Zo), guid= A2de 27 ASS )
=dqo] AAg AT Edo] A7 Yo tute] APL 4
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Software @) AN
Design j @
C 1 f Hardware
1 Design
Devi H
;;’)';9 : : Esterel
i
0S (Linux)| | | :
! 1
1
Device v ! Device
Driver || —===—==== * | Controller
System Bus

a9 11 gHo)A RESL TP AlAY TRE

ulo]2: =alold, EWA A, Tinlol: HEEFHI Fde
gtk SEe st=de] A Ala" HASE T3 vlo]
gz dZdse] 9a, AZEE Linux &
QA FellA FAFdte dutdd Iud= Alxy B
A% 7tk 7S QREHS mEEle, 29 114
Al gdez HEAE Hhxd tig Qe R = A
A3t o)A Z=9 AL Fl=dolgt AXEY
o] WA9] Wge] ARSEHUY THAFE-S PEAZICH

6.1 ClHIO|A APl M4

AZEo] AejFlo]lx HAol 7lg® EE Hulolx
APIY W3l AAst HFEE Az e} vlg st
gd" £ QA itk BE ATE oA sl=gole} &
AL 1 F=olE g8l AFE tiulejx =glo]u g
g TEE T3 o)FolA=ul tuloli API 5004
o] HAE AFE tiulo]x APIE AEoz A4S
o 24 tulelx =Eloly FEeN ALE W3A T

Y APl f) & fName in swF
=
/* 3way: if > true or X false -> !fack */
A
Iseek{address of f);
write(f);
// true or f false
while(1}{
Iseek(address of f_true);
retTrue := read();
Iseek(address of ffalse};
retFalse := read();
if(retTrue == 1 |} retFalse ==1) break;
}
// Yack
Iseek{address of f_ack);
write(true);

a9 12 ©ute]x API AA i3l Pseudo =

th dutel 2 APIS] AL 871 FAg BAY W
£S5 a2 AYIEE o]FojA W gAY B
gtk tufela AP WEE dde] UYdMT 29

449 FAFe =, tuo]A =glolH7} AHFEle read(),

write(), lseek() 349 Aolgtn & 4 9t} 1

g 129 7 AN HE 7H& 95she tupo)

2 API 2] tigh oAl 227} v} Qlk
6.2 ClHI0|A =2io|b] AN
S=dfolo] digt Fav}t Folxd 1 Fi9) s}

= 10 FXAd d3le g 41 & + UAES WEHY

Hulelx =2tolHE AAgich 87} A tulo)

2 EgoHE Linux £3AAE A3 E23 tulo]x

calolz 2Ert A23F sl=go] Tz aAT AxE

dlol =2y Alole] FAR] YL FEch o

ol AAIe] FAS 8, open(), release(),

1seek(), read(), write(), init_module(), cleanup_

module() 2] tuto]x =gloly] 35S AT

* open(): £ZES0]9] open() T 5EA] dk=9ole] tl
A AURS A o Feisolor & FEg) Bojiit).

» release(): £2ZE019 close) T2 328 o,
qE m=rt Stk

sread(): GA =AM FAH] JAZHE HoHE
gold e HeolEHE fA 949 vz Adsie
s TREA.

« write(): @Al @IA M Ao FA FGo
ZRE H2E HolHE 255 TEHUC

« Iseck(): tjupo]x =elojwle] @ T I WS WHF T

init_module(): Linux $FA A ] tiulo]lx =gloly

2Ed g8 5% 9 FYPHe mToln)

* cleanup_module(): *JAAe] FEH tiulo]x =g}
ol REd 3] TF A 2 u £} IS F
d3lArt.

6.3 ClHIO|A ZESD M4
st=glo] duie] 2] gk F47} FoAH, o] ZRE

Hulolx AEEHE AT Y 137 Po] AZE

gojgte] BAL 98] AMREAR st=so] AR

EE JE#HE AlzdEd ds FAHoR F4AE

ggdich tutelx AEEE o] ¥FE Fa9) =

el AN A" Aladae w3 ddste o

27t Bk o] Mol AF3 tiulel= APIE EZF o]

" T4 YAl o] RENA NEE F

55 A=l itk
Z2ke] Alade] Wa] 471 $FEAS o, 13 14

s} Zro], Yufolx AEEYH = =g o] AAsH HA A

28] v Alelo] 91X|3le] FtesolzEHe] AEE

A2ZESO7F e F gle volgz Wy Agst



SW— HW

SW— HW

‘

‘

sedoy2ZEdY SAAFEL A% T4 7H5E AHH2 3F A1

Signal 0 (sw2sts1)

Signal n-1(sw2strl)

Signal 0 (stri2sw)

Signal m -1(stri2sw)

s nHm

Data bus width
(16 or 32 bits)

a9 13 F=do] Alade g F429 97

Hardware
Design

{Esteref}

Output

Input
Signals

TICK

Signals I

p—

Device
Controller

clock

Address

Bus

SCPQN

Data Control
Bus

1Y 14 thlolA AEEY FRE

& VICODE - RardroadCrossing-stri - Echpse SDK

Bus

Fie Edt Nawgate Seardh Project . ntefacng Testng Rn Wirdow e

335

N2 AZESe]2RE ] wolHE 3t=doirt ¢
+ e Az J@sie] Agsich

ag 149 AadES A¥yEd o gk ¥4
Output Signal 52 Esterel ZZ o)A AT Ego]se)
S48 98 AHEEE &Y N5E°)3, Input Signal&
AZEYOZRE UH NEEo|t). TICKS Esterel
F= F3 A o]2F Az @folH, tule]lx HEEY
= A4 A" clockAlE(Elolrol 7 A 3t=4]
o] $3) ZE)Z Esterel =9 TICKOZ Agdlo

al,
KX
=

Steglol Huplast Aads B713 Hel FAY 5
A= drh st=do] MAZRE Output Signale] ¥

Ak, tulelz AEZHE o) syt ddd e
Fauzz 18 BR¥egH 2zedert o 9
M&3tge o g Alade] SIS A T
vlg WE Al37) S0J0W AZEY2XRHY Y
AE7 BAEE Aoleg 1 F24 WA A7

Fag

E 948 Aol tig Aag 2YAA st=do] EE
o] AZESZREY N ALEE F U=RF I

7. 78 o U8

7.1 SAIEE 7Y 7

o] EENA At dnEFL JavaZ THIIYL,
27t &0 A7 ALET23)9 S5t Eclipse
[24] Plug-in® Fejo] Uxstd FA A #3EL A
FHY 29 158 FHE AL =79 et o] E

s

!

"

e R N R Al R & W vicooe &} deva
%5 Navigator @ Specification Editor 23 = OBz outine
RN o 5-C) RakoadCrossng A
5 L RadroadCrossing_new rome | ovecton ] Tyve Tinternpt 2] Name: i il
BC Hardware Enter  envism sonal . felse
B-C driver Leave | ervasl D sgnal | faise Drecton:  pevmwm o]
L3 5 Gosed ""’m :: x : Type: B =
1[0 Rboadtrossing st Rase | stideny sgral faise B e |
103 venficaton Lower " strizeny sl fakse :
L3 vedog Mol | pwasel . sgral | fose -
DG Smulaon Auto sl © sgnal | falee
B 0o softmee SafeRace | swostl gl | fakbe %)
13 -project |
& oot
Comemunicaton [ APT | Rule | spec.xrni|
=0

i signal NotCl

xossing:
put Enter, leave, Closed, Opened, Manual, Ruto, SafeRaise, SafelLower:
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1. CONCURRENCY Violation

PASS!! i

2. Output Violation
singal name : push_true
singal name : push_false
singal name : pull_true
singal name ! pull false

PASS!!
PASS!!
PASS!
PASSH

: 3. Sustain Violation -~
singal name | push_true
singal name ; push_false
singal name ! pull_true
singal name . pull_false
4. APi Deadlock~~ —— e
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PASS!
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[fal Topa2 TopDevce (Top.{S->{}I1DH
(getReq: Number of Nas=1
{[{Devica (1.1} -> {(Top.M.{1.{Top,Top)}1 D
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