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A model checking application
to software development of automobile control systems.

TOMOYA YAMAGUCHI," NORIYASU ADACHI,* TOMOYUKI KAGAt®
and YOSHIHIRO OHKUWA'

Importance of software is increasing in automobile control systems and we expect software
will be more massive and more complex, while shorter development period is desirable. There-
fore, efficient software development becomes more important for keeping high quality control
system. We improve quality of design specification by using model checking.

In this paper, we introduce a model checking support tool which we are developing, and we
also show the result of a model checking application.
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int gin0, gin1, outo, out1 ; int gin0, gin1, out0, outt
void foo(void) { void foo(void) {
intP,Q R, S,x, Y,z temp; intP, Q R, S,x, v,z temp

P=(gin0==10); P = (gin0==10),
Q= (gin0 *gin1 >0), Q= (gin0*gin1>0); O DFG
R = ((gin0 +gin1 < 0) & (gint > 5)): R =((gind + gin1 < 0) & (gin1 > 5));
S=(gin0==0); S=(gin0==0)

LGl if(P){

Jelse{ Jelse{

} ' !
Q) THREE gy

=3 FRfREA
Jelse{ Jelsk(

} i

IR if(R)
temp = x;

Jelse{ Jeise{

) temp =y, N temp =y, @

if(S) if(SH /=K
z=0; z=0;

Jelse{ Jelse(

- -

" v —_— Ty
N ETET) }
_outo =tem| oy ZOERSIFoutos
= temp; OUIG'= temp; 3
outl =z outl =z BREIMEODOTERSND

¥ }
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O C source
01 intgin1, gin2, _sc_ :
02
03 void foo(void)
04 {
05 intP,Q,R, x,y, out;
07 P=(gin1==10);
08 Q=(gin1*gin2>0);
09 R=((gin1+gin2 <0) & (gin2>5));
11 i P){

x=1;
13 Jelse{
14 x=2;

}
16 if(@f

=3

y=3;
18 Jelse{
19 y=4

gin1=0 (00000000000000000000000000000000)
State 6 file foo.c line 1 thread O

State 15 file foo.c line 8 function foo thread 0

00000000000000)

ad 0

fo0::foo::1::R=0 (00000000000000000000000000000000)

le foo.c line 14 function foo thread 0

000000010

¢ line 19 function foo thread 0

foo::foo::1::y=4 (00000000000000000000000000000100)

21 iR { State 25 file foo.c line 24 function foo thread O

2 out=x e
23 Jelse{ foo::foo::1::0ut=4 (00000000000000000000000000000100)

24 ‘out=y; State 26 file foo.c line 27 function foo thread O
25 }

27 _sc_=out;

VERIFICATION FAILED

09 CBMCOOOOOOODO

000000000000000000000000
000000000000000000000000
ooooo
(1)00D00O00oo0
000000000000000
(2)00000000
0000000000000000000000
0000000000000
(3)000000
0000000000000000000000
0000000000
00D0000()00000000000000
0000000000000 "0000O0ONOOOD
00000000000 000000000000
ooooooo
0000 0000000=0N
000000 =0000000000 >0
(2)0000000000000000000000
0000000000000000(3)000000
0000000000000000000000000
000000000000000000000000
00000000000D0000000000000
00000000000D0000000000000
000000000000000000000000
000000000000000000 700000
0000000000
54 000000000000
~(C)00D000D000 ~
0000000000 (04000000000
000000000000000000000000
000000 CBMCOOOOOOO0ODO0O0O0O0O
000000 90000000000000000C

(© 2012 Information Processing Society of Japan

ESS2012
2012/10/19

=Kl

FOFAT—SBEE o

Gtrarg

010 000OO0DOO00O0OD
0ooooooboOo brFrGOOOOO

goooboboooooooobooocooooooon
goobooooooooooooooooooooon
gbobOe000O0O00O02000000000000OO
gooboooooooooooooooooooon
goboooooooboooobooooo
goooooooooooboooboooooboo
ooooooooobrGoOOOOOOOOOOOO
gobobooboooooooooooooooooon
goboboboboooooooboobooooooooon
O00o0ooo0o brGOOOOOOOOO DFGOO
goboobooboooooooooobooooooobon
01000000 DFGOOOOOOOOOOOOO
goooooooooooooooocoooooon
gooooooooboooooboooocooooon
gobooooooobooo woboobooooobo
oooooobooooobooooooboobboooobooon
goo200000ooooobooooooooon
O0000ooo0o0o00booo00ooooOd DEG
goooboooooooboooboobooooooon
goooooooooooooooooooooon
oooobboobooooooodooooooooo
55 0000
gooboooooooooboboooooooon
gbooboooooboooooobooobooDbon
cBMCOOODOOOOOODODOOOOOODOOO1
gobooooooooooooooooboooooon
gooooooooooooooobooooooDon
goooboooooooooooboooooooon

192



2012
Embedded Systems Symposium 2012

ESS2012
2012/10/19

01 0oo0oo00o000ooOoO0oO00000O0O0000000O0O0O0

oo CBMC OOOO 0DoOooooO0oooo
0000 | 0000 (min) | 0000 (0) | 0000 | 0000 (min) | 0000 (0)
00000 | 00000000 0o 5 1 oo 5 1
SEEEEEEEE 00 25 0o
SEEGEEEEE 0o 4 0o 4
00000 [ Doooo0o00 0o 18 1 0o 3 1
000000 0o 18 0o 3
ooooooo 0o 15 7 oo 15 5
oooo ooooo - - 7 oo 5 5
0o 00 40 0o 10
00000 | 00000000 0o 2 3 0o 2 2
SEEEEEEEE 0o 3 0o 5
SR 0o 4 oo 4
00000 | 0Oo0O0O0000 0o 8 4 0o 3 3
SEEGEEE 00 8 0o 3
565 214

gooooooooooooobooboooooobon
gooooooooooboooooooobobooon
goooboooooooooooboooooooon
goboboooooooooooboooooooooon
ODFGOOOOO0OO0O0OODOOODOOOODOOO
goooooboooooboooooooboooooon
goooooooooobooobooooooooon
0000000000000 62%00000

6. 000000000000
00000000000000
~(A)000000
00 (B)0DDOO0OOO0O0D0DO000 ~

(A)00D000 (B)0D0OOO0ODODO0DOO
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0oooooo

6.1 00000000000

000D0000000D000000 1100000
0000000DD0000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
ooo

00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000D00000000000

(© 2012 Information Processing Society of Japan

| CerrER ] [BEER]
E GEdd

[tezen | [mEres ]

011 0000000000000

6.2 ODO0OO0OOOOOCOOOOO

g20000000C000000O0O0OCOC0O0O0O
goboooooooooboooooobobooooon
oooboooooooooooobooooooon
gopoooooooboobooooboo

6.3 ODO00OO0OO0OOO0OOO0O0OO0OOO00O00d

ogboooooooboooooono 1200000
goboooooooboooobooo

02 0O000000000O000000
No. oooo oooo
1 gooooo oooooo0ooooo

ooooo oooooOoOooooo
2 gooooono ooooooOooooooo
3 gooo ooooooooo
O oooooo ooooooooboo
4

ooooooo 00o0DO000000000000

193



2012 ESS2012
Embedded Systems Symposium 2012 2012/10/19

ETRA- FRX
[@ \ [zmr—rmx

. if ( (base)Q Hilmt) )

(base) = (HiLImt):
ml‘ TIRH— R
@ (LoLImt) )

g
[€))

(5)

(base) = (Lolmt):

output IE

output | T IR{EMERRE
max= —3

min= -3 min=10

f input input
max=10

012 00000000000
o0ooooooooooooo

goboooooooooooboooOooooooon
goooooooooooooboobooooooon
obooooooooooo
goooooooooocoo 1nooooooooon
oobooboooooooooooobooooooooon
goooooooooobooooooooboobooon
goboooooooboooboboooobooo 12000
ooboooooooo
gooooood
Hif0ooooooooooooo
2)if0000000oo0 >000o
3)if0 then OO OODOOUOO =0000
4)if000000 0 then0OO0OOOODOOODO
gooooo
(5)f000000 0 then00D000O0OO0OOO
gooooo
ooboooooo
(6)if000D00D0OO00OO0ODOOO
(nif0000000000 <0D0Oo
(8)if0 thenOOODOOOOODO =0000
9)ifoooooO ifdthen0 000000000
gooodao
(10)if 000000 if0 thenOOOOOOOOODO
gooooo
oobooooooo
1)OoOooOooOooo0ooOo 2000000000
gooooo
(12) 00000 f00000000000ODOO if0
goboooooooooooo

(
(
(
(

(© 2012 Information Processing Society of Japan

gobooooooooooooobocooooooon
gbooooooboo >0bo0o0oo00oooboon
ooboooooooooooobooooboooon

gooooboooooogsooooooooon
gooooooooboosoboobooooogon
ooooooooooooo >o0o0o000oboboo
gobooooooooobooobooobooooon
gooobobooooooooobooocooooooon
og3booao

goboooooooooobocooboooooooon
gboooooboooobobooboooobobon
goooboooooooooobooocooooooon
gooooooooooboooooooooboooon
0%0 0000000000

6.4 ODO00O0O0OOODOOOOO

goooobooooooobobooooooDoon
gbooboooooboooobooboobooobon
goboooobooooooooooooooooon
goooboooooooboooooboooooooon
goboooooooobooooobooooooon
gooooooooooooobooooooooon
gooooboooooobooobooooooobooon
gooooooooooooooobooooooon
O000ooOoooo0oOo brGOODOOOODOOOO
goooooboooooooooooooooooon
ooad

goooooooooobob 11o0oooooooo
O0o0o0oo0o0ooO0oo brFGOOOOOOO
0000000 bDrFGOOOOOOO0OO0OO0OOO DFG
gobooobooooooboooooooooooon
obobooooboooooobooooboooboobooboon
oooooooODOO0OO0O0 brGOOODODOOO
ooooooooooooboooob s000 10
ooDo0oOooooo0oOo brGOOOODOODOO 10
203000000000060000 DFGOO 13
gooo

goooooooooooooobooooooon
gbooobooooboooooboobOobooooboon
OoooooUoOoooooUoooooUoOoo (o

03 0D00OO0O0o0oO0O0obooOo0oO0o0o0oobooo00oo

0o 0000 (min) | 00000000 (min)
SEEGEEEEE 30 5
0oooo 150 5
0oooo 200 5
FEEGEEEE 75 75
0o 455 90




ESS2012
2012/10/19

2012
Embedded Systems Symposium 2012

;;ﬁéb ke GactTargel
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Int FLAG_P = OBER

FLAG P==1 A FLAG R==1
(BN HEM?

O%7JDFG
1

Int FLAG_Q = o
Int FLAG_R = 0;
Int FLAG_S = 0;

BERL
int gin0, gin, out0, out1

void foo(void) {
intP, Q R, S,x, y,z temp

void foo(void) {
intP, Q R, S,x, v,z temp

P=(gin0==10); P=(gin0==10);

Q (gin0 * gin1 > 0); Qz(gmu*wwu)
((gmu gm1 0)&(gin1>5)); R=((gin0+gin1<7)& (gin1>5));
=(gin0==0), S=(gin0==0),

if(PH ifPH FLAG_P =1}
x=1; x=1;
Jelse{ Jelse( DFG/$R
) = N =2 fheERE
F453RBH B
i) s TITEA Q) ;L:Af, 2=1; FEELISD
Jelse{ ' Jelse{ SRIED
v=4 y=4; ODFG “}7'DFG£EESZ
} }
If(R){ RN FLAG_R =1
temp =x; temp = x;
Jelse{ Jelse
temp = y; temp = y;
H H
H(S)H (SH FLAG_S=1;
z=0, z=0,
Jelse{ Jelse{
z=1; z=1;
i’ OutOI=EH !
out0 = temp; out0 = temp; o)
out! = z; outl =z; )
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