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An External Environment Abstraction Method

for Model Checking with a Goal-Oriented Analysis

3205

MicHITAKA INUL T NoBUKAZU YosHIOKAT?
and KoIicHIRO OcHIMIZUT!

In this paper, we propose an abstraction method of the external environment
model with a limit on the time series variation. This paper is intended for
embedded systems with sensors and actuators. When the system uses multiple
external environment information, the abstraction method reducing the scope
of the information from the static viewpoint might not work well. Also, the
abstraction method giving a limit on the time series variation from the dynamic
viewpoint is difficult from the description for model checking. Because it is hard
to extract necessary sensors and actuators behaviors required to analyze for the
limit. In addtion to, it is difficult to analyze the time series variation, because
of the lack of necessary information in the description for model checking, The
external environment information is water, color, sound, and etc. In this pa-

per, to solve such problems with the dynamic viewpoint of this abstraction,
we propose the abstraction method giving a limit on the time series variation,
using a Goal-Oriented Analysis for extracting the behavior comprehensively,
using domain knowledge for analyzing the time series variation. Also, we show
validity of our proposal method with case studys.
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Fig.1 Discription overview for model checking.
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Fig.2 Line tracer.
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Fig.3 Design overview of line tracer.
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1 chan light = [0] of { int }

> 4000000 /

3 active proctype external()

4 { int value = 500;

5 S+ 00000000000000000 =/
6 AO50007000000000000 =/

7 0000 %/
8  do::do:if::value++;
9

s:value——;

10 fi;

11 if::(value==499)—>value++;
12 ::(value==701)—>value——;
13 ::else—>skip;

14 fi;

15 ::break;

16 od;

17 40000000000 */

18 light!value;

19 od;

}
21 4000000 */
22 active proctype system()
23 { A0000000000000 %/
24 int now = 0;
25 A O000000000 %/
26 int th = 575;
27 00000 %/

*1 Promela 000
if0 :00000000000000000 100000000
dod 00D if00000000O0ODOOOOObreak0000OOOOO
active proctype 000000000000 O0OOOO
chan 000000000 M!DODOOmM?000000
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28 int turn = 0;

29 0000000000000 =/

30 int pre = 0;

31 S 00000000000000 %=/

32  int prepre = 0;

33 S PO0O0O0:.000000000O0DOOO %=/
34 S 00000 (000000000000 =/
35 4 00000000)x/

36  int p_value = 0;

37 S I0000:00000000000000 %/
38 4000 (Q000000000000000 %/
39 00000000 0000000Ox/

40 int i_value = 0;

41 S, DO000.00000000000000 =/
22 4000 (QO000D00MO0O000 */

48 A4 0000000000)*/

44 int d_value = 0;

4 00000000000 %/

46 do:light?now;

47 d_step{

48 S+ PODOOO(360P0000) +/
49 p-value = (now—pre)=*36;

50 S I0000(0I0000)«/

51 i_value = (now—th)*1;

52 4 DOO00EODODO0) x/

53 d_value = ((now—pre)—(pre—prepre))*4;
54 00000 %/

55 turn = p_value + i_value + d_value;
56 - 000000000000000 =/
57 prepre = pre;

58 A 00000000000000 =/
59 pre = now;

60

61 od;

62 }
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Fig.4 Notation of system model.
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Fig.7 Three hierarchical tree structure notation.
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Fig.8 The case of three hierarchical tree structure.
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Fig.9 The line tracer case of giving a limit.
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000000 2 etrb_pid-m.pml

1 chan light = [0] of { int }

> A 000000 */

3 active proctype external() /x+ « 000000000000 %/
4 { int value = 500;

5  int pre = 500;

6 ,00000000000D0D00O000 %/

7 050007000 000000000 =/

8 S 000D00x/

o ,000000000000D000 =/

10 A S800-3000000000000 %/

11 do:do::if::((value—pre) <=—3)||(3<=(value—pre))—>skip;

12 else —>

13 if::value++;

14 svalue——;

15 fi;

16 fi;

17 if::(value==499) — >value++;

18 ::(value==701)—>value——;

19 ::else—>skip;

20 fi;

21 ::break;

22 od;

23 light!value; /+ « O0D0O0D0O00O0O %/
24 pre = value; /% « 0000000000000 DO0O0OO0O %/
25  od;

26 }
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000000o0o0o030%00000000000

5. O O

000000000000000 SESSAME'® 0000000000000000 510
gobooooboooooooobooboo 5200000

5.1 OO0OO0OO0OO0O0OO0OO0O00O0

SESSAME'® 0000000000000 0000000000000000000
gobooobooobooooooooooobooooobooobooooooooboooooDooo
goboooobOoooooooooobOoooooOoobooobooooonDn
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00000000000000000000000000000000000000000

000000 30000

000000 3 potex.pml

1 fsksorsksoksksksroksgokokokok /
2 A 000000 =/

3 faskskkskoroksokskkkokkokok /
4

5 0000 %/

6 inline getTemp(t0)

7 {

g if

9 :: d_step{ if

10  (10>=150)—>t0=150;
11 :: else—>t0++;

12 fi; }

13 :: d_step{ if

14 i (10<=-10)—>t0=—10;
15 :: else—>t0——;

16 fi; }

17 :: break;

18 fi;

19 }

20 400000000 %/
21 inline calcHeatPower(tg,t0,t1,t2,m)

22 {

x1 0000000000000000000000 50000
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23 int dm;

24  int moO;

25  int ml;

26  getTemp(t0); A0 000/

27  ml=m;

28 d_step{

20 dm=(t1-t0)+(tg—t0)+(2xt2—t0—t2); HAPIDDODOO0O0O0Ox/
30  mO=ml+dm;

31 if

32 1 (m0<=0)—>m0=0; A00000x%/
33 = (m0>=100)—>m0=100; 40000 */
34  ::else—>skip; 0000x%/

35 fi;

36 t2=t1;
37 t1=t0;
38  m=m0;
39}

40 }
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3 {

4  int loop = 10;

5 do

6  uif

7 ::(loop==0)—>break;
8 else—>skip;

9 fi;

10 if

11 :d_step{ if

12 2 (60>=1500)—>t0=1500;
13 :: else—>t0++;

14 fi; }

15 :d_step{ if

16 :: (10<=-100)—>t0=—100;
17 ;- else—>t0——;

18 fi; }

19 fi;

20 loop——;

21 :: break;

22 od;

23 }
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goooOdno 5 pot.pml

Jsokssksksk ok soksk ko ok /
000000 %/
ook ok kokskkok ok /

1

2

3

4

5 /0000 %/
6 inline getTemp(t0)
7
8

{
do

9  ud_step{ if
10 ::(t0>=1500)—>t0=1500;
11 :else—>t0++;
12 fi;}
13 :=:d_step{ if
14 ::(t0<=—100)—>t0=—100;
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18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

ielse—>t0——;
fis}
:: break;
od;
}

Sk O 0 soksker /

40000000 */

mtype = {s_idle,s_warming,s_boiling}
400000000 /

mtype = {s_off,s_pid,s_heating}
4000000 /

mtype = {s_opn_cvr,s_cls_cvr,s_init}

Jrxxk DO 00 stk /

mtype = {
m_stopWrmCtrl /4 000000 %/
;m_compBoiling /« 000000 %/
;m_reqBoiling /4« 0000 %/
;m_doBoiling /4 0000 %/
;m_doWarming /« 0000 x/
;m_stopDoBoiling /4 000000 */
;m_stopDoWarming /+ 000000 %/
;m_setTemp98 /+ O 0O 0O [ 980 O/
;m_setTemp90 / O 00 900 Ok /
;m_setTemp60 / OO0 600 Ok /
,m_tempSetBtnOn A 0000000 ON %/

}

S« 00000 =/
mtype = { st,ht,tm,ft }
chan msg = [5] of { mtype,mtype }

JHsksskskkorkkok ok ok /
4000000 /

JHsksskskkorkok ok /

Jrxx 00000 skkk/
0000000 =/
active proctype st_tsk()
{
mtype state = s_idle;
mtype event;
do
:d_step{
msg?st(event)—>
if
::(state==s_idle)—>
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100

103
104
105
106
107
108
109
110

}

if

::(event==m_reqBoiling)—>
state=s_boiling;
msg!ht(m_doBoiling);

::else—>skip;

fi;

::(state==s_warming)—>
if

::(event==m_stopWrmCtrl)—>

msg!ht(m_stopDoWarming);
state=s_idle;
::(event==m_reqBoiling) —>
state=s_boiling;
msg!ht(m-_doBoiling);

::else—>skip;

fi;
::(state==s_boiling) —>

if

::(event==m_stopWrmCtrl)—>

msglht(m_stopDoBoiling);
state=s_idle;
::(event==m_compBoiling) —>
state=s_warmingj;
msg!ht(m_doWarming);
::else—>skip;
fi;
fi;
}

od;

400000000 */
inline calcHeatPower(tg,t0,t1,t2,m)

{

int dm;
int moO;
int m1;
getTemp(t0); /000 0%/
ml=m;

d_step{

dm=(t1—t0)+(tg—t0)+(2%t2—t0—12);

mO=m1l+dm;
if
@ (m0<=0)—>m0=0; 400000

*/

:: (m0>=100)—>m0=100; /000 0/

:: else—>skip; 40000/
fi;
t2=t1;
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111 t1=t0;
112 m=m0;
113}

114 }

115

116 400000000 %/
117 active proctype ht_tsk()
118 {

119 mtype state = s_off;
120 mtype event;

121 int tg=98;

122 int t0=0;

123 int t1=0;

124 int t2=0;

125 int t_m,m;

126

127 do

128  :msg?ht(event)—>

129 d_step{

130 if

131 ::(event==m_set Temp60)—>tg=60;
132 ::(event==m_set Temp90)—>tg=90;
133 ::(event==m_set Temp98) —>tg=98;
134 ielse—>

135 if

136 ::(state==s_off)—>

137 if

138 ::(event==m_doWarming)—>
139 state=s_pid;

140 ::(event==m_doBoiling) —>

141 state=s_heating;

142 ::else—>skip;

143 fi;

144 ::(state==s_pid)—>

145 if

146 ::(event==m_stopDoWarming)—>
147 state=s_off;

148 ::else—>skip;

149 fi;

150 ::(state==s_heating)—>

151 if

152 ::(event==m_stopDoBoiling) —>
153 state=s_off;

154 ::else—>skip;

155 fi;

156 fi;

157 fi;

158 }
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159
160
161
162
163
164
165
166
167 }
168

::(state==s_heating)—>
if
::calcHeatPower(tg,t0,t1,t2,t_m);
m=t_m;
::state=s_off;
msg!st(m_compBoiling);
fi;
od;

169 000000 %/
170 active proctype ft_tsk()

171 {
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186

188
189 }
190

mtype state;
mtype preState=s_cls_cvr;

do

zif
::state=s_opn_cvr;
::state=s_cls_cvr;
fi;
if

::(preState==s_cls_cvr)&&(state==s_opn_cvr)—>

msg!st(m_reqBoiling);

::(preState==s_opn_cvr)&&(state==s_cls_cvr)—>

msg!st(m_stopWrmCtrl);
::else—>skip;
fi;
preState=state;
od;

191 4000000000000 #/
192 active proctype tm_tsk()

193 {
194
195
196
197
198
199
200
201 }

do

if
::msg!ht(m_set Temp60);
::msg!ht(m-_set Temp90);
::msg!ht(m_set Temp98);
fi;

od;

(0023030 1000)
(0023090 12000)
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