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Spin  Simple Promela INterpreter [6]
Promela PROcess MEta LAnguage

Promela
OSEK/VDX! Real Time Operating System(RTOS)
Spin 9] Promela RTOS
[10] TOPPER2/OSEK RTOS
RTOS
LOSEK Open systems and the corresponding interfaces for automotive electronics

VDX Vehicle Distributed eXecutive
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2.1:  Correct Login
Test Case ID Correct Login
Functionality Baseline
Use case reference | Authenticate User
Distribution JBoss 3.2.3
Test Sequence 1.Execute Stitch Application
2.Enter user name =" neel”
3.Enter password =" passwd”

4.Click on Login button
5.Search auction page is displayed

Configuration/
Deployment Issues

Currently the system is only working in our development
environment and has not been packaged for deployment.

Known Problems

2.1
2.3.2
Model Based Testing MBT
System Under Test SUT
SUT
MBT
SUT
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SUT
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3.1.2

MBT
SUT 3.1
: Test Suites
i Build Model G te Test
uild Mode enerate e§ case &
(1) (3) Seripts
Model
{2) lDeﬁne
z
Test Selection S
Criteria ~ | &8
_!'E.:
uy
Y
Test Get actual result
Decide whether to - Pass «—
- Generate more tests | Analyze |- lFa:I s (4-1)
» Modify the model data UL
+ Stop testing Data e Test Oracl
A Get expected result
3.1: MBT
. SUT
SUT
FSM State chart
Unified Modeling Language UML Markov
chain
( def-use )
2
MBT

on-line testing

off-line testing
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Mutation Analysis

Mutation Operators

3.2.1
3.2
System ‘ Finite ,_Ell"_{l}‘ Generate | Mutant Model
Specs | Modeling | Specs Mutants Specs Checker
Counterexamples
System EXECUTE |e_TeSt Harness Generate
Source & Drivers Te;-ts &
Drivers
Test|Results
k.
Pass/Fail & Analyze
Coverage +—
Tests
Report
3.2:
° finite modeling
SMV  Symbolic Model Verifier
SMV
CTL Computational Tree Logic
[
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3.2.2

Failing
Test
Passing Test

3.3 W-

W- FSM

W- FSM

FSM FSM

W- 3.3

1) FSM S Specification FSM

FSM M Implementation FSM
2) FSM S
3) FSM S FSM M
FSM S FSM M

3.3.1
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Specification
Generate Testcase

(2)

("'UlBuiEd Model

Expected
R
Testonses &E’”fes{f-n Con;(pgﬁ%ﬂmpms -D gg:fea:“n?:lt‘-r;:r
3se » Mot conformance
Actual
FSMM —> | uout
'(‘1'2}]A Build Model
3.3: W-
FSM Mealy Machine FSM
FSM
3.4
7#7 1 2 7A7
’#/A’ (S, ]7075a >\780)
S
I
O
0 (0:8% I .S)
A A:Sx I 0)
S0 (50 € S)
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M| s

|
=

M|s<a> = M|s

completely specified
M

. FSM M

. FSM M
si<a>#M|s; <a>

M S
W- FSM 1)

3)
W-

#/D
3.4:
s
!
. FSM M s
o A
M FSM
S; Sj
S; Sj
FSMS M
completely specified — 2)
4)
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3.3.2

W- W-
P %74
P . P FSM S P
FSM § Testing Tree
P
P
P FSM S
T
1) T FSM S T 1
2) T k T (k+1) k
(k+1) j
(J <=k)
e Aj
FSM S
T
w. W FSM S characterization set
W FSM S
W
W- L FSMS W =A{a, a0, .} a; € Is  (i=1,n)
W C Ig
FSM S Si Sj (A(siy 1), A(8iy @2),s oy AlSiy ) #
(A(s5,010), A(s5, ), ..., A(s5, o))
W W-
FSM W-
FSM W
P W
P-W 3.5(a) 3.4 FSM
3.5(b) FSM %74 3.5(c)
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3.4
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M
MBT
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Spin
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Control System

23

Spin

Promela
Promela

W-

Promela
FSM



FSM
Promela W- FSM
FSM Promela
Promela . Spin Promela Promela
PC
Promela Promela
Promela Promela
Promela
Promela
FSM
FSM FSM
S L Vv FSM
S Lx V % v
FSM . Promela FSM
FSM . FSM M (L, V,1,0,0,\, so)
o [
S M S = Lx Dom(vy)*x Dom(vy) % ..x Dom(uvy,)
- Dom(v;) Vs (i =1,n)
-YoeV v = (v_name, v_domain)
v_name v v_domain v
-Vse S s=<l,ay,as,...,a, >
lel a; v v, €V (i=1,n)
o ]/
o O
L) (06:8%x I S)
[ J )\ ()\ . S X [ — O)
® 5 (so €9)
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) FSM
A< s, a> = S @
0<s,a> = S Q@
FSM D < S0, (T1, Y1, 51)s (T2, Y2, 82)s vy (Tny Yny Sn) >
So D x; € Ip inOD SZGS(D) (Z:O,TL)

1) yi = A(si, @) (i =1,n)

2) Si+1 = 5(51'73%‘) (Z =1

n)
. FSM M si  Sj Q
o A< s, a>F A< 55, >

o )< s,a>F0<sj,a>

S; Sj
. FSMS M
M S
4.2 Promela
W- Promela
4.1
. Promela FSM Promela FSM D
Promela FSM
Promela
Promela
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PromelaZgift

e
FEM D
11 mamoFR
FSM M
ﬁa&?’ Lk
RHECTOT3L4)
4.1: Promela
FSM FSM M
Test Driver SuT
FSM
FSM
FSM
FSM M D M D D
p (DEpeMEp) D =M
Iy =1p SM)=S8(D) W-
D S(M) M S(D) D
Promela Iny=1Ip
S(M) = S(D)
4.3 Promela FSM 4.4
FSM 4.5 FSM
Spin Promela
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4.6

4.3 Promela FSM
Promela FSM D (LD7VD7[D70D75D7)\D750D)
FSM Promela FSM FSM
Promela FSM
4.3.1 Promela FSM
FSM ( , ) Promela
FSM Promela FSM FSM
Promla FSM . FSM Promela
l [ Promela
[ FSM
VZ(Z c LPromela Sl e LD)
Lpromela Promela
LD == LPromela
Promela FSM . FSM Promela
) v Promela
v FSM
VU(U € VPromela <V E VD)
VPromela Promela
VPromela 20 (U , U )
VD == VPromela
FSM s <l,ay,aq,...,a, > leLp q
(% UZ‘GVD (z:l,n)
FSM S S(D) = Lpx Vp
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4.3.2 Promela FSM

FSM
Promela
FSM
Promela FSM Promela
Promela z
xz Yy Yy
T T
s1 < ly,a1,a9,...,a, > T
Sy < lg,ay,ab,...,a, > Promla FSM
Promela FSM
FSM FSM
FSM S1 < ll,al,aQ,...,an >
Promela FSM
FSM
FSM FSM Sg <lg,ay,al,...,a, >
Promela FSM
FSM
FSM T x € Ip
Vo (z € Ipromela < © € Ip)
IPromela
[D == [Promela
Promela FSM
FSM
FSM Y y € Op

\V/y(y € OPromela <y Ec OD)
OPromela

OD = OPromela

FSM (s1,2/y, s2)
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4.3.3 Promela FSM

4.3.1 4.3.2

Promela FSM
Promela

FSM D = (LD, VD, ID70D75D7 )\D7 SOD)

LD = LPromela
VZ(Z c LPromela Sl e LD)

Lpromela Promela

VD = VPromela
V’U(U - memela =0V E VD)

Veromela Promela

VPromela >v (U , U )

ID = IPromela
Va(z € Ipromela < T € Ip)

[Promela

OD = OPromela
vy(y € OPromela =y e OD)

OPromela

(6:S(D)x Ip- S(D))

[} ()\S(D)x ID—’ OD)

® Sup Promela
4.4 FSM

FSMM (LM7VM7[M70M75M7)\M7SOM>
Promela FSM Promela
Promela
FSM M

Iy=1p S(M)=S5(D)

FSM
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2) FSM

3)
4.4.1
while(1) { handleEventei() {
catch event E from enviroment;
//labellID = control state
switch(E){ switch(labellID){
case el: case i_label:
handleEventel();
break; break;
case e2: case labell:
handleEvente2() ; .
break; break;
case en: case labelm:
handleEventen() ;
break; break;
} }
} }
Iy =1Ip FSM M FSM D
FSM D
FSM M
FSM M
V$($Eljmp<:>$’€IM) Ilmp
IM = Ilmp
[M = [D [Imp = ]Promela
Promela
Promela
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S(M) = S(D) FSM M
FSM D Promela
FSM M Promela
e Promela
FSM M
Promela
Promela
\V/l(l € lep sl e LM) lep
LM = lep
e Promela
chan mtype
Promela
Promela
Promela
FSM M

Vo(v € Vimp < v € Vi)

VYImp
VM - ‘/}mp
S(M)=S5(D)
Promela

lep = Lpromela

Promela

FSM D
Promela
Promela
2
VYImp = Vpromela
Promela
Promela

Promela
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Promela
Promela
3) Promela
Promela
4) Promela
Promela
S(M) = S(D)
5
4.4.2 FSM
Promela FSM 4.3.1 4.3.2
FSM . FSM FSM
e 'SM
l )
[ FSM
\V/l(l € lep Sl e LM)
LM = lep
e FSM
) v
v FSM

Vo(v € Vi, < v € Vi)

‘/Imp o (U U )
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FSM S <l,ay,as,...,a, > le Ly a;
v; v, €V (i=1,n)
FSM S S(M) = Lyx Dom(vy)x Dom(vy) x ...x Dom(v,)
Dom(v;) Vi 3 v; (i=1,n)
FSM FSM FSM
FSM
x x Y
Yy x
s1 < li,ay,az,...,a, >
So < lg,al,dhy, ...,al, > FSM
e 'SM x FSM
FSM S1 < ll,al,ag, vy Ay >
e 'SM x FSM
FSM So < ly,ay,ab,...,al, >
e FSM
FSM T x € Iy
\V/Zlf(l' c Ilmp = T c IM)
[M = [Imp
e FSM
FSM Y y € O
vy(y € OImp < YyE OM)
Olmp
OM = Olmp
FSM (51,.1’/3],82)
FSM

FSM M = (L, Var, Ing, Oar, 6ar, M Sonr)
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i Ly = lep
VI(l € Ly < 1 € L)

lep
L4 VM = ‘/Imp
Vo(v € Vipy & v € Vi)
‘/}mp
Vimp 2 v (v , U )
° [M = [Imp

Va(r € Iy © v € Iy)

[Imp
[} OM = Olmp
Vy(y € Opmp <y € Ormp)
Olmp
° (6:S(M)x Iy— S(M))
. (A:S(M)x Iy - Oy)
® Som
4.4.3
FSM M
FSM M
Promela
FSM M
FSM M
< 7( b b
)r >
° STATE<i_label,i_1,i_2,...,i_n>
i_label
i_k Vg v € Vp (/{7 = 1,77,)
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° Input: content of input

° Output: content of output
° STATE<label,a_1,a_2,...,a_n>
label
a_k Vg w€Vp  (kE=1,n)
( , , )
FSM M FSM M
FSM M
FSM M FSM M FSM M
FSM M FSM M
FSM M
FSM M
o F'SM M
FSM M Promela
FSM M Promela

Promela

//correspondence of values to labels in Promela
#define i_label O
#define labell 1
#define label2 2

#define labelm m
//array of Promela labels
#define LABELNUMBER (m+1)

char StatelLabel[m+1][256] = {"i_label","labell","label2",...,
"labelm"7};

35



//variable which designates control state
int labellID = O;

e FSM M
FSM M

FSM M FSM M FSM
M

//C Program
handleEventei();

//TEST DRIVER: to print state of implementation
//(d_i is type of variable v_i)
printf ¢ FOR TEST... STATE<}s, %d_1,%d_2,..,%d_n>\n" ,

StateLabel+labelID,v_1,v_2,...,v_n);
FSM M
FSM M FSM
M FSM M
FSM
M FSM M
FSM M
//C Program
case ei: //catch event ei
//TEST DRIVER: to print input symbol of implementation
printf ("FOR TEST... Input: content of eil\n");
handleEventei(); //handle event ei
break;
FSM M
Promela
FSM M
FSM M FSM
M FSM M
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FSM M FSM M

FSM M
//C Program
handleEventei() //handle event ei
{
action al;

//TEST DRIVER: to print output symbol of implementation
printf ("FOR TEST... Output: content of al\n");

action a2;

//TEST DRIVER: to print output symbol of implementation
printf ("FOR TEST... Output: content of a2\n");

}
FSM M
Promela
4.5 FSM
Promela FSM Promela
FSMD M FSM
4.5.1
W- P W
W- W I
P
P . W- P FSM D
P FSM D

37



FSM D

P
P
P Spin
T Spin
W-
T
P T
FSM D T 0
Sy
k Si
(si,x/y,s;) FSM D
(@,y, ;)
s; T k+1
(si:/y, s;)
k+1 55
— k+1 5; Sy
kE+1
Sy k S;
— E+1 55
5, Sy 2)
.8 FSM D
A
— k>0 k—1 Sy
S (m,n,s;) T
P =< s¢, (x1,y1,51), (T2, Y2, 52)5 -y (Try Yny Sn) >
r,€Ilp 4, €0p s, €S8(D)(i=0,n)
1. FSM M
FSM M

38
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S;

E+1

S0



P I TS

TS = {};

generateTestcase() {
TS = TS {s_0};
for each p in P {
//get state of last composition in p
if(p is empty) {
s = s_0;
} else {
s = last state in p;
}
//concatenate p (x,ouput,state)
for each x in I_D {
if((s,x/y,s’) exists in FSM D) {

testcase = p (x,y,8%);
Yelse {
testcase = p (x,null,null);
+
TS = TS {testcase};
}
+
return TS;
+
4.5.2
W-
. FSMA A A Promela
FSM A FSM

39
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p- (z, output, state) FSMA A P

A s<lyay,ag,..,a,> A s'<l' ady,ab,...;al, >
s s Vo € Iy
1) (s,x/y,s,) FSM A output =y state = s,
(s’ x/y,s,) FSM A FSM A
2) output = null  state = null (s'x/y, s.)
FSM A’ FSM A’
I4 FSM A
Iuy=1Ip S(M)=S5(D) M=D
FSM ( ) M =D S(M) = S(D)
Tr(M)="Tr(D Tr FSM
Iy=Ip S(M)=S5(D) Tr(M)=Tr(D)
TS P Ip Vp e P
Vr € Ip p - (z, output, state) peP
xelp P FSM D
P FSMD M P
D s<l,ai,ag,....,an, > M s <l ay,al, .. a, >
s s
s=¢ (x, output, state) s
s
Vr € [D
1) (s,x/y,s,) FSM D output =y state = sy,
1.1) (s",z/y,sn) FSM M FSM M
1.2) (s",z/y',s) FSM M y #y s, # sy
FSM M
2) output = null  state = null (s z/y,s))
FSM M FSM M

In=1Ip S(M)=S(D)

(x, output, state)
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Iv=1Ip S(M)=S(D)

M D
FSM completely specified
W W-
W- Passing Test
Test
(x, null, null)
M D
P (x, output, state)
P FSM D S Ip>«x
FSM D peP
D
(x, output, state)
tate) Ip>x (s,x/y,s,) FSM D
P (x, null, null)
D (x, output, state)
completely specified
P Ip
P
4.6 Promela
Promela
4.6.1 Spin
Spin
A= (5,Tr,sg)
Tr  Promela sp Promela

Stack D = {7};
Statespace V = {};

41

M=D
minimal

Failing
(x, null, null)

(s,2/y, 5n)
P FSM

p
(x, output, s-

Spin

Promela

S Promela

Spin



Start ()
{

Add_Statespace(V,s_0);

Push_Stack(D,s_0);
Search();

Search()
{
s = Top_Stack(D);

for each (s,s’) Tr {

if (In_Statespace(V,s’) == false) {

Add_Statespace(V,s’);
Push_Stack(D,s’);

Search();

}
Pop_Stack(D) ;

o

Spin
A FSM D

Spin

D So S
D < S0, 81, 82, -+, Sn, § >
(s <51 <83 < ... <5, <5S)

s (s,s")eTr
D & D
(s <¢)
D &
D
D < sg,S1,82,...,8, >
A
T
P>p

D v Promela
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4.6.2 Promela

Promela
1) D P>p Spin
Promela
Promela
2) Promela Spin  Promela
Spin
Spin Promela
(source text) -DCHECK
.exe
dcheck.out
3) dcheck.out
TestcaseGenerator
dcheck.out
TestcaseGenerator
Spin
Spin
Promela
c_decl{
typedef struct Node{
char label[256];//label of next state
state_vector;//set of variables in next state
char input[256];//input symbol
char output[256];//output symbol
}Node;
}
label state_vector input
output label state_vector
state_vector Promela
Spin  state vector Promela
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Spin  state vector pan.h Promela

Spin  state vector

T FSM D Promela
Promela
Spin
Spin
Promela
printf () Promela
Promela
Promela Promela
Promela
Spin
c_codeq

printNode(Node n) {
printf ("Input: %s\n",n.input);
printf ("Output: %s\n",n.output);
printf ("STATE<Ys,%state_vector>\n",n.label,n.state_vector);

/*After catching and handling message from enviroment in Promelax/
c_code{
Node tempNode;

strcpy (tempNode. input, "content of message");
strcpy (tempNode.output, "content of actions");

strcpy (tempNode.label,"current label in Promela");
tempNode.state_vector = current values of variables in Promela;

printNode (tempNode) ;

printNode ()

S0
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Promela

init{
c_codeq{

Node initialNode;

initialNode.
initialNode.
initialNode.
initialNode.

input = "";

printNode(initialNode);

};

run InternalProcess();

run Environment () ;

depth

output = "";

I

state_vector

label = initial label in Promela;

= initial values of variables

in Promela;

go to a lower level

.....

New state 9
10: proc 2 exec 7, 3 to 14,

l:iﬂp}— program

onfffggy{jldﬁ‘Dowd.- program non-accepting [pids 2-0]

1: Down - program non-accepting [pids 2-0]

10?Epr0c 1 exec 19, 12 to 11,

Nég state 10
11: proc¢.2 exec 7, 3 to 14,

E{'llz Dowﬂlr program non-accepting [pids 2-0]

turn back a higher level (or backtrack)

4.2:

Spin Spin
-DCHECK

45
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_.--~""Input: content of messagé ~--.

45: Down - program non-accepting [pids 2-0]

- b

-
-

-
-

Dt e e

44: proc 1 exec 31, 43 to 45,
45: Down - program non-accepting [pids 2-0]
New state 144
45: proc 2 exec 8, 6 to 14,

4.3:

Promela

$ spin -a Promela.pml #generate a verifier

$ cc -DCHECK -o pan pan.c

$ ./pan > dcheck.out #execute the verifier

Spin  Promela
4.2 dcheck.out
Spin  Promela

#compile the verifier with -DCHECK option

4.3 Spin  Promela
Up Down
Up

dcheck.out Testcase-

Generator dcheck.out dcheck.out
TestcaseGenerator Spin
D State_Stack State_Stack
P>p State_Stack

typedef struct Node{
char state[256];
char input[256];
char output[256];
int depth;
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INode;
#define MAXSIZE 1000000

Node State_Stack[MAXSIZE];

State_Stack
depth depth
depth

TestcaseGenerator

generateTestcase() {
char tempStr[256];
char traverseDirection[256];
Node tempNode;
int currentDepth;

open file dcheck.out;

while (!(end of file dcheck.out)) {
tempStr = read a line from dcheck.out;

//tempStr = (depth): (Up or Down)
if (isdigit (tempStr[0])) {
currentDepth = get depth from tempStr;
tempNode.depth = currentDepth;
//traverseDirection = Up or Down
traverseDirection = get traverse direction from tempStr;

//Check backtrack
if (traverseDirection == "Up") {//backtrack in Spin
Node topNode = Top_State_Stack();

//backtrack in Testing Tree
if (currentDepth <= topNode.depth) {
//first backtrack
if (firstBacktrack) {
printP(Q);
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Pop_State_Stack(); //Turn back a higher level

//tempStr = "Input: ..."
else if (tempStr[0] == ’I’) {
strcpy (tempNode. input, tempStr) ;

//tempStr = "QOutput: ..."
else if (tempStr[0] == ’0’) {
strcpy (tempNode . output,tempStr) ;

//tempStr = "STATE<...>"

else if (tempStr[0] == ’S’) {
strcpy(tempNode.state, tempStr) ;
//Attack a branch to p
Push_State_Stack(tempNode) ;
//Print p
printP(Q);

//Print last p
printP();

close file dcheck.out;

dcheck.out number I( ) O

1) Down
Up Spin
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Spin  Promela

- (currentDepht > topNode.depth)

- (currentDepht <= topNode.depth)

p State_Stack
Pop_State_Stack()
2) tempNode. input
3) tempNode . output
4) tempNode . state
p p
TestcaseGenerator P P.out
TestcaseGenerator P
P P.out
P
Ip dcheck.out P.out
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5.1

5.1.1

Promela

Spin

8]
NE-R8C/25
LED 51
El i .
i H 7 LED2{@
3 e AN AT 218

5.1:

LED

LED

LED

20



LED
LED
5)
LED
LED
5.2
500ms
100ms
LED
f\.' -
e EBIRUL RMNAET
i = = 1 100ms 500ms
OSOEE e 1BRAO L EEOR | | EEo2)
5022057 R0 | ESEOOLY
F— TR Tp— [T TR TR S — [ R RS —
F— K548 LEDKESA /%
F—ANERIVR BRI A FTTREITR
5.2:
Promela
2 53
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xSTART & in

++) Ul

€= Ug 135 INILX

B PR

— BEA¥MFUHL
o OSOE{E kR 1 BEHORE
RATHA w7
F— IRy — NETRE R Dy —
F—F34
F—ANERIVX FTRFA IR
5.3:
5.4
5.4 5.1
xTIME_SET/ in_t=0; t=0;
=0 xTIME_SET CLK &t51 [t
J=0.in_t = 0; stop clock; | ﬁ
XSTART &in 0 ~xSTART/ stop clock; ———
NUMINPUT (7 ve: COUNTDOWN |, PAUSE'
3 start Elnck: [ *START/ start clock;
xTIME_SET & in_t==3
er'_tv-ﬁ XSTART CLK & t==1
I=in_t'e; iy =0
gt clock: Jtialarm =0; | )¢ g alarm_t<2
{ alarm_t++,
| xSTART/ alarm_t=0:stop clock; 1
XTIME_SET/ in_i:‘t;[ALARMOI 1 ALARM

5.4:

“xTIME_SET/ alarm_t=0:stop clock: |

CLK & alarm_t==2/ alarm_t=0; stop clock;
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NUMINPUT

COUNTDOWN

PAUSE

ALARM

ALARMOFF

xSTART

xTIME_SET

CLK

in_t

t

alarm_t

Promela

5.1.2

Promela

Trigger

Spin

5.2

Promela

Promela
dcheck.out

Promela

Promela

Timer

Spin
Promela

TestcaseGenerator

23

Timer

4.6.2

dcheck.out

Trigger
Promela



5.2.1 Promela

Promela Promela
Promela Promela pan.h
pan.h state vector Promela
Promela 5.2
5.2 Spin

c_decl{

typedef struct Node{
char label[256];
int in_t;
int t;
int alarm_t;
unsigned bTimeClk;
char input[256];
char output[256];

INode;
}
4.6.2
Promela
5.2.2 Promela
-DCHECK Promela
dcheck.out
dcheck.out

77: Down - program non-accepting [pids 2-0]
77: Up - program
Input: TIMER_CLK
Output: Time--
STATE<COUNTDOWN, 3,17,0,1>depth=76

76: proc 1 exec 31, 43 to 45, {c_code8} non-accepting [tau=0]
77: Down - program non-accepting [pids 2-0]

New state 219

o4



5.2:

Promela

NUMINPUT
COUNTDOWN
PAUSE
ALARM
ALARMOFF

m_t
t
alarm_t

bTimeClk

xSTART

xTIME_SET

TIMER_CLK

Increase InTime

Clear InTime

Clear Time

Clear AlarmTime

Set Time = InTime * 6
Time——
AlarmTime—++

Stop clock

Start clock

Set Time = 1

n_t

mt=20

t=0

alarm_t =0
t=wm_tx*x6

t _

alarm_t + +
bTimeClk =0
bT'imeClk =1
t=1

25




77: proc 2 exec 8, 6 to 14, chanTimer!xSTART
non-accepting [tau=0]

5.2.3

dcheck.out
p

TestcaseGenerator

STATE<COUNTDOWN, 3,9,0, 1>
Input: TIMER_CLK

Output: Time--
STATE<COUNTDOWN, 3,8,0,1>
Input: xSTART

OQutput: Stop clock
STATE<PAUSE, 3,8,0,0>
Input: xSTART

Output: Start clock
STATE<COUNTDOWN, 3,8,0,1>
Input: TIMER_CLK

OQutput: Time--
STATE<COUNTDOWN, 3,7,0,1>

5.3

Promela

Iy =1p

TIMER_CLK S(M) =5(D)

Promela
Promela

26

rendez-vous
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Promela
xTIME_SET xSTART



5.3.1 . LImp = Lpromela ‘/Imp = VPromela

Promela
Promela Promela
S(M) = S(D)
5.3.2 : lep > LPromela ‘/Imp = Vpromela
Promela
Promela
Promela
5.5 Promela NUMINPUT INITIAL
NUMINPUT 2
IPAUSE
xTIME_SET/in_t=0; t=0;
*TIME_SET
. ' #=0, in_t = 0; stop clock;
| S B ——
I,-"NUI'U!lNPUT
_XTIME_SET & in_t==3
i [7in_t=0
INITIAL | STIMESET_/ \UMINPUT |———2START{ COUNTDOWN
= [ start_cfock;
XSTART TIME_SET &in_t<3
fin_t++
xTIME_SET/in_t=1;
ALARMOFF
5.5:
INITIAL "NUMINPUT"
#define Timer_MOSO O //index of INITIAL state (in_t = 0)
=1 or 2 or 3)

#define Timer_MOS1 1 //index of NUMINPUT state (in_t =
#define Timer_MOS2 2 //index of COUNTDOWN state
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#define Timer_MOS3 3 //index of PAUSE state
#define Timer_MO0S4 4 //index of ALARM state
#define Timer_MOS5 5 //index of ALARM_OFF state

/*Labels of states*/
/*==> Timer_mOStatelLabel[0] = Timer_mOStatelLabel[1] = NUMINPUT*/

char Timer_mOStateLabel [Timer _MOSTATEMAX] [Timer_MOSTATELabelLengthMAX] =
{"NUMINPUT","NUMINPUT","COUNTDOWN","PAUSE","ALARM","ALARMOFF"};

INITIAL Promela
S(M)=S5(D)
5.3.3 : LImp - LPromela ‘/Imp > VPTomela
Promela
Promela
Promela
5.6
PromelasZif D 4k fE
L’ COUNTDOWN .

[ countbown COUNTDOWN
“.._| (left_led = 1,right_led = 0) | 500 ms CLK | (left_led =Qright_led=1)| .~

5.6:
left_led right_led
COUNTDOWN COUNTDOWN  Promela
2 COUNTDOWN LED
COUNTDOWN LED
COUNTDOWN LED COUNTDOWN  Promela

COUNTDOWN LED

o8



COUNTDOWN  Promela COUNTDOWN
LED 500ms COUNTDOWN LED

COUNTDOWN
COUNTDOWN COUNTDOWN

COUNTDOWN
COUNTDOWN
Output* STATE*
COUNTDOWN

//Mark for starting of COUNTDOWN states
printf ("FOR TEST... >>>ExtraState>>>\n");

left_led = LEFT_ON;
right_led = RIGHT_OFF;

//TEST DRIVER: to print extended parts in Implementation

printf ("FOR TEST... Output*: LEFT_ON\n");

printf ("FOR TEST... STATE*<COUNTDOWN, %d, %d, %d, LED(%d,%d)>\n",
input_time,t,alarm_time,left_led, right_led);

sleep 500ms;
left_led = 0;
right_led = 1;

//TEST DRIVER: to print extended parts in Implementation

printf ("FOR TEST... Output*: RIGHT_ON\n");

printf ("FOR TEST... STATE*<COUNTDOWN, %d, %d, %d, LED(%d,%d)>.\n",
input_time,t,alarm_time,left_led, right_led);

//Mark for ending of COUNTDOWN states

printf ("FOR TEST... <<<ExtraState<<<\n");

FOR TEST... STATE<COUNTDOWN,1,5,0>

FOR TEST... >>>ExtraState>>>
FOR TEST... Output*: LEFT_ON
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FOR TEST... STATE*<COUNTDOWN, 1, 5, O, LED(1,0)>
#after 500ms

FOR TEST... Output*: RIGHT_ON

FOR TEST... STATE*<COUNTDOWN, 1, 5, 0, LED(0,1)>
FOR TEST... <<<ExtraState<<<

S(M) = S(D)
S(M) =
S(D)
5.4
W-
5.4.1
DEp—MgEp Promela
p Promela
in_t <= 3
in_t <= 3
5.4.2
S(M) = S(D) Iu=1Ip S(M)=S(D)
1) lep == LPromela ‘/Imp == VPromela

Promela
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Promela

Promela

5.4.3 W-

lep > LPromela ‘/Imp = VPromela

S(M) =5(D)
Promela
lep = LPromela ‘/Imp > VPromela
Promela
S(M) = S(D)
S(M) = S(D)
W-
W-
w
Iy =1Ip S(M)=S(D)
M=D
Promela
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6.1

MBT
Spin

6.2

e Promela

Ip

Promela

Promela
Promela

Promela

Promela

Promela
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Spin

TestcaseGenerator
P

dcheck.out P.out

Promela
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