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Validation : when - what - how
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\
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Validation : when - what - how

Validation of|real time systems

4

Verification of structural Tempora' characteristics
properties
no deadlock, no livelock

Model

sstate machines / temporal attributes

edeterministic approach

“Timed automata” I
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2 - Timed Input Output State Machine
(TIOSM) an adequate formalism

>TIOSM T=(S, L,C,s,,¢)
e S set of states / € set of transitions
* s, Is the initial state

e L set of messages

e C set of clocks
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2 - Timed Input Output State Machine
(TIOSM) an adequate formalism

> Temporal behavior : an exemple

Im @i
t; | hyla;b]
eset(h,) - N
@ t,/h,
2m’ h;[c;d] tin, :
¢, | halesfl t, @ [
X+C y-i-e x+d y-i-f >t
L ( x/y is the reset time of h,/ h,) y
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3 - Validation a posteriori (Integration test)

Implementation of S

Verification of Temporal Interoperability Properties
Testing approach

Stimulus

y >
> Tester
Response

-
/ vel'dlct \

Pass Fail Inconclusive

© © =2
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3 - Validation a posteriori (Integration test)

System S Property P, .-- | Property P, | ...
~ > - > . =
[ Model construction ]
- > - > <
<Tiosms TS> <Tiosm TP1> <Tiosm TPi>
e — = =
On the fly [ Enumerative method ]
verification - I
] <Synchronous product TSP1> <Synchronous product TSP,
Trajectories - < -
extraction [ Trajectory extractlon ]
- <Traj c SP, )« Traj csp pp
Tlmed tester constructlon ]
=B =B

<Tester S1SP1> ...<Tester S;SP, >
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3 - Validation a posteriori (Integration test)

Construction of the state classes graph (cf. Berthomieu&Diaz) :

Raz{c1} ¥
(s6)
id | t3
c1[0;2
S7
la| t4
Y Y
S4 S5 °1[2;3i
’.’0. ‘0.‘ K”‘ .‘. 0“.‘
P
LK ... >
Model of S 259! S10: State classes graph of S

Si, Sj : current states of the TIOSM

Qk :inequations system
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3 - Validation a posteriori (Integration test)

Construction of the inequations system / Pre-enabled transitions

4 Class 1 ) For each pre-enabled
transition t; :
g {QS11} min;-b < 6(t;) < max; -a
: _ 0 <6(t)
'm hia;b] as<0(t)<b e-b < 6(t,) < f-a
reset(h’) e<0O()<f 0<0o(t )2 )
o(t,)- (t,) < b-e - 1l
Oltz)- O(t,) <t-a " Class2 )
2m’ h’[c;d] 0 {S2}
h[e;f] Q@2
e-b < 6(t,) < fa
c<O(t,) <d
0 < 6(t,)
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3 - Validation a posteriori (Integration test)
> Model of a Property T, (TIOSM)

?a "..:"n.." i
c0[0;4].-"t1
R '*:. .:4'"‘
Rejected states Final states
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3 - Validation a posteriori (Integration test)

On the fly trajectories extraction

* The property is searched during
the state classes graph construction

/System S Ts\

-

Y,

=

=

(" State classes )
graph construction

~
~
~
~
~
~
~
~
~
~
\t

v

¢ ® 069
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e Stop as soon as the
property is founded or ...

No

!

ﬁ> [Trajector

(Trajectory T;)
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é
D | @
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3 - Validation a posteriori (Integration test)

- : N
_ Behaviour
Trajectory T¢ Tester T,
: a<o(t,)<b
c < 6(t,)+6(t,) < d
e<Ot,)<f
e J
reset(h’ h in.[c;d] & h’ not in [e;f]
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3 - Validation a posteriori (Integration test)

System Property
?A h[0;20] ?2A
eset(h’) [0;100]
IB h’[0;2] ?[((3):{100]
S5 (Py
?2c, |7c, |2c, Accept=(P,}

h[0;6]h[6;8] | h[8;22

(85
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Trajectory

2?A ¢[0;100]
h[0;20]

eset(h’)

B
h’[0;2]

2C, h[6;8]
c[0;100]
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3 - Validation a posteriori (Integration test)

Trajectory Tester Normal  Adaptative
Tester Tester

2?A c[0;100] 'Ac[0;100]  Fijre of t [0;20] [0;8]
h[0;20] | hlo;20] .

eset(h’) eset(h’)

r
A s
1B ::> ¢ | 7B v
h’[0;2] 11 h’[0;2] Inconclusive

Reception of B [0;2 0;1] OK
(€, h[8:3] pti [0;2] [0;1]

?{%2%(6);8] t, ¢[6:100] Fire of t, OK [1;2] Inconclusive
ClY; )
v Y
2 1
0<6(t,)<100 & 0<6(t,)<20 & v v
0<6(t,)<2 & Inconclusive Pass

0<6(t,)+6(t,)+6(t,)<100 &
6<6(ty)+0(t,)+0(t,)<8
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3 - Validation a posteriori (Integration test)

« Conclusions

 Formal generation of timed test
sequences

* Reduction of inconclusive cases during
the test process
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4 - Validation a priori
how to master the complexity

Validation a priori

model analysis model simulation
+ exhaustivity + easy to use
- number of states - non exhaustivity

scenario dependent

Zhejiang University -October 25, 2002
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4 - Validation a priori - Hybrid Method

[ Initial complete model}

Verdict 1

Verdict 2 scenario:

dependerfwt
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4 - Validation a priori - Hybrid Method

Critical parts - partial models definition
* 1 and only 1 input state

» at least one output states
@ Initial model  « 2 partial models cannot be overlapped

Partial model Partial model
PM, PM,
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4 - Validation a priori - Hybrid Method

Accessibility graph

@ Set of clocks : C = {x,y,z}
1A

[0;1] reset(y) ®— S,

x=x0; y=y0;z=20

Z t, 2-x < O(t,) < 4-x

? 7 v

x| — s,

vl x=x0+0(t.); y=y0+0(t.);
@ S ) z=20+0(t,)
ANZZANZAN g-x < 8% < 2-x

oo o Yy < < 4-y
@ @ 1y < O(ty) <4y
3-z<0(t) < 5y
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4 - Validation a priori - Hybrid Method

oo o Accessibility graph
t1
. - No solution
S, sm transition t;
x=x0+0(t.); y=y0+0(t.); ' never fired
z=20+6(t,) jmm) SIMPLEXE
3-x < O(t,) < 6-x algorithm:
0 o o 0-y < Ot ) <4y t; firing time-
1.y < O(t) < 4y
3-z<0(t) < 5y [1solution

transition ft;
can be fired
— min(6(t))

- max(9(t))
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4 - Validation a priori - Hybrid Method
Accessibility graph

Exit states of partial model : {S5, S6}

Exit Nodes : node characterized with

an exit state

(S,.Q,) Every exit node can be reached

> Success

One exit node cannot be reached

) Fail
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4 - Validation a priori - Hybrid Method

Abstraction of
artial model

Initial state : S Initial node : N.= (S,, Q,) Initial state : S
1 1 1 1 1

Partial model Accessibility graph

Exit state : S, ) Node : N, =(S;, Q) =)  Exit state : S,

Cokald  p—

t, (S,,Q,) Abstraction
of
partial model
Black box

S5 s6, | | S6,
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4 - Validation a priori - Hybrid Method

For each exit state S

Value of each clock when reaching this state
Constraints on clocks along the path from init state to S

Xx=x0+6(t,)+6(t,)
y=y0+6(t,)+06(t,)
2=20+6(t,)+6(t,)

2-x0< 6(t,) < 6-x0
3-x0-0(t,) < 6(t,)
8(t,) < 6- x0- 6(t,)
0-y0- 6(t;) < 6(t,)
o(t,) < 4-y0- 6(t,)

||
S5 S6, S6,
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4 - Validation a priori - Hybrid Method

1A
y[0;1] reset(y)

s,

v o o

/Y
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4 - Validation a priori - Hybrid Method

Derived model

Simulation 1

2[3 8 E Z[3,8]

IF x[5,6]
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x=0,y=0,z=0

t,| fired at x=1

x=1,y=0,z=1

SIMPLEXE :

to cross from S, to S, For example 3
it takes a duration [ [2,4]

x=4,y=3,z=4

t;| fired at z=9

x=9,y=8,z=9

26



4 - Validation a priori - Hybrid Method

Derived model

Simulation 2

Zhejiang University -October 25, 2002

x=0,y=0,z=0

t,| fired at x=1

x=1,y=0,z=1

SIMPLEXE :

to cross from S, to S5, | For example 3
it takes a duration [ [2,6]

x=4,y=2,z=4

t,| fired at x=5

x=5,y=3,z=5

SIMPLEXE :
no solution

v

Fail
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4 - Validation a priori - Hybrid Method

- Conclusions
* A validation method decreasing the

complexity
e Simulation and Exhaustive analysis
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5 - Validationof Real Time Systems

|

A posteriori

|

A priori

Formal generation of tests

An Hybrid validation
method

sequences

mastering the complexity efficiency of the test process

Future trends
¢ Composition / communication between critical parts
¢ COTS (Components off-the-shelf)
¢ Industrial Tester - CANoe (TTCN)
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