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Introduction

The main work including

® Formally defined the A-bounded quiescence and the corresponding
timed input output conformance relation;

® proved that under the input enabled specification precondition, a real
time implementation conforms to its specification if and only if the
implementation satisfied with any of its safety properties

® constructed a test case generation framework in which the test cases
aim to lead the implementation into the error-prone execution paths.



Modeling

Timed Automata

T is a tuple (L, lo, X, E, Inv,—), where

L is the set of locations, [y € L is the initial location
X is a finite set of clock variables.

¥ is a nonempty, observable finite set of actions which is
a disjoint union of an input action set ¥¢ and an output
action set Xy. X7 is the internal action set, X" N Y =
@, which can’t be observed from the environment. 2.
denotes ¥ U X7,

Inv is the set of invariant which maps each location
| € L to some clock constraints in ®(X). Here, we
only consider downclosed time constraint in invariant:
p = truelr < c|lz < |y A . Invariants restrict the
amount of time passage in a location.

—C Lx®(X)xX™ x R(2X)x L is the transition relation.

| 220 1 represents the location [ change to I’ on action

a when the clock constraints ¢ is true. 7 denotes the reset
of clocks v C X.
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Modeling

Timed input output labeled transition system(TIOS)

A TIOS & is a tuple (S, sp, A, E)

e S is a set of states, sy € S is the initial state;

e« A is the set of observable actions and 4 = A, U A,
satisfying A, N A, = (. A7 is the internal action set and
ATNA=0. A_ denotes AU A",

e« E:Sx A URZ2%x S is the transition relation which
has two sets: E* = {s = s'|a € A;} denotes the set
of discrete transitions. B4 = {s 4 o |d € R2°} denotes
the set of delay transitions which should satisfying the
following constraints:

1) time deterministic: d € R2°, if s 4 s and s % &
then s’ = s”

2) time additivity: dy,ds € R2°, if s 2% & and s’ 22
s" then s 2192, g

3) zero-delay: Vs € S, s %s




Modeling

The TIOS semantics of a TA T = (L, lo, X, X, Inv, —) is
denoted as &t = (5, sp, 4, E') where
e S ={(l,v)|l € L,v: X = RZ°A Inv(l)(v)} can be
explained as: a state of [T] is a triple(l, v), v is a clock
interpretation satisfying the invariant of [.
e 30 = (lp,vg), vp means Vz € X, v(z) =0.
e The set of observable actions A = X, moreover, the set
of internal actions A™ = X7
« The set of transitions E' is defined as the following:
1) E d’eﬂiﬂ,w’jd Inv(l)(v4d")
(1,v)—+(1,v+d)
2) Ee: i hwt{ I'h;'ﬂv({;:}E:’Lv'=vh==ﬂ]

Definition 1: A TIDS Sr is said to be Input-enabled if
Ys e St,Va e Ay .



Modeling

Definition 6: TA Synchronized Composition. Two com-
patible TA r.ﬁ_ = (Ll,fm,Cl,El,Invl,—}l] and T?)__ =
(Lz2,l20,,C%, Xg, Invy, —2) denoted as T, || T2 =
(L, 1y, C, X, Inv,—) can be defined as following:

-

-

The set of location L = L, x L+

The initial location Iy = (I10,l20)

The set of clocks C' = C) U (s

The action set ¥ remain the same as either >; or ¥- and
the internal action set X" = X U {11} U {72}

Inv(l;,l;) = Invy(l;) AInvy(l;) is the invariant of
location (I;,1;)

The transition set — should satisfy the following rules:

1) (l1,1,8,71,11 )E—=+1,a€{m1 },laEL>
((l1,la)p1,a,m1U{ei=c}licecy) (l],l2))E—

2) (l2,502,8,72,l5)E—2,ae{m },l1 €L,y
((l1,02),p2,a,va{ei=c}licec;),(l1,l5))E—

3) (lie1,0,71,0 1 )E—=1,(la,p2.a,72,15) E—a
((I1,l2),1 Apa,a, 71 Uy, (1], 15) ) E—




Real-time Conformance Testing

check the conformance of SUT to a given specification only
through the observable input and output actions.

“ioco” relation is a standard conformance relation applied in
untimed systems

O (quiescence). an additional observable output action modeling
the absence of response

What is the quiescence in real time system?
® Time-bounded quiescence

Given a maximum time delay A that a real time system
may be allowed, time-bounded quiescence means if after A
time passage the system doesn’t output any action, the real
time quiescence occurs. .

——

Va € AVd € RZONd > v(\) 1 s £




Real-time Conformance Testing

Definition 9: A—Timed Conformance. An input-enabled
and non-blocking implementation TIOS &7 has the same
action interface set with the non-blocking specification Sg.
Given A which is the maximum duration, the A—time bounded
input output conformance relation between St and Sg is
defined as:

Sy tioco™ Ss < Vo € tTr{Sgl),Gutf{SfA After o) C

Outi‘(&'fl After o)

Deﬁmrmn& Out}(s) =def {(d,a)ld € RZ° AN a €
DA s YU ), 0)s 2P,




A- suspension TA

Definition 10: A—suspension TA. The A—suspension TA
A
of a TA T = (L,1,,C, %X, Inv,—) denoted as 7% =
(L8158, 09" 2, Inv®, =% where

L% =L,15 =1,
C% = C U {2’} where 2’ ¢ C is the added clock to
monitor time passage for the & action.
2" =Y u {8}
Inv®” = Inv(l)
8" =3 U 9 where

1 ='= {I pausi=0, PlInv(l®) = true} U

{1 225 V| Inv(l") # true}
5 5 >N\ 6,5%:=0 5 5
2) =°={l » 1| Inv(l°) = true}




Model Checking Safety Properties

Definition 12: Safety Observer. A safety observer for a
TA T = (L,lp,C,E, Inv,—) is a deterministic TA ¢ =
(L°U{Violation},lg, C°, X°, Inv®, —°) where Violation is
a specific location as its final location, C° A C =0, £° = X.
The set of safety observers for a TA T is denoted as Q(7).

leave!

Violation

“fappd *fleave!

Lemma 2: T ¢ < tTr(T)NtTr(p, {Violation}) = 0

Lemma 3: tT'r(T) N tTr(p, Violation) = tTr(T ||
w, Violation).




Safety Model Checking Based On Conformance Testing

Given a input enabled specification TIOS Sg:
Lemma 4: Sp tioco® Ss < tTr(S!") CtIr(S5)

Theorem 1: 8; tioco® Sg < Vi € 0(T3), 88 E S, =
5.1.
s’ ES,

Proof:(=) S; tioco* Sg = tTr(S8) C tTr.-«{sg‘),
Sg = &, implies fTr{:Sg-A) NtTr(S,) = 0. Thus, tTr(S) )N
tI'r(S,) = @ which equals Sj?h = S, by the definition of
safety model checking.

(<) Suppose S tioro™ Sg. this means Jo € (LU RZ%)*,
oetl 'I‘{:S?A:} but o & tT° T(Sgl), construct an observer which
include o as one of its trace. Thus ﬂ“r{:S_gh} NtTr(S,) =0
means SgA = S,. however fTr(SfA} NtI'r(S,) # 0 means
S f?'h k£ &... This is contradict with the known condition. [J




Test Generation Based on Safety Observer

Definition 14: Testable TA. The testable TA of a TA T =
(L,1y,C. X, Inv,—) denoted as A(7T) is a TA can be defined
as: A(T) = (LU {Fail},lp,C,T U {£!}, Inv, »4) where

o Fail € L is a verdict location with no time meaning.

e The added output action £! implies time out which occurs

when the time constrain is violated.

5 —}‘A == U{l LN Fail|ll € L A Inv(l) # true} U

{1 £% Failll e LA Inv(l) # true Aa € Ty Al 5}

Thearem 2: if Jo € tTr(T )NtTr(A(TS)) and Fail €
Des(A(TS") After o) = T; tioeo* Ty




Test Generation Based on Safety Observer

Definition 15: Given a specification Ts and a safety observ-
er ¢, the synchronized composition A(72") || ¢ is the desired
test specification for selecting test case to detect safety prop-
erty violation between implementation and requirements and
non-conformance between implementation and specification.

A(TZ) || ¢ is denoted as te(Ts, ).

Violation

©
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Future work

Faster than relation
Non-deterministic
Tools Development




Thank you for your listening




