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Abstract: This paper provides an approach to test real-time systems modeled by timed input/output automata
(TSIOA), which is a variant of TA (timed automata). This method consists of three steps. Firstly, system model
depicted by TSIOA is transformed into an USTGSS (untimed stable label transition graph of symbolic state) which
does not contain abstract time delay transitions. Then, the testing methods based on LTS (labeled transition system)
are used to the generate transition sequences from USTGSS according to structural coverage criteria Finaly, a
process of constructing and executing the test cases is given, in which object functions of time delay variables are
imported, and time delay variables used in the transition sequences are solved dynamically by linear programming
techniques.
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(1) ATDTR(GX
(2) let ET={eleeG.Eneact=1};
(3) whileET#J do

(4) choose X from ET
5) let TT={ele.source=X.target};
(6) if TT#J then
(@) for every tteTT do
8 if { X.source, tt.action, tt.target} # G.E then
9 G.E:=G.Eu{ X.source, tt.action, tt.target};
fi
od
fi
(10) G.E:=G.E\{X};
od
(11) while SV={v|veG.V, —JecG.E, e.target=v}\{ G.vo} #J
do
(12) for every vin SV do
(13) G.E:=G.E\{ ele.source=v}, G.V:=G.V\{ V};
od
od
(14) leti:=1;

(15) for every eeG.E do

(16) e.action:=ti-eaction, i++;
od

(17) return G;}

Fig.4 The algorithm for abstract time delay transitions removing

Fig5 TheUSTGSS G’ of G by applying agorithm ATDTR

5 G ATDTR USTGSS G’
JUSTGSS ) JUSTGSS .
s ) USTGSS
USTGSS } USTGSS ,
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LTS ) USTGSS
28]
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USTGSS
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(@)
(@)
3
Q)
®
(6)
@)
(C)
(C)

(19
(11)
(12)
(13)
(19
(15)
(16)
1n

(18)

(19) return true;}

(t1?7a)(to!c)(t3?a)(t4!C)

(1) 1<t3<2;(2) 1<t,<2;(3) t1+15<3;(4) 1<t +13<2;(5) t1+t,+13<3;(6) 1<t +t3+1,<2;(7) ty+tr+a+,<3.

o ’ (2
CON. ' 4 ~ ()
o)~ @)
false; ; (18)
3 Real Execute
Real Execute(G, 0){
construct a set CON of time constraints according to oand G;
let k:=0, l:=len(o);
while 3k’ sat. k<k'<lao[k'].seconde 3°Aofi].seconde 2 k<i<k’ do
if k—k>1do
calculate every ofi].first which sat. corresponding constraintsin CON, k<i<k’;
leti:=k+1;
while i<k’ do

execute ofi].second when time of ofi].first passed; i++;

od
fi

let timer t:=0, start(t);

calculate possible value field D of ofk’].first according to CON.

while true do
if t.CurrentValue>Max(D) then return false; fi
if not receive any action then continue; fi
if receive action a=ofk'].second then return false;

elseif t.CurrentValue<Min(D) then return false;

else goto (18); fi

fi
od

let t:=t.CurrentValue, k:=k’

od

Fig.6 Constructing and executing test cases
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2 (©)] Ic D Ic: Ic ; , ?2a Ic
t2, t2 D, ’ ’ tlat2 (4) (5)
ts . lc ty ?a; tut,  ts (6) (n ' D
b b , ; , ?a b ts, ts
, , USTGSS , . ,
Real Execute ,
: e o(n**L?).
n L ,
, n L , 5
3.3
Real Execute (6) g
, , - | ,
(tr?a)(t2! ) (t37a)(t4!C) t, () Hto-w) ty
) o) 0
, fun.
fun RealExecute  (6) Real Execute
(6) : , fun
k’*l EEEE TS
( ) ’ ’ fun = Zt| ’
i=k+1
fun ()
TSIOA A BB A ) )
1 31 TS B 1
: () :
() - (t:?a)(t2! ) (ts7a) (t! C) 13
) t t3 (ti7a)(tz!c)(ts?a) (t4! C) t3
, ty ; t3 )
ty,t3 1+ 1-20. y , Real Execute
Table1l The execution process of transition sequences of TS
1 TS
k-1 k'-1
Transition sequences Max[ Ztij Min[ ZtiJ
i=k+1 i=k+1
(t:2a)(t7'b) (2-w)?a(2)!b (1+®)?a(2)!b
(th?8)(t ) (ts?a) (talc)  (2-w)?a(1+wl2)!b(0)?a(0)!c (1+m)?a(1+w)!b(0)?a(0)!c
(t278) (6! C)(ts7R) (te!b)  (2—w)?a(1+wl2)Ib(1-w)?a(a/2)lb  (1+m)?a(l+w)!b(1-20)?a(w)!b
(t2a) (2l 0)(t?a)(tslb)  (2-w)?a(1+wl2)!b(0)?a(l-w/2)!b  (1+w)?a(1+w)!b(0)?a(l-®)!b
P koK Real Execute (6) k K
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