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Test Sequence Generation for External Event Driven Systems
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We have developed a method for generating minimum-cost test sequences. These test sequences
verify the existence and the destination state of each transition in a control specification for an event
driven system, modeled as a deterministic finite-state machine (FSM). Testing time as well as length
of test sequences may be used to estimate test sequence cost. We confirm the destination state for
each transition with the UIO sequence (Unique Input/Output sequence). Our method reduces the cost
for test sequences by overlapping these using i) the minimum-cost UIO sequence for the initial state,
and ii) the minimum-cost UIO path between each state. We compare our method to other methods

that also use UIO sequences and show that the cost for test sequences generated by our method is
less.
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Definition: )
V is the set of states in FSM.
E is the set of transitions in FSM.
n is the number of states in FSM.
COST(s), where s is sequence, is cost function.
. SP(vi, vj) is the minimun-cost path from state vi to state vj.
_ TAIL(s) is the final entry state after firing sequence s.
~ U(w) is the minimum-cost UIO sequence for state vi.
*MAX is thie sequence.that have the cost more than .

(maxmum-cost of one transmon)XZn +1‘

let a vertex gsbe a tuple <vs, P> where.
vsis the state. t.hat results from state v

Psis t.he set of states that are reachable by s

from any state other than v.

Algorithm 1
Minimum-cost UIO sequence generation algorithm for
state v.

put a vertex gi=<v, V - {v}> into a queue OPEN

and a list VISITED;

after firing sequence s.

U(v) — MAX;
while (OPEN is not empty) do {
remove a vertex gs = <vs, Ps> from the head of OPEN;
for each transition of the form (vs, vd; ak/oil) do {
s’ <3 - ak/ol;
Py’ <= {vq | vpEPsand (vp, vg ak/o) € E)
gs' < <vd, Ps'>;
if (Ps'= ¢ ) then {
if (COST(s') < COST(U(v))) then
U(v) ~s';
Jelseif (gs' € VISITED) then {
continue; )
} else if (vd € Ps) then'{
insert gs' into VISITED;
} else { .
if (COST(s") < COST(U(v))) then
~insert gs'-onto the tail of OPEN and into VISITED;
else
insert gs' into VISITED;
).
}
}
if (U(v) = MAX) then
return "no UJIO sequence for the state v";
else
return U(v);

Algorithm 2
Minimun-cost UIO path generation algonthm from each
state to state v. -
for each state vsur € Vdo
SUP(vsur, v) « U(vstar) * SP(TAIL(U(Vsnn.)), V»),
for each state vsan € Vdo ( .
puta vertex 4= <Vsun, V- (V:m(}) into
aqueue OPEN and a list VISlTED‘
while (OPEN is not empty) do {
remove a vertex gs = <vs, Ps> from the head of OPEN
for each transition of the form (vs, vd; ak/ ol) do {
's'+ s v akfol; :
Ps' + {vq | vp EPsand (vp, v, ak/ol)EE]
gs —<vq, Ps'>;
if (Ps'= ¢)then( ‘
if (COST(s") + COST(SP(vd, v))
< COST(SUP(ngn-, v))) them
SUP(vstart, v) s’ * SP(vq, V) to ;
} else if (gs' € VISITED) then {
continue;
} else if (vd € Ps) then'{ -
insert gs' into VISlTED
} else {
if (COST(s) < COST(SUP(an, v))) then .
insert gs' onto the tail of OPEN and into VISITED;
else .
insert gs' into VISITED
}
}
}

} o
return V-vsue € V, SUP(vsuart, v);
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