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ABSTRACT

Model-based test, a well-known method of the black box tests, is consisted of the following four steps : model
construction using requirement, test case generation from the model, execution of a SUT (software under test) and
detection failures. Among models constructed in the first step, state-based models such as UML standard State
Machine are commonly used to design event-based embedded systems (e.g., weapon control systems). To generate
test cases from state-based models in the next step, coverage-based techniques such as state coverage and transition
coverage are used. Round-trip path coverage technique using W-Method, one of coverage-based techniques, is
known as more effective method than others. However it has a limitation of low failure observability because the
W-Method technique terminates a testing process when arrivals meet states already visited and it is hard to decide
the current state is completely same or not with the previous in the case like the GUI environment. In other
words, there can exist unrevealed faults. Therefore, this study suggests a Extended W-Method. The Extended
W-Method extends the round-trip path to a final state to improve failure observability. In this paper, we compare
effectiveness and efficiency with requirement-item-based technique, W-Method and our Extended W-Method. The
result shows that our technique can detect five and two more faults respectively and has the performance of 28 %
and 42 % higher failure detection probability than the requirement-item-based and W-Method techniques, respectively.

Key Words : Extended W-Method(2d W-Method), Model-based Testing(:22 7|4} H|22H}), Weapon Control System(*-
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Table 1. An example of fire control requirement
# Title Description
I | Power Control Power on and off of target
weapon
) Countdown Countdown start and liftoff
Control detection
E 1
3 Cooldown rnerg.ency cooldown sequence
execution
Ready o
4 . R«
Monitoring eady status monitoring
Countdown L.
5 o Countdown status monitoring
Monitoring
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(4) Failed
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COUNT
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ABORTED
Fig. 2. An example of simplified fire control

component test model
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Table 2. An example of req. item—based test cases

# Name Test Case | Covered Req.
1 | Power Control O-@ Req. 1, Req. 4
2 | Fire Success O—@—® | Req. 2, Req. 5
3 Fire Failed O-C—-® Req. 2, Req. 3,
Req. 5
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Fig. 3. An example of test case generation using
W-Method

Table 3. An example of W-Method test cases

# Name Test Case | Covered Req.
1 | Power Control O-® Req. 1, Req. 4
2 Fire Inhibit DO—->B@—® | Req. 2, Req. 5
3 | Fire Success DO—@—® | Req. 2, Req. 5
4 Fire Failed O-C—-® Req. 2, Req. 3,
Req. 5
Power On
5 Failed O-@ Req. 1, Req. 4
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31

function ExtendedW-Method
input: a state machine SM
input: a selected final state s’
output: a test suite 7.
begin
s = {}
Tree T = {init node ny, a set of nodes N =
{}, a set of edges £ = {}}
s =850 € SM

for each nonterminal leaf node n € T
begin
for each outbound transition ¢ of the state ss
corresponding to n
begin
st = a target state of ¢

n’ = a node corresponding to st

N=NU {n}
e=anedge {n x [oft > Ooft x n%}
E=FE U {e}

if st is already represented by another
node then
T =T U shortest path from st to s’
st=s’
end if
if st is a final state then
set n’ is terminal node
end if
end for
end for

for cach event sequence 7C from ny & T to
nonterminal leaf node n € T
begin
s =18 U TC
end for

end function

Al & o

Fig. 4. An algorithm for Extended W-Method
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Failed (\6
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Fig. 5. An example

of test case generation using

Extended W-Method

Table 4. An example of Extended W-Method test

cases

# Name Test Case Extended
1 Power Control _)®®_j @?_) ® v

. o O-—®
2 Fire Inhibit S@-0) v
3 Fire Success O—-0—-®
4 Fire Failed OO 0)
5 | Power On Failed O—@

Figure 5% Fig. 39]
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Table 5. Descriptive values of generated test cases

Extended
Req. Item | W-Method W-Method
# of TCs 3 5 5
Total Input
Length 8 13 18
Avg. TC
Length 2.7 2.6 3.6
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Table 63} %t}

Table 6. SUT summary

Per
Overall Module
NOM (No. Modules) 190
LOC (Lines of Code) 14,122 | 74.326
CC
. . 1,502 905
(McCabe’s Cyclomatic complexity) 79
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Table 7. Test model summary

Size
Number of States 9
Number of Transitions 17
Number of Input Events 11
Number of Round Trips 5
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Table 8. Test case summary
Req. Extended
tem | "V MetOd |y Method
Number of TCs 4 11
Total Input Length 14 39 54
Avg. TC Length 35 3.55 491
Number of 5
Extended TCs
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