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Test-case Generation for Simulink/Stateflow Model using a Separated
RRT Space

Hyeon Sang Park’ - Kyung Hee Choi™ - Ki Hyun Chung™

ABSTRACT

This paper proposes a black-box based test case generation method for Simulink/Stateflow model utilizing the RRT algorithm which is
a method to efficiently solve the path planning for complicated svstems, The proposed method in the paper tries to solve the reachability
problem with the RRT algorithm, which has to be solved for black-box based test case generations. A major problem of the RRT based
test case generation algorithms is that the cost such as running time and required memory size is too much for complicated Stateflow
model. The typical RRT algorithm expands rapidly-exploring random tree (RRT) in a single state space. But the proposed method expands
it in dynamic state space based on the state of Simulink model, consequently reducing the cost. In the paper, a new definition of RRT
state space, a distance measure and a test case generation algorithm are proposed. The performance of proposed method is verified
through the experiment against Stateflow model,
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2.1 Rapidly Exploring Random Trees(RRT)
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Table 1. Typical RRT extension algorithm

Extends (ndp,. K. At)
T.init (nd)
for k=1 to K do
Nty — random_node( ):
Near +— nearest_ node (ndyes. T):
v« select_input (ndung, Nsear?’
N0yew < new_ node (Ndpesy, v, At):
T.add_vertex (nduew)’
T.add_edge (Nduear. Nlpew. V)7
return T
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steady_state

[speed < down_th]/time=0;

. [speed > up_th]/time =0;

[speed > down_th]

gear_direction = DOWN;

time =time + 1;

ftime > TWAIT && speed <= down_th]/ [time > TWAIT && speed >= up_th]/

[speed <up_th]

gear_direction = UP;

time = time + 1;

Fig. 1. Mathworks Simulink Stateflow example[21]
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Fig. 2. Test case generation framework
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Table 2. Modified RRT extension algorithm for test case
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MultipleRRT.add (T’
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(TG = @) return MultipleRRT:
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Oty — random_node (S):
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return MultipleRRT
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Table 3. Test case table for example model

Time(ms) Speed up_th down_th
0 23 20 0
10 3 20 0
4 o #
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Table 4. Statistics of more coplex models for expements

Model # of states # of transitions # of variables
Defroster 9 6

9
Car alarm 20 71 55

Table 5. Experimental results of gear selection model

Table 6. Experimental results of defroster model

# of RRT extensions 1000 5000 10000
. Typical 18 107.33 400.09
Time(sec)
Proposed 1329 7192 17358
NESE Typical 249 2496 2556
(byte) Proposed 90 1008 1072
Coveiags Typical WBTT% | 96.77% 96.77%
Ratio Proposed | 9354% | 96.77% 96.77%

Table 7. Experimental results of car alarm model

# of RRT extensions 1000 5000 10000
Typical 102.33 4361.94 11699.15
Timel(sec)
Proposed 30.32 37118 1052.45
Memory Typical 326400 1619200 3235200

(byte) Proposed | 17800 74920 182520

# of RRT extensions 1000 5000 10000
Time Typical 8.10 174.23 1641.2
(sec) Proposed 253 24,66 1878.87

Memory Typical 48672 242592 461688
(byte) Proposed 8752 43232 87232

Coverage Typical 95.65% 95.65% 95.65%
Ratio Proposed 91.30% 95.65% 95.65%

Coverage | Tvpical | 6760% | 67.60% 67.60%
Ratio Proposed | 67.60% | 67.60% 67.60%
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