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Test Case Generation Strategy for Timing Diagram

T

Hongseok Lee" - Kihyun Chung™ - Kyunghee Choi

ABSTRACT

Timing diagram is a useful tool for describing the specification of system, but there is no study for test case strategy of a timing
diagram. To solve this problem, we followed the steps to generate test cases from timing diagram in this paper. 1) We defined a timing
diagram formally. 2) We describe the method of transforming from a timing diagram model into a Stateflow model which has an
equivalent relationship between a timing diagram model and a transformed Stateflow model. 3) We generated test cases from a
transformed Stateflow model using SDV which is plugged in Simulink. To show that our approach is useful, we made an experiment with
a surveillance model and arbitrary timing diagram models. In the experiment we transformed timing diagram models into Stateflow models,
generated test cases from transformed Stateflow models using SDV, and analyzed the generation results. The conclusion that can be
obtained from this study is that timing diagram is not only a specification tool but also a useful tool when users are trying to generate

test cases based on model.
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# |Type Model Item Description
1 |Decision |Chart.st Surveillance."[Door==Close]" Transition: Transition trigger expression F
2 |Decision |Chart.st Surveillance."[Door==Close]" Transition: Transition trigger expression T
3 |Cendition Chart st Sur:-‘eﬂlance. [tcl, timer »= Ssec Transition: Condition 1, "tcl_timer »=_Ssec" T
&% Door ...
4 |Condition Chart st Sur:-‘eﬂlance. [tcl, timer »= Ssec Transition: Condition 1, "tcl_timer ==_Ssec" F
&% Door ...
5 |Condition Chartst Sur:-‘eﬂlance. [te]_timer » = Ssec Transition: Condition 2, "Door == Open” T
&% Door ...
& |Condition Chartst Sur:-‘eﬂlance. [te]_timer » = Ssec Transition: Condition 2, "Door == Open” F
&% Door ...
. Chart.st_Surveillance."[tcl_timer »=_5sec o " ! h
7 |Decision %% Door " Transition: Transition trigger expression F
. Chart.st_Surveillance."[tcl_timer »=_5sec o " ! h
& [Decision %% Door " Transition: Transition trigger expression T
9 |Mede Chart.st_Surveillance."[tc1 timer »= Ssec Transition: MCDC Transition trigger expressicn with
&& Door " Condition 1, "tcl_timer »=_5sec" T
10 |Mede Chart.st_Surveillance."[tc1 timer »= Ssec Transition: MCDC Transition trigger expressicn with
&& Door .." Condition 2, "Door == Open" T
11 |Mede Chart.st_Surveillance."[tc1 timer »= Ssec Transition: MCDC Transition trigger expressicn with
&& Door " Condition 1, "tcl_timer »=_5sec" F
12 |Mede Chart.st_Surveillance."[tc1 timer »= Ssec Transition: MCDC Transition trigger expressicn with
&& Door .." Condition 2, "Door == Open" F
13 |Decision ecrhirtc'.-sf Surveillance."[Door==Open/tcl. fim Transition: Transition trigger expression F
14 |Decision ecrhirtc'.-sf Surveillance."[Door==Open/tcl. fim Transition: Transition trigger expression T
15 |Decision Ehé;t;t Surveillance."[Door==Clase] / SIteN |-\ iion- Transition trigger expression F
16 |Decision Ehé;t;t Surveillance."[Door==Clase] / SIteN |-\ iion- Transition trigger expression T
17 |Decision |Chartst Surveillance State: Substate executed State "S0"
18 |Decision |Chartst Surveillance State: Substate executed State "51"
19 |Decision |Chart.st Surveillance State: Substate executed State "52"
el "IDoor==Close] / 5i
20 |Decision Ehé;t;t Surveillance."[Door==Close] / iren Transition: Transition trigger expression F
el "IDoor==Close] / 5i
21 |Decision Ehé;t;t Surveillance."[Door==Close] / iren Transition: Transition trigger expression T
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(E 2> 219l Timing diagram=2lof| CiSHest case2| AiAd Zz}
esite | ot | T | Consmint | et | FS | FUma b e | e
11 % 4 1
3 7 2 1
574 482 70 2 1:12 84.0%
Setl 2 5 3 0
2 5 2 1
12 36 4 7 516 433 78 5 11:07 83.9%
5 11 2 0
10 28 3 2
Set2 4 9 2 0 584 389 19% 0 334 66.6%
2 5 4 1
5 1 2 1
4 9 2 1
9 21 3 5
602 535 68 2 3:46 88.9%
Set3 8 18 3 1
2 5 2 0
14 44 3 6 486 146 340 0 0:50 30.0%
4 10 4 1
2 5 3 1 350 306 44 0 0:15 87.4%
Setd 6 13 3 1
8 20 2 1 ) ‘
5 » 5 . 296 216 80 0 505 73.0%
4 12 2 2
6 14 2 1
Set5 6 14 4 1 630 547 83 0 115 86.8%
3 7 4 0
5 11 3 0
3 19 2 1
7 15 2 0
Set6 6 13 2 1 943 558 389 1 7:03 58.9%
9 20 2 2
11 35 4 5
9 23 4 5 463 378 % 6:55 81.6%
9 21 2 2 143 116 27 1:50 81.1%
Set7 12 29 4 4 518 423 78 17 8:30 81.7%
11 3% 3 6 393 242 151 0:48 61.6%
5 13 4 1 171 147 2 0:05 86.0%
6 15 2 1
4 10 2 1 285 228 57 0 0:25 80.0%
Set8 5 13 2 2
3 23 2 4 146 100 43 226 685%
10 2% 4 3 460 410 50 1:00 89.1%
5 12 2 2
7 18 2 2
Set9 10 23 3 1 801 708 93 0 508 88.4%
7 16 2 1
4 9 4 1
4 9 2 0
6 13 4 1 .
637 481 156 0 1:51 755%
Set10 6 13 4 1
9 21 2 3
12 2 4 5 552 366 el 92 9:01 66.3%
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Simulink Design Verifier Report 3. Test Objectives Status
Al
Paper_TD2SF_TestCase20100128_Set2
- - - Objectives Satisfied
Objectives Proven Unsatisfiable
10-Feb-2010 13:41:55 Ob]eCtIVES Satisfied
Simulink Design Verifier found test cases that exercise these test abjectives.
il
. Test
1 Summa # Type Model Item Description C:::E
2. Analysis Information i R - iti
S Test Obiectives Status 1 |Congition |Systemst Main.tdD."[(n0==0)&&(n1==1]]" Transtion Condtion g7
4. Model ltems - " —
5. Test Cases 2 |Condition  [System st_Main td0 *[(In0==0)&&(In1==1)}" Paﬂ"“ﬁg“fjﬂ"‘c,:””d'm" 55
1% . Summary 1 |Conditon |System.st_Main.td0."[(n0==0)8&(In1==1)}" anston Sondtion g7
Transition: Transition
"Tlin0== ==1)|" ' !
Analysis Information 5 |Decision |System.st_Main.td0."[(In0==0)&&(In1==1))/ \rigger expression F 55
i : == g Transition: Transition
Model: Paper_TD2SF_TestCase20100128_Set2 6 |Decision  [System.st Main.td0.[{In0==0)&&(m==1)}/ trigger expression T |2
Mode: TestGeneration Transition. MCDC
Status: Completed normally Transition trigger
Analysis Time: 60s 7 |Mcde System.st_Main.td0."[(In0==0)&8&{In1==1)}/" expression with 57
Condition 1, "In0==0"
Objectives Status T
Lo Transition: MCDC
Number of Objectives: 584 Transition trigger
Objectives Satisfied: 389 8  |Mede System.st_Main.td0."[(In0==0)&&(In1==1)}/" expression with 57
Objectives Proven Unsatisfiable: 195 Condition 2, "In1==1"
T
(a) Set2® SDVE 5% Aol 2.0} 3% (b) HZE BE7h wEd ge) Aol
Objectives Proven Unsatisfiable Test Case 1
Simulink Design Verifier proved that there does not exist any test case exercising these test objectives. This
often indicates the presence of dead-code in the model. Other possible reasons can be inactive blocks in the Summary
model due to or test constraints such as given using Test Condition blocks. In rare
cases, the approximations performed by Simulink Design Verifier can make objectives impossible to achieve. | ength: 0 Seconds (1 sample periods)
T Objective Count: 7
# |Type Model Item Description est
P P! Case
Transition Condit Objectives
4 (Gondition |System st_Main td0 "[In0==0]&&(In1==1]]" o |
Transition: MCOC Step |Time |Model Item Objectives
Transition trigger Transition: Condition 1,
10 |Mede System.st_Main.td0."[{In0==0)&&({In1==1)/" expression with n/a "In0==1"F
Condition 2, In1==1"
F Transition: Transition trigger
16 |Condtion |System.st_Main td0."[(In0==1)8&(In1==1)}" ;‘?ﬁ{”j‘i.i””d“‘”” na EXpression F -
. M= System.st_Main td2 "[(In0=="1)8&(n1==1]" Transition: MCDC Transition
E::z:t:g:xgcggf SY TR ——— . trigger expression with
stem.st_Main.t nl== nl= "Inl==1"
22 \Mcde System.st_Main.td0. "[{In0==1)&&(In1==1)/" expression with n/a i .[( — 38( — =1 . Condttion 1, "In0==1"F
Condition 2, "In1==1" System st Main td2."[(In0==1)&&(In1==1)}/ Transition: Candition 1,
F 1 0 System.st_Main.td3."[(In0==1)&&(n1==1)&&(In2==_." "In0==1"F
44 |Condition |System.st_Main td0 "[(In0==0)&&(In1==0]]" Z'aﬂr‘"ﬂ"i”nf.c;mmnn na System.st_Main.td3.[(In0== )&&(m =1)&&(In2==.." Transition: MCDC Transition
Transition: MCOC System.st_Main.td1."[In0==1)&&(In1==0)&&(In2 E‘Eﬁji‘i’n‘p{e’?fﬂﬁ!!ﬁ‘ﬂ
Transition trigger System.st_Main.td1."[(In0== )&&(\m =0)&&(n2== o »
50 |Mcde System.st_Main.td0."[{In0==0)&&(In1==0)}/" expression with n/a Transition: MCDC Transition
Condition 2, "In1==0" trigger exprassion with
F - Condition 1, "In0==1"F
56 [Condition |System.st_Main td0."[(In0==1)8&(In1==0]}" ;‘?;‘;‘fﬂ'uz.cg”d“‘”” nia Transition: Condition 1,
Transition: MCDC Ind==1"F
Traneitinn trianar
(c) HI2E BXE =4 & Ay o)k (d) Asoz AFE H2E Ao]29 4
(321 11) <E 29| Set2E SDVE &510] P2 HAE AH0|A M BTN
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