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Test Case Generation For Simulink/Stateflow Model
Using Yices and Model Information

Han Gon Park’ -
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ABSTRACT

+

Kyunghee Choi™

This paper proposes a method that generates test cases from Simulink/Stateflow(SL/SF) using a SMT (Satisfiability Modulo Theory)

solver, Yices and information of SL/SF model.

The most difficult problem to generate test cases from SL/SF model is to solve

reachability problem. In the propose method, Yices and the tables built with the model information are utilized to solve the reachability
problem. The method utilizes the SMT model, that is the SL/SF model transformed in Yices. The tables built from SL/SF are used for
backward processing of the proposed method and increases test generation efficiency. A commercial refrigerator model and two car ECU

(Electrical Control Unit) models are used to evaluate the performance of the proposed algorithm..
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Fig. 1 Stateflow Z99] o & HojEt) o Aol mdg]
3 Al 2Elo] 4L “h_ACC"o|al &L “Power” |t} Fig. 1
o] A = “Power_Off”, “Power_On” “18]3 “Maintain” ©.
2 Z IN7F EAE A Hole F MR HHE ddste 7o
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{Power=0; [b_ACC==1]
IPower=1

Maintain
en:Timer_Maintain = (;

[Timer_Maintain == 10] - g i
du:Timer_Maintain = Timer_Maintain + 1;

(Timer_Maintain = 0 [b_ACC==0]

[Power=0;

Fig. 1. An Example of Stateflow Model
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Maintain State DB

,c,lefine State_5_Entry::bool
(= Tiner_Maintain_2_50 0)

{
)
(define State_5_During::boal

| (= Timer_Maintain_2_50 (+ Timer_Maintain_2_51 1))
{

)

define State_B_Exit::bool
(=00)

Fig. 2. An SMT Model Example of State



296 ZEMeSR=2A/AZER0 & HOoIH 33 ez XM6=(2017. 6)

(define FG_State_3::bool
{if (=b_ACC_2 1)
{and (= State_3_Exit true)
{= Power_2_0 1)
{= State_4_Entry true)
g hotiveState_Qut_2 4]
{

and (= State_3_During true)
(= Power_2_0 Power_2_1)
g? ActiveState_Qut_2 3)

1)

Fig. 3. An SMT Model Example of Flowgraph
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31 H2E 7ola 4Mg 28 HE

B =RoA AslE HAE A 7HE AR 9E)

A& SL/SF BHle] ofe] ARyt dgsity B gre] &
= 24 Yices AKX, Config AH 183 User Define %
B2 Ut Yices ARl HAE Alolx AA Al Yices
AgE7] e gk JEEo] A% Config A El
A3E H2E Ao]29 11 w9 Stateflow] FE HRH
7} A€ User Define AR & B|2E Ao]x A &1
gFoA AEEHE HRES 2T} Yices HE S User
Define AE= HAE Ao)x A Aol W FFHsHA v
Config AR HAE 70|~ AAsHA FEH)

Yices AX = Symbol Table, Target Table 123l State
Table® T4 ¥t} Symbol Tabledl® 93 W &3 W
27 W4 A WS 5 YicesolA AFEEE SL/SF 2
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T?

deo] BE Wg JR7F o3t} Target Tabledll= SL/SF
29 Yol A H2E o] 2 = e ZE AR} Yices
o] Az WEH o] Sl H2E e HAE
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, EJLE =X
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g x¢l AL SI/SF mdd ZAaE BE Holrl HAE
thAto] ®th, wElA Target Tabled]s RE EﬂiE B PARS)
AH7} S0t} State Tableol|= SL/SF =& o &3}
= A=RNS

= RE AHEY AETF 54

Config AEA = H2E Ao~ A4 Al APEHE JRE0]
Eqx2 A o] 4Rt SL/SF ZddA dA) 243}
e, W, e AR ARG AA) el AAE HAE
Aol 227t ALk & Config AHol A4E AHE HAiE
el YEs 7w, Al2g JEs 78 o, AEY A T
H2E Ao~ A daes AA A AHEET

User Define A X+ InterState Transition Table, Output
Generation Table, State Matrix Table &1L
Table2 74t}

InterState Transition Tableolli= @A FejolA & 4
B2 Holaty] 93 AMEHE 48 AR7E £t odE
5o, Stateflow WellA “Off"gk= Aelel W=9 o7t §
2 “Power’o] 1°] <l7}Eo] 487} “On’e.2 olEddn
akzk o] W, “Off” “defell A o el Holatr] sl At
£9E 99 ARE “Power’7} @t} InterState Transition
Table> HZE Ao]x A4 HAqA H2E dids v
a7] 93l T3 Stateflowe] JHE FAAIZ]I7] A AHE
Hrh 91¢] oo Frhete] Astd ohad 2k gF W
7} 278¢l Stateflow A$} B7F 9 A9 &3 “Power” 9
“Demo””} Bl ¢goz Eojzitita &zl 12lal BY
“Off’ol Al “On"Z9] Ao/t HlAE thitola Aol AL
“[Power==11"2} &}#}. Stateflow BollMd & HIAE thAlS 1t
=317 943 dHo g “Power’= 19 #S +& Aot}
“Demo’ = Eﬂ*E ody A gle gEoln®Z ol tickd
A= S A3 InterState Transition Tableoll= Stateflow
Be] “Off” “Fefol Al “Power” BH7} Eold B 3 A
HE Fzxste] Stateflow AdA= “Power’7} 10] HES
e 949 @s Tarh

Output Generation Tabled|= @Al “Felol|412] SL/SF
mdo] ¥ AHHI7E Bt dF Fol, “Off” AEjelA
SL/SF 229 &9 ko] 0¥ A “Off” JH9 &3 Hx
= 0°] ¥t} Output Generation Table SL/SF R Elo] A
T H2E Alo]~RRE A" JEs Fat7] 9 ARE

gk ofo] gk AAIGE W82 324604 AH gt

State Matrix Tableoll= SL/SF =49 o] EA]3k= A
5 9 olF AEIF Bk @A el x E%?—i T
= H2E gide] gAY B4 HAE gts w4
o u AEE 47 A8 AREET State Matnx Table
Bdo] EAste Be AHY ATTRE S48 A
t}. Fig. 4% State Matrix Tabled] <& HojFt) A WA
B3 d2 7+ AJHe IDE ov]sit) o & Eof, TRl el
A 58 AR o]F3l7] Sl Fig. 49 State Matrix Table
S FxsH oy 2ok 1A, A WA delA THs 2
A WA oA 5HE FrEn o]F Y @y do] vy
A48 e ID 3& Tt oA owE THolA 5o
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2 7] SlEiME 3Wew WA olFajof drh: Folth HIAE Aol A4 Al AFEH = 4RSS Fig 69 2ol
olF A WAl AolA 3RS 23 A WAl PolA 5ME F Helste] ehd £ 9

obA el Ik do] vh= Ao AFH ID 49 Tt
g3} do] b= A AE ID7F 5ol @ uf 711 o]}
o S MESY 7 > 3 > 4 - 59 FRE 2L
Ack. A7) A4 el W@ AR, RRelH 24 12
ApAlo| ] Brol Ag 7he] A= % Frolol Fi= A
o AeHr.

Yices N @ !
e

R

InterState
Transition

State [D

3 9 6 7 8 4 5
State ID
3 9 4 4 8 4 4
User Define | N 1 EﬂAE Ao|A
) ; et B 48 28
Generation

6 3 4 8 4 3
7 3 4 8 4 3

He

; 9

Input Range Tableoll:= SL/SF 2] 1= 59 W9 A Fig. 6. A Structure of Information

Hel SL/SF 2dle] e gjg HrryE o9l SL/SF

2] i Ee) M9l JHE Yices7t £3& W] S 32 YicesE 0|23t E|AE Ho|~ YY

@ HAE Aejas e SL/SE mdle] R e w el YicesE HAE fjaS wEA7]7] 98 SL/SF 2d9]
Well A Fates wHE7] S8 AFEEY. A8 5o, dF dgs 7w AHEEY o Eo], SL/SF Zde] @A)
‘Power7} 0, 19 gE 24& = AW Power’®] FE  “Unactive’zh= Aol WEe Q3 BlAE e do] x
¥ #2035 1o] ©rh SL/SF Rde] v=w 1 Ju= 7o) “[Inputl>0&&Input2==31"¢1 “Unactive”l A “Active”
el aste] AA A" s dAEe HAE 2o AHolgtm &4k 123 Stateflowe =S Inputl,

Aol2=E Adstr] 98] AR&HTh Fig. 5% Input Range Input2, Input3 % 37§°]x “Unactive”2b= Aeld] 1S o
Table?] olE RoFoh Zb 49 gholl tig W7} effective Inputl, Input?, Input3e] < z+zb 0, 1, 283 &=k o]

value €l Eolgl dF ol FJuw HPEA A 2748 WEFE HAE AoAZ Tay] YaA WA,
feedback @) 1o] AR AF Hol, C_Vehicle Speed’t  Spateflowsh B4l “Unactive’@] W12e] 9 we] SMT %
7 e e {01,2345) T stuolth gl v= S Yicesol 9EAZIth g HAE i 24 F,
o] 12 FAE AF A dEe A=y qjge|ng “[Input1>0&&Input2==31"< Yices 9% o]z W33 &
@A ticke] HIAE Alols A Al 9 s A= A Wae 270S Yicesol gtk o W), AA AlzEe]
wat ol ticke] gh= o ARSI A3t fkshn AE e A A Aol g A4a) 9
3 H2E 20E& WAV 8 dag gUsET @gs
input effective value | min max | feedback WA Y r dE HELS oA tickd S IUHE A4
C_MemoryP1Cmd 0,1 0 1
C_MemoryP1Cmd_ToOn 0.1 0 1 AT w8 Inputl st Input29] #vF WAL H 2~
C_MemoryP2Cmd 01 0 1 E ZA3 #Ho] glx 948 Input3E “Unactive”gh= A
C_MemoryP2Cmd_ToOn 01 0 1
C_Pposition 01 0 1 o 9& Wl 4 # 28 aUE FAAZT ©]F Input
C VehicleSpeed 012345 [0 5 Range Tabled %84 Stateflow?] ¥# Inputl, Input22]
L_MirrHorizontal SNSR_IN 01 0 1 o = o = . o1 I w o
L MiriVerticalSNSR_IN 01 0 1 2 WHE Yicesd galeth. x7do] o] He ofF
b_LHMIRHorizSReturnMemReq 01 0 1 1 7Fo0] ZAEF Ao o1y zFo =N = : = zAo] =
b_LHMIRSManualMode 012 0 2 1 el EA4 e oma ME THES YicesT ]_
b_LHMRVersRetumMemReq 01 0 1 1 o] H& s T Zhol HE e TR A4ty
b_LHMIRHorizSReturnMemReq_ToOn 01 0 1 1 = = HF= Al ol& zkol o5 Wol= A=
b_LAMIRVersRetumMemReq_ToOn |01 0 1 1 AT wel WEAl 9 el i wels AAsE
b_LHIMSSReturnMemReg 01 0 1 1 of st} Fo] Hi= o] 9 wE Y HAE Z3xd o
b_LHIMSSReturnMemReq_ToOn 0,1 0 1 1 B‘]— E‘”}\E 7_” ] 'E‘ /\g}\g% _)’: 311 Eﬂ.{:}::‘_ 7%H%E]X]‘E‘ 1
Fig. 5. An Example of Input Range Table RhE wrolA Al Hth
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33 HAE 7o|lA M4 &g

E =RoAe A de] HAE AoxE A3 9
3 wdS FAEE A HE Stateflow(Sub Stateflow) E =
2E Fo|~E AAdt) o] uwl, ME StateflowE 23
TA7E A A A7 wZel A EANE A B Stateflow?]
H~E Ao]~E AL oF 59, A5 ECU 29
ol A, B, »+, I, ] % 10719] ME Stateflow® Td= o] 3l
I A EA7E Gl EAEa @s W, ECU 299
2E AolxE A f8 A B, -, [ ] SAUR HA
7 ety A FAURE HAE AolxE A
o] &go] B qjgez dndE 4 9l

| i) qjgo= Qvkd Sl

gAY $AE sl HAaE A

ne
iy

o] ~

ob

8o
HS o

S ol
o
oo
Lo

> & rr

o

=)
Ach
=
o0~
S
2l

M oW ox (M

o
oX,
r$‘~'
)

HAE )= FEA=(Pseudo Code)
Algorithm 19 ¢} itk n/he] A B Stateflow= 7F
SL/SF RHe] gH2E Aojx A AL o3 2.

Joj 2 2373

rlr

(1) 28 £470 $4 AB StateflowHE A 8ste] nwl
A Stateflow7}2] A&t A8 #4171 T AL
o) o] Aﬂ—a 2] b‘}\:}

(2) AB Stateflow?] FRES ¢joj2t) o] w, A+
Yices A K, User Define X 12]1 Config HE
ofm g},

(3) Stateflow?] Config ARl &A FAste AH]|,
W A A7 JRE config WMol A3

(4) config& AH&ate] BlZE A& 2L YicesE AHE
ste] 2 H2E gidS wE] 9lg HAE Ao
25 FETh P HAE Aol targetinputdl A%
gtk o] o, A4 HZE Aolxe FJE=d d¥S
aFEA AE I, targetS W AlE Q] o)
obd Stateflow?] Q=lelt}. wehAl Stateflowe] ¥
S 25 Asg 48 ok o] s

(5) target inputOEHE A28 Qs
o A7ggict,

(6) system_inpute] HIAE thate wtEstE=x] #¢lslr]

;

T35k system.input

Algorithm 1. Test Case Generation Algorithm

k=1,
for(Stateflow(k) until k>n)
Info_Load(Stateflow_sequence(k));
while(all test targets are not covered)
config = Config Info.current_config;
target_input = find_target_input(config, Feedback_data);
system_input = find_system_input(k, target_input);
if (simulation(system_input))
Config Info < new_config;
Config Info.current_config=new_config;
update._feedback;
k=k+1:
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Algorithm 2. Pseudo Code of ‘find__target__input()’ Function

find_target_input(config, Feedback_data)

target = find_target(config);
state = config.current_state;
feedback = Feedback_data;
target_input = null;

iffinal_target!=null)
if(state == final_target.Src)
final_target = null;
else
next_target = find_next(state, final_target, State Matrix Table);
target_input = find_Stateflow_input(next_target feedback);
return target_input;

else if(target.count==0)
r_targets = find_remained_targets(Target Table);
i=1;
while (i <= number of remained_targets)
final_target = r_targets(i);
next_target = find_next(state, final_target, State Matrix Tuble);
target_input = find_Stateflow_input(next_target,feedback);
i=i+1;
return target_input;

ifl target.count>0)
L
while (j <= target.count)
target_input = find_Stateflow_input(target(j) feedback);
il
return target_input;
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Algorithm 3. Pseudo Code of ‘find__system__input()" Function

k=n+1;
find_system_input(k, target_input)

return target_input;

Stateflow = Stateflow(k-1);

config = config Info of Stateflow.current_config;
state = config.current_state;

target_variable = find_target_variable(target_input);

ifl target_variable==0)
target_input(config.input_output);
return find_system_input(k-1, target_input);

if(target_variable>0)
target_input = run_yices(config, target_input);
if(target_input .count>0)

return find_system_input(k-1, target_input);

candidate_state = find_candidate_state(target_variable,
Output Generantion Table);

for c=1:candidate_state.count
target_input = move_candidate_state
(state, candidate_state[c], State Matrix Table);
if(target_input .count>0)
return find_system_input(k-1, target_input);
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Algorithm 4. Pseudo Code of ‘simulation()’ Function

simulation(system_input)

k=1,

for(all Stateflows)
Stateflow = Stateflow(k);
config = config Info of Stateflow(k).current_config;
variable_list = run_yices(config, system_input);
create_config(config Info of Stateflow(k), variable_list);
update_feedback(variable_list);
update_coverage(variable_list);
k=k+1;

34 m=Hf oldgs st HIAE AHolx 44
3

H

28] 53& Zﬂtﬁi 43k
Ao)27t AET & Fof, AA
10 tlcko]"7 A %}F/H‘)ﬂ’ﬁ H2E fH“J %ol
éﬁol “[Inputl:1&&Input2>2]”r1]- kA o] w, “Input2’+=
e g Aol 4" ghel Wele 0~100th A

Stateflowoll A HIAE S WS 992 YicesE o]
st “Inputl”S 1, “Input2’= “[Input2>2]”E H& O}L R
He Ule] #e 7+ Aotk sARE “Input2’e] 4§ F =

AHo)mZ 9 tick W o]u] 10 tickel A< “Input%kol ARH
o} wEbA “[Inputl==1&&Input2>2]"2] 7S wHEsle= H)
2E Foj2s & o “Input2”’e] #H oA tick9 %k.O_i
TAA Ak dt) o] E $3)] ¥ =Fo|A= Input Range Table

o S=m uE Fxstel = g APEe GES

H2E Ao A4 &
o] HAE 7 ] A A
©E 3},

27k AREA B

i
z
ol

@ 28 9gw Aot w4,

=

2 o> RO o 2
2
2
>
S
T,
13

= Aapel

% Main Control Logic &
Aol 5ol malolt. Ao 5t ¢
g wol FEFE Ao MsE
Abol = w1 E(Side Mirror)E #lojsh= ECU9| Rl
&, vlg] 2ga dlolu
olt}. melo] U3t EA] AE=

Table 1

kAl }J

Bty Mirrore

A AHgEte] ZRE H2E Ao

w=ol A AREE HIAE Aol A 7S 149 4
72) }]]01}\]/\31 DE“ 27H,] AF8- x].i;(} ECU rd&
woll A F7iget. el Ab
A2 Mirror Alo] 2

F 3olth W
R U
S CRES BN
2vy 7% 458
Aol

IMS

£ Bk BOUY =Y
1ol thst gk

Table 1. Model Statistics
Model State 4~ Transition <
Main Control Logic 109 295
Mirror 49 135
IMS 34 51
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Table 2. Coverage Statistics

State

Transition

Model Coverage (%) Coverage (%)
[AH] [15] [#12H [15]

Main Control Logic 100 90 100 87
Mirror 100 82 9 60

JWS 100 85 100 73
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Fig. 7. An Example Model with a Feedback
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