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Generating Test Cases of Stateflow Model
Using Extended RRT Method Based on Test Goal

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

ABSTRACT

This paper proposes a test case generation method for Stateflow model using the extended RRT method. The RRT method which has
been popularly used for planning paths for complex systems also shows a good performance for test case generation. However, it does not
consider the test coverage which is important for test case generation. The proposed extension method hires the concept of test goal
achievement to increase test coverage and drives RRT extension in the direction that increases the goal achievement. Considering the
concept, a RRT distance metric, random node generation method and modified RRT extension algorithm are proposed. The effectiveness of

proposed algorithm is compared with that of the typical RRT algorithm through the experiment using the practical automotive ECUs.
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Table 1. Typical RRT extension algorithm

Extends (ndp; K, At)
T.init (ndy;)
for k=1 to K do
Ndpang < random_node ();
Nyesr < nearest. node (Mdpg, T);
v« select_input (0Gyang, Npear) s
Nlpey < new_ node (Mdpear, v, At);
T.add_vertex (ndyew);
T.add_edge (ndyear, Nnew, V)5
return T
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Fig. 1. Example model of Stateflow (Seat belt reminder)
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e EE AHE ¢ W ol @43 A7IH ANEATL
100%7} ek webd nfe] AEE M4 Sl BE Mo
Gl AW A= e 4 FEE 2431 A7 HEE &
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HAEA ] wel AMA Y FA7 AREh o] Ay
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Table 2. MC/DC test goals for transition with condition
IGN==0N && Belt==0N"

IGN==ON Belt==ON Excuted information
T T Elvnperr, 3, 1
T F Elvnper, 3 2
F T Elvnper, 3 3
HAE 2E 94 @4 CS(E dol o] MC/DCHAE
237} dopd @AHQEAE S Foold 4 @)
3} o] Ao}

SatisfiedMCDC(t)

s = {WCDC(G (TotalMCDC(t) # 0)
1 (TotalMCDC(t) = 0) 3)
TotalMCDCt)= Hol tollA 2AseF 5= F MC/DC
HAE 539 eE Yelle SatigfiedMCDO )= 24
glof 5= MC/DC HZE H3% 5 94¥ MC/DC HZ~E
2EE vehdth H2E 28 @48 352 dold P

of disl SHgshm 4 sk 2ol vhehd & ek,

Ycer SatisfiedMCDC(t)
Yter TotalMCDC(t)

(Z TotalMCDC(t) # 0)
CS(T) = teT
1 (Z TotalMCDC(t) = 0)

teT

4

Fig. 19| #e] trans-umer, 55 A AH3IH Table 2¢]
utel, MC/DCE #13] 2sler =& =37t 37Moluz=,
TotalMCD(trans<umey, 3)2 301 Btk transumer, 22 2
HEH dolo 271 Ao] 1719 g 2 AJoF 4o
Jor= oo xx A9 T/F7F H2E Ex7F dv. ne}
Al TotalMCDC(trans-umer, 25 27F AT trans-uwer, 401
daiAe, sl dojrb 21 A& 2A goerna MC/DC
E3x7F 4ol et



BHIAE S 7IBto] g4 E RRT = 7[ge 0188t

transumar, 321 MC/DCE S8 @A sfoF 3l Table 29
X S (T, D (T, B)7F @A (F, T)7F of4 245
| & Aeeld, SatisfiedMCDC(trans<umear, 3)& 27F @
t}. o] w CS(trans“Unbelt”, 3)& 2/3=0.67°] @t}
Stateflow?] 28l S;¢] =% 248 CS(S)= 4 G 2t

N

CS(Sy) = €S(Ts) ®)

Tge 31789 Aol wa} e SolA tolrte dol
Folvh wakA CS(S)E A Dol wEk AE SellA A
& 4 9l dolgel & 94 ok HE BE AF gyl &
g =% e v

e “Unbelt’ X Wrk= Aol gt
{trans-vnpeir',1, tranS-umveic2,  ranS«veirs,  rans-vnseir4) ) .
zt7ke] Aol valA] EAso} HE % HAE ZEe
ol gAd HAE ZE 7F Table 33 #S ),
CS(“Unbelt”)9] #2 (2+2+2+0)/(4+2+3+0)=0.67°] #t}.

.
Ttmbete =

Table 3. TotaIMCDC values and SatisfiedMCDC values of State
“Unbelt”

TotalMCDC(trans ynser,1)=4
TotalM CDC(trans vmveir’ 2)=2
TotalMCD( trans vnpei,3)=3
TotalM CDC(trans vnper,1)=0

SatisfiedMCDC(trans vmpen,1)=2
SatisfiedMCDC(trans-unpei2)=2
SatisfiedMCDC(trans-unei,3)=2
SatisfiedMCDC(trans unpei /=0

RRT == nd,® H2E HX 948 CShnd)e 4 (6)3
2ol Xé«]?}‘r. TNpwi= A (Del HJrﬂ} Al&glo] RRT =2
ndo] e v B =2 5 9l deo] Heelt

CS(ndy) = CS(TNpa,) ®)

TNu& HAolel AHAZre|m@ CS(nd)= 2 (4)el] ula}
RRT =tolA @4 & + e 101':4 % 94 dofF 5
T EE A b F 94" 53X 5E oudid

31 RRT == Al ndeam®l tHfJ HiE 2% @
AE&S AAEYE, ndegmeI A E238F @ Stateflow el =
“‘Unbelt™1 22 2 (Dol et TNpgune= T vmvere”t = 1
CS(Ndprampie)=CS( “Unbelt”)7} E L},

RE HZE BE g FE 0014 1 Aol g et

33 7He| & ™o
% RRT %=X nd, nd,9 A ¢
I Zo] Ao )

8t d(nd,, nd,)= 2 (7)

St Stateflow D& EIAE AO|A M 771

d(ndy,nd,) = dv(nd,, nd,) + CS(nd,) 7

RRTIA Az 34E AT mos 749 wmtofA
7V ke =EE 2HE djolth whEkA Ao <zt
% nd= WA 1ol B Al nd 7t WEstHA g

FE ALgEA 9o duind, nd)e F =29 WS o
Agls Yea, CS(nd,)= 4 (6)9 *=E nd,9] H2E &
A= LPE}‘ﬂ‘jr

Stateflow E&e] ¥FEL 7b7] O dolH ¥& 7HAH
B, A, A o] 1 FHoIth 7 MFES 1 FHY
o Hag & 7 EE7] Wi ol& whds|A]
AYE 7 F 7IME o] &3lof gl B Ao
Gower’s General Similarity Coefficient[26]2 ©]-&38le] W
#E AYE #3349 F RRT =Z ndx, ndyd W 39
Agl F4 dv(ndx, ndy)= 2 )3 o] Ao drh

(

l-ﬂ

BN
oL‘E

) Zn(y) dsy, (Ckx Cky)

dv(nd nd
n

0 lf Crx = Cky
1 lf Crx * Cky

|Ckx - Cky|

s (Cxs Cry) = { (ck is boolean.)

dsk(ckx, cky) = (cy is integer or real.) (8)

| Ckmax — Ckmin |

¥ o™ RRT == nd,, nd,°l W5 gl 3|dst= 3
1M, Comar®t Comins A= WA 71Ed oo Hojgk
HAige vt} duind, ndy) 0914 1 Apole]
=t nd, nd,®] W gol 2575 du(nd, nd,)® &
ol 7p7ke] AW vEe= 1ol 7h7he) i

CS(nd,)9] F2 0014 1 Afel7p HEZ HFHoZ
d(nd,, ndy)2 0914 2 Atel9] 3t& 7HAA €t

Fig. 1¢] ®d& oz 59, 249 7k W5 “IGN’,
“Belt”, “Speed”, “UnbeltTimer”, “Light”, “Blinking”,
“Buzzing”®] 717k 2 ()9 BT ¢, ¢, -, ool 1 H
v sk 2 A @48 WS aqenorr, Qe
Q“Beit’, Q*SBR Parking's Q“SBR StowDro"s A*spr_Fastor™’F 2121 21 (8)
o W g o v, cpO1EHAL SFAN HE AH “Unbelt”
H2E 53X gA&0] Table 32 Zthal spxh 24| %7]
48 RRT =23 ndwes 229 Aol me}
V={"IGN"="OFF”, “Belt’=“OFF", “Speed’=0, “Unbelt
Timer”=0, “Light”=“OFF”, “Blinking”=“OFF", “Buzzing”=
“OFF"}, A={aviax orr=1, Qtnberc=0, @*per=0, a-spr_parking'=0,
a-spr_siownr=0, Q+spr rasion=0}°] BT},

OJA| ndy™t %A e RRT =2 A ndewampue el A
Y dndine, Ndpamie)S FHBAL WA dondiy, Ndeample) S
A (1+0+/0-01/1200-01+10-11/13-0[+0+0+0+1+1+0+0+0+0)/13=
0260] Hvh. I3 CS(ndeampe)dl  #S AHRYA
CS(Ndexampie)=CS(“Unbelt”)= (2+2+2+0)/(4+2+3+0)=0.67°] &
% HEFASE  dindini, Ndexampie) = dU(Ndinit,  Nlexampie) +
CS(Ndexampie)=0.26+0.67=0.93] T},
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A Aas 55 94 &9 2e %
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¥ 24 &9 dFo| oA Hrth EIAE i g4 &9
gako] AYUXA AAA HWE, HEE EX 94 o] e
Stateflow A Ej7} 243 ¥ RRT x==o|A% RRT7} &%

© 7)oF dido]l A T 4 olom g &9 JFe] W
S ZolAA =W, @4 &o] v Stateflow AEHI7} 43}
HRRT ==olAM9 &4 357 S7kehA &A ek & =
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2 025, Ad 0.757441 9] W95 7HA akdch

Fig. 19 Stateflow e} “Unbelt”®] <lAelA, ZH
“Unbelt’®] H2E &Ex7l stys GAHA  &srd
CS(“Unbelt”)=0°1 B2, Pymar®l w6 o) 381 0.757} 9
t} o] ¥ “Unbelt’d ®©|2E %37} Table 33 #Zo] ==
ol o, CS(“Unbelt’)e]l #kol 0670 HATHH, Pepmer=
059% gHEo] HasH Hrh ol& HAE X E Y4/dsto]
F7t=2 3T Stateflow “JEjet #HE HAE S35 94
g gEo] vt A, G Stateflow FEi7F 244
3 ¥ RRT 1_1:0]]/\19/] :612]—94 HoAL 7aAZl Aol
“Unbelt’®] H12~E 527} BF @5 CS(“Unbelt”)=1¢]
Hevd, F7l2 24T 5 };% H2E BE7}F E45A
BomR “Unbelt”7t 8743t ® Fefelxe] RRT &7d9]
daol wg HZasHA o, P“Unbelt"g’] #0252 HAa

AaskA Hoh

35 RRT & 7|
Table 4+ Table 19] RRT ¥18]E9 select_input()¥}

S5 A wEe gagFoltt. Az RRT
2 @ 39 @ ule) Azsde] Az W olu, TG
2~E Bxg 449 A3 4ue Jolvk select_input()ol
M Nlpear A1 5-H nd,mdi HEE T FEHE $Es)
7 A A
20 e i Mgol ol =t A
AAE g Fodae FAAE Z27] $3] LR Al
EE B A9 9Ee A4sn e Ws AN 2
=g dgdity WA
make_random_input(Qel Al E&-& APA|717] 9 9= ©
F 39 A 12 T2 YA 283 run_model()
M RRT7F @42 RRT :E nde,=z 229 AHsS
W A7 F, eld AT Qe 12w dese] Ar
A e B AT Bug g A7 Fo] 2
o] AA AE7F RRT®E ndga® AAEH 2do] 28
HA BAEE e dRES A8 JR [ EIZ RS
Mz A4d¥ RRT:= o 4%% e =
NewNodeListol LO]E“?} RRT=E A4 AEE LW 317
u &l NewNodeListe] 5 7H—’FE L7} Atk

O

Table 4. Modified new__node() for test case generation

mnew_node (ndyang, Nnear, L, At, TG)
NewNodelList = @
NewCovList = ¢
for I=1 to L do //Try L times for the nearest node
I = make_random_input();
(Ndpa , ED= run_model(ndpear, I, AL);
NewNodeList.add((I, ndema)):
for ei in EI //Add also newly covered nodes
iflt ei€ TG) //New test goal is covered
G = TG - eiy
NewCovListadd((I, ndma));
(v, nduww) = FindNearestNode(nd,u.q, NewNodeList);
return (v, ndye., NewCovList);

Sl 71E dadsd tE A& RRT
T A ndna®l 7V 7PHE S = v FrtebE
of ofyzl, L¥l9] AmelA A= thE RRT ==
HEE 285 Aa/ 24271 Aol & A o
RRTO| o] F7hevi= Zlolvh AEA Eﬂi_E_
AN wEE O 7]HoR UE HAE BXE
7Fe XS 7HA7] wie] v RRT:=E=w e} %&O}E}.
gkl RRT #4 Foll TGol E3e e ARt Aol
oW 2L HAE Ex7} wA FH Aol TGOA
= AAsIL, NewCovListdl 31 RRT =X}

T
ot
ul)
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=
)
=)\
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m:l o 2

ox J

> H A ‘”m r1

Y o ofy L et

LA RRT =& A Al=7F FUH, FindNearestNode
()£ NewNodeLists A8kl A& A4€ RRT =&
£ ZF, ndea® 7V M 229 2 98 (v, ndpe)E
ettt HEFA R (v, ndpe)9t A AFA HZE &



=% NewCovList7}

Table 5% Table 49 mnew_node()E o]43 WY
RRT % duglZo|tl, Table 19 71F <ag&d
S=7F A mnew_node()

2o

select_input()¥} new_node() &
o2 WAHA

Table 5. Modified RRT extension algorithm for test case
generation

ModfiedExtends (ndiie. K, L, At, TG)
T.init(ndy,)
for k=1 to K do
TG == @) retumn T;
Nd,ana < random_node();
Ndpear <— nearest_ node(nd,ana, T);
(v, Ndpew, NewCovList)

— mnew_node(ndyana, Ndpear, L, At, TG);
T.add_vertex(ndue); //Add nearest node
T.add_edge(ndpear, Ndpew, V)
for (I, nd) in NewCovList //Newly covered nodes

T.add_vertex(nd);
T.add_edge(ndpear, nd. I);
return T

e

2l KWl RRTE &AsA €t
random_node()o| A 3442 F2+¢]
dtol RRT F29] %= nduas BAETAT 1§ nearest_
node()1 RRTY %% 2 ndyuSt 7173 7V7he w2
Ndyews ZETh ©] o 33%401“1 Aolyl Agdtr) Agd
th. 223 Table 49] ¢ & mnew_node()E 3, &
A AR Ydn, RRT =S5 2, ndead 7H3 7H1S
RRT ==¢ a9 4499l (v, ndee), MEA HZE BXE
AL lEa RRT =5 59 55 NewCovList7} 25
Atk (v, ndew)e EZY AR xEg F7iEH,
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A ndme RRT? #E w=2 Ef
7_11—
=

'

oZ:

36 L12|E ofH|
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Table 591 dugFe e Are 10msolth dHetdH
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Table 6. Test goals for algorithm example
State Test goals
Eln orr
“IGN_OFF” IGN_OFF", 1, 1
Eln orr, 1, 2
EI“Unbe[t", 1, 1
EI“Unbe[t", 1, 2
EI“Unbe[t", 1, 3
EI“Unbe[t", 1, 5
“Unbelt” ElUnperr, 2, 1
EI“Unbe[t", 2, 2
EI“Unbe[t", 3 1
EI“Unbe[t", 3 2
EI“Unbe[t", 3 3
RRT €45 98iA WA RRT 749 =& ndgas A

gt} #A Stateflow?] RE delol] visiA e H HA
37 sh= 7] wiel 7 el oisiAl HAE =
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Agoz (“IGN'=“OFF’ “Speed’=20, “Belt’=“ON")°] A
gt Ak fle] dEoer HAS HIstH A
“IGN_OFF™ A Z7 “IGN==ON’°] W% %ate] #
o7} WAYEkA] kil “IGN_OFF’ e wth o wf A
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] -

drh  ndo= “Unbelt”?} 43t ®H AEolmz,
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Ndii—ndly (“IGN"=“ON", “Speed’=49, “Belt’=“OFF") El'on orr, 1, 1
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dinii—ndy—nd: PR - ” P, ElVnser, 2,
i (“IGN"=“OFF", “Speed"=100, “Belt’=“ON") fbelt 2
M by N g g ” Elvnperr”, 1, 2
v (“IGN"=“ON”, “Speed’=49, “Belt’=“OFF") £l
NAini 2 y_ ” wc » “ "_u ” “Unbelt”, 2,
co (“IGN"=“ON",“Speed’=134, “Belt"=“OFF") tpelt, 22
Elvper”, 3, 2
Zol b "y 21 23] A (T, F)7F o A= Table 8. Statistics of example models
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Table 9. Coverage ratio of example models

Model State Transition MC/DC Total
Typical 100% 98% 52.78% 4853%
Seat Belt Adaptive 100% 60% 58.33% 63.24%
Reminder
Proposed 100% 88% 77.78% 83.82%
Typical 100% 100% 90.91% 95.65%
Gear shift logic Adaptive 100% 100% 90.91% 95.65%
Proposed 100% 100% 90.91% 95.65%
Typical 88.89% 77.78% 38.46% 64.52%
Defroster Adaptive 88.89% T7.78% 46.15% 77.42%
Proposed 100% 100% 84.62% 93.55%
Typical 71.43% 57.14% 9.00%% 40%
Power Adaptive 100% 100% 27.27% 68%
window
Proposed 100% 100% 54.55% 80%
Typical 93.22% 70.71% 50.62% 66.99%
Irll;‘f:gr Adaptive 96.61% 90.91% 70.38% 78.95%
Proposed 100% 95.96% 80% 86.36%
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