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Input/Output Relationship Based Adaptive Combinatorial Testing
for a Software Component-based Robot System
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Abstract: In the testing of a software component-based robot system, generating test cases for the system is a time-consuming
and difficult task that requires the combining of test data. This paper proposes an adaptive combinatorial testing method which
is based on the input/output relationship among components and which automatically generates the test cases for the system.
The proposed algorithm first generates an input/output relationship graph in order to analyze the input/output relationship of the
system. It then generates the reduced set of test cases according to the analyzed type of input/output relationship. To validate
the proposed algorithm some comparisons are given in terms of the time complexity and the number of test cases.
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Fig. 1. The example of architecture of SCRS.
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19 2. SCRSO] =9 ddwA =
Fig. 2. The types of input/ouput relationships of SCRS.
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case study I.
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Fig. 7. The SCRS architecture in case study II.
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generation  component, Cyg), Aol FAEZKE(Control
component, C.)2 78 Ho] Stk HZE thid SCRSE ¢
949 Iy I AF =9 sy g3y
(CCou)e B3t 2o] Aejdt.

CGI1 = EXY—}I1(CdSC) UEXT;'n(Gnc) UEX]’;VI(C.)L’C) U EXEH(CC(')
= {dsc_inl, dsc_in2, dsc_in3, dsc_in4, dsc_in5,
dsc_in6, dsc_in7, dsc_in8, sgc inl},
CCour = EXZ}M{(C{,&‘L‘) UEXTUL:I(Gm‘) U EXZ}M{(C&;QL‘) UEXTmtI(Ccc)
= {mc outl, sgc outl}.

I3 HZE HA HEE o] 83t 7t 9F e et
ulErich Ak At WA HAE dlolE A4 7]
< E3) H2E HolHE Ao, ¥ 2= SCRSY

9% 918 wElulEYE HAE WA AR} ARE 2
dlole H3S et

I8 I(b)= HZE i SCRSell ther A4 48 o
ABAE 7oz AAI IORGE YERATE A IORGS}
/5 °|83ty HZE HolHE sk oF U

vE] JF Fet 2 o5 oY gErHERRY] AddEA J
& RS A o 2tk

L

m &

o

E 2 AY 29 9 A getrlE ol thk BA R gl E)
2E dolE 3.
Table 2. Test specifications and test data of input parameters in

case study II.
EEXE HE Hole]
2 E (xi) BABR (D(x))
. 0<x<1, 1<x<2
dsc_inl 2<x <3, 3<x {0.5, 1.2, 2.9, 5.0}
dsc in2 0=l IX=2 105 10, 22, 30
- 2<x <3, 3<x W Tl S
) 0<x<1, 1<x<2
dsc_in3 2<x <3, 3<x {0.5, 1.2, 2.2, 4.0}
) 0<x<1, 1<x<2
dsc_ind rex {1.0, 1.2, 2.8}
. O<x<1, 1<x<2
dsc_in5 rex {03, 1.2, 3.4}
. O<x<1, 1<x<2
dsc_in6 rex {0.9, 2.0, 4.2}
dsc_in7 0<x<3, 3<x {2.0, 3.1}
dsc_in8 0<x<2, 2<x {12, 2.8}
sge_inl Korea, English [{KOREA, ENGLISH}

F={f, fo fo fo S5 fo Fo fo fo}, O1M fisldsc_ind,
D(dsc_inl)}, f={dsc_in2, D(dsc in2)}, fi={dsc in3, D(dsc_
in3)}, f={dsc_in4, D(dsc_ind)}, f={dsc_in5, D(dsc_in5)}, f&=
{dsc_in6, D(dsc in6)}, f={dsc in7, D(dsc in7)}, fs={dsc in8,
D(dsc_in8)}, fr={sgc inl, D(sgc_inl)} ©]aL, X(sgc_outl)=
{dsc_inl, dsc in2, dsc in3, dsc in7, sgc_inl}, X(mc outl)=
{dsc_ind, dsc_in6, dsc_in6, dsc_in8} 122, R={r), r}, o
1= fo S o o 1 S o S} S 2T SR AE St
uEl ke AAB/A 1 Nr=oolB2 ME EHE dud
AE 7.

TE3 AA BAE Aol F4% RE FHSAA @
A 7 9% g sehles HAE dolHE BT x3
(All combination)ate] ThHx}F Zo] 13824712 F4E ZA|
B 2E Aoz s A8t

Tn = D(dsc_inl) x D(dsc_in2) x D(dsc_in3)
x D(dsc_in4) x D(dsc_in5) x D(dsc_in6)
x D(dsc_in7) x D(dsc_in8) x D(sgc_inl),
|Tin| = 4*%4%4%3*%3%3%2*%2%) = 13824,

1.3 A8 3(ZE A=A

Ay 304 Bl2E T4 SCRSE U|HIA 0] 4 (Navigation)
715 olgste 2EE o]FATIHEA QY HAAE =Y
Sh= AlcHloZA I8 8ol He wiel o] 107]<
4o AZTHEE, Ay 7 FAZUE(Global map component,
Cone)y AZ A HAEZAE(Path planning component, Cpy),
ZolE 33 FHEZAE(Obstacle avoidance component, Cou),
dvjAlolA 7 £ E(Navigation component, Cy.), X212
ZAX A E(Localization component, C), H¥H AA HAXAE
(Bumper sensor component, Chy), AHEAF A 33 E(User
detection component, Cu), BNOIA 274 FAEZUE(Laser
scanner component, Cy.), =-HFY FZAE(Mobile component,
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Ii““‘f‘“l SCBS|
GlobalMap | gmec out! [PathPlanning
Component | (e in1)”| Component

| e
gme_outt ‘bsc_outl

(Ic_in2) ne_outl | nc|out it §

1 (©pe.in2) (pph.in3) (ne_in6) . udc_int

& ude outl rDetection *7y4c iy

le=(nc_in7) Component udc_in3,

i Isc_outt_| Localizati lc outl | Navigati wdc_ind]

S —> f— S 8
sc_in]| Component [\ (c_inl) | Component | (uc_in3) '| Component nc inl
C_in2’

ne
1sc_out2 nc_out3 | nc_ouf | \
(cac_int) (cac_in2)| (cac403) nc_outs nc_outs
- oac_optl (scm4) (mc_in1).
| (acine)
Om
Sm(emen(
2271 Generation Mobile | me outl |
c_outd Component
) Componenl

ObstacleAvoidance
Component

(e mm {ne ouns‘
N N

é

[mc o\m

(b)

% 8. A 39 H|2E th/d SCRS T2
Fig. 8. The SCRS architecture in case study III.

Cpo), =& A HEZAE(Statement generation component,
C)® T35 0] QUth H2E tha SCRSS] <% 4= =t
SH el HHCCHF 2 =8 e HCCu)2 Al 2
ol weh vt ol gejdn

[e5

CCi=EXT i Cane) Y EXTin Cope) Y EXTi( Crie) VEXT(Cie)
UEXT,(Ce) Y EXT i Coic) Y EXTio Cuae) Y EXTin Coac)
UEXT;(Cyge) YEXTi(Cne)

= {gmc _inl, Isc_inl, nc_inl, nc_in2, bsc inl,
udc_inl, udc in2, udc in3, udc _ind, sgc inl},

CCou=EXToul Cne) Y EXToud Cope) Y EXTou Cise) Y EXTou Crc)
UEXT .l Ce) Y EXT, Coe) Y EXT il Cutte) Y EXT il Couc)
U EXTou Coge) V- EXToud Cre)

= {sgc outl, mc outl}.

a8l HI2E YA HRE o]gsle] 7} 9 E e}
ulEjuith Akek g HAZEE H2E dlolg A4 7
He 53l HAE HolElE AN, E 32 SCRSY
7 o7 e gEvEE HAE WA R APE H
E dlolE] &S JepdATh

7]
w

AR 3] 97 1Y sfetulE ol ek A R 5 E|
ZE tlolH 3

Table 3. Test specifications and test data of input parameters in

case study III.
ol e WA B H2~E Hlo]E]
e () (D))
gmc_inl valid map file {officeMap.map}
source Sensor,
.destinati.on sensor, (SRC, DEST,
e | ol | o
. > | RIGHT, MIDDLE}
right obstacle sensor,
middle obstacle sensor,
e inl valid source coordinate, {VALID-SRC,
- invalid source coordinate| INVALID-SRC}
valid destination
e in2 coordinate, {VALID-DEST,
- invalid destination INVALID-DEST}
coordinate
bse inl bumper is .not touched, 0, 13
- bumper is touched
. 0<x <1, 1<x<2,
ude_inl 29x <3, 3<x {0.5, 1.2, 2.9, 5.0}
) O<x<1, 1<x<2,
ude_in2 29x <3, 3<x {0.5, 1.2, 2.2, 3.1}
) 0<x<1, I<x<2,
udc_in3 2<x<3, 3% {0.5, 1.2, 2.2, 4.0}
udc_in4 0<x<3, 3<x {2.0, 3.1}
sgc_inl Korea, English {KOREA, ENGLISH}

I8 (b= HAE ol SCRSoll tidh A4 94E8 <
ﬂﬂﬁl% 7o 2 47k JORGE YERATE A JORG}

= ol&ste] HZE tolHE ek ofF ¥ vzt
UIH A Fot 72+ o 49 defreERte] duaA
& RS A o 2ok

F={fis fo foo fis 15 Joo o Joo S fio}, ©1H fi=igme_ind,
D(gmc_inl)}, f~={Isc_inl, D(Isc_inl)}, fi={nc_inl, D(nc_inl)},
f={nc_in2, D(nc_in2)}, fs={bsc inl, D(bsc inl)}, fe={udc inl,
D(udc_inl)}, f={udc in2, D(udc in2)}, fs={udc in3, D(udc _
in3)}, fi={ude ind, Dl(udc_ind), fir={sgc_inl, D(sgc_inl)} ©]
a1, X(sge out])=CCi,, X(mc outly={gmc inl, Isc inl, nc inl,
nc in2, bsc inl, udc inl, udc in2, udc in3, udc ind) ©)1l,
X(sge outl) = X(me out)?] AL 7HAEZE R={r;}, oW
= B o o 1 S o f5 S5 fo}©] BT 5, SCRSS E4
F E¥o] RE 9 Yol ¢S worz Z4H H
2E Aolx Fge AA H2E Aolx X3ty U
o A H2E Alo|2e] = vt o] AvtE

9]
A

Tin = D(gme_inl)xD(Isc_inl)*D(nc_inl)*D(nc_in2)
x D(bsc_inl)xD(udc_inl)xD(udc_in2)*D(udc_in3 )
x D(udc_in4)xD(sgc_inl),

|Tin| = 1%6*¥2%2%2%4*4*4*2*) = 12288.
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Table 4. The time complexity and rate of reduction of the complete test cases in case studies.

) A H2E HIZ=E 7Ao)2 A7F Bas
A Aol 4 9719 Sad
(i) Re | |73 o) v 3l
k!
Union [16] 84.37% 20 20 0<L§lf1:10(fi>)
1 7 m
@A 128 ParaOrder [17] | 93.75% 8 218 0([:]((D(f;)xk:1f,;i’ LD(,f,-)xlTND))
AXE 71| 93.75% 8 76 | o(IL o)+ 30t 35 T 0170
2
Union [16] 97.63% | 310 310 O(k;/en(m)
2 9 m
=g 13824 ParaOrder [17] | 98.02% | 256 86154 0(§(<D(f,v>xk:1f/a ’D(f,-)XITp,l)))
2
A kg 71 98.02% 256 310 | O <§.<f11D(f'))
Union [16] 0.0% | 12288 12288 | 0B TIo(7) = o(LIp(r)
3 10 m
(mEz3h 12288 ParaOrder [17] 0.0% | 12288 | 100663296 0(2((D(f>xk:1f: D(f)<1T,)))
Aokt 71H 0.0% | 12288 12288 0<g0<f )
2. g Ax SHE ATBHA TF2E e A 29| HZE Ao~
B =FoA Ak e 5848 Hristazl & 40 S48 A7, 132402 FEE A B2E Aol I
Al BE vkel o] Z} Auitt AA HZAE Ao~ 4 isll, Union 71H[16] 31071 A" Z4F HX2E /o]
& R AT BREE SH 2 S B 97.63% HZE Aol 5 i A
wEF ABVT/A F2E A= A 19 HEE om, AFS 7IH ParaOrder 71H[17] 256702 Z4d
2 Z40E A, 2812 FAE AA HAE Aolx H2E Ao|AE A 98.02% EI2E Alolx 5 7
o thall, Union 71R[16]S 20712 TAE =49 H| 4 AFAE Union 7199 739 AadA roll 2349 7+ 9

==

Aol H3HE st 84.37% HAE Alojx 5
AlRom, Akt 713 ParaOrder 71H[17]2 8712
H H2EA|AE AASt 93.75% BIZE Aol
2= NFHTE Union 7189 A% 1, 1, 15, 2 A3HA
Ag FFEHE digk H2E dolEE A=
474 H2E Aol st ol th
9] HI2E Alo|2gE ATt o] uf zF AdHA
4= getulEel tEiAE vg Y
E F71s & st 20709 49

E AolxE AT At 713} ParaOrder 7]
He S49 H2E Aoz G Al 2 AddAl =3
e igtu|Elo] tis) mlE] AHHE SHA|
tolHE syl W&ol s/e 449
APt aea S48 HZE Aol
g AIZF BEZE A4 A3 Union 7199 AIRE
EREE Ao JAF Aol wet AldtEo] west,
ParaOrder 7182 2} 95 4¥ sepHES shty 7t
Fo N Z4H HZE FAo|~E SRR A B3
57} F7rskeh AQke Z1H2 ABBA F oy, o, 159 2
ol EAHA &&= roll gk 2F3-& 1A APt
A QR Y EHEES shi upet
ParaOrder 715l vlall AZF B =7 7tAastE S &9l &

T AL

O O SR TV )
mu B oBom oo o

Z1L

ot]

4L 9

)37

l

.

ESLR)

2 Qg sujEel] OE HiE dolHE AR xgsiel
25670e] BIZE AolxE ANHI AuwA ol EFE
7 9% 4 senlEEe Az 2@ sl Has
Aolzg AT of w2 ABVA) TFHA gk 9
5 g sl delds vle APl HAE dol
Be 318 & skl 3107 F28 HAE Aol

A&y Aekst 7|3} ParaOrder 7] <

= A4 A3} Union 71WHF Ak 71H-&
Mol wet AR BFETL ALkl Yd Al
£ 7}AH, ParaOrder 71'H-S 2ZF Q)%
of wat Al BEZFE7} ALk o] ARk
2E FAo|2 THAagS Bo|RRE ARE
g1 5 STk

EE dddA 725 7HRE AE 39 HxE
g A} 1228872 FAAE AA HZ=E Ao~

H o

=
thall, Union [16], ParaOrder [17], A¢HeF 71 2T &
2 0%elH, 1 UL 9% oY IErE e A3IA
A3 Roll 43 ABAAL 170@)0l7] w&olch o]F 7%

7} 71 AA B2E Aol e FYT HZE Ao
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