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Automatic Test Case Generation Through 1-to-1 Requirement Modeling

Jungsup Oh' - Kyunghee Choi™ - Gihyun Jung™

ABSTRACT

A relation between generated test cases and an original requirement is important, but it becomes very complex because a relation
between requirement models and requirements are m-to-n in automatic test case generation based on models. In this paper, | suggest
automatic generation technique for REED (REquirement EDitor), 1-to-1 requirement modeling tool. Test cases are generated though 3
steps, Coverage Target Generation, IORT (Input OQutput Relation Tree)Generation, and Test Cases Generation. All these steps are running
automatically, The generated test cases can be generated from a single requirement. As a result of applying to three real commercial
systems, there are 5566 test cases for the Temperature Controller, 3757 test cases for Bus Card Terminal, and 4611 test cases for

Excavator Controller.
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A 1A 9 ‘Start Button'e] #32S W 8FAMES 8§
Ue 2dz 23T 059 (28 6)& 42 5o A

o] 3FAY Rd

“ALgA}7F ‘Start Button's EHE 9, #AAHIAY
‘Mode'7} ‘AutoCook’ 2.2 A=) o =g AL A
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10§ 2FAIE SHES 5 HIAE AL IS 44 4

e o, urek A ‘Cooking Time'o] 0°]2tH ‘Cooking
Time'& 30sec2 AH 3}

e 8T7AES RayE Aot 8 7Ae i AR
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(28 69 &7AE 2dd:=  ‘AutoCookTimeSet 7}
‘Cooking Time' 2= F 719 Z8lo] Ut ‘AutoCookTimeSet’
< £3317] 918k ‘Cooking Time' ol 91 Equal AA+=
a7t 9o a8y ‘Bypass'ghe 43E ‘AutoCookTimeSet’
3} ‘CookingTime'& &3 35}7] $i8le BFoA dQsic =
9 Ztzte] 9o 4IL uXe A E2U 4ZE v
ojagioz ¥ & itk oA Zze FHo| JF¥S
v A2 d24E tholo]2#E IORT(Input-Output
Relation Tree)zt2 %tk (13 6)& 9 ¥2 BAHE 4
Age FE3A (29 73 2] 2719 IORTE & +
stk ZZte] IORTE 372 &3o] | AFME AAA A
AEEx 93 BodFa Yk IORTE 282 7|F2
2 % H¥%9 Cause-Effect Relationg 7|¥te2 A},

(2 63 22 274 2deiy 2849 IORTE 7
% JdEE AAAMEEH ARZ tholojayg BAEA
T3t 29 dgE AA ‘AutoCookTimeSet'F-EH #HAF2
g5 A Fstd wix gt A4t AA Q] ‘Bypass' AAMNA F
B34, (28 79 A%< =A¥9 IORT 7t 49, =3,
29 JEE AH<A ‘Cooking Time'olA &uste] AR

Start Bufion
% AutoCookTime
- AutoCaok 14
Made @
o I pa
dte Caoking Tima
BN L 30 Sac s
Cooking Time T

©
(33 6) TEzel 2FAE 2 (TAR2IX] ofiH)

<& 2> Examples of Predefined Coverage Targets for each block

B Bl e R

7| & ol & 9| n| A el A] gl
(1) for ¥ x;, input x» set at a value below x;
o] EN EE7t @455l o, Qs | (200 U HPut e o a1 ke aoove
| 2 or W Xxo, mnput x; set at a value below x»
'|x’ P ri GTE fr’j %éf‘;; sfk_?_ﬂq = § f]' la%_ij (4) for ¥ xz, input x; set at a value above x»
. F— é; FE 94 i}l@- a = | (5) for ¥xl, input x» set at a value slightly below x;
L ! = = : (6) for W xl, input x» set at a value slightly above x;
(7) for ¥xi, x; is equal to x»
Input 1 Input 2
(1) Activate(all) Deactivate(one)
(2) Deactivate(one) Activate(all)
Flow-OR Inputlelt} Input27} 435w (3) Deactivatelall) Deactivate(all)

#8E £9] (@) Y AEF EFE didaiol F& 2
3 &, “Activate(al)"& Input activate® + U&= B
EghE o golof & g YR (one)e ohEF
FolA shnt We 28 ofu|g

Flow-AND | o 2010 gygo

Inputl9} Input27h 2% 243} (1)

Input 1 Input 2
Activate(all) Activate(all)
(2) Activate(one) Deactivate(all)
(3) Deactivate(all) Activate(one)
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7% ol& BE]
- Bypass EN ZE7} S43}5 e o, JHo2 S0 g 2oz Wudg
Bypass
— Bqual EN ¥E7 $4390S o, 4oz g0 2709 go] #ed Y TE @43
T 33, 919 @to] M2 g2W Y FE #sanh

Internal
'@ Event

<name>¢|2h= O|RIEE TP IT.

@ Constant

d4d g2 2 4+ @e v

S (29 7)9 ofeFe =AIE IORT7F BEojztt
a1} AEHQ Cause-Effect Relation9H& ©] 83k A
= [ORTE AAT 4 g 2FAIE tolojads A
o}, utE zele EHE7) ¥ ‘Loop AAY A F
Aqe FHs7] 9§ ‘Sequentiall AAME EFF EdojM e
IORTE #Z3te ¢xndF ¢ AA77E 9t 343
Mol HelE 9)8lY ‘Loop's} ‘Sequential’ 2% E FC(Flow
of Control) A2} BEr} <X £E o] F AH 9 9uE
7lEstn ik
‘Sequential' Z}#|¢] 7

1

-‘;— Zt $EJ 479 &¥50|
Az gl e A %'Alé}* 2t} ‘Sequential’
Aol AZY FHEL o]A FYo| LAY T U F

go| dAsy] fgo] A= L%)éa P = e ) O
Eo] dZ® E¥Eo| d}e] IORTZ A= ojof dirt A
2 0& ¥Eo dZd AAEL AYZ gAY 3+ 3
o] IORTZ ¢92%E # 3121“* FC A& g Z$+ st
©] JORTZ dA3| Folof gt} FC AAE EFE 274
3 P2 HE [ORTEY 2ER 7= dmeFe] Cf

(22 7) (2 )2 2FAY SYORSE YA ke I0RT
Start Bullon - mcg::‘nma
: ] AutaCook
Mode Fypan @
Start Bufton
m

[

Idla Cooking Tima
EN - pla 30 Sec

Mode
iy | L P = =

"*E’r%l—? 7 ZEE (29 8)F 2
A, 2 TAE 2dd AF 59 Y2EE TEIA, 9
Eli*--'i e Ztzt AR ‘LM Fustq ARE G4ed
A "L"% ANste AF B0l AMEHE g EYste AA
2 Feu AX2 @48 £F, Looptt ‘Sequential
-5-4 FC AA& W}d, o]5& AHE3te] oju] ojd IORT
7t e AEAE B $i5to “SetG"2he IORT A
< AAg, oln wEojd IORTE #%] Fold IORTA
HAA shte] IORTZ 732, 29e AF8 ol

// TORT Generator
GraphSet GenlORT (Graph RegDiag)
{
Let SetG: be an empty set
ListofLastOP = List of last operation objects of ReqDiag

foreach (L in ListofLastOP) {
Dmark all objects € ReqDiag as unvisited
2)Create an IORT G, and initially L€ G, mark L as visited
3)while(there is an unvisited object Obj that is researchable by
backward traverse from an object already visited) |
(1)mark Obj as visited
(2)if(Obj is ‘Sequential’ or ‘Loop’ object and Obj is already
used by other IORT F in SetG) |
Set all objects € F as visited
Merge F into G
remove F from SetG
]
else {
Expand G using Obj
}
A)Insert G into SetG
)
return SetG

(222! 8) IORT Generator® 28t ¥12|S

(I 4 FC(Flow of control) 24|

g e BE
e— Toop e 2& A%o] MEHE AL BAT W Adsts AAOT, Stat LEZ
.l Fi Qe s® ‘Entry'el 229 #e]e S#dta UA, Dool d2E AL ‘Stwpo
C E“l— glzo] wrAlg w7z vrEgTiE AL ou|geh ‘Stopol Yol LAsHE, ‘Exit'el
o _— = A7¥ FYe $¥37, ‘Loop'e FRAT
! e : Sequential & US| FEL AAUZ 7148 o Agdch 24 29 TEH AFY
i Sequential | g0 Wagow Aduz Fustt: Ag ek




@ A9e tololad e ZE AA HE shiel
IORToI A AL8€ W7HA A%gch,

43 HAE #HolA MM

Uold AAg IORTEZHEH HAE Aol A4t
IORTE YoM W Foz FAHA Zzte] A
thate] gl Ao Awz|A eAlle] met Addo. 5F
AF 2 HAE Aol AiE 1 A9 AZFE UE A
o] HAE #ol29 ¢lZoz ALgH. IORTE ZHd=
w=3]3tHA Zzte] Ao AHH HZAE Ao|AE o] &3}
o HA H2E AolAs AA L

AN E £33k £HE 71BHo2Es Y4 FEE AR
gith. 28y FC 24471 IORTel E§se] oW FC 24
£ 7|2e2 £M4E ZAFY FC AAe & &8 IEY
Z8o £47F 957 diel FC A4 3 WA &9
¥ES dZ% ZE AA dF HAE AHol2e A4
Byx YA O 28 TES} A48 A g HAE
Alol2& AAsoF 3ot 914 BE o|&3FH, FC AA
o|%9] AAE thF £4E RASA E@o wkA, FC
ANE FALZ A3 EE YA £ME ZAH T
o] E@lE IMT(InterMediateTree)2 #21, FC A& FC
AAo] A7 RE & AH 1FS == 2

(g 99 UFd d& deoloja@We FC AHQ
‘Sequentiall A BE ZFFo| dAFS U7l @il
IORT7} 170%k A4e] €k §, 243 IORT7} 2& 2%
< 7t} o] Bdo] ojg IMTE AAsE (29 9)9 &
%4 = 2T 22 A3t AAE FC A& F4
o2 ¢ dZE AF 1Fo| ElY AALR dZEH.
(28 909 2&8%3 2 IMTE 44383, FC AA9 ¢
2(Gl1), FC 24 (Sequential), FC A# 9 &¥(G2, G3) €<
2 &3¢ 4z Nuadze koM dHE uier 2
o] ztetdt YA Ao osiH FEE wME AHEFh
IORTE °]43lq HXAE #Aol2g AAs= AAHYA €1

F2 (29 10034 2o

(2% 10)9] generateTC ¥+ IORTE o2 W=t}
4 98¢ IORTE IMTZ #&3tcHCovert_IORT2IMT).
IMT¢] #E7F FC AA4Y 7%+ FC A =), FC
AA(2), FC 449 £8(3) =22 Zzte] eI o
M H2E Ao2E A, IMTY FE7F FC AA)7t
obd ZA$E IMT AA7F ABIYE 1742 o]FojA Eg

------ G2 Sequential
’:‘:G\] AT ,"t."-'“‘;-.";\‘
( B ) : —
e N 4 5=
; ‘-\-'-'.:"_:_-_:..*ﬂ\’ [’2.‘:_\} { ” -~ '
T . Npo? e
= A P S - W
_______ & ( )

-

(38 9) IMT & A== of

10 2FAE 2SS ET HIAE HOIL XIS 48 47

ojm2 FEd fiajr HZE #HAol2E AATFHMCDC
TCGen).

(29 99 #o| IORTE IMTZ wW#sl= Convert_
IORT2IMT #4=9] 7M m=E (29 11D)3 2ok IORTe
A FC A4AME 3o} FC A9 3 ¥ dZd EE
ANE 4z BRIz FolAq FC AAY A4 ==
2 gEd 84 9729 A4 FME oAl FC AA7L
Uehd § glomz A dZE MBayzo disjxe
t}A] Convert IORT2IMT #4& AAH o2 5Fstd Ed
£ AA®

(28 1009 MCDC_TCGen ¥4 FC A7} EAl8HA
AMeagze sty MC/DCE UEFete HEE #Hol
AJste Faeld o] #59 ¢ FL (29 12)¢
2o, WA AHIOZE 4 ABste AA e £4E 2
Asta &M HE Coverage Generatorol] s 44 MC/DCE
wEte AR BAlS o]l8ste HZE FHoAE AA
g}, ojd) 2zt Auich Aod do MCDC 348 &%t
do_MCDC &£ 7} block?] 9vle] 27 4 AHE] A
g 7HA e el

¥ &

wu e

// Test Case Generator

TestCaseTable generateTC (IORT ioTree)

{
IntermediateTree IMT = Convert_IORTZ2IMT (ioTree);
if (IMT.rootnode.type == FC_Object) |

// (1) Test cases for input nodes of FC Object
foreach (subGraph in IMT.rootnode.input)
MCDC_TCGen(subGraph);

[/ (2) Test case for FC Object
IMT .rootnode.do_MCDC();

// (3) Test cases for output nodes of FC Object
foreach (subGraph in IMT .rootnode.output)
MCDC_TCGen(subGraph);
1
else if (IMT.rootnode.type == subgraph)
MCDC_TCGen(IMT .rootnode);

(% 10) IORTZRE HAE #Ho|A WY 20F

/! Generate IMT from IORT
IntermediateTree Convert_IORT2IMT (IORT G)
{
Let IMT as a Empty Intermediate Tree
FC = Find ‘Loop or ‘Sequential’ object in G
if FC is not found {
Initialize IMT with G
}
else |
1)Set FC as a root node of IMT
2)Make Gin, connected to each input port of FC, as a child of FC
JIMake Gout, connected to each output port of FC, as a child of FC
NCall Convert_IORT2IMT (G
]
return IMT

(22 11) IMT MM gne|E
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// Generate test case with graph
void MCDC_TCGen (ReqDiag G)
{
topoOrderList = topologicalSort(G);
foreach (obj in topoOrderList)
obj.do_MCDC(G);

(23 12) MEDH=2RE HAE AHo|A 4Y 02|

5 00d 3 &8 #3

51 EIAE #HolA MM ofx|

9 8 FALS}e] i3t HAE Ao)2 A4 HEE gy
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theoryE 7]Mt02 5o F71gch (24 13)9 99
ElE] AAe ARE oh&e] <& 5>¢ Zth

g4 Ado oA M WA ves dAAE GTE
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= GTE A 29 ZANE dZFsto QA3 ol N
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VentFan

Press
Cancel Button

ztzke] ditAAvict A A gAE AHsty, 2 BAE
o] &3to] g WBAF|HA HZAE FAo|AE AU
ol4] GTE Aol td g2E Aol AAo] ¢RHI
o082 g Qi dste] HAE FHol2E AT
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ozl © HF AUAAZ} feuz2 HF A <&
7> A Input 1, Input 2 & Al U dEEL o]Fo2
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TC # — It lx Input 2 | T(Output) |  ¥lx
1 2
(32! 13) MARICIX| 724 & it 2TAE ChEt 27AR 29 1 60 5 Release | Activate (1)
2 999 5 Release Activate (1)
(E 5y (T2 13)9] 213 SllE|E| ZHel ME 3 1000 5 Release Acli\fate (1)
4 B 5 Release Activate (1)
ol & A3 ekl | # efsl | @k W o) & gk 5 0 5 Press Activate 2)
VentTimer | Memory | Integer | 0 ~ 999 |0, 5, 60, 999, 1000 6 0 5 Release | Deactivate 3
Canes! Device | Enum Press, Press, Release
Bt Release CE 8) (I 12)0f ThS &Z HAE FHo|A
y . Expected Output
H A
(Z 6) GTE ZH2| HAE #HOo|~ TC # | VentTimer | Cancel Button -

TC # X x2 T(Output) u] 3t 1 60 Release Stop

1 0 5 Deactivate (3)(5) 2 999 Release Stop

2 60 5 Activate (4)(6) 3 1000 Release Stop

3 959 5 Activate (4) 4 B Release Stop

4 1000 5 Activate (4) 5 0 Press Stop

4] 5 5 Activate (7) 6 0 Release =
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