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A Method of Test Case Generation Using BPMN-Based Path Search

JeJun Park” - DongSu Kang"™

ABSTRACT

The SOA (Service Oriented Architecture) based softwares are escalated because of quickly coping with business requirement. SOA can

not apply to existing test method because of loosely coupled service and massage exchange architecture. In this paper, we suggest a

method of test case generation using BPMN (Business Process Model and Notation). First we model processes, then make Business Flow

Graph (BFG). After searching the euler path through symmetrized BFG about input and output degrees, we generate test cases. A method

of test case generation using BPMN can apply at SOA-based system, and reduce the number of test cases.
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Table 1. Comparison of Test Case Generation Methods about Service Based System

Method Modeling Language Strong Weakness
. - Limited to web based system
UML Modeling UML - Apply to web based system . S VS
- Increase in number of test case
Using ORD OCFG - Apply to Web based system -Li.m?'ted to web based system
- Decrease in number of test case - Difficult to model
BPMN with DAG BPMN - Apply to §ewice based system - Overlap .Wi‘.[h cycles &.execution
- Decrease in number of test case - Automatic implementation
. - Embody i th generati
BPMN with DFS BPMN - Apply to web based system. rbocy i path generation
- Increase in number of test case
Utilizing BPM BPMN - Apply to Web based system. - Embody in. path generation .
+ Decrease in number of test case - Overlap with cycles & execution
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3. BPMN2 0|2% HAE FHO0|A MM 7|H Table 2. Necessity of Graph Element
BPMN Element Graph Element
E =Fd 4 BPMNS 7|Hto g HAE Ao|AE XA Event Node
= 7IMe 7H wAR TAE, Fig 19 #Zo] IDEF-0 Flow Activity Node
®lHen ye & gt vzUs Zzas zdge — o
BPMN& o]&ate] Hl=yx ZaAAE RUgshs 710 Sequence Flow Edge
W, Hlz2Y 2~ ZgAls ZA(BPM)E HEo] = dAolth ) Message Flow Unnecessary
BFG(Business Flow Graph) &7 ©@AlelAE BPMN<S 1 Connecting Association Unnecessary
Yz WEst= e 4838t BFGE sk, A4 Data Association Unnecessary
4 GAME 2 A (Degree Symmetry) 73S 4-& Data Objects Unnecessary
st 24 oA 2P =Z(D-S 2P x)E S o] = b Data Inputs Unnecessary
oA ede AR FAS o]83t HAE HRE A T ata Data Outputs Unnecessary
H2E Aol~5 AASA Buh A HA Al vj=2ys Data Stores Unnecessary
ZEAs Rdye g mdy 9ojel BPMNE 48314 . Pools Unnecessary
— Swimlane
a3} Lanes Unnecessary
Grou Unnecess
_ Artifact P il
3.1 BFG(Business Flow Graph) A Text Annotation Unnecessary
BPMNo|] #53 %7|H<& 7HA 1 gloemg wzys =
E = 2 3)3] I3 5 T QA9 [ L
%‘j*e “}E:HJ“ ;%ZWZ "M:& EH aad 0 BPMN< BPELZ wj5e g Andes 4osn
2o B 5.0 ISR (=
g2 e gHE WEs oA WMES 8207E 3 9o www @ BPMNS Sequence FlowS BPELZ
ot webd BPMN 24 3§ #2914 Nodest Edge’t 2 et AEZ wEow n=Ux Fow 1HZ2 AAST).
TS 84S W] adEw tﬂ'd&—t‘ slol g el 714 22 BPELeIA Sequence Flowe thaat 2& 371
t}. Table 2= BPMN 847} Z2@jxe] g4w Weld 4Q WS AT
g X3 Avto|tl, BPMN Event, Activity, Gateway
= AAZ FIHE gFY oWE, 35S 2dstn ¥ < sequenceFlow sourceRef="[source]”
st 9Edg stEE I ZoA NodeZ AHEE Za7t 9l targetRef="[target]”
th 1 ¢ 94 588 B 58S FAFEE 24 name="[name]” id="[id]"/ >
2 gzl EZQd g4 Add § o vEzYyx
529 gy xe Wistsy 22d Nodedt Edges 749 EE Sequence FlowE Flow Object Ato] 58S el
I = BFG(Business Flow Graph)& A |3t} a1 Qorg BE sourcedt targetS Flow Objectzhal & 4=
. i Test
BP Business Specify Case
o —— Process |+ BPM — Test —
Existing Modeling Case
Method T T
- ISOJIEC 19510(BPMN) - BPEL
- UML
Generate BGF Generate Test path
> BEG Test —
Path
Suggestion - BPEL . T . DFS Algorithm
Method - BFG generation Rule + Fleury Algorithm
Degree D-S
Symmetry Graph
- Degree symmetry Rule

Fig. 1. A method of Test Case Generation Using BPMN
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Hgo] AFAYT). BPELAA MZU2 Flow 2128 4 2% 49 A4 938 4954 20 58 w=9 99
Hshe WS ATOEA Bwas TAL A% FAME  A4E B lololof HuE, A% PR FE wuo g
FA FFsate, 1 A7k 2 olgel E A% AT 4Y AFNF FE wo
ohl, Gatewayt 589 2715t ¥Pol istel gelskm & @] FE w= QY %0} 19 BIGE F/had
Ao Tz A E7E UEtlE Ze] 7bsdty Parallel Table 39 z+ A 125 A&3te] BFGEHEH D-S 1
Gateway®] 725 7 7 oo A&7t #ER F3¥= AND s S F Ut
Pelo]mZ Fig, 29 2< w3 728 dgsir) Table 3. Rules of Degree Symmetry
Node Rules
. - is al 1.
Start Node | L e i necesa
(Start Event) , £ & Y
Activity don't apply a degree symmetry.)
° ° Fnd Node . Inﬁegree is always 1
(End Event) (If in—degree change is necessary,
° add to end node and BFG.)
- Symmetrize at bigger value between
Intermediate in—degree and out-degree.
Activity ° Node + Re-symmetrize after neighbor node degree
AND|_ 0 Q e changes.
Activity Q
33 HAE F=Z 44
_ , RE DS qemE F9 4571 19 shtel A e
Fig. 2. Rules of Gateway Transformation Qe }47t (0] Fhte] E wrs Ad gmolne 9_
Qo) Arrk B o, A A LA e
32 A== & (Degree Symmetry) D-S e XoE= od8 ARs 2AEE=R & 5 Q) u
BFGE Hl=U2 ZeAs9 T8 W@elne, RE A 24 Fig 33 ol 44 B3e £95 @ D-S e
2} ==+ Start Event, 2 £8 =T+ End EventZ 72 + DFS(Depth First Search) ¢xz]&[9]le2 AZE A
dEo] vk wmeEbA shte] gzl thEel End Eventﬂ o, AemAE 8% D-S Uz Flewy Lads
rhe End Event®] %98 1eTE R@sfolol gk 4 [101¢ Ag3tel Robw ool 4/t UAE Ao} Ak
BFG Simple Simple test path
Path
Searching
BrG + DFS Algerithm Generate Test path
— ] Degree Test —
Symmetry Path
+ Rules of degree symmetry Euler Exclude
Path Overlap
D-S Graph Searching Execution Euler test path
- Fleury Algorithm - Rule of overlap exclusion

Fig. 3. Generation of Test Path
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RSk AbElE @) dE 24 WS ZRALR ST
B T FEAHS AT g g wd Taaxelt
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- B4 S ZEAAE Fig 49 7o) thkdk Activity
¢ Gateway, B2 ¢8 425 Hfsta vk s &
ARoA HAE AojAs FaHor AT & U=AE
gty A Az Hdsith. BPMNEZEY &2 4%

Aol A o]-8¥ Yaogiang BPMN Editor[12]E ©]
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R
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2) BFG A4
Name¥} IDE

AdE TS =TT A6 ?—__}Eﬂiggi ksl e, oA IDZ Table 49} weegitt. 2eY % Sequence Flow
B U mEVF A2, AR TUR A3 =EE ARl £ Table 59k Zo] F2381%2m, o|& F3f Fig. 5A°] BFG
Al—A2—A3—>A4—~>AS—>A2-A3 EH>A4—AG & 427t = AP
A
Table 4. ID - Name Mapping
34 HAE Fo|a HA D N
H2E A2 Aguto s g2E A E A4ste g2 S Start Event
E FAo]2E AT Aoz B 4 ok 71Ee A7, 8l F1-2 End Event
HAE A2 YA F HAE Aojx YL HAE Ao~ 1 Al Contact target
A2 9 Aoz B 2 9t} EE AN A= HAE A2 Identify target
Ang olgatel WAX AR FEae] HAE AdsE A3 Report target
223 W[11]S AFEE7| 5 g whekd Bl 2E Ao A A4 Decision target ID
WA= Aqu 2 7)ek gA e "Ag 843 EA ule 72 A5 Request target information
AT w= theket MG A8 2 gou Aeksic) A6 Confirm target information
A7 Decision weapon
A8 Report weapon
4, I°17 I‘ g‘:' ?:‘nlg A9 Change weapon
Al0 Engage target
41 M2 AH All Battle Damage Assessment
sharat2 NCOE(ME FA 2 74, Network Centric Al2 Report result of engage
Operational Env1ronment)e TZEstaab 3tk o]E sl A Al3 Search target
Bl 7)dk Al xaElo g Wbl QTE T, W2 A ZEA Al X1-4 XOR Gateway
Fadol Azl B RN HAE Acls 44E Sl e AND Careway

Start Evert Exclusive enélmve\ Gateway Parallel Gateway
Request
target
information

End Event

Confirm
target
informaiton

Change
weapon

Paralel Gateway Paralel eﬁmluswaGatewav End Event

Fig. 4. Anti-air Target Engage Process
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A. BFG

B. F1 D-S Graph

C. F2 D-S Graph

Fig. 5. BFG & D-S Graph

Table 5. Set of Sequence Flow o]~ wWAslH Table 87 Zt} 589 E7|9F W3k ot
] S st Gateways AlvtE] Qo)A ABEksitt
<sequenceFlow sourceRef="S" targetRef="Al" name="" id="1">
<sequenceFlow sourceRef="Al" targetRef="X1" name="" id="2"> Table 6. Result of Degree Symmetry
<sequenceFlow sourceRef="X1" targetRef="F1" name="" id="3">
F1 End Graph F2 End Graph
<sequenceFlow sourceRef="X1" targetRef="P1” name="" id="4"> D (Input, Output) (Input, Output)
<sequenceFlow sourceRef="P1" targetRef="A2" name="" id="5"> BFG ‘ D-S BFG ‘ D-S
<sequenceFlow sourceRef="P1” targetRef="A3" name="" id="6"> S 0, 1
<sequenceFlow sourceRef="A2" targetRef="P2" name="" id="7"> Al 21 (2, 2) 2,1 (2, 2)
: X1 1, 2 2, 2) 1, D 2, 2
P1 1, 1 1, 1 1 1 (2, 2)
A2 1, 1 1, D (1, D (2, 2)
3) 2} WA A3 1,1 1,1 1,1 2, 2)
BFGOlA 28 wsi 270]mz 27 o]A4+e] D-S 1) P2 1,1 1,1 11 2, 2)
s AgED En owcw Adan A gAde Ao Al | @D @ 2 @ 1 3 3
N2 wre] 342 WzsA 2omE Table 69 Ao X% 1, 2) (2, 2) 1, 2) (3, 3)
@l Fig, 5B, 508+ 2¢ FL F2 5 744 %8 wc2 7% A5 1, 1 1, 1 1, 1 1,1
’ . A6 1, 1 1, 1 1, 1) 1,1
T 7P DS =g el A AT | G 3, 3) @ D 4,
A8 1, 1 3, 3) 1, D (4, 4)
4) Fl=E B2 A X3 | (1,2 3, 3) 1, 2) 4, 4)
Table 7914 Fleury ¢xgEo @ ol oAz A= A9 1,1 (1,1 1,1 1,1
£ YedY, S5 S35 AAe] A% 1S 2§38t Al0 a1 2, 2) 1, 1) @3, 3)
BRE Y tast @ ¢ Qi) P3 (1, 1 2, 2) (1, D @3, 3)
All 1q, 1 (2, 2) 1, 1 (3, 3)
5) B2E #Ho|~ WA Al2 1,1 2, 2) 1, 1 (3,3
HAE Aes % it Auses sl bas PA | @D 2, 2) 1) 3, 3)
Aol WAE + Ack of wobi= kg Av} gow x| W2 | 22 | 02 | GBI
2 gaba ATl El2E Aol Ao AL EﬂZ:E Al3 1, 1 1, » 1, 2) 2, 2)
T 1 i R F1/F2 1, 0)

A&9th F1 42l dste] g2E 7



Table 7. Euler and Overlap Exclusion Path

Section Path
S, Al, X1, P1, A2, A3, P2, A4, X2,
Eul h A5, A6, A4, X2, A7, A8, X3, A9,
uler pa
(39Node) A7, A8, X3, Al0, P3, All, Al2, P4,

X4, A7, A8, X3, Al0, P3, All,
Al2, P4, X4, Al3, Al, X1, F1

F S, Al, X1, P1, A2, A3, P2, A4, X2,
.| A5, A6 A4 X2, A7, A8 X3, A9,
Overlap eXCIUsion | 7, a8, X3, Al0, P5, All, AL,
pa P4, X4, A7, A8, X3, A10, P3,
(31Node)
A, AT2 P4, X4, Al3, Al X1,
F1
S, Al, X1, P1, A2, A3, P2, A4, X2,
A5, A6, A4, X2, A7, A8, X3, A9,
Fuler sty | AT ALO, 3, ALL ALZ, P4, X4, AT,
wer pa A8, X3, Al0, P3, All, Al2, P4, X4,
(53Node)
Al3, Al, X1, P1, A2, A3, P2, Ad,
X2, A7, A8 X3, A10, P3, All,
Al12, P4, X4, Al3, F2
F2

S, Al, X1, P1, A2, A3, P2, A4, X2,
A5, A6, A4, X2, A7, A8, X3, A9,

Overlap exclusion | A7, Al0, P3, All, Al2, P4, X4, A7,
path
(33Node)

A8, X3, Al0, P3, Att, A1Z2 P4
X4, A13, Al, Xt, Pt, A2 A3, P2,
Alt, Al2 P4, X4, Al3, F2
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O >~
X-IE_I—

A AL JlEe

5 H2d" & : Y3 =

2 AL 71 2 H2E Aolx & vugown FiF
 H2" E84S Wk & Atk B3 RE Activity7t
APeE= o] H2=" ] YFoANE FUg Activity7} A%
TE R A2 HES HoluE FH 3 v&S v
Wt A HAY §88 8lud 4 Qo vja X2
A2== BPMN o Al[13]¢] Stock Maintenance, The Nobel

Prize Process, Shipment Process, The Travel Booking
Diagram, E-Mail Voting Process®] 57}A] & 3ht}.

Alorst 71y vl E 93 BPMN 7|9t 2d w58 o]
43 7|H[6]7 BPMNO 2 RE AAg g Zox DFSE
H2E FAeo]x AAstE 7] F 7 71EE vlagt)

T 7FA 71 BPMNS 7|dtoe = st Bid H2E
Fol A2d HAES A% HAE Aolsg AYHER A

SRR FLc

%XH'E?}% e A A
Eal

= Table 9ol 4]} 7L0] e

ax, #8 A4z, 28 9y =10
- WA 24y 62 4R gedes, Yo g
Table 8. Test Cast Specification He 2gde] Tog ASE A H]ﬂ Zagss %
Test Case ID TO01 3 BRC(147 B% e Zg a4 2so|t)
S—AI—A2—>A3—>A4—>A—>A6—>A4—>AT—
Test Path A8—>A9—>AT—>A10—A11—A12—>AT—Al3 )
S Al-F1 Table 9. Process Comparison
Input Value Process Split Cycle Cyclomatic
Gateway Complexity
Output
Stock Maintenance 1 0 1
1. Start Event .
. Novel Prize 1 0 2
2. Contact target
3. Identify target Shipment 3 0 4
4. Decision target ID Travel Booking 4 2 5
5. Request target information E-Mail Vofi 6 3 6
6. Confirm target information al vorne
7. Decision target ID
8. Decision weapon BPMNO.ZHE X A T DFSZ HAE Ao]|AE
Expected 9. Report weapon

test scenario

—
o

. Change weapon

—_
—

. Decision weapon

=
Do

. Engage target

—
w

. Battle Damage Assessment

—
o~

. Report result of engage

—
[o2]

. Decision weapon

—
[op}

. Search target
. Contact target
. End Event

= =
[N

AAsh= 7IH e BE Event, Gateway, Activitys =E=2 ¥
gste] 2= QAP F DFSE 225 g3t BPMN 7]
LlgRe “*% 7188 EA Gateway? Event H3F 73S 2§

W3l & SCC(Strongly Connected Component)

2 Heg l"ﬁ:ﬁ] 3to] DAG(Directed Acyclic Graph)E Zrolu
= WHE gz A8ste] ARE AAS AAS 7
W3l e 7|ue 2 AAS Ha Z2AA HAE Ao A
4% Table 103} 2t}



132 S2MEStel=2X/2ZEA0 3 HI0IH S Mo M3=(2017. 3)

Table 10. Number of Test Case 2) 8 S8 93t Hr}
o . AG Suggested FTE FY Y =8 drpy Fol APEsteA &
0cess Method Ak WS AL A4 oY ==E /B 2UE G
Stock Maintenance 2 2 2 oA RE AR =& F9] 33 nd #AE FI FTE F
35 o] Ao F Absho)
Novel Prize 2 2 2 8 RG) () E4 A
Shipment 4 3 2 k
R(G)=(D,P)/n §))
Travel Booking 15 9 6 k=1
E-Mail Voting 64 5 2 B E =t
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