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Development of a Modeling Methodology to Capture
Collaborative Processes and Its Verification

Sunhwa Lee

- Kwangyeol Ryu

Department of Industrial Engineering, Pusan National University(PNU)

As long as the information systems are spread out, various efforts are being attempted to get the effective results
by the system. As a result, a new management strategy has been appeared, referred to as “collaboration”, and it
is necessary to use a right methodology for modeling collaborative processes accordingly. Even though many
modeling methodologies such as IDEF3, Petri-Nets, UML, and ARIS have been widely used for modeling
processes, they are inadequate for clearly representing collaborative processes. Some researchers, therefore, have
suggested new modeling methodologies for describing collaborative processes including CPM (collaborative
process modeling). In this paper, we introduce an extended version of CPM method (i.e., exCPM) as a tool for
modeling collaborative works after analyzing advantages and disadvantages of aforementioned methodologies.
One of distinct characteristics of exCPM is that model verification is possible by transforming the exCPM
models into Petri-Nets models. We also demonstrate transformation of an exCPM model in this paper with case

studies for model verification.
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AHE 19 ZEA2Y YR 2] DA 232
QA ARUA AL o}f WHORA YT Z2AE &
2 93l B2, ) A
Aol nag 3 M Wé% 94 2980, 4F 20 A
z "Jxﬂ% ] 7] A TA oA Xﬂﬁ
70%7+A A 3} 2 2 (Thompson, 2007),
S Eole AL A Z2AE
A E 29T+ U AEE 8T A st wehA
A28 F59 ¢ AR A g A28 B4 g AAE 9
FREY 7N &8 xF Fasit T 5 A

Z 2N 2 22 e IDEF3(Mayer et al., 1995), UML(Booch et
al., 1999; OMG, 2003; Rumbaugh et al., 1999; Pooley and Stevens,
1999), | E 2] Yll(Petri-Nets)(Petri, 1962), ARIS(Scheer, 1994), BPMN
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(Kim et al., 2005) & ThoFg W %% 283 73 ok
Je ol mdE ‘ﬁ%ﬁ
g5 & 913 2ol b
Z AYERA 25 Bee 29
otA &tk 1 A F BEA < 9
A FYZEAN A
CPM(Collaborative Process Modeling)©] 2h= &
E H”?jiol A k= B 9l BH(Ryu and Yucesan, 2007).
T A GubAe] ZEA 2 BdY Y E
—13}04 AYZEA 2 2o B
g o g 7]& CPMY iy
221 exCPM(extended CPM
T shihe Bl it A%
B =EqA s $4 exCPM
o]d 2dS 3 Eg]ull(Petri-Nets) ZE 2 1
(Transformanon Rule)S 4 2lstx, o] 5 W
S &8st nd o =27}5 4 (Reachability)
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2. 7| A7 2 ApEA

2.1 IDEF3(Integration Definition Language 3)

IDEF3&= Al2"o] A AdPF = Z2AAE £3F 02 &
ol ZEA 2 ZF AFTFAE MY 8o wet 28T
= A TH(Mayer ef al., 1995). IDEF3E o] &3 md g & 24
25 A FYstA gofd F o TR XY SES F
Ao g2 AT 4 ¢t} ReferentS ALE31 Yo FAE &
T #2718 7 7 sty ol BEd AFA 0% ddE A
o7 FFlong gl st g FAFA o
gk Aol AV EAetH, AAE 2l O 2SS A
3}A Z=ThRyu and Yucesan, 2007). Yim at al.(1998)2 IDEF0

(Mayer et al., 1993)E IDEF3Z ¥ 33}3 thA] HEZYUOZ 1
33l HPES A|9HgE v} 913, Santarek and Busief(1998)% IDEF
g AEGU S BRYA 02 AHgsto] A 2xHlE Rddste W
Ae Aldehe 5 2del g A5E AT o2 d771 13
RIS R B 1) K I B R o B R e e
T ol Ay H upt gl

2.2 UML(Unified Modeling Language)

UML2 2 3 2 & A| 2=
id Object Management Group(OMG)©] T}

de2dd e =T T 1997
A2 23
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7 177

skt AHgete AHEEY EFEORE FASHIL YTHBooch er
al., 1999; OMG, 2003; Rumbaugh et al., 1999; Pooley and Stevens,
1999). UML-& AF&-5t7] 441, 2@ & o] s, g4 o] # o]
W H|Fd 2d 7 o o] H(Quatrani, 1998), Al 28 2] 2 7] 9=
BAgle] Bd AN ZddE & 5 U Ryu ef al,
2003). o} & 74A] o o] 1§ & Faf vhef e E7]W & A Y3k
THUML B¢ §9 £d & SA7E ATk UMLS 784 (Swi-
) o 83151 4 8 —?Hz} S o e F
A7 A o) ol 101]fH§E§LHv;°iﬁi
A A €t UML ﬂ]s}w LS IDEFQ},] EE R AR-RS |
th 3k A T(Kim et al., 2003), UMLE 2 & H E 2 93g
k= 2

71
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2.3 BPMN(Business Process Modeling Notation)

BPMNE Z2 A~ RdlE Br|He FZ208 YIgZ2¢
A EAG N 2Y~ ZEA2ES AT BElste AR
Eo] AFE3817] $13F =<1 BPD(Business Process Diagram)9}
g7 BPEL4WS(Business Process Execution Language for Web
Services) 29| 34 M= Zt}. BPMNS Z7H, vl E70
ZEAN 2 74 5 2L BB H2AYZ ZEA X NEELS
EE A ERYA A T 15 22 Y NFETHA
BAA0R HEe) Fo2H AFAHY H2Y2 Z2A 20
71%5& AR A7) Z o] BHKim et al., 2005). BPMN =3 L EU}
A AIE FaA S vebd & d7lE St UMLA vt
M2 g 8 FAE FHeobete FHZEA 2 B

Foll= Aozt & gint.

A&l

= b

o &)
=

2.4 ARIS(Architecture of Integrated Information Systems)

e

@

ARISE H|ZY 2 T2 A2
Event-driven Process Chaln(EPC) -8 A)F-¢th(Scheer, 1994).
ARISE A 715, 24, vlolE], 2% #4372t Aol A A
H MA S} BAE o] &3t ZEA2E FH3E= HE
g A4 oA 7k BHE AL 9o o] ARIS A
(toolset) S E3 | YH T} ARISE IDEF3 &-& UML 2] %
A HHE B3A 3 FA g mdo] 7hEstth van
der Aalst(1999)= EPC E S HEZY O Z M3l o
sl dskd e, ol = ARIS U =3 mdldf o A3
ol gl7] wiolth. 2yt 119 Ao % EPC Bl o
g g gA o £ 2242 1HEA Gtk FY ZEA X~
of thgk FEY M A dF Z2A 29 HdE A
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178 o] A3} -

9 330 e} thE 5 glen

ZeA2e 2t 8 249 T4
Al 8 & 3lthRyu and Yucesan, 2007).

2 ofoll th 27FHEEA

2.5 Petri-Nets

¥ E 2] Y(Petri-Nets) < Z} A& FHste Al
A 2ol T3 B4 o] 7k Apalo
2oy FFRYAN2HE A 7410}7%14 s
£ 31 I THSantarek and Buseif, 1998). ¢ ‘ﬂ'z—.  HEY L
Z o] 2(place), E A M (transition), O} (arc), EZ(token)
U 7kA 84 2EE "o HEGY S o] &3t ZY
AN2HS EZ9 58 S FATGOZH A AHY FA A
ng o= & o 9t 22y A EYl 29 3 IDEF3
UML3} Zo] gdo tfdk 80| HasiA Yeya &
ol HEZU R FAE 2TT ‘tﬁ/\ﬂ%«]QX]
%A}—Y T BE Activity7} 2 Z¥ ZHol~ EE EW
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2.6 CPM(Collaborative Process Modeling)

CPME A28 Yol EAst= ¢ ﬁ—j— N 2=E % s A9
1 £ e HFY 2EdE oA W82
Ryu and Yucesan, 2007 &), ZZ A 2 0|11, UMLY +
A QAT RO Z <Table 1> A & Hho} Zho] F 8
MRS FHRAE ZET CPMS YR EE /9 23 ¢
ZeA2E EEY 7|3 o] &3t RHSIEE o5 HHA
S & ytotsly] 4t CPM ER Y 7 ZEA 2% o] & T3t
= FA7F BAE o] ool uhet st 2Hl yjof of 2
TFAY ZEANAE A RED 5 ok B, CPMS T3 ¢

i\

rlr J

Z.
A3
2= 0]
T3

Table 1. CPM elements

Symbol Description Symbol Description
_____ Normal process — | Synchronization
Ackr Iy
Intra-collaboration .
_____ —r Process transition
Actww_or process
Inter-collaboration
Resource
process
Q Decision 5|3 Reference note

w324

A 2de 7 Eg)Y(Marked Graph) 22 & ¥ $o] 7}531H

o1E $@ R £Y 3 4F0] b5 ke A E 2ED. 1

AU CPME 4 Z2A 20 tigh AAZE BYE ] off
I, @AY w3 FAL FE volHE 28 e

A7} AT <Table 1>9] FAHLAE &8 7Hd¢ CPM 22

9] ¢ & <Figure 1>} 2t}

a D24 0lE NeEm
o _ =3
dy dYy

Figure 1. Exemplary CPM model
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S}, IDEFO(Mayer et al., 1993)<] ICOM(Input/Control/Output/
Mechanism)3} o] H&AF S 7h= AR 28-S F3) 7|7t
A B ko] 758 o et

o] g3t 2ol @‘ﬁ/] 4 Oﬂﬁ 71E
B2 5)

SHln -2y

Medsd 2L /K]-?fLo] u}oﬂg olo

FUZ2A 29 A EH OIS Tl FF DA 7T
ol vig] AL 5 glofok &
[¢]

+ A2 RUE o] 7Hgs

Table 2. Comparison of process modeling methods
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3. extended CPM(exCPM)

3.1exCPMY Y, EQ H 7484

exCPM 2 CPM 9] Y Z2 A2 T QoA FHE
ASHA Z2A A 2ddo] B3 1 9 WY AHE =

ddte] 712 CPM S AR W Eolth CPM & 871
o] FH QAT o] F 7 HFH exCPM- Petri-Nets®] A E|EZ
(State token), Colored Petri-Nets(CPN) (Kristensen et al., 1998)]
A2 EZ(Color token), IDEF02] ICOM 71'd-& WY 3IHA 10
7HA 9] FH L AE o] FA HATH<Table 3> =), =3, exCPM
SAEA A& EA4E 2] A5 Al 7HA Bl (Y b
BEA/ )] ZEH2E <Figure 2>9 ool A & 4 9]
T Hioh o] Al 9oz yr o AT A WA ol
T ZEAZAEE, FHA 9L ZeA 29 3 JHE

Criteria IDEF3 UML BPMN ARIS Petri-Nets CPM
Very simple Fairly simple, but
Model Simplicit (but not available Simple Fairly simple Simple complex when a Fairly simple
pherty for very complex P Y P P model size becomes Y P
models) large
Understandability Very easy Easy Fairly easy Easy Mostly difficult Fairly easy
\Y% k
Standardization Very strong Fairly strong Strong Strong o We? Strong
(many versions)
Data Expression . o . . . o
. Impossible Limited Limited Limited Impossible Limited
with Processes
Fairly strong
. (restricted to .
Representability | Not very strong . Strong Fairly strong Very strong Strong
diagrams
supported)
Dyvnamics Impossible Impossible Limited Impossible Powerful Impossible
Y (Static) (Static) (through BPEL) (Static) (with tokens) (Static)
Limited Possible Possible
ith Limited ith but model
Collaboration Impossible (wi ) : mt -e. ) (Wl . (but models Possible
collaboration | (with definition) | organizational | normally become
diagram) symbols) very complex)
Not directl
Not directly _0 1r§c Y : Not directly Not directly
.. . . (via Petri-Nets Possible . . Powerful . .
Model Verification| (via Petri-Nets . (via Petri-Nets . . (via Petri-Nets
. transformation for| (through BPEL) . (with formalism) .
transformation) L transformation) transformation)
certain diagrams)
Not directl
. ot dureety Not directly i Not directly Not directly
. . (via WITNESS or . . Possible . . . .
Model simulation . (via Petri-Nets (via WITNESS Possible (via Petri-Nets
Petri-Nets . (through BPEL) .
. transformation) etc.) transformation)
transformation)
Real-ti Possibl
ea. 1r.ne Impossible Impossible ossibe Impossible Possible Impossible
monitoring (through BPEL)
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BHEZCZ Al AAE £3 FAE ZYEZCZ Yehd o
Z Qs FPZEAN2E ARHOE Bofsty] 44 st
HolE e 55 £d3t7] 93 IDEFOY ICOM 7'd< =9
3t ot exCPMA A+ ResourceBts T4 L47F &40
o] & Mechanism# 55 & /fdo|Bg EZA & &0]7] 9
&l ICOM ¥ Mechanism< A 2FskGith. 18] aL 7] &2 CPM +
484 Z Reference note= ICOMO.2 AN 242~ A
ol 7Hs st B R AASH itk HolH o S5 A~ 55
S gutA o2 AXEA] e 7 RO EZ Input, Output,
Control& AX A EE AFE35}9 Process transition?} -3}
o} 28kl Decision¥} Resource, Synchronization 7] CPM
9 THRAE I E WEY,

Table 3. exCPM elements

Symbol Description Symbol Description
‘ Normal process | sy Process transition
Intra-collaboration
Q ===== | Input/Output/Control
process
@ Inter-collaboration L
—— Synchronization
process
O Decision [ ] State token
[ )
Resource Color token
5’8 ®

exCPM Y| 2 54& Qokstd thg3) 2ot

Z Z AN 22 A8 (Process-centric) 2] B HHE

CPMY] FH R 4E HE O 2 31, & 10

2 o] Fofq

AYEZS T 54U 3

D A}/ HUZ=A

kel A @2 02 votaty] 4w

- HEZUY B2 A gt 2 XHo| 7hsdty, 22
Ao AN BUE o] 7he g

« IDEF0Y] ICOM 7B =YL EaA Fuloly 589

s s

Ho
T

exCPM&] Formal Definition- Th- 2} 20| 10-tuple = 4 2] H .
exCPM ={P, CT, ST, PT, D, R, S, I, C, O}

(1) PE Z2ZA 25 J T2 iR/ RHY Z2A

w3d

29 gRgoE 3o A
P=P

Normal U f)lmm U f)lmer = {pk ‘k = 1: o K}

PNormal'% %].E]_]: —l—z-ik“_)_\_%, PInzraTL_—_‘ l?—- %%}Ei,{—“i\_%,
Pros 9% FUZEA2E YE, ke Z2A 29 49

= >
£

M3 k=1, K)Z Ve

Q) CTE ZEZY JFoq A2 FYst= P9
o A& ek

CT ={ct]

k=l K,a>1}

o2 ZEA2 p o) BYEZY A4S tehln, whef o
gkol 10]% Quh TEA 25,2 o) 9] gholw WY ZEAH 2~
2 vehioh

2 EZE B4 Z2A 2

ST = {st/

u=0orl, k=1,-, K}
we Z2A 2 p o) AU EES] £4) 78 ehi,

(4) D DecisionE9] A Fo 2 ZZA
d8-S g}

[
fo
ol
o

el
ue)
ol
rr

D=[dl,y|j=1J5 f =L kL Y ={p k=1 K}]

jE decision®] YHWMIE, (= decision®Z E0J7}= ZEA
22 W3S Y decision Mo e} Y= Z2A 29 Hg
< w3,

(5) ST Synchronization= 9] 2 57|3}H Z2A| 29

SEe XAT
8 =fsf i o= 175X}
x© Synchronization®] ¥ @M %, L2 Synchronization ] X

ZA 29 Fg ML Synchronization ©] & ZZ A 2 9 decision

o) 213 27} vehit,

P

(6) PT< Process transitionE 2] HFOZ Z2A 29 558
33

gt

¢

PT=[pt, 5 e=1,, E; o, p € {PUDUS}]

= Process transition®] A &&= P, D
B+ Process transition®] 7}2]71= P, D, =5 89 T4 84, ex
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Process transition®] Y AU S E 77 Y e T tion2] ol = <Figure 2>} ¢},
(7) R ZEA 2 p9] Resource®] HFOE Z2A 2 A Control(e ;)
24z Ang Bela
v
R= {rkq ’k =1,-,K,q>0} Input(f;:) Process #(P;) Output(o,i)
_____________ »] State e
Process L
A & 1= Q) 5= 1
q ii}‘ﬂ Eal pkoﬂ e E] 01 UE RCSOUI'CCQI = % ]ﬂi = L} Pmm ) [Process- transition
EbiTh (Pla,p) (Pl )
\ Color Token( ¢ ;')
®) [= ZEA 2 p & U E = Input 849 F ol Figure 2. Inter-collaboration process notation
[={ k=1, K, v=1}

3.2exCPME o) §& HYZZA 2 29 o

A= ) L ] 5 =
vEpE HHE pute] ARUSE Rl AD7HA AR CPME o Sad YT 2A 28 vl

&3k ol = <Figure 3>} 2T} A ZE 9 p6- “Assemble mold

9) C+ ZZA 2~ 2 YE H+= Control 249 F3to|t}, )
®) L h parts” EE £ A7) T x elog nop v

C={clk=1,~K,i>1} HYs & 5 o FHEZo] EABER dA| o] ZRA|
2e Y FA ke A4S & 5 Utk EF <Table 4> A
iT piE ¥ EE Control®] AU T E VepdTh Aol Ae E2o] Ao & Bol A po LM 2= AL mold

) ] production team(ZH 2] EZ 2%¥)3} mold assembly team(Z 2 EZ
(10) O Z2M 22 p 2R H 285 & Output 8.4 F 3ol 3W)o] BT 9SL o 4 9tk ATE exCPM T4 L2

T 2 T S84

o= Uehd A & A 2713 AL 2 EZY 7=

e Fol7] Y Aoltk p6 ZEA 271 = o] Stan-

Uehdt, dard parts®} Mold parts7} InputS. 2 AR50, 8 A3} As-
sembled mold”} &¥ ¥ 1, Assembly procedures”} Control 8.4

exCPMO A 423t &) 5 FAZZ AN 20 TS Process Nota- 2 HLH 1 s & & Yot & g2 Z2A 29 p32

0={o

k=1, K,z>1}

= pol A 2 E = Outputd] ¢HH S

fitfe

KS KS

L 4

p2 Mo ps
Purchas ves Manage the
| request St purchasing list
4 arrived?,
ey [OFNN N— — &
Needs Standard Parts
Preduction planning and
scheduling rule/ Workload Assembly Injection molding
; Deadline/Quality standard procedures condition
‘:. ' parts | H
H — v
pl ] p3 H 6 szembled roved
Production ; P mold [ P7 PP d
. planning and Makingipaits Aszemble | H.. o e
Real scheduling of a mold mold parts Trial injection
data

D @

Order

@ @

@ @

Mold parts
Deadline/Quality
h 4

p4
Making parts
of a mold
ﬂ (out-sourcing)

®

Order

Figure 3. An example of simple exCPM model
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“Making parts of a mold” JF2 A4 gfYolnz gt = 2A| 29 P md-& AW <Figure 4>9F 2t} <Figure 4>

ZA29E, pT2 “Trial injection” Y2 247 ALY of #HH ol Folshe 713t FAlo g9d 2y EL

DE YEYY Z2A2YE ARHOE ¢ 5 YTt =

22 p72 A Quality management team(Z 2] &

9] Trial injection team(ZHEZ 7H)o] L} L ASS & F Table 5. Company and departments for model in <Figure 4>
l

AL AHEZE EAA FOoRE A FAFel ohH, Company Color token Company/Department
Resource 45 E3] 289 AAE 2740 B3 do]gH) Company A Mold design company
o7t E 8 A8 ARG 5 Y @ Marketing/strategy team
@) Mold design team
Table 4. Company and departments for model in <Figure 3> ® Mold production team
Company | Color token Company/Department @ Quality management team
Company A Mold production company ® Process control team
@ Marketing/strategy team Purchasing team
@ Mold production team Company B Parts production company
@ Mold assembly team @ Marketing team
@ Quality management team Parts design team
® Purchasing team Company C Mold outsourcing company
Company B Mold outsourcing company Mold design team
® Mold production team
Company C Trial injection company 33 exCPM YD HEDNY oo W - A=
@ Trial injection team

=
exCPM S 883 & o] B3 nelgo) o2 FFAHA = Marked Graph Building Block(MGBB)# 29 ¥$HS & &5

CAEX|E KPL

L S v v

=(p2
wi}iﬁhﬁlﬂku CAE®f|Ad
=4
_oo® o |
el B
= v h A v sy - )
P8 “=|p9 p10 7==[p11 azsss
EESERES _: FEzaygy | ¥ =z W cosc
IR I | © ®
CAESNE ==

-
@kr
@

Fzans

Figure 4. Exemplary exCPM model
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Table 6. Marked graph building blocks(MGBB)

Symbol Marked Graph Building Block Symbol Marked Graph Building Block
[PO] Input for Output for
’ _ﬂ_po extension extension — (Spllt type)

X - Synchronization
D0 *@ H-0 (Join-type)
Normal Process | [P1]

@ : : Decision (linked from a place) “apa()

Intra- (P2] Process transition | (link places to transitions)
collaboration ;8
process FON (link to transition)
@ Resource
Inter- Ending mark :((; (start)
collaboration (additional) - link to the first transitions
process (end)

g olate] AHE3 A THRyu and Yucesan, 2007). & =%l A A
el exCPM W AM = CPM} FAE S 538 2d
#H3ko] M5k, Mol o Eo] 9lA e A A3

EZ AYEZ Syl 24522 7]Z9 MGBB % T4 -5
3kl <Table 6> o] Hofstglon, o] & WY Wt &

ment Level)ol A Al 7FA] } ol whe} HEj EZo] Y H = o
=R e

Table 7. MGBB selection rules for transformation

9}
= Level
o g} 3} 7t} Process eve Company | Department | Individual
< U
Normal process [PO]
Rule 1: exCPM 229 7482 3 MGBBE A o5 A & Intra-collaboration (PO] P1] 2]
2 Inputs/Outputs/Controls & A5 A A gk}, process
Rule 2: ¥ 32 Marked Graph®] 4~<(Company, Department, Inter-collaboration P1] (P2] (P3]
Individual)& 2 30}, process

Rule 3: A9 ¥ MGBBE o] &3} exCPM 2d9 7+ 8 &

Normal Process

= VEY Rl 2 AT o] b, Rule 21M  [Fpmcion |
planning and
Adg ol ohe 242 i MGBB T4 | —A-©
L4 /0 9& <Table 7>& ] &3t
Intra-collaboration Process
Rule 4: W%d A Efule) ppA ot ZRA2E YER= 2 o)
QB EY Feol 2% A TR L YehE g |
" X
59 EFAA Atold] AGrtIE F7leto HE
E]l;l El_lﬂa] g L}é ]5{11:} I::er-c'ollaborzlllonProcess
Rule 5: exCPM 299 Z2A A7} AHEES 714 7%, injection
® @
YesE UgERY 7 A YU REE s
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