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Collaborative Process Modeling for Embodying e-Manufacturing
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e-Manufacturing can be referred to as a system methodology enabling the integration of manufacturing

operations and IT technologies to achieve objectives of an enterprise. It is recently regarded as a powerful
solution to survive in a chaotic marketplace. While conducting an e-Manufacturing project, we first needed
to capture collaborative processes conducted by multiple participants in order to define functions of a

system supporting them. However, pervasive process modeling techniques including IDEF3, Petri nets,
and UML are not sufficient for modeling collaborative processes. Therefore, we first briefly investigate
several process modeling methods including aforementioned modeling methods and ARIS focusing on the
collaboration point of view. Then, we propose a new modeling method referred to as Collaborative Process
Modeling (CPM) to clearly describe collaborative processes. Also, we develop and illustrate a rule for
transforming collaborative process models into Marked Graph models to use the analysis power of the
Petri nets. Using CPM empowers us to develop collaborative process models with simple notations,
understand and facilitate the realization of the collaboration, and verify models before rushing into the

development.

Keywords: Collaborative Process Modelling (CPM), Marked Graph, e-Manufacturing
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Preparation System Design Development of System
p? and Analysis e-Collaborative Hub System Integration
Analysls of N
Constitution status and Selection of Implementation of a system Testing operation
of project ==| requirements target managing design information of the hub system
team of participating services
com}iames ion of a system which 1
l shares and distributes design info.
Analysis of De System integration
ol Re e, Implementation of a c(‘)‘nferencmg and stabilization
system supporting ion
processes models
l I - \
5 Research Objective
ToCess .
Design of e .
development for|_| o To 111ustrat§ a methodol??y for modeling
e-Collaborative T “collaborative processes
Unlb Gyt ‘ = Collaborative Process Modeling (CPM)
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2.1 IDEF3

IDEF+ Integrated Computer-Aided Manufacturing{CAM) 2
AEeo dgoz 1981do] L 277} HQoH IDEF,
IDEF1x, IDEF3, IDEF5 5 o8] 248 wiS Aolsiu 9ot
(Mayer ¢t al., 1995). ©] & A|2H o] EA|8h= ZZ2A| A& A9
317] Y&l 7NikE Aol vl IDEF3o|H IDEFOE o= A%
ZA2E Aokt =55 & 4 YTk IDEFO7F A 28 o]

X

(Mayer et al., 1995).

YA AN FHEAE AT ZZA|LE IDERY
Process Flow Network(PEN)S- 0]-8-5}e] <18 2>9} 7ho] =g
28 5 JrHAAS N T2 AE Y T2 A AE TH))
$13HolTh. IDEF3E o] &3 Ll g2 Z2A~E A xHs}

2 sjoh 4 3loke Aol Qo ol A udod) 2
WOIEE T2 58S olua XA 4 gle
¥ 48 R0 A5 4 gk vl St £3 DB E

A A= 9 (Activity), F 7]5(Function)©] FAA7}E A o] &3l AAE Edlo|Ae] 7+ 39 (Unit of Behavior; UOB)Y] 5+
918 4= Q= HHH(NIST, 1993), IDEF3& A]AHlo] o =24 Ae BF F ‘S}E}E’_ ZHFsobyt 51, UOB 7He] ES &
29 584 o3 AEHEA i 84 WA ANE e m2A|AQ A9 ol9 DA U5e] P9 FAS HAY
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2.2 Petri Nets

Petri nets> AHA(71 AU 3], 244 5)S Ffrote Al2E
9] FF EFA|2(Concurrent Process)ol|] T3 £ 0] 71531t}
£ AM0] 458 Rl YO ofe] $R9) A2RE
3]’ﬂ‘4’ ‘HFH'S]J] ‘?’]SH Lqﬁ] /‘]"&51011]_1_ /\)\E}(Santarek and
Buseif, 1998). YHFA 2] Petri nets Z#| o], EHMAM, o}=,
EZ Y 7R 842 2dgddAt) 53] Marked Graphe Petri
neesol] EA 8= 2t Sdlo] 27 .4 g h Y A A =

= .
F

iy @E}(Thwusangu and Rangarajan, 1995). Petri
H A ~HL EF(Token)] 3ES F7]
ERET PP RE PP MRS

Marked Graph® o] 830 28 A|243} AR Q<) B9
& Rde de <1y 3>3 gon 7 Zyo|xe ERA
”9‘<ﬁ1>ﬂ‘ﬂﬂﬂ°1ﬂﬂ‘°Uﬂumma<ﬂ£1qgg%
9] dl(<28 2>)9} v} FA 2 Petri nets 28 T3 EAd O
g F ¥ o] J&aA YA etk 7HE 05e dA| 959t
o] @lo], 2831 04, 07, 011 AA R g A WA= o
g 57X e ol Bag e ool A BF L2 B
ko] Zyo)2E FHEEE AP o7 LRaE|E IETh
A ZAAS YehlE S og ol AL Fesr] s d
= S0 < 1>9 Description F2o| PAIF FE 3o} Petri
s R9] 298 o) O A o3k 94 2
2 Petri nets £ 2 ‘IU]- IDEF39} v}/l A 2 2t T2 A AE
Fashe Ao o R Y BHS AN A et A7

1% 3. Marked Graph& o] 8¢+ &

¥ 1. <19 3> 9] Operation¥} Event

A2 Z2A| A BE O o,

Operation Description Event Description

Ol Waiting for drawing/part list'mold models El Drawings including mold models and

02 Generation of CAM data part list are arrived

03 Transmission of CAM data and corresponding B Generating CAM data is completed
process info. B3 CAM data and process info. are arrived

™4 Detailed production scheduling E4 Detailed production planning is completed

05 Verification of part drawings and production ES Decision of outside order or self-production
planning E6 e (always occurring event)

06 Production of parts of a mold by a contractor E7 Material and part is deposited and verified

o7 Detailed production planning E8 Processing operations are distributed

08 Delivering process information B Schedule is rearrangedor additional works

09 Distribution of processing operations are completed

0O10 Rescheduling E10 Making parts of a mold is finished or

Ol11 Making parts of a mold parts produced by a contractor is delivered

012 Inspection of mold parts Ell Inspection is done or additional finishing

O13 Perform additional works touches are completed

O14 Post-processing El12 Post-processing is finished

O15 Assembling parts of a mold E13 Parts are assembled into a mold

016 Final inspection of a mold El4 Final inspection is completed

0o17 Perform additional finishing touches El5 e

018 Finishing up mold production
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<2 3>0] YER Marked Graph 29 9] of = o] = 3} 29| &
g b melolm A Wl ofe] 24 1 e OhE A
olo] AL F IR &=T} Petrinets 2 ©]-&3 FY 2l
o2 gAY Z2A 2 2 A E 34119 Petri nets B2 o]
7 m@ste] A2 EZA A T FAS BL =3
o} 2o 37|17 AA o] 23t 73 Petri nets Z& o] FEA]

& TS B A A| Ft} Petri nets & 0]-8-3F o 2] 714 4 Y

£ Pex nas & 0|5 208 o) 291 ol A% 2
Z7lde BEstA] F& tholo] 2 o8 3 9l(Behavion S ™

A1 g @ 7} 9 thvan der Aalst, 1999).

2.3 Unified Modeling Language(UML)

UMLE AT AZHE RAYEE BT 3 2
19973 Object Management Group(OMG)©] ThFEH A 2H S &
93 e o AR AR BEoz TS U
(Booch ¢t al., 1999; OMG, 2003; Rumbaugh e 4/., 1999; Pooley and
Stevens, 1999). UML2 AH8-6}7] 4131, 8] s, 3
o] Holt HFd g Adojo]m(Quatrani, 1998), A28 9]
719k #AIgle] kg #R oA RS & 5 tHRyu
et al., 2003).

UMLE ZA 3% tho]o] L& (Structure Diagrams), 3§ T}o|
O] 1 (Behavior Model), 1811 2 ] tho]o] 12 (Model
Management Diagram)] Al 7}A] 78| 28] & zt1 9lem 7+ 7}
gag] d2 ofg 717 tholo]1gl S A AFTHOMG, 2003).
744, d%F tholo]1-& Abe tho]o] 1M (Statechart Diagram),
3% tho| o] 13 (Activity Diagram), A] 3 2> Tho] o] “13(Sequence

225

55 AY3f Egk UMLE Object Constraint
Language(OCLy& ©]-8-& 5= QUA| Fo.2M F7123 #A 27
S RAT 5 M st REH Y 2l S S
(Siikarla er /., 2004).

B AA B AR oA s s = AlFAEA 3 UML
&5 tholo]ag S o] &ste] RAYS ode <Y 4>9 2
o} <29 4> 9] UMLE Y o)A “Design review”, “Final revision of
product drawing”, 2] 11 “Final evaluation of product design”-> ¥
2 m2Al2solh e UM ol 8 IS HRlE 5
Sl WS e AFen A Shon e 2 gae) &
A7F 774 HEs] 28T 4 gk 784 Swimlane)S: ©]

T

Diagram)

goto] 7 Yoo FAE RAL 4§ <2 4> M9 2o
TYA9 AAFE Y Z2ALE I $E Joy3
o)’de] FAZF FA Fddke ALY B¢ olel i &
< % ol AA k.
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2.4 ARIS

ARIS(Architecture of Integrated Information Systems)s= H| 212~
IZEA A EdES 93 Zdlg) 7 O F Event-driven Process
Chain(EPC) WS Al 38FCKScheer, 1994). EPC E.dl8)-& ARIS
(IDS Prof. Scheer GmbH)Z H] %3} SAP R/3(SAP AG), LiveModel/
Analyst(Intellicorp Inc.), L8] I Visio(Visio Corp., MicroSoft Corp.)o|
A o) gE 1 Qe Ry WhHog y|EAo g =g 7dy
(o]]: AND, OR, XOR)E ©]-&-3F o]l E(Event) 9} 7]5(Function)2]
AZAZH ZEA|AE T3} eEPClextended EPC)= EPC T

Rl

Azl Hole 5o HlZzY2 @ BAEN 24§l 7}

Product Design

Product Development

Market survey
(including customer needs,
competitors, etc.)

Target goal setup
(quality, cost, etc.)

Check functional L
specifications -ayout setup

Concept & idea
sketch

Material
selection

( HCOS! analysis)

Product design

Design drawing

%(Design

(2D & 3D)
(parts and assembly)

review)

Design mock-up
development

Consultation of

draft proposal

ING] evaluation

Design Engr. Services
evaluation (CAE and injection
molding analysis, etc.)

evaluation

[GOOD]

[Goooy‘

ING]

Final revision of
product drawing

development
Final evaluation
of product design

Product mock-up

evaluation

S

[GOOD] Order to make
a mold frame i

FAA ZEA| 2 R 4,
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AlA Edgste= WHo|th ARISE FA 7] (Function), 2%
(Organization), B|©|E(Data), 23K Outpur) B3} Z} 7 ol A
olel AN 539 BAZ o] &3] L2 AT Falshe 2
EE(Control) ¥4} B4 7HA] F(ViewE 2EaL glom o] =
ARIS toolset2 3] A FHETE A7 FESG AL vl2 23 &
Holw Ad 715 77t Fdst=A 2 3 FA - g
R u3o] 7P stohe AolTh mebd the) 48 FAk 4
¥ A9 ZEA2E ARIS S T3 Rdeo] 7hsetA |
th o & o], <a” 4> U O HAE FES EPC Y
2 7hehs) BT <28 5>9) 2okl Holy 2 29
of thek A T d-E AH).

van der Aalst(1999)= EPC2] EventZ Petri nets®] Zd| 0] A=,
FunctionS EW A 2 n| YA 7] © 2K EPC B &S Petri nets
2 wgkats o tiell A8kSiTh o] UML 3 IDEF 4

Product
Development
Team

Product
‘ Design

Team

Evaluation
result is
GOOD

Final revision of
product drawing

Product
‘ Development
Team

test is
failed

Order to make a
mold frame

A mold is

ordered B35

¥2. ZEA2 wd b 7o) EA v

= .
F

revision is
completed

Mock-up

Mock-up

successful

HYF - o144

3} vh7FA] 2 ARIS W FE3F consistencyY completeness 5 &
dof tf3k A= vy o] §17] w&-o] thvan der Aalst, 1999). ©] 2}
2 ol & ofe] By o] the Petrines 2 o] M5 B
ARGl thek B& A7t olw] = v JlTh2sd FX).
vt 219 A= EPC BElof| ti g W hel] B Ao g 423
22 18 ¥ A Bkt HY A 2ol thg Petri nees HEH
A G T2 20 B A - F Z2ALE B 220
we}chen) 24 4d 2249 44 g nene o)d e ¥
27} RkEA] Z stk

25 T2A A 9y v

N2He) Z2Asg 2U] Aol AHEEs D
Petri nets, UML, Z12] 11 ARIS&= /]9 & 2 A3 o) ujg} Z+2t

Product

‘ Development
Team

s Product mock-up

development

Product
mock-up
is ready

Product

‘ Development
Team

Final evaluation
of product design

Criteria IDEF3 Petri Nets UML ARIS
Model complexity | Very simple Fairly simple, but complex when Simple Simple
> a model size becomes large
g Understandability | Very easy Mostly difficult Easy Easy
% | of models
E
§ Standardization Strong Very weak(many versions) Fairly strong Strong
E Formalism Not existing or very Existing strong formalism Partially existing(e.g., OCL) Not existing or very
small(elaboration) small(elaboration)
Representability Not very large Very large Fairly large(restricted to diagrams Fairly large
supported)
;Qé - Dynamics - Limited(temporal relation | - Powerful - Limited(temporal relations between - Limited(with logical
g links and junctions) entities or objects) connectors)
& |- Collaboration - Not possible - Possible (but models normally - Possible but limited(with collaboration | - Possible(with
e . o
% become very complex) diagram) organizational symbols)
g,?" - Multiple actors of | - Not possible - Not possible - Limited(with swimlane) - Possible
E_— a behavior
# | Model verification | Not possible Powerful(with formalism) Not possible Not possible
Model simulation | Not possible Possible Not possible Possible
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W o) o] &3l PP ZZAAE HEEH 18T 5 3
@ maAz AR Aol E Bo) T2 49 A0S &
AU 2 BE A 2 AG AR S E5de 5 2
FEXE A = Ao} 71 Petri nets] FormalismS 0] &

3 A]2~Hl 2] Liveness, boundness, conservativeness, consistence 52}

XN
ol

0{4

o] el ApA o th 3t HS2 & < gl
B Petri nesS 0] 23+ A 2H L o] 2 BEsla F U7
02 oFjsls ¢ o] g wdg W) HlF) o]Fue o

o] Tk o] H 3t Petri nets LA o] B -& HASIHA A ]°ﬂ
Petri nets 2] T4 24 Bl 8- 0]8-3517] 9]3 UMLS 53 &2
3 & UML 2dS Petri nets ZHE W3AT]= ﬂ%(Han,
2004; Lopez-Grao et al., 20041} ARIS 2.2l S Petri nets =& 2 W
SA) 7= AFHvan der Aalst, 1999), B2+ Petri netsS UMLY &+

7 Ao EA UMLY 7]55 RHoshe el tigh a+
(Baresi, 2001)7} 213 B w}7} ok,

P UMLELS o 83 41224 2] S FHE] )
3 IDEFZ 3}7) A]——&o}—‘: whokel] ) &+ AFH(Kim ¢ 4l., 2003), &
L IDEFS} Petri netsS H 92 0 2 ARR3ho] A|AHS ZdlE
8= ¢17-(Santarek and Buseif, 1998) 5 0] & T2 A~ ZAF 7]

Atol o] BebA ARgol sl A7t e el o] gkt o] gt
04:%%8 AT o)z she] mElE Wi o g AJXE A E
W3] TP AL 37 EAEIER o] 59 HeHAQ

plo] 71 nlEr A slos AL whek)

B =RoMes 8Y Z2AAEH
e 7oz 3 9Y RUY e
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3. ¥4 =2A|2 rd2](Collaborative Process
Modeling; CPM)

3.1 CPMS] H 9, 54 % FHLL

HY Z 2 A2 ZH & (Collaborative Process Modeling; CPM)9]]
A RHEE Zeaso) £7E 2 A A Qi T2
(Normal Process), W5 &Y 3 2 A ~(Intra-collaboration), 2] 11
Q)B & = 2 A A(Inter-collaboration Process)©] TF. U 5 F Q&
g 240 BE 4% 2 Alold] RS A 2L
Ske) Az e 941 9] e, 9% Bee B 24l

A 3 LEH@] ME T8 AL 7He] d ). CPME A 2=H)
Yol EAlete Y Z2 A28 B3] Fosta =28 4 3l
S olre ey i olnl hest 08 548 2er

1) CPM& 3 Z | 2~ A1 (Process-oriented) & 2] Wl o] THE
A TR A 20l g AR F410] WA A B A9

2) CPM9] TR AE 71 A 02 UMLY 74245 Hige
2 33 glom 87hA o A 848 FETh<E 3>).

3) CPME YR B /2|5 E¢ Z2A 25 ¥R 7]
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3 —
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3
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c,(d') e ("), e (') Yy ci(d'y); e)(d)) Yy \3( » &) | mold from contractor
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