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ABSTRACT

This paper proposes a method to compare planned processes with actual processes of
bock assembly operations in shipbuilding industry. Process models can be discovered using
the process mining techniques both for planned and actual log data. The comparison between
planned and actual process is focused in this paper. The analysis procedure consists of
five steps : 1) data pre-processing, 2) definition of analysis level, 3) clustering of assembly
bocks, 4) discovery of process model per cluster, and 5) comparison between planned and
actual processes per cluster. In step 5, it is proposed to compare those processes by the
several perspectives such as process model, task, process instance and fitness. For each
perspective, we also defined comparison factors. Especially, in the fitness perspective, cross
fitness is proposed and analyzed by the quantity of fitness between the discovered process
model by own data and the other data(for example, the fitness of planned model to actual
data, and the fitness of actual model to planned data). The effectiveness of the proposed
methods was verified in a case study using planned data of block assembly planning system
(BAPS) and actual data generated from block assembly monitoring system (BAMS) of a
top ranked shipbuilding company in Korea.

FJYE 2, BE2Y, AGdold, AAuold, ZaAsrtoly, TeAsRY, HGE
Shipbuilding, Block Assembly, Planned Data, Actual Data, Process Mining, Process
Model, Fitness

2 =2 01245 WSHE|eRo QYo shard At 712AT AR (No. 2012R1A1A2008335) % (5°)
-2 de AYS wol i AP

*  Central R&D Institute, Daewoo Shipbuilding and Marine Engineering Co., Ltd.(dongha@dsme.co.kr)

#*% Department of Industrial Engineering, Pusan National University(pjh3479@pusan.ac.kr)

=% Corresponding Author, Department of Industrial Engineering, Pusan National University
(hrbae@pusan.ac.kr)

201341 08¢ 229 FH<+, 2013w 09€ 03¥ AHA¢EE & 20134 9€¢€ 27¢ A4,



A

FAAAY LA 4187 A4S

146

Nd

o

oy

5

S|
S|

AEERE
R LR

<]

=

aglo] . ol
ul

i
.

a4 Aiko] o] Fojx|7]

S

e At &

A7 st

st slof we dolest &

=

=

L

L

gul

)

Al A%H o weh e AL 34 wUE

o] thafA,

7}
1

hud

<13

I

A3t Azl o

B

3]
5]
g

o,

st

IT
=
]

o
Z}
2

R

of wa =4

dlo]El (big data)
A

4]
=

tod = 24 Ak4del 7]

o=

dl, ©]

o)

5
2
!
el BAE 7HA7] Al

I gEol =l 24 AR

SHA

#
7V5E
= A

Foa}

ko)
i

=

=

°l

L
T

Moz At o

ol

l

o

AR AZ A7 AE SA A mheltsta

=3

oji

ok

el A

ZA 20 vla, s Yrbd Aikae] 7

v

(dock)ell A & Al

®

PN
T 3

o
=

H

o] A7) EEH A 7},

Az o7k 4= mEo| ol2a, FAVE



24 Aol ZzAlx vl e o] g 2% 2y xeAlse) AN B A4 vm B4 147

2. mA|z vho] YT} el AT
2.1 ZEMA Or0lY

Z2AH 2 wlolde 7] ARA|E oA
A A A LAEE oWE 21
ZRH gu] & AAE FE8 We Ao

S % Zedzsel oS A9 el

o
fEa, Gl g B, 3

T Ad A4 5 Z2AA 53 A
Bt

ZEA2 wpoldell= Al 7HA] 7R §F 9
SAZE ek A ZEA| 2 =3 (process dis—
covery), =4 ZTEAA Rdo HIm A}
(conformance checking), A ZzA2x 2d
9] 7l 2 &AHenhancement)©]th. T E A A

S AlA AR glo] ARAAHE] ol E
RISR NEH ZRAS S AYshs 7]

B} o] TEAX U}O]Hoﬂ/q 71

204 7155 ddo] Bl dX3eA E
= Edo] e dXgt=AE &2l st A
o, E59 ZEAA 2dS JristeE HE
2 olg Hr} ZEAlA 2do) A 2 gy
< oJHE Z10 7|5 AA Z2A F
AHE o] §sto] 7|EY Z2A~ BIS g
et Adshe Aolth A3E Arbe 2
I AA Afole] AYAES FAsHE whdol,

e
WA= of Al 7HA FEel

Zo] ol A&} A
QI WA xﬂﬁbv} gt
ZZAZ mpol g o] FWH L oMIE 21
ojty. ZEAZ who]d 72 ol ET} T
g EMUR 7155 lve A 7P
el oMlEE Ze A2 e AS
EhfH, Shube] Alo]eh e 2

Ho
oME E1= HE o|WlEd| e FbA

ojty, H A4 A1 B4 IT 8¢ 71+
Wt A 3 RUEE Aol s
3 QHg sl Hoja ZEA 2 moly 7o A
&5 A% B2 dlolH7t A5 9= Ao
T3 2 A9 7d g9E E=ola drh



A AAA Y 834 A118¢9 A4z

148

8l
il

o]

=

]Y_‘_

o
=]

ohx7]
ZA 2 vhold 7]

1

B

L
L

o AT

oA =
SR EERE

9

ZA| 2 wlolgel] ThE

OHIE EIE5F HE

3L

i

Al

I 2A| X~

2| 229] H]al

hyA

He ol

129, 1En 2 o

o]
]

Nk
do

I

—_
file)

ZZ2A

ol

-

A3 Aol otk &

s

2~ mlo] Y (heuristic mining), ¥A "oy

Aol &

-

AT

o] HIIMA B
o3 ]

Y

P
T

ZA2E O

3L

(fuzzy mining), €3} "}o]d(a mining) 5©I

A

EEREEREE!

—_—

o
-

o
o

At} ey

<

Z2A

BA2E

mjp

o=y FEg Yl (Petri

<
=4

13

RS

1o st

E
Tl

i

2

o] A&How AfdH

ZAH &

=

=

ofpy

=
o

ZA 2 wtold 7]

3L

oty7] wiel

o) a|

=]
H

AT AHZE Shvk dHlolE wlold 7]

}

9
o

o

wt

ofpy

al

24

3L

o]
H

Z}
2}

ZZ2A
E 284

sk AF7E 131[10],

& o g of

=]
Run

ot

2 wlol 7]

B A

#F

U

5

ZA|AE o]

hyA



240 AN Z2 A2 vhold e

8T BE £

LAz Ag R AH v R

Planned Data

149

Monitoring
System

Actual Data

% % Planning
Project L? R
Cluster 1 :
Block 1
Block 4
Assembly _ Cluster 2
Blocks
Block 2
Block 3
Block 5
Block 5
(Figure 1) Concept of Analysis Method
Agle] G@EE A Aolx HolHE 4o
3hal 3 =

A 7ok A9 &8s AAsH Aok A7 dlolg 7|9ke] BEls H|astaal g,

upeba Algzpse] ofw] Hogt ‘A|g Ao Aokt A WS ZEAA wholyd B
V[Fow BE2S 33} st Ad A3 g oA @A oZ RASH <Figure 2>9F
olHE Hlus| BH Agatso] Ayl o] of oAl TAIZ Ao 4 Qrh @A 12 &
A Aolstal gt AE Aol &4 A A dlolElE A7) f1g dloly dA e #HA o]
B2 AA ik @A Zglo] o] FolA] i, @A 204 = dloly 4 s A4 g
A 4 g ok 2o A Aol o 24 BAl wehA ofd telHE 74
= A dAE 3719 A9 AEE 7L 7152 HEN]E](activity) 2 AAEA S 2H
As B Ay ZRAZz g i Rds sfjof gttt RA| "] At oWE 2
TR AL QA= Eah ol RE XY EE a5 A4S A8 wEolX dlo]E 7t of
o] x4 5ol zol7k yr] wiizeld], = Y7l w2842 £ feiA F714
ZA2 mtoly 7EE &88td AR 2y o o3k ARE FolQX], gla ofd
EA4 AY Aol = ol el ZE2A HolHE 7| os A4S F4TA] AAs)oF
2 RaS A AT Ak B ATl A gt @A 3= A7) o Ay 5A4E T



1

A

5]

o

A

Abell Aol A Z4Al
4.

[e)
L

=
=

AR

@

ol A% &

3 ‘AlE Ao~ HlolE 7|Fow %

(Figure 2) Analysis Procedures

the process model perspective
=

the task perspective
the instance perspective
the fitness perspective

A

3]
]

Comparison between planned and actual processes
Al

o A A e

fu

L

1

kel
pol

37 A184d A4=

6_1'—
Step 5
B Aol A

[ Step 4 ]‘ Discovery process model per cluster for planned and actual data

[ Step 3 ] ‘ Clustering by operational characteristics

[ Step 1 ]‘ Data pre-processing
[ Step 2 ]| Definition of analysis level

1A

il

=

oA e

o
i3

150

g}

71Eo 72 WA 4

el
~O

T
o

]

i

o & 304 €]

O

Ho

]

B

=2
=

=
=

B Ag dHelH

=
£ ]
ok

=
kS

=

J

A
=

A

1

hyA

ZA 2 vl okl

2] o] v

&

hva

§4 24 dolele] £

= == =) =]
FE33, &

)
=

I3

2

dlelE

VY Asgozie A% Yol
ogom A g AR

HolE wfo]d

L

F9 gL vk 2 Aol A

4.1 HOIE| MA2|(Step 1)

A Aol 9

A

ZA

3L

o}, o]2]

A2

3T

12 A

71 e B9,

[e)

g WAl A Hlagt 2 =l A
3

ol

ol

o}J

i

Al
xr
it
ol

o



ERREE RIEEE LS R

otk £ At AFNAE ThE A 7 B9

= 1A doly dAHE s sith

(1) Ake] Azt 29 &5 dlolH 1%194
ARl A 29 B dolde] A, AlE
WAl M= dlol87F EAstA v, "a‘xﬂi 2l
o] o]Fojxi= Aol thE A4 HolH=
UEE =4 &7] sl 24 el A<
gt A= ARl A Al = 2 S50l o
ARt At 24 dolHE washs A

BE OF AN AdsE 27 BEE
AR S FLs) AH dolEst 2UEY
ATk B PHOR o) s sk

L= =
& B% dolHt APt 74 29 w2l
EERE LR DR

e EﬂolEi Al 2]

A AN AE wEY A
9o 44 doleg s nwl 44 F A
Aot £4 44 0] ool UF= Hlole]
2 a4 S 5 ek ey E Ao
A zY 259 2t Aol dald 44 7
3 g3} B4 ZAsS wash 2L
FAo2 ) dgd £t 399 92 A
B ag ool A7l o)7d old)

QA A Be. ol zY 2E A0S

g% BT £y ZAso A W AF W 24 151

A AR ARt MER oS AP}
TAZe] F38 9 E_/Hoﬂ iz A4
I~
nn

H
q
.
Y 5 AT 4 e A 2

2
o
o
lo,
o i
N
A
&l
fru
=
[
fo
lo
)

ZRAZ A A dold @97 dF
a3 (DI 29 dold AAzgs ZTzax
ANE|2E Agsh= ZlolaL, 3)¢ 4-9¢E ©l
HEZS A QA 7])= 7ol sHD‘rEh:} NER
dlog Az o F /e 2 I:stﬂ
A 130 29 5 dHlolHE
A= 136748 ZRA 2 Qe
A& sk Aotk

=S5
= ©

—|—‘

il o Jx

HU.—uQ

7]

N
[o

N
()
HI
1z
als
FH¥

Xo|(Step 2)

=z
1o
i ok
4z
Siis
o
o
-
rlr
BN
ot
Jud
pu

N
2 4
L
Y
2
>
BN
juach
)
PN
o
ot
o, Mo
[ ol &2
f % or

=
i
>
H
N
e
)
N

RV
b
N
N

ilis4

Mo mQ ot @
o
v}
I
&
>
BN
4 R o rob o poh
o o omr PN

4 e
i)
2
g
5
fr gy

rir o

Olﬂ QH'{
4

2L
1
ol
Ol
on  Mu
o
il
B
to
of
Ol

¢

lo
2
o2
o
2 g

< T L - A o
e
B
9,
i
2
ol
o,
N
o
o

Mo o
e
oX,

o o
N
AN
o
it

o

B

>
e

1_,
oft
o
o)
=

o o AN
o
X
ot
o

ol
2
Lol
N
o
e

F
ol
o

%%Oﬂ A ZUEE Alx
A9 Sl (work stage)® Hlo|H
of it dli= <Table 1> 211, ol& :er
3} 3t <Figure 3>3 Zth AAe 7=
20~40709] 2] GAE 7FA AL, g TR A
Eo A9 BAE 6/ &Y dAR A



152 Sd=dAAY )2 21188 A4%

(Table 1) Event Log of an Assembly Block

Project | Block Work Type Wor(l:{ogetage Work Shop Bay | Finish Date Time | Organization
1000 | Block 1 |Component CAl Component Shop 1 26 May 09:00 A
1000 | Block 1 |Plate PA2 Plate Shop 2 30 May 09:00 B
1000 | Block 1 |Sub Assembly SAL Assembly Shop 3 1 17 May 17:49 C
1000 | Block 1 |Plate PA2 Plate Shop 3 03 June 09:00 B
1000 | Block 1 |Panel Plate PA3 Plate Shop 3 03 June 09:00 B
1000 | Block 1 |Unit Assembly Usl Assembly Shop 3 1 13 June 13:00 C
(Small)
1000 | Block 1 |Component CAl Component Shop 2 08 June 09:00 A
1000 | Block 1 |Component CA2 Component Shop 2 15 June 09:00 A
1000 | Block 1 |Plate PA2 Plate Shop 3 10 June 09:00 B
1000 | Block 1 |Component CAl Component Shop 1 08 June 09:00 A
1000 | Block 1 |Plate PA2 Plate Shop 3 13 June 09:00 B
1000 | Block 1 |Panel Plate PAS Plate Shop 3 13 June 09:00 B
1000 | Block 1 |Panel Plate PA4 Plate Shop 3 10 June 09:00 B
1000 | Block 1 | UMt Assembly ULL Assembly Shop 3 3 21 June 06:42 D
(Large)
1000 | Block 1 |Plate PA2 Plate Shop 2 16 June 09:00 B
1000 | Block 1 [Unit Assembly US8 Assembly Shop 3 1 21 June 13:00 C
(Small)
1000 | Block 1 |Sub Assembly SA14 Assembly Shop 3 1 26 June 06:47 C
1000 | Block 1 |Component CA2 Component Shop 2 25 June 09:00 A
1000 | Block 1 |Component CAl Component Shop 2 20 June 09:00 A
1000 | Block 1 |Grand Assembly GA9 Assembly Shop 3 3 01 July 02:11 D
A mEgA 2 AFdME T2 A F§8 242 7] wjitolty. Ax AZH(Sub_Assy), &
(work type)ell thaAst T2~ RES & & FZxHUnit_Assy(S), 28 FTZXH(Unit_
35l BAE AS Aeksith. <Table 1>3 Assy(C), 8 FTZH(Unit_Assy(L)), Wz
<Figure 3>94 F2 AL YR FA #H(Grand_Assy)9] B4l 7H4 &4 &l o
Hoth 78 Y 82 AA 2 29 ol Wi, 7t A FEHS o] F ArolA &
FEo] AddEE A2ZH(Sub Assembly), & % ote] ¥7|2 AwHTh
Z#(Unit Assembly), HZ%H(Grand Assembly) <Table 1> HoAE 2 oA m=
AR Aot aea $xYe] 4= v (work stage code)E &8t A el
Al 223 (Small Type), =3 (Curved Type), s HA B5 29 2 dAldA o=
& (Large Type) 0.2 T-#3It} o= &4 Aol fAlst=AE Fld Atk <Figure
ol w2} 2ele) Volrol Aele) Bgel B 3o alaln 24l fEe) FA AZTe
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Plate-PA2

Plate-PA2

(Figure 3) Work Stages of an Assembly Block

Panel Plate-PA3

o GAZE SATS A= dE 2% A EAL A E 2 EZ50 Y&
Y T2 gAeA =¥y, Fg st aFE T2 A2 wloly o] He] W
‘SA14Q A9-= vy dAelA A Z2Ax BOE T3 e Yo

Sk
N,
ot

|
o} webA oWlE 21 o] E ol 4] 2 4 3Hlog clustering)[8]¢+ A4
2 &

S ARsE 7#2e Ay f3ow (trace clustering)[13]e] #& A7} ok 2
15 24 B4 24 dA 225 Aut & AgelAE ATt delE 2 =
2 oot wok AF A4 FHH E5 AY 54 TR VES EFE, A
o] ofgA v =ARE Bl 83} 24 doly 7]Ee] ZEAZL Bl £4
A ZEAL vholdE 9% o T4 E
Bl A4 A 9A 2= A4 T8 29 54 #HelA 29 E5& FE
gt} o= o] F ZRA|A Ko A ataL Ak It A4 Agle HE] 919
A WA e dEHE 4 wxo A, Ak ARz Ag Aol (Plan Case)

495 718 A9t
=5 T&3H(Step 3) 2@ osiA AFosl i, AE 9 Al 7]
T ARZ &8 3 Al AT U ESE
o Rl 7 29 55 B4 of tiaiA AlE dAlelA MelE AE Aol
o @AVt BF tERR Fde 229} 7} Ao)2ad 542 <Table 2>9} 2t}
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(Table 2) Plan Case(Cluster)

Pla&g)ase N(()I'ng;r?clggl){s Characteristics of PC mentioned by domain expert
PC 1 48 e Final block is assembled in shop 1
e Unit_Assy(L) is manufactured in the line-typed bay of work shop
PC 2 16 e Final block is assembled in shop 2
e Duration of Grand_Assy is over 5 days
PC 3 15 o All work stages are performed in shop 4
e Shape of assembly block is general
PC 4 12 e All work stages are performed in shop 5
e Shape of assembly block is general
PC 5 3 e Final block is assembled in shop 2
e Special part is served via shop 3
PC 6 8 e All work stages are performed in shop 3
PC 7 3 e Final block is assembled in shop 1
e Unit_Assy(L) is manufactured in the fixed-typed bay of work shop
PC 8 6 e Final block is assembled in shop 5
e Welding amount of block is much
PC 9 4 e Final block is assembled in shop 2
e Welding amount of block is much
PC 10 4 e All work stages are performed in shop 2
PC 11 4 e Final block is assembled in shop 3
e Unit_Assy(C) is manufactured in shop 2
PC 12 2 e Special shaped block is assembled in shop 5
2 xy 22el gald A FY A, AY 3 PCYY AE BE 7 A9Pgo] g
Ao~ E AMelstd &g AY ARIF =Y Z¥ =FolA%t ‘Shop 59k ‘Shop 2olA 7}
B2 Weds|n o)F J1FoR ANG BY 7 AU S Aol F weltk PC 129
e Ay £4s "o 29 229 ¥y AE Fol W NP 5uF Yo 29
2 A9 W FAS Belsn g A Bse] g A8 Ans WEw 4ed Ao
A gy = A Aol AE AFArt ddlst o Fds A AolXel &erhal Ads
= Aol <Table 2>0llA Holx&= A, = XY E5EE 74 A4 AR B2Y A
A Qo) i 23 BEe diside PC o ZRASE 234 th2] wie] A
el FgoR AR Aolzst Y wel Me| Y THE dEsE TeAs wdS A
HEE, ot By F2Y Aol AAFe  ske AL PELh B ATINE AR
58 dlod A9E F, AF 27 B2l o3 wel H3 Qe AY Ao2E FUD
Shop T4 2@l 548 /M0 ol A9 SHL e YO 1T, A9
FABAT PC 79 AL B F2Y 3 A4 dolE Ao 47 meAzs v
ol 27 ehelolA Aol Wk EH PCE & mEa A 54 vaad
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o] Az (threshold)&

iiﬁ]é% H]JL

EXY PRI
gt "ol tisiA Flo]2(case), HE
(activity), EFQJ~H 8}
(originator) &5 A oj&foF 3t} Aoj A

3 (timestamp), dl
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A2 JQAEHAGIE st Z2AAE B

At w97k A 2 AR QTelAE &
W uEe AR BAse Aojns xed
£ 29 250] Ao2sh At AEHE R

A 42464 AHE AAH =] tA 9
Ags AEHER Aol #4131 B
SREE 7 A W dRdE A4 &kl

2A20 AH 2 Y Aw B 15

=3 Wl 7P &5 7F B2 PC 1's} PC
I

2l A2 oy 7|gtoew 7}
7} FElayg mpolyg S gk Aol XA
2 Bde <Fgure 4(a), (b)>, <Figure 5(a),
(b)>¢} 2t geiE 24 FejaE nlo)

Jo] 712 AAZRISE AHEE s, G
5 A (positive observations threshold)’
, S o] BEHE

t}. <Figure 4(a), (b)>, <Figure 5(a), (b)>
ZEAs RdS FaiA] WA 2 #dd
M AGAZE gotsta 9| tfE PC 1'¢]
e AgH A BE BRE A
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)\ ohjr ﬁg/q]/\g =2 347(40]]}\1_“:— ‘P
o] 49+ <Figure 4(a)>9] AE Zdofx
UL 2} SA7EA] o240z 2pgdo] o] F
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US8-Shopl
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(Figure 4(a)) Plan Model of PC 1 (Figure 4(b)) Actual Model of PC 1
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SA17-Shop2

SA14-Shop2 SA14-Shop2
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GA9-Shop2
GA9-Shop2

(Figure 5(a)) Plan Model of PC 2 (Figure 5(b)) Actual Model of PC 2
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Auksly A~ BZde 5T S Qo 2 do]HE vud 4= ok E=3 ojE AL
Ty $A o)A vre dAge R 7+ U AY F4 Al 71E ARaEs dgd 5 gl
ZEA A QB2 A BEAS SRE W
W oaae BaR A4 Ase AY geyy W01 ERAS =E

7o) Byt wjnsl & 4= Qlvh thb o= B2 29 Ao gt AF Al2dHo] A
A Z2Aze) fEY Bos FEAH22 golgel mUEY A~ AA Ho|E R
HAEE oA R sgold, vy W = B #7de 2E5E 22 4s 2do uldA,
2A 2 1A 7he] 7Y 55 ApolE WA wd 299 AF vast sPssh va ol
et frefsttka sl AEo] f3k Aol <Table 3>JJr Fags N
T2A~ B ke 1) dAE == (Matched
4.5 A=t AxZt Z2HA H|W Node), 2) W22 ¥ ==(Unmatched Node),
3) A% AZAH(Matched Arc), 4) R]L A&
el 24 4R 55 29 A 54 1A (Unmatched Arc)S Blmd 4= 9tk
FEE FEE ZEAL BdS s 3 B oAb AFAE J TAlel AAe
T AFlA ZEA 2 vhold 7S o] &5} B dEMER AAEY 7] g wx7}
ZRAA Bds EEstal S A8 44 Az grt= A EA AL g 2
ZRANAE Huehe AL 2y vl ugt A AEEE R A A 3lo] FUsH

(Table 3) Comparison Factors by the Process Model Perspective

Definition of Comparison Factors

Description

1) Matched Node

Node of a processmodel exists in the other one

2) Unmatched Node

Node of a process model doesn't exist in the other one

3) Matched Arc

Arc of a process model exists in the other one

4) Unmatched Arc

Arc of a process model doesn't exist in the other one
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fol

EAgthE Aolal, vdA gtk At
29 SAZE Agell B Agd vE
FollA A4 HATHE AS ofwgit) AR
HIF AZ282 A]e s5& vehled, o
Ask= A= Ag AAo] sdd Ay &
ME 7= Ae onfstal, dAeHA] e
= gE 2] 45 7R E AS on)dit

LAz mdel AR vl dolA PC 5
71528 Ag3 A4 L2 22 <Figure
6(a), (b)>¢ 2t} Ag oy XdS dedh

SA2-Shopl

UL1-Shopl

SA9-Shopl

UC1-Shopl

2l EA=RS P & Zgol t
o 3 T Ak yet, 4

A€ U 54g H|asty] gl
A A Mo gt <Table 4>+
LA ol A v A5

PC 59 A8 A4 vl AF}E Ho

A dAg A9 #H% T 9A=
=2 vl A = 94
YA = Ao w v A T A
4l o) 7} @ oke <Table 5>9}

SA14-Shopl I:l Matched Node

i
GA9-Shopl L GEEEE

_— Matched Arc

i Unmatched Node

"""" > Unmatched Arc

l/’ \
i SA2-Shopl \
\ \

3 \\\\
UL1-Shopl N

B N ,
! SA2-Shop6 !

.

‘ SA14-Shopl ‘ ‘ GA9-Shopl |

(Figure 6(a)) Plan Model of PC b

(Figure 6(b)) Actual Model of PC b

(Table 4) Comparison of PC 5 by the Process Model Perspective

Planned Model Actual Model

Counts Ratio Counts Ratio

1) Matched Node 8 100% 8 88.9%
2) Unmatched Node 0 0% 1 11.1%
Sum of Nodes 8 100% 9 100%

3) Matched Arc 4 571% 4 33.3%
4) Unmatched Arc 3 42.9% 8 66.7%
Sum of Arcs 7 100% 12 100%
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(Table 5) Summary of Each Cluster by the Process Model Perspective
Plan(P) Data Process Model Perspective
Cluster | ocqomi(A) | No. of | No. of | No. of | D Matched |2) Unmatched| 3) Matched |4) Unmatched
Data |Instances | Events | Tasks | Node(Ratio) | Node(Ratio) Arc(Ratio) Arc(Ratio)
PC 1 P 48 310 13 1 0 0.667 0.333
A 48 310 13 1 0 0.667 0.333
PC 2 P 16 63 6 1 0 0.833 0.167
A 16 71 6 1 0 0.714 0.286
PC 3 P 15 119 30 0.467 0.533 0.282 0.718
A 15 125 22 0.636 0.364 0.306 0.694
PC 4 P 12 108 17 1 0 0.350 0.650
A 12 114 21 0.810 0.190 0.189 0.811
PC 5 P 8 64 8 1 0 0.571 0.429
A 8 64 9 0.889 0.111 0.333 0.667
PC 6 P 8 66 15 0.867 0.133 0.412 0.588
A 8 67 23 0.545 0.455 0.241 0.759
PC 7 P 8 83 16 1 0 0.227 0.773
A 8 92 23 0.69%6 0.304 0.132 0.868
PC 8 P 6 34 7 1 0 0.625 0.375
A 6 37 9 0.778 0.222 0.500 0.500
PC 9 P 4 33 14 1 0 0.571 0.429
A 4 43 15 0.933 0.067 0.364 0.636
PC 10 P 4 3H 12 0.667 0.333 0.231 0.769
A 4 3H 13 0.615 0.38 0.188 0.812
PC 11 P 4 24 6 0.667 0.333 0.200 0.800
A 4 24 8 0.500 0.500 0.100 0.900
P 2 8 4 1 0 1 0
bC 12 A 2 8 4 1 0 1 0
452 A ¥ <Table 6> A2zt Aol oJafA HT} =}
2w wde A7 umw Wk opyey, w A I F QT D) e e WA A9
o AEu g et e EXS (Same Frequency Task), 2) ¥4 @A 2k

(Table 6) Comparison Factors by the Task Perspective

Definition of Comparison
Factors

Description

1) Same Frequency Task

It exist as same frequency in the planned and actual process model

2) Too Much Realization
Task

There are more existence in the actual model than in the planned
model

3) Too Much Planned Task

There are more existence in the planned model than in the actual
model

4) Unplanned Task

It doesn’t exist in the planned model, but exist in the actual model

5) Skipped Task

It exists in the planned model, but doesn’t exist in the actual model
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(Too Much Realization Task), 3) A& =

(Table 7) Comparison of PC 5 by

%1 (Too Much Planned Task), 4) A8 %A & the Task Perspective
< 29 (Unplanned Task), 5) #Al<j¥l 2+ Counts | Ratio
=N =] /H o ] 2= o)
(Skipped Task) 5] & AA7E 9l 1) Same Frequency Task 7 7178 %
‘o] "dixE WAl zel’o Alglyl AlA o) & .
ohedd e A e AEs AHAA 2) Too Much Realization Task| 0 0%
Eo)@_ HE g ul—xz:;_oﬂ H = =g A
b = HEIHTE S © 3) Too Much Planned Task 1|11 %
943].111 S| ¥s) H]—/\g ZLol’ o Kk EE} Al A
e e e e 4) Unplanned Task 1 | 1.1 %
oA o Wol WS AHgom ‘HAE 2
5) Skipped Task 0 0%
oz A O ol waw goon ol T °
2 [0}
Aolde AYHA e AL A Sum of Tasks D | %
(Table 8) Summary of Each Cluster by the Task Perspective
© Task Perspective
Count(C
Cluster : 1) Same 2) Too Much 3) Too Much -
or Ratio(R) Frequency Realization Planned 4) Unplanned | 5) Skipped
Task Task Task Taslk Task
C 13 0 0 0 0
PC 1
R 100% 0% 0% 0% 0%
C 5 1 0 0 0
PC 2
R 83.33% 16.67% 0% 0% 0%
C 6 8 0 8 16
PC 3 _
R 15.79% 21.05% 0% 21.05% 42.11%
C 10 4 3 4 0
PC 4
R 47.62% 19.05% 14.29% 19.05% 0%
] C 7 0 1 1 0
PC 5
R 71.718% 0.00% 11.11% 11.11% 0%
C 6 0 7 10 2
PC 6
R 24.00% 0% 28.00% 40.00% 8.00%
C 7 2 7 7 0
PC7
R 30.43% 8.70% 30.43% 30.43% 0%
C 5 1 1 2 0
PC 8 -
R 55.56% 11.11% 11.11% 22.22% 0%
C 11 3 0 1 0
PC 9 .
R 73.33% 20.00% 0% 6.67% 0%
C 7 0 1 5 4
PC 10
R 41.18% 0% 5.88% 29.41% 25.53%
C 4 0 0 4 2
PC 11
R 40.00% 0% 0% 40.00% 20.00%
C 4 0 0 0 0
PC 12
R 100% 0% 0% 0% 0%
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(Table 10> Comparison of PC b
by the Instance Perspective

Counts | Ratio
1) Same Time Instance 0 0%
2) Delayed Instance 7 875%
3) Overdue Instance 0 0%
4) Elesltaa{lecde and Overdue 1 125%
Sum of Instances 8 100%

PC 52 ZRA A AEA BH A Hw
A}a%l <Table 10>z} Zt}. 87IH Z A

(Table 9) Comparison Factors by the Instance Perspective

Definition of Comparison Factors

Description

1) Same Time Instance

First and last node for same planned and actual instance, have
the same time stamp respectively

2) Delayed Instance

First or last node was delayed, but working duration was not

over plan data

3) Overdue Instance

Working duration was over plan data

4) Delayed and Overdue Instance

Both 2) and 3)
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(Table 11> Summary of Each Cluster by the Instance Perspective

Count(C) Instance Perspective

Cluster Rat?g(R) 1) Same Time Instance | 2) Delayed Instance | 3) Overdue Instance Y B\efle?r}(’iide aﬁll(sltance
PC 1 E 6.2?\;% OSA 8.3?%%
PC 2 E 18?5% 6,215% 12‘520%
PC 3 E 1353% 26‘37% 20‘(?0%
PC 4 PC{ OSA 16_27% 25.(?0%
PC 5 PC{ OSA 080 12.:”10%
PC 6 PC{ 12;0% 25_50% 37.5?:0%
PC 7 ; 25_50% 12_;0% 12.51>0%
PC 8 ; OE’)A ()80 08/)
PC 9 ; O(“)A ()8o 0(3/)
PC 10 E 08/0 ()go 25.30%
PC 11 E 08/0 ()20 0(34
PC 12 E 08/0 ()20 0(34
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(Table 12) Comparison of PC 5 by the Fitness Perspective
€ m p r Output
Fitness 72 0 72 0 1
Plan Model
Cross fitness 5 10 58 10 0.828
Fitness 92 4 90 2 0.967
Actual Model
Cross fitness I's) 0 83 0 1
3 ¥ AYEES AN S 2 TEe m2as wao] A4 blojee] 4
B oagelA A3w Aare B4 Agn  HES ANEE st 44 by sure
AR ZZA|2 HuE EHo=R 1] uFE 2 EE% L2 A~ 2l A dojE e ¥
o] zFAle] dlolE ol et o] Agw Buk AEE AR P97 242 wap A e Eo s
oz}l Al wlolEdl ulat melel A3z} FHE A dlojE] 7Hto g THE ZRAA
2] ALkt o] & Ak A3 E(cross fitness) Rdle] wxl Awr vk AL AlE fo]
= Goa Aol uk = A oy swre B B Zaas mdo] A7 Holgel &
(Table 13) Summary of Each Cluster by the Fitness Perspective
Differences Planned Process Model Actual Process Model
No. of (Actual - Planned)
No | Cluster In
stances | No of | No. of . . : ;
Evént T aisk Fitness Cross fitness Fitness | Cross fitness
1| PC1 48 0 0 1 0.959 0.939 0.939
2 | PC2 16 3 0 1 0.943 0.938 0.935
3| PC3 15 6 -8 0911 0.787 0.890 0.770
4 | PC4 12 6 4 1 0.750 0932 0.805
5| PC5 8 0 1 1 0.828 0.967 1
6 | PC6 8 1 8 0.950 0.787 0.913 0.831
7| PCT7 8 9 7 0.925 0.576 0.830 0.665
8 | PCS8 6 3 2 0.846 0.646 1 0911
9 | PCHY 4 5 1 1 0.714 0.984 0.858
10 | PC 10 4 0 1 1 0.750 0977 0.818
1 | PC 11 4 0 2 1 0.538 0.945 0.675
12 | PC 12 2 0 0 1 1 1 1
Average 0.969 0.773 0.943 0.850
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