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To realize process-driven management, so many companies have been launching business process management
systems. Business process is collection of standardized and structured tasks inducing value creation of a
company. Moreover, it is recognized as one of significant intangible business assets to achieve competitive
advantages. This research introduces a novel approach of workflow process analysis, which has more and more
significance as process-aware information systems are spreading widely into a lot of companies. In this paper, a
methodology of workflow clustering based on process similarity has been proposed. The purpose of workflow
clustering is to analyze accumulated process definitions in order to assist design of new processes and
improvement of existing ones. The proposed methodology exploits measures of structural similarity of workflow
processes.The methodology has been experimented with synthetic process models for illustrating the implication
of workflow clustering.
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1. A& 3t FA5H) A Y AFZ H(workflow) 7] &0l T}, £3], ¢

AERS Vel ZEA 2 A58 7149 Ao, A
H&Y2 ZEA 2 #EE RTE(Real-Time Enterprise), BSC 719} A9 S 9je zg M2 220 AGEANE A st By
(Balanced Scored Card), KM(Knowledge Management) 9] o A HZYA ZEZA A AAZE BUHE 2 AS 57} 7
Y AIENBe ZRA L FAHY R A2RL e we A 27] 4L 7|2 TR AES D

2 A83t Hrheh ] A BA o Ao B =y A8 FE 2HH 2989 (Kim ef al., 2000; Jung et al., 2004),
Atk M2y 2 22 2 A2Fe F kA g4 7leR EIP(Enterprise Information Portal), BAM(Business Activity Mo-
TAHEH, dhue 54 99 E34 E}Ohﬂ A A A mtonng) RTE 5 AT AR Ff 3 ZUHY & A 98t= o
28l(] ERP, CRM, SCM, groupware )< AA57) 918 o S A (Hur et al,, 2003), Ao = JaZ2 90 A3 A
ZjA o] 5 H(BAL: Enterprise Apphcatlon Integratlon ) 71& JJrE Bk 92Z 29 mho]Y (workflow mining)o] LK Aalst
ol g st 24 R HEoR ¥ A& A58 4 Weijters, 2004; Jansen-Vullers et al., 2005), 45 &3
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A Fl XPDL(XML Process Definition Language) % 2 0}(XPDL,
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Table 1. Categories of workflow similarity
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ok A FE SR E AT A FASHA BT
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0
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PO P1 | Pz PS

Figure 1. Examples of simple processes
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3.1.1 A 2E(execution rate)

HA AejulE] HE 9} Mol WEHE 47 F ZRA 20 A
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o}, <Figure [>9] o] A ZEA 2 B, P, P A
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(a) Serial, AND SPlit

(b) XOR Split

(c) OR Split

Figure 2. Weighted Complete Dependency Graph (wCDG)
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A 27]¢) #E& 18t 1.0 o3t #o R Agste A
A 5& AL 9lE Ao

3.1.2 A& 7FE A (distance weight)

<Figure 1>9] o] A] EHH ZRA 20 Ho|Ho g L2A
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= E”ﬁ_, <Figure 15914 P9} P9 AEJHIE 29} 441 2& T
99] AEHE] 7L ARGE A, F71E QL AERIE 7E ARl
20l A= AAAN NE AATOEE AA ZZAH A
Z wgsly] g0 J2g9A £ AFX = <Figure 3>
A2 e El o MERA A LT A o E T
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QAo FA (explicit transition)d] 7HE AL A& AAE 2
gk Z o] FA (implicit transition) & &-33}e] EAE T} {3
H Aolde Agd v sl 715X E & Aol hERE @
A ofE T Z(weighted CDG)OIT). o] 3 7HH 2 HE #A
of thet 1H = Figure 19] Aol A P 9} P, 9 JEHIE 133
o) o 9} o] A A Mol #HA A= HAA HF BA
€ AHTOEN T2 FAH S AUeA i ¢ gt

......

(a) explicit transitions (b) implicit transitions

Figure 3. Weighted Complete Dependency Graph (wCDG).

32 ZEMX FAY 34

A, QAR A2 P 72 FAA sim(P,
PE T AR A, AR A sim %89 45
sim A 7B ToE Y

90 247 ok A
HIE] AL O] ] 88 e

sim(Pz, Py)

=a-sim (P, P)+(1—a)-sim (P, P)

B AFg M= 22A A A 7 fA8 S v m sl 935
o Cosine Al F(coefficient)Z AL &3tQTH T YaTz o =g
M9 12 P9t P ol fr A& 2437 Yate] & Ao A
Aol AEHE W o,9 a9 Cosine A5:9}, o] W
t, 9} t,9 Cosine A|5~5 AHE-3th Cosine A= F HE &
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FFE0] 19 AEME(EE Aoyt BE&4E, APTEo)
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S 7Y B, F Z2A20AM FE 08 AgEE dEn
E 9 A7 obhg s E (A MR R &4 E) Ho) 4
Bl 219 Cosine Alg & £ 3-8 7HAt
Eﬁiﬂ*¥1P%Pﬂﬁﬂﬂﬂ%&@mnMa,
P} Rol FAH sim ,,,( P,, P2 ofg o} o] Altdt,

im (P, P,) = Gl %G Oy
Sm
act v laylla,) VZd, 2,

. tz : ty th]x Y

e B e e

HaZ=$ 9283
2 Q7oA Adste 4AERS FHAHYL 799 4
d ZEA 2 AZALS BASA §43te STE ARE §
A 7Y HAEES Y 2HY S F48e) 7149 A4

o

AL Z2A 28 BAFO B, FAR ZEA A £ S W
Aot AZE ZZA A HAN ) F2E 4 9lon, $A =
EAZ TR U EAshs 2229 B4 2 HEHS B4
& 7]& ZRA2E MM o 248 & Yk 22~
THY AL A ZEA 29 FHE ZEA 2 wpo]g 9
ZRA2 HE EA, Z2N A A G A maagxs A3
59 B0 tofalA L5 0] TEA A A D AMY A
AR} B 8-8 A E = gl

2 T M

41 YIE2$ 3P N2H

BA7e Y22 FY2ETYL HABRY 24 A~
2 A8 REEA TU4HNCH, <Figure 4= YAZE S
Ao 748 57T It
AZES FH A2"L 37 A 7HA mEE TR,
A, ZEAH 2 ¥l 0] 2(Process Base)= T 459 o)m 24
Hop z2Alze A3 AHE AT Yt o= Tl
A& T2} 9= 2 B8 Z(Work Break-down Stru-
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Business Process L Task vs. Activity
Analysis

Mapping

Process Similarity Analysis
- Activity Analysis
- Transition Analysis

Work Breakdown
Structure (WBS)
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™ Clustering i Query
1
1
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+

Workflow
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Figure 4. Workflow recommendation system
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cure)Sh, ZEA 2 AAE RBF ZEA A A AFAWork-  H2E , 08 2547 F(133-15%), 2L FHULH o9
flow Repository) = ﬁ“ gt F oA, Z2A 2 8288 U8 FY2H o Y Fd A sim(enc ,) {ledsim(c,,ci)+
(Process Clustering) B2 A 2e) 729 T2AA A lefsim(e,c)(cote); S ARt FrAR #E& A o|E gt}
E A ARE AiE o g TN A9 ou| 24 0/\]./\4_‘11 T2 (178-203). 0|43 B FHE Nk3| AAFo=HA k79
A GAAS BAstel, 2Y2HE THIE 9B St o EX Z2HEANT F UG

el gg Aol 4 YAER S e 2EHT STl
AHgE T npR e o 2 ZZA XA —’_F-fﬂ(Process Recommenda- Input: A workflow repository % = (A<>, W), the number of clusters &,

tion) NA & AHEAZFE 9 AZgo Qo g o} YIZE a blending factor a. .
o Za A EuE A TEHAE 2AHE o8O 2-3) Oufput: A‘ clustering result C* = {(.C,. M., S res.ult clusters C, the
membership of workflows M(W), similarity matrix between clusters

. S(O)).
Algorithm Workflow_clustering(in (£, k, o), out C)

2

12 Aaess i2n9 N e

QaEEs FAAHYL T 2ol £AVT, ZRAZ |4 g
SH9 BFol M= AEHE Ao 71 uksk 29 2HEE 5: for each w;EW do M(wy)=c;
sY@h FH2ET o] He 222 ;ﬂ A2 AANA | 6 8(C): =8V
HEHE] 2 Holo) 2H ZEAAE A NEE I ‘Dl:]gl.o:] . //a«,,tglomerative clustering
= 24 2~ W) E A A 831 (Frequency Analy51s) Cosine & Z9f 8: while [C| >‘k do .

. 9:  (cy, ¢,) = find_nearest_pair(S(C));

7)sted SAA 2L 43S B (Similarity Measurement), 10: /fupdate clusters
23" FAE H}‘%‘ffii AHC(Agglomerative Hierarchical 11: delete(cs, ¢, CJ; add(cy, C);
Clustering) 2 o 717 &S A48 S AH &% 8 (Pro- 12:  /fupdate the membership
cess Clustering). 13: for ?aCh WEW do

| H)E] e 9 o] WElE FAF] 27 (Similarity Measure- 1;1 on dliol\r/[(W) == IM(w) == c, then M() = cni
ment) A 4] Cosine 2520l o3k ZEA 2 e A 16; {fupdate similarity matrix of the new cluster;
o] AA=ET, o] SA AFghe T2 A 2 FAE H(Process 17: foreach ¢;=C (i # u,v) do
Clustering) YA 914 AHC ¢3E]|F st 3 3=} AHC 18: sim(cn,ci) = {ledsim(cy,ci) + ledsim(c, el (catey);

o] 23 7242 A% (hierarchical) S8 2 ¥ W2 K-means ;(9) de(C) < Sim{CwCi);
e . endaior

%12 &3} 2 B8 (partitioning) EHLE P HH :R= 21: end while

7}149_;‘—3;_{07«40;(1: UulF 0 E & -1;15}/\402 )

RS |

A CHKarypis ef al., 1999), <Figure 5>& AHC e|-g g | Funetoncremeprocen secionn & o v9

#9282 F2E B aw4ﬁ°i®f@ P
HA B 4agE 31894 AN YAEES Z2A foreach ' =AY do

2AAAL R = (AO’ w)S Aoz S dr. AV ol E] v E] if d'€A,, then a;,=execution_rate(w, a';

L uletn, we 4ATRS 2L JROR FE endfor = =

W=<A, T, Split Join> 2.2 ST ACAO% ALEES for?t?z}ileal’\j:?ec&/?afdeko then & v=aiwaiwdistance(w, (i, j));
wel AeHE A, T we Aol #4, Split¢h Join £719 end for

P3E 28 Frolth AT —a, T 1y
Workflow_clusteimg Gi8)E-& AA ZRA2 W v end for

R create_process vectors 3, ZEA A WH 7H f refum V= (A%, T;

A SV —°— 2R vector_similarity FTE ¥ & Function vector_similarity(in (V7, c0), out S(V)

HAHY Gy dA R 7 Z+ e 22 AEA EY for each w,w, €W do

2E|2 271850 2M ARG - 68). 27139 N=IW) siacf W) = b oy

SiMgn(W,Wy) = 1 111618

A= E‘
Ao FAL Zxe W2 7438 s 3L IEEUE i) = o Simoaw (1))
§-218). TA, B A3NA find_nearest_pair(S(C))E °l & SOV < simfywsw,):
shod SAAol 7HA 2 T 2YAH ¢, o E B2 O, FH L end for

E1 Cuy, Cv'g' /l}‘X'ﬂ o]‘—]—l AHET% Hga—ﬂ ga )\Ei CnfE.T T7]‘°]’.L retum S(Vﬁ)’
118), FH2H ¢, ¢, 255 YD ZEA2S AZE F Figure 5. Hierarchical algorithm for workflow clustering
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Figure 6. Example of insurance processes
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Figure 7. Clustering result of insurance processes

Table 2. Similarities between insurance processes

Wil Wy | Wy | Wo | Ws | We | Wy | Wy | Wo | Wy
W1 [1.000{0.79210.207|0.207]0.74810.21910.2570.695|0.227(0.227
W 1.000/0.42910.207]0.748,0.219]0.257]0.825/0.3690.227
W 1.000,0.65410.230{0.607|0.345{0.354|0.495/0.305
W, 1.00010.230/0.607)0.345]0.215{0.305{0.495
Ws 1.000{0.514(0.411]0.929/0.361(0.361
W 1.00010.531/0.478(0.466,0.466
W7 1.000{0.38210.87110.871
Ws 1.000|0.44010.336
Wo 1.000{0.759
Wi 1.000
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Figure 8. Example of synthetic workflow processes

A AA AP AE ZZA 2 NS FH2EY Fof
2 A3 FH2HEY FARE AT FALS W
ZEANAEY He F-AH (Intra-Similarity) 3 9§ S8 AH
74e] B4t A (Inter-Similarity) 5 714 & 233} T} Figure
9E ME =2 A 29 AN =50, 100, 2000 sl & FH 2
Holl 289 B T2AH 29 FNK)E 3, 5, 10,20, 509 o
A 7MA2 Yol 2 2HY $ A3k YE FAM (Intra) 2

2 fAR (Inter) & HolET) oo AF& AW ActSpace

=20, MaxProcSize = 7, ProbOfAct = 0.9 3}l A =43k A Fojr}.
N/K 3 5 10 20 50
K 17 10 5 3 1
N =50 Intra | 0.368 0.200 0.068 0.065 N/A
Inter | 0.010 0.012 0.016 0.015 N/A
K 33 20 10 5 2
N =100 Intra | 0.343 0.205 0.102 0.070 0.030
Inter | 0.012 0.011 0.011 0.014 0.015
K 67 40 20 10 5
Intra | 0.338 0.245 0.146 0.085 0.043
N=200 Inter | 0.014 0.012 0.013 0.013 0.015

Intra(N=50)
Intra(N=100)
Intra{N=200)
Inter(N=50)
Inter(N=100)
Inter(N=200)

Pribit

5 10
EHAE 37I(NK)
Figure 9. Experimental results of workflow clusters varying N
and K.
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Figure 10. Experimental results of workflow clustering varying
MaxProcSize(M) and ActSpace(A)
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