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INTRODUCTION
1) BACKGROUND

- ENTERPRISE-WIDE PROCESS AUTOMATION:

BUSINESS PROCESS MANAGEMENT SYSTEMS
« BUSINESS PROCESS MODELING (BPM MODELING SYSTEMS) METHODOLOGIES
- PROCCESS MODELING METHODOLOGIES: INFORMATION CONTROL NETS AND PETRI NETS
« BUSINESS PROCESS ENACTMENT (BPM ENGINE) ARCHITECTURES
- ENACTMENT EVENT LOG FORMATS: XWELL, BPAF, IEEE XES (Extensible Event Stream)

- THE RECENT RESEARCH ISSUE: PROCESS MINING - DISCOVERY & REDISCOVERY

THE PROCESS-AWARE
ENTERPRISE / ORGANIZATION

HHE DATA LEGACY
O INFORMATION INF. SYS.
KNOWLEDGE
ORG
EEEEEE . UINF. SYSTEMS
I;Ii PN A I;Ii L:li EVETN LOGS
4 WORKERS DISCOVERY
® - *‘ﬂl ® ®
2 3&& & e @ L PROCESS MINING

BUSINESS BPMS

THE REAL WORLD~——
PROCESS MODELS > LZEMNA Zha] AJAE

- Ve
N * L Eed - ROCESS @' BPMS
|—>_>®J REENGINEERING BUSINESS PROCESS EVENT
APPLYING THE RESOURCE ALLOCATION LOGS
PERFORMANCE ANALYSIS ‘ & PERFORMANCE REDISCOVERY
RESULTS
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INTRODUCTION

2) MOTIVATION

o THE ISSUE: WORKFLOW AND BUSINESS PROCESS MINING
o TECHNOLOGY: BIGDATA ANALYSIS BY USING THE PROCESS MINING TECHNIQUES
o MANAGEMENT: PROCESS LIFECYCLE ( &Z4-» 2 M- s A 7| Al SH.1 O |24 s XY L2 .. ) MANAGEMENT
o IN THIS TUTORIAL, PROCESS MINING TECHNQUES
o PROCESS REDISCOVERY TECHNIQUES:
o PETRINET-BASED: a-&112|Z&(alpha-Algorithm: =Xt /MERX /HiZAX THEd XjEr74)
o ICN-BASED: o-112|&(sigma-Algorithm: XA /M EA /A T|§ ZHRA)
o THE OUR APPROACH: MHEX[O{4lI7|dF LXK T2 MA KL 7|
 p~-ALGORITHM(rho-Algorithm): DISCOVERING STRUCTURED PROCESSES

o PROCESS-AWARE KNOWLEDGE DISCOVERY:
o THE OUR APPROACH: PROCESS PROPORTIONS DISCOVERY
* PROPORTIONAL ICN-BASED PROCESS PATTERN DISCOVERY

OR-OPEN AND-OPEN

© LOOP-OPEN
(O Initiation event i

O Termination event

Activity node

———> Precedence arc

P:
LOOP-CLOSE

OR-CLOSE
P2

P ~ Pn Proportions: P, + ... + P, = 1.0 P, + P, =1.0
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INTRODUCTION

3) THE SCOPE

o PROCESS DISCOVERY ALGORITHM

+ PROPOSING A PROCESS PATTERN REDISCOVERY APPROACH
o PROCESS-AWARE KNOWLEDGE DISCOVERY

 PROPOSING A PROPORTION DISCOVERY TECHNIQUE ON PROCESS PATTERNS
o A SERIES OF EXPERIMENTS

« AN EXPERIMENTAL STUDY ON A GROUP OF PROCESS EVENT LOG DATASETS

4) THE GOALS OF OUR PROCESS MINNG RESEARCH

- A PROPORTIONAL PROCESS PATTERN DISCOVERY FRAMEWORK

* REDISCOVERING A COMPLETE MODEL OF STRUCTURED INFORMATION CONTROL NETS
* DISCOVERING PROPORTIONS ON PROCESS PATTERNS
* IMPLEMENTING THE PROPOSED FRAMEWORK

- AN EXPERIMENTAL STUDY ON AN IEEE XES-FORMATTED DATASET
« ACQUIRING PROCESS EVENT LOG DATASETS
« CARRYING OUT A SERIES OF EXPERIMENTAL ANALYSES
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oi1e| 4 A S7|: THE PROPORTIONAL BUSINESS PROCESS MODEL

ON THE BUSINESS PROCESS LIFE-CYCLE

AFTER COMPLETING THE CYCLE ONCE, WE REDISCOVER A PROPORTIONAL BUSINESS PROCESS MODEL

Process HiZd 2 S7|: HZL|ATZEMA MEZT| 228 9t
identification TEMA 224 ol xjui2d 10| EOM [l

Process architecture

DATACUBE for p-BPMs

Conformance and
performance insights

(Discovering a Process Model)
As-is process
model

Re-Discovered p-BPMs

Process
discovery

A Proportional Process Pattern

Discovery Framework
Rediscovering p-BPMs

(Enacting the Process Model
and Logging Its Events)

Process 5
monitoring and rocl:es.s p-BPMs Analytics
controlling analysis
(Simulating the Process Model)
Executable Insights on
process weaknesses and
model their impact

(Revising the Process Model)

(Deploying the Process Model) Process

redesign

Process

implementation | To-be process

model

Using p-BPMs (Proportions & Occurrences)
for Process Reengineering
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Aol H2: 0|2 SHe| MEd =2MA B
STRUCTURED INFORMATION CONTROL NET MODELS

STRUCTURED INFORMATION CONTROL NETS

AND-open [sox

PETRINET(WF-NET)
- Place : Preconditions/Postconditions

- Transition: Activity

E)r—E
O >. > x-OR-ope H.— X-OR-close M 0
A STRUCTURED ICN-BASED PROCESS MODEL @
« Matched Pairing Property 5 . . 1
- Proper Nesting Property @ @ %
INFORMATION CONTROL NET
- Event Activity: start, end AND-ppen

©
D

- Performer Activity

- Gateway Activity: XOR, AND, LOOP AND-close

©,
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Ao Mel: ZEMA DjHYe| AHH|E X|4 A
A PROPORTIONAL BUSINESS PROCESS MODEL

PROCESS REDISCOVERY:

— .| ICN-based STRUCTURED PROCESS PATTERNS
_‘ ___________ 7 materials PROCESS-AWARE KNOWLEDGE DISCOVERY:
e materiss RESOURCES - . PROPORTIONS ON PROCESS PATTERNS
; catalog oeplier ! nﬁ’“stJ:m.f}n - ™. USAGE OF THE KNOWLEDGE:

ON-MAKING KNOWLEDGE for
ESOURCE ALLOCATIONS & PLANNINGS

Purchase Check raw
oree sl Morodic orsiTial Al
availability =2 M|A o] XfLlstetn 3l:
RESOURCES: —EJI— I I'Ea oJ-I' 7“—-
t_pro;iuclz Rjrcha?efraw K . 1, Pz, P3 - ﬂt‘l(E) P] ~ Pn
not in stocl materials from K [=X=Xv] .
raw materials Supplier 2 - A app, - 3%£E:E=I'II(A) apPp; ~ aPPm
rovided b ) .
. 30% pSJppIier 2 Y Product -D: d| - E1IOIE1(D) d1 ~ ds
RESOURCES REES(F’,U';CES' - O: dept, - ZZ|(0): dept, ~ dept,
Check stock exclusive-OR il ik
availability OPEN - A appPps
Purchase order - D d .
received A s Also includes
. 70% - O: depts packaging : Product
product ’\,‘ . _.-7Ipackaged
S——  in stock 1
| = lena sip produc
War%'né)use RESOURCES! Orggrs
Retrieve
product from Archive order
warehouse i
RESOURCES: exclusive-OR Order fulfilled
-E:P,, Pg : CLOSE k ] ' RESOURCES:
- A: app, : Y . ~E:P4 Ps
-D:d, —_ Emit invoice ——  ayment . - A: app;
- O: dept, - Purchase|  |Purchase RESOURCES | RESOURCES S -Dids
confirmed . B
: . B - O: dept;
Products Y H ~".
warehouse -
. Purchase Purchase
Invoice order order

confirmed [paid]

BPMN: BUSINESS PROCESS MODEL AND NOTATION
A PURCHASE ORDER BUSINESS PROCESS MODEL
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GOAL: A FRAMEWORK FROM CONCEPTUAL TO CONCRETE
PROPORTIONAL PROCESS PATTERN DISCOVERY AND ANLYTICS

BUSI NESA
P S

ROCES
Activities
(Workitems

A Cube of Event Logs:
BP Warehouse in a Timestamp-Origin

elff wel

wel

el ff wel f{ wel

e2ff we2

we2

e2ff we2 { we2

e3ff we3

we3

e3 [ wed  we3

e4ff wed

wed

e4 f wea H wed

esh wes

wes

es | wes  wes

e7f we7

we7 f we7

L
esH wes

L——
wes Hwes

——
e6H wee

——
e6 fweo Hwee | wi

eol we9

e9 [ weo Hweo lf weo

BUSINE%
PROCESS

el well

well

eltf wel well wel

Workcases

ell| wel

wellfl we

wellfl wellf wel

Temporal Workcases

BUSINESS from a specific business process model
PROCESS
Models A
. N
TWC, TWe; TWC, TWC,
(a1 ] (a1 | [ar ] [ar]
o2 o2 o2 o2
i o3 000000 o3 a3 o3
s o4 a5 o4
as s (07 o4
[0 ] [o7 ] [as | [or]
(s | [as | [os ] [o9]
o LAA A d 4 o2 ol 10
(2] [an] [aw0] [an]
g az]  [arz
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GOALS
1) CONCEPTUAL FRAMEWORKS

2) STRUCTURED ICN DISCOVERY ALGORITHM

3) PROPOTIONS DISCOVERY

4) AN EXPERIMENTAL STURDY ON A REAL DATASET

) BUSINESS PROCESS

Enactment
Event
Histories in XES-format

Algorithms
for
Discovering
ICN-Based
Process

Proportions

Patterns with

4

The Discovered
Proportional ICN-Based Structured Process
Patterns with Proportions

o) Linear o3 Disjunctive
/ (Sequential) (Selective)
Pattern Pattern
o2 P 5]

o »
Conjunctive
(Parallel) lterative
Pattern (Loop)
o9 Pattern
(073
P Ps
P; Q
P P2
o a2
(03
B LOOP ©




RELATED WORKS

February 18, 2019



THE RELATED WORKS

+» PROCESS DISCOVERY AND REDISCOVERY ALGORITHMS
v HEZ|L7|U TEMNA A g 0a|S
o a-ALGORITHM: HE2[HI7 |4t T2 A x{fLAH L 0B|E
v FEFo{UI7|8 Z2MA LA 2e|S
o O-ALGORITHM: MEX|o{ll7 |4t TR MA L7 2Da|S
v IN THIS RESEARCH, PROPOSING A PROESS MINING ALGORITHM
o P-ALGORITHM#: =X HERF|O{H7|HF T2 M| A T ZfLA Y2E

s PROCESS-AWARE KNOWLEDGE DISCOVERY APPROACHES
v' STOCHASTIC APPROACHES

o AIEE[0|M M| ol TEMA LXEM ol M3 H|E 0f|S/FH &M
o O]2: STOCASTIC BUSINESS PROCESS MODEL
v CONTROL-PATH DISCOVERY APPROACHES
o H|ELA ZEMA DEIO| HO|A2 &7dn} Msi=2 2 HE{9| HO{Z= XY
v PROCESS-AWARE SOCIAL NETWORK DISCOVERY APPROCHES
o IZNA Also|2ioZHE] dlE|=2jo|X AMY|EQ|T BHA

v IN THIS RESEARCH, PROCESS-AWARE KNOWLEDGE DISCOVERY APPROACH
o DISCOVERING PROCESS ENACTMENT PROPORTIONS

1 - PX gives the number of elements in X.

p(Rho) A1=9| 2|0|7} APL(A Programming Language, 1960s)0i|A 2149| 7§ &£ LIEH = Zi0f| &RH5Ii&LICE
= stol=S0j M Rloksts TEMA THE X7 2Tajzel #Al ofo|CIof7} A3 7 £8 7oz Hele] RHS
Z25h= yoln, 1 ofn|7t S2s5t0] 22|E2| 0|F2 = FHet ALICh
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+).OF - '1 L1 H -ZEEJH‘Jk HE
W. van der Aalst, T. Weijters, L. Maruster, “Workflow mining: discovering process models from event logs,”
[EEE Transactions on Knowledge and Data Engineering, Volume: 16, Issue: 9, pp. 1128 - 1142, Sept. 2004

< HEZ|YT|He] M7IX] Z2M|A i
1) #XH& T§E: SEQUENCIAL PATTERN

2) =X D& PARALLEL-SPLIT PATTERN and PARALLEL-JOIN PATTERN
3) MEHX m{E: SELECTIVE-SPLIT PATTERN and SELECTIVE-JOIN PATTERN

> J|EHQI AIZHY @MASI0l| 1}2 3 Wo| HE|HE|SZie| EA|7|S Hel

1) Direct succession: x>V
iff for some case x is directly followed by y

2) Causality(Sequential): x—V
iff x>y and not y>x

3) Parallel: x||y
iff x>y and y>x

4) Choice(Selective): xiy
iff not x>y and not y>x.

February 18, 2019 n



1) =X ZE2M|A ofH

AZH @ME9|2 2t = CholQfmo| 2PN HE[HE|S
X 9©% Y| i XY 5 a5 mayA mjso) He)y o

40

:X=2Y,X>Z ANDYI||Z 7/

E 2= F 42| HE|HE|SO0| EXHot, 12| destinationME[HE[S0| ZYA A|7H] M2
-) HH &EHIA mjEo] HEZ|4ll 2E (OPEN-parallel), Close-parallel 0[2| HtCH

:X=>Z, Y>Z AND X||Y

N

i

K| Rttt

— —

=20|AS Y X
o B3-SR | Y e@< :X Y, X> Z, AND Y#Z 7 | 1X>Z Y>Z AND X#Y
> MEIX] mjjEd - Y

£ 4o HEIHE|SO0[ EXSEL, 12| destinationME[HE|S0| SA|0f| EXSHA| Z=CHH,
HEz|4ll 2E (OPEN-selective), Close-selective= 0|2 HTH

U2 sourceHEIHHE|IE 2t
> MEHK mZM|A THE{C

=
—
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The a-Algorithm

Let L be an event log over T. a(L) is defined as follows:
1. T, = { t€T | I, t€o },
[[2-E2||0|A2e| 2F HE|HE|= 2 ZEH 2| EZHX[M0]|
2. T; = { t€T | T4 t=first(o) },
[[E-E2||0|A2te| M HE[HE|S FH[olC.
3. To = { t€T | T4 t=last(o) },
[[E-E2{|0|A2te| DFX|THEHR] HE|HE|S F |Gt
4. X, = {(A,B)| ACT, A A#g A BCT, A Bz A
Vaiea Voes @—1 b A V.1 a0ea a;#, a, A Vb1,b2en bi#. b, },
[|21-E2|0|AAC| D= HE|HE| A Mro A5}
5. ¥, = {(A,B)EX; | Viar,z)exr ASA’ A BEB' = (A,B)=(A',B') 1},
[[E-E&|0|AMe| B= °”EIH1EI AN S55|= &S H|7AHett.
6. P, = { P,s) | (A,B)€EY, } U {iy, 0.},
[HIEE|SIZ [ T2EMA FEE QdG5H7| {5l AlE-E2(0|A B=-Z2|0[AF F7FsCL
7. F, = {(a,Pa,s)) | (A,B)EY, A a€EA } U
{(p(A,B)Ib) | (A,B)EY;, AN bEB } U
{(iL,t) | t€T; } U {(t,oL) | t€T, }, and
[HIEE|SIZ 9 T2 A BEHS F45t= ESX|MEST| A7 M4 =2|0 LHE MO SES AE st
8. a(L) = (Py,Ty,Fy).
[[E2MA BZ(T)S| AAOIHEZE (L) ERE LA HEZHIV[E Z2=M|A REIS FHOlsICt.

—_

ol

He

rol

I,
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An Example of the a-Algorithm

EVENT LOGS (L)
of PROCESS MODEL (T)

L:

case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case

> b LWk O DNDMNDNMDMNEDNREFEFRFRWWDNDER

task
task
task
task
task
task
task
task
task
task
task
task
task
task
task
task
task
task

oOomwoQuoUoHODP QQEDP PP

A>B
A>C
B>C
B>D
C>B
C>D
E>F

BllC
cliB

HE|H{E| BE} C=

A= sE A o
AZHE @MEQ|1E AXE £+ Q1S

A REDISCOVERED
PETRINET-BASED PROCESS MODEL

A= B O a(L)

(}

a2 HE|HE| Be C= WEH &7 o|Ct.

February 18, 2019

Direct succession:

x>y iff for some case

* Causality: x—y iff x>y and not y>x

* Parallel: x|ly iff x>y and y>x

* Choice: x#y iff not x>y and not y>x.

A Z
O e 2O7
source- target-
:>P1ace (In) Place (0O.p)
E (> F
HLF5HH, Zt7| CHE caseOM 2| R4 &=2|7t SL5HA| LIEILEA| 237] 2 0|Ct.
X is directly followed by y
14



Summary of the a-Algorithm

<

L)

» Properties of the a-Algorithm
o HEZ|H B 7t == MA Ojo|d 21E|E
o META Z=ZM|A afH: &xPH ot MEiX o, EEH ojiH
o HHEX Gl (LOOP PROCESS PATTERN): MEHX ml{Ed0]| Zte|of A £| 11 S,
o EZMNA XHEA S e
o ghdo| ME|HE|S| MHZAIZIS| MY 2HH|(—)2F 22| SAIEXHO{R(| or #) EAIE 7|4t
X H

o2 mlH| R(=AMY, MEX, HEN)S 5= SH

1)

s a-Algorithmi} p-Algorithm?| XA
MEFoYl 7|89t T2 M|A Ojo|Y 2 n2|=
AL ZEA|A THE: 2% TiE, M TjE, HHH Y, wE o
o PEN ZRMA IHS XU MEYS INEIT} o2 X IES 2als0] YLt Y.
o ZEAMA YA s e
o B o ME[HE|Q] AZIAIZI| MEH ARt 20| JH 4 ATH|R(<, ==, >) HAS J|HoR
THEO| QB (2RI, MENS, WK HHEHM)S AM5HS W

| Wy
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- E: [ojull7|u S M| A X
o-2112|E: FENofullT]ul ZEM|A XA
Kim K., Ellis C.A., “o-Algorithm: Structured Workflow Process Mining Through Amalgamating Temporal

Workcases,” In: Zhou ZH., Li H., Yang Q. (eds) Advances in Knowledge Discovery and Data Mining. PAKDD
2007. Lecture Notes in Computer Science, vol. 4426, pp. 119-130, Springer, Berlin, Heidelberg, 2007

s 3 BASIC ICN-BASED PROCESS PATTERNS

1) SEQUENCIAL PATTERN
2) PARALLEL-SPLIT PATTERN and PARALLEL-JOIN PATTERN

Bkt = J)9|
od=2 T

CHE ${3710] 201 £t

Q1 -HE[HE|S2| A|lZHH

M=%t M2 CHE

AND-POOL

Temporal Temporal
Worcase; Workcase;

[ N/ \/ N/ \V4
%) - >E% \/\NVV\4> o

@®

{ @ @

/\ /\
(Step 1)

AND-pool

AND-pool

5

X

Rediscovered
AND Process Pattern

3) SELECTIVE-SPLIT PATTERN and SELECTIVE-JOIN PATTERN

43tat £ 7jo)
Ct2 37Aj0| A0 &5t

QI -2UE|HE| S|
Zrfoi 7t M2 CHE

OR-POOL

February 18, 2019

Temporal Temporal
Worcase; Workcase;

AV, \V4 VARV
o1 g4 OL1 \/VVVV\«) aq
() () D
\®\\
@ @ @ o\
/N\ /\ /\
(Step 1) (Step 2

Y A

OR-pool

>(w) ()

Rediscovered
OR Process Pattern
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PROCESS LOGS

An Example of the o-Algorithm

TEMPORAL WORKCASES

L:

case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case

task
task
task
task
task
task
task
task
task
task
task
task
task
task
task
task
task
task

> OO LWwWwEkEr OO DNMNDNDNEEDNMNRERFEROWWDNRE

OmwmuouQuUoHODmPrP QQ®EDP PP

OR-POOL,

February 18, 2019

Met T €

temporal workcase;: A - B — C — D Temporal WorkcaseS0i| CHat
temporal workcase,: A - C —- B — D S| AERIS A5t S0
temporal_workcase;: A — B — C — D | 7zt 122 wsks}= Sigma-AlgorithmS =251,
temporal workcase,: A — C — B — D | otg|=0| 58MS T/ s |Z 2912
temporal workcases;: E — F
AMALGAMATING TEMPORAL WORKCASES HEH@)E = o
<) S 7

temporal workcase;: A —-|B — C |—> D <°;( )2 )ﬁ 2| St

N CHE 30| A0 £5 > X D&

® ol -dE|fElSe| Az 2 S =71 I

temporal workcase,: A —-|C — B |—> D = AND-POOL

- 2 2MzQT M2 2 1 — 1

2 ¢A >| B C|— Duvwwwn
AND-POOL;

®

-+ temporal workcase;: A - B — C — D
¢A —> | B C

3
® AND-POOL,

—¢ temporal workcase,: A - C — B — D

4

¢A —| B C
AND-POOL,;

@®

—¢ temporal workcases: E — F

Herd F 1ol LHE

A —>| B C
| 3AH|0[A0| £t

— D

O|XM-HE|HE|S9| AND-POOL,;
=xjoigst Mz ciswf [E > F
OR-POOL;

— D

— D

A REDISCOVERED
ICN-BASE PROCESS MODEL
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o-2112|=2 SUMMARY

PROCEDURE SWPMRediscovery():

LN REWN=

52:

Input : A Set of Temporal Workcases, V(wec[i], i = 1..m);
where, we[l] == START(7), we[m] == END(A);
Output : (1) A Rediscovered Structured Workflow Process Model (SWPM), R = (4, x,1,0);
- The Activity Set of SWPM, A = {«; .. v, }, (wefi], i =1..m) € A;
(2) A Set of Workcase Models (WCMs), Vv W = (w, P, S);

Initialize : §,(START(%7)) « {NULL};
6,(END(A)) + {NULL};
PROCEDURE WPMRediscovery()
BEGIN
WHILE ((wec|[] < readOneWorkcase()) # EOF) DO
i+ 1;
WHILE (wec[i] # END(A)) DO
w,,(‘u'(:[i]) — ‘u'(.'['i + 1]; i+ 1+ 1; w,(‘w(:[i]) — ‘u'(.'['i — 1];
END WHILE
/* Rediscovering the temporary RWPM from the current WCM */
FOR (i =1;¢ < m;i+ +;) DO
IF (Is 6, (we[i]) an empty-set?) THEN
8, (weli]) + w, (we[i]); continue;
END IF
IF (isAND Transition( wc[i], w,(wc[i])) == TRUE) THEN
continue;
END IF
FOR (each set, a, of sets in §,(we[i])) DO
SWITCH (checkupTransition(a, w, (wc[i])) DO
Case 'fixed transition’:
Case 'sequential relationship’:
bo(wel1]) + wolweli]);
break;
Case 'conjunctive transition (AND-split)":
ANDset <— makeAND Transition(a, w,(we[i]));
8,(weli]) + 6,(we[i]) U ANDset;
eliminatePreviousTransition(a, w, (we[i]));
break;
Case "disjunctive transition (OR-split)”:
ORset < makeORTransition(a, w,(wc[i]));
5,,(‘11'(:[‘:',]) — 6,,(‘uvr:[i]) L ORset;
eliminatePreviousTransition(a, w,(we[i]));

break;

Default: /* Exceptions */
printErrorMessage();
break;

END SWITCH
END FOR
END FOR
END WHILE

finishupSWPM(); /* with its input-activity sets, (J;(wc[i]), i = 1..n)
and its transition-conditions */
bi(ey) + {START()}; do(an) «+ {END(A)};
PRINTOUT
(1) The Rediscovered Structured Workflow Process Model, SWPM, R = (4, ,1,0);
(2) A Set of the Workcase Models, WCMs, YW = (w,P,S);

53: END PROCEDURE

February 18, 2019

<» Properties of the o-Algorithm

o HEXOU ZE 7|5t T2 M|A OL0|d 22[E

o MEH Z2MA THE: XA TiE, MENA D&,
W IfE
o HH=2 miE (LOOP PROCESS PATTERN): Bi&2| LOOPCASES 7Hd =g
o TIH ZZMNA DHO| XL

o ZEAMA IHRZA Sy 2
o IEAA QIAEIAO| ASHO|Z{EOI TEMPORAL WORKCASESS 5Lt

A SHEA|F|HA THES| RS AN ot= Wi
o TEMPORAL WORKCASEE ZZ{AHZA|ZCZN 112|E

S SSAE = UAB

10

ol
Mo
0z
o

% o-Algorithmi} p-Algorithm2| xj= A
o SYM: HEAF|OL 7[dt Z2EMA OO Y2|E
o MYH Z=MA D{EH: &RHA D, MEHX &,
3N nliH, BHE A e

o TPTH TZAMA THES THLA: MEi™ TiE 0t HHEX TR S 225101 XY
st AS.
— . - o
o IZAM|A KA A 22|
o BtMo| HE|HE|Q| A2 TIA|ZEO| MSEH Zt7i|ot 219| 7 4= A 7[H|w
X X
12

—
(<, == >) 2AIE 7|2 TiH| RA(=APY, MEHY, HEX, HEx)S
74I-{3|.h HieH
=2=o¥l- od

r
o
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ZEMA7]|8E H|ZL|A X|4] A
HIEL|A TEHA 2Y MliH|g 2HEHE B2 M

Clarence A. Ellis, Kwanghoon Kim, Aubrey Rembert, Jacques Wainer, “Investigations on Stochastic
Information Control Nets,” Information Sciences, Volume 194, pp. 120-137, 1 July 2012

s A CONCEPT OF STOCHASTIC BUSINESS PROCESS MODEL
o HHEE TRMA UM Ho|: £UHE YNY BY
o PROPERLY NESTED: 2E H|Oj1=ES2 |2 Ho| =2 Lloll i8] Z2tx|0{oF SiCt.
o MATCHED PAIRED: BLOCK INITIATION NODES AND BLOCK TERMINATION NODES
o Block Initiation nodes(n;): OR-SPLIT, AND-SPLIT, LOOP-SPLIT
o Block Termination nodes(n.): OR-JOIN, AND-JOIN, LOOP-JOIN
(1) n; < n,
(2) dout(n;) + din(n;) = dout(n.) + din(ny),
(3) (n; € n*)=>(n*, € n.) where (n;, n.) and (n*; < n*.) are matched pairings,
(4) Every execution sequence (path) that reaches n; must eventually reach n..

o PROBABILISTIC LANGUAGES AND MODEL-LOG COMPARISON(FIDELITY)

- Probabilistic Language generates DRZ, DSBZ, DBSZ.
. MODEL: {[DRZ; 0.5],[DSBZ; 0.2],[DBSZ; 0.3]}
. LOG: {[DRZ; 0.5],[DSBZ; 0.25],[DBSZ; 0.25]}
- FIDELITY: 220 2ol MMdE p-Language®?l the p-Language ZI1Z8FH {LTE
p-Language?t?| 7{2|(distance)E FEECE AlASH AS aid REC| Saketn Fol
SiCt. H2[7E ool 7MEsE SETIF E2 AY.

LOG OF CUSTOMER SEQUENCES

shipping CUSTOMER 1: DBSZ

% archive
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CUSTOMER 2: DRZ
CUSTOMER 3: DSBZ

CUSTOMER 4: DRZ



ZEMAT|H H| =LA K| 4] 1A
TEAA HO-ZE WA L HuA P2y

Minjae Park, Kwanghoon Kim, “Control-path Oriented Workflow Intelligence Analyses,” Journal of
Information Science and Engineering, Volume 24, pp. 343-359, 2008

< A CONCEPT OF CONTROL-PATH KNOWLEDGE REDISCOVERY
o RN HOIZE 4y ¢me|E
o RN HOIZE 7Y E2| WY YT2IZS 0123 HOIZE ML Loz

ilh
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Minjae Park, Hyun Ahn, Kwanghoon Kim, “Workflow-supported social networks: Discovery, analyses, and system,”
Journal of Network and Computer Applications, Volume 75, pp. 355-373, November 2016

s A CONCEPT OF WORKFLOW-SUPPORTED SOC

IAL NETWORK DISCOVERY

o ABRLU|u AMUEYT KA WA BMS I3 0|2 ZAYT} T AAH

o HIAEELI|H LHUHERI XA 1A Lue|E

ICN-based Workflow-supported
Workflow Model Social Netev':)rk SocioMatrix

% * Binary Directed/Nondirecited Graph . Worklo-ad- .
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A PROPORTINAL INFORMATION CONTROL NET MODEL

A. p-Algorithm: =& ZEH|o{Hll7|dF T2 M|A TfE 7HL24 202|S
B. Proportions on Process Patterns: T2 M|A AlsH0|2i0 2 EE| T2 M|A TljE12] AlSHH|E X|A] Bb74

TEH HERO{|H T2 A Dol CEHI of; o
EMEe| EMMTTY U S8 SRMA B

book request (p1, p2)

P1
. Ps
initial cost initiate utility by . 0257 PARALLEL PROCESS
analysis analysis §
(1. Pos P11) (P2 P& P7: Ps) 2 S PATTERN
P11
terminate cost terminate utility
analysis analysis 2
(p3) (p3) Ps

REDISCOVERING ICN-BASED
acquisition inquisition = STRUCTURED PROCESS PATTERNS /

(Pas p11)

DISCOVERING PROPORTIONS ON
- PROCESS PATTERNS
purchased - PERFORMERS (FUTURE)
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R rejected
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book
cataloged
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reviewed
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A PROPORTIONAL PROCESS PATTERN
DISCOVERY FRAMEWORK
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STRUCTURED ICN-BASED
PROPORTIONAL PROCESS PATTERNS

o OR-OPEN AND-OPEN LOOP-OPEN
(O Initiation event N n

O Termination event

Activity node N _ \::... U \l-...
Py
LOOP-CLOSE

—> Precedence arc
OR-CLOSE AND-CLOS

P. ~ Pn Probabilities: P, + .. P, +P, =1.0

)
()

Process Pattern Process Pattern

2
®
Linear @
Process Pattern Disjunctive Conjunctive
®

Iterative
Process Pattern
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A CONCEPTUAL INITIATION OF PROPORTIONAL BUSINESS PROCESSES

y
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The Original Business
Process Model
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THE IEEE XES EVENT LOG FORMAT

A SAMPLE OF XES-FORMATTED EVET TRACES
THE IEEE XES EVENT STREAM FORMAT: IN THE 2013 BPI CHALLENGE DATASET

THE META-DATA MODEL IN UML CLASS DIAGRAM

<udLle Key= Limedoimescanp VA LUES ZULL-U0D—L/1091£D3134FY0L100 />
<string key="lifecycle:transition" value="Assigned"/>

<declares> </event>
- cccsccccces cccccccccccccns </trace>
H <trace=>
H <string key="concept:name" value="1-535418135"/>
H <event>
' <string key="org:group" value="0rg line A2"/>
H <string esource country" value="POLAND"/>
' <string resource" value="Michal"
' <string country" value=
H <string alue="A2_1"/>
H <defines> <defines> <string oncept:name” value="Accepted"/>
' Classifier <string mpact" value="Medium"/>
H -
H <string product" value="PROD791"/>
: <date key="time:timestamp" value="2011-06-21T12:01:27+02:00"/>
' <string key="lifecycle:transition" value="In Progress"/>
H </event>
H <event>

<string key="org:group" value="0Org line A2"/>
i esource country" value="POLAND"/>
rg:resource" value="Michal"/>

<defines>

<trace-global> <string key=

AM|E= IEEE XES EU 7jule] T2 M|A AlHo|=H=2T ME:
« EO|A: <trace> .... </trance>
— « O|8HE: <event> .... < /event>

<contains> cecees <string key="org:group" value="0Org line A2"/>
<string
<orders> <string
<string
<string
<string

»

<event-global> L

b oo
-

cegeeee
<:;!;)
[
<

<contains>

oncept:name" value="Accepted"/>
mpact" value="Medium"/>
'PROD791"/>

<date key="time:timestamp" value="2011-07-28T14:24:26+02:00"/>
<string key="lifecycle:transition" value="Wait"/>

E
4

<contains>

Container </event>
<event>

<string key="org:group" value="0Org line A2"/>

<string key esource country" value="POLAND"/>

<string key rg:resource” value="Michal"/>

<string key i ion country" value="pl"/>

<string key value="A2_1"/>

<string key oncept:name" value="Accepted"/>

<string key mpact" value="Medium"/>

<string k product” value="PROD791"/>

<date key="time:timestamp" value="2012-01-19T15:23:31+01:00"/>

<string key="lifecycle:transition" value="In Progress"/>
</event>
<event>

<string key="org:group" value="0Org line A2"/>

<contains>

OHEE-EE“()lﬁ-E:gl ﬂl%ﬁ _+_-'_'~|J'.-_*7="E <str;ng esource country" valug="POLAND"/>
PR 1= e . <str._Lng rg:_resot_Jrce" value:"M.Lchal::/>"
TEEIS EEAS ’é‘é'fllaﬁil MIEFSE 37 = i i soartsy. Lo AL
HHE - (@] S HHE <string oncept:name" value="Completed"/
° Ol |—H* _‘E“:H E|-| EOOO| LH* <string mpact" value="Medium"/> i
. ols _ = — <string key="product" value="PROD791"/>
° EE‘I|O|i % Eﬂ‘ Ol_lﬁl;di |DE ZQI-E Boolean <date key "tirne:':imestamptlII value="2012-01-19T15:25:35+01:00" />

<string key="lifecycle:transition" value="Closed"/>
</event>

— =
O|gHE =2l &gt
</trace>
<trace>

° - Q0I5 m2 M A-IDE ZH=
Ei- o= _E -”_ |DE S = <string key="concept:name" value="1-535439201"/>

EE‘||O|i%9| xb}élz!- <event>

000000¢

<string key="org:group" value="0Org line C"/>

cetrina Lau="racaurca cauntru’ ualua="Cuadan® /=
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The rho-Algorithms Hg3510{ 15
TZM|A OO A|AEIO| XHEHA AT}
Process Event Log Dataset:

The Large Bank Transaction Process Model

et MEZZMAS| T2 AM|A T J2i=

st

THE PROPORTIONAL PROCESS PATTERN GRAPH
WITH PROPORTIONAL COUNTERS AND ACTIVITY OCCURRENCES
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THE PROPORTIONAL BUSINESS PROCESS MODEL
IN A MODEL OF INFORMATION CONTROL NETS
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[ ]
File Edit Help

The ICN-Based Proportional Process Mining System
10000-all-nonoise -~ 158Mb.xes IMMS B
| Analyze |Traces: 10000; Activities: 113; Performers: 1

0 Enter trace numbers and/or trace ranges

 Trace date 3 Base on
separated by commas (e.g. 2, 5-8)
From Date To Date Trace Duration (days)
Nov30,2013 | (3 | May11,2001 | (3 | Min: |2 Max |4
Number of eventis: |lessthan  w| 51 ¥
Node type: | circle Q {Start, End) type: | cross B ] unfold " Visualize |

Export type: | Traces with Activities (Filter by trace number) | | Export |
Node size  Node colour (R,G,B)

|footnote ¥ [131 |¥| 156 %] [196 ¥/

(/] Show node ID | Show Avatar | Noise percentage ()

AN EXPERIMENT FOR PROVING THE
CORRECTNESS OF THE p-ALGORITHM
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Business Process Activities

in Temporal Workcases

140

8

20

]

A DATACUBE OF BUSINESS PROCESS LOGS:
The BPI challenges of 4TU.Centre for Research Data

A Process-Aware Datacube on Temporal Workcases
from Business Process Enactment Event Log Datasets

" Review Example Large
Receipt Phase of an Environmental Permit Application Process

Hospital Log The XES Files

BPIChallenge 20155
goichatenge20154  {TOM the BPI Challenge

| ' | | \
| | | :
| "-" . L I’” ek i I|| I
|
BPI Challenge 2015-3 Datasets

f BPIChallenge 2015-2 (Business Process Models)
BPIChallenge 20151

BPIChallenge 2012
The Large Bank Transaction Process Model

1 2 3 4 5 6 7 B8 9 1011 12 13 34 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 36 39 40 41 42 43 44 45 46 47 48 45 0

50 Temporal Workcases Mined from Each of the BPI Challenge Datasets
(Business Process Instances)

THE BUSINESS PROCESS INTELLIGENCE CHALLENGES SINCE 2011 (BPM International Conferences)

o The challenges are sponsored by Minit and Celonis, that provide participants with a real-life event log.

o The challenges strongly encourage people to use any tools, techniques, methods at their disposal.

o The sponsors provide access to their tools for use with the BPI Challenge dataset.

o The challenges have three categories, namely students, academics and professionals, for awards decisions.

The BPI Challenge Dataset for the Experiment

- The Large Bank Transaction Process Model: 10,000 PROCESS INSTANCES ON THE DATASET
- 4TU.Centre for Research Data: https://data.4tu.nl/repository/
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THE DATASET FROM the 4TU.Centre for Research Data

THE LARGE BANK TRANSACTION PROCESS MODEL

o000 < > & data.4tu.nl ] h
4TU - Dataset: Large Bank Transaction Process .
4TU.Centre for Research Data w 16 Contact | Login

<< more info...
Home
Upload datasets

Personal page

» Search in Data
» Search in "info

'fU Delft

UNIVERSITEIT
TWENTE.

u"f““,"ﬁ'!‘.‘.’ﬁ',‘

Dataset | Large Bank Transaction Process

» > > > Link as hitps://doi.org/10.4121/uuid:c1d1fdbb-72df-470d-9315-d6f97e1d7c7c | How to cite this dataset

¥ go to DATA section ¥

Large Bank Transaction Process

GED) Munoz-Gama, J. (Jorge)

2014-08-21

2014

Synthetic Bank Transaction Process

Models: Petri net, Large, Stand-alone and SESE-aided Decomposed
Logs: Large, with and without noise, two particular scenarios (see paper).
Additional: Model diagram, decomposition diagram, activity re-naming.

en

Universitat Politécnica de Catalunya (Barcelonatech)
Bank Transaction

Synthetic Event Logs

& www.onthemove-conferences.org/index.php/coopis2014
licence i General terms of use

DATA

[Z] Dataset files (9.6 MiB) >> download complete dataset (zip) | download separate files

[=] bag-info

.Zip=application/zip .pdf=application/pdf .pr /t stream .api ion/octet-stream .. p
Mime types:

application/octet-stream

application/pdf

application/zip

text/plain

[=] contents of this dataset, 21 files
banktransfer/logs/10000-all-noise.xes.zip
banktransfer/logs/10000-all-nonoise.xes.zip
banktransfer/logs/2000-all-noise.xes.zip
banktransfer/logs/2000-all-nonoise.xes.zip
banktransfer/logs/2000-scen1.xes.zip
banktransfer/logs/2000-scen2.xes.zip

bar del, sed/t _decomposed.pdf

bar del/d: posed/d position.1.4512103053770864521.pnml
bar del/d: posed/d position.2.9160098463634792426.pnml
bar del/d: posed/d position.3.2226892405849461028.pnml
bar posed/c position.4.2635122631549875590.pnml
bar del/d: )sed/decomposition.5.7033710304373786579.pnml
bar del/d: posed/d position.6.4311586783049536.pnml
bar del/d: posed/d position.7.3589215302117216061.pnml
bar del/d: posed/d position.8.283751164431832289.pnml
bar posed!/c position.9.1078094 115669642555.pnml
bar del/d )sed/decomposition.apna

bar del/origir tivities.txt

banktransfer/model/original/banktransfer_net.pdf
banktransfer/model/original/banktransfer_opennet.pnml
banktransfer/model/original/banktransfer_structure.pdf

=
=

Atop of page A ORE RDF/X!
© 2018 4TU.ResearchData
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AN EXPERIMENTAL DATASET:

THE LARGE BANK TRANSACTION PROCESS MODEL

« There are 113 activities in the chosen business process model, and
these activities are subdivided into 8 subprocesses.

« After applying our rediscovery framework to the dataset, which is
implemented as a name of the event trace mining algorithm, we
found out that the chosen event history file contains all the

enactment event logs stored from enacting the exact number of
10,000 business process instances.
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OCCURRENCES

EXPERIMENTAL MINING RESULT
THE ACTIVITIES AND THEIR OCCURRENCES FROM THE LBTPM DATASET
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EXPERIMENTAL MINING RESULT: PROPORTIONAL COUNTS
A PROPORTIONAL PROCESS PATTERN GRAPH FROM THE LBTPM DATASET

February 18, 2019
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A PROPORITONAL INFORMATION CONTROL NET MODEL FROM THE LBTPM DATASET

Building Bloc
‘§9k4

Building Blocks

Building Block;
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WORKFLOW AND BUSINESS PROCESS MINING
SYSTEM DEMO:

THE ICN-BASED PROCESS MINING SYSTEM

PHAM DINH LAM, Ph.D. STUDENT

Collaboration Technology Research Lab.

Department of Computer Science and Engineering
KYONGGI UNIVERSITY, REPUBLIC OF KOREA

kG |




CONCLUSIONS

THE MAIN CONTRIBUTION OF THE TUTORIAL:

* INITIATED THE CONCEPT OF PROPORTIONAL BUSINESS PROCESS MODELS
- DEFINED A FORMAL MODEL OF PROPORTIONAL INFORMATION CONTROL NETS

« PROPOSED THE FRAMEWORKS FOR REDISCOVERING p-ICNs
- A CONCEPTUAL FRAMEWORK for discovering proportional process patterns
- AN ALGORITHMIC FRAMEWORK for discovering proportional process patterns

« DEVISED THE ALGORITHMS (p-Algorithm) IN THE FRAMEWORK

- Mining all the four types of proportional process patterns, such as linear, disjunctive, conjunctive and
iterative process patterns, from business process enactment event logs formatted in the IEEE XES.

« CARRIED OUT THE EXPERIMENTAL STUDY WITH AN ANALYSIS ON A REAL DATASET

- Carrying successfully out an experiment on a business process enactment event history dataset (Non-noise)
recorded from the execution of the Large Bank Transaction Process Model.

- RlotALE
- 2AMsE ZEAM|A DHO| FUAS siM = RE Zete| M= Hest
Conclusively,
- IMPACTS UPON EVERY PHASE OF THE BUSINESS PROCESS LIFE-CYCLE
-« CONTIRUBUTION TO THE BUSINESS PROCESS REDISCOVERY RESEARCH ARENA

- FUTURE RESEARCH ON

- REDISCOVERING p-ICNs with Noise Datasets
- REDISCOVERING p-ICNs with Performers’ Work-Done Proportions
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QUESTIONS AND ANSWERS

THANK YOU VERY MUCH!

KWANGHOON PIO KIM, Ph.D.

COLLABORATION TECHNOLOGY RESEARCH LAB.

DIVISION of Computer Science and Engineering, KYONGGI UNIVERSITY
kwang@kgu.ac.kr

http://ctrl.kyonggi.ac.kr



