Process Mining

Part 111 — Beyond control-flow mining

Organizational mining
Discovery of social nets
Extension algorithms
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Organizational Mining Algorithms

s Objective:

o Discover the organizational model (i.e., roles, departments,etc.)
without prior knowledge about the structure of the organization

o Aid in understanding and improving social and organizational
structures

s Two types of algorithms

o Organizational Model | @
= Mining of roles and teams in organizations @ @
m ProM Plug-in: Organizational Miner
o Social Networks
m Discovery of relationships among originators
= ProM Plug-ins: Social Network Miner
and Analyze Social Network




‘ Organizational Miner

= Main idea: Which originators I —

Filtered repairExample.mxmi (Simple filter) »| Multi-phase Macro Plugin

are executing which tasks (o T T T

ﬁ' Open new log...
Partial Order Mining TimeUnit

repairExample.mxml

Heuristics miner

= Methods to mine roles o T

Duplicate Tasks GA plug-in

o Default mining P ]
o Doing Similar Tasks i

Language-based Region miner

Fuzzy Miner

s Methods to mine teams ch e

Change mining plugin
Frequency abstraction miner

o Working together Floteesrerel)

complete (i Organizational Miner

start f Workflow patterns miner
Case data extraction plugin

Logreader Benchmark
LogReader comparison driver

ss mining finished.
Process Instance Inspector



Organizational Miner

% Prom [4.2]

| M a | n |d ea Wh |Ch pe rfO 'm e rS File Mining Analysis Conwversion Exports Window Help —

are executing which tasks

Settings for mining Filtered repairExample.mxml (Simple f... nz &= |E

[ ] Methods to mine roles Organizational Miner
o Default mining
o Doing Similar Tasks

m Methods to mine teams
o Working together

Help start mining

21:46:42 [M] Process mining finished.



Organizational Miner

% Prom [4.2]

s Main idea: Which performers

Settings for mining Filtered repairExample.mxmi (Simple f... nz = E

are executing which tasks Organizational Miner

s Methods to mine roles
o Default mining
o Doing Similar Tasks

m Methods to mine teams
o Working together

Help start mining

21:46:42 [M] Process mining finished.



% Prom [4.2]
File Mining Analysis Comversion Exports Window Help

h .
m QR OQ@ =:=E0  PraM

Results - Organizational Miner on Filtered repairExample.mxml (Simple filter)

Organizational Model |

Results - Organizational Miner on Filtered repairExample.mxmi {Simple filter)
|/ Mining Result: adjust threshold value IT Organizational Model |

Show Resource nodes Show OrgEntity nodes Show Tasknodes | Redraw Graph




Organizational Miner

“ Prom [4.2]

| M a | N |d ea. Wh |Ch pe rfo rmers File Mining Analysis Cursiun Exports Window Help

a re eXe CUti n g Wh i Ch taS kS Settings for mining Fitered repairExample.mxmil (Simple f... nz = |E

Organizational Miner

s Methods to mine roles
o Default mining
o Doing Similar Tasks

m Methods to mine teams
o Working together

Help start mining

21:46:42 [M] Process mining finished.




Organizational Miner

<Process>

<AuditTrailEntry/>

<AuditTrailEntry/>

<AuditTrailEntry/>

</Process>

<AuditTrailEntry>
<WorkflowModelElement/> Task A </Wf.M.E.>

</AuditTrailEntry>
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m Part |- Introduction to Process Mining
o Context, motivation and goal
o General characteristics of the analyzed processes and logs
o Classification of Process Mining approaches

m Part Il - Workflow discovery
o Induction of basic Control Flow graphs
o Other techniques (a-algorithm, Heuristic Miner, Fuzzy mining)

s Part lll - Beyond control-flow mining
o Organizational mining
o Social net discovery
o Extension algorithms

m Part IV — Evaluation and validation of discovered models
o Conformance Check
o Log-based property verification

m PartV - Clustering-based Process Mining
o Discovery of hierarchical process models
o Discovery of process taxonomies
o Oultlier detection

11



Social Network Miner

m Aim:
o Monitor how individual process instances are routed between
originators S— ——
m Metrics

o Handover of work
o Subcontracting

o Reassignment

o Working together
o Similar task

Selected

Select All

Deselect All

=R R E R R REE]
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Social Network Miner

= Aim: Monitor how individual process instances are routed

between originators
s,

\j\\

John Mary

= Metrics T _
Handover of work ﬁi\(ﬁ .
Subcontracting \ s

T R

EI
ad
o Reassignment
U
a

Working together
Similar task
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Social Network Miner

= Aim: Monitor how individual process instances are routed

between originators
m

<\

= Metrics v _
Handover of work ﬁi\(ﬁ .
Subcontracting \ e~

T R

a
Q
o Reassignment
U
a

Joh
Working together onn

Similar task
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Social Network Miner

= Aim: Monitor how individual process instances are routed
between Originators <AuditTrailEntry>

<WorkflowModelElement/> Task A </Wf.M.E.>
<EventType> complete </EventType>
<TimeStamp> 2005-10-26T12:37:33... </TimeStamp>

. M et ri CS <Originator> John Doe </Originator>

<Data>

o Handover of work s s
Q S u bCO ntra Cti n g </AuditTrailEntry>
o Reassignment sohedle__asaign

|
- |
o Working together | N —
|
(£

start  ___ __ __ ___
resume N |

manualskip { k) ] |
withdraw \ suspend _/

\_M\ |

\ ate_abort /
N ~a . )
pi_abort

o Similar task
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Social Network Miner

= Aim: Monitor how individual process instances are routed
between originators

A Prom [4.2] =03

. Metri CS File Mining Analysis Conwversion Exports Window Help
‘'mQkR 0O s

o Handover of work
o Subcontracting

o Reassignment

o Working together
o Similar task

Select All

Deselect All

& EEEEEEEEE

Based on ordering
relations derived
from alog!
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Social Network Miner: Example

[T5|Output Log #2

File Edit

B | 58| By mp| @] oo fietiumber2

ICLIQUES

Minimum Set Size:
Input data=zet:

2 cliques found.

1: Tucia Peter Harv
2: John Harvy

John 1
Alex O
Luczia 0
Feter O
Hary 1

O DO

WM
oe0sH
== w ]
= R D

1.000 . XEY OEXE
0.667 . XEEEEXE
0.ooo HRAXEEXIX

2
C:~Program File=

WARHIHG: Valued graph. All walues : 0 treated

Actor-by—Actor Cligue Co-Membership Matriz

HIERARCHICAL CLUSTERING OF EQUIVALENCE MATRIX

John Alex Lucia Peter Mary
John 0 0 0 0 2
Alex 0 0 0 0 0
Lucia 0 0 0 2 2
-Ex Peter 0 0 2 0 2
Mary 2 0 2 2 0
-l

File Image MNode Edge Data Preferences  Help

e (P i P S Y PR R T A

2.0
1’ (LT Al
[N
&0
2.0
eI
4
& Feter
-,
710 2.0
|
Al
D Lucia

| John

D 2lex

Crag and drop nodes to change position.
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Plugin Analyze Social Network

m Better graphical view for the results of the Social Network Miner
= Includes different metrics to measure centrality of nodes

s Example: subcontracting

Tester4

0.000

Tester2 - TesterS Tester3

. 0.000
Tester1 0.000 L

—®= Testerb
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1ow role nodes
Layourt

‘HHLayuut ‘ - |

C | Show org unit nodes

Vertex size

Degree Centrality

Mode Mame In Dedgres out Degree
0.0 0.33333334 ize property: Mouse Mode
esterz 016666667 0.5 -
esters 0.166BREET  0.1BBRREET : griex degree ratio stretch |P'c'""g |"
esterd 0.1666BEET 0.0 =
EStEr3 D1EEEEEE? DI:I T T o i S S
e oy o | e P

average in Degree = 0.1 B6EEBET
average out Dedree = 0.1666RBET

Resuilts - Social network miner on Fi... o° & [

Testerd

Testerh

Testera

Testert

Testerd

ess mining finished.
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Outline

m Part | — Introduction to Process Mining
o Context, motivation and goal
o General characteristics of the analyzed processes and logs
o Classification of Process Mining approaches

m Part Il — Workflow discovery
o Induction of basic Control Flow graphs
o Other techniques (a-algorithm, Heuristic Miner, Fuzzy mining)

s Part lll - Beyond control-flow mining
o Organizational mining
o Social net discovery
o Extension algorithms

m Part IV — Evaluation and validation of discovered models
o Conformance Check
o Log-based property verification

m PartV - Clustering-based Process Mining
o Discovery of hierarchical process models
o Discovery of process taxonomies
o Outlier detection in a process mining setting
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Extension techniques

suppor:s/ | Bottlenecks/
controls : _ -
information Business Rules

Process Model
system
\
records
events,e.g,,

“world”

business processes
people

machines

components
organizations

specifies messages,
models | . configures transactions
analyzes implements etc.
\/
- discovery -
(process) conformance event
model logs

- L L s
Enhance existing models with information discovered from logs S Analvais

Analysis
o The Decision Point Analysis plug-in can discover the “business
rules” for the moments of choice in a process model

o The Performance Analysis with Petri Nets plug-in provides various
KPls w.r.t. the execution of processes
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Decision Point Analysis: Main ldea

Detection of data dependencies that affect the rounting the routing of
process instances

Issue
payment

E

Check all

B

Check
policy only

Which conditions influence

Send
rejection letter

F

Register Evaluate

claim

@ A

Start

p2 p4 Archive

Send
approval letter

G

the choice between a full
check and a policy only one?

Motivations
o Make tacit knowledge explicit
o Better understand the process model

22



‘ Decision Point Analysis: Motivation

status = rejected

status = approved
(amount > 500) a Zokdd I

AND i \ Issue
(policyType = normal) N\ ks \ payment
\ %
\ \
\ Checkall \

Send
\rejection letter

Register Evaluate

claim

A

Start

status

amount / Check

clie_ntID / policy only F 4
policyType / /

(amount <= 500) d /
OR status = approved /
(policyType = premium) status = rejected

p4 Archive

o

amount = R

clientlD = String

policyType = normal | premium
status = approved | rejected

decision point

data modification

— — — data dependency
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‘ Decision Point Analysis: Approach

case |D

case 39

case 30
case 39
case 23

Process
Miner

activity

Send emall
Register participant
Process answer
Reagister participant

originator

John
Sue
Mona
Lilly

Event log

timestamp

9 3. 2005:15.01
9-3-2005:15 12
9-3-2005:16.03
9 3. 20056:16.07

data

MailingDate = '9.3.2005

SendVia = 'letter Address =
Available for fullire surveys = ves
SendVia = 'email’, Email = ..,

Decision

Miner

Process-aware
Information System (PAIS)

- SAP R/3

- Flower

- Staffware

- Peoplesoft

- Eastman

- WebSphere PC

Enaciment phase

Analysis phase
Decision rule

k20.12. < MailingDate < 24.12.
SendVia = letter

Process
danswer

24



Decision Point Analysis

Read a log + model
|dentify the decision points in a model

Find out which alternative branch has been taken for a
given process instance and decision point

Discover the rules for each decision point

Return the enhanced model with the discovered rules

25



Decision Point Analysis

Read a |
|dentify

Find ou n taken for a

given pro
Dis e rules for each decision point

Return the enhanced model with the discovered rules
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status = rejected

status = approved . amoun t=R
N \ Issue clientiD = String

SO
— B2
. o t policy Type = normal | premium -
licyT = 1 \ paymen =
te p 4 (policy ype\ NorTmat) b \ status = approved | rejected
N

\ \ E
Send
ection letter p4  Archive

Check all
F H O

End
Send p5
proval letter
/ G decision point

(amount > 500)

Register
claim

ama t J Check status v
cliemiits -
| / palicy only s
policyType / .
= ‘,': I data modification
(amount <= 500) | I

OR status = approved / — — — data dependency

Tral n | n g exam p I es (policyType = premium) status = rejected

for decision point "p0"
amount clientlD policyType class Discovered decision

1000 | C567894938 = premium tree for point "p0"

700 C938609223 normal

550 C135697567 normal
500 C568120443 normal
50 C493823084 normal
200 C945675110 premium

normal premium

OO0O0mwWO
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‘ Decision Point Analysis: Example in ProM

T proM [4.2]

File Mining Analysis Conversion Exports Window Help
v
QAR O@® ==
Analysis - Decision Point Analysis -
Diacision poirts |/Mnr.lel |/Attr|hutes rLug | Algorithm |/[.'lec:|5|un Tree /Rules | Evaluation rﬂesuﬂ |
Choice 4 "p0* )
Choice 5"p2" | B
Chaoice 6 "p3"
Register Claim
complete PolicyType Check all
complete
B —
-~
Check palicy only
complete
| Update results | -
4 ] Il | | #]
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Decision Point Analysis: Example in ProM

T Prom [4.2]

File Mining Analysis Conversion Exports Window Help

‘"mQAR OO == _Prom!

Analysis - Decision Point Analysis
Decision points |/||.'Indel rnﬂrlhutes |/ Log | Algorithm r Decision Tree ! Rules | Bvaluation |’Resu|t |

Choice 4 "p0" Tree View
Chaice 5"p2"
Choice 6"p3"

-

<= 500 > 500

= premium = normal

| Upda‘e resuls | _ _
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‘ Decision Point Analysis

T proM [4.2]

File Mining Analysis Comversion
v
mQHR OO
Analysis - Decision Point Analysis
Betieiin hoeE (Mndel rnﬂrihutes ang | Algorithm rDecisiun Tree |Rules | Evaluation |/Resutt |
Choice 4 "p0" -]
Chaice 5 "p2" Bk
Choice 6 "p3" i
Register Claim ;
o il BolieyTige (#Amount data > 500) andalso (#PolicyType data = normal) e
complete
""--...._hE
(#Amount data <= 500)
orelse _ 1
: : Check policy anly
(#Amount data > 500) andalso (#PolicyType data = premium completa
‘ Update results | -]
4 | Il | [¥] 3 ¢
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Extension technigques

s Decision Miner

m Performance Analysis

31



‘ Performance analysis: pattern visualizat

& proM [4.0]

File Mining Analysis Conversion Exports Window Help

& proM [4.0]

File Mining Analysis Comversion Exports Window Help

=1oix|

ainje

[ Anatysis - Performance Sequence Diagram Analysis

[T

Options Full diagram Pattern diagram |

Componont type : : — : : : : i

TaskID = collect reviews | ‘ decide | | invite additional reviewer ‘ ‘ time-out ‘ | oet review X ‘ ‘ reject | |:_ Frequency: 3

I I I I I

Time sort: Throughput time
avy 9590400,0

seconds A min 7BEZ400,0

Pattern type: max |11404300,0

@ Flexible equivalent

) Strict equivalent

Ehuw diagram

stdey

177277, 78328

Pattern 1:

Fraguency: 2

Throughput tirne
@y [19arz00,0
max 3110400,

LIEI

stdew

1688444 67326

Pattern 2:

Freguency: 2

7“

Throughput time
] [1

—
[RRRREN

Analysis - Dotted Chart Analysis

[4]

[+

Options

Comg it type:

[Task D [+]
Time option:

[actual [~]

Relative Time option:

|Instance D | hd |
Time sort {chart):

|m|:mths | hd |
Color By

[rask D [~]
Shape By

|None | hd |

Time sort {metrics):

|seconds | hd |
—{1084)x —{1084)x
_—(10*‘3)::: _—(10*‘3):::
_—(10*‘2)::: _—(10*‘2):::
- 10= - 10=
= 1z = 1z
Zoom (¥X) zoom {Y)

[ Dotted Chart | Settings |

5 1 3006 373006 F 320065 % 430065 55 3006 16 2006 17 7006 352006 7563006 7107006 1112006 11 1=] lcomponent Overalt: -
NN 0:0:0 0:0:0 1:0:0 1:0:0 1:0:0 1:0:0 1:0:0 1:0:0 1:0:0 000 0:0:4— . —
ihncew’e » w @ * * e =W . - e * Wwe ® . I IR ] |01 components:qd
items values

it eiey T |t!me(ﬂrst) 5-1-06 0:00

|limefend)  |5-5-08 1:00 L
Ao . . avg spread |50173714,28571
Iie gl e GG UMD S BN SODINE S ¢ VIS * S8 S5 M BN W NS B min spread |37497600,0

max spread (721440000

Meollgpe WO CEDEr SUS S © @ S0 ¢ WS W @ e e DOE @

e seeee 8 @ - e » . 290 W o - @ * & @

tet review Xgpgy 900 & 09 - - eee e B

0"9:‘ 4 & --“m--

decilope oo oo @ S S0 S UE S S P EH e STHBE e e

aviy. interval
-

# of dots: 44
items

Component time-out 2:

values

|time(ﬂrst)

17-1-06 0:00

|timefend)

10-4-07 1:00

aviy. interval

900167,44186

min interval |0,0

max interval

2419200,0

it invite r

#t of dots: 100
items

i

values

|time(ﬂrst)

5-1-06 0:00

|timefend)

8-4-07 1:00

aviy. interval

399708,09091

min interval |0,0

max interval

1468200,0

# of dots: 399

Component imvite additional revi

items values
|time(ﬂrst) 19-1-06 0:00
limefendy |3-5-081:00

181266,33166

nn

reipn intomen |

-

4] i

[D] |
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Performance Analysis with Petri Nets

= Motivation

o Provide different Key Performance Indicators (KPIs)
relating to the execution of processes

s Main idea

o Replay the log in a model and detect

Bottlenecks
Throughput times
Execution times
Waiting times
Synchronization times
Path probabilities etc

33



‘ Bottlenecks — Throughput Times

“ ProM [4.2] BE=ES

File Mining Analysis Comersion Exports Window Help

'"mQAR 0@ ==

E Analysis - Performance Analysis with Petri net
~ LogTraces :
il i
10

100
1000
101

102
103
104
105
106
107
108
109
11

110
Yl ; -
113 :
114 %
115 -

Update o

Invert Selection nomsa T Ing] Il [ ]

q
G

Process information:

L] »

Repalr (Simple|

Foopair (Simple) Foepalr (Simpla) stan compleie
skart '.' complete 7.—_

Repair Complex) S

e
sfart complefs

Waiting time: Selected:

I High
[ Medium

Hl Low
Settings

| Transition - Register complete =]

and:

| Transition - Archive Repair co... j
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‘ Bottlenecks — Synchronization Times

“ ProM [4.2]

File Mining Analysis Comersion Exports Window Help

'"mQAR 0@ ==

E Analysis - Performance Analysis with Petri net

Log Traces 1 q
1 alk B ; :
10 — | P — Process information:
ALY Total number selected:
1000
101 1000 cazes
102 =t *‘_‘;‘\’\ Number fitting:
103 mp—
104 ':mn?: 1000 cazes
105 Arrival rate:
106 :
107 0.03 cases per minute =
108 = =
109 | Throughput time (minutes)
11 20 BE.59
110 tmih 290
111 E=NS 16890
117 b e stdey  [19.45
113 fast 26, [46.7
114 slow 2., [93.87
115 o norma... [63.349
~ Change Export —
Jpdets B D Percentages Time-Metrics =
Invert Selection |zoom: 84 5 [y | Il [ 1] |
Performance information of the selected transitions: el Salacted
. elected:
Frequency: 1000 cases Waltmg_ time: - :
Time in between (minutes) | 3 |! ngh_ Transition - Register complete -]
avy FF 54 L | Medium e
Imin 29.0 L ow : -
! T ition - Archive Repair co... ~
Imax 1590 ransition - Archive Repair co.
stlew 19.45 ||
fast 25.00%... [45.7 Bt

35




A proM [4.2]

File Mining Analysis Conversion

"mQAR O@ =88

Exports Window Help

[] Analysis - Performance Analysis with Petri net

What are these averag?

synchronization times
telling us?

o

i—

_ LogTraces |
; ooy g
= Py _ _
e vy S Process information:
100 Repair (Simple) o Repair (Simple) | —
1 3100 start complete : Total number selected:
1.3 minutes 0.51
103 . o
i Repair (Complex) / Number fitting:
105 / 1000 cazes
106 - - - 2 .
e Restart Repair 0.49 - Repair (Complex) . Repair (Complex) Arrival rate:
108 camplete start complete 003 cases per minute
1089
1 Throughput time (minutes) |
110 0.73 I‘;’:ﬁ‘] gggg
111 :
112 : Archive Repair ”:;x 1394-2
i SToey :
Hi :| Analyze Defect EDmplEte fast 25, |46.7
115 : slow 2. 93,87
: Inform User norma... |63.39
116 Analyze Defect '._____-—b- complete
] j i complete . Change Export
Percentages Time-Metrics
20.8 minutes
Invert Selection 4] I M
Performance information Ford = slecte
L elected:
Frequency: 1000 visits WG i
Arrival rate: 0.03 visits per minu 3 - :g:; Place . p8 ﬂ
edim
|Wailing time (minute: Sojourn time (minutes)| and:
Hl Low
avg 636 2716 J
el 0.n Settings
ma 10.0 o
249 =
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‘ Bottlenecks — Path Probabilities

A proM [4.2]

File Mining Analysis Conversion

"mQR O@® m=m=s

heia

Exports Window Help

W

hat are these path

L} L} L} L} ll
it rerooue s s probabilities telling =
Log Traces
1
10 X .
100 1 Process information:
13100 D Total number selected:
102 1000 cases
103 : Number fitting:
104 Repair (Complex) / g
105 / 1000 cazes
106 , ; , : .
e Restart Repair 0.49 Repair (Complex) . Repair (Complex) Arrival rate:
108 camplete start complete 003 cases per minute
109 1
11 T Throughput time (minutes) |
0 avd BE.58
111 min 29.0
112 : Archive Repair ”:;x 1394-2
113 ; completa stofey ;
114 -| Analyze Defect R fast 25..[45.7
5 rerea B cad .
116 : Analyze Defect '._____-—b- complete L]
G complete [ Change Export
L8 : { Percentages Time-Metrics
Update
Invert Selection 4] | M [y :|Zoom: 17
Performance information of the selected place: i = slecte
e elected:
Frequency: 1000 visits WG i
Arrival rate: 0.03 visits per minute 3 - :g:; Place . p8 ﬂ
- Mledium
|Waiting time (minutes)|Synchrenization time (min...Sojourn time (minutes)| — NG

av B.26 208 2716 o 1

el 0.n 0.n 0.0 Settings

max 10.0 126.0 1350 L

st g 2 96 20.1 21.47 |
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Performance Analysis with Petri Nets

% prom [4.2]

File Mining Analysis Conver

"mQR OO

] Analysis - Performance Ana erfortnance visualization 7 oF B
Log Traces ; Whole Log ’ Repair (Simple)
1 % Log Selection 4
10 . .
e ST Process information:
100 Repair (Simple) O Repair (Simple)
::3100 start complete Total number selected:
102 1000 cazes
103 TPy
104 Repair (Complex) / Number fitting:
108 : / 1000 cases
106 ! - " = : .
o g 0.27 Restart Repair Repair (Complex) Repair (Complex) Arrival rate:
108 complete start . . . complete 0.03 cazes per minute
109 :
PR Throughput time {minutes)
110 ani BA 59
e . min__ [29.0
112 Archive Repair ;’:S;V 1:94'2
113 i complete :
S | Analyze Defect P fast 25, 46.7
7 y slow 2. |93.87
115 i ~ Inform User /—'./ e
118 ' Analyze Defect '.____———D- complete
e complete Change Export
— z Percentages Time-Metrics
Update :
Invert Selection 4| I Tl [ ]
Performance information of the selected place: ez Salactad:
Frequency: 1368 visits L CHTEREIES :
Arrival rate: 0.04 visits per minute = I! :'9: Place - p7 =
|Waiting time (minmes]|§ynchrunizatinn time {min...lSnjuurn time (minutes]| ; Le Lttt and:
avg BT 1.37 .06 ] aw
min |00 00 50 3]
Frax 10.0 3.0 3.0 -
‘stdey 274 417 2 8h s

38



