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Software systems are the mirror image of
the “world”

supports/ ,
controls

“‘world”
business processes
people  machines

components
organizations

software

syste% |

~ systems need to be “process aware”!

data centric ==ssssmjp- [Process centric
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Process Aware Information Systems

Four types of "workflow-like" systems:
1.

2.

La QIUSO

Information systems with hard-coded
workflows (processé& organization specific).

Custom-made information systems with
generic workflow support (organization
specific).

Generic software with embedded workflow

functionality (e.g., the workflow components of
ERP, CRM, PDM, etc. systems).

Generic software focusing on workflow
functionality (e.g., Staffware, MQSeries
Workflow, FLOWer, COSA, Oracle BPEL,
Filenet, etc.).
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The explosion of

workflow systems

In the mid 90-ties
continues

cf. Michael zur Mihlen

1980

4 Commercial Workflow Systems )
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Contnoom (¢ jFlow > BEAPI )
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( Pavone )
Onestone ) Domino Workflow )
( NCR ProcessIT )
Exotica | - Ill
( FlowMark ) MQSeries Workflow )

(Pegasus OpenPM FIowJet
WorkManager AdminFlow ) ( Changengine )

SNI WorkParty
( Plexus Floware ) Recognition Int. )-»( BancTec FloWare )

- BaaN ) Ley COSA)

(__Digital Objectflow ) C Oracle Workflow D
(DEC LinkWorks ) Digital Proc.Flo. -={AltaVista Proc.Flow )

C COSA

C Beyond BeyondMail ) Banyan BeyondMail )
J— Fujitsu iFlow
Fujitsu Regatta = _ - )

Teamware Flow

( Staffware )

Visual WorkFlo - Panagon WorkFlo )

)i»( FileNet Ensemble )
( Action Coordinator = k= — —|— — —
.

C FileNet WorkFlo

ActionWorks Metro )
( Xerox InConcert Y TIB/InConcert )
C IABG ProMInanD )
K (Olivetti X_Workflow ) LEU ) W,
1985 1990 1995 2000
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“the expressiveness of a PAIS
system depends on the

BIVEINgeICHe W elfeI=E |anguage used to configure the
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system™

system £

“but, analysis of models only
makes sense If they are an

adequate reflection of reality”
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Process mining: Linking events to models

supports/
controls
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Outline

1. Workflow patterns
2. Process verification
3. Process mining
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diagnosis

Process mining

Process verification

process
design

tV\/E)rkflow patterns
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configuration

process
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Workflow Patterns
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L Workflow Patterns =
Workflow Patterns Initiative

o Started in 1999, joint work TU/e and QUT

* Objectives:
— ldentification of workflow modelling scenarios and solutions
— Benchmarking
» Workflow products (MQ/Series Workflow, Staffware, etc)

* Proposed standards for web service composition (BPML, BPEL)
* Process modelling languages (UML, BPMN)

— Foundation for selecting workflow solutions

« Home Page: www.workflowpatterns.com

e Primary publication:

— W.M.P. van der Aalst, A.H.M. ter Hofstede, B. Kiepuszewski, A.P. Barros, “Workflow
Patterns”, Distributed and Parallel Databases 14(3):5-51, 2003.

 Evaluations of commercial offerings, research prototypes,
proposed standards for web service composition, etc
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The Workflow Patterns Framework T T r—
time 2000 2003 Jun 2005 Oct 2005 Sep 2006
® ® ® ® @ .
revised
Control-flow P:s 20 Resource P:s - 43 Data P:s - 40 Control-flow P:s 43
W. van der Aalst N. Russell N. Russell N. Russell
A. ter Hofstede W. van der Aalst A. ter Hofstede A. ter Hofstede
B. Kiepuszewski A. ter Hofstede D. Edmond W. van der Aalst
A. Barros D. Edmond W. van der Aalst N. Mulyar
The ordering of Resource definition Data representation - 23 new patterns
activities in a & work distribution and handling in a - Formalised in
process In a process process CPN notation
CooplS'2000 .
! : TR
DAPD'2003 CAISE’2005 ER’2005

These perspectives follow S. Jablonski and C. Bussler's classification from:
Workflow Management: Modeling Concepts, Architecture, and Implementation. International Thomson Computer Press, 1996

www.workflowpatterns.com
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|
The Workflow Patterns Framework T T
time 2000 2003 Jun 2005 Oct 2005
® @ ® @ >
Control-flow P:s 20 Resource P:s - 43 Data P:s - 40 Ex
E COSA Domino Workflow Staffware Staffware Sta
vV FLOWer Visual Workflow WebSphere MQ MQSeries We
a Eastman  Forte Conductor FLOWer FLOWer FLC
| Meteor MQSeries/Workflow ~ COSA COSA Co
Mobile SAR R/3 Workflow iPlanet iPla
- I-Flow Verve Workflow
a Staffware  Changengine
t InConcert
I
g XPDL, BPELAWS, BPML, BPELAWS XPDL, BPELAWS XPC
WSFL, XLANG, WSCI, UML AD 2.0 UML AD 2.0, BPMN BPE
S UML AD 1.4 UML AD 2.0, BPMN BPMN

LanguageDevelopment: YAWL/newYAWL WL
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YAWL system

In top
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Decide
to make
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Simple merge!
————————————
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failed
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[1,4,3,d]

Do
audition
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Admin Interface —
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T
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© YAWL Foundation
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Process Verification

NOK
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configures messages,
o models implements transactions,
verification analyzes etc.
discovery -
event
- »
logs

conformance



La QIUSO

TU/e technische universiteit eindhoven

Example: Verification of the SAP Reference model
(Joint work with Jan Mendling)

 The SAP reference model __ |
contains more than 600 o & &
non-trivial process models S—
expressed in terms of " | e
Event-driven Process
Chains (EPCs).

Hierarchy |Models|[eEPC| Function | Process Role |EPC|Error

Level Allocation|Selection | Activity
Diagram |Diagram |Diagram

1 1 1 0 0 0 i} ]

2 58 29 0 29 0 ] 0

3 175 73 0 0 0 102 | 15

4 1226 | 724 0 0 0 502 | 19

5 8384 | 3035 3035 0 2014 0 0

All Levels| 9844 | 3862 3035 29 2014 (604 34
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604 non-trivial
process models

& compare

characteristics
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Simplistic approach: YAWL + invariants

EPC (@) Atomic EPC (b) no Input
Function _ Task Event _ /mapping _ Condition
< Start > < Start > (0 | @

() XOR (d) XOR S?)ﬁt
—) Split —) Split e
Task Task J =—]
(e) AND (f) AND or T—F
— _.I_Jom — Split Joim
ask Task
Task
J; J; Q)
< End > < End > _
(@) R OR (h) N OR
— Join — Split Output
V Task V Task Condition

Analysis using transition invariants, 1.e., only lower
bound! ProM allows for more precise analysis
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Simplistic approach:
YAWL + Petri net
Invariants

and wior ar
(c92k) (cBzy)| (c23t)

or Certificate Profile and Profile Creation
(cByr) Assignment (c22d) Certifica

\ \ Y
xor \ and 1]
(c8zg) c90q) Edit Recipient of Quality put
/ Certificate (c939)
ar
hic8z2) and
(co07)
\‘ﬂ

i
o

or
(c90e)

or (c8yn) —@*&6

Beind (cBzl)

D—ﬁb wor (c8zd) —Eﬂ-o

or(ofzg) G )"

LOQHSQ_ T
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5.6%

Branch Model o | EPC %|Eav. |Fav.|Cav. |Aawv. |Cycle|Error %
Asset Accounting 461 43 7.1%| 13.9| 4.0 5.2|23.3 0 7 16.3%
Benefits Administration 50 6 1.0%| 9.5 3.3 5.819.7 3 0 0.0%
Compensation Management 122 18 3.0%| 7.6 3.4| 3.3|13.7 3 1 5.6%
Customer Service 402 41 6.8%|16.5| 3.6/ 9.0/ 29.5 3 1 24%
Enterprise Controlling 599 22 3.6%|14.3|10.1| 6.1| 321 0 3 13.6%
Environment, Health, Safety 102 19 3.1%| 3.5 2.7 1.2 7.0 0 0 0.0%
Financial Accounting 614 54 8.9%]|13.0] 4.0/ 5.1| 21.8 0 3 5.6%
Position Management 4 0 0.0%| 0.0/ 0.0 0.0 0.0 0 0  n.a.
Inventory Management 184 3 0.5%|15.00 7.0 6.0] 28.0 2 0 0.0%
Organizational Management 37 5 0.8%|12.01 3.0| 6.6] 24.0 3 0 0.0%
Payroll 541 7T 1.2%| 5.7| 3.1 21114 0 1 14.3%
Personnel Administration 15 4 0.7%| 7.3| 1.5] 4.0/ 12.3 0 0 0.0%
Personnel Development 60 10 1.7%| 8.7 2.5| 4.4|15.6 3 1 10.0%
Personnel Time Management 87 12 2.0%| 10.8| 3.0| 5.3]|19.5 1 2 16.7%
Plant Maintenance 399 35 5.8%|20.5| 4.2/ 11.4| 37.8 9 1 2.9%
Procurement 444 37 6.1%| 6.7 3.5 2.7/ 124 0 2 5.4%
Product Data Management 366 26 4.3%| 4.5| 5.4 2.2|13.7 0 0 0.0%
Production 296 17 2.8%| 8.8] 3.0/ 2.9|13.7 0 1 5.9%
Production Planning 194 17 2.8%| 5.7 29| 3.0/11.5 0 0 0.0%
Project Management 347 36 6.0%| 8.5 3.8 2.2|14.0 0 0 0.0%
Quality Management 209 20 3.3%] 20.5] 3.8/ 11.7| 37.8 1 1 5.0%
Real Estate Management 169 6 1.0%|12.7| 6.5| 7.3|27.0 1 116.7%
Recruitment 56 9 1.5%| 7.4 2.6/ 4.1 13.8 3 0 0.0%
Retail 842 1 0.2%| 7.00 5.0/ 2.0/11.0 0 0 0.0%
Revenue & Cost Controlling 568 19 3.1%|16.5]10.2| 7.9| 36.0 1 1 5.3%
Sales & Distribution 703 76 12.69%| 10.6| 3.1| 4.3| 16.6 0 1 1.3%
Training & Event Management 95 12 2.0%| 13.0| 2.7| 6.2|22.2 0 1 8.3%
Travel Management 116 1 0.2%]24.0( 7.0| 16.0| 48.0 0 0 0.0%
Treasury 1761 17.9%| 48 7.9%|10.5| 3.5| 4.5/ 18.1 0 6 12.5%
All 29 Branches 9844 100%| 604 100%| 11.5| 4.0] 5.2| 20.8 33 34 5.6%
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5.6% Is a lower bound!

e Using more refined technigues more errors are
found, e.g., using reduction rules and state-space
analysis it can be shown that 20.9% of the SAP
models are incorrect (126/604).

e Other large repositories of EPC models:

— Collection of 381 non-trivial EPCs from a German
process reengineering project in the service sector

— Collection of 935 non-trivial EPCs from the Austrian
financial industry

— Collection of 83 non-trivial EPCs from three different
consulting companies

e Total: 2003 non-trivial EPCs
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Overview results

Parameter Complete | SAP Ref.
Parameter Sample Model
X0EPC errors 154 90
Unreduced EPCs 156 103
ProM error EPCs 115 73
EPCs with errors 215 126
EPCs in total 2003 604
Error ratio ( 10.7% ) ( 20.9%)
D

* Designers make errors (10.:
e Errors can be predicted (95.
* Process verification is mature, but models are not!

e Disconnect between ref. models and systems cf. SAP
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Limitations of using models as a starting point
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Process Mining

{,‘- The ProM Framework - Windows Internet Explorer

_ ol x|
—
C ¢ _/]v Ié htp /s, tr. e nlf~cgunther /dev foram j 5| X |Goog\e el
N . »
G4 90 &) The ProM Framework | | f?ﬂ 7 O v v iy Page ¥ iOF Teols v

- supports/

“world”

business processes
people  machines

controls

software

ystem £

Petri net

components
analysis organizations records
specifies events, e.g.,
configures messages,
g — NS models implements transactions,
: | analyzes analyzes etc.
Control-flow %
process mining & .

Mining flexible
processes

process/

system
@ model

covery
current version: 4.1

released: 15.4.2007

event
<>
f |

conformance IOgS

ProM - the leading process mining toolkit.

o Processes are an integral part of today's world, driving services and internal functionalities in
lownload

' Windows businesses, governmental bodies, and organizations around the globe. While there are

installer plenty of systems avallable for supporting the execution of such processes, the current

practices for monitaring and analyzing this execution in the organizational reality still leaves a

Iot to be desired. Precess Mining is able to fill that gap, providing revalutionary means for

1)
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Event logs are a reflection of reality

supports/
controls

“‘world”
business processes

people  machines
components

software
system {7

organizations

“logs are everywhere and
there will be more ...”

\

records
events, e.g.,
messages,
transactions,
etc.

N
N

event
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N/
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Process mining: Linking events to models

“world”
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components

supports/
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Toy example to explain
basic idea:

Reviewing of papers for journal
©
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Event log:

* Processes

— ProCess Instances
e events

Per event:

e activity name
e (event type)
(originator)

e (timestamp)
(data)

D:\application_data\ProM\cpn_examples\reviewing\reviewslog_with_fe

=101 ]

I [ \application_data\ProMcpn_sxamplesreviewi

2

GD‘Jg]E|Cv

;IUitvoeren +qj 8~ | 9% Bladwijzersw TageFank o3> () nstellingen-
M p - - - =
v dhe 52| ~ | @& wvvss 2007 r... | @ DELP: David ... | EDi\applic.. X ‘ | - B - o= - [k page - (0 Tools -

4]

<Timestamp>2007-03-25T00:00:00.000+01:00</Timestamp =
=Criginator=Mike </Originator =
<fAuditTrailEntry =
- <AuditTrailEntry =
<WorkflowModelElement=reject</WorkflowModelElement:=
<EventType=complete</EventTypes
<Timestamp>2007-03-30T00:00:00.000+01:00=/Timestamp=
=Originator=Mike </Originator >
<fAuditTrailEntry =
</Processinstance =
- =ProcessInstance id="52" description=
- <AuditTraillEntry =
<WorkflowModelElement =invite reviewers </WorkflowModelElement =
<EventTypes=start</EventType>
<Timestamp>2006-08-31T00:00:00.000+01:00=/Timestamp=
zOriginator=Anne</Originator:=
=fAuditTrailEntry =
- <AuditTrailEntry =
<WorkflowModelElement =invite reviewers </WorkflowModelElement=
<EventType=complete</EventTypes
<Timestamp>2006-09-01T00:00:00.000+01:00</Timestamp=
<0riginator=Anne</0riginator:=
<fauditTrailEntry =
- <AuditTrailEntry =
- zDatax
<Attribute name="result"=reject</Attribute:=
</Data=
<WorkflowModelElement=get review 2</WorkflowModelElement:=
<EventType=complete</EventTypes
<Timestamp>2006-09-01T00:00:00.000+01:00</Timestamp=
<0riginator=Pete</Originator:=
</ AuditTralEntry =
- <AuditTraillEntry =
- zDatax
<Attribute name="result"=reject</Attribute:=
</Data=
<WorkflowModelElement=get review 1</WorkflowModelElement:=
<EventType=complete</EventTypex
<Timestamp>2006-09-05T00:00:00.000+01:00=/Timestamp=
<0riginator=Pam</Originator:
</ AuditTralEntry =
- <AuditTrailEntry =
zWorkflowModelElement=time-out 3 </WorkflowModelElementz
=EventType=complete</EventType:=
<Timestamp>2006-09-10T00:00:00.000+01:00</Timestamp=
<Originator /=
<fauditTrailEntry =
- <AuditTrailEntry =
<WorkflowModelElement:collect reviews</\Wo
<EventType=start</EventType=

=

rkflowModelElement =

Al

sl

|Done

[T [ [ [ [ T3 wycomputer

*, 100%

T 4
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- <Processlnstance id="51" description="">
- <AuditTrailEntry>
<WorkflowModelElementNpvite reviewers </WorkflowModel
<EventType>start</Event
<Timestamp>2006-08-28T00NQO:
<Originator>Mike </Originator>

</AuditTrailEntry>

- <AuditTrailEntry>
<WorkflowModelElement>invite reviewers

en

attributes of
an event

.000+01:00</Tim

<EventType>complete</EventType>
<Timestamp>2006-08-31T00:00:00.000+0 08/ Tim e end ()f

<Originator>Mike</Originator> - .
activity

</AuditTrailEntry
- <Aydi#frallEntry > \

<Attribute name="result">reject</Attribute>

</Data>
<WorkflowModelElement>get review 3 </WorkflowModelElems

<EventType>complete</EventType>

<Timestamp>2006-09-02T00:00:00.000+01:00</Timesta

<Originator>Mary </Originator>
</AuditTrailEntry >

activity

Instance

- <Au |Entry>
<WorkflowMo
<EventType>complete</EventType>
<Timestamp>2006-09-03T00:00:00.000+01:00</Timestamp>
<Originator />

</AuditTrailEntry>
- <AuditTrailFntrv =

owModelElement>
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o[-

r Quality Software

() Instellingen~

v e BE,'l v| @wssznnnr...l &DaLe: David .. | & D:tapplic... xl | 3 - B - o - |nhpage - {Toos + 7
<Timestamp=2007-03-25T00:00:00.000+01:00</Timestamp= ;I
<Originator=Mike </Originator>

</ AuditTrailEntry >
- <AuditTrailEntry >
<WorkflowModelElementsreject</WorkflowModelElement:>
<EventTypexcomplete</EventType:
<Timestamp:=2007-03-30T00:00:00.000+01:00</Timestamp:
<Originator>Mike </COriginator:
</AuditTrailEntry =

File Mining Analysis Conversion Exports Window Help

</ProcessInstance: v
- <ProcessInstance id="52" description E Q «\
- <AuditTrailEntry =
«WorkflowModelElement»invite reviewers</\WorkflowModelElement = Results - Settings for mining Filtered reviewing_with_fewer_errors_and_more_data.mxml using Alpha algorithm plugin
<EventType=start</EventTypex q ]
<Timestamp>2006-08-31T00:00:00.000+01:00</Timestampz F invite additional reviewer p

<Originator=Anne</Originator:
</AuditTrailEntry =
- <AuditTrailEntry >
<WorkflowModelElement>invite reviewers</WorkflowModelElement>
<EventType=complete</EventType:>
<Timestamp=2006-09-01T00:00:00.000+01:00</Timestampz

additional reviewer
complete

invite additional reviewer
start

Ny

<Originator=Anne </Originator:> reject
</ AuditTrailEntry >
— <AuditTrailEntry = - :
_ <Data> reject Y reject E 1
<Attribute name="result">reject</Attribute: start -y complete :
=/Dataz decide get raview X

<WorkflowModelElement=get review 2 </WorkflowModelElement:>
<EventTypexcomplete</EventType:>
<Timestamp:>=2006-09-01T00:00:00.000+01:00</Timestamp=
<0riginator=Pete</Originator:
</ AuditTrailEntry
- <AuditTrailEntry =
- <Datax
<Attribute name="result">reject</Attribute=
</Dataz
<WorkflowModelElement=get review 1</WorkflowModelElement>
<EventType=complete</EventType:>
<Timestamp>2006-09-05T00:00:00.000+01:00</Timestampz
<Originator=Pam</0riginator>
</AuditTrailEntry >
- <AuditTrailEntry >
<WorkflowModelElement=time-out 3 </WorkflowModelElements
<EventType=complete</EventType:
=<Timestamp:>2006-09-10T00:00:00.000+01:00</Timestamp:>
=Originator /=
</ AuditTrailEntry >
- <AuditTrailEntry >
<WorkflowModelElement=collect reviews </WorkflowModelElements
<EventType=start</EventType=

complete

accept
decide e
start
accept accept time-out X

= start - O - complete complete

get raview 2
complete

time-out 2 collect reviews
complete

collect reviews
complete

collect reviews
start

invite reviewers

get raview 3
complete

_ : I invite reviewers invite reviewers
[pone [T [ [ [3wycomputer ] O ! start complete

™~

time-out 3
complete

get review 1
7

time-out 1
complete

Zoom:; 160 %

Edit log relations
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No transactional information

& proM [4.1]
File Mining Analysis Conversion Exports Window Help

"W QR E

Results - Settings for mining Filtered reviewing_with_fewer_errors_and_more_data.mxml using Alpha algorithm plugin ;

get review 2

i
¥
i complete

__‘_—"-——.__‘___l__‘- g ot review X

time-out 2

CUmpIEtB complete
invite additional reviewe
complete
get review 3
complets
invite reviewears collect reviews decide reject
O_-' complete complete complete complete
time-out 3 time-out X
complete complete
accept
complete
get review 1
complete
time-out 1
complete D

Edit log relations

T A A A A T A A A A A T
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& proM [4.1] 1Ol =l

File Mining Analysis Comversion Exports Window Help

"W QR E

Conversion - Labeled WF net to EPC

decide
complete

time-out 3
complete

reject

get review 2
complete

complete

get review 3

complete complete

get review X
complete

complete

Corresponding EPC model (used by SAP,ARIS, etc)
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YAWL model (executable workflow model)

A proM [4.1] =[Ol x|

File Mining Analysis Conversion Exports Window Help

"mQRE

Cormversion - Labeled WF net to YAWL model

CJ Models :
¢ ClWAWLmoss] | get review 2
[ 1abeledwrnet complete
[ Task Task
get review 3 get review x
camplete complete
Task __ﬂﬂ”’ Task
invite additional review
camplete
get review 1 Task default]
camplete [defaul ! .
true Task - - time-out X
invite reviewerch//m' caollect reviews / decide \ complete
camplete N frue (0] complete —e] |CcOmplete| pel— Task
C Task N [ tme-out 1 = \| Task |/ true [2]
[default] lulllsits :
Task true | reject
complete
true Task
time-out 2
camplete
Task accept
camplete
Task
time-out 3 i
camplete
Task
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=1g]x]

"m QR E

__pron

Results - Settings for mining Filtered reviewing_with_fewer_errors_and_more_data.mxml using Cloud chamber miner

Resuilts - Settings for mining Filttered reviewing_with_fewer_errors_an.. o @ X

invite reviewers
(complete)
100

095/ 0041 N\ 0941
1w/ 16 22

about 30 mining plug-ins!

| Results - Settings for mining Filtered reviewing_with_fewer _errors_and_more_data.mxml using Fuzzy Miner

Graph | Unary metrics | Binary metrics

invite reviewers
complete
0,804

022
0,207

Cluster 17
T primitives
~ 0,149

0,247
0.077

decide
complete
1,000

0,141 0,117
0,135 0,143

invite additional reviewer
complete
0,666

accept
complete
0.827

get review X
complete
0,837

0,038
0,783

0,400

N

time-out X
complete
0,588

0,048
0,250

¥ Node filter

G

Zoom: 112 %

095 0023 0,047
19 24 1z
get review 2 get review 3 get review 1 time-out 1 time-out 2 time-out 3
(complete) (complete) (complete) (complete) (complete) (complete)
45 a0 45 a5 il a0
0,909 o0o17 0017 f 09057 0963 0952
16 21 21 14 14 28
collect reviews
(complete)
100
099
100
decide
(complete)
626

ogs2|0978 0998
55 | 45 526

reject accept invite additional reviewer
(complete) (complete) feomplete) 0996
it 45 628 263
0996 0,996
263 263
-

get review X tirme-out X
(eomplete) (complete)

283 263

4
¥




TU/e technische universiteit eindhoven

Social network analysis

4 proM [4.0]
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= =]

&

%

Analysis - Analyze Social Network

Centrality |HITS

|V| | Show centrality

Eetweeness Centrality

Mode Mame
Farm
Sara
ahin
Caral
Iary
nne
Mike
il
Sarm
Fete

Betweenness
0.25
0.25
0.25
0.25
0.25
280
280
0.25
0.25
0.25

hubs-and-authorities

Mode Mame
Farm
Sara
ahin
Caral
Iary
nne
hike
il
Sam
Pete

HITS

0.0625

0.0625

0.0625

0.0625

0.0625
0.24999999599999957
0.24999598599959057
0.0625

0.0625

0.0625

[] Show role nodes [] Group Clusters

[] Show org unit nodes (L]

Weight | Betweenness
Vertex size KKLayout =

s gy oy || Wovse oo

Edges removed for clusters: 0

Vfertex degree ratio stretch | Transforming | v

Edge weight
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E Analysis - Decision Point Analysi
Decision points Model | Attributes Log | Algorithm | De: n Tree /Rules | Evaluation | Result

Choice 16 "p0" Tree View
Choice 17 "p1"

Decision point ang

File Mining Analysis Conversion Exports Window Help

'"mQARE

Analysis - Decision Point Analys

- - ==2 »2
Dimon nE l/MndeI rmtrl utes Log | Algorithm rDemsmn Tree /Rules rE\raIuatlon

Choice 16"p0"

Choice 17 "p1" time-out 1

Choice 18"p2" complete
Chotce 19°p7" v ranch 192 refectcomplte ) 610 0)

Choice 20"p8"

get review 1
complete

time-out 3

O invite reviewers
complete

get review 3 [ Model | Attributes | Log | Algerithm | Decision Tree /Rules | Fvaluation | Result |
complete
collect reviews
complete Correctly Classified Instances 1aa 97.4093 %
3 Incorrectly Classified Instances 5 2.5907 %
get review 2 )
Kappa statistic 0.9591
complete
Mean absolute error 0.0324
Root mean squared error 0.1272
time-o Pelative absolute error 7.6689 %
CO% Root relative sgquared error 27.7039 %
Total Number of Instances 193
accept
Detailed Accuracy By Class
complete
TP Rate FP Rate Precision Pecall F-Measure Class
A 0.978 a 1 o.e78 0.989 Branch 19.1 { invite additional reviewsr/complete }
reject time-out X ~ . )
complete complete 1 0.03& 0.917 1 0.957 Branch 19.2 { reject/complete }
7 0.933 a 1 0.933 0.%&E Branch 19.3 { accept/complsts }
invite additional reviewer get review X
complete complete | Confusion Matrix ===
corg
a b c <-- classified as
81 2 0 | a= Branch 19.1 { invite additional reviewsr/complste }
055 0| b= Branch 19.2 { reject/complete }
0 3 42 | < = Branch 19.3 { accept/complete }
| :Zoom: 168 %

Update results Highlight decision class |none | - ‘ ["] Show attribute selection scope
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Performance analysis
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=10l

"mQKRE

s

Analysis - Performance Analysis with Petri net

Process information:

Total number selected:
100 cases

Number fitting:

100 cases

Arrival rate:

0,23 cases per day

Throughput time (days)

avg 839,96
min 16,0

max 1588,0
stdey  |432,78
fast 25...|209 4
slow 2. |1324 2
norma.. [91312

Change Export
Percentages Time-Metrics

e T T L

1
F get review 2
: 045 complete
055 time-out 2 T get review X
complete 0.50 complete
invite additional reviewe
complete
get review 3 0.84 0.50
050 complete
invite reviewers collect reviews decide 009 reject
._.' let 0.50 complete complete complete
il time-out 3 0.07 time-out X
complete complete
accept
complete
045 | getreview
complete
0.55 ’
time-out 1
complete
Kl Il
Frequency: 100 cases [a
|14,.5 Time in between (days) | || Waiting time:
i 50 I High
e o L [ ] Medium
stdev 7.15 H Low
fast 25.00% 6,42 L
slow 25,00... |23.68 |
normal 50.0..113.2

Selected:

Transition - invite reviewers c... j

and:

Transition - collect reviews c... j
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File Mining Analysis Conversion Exports Window Help

a8 e
techn |SChe Un |Ve rS|te|t elndhoven EAnalysis—Perfurmance 6 AL B A e A I R R R =
e Options Full diagram | Pattern diagram |

Component type: Pattern 0:

Task ID : | callect reviews | | decide | | invite additional reviewer | | tirne-out X ‘ ‘ et review X ‘ ‘ reject ‘ [
T T

T ¥
[l

Frequency 3

I
. Thraughput time
M | avg  [9590400,0
. mmin |7a62400,0
j ! J max  |11404800,0
sidew  [1772779,78328

Time sort:

seconds hd

Discovering patterns - __

() Strict equivalent

Ehuw diagram

Pattern 1:

Frequency: 2

Thraughput time
ave 1987200,0

rin 864000,0

max 2110400,0

stdey 1488444 67326

Pattern 2:

% proM [4.0]
File Mining Analysis Conversion Exports Window Help

Frequency: 2

=] \ Throughput time Z

M|l i [ 1]

[4]

Analysis - Dotted Chart Analysis

Options | Dotted Chart | Settings |
%1 7006 732005 £.3 2006 = 12006 52 o00E 5 700% 7 700% 35006 232006 2107006 T~ : =
Component type: il 030 0:id il Ti00 100 100 i Tig Ti0 =] [omponent Overall: ol
|T K ID |,| time-yy?e » @ ] L ] ] e W ] - e . W @ » » # of components: 14
as iterns values
Time option: St e ey T limeifirst)  [5-1-06 0:00

limefend) |5-5-081:00 L
avg spread |50173714,28571
min spread [37497600,0
max spread |72144000,0

e gl e o G UGN SUNNSS NN SHOIE SE0 CUENESS © S0 S0 SIS WIS W NP BN

Ti rt {chart):
ime sort (chart) # of dots: 44

[months [*|[imeciipme e oUDEG SEE S & © S0 ¢ WO RIS B *e P BEW » orne S

timegfirsty  [17-1-06 0:00

Color By:

Task > |-|'--------. ime(end) _{10-4-07 100
avg. interval |900167, 44186

Shape By: e eSS ® ® - e s e S8 o N - e ® » ] . & B rmin intersal |0,0

max interval | 24182000

|Nune | i | i--“- m“ I
me ~ut 3
Time sort (metrics): Component invite reviewers:

At of dots: 100

Component time-out 2:

|seconds v getreview Xy ot & b _e .o W @ -» o e * e B iterms o
limegfirst) |5-1-06 000
_(1['&4):{ _{1UA4:IX ‘--“m-- “mE(End) iy
-—(10*3):-: -—{10*3}:: avg. interval | 399708 09091
- - decidipy o0 o @ B SO P UE P SR P W P U PWBDE e e - ee ses @ iliERE 0,0
—{1042)% —(1042)= max interval |[1468800,0
- - 1
0= 0 !--------- CDmpDI’IEI’I‘t imite additional revi
B - 7t of dots: 399
—1x —1x
accept - iterms values
zoom (X} zoom (Y) 19-1-06 0:00

timedfirst) -1- X
avg. interval |181266,33166

penign i) 100

4| i [ 1]

1

-




La QUSO

TU/e technische universiteit eindhoven

Conformance Checking

supports/ ‘
“world” controls ‘
business processes software
people  machines system {:’))

components

organizations N\ records
specifies events, e.g.,
configures messages,
o models implements transactions,
verification analyzes ) analyzes etc.

discover
process/ event

{33 conformance

model
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Comparing the discovered model with the log (f=1)

& proM [4.1] ol x|

File Mining Analysis Comversion Exports Window Help

"mQKRE

Analysis - Conformance Checker

# Log Traces Fitness rPrecision rStructure |
1

10 :(|| Model-related Measures

100 :
11 i| Fitness:
12 A 1.0

13 §

14
15
16
17
18
14
2
20
21
22

i IDE

Diagnostic Perspective Token Counter Failed Tasks Remaining Tasks Path Coverage Passed Edges

‘ Select Fitting H Invert Selection Selected Instances in % 1005 Update Results
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Different process model, same log (f=0.796)

& proM [4.1]
File Mining Analysis Conwversion

Exports Window Help

LoOuSo

Laborc

for Quality Software

Decision cannot repeated according to

36

38

39

40

4

43

44

45

46

43

O 100 man

||| 0.79506585

model but can be repeated In reality!

49
C

decide (complete)

626

+526

526
33

[ »

invite addi

45
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Adding deviations to the log (f=0.89)

2 proM [4.0] =Ol =

File Mining Analysis Comversion Exports Window Help

LK

Analysis - Conformance Checker

Fithess rPrecisiun rStructure

]
()
| »
—

Model-related Measures

Fitness:
0.8922559

invite additional reviewer (complete) [ = ==

time-out X (complete)

[
N

accept (complete) T

get review X (complete)

reject (complete)

35

decide (complete)

- |

<] [ I [ ] || zoom: 238 %

Diagnostic Perspective Token Counter Failed Tasks Remaining Tasks Path Coverage Passed Edges

‘ Select Fitting ‘ ‘ Invert Selection | Selected Instances in % 1 DDE Update Results
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LTL checker plug-in

2 promM [4.0]
File Mining Analysis Conversion Exports Window Help

hanging business
% g dry.

Analysis - LTL Checker Plugin

Checked formula : dont_reject_paper_unjustified

Parameters:

e W

( Correct process instances {98) r Incorrect process instances {2} |

name (nr gimilar 1
31 (1) ¥
91 (13

ideoblog.org

Process knstanc D
i{={ {actvity==get review 1 Aot resit==acom) | A <>/ {acivily==ge review 2/ s resuit==accet} |
|| activity==accepl | <-> Y <>{ -":"‘T

-0 =

Assignment model Design Window Help oot —|-| Originaor = Mike
o — 2007-02-13 00:00:00.000 +01:00

[
] UNSAVED - new model o o’ R

[ work. f people | data
"+ ConDec ‘ @ lesponse |v| et renvien 2 [e——

complete
20070213 00:00:00.000 +01:00

L

et revienw 3

camplete
2007-02-14 00:00:00.000 +01:00

pray )

et renvien 1

response

cormplete
20070214 00:00:00.000 +01:00

L

il reniens

=
2007.02-20 00:00:00.000 +0100

not co-existence

L

Zoom: 99 %

become holy|
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Reality Check

 Process mining on structured/administrative
workflow-like logs is relatively easy.

 However, let us look at two extreme logs:

— A log from a hospital with information on treatments,
complications, and diagnoses.

— A log from a manufacturer of high-tech system with
Information on system tests.
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First example: Hospital data

 Information on treatment, complication, and
diagnosis events.

e Data:
— 2712 cases (all unique)
— 29258 events
— +/- 10.8 events per case
— 264 different events (activities)
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Frequency of activities

Model element

B Perifeer infuus
B Maagsonde

B Beademing

B Catheter a
Nemelire

B Basiszorg

B Arterie lijn op
OK

B 02 masker/slang

B Thoraxdrailn

Event type

start
start
start
start
start
start
start

start

Occurrences
(absolute)

2837
2430
2187
2096
2010
2002
1954
1863

La QIUSO

Occurrences
(relative)

9,696%
8,305%
7,475%
7,164%
6,87%

6,843%
6,679%
6,367%
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C N Phrenicus Paralyse
C TIA

B Horizontaal

acalc
C Decubitus hak st. 3a

C Cholecystitis,

C Druk necrose elders

B Decubitus zorg stadium 3b
C _Haemolyse

B Decubitus zorg stadium 4b
B Isolatie Beschermend

B Donor Weefsel
(>40ml/kg/24u)

C Decubitus overig st. 3a

C_ Polyurie

C_Intra-peritoneaal Abces

start
start
start
start
start
start
start
start
start
start
start
start
start

start

R N N = = T T o S S S R S S S =

LOC?ysQ”ﬁdr_h.

0,003%
0,003%
0,003%
0,003%
0,003%
0,003%
0,003%
0,003%
0,003%
0,003%
0,003%
0,003%
0,003%
0,003%
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C_Addiz=zon J Bijnier Insuff
start

B_Thoraxdrain
start

E_lsolatie strikte
start

C_Hypoxemie |
start

C_Prneumonie
start
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Selection: ks
Care after hart surgery T ]
| ,1:__;
« Data Al
— 874 cases (all unique) It
— 10478 events Il

— 181 different events
(activities)

Y

iy

T
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Second example: Test data from high-tech

system manufacturer

 Information on testing process of high-tech
systems.

e Data:
— 24 comparable cases
— 1549606 events
— +/- 6450 events per case
— between 2820 and 16250 events per machine
— 720 different events (start/complete activities)
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Helicopter view

La@uSo

Laboratory for Quality Software

(10r)x
(1073
- (10%2)x
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X

zoom (X)
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zoom (Y)
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cwcmoe
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4

itemns

Component Overall:
# of components: 24

values

timedfirst)

4-5-0511:25

lime(end)

17-5-06 0:48

avg spread

7538879,79167

min spread

43213420

max spread

14992617,0

items |

Component 1348:
# of dots: 2620

values

limedfirst)

19-2-0615:13

lime(end)

22-4-0615:18

avg. interval

2044,10538

min interval

2,0

max interval

432917,0

Component 1032:
[ ofdots: 3448

itermns

values

timedfirst)

6-12-05 11:56

lime{end)

27-3-08 23:37

avg. interval

2793,41456

min interval

2,0

max interval

851881,0

IComponent 0278:
# of dots: 3068

items |

values

limedfirst)

27-10-0518:11

-1-06 20:1
]
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Average time spent in job-steps (aggregated events)

[ Analysis - Basic Log Statistics /i i o
~ Global log statistics | Instance-wise statistics [

The following options allow you to specify the display settings for the basic statistics that have been calculated As soon as you press the button 'Apply Changes' the current settings
will be applied to both the global and instance-wise statistics view.

Display results as: !Gfapl‘lil:ﬂl Representation \ A Visualize: :Ati'tlmmtic Mean ‘ v/
) : v! Include this value in overview

Adjust properties: ‘Minimum l v | —

' . Time unit: Minutes ‘ w |

. [ Apply Changes

Arithmetic Mean of Activity Durations (in Minutes)
o 10 20 30 40 50 60 70 80 =lu} 100 110 120 130 140 150 180 170

]

ae
assembly

= P S - -

Activity

multipl

o

B EC e @ @O0

|

=

unmapped
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Mining just the complete events (# 360)...

\
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B Results - Settings for mining Filtered obfuscated_wholeLog_onlyCompleteEvents_thatOccurin100perCentOfTheCases.mxml using Heuristics miner

ald
SCEI —
(complete) 263
By
141/ 179 7
APPP DSSA
(complete) 53 (complete) 163
2110 238
23 153 \ 359 146 141 [ 17 49 el
ArtificialEnd Task XIEO HQwWL ONHL
(complete) 262 316 179 192 (complete) 674 (complete) )170 (complete) ) 67
24 1038 221 264 -
147 4 170 7 143 L
HQXB ZENA POLA POZI
(complete) 457 (complete) 800 (complete) | )905 (complete |
776 1004 1255 283
\ OVNA
61 80 60f 55 125 (complete) 13] 7
155
OSWL ONPI POZW
(complete) )33 (complete) >l3l 74 \ 62 (comple 1
[ ——— 103 264 103 |4 f_}
<] Il I [»] )& Zoom: 83 %
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Job step level

oe

E Results - Settings for mining Filtered obfuscated_wholeLog_jobStepLevel _onlyCompleteEvents _noUnmappedOrMulti

ue
(complete)
400

C

(complete) 24 (complete) |3
578 143
138 1100 60
X m
(complete) 148 (complete)
242 98 4
|

ples_RepetitionsRemoved.mxml using Heuristics... o° @

Zoonm: 137 %

v

s
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Conformance checker (reference model — job steps)

5] Analvais - Conformanee Checker i i e ot

Log Traces) | Fitness | Precision | Structure |

0431

0278
0185
0466
0391

1722
1694
1256
1343
1981

1754
1662
1453
1298

1876
1656

Model-related Measures

|»
e

Fitness:
037501124

+2t 'Q
-137

# Tokens # Instances

1089
1818
1343
1586
1164
1032
1794
1160

a1

] |3 Zoom: 168 %

nostic Perspective Token Counter || Failed Tasks | | Remaining Tasks Path Coverage |v] Passed Edges

| Selectfitting || Invert Selection | Selected instancesin% | 1007 | Update Results
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Discovered models fit better than reference model

Machine [D|Fitness with respect to the |Fitness with respect to the
reference process model discovered process model

0431 | = 0.30895045 F = 0.75113416
0278 | f = 0.38491702 £ = 0.82790506
0185 f =10.37574032 f=0.7171429
0466 f = 0.35643995 f=10.74496365
0391  |f =0.38410193 f = 0.72710335
1722 |f = 0.33359805 £ = 0.7599035
1694 | £ = 0.39662793 £ = (.7821204
1256 f = 0.40988705 f=10.7436544
1343 |f = 0.3085147 £ = 0.70074475
1981 | f = 0.35723096 £ = 0.6668054
1754 f=0.401513 f=10.77557445
1662 |f =0.4138763 £ = 0.76897943
1453 f:(u(u 512 £ = 0.5956065
1298 f = 0.37758428 f =0.42357332
1876 f = 0.35556892 f=0.7529762
1656 |f = 0.36802232 f = 0.6562977-
1099 |f = 0.424476 f = 0.67167395
1919 f = 0.33690846 =0 727532 '—l
1348 f =0.41031277 f =10.6375358
1596 | f = 0.41015995 f=0. msx4~<4
1164 f = 0.37603533 f=0.67173433
1032 |f = 0.32361075 £ = 0.7062031
1794 f=0. 5‘]33"’237 f=0.7337234
1160 |f = 0.40484217 f = 0.7697767
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Research challenge s\
-

Mining less structured processes: the
more unstructured, the more important it
IS to know what Is going on!
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More to learn from maps...

Clustering of coherent, less Removing isolated, less

significant stiuctures significant stiuctures
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ProM’s

Frequency abstraction miner

Results - Settings for mining Filtered obfuscated_wholeLog.mxml.gz using Frequency abstraction miner

APPP |
start

1.000

APPP
0243 complete
1.000

=]
g

Zoom: 138 %

La QUSO

Threshold control
W attenuate edges

__ merge sibling clusters
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Conclusion (1)

diagnosis

Process mining

Process verification

process
design

process
enactment

Workflow patterns

implementation/
configuration
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Conclusion (2)

Reality is different from models!

The existence of event data
enables a wide variety of process

supports/

mining techniques: discovery and NN — M
CO N fo 'm an Ce ) people  machines system CS)

components

organizations

ProM supports this (+150 plug-ins) ) / rescagen.
verification arr?gﬁj,ifs m;f]laelryzeensts trans;f;t_lons’
Although quite successful for =

"structured processes", "spaghetti

. pro?ess/ discovery e\Tent
processes" remain a challenge VM| o | logs

(two examples were given).

Research should aim to address
this challenge.
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Relevant WWW sites

¥ = ... R

il SR

e http://www.processmining.org

 http://promimport.sourceforge.net
* http://prom.sourceforge.net

 http://www.workflowpatterns.com
e http://www.workflowcourse.com

o http://www.win.tue.nl/is/ ey S——

anonymization
...choose from more

 http://is.tm.tue.nl/staff/wvdaalst then {5 impon iter
:;‘ge-:)roduclng e Fopery e Persistent and
> WebSphere, FLOWer, o user-friendly

Staffware, PeopleSoft, configuration

N Eastman, Subversion,
Mo NWD GEW 7Bt ='ef

&




