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Chapter 1

In tro duction

This documert shows how to usethe ProM tool to answer someof the com-
mon questionsthat managershave about processesn organizations. The
questionsare listed in Section1.1. To answer these questions,we use the
processmining plug-ins supported in the ProM tool. This tool is open-
sourceand it can be downloadedat www.processmining.org.For the reader
unfamiliar with processmining, Section 1.2 provides a conciseintroduction.
All the questionslisted in Section 1.1 are answered basedon an ewert log
from the running exampledescrited in Section1.3. Finally, we advice you
to have the ProM tool at hand while reading this documert. This way you
can play with the tool while reading the explanations. Section 1.4 explains
how to get started with ProM.

1.1 Common Questions

The questionsthat managersusually have about processesn organizations
are:

1. What is the most frequert path for every processmodel?

2. How is the distribution of all casesover the di erent paths through the
process?

3. How compliart arethe caseqi.e. processinstances)with the deployed
processmodels? Where are the problems? How frequert is the (non-)
compliance?

4. What are the routing probabilities for ead split task (XOR or OR
split/join points)?

5. What is the average/minimum/maximum throughput time of cases?
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6. Which paths take too much time on average?How many casesfollow
theseroutings? What are the critical sub-pathsfor thesepaths?

7. What is the averageservicetime for ead task?
8. How much time wasspent betweenany two tasksin the processmodel?
9. How are the casesactually being executed?
10. What are the businessrulesin the processmodel?
11. Are the rulesindeedbeing obeyed?
12. How many peopleare involvedin a case?
13. What is the communication structure and dependenciesamongpeople?
14. How many transfers happen from onerole to another role?

15. Who are important peoplein the commnunication ow? (the most fre-
quert ow)

16. Who subcontract work to whom?
17. Who work on the sametasks?

We shav how to useProM to answer thesequestionsin chapters 3 and 4.

1.2 Pro cess Mining

Nowadays, most organizationsuseinformation systemsto support the execu-
tion of their businesprocesse$8]. Examplesof information systemssupport-

ing operational processesire Work o w Managemem Systems(WMS) [5, 6],

Customer Relationship Managememn (CRM) systems, Enterprise Resource
Planning (ERP) systemsand so on. Theseinformation systemsmay con-
tain an explicit model of the processegfor instance, work ow systemslike

Staw are[3], COSA [1], etc.), may support the tasksinvolvedin the process
without necessarilyde ning an explicit processmodel (for instance, ERP

systemslike SAP R/3 [2]), or may simply keeptrack (for auditing purposes)
of the tasksthat have beenperformedwithout providing any support for the

actual executionof those tasks (for instance, custom-madeinformation sys-
temsin hospitals). Either way, theseinformation systemstypically support

logging capabilities that register what has been executedin the organiza-
tion. These produced logs usually cortain data about cases(i.e. process
instances)that have beenexecutedin the organization, the times at which

the tasks were executed,the personsor systemsthat performedthesetasks,

and other kinds of data. Theselogs are the starting point for processmin-

ing, and are usually called eventlogs. For instance,considerthe evert log in

Table 1.1. This log cortains information about four processinstances(cases)
of a processthat handles nes.
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| CaselD | Task Name | Event Type | Originator | Timestamp | Extra Data |
1 File Fine Completed Anne 20-07-2004 14:00:00
2 File Fine Completed Anne 20-07-2004 15:00:00
1 Send Bill Completed system 20-07-2004 15:05:00
2 Send Bill Completed system 20-07-2004 15:07:00
3 File Fine Completed Anne 21-07-2004 10:00:00
3 Send Bill Completed system 21-07-2004 14:00:00
4 File Fine Completed Anne 22-07-2004 11:00:00
4 Send Bill Completed system 22-07-2004 11:10:00
1 Pro cessPayment Completed system 24-07-2004 15:05:00
1 Close Case Completed system 24-07-2004 15:06:00
2 Send Reminder Completed Mary 20-08-2004 10:00:00
3 Send Reminder Completed John 21-08-2004 10:00:00
2 Pro cessPayment Completed system 22-08-2004 09:05:00
2 Close case Completed system 22-08-2004 09:06:00
4 Send Reminder Completed John 22-08-2004 15:10:00
4 Send Reminder Completed Mary 22-08-2004 17:10:00
4 Pro cessPayment Completed system 29-08-2004 14:01:00
4 Close Case Completed system 29-08-2004 17:30:00
3 Send Reminder Completed John 21-09-2004 10:00:00
3 Send Reminder Completed John 21-10-2004 10:00:00
3 Pro cessPayment Completed system 25-10-2004 14:00:00
3 Close Case Completed system 25-10-2004 14:01:00

Table 1.1: Example of an evert log.

File .( ) > Send Process .( ) > Close _»O
Fine Bill Payment Case

7

Send
Reminder

Figure 1.1: Petri net illustrating the cortrol- o w perspective that can be
mined from the ewvert log in Table 1.1.

Processmining targets the automatic discovery of information from an
ewvert log. This discovered information can be usedto deploy new systems
that support the execution of businessprocesse®r as a feedba& tool that
helps in auditing, analyzing and improving already enacted businesspro-
cessesThe main benet of processmining techniquesis that information is
objectively compiled. In other words, processmining techniquesare helpful
becausehey gather information about what is actually happeningaccording
to anewert log of a organization,and not what peoplethink that is happening
in this organization.

The type of data in an evert log determineswhich persyectives of process
mining can be discovered. If the log (i) providesthe tasksthat are executed
in the processand (ii) it is possibleto infer their order of executionand link
thesetaks to individual cases(or processinstances),then the control- ow
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persypective canbe mined. The login Table 1.1 hasthis data (cf. elds \Case
ID", \T ask Name" and \Timestamp"). So, for this log, mining algorithms
could discover the processin Figure 1.1'. Basically, the processdescrites
that after a ne is entered in the system, the bill is sert to the driver. If
the driver doesnot pay the bill within onemonth, a reminderis sert. When
the bill is paid, the caseis archived. If the log provides information about
the persons/systemghat executedthe tasks, the organizational perspective
can be discovered. The organizational perspective discoversinformation like
the sacial network in a process,basedon transfer of work, or allocation rules
linked to organizational ertities like roles and units. For instance, the log
in Table 1.1 shows that \Anne" transferswork to both \Mary" (case2) and
\John" (cases3 and 4), and \John" sometimestransfers work to \Mary"
(case4). Besidesby inspecting the log, the mining algorithm could discover
that \Mary" newer hasto senda reminder more than once, while \John"
does not seemto perform as good. The managerscould talk to \Mary"
and ched if shehasanother approad to sendremindersthat \John" could
benet from. This can help in making good practicesa commonknowledge
in the organization. When the log cortains more details about the tasks,
like the valuesof data elds that the executionof a task modi es, the case
perspective (i.e. the perspective linking data to cases)can be discovered. So,
for instance, a forecastfor executing casescan be made basedon already
completed cases,exceptional situations can be discovered etc. In our par-
ticular example,logging information about the pro les of drivers (like age,
gender,car etc.) could help in assessinghe probability that they would pay
their nes on time. Moreover, logging information about the placeswhere
the nes were applied could help in improving the trac measuresn these
places. From this explanation, the reader may have already noticed that
the cortrol- o w perspective relatesto the \How?" question, the organiza-
tional perspective to the \Who?" question,and the caseperspective to the
\What?" question. All these three perspectives are complememary and
relevant for processmining, and can be answered by using the ProM tool.
The ProM framework [4, 11] is an open-sourcetool specially tailored to
support the developmen of processmining plug-ins. This tool is currertly
at version 4.2 and cortains a wide variety of plug-ins. Some of them go
beyond processmining (like doing processveri cation, converting between
di erent modelling notations etc). Howewer, sincein this tutorial our focus
is to shov how to use ProM plug-ins to answer common questions about
processesn companies(cf. Section1.1), we focus on the plug-ins that use
as input (i) an ewent log only or (i) an event log and a processmodel.

1The reader unfamiliar with Petri nets is referred to [7, 9, 10].
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supports/ ‘

“world” controls — -
business processes information
people  machines system
components
organizations records
events, e.g.,
specifies messages,
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discovery -
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Figure 1.2: Sourcef information for procesamining. The disaovery plug-ins
useonly an event log asinput, while the conformane and extensionplug-ins
alsoneeda (process)model asinput.

Figure 1.2 illustrates how these plug-ins can be categorized. The plug-ins
basedon data in the event log only are called discovery plug-ins because
they do not useany existing information about deployed models. The plug-
ins that chedk how much the data in the event log matchesthe prescribed
behavior in the deployed models are called conformane plug-ins. Finally,
the plug-ins that need both a model and its logs to discover information
that will enhancethis model are called extension plug-ins. In the context
of our commonquestions,we use (i) discovery plug-ins to answer questions
like \How are the casesactually being executed?Are the rulesindeedbeing
obeyed?", (ii) conformanceplug-insto questionslike \How compliart arethe
caseg(i.e. processinstances)with the deployed processmodels? Where are
the problems? How frequen is the (non-)compliance?",and (iii) extension
plug-insto questionslike\What arethe businessulesin the processanodel?"

1.3 Running Example

The running exampleis about a processto repair telephonesn a company.
The compary can x 3di erent typesof phones(\T1", \T2" and\T3"). The
processstarts by registering a telephonedevice sert by a customer. After
registration, the telephoneis sert to the Problem Detection (PD) depart-
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mert. There it is analyzedand its defectis categorized. In total, there are
10 di erent categoriesof defectsthat the phones xed by this compary can
have. Once the problem is identi ed, the telephoneis sert to the Repair
departmert and a letter is sert to the customerto inform him/her about the
problem. The Repair (R) departmert hastwo teams. One of the teamscan
x simple defectsand the other team can repair complex defects. Howe\er,
someof the defect categoriescan be repaired by both teams. Once a repair
employee nishes working on a phone, this deviceis ser to the Quality As-
surance(QA) departmert. There it is analyzedby an employeeto ched if
the defectwasindeed xed or not. If the defectis not repaired,the telephone
is again sent to the Repair departmert. If the telephoneis indeedrepaired,
the caseis archived and the telephoneis sert to the customer. To sase on
throughput time, the compary only tries to x a defecta limited number of
times. If the defectis not xed, the caseis archived anyway and a brand
new deviceis ser to the customer.

1.4 Getting Started

To preparefor the next chapters, you needto do the following:

1. Install the ProM tool. This tool is freely available at
prom.sourceforge.net.Pleasedownload and run the respective instal-
lation le for your operating system.

2. Download the two log les for the running example. Theselogs les
are located at
(i) tabu.tm.tue.nl/wiki/ _media/tutorial/repairexample.zip and
(i) tabu.tm.tue.nl/wiki/ _media/tutorial/repairexamplesample2.zip.



Chapter 2

Insp ecting and Cleaning an
Event Log

Beforeapplying any mining technique to an evernt log, we recommendyou to
rst getanideaof the information in this event log. The main reasonfor this
is that you can only answer certain questionsif the data is in the log. For
instance, you cannot calculate the throughput time of casesif the log does
not cortain information about the times (timestamp) in which tasks were
executed. Additionally, you may want to remove unnecessaryinformation
from the log beforeyou start the mining. For instance,you may be interested
in mining only information about the casesthat are completed. For our
running example(cf. Section1.3), all caseswithout an archiving task asthe
last one are still running casesand should not be considered. The cleaning
step is usually a projection of the log to consideronly the data you are
interestedin. Thus, in this chapter we shov how you can inspect and clean
(or pre-process)an ewvent log in ProM. Furthermore, we shav how you can
save the results of the cleanedlog, sothat you avoid redoing work.

The questionsanswered in this chapter are summarizedin Table 2.1.
As you can see, Section 2.1 shavs how to answer questionsrelated to log
inspection and Section 2.2 explains how to Iter an ewvert log and how to
save your work. Note that the list of questionsin Table 2.1 is not exhaustiwe,
but they are enoughto give you an idea of the featureso ered by ProM for
log inspection and ltering.

2.1 Inspecting the Log

The rst thing you needto do to inspect or mine a log is to load it into
ProM. In this tutorial we usethe log at the location:
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| Question | Section |

How many cases(or processinstances)are in the log?
How many tasks (or audit trail entries) are in the log?
How many originators are in the log? 2.1
Are there running casesin the log?

Which originators work in which tasks?

How can | lter the log so that only completed casesare
kept? 2.2
How can | seethe result of my ltering?

How can | save the pre-processedog sothat | do not have
to redo work?

Table 2.1: Log Pre-Processing:questionsand pointers to answers.

tabu.tm.tue.nl/wiki/ _media/tutorial/repairexample.zip.
This log has processinstances of the running example descrited in Sec-

tion

1.3.

To open this log, do the following:

1.
2.

Downloadthe log for the running exampleand saveit at your computer.
Start the ProM framework. You should get a screenlike the onein
Figure 2.1. Note that the ProM merus are context sensitive. For
instance, since no log has been opened yet, no mining algorithm is
available.

. Openthe log via clicking Open! Open MXML Log le, and selectyour

saved copy of the log le for the running example. Once your log is
opened,you should get a screenlike the onein Figure 2.2. Note that
now more meru options are available.

Now that the log is opened,we can proceedwith the actual log inspection.
Recallthat we want to answer the following questions:

1.

aoa WD

The

How many casegor processinstances)are in the log?
How many tasks (or audit trail ertries) arein the log?
How many originators are in the log?

. Are there running casesn the log?
. Which originators work in which tasks?

rst four questionscan be answered clicking on the tab Summary or

by calling the analysis plug-in Log Summary To call this plug-in, choose
Analysid [log name...] Log Summary Can you now answer the rst four
questionsof the list on the bottom of page 8? If so, you probably have
noticed that this log has 104 running casesand 1000completal cases.You
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=10 x|

File Mining Analysis Comversion Exports Window Help

‘aMe W =8

A=

> 16:56:24 [M] ProM Framework Initialized

Figure 2.1: Screenshobf the main interface of ProM. The meru File allows
to open ewert logsand to import modelsinto ProM. The meru Mining pro-
videsthe mining plug-ins. Thesemining plug-ins mainly focuson discovering
information about the control- o w perspective of processmodels or the so-
cial network in the log. The meru Analysis gives accesso di erent kinds
of analysisplug-ins for openedlogs, imported models and/or mined models.
The meru Conversion provides the plug-ins that translate betweenthe dif-
ferert notations supported by ProM. The meru Exports hasthe plug-ins to
export the mined results, Itered logsetc.
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 prom [4.2]
File Mining Analysis Conversion Exports Window Help

E repairExample.mxml -

repairExample.mxml

) 4

Filter

Figure 2.2: Screenshobf the ProM after the log of the running example(cf.
Section1.3) hasbeenopened.
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seethat from the information in the table \Ending Log Everts" of the log
summary (cf. Figure 2.3). Note that only 1000 casesend with the task
\Arc hive Repair". The last questionof the list on the bottom of page8 can
be answered by the analysisplug-in Originator by Task Matrix. This plug-
in can be started by clicking the meru Analysid [log name...] Originator

by Task Matrix. Basedon the result in Figure 2.4, can you identify which

originators perform the sametasks for the running examplelog? If so, you
probably have also noticed that there are 3 peoplein eat of the teamsin

the Repair departmert (cf. Section 1.3) of the compary®. The employees
with login \SolverC..." dealwith the complexdefects,while the employees
with login \SolverS..." handle the simple defects.

Take your time to inspect this log with thesetwo analysis plug-ins and
nd out more information about it. If you like, you can also inspect the
individual casesby rst clicking the tab Inspector (cf. third left tab on
Figure 2.2), then clicking on the top tab Preview and nally double-cliking
on a speci ¢ processinstance.

2.2 Cleaning the Log

In this tutorial, wewill usethe procesamining techniquesto getinsight about
the processfor repairing telephones(cf. Section1.3). Sinceour focusin on
the processas a whole we will baseour analysison the completal process
instancesonly. Note that it doesnot make much senseto talk about the
most frequert path if it is not complete,or reasonabout throughput time of
caseswvhen someof them are still running. In short, we needto pre-process
(or cleanor lter) the logs.

In ProM, alog can be ltered by applying the provided Log Filters. In
Figure 2.2 you can see v e log lters: Processes Event types Start events
End events and Events The Processeslog Iter is usedto selectwhich
processesshould be taken into when running a processmining algorithm.
Note that a log may cortain one or more processegypes. The Event types
log Iter allowsusto selectthe type of events (or tasksor audit trail ertries)
that we want to considerwhile mining the log. For our running example,the
log has tasks with two event types: complete and start. If you want to (i)
keepall tasks of a certain event, you should selectthe option \k eep” (as it
is in Figure 2.2), (ii) omit the taskswith a certain evert type from a trace,
selectthe option \remove", and (iii) discard all traceswith a certain event
type, selectthe option \discard instance”. This last option may be useful
when you have aborted casesetc. Options can be selectedby clicking on an

!Seethe originators working on the tasks \Repair (Complex)" and \Repair (Simple)".
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Il

File Mining Analysis Conversion Exporis Window Help

Model element Eventtype Occurrences (absolute) Occurrences (relative)
Archive Repair complets 1000 90, 58%
Test Repair complete T 6,793%
Inform User complete 27 2 446%
Repair (Complex)  start 0,091%
Repair (Complex)  complete 0,091%

Figure 2.3: Excerpt of the result of clicking on the tab \Summary”, which
preserts an overview of data in a log.

s

File Mining Analysis Conwversion Exports Window Help

E Analysis - Originator by Task Matrix : 2
| originators| Analyze Defect | Archive Repair Repair iComplex) | Repair {Simple) ir| Test Repair

SolverC1 |0 ; i : 534.0
I5okerc2 o ; L ; 514.0
ll5olverca
|ISalvers1
|[5otersz
|l5alversa
|ISystem
|[Testert
|iTesterz
|ITestera
|[Testers
|ITesters
ITesters

Figure 2.4: Scheenshotwith the result of the analysisplug-in Originator by
Task Matrix.
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event type. The Start events lters the log sothat only the traces(or cases)
that start with the indicated tasks are kept. The End Events works in a
similar way, but the ltering is donewith respectto the nal tasksin the log
trace. The Event lter is usedto setwhich ewerts to keetin the log.

From the descriptionof our running example,we know that the completed
casesare the onesthat start with a task to register the phoneand end with
a task to archive the instance. Thus, to lter the completedcasesyou need
to executethe following procedure:

1. Include the event typesselectionasin Figure 2.2. l.e., \k eep" all the
completeand start evert types;

2. Selectthe task \Register (complete)" asthe start event;
3. Selectthe task \Arc hive Repair (complete)" asthe nal event

If you now inspect the log (cf. Section2.1), for instance, by clicking on the
left tab Summary, you will notice that the log cortains fewer cases(Can
you say how marny?) and all the casesindeed start with the task \Register
(complete)" and nish with the task \Arc hive Repair (complete)".

Although the log Iters we have presetted so far are very useful, they
have somelimitations. For instance,you cannot renametasks (or everts) in
a log. For reasonslike this, the advan&d tab of the panel with the log (cf.
Figure 2.5) provides more powerful log Iters. Ead log Iter hasa help so
we are not goinginto details about them. Howewer, we strongly adviseyou
to spent sometime trying them out and getting more feelingabout how they
work. Our experienceshavsthat the advancedlog lters are especially useful
when handling real-life logs. These Iters not only allow for projecting data
in the log, but also for adding data to the log. For instance,the log lters
Add Arti cial Start Task and Add Arti cial End Task support the respective
addition of tasksin the beginningand ending of traces. Thesetwo log lters
are handy when applying processmining algorithms the assumethe target
model to have a single start/end point.

Once you are done with the Itering, you can save your results in two
ways:

1. Export the ltered log by choosingthe export plug-in MXML log le.
This will save a copy of the log that cortains all the changesmade by
the application of the log lters.

2. Export the con gured log Iters themsehes by choosing the export
plug-in Log Filter (advaned). Exported log lters can be imported
into ProM at a later momert and applied to a (same)log. You can
import a log lter by selectingFile! Open Log Filter (advanced).
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% ProM [4.2]
File Mining Analysis Conversion Exports Window Help

repairExample.mxml

Simple Advanced

efault Log Filter

load... add selected filter

remove : down : El

Figure 2.5: Scheenshotof the Advaned Log Filters in ProM.
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If you like, you canexport the ltered log for our running example. Can you
open this exported log into ProM? What do you notice by inspecting this
log? Note that your log should only cortain 1000casesand they should all
start and end with a singletask.
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Chapter 3

Questions Answ ered Based on
an Event Log Only

Now that you know how to inspect and pre-processan event log (cf. Chap-
ter 2), we proceedwith shonving how to answer the questionsrelated to the
disoovery ProM plug-ins (cf. Figure 1.2). Recallthat a log is the only input
for thesekinds of plug-ins.

The questionsanswered in this chapter are summarizedin Table 2.1.
Section 3.1 shavs how to mine the control- ow perspective of processmod-
els. Section 3.2 explains how to mine information regarding certain as-
pects of cases.Section3.3 descrikeshow to mine information related to the
roles/employeesin the evert log . Section 3.4 shovs how to usetemporal
logic to verify if the casedn a log satisfy certain (required) properties.

3.1 Mining the Control-Flo w Perspective of
a Pro cess

The cortrol- o w perspective of a processestablisheghe dependencieamong
its tasks. Which tasksprecedewhich other ones?Are there concurren tasks?
Are there loops? In short, what is the processmodel that summarizesthe
ow followed by most/all casesin the log? This information is important
becauset givesyou feedba& about how casesare actually being exesuted in
the organization.

ProM supports various plug-ins to mine the cortrol- o w perspective of
processmodels, as shovn in Figure 3.1. In this tutorial, we will use the

IMore technically, these plug-ins require the originator eld to be preser in the evert
log.
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| Question | Section |

How are the casesactually being executed? 3.1

What is the most frequert path for every processmodel? 392
How is the distribution of all casesover the di erent paths | ™
through the process?

How many peopleare involved in a case?

What is the communication structure and dependencies
among people?

How many transfers happen from onerole to another role?
Who are the important peoplein the communication ow?
Who subcortract work to whom?

Who work on the sametasks?

3.3

Are the rules indeed being obeyed? 3.4

Table 3.1: Discovery Plug-ins: questionsand pointers to answers.

mining plug-in Alphaalgorithm plugin. Thus, to mine the log of our running
example,you should perform the following steps:

1.

Openthe ltered log that cortains only the completedcases(cf. Sec-
tion 2.2), or redothe Itering for the original log of the running exam-
ple.

Verify with the analysis plug-in Log Summary if the log is correctly
Itered. If so,this log should cortain 1000processinstances,12 audit
trail ertries, 1 start event (\Register"), 1 endewvent (\Arc hive Repair"),
and 13 originators.

Run the Alpha algorithm plugin by choosing the meru Mining! [log
name...] Alpha algorithm plugin (cf. Figure 3.1).

. Click the button start mining. The resulting mined model should look

like the onein Figure 3.2. Note that the Alpha algorithm plugin uses
Petri nets’ asits notation to represem processmodels. From this mined
model, you can obsene that:

All casesstart with the task \Register" and nish with the task
\Arc hive Repair”. This is not really surprising sincewe have |-
tered the casedn the log.

2Dierent mining plug-ins can work with dierent notations, but the main idea is
always the same: portray the dependenciesbetweentasks in a model. Furthermore, the
fact that di erent mining plug-ins may work with di erent notations doesnot preven the
interoperability between these represettations becausethe ProM tool o ers conversion
plug-ins that translate models from one notation to another.
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2 prom [4.2]

Analysis Conversion Exports Window Help

Raw repairExample.mxml (unfiltered)

ﬁ' Open new log...

Multi-phase Macro Plugin
Partial Order Generator
Partial Order Aggregator
Partial Order Mining TimeUnit

Heuristics miner
DWS mining plugin
Association Rule Miner

Genetic algorithm plugin
Duplicate Tasks GA plug-in

| AIpha algorithm plugin

DEFAULT

Figure 3.1: Stheenshotof the mining plug-insin ProM.

Tsinghua-alpha algorithm plugin
Alpha++ algorithm plugin

Transition System Generator
Region miner
Language-based Region miner

Fuzzy Miner

Cloud chamber miner
Activity Clustering Miner
Change mining plugin
Frequency abstraction miner

Social network miner
StaffAssignmentMiner
Organizational Miner

‘Workflow patterns miner

Case data extraction plugin

Logreader Benchmark
LogReader comparison driver
Process Instance Inspector
FHower Model Miner

k-RI Miner

Register (complete
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After the task AnalyzeDefect completes,sometasks can occur in
parallel: (i) the client can be informed about the defect (seetask
\Inform User"), and (ii) the actual x of the defectcanbe started
by executingthe task Remir (Complete) or Repair (Simple).

The model hasa loop construct involving the repair tasks.

Basedon theseremarks, we can concludethat the casesn our running
examplelog have indeedbeenexecutedas descrited in Section1.3.

5. Save the mined model by choosingthe meru option Exports! Seleted
Petri netl Petri Net Kernel le. We will needthis exported model in
Chapter 4.

6. If you prefer to visualize the mined model in another represemation,
you can corvert this model by invoking oneof the meru option Conver-
sion. As an example,you can corvert the mined Petri net to an EPC
by choosingthe meru option Conversionl Seleted Petri net! Laleled
WF netto EPC.

As a nal note, although in this section we mine the log using the Alpha
algorithm plugin, we strongly recommendyou to try other plug-ins as well.
The main reasonis that the Alphaalgorithm plugin is not robust to logsthat
cortain noisy data (like real-life logs typically do). Thus, we suggestyou
have a look at the help of the other plug-ins before choosing for a speci c
one. In our case,we can hint that we have had good experiencewhile using
the mining plug-ins Multi-phase Macro plugin, Heuristics miner and Genetic
algorithm plugin to real-life logs.

3.2 Mining Case-Related Information about
a Pro cess

Do you want know the most frequent path for our running example?Or the
distribution of all casesover the di erent paths through the process?Then
you shouldusethe analysisplug-in Performance Sequene Diagram Analysis
As an illustration, in the context of our running example,one would expect
that paths without the task \Restart Repair" (i.e., situations in which the
defect could not be xed in the rst try) should be lessfrequert than the
oneswith this task. But is this indeedthe current situation? Questionslike
this will be answeredwhile executingthe following procedure:

1. Openthe ltered log that cortains only the completedcases(cf. Sec-
tion 2.2).



Figure 3.2: Stheenshotof the mined model for the log of the running example.
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2. Run the Performance Sequene Diagram Analysis by choosingthe meru
Analysid [log name...] Performane Sequene Diagram Analysis

3. Selectthe tab Pattern diagram and click on the button Showdiagram.
You should get a screenlike the onein Figure 3.3.
Take your time to inspect the results (i.e., the sequenceatterns and
their throughput times). Can you answer our initial questionsnow?
If so,you have probably notice that the 73,5%o0f the defectscould be
xed in the rst attempt?.

4. Now, how about having a look at the resourcesWhich employeesare
involved in the most frequert patterns? In which sequencedo they
interact? To seethat, just choose\Originator® asthe Compmnent type
and click on the button Showdiagram.

Take your time to have a look at the other options provided by this plug-in.
For instance, by clicking on the button Filter options you can selectspeci c
mined patterns etc.

3.3 Mining Organizational-Related Informa-
tion about a Pro cess

In this sectionwe answer questionsregarding the sacial (or organizational)
aspect of a compary. The questionsare:
How many peopleare involved in a speci c case?
What is the communication structure and dependenciesamongpeople?
How many transfers happen from onerole to another role?

Who are important peoplein the comnmunication ow? (the most fre-
guert ow)

Who subcortracts work to whom?
Who work on the sametasks?

These and other related questions can be answered by using the mining
plug-ins Scacial Network Miner and Organizational Miner, and the analysis
plug-in Analyze Sacial Network In the following we explain how to answer
ead questionin the cortext of our running example.

To know the peoplethat are involved in a speci ¢ caseor all the casesin
the log, you can usethe analysisplug-in Log Summary (cf. Section2.1). For

3Seepatterns 0 to 6, notice that the task \Restart Repair" does not belongto these
patterns. Furthermore, the sum of the occurrencesof these patterns is equal to 735.



Figure 3.3: Scheenshotof the analysisplug-in Performance Sequene Diagram Analysis The con guration options
are on the left side, the sequencaliagramsare on the middle and the patterns frequenceand throughput times are
on the right side.
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instance,to ched& which peopleare involved in the processinstance 120 of
our examplelog, you can do the following:

1. Openthe Itered log (cf. Section2.2) for the running example.

2. Click on the left tab Inspector.

3. Click on the top tab Preview

4. Right-click on the panel Processinstance and click on Find....

5. In the dialog Find, eld \T ext to nd", typein 120 and click \OK".
This option highlights the processinstancein the list.

6. Double-clik the processinstance 120.

7. Visualize the log summary for this processinstance by choosing the
meru option Analysid Previewe Seletion...! Log Summary.

You can seewhowork on the sametasks by usingthe analysisplug-in Origi-

nator by TaskMatrix, or by running the mining plug-in OrganizationalMiner.

For instance, to seethe rolesthat work for the sametasks in our example
log, you can do the following:

1. Openthe ltered log (cf. Section2.2) for the running example.

2. Selectthe meru option Mining! Filtered...! Organizational Miner,
choosethe options\Doing Similar Task" and\Correlation Coe cien t",
and click on start mining.

3. Selectthe tab Organizational Model You should get a screenlike the
onein Figure 3.4. Take you time to inspect the information provided
at the bottom of this screen.Noticed that the automatically geneated
organizational model shows that the peoplewith the role \T ester..."
work on the tasks \Analyze Defect" and \T est Repair”, and so on.
If you like, you can edit these automatically generatedorganizational
model by usingthe functionality provided at the other two tabs Tasks -
>Org Entity and Org Entity<->Resource. Note that organizational
models can be exported and used as input for other organizational-
related mining and analysisplug-ins.

The other remaining questionsof the list on page22 are answered by using
the mining plug-in Sccial Network in combination with the analysisplug-in
AnalyzeScial Network For instance,in the cortext of our running example,
we would like to ched if there are employeesthat outperform others. By
identifying theseemployees,onecantry to make the good practices(or way
of working) of these employeesa common knowledge in the compary, so
that peer employeesalso benet from that. In the context of our running
example, we could nd out which emplojeesare better at xing defects.



Figure 3.4: Scheenshotof the mining plug-in Organizational Miner.
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From the processdescription (cf. Section1.3) and from the mined model in
Figure 3.2, we know that telephoneswhich were not repaired are again sen
to the Repair Departmert. So, we can have a look on the handoverof work
for the task performed by the peoplein this departmert. In other words,
we can have a look on the handover of work for the tasks Repir (Simple)
and Remir (Complex). One possibleway to do sois to perform the following
steps:

1. Openthe log for the running example.

2. Usethe advaned log Iter Event Log Filter (cf. Section2.2) to Iter
the log sothat only the task \Repair (Simple) (start)", \Repair (Sim-
ple) (complete)”, \Repair (Complex) (start)" and \Repair (Complex)
(complete)" are kept. (Hint: Usethe analysisplug-in Log Summary to
ched if the log is correctly lItered!).

3. Run the Sacial Network Miner by choosingthe meru option Mining!
Filtered...! Scial network miner.

4. Selectthe tab Handover of work, and click the button start mining.
You should get a result like the onein Figure 3.5. We could already
analyzethis result, but we will usethe analysisplug-in Analyze Scial
Network to do so. This analysisplug-in provides a more intuitiv e user
interface. This is done on the next step.

5. Runthe AnalyzeScaial Network by choosingthe meru option Analysid
SNA! AnalyzeSaial Network Selectthe options\V ertex size", \V er-
tex degreeratio stretch” and set Mouse Mode to \Picking" (so you
can usethe mouseto re-arrangethe nodesin the graph). The result-
ing graph (cf. Figure 3.6) shavs which employeeshanded over work
to other employeesin the processinstancesof our running example.
By looking at this graph, we can seethat the employeeswith roles
\SolverS3" and \SolverC3" outperform the other employeesbecause
the telephoneshesetwo employees x always passthe test cheds and,
therefore,are not re-sett to the Repair Departmert (sinceno other em-
ployeehasto work on the casesnvolving \SolverS3"and \SolverC4").
The oval shape of the nodesin the graph visually expresseghe rela-
tion betweenthe in and out degreeof the connections(arrows) between
thesenodes. A higher proportion of ingoing arcslead to more vertical
oval shapes while higher proportions of outgoing arcs produce more
horizontal oval shapes. From this remark, can you tell which employee
hasmore problemsto x the defects?

Take you time to experimert with the plug-ins explainedin the procedure
above. Can you now answer the other remaining questions?
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Figure 3.5: Stheenshotof the mining plug-in Sccial Network Miner.
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Figure 3.6: Scheenshotof the mining plug-in Analyzer Sccial Network
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As a nal remark, we point out that the results produced by the Scaial
Network mining plug-in can be exported to more powerful tools like AGNA*
and NetMiner®, which are especially tailored to analyzesccial networks and
provide more powerful userinterfaces.

3.4 Verifying Prop erties in an Event Log

It is often the casethat processesn organizationsshould obey certain rules
or principles. One commonexampleis the \F our-eyes principle” which de-
termines that a same person cannot execute certain tasks (e.g., make the
budget and approve it). Thesekinds of principles or rules are often usedto
ensurequality of the deliveredproducts and/or to avoid frauds. One way to
che if theserules are indeedbeing obeyed is to audit the log that registers
what hashappenedin a organization. In ProM, auditing of a log is provided
by the analysisplug-in Default LTL Checker Plugin®.

From the description of our running example(cf. Section1.3), we know
that after atry to x the defect, the telephoneshould be tested to ched if
it is indeedrepaired. Thus, we could usethe Default LTL Checker Plugin
to verify the property: Doesthe task\T est Repair" alwayshappen after the
tasks\R epair (Simple)” or \R epair (Complex)" and beforethe task\A rchive
Repair'? We do so by executingthe following procedure:

1. Openthe Itered log (cf. Section2.2) for the running example.

2. Run the Default LTL Checker Plugin by selectingthe meru option
Analysid [log name...] Default LTL Checker Plugin. You should get
a screenlike the onein Figure 3.7.

3. Selectthe formula \evertually _activity_A then_B _then_C".

4. Give asvalues: (i) activity A = Remir (Simple), (i) activity B = Test
Repair and (iii) activity C = Archive Remir. Note that the LTL plug-
in is casesensitive. So, make sureyou type in the task namesas they
appear in the log.

5. Click on the button Check. The resulting screenshould show the log
split into two parts: one with the casesthat satisfy the property (or
formula) and another with the casesthat do not satisfy the property.
Note that the meru options now alsoallow you to do mining, analysis
etc. over the split log. For instance, you can apply again the LTL
plug-in over the incorrect processinstancesto ched if the remaining

“http://agna.gq.n u
Shttp://lwww.netminer.com/
SLTL standsfor Linear Temporal Logic.
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instancesrefer to situations in which the task \Repair (Complex)" was
executed. Actually, this is what we do in the next step.

6. Run the Default LTL Checker Plugin over the Incorrect Process In-
stanas by choosingAnalysid Incorrect Instances(573)! Default LTL
Checker Plugin.

7. Selectthe sameformula and give the sameinput asin steps3 and 4
above. Howe\er, this time useactivity A = Repair (Complex).

8. Click on the button Check. Note that all 573 casessatisfy the formula.
So,there are not situations in which a test doesnot occur after a repair.

A more straightforward way of chedking this property would be to give as
input to the parameter\A", in Step4, the string \ Repair (Simple) j Repair
(Complex)'. In this case,the separator\|" is usedto indicate that the
parameter\A" can assumethe value Repair (Simple) or Repair (Complex)

Take your time to experimert with the LTL plug-in. Can you identify
which pre-de ned formula you could useto ched for the \F our-eyes princi-
ple"?

In this section we have shovn how to use the pre-de ned formulae of
the LTL analysis plug-in to verify properties in a log. Howewer, you can
alsode ne your own formulae and import theminto ProM. The tutorial that
explainshow to do sois provided together with the documenation for the
ProM tool’.

"For Windows users, please see Start! Programs Documentation! All
Documentation! LTLChecker-Manual.pdf.



Figure 3.7: Sdheenshotof the analysisplug-in Default LTL Checker Plugin.
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Chapter 4

Questions Answ ered Based on
a Pro cess Mo del Plus an Event
Log

In this sectionwe explain the ProM analysisplug-in that are usedto answer
the questionsin Table 4.1. Theseplug-ins di er from the onesin Chapter 3
becausethey require a log and a (process)model asinput (cf. Figure 1.2).
Section4.1 explainsa conformane ProM plug-in that detectsdiscrepancies
betweenthe ows prescribed in a model and the actual processinstances
(ows)in alog. Sections4.2 and 4.3 descrike extensionProM plug-ins that
respectively extendthe modelswith performancecharacteristicsand business
rules.

4.1 Conformance Checking

Nowadays, companiesusually have someprocess-aare information system
(PAIS) [8] to support their businessprocess.Howewer, theseprocessmodels
may beincompletebecauseof reasondike: onecould not think of all possible
scenarioswhile deploying the model; the world is dynamic and the way em-
ployeeswork may changebut the prescribed processmodelsare not updated
accordingly; and so on. Either way, it is always usefulto have a tool that

provides feedba& about this.

The ProM analysisplug-in that cheds how much processinstancesin a
log match a madel and highlightsdiscrepancies is the Conformane Checker.
As an illustration, we are going to chedk the exported mined model (cf.
Section 3.1, page 20) for the log of the running example against a new log
provided by the compary. Our aim is to chedk how compliart this new log
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| Question | Section |
How compliant arethe caseqdi.e. processnstances)with the | 4.1
deployed processmodels? Where are the problems? How
frequent is the (non-) compliance?
What are the routing probabilities for ead slipt/join task?
What is the average/minimum/maxim um throughput time
of cases? 4.2
Which paths take too much time on average? How many
casedollow theseroutings? What are the critical sub-paths
for theseroutes?
What is the averageservicetime for eah task?
How much time was spent between any two tasks in the
processmodel?
What the the businessrules in the processmodel? 4.3

Table 4.1: Conformanceand Extension Plug-ins: questionsand pointers to
answvers.

is with the prescribed model. The procedureis the following:

1.

Openthe log \repairexamplesample2.zip". This log canbe downloaded
from tabu.tm.tue.nl/wiki/ _media/tutorial/repairexamplesampleZ2.zip.

. Openthe exported PNML model that you createdwhile executingthe

procedureon page20.

. Che if the automatically suggestedmapping from the tasks in the

log to the tasksin the model is correct. If not, changethe mapping
accordingly

. Run the Conformane Checker plug-in by choosing the meru option

Analysid Seleted Petri nett Conformance Checker.

. Deselectthe options\Precision" and\Structure" , and click the button

Start analysis You shouldget resultslike the onesshavn in gures 4.1
and 4.2, which respectively shov screenshotof the madel and log di-
agnostic perspective of the ConformanceCheder plug-in. Thesetwo
perspectives provide detailed information about the problemsencoun-
tered during the log replay. The model perspective diagnosesnforma-
tion about token counter (number of missing/left tokens), failed tasks
(tasks that were not enabled), remaining tasks (tasks that remained
enabled), path covelage (the tasks and arcsthat were usedduring the
log replay) and passe edges (how often ewery arc in the model was

1Theseare more advancedfeaturesthat we do not needwhile cheding for compliance.
Thus, we will turn them o for now.
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usedduring the log replay). The log perspective indicatesthe points of
non-compliart behavior for every casein the log.

Take your time to have a look at the results. Can you tell how many traces
arenot compliart with the log? What arethe problems?Have all the devices
beentested after the repair took places?Is the client always beinginformed?

4.2 Performance Analysis

Like the Conformane Checker (cf. Section 4.1), the plug-in Perfomane
Analysiswith Petri net alsorequiresalog and a Petri net asinput?. The main
di erence is that this plug-in focuseson analyzingtime-related aspectsof the
processinstances.In other words, this plug-in can answer the questions:

What are the routing probabilities for ead slipt/join task?

What is the average/minimum/maximum throughput time of cases?

Which paths take too much time on average? How many casesfollow
theseroutings? What are the critical sub-pathsfor theseroutes?

What is the averageservicetime for ead task?
How much time wasspernt betweenany two tasksin the processmodel?

To run the Perfomane Analysis with Petri net analysisplug-in for the log
of our running example, perform the following steps:

1. Openthe Itered log (cf. Section2.2) for the running example.

2. Openthe exported PNML model that you createdwhile executingthe
procedureon page20.

3. Run the Perfomane Analysiswith Petri net analysisplug-in by select-
ing the meru option Analysid Seleted Petri net! Performanae Anal-
ysis with Petri net.

4. Setthe eld Times measured in to \hours" and click on the button
Start analysis The plug-in will start replaying and log and computing
the time-related values. When it is ready, you should seea screenlike
the onein Figure 4.3.

5. Take your time to have a look at theseresults. Note that the right-
sidepanelprovidesinformation about the average/minimum/maximum
throughtputtimes. The certral panel(the onewith the Petri net model)

2|f the model you have is not a Petri net but another one of the supported formats,
you can always use one of the provided conversion plug-in to translate your model to a
Petri net.
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Figure 4.1: Scheenshotof the analysisplug-in Conformane Checker: Model view.



Figure 4.2: Stheenshotof the analysisplug-in Conformane Checker: Log view.
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shaws (i) the bottlenecks (notice the di erent colorsfor the places)and
(i) the routing prokabilities for ead split/join tasks (for instance,note
that only in 27% of the casesthe defect could not the xed on the
rst attempt). The bottom panelshowsinformation about the waiting
times in the places.You canalsoselectoneor two tasksto respectively
ched for avemmgeservie times and the time spent between any two tasks
in the processmadel. If you like, you can also changethe settings for
the waiting time (small window at the bottom with High, Medium and
Low).

The previousprocedureshaved how to answer all the questionslisted in the
beginning of this section, exceptfor one: Which paths take too much time
on averge? How many casesfollow theseroutings? What are the critical
sub-@ths for theseroutes? To answer this last question, we have to usethe
analysisplug-in Performane Sequene Diagram Analysis (cf. Section3.2) in
combination with the Performance Analysis with Petri net. In the cortext
of our example,sincethe resultsin Figure 4.3 indicate that the casegake on
averagel.ll hoursto be completed,it would be interesting to analyzewhat
happensfor the casesthat take longer than that. The procedureto do so
hasthe following steps:

1. If the screenwith the results of the Performance Analysis with Petri

net plug-in is still open, just choosethe meru option Analysid Whole
Log! Performance Sejuene Diagram Analysis Otherwise, just open
the Itered log for the running exampleand run Step 2 descriked on
page22.

. In the resulting screen,selectthe tab Pattern Diagram, set Time sort

to hours, and click on the button Showdiagram.

. Now, click on the button Filter Options to Iter the log sothat only

caseswith throughput time superior to 1.11 hours are kept.

. Selectthe option Sequenes with throughputtime, choose\ab ove" and

typein \1.1" in the eld \hours". Afterwards,click rst on the button
Update and then on button Use Seleted Instances Take your time to
analyzethe results. You can alsousethe Log Summary analysisplug-
ins to inspect the Log Seletion. Can you tell how many caseshave
throughput time superior to 1.1 hours? Note that the Performance
Saguene Diagram Analysis plug-in shovs how often ead caseshap-
penedin the log. Try playing with the provided options. For instance,
what happensif you now selectthe Compnent Type as\Originator"?

Can you seehow well the employeesare doing? Onceyou have the log
selectionwith the caseswith throughput time superior to 1.1 hour, you



Figure 4.3: Stheenshotof the analysisplug-in Performance Analysiswith Petri net.
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can ched for critical sub-@ths by doing the remaining stepsin this
procedure.

. Openexported PNML model that you createdwhile executingthe pro-

cedureon pageZ20, but this time link it to the seleted casesby choosing
the meru option File! Open PNML le! With:Log Seletion. If nec-
essary changethe automatically suggestednappingsand click on the
button OK. Now the imported PNML model is linked to the process
instanceswith throughput times superior to 1.1 hours.

. Run the analysisplug-in Performana Analysis with Petri net to dis-

cover the critical sub-mths for thesecases.Take your time to analyse
the results. For instance,canyou seethat now 43%o0f the defectscould
not be xed onthe rst attempt?

Finally, we suggestyou spend sometime reading the Help documertation
of this plug-in becauseit provides additional information to what we have
explainedin this section. Note that the results of this plug-in can also be
exported.

4.3 Decision Point Analysis

To discover the businessrules (i.e. the conditions) that in uence the points
of choicein a model, you can usethe Decision Point Analysis plug-in. For
instance, in the context of our running example,we could investigate which
defecttypes(cf. Sectionl.3) are xed by which team. The procedureto do
so hasthe following steps:

1.
2.

3.

4.

Openthe ltered log (cf. Section2.2) for the running example.
Openthe exported PNML model that you createdwhile executingthe
procedureon page20.

Run the Decision Point Analysis plug-in by selectingthe menu option
Analysid Seleted Petri nett Decision Point Analysis

Double-clik the option \Choice 3 place?2". This will selectthe point
of choice between execution the task \Repair (Complex)" or \Repair
(Simple)"2.

. Selectthe tab Attributes and set the options: (i) Attribute seletion

sope = \all before", (i) changethe Attribute type of the eld de-
fectType to \numeric", and (iii) changethe Attribute type of the eld

3Note: If your option \Choice 3 place 2" does not correspond to the point of choice
we refer to in the model, pleaseidentify the correct option on your list. The important
thing in this stepis to selectthe correct point of choice in the model.
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numlerRepairs to \numeric". Afterwards, click on the button Update
results This analysisplug-in will now invoke a data mining algorithm
(called J48) that will discover which elds in the log determine the
choicebetweenthe di erent branchesin the model.

6. Selectthe tab Result to visualize the mined rules (cf. Figure 4.4).
Note that caseswith a defecttypesfrom 1to 4 # are routed to the
task \Repair (Simple)" and the oneswith defecttype biggerthan 4 are
routed to the task \Repair (Complex)". This is the rule that covers
the majority of the casesin the log. Howewer, it doesnot mean that
all the casesfollow this rule. To ched for this, you have to perform
the next step.

7. Selectthe tab Decision Tree/Rules (cf. Figure 4.5). Remark the text
(695.0/87.0) inside the box for the task \Repair (Complex)". This
meansthat aacording to the dismvered businessules, 695 casesshould
have been routed to the task \R epair (Complex)" becausetheir defect
type was biggerthan 4. However, 87 of thesecasesare misclassi ed
because they were routed to the task \Repair (Simple)". Thus, the
automatically discovered businessrules descrike the conditions that
apply to the majority of the casesbut it doesnot meanthat all the
casesawvill t theserules. Therefore,we recommendyou to always chedk
for the resultsin the tab Decision Tree/Rulesaswell. In our case these
result makessensebecausefrom the descriptionof the running example
(cf. Sectionl.3), we know that somedefecttypescanbe xed by both
teams.

To getmoreinsight about the Decision Point Analysis we suggestyou spend
sometime reading its Help documertation becauseit provides additional
information that was not covered in this section. As for the many ProM
plug-ins, the mined results (the discoveredrules) can also be exported.

4From the problem description (cf. Section 1.3), we know that there are 10 types of
defects.
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Figure 4.4: Stheenshotof the analysisplug-in Decision Point Analysis. Result tab.



Figure 4.5: Stheenshotof the analysisplug-in Decision Point Analysis. Decision Tree/Rules tab.
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Chapter 5

Conclusions

This tutorial shaved how to usethe di erent ProM plug-insto answer com-
mon questionsabout processmodels (cf. Section1.1). Sinceour focus was
on this set of question, we have not coveredmany of the other plug-ins that
arein ProM. We hope that the subsetwe have shown in this tutorial will help
you in nding your way in ProM. Howe\er, if you are interested, you could
have a further look in plug-insto verify (process)modelsand detect potential
problems(by using the analysisplug-ins Check correctnessof EPC, Wo an
Analysis or Petri net Analysis), quantify (from 0% until 100%) how much
behavior two processmodelshavein commonwith respect to a givenevenlog
(by usingthe analysisplug-in Behaviorl Precision/R ecall), create simulation
maodelswith the di er ent mined perspectives (by usingthe export plug-in CPN
Tools) etc. The ProM tool can be downloadedat www.processmining.org.
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