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Argomenti

Caratteristiche generali delle tecniche di Process Mining (PM)
Il PM come approccio all’analisi (ex-post) di processi organizzativi
Caratteristiche dei processi e dei dati (log) oggetto dell’analisi
Obiettivi, potenzialità e problematiche correlate al Process Mining
Inquadramento del PM nel ciclo vita dei processi organizzativi

Classificazione degli approcci di Process Mining
Analysis perspectives: Control-flow, Case, Performances
Tasks: Discovery, Extension, Conformance testing

Approfondimento su alcune tecniche e di workflow discovery
Induzione di Control Flow graphs: algoritmo di base
Uno sguardo ad alcuni approcci classici (α-algorithm, HeuristicMiner, 
Multi-phase, Fuzzy)
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Argomenti (2)

Valutazione e validazione dei modelli (scoperti o pre-esistenti)
Conformance Checking
Log-based property verification

Altri task e metodi di PM
Induzione di modelli organizzativi e di social networks (cenni)
Tecniche clustering-based per la scoperta di schemi di processo 
gerarchici/tassonomici
Tecniche per l’estensione di un modello di processo

Ulteriori linee di sviluppo del PM
Scoperta di istanze di esecuzione anomale
Integrazione del PM con ontologie di processo e di dominio
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Organizzazione

Lezioni
Teoria di base
Strumenti SW per il Process Mining

Esempi di uso della suite open-source ProM
Casi di studio

Esercitazioni
Esercizi sui concetti appresi nelle lezioni
Analisi di alcuni dataset di esempio con ProM
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Materiale didattico

Lezioni (slide MS PowerPoint):
http://www.icar.cnr.it/pontieri/didattica/PM/slides/

Riferimenti bibliografici
I. Witten, E. Frank, Data Mining: Practical Machine Learning Tools 
with Java Implementation. Morgan Kaufman, 1999
Una serie di articoli scientifici disponibili all’indirizzo
http://www.icar.cnr.it/pontieri/didattica/PM/papers/
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Outline
Part I – Introduction to Process Mining

Context, motivation and goal 
General characteristics of the analyzed processes and logs
Classification of Process Mining approaches

Part II – Workflow discovery
Induction of basic Control Flow graphs
Other techniques (α-algorithm, Heuristic Miner, Fuzzy mining)

Part III – Beyond control-flow mining
Organizational mining 
Social net discovery
Extension of workflow models

Part IV – Evaluation and validation of discovered models
Conformance Check
Log-based property verification

Part V – Clustering-based Process Mining
Discovery of hierarchical workflow models
Discovery of process taxonomies
Outlier detection



Process Mining 

Part I – Introduction and Basic Concepts

Context, motivations, goals
Characteristics of the analyzed data
Classification of Process Mining approaches

Based on slides by Prof. Wil van der Aalst and Dr. Ana Karla A. de Medeiros
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Outline
Part I – Introduction to Process Mining

Context, motivation and goal 
General characteristics of the analyzed processes and logs
Classification of Process Mining approaches

Part II – Workflow discovery
Induction of basic Control Flow graphs
Other techniques (α-algorithm, Heuristic Miner, Fuzzy mining)

Part III – Beyond control-flow mining
Organizational mining 
Social net discovery
Extension of workflow models

Part IV – Evaluation and validation of discovered models
Conformance Check
Log-based property verification

Part V – Clustering-based Process Mining approaches
Discovery of hierarchical workflow models
Discovery of process taxonomies
Outlier detection
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Process Mining: basic idea
Aims to discover process knowledge based on historical execution data
Logs register what happened along past process enactments, and are 
maintained by diverse kinds of transactional IS (WfMS, ERP, CRM,…)

Process
Design

Implementation /
Configuration

process process 
enactmentenactment

abcdfgabcdfg
abcfdabcfd

abcdfeabcdfe……..

ProcessProcess KnowledgeKnowledge
(e.g., Process Models,

Business Rules,
Execution Patterns)

verification

process mining
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Process Mining: basic idea
The focus is on the real behavior of the process, rather than on its 
expected/prescribed behavior

process
design

implementation/
configuration

process
enactment

diagnosis
Run-time Design-time

- process mining
- verification
- validation
- performance 
analysis• Process Discovery/Extension

• Conformance Testing
• Log-based Verification

(ex-ante)

process
design

implementation/
configuration

process
enactment

diagnosis
Run-time Design-time

- process mining
- verification
- validation
- performance 
analysis• Process Discovery/Extension

• Conformance Testing
• Log-based Verification

(ex-ante)



PM vs. Design-time Workflow Analysis

Validation bases on comparing models with requirements/expectations
Validating real models is hard, and requires some reflection of reality

Verification concerns the correctness/soundness of the model
typically used to answer qualitative questions

Is there a deadlock possible?
Is it possible to successfully handle a specific case?
Will all cases terminate eventually?
It is possible to execute two tasks in any order?

Ex-ante performance analysis  
Typically regard quantitative aspects

How many cases can be handled in 1 hour?
What is the average flow time?

Common approaches: 
Simulation, queuing theory
Markovian analysis

(based on abstraction)
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Process Mining vs. Design-time Analysis

Process mining uses historical event logs as a reflection of reality
behavioral models are linked to real log events
Reduces the abstraction gap between model and reality
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Classification of Process Mining approaches

Different kinds of knowledge on 
process execution can be found

Control flow perspective:
What is the typical flow of work for the 
handling of orders?
What’s the procedure (combination of 
tasks) followed for orders above 10K?

Case perspective:
Was the invoice 1203 paid on time?
How regular and rush orders differ in 
the execution flow ?

Organizational perspective:
Which people appear to be working 
together closely?

Process Mining can support different 
kinds of analysis tasks
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Start

Register order

Prepare
shipment

Ship goods

(Re)send bill

Receive paymentContact
customer

Archive order

End

WorkflowWorkflow ModelModel

OrganizationalOrganizational ModelModel

SocialSocial NetworkNetwork

Process Mining tasks: Discovery
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Discovery: an example control-flow model 
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Auditing/SecurityAuditing/Security

Start

Register order

Prepare
shipment

Ship goods

(Re)send bill

Receive paymentContact
customer

Archive order

End

ComplianceCompliance
ProcessProcess ModelModel

Process Mining tasks: Conformance Check
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Start

Register order

Prepare
shipment

Ship goods

(Re)send bill

Receive paymentContact
customer

Archive order

End

Bottlenecks/Bottlenecks/
Business Business RulesRules
ProcessProcess ModelModel

Performance Performance AnalysisAnalysis

Process Mining tasks: Extension
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Extension: example of decision point analysis

builds a 
decision tree for

each choice
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Process Mining vs Data Mining

Process Mining is a specialization of Data Mining 
with a strong business process viewpoint

Some traditional DM techniques can be used in the context of PM

New techniques have been specifically developed for process mining 
e.g. the discovery of workflow models



20

Process Mining tools
Open-source tools available at www.processmining.org

ProM
ProMimport
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ProM architecture
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ProM
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Some questions ProM can help answer to

What an extent the cases (proc. inst.) comply with a process model? 
Where are the problems? How frequent is the (non-)compliance?

How are the cases actually being executed?
Statistics on the execution paths of a given model

What is the most frequent path?
What is the distribution of all cases over the different paths through the 
process?
What are the routing probabilities for each split node?

Statistics on execution performances
What is the average/minimum/maximum throughput time of cases?
Which paths take too much time on average? How many cases follow
these routings? What are the critical sub-paths for these paths?
What is the average service time for each task?
How much time was spent between any two tasks in the process model?
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Some questions ProM can help answer to (2)

Identification and verification of Business rules
What are the business rules in the process model?
Are the rules indeed being obeyed?

Interaction among people
What is the communication structure and dependencies among
people?
How many transfers happen from one role to another role?
Who are important people in the communication flow? 
Who subcontract work to whom?
Who work on the same tasks?



25

ProM
Staffware

InConcert

MQ Series

workflow management systems

FLOWer

Vectus

Siebel

case handling / CRM systems

SAP R/3

BaaN

Peoplesoft

ERP systems

common XML format for storing/
exchanging workflow logs

input/outputCore

Plugins

ProM
framework

visualization analysis

alpha algorithm genetic
algorithm

Tsinghua alpha
algorithm

Multi phase
algorithms

social network
miner

case data
extraction property verifier

External
Tools

NetMiner Viscovery ...
...

...

ARIS/ARIS PPM

YAWL

Caramba

CPN Tools

Outlook
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Representation of log data: the MXML format

task label
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Event Logs: the MXML format (2)
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Event Logs: the MXML format (3)

Compulsory fields!Compulsory fields!

Fields relevant to the Fields relevant to the 
organizational organizational 
perspectiveperspective

Which fields are useful for Which fields are useful for 
casecase--based analyses?based analyses?
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Toy example: 
paper reviewing

Event log:
processes

process instances
events

Per event:
activity name
(event type)
(originator)
(timestamp)
(data)
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start of 
process 
instance

start of 
activity

end of 
activity

attributes of 
an event
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An equivalent (relational) schema for log events

ProM Import allows to convert data from such a database into an MXML file


