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Abstract This paper deals with organizational perspec-

tive mining in workflow. First, it exposes a comparative

study of three representative workflow mining systems:

InWolve, WorkflowMiner and ProM. To perform our

comparative study, we propose the following quality cri-

teria: the capacity to filter and to convert an events log, the

capacity to discover workflow perspectives and the ca-

pacity to support their analysis. The main limit of these

systems is their inability to deal with organizational per-

spective mining issue. By organizational perspective, we

mean, the social structures defining the activity distribution

among actors involved in the workflow (namely federation,

coalition, market or hierarchy), as well as the interaction

protocols ruling the communications between them (such

as contract net, auction or vote). To compensate the pre-

vious drawback, the paper proposes an agent-oriented ap-

proach to support the organizational perspective mining.

More precisely, it proposes an events log model, which

extends existing models by taking into account the inter-

actions among actors, thanks to the performative-based

agent communication language FIPA-ACL. It also presents

a concrete case study to better illustrate the organizational

perspective mining and some algorithms for organizational

structures and interaction protocols mining. Finally, we

describe in detail our discopflow tool to validate our

solution.

Keywords Organizational perspective mining � Agent
approach � Events log model � Case study

1 Introduction

Theworkflow technology provides an appropriate platform to

define, implement and execute the coordination of business

process activities. This platform is called Workflow Man-

agement System (WfMS for short). Most of the WfMSs only

focus on design, configuration and enactment steps (Van der

Aalst 2005). These tools do not take really the diagnosis step

although it is useful for the design step. Very few WfMSs

propose a simulation to check and validate the design step and

facilitate analysis of data through execution traces. Even if the

majority of actualWfMSs [for instanceBonita (Miguel 2003),

YAWL (Van der Aalst et al. 2004) and FlowMind (http://

www.flowmind.org)] collect execution traces of business

process instances, they do not offer a support to exploit this

important information. However, the Workflow Mining

(WM) field has recently emerged as a hot research topic. It is

initiated by Wil Van der Aalst (http://www.processmining.

org). More precisely, the purpose of WM is to analyze the

workflow execution traces (or events log) to discover the key

workflow perspectives such as the Organizational Perspective

(OP), the Informational Perspective (IP) and the Process

Perspective (PP), which help the designer to improve or pro-

pose a new workflow (Van der Aalst et al. 2003b). These

perspectives will be detailed later (see Sect. 2.2).

In the literature, the most of existing workflow mining

systems such as InWolvE (Herbst and Karagiannis 2004),

WorkflowMiner (Gaaloul et al. 2009) and ProM (Verbeek

et al. 2010) only concentrate on the process perspective

mining. Mining the OP was neglected in existing WM

systems except for ProM system. This latter supports only
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the mining of actors, their roles and few kind of social

networks based on specific metrics such as handover of

work, subcontracting, working together, reassignments and

doing similar tasks (Van der Aalst et al. 2009). We later

show (see Sect. 4) that mining the organizational per-

spective could not be limited to the previous elements but

should mine more sophisticated organizational structures

and interaction protocols as those deployed in real inter-

and intra-business processes (Hanachi and Sibertin-blanc

2004). Typically, social networks can appear under

execution of activity allocation rules. Besides, many works

aim at extending the organizational meta-model associated

with the business process design to give a high level of

granularity to the staff assignment rules. This is generally

performed to enhance the business process performances

(Muehlen 2004; Linh et al. 2006). Extending the log files

by saving the interactions between performers during the

allocation process is neglected. We assume that saving

such interactions is a promising field to make the coordi-

nation process clearer and more expressive.

In our work, we mean by organizational structures, the

social networks or social structures made up of a set of

individuals (i.e., the workflow actors involved in the

business processes execution) and a set of relations be-

tween them (delegation for instance). We also use the ty-

pology of social structures (federation, coalition or

hierarchy) and interaction protocols (contract net, vote or

negotiation) as defended in multi-agent system.

Multi-agent systems are largely used at some phases of

the workflow life cycle. Some anterior works use agents to

perform some functions in each phase of the workflow life

cycle. Agents can make decision with autonomy when they

judge it is necessary to perform activity. An agent can

receive a signal from other agents or workflow users, and

gathers information from data bases or audit trail (Huang

2006). Otherwise, agent systems are largely used in the

context of inter-organizational workflow to gather infor-

mation from distributed environments. This information is

required for the decision-making at different phases of the

workflow life cycle such as design, execution and

monitoring phase (Bui and Lee 1999).

We believe that the reason why the existing propositions

only deal with process perspective mining is that they use

an events log limited to activities execution and to the

actors performing these activities. There is no trace about

the interactions among actors.

Giving the previous observations, the problem being

addressed in this paper is: ‘‘how to mine sophisticated or-

ganizational structures (OS) and interaction protocols

(IPr) from events log that integrate interactions between

actors?’’

To do this, we will first give a critical and comparative

study of WM systems to underline their limits for

organizational perspective mining. Then, we will show

how the agent approach provides the appropriate abstrac-

tions to model OS and IPr and to easily mine them through

enriched events log.

A good application domain justifying the interest of the

organizational aspect is the Crisis Management Processes

(CMP for short). Indeed, the CMP require cooperation and

coordination of several actors distributed and structured as

federations or hierarchies for instance. Also, these pro-

cesses need the use of sophisticated interaction protocols to

support consistency of communications between par-

ticipants and to act effectively to the crisis. In this area, the

discovery of the organizational aspect and its analysis

seems useful for understanding and explanation of such a

crisis and notably the behavior and ability of involved

actors. For instance, (Muehlen 2004) gives an organiza-

tional meta-model that extends the classical one by a newly

defined organizational entity such as the ability of the hu-

man resources and their positions to belong to an organi-

zational units. Authors believe that this extension can

enhance the staff assignment rules and avoid failure

execution results due to the incapacity of the performers.

Giving more organizational details with assignment rules

can, therefore, better affect activity of the appropriate

performer.

In addition, we assist today to the actors’ behavior-dri-

ven business process design (known the human perspective

in Business Processes) in several conferences such as the

Business Process Modeling, Development, and Support,

BPMDS’ 2009–2014 (http://www.bpmds.org/).

This paper is organized as follows. Section 2 justifies

the interest of using WM systems, provides a framework

for studying them, and compares three representative sys-

tems of the state of art to underline their organizational

perspective limitations. Section 3 proposes a new events

log model which extends existing models. It starts by jus-

tifying the use of agent approach to enrich the log file

structure. Then, we underline the limitations of events log

models of the previously studied systems before revealing

our proposed events log model. The Sect. 4 exposes our

running example to illustrate the organizational perspective

mining and the proposed algorithms. Section 5 presents the

implantation of our discopflow and its evaluation. Sec-

tion 6 concludes the paper with an outline of the main

perspectives in this work.

2 Background and motivations

2.1 Workflow mining rationale

Workflow mining is mainly advocated under the following

considerations:
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• Reverse engineering of workflow perspectives. The idea

is to improve the workflow design based on themining of

workflow perspectives such as the informational, orga-

nizational and process perspectives. In the literature, we

distinguish several approaches. The Petri net theory

approach consists in comparing the WF-net (Workflow

net) constructed from events log based on techniques

miningwith theWf-net that generates the events log. The

goal of this comparison is to adapt/adjust the prescribed

processes. In this approach, we can mention the EMiT

tool implementing the well-known algorithm alpha

(Boudewijn 2004). The heuristic approach deals with

noise and incomplete logs. It is based on three mining

steps: (a) the construction of a dependency/frequency

table (D/F-table), (b) the mining basic relations out of the

D/F-table (R-table) and the reconstruction of theWF-net

out of the R-table. In this approach, we can quote the

Little Thumb mining tool (Weijters et al. 2003). The

inductive approach supports the workflow processes

mining based on duplicate tasks. It consists of two steps.

The induction step that permits to build a stochastic task

graph from the events log. The transformation step

realizes three sub-steps: (a) the synchronization struc-

tures of the workflow instances in the events log, (b) the

generation of the synchronization structure of the

workflow model and (c) the generation of the model.

The proposedmining tool in this approach is the InWolve

tool (Herbst and Karagiannis 2004). The data mining

approach supports the block-structured workflow min-

ing. The tool supporting this approach is called Process

miner (Verbeek et al. 2010).

• Performance analysis of a workflow component such as

activity, actor, etc. For instance, four performance

metrics have been proposed for process perspective

namely flow time, waiting time, processing time and

synchronization time (der Aalst 2005). These metrics

permit to enhance the existing processes in terms of

complexity, cost, resources and execution.

• Delta analysis consists in comparing prescribed mod-

els/perspectives (informational, organizational and pro-

cess) against the deployed to adapt and/or enhance

these models. This analysis of differences also allows a

comparison of different implementations of a model

among various organizations.

The interested reader can find more information about

motivations for using workflow mining in Van der Aalst

(2011) and Van der Aalst (2012).

2.2 Workflow mining systems and quality criteria

We compare some existing and representative workflow

mining systems, according to predefined quality criteria.

More precisely, we consider the following WM systems:

InWolve (Herbst and Karagiannis 2004), WorkflowMiner

(Gaaloul et al. 2009) and ProM (Verbeek et al. 2010; http://

www.promtools.org/prom6/).

Remark Roughly speaking, very few WM systems have

been proposed in the literature. It is to note that the EmiT

(Boudewijn 2004), Thumb (Weijters and Van der Aalst

2003), MinSocN (der Aalst 2005) and MiMo (Van der

Aalst 2003) systems are merged within the ProM system

(Van der Aalst 2005). ProM is the well-known Workflow

mining system which has several versions. In our study, we

are based on the last version of ProM.

It is important to note that the studied systems represent

the main existing approaches as presented previously.

Quality measures criteria of a WM system depend on its

expectations. Some of the most important related functions

are the following:

• Pre-handling of events log;

• Mining of workflow perspectives;

• Analyzing of workflow perspectives.

Let us elaborate each of the above functions.

Pre-handling of events log When necessary, WM system

must allow the filtering of an events log. The role of this

operation is twofold. First, it reduces the noise involved in

the separation between the principal and the optional ac-

tivities and focuses only on completed activities. Often, the

noise arises in ad hoc workflow systems and groupware

products, which may be based on unstructured process

activities. Second, the filtering operation of a log allows the

conversion of the log to known format such as XML to

facilitate further automated operations.

Mining of workflow perspectives Such Workflow mining

system must allow the mining of the three interacting

workflow perspectives. The Organizational Perspective

(OP) has two objectives. First, it structures actors in

classes, where each actor plays a specific role (for instance

subordinate and chief roles in a strict hierarchical struc-

ture). A class is also called an organizational structure

defining the interaction space between actors. Second, OP

describes the activities allocation policy between actors

thanks to the interaction protocols. The Informational

Perspective (IP) describes the structure of forms, docu-

ments and data, which are consumed and produced by

processes. The Process Perspective (PP) defines compo-

nents activities, their coordination, information and actors

involved in each activity.

Analyzing of workflow perspectives As mentioned pre-

viously, WM system is expected to support various ana-

lysis of Workflow components (processes, actors,

organizational units, informational resources, etc.,), namely

the delta and performance analysis;
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The functions presented above provide a global view of

what should be a WM system. Next we discuss possible

quality criteria of a WM system.

Regarding the first function, we have defined criteria to

measure the capacity to filter and to convert an events log.

The goal of filtering is to decrease the noise elements

mentioned above. Concerning the conversion of an events

log from given format to other (for instance from text to

XML), it permits to facilitate the extraction process of

information and then to analyze it.

For the workflow perspectives mining function; we have

defined the following criteria to measure the capacity to dis-

cover informational, organizational and process perspectives.

By informational perspective, the ability to discover the

consumed documents and produced documents by a work-

flow. By process perspective, the ability to discover the ac-

tivities and their coordination patterns (sequential, parallel,

iterative, etc.,). Regarding, the organizational perspective, the

ability to discover the actors, their roles, their organizational

units and the policy of activities allocation (i.e., the employed

interaction protocols between actors and social networks de-

scribing the nature of collaborations between actors such as

federation, coalition, hierarchy, market, etc.,).

Finally, about the workflow perspectives analysis func-

tion, we have defined the criteria to measure the capacity to

support workflow perspectives multi-analysis. These in-

clude the possibility for designers to make various analyses

such as delta analysis and performance analysis to further

adjust the components of these perspectives (processes,

actors, organizational units and so on).

Besides the above criteria which are not obviously ex-

haustive, others related to the quality of software in general

could be considered, such as usability of interfaces,

portability and extensibility. Usability of interfaces mea-

sures the easy-to-use feature of the system (a) to design

clearly the workflow perspectives with graphic represen-

tation (Petri Nets for processes for instance), and (b) to

make simulations and animations for detecting some errors

and ambiguities.

The functions and the quality measures criteria of a WM

system that we have proposed are summarized in Fig. 1.

2.3 A comparative study

Due to limitations of space, we examine briefly, in this

section, three systems, representative of the existing

workflow mining approaches. More precisely, we describe

the InWolve (Herbst and Karagiannis 2004), Work-

flowMiner (Gaaloul et al. 2009) and ProM (Verbeek et al.

2010) systems, and we compare them according to the

previously defined criteria to give a general idea about their

abilities in terms of workflow perspectives mining and also

their strengths and weaknesses.

2.3.1 InWolve system

InWolve (Inductive Workflow learning via Examples)

system has been developed by Joachim Herbst with C??

(Herbst and Karagiannis 2004). Figure 2 shows the

InWolve system architecture.

The InWolve system supports three formats for events

log: XML, ASCII and APF (Original format of Adonis

WfMS). The proposed mining process by InWolve is

composed of two steps:

• The induction step which consists in analyzing the

events log to produce a stochastic activities graph. It is

performed by the splitSeq or the spliPar components.

• The transformation step which consists in refining the

obtained graph according to the following sub-steps:

(a) analysis of processes’ synchronization, (b) generat-

ing the process synchronization model structure and

(c) the production of the process model with ADL

(Adonis Description Language). It is performed by the

SFAtoADL or the SAGtoADL components.

From a pre-handling of events log point of view:

InWolve system supports the filtering and conversion (for

instance from XML to APF) of events log.

From a capacity to discover workflow perspectives point

of view: InWolve supports only the mining of process

perspective. More precisely, InWolve system creates in the

first step a stochastic activity graph from events log and in

the second step; it transforms the activities graph into a

well-defined process workflow model.

From a capacity to support multi-analysis of workflow

perspectives point of view: InWolve does not offer any

analysis technique for workflow perspectives.

From a system point of view: InWolve is not portable

since it has been developed with C?? and it does not offer

usable interfaces, and finally it is not considered as an

Pre-handling of event logs

Capacity to filter event logs

Capacity to convert  event logs

Mining of workflow perspectives

Capacity to discover IP

Capacity to discover  OP

Capacity to discover PP

Analyzing of workflow perspectives

Capacity to support delta analysis

Capacity to support performance analysis

Fig. 1 Functions and quality measures criteria of a WM system
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extensible system since it is not developed around of plug-

ins as the case of ProM system.

2.3.2 WorkflowMiner system

WorkflowMiner system has been developed by Walid

Gaaloul in ECOO team of University of Nancy in France

(Gaaloul et al. 2009). The aim of this system is to allow the

mining of Workflow control patterns from an events log.

This is generated by the Bonita WfMS (http://www.boni

tasoft.com/) to ensure continuous designs that satisfy

business processes flexibility issues. Figure 3 shows the

architecture of WorkflowMiner system which includes the

following components:

• Events-based Log Collectors/Adapters module which

consists in loading the execution traces from XML files

and adapting them into Prolog predicates format;

• Event Analyzer module which runs the analysis engine

of Prolog facts and infers through a statistic technique

the casuals’ dependencies between events. It constructs

the dependencies table, which helps the construction of

the workflow graph;

• Performance analyzer module which uses the casuals’

dependencies and discovered workflow patterns to

measure the performance of workflow.

• Patterns analyzer module which uses the predefined rules

that support the discovery of workflow patterns. These

rules are reproduced as first-order logic predicates.

From a pre-handling of events log point of view:

WorkflowMiner supports only the conversion of events log

from XML to Prolog events.

From a capacity to discover workflow perspectives point

of view: WorkflowMiner supports only the discovery of

process perspective using a statistic technique. More pre-

cisely, it allows (a) the ‘‘local’’ workflow patterns mining

which covers partial results and (b) the composition of

those local discovered workflow patterns iteratively until

mining the ‘‘global’’ workflow model.

From a capacity to support multi-analysis of workflow

perspectives point of view: WorkflowMiner offers only the

analysis of performance of those discovered processes.

Finally, from a system point of view: WorkflowMiner is

portable since it has been developed in Java but it does not

propose useable interfaces as defended previously and it is

not considered as extensible.

From a pre-handling of events log point of view: ProM

system supports both filtering (LogFilter) and conversion

(Conversion plug-in) functions.

Fig. 2 Architecture of the

InWolve system (Gaaloul et al.

2009)

Fig. 3 Architecture of WorkflowMiner System (Hanachi and Sibert-

in-blanc 2004)

Soc. Netw. Anal. Min. (2015) 5:10 Page 5 of 22 10

123

http://www.bonitasoft.com/
http://www.bonitasoft.com/


Regarding the mining capacity aspect, ProM system en-

sures the discovery of organizational and process perspec-

tives. With respect to organizational perspective, it leads to

discover some elements such as actors, roles and a limited

number of social networks. The process perspective is very

powerful. It offers a lot of mining algorithms (alpha algo-

rithm, genetic-based algorithm, etc.,) which could be visu-

alized according to different formats (Petri Nets, EPC, etc.,).

2.3.3 ProM system

Process mining (ProM) (Verbeek et al. 2009, 2010) is an

extensible system developed with Java at Eindhoven

University of Technology. The purpose of this system is to

support the maximum number of mining techniques to

elucidate workflow perspectives using the offered plug-ins.

It also ensures certain flexibility on the input and output

formats, thanks to the embedded conversion tools. Figure 4

shows the architecture of the ProM system.

ProM takes as input an events log issued from several

actual workflow management systems such as YAWL (Van

der Aalst et al. 2004) or Flower (Verbeek et al. 2002). The

events log is often represented in XML format and filtered

using the component LogFilter to reduce the noise as de-

fined previously. The main plug-ins are:

• Import plug-ins to support a variety of graphic repre-

sentation such as Petri Net, Social network, etc.

• Mining plug-ins to allow the discovery of workflow

models regarding the different perspectives.

• Analysis plug-ins to analyze the discovered models. We

can mention the delta and performance analysis.

• Conversion plug-ins to convert a given log file from

one format to another. For instance from EPC (Event-

driven Process Chain) to a Petri Net format.

Considering the workflow perspectives multi-analysis

point of view: ProM offers mainly two types of analysis:

delta and performances analysis.

Finally, from a software quality point of view: ProM is

portable since it has been developed with Java. It is also

extensible since it is possible to add a new plug-in without

changing the framework and offers sophisticated interfaces

to allow simulation, checking and validation of business

processes models.

2.3.4 Comparative table

We have compiled our findings in a comparative study

shown in Table 1, of the three previously described sys-

tems. The comparison is made according to the quality

criteria that we have defined such as the capacity to filter

and to convert an events log, the capacity to discover

workflow perspectives and the capacity to support multi-

analysis of workflow perspectives.

Table 1 summarizes the strengths and the weaknesses of

each studied Workflow mining system.

According to this table, we can emphasize the following

points:

• All the workflow mining systems support the conver-

sion of events log to ease the mining process,

• All the workflow mining systems support the process

perspective discovery,

Fig. 4 Architecture of the

ProM system (Herbst and

Karagiannis 2004)
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• Only the ProM system ensures the mining and the

analyzing of organizational perspective (actors, orga-

nizational units and social networks),

• The performance analysis of processes is guaranteed by

the ProM and WorkflowMiner systems while the delta

analysis of processes is only supported by the ProM

system.

• The ProM system has usable interfaces and it is the

only extensible system.

• None WM system allow the mining of organizational

structures and interaction protocols as defended in our

work.

Although the effectiveness of these systems (many

problems have been addressed and that many solutions

have been proposed) are still challenges in the discovery of

the organizational perspective as we have defined it. We

believe that this mining is very interesting especially in the

crisis management processes area. More precisely, this

discovery assists crisis managers to (a) build an exact view

of reality (i.e., issues, deviations or weaknesses of involved

participants), (b) take suitable decisions and (c) understand

and learn from the crisis.

In conclusion, the main limitation raised by the studied

existing approaches is the non-possibility to deal with or-

ganizational structures and interactions protocols mining

except for ProM system. This latter ensures the discovery

of actors, their roles and social networks without catego-

rizing them in fine manner (i.e., ProM is not able to identify

the different kinds of social networks such as federation,

hierarchies, coalition and so on). Indeed, to support this

drawback, we need to revisit the log file structure since it is

only based on activities traces and their performers. Our

idea is to assume that the events log also includes, besides

the previous elements, information about exchanges/inter-

actions between actors that are outside the control of

workflow management systems. Regarding the others

limits, they can be supported without extending the events

log. By looking at the agent approach, the organizational

structures and interactions protocols are considered as first

class entities and several works have been proposed to

Table 1 Comparison of WM systems

Existing WM systems InWolve WorkflowMiner ProM

Pre-handling of events log

Filtering ? – LogFilter

Conversion From XML to APF or ASCII Adapters From EPC to Petri Nets

Capacity to discover workflow perspectives

Informational perspective (IP) – – –

Organizational perspective (OP)

Actors – – Plug-in Originator by task matrix

Roles – – ?

Org units – – ?

Organizational structures – – –

Interactions protocols – – Plug-in social network miner

Process perspective (PP) Induction and transformation methods Patterns analyser Plug-ins alpha, genetic

Capacity to analyze workflow perspectives

Delta

IP – – –

OP – – ?

PP – – Plug-in Trace comparison

Performance

IP – – –

OP – ?

PP – Performance Analyser Plug-in a basic statistical analysis

Particularities of system

Usability – – ?

Portability – Java Java

Extensibility – – Framework
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address the engineering issue such as specification,

validation and implementation of these entities.

We believe that we can benefit from this approach for

the following reasons: the agent approach considers every

workflow actor as a representative entity of workflow

process and responsible for a mission that is able to per-

form independently and in cooperation with other actors. It

also provides a natural framework for modeling the inter-

action (cooperation, coordination and communication) at a

high level between the different entities like communica-

tion language FIPA-ACL.

In the following sections, we present our approach to

deal with discovery of organizational structures and inter-

action protocols applied to the crisis management field.

3 Our proposed events log model

3.1 Motivations for using agent approach

We believe that the agent approach helps the organizational

perspective mining in workflow thanks to the following

high-level features.

• Natural abstractions to deal with cooperation: a lot of

sophisticated protocols like contract net protocols,

auctions and negotiation mechanisms are available and

could be used to coordinate processes (Bouzguenda

et al. 2008). Agent approach also provides organiza-

tional concepts to abstract and structure a system as a

computational community made of groups, roles and

interactions.

• Social abilities of agents also facilitate the cooperation

needed to enact complex workflow and to provide an

abstraction to high-level concepts like commitments,

reputations and so on.

In our work, we concentrate on the social abilities and

notably on the three following multi-agent concepts:

• Performative-based FIPA-ACL (http://www.fipa.org)

that defines clearly the semantic of messages and

namely the agents’ intentions (delegate, subcontract,

negotiate…) (Searle 1975, 1969; Kaplan 1990; Wino-

grad 1988) (see Table 2).

• Interaction protocols that permit the identification of

some dynamic coordination structures where each actor

plays a role to obey to precise rules (auctions, contract

nets, and so on) (see Table 3);

• Organizational structures (hierarchy, coalition, market,

etc.,) (see Table 3) that model the behavior of the

actors’ group, i.e., they describe the macro-level of the

coordination among actors in terms of externally

observable behavior independently from the internal

features of each participating component.

To the best of our knowledge, the agent approach has

been widely used to study and implement business pro-

cesses but has never been used in workflow mining. The

interested reader can find more information about our

previous contribution reflecting agent approach in Work-

flow mining in (Abdelkafi and Bouzguenda 2010).

3.2 Key requirements for an events log model

The purpose of this section is to justify the key re-

quirements that we propose for describing the events log

model. Indeed, according to the business process per-

spective definition (given in Sect. 2.2), a business pro-

cess perspective refers to perspectives such as the

informational perspective and the organizational per-

spective (who does what and how). For that purpose, we

have chosen the requirement ‘‘refer to the workflow

Table 2 Some examples of FIPA-ACL performatives

Performative Passing

information

Requesting

information

Negotiation Performing

actions

Error handling

Accept-proposal *

cfp *

Confirm *

Propose *

Reject-proposal *

Agree *

Cancel * *

Failure *

Refuse *

Subscribe *

The use of performative facilitates the design of agents because it structures their behavior by distinguishing within the communication, the

message of its intention and, therefore, the information, respectively, of the activity to be implemented to make and interpret this information
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perspectives’’ to have a comprehensive and complete

description of business processes. Second, it is interest-

ing that the events log model is simple with minimal

concepts to reduce the pre-handling of the events log (as

mentioned in Sect. 2.2) and consequently to facilitate the

mining process of workflow perspectives. Third, the

events log model must answer to the two main ques-

tions: What is the average time for performing an ac-

tivity? How many activities are performed without

interruptions? By given these considerations, the events

log must elicit the TimeStamp and the EventStream for

each activity. Finally, the events log model must be

described with a standard representation to ensure the

usability of the solution. Next, we present further details

about these requirements.

• Usability: an events log model must not only be easy to

understand but also easy to exploit by the user (i.e.,

based on standard format like XML).

• Refer to the three workflow perspectives: an events log

model must refer clearly the three complementary

workflow perspectives as defined above.

• Simplicity: an events log model must define the core

concepts of the three workflow models. In other words,

Table 3 Some Organizational

structures (OS) and interaction

protocols (IPro) in the multi-

agent field

OS/
IPro

Definition Graphic representation

St
ri

ct
 H

ie
ra

rc
hy

It’s a flat hierarchy at single 
level. A single agent has the 
authority to catch decision 
while all other members are his 
subordinates.

Actor 1

Actor 2

Actor 4Actor 3

Fe
de

ra
tio

n

A federation is a set of groups. 
Each one is represented by a 
delegate. This latter plays the 
role of mediator between its 
group and the exterior. Actor 2

Actor 1

Actor 3

Actor 4

Actor 5

Actor 7

Actor 6

C
on

tr
ac

t N
et

 P
ro

to
co

l, 
C

N
P

In the CNP, one agent takes 
the manager role which desires 
to have one or more agents (the 
participants) to execute some 
activities. Each participant 
submits its bid. The manger 
selects the well offer and 
rejects the others bids.

Cfp (a, b)

Refuse (b,a) Propose (b,a)

Accept proposal
(a,b)

Reject proposal
(a,b)-

Inform (b,a, «failure»)Inform (b,a, « done »)
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it must not be presented at a very detailed level (fine-

grained) or too specific to a given process.

• TimeStamp: an events log model must provide a start

time and an end time for each activity and as a

consequence it is possible to measure service times and

the utilization of the workforce.

• EventStream: an events log model must precise the

event type for each activity such the aborted, failed,

completed, compensated, etc.

3.3 A comparative study of existing events log

models

Because of space constraint, we only give in this sub sec-

tion a comparative study of these events log models ac-

cording to the previous requirements (see Table 4).

This comparative study of events log models of studied

WM systems calls for five remarks. First, the usability

criterion is guaranteed by the all events log models since

they all described with XML standard. Second, the process

perspective is supported by all the models while the or-

ganizational perspective is only supported by ProM. Third,

the organizational structures and interaction protocols

mining, as defined in Sect. 3.1, are not supported by all the

models. Fourth, all the log models are simple. Fifth, the

two last requirements EventStream and TimeStamp are

included in the majority of events log except in the

InWolve system.

In conclusion, we noted that the existing events log

models do not allow in any manner the discovery of the

organizational perspective. Even if the XES events log

model, used by the ProM 6 (Verbeek et al. 2010), is

powerful, it is not, in our opinion, described with the

adequate attributes to deal with organizational structures

(e.g., federation, coalition) and sophisticated interaction

protocols discovery (e.g., voting, auctions). Thus, a new

model of events log is proposed to fulfill the requirements

described previously.

3.4 The proposed events log model

This model is visualized in the UML diagram of Fig. 5.

According to this UML model, a Process is composed of

one (or several) Process Instance(s) (or cases). Each Pro-

cess Instance is composed of one (or several) Event(s).

Each Event is composed of one (or several)

EventLine(s) in which one makes references to the fol-

lowing elements:

• An activity: it is described through three attributes—

Act-Name, EventStream and TimeStamp,

• A document: it is described through the Doc-Name

attribute,

• An actor: it is described by two attributes Act-ID and

Act-Name. Each actor is a member of the organiza-

tional unit and plays a specific role,

• A role: it is described through the Name attribute,

• An organizational unit: it is described by the Org-Unit-

Name attribute,

• A performative which is described through the Perf-

Name attribute: this element is widely used by multi-

agent community and notably in agent communication

language (ACL, http://www.fipa.org). This latter is used

for exchanging information, intentions or goals. ACL is

composed of a set of performatives (e.g., propose, accept,

inform, etc.,) and a set of associated parameters that

specify how to react after sending or receiving amessage.

In this model, the consumed and produced documents

are, respectively, described by the Has_consumed_doc and

Has_produced_doc relationship. The initiator actor and the

receiver actor are described, respectively, by the Has_ini-

tiator_Actor and Has_ receiver_Actor relationship.

Table 4 A comparative study

of events log models of studied

WM systems

Events log of studied WM systems InWolve WorkflowMiner ProM

Usability ? ? ?

Referencing the three workflow perspectives

IP – – –

OP

Org structures – – ±

Interaction protocols – – –

PP ? ? ??

Simplicity ? ± ?

Event stream – ? ?

TimeStamp – ? ?
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Remark. In our context, each event refers to the

performed activity with achieved state. More precisely,

the same activity can be described around several lines

and according to a given allocation protocol. For in-

stance, as shown in Table 5, the activity ‘‘Hospital

support’’ is repeated in seven lines describing the con-

tract net protocol.

4 Organizational perspective mining

The objective of this section is to introduce a running ex-

ample ‘‘management process of forest fire crisis’’ to better

illustrate our approach in dealing with mining of organi-

zational structures and interaction protocols. Then, it ex-

poses a simplified version of our events log allowing the

Pro-Name

Process

Pro-Ins-IDE-

Process-Instance

Event

Nom - Per

Act-Name
EventStream
TimeStamp

Activity

Act-ID
Act-Name

Actor

1..*

1..*
1..*Has_performative

Composed of

Has_activity

Composed of

1..*

1..*

1..*

Perf-Name
Performative

Event-ID

Has_Initiator_Actor

Has_receiver_Actor

Line 1..*

Event-ID

Doc-Name
Document

0..*

0..*

0..*

0..*

Has_consumed_doc

Has_produced_doc

Org-Unit-Name
Organizational Unit

Name
Role

Played_by

Is_member_of
1..*

1..*

Fig. 5 The proposed events log model

Table 5 A simplified extract of

the log file
Cases

(process instances)

Performative Activity Initiator Receiver

1. C1 Execute Release secure perimeter Mahdi System

2. C1 Delegate Clear trees Mahdi Salim

3. C1 Delegate Clear trees Mahdi Walid

4. C1 Inform Clear trees Salim Mahdi

5. C1 Inform Clear trees Walid Mahdi

6. C1 Cfp Hospital support Malik Sami

7. C1 Cfp Hospital support Malik Amal

8. C1 Propose Hospital support Amal Malik

9. C1 Propose Hospital support Sami Malik

10. C1 Accept proposal Hospital support Malik Amal

11. C1 Reject proposal Hospital support Malik Sami

12. C1 Execute Hospital support Amal System
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mining of some organizational structures (strict hierarchy

for instance) and interaction protocols (contact net for in-

stance). Finally, it provides some algorithms devoted to

discover these elements (OS and IPr).

4.1 Running example

In our work, we consider the well-known crisis scenario

called, ‘‘forest fire’’. In this scenario, the authorities set up

a crisis unit consisting of DFR representatives (the

Department of Fire and Rescue), ambulance and emer-

gency service, police force, DDE (Directorate Department

of Equipment) and hospitals. Assume the occurrence of

forest fires after a strong wind episode impacting the forest

(F). The following ad hoc process is established to deal

with this crisis. Police is involved first to release secure

perimeter to allow others to act. DDE then comes to clear

trees that obstruct traffic. DFR sends three teams of fire-

fighters (STF : E1, E2 and E3): the first evacuates some

people from the village of Tabarka, Tunisia threatened by

the fire, while the second and third teams involved deal

with the two identified houses. DFR informs the crisis unit

of the presence of 10 badly burned persons. The crisis unit

launches a tender to area hospitals H1 and H2 to request

one with available beds and burn specialists. It selects the

hospital H1 and sends the ambulance to transport the

wounded. Crisis unit coordinates the crisis resolution by

submitting electronic records to each representative mis-

sion (e.g., firefighter, ambulance, police force). Electronic

record indicates a geographical area to be treated, the ac-

tion to be taken and the final state of the action (‘‘success’’,

‘‘Failed’’). The process described above is experiencing a

rebound to take into account: the E2 team is declared

‘‘Failed’’ and the crisis unit decides that team E1 has a new

mission to help team E2 after evacuating the people of the

village.

The major reason why we chose this case scenario is as

follows. We believe that the management of this crisis

requires the cooperation and coordination of several dis-

tributed participants (DFR, DDE, Polices,…) working in

dynamic and open environment organizations. Also, new

participants (i.e., volunteer organizations) can dynamically

join existing teams; organizations already deployed can

restructure and adapt some of their activities.

4.2 Examples of organizational structures

and interaction protocols mining

The Table 5 presents an extract of log file of running ex-

ample and shows how we can discover easily the strict

hierarchy structure and the contract net protocol for instance.

More precisely, the white part of the log file (line

2 ? line 5) describes the strict hierarchy structure between

the actors Mahdi, Salim and Walid. In the same case C1,

the grayed part of this events log shows (line 6 ? line 12)

the employed contract net protocol among the actors Ma-

lik, Amal and Sami. Indeed, Malik actor proceeds by a Call

for proposal (Cfp) to deal with the ‘‘Hospital accommo-

dation’’ activity. While the other actors Amal and Sami

propose their bid. Finally, Malik notifies each participant

either by acceptance (accept proposal) or by rejection

(reject proposal).

4.3 Algorithms for organizational structures

and interaction protocols mining

The originality of our work is the mining of organiza-

tional structures and interaction protocols in contrast to

the approaches we have discussed above. Indeed, (Van

der Aalst et al. 2009) means by social network, a graph

whose arcs represent role relations which are based on

different metrics like causality, handover of work, sub-

contracting and so on. To infer these metrics from a given

events log, authors propose mathematic formulations to

address the problem of social network’s mining (Linh

et al. 2006) uses delta analysis to compare the staff as-

signment rules prescribed under the design step to the

staff derived from audit trail. This comparison is based on

the different entities of organizational model. The prin-

ciple is to accord for each performed activity a growing

decision tree. The root of the tree shows two performer

sets: the first one represents the class of potential activity

performers and the second represents the class of non-

performers. To each tree level, we find one entity from the

organizational model which is selected as a testing at-

tribute. To verify the performance of the staff rule as-

signments, authors infer all activity performers from audit

trail and then compare them to each attribute testing from

the decision tree.

In our work, we propose some algorithms to discover

social networks from audit trail. We mean by social net-

works the organizational structures (OS) and interaction

protocols (IPr) of multi-agents society. OS and IPr can

describe the actor behaviors during the fulfillment of the

staff rule assignments and they will explain many de-

viations on the schema prescribed by the designers. For

example, the absence of such performers requires the re-

assignment of the task to other performers. This fact is

approved by the discovery of hierarchy structure. Besides,

the coordination of complex activities requires additional

staff assignments and cooperation with different organi-

zations. This fact is explained by the discovery of fed-

eration structure or contract net protocol. In what follows,

we give the three algorithms that we have proposed to deal

with organizational structures and interaction protocols

mining.
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4.3.1 Strict hierarchy mining algorithm

This algorithm can be resumed according to the three

steps. The first one consists in extracting from the events

log the partial graph G limited to the relations of

delegation. The second one consists in checking if G is a

tree structure. If it is the case, it is then about a strict

hierarchy and we turn G. The third step corresponds to

extract each connected component CCi from G, and to

turn over the whole of those which are tree structures and

thus hierarchies.

Algorithm complexity can be measured according to the

two criteria: time and space. The complexity of

Strict_Hierarchy_Mining Algorithm ‘‘SHMA’’ should be

measured at each step of the algorithm. The time or space

complexity will also be the sum of complexities of the

three steps. To measure time complexity of SHMA, two

constants ‘‘a’’ and ‘‘b’’ are required. These constants de-

pend on the elementary operations execution time. We start

the complexity measure by the step 1 of the SHMA algo-

rithm, which takes as input a log file ‘‘L’’ of size ‘‘N’’. Note

that in all cases one should browse N elements. To each of

these elements, we should do at maximum one or two

elementary operations, that are first the comparison of each

performative of L to the delegate performative and under

comparison we add or not the dataset to the partial graph G.

Consequently, the time complexity of step1 is Ct(S1,

LF) = 2 a N ? b and we can conclude that the complexity

is linear of order O(N). Two elements can increase or de-

crease complexity: the size of L and the result of the

comparison operation. The second step consists of brows-

ing all nodes of the partial Graph G(LF, Delegate) and

executing two elementary operations. For a list of nodes

‘‘Sn’’ of size ‘M’, the time complexity is linear (like step 1)

and given by Ct(S2, Sn) = 2aM ? b. Finally, as men-

tioned above, the total complexity will be given by

Ct(SHMA) = Ct(S1, LF) ? Ct(S2, Sn). The measure of

space complexity is based on the affectation number of

local variables. At each elementary operation, we should

perform the memory allocations that are required. Indeed,

to an input of size N, a complexity space of step1 will be

Cs(S1, LF) = (N - 1) ? k where k is a constant depend-

ing on the successful condition. In the same manner, the

complexity space of step2 will be Cs(S2, Sn) = 3(M -

1) ? k and finally the complexity of the algorithm at space

will be Cs(SHMA) = N ? 3M ? 2k - 4.
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4.3.2 Federation mining algorithm
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We describe the principle of the federation mining algo-

rithm according to the five steps. The first one consists in

extracting from the events log the partial graph G of inter-

actions. In the second step, if G is connected and symmetric

then to carry out step 3, if not it is not about organization of

federation and thus to turn over ‘‘false’’. The third step

consists in extracting from the events log the partial graphGd

limited to the relations of delegation. The fourth step cor-

responds to verify ifGd is not a tree structure then to carry out

step 5 else it is not about organization of federation and thus

to turn over ‘‘false’’. The last step consists in building the

whole of the representatives and federated.

According to the manner followed to measure the

complexity of SHMA, we also can find the same results on

the measure of Mining_Federation algorithm ‘MFA’

complexity. To deal with the time and space complexity,

we should know the size of the input and the number of

elementary operations to each step. According to step1, to

each event of L we have just one iteration to do conse-

quently one affectation to the Graph G (N, A). Therefore,

the time complexity is defined as Ct(S1, LF) = aN ? b. In

the same way, we can infer the complexity of the other

steps, and finally the time complexity of FMA will be the

sum of all complexity steps. To measure the space com-

plexity of FMA we need to get the number of variables for

each step of the algorithm. To an input of size M, the space

complexity will, therefore, be the number of variables

multiplied by ‘‘(M - 1) ? b’’.

4.3.3 Contract net mining algorithm
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According to this algorithm, we build in the order of

their execution the sequence S of performative present of

case C. Then, we parse in parallel the GM graph starting

from M0 (we assume that we dispose the Petri net de-

scribing the contact net protocol and its corresponding

marking graph) and the sequence S as long as the perfor-

mative one considered in S is in conformity with the label

of the arc traversed in GM. Finally, if we reach a head

terminal node in GM at the same time we have exhausted

S, then C is considered to conform to protocol P (i.e.,

contract net).

We can measure the complexity of this algorithm ac-

cording to the principle used to measure the two first al-

gorithms’ complexity. We note that the complexity

function in the worst case of the three algorithms will be

Fmax: N ? R defined by Fmax(N) which is the maximum

elementary operations required to execute a program on an

input of size N. Our algorithms have a linear complexity

and will finish at order O(N). No better performance can be

reached since we cannot operate dichotomy search. It is

necessary to browse all the events of the log file that has

amounts of at least N elementary operations. In theory,

limits of our algorithms may occur when they turn on an

input that has a large size also small-capacity computers.

Input of large size increases the memory allocation and the

response time. Typically, our algorithms can burn normally

on an input which does not exceed 1000 events. Our al-

gorithms are simplified and they contain minimum possible

affectations and iterations. In other words, noise and re-

dundant datasets can affect the performance of our algo-

rithms by increasing response time and allocation memory

space.

5 The discopflow tool

The purpose of this section is to present our discopflow tool

for supporting organizational structures and interaction

protocols mining in workflow. More precisely, we first

present its general architecture and then we expose its in-

terfaces. Finally, we give its evaluation according to the

two points of view: quantitative and qualitative.

5.1 General architecture

The Fig. 6 visualizes the modular architecture of the dis-

copflow tool. It is structured around several modules and

one events log described in XML compliant to the pro-

posed events log model. More precisely, the developed

modules with Eclipse platform are LogGenerator, InterPro

Analyzer, OrgStruct Analyzer, Info Analyzer, AGR

Analyzer, Performance Analyzer and OrgStructEvaluator.

Next we discuss in detail each module.

• LogGenerator. It generates in automatic way the events

log according to the proposed events log model under

the XML format.

• OrgStruct Analyzer. It mines the organizational struc-

tures such as strict hierarchy, relaxed hierarchy,

federation, coalition and so on.

• InterPro Analyzer. It supports the interaction protocols

mining such as contract net, auction, vote and so on.

• Info Analyzer. It mines the consumed and produced

documents.

• AGR Analyzer. It gives a graphic representation of

each workflow actor according to AGR model. The

Agent, Group and Role (AGR) model is one of the

LogGenerator

OrgStruct Analyzer

InterPro Analyzer

Info Analyzer

Performance
Analyzer

AGR Analyzer

Event
logs in
XML

User

OrgStructEvaluator

Fig. 6 The modular

architecture of discopflow tool
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frameworks proposed to define the organizational

dimension of a multi-agent system. According to this

model, the organization of a system is defined as a set

of related groups, agents and roles.

• Performance Analyzer. It gives a statistical data about

the average execution time of an activity, the number of

suspended/achieved activities by a given actor, the

correlation between interaction protocols and event

stream of an activity and so on. This module is in

progress.

• OrgStructEvaluator. It evaluates the discovered orga-

nizational structures according to three specific quality

proprieties namely robustness, flexibility and efficien-

cy. This module is in progress.

5.2 Implementation

This work has been implemented as part of the discopflow

project, whose objective is to support the mining, in con-

joint manner, of the three complementary workflow per-

spectives: the organizational, informational and process

perspectives (Abdelkafi et al. 2011).

The current version of discopflow consists in mining the

organizational structures and interaction protocols in

workflow.

Discopflow has been developed using Eclipse platform,

which allows the development of extensible applications

using free plug-ins (http://www.eclipse.org). We have

tested another running example ‘‘water distribution crisis

management process’’ (Abdelkafi and Bouzguenda 2010).

Figure 7 shows the general interface of our discopflow

tool. This interface helps the user to (a) open the enriched

events log file and (b) have an idea about the main func-

tionality of the discopflow tool. This interface also provides

some icons and buttons to facilitate the organizational

mining process.

Before starting the organizational perspective mining,

the user can see the general data about the events log

(business processes and instances/cases), the organizational

perspective (actors, performatives, organizational units and

roles), the informational perspective (consumed documents

and produced documents) and the process perspective

(activities, timestamp and event stream).

We have also developed a LogGenerator which gener-

ates automatically process cases (or instances) conforming

to the proposed events log model under the XML format

and according to the two modes: random (see Fig. 8a) and

driven by the user (see Fig. 8b).

Besides the synthetic data generated by our LogGenerator

tool, we have also used data from real-life application about

the resolution process ofwater distribution crisis. The goal of

this experimentation is to validate our approach for organi-

zational structures discovering and evaluating. Thus, we

have noted the following observations:

Regarding the discovering of organizational structures,

we have noted the lack of federation structure which is, in

our opinion, very useful to better respond to the crisis.

More precisely, the actors group specialized in investiga-

tion about the incident has no relation with the second

actors’ group specialized in reducing the risk of con-

tamination. There is no interaction/exchange between the

delegates representing the groups.

Regarding the evaluation of discovered organizational

structures, even not addressed in this paper, we have also

noted that all the deployed OS are not flexible due to the

Fig. 7 The general interface of

Discopflow
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lack of coordination relationship between actors. We be-

lieve that the OS must have the capacity to adapt to the

unexpected executions by adding a new interaction links

between actors. This growth avoids any kind of blockage.

Based on this evaluation, we have noted that it is very

important to address some activities by priority. (a) Reduce

the risk of contamination, (b) dealing with contaminating

persons, (c) avoid the risk of panic and (d) find more ways

to decontaminate all people. Of course, these observations

can bring some adjustments or modification on the schema

of the prescribed processes.

To conclude, both experimentations (from synthetic data

and real-life application) are interesting but we would like

to underline first that the real data cannot contain all pos-

sible organizational structures and interaction protocols

and consequently, we cannot test our algorithms that we

have proposed. Second, the collection of execution traces

can cause legal problems. The access to the data from real-

life application is still difficult because some data are

considered confidential (like the origin of the crisis, the

number and identity of victims and so on) and that often the

authorities refuse to disclose them for political reasons. In

one word, our main objective is to offer authorities a sys-

tem of crises analysis through the discovery and evaluation

of organizational structures to help them to understand the

crisis, explain it and take the appropriate response

mechanisms.

5.3 Quantitative evaluation

The performance of the discopflow is not our goal to be

reached since it depends on the particularity of case study

and experimentation material. The tests were performed

under Windows 7 with a microcomputer having micro-

processor dual core t5700 with 2 gega of ram. More pre-

cisely, we have realized some measurements of

performances, non-exhaustive, but sufficient to give an

order of the response time of the discopflow for significant

values of the parameters involved in the discovering pro-

cess. We have varied two parameters: the size of log file

(50, 100, 200 and 300) and the type of OS or IPr discovery

(strict hierarchy, federation and contract net protocol). The

obtained results are rather reasonable since they are mea-

sured in milliseconds (see Fig. 9).

The differences in response time between the organi-

zational structures and interaction protocol is explained by

the particularity of our case study. Also, we have noted that

the strict hierarchy discovery time takes less time than the

federation and contract net protocol since the number of

performative ‘‘delegate’’ is limited.

Fig. 8 Overview of LogGenerator tool
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5.4 Qualitative evaluation

Regarding the qualitative evaluation, our tool presents the

following features:

Usability: disopflow offers its users a simple and er-

gonomic environment for discovering and analyzing dis-

covered organizational structures and interaction protocols.

Portability: discopflow is portable with any execution

platform (Windows, Unix, MAC, etc.,) since it is devel-

oped using JAVA language.

Extensibility: discopflow is extensible because it is de-

veloped as a plug-in under the Eclipse development

environment.

6 Discussions and conclusion

This paper has presented a comparative study of few ex-

isting workflow mining systems according to the quality

criteria that we have identified. Although these systems are

powerful, they suffer, however, from the organizational

perspective discovery as defined previously. More pre-

cisely, this paper has:

– defended the use agent technology and notably the

organizational dimension in the multi-agent systems to

deal with the organizational structures (OS) and

interaction protocols (IPr) mining issue;

– defined an events log model having a multi-perspec-

tives view to allow discovering conjointly the three

workflow perspectives;

– exposed the proposed algorithms and their complexity

dealing with OS and IPr mining;

– presented a case study to better illustrate the proposed

solution;

– shown the modular architecture of our discopflow

(Discovering of organizational perspective in Work-

flow) prototype and its some interfaces developed

under the eclipse platform.

In the literature, we distinguish three main approaches

that address the workflow mining issue.

The statistical approach. It focuses on the process per-

spective mining. The works under this approach adopt the

statistical paradigm. The main contribution of this ap-

proach is probably made in the WorkflowMiner system

(Gaaloul et al. 2009). More precisely, this system allows, at

the first time, the workflow control patterns mining which

covers partial results. At the second time, it composes them

in iterative way to build the global workflow model.

The inductive approach. It also concentrates on the

process perspective mining. The main contribution that we

can mention is the InWolve system (Herbst, J., Karagiannis,

D.: Workflow mining with InWoLvE. Computers in In-

dustry—Special issue: Process/Workflow mining, Volume

53 Issue 3, Elsevier Science Publishers B. V. Amsterdam,

April 2004). This latter proposes two steps for discovering

of process: induction and transformation. The first one

consists in analyzing the events log to produce a stochastic

activities graph. The second step consists in refining the

obtained graph thanks to the transformation rules.

The Petri net theory and heuristic approach. Several

systems adopting this approach have been proposed to deal

with workflow perspective mining (Boudewijn 2004;

Weijters and Van der Aalst 2003; Van der Aalst 2005; Van

der Aalst 2011). Among them, we can mention the EmiT,

Thumb, MinSocN and MiMo systems but the main con-

tribution in this approach is the ProM system. This latter

offers several plug-ins allowing the discovery of workflow

perspectives, the graphic representation of discovered

models (Petri Net, Social network,…) and the analyzing of

them according to the Delta and performance analysis. For

instance, regarding organizational perspective, ProM pro-

vides three methods: default mining, mining based on the

similarity of activities and mining based on the similarity

of cases. On the one hand, this solution only supports the

classical elements such as roles, organizational units and

socials networks. On the other hand, it does not exploit the

agent approach and as hence it does not support the

Fig. 9 Response time of

discopflow
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interaction protocols and organizational structures as de-

fended in this paper.

Our work is distinguished from the existing proposals by:

– the extension of the classical events log model by

adding concepts issued from organizational dimension

in multi-agent systems and mainly the performative

FIPA-ACL,

– the discovery of the organizational perspective and

more precisely, the organisational structures (hierarchy,

federations, coalitions, etc.,) and the interaction proto-

cols (contract nets, auctions, votes, etc.,),

– an AGR representation for each workflow actor consti-

tuting an organizational structure (Ferber and Gut-

knecht 1998). It permits to represent graphically

traditional elements of organizational perspective such

as the roles, the organizational units and the performers.

The Table 6 compares our discopflow tool with the

other existing systems.

Our work opens the following perspectives.

– The evaluation of the discovered organizational struc-

tures and interaction protocols. Actually, we focused

on the evaluation of organizational structures in terms

of flexibility, efficiency and robustness using the Grossi

method (Grossi et al. 2006). This latter is based on the

graph theory proprieties and assumes an organization

structured around actors and three types of relations

between them (coordination, control and power) that

can be described, thanks to the use of FIPA-ACL

performatives. We are also looking for a method to

evaluate the quality of discovered interaction protocols.

– The discovery of the tree workflow perspectives. The idea is

to discover conjointly the three workflow perspectives to

have a complete description of the deployed processes and

being able to compare them to the prescribed processes.

– The reverse engineering of processes. We plan to

exploit the evaluation result of the discovered organi-

zational structures and interaction protocols to improve

the design of the prescribed workflow processes.

– The discopflow tool development. We also plan to

complete the development of others modules such as

‘‘OrgStructEvaluator’’, ‘‘PerformanceAnalyser’’ and

integrate it as a plug-in in the ProM platform.

Acknowledgments The authors would like to thank the professor
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zational structures and interaction protocols mining in Workflow.

Table 6 Comparison between

disopflow and studied systems
Existing WM systems InWolve WorkflowMiner ProM discopflow

Pre-handling of events log

Filtering ? – ? 1

Conversion ? ? ? –

Capacity to discover workflow perspectives

Informational perspective (IP) – – ; 1

Organizational perspective (OP)

Actors – – ? 1

Roles – – ? 1

Org Units – – ? 1

Org Structures – – – 11

Interaction Protocols – – ? 11

Process perspective (PP) ? ? ? 1

Capacity to analyze workflow perspectives

Delta

IP – – – –

OP – – ? –

PP – – ? –

Performance

IP – – – –

OP – ? 1

PP – ? ? –

Particularities of system

Usability – – ? 1

Portability – ? ? 1

Extensibility – – ? 1
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Appendix 1: Interface showing the discovered
contract net protocol

Appendix 2: Interface showing the AGR
representation of workflow actor
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