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Abstract. Automatic discovery of process models from event logs is an
important and promising area in Business Process Management. Process
models document how business processes should be performed, so they
capture different concerns related to business processes. Some of these
concerns are not limited to one process model, and they are repeated in
many others as well, called cross-cutting concerns. Although many works
have been done to enable discovering different process models, there is
no investigation about how models with cross-cutting concerns can be
discovered from event logs. Therefore, this work proposes an approach
to enable discovering these models from event logs. The investigation is
performed based on a case-study from the banking domain. The result
shows how these concerns hinder existing process discovery techniques,
and how the proposed approach can solve the problem.

Keywords: Process Mining, Aspect Mining, Process Discovery, Business
Process Management, Aspect Oriented

1 Introduction

Automatic process discovery is an important area of research in the Business Pro-
cess Management (BPM), since it enables discovering process models from what
really have happened rather than what people claim. The reality is recorded
in event logs, so process discovery algorithms aim to find the process models
from these logs, which results in discovering the models that have been really
followed in a business, called de-facto models. Traditionally, processes are dis-
covered through interviews and other techniques, which results in models that
describe what should be done rather than what is really happening. These mod-
els are called de-jure models. The comparison between these models can help
businesses to discover the deviations between the reality and the goals, which
points out opportunities for re-engineering business processes. Therefore, it is
very promising and important to discover process models from event logs in
BPM area.

Process models document various aspects of a business process, which fulfil
different concerns. For example, a process model might incorporate the defini-
tion of security concerns that should be followed in a business process. Charfi
et al. [14] mention auditing, authorization, privacy, and many other concerns as
complementary aspects, which should be considered when designing a process
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model. Therefore, a process model might contain aspects which are in common
between different process models. These aspects are scattered in process models,
and each process is tangled to them. The concerns which introduce the scat-
tering and tangling relation to process models are called cross-cutting concerns.
These concerns hinder maintenance and managing changes in process models.
They also decrease the re-usability of realization of concerns in different process
models. Moreover, they challenge enforcing process models to be comply with
rules, since a change might be forgotten to be applied in a part of the process
which reflects such a concern. Therefore, these concerns should be separated
from process models [10, 14, 21].

To separate cross-cutting concerns from process models, Aspect Oriented
Business Process Management (AOBPM) introduces a new modularization tech-
nique to encapsulate these concerns into modules. It defines how these modules
should be related to each other to solve both scattering and tangling prob-
lem. As a result, models are less complex, more reusable and easier to main-
tain [10, 14, 21]. The models can be combined together in order to support
the business process enactment, called weaving [22]. Currently, the whole BPM
lifecycle is supported for AOBPM, which enables separation of cross-cutting
concerns from business processes.

Although the complete BPM lifecycle is enabled by modeling and execution
of aspect oriented business process models, the starting point is the design phase,
where the designers model business processes using this approach. Indeed, it ap-
plies a lot of cost for organizations that already have process models, which are
designed in a traditional way. Furthermore, it is not possible to completely dis-
cover such models from process logs using existing process mining techniques,
since none of them can completely discover process models with duplicate ac-
tivities [3] - which are scattered across one or different models. This limitation
also hinders process mining area since it is common to have process models with
activities which are repeated in a model, and this limits the area of application
of process mining.

Therefore, this paper investigates how models with cross-cutting concerns can
be discovered from event logs. It starts by investigating the problem through
a banking case study in which it will be shown how current process mining
techniques cannot discover process models that have cross-cutting concerns in
section 2. Then, this paper proposes a method with which such process can be
discovered in section 3. The method is later applied and demonstrated through
the same case study in section 4. Moreover, a critical discussion on related works
are given which show why those approaches cannot solve the problem in section 5.
Finally, section 6 concludes the paper and shows the direction for future works.

2 Case Study

In this section, we can see how cross-cutting concerns in business processes hin-
ders current process mining techniques when discovering process models from
event logs. Thus, this section starts by introducing a dealing process of a bank.
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Then, it shows how current techniques in process mining cannot discover this
process based on its event logs.

2.1 Case Description

This section describes the scenario of the selected case from the financial domain.
The banking case was selected because there are many cross-cutting concerns in
banking domain like securty, privacy, logging, etc. To choose appropriate pro-
cesses, i.e. fairly simple yet representative processes with at least a couple of
cross-cutting concerns, an interview with a domain expert from a bank was con-
ducted . For the confidentiality reasons, the bank asked to be remained anony-
mous. Two processes were selected. Here, one of them is presented namely the
Change asset deal process. Detailed information about the process was derived
through a follow-up interview with the same domain expert.

Generally, the assets of the bank are in two forms, cash and non-cash. Cash
assets are either in the form of the account balances of the bank or the marketable
securities. The Change asset deal process (see Figure 1(a)) handles deals for
exchanging assets of the bank from one currency to another. The process starts
with a junior dealer filling in a position sheet (Fill position sheet activity).
Then, the general manager confirms the position sheet, which will be archived
by the office employee. Then, a junior dealer makes the deal and fills in a deal
slip. Next, both a chief dealer and the general manager sign the deal slip.

Afterwards, two parallel sets of activities are performed. On the one hand, the
dealt amount of money is sent to the external partner of the deal. For this, first
an employee of the Swift department provides a swift draft for sending the money.
Then, for security purposes, the junior dealer, chief dealer and general manager
sign the swift draft. Finally, an employee of the Swift department sends out the
swift. On the other hand, the dealt amount of money should be received. This
part starts when an employee of the Swift department receives an MT300 swift
message. The employee sends this message to the general manager. The general
manager makes an order to the Back office department and to the dealer to
control the swift message. These messages are controlled separately. When each
one of them has been controlled, the messages are archived (separately). When
the deal is made, a back office employee registers a voucher in the accounting
system. Finally, the deal is archived.

As it can be seen, the activities that represent cross-cutting concerns are
repeated in this model. The event logs which is the result of execution of this
model has also repetitive activities. Next section shows the result of applying
the current process mining algorithm on this log.

2.2 Discovering the Case Study Process

This section shows the result of applying two process mining algorithm on event
logs of the case study. The log was cleaned, so it is noise free. The log was also
structured according to the eXtensible Event Stream (XES) standard, adopted



4 A. Jalali

P
ro

vi
d

e 
Sw

if
t 

D
ra

ft

Si
gn

C
o

n
tr

o
l

C
o

n
tr

o
l

A
rc

h
iv

e

A
rc

h
iv

e
R

eg
is

te
r 

V
o

u
ch

er
A

rc
h

iv
e 

V
o

u
ch

er

Se
n

d
 

Sw
if

t

C
o

n
fi

rm

Fi
ll 

p
o

si
ti

o
n

 
Sh

ee
t

Change Asset Deal

Swift Dep. Emp. G.M.
Dealing Dep.

Dealer
Junior Chief

B.O. 
Empl.

Office 
Emp.

Fi
ll 

D
ea

lS
lip

M
ak

e 
a 

D
ea

l

R
ec

ei
ve

M
T3

0
0

A
rc

h
iv

e

C
o

n
tr

o
l

Si
gn

Si
gn

Si
gn

Si
gn

(a) Change Asset Deal Process (b) The process model discovered
through applying Fuzzy Miner

Fig. 1. Case Study Result
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by the IEEE Task Force on Process Mining [2]. In this standard, each event
represents the execution result of an activity. The sequences of events which are
related to a specific case, i.e. the process instance, are grouped into a trace. The
events in a trace are ordered according to their execution times. Therefore, the
event log consists of number of traces that represent different execution scenarios
of a process model.

Two process mining algorithms are selected to be applied on the log, i.e.
Fuzzy algorithm and Alpha algorithm. Fuzzy algorithm is selected since it can
discover process models from event logs with noise [17]. Alpha algorithm is used
since it supports discovering process models from noise free event logs [4].

Fig. 2. The process model discovered through applying Alpha Miner

Fig. 1(b) shows the process model that is discovered through using Fuzzy
Miner in ProM [16]. The fuzzy miner is the plug-in that implements the fuzzy
algorithm to discover process models from event logs which might have noise.
Although the result is a process model, it does not represent the correct process
that generates the log (compare it with Fig. 1(a)). Indeed, the discovered process
is not correct and the result is useless.

Fig. 2 shows the process model that is discovered through using Alpha Miner
in ProM. The alpha miner is the plug-in that implements alpha algorithm to
discover process models from a noise free event logs. As it can be seen, the
discovered process is fragmented, and it cannot show the proper control-flow of
the process.

In the next section, this paper proposes an approach with which process
models with cross-cutting concerns can be discovered from event logs.

3 Approach

This section proposes an approach to enable discovering process models which
contain cross-cutting concerns. The approach is a cyclical process which contains
four phases, i.e. i) cross-cutting concerns discovery, ii) cross-cutting concerns
elimination, iii) business process discovery, and iv) relation discovery (see Fig. 3).
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Fig. 3. Aspect Mining Approach for BPM

3.1 Cross-cutting concerns discovery

In this phase, cross-cutting concerns should be discovered. These concerns can
be discovered manually or automatically. In manual discovery of cross-cutting
concerns, the concerns can be identified through traditional methods of pro-
cess identification and discovery like the interview. For example, cross-cutting
concerns can be expressed as policies in organizations. In automatic discovery
of cross-cutting concerns, the concerns should be discovered by an algorithm.
These concerns can be represented as events in the log file recording the enact-
ment result of a process or several process models.

To discover the cross-cutting concerns from a log file of a process model, an
algorithm should search for processes with duplicate tasks. Finding these tasks
helps to identify cross-cutting concerns, since these concerns are sometimes re-
peated in a process model. Li et al. [23], proposes an extension to alpha algorithm
to discover repetitive activities in an event log, which is extended by Gu et al. [26]
to discover short loops. Their extensions do not work in all situations, yet it can
help in some others. In our case study, this approach did not help to discover
repetitive activities. Section 5 discusses the problem of this algorithm in more
detail. Alves de Medeiros [25] proposes a genetic algorithm to tackle duplicate
tasks, called Duplicates Genetic Algorithm (DGA). This algorithm helps to dis-
cover some processes with duplicate tasks automatically. Herbst et al. [20] also
proposes an algorithm which can help in identifying duplicate tasks in process
models. Moreover, there are many works in programming area which can be
considered to inspire extending this area, e.g. [8, 28].



Aspect Mining in BPM 7

To discover the cross-cutting concerns from a log file of multiple process
models, no solution exist currently. This is due to current situation in process
mining area in which “there are no process discovery techniques that produce
overarching models able to relate and analyze different groups and process vari-
ants” [1]. However, it is expected that the introduction of process cubes, which
support vertical and horizontal decomposition of event logs, enables such inves-
tigation [1].

3.2 Cross-cutting concerns elimination

Identifying cross-cutting concerns enables separation of their events from event
logs. Therefore, the logs will contain only the main activities for each process
model. It should be mentioned that the whole approach is cyclical, so all concerns
may be identified and their events may be eliminated through several cycles.

3.3 Business process discovery

The cleaned event logs can be used by existing process mining algorithms to dis-
cover process models. There are many algorithms that can be used, for example
alpha algorithm can be used to identify process models from noise free event
log [4], and fuzzy miner can be used to discover process models from event logs
which have noises [17].

3.4 Relation discovery

The relation between cross-cutting concerns and process models can be discov-
ered manually or automatically. These relations are called pointcuts in aspect
oriented paradigm.

In manual discovery, pointcuts can be identified through traditional meth-
ods like the interview. In manual discovery, pointcuts should be identified and
added to process models through process enhancement technique. Process En-
hancement is a technique “to extend or improve an existing process model using
information about the actual process recorded in some event log” [2]. Here, in-
formation about the control-flow perspective of the model and the cross-cutting
concerns are available as a result of previous phases. Moreover, complete infor-
mation regarding the execution of these events exists in the event log. Therefore,
the relation between the process model and cross-cutting concerns can be iden-
tified through investigating the event logs. This information can be added to
the process model as pointcuts which defines these relations. Fig. 4 shows the
pointcut discovery phases.

4 Demonstration

The proposed approach is applied on event logs of the case study. The logs
are noise free and cleaned. The demonstration is performed in four phases, i.e.
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Main Business Process Models

Cross Cutting Concerns Models
Event Logs

Pointcuts

Pointcut
Discovery

Fig. 4. Pointcut Discovery Process

i) cross-cutting concerns discovery, ii) cross-cutting concerns elimination, iii)
business process discovery, and iv) relation discovery.

4.1 Cross-cutting concerns discovery

To discover cross-cutting concerns, manual cross-cutting concerns discovery is
followed through interview, because there is not currently any algorithm that
can be used for automatic discovery of aspects. There are four scenarios in this
business process that require some sort of security checks, i.e. i) the position sheet
should be confirmed before making a deal, ii) the deal slip should be signed for
further processing, iii) the received swift message should be controlled, and iv)
the swift draft should be signed before it can be sent.

These four scenarios can be defined through three mechanisms that expressed
three cross-cutting concerns, i.e. Sign, Confirm and Control. As the Sign mech-
anism, if the document is a swift draft, the junior dealer, chief dealer and general
manager should sign it sequentially; however, if it is a dealslip, only chief dealer
and general manager require to sign it. This concern is modeled as a process
model which is called Sign (see Fig. 5). As the Confirm mechanism, the general
manager can only confirm decisions, and each confirmation should be archived
by the office employee. This concern is modeled as a process model which is
called Confirm (see Fig. 5). As the Control mechanism, the general manager
should control all swifts which are received. Then, the swifts message should be
controlled and archived by the back-office employee. If the received swift is re-
lated to a deal, the dealer who imitated the deal should also control and archive
the swift. This concern is modeled as a process model which is called Control
(see Fig. 5). All of these concerns represent security aspects of the process model,
so they are grouped together in a module, called security aspect.
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Fig. 5. The result of manual discovery of cross-cutting concerns

4.2 Cross-cutting concerns elimination

In this step, all events which are related to one of the activities in cross-cutting
concerns are removed from event log. Therefore, the new event logs only contains
information about the core part of the change asset deal process.

4.3 Business process discovery

The cross-cutting concerns free event log is used to discover the change asset
deal process. Fig. 6(a) shows the result of process discovery by applying Al-
pha Miner in ProM. The same result was achieved by applying Fuzzy Miner.
As it was expected, the results are the same since the log file does not contain
noises. The discovered process represents the change asset deal process with-
out cross-cutting concerns. It starts when a junior dealer fills a position sheet.
Then, (s)he should make a deal, and fill the deal slip. Afterwards, the swift
department employee provides the swift draft and sends the swift. In parallel,
the swift department of the corresponding bank sends the related swift, so the
swift department employee also receives a swift with MT300 message. Finally,
the back-office employee should register the voucher and archive it.

4.4 Relation discovery

We already discovered both the deal asset process model and models of cross-
cutting concerns. However, it is not clear how these models should be related to
each other. Therefore, manual pointcut discovery is used to discover the relations.
It should be noted that automatic pointcut discovery is not possible now, since
it requires further research to define an algorithm for such a discovery. Some of
these relations are specified when we discovered cross-cutting concerns, e.g. the
general manager should control all swifts which are received. Thus, in this step
all relations should be investigated and completed.

Fig. 6(b) shows the discovered change asset deal process, in which the rela-
tions to cross-cutting concerns are specified through annotations. As it can be
seen, the position sheet should be confirmed after junior dealer fills it. Moreover,
the dealslip should be signed after junior dealer fills it. The swift draft should
be signed by junior dealer, chief dealer and general manager before the swift is
sent, and the received swift should be controlled. This process and cross-cutting
concerns which are shown in Fig. 5 complement each other.
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5 Related Works and Discussions

This section explains related works in aspect mining through three categories,
i.e. discovering duplicate tasks from event logs in BPM, discovering cross-cutting
concerns from business process models, and aspect mining in programming. The
first category explains current attempts to discover duplicate tasks from event
logs in BPM area, and it explains a counter example for these works. The second
category introduces some works which enable discovering cross-cutting concerns
from business process models. The third category shows the similar paradigm in
programming area which tries to discover cross-cutting concerns from programs’
codes and traces.

5.1 Discovering duplicate tasks from event logs in BPM

Discovering duplicate tasks is one of the challenges and open issues in process
mining area [3, 24]. Li et al. [23], propose an extension to alpha algorithm to
discover duplicate tasks in event logs, which is also extended by Gu et al. [26]
to discover short loops. This algorithm is called α*. However, their extensions
do not work in all situations. It cannot discover duplicate activities in our case
study correctly, which can be consider as a counter example.

Their approach follows two steps, i.e. i) finding duplicate tasks, and ii) discov-
ering a process model. To find duplicate tasks, the approach makes a predecessor
and successor table, called P/S-table [23]. Each trace is denoted by δi, where i
represents the number of trace that contains events. δi(t, n) represents a function
which specify the nth occurrence of event t in δi. For each of these occurrence,
the predecessor and successor of the event can be retrieved by TP and TS cor-
respondingly. The approach proposes three rules with which the duplicate tasks
claimed to be discovered from event logs, i.e. Rule (1), (2) and (3). The U in
these formulae represents the set of duplicate tasks.

(1) IF ((TP 6= TP ′) AND (TS 6= TS′) AND (TP 6= TS′) AND (TS 6= TP ′)
AND (not TPΣwTP ′)) THEN <δi(t,N1), δj(t,N2)> ∈ U

(2) IF ((TP = TS′) AND ((TP ′ 6= pred(δi, TP )) OR (TS 6= succ(δj , TS′)))
THEN <δi(t,N1), δj(t,N2)> ∈ U

(3) IF ((TS = TP ′) AND ((TP ′ 6= pred(δj , TP ′)) OR (TS′ 6= succ(δi, TS)))
THEN <δi(t,N1), δj(t,N2)> ∈ U

The case study in this paper shows that this formula cannot work. To explain
it, we can consider a very simple process shown in Fig. 7 which contains tasks
a,b,c,a and b which should be followed in sequence. It is clear that all traces
of executing this process has the same occurrence of events, so for each i and j
representing a trace number: δi = δj .

The duplicate task a cannot be discovered through the first rule since:
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a
start

b a
endp1 p2

c
p3

b
p4

Fig. 7. Counter Example for duplicate task identification rules in α*-algorithm

For rule 1:
TS = δi(a, 1) = b
TS′ = δj(a, 2) = b

∴ TS = TS′ 6⇒ a ∈ U

The duplicate task a cannot be discovered through the second rule since:

For rule 2:
TP = δi(a, 1) = ∅
TS′ = δj(a, 2) = b

∴ TP 6= TS′ 6⇒ a ∈ U

The duplicate task a cannot be discovered through the third rule since:

For rule 3:
TS = δi(a, 1) = b
TP ′ = δj(a, 2) = c

∴ TS 6= TP ′ 6⇒ a ∈ U

Thus, this algorithm cannot discover duplicate tasks in all circumstances.

5.2 Discovering cross-cutting concerns from process models

Although cross-cutting concerns can be discovered from event logs, they can also
discovered from process models that are designed through traditional modelling
techniques. There are few works in BPM area that support separation of cross-
cutting concerns from process models,e.g. [15, 5, 6]. These works apply queries
on process models definitions, and they try to discover cross-cutting concerns
which exist within these models.

5.3 Aspect mining in programming

There are a lot of researches about Aspect Mining in Aspect Oriented Pro-
gramming area, e.g. [7, 9, 12, 13, 19]. These researches can be divided into two
categories, i.e. static and dynamic program analysis techniques.

Static program analysis techniques aim to discover aspects out of source
codes. Two approaches exist in these techniques, i.e. discovering advices with-
out any previous knowledge or with previous knowledge. For example, ’For-
mal Concept Analysis of Identifiers’ is utilized by some researchers to discover
cross-cutting concerns from Smalltalk and Java codes using the FCA algo-
rithm [11, 29]. These techniques require that the user have some assumption
regarding the structure of advices. Other researchers used ’Natural Language
Processing on Source Code’ to solve this problem [27]. Furthermore, there are
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other works that discover cross-cutting concerns from codes without any pre-
vious knowledge about concerns [18]. There are also other techniques based on
detecting clones in codes, which are categorized in these techniques [18]. The
advantages of static approaches are that they consider all possible execution
scenarios in source codes.

Dynamic program analysis techniques aim to discover aspects out of program
traces of method invocations. There are also different works that have been done
in this area. For example, discovering the cross-cutting concerns by detecting
recurring execution patterns [8], or applying formal concept analysis to achieve
this goal [28]. These works can be used as inspiration for enabling automatic
cross-cutting concerns discovery in BPM area.

6 Conclusion

This paper proposes an approach that enables discovering business process mod-
els which have cross-cutting concerns. The approach is a cyclical process which
has four phases, i.e. i) cross-cutting concerns discovery, ii) cross-cutting con-
cerns elimination, iii) business process discovery, and iv) relation discovery. In
cross-cutting concerns discovery, the cross-cutting concerns should be discov-
ered either manually or automatically. The events of these concerns should be
eliminated from event log in the cross-cutting concerns elimination phase. The
eliminated log can be used for discovering the main process model in business
process discovery phase. Finally, the relations between cross-cutting concerns
and the main process model should be discovered in relation discovery phase,
which can be done manually or automatically. This approach is a cyclical pro-
cess, which means that it might be repeated several times that all cross-cutting
concerns are separated.

The approach is applied and demonstrated through a case study, which shows
how these sort of models can be discovered. The finding is important since it
is common to have repetitive and duplicate tasks in business processes, and
this situation is a limitation of process mining currently. It means that process
mining cannot deal with these sorts of processes, yet this approach can enable
discovering these processes as well.

As future works, more experiments are needed to be conducted to evaluate
the proposed method. Moreover, it is important to investigate i) how cross-
cutting concerns can be discovered automatically from event logs, ii) how dupli-
cate tasks can be discovered automatically from event logs, iii) how the relations
between cross-cutting concerns and the main process model can be discovered
automatically from the event log.
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