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Abstract—Business process management and business intel-
ligence are fields which gain a lot of attention in recent years.
These techniques try to improve not only efficiency of processes
but also save considerable cost. Graph based representation
of concepts (objects, data) are also used in business domain
to support aforementioned techniques. Graph mining methods
are successful in many fields for discovery of new relations,
knowledge, and visualization. In this paper, we briefly discuss
the fields in which graph mining is successfully applied. We
also discuss challenges of applying graph mining in business
processes and what are the benefits.
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I. INTRODUCTION

Business processes are important elements for the success
of companies and to perform operations in a organization.
Due to this reason, enterprises always try to perform business
processes in an effective and efficient manner. Different
technologies are used to implement and manage business
processes successfully. Workflow management systems are
used to define, manage, execute, and monitor the business
processes where IT can support in an efficient way. Work-
flow, itself, is defined as automation of a business process
in a whole or a part during which documents, information,
and other elements are passed through resources according to
procedural rules [1]. To understand the execution of business
processes and rules, a considerable amount of research is
carried out in this field. Modeling languages and analytical
methods are proposed to provide better capabilities for
understanding and improvement in business processes.

The representation of concepts (objects, data) based on
graphs is successful in many fields, for example, chem-
ical structural analysis, bioinformatics, predictions like
successful-movie predictions [2], and successful termination
of processes [3]. In such fields, the relational information
between entities and their attributes is very important as it
helps for discovery of new knowledge. In business process
management, this new knowledge can give answers to var-
ious questions related to business process improvement as
stated in the following.

Which activities are frequently executed? Which path is

frequently used to accomplish defined tasks? What are the
common characteristics and relationships between activities,
business objects, and their flow or relation (business process
executions)? What common features can we discover be-
tween successful and unsuccessful scenarios? Prediction on
a certain business flow whether it will lead to a desired state
or failure. What commonalities can we find between the
executions of business applications by users? How should
an organization be structured to get maximum benefits from
the employees (dealing with social network analysis)? What
would be the next information request from the user of a
system during business process execution?

Some of these questions are investigated by researchers
and we discuss them in Section V while others are still
needed to be investigated. This paper demands further in-
vestigation in graphical representation of business process
elements (objects, data). Mining the relational knowledge in
business processes requires data to be presented in such a
way that it preserves not only the relational information but
also supports mining tasks effectively and efficiently [4].

The structure of the paper is as follows: we briefly
discuss the basics of business processes and graph mining in
Section II followed by Section III which discusses possible
benefits of applying graph mining in the business process
management domain. Challenges of applying graph mining
on business processes are discussed in Section IV. Section V,
provides a brief overview of related work of graph mining
in business processes and in some other fields followed by
Section VI where we discuss some other issues of graph
mining. Section VII summarizes the paper and provides the
outlook of our work.

II. GRAPH MINING AND BUSINESS PROCESSES

A graph consists of nodes and edges which connect nodes.
Graphical representation is used for the visual representa-
tion of concepts. A graph provides a convenient way to
represent relation between entities and respective data. In
graph mining, we exploit relational information to extract
patterns and discover new knowledge. New knowledge can
be a pattern such as sub graph, an undiscovered relation to
other elements, or on a more abstract level expression of
trends in data [4].
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Graph based representation and graph mining have been
used in various domains where visualization helps for better
understanding and management of tasks. For example, in
communication networks, it is used for monitoring and man-
agement of complex networks, defining connection policies,
capturing recurrent patterns in traffic, routing instabilities
detections, and extrapolation of networks (designing next
generation protocols, etc.). It is also used in the social
network analysis domain where various applications are de-
veloped for analyzing the relations between different individ-
uals like homeland security (crime and narcotics trafficking
connections), computation biology, and web-search [4].

A business process is a set of inter-related activities which
are executed in a specific order to accomplish a given
task. It can be as simple as fulfilling an order form or
complex such as performing the whole order process from
selecting suppliers up to paying the bill. Business process
management is concerned to define, design, execute, and
evaluate the business activities efficiently and utilizing its
resources effectively such that the organization’s goal is
achieved. A support for understanding this complexity is
done by modeling business processes. They are graphically
modeled in various languages for communication, analysis,
and understanding during the business process management
life cycle.

Besides different methods to represent business process
data, we discuss two methods of representation for a formal
analysis of workflows. One method is used in [3], where
activities are represented as nodes and other notations like
bold and dotted edges are used to distinguish between AND
and XOR structures. The second method is using bipartite
graphs called Petri nets [5] in which activities are denoted
as places and actions as transition. In this paper we suggest
to use the latter notation for graph mining because of
mathematical formalism and other reasons discussed in [6].
One extension of Petri nets is proposed in [7] for analysis
of business processes with business objects.

A Petri nets is bipartite directed graph, which consists
of places (denoted by circles), transitions (denoted by
rectangles), and arcs for connection between them. Places
represent buffers, storage places where conditions are eval-
uated and decisions are made, and transitions represent
tasks/events/actions. Places can contain tokens which de-
scribe the state of the system and values of related attributes
at a certain stage [8].

III. BENEFITS OF GRAPH MINING IN BUSINESS
PROCESSES

Graphs are useful to preserve the structural relationship
between elements, as in the case of chemical compound
structure analysis and in bioinformatics, whereas in other
conventional approaches, there is a loss of relational infor-
mation between elements. One of the most interesting bene-
fits that can be achieved by applying graph based represen-

tation in business processes is the discovery of new relations
between activities, their attributes, and an overall impact
on activities in business processes. Representing a business
process and its attributes in a graph saves the relationship
between data objects and activities, which is extremely
important for discovering relational knowledge. Discovery
of relational knowledge using graph mining methods has
been discovered by researchers in media industry also [9].
An often used example of graph mining in media industry
uses IMDB1 (Internet Movie Database) website as a resource
website. This website contains information about movies and
television programs. It provides movies and programs detail
information to users through online queries freely. Graph
mining is used on IMDB movie database in which movies
attributes (actors, director, producer, etc.) are represented as
graph nodes, and then graph mining methods are applied to
discover new relations and knowledge. This knowledge is
used to make a predictions like how much business will a
certain movie do during a time-span? Will it be nominated
for an award or not? The results of applying graph mining
on IMDB and to some other fields are discussed in [4].

Graph mining methods can also be used to predict the
information requirements of a user during the execution
of activities in enterprise applications. Graph mining is
explored for user navigation behavior over the web in
[10]. Information generated from business intelligence tools
can be combined with graphical models to provide better
analytical facilities for decision making. For example, it
can be used to predict whether a certain execution will
lead to achieve the enterprise’s objective or not. Analysis
can help users to devise company’s best practices that how
tasks/activities should be routed based on attribute values.

Graph mining methods can be applied to find out the
effect of new business collaboration by analyzing relations
and collaboration among existing activities, new activities,
and their participants. Similarly, graph based methods can
be used to improve the organizational structure, e.g., which
employees should work together, see [11]. Application of
graph mining in application usage mining [12] can find the
deficiencies between user and system interaction and help
to improve business-IT alignment.

IV. CHALLENGES

Representation of business processes in graphs is a chal-
lenging task as several elements are related with business
processes like inputs, outputs, resources, rules, and their
attributes. Graph mining requires all involved objects to be
represented in graph elements. We discuss some of the issues
related with representation of business processes for graph
mining as follow.

1www.imdb.com



A. Granularity

In enterprises, business processes are very large and
complex, involving hundreds of resources and activities.
Analysts require a different level of granularity to under-
stand the business processes. Business process models are
viewed by different stakeholders and so at different levels of
granularity (abstract or in detail). Executives are interested
in an overall picture of business processes, thus they require
a suitable abstraction of BP models, whereas operational
managers look for specific details of processes and activities
of their responsibility.

Both modeling approaches described in Section II (graph
and Petri nets based) do not provide a suitable flexibility
in granularity. A new representation of business processes
should be proposed, which has enough flexibility and se-
mantics to fulfill the granularity demands of an analyst
and at the same time it is formal enough for analyses.
This new representation has to flexible enough that it can
represent business process data in graphs so that graph
mining methods can be applied within the business domain.

B. Formalism and Structural Relations

Formal representation of business processes has provided
various benefits for simulation purposes, non-ambiguous be-
haviour and conflict resolution, and for other analytical tech-
niques [6]. Besides formal representation of business pro-
cesses in modeling languages, structural relationships should
also be incorporated. In this way, different characteristics of
activities and processes can be attached to them, and new
relations and knowledge can be extracted. This relational
knowledge may take many forms from periodic patterns of
transactions to complicate structural patterns of interrelated
transactions. Extracting such knowledge requires the data
to be represented in a form that it not only captures the
relational information but supports mining of this data and
comprehensibility of the resulting knowledge. Therefore,
before applying graph mining for knowledge discovery and
analyzing business processes, modeling languages should be
extended with structural information of elements.

C. Sequence Transformation and Semantics

In enterprises where business processes are supported by
information systems that record lots of transactional data
about the execution of activities, applying graph mining
is time consuming, requires high computational effort, and
faces complexity problems. Similarly, graphical business
models are complex as well. This demands other represen-
tation techniques to discover new relations and knowledge.
Just applying graph mining methods on business processes
and their data sets, i.e., activities/attributes, is not feasible.
Therefore, it should be investigated how these methods
should be applied on such large data sets and how much
would be the information loss if applied on specific data
sets.

Another challenge which also demands further investiga-
tion is the transformation of graphs (containing relational
information of business processes) into other representations
like sequences. However, another question arises how should
the transformation be carried out in such a way that there is
no semantic loss (relational information)? How this can be
evaluated whether there is any information loss or not? Such
questions are still needed to be investigated, so mining tech-
niques can be applied efficiently to discover new knowledge
of process structures.

V. RELATED WORK

Graph based representation of data gains a lots of attention
from researchers and is applied to many fields like chemical
industry, bioinformatics, and business process management.
Due to the scope of this paper which is business process
analysis and graph mining techniques, this section provides
a very brief overview of related work in this field.

Graph based representation is used in social network
analysis in [11] where the authors discover the collaboration
patterns and organizational structural information from event
logs (business process executions). Different questions can
be answered from their method like which persons/groups
are working together to accomplish a certain task in busi-
ness processes? How can the efficiency of employees be
improved? Furthermore, social network analysis can be
extended to other areas like crime investigations and fraud
detection. In [13], authors propose an algorithm to transform
the transactional data into graph based representation for
graph mining. Further investigation of this transformation
and application of graph mining methods is still missing.

In [3], the authors represent activities of business pro-
cesses as the graph for pattern mining and propose two
algorithms to determine frequent patterns of activities. On
the basis of their proposed method, authors claim that a
user can predict whether a certain execution of the business
process will successfully terminate or not. This could be
used to determine which tasks need to be executed to provide
a benefit to the enterprise. Combining this work with social
network analysis and performance analysis, different ques-
tions can be answered like how should we allocate resources
to business processes for maximum efficiency. Graph mining
has also been used to determine user navigational behavioral
patterns on the web [10], where authors used probabilistic
hypertext grammar and N-Grams to predict the likelihood
of a web page to be seen based on previous page visits.

Graph mining is also applied to extract knowledge from
consumer behavior in market [14] by using active mining
technique in which dynamic process evolvement is dealt with
spiral model and levels of user interests. The result of the
study shows that graph based representation discovers new
and useful relations between item sets with respect to differ-
ent constraints, which was not discovered earlier. Similarly,
IMDB (internet movie database) is also investigated by many



researchers [4] for several purposes by representing movies
in the graph to discover new relations between movies,
for movie recommendations to users, and prediction of the
movie about its success or failure based on their attributes
and relation with other movies.

VI. DISCUSSION

Besides the issues we discussed in the earlier sections,
we can also apply graph mining in business processes
over selected business process executions. For example, it
is useful if we first detect frequent transactions occurring
in the system and then represent the frequent transaction
pattern in form of a graph to discover more knowledge
and the relations with other elements which will save some
computational over-head. It should be noted, that frequent
patterns do not represent business process and potentially
useful knowledge is not associated with frequent pattern
tasks. Therefore, domain expert knowledge is required to
be include to select activities which are not frequent but
important for analysis in relation and knowledge discovery.

Despite the benefits of graph based representation of
data, we should be careful in applying graphs on different
applications has to be carefully considered because for
some problems its techniques are NP-hard problems. It is
not a good idea to use graph data for the problem of
finding whether company’s best practice is followed or not?,
instead string matching methods are more efficient. The
maximum common subgraph can be used to find similarities
in executions and patterns. Although this is NP-complete
problem but there are optimal and sub-optimal algorithms
as discussed in [15] where a comparison of algorithms is
presented. Sequence mining techniques can also be consid-
ered for such problems.

VII. SUMMARY & OUTLOOK

We provided a brief overview of graph mining in various
domains. In this paper, we also discuss possible benefits
of applying graph mining in the business process domain.
Challenges of applying graph mining in business processes
and the need of a new representation for this purpose is
also discussed. Our future work involves the specification
of new representation which allows the application of graph
mining methods for business process analysis. Using the new
representation and graph mining we will able to answer the
questions raised in this paper.
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