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a  b  s  t  r  a  c  t

This  paper  aims  to investigate  the application  of  evolutionary  multi-objective  optimisation  to the  new
domain  of  business  process  optimisation.  Business  process  optimisation  is  considered  as  the  problem
of  constructing  feasible  business  process  designs  with  optimum  attribute  values  such as  duration  and
cost.  The  feasibility  of  a process  design  is based  on:  (i)  the  process  requirements  such  as  the  required
input  and  the  expected  output  resources  and  (ii)  the  connectivity  of the  participating  tasks  in  the  pro-
cess  design  through  their  input  and  output  resources.  Due to  the  multi-objective  and  discrete  nature  of
the  problem  and  the  resulting  fragmented  search  space,  discovering  feasible  business  process  designs  is
one  of  the  main  challenges.  The  proposed  approach  involves  the  application  of  a series  of  evolutionary
multi-objective  optimisation  algorithms  (EMOAs)  in  an  attempt  to generate  a series  of  diverse  opti-
mised  business  process  designs  for given  process  requirements.  The  proposed  optimisation  framework
introduces  a  quantitative  representation  of  business  processes  involving  two  matrices  one  for  capturing
the  process  design  and  one  for calculating  and evaluating  the  process  attributes.  It  also  introduces  an
algorithm  that  checks  the  feasibility  of  each  candidate  solution  (i.e.  process  design).  The  results  for  two
real-life  scenarios  demonstrate  how  the  proposed  framework  produces  a number  of  optimised  design
alternatives.  NSGA-II  proves  unfit  for the specific  problem  whilst  PESA-II  shows  the  best  results  due  to
its sophisticated  region-based  selection  technique.

© 2012  Elsevier  B.V.  All  rights  reserved.

1. Introduction

A business process is perceived as a collective set of tasks that
when properly connected and sequenced perform a business oper-
ation. The aim of a business process is to perform a business
operation, i.e. any service-related operation that produces value
to the organisation. In response to increasingly volatile and com-
petitive environments, organisations are examining how their core
business processes may  be re-designed to improve business perfor-
mance and market responsiveness. The design and management of
business processes is a key factor for companies to effectively com-
pete in today’s volatile business environment. By focusing on the
optimisation and continuous improvement of business processes,
organisations can establish a solid competitive advantage by reduc-
ing cost, improving quality and efficiency, and enabling adaptation
to changing requirements. It has been argued in [23] that for sys-
tematic and holistic business process planning based on business
process automation, there must be techniques that support mod-
elling, analysis and optimisation of business processes.
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(D. Saxena).

The focus of this paper is on business process optimisation and
analysis and not on modelling [1,12].  Business process optimisation
is a new area that provides a formal methodology for improving
business processes based on specific objectives. To achieve formal
improvement however, business processes also require a formal
representation. Despite the abundance of business process mod-
elling techniques in literature, only a few are capable of capturing a
business process in a quantitative way so that it can be optimised.

The aim of this paper is to investigate the application of evolu-
tionary multi-objective optimisation to the new domain of business
process optimisation. The rationale for adopting a multi-objective
optimisation approach towards business processes lies in the fol-
lowing:

1. Business process optimisation is inherently a multi-objective
optimisation problem due to the variety of factors that a business
process can be evaluated with. Dealing with multiple objectives
can make this research more appealing and applicable to real-life
business process optimisation problems.

2. Evaluation business processes based on a series of relevant
factors ensures that this research is versatile in dealing with
different objectives for different business goals at a time. The
capability of simultaneously addressing a series of customised
quantifiable objectives ensures the generality of the research and
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its potential applicability in a wider context of business process
improvement initiatives.

3. On the contrary, a single-objective optimisation framework
focuses on a particular objective (e.g. cost reduction) and thus
loosing its generality and its advantages over context-specific
business process improvement approaches that target a specific
aspect of a business process (e.g. Six Sigma).

This paper presents the first research attempt aimed at
addressing the challenges of business process optimisation
using evolutionary multi-objective optimisation algorithms. It
introduces a business process representation approach and an evo-
lutionary multi-objective optimisation algorithm that constructs
optimised business process designs based on specific process
requirements. The utilisation of evolutionary techniques provides
the advantage of working with a population of designs, thus provid-
ing the capability of generating a set of diverse optimised business
process designs in the presence of multiple objectives.

2. Related work

It is commonly accepted that a holistic approach towards busi-
ness processes should capture a business process (business process
modelling), provide the necessary means for bottleneck identifica-
tion and performance analysis and – finally – generate alternative
improved business processes based on specified objectives. But
often the last part (business process optimisation) is overlooked
– if not completely neglected [7]. It is argued in [21] that busi-
ness process modelling is essential for the analysis, evaluation and
improvement of business processes as it is used to structure the
process, such that the existing and alternative task sequences can
be analysed systematically and comprehensively.

Business process optimisation as a formal approach for improv-
ing business processes has not received the necessary attention
in literature. On the contrary, soft approaches for restructuring
and redesigning business processes are more frequent. An exam-
ple is Business Process Re-engineering that had an influential effect
on business process related literature. However, it is claimed in
[17] that most of Business Process Re-engineering methodologies
lack the formal underpinning to ensure the logical consistency of
the generation of improved business process models. This leads
to a lack of systematic approaches that can guide a process re-
designer through a series of (repeatable) steps for the achievement
of process redesign [14]. While there are several methodologies for
structuring Business Process Re-design projects, the task of devel-
oping optimal designs of business processes is generally left to the
designer’s intuition. Business process optimisation lies on the other
end of the spectrum and can provide a formal approach towards
improving a business process based on predefined criteria. How-
ever, it is underlined in [9] that the concept of ‘optimality’ of process
designs is not trivial and the quality of processes is defined by many,
often conflicting criteria. The authors in [24] suggest that business
process optimisation should aim at reducing lead-time and cost,
improving quality of product, and enhancing the satisfaction of
customer and personnel so that the competitive advantage of an
organisation can be retained. Along similar lines, the author in [14]
suggests that the goals of business process optimisation are often
the reduction of cost and flow time.

Interestingly, scheduling problems share commonalities with
business process optimisation problems. In that, both disciplines
fundamentally target an optimal allocation of resources to tasks
[18]. It could be interesting to study if a range of already suc-
cessful optimisation approaches from scheduling can become
available to business processes. However, the authors in [5] claim
that optimisation capabilities are generally targeted at a specific

application area and cannot be easily transferred to another disci-
pline. Furthermore, business processes involve other elements not
covered by scheduling problems, such as decisions and business
rules that are hard to be expressed mathematically. Hence rele-
vant approaches can be applied to simplified versions of business
processes. There are optimisation approaches on mathematically
formulated business processes, such as in [9].  These approaches,
although consistent, are overly complicated and still deal with
simplistic sequential business processes. Taking into account that
scheduling is solely based on mathematical models, it is question-
able whether business process optimisation should follow the same
path or investigate alternative ways that express a business process
using a variety of components.

Evolutionary techniques use the principles of evolution to guide
the optimisation process and they have been successfully applied
to several combinatorial problems. According to the authors in
[13] the most attractive feature of evolutionary algorithms is the
flexibility of handling various kinds of objective functions with
few requirements on mathematical properties. Evolutionary opti-
misation could benefit business processes by discovering process
designs that are perhaps overlooked by a human designer. Also,
these techniques can evaluate a significant number of alterna-
tive designs based on the same configuration and determine the
fittest based on specific objectives. Given the difficulties in process
optimisation due to the non-linear, non-convex and often discon-
tinuous nature of the mathematical models involved, the authors in
[22] have developed an evolutionary multi-objective optimisation
based framework for this problem.

Regarding business processes, the evolutionary approaches
reported are limited. An attempt has been made in [9] to transform
and optimise a business process model using Genetic Algorithms
(GAs) but non satisfactory results have been reported. The model
is based on a series of mathematical formulations and is highly
constrained thus making it hard for the algorithm to even produce
feasible solutions. In [16,20],  this mathematical model has been
extended and EMOAs such as the Non-Dominated Sorting Genetic
Algorithm 2 (NSGA-II [4]) and the Strength Pareto Evolutionary
Algorithm 2 (SPEA2 [25]) have been applied, reporting satisfactory
results that provide encouraging opportunities for further inves-
tigation. This paper presents the extension of the optimisation
framework presented by the authors in [20] by generating opti-
mised business processes with diverse designs that are constructed
based on predefined process requirements as opposed to sequen-
tial business processes that do not involve process patterns. The
above cited publications by the authors do not report the Busi-
ness Process Optimisation framework proposed in this paper. The
representation and compositions of business process designs have
also not been published before. The real life scenarios are also new
contributions of this paper.

3. Representation and composition of business process
designs

This section introduces the proposed representation of a busi-
ness process designs and also an algorithm that is able to compose
business processes based on specific requirements.

3.1. A proposed representation

The aim of a business process is to perform a business oper-
ation, i.e. any service-based operation that is producing value
to the organisation. The elements that are involved in the
business process and consequently represented in the business
process design are – the participating tasks, the resources of a
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