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Abstract. During the business process modeling phase, different envi-
ronments and languages have been proposed. All of them are trying to
narrow the communication gap between both business and IT users or
making modeling task as optimal as possible. From these perspectives,
we prioritize assisting business users to express in an efficient and easy
way their requirements (i.e., defining their business process models). In
this context, reusing existing process models is well supported and pre-
ferred rather than modeling from scratch. Configurable business process
models aim at merging different process variants into a single config-
urable model. In this paper, we define an indexing structure to represent
configurable process models. We give a set of structuring principles and
we show how to maintain this structure when adding a new variant. We
adopt a hierarchical representation of business goals variations. The con-
tribution of our structure is that it allows for modularity handling.

Keywords: Business process, configuration-based modeling, goal
hierarchy.

1 Introduction

Process Aware Information Systems (PAISs) [2] are used to manage and execute
operational processes involving people, applications and data sources on the basis
of business process models. The discipline that is concerned by this process-
centric trend is known as Business Process Management (BPM) [15].

In Business Process Management the objective of the Business Process mod-
eling phase is to capture the behavioural aspects (i.e., how to do it) of a certain
business goal into a business process model [14]. There are several modeling ap-
proaches that can be split in two categories. The first one consists of designing
business process models from scratch, which is an error prone and time con-
suming task [5]. The second category relies on reusing existing business process
models.

The advent of Reuse-Oriented Development (ROD) in BPM brings a number
frameworks used to support the design of business process models exploiting
proven practices. One of these frameworks is the configurable process model.

I. Bider et al. (Eds.): BPMDS 2010 and EMMSAD 2010, LNBIP 50, pp. 157–168, 2010.
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Configurable process models are constructed via the aggregation of several
variants of a process model [12]. In fact, under different requirements, different
business processes could achieve the same business goal. We call these business
processes business process variants. Since they model in essence the same busi-
ness goal, these variants share many commonalities. Therefore, managing these
variants can be made easier by handling the common parts just once and not
for each variant separately. In order to provide easier maintenance and manage-
ment of variants, a key aspect of variability handling in process modeling is the
explicit representation of variation points. A variation point is a special place-
holder in the configurable process model in which variants are defined. During
the business process modeling phase, the configurable process model is config-
ured by setting up the variation points according to a user’s specific require-
ments. These variation points capture different requirements that discriminate
between the distinct parts of business process variants through configuration
parameters.

To manage a configurable process model, we propose an indexing structure
that captures variability at the business goal level. In this paper we define a
hierarchical representation of configurable process models where a variation point
is a business goal that has more than one business variant to achieve it. The
rationale we opt for a hierarchical structure, which explicitly captures variation
points, is to provide a user-friendly experience during the modeling phase while
not overwhelming the modeler with cumbersome details from start.

Most of recent studies [1,3,4,6,10,11,12] consider managing business process
variability under a single governance. However, in an open environment, manag-
ing variability with a top-down approach is not suitable. We propose an indexing
structure that can be applied in such environments as it allows for defining new
variation points by just adding a new variant of any business goal.

Our structure allows also for modularity handling. By modularity we mean
the possibility to configure a sub process within the configurable process model.
This is not possible with current approaches as the configuration phase consists
of parsing the whole configuration process model.

The remainder of the paper is structured as follows. Section 2 describes a
use case scenario to motivate the use of configurable process models in business
process management. The indexing structure as well as its construction principle
are presented in Section 3. Section 4 discusses some related work while Section
5 concludes the paper.

2 Motivating Example

In this section we give a motivating example for configuration-based modeling.
The example describes a configurable process model in the job recruiting area
as depicted in Fig. 11. The process variability is modeled through a hierarchi-
cal structure of business goals (i.e., ’Find Possible Job Candidates’ , ’Evaluate

1 All figures in the paper are following the BPM notation: www.bpmn.org
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Fig. 1. The configuration process model from the job recruitment area

Candidates’, ’Notify Candidates’ etc.). In our model, we capture generalization-
specialization relations between business goals. For example the ’Search for In-
ternal Candidates’ goal can be achieved at a lower layer of detail by a composed
goal which integrates the ’Find Employees to be Promoted’, ’Check if CVs Com-
ply With Job’ and ’Choose Internal Job Candidates’ business goals in a sequence
block pattern.

Variation points are modeled as business goals which can be achieved by many
goals (simple or composite) one layer below in the hierarchy. This is represented
in the Fig. 1 through the dotted line. For example, the ’Search for External
Candidates’ goal is a variation point because there are different ways of being
achieved, either by publishing a job offer or by getting recommendations from
acquaintances.

A typical scenario in this context is to find an employee in an enterprise for
an available job, represented by the ’Find Employee for Job’ business goal. We
notice that there are many variants of such a process. At a certain moment, a
business user would prefer a process that searches for internal job candidates(1),
while in another context he would choose an external search(2). Normally, the
business user would explore the configuration process model and, at the variation
points, he would choose the most satisfiable alternative in a given context. Fig.
2 shows two possible variants.

Let us imagine that the configuration process model does not contain con-
figuration parameters yet. In this situation configuration-based modeling is a
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Fig. 2. Two different variants of ’Find Employee for Job’ goal

cumbersome task for the business user because distinctive aspects are not cap-
tured in a user-friendly way in order to support the business user to make his
selection.

That is why the need for well structured information represented by con-
figuration parameters at variation points arises. Configuration parameters of
the variation points represent a set of functional and nonfunctional aspects of
all possible alternatives. For example, the configuration parameters of the ’Find
Possible Job Candidates’ business goal are the time with the options :[1-2 weeks]
or [3-4 weeks] (non functional aspects) and the candidateType with the options:
[internal] or [external](functional aspects).

In this paper we do not focus on presenting configuration parameters but
rather on managing a data structure to capture the hierarchical representation of
this goal hierarchy. The next section will introduce our reference model indexing
structure.

3 Indexing Structure for Model Variations

In this section we define an indexing structure to represent configurable process
models. We give a set of structuring principles and we show how to maintain this
structure when adding a new variant. In our study we consider business goals as
the main artifact of the configurable process model. We introduced the concept
abstract business goal for manipulation purposes. A business process model is
represented by at least one concrete business goal (i.e., it can be a sequence of
business goals without any abstract one).

3.1 Indexing Structure Definition

We define a data structure to maintain configurable business process models. A
configurable business process model is a tuple CPM={Σ,Γ ,Δ} where:

– Σ represents the set of business goals involved in the whole reference business
process model,

– Γ represents the set of abstract business goals (will be introduced later in
this paper) and

– Δ represents the possible variants of each business goal that can be a se-
quence of business goals. Entries of Δ are presented as:
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BusinessGoal1 : BusinessGoal2(−BusinessGoalN)∗ such that
{BusinessGoal1, BusinessGoal2, ...BusinessGoalN}⊆ Σ ∪ Γ
and “BusinessGoal2 − BusinessGoal3” is the sequence between the two
business goals.
This means that possible variants of BusinessGoal1 are presented as a se-
quence of other business goals. We call BusinessGoal1 a variation point and
BusinessGoal2(−BusinessGoalN)∗ a variant.

As an illustration, the motivating example of Fig. 1 would be presented as
follows:

CPM1 = {Σ1,Γ1,Δ1} where:

– Σ1 = { [Find Employee for Job], [Make Job Request to Recruitment], [Find
Possible Job Candidates], [Evaluate Candidates], [Notify Candidates],[Search for
Internal Candidates], [Find Employees to be Promoted], [Check if CVs Com-
ply with Job], [Choose Internal Job Candidates], [Find Juniors to be Promoted],
[Find Employees Whose Project is Ending], [Search for External Candidates],
[Publish Job Offer], [Get Job Applications], [Select Suitable Job Applications],
[Publish Job Offer Online], [Publish Job Offer in Newspaper], [Ask for Recommen-
dations], [Get Recommendations] }

– Γ1 ={ }
– Δ1 = { [Find Employee for Job] : [Make Job Request to Recruitment] -

[Find Possible Job Candidates] - [Evaluate Candidates] - [Notify Candidates],
[Find Possible Job Candidates] : [Search for Internal Candidates],
[Find Possible Job Candidates] : [Search for External Candidates],
[Search for Internal Candidates] : [Find Employees to be Promoted] -
[Check if CVs Comply with Job] - [Choose Internal Job Candidates],
[Find Employees to be Promoted] : [Find Juniors to be Promoted],
[Find Employees to be Promoted] : [Find Employees Whose Project is Ending],
[Search for External Candidates] : [Publish Job Offer] - [Get Job Applications] -
[Select Suitable Job Applications],
[Publish Job Offer] : [Publish Job Offer Online],
[Publish Job Offer] : [Publish Job Offer in Newspaper],
[Search for External Candidates] : [Ask for Recommendations] -
[Get Recommendations]}

As it was shown in Fig. 2, both variants for ’Find Employee for Job’ can be
generated from this structure. It allows also for managing modularity as we
can configure even modules like ’Search for External Candidates’ that has two
variants. In the rest of the paper, for simplicity, we will use letter (e.g., A, B,
C... ) as labels for the business goals in order to avoid long strings.

3.2 Construction Principles

The indexing structure should respect a set of constraints/principles that assure
it will remain valid and well-formed even after any update operation (i.e. adding
a new variant).
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We have identifies three principles: Minimality, Coverage and Consistency.
They are presented here with a definition and an example.

Minimality

Definition: Each element of Δ has to be defined only once and should not be
derived from other elements of Δ.

Example: CPM1 = {Σ1,Γ1,Δ1} where:

– Σ1 = {A, B, C, D, E, F}
– Γ1 ={ }
– Δ1 = {A:B-C-D, A:E-F-C-D, B:E-F}

Being minimal imposes that Δ1 represents the optimal representation of alterna-
tives construction. With respect to this constraint, Δ1 should be Δ1= {A:B-C-D,
B:E-F} (see Fig. 3).

Minimality

-a- -b-

A

C DB

FE

F CE D

A

C DB

FE

Fig. 3. The minimality principle

Coverage

Definition: : By necessity and nature, the indexing structure must cover all
possible variants of the configurable business process model.

Example: In the example of Fig. 4 we can notice that possible variants generated
from Δ (i.e., Fig. 4.a) into Fig. 4.b do not cover all possible variants from the
Fig. 4.c.

Consistency

Definition: : Only defined variants should be deduced from the indexing struc-
ture and no extra ones are allowed to appear.

Example: : Considering that we have the list of defined variants in Fig. 5.a, the
tree from the Fig. 5.b is wrong with respect to the set of defined variants. In
fact we can deduce from it an extra variant which did not exist initially (e.g.
B-G-H). The tree depicted in Fig. 5.c is a consistent structure.
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Fig. 5. The consistency principle

3.3 Maintaining the Indexing Structure When Adding a New
Variant

When building the indexing structure, we start from a set of variants and we
add them, one at a time, in the current structure while assuring the principles
defined previously (see section 3.2) are not violated. When adding a new variant
of a goal, the idea is to check, using matching detection, whether the variant (or
parts of it) already exists in the indexing structure. There are three situations
that may occur according to the matching degree between business goals of the
new variant and those in the configurable business process model.

1. Perfect match: In this case the current variant to be inserted is entirely found
in the current data structure. In such situation there is no action to be taken
and the data structure remains as it.

2. No matching: In this case the current variant to be inserted is not found
in the current data structure, not even partially. The variant is inserted as
follows: all business goals composing the variant are added to Σ and the
variant description is added to Δ.
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Example: We want to insert the variant A:G-H-I in CPM1 = {Σ1,Γ1,Δ1}
where:

– Σ1 = {A, B, C, D, E, F}
– Γ1 ={ }
– Δ1 = {A:B-C, A:F-E, C:D-E}

The updated reference process model is then CPM1={Σ1,Γ1,Δ1} where:

– Σ1 = {A, B, C, D, E, F, G,H,I}
– Γ1 ={ }
– Δ1 = {A:B-C, A:F-E, C:D-E, A:G-H-I}

Using a tree representation, the variant is inserted as an alternative of the
variation point as shown in Fig. 62.

no match

-a- -b-

Add A:G-H-I

A

CB EF

ED

A

CB EF

ED

H IG

Fig. 6. The data structure (-a-) before and (-b-) after the insertion of a variant

3. Partial match: An intermediary situation is when a partial match occurs
between the process variant to be inserted and the current data structure.
In this case we distinguish two possible situations:

– The first situation occurs when the new variant has common parts with
another variant of the same business goal. A typical example is depicted
in Fig. 7. This example shows adding the variant A:B-H-I in CPM1 =
{Σ1,Γ1,Δ1} where:

• Σ1 = {A, B, C, D, E, F, G}
• Γ1 ={ }
• Δ1 = {A:B-C, A:F-G, C:D-E}

The new variant A:B-H-I has B in common with A:B-C. To add this
variant, an abstract business goal α is introduced to replace the differ-
ent parts of these variants. The updated reference process model is then
CPM1={Σ1,Γ1,Δ1} where:

• Σ1 = {A, B, C, D, E, F, G, H, I}
• Γ1 ={ α}
• Δ1 = {A:B-α, α:C, α:H-I,A:F-G, C:D-E}

2 All figures in the paper are following the BPM notation: www.bpmn.org
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Fig. 7. The insertion of a variant including an abstract business goal

partial match
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Fig. 8. The insertion of a variant with partial match without introducing an abstract
business goal

– The second situation occurs when the new variant has common parts
with another variant but not of the same business goal. A typical example
is depicted in Fig. 8. This example shows adding the variant A:D-F in
CPM1 = {Σ1,Γ1,Δ1} where:
• Σ1 = {A, B, C, D, E}
• Γ1 ={ }
• Δ1 = {A:B-C, B:D-E}

This situation is similar to the second case (no match) and the updated
reference process model is then CPM1={Σ1,Γ1,Δ1} where:

• Σ1 = {A, B, C, D, E, F}
• Γ1 ={}
• Δ1 = {A:B-C, B:D-E,A:D-F}

4 Related Work

Several approaches have been proposed for defining and managing business
process variants. In this section we state four current approaches dealing with
process variability.
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The first approach is the most intuitive solution to variability management.
It consists of managing a repository of process variants. Each process model is
stored as an individual entity in the repository. Users have to formulate a query
according to their requirements and the system should provide the most suitable
model. This approach has been explored by [7,8,9] where it reveals that it needs
a rich formal model for describing business process. In our work, we do not
use individual models because the main problems of this solution are resource
allocation and inconsistency. Indeed, (i) storing each variant individually leads to
duplicated data storage for common parts of the process models and (ii) in case
of new regulations enforcement, all process variants have to be updated which is
resource consuming and error prone task. In addition, variation points are not
explicitly handled and in [7], configuration-based modeling relies on querying
the process models repository based on structural aspects of the to-be process.
Therefore the business user has to know what are the possible process structures
he is allowed to ask for.

The second approach as it is presented in [4,3], overcomes the problems of
resource allocation and inconsistency. This solution considers a ”basic process
model” that represents common parts of all process models and variability is han-
dled as a global property containing a set of operations (e.g., add, delete, modify,
move operation). In fact, each variant is then generated via applying these oper-
ations on the basic model. However, the business user’s control becomes limited
to a set of operations generating rules which fire when they comply with all
the business requirements. These rules capture only non functional aspects (i.e.,
quality aspects like cost and performance) leaving out details about structural
and functional aspects of the variants.

The third approach consists of generating a global flat process model contain-
ing all variations and each individual model is generated by eliminating some
branches of the global model. [1,6] model process variability as explicit variation
points within the control structure of a flat configurable model. However this
solution poses visualization problems because, in a real world setting with a lot
of process variants, the configurable process tends to get very large. Therefore
the configuration model becomes difficult to comprehend and costly to main-
tain. But [11,12] reduced these problems by presenting a questionnaire-based
configuration which is much more user-friendly than previous solutions.

In [11,12], the user specifies his business requirements by answering a set of
domain-relatedquestions.Theauthorsdistinguishbetweendomainvariability (i.e.,
it is based on domain facts which are features that can be enabled or disabled)
and process variability (i.e., it is based on possible alternatives at a certain vari-
ation point). Both are related through a set of mappings such that the result of
the domain-specific questions are reflected in the chosen alternative for a variation
point. It is a very good option to make configuration user centric but IT experts are
still highly needed to define both domain and model variability and their mapping
which is manually performed and this makes the approach liable to subjectivity.

In addition, this approach is not flexible enough to manage modularity. Indeed,
if the user wants to configure a particular business function that is embedded in
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the global configurable model, he has to go through this model until reaching
the intended business function to be configured. In our solution this problem
cannot occur because we consider individual entities that can range from simple
activities to complete process models.

The fourth approach studied in [10], is similar to ours as it exploits a hi-
erarchical representation of the process into sub processes. The top level sub
process encompasses the core activities and their associated variability, which
is annotated by specific stereotypes, while the lower level sub processes express
all details related to higher level activities and variabilities residing in them.
However, the concept of hierarchical representation is supported more for hiding
complexity than for managing variability.

5 Conclusion and Future Work

Configuration-based modeling is an important approach for business process
management because it can decrease the modeling time and reduce the business
user’s work and risk to make errors. Configuration-based modeling is an itera-
tive process of refinement actions in which the business user is assisted to lookup
the most suitable process model depending on his requirements. Reviewing ap-
proaches that deal with configuration-based modeling, we have determined that
they manage business process variability under a single governance as well as
that they do not support modularity.

In this paper we proposed a structure for managing configurable process mod-
els. It is defined as a hierarchical indexing structure that captures process model’s
variability at the business goal level. We present a set of principles that the pro-
posed indexing structure has to comply with and we show how it is maintained
when adding a new variant to the configurable process model.

Our work is still in progress and continuous improvements are planned as a
future work:

– We plan to formally define construction principles. New ones could be defined
as well.

– A number of maintaining operations have not been yet explored or are still
under definition, for example the deletion of a variant.

– We intend to investigate and extend this indexing structure in order to pro-
vide support for other block patterns (we have presented only sequence pat-
tern in this paper).

– Our indexing structure is not exclusively designed for managing process vari-
ability. We eventually would experiment it in Mashups development environ-
ment to capture variability within Mashup applications.
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