On the Dynamic Configuration of Business Process
Models

Abstract. Business Process Models are a relevant input édévelopment of
information systems. Since processes are perforimédcreasingly dynamic
business environments, the processes are requoitesl ftexible and dynamic as
well, adapting to environmental changes. Thus,sitessential to properly
represent variability in Business Process Modelsredeer, in order to allow
for adaptive and autonomic systems, it is of pataménportance to reason on
the variability of a process, being able to selest optimal process
configuration for a given context. In this papeg present an approach for such
context-aware reasoning, on which the businessegsoconfiguration is driven
by Non-Functional Requirements. Using independentleisofor expressing
variability representation, configuration knowledgeontextual information,
and the process itself, we present algorithms amghamisms to perform
business process configuration at runtime, withaguiring human
intervention. Furthermore, we describe experimevdsconducted in order to
assess the suitability of our approach.
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Systems.

1 Introduction

Business Process Management (BPM) is a systemadicstauctured approach to
analyze, improve, control and manage processes thighaim of improving the
quality of products and services [1]. In organiaas that adopt BPM, the business
process models play a central role by capturingathag activities are performed. The
processes are becoming increasingly complex andrdggtneous, as they often
include activities of different nature involving qqae, software, and hardware placed
in diverse physical surroundings. Moreover, some@lieation domains that are
influenced by environmental, geographical and hufa&tors, such as logistics and
transportation (e.g., airline companies), have #ntain their processes updated and
valid in order to keep running their business pripélore than just changing them,
the companies need to be aware of quality constreimat affect their business
processes (e.g., security, reliability, performarace so on).

By involving elements of different nature, the preses are increasingly dynamic
and therefore more prone to changes [2]. HencefleRibility in business process is
vital in order to support this heterogeneity. Thesihess process models adapt to
changes by providing a description of (i) the péntst can be modified in the process,
(ii) the criteria that drive the modifications, afid) the mechanisms used to perform
adaptation. Business process flexibility can beieagt by several methods [3-6],
usually providing ways to represent the variabitifjpusiness processes and means to
perform the configuration of processes to obtainv nestances. However, the



configuration of business process models curraetigs on human experts, such as
business analysts, which are often expensive amndalmays available. In highly
dynamic and complex environments that require inatecadaption, this is no longer
acceptable. For example, an emergency, such asttanic ash cloud crises which
massively disrupted air traffic in Europe in 20X@d.atin America in 2011, calls for
immediate intervention.

Several works represent variability in businesscesses [3, 4, 7] and propose
mechanisms to modify the process models accordirthe situation. However, they
often lack the necessary guidance to become adaptaba given context, for
example the closure of the air space above a ndntght or due to bad weather. In
industrial settings the configuration is usuallyfpemed on an ad hoc basis, guided
solely by the analyst's experience. However, in endynamic environments, the
changes have to be performed more frequently asigspatically. Moreover, current
approaches that guide the configuration of procesdels usually just consider high
level quality constrains such as cost and perfoo@arOther important quality
attributes that could affect the business procassh as security and availability, are
seldom taken in account.

In previous works we introduced our approach tol deith business process
variability and its configuration using NFRs [5]dapontextual information [6]. We
investigated how to obtain configurations for bess process models that are aware
of contextual changes and that meet stakeholdesferpnces over non-functional
requirements. We have proposed a configuration gaodhat relies on contextual
information to identify change opportunities. Wesalclaim that Non-Functional
Requirements (NFR) [8] can define important conistsathat the business process
must comply to. Hence, we advocate the use of Ng-qualitative criteria to drive the
configuration of business process models and tipdicapion context-awareness in
order to deal with changes in the environment.

In this paper we break new grounds and presentlremrmributions. First, we
define the metamodel of the proposal based in ¢ineeptual model presented in [6].
The metamodel incorporates a detailed descriptibnthe modeling elements
including new connections and the linking with drest metamodel. It is very
important to describe a modeling language and theespondent tool support.
Moreover, it also allows the definition of consiviai using a specific language (i.e.,
OCL). We also improved some steps of our configomaprocess to include the
algorithms used to perform the configuration/getieraof process models. More
precisely, the last step of our process is detadegkplain the computation necessary
to select a configuration and generate a new psoneslel. Last but not least, we
present an assessment of our approach using aasiomubf business process models
execution.

The remainder of this paper is structured as fdlo®ection 2 introduces the
background information and some basic conceptstid®e8 presents our approach.
An assessment of our approach is presented inoBettiWe compare our proposal to
some related works in Section 5. Finally, in Setowe conclude the paper.



2 Conceptual Framework and Background

Our proposal concerns business process configaratising the notions of NF
and contextual informatioiWe rely on independent models for expressing viitiat
representationNFRs,contextual information, and the process itskifthe folloning
subsections we present the background on thesestolpi Figure 1 wedepictthe
metamodel of our approaclt includes he main concepts used in our approach :
as Variants, Variation Point, NFR and Context. Mwer, it also descrils the
relationships among them and the way how our masldinked to the busines
process modelHence, it consistof classeghat have attributes and can be linl
through association, aggregation and inheritantioaships.The BPMN model i
represeted using the Eclipse BPMN 2.0 m-model (package in dark gre The
metamodel was described using Ecore Languagenodeling facility of Eclipse
modeling  framework. The WorkflowPattern,  ContributionType, and
VariationPointOperator elements are of enumeration type, itey describe a set
values that the attribute of these types can assBuoee relationships are t
complex to be expressed by the modeling lanc. In these cases weave usecthe
OCL language to expre constraints and derivationsof-example, the constrai
involving VariantsRelationship andVariant classes, which statéisat a variant cann
requires or excludes itsewas expressed in OCL. Duegpace limitation we omit th
OCL constraintshi this pape
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Fig. 1. The Metamodel for o1 Approach

As a motivating example, let us consider cl-in (see Fig. 2yelated processes
the airport domain. Che-in is usually the first procedure for a passengéen
arriving at an airport, as airline regulatiorequire passengers cheickby certain
times prior to the departure of a flight. This dioa usually spanfrom 30 min to 4 t
depending on the destination and airline. During process, the passenger has
ability to ask for special accommodatioruch as seating preferences, inquire al
flight or destination information, make changeséservations, accumulafrequent
flyer programmiles, or pay for ugrades. The airline chedk*s main function,
however, is to accept luggage that is to go inaiheraft'scargo hold.



Several activities related to airport check-in msxare relevant and useful for the
proper definition of appropriate business proceesets (such as passenger check-in
policies and procedures regarding security, lugdegelling, passenger handling and
document validation). Check-in options and procedwrary according to the airline
as some airlines allow certain restrictions thdteotcarriers have in place, and
occasionally the same airline at two separate gspmay have different check-in
procedures.

These types of process runs in dynamic environnsémte the processes may be
affected by several factors such as load of pagsengecurity policies, weather and
so on. In the above scenario, it could be helgfuddnfigure the process according the
context changes but also considering the qualigfepences associated with the
check-in process.

2.1 Business Process M odeling

A Business Process Model consists of a set of ddlgiordered activities that are
performed to produce goods or services [3]. BPMB wgorkflow based language that
models business process based on flows of taski@ad Figure 2 depicts an example
of a process model. The tasks (rounded box) repressivities, while the decision
points (diamond shapes) represent choices thatbearselected, and the events
(circles) represent triggers that start or endaggss. In Figure 2 we have a sequence
of activities that are performed during the chatland boarding process. The process
starts with request of the flight ticket in ordenverify the flight information, and then
the check-in is performed. After that other airpoontrol checks are executed. The
last step is to board the airplane.
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Fig. 2. BPMN model of an Airplane Check-in and Boardingqass

Variability modeling in business processes modefgesents alternative ways of
how activities are performed including the actap@nsible for performing them, the
resources required, and so on. We rely on Variants Variation Points to describe
the desired variability. Variation Points are thubjects of change, while variants are
the objects of change [9]. In our case, both Vasiaand Variation Points are
represented by business process model fragmentser@b that Variants can be
included or removed from Variation Points. It is piortant highlight that the



variability information is stored in a specific neldwithout extension of the initial
business process model. See in Figure 1 that tiMN\BR part of another metamodel.

The description of a/ariation Point includes an identifier (hame), an operator
(AND, OR, XOR), a point of reference (begin and )eadd a list of th&/ariants that
can be placed in iVariants can be associated to one or muegiation Points. The
Variation Point in its turn begins and ends in points of the pssabat can be of any
type. Moreover, th&/ariants can interact with each other — e.g., they canirequr
exclude the presence of othériants on anothelariation Points.

In our approach, theariants will be related to &ariation Point through a pattern.
In order to describe the variants we use an identithe point where it should be
inserted, the dependencies that may be present graitern.Patterns are used to
indicate how process elements will be placed inréseilting business process model.
Note that we refer to workflow patterns describediterature [10]. It is important
remember that these patterns are specific for wmwkfanguages and differ from the
design patterns used in software development. Sktygres of workflow patterns are
available such as sequence, parallel split, exaushoice, multiple choices and so

on.
Reliability.
AND,
2R Time
Space Performancy
Performancy NG AND Fault
Tolerance’

Softgoal

-
0]
«Q
0]
3
[}

N
Al

Perform
Check-in

Fig. 3. Relating Variability, context and non-functionafjterements.
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2.2 Non-Functional Requirements- NFR

NFRs are requirements that describe qualities aodstrints. Requirements
Engineers have long relied on the concept of NFRJdéscribe and analyze the
requirements of systems and their relationship \ligh functional ones. The NFR
Framework [8] introduces the concept of Softgoatdpresent the NFR as well as
means to assess their satisfaction. NFRs can b&edethrough catalogues that
describe how to decompose and operationalize the NF

In our work we rely on the NFR Framework [8] to megent the quality attributes
required by our approach. Since we are udiRfR to configure the business process
model, it also needs to be linked to Nariants. The relationship between tiNFR



and Variants is expressed by contributions, which indicate fibsitive and negative
interaction among them. Figure 3 presents a simagliExample of catalogues for
Performance and Reliability linked to elements of our approach. Variant can
contribute to severaNFR (see Perform Check-in On Line), whilst a NFR can be
contributed by severdariants (checkAvailability). However, a/ariant has just one
contribution value to &FR at a time. In our case we adopt a numerical séadm
positive, with maximum value of 1, to negative withinimum value of -1. For
example,Delay Boarding variant has a very negative (-1) impact on Alvailability
softgoal (constraint).

NFRs are important for business processes moddlogever, they are seldom
considered during modeling. Some few approachely &ffpRs during the design by
means of extensions of business process modelngydaes. For instance, [11] and
Pavlovski et al. [12] take the Non-functional regunents into consideration during
the software design process. The former by using M&talogs during the design and
the latter by extending the BPM to incorporate NFiewever, neither considers the
variability in their solutions.

2.3 Contextualization

A Context is a partial state of world that is relat/to achieve goals [14]. In our
case it is relevant information that could affebe tbusiness process execution.
Contextual analysis is based on context annotatiémmotations are attached to
elements of a model in order to indicate what ertlevant context information that
can affect that part of the model. Hence, contdxiads of that model can be enabled
or disabled. During the analysis tbentexts can be associated fiacts andstatements.
Facts can be directly assessed, wiiiatements must be decomposed as facts.
Contexts are linked to sets dhcts that can be assessed to identify the validityhef t
context. In this paper, we adopted a simplified versionthad proposal of Ali et al
[14]. A Context is described in natural language, and it is comgasy Context
Expressions that allow the computation of validity of a contéx a given moment. A
Context Expression associates the values of the monitorable variabbesogical
expressions to assess if the context is valid ar no

3 NFR-Driven Configuration of Business Process

Our novel approach consists of five activitieBticit Variability, Describe
Variability, Analyze Context, Link NFRs & Variants andPerform Configuration. The
first four steps are performed at design time GSged). While the last stef@erform
Configuration is executed at runtime (see Fig. 6). Note that the configuratedriven
by a clear criteria. Hence the rationale for tHeaed configuration becomes explicit.
Moreover, it can be performed while the processesranning, i.e. it becomes run
time adaptable!
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Fig.4. The process of our appro:

Variability Elicitation. The process starts ligentifying and discovering possik
variations in a model. The objective is uncoverdifferent ways to carry out
process, the effects of the inclusion, change olusion of elements of the model.
guestionnaire can be used to help to identify rent perspectives in the busine
process models that were not clear in the initi@ldel. In order to perform th
elicitation we use an information analysis framew([16] that explores differer
facets of the information and obtain new data alitodthe elicitation produces a li
of variations that needs to be represented in aieeflect the nature of busine
process.

Variability Description. Once the possible variants and variation pointshet
process are identified, they need to be describedce, in this step we specify t
variations in terms of the standard BPMN notatigs. previously explained, w
represent the variations using ‘concepts of Variation Points and Varianfgariation
Pointis the place where the variation occurs. The vésiane described as parts
BPMN and associated with a pattern that indicates ih will be placed in the mode

Figure 5presents some variiss for the check-in. The Chedk-can be performe
in several ways, itanbe performedmanually (variant A) in the case where
check-in system idowr. It also can be executed at the airport byperator using
support syem (variant B), or by theassenger using an online checkmariant C.
There is also the possibility in combine two ‘s (variant D), which increas the
reliability of the proces

. N “erify Flight Perform Check-in Fill Check-in
[F’.equest Ticket Information }’F Manually }’F form ]
(A)
. “erify Flight Perform
) ) Werify Flight ) Perform Request Ticket }’[ B :
=] st Ticket Information Check-in
[ sauest T Information Check-in ]
® “erify Flight Perfarm
Information Check-in
Cnline Qnline
“erify Flight Perform
Infarmation Check-in ‘ Q)
Cnline Online

Fig.5. The process of our appros
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Context Analysis. The third activity in our approach is to identiflye Contexts
that could affect the model. It is performed bydsing the domain and the
relationship of the actors and domain concepts. [IA¢ user or system states in the
environment are described as Contexts. The Contexicapture what is going on as
well as the location related information (wherd).can also include the available
resources and other relevant information. A Coniextsists of expressions and
variables that need to be evaluated to check i€tmext holds.

We need to identify the relationship between thent€at and its Variants and
Variation Points. Note that the task can only befgemed if the Context is valid.
Hence, the Contexts represent the monitorablemeniinformation that will enable or
disable possible alternative ways to deal withghecess. The evaluation of NFR is
performed at design time and the result is usethatruntime. Hence, if the best
solution for a NFR is disabled due to the conthghtanother one can be considered.

Linking NFRs and Variants. In this fourth step we identify the NFRs that are
critical for the process. Moreover, we define tiipact of each Variant to the NFR by
means of contribution links. This information cae gathered interviewing experts
involved in the business process, using requiresneatalogues or any mix of
elicitation techniques. Note that the NFR analgsin indicate that several (possibly
conflicting) non-functional requirements are torhet.

Once the NFR are identified, we perform the linkhgénveen the process variants
and the requirements. These links will be represknsing matrices (not shown due
to space limitation), which is a usual and scalaulleition for representing this kind
of information. Moreover, matrices allow the constion of views containing only a
partial representation of the variants and theirements, simplifying its analysis.

NFRs can be used to prioritize the Variants, wHezdd to the selection of the
configuration. Since many alternatives can emengind the elicitation process, the
contribution analysis can be time consuming. Howewe claim that the use of
NFRs as selection criteria can help to reduce th@bility space and thus drive the
modification process.

Configuration of Business Process. The configuration of process is a critical step
in our approach. All the collected and modeled rimfation is used to obtain new
process models. In this last activity we consither Yariation Points and the Variants
of the business process, and assess how they itfganbn-functional requirements.
This information can be used to support the coméigon itself (see Fig. 6). It can be
performed based on Variants selection or the nritital NFRs.

Mo
Define new
configuration

Prioritize NFR Context
Monitoring Priortize MFR
O B)E

Change NFR priority
Fig.6 . ThePerform Configuration sub-process

e
End process? =8

Change In Context

Some solutions only rely on expert judgment and BIE® resolve conflict at
design time [8]. Since we are dealing with runtiaskaptability, it may not be possible
to rely on experts (e.g., they could not be avélamymore). In our approach we
require theNFR prioritization to be conducted before enteringhia monitoring loop



(see Fig. 6). It is performed by an analyst, wheigass weights to eachiFR
according to their priority weights. Moreover, tariation Points must be associated
to aContext independentariant.

There are several ways to sort out priorities vasiausingNFRs. A common
solution is to rely on weighted averages, wheretrdmtions can be counted and
weighed according th&lFR. Although, this method is intuitive it could hidae
interaction between th8lFRs. In order to obtain a global ranking that taketin
account the local interactions we adopted a mudiliga decision making method.
We chose the Analytic Hierarchical Process (AHP)] [hethod which generates a
global preference measure based on the choice amltergatives. The AHP was
selected because it fits well with the structuresduin our approach. For example, the
hierarchical criteria are represented by the NF&dgosition, while the preferences
among alternatives represented by the contributadngariants to NFR. Moreover,
the use of priorities over NFR is also taken incartt by the AHP.

According to process described in Figure 6, thet séep is to start the Context
Monitoring loop that will detect changes in the @t and NFR priorities. Note that
if changes in the contexts are detected, a sefeofi@ new configuration is required.
Each Variation Point is evaluated to identify tharint that better fits the non-
functional requirement, i.e., the Variants with thighest positive impact on that
given NFR. This evaluation is automatically perfedn

Let us consider N as the set MFRs, Var as the set o¥ariants, VP the set of
Variation Points, C as the set ofontexts, andcontrib(v,n): the value of the
contribution link from the variant to theNFR n. The contribution function varies in
the following rangel = contrib > —1. The NFR have weightsy ) associated to
them to express their different priorities.

1 for all ce(C do

2 validate(c)

3 end for

4 for all vp €VP do

5 for all v; € Var, where v is part of vp do

6 if isValid(v;) then

7 validVar(i] = v;

8 for all n; €N do

9 contribMatrix[i][ j] = contrib (v;,n;)
10 end for

11 end if

12 end for

13 end for

14 ranking[] = AHP(contribMatrix[][], validVar[], w)
15 solve(VP,ranking[])

Fig. 7. Configuration algorithm

First, the algorithm (see Fig. 7) computes thedvabntexts (lines 1-3). After that,
the Variation Points are evaluated to identify Waéd Variants (lines 4-6). A Variant
can be valid for one VP and invalid for anotherefighare two ways to be valid: being
associated to a valid context, or having no comdssbciated to it (default situation).
The validVariants are included in a specific set (line 7), and tleeintributions to the
NFR are computed (lines 8-10). The set of valariants and their contributions to



NFR are the input for the AHP method that will computeglobal ranking of
preference amonyariants. In its turn, this ranking is the input to a sahtkat will
derive a valid solution considering the relatiopsh{i.e., exclude and include) among
the Variants. Another trigger for the changes is priority machtion. Note that if the
priority of aNFR changes it is dealt with similarly to the contettahange.

Once the set oVariants is selected they are grouped in a new instanctheof
business process model. Ea¢ériant has its pattern evaluated and the appropriate
action is selected. The set of flow elements thatdmposed in the variants can be
placed in parallel to any other variant in the sawagiation point. The action
substitution means that the original task will placed by this one. We have
implemented these changes in the model using theryQualidate/Transform-
Operational (QVTO) model transformation languad#.[Due space limitation we do
not present the model transformations but it aheérosupport material are available at
[21].

We have also used the Eclipse platform modelindsttm develop an editor that
creates configuration models based on the metadneddiegure 1. The initial BPMN
is inputted and transformations associated withptiteerns are applied.

4 Approach Evaluation

In this section we present an experiment that veafopmed in order to evaluate
some characteristics of our approach. An importamstion to answer is, do the
models produced by our approach are more adapeterivironment than a standard
process?

The experiment was executed using the Bonita Opéuti®n 5.6 business process
simulation engine. This environment allows the espntation of the process data,
simulating the environment resources available xecete the activities, and the
configuration of time. Hence, we were able to coliine variables of the experiment,
allowing for a reproducible study.

The objects of study arbusiness process configurations generated using our
automatic configuration approach. These models werapared with respect to a
basic process, using theame scenarios. The purpose is to evaluate the business
process configurations generated with our approaehmifying if they actually
improve the process in different context settings. Thdityufocus is theperformance
of a given process configuration, running in a dated environment. Two
dimensions of performance were considered:titine required to execute a process;
and theresources required to execute a process. Teespective is the researcher's
point of view. The models used in this experimemravproduced by one of the
authors of this paper, and are an extended version optbeess depicted in Fig. 2.

Hypotheses, Variables and Measures. In this experimental study we focused on
the following research questions, defining the eesipe sets of null and alternative
hypotheses:
 RQ1: Considering the use of NFRs, do the modelsiymed by our approach

consumes leseesources and require lesime to execute in comparison with a
standard business process configuration?



 RQ2: Considering the adaptation to a context chasigeéhe models produced by
our approach consumes lesssources and require lesgime to execute in
comparison with a standard business process coafign?

From these research questions, we generated thwifog hypothesis:

* Hpl: The business process models produced by oupagiprwhen considering
the use of NFRs to configure the models, do noseom less resources or less
time when compared the standard process;

* Hy2: The business process models produced by oupagiprwhen considering
the adaptation to a context change, do not condasgeresources or less time
when compared the standard process.

If the null hypothesis can be rejected with relalyy high confidence, it is then

possible to formulate alternative hypotheses:

» Hjl: The business process models produced by ouoagprwhen considering
the use of NFRs to configure the models, consurse flesources and less time
when compared the standard process

e Ha2: The business process models produced by ouoagprwhen considering
the adaptation to a context change, consume lsssinees and less time when
compared the standard process.

The independent variable of this study is the miadahethod which can assume
one of the values inJandard, Adaptable} — standard is a traditional BPMN model,
without variability; adaptable is a process modeherated with our approach,
including variability, contextual and non-functidnaaformation. The dependent
variable is the performance measured using the utectime (in hours) and
resources consumption (in cost). Resources consumption degdupersonnel costs,
equipment costs, fares, and so on. Both dependeigtbles were calculated by the
simulation engine, considering estimated time asurces required to perform each
activity of the process. Also, both dependent \@es are inversely proportional to
the performance, i.e. the lowest the value of executidime and of resources
consumption, the better thmerformance. The measure variables were the average
execution time by instances in hours and the averagmurces cost by instance in
dollars.

Design and Execution. A basic requirement of an experiment is the gbiio
control the object of study and its parametersc&iour approach allows modifying
several parameters first we need to control whaarpater will be modified. We
designed the experiment to assess the impact ¢éxtoial changes and the impact of
NFRs priority change. Two scenarios were desigied:case where there are no
changes in context (S0) in the environment andsituation where there are changes
(S1). In the SO scenario we block the value of extoial information and change the
value of NFRs’ priorities. This way we can see tmpact of changing the NFRs’
priorities over the process. In the S1 scenario,chwange the value of a context
variable and repeat the simulations to verify theact of contextual change over the
resulting process models.

A standard check-in and boarding process describethe literature [2] was
considered the standard business process moddFfigset). Afterwards, we used our
approach to design a new business process modetsl flmm the change in the S1
scenario. For each, scenario we simulated the wedide and without contextual
change. For instance, the variapeform on-line check-in and use jetbridges to



board can improve theerformance of the process by reducing the waititigne.
However, this type of alternative can increasedtsts or may be unavailable at the
moment when the process needs to be executed.elrsdbnario with contextual
change we consider than-line check-in is unavailable; this change will force the
selection of the variarPerform Check-in task at the airline counter. We decided to
use only a single contextual change in order ttaisathe change effect, and avoid
uncontrollable results. However, if the contextsrai have cross interaction other
context changes could be defined as well.

In order to describe the impact of the context hie process we based our
estimate in the data related to the air trafficagielecently experienced in European
airports [19]. The simulation data requires theneative of the tasks duration, the
resources costs, and the number of involved pelséioa example, the collected
information could help to estimate how much timenécessary to perform the task
Conduct Boarding. As consequence of being based in real informatiersimulation
scenarios are more close to the real situation.

Results and Analysis. The simulation was performed for the 6 procestesied
in two groups: 3 processes for scenario SO ando8egses for scenario S1. Each
process was instantiated 100 times to obtain tleeage values presented in Table 1
and 2. Table 1 shows the results of the simulagigcution for the SO scenario and
the Table 2 the result of S1 scenario. The simdlaterval was one month, with
working time of 24 hours per day. We consider thé process could be performed
at anytime of the day since many airports operdtbdurs a day.

Table 1. Simulation results for scenario SO.

Modeling method Standard Adaptable Adaptable
NFR considered None Performance Reliability
Execution Time by instance 0.916 0.616 1.049
Resources Cost by instance 9.27 7.425 7.175

Table 2. Simulation results for scenario S1.

Modeling method Standard Adaptable Adaptable
NFR considered None Performance Reliability
Execution Time by instance 0.916 0.666 0.916
Resources Cost by instance 9.321 9.642 9.212

Considering theéexecution time by instance variable we can identify a very small
difference between the average values for the sicemdth and without contextual
change. This is expected, since in the scenaribowitcontextual change all process
variants are available.

Comparing the configurations generated using odagtable) approach with the
standard configuration in Table 1, we can see ttimtconfiguration driven by NFR
reduces the execution time. In the case on whicRerformance is the NFR with higher
priority, several variants that contributes poglw to improve the process
performance reduces the overall execution timer-irfstance, it is faster tboard
with a jetbridge than usingstaircase. The same goes for the configuration generated



prioritizing reliability, since in this process configuration there araviiets that
contribute to reduce interruptions and to improvailability in the process.

If we consider thaesources cost results, we note that the configurations without
contextual change have a smaller cost. This hapbeocsuse the contextual change
suppresses the variant that points toRbBgorm On-line Check-in activity. Moreover,
the on-line check-in has a smaller cost than check-in performed at the airline
counter. In general, the configured processes tdferent behaviors for theost, for
instance, theperformance prioritized process uses variant that prioritiZee t
performance without regarding theost of the alternatives.

Discussions. In this section we relied on simulation as an eicgd tool to present
a preliminary assessment of our approach. We detebere is a relationship between
how the process model behaves according to thegekafie., NFRs and Contextual
information), and its performance. Considering ttesource consumption and
execution time we can reject the null hypothesgé End H2, and accept the
alternative hypotheses,Hand H2.

Moreover, we conclude that our adaptable approah dightly improved the
execution time for the check in procedure. Sinhgs is a process to be executed by
all passengers to be flown, the small gains carugdd enormous benefits.

There are threats to the validity of our study. Eesample, thereliability of
measures — our measures were compiled from thdagiomwreports generated by the
simulator. In order to deal with this threat weesttd just average measures and
discarded outliers. There are aldesign threats, such as the interaction among
treatments and the mono-method bias. In orderdocethese threats we combine the
treatment with different settings including the usé different NFRs such as
Performance, Reliability and as parameters for pimecess configuration, and
repeating the simulation with and without contektf@anges

5 Related Work

It is well known that some approaches also rel\Software Product Line principles
to deal with variability in BPM. For instance, Saduhers and Puhlmann [7] propose
the extension of business process modeling languadgedescribe variability.
However, they do not provide mechanisms to drive tonfiguration of process
models. Neither consider NFRs and contextual inftiom as we do.

There are also some works that provide mechanismsietp to drive the
configuration of Business Processes. For exampée,Rbsa et al. [3] propose a
guestionnaire based approach that relies on caoafidgl process models to obtain
new instances of BPM. The users receive guidanaingiithe configuration by
answering questionnaires. Their approach is ineiibut it has a limited application
for run-time self-configuration since it requirdgetuser intervention to produce new
versions of the model. Note that our proposal algoports user interaction to guide
the configuration process, e.g. the change in NFBripzation. However, human
interaction is not required at run-time stage toegate new process models.

Lapouchnian et al. [20] offers a goal oriented apph to configure BPM. They
obtain business process models from annotated gualels. Moreover, they



configure the process model using NFRs represdntesbftgoals. Our approach also
relies on NFRs. However, we adopt a completelyedéfifit structure to represent the
BPM and variability. We start from a reference mex model and represent the
variants as process chunks instead of using argodél. In doing so we maintain the
representation in the same abstraction level withlo& need to annotate or convert
the models. Besides, we also use contextual infibomato support dynamic
configurations.

De La Vara et al. [15] proposes an approach fotednalization of BPM. They
rely on the context analysis of Ali et al. [14] represent the contextual information.
Additionally, they guide the definition of contex@nd inclusion of contextual
information in the BPM and allow characterizatiohvariants based on the context
information. Our approach also relies on conteiiswever we deployed a different
strategy. We defined the variants and variatiomipbefore the inclusion of context
information. Moreover, we used NFRs to guide theai®n of a configuration and
we did not extend the business process modelingukege to include the contextual
information. In doing so our approach can importvBPmodels designed by any tool
based in the Eclipse framework BPMN 2.0 metamodel.

6 Conclusions and Future Work

In this paper we proposed a novel and flexible aggin for the configuration of
business process models. It relies on contextfainmation and NFRs. A process was
outlined. It includes the elicitation of variabylitnformation, which is central to the
configuration process itself. Besides guiding tbafiguration with clear criteria, this
approach also provides the rationale for the seteconfiguration.

We have proposed an approach that keeps the \ayiatgpresentation and
context-information separate from the business gg®cmodels. In doing so, we
traded off intuitiveness for the sake of flexihjlitFor instance, we did not need to
extend the BPNM to deal with variability. Moreover relied on patterns (i.e., work-
flow patterns) and analysis algorithms (i.e., SAdlvers). Hence, we envisage that
our approach could he used with different busipgssess modeling languages, i.e.
few modifications are expected.

Different from some other approaches that suppg@tNFR evaluation (e.g.,[8]),
we do not require the user intervention to solvaflads during the configuration
phase. If necessary our approach could also supigomteraction with user to update
their preferences, i.e., to change priorities ofRNIHowever, it is not mandatory to
produce a new version of the model.

We consider that the most critical part of our &agh is to relate the degree of
impact of each variant to the NFRs. This could beeed through the creation of
catalogs which could help to define, for each kirichctivity in a business process,
the impact of that activity on specific NFRs.

Some may claim that the approach might be time woihyy, as each element in
the business process may experience several wasatiCertainly, the elicitation
effort is also related to the number of non-funutib requirements under
consideration. However, this seems to be an inbhgmablem of any approach that



deals with variability, since the amount of vagais that may arise in real situations
is potentially large. We believe that further impements, currently under way, such
as the automation of some of its steps and thetaaopf mechanisms to handle
complex models, could minimize these shortcomings.
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