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Abstract—A ppropriate description of business processes through
standard notations has become one of the most important assets for
organizations. Organizations must therefore deal with quality faults
in business process models such as the lack of understandability and
modifiability. These quality faults may be exacerbated if business
process models are mined by reverse engineering, e.g., from existing
information systems that support those business processes. Hence,
business process refactoring is often used, which change the internal
structure of business processes whilst its external behavior is
preserved. This paper aims to choose the most appropriate set of
refactoring operators through the quality assessment concerning
understandability and modifiability. These quality features are
assessed through well-proven measures proposed in the literature.
Additionally, a set of measure thresholds are heuristically established
for applying the most promising refactoring operators, i.e., those that
achieve the highest quality improvement according to the selected
mesasures in each case.

Keywords—business process model, modifiability, refactoring,
understandability

|. INTRODUCTION

BUSINESS processes define a sequence of coordinated
activities aimed at archived the common business goals
defined by companies and organizations [1]. Business
processes are nowadays considered as one of the most
important intangible assets for organizations. The main
business processes advantage is that organizations are more
agile for adapting their business goals according to the
changes in uncertain environments. It alows organizations to
keep, or even increase, their competitiveness. For this reason,
companies and organizations recognizes as a critical
requirement to manage business processes with the adequate
quality degree, i.e, without faults that influence
understandability or modifiability among others features.
Indeed, understandability and modifiability proved to be two
of the most important features to accomplish business
processes with appropriate quality degrees [2, 3]. A potential
and promising solution in order to improve understandability
and modifiability of business process models is refactoring
techniques. Business process refactoring are a set of
techniques and algorithms devoted to change the internal
structure of business process models without changing or
atering its externa behavior. The refactoring techniques make
it possible to improve quality features to get business
processes models that are more understandabl e and modifiable
by business expert, which saves management costs [4].
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The side effects of business process quality faults usualy
become worse when business processes were retrieved
through reverse engineering from existing information
systems. This fact is due to any reverse engineering technique,
which increases the abstraction level, undergoing a loss of
semantics. For example, business process models mined by
reverse engineering would probably have a vast number of
nested gateways, which may imply a higher business process
complexity. In these cases, the retrieved business processes
could be refactor toward alternative models less intricate, and
therefore, more understandable by business experts. As a
result, a higher understandability and modifiability of business
process model s contributes to maintain them with less effort.

Unfortunately, refactoring techniques entaill some
challenges. One of the most important challenges is to know
when a particular refactoring technique should be applied.
Business process refactoring applies different refactoring
operators to business process models, which replaced existing
fragments for equivalent ones improving quality of such
models. Most authors often propose in the literature
refactoring operators that are applied following one of the two
following approaches. The first approach arbitrarily applies
the whole set of refactoring operators that are available. On
the opposite way, the second approach applies a sub-set of
refactoring operators according to an expert decision. Both
approaches do not ensure that the applied sub-set of
refactoring operators is the most appropriate and consequently
provides the greatest gain.

The goal of this paper is to provide a mechanism to detect
the most appropriate sub-set of refactoring operators to be
applied to business process models attending to quality
criteria. The quality-driven business process refactoring makes
it possible to obtain a higher improvement in terms of the
understandability and modifiability. The understandability and
modifiability are evaluated in this paper by using well-proven
measures proposed by Rolonetal [5 6], Cardoso[7], and
Sanchez-Gonzalez et al. [2]. This proposa then establishes a
set of thresholds for each measure taking into account the
theoretical values of these measures, which can be used as
indicators for applying a particular set of refactoring operators
in each case to improve the business process moddl.

The remaining of the paper is organized as follows: Section
2 summarizes related work. Section 3 introduces concepts
related to quality of business process modes (i.e,
understandability and modifiability) and presents measures to
be evaluated. Section 4 provides the whole set of refactoring
operators together with the proposed indicators to be applied
in each case in Section 5. Findly, Section 6 discusses
conclusions and future work.

Il.RELATED WORK

There are many stakeholders in qudity issues when
modeling business process. This interest has grown in recent
years and many researchers have investigated the impact of
the characteristics of qudity in business process models. All
of them conclude that it is necessary to promote the
understandability and modifiability in a business process
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model because they are a key artifact in the dewvedmt
information system. The main objective of all woik to
determine which parameters influence the understafity
and modifiability as in the work of [2, 3, 6, 8, 9lhese works

propose several metrics to measure these quality General Division
characteristics as the number of tasks, the nunifer 2503x : 2504x
connectors, etc. Rec?t?i?ggent I Céir?g;atloot\rl]eer\ggﬁzgg E\%ﬂ%n
Other works like [4, 10, 11] propose to improve theality Bivision Division
of business process models through refactoring #mas, Planning and
making process models better understandable aridr das Management
maintain. To do this, they propose various scesatlmat 1
would need to refactor to improve the model andtwjyze of 2502x
refactoring is necessary to apply. Quality Metrics
Division

However, none of the above proposed to use thetgual

measures of understandability and modifiability digcover
those scenarios where it would be necessary toeimght
each of the refactorings proposed and, thus, be tabapply
the most appropriate set of refactorings insteaapplying all
of them indiscriminately.

Ill. BACKGROUND

The quality of product is one of the most importasues
currently in the development of Software. A
published ISO/IEC 25000 provides a guide for the okthe
new series of international standards, called Swf#wQuality
Requirements and Evaluation (SQuaRE) [12]. SQuaRiRd
second generation of standards for the quality affware
product, is an evolution of ISO/IEC 9126 and ISQ@IE4598.
Its main objective is to guide the development stivare
product with the specification and evaluation ofalify
requirements, establishing criteria for the speatfon of
quality requirements of software product, measurégmeand
evaluation. SQuaRE is comprised of the followingision
(seeFig. 1).

This paper focuses on the quality model divisiS@8OMNEC
[13] classifies the quality attributes of eight chcteristic (see
Fig. 2). Each characteristic is composed of a $etelated
subcharacteristics. Among these are understangatzihd
modifiability, both are subcharacteristics of usibiand
maintainability, respectively.

The definition of these subcharacteristics
understandability (appropriateness recognisabilitg) the
degree to which users can recognize whether thduptas
appropriate for their needs; and modifiability e tdegree to
which a product can be effectively and efficienthodified
without introducing defects or degrading perforn@anc
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2501x
Quality Model Division

1
2500x
Product Quality

Fig. 1 ISO/IEC 25000 divisions.

Funtional
Suitability

Performance

efficiency
Compatitibility
Usability
ISO/IEC
25010
Reliability
Security

Maintainability

Portability

Fig. 2 ISO/IEC 25010 characteristics

To measure these two characteristics can be usagumes.

Currently there are many measures to measure the

arainderstandability and modifiability, that shown filowing

section, which have been empirically validated tigto
several experiments.

A.Measures to assess the understandability and

modifiability

This section shows a set of measures defined tsunedhe

understandability and modifiability of a businessoqess
model. The ten first measures have been propos&blon et
al. in [5, 6], the eleventh have been proposedhydosoin
[7] and the latter have been proposed3dnchez-Gonzalez et
al. in [2]. Below are their definition and their abhbi&tions
that are used throughout the document.

« Total Number of sequence flo¢ENSF): This variable is
related of number of sequence flows in a business
process model.

e Total Number of even{§ NE): This variable is related of
total number of events in a business process model.

1SN1:0000000091950263
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» Total Number of Start EverfTNSE): This variable is + SequentialitySeq): is the degree to which the model is

related of total number of start events in a bussne constructed out of pure sequences of tasks.

process model. * Depth (Dep): defines maximum nesting of structured
e Total Number of Intermediate EverfTNIE): This blocks in a process model.

variable is related of total number of intermediatents - Gateway MismatcHGM): is the sum of gateway pairs

in a business process model. that do not match with each other, e.g. when an AND
e Total Number of End Ever(TNEE): This variable is split is followed by an OR-join.

related of total number of end events in a business Gateway HeterogeneityGH): is the extent to which

process model. different types of gateways are used in a procexiem

» Total Number of gateway$TNG): This variable is
related of total number of gateways in a businessgss Table | shows each measure and their associatitintie

model. characteristics of understandability and modifidpil
« Number of sequence flows from evéNSFE): This according the authors.
variable is related of total number of sequencedlin a TABLE |
business process model whose origin is an event. MEASURES OFQL_J_AL'TY CHAR’_\_CTE_B'ST'CS
* Number of association flonNAF): It is the number of T’zllsessure Unders.tandab'“ty Modifiability Pr[c; p%S]Ed by
association flows in a business process model. '
TNE . 5, 6]

* Number of sequence flows from gatew@ySFG): It is

[
the number of message flows in a business process ¢ [5. 6]
model whose origin is a gateway. NSFE ¢ [5, 6]
» Connectivity level between pool€LP): Is the ratio NAF * [5. 6]
between the number of messages flows between pooigs':G ¢ ¢ [5. 6]
and the number of pools. CLP . [5. 6]
« Number of data objects which are outputs of adggigit NPOOUt . [5. 6]
(NDOOuL): This variable is related to the numbedafa ~ NPOIn . [5. 6]
object which are output of activities. CLA o [5. 6]
« Number of data objects which are inputs of actwiti CFC . J [7]
(NDOIn): This variable is related to the numberdata NN o (2]
object which are input of activities. Di o [2]
e Connectivity level between activiti€SLA): This is the  Den o U [2]
ratio between the total number of activities an@ th ccC o o [2]
number of sequence flows between activities. AGD . [2]
» Control flow complexitf CFC): This variable is the sum MGD o 2]
over all gateways weighted by their potential sep . 2]
combinations of states after the split. Seq o o 2]
* Number of Nodeg¢NN): This variable is related to the pep . 2]
number of activities and routing elements in a hess gum " " 2]
process model. GH o o 2]
« Diameter(Di): The length of the longest path from a start
node to an end node in the process model. IV. REFACTORINGOPERATORS

» Density(Den): Relates to the ratio of the total number of
arcs in a process model to the theoretically marimu
number of arcs.

» Coefficient of ConnectivityCC): relates to the ratio of
the total number of arcs in a process model tdoial
number of nodes.

» Average Gateway Degrd@GD): expresses the average
of the number of both incoming and outgoing arcthef

Below are the most relevant scenarios in whichsit i
necessary to apply a refactoring operator, whichehaeen
collected from the literature [4, 10, 14, 15]. Adpwith these
scenarios shows a identifier, for further idengfion, a brief
description that shows an example of applicationbrief
discussion about it, the measures used for detedfothe
mentioned in previous section, the refactoring afmer that
would be necessary to apply and the improvemermrexdf by

. Eﬂateyvay nodé,-stmthe plr:;) cess n|\1/|(g[e)l.- i th the application of this refactoring operator in the
aximum  Gateway Degree( ) captures N understandability and/or modifiability.

maximum sum of incoming and outgoing arcs of these

gateway nodes. A.RS1: Names of activities or processes not defimed i
 Separability (Sep): is the ratio of the number of cut-natural language

vertices on the one hand, i.e. nodes that serbeidges 1) Description

between otherwise disconnected components, tothet  The activities and processes should have a distenoame

number of nodes in the process model on the other.  that reveals its purpose. By obtaining the busin@ssess
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model from reverse engineering and considering that
source code was developed following
nomenclature (classes that start in uppercase, rtase
starting methods, no spaces between names, digjties and

processes have a proper name without spaces.l lheét to

separate the words and place the first characfggropse as it
shown in Fig. 3.

checkWeather |:> Check Weather

Fig. 3 Refactoring Operator 1
2)Discussion

Studies suggest using a nomenclature based onla ver

object format. In this case, this nomenclatureatssfied and it
is only necessary separate the words to fit theuraht
language.

3) Refactoring Operator

RO1: Separate words considering that an uppercas

character indicates the start of a new word anders¢v
consecutive uppercase characters indicate a single
(usually short).

4)Measure for its detection

There is no measure for detection. It applies tacivities
and processes

5)Improvements after refactoring

Model improves the understandability.

B.RS2: Nesting unnecessary
1) Description

By obtaining the business processes model fromrseve

engineering increases the possibility of nesteéwgays that
increase the complexity. In these cases, shoulsubstituted
for equivalent alternatives more easily understbgdusers.
Thus, increasing the understandability of the maahel makes
maintenance less expensive. An example is showigird.

A\
L VAN
¢ ':

Fig. 4 Refactoring Operator 2
2)Discussion
Several studies show that this complexity in theletdeads
to a lack of understandability. There are also istudhat

propose measures to compare the similarity of wuario

structures.

3) Refactoring Operator

RO2: If there are two or more nested gateways @fsdme
type replace with a single gateway.

4)Measure for its detection

Den, NN, TNG, NSFG, Dep, Sep, AGD.

5)Improvements after refactoring

Increase the understandability and modifiability thfe
model.
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C.RS3: Nesting unnecessary 2

appropriate 1) Description

By obtaining the business processes model fromrseve
engineering increases the possibility of neste@wgays that
increases the complexity. In these cases, shouklibgtituted
for equivalent alternatives more easily understbgdusers.
Thus, increasing the understandability of the maatel make
maintenance less expensive. An example is showigirb.

Task 1

>3
e Fig. 5 Refactoring Operator 3
2)Discussion
Several studies show that this complexity in theletdeads
to a lack of understandability. There are also issidhat
propose measures to compare the similarity of wuario
structures.
3) Refactoring Operator
RO3: If there are two or more nested gateways ®fsdme
type replace with a single gateway.
4)Measure for its detection
Den, NN, TNG, Dep, Sep, AGD.
5)Improvements after refactoring
Increase the understandability and modifiability thfe
model.

D.RS4. Redundant fragments

1) Description

In a business process model may exist fragmenacong
the same flow control logic. This makes maintenanuge
expensive since a change in the model must be gatea to
all occurrences of that fragment manually and tiésy impact
matching errors. An example is shown in Fig. 6.

\,

Fig. 6 Refactoring Operator 4
2)Discussion
One of the most common reasons for this redundanthe
models is due to the tendency to use copy-pastis. CHuses
that a simple change in one of them must be reisswaually

1SN1:0000000091950263
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in each of its occurrences. Numerous articles are 3)Refactoring Operator
recommended to define this fragment only one glgbt ROG6: Exclusive gateway is added between theseitaesiv
prevent errors and improve understandability. This refactoring should be done before RO4 and RO5.
3) Refactoring Operator
RO4: These duplicated fragments become a singlglexm
activity that is referenced in the model. Tk Task‘*]
4)Measure for its detection
For their achievement metrics can be used to déterthe
similarity between two fragments of the model agppsed by @
Dijkmanin [4].

5)Improvements after refactoring

Increase the understandability and modifiability thfe L AN

model. X /
E.RS5. Consecutive small activities
1) Description Fig. 8 Refactoring Operator 6

By obtaining the business process model from revers 4)Measure for its detection
engineering is possible to obtain many small takd not CLA
represent large amount of business logic. If thetwo or 5)Improvements after refactoring
more consecutive activities that access (read andfde) Increase the understandability of the model.
only to the same data object and they are exedyt¢lde same
role this can be a symptom that can be groupeddrgmgle
activity that represents the same behavior. An g@lanis
shown in Fig. 7.

G.RS7. Start and/or end events not connected

1) Description
By obtaining the business processes models frorarsev
engineering is possible that the models are nobhected with

[Taskl H — H — ] the start and/or end event as is shown in Fig. 9.
A O O

Data 1l Datal

Fig. 7 Refactoring Operator 5

Fig. 9 Refactoring Operator 7

2)Discussion

In the business process models is possible thate som
activities have similar semantic [15].

3) Refactoring Operator

RO5: These small activities become a single agtiwiith
the same behavior.

In this refactoring should be given a name to tksvn
activity that is representative. One option is ti {he name of event.
the first and last a}Ct'V'ty' . 4)Measure for its detection

4)Measure for its detection TNE. NSEE. CC.

Metric proposed by [15], NAF, NDOOut, NDOIn, Seq. ’ !

5)Improvements after refactoring

Increase the understandability and modifiability thfe
model. H.RS8. Several end events

1) Description

By obtaining the business processes models frorarsev
engineering is possible that there is a more of ek event.
Fhis is shown in Fig. 10.

2)Discussion
All business processes models must begin with staeht
and finish with an end event.

3)Refactoring Operator

RO7: Making the connection between the first attiand
the start event. The same way with the last agtavitd the end

5)Improvements after refactoring
Increase the understandability of the model.

F.RS6. Bad practices in business process modeling

1) Description

By obtaining the business processes from rever
engineering is possible that the models don't feligood

practices in the BPMN modeling. In these cases sit i (&
recommended to add an exclusive gateway as is shotig.
8. (D ‘
2) Discussion
In many articles is recommended as good practicesto .
Jco(;inr:iis:d splitters. The application of these gatgs should Fig. 10 Refactoring Operator 8
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2)Discussion TABLE Il
When there are more than one end event the RELATIONS BETWEENMEASURES ANDREFACTORING OPERATORS
understandability decrease. For this reason, fiteisessary to Measure © O Q8 S 8 8§ 5 8 8
use similar fragments to provide more understatitiabi e & & & o & xr o &
3)Refactoring Operator TNSF
RO8: All end events will be grouped with an exchesi g . e
gateway, i.e., the flow finishes when one of thesiole paths |5 . e
activates the gateway. Apply after RO7. NSFE .
4)Measure for its detection NAF .
TNEE.
5)Improvements after refactoring NSFG ¢
Increase the understandability of the model. cLp
NDOOut ¢
I. RS9. Several consecutive activities NDOIN
1) Description CLA . .
By obtaining the business process models from sever cgc
engineering is possible that many activities aréaioled in . .
succession. This is because each method is repedsas an .
activity and may be a method invokes another metmati so Den . e
on. An example is shown in Fig. 11. ce .
[Taskl ]—)[ Task A ]—)[ Task B ]—){Taskc }—)[ Task 2 ] AGD ¢ ¢
MGD

@ Sep * .
Seq . 3

GM
Fig. 11 Refactoring Operator 9 GH

2)Discussion o Dijkman N

A sequence of activities that are not relevant caurse lack
of understandability in the model. For this reasibnis TABLE IlI
preferable to group activities between the second the INTERVALS FORREFACTORINGACTIVATION
penultimate in one activity. Ref.  Measurefor .\« i activation 'MProvementin

3) Refactoring Operator Op. its detection the measures

RO9: These activities become a single activity witle = RO2 ?;\?lg '\"\l'\gFG :; 22';@_ =21 mg‘;: <G '\lNi
same beh_awor as er_:trlle_r in succession. Dep”Sep, ' £ TNG o1 TNG < TNG

After this refactoring is necessary give a namehi® new AGD. NN 7 2 Den< Den
activity. One option is used the name of the secjwid fDen=2&Dep=2>  pep<Dep

enultimate Expert AGD; >AGD;
P nate. _ _ RO3  Den, NN, NG 1 NN < NN;
In this refactoring should be given a name to tlesvn TNG, Dep, NN T 2 NSFG> NSFG
. . . . . If AGD = 3 - Expert
activity that is representative. One option is t {he name of Sep, AGD. if Den = 2 & Dep = 2 TNGi< TNG
the first and last activity. Expert Bzg: ng
4)Measure for its detection AGD; >AGD;

CLA, Seq. RO4  Metric Rules proposed by NN; < NN;

5) Improvements after refactoring Bﬁﬁf:;’;ﬁ?ﬁy Dijkman[4] Den< Den

Increase the understandability and modifiability tfe o5 \aF If NAE > NDOOUL + NAF; < NAF,
model. NDOOut, NDOIn & Seq> 3 NN; < NN;

NDOIn, Seq.

A summary is presented as a matrix of refactoripgrators RO6  CLA FCLA<1 %@%ZCT",@'SE
and measures which specify what measures are osdtief TNG>TNG
application of a refactoring operator in a businpsscess RO7  TNE,NSFE, If TNE > NSFE NSFE >NSFE

cc lfcc<1 CC>CG
model (see Table Ill). RO8 TNEE If TNEE > 1 TNEE =1
NNf <NNi
V.INTERVALS FOR THE ACTIVATION OF REFACTORING CC>CG
. . . RO9 CLA, Se IfCLA=1&Seq=>5 Seq< Se

After describing the refactoring operators with theasures a a CLqu = CﬁAi

for its detection in Table Il is shown which vatuef these NN <NN;

measures have to activate the refactoring. It alsmws the
improvements achieved in these measures.
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The first column corresponds with the identifier thfe

refactoring operator, the second column containe th
K}
measures that are necessary to measure to promsote i

implementation, the third column shows the intesviat
should belong measurement values to apply thist@iag,

and de last column shows the new values of the uness

following the implementation of refactoring, based the
initial values. These indicators of the intervalsvé been
established heuristically after observation of nrous

would be necessary, but the order in which to ajmy
higher levels of quality.

Incorporate new measures on other quality charatiter
of ISO/IEC 25010 in order to improve the model dyal

One of the characteristics to consider may be the

testability, which belongs to maintenance. Thisuees
that the model can then be easier to prove.
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VI. CONCLUSION AND FUTURE WORKS

The paper presents the use of the quality charstitsrof
understandability and modifiability, both collectéwm the
ISO/IEC 25010, in order to choose the set of refauny
operators that provide a higher level of qualitgite model, to
improve the understandability and modifiability. rFthis
purpose a set of measures
characteristics are taken from literature. The afrthis study
was to establish intervals, taking
measurement values of the measures proposed tareg¢hs
understandability and modifiability, which indicatehich
refactoring operator is advisable to apply to inverahe
quality levels of business process model concernisg
modifiability and understandability. This idea dat@ from
conventional idea of apply refactoring
indiscriminately, the idea is to guide the refaictgrusing
guality measures so as to ensure a better end.resul

This paper collected twenty-two (22) measures fribm
literature to measure the understandability and ifiadulity
and nine (9) refactoring operators of businessge®anodels.

Furthermore, it has shown what value would havesahel12]

measures to enable each refactoring operator ier dhét the
obtained benefit is greater. Thus, it can affirnattlit is
possible to guide the application of refactoringtbg values
of measurements of quality characteristics.

After the completion of this work a set of futuieds has
been identified in order to be addressed, followtimg idea of
applying refactoring operators based on values wdlity
measurements. These future lines are the following:

» Validate the indicators shown in the intervals bklished
for the application of refactoring operators. Than be
done through studies case in order to refine te#ators
have been established a priori heuristically.

* Implement the measures and the intervals, nexté¢o t

application of refactoring operation, as an Eclipkgg-in
in such that is compatible with other reverse eegiing
tools implemented.

e Determine the improvement obtained with
refactoring operators to establish not only the tisat

International Scholarly and Scientific Research & Innovation 6(6) 2012
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