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Abstract

The clone-and-own approach becomes a common practice to quickly develop Software Product Variants (SPVs) that
meet variability in user requirements. However, managing the reuse and maintenance of the cloned codes is a very hard
task. Therefore, we aim to analyze SPVs to identify cloned codes and package them using a modern systematic reuse
approach like Service-Oriented Architecture (SOA). The objective is to benefit from all the advantages of SOA when
creating new SPVs. The development based on services in SOA supports the software reuse and maintenance better
than the development based on individual classes in monolithic object-oriented software. Existing service identification
approaches identify services based on the analysis of a single software product. These approaches are not able to analyze
multiple SPVs to identify reusable services of cloned codes. Identifying services by analyzing several SPVs allows to
increase the reusability of identified services. In this paper, we propose ReSIde (Reusable Service Identification): an
automated approach that identifies reusable services from a set of object-oriented SPVs. This is based on analyzing the
commonality and the variability between SPVs to identify the implementation of reusable functionalities corresponding
to cloned codes that can be packaged as reusable services. To validate ReSlde, we have applied it on three product
families of different sizes. The results show that the services identified based on the analysis of multiple product variants
using ReSIde are more reusable than services identified based on the analysis of singular ones.

Keywords: software reuse, service-oriented reengineering, reverse engineering, variability, software families,
object-oriented source code

1. Introduction 19 analyzing SPVs to identify cloned codes and package them
2 using a modern systematic reuse approach like Service-

It is a common practice that software developers rely on ,,  Oriented Architecture (SOA). The objective is to benefit
the clone-and-own approach to deal with custom-tailored ,, from all the advantages of SOA when creating new SPVs.
software [I, 2]. New software products are developed by ,, yith SOA, SPVs are defined in terms of flexible archi-
copying and modifying codes corresponding to functionali- ,, tectures composed of a set of independent coarse-grained
ties from existing software to meet the requirement of new ., georvices that implement reusable functionalities across sev-
needs of new customers. The resulting software products ,; epq] SPVs, and clearly define their external dependencies

are considered Software Product Variants (SPVs) because ,
they share features and differ in terms of others [I]. The
existence of this phenomenon has been proved by empirical
studies like [2] [3]. o

For monolithic object-oriented SPVs, managing the soft-
ware reuse and maintenance of the cloned codes is a very .,
hard task [4]. For reuse, e.g., it is hard to identify reusable
codes from the monolithic object-oriented implementation ,,
of these SPVs [5]. For maintenance, e.g., it is difficult to
propagate updates for fixing bugs related to the implemen-
tation of the cloned codes. Therefore, we are interested in ,
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in an explicit way through their provided and required in-
terfaces.

One of the most important steps for reengineering mono-
lithic object-oriented SPVs to SOAs is the identification of
reusable services corresponding to cloned codes of reusable
functionalities across several SPVs. Moreover, the identi-
fication of reusable services is an efficient way to supply
service-based libraries.

Existing service identification approaches identify ser-
vices based on the analysis of a single software product
[6, 7,18, @]. These existing approaches partition the object-
oriented implementation to disjoint groups of classes where
each group is the implementation of a potential service. As
these approaches only analyze single products, the identi-
fied services may be useless in other software products and
consequently their reusability is not guaranteed. In addi-
tion, these approaches are not able to analyze multiple
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SPVs to identify reusable services related to cloned func- o
tionalities and their related codes. In fact the probabil-io
ity of reusing a service in a new software product is pro-in
portional to the number of software products that haveie
already used it [I0, II]. Thus, mining software servicesio
based on the analysis of a set of SPVs contributes to iden-im
tify reusable services. Nonetheless, this has not been inves-1s
tigated in the literature. Identifying services by analyzingios
multiple SPVs makes it possible to improve the reusabilityio
of services to reduce the effort when developing new soft-1s
ware products (by reuse) and to reduce the maintenances
effort by making it possible to propagate any change to aiw
service across all of the products that reuse this service.
In this paper, we propose ReSIde (Reusable Service

Identification): an automated approach that identifies reusabl

services from a set of similar object-oriented SPVs. ReSlde
analyzes the commonality and the variability between the
object-oriented source code of multiple SPVs to identify
the implementation of reusable functionalities correspond-
ing to cloned codes. These identified functionalities are
intended to be packaged as reusable services that can be
reused across multiple products. ReSIde is motivated by
the fact that services identified based on the analysis of
several existing SPVs will be more useful (reusable) for
the development of new SPVs than services identified from
singular ones.

To validate ReSIde, we have applied it on three open-
source product families of different sizes (i.e., small, medium
and large-scale ones). We propose an empirical measure-
ment to evaluate the reusability of the identified services.
According to this measurement, the results show that the
reusability of the identified services using ReSlde is bet-
ter than the reusability of those identified from singular
software.

The idea of analyzing multiple SPVs to identify reusable
components was introduced in our conference paper [12].
In relationship with this conference paper, this journal pa-
per addresses the identification of services and not software
components. Also, it includes additional contents in terms?12

of: 113
114
1. Proposition of a deep analysis of the problem of iden-,,,

tifying reusable services from multiple SPVs. 6
2. Proposition of more details and deep analysis of the,;;
proposed solution, e.g., by giving more details about;s
used algorithms and illustrating the solution based;,

on new examples and figures. 120
3. Adding a new case study that is Health Watcher andix
consequently extending the evaluation. 122
4. Presentation of new detailed results and new analysisis
of their relevance. 124
5. Adding threats to validity discussions. 125
6. Important extension of related work analysis and™®
classification. 127

7. The analysis of the research and practical implica-"**

tions of the obtained results. 12

The rest of this paper is organized as follows. Section[2]
presents a background needed to understand our approach.
In Section [3] we provide the foundations of ReSIde. Sec-
tion discusses how ReSIde identifies potential services
from each SPV. In Section [{.2] we present the identifica-
tion of similar services between different SPVs. Reusable
services are recovered from the similar ones in Section [£.3]
Section {4.4] presents how ReSIde structures the service in-
terfaces. The evaluation results are discussed in Section [{
and Section [6] In Section [7] we present the related works
to our approach. A conclusion of this paper is presented
in Section

e2. Background: service quality model

Functionality Composability Self-containment

Average of

Number of Coupling Cohesion Cohesion _SS‘TVI—IfCS X Number of

provided inside a between inside a RS required

interfaces service interfaces service SR interfaces
within the

interface
np 1 ‘\ Coupl 1 i LCC 1 \{ ExtCoupl !

I:I characteristic

Figure 1: Service quality model

In this section, we discuss the service quality model
proposed in our previous work [6] and which is reused in
this paper to evaluate the quality of a cluster of classes to
form a quality-centric service based on the structural de-
pendencies between these classes. From the service struc-
ture point of view, any group of classes can form a service.
Therefore, we need a measurement to distinguish good ser-
vices from bad ones. To do so, we use this quality fitness
function to identify only groups of classes that could form
high quality services.

To define this service quality model, we studied the
existing definition of services in the literature and identi-
fied three quality characteristics that should be measured
to evaluate the quality of a group of classes to form a
quality-centric service. These characteristics are: (i) the
coarse-grained of functionalities implemented by the clus-
ter of classes, (ii) the composability of the cluster of classes
to be reused through their interfaces without any modifi-
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cation, and (iii) the self-containment of the the cluster ofiw
classes. 180

As presented in Figure [I} we perform similar to thew
ISO9126 quality model [I3] to refine these three charac-is
teristics to a number of service properties that can beiss
measured using a number of object-oriented metrics (e.g. s
self-containment is refined to the number of required in-
terfaces by a given service).

The service quality model identifies service character-"
istics and refine them as metrics. However, to identify ser-
vices, we need to put these metrics as function that can be
computed to output a numerical value for evaluating the'™
semantic of a service (i.e. what a service is) based on its™”
implementation composed of a cluster of object—oriented189
classes. Therefore, we defined a quality fitness function™
(QFF) based on our service quality model where its input’
is a cluster of classes (E), and its output is a value, situ-""
ated in [0-1], corresponding to the quality of this cluster of ®
classes to form a quality-centric service. This QFF is rep—194
resented by Equation [1| based on the linear combination'”
of the three quality characteristics: Functionality (Fun),”
Composability (Comp) and Self-Containment (SelfCon). ™'

1
3
PIRY
1

1=

QFF(E) =

SelfCont(FE)) (1)

Where \; are parameters used by the practitioners to
weight each characteristic.

The Functionality (Fun), the Composability (Comp)
and the Self-Containment (SelfCon) of a group of classes
(E) are measured based on Equation [2| Equation 3| and
Equation [ respectively.

Fun(E) = % - (np(E) + % Z LCC(i) +
LCC(I) + Coupl(E) + LCC(E))ZEI (2)

(3)

(4) 198

199
Where np(E) is the number of provided interfaces baseds
on the number of public methods in E. LCC(i) (Loosexn
Class Cohesion) [I4] is the average of the cohesion of asy,
group of methods composing the service interfaces. Theseys
methods are the public methods implemented in the iden-,,
tified classes of the service. LCOC(i) is calculated based 0nys
the percentage between the number of links among thesess
methods and the total number of possible links amongy;,
these methods. LCC(I) is the cohesion between inter-js
faces. LCC(E) is the cohesion inside a service. Coupl(E )xo
(Coupling) measures the level of connectivity (e.g., method,,
calls, attribute accesses) of a group of classes with the,;
reaming classes of the software. ExtCoupl (External Cou-,
pling) measures the coupling of a given potential services,;
with other services (1 - Coupl).

Comp(E) = % Z LCC®i)

i€l

SelfCont(E) = ExtCoupl(E)

(A1 - Fun(E) 4+ A2 - Comp(E)+ Asz-

In this paper, we use this quality fitness function as
a black box component. It worths to note that it can be
replaced by any service quality fitness function following
the needs of the software engineers. Please refer to [0] for
more details regarding the service quality model and its
quality fitness function.

3. ReSIde foundations

3.1. Illustrative example

We present in Figure [2] an illustrative example to easy
understand the foundations of our approach. We have 2
SPVs that are developed based on the clone-and-own ap-
proach.

SPV1 includes 5 classes that implement functionalities
related to the photo management. SPV2 cloned SPV1 and
extends it based on 10 additional classes. These classes
alm to improve existing functionalities and to add other
functionalities related to the music management.

Our goal is to identify reusable services based on the anal-
ysis of source codes respectively of theses two SPVs.

SPV1 SPV2

’PnoloAlbum}—.MdPhcmToAlbum

PhotoView

PhotoAlbum }—kddPholoToAlbun{ DeletePhotoFromAlbum

[PhotoLists:

e

‘PnoloLislScrasn

PhotoViewScreen
Le AlbumManager ~|[PhotoViewScreen

R

MusicF =

MusicAlbum — AddMusicToAlbum  DeleteMusicFromAlbum

[

Figure 2: Illustrative example of two SPVs

3.2. ReSIde principles

ReSlIde aims to identify reusable services based on the
analysis of the object-oriented source code of similar SPVs.
To identify services from the source code of object-oriented
software, we propose an object-to-service mapping model
that maps the object-oriented elements (classes and meth-
ods) to SOA ones (services and interfaces). We present
this mapping model in Figure We define a service in
terms of a cluster of object-oriented classes. A service
implements a set of functionalities provided using its in-
terfaces. Fach interface is defined in terms of a set of
object-oriented methods implemented in the classes of the
service. The provided interfaces of a service are defined
as a group of methods implemented by classes composing
the service and accessed by classes of other services. The
required interfaces of a service are defined as a group of
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methods invoked by classes of the service and implementedaso
in the classes of other services. 250
To identify a cluster of classes frequently appear to-zs
gether in several SPVs to implement the same functionali-
ties, we rely on two types of dependencies: the co-existence™
together and the structural object-oriented dependencies.”
The co-existence together dependencies measure how much®*
a cluster of classes are reused together in the same subset®™
of SPVs. These are used to guarantee that the resulting®®
services are reusable across different SPVs. The structural®
object-oriented dependencies evaluate the quality of a clus-**
ter of classes to form a quality-centric service based on the
service quality model proposed in our previous work (c.f.260
Section . These are used to guarantee that we produce,
quality-centric services.

2

3
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Class Service 263

Cluster

1 | T 264
Implement
265

1.0 .

Functionality
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T 267

Interface 268

E‘é 269

270
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271

[o." 0.1 272

273

274
Figure 3: Object-to-service mapping model

275

276

We summarize the principles of ReSIde as follows. >
278
e ReSlde defines a service in terms of a cluster of objectar
oriented classes. E.g., the PhotoAlbum service couldzs

be formed based on the PhotoAlbum, AddPhotoToAl-2a

several SPVs. E.g., the PhotoAlbum, AddPhotoToAl-
bum and DeletePhotoFromAlbum classes implement
the cohesive PhotoAlbum service.

e A class can belong to many services since this class
could contribute to implement different functionali-
ties by participating with different groups of classes.
E.g., the AlbumManager class is a part of the Pho-
toAlbum service (AlbumManager, PhotoAlbum, Ad-
dPhotoToAlbum, DeletePhotoFromAlbum) and the
MusicAlbum service (AlbumManager, MusicAlbum,
AddMusicToAlbum, DeleteMusicFromAlbum).

e A provided interface of a service is a group of meth-
ods that are accessed by classes composing other ser-
vices.

e A required interface of a service is a set of methods
used by classes composing this service and belonging
to other services’ classes.

8.8. ReSIde process

Based on what we mentioned before, we propose a pro-
cess presented in Figure[] to identify reusable services from
a set of SPVs. This process consists of four main steps.

1. Identification of potential services in each SPV.
We analyze each SPV independently to identify all
potential services composing each SPV. To identify
quality-centric potential services, we rely on object-
oriented dependencies between classes to evaluate
their quality. We consider that any set of classes
could form a potential service if and only if it has an
accepted value following the quality fitness function
of the quality model presented in Section [2]

In our illustrative example, we identify the 5 clus-
ters of classes corresponding to potential services in
SVP1.

bum, AlbumManager and DeletePhotoFromAlbum classes.

e A reusable service is the one identified in severalzz
SPVs. E.g., the PhotoAlbum service is identiﬁed285

in the two SPVs in our illustrative example. oo

e (o-existence together dependency between classes is?
used to identify reusable services already reused inzss
several SPVs. E,g., the PhotoAlbum and AddPhoto-28
ToAlbum co-exist together in the two SPVs. 29

201
e Object-oriented dependency between classes is used,,

to identify quality-centric services. E.g., the Pho-
toAlbum and AddPhotoToAlbum are cohisive based294

on their method calls and attribute accesses. 205

e ReSlde analyzes the commonality and the variability®

between SPVs to identify reusable services. 297

298
e Classes composing a reusable service should imple-ze
ment one or more coarse-grained functionalities in

(a) PhotoAlbum, AddPhotoToAlbum.

(b) PhotoAlbum, AddPhotoToAlbum, Photo View.

(¢) PhotoListScreen, PhotoViewScreen.

(d) PhotoListScreen, PhotoViewScreen, Photo View.
(e) PhotoViewScreen, PhotoView.
These clusters of classes are obtained based on the
strength of the structural dependencies among the
classes.

2. Identification of similar services between dif-
ferent SPVs. Due to the similarity between the
SPVs, their identified potential services could pro-
vide similar functionalities. Similar services are those
providing mostly the same functionalities and differ
compared to few others. Thus, we identify similar
services from all potential ones identified from differ-
ent SPVs. To this end, we cluster the services into
groups based on the lexical similarity among classes
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Input: Source Code of SPVs Step 1: Identification of Potential Services in Step 2: Identification of Similar Services

Each SPV (c.f. Section 4) between Different SPVs (c.f. Section 5)
ﬁ — Potential Services Clusters of Services
Identifying
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o i m Service - ® ® Reusable *
Interfaces Service

Figure 4: The process of reusable services identification from multiple SPVs

composing the services based on the cosine similaritysss
metric [15]. 327
Considering our illustrative, we identify the clus-a:
ter of [PhotoAlbum, AddPhotoToAlbum, Photo View]ss
in SPV1 as similar to the cluster of [AlbumMan-so
ager, PhotoAlbum, AddPhotoToAlbum, PhotoView|s:
in SPV2. 332

. Identification of one reusable service from sim-:s

ilar potential services. Similar services identifiedss.
from different SPVs are considered as variants of onesss
service because they provide mostly the same func-sss
tionalities. Therefore, from a cluster of similar ser-ss
vices, we identify one common service that is rep-ss
resentative of this cluster of similar services and itssw
is considered as the most reusable one compared to

the members of the analyzed cluster. We rely on the,,
co-existence together dependencies and the structural

object-oriented dependencies to identify the classesss
composing this common service. The co-existence to-3«
gether dependencies are identified based on the per-zss
centage of services containing the classes. The struc-ss
tural object-oriented dependencies are based on thess
quality fitness function of the quality model pre-s
sented in Section 21 347
For example, we identify the group of [PhotoAlbum,ss
AddPhotoToAlbum, PhotoView] as implementationsss

5

0

of the resuable service from the similar clusters of
[PhotoAlbum, AddPhoto ToAlbum, PhotoView] in SPV1
and [AlbumManager, PhotoAlbum, AddPhotoToAl-
bum, PhotoView] in SPV2.

4. Identification of object-oriented methods cor-
responding to service interfaces. Only classes
constituting the internal structures, i.e., the imple-
mentation, of the reusable services are identified in
the previous steps. However a service is used based
on its provided and required interfaces. Thus, we
structure service interfaces, required and provided
ones, based on the analysis of the dependencies (e.g.,
method calls, attribute accesses) between services in
order to identify how they interact with each others.

4. ReSlde in depth

4.1. Identification of potential services in each software
product variant
We view a potential service as a cluster of object-oriented

classes, where the corresponding value of the quality fit-
ness function is satisfactory (i.e., its quality value is higher
than a predefined quality threshold). Thus, our analysis
consists of extracting any set of object-oriented classes that
can be formed as a potential service. Such that the over-
lapping between the services is allowed.
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4.1.1. Method to identify potential services

Identifying all potential services needs to investigate all
subsets of classes that can be formulated from the source
code. Then, the ones that maximize the quality fitness
function are selected. Nevertheless, this is considered as
NP-hard problem as the computation of all subsets re-
quires an exponential time complexity (O(2")). To this
end, we propose a heuristic-based technique that aim to
extract services that are good enough ones compared to the
optimal potential services. We consider that classes com-
posing a potential service are gradually identified start-
ing from a core class that participates with other classes
to contribute functionalities. Thus, each class of the ana-
lyzed SPV can be selected to be a core one. Classes having
either direct or indirect link with it are candidates to be
added to the corresponding service.

4.1.2. Algorithm to identify potential services
Algorithm [I] illustrates the process of identifying po-
tential services. In this algorithm, @ refers to the qual-
ity fitness function and @_threshold is a predefined quality
threshold. The selection of a class to be added at each step
is decided based on the quality fitness function value ob-
tained from the formed service. Classes are ranked based
on the obtained value of the quality fitness function when
it is gathered to the current group composing the service.su
The class obtaining the highest quality value is selected to,q
extend the current group (c.f. lines 7 and 8). We do this,,
until all candidate classes are grouped into the service (c.f.,g,
lines 6 to 11). The quality of the formed groups is evalu-,g
ated at each step, i.e., each time when a new class is added.
We select the peak quality value to decide which classes,,
form the service (c.f. lines 10 and 11). This means that,,
we exclude classes added after the quality fitness function,,,
reaches the peak value since they minimize the quality of,,,
the identified service. For example, in Figure p| the 7th,,
and the 8th added classes are putted aside from the group,,,
of classes related to service 2 because when they have been,,,
added the quality of the service is decreased compared to,,,
the peak value. Thus, classes retained in the group are,,
those maximizing the quality of the formed service. Af-,,
ter identifying all potential services of such a SPV, the,,
only ones retained are services that their quality values,,,
are higher than a quality threshold that is defined by soft-,,,
ware architects (c.f. lines 12 and 13). For example, in,,
Figure suppose that the predefined quality threshold,,,
value is 70%. Thus, Service 1 does not reach the required,.,;
threshold. Therefore, it should not be retained as a po-,,
tential service. This means that the starting core class is,,,
not suitable to form a service. 8
429
4.2. Identification of similar services between different soft-
ware product variants 430

We define similar services as a set of services providingas
mostly the same functionalities and differing in few ones.s
These can be considered as variants of the same service. s

Input: Object-Oriented Source Code(OO)
Output: A Set of Potential Services(P.S)
1 classes = extractInformation(OO);
2 for each c in classes do

3 service = c;
4 candidateClasses =
classes.getConnectedClasses(c);
bestService = service;
while (|candidateClasses| >= 1) do
¢l = getNearestClass(service,
candidateClasses);
8 service = service + cl;
candidateClasses = candidateClasses - cl;
10 if Q(service)) > Q(bestService) then
11 ‘ bestService = service;
end
end
12 if Q(bestService) > Q_threshold then
13 ‘ PS = PS + bestService;
end
end

14 return PS
Algorithm 1: Identifying Potential Services

4.2.1. Method to identify similar services

SPVs are usually developed using the clone and own
technique. Thus, we consider that classes having simi-
lar names implement almost the same functionalities. Al-
though some of the composed methods are overridden,
added or deleted, the main functionalities are still the same
ones from the architectural point of view. Therefore, the
similarity as well as the difference between services are
calculated based on the object-oriented classes composing
these services. Thus, similar services are those sharing the
majority of their classes and differing considering the other
ones.

Groups of similar services are built based on a lexical
similarity metric. Thus, services are identified as simi-
lar compared to the strength of similarity links between
classes composing them. A survey of text similarity met-
rics is conducted in [I6]. Practitioners could use any of
these similarity metrics based on their needs. For our ex-
perimentation, we selected the cosine similarity metric be-
cause it is based on the angle between vectors instead of
points [I5]. Following this cosine similarity metric each
service is considered as a text document, which consists of
a list of service classes’ names. The similarity between a
set of services is calculated based on the ration between
the number of shared classes to the total number of dis-
tinguished classes.

4.2.2. Algorithm to identify similar services

We use a hierarchical clustering technique to gather
similar services into groups. This hierarchical clustering
technique consists of two algorithms. The first algorithm
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Input: Potential Services(P.S)
Output: Dendrogram (dendrogram)
Dendrogram dendrogram = PS;
while (|dendrogram| > 1) do
cl,c2 =
mostLexicallySimilarNodes(dendrogram);
¢ = newNode(cl, ¢2);
remove(cl, dendrogram);
remove(c2, dendrogram);
add(e, dendrogram);
end
8 return dendrogram
Algorithm 2: Building Dendrogram of Similar Ser-
vices
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aims at building a binary tree, called dendrogram. This
dendrogram provides a set of candidate clusters by pre-
senting a hierarchical representation of service similarity.
Figure [f] shows an example of a dendrogram, where S;
refers to Service;. The second algorithm aims at traveling
through the built dendrogram, in order to extract the best
clusters, representing a partition.

To build a dendrogram of similar services, we rely on
Algorithm It takes a set of potential services as an
input. The result of this algorithm is a dendrogram rep-
resenting candidate clusters, similar to Figure [6] The al-
gorithm starts by considering individual services as initial
leaf nodes in a binary tree, i.e., the lowest level of the
dendrogram in Figure |§| (c.f. line 1). Next, the two most
similar nodes are grouped into a new one, i.e., as a parent
of them (c.f. lines 3 and 4). For example, in Figure 6] the
So and S3 are grouped. This is continued until all nodes
are grouped in the root of the dendrogram (c.f. lines 2 to
7) 469

To identify the best clusters, we rely on Algorithm [3pw
that uses a depth first search technique to travel through,,
the dendrogram. It starts from the dendrogram root node,,,

7

[51,52,53,54,55,56]

S5, S6

1,52, 53,54

|
2,53, 54

SZAS3

)

Figure 6: An example of a dendrogram

52| |s3][s4] [ s5]]ss |

to find the cut-off points (i.e., the highest node holding
S1, 2, 83, S4, S5, S6 in Figure @ It compares the sim-
ilarity of the current node with its children (c.f. lines 4 to
7). For example, the node holding S1, S2, S3, S/ and the
node holding S5, S6 in Figure [6] If the current node has
a similarity value exceeding the average similarity value of
its children, then the cut-off point is in the current node
where the children minimize the quality fitness function
value (c.f. lines 7 and 8). Otherwise, the algorithm recur-
sively continues through its children (c.f. lines 9 to 11).
The results of this algorithm are a collection of clusters,
where each cluster groups a set of similar services (c.f. line
12).

Input: Dendrogram(dendrogram)
Output: A Set of Clusters of Potential
Services(clusters)
1 Stack traversal;
2 traversal.push(dendrogram.getRoot());
3 while (! traversal.isEmpty()) do
4 Node father = traversal.pop();
5 Node left = dendrogram.getLeftSon( father);
6 Node right =
dendrogram.getRightSon( father);
7 if similarity(father) > (similarity(left) +
similarity(right) / 2) then
| clusters.add(father)

9 else
10 traversal.push(left);
11 traversal.push(right);
end
end

12 return clusters
Algorithm 3: Dendrogram Traversal to Identify Clus-
ter of Similar Services

4.8. Identification of one reusable service from similar po-
tential services

As previously mentioned, similar services are consid-
ered as variants of a common one. Thus, from each cluster
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of similar services, we extract a common service which is
considered as the most reusable compared to the members
of the analyzed group.

4.8.1. Method to identify reusable service based on similar
ones

Classes composing similar services are classified into
two types. The first one consists of classes that are shared
by these services. We call these classes as Shared classes.
In Figure |7} C3, C4, C8 and C9 are examples of Shared
classes in the three services belonging to the cluster of
similar services. The second type is composed of other
classes that are diversified between the services. These are
called as Non-Shared classes. C1, C2, C5, C6, C7 and
C10 are examples of Non-Shared classes in the cluster of
similar services presented in Figure [7}

As Shared classes are identified in several SPVs to be
part of one service, we consider that Shared classes form
the core of the reusable service. Thus, C3, C4, C8 and C9
should be included in the service identified from the cluster
presented in Figure [7] However, these classes may notz;
form a correct service following our quality fitness function.
Thus, some Non-Shared classes need to be added to the™
reusable service, in order to keep the service quality high.”
The selection of a Non-Shared class to be included in the’™
service is based on the following criteria:

6

531
532

533

e The quality of the service obtained by adding a Non-
Shared class to the core ones. This criterion is to
increase the service quality. Therefore, classes max-°*
imizing the quality fitness function value are more™

preferable to be added to the service. 537
538

534

e The density of a Non-Shared class in a cluster of sim-ss
ilar services. This refers to the occurrence ratio ofs«
the class compared to the services of this group. It
is calculated based on the number of services includ-s+
ing the class to the total number of services com-s
posing the cluster. We consider that a class havingss
a high density value contributes to build a reusabless
service because it keeps the service belonging to ass
larger number of SPVs. For example, in Figure[7] thess
densities of C2 and C1 are respectively 66% (2/3)s
and 33% (1/3). Thus, C2 is more preferable to bess
included in the service than C1, as C2 keeps thess
reusable service belonging to two SPVs, while C1sso
keeps it belonging only to one SPV. 551

552
As results of the clone-and-own approach, classes ofsss

identified services could have different implementations acress

various SPVs. These different implementations of the samesss
cloned class across SPVs should be merged by creatingsss
one suitable and representative abstraction that allows thess,
variability configuration, e.g., using the preprocessing an-ss
notations. In literature, we identify potential approaches

to be reused for merging the several implementations ofss
cloned methods/classes [17] [18]. 560

Legends:
< Potential Service
O Shared Class

&) Non-shared Class

Figure 7: An example of a cluster of three similar services

4.8.2. Algorithm to identify reusable service based on sim-
ilar ones

Based on the method given in the previous section, an
optimal solution requires identifying all subsets of a collec-
tion of classes which represents an NP-complete problem
(i.e., O(2")). This algorithm is not scalable for a large
number of Non-Shared classes (e.g., 10 Non-Shared classes
need 1024 operations, while 20 classes need 1048576 op-
erations).

Therefore, we propose to identify the optimal solu-
tion only for services with a small number of Non-Shared
classes. Otherwise, we rely on a near-optimal solution.
In the following subsections, we discuss two algorithms to
identify an optimal solution and a near-optimal one re-
spectively.

Algorithm providing optimal solution for reusable service
identification. Algorithm 4] computes an optimal reusable
service from similar ones, where ) refers to the service
quality fitness function, Q_threshold refers to the prede-
fined quality threshold and D_threshold refers to the pre-
defined density threshold. First, for each cluster of similar
services, we extract all candidate subsets of classes among
the set of Non-Shared ones (c.f. lines 1 to 8). Then, the
subsets that reach a predefined density threshold are only
selected (c.f. line 12). The density of a subset is the aver-
age densities of all classes in this subset. Next, we evaluate
the quality of the service formed by grouping core classes
with classes of each subset resulting from the previous step
(c.f. lines 13 and 14). Thus, the subset maximizing the
quality value is grouped with the core classes to form the
reusable service. Only services with a quality value higher
than a predefined threshold are retained (c.f. lines 15 to
17).

Algorithm providing near-optimal solution for reusable ser-
vice identification. We defined a heuristic algorithm pre-
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Input: Clusters of Services(clusters)
Output: A Set of Reusable Services(RC)
1 for each cluster € clusters do

2 shared = cluster.getFirstservice().getClasses;
3 allClasses = {);
4 for each service € cluster do
5 shared = shared N service.getClasses();
6 allClasses =
allClasses U service.getClasses();
end
nonShared = allClasses — shared;
allSubsets = generateAllsubsets(nonShared);
reusableService = shared,
10 bestService = reusableService;
11 for each subset € allSubsets do
12 if Density(subset) > D _threshold then
13 if Q(reusableService U subset)) >
Q(bestService) then
14 bestService =
reusableService U subset;
end
end
end
15 if Q(bestService) >= Q_threshold then
16 | add(RC bestService);
end
end

17 return RC
Algorithm 4: Optimal Solution for Reusable Service
Identification

sented in Algorithm [5] where @ refers to the quality fit-
ness function, Q_threshold refers to the predefined qualitysss
threshold and D_threshold refers to the predefined densitysss
threshold. First of all, Non-Shared classes are evaluatedsss
based on their density. The Classes that do not reach ass
predefined density threshold are rejected (c.f. lines 9 tosss
11). Then, we identify the greater subset that reaches ass
predefined quality threshold when it is added to the coreswo
classes. To identify the greater subset, we consider thesa
set composed of all Non-Shared classes as the initial onese
(c.f. lines 9 to 11). This subset is grouped with the coress
classes to form a service. If this service reaches the pre-sou
defined quality threshold, then it represents the reusabless
service (c.f. lines 12 to 15). Otherwise, we remove thesss
Non-Shared class that reduces the quality of the serviceso

when this Non-Shared class is added to the correspond-
ing core classes (c.f. line 17). We do this until a servicess
reaching the quality threshold or the subset of Non-Shareds®
classes becomes empty (c.f. line 12). 600
601
4.4. Identification of object-oriented methods correspond-60
ing to service interfaces 603

. . . . . 604
A service is used based on its provided and required

. . . . . . 605
interfaces. For object-oriented services, the interaction
606

9

Input: Clusters of Services(clusters)
Output: A Set of Reusable Services(RC')
1 for each cluster € clusters do

2 shared = cluster.getFirstservice().getClasses;
3 allClasses = (;
4 for each service € cluster do
5 shared = shared N service.getClasses();
6 allClasses =
allClasses U service.getClasses();
end
nonShared = allClasses — shared;
8 reusableService = shared,
for each class € nonShared do
10 if Density(class) < D_threshold then
11 ‘ nonShared = nonShared - class;
end
end
12 while (jnonShare| > 0) do
13 if Q(reusableService UnonShare) >=
@ _threshold then
14 add(RC ,reusableservice);
15 break;
16 else
17 removeLessQualityClass(nonShare,
shared);
end
end
end

18 return RC
Algorithm 5: Near-Optimal Solution for Reusable
Service Identification

between the services is realized through object-oriented
method calls (i.e., method invocations). A service pro-
vides its services through a set of object-oriented methods
that can be called by the other services that require func-
tionalities of this service. Thus, the provided interfaces
are composed of a set of public methods that are imple-
mented by classes composing this service. On the other
hand, required interfaces are composed of methods that
are invoked by classes of this service and belong to classes
of other services (i.e., the provided interfaces of the other
services). The identification of service interfaces is based
on grouping a set of object-oriented methods into a set of
service interfaces. We rely on the following heuristics to
identify these interfaces:

Object-oriented methods belonging to the same
object-oriented entities. In object-oriented, meth-
ods implementing cohesive functionalities are gen-
erally implemented by the same object-oriented en-
tities (e.g., object-oriented interface, abstract class
and concrete class). Therefore, we consider any object-
oriented entity that groups together a set of methods
as an indicator of high probability that these meth-
ods belong to the same service interface. We propose
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Algorithm [6] to measure how much a set of methodses
M belongs to the same service interface. This algo-ess
rithm calculates the size of the greatest subset of Msss
which consists of methods that belong to the same
object-oriented class or interface (c.f. lines 1 to 4).
Then, it divides the size of the greatest subset by
the size of M (c.f. line 5) and returns SI as a final
return value (c.f. line 6).

Input: A Set of Methods(M), a Set of
Object-Oriented Entities(OOT)
Output: Same Object-Oriented Entity Value
(SI)
1 sizeGreatest =
|M N OOI.getFirstInterface().getMethods()|;
2 for each inter face € OOI do
3 if |M Ninter face.getMethods()| >
sizeGreatest then

4 sizeGreatest =
|M Ninter face.getMethods()|;
end 647
end 648
5 ST = sizeGreatest /| M .size(); 649
6 return ST 650

Algorithm 6: Same Object-Oriented Entity (SI) 651

652

Object-oriented method cohesion. Methods access™

the same set of attributes to participate to provide®™
the same services. Thus, cohesive methods have™
more probability to belong the same service interface™
than those that are not. To measure how much a set®™
of methods is cohesive, we use the Loose Class Co-"*
hesion (LCC) metric [14]. We select LCC' because it*
measures direct and indirect dependencies between™
methods. Please refer to [14] for more details about_
LCC.

6

662
Method lexical similarity. The lexical similarity of

methods probably indicates to similar implemented®
services. Therefore, methods having a lexical sim-**
ilarity likely belong to the same interface. To this®®
end, we utilize Conceptual Coupling metric [19] to*®
measure methods lexical similarity based on the se-**
mantic information obtained from the source code,’®

encoded in identifiers and comments. 669

670
Method correlation of usage: when a service provides
functionalities for another service, it provides them
through the same object-oriented entities (e.g., object-
oriented interface, abstract class and concrete class).s”
Thus, methods that have got called together by objects
oriented classes the other services are likely to belongs™
to the same service interface. To this end, we pro-¢s
pose Algorithm [7] to calculate the Correlation of Us-
age (CU) of a given set of methods M. It is based
on the size of the greatest subset of M that has got
called together by the same service (c.f, lines 2 to 4).

10

The final value of CU is the percentage between the
identified size of the greatest subset and the size of
M (c., line 5).

Input: A Set of Methods(M), a Set of
services(Services)
Output: Correlation of Usage Value(CU)
1 sizeGreatest = |M N
Services.getFirstservice().getCalledMethods() ;
2 for each service € Services do
if | M N service.getCalledMethods()| >
sizeGreatest then
4 sizeGreatest =
|M Ninter face.getCalledMethods()|;
end
end
5 CU = sizeGreatest | M size();
6 return CU
Algorithm 7: Correlation of Usage (CU)

According to these heuristics, we define a fitness func-
tion for measuring the quality of a group of methods M to
form a service interface. We rely on a set of parameters
(i.e., A;) to allow architects to weight each characteristic
as needed. The values of these parameters are situated in
[0-1]. The selection of values of these parameters is based
on the knowledge of architects about the SPVs. Further-
more, architects could use these parameters to analyze the
relationships between each characteristic and the quality
of the obtained service interfaces by changing the values of
parameters. Once architects identify the best values based
on a set of test cases of service interfaces, they could gen-
eralize these values to the remaining of the SPVs in the
same family.

Inter face(M) = ﬁ-()\1~SI(M)+)\2~LCC(M)+/\3-
CS(M) + Ay - CUM)) (5)

Based on this fitness function, we use a hierarchical
clustering technique to partition a set of public methods
into a set of clusters, where each cluster is considered as
a service interface. The hierarchical clustering technique
constructs a dendrogram of similar public methods like
Algorithm [2] Then, it extracts the best clusters of public
methods using a depth first search technique similar to
Algorithm

5. Evaluation

5.1. Data collection
To evaluate ReSIde, we collect three sets of software

product families that are Mobile Mediaﬂ [20], Health Watcherﬂ

and ArgoUMIﬂ [21].

2 Available at http://homepages.dcc.ufmg.br/~figueiredo/spl/icse08

3 Available at http://ptolemy.cs.iastate.edu/design-
study/#healthwatcher

4 Available at http://argouml-spl.tigris.org/
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Mobile Media (MM) is a SPL that manipulates music,o
video and photo on mobile phones. It is implemented us-7s
ing Java. In our experimentation, we considered, as SPVs,
a set of 8 products derived by [20] as representative ofrss
all features of the SPL. The average size of a product isss
48.25 classes. Health Watcher product variants imple-73s
ment a set of web-based software applications that offers
services related to managing health records and customerrss
complaints. We consider 10 SPVs written in Java. On av-r
erage, each SPV is composed of 137.6 classes. ArgoUML;s
(AL) is a UML modeling tool. It is developed in Java as as
software product line. We applied ReSIde on 9 products
generated and used in [22]. Each SPV contains 2198.1 10
classes on average. 741

Our method to select these software families is based2
on four factors. First, we consider covering different sizess
of software families to test the scalability of ReSIde with7
different system sizes; MM as a small-scale software (43.25ms
classes per SPV), HW as medium-scale software (137.67s
classes per SPV), and AL as a large-scale one (2198.117
classes per SPV). Second, we consider software familiesrs
that were already used by other researchers in the domain
of reverse engineering of software product lines such asmo
[23, 22, 241 25]. Third, the suitability of the case studies torso
identify services that were reused in the implementation ofrs:
several SPVs. Fourth, the availability of their source code.rs

753
5.2. Research questions and their methodologies

We aim to answer four Research Questions (RQs) as™

follows. ™
756
What are good threshold values to identify™

758

5.2.1. RQI:
potential services from each SPV?
Goal. As the selection of threshold values affects both the™
quality and the number of the identified potential services,™®
the aim of this RQ is to help software architects selecting
proper threshold values to consider a group of classes form-""

ing a potential service or not. 7oz
763

Methodology. To support software architects choosing ares
proper threshold value, we assign the quality thresholdrss
values situated in [0%, 100%]. The goal of changing therss
threshold values is to explicitly identify the general rela-
tionship between the number of identified services and the™’
selected threshold values. To do this, we need to explore™®
all the values of the interval [0%-100%]. To segment this™
interval, we can start from 0% and increment using any™
value (1%, 1.55%, 5%, 8,09%, 23%, etc.). We rely on tvvo771
strategies applied successively.

The first strategy is to explore the threshold values based
on a 5% increment. We consider that 5% is a fair emplrlcal
increment for two reasons. First it provides a finite num-775
ber of values that are distributed uniformly compared to .
this interval (i.e. 0%, 5%, 10%, 15%... 100%). Second, the -
variation of values obtained based on successive increments
allows the interpolation of other unconsidered values. As77
soon as we identify an interesting interval based on the'

11

number of identified services and the maximum value of
the quality fitness function, we apply the second strategy
which consists of exploring the values in this interval by a
finer increment which is 1. We show the impact of thresh-
old values on the average number of identified services for
each software family of SPVs.

5.2.2. RQ2: What potential services implement similar
functionalities across different SPVs?

Goal. The goal of this RQ is to study the characteristics

of potential services identified as similar across SPVs.

Methodology. We applied the second step of ReSide to
cluster similar potential services based a hierarchical clus-
tering technique. For each case study, we identify the num-
ber of clusters, the average number of services in the identi-
fied clusters, the average number of Shared classes in these
clusters, the average value of the Functionality character-
istic, the average value of the Self-containment character-
istic, and the average value of Composability characteristic
of the Shared classes in these clusters.

5.2.3. RQ3: What are the reusable services identified based
on ReSide?

Goal. The aim of this RQ is to to study the characteris-

tics of reusable services identified from clusters of similar

potential services.

Methodology. We rely on the third step of ReSide to ex-
tract one reusable service from each cluster of potential
services. For each case study, we identify the number of
the identified services, the average service size in terms of
number of included classes, and the average value of the
Functionality, the Self-containment, and the Composabil-
ity of the identified services.

5.2.4. RQ4: What is the reusability of services identified
based on ReSide?

Goal. This RQ evaluates the improvement of the reusabil-

ity of services identified based on the analysis several SPVs

using ReSide compared to the reusability of services iden-

tified based on the analysis of singular software.

Methodology. To validate the reusability of services iden-
tified by the ReSIlde approach, we propose a validation
process presented in Figure 8] This process consists of
three main steps as follows:

1. Dividing SPVs into K parts: To prove that our
validation can be generalized for other independent
SPVs, we depend on K-fold cross validation method
[15]. In data mining, K-fold is widely used to vali-
date the results of a mining model. The main idea
is to evaluate the model using an independent data
set. Thus, K-fold divides the data set into two parts:
train data, and test data. On the one hand, train
data are used to learn the mining model. On the
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Reusability Results

Figure 8: The process of validating the reusability of services identified by ReSIde

other hand, test data are then used to validate theso
mining model. To do so, K-fold divides the data setsio
into K parts. The validation is applied K times bysu
considering K-1 parts as train data and the others2
one as test data. We validate ReSlde by dividings:
the SPVs into K parts. Then, we only identify ser-
vices from the train SPVs (i.e., K-1 parts). Next, wess
validate the reusability of these services in the test,
SPVs. We evaluate the result by assigning 2, 4 and,
8 to the K at each run of the validation.

817

. Identifying services of train SPVs: To compare,,

the reusability of services identified based on the,,
analysis of multiple SPVs versus singular SPV, we_,
identified services using the ReSIde approach and a,,,
traditional service identification approach that ana-,,
lyzes only singular SPVs independently. We selected,,,
Adjoyan et al. approach [6] due to the availability of_,

the tool of its implementation. o5

. Calculating the reusability of services in testg,

SPVs: We consider that the reusability of a service,,,
is evaluated based on the number of SPVs that theg,
service can be reused in. For a collection of SPVs,g,
the reusability is calculated as the ratio between theg,,
number of SPVs that can reuse the service to theg,,
total number of SPVs in the test part. A serviceg,
can be reused in a SPV if it provides functionalitiesg,,
required by this SPV. We analyze the functionalitiesg,,
of each SPV in the test part to check if an identifiedg,;
service provides some of these functionalities. The

12

functionalities required by a SPV are identified based
on the potential services extracted from this SPV
using the first step of ReSIde in Section [£.3] The
validation results are calculated based on the average
of all K trails.

5.8. Results

5.8.1. RQ1: What are good threshold values to identify
potential services from each SPV?

The results obtained from MM, HW and AL case stud-
ies are respectively shown in Figure [ Figure [I0] and Fig-
ure[11} where the values of the threshold are at the X-axis,
and the average numbers of the identified services in a SPV
are at the Y-axis.

The results show that the number of the identified ser-
vices is lower than the number of classes composing the
SPVs, for low threshold values. The reason behind that
is the fact that some of the investigated classes produce
the same service. For example, InvalidPhotoAlbumName-
FEzxception and InvalidImageFormatException produce the
same service, when they are considered as the core for
identifying potential services.

Moreover, the results show that the number of identi-
fied services is the same for all quality threshold values in
this interval [0%, 55%] for the three case studies. This
means that selecting a value in this interval does not make
sense as it does not make a distinction between services
having diverse quality values.
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Figure 9: Changing threshold value to extract potential services from
MM

The results of incrementing 5% each time allow us to
identify the interesting intervals as [65%, 70%)], [75%, 80%]
and [80%, 85%)] respectively for MM, HW and AL case
studies. Thus, any value in these intervals can be selected
as a threshold to be considered respectively for each case
study. We rely on the number of functionalities of the
analyzed SPVs to select threshold values in these inter-
vals. We use the number of classes of SPVs as indica-
tors for the number of functionalities implemented in the
SPVs (direct proportion). We assign 70%, 77% and 83%
as threshold values respectively for MM, HW and AL case
studies. Table [l shows the detail results obtained based
on these threshold values. It presents the total number of
potential services (TNOPS) identified based on the analy-
sis of all SPVs, the average size of these services (ASOS) in_
terms on number of included classes, the average value of_
the Functionality characteristic (AF), the average value of_,
the Self-containment characteristic (ASC) and the average
value of the Composability characteristic (AC). ora

Figure [I2] presents an example of a potential service,
extracted from AL. This service is identified by considering,
GoClassToNavigableClass as the core class. The quality,
fitness function reaches the peak value when we add 18_,
classes to this identified service. We find that classes added,
later reduce the quality of the identified service. Therefore,
we reject classes added after the 18th class to be part of
this identified service.

873

882

883
5.3.2. RQ2: What potential services implement similar,,

functionalities across different SPVs? -

Table [2] presents the results of the process of group-g,

ing similar potential services into clusters. For each case,,
study, it shows the number of clusters (NOC), the aver-
age number of services in the identified clusters (ANOC),
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Figure 10: Changing threshold value to extract potential services
from HW

Table 1: The results of potential services extraction

Family Name | TNOPS | ASOS | AF | ASC | AC

MM 24.50 6.45 0.56 0.71 0.83

HW 96.6 5.55 0.61 0.76 0.99

AL 811 11.38 0.64 0.83 0.89

TNOPS: total number of potential services.

ASOS: average size of potential services in classes.

AF': average value of the Functionality characteristic of potential services.
ASC': average value of the Self-containment characteristic of potential services.
AC: average value of the Composability characteristic of potential services.

the average number of Shared classes in these clusters
(ANSC), the average value of the Functionality charac-
teristic (AFS), the average value of the Self-containment
characteristic (ASCS), and the average value of Compos-
ability characteristic of the Shared classes (ACS) in these
clusters. The results show that SPVs sharing a bunch of
similar services. For instance, each SPV of MM has 24.5
services in average. These services are grouped into 42
clusters. This means that each SPV shares 5.38 services
with the other SPVs, in average. Thus, a reusable service
can be identified from these services. In the same way, AL
SPVs share 5.26 services. Table [3] shows an example of
a cluster of similar services identified from AL case study,
where X refers to that a class is a member in the corre-
sponding SPV. In this example, we note that the services
have 5 Shared classes. These classes have been identified
to be part of the same service in 9 SPVs of AL. Thus,
they can be considered as core classes to form a reusable
service that is reused in the 9 SPVs.
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Figure 12: An instance of a potential service extracted from AL case
study

Table 3: An instance of a cluster of similar potential services in AL

from AL SPV No.
1/2/3|4|(5|6|7|8]9
Class Name
Table 2: The results of service clustering ArgoEventTypes X XXX | X|X|X[|X|X
Family Name | NOC | ANOC | ANSC | AFS | ASCS | ACS JWindow XXX X|X[|[X[X|X|X
MM 42 5.38 504 | 059 | 0.71 | 0.89 TabFigTarget XXX |X|X|X | X XX
HW 504 6.17 5.33 0.62 0.74 0.99 FileConstants XXX X|X|X|X|X|X
AL 325 5.26 8.67 0.57 0.87 0.93 OclAPIModellnterpreter | X | X | X [ X | X | X | X | X | X
NOC': the number of clusters. StreamSource X X | X | X X
ANOC': the average number of services in thelidentiﬁed clusters. SortedListModel X X X | X | X
ANSC': the average number of Shared classes in these clusters. -
AFS: the average value of the Functionality of the Shared classes in the identified clusters. BooleanSelection2 XXX X
ASCS: the average value of the Self-containment of the Shared classes in the identified clusters.
ACS: the average value of Composability of the Shared classes in the identified clusters.
a0 service is removed to avoid the redundancy.
5.3.3. RQ3: What are the reusable services identified based
on ReSide? Table 4: The final set of identified reusable services.

Table d] summarizes the final set of reusable services Family Name | NOIS | ASS | AF | ASC | AC
identified using ReSIde. Based on our experimentation, we MM 39 5.61 | 0.58 | 0.74 | 0.90
assign 50% to the density threshold value. For each prod- HW 443 6.90 | 0.63 | 0.75 | 0.99
uct family (i.e., a set of SPVs), we present the number of AL 324 977 10611 084 | 0.84

the identified services (NOIS), the average service size in
terms of number of included classes (ASS), and the aver-
age value of the Functionality (AF), the Self-containment
(ASC), and the Composability (AC) of the identified ser-
vices. The results show that some of the identified clus-
ters do not produce reusable services. For instance, in
Mobile Media, the 42 clusters produce only 39 services.”
This means that three of the clusters are not able to form®”
reusable services. The reason behind that is one of the™
following two situations. The first one is that the selec-"
tion of threshold density causes to remove classes that are™
important to constitute the service, and hence, the service”
was rejected because it did not exceed the quality thresh-""
old value. The second one is that the produced service™
is already identified from another cluster, therefore, the™

910

=

4

5

14

NOIS: the number of the identified reusable services.

ASS: the average size of identified reusable services in terms of number of included classes.
AF': the average value of the Functionality of identified reusable services.

ASC': the average value of the Self-containment of identified reusable services.

AC:" the average value of the Composability of identified reusable services.

Table [5| shows examples of a set of reusable services
that are identified based on the analysis of Mobile Me-
dia. Where, NOV refers to the number of SPVs that con-
tain the service, NOC' represents the number of classes
that form the service. S, A and C respectively represent
the Functionality, the Self-containment, and the Compos-
ability of each service. As it is shown in Table the
second service provides two functionalities, which are Add
Constants Photo Album, and Count Software Splash Down
Screen. The former one deals with adding a photo to an
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album. The letter is dedicated to the splash screen service.

Table 5: Some services

Description of the functionalities NOV | NOC S A C
New Constants Screen Album Image 6 6 0.59 | 0.75 | 0.94
Add Constants Photo Album
Count Software Splash Down Screen 8 10 0.57 | 0.75 1 0.89
Base Image Constants Album Screen Accessor List - -
Controller Image Interface Thread 6 9 0.67 1 050 1 0.8

NOV: the number of SPVs that contain the services.

NOC'": the number of classes that form the services.

F': the value of the Functionality characteristic of the services.
S: the value of the Self-containmentcharacteristic of the services.
C': the value of the Composability characteristic of the services.

5.83.4. RQ4: What is the reusability of services identified
based on ReSide?

The results obtained from MM, HW and AL case stud-
ies are respectively presented in Figure Figure [14] and
Figure [T5] These results show that the reusability of the
services which are identified from a collection of similar
software is better than the reusability of services which
is identified from singular software. We note that the
reusability is increased when the number of K is increased.
The reason is that the number of train SPVs is increased
compared to the test SPVs. For example, there is only one
test SPV when K=8. We note that the difference between
the reusability results of the two approaches is increased
as well as the number of train SPVs is increased.

The slight difference between the reusability results for
small K comes from the nature of our case studies, where
these case studies are very similar. Consequently, the re-
sulting services are closely similar. In other words, there
are many groups of similar services containing exactly the
same classes. This yields a reusable service that is identi-
cal to cluster services. Therefore, the reusability has the
same value for all of these services. However, ReSIde re-
mains outperforming the traditional service identificationse
approach proposed by Adjoyan et al. [6]. In Table [5.3.4]es
we provide a conceptional comparison between the ReSide,,

and Adjoyan approaches based on seven attributes. 064

965
6. Discussion 966
967

6.1. Deployment of the identified services 968

ReSide currently reverse engineers the structural im-**
plementation of reusable services in terms of groups of°™
object-oriented classes. To complete the reengineering to’*
SOA, these groups of classes need to be transformed and
packaged based on existing service-oriented models. There-"
fore, we plan in our near future work to extend ReSideors
where reusable web services (e.g., generate WSDL files)os
and REST services can be generated from these groups of
clusters identified in this paper. In this context, we needos
to deal with direct dependencies between different services,srs
exception handling of Java programs and the instantiationer
of services.
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6.2. The adaption of our approach for SPVs that already
applied SOA

Although our approach is designed for object-oriented
SPVs, it can be adapted for SPVs that already applied
SOA from the start. This adaptation is based on ignoring
the first step of our approach (i.e., Identification of Po-
tential Services in Each SPV) where we identify a set of
services from the object-oriented implementation of each
SPV. This means that we provide as input for the second
step of our approach the already implemented services cor-
responding to the SOA of SPVs.

6.3. Threats to validity

ReSlde is concerned by two types of threats to validity.
These are internal and external.

6.3.1. Threats to internal validity

There are three aspects to be considered regarding the
internal validity. These are as follows.
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Table 6: Comparisons between ReSide and Adjoyan’s approaches

Attributes

ReSide approach

Adjoyan’s approach

Goal Service identification

Service identification

Input artifacts

Multiple software product variants

Single software product

Target development paradigm | Object-oriented

Object-oriented

Quality metrics

Structural and co-existence together dependencies

Structural dependencies

Used Algorithms

Authors’ defined heuristic and clustering algorithms

Clustering algorithm

Service interface identification | Yes

No

Output Clusters of classing corresponding to services Clusters of classing corresponding to services
08 1005 algorithms. This will be a future extension of Re-
—+—ReSIde Approach —=-Adjoyan Approach . . . .
0,7 1006 SIde to implement simulated annealing and genetic
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Figure 15: The results of reusability validation of AL services
1018
1019

102
1. The input we used to evaluate our approach are Ab'lz:
stract Syntax Trees (ASTs) of the analyzed SVPs,,,
These ASTs obtained based on Eclipse Java Devel- .
opment Toolﬂ (JDT) API reflect static dependen-
cies between source code entities. This means that
all dependencies in the source code will be equallxm
considered regardless if they are really existed or not .
compared to the program execution scenarios. As1028
dependencies between source code entities are used029
to compute the value of the fitness function that103
evaluates the quality of clusters of classes to fom}031
services, then the precision of the identified services
can be impacted. I.e., the fitness function may con-
sider some dependencies that are not materialized n.
the program execution scenarios.
Also, the ASTs do not consider polymorphism and™
dynamic binding. Consequently some dependencied™
are not captured (e.g., Java reflection dependencies):**
This impacts the recall of the identified services.
2. We use a hierarchical clustering algorithm to group”™
similar services. We use this hierarchical clustering”
algorithm because it does not need to specify thé™

. 1041
number of clusters in advance as we do not know

the number of services to be identified in advance.””
However, it provides a near optimal solution of theos
partitioning. Other grouping techniques may proo+

vide more accurate solutions, such as search-basedos
1046

0

1037

Shttps://www.eclipse.org/jdt/
16

algorithms.

3. Due to the lack of models that measure the reusabil-
ity of object-oriented services, we propose our own
empirical measurement to validate the reusability of
the identified services. This can threat the reusabil-
ity validation results.

6.3.2. Threats to external validity
There are two aspects to be considered regarding the
external validity. These are as follows:

1. ReSIde is experimented via SPVs that are imple-
mented by Java. As other object-oriented languages
(e.g., C++, C#) include other concepts than Java
(e.g., templates and preprocessor directives in C++),
we need to develop new parsers to handle these new
concepts properly to allow ReSide to work with these
other languages.

2. Only three case studies have been collected in the ex-
perimentation (Mobile Media, Health Watcher and
ArgoUML). However these are used in several re-
search papers that address the problem of migrat-
ing SPVs into software product line. On average,
the selected case studies obtained the same results.
We do not claim that our results can be generalized
for other similar case studies without testing ReSIde
with a large number of case studies. This will be a
logical extension of our work.

6.4. Research implications

As research implication, we find that services identified
based on the analysis of multiple SPVs are more reusable
than ones identified from singular software. We can gener-
alize this conclusion to all domain of software reuse. E.g.,
when a collection of SPVs is available, it will be suitable to
recover reusable entities (e.g., components, microservices,
modules) by analyzing commonality and variability across
these SPVs.

6.5. Practical implications

As it is mentioned in the motivation of the paper, SOA
improves the management of reuse and maintenance of
cloned SPVs. However, it provides limited customizability
of services as they are used as black-boxes. Furthermore,
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the performance of the identified services may be negati
tively impacted as the service technologies add communi+ios
cation layers between services. This impact can be amplitios
fied if the identified services rely on heavy data exchangeiios
The security challenge maybe emerged if the identified sersios
vices are going to be accessed by third-party applicationsiier
7. Related work 1108

1109
In this section, we discuss four research areas crosscut-

111
ting with ReSIde. These are service identification, com—mj
ponent identification, software product line architecture,,,
recovery and feature identification research areas. We des
cide to also include the latter three research areas because,,,
we find that they share with service identification similar,
input artifacts (e.g., source code) and technical analysis,
processes (e.g., reverse engineering, clustering algorithm), ..
but with different conceptual identification goals (i.e., ser-

1118
vice vs component vs feature). 1110

7.1. Service identification i:
Several service identification approaches have been pros
posed to identify services based on the analysis of objectsizs
oriented software [0l [7, [8 [9]. According to the life cycle ofiz
service identification approaches, we classify approachesizs
presented in the literature based on four axes; the goaljis
the input, the applied process and the resulting outputizr
of service identification approaches. In our classificationsizs
we select approaches based on two criteria. The first onei
focuses on the approaches that are frequently cited sinceiso
they are considered as the most known approaches press
sented in the state-of-the-art. The second one is related taiz
the comprehension of the classification axes. This means
that we select approaches that cover all of the classificass
tion axes to give concrete examples of these classification,,,
axes. 115
The goal of an identification approach can be: under-

1136

standing, reuse, construction, evolution, analysis or man; ..

agement [26]. Software understanding is supported by pro; ..
viding a high level of abstraction describing the system,,,
structure. Reuse is supported by providing a coarse-grain,,,
software entities that can be easily decoupled from the sys;,,,
tem and deployed in another one. Construction is guided,,,
by explaining how software components interact with each,,,
other through their interfaces. A better comprehension of,,,
the outcome changes is provided to software maintainers,,,,
Thus, they can be more precise in estimating cost of mods,
ifications of the software evolution. Software analysis is
enriched by understanding the dependencies provided by
software architectures. Managing the development tasks
get success, when a clear view of the system structure is
provided [26].

The input of a service identification approach can be
source codes [0} 27, [7, 28], 29], data bases [30} 311 [32], exe-
cution and log traces [33, [34] [35], business process models
[36, B7], knowledge of human expertises [27] [38], docu-
mentations [39, [40, 4T, [42] or a combination of these input
artifacts [29) [43] [33].

17

The process of service identification approaches aims to
cluster elements of input artifacts into services. Existing
approaches uses several algorithm including clustering al-
gorithm, genetic algorithm |27, [44), Formal Concept Anal-
ysis [45, B2, 46] or user-defined heuristics [27, [8]. These
algorithms rely on various quality characteristics in their
fitness functions to maximize the service quality of iden-
tified clusters. Such quality characteristics are loose cou-
pling [0, 277, 28, 47, [40), [43] [ 48] [49] 41], cohesion [0} 27, 28]
A7, [40), 43), 48], [49] 137), service granularity level [47), 40} [4T],
43| (48| [49], self-containment [0, 41],composability [6] and
interoperability [42].

The output of these service identification approaches
is normally clusters of classes where each cluster repre-
sents the implementation of one service. Some approaches
propose to package these clusters to form web service [6],
REST services [7, [50] or microservices [8] 51, [49].

Nevertheless all of these existing service identification
approaches perform the identification based on the analy-
sis of only one single software product. Services are iden-
tified as group of object-oriented elements that have strong
object-oriented dependencies without considering the global
reusability of these elements together in other software
products. Therefore, the identified services may be useless
in other software products and consequently their reusabil-
ity is not guaranteed. In our evaluation results where we
compare our approach with a traditional one, we find that
the reusability of services identified by considering multi-
ple software products outperforms the reusability of ser-
vices identified using the traditional service identification
approaches.

7.2. Component identification

Following the definitions of services [52] [63] [54] [55]
[66] and software components [57]ﬂ [58]|Z] [59]EL we find
that services are very similar to software components in
terms of their characteristics (loose coupling, reusability,
autonomy, composability, etc.). However, we can distin-
guish between services and components based on two as-
pects: the granularity level and the deployment technolo-
gies and models. Services start at higher level of abstrac-
tions compared to components. A service can be a part
of a business process (at the requirement level), an archi-
tectural element (at the design level) and a function (at
the implementation level). Components appear only at
the design level and the implementation level in terms of

6 A component is “abstract, self-contained packages of functional-
ity performing a specific business function within a technology frame-
work. These business components are reusable with well-defined
interfaces” [57].

7A component is “a unit of composition with contractually spec-
ified interfaces and explicit context dependencies only. A software
component can be deployed independently and is subject to compo-
sition by third parties” [58].

8A component is “a software element that (a) encapsulates a
reusable implementation of functionality, (b) can be composed with-
out modification, and (c) adheres to a component model” [59].
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architectural elements and functions. Services and compo+zos
nents are different in terms of deployment technologies andaos
models that are used to technically implement them. Fotaos
examples, services can be web-services [60], micro-servicesus
[61], REST services [62], etc., while components can bezr
OSGi [63], Fractal [64], SOFA [65], etc. These have variaseos
tions in their specification that make the implementationzos
of services and components varied and respectively theiraio
provided and required interfaces. 1211
Therefore, we can see that service identification anda
component identification are very similar in terms of idensais
tifying architectural elements that represent main reusablezis
functionalities, but they are different in the way of packsas
aging these functionalities following SOA or component-
based models and deployment technologies (e.g., RESTas
services vs OSGi components). o7
Many approaches were proposed to identify compos,,
nents from object-oriented software such as [66, (67, 68, 69,
70} [71]. These approaches mined components from single,
software that limits the reusability of identified compos,,
nents. 1222
In [66], [Kebir et al.|extracted the component-based ar-

chitecture based on partitioning classes into clusters COI‘—zzj
responding to components. The partitions are based on,,
static code dependencies. 1226

Mishra et al.| [67] also extracted the component-based,,,
architecture. Components are extracted based on informas,
tion realized in use cases, sequence diagrams, and class dis,
agrams. Unlike source code, sequence diagrams, use cases,,,;
and class diagrams are not always available. Hamza [72]
identified components from requirements and use cases uss,,,
ing formal concept analysis. He focused on the component,,,
stability rather than the component reusability. 1234

Allier et al.| [68] depended on dynamic dependencies,,,
between software classes to extract a component-based ars,,
chitecture. They relied on the use-cases to identify the,,,
execution trace scenarios. Classes that frequently occur in,,,
the execution traces are grouped into a component. 1230

Liu et al|[73] identified interfaces of identified compos,,,
nents. Similar to our approach, they defined a component,,,
interface as a group of methods belonging to the cluster of,,,
classes of an identified component. They relied on process,,,
mining tools to analyze the direct connections between the,,,

clusters of classes.

231

1245

7.8. Software product line architecture identification

SPLA recovery approaches are similar to our approach®
in terms of the analysis of the variability between software
products. However, compared to our service identifica-""
tion approach, they are different in their goal which is the™
identification of one architecture model that describes the™
design of a set of software products in the same family of™
software product line [74] based on variation points and™
variants between architectural-elements [75, [76, [77). In"
other words, their focus is more on the understandabilit§253
of the design of the family of products than the reusability
of identified services.
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Technically, SPLA recovery approaches identify component-

based architecture (not potential reusable services) from
each software product as disjoint clusters of classes that
describe the system structure of this product. Then, they
analyze the variability between the recovered architectures
to identify variation points and variants using clone de-
tection algorithm [78, [79, [80], clustering algorithm [25],
or user-defined heuristics [81), 82]. They identify differ-
ent aspects of SPLA such as mandatory components [25],
optional components [25], component variability [78] [8T]
251 [79], [82], B(], variability dependencies between different
components [25] [79] [82], and feature model of architecture
variability [25].

7.4. Feature identification

The distinguish between service identification and fea-
ture identification approaches comes from the differences
between the concepts of a service and a feature. We have
different goals and details processes to achieve these goals.
Following Kang et al [83], a feature is defined as a non-
structural element that provides user visible aspects. On
the other hand, a service is a structural (architectural) el-
ement that could implement either user visible or invisible
aspects. Furthermore, services and features belong to var-
ious abstraction levels. Features abstract software require-
ments at a high level (e.g., requirement level), and services
are architectural elements at the design level. Please note
that services can be used to represent the implementation
of features at the design level. The mapping model could
be many-to-many, many-to-one, one-to-many or one-to-
one depending on the software engineers’ decisions. Tech-
nically, features does not have any interfaces that represent
the interaction between each others, rather than service
interfaces, required and provided ones.

Feature identification has been investigated by many
approaches. These aims to identify program units such as
methods, or classes that represent features related only to
user visible aspects, and without considering the position
of these feature at the design level. Dit et al. [84] provided
a survey of feature identification approaches. Features
were identified based on the analysis of single software
product like [85] [86], [R7], or based on the analysis of mul-
tiple software products by exploring the commonality and
the variability between these products like [88] [89, 90} OT].

8. Conclusion

In this paper, we presented ReSIde (Reusable Service

Identification): an automated approach that identifies reusable

services based on the analysis of a set of similar object-
oriented SPVs. ReSlde identifies reusable functionalities
of cloned codes that can be qualified as services across
multiple SPVs based on the analysis of the commonality
and the variability between the source code ofthese SPVs.
We consider that identifying service based on the analysis
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of multiple SPVs provides more guarantee for the reusabilisis
ity of the identified services, compared to the analysis ofs
singular SPV. e

ReSlde firstly identifies all potential services from eac}izj

SPV independently. A potential service is defined basedss
on a group of object-oriented classes identified gradually®*®
based on one core class. Groups of classes have quality val—iz?
ues exceeding a pre-defined threshold value are considereds,,
as potential services. Then, ReSlIde explores the commonss2s
ality and the variability between the identified potential®*
services to identify ones that are shared between diﬁerenﬁzz
SPVs. The identification of these shared services is basedsy
on a clustering algorithm. From each cluster of servicesiszs
ReSIde extracts one common service that represents that®*
most reusable and quality-centric service in this cluster. 2?

To validate ReSlde, we applied it on three case studiegs:
of product variants of three different sizes; 8 products ofsss
Mobile Media as a small-scale software (43.25 classes pex“j4
product), 10 products of Health Watcher as medium-scale,,,
software (137.6 classes per product), and 9 products of Arss
goUML as a large-scale one (2198.11 classes per product)iss
The results demonstrated the applicability of ReSIde o lzjz
the selected three case studies and the capability to idens,,
tify reusable services that can be existed in multiple SPVsias
We proposed an empirical measurement method to evali*
uate the reusability of the identified services. The resultsiaA:
of this measurement method showed that the reusabilityy,,
of the services identified based on ReSIde is better thanss
the reusability of those identified based on the analysis of**®
singular software product. E:z

As future directions, we plan to extend ReSIde to transqss
form the object-oriented implementation of identified seris2
vices into truly deployable services by making them adheré*”
to one or more SOA models such as Web services or ml—i:
croservices. Also, we want to evaluate the reusability ofsss
the identified services based on the human expert knowlsss?
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