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Abstract 

To provide efficient services to end-user it is essential to manage variability among services. Feature modelling 

is an important approach to manage variability and commonalities of a system in product line. Feature models 

are composed of feature diagrams. Service feature diagrams (an extended form of feature diagrams) changed 

the basic framework of feature diagrams by proposing new feature types and their relevance. Service feature 

diagrams provide selection rights for variable features. In this paper we argue that it is essential to put 

cardinalities on service feature diagrams. That is, the selection of features should be done under some 

constraints, to provide a lower and upper limit for the selection of features. The use of cardinalities on service 

feature diagrams reduces the types of features to half, while keeping the integrity of all features. 

 

Keywords feature modeling; service feature diagrams; software product line; variability and similarity 

management; cardinality-based service feature modelling. 

 

 

 

 

 

 

 

 

1 Introduction 

Software product line engineering is one of the ways used by the researchers in industry to automate product 

development of the product line. One of the challenges for product development is the use of variability and 

commonality among the features of products. Feature modelling is established notation to deal with such type 

of challenges (Batory et al., 2006). Feature diagrams were introduced as a part of the Feature-Oriented Domain 

Analysis (FODA) in (Kang et al., 1990). Feature diagrams are used in number of domains including telecom 

systems (Griss et al., 1998), template libraries (Czarnecki and Eisenecker, 2000), network protocols (Barbeau 

and Bordeleau, 2002), and embedded systems (Czarnecki et al., 2002). 

Feature models are, hierarchical models to record commonalities and variabilities among the products of a 

product line. In the model, each characteristic relevant to the problem space is said to be a feature. So in this 

sense, a feature is called a characteristic of a system. We can say that a feature can be a requirement, a quality, 

a technical function or a non-functional characteristic (Czarnecki and Kim, 2005). For example, colour, tires, 
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of features in the group. Group cardinality denotes how many group members can be selected. 

3.2 Proposed framework 

CSFD offers two types of relationship of feature with its sub features: 1) Single feature; 2) Group feature. 

Single feature is either mandatory or an optional feature, while the Group feature is the combination of 

multiple features. Notation of CSFD is shown in Table 2. The first column under “Features” shows the types 

of features, whereas the diagrammatic representation of the corresponding feature type is shown in the second 

column under “Graphical Representation”. 

 

 

 Table 2 Notations used in cardinality-based service feature diagrams. 

Features Graphical Representation Comments 

S
in

gl
e 

F
ea

tu
re

  If feature B is mandatory sub-feature then it must be 

selected on selection of A, otherwise it may be 

selected or rejected based on the requestor’s 

preference in an instance. 

 A feature B may be selected depending on provider’s 

preference in an instance, if A is selected. 

G
ro

up
 F

ea
tu

re
 

 If the feature A is selected then features Bm to Bn 

must be selected from this group in an instance, 

where 0 ≤ m ≤ n ≤ k. This selection of features 

should be decided on the basis of requester’s 

preferences. 

 

 If the feature A is selected then features Bm to Bn 

must be selected from this group in an instance, 

where 0 ≤ m ≤ n ≤ k. This selection of features 

should be decided on the basis of provider’s 

preferences. 

 

 

 

Fig. 4 is revised by using the notations of CSFD and shown in the Fig. 5 below. Please note that requestor 

in this case is the student and the provider is university. Now, Fig. 5 captures completely the example 

discussed in Section 3. Now no student could be considered to be Graduate except passing five subjects from 

Core Subjects and 3 from set of any specializations available at campus. 

 

74



 IAEES  

 

Furth

elective s

 

4 Conclu

The conc

is first st

paper, w

graduate 

benefits: 
1 Reduce
2 Develo

circles,  

3 Arbitra

maximum

Futur

Girard, 1

 

 

Referenc

Barbeau 

Proce

Pittsb

Batory D

Comm

Czarneck

An in

Comp

Heid

Czarneck

Wesl

Czarneck

speci

            

Fig. 5 R

hermore, the 

subjects is lef

usions and F

cept of servic

tep towards th

e have argue

program at a

ed number of
opers of featu

ary number o

m number of 

re work will 

1987, 1995) a

ces 

M, Bordele

eedings of the

burgh, Vol. 2

D, Benavides

munications 

ki K, Bednas

ndustrial expe

ponent Engi

elberg, Germ

ki K, Eisenec

ley, Boston, M

ki K, Helsen

ialization. Sof

Com

            

Revised version 

selection of 

ft with the un

Future Work

ce feature diag

he developme

d the need of

a university. A

f features 
ure models c

of features ca

features avai

mainly focus

and developin

eau F. 2002. 

e ACM Conf

487 of LNCS

s D, Ruiz-C

of the ACM, 

ch T, Unger 

erience repor

ineering (GP

many 

cker UW. 20

MA, USA 

n S, Eisene

ftware Proces

mputational Eco

            

of Figure 4 usi

specializatio

niversity. 

k 

grams was pr

ent of a frame

f constraints o

Apart from p

can easily fo

an be chosen

ilable in the g

s on formaliz

ng a tool supp

A protocol 

ference on Ge

S. 93-109, Sp

ortes A. 200

49(12): 45-4

P, Eisenecke

rt. In: Proceed

PCE’02), Pi

000. Generati

ecker U. 200

ss Improvem

ology and Softw

            

ing notations of

on is left wit

roposed in (N

ework for the

on service fe

providing the 

ocus on the c

n from the gr

group. 

zing the conc

port for our pr

stack develo

enerative Prog

pringer-Verlag

06. Automate

47 

er UW. 2002

dings of the A

ittsburgh, Vo

ve Programm

05. Formaliz

ent and Pract

ware, 2015, 5(1

            

f cardinality-bas

th the studen

Naeem and He

e cardinality-

ature diagram

full support 

cardinalities r

roup feature. 

cept of CSFD

roposed appro

opment tool 

gramming an

g, Heidelberg

ed analysis o

. Generative 

ACM Confer

ol. 2487 of

ming: Method

zing cardina

tice, 10(1): 7-

1): 69-76 

            

sed service feat

nts, whereas t

eckel, 2011; N

based service

ms with the h

to SFD, CSF

rather than fi

This numbe

D using Linea

oach. 

using gener

nd Componen

g, Germany 

of feature m

programming

rence on Gen

f LNCS. 15

ds, Tools, an

ality-based fe

-29 

          w

 
ture diagram. 

the selection

Naeem, 2012

e feature diag

help of a real 

FD provides t

filled and unf

er can range 

ar Logic (Tro

rative progra

nt Engineering

models: challe

g for embedd

nerative Progr

56-172, Spri

nd Applicatio

eature mode

www.iaees.org

of core and

2). This paper

grams. In this

example of a

the following

filled arcs or

from zero to

oelstra, 1992;

amming. In :

g (GPCE’02)

enges ahead.

ded software:

ramming and

inger-Verlag,

ns, Addison-

ls and their

d 

r 

s 

a 

g 

r 

o 

; 

: 

), 

. 

: 

d 

, 

- 

r 

75



Computational Ecology and Software, 2015, 5(1): 69-76 

 IAEES                                                                                    www.iaees.org

Czarnecki K, Kim CHP. 2005. Cardinality-Based Feature Modeling and Constraints: A Progress Report. 

OOPSLA’05Workshop on Software Factories, San Diego, California, USA 

Czarnecki K, Wasowski A. 2007. Feature diagrams and logics: there and back again. Proceedinsg of 

International Conference on Software Product Lines (SPLC’07). 23-34, IEEE Computer Society, 

Washington DC, USA 

Girard JY. 1987. Linear logic. Theoretical Computer Science, 50: 1-102 

Girard JY. 1995. Linear Logic: Its Syntax and Semantics. In: Proceedings of the Workshop on Advances in 

Linear Logic (ALL’95). 1-42, New York, USA 

Griss M, Favaro J, d’Alessandro M. 1998. Integrating feature modeling with the RSEB. In: Proceedings of the 

Fifth International Conference on Software Reuse (ICSR). 76-85, IEEE Computer Society Press, Los 

Alamitos, CA, USA 

Kang K, Cohen S, Hess J, Novak W, Peterson S. 1990. Feature-Oriented Domain Analysis (FODA) Feasibility 

Study. Technical Report, Carnegie-Mellon University, USA 

Naeem M, Heckel R. 2011. Towards matching of service feature diagrams based on linear logic. Proceedings 

of Workshops of SPLC 2011. 13, Munich, Germany 

Naeem M. 2012. Matching of Service Feature Diagrams using Linear Logic. PhD Dissertation. Department of 

Computer Sciences, University of Leicester, UK  

Troelstra AS. 1992. Lectures on Linear Logic. Center for the Study of Language and Information, Stanford, 

CA, USA 

 

76




