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Abstract

This paper shows an analysis of features of email system using feature model in a Software Product Line (SPL).
The core features that can be used by different SPLs are identified using feature model. The analysis is based
on two primary measures — reusability and consistency. Reusability measures the level of frequency of usage of
the feature in developing a new software product line and consistency ensures that the core features are
consistent in a software product line. On the basis of reusability measure, the core features are classified into
four different categories. These measures help in understanding the Return on Investment in a software product
line.

Index Terms: Feature Model, Core asset, Software Product Line, Feature.
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1. Introduction

Software Product Line (SPL) engineering is a way to build the configurable software product. Software
Product Line helps to record the variabilities and commonalities. The main challenge is to obtain a new
software product line configuration which helps to minimize the cost and resource requirement. Software
product line is built by using a set of components that allow variability. Software product line can be developed
in two ways a) domain engineering and b) product derivation. The process of creating the common and variable
software feature of the SPL is called domain engineering. The process of changing the reusable software
features according to the requirements of customers is called product derivation.[15] In the case of a proactive
approach, all features of SPL are constructed after the domain engineering. But in extractive approach existing
features a new software product line is constructed.
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SPL helps an organization to develop their products by using reusable features rather than starting from
scratch. This core function of the Software Product Line decrease functionality cost of software system [15].
SPL improves the quality of product and control production cost and ensures discipline in software.

Software product line is a planned process rather than anticipated. One of the examples of SPL is e-
commerce organization. Every e-commerce company has many channels for selling their product to the
customer. Some of the components are common to the channels and some of them are different.

This paper has been organized as follows. Section 2 shows related work. The feature model of e-mail system
and its measurement and analysis is described in sections 3 and 4 respectively. Section 5 has the conclusion.

2. Related Work

Software Product Line is prominent concept since the eighties and now it has gained the attention of the
researchers and developers. Since the market is evolutionary, so it is required to replace software product once
they prevent the goals of the organization. Some of the researchers have focused on existing approaches,
methods and tools for product lines. Some have proposed their method for effective product lines, which can
accommodate changes.

Software product line is defined in [13][17] as a software-intensive system. Author has explained a
framework for product line practice. A framework helps to identify concepts underlying SPL and necessary
activities before creating a product line. The development of software product line involves a development of
core assets and development of products by using reusable core assets. Using existing products can develop
new products. This provides immense benefits to the organization.

In [20] author introduced Aspect-Oriented Programming (AOP), which improved assembling process in SPL.
Author find existing method is not effective and for the implementation of software product line needs high
cost. The author used commonalities and variability are in the assembly process and used AOP concept to
analyze requirements and design.

A systematic method is introduced by [11] which is called variation point model. It is used for developing
components for reusability in many applications. The paper described SPL as a reusability approach and
various different methods to model variability i.e. using information hiding, parameterization, inheritance, and
variations points. Software Product Line Integrated technology (SPLIT), Pulsk, KobrA [18], and Wheels [19]
helps in building product lines.

A product line evolution method is proposed in [2] based on kaizen approach, which is used in Japanese
industry. This approach defines some work standard that continues improve processes in a product line. The
author defined various types of matrices in which core assets can be measured and on the basis of that author
further classified core assets. Several measurement definitions are defined in [1] in which it defines the metric
index and analyzed the relationship of core asset. Author has given three measurement index i.e. consistency,
reusability, and coverage in which it analyzes the relationship with the management of core asset.

In [3] author described various matrices to measure core assets, which helped in correlating the evolution of
core asset library. Author defined three measures namely reusability, coverage and consistency. On the basis of
evolvement coefficient author classified core assets library levels into a form of optimized and stabilized form.

In [21] Author took a case study for evaluation of complexity, modularity, and stability of core asset. The
author presented a decision model and performed a quantitative study for implementing services as software
product line core asset.

A framework called Wheels is presented [19] for software product line development. Wheels framework is a
component of Software Product Line Integrated technology (SPLIT) method. The author tried to investigate
SPLIT under which Wheels method works. Wheels is a tailorable process which offers the ability to adapt to
different situations.

A survey based on search-based software engineering (SBSE) for software product lines was done by M.
Harman in the paper [4]. Software product line is a group of related product, they share few common feature
but differ in some specific feature. These differences in the features help product line to find variability in the
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system.

In [22] [23], Author identified various dimensions and extended notations of business process modeling
notations for handling variability. By using a set of operations, a process model can be individualized according
to the organization requirements.

Xinyu et al. 2011 define the design and realization of core asset and presents system architecture of core
asset library [6]. Mikyeong et al., 2009 focus on reuse to build high quality and cost effective system. [7] [9]

3. Feature model of E-mail System

Feature models are important to understanding the variability of software systems. This model tells that
which features can be used with other to form a product and which ones cannot. So, feature model is used to
combine features for software product line. This model looks like a tree structure. Every product obtained from
feature model represents a unique set of features. Fig. 1 shows the feature model of the e-mail system. Each
feature has one parent except root node and has set of children. The symbols used to represent different
relationships in a feature model are shown in Table 1.

Table 1. Relationship Symbols in Feature Model

Symbols Relationship
—0 Mandatory Feature
—0 Optional Feature
‘ Inclusive Relationship

Exclusive relationship

Feature model has four types of relationship - First is a Mandatory relationship in which a feature is selected
when parent feature is selected. For example, Utility and Message Compose. Second is an Optional relationship
in which a feature may or may not be selected if the parent feature is selected. For example, a feature Drive.
The third is an Exclusive relationship in which exactly one feature is selected among others whenever parent
feature is selected. For example Docs, Sheets and Slide. Fourth is an inclusive relationship in which at least
one feature must be selected if parent feature is selected. For example, Voice Talk, Chat and Video Talk [5]. A
feature model is designed using AND-OR graph.

i.  Software Product Line of E-mail System

A Product matrix displays a list of features or core asset for the email system product line. A Product matrix
as represented in Fig. 2 is a two- dimensional matrix that shows the relationship between the features and
members of a product line. These features can be shared by different systems in the product line. Tick mark
represents features accommodated by different product line. In the first column of the table, we write all the
features and others columns represent different product lines. From the product matrix, different product lines
can be derived. For example, product line A represents communication between two users in three different
modes — voice talk, chat and video.
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Fig.1. A Simplified Feature Model of E-mail System Product Line
4. Feature Measurement & Analysis

Reusability and consistency are two important measures to understand the nature of core features and to
estimate the return on investment for an organization. Jianjie et al., 2011 proposed the measurements for the
reusability and consistency of the features.

i. Reusability

Reusability [1] plays a big role in the measurement of a core feature. It measures the level of frequency of
usage of a feature in developing a new product line. In general, a reusable matrix will change dynamically due
to the development of different product lines from time to time. And also, sometimes, it can be a sparse matrix
too.

Let the reusable product matrix U = (Uij)nxm; with ‘n’ features and ‘m’ product lines.

uij= 1, if the feature r;is used in the product line P; and 0 otherwise.

Measurement 1 (frequency of usage of a feature): The frequency of usage of a specific feature can be
calculated using the formula [1]

Ui Ziu @)

R

For the above case study the reusability of different features is shown in Table 2. In first row of table 2,
frequency of usage of email is 11 and also it is evident from the Fig. 2, that the email feature is being used in
every product line. It is clearly seen that utilities feature is using in four product lines so the frequency of usage
is 4.
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Fig.2. Different Product Lines Derived from the Product Matrix.

Measurement 2 (reusability of a feature): The reusability of a specific feature [1] is computed as specified in

equation 2.
2.U;
_ i
Ri - m

@)

In other words, reusability can be calculated by dividing the frequency of usage of a feature with the total

number of product lines. The calculated values for the e-mail case study are shown in Table 3.
In addition, we can also compute the maximum and minimum reusable feature as below.
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Table 2. Frequency of usage of features in Email System.

Feature Frequency of usage
Email 11
Utilities

Communication
Voice Talk

Chat

Video

Message Compose
Insert file using drive
Insert emoji

Attach files
Formatting options
General setting
Default behavior
Account setting
Security and privacy
Drive

New

Docs

Sheets

Slides

Backup

L e N o T N N e e N T S = T < B = R CR U N

Upgrade storage

Measurement 3: The maximum reusable feature [1] is R,= max (Ry, Rz, Rz Ry,). Feature ID R; has
maximum value of 11 among others. So it is obvious from table 3 that R; has maximum reusability.

Measurement 4: Minimum reusable feature [1], R=min (R, Ry, Ra........... R,,) It is evident from table 3 that
Re, Rs, Rio, Ri1, R12, Ras, Rig, Ris, Rig, Rig, Rag, Rop, Ryp=1/11

Based on the reusability measure the features are divided into four categories - Type 1, Type 2, Type 3 and
Type 4 core features as represented in Table 4. This classification helps in understanding the most reusable
feature and the least reused ones. According to the table 4, Type 1 has a single feature of feature ID R; (feature:
email). Features like utilities, communication, compose message lies in Type 2. Voice, Chat, Video, Insert file
using drive, Features like Insert emoji, Attach files, Formatting options, General setting, Default behaviour,
Account setting, Security and privacy, Drive, New, Docs, Sheets, Slides, Backup, Upgrade storage lies in Type
3. No feature lies in Type 4.
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Table 3. Reusability of features in Email System.

Feature Name Feature ID Reusability
Email Ry 1
Utilities R 0.36
Communication Rs 0.36
Voice R4 0.18
Chat Rs 0.18
Video Talk Rs 0.05
Message Compose R; 0.27
Insert file using drive Rs 0.05
Insert emoji Rg 0.18
Attach files Rio 0.05
Formatting options R 0.05
General setting Ri2 0.05
Default behavior Ris 0.05
Account setting Ri4 0.05
Security and privacy Ris 0.05
Drive Rie 0.18
New Riz 0.18
Docs Ris 0.05
Sheets Rio 0.05
Slides Rao 0.05
Backup Ro1 0.05
Upgrade storage Rz, 0.05

ii. Consistency

Consistency is a qualitative measure that indicates how consistent a core feature is in a product line.
Therefore core features do not contradict each other. Consistency ensures that the core features are consistent in
a product line. [1]

Measurement 5 (of any two core features): The consistency of two core features can be computed as shown
in equation 3 [1].

2Uic Uy
Consistency(r,. ) = HT €))

Measurement 6 (of k number of core features): the consistency of a set of core features can be computed as
shown in equation 4.

— k=1

Consistenc I
V(o) - @
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For example, the consistency of some of the pairs of features is listed in Table 5. Which are evaluated as

follows:

By using the formula 4, the consistency of Email, Utilities is 0.36. In a similar way, the consistency of
communication and voice talk features is 0.18 and the consistency of slides, backup is 0.

Table 4. Classification of Features

Type Range Feature

Type 1 R>=0.5 Ry

Type 2 0.2<=R< 0.5 R,, R3, R;

Type 3 0.05<=R<0.2 R4, Rs, Rg, Rg, Rg, Rio, Ru1,
R12, Ri3, R, Ris, Rig, Ru7,

Type 4 R<0.05 Ris, Rig, R20, Ra1, R22

No feature

5. Conclusion

This paper presented the analysis of features using a feature model in an e-mail software product line. The
motive is to analyze the core features in a SPL in terms of the two vital attributes — reusability and consistency.
This helps in understanding the most reusable and consistent core features and consequently assists in deriving
new software product lines. In the e-mail system, it has been found that some core features are highly reused
and some to a lesser extent. This understanding helps organizations in developing new SPLs with a higher

return on investments.

Table 5. Consistency of Features

Features Consistency
Email, Utilities 0.36
Communication, Voice Talk 0.18
Slides, Backup 0
Backup, upgrade 0.09
Daocs, Sheet 0
New, Docs 0.09
Drive, New 0.18
Insert file using drive, emoji 0
Emaoji, attach file 0.09
Attach file, Formatting options 0.09
Email, Utilities, Communication 0.36
Utilities, Communication, VVoice Talk 0.18
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