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ABSTRACT
WhatsApp has greatly become popular
text messaging technology among
youth. It allows free exchange of text,
pictures, videos and documents. From
the lens of Uses and gratification
perspective, this research study
examined the Pakistani youth needs
gratification
through
Whatsapp
application. Survey technique was
adopted and 400 respondents belong
to Pakistani universities took part in
this
study
by
fulfilling
the
questionnaire.
Research
results
exposed that people used Whatsapp to
gratify their social cognitive needs
following with cognitive needs while
tension release and affective needs are
not much imperative for youth as they
did not use Whatsapp more to
gratification of their tension release
and affective needs.

KEYWORDS
WhatsApp, Uses gratification theory,
Social integrative needs, Cognitive

needs, Tension release needs and
Affective needs

1. INTRODUCTION
Incredible developments and rapid
changes in the information
communication technologies have
significantly affected all field of
life [1]. All of us depended on
these technologies and now it befits
the part of our lives. It is
progressing at very high speed and
converts to such reality that no one
can deny. WhatsApp is one of such
consequence of technology that
people are using on specific mobile
phones [2]. Former employees of
Yahoo! Brian Acton and Jan Koum
formed “WhatApp” in 2009 [3].
WhatsApp is the smartphone
instant messaging application [4].
Such messenger communication
through mobile phones enables
faster,
easier
and
cheaper
communication possible. It is an
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interesting
practical
communication
tool,
which
addresses users’ needs cheaply and
effectively [5]. Other utility of
Whatsapp
includes
sending,
receiving of text messages and
video audio files sending function
[6].
WhatsApp has different features
that make it unique from other
social interaction sites. This
application is different in a way
that it connects you to another
contact automatically by providing
technical supports that checks
one’s phone contact to see if any
contact is using WhatsApp [3].
WhatsApp
provides
closed
platform where the individual
contact only with those who are
present in their contact list and you
can also check whether the other
person is online and check your
message or not. In other words,
WhatsApp provides new form of
interaction platform for their users
[7] and it is free service to use [8].
In 2014, 500 million people were
actively used WhatsApp with 100
million videos and 700 million
photos shared each day [9].
Similarly, in 2015, Wall Street
journal [10] published that 800
million people were actively used
WhatsApp. According to the news
published on BBC news website
Mobile
messaging
service
WhatsApp were used by billions of

people every month [11]. Due to 1
billion
active
user’s
base,
WhatsApp is the most popular
messaging application and by
framing and improvising their
policies, they can able to attract
more users [12]. In 2017,
according to Whatsapp officials,
one billion people are now using
chat and photo sharing application
daily [8]. Users are sending 55
billion messages per day, 4.5
billion photos and 1 billion videos,
and it is now at 1.3 billion monthly
active users [13].
Research scholars focused on the
studies that deal with WhatsApp
usage among the users. People
used WhatsApp for maintaining
contact with friend and family,
entertainment purposes as well as
for information sharing [14]. By
comparing SMS and WhatsApp,
[15] research showed that people
used WhatApp messages because
they are more conversational,
exchanged more often than SMS
and more used to communicate
with social circles.
1.1 Statement of Problem
WhatsApp is new phenomenon that
needs to explore more and because
of its proliferation of its usage
among youth in Pakistan, the
question arises that what needs are
satisfied through using the
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WhatsApp texting application. This
question is important because now
more and more youth in Pakistan
are using WhatsApp for their
purposes. Hence, the problem of
this research study is to determine
the
needs
influencing
the
consumption of Whatsapp among
Pakistani youth and with the focus
on constructs from Uses and
Gratification theory.
1.2 Objectives
The main objectives for conducting
this research are as follows:
 To examine which needs
are more important for
youth that influences them
to
use
Whatsapp
application.
 To
inspect
whether
Pakistani youth use of
Whatsapp because of their
cognitive needs.
 To observe out either young
people in Pakistan use
Whatsapp application as a
source of entertainment and
fun.
 To
investigate
young
people
use
Whatsapp
because of their social
status and gratification of
social cognitive needs.
 To check people use
Whatsapp to get freedom
from their daily routine
tensions.

2. LITERATURE REVIEW
Theoretical framework of this
article is moored on the Uses and
Gratification (U & G) theory. Uses
and Gratification theory is widely
used media theory that explicates
media usage behavior among users
[16]. Katz, Blumer and Gurevitch
purposed uses gratification theory
in 1974. This theory focused on
why people use media and use of
such media how it affected them.
The basic assumption this theory is
that people are highly interact with
the communication media by
edifying profile grouping of related
uses and theoretically associated
gratifications and people are
actively involved in media usage
[17]. Researchers [18] improved
the assumption of Uses and
Gratification theory to examine
why people used certain media and
enjoy gratification. They argued
that people actively seek out and
involved with specific media to
satisfy their some specific needs.
They categorized five needs as
cognitive needs (strengthening
knowledge,
information
and
understanding), affective needs
(strengthening
pleasurable,
aesthetic
and
pleasurable
experience), integrative needs
(strengthening
confidence,
credibility, status and stability),
social
integrative
needs
(strengthening contact with friends,
family and world) and tension
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release needs or escape needs
released tensions from self and
society [19].
Uses and gratification theory
suggested that firstly, individuals
are active; secondly, media use is
goal oriented, thirdly media
consumption fulfilled different
needs, fourth people know and
express their view of using media
and fifth gratifications have their
origin in media content [20].
Researchers investigated youth use
of social networking sites from
uses gratification perspective.
Their research found that youth are
active users of social networking
sites and they used for getting the
latest information(cognitive needs)
as well as communicating with old
and new friends(affective needs)
[16]. Similarly, in another research
found that people used social
media for different purposes which
included
entertainment,
information
sharing,
social
interaction,
surveillance,
knowledge about others and
communicatory utility [21].
WhatApp
is
seen
as
a
comparatively
new
tool
in
education
that
included
characteristics
of
previously
technological tools. However,
WhatsApp contained up-to-dated
features that embolden students to
use it for enhancing their
understanding [22]. WhatsApp

platform is different as compared
to other social networking sites
however; student’s usage and
attitude
towards
WhatsApp
remained same like the way they
used other social networking sites
[7]. WhatsApp are most popular
and preferred used social network
among the students [23].
Students used WhatsApp for
gratify their cognitive, social
integrative (building social network
ties, meeting with new people,
keep in touch and chatting with
friends and family), tension release
and affective needs [3]. Similarly,
another research found that
students used WhatsApp to share
information and building social
interaction. The level of student’s
enjoyment with WhatsApp is the
determined
their
time
on
WhatsApp usage. More the
students enjoyed while using this
application more they spend time
on WhatsApp [7]. Students used
social media for satisfying their
cognitive
needs
(educative
information),
affective
needs
(discussed national issues) and
entertainment
purposes
[24].
Students also used WhatsApp for
entertainment purposes such as
sharing jokes or funny messages
with each other [25].
Likewise, research showed that
people used WhatsApp for
socializing with friends and family,
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acquiring important information
and seeking entertainment [14].
[26]
Research
found
that
WhatsApp
were
used
for
information sharing and academic
communication. Other researchers
examined WhatsApp usage among
young individuals and found that
WhatsApp messaging was chiefly
used to dwell with significant
others in the virtual space [27].
Another research showed that
people did not gratify their needs
through WhatsApp however; this
text messages technology affected
them greatly. Those people who
depended and frequently used
WhatsApp feel social anxiety [14].
Previous research studies showed
that individuals used WhatsApp for
different purposes. However, very
few research studies focused on
student’s usage of WhatsApp from
uses and gratification perspective.
Additionally in Pakistan as well as
internationally there is no such
study that attempted to examine the
Pakistan young people usage of
WhatsApp and gratification needs
satisfaction by using of WhatsApp.
This article will fulfill this
knowledge gap and let the world
know about how the Pakistani
youth used WhatsApp and gratify
their needs.

3 RESEARCH QUESTIONS
Following research questions are
formulated.
RQI: Do people use Whatsapp to
satisfy their cognitive needs?
RQ2: Do people use Whatsapp to
gratify their social cognitive needs?
RQ3: Do people use Whatsapp to
release their tensions?
RQ4: Do people use Whatsapp
because it provides fun to them?
4 METHODOLOGY
The idea behind this specific
section is to divulge the rationale
for research methodology, methods
and strategies adopted in gathering
the data for this research study
[28]. This particular part also
revealed the operationalization of
variables data that seeks to
investigate the Whatsapp usage and
needs gratification among youth in
Pakistan.
4.1 Research Design
The study was quantitative in
nature and involved a survey from
the educated youth of universities
in an urban center, as they are the
biggest
user
of
Whatsapp
application. According to Aliaga
and
Gunderson,
quantitative
research method is explaining
phenomenon
by
collecting
numerical data that are analyzed
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using
mathematically
based
methods [29]. Survey research is
one of the best research techniques
for describing such population that
are too large to observe it directly
[30].

4.3.2 Tension Release Needs

4.2 Sample

Affective needs concerning about
sharing of pictures, messages and
videos for fun with friends and
family. Also needs regarding
receiving pictures, messages and
videos for entertainment purposes.

Undergraduate
and
graduate
students from each of four
Pakistani universities (International
Islamic University Islamabad,
Bahria
University
Islamabad,
Comsat University Islamabad and
Quaid-e-AzamUniversity
Islamabad) were the sample of this
research study. This research
article
employed
purposive
sampling method. Undergraduate
and graduate students of the
selected
universities
were
approached and ask to fulfill out
the questionnaires. Four hundred
questionnaires were distributed.
4.3 Operationalization of
Variables
4.3.1 Cognitive Needs
Needs
regarding
acquire
information and knowledge about
surroundings as well as educational
information material that helps in
education sector.

Tension release needs means to
release tension and get freedom
from daily bored routine.
4.3.3 Affective Needs

4.3.4 Social Integrative Needs
Needs regarding maintain social
status and in touch with friend and
family socially.
4.4 Data Collection
The researcher after selected the
four
major
universities
in
Islamabad went to campuses of
these universities approached the
students and asked them to fill the
questionnaire. The response rate
was 100% and the respondents of
these universities filled the entire
400 questionnaire.
4.5 Data Analysis
Four hundred questionnaires were
distributed and all found valid and
completed. Data tabulated by using
SPSS to find out the answers of
research questions.
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5 RESULTS
This particular part analyzes the
respondent’s response through
administration
of
structured
questionnaire.
Total 400 questionnaires were
distributed and response rate was
100%. All response rates were
included in final analysis. The data
was thus complied and revealed
that 50% of the respondents were
female and 50% were male. The
respondent ranged in age from 18
to 24 years old. Out of these, 20%
were aged 24 years old, 28% were
aged 23 years old, 16% were aged
12, 19% were aged 21, 12% were
aged 18 and 5% were aged 19
years old.
Some general questions were asked
from the respondents. In order to
know which social platform they
preferred to use for social
interaction. The result showed that
98% people used Whatsapp while
only 2% used Facebook for social
interaction. This means that
Whatsapp is stronger medium for
social interaction among youth in
Pakistan.
Another question was asked from
people that how frequently they
used WhatsApp. The response
clearly indicated that 91% people
daily used Whatsapp, 4% used
often, 2% used sometimes and 3%

used occasionally used Whatsapp
in their life routine.
The question was asked from the
respondents about the amount of
time they spend on Whatsapp. The
response from the respondents
clearly showed that 94% young
people used 8-10 hours daily, 3%
used 5-7 hours daily while 2% used
2-4 hours daily and only 1% said
that they used WhatsApp for 1
hour.
Furthermore, the respondents were
asked do they think Whatsapp is an
effective tool for communication.
The result showed that 93%
strongly agreed the statement, 4%
agreed while 1% remained neutral,
1% said they disagreed while 1%
said that they strongly disagreed
that Whatsapp is an effective tool.
Another question was asked do
they think Whatsapp make their
life easy. In response, 87% of the
respondents strongly agreed that
Whatsapp make their life easy, 5%
agreed the statement, 2% strongly
disagreed while 6% said they
disagreed.
RQI: Do people use Whatsapp
to satisfy their cognitive needs?
To determine this, respondents
were asked that do they share
educative
materials/lecturer
information through Whatsapp.
Results revealed that majority of
students (86%) agreed that they
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regularly
and
often
shared
educative materials/lecturer on
Whatsapp (Table 1).Only few
students 2% said that they never
shared, 5% said that they
occasionally shared informative
material. Whereas 6% respondents
replied that sometimes, they used
Whatsapp for sharing of their
informative lectures of university
(Table 1).

Table 2: Knowledge gaining through
Whatsapp.

Table 1: Sharing of educative
materials/lecturer information through
Whatsapp.

RQ2: Do people use Whatsapp to
gratify their social cognitive
needs?

Option

To check students gratify their
social cognitive need through
whatsapp. To determine this,
respondents were asked do they use
Whatsapp to keep connect with
family and friends lived abroad.
The
respondent’s
responses
amazed the researcher. Results
clearly indicated that 81% people
used Whatsapp to chat with their
social circus of friends and family
who lived abroad. However, 8%
responded
often,
5%
said
sometimes, 1 said occasionally and
only 3% replied that they never get
connected with abroad friends and
family through use of Whatsapp
(Table 3).

Never
Occasionally
Sometimes
Often
Regularly

N%
8
(2)
21 (5.2)
25 (6.2)
83 (20.7)
263 (65.7)

Second question was asked from
the respondents that do they gain
knowledge about surroundings
from chatting on Whatsapp. As
indicated in table 2, majority of
respondents agreed that they
regularly gained information about
the
surroundings
by
using
Whatsapp application. Only 2% of
respondents said that they never
gained
information
regarding
surrounding via chatting on
Whatsapp.

Option
Never
Occasionally
Sometimes
Often
Regularly

N%
9
(2.2)
16
(4)
39
(9.7)
95 (23.7)
241 (60.2)
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Table 3: Whatsapp connection in touch
with social circus of friends and family.
Option
Never
Occasionally
Sometimes
Often
Regularly

N%
14
5
21
35
325

(3.5)
(1.2)
(5.2)
(8.7)
(81.2)

Another question was asked form
the respondents about the usage of
Whatsapp to update their social
status. As indicated in the result
(table 4) 71% youth said that they
regularly updated their social status
on Whatsapp. While 13% replied
often, 9% said sometimes, 4% said
occasionally while only 1% young
people replied that they did not
used Whatsapp application to
update their social circle.
Table 4: Maintenance of social status on
Whatsapp.
Option
Never
Occasionally
Sometimes
Often
Regularly

RQ3: Do people use Whatsapp to
release their tensions?
To check Whatsapp helped users to
release their tension the question
was asked from the youngsters that
do they used Whatsapp to stay
away from their university worries.
Results clearly indicated that 27%
people said that they regularly used
Whatsapp to gratify their tension
needs, 41% said they never used
Whatsapp for releasing tension
(Table 5). However, 10% replied
occasionally and 21% said that
they used Whatsapp to stay away
from university tensions and
worries.
Table 5: Whatsapp usage in eliminating
university worries.
Option
Never
Occasionally
Sometimes
Often
Regularly

N%
165
41
1
85
108

(41.2)
(10.2)
(0.2)
(21.2)
(27)

N%
6
(1.5)
18 (4.5)
39 (9.7)
52 (13)
285 (71.2)

Moreover, another related question
was asked from the students do
they used Whatsapp to relax
yourself and pass your time. The
respondents give mixture of
responses and 48% said that they
never used Whatsapp application
as a source of relaxing themselves.
However, 28 % people agreed that
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they used Whatsapp for relaxing
purposes, 8% replied sometimes,
6% said occasionally while 8%
said that often they used Whatsapp
for relaxing themselves and passed
their time (Table 6).
Table 6: Whatsapp as a source of relaxing
yourself.
Option
Never
Occasionally
Sometimes
Often
Regularly

Table 7: Whatsapp usage to catch fun
Option
Never
Occasionally
Sometimes
Often
Regularly

N%
125
82
35
73
85

(31.2)
(20.5)
(8.7)
(18.2)
(21.2)

N%
195
25
33
35
112

(48.7)
(6.2)
(8.2)
(8.7)
(28)

RQ4: Do people use Whatsapp
because it provides fun to them?
To find this, respondents were
asked do Whatsapp provide fun to
them. Result indicated in table 7
showed different responses from
youth. Some agreed 21%, others
did not agree 31% and said they
never used Whatsapp to catch fun
with friends and family. While
20% said occasionally, 18% replied
often and only 8% people said that
sometimes they used Whatsapp for
catching fun with friends and
family.

Furthermore, in order to check that
Whatsapp gratify young people
affective needs another question
was asked from the respondents.
The question was do they shared
pictures with friends and family
and get entertainment from that.
Results revealed that 27 %
respondents replied that they never
use Whatsapp for this purpose,
23% said regularly, 24% answered
occasionally while 4% said that
they often used Whatsapp for
entertainment purposes (Table 8).
Table 8: Sharing of videos and pictures
with friends and family.
Option
Never
Occasionally
Sometimes
Often
Regularly

N%
108
96
87
17
92

(27)
(24)
(21.7)
(4.2)
(23)
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6 DISCUSSION
Whatsapp
emergence
greatly
influences the social interaction
among Pakistani youth. They are
using Whatsapp because of its
effectiveness and diverse features
that make their life easy. Whatsapp
become the part of youth especially
students studying in Pakistan. They
are the bigger user of this
application and increase the social
interaction with friends and family.
They prefer to use it as compared
to social networks like Facebook.
WhatsApp is most popular and
preferred use social network
among the students [23]. People
spend much time with Whatsapp
and enjoy this social internet
commodity application. As youth
in Pakistan used and enjoyed
Whatsapp application, it was vital
to examine what sort of
gratification they get from this
mobile texting application. Uses
and gratification constructs were
taken to inspect about Whatsapp
successful in fulfilling the needs of
students in Pakistan. As students,
use WhatsApp for personal and
social purposes on a daily basis
[31]
Survey results exposed that people
used Whatsapp to gratify their
social integrative needs. They
agreed that Whatsapp helps them to
connect with friends and family
that live outside Pakistan. As

Whatsapp is, free of cost so they
easily call and chat with family
who lived abroad. They regularly
used Whatsapp to stay in connected
with family members and loved to
talk to them. When the respondents
asked about the updating of social
status on Whatsapp then majority
of youngsters strongly agreed that
they regularly updated their status
on Whatsapp. Few percentages of
youngsters did not agree that that
they used Whatsapp for maintain of
social status in the society. This
showed
that
young
people
especially students they are curious
about their social status and they
want to connect with social circle
of friends and family. Whatsapp
provided such features that helped
them gratify their social cognitive
needs. This in accordance with
research [3] who found that
students used WhatsApp for
gratifies their social integrative
(building social network ties,
meeting with new people, keep in
touch and chatting with friends and
family). Likewise, people also used
Whatsapp to connect with friends
and family living abroad [32].
Results further revealed that
Whatsapp application is helpful for
sharing of educative and lecture
materials. As the respondents are
students so they supported and
strongly agreed that through
Whatsapp, they shared their
informative material with their
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university fellows. Sending and
receiving messages is not time
bound and it is quick to use so
students easily send their lecturer
material via Whatsapp network.
People chat with each other
through Whatsapp as they think
that it is an effective medium for
communication so they also shared
surrounding news stories with each
other. Whatsapp get to update them
as they frequently shared and
received
messages
from
surrounding. This is in line with
research conducted by researchers
who found that today; Whatsapp is
highly helping university students
in order to receive and deliver any
information effectively and quickly
[33]. That means that Whatsapp
gratify the cognitive needs of
students in Pakistan. Similarly,
another research found that
students used WhatsApp to share
information and building social
interaction [7].
Another research question deals
with the tension release needs. The
question
was
asked
about
Whatsapp helps them to get
freedom from university worries.
Tension release needs did not get
support from majority of university
youngsters. Whatsapp application
is not get much success in
eliminating the tensions. As
majority of people did not agree
that, they used Whatsapp to gratify
their tension release needs. This

showed that Pakistani students
used Whatsapp to gratify their
social integrative needs more as
compared to tension release needs.
In order to examine either
Whatsapp gratify their attention
needs, the question was asked. The
respondents give mixture of
responses. Some supported that
they used Whatsapp to catch fun
and get entertainment while other
did not support that Whatsapp
provide them fun element.
Uses and gratification theory focus
on how people used media and
gratify
their
certain
needs
(cognitive needs, affective needs,
social integrative needs and tension
release needs). The results clearly
exposed that youngsters used
media to gratify their certain needs
more than other needs. They used
Whatsapp to gratify their social
cognitive need following with
cognitive needs while tension
release and affective needs are not
able to influenced youngsters to
used Whatsapp social internet
commodity. This is in line with
research conducted by researcher
who found that students used
WhatsApp for gratifying their
cognitive,
social
integrative
(building social network ties,
meeting with new people, keep in
touch and chatting with friends and
family) [3].
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7 CONCLUSION
Social
internet
commodity
application Whatsapp is fast
growing messaging platform across
the globe. It has greatly changed
the shape of social interaction. The
aim of this research study was to
examine the need gratification role
of Whatsapp from the perspective
of uses and gratification theory
constructs. Survey technique was
used to gather data from 400
respondents studied at university
level. Results clearly disclosed that
youngsters in Pakistan used
Whatsapp to gratify their social
cognitive needs. They regularly
update their social status on
Whatsapp and stay connected with
friends and family lived abroad.
Following social integrative needs
is cognitive needs. Students share
informative materials and get to
know about surrounding news via
Whatsapp. While, Whatsapp is not
able to gratify the other two needs
(tension release and affective
needs) as youngsters in Pakistan
did not use Whatsapp to gratify
their tension release needs and
affective needs more as compare to
social integrative needs and
cognitive needs.
8 RECOMMENDATION FOR
FUTURE RESEARCH
Researcher
recommended
following recommendation for

future research in this area of field.
Survey technique was adopted for
gathering
data;
however,
researchers can use focus group
and interviews or mixture of both
techniques. In this research, uses
and gratification theory was used
as a base while other researchers
can use variety of mass
communication theories like play
theory, media dependency theory
etc.
Researchers can compare
international
students
with
Pakistani students to look at how in
different cultures students used
Whatsapp to gratify their needs.
Evaluation between Whatsapp and
Facebook can research on what
social network people used more to
gratify their needs. The future
research can focus on Whatsapp
usage among students and teacher
by focusing on how Whatsapp
helps them to gratify their
cognitive needs. Whatsapp usage
can observe among journalists and
determine how Whatsapp helpful
in gratification of journalists live.
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ABSTRACT
The Data Warehousing use implies the
establishment of Data Warehouse and business
intelligence systems. A Data Warehouse is a
subject oriented, integrated, time variant and nonvolatile data collection which helps decision
makers with strategic information. Many
researches have proved that most of data
warehouse projects miss to meet the business
purposes and business requirements because of
the carelessness of the significance of entire
requirements
elicitation and
subsequent
specification stages. Most of the time, the
requirements performed in the course of these
definition stages are inadequate or inconsistent,
steering to erroneous specifications. In this paper
we introduce the challenge of data warehousing
projects failure and propose a framework that
would facilitate the formalisms for requirements
elicitation for data warehouse systems design.
Our approach leans towards a hybrid-driven
technique for requirements analysis for data
warehouse systems. We propose some
formalisms for requirements elicitation, followed
by formal specification in Z.

up of data marts (DMs) or operational
databases with business intelligence (BI)
embedded in the resultant structure. This
paper aims at showing to what extent may
formal
specifications
facilitate
data
warehouse systems design using a proposed
framework based on hybrid-driven technique
for requirements analysis. Numerous authors
have researched requirements analysis for
DW systems, notably [1], [2], [3], [4], [5],
[6], [7], [8], [9], [10], and [11] to name but a
few, and rather few research works have
attempted to address the requirements
engineering aspect. [5], [7] and [12] have
defined a data warehouse as “a subject
oriented, integrated, time-variant, and
nonvolatile collection of data in support of
management’s decisions”. A data warehouse
has been recognized as one of the most
complex information systems and its
maintenance and design are described by
numerous complexity coefficients [2], [5],
[7]. A data warehouse is considered as the
cornerstone of business intelligence systems
[12], [13].

KEYWORDS
Data
warehouse
design,
Requirements
engineering,
Formal
methods,
Formal
specification, Z.

1

INTRODUCTION

Nowadays, data warehousing (DWH) is the
technology more used in large industries [1],
[2]. The usage of data warehousing involves
the creation of a data warehouse (DW) made

As observed by [2], the data warehouse
purpose has always been to produce concise
analysis for assisting decision makers with
strategic information and also enhance the
corporeal
organizational
performance.
Building a conventional operational system
requires to take into account not only
requirements upon how to automatically
execute the company operations, yet for
developing a data warehouse system, the
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analytical requirements carrying the decision
making process require to be taken [11]. The
data
warehouse
development
and
maintenance is a complex and tedious task
which requires solving many different
problem types [14]. The design of DW
systems is instead different from the design
of traditional operational systems that
provide data to the warehouse since the
objective of data warehouse projects is
fundamentally relied on the support of the
process of decision making of the enterprise
in order to facilitate the analysis processes
[2], [5], [8], and [11].
It is well documented that a prominent reason
why many DW projects have failed in the
past is not only because they attempted to
supply strategic information from operational
systems while those operational systems
were not intended to provide strategic
information [5], but also because the
requirements analysis phase were often
overlooked [1], [2], and [3] during the design
process and because of these reasons, [2] and
[14] have declared that over 80% of DW
projects miss to meet with the users and
stakeholders’ requirements. The analysis
phase of requirements can be executed
informally based on simple requirements
glossaries instead of formal diagrams but
such an informal (or maybe semi-formal)
approach may be inappropriate for a
requirements-driven framework that requires
more organized and comprehensible
techniques [3].
Data warehouse projects are similar in
several phases to any software development
project and claims a definition of different
activities which ought to be executed related
to demands collection, design and
implementation within an operational
platform, amongst other activities [1], [14].

Despite the similarity to general software
development, the effective development of a
DW relies upon the quality of its models
(design and specification) [15]. However, the
system success under the development may
be strongly affected by the discovering
process of involved stakeholders demands
and sustaining those demands while
transforming and documenting them under a
form which will be analyzable and
communicable. This process is generally
known as Requirements Engineering (RE)
[11], which is a necessary and vital phase in
the software development life cycle (SDLC)
[16].
According to [16] and [17], RE is the process
which is intended to collect, document,
analyze and manage requirements for
systems and software product throughout the
SDLC. According to [5], RE in the data
warehouse arena has acquired increased
importance and it has the goal of identifying
the information demands of the decision
makers. However, researchers are actually
attempting to utilize numerous techniques of
requirements engineering to analyze the
specification of data warehouse systems in
order to avoid the risk of failure. Several
techniques and methods are used in the
requirements engineering activities and in
this paper we are more interested on formal
methods [16], [18], and [19] for analyzing
system behavior, factors of risk and problems
related to its implementation [20] during the
design of the system.
The use of Formal Methods (FMs) in the
construction of reliable software has been
controversial for a number of decades.
Advocates of such techniques point to the
advantages to be gained in constructing
provably correct systems, especially in the
arena of mission/safety-critical systems, e.g.
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nuclear power plants and aviation systems.
Critics of FMs object to the steep learning
curve involved in mastering the underlying
discrete mathematics and formal logic
needed for the effective use of the
methodology. Yet, the literature suggest that
using FMs in the design of data warehouse
systems ought to be useful in improving the
reliability of such systems and other
functionality [19].
Formal
methods
are
mathematical
approaches sustained by tools and techniques
for the verification of the desired and
necessary properties of software or hardware
systems. FMs are necessary for the control of
the quality parameters such as completeness;
correctness; and consistency and verification
of requirements of a system [13] and they are
based on (often discrete) mathematical
notations and logic to clearly and accurately
express requirements specification [21].
In the research work published by [16],
Formal methods are more likely to be used at
the levels of design and verification of the
software development. As observed by [13],
formal methods are attached with the three
techniques which are formal specification,
formal
checking
(discharging
proof
obligations), and refinements. Formal
specifications aim to provide for an
unambiguous and coherent complement to
natural language descriptions [21], [22] and
are rigorously validated and verified
conducting to the early detection of
specification errors [22]. One of the broadly
used formal specification languages amongst
many
different
formal
specification
languages is the Z, selected in this paper
owing to its simplicity and widely-usedness
in the formal methods arena [22].
The layout of the paper follows:

Following our research questions below, we
introduce in Section 2 the fundamental
concepts of data warehouse systems design
by discussing various design approaches.
Section 3 presents a Z specification of a data
warehouse star schema and illustrates the
utility of discharging a proof obligation
arising from the specification. Section 4
discusses related work in this area. In Section
5 we address our methodology and finally,
conclusions and directions for future work
are presented in Section 6.
1.1 Research questions
In this article we aim to find answers to the
following questions:
RQ1: What are the requirements elicitation
approaches for data warehouse development?
RQ2: To what extent may formal
specification facilitate data warehousing?
RQ3: How may formal proofs increase
confidence in a formal specification?
RQ4: How may the two (2) prominent
elicitation techniques be combined?

2 DATA WAREHOUSE
SYSTEMS DESIGN
Building a DW system is unlike transactional
systems with respect to the development; the
structures are not only ones to be thought of
as in those kind of source systems, but
cognizance should also be given about the
purposes and strategies of the organization
[8]. Data warehouse systems have the
purpose of supporting the process of decision
making of an enterprise. The development of
a DW requires that the analytical
requirements supporting the decision making
process be captured and such requirements
are usually not easy to extract and specify
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[11]. A DW is generally defined as the
linking of a number of operational databases
with the aforementioned intelligence (e.g.
decision-making) added to the resultant
structure. Since a DM is viewed as a subset
of a DW, we view a data mart as being one of
the operational databases in the DW.
Subsequently, we formalize a DW as follows:
𝑛
𝐿𝑖𝑛𝑘 𝐷𝐵𝑖 , where
i=1
(∀i)(∀j) (1 ≤ i, j ≤ n ⦁ i ≠ j ⇒ 𝐷𝐵𝑖 ∩ 𝐷𝐵𝑗 =
∅)

The above definition assumes that different
databases, when correctly normalized do not
contain common elements, except of course,
for foreign key matches. The following
example illustrates the above definition.
Example 1
Consider a data warehouse (DW) consisting
of four (4) linked databases (DB1, …, DB4).
Since we view a DW as a partition of
individual databases, we can indicate it
diagrammatically as follows:
DB1
DB3

DB2
DB4
Figure 1: Data warehouse partitioned by four databases

The design of data warehouse systems is
unlike the design of transactional systems
that provide data to the warehouse [8]. There
are two well-known authors in the world of

data warehousing; Bill Inmon and Ralph
Kimball, advocating complementary, yet
different techniques to the design of data
warehouses. The technique applied by Bill
Inmon is the familiar top-down design which
begins with the Extraction-TransformationLoading (ETL) process working from
external data sources in order to build a data
warehouse, whilst Ralph Kimball applies the
equally
well-established
bottom-up
technique which begins with an ETL process
for one or more data marts separately. Most
of proponents of data warehouse design
subscribe to either of the two techniques [12].
2.1 Data warehouse systems design
Approaches
The DW systems design is based on two
approaches that are alternative and inverses
of each other viz: the Data-driven approach
also known as the Supply-driven approach
and the Requirement-driven approach also
known as the Demand-driven approach [1],
[3], [7], and [10]. The process of
development of a DW starts with the
identification and collection of requirements.
The design of the multidimensional model is
next, followed then by testing and
maintenance [9]. To develop a data
warehouse requires a set of steps to
accomplish throughout the process, namely,
the requirements analysis phase, conceptual
phase, logical phase and physical phase [6],
[8]. According to [9], the design stage is the
most significant operation in the successful
construction of a DW.
The following sections elucidate the context
of requirements analysis and conceptual
design which are considered as the two main
phases within the data warehouse systems
design process [8].
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2.1.1. Requirements Analysis
Requirements analysis has as its aim
detecting which knowledge is useful for
decision making by investigating the user’s
demands and expectations in user-driven and
goal-driven approaches, or by verifying the
validity of operational data sources in a datadriven approach [8]. Requirements analysis
of users plays a crucial role in data warehouse
systems design. It has a major influence upon
the taking of decisions throughout the data
warehouse systems implementation [2], [23].
The requirements analysis phase leads the
designer to unveil the multidimensional
schema necessary elements (facts, measures
and dimensions) which are claimed to assist
future data manipulations and calculations.
The multidimensional schema has a
significant impact on the success of DW
projects [2], [3], and [14].
Several research works have published on the
various approaches used during the
requirements analysis phase of DW systems
design, leaning on the two techniques
mentioned above – the Top-down technique
and Bottom-up technique. Implementations
of these are: Data-driven approach, Goaldriven approach, User-driven approach, and
Mixed-driven approach [1], [2], [3], [4], [5],
[6], [7], [8], [9], [10], and [11]:
 The Data-driven approach also known as
the supply-driven approach. It utilizes
the bottom-up technique and yields
subject-oriented business data schemas
by only leaning on the operational data
sources and ignoring business goals and
stakeholder needs.
 The Goal-driven approach applies the
top-down technique rather than the
bottom-up technique. It allows for the

generation of information like Key
Performance Indicators (KPIs) of
principal business areas by relying on
business objectives and granted business
processes only, and essentially overlooks
data sources and user demands.
 The User-driven approach is similar to
the goal-driven approach, and it applies
the top-down technique. It permits to
produce
analytical
requirements
interpreted by the dimensions and
measures of each subject by ignoring
business goals and data sources.
A user-driven approach starts with a detailed
agreement of the needs and expectations of
the users and this brings about numerous
advantages like increasing of the production,
enhancing of the work quality, support and
training costs reductions and improvement of
general user satisfaction [24]. User
requirements analysis does not prescribe to a
standard approach which designers may rely
on for designing their data warehousing
projects [16]. As declared by [6] the datadriven approach yields a conceptual schema
through a re-engineering process of the data
sources by ignoring the end users and
stakeholders’ contribution, whilst the
requirements-driven approach aims at
generating the conceptual schema by only
considering the needs expressed by end users
and stakeholders. The correct elicitation of
user requirements remains a fine challenge
and many techniques, e.g. the use of JAD
(Joint Application Design) sessions [25] have
been put forward.
These three primary aforementioned
approaches have their merits and demerits.
However, in an attempt at overcoming this
problem, numerous authors suggested the
mixed-driven approach which consists of
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combining two or even all three the primary
approaches (either user-driven and datadriven approaches or goal-driven and datadriven approaches or a combination of userdriven,
goal-driven
and
data-driven
approaches) as detailed in [2], all aimed at
getting a “best result” that will meet users and
stakeholders’ demands and expectations.
According to [14] and [26], the requirementsdriven approach is also called the analysisdriven approach; the supply-driven approach
is also called the source-driven approach and
the requirement/supply-driven approach is
known as
an
analysis/source-driven
approach, but is also known by the name of a
hybrid-driven approach.
The various approached discussed above are
elicited in Figure 2 below.

Technique

Approach

Advantages

Disadvantages

Topdown

Userdriven

A coherent
data
dimensional
views
through data
marts is
provided
from the
DW.

It’s not
flexible to the
requirements
change during
the
implementation.

It’s easy
from a data
warehouse to
reproduce a
data mart.

It’s highly
expose to the
risk of failure.

It’s less
expose to the
risk of
failure.

The data view
for each data
mart is
narrowed.

It facilitates
the return on
investment
and leads to
concrete
results in
short time.

The
penetration of
redundant
data within
each data
mart.

Goaldriven
Demanddriven
Analysis
-driven
Require
mentsdriven
Bottomup

Datadriven
Sourcedriven
Supplydriven

Top-down
Requirementsdriven
User-driven
Demanddriven
Goal-driven
Analysis-driven
DW

Table 1: Advantages and disadvantages of techniques.

DW
Source-driven
Supply-driven
Data-driven

The above discussion presents an answer to
our RQ1 above.

Bottom-up

Figure 2: Complementary top-down & bottom-up

Table 1 below presents the advantages and
disadvantages of approaches grouped by
technique.

2.1.1.1. Requirements-driven Approach
The conceptual schema development within
the requirements-driven approach is based on
business- or user requirements. The
organizational purposes and demands that the
DW systems are expected to present, support
the process of decision making which include
the requirements needed for the conceptual
schema. The information collected serves as
a foundation for the initial data warehouse
schema development [14], [26].
Figure 3 below depicts the analysis-driven
approach framework with all the steps
considered:
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Identify users
Determine analysis demands
Define, refine and prioritize goals

Identify
operation
al
systems

Document
requireme
nts
specificati
on

Apply
derivation
process

Figure 4: Supply-driven approach framework [25]

Model business processes
Detail
user needs

Determine
processes
for
accomplish
ment of
goals

2.1.1.3. Hybrid-driven approach
Specify
services
or
activities

Document requirements specification

Figure 3: Requirement-driven approach framework [25]

2.1.1.2. Supply-driven Approach
In the supply-driven approach, the
development of the conceptual schema leans
on the data available in the operational
systems. The objective of this approach is to
identify multidimensional schemas which
may be conveniently implemented over the
legacy operational databases (data marts –
see above). An exhaustive analysis is made
over these databases to elicit the essential
elements which can depict facts with attached
measures, dimensions and hierarchies and the
discovering of these elements induced to an
initial DW schema which can correspond to
many different analysis goals [14], [26].
Figure 4 below represents the supply-driven
approach framework with the all considered
steps.

The hybrid-driven approach combines the
two abovementioned approaches that can be
used in parallel in order to obtain a best
design [14], [26]. The operation of
requirements mapping takes place while fact
tables, measures and dimensions are
identified during the decisional modeling,
and are mapped over entities into the source
schema [3].
The hybrid-driven approach framework is
illustrated below in Figure 5.
Supply-driven

Requirement-driven
Identify
users

Identify
operational
systems

Determine
analysis
demands

Apply
derivation
process
Matching
process

Document requirements specification
Figure 5: Hybrid-driven approach framework

According to [14] and [26] for all the
previously described approaches, showing
the different iterations which can be claimed
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before the final DW schema is developed, the
essential step in all the aforementioned
approaches that we concentrate on in this
paper, is the document requirements
specification step. This enables the
documentation of all the information
obtained from the previous step. This step
will contain the business requirements and
business objectives expressed in more detail,
e.g. what operations may be done, who has
the right to access to the data, what measures
and dimensions are represented, etc.

However, the main purpose of this stage is to
develop a conceptual diagram that will meet
the functional requirements from the
requirements analysis stage (requirementdriven approach) and the data model
designed from the legacy operational systems
[8] in order to fulfill the users and
stakeholders’ demands and expectations.
This phase would be useful for the
representation of the necessary elements into
the multidimensional schema after the
specification of requirements.

2.1.2. Conceptual design
Although most of the research on the design
of DWs concerns their logical and physical
models, the essential foundation to build a
data warehouse on is an accurate conceptual
design that is well-documented and
thoroughly fulfills the requirements [27]. We
addressed some works that discussed the
conceptual design of data warehouse systems
above.
In [28] the authors proposed a hybrid
technique which has as objective to
summarize techniques while defining user
requirements for DWs in order to get a
multidimensional conceptual model using an
ensemble
of
rules
Query-ViewTransformation (QVT) based on the
multidimensional normal forms for the
preciseness. In the paper published by [15] an
approach of the multidimensional star
schema validation supported through
reparation solutions has been proposed while
assisting designers within the detection of
constraint violations and by suggesting
reparation solutions based on a number of
mistake-based rules formalized in Prolog.

According to [29] a schema is defined by the
relation between facts and dimensions. Fact
is the subject of analysis or the focus of
interest in the process of decision making
[27] and dimensions are different
perspectives used for the analysis of facts.
Fact contains numerical attributes commonly
called measures [29].
Figure 6 below depicts a multidimensional
schema for data warehouse systems,
following the suggestions in [15].
Fact – table
1.. n
Measures

Dimensions –
table 1.. n
Attributes

Figure 6: A multidimensional schema

Next we present a formal specification of the
star-based structure in Figure 6 in Z.

3 A FORMAL SPECIFICATION
As per the Established Strategy for
constructing a Z specification [18], we define
the basic types of the system. Our state
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consists of measures and additional
attributes, therefore we have as basic types:
[Measure, Attribute]
A Fact table consists of attributes, but given
the structure of the star schema [15] we
distinguish between measures and ordinary
attributes as follows.
Fact_table
measures : ℙ Measure
attributes : ℙ Attribute
measures ∩ attributes = ∅
While measures of fact tables in a star schema
are also attributes, we give them special
status to reflect the structure defined in [15].
A Dimension as per Figure 6 consists of a
number of fact tables.
Dimension

dimension : ℙ Fact_table
As per the Established Strategy for
constructing a Z specification, a specifier has
to define an initial state, and discharge a
proof obligation (PO) arises, namely, show
that such an initial state may be realized (i.e.
it exists).
Subsequently, the initial state of the star state
is given by:
Init_Dimension
Dimension′
dimension′ = ∅

The PO that arises is:
⊢ ∃ Dimension′ ⦁ Init_Dimension

Therefore, ⊢ ∃ dimension′ | dimension′ = ∅
from which it follows that the initial state of
the system contains no fact tables.
Subsequently, measures = ∅ ∧ attributes = ∅.
Therefore the initial state Init_Dimension above
can be realized.

The above Z specification provides an
answer to our RQ2 above.
3.1 The utility of proof
Returning to the partition of the data
warehouse in Example 1 above, we consider
the operation of linking a new database to the
warehouse. Recall that the databases partition
the data warehouse. Consequently we would
expect the following proof obligation (PO) to
arise from linking (adding) a new database to
obtain a new data warehouse, New_DW, from
the existing one, DW (# indicates settheoretic cardinality):
#New_DW = #DW + 1.
The use of an automated reasoner, e.g. the
late William McCune’s classic open source,
resolution-based theorem prover OTTER
(http://www.cs.unm.edu/~mccune/otter/Mc
Cune) is a lucrative way for discharging the
above PO.
Suppose we use the following 1st-order logic
definitions of cardinality in the proof attempt,
(∀A)(#A = 0 ⇔ A = ∅).
(∀A)(∀n) (#A = (n + 1) ⇔ (∃x) (x ∈ A
∧
#(A – {x})) = n).
then the reasoner finds no proof in a
reasonable time (runs out of memory after 20
minutes).
Closer investigation of the 2nd formula above
reveals that the definition generates nested
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functors (function symbols) which something
to be avoided with resolution-based
reasoners. If we, therefore, remove the
offending functors by rewriting the 2nd
formula as
(∀A)(∀n) (#A = (n + 1) ⇔ (∃B)(∃x) (x
∈A
∧ #B = n ∧ (∀y)(y ∈ B ⇔ y ∈ A
∧
y ∉ {x})))

Example A
Consider an example of a car rental company
represented in Figure 8 to illustrate the
generic multidimensional star schema
concepts in Figure 7.
An example where a decision maker is
interested in analyzing the fact Renting in
terms of amount measure is described in [15].
Dim - Cars

which alleviates the functor problem, then
then the reasoner finds a quick proof in the
order of 0.2 seconds.

IdCar
Model
Type
Brand

The above experiment illustrates the
usefulness of proving properties of a formal
specification, thereby assisting in developing
provably correct software systems.

Fact - Renting
IdCar
idAgency
Day
Amount

Successfully discharging the above proof
obligation provides an answer to our RQ3
above.
Figure
6
suggests
that
in
the
multidimensional schema, we can have
several facts link to various dimensions. We
choose to design the DW conceptual schema
with the model of star.

Dimension
table 3
(attributes)
Fact table
(Measures)

Dimension
table 2
(attributes)

Year
Month
Week
Day

Dim - Agency
idAgency
Country
City

In Figure 7 we show how a multidimensional
star schema may appear for a specific case.
Dimension
table 1
(attributes)

Dim - Date

Figure 8: A multidimensional star schema

4

RELATED WORK

Several works in the literature have
addressed requirements analysis for data
warehouse systems and just few works try to
link requirements engineering to DW
systems [30]. Requirements analysis is
thought of as one of the significant tasks to
facilitate the success of a data warehouse
project [2]. However, we discuss below some

Figure 7: A multidimensional star schema [12]
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work that examine the requirements analysis
phase in more detail within the data
warehouse systems design arena.
[6] Proposed a hybrid approach based on the
two main approaches used for data
warehouse systems design (requirementsdriven approach and supply-driven approach)
which helps to produce the conceptual
schema based on a graph-oriented
representation, using in turn an automatic
operation of data sources reengineering,
based on a set of constraints derived from
requirements of users.
In [5] the authors introduced various
requirements elicitation methodologies by
addressing advantages of each of them and
they investigated the role of requirements
engineering within the DW development and
made a comparative study of different
requirements elicitation methodologies (GDI
model, AGDI model, Use case approach,
DFM, CADWA, Tropos) for the DW
development.
[10] Discussed requirements analysis
approaches for the design of data warehouse
systems and suggested a requirements
analysis framework based on business
objects for data warehouse systems to
identify the analytical requirements and
further refined those requirements to map
onto the conceptual level of the model of data
warehouse design, using either requirementsdriven or supply-driven approach for DW
requirements analysis. The author declared
that the multidimensional data model of the
conceptual level is the primary deliverable of
the data warehouse requirements analysis.
In [9] the author proposed an object oriented
framework for DW systems conceptual

design and used UML (Unified Modeling
Language) within the design process of
software system development as this latter
has become a standard for object oriented
modelling during design and analysis phases.
He also made a comparative study of various
data warehouse design approaches and
schemas used, according to different authors.
Various authors, e.g. [14], [28] have
discussed
different
approaches
and
methodologies used for the DW systems
design. Following that, we have chosen to use
the hybrid approach to create our framework
as a goal of this paper.
5

OUR METHODOLOGY

Our methodology is depicted Figure 9
below. It is organized as a sequence of steps
where each step follows in depth the
application abstraction level, as the
requirements of the project are collected to
form the requirements basis. Such
requirements are ultimately formally
specified, using e.g. Z.
As is evident from the diagram, we base our
approach on both the hybrid-driven approach
as well as requirements-driven approach,
aimed at assisting designers of data
warehouse systems to design a conceptual
schema that will meet the users and
stakeholders’ needs and expectations.
Therefore, we are not concerned with all
these steps of requirements elicitation for
documenting requirements – details may be
observed in [14].
The two sets of requirements stem from
bottom-up
and
top-down
analysis
respectively.
Furthermore,
for
the
requirements analysis, requirements are
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collected from dissimilar users and on the
supply side from different legacy operational
systems. Finally the requirements are
combined as shown and discussed below.
Supply-driven

Requirements-driven

Identify
operational
systems

Identify
users

Determine
analysis
demands

Apply
derivation
process

To merge the two data sets we enhance an
SRE (Software Requirements Elicitation)
algorithm defined in [25] as follows:
Algorithm 1: Enhanced SRE – Merge
structured and unstructured data
sets obtained from bottom-up and topdown requirements elicitation.
Begin
(* Elicit unstructured- &
structured data through
requirements- and supply driven
elicitations. *)
(* Assume m structured data sets *)
for i := 1 to m step 1 do
Si := Structured data set i of
supply-driven requirements;
(* Assume n unstructured data sets *)

Matching
process

Document requirements specification

for j := 1 to n step 1 do
Uj := Unstructured data set j of
user requirements;
(* Amalgamate the two data sets
into two separate sets S and U. ⋃
denotes set-theoretic arbitrary
union. *)

Formal specification

m
S := ⋃ Si ;

U := ⋃ Uj

i := 1

j := 1

Conceptual schema
Figure 9: Proposed framework

The crucial step in Figure 9 above is the
matching of the two sets of requirements
obtained through the top-down processes and
the bottom-up processes. It is plausible that
these requirements sets may be nonhomogenous and in different formats, e.g.
one may contain structured data (bottom-up
data), while the other set may contain
unstructured
data
obtained
through
incomplete and often inconsistent user
requirements.

n



(*Combine outcome of elicitations
as per Figure 8 into set C.*)
C := S ∩ U
End.

Following the construction of set C
containing both structured and unstructured
data in Algorithm 1, the next step is to
construct a requirements definition [31], [17]
as per Figure 9. From the definition a formal
specification [22] would be constructed in
line with the ideas presented in Section 3.
Algorithm 1 provides an answer to our RQ4
above.
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6 CONCLUSIONS AND FUTURE
WORK
In this paper we presented numerous works
which discuss about approaches used for data
warehouse systems design. Various authors
in the literature review [1], [2], [3], [4], [5],
[6], [7], [8], [9], [10], [11] and [32] have
proposed different techniques and/or
approaches and frameworks to address the
matter of DW systems design. We also
investigated the extent to which the use of
formal methods – formal specification and
proof – for data warehouse systems may
alleviate such failures within the design
process.
We proposed a requirements engineering
methodology which represents our proposed
framework which is created from one of the
existing requirements analysis frameworks
for the specification of system requirements
to requirements analysis for the design of
DW systems at the conceptual level. The use
of a formal specification as a last step in the
process is proposed.
We anticipate our proposed framework to
facilitate with removing vagueness or
inconsistencies, at least to some extent. Such
ambiguity is often present in natural language
specifications used to specify data
warehouses.
As for future work, we intend to test our
methodology on a case study using the CZT
toolset, aimed at facilitating the building of a
formal specification.
The combined set C in Algorithm 1 above
contains both structured and unstructured
data, hence the set is non-homogeneous. Z,
however, is a strongly typed language,
containing only “homogeneous” sets.
Therefore specifying the above processes in

Z will require us to devise a mechanism to
deal with structuredness as well as
unstructuredness in the same set.
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ABSTRACT
Orthogonal Frequency Division Multiplexing
(OFDM) has been currently under intense research
for broadband wireless transmission due to its
robustness against multipath fading. However,
implementation of the OFDM system entails several
difficulties. One of the major drawbacks is high
Peak-to-Average Power Ratio (PAPR) which leads to
increase Bit Error Rate (BER) due to the nonlinearity
of the high power amplifier. The Selected Mapping
Technique (SLM) is one of the most popular
techniques to reduce PAPR of OFDM signal. With
SLM Technique, side information bits are required to
recover original data, which lead to increase the rate
of data loss. In this paper, a specific set of sequential
phase sequence (SPS) has been developed to perform
SLM technique along OFDM transceiver without
requiring side information. The SPS based SLM
(SPS-SLM) technique is able to reduce almost same
PAPR compared to the conventional SLM technique.
Moreover, the BER performance has been studied
considering different number of subcarriers as well as
modulation orders.

KEYWORDS
Orthogonal Frequency Division Multiplexing
(OFDM), Selected Mapping technique (SLM),
Sequential Phase Sequence SLM (SPS-SLM), Peak
to Average Power Ratio (PAPR), Additive White
Gaussian
Noise
(AWGN),
Complimentary
Cumulative Distribution Function (CCDF), Bit Error
Rate (BER).

1 INTRODUCTION
Orthogonal Frequency Division Multiplexing
(OFDM) is an effective technology for high
speed wireless communication because it uses
multicarrier modulation scheme in which each
subcarrier is used in orthogonal form. The
orthogonal subcarrier offers high spectral
efficiency and the multicarrier modulation
scheme considerably eliminates the problem of

multipath fading [1],[2]. As a result, the OFDM
technique
provides
high
speed
data
communication in wireless medium and, has
been inevitably selected in many wireless
communication standards such as Digital Video
Broadcasting (DVB) system and worldwide
interoperability for microwave access (WiMAX)
[3]. In comparison with the single-carrier
system, the OFDM system combines all
independent subcarrier signals at the final stage
of the OFDM transmitter.
Therefore, the
combined signals may cause great Peak to
Average Power Ratio (PAPR). It is the key
challenge of the OFDM system due to nonlinearity effects of power amplifier at the final
stage of the OFDM transmitter. To remove the
problem of high PAPR, Linear high frequency
power amplifier is required at the OFDM
transmitter. So it is required to research on the
PAPR with its distribution and reduction
technique in the OFDM system [4],[5]. Recently,
complementary
Cumulative
Distribution
Function (CCDF) is conventionally used to
express distribution of the PAPR, and different
theories and hypotheses have been developed for
the distribution of the PAPR of the OFDM signal
[6],[7],[8].
In this paper, we have proposed the model of
new phase sequence which is called sequential
phase sequence (SPS). The proposed SPS-SLM
based OFDM system has shown better
performance in reducing PAPR of OFDM signal
and no need side information (SI) to recover
original data at OFDM receiver.
The remainder of this paper is organized as
follows: The OFDM system model has been
presented in section 2, section 3 represents
PAPR reduction technique, section 4 describes
the proposed sequential phase sequence SPS and
the SPS-SLM based OFDM system, section 5
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and Section 6 contains the simulation results and
conclusion respectively.
2 OFDM SYSTEM MODEL
The basic model of OFDM transmitter and
receiver is presented as shown in figure 1. In
OFDM system, frequency bandwidth B is
divided into N non-overlapping orthogonal
subcarriers of bandwidth ∆f; where B = N∆f. In
OFDM transmitter, serial input data stream is
divided into frames of Nf bits. These Nf bits are
arranged into N groups, where N is the number
of subcarriers [9].
Data
input

Mapping

IFFT/
IDFT

S/P

Add
CP

P/S

Channel

S/P

Remove
CP

FFT/
DFT

that is converted into continuous form by D/A
converter. Finally, this continuous time domain
OFDM signal is transmitted through power
amplifier after filtering. The OFDM receiver just
executes reverse operation of the OFDM
transmitter and finally recovers every original
transmitted data block. One of the major
problems of OFDM transmitting signal is high
PAPR because it is formed by the sum of several
sinusoidal signals. The high PAPR of the OFDM
signal that leads to power inefficiency in RF
section of the transmitter and increased
complexity in the analog to digital (A/D) and
digital to analog (D/A) Converter. So it is a very
challenging job in OFDM system to adopt low
PAPR in the OFDM signal. The conventional
definition of the PAPR for the OFDM symbol in
the time domain x may be expressed as [11]:

The value of PAPR can be measured in decibel
form in the following expression:

P/S

Demapping

Data
Output

3 PAPR REDUCTION TECHNIQUES
Figure 1. Basic OFDM Transceiver Model

The number of bits in each of the N groups
determines the constellation size for that
particular subcarrier. For example, if all the
subcarriers are modulated by QPSK then each of
the groups consists of 2 bits, if 16-QAM
modulation is used where each group contains 4
bits. Let us denote a block of N frequency
domain subcarriers as a vector X = [X0, X1, X2,
X3.........., XN-1] T. In the time domain, via an
IFFT operation we obtain x = [x0, x1, x2, x3 ...…,
xN-1] T. Thus, the time domain sampled sequence
is expressed in the following equation [10].

The PAPR reduction techniques have been
proposed in the literature [12],[13],[14]. It
should be noted that most of the methods are
based on the same idea of selecting the time
domain signal to be transmitted from a set of
different representations with the constraint of
minimization of the PAPR which would degrade
the
performance
of
system
[15],[16].
Nevertheless, the PAPR reduction methods can
be classified into distortion-less and distortion
techniques. Here, only two distortion techniques
such as Clipping and Companding, and two
distortion-less techniques such as Partial
Transmit Sequence (PTS) and Selective
Mapping Scheme (SLM) will be discussed in
below.
3.1 DISTORTION BASED PAPR
REDUCTION TECHNIQUES

Every time domain symbol x(n) corresponding
every subcarrier is combined together by P/S
converter which output is discrete time signal

The schemes that introduce spectral re-growth
belong to distortion based category. These
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techniques are the most straight forward PAPR
reduction methods. This is one of the simplest
ways to reduce PAPR in an OFDM system, but
as we will see below that the simplicity in the
approach brings an advantage along with several
disadvantages.

If the number of sub blocks increases then it
increases not only computational complexity for
selecting the optimum set (provide least
possible PAPR) of phase sequence but also
increases the amount of Side Information(SI) to
be conveyed to the receiver. The involvement of
SI decreases data rate in OFDM system.

3.1.1 Clipping
3.2.2 Selective Mapping Scheme (SLM)
The clipping is one of the simplest distortion
based techniques to reduce the PAPR of the
OFDM signal. It reduces the peak of the OFDM
signal by clipping the desired level but both inband distortion and out-of-band radiation are
created in transmitting OFDM signal. To limit
out-of band radiation and PAPR, Jean Armstrong
proposed iterative clipping and filtering scheme
[17].
3.1.2 Companding
Companding is another effective distortion based
PAPR reduction technique in the OFDM system
[18]. The μ-law companding based distortion
scheme was proposed by Wang et al. to reduce
the PAPR of OFDM signal [19]. And in this
scheme, the average power of the OFDM signal
is increased after companding but peak power
remains unchanged. As a result, the commanding
scheme significantly reduces the PAPR of the
OFDM signal and improves the BER
performance.

Selective mapping is considered as a promising
technique for PAPR reduction because it does
not produce distortion yet maintain the system
performance to a great extent [21],[22]. In this
scheme, data block are firstly converted into
several independent blocks and the block with
lower PAPR is sent, in which converting process
involves multiplying data sequences with
generated random phase sequences. The selected
index is called side-information index which
must also be transmitted to allow recovery of the
data block at the receiver side. SLM leads to the
reduction in data rate. In this method, main
complexity occurs in recovering the side
information which has the highest importance
because
it
is
used
to
recover the original data signal. If SI gets
corrupted then entire OFDM symbol block can
be damaged and error performance of SLM
OFDM system degrades severely. The SLM
techniques with different approaches are quite
effective to reduce PAPR of OFDM signal either
considering side information bit or not
[23],[24],[25].

3.2 NON DISTORTION BASED PAPR
REDUCTION TECHNIQUES

4 PROPOSED SPS-SLM TECHNIQUE

Non-distortion PAPR reduction schemes do not
distort the shape of the OFDM signal and
therefore no spectral re-growth takes place. Two
more distortion-less PAPR reduction techniques
namely partial transmit sequence (PTS) and
selective mapping (SLM) are also conventionally
used to reduce PAPR of OFDM signal [20].

There are no basic differences between SPSSLM and conventional SLM technique, The
SPS-SLM technique can only be distinguished
from conventional SLM by the characteristic of
Sequential Phase Sequences (SPS) that are
mathematically represented with equations of 4
to 6.

3.2.1 Partial Transmit Sequence (PTS)

In the SPS-SLM based OFDM transmitter, the
random binary data is considered as input data
sources that are converted into symbolic form
according to the modulation technique. After that
all serial symbolic data are divided into number
of block with N data symbol which is equal to
number of subcarrier that was taken for OFDM

The idea of partial transmit sequences (PTS)
algorithm is to divide the original OFDM
sequence into several sub-sequences, and for
each sub-sequence, multiplied by different
weights until an optimum value is chosen.
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transmitter. Every data block that contains N
serial data symbols are converted into N parallel
data symbol using serial to parallel (S/P)
converter. Now N parallel symbol in every data
block is converted into N complex form symbol
using mapping (such as M array QAM or PSK,
etc). The model of SPS-SLM based OFDM
Transmitter has been presented as shown in
figure 2. Let us consider, the block of N
frequency domain symbol as a vector Xn = [X0,
X1, X2, ..............., XN-1] T, and Xn(u) = [X(u) 0, X (u) 1,
X (u) 2…… X (u) N-1] T where n=0, 1, 2, 3,…..., N-1
and N represents IFFT point as well as number
of subcarriers. After that Each block is
multiplied (element by element multiplication)
by phase sequences vector P (u) =Pk(u) = [P (u) 0, P
(u) 1, P (u) 2…… P (u) N-1] T, Where k=0, 1, 2, 3,......,
N-1; u=1, 2, 3, ....., U and U represents
maximum number of phase sequence. In this
research work, The P(u) is called Sequential
Phase Sequence (SPS) whose characteristic is
defined by the following equation:

Data
Source

S/P
Converter

P(1) Xn(1)

N-point xn
IFFT Circuit

P(2) Xn(2)
P(u) Xn(u)
xn

P/S
Converter
(sum)

Mapping
(4-QAM)
or etc.
(1)

N-point xn
IFFT Circuit

x
N-point n
IFFT Circuit
D/A
Converter

Xn
Parallel data

Select
Candidate
Signal with
Lowest
(u) PAPR
(2)

xn

Filter

Serial data

x(t)

Figure 2. SPS-SLM based OFDM Transmitter

(4)

The time domain symbol vector
is
converted into frequency domain symbol vector
using FFT operation. Mathematically it can be
written as the following equation:

Pk (u)=exp [j *2πk (u-1)/D+2π (u-1)/D}] T (5)

(9)

P (u) =Pk(u)=[exp*jфk(u) }]T

D=N*[(U/2) +2] + (U/2)

(6)

In this paper, D is also called as “Phase Divider”.
After multiplication of Xn(u) and P (u) =Pk(u), can
be expressed by following equation :
Xn (u) = [ P (u).* Xn(u)]

(7)

Now frequency domain symbol vector Xn (u) is
transformed into a time domain symbol vector
by IFFT operation. Mathematically it can be
denoted as:
=IFFT [Xn (u)]

(8)

Finally, only one data vector is selected from
with minimum PAPR and transmitted after
passing through (S/P), (D/A) and Filter.
The model of SPS-SLM based OFDM receiver is
shown in figure 3. At first, the receiver receives
OFDM signal that passes through the filter, A/D
converter and P/S converter which provides the
time domain symbol vector
.

Now the number of different anti-sequential
phase sequence (SPS) can be denoted by – Pk(v),
which is multiplied with frequency domain
symbol vector
element by element.
Mathematically, it can be written as the
following equation:
(v)

(10)

Where – Pk(v) = – Pk(u)=[exp{ – jфk(u) }]T =
exp [–j *2πk (u-1)/D+2π (u-1)/D}] T and v =
u =1, 2, 3..., U.
In notation (v)
, if the value of v is equal to
the value of u then we get (v)
=Xn which is
selected by decision making device in SPS-SLM
based OFDM receiver.
The complex frequency domain symbol vector
Xn is converted into a normal symbol vector
according to modulation that has already been
taken at the OFDM transmitter. Now this vector
or data block passes through P/S converter which
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gives the output data block of serial N symbol
and so on.

X(t) + n(t)

Filter

Parallel data

X(t)

-P(1)
xn(u)

Xn

N-point
FFT Circuit

DeMapping

Xn(u)

S/P
xn(u)
Converter

A/D
Converter
(1)

Xn(u)

Select
Original
-P(2) (2) Xn(u) Complex
data block
which was
-P(v) (v) X (u) created by
n mapping at
transmitter

P/S
Converter

Original
binary data

0

10

Without SPS
SPS(U)=02
SPS(U)=04
SPS(U)=08
SPS(U)=16

Xn
-1

10

CCDF

Serial data

the figure, it is observed that the PAPR of
OFDM signal is about 10.5 dB corresponding
CCDF of 10-3 without SPS-SLM. PAPR of
OFDM signal is 10.2dB, 9.9dB, 8.7dB and
8.6dB for number of phase sequences 2, 4, 8 and
16 respectively. The maximum PAPR is reduced
by 1.9dB.

-2

Destination

10

Figure 3. SPS-SLM based OFDM Receiver

Finally, every serial symbol in every data block
is converted into binary serial data which are
actually same as transmitted binary data at the
OFDM transmitter.

-3

10

4

5

6

7

8
PAPR0(dB)

9

10

11

12

Figure 4. PAPR performance of OFDM signal for 128
subcarriers and 4QAM modulation scheme

5 RESULTS AND DISCUSSION
0

5.1 PAPR Performance
The PAPR performance of the OFDM signal is
represented as shown in figure 4 considering 128
subcarriers and 4QAM modulation scheme. In

Without SPS
SPS(U)=02
SPS(U)=04
SPS(U)=08
SPS(U)=16
-1

10

CCDF

Many factors are considered to analyses
performance of OEDM system such as number
of subcarriers as well as IFFT/FFT point,
number of phase sequences, modulation scheme,
type of channel, BER and etc. The performance
study is generally done by changing one of the
above parameters keeping others unchanged. In
this paper, 128 and 256 subcarriers have been
taken for 4QAM and 16QAM modulation
schemes and for each case, the effect of
changing phase sequences on PAPR reduction
and the BER performances considering AWGN
channel have been observed. In order to evaluate
the performance of the system, a MATLAB
programming has been performed considering
random bit information.

10

-2

10

-3

10

4

5

6

7

8
PAPR0(dB)

9
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Figure 5. PAPR performance of OFDM signal for 128
subcarriers and 16QAM modulation scheme
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Figure 5 shows the PAPR performances of
OFDM signal for 128 subcarriers and 16QAM
modulation scheme. Here it is observed that
PAPR of OFDM signal is about 10.5 dB
corresponding CCDF of 10-3 without SPS-SLM.
PAPR of OFDM signal is 10.5dB, 10.2dB,
8.5dB and 8.2dB for number of phase sequences
2, 4, 8 and 16 respectively. The maximum PAPR
is reduced by 2.3dB.
0

Figure 6 presents the PAPR performance of
OFDM signal for 256 subcarriers and 4QAM
modulation scheme. In the figure, it is observed
that the PAPR of OFDM signal is about 10.8 dB
corresponding CCDF of 10-3 without SPS-SLM.
The PAPR of the OFDM signal is 10.5dB,
9.9dB, 9.2dB and 9.0dB for number of phase
sequences 2, 4, 8 and 16 respectively. The
maximum PAPR is reduced by 1.8dB.
In figure 7, it is observed that the PAPR of the
OFDM signal is about 10.9 dB corresponding
CCDF of 10-3 without SPS-SLM for 256
subcarriers and 16QAM modulation Scheme.
The PAPR of the OFDM signal is 10.6dB,
10.4dB, 9.0dB and 8.8dB for number of phase
sequences 2, 4, 8 and 16 respectively. The
maximum PAPR is reduced by 2.1dB.

10
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5.2 BER Performance
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Figure 6. PAPR performance of OFDM signal for 256
subcarriers and 4QAM modulation scheme
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Figure 7. PAPR performance of OFDM signal for 256
subcarriers and 16QAM modulation scheme

12

The AWGN channel model is widely used in
studying of OFDM system. In this model there is
only linear addition of white noise with a
constant spectral density and Gaussian
distribution of amplitude. The model does not
consider fading and frequency selectivity,
interference. Although it is not much suitable for
most of the terrestrial links yet being used for
providing simple and controlled mathematical
models to study the basic behavior of a system in
the absence of the above mentioned factors. In
this simulation, MATLAB function has been
used to simulate BER performance of OFDM
signal considering two parameters such as
number of subcarriers and modulation scheme.
In order to analyses performance of BER of
OFDM signal, numbers of subcarriers are fixed
but modulation orders are varied at a specific
case. It is to be remembered that the term “NS”
has been used instead of number of subcarrier on
figure 8 and figure 9.Figure 8 presents the BER
performance of the OFDM signal for 4QAM
verses 16QAM modulation scheme with 128
subcarriers. The red line indicates 128
subcarriers with 4QAM modulation scheme and
green line indicates 128 subcarriers with
16QAM modulation scheme. It has been
observed that the BER of the OFDM signal is
about 10-5 for 4QAM modulation scheme at 12
SNR in dB but same BER is measured for
16QAM modulation scheme at 19 SNR in dB.
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Figure 9 presents the BER performance of the
OFDM signal for 4QAM verses 16QAM
modulation scheme with 256 subcarriers.

but same BER is measured for 16QAM
modulation scheme at 19.1 SNR in dB.
6 CONCLUSION
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Figure 8. BER performance of 4QAM verses 16QAM
modulation scheme for OFDM signal with 128 subcarriers
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This paper contained the model and working
principle of proposed SPS-SLM technique in
which new model of phase sequence called
sequential phase sequence (SPS) has been
developed where no side information needs to be
sent. Finally, it has been measured the
performance of PAPR and BER through the
AWGN channel of the OFDM signal with the
SPS-SLM technique. In this study, maximum 16
phase sequences have been used to improve the
PAPR performance of the OFDM signal. For
128 subcarriers, maximum PAPR is reduced up
to 2.3dB when 16QAM modulation scheme is
used but only 1.9dB PAPR can be reduced when
4QAM modulation scheme is used. And for 256
subcarriers, the highest PAPR is reduced up to
2.1dB under 16QAM modulation scheme but
1.8dB PAPR can be reduced under 4QAM
modulation scheme. The BER of the OFDM
signal is about 10-5 for 128 subcarriers with
4QAM and 16QAM modulation scheme at SNR
of 12dB and 19dB respectively. Near to same
results are measured for 256 subcarriers with
4QAM and 16QAM modulation scheme.
Analyzing the above results, it has been
observed that the SPS-SLM technique shows the
better performance for 16QAM modulation
scheme over 4QAM modulation scheme. So it
can be concluded that the SPS-SLM technique
not only solves the problem of side information
bits as well as system complexity but also works
effectively under higher order QAM modulation
scheme which leads to increase data rate in the
wireless communication system where the SPSSLM based OFDM system is chosen.
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Figure 9. BER performance of 4QAM verses 16QAM
modulation scheme for OFDM signal with 256 subcarriers

The red line indicates 256 subcarriers with
4QAM modulation scheme and green line
indicates 256 subcarriers with 16QAM
modulation scheme By observing, we have seen
the BER of the OFDM signal is about 10-5 for
4QAM modulation scheme at 11.9 SNR in dB
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