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ABSTRACT

Although big data has been around for ages, finding the right development method for the specific
domain of big data has always been challenging. Many companies are taking maximum benefits
from the large amount of data that is available to them. However, in order to make use of this large
amount of data, developing and maintaining a dependable and robust software system is a major
problem today. We proposed an enriched nonlinear distributed agile development model in big data
applications. The model makes it possible to overcome the difficulties of traditional software
process models by pairing up evolving technology of big data and distributed agile methodology. In
the paper we, first, present arguments behind the multi-agent model. Next, it is shown how it may
help improve the interaction between big data and software development project life cycle. Finally,
we suggest how the proposed model can be tested experimentally to show how devising a multi-
agent computational system may offer an efficient way of monitoring, managing, and deploying
software products in big data applications.

Keywords: Big data analytics; distributed agile software development; agile methodologies;
collaborative cloud computing; multi-agent systems.

*Corresponding author: E-mail: delafener@gmail.com;



1. INTRODUCTION

Many recent studies found that the failure rate of
big data projects is as high as 85% and it will not
get better soon: “Through 2022, only 20% of
analytic insights will deliver business outcomes”
[1]. Big Data technology is the focus of attention
for almost every major technology company
today due to the immense potential it promises of

generating insights and results that were
previously deemed too difficult to generate with
traditional linear processes [2,3,4]. The

emergence of the internet provide the users an
easy way to perform any analysis on software
applications, which are used in everyday life.

There is an intrinsic tie between Big Data
applications and distributed agile software
development project life cycle (SDPLC). Big data
is a revolutionary innovation in the digital era in
the field of Information and communication
technology [5,6,7,8]. Several researchers are
focusing on big data implementation in extracting
maximum and critical data from the data
available that would help in making key business
decisions in gaining competitive advantage and
by adding value in many sectors. Despite many
advances in big data applications, there has
been ongoing research in enhancing the
application for stability and scalability. In a
holistic approach, how distributed teams can be
incorporated in distributed agile software system
development was proposed in [9].

Some of the questions have not get enough
attention such as how big data is being used
today, how distributed agile SDLC can help
development of big data projects, and how these
two together makes solution much more timely
and effective. Mainly, how these two pair up. The
Internet changed everything by generating
information in volume that we have never seen
before. The changing face of data, spreadsheets
to dashboards and advance analytic tools to
Hadoop, requires a change in the SDPLC.

Big Data has become one of the most important
concepts that is being studied in Software
Engineering. The data produced in recent years
has increased rapidly and exponentially that
most of the researchers and major corporations
are mainly concentrating on extracting maximum
value from the data produced through big data
applications. This paper focuses on the study of
existing research in exploring distributed agile
SDPLC. Although big data has been around for
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ages, finding the right development method for
the specific domain of big data has always been
challenging [10].

Big Data has become the trending technology
and it is possible to extract much data from the
information all around the world. However, until
date, it has not been possible to develop a stable
big data application. Researchers have been
aiming to build a good big data application by
refining the Software Development Life Cycle.
Many major big companies have started using
big data as their storage and their success
stories have urged other organizations to start
developing a big data application of their own
[11,12]. Enterprise resource applications have
been making good use of big data to enhance
customer service.

As big data is becoming more and more
prominent in the information technology industry,
many organizations making use of it to extract
the most from the vast amounts of data to benefit
them. As this involves tremendous quantities of
data to be handled, developing and maintaining
the big data applications for the continuously
increasing data becomes tedious and
challenging. The main objective of this paper is
to consider the existing research on phases of
Software Development Project Life Cycle
(SDPLC) and utilize it to create better big data
applications with modified SDPLC. The results
help in analyzing the gaps and make the
distributed agile SDPLC fit well for development
of big data applications (Fig. 1).

Big data is a hot topic in current technology
research, articles, and fields of work. Industries
are using various technologies that gather large
amounts of data about everyone around the
world. Yet, there is a shared common issue in
regards to big data; how can people apply
software engineering phases to such projects of
work to receive the greatest value from the data.
It seems that a vast majority of the research from
Information  Technology  applications, not
providing much information in regards to other
fields. Fields such as banking, healthcare, and
transportation provide many data that can be
mined to establish foundational software
engineering applications for big data [13,14].
Moreover, looking at the software design project
lifecycle as a whole and applying it to big data
from outside the technology realm would provide
a better view on how agile software engineering
phases to big data projects [15].
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Agile SDPLC

Fig. 1. Distributed Agile SDPLC for Big Data Applications

In terms of flexibility and architecture
compatibility, architecture with one specific
programming paradigm is not flexible since it
may not be compatible with any changes on
existing legacy services or new processing
services. A rule based modular architecture is an
ideal solution due to the control of execution on
multiple platforms and its capability of executing
wide range of processing services is detailed in
[16].

Big data is being extensively and successfully
used in social networking sites like Twitter,
Linked In, and Facebook in monitoring the
network traffic. The successful implementation of
technology independent reference architecture
for big data systems based on the published
implemented architecture of big data use cases
has been detailed clearly in [17,18,19]. The
architecture was designed with inductive
reasoning as per the empirical data from the big
data use cases published. Functional
components, data stores and connecting data
stores, are designed in the reference architecture
in construction of big data systems.

The goal of this study is, first, to show how the
existing software engineering processes worksin
the context of big data applications, then, explore
the intrinsic tie between Big Data applications
and distributed agile software development
project life cycle (SDPLC) as a new model.

The remaining sections in this paper are
structured as follows: Section 2 addresses the
issues related to big data challenges, why
existing process model is failing. Section 3

provides the proposed model and its
interworking. We explain how it could help to
overcome the challenges presented in the
previous section. Section 4 depicts the results
and discussions under the lens of proposed
model. Last section, Section 5, provides what
has been achieved and future enhancement. It
concludes with the need of it.

2. BIG DATA CHALLENGES

Building software systems capable of operating
successfully in big-data environments presents
many challenges. Therefore, SDPLC must
constantly be updated due to the changing
needs of people, business models, and
technological advances. The design of
applications need to accustom the changing
needs and alter their architectural process. In the
era of big data, decades old technologies and
architectures being used are not able to handle
these streams and introduced the need for new
processes and tools. The entire procedure of
creating software as described in Fig. 2 when
applied to big data projects are loaded with
issues. There have been a few examples of
overcoming adversity of Big Data being utilized
by innovative companies to rule their rivals in
regions, for example, web based life, web
crawlers, and web based business and video
gushing administrations. The achievement of
these use cases have triggered the enthusiasm
within various organizations to renew interest in
big data applications. There is a big gap between
the software engineering phases and their
applicability to big data applications. First, it is
important to understand the limitations of current
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System Life Cycle Processes listed in Fig. 2,
then, how appropriate software processes would
make it possible to build desired software.
Therefore, it is important to study present
implementations of big data to understand where
software companies currently stand. Currently,
the most popular areas for big data projects are
in information technology, healthcare, and
banking [20]. These data-rich areas are prime
examples of how software projects can benefit
from big data, but they represent a small
percentage of the possible scope of big data
projects. Software engineers still face problems
with validity, confidentiality, scalability, and
analytical mechanisms in big data projects
[21,22]. Therefore, the goal is to explore the
untapped potential that exists for software
engineering projects in the realm of big data
analytics in regards to the modified software
development project life cycle.

Nowadays all the big organizations are taking
advantage of big data to analyze existing data to
make user experience better and beat their
competitors. These organizations are distributed
across domains like social media, e-commerce
etc. Due to this growing popularity, many
organizations seek to build big data applications
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to benefit from it. Big data is now being used in
many sectors like trading, tourism, healthcare
etc. Movie recommendations, product
recommendations and other such suggestions
are all a result of big data.

A relation between Big Data and Software
Engineering must be uncovered, next. Big data
has four Vs, which include the following:Volume
that is the increasing data and collected data
over the last decade, Velocity is the requirement
to process real time data without failure. Variety
is related to handling the varied types of data
format that exists, Veracity implies preprocessing
the data to make it useful for the application.
Variety implies data is restricted to what you
want or completely not in shape; you want it and
having lots of ambiguity. For example, the data
may be text or some video. Velocity implies the
data needs immediate attention and needs to be
taken care of in situations of failure. Veracity
implies that data has been modified or pre-
processed to make efficient use of it. Volume is
dedicated to the amount of data being generated
every single day from the numerous sources
available in the world today. Every day, terabytes
of data are being generated from different
sources from the world.

System Life Cycle Processes

Agreement
Processes

Project
Processes

Technical
Processes

Acquisition Process
(Clause 6.1.1)

Project Planning Process
(Clause 6.3.1)

Stakehcolder
Requirements Definition
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Supply Process
(Clause 6.1.2)

Project Assessment and
Control Process
(Clause 6.3.2)

Requirements Analysis
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(Clause 6.4.2)

Decision Management
Process
(Clause 6.3.3)

Process

Architectural Design
(Clause 6.4_3)
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Project-Enabling
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Life Cycle Model
Management Process
(Clause 6.2.1)

Infrastructure
Management Process
(Clause 6.2.2)

Project Portfolio
Management Process
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Human Resource ‘

Management Process
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Risk Management
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Configuration
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Integration Process
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Information Management
Process
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Verification Process
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Measurement Process
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Transition Process
(Clause 6.4.7)

WValidation Process
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Disposal Process
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Fig. 2. ISO/IEC standard 15288:2008—Systems and Software Engineering—System Life Cycle

Processes [2]
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Software development already has many
challenges like problems between stakeholders,
constantly changing requirements, environmental
issues and so on. Along with these challenges,
fulfilling the 4Vs for development of big data
application becomes even more challenging.
Even though these problems exist the phases of
SDPLC can be used to maximum advantage in
building big data applications [23,24,25,26].
Although there have been many reviews on big
data there is none that reviews existing software
engineering so as to utilize it for development of
big data applications.

Many Technological companies are now using
Big Data to survive and win in this competitive
world like Facebook, Google, Netflix, etc., This
has created curiosity and interest in developing
Big Data applications with traditional software
development life cycle so that they can acquire
maximum benefit from it. Only a few big and
important successful leaders in the big data field
include Facebook, Twitter, Google, Amazon and
Netflix. Big data enhances the customer
experiences and would bring profits to
stakeholders. Only a few services for customer
experience enhancement using big data include
Netflix's “Movie Recommendations”, Facebook’s
and LinkedIin’'s “People you may know”, and
“Frequently bought together” by Amazon. The
current software development deals with few
challenges with errors due to requirement
changes, = communication gaps between
stakeholders in an organization. Despite of the
complexities involved in implementing the big
data in traditional Software Development Life
Cycle (SDLC), a robust and scalable big data
application would overcome many of the
challenges and would bring best practices of
software engineering in building reliable fault
tolerant systems.

Many errors come while developing a software
application with traditional SDPLC due to many
factors. This is true for any size application.
These issues may increase more when the four
V’s are considered during the application
development. Despite all the issues and
difficulties faced, all the phases of SDPLC must
be leveraged to building Big Data applications
and projects in a scalable and robust manner.
The traditional software development life cycle is
full of errors and this is primarily due to the
changing requirements every day.

The big data movement has energized the
software architecture world, and it has introduced
complex, interesting questions for the community
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[27,28,29]. Big data is an evolving field and has
proven its ability in improving the competitive
advantage in several industries and Government
sectors. The fundamental characteristics of big
data rely on Vs that include Velocity, Variety and
Volume. Data that is growing and rapidly
changing would come under Velocity and Variety
characteristic is the data that is available in
different and multiple formats, and Volume
characteristic is the large/huge amount of data
being generated every seconds.

Formal evaluation of the proposed integration
platform, like performing several stress test
cases should be performed to test the
performance of the big data systems in the case
of excessive high data loads. Moreover, there
are several challenges in integrating multiple
systems while constructing large-scale
infrastructure, data integration and semantic
processing within the context of a platform for Big
Data analytics [30].

3. DESCRIPTION OF PROPOSED MODEL

Any successful software development process
models must be adaptable to various strategies
to cope with all the issues and challenges
associated to big data applications. Such a
model adapts to a new environment with minimal
involvement of human expertise. The proposed
architecture is built around the agile manifesto
philosophy, which emphasizes on individuals,
rather than processes, working product over its
extensive documentation, customer collaboration
rather than a contractual relationship, and
response to change over plan-based systematic
development. To pair up distributed agile
methodology with big data, we make the
following observations in the first phase of the
proposed model: First, the 4V’'s have always
been a major concern in software development in
Big Data. There are numerous domains of big
data and each one of them sometimes requires a
different development method. Through this
modelling, we have tried to find the most
comprehensive development phases that define
a framework for big data software development
to provide a potential solution to four Vs and
figure out the domains to implement these
solutions in. Next, we tried to explore many
phases of big data, specifically, targeted design,
architecture and testing phases. These phases
are the most common ones and are essential for
the smooth functioning of big data applications.
Last, the traditional development and testing
strategies are obsolete and cannot cope up with
the massive requirements of big data
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Fig. 3. Features of Big Data, Agile SDPLC, distributed development

applications. The main challenge in a big data
application is the nature of the data; it can be
both semi-structured and unstructured. Apart
from this, another aspect of a big data application
is the infrastructure of distributed parallel
processing. It needs to be robust enough to
provide the strength to run complex queries at a
limited time. When it comes to big data testing,
the tools are not yet matured enough. Not only
this, the development tools are themselves at a
very early stage.

The system development environment in big data
projects are complex and rapidly changing. As
stated in [30], “the models that monitor that
develop system development process are rarely
accurate and local monitoring models should be
used in dynamic and uncertain environments”.
We suggest using an architecture composed of
four interdependent cooperating multi-agent
systems capable of monitoring a complex
environment and adapting to its changing
structures. This architecture makes it possible to
divide the monitoring system into four
subsystems and reliably monitor the processes
with the most relevant challenges and/or issues
in each subsystem.

Next phase is the implementation of the
proposed model by tying the features of a big
data application back to agile manifesto by
adapting the proposed distributed agile SDPLC

system. Fig. 3 shows the general principals of
the proposed approach. It consists of four main
agents. Each agent as a sub software system,
adopting to changing conditions, is based on the
four pillars of agile development. This is a multi-
agent system each one of the agents is adaptive,
cooperative, and autonomous. For effective
practical application of the proposed multi-agent
solution, it is necessary to tackle series of steps,
each one implemented by a single agent, the
results of which are given below.

i. How responding to change and interactions
are associated with velocity, which refers to
the speed at which vast amounts of data are,
being generated, collected and analyzed. Big
data technology analyzes the data while it is
being created, without the use of databases.
The changing requirements of the software
and the communication gap between
stakeholders makes the software developing
task complex. In addition, if the developing
application is integrated with the four V's of
big data, the complexity level of the project
increases. However, this may be overcome
by adopting to changes, one of the main
features of agile methodology, and making
the project a robust and an efficient big data
project.

ii. How collaborative cloud computing model as
a distributed system is used to store data in
multiple locations and processed together via

130



software may help with the volume that
refers to the incredible amounts of data
generated each second from many different
sources such as social media, cell phones,
cars, credit cards, photographs, and
videos.In big data, the data also comes from
many different sources, mainly from the
internet, sensors, and large-scale projects
and includes snapshot of videos and audio in
it. The leading technological organizations,
for example, Linkedln developed many
programs through Big Data that includes
people you may know, companies you may
follow. The main aim of the companies is to
extract all the information from the data,
which is coming to them. Therefore,
companies have invested in developing the
Big Data products for them to enhance the
growth and efficiency of their organization by
providing an infrastructure for sharing
tremendous amounts of resources over the
cloud. The colossal volume of data
isconsidered as the most important
characteristic of big data. The high frequency
with which the data is coming to the
companies is known by Velocity. In present
times, data is available in many forms like
audio, video, images, gifs and much more.
This represents the variety of data coming
towards the company. In addition, the
trustworthiness of data is determined by
Veracity. All these features of big data
require a carefully architecture distributed
model.

How responding to Change & Distributed
systems principals of distributed agile
methodology may help with the variety,
which refers to different types of data that
can be used. Big data technology allows
both structured (name, phone number etc.)
and unstructured data (audio, video, text
etc.) to be stored and used simultaneously.
All projects have a Big Data and advanced
analytic element, which creates some
technical complexity to every project. Though
methodologies vary, empowered of agile
teams select the methodologies that best suit
their project. Larger teams generally use
Scrum, while smaller teams tend towards
Kanban and Lean that may be very useful
with dealing variety effectively.

How collaboration with customer and
working  software principle of agile
philosophy may help with the veracity refers
to the trustworthiness and quality of data.A
study in 2020 suggests, “Success requires a
much more extensive engagement to clarify
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the client’s perspective and objectives and
develop the insights” [3].The refinements can
be adjustments to the backlog based on user
feedback which may improve the ability of
the agile team to deliver required features
and as a result of this generates
trustworthiness. This way automation may
improve rapid development and delivery
more frequently. There is an operational
overhead to deploy and maintain distributed
systems that is best avoided until it is really

needed. Effort spent maintaining the
capability is effort you are not spending on
user facing features; you cannot

demonstrate a Hadoop cluster to an end
user [31]. Just-in-Time scalability of agile
method needs to be balanced against the
need to mitigate technical complexity. When
you are confident that scale-out is needed it
may be necessary to start prototyping Big
Data tools to understanding the level of effort
required, providing better estimates for future
tasks. Important factors to be considered in
facilitating realization of big data systems
include architectural design of the system,
underlying technologies utilization. This, in
turn, may be achieved by close customer
interaction and results in quality data.

4. RESULTS AND DISCUSSION

Big data applications became the preferred
choice in the world of software engineering in
order to handle the growing volume, variety, and
velocity of growing real-time data. However, a
shift to big data applications means that other
processes like business processes, software
development methodologies, and infrastructure
need to be more streamlined. Moreover, Big data
operations require powerful and advanced
technologies. The proposed model depends on
many open source and proprietary resources,
which are available for designing and developing
big data solutions in the proposed distributed
agile SDLC framework. Although Hadoop is used
for massive calculations and operations, there
may be some problems during testing Hadoop-
based software — such as long processing time,
transfer and transform among many services,
validating data. A scalable big data test
framework is proposed to generate
representative datasets, validate data transfers
and transformations.

Requirement analysis, maintenance, validation,
verification and quality assurance are the
distributed agile SDLC phases that were used to
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enable big data applications. Although due to 4V
properties of big data the requirement gathering
is a complex process, this is the crucial step that,
in the proposed model, we suggest the use of
agile methodology before building the
application. Other phases such as validation,
verification, and maintenance are the phases that
would benefit from the proposed model. The
software architecture and design phase of
proposed model would provide immense help to
agile SDPLC. Maintenance is another phase,
which requires attention because in order to keep
the application running smoothly it has to be
given more importance.

Flexibility and architecture compatibility may be
improved bya rule based modular architecture
which is an ideal solution due to the control of
execution on multiple platforms and its capability
of executing wide range of processing services is
detailed.

After going through the results, it is evident that
each domain in the application domain and each
subfield in the software engineering subfields
needs a unique level of attention. If the big data
projects use the correct software methodologies,
we can reduce the failures and errors. Using
proposed software engineering methodology in
big data projects very much improves efficiency.

Big data analytics has great potential but, to fully
use it, more research should be conducted to
improve the development of these applications.
In addition, changing the methods and practices
followed for the development, testing,
maintenance of these applications can help to
further increase the performance and efficiency
of these applications. The problems, like
unpredictability and project failure for these
applications can be mitigated.

5. CONCLUSIONS AND FUTURE WORK

The rational for applying modified agile SDPLC
to big data projects are

i. To explore the possibilities of modified
software developments models

i. To capitalize on the emerging technology
of big data.

This paper presents a new conceptual model for
pairing up big data and distributed agile SDPLC
by modelling it as a four-agent system adopting
to changing conditions. We believe that effective
agile-big data integration mitigates errors and
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unsatisfied client expectations. This is definitely
the beginning of more general agile-big data
studies. Continuous research needs to be
conducted in enhancing the existing methods
and practices of big data implementation in all
phases of SDPLC: maintenance, development,
quality assurance etc. In addition, the referenced
architecture should be implemented and
evaluated with a big data use case. As future
enhancement, since small organizations are
most interested in using big data, to evaluate the
feasibility and usefulness of the proposed
distributed multi-agent model, we will carry out a
case study using hybrid scrum-Kanban,
Scrumban, like framework for a small
organization (1 to 100 employees) in the retail
application domain to explore the strengths and
the weaknesses of the proposed model based on
the four main agents described in Section 3. The
use case is that a retailer should be able to
retrieve the results of the six most recently
bought items for a customer.

Big data within the discipline of software
engineering has vast capabilities. Along with
these capabilities, the popularity is continuing to
rise. Most research focused on the application of
big data in information technology. This is most
likely due to the push to improve the computing
field directly. The healthcare industry has a great
source of data, and it generates data from
various sources like hospitals, clinics, medical
governing bodies and many more. This data will
be beneficial in developing innovative treatment
and cost-effective plan for the patient. The
banking and financial industry generates a
massive amount of data from different sources
as this data will help to know about customer
expectations and improve customer service.
Therefore, they can tailor their product
accordingly.

Since the main goal is to have a realistic idea
regarding the ongoing research to know how the
broad research in the field of software
engineering is allowing big data technologies and
the research that is needed for the use of
distributed agile SDPLC phases in building
robust and scalable multi-agent big data
applications as a whole, this paper presents an
interesting avenue to explore and achieve
tangible gains.
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