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Abstract—In this era web applications are transformed to
intricate web applications that work in distributed environment
and provide functionality on World Wide Web. It is pragmatic
that in most of the cases no specific architecture is followed
during their development. This causes high level of error
possibility. To develop and maintain a successful high quality
well designed web application one has to focus on the
application’s environment and functional requirement prior to
the implementation. Performance, availability and complexity
are very important factor in any web application development.
In this paper we have perform qualitative (i.e. focus groups) &
quantitative (i.e. experiments) analysis on web-application
architecture. We have discussed briefly different architectural
view points in web applications and structure of tiered
architecture. At the end we have mentioned the factors that
affect on the choice of architecture and how to overcome
performance, availability and complexity challenges in tiered
architecture. It is concluded that some specific architecture
should be for web applications to attain better performance. It
gives whole application development team to focus on single
architectural model. Probability of success for an application
increases in terms of meeting requirements and needs of the user.
Each tier architectures have different level of performance,
availability and complexity. The experiment result shows that
vertical 3-tier architecture is best among others.

Index Terms— N-tier, one tier, Qualitative and Quantitative
analysis, tiered architecture, two tier, three tier.

I. INTRODUCTION

Most of the web applications work in distributed
environment [2], [7]. These applications may consist of many
errors if no specific architecture is followed during their
development [9]. This paper describes the importance of
different architectures (i.e. one-tier, two-tier, three-tier and n-
tier) that an organization can use for the development of better
quality web applications. In this paper we have perform
qualitative (i.e. by using focus groups) & quantitative (i.e. by
using experiments) analysis on web-application architecture. It
also explains factors that are necessary to keep in mind during
the development. These factors are discussed in detail in rest
of paper. We have mentioned the factors that affect on the

choice of architecture and how to overcome performance,
availability and complexity challenges in tiered architecture.
At the end, this paper illustrates a survey that we have
conducted to record comments from different web application
designers and for quantitative analysis we have perform test.
The basic aim was to analyze which architecture is better in
terms of performance, availability and complexity.

Il. BACKGROUND

Architecture explains the structure/framework of any
software application. In which whole system is divided into
sub systems, it tells us the relationship between different
components of the application. Due to architecture system
becomes easy to understand. [8]

Development of architecture depends upon different
factors, like functional requirements (client, user), quality
consideration (performance, scalability, reusability), technical
aspects (operating system, middleware) etc.

Architecture may change during development if any of the
above is changed; requirements gathered at the beginning of
project are not clear; they are changed when the system is
completed etc.

A. Architecture of Web Applications

Initially centralized, mainframe and time sharing systems
were used. In late 1980s client/server architecture was
introduced, which improved the usability, flexibility,
interoperability and scalability. [10]

In a client/server architecture number of tiers depend on
three program layers i.e. presentation layer,
application/business logic and database layer. Presentation
layer is the top most layers in any architecture that facilitates
user to interact with the system. It handles the inputs given by
the user and display output on the user screen. Application or
business logic layer is the middle layer which comprises of
business rules/algorithms. It handles the exchange of
information between presentation layer and database layer.
Database layer is the bottom layer which gives services (file
services, print services, communication services and database
services) to upper layers. [11]

Client/server architecture can be categorized as:

e  One-tier architecture



e  Two-tier architecture
e  Three-tier architecture
e N-tier architecture

One tier architecture

It is easy to design and implement one-tier architecture
because there is no separation of program layers. All the three
program layers are tightly connected with each other. One tier
architecture is used when the application is simple i.e. the
number of users are less and application requirements are not
complex [11].

Two tier architecture

A two-tier architecture is the one in which client directly
communicates with the server. It supports integrated
development environment to facilitate rapid application
development. The upper two layers (presentation layer and
business logic) works together but database layer is separate
from them. This architecture works well for small
environment where users are limited. Application
development time of two-tier is less than one-tier. [11]

Two-tier architecture is best in distributed environment
where different workgroups are working. But its performance
decreases if the number of users exceeds 100. This
architecture has limited flexibility, in moving functionality of
the program from one server to another. [10]

Three tier architecture

Three-tier architecture is also called three-layer
architecture. It was established in 1990s to remove limitations
of two tier architecture in terms of scalability; interoperability;
system administration, configuration and batch jobs. Third tier
introduced in three tier architecture is ‘middle tier server’ that
is sandwiched by user interface and data management
component. Function of middle tier is to manage the process
by executing business logic and rules. It removed the
limitation of two tier architecture by supporting hundreds of
users at a time. Three-tier architecture is preferred when high
performance is required along with making the user unaware
of complexities of distributed client/server environment. [25]
Structure of web application can vary according to the needs
but preferably it’s a three-tiered application [1], [14].

N-Tier Architecture

The n-tier architecture is developed from client server
architecture. Main reason for its evolution is to split an
application into parts (tiers) that are maintainable and these
parts are placed in a stack one on the other. In this way each
tier is isolated from another. Updating an application is easy
since changes need to be made in one tier not in whole
application. If any changes are made in a tier they does not
affect the other tier lying above or below in the stack.
Standard object oriented techniques are used to deploy tiers
and by connecting tiers directly in the stack. [15]

The fundamental idea of n-tier architecture [18] is to make
it possible for a program to call another program, or an
application to call another application. In other words there
are several parts of an application which are built by different

developers but they work together.

Ill. Key FACTORS

During development of any software the developers have to
make some decisions at the start. Choice of architecture is one
of them. Architecture is a key feature which decides that
system will meet its performance and other quality objectives
or not. On completion of the software, if it is found that
software does not meet requirements then it’s much costly to
renovate it. [12] For choosing architecture that delivers
required performance level at very low cost, needs to know
the technical and financial constraint of the application.

Factors that affect the choice of architecture are as follows.
[13]

e Performance
e Availability
o Complexity
e Cost

Performance refers to number of concurrent users that can be
facilitated by the system. Most of the applications restrict
limited number of user at a time to access the different
services, with limited data. This limited access depends upon
the requirements of the organization. While choosing the
architecture its must to keep in mind which performance level
is necessary.

Availability is system accessibility to the user when it is
needed. Application availability timing must be known during
architecture selection.

Complexity is the level of difficulty of system in user’s and
developer’s perspective.

Cost is very essential factor during the architecture
selection. Selected architecture must be cost effective for an
organization. It must give the required results at very low cost.
Cost may be divided into “acquisition cost” and “management
cost”.

IV. DESIGN ISSUES IN TIERED ARCHITECTURE

Current trends are to focus on data rather than code through
tiered architecture. Several experiments related to this [19],
[20], [21], [22], [18], [23] are carried out for studying design
issues in tiered architecture. There are four critical issues
during development i.e. loosely coupled, coarse grain
communication, asynchronous and temporal.

A. Loosely Coupled

The term loosely coupled corresponds to arrangement, in
which implementation change of application A does not affect
other applications B and C. They still communicate and their
link should not break.

Client-server applications are tightly coupled so client code
is broken down when database is changed. Contrary to that
three-tier or n-tier architecture are expected to be loosely
coupled. To maintain this, designer should avoid platform
specific or hard coded interfaces for communication with
other applications. It can be done by Simple Object Access
Protocol (SOAP) [24] and eXtensible Markup Language
(XML) [21], [22]. SOAP model describes the standard for



protocols linked with it. While XML based protocol
communicates messages from one software component to the
other using Hyper Text Transfer Protocol (HTTP), Simple
Mail Transfer Protocol (SMTP) or any other standard protocol
[22].

The idea behind loosely coupled is basically to decide upon
data format and the protocol. In this way application A can
communicate with application B without information about
implementation and each application is independent.

B. Coarse-grain Communication

Coarse-grain communication implies that if application A
requires student record of B, it needs the student name,
father’s name, personal number and address. Rather than
communicating four times with B for each bit of information
there is need of coarse-grain communication model. Due to
which A gets whole required information once from B. It will
reduce cost of communication and increases efficiency of the
application.

One among possible designs to implement coarse-grain
communication is transferring information as XML message
[4], [26].

C. Asynchronous

Suppose that application “A” requests “B” to ship
medicines. After sending request A would wait for
confirmation from B that the shipment will take place or not.
There is need of some agreed time to get message back from
B otherwise after the specified interval error would be
reported. This is known as asynchronous.
Tiered web applications need to be asynchronous, latency
period must be specified by developer during coding. It is
actually the acceptable time in which A gets response from B.

D. Temporal Communication

In the real world, there is a lot much conversation between
tiered web applications. For example, A requests 10 different
items from B through 10 messages. So it is required that this
bunch of information should be maintained in some sequence.
Accordingly the responses would be generated. This is called
temporal communication.

V. CHOOSING TIERED ARCHITECTURE

As it is mentioned above that architecture choice depends
upon different factors like performance, availability,
complexity and cost. Next step in the development of the
application is to choose the right architecture for application
by keeping in mind all the above mentioned factors. Let us
consider the four different types of tier architecture, which are
designed to meet the technical requirements of the
organization.

e  Vertical 2-tier architecture

e Vertical 3-tier architecture

e Horizontal 3-tier architecture

e Diagonal 3-tier architecture
All these architectures provide different level of performance,
availability and complexity as shown in table 1. [13]

Organization needs to select one which meets their required
objectives.

A. Vertical 2-Tier Architecture

In vertical 2-tier architecture, application instances and
database instances are working on a single server/domain.
There is no separate server for these works. Vertical 2-tier
architecture provides very good performance and also
complexity in this case is low but availability is marginal as
shown in table 1. [13]

B. Vertical 3-Tier Architecture

Application and database instances in vertical 3-tier
architecture, works on separate server. If vertical 3-tier
architecture is chosen then performance of application will be
excellent. Number of user can access the application at a time.
Because database instances and application instances works
on separate server, so this architecture will not be complex.
[13]

C. Horizontal 3-tier Architecture

In horizontal 3-tier architecture database portion is working
on vertical server and application instances are working on
many small servers i.e. server with 4 or fewer processors. In
case of horizontal 3-tier architecture performance of the
system will be good, availability will be the excellent. But
system complexity is very high as shown in table 1. [13]

D. Diagonal 3-tier Architecture

Same as the horizontal 3-tier architecture, in diagonal 3-tier
architecture database works on the vertical server but all the
application instances works on the medium servers. If
diagonal 3-tier architecture is used in application then
performance of the application will be good, availability will
be very good and complexity will medium. [13]

Let us consider the Tables 1, which give the summary of
the technical analysis of above four architectures.

Table 1. Technical analysis of four architectures
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V1. QUALITATIVE APPROACH USGIN FOCUS GROUPS

“Focus group is a tool that can help to investigate user
attitude, feelings, and belief on proposed representation with
group interview” [27]. Focus groups can be the good choice in
web development field because it is an emerging field in
computer science.

We have use the focus group in our study as the qualitative
research method. Focus groups are also the best choice for this
study because different organizations showed the great
interest to find out the best architecture for the web
application that overcome the performance, availability and
complexity problems. In this way different professionals from
the different organizations can share their ideas to enhance the
architecture selection.

A. Objectives
“Focus groups are conducted to obtain specific type of
information from a clearly identified set of individuals”. [3]

B. Research Strategy

Focus groups are used as the research strategy because this
is an emerging field in web development. Also the basic
purpose of this study is that everyone takes advantage.

C. Data Collection

In qualitative research there are six methods for data
collection [5]. But in our study, for data collection we have
use questionnaire, interviews, observations and reviews of
generated documents.

Questionnaire

According to [6] there are six different type of research
questions i,e open, closed, reflective, leading, focused and
loaded.

In our questionnaire most of the questions are open.
Questionnaire that we have design is for every software
developer, but especially for the professionals that belongs to
the web development field.

Also we have made an online discussion forum and place
this questionnaire on it. In response of this many independent
observers give the answers of our posted questions. We have
stored all the answers in our database for analysis purposes.
Questionnaire:

1.  What kind of organization you are representing?
What is your qualification?

Your development experience?

How critical your architecture needs are?

Which architecture you use in most of the

development?

6.  Which factors you keep in mind when you chose
specific architecture?

7.  How effective is your architecture against the
different factors like availability, performance,
complexity?

8. What is the ratio that your selected architecture is
cost effective?

aprown

Observations

After this focus groups are assigned duties to observe the
different firms. One group has observed which architecture
will be best choice with respect to the budget of the project.
Another group had made their observation on architecture to
get the best performance. Third and last group had made his
observation on architecture for getting best availability
solution and complexity.

Document Reviews

All the documents ie focus group summaries,
questionnaire, related articles, observation for suitable
architecture for specific web related application and
interviews are then reviewed and compile to store them in

database for the purpose to use them for analysis.

Interviews

“Interviews are most often used to gather detailed,
qualitative descriptions of how programs operate and how
stakeholders perceive them” [5]. During our research we meet
different software developers and take their interview to get
their views on different available architecture. Then we have
published their interview on our online discussion forum.

D. Data Analysis

After publishing all collected data on the discussion forum,
focus group has done the analysis of that data. For better
results data is divided into different categories and one focus
group is assigned on one category. That focus group was
responsible for the to make the summery for that data.

After completing this data is then collected to the central
location. Different focus groups then make discussion again to
eliminate the irrelevant material. Then this data is again
published on the online discussion forum and once again
request is made to the software developers to give comments
on published results. After getting their comments final results
were then published.

E. Validation of Results

In qualitative research reliability and validity can not be
defined in same manner as in quantitative research [16]. In
qualitative research, validity refers to the trustworthiness of
generated research results. In our study all the generated
results are validated by interpretation of observations and
different comments that were posted on the online discussion
forum. All the observations that were made during the study
were posted on the online forum in form of interviews,
suggestions and answers to questionnaire.

VII. QUANTITATIVE ANALYSIS USING EXPERIMENTS

An experiment is a very good technique to produce data,
result on given data, and to check the validity of underlying
theory. In application development first step is to select the
architecture that will be used during the implementation. To
find out the best architecture, we can perform some
experiments.



Experiments are best choice because it provides many
advantages i.e better control of researcher over test variables,
generation of numeric data and possibility of experiment
replication. Experiments are divided into definition, planning,
operation, analysis and interpretation, presentation and
package. [17]

A. Definition

Experiment is done to compare the effectiveness of
different available architecture with respect to their
performance, availability and complexity.
We have tried to give the answers of the research questions
included in this paper, on the basis of data produced in this
experiment.

Obijects

Objects of this experiment are available architecture, i.e
vertical 2-tier architecture, vertical 3-tier architecture,
horizontal 3-tier architecture and diagonal 3-tier architecture.

Purpose

Purpose of experiment is to find out which tiered
architecture will be the best choice for developing web
applications.

Perspective

Experiment is done according to the web project managers
and developer’s perspective. This experiment will be
beneficial for developers and also for companies because
architecture selection in any software project is key task. For
better performance, a good architecture selection is very
important.

B. Planning
Context

Context of this experiment is the comparison of available
tiered architectures to find the better choice with best possible
performance. In start, a web application was developed by
using all available tiered architectures. And then this
application with different implementation was tested by
different developers.

Hypothesis

Null Hypothesis (H0): As web development is growing, 2-
tiered architecture are affecting the efficiency of web
application negatively.

Subjects
Subject of this experiment are available tiered architectures.

C. Operation
Operation is the actual execution of experiment.

Preparation

Preparations are done before the actual experiments. As it is
stated before, initially a web application was developed by
using all available tiered architectures. And then this one

application that was developed by using different architecture
was delivered to the web developers/designers.

Execution

Next task after delivering the different solution of same
problem was to run these implementations and to find out
which solution is best in term of availability, performance and
complexity. These developers have run different
implementations many times. These solutions were also
executed on different platforms with different inputs to check
their efficiency. After each experiment response of application
was noted. At the end developers have given their opinion
about vertical 2-tier, vertical 3-tier, horizontal 3-tier and
diagonal 3-tier architectures on the basis of their experiments
of different underlying solutions. Their results are then
analyzed and represented in form of charts.

D. Analysis and Interpretation

Numerical data which we get from the above experiment is
then analyzed to check, which architecture will be best in term
of performance, availability and complexity. The results of
that data are shown in form of the bar charts.

Performance analysis

Performance of vertical 2-tier, vertical 3-tier, horizontal 3-
tier and diagonal 3-tier architecture is measured by cumulating
the results gathered from designers. They provided their
judgment according to their findings related to specific tier
architecture in percentage.

Figurel shows that performance of vertical 2-tier, vertical
3-tier, horizontal 3-tier and diagonal 3-tier architecture is
68.9%, 89.22%, 54.4% and 54.55% respectively. It shows that
vertical 3-tier architecture is best among the other tier
architectures in performance while horizontal 3-tier
architecture has the lowest performance level.

Technical Analysis of Tiered Architecture

| Performance
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Figure 1: Performance analysis of different types of tier architecture

Availability analysis

According to the results availability of vertical 2-tier,
vertical 3-tier, horizontal 3-tier and diagonal 3-tier
architecture has 54.7%, 64.38%, 90.02% and 74.37%
respectively as shown in figure 2. It depicts that horizontal 3-
tier architecture is the best among other architectures in



availability perspective, while vertical 2-tier architecture has
the lowest availability level.

Technical Analysis of Tiered Architecture
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Figure 2: Availability analysis of different types of tier architecture.

Complexity analysis

Complexity analysis is represented in figure 3, which shows
the result of vertical 2-tier, vertical 3-tier, horizontal 3-tier and
diagonal 3-tier architecture as 53.06%, 54.4%, 89.54% and
69.88% respectively. It shows that horizontal 3-tier
architecture is most complex than other tier architectures, but
vertical 2-tier architecture has lowest complexity level.

Technical Analysis of Tiered Architecture
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Figure 3: Complexity analysis of different types of tier

VIIL.

It is concluded that some specific architecture should be for
web applications to attain better performance. It gives whole
application development team to focus on single architectural
model. Probability of success of an application increases in
terms of meeting requirements and needs of the user. Each tier
architecture has different level of performance, availability
and complexity. The experiment result shows that vertical 3-
tier architecture is best among others.

CONCLUSION
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