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In Chapter 4, we learned

• What requirement management is
• What requirement gathering is
• What requirement specification is
• What a use case is
• How software design can be made from requirement specification

In Chapter 5, we will learn

• What a software high-level design is
• What a software architecture pattern is
• What software architecture is
• What a software design pattern is
• What a software component design is
• What high-level software design technological considerations are

5.1  Introduction

You have gone through a feasibility study for the proposed product. You gathered the 
requirements and prepared the requirement specifications for that product. It is now 
time to think about the implementation details of that product. The implementa-
tion details should provide the procedure on creating a software product design that 
will fulfill the functional and nonfunctional requirements of the product. Apart from 
keeping an eye on the implementation of these requirements, you also have to think 
about the technology that will allow you to implement the requirements in a cost-
effective and quick manner.

The implementation should first consider the system model (or software model) 
to be developed. Here, you should think about the system structure of your system 
model. The system structure will include designing the components in such a way that 
they incorporate the product features, which in turn will fulfill the requirement speci-
fications. Next, your system model should include the data flow in the system when a 
user interacts with it. When a component of the system interacts with another compo-
nent, how the data will flow also comes under the purview of data flow in the system.
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Another consideration during the design is the use of templates that will help build 
a large number of similar components from a single template. This area is known as 
design pattern. The idea of using design patterns is to reuse already existing expertise 
in terms of well-defined templates instead of designing the components from scratch. 
Design pattern is an important consideration for building software products. We will 
use design patterns extensively in this book.

The software model can be thought of at three levels. At the top, you can think of 
breaking down the model horizontally. For example, you can think of the software 
model as consisting of a user interface tier, a middle tier, a back-end tier, and so on. 
The tiered structure is a kind of pattern known as architecture pattern.

Each horizontal tier can be further divided into many parts vertically. At this level, 
you will design the components inside each of the layers (tiers) you created at the 
higher level earlier. This level of software design is known as software component 
design. Division of the software design vertically can be based on some pattern. This 
pattern is known as component design pattern.

At the bottom level, the software design is concerned with creating the classes and 
their class members including methods and class variables. This level is known as 
software detailed design. We will learn about software detailed design in Chapter 7.

If you look at the technologies available for implementing the requirements, you 
will also find that many do not work well with each other. You will need to choose the 
right technologies for your databases, business logic, and user interfaces. You need to 
make sure that the technologies you choose for these parts work well with each other.

You also know that software designs tend to be complex. It is not an exaggera-
tion to state that software designs always tend to be complex. Designing a software 
product is always a challenge for even experienced software designers. If you are 
designing a software product, you need to address the following two fundamental 
challenges:

• Even when you have very detailed software requirement specifications, you 
need a lot of imagination and creativity to think of a corresponding software 
design. For instance, although the requirement may state that the software 
product will be a web-based application and the requirement has provided 
detailed information on all the functions and features of the product, a lot of 
thinking is still needed on your part on how all those functions and features 
can be designed.

• Since the design will always be complex, you need to provide mechanisms to 
make it less complex. This is because when software developers start writing 
the source code, they find it difficult to implement a complex design. If they 
get a simpler design, writing the source code becomes a lot easier and better. 
A simpler design also results in fewer software bugs (or defects) creeping into 
the software source code.
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For these reasons, it is important to plan how to implement the requirements into a 
good design and then make the design as simple as possible.

In software projects involving agile methodologies, a complete software design is 
not required at the beginning of the software project, but even with agile methodolo-
gies, where the software product will be built incrementally, you need to provide a 
high-level software design. This is because you need to provide a framework and a 
template for the entire product. Without this template, it is difficult to build large 
products.

Because of the need to discuss software design at many levels, this chapter is 
divided into three parts:

• Software architecture: Software design at the highest level, for example, a 
tiered architecture that includes a user interface, a middle tier, and a back end. 
We will cover software components in Sections 5.4 through 5.8.

• Software component design: Software design at the component level, for 
example, the components that make the middle tier. We will cover software 
architecture in Sections 5.9 through 5.12.

• Technologies and programming languages: Available technologies and selec-
tion of programming language affect the overall software design. It is impor-
tant to learn about the considerations related to the available technologies and 
programming languages so that we can create a good design for the software 
product. We will cover software architecture in Sections 5.13 through 5.16.

Usage notes: In this chapter and many other places in this book, we have used the 
terms software tiers and software layers interchangeably. Some people like to differentiate 
between these two but, for our purpose, we will use them interchangeably. A software 
tier or a software layer is a separation (or division) of software architecture into logical 
parts so that the entire software product can be divided into manageable parts.

We have used the term software architecture to denote a software design at the high-
est level. For example, a software design may consist of a user interface, a middle 
layer, and a database layer, when we present the software architecture. When we use 
the term software component design, we basically mean the software design at a level 
lower than the software architecture. As explained earlier, a software product can be 
designed using software components. If the architecture of a software product consists 
of different layers (user interface, business logic, etc.), then each of these layers can be 
broken down into software components. A software design at the software compo-
nents level will thus provide a lower-level detail (about the software product) than the 
software design at the software architecture level.

There are essentially three levels at which a software product is designed. We intro-
duced software architecture design and software component design in an earlier para-
graph. The third level is below the software component design and it is known as 
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software detailed design. Software detailed design is done to build the classes and 
objects from the software components. As said earlier, we will learn about software 
detailed design in Chapter 7.

5.1.1  Modeling Languages

When we model a software product, we use a modeling language. Many researchers 
have developed modeling languages for different kinds of software products. Some of 
these modeling languages include Business Process Modeling Notation, Express, and 
Jackson Structured Programming. Unified Modeling Language (UML) is the most 
commonly used. We will use this language to model the software products.

5.2  Methodology Used

Recall that we discussed software development methodologies in Chapter 2. The soft-
ware engineering methodology that is used to develop a software product will influ-
ence the decision about the technologies to be used to develop the product. Some 
software products need to be developed incrementally. In those cases, only some tech-
nologies are well suited.

5.2.1  Rational Unified Process

In methodologies such as the Rational Unified Process (RUP), during the software 
development process, the requirements go through evolution and thus the design may 
need to be changed several times. With some technologies, it is not easy to change 
the design, but it is easy with other technologies. For example, object-oriented design 
(OOD) allows making changes more easily than any other technology currently avail-
able. Therefore, object-oriented technology is a good fit when a project is based on 
RUP.

5.2.2  Incremental Iterative Methodologies

OOD is good for incremental product development as well. In OOD, it is possible 
not to have a complete product design initially. A partial product design can be pre-
pared initially for projects where incremental methodologies such as XP or Scrum 
are used. When the size of the product increases through the incremental addition of 
new features, some of the classes defined initially may not support the new features. 
However, after refactoring, it is possible to integrate the new features. Refactoring 
was briefly explained in Chapter 2. We will learn more about refactoring and OOD 
in Chapter 7.
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5.2.3  Waterfall Methodology

In the Waterfall model, the design should have provisions for incorporating the 
changes in the future. At the same time, a complete design of the proposed product 
should be created at the very beginning of the project. Almost all types of program-
ming and designing methods work well with projects that are based on the Waterfall 
methodology. A primary requirement is that the time required to design the software 
product should be known in advance. This is because the projects that are based on 
the Waterfall model require a clear visibility (complete project plan including the 
timelines for doing the entire project work) and the development company has to 
give the cost and effort estimates to the customer at the beginning of the project. A 
complete software design helps determine how much time it will take to implement 
(construct) it. This up-front information is vital to provide visibility of the entire proj-
ect to be done. Thus, the entire project can be planned with much accuracy.

5.3  How to Reduce Complexity in Software Design

Complexity in designing software makes the software development process dif-
ficult. Reducing the complexity is the biggest challenge in software design. How is 
this done? The best way to reduce complexity is by dividing the entire design into 
manageable parts. This can be done at two different levels:

• At the top level, the design can be broken down into layers such as a user 
interface layer, a business logic layer, and a database layer using any of the 
software architecture patterns.

• At each of these layers, again, the design can be broken down into smaller man-
ageable modular parts using any of the software design patterns. Modularity 
is a significant tool to use here. One of the best ways to design a software 
product is to design the software parts into modular components and hide 
most of the implementation details (of the components) and expose only the 
details that are needed to integrate the components with each other or with 
some other external systems.

Figure 5.1 depicts the user interface layer. The user interface, again, can be broken 
down into many parts such as user interface components (windows, textboxes, drop-
down boxes, etc.), client-side scripts, and client-side validations. We will learn about 
the user interface layer in Chapter 6.

Figure 5.2 depicts a middle layer. The middle layer itself can be broken down into 
many components such as Component 1, Component 2, and so on. These components 
in turn are broken down into many parts. In object-oriented programming, these 
parts correspond to classes. Server-side scripts are also part of the middle layer. We 
will learn about the middle layer in Chapter 7.
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Figure 5.3 depicts a database layer. A database layer itself can be divided into sche-
mas, tables, columns, and many other database entities. We will learn about the data-
base layer in Chapter 8.

The first move in reducing complexity is the division of the software product into 
layers. This division also increases the productivity of the product development process. 
The software industry has achieved maturity in designing software products by dividing 
the product into layers. The most common layers are in the form of user interface, busi-
ness logic, and database. In some cases, additional layers such as the presentation layer 
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Figure 5.1 User interface layer.
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Figure 5.3 Database layer.
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can be included. Layering also promotes expertise in each specific area. For instance, 
user interface designers are experts in designing the interfaces. The sophistication in user 
interface design has been increasing because of this factor. Similarly, we have program-
mers to write the source code for implementing the business logic. Creating the data-
bases and managing the data are also very specialized areas. All of these areas gained 
immensely because of partitioning of the software design into layers.

A user interface can be based on a simple model–view architecture. The inputs 
provided by the user are processed by the middle layer and the output can then be dis-
played to the user on the user interface. In case the output on the user interface needs 
to be controlled on the basis of some criteria, you can implement a controller by using 
technologies such as the Model–View–Controller. We discuss these technologies in 
Chapter 6.

The middle layer or the business logic layer is an area where you need to think about 
how well to incorporate the modular design. For example, if you are using object-
oriented programming, then each piece of business logic can be implemented using 
one or more classes. Depending on the granularity level you want, you can decide how 
many classes are needed and how large each class will be. Generally, small classes are 
better because they lead to better software design. Small classes are also easy to main-
tain. We will learn about the middle tier in Chapter 7.

A lot of thinking about how to design the database layer is required. If you are 
working with relational databases, then you know that you need to come up with a 
good entity-relationship diagram to design the core of the database. Another area 
that needs a lot of attention is the normalization of the database tables so that the data 
stored in the tables are atomic, nonredundant, and easily searchable. We will learn 
about the database tier in Chapter 8.

5.4  Logical Design for Software Architecture

When we speak of layers and high-level designs, we also need to know how the soft-
ware layers or components are physically separated. You can build a software compo-
nent that may be installed on one computer and you can plug it (e.g., by using web 
services) with other software components that may be installed on some other com-
puters. It is perfectly possible to have the user interface, business logic, and database 
on the same computer or they may reside on different computers. Depending on needs 
such as load balancing, performance, and user preferences, you can have any number 
of physically separated layers or components. If different components of a software 
system are not on the same computer, then we can present such a software system dif-
ferently in the logical design.

Figure 5.4 depicts a typical three-tier software architecture. You can see the logi-
cal separation of the layers into user interface, business logic, and database. We will 
learn about multitier software architecture (three-tier is a type of multitier software 
architecture pattern) in Section 5.5.
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Figure 5.5 depicts a three-tier software architecture with a physical depiction of 
computer servers and the software architecture layers on top of these servers. It is the 
same software architecture depicted in Figure 5.4 but with physical systems shown 
as well.

There are many benefits of depicting the design of a software product in a logi-
cal manner. The logical design simplifies the software design if the software prod-
uct needs to be deployed over many physically separated computers. A logical design 
depicts the entire design in a simplified way by hiding the physical locations of differ-
ent components but completely captures the essential ingredients of the design.

5.5  Architecture Design Patterns

Some software products are monolithic and have no layers. For example, some 
simulation programs or gaming programs may not use a database. The business 
logic may also be minimal; therefore, there is no need to have a separation between 
the user interface and the business logic. All the source code for the user interfaces 
and business logic will be written in the same space. Thus, this kind of software 
product is monolithic in nature. Many embedded software products belong to this 
category. However, monolithic software design has many limitations. The most 
obvious one is that this kind of software architecture is useful for very small soft-
ware products. The monolithic architecture is not suitable for mid-sized or large 
software products.

The reality is that many software products are very large. A monolithic software 
design cannot be used for such software products. These kinds of software products 
need a software design that is scalable. A scalable software product design must 
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Figure 5.4 Typical three-tier software architecture presented with logical separation of user interface, business logic, 
and database.
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Figure 5.5 Software product with actual physical layer separation.
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have separation of concerns so that each concern can be scaled independent of other 
concerns.

Different software products need different kinds of software architecture.
We have many software products that are large in nature and thus have a software 

architecture consisting of many layers. Each layer is completely separate from the 
other layers. The layers in most commercial systems are the user interface layer, the 
business logic layer, and the database layer. This three-layered architecture is thus very 
common. Sometimes, a software product needs to be integrated with other software 
products. In such cases, one more layer is added on top of these three layers.

When we divide a software architecture into layers, we are essentially following one 
of the software architecture patterns. A software architecture pattern is a well-defined 
template to break the design of a software product into many parts. For example, 
when we have to build a web-based software product, there is an architecture pattern 
that we can follow. This architecture pattern states that there should be a web-based 
user interface in the form of a web browser, the middle layer is put inside an applica-
tion server, and the back end could be any database.

Similarly, when we need to build a software product that can be divided into three 
parts, we design it using a three-tier architecture template. We also have architecture 
patterns for two-tier, n-tier, and so on.

Some other architecture patterns include event-driven architecture, rule-based 
architecture, and pipes and filters architecture patterns, to name a few. In this book, 
we concentrate only on the multitier architecture pattern because it is the most widely 
used architecture pattern for building software products. Service-oriented architec-
ture is also described in this chapter, but in the succeeding chapters, we will build 
examples and case studies based on the multitier architecture pattern.

5.5.1  Two-Tier Architecture Pattern

Even if your software product needs to have a user interface, business logic, and a 
database, you can still have a two-tier software architecture pattern. In this case, your 
business logic and the user interface will be on the same logical layer and the data-
base will be on a separate layer. Small software products can be built using two-tier 
architecture.

As you can see from Figures 5.6 and 5.7, there is a big difference between a two-
tier client–server architecture and a two-tier web-based architecture. In web-based 
architecture, the user accesses the application on his or her browser. The applica-
tion itself runs on a server that is a combination of a web server and an applica-
tion server. The application may consist of static and dynamic content. The static 
content is a Hyper Text Markup Language (HTML) code and the dynamic con-
tent comes from programs written in any programming language. The application 
server runs the dynamic business logic and converts it into HTML content. While 
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running, the business logic code may also connect with the database to manipulate 
some data. This converted static content is then passed to the web server. The web 
server then combines all the static content (residing directly on the web server and 
the content coming from the application server) and this static content can then be 
displayed on a web browser. We will learn more about web-based architecture in a 
later section.

5.5.2  Three-Tier Architecture Pattern

If your software product needs to have a user interface, business logic, and a database 
as separate layers, then you need a three-tier software architecture pattern. A three-
tier architecture pattern can be both a web-based and a non-web-based (client–server) 
architecture pattern. A three-tier client–server architecture pattern is shown in Figure 
5.8 and a three-tier web-based architecture pattern is shown in Figure 5.9.

The three-tier architecture pattern is the most common type of software product 
architecture. If you want your product to be deployed as a website, then you need a 
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Figure 5.6 Two-tier architecture pattern for client–server software products.
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Figure 5.8 Three-tier client–server architecture pattern.

User
browser Web server Application

server
Database

Figure 5.9 Three-tier web-based architecture pattern.
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web server, an application server, and a database in it (in addition to your local com-
puter and a web browser installed on it). The web server hosts the web pages (of your 
product) in HTML format and contains static information. Static information does 
not change unless the web developer updates the HTML content of the web pages 
hosted on the web server. The application server hosts the business logic (dynamic 
content). The database will host your permanent data.

As explained in Section 5.4, the physical arrangement of various layers can be 
dependent on the hardware configuration of various computer servers. For example, 
it is possible that the web server, the application server, and the database can all be 
deployed on the same computer server or they can be deployed on different computer 
servers.

When a user points a Universal Resource Locator (URL) to the website (of your 
product) on his or her web browser, it will access the web server. If the user clicks any 
link or button on the web pages and if this clicking activity triggers some business 
logic to run, then the web server passes the command (which represents the clicking 
activity) to the application server. The business logic, which is in the form of source 
code, processes the command. While processing the command, if the database needs 
to be accessed (to retrieve some data from the database or to modify some data in the 
database), then the command will connect to the database. After getting or manipu-
lating the data in the database, the command will pass the data to the business logic 
on the application server. The application server will again process the data and then 
pass the processed data to the web server. The web server in turn will send these data 
to the web browser. The web browser will display those data on the screen of the user 
computer.

There are many benefits with this kind of architecture. The presentation layer or 
user interface (in the form of web pages) is completely separated from the business 
logic layer. Similarly, the business logic (the program code that runs on the application 
server and provides the dynamic content) is completely separated from the database. 
The software development can be done in parallel for all three layers and it results 
in faster development of the software product. This separation also helps specialized 
people to develop each of these layers.

5.5.3  n-Tier Architecture Pattern

Sometimes, the software application you are developing is not a full product and it 
needs to be integrated with another software product. In such cases, the resultant 
architecture will have many layers depending on how many software applications are 
integrated with that software product. The integration can be done using any suitable 
technologies such as CORBA, .NET, RPC, and web services. The n-tier software 
architecture pattern can be a client–server or a web-based architecture pattern. An 
n-tier web-based architecture pattern is shown in Figure 5.10.
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5.6  Client–Server Architecture

One of the oldest computers is the mainframe type. In mainframe computers, there 
used to be a server and many consoles. The consoles used to have no processing power 
on their own; they used to work as a display unit for the output generated from com-
puter processing done on the server.

Later, engineers started connecting a computer over a network to another computer. 
In this kind of arrangement, one of these computers works as a server and the other 
as a client. If a software product needs to be developed for this kind of arrangement, 
where there is a client separate from the server, it can be divided into a client part and a 
server part. This arrangement is also termed front end and back end. A front-end design 
usually consists of developing the programs that are installed on client computers. The 
front-end design mostly consists of a user interface design, but in some cases, it can also 
include a part of the business logic code that performs processing on client computers. 
However, most processing is done on the servers. Therefore, in client–server architec-
ture, the main software product that is developed is installed on a computer, which will 
work as the server or the back end while the user interface part of the software applica-
tion is installed on client computers.

Client–server architecture uses a client that is basically an operating system– dependent 
program. For example, we can use a rich Windows-based graphical user interface for 
software products that use the Windows operating system on client computers.

Client–server architecture is an implementation of an n-tier architecture pattern. 
Depending on whether a database is a part of the architecture, the client–server archi-
tecture can be a two-tier, three-tier, or n-tier architecture. It is possible that another 
software product is integrated with the software product that is being developed. In 
such cases, the client–server architecture can be an n-tier architecture.

After the advent of the Internet and the World Wide Web (WWW), the usage of 
client–server products is dwindling.

5.7  Web-Based Architecture

After the advent of the Internet, websites have become very popular. Once you create 
a website and host it on the Internet, anybody, from anywhere, can visit your website 
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Figure 5.10 n-Tier web-based architecture.
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and buy the products or services that you offer. Most websites have some static content 
and some dynamic content. The dynamic content is generally produced using the busi-
ness logic and a connection to the database.

The architecture of a software product, which is generally hosted as a website, is 
very different from a client–server architecture. The user accesses a website using his or 
her browser. The content that should come to the user screen is hosted on a web server. 
The web server keeps all the static content in its file system. The web server can also 
generate some dynamic content. This dynamic content, usually written in a scripting 
language, runs on the user browser. This script is known as client-side script as it can 
run only on the web browser of the user’s computer. The application server can also 
generate dynamic content, which can run when a user request arrives. This dynamic 
content can be written in a scripting language or can be inside some compiled files. 
The content in the compiled files is written using a programming language such as 
Java (and saved either in byte code format or in machine code format). The scripts that 
run on the application server are known as server-side scripts. The application server 
can run both server-side scripts and compiled code. At the end of this architecture is a 
database that keeps the permanent data. Figure 5.11 outlines this architecture.

The web architecture is not easy to understand for a novice. Let us discuss this 
technology more. As can be seen in Figure 5.11, the web browser displays the content 
coming from the web server as well as the content that is generated after running 
the client-side scripts at the web browser. The web server does not run any program 
(scripts or compiled codes) on its own. A web server only hosts HTML content in the 
form of HTML files. Thus, it is only capable of displaying the static content that is in 
the form of HTML. If any client-side scripts (also known as client-side dynamic con-
tent) are stored on a web server, then this script is actually downloaded on and runs on 
a web browser. The application server runs both server-side scripts and programs (in 
the form of a compiled code) stored on the application server. Together, the server-side 
scripts and programs can also be called “server-side dynamic content.” The application 
server is connected to the database whenever any server-side script or program needs 
to access the database. The content generated from running the scripts and programs 
on the application server is sent to the web server. This content is in the form of 
HTML. Whenever the web server needs to send some content to a web browser, the 
web server combines the static content that is stored on the web server itself as well as 
the content coming from the application server.

User
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(static +
dynamic
content)

Web server
(static +

client-side
scripts)

Application
server

(server-side
scripts +

code)

Database

Figure 5.11 Web application architecture with substructures.
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5.7.1  Web Browser

A web browser (as shown in Figure 5.12), such as Microsoft Internet Explorer or 
Mozilla Firefox, is installed on user machines. Web browsers are also simply known 
as browsers. A browser can display any content that is in HTML format. A browser 
displays images, text, and videos and can play music if all the plug-ins are available 
in the browser. A browser has a URL text field. URL is also known as Universal 
Resource Locator.

The content on a web browser comes from any pages hosted on a website (which 
are themselves located on a web server). If the user types the URL of a web page, then 
the content available on that web page is downloaded onto the user’s web browser.

A web browser is an important component of any web-based software product. 
However, a web browser itself is not developed by a software project team that builds 
a website. The browsers are built by companies such as Microsoft (Internet Explorer) 
and Mozilla (Firefox).

5.7.2  Web Server

A web server is the computer that hosts the websites and their web pages. A web 
server can host many websites at the same time. Each website has its own URL. 
When a user points his or her browser to a URL such as http://www.microsoft.com, 
the browser downloads the default web page located at this website. Each website may 
have many web pages and the user can navigate from one page to another using the 
web links. Each web link points to a web page.

The static content on a web page is displayed, in its formatted HTML form, on the 
web browser of any user. To make a web page more user-friendly, some scripts may 
also be included on any web page. When a web page is displayed on a web browser, the 
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Figure 5.12 Web browser.
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script on the web page runs on this browser. It is known as client-side script. Client-
side scripts are used to perform many utilities. One such utility is to maintain the user 
information throughout a session on a website so that the user activities on the website 
can be tracked back whenever needed. One of the techniques to keep track of the 
user activities on a website is to use cookies. A cookie is a small piece of information 
stored on a user’s computer when a web page loads on this computer for the first time. 
This cookie may store personal information such as username, password, and personal 
preferences of the user. When the user visits the website next time, the script on the 
web page reads the information stored in the cookie and loads the page accordingly. 
For example, if a user had consented to save her username and password after visit-
ing a website, then the next time she visits that website, she may not have to type her 
username and password again. This information will be read and passed to the web 
page through running the script. This script in turn reads the data already saved inside 
the cookie to get the username and password of the user. JavaScript and Python are 
commonly used for writing client-side scripts.

5.7.3  Application Server

An application server can store the server-side scripts and compiled codes. The server-
side scripts can be called directly in the URL at the user browser. For example, con-
sider http://www.mycompany.com/abc.asp. In this URL, abc.asp is a web page that 
contains both HTML content and server-side scripts written in Active Server Pages 
(ASP) script. Although this web page has been called on the user browser, the scripts 
run on the application server. The output of the script is shown on the user browser 
inside the abc.asp page. The output of any server-side script is always compatible with 
the HTML syntax.

Application servers can also host a compiled code in the form of computer pro-
grams. These programs can be called inside any application server-side script. For 
example, we can have JavaServer Pages (JSP) scripts and some source code written in 
pure Java language on the same application server. These JSP pages may make calls to 
some Java executable code (in the same application server) and the Java code will run 
whenever such a call is encountered. In the case of Java, the piece of source code that 
runs on such a call is known as a Servlet.

There are many technologies available in the market for server-side scripting. Some 
popular technologies include PHP, ASP, .Net, and JSP. To support each of them, 
you need to install the appropriate application server. For example, a web page that 
is written in ASP needs an ASP application server to interpret this type of scripting 
language. Application servers are not compatible with each other or with any script-
ing language that the application server does not support. Thus, when designing a 
web-based software architecture, you may need to choose the scripting language, and 
accordingly you need to choose the right application server.
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5.7.4  Benefits of Web-Based Architecture

The client–server architecture has some problems. The first problem is that each user 
machine needs to be installed with the client software. This requires a lot of effort. The 
second problem is that, while building a client–server product, the project team needs 
to build the client part as well, as part of the software product. This, again, requires 
extra effort. The third problem is that whenever there is an update in the server-side 
software product, the client parts also need to be updated.

Web-based architecture has overcome all the problems associated with client–
server architecture. The client is always there with user computers in the form of a 
web browser. Web browsers are sophisticated software products and can do all the 
stuff required by the client in any software product. Therefore, the product develop-
ment team does not need to develop the client part for any software product. When 
any updates are made to the server, the project team does not need to worry about 
updating the client parts. Browsers can connect with any website because the content 
that goes to the browser from any web server is always in HTML format. This makes 
them truly platform independent.

Another benefit with web-based architecture is that you can deploy a web-based 
product on a company’s intranet if it is not required to be deployed over the Internet. 
Here, again, the users can access the software product running on a server using the 
web browser on their computers.

Because of these benefits, web-based architecture has replaced the legacy client–
server architecture in almost all software products.

5.8  Service-Oriented Architecture

Many vendors provide the components or products specifically to be used by other 
vendors. These components or products are developed using a technology known 
as Service-Oriented Architecture (SOA). A schematic presentation of an SOA is 
depicted in Figure 5.13. Here, one software product acts as a service provider while 
another software product acts as a service consumer. For example, some vendors have 
developed software products that provide current airfares for different airlines. If you 
are developing a software product to provide online air ticket booking facility for the 
end users, then it is not an easy task to keep updating the latest airfares for various 
airlines. Your job will be easier if you plug in your product with an available software 
product that provides the current airfares for different airlines. By doing this, you do 

Service request

Service response

Service consumer—
software product

Service provider—
software product

Figure 5.13 SOA in which a software product acts as a service provider and another software product acts as a service 
consumer.
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not need to keep updating the latest airfares because your product will be constantly 
receiving the updated airfares from that available software with which you plugged in 
your product.

SOA products (i.e., products or components that are developed using SOA) are 
deployed over the Internet, which is why SOA products are also known as web ser-
vices. Any consumer who wants to avail the services of these SOA products can easily 
integrate his or her own product by plugging in to these SOA products. The open 
interface of an SOA product, where any product of the consumer can plug in with that 
SOA product, makes it platform or vendor independent. Therefore, anybody can plug 
in their software products to these SOA products.

An SOA product has its software services available through its open interface. A 
software product that consumes the service provided by an SOA product should also 
have the same open interface as the SOA product. Only then will communication be 
possible between these two software products. Therefore, if you are building a soft-
ware product that will be availing the services of an SOA product, then you need to 
provide an interface (to the software product that you are building) so that this inter-
face will consume the software service of the SOA product (when you plug in your 
software product with that SOA product).

A software product that depends on SOA architecture (whether a consumer of 
SOA services or a provider of SOA services) has a distinctly different architecture 
when compared to the software products that do not depend on SOA services. If your 
software product is a consumer of SOA services, then you will have to consider an 
n-tier architecture because one tier of your software product will be exclusively used 
by an SOA service provider. You will have to create your software components so that 
they are able to consume an SOA service. On the other hand, if you are building your 
software product as an SOA service provider, then you will have to build your soft-
ware components in such a way that the consumers of your SOA service can be easily 
plugged into your software product.

Specific details of SOA are out of the scope of this book. For a more in-depth dis-
cussion on and a clearer understanding of SOA, we refer readers to a book on SOA.

5.9  Software Component Design Fundamentals

Thus far, we have seen how the architecture of a software product is designed. Now, 
we will see how the components (i.e., modules) of the software layers of the software 
architecture are designed.

One of the approaches in modeling a software system is the use of components. 
This is very similar to building the electronic products where you create the integrated 
circuit (IC) boards and then assemble them to build the complete electronic product 
(e.g., a television). When you design an IC board, you have to ascertain what kind 
of processing it will do (e.g., voltage regulation or image brightness control). Later, 
when you have built all your IC boards, you can then wire those IC boards together to 
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assemble your product (in this case, the television). Similar to how you build the elec-
tronic products, you can build the software products using components. In the case of 
electronic products, IC boards are the components. You will need to think on similar 
lines to build software components to be used in building the software products. All 
the attributes and behavior belonging to each software component will be contained 
within its boundaries. They will be accessible only through the integration consider-
ations in the form of well-defined component integration specifications.

Component design for user interfaces is out of the scope of this book. Components 
for user interfaces such as textboxes, labels, and windows are available as prebuilt 
components with most programming languages. We will design and build user 
interfaces using these prebuilt components. User interface design and construction 
is discussed in Chapter 6. Component design for databases is carried out using 
entity-relationship diagrams. We will discuss database design and construction in 
Chapter 8. Here, we discuss component design for the middle layer (i.e., the busi-
ness logic layer) only.

When we model a software system, we need to consider many things.

• Compatibility: If a system is composed of components, then it is possible to 
replace a component from a system with an equivalent component and the 
system will still work. This is because the interfaces of equivalent compo-
nents will be the same regardless of the internal composition differences (if 
any) among the equivalent components. Thus, if a new component needs to 
be added to an existing software product, you can either build it or purchase 
it from the market if its specifications are well defined and exactly match 
the requirements. Generally, if a component has the same specifications as is 
required to be added to a software product, then this component will be com-
patible and can be easily integrated with the software product.

• Abstraction: If you have a collection of things and want to know what informa-
tion is common among them and what information is different, then you will 
need to find and classify all these pieces of information first. On the basis of the 
classification information, you can group things (whose information is similar 
although not exactly the same) together. Later, you can put a label for each 
group of things so that each group can be identified. This concept is known 
as abstraction. For software components, you can make a group of similar but 
not exactly the same components. You can first create a master component and 
later create all similar components from this master component. The informa-
tion that is common with the master component can be copied to these other 
components. The information that is different and unique for each component 
can be included with each of these specific components. Abstraction is in fact a 
very powerful tool. It allows a software product to be built to cater to the needs 
of a wide range of users by building a software design that allows the devel-
opment of similar but different software features using a minimum amount 
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of source code but is able to create many features in the software product. 
Abstraction is further explained in Chapter 7.

• Refinement: Refinement is the opposite of abstraction. While abstraction 
helps in aggregating similar things, refinement helps in segregating dissimi-
lar things. If you have already performed the abstraction to build a master 
component, then, through refinement, you will find out how all the compo-
nents that will implement the actual functionality can be developed from the 
master component. The relationship among all the components also needs to 
be defined. Generally, this relationship will eventually result in a hierarchy 
structure for all the components. Abstraction and refinement are complemen-
tary to each other. They are further explained in Chapter 7.

• Modularity: Software architecture is divided into components called mod-
ules. Modular design generally means dividing the software product design 
into many components that can be managed individually without affecting 
the other components. For example, a modular component can be extended 
in the future without affecting its relationship with the other components 
of the product. In a modular software design, a component can easily have 
loose coupling with other components, and at the same time, that compo-
nent will have high cohesion among all the parts inside it. Tight coupling 
between two components means that there are many connections between 
those two components and that there is a lot of interaction between them. 
Tight coupling will lead to problems because too much information exchange 
leads to the failure of many components at the same time if one component 
fails. Tight coupling is a bad design. Self-contained components with only 
required (minimal) information exchange with other components are a bet-
ter software design. This is known as loose coupling. At the same time, if a 
component contains many parts that are dissimilar to each other, then it will 
create maintenance problems. For example, if a class contains methods for 
managing the database connections and performing the business logic com-
putations, then it will be difficult for a person to maintain that class because 
of the difficulty in finding this class and its methods and fixing the source 
code. It will be a lot better if a separate class takes care of the database con-
nection management functions, and when any changes related to the data-
base connection management are needed, the person will know which class 
takes care of this (database) functionality. Hence, that person can easily find 
the class and change its code. This technique of keeping related methods in 
one class and moving unrelated methods to other classes is known as keeping 
high cohesion inside each class.

• Data structure: Data structure is a representation of the logical relationship 
between the individual elements of data. Data flow happens in a software 
product when some event or a user action leads to the running (execution) of 
the components of that product. For example, if the user has provided some 
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input data on the user screen and pressed the Submit button, then the data 
provided by the user pass to business logic components. The business logic 
components will do some computation and send the data back to the user 
screen. How the data need to be presented to the user and what kind of pro-
cessing needs to be performed on some input data are governed by the data 
structures defined in the business logic.

• Information hiding: Components should be designed in such a way that the 
information contained within one is not available to other components that 
have nothing to do with that information. This is very important because it 
prevents unauthorized access of data by other components. Data belonging 
to a component should not be exposed at all or else other components can 
view or modify the data without authorization. If another component wants 
to view or modify these data, then it should be given access only after some 
strict authorization.

5.10  Component Diagrams

Component (i.e., structure) diagrams deal with the items that must be present in the 
system that you are modeling. Since component diagrams represent the structure of 
the system, they are widely used in documenting the architecture of software systems.

The structure of a software system can be represented at many levels. At the top 
level, the complete structure of the software system can be drawn. This diagram can 
be called the system diagram. A system diagram itself consists of many smaller parts 
that are joined to each other. The system diagram, showing its parts and the connec-
tions between them, can be best described by thinking in terms of how an electrical 
system and its components are wired to provide a complete functional electrical gad-
get. Similarly, a software system can be shown as consisting of software components 
and their connections with each other. A drawing showing a software system com-
posed of the software components and how these components are connected to each 
other is known as a software component diagram.

The best way to draw the component diagram is to use UML. We covered UML in 
Chapter 4. UML can again be used to draw the component diagrams.

Component-based development is based on the idea that the previously developed 
components can be reused and, if necessary, those components could be replaced by 
other equivalent components. OOD heavily uses component diagrams. Components 
in OOD are a more abstract depiction of objects. Using abstraction, you can create a 
template of a component. This template can be later used to create actual classes and 
objects by your implementing the template in various ways as per your need. This 
results in reuse and thus will lead to the best software design. A software design with 
the least amount of duplicate source code (to build the components) results in a defect-
free, maintainable, and easily extensible software product. This also results in a very 
productive project team because software developers will need to write less source 
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code. Thus, if you are developing a software product using OOD, then component 
diagrams can be the best way to show the structure of your software product.

In Figure 5.14, we have depicted a subsystem. This subsystem is part of a larger sys-
tem. You can see the dependencies at three places. This means that this subsystem shares 
information (both ways) with other subsystems that are part of the same larger system. 
You can also see joints (couplings) between the components. Two types of couplings are 
shown here: delegation couplings and ball joint couplings. Ball joint couplings (the cou-
pling shown between the Orders and Customers components) are used to denote tight 
integration between the components. Delegation couplings, on the other hand, are used 
to denote loose couplings between the components. In this figure, delegation coupling 
is shown as a delegation connector with the Orders component to be integrated with an 
external component. The external component is not shown because this kind of coupling 
can be used to integrate with just any external or internal component even at runtime. 
Tight coupling between the components can be used when the components are parts 
of the same system. Loose couplings, on the other hand, can be used to integrate the 
components with other components that may be part of another system.

5.10.1  Component Example

Let us take a look at a component diagram given in Figure 5.15. This figure depicts 
the component diagram for an order management system for a restaurant. We saw the 
use cases for this system in Chapter 4.

To translate the use cases into component design, we need to recall what the use 
cases were depicting about the interaction between the user and the system. Then, 
we have to think of how the use cases will help in building the software components. 
Hence, let us have a look.

• The user (sales representative) would log into the restaurant order manage-
ment system. For this to happen, a login page is needed in the order manage-
ment system.

Dependency Internal structure

<<Subsystem>> Customer orders

<<Component>>

<<Component>>

Orders

Assembly
connector

Dependency

Customers

Required
interface

Delegation
connector

Dependency

Figure 5.14 Subsystem with components and connections.
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• The user will take the customer order. For this to happen, we need to provide 
a food menu page from where the sales representative will pick the appropriate 
food menu for the customer. There should also be a menu search and selection 
page so that the sales representative can find and select the appropriate menu 
for the customer.

• The user will confirm the order. Once the customer agrees with the menu 
choices, the order can be confirmed. For this purpose, we need to have a con-
firmation page in the system.

• The user will collect payment from the customer. After confirmation, the sys-
tem will suggest the price for the order. The user will inform the customer and 
the customer will pay for the order. The user will then update the order with 
the payment information. For this functionality, we need to have a payment 
page in the system.

• The user will logout from the order management system once the payment for 
the order is received from the customer. Hence, we need to have a logout page 
in the system.

There is another requirement for this system. When an order is saved, the cus-
tomer name, phone number, and order information are saved in the system. This 
is done after the order is confirmed. This functionality is needed because if a 
customer makes an order the next time, the customer information saved from the 
previous order can be used to serve the customer better. For example, the customer 
is asked about his or her phone number first. After entering the phone number, 
the system automatically detects whether the customer made any earlier orders. 
Customer name and address are also pulled up from the database based on the 
phone number.

Authenticate from
user database

<<Component>>
Register page

<<Component>>
Selection page

<<Component>>
Confirm page

<<Component>>
Payment page

<<Component>>
Take-order page

<<Component>>
Menu page

<<Component>>
Logout page

<<Component>>
Login page

<<Component>>
Delivery page

Update menu database

Update customer database

Search menu database

Figure 5.15 Component diagram for a restaurant order management system.
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On the basis of the use cases and their corresponding design requirements, we need 
to build the component design for the system.

We have depicted the component diagram for the restaurant order management 
system in Figure 5.15. The website consists of nine web pages. Each web page can be 
treated as a component. All these web pages are connected to each other through a 
link. On some web pages, there is also a connection to a database. In fact, all the web 
pages will be connected to some database to display or modify some data through the 
connection to that database. For example, the login web page will authenticate a user 
when the user tries to log into the web page.

The relations between different components are depicted in Figure 5.15. When a 
user accesses the restaurant management system, he or she is always presented with a 
login page. Only after successful authentication is the user able to view and perform the 
functionality available in the system. Once the user authentication is successful, then 
the user can navigate to another web page. A dotted line connecting a web page and the 
login page, with an arrow pointing toward the login page, represents the fact that there 
is a connection between the login page and that web page. In addition, the arrow repre-
sents the fact that if the user tries to access that web page directly (without login at the 
login page first), then the system will navigate the user back to the login page. There is 
again a dotted line with an arrow connecting the take-order page and selection page. 
This means that if the selection of a menu is not correct or a user wants to change the 
menu selection, then the system will navigate the user back to the take-order page from 
the selection page. There is also a dotted line with an arrow connecting the register page 
and the login page. This arrow is pointing away from the login page. This is depicted to 
convey the fact that the register page will take the user to a system (or part of a system) 
that is not part of the restaurant order management system. The solid arrows signify that 
the user can navigate from one web page to another without the need to login again. 
That means a session object will track and authenticate when a user navigates from one 
web page to another web page if both web pages are connected through a solid line (ses-
sion objects are explained in Chapter 7). Notice that even when the user is on the logout 
page (i.e., logout request state), it does not mean that the user has logged out. The user 
can still go to other pages that are connected to the logout page.

When you model your software products, you need to create the components and 
their relationships carefully. In OOD, components are used as the template to create 
the classes. We will learn about classes in Chapter 7.

5.11  Data Flow Diagram

A data flow diagram depicts how the data flow from one component to another (in 
a software system) during data processing when a user or another software compo-
nent interacts with a component. These interactions between components also show 
the behavior of a component; thus, a data flow diagram is also known as a behavior 
diagram.
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A data flow diagram deals with how the data flow in a system. It specifies things 
such as where the data are coming from, where will they go, and where will they be 
stored. A data flow starts from a user input and then travels through the business 
logic where some computation occurs and finally to the data store where some data 
manipulation happens. A data flow diagram captures all the details about the data 
transformation that happens through this process.

A data flow diagram consists of three elements: process, external entity, and data 
store. A process is a business activity through which the data are modified or trans-
formed. For example, a debit transaction is a process through which a customer’s 
bank account is debited. After the debit transaction, the customer’s bank account bal-
ance changes. A process can have many details that can be further elaborated later. 
However, when you draw the data flow diagrams, you should at least capture the 
major changes and the transformation of data during a transaction. In Figure 5.16, a 
process is depicted.

An external entity is external to the system that we are dealing with. It can repre-
sent a human or another system and it is the place where the data come from or where 
the data will go. Data generation by an external entity can happen through some 
event (e.g., a mouse click) or time (e.g., an automated batch input) or some command 
(through another software product) seeking data from the system. Data are received 
by an external entity through the process explained in the previous paragraph. An 
external entity is depicted in Figure 5.17.

A data store is the place where the created or manipulated data (through the busi-
ness process) will be stored permanently. A data store can be a database or a file. In 
Figure 5.18, a data store is depicted.

Customer

Figure 5.17 External entity in a data flow diagram.

Account
balance

Figure 5.18 Data store in a data flow diagram.

Debit process

Figure 5.16 Process in a data flow diagram.



121soFtware HigH-LeveL design and ModeLing

In most cases, a data flow is initiated by an external entity. The software system 
processes and transforms the data. Finally, the data are saved in a data store. This rela-
tionship among the external entity, process, and data store is depicted in Figure 5.19.

5.11.1  Data Flow Example

Figure 5.20 depicts a data flow diagram for the restaurant order management system. 
We saw the component diagram for this system earlier. The sales representative logs 
into the user data store using the login process and takes the customer order. A cus-
tomer makes a purchase and the system processes this order. The purchase transaction 
is recorded in the transaction data store. The required food items on the order menu 
will be delivered from the restaurant and will be handed or shipped to the customer. 
The shipping activity will be handled by the food delivery process. The transaction 
data store will be updated as the customer pays for the transaction. Finally, the sales 
representative will logout from the system using the login/logout process.

Please note that we have shown data flows for only the processes that are described 
in the use cases (provided in Chapter 4). There could be some other processes also, but 

Customer Debit process Account
balance

Figure 5.19 Data flow initiated by an external entity to a data store.

Login process

Process order
Customer
data store

User
data store
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Transaction
data store Deliver food

Issue receipt Menu
data store

Figure 5.20 Data flow diagram for restaurant order management system.
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they are not shown in the given data flow diagram because they are not depicted in 
the use cases. As an example, one such process could be adding new users to the user 
data store.

5.12  Software Design Patterns

We learned about software architecture patterns in the previous sections. Software 
design patterns are similar concepts with the purpose of solving problems at a more 
minute level. Software design patterns are applied at class and object levels in OOD. 
We will learn about classes and objects in Chapter 7. Here, we will learn about design 
patterns that can be used to create classes and objects as per our requirements. Software 
design patterns are a great way to design the required classes and objects.

A software design pattern is a template for designing the classes. People use various 
kinds of templates to design various kinds of things. For example, a website template 
is used to design a website. Similarly, a software design pattern is used to create soft-
ware classes. Software design patterns have been created based on the experience of 
the people who have worked in creating classes for various purposes. For example, we 
have a software design pattern for configuring the orders in some industries. In these 
industries, an order can consist of many items but the pattern of these items is fixed. 
Using a design pattern, you can create this order pattern using a hierarchy of classes 
and configure the orders.

5.12.1  Difference between a Class and a Component

In the previous sections, we have seen the component diagram and data flow diagram. 
Now, we will discuss software design patterns. Software design patterns are about 
grouping of classes in various patterns. Some questions may arise: What is a class and 
what is a component? What is the relation between a class and a component? What is 
the difference between these two? Let us understand these important concepts.

Figure 5.21 depicts an interface class and two classes implemented from it. The 
interface class together with those two implemented classes can be called a component. 

Component
<<Interface>>

Class 1

Implemented
class 1

Implemented
class 2

Figure 5.21 A component and its classes.
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The interface class does not have any implementation details (i.e., a programming code 
that does some processing). The implementation details are programmed in class 1 
and class 2 only.

Why do you need an interface class if it is not doing anything? The interface class 
has a very important function. It allows you to create many classes that are similar 
(with only some differences). The interface class allows you to reuse the source code 
in many instances where you need to perform almost the same kind of computa-
tion as an existing class but it still has some differences. If you are not using an 
interface class, then you need to create another class. Thus, you may end up having 
many classes that are essentially doing almost the same thing. Maintaining so many 
classes becomes an issue in the long run. If you have an interface class, then creating 
a new class is easy. You just need to implement the interface; thus, you can reuse the 
code.

Software design patterns use the concept of reuse, and at the same time, there are 
many types of design patterns that can be used for different purposes.

5.12.2  Software Design Pattern Types

Software design patterns are primarily divided into three types: creational design 
patterns, behavioral design patterns, and structural design patterns. As we know, in 
object-oriented programming, we create objects (during runtime) from the classes. 
These classes interact with each other to perform some computations. We can use the 
design patterns to create different types of classes from a single parent class (or inter-
face). We can also use the design patterns to control the behavior of objects during 
runtime. Similarly, we can use the design patterns to control the interaction among 
objects during runtime.

We will see several design patterns in Sections 5.12.3 through 5.12.5.

5.12.3  Creational Design Patterns

Creational design patterns are used to control how the child classes are created from 
the parent classes. During runtime, it is also possible to control how and when the 
objects can be created. These controls are important because, this way, many types of 
classes and objects can be created from a small pool of classes. This feature enhances 
code reuse by using the techniques such as inheritance and polymorphism. Some of 
the design patterns related to creational design pattern types include abstract factory, 
builder method, factory method, object pool, prototypes, and singleton, to name a 
few.

5.12.3.1 Abstract Factory The abstract factory design pattern is used to create con-
crete classes from abstract classes that are totally encapsulated from each other. To 
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implement an abstract factory design pattern, you can create a single abstract class. 
Later, you can create interfaces or abstract classes as the children for this class. Finally, 
you can create the concrete classes that will implement these abstract classes.

For example, you can create several user control elements such as buttons and text-
boxes from a single class. Since the user control elements are very different from each 
other, their implementation will require the creation of classes that are very different 
from each other. At the same time, some user controls are used for the same pur-
pose; thus, there should be some similarities among the classes that will implement 
these user control elements. The best scenario in this case is to create one abstract or 
interface class and then implement similar user control elements from this abstract 
class or interface. For example, a radio button and a checkbox work in a very similar 
way. Hence, we can create one abstract class for these user control elements and then 
implement this class by creating the concrete classes for the radio buttons and the 
check boxes. The same is true for the list box and the drop-down box, which work in a 
similar way. Figure 5.22 depicts an abstract factory design pattern. In this figure, you 
can see that we have created a main class, Class 1, which can be used to create many 
user control elements. At the next level, there are two interfaces: SelectionControl 
and ListControl. The SelectionControl interface can be used to create two concrete 
classes, RadioButton and CheckBox. Similarly, the ListControl interface can be used 
to create two concrete classes, ListBox and DropDownList. All the implementation 
details will be contained inside these concrete classes. During runtime, all the objects 
created from these concrete classes will behave differently from each other. Even dur-
ing the design time, these objects will look differently from each other (e.g., a list box 
looks different than a drop-down box). This is how abstract factory design pattern 
works.

Class 1

<<Interface>>
ListControl

RadioButton

<<Interface>>
SelectionControl

CheckBox

ListBox DropDownList

Figure 5.22 Abstract factory design pattern for a class.
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5.12.3.2 Builder The builder design pattern is used when you need to create many 
objects (during runtime) that are related to a single parent object. During runtime, it 
is possible to create dynamic relationships among these objects. For example, a builder 
design pattern can be used to create a representation of a configurable computer sys-
tem. The top class can be implemented to represent a computer model number. Many 
classes (which are not the child classes of that top class) can be created to represent 
the parts of a computer such as the hard drive, memory card, and motherboard. The 
relationship among these classes is not hard-coded with the top class. The relationship 
among these classes will actually be established during runtime. Suppose a customer 
makes an order for a particular computer model. The customer specifies the configu-
ration he or she needs for this computer model. Now, the relationships between the 
objects during runtime can be established. Thus, it will be possible to create an order 
(i.e., sales order) management system where configurable items (such as computers) 
can be ordered.

5.12.3.3 Factory Method The factory method is used when a new operation needs to 
be taken care of. For this new operation, there are no previously available classes. A 
super class is created to implement it. This super class will take care of the common 
operations. To take care of specific operations, we can create child classes that will be 
derived from the super class. For example, let us discuss the order management system 
for a restaurant. Suppose that currently they have two order types: take-out orders and 
dine-in orders. Hence, we have two classes to take care of these order types. Now, if 
the restaurant introduces a delivery-type order as well, then you will have to create a 
new class to take care of this new operation. In Figure 7.13, there is a super class Order 
and it is linked to two subclasses.

5.12.4  Structural Design Patterns

Structural design patterns are used for managing the interfaces of the objects to con-
trol their integration with other objects during runtime. Some of the design patterns 
related to the structural design patterns include adapter, bridge, composite, decorator, 
façade, flyweight, private class data, and proxy.

5.12.4.1 Adapter Generally, software products witness several releases in their life-
time. Software vendors may change the underlying architecture of a software prod-
uct each time a new release of that software product happens. To ensure that the 
older releases still work with the new releases, the software vendor introduces what 
is known as backward compatibility. To implement backward compatibility, the soft-
ware vendor keeps the interface of the new release open so that the older release of that 
software product still works with the new release. The adapter design pattern is used 
to create this backward compatibility. For example, an adapter class can be created so 
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that two different Word processing applications (an older release and a newer release 
of the same application) can become interoperable so that a user can open a document 
in one application although it was created in the other.

5.12.4.2 Proxy As the name implies, a proxy design pattern is used where an object 
needs to be replaced by another object during runtime. For this to happen, both objects 
should have the same interfaces although their internal structure can be different. For 
example, when we need to do some calculation, the precision of the outcome of that 
calculation can be different for different purposes. Suppose we need to draw a graph 
based on some calculations. One of the graphs shows columnar results while the other 
graph shows the same results in pie charts. The precision of calculation for these two 
graphs may be different. To resolve these differences, two classes can be created to 
perform the calculations. On the basis of the format of the results’ display, the appro-
priate class needs to be called. During runtime, the suitable object will be loaded to 
take care of the right precision for the calculation.

5.12.5  Behavioral Design Patterns

Given an input, different classes behave differently because the outputs are computed 
differently by the methods contained inside those classes. At the same time, the dif-
ference in the outputs can be managed by controlling the methods contained inside 
those classes. Behavioral design patterns are used to control the behavior of the classes 
so that the objects created from those classes can interact with each other properly. 
Some of the design patterns belonging to behavioral design patterns include chain of 
responsibility, command, interpreter, iterator, mediator, and memento.

5.12.5.1 Command The command design pattern is used to pass a command from 
one object to another so that some computation or another command can be gener-
ated. The command design pattern is used to control the data flow that happens inside 
a software system after some event occurs. To understand this concept, a comparison 
is provided. An office manager asks his or her employee to prepare a report. The 
employee, in turn, asks one of his or her assistants to do it. This assistant then prepares 
the report and hands it over to the employee. This employee, in turn, sends the report 
to his or her manager.

5.12.5.2 Iterator In some software applications, the user needs to evaluate some 
options before selecting one of them. Each option should be associated with some 
preview so that the user can have some idea as to what that option does. In such cases, 
the iterator design pattern can be used. For example, in Microsoft Windows, there is a 
preview pane in Windows Explorer. When a user selects a file that has some preview 
associated with it, the preview of that file is shown in the preview pane. The preview 
helps the user find out what a file is all about, even without opening it.
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5.13  Programming Language Considerations

Once you are given the task of designing and building a software product, the first 
thing you need to do is think about the technologies that will be used to design and 
build the product. There are many technologies available in the market and choosing 
the right one will affect the project.

In the previous sections, we have seen how a software product is modeled based on 
the given requirements. We also need to consider how the model of a software product 
can be implemented when the technology considerations are given. In the succeeding 
sections, we will discuss the technical aspects of implementing the models we have 
created.

From a purely business point of view, the technology that provides the best produc-
tivity and thus saves time and money is the best one to choose for product develop-
ment. However, practical constraints may hamper decision making and thus choosing 
the right technology may become difficult. Not all technologies work well with each 
other. Therefore, there is a genuine need to choose a technology that allows the writ-
ten source code to run on any platform. Otherwise, you will end up repeatedly writing 
the source code for various platforms on which the software product will run. This is 
definitely not a good option. Some other factors that may influence your decision on 
choosing the technology include the following:

• Size of the software product to be developed
• Type of the software product to be developed
• Technologies available in the market
• Code reuse
• Considerations for nonfunctional requirements

As explained in Chapter 4, requirement management should not include imple-
mentation details. Now that the requirements have been gathered and the require-
ment specifications made, it is time to think about implementation details. Let us see 
how the factors mentioned above influence implementation details.

5.13.1  Size of Software Product

The size of the proposed software product is an important factor while deciding the 
technology for designing and building the product. Not all technologies scale well. 
Similarly, if you choose a technology that is well suited for building large products 
but you use it to build a small product, then it will be overkill and such technology 
is definitely not required. For example, if your software product will be used by a 
few people, then making an elaborate multitier architecture for that product will be 
overkill. Therefore, if your product is small, then never go for the technologies that 
are well suited for building large software products only. Similarly, if a technology is 
suited to build small products, then it is not necessary that it can scale well to build a 
large software product.
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Some well-known technologies need people with specialized skills. These tech-
nologies are well suited to build large software products. Using them to build a small 
product will not only create a problem in arranging the right people but also lead to 
a waste of time and money. For example, Microsoft Access is a database well suited 
for building small software products. People with low skills can be used to create 
and use databases in Microsoft Access. If your software product is small, then using 
Microsoft Access is the best fit for this scenario as it will allow the software product 
to be developed cost-effectively as well as in less time. However, if you are develop-
ing a large software product, then Microsoft Access is not suitable. You will need to 
choose a database such as Oracle or Microsoft SQL, which are well suited for large 
software products.

Sizing the software product (i.e., determining how large the proposed software 
product will be) is important for estimating the cost and time factors as well as for 
finding the right technologies to build that product. If a proposed software product 
will be used by just a few users, then choose the technologies that will allow the rapid 
development of the product using the least amount of skill and money. However, if the 
proposed software product will be used by thousands of people, then careful planning 
is definitely needed to choose the appropriate technologies to implement the project.

5.13.2  Type of Software Product

Software products are of many types and they are used in many industries such as 
defense, medical, business, communication, education, entertainment, and journal-
ism, to name a few. Each industry has a different kind of need for software products. 
These needs translate into specialized software products for specific industries. For 
example, if you are building a software product for children’s games, then you do not 
need to build the security components for that software product. On the other hand, 
security components are the most crucial components for building software products 
for the defense industry.

Software architecture will depend on several factors such as whether a database will 
be attached to the system or whether the user interface needs to be controlled using a 
button or a scroll bar.

5.13.3  Technology Availability

If you want to develop a software product, there is a plethora of technologies avail-
able to choose for this purpose. You may want to choose the best technology that fits 
your needs. For example, if your project requirements indicate that you need to store a 
huge amount of data, then you need to find a database large enough to store it. If your 
requirement is that you need to provide rich content to users on their browsers, then 
you need to find out if there is any browser that can support rich content. If no such 
browser exists in the market, then you may need to create a plug-in for the browsers 
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to get the desired functionality. The creation of a plug-in may increase the budget and 
time for your project considerably.

Sometimes, there is no suitable technology available to support the development of 
your software product. For example, assume that your customer wants to have com-
pression software that can compress any file to 1% of its original size without reducing 
the quality of the file content. It is impossible to fulfill this requirement because not all 
files can be compressed to 1% of their original size without sacrificing quality.

Let us discuss the importance of technology in software design and development.

5.13.3.1 Integrated Development Environment Infrastructure If you are involved in 
software development work, then you need to have a good software infrastructure 
so that software development work will be productive. The infrastructure includes 
compilers, database connectors, application servers, debuggers, configuration man-
agement servers, and other components that are part of an Integrated Development 
Environment (IDE). If any part of the IDE is missing or not performing well, it 
will hamper your work. Thus, the selection of IDE is critical to the success of the 
project.

5.13.3.2 Platform Independence During the time when platform-independent soft-
ware development technology was not yet available, most software development proj-
ects relied heavily on the infrastructure available in a specific platform. For example, 
if you decided to use the Microsoft platform to develop a client–server software prod-
uct, then you would use the libraries provided by the Windows platform itself. You 
could write the code that would run on any Microsoft operating system. However, the 
same code will not run on other platforms such as an IBM operating system. After 
the advent of programming languages that are platform independent, the platform 
constraint was resolved. Once the code is developed, the same code can run on any 
platform. For example, the Java language used to build software code will run on any 
platform.

5.13.3.3 Library Infrastructure Libraries are collections of source code files that are 
provided by the inventors of a programming language. These libraries help provide an 
infrastructure that programmers can use while writing their source code.

The inventors of the operating system also provide libraries of source codes that, 
again, can be used by the programmers while writing their source code.

There is a difference between the above two types of libraries, though. If a pro-
grammer uses the libraries provided by an operating system, then his or her code 
will run only on that operating system. This is a big drawback. In this scenario, the 
programmer has to write as many versions of his or her source code as the number of 
operating systems on which the source code may need to run. However, if the pro-
grammer uses the libraries provided by the inventors of the programming language, 
then this code will run on all operating systems. The problem is that not all inventors 
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of programming languages provide libraries. Over the years, this constraint has also 
been solved. Companies (or people) that developed programming languages, which 
are platform independent, have developed libraries specific to those programming 
languages. These libraries provide the infrastructure on which the code can run on 
any platform without problems. For example, the java.awt.* and java.sql.* libraries of 
Java language allow the software developers to build products in Java language on any 
operating system. If you are part of a software development team and these libraries 
are not available, then you will end up writing the code to communicate with the 
operating systems. This creates extra effort, which is undesirable.

5.13.4  Code Reuse

Code reuse, also known as source code reuse or software reuse, is a major consider-
ation nowadays. Code reuse speeds up the development of a software product. There is 
already an existing code available in the form of a large number of software products 
in the market. Some of these products can be used, in part or in full, in the develop-
ment of your project, if any software features in such products meet the requirements 
of the software product you need to build. If the software product you are developing 
involves a large number of software components that have similar functionality, then 
it is possible to reuse those components.

Code reuse helps increase the productivity of software engineers tremendously. If 
there are existing libraries of software code available, then they can be used in devel-
oping your software product. The usage of libraries will reduce the chances of errors 
(software defects) in the source code. Libraries are generally free from any software 
defects, because most of the time, they have been used in software development for 
earlier projects. If they had any defects, then they have already been removed. Thus, 
they are mostly defect-free.

There are two situations in which code reuse can take place. One is when the code 
is an intrinsic part of your own product, in which case the code is already available to 
you. Code reuse takes place by building new code libraries or using the existing librar-
ies. The other situation is when you are going to use an existing product (or compo-
nents) from some vendor and the required source code is not available to you. In this 
situation, you integrate the product or components with your own product through 
the open interfaces available in the said product or components. Most software ven-
dors make the information about the interfaces of their products or components avail-
able. These interfaces are known as Application Programming Interface (API). The 
API documentation of the products or components specifies how you can integrate 
those products or components with your own product. Thus, the existing code of this 
other software product becomes available to you and you do not need to write any 
source code for the features that are available through this software product. Thus, you 
are essentially reusing the source code of the said product.
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OOD especially helps in reusing the source code because it is possible to abstract 
the design consideration of all similar components and then use a common interface 
or abstract class to derive all the classes in your product. This way, the source code is 
reused in the most effective way.

5.14  Types of Programming Languages: A Brief Review

Another high-level design decision in developing a software product is the selection 
of programming language. There are many programming languages, which have their 
own benefits and shortcomings. For example, if your requirement is to perform heavy 
engineering and mathematical calculations in your software product, then a program-
ming language such as MATLAB® will help you build your software product very 
quickly. Similarly, if your requirement is to perform user validation before the user 
submits a form on his or her web browser, then client-side scripts should be used. 
Some programming languages are good for efficient calculation of specialized rou-
tines while some other languages keep the software applications separate from the 
operating systems and thus become truly platform independent.

Programming languages can be divided into two different types, imperative and 
declarative, based on the way in which we can write the code using the programming 
languages. Imperative languages tell the computer how to perform a task, whereas 
declarative languages tell the computer what to do. Imperative languages can be fur-
ther divided into procedural languages and object-oriented languages. Programs writ-
ten in procedural languages consist of procedures and structured actions (e.g., Fortran, 
Pascal, and C). Programs written in object-oriented languages consist of objects and 
classes rather than actions (e.g., C++, C#, Java, and Python). Declarative languages 
can be further divided into functional languages and logic-based languages. In func-
tional languages (e.g., Common Lisp, Erlang, and Haskell), programs consist of 
functions. A function, as we know in mathematics, accepts a set of arguments and 
returns a value. Logic-based languages (e.g., Datalog, Logtalk, and Prolog) consist of 
statements expressed in a logical form by using some facts and rules that are true in 
the given problem domain. Figure 5.23 presents this categorization of programming 
languages. Some programming languages belong to more than one (sub)category. For 
example, Logtalk is a logic-based language as well as an object-oriented language.

There are other ways of categorizing programming languages, based on the char-
acteristics we use for such categorizations. For example, programming languages can 
be categorized as static versus dynamic, based on when they execute several common 
programming behaviors. However, these types of discussions are beyond the scope of 
this book.

Object-oriented programming languages are used extensively nowadays because of 
their inherent advantages over procedural programming languages. More details on 
object-oriented languages are provided in Chapter 7.
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5.14.1  Special Languages for Web-Based Systems

Some programming languages are developed to do special tasks. For example, there 
are programming languages developed for scripting on web pages. Some of these 
scripting programming languages include JavaScript, VBScript, and Python. Markup 
languages such as HTML were developed to create a format for the web pages. There 
are also languages such as JSP that embed the programming code inside the web 
pages that run on the server but not on the user browser (contrary to scripting lan-
guages [such as JavaScript] that run on the user browser). We will discuss scripting 
languages in Chapter 6.

We will discuss some nonfunctional design issues, namely, security and perfor-
mance, in Sections 5.15 and 5.16, respectively.

5.15  Security

A top-priority nonfunctional requirement for web-based software products is security. 
Ensuring that users can use a software product without worrying about data theft is 
a real concern for software engineers. Another concern is that a person authorized to 
view or execute some specific transactions should be allowed to view or execute those 
transactions only. Security can be enforced in many ways. Let us discuss some of them 
here.

5.15.1  Authorization

Any system can be secured by providing access to authorized people only. Autho-
rization is implemented by presenting a login screen to users. The user enters a user-
name and a password. The system checks the values for the username and password 
in the database. If the values match with the data stored in the database, then the 
system is unlocked for the user. Now, the user can successfully enter the system and 
access it.

High-level
programming languages

Imperative
languages

Declarative
languages

Procedural
languages

Object-oriented
languages

Functional
languages

Logic-based
languages

Figure 5.23 Categorization of programming languages.
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Nowadays, a highly secured login access can be implemented for a software product 
that needs foolproof security. If you need to implement a software product that has a 
strong security mechanism, then you can use software components such as security 
sockets that help provide a strong security mechanism.

5.15.2  Role-Based Security

Resource management software products (e.g., Enterprise Resource Planning [ERP] 
software products) are used by people whose roles are well defined by their compa-
nies. We can define the roles and attach them with the specific functionalities of the 
software product. When a new user (i.e., user ID) is created in the software product, a 
role is attached to that user ID. Whenever the user logs into the software product, the 
user will see only the functions that are enabled for the role attached to his or her user 
ID. For example, suppose we have a procurement management system. In this system, 
a buyer role can create, view, and edit the purchase orders. If a user ID is attached to 
this buyer role, then the user can do these transactions related to the purchase orders. 
There is also a role defined as inventory assistant. This role can receive, dispatch, and 
view the inventory in the warehouse. If a user is assigned this role, then he or she can 
perform these transactions. However, the user assigned this inventory assistant role 
will not be able to do anything related to purchase orders.

5.15.3  Security Based on the User Data

In secure software systems, the security is tied to each user ID. A user can only view 
and perform the transactions that are applicable to the data of that user ID. The user 
will never be able to do any transactions on the data that are linked to some other user 
ID. For example, the online banking system allows a user to do transactions on the 
data related to that user ID only.

5.15.4  Data Encryption

Encryption is the process of converting information from its original form to another 
form so that it cannot be easily interpreted by anyone except the designated user(s) of 
that information. There are basically two types of encryptions: symmetric key encryp-
tion and public key encryption. In the first type, the sender and receiver(s) of a mes-
sage will have the same key to encrypt and decrypt the message, respectively. In the 
second type, the encryption key is publicly available, but the decryption key is avail-
able only to the receiver(s) of the message.

Data encryption may take place during an entire session when a user interacts with 
the software system. This type of encryption is implemented through Secure Socket 
Layer or Transport Security Layer. All the data sent from the system (to the user) and 
received by the system (from the user) are encrypted and decrypted using any available 



134 Foundations oF soFtware engineering

64-bit or 128-bit encryption technology. If a hacker hacks the system, he or she will 
get the encrypted data only. You can see an example of encryption when you visit a 
website. If the website has implemented encryption, then you will be directed to a 
URL such as https://www.abc.com instead of http://www.abc.com. The user inter-
action sessions with “https” URLs are always encrypted. A detailed discussion on data 
encryption is beyond the scope of this book.

5.16  Performance

Another important nonfunctional requirement for web-based software products is 
performance. Web-based software products are accessed by the users through the 
Internet. Connection speed greatly determines the performance of any website. If the 
connection speed is low, then the web pages take a long time to load. This can cre-
ate problems for the users. Sometimes, when the website is being accessed by a large 
number of users simultaneously, even if the connection speed is high, the web pages 
load slowly. These issues should be considered while designing the software product.

From a software design aspect, some of the factors that affect the performance of a 
system include the following:

• Large software components take a long time to read or load (depending on 
whether they are read on the client side or the server side). Therefore, always 
keep the component size of your software products as small as possible.

• Connecting to the database is a time-consuming process. If your source code 
connects too often to the database, then the response time from the system 
will be long and the user has to simply wait for the response. Use data cach-
ing when the data are fetched from the database of the system so that you do 
not need to connect to the database often. For example, if you need to get 
only a few records in one operation from the database, but the system finds 
that you will be using nearby records from the same database table frequently, 
then fetch as many records as possible (from that database) in one connection. 
The system can cache the unused data or records, but when required by the 
user, the system can pass these data to the user screen. A group of data can be 
fetched from a database by means of a data set. A software design can be built 
where the data set is larger than the required data. The unused data can then 
be cached. When a succeeding request from the user comes for some data, the 
required data can be fetched from this cache. This way, the response from the 
computer will be faster and the user will have a better experience.

• Do not use images or blobs (objects) that are large in size. Loading them on 
a user browser will take more time. Instead, if possible, use partial images 
that may be smaller in size. They will load faster and the response time will 
be better.
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5.17  Case Study

After considering all the factors regarding the high-level design, we have decided to 
build OBAAS with the following features.

OBAAS will be a web-based software product. Users can access the software prod-
uct using a browser (any web browser will work). OBAAS will be deployed on a web 
server having an application server as well. There will be a database (any relational 
database will be fine) at the back end to store the permanent transaction data. The 
web server will host the website and all its web pages. The web pages will have some 
client-side scripts for formatting. The web pages will also have server-side scripts that 
will run on the application server. There will also be some executable source codes on 
the application server. These codes will be called through web pages that have server-
side scripts.

Let us see the high-level specifications for our solution.

5.17.1  Three-Tier Architecture

The three-tier architecture will give us an opportunity to use the client-side scripts, 
the server-side scripts, an executable server code, and a database connection. This 
architecture will be flexible and we can choose any database or any application server. 
Maintaining this infrastructure will not be a problem.

5.17.2  User Interface

A user interface will be built for web browsers and the details are provided in Chapter 6. 
The web pages are built using HTML. Client-side scripts are used for user input vali-
dation. We will use static content + client-side scripts + server-side scripts + executable 
server code in OBAAS. Once all the client-side and server-side scripts as well as execut-
able server codes are run, a web page is composed and the user will be able to see it.

5.17.3  Middle Layer

The middle layer will be composed of server-side scripts written on each web page. 
There will be some executable compiled binary code on the application server that will 
be called from the server-side scripts written on each web page. The database connec-
tion information, database connection management, and servlet control will be done 
through the executable server code.

5.17.4  Database

The Oracle database has been used for OBAAS 1.1 and OBAAS 1.2.
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5.17.5  Component Diagram

In Chapter 4, we have seen that there is a requirement for two versions of OBAAS. 
These versions are named OBAAS 1.1 and OBAAS 1.2. Accordingly, Figure 5.24 
shows the component diagram for OBAAS 1.1 while Figure 5.25 shows the compo-
nent diagram for OBAAS 1.2.

For web-based software products, a web page can be considered a component. This is 
because each web page serves one purpose and can be safely represented as a component.

In Chapter 4, we have seen the requirement specifications for OBAAS (Versions 
1.1 and 1.2). We have also seen the use cases for it. On the basis of the use cases, the 
component diagram for OBAAS is made.

• Account balance: The use case states that the user can find the account balance 
of his or her bank account. In the component design, the account balance page 
searches the account database to find the account balance for the user.

• Service request: The use case states that the user can request a new cheque 
book from the bank. The user can go to the service request page. The user 
selects the cheque issue service request from a drop-down list at the ser-
vice request page. When a cheque book is issued, the service database is 
updated.

• Bill payment: The use case states that the user can pay the bills using OBAAS. 
In the component design, when the user wants to pay a bill, he or she goes 
to the Bill payment page. The user selects a service provider from the list and 
then can pay the bill amount from the Bill payment page. After bill payment, 

<<Component>>

Authenticate from
user database

<<Component>>

<<Component>> <<Component>>

<<Component>>

<<Component>>
Welcome page

Update bill pay
database

Search account database

Update service database

Account close page

Account balance page

Update account database

Service request page

Bill payment page

Create account page

Figure 5.24 Component diagram for OBAAS 1.1.
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the user account is updated because the bill payment is done from the user 
account.

• New account: The use case states that a user can create a new account in 
OBAAS. In the component design, the account creation page allows the user 
to create his or her account in the system.

• Account closure: The use case states that the user can close his or her online 
bank access account. In the component diagram, an account closure page is 
provided so that the user can close the account.

In Figures 5.24 and 5.25, you can see that each web page is connected through 
dotted lines with some other web pages. However, unlike in Figure 5.15, there are 
no arrows on these dotted lines. This is because all the web pages in OBAAS are 
independent of each other. A user can go to any of these web pages directly. When 
a user selects any web page, then he or she needs to provide his or her username and 
password (along with other required information) on that web page itself. This kind 
of functionality for a web-based software product can be achieved without using the 
session objects. Notice that in Figures 5.24 and 5.25, due to simplicity reasons, only 
some sample connections are shown between the web pages. In reality, there are con-
nections (i.e., dotted lines without arrows) between any two different web pages.

You will notice that we have used the terms service database and user database in the 
component diagrams. When the component diagrams are made, the actual database 
is not yet finalized. The component design activity is carried out before the detailed 
design activities. Actual databases are created during the detailed design process. 
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Figure 5.25 Component diagram for OBAAS 1.2.
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By the time the actual database is created, the databases shown in these component 
diagrams could be just a database table or part of the actual database table(s).

Another point to be noted about the relationship between components and data-
bases is that components are at a higher level (i.e., more abstract level) than database 
tables. Thus, it is difficult to create a one-to-one relationship between these two types 
of entities. For example, the component “Account close page” may be linked to an 
account table, but it is not sure whether the account table may also contain some other 
entities or just the account-related data. This information becomes clear only after the 
classes and the entity-relationship diagrams are made.

The same is true for data flow diagrams. They are at a higher level than the classes 
and database tables. Hence, the “data stores” shown in the data flow diagrams are just 
approximations of the actual database entities.

There are two differences between the component diagram for OBAAS 1.2 and 
that for OBAAS 1.1. A user can transfer money from his or her account to another 
account. The other difference is on the cheque request page. For each cheque request, 
the user is charged US$5. This amount is deducted from the account of the user. Thus, 
on the cheque issue page for OBAAS 1.2, there are updates in the account database 
and in the service database.

5.17.6  Data Flow Diagram

A data flow diagram for OBAAS 1.1 is shown in Figure 5.26. The user (customer) 
initiates all the transactions (processes). The bill payment process updates the account 
data store. The account balance process accesses the account data store to display the 
account balance of the customer.
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Customer Account balance

Account close

Cheque request

Account

Service

Figure 5.26 Data flow diagram for OBAAS 1.1.
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The account closing process updates the account data store. The cheque request 
process updates the service data store.

Figure 5.27 displays the data flow diagram for OBAAS 1.2. There are two differ-
ences in this diagram compared to that for OBAAS 1.1. For the cheque request pro-
cess, both service and account data stores are updated. There is one additional process 
in OBAAS 1.2. A money transfer process has been added. This process updates the 
account data store.

5.17.7  Code Reuse

For OBAAS 1.2, we will be using the same code base of OBAAS 1.1. The changed 
functionality of cheque request will be achieved by adapting the cheque request com-
ponent using refactoring. An additional component for money transfer is added in 
OBAAS 1.2.

We will create a component for the database access definition. This component will 
be used to connect and manage all the database connection requirements for the entire 
OBAAS. Thus, the same code for the database connection management will be reused 
every time a connection with the database is required from any component of OBAAS.

5.17.8  Maintainability

We will use an object-oriented programming language and create the classes that can 
be maintained. When the code base becomes larger, we will be able to refactor our 
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Figure 5.27 Data flow diagram for OBAAS 1.2.
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code so that maintenance is a problem. We will use a modular design so that it is easier 
to maintain our software product.

5.17.9  Security

To ensure that the database connection information is secured, we will keep the data-
base connection string information only within the executable server code. Since the 
executable server code is binary, even if the application server is hacked, this database 
connection information will be difficult to understand. In addition, as a basic security 
measure, when the user enters characters in the password field, OBAAS will not show 
the actual characters. Instead, it will show asterisks.

5.17.10  Performance

To guarantee good performance by OBAAS, we will not use large images or videos 
and we will use an executable server code to connect to the database.

5.17.11  Methodology

Our technology (i.e., three-tier architecture and object-oriented programming and 
design) allows us to work using any software engineering methodology. We can build 
OBAAS incrementally, if required. We can also cope with all product requirements 
and build a complete product under one project.

5.18  Chapter Summary

After identifying the requirements for building a software product and deciding to 
go ahead with the project, the project team has to brainstorm how to implement a 
software system that provides a solution to meet all the requirements. The result of 
this brainstorm is a high-level design of the project. What technologies are available 
and how these relevant technologies should be selected are some of the tasks to be 
performed at this level. You need to find out whether a web-based solution will be the 
best fit or a client–server architecture will suffice. You then need to determine whether 
a two-tier architecture is good enough or an n-tier architecture will be required. You 
need to find the right solutions for providing adequate security and performance.

Your software product design will depend on factors such as software product size 
(an estimate), availability of the technologies, methodology used, product type, and 
nonfunctional requirements.

The first computers were the mainframe type. In the 1970s, client–server comput-
ers became popular. After the advent of WWW, web architecture became popular. 
Because of the inherent benefits of web architecture, client–server architecture has 
become almost obsolete.
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In essence, high-level design and modeling are carried out at three levels. At the 
top level, when we think of the entire software product and its parts, the software 
design is known as software architecture. At this level, the software design is broken 
into layers or tiers. You can use architecture patterns, which are industry best prac-
tices, available in the form of templates. For example, the three-tier architecture is an 
architecture pattern. You can implement this pattern to architect a software product.

At a lower level, the software architecture parts need to be further broken down 
into smaller parts so that each architecture part (e.g., a middle layer) can be designed 
in a modular way. At this level, we design the software components; thus, this level 
is known as software component design. At this level, the design involves creating 
component diagrams and data flow diagrams. Component diagrams depict the com-
ponents, their relationships, dependencies, coupling (integration) points, and so on. 
Data flow diagrams depict the flow of data from the point of initiation (generally the 
user) to various components in response to some user action.

Software design patterns have been made to create a software design for a software 
product. These design patterns are the standard means to solve computation problems. 
There are many design patterns. They are divided into three categories: creational 
design patterns, behavioral design patterns, and structural design patterns.

Apart from architecture and design concerns, a high-level software design should 
also consider the limitations of the available programming languages and their asso-
ciated technologies. Not all programming languages are equal. In fact, most pro-
gramming languages were created to address some specific issues related to software 
development. For example, Java was created to achieve platform independence. 
MATLAB® was created to write software programs for heavy-duty engineering and 
mathematical computations. Programming language selection thus becomes a task 
that has to be addressed during high-level software design.

QUESTIONS
 1. Explain what a server-side script is.
 2. Explain web architecture in detail.
 3. Why does one need a high-level design?
 4. What types of security mechanisms can you implement for your software 

product?
 5. What are the benefits of a web-based architecture?
 6. Why are platform-independent software products needed?
 7. What is a client-side script?
 8. What is a three-tier architecture?
 9. What is a multitier (n-tier) architecture?
 10. What measure(s) can you take to ensure good performance from a software 

product?
 11. What is a software architecture pattern?
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 12. What is software architecture?
 13. What are the software components in various software architecture layers?
 14. What is a component diagram?
 15. What is a data flow diagram?
 16. What is a software design pattern?
 17. Name some software design patterns.
 18. What is a software component?
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