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SOFTWARE REQUIREMENT SPECIFICATION

Requirement analysis and specification — Requirements gathering and analysis —
Software Requirement Specification — Formal system specification — Finite State
Machines — Petri nets — Object modelling using UML — Use case Model-Class diagrams
— Interaction diagrams—Activity diagrams—State chart diagrams —Functional modeling—

Data Flow Diagram.

1. Requirement analysis and specification

The Requirement Analysis and Specification phase starts after the feasibility
study stage is complete and the project is financially viable and technically
feasible. This phase ends when the requirements specification document has been
developed and reviewed. It is usually called the Software Requirements
Specification (SRS) document

These activities are usually carried out by a few experienced members of the
development team and it normally requires them to spend some time at the
customer site. The engineers who gather and analyse customer requirements and
then write the requirements specification document are known as system analysts
in the software industry. System analysts collect data about the product to be
developed and analyse the collected data to conceptualize what exactly needs to be
done. After understanding the precise user requirements, the analysts analyse the

requirements to weed out inconsistencies, anomalies and incompleteness.

We can conceptually divide the requirements gathering and analysis activity into

two separate tasks:

+ Requirements gathering

« Requirements analysis

REQUIREMENTS GATHERING:
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It is also known as Requirements Elicitation. The primary objective of the
requirements- gathering task is to collect the requirements from the
stakeholders. A stakeholder is a source of the requirements and is usually a
person or a group of persons who either directly or indirectly are concerned with
the software.

1. Studying existing documentation:
The analyst usually studies all the available documents regarding the system to

be developed before visiting the customer site. Customers usually

provide a statement of purpose (SoP) document to the developers. Typically, these
documents might discuss issues such as the context in which the software is
required.
2. Interview:

Typically, there are many different categories of users of the software. Each

category of users typically requires a different set of features from the software.

3. Task analysis:

The users usually have a black-box view of software and consider the software
as something that provides a set of services. A service supported by the software
Is also called a task. We can therefore say that the software performs various tasks
for the users. In this context, the analyst tries to identify and understand the
different tasks to be performed by the software. For each identified task, the analyst
tries to formulate the different steps necessary to realize the required functionality
in consultation with the users.

4. Scenario analysis:

A task can have many scenarios of operation. The different scenarios of a task
may take place when the task is invoked under different situations. For different
types of scenarios of a task, the behaviour of the software can be different.

5. Form analysis:
Form analysis is an important and effective requirement-gathering activity that

Is undertaken by the analyst when the project involves automating an
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existing manual system. During the operation of a manual system, normally several
forms are required to be filled up by the stakeholders, and in turn, they receive

several notifications.
In form analysis, the existing forms and the formats of the notifications

produced are analyzed to determine the data input to the system and the data

that are output from the system.

REQUIREMENT ANALYSIS AND SPECIFICATION:

After requirements gathering is complete, the analyst analyses the gathered
requirements to form a clear understanding of the exact customer requirements and

to weed out any problems in the gathered requirements. It is natural to expect the
data collected from various stakeholders to contain several contradictions,

ambiguities, and incompleteness.
The main purpose of the requirements analysis activity is to analyse the

gathered requirements toincompleteness, and
inconsistencies from the gathered customer requirements and to obtain a

clear understanding of the software to be developed.

During requirements analysis, the analyst needs to identify and resolve three

main types of problems in the requirements
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Following are the features of a good SRS document:

1. Correctness: User review is used to provide the accuracy of requirements stated
inthe SRS. SRS is said to be perfect if it covers all the needs that are truly expected

from the system.

2.Completeness: The SRS is complete if, and only if, it includes the following
elements:
(1). All essential requirements, whether relating to functionality, performance,

design,constraints, attributes, or external interfaces.

(2). Definition of their responses of the software to all realizable classes of input

data in all available categories of situations.

(3). Full labels and references to all figures, tables, and diagrams in the SRS and

definitions of all terms and units.

3. Consistency: The SRS is consistent if, and only if, no subset of individual
requirements described in its conflict. There are three types of possible conflict in
the SRS:

(1). The specified characteristics of real-world objects may conflicts. For example,

one requirement as tabular but in another as textual.

Unambiguousness:
SRS is unambiguous when every fixed requirement has only one
interpretation. This suggests that each element is uniquely interpreted. In case there is a
method used with multiple definitions, the requirements report should determine the

implications in the SRS so that it is clear and simple to understand.

Ranking for importance and stability: The SRS is ranked for importance and stability

if each requirement in it has an identifier to indicate either the significance or stability
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of that particular requirement.

Typically, all requirements are not equally important. Some prerequisites may be

essential, especially for life-critical applications, while others may be desirable.
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Each element should be identified to make these differences clear and explicit. Another
way to rank requirements is to distinguish classes of items as essential, conditional, and

optional.

Modifiability:
SRS should be made as modifiable as likely and should be capable of quickly obtain
changes to the system to some extent. Modifications should be perfectly indexed and

cross-referenced.
Verifiability:

SRS is correct when the specified requirements can be verified with a cost- effective
system to check whether the final software meets those requirements. The requirements

are verified with the help of reviews.
Traceability:

The SRS is traceable if the origin of each of the requirements is clear and if it facilitates

the referencing of each condition in future development or enhancement documentation.
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« Anomaly
- Inconsistency

« Incompleteness

Anomaly: It is an anomaly is an ambiguity in a requirement. When a requirement
Is anomalous, several interpretations of that requirement are possible. Any
anomaly in any of the requirements can lead to the development of an incorrect
system, since an anomalous requirement can be interpreted in several ways during
development.

Inconsistency: Two requirements are said to be inconsistent if one of the
requirements contradicts the other.

Incompleteness: An incomplete set of requirements is one in which some
requirements have been overlooked. The lack of these features would be felt by the
customer much later, possibly while using the software. Often,
incompleteness is caused by the inability of the customer to visualise the system
thatis t0 be developed and to anticipate all the features that would be required
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2. FORMAL SYSTEM SPECIFICATION

Formal system specification in software engineering refers to the process of
precisely describing the behavior, properties, and requirements of a software system
using formal methods and mathematical notations. It aims to eliminate ambiguity,
clarify system requirements, and enable formal analysis and verification of system

properties.
Here are some key aspects of formal system specification:

Formal Methods:

Formal methods are mathematical techniques used to specify, model, and reason
about software systems. They provide a rigorous and precise approach to system
specification, ensuring clarity and unambiguous representation. Common formal
methods used for system specification include Z notation, B method, and

Specification and Description .
Mathematical Notations:

Formal system specification often involves using mathematical notations to
express system requirements, constraints, and behaviors. These notations can include
predicate logic, set theory, algebraic expressions, temporal logic, and process calculi,

depending on the chosen formal method.
Language Constructs:

Formal specification languages provide constructs and syntax for expressing
system properties. For example, Z notation includes constructs for defining data types,
predicates, schema definitions, and invariants. These language constructs allow for a

systematic and structured representation of the system.
Requirements Capture:

Formal system specification helps in capturing and refining system requirements.

It enables the identification of inconsistencies, ambiguities, and gaps



Verification and Validation:

Formal system specification enables formal analysis, verification, and validation
of system properties. Formal methods support the use of automated tools and theorem
provers to check the consistency, correctness, and completeness of system
specifications. This helps in identifying design flaws, detecting logical

inconsistencies, and verifying that the system meets its intended requirements.

Refinement:

Formal specification allows for stepwise refinement of system specifications.
System requirements can be progressively refined into more detailed specifications,
ensuring that the design and implementation faithfully adhere to the original

requirements.

Documentation:

Formal system specifications serve as a valuable source of documentation. They
provide a clear and unambiguous representation of system requirements, constraints,
and behavior, which aids in system understanding, maintenance, and future

enhancements.

Formal system specification plays a crucial role in software engineering by enhancing
the quality, reliability, and maintainability of software systems. It supports rigorous
analysis, verification, and validation, leading to more dependable and trustworthy

software designs.

3. FINITE STATE MACHINE

A state machine is a software computation model. It’s just a model to solve a
complex application, and it comprises a finite number of states. Hence it is also
called a Finite State Machine. States are nothing but situations of your application
(different situations).

Since states are finite, there is a finite number of transitions among the states.



Transitions are triggered by the incidents or input events fed to the state
machine. An FSM is an event-driven reactive system.

+ A state machine also produces an output. The output produced depends on the
current state of the state machine sometimes, and sometimes it also depends on

the input events fed to the state machine.

Benefits of using state machines:

+ It is used to describe situations or scenarios of your application (Modelling the

life cycle of a reactive object through interconnections of states.



+ FSMs are helpful to model complex applications that involve lots of decision-
making,producing different outputs, and processing various events.

+ State machines are visualized through state machine diagrams in the form
of state charts, which helps to communicate between non-developers and
developers.

« FSM makes it easier to visualize and implement the changes to the behavior
of the project.

+ Complex application can be visualized as a collection of different states
processing a fixed set of events and producing a fixed set of outputs.

+ Loose coupling: An application can be divided into multiple behaviors or
state machines, and each unit can be tested separately or could be reused in

other applications.

. Easy debugging and easy code maintenance.
. Scalable
. Narrow down the whole application completely to state-level complexity,

analyze and implement.

Different types of state machines:

1. Mealy machine

2. Moore machine

3. Harel state charts

4. UML state machines

Some of these state machines are used for software engineering, and some state

machines are still being used in digital electronics, VLSI design, etc.
Types of Finite State Machines
Mealy machines are a type of simple state machine where the next state is

determined by the current state and the given input.

The next state is determined by checking which input generates the next state


https://fastbitlab.com/mealy-and-moore-machine/
https://fastbitlab.com/mealy-and-moore-machine/
https://fastbitlab.com/fsm-lecture-3-mealy-and-moore-state-transition-table/
https://fastbitlab.com/fsm-lecture-9-uml-simple-and-composite-states/

with the current state. Imagine a button that only works when you’re logged in.



That button is a state machine with login as the current state.

The new state is determined by logging in. Once you’re logged in, the next state is

determined by the current state which is logged in.

Moore Machines

A Moore State Machine is a type of state machine for modeling systems with a
high degree of uncertainty. In these systems, predicting the exact sequence of

future events is difficult. As a result, it is difficult to determine the next event.

A Moore model captures this uncertainty by allowing the system to move from one

state to another based on the outcome of a random event.

A Moore model has many applications in both industry and academia. For
example, it can be used to predict when a system will fail or when certain events
will occur with a high probability (e.g., when there will be an earthquake).

It can also be used as part of an optimization algorithm when dealing with uncertain

inputs (e.g., produce only 1% more product than standard).

In addition, Moore models are often used as rules for automatic control systems
(e.g., medical equipment) that need to respond quickly and accurately without human
intervention.

Turing Machine

The Turing Machine consists of an input tape (with symbols on it), an internal tape

(which corresponds to memory), and an output tape (which contains the result).

A Turing Machine operates through a series of steps: it scans its input tape, reads
out one symbol at a time from its internal tape, and then applies this symbol as
a command (or decision) to its output tape. For example: “If you see ‘X’ on the

input tape, then print ‘Y’ on the output tape.”

The input tape can be considered a finite set of symbols, while the internal and



output tapes are infinite. The Turing Machine must read an entire symbol from its

internal tape before it can move its head to the next symbol on the input tape.

Once it has moved its head to the next symbol, it can read that symbol out of its

internal tape and then move to the next symbol on its input tape.

This process continues until no more input or output symbols are left in the

Turing Machine’s internal or external tapes (at which point, it stops).
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State Machine Use Cases

State machines are helpful for a variety of purposes. They can be used to model the flow
of logic within a program, represent the states of a system, or for modeling the flow of

events in a business process.

There are many different types of state machines, ranging from simple to highly complex.
A few common use cases include:

Modeling Business Workflow Processes

State machines are ideal for modeling business workflows. This includes account setup
flows, order completion, or a hiring process.

These things have a beginning and an end and follow some sort of sequential order. State
machines are also great for modeling tasks that involves traditional logics.
Business Decision-Making

Companies pair FSMs with their data strategy to explore the cause and effect of business

scenarios to make informed business decisions.

Business scenarios are often complex and unpredictable. There are many possible

outcomes, and each one impacts the business differently.

A simulation allows you to try different business scenarios and see how each plays out.

You can then assess the risk and determine the best course of action.


https://www.adservio.fr/post/meaning-of-workflow-management-benefits-types
https://www.forbes.com/sites/forbesbusinesscouncil/2022/04/21/why-good-data-is-critical-to-making-informed-business-decisions/

PETRI NETS

Petri nets are a mathematical modeling tool used in software engineering to analyze
and describe the behavior of concurrent systems. They were introduced by Carl Adam
Petri in the 1960s and have since been widely used in various fields, including

software engineering.

Petri nets provide a graphical representation of a system's state and the transitions
between those states. They consist of places, transitions, and arcs. Places represent
states, transitions represent events or actions, and arcs represent the flow of tokens

(also called markings) between places and transitions.

In software engineering, Petri nets can be used for various purposes, including:
System Modeling: Petri nets are used to model the behavior of complex software

systems, especially concurrent and distributed systems. They help in understanding
and visualizing how different components of the system interact and how their states

change over time.

Specification and Verification: Petri nets can be used to specify the desired behavior
of a software system. By modeling the system using Petri nets, it becomes possible to
formally verify properties such as safety, liveness, reachability, and deadlock-
freeness. Verification techniques based on Petri nets help in identifying design flaws,

potential deadlocks, or other issues early in the development process.

Performance Analysis: Petri nets can be used to analyze the performance of software
systems, including their throughput, response time, and resource utilization. By
modeling the system's behavior and introducing timing annotations, it becomes
possible to perform quantitative analysis and predict system performance under

different conditions.

Workflow Modeling: Petri nets are often used to model business processes and
workflows. In software engineering, this is particularly useful for modeling the flow

of tasks and activities in software development processes, such as agile
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Software Testing: Petri nets can be utilized in software testing to generate test cases

and verify the correctness of the system. By modeling the system's behavior and

different scenarios, it becomes possible to systematically generate test cases that cover

various paths and states, helping in identifying potential bugs and ensuring the

software's reliability.

4. OBJECT MODELLING USING UML

UML (Unified Modeling Language) can be called a graphical modeling language that

is used in the field of software engineering. It specifies, visualizes, builds, and documents

the software system's artifacts (main elements). It is a visual language, not a

programming language. UML diagrams are used to depict the behavior and structure of

a system. UML facilitates modeling, design, and analysis for software developers,

business owners, and system architects. A picture is worth a thousand words.

The Benefits of Using UML

Because it is a general-purpose modeling language, it can be used by any
modeler. UML is a straightforward modeling approach utilized to describe all

practical systems.

Because no standard methods were available then, UML was developed to
systemize and condense object-oriented programming. Complex applications
demand collaboration and preparation from numerous teams, necessitating a clear
and straightforward means of communication among them.

The UML diagrams are designed for customers, developers, laypeople, or anyone
who wants to understand a system, whether software or non-software.
Businesspeople do not understand code. As a result, UML becomes vital for
communicating the system's essential requirements, features, and procedures to
non-programmers. Technical details became easier to understand by non-
technical people through an introduction to UML.

When teams can visualize processes, user interactions, and the system's static

structure,they save a lot of time in the long run.

Characteristics of UML
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The UML has the following characteristics:

+ Itis a modeling language that has been generalized for various use cases.
+ It is not a programming language; instead, it is a graphical modeling language
that uses diagrams that can be understood by non-programmers as well.

+ It has a close connection to object-oriented analysis and design.
+ ltis used to visualize the system's workflow.

Conceptual Modeling

Before moving ahead with the concept of UML, we should first understand the

basics of the conceptual model.

A conceptual model is composed of several interrelated concepts. It makes it easy
to understand the objects and how they interact with each other. This is the first
step before drawing UML diagrams.

Following are some object-oriented concepts that are needed to begin with UML.:

o Object: An object is a real world entity. There are many objects present
within a single system. It is a fundamental building block of UML.

Class: A class is a software blueprint for objects, which means that it defines the
variables and methods common to all the objects of a particular type.

o Abstraction: Abstraction is the process of portraying the essential
characteristics of an object to the users while hiding the irrelevant
information. Basically, it is used to envision the functioning of an object.

o Inheritance: Inheritance is the process of deriving a new class from the existing
ones.

o Polymorphism: It is a mechanism of representing objects having multiple
forms used for different purposes.

o Encapsulation: It binds the data and the object together as a single unit,
enabling tight coupling between them.

Use Case Diagram
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A use case diagram is used to represent the dynamic behavior of a system. It
encapsulates the system's functionality by incorporating use cases, actors, and their
relationships. It models the tasks, services, and functions required by a
system/subsystem of an application. It depicts the high-level functionality of a
system and also tells how the user handles a system.

Purpose of Use Case Diagrams

The main purpose of a use case diagram is to portray the dynamic aspect of a
system. It accumulates the system's requirement, which includes both internal as
well as external influences. It invokes persons, use cases, and several things that
invoke the actors and elements accountable for the implementation of use case
diagrams. It represents how an entity from the external environment can interact

with a part of the system.

Following are the purposes of a use case diagram given below:

1. Itrecognizes the internal as well as external factors that influence the system.

2. Itrepresents the interaction between the actors.
Example of a Use Case Diagram

A use case diagram depicting the Online Shopping website is given below.

Here the Web Customer actor makes use of any online shopping website to
purchase online. The top-level uses are as follows; View Items, Make Purchase,
Checkout, Client Register. The View Items use case is utilized by the customer
who searches and view products. The Client Register use case allows the customer
to register itself with the website for availing gift vouchers, coupons, or getting a
private sale invitation. It is to be noted that the Checkout is an included use case,

which is part of Making Purchase, and it is not available by itself,
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o The View Items is further extended by several use cases such as; Search

Items, Browse Items, View Recommended Items, Add to Shopping Cart,
Add to Wish list. All of these extended use cases provide some functions to

customers, which allow them to search for an item.
o Both View Recommended Item and Add to Wish List include the

Customer Authentication use case, as they necessitate authenticated
customers, and simultaneously item can be added to the shopping cart

without any user authentication.
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Similarly, the Checkout use case also includes the following use cases, as shown below. It
requires an authenticated Web Customer, which can be done by login page, user authentication
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o cookie ("Remember me"), or Single Sign-On (SSO). SSO needs an external

identity provider's participation, while Web site authentication service is utilized

in all these use cases.

o The Checkout use case involves Payment use case that can be done either
by the credit card and external credit payment services or with PayPal.

Authentication
Single
Sign-On

<<include>> Identity

=<include>> -
______ View/Update Calculate Provider
Shopping Cart/~ ~ ~ = Total
~ =<include>=

Payment Credit

By Credit Payment Service
Payment
By PayPal

~<Service>>

L
Customer
Authentication.

o

<<include=>> -*

. - Calculate
=<include=3 = Taxes and
. Shipping

PayPal
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3. USE CASE MODEL

Following are some important tips that are to be kept in mind while drawing a

use case diagram:

1. Asimple and complete use case diagram should be articulated.

2. A use case diagram should represent the most significant interaction among
the multiple interactions.

3. At least one module of a system should be represented by the use case diagram.

4. If the use case diagram is large and more complex, then it should be

drawn more generalized.

1. Class diagram
The class diagram depicts a static view of an application.

It represents the types and relationship between them.
It is used to visualize, describe, document various different aspects of the system,

and also construct executable software code.

It shows the attributes, classes, functions, and relationships to give an overview of
the software system. It constitutes class names, attributes, and functions in a
separate compartment that helps in software development. Since it is a collection
of classes, interfaces, associations, collaborations, and constraints, it is termed as a
structural diagram.

Purpose of Class Diagrams

The main purpose of class diagrams is to build a static view of an application. It is
the only diagram that is widely used for construction, and it can be mapped with
object-oriented languages. It is one of the most popular UML diagrams. Following

are the purpose of class diagrams given below:

1. It analyses and designs a static view of an application.
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2. ltdescribes the major responsibilities of a system.

3. Itis a base for component and deployment diagrams.

4. Itincorporates forward and reverse engineering.

Benefits of Class Diagrams
1. It can represent the object model for complex systems.
2. It reduces the maintenance time by providing an overview of how an
application is structured before coding.
3. It provides a general schematic of an application for better understanding.
4. It represents a detailed chart by highlighting the desired code, which is
to be programmed.

5. It is helpful for the stakeholders and the developers.
Vital components of a Class Diagram

The class diagram is made up of three sections:
0 Upper Section: The upper section encompasses the name of the class. A class
IS a representation of similar objects that shares the same relationships,

attributes, operations, and semantics. Some of the following rules that should

be taken into account while representing a class are given below:

1. Capitalize the initial letter of the class name.

2. Place the class name in the center of the upper section.

3. Aclass name must be written in bold format.

4. The name of the abstract class should be written in italics format.

b. Middle Section: The middle section constitutes the attributes, which describe

the quality of the class. The attributes have the following characteristics:

1. The attributes are written along with its visibility factors, which are public
(+), private (-), protected (#), and package (~).

2. The accessibility of an attribute class is illustrated by the visibility factors.
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3. A meaningful name should be assigned to the attribute, which will

explain its usage inside the class.

b. Lower Section: The lower section contains methods or operations. The methods are
represented in the form of a list, where each method is written in a single line. It

demonstrates how a class interacts with data.

ClassName

attributes

methods

Relationships

In UML, relationships are of three types:
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o Dependency: A dependency is a semantic relationship between two or more

classes where a change in one class cause changes in another class. It forms
a weaker relationship.

In the following example, Student_Name is dependent on the Student_Id.

Student_Name [f---=-=-=-=-=-=--- = Student_Id

o Generalization: A generalization is a relationship between a parent class
(superclass) and a child class (subclass). In this, the child class is inherited
from the parent class.

o Forexample, The Current Account, Saving Account, and Credit Account are

the generalized form of Bank Account.

Bank Account

F:9

Current Account Saving Account Credit Account

o Association: It describes a static or physical connection between two or
more objects.
o It depicts how many objects are there in the relationship.

For example, a department is associated with the college.

Department College

Multiplicity: It defines a specific range of allowable instances of attributes. In

case if a range s not specified, one is considered as a default multiplicity.



Class Diagram Example
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A class diagram describing the sales order system is given below.
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Usage of Class diagrams

The class diagram is used to represent a static view of the system. It plays an
essential role in the establishment of the component and deployment diagrams. It

helps to construct an executable code to perform forward and backward
engineering for any system, or we can say it is mainly used for construction. It
represents the mapping with object-oriented languages that are C++, Java, etc.

Class diagrams can be used for the following purposes:

1. To describe the static view of a system.
2. To show the collaboration among every instance in the static view.
3. Todescribe the functionalities performed by the system.

4. To construct the software application using object-oriented languages.

2. INTERACTION DIAGRAM

As the name suggests, the interaction diagram portrays the interactions between
distinct entities present in the model. It amalgamates both the activity and sequence

diagrams. The communication is nothing but units of the behaviour of a
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classifier that provides context for interactions.

A set of messages that are interchanged between the entities to achieve certain
specified tasks in the system is termed as interaction. It may incorporate any feature
of the classifier of which it has access. In the interaction diagram, the critical

component is the messages and the lifeline.

In UML, the interaction overview diagram initiates the interaction between the
objects utilizing message passing. While drawing an interaction diagram, the entire
focus is to represent the relationship among different objects which are available
within the system boundary and the message exchanged by them to communicate

with each other.

The message exchanged among objects is either to pass some information or to
request some information. And based on the information, the interaction diagram
Is categorized into the sequence diagram, collaboration diagram, and timing

diagram.

The sequence diagram envisions the order of the flow of messages inside the
system by depicting the communication between two lifelines, just like a time-

ordered sequence of events.

The collaboration diagram, which is also known as the communication diagram,
represents how lifelines connect within the system, whereas the timing diagram

focuses on that instant when a message is passed from one element to the other.
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Purpose of an Interaction Diagram

The interaction diagram helps to envision the interactive (dynamic) behavior of
any system. It portrays how objects residing in the system communicates and
connects to each other. It also provides us with a context of communication

between the lifelines inside the system.

Following are the purpose of an interaction diagram given below:

To visualize the dynamic behavior of the system.
To envision the interaction and the message flow in the system.
To portray the structural aspects of the entities within the system.

To represent the order of the sequenced interaction in the system.

9.To visualize the real-time data and represent the architecture of an

object-oriented system.

How to draw an Interaction Diagram?

Since the main purpose of an interaction diagram is to visualize the dynamic
behavior of the system, it is important to understand what a dynamic aspect really
Is and how we can visualize it. The dynamic aspect is nothing but a screenshot of

the system at the run time.

Before drawing an interaction diagram, the first step is to discover the scenario for
which the diagram will be made. Next, we will identify various lifelines that will
be invoked in the communication, and then we will classify each lifeline. After
that, the connections are investigated and how the lifelines are interrelated to each

other.

Following are some things that are needed:

1. Atotal no of lifeline which will take part in the communication.
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2. The sequence of the message flow among several entities within the system.

3. No operators used to ease out the functionality of the diagram.

4. Several distinct messages that depict the interactions in a precise and clear way.
5. The organization and structure of a system.

6. The order of the sequence of the flow of messages.

7. Total no of time constructs of an object.

Use of an Interaction Diagram
The interaction diagram can be used for:

. The sequence diagram is employed to investigate a new application.
. The interaction diagram explores and compares the use of the collaboration diagram

sequence diagram and the timing diagram.

. The sequence diagram portrays the order of control flow from one element to the
other elements inside the system, whereas the collaboration diagrams are employed
to get an overview of the object architecture of the system.

. The interaction diagram models the system as a time-ordered sequence of a system.
. The interaction diagram models the system as a time-ordered sequence of a system.

. The interaction diagram systemizes the structure of the interactive elements.
3. ACTIVITY DIAGRAM

In UML, the activity diagram is used to demonstrate the flow of control within the
system rather than the implementation. It models the concurrent and sequential

activities.

The activity diagram helps in envisioning the workflow from one activity to

another. It put emphasis on the condition of flow and the order in which it occurs.
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The flow can be sequential, branched, or concurrent, and to deal with such kinds

of flows, the activity diagram has come up with a fork, join, etc.

It is also termed as an object-oriented flowchart. It encompasses activities
composed of a set of actions or operations that are applied to model the behavioural

diagram.

Components of an Activity Diagram
Following are the component of an activity diagram:

Activities

The categorization of behaviour into one or more actions is termed as an activity.
In other words, it can be said that an activity is a network of nodes that are
connected by edges. The edges depict the flow of execution. It may contain action

nodes, control nodes, or doeds

The control flow of activity is represented by control nodes and object nodes that
illustrates the objects used within an activity. The activities are initiated at the

initial node and are terminated at the final node.

Example of an Activity Diagram

An example of an activity diagram showing the business flow activity of order

processing is given below.

Here the input parameter is the Requested order, and once the order is accepted, all
of the required information is then filled, payment is also accepted, and then the
order is shipped. It permits order shipment before an invoice is sent or payment is

completed.
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Process Order
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rejected]

Invoice

Send Accept
Invoice Payment

When to use an Activity Diagram?

An activity diagram can be used to portray business processes and workflows. Also, it
used for modeling business as well as the software. An activity diagram is utilized for the

followings:

1. To model the execution flow among several activities.

2. To model comprehensive information of a function or an algorithm

employed with in the system.






STATE CHART DIAGRAM

A state diagram is used to represent the condition of the system or part of the
system at finite instances of time. It’s a behavioral diagram and it represents the
behavior using finite state transitions. State diagrams are also referred to as State
machines and State-chart Diagrams. These terms are often used
interchangeably. So simply, a state diagram is used to model the dynamic
behavior of a class in response to time and changing external stimuli. We can say
that each and every class has a state but we don’t model every class using State
diagrams. We prefer to model the states with three or more states.

Uses of state chart diagram —
+ We use it to state the events responsible for change in state (we do not

show what processes cause those events).

. We use it to model the dynamic behavior of the system .
. To understand the reaction of subjects and classes to internal or

external stimuli. Firstly let us understand what are Behavior diagrams?

There are two types of diagrams in UML :
1. Structure Diagrams — Used to model the static structure of a system, for

example- class diagram, package diagram, object diagram, deployment
diagram etc.

2. Behavior diagram — Used to model the dynamic change in the system
over time. They are used to model and construct the functionality of a
system. So, a behavior diagram simply guides us through the functionality
of the system using Use case diagrams, Interaction diagrams, Activity

diagrams and State diagrams.

Basic components of a state chart diagram —

1. Initial state — We use a black filled circle represent the initial state of a

System or a class.



2.

Figure — initial state notation

Transition — We use a solid arrow to represent the transition or change of
control from one state to another. The arrow is labelled with the event which
causes the change instate.

\ Event
Statet J >

State?

Figure — transition

3. State — We use a rounded rectangle to represent a state. A state
represents the conditions or circumstances of an object of a class at
an instant of time.

[ State l

Figure — state notation

4. Fork—We use a rounded solid rectangular bar to represent a Fork notation
with incoming arrow from the parent state and outgoing arrows towards the
newly created states. We use the fork notation to represent a state splitting

Into two or more concurrent states.
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Figure — a diagram using the fork
notation

5. Join—We use a rounded solid rectangular bar to represent a Join notation
with incoming arrows from the joining states and outgoing arrow towards
the common goal

state. We use the join notation when two or more states concurrently converge

into one on the occurrence of an event or events.

I StateB I StateC

Figure — a diagram using join notation

6. Self transition — We use a solid arrow pointing back to the state itself

to represent aself transition. There might be scenarios when the state of the



object does not change upon the occurrence of an event. We use self

transitions to represent such cases.

[ StateA ld—

Figure — self transition notation

7. Composite state — We use a rounded rectangle to represent a composite

state also.We represent a state with internal activities using a composite state.

Figure — a state with internal activities

8. Final state — We use &otation to represent the final state in a state machine
diagram.

®

Figure — final state notation

Steps to draw a state diagram —

1.ldentify the initial state and the final terminating states.
2.1dentify the possible states in which the object can exist (boundary

values corresponding to different attributes guide us in identifying
different states).

3.Label the events which trigger these transitions.

Example — state diagram for an online order —
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Figure — state diagram for an online order

The UMI diagrams we draw depend on the system we aim to represent.

On the event of an order being received, we transit from our initial state to

Unprocessed order state.

1. The unprocessed order is then checked.

2. If the order is rejected, we transit to the Rejected Order state.

3. If the order is accepted and we have the items available we transit to
the fulfilled order state.

4, However if the items are not available we transit to the Pending Order state.
Functional Modelling

Functional Modelling gives the process perspective of the object-oriented analysis
model and an overview of what the system is supposed to do. It defines the function
of the internal processes in the system with the aid of Data Flow Diagrams (DFDs).
It depicts the functional derivation of the data values without indicating how they
are derived when they are computed, or why they need to be computed.



DATA FLOW DIAGRAMS

Functional Modelling is represented through a hierarchy of DFDs. The DFD is a
graphical representation of a system that shows the inputs to the system, the
processing upon the inputs, the outputs of the system as well as the internal data
stores. DFDs illustrate the series of transformations or computations performed on
the objects or the system, and the external controls and objects that affect the
transformation.

Rumbaugh et al. have defined DFD as, “A data flow diagram is a graph which
shows the flow of data values from their sources in objects through processes that
transform them to their destinations on other objects.”

The four main parts of a DFD are —

+ Processes,

+ Data Flows,
+ Actors, and
+ Data Stores.

The other parts of a DFD are —

+ Constraints, and

« Control Flows.
Features of a

DFDProcesses

Procgsses are the computational activities that transform data values. A whole system
can be

visualized as a high-level process. A process may be further divided into smaller
components.The lowest-level process may be a simple function.

Representation in DFD — A process is represented as an ellipse with its name
written inside it and contains a fixed number of input and output data values.

Example — The following figure shows a process Compute HCF _LCM that
accepts two integers as inputs and outputs their HCF (highest common factor) and
LCM (least common multiple).



Integer_a
L.C.M.

Compute_HCF_LCM

Integer b

Data Flows

Data flow represents the flow of data between two processes. It could be between
an actor and a process, or between a data store and a process. A data flow denotes
the value of a data item at some point of the computation. This value is not changed
by the data flow.

Representation in DFD — A data flow is represented by a directed arc or an arrow,
labelled with the name of the data item that it carries.

In the above figure, Integer_a and Integer_b represent the input data flows to the
process, while
L.C.M. and H.C.F. are the output data flows.

A data flow may be forked in the following cases —

+ The output value is sent to several places as shown in the following figure.

+ The data flow contains an aggregate value, and each of the components is
sent to different places as shown in the following figure. Here, each of the
forked components is labelled.

First Name

Sum Middle_Name

Last_Name

@) (b)

Actors

Actors are the active objects that interact with the system by either producing data
and inputting them to the system, or consuming data produced by the system. In
other words, actors serve as the sources and the sinks of data.

Representation in DFD — An actor is represented by a rectangle. Actors are
connected to the inputs and outputs and lie on the boundary of the DFD.

Example — The following figure shows the actors, namely, Customer and
Sales_Clerk in acounter sales system.
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Sales_
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Processing Sales_ Details
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Data Stores

Data stores are the passive objects that act as a repository of data. Unlike actors, they
cannot perform any operations. They are used to store data and retrieve the stored data.
They representa data structure, a disk file, or a table in a database.

Representation in DFD — A data store is represented by two parallel lines containing the
name of the data store. Each data store is connected to at least one process. Input

arrows contain information to modify the contents of the data store, while output arrows
contain information retrieved .the output arrow is labelled. An unlabelled arrow denotes
full data retrieval. A two-way arrow implies both retrieval and update.

Example — The following figure shows a data store, Sales_Record, that stores the details
of all sales. Input to the data store comprises of details of sales such as item, billing

amount, date, etc. To find the average sales, the process retrieves the sales records and
computes the average.

Sales Details
\__/—) Sales_Record

Y

Find A;D e

Sales

>

Constraints

Constraints specify the conditions or restrictions that need to be satisfied over time. They
allow adding new rules or modifying existing ones. Constraints can appear in all the three



CCS356-OBJECT ORIENTED SOFTWARE ENGINEERING

models of object-oriented analysis.

+ In Object Modelling, the constraints define the relationship between objects. They
may also define the relationship between the different values that an object may take

at different times.

+ In Dynamic Modelling, the constraints define the relationship between the states and

events of different objects.
+ In Functional Modelling,
transformations and computations.

Advantages and Disadvantages of DFD

Advantages

DFDs depict the boundaries of a system and
hence are helpful in portraying the relationship
between the external objects and the processes
within the system.

The graphical representation serves as a
blueprint for the programmers to develop a
system.

DFDs provide detailed information about the
system processes.

They are used as a part of the system
documentation.

the constraints define the

Disadvantages

DFDs take a long time to create, which may not
be feasible for practical purposes.

They do not throw any light on the frequency of
computations or the reasons for computations.

The preparation of DFDs is a complex process
that needs considerable expertise. Also, it is
difficult for a non-technical person to
understand.

The method of preparation is subjective and
leaves ample scope to be imprecise.

restrictions on the
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FUNCTIONAL MODELS

The Object Model, the Dynamic Model, and the Functional Model are complementary to
each other for a complete Object-Oriented Analysis.

+ Object modelling develops the static structure of the software system in terms of
objects. Thus it shows the “doers” of a system.
« Dynamic Modelling develops the temporal behavior of the objects in response to
external events. It shows the sequences of operations performed on the objects.
+ Functional model gives an overview of what the system should do.
Functional Model and Object Model

The four main parts of a Functional Model in terms of object model are —

+ Process — Processes imply the methods of the objects that need to be implemented.
+ Actors — Actors are the objects in the object model.
+ Data Stores — These are either objects in the object model or attributes of objects.
+ Data Flows — Data flows to or from actors represent operations on or by objects.
Dataflows to or from data stores represent queries or updates.
Functional Model and Dynamic Model

The dynamic model states, while the functional model states how they are performed and
which arguments are needed. As actors are active objects, the dynamic model has to
specify when it acts. The data stores are passive objects and they only respond to updates
and queries; therefore, the dynamic model

need not specify when they act.

Object Model and Dynamic Model

The dynamic model shows the status of the objects and the operations performed on the
occurrences of events and the subsequent changes in states. The state of the object as a
result of the changes is shown in the object model.
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