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Introduction to Software Modeling 

A model is a representation of a reality. In software engineering, modeling starts with a 

description of a problem, an analysis, and then moves to the proposition of a solution to solve the 

problem, a design, along with an implementation and a deployment. For a model, the object 

under development may be a house, a machine, a new department within a company, a software 

program, or a series of programs. Diagrams specify how you want the finished product to look 

and to act. 

In order to get feedback about the modeled product between those who need the software, those 

who design the software, those who build the software, and those who deploy the software, a 

model is often broken down into a number of views, each of which describes a specific aspect of 

the product under construction. 

Many models for software engineering are displayed using a graphical language expressed by 

shapes, symbols, icons, and arrows, and supported by labels….UML 

Usable models should be 

 Accurate. They must precisely and correctly describe the system they are representing. 

Understandable. They must be as simple as possible, but too simple to accurately fulfill their 

purpose, and must be easy to communicate. 

Consistent. Different views must not express things that are in conflict with each other. 

Modifiable. They must be easy to change and update. 

Many software projects fail mainly due to Excessive cost, Late delivery and absolute failure to 

meet the requirements and needs of customers and so effective modeling can avoid such failures. 

One of the main problems with today’s software development is that many projects start 

programming too soon and concentrate too much effort on writing code. The use of modeling in 

software development is the difference between mature software engineering and hacking up 

code for a temporary solution. 

Before UML 

There were multitude of different methods, each with its own unique notation and tools, left 

many developers confused and unable to collaborate. Also most of the early object-oriented 

methods were immature and best suited for small systems with limited functionality. Indirectly, 

modeling can encourage a designer or software architect to adopt a more disciplined 
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development process. Directly, models serve as a repository of knowledge..eg you no longer 

need to know how an ATM system operates…re-invoke the first model period! 

Visual programming is a technique by which programs are constructed by visually manipulating 

and connecting symbols; therefore modeling and programming are highly integrated. 

The need to integrate complex systems in distributed environments requires that systems have 

some common models. UML has helped improve modeling, making software engineering more 

mature as a discipline. Now, those who want to work as a software architect must know UML 

Origin of UML 

Three prominent methodologists in IS and IT industry—Grady Booch, James Rumbaugh, and 

Ivar Jacobson—cooperated in developing UML. A primary goal of UML was to put an end to 

the “method wars” within the object-oriented community. In 1997, Version 1.0 of the UML was 

released. 

The goals of UML, as stated by the designers, are: 

 To model systems (and not just software) using object-oriented concepts 

 To establish an explicit coupling to conceptual as well as executable artifacts 

 To address the issues of scale inherent in complex, mission-critical systems 

 To create a modeling language usable by both human beings and machines 

The OMG (Object Management Group) 

The Object Management Group was founded in 1989 by 11 member companies including; 

American Airlines; Canon, Hewlett-Packard; Philips Telecommunications, Sun Microsystems; 

Microsoft, Oracle inc and now has over 800 members. Its goal is to produce industry guidelines 

and specifications in order to provide a common framework for application development. 

Elements of the UML 

UML is a highly support language by the OMG. At a high level, the details of UML are as 

follows: 

 All UML diagrams describe object-oriented information. 

 Class and object diagrams illustrate a system’s static structure and the relationship 

between different objects. 

 Interaction diagrams, state machines, and activity diagrams, show the dynamic behavior 

of objects, as well as messages between objects. 

 Use-case and activity diagrams show system requirements and process workflows. 
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 The composite structure diagram shows the collaborating features as they combine at run 

time to implement a specific UML element. 

 Deployment diagrams help with the deployment of the software in a specific 

environment. 

Characteristics of a modeling language 

A modeling language consists of notation (the symbols used in the models) and a set of rules 

directing how to use it….syntactic, semantic, and pragmatic 

Syntax rules: tells us how the symbols should look and how the symbols in the modeling 

language should be combined. 

Semantic rules: explain what each symbol means and how it should be interpreted, either by 

itself or in the context of other symbols. 

The pragmatic rules: define the intentions of the symbols through which the purpose of a model 

is achieved and becomes understandable for others.  

Object oriented software development  

This approach depicts the real world and solves problems through the interpretation of “objects”, 

digitally mimicking and representing the tangible elements of a system. The object-oriented 

approach considers a system as a dynamic entity comprising components, which can really only 

be defined with respect to one another. What a system is and does can be described only in terms 

of its components and how they interact. 

Object Orientation 

Object orientation is a technology for producing models that reflect a domain, such as a business 

domain or a machine domain, in a natural way, using the terminology of the domain. Object-

oriented software development has five underlying concepts ie objects, messages, classes, 

inheritance, and polymorphism. Software objects have a state, a behavior, and an identity. The 

behavior can depend upon the state, and the state may be modified by the behavior. Messages 

provide the communication between the objects of a system, and between systems themselves 

and they have five main categories: constructors, destructors, selectors, modifiers, and iterators. 

Every object is a real-world “instance” of a class, which is a type of template used to define the 

characteristics of an object. Each object has a name, attributes, and operations. Classes are said 

to have an association if the objects they instantiate are linked or related. 
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In UML, objects and classes are modeled by object and class diagrams. The interaction between 

objects is represented by communication or sequence diagrams. Communication diagrams more 

effectively display the physical layout of objects within a system, while sequence diagrams show 

the interactions between objects across time. Classes may be placed into hierarchies by means 

of generalization and specialization relationships, which are usually implemented using 

inheritance. UML perfectly complements the object-oriented development philosophy, as it was 

designed with object orientation as its foundation. 

Disciplines of systems development and how UML supports them 

Requirements gathering: UML use cases to capture the requirements of the customer. Through 

use case modeling, the external actors that have interest in the system are modeled along with the 

functionality they require from the system (the use cases). 

System Analysis: Analysis is concerned with the primary abstractions (classes and objects) and 

mechanisms that are present in the problem domain. The classes that model these are identified, 

along with their relationships to each other, and described in a UML class diagram. 

Design: In design, the result of the analysis is expanded into a technical solution. New classes 

are added to provide the technical infrastructure: the user interface, database handling to store 

objects in a database, communication with other systems, interfacing to devices in the system, 

and others. 

Implementation: The classes from the design phase are converted to actual code in an object-

oriented programming language (using a procedural language is not recommended) 

Test: unit tests, integration tests, system tests and acceptance tests. 

The unit tests are of individual classes or a group of classes and are typically performed by the 

programmer. The integration test integrates components and classes in order to verify that they 

cooperate as specified. The system test views the system as a “black box” and validates the end 

functionality of the system expected by an end user. The acceptance test is conducted by the 

customer to verify that the system satisfies the requirements. 

The different test teams use different UML diagrams as the basis for their work: unit tests use 

class diagrams and class specifications, integration tests typically use component diagrams and 

collaboration diagrams, and the system tests implement use-case and activity diagrams to verify 

that the system behaves as initially defined in these diagrams. 
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Organisational over view of UML 

Views: These show different aspects of the system. It is an abstraction consisting of a number of 

diagrams where each view shows a particular aspect of the system 

Diagrams: Diagrams include the graphical elements that describe the contents in a view 

Model elements: The concepts used in the diagrams are model elements that represent common 

object-oriented concepts such as classes, objects, and messages, and their relationships, including 

associations, dependencies, and generalization 

General mechanisms: These provide extra comments, information, or semantics for a model 

element 

Views depict particular modeling information of specific system stakeholders. The different 

types of views are: 

Use-case view. Shows the functionality of the system as perceived by external actors. 

Logical view. Shows how the functionality is designed inside the system, in terms of the 

system’s static structure and dynamic behavior. 

Implementation view. Shows the organization of the code and the actual execution code. 

Process view. Shows the main elements in the system related to process performance. This view 

includes scalability, throughput, and basic time performance and can touch on some very 

complex calculations for advanced systems. 

Deployment view. Shows the deployment of the system into the physical architecture with 

computers and devices called nodes in its working environment. 

UML DIAGRAMS 

The diagrams contain the graphical elements arranged to illustrate a particular part or aspect of 

the system. A system model typically has several diagrams of varying types, depending on the 

goal for the model. A diagram is part of a specific view, and when it is drawn, it is usually 

allocated to a view. Some diagram types can be part of several views, depending on the contents 

of the diagram.  

Use-Case Diagram; It shows a number of external actors and their connection to the use cases 

that the system provides. A use case is a description of a functionality (a specific usage of the 

system) that the system provides. The description of the actual use case is normally done in plain 

text or as a document linked to the use case. The functionality and flow can also be described 

using an activity diagram. The use case description only views the system behavior as the user 
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perceives it and does not describe how the functionality is provided inside the system. Use cases 

define the functional requirements of the system. 

Class Diagram 

A class diagram shows the static structure of classes in the system. The classes represent the 

“things” that are handled in the system. Classes can be related to each other in a number of ways: 

They can be associated (connected to each other), dependent (one class depends on or uses 

another class), specialized (one class is a specialization of another class), or packaged (grouped 

together as a unit). All these relationships are shown in a class diagram along with the internal 

structure of the classes in terms of attributes and operations. The diagram is considered static in 

that the structure described is always valid at any point in the system’s life cycle. A system 

typically has a number of class diagrams—not all classes are inserted into a single class 

diagram—and a class can participate in several class diagrams eg… 

 

Object Diagram 

An object diagram is a variant of a class diagram and uses almost identical notation. The 

difference between the two is that an object diagram shows a number of object instances of 

classes, instead of the actual classes. An object diagram is thus an example of a class diagram 

that shows a possible snap shot of the system’s execution—what the system can look like at 

some point in time. The same notation as that for class diagrams is used, with two exceptions: 

Objects are written with their names underlined and all instances in a relationship are shown 

Object diagrams are not as important as class diagrams, but they can be used to exemplify a 

complex class diagram by showing what the actual instances and the relationships look like. 

Objects are also used as part of interaction diagrams that show the dynamic collaboration 

between a set of objects. 
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State Machines 

A state machine is typically a complement to the description of a class. It shows all the possible 

states that objects of the class can have during a life-cycle instance, and which events cause the 

state to change. An event can be triggered by another object that sends a message to it—for 

example, that a specified time has elapsed—or that some condition has been fulfilled. A change 

of state is called a transition. A transition can also have some sort of behavior connected to it 

that specifies what is done in connection with the state transition.  The state machine represents a 

relatively simple concept to show the rules for the state change of an instance. 

 

UML has two types of state machines. 

 The behavioral state machine describes all the details of a class’s life cycle. 

 The protocol state machine focuses only on the transitions of states and the rules 

governing the execution order of operations 

 

Activity Diagram 

An activity diagram shows a sequential flow of actions. The activity diagram is typically used to 

describe the activities performed in a general process workflow, though it can also be used to 

describe other activity flows, such as a use case or a detailed control flow. The activity diagram 

consists of actions, which are the basic unit of behavior that make up an activity. Activity 

diagrams have a number of features to show control flows, using tokens as a way of displaying 

flow through a system. Activity diagrams can use these flow control mechanisms to show the 

response to triggers from external events or from a predetermined milestone, such as a point in 

time. The diagram can specify messages and objects being sent or received as part of the actions 
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performed. Decisions and conditions, as well as parallel execution of actions, can also be shown 

in the diagram. 

Interaction Diagrams 

UML provides a number of diagrams that show the interaction between objects during the 

execution of the software. These diagrams include  

Sequence diagrams; which emphasize modeling the potential ordering options of an interaction 

Communication diagrams; which look at the structures of the interacting objects 

Interaction overview diagrams, which place interaction fragments, or fragments of sequence 

diagrams, in a high-level workflow. 

Timing diagram; which is specialized for real-time systems. 

Sequence Diagram; It shows a dynamic collaboration between a number of objects. It shows a 

sequence of messages sent between the objects. It also shows an interaction between objects, 

something that happens at one specific point in the execution of the system. The diagram consists 

of a number of objects shown with vertical lifelines. Time passes downward in the diagram, and 

the diagram shows the exchange of messages between the objects as time passes in the sequence 

or function. Messages are shown as arrows between the vertical lifelines. Time specifications can 

be shown as constraints on the diagram. Comments can be added in a script in the margin of the 

diagram. A sequence diagram represents an interaction fragment. These fragments can take an 

operator in the upper corner that indicates any special handling for that section.  

Communication Diagram 

A communication diagram shows a dynamic collaboration, just like the interaction fragment in a 

basic sequence diagram. In addition to showing the exchange of messages (called the 

interaction), the communication diagram shows the objects and their relationships (sometimes 

referred to as the context). Whether you should use a sequence diagram or a communication 

diagram can often be decided by the main goal for the exercise. If time or sequence is the most 

important aspect to emphasize and you need to show multiple interaction fragments, choose 

sequence diagrams; if the context is important to emphasize, choose a communication diagram. 

The interaction among the objects is shown on both diagrams. 

Interaction Overview Diagram 

The interaction overview diagram provides the modeler with an opportunity to review the main 

flow of interactions at a high level. This feature can prove helpful when you are trying to make 
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sure that the design has captured all the main flow elements defined in a use case. It is basically 

an activity diagram with main nodes replaced by the interaction fragments, or parts of sequence 

diagrams, placed in a specific order. The diagram also provides another method to show flow 

control during an interaction. The point of the interaction overview diagram is to show in one 

place the options that exist for the interaction.  

Component Diagram 

A component diagram shows the physical structure of the code in terms of code components. A 

component can be a source code component, a binary component, or an executable component. 

A component contains information about the logical class or classes it implements, thus creating 

a mapping from the logical view to the component view. Dependencies between the components 

are shown, making it easy to analyze how other components are affected by a change in one 

component. Components can also be shown with any of the interfaces that they expose, such as 

OLE/COM (object linking and embedding/Component Object Model) interfaces, and they can be 

grouped together in packages. The component diagram is used in practical programming work 

Deployment Diagram 

The deployment diagram shows the physical architecture of the hardware and software in the 

system. You can show the actual computers and devices (nodes), along with the connections they 

have to each other; you can also show the type of connections. Inside the nodes, executable 

components and objects are allocated to show which software units are executed on which nodes. 

You can also show dependencies between the components. 

Section Summary 

UML organizes a model in a number of views that present different aspects of a system. Only by 

combining all the views can a complete picture of a system be achieved. A view is not a graph; 

its contents are described in diagrams that are graphs with model elements. A diagram typically 

shows only a part of the contents in a view, and a view is defined with many diagrams. A 

diagram contains model elements such as classes, objects, nodes, components, and relationships 

such as associations, generalizations, and dependencies. The elements have semantics—a 

meaning—and graphical symbols to represent them. The UML diagrams include class, object, 

use case, state machine, sequence, communication, timing, interaction overview, activity, 

component, and deployment. UML has some general mechanisms with which to add information 

not visible in the diagram drawings. These include adornments placed next to elements, notes 
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that can hold any type of information, and specification properties. Extension mechanisms, 

including tagged values, constraints on elements, and stereotypes, that define a new kind of 

model element based on an existing model element also exist. A system is described in several 

different model types, each with a different purpose. UML also allows communication between a 

number of different models targeted at different levels of the enterprise. The analysis model 

describes the functional requirements and the modeling of real-world classes. The design 

transforms the analysis result into a technical solution in terms of a complete working software 

design. The implementation model implements the system by coding it in an object-oriented 

programming language. And, finally, the deployment model places the programs constructed in a 

physical architecture with computers and devices (called nodes).  

You need a tool to use UML seriously in real-life projects. A modern tool has the capability to 

draw the diagrams, store the overall information in a common repository, allow easy navigation 

in the model between different views and diagrams, create reports and documentation, generate 

code skeletons from the model, read unknown code and produce models, and be easily integrated 

with other development tools. 


