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There are seven questions in this assignment, which carried 80 marks. Rest 20 marks are for viva-

voce.  Answer all the questions. Make necessary assumptions where ever required. Please go through 

the guidelines regarding assignments given in the Program Guide for the format of presentation. 

 

Question 1: What is Object Orientation? Explain features of Object Oriented approach of 

system design. Why it is better than Structured approach of system design. (10 Marks) 

 

Solution : Object orientation radically changed the face of programming for many people. It took 

the concept of subroutines into a completely different zone. Now they retained their data, and were 

in fact, collections of routines under one umbrella. You called an object to do something, and left 

the object to sort out how it did it. You did not need to furnish the internal data since it was 

retained across calls. For example, a list object could have items added or removed from the list at 

will. And the object could be asked to sort the list into sequence. 

 

The object-oriented approach, however, focuses on objects that represent abstract or concrete 

things of the real world. These objects are first defined by their character and their properties 

which are represented by their internal structure and their attributes (data). The behaviour of these 

objects is described by methods (functionality). 

 Objects form a capsule which combines the character to the respective behaviour. Objects should 

enable programmers to map a real problem and its proposed software solution on a one-to-one 

basis. 

Objects 

Objects are instances of classes. They contain data and provides services. The data forms the 

attributes of the object. The services are known as methods (also known as operations or 

functions). Typically, methods operate on private data (the attributes, or state of the object), 

which is only visible to the methods of the object. Thus the attributes of an object cannot be 

changed directly by the user, but only by the methods of the object. This guarantees the 
internal consistency of the object. 



 

For More Solved Assignments Visit http://www.ignousolvedassignments.com/ 

 

Classes 

Classes describe objects. From a technical point of view, objects are runtime instances of a 

class. In theory, you can create any number of objects based on a single class. Each instance 
(object) of a class has a unique identity and its own set of values for its attributes. 

Object References 

In a program, you identify and address objects using unique object references. Object 

references allow you to access the attributes and methods of an object. 

        In object-oriented programming, objects usually have the following properties: 

Encapsulation 

Objects restrict the visibility of their resources (attributes and methods) to other users. Every 

object has an interface, which determines how other objects can interact with it. The 
implementation of the object is encapsulated, that is, invisible outside the object itself. 

Inheritance 

You can use an existing class to derive a new class. Derived classes inherit the data and 

methods of the superclass. However, they can overwrite existing methods, and also add new 

ones. 

Polymorphism 

Identical (identically-named) methods behave differently in different classes. In ABAP 

Objects, polymorphism is implemented by redefining methods during inheritance and by 
using constructs called interfaces. 

 

In object oriented modelling  characteristics are described. In any system , objects some into existence 

for playing some role. In the process of defining the roles of objects, some features of object 

orientation are used.we will discuss these features,which include: 

  

Page no-11,12,13,14 (block-1) 

 

Object Oriented Programming has many benefits over Structured programming. Some of them are: 

         Abstaction 

         Encapsulation 

         Reusability 

         Extensibility 

         Reliability 

         Maintainability 

         scalability 

  

 Encapsulation: 

Encapsulation binds data & code in a capsule Encapsulation allows the internal implementation of 

a class to be modified without requiring changes to its services (i.e. methods The ability to make 

changes in your code without breaking the code of all others who use your code is a key benefit 

of encapsulation. It allows you to hide details 
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Abstaction 

 Abstraction is a process of hiding unnecessary details . The programmer don’t need to know the 

details how to implement it, he only cares what to be implemented. This feature of OOP also 

helps to reduce large problems to smaller, more manageable problems. 

  

  

 

 Extensibility and reusability 

This features are achieved with the help of inheritance property.Inheritance allows the class 

hierarchy to be further refined, and combined with polymorphism, the superclass does not have 

to “know” about the new class, i.e. modifications do not have to be made at the superclass 

  
 Understandability: 

  

One of the benefits of the OOP is that it more understandable, as it is similar to the way human 

beings perceive and understand the real-world The notation and approach of the object-oriented 

data model builds on these paradigms that people constantly use to cope with complexity.” This 

claim, therefore assumes that it is more natural for developers to decompose a problem into 

objects, at least as compared to the traditional structured languages. In other words, it should be 

natural for developers and users to map the problem into objects and into classification 

hierarchies 

  
 Maintainability: 

  

object oriented systems are easy to maintain compared with structured programs Identifying the source of 

errors becomes easier because objects are self-contained (encapsulation). The principles of good OOP 

design contribute to an application’s maintainability. 

  

Scalable 

  

OO applications are more scalable then their structured programming roots. As an object’s interface 

provides a roadmap for reusing the object in new software, it also provides you with all the information 

you need to replace the object without affecting other code. This makes it easy to replace old and aging 

code with faster algorithms and newer technology. 

 

 

Question 2: What is UML? Briefly explain, different UML Diagrams used for Modeling. 

 

Solution: The unifined modelling language (UML) is used to express the construct and the 

relationships of complex systems. The three prime methods were OMT(Rumbaugh),Booch and 

OOSE(Jacobson),OMT was strong in analysis,Booch was strong in design,and Jacobson was 

strong in behavioural analysis. 

 

UML is an attempt to standardize the artifacts of analysis and design consisting of semantic 

models,syntactic notations and diagrams.   
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Since UML is not a methodology, it does not require any formal work products (i.e., 
"artifacts" in IBM Rational Unified Process® lingo). Yet it does provide several types of 
diagrams that, when used within a given methodology, increase the ease of 
understanding an application under development. There is more to UML than these 
diagrams, but for my purposes here, the diagrams offer a good introduction to the 
language and the principles behind its use. By placing standard UML diagrams in your 
methodology's work products, you make it easier for UML-proficient people to join your 
project and quickly become productive. The most useful, standard UML diagrams are: 
use case diagram, class diagram, sequence diagram, statechart diagram, activity 
diagram, component diagram, and deployment diagram. 
It is beyond the scope of this introductory article to go into great detail about each type of 
diagram. 
 

A diagram is a partial graphic representation of a system's model. The model also contains 

documentation that drives the model elements and diagrams (such as written use cases). 

UML diagrams represent two different views of a system model: 

(A) Static (or structural) view: emphasizes the static structure of the system using objects, 

attributes, operations and relationships. The structural view includes class diagrams and composite 

structure diagrams. 

 Dynamic (or behavioral) view: emphasizes the dynamic behavior of the system by 

showing collaborations among objects and changes to the internal states of objects. This 

view includes sequence diagrams, activity diagrams and state machine diagrams. 

 
 
Use-case diagram 
A use case illustrates a unit of functionality provided by the system. The main purpose of 
the use-case diagram is to help development teams visualize the functional requirements 
of a system, including the relationship of "actors" (human beings who will interact with the 
system) to essential processes, as well as the relationships among different use cases. 
Use-case diagrams generally show groups of use cases — either all use cases for the 
complete system, or a breakout of a particular group of use cases with related 
functionality (e.g., all security administration-related use cases). To show a use case on a 
use-case diagram, you draw an oval in the middle of the diagram and put the name of the 
use case in the center of, or below, the oval. To draw an actor (indicating a system user) 
on a use-case diagram, you draw a stick person to the left or right of your diagram (and 
just in case you're wondering, some people draw prettier stick people than others). Use 
simple lines to depict relationships between actors and use cases, as shown in Figure 1. 
 

Figure 1: Sample use-case diagram 

http://en.wikipedia.org/wiki/Class_diagram
http://en.wikipedia.org/wiki/Composite_structure_diagram
http://en.wikipedia.org/wiki/Composite_structure_diagram
http://en.wikipedia.org/wiki/Sequence_diagram
http://en.wikipedia.org/wiki/Activity_diagram
http://en.wikipedia.org/wiki/UML_state_machine
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A use-case diagram is typically used to communicate the high-level functions of the 
system and the system's scope. By looking at our use-case diagram in Figure 1, you can 
easily tell the functions that our example system provides. This system lets the band 
manager view a sales statistics report and the Billboard 200 report for the band's CDs. It 
also lets the record manager view a sales statistics report and the Billboard 200 report for 
a particular CD. The diagram also tells us that our system delivers Billboard reports from 
an external system called Billboard Reporting Service. 
In addition, the absence of use cases in this diagram shows what the system doesn't do. 
For example, it does not provide a way for a band manager to listen to songs from the 
different albums on the Billboard 200 — i.e., we see no reference to a use case called 
Listen to Songs from Billboard 200. This absence is not a trivial matter. With clear and 
simple use-case descriptions provided on such a diagram, a project sponsor can easily 
see if needed functionality is present or not present in the system. 
 
Class diagram 
The class diagram shows how the different entities (people, things, and data) relate to 
each other; in other words, it shows the static structures of the system. A class diagram 
can be used to display logical classes, which are typically the kinds of things the business 
people in an organization talk about — rock bands, CDs, radio play; or loans, home 
mortgages, car loans, and interest rates. Class diagrams can also be used to show 
implementation classes, which are the things that programmers typically deal with. An 
implementation class diagram will probably show some of the same classes as the logical 
classes diagram.The implementation class diagram won't be drawn with the same 
attributes, however, because it will most likely have references to things like Vectors and 
HashMaps. 
 
A class is depicted on the class diagram as a rectangle with three horizontal sections, as 
shown in Figure 2. The upper section shows the class's name; the middle section 
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contains the class's attributes; and the lower section contains the class's operations (or 
"methods"). 
 

Figure 2: Sample class object in a class diagram 

  

 

In my experience, almost every developer knows what this diagram is, yet I find that most 
programmers draw the relationship lines incorrectly. For a class diagram like the one in 
Figure 3, you should draw the inheritance relationship1 using a line with an arrowhead at 
the top pointing to the super class, and the arrowhead should be a completed triangle. 
[Note: For more information on inheritance and other object-oriented principles, see the 
Java tutorial What Is Inheritance?] An association relationship should be a solid line if 
both classes are aware of each other and a line with an open arrowhead if the 
association is known by only one of the classes. 
 

Figure 3: A complete class diagram, including the class object shown in Figure 2 

  

 

Larger view of Figure 3. 
In Figure 3, we see both the inheritance relationship and two association relationships. 
The CDSalesReport class inherits from the Report class. A CDSalesReport is associated 
with one CD, but the CD class doesn't know anything about the CDSalesReport class. 
The CD and the Band classes both know about each other, and both classes can be 
associated to one or more of each other. 
A class diagram can incorporate many more concepts, which we will cover later in this 
article series. 
 
Sequence diagram 
Sequence diagrams show a detailed flow for a specific use case or even just part of a 
specific use case. They are almost self explanatory; they show the calls between the 
different objects in their sequence and can show, at a detailed level, different calls to 
different objects. 
A sequence diagram has two dimensions: The vertical dimension shows the sequence of 
messages/calls in the time order that they occur; the horizontal dimension shows the 
object instances to which the messages are sent. 
A sequence diagram is very simple to draw. Across the top of your diagram, identify the 
class instances (objects) by putting each class instance inside a box (see Figure 4). In 
the box, put the class instance name and class name separated by a space/colon/space " 
: " (e.g., myReportGenerator : ReportGenerator). If a class instance sends a message to 
another class instance, draw a line with an open arrowhead pointing to the receiving 
class instance; place the name of the message/method above the line. Optionally, for 
important messages, you can draw a dotted line with an arrowhead pointing back to the 

http://www.ibm.com/developerworks/rational/library/769.html
http://java.sun.com/docs/books/tutorial/java/concepts/inheritance.html
http://www.ibm.com/developerworks/rational/library/769a.html
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originating class instance; label the return value above the dotted line. Personally, I 
always like to include the return value lines because I find the extra details make it easier 
to read. 
Reading a sequence diagram is very simple. Start at the top left corner with the "driver" 
class instance that starts the sequence. Then follow each message down the diagram. 
Remember: Even though the example sequence diagram in Figure 4 shows a return 
message for each sent message, this is optional. 
 

Figure 4: A sample sequence diagram  

  

 

Larger view of Figure 4. 
By reading our sample sequence diagram in Figure 4, you can see how to create a CD 
Sales Report. The aServlet object is our example driver. aServlet sends a message to the 
ReportGenerator class instance named gen. The message is labeled 
generateCDSalesReport, which means that the ReportGenerator object implements this 
message handler. On closer inspection, the generateCDSalesReport message label has 
cdId in parentheses, which means that aServlet is passing a variable named cdId with the 
message. When gen instance receives a generateCDSalesReport message, it then 
makes subsequent calls to the CDSalesReport class, and an actual instance of a 
CDSalesReport called aCDReport gets returned. The gen instance then makes calls to 
the returned aCDReport instance, passing it parameters on each message call. At the 
end of the sequence, the gen instance returns aCDReport to its caller aServlet. 
Please note: The sequence diagram in Figure 4 is arguably too detailed for a typical 
sequence diagram. However, I believe it is simple enough to understand, and it shows 
how nested calls are drawn. Also, with junior developers, sometimes it is necessary to 
break down sequences to this explicit level to help them understand what they are 
supposed to do. 
 
Statechart diagram 

The statechart diagram models the different states that a class can be in and how that 
class transitions from state to state. It can be argued that every class has a state, but that 
every class shouldn't have a statechart diagram. Only classes with "interesting" states — 

http://www.ibm.com/developerworks/rational/library/769b.html


 

For More Solved Assignments Visit http://www.ignousolvedassignments.com/ 

 

that is, classes with three or more potential states during system activity — should be 
modeled. 
As shown in Figure 5, the notation set of the statechart diagram has five basic elements: 
the initial starting point, which is drawn using a solid circle; a transition between states, 
which is drawn using a line with an open arrowhead; a state, which is drawn using a 
rectangle with rounded corners; a decision point, which is drawn as an open circle; and 
one or more termination points, which are drawn using a circle with a solid circle inside it. 
To draw a statechart diagram, begin with a starting point and a transition line pointing to 
the initial state of the class. Draw the states themselves anywhere on the diagram, and 
then simply connect them using the state transition lines. 
 

Figure 5: Statechart diagram showing the various states that classes pass through 
in a functioning system 

  

 

Larger view of Figure 5. 
The example statechart diagram in Figure 5 shows some of the potential information they 
can communicate. For instance, you can tell that loan processing begins in the Loan 
Application state. When the pre-approval process is done, depending on the outcome, 
you move to either the Loan Pre-approved state or the Loan Rejected state. This 
decision, which is made during the transition process, is shown with a decision point — 
the empty circle in the transition line. By looking at the example, a person can tell that a 
loan cannot go from the Loan Pre-Approved state to the Loan in Maintenance state 
without going through the Loan Closing state. Also, by looking at our example diagram, a 
person can tell that all loans will end in either the Loan Rejected state or the Loan in 
Maintenance state. 
 
Activity diagram 

Activity diagrams show the procedural flow of control between two or more class objects 
while processing an activity. Activity diagrams can be used to model higher-level 
business process at the business unit level, or to model low-level internal class actions. In 
my experience, activity diagrams are best used to model higher-level processes, such as 
how the company is currently doing business, or how it would like to do business. This is 

http://www.ibm.com/developerworks/rational/library/769c.html
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because activity diagrams are "less technical" in appearance, compared to sequence 
diagrams, and business-minded people tend to understand them more quickly. 
An activity diagram's notation set is similar to that used in a statechart diagram. Like a 
statechart diagram, the activity diagram starts with a solid circle connected to the initial 
activity. The activity is modeled by drawing a rectangle with rounded edges, enclosing the 
activity's name. Activities can be connected to other activities through transition lines, or 
to decision points that connect to different activities guarded by conditions of the decision 
point. Activities that terminate the modeled process are connected to a termination point 
(just as in a statechart diagram). Optionally, the activities can be grouped into swimlanes, 
which are used to indicate the object that actually performs the activity, as shown in 
Figure 6. 
 

Figure 6: Activity diagram, with two swimlanes to indicate control of activity by two 
objects: the band manager, and the reporting tool 

  

 

In our example activity diagram, we have two swimlanes because we have two objects 
that control separate activities: a band manager and a reporting tool. The process starts 
with the band manager electing to view the sales report for one of his bands. The 
reporting tool then retrieves and displays all the bands that person manages and asks 
him to choose one. After the band manager selects a band, the reporting tool retrieves 
the sales information and displays the sales report. The activity diagram shows that 
displaying the report is the last step in the process. 
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Component diagram 
A component diagram provides a physical view of the system. Its purpose is to show the 
dependencies that the software has on the other software components (e.g., software 
libraries) in the system. The diagram can be shown at a very high level, with just the 
large-grain components, or it can be shown at the component package level. [Note: The 
phrase component package level is a programming language-neutral way of referring to 
class container levels such as .NET's namespaces (e.g., System.Web.UI) or Java's 
packages (e.g., java.util).] 
Modeling a component diagram is best described through an example. Figure 7 shows 
four components: Reporting Tool, Billboard Service, Servlet 2.2 API, and JDBC API. The 
arrowed lines from the Reporting Tool component to the Billboard Service, Servlet 2.2 
API, and JDBC API components mean that the Reporting Tool is dependent on those 
three components. 
 

Figure 7: A component diagram shows interdependencies of various software 
components the system comprises 

  

Deployment diagram 

The deployment diagram shows how a system will be physically deployed in the 
hardware environment. Its purpose is to show where the different components of the 
system will physically run and how they will communicate with each other. Since the 
diagram models the physical runtime, a system's production staff will make considerable 
use of this diagram. 
The notation in a deployment diagram includes the notation elements used in a 
component diagram, with a couple of additions, including the concept of a node. A node 
represents either a physical machine or a virtual machine node (e.g., a mainframe node). 
To model a node, simply draw a three-dimensional cube with the name of the node at the 
top of the cube. Use the naming convention used in sequence diagrams: [instance name] 
: [instance type] (e.g., "w3reporting.myco.com : Application Server"). 
 

Figure8:Deploymentdiagram 
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The deployment diagram in Figure 8 shows that the users access the Reporting Tool by 
using a browser running on their local machine and connecting via HTTP over their 
company's intranet to the Reporting Tool. This tool physically runs on the Application 
Server named w3reporting.myco.com. The diagram shows the Reporting Tool component 
drawn inside of IBM WebSphere, which in turn is drawn inside of the node 
w3.reporting.myco.com. The Reporting Tool connects to its reporting database using the 
Java language to IBM DB2's JDBC interface, which then communicates to the actual DB2 
database running on the server named db1.myco.com using native DB2 communication. 
In addition to talking to the reporting database, the Report Tool component 
communicates via SOAP over HTTPS to the Billboard Service. 
 
Question 3: What is class diagrams? Explain how classes are identified in designing of an object 

oriented system, with the help of an example. (10 Marks) 

 

Solution : A class diagram is used to support functional requirement of system.it contains sets of 

classes,interfaces,collaboration, and logical schema,generalization and association relationship. 

Class diagrams are arguably the most used UML diagram type. It is the main building 
block of any object oriented solution. It shows the classes in a system, attributes and 
operations of each class and the relationship between each class. In most modeling tools 
a class has three parts, name at the top, attributes in the middle and operations or 
methods at the bottom. In large systems with many classes related classes are grouped 
together to to create class diagrams.  
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UML Class Diagram with Relationships 

Question 4: What is generalization? Explain how it is different from specialization with an  

example. (10 Marks) 

 

Solution : A generalization (or generalisation) of a concept is an extension of the concept to less-

specific criteria. It is a foundational element of logic andhuman reasoning. Generalizations posit the 

existence of a domain or set of elements, as well as one or more common characteristics shared by those 

elements. As such, it is the essential basis of all valid deductive inferences. The process of verification is 

necessary to determine whether a generalization holds true for any given situation. 

The concept of generalization has broad application in many related disciplines, sometimes having a 

specialized context- meaning. 

Of any two related concepts, such as A and B, A is considered a "generalization" of concept B if and only if: 

 every instance of concept B is also an instance of concept A; and 

 there are instances of concept A which are not instances of concept B. 

For instance, animal is a generalization of bird because every bird is an animal, and there are animals 

which are not birds (dogs, for instance). 

Generalization is the relationship between a class, and it defines a hierarchy of abstraction in which 

subclasses (one or more )  inherit from one or more superclasses. Generalization is an “is-a-kind of 

”relationship, for example, Saving Account is a kind of account, PG student is kind of Student, etc. 

The notation for generalization is a triangle connectiong a super class to its subasses. The 

superclass is connected by a line to the top of the triangle. the subclasses are connected by lines to 

a horizontal bar attached to the base of the triangle. 

http://en.wikipedia.org/wiki/American_and_British_English_spelling_differences
http://en.wikipedia.org/wiki/Logic
http://en.wikipedia.org/wiki/Reasoning
http://en.wikipedia.org/wiki/Set_theory
http://en.wikipedia.org/wiki/Deductive
http://en.wikipedia.org/wiki/Falsifiability
http://en.wikipedia.org/wiki/Animal
http://en.wikipedia.org/wiki/Bird
http://en.wikipedia.org/wiki/Dog
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Specialization is a property of inheritance used for creating specialized attributes, methods that 

only apply to objects of that class. Specialized classes are subclasses placed below super classes. 

Generalization is the process of extracting shared characteristics from two or more classes, and 

combining them into a generalized superclass. 

 

Shared characteristics can be attributes, associations, or methods. Generalized classes are 

generally parent classes of specialized classes. In other words generalization is bottom up 

approach whereas specialization is Top to bottom approach 

 

Example: 

 

  

 

In Figure , the classes car and scooter partially share the same attributes. From a domain 

perspective, the two classes are also very similar. During generalization, the shared 

characteristics are combined and used to create a new superclass vehicle. car and scooter 

become subclasses of the class vehicle. 

 

Similarly, the class vehicle has the a special attribute, which is needed only for car, but not for 

scooter. Additionally there is a special attribute, which is needed only for scooter Obviously, here 

two similar but different domain concepts are combined into one class. Through specialization 

the two special cases vehicles are formed The epecial attribute is placed where it belongs—in car 

/scooter. 

 

In normal terms, they both refer to inheritance but the way in which it is implemented or looked into 
makes the difference. If many similar existing objects are combined to form a superclass to do the job of 
its subclass', then it is known as Generalization while if some new subclasses are created from an existing 
superclass to do specific job of the superclass, then it is known as specialization. Both concepts can be 
implemented using inheritance only. But the order of creation of the subclass and the superclass drives 
the concept name. 

 

The way or perspective of looking also gives the difference between these two concepts. When you look 
from the perspective of a base class, it is generalization because the base class has functions or 
operations that may be commonly used by all of its subclasses. When you look from the perspective of 
the derived class, it is specialization because even though the common functionalities from the super 
class are available, the derived classes perform their own operations or functions specific to the purpose 
of their creation. 
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From the above figure, if you see from the perspective of the Train, then it is Generalization. The 
common functions or operations of both the Passenger and Goods Trains are put into the Train such as 
startTrain, stopTrain, fillFuel. That is, the generic operations of any subclass of Train are included in 
Train. 

 

 
If you see from the perspective of the subclasses (Passenger Train or Goods Train), then it is 
Specialization. The common functions of the superclass (Train) are also included with the specific 
functions of the subclass such as boardPassengers, cleanToilet, fillWater, fillPantryResources in case of 
Passenger train and loadGoods, unloadGoods in case of Goods train making the subclass, a class for a 
specific or special function. 

 

Note: In case of Generalization, it is not necessary that the superclass (Train) should know about the 
existence of its subclasses (Passenger Train and Goods Train). In case of Specialization, the subclass will 

always know its superclass. 

Question 5: What is dynamic model? Also explain how it is different from object model.  

(10 Marks) 

Ans.5: The dynamic model is used to express and model the behaviour of the system over time. It includes 

support for activity diagrams, state diagrams, sequence diagrams and extensions including business process 

modelling. 

 
Sequence Diagrams  
Sequence diagrams are used to display the interaction between users, screens, objects and entities within the 

system. It provides a sequential map of message passing between objects over time. Frequently these 

diagrams are placed under Use Cases in the model to illustrate the use case scenario - how a user will interact 

with the system and what happens internally to get the work done. Often, the objects are represented using 

special stereotyped icons, as in the example below. The object labelled Login Screen is shown using the User 

Interface icon. The object labelled SecurityManager is shown using the Controller icon. The Object labelled 

users is shown using the Entity icon. 

http://www.sparxsystems.com/platforms/business_process_modeling.html
http://www.sparxsystems.com/platforms/business_process_modeling.html
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Activity Diagrams 

Activity diagrams are used to show how different workflows in the system are constructed, how they start and 

the possibly many decision paths that can be taken from start to finish. They may also illustrate the where 

parallel processing may occur in the execution of some activities. 



 

For More Solved Assignments Visit http://www.ignousolvedassignments.com/ 

 

 

State Charts 

State charts are used to detail the transitions or changes of state an object can go through in the system. 

They show how an object moves from one state to another and the rules that govern that change. State 

charts typically have a start and end condition. 
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Process Model 
A process model is a UML extension of an activity diagram used to model a business process - this diagram 

shows what goal the process has, the inputs, outputs, events and information that are involved in the process. 

 

 

 

 

 

 

 

Object Diagrams, sometimes referred as Instance diagrams are very similar to class diagrams. As class 

diagrams they also show the relationship between objects but they use real world examples. They are used 

to show how a system will look like at a given time. Because there is data available in the objects they are 

often used to explain complex relationships between objects. 
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UML Object Diagram Example 

 

Question 6: What is state diagram ? Differentiate between a simple state diagram and a 

composite state diagram. Draw state diagram for Railway Reservation System. (10 Marks) 

 
State Machine Diagrams 

 

A state machine diagram models the behaviour of a single object, specifying the sequence of events that an 

object goes through during its lifetime in response to events. 

 

As an example, the following state machine diagram shows the states that a door goes through during its 

lifetime. 

 
The door can be in one of three states: "Opened", "Closed" or "Locked". It can respond to the events Open, 

Close, Lock and Unlock. Notice that not all events are valid in all states; for example, if a door is opened, you 

cannot lock it until you close it. Also notice that a state transition can have a guard condition attached: if the 

door is Opened, it can only respond to the Close event if the condition doorWay->isEmpty is fulfilled. The 

syntax and conventions used in state machine diagrams will be discussed in full in the following sections. 

States 

A state is denoted by a round-cornered rectangle with the name of the state written inside it. 

 
Initial and Final States 

The initial state is denoted by a filled black circle and may be labeled with a name. The final state is denoted 

by a circle with a dot inside and may also be labeled with a name. 

 
Transitions 

Transitions from one state to the next are denoted by lines with arrowheads. A transition may have a trigger, 

a guard and an effect, as below. 
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"Trigger" is the cause of the transition, which could be a signal, an event, a change in some condition, or the 

passage of time. "Guard" is a condition which must be true in order for the trigger to cause the transition. 

"Effect" is an action which will be invoked directly on the object that owns the state machine as a result of the 

transition. 

State Actions 

In the transition example above, an effect was associated with the transition. If the target state had many 

transitions arriving at it, and each transition had the same effect associated with it, it would be better to 

associate the effect with the target state rather than the transitions. This can be done by defining an entry 

action for the state. The diagram below shows a state with an entry action and an exit action. 

 
It is also possible to define actions that occur on events, or actions that always occur. It is possible to define 

any number of actions of each type. 

Self-Transitions 

A state can have a transition that returns to itself, as in the following diagram. This is most useful when an 

effect is associated with the transition. 

 
Compound States 

A state machine diagram may include sub-machine diagrams, as in the example below. 
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The alternative way to show the same information is as follows. 

 
The notation in the above version indicates that the details of the Check PIN sub-machine are shown in a 

separate diagram. 

Entry Point 

Sometimes you won’t want to enter a sub-machine at the normal initial state. For example, in the following 

sub-machine it would be normal to begin in the "Initializing" state, but if for some reason it wasn’t necessary 
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to perform the initialization, it would be possible to begin in the "Ready" state by transitioning to the named 

entry point. 

 
The following diagram shows the state machine one level up. 

 
Exit Point 

In a similar manner to entry points, it is possible to have named alternative exit points. The following diagram 

gives an example where the state executed after the main processing state depends on which route is used to 

transition out of the state. 

 
Choice Pseudo-State 

A choice pseudo-state is shown as a diamond with one transition arriving and two or more transitions leaving. 

The following diagram shows that whichever state is arrived at, after the choice pseudo-state, is dependent on 

the message format selected during execution of the previous state. 
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Junction Pseudo-State 

Junction pseudo-states are used to chain together multiple transitions. A single junction can have one or more 

incoming, and one or more outgoing, transitions; a guard can be applied to each transition. Junctions are 

semantic-free. A junction which splits an incoming transition into multiple outgoing transitions realizes a static 

conditional branch, as opposed to a choice pseudo-state which realizes a dynamic conditional branch. 

 
Terminate Pseudo-State 

Entering a terminate pseudo-state indicates that the lifeline of the state machine has ended. A terminate 

pseudo-state is notated as a cross. 

 
History States 

A history state is used to remember the previous state of a state machine when it was interrupted. The 

following diagram illustrates the use of history states. The example is a state machine belonging to a washing 

machine. 
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In this state machine, when a washing machine is running, it will progress from "Washing" through "Rinsing" 

to "Spinning". If there is a power cut, the washing machine will stop running and will go to the "Power Off" 

state. Then when the power is restored, the Running state is entered at the "History State" symbol meaning 

that it should resume where it last left-off. 

Concurrent Regions 

A state may be divided into regions containing sub-states that exist and execute concurrently. The example 

below shows that within the state "Applying Brakes", the front and rear brakes will be operating 

simultaneously and independently. Notice the use of fork and join pseudo-states, rather than choice and 

merge pseudo-states. These symbols are used to synchronize the concurrent threads. 

 
 

Composite State 
Generally, composite state is defined as state that has substates (nested states). Substates could be 

sequential (disjoint) or concurrent (orthogonal). UML 2.4 defines composite state as the state which 

contains one or more regions. (Note, that region is defined back as an orthogonal part of either a 

composite state or a state machine.) A state is not allowed to have both regions and a submachine. 

Simple composite state contains just one region. 

 

Simple composite state Serving Customer has two substates. 

http://www.uml-diagrams.org/state-machine-diagrams.html
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Orthogonal composite state has more than one regions. Each region has a set of mutually 

exclusive disjoint subvertices and a set of transitions. A given state may only be decomposed in one of 

these two ways. 

Any state enclosed within a region of a composite state is called a substate of that composite state. It 

is called a direct substate when it is not contained by any other state; otherwise, it is referred to as 

an indirect substate. 

Each region of a composite state may have an initial pseudostate and a final state. A transition to the 

enclosing state represents a transition to the initial pseudostate in each region. A newly-created object 

takes its topmost default transitions, originating from the topmost initial pseudostates of each region. 

Composite state may have state name placed inside an attached name tab. The name tab is a rectangle, 

usually resting on the outside of the top side of a state. 

Composite state may have compartments. The compartments of the state are: 

 name compartment 

 internal activities compartment 

 internal transitions compartment 

 decomposition compartment 

The first three compartments are the same as for simple state. 

Decomposition compartment shows composition structure of the state as a a nested diagram with 

regions, states, and transitions. For convenience and appearance, the text compartments may be 

shrunk horizontally within the graphic region. 

In some cases, it is convenient to hide the decomposition of a composite state. For example, there may 

be a large number of states nested inside a composite state and they may simply not fit in the graphical 

space available for the diagram. In that case, the composite state may be represented by a simple state 

graphic with a special "composite" icon, usually in the lower right-hand corner. This icon, consisting of 

two horizontally placed and connected states, is an optional visual cue that the state has a 

decomposition that is not shown in this particular diagram. Instead, the contents of the composite 

state are shown in a separate diagram. The "hiding" is a matter of graphical convenience and has no 

semantic significance in terms of access restrictions. 

 

Composite state Serving Customer with decomposition hidden. 

A composite state may have one or more entry and exit points on its outside border or in close 

proximity of that border (inside or outside). 
A composite state is represented on a statechart diagram as a large rectangle with rounded 

corners, with a horizontal line separating the name at the top from the description of the behavior 

and the model of the sub-state machine below. The description of the behavior includes the entry, 

exit and do actions and any internal transitions. 

 

 

Simple Set 

http://www.uml-diagrams.org/state-machine-diagrams.html
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A simple state is a state that does not have substates, i.e. it has no regions and it has no submachine state machine. 

  

  

The alternative way to show the same information is as follows: 

 

 

Question 7: What is Bi-directional Implementation? Explain advantages of Bi- directional 

Implementation with example. (10 Marks) 
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Solution : An example of a bi-directional association implementation between a student class and a course 

class 

 

  

 

A bi-directional association is indicated by a solid line between the two classes. At either end of the line, 

you place a role name and a multiplicity value. Figure above shows that the student is associated with a 

course, and the Flight class knows about this association. . The multiplicity value next to the student class 

of 0..* means that when an instance of a student exists, it can either have one instance of a course 

associated with it or no student associated with it (i.e., maybe a plane has not yet been assigned) or one or 

many students associated. similarly multiplicity value next to course class is * (many) which means when a 

one instance of student is associated with more than one courses (many) 

Advantage of Bi-directional Implementation : 

  

1. Bi directional implementation of association is useful for two way navigation between classes 

2. Independent of Classes  

2. Useful for existing predefined classes which are not modified. 

 

 

Question 8: What is ternary association? Explain how ternary associations are mapped into tables with 

an example. (10 Marks) 

 

Solution : A ternary association describes a fact that involves three classes and cannot be 

split up into component binary associations without losing information. For example, 

when a seller negotiates a price with a buyer through an agent, a decomposition of the 

ternary into two binary associations between buyer and seller and seller and 

agent would lose the information on which buyer was involved in the deal between the 

seller and agent. 

A ternary association is described in terms of the role that each class plays in the 

association. For example: 

 An agent negotiates a price between a buyer and a seller 

 A buyer negotiates a price with a seller through an agent 

 A seller negotiates a price with a buyer through an agent 
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Mapping TernaryAssociations to Tables :- 
Whenever a ternary relationship is there between the different classes then each class  

is mapped to a table with the inclusion of object ID. Apart from this a new ternary 

table is also created which has attributes from the different classes involved in the  

relationship. The attributes will the object ID of all the classes involved in the  

relationship and the attributes of the relation.  Let us look at one example of mapping  

a ternary association to the tables. 

 

 

 

 

 

 

 

 

 

 

 

 

Object model   

                    Candidate key: (person_ID, branch_ID, job_ID)  

               

             Ternary Table:  

Attribute Name                   Nulls?                              Domain  

person_ID                           N                                     ID 

job_ID                                N                                     ID 
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branch_ID                          N                                     ID 

hours                                  Y                                     Time 

Table Model Candidate key: (person_ID, branch_ID, job_ID)  

                       Primary key: (person_ID, branch_ID, job_ID)  

                       Frequently accessed: (person_ID, branch_ID, job_ID)  

Person Table:  

Attribute Name                     Nulls?                         Domain  

person_ ID                           N                                 ID  

person_name                       N                                 Name 

Address                               Y                                 Address 

      

Candidate Key: (person_ ID)  

  Primary key: (person_ ID)  

Frequently accessed: (person_ ID)(person_name)  

Similarly, the job and branch tables will have the required attributes.   

 

SQL Code             Create TABLE Person  

                               (person_ID               ID               not null,  

                                person_name           char(20)     not null,  

                                address                    char(20)  

PRIMARY KEY (person_ ID));  

 

Similarly, create the other table for job and branch  

 

Create TABLE Person-job-branch-ternary 

                                 (person_ID             ID                 not null,  

                                job_ID                     ID                 not null,  

                                  branch_ID                 ID              not null,  

                                 date                            date  ,  

                    PRIMARY KEY (person_ID, branch_ID, job_ID),  

                    Foreign key (person_ID) references person,  

                    Foreign key (job_ID) references job,  

                    Foreign key (branch_ID) references branch);  

 

Also, create the indexes in the same manner 
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