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UNIFIED MODELING LANGUAGE: 

HISTORY 

It was developed in 1990s as an amalgamation of several techniques, prominently OOAD technique by 

Grady Booch, OMT (Object Modeling Technique) by James Rumbaugh, and OOSE (Object Oriented 

Software Engineering) by Ivar Jacobson. UML attempted to standardize semantic models, syntactic 

notations, and diagrams of OOAD. 

As we began our unification, we established three goals for our work:  

1. To model systems, from concept to executable artifact, using object- oriented techniques  

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

3. To create a modeling language usable by both humans and machines  

Devising a language for use in object- oriented analysis and design is not unlike designing a programming 

language. First, we had to constrain the problem: Should the language encompass requirements 

specification? Should the language be sufficient to permit visual programming? Second, we had to strike 

a balance between expressiveness and simplicity. Too simple a language would limit the breadth of 

problems that could be solved; too complex a language would overwhelm the mortal developer. In the 

case of unifying existing methods, we also had to be sensitive to the installed base. Make too many 

changes, and we would confuse existing users; resist advancing the language, and we would miss the 

opportunity of engaging a much broader set of users and of making the language simpler. The UML 

definition strives to make the best trade-offs in each of these areas. 

Modeling is a central part of all the activities that lead up to the deployment of good software. We build 

models to communicate the desired structure and behavior of our system. We build models to visualize 

and control the system's architecture. We build models to better understand the system we are building, 

often exposing opportunities for simplification and reuse. We build models to manage risk. 

Importance of Modeling: 

Unsuccessful software projects fail in their own unique ways, but all successful projects are alike in many 

ways. There are many elements that contribute to a successful software organization; one common 

thread is the use of modeling.  

Modeling is a proven and well-accepted engineering technique. We build architectural models of houses 

and high rises to help their users visualize the final product. We may even build mathematical models in 

order to analyze the effects of winds or earthquakes on our buildings.  

Modeling is not just a part of the building industry. It would be inconceivable to deploy a new aircraft or 

an automo ile ithout first uildi g odels• fro  o puter odels to ph si al i d tu el odels to 
full-scale prototypes. New electrical devices, from microprocessors to telephone switching systems 

require some degree of modeling in order to better understand the system and to communicate those 

ideas to others. In the motion picture industry, storyboarding, which is a form of modeling, is central to 
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any production. In the fields of sociology, economics, and business management, we build models so 

that we can validate our theories or try out new ones with minimal risk and cost.  

What, then, is a model? Simply put,  

A model is a simplification of reality. 

A model provides the blueprints of a system. Models may encompass detailed plans, as well as more 

general plans that give a 30,000-foot view of the system under consideration.  

Why do we model? There is one fundamental reason.  

We build models so that we can better understand the system we are developing. 

 

Through modeling, we achieve four aims.  

1. Models help us to visualize a system as it is or as we want it to be.  

2. Models permit us to specify the structure or behavior of a system.  

3. Models give us a template that guides us in constructing a system.  

4. Models document the decisions we have made.  

Modeling is not just for big systems. Even the software equivalent of a dog house can benefit from some 

modeling. However, it's definitely true that the larger and more complex the system, the more important 

modeling becomes, for one very simple reason:  

We build models of complex systems because we cannot comprehend such a system in its entirety. 

Principles of Modeling  

The use of modeling has a rich history in all the engineering disciplines. That experience suggests four 

basic principles of modeling. 

 First,  

The choice of what models to create has a profound influence on how a problem is attacked and how a 

solution is shaped. 

In other words, choose your models well. The right models will brilliantly illuminate the most wicked 

development problems, offering insight that you simply could not gain otherwise; the wrong models will 

mislead you, causing you to focus on irrelevant issues.  

Second,  

Every model may be expressed at different levels of precision. 

If you are building a high rise, sometimes you need a 30,000- foot ie • for i sta e, to help our 
i estors isualize its look a d feel. Other ti es, ou eed to get do  to the le el of the studs• for 
instance, when there's a tricky pipe run or an unusual structural element.  

Third,  

The best models are connected to reality. 

A physical model of a building that doesn't respond in the same way as do real materials has only limited 

value; a mathematical model of an aircraft that assumes only ideal conditions and perfect manufacturing 
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can mask some potentially fatal characteristics of the real aircraft. It's best to have models that have a 

clear connection to reality, and where that connection is weak, to know exactly how those models are 

divorced from the real world. All models simplify reality; the trick is to be sure that your simplifications 

don't mask any important details. In object-oriented systems, it is possible to connect all the nearly 

independent views of a system into one semantic whole. 

Fourth,  

No single model is sufficient. Every nontrivial system is best approached through a small set of nearly 

independent models. 

If you are constructing a building, there is no single set of blueprints that reveal all its details. At the very 

least, you'll need floor plans, elevations, electrical plans, heating plans, and plumbing plans. 

UML: 

The Unified Modeling Language (UML) is a standard language for writing software blueprints. The UML 

may be used to visualize, specify, construct, and document the artifacts of a software-intensive system. 

The UML is appropriate for modeling systems ranging from enterprise information systems to 

distributed Web-based applications and even to hard real time embedded systems. It is a very expressive 

language, addressing all the views needed to develop and then deploy such systems. Even though it is 

expressive, the UML is not difficult to understand and to use. Learning to apply the UML effectively starts 

with forming a conceptual model of the language, which requires learning three major elements: the 

UML's basic building blocks, the rules that dictate how these building blocks may be put together, and 

some common mechanisms that apply throughout the language. The UML is only a language and so is 

just one part of a software development method. The UML is process independent, although optimally 

it should be used in a process that is use case driven, architecture-centric, iterative, and incremental. 

An Overview of the UML  

The UML is a language for  

· Visualizing  

· Specifying  

· Constructing  

· Documenting  

the artifacts of a software-intensive system.  

The UML Is a Language:  

A language provides a vocabulary and the rules for combining words in that vocabulary for the purpose 

of communication. A modeling language is a language whose vocabulary and rules focus on the 

conceptual and physical representation of a system. A modeling language such as the UML is thus a 

standard language for software blueprints. 

The UML Is a Language for Visualizing  

For many programmers, the distance between thinking of an implementation and then pounding it out 

in code is close to zero. You think it, you code it. In fact, some things are best cast directly in code. Text 

is a wonderfully minimal and direct way to write expressions and algorithms.  
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Information would be lost forever or, at best, only partially recreate able from the implementation, once 

that developer moved on. Writing models in the UML addresses the third issue: An explicit model 

facilitates communication.  

The UML Is a Language for Specifying  

In this context, specifying means building models that are precise, unambiguous, and complete. In 

particular, the UML addresses the specification of all the important analysis, design, and implementation 

decisions that must be made in developing and deploying a software-intensive system.  

The UML Is a Language for Constructing  

The UML is not a visual programming language, but its models can be directly connected to a variety of 

programming languages. This means that it is possible to map from a model in the UML to a 

programming language such as Java, C++, or Visual Basic, or even to tables in a relational database or 

the persistent store of an object-oriented database 

The UML Is a Language for Documenting  

A healthy software organization produces all sorts of artifacts in addition to raw executable code. These 

artifacts include (but are not limited to)  

· Requirements ·  

· Architecture  

· Design  

· Source code  

· Project plans  

· Tests  

· Prototypes  

· Releases 

Basic Building Blocks 

The three building blocks of UML are: 

 Things 

 Relationships 

 Diagrams 

(a) Things: 

There are four kinds of things in UML, namely: 

 Structural Things: These are the nouns of the UML models representing the static elements that 

may be either physical or conceptual. The structural things are class, interface, collaboration, 

use case, active class, components, and nodes. 

 Behavioural Things: These are the verbs of the UML models representing the dynamic behavior 

over time and space. The two types of behavioural things are interaction and state machine. 
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 Grouping Things: They comprise the organizational parts of the UML models. There is only one 

kind of grouping thing, i.e., package. 

 Annotational Things: These are the explanations in the UML models representing the comments 

applied to describe elements. 

(b) Relationships: 

Relationships are the connection between things. The four types of relationships that can be 

represented in UML are: 

 Dependency: This is a semantic relationship between two things such that a change in one thing 

brings a change in the other. The former is the independent thing, while the latter is the 

dependent thing. 

 Association: This is a structural relationship that represents a group of links having common 

structure and common behavior. 

 Generalization: This represents a generalization/specialization relationship in which subclasses 

inherit structure and behavior from super-classes. 

 Realization: This is a semantic relationship between two or more classifiers such that one 

classifier lays down a contract that the other classifiers ensure to abide by. 

(c) Diagrams: A diagram is a graphical representation of a system. It comprises of a group of elements 

generally in the form of a graph. UML includes nine diagrams in all, namely: 

 Class Diagram 

 Object Diagram 

 Use Case Diagram 

 Sequence Diagram 

 Collaboration Diagram 

 State Chart Diagram 

 Activity Diagram 

 Component Diagram 

 Deployment Diagram 

 

A class diagram shows a set of classes, interfaces, and collaborations and their relationships. These diagrams are 

the most common diagram found in modeling object- oriented systems. Class diagrams address the static design 

view of a system. Class diagrams that include active classes address the static process view of a system.  

 

An object diagram shows a set of objects and their relationships. Object diagrams represent static snapshots of 

instances of the things found in class diagrams. These diagrams address the static design view or static process 

view of a system as do class diagrams, but from the perspective of real or prototypical cases.  

 

Downloaded from  be.rgpvnotes.in

Page no: 5 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


A use case diagram shows a set of use cases and actors (a special kind of class) and their relationships. Use case 

diagrams address the static use case view of a system. These diagrams are especially important in organizing and 

modeling the behaviors of a system.  

 

Both sequence diagrams and collaboration diagrams are kinds of interaction diagrams. An shows an interaction, 

consisting of a set of objects and their relationships, including the messages that may be dispatched among them. 

Interaction diagrams address the dynamic view of a system. A sequence diagram is an interaction diagram that 

emphasizes the time-ordering of messages;  

 

A collaboration diagram is an interaction diagram that emphasizes the structural organization of the objects that 

send and receive messages. Sequence diagrams and collaboration diagrams are isomorphic, meaning that you can 

take one and transform it into the other.  

 

A statechart diagram shows a state machine, consisting of states, transitions, events, and activities. Statechart 

diagrams address the dynamic view of a system. They are especially important in modeling the behavior of an 

interface, class, or collaboration and emphasize the event-ordered behavior of an object, which is especially useful 

in modeling reactive systems.  

 

An activity diagram is a special kind of a statechart diagram that shows the flow from activity to activity within a 

system. Activity diagrams address the dynamic view of a system. They are especially important in modeling the 

function of a system and emphasize the flow of control among objects.  

 

A component diagram shows the organizations and dependencies among a set of components. Component 

diagrams address the static implementation view of a system. They are related to class diagrams in that a 

component typically maps to one or more classes, interfaces, or collaborations.  

 

A deployment diagram shows the configuration of run-time processing nodes and the components that live on 

them. Deployment diagram address the static deployment view of an architecture. They are related hem. 

Deployment diagram to component diagrams in that a node typically encloses one or more components. 

 

Rules 

UML has a number of rules so that the models are semantically self-consistent and related to other 

models in the system harmoniously. UML has semantic rules for the following: 

 

 

Common Mechanisms 

UML has four common mechanisms: 

 Specifications 

 Adornments 

 Common Divisions 

 Extensibility Mechanisms 

 

1. Specifications 

In UML, behind each graphical notation, there is a textual statement denoting the syntax and 

semantics. These are the specifications. The specifications provide a semantic backplane that contains 

all the parts of a system and the relationship among the different paths. 
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2. Adornments 

Most elements in the UML have a unique and direct graphical notation that provides a visual 

representation of the most important aspects of the element. For example, the notation for a class is 

intentionally designed to be easy to draw, because classes are the most common element found in 

modeling object-oriented systems. The class notation also exposes the most important aspects of a 

class, namely its name, attributes, and operations. 

Every element in the UML's notation starts with a basic symbol, to which can be added a variety of 

adornments specific to that symbol. 
 

3. Common Divisions 

Object-oriented systems can be divided in many ways. The two common ways of division are: 

Division of classes and objects: A class is an abstraction of a group of similar objects. An object is the 

concrete instance that has actual existence in the system. 

 

 
In this figure, there is one class, named Customer, together with three objects: Jan (which is marked 

explicitly as being a Customer object), :Customer (an anonymous Customer object), and Elyse (which 

in its specification is marked as being a kind of Customer object, although it's not shown explicitly here). 
 

Division of Interface and Implementation: An interface defines the rules for interaction. 

Implementation is the concrete realization of the rules defined in the interface. 

 

 
In this figure, there is one component named spellingwizard.dll that implements two interfaces, 

IUnknown and ISpelling. Almost every building block in the UML has this same kind of interface/ 

implementation dichotomy. For example, you can have use cases and the collaborations that realize 

them, as well as operations and the methods that implement them. 

 

4. Extensibility Mechanisms 
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UML is an open-ended language. It is possible to extend the capabilities of UML in a controlled manner 

to suit the requirements of a system. The extensibility mechanisms are: 

 

 Stereotypes: It extends the vocabulary of the UML, through which new building blocks can be 

created out of existing ones. 

 Tagged Values: It extends the properties of UML building blocks. 

 Constraints: It extends the semantics of UML building blocks. 

 

CLASS DIAGRAM: 

A class diagram is used to show the existence of classes and their relationships in the logical view of a 

system. A single class diagram represents a view of the class structure of a system.  

 

During analysis, we use class diagrams to indicate the common roles and responsibilities of the entities 

that provide the system's behavior.  

During design, we use class diagrams to capture the structure of the classes that form the system's 

architecture.  

The two essential elements of a class diagram are classes and their basic relationships.  

 

A name is required for each class; if the name is particularly long, it can either be elided or the icon 

magnified. Every class name must be unique to its enclosing class category. For certain languages, most 

notably C++ and Smalltalk, we may further constrain these semantics to require that: every class name 

be unique to the system.  

For certain class diagrams, it is useful to expose some of the attributes and operations associated with 

a class. We say "some" because for all but the most trivial class, it is clumsy and indeed unnecessary to 

show all such members in a diagram, even when using a rectangular icon. 

 

A class is represented by a rectangle having three sections: 

 the top section containing the name of the class 

 the middle section containing class attributes 

 the bottom section representing operations of the class 

The visibility of the attributes and operations can be represented in the following ways: 

 Public: A public member is visible from anywhere in the system. In class diagram, it is prefixed 

 the s ol + . 

 Private: A private member is visible only from within the class. It cannot be accessed from 

outside the lass. A pri ate e er is prefi ed  the s ol − . 

 Protected: A protected member is visible from within the class and from the subclasses inherited 

fro  this lass, ut ot fro  outside. It is prefi ed  the s ol # . 

An abstract class has the class name written in italics. 

Example: Let us consider the Circle class introduced earlier. The attributes of Circle are x-coord, y-coord, 

and radius. The operations are findArea(), findCircumference(), and scale(). Let us assume that x-coord 

and y-coord are private data members, radius is a protected data member, and the member functions 

are public. The following figure gives the diagrammatic representation of the class. 
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Class Relationship: 

•      Exactly one  

• N     Unlimited number (zero or more)  

•   .. N    Zero or more 

 1  .. N    One or more  

•   ..     Zero or one  

• 3  .. 7    Specified range  

•   .. 3, 7    Specified range or exact number 

 

 

OBJECT DIAGRAM: 

Terms and Concepts  

An object diagram is a diagram that shows a set of objects and their relationships at a point in time. 

Graphically, an object diagram is a collection of vertices and arcs.  

 

Common Properties  

An object diagram is a special kind of diagram and shares the same common properties as all other 

diagra s• that is, a a e a d graphi al o te ts that are a proje tio  i to a odel. What disti guishes 
an object diagram from all other kinds of diagrams is its particular content.  

 

Contents  

Object diagrams commonly contain  

 Objects 

 Links  

Like all other diagrams, object diagrams may contain notes and constraints.  

 

Object diagrams may also contain packages or subsystems, both of which are used to group elements of 

your model into larger chunks. Sometimes, you'll want to place classes in your object diagrams, as well, 

especially when you want to visualize the classes behind each instance. 

 

Common Uses  

You use object diagrams to model the static design view or static process view of a system just as you 

do with class diagrams, but from the perspective of real or prototypical instances. This view primarily 

supports the functional requirements of a system that is, the services the system should provide to its 

end users. Object diagrams let you model static data structures.  

When you model the static design view or static process view of a system, you typically use object 

diagrams in one way:  

 To model object structures  

Modeling object structures involves taking a snapshot of the objects in a system at a given moment in 

time. An object diagram represents one static frame in the dynamic storyboard represented by an 
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interaction diagram. You use object diagrams to visualize, specify, construct, and document the 

existence of certain instances in your system, together with their relationships to one another. 

 

To model an object structure,  

 Identify the mechanism you'd like to model. A mechanism represents some function or behavior 

of the part of the system you are modeling that results from the interaction of a society of classes, 

interfaces, and other things.  

 For each mechanism, identify the classes, interfaces, and other elements that participate in this 

collaboration; identify the relationships among these things, as well.  

 Consider one scenario that walks through this mechanism. Freeze that scenario at a moment in 

time, and render each object that participates in the mechanism.  

 Expose the state and attribute values of each such object, as necessary, to understand the 

scenario.   Similarly, expose the links among these objects, representing instances of associations among 

them. 
 

Representation: 

An object is represented as a rectangle with two sections: 

The top section contains the name of the object with the name of the class or package of which it is an 

instance of. The name takes the following forms: 

 object-name : class-name 

 object-name : class-name :: package-name 

 class-name : in case of anonymous objects 

 

The bottom section represents the values of the attributes. It takes the form attribute-name = value. 

Sometimes objects are represented using rounded rectangles. 

 

Example: Let us consider an object of the class Circle named c1. We assume that the centre of c1 is at 

(2, 3) and the radius of c1 is 5. The following figure depicts the object. 

 
 

SEQUENCE DIAGRAM:  

A sequence diagram is an interaction diagram that emphasizes the time ordering of messages. A 

sequence diagram shows a set of objects and the messages sent and received by those objects. The 

objects are typically named or anonymous instances of classes, but may also represent instances of other 

things, such as collaborations, components, and nodes. You use sequence diagrams to illustrate the 

dynamic view of a system. 

sequence diagrams permit you to model the lifeline of an object. An object's lifeline represents the 

existence of the object at a particular time, possibly covering the object's creation and destruction. 

 

A sequence diagram emphasizes the time ordering of messages. As Figure shows, you form a sequence 

diagram by first placing the objects that participate in the interaction at the top of your diagram, across 

the X axis. Typically, you place the object that initiates the interaction at the left, and increasingly more 

subordinate objects to the right. Next, you place the messages that these objects send and receive along 
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the Y axis, in order of increasing time from top to bottom. This gives the reader a clear visual cue to the 

flow of control over time. 

Figure Sequence Diagram 

 
Sequence diagrams have two features that distinguish them from collaboration diagrams. 

 

First, there is the object lifeline. An object lifeline is the vertical dashed line that represents the existence 

of an object over a period of time. Most objects that appear in an interaction diagram will be in existence 

for the duration of the interaction, so these objects are all aligned at the top of the diagram, with their 

lifelines drawn from the top of the diagram to the bottom. Objects may be created during the 

interaction. Their lifelines start with the receipt of the message stereotyped as create. Objects may be 

destroyed during the interaction. Their lifelines end with the receipt of the message stereotyped as 

destroy (and are given the visual cue of a large X, marking the end of their lives).  

 

Second, there is the focus of control. The focus of control is a tall, thin rectangle that shows the period 

of time during which an object is performing an action, either directly or through a subordinate 

procedure. The top of the rectangle is aligned with the start of the action; the bottom is aligned with its 

completion (and can be marked by a return message). You can show the nesting of a focus of control 

(caused by recursion, a call to a self- operation, or by a callback from another object) by stacking another 

focus of control slightly to the right of its parent (and can do so to an arbitrary depth). If you want to be 

especially precise about where the focus of control lies, you can also shade the region of the rectangle 

during which the object's method is actually computing (and control has not passed to another object). 

 

USE CASE DIAGRAM:  

Terms and Concepts  

A use case diagram is a diagram that shows a set of use cases and actors and their relationships.  

 

Common Properties  

A use case diagram is just a special kind of diagram and shares the same common properties as do all 

other diagra s• a a e a d graphi al o te ts that are a proje tio  i to a odel. What disti guishes 
a use case diagram from all other kinds of diagrams is its particular content.  

Contents  

Use case diagrams commonly contain  

 Use cases  
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 Actors  

 Dependency, generalization, and association relationships  

 

Like all other diagrams, use case diagrams may contain notes and constraints.  

 

Use case diagrams may also contain packages, which are used to group elements of your model into 

larger chunks. Occasionally, you'll want to place instances of use cases in your diagrams, as well, 

especially when you want to visualize a specific executing system.  

 

Common Uses  

You apply use case diagrams to model the static use case view of a system. This view primarily supports 

the eha ior of a s ste • the out ardl  isi le services that the system provides in the context of its 

environment.  

When you model the static use case view of a system, you'll typically apply use case diagrams in one of 

two ways.  

1. To model the context of a system  

 

Modeling the context of a system involves drawing a line around the whole system and asserting which 

actors lie outside the system and interact with it. Here, you'll apply use case diagrams to specify the 

actors and the meaning of their roles.  

 

2. To model the requirements of a system  

 

Modeling the requirements of a system involves specifying what that system should do (from a point of 

view of outside the system), independent of how that system should do it. Here, you'll apply use case 

diagrams to specify the desired behavior of the system. In this manner, a use case diagram lets you view 

the whole system as a black box; you can see what's outside the system and you can see how that system 

reacts to the things outside, but you can't see how that system works on the inside. 

 

To model the context of a system, 

 Identify the actors that surround the system by considering which groups require help from the 

system to perform their tasks; which groups are needed to execute the system's functions; which 

groups interact with external hardware or other software systems; and which groups perform 

secondary functions for administration and maintenance. 

 Organize actors that are similar to one another in a generalization/specialization hierarchy. 

 Where it aids understandability, provide a stereotype for each such actor. 

 Populate a use case diagram with these actors and specify the paths of communication from each 

actor to the system's use cases. 

 

For example, Figure shows the context of a credit card validation system, with an emphasis on the actors 

that surround the system. You'll find Customers, of which there are two kinds (Individual customer and 

Corporate customer). These actors are the roles that humans play when interacting with the system. In 

this context, there are also actors that represent other institutions, such as Retail institution (with which 

a Customer performs a card transaction to buy an item or a service) and Sponsoring financial institution 

(which serves as the clearinghouse for the credit card account). In the real world, these latter two actors 

are likely software-intensive systems themselves. 

 

 

 

Figure Modeling the Use Case diagram of a System 
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COLLABORATION DIAGRAM: 

A collaboration diagram emphasizes the organization of the objects that participate in an interaction. As 

Figure shows, you form a collaboration diagram by first placing the objects that participate in the 

interaction as the vertices in a graph. Next, you render the links that connect these objects as the arcs 

of this graph. Finally, you adorn these links with the messages that objects send and receive. This gives 

the reader a clear visual cue to the flow of control in the context of the structural organization of objects 

that collaborate.  

 

Figure Collaboration Diagram 

 
 

Downloaded from  be.rgpvnotes.in

Page no: 13 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


Collaboration diagrams have two features that distinguish them from sequence diagrams.  

 

First, there is the path. To indicate how one object is linked to another, you can attach a path stereotype 

to the far end of a link (such as »local, indicating that the designated object is localto the sender). 

Typically, you will only need to render the path of the link explicitly for local, parameter, global, and self 

(but not association) paths.  

 

Second, there is the sequence number. To indicate the time order of a message, you prefix the message 

with a number (starting with the message numbered 1), increasing monotonically for each new message 

in the flow of control (2, 3, and so on). To show nesting, you use Dewey decimal numbering (1 is the first 

message; 1.1 is the first message nested in message 1; 1.2 is the second message nested in message 1 ; 

and so on). You can show nesting to an arbitrary depth. Note also that, along the same link, you can 

show many messages (possibly being sent from different directions), and each will have a unique 

sequence number. 

 

STATECHART DIAGRAM:  

 

Terms and Concepts  

A statechart diagram shows a state machine, emphasizing the flow of control from state to state. A state 

machine is a behavior that specifies the sequences of states an object goes through during its lifetime in 

response to events, together with its responses to those events.  

A state is a condition or situation in the life of an object during which it satisfies some condition, 

performs some activity, or waits for some event.  

An event is the specification of a significant occurrence that has a location in time and space. In 

the context of state machines, an event is an occurrence of a stimulus that can trigger a state transition. 

A transition is a relationship between two states indicating that an object in the first state will 

perform certain actions and enter the second state when a specified event occurs and specified 

conditions are satisfied.  

An activity is ongoing non atomic execution within a state machine. An action is an executable 

atomic computation that results in a change in state of the model or the return of a value. Graphically, 

a statechart diagram is a collection of vertices and arcs.  

 

Common Properties  

A statechart diagram is just a special kind of diagram and shares the same common properties as do all 

other diagra s• that is, a a e a d graphical contents that are a projection into a model. What 

distinguishes a statechart diagram from all other kinds of diagrams is its content.  

 

Contents  

Statechart diagrams commonly contain  

 Simple states and composite states 

 Transitions, including events and actions distinguishes an activity diagram from a statechart 

diagram is that an activity diagram is basically a projection of the elements found in an activity 

graph, a special case of a state machine in which all or most states are activity states and in which 

all or most transitions are triggered by completion of activities in the source state.  

 

Common Uses  

You use statechart diagrams to model the dynamic aspects of a system. These dynamic aspects may 

involve the event- ordered behavior of any kind of object in any view of a system's architecture, including 

classes (which includes active classes), interfaces, components, and nodes.  

 

When you use a statechart diagram to model some dynamic aspect of a system, you do so in the context 

of virtually any modeling element. Typically, however, you'll use statechart diagrams in the context of 
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the system as a whole, a subsystem, or a class. You can also attach statechart diagrams to use cases (to 

model a scenario).  

 

When you model the dynamic aspects of a system, a class, or a use case, you'll typically use statechart 

diagrams in one way. 

 To model reactive objects  

 

A reactive — or event-driven — object is one whose behavior is best characterized by its response to 

events dispatched from outside its context. A reactive object is typically idle until it receives an event. 

When it receives an event, its response usually depends on previous events. After the object responds 

to an event, it becomes idle again, waiting for the next event. For these kinds of objects, you'll focus on 

the stable states of that object, the events that trigger a transition from state to state, and the actions 

that occur on each state change. 
 

To model a reactive object, 

 Choose the context for the state machine, whether it is a class, a use case, or the system as a 

whole. 

 Choose the initial and final states for the object. To guide the rest of your model, possibly state 

the pre- and postconditions of the initial and final states, respectively. 

 Decide on the stable states of the object by considering the conditions in which the object may 

exist for some identifiable period of time. Start with the high-level states of the object and only 

then consider its possible substates. 

 Decide on the meaningful partial ordering of stable states over the lifetime of the object. 

 Decide on the events that may trigger a transition from state to state. Model these events as 

triggers to transitions that move from one legal ordering of states to another. 

 Attach actions to these transitions (as in a Mealy machine) and/or to these states (as in a Moore 

machine). 

 Consider ways to simplify your machine by using substates, branches, forks, joins, and history 

states. 

 Check that all states are reachable under some combination of events. 

 Check that no state is a dead end from which no combination of events will transition the object 

out of that state. 

 Trace through the state machine, either manually or by using tools, to check it against expected 

sequences of events and their responses. 

 

Example 

In the Automated Trading House System, let us model Order as an object and trace its sequence. The 

following figure shows the corresponding state–chart diagram. 
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ACTIVITY DIAGRAM: 

 

Terms and Concepts An activity diagram shows the flow from activity to activity. An is an ongoing 

nonatomic execution within a state machine. Activities ultimately result in some action, which is made 

up of executable atomic computations that result in a change in state of the system or the return of a 

value. Actions encompass calling another operation, sending a signal, creating or destroying an object, 

or some pure computation, such as evaluating an expression. Graphically, an activity diagram is a 

collection of vertices and arcs.  

 

Common Properties  

An activity diagram is just a special kind of diagram and shares the same common properties as do all 

other diagra s• a a e a d graphi al o te ts that are a proje tio  i to a odel. What disti guishes 
an interaction diagram from all other kinds of diagrams is its content.  

 

Contents 

Activity diagrams commonly contain 

 

 Activity states and action states  

 Transitions  

 Objects  

 

Like all other diagrams, activity diagrams may contain notes and constraints. 

 

Common Uses  

You use activity diagrams to model the dynamic aspects of a system. These dynamic aspects may involve 

the activity of any kind of abstraction in any view of a system's architecture, including classes (which 

includes active classes), interfaces, components, and nodes.  

 

When you use an activity diagram to model some dynamic aspect of a system, you can do so in the 

context of virtually any modeling element. Typically, however, you'll use activity diagrams in the context 

of the system as a whole, a subsystem, an operation, or a class. You can also attach activity diagrams to 

use cases (to model a scenario) and to collaborations (to model the dynamic aspects of a society of 

objects).  

When you model the dynamic aspects of a system, you'll typically use activity diagrams in two ways.  

 

1. To model a workflow  

Here you'll focus on activities as viewed by the actors that collaborate with the system. Workflows often 

lie on the fringe of software-intensive systems and are used to visualize, specify, construct, and 

document business processes that involve the system you are developing. In this use of activity 

diagrams, modeling object flow is particularly important. 

 

2.  To model an operation  

Here you'll use activity diagrams as flowcharts, to model the details of a computation. In this use of 

activity diagrams, the modeling of branch, fork, and join states is particularly important. The context of 

an activity diagram used in this way involves the parameters of the operation and its local objects. 

 

 

 

 

 

Example: 
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The following figure shows an activity diagram of a portion of the Automated Trading House System. 

 
 
COMPONENT DIAGRAM:  

Terms and Concepts  

A component diagram shows a set of components and their relationships. Graphically, a component 

diagram is a collection of vertices and arcs.  

 

Common Properties  

A component diagram is just a special kind of diagram and shares the same common properties as do all 

other diagrams a name and graphical contents that are a projection into a model. What distinguishes a 

component diagram from all other kinds of diagrams is its particular content. 

 

Contents  

Component diagrams commonly contain 

 Components  

 Interfaces  

 Dependency, generalization, association, and realization relationships  

Like all other diagrams, component diagrams may contain notes and constraints.  

Component diagrams may also contain packages or subsystems, both of which are used to group 

elements of your model into larger chunks. Sometimes, you'll want to place instances in your component 

diagrams, as well, especially when you want to visualize one instance of a family of component-based 

systems.  

 

Common Uses  

You use component diagrams to model the static implementation view of a system. This view primarily 

supports the configuration management of a system's parts, made up of components that can be 

assembled in various ways to produce a running system.  

When you model the static implementation view of a system, you'll typically use component diagrams 

in one of four ways. 
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1. To model source code  

With most contemporary object- oriented programming languages, you'll cut code using integrated 

development environments that store your source code in files. You can use component diagrams to 

model the configuration management of these files, which represent work-product components.  

2. To model executable releases  

A release is a relatively complete and consistent set of artifacts delivered to an internal or external user. 

In the context of components, a release focuses on the parts necessary to deliver a running system. 

When you model a release using component diagrams, you are visualizing, specifying, and documenting 

the decisions about the physical parts that constitute your software that is, its deployment components.  

3. To model physical databases  

Think of a physical database as the concrete realization of a schema, living in the world of bits. Schemas, 

in effect, offer an API to persistent information; the model of a physical database represents the storage 

of that information in the tables of a relational database or the pages of an object-oriented database. 

You use component diagrams to represent these and other kinds of physical databases.  

4. To model adaptable systems  

Some systems are quite static; their components enter the scene, participate in an execution, and then 

depart. Other systems are more dynamic, involving mobile agents or components that migrate for 

purposes of load balancing and failure recovery. You use component diagrams in conjunction with some 

of the UML's diagrams for modeling behavior to represent these kinds of systems. 

 

To model a system's source code,  

 Either by forward or reverse engineering, identify the set of source code files of interest and 

model them as components stereotyped as files.  

 For larger systems, use packages to show groups of source code files.  

 Consider exposing a tagged value indicating such information as the version number of the 

source code file, its author, and the date it was last changed. Use tools to manage the value of 

this tag. 

 Model the compilation dependencies among these files using dependencies. Again, use tools to 

help generate and manage these dependencies.  

For example, Figure shows five source code files. signal.h is a header file. Three of its versions are shown, 

tracing from new versions back to their older ancestors. Each variant of this source code file is rendered 

with a tagged value exposing its version number.  

Figure Modeling Source Code 

 
 

 

DEPLOYMENT DIAGRAM:  

Terms and Concepts  
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A deployment diagram is a diagram that shows the configuration of run time processing nodes and the 

components that live on them. Graphically, a deployment diagram is a collection of vertices and arcs.  

 

Common Properties  

A deployment diagram is just a special kind of diagram and shares the same common properties as all 

other diagrams a name and graphical contents that are a projection into a model. What distinguishes a 

deployment diagram from all other kinds of diagrams is its particular content. 

 

Contents  

Deployment diagrams commonly contain  

 Nodes  

 Dependency and association relationships  

Like all other diagrams, deployment diagrams may contain notes and constraints.  

 

Deployment diagrams may also contain components, each of which must live on some node. 

Deployment diagrams may also contain packages or subsystems, both of which are used to group 

elements of your model into larger chunks. Sometimes, you'll want to place instances in your 

deployment diagrams, as well, especially when you want to visualize one instance of a family of 

hardware topologies.  

 

Note: In many ways, a deployment diagram is just a special kind of class diagram, which focuses on a 

system's nodes. 

 

Common Uses  

You use deployment diagrams to model the static deployment view of a system. This view primarily 

addresses the distribution, delivery, and installation of the parts that make up the physical system.  

 

There are some kinds of systems for which deployment diagrams are unnecessary. If you are developing 

a piece of software that lives on one machine and interfaces only with standard devices on that machine 

that are already managed by the host operating system (for example, a personal computer's keyboard, 

display, and modem), you can ignore deployment diagrams. On the other hand, if you are developing a 

piece of software that interacts with devices that the host operating system does not typically manage 

or that is physically distributed across multiple processors, then using deployment diagrams will help 

you reason about your system's software-to-hardware mapping.  

 

When you model the static deployment view of a system, you'll typically use deployment diagrams in 

one of three ways.  

1. To model embedded systems  

An embedded system is a software-intensive collection of hardware that interfaces with the physical 

world. Embedded systems involve software that controls devices such as motors, actuators, and displays 

and that, in turn, is controlled by external stimuli such as sensor input, movement, and temperature 

changes. You can use deployment diagrams to model the devices and processors that comprise an 

embedded system.  

2. To model client/server systems  

A client/server system is a common architecture focused on making a clear separation of concerns 

between the system's user interface (which lives on the client) and the system's persistent data (which 

lives on the server). Client/ server systems are one end of the continuum of distributed systems and 

require you to make decisions about the network connectivity of clients to servers and about the physical 

distribution of your system's software components across the nodes.  

 

You can model the topology of such systems by using deployment diagrams. 

3. To model fully distributed systems  
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At the other end of the continuum of distributed systems are those that are widely, if not globally, 

distributed, typically encompassing multiple levels of servers. Such systems are often hosts to multiple 

versions of software components, some of which may even migrate from node to node. Crafting such 

systems requires you to make decisions that enable the continuous change in the system's topology. 

You can use deployment diagrams to visualize the system's current topology and distribution of 

components to reason about the impact of changes on that topology. 

 

To model an embedded system, 

 Identify the devices and nodes that are unique to your system.  

 Provide visual cues, especially for unusual devices, by using the UML's extensibility mechanisms 

to define system-specific stereotypes with appropriate icons. At the very least, you'll want to 

distinguish processors (which contain software components) and devices (which, at that level of 

abstraction, don't directly contain software). 

 Model the relationships among these processors and devices in a deployment diagram. Similarly, 

specify the relationship between the components in your system's implementation view and the 

nodes in your system's deployment view.  

 As necessary, expand on any intelligent devices by modeling their structure with a more detailed 

deployment diagram. 

 

For example, Figure shows the hardware for a simple autonomous robot. You'll find one node (Pentium 

motherboard) stereotyped as a processor. 

 
 
 

 

OBJECT ORIENTED DATABASE: 

Object oriented databases are also called Object Database Management Systems (ODBMS). Object 

databases store objects rather than data such as integers, strings or real numbers. Objects are used in 

object oriented languages such as Smalltalk, C++, Java, and others.  

     OR 

It is a database management system (DBMS) that supports the modelling and creation of data as objects. 

This includes some kind of support for classes of objects and the inheritance of class properties and 

methods by subclasses and their objects. 

 

 

 

Downloaded from  be.rgpvnotes.in

Page no: 20 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


Objects basically consist of the following: 

 

 Attributes - Attributes are data which defines the characteristics of an object. This data may be 

simple such as integers, strings, and real numbers or it may be a reference to a complex object. 

 Methods - Methods define the behavior of an object and are what was formally called 

procedures or functions. 

 

 
 

Therefore objects contain both executable code and data. There are other characteristics of objects such 

as whether methods or data can be accessed from outside the object. We don't consider this here, to 

keep the definition simple and to apply it to what an object database is. One other term worth 

mentioning is classes. Classes are used in object oriented programming to define the data and methods 

the object will contain. The class is like a template to the object. The class does not itself contain data or 

methods but defines the data and methods contained in the object. The class is used to create 

(instantiate) the object. Classes may be used in object databases to recreate parts of the object that may 

not actually be stored in the database. Methods may not be stored in the database and may be recreated 

by using a class. 

 

OBJECT ORIENTED FEATURES  

 User-defined data types  

 Nested objects  

 Containers: sets, lists, bags...  

 Methods (precursor: stored procs)  

 Preserve strong typing across interface  

 

When to Use Object Databases 

Object databases should be used when there is complex data and/or complex data relationships. This 

includes a many to many object relationship. Object databases should not be used when there would be 

few join tables and there are large volumes of simple transactional data. 

 

 

 

Object database work well with: 
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 CAS Applications (CASE-computer aided software engineering, CAD-computer aided design, 

CAM-computer aided manufacture) 

 Multimedia Applications 

 Object projects that change over time. 

 Commerce 

 

How Data is Stored 

Two basic methods are used to store objects by different database vendors. 

 Each object has a unique ID and is defined as a subclass of a base class, using inheritance to 

determine attributes. 

 Virtual memory mapping is used for object storage and management. 

Data transfers are either done on a per object basis or on a per page (normally 4K) basis 

 

RELATIONAL VS OBJECT ORIENTED DATABASE: 

 

Relational databases store data in tables that are two dimensional. The tables have rows and columns. 

Relational database tables are "normalized" so data is not repeated more often than necessary. All table 

columns depend on a primary key (a unique value in the column) to identify the column. Once the 

specific column is identified, data from one or more rows associated with that column may be obtained 

or changed. 

To put objects into relational databases, they must be described in terms of simple string, integer, or 

real number data. For instance in the case of an airplane. The wing may be placed in one table with rows 

and columns describing its dimensions and characteristics. The fusalage may be in another table, the 

propeller in another table, tires, and so on. 

Breaking complex information out into simple data takes time and is labour intensive. Code must be 

written to accomplish this task. 

 

Object Persistence 

With traditional databases, data manipulated by the application is transient and data in the database is 

persisted (Stored on a permanent storage device). In object databases, the application can manipulate 

both transient and persisted data. 

 

 
 

 

Object Database Advantages over RDBMS 
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 Objects don't require assembly and disassembly saving coding time and execution time to 

assemble or disassemble objects. 

 Reduced paging 

 Easier navigation 

 Better concurrency control - A hierarchy of objects may be locked. 

 Data model is based on the real world. 

 Works well for distributed architectures. 

 Less code required when applications are object oriented. 

 

Object Database Disadvantages compared to RDBMS 

 Lower efficiency when data is simple and relationships are simple. 

 Relational tables are simpler. 

 Late binding may slow access speed. 

 More user tools exist for RDBMS. 

 Standards for RDBMS are more stable. 

 Support for RDBMS is more certain and change is less likely to be required. 

 

ARCHITECTURE OF OBJECT ORIENTED DATABASE: 

This section describes the layers architecture in object oriented databases. Data are transfer from 

database server to client, which passes through six layers. These six layers have different responsibility 

do as per requirement. The fig shows the six layer architecture model for object oriented data model.  

 

1. Interaction layer  

The interaction layer is first layer of Six Layers Architecture Model for Object Oriented Databases. In this 

layer, user can interact with the databases. The user can send the data to databases as well as data can 

be retrieved from database to user. Robert Greene [9] has talking about individual operations within a 

transaction, and then there are lots of possibilities. To that end, I'm not sure what was Mariott's point 

about millions of objects needing to be locked and the impact of that in the object based architecture. 

 

2. Application layer  

The application is the second layer in this model. Robert Greene making that assumption, if by chance 

an early adopter chooses an ODB who's architecture was ill suited for their applications needs, the 

reasoning lead immediately to the conclusion that no ODB was suited to solve their needs. From this 

illogical thinking came the permeation of misconceptions regarding the OODB: they are too slow, they 

don't handle high concurrency, and they don't scale with large data. 

 

3. Administration Layer  

This layer is responsible for management of administrative information. This layer can change 

responsibility as per requirement. Cristina Ribeiroet al. disused the traditional administrative 

information, pharmaceutical companies, as knowledge intensive organizations, retain a large number of 

scientific records pertaining to their research and development activities. They also strict requirements 

of the quality system impose complex data as well as document workflows. The success in preserving 

complex structures like databases depends crucially on the amount of information that is lost in the 

process and this is inversely related to the amount of metadata included in the preservation package. In 

this model Administration layer control the flow of data as well as provide the permission to access the 

data. 

 

 

 

4 Security Layer  
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The security layer play important role in this model. The security layer is responsible to provide the full 

security to data and also provide to the security of application used to manage the data also. David 

Litchfield e a i ed the differe es et ee  the se urit  posture of Mi rosoft s SQL ser er a d Ora le s 
RDBMS based upon flaws reported by external security researchers and since fixed by the vendor. This 

layer can provide the authentication to the uses as well as the authentication to databases 

administrators. All the security concerned is considered in this layer. Who can use what type of data. 

 
Fig: Six layers Architecture Model for Object oriented database 

 

 

3.5 Virtual Layer  

M. Abdelguerfi et. al have shown that the main advantage in their approach is that the memory 

requirement of each slice processor is very small and is independent of input size. In this model the 

virtual layer manage the data virtually. This time the large volume of data are managed. The concept of 

virtual is to put the data outside the memory. As per the requirement the data are converted in real 

memory. In this ways, the problem to manage large data is solved.  

 

3.6 Paging Layer  

M. K. Mohania and N. L. Sarda described three level architecture for a DDedDBS which addresses the 

problems of partitioning and distributing a large rule base and efficient query handling. The paging layer 

is responsible to divide the data in the form of pages. The pages are managed easily. The data are divided 

into pages as the same size of page frame; the page frame is that dividing memory in equal number of 

partitions. In this way large volume of data can be managed efficiently. 

 

This model will be beneficial to manage the large and complex data. The large and complex data are 

managed efficiently in object oriented database management system. This model is developed by 

considering the all aspect of data. In this model data can passed through different layer and each layer 

con perform their duties separately. 

 

QUERY LANGUAGE FOR OBJECT ORIENTED DATABASE:  

Downloaded from  be.rgpvnotes.in

Page no: 24 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


Query languages are computer languages used to make queries in databases and information systems. 

Object Query Language (OQL) is a query language standard for object-oriented databases modelled 

after SQL. OQL was developed by the Object Data Management Group(ODMG). Because of its overall 

complexity nobody has ever fully implemented the complete OQL. OQL has influenced the design of 

some of the newer query languages like JDOQL and EJB QL, but they can't be considered as different 

flavours of OQL. 

 

General rules 

The following rules apply to OQL statements: 

 All complete statements must be terminated by a semi-colon. 

 A list of entries in OQL is usually separated by commas but not terminated by a comma (,). 

 Strings of text are enclosed by matching quotation marks. 

 

 Like SQL, OQL is a declarative (not procedural) language 

 For every class we can declare an extent = name for the current set of objects of the class. 

 Remember to refer to the extent, not the class name, in queries. 

 Two objects of the same type (instances of the same class) cannot be equal, but they may have the 

same values 

 

OQL Types 

 

 Basic types: string, integer, float, Boolean, character, enumerations, etc.   

 Type constructors:  

o Struct for structures.  

o Collection types: set, bag, list, array. (NOTE: dictionary is not supported)   Set(Struct()) and Bag(Struct()) play special roles akin to relations. 
 

Some Queries are: 

 

 SELECT, FROM, WHERE 

SELECT <list of values> 

FROM <list of collections and variable assignments> 

WHERE <condition> 

 

 Dot Notation & Path Expressions 

Let variables t and ta range over objects in extents (persistent names) of Tutors and TAs  

ta.salary -> real 

t.students -> set of tuples of type tuple(name: string, fee: real) representing students 

t.salary -> real 

 

 Subqueries in FROM Clause 

SELECT t.name 

FROM ( SELECT t FROM Tutors t WHERE t.salary > 300 ) r, r.students s 

WHERE s.fee > 30 

 

 Subqueries in WHERE Clause 

SELECT p.name  

FROM p in People  

WHERE not ( p.name in SELECT t.name FROM t in TAs ) 

 

 Set Operations and Aggregation 
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SELECT t.name 

FROM t in TAs  

WHERE t.salary = max ( select ta.salary from ta in TAs )< /FONT > 

 

 GROUP BY 

SELECT sname, avgFee: AVG(SELECT p.s.fee FROM partition p) 

FROM t in Tutors, t.students s< BR > GROUP BY sname: s.name< /FONT > 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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