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UNIT-1 

 
THE FIVE ATTRIBUTES OF A COMPLEX SYSTEM 

Considering the nature of this complexity, we conclude that there are five 

attributes common to all complex systems. 

HIERARCHIC STRUCTURE 

 
Building on the work of Simon and Ando, Courtois suggests the 

following: 

Frequently, complexity takes the form of a hierarchy, whereby a 

complex system is composed of interrelated subsystems that have in turn 

their own subsystems, and so on, until some lowest level of elementary 

components is reached.  

Simon points out that "the fact that many complex systems have a 

nearly decomposable, hierarchic structure is a major facilitating factor 

enabling us to understand, describe, and even 'see' such systems and their 

parts". Indeed, it is likely that we can understand only those systems that 

have a hierarchic structure. 

It is important to realize that the architecture of a complex system is a 

function of its components as well as the hierarchic relationships among 

these components. "All systems have subsystems and all systems are parts 

of larger systems. . . . The value added by a system must come from the 

relationships between the parts, not from the parts per se"  

 

The architecture of a complex system is a function of its components 

as well as the hierarchic relationships among these components. 

RELATIVE PRIMITIVES 
Regarding the nature of the primitive components of a complex 

system, our experience suggests that: 

The choice of what components in a system are primitive is relatively 

arbitrary and is largely up to the discretion of the observer of the system. 
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What is primitive for one observer may be at a much higher level of 

abstraction for another. 

SEPARATION OF CONCERNS 

 
Simon calls hierarchic systems decomposable because they can be 

divided into identifiable parts; he calls them nearly decomposable because 

their parts are not completely independent. This leads us to another attribute 

common to all complex systems: 

Intra component linkages are generally stronger than intercomponent 

linkages. This fact has the effect of separating the high-frequency dynamics 

of the components—involving the internal structure of the components—from 

the low-frequency dynamics—involving interaction among components. [10] 

This difference between intra- and inter component interactions provides a 

clear separation of concerns among the various parts of a system, making it 

possible to study each part in relative isolation. 

COMMON PATTERNS 

 
As we have discussed, many complex systems are implemented with 

an economy of expression. Simon thus notes that: 

Hierarchic systems are usually composed of only a few different kinds 

of subsystems in various combinations and arrangements.  

In other words, complex systems have common patterns. These 

patterns may involve the reuse of small components, such as the cells found 

in both plants and animals, or of larger structures, such as vascular systems, 

also found in both plants and animals. 

STABLE INTERMEDIATE FORMS 

 
Earlier, we noted that complex systems tend to evolve over time. 

Specifically, "complex systems will evolve from simple systems much more 

rapidly if there are stable intermediate forms than if there are not". In more 

dramatic terms: 

A complex system that works is invariably found to have evolved from 

a simple system that worked.... A complex system designed from scratch 
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never works and cannot be patched up to make it work. You have to start 

over, beginning with a working simple system. 

As systems evolve, objects that were once considered complex 

become the primitive objects on which more complex systems are built. 

Furthermore, we can never craft these primitive objects correctly the first 

time: We must use them in context first and then improve them over time as 

we learn more about the real behavior of the system. 

 

ORGANIZED AND DISORGANIZED COMPLEXITY 

 

The discovery of common abstractions and mechanisms greatly 

facilitates our understanding of complex systems. For example, with just a 

few minutes of orientation, an experienced pilot can step into a multiengine 

jet aircraft he or she has never flown before and safely fly the vehicle. 

Having recognized the properties common to all such aircraft, such as the 

functioning of the rudder, ailerons, and throttle, the pilot primarily needs to 

learn what properties are unique to that particular aircraft. If the pilot 

already knows how to fly a given aircraft, it is far easier to learn how to fly a 

similar one. 

THE CANONICAL FORM OF A COMPLEX SYSTEM 

 
This example suggests that we have been using the term hierarchy in 

a rather loose fashion. Most interesting systems do not embody a single 

hierarchy; instead, we find that many different hierarchies are usually 

present within the same complex system. For example, an aircraft may be 

studied by decomposing it into its propulsion system, flight-control system, 

and so on. This decomposition represents a structural, or "part of" hierarchy. 

Alternately, we can cut across the system in an entirely orthogonal way. For 

example, a turbofan engine is a specific kind of jet engine, and a Pratt and 

Whitney TF30 is a specific kind of turbofan engine. Stated another way, a jet 

engine represents a generalization of the properties common to every kind of 

jet engine; a turbofan engine is simply a specialized kind of jet engine, with 

properties that distinguish it, for example, from ramjet engines. 
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This second hierarchy represents an "is a" hierarchy. In our 

experience, we have found it essential to view a system from both 

perspectives, studying its "is a" hierarchy as well as its "part of" hierarchy. 

For reasons that will become clear in the next chapter, we call these 

hierarchies the class structure and the object structure of the system, 

respectively.  

For those of you who are familiar with object technology, let us be 

clear. In this case, where we are speaking of class structure and object 

structure, we are not referring to the classes and objects you create when 

coding your software. We are referring to classes and objects, at a higher 

level of abstraction, that make up complex systems, for example, a jet 

engine, an airframe, the various types of seats, an autopilot subsystem, and 

so forth. You will recall from the earlier discussion on the attributes of a 

complex system that whatever is considered primitive is relative to the 

observer. 

In Figure we see the two orthogonal hierarchies of the system: its 

class structure and its object structure. Each hierarchy is layered, with the 

more abstract classes and objects built on more primitive ones. What class or 

object is chosen as primitive is relative to the problem at hand. Looking 

inside any given level reveals yet another level of complexity. Especially 

among the parts of the object structure, there are close collaborations among 

objects at the same level of abstraction. 

 

Figure: The Key Hierarchies of Complex Systems 

Combining the concept of the class and object structures together with 

the five attributes of a complex system (hierarchy, relative primitives [i.e., 

multiple levels of abstraction], separation of concerns, patterns, and stable 

intermediate forms), we find that virtually all complex systems take on the 

same (canonical) form, as we show in Figure . Collectively, we speak of the 

class and object structures of a system as its architecture. 
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Figure  The Canonical Form of a Complex System 

Notice also that the class structure and the object structure are not 

completely independent; rather, each object in the object structure 

represents a specific instance of some class. (In Figure 1-2, note classes C3, 

C5, C7, and C8 and the number of the instances 03, 05, 07, and 08.) As the 

figure suggests, there are usually many more objects than classes of objects 

within a complex system. By showing the "part of" as well as the "is a" 

hierarchy, we explicitly expose the redundancy of the system under 

consideration. If we did not reveal a system's class structure, we would have 

to duplicate our knowledge about the properties of each individual part. With 

the inclusion of the class structure, we capture these common properties in 

one place. 

BRINGING ORDER TO CHAOS 

Certainly, there will always be geniuses among us, people of 

extraordinary skill who can do the work of a handful of mere mortal 

developers, the software engineering equivalents of Frank Lloyd Wright or 

Leonardo da Vinci. These are the people whom we seek to deploy as our 

system architects: the ones who devise innovative idioms, mechanisms, and 

frameworks that others can use as the architectural foundations of other 

applications or systems. However, "The world is only sparsely populated with 

geniuses. There is no reason to believe that the software engineering 

community has an inordinately large proportion of them" . Although there is 

a touch of genius in all of us, in the realm of industrial-strength software we 

cannot always rely on divine inspiration to carry us through. Therefore, we 

must consider more disciplined ways to master complexity. 
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THE ROLE OF DECOMPOSITION 

 
"The technique of mastering complexity has been known since ancient 

times: divide et impera (divide and rule)”. When designing a complex 

software system, it is essential to decompose it into smaller and smaller 

parts, each of which we may then refine independently. In this manner, we 

satisfy the very real constraint that exists on the channel capacity of human 

cognition: To understand any given level of a system, we need only 

comprehend a few parts (rather than all parts) at once. Indeed, as Parnas 

observes, intelligent decomposition directly addresses the inherent 

complexity of software by forcing a division of a system's state space. 

 

ALGORITHMIC DECOMPOSITION 
 

Most of us have been formally trained in the dogma of top-down 

structured design, and so we approach decomposition as a simple matter of 

algorithmic decomposition, wherein each module in the system denotes a 

major step in some overall process. Figure 1-3 is an example of one of the 

products of structured design, a structure chart that shows the relationships 

among various functional elements of the solution. This particular structure 

chart illustrates part of the design of a program that updates the content of a 

master file. It was automatically generated from a data flow diagram by an 

expert system tool that embodies the rules of structured design [18]. 

 

Figure 1-3 Algorithmic Decomposition 

OBJECT-ORIENTED DECOMPOSITION 

We suggest that there is an alternate decomposition possible for the 

same problem. In Figure 1-4, we have decomposed the system according to 

the key abstractions in the problem domain. Rather than decomposing the 
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problem into steps such as Get formatted update and Add checksum, we 

have identified objects such as Master File and Checksum, which derive 

directly from the vocabulary of the problem domain. 

 

Figure 1-4 Object-Oriented Decomposition 

Although both designs solve the same problem, they do so in quite 

different ways. In this second decomposition, we view the world as a set of 

autonomous agents that collaborate to perform some higher-level 

behavior. Get Formatted Update thus does not exist as an independent 

algorithm; rather, it is an operation associated with the object File of 

Updates. Calling this operation creates another object, Update to Card. In 

this manner, each object in our solution embodies its own unique behavior, 

and each one models some object in the real world. From this perspective, 

an object is simply a tangible entity that exhibits some well-defined behavior. 

Objects do things, and we ask them to perform what they do by sending 

them messages. Because our decomposition is based on objects and not 

algorithms, we call this an object-oriented decomposition. 

 

ALGORITHMIC VERSUS OBJECT-ORIENTED DECOMPOSITION 
 

Which is the right way to decompose a complex system—by algorithms 

or by objects? Actually, this is a trick question because the right answer is 

that both views are important: The algorithmic view highlights the ordering 

of events, and the object-oriented view emphasizes the agents that either 

cause action or are the subjects on which these operations act. 
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ON DESIGNING COMPLEX SYSTEMS 

 

The practice of every engineering discipline—be it civil, mechanical, 

chemical, electrical, or software engineering—involves elements of both 

science and art. As Petroski eloquently states, "The conception of a design 

for a new structure can involve as much a leap of the imagination and as 

much a synthesis of experience and knowledge as any artist is required to 

bring to his canvas or paper. And once that design is articulated by the 

engineer as artist, it must be analyzed by the engineer as scientist in as 

rigorous an application of the scientific method as any scientist must make" 

[38]. Similarly, Dijkstra observes, "the programming challenge is a large-

scale exercise in applied abstraction and thus requires the abilities of the 

formal mathematician blended with the attitude of the competent engineer"  

 

THE MEANING OF DESIGN 

 
In every engineering discipline, design encompasses the disciplined 

approach we use to invent a solution for some problem, thus providing a 

path from requirements to implementation. In the context of software 

engineering, Mostow suggests that the purpose of design is to construct a 

system that: 

 Satisfies a given (perhaps informal) functional specification 

 Conforms to limitations of the target medium 

 Meets implicit or explicit requirements on performance and resource 

usage 

 Satisfies implicit or explicit design criteria on the form of the artifact 

 Satisfies restrictions on the design process itself, such as its length or 

cost, or the tools available for doing the design 

 

 

 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



 

SVCE  9                                                       Dept. of CSE 
 

OBJECT ORIENTED METHODOLGY 

Object model 

 Object-oriented technology is built upon a sound engineering 

foundation, whose elements we collectively call the object model. The object 

model encompasses the principles of abstraction, encapsulation, modularity, 

hierarchy, typing, concurrency, and persistence.  

 

How you differentiate the object oriented model and traditional 

structured? 

OOM requires a different way of thinking about decomposition, and it 

produces software architectures that are largely outside the realm of the 

structured design culture. These differences arise from the fact that 

structured design methods build upon structured programming, whereas 

object-oriented design builds upon object-oriented programming. 

Unfortunately, object-oriented programming means different things to 

different people. 

 

Foundations of the object model 

Object-oriented design methods have evolved to help developers 

exploit the expressive power of object-based and object-oriented 

programming languages, using the class and object as basic building blocks.

 Levy adds that the following events have contributed to the evolution 

of object-oriented concepts:  

 

• "Advances in computer architecture, including capability systems and 

hardware support for operating systems concepts 

• Advances in programming languages, as demonstrated in Simula, 

Smalltalk, CLU, and Ada 

• Advances in programming methodology, including modularization and 

information hiding" 
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We would add to this list three more contributions to the foundation of the 

object model: 

• Advances in database models 

• Research in artificial intelligence 

• Advances in philosophy and cognitive science 

 

Elements of the object model 

They further suggest that there are five main kinds of programming styles, 

here listed with the kinds of abstractions they employ: 

• Procedure-oriented Algorithms 

• Object-oriented Classes and objects 

• Logic-oriented Goals, often expressed in a predicate calculus 

• Rule-oriented If-then rules 

• Constraint-oriented Invariant relationships 

 

Rule-oriented programming would be best for the design of a 

knowledge base, and procedure-oriented programming would be best suited 

for the design of computation-intense operations. From our experience, the 

object-oriented style is best suited to the broadest set of applications; 

indeed, this programming paradigm often serves as the architectural 

framework in which we employ other paradigms. Each of these styles of 

programming is based upon its own conceptual framework. Each requires a 

different mindset, a different way of thinking about the problem. For all 

things object-oriented, the conceptual framework is the object model.  

 

There are four major elements of this model: 

• Abstraction 

• Encapsulation 

• Modularity 

• Hierarchy 

By major, we mean that a model without any one of these elements is not 

object-oriented. 
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There are three minor elements of the object model 

 Typing 

 Concurrency 

 Persistence 
By minor, we mean that each of these elements is a useful, but not essential, 

part of the object Model. 

 

Abstraction 

An abstraction denotes the essential characteristics of an object that 

distinguish it from all other kinds of objects and thus provide crisply defined 

conceptual boundaries, relative to the perspective of the viewer.List the 

different types of abstraction 

 

Entity abstraction 

An object that represents a useful model of a problem domain or 

solution-domain entity 

 

Action abstraction 

An object that provides a generalized set of operations, all of which 

perform the same kind of function 

 

Virtual machine abstraction 

An object that groups together operations that are all used by some 

superior level of control, or operations that all use some junior-level set of 

operations. 

 

Coincidental abstraction  

An object that: packages a set of operations that have no relation to 

each other 
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Encapsulation 

Encapsulation is the process of compartmentalizing the elements of an 

abstraction that constitute its structure and behavior; encapsulation serves 

to separate the contractual interface of an abstraction and its 

implementation. 

 

Modularity 

Modularity is the property of a system that has been decomposed into 

a set of cohesive and loosely coupled modules. 

 

Hierarchy 

Hierarchy is a ranking or ordering of abstractions. 

 

Typing  

Typing is the enforcement Of the class of an object, such, that objects 

of different types may not be interchanged, or at the most, they may be 

interchanged only in very restricted ways. 

 

Concurrency 

Concurrency is tbe properly that distinguisbes an active object from 

one tbat is not active. 

 

Persistence  

Persistence is theproperty of an object tbrougb which its existence 

transcends time (i.e. tbe object continues to exist after its creator ceases to 

exist) and/or space (i. e. the objects location moves from the address space 

in wbich it was created). 
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UNIT-2 

THE NATURE OF AN OBJECT 

 An object has state, behavior, and identity; the structure and behavior 

of similar objects are defined in their common class; the terms instance and 

object are interchangeable. 

 The state of an object encompasses all of the (usually static) 

properties of tbe object plus tbe current(usually dynamic) values of each of 

these properties. 

The Meaning of Behavior No object exists in isolation. Rather, objects 

are acted upon, and themselves act upon other objects. Thus, we may say 

that Behavior is how an object acts and reacts, in terms of its state changes 

and message passing. 

 

“Identity is that property of an object which distinguishes it from all 

other objects "  

 

RELATIONSHIPS AMONG OBJECTS 

The relationship between any two objects encompasses the 

assumptions that each makes About the other, including what operations can 

be performed and what behavior results. We have found that two kinds of 

object hierarchies are of particular interest in object-oriented analysis and 

design, namely: 

• Links 

• Aggregation 
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Figure Link 

 Link is a "physical or conceptual connection between objects". An 

object collaborates with other objects through its links to these objects. 

 

A line between two object icons represents the existence of a link 

between the two and means that messages may pass along this path. 

Messages are shown as directed lines  epresenting the direction of the 

message, with a label naming the message itself. For example, here we see 

that the object aController has links to two instances of DisplayItem (the 

objects a and b). Although both a and b probably have links to the view in 

which they are shown, we have chosen to highlight only once such link,from 

a to aView. Only across these links may one object send messages to 

another. 

 

As a participant in a link, an object may play one of three roles: 

 

• Actor An object that can operate upon other objects but is never operated 

upon by other objects; in some contexts, the terms active object and actor 

are interchangeable 
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• Server An object that never operates upon other objects; it is only 

operated upon by other objects 

• Agent An object that can both operate upon other objects and be operated 

upon by other objects; an agent is usually created to do some work on behalf 

of an actor or another agent 

 

THE NATURE OF A CLASS 

A class is a set of objects that share a common structure and a 

common behavior. 

The concepts of a class and an object are tightly interwoven, for we 

cannot talk about an object without regard for its class. However, there are 

important differences between these two terms. Whereas an object is a 

concrete entity that exists in time and space, a class represents only an 

abstraction, the “essence" of an object, as it were. Thus, we may speak of 

the class Mammal, which represents the characteristics common to all 

mammals. To identify a particular mammal in this class, we must speak of 

"this mammal” or "that mammal." 

 

The interface of a class provides its outside view and therefore 

emphasizes the abstraction while hiding its structure and the secrets of its 

behavior. This interface primarily consists of the declarations of all the 

operations applicable to instances of this class, but it may also include the 

declaration of other classes, constants, variables, and exceptions as needed 

to complete the abstraction. By contrast, the implementation of a class is its 

inside view, which encompasses the secrets of its behavior. The 

implementation of a class primarily consists of the implementation of all of 

the operations defined in the interface of the class. 

 

We can further divide the interface of a class into three parts: 

 

• Public A declaration that is accessible to all clients 
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• Protected A declaration that is accessible only to the class itself, its 

subclasses, and its friends 

• Private A declaration that is accessible only to the class itself and its friends 

 

Relationships among Classes 

Kinds of Relationships 

Consider for a moment the similarities and differences among the 

following classes of objects:  flowers, daisies, red roses, yellow roses, petals, 

and ladybugs. We can make the following observations: 

 

• A daisy is a kind of flower. 

• A rose is a (different) kind of flower. 

• Red roses and yellow roses are both kinds of roses. 

• A petal is a part of both kinds of flowers. 

• Ladybugs eat certain pests such as aphids, which may be infesting certain 

kinds of flowers. 

 

 

From this simple example we conclude that classes, like objects, do 

not exist in isolation. Rather, for a particular problem domain, the key 

abstractions are usually related in a variety of interesting ways, forming the 

class structure of our design.We establish relationships between two classes 

for one of two reasons. First, a class relationship might indicate some sort of 

sharing. For example, daisies and roses are both kinds of flowers, meaning 

that both have brightly colored petals, both emit a fragrance, and so on. 

Second, a class relationship might indicate some kind of semantic 

connection. Thus, we say that red roses and yellow roses are more alike than 

are daisies and roses, and daisies and roses are more closely related than 

are petals and flowers. Similarly, there is a symbiotic connection between 

ladybugs and flowers: ladybugs protect flowers from certain pests, which in 

tum serve as a food source for the ladybug. 
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In all, there are three basic kinds of class relationships. The first of 

these is  generalization/specialization, denoting an "is a" relationship. For 

instance, a rose is a kind of flower, meaning that a rose is a specialized 

subclass of the more general class, flower. The second is whole/part, which 

denotes a "part of" relationship. Thus, a petal is not a kind of a flower; it is a 

part of a flower. The third is association, which denotes some semantic 

dependency among otherwise unrelated classes, such as between ladybugs 

and flowers. As  another example, roses and candles are largely independent 

classes, but they both represent things that we might use to decorate a 

dinner table. 

Common approaches have evolved in programming languages to 

capture generalization/specialization, whole/part, and association 

relationships. Specifically, most object-oriented languages provide direct 

support for some combination of the following relationships: 

 

• Association 

• Inheritance 

• Aggregation 

• Using 

• Instantiation 

• Metaclass 

 

Of these six different kinds of class relationships, associations are the 

most general but also the most semantically weak. Inheritance is perhaps 

the most semantically interesting of these concrete relationships, and exists 

to express generalization/specialization relationships. In our experience, 

however, inheritance is an insufficient means of expressing all of the rich 

relationships that may exist among the key abstractions in a given problem 

domain. We also need aggregation relationships, which provide the 

whole/part relationships manifested in the class's instances. Additionally, we 

need using relationships, which establish the links among the class's 

instances 
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ASSOCIATION 

 

We may show a simple association between these two classes: the 

class Product denotes the products sold as part of a sale, and the class Sale 

denotes the transaction through which several products were last sold. By 

implication, this association suggests bidirectional navigation: given an 

instance of Product, we should be able to locate the object denoting its sale, 

and given an instance of Sale, we should be able to locate all the products 

sold during the transaction. 

 

 

 

SEMANTIC DEPENDENCIES 

 

An association only denotes a semantic dependency and does not state 

the direction of this dependency (unless otherwise stated, an association 

implies bidirectional navigation, as in our example), nor does it state the 

exact way in which one class relates to another (we can only imply these 

semantics by naming the role each class plays in relationship with the other). 

However, these semantics are sufficient during the analysis of a problem, at 

which time we need only to identily such dependencies. Through the creation 

of associations, we come to capture the participants in a semantic 

relationship, their roles, and, as we will discuss, their cardinality. 

 

Cardinality Our example introduced a one-to-many association, 

meaning that for each instance of the class Sale, there are zero or more 

instances of the class Product, and for each product, there is exactly one 

sale. This multiplicity denotes the cardinality of the association.  
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In practice, there are three common kinds of cardinality across an 

association: 

 

 One-to-one 

 One-to-many 

 Many-to-many 

 

INHERITANCE 

 

A subclass may inherit the structure and behavior of its superdass. 

 

QUALITY CLASSES AND OBJECTS 

 

 "A system should be built with a minimum set of unchangeable parts; 

those parts should be as general as possible; and all parts of the system 

should be held in a uniform framework" 

 

We suggest five meaningful metrics: 

 

• Coupling 

• Cohesion 

• Sufficiency 

• Completeness  

 

Message passing may thus take one of the following forms: 

 

• Synchronous An operation commences only when the sender has initiated 

the action and the receiver is ready to accept the message; the sender and 

receiver will wait indefinitely until both parties are ready to proceed. 

• Balking The same as synchronous, except that the sender will abandon the 

operation if the receiver is not immediately ready.  
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• Timeout The same as synchronous, except that the sender will only wait for 

a specified amount of time for the receiver to be ready. 

• Asynchronous A sender may initiate an action regardless of whether the 

receiver is expecting the message. 

 

CLASSIFICATION 

               In object-oriented design, recognizing the sameness among things 

allows us to expose the commonality within key abstractions and 

mechanisms, and eventually leads us to smaller and simpler architectures 

 

1. THE IMPORTANCE OF PROPER CLASSIFICATION 

 

Classification and object-oriented development 

 

 The identification of classes and objects is the hardest part of object-

oriented analysis and design. 

 Our experience shows that identification involve both discovery and 

invention. 

 Through discovery, we come to recognize the key abstractions and 

mechanisms that form the vocabulary of our problem domain.  

 Through invention, we devise generalized abstractions as well as new 

mechanisms that specify how objects collaborate. 

 Ultimately, discovery and invention are both problems of classification, 

and classification is fundamentally a problem of 

 finding sameness. When we classify, we seek to group things that 

have a common structure or exhibit a common behavior. 

 Intelligent classification is actually a part of all good science. 

 As Michalski and Step observe, "An omnipresent problem in science is 

to construct meaningful classifications of observed objects or situations. 

 Such classifications facilitate human comprehension of the 

observations and the subsequent development of a scientific theory" .  
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 In the domain of building architecture and city planning, Alexander 

notes that, for the architect, "his act of design, whether humble, or 

gigantically complex, is governed entirely by the patterns he has in his mind 

at that moment, and his ability to combine these patterns to form a new 

design" .  

 Classification helps us to identify generalization, specialization, and 

aggregation hierarchies among classes.  

 By recognizing the common pattems of interaction among objects, we 

come to invent the mechanisms that serve as the soul of our implementation. 

 

 Classification also guides us in making decisions about modularization. 

 

 We may choose to place certain classes and objects together in the 

same module or in different modules, depending upon the sameness we find 

among these declarations; coupling and cohesion are simply measures of this 

sameness.  

 

 Classification also plays a role in allocating processes to processors.  

 

 We place certain processes together in the same processor or different 

processors, depending upon packaging, performance, or reliability concerns. 

 

1. The incremental and lterative nature of classification:-  

 

 The intelligent classification is intellectually hard work, and that it best 

comes about through an incremental and iterative process.  

 

 This incremental and iterative nature is evident in the development of 

such diverse software Technologies as graphical user interfaces, database 

standards, and even fourth-generation languages. 
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 As Shaw has observed in software engineering, "The development of 

individual abstractions often follows a common pattern. First, problems are 

solved ad hoc. 

 

 As experience accumulates, some solutions turn out to work better 

than others, and a sort of folklore is passed informally from person to 

person.  

 

 Eventually, the useful solutions are understood more systematically, 

and they are codified and analyzed.  

 

 This enables the development of models that support automatic 

implementation and theories that allow the generalization of the solution. 

 

 This in turn enables a more sophisticated level of practice and allows 

us to tackle harder problems - which we often approach ad hoc, starting the 

cycle over again"  

 

2. Identifying classes and objects classical and modern approaches 

 

 The problem of classification has been the concern of countless 

philosophers, linguists, 

Cognitive scientists, and mathematicians, even since before the time of Plato.  

 

 It is reasonable to study their experiences and apply what we learn to 

object-oriented design.  

 

 Historically, there have only been three general approaches to 

classification: 

 

• Classical categorization 

• Conceptual clustering 
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• Prototype theory  

 

a) Classical categorization : 

 

In the classical approach to categorization, "All the entities that have a 

given property or collection of properties in common form a category. 

 

Such properties are necessary and sufficient to define the category". 

 

  For example, married people constitute a category: one is either 

married or not, and the value of this property is sufficient to decide to which 

group a particular person belongs.  

 

On the other hand, tall people do not form a category, unless we can 

agree to some absolute criteria for what distinguishes the property of tall 

from short. 

 

The classical approach to categorization is also reflected in modern 

theories of child development.  

 

Piaget observed that around the age of one, a child typically develops 

the concept of object permanence; shortly thereafter, the child acquires skills 

in classifying these objects, first using basic categories such as dogs, cats, 

and toys . 

B) Conceptual clustering:-  

 

 Conceptual clustering is a more modern variation of the classical 

approach, and largely derives from attempts to explain how knowledge is 

represented.  
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 As Stepp and Michalski state, "In this approach, classes (clusters of 

entities) are generated by first formulating conceptual descriptions of these 

classes and then classifying the entities according to the descriptions" . 

 

 For example, we may state a concept such as "a love song." 

 

 This is a concept more than a property, for the "love songness" of any 

song is not something 

that may be measured empirically.  

 

 However, if we decide that a certain song is more of a love song than 

not, we place it in this category. Thus, conceptual clustering represents more 

of a probabilistic clustering of objects. 

 

 Conceptual clustering is closely related to fuzzy (multivalue) set 

theory, in which objects may 

belong to one or more groups, in varying degrees of fitness. 

 

 Conceptual clustering makes absolute judgments of classification by 

focusing upon the "best fit." 

 

C) Prototype theory:-  

 

Classical categorization and conceptual clustering are sufficiently 

expressive to account for most of the classifications we ever need in the 

design of complex software systems.  

 

However, there are still some situations in which these approaches are 

inadequate.  
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This leads us to the more recent approach to classification, called 

prototype theory, which derives primarily from the work of Rosch and her 

colleagues in the field of cognitive psychology . 

Object-oriented analysis 

 

The boundaries between analysis and design are fuzzy, although the 

focus of each is quite distinct. 

 

  In analysis, we seek to model the world by discovering the classes and 

objects that form the vocabulary of the problem domain, and in design, we 

invent the abstractions and mechanisms that provide the behavior that this 

model requires 

 

I) classical approaches:-  

 

A number of methodologists have proposed various sources of classes 

and objects, derived from the requirements of the problem domain.  

 

We call these approaches classical because they derive primarily from 

the principles of classical categorization. 

 

For example, Shlaer and Mellor suegest that candidate classes and 

objects usually come from one of the following sources : 
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Behavior analysis:-  

 

  Whereas these classical approaches focus upon tangible things in the 

problem domain, another school of thought in object-oriented analysis 

focuses upon dynamic behavior as the primary source of classes and objects. 

 

  These approaches are more akin to conceptual clustering: we form 

classes based upon groups of objects that exhibit similar behavior. 

 

"The knowledge an object maintains and the actions an object can 

perform. Responsibilities are meant to convey a sense of the purpose of an 

object and its place in the system.  
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The responsibilities of an object are all the services it provides for all of 

the contracts it supports". 

 

 In this manner, we group things that have common responsibilities, 

and form hierarchies of classes involving superclasses that embody general 

responsibilities and subclasses that specialize their behavior. 

 

Domain analysis :-  

 

The principles we have dis'cussed thus far are typically applied to the 

development of single, specific applications.  

 

Domain analysis, on the other hand, seeks to identify the classes and 

objects that are common to all applications within a given domain, such as 

patient record tracking, bond trading, compilers, or missile avionics systems. 

If you are in the midst of a design and stuck for ideas as to the key 

abstractions that exist, a narrow domain analysis can help by pointing you to 

the key abstractions that have proven useful in other related systems.  

 

Domain analysis works well because, except for special situations, 

there are very few truly unique kinds of software systems. 

 

The idea of domain analysis was first suggested by Neighbors. We 

define domain analysis as “an attempt to identify the objects, operations, 

and relationships that domain experts perceive to be important about the 

domain" .  

 

Moore and Bailin suggest the following steps in domain analysis: 

 

• "Construct a strawman generic model of the domain by consulting with 

domain experts. 
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• Examine existing systems within the domain and represent this 

understanding in a common format. 

• Identify similarities and differences between the systems by consulting with 

domain experts. 

• Refine the generic model to accommodate existing systems"  

. 

Use-case analysis:-  

 

 In isolation, the practices of classical analysis, behavior analysis, and 

domain analysis all depend upon a large measure of personal experience on 

the part of the analyst.  

 

 For the majority of development projects, this is unacceptable, 

because such a process is neither deterministic nor predictably successful. 

 

Key abstractions and mechanisms identifying key abstractions 

 

Finding key abstractions:-  

 

A key abstraction is a class or object that forms part of the vocabulary 

of the problem domain. 

 

  The primary value of identifying such abstractions is that they give 

boundaries to our problem; they highlight the things that are in the system 

and therefore relevant to our design, and suppress the things that are 

outside the system and therefore superfluous.  

 

The identification of key abstractions is highly domain-specific. 

 

The identification of key abstractions involves two processes: 

Discovery and Invention.  
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Discovery- we come to recognize the abstractions used by domain 

experts; if the domain expert talks about it, then the abstraction is usually 

important 

 

Invention -  we create new classes and objects that are not necessarily 

part of the problem domain, but are useful artifacts in the design or 

implementation.  

 

Refining key abstractions:-  

 

Once we identify a certain key abstraction as a candidate, we must 

evaluate it according to the metrics described in the previous chapter.  

 

As Stroustrup suggests, "Often this means that the programmer must focus 

on the questions: 

 

 How are objects of this class created?  

 Can objects of this class be copied and/or destroyed?  

 What operations can be done on such objects?  

 If there are no good answers to such questions, the concept probably 

wasn't 'clean' in the first place, and it might be a good idea to think a bit 

more about the problem and the proposed solution instead of immediately 

starting to 'code around' the problems 

 

We offer the following suggestions: 

 

o Objects should be named with proper noun phrases, such as 

theSensor or just simply 

shape. 

o Classes should be named with common noun phrases, such as 

Sensors or Shapes. 
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o Modifier operations should be named with active verb phrases, such as 

draw or moveLeft. 

o Selector operations should imply a query or be named with verbs the 

form "to be," 

such as extentOf or is0pen. 

o The use of underscores and styles of capitalization are largely matters 

of personal taste. 

o No matter which cosmetic style you use, at least have your programs 

be selfconsistent. 

 

Identifying mechanisms 

 

Finding mechanisms:-  

 

The term mechanism to describe any structure whereby objects 

collaborate to provide some behavior that satisfies a requirement of the 

problem. 

 

 Whereas the design of a class embodies the knowledge of how individual 

objects behave, a mechanism is a design decision about how collections of 

objects cooperate. 

 

Mechanisms thus represent patterns of behavior. 

o A mechanical linkage from the accelerator to the carburetor (the most 

common mechanism). 

 

o An electronic linkage from a pressure sensor below the accelerator to a 

computer that controls the carburetor (a drive-by-wire mechanism). 

 

o No linkage exists; the gas tank is placed on the roof of the car, and 

gravity causes fuel to flow to the engine. Its rate of flow is regulated by a clip 
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around the fuel line; pushing on the accelerator pedal eases tension on the 

clip, causing the fuel to flow faster (a low-cost mechanism). 

 

Categorization 

 

Categorization is the process in which ideas and objects are 

recognized, differentiated and understood [1]. Categorization implies that 

objects are grouped into categories, usually for some specific purpose. 

Ideally, a category illuminates a relationship between the subjects and 

objects of knowledge. Categorization is fundamental in language, prediction, 

inference, decision making and in all kinds of environmental interaction. It is 

indicated that categorization plays a major role in programming[2]. 

 

There are many categorization theories and techniques. In a broader 

historical view, however, three general approaches to categorization may be 

identified: 

 

 

 Classical categorization  

 Conceptual clustering  

 Prototype theory  

 

The classical view 

 

Classical categorization comes to us first from Plato, who, in his 

Statesman dialogue, introduces the approach of grouping objects based on 

their similar properties. This approach was further explored and systematized 

by Aristotle in his Categories treatise, where he analyzes the differences 

between classes and objects. Aristotle also applied intensively the classical 

categorization scheme in his approach to the classification of living beings 

(which uses the technique of applying successive narrowing questions such 

as "Is it an animal or vegetable?", "How many feet does it have?", "Does it 
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have fur or feathers?", "Can it fly?"...), this way the basis for natural 

taxonomy. 

 

The classical Aristotelian view claims that categories are discrete 

entities characterized by a set of properties which are shared by their 

members. In analytic philosophy, these properties are assumed to establish 

the conditions which are both necessary and sufficient conditions to capture 

meaning. 

 

According to the classical view, categories should be clearly defined, mutually 

exclusive and collectively exhaustive. This way, any entity of the given 

classification universe belongs unequivocally to one, and only one, of the 

proposed categories. 

 

Conceptual clustering 

 

Conceptual clustering is a modern variation of the classical approach, 

and derives from attempts to explain how knowledge is represented. In this 

approach, classes (clusters or entities) are generated by first formulating 

their conceptual descriptions and then classifying the entities according to 

the descriptions. 

 

Conceptual clustering developed mainly during the 1980s, as a machine 

paradigm for unsupervised learning. It is distinguished from ordinary data 

clustering by generating a concept description for each generated category. 

Categorization tasks in which category labels are provided to the learner for 

certain objects are referred to as supervised classification, supervised 

learning, or concept learning. Categorization tasks in which no labels are 

supplied are referred to as unsupervised classification, unsupervised learning, 

or data clustering. The task of supervised classification involves extracting 

information from the labeled examples that allows accurate prediction of 

class labels of future examples. This may involve the abstraction of a rule or 
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concept relating observed object features to category labels, or it may not 

involve abstraction (e.g., exemplar models). The task of clustering involves 

recognizing inherent structure in a data set and grouping objects together by 

similarity into classes. It is thus a process of generating a classification 

structure. 

 

Conceptual clustering is closely related to fuzzy set theory, in which objects 

may belong to one or more groups, in varying degrees of fitness. 

 

 Prototype theory 

 

Since the research by Eleanor Rosch and George Lakoff in the 1970s, 

categorization can also be viewed as the process of grouping things based on 

prototypes - the idea of necessary and sufficient conditions is almost never 

met in categories of naturally occurring things. It has also been suggested 

that categorization based on prototypes is the basis for human development, 

and that this learning relies on learning about the world via embodiment. 

 

A cognitive approach accepts that natural categories are graded (they 

tend to be fuzzy at their boundaries) and inconsistent in the status of their 

constituent members. 

 

Systems of categories are not objectively "out there" in the world but 

are rooted in people's experience. Conceptual categories are not identical for 

different cultures, or indeed, for every individual in the same culture. 

 

Categories form part of a hierarchical structure when applied to such 

subjects as taxonomy in biological classification: higher level: life-form level, 

middle level: generic or genus level, and lower level: the species level. These 

can be distinguished by certain traits that put an item in its distinctive 

category. But even these can be arbitrary and are subject to revision. 
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Categories at the middle level are perceptually and conceptually the more 

salient. The generic level of a category tends to elicit the most responses and 

richest images and seems to be the psychologically basic level. Typical 

taxonomies in zoology for example exhibit categorization at the embodied 

level, with similarities leading to formulation of "higher" categories, and 

differences leading to differentiation within categories.      
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UNIT -3 

UML INTRODUCTION 

 

 Unified Modeling Language (UML) is a standardized general-

purpose modeling language in the field of object-oriented software 

engineering. The standard is managed, and was created, by the Object 

Management Group. It was first added to the list of OMG adopted 

technologies in 1997, and has since become the industry standard for 

modeling software-intensive systems.  

 

UML includes a set of graphic notation techniques to create visual models of 

object-oriented software-intensive systems. 

 

1. used for both database and software modeling 

2. version 1.1 was adopted in November 1997 by the Object 

Management Group (OMG) as a standard language for object-oriented 

analysis and design  

3. Initially based on a combination of the Booch, OMT (Object Modeling 

Technique) and OOSE (Object-Oriented Software Engineering) methods, UML 

was refined and extended by a consortium of several companies, and is 

undergoing minor revisions by the OMG Revision Task Force. 

4. Ivar Jacobson is known as the father of Use Cases.  

 

The Unified Modeling Language (UML) is used to specify, visualize, 

modify, construct and document the artifacts of an object-oriented software-

intensive system under development. UML offers a standard way to visualize 

a system's architectural blueprints, including elements such as: 

 

 activities  

 actors  

 business processes  

 database schemas  
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 (logical) components  

 programming language statements  

 Reusable software components.  

 

UML combines techniques from data modeling (entity relationship 

diagrams), business modeling (work flows), object modeling, and component 

modeling. It can be used with all processes, throughout the software 

development life cycle, and across different implementation technologies. 

UML has synthesized the notations of the Booch method, the Object-

modeling technique (OMT) and Object-oriented software engineering (OOSE) 

by fusing them into a single, common and widely usable modeling language. 

UML aims to be a standard modeling language which can model concurrent 

and distributed systems. UML is a de facto industry standard, and is evolving 

under the auspices of the Object Management Group (OMG). 

 

The Unified Modeling Language (UML) is a standard  language for 

specifying, visualizing, constructing, and documenting the artifacts of 

software systems, as well as for business modeling and other non-software 

systems. The UML represents a collection of best engineering practices that 

have proven successful in the modeling of large and complex systems.1  The 

UML is a very important part of developing object oriented software and the 

software development process.  The UML uses mostly graphical notations to 

express the design of software projects.  Using the UML helps project teams 

communicate, explore potential designs, and validate the architectural design 

of the software. 
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GOALS OF UML 

 

The primary goals in the design of the UML were: 

 

1. Provide users with a ready-to-use, expressive visual modeling 

language so they can develop and exchange meaningful models.  

2. Provide extensibility and specialization mechanisms to extend the core 

concepts.  

3. Be independent of particular programming languages and development 

processes.  

4. Provide a formal basis for understanding the modeling language.  

5. Encourage the growth of the OO tools market.  

6. Support higher-level development concepts such as collaborations, 

frameworks, patterns and components.  

7. Integrate best practices.  

 

WHY USE UML? 

 

As the strategic value of software increases for many companies, the 

industry looks for techniques to automate the production of software and to 

improve quality and reduce cost and time-to-market. These techniques 

include component technology, visual programming, patterns and 

frameworks. Businesses also seek techniques to manage the complexity of 

systems as they increase in scope and scale. In particular, they recognize the 

need to solve recurring architectural problems, such as physical distribution, 

concurrency, replication, security, load balancing and fault tolerance. 

Additionally, the development for the World Wide Web, while making some 

things simpler, has exacerbated these architectural problems. The Unified 

Modeling Language (UML) was designed to respond to these needs. 
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Each UML diagram is designed to let developers and customers view a 

software system from a different perspective and in varying degrees of 

abstraction. UML diagrams commonly created in visual modeling tools 

include:1 

 

 

CONCEPTUAL MODEL OF UML 

As UML describes the real time systems it is very important to make a 

conceptual model and then proceed gradually. Conceptual model of UML can 

be mastered by learning the following three major elements: 

 

 

 

 UML building blocks  

 Rules to connect the building blocks  

 Common mechanisms of UML  

 

The building blocks of UML can be defined as: 

 

 Things  

 Relationships  

 Diagrams  

 

(1) Things: 

 

Things are the most important building blocks of UML. Things can be: 

 Structural  

 Behavioral  

 Grouping  

 Annotational  
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Structural things: 

 

The Structural things define the static part of the model. They represent 

physical and conceptual elements. Following are the brief descriptions of the 

structural things. 

 

Class: 

Class represents set of objects having similar responsibilities. 

 

Interface: 

Interface defines a set of operations which specify the responsibility of a 

class. 

 

Collaboration: 

Collaboration defines interaction between elements. 

 

Use case: 

Use case represents a set of actions performed by a system for a specific 

goal. 

 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



 

SVCE  40                                                       Dept. of CSE 
 

Component: 

Component describes physical part of a system. 

 

 

Node: 

A node can be defined as a physical element that exists at run time. 

 

 

Behavioral things: 

 

A behavioral thing consists of the dynamic parts of UML models. Following 

are the behavioral things: 

 

Interaction: 

 

Interaction is defined as a behavior that consists of a group of messages 

exchanged among elements to accomplish a specific task. 

 

 

State machine: 
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State machine is useful when the state of an object in its life cycle is 

important. It defines the sequence of states an object goes through in 

response to events. Events are external factors responsible for state change. 

 

Grouping things: 

Grouping things can be defined as a mechanism to group elements 

of a UML model together. There is only one grouping thing available: 

Package: 

Package is the only one grouping thing available for gathering 

structural and behavioral things. 

 

 

 

Annotational things: 

Annotational things can be defined as a mechanism to capture 

remarks, descriptions, and comments of UML model elements. Note is the 

only one Annotational thing available. 

Note: 

A note is used to render comments, constraints etc of an UML element. 
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(2) Relationship: 

 

Relationship is another most important building block of UML. It 

shows how elements are associated with each other and this association 

describes the functionality of an application. 

 

There are four kinds of relationships available. 

 

Dependency: 

 

Dependency is a relationship between two things in which change in one 

element also affects the other one. 

 

Association: 

 

Association is basically a set of links that connects elements of an UML 

model. It also describes how many objects are taking part in that 

relationship. 
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Generalization: 

 

Generalization can be defined as a relationship which connects a specialized 

element with a generalized element. It basically describes inheritance 

relationship in the world of objects. 

 

 

Realization: 

 

Realization can be defined as a relationship in which two elements are 

connected. One element describes some responsibility which is not 

implemented and the other one implements them. This relationship exists in 

case of interfaces. 

 

 

(3) UML Diagrams: 

 

UML diagrams are the ultimate output of the entire discussion. All the 

elements, relationships are used to make a complete UML diagram and the 

diagram represents a system. 

 

The visual effect of the UML diagram is the most important part of the entire 

process. All the other elements are used to make it a complete one. 
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UML includes the following nine diagrams and the details are described in the 

following chapters. 

 

1. Class 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. Component diagrams are variants of 

class diagrams. 

 

2. Object diagram  

 

        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. 

3. Use case diagram  

 

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. 

 

4. Sequence diagram  

 sequence diagram is an interaction diagram that emphasizes the time-

ordering of messages; 
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5. Collaboration diagram  

Collaboration diagram is an interaction diagram that emphasizes the 

structural organization of the objects or roles that send and receive 

messages.  

 

 

 

6. Activity diagram  

An activity diagram shows the structure of a process or other computation as 

the flow of control and data from step to step within the computation. 

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. 

 

7. Statechart diagram 

A state diagram shows a state machine, consisting of states, transitions, 

events, and activities. A state diagrams shows the dynamic view of an object. 

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 

 

 

8. Deployment diagram  

A deployment diagram shows the configuration of run-time processing nodes 

and the components that live on them. Deployment diagrams address the 

static deployment view of an architecture. A node typically hosts one or more 

artifacts. 

 

9. Component diagram  

A component diagram is shows an encapsulated class and its interfaces, 

ports, and internal structure consisting of nested components and 

connectors. Component diagrams address the static design implementation 
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view of a system. They are important for building large systems from smaller 

parts. (UML distinguishes a composite structure diagram, applicable to any 

class, from a component diagram, but we combine the discussion because 

the distinction between a component and a structured class is unnecessarily 

subtle.) 

 

UML Architecture 

 

Any real world system is used by different users. The users can be 

developers, testers, business people, analysts and many more. So before 

designing a system the architecture is made with different perspectives in 

mind. The most important part is to visualize the system from different 

viewer.s perspective. The better we understand the better we make the 

system. 

UML plays an important role in defining different perspectives of a system. 

These perspectives are: 

 

 Design  

 Implementation  

 Process  

 Deployment  

 

And the centre is the Use Case view which connects all these four. A Use 

case represents the functionality of the system. So the other perspectives 

are connected with use case. 

 

 Design of a system consists of classes, interfaces and collaboration. 

UML provides class diagram, object diagram to support this. 

 Implementation defines the components assembled together to 

make a complete physical system. UML component diagram is used to 

support implementation perspective. 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



 

SVCE  47                                                       Dept. of CSE 
 

 Process defines the flow of the system. So the same elements as 

used in Design are also used to support this perspective. 

 Deployment represents the physical nodes of the system that forms 

the hardware. UML deployment diagram is used to support this perspective. 

 

Class & Object Diagrams:  

                      Terms, concepts, modeling techniques for Class & Object 

Diagrams. 

Class Diagram: 

Terms and concepts 

A class diagram is a diagram that shows a set of classes, interfaces, and 

collaborations and their relationships. Graphically, a class diagram is a 

collection of vertices and arcs. 

Common properties 

A class diagram is just a special kind of diagram and shares the same 

common properties as do all other diagrams• a name and graphical content 

that are a projection into a model. What distinguishes a class diagram from 

all other kinds of diagrams is its particular content. 

Common uses 

You use class diagrams to model the static design view of a system.  

1. To model the vocabulary of a system 

Modeling the vocabulary of a system involves making a decision about which 

abstractions are parts of the system under consideration and which fall 

outside its boundaries. You use class diagrams to specify these abstractions 

and their responsibilities. 

 

 

2. To model simple collaborations 

Collaboration is a society of classes, interfaces, and other elements that work 

together to provide some cooperative behavior that's bigger than the sum of 

all the elements at a single class to understand what's going on. Rather, 

these semantics are carried out by a set of classes that work together. You 
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use class diagrams to visualize and specify this set of classes and their 

relationships. 

 

3. To model a logical database schema 

Think of a schema as the blueprint for the conceptual design of a database. 

In many domains, you'll want to store persistent information in a relational 

database or in an object-oriented database. You can model schemas for 

these databases using class diagrams. 

Common modeling techniques 

Modeling simple collaborations 

No class stands alone. Rather, each works in collaboration with others 

to carry out some semantics greater than each individual. Therefore, in 

addition to capturing the vocabulary of your system, you'll also need to turn 

your attention to visualizing, specifying, constructing, and documenting the 

various ways these things in your vocabulary work together. You use class 

diagrams to represent such collaborations. 

To model a collaboration, 

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 

collaborations that participate in this collaboration. Identify the relationships 

among these things, as well. 

 

Use scenarios to walk through these things. Along the way, you'll 

discover parts of your model that were missing and parts that were just plain 

semantically wrong. 

 Be sure to populate these elements with their contents. For classes, 

start with getting a good balance of responsibilities. Then, over time, turn 

these into concrete attributes and operations. 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



 

SVCE  49                                                       Dept. of CSE 
 

For example, Figure 8-2 shows a set of classes drawn from the 

implementation of an autonomous robot. The figure focuses on the classes 

involved in the mechanism for moving the robot along a path. You'll find one 

abstract class (Motor) with two concrete children, SteeringMotor and 

MainMotor. Both of these classes inherit the five operations of their parent, 

Motor. The two classes are, in turn, shown as parts of another class, Driver. 

The class PathAgent has a one-to-one association to Driver and a one-to-

many association to CollisionSensor. No attributes or operations are shown 

for PathAgent, although its responsibilities are given. 

Figure 8-2 Modeling Simple Collaborations 
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Figure 8-3: Modeling a schema 

Figure 8-3 shows a set of classes drawn from an information system for a 

school. This figure expands upon an earlier class diagram, and you'll see the 

details of these classes revealed to a level sufficient to construct a physical 

database. Starting at the bottom-left of this diagram, you will find the classes 

named Student, Course, and Instructor. There's an association between 

Student and Course, specifying that students attend courses. Furthermore, 

every student may attend any number of courses and every course may have 

any number of students. 

 

Forward and Reverse Engineering 

Modeling is important, but you have to remember that the primary product of 

a development team is software, not diagrams. Of course, the reason you 

create models is to predictably deliver at the right time the right software 

that satisfies the evolving goals of its users and the business. For this 

reason, it's important that the models you create and the implementations 

you deploy map to one another and do so in a way that minimizes or even 

eliminates the cost of keeping your models and your implementation in sync 
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with  engineering is beyond the scope of this book. In practice, you'll end up 

using stereotypes and tagged values tuned to the programming language 

you are using. Forward engineering is the process of transforming a model 

into code through a mapping to an implementation language. Forward 

engineering results in a loss of information, because models written in the 

UML are semantically richer than any current object-oriented programming 

language 

To forward engineer a class diagram: 

· Identify the rules for mapping to your implementation language or 

languages of choice. 

This is something you'll want to do for your project or your organization as a 

whole.  

· Depending on the semantics of the languages you choose, you may have to 

constrain your use of certain UML features. For example, the UML permits 

you to model multiple inheritance, but Smalltalk permits only single 

inheritance. You can either choose to prohibit developers from modeling with 

multiple inheritances (which makes your models language-dependent) or 

develop idioms that transform these richer features into the implementation 

language (which makes the mapping more complex).  

· Use tagged values to specify your target language. You can do this at the 

level of individual classes if you need precise control. You can also do so at a 

higher level, such as with collaborations or packages. 

· Use tools to forward engineer your models. 

 

Figure 8-4 illustrates a simple class diagram specifying an instantiation of the 

chain of responsibility pattern. This particular instantiation involves three 

classes: Client, EventHandler, and GUIEventHandler. Client and EventHandler 

are shown as abstract classes, whereas GUIEventHandler is concrete. 

EventHandler has the usual operation expected of this pattern 

(handleRequest), although two private attributes have been added  for  this 

instantiation. 
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Figure 8-4 Forward Engineering 

All of these classes specify a mapping to Java, as noted in their tagged value. 

Forward engineering the classes in this diagram to Java is straightforward, 

using a tool. Forward engineering the class EventHandler yields the following 

code.  

public abstract class EventHandler { 

EventHandler successor; 

private Integer currentEventID; 

private String source; 

EventHandler() {} 

public void handleRequest() {} 

} 

Reverse engineering is the process of transforming code into a model 

through a mapping from a specific implementation language. Reverse 

engineering results in a flood of information, some of which is at a lower level 

of detail than you'll need to build useful models. At the same time, reverse 

engineering is incomplete. 

To reverse engineer a class diagram, 
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· Identify the rules for mapping from your implementation language or 

languages of choice. This is something you'll want to do for your project or 

your organization as a whole. 

· Using a tool, point to the code you'd like to reverse engineer. Use your tool 

to generate a new model or modify an existing one that was previously 

forward engineered.·  Using your tool, create a class diagram by querying the 

model Using your tool, create a class diagram by querying the model 

 

OBJECT DIAGRAMS 

   

With the UML, you use class diagrams to visualize the static aspects of your 

system's building blocks. You use interaction diagrams to visualize the 

dynamic aspects of your system, consisting of instances of these building 

blocks and messages dispatched among them. An object diagram covers a 

set of instances of the things found in a class diagram. An object diagram, 

therefore, expresses the static part of an interaction, consisting of the 

objects that collaborate, but without any of the messages passed among 

them. In both cases, an object diagram freezes a moment in time, as in 

Figure 14-1. 
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Figure 14-1 an 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 diagrams• that is, a name and graphical contents that 

are a projection into a model.  

Contents 

Object diagrams commonly contain 

Objects 

Links 

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

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.  

 To model object structure 
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Common Modeling Techniques 

Modeling Object Structures 

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. 

For example, Figure 14-2 shows a set of objects drawn from the 

implementation of an autonomous robot. This figure focuses on some of the 

objects involved in the mechanism used by the robot to calculate a model of 

the world in which it moves. There are many more objects involved in a 

running system, but this diagram focuses on only those abstractions that are 

directly involved in creating this world view. 
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Figure 14-2 Modeling Object Structures 

 

 

 

 

 

· Chose the target you want to reverse engineer. Typically, you'll set your 

context inside an operation or relative to an instance of one particular class. 

· Using a tool or simply walking through a scenario, stop execution at a 

certain moment an time. 

· Identify the set of interesting objects that collaborate in that context and 

render them in an object diagram. 

· As necessary to understand their semantics, expose these object's states. 

· As necessary to understand their semantics, identify the links that exist 

among these objects. 

· If your diagram ends up overly complicated, prune it by eliminating objects 

that are not germane to the questions about the scenario you need answered 

your intent. 
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UNIT -4 

 

Advanced Classes 

 

A classifier is a mechanism that has structural features (in the form of 

attributes), as well as behavioral features (in the form of operations). 

Classifiers include classes, interfaces, datatypes, signals, components, nodes, 

use cases, and subsystems. Those modeling elements that can have 

instances are called classifiers. Every instance of a given classifier shares the 

same features. The most important kind of classifier in UML is class. The 

other kinds of classifiers are given in Table: 1. 

 

 

Table:1 Classifier Description 

 

 Classifiers represented graphically are shown in Figure: 1. 
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Figure 1: Graphical representation of classifiers 

Visibility of a Classifier 
 

Visibility indicates whether the attributes and operations of a classifier can be 

used by any other classifiers. There are three levels of visibility in UML 

public, protected and private. A classifier can see another classifier if it is in 

scope and if there is an explicit or implicit relationship to the 

target. Default visibility of a feature is public in UML. Table 2 shows the 

various visibilities of the classifiers. 

 

 

Table:2 Possibile Visibilities of Classifier 

 

Figure: 2 indicates the various visibilities of class Toolbar 
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Figure:2 Class showing visibility 

 

Scope(Owner Scope) of a Classifier 

 
The owner scope of a feature (attribute/operations) specifies whether the 

feature appears in each instance of the classifier or whether there is just a 

single instance of the feature for all instances of the classifier. Two kinds of 

owner scope – classifier scope and instance scope. An instance scope is an 

owner scope in which each instance of the classifier holds its own value for 

the feature where as classifier scopes the one which have just one value of 

the feature for all instances of the classifier. Classifier scope is rendered 

(shown) by underlining the feature’s name. No adornment means that the 

feature is instance scoped. Figure:3 shows the scope of a classifier. 

 

Figure:3 Class showing its Scope 

 

Abstract, Root, Leaf and Polymorphic Elements 
 

          Abstract classes are those that do not have any direct instances and is 

specified in UML by writing its name in italics. A leaf class is a class that have 
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no children and is specified in UML by writing the property leaf below the 

class’s name. A root class is a class that has no parents and is specified in 

UML by writing the property root below the class’s name. 

 

An operation is polymorphic if it is specified with the same signature at 

different places in the hierarchy of classes. Which operation to invoke is done 

polymorphically, that is a match is determined at run time according to the 

type of the object. These are indicated in Figure:4 

 

Figure:4 class Diagram indicating root,leaf,polymorphism and abstract 

For example, display and isInside are both polymorphic operations. 

Furthermore, the operation Icon::display() is abstract, meaning that it is 

incomplete and requires a child to supply an implementation of the 

operation. In the UML, you specify an abstract operation by writing its name 

in italics, just as you do for a class. By contrast, Icon::getID() is a leaf 

operation as indicated by the property leaf. This means that the operation is 

not polymorphic and may not be overridden. 
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Multiplicity 

 

The number of instances a class may have is called its multiplicity. 

Multiplicity applies to attributes, as well. A class having single instance is 

called as a singleton class. It is indicated in Figure:5 

 

Figure:5 Multiplicity 

 

Attributes 

 

A class’s structural features are indicated by its attributes. 

The syntax of an attribute in UML is 

[visibility] name [multiplicity] [: type] [= initial-value] [{property-string}] 

Some legal attribute declarations are given in Table:3. 

 

 

Table:3 Attributes 
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Three defined properties that can be used with attribute values are 

given in Table:4. 

 

 

Table:4 Attribute properties 

 

Operations 
 

A class’s behavioral features are indicated by its operations. 

The UML distinguishes between operation and method. An operation 

specifies a service that can be requested from any object of the class to 

affect behavior; a method is an implementation of an operation. 

The syntax of an operation in the UML is  

[visibility] name [(parameter-list)][: return-type] [{property-string}] 

All legal operation declarations are indicated in Table:5 

 

Table:5 Legal Operations 

 

In an operation‘s signature, you may provide zero or more parameters, 

each of which follows the syntax. 

[direction] name : type [= default-value] 

Direction of a parameter may be any of the following values given in Table:6. 

 

 

Table:6 Direction Parameter 
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In addition to the leaf property described earlier, there are four defined 

properties that can be used with operations. They are given in Table: 7. 

 

 

Table: 7 Operation_property 

 

Template Classes 
 

A template is a parameterized element. A template includes slots for 

classes,objects, and values, and these slots serve as the template’s 

parameters. Every templates should be instantiated first. Instantiation 

involves binding these formal template parameters to actual ones. For a 

template class, the result is a concrete class that can be used just like any 

ordinary class. 

 

The instantiation of a template class can be modelled in two ways. 

 

First done implicitly, by declaring a class whose name provides the 

binding. Second, explicitly by using a dependency stereotyped as bind, 

which specifies that the source instantiates the target template using the 

actual parameters. A template class is indicated in Figure: 6. 
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Figure:6 Template class 

UML defines four standard stereotypes that apply to classes. They are 

indicated in Table:8. 

 

Table:8 Standard Prototypes 
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Advanced Relationships  

 

Relationship 

 

A relationship is a connection among things(things can be any of, structural, 

behavioural, annotational or  grouping. This module contains mainly 

structural things). In object-oriented modeling, the four most important 

relationships are dependencies, generalizations, associations, and 

realizations. Diagram indicating advanced relationship is shown in Figure: 1 

 

 

 

Figure: 1 Advanced Relationship 

Dependency 

A dependency is a using relationship, specifying that a change in the 

specification of one thing may affect another thing that uses it. 

Stereotypes for Dependency relationship (17 stereotypes in 6 groups) 

dependency relationships among classes and objects in class diagrams. 

 

«bind» – Specifies that the source instantiates the target template using 

the given actual parameters 

«derive» – Specifies that the source may be computed from the target 

«friend» – Specifies that the source is given special visibility into the target 

«instanceOf» – Specifies that the source object is an instance of the target 
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classifier 

«instantiate» – Specifies that the source creates instances of the target 

«powertype» – Specifies that the target is a powertype of the source; a 

powertype is a classifier whose objects are all the children of a given parent 

«refine» – Specifies that the source is at a finer degree of abstraction than 

the target 

«use» – Specifies that the semantics of the source element depends on the 

semantics of the public part of the target 

«access» – Specifies that the source package is granted the right to 

reference the elements of the target package 

«import» – A kind of access that specifies that the public contents of the 

target package enter the flat namespace of the source, as if they had been 

declared in the source 

«extend» – Specifies that the target use case extends the behavior of the 

source 

«include» – Specifies that the source use case explicitly incorporates the 

behavior of another use case at a location specified by the source 

when modeling interactions among objects 

«become» – Specifies that the target is the same object as the source but 

at a later point in time and with possibly different values, state, or roles 

«call» – Specifies that the source operation invokes the target operation 

«copy» – Specifies that the target object is an exact, but independent, copy 

of the source in the context of state machines 

«send» – Specifies that the source operation sends the target event 

in the context of organizing the elements of your system into 

subsystems . 

«trace» – Specifies that the target is an historical ancestor of the source. 

Generalization 

 

A generalization is a relationship between a general thing and a more specific 

kind of that thing. Here child will inherit all the structure and behaviour of the 

parent and can even add new structure and behavior, or it may modify the 
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behavior of the parent(i.e, overriding). Figure: 2 shows various inheritance 

possible in UML. 

 

 

 

UML defines one stereotype and four constraints that may be applied to 

generalization relationships. 

«implementation» – Specifies that the child inherits the implementation of 

the parent but does not make public nor support its interfaces, thereby 

violating substitutability. 

    Note: use implementation when you want to model private inheritance 

{complete} – Specifies that all children in the generalization have been 

specified in the model and that no additional children are permitted 

    Note: use the complete constraint when you want to show explicitly that 

you’ve fully specified a hierarchy in the model 

{incomplete} – Specifies that not all children in the generalization have 

been specified and that additional children are permitted 

Association. 

 

An association is a structural relationship, specifying that objects of one thing 

are connected to objects of another. 

Navigation :Unless otherwise specified, navigation across an association is 

bidirectional. Unidirectional navigation is also possible where reverse 
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navigation is not desirable such as where security concern is an important 

thing. A Unidirectional navigation is shown in Figure:3. 

 

 

Figure:3 unidirectional-navigation 

 

Visibility : For an association between two classes, objects of one class can 

see and navigate to objects of the other, unless otherwise restricted by an 

explicit statement of navigation. Three levels of visibility for an association 

possible in UML. Default visibility of a role is public. Private visibility 

indicates that objects at that end are not accessible to any objects outside 

the association; protected visibility indicates that objects at that end are 

not accessible to any objects outside the association, except for children of 

the other end. 

 

Figure:4 Association_Visibility 

 

Qualification :A qualifier is an association attribute whose values partition 

the set of objects related to an object across an association. It is graphically 

represented as a small rectangle attached to the end of an association, 

placing the attributes in the rectangle. For example If you can devise a 
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lookup data structure at one end of an association (for example, a hash table 

or b-tree), then manifest that index as a qualifier. In most cases, the source 

end’s multiplicity will be many and the target end’s multiplicity will be 0..1. 

 

 

Figure:5 Qualification 

 

Interface Specifier : An interface is a collection of operations that are used 

to specify a service of a class or a component; every class may realize many 

interfaces. In the context of an association with another target class, a 

source class may choose to present only part of its face(interfaces) to the 

world and this part that is chosen is called as the interface specifier. Figure: 

6 illustrates this. 

 

 

Figure:6 Interface Specifier 

 

Here in Figure:6, In the vocabulary of a HR system, a Person class may 

realize many interfaces such as IManager, IEmployee, IOfficer, and so on. A 

relationship between a supervisor and workers with a one-to-many 

association is shown by explicitly labeling the roles of this association as 

supervisor and worker. In the context of this association, a Person in the role 
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of supervisor presents only the IManager face to the worker; a Person in the 

role of worker presents only the IEmployee face to the supervisor. We 

can explicitly show the type of role using the syntax rolename : iname, 

where iname is some interface of the other classifier. 

Composition : In a composite aggregation, an object may be a part of only 

one composite at a time. For example, in a windowing system, a 

Frame belongs to exactly one Window. In a composite aggregation, the 

whole is responsible for the disposition of its parts, which means that the 

composite must manage the creation and destruction of its parts. 

For example, when you create a Frame in a windowing system, you must 

attach it to an enclosing Window. Similarly, when you destroy the Window, 

the Window object must in turn destroy its Frame parts. 

 

                           

Figure:7 Composition 

Association Classes :An association class can be seen as an association 

that also has class properties, or as a class that also has association 

properties. An association class is represented in Figure:8. 

                         

Figure:8 Association class 
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Here in figure:8 the associations on both ends can be a many to many that 

indicates a person can be an employee in more than one company at a time. 

So in this case it is not possible to place the job details in any of the 

class(Company or Person). In such a situation we go for association class. 

five constraints that can be applied to association relationships. 

{implicit} – Specifies that the relationship is not manifest but, rather,is only 

conceptual 

{ordered} – Specifies that the set of objects at one end of an association 

are in an explicit order 

constraints that relate to the changeability of the instances of an 

association. 

{changeable} – Links between objects may be added, removed, and 

changed freely 

{addOnly} – New links may be added from an object on the opposite end of 

the association 

{frozen} – A link, once added from an object on the opposite end of the 

association, may not be modified or deleted 

constraint for managing related sets of associations 

{xor} – Specifies that, over a set of associations, exactly one is manfest for 

each associated object. 

 

Realization 

A realizationis a semantic relationship between classifiers in which one 

classifier specifies a contract that another classifier guarantees to carry 

out. Realization can be represented in two ways: in the canonical form (using 

the interface stereotype and the dashed directed line with a large open 

arrowhead) and in an elided form (using the interface lollipop notation). It is 

represented in Figure:9. 
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Figure:9 Realization 

 

 

 

Interface 

 

An interface is a collection of operations that are used to specify a service of 

a class or a component.Graphically, an interface is rendered(represented) 

as a circle; in its expanded form, an interface may be rendered as a 

stereotyped class(a class with sterotype interface) as shown in Figure:1. An 

interface name must be unique within its enclosing package. Two naming 

mechanism; a simple name(only name of the interface), a path name is the 

interface name prefixed by the name of the package in which that interface 

lives represented in Figure: 2. To distinguish an interface from a class, 

prepend an ‘I’ to every interface name. Operations in an interface may be 

adorned with visibility properties, concurrency properties, stereotypes, 

tagged values, and constraints.interface dont have attributes. interfaces span 

model boundaries and it does’nt have direct instances. 
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Figure:1 

                     

Figure:2 

Interface  

 

An interface may participate in generalization, association, dependency and 

realization ,relationships. 

Note: Interfaces may also be used to specify a contract for a use case or 

subsystem. 

 

Type 

A type is a stereotype of a class used to specify a domain of objects, together 

with the operations (but not the methods) applicable to the object of that 

type. To distinguish a type from an interface or a class, prepend a ‘T’ to 

every type. Stereotype type is used to formally model the semantics of an 

abstraction and its conformance to a specific interface. 

 

 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com

https://praveenthomasln.files.wordpress.com/2012/03/interface-representation1.png
https://praveenthomasln.files.wordpress.com/2012/03/naming-interfaces.png


 

SVCE  74                                                       Dept. of CSE 
 

Role 

 

A role names(indicates) a behavior of an entity participating in a particular 

context. Or, a role is the face that an abstraction presents to the world. For 

example, consider an instance of the class Person. Depending on the context, 

that Person instance may play the role of Mother, Comforter, PayerOfBills, 

Employee, Customer, Manager, Pilot, Singer, and so on. When an object 

plays a particular role, it presents a face to the world, and clients that 

interact with it expect a certain behavior depending on the role that it plays 

at the time. For example, an instance of Person in the role of Manager would 

present a different set of properties than if the instance were playing the role 

of Mother. Figure:3 indicates a role employee played by person and is 

represented statically there. 

 

 

 

Figure:3 Roles 

 

In Figure:3 the Person presents the role of Employee to the Company, and in 

that context, only the properties specified by Employee are visible and 

relevant to the Company. 

 

Static and Dynamic modeling in UML 

 

A class diagram that indicates a particular role is useful for modeling the 

static binding of an abstraction to its interface. To model the dynamic binding 

of an abstraction to its interface by using the become stereotype in an 

interaction diagram, showing an object changing from one role to another. 
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To model a dynamic type, 

 Specify the different possible types of that object by rendering each 

type as a class stereotyped as type (if the abstraction requires 

structure and behavior) or as interface (if the abstraction requires only 

behavior). 

 Model all the roles the class of the object may take on at any point in 

time. It can be done in two ways: 

1.  First, in a class diagram, explicitly type each role that the class plays 

in its association with other classes. Doing this specifies the face 

instances of that class put on in the context of the associated object. 

2.   Second, also in a class diagram, specify the class-to-type 

relationships using generalization 

  In an interaction diagram, properly render each instance of the 

dynamically typed class. Display the role of the instance in brackets 

below the object’s name. 

 To show the change in role of an object, render the object once for 

each role it plays in the interaction, and connect these objects with a 

message stereotyped as become. 

They are represented in the following figures: 

 

Figure:4 Static modeling 

 

Figure:4 shows statically that instances of the Person class may be any of the 

three types  namely, Candidate, Employee, or Retiree. 
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Figure:5 Dynamic-modeling 

 

Figure:5 shows the dynamic nature of a person’s type. In this fragment of an 

interaction diagram, p (the Person object) changes its role from Candidate to 

Employee. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com

https://praveenthomasln.files.wordpress.com/2012/03/dynamic-modeling.png


 

SVCE  77                                                       Dept. of CSE 
 

Interactions 

 

 An interaction is a behavior that comprises a set of messages exchanged 

among a set of objects within a context to accomplish a purpose.  

 A message is a specification of a communication between objects that 

conveys information with the expectation that activity will ensue. 

 

Context 

 

 We can use interactions to visualize, specify, construct, and document the 

semantics of a class 

 We may find an interaction wherever objects are linked to one another.  

 We'll find interactions in the collaboration of objects that exist in the 

context of your system or subsystem. 

 We will also find interactions in the context of an operation.  

 We might create interactions that show how the attributes of that class 

collaborate with one another 

 Finally, you'll find interactions in the context of a class. 

 

Objects and Roles 

 

 The objects that participate in an interaction are either concrete things or 

prototypical things.  

 As a concrete thing, an object represents something in the real world. For 

example, p, an instance of the class Person, might denote a particular 

human 

 As a prototypical thing, p might represent any instance of Person. 

 Although abstract classes and interfaces, by definition, may not have any 

direct instances, you may find instances of these things in an interaction 

 Such instances do not represent direct instances of the abstract class or 

of the interface, but may represent, respectively, indirect (or prototypical) 
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instances of any concrete children of the abstract class of some concrete 

class that realizes that interface. 

 

Links 

 A link is a semantic connection among objects. In general, a link is an 

instance of an association 

 Wherever a class has an association to another class, there may be a link 

between the instances of the two classes. Wherever there is a link 

between two objects, one object can send a message to the other object 

 A link specifies a path along which one object can dispatch a message to 

another (or the same) object. 

 

 

 

 

 

 

 

 

 

 

     Links and Associations 

 

 We can adorn the appropriate end of the link with any of the following 

standard stereotypes 
 

 

association Specifies that the corresponding object is visible by association  

self   Specifies that the corresponding object is visible because it is 

the dispatcher of the operation 

global Specifies that the corresponding object is visible because it is 

in an enclosing scope  
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local Specifies that the corresponding object is visible because it is 

in a local scope 

parameter Specifies that the corresponding object is visible because it is a 

parameter 

 

 

 

 

 

Messages 

 

 A message is the specification of a communication among objects that 

conveys information with the expectation that activity will ensue.  

 The receipt of a message instance may be considered an instance of an 

event. 

 When you pass a message, the action that results is an executable 

statement that forms an abstraction of a computational procedure. An 

action may result in a change in state. 

 In the UML, you can model several kinds of actions 

 

Call Invokes an operation on an object; an object may send a message 

to itself, resulting in the local invocation of an operation  

Return Returns a value to the caller  

Send   Sends a signal to an object 

Create Creates an object 

Destroy Destroys an object; an object may commit suicide by destroying 

itself 

  

 The UML provides a visual distinction among these kinds of messages, as 
follows 
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            Messages 

 

 When an object calls an operation or sends a signal to another object, you 

can provide actual parameters to the message.  

 Similarly, when an object returns control to another object, you can 

model the return value. 

 

Sequencing 

 

 When an object passes a message to another object the receiving object 

might in turn send a message to another object, which might send a 

message to yet a different object, and so on. This stream of messages 

forms a sequence 

 Any sequence must have a beginning; the start of every sequence is 

rooted in some process or thread. 

 Any sequence will continue as long as the process or thread that owns it 

lives. 

 Messages are ordered in sequence by time. To better visualize the 

sequence of a message, you can explicitly model the order of the 
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message relative to the start of the sequence by prefixing the message 

with a sequence number set apart by a colon separator 

 Most commonly, you can specify a procedural or nested flow of 

control, rendered using a filled solid arrowhead 

 

 

 

 

 

 

 

 

 

 

     Procedural Sequence 

 

 We can specify a flat flow of control, rendered using a stick arrowhead, to 

model the nonprocedural progression of control from step to step. 

 

 

 

 

 

 

 

 

 

Flat Sequence 
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 Typically, you'll use flat sequences only when modeling interactions in the 

context of use cases that involve the system as a whole, together with 

actors outside the system. 

 Such sequences are often flat because control simply progresses from 

step to step, without any consideration for nested flows of control. 

 

 We'll want to use procedural sequences, because they represent ordinary, 

nested operation calls of the type you find in most programming 

languages. 

 

Creation, Modification, and Destruction 

 

 Most of the time, the objects you show participating in an interaction exist 

for the entire duration of the interaction. However, in some interactions, 

objects may be created (specified by a create message) and destroyed 

(specified by a destroy message). 

 The same is true of links: the relationships among objects may come and 

go. To specify if an object or link enters and/or leaves during an 

interaction, you can attach one of the following constraints to the 

element: 

 

new Specifies that the instance or link is created during execution of 

the enclosing interaction 

destroyed Specifies that the instance or link is destroyed prior to completion 

of execution of the enclosing interaction 

transient Specifies that the instance or link is created during execution of 

the enclosing interaction but is destroyed before completion of 

execution 

   

 Specifies that the instance or link is created during execution of the 
enclosing interaction but is destroyed before completion of execution 

 Specifies that the instance or link is created during execution of the 
enclosing interaction but is destroyed before completion of execution 
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Representation 

 

 When you model an interaction, you typically include both objects and 

messages 

 We can visualize those objects and messages involved in an interaction in 

two ways 

o By emphasizing the time ordering of its messages 

o by emphasizing the structural organization of the objects that send 

and receive messages. 

 In the UML, the first kind of representation is called a sequence diagram 

 The second kind of representation is called a collaboration diagram 

 Both sequence diagrams and collaboration diagrams are kinds of 

interaction diagrams  

 Sequence diagrams and collaboration diagrams are largely isomorphic 

 Sequence diagrams permit you to model the lifeline of an object.  

 Collaboration diagrams permit you to model the structural links that may 

exist among the objects in an interaction. 

 

Common Modeling Techniques 

 

Modeling a Flow of Control 

 The most common purpose for which you'll use interactions is to model 

the flow of control that characterizes the behavior of a system as a whole, 

including use cases, patterns, mechanisms, and frameworks, or the 

behavior of a class or an individual operation. 

 classes, interfaces, components, nodes, and their relationships model the 

static aspects of your system 

 Interactions model its dynamic aspects of your system. 
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 To model a flow of control 
 

o Set the context for the interaction, whether it is the system as a 

whole, a class, or an individual operation. 

 

o Set the stage for the interaction by identifying which objects play a 

role; set their initial properties, including their attribute values, 

state, and role. 

 

o If your model emphasizes the structural organization of these 

objects, identify the links that connect them, relevant to the paths 

of communication that take place in this interaction. Specify the 

nature of the links using the UML's standard stereotypes and 

constraints, as necessary. 

 

o In time order, specify the messages that pass from object to 

object. As necessary, distinguish the different kinds of messages; 

include parameters and return values to convey the necessary 

detail of this interaction. 

 

o Also to convey the necessary detail of this interaction, adorn each 

object at every moment in time with its state and role. 

 This figure is an example of a sequence diagram, which emphasizes the 
time order of messages. 
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 Flow of Control by Time 

 

 This figure is semantically equivalent to the previous one, but it is drawn 

as a collaboration diagram, which emphasizes the structural organization 

of the objects. 

 

 

 

 

 

 

 

 

 

                        Flow of Control by Organization 
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Use Cases 

 

 A use case is a description of a set of sequences of actions, including 

variants, that a system performs to yield an observable result of value to 

an actor.  

 Graphically, a use case is rendered as an ellipse. 

 

Names 

 

 Every use case must have a name that distinguishes it from other use 

cases. A name is a textual string.  

 That name alone is known as a simple name; a path name is the use 

case name prefixed by the name of the package in which that use case 

lives. 

 A use case is typically drawn showing only its name 

 

 

 

 

 

 

 

            Simple and Path Names 

 

Use Cases and Actors 

 

 An actor represents a coherent set of roles that users of use cases play 

when interacting with these  

       use cases. 

 Typically, an actor represents a role that a human, a hardware device, or 

another system plays with a system. 
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 An instance of an actor, therefore, represents an individual interacting 

with the system in a specific way 

 Actors may be connected to use cases only by association  

 An association between an actor and a use case indicates that the actor 

and the use case communicate with one another, each one possibly 

sending and receiving messages. 

        

 

 

 

 

 

 

 

 

 

 

Actors 

 

 

Use Cases and Flow of Events 

 A use case describes what a system does but it does not specify how it 

does it. 

 You can specify the behavior of a use case by describing a flow of events 

in text clearly enough for an outsider to understand it easily 

 When you write this flow of events, you should include how and when the 

use case starts and ends 

 When the use case interacts with the actors and what objects are 

exchanged, and the basic flow and alternative flows of the behavior. 

 

For example, in the context of an ATM system, you might describe the use 

case ValidateUser in the following way: 
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 Main flow of events:   

 

The use case starts when the system prompts the Customer for a PIN 

number. The Customer can now enter a PIN number via the keypad. The 

Customer commits the entry by pressing the Enter button. The system then 

checks this PIN number to see if it is valid. If the PIN number is valid, the 

system acknowledges the entry, thus ending the use case. 

 

 Exceptional flow of events:   

 
The Customer can cancel a transaction at any time by pressing the Cancel 

button, thus restarting the use case. No changes are made to the Customer's 

account. 

 

 

 Exceptional flow of events:   
 

The Customer can clear a PIN number anytime before committing it and 

reenter a new PIN number. 

 

 Exceptional flow of events:   
 

If the Customer enters an invalid PIN number, the use case restarts. If this 

happens three times in a row, the system cancels the entire transaction, 

preventing the Customer from interacting with the ATM for 60 seconds 

 

 

0Use Cases and Collaborations 

 

 A use case captures the intended behavior of the system you are 

developing, without having to specify how that behavior is implemented. 
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 however, you have to implement your use cases, and you do so by 

creating a society of classes and other elements that work together to 

implement the behavior of this use case 

 This society of elements, including both its static and dynamic structure, 

is modeled in the UML as a collaboration. 

 you can explicitly specify the realization of a use case by a collaboration 

 

 

 

 

 

 

 

 

             Use Cases and Collaborations 

 

 

Organizing Use Cases 

 

 We can organize use cases by grouping them in packages in the same 

manner in which you can organize classes. 

 You can also organize use cases by specifying generalization, include, and 

extend relationships among them. 

 generalization among use cases is rendered as a solid directed line with a 

large open arrowhead, just like generalization among classes. 

 

 An include relationship between use cases means that the base use 

case explicitly incorporates the behavior of another use case at a location 

specified in the base. 

 You use an include relationship to avoid describing the same flow of 

events several times, by putting the common behavior in a use case of its 

own 
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 The include relationship is essentially an example of delegation—you take 

a set of responsibilities of the system and capture it in one place (the 

included use case), then let all other parts of the system (other use 

cases) include the new aggregation of responsibilities whenever they need 

to use that functionality. 

 include followed by the name of the use case you want to include 

 You render an include relationship as a dependency, stereotyped as 

include. 

 

 An extend relationship between use cases means that the base use 

case implicitly incorporates the behavior of another use case at a location 

specified indirectly by the extending use case. 

 This base use case may be extended only at certain points called, not 

surprisingly, its extension points 

 We use an extend relationship to model the part of a use case the user 

may see as optional system behavior. 

 We may also use an extend relationship to model a separate subflow that 

is executed only under given conditions. 

 Finally, we may use an extend relationship to model several flows that 

may be inserted at a certain point, governed by explicit interaction with 

an actor. 

 We render an extend relationship as a dependency, stereotyped as 

extend. 

 

Common Modeling Techniques 

 

Modeling the Behavior of an Element 

 

 The most common thing for which you'll apply use cases is to model the 

behavior of an element, whether it is the system as a whole, a 

subsystem, or a class. 

 To model the behavior of an element 
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 Identify the actors that interact with the element. Candidate actors 

include groups that require certain behavior to perform their tasks or 

that are needed directly or indirectly to perform the element's 

functions. 

 

 Organize actors by identifying general and more specialized roles. 

 

 For each actor, consider the primary ways in which that actor interacts 

with the element. Consider also interactions that change the state of 

the element or its environment or that involve a response to some 

event. 

 

 Consider also the exceptional ways in which each actor interacts with 

the element. 

 

 Organize these behaviors as use cases, applying include and extend 

relationships to factor common behavior and distinguish exceptional 

behavior. 

 

 

 

 

 

 

 

 

 

                

 

Modeling the Behavior of an Element 
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Use Case Diagram 

 

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

and their relationships. 

 

Contents 

 Use case diagrams commonly contain 

 Use cases 

 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 

 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 

 We apply use case diagrams to model the static use case view of a 

system. This view primarily supports the behavior of a system 

 When you model the static use case view of a system, you'll typically 

apply use case diagrams in one of two ways. 

o To model the context of a system 

o To model the requirements 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. 

 

Modeling the requirements of a system involves specifying what that 

system should do (from a point of view of outside the system), independent 
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of how that system should do it. Here, you'll apply use case diagrams to 

specify the desired behavior of the system.  

 

 

Common Modeling Techniques 

 

Modeling the Context of a System 

 

Given a system—any system—some things will live inside the system, some 

things will live outside it. For example, in a credit card validation system, 

you'll find such things as accounts, transactions, and fraud detection agents 

inside the system. Similarly, you'll find such things as credit card customers 

and retail institutions outside the system. The things that live inside the 

system are responsible for carrying out the behavior that those on the 

outside expect the system to provide. All those things on the outside that 

interact with the system constitute the system's context. This context defines 

the environment in which that system lives. 

 

o In the UML, you can model the context of a system with a use case 

diagram, emphasizing the actors that surround the system. 

o To model the context of a system 

  

o 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. 

 

o Organize actors that are similar to one another in a 

generalization/specialization hierarchy. 
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o Where it aids understandability, provide a stereotype for each such 

actor. 

 

o Populate a use case diagram with these actors and specify the paths of 

communication from each actor to the system's use cases. 

 

o This same technique applies to modeling the context of a subsystem. A 

system at one level of abstraction is often a subsystem of a larger system 

at a higher level of abstraction. Modeling the context of a subsystem is 

therefore useful when you are building systems of interconnected 

systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                      Modeling the Context of a System 

 

Modeling the Requirements of a System 

o A requirement is a design feature, property, or behavior of a system. 
When you state a system's requirements, you are asserting a contract, 

established between those things that lie outside the system and the 
system itself, which declares what you expect that system to do. 

o Requirements can be expressed in various forms, from unstructured text 
to expressions in a formal language, and everything in between. 
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o Most, if not all, of a system's functional requirements can be expressed as 
use cases, and the UML's use case diagrams are essential for managing 

these requirements. 
o To model the requirements of a system, 

 

o Establish the context of the system by identifying the actors that 
surround it. 

 

o For each actor, consider the behavior that each expects or requires the 
system to provide. 

 

o Name these common behaviors as use cases. 
 

o Factor common behavior into new use cases that are used by others; 
factor variant behavior into new use cases that extend more main line 

flows. 
 

o Model these use cases, actors, and their relationships in a use case 

diagram. 
 

o Adorn these use cases with notes that assert nonfunctional 

requirements; you may have to attach some of these to the whole 
system. 

o This same technique applies to modeling the requirements of a subsystem 
 

 

 

 

 

 

 

 

 

 

 

              Modeling the Requirements of a System 
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Forward and Reverse Engineering 

o Forward engineering is the process of transforming a model into code 

through a mapping to an implementation language. 

o A use case diagram can be forward engineered to form tests for the 

element to which it applies. 

o Each use case in a use case diagram specifies a flow of events and these 

flows specify how the element is expected to behave 

 

o To forward engineer a use case diagram, 
 

o For each use case in the diagram, identify its flow of events and its 

exceptional flow of events. 

 

o Depending on how deeply you choose to test, generate a test script for 

each flow, using the flow's preconditions as the test's initial state and 

its postconditions as its success criteria. 

 

o As necessary, generate test scaffolding to represent each actor that 

interacts with the use case. Actors that push information to the 

element or are acted on by the element may either be simulated or 

substituted by its real-world equivalent. 

 

o Use tools to run these tests each time you release the element to 

which the use case diagram applies. 

 

 

o Reverse engineering is the process of transforming code into a model 

through a mapping from a specific implementation language. 

o The UML's use case diagrams simply give you a standard and expressive 

language in which to state what you discover. 
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o To reverse engineer a use case diagram 

 

o Identify each actor that interacts with the system. 

 

o For each actor, consider the manner in which that actor interacts with 

the system, changes the state of the system or its environment, or 

responds to some event. 

 

o Trace the flow of events in the executable system relative to each 

actor. Start with primary flows and only later consider alternative 

paths. 

 

o Cluster related flows by declaring a corresponding use case. Consider 

modeling variants using extend relationships, and consider modeling 

common flows by applying include relationships. 

 

o Render these actors and use cases in a use case diagram, and 

establish their relationships. 
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UNIT- 5 

 

Activity Diagrams 

 

o An activity diagram shows the flow from activity to activity. An is an 

ongoing nonatomic execution within a state machine. 

o 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.  

o Actions encompass calling another operation, sending a signal, creating or 

destroying an object, or some pure computation, such as evaluating an 

expression.  

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

 

Contents 

 

o Activity diagrams commonly contain 

o Activity states and action states 

o Transitions 

o Objects 

o Like all other diagrams, activity diagrams may contain notes and 

constraints. 

 

Action States and Activity States 

 

o Executable, atomic computations are called action states because they 

are states of the system, each representing the execution of an action. 

o We represent an action state using a lozenge shape (a symbol with 

horizontal top and bottom and convex sides). Inside that shape, you may 

write any expression. 
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o Action states can't be decomposed. Furthermore, action states are 

atomic, meaning that events may occur, but the work of the action state 

is not interrupted. 

o Finally, the work of an action state is generally considered to take 

insignificant execution time. 

 

 

 

 

 

 

        Action States 

 

o activity states can be further decomposed, their activity being 

represented by other activity diagrams 

o Furthermore, activity states are not atomic, meaning that they may be 

interrupted and, in general, are considered to take some duration to 

complete. 

o An action state is an activity state that cannot be further decomposed. 

o We can think of an activity state as a composite, whose flow of control is 

made up of other activity states and action states. 

 

 

 

 

 

 

Activity States 
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Transitions 

 

o When the action or activity of a state completes, flow of control passes 

immediately to the next action or activity state. 

o We specify this flow by using transitions to show the path from one action 

or activity state to the next action or activity state. 

o In the UML, you represent a transition as a simple directed line 

 

 

 

 

 

 

 

 

 

 

Triggerless Transitions 

 

Branching 

 

o As in a flowchart, you can include a branch, which specifies alternate 

paths taken based on some Boolean expression. 

o We represent a branch as a diamond. A branch may have one incoming 

transition and two or more outgoing ones. 

o On each outgoing transition, you place a Boolean expression, which is 

evaluated only once on entering the branch. 

o On each outgoing transition, you place a Boolean expression, which is 

evaluated only once on entering the branch. Across all these outgoing 

transitions, guards should not overlap (otherwise, the flow of control 

would be ambiguous), but they should cover all possibilities (otherwise, 

the flow of control would freeze). 
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o As a convenience, you can use the keyword else to mark one outgoing 

transition, representing the path taken if no other guard expression 

evaluates to true. 

 

 

 

 

 

 

 

Branching 

 

Forking and Joining 

 

o When we are modeling workflows of business processes—we might 

encounter flows that are concurrent.  

o In the UML, you use a synchronization bar to specify the forking and 

joining of these parallel flows of control. A synchronization bar is rendered 

as a thick horizontal or vertical line. 

 

o Fork represents the splitting of a single flow of control into two or more 

concurrent flows of control 

o A fork may have one incoming transition and two or more outgoing 

transitions, each of which represents an independent flow of control. 

o Below the fork, the activities associated with each of these paths 

continues in parallel.  

o Conceptually, the activities of each of these flows are truly concurrent, 

although, in a running system, these flows may be either truly concurrent 

or sequential yet interleaved, thus giving only the illusion of true 

concurrency. 
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Forking and Joining 

 

o A Join represents the synchronization of two or more concurrent flows 

of control. 

o A join may have two or more incoming transitions and one outgoing 

transition. 

o Above the join, the activities associated with each of these paths 

continues in parallel. 

o At the join, the concurrent flows synchronize, meaning that each waits 

until all incoming flows have reached the join, at which point one flow 

of control continues on below the join. 

 

Swimlanes 

 

o We'll find it useful, especially when you are modeling workflows of 

business processes, to partition the activity states on an activity diagram 

into groups, each group representing the business organization 

responsible for those activities. 

o In the UML, each group is called a swimlane because, visually, each group 

is divided from its neighbor by a vertical solid line 

o A swimlane specifies a locus of activities 

o Each swimlane has a name unique within its diagram. 
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o Each swimlane represents a high-level responsibility for part of the overall 

activity of an activity diagram, and each swimlane may eventually be 

implemented by one or more classes. 

o In an activity diagram partitioned into swimlanes, every activity belongs 

to exactly one swimlane, but transitions may cross lanes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Swimlanes 

 

Object Flow 

 

o Objects may be involved in the flow of control associated with an activity 

diagram. 

o We can specify the things that are involved in an activity diagram by 

placing these objects in the diagram, connected using a dependency to 

the activity or transition that creates, destroys, or modifies them. 

o This use of dependency relationships and objects is called an object flow 

because it represents the participation of an object in a flow of control. 

o We can also show how its role, state and attribute values change. 

o We represent the state of an object by naming its state in brackets below 

the object's name.  
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o Similarly, We can represent the value of an object's attributes by 

rendering them in a compartment below the object's name. 

 

  

 

 

 

 

 

 

 

 

 

 

 

                    

 

 

Object Flow 

 

 

 

 

Common Modeling Techniques 

 

Modeling a Workflow 

 

 No software-intensive system exists in isolation; there's always some 

context in which a system lives, and that context always encompasses 

actors that interact with the system. 

 Especially for mission critical, enterprise software, you'll find automated 

systems working in the context of higher-level business processes.  
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 These business processes are kinds of workflows because they represent 

the flow of work and objects through the business. 

 To model a workflow, 

o Establish a focus for the workflow. For nontrivial systems, it's 

impossible to show all interesting workflows in one diagram. 

 

o Select the business objects that have the high-level responsibilities 

for parts of the overall workflow. These may be real things from the 

vocabulary of the system, or they may be more abstract. In either 

case, create a swimlane for each important business object. 

 

o Identify the preconditions of the workflow's initial state and the 

postconditions of the workflow's final state. This is important in 

helping you model the boundaries of the workflow. 

 

o Beginning at the workflow's initial state, specify the activities and 

actions that take place over time and render them in the activity 

diagram as either activity states or action states. 

 

o For complicated actions, or for sets of actions that appear multiple 

times, collapse these into activity states, and provide a separate 

activity diagram that expands on each. 

 

o Render the transitions that connect these activity and action states. 

Start with the sequential flows in the workflow first, next consider 

branching, and only then consider forking and joining. 

 

o If there are important objects that are involved in the workflow, 

render them in the activity diagram, as well. Show their changing 

values and state as necessary to communicate the intent of the 

object flow. 
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   Modeling a Workflow 
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Events and Signals 

 

 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 signal is a kind of event that represents the specification of an 

asynchronous stimulus communicated between instances. 

 

Kinds of Events 

 Events may be external or internal.  

 External events are those that pass between the system and its actors. 

 Internal events are those that pass among the objects that live inside the 

system.  

 An overflow exception is an example of an internal event. 

 In the UML, you can model four kinds of events: signals, calls, the passing 

of time, and a change in state. 

 

Signals 

 

 A signal represents a named object that is dispatched (thrown) 

asynchronously by one object and then received (caught) by another. 

 Exceptions are supported by most contemporary programming languages 

and are the most common kind of internal signal that you will need to 

model. 

 Signals may also be involved in generalization relationships, permitting 

you to model hierarchies of events, some of which are general and some 

of which are specific 

 Also as for classes, signals may have attributes and operations. 
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 A signal may be sent as the action of a state transition in a state machine 

or the sending of a message in an interaction. The execution of an 

operation can also send signals 

 In fact, when you model a class or an interface, an important part of 

specifying the behavior of that element is specifying the signals that its 

operations can send. 

 We model signals (and exceptions) as stereotyped classes. We can use a 

dependency, stereotyped as send, to indicate that an operation sends a 

particular signal. 

 

 

 

 

 

 

          Signals 

Call Events 

 

 Just as a signal event represents the occurrence of a signal, a call event 

represents the dispatch of an operation. In both cases, the event may 

trigger a state transition in a state machine 

 Whereas a signal is an asynchronous event, a call event is synchronous 

 This means that when an object invokes an operation on another object 

that has a state machine, control passes from the sender to the receiver, 

the transition is triggered by the event, the operation is completed, the 

receiver transitions to a new state, and control returns to the sender. 

 Modeling a call event is indistinguishable from modeling a signal event. In 

both cases, you show the event, along with its parameters, as the trigger 

for a state transition. 
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Call Events 

 

Time and Change Events 

 A time event is an event that represents the passage of time 

 in the UML you model a time event by using the keyword after followed 

by some expression that evaluates to a period of time. 

 Unless you specify it explicitly, the starting time of such an expression is 

the time since entering the current state. 

 

 A change event is an event that represents a change in state or the 

satisfaction of some condition 

 In the UML you model a change event by using the keyword when 

followed by some Boolean expression 

 You can use such expressions to mark an absolute time (such as when 

time = 11:59) or for the continuous test of an expression 

 

 

 

 

 

 

 

 

 

 

 

Sending and Receiving Events 
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 Signal events and call events involve at least two objects:  

 The object that sends the signal or invokes the operation  

 The object to which the event is directed. 

 Any instance of any class can send a signal to or invoke an operation of a 

receiving object.  

 When an object sends a signal, the sender dispatches the signal and then 

continues along its flow of control, not waiting for any return from the 

receiver. 

 Any instance of any class can receive a call event or a signal. If this is a 

synchronous call event, then the sender and the receiver are in a 

rendezvous(assignation) for the duration of the operation.  

 This means that the flow of control of the sender is put in lock step with 

the flow of control of the receiver until the activity of the operation is 

carried out. 

 If this is a signal, then the sender and receiver do not rendezvous: the 

sender dispatches the signal but does not wait for a response from the 

receiver. In either case, this event may be lost 

 In the UML, you model the named signals that an object may receive by 

naming them in an extra compartment of the class 

 

 

  

 

 

 

Signals and Active Classes 
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Common Modeling Techniques 

 

Modeling a Family of Signals 

 

 In most event-driven systems, signal events are hierarchical. 

 External and internal signals need not be disjoint, however. Even within 

these two broad classifications, you might find specializations 

 To model a family of signals 

 Consider all the different kinds of signals to which a given set of 

active objects may respond. 

 

 Look for the common kinds of signals and place them in a 

generalization/specialization hierarchy using inheritance. Elevate 

more general ones and lower more specialized ones. 

 

 Look for the opportunity for polymorphism in the state machines of 

these active objects. Where you find polymorphism, adjust the 

hierarchy as necessary by introducing intermediate abstract 

signals. 
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Modeling Exceptions 

 

 An important part of visualizing, specifying, and documenting the 

behavior of a class or an interface is specifying the exceptions that its 

operations can raise. 

 In the UML, exceptions are kinds of signals, which you model as 

stereotyped classes. Exceptions may be attached to specification 

operations. 

 We model exceptions primarily to specify the kinds of exceptions that an 

object may throw through its operations 

 To model exceptions 

o For each class and interface, and for each operation of such 

elements, consider the exceptional conditions that may be raised. 

 

o Arrange these exceptions in a hierarchy. Elevate general ones, 

lower specialized ones, and introduce intermediate exceptions, as 

necessary. 

 

o For each operation, specify the exceptions that it may raise. You 

can do so explicitly (by showing send dependencies from an 

operation to its exceptions) or you can put this in the operation's 

specification. 
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State Machines 

 

 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 during 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 nonatomic 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 

 

Context 

 Every object has a lifetime. On creation, an object is born; on destruction, 

an object ceases to exist.  

 In between, an object may act on other objects (by sending them 

messages), as well as be acted on (by being the target of a message). 

 In other kinds of systems, you'll encounter objects that must respond to 

signals, which are asynchronous stimuli communicated between 

instances. 

 The behavior of objects that must respond to asynchronous stimulus or 

whose current behavior depends on their past is best specified by using a 

state machine 
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 This encompasses instances of classes that can receive signals, including 

many active objects. In fact, an object that receives a signal but has no 

state machine will simply ignore that signal. 

 We'll also use state machines to model the behavior of entire systems, 

especially reactive systems, which must respond to signals from actors 

outside the system. 

 

States 

 A state is a condition or situation during the life of an object during which 

it satisfies some condition, performs some activity, or waits for some 

event. 

 An object remains in a state for a finite amount of time. 

 When an object's state machine is in a given state, the object is said to be 

in that state. A state has several parts. 

 

1. Name A textual string that distinguishes the state from other 

states; a state may be anonymous, meaning that it has no 

name 

2. Entry/exit 

actions   

Actions executed on entering and exiting the state, 

respectively 

3. Internal 

transitions   

Transitions that are handled without causing a change in 

state 

4. Substates The nested structure of a state, involving disjoint 

(sequentially active) or concurrent (concurrently active) 

substates 

5. Deferred 

events 

A list of events that are not handled in that state but, 

rather, are postponed and queued for handling by the 

object in another state 
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We represent a state as a rectangle with rounded corners. 

 

 

 

 

 

 

 

 

 

States 

 

Component Diagrams  

 

 

Figure 1: Component Diagram 
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Component Diagrams 

 Component diagrams are used in modeling the physical aspects 

of object-oriented systems. 

 A component diagram shows the organization and dependencies 

among a set of components. 

 Component diagrams are used to model the static 

implementation view of a system. 

 Component diagrams are essentially class diagrams that focus 

on a system’s components. 

 Graphically, a Component diagram is a collection of vertices and 

arcs. 

 Component diagrams are used for visualizing, specifying, and 

documenting component-based systems and also for 

constructing executable systems through forward and reverse 

engineering. 

 Component diagrams commonly contain Components, Interfaces 

and Dependency, generalization, association, and realization 

relationships. It may also contain notes and constraints. 

Common Uses 

component diagrams are used in one of four ways 

 To model source code 

 To model executable releases 

 To model physical databases 

 To model adaptable systems 

 

Component Diagrams 

 Component diagrams are used in modeling the physical aspects of 

object-oriented systems. 

 A component diagram shows the organization and dependencies 

among a set of components. 
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 Component diagrams are used to model the static implementation 

view of a system. 

 Component diagrams are essentially class diagrams that focus on a 

system’s components. 

 Graphically, a Component diagram is a collection of vertices and arcs. 

 Component diagrams are used for visualizing, specifying, and 

documenting component-based systems and also for constructing 

executable systems through forward and reverse engineering. 

 Component diagrams commonly contain Components, Interfaces and 

Dependency, generalization, association, and realization relationships. 

It may also contain notes and constraints. 

 

 

Deployment Diagrams 
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Deployment Diagrams 

 

A deployment diagram is a diagram that shows the configuration of run time 

processing nodes and the components that live on them. 

 Deployment diagrams are one of the two kinds of diagrams used 
in modeling the physical aspects of an object-oriented system. 

 used to model the static deployment view of a system (topology 
of the hardware) 

 A deployment diagram is just a special kind of class diagram, 
which focuses on a system’s nodes. 

 
Graphically, a deployment diagram is a collection of vertices and arcs. 

Deployment diagrams commonly contain Nodes and Dependency & 

association relationships. It may also contain notes and constraints. 

Deployment diagrams are important for visualizing, specifying, and 

documenting embedded, client/server, and distributed systems and also for 

managing executable systems through forward and reverse engineering. 

 

Common Uses 

Deployment diagrams are used in one of three ways, 

 

To model embedded systems 

To model client/server systems 

To model fully distributed systems 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com


