
ADVANCE  PROGRAMMING        

Topic Objective: 

At the end of this topic the student will be able to:  

 Understand.net 

 Learn About Common Language Infrastructure (CLI) 

 Learn About Microsoft Visual C++  

 Learn About Visual C++ 2005 

 Learn About Extensible Markup Language 

 Learn About Processing XML files 

 Understand Simple API for XML (SAX) 

 Understand DOM is an interface-oriented Application Programming  

 Understand Transformation engines and filters 

 Understand Pull parsing 

 Learn About Object technology 

 Understand Common Language The Common Language Runtime 

Definition/Overview: 

Microsoft Visual C++ : Microsoft Visual C++ (often abbreviated as MSVC) is a commercial 

integrated development environment (IDE) product engineered by Microsoft for the C, C++, 

and C++/CLI programming languages. It has tools for developing and debugging C++ code, 

especially code written for the Microsoft Windows API, the DirectX API, and the Microsoft 

.NET Framework. 

Key Points: 

1 .net 

.net (network) is a generic top-level domain (gTLD) used on the Internet's Domain Name 

System. The .net gTLD is currently operated by VeriSign. Registrations are processed via 

accredited registrars and internationalized domain names are also accepted (see details). .net 

is one of the original top-level domains (despite not being mentioned in RFC 920), created in 

January 1985. It was initially intended to be used only for the computers of network providers 
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(such as Internet service providers). However, there are no formal restrictions on who can 

register a .net domain name. Therefore, while still popular with network operators, it is often 

treated as a second .com. It is currently the fourth most popular top-level domain, after .com, 

.cn and .de. In addition to being an abbreviation for "network", "net" is also a romanisation of 

the Russian word нет ("no" or "not", also commonly romanised as the more authentically 

pronounced "nyet"), and a domain name like "object.net" can be interpreted as "there is no 

object". Some domains exploit this fun, for example mozga.net (brain absent). Some online 

poker or other gambling sites operate real-money games at a .com address and games without 

actual stakes (promoted as being for fun or education) at the same name in .net. This can be 

used to get around legal issues regarding the advertising of online gambling in the United 

States, since the .net site can be promoted legally, but such promotion helps make people 

aware of the name of the real-money site even in jurisdictions where such things are of 

questionable legality. VeriSign, the operator of .net after acquiring Network Solutions, had its 

operational contract expire on June 30, 2005. ICANN, the organization responsible for 

domain management, sought proposals from organizations to operate it for at least six years 

beyond that date. VeriSign won the contract bid, and secured its control over the .net registry 

for another six years. The Microsoft .NET Framework is a software framework that is 

available with several Microsoft Windows operating systems. It includes a large library of 

coded solutions to prevent common programming problems and a virtual machine that 

manages the execution of programs written specifically for the framework. The .NET 

Framework is a key Microsoft offering and is intended to be used by most new applications 

created for the Windows platform. The coded solutions that form the framework's Base Class 

Library cover a large range of programming needs in a number of areas, including user 

interface, data access, database connectivity, cryptography, web application development, 

numeric algorithms, and network communications. The class library is used by programmers, 

who combine it with their own code to produce applications. Programs written for the .NET 

Framework execute in a software environment that manages the program's runtime 

requirements. Also part of the .NET Framework, this runtime environment is known as the 

Common Language Runtime (CLR). The CLR provides the appearance of an application 

virtual machine so that programmers need not consider the capabilities of the specific CPU 

that will execute the program. The CLR also provides other important services such as 

security, memory management, and exception handling. The class library and the CLR 

together compose the .NET Framework. Version 3.0 of the .NET Framework is included with 

Windows Server 2008 and Windows Vista. The current version of the framework can also be 
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installed on Windows XP and the Windows Server 2003 family of operating systems. A 

reduced "Compact" version of the .NET Framework is also available on Windows Mobile 

platforms, including smartphones. 

2. Common Language Infrastructure (CLI) 

The core aspects of the .NET framework lie within the Common Language Infrastructure, or 

CLI. The purpose of the CLI is to provide a language-neutral platform for application 

development and execution, including functions for exception handling, garbage collection, 

security, and interoperability. Microsoft's implementation of the CLI is called the Common 

Language Runtime or CLR. 

2.1 Assemblies 

The intermediate CIL code is housed in .NET assemblies. As mandated by 

specification, assemblies are stored in the Portable Executable (PE) format, common 

on the Windows platform for all DLL and EXE files. The assembly consists of one or 

more files, one of which must contain the manifest, which has the metadata for the 

assembly. The complete name of an assembly (not to be confused with the filename 

on disk) contains its simple text name, version number, culture, and public key token. 

The public key token is a unique hash generated when the assembly is compiled, thus 

two assemblies with the same public key token are guaranteed to be identical from the 

point of view of the framework. A private key can also be specified known only to the 

creator of the assembly and can be used for strong naming and to guarantee that the 

assembly is from the same author when a new version of the assembly is compiled 

(required to add an assembly to the Global Assembly Cache). 

2.2 Metadata 

All CLI is self-describing through .NET metadata. The CLR checks the metadata to 

ensure that the correct method is called. Metadata is usually generated by language 

compilers but developers can create their own metadata through custom attributes. 

Metadata contains information about the assembly, and is also used to implement the 

reflective programming capabilities of .NET Framework. 

2.3 Security 

.NET has its own security mechanism with two general features: Code Access 

Security (CAS), and validation and verification. Code Access Security is based on 

evidence that is associated with a specific assembly. Typically the evidence is the 

source of the assembly (whether it is installed on the local machine or has been 

downloaded from the intranet or Internet). Code Access Security uses evidence to 
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determine the permissions granted to the code. Other code can demand that calling 

code is granted a specified permission. The demand causes the CLR to perform a call 

stack walk: every assembly of each method in the call stack is checked for the 

required permission; if any assembly is not granted the permission a security 

exception is thrown. When an assembly is loaded the CLR performs various tests. 

Two such tests are validation and verification. During validation the CLR checks that 

the assembly contains valid metadata and CIL, and whether the internal tables are 

correct. Verification is not so exact. The verification mechanism checks to see if the 

code does anything that is 'unsafe'. The algorithm used is quite conservative; hence 

occasionally code that is 'safe' does not pass. Unsafe code will only be executed if the 

assembly has the 'skip verification' permission, which generally means code that is 

installed on the local machine. .NET Framework uses appdomains as a mechanism for 

isolating code running in a process. Appdomains can be created and code loaded into 

or unloaded from them independent of other appdomains. This helps increase the fault 

tolerance of the application, as faults or crashes in one appdomain do not affect rest of 

the application. Appdomains can also be configured independently with different 

security privileges. This can help increase the security of the application by isolating 

potentially unsafe code. The developer, however, has to split the application into 

subdomains; it is not done by the CLR. 

3. Microsoft Visual C++  

Microsoft Visual C++ (often abbreviated as MSVC) is a commercial integrated development 

environment (IDE) product engineered by Microsoft for the C, C++, and C++/CLI 

programming languages. It has tools for developing and debugging C++ code, especially 

code written for the Microsoft Windows API, the DirectX API, and the Microsoft .NET 

Framework. 

4. Visual C++ 2005 

The predecessor to Visual C++ was called Microsoft C/C++. There was also a Microsoft 

QuickC 2.5 and a Microsoft QuickC for Windows 1.0. 

 Visual C++ 1.0, which included MFC 2.0, was the first version of Visual C++, released in 

1992, available in both 16-bit and 32-bit versions. 
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 Visual C++ 1.5, which included MFC 2.5, added OLE 2.0 and ODBC support to MFC. It was 

16-bit only and was the first version of Visual C++ that came only on CD-ROM. 

 Visual C++ 1.52c was a patched version of 1.5, but deserves its own entry since it is the last, 

and arguably most popular, development platform for Microsoft Windows 3.x. It is available 

through Microsoft Developer Network. 

 Visual C++ 2.0, which included MFC 3.0, was the first version to be 32-bit only. In many 

ways, this version was ahead of its time because Windows 95, then codenamed "Chicago", 

was not released, and Windows NT had only a small market share. As a result, this release 

was almost a "lost generation". Updates available through subscription included version 2.1 

and 2.2. Microsoft included and updated Visual C++ 1.5 as part of the 2.x releases up to 2.1, 

which included Visual C++ 1.52, and both 16-bit and 32-bit version of the Control 

Development Kit (CDK) were included. Visual C++ 2.x also supported Win32s development. 

It is available through Microsoft Developer Network. There was a Visual C++ 2.0 RISC 

Edition for MIPS and Alpha processors, as well as a cross-platform edition for the Macintosh 

(68000 instruction set). 

 Visual C++ 4.0, which included MFC 4.0, was designed for Windows 95 and Windows NT. 

To allow support of legacy (Windows 3.x/DOS) projects, 4.0 came bundled with the Visual 

C++ 1.52 installation CD. Updates available through subscription included Visual C++ 4.1, 

which came with the Microsoft Game SDK (later released separately as the DirectX SDK), 

and Visual C++ 4.2. 4.2 did not support Windows 3.x (Win32s) development. This was the 

final version with a cross-platform edition for the Macintosh available and it differed from 

the 2.x version in that it also allowed compilation for the PowerPC instruction set. 

 Visual C++ 5.0, which included MFC 4.21, was a major upgrade from 4.2. 

 Visual C++ 6.0 (commonly known as VC6), which included MFC 6.0, was released in 1998. 

The release was somewhat controversial since it did not include an expected update to MFC. 

Visual C++ 6.0 is still quite popular and often used to maintain legacy projects. There are 

however issues with this version under Windows XP, especially under the debugging mode 

(ex: the values of static variables do not display). The debugging issues can be solved with a 

patch called the "Visual C++ 6.0 Processor Pack" downloadable from 

http://msdn2.microsoft.com/en-us/vstudio/aa718349.aspx; This page stresses that Users must 

also be running Windows 98, Windows NT 4.0, or Windows 2000.' 

 Visual C++ .NET 2002 (known also as Visual C++ 7.0), which included MFC 7.0, was 

released in 2002 with support for link time code generation and debugging runtime checks, 

.NET 1.0 and Visual C# and Managed C++. The new user interface used many of the hot 
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keys and conventions of Visual Basic, which accounted for some of its unpopularity among 

C++ developers. 

 Visual C++ .NET 2003 (known also as Visual C++ 7.1), which included MFC 7.1, was 

released in 2003 along with.NET 1.1 and was a major upgrade to Visual C++ .NET 2002. It 

was considered a patch to Visual C++ .NET 2002. Accordingly, the English language 

upgrade version of Visual Studio .NET 2003 shipped for minimal cost to owners of the 

English language version of Visual Studio .NET 2002. This is the last version to support 

Windows 95 as a target. 

 eMbedded Visual C++ in various versions was used to develop for some versions of the 

Windows CE operating system. Initially it replaced a development environment consisting of 

tools added onto Visual C++ 6.0. eMbedded Visual C++ was replaced as a separate 

development environment by Microsoft Visual Studio 2005. 

 Visual C++ 2005 (known also as Visual C++ 8.0), which included MFC 8.0, was released in 

November 2005. This version supports .NET 2.0 and dropped Managed C++ for C++/CLI. It 

also introduced OpenMP. With Visual C++ 2005, Microsoft also introduced Team 

Foundation Server. Visual C++ 8.0 has problems compiling MFC AppWizard projects that 

were created using Visual Studio 6.0, so maintenance of legacy projects can be continued 

with the original IDE if rewriting was not feasible. 

 Visual C++ 2008 (known also as Visual C++ 9.0) was released in November 2007. This 

version supports .NET 3.5, and it is currently the latest stable release. By default, all 

applications compiled against the Visual C++ 2008 Runtimes (static and dynamic linking) 

will only work under Windows 2000 and later. 

 Visual C++ 2010 (known also as Visual C++ 10.0) will be released in the 2009-2010 

timeframe. It is currently in development, and available only in the form of a Community 

Technology Preview. This version adds a modern C++ parallel computing library called the 

Parallel Patterns Library, partial support for C++0x, and significantly improved IntelliSense. 

This version is built around .NET 4.0, but still supports compiling to Machine Code. 

5. Extensible Markup Language  The Extensible Markup Language (XML) is a general-

purpose specification for creating custom markup languages. It is classified as an extensible 

language, because it allows the user to define the mark-up elements. XML's purpose is to aid 

information systems in sharing structured data, especially via the Internet, to encode 

documents, and to serialize data; in the last context, it compares with text-based serialization 

languages such as JSON and YAML.  
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XML's set of tools helps developers in creating web pages but its usefulness goes well 

beyond that. XML, in combination with other standards, makes it possible to define the 

content of a document separately from its formatting, making it easy to reuse that content in 

other applications or for other presentation environments. Most importantly, XML provides a 

basic syntax that can be used to share information between different kinds of computers, 

different applications, and different organizations without needing to pass through many 

layers of conversion. 

XML began as a simplified subset of the Standard Generalized Markup Language (SGML), 

meant to be readable by people via semantic constraints; application languages can be 

implemented in XML. These include XHTML, RSS, MathML, GraphML, Scalable Vector 

Graphics, MusicXML, and others. Moreover, XML is sometimes used as the specification 

language for such application languages. 

XML is recommended by the World Wide Web Consortium (W3C). It is a fee-free open 

standard. The recommendation specifies lexical grammar and parsing requirements. 

6. Processing XML files 

Three traditional techniques for processing XML files are: 

 Using a programming language and the SAX API. 

 Using a programming language and the DOM API. 

 Using a transformation engine and a filter 

More recent and emerging techniques for processing XML files are: 

 Pull Parsing 

 Non-Extractive Parsing (i.e. in-situ parsing) 

 Data binding 

7. Simple API for XML (SAX) 

SAX is a lexical, event-driven interface in which a document is read serially and its contents 

are reported as "callbacks" to various methods on a handler object of the user's design. SAX 

is fast and efficient to implement, but difficult to use for extracting information at random 

from the XML, since it tends to burden the application author with keeping track of what part 

of the document is being processed. It is better suited to situations in which certain types of 

information are always handled the same way, no matter where they occur in the document. 
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8. DOM is an interface-oriented Application Programming :DOM is an interface-oriented 

Application Programming Interface that allows for navigation of the entire document as if it 

were a tree of "Node" objects representing the document's contents. A DOM document can 

be created by a parser, or can be generated manually by users (with limitations). Data types in 

DOM Nodes are abstract; implementations provide their own programming language-specific 

bindings. DOM implementations tend to be memory intensive, as they generally require the 

entire document to be loaded into memory and constructed as a tree of objects before access 

is allowed. DOM is supported in Java by several packages that usually come with the 

standard libraries. As the DOM specification is regulated by the World Wide Web 

Consortium, the main interfaces (Node, Document, etc.) are in the package org.w3c.dom.*, as 

well as some of the events and interfaces for other capabilities like serialization (output). The 

package com.sun.org.apache.xml.internal.serialize.* provides the serialization (output 

capacities) by implementing the appropriate interfaces, while the javax.xml.parsers.* package 

parses data to create DOM XML documents for manipulation. 

9. Transformation engines and filters 

A filter in the Extensible Stylesheet Language (XSL) family can transform an XML file for 

displaying or printing. 

 XSL-FO is a declarative, XML-based page layout language. An XSL-FO processor can be 

used to convert an XSL-FO document into another non-XML format, such as PDF. 

 XSLT is a declarative, XML-based document transformation language. An XSLT processor 

can use an XSLT stylesheet as a guide for the conversion of the data tree represented by one 

XML document into another tree that can then be serialized as XML, HTML, plain text, or 

any other format supported by the processor. 

 XQuery is a W3C language for querying, constructing and transforming XML data. 

 XPath is a DOM-like node tree data model and path expression language for selecting data 

within XML documents. XSL-FO, XSLT and XQuery all make use of XPath. XPath also 

includes a useful function library. 

10. Pull parsing 

Pull parsing treats the document as a series of items which are read in sequence using the 

Iterator design pattern. This allows for writing of recursive-descent parsers in which the 

structure of the code performing the parsing mirrors the structure of the XML being parsed, 

and intermediate parsed results can be used and accessed as local variables within the 
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methods performing the parsing, or passed down (as method parameters) into lower-level 

methods, or returned (as method return values) to higher-level methods. Examples of pull 

parsers include StAX in the Java programming language, SimpleXML in PHP and 

System.Xml.XmlReader in .NET. 

A pull parser creates an iterator that sequentially visits the various elements, attributes, and 

data in an XML document. Code which uses this 'iterator' can test the current item (to tell, for 

example, whether it is a start or end element, or text), and inspect its attributes (local name, 

namespace, values of XML attributes, value of text, etc.), and can also move the iterator to 

the 'next' item. The code can thus extract information from the document as it traverses it. 

The recursive-descent approach tends to lend itself to keeping data as typed local variables in 

the code doing the parsing, while SAX, for instance, typically requires a parser to manually 

maintain intermediate data within a stack of elements which are parent elements of the 

element being parsed. Pull-parsing code can be more straightforward to understand and 

maintain than SAX parsing code. 

10.1 Non-extractive XML Processing API 

Non-extractive XML Processing API is a new and emerging category of parsers that 

aim to overcome the fundamental limitations of DOM and SAX. The most 

representative is VTD-XML, which abolishes the object-oriented modeling of XML 

hierarchy and instead uses 64-bit Virtual Token Descriptors (encoding offsets, 

lengths, depths, and types) of XML tokens. VTD-XML's approach enables a number 

of interesting features/enhancements, such as high performance, low memory usage , 

ASIC implementation , incremental update , and native XML indexing . 

10.2 Data binding 

Another form of XML Processing API is data binding, where XML data is made 

available as a hierarchy of custom, strongly typed classes, in contrast to the generic 

objects created by a Document Object Model parser. This approach simplifies code 

development, and in many cases allows problems to be identified at compile time 

rather than run-time. Example data binding systems include the Java Architecture for 

XML Binding (JAXB), Liquid XML Data Binder for C++, Java, VB & .Net and 

CodeSynthesis XSD for C++. 

10.3 Specific XML applications and editors 

The native file format of OpenOffice.org, AbiWord, and Apple's iWork applications 

is XML. Some parts of Microsoft Office 2007 are also able to edit XML files with a 

user-supplied schema (but not a DTD), and Microsoft has released a file format 
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compatibility kit for Office 2003 that allows previous versions of Office to save in the 

new XML based format. There are dozens of other XML editors available. 

11. Object technology 

Object-oriented programming (OOP) is a programming paradigm that uses "objects" and 

their interactions to design applications and computer programs. Programming techniques 

may include features such as encapsulation, modularity, polymorphism, and inheritance. It 

was not commonly used in mainstream software application development until the early 

1990s. Many modern programming languages now support OOP. 

A survey by Deborah J. Armstrong of nearly 40 years of computing literature identified a 

number of "quarks", or fundamental concepts, found in the strong majority of definitions of 

OOP. They are the following: 

 Class- Defines the abstract characteristics of a thing (object), including the thing's 

characteristics (its attributes, fields or properties) and the thing's behaviors (the things it can 

do, or methods, operations or features). One might say that a class is a blueprint or factory 

that describes the nature of something. For example, the class Dog would consist of traits 

shared by all dogs, such as breed and fur color (characteristics), and the ability to bark and sit 

(behaviors). Classes provide modularity and structure in an object-oriented computer 

program. A class should typically be recognizable to a non-programmer familiar with the 

problem domain, meaning that the characteristics of the class should make sense in context. 

Also, the code for a class should be relatively self-contained (generally using encapsulation). 

Collectively, the properties and methods defined by a class are called members. 

 Object- A pattern (exemplar) of a class. The class of Dog defines all possible dogs by listing 

the characteristics and behaviors they can have; the object Lassie is one particular dog, with 

particular versions of the characteristics. A Dog has fur; Lassie has brown-and-white fur. 

 Instance - One can have an instance of a class or a particular object. The instance is the actual 

object created at runtime. In programmer jargon, the Lassie object is an instance of the Dog 

class. The set of values of the attributes of a particular object is called its state. The object 

consists of state and the behaviour that's defined in the object's class. 
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 Method - An object's abilities. In language, methods (sometimes referred to as "functions") 

are verbs. Lassie, being a Dog, has the ability to bark. So bark() is one of Lassie's methods. 

She may have other methods as well, for example sit() or eat() or walk() or save_timmy(). 

Within the program, using a method usually affects only one particular object; all Dogs can 

bark, but you need only one particular dog to do the barking. 

 Message passing - "The process by which an object sends data to another object or asks the 

other object to invoke a method." Also known to some programming languages as 

interfacing. For example, the object called Breeder may tell the Lassie object to sit by passing 

a "sit" message which invokes Lassie's "sit" method. The syntax varies between languages, 

for example: [Lassie sit] in Objective-C. In Java, code-level message passing corresponds to 

"method calling". Some dynamic languages use double-dispatch or multi-dispatch to find and 

pass messages. 

 Inheritance - "Subclasses" are more specialized versions of a class, which inherit attributes 

and behaviors from their parent classes, and can introduce their own. 

For example, the class Dog might have sub-classes called Collie,Chihuahua, and 

GoldenRetriever. In this case, Lassiewould be an instance of the Colliesubclass. 

Suppose the Dogclass defines a method called bark()and a property called furColor. 

Each of its sub-classes (Collie,Chihuahua, and GoldenRetriever) will inherit these 

members, meaning that the programmer only needs to write the code for them once. 

Each subclass can alter its inherited traits. For example, the Collieclass might specify 

that the default furColorfor a collie is brown-and-white. The Chihuahuasubclass 

might specify that the bark()method produces a high pitch by default. Subclasses can 

also add new members. The Chihuahuasubclass could add a method called tremble(). 

So an individual chihuahua instance would use a high-pitched bark() from the 

Chihuahuasubclass, which in turn inherited the usual bark()from Dog. The chihuahua 

object would also have the tremble()method, but Lassiewould not, because she is a 

Collie, not a Chihuahua. In fact, inheritance is an "a... is a" relationship between 

classes, while instantiation is an "is a" relationship between an object and a class: a 

Collie is a Dog("a... is a"), but Lassieis a Collie("is a"). Thus, the object named 

Lassiehas the methods from both classes Collieand Dog. 
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Multiple inheritance is inheritance from more than one ancestor class, neither of these 

ancestors being an ancestor of the other. For example, independent classes could 

define Dogs and Cats, and a Chimeraobject could be created from these two which 

inherits all the (multiple) behavior of cats and dogs. This is not always supported, as it 

can be hard both to implement and to use well. 

 Abstraction- Abstraction is simplifying complex reality by modelling classes appropriate to 

the problem, and working at the most appropriate level of inheritance for a given aspect of 

the problem. For example, Lassie the Dog may be treated as a Dog much of the time, a Collie 

when necessary to access Collie-specific attributes or behaviors, and as an Animal (perhaps 

the parent class of Dog) when counting Timmy's pets. Abstraction is also achieved through 

Composition. For example, a class Car would be made up of an Engine, Gearbox, Steering 

objects, and many more components. To build the Car class, one does not need to know how 

the different components work internally, but only how to interface with them, i.e., send 

messages to them, receive messages from them, and perhaps make the different objects 

composing the class interact with each other. 

 Encapsulation - Encapsulation conceals the functional details of a class from objects that send 

messages to it. For example, the Dog class has a bark() method. The code for the bark() 

method defines exactly how a bark happens (e.g., by inhale() and then exhale(), at a particular 

pitch and volume). Timmy, Lassie's friend, however, does not need to know exactly how she 

barks. Encapsulation is achieved by specifying which classes may use the members of an 

object. The result is that each object exposes to any class a certain interface those members 

accessible to that class. The reason for encapsulation is to prevent clients of an interface from 

depending on those parts of the implementation that are likely to change in future, thereby 

allowing those changes to be made more easily, that is, without changes to clients. For 

example, an interface can ensure that puppies can only be added to an object of the class Dog 

by code in that class. Members are often specified as public, protected or private, determining 

whether they are available to all classes, sub-classes or only the defining class. Some 

languages go further: Java uses the default access modifier to restrict access also to classes in 

the same package, C# and VB.NET reserve some members to classes in the same assembly 

using keywords internal (C#) or Friend (VB.NET), and Eiffel and C++ allow one to specify 

which classes may access any member. 
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 Polymorphism - Polymorphism allows the programmer to treat derived class members just 

like their parent class' members. More precisely, Polymorphism in object-oriented 

programming is the ability of objects belonging to different data types to respond to method 

calls of methods of the same name, each one according to an appropriate type-specific 

behavior. One method, or an operator such as +, -, or *, can be abstractly applied in many 

different situations. If a Dog is commanded to speak(), this may elicit a bark(). However, if a 

Pig is commanded to speak(), this may elicit an oink(). They both inherit speak() from 

Animal, but their derived class methods override the methods of the parent class; this is 

Overriding Polymorphism. Overloading Polymorphism is the use of one method signature, or 

one operator such as "+", to perform several different functions depending on the 

implementation. The "+" operator, for example, may be used to perform integer addition, 

float addition, list concatenation, or string concatenation. Any two subclasses of Number, 

such as Integer and Double, are expected to add together properly in an OOP language. The 

language must therefore overload the addition operator, "+", to work this way. This helps 

improve code readability. How this is implemented varies from language to language, but 

most OOP languages support at least some level of overloading polymorphism. Many OOP 

languages also support Parametric Polymorphism, where code is written without mention of 

any specific type and thus can be used transparently with any number of new types. Pointers 

are an example of a simple polymorphic routine that can be used with many different types of 

objects. 

 Decoupling- Decoupling allows for the separation of object interactions from classes and 

inheritance into distinct layers of abstraction. A common use of decoupling is to 

polymorphically decouple the encapsulation, which is the practice of using reusable code to 

prevent discrete code modules from interacting with each other. Not all of the above concepts 

are to be found in all object-oriented programming languages, and so object-oriented 

programming that uses classes is called sometimes class-based programming. In particular, 

prototype-based programming does not typically use classes. As a result, a significantly 

different yet analogous terminology is used to define the concepts of object and instance. 

12. Common Language The Common Language Runtime (CLR) is a core component of 

Microsoft's .NET initiative. It is Microsoft's implementation of the Common Language 

Infrastructure (CLI) standard, which defines an execution environment for program code. The 
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CLR runs a form of bytecode called the Common Intermediate Language (CIL, previously 

known as MSIL -- Microsoft Intermediate Language). 

Developers using the CLR write code in a language such as C# or VB.Net. At compile time, a 

.NET compiler converts such code into CIL code. At runtime, the CLR's just-in-time 

compiler converts the CIL code into code native to the operating system. Alternatively, the 

CIL code can be compiled to native code in a separate step prior to runtime. This speeds up 

all later runs of the software as the CIL-to-native compilation is no longer necessary. 

Although some other implementations of the Common Language Infrastructure run on non-

Windows operating systems, Microsoft's implementation runs only on Microsoft Windows 

operating systems. 

The CLR allows programmers to ignore many details of the specific CPU that will execute 

the program. It also provides other important services, including the following: 

 Memory management 

 Thread management 

 Exception handling 

 Garbage collection 

 Security 

Topic : Introduction To The Visual Studio .Net Ide 

Topic Objective: 

At the end of this topic the student will be able to:  

 Learn About Visual Studio 

 Learn About Architecture 

 Learn About Visual Studio .NET. 

 Understand Visual Studio .NETs help features 

 Understand Visual C++ .NET program. 

Definition/Overview: 

Visual Studio: Visual Studio does not support any programming language, solution or tool 

intrinsically. Instead, it allows various functionality to be plugged in. Specific functionality is 
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coded as a VSPackage. When installed, the functionality is available as a Service. The IDE 

provides three services: SVsSolution, which provides the ability to enumerate projects and 

solutions; SVsUIShell, which provides windowing and UI functionality (including tabs, 

toolbars and tool windows); and SVsShell, which deals with registration of VSPackages. 

Key Points: 

1. Visual Studio 

Visual Studio does not support any programming language, solution or tool intrinsically. 

Instead, it allows various functionality to be plugged in. Specific functionality is coded as a 

VSPackage. When installed, the functionality is available as a Service. The IDE provides 

three services: SVsSolution, which provides the ability to enumerate projects and solutions; 

SVsUIShell, which provides windowing and UI functionality (including tabs, toolbars and 

tool windows); and SVsShell, which deals with registration of VSPackages. In addition, the 

IDE is also responsible for coordinating and enabling communication between services. All 

editors, designers, project types and other tools are implemented as VSPackages. Visual 

Studio uses COM to access the VSPackages. The Visual Studio SDK also includes the 

Managed Package Framework (MPF), which is a set of managed wrappers around the COM-

interfaces that allow the Packages to be written in .NET languages.However, MPF does not 

provide all the functionality exposed by the Visual Studio COM interfaces. The services can 

then be consumed for creation of other packages, which add functionality to the Visual 

Studio IDE. 

2. Architecture 

Visual Studio does not support any programming language, solution or tool intrinsically. 

Instead, it allows various functionality to be plugged in. Specific functionality is coded as a 

VSPackage. When installed, the functionality is available as a Service. The IDE provides 

three services: SVsSolution, which provides the ability to enumerate projects and solutions; 

SVsUIShell, which provides windowing and UI functionality (including tabs, toolbars and 

tool windows); and SVsShell, which deals with registration of VSPackages. In addition, the 

IDE is also responsible for coordinating and enabling communication between services. All 

editors, designers, project types and other tools are implemented as VSPackages. Visual 

Studio uses COM to access the VSPackages. The Visual Studio SDK also includes the 

Managed Package Framework (MPF), which is a set of managed wrappers around the COM-
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interfaces that allow the Packages to be written in .NET languages. However, MPF does not 

provide all the functionality exposed by the Visual Studio COM interfaces. The services can 

then be consumed for creation of other packages, which add functionality to the Visual 

Studio IDE. 

Support for programming languages is added by using a specific VSPackage called a 

Language Service. A language service defines various interfaces which the VSPackage 

implementation can implement to add support for various functionality. Functionality that can 

be added this way includes syntax coloring, statement completion, brace matching, parameter 

information tooltips, member lists and error markers for background compilation. If the 

interface is implemented, the functionality will be available for the language. Language 

services are to be implemented on a per-language basis. The implementations can reuse code 

from the parser or the compiler for the language. Language services can be implemented 

either in native code or managed code. For native code, either the native COM interfaces can 

be used, or the Babel Framework (part of Visual Studio SDK) be used. For managed code, 

the MPF includes wrappers for writing managed language services. Visual Studio does not 

include any source control support built in but it defines the MSSCCI (Microsoft Source 

Code Control Interface) by implementing which source control systems can integrate with the 

IDE. MSSCCI defines a set of functions that are used to implement various source control 

functionality. MSSCCI was first used to integrate Visual SourceSafe with Visual Studio 6.0 

but was later opened up via the Visual Studio SDK. Visual Studio .NET 2002 used MSSCCI 

1.1, and Visual Studio .NET 2003 used MSSCCI 1.2. Both Visual Studio 2005 and 2008 use 

MSSCCI Version 1.3, which adds support for rename and delete propagation as well as 

asynchronous opening. Visual Studio supports running multiple instances of the environment 

(each with its own set of VSPackages). The instances use different registry hives (see 

MSDN's definition of the term "registry hive" in the sense used here) to store their 

configuration state and are differentiated by their AppId (Application ID). The instances are 

launched by an AppId-specific .exe that selects the AppId, sets the root hive and launches the 

IDE. VSPackages registered for one AppId are integrated with other VSPackages for that 

AppId. The various product editions of Visual Studio are created using the different AppIds. 

The Visual Studio Express edition products are installed with their own AppIDs, but the 

Standard, Professional and Team Suite products share the same AppId. Consequently, the 

Express editions can be installed side-by-side with other editions, unlike the other editions 

which update the same installation. The professional edition includes a superset of the 

VSPackages in the standard edition, and the team suite includes a superset of the VSPackages 
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in both other editions. The AppId system is leveraged by the Visual Studio Shell in Visual 

Studio 2008. 

3. Visual Studio .NET. 

Microsoft Visual Studio is an integrated development environment (IDE) from Microsoft. It 

can be used to develop console and graphical user interface applications along with Windows 

Forms applications, web sites, web applications, and web services in both native code 

together with managed code for all platforms supported by Microsoft Windows, Windows 

Mobile, Windows CE, .NET Framework, .NET Compact Framework and Microsoft 

Silverlight. Visual Studio includes a code editor supporting IntelliSense as well as code 

refactoring. The integrated debugger works both as a source-level debugger and a machine-

level debugger. Other built-in tools include a forms designer for building GUI applications, 

web designer, class designer, and database schema designer. It allows plug-ins to be added 

that enhance the functionality at almost every level - including adding support for source 

control systems (like Subversion and Visual SourceSafe) to adding new toolsets like editors 

and visual designers for domain-specific languages or toolsets for other aspects of the 

software development lifecycle (like the Team Foundation Server client: Team Explorer). 

Visual Studio supports languages by means of language services, which allow any 

programming language to be supported (to varying degrees) by the code editor and debugger, 

provided a language-specific service has been authored. Built-in languages include C/C++ 

(via Visual C++), VB.NET (via Visual Basic .NET), and C# (via Visual C#). Support for 

other languages such as Chrome, F#, Python, and Ruby among others has been made 

available via language services which are to be installed separately. It also supports 

XML/XSLT, HTML/XHTML, JavaScript and CSS. Language-specific versions of Visual 

Studio also exist which provide more limited language services to the user. These individual 

packages are called Microsoft Visual Basic, Visual J#, Visual C#, and Visual C++. Currently, 

Visual Studio 2008 and 2005 Professional Editions, along with language-specific versions 

(Visual Basic, C++, C#, J#) of Visual Studio 2005 are available to students as downloads via 

Microsoft's DreamSpark program. Visual Studio 2010 is currently in development. Visual 

Studio does not support any programming language, solution or tool intrinsically. Instead, it 

allows various functionality to be plugged in. Specific functionality is coded as a VSPackage. 

When installed, the functionality is available as a Service. The IDE provides three services: 

SVsSolution, which provides the ability to enumerate projects and solutions; SVsUIShell, 
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which provides windowing and UI functionality (including tabs, toolbars and tool windows); 

and SVsShell, which deals with registration of VSPackages. In addition, the IDE is also 

responsible for coordinating and enabling communication between services. All editors, 

designers, project types and other tools are implemented as VSPackages. Visual Studio uses 

COM to access the VSPackages. The Visual Studio SDK also includes the Managed Package 

Framework (MPF), which is a set of managed wrappers around the COM-interfaces that 

allow the Packages to be written in .NET languages. However, MPF does not provide all the 

functionality exposed by the Visual Studio COM interfaces. The services can then be 

consumed for creation of other packages, which add functionality to the Visual Studio IDE. 

Support for programming languages is added by using a specific VSPackage called a 

Language Service. A language service defines various interfaces which the VSPackage 

implementation can implement to add support for various functionality. Functionality that can 

be added this way includes syntax coloring, statement completion, brace matching, parameter 

information tooltips, member lists and error markers for background compilation. If the 

interface is implemented, the functionality will be available for the language. Language 

services are to be implemented on a per-language basis. The implementations can reuse code 

from the parser or the compiler for the language. Language services can be implemented 

either in native code or managed code.  

For native code, either the native COM interfaces can be used, or the Babel Framework (part 

of Visual Studio SDK) be used. For managed code, the MPF includes wrappers for writing 

managed language services. Visual Studio does not include any source control support built 

in but it defines the MSSCCI (Microsoft Source Code Control Interface) by implementing 

which source control systems can integrate with the IDE. MSSCCI defines a set of functions 

that are used to implement various source control functionality. MSSCCI was first used to 

integrate Visual SourceSafe with Visual Studio 6.0 but was later opened up via the Visual 

Studio SDK. Visual Studio .NET 2002 used MSSCCI 1.1, and Visual Studio .NET 2003 used 

MSSCCI 1.2. Both Visual Studio 2005 and 2008 use MSSCCI Version 1.3, which adds 

support for rename and delete propagation as well as asynchronous opening. Visual Studio 

supports running multiple instances of the environment (each with its own set of 

VSPackages). The instances use different registry hives (see MSDN's definition of the term 

"registry hive" in the sense used here) to store their configuration state and are differentiated 

by their AppId (Application ID). The instances are launched by an AppId-specific .exe that 

selects the AppId, sets the root hive and launches the IDE. VSPackages registered for one 

AppId are integrated with other VSPackages for that AppId. The various product editions of 
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Visual Studio are created using the different AppIds. The Visual Studio Express edition 

products are installed with their own AppIDs, but the Standard, Professional and Team Suite 

products share the same AppId. Consequently, the Express editions can be installed side-by-

side with other editions, unlike the other editions which update the same installation. The 

professional edition includes a superset of the VSPackages in the standard edition and the 

team suite includes a superset of the VSPackages in both other editions. The AppId system is 

leveraged by the Visual Studio Shell in Visual Studio 2008. 

4. Visual Studio .NETs help features 

Visual Studio, like any other IDE, includes a code editor that supports syntax highlighting 

and code completion using IntelliSense for not only variables, functions and methods but also 

language constructs like loops and queries. IntelliSense is supported for the included 

languages, as well as for XML and for Cascading Style Sheets and JavaScript when 

developing web sites and web applications. Autocomplete suggestions are popped up in a 

modeless list box, overlaid on top of the code editor. In Visual Studio 2008 onwards, it can be 

made temporarily semi-transparent to see the code obstructed by it. The code editor is used 

for all supported languages. The Visual Studio code editor also supports setting bookmarks in 

code for quick navigation. Other navigational aids include collapsing code blocks and 

incremental search, in addition to normal text search and regex search. The code editor also 

includes a multi-item clipboard and a task list. The code editor supports code snippets, which 

are saved templates for repetitive code and can be inserted into code and customized for the 

project being worked on. A management tool for code snippets is built in as well. These tools 

are surfaced as floating windows which can be set to automatically hide when unused or 

docked to the side of the screen. The Visual Studio code editor also supports code refactoring 

including parameter reordering, variable and method renaming, interface extraction and 

encapsulation of class members inside properties, among others. Visual Studio features 

background compilation (also called incremental compilation). As code is being written, 

Visual Studio compiles it in the background with in order to provide feedback about syntax 

and compilation errors, which are flagged with a red wavy underline. Warnings are marked 

with a green underline. Background compilation does not generate executable code, since it 

requires a different compiler than the one used to generate executable code. Background 

compilation was initially introduced with Microsoft Visual Basic but has now been expanded 

for all included languages. 
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4.1 Debugger 

Visual Studio includes a debugger that works both as a source-level debugger as well 

as machine-level debugger. It works with both managed code as well as native code 

and can be used for debugging applications written in any language supported by 

Visual Studio. In addition, it can also attach to running processes and monitor and 

debug those processes. If source code for the running process is available, it displays 

the code as it is being run. If source code is not available, it can show the disassembly. 

The Visual Studio debugger can also create memory dumps as well as load them later 

for debugging. Multi-threaded programs are also supported. The debugger can be 

configured to be launched when an application running outside the Visual Studio 

environment crashes. 

The debugger allows setting breakpoints (which allow execution to be stopped 

temporarily at a certain position) and watches (which monitor the values of variables 

as the execution progresses). Breakpoints can be conditional, that is they get triggered 

when the condition is met. Code can be stepped over, i.e., run one line (of source 

code) at a time. It can either step into functions to debug inside it, or step over it, i.e., 

the execution of the function body isn't available for manual inspection. The debugger 

supports Edit and Continue, i.e., it allows code to be edited as it is being debugged. 

When debugging, if any variable is hovered over by the mouse pointer, its current 

value is displayed in a tooltip ("data tooltips"), where it can also be modified if 

desired. During coding, the Visual Studio debugger lets certain functions be invoked 

manually from the Immediate tool window. The parameters to the method are 

supplied at the Immediate window. 

4.2 Designer 

Visual Studio includes a host of visual designers to aid in the development of 

applications. These tools include: 

 WinForms Designer- The WinForms designer is used to build GUI applications using 

WinForms. It includes a palette of UI widgets and controls (including buttons, progress bars, 

labels, layout containers and other controls) that can be dragged and dropped on a form 

surface. Layout can be controlled by housing the controls inside other containers or locking 

them to the side of the form. Controls that display data (like textbox, list box, grid view, etc.) 

can be data bound to data sources like databases or queries. The UI is linked with code using 
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an event-driven programming model. The designer generates either C# or VB.NET code for 

the application. 

 WPF Designer- The WPF designer, codenamed Cider, was introduced with Visual Studio 

2008. Like the WinForms designer it supports uses the drag and drop metaphor. It is used to 

author user interfaces targeting Windows Presentation Foundation. It supports all WPF 

functionality including databinding and automatic layout management. It generates XAML 

code for the UI. The generated XAML file is compatible with Microsoft Expression Design, 

the designer-oriented product. The XAML code is linked with code using a code-behind 

model. 

 Web designer- Visual Studio also includes a web site editor and designer that allows web 

pages to be authored by dragging and dropping widgets. It is used for developing ASP.NET 

applications, and supports HTML, CSS and JavaScript. It uses a code-behind model to link 

with ASP.NET code. Visual Studio 2008 onwards, the layout engine used by the web 

designer is shared with Microsoft Expression Web. 

 Class designer- The Class Designer is used to author and edit the classes (including its 

members and their access) using UML modeling. The Class Designer can generate C# and 

VB.NET code outlines for the classes and methods. It can also generate class diagrams from 

hand-written classes. 

 Data designer- The data designer can be used to graphically edit database schemas, including 

typed tables, primary and foreign keys and constraints. It can also be used to design queries 

from the graphical view. 

 Mapping designer- Visual Studio 2008 onwards, the mapping designer is used by LINQ to 

SQL to design the mapping between database schemas and classes that encapsulate the data. 

4.3 Other tools 

The open tabs browser is used to list all open tabs and switch between them. It 

is invoked using CTRL+TAB. The Properties Editor tool is used to edit 

properties in a GUI pane inside Visual Studio. It lists all available properties 

(both read-only and those which can be set) for all objects including classes, 

forms, web pages and other items. 
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 Object Browser- The Object Browser is a namespace and class library browser for Microsoft 

.NET. It can be used to browse the namespaces (which are arranged hierarchically) in 

managed assemblies. The hierarchy may or may not reflect the organization in the file 

system. 

 Solution Explorer- In Visual Studio parlance, a solution is a set of code files and other 

resources that are used to build an application. The files in a solution are arranged 

hierarchically, which might or might not reflect the organization in the file system. The 

Solution Explorer is used to manage and browse the files in a solution. 

 Team Explorer- Team Explorer is used to integrate the capabilities of Team Foundation 

Server, the Revision Control System into the IDE (and the basis for Microsoft's CodePlex 

hosting environment for open source projects). In addition to source control it provides the 

ability to view and manage individual work items (including bugs, tasks and other 

documents) and to browse TFS statistics. It is included as part of a TFS install and is also 

available as a download for Visual Studio 2005 and 2008.. Team Explorer is also available as 

a stand-alone environment solely to access TFS services. 

 Data Explorer- Data Explorer is used to manage databases on Microsoft SQL Server 

instances. It allows creation and alteration of database tables (either by issuing T-SQL 

commands or using the Data designer). It can also be used to create queries and stored 

procedures, with the latter in either T-SQL or in managed code via SQL CLR. Debugging 

and IntelliSense support is available as well. 

 Server Explorer- The Server Explorer tool is used to manage database connections on an 

accessible computer. It is also used to browse running Windows Services, performance 

counters, Windows Event Log and message queues and use them as datasource. 

4.4 Extensibility 

Visual Studio allows developers to write extensions for Visual Studio to extend its 

capabilities. These extensions "plug into" Visual Studio and extend its functionality. 

Extensions come in the form of macros, add-ins, and packages. Macros represent 

repeatable tasks and actions that developers can record programmatically for saving, 

replaying, and distributing. Macros, however, cannot be used to implement new 

commands or create tool windows. They are written using Visual Basic and are not 
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compiled. Add-Ins provide access to the Visual Studio object model and can interact 

with the IDE tools. Add-Ins can be used to implement new functionality and can add 

new tool windows. Add-Ins are plugged in to the IDE via COM and can be created in 

any COM-compliant languages. Packages are created using the Visual Studio SDK 

and provide the highest level of extensibility. It is used to create designers and other 

tools, as well as to integrate other programming languages. The Visual Studio SDK 

provides both unmanaged as well as a managed API to accomplish these tasks. 

However, the managed API isn't as comprehensive as the unmanaged one. Extensions 

are supported in the Standard (and higher) versions of Visual Studio 2005. Express 

Editions do not support hosting extensions. 

Visual Studio 2008 introduced the Visual Studio Shell that allows for development of 

a customized version of the IDE. The Visual Studio Shell defines a set of VSPackages 

that provide the functionality required in any IDE. On top of that, other packages can 

be added to customize the installation. The Isolated mode of the shell creates a new 

AppId where the packages are installed. These are to be started with a different 

executable. It is aimed for development of custom development environments, either 

for a specific language or a specific scenario. The Integrated mode installs the 

packages into the AppId of the Professional/Standard/Team System editions, so that 

the tools integrate into these editions. The Visual Studio Shell is available as a free 

download. After the release of Visual Studio 2008, Microsoft created the Visual 

Studio Gallery. It serves as the central location for posting information about 

extensions to Visual Studio. Community developers as well as commercial developers 

can upload information about their extensions to Visual Studio .NET 2002 through 

Visual Studio 2008. Users of the site can rate and review the extensions to help assess 

the quality of extensions being posted. RSS feeds to notify users on updates to the 

site, and tagging features are also planned.  

5. Visual C++ .NET program. 

Microsoft Visual C++ (often abbreviated as MSVC) is a commercial integrated development 

environment (IDE) product engineered by Microsoft for the C, C++, and C++/CLI 

programming languages. It has tools for developing and debugging C++ code, especially 

code written for the Microsoft Windows API, the DirectX API, and the Microsoft .NET 

Framework. 
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The predecessor to Visual C++ was called Microsoft C/C++. There was also a Microsoft 

QuickC 2.5 and a Microsoft QuickC for Windows 1.0. 

 Visual C++ 1.0, which included MFC 2.0, was the first version of Visual C++, released in 

1992, available in both 16-bit and 32-bit versions. 

 Visual C++ 1.5, which included MFC 2.5, added OLE 2.0 and ODBC support to MFC. It was 

16-bit only and was the first version of Visual C++ that came only on CD-ROM. 

 Visual C++ 1.52c was a patched version of 1.5, but deserves its own entry since it is the last, 

and arguably most popular, development platform for Microsoft Windows 3.x. It is available 

through Microsoft Developer Network. 

 Visual C++ 2.0, which included MFC 3.0, was the first version to be 32-bit only. In many 

ways, this version was ahead of its time because Windows 95, then codenamed "Chicago", 

was not released, and Windows NT had only a small market share. As a result, this release 

was almost a "lost generation". Updates available through subscription included version 2.1 

and 2.2. Microsoft included and updated Visual C++ 1.5 as part of the 2.x releases up to 2.1, 

which included Visual C++ 1.52, and both 16-bit and 32-bit version of the Control 

Development Kit (CDK) were included. Visual C++ 2.x also supported Win32s development. 

It is available through Microsoft Developer Network. There was a Visual C++ 2.0 RISC 

Edition for MIPS and Alpha processors, as well as a cross-platform edition for the Macintosh 

(68000 instruction set). 

 Visual C++ 4.0, which included MFC 4.0, was designed for Windows 95 and Windows NT. 

To allow support of legacy (Windows 3.x/DOS) projects, 4.0 came bundled with the Visual 

C++ 1.52 installation CD. Updates available through subscription included Visual C++ 4.1, 

which came with the Microsoft Game SDK (later released separately as the DirectX SDK), 

and Visual C++ 4.2. 4.2 did not support Windows 3.x (Win32s) development. This was the 

final version with a cross-platform edition for the Macintosh available and it differed from 

the 2.x version in that it also allowed compilation for the PowerPC instruction set. 

 Visual C++ 5.0, which included MFC 4.21, was a major upgrade from 4.2. 

 Visual C++ 6.0 (commonly known as VC6), which included MFC 6.0, was released in 1998. 

The release was somewhat controversial since it did not include an expected update to MFC. 

Visual C++ 6.0 is still quite popular and often used to maintain legacy projects. There are 

however issues with this version under Windows XP, especially under the debugging mode 

(ex: the values of static variables do not display). The debugging issues can be solved with a 

patch called the "Visual C++ 6.0 Processor Pack" downloadable from 
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http://msdn2.microsoft.com/en-us/vstudio/aa718349.aspx; This page stresses that Users must 

also be running Windows 98, Windows NT 4.0, or Windows 2000.' 

 Visual C++ .NET 2002 (known also as Visual C++ 7.0), which included MFC 7.0, was 

released in 2002 with support for link time code generation and debugging runtime checks, 

.NET 1.0 and Visual C# and Managed C++. The new user interface used many of the hot 

keys and conventions of Visual Basic, which accounted for some of its unpopularity among 

C++ developers. 

 Visual C++ .NET 2003 (known also as Visual C++ 7.1), which included MFC 7.1, was 

released in 2003 along with.NET 1.1 and was a major upgrade to Visual C++ .NET 2002. It 

was considered a patch to Visual C++ .NET 2002. Accordingly, the English language 

upgrade version of Visual Studio .NET 2003 shipped for minimal cost to owners of the 

English language version of Visual Studio .NET 2002. This is the last version to support 

Windows 95 as a target. 

 eMbedded Visual C++ in various versions was used to develop for some versions of the 

Windows CE operating system. Initially it replaced a development environment consisting of 

tools added onto Visual C++ 6.0. eMbedded Visual C++ was replaced as a separate 

development environment by Microsoft Visual Studio 2005. 

 Visual C++ 2005 (known also as Visual C++ 8.0), which included MFC 8.0, was released in 

November 2005. This version supports .NET 2.0 and dropped Managed C++ for C++/CLI. It 

also introduced OpenMP. With Visual C++ 2005, Microsoft also introduced Team 

Foundation Server. Visual C++ 8.0 has problems compiling MFC AppWizard projects that 

were created using Visual Studio 6.0, so maintenance of legacy projects can be continued 

with the original IDE if rewriting was not feasible. 

 Visual C++ 2008 (known also as Visual C++ 9.0) was released in November 2007. This 

version supports .NET 3.5, and it is currently the latest stable release. By default, all 

applications compiled against the Visual C++ 2008 Runtimes (static and dynamic linking) 

will only work under Windows 2000 and later. 

 Visual C++ 2010 (known also as Visual C++ 10.0) will be released in the 2009-2010 

timeframe. It is currently in development, and available only in the form of a Community 

Technology Preview. This version adds a modern C++ parallel computing library called the 

Parallel Patterns Library, partial support for C++0x, and significantly improved IntelliSense. 

This version is built around .NET 4.0, but still supports compiling to Machine Code. 

Topic : Introduction To Visual C++ .Net Programming 
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Topic Objective: 

At the end of this topic student will be able:  

 Understand Code editor 

 Understand Debugger 

 Understand Simple Program 

 Learn About Adding integers 

 Learn About Arithmetic decision making 

 Learn About Relation operations 

Definition/Overview: 

Visual Studio 2008: Visual Studio 2008, codenamed Orcas, is the successor to Visual Studio 

2005. It was released to MSDN subscribers on 19 November 2007 alongside .NET 

Framework 3.5. The codename Orcas is, like Whidbey, a reference to an island in Puget 

Sound, Orcas Island. The source code for the Visual Studio 2008 IDE will be available under 

a shared source license to some of Microsoft's partners and ISVs. 

Programming languages :Support for programming languages is added by using a specific 

VSPackage called a Language Service. A language service defines various interfaces which 

the VSPackage implementation can implement to add support for various functionality. 

Functionality that can be added this way includes syntax coloring, statement completion, 

brace matching, parameter information tooltips, member lists and error markers for 

background compilation.If the interface is implemented, the functionality will be available 

for the language. Language services are to be implemented on a per-language basis. The 

implementations can reuse code from the parser or the compiler for the language. Language 

services can be implemented either in native code or managed code. For native code, either 

the native COM interfaces can be used, or the Babel Framework (part of Visual Studio SDK) 

be used. For managed code, the MPF includes wrappers for writing managed language 

services. 

Key Points: 

1. Code editor: Visual Studio, like any other IDE, includes a code editor that supports syntax 

highlighting and code completion using IntelliSense for not only variables, functions and 
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methods but also language constructs like loops and queries. IntelliSense is supported for the 

included languages, as well as for XML and for Cascading Style Sheets and JavaScript when 

developing web sites and web applications. Autocomplete suggestions are popped up in a 

modeless list box, overlaid on top of the code editor. In Visual Studio 2008 onwards, it can be 

made temporarily semi-transparent to see the code obstructed by it. The code editor is used 

for all supported languages. 

2. Debugger 

Visual Studio includes a debugger that works both as a source-level debugger as well as 

machine-level debugger. It works with both managed code as well as native code and can be 

used for debugging applications written in any language supported by Visual Studio. In 

addition, it can also attach to running processes and monitor and debug those processes. If 

source code for the running process is available, it displays the code as it is being run. If 

source code is not available, it can show the disassembly. The Visual Studio debugger can 

also create memory dumps as well as load them later for debugging. Multi-threaded programs 

are also supported. The debugger can be configured to be launched when an application 

running outside the Visual Studio environment, crashes. 

3. Simple Program 

Paper prints were an early mechanism to establish the copyright of motion pictures by 

depositing them with the Library of Congress. The first and foremost user of this prosecc was 

Thomas Alva Edison). To that end, beginning in 1893, Edisons company was first to register 

each frame of movie film onto a positive paper print and thus the Library of Congress 

processed and cataloged the films as one photograph. For this reason, thousands of 

photocopies of films over a twenty year period were deposited with LC. The unintended and 

fortunate other outcome is that while the actual films and negatives of this period decayed or 

were destroyed, the paper prints sat ignored and more or less preserved. When this deposit 

policy ended in 1912 and actual film prints were registered and immediately returned to the 

copyright holder, many films in the following three decades were lost forever because their 

original elements were too unstable for any lasting preservation or conservation. Paper prints, 

though, came with their ownunpredictable nature, bringing migration challenges that rival the 

difficulties involved with the analog/digital conversions or software emulations of today. 
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4. Adding integers 

The value of a datum with an integral type is the mathematical integer that it corresponds to. 

The representation of this datum is the way the value is stored in the computers memory. 

Integral types may be unsigned (capable of representing only non-negative integers) or signed 

(capable of representing negative integers as well). The most common representation of a 

positive integer is a string of bits, using the binary numeral system. The order of the bits 

varies; see endianness. The width or precision of an integral type is the number of bits in its 

representation. An integral type with n bits can encode 2
n
numbers; for example an unsigned 

type typically represents the non-negative values 0 through 2
n
−1. There are three different 

ways to represent negative numbers in a binary numeral system. The most common is twos 

complement, which allows a signed integral type with n bits to represent numbers from 

−2
(n−1)

 through 2
(n−1)

−1. Twos complement arithmetic is convenient because there is a perfect 

one-to-one correspondence between representations and values, and because addition, 

subtraction and multiplication do not need to distinguish between signed and unsigned types. 

The other possibilities are sign-magnitude and ones' complement. See Signed number 

representations for details. Another, rather different, representation for integers is binary-

coded decimal, which is still commonly used in mainframe financial applications and in 

databases. 

5. Arithmetic decision making 

Presburger arithmetic is the first-order theory of the natural numbers with addition, named in 

honor of Mojżesz Presburger, who introduced it in 1929. The signature of Presburger 

arithmetic contains only the addition operation and equality, omitting the multiplication 

operation entirely. The axioms include a schema of induction. Presburger arithmetic is much 

weaker than Peano arithmetic, which includes both addition and multiplication operations. 

Unlike Peano arithmetic, Presburger arithmetic is a decidable theory. This means it is 

possible to effectively determine, for any sentence in the language of Presburger arithmetic, 

whether that sentence is provable from the axioms of Presburger arithmetic. The asymptotic 

running-time computational complexity of this decision problem is doubly exponential, 

however, as shown by Fischer and Rabin (1974). The language of Presburger arithmetic 

contains constants 0 and 1 and a binary function +, interpreted as addition. In this language, 

the axioms of Presburger arithmetic are the universal closures of the following: 
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1. (0 = x + 1) 

2. x + 1 = y + 1 → x = y 

3. x + 0 = x 

4. (x + y) + 1 = x + (y + 1) 

5. Let P(x) be a first-order formula in the language of Presburger arithmetic with a free 

variable x (and possibly other free variables). Then the following formula is an axiom: 

(P(0) ∧∀x(P(x) → P(x + 1))) → P(y). 

(5) is an axiom schema of induction, representing infinitely many axioms. Since the axioms 

in the schema in (5) cannot be replaced by any finite number of axioms, Presburger 

arithmetic is not finitely axiomatizable. 

Presburger arithmetic cannot formalize concepts such as divisibility or prime number. 

Generally, any number concept leading to multiplication cannot be defined in Presburger 

arithmetic since that leads to incompleteness and undecidability. However, it can formulate 

individual instances of divisibility; for example, it proves "for all x, there exists y : y + y = x 

∨ y + y + 1 = x". This states that every number is either even or odd. 

Mojżesz Presburger proved Presburger arithmetic to be: 

 consistent: There is no statement in Presburger arithmetic which can be deduced from the 

axioms such that its negation can also be deduced. 

 complete: For each statement in Presburger arithmetic, either it is possible to deduce it from 

the axioms or it is possible to deduce its negation. 

 decidable: There exists an algorithm which decides whether any given statement in 

Presburger arithmetic is true or false. 

The decidability of Presburger arithmetic can be shown using quantifier elimination, 

supplemented by reasoning about arithmetical congruence. Peano arithmetic, which is 

Presburger arithmetic augmented with multiplication, cannot be decidable as a consequence 

of the negative answer to the Entscheidungsproblem. By Gdel's incompleteness theorem, 

Peano arithmetic is incomplete and its consistency is not internally provable. The decision 

problem for Presburger arithmetic is an interesting example in computational complexity 

theory and computation. Let n be the length of a statement in Presburger arithmetic. Then 

Fischer and Rabin (1974) proved that any decision algorithm for Presburger arithmetic has a 

worst-case runtime of at least, for some constant c>0. Hence, the decision problem for 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

29
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Presburger arithmetic is an example of a decision problem that has been proved to require 

more than exponential run time. Fischer and Rabin also proved that for any reasonable 

axiomatization (defined precisely in their paper), there exist theorems of length n which have 

doubly exponential length proofs. Intuitively, this means there are computational limits on 

what can be proven by computer programs. Fischer and Rabin's work also implies that 

Presburger arithmetic can be used to define formulas which correctly calculate any algorithm 

as long as the inputs are less than relatively large bounds. The bounds can be increased, but 

only by using new formulas. On the other hand, a triply exponential upper bound on a 

decision procedure for Presburger Arithmetic was proved by Oppen (1978). 

6. Relation operations 

In computer science a relational operator is a programming language construct or operator 

that tests some kind of relation between two entities. These include numerical equality (e.g., 5 

= 5) and inequalities (e.g., 4 ≥ 3). These operators usually return true or false, depending on 

whether the conditional relationship between the two operands holds or not. An expression 

created using a relational operator forms what is known as a relational expression or a 

condition. Relational operators are also used in technical literature instead of words. 

Relational operators are usually written in infix notation, if supported by the programming 

language, which means that they appear between their operands (the two expressions being 

related). For example, an expression in C will print the message if the x is less than y: 

6.1 Equality 

Confusion with assignment operators 

In languages that use "==" to test for equality (usually C-like languages), the "==" 

operator is distinct from the "=" operator, the latter being used for assignment. 

Languages that use this style include all C-style languages, such as C, Java, and PHP. 

The similarity in appearance between "==" and "=" in these languages can lead to 

coding errors. A programmer may mistype "if (x = y)", having intended "if (x == y)". 

In C, the former code fragment roughly means "assign y to x, and if the new value of 

x is not zero, execute the statement following". The latter code fragment roughly 

means "if and only if x is equal to y, execute the statement following". (Even though 

Java and C# have the same operators, this mistake usually causes a compile error in 

these languages instead, because the if-condition must be of type boolean, and there is 

no implicit way to convert from other types (e.g. numbers) into booleans.) For 
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example, the following code should print "x is 2 and y is 2" because "if (x = y)" 

assigns y to x, making both equal to 2, and then executes the following code because 

2 is not zero. Visual Studio 2008, codenamed Orcas, is the successor to Visual Studio 

2005. It was released to MSDN subscribers on 19 November 2007 alongside .NET 

Framework 3.5. The codename Orcas is, like Whidbey, a reference to an island in 

Puget Sound, OrcasIsland. The source code for the Visual Studio 2008 IDE will be 

available under a shared source license to some of Microsoft's partners and ISVs. 

Visual Studio 2008 is focused on development of Windows Vista, 2007 Office 

system, and Web applications. Among other things, it brings a new language feature, 

LINQ, new versions of C# and Visual Basic languages, a Windows Presentation 

Foundation visual designer, and improvements to the .NET Framework. It also 

features a new HTML/CSS editor influenced by Microsoft Expression Web. J# is not 

included. Visual Studio 2008 requires .NET Framework 3.5 and by default configures 

compiled assemblies to run on .NET Framework 3.5; but it also supports multi-

targeting which lets the developers choose which version of the .NET Framework (out 

of 2.0, 3.0, 3.5, Silverlight CoreCLR or .NET Compact Framework) the assembly 

runs on. Visual Studio 2008 also includes new code analysis tools, including the new 

Code Metrics tool. For Visual C++, Visual Studio adds a new version of Microsoft 

Foundation Classes (MFC 9.0) that adds support for the visual styles and UI controls 

introduced with Windows Vista. For native and managed codeinteroperability, Visual 

C++ introduces the STL/CLR, which is a port of the C++ Standard Template Library 

(STL) containers and algorithms to managed code. STL/CLR defines STL-like 

containers, iterators and algorithms that work on C++/CLI managed objects. 

Visual Studio 2008 features a XAML based designer (codenamed Cider), workflow 

designer, LINQ to SQL designer (for defining the type mappings and object 

encapsulation for SQL Server data), XSLT debugger, JavaScript Intellisense support, 

JavaScript Debugging support, support for UAC manifests, a concurrent build system, 

among others. It ships with an enhanced set of UI widgets, both for WinForms and 

WPF. It also includes a multithreaded build engine (MSBuild) to compile multiple 

source files (and build the executable file) in a project across multiple threads 

simultaneously. It also includes support for compiling PNG compressed icon 
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resources introduced in Windows Vista. An updated XML Schema designer will ship 

separately some time after the release of Visual Studio 2008.  

The Visual Studio debugger includes features targeting easier debugging of multi-

threaded applications. In debugging mode, in the Threads window, which lists all the 

threads, hovering over a thread will display the stack trace of that thread in tooltips. 

The threads can directly be named and flagged for easier identification from that 

window itself. In addition, in the code window, along with indicating the location of 

the currently executing instruction in the current thread, the currently executing 

instructions in other threads are also pointed out. The Visual Studio debugger 

supports integrated debugging of the .NET Framework 3.5 BCL. It can dynamically 

download the BCL source code and debug symbols and allow stepping into the BCL 

source during debugging. Currently a limited subset of the BCL source is available, 

with more library support planned for later in the year. 

Topic : Control Statements: Part 1 

Topic Objective: 

At the end of this topic the student will be able:  

 Programming languages 

 the if and if  

Definition/Overview: 

Computer programming (often shortened to programming or coding), sometimes considered 

a branch of applied mathematics, is the process of writing, testing, 

debugging/troubleshooting, and maintaining the source code of computer programs. This 

source code is written in a programming language. The code may be a modification of an 

existing source or something completely new. The purpose of programming is to create a 

program that exhibits a certain desired behavior (customization). The process of writing 

source codes requires expertise in many different subjects, including knowledge of the 

application domain, specialized algorithms and formal logic. Within software engineering, 

programming (the implementation) is regarded as one phase in a software development 

process 
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Key Points: 

1. Programming languages 

Different programming languages support different styles of programming (called 

programming paradigms). The choice of language used is subject to many considerations, 

such as company policy, suitability to task, availability of third-party packages, or individual 

preference. Ideally, the programming language best suited for the task at hand will be 

selected. Trade-offs from this ideal involve finding enough programmers who know the 

language to build a team, the availability of compilers for that language, and the efficiency 

with which programs written in a given language execute. 

Whatever the approach to the software development may be, the program must finally satisfy 

some fundamental properties; bearing them in mind while programming reduces the costs in 

terms of time and/or money due to debugging, further development and user support. 

Although quality programming can be achieved in a number of ways, following five 

properties are among the most relevant: 

 Efficiency: it is referred to the system resource consumption (computer processor, memory, 

slow devices, networks and to some extent even user interaction) which must be the lowest 

possible. 

 Reliability: the results of the program must be correct, which not only implies a correct code 

implementation but also reduction of error propagation (e.g. resulting from data conversion) 

and prevention of typical errors (overflow, underflow or zero division). 

 Robustness: a program must anticipate situations of data type conflict and all other 

incompatibilities which result in run time errors and stop the program. The focus of this 

aspect is the interaction with the user and the handling of error messages. 

 Portability: it should work as it is in any software and hardware environment, or at least 

without relevant reprogramming. 

 Readability: the purpose of the main program and of each subroutine must be clearly defined 

with appropriate comments and self explanatory choice of symbolic names (constants, 

variables, function names, classes, methods, ...). 

2. the if and if If and only if, in logic and fields that rely on it such as mathematics and 

philosophy, is a biconditional logical connective between statements. In that it is 
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biconditional, the connective can be likened to the standard material conditional ("if") 

combined with its reverse ("only if"); hence the name. The result is that the truth of either one 

of the connected statements requires the truth of the other, i.e., either both statements are true, 

or both are false. The connective is thus an "if" that works both ways. In writing, common 

alternative phrases to "if and only if" include iff, Q is necessary and sufficient for P, P is 

equivalent (or materially equivalent) to Q (compare material implication), P precisely if Q, P 

precisely (or exactly) when Q, P exactly in case Q, and P just in case Q. Many authors regard 

"iff" as unsuitable in formal writing; others use it freely. In logic formulas, logical symbols 

are used instead of these phrases; see the discussion of notation. 

             2.1 Usage 

The corresponding logical symbols are "↔", "⇔" and "≡", and sometimes "iff". 

These are usually treated as equivalent. However, some texts of mathematical logic 

(particularly those on first-order logic, rather than propositional logic) make a 

distinction between these, in which the first, ↔, is used as a symbol in logic formulas, 

while ⇔is used in reasoning about those logic formulas (e.g., in metalogic). 

Another term for this logical connective is exclusive nor. 

2.2 Proofs 

In most logical systems, one proves a statement of the form "P iff Q" by proving "if P, 

then Q" and "if Q, then P" (or the inverse of "if P, then Q", i.e. "if not P, then not Q"). 

Proving this pair of statements sometimes leads to a more natural proof, since there 

are not obvious conditions in which one would infer a biconditional directly. An 

alternative is to prove the disjunction "(P and Q) or (not-P and not-Q)", which itself 

can be inferred directly from either of its disjuncts that is, because "iff" is truth-

functional, "P iff Q" follows if P and Q have both been shown true, or both false. 

2.3 Origin of the abbreviation 

Usage of the abbreviation "iff" first appeared in print in John L. Kelley's 1955 book 

General Topology. Its invention is often credited to the mathematician Paul Halmos. 

2.4 The difference between if, only if, and iff 

Examples 

1. Madisonwill eat pudding if the pudding is a custard. (equivalently: If the 

pudding is a custard, then Madisonwill eat it) 
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2. Madisonwill eat pudding only if the pudding is a custard. (equivalently: If 

Madison is eating pudding, then it must be a custard) 

3. Madisonwill eat pudding if and only if (iff) the pudding is a custard. 

(equivalently: If the pudding is a custard, then Madisonwill eat it. AND If 

Madison is eating pudding, then it must be a custard.) 

2.5 Analysis 

Sentence (1) states only that Madison will eat custard pudding. It does not, however, 

preclude the possibility that Madison might also have occasion to eat bread pudding. 

Maybe she will, maybe she will not - the sentence does not tell us. All we know for 

certain is that she will eat custard pudding. 

Sentence (2) states that the only pudding Madisonwill eat is a custard. It does not, 

however, preclude the possibility that Madison will refuse a custard if it is made 

available, in contrast with sentence (1), which requires Madison to eat any available 

custard. 

Sentence (3), however, makes it quite clear that Madisonwill eat custard pudding and 

custard pudding only. She will eat all such puddings, and she will not eat any other 

type of pudding. 

A further difference is that "if" is used in definitions (except in formal logic); see 

more below. 

2.6 Advanced considerations 

A sentence that is composed of two other sentences joined by "iff" is called a 

biconditional. "Iff" joins two sentences to form a new sentence. It should not be 

confused with logical equivalence which is a description of a relation between two 

sentences. The biconditional "A iff B" uses the sentences A and B, describing a 

relation between the states of affairs A and B describe. By contrast "A is logically 

equivalent to B" mentions both sentences: it describes a relation between those two 

sentences, and not between whatever matters they describe. 

The distinction is a very confusing one, and has led many a philosopher astray. 

Certainly it is the case that when A is logically equivalent to B, "A iff B" is true. But 

the converse does not hold. Reconsidering the sentence:There is clearly no logical 

equivalence between the two halves of this particular biconditional. For more on the 

distinction, see W. V. Quine's Mathematical Logic, Section 5. 
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One way of looking at "A if and only if B" is that it means "A if B" (B implies A) and 

"A only when B" (not B implies not A). "Not B implies not A" means A implies B, so 

then we get two way implication. 

In philosophy and logic, "iff" is used to indicate definitions, since definitions are 

supposed to be universally quantified biconditionals. In mathematics and elsewhere, 

however, the word "if" is normally used in definitions, rather than "iff". This is due to 

the observation that "if" in the English language has a definitional meaning, separate 

from its meaning as a propositional conjunction. This separate meaning can be 

explained by noting that a definition (for instance: A group is "abelian" if it satisfies 

the commutative law; or: A grape is a "raisin" if it is well dried) is not an equivalence 

to be proved, but a rule for interpreting the term defined. (Some authors, nevertheless, 

explicitly indicate that the "if" of a definition means "iff"!) 

2.7 Examples 

Here are some examples of true statements that use "iff" - true biconditionals (the first 

is an example of a definition, so it should normally have been written with "if"): 

A person is a bachelor iff that person is a marriageable man who has never 

married. 

"Snow is white" (in English) is true iff "Schnee ist wei" (in German) is true. 

For any p, q, and r: (p & q) & r iff p & (q & r). (Since this is written using 

variables and "&", the statement would usually be written using "↔", or one 

of the other symbols used to write biconditionals, in place of "iff"). 

For any real numbers x and y, x=y+1 iff y=x−1. 

2.8 Analogs 

Other words are also sometimes emphasized in the same way by repeating the last 

letter; for example orr for "Or and only Or" (the exclusive disjunction). 

The statement "(A iff B)" is equivalent to the statement "(not A or B) and (not B or 

A)," and is also equivalent to the statement "(not A and not B) or (A and B)". 

It is also equivalent to: not[(A or B) and (not A or not B)], 

or more simply: 

               which converts into: and 
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which were given in verbal interpretations above. 

2.9 More general usage 

Iff is used outside the field of logic, wherever logic is applied, especially in 

mathematical discussions. It has the same meaning as above: it is an abbreviation for 

if and only if, indicating that one statement is both necessary and sufficient for the 

other. This is an example of mathematical jargon. (However, as noted above, if, rather 

than iff, is more often used in statements of definition.) 

The elements of X are all and only the elements of Y is used to mean: "for any z in 

the domain of discourse, z is in X if and only if z is in Y." 

2.10 To use the increment, decrement and assignment operators. 

An increment is an increase of some amount, either fixed or variable. For example 

one's salary may have a fixed annual increment or one based on a percentage of its 

current value. A decrease is called a decrement. 

Incremental may also refer to gradual change, as opposed to massive, instant change. 

2.11 Use in science and technology 

Incremental changes are gradual improvements as opposed to revolutionary, 

paradigm-breaking changes - i.e. whereas the invention of inner tube tires was only an 

incremental change to wheels, the invention of the combustion engine was a 

revolutionary change over animal-drawn vehicles. 

2.12 Use in programming languages: Incrementing is of constant use in computer 

programming, such as in loops that iterate through a set of items one at a time. 

For example, in JavaScript, which inherits the syntax from languages such as C, C++, 

and Java, the increment unary operator works like the following: 

x++ 

Where the decrement operator is: 

x-- 

In addition, the increment operator can be written both as x++ and ++x, with separate 

meanings. For example: 

 var y = ++x 

is known as preincrement, shorthand for: 

 x = x+1 

 var y = x 
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however, 

var y = x++ 

is known as postincrement, shorthand for: 

 var y = x 

 x = x+1 

--x (predecrement) instead of x--(postdecrement) follows similar behavior. 

Some languages, such as C and C++, do not specify when the increment occurs, 

whether immediately before (or after) use, at the beginning (or end) of the statement, 

or at some point in between. For this reason, referencing a variable more than once in 

a statement where the increment operator is used results in undefined behavior. The 

same code may produce different results on different compilers, different 

architectures, or even the same compiler with different optimization settings. For 

example, 

int x = 0 

x = x++ 

may result in x having either the value 0or 1. Similarly, 

int x = 0 

int y = x++ + x++ 

may result in y having either the value 0or 1 or even2. 

In C++, the nested increment operator is allowed but for only pre-increment and it is 

not applicable for the decrement operator. 

Ex: int x = 0; 

 ++(++x); is allowed but (x++)++, --(--x) or (x--)-- are not possible. 

Topic : Control Statements: Part 2 

Topic Objective: 

At the end of this topic the student will be able:  

 Understand Repetition Statement 

 Understand Multiple-Selection Statement 

 Learn About Logical Operator 

 Learn About Structured programming 

 Understand Low-level structure 
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Definition/Overview: 

Repetition compulsion: is a psychological phenomenon in which a person repeats a traumatic 

event or its circumstances over and over again 

Logical Operator: In logic, two sentences (either in a formal language or a natural language) 

may be joined by means of a logical connective to form a compound sentence. 

Key Points: 

1. Repetition Statement 

Repetition compulsion is a psychological phenomenon in which a person repeats a traumatic 

event or its circumstances over and over again. This includes reenacting the event or putting 

oneself in situations that have a high probability of the event occurring again. This "re-living" 

can also take the form of dreams, repeating the story of what happened, and even 

hallucination. 

This concept was noted formally by Sigmund Freud in his 1920 essay Beyond the Pleasure 

Principle, in which he observed a child throw his favorite toy from his crib, become upset at 

the loss, then reel the toy back, only to repeat this action again. Indeed similar behavior is 

common in children, who throw their toy out of their reach and then cry for it to be retrieved 

for them. Freud theorized that children are attempting to master the sensation of loss, possibly 

using the toy as a surrogate for their mothers, who cannot constantly be present physically. 

Freud believes there are two ways to relive your past: 1) through memories, or 2) through 

actions, the latter being the basis of repetition compulsion. There are several schools of 

thought on the cause of repetitive reliving of negative experiences, and many are specific to 

certain situations. One idea is a passive form, in which one chooses his or her most familiar 

experiences consistently as a means to deal with problems of the past. For example, one may 

choose to stay with a "normal" pattern of pain and chaos instead of risking the perceived 

trauma of new experiences. Someone experiencing repetition compulsion might believe that 

new experiences will be more painful than their present situation or too new and untested to 

imagine. Another is a participatory form, wherein a person actively engages in behavior that 

mimics an earlier stressor, either deliberately or unconsciously. In particular, this is often 

described by the statement that events that are terrifying in childhood become sources of 

attraction in adulthood. For instance, a person who was spanked as a child may incorporate 
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this into their adult sexual practices. Another example is a victim of sexual abuse, who may 

attempt to seduce another person of authority in his or her life (such as their boss or 

therapist). Psychoanalysts describe this as an attempt at mastery of their feelings and 

experience, in the sense that they unconsciously want to go through the same situation but 

that it not result negatively as it did in the past . 

2. Multiple-Selection Statement 

Repetition compulsion is a psychological phenomenon in which a person repeats a traumatic 

event or its circumstances over and over again. This includes reenacting the event or putting 

oneself in situations that have a high probability of the event occurring again. This "re-living" 

can also take the form of dreams, repeating the story of what happened, and even 

hallucination. 

This concept was noted formally by Sigmund Freud in his 1920 essay Beyond the Pleasure 

Principle, in which he observed a child throw his favorite toy from his crib, become upset at 

the loss, then reel the toy back, only to repeat this action again. Indeed similar behavior is 

common in children, who throw their toy out of their reach and then cry for it to be retrieved 

for them. Freud theorized that children are attempting to master the sensation of loss, possibly 

using the toy as a surrogate for their mothers, who cannot constantly be present physically. 

Freud believes there are two ways to relive your past: 1) through memories, or 2) through 

actions, the latter being the basis of repetition compulsion. There are several schools of 

thought on the cause of repetitive reliving of negative experiences, and many are specific to 

certain situations. One idea is a passive form, in which one chooses his or her most familiar 

experiences consistently as a means to deal with problems of the past. For example, one may 

choose to stay with a "normal" pattern of pain and chaos instead of risking the perceived 

trauma of new experiences. Someone experiencing repetition compulsion might believe that 

new experiences will be more painful than their present situation or too new and untested to 

imagine. Another is a participatory form, wherein a person actively engages in behavior that 

mimics an earlier stressor, either deliberately or unconsciously. In particular, this is often 

described by the statement that events that are terrifying in childhood become sources of 

attraction in adulthood. For instance, a person who was spanked as a child may incorporate 

this into their adult sexual practices. Another example is a victim of sexual abuse, who may 

attempt to seduce another person of authority in his or her life (such as their boss or 

therapist). Psychoanalysts describe this as an attempt at mastery of their feelings and 
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experience, in the sense that they unconsciously want to go through the same situation but 

that it not result negatively as it did in the past . 

3. Logical Operator 

In logic, two sentences (either in a formal language or a natural language) may be joined by 

means of a logical connective to form a compound sentence. The truth-value of the 

compound is uniquely determined by the truth-values of the simpler sentences. The logical 

connective therefore represents a function, and since the value of the compound sentence is a 

truth-value, it is called a truth-function and the logical connective is called a "truth-functional 

connective". In the grammar of natural languages two sentences may be joined by a 

grammatical conjunction to form a grammatically compound sentence. Some but not all such 

grammatical conjunctions are truth-functions. For example consider the following sentences: 

A: Jack went up the hill. 

B: Jill went up the hill. 

C: Jack went up the hill and Jill went up the hill. 

D: Jack went up the hill so Jill went up the hill. 

The words and so are both grammatical conjunctions joining the sentences (A) and (B) to 

form the compound sentences (C) and (D). The and in (C) is a logical connective, since the 

truth of (C) is completely determined by (A) and (B): it would make no sense to affirm (A) 

and (B) but deny (C). However so in (D) is NOT a logical connective, since it would be quite 

reasonable to affirm (A) and (B) but deny (D): perhaps, after all, Jill went up the hill fetch a 

pail of water, not because Jack had gone up the Hill at all. Thus and is a logical connective 

but so is not. In the realm of pure logic, (C) is a compound statement but (D) is not. (D) 

cannot be broken into parts using only the logic of statements, the realm of cause and effect 

being proper to science rather than logic. Various English words and word pairs express 

truth-functions, and some of them are synonymous. Examples (with the name of the 

relationship in parentheses) are: "and" (conjunction), "or" (inclusive or exclusive 

disjunction), "implies" (implication), "if...then" (implication), "if and only if" (equivalence), 

"only if" (implication), "just in case" (equivalence), "but" (conjunction), "however" 

(conjunction) , "not both" (NAND), "neither...nor" (NOR). The word "not" (negation) and "it 
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is false that" (negation) "it is not the case that" (negation) are also English words expressing a 

logical connective, even though they are applied to a single statement, and do not connect 

two statements. In formal languages truth-functions are represented by unambiguous 

symbols, and these can be exactly defined by means of truth tables. There are 16 binary truth 

tables, and so 16 different logical connectives which connect exactly two statements, can be 

defined. Not all of them are in common use. These symbols are called "truth-functional 

connectives", "logical connectives", "logical operators" or "propositional operators". See 

well-formed formula for the rules which allow new well-formed formulas to be constructed 

by joining other well-formed formulas using truth-functional connectives. Logical 

connectives can be used to link more than two statements. A more technical definition is that 

an "n-ary logical connective" is a function which assigns truth values "true" or "false" to n-

tuples of truth values. 

The basic logical operators are: 

 Negation (not) ( or ~) 

 Conjunction (and) (\wedge or &) 

 Disjunction (or) (\vee) 

 Material implication (if...then) (\rightarrow, \Rightarrow or \supset) 

 Biconditional (if and only if) (xnor) (\leftrightarrow, \equiv, or = ) 

4. Structured programming Structured programming can be seen as a subset or 

subdiscipline of procedural programming, one of the major programming paradigms. It is 

most famous for removing or reducing reliance on the GOTO statement. Historically, several 

different structuring techniques or methodologies have been developed for writing structured 

programs. The most common are: 

 Edsger Dijkstra's structured programming, where the logic of a program is a structure 

composed of similar sub-structures in a limited number of ways. This reduces understanding 

a program to understanding each structure on its own, and in relation to that containing it, a 

useful separation of concerns. 

 A view derived from Dijkstra's which also advocates splitting programs into sub-sections 

with a single point of entry, but is strongly opposed to the concept of a single point of exit. 

 Data Structured Programming or Jackson Structured Programming, which is based on 

aligning data structures with program structures. This approach applied the fundamental 
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structures proposed by Dijkstra, but as constructs that used the high-level structure of a 

program to be modeled on the underlying data structures being processed. There are at least 3 

major approaches to data structured program design proposed by Jean-Dominique Warnier, 

Michael A. Jackson, and Ken Orr. 

The two latter meanings for the term "structured programming" are more common, and that is 

what this article will discuss. Years after Dijkstra (1969), object-oriented programming 

(OOP) was developed to handle very large or complex programs (see below: Object-oriented 

comparison). 

5. Low-level structure 

At a low level, structured programs are often composed of simple, hierarchical program flow 

structures. These are sequence, selection, and repetition: 

 "Sequence" refers to an ordered execution of statements. 

 In "selection" one of a number of statements is executed depending on the state of the 

program. This is usually expressed with keywords such as if..then..else..endif, switch, or case. 

 In "repetition" a statement is executed until the program reaches a certain state or operations 

are applied to every element of a collection. This is usually expressed with keywords such as 

while, repeat, for or do..until. Often it is recommended that each loop should only have one 

entry point (and in the original structural programming, also only one exit point), and a few 

languages enforce this Some languages, such as Dijkstra's original Guarded Command 

Language, emphasise the unity of these structures with a syntax which completely encloses 

the structure, as in if..fi. In others, such as C, this is not the case, which increases the risk of 

misunderstanding and incorrect modification. 

A language is described as "block-structured" when it has a syntax for enclosing structures 

between bracketed keywords, such as an if-statement bracketed by if..fias in ALGOL 68, or a 

code section bracketed by BEGIN..END, as in PL/I. However, a language is described as 

"comb-structured" when it has a syntax for enclosing structures within an ordered series of 

keywords. A "comb-structured" language has multiple structure keywords to define separate 

sections within a block, analogous to the multiple teeth or prongs in a comb separating 

sections of the comb. For example, in Ada, a block is a 4-pronged comb with keywords 

DECLARE, BEGIN, EXCEPTION, END, and the if-statement in Ada is a 4-pronged comb 

with keywords IF,THEN, ELSE, END IF. 
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In Section 2 of this course you will cover these topics: 
 

Functions  
 

Arrays  
 

Object-Based Programming  
 

Object-Oriented Programming: Inheritance  
 

Object-Oriented Programming: Polymorphism 

 

Topic : Functions 

Topic Objective: 

At the end of this topic the student will be able:  

 Learn About Functions of C++ 

 Learn About Math Class Methods 

 Learn About Namespaces in Managed Extensions for C++ 

 Understand Main Programmatic Changes in Managed C++ 

 Understand Value Types 

 Understand Reference type 

 Understand Argument passing 

 Learn About Variable-length parameter lists 

 Learn About Default Arguments 

 Understand Random-Number Generation. 

Definition/Overview: 

Stroustrup: Stroustrup began work on C with Classes in 1979. The idea of creating a new 

language originated from Stroustrup's experience in programming for his Ph.D. thesis. 

Stroustrup found that Simula had features that were very helpful for large software 

development, but the language was too slow for practical use, while BCPL was fast but too 

low-level to be suitable for large software development. When Stroustrup started working in 

AT&T Bell Labs, he had the problem of analyzing the UNIX kernel with respect to 

distributed computing. Remembering his Ph.D. experience, Stroustrup set out to enhance the 

C language with Simula-like features. C was chosen because it is general-purpose, fast, 

portable and widely used. Besides C and Simula, some other languages that inspired him 

were ALGOL 68, Ada, CLU and ML. At first, the class, derived class, strong type checking, 
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inlining, and default argument features were added to C via Cfront. The first commercial 

release occurred in October 1985. 

Key Points: 

1. Functions of C++ 

Stroustrup began work on C with Classes in 1979. The idea of creating a new language 

originated from Stroustrup's experience in programming for his Ph.D. thesis. Stroustrup 

found that Simula had features that were very helpful for large software development, but the 

language was too slow for practical use, while BCPL was fast but too low-level to be suitable 

for large software development. When Stroustrup started working in AT&T Bell Labs, he had 

the problem of analyzing the UNIX kernel with respect to distributed computing. 

Remembering his Ph.D. experience, Stroustrup set out to enhance the C language with 

Simula-like features. C was chosen because it was general-purpose, fast, portable and widely 

used. Besides C and Simula, some other languages that inspired him were ALGOL 68, Ada, 

CLU and ML. At first, the class, derived class, strong type checking, inlining, and default 

argument features were added to C via Cfront. The first commercial release occurred in 

October 1985. In 1983, the name of the language was changed from C with Classes to C++ 

(++ being the increment operator in C and C++). New features were added including virtual 

functions, function name and operator overloading, references, constants, user-controlled 

free-store memory control, improved type checking, and BCPL style single-line comments 

with two forward slashes (//). In 1985, the first edition of The C++ Programming Language 

was released, providing an important reference to the language, since there was not yet an 

official standard. In 1989, Release 2.0 of C++ was released. New features included multiple 

inheritance, abstract classes, static member functions, const member functions, and protected 

members. In 1990, The Annotated C++ Reference Manual was published. This work became 

the basis for the future standard. Late addition of features included templates, exceptions, 

namespaces, new casts, and a Boolean type. As the C++ language evolved, a standard library 

also evolved with it. The first addition to the C++ standard library was the stream I/O library 

which provided facilities to replace the traditional C functions such as printf and scanf. Later, 

among the most significant additions to the standard library, was the Standard Template 

Library. C++ continues to be used and is still one of the preferred programming languages to 

develop professional applications. The language has gone from being mostly Western, to 

attracting programmers from all over the world. 
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2. Math Class Methods 

As we have seen, methods are the verbs of programming, they cause action. The Append 

Text method, adds text to a Text property, the Clear method, resets a Text property, the Close 

method terminates an object, etc. These are examples of subprogram methods. They do some 

computation and their effect is to change a global variable, a property value or an object.  

Function methods (we will call them "functions" for short) are similar in that they do some 

computation, but they communicate the result to the rest of the program by returning a value.  

This note introduces some of the function methods of the Math class.  

The following is a listing of a Math function program that uses five functions of the Math 

class: Sqrt, Round, Floor, Min, and Max:  

Private Sub BtnEvaluate_Click(ByVal sender As System.Object, ByVal e As 

System.EventArgs) Handles BtnEvaluate.Click 

 lbl1.Text = CStr(Math.Sqrt(25)) 

 lbl2.Text = CStr(Math.Sqrt(5 + 10 + 10)) 

 lbl3.Text = CStr(Math.Round(7.49)) 

 lbl4.Text = CStr(Math.Round(7.51)) 

 lbl5.Text = CStr(Math.Floor(7.1)) 

 lbl6.Text = CStr(Math.Floor(7.99)) 

 lbl7.Text = CStr(Math.Min(1, 2)) 

 lbl8.Text = CStr(Math.Max(1, 2)) 

End Sub 

  

When you click the Evaluate the Functions button, each function is evaluated and the value it 

returns is displayed.  

The Sqrt function returns the square root of a specified number. Round rounds a number up 

or down to the nearest whole number. Floor returns the largest whole number that is less than 

a number (truncating the decimal portion of a floating point number), and Min and Max 

return the smallest or largest of two numbers.  

These are summarized in the following table: 

Function Returns Syntax Data type 
Number of 

Arguments 
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Sqrt 
the square root of a 

number 

Math.Sqrt (<numeric 

expression>) 
double 1 

Round 
A number rounded 

off 

Math.Round (<numeric 

expression>) 
double 1 

Floor 

a number with the 

decimal portion 

truncated 

Math.Floor (<numeric 

expression>) 
double 1 

Min 
the smallest of two 

numbers 

Math.Min (<numeric 

expression>, <numeric 

expression> ) 

same as 

arguments 
2 

Max 
the largest of two 

numbers 

Math.Max (<numeric 

expression>, <numeric 

expression> ) 

same as 

arguments 
2 

Like an expression, a function returns a single value when evaluated. Functions also have 

data types determined by the type of the value they return. The basic syntax of all functions is 

the same: the class and name of the function followed by parenthesized arguments. The 

arguments are used in the computation. For example, the Sqrt function takes one argument, a 

numeric expression, and returns it's square root. If a function requires more than one 

argument, they are separated by commas. For example, the Min function requires two 

arguments, both numeric expressions. The numeric expressions must be of the same type, 

which will determine the type of the returned value. Note that some function do not require 

any arguments, and they are called with empty parenthesis (). These are just a few of the 

functions of the Math class (most of them have to do with trigonometry) and VB comes with 

many other classes with function methods. Like the Show method of the MessageBox class, 

these Math methods are shared. They are associated with the class itself, not a particular 

instance of the class. Their syntax is  

<class>.<method> 

not 

<object>.<method> 
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Functions are a way to capture a certain computation for convenient re-use. But, we are not 

limited to the functions that come with VB. In a subsequent note, you will learn to write your 

own functions.  

3. Namespaces in Managed Extensions for C++ 

Programs coded in Managed C++ provide additional functionality of the .NET Framework 

and the CLR. Most notable of these is garbage collection, which relieves the programmer of 

manual memory management, though it is important to note that garbage collection has long 

been available under regular C++. The garbage collector (or GC) is handled by the CLR. 

Memory management is executed quite quickly, but for more performance critical 

applications, native, unmanaged code is most likely the preferred option. Also, C++ has 

evolved much over time and most software written in the language is object oriented. 

Managed C++ and the use of classes and class based objects remains prevalent like in Visual 

C++. The only major change to this in Managed C++ is that the capabilities of multiple 

inheritance are not supported. This is because of a limitation of the CLR. A class managed 

under the CLR's garbage collector cannot inherit more than one class. This is explained 

further in other sections. 

4. Main Programmatic Changes in Managed C++ 

The following list of changes pertain to the theatre of differences in Object Oriented 

Programming compared to programming with unmanaged C++. 

 (Global change) Existing C++ to be ported over the CLR must be appended with the 

following: 

//hello.cpp 

  

//new using directive 

#using <mscorlib.dll> 

  

//another using namespace directive. 

using namespace System; 

  

int main() { 

 Console::WriteLine("Hello"); 
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 return 0; 

} 

A new preprocessor directive 

#using< mscorlib.dll> 

is required. In addition to that, more #using directives are required to import more libraries to 

use more namespaces in the Base Class Library, such as 

#using< System.Windows.Forms.dll> 

and 

#using namespace System::Windows::Forms; 

5. Value Types 

In computer science, a value is a sequence of bits that is interpreted according to some data 

type. It is possible for the same sequence of bits to have different values, depending on the 

type used to interpret its meaning. For instance, the value could be an integer or floating point 

value, or a string. Some kinds of value are common to most programming languages (e.g., 

various kinds of number representations), while others are less commonly supported (e.g., 

Pascal supports a set type). Values are typically in high-level languages considered as 

referentially transparent, which means that storage details of expressions that produce values, 

such as the location in which the bits produced by the expression are stored, are not 

significant. Only the contents of the bits (whether they are 1 or 0) and their interpretation is 

significant. A value is the normal form of an expression, which means that an expression that 

is a value can not be reduced to a simpler expression. For example, the value of the 

expression "1 + 2" is "3", which cannot any longer be reduced to any simpler expression. 

Some languages use the idea of L-value and R-value. L-values are values that have addresses, 

meaning they are variables or dereferenced references to a certain memory location. R-value 

is either R-value or non-L-value a term only used to distinguish from L-value. In C, the 

termL-value originally meant something that could be assigned to (coming from left-value, 

indicating it was on the left side of the = operator), but since 'const' was added to the 

language, this now is termed a 'modifiable L-value'. The L-value expression designates 

(refers to) an object. A non-modifiable L-value is addressable, but not assignable. A 

modifiable L-value allows the designated object to be changed as well as examined. An R-

value is any expression that is not an L-value, it refers to a data value that is stored at some 

address in memory. The notion of L-values and R-values was introduced by CPL. A value 
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can be virtually any kind of data by a given data type, for instance a string, a digit, a single 

letter. In assembly language there is something known as an "immediate value", sometimes 

referred to as "immediate" for short; An immediate value is stored in memory immediately 

next to (usually after) the instruction (mnemonic) which operates on it. (This is opposed to a 

non-immediate value which is stored elsewhere in memory.) Occasionally an immediate 

value is written as "imm#" where # is a number indicating the size of the immediate value, so 

imm8 would refer to an immediate 8-bit value. An immediate value is expressed as a number, 

either written with digits or as a string. "mnemonic 'A'" could be the same as "mnemonic 

0x64"; the byte order of strings differs depending on the assembler and computer 

architecture. 

6. Reference type 

In the C++ programming language, a reference is a simple reference datatype that is less 

powerful but safer than the pointer type inherited from C. The name C++ reference may 

cause confusion, as in computer science a reference is a general concept datatype, with 

pointers and C++ references being specific reference datatype implementations. 

6.1 Syntax and terminology 

The declaration of the form: 

<Type> & <Name> 

where<Type>is a type and <Name>is an identifier is said to define an identifier 

whose type is reference to <Type>. 

Examples: 1.int A = 5; 

                  2.int& rA = A; 

       3.extern int& rB; 

4.int& foo (); 

5.void bar (int& rP); 

6.class MyClass { int& m_b; /* ... */ }; 

7.int funcX() { return 42 ; }; int (&xFunc)() = funcX; 
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Here,rA and rB are of type "reference to int",foo() is a function that returns a 

reference to int,bar() is a function with a reference parameter, which is reference to 

int, MyClass is a class with a member which is reference to int,funcX()is a function 

that returns an int,xFunc()is an alias for funcX. 

Types which are of kind "reference to <Type>" are sometimes called reference types. 

Identifiers which are of reference type are called reference variables. To call them 

variable, however, is in fact a misnomer, as we will see. 

6.2 Relationship to pointers 

C++ references differ from pointers in several essential ways: 

 It is not possible to refer directly to a reference object after it is defined; any occurrence of its 

name refers directly to the object it references. 

 As a consequence of the first point, neither arithmetic, casts, nor any other operation can be 

performed on references except copying their binding into other references. 

 Once a reference is created, it cannot be later made to reference another object; we say it 

cannot be reseated. This is often done with pointers. 

 References cannot be null, whereas pointers can; every reference refers to some object, 

although it may or may not be valid. 

 References cannot be uninitialized. Because it is impossible to reinitialize a reference, they 

must be initialized as soon as they are created. In particular, local and global variables must 

be initialized where they are defined, and references which are data members of class 

instances must be initialized in the initializer list of the class's constructor. 

 e.g 

 int& k; // compiler will complain: error: `k' declared as reference but not initialized 

 There is a simple conversion between pointers and references: the address-of operator (&) 

will yield a pointer referring to the same object when applied to a reference, and a reference 

which is initialized from the dereference (*) of a pointer value will refer to the same object as 

that pointer, where this is possible without invoking undefined behavior. This equivalence is 

a reflection of the typical implementation, which effectively compiles references into pointers 

which are implicitly dereferenced at each use. 

 A consequence of this is that in many implementations, operating on a variable with 

automatic or static lifetime through a reference, although syntactically similar to accessing it 

directly, can involve hidden dereference operations that are costly. 
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 Also, because the operations on references are so limited, they are much easier to reason than 

pointers and are more resistant to errors. While pointers can be made invalid through a 

variety of mechanisms, ranging from carrying a null value to out-of-bounds arithmetic to 

illegal casts to producing them from random integers, a reference only becomes invalid in 

two cases: 

 If it refers to an object with automatic allocation which goes out of scope, 

 If it refers to an object inside a block of dynamic memory which has been freed. 

 The first is easy to detect automatically if the reference has static scoping, but is still a 

problem if the reference is a member of a dynamically allocated object; the second is more 

difficult to assure. These are the only concern with references, and are suitably addressed by 

a reasonable allocation policy. 

7. Argument passing 

The exact mechanism for assigning arguments to parameters, called argument passing, 

depends upon the evaluation strategy used for that parameter (typically call-by-value), which 

may be specified using keywords. Some programming languages such as Python, C++, and 

Windows PowerShell allow for a default argument to be explicitly or implicitly given in a 

subroutine's declaration. This allows the caller to omit that argument when calling the 

subroutine. If the default argument is explicitly given, then that value is used if it is not 

provided by the caller. If the default argument is implicit (sometimes by using a keyword 

such as Optional) then the language provides a well-known value (such as null, Empty, zero, 

an empty string, etc.) if a value is not provided by the caller. 

PowerShell example: 

function doc($g = 1.21) { 

 "$g gigawatts? $g gigawatts? Great Scott!"} 

PS> doc 

1.21 gigawatts? 1.21 gigawatts? Great Scott! 

PS> doc 88 

88 gigawatts? 88 gigawatts? Great Scott! 

Default arguments can be seen as a special case of the variable-length argument list. 

8. Variable-length parameter lists 

Some languages allow subroutines to be defined to accept a variable number of arguments. 

For such languages, the subroutines must iterate through the list of arguments. 

PowerShell example: 
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function marty { 

 $args | foreach { "back to the year $_" } 

} 

PS> marty 1985 

back to the year 1985 

PS> marty 2015 1985 1955 

back to the year 2015 

back to the year 1985 

back to the year 1955 

Named parameters 

Some programming languages allow subroutines to have named parameters. This 

allows the calling code to be more self-documenting. It also provides more flexibility 

to the caller, often allowing the order of the arguments to be changed, or for 

arguments to be omitted as needed. 

PowerShell example: 

function jennifer($young, $old) { 

 "Young Jennifer: I'm $young!" 

 "Old Jennifer: I'm $old!" 

} 

PS> jennifer 'old' 'young' 

Young Jennifer: I'm old! 

Old Jennifer: I'm young! 

PS> jennifer -old 'young' -young 'old' 

Young Jennifer: I'm old! 

Old Jennifer: I'm young! 

8. Pass-by-Value vs. Pass-by-Reference 

Most methods passed arguments when they are called. An argument may be a constant or a 

variable. For example in the expression: Math.sqrt(x); The variable x is passed here. Pass by 

Reference means the passing the address itself rather than passing the value and pass by value 

means passing a copy of the value as an argument. This is simple enough, however there is an 

important but simple principle at work here. If a variable is passed, the method receives a 

copy of the variable's value. The value of the original variable cannot be changed within the 
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method. This seems reasonable because the method only has a copy of the value; it does not 

have access to the original variable. This process is called pass by value. However, if the 

variable passed is an object, then the effect is different. We often say things like, "this method 

returns an object ...", or "this method is passed an object as an argument ..." But this is not 

quite true, more precisely, we should say, something like "this method returns a reference to 

an object ..." or "this method is passed a reference to an object as an argument ..." Generally, 

objects are never passed to methods or returned by methods. It is always "a reference to an 

object" that is passed or returned. In general, pass by value refers to passing a constant or a 

variable holding a primitive data type to a method, and pass by reference refers to passing an 

object variable to a method. In both cases a copy of the variable is passed to the method. It is 

a copy of the "value" for a primitive data type variable; it is a copy of the "reference" for an 

object variable. So, a method receiving an object variable as an argument receives a copy of 

the reference to the original object. Here's the clincher: If the method uses that reference to 

make changes to the object, then the original object is changed. This is reasonable because 

both the original reference and the copy of the reference "refer to" to same thing — the 

original object. There is one exception: strings. Since String objects are immutable in Java, a 

method that is passed a reference to a String object cannot change the original object. 

 

To understand pass by reference lets see the sample program below: 

public class TestPassByReference { 

public static void main(String[] args) { 

// declare and initialize variables and objects 

int i = 25; 

String s = "Java is fun!"; 

StringBuffer sb = new StringBuffer("Hello, world"); 

// print variable i and objects s and sb 

System.out.println(i); // print it (1) 

System.out.println(s); // print it (2) 

System.out.println(sb); // print it (3) 

 

// attempt to change i, s, and sb using methods 

iMethod(i); 

sMethod(s); 

sbMethod(sb); 
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// print variable i and objects s and sb (again) 

System.out.println(i); // print it (7) 

System.out.println(s); // print it (8) 

System.out.println(sb); // print it (9) 

 

} 

 

public static void iMethod(int iTest) { 

iTest = 9; // change it 

System.out.println(iTest); // print it (4) 

return; 

} 

 

public static void sMethod(String sTest) { 

sTest = sTest.substring(8, 11); // change it 

System.out.println(sTest); // print it (5) 

return; 

} 

 

public static void sbMethod(StringBuffer sbTest) { 

sbTest = sbTest.insert(7, "Java "); // change it 

System.out.println(sbTest); // print it (6) 

return; 

} 

} 

Output of the program : 

25 

Java is fun! 

Hello, world 

9 

fun 

Hello, Java world 

25 

Java is fun! 
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Hello, Java world 

TestPassByReference begins by declaring and initializing three variables: an int variable 

named i, a String object variable named s, and a StringBuffer object variable named sb. The 

values are then printed. Then, each variable is passed as an argument to a method. Within 

each method, the copy of the variable exists as a local variable. The value of the variable — 

or the value of the object referred to by the variable, in the case of the String and StringBuffer 

object variables — is changed and printed within each method. The print statements are 

numbered to show the order of printing. Back in the main() method, the three values are 

printed again. Have a look at the output and see if it is consistent with our previous 

discussion. The pass-by-reference concept is illustrated by the object variables sb and sbTest. 

In the main() method, a StringBuffer object is instantiated and initialized with "Hello, world" 

and a reference to it is assigned to the StringBuffer object variable sb. 

9. Default Arguments 

In computer programming, a default argument is an argument to a function that a 

programmer is not required to specify. In most programming languages, functions may take 

one or more arguments. Usually, each argument must be specified in full (this is the case in 

the C programming language). Later languages (for example, in C++) allow the programmer 

to specify default arguments that always have a value, even if one is not specified when 

calling the function. For example, in the following function definition: 

 int MyFunc(int a, int b, int c=12); 

This function takes three arguments, of which the last one has a default of twelve. The 

programmer may call this function in two ways: 

 result = MyFunc(1, 2, 3); 

 result = MyFunc(1, 2); 

In the first case the value for the argument called c is specified as normal. In the second one, 

the argument is omitted, and the default value of 12 will be used instead. 

There's no means to know if the argument has been specified by the caller or if the default 

value was used. 

10. Random-Number Generation. 

A random number generator (often abbreviated as RNG) is a computational or physical 

device designed to generate a sequence of numbers or symbols that lack any pattern, i.e. 
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appear random. Hardware-based systems for random number generation are widely used, but 

often fall short of this goal, though they may meet some of the statistical tests for randomness 

intended to ensure that they do not have any easily discernible patterns. Methods for 

generating random results have existed since ancient times, including dice, coin flipping, the 

shuffling of playing cards, the use of yarrow stalks(by divination) in the I Ching, and many 

other techniques. The many applications of randomness have led to many different methods 

for generating random data. These methods may vary as to how unpredictable or statistically 

random they are, and how quickly they can generate random numbers. Before the advent of 

computational random number generators, generating large amounts of sufficiently random 

numbers (important in statistics) required a lot of work. Results would sometimes be 

collected and distributed as random number tables. A growing number of government-run 

lotteries, and lottery games, are using RNGs instead of more traditional drawing methods, 

such as using ping-pong or rubber balls. The earliest methods for generating random numbers 

dice, coin flipping, roulette wheels are still used today, mainly in games and gambling as they 

tend to be too slow for applications in statistics and cryptography. Some physical phenomena, 

such as thermal noise in Zener diodes appear to be truly random and can be used as the basis 

for hardware random number generators. However, many mechanical phenomena feature 

asymmetries and systematic biases that make their outcomes not truly random. The many 

successful attempts to exploit such phenomena by gamblers, especially in roulette and 

blackjack are testimony to these effects.  

There are several imaginative sources of random numbers online. A common technique is to 

run a hash function against a frame of a video stream from an unpredictable source. This 

technique was used by Lavarand which used images of a number of lava lamps. Lithium 

Technologies uses a camera pointed at the sky on a windy and cloudy day. Random.org has a 

more obvious approach of listening to atmospheric noise. Details about how they turn their 

input into random numbers can be found on their respective sites. Completely randomized 

design falls within the category of true random number generation. The generation of true 

random numbers outside the computer environment is based on the theory of entropy. 

Sources of entropy include nuclear decay and atmospheric conditions. HotBits uses 

radioactive decay, while Random.org uses radio noise to generate randomness. Another 

common entropy source is the behavior of human users of the system, if such users exist. 

While humans are not considered good randomness generators upon request, they generate 

random behavior quite well in the context of playing mixed strategy games. The utilization of 
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Human gameplay entropy for Randomness Generation was studied by Ran Halprin and Moni 

Naor, see"Games for Extracting Randomness". http://mae.neko.co.il. 

10.1 Computational methods 

Pseudo-random number generators (PRNGs) are algorithms that can automatically 

create long runs (for example, millions of numbers long) with good random properties 

but eventually the sequence repeats exactly (or the memory usage grows without 

bound). One of the most common PRNG is the linear congruential generator, which 

uses the recurrence to generate numbers. The maximum number of numbers the 

formula can produce is the modulus, m. To avoid certain non-random properties of a 

single linear congruential generator, several such random number generators with 

slightly different values of the multiplier coeffient a are typically used in parallel, with 

a "master" random number generator that selects from among the several different 

generators. A simple pen-and-paper method for generating random numbers is the so-

called middle square method suggested by John Von Neumann. While simple to 

implement, its output is of poor quality. Most computer programming languages 

include functions or library routines that purport to be random number generators. 

They are often designed to provide a random byte or word, or a floating point number 

uniformly distributed between 0 and 1. Such library functions often have poor 

statistical properties and some will repeat patterns after only tens of thousands of 

trials. They are often initialized using a computer's real time clock as the seed. These 

functions may provide enough randomness for certain tasks (for example video 

games) but are unsuitable where high-quality randomness is required, such as in 

cryptographic applications, statistics or numerical analysis. Much higher quality 

random number sources are available on most operating systems; for example 

/dev/random on various BSD flavors, Linux, Mac OS X, IRIX, and Solaris, or 

CryptGenRandom for Microsoft Windows. 

10.2 Practical applications and uses of random numbers 

Random number generators have applications in gambling, statistical sampling, 

computer simulation, cryptography, and other areas where a random number is useful 

in producing an unpredictable result. Note that, in general, where unpredictability is 

paramount--such as in security applications-- hardware generators are generally 

preferred, where feasible, over pseudo-random algorithms. Random number 

generators are very useful in developing Monte Carlo method simulations as 
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debugging is facilitated by the ability to run the same sequence of random numbers 

again by starting from the same random seed. They are also used in cryptography so 

long as the seed is secret. Sender and receiver can generate the same set of numbers 

automatically to use as keys. The generation of pseudo-random numbers is an 

important and common task in computer programming. While cryptography and 

certain numerical algorithms require a very high degree of apparent randomness, 

many other operations only need a modest amount of unpredictability. Some simple 

examples might be presenting a user with a "Random Quote of the Day", or 

determining which way a computer-controlled adversary might move in a computer 

game. Weaker forms of randomness are also closely associated with hash algorithms 

and in creating amortized searching and sorting algorithms. Some applications which 

appear at first sight to be suitable for randomization are in fact not quite so simple. 

For instance, a system that 'randomly' selects music tracks for a background music 

system must only appear to be random; a true random system would have no 

restriction on the same item appearing two or three times in succession. 

Topic : Arrays 

Topic Objective: 

At the end of this topic the student will be able:  

 Understand Arrays  

 Understand Declaring and Allocating Arrays 

 Understand Passing Arrays to Functions 

 Understand Multidimensional Arrays 

 Understand Sorting Arrays 

 Understand Searching Arrays 

 Understand Number guessing game 

Definition/Overview: 

Arrays: In computer science, an array is a data structure consisting of a group of elements 

that are accessed by indexing. In most programming languages, each element has the same 

data type and the array occupies a contiguous area of storage. 

Key Points: 
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1. Arrays  

In computer science, an array is a data structure consisting of a group of elements that are 

accessed by indexing. In most programming languages, each element has the same data type 

and the array occupies a contiguous area of storage. Most programming languages have a 

built-in array data type, although what is called an array in the language documentation is 

sometimes really an associative array. Conversely, the contiguous storage kind of array 

discussed here may alternatively be called a vector, list, or table. Some programming 

languages support array programming (e.g., APL, newer versions of Fortran) which 

generalizes operations and functions to work transparently over arrays as they do with 

scalars, instead of requiring looping over array members. Multidimensional arrays are 

accessed using more than one index: one for each dimension. Multidimensional indexing 

reduced to a lesser number of dimensions, for example, a two-dimensional array with 

consisting of 6 and 5 elements respectively could be represented using a one-dimensional 

array of 30 elements. Arrays can be classified as fixed-sized arrays (sometimes known as 

static arrays) whose size cannot change once their storage has been allocated, or dynamic 

arrays, which can be resized. Arrays permit constant time (O(1)) random access to individual 

elements, which is optimal, but moving elements requires time proportional to the number of 

elements moved. On actual hardware, the presence of e.g. caches can make sequential 

iteration over an array noticeably faster than random access a consequence of arrays having 

good locality of reference because their elements occupy contiguous memory locations but 

this does not change the asymptotic complexity of access. Likewise, there are often facilities 

(such as memcpy) which can be used to move contiguous blocks of array elements faster than 

one can do through individual element access, but that does not change the asymptotic 

complexity either.  

Memory-wise, arrays are compact data structures with no per-element overhead. There may 

be a per-array overhead, e.g. to store index bounds, but this is language-dependent. It can also 

happen that elements stored in an array require less memory than the same elements stored in 

individual variables, because several array elements can be stored in a single word; such 

arrays are often called packed arrays. Dynamic arrays have similar characteristics to arrays, 

but can grow. The price for this is a memory overhead, due to elements being allocated but 

not used. With a constant per-element bound on the memory overhead, dynamic arrays can 

grow in constant amortized time per element. Associative arrays provide a mechanism for 
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array-like functionality without huge storage overheads when the index values are sparse. 

Specialized associative arrays with integer keys include Patricia tries and Judy arrays. 

Balanced trees require O(log n) time for index access, but also permit inserting or deleting 

elements in Θ(log n) time. Arrays require O(n) time for insertion and deletion of elements. 

Arrays are used to implement mathematical vectors and matrices, as well as other kinds of 

rectangular tables. In early programming languages, these were often the applications that 

motivated having arrays. Because of their performance characteristics, arrays are used to 

implement other data structures, such as heaps, hash tables, deques, queues, stacks, strings, 

and VLists. One or more large arrays are sometimes used to emulate in-program dynamic 

memory allocation, particularly memory pool allocation. Historically, this has sometimes 

been the only way to allocate "dynamic memory" portably. Array accesses with statically 

predictable access patterns are a major source of data parallelism. Some algorithms store a 

variable number of elements in part of a fixed-size array, which is equivalent to using 

dynamic array with a fixed capacity; the so-called Pascal strings are examples of this. 

2. Declaring and Allocating Arrays 

Two dimensional arrays are declared, allocated and initialized much like one dimensional 

arrays. However you have to specify two dimensions rather than one, and you typically use 

two nested for loops to fill the array. 

This example fills a two-dimensional array with the sum of the row and column indexes 

class FillArray { 

  public static void main (String args[]) { 

 int[][] matrix; 

 matrix = new int; 

  

for (int row=0; row < 4; row++) { 

 for (int col=0; col < 5; col++) { 

 matrix[row][col] = row+col; 

 } 

 } 

  

} 
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} 

Of course the algorithm you use to fill the array depends completely on the use to which the 

array is to be put. The next example calculates the identity matrix for a given dimension. The 

identity matrix of dimension N is a square matrix which contains ones along the diagonal and 

zeros in all other positions.  

class IDMatrix { 

  

 public static void main (String args[]) { 

  

double[][] id; 

 id = new double; 

  

for (int row=0; row < 4; row++) { 

 for (int col=0; col < 4; col++) { 

 if (row != col) { 

 id[row][col]=0.0; 

 } 

 else { 

 id[row][col] = 1.0; 

 } 

 } 

 } 

 } 

} 

 In two-dimensional arrays ArrayIndexOutOfBoundsExceptions occur whenever you exceed 

the maximum column index or row index.  

You can also declare, allocate, and initialize a two-dimensional array at the same time by 

providing a list of the initial values inside nested brackets. For instance the three by three 

identity matrix could be set up like this: 

double[][] ID3 = { 

 {1.0, 0.0, 0.0}, 

 {0.0, 1.0, 0.0}, 

 {0.0, 0.0, 1.0} 

}; 
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The spacing and line breaks used above are purely for the programmer. The compiler doesn't 

care. The following works equally well:  

3. Passing Arrays to Functions 

Sometimes it's inconvenient to call a function that requires a long list of arguments. One way 

around this, is to store your variables into an array, then pass a POINTER to the array to the 

function. This method will be discussed in greater detail in the pointers section, but for now 

you need to know that the array isn't actually passed to the function - just the array's location 

in the memory. This is known as PASS BY REFERENCE. The name of an array references 

the array's location in the memory, its ADDRESS.  

#include <stdio.h> 

  

int addNumbers(int fiveNumbers[]); /* declare function */ 

  

int main() { 

 int array; 

 int i; 

  

 printf("Enter 5 integers separated by spaces: "); 

  

 for(i=0 ; i<5 ; i++) { 

 scanf("%d", &array[i]); 

} 

  

 printf("\nTheir sum is: %d\n", addNumbers(array)); 

 return 0; 

} 

  

int addNumbers(int fiveNumbers[]) { /* define function */ 

 int sum = 0; 

 int i; 

  

 for(i=0 ; i<5 ; i++) { 
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 sum+=fiveNumbers[i]; /* work out the total */ 

 } 

 return sum; /* return the total */ 

} 

Notice that I've left the size of the array blank in both the function declaration and definition - 

the compiler works it out for you. Also, when I called the function, I passed on the name of 

the array. This is the equivalent to passing &array - the address of the first element. You'll 

learn about the address-of operator later.  

 

4. Multidimensional Arrays 

This is similar to passing 1D arrays but, in the function declarations you must specify all 

the dimension sizes (but the leftmost one is optional). 

#include <stdio.h> 

  

void printArray(int array[]); /* declare function */ 

  

int main() { 

 int array = {0,1,2,3,4,5,6,7,8,9,10,11}; 

 printArray(array); 

 return 0; 

} 

  

void printArray(int array[]) { /* define function */ 

 int i, j; 

  

 for(i=0 ; i<3 ; i++) { 

 for(j=0 ; j<4 ; j++) { 

 printf("%2d ", array[i][j]); 

 } 

 printf("\n"); 

 } 

} 
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5. Sorting Arrays 

When the size of the array to be sorted approaches or exceeds the available primary memory, 

so that (much slower) disk or swap space must be employed, the memory usage pattern of a 

sorting algorithm becomes important, and an algorithm that might have been fairly efficient 

when the array fit easily in RAM may become impractical. In this scenario, the total number 

of comparisons becomes (relatively) less important, and the number of times sections of 

memory must be copied or swapped to and from the disk can dominate the performance 

characteristics of an algorithm. Thus, the number of passes and the localization of 

comparisons can be more important than the raw number of comparisons, since comparisons 

of nearby elements to one another happen at system bus speed (or, with caching, even at CPU 

speed), which, compared to disk speed, is virtually instantaneous. For example, the popular 

recursive quicksort algorithm provides quite reasonable performance with adequate RAM, 

but due to the recursive way that it copies portions of the array it becomes much less practical 

when the array does not fit in RAM, because it may cause a number of slow copy or move 

operations to and from disk. In that scenario, another algorithm may be preferable even if it 

requires more total comparisons. 

One way to work around this problem, which works well when complex records (such as in a 

relational database) are being sorted by a relatively small key field, is to create an index into 

the array and then sort the index, rather than the entire array. (A sorted version of the entire 

array can then be produced with one pass, reading from the index, but often even that is 

unnecessary, as having the sorted index is adequate.) Because the index is much smaller than 

the entire array, it may fit easily in memory where the entire array would not, effectively 

eliminating the disk-swapping problem. This procedure is sometimes called "tag sort". 

Another technique for overcoming the memory-size problem is to combine two algorithms in 

a way that takes advantages of the strength of each to improve overall performance. For 

instance, the array might be subdivided into chunks of a size that will fit easily in RAM (say, 

a few thousand elements), the chunks sorted using an efficient algorithm (such as quicksort or 

heapsort), and the results merged as per mergesort. This is less efficient than just doing 

mergesort in the first place, but it requires less physical RAM (to be practical) than a full 

quicksort on the whole array. Techniques can also be combined. For sorting very large sets of 

data that vastly exceed system memory, even the index may need to be sorted using an 

algorithm or combination of algorithms designed to perform reasonably with virtual memory, 

i.e., to reduce the amount of swapping required. 
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6. Searching Arrays 

Searching arrays for a particular value is a common activity that any programmer should 

know how to do. Bryan Roth discusses two basic searching methods, sequential and binary, 

and shows how to code them in C++.Searching is a very useful operation within the C++ 

language and any other programming language. Searching is especially useful with arrays. 

Searching is used daily on the Internet, with surfers using search engines like Google. 

Performance is a must with search engines. There are also many ways you can take advantage 

of searching, like trying to locate a certain transaction number within a large database, 

finding a certain item located in an inventory database, implementing searching methods 

within a library catalog, and the list can go on and on. Within this article two basic searching 

methods will be introduced and discussed. These two methods are the sequential search and 

the binary search. Each searching method has its pros and cons, which will be listed after 

each explanation. It is essential to know these two types of searching and how they perform 

before moving on to more advanced searching methods. With each searching method 

walkthrough there will be an example followed by an implementation of the example to give 

you a better understanding of how each searching method works. The sequential search is 

best used if the array you are searching is unsorted. This method of searching is usually used 

on small arrays of less than 16 elements. We start the sequential search by first declaring a 

target to be found. The search initiates at the beginning of the array until it finds the target. In 

the following example we will find a target value of 23 within a one dimensional array. At 

index 0, 32 is not equal to 23 so we proceed on to the next element. 

a a a a a 

32 431 -34 23 12 

At index 1, 431 is not equal to 23 so we proceed. 

a a a a a 

32 431 -34 23 12 

At index 2, -34 is not equal to 23 so we proceed. 

a a a a a 

32 431 -34 23 12 

Finally at index 3, 23 is equal to 23 and we have found our target. 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

66
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



a a a a a 

32 431 -34 23 12 

Now we will implement this example of a sequential search into C++ code. The program 

below asks the user for a target to be found, then uses a for loop to analyze each element of 

the array. If the array element is equal to the target it will display that the target was found. 

Whenever a target is found the variable flag will be incremented by 1. At the end of the 

program if the variable flag is less than one, then the target was obviously not found. 

#include< iostream> 

using namespace std; 

int main() 

{ 

const int arraySize = 5; 

double target; 

int array[arraySize] = {32, 431, -34, 23, 12}; 

int flag; 

// flag is used to log how many times the target is encountered. 

flag = 0; 

cout << "Enter a target to be found: "; 

cin >> target; 

for(int cntr = 0; cntr < arraySize; cntr++) 

{ 

if(array[cntr] == target) 

{ 

cout << "Target found in array index " << cntr << "." 

<< endl; 

flag += 1; 

} 

} 

 

// Test to see if target was found. 

if(flag < 1) 

{ 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

67
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



cout << "Target not found." << endl; 

} 

return 0; 

} 

The sequential search does have a pitfall. It is very slow and its performance rating is low. If 

a person had an array of one million elements, that would mean there could be up to one 

million comparisons, and that takes time! The sequential search method would be advisable 

to use only if the array you were searching was unsorted and small. 

6. Linear Search and Binary Search 

In computer science, linear search is a search algorithm, also known as sequential search, that 

is suitable for searching a list of data for a particular value. It operates by checking every 

element of a list one at a time in sequence until a match is found. Linear search runs in O(n). 

If the data are distributed randomly, the expected number of comparisons that will be 

necessary is where n is the number of elements in the list and k is the number of times that 

the value being searched for appears in the list. The best case is that the value is equal to the 

first element tested, in which case only 1 comparison is needed. The worst case is that the 

value is not in the list (or it appears only once at the end of the list), in which case n 

comparisons are needed.The simplicity of the linear search means that if just a few elements 

are to be searched it is less trouble than more complex methods that require preparation such 

as sorting the list to be searched or more complex data structures, especially when entries 

may be subject to frequent revision. Another possibility is when certain values are much 

more likely to be searched for than others and it can be arranged that such values will be 

amongst the first considered in the list.If we get here, we know the item does not exist in the 

list. Return -1.In computer implementations, it is usual to search the list in order, from 

element 1 to N (or 0 to N - 1, if array indexing starts with zero instead of one) but a slight 

gain is possible by the reverse order. Suppose an array A having elements 1 to N is to be 

searched for a value x and if it is not found, the result is to be zero. 

  

for i:=N:1:-1 do %Search from N down to 1. (The step is -1) 

 if A[i] = x then QuitLoop i; 

next i; 

Return(i); %Or otherwise employ the value. 
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Implementations of the loop must compare the index value i to the final value to decide 

whether to continue or terminate the loop. If this final value is some variable such N then a 

subtraction (i - N) must be done each time, but in going down from N the loop termination 

condition is for a constant, and moreover a special constant. In this case, zero. Most computer 

hardware allows the sign to be tested, especially the sign of a value in a register, and so 

execution would be faster. In the case where the loop was for arrays indexed from zero, the 

loop would be for i:=N - 1:0:-1 do and the test on the index variable would be for it negative, 

not zero. The pseudocode as written relies on the value of the index variable being available 

when the for-loop's iteration is exhausted, as being the value it had when the loop condition 

failed, or a 'QuitLoop' was executed. Some compilers take the position that on exit from a 

for-loop no such value is defined, in which case it would be necessary to copy the index 

variable's value to a reporting variable before exiting the loop, or to use another control 

structure such as a while loop, or else explicit code with go to statements in pursuit of the 

fastest-possible execution. 

The following code example for the Java programming language is a simple implementation 

of a linear search. 

 public int linearSearch(int a[], int valueToFind) { 

 //a[] is an array of integers to search. 

 //valueToFind is the number that will be found. 

 //The function returns the position of the value if found. 

 //The function returns -1 if valueToFind was not found. 

 for (int i=0; i<a.length; i++) { 

 if (valueToFind == a[i]) { 

 return i; 

 } 

 } 

 return -1; 

 } 

The List module in the OCaml standard library defines a function called "mem" that returns 

true if the given element is in the given list or false if not. This function could be defined as: 

let rec mem x = function 

  

[] -> false 

 | h :: t -> h=x || mem x t 
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Mathematica's unusually powerful pattern matching allows linear search to be implemented 

by a pattern match: 

Mem[x_, {___, x_, ___}] := True 

Mem[_, _] := False 

Linear search can be used to search an unordered list. Unordered lists are easy to implement 

as arrays or linked lists, and insertion and deletion can be done in constant time. The 

simplicity of a linearly searched unordered list means it is often the first method chosen when 

implementing lists which change in size while an application runs. If this later proves to be a 

bottleneck it can be replaced with a more complicated scheme. The average performance of 

linear search can be improved by using it on an ordered list. In the case of no matching 

element, the search can terminate at the first element which is greater (lesser) than the 

unmatched target element, rather than examining the entire list. An ordered list is a more 

efficient data structure in general for searching than an unordered list. A binary search can 

often be used with an ordered list instead of a linear search. It is more difficult to implement 

correctly but examines much less than the entire list to determine presence or absence of an 

element. As the number of elements in the list grows or as the number of searches increases, 

the more desirable something other than a linear search becomes. Another common method is 

to build up a hash table and then do hash lookups.In computer science, a binary search 

algorithm (or binary chop) is a technique for locating a particular value in a sorted list. The 

method makes progressively better guesses, and closes in on the location of the sought value 

by selecting the middle element in the span (which, because the list is in sorted order, is the 

median value), comparing its value to the target value, and determining if it is greater than, 

less than, or equal to the target value. A guessed index whose value turns out to be too high 

becomes the new upper bound of the span, and if its value is too low that index becomes the 

new lower bound. Only the sign of the difference is inspected: there is no attempt at an 

interpolation search based on the size of the difference. Pursuing this strategy iteratively, the 

method reduces the search span by a factor of two each time, and soon finds the target value 

or else determines that it is not in the list at all. A binary search is an example of a dichotomic 

divide and conquer search algorithm. 

7. Number guessing game 

This rather simple game begins something like "I'm thinking of an integer between forty and 

sixty inclusive, and to your guesses I'll respond 'High', 'Low', or 'Yes!' as might be the case." 
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Supposing that N is the number of possible values (here, twenty-one as "inclusive" was 

stated), then at most questions are required to determine the number, since each question 

halves the search space. Note that one less question (iteration) is required than for the general 

algorithm, since the number is already constrained to be within a particular range. Even if the 

number we're guessing can be arbitrarily large, in which case there is no upper bound N, we 

can still find the number in at most steps (where k is the (unknown) selected number) by first 

finding an upper bound by repeated doubling. For example, if the number were 11, we could 

use the following sequence of guesses to find it: 1, 2, 4, 8, 16, 12, 10, 11 One could also 

extend the technique to include negative numbers; for example the following guesses could 

be used to find −13: 0, −1, −2, −4,−8, −16, −12, −14, −13 People typically use a mixture of 

the binary search and interpolative search algorithms when searching a telephone book, after 

the initial guess we exploit the fact that the entries are sorted and can rapidly find the required 

entry. For example when searching for Smith, if Rogers and Thomas have been found, one 

can flip to a page about halfway between the previous guesses. If this shows Samson, we 

know that Smith is somewhere between the Samson and Thomas pages so we can bisect 

these. Even if we do not know a fixed range the number k falls in, we can still determine its 

value by asking simple yes/no questions of the form "Is k greater than x?" for some number 

x. As a simple consequence of this, if you can answer the question "Is this integer property k 

greater than a given value?" in some amount of time then you can find the value of that 

property in the same amount of time with an added factor of log2k. This is called a reduction, 

and it is because of this kind of reduction that most complexity theorists concentrate on 

decision problems, algorithms that produce a simple yes/no answer. For example, suppose we 

could answer "Does this n x n matrix have determinant larger than k?" in O(n
2
) time. Then, 

by using binary search, we could find the (ceiling of the) determinant itself in O(n
2
log d) 

time, where d is the determinant; notice that d is not the size of the input, but the size of the 

output.In order to discuss the method in detail, a more formal description is necessary. The 

basic idea is that there is a data structure represented by array A in which individual elements 

are identified as A(1), A(2),,A(N) and may be accessed in any order. The data structure 

contains a sub-element or data field called here Key, and the array is ordered so that the 

successive values A(1).Key ≤ A(2).Key and so on. The requirement is that given some value 

x, find an index p (not necessarily the one and only) such that A(p).Key = x. To begin with, 

the span to be searched is the full supplied list of elements, as marked by variables L and R, 

and their values are changed with each iteration of the search process, as depicted by the 

flowchart. Note that the division by two is integer division, with any remainder lost, so that 
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3/2 comes out as 1, not 1. The search finishes either because the value has been found, or 

else, the specified value is not in the list. The method relies on and upholds the notion If x is 

to be found, it will be amongst elements (L + 1) to (R − 1) of the array. The initialisation of L 

and R to 0 and N + 1 make this merely a restatement of the supplied problem, that elements 1 

to N are to be searched, so the notion is established to begin with. The first step of each 

iteration is to check that there is something to search, which is to say whether there are any 

elements in the search span (L + 1) to (R− 1).The number of such elements is (R − L − 1) so 

computing (R − L) gives (number of elements + 1); halving that number (with integer 

division) means that if there was one element (or more) then p = 1 (or more), but if none p = 

0, and in that case the method terminates with the report "Not found". Otherwise, for p > 0, 

the search continues with p:=L + p, which by construction is within the bounds (L + 1) to (R 

− 1). That this position is at or adjacent to the middle of the span is not important here, 

merely that it is a valid choice. Now compare x to A(p).Key. If x = A(p).Key then the method 

terminates in success. Otherwise, suppose x < A(p).Key. If so, then because the array is in 

sorted order, x will also be less than all later elements of the array, all the way to element (R 

− 1) as well. Accordingly, the value of the right-hand bound index R can be changed to be the 

value p, since, by the test just made, x < A(p).Key and so, if x is to be found, it will be 

amongst elements earlier than p, that is (p − 1) and earlier. And contrariwise, for the case x > 

A(p).Key, the value of L would be changed. Thus, whichever bound is changed the ruling 

notion is upheld, and further, the span remaining to be searched is reduced. If L is changed, it 

is changed to a higher number (at least L + 1), whereas if R is changed, it is to a lower 

number (at most R − 1) because those are the limits for p. Should there have been just one 

value remaining in the search span (so that L + 1 = p = R − 1), and x did not match, then 

depending on the sign of the comparison either L or R will receive the value of p and at the 

start of the next iteration the span will be found to be empty. Accordingly, with each 

iteration, if the search span is empty the result is "Not found", otherwise either x is found at 

the probe point p or the search span is reduced for the next iteration. Thus the method works, 

and so can be called an Algorithm. After each iteration, the span left to be searched is roughly 

halved. If the original number of items is N = 2
p
, then after the first iteration there will be 

roughly 2
p-1

items remaining, then roughly 2
p-2

, and so on. In the worst case, the algorithm 

must continue iterating until the span has been reduced to a single item, i.e. 2
0
; this will have 

taken p = log2(N) iterations. When compared to the linear search, whose worst-case 

behaviour is N iterations, we see that the binary search is substantially faster as N grows 

large. In most cases, N will not be an integer power of 2. In these cases, the worst-case 
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iteration count will be ceil(log2(N)), where ceil() denotes the ceiling function. There are two 

cases: for searches that will fail because the value is not in the list, the search span must be 

successively halved until no more elements remain and this process will require at most the p 

probes just defined, or one less. This latter occurs because the search span is not in fact 

exactly halved, and depending on the value of N and which elements of the list the absent 

value x is between, the span may be closed early. For searches that will succeed because the 

value is in the list, the search may finish early because a probed value happens to match. 

Loosely speaking, half the time the search will finish one iteration short of the maximum and 

a quarter of the time, two early. Consider then a test in which a list of N elements is searched 

once for each of the N values in the list, and determine the number of probes n for all N 

searches. 

 N = 1 2 3 4 5 6 7 8 9 10 11 12 13 

n/N = 1 3/2 5/3 8/4 11/5 14/6 17/7 21/8 25/9 29/10 33/11 37/12 41/13 

 1 1.5 1.66 2 2.2 2.33 2.43 2.63 2.78 2.9 3 3.08 3.15 

In short log2(N) − 1 is about the expected number of probes in an average successful search, 

and the worst case is log2(N), just one more probe. If the list is empty, no probes at all are 

made.Suppose the list to be searched contains N even numbers (say, 2,4,6,8 for N = 4) and a 

search is done for values 1, 2, 3, 4, 5, 6, 7, 8, and 9. The even numbers will be found, and the 

average number of iterations can be calculated as described. In the case of the odd numbers, 

they will not be found, and the collection of test values probes every possible position (with 

regard to the numbers that are in the list) that they might be not found in, and an average is 

calculated. The maximum value is for each N the greatest number of iterations that were 

required amongst the various trail searches of those N elements. The first plot shows the 

iteration counts for N = 1 to 63 (with N = 1, all results are 1), and the second plot is for N = 1 

to 32767.The curve for the "found" searches approaches log2(N) − 1 more closely for larger 

N as larger numbers of iterations are involved, in the same way that the successive 

summations 1/2, 1/4 + 1/2, 1/8 + 1/4 + 1/2 approach 1 as the number of terms increases: these 

are the probabilities of early detection of equality in successive iterations of a search. The 

slight bend in the curves within each iteration limit group is due to the early narrowing of the 

search bounds into two sub-spans whose lengths are often unequal.Thus binary search is a 

logarithmic algorithm and executes in O(logN) time. In most cases it is considerably faster 

than a linear search. It can be implemented using iteration (as shown above), or recursion. In 

some languages it is more elegantly expressed recursively; however, in some C-based 

languages tail recursion is not eliminated and the recursive version requires more stack space. 
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Binary search can interact poorly with the memory hierarchy (i.e. caching), because of its 

random-access nature. For in-memory searching, if the span to be searched is small, a linear 

search may have superior performance simply because it exhibits better locality of reference. 

For external searching, care must be taken or each of the first several probes will lead to a 

disk seek. A common technique is to abandon binary searching for linear searching as soon as 

the size of the remaining span falls below a small value such as 8 or 16 or even more in 

recent computers. The exact value depends entirely on the machine running the algorithm. 

Notice that for multiple searches with a fixed value for N, then (with the appropriate regard 

for integer division), the first iteration always selects the middle element at N/2, and the 

second always selects either N/4 or 3N/4, and so on. Thus if the array's key values are in 

some sort of slow storage (on a disc file, in virtual memory, not in the cpu's on-chip 

memory), keeping those three keys in a local array for a special preliminary search will avoid 

accessing widely separated memory. Escalating to seven or fifteen such values will allow 

further levels at not much cost in storage. On the other hand, if the searches are frequent and 

not separated by much other activity, the computer's various storage control features will 

more or less automatically promote frequently-accessed elements into faster storage. 

When multiple binary searches are to be performed for the same key in related lists, fractional 

cascading can be used to speed up successive searches after the first one. 

There is no particular requirement that the array being searched has the bounds 1 to N. It is 

possible to search a specified range, elements first to last instead of 1 to N. All that is 

necessary is that the intialisation be L:=first −1 and R:=last + 1, then all proceeds as before. 

The elements of the list are not necessarily all unique. If one searches for a value that occurs 

multiple times in the list, the index returned will be of the first-encountered equal element, 

and this will not necessarily be that of the first, last, or middle element of the run of equal-key 

elements but will depend on the positions of the values. Modifying the list even in seemingly 

unrelated ways such as adding elements elsewhere in the list may change the result. To find 

all equal elements an upward and downward linear search can be carried out from the initial 

result, stopping each search when the element is no longer equal. Thus, e.g. in a table of cities 

sorted by country, we can find all cities in a given country. Several algorithms closely related 

to or extending binary search exist. For instance, noisy binary search solves the same class of 

projects as regular binary search, with the added complexity that any given test can return a 

false value at random. (Usually, the number of such erroneous results are bounded in some 

way, either in the form of an average error rate, or in the total number of errors allowed per 

element in the search space.) Optimal algorithms for several classes of noisy binary search 
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problems have been known since the late seventies, and more recently, optimal algorithms for 

noisy binary search in quantum computers (where several elements can be tested at the same 

time) have been discovered. 

 

Topic : Object-Based Programming 

Topic Objective: 

At the end of this topic the student will be able:  

 Understad Implementing a Time Abstract Data Type with a class 

 Understad Class scope 

 Understad Controlling access members 

 Understad Initializing Class Objects: Constructors 

Definition/Overview: In general, object-based indicates that something such as a theory, 

language, or model is based on the concept of object. 

 In computer science, the term object-basedhas two different, incompatible senses: 

1. A somehow limited version of object-oriented programming where one or more of the 

following restrictions applies:  

o there is no implicit inheritance 

o there is no polymorphism 

o only a very reduced subset of the available values are objects (typically the 

GUI components) 

2. Prototype-based systems (i.e., those based on "prototype" objects which are not 

instances of any class) 

Visual Basic is an example of a language that is object-based in the first sense of the term, 

JavaScript in the second. 

Key Points:  
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1. Implementing a Time Abstract Data Type with a class 

 Classes  

o Model objects  

Attributes (data members)  

Behaviors (member functions)  

o Defined using keyword class  

o Member functions  

Methods 

Invoked in response to messages  

 Member access specifiers  

                     o public: Accessible wherever object of class in scope  

o private: Accessible only to member functions of class  

o protected:  

 Constructor function  

o Special member function  

Initializes data members  

Same name as class  

o Called when object instantiated  

o Several constructors; Function overloading  
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o No return type  

class Time { 

  

public: 

Time(); // constructor 

void setTime( int, int, int ); // set hour, minute, second 

void printUniversal(); // print universal-time format 

void printStandard(); // print standard-time format 

  

private: 

int hour; // 0 - 23 (24-hour clock format) 

int minute; // 0 - 59 

int second; // 0 - 59 

  

}; // end class Time 

 Objects of class  

o After class definition  

Class name new type specifier; C++ extensible language  

Object, array, pointer and reference declarations  

o Example: 

o Time sunset; 

o Time arrayofTimes[ 5 ];  

o Time *pointerToTime; 

o Time &dinnerTime = sunset; 

 Member functions defined outside class  

o Binary scope resolution operator (::)  

Ties member name to class name  
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Uniquely identify functions of particular class  

Different classes can have member functions with same name  

o Format for defining member functions  

o ReturnType ClassName::MemberFunctionName( ){  

o . 

o . 

o . 

o } 

o Does not change whether function public or private  

 Member functions defined inside class  

o Do not need scope resolution operator, class name  

o Compiler attempts inline; Outside class, inline explicitly with keyword 

inline  

 Destructors  

o Same name as class; Preceded with tilde (~)  

o No arguments  

o Cannot be overloaded  

o Performstermination housekeeping  

 Advantages of using classes  

o Simplify programming  

o Interfaces; Hide implementation  

o Software reuse  
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Composition (aggregation); Class objects included as members of 

other classes  

2. Class scope 

A name declared within a member function hides a declaration of the same name whose 

scope extends to or past the end of the member function's class.  

When the scope of a declaration extends to or past the end of a class definition, the regions 

defined by the member definitions of that class are included in the scope of the class. 

Members defined lexically outside of the class are also in this scope. In addition, the scope of 

the declaration includes any portion of the declarator following the identifier in the member 

definitions.  

The name of a class member has class scope and can only be used in the following cases:  

 In a member function of that class  

 In a member function of a class derived from that class  

 After the . (dot) operator applied to an instance of that class  

 After the . (dot) operator applied to an instance of a class derived from that class, as long as 

the derived class does not hide the name  

 After the -> (arrow) operator applied to a pointer to an instance of that class  

 After the -> (arrow) operator applied to a pointer to an instance of a class derived from that 

class, as long as the derived class does not hide the name  

 After the :: (scope resolution) operator applied to the name of a class  

 After the :: (scope resolution) operator applied to a class derived from that class.  

3. Controlling access members 

Access level modifiers determine whether other classes can use a particular field or invoke a 

particular method. There are two levels of access control:  

 At the top levelpublic, or package-private (no explicit modifier).  

 At the member levelpublic, private, protected, or package-private (no explicit modifier).  

A class may be declared with the modifier public, in which case that class is visible to all 

classes everywhere. If a class has no modifier (the default, also known as package-private), it 
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is visible only within its own package (packages are named groups of related classesyou will 

learn about them in a later lesson.)  

At the member level, you can also use the publicmodifier or no modifier (package-private) 

just as with top-level classes, and with the same meaning. For members, there are two 

additional access modifiers: private and protected. The private modifier specifies that the 

member can only be accessed in its own class. The protected modifier specifies that the 

member can only be accessed within its own package (as with package-private) and, in 

addition, by a subclass of its class in another package. The following table shows the access 

to members permitted by each modifier 

ACCESS LEVELS 

Modifier Class Package Subclass World 

public Y Y Y Y 

protected Y Y Y N 

no modifier Y Y N N 

private Y N N N 

The first data column indicates whether the class itself has access to the member defined by 

the access level. As you can see, a class always has access to its own members. The second 

column indicates whether classes in the same package as the class (regardless of their 

parentage) have access to the member. The third column indicates whether subclasses of the 

class declared outside this package have access to the member. The fourth column indicates 

whether all classes have access to the member.  

Access levels affect you in two ways. First, when you use classes that come from another 

source, such as the classes in the Java platform, access levels determine which members of 

those classes your own classes can use. Second, when you write a class, you need to decide 

what access level every member variable and every method in your class should have.  

Let's look at a collection of classes and see how access levels affect visibility. The following 

figure shows the four classes in this example and how they are related.  

Tips on Choosing an Access Level: If other programmers use your class, you want to ensure 

that errors from misuse cannot happen. Access levels can help you do this.  
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 Use the most restrictive access level that makes sense for a particular member. Use private 

unless you have a good reason not to.  

 Avoid public fields except for constants. (Many of the examples in the tutorial use public 

fields. This may help to illustrate some points concisely, but is not recommended for 

production code.) Public fields tend to link you to a particular implementation and limit your 

flexibility in changing your code.  

4. Initializing Class Objects: Constructors 

A class representing points in the plane. Whats non-standard is that it is written in Newspeak, 

an experimental language in the style of Smalltalk, which I and some of my colleagues are 

working on right now. In cases where the syntax is non-obvious, Pascal style comments like: 

(* this is a comment *)) would be used to show how a similar construct might be written in a 

more conventional (and less effective) notation. 

class Point2D x: i y: j = (  

(* Javanese version might look like this :  

class Point2D setXY(i, j) { ...} *) 

(*A class representing points in 2-space *) 

| 

public x ::= i. 

public y ::= j. 

| 

) ( (* instance side *) 

 

public printString = ( 

x = , x printString, y = , y printString 

)  

) 

this declaration introduces the class Point2D. The class name is immediately followed by a 

message pattern (method signature for readers of Javanese) x: i y: j. This pattern describes the 

primary constructor message for the class. The pattern introduces two formal parameters, 

iand j, which are in scope in the class body. The result of sending this message to the class is 

a fresh instance, e.g.: 

Point2D x: 42 y: 91  

(* In Javanese, you might write Point2D.setXY(42, 91);  
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 But dont even think of interpreting setXY as a static method! 

*) 

yields a new instance of Point2D with x = 42 and y = 91. The message causes a new instance 

to be allocated and executes the slot initializers for that instance, in this case 

x ::= i. 

y ::= j. 

 

The slots are accessed only through automatically generated getters (x and y) and setters (x: 

and y:). 

How is all this different from mainstream constructors? 

Because an instance is created by sending a message to an object, and not by some special 

construct like a constructor invocation, we can replace the receiver of that message with any 

object that responds to that message. It can be another class (say, an implementation based on 

polar coordinates), or it can be a factory object that isnt a class at all.  

Here is a method that takes the class/factory as a parameter 

makePoint: pointFactory = ( 

(* In Javanese:  

 

makePoint(pointFactory)  

 

 return pointFactory.setXY(100, 200) 

 }  

*) 

 ^pointFactory x: 100 y: 200 

) 

 

We can invoke this so: 

makePoint: Point2D 

 

but also so: 

makePoint: Polar2D 

 

where Polar2D might be written as follows: 
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class Polar2D rho: r theta: t = ( 

(* A class representing points in 2-space*) 

public rho ::= r. 

 

public theta ::= t. 

) ( (* instance side *) 

 

 public x = ( ^rho * theta cos) (* emulate x/y interface *) 

 

 public y = (^rho * theta sin) 

 

 public printString = ( 

  x = , x printString,  y = , y printString ) 

) : ( (* class side begins here*) 

 

 public x: i y: j = ( 

 

| r t | 

 

 t := i arcCos. 

 r := j/ t sin. 

 rho: r theta: t 

 ) 

) 

 

Here, Polar2D has a secondary constructor, a class method x:y:, which will be invoked by 

makePoint:.You cannot do this with constructors or with static factories; you simply cannot 

abstract over them. You could use reflection in Java, passing the Class object as a parameter 

and then searching for a constructor or static method matching the desired signature. Even 

then, you would have to commit to using a class. Here we can use any object that responds to 

the message x:y: Using Java core reflection in this case is awkward and verbose, and 

historically hasnt been available on configurations like JavaME. And it doesnt work well with 

proxy objects either. Whats more, you may not have the right security permissions to do it. 

The situation is not much better with the VM from the makers of Zune (tm) either. 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

83
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Zune is a trademark of Microsoft Corporation. Microsoft is also a trademark of Microsoft 

Corporation. But GNUs not Unix 

Alternatively, you could also define the necessary factory interface, implement it with factory 

classes, create factory objects and only pass those around. Youd have to do this for every 

class of course, whether you declared it or not. This is tedious, error prone, and very hard to 

enforce. The language should be doing this for you. So far, weve shown how to manufacture 

instances of a class. What about subclassing? This is usually where things get sticky. 

 

Heres a class of 3D points 

class Point3D x: i y: j z: k = Point2D x: i y: j ( 

(* A class representing points in 3-space *) 

| public z ::= k. | 

) (* end class header *) 

( (*begin instance side *) 

public printString = ( 

super printString,  z = , z printString 

 ) 

) 

One detail thats new here is the superclass clause: Point3D inherits from Point2D, and calls 

Point2Ds primary constructor. This is a requirement, enforced dynamically at instance 

creation time. It helps ensure that an object is always completely initialized. 

 

Unlike Smalltalk, one cannot call a superclass constructors on a subclass. This prevents you 

from partially instantiating an object, say by writing: 

Point3D x: 1 y: 2 (* illegal! *) 

 

without initializing z as intended. Also, unlike Smalltalk, theres no instance method that does 

the initialization on behalf of the class object. So you cannot initialize an object multiple 

times, unless the designer deliberately creates an API to allow it. The idea is to ensure every 

object is initialized once and only once, but without the downsides associated with 

constructors.Preventing malicious subclasses from undermining the superclass initialization 

takes care. Were still considering potential solutions. The situation is no worse than in Java, it 

seems, and we may be able to make it better.A different concern is that the subclass must call 

the primary constructor of the superclass. So what happens when I want to change the 
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primary constructor? Say I want to change Point2D to use polar representation. Can I make 

rho:theta: the primary constructor? How can I do this without breaking subclasses of 

Point2D, such as Point3D? We can't do it directly yet (though we should have a fix for that in 

not too long), but I can redefine Point2D 

as 

class Point2D x: i y: j = Polar2D rho: ... theta: ... = ()() 

: ( class side begins here 

(* secondary constructor *) 

public rho: r theta: t = ( 

 x: r * t cos y: r * t sin 

 ) 

) 

Now anyone who uses a Point2D gets a point in polar representation, while preserving the 

existing interface. And anyone who wants to can of course create polar points using the 

secondary constructor. I can also arrange for that constructor to return instances of Polar2D 

directly: 

public rho: r theta: t = ( 

Polar2D rho: r theta: t 

) 

5. Object Pointers as Data Members of Other Classes  

Every class that has a pointer data member should include the following member functions:  

 a destructor,  

 a copy constructor,  

 operator= (assignment)  

TheIntList class, defined in the "Introduction to C++ Classes" notes, includes a pointer to a 

dynamically allocated array. Here is the declaration of the IntList class again, augmented to 

include declarations of the class's destructor, copy constructor, and assignment operator (in 

red for emphasis):  

class IntList { 

 public: 

 IntList(); // constructor; initialize the list to 

 // be empty 
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 ~IntList(); // destructor 

 IntList(const IntList &L); // copy constructor 

 IntList & operator=(const IntList &L); // assignment 

 void AddToEnd(int k); // add k to the end of the list 

 void Print(ostream &output) const; // print the list to output 

  

 private: 

 static const int SIZE = 10; // initial size of the array 

 int *Items; // Items will point to the dynamically 

 // allocated array 

 int numItems; // number of items currently in the list 

 int arraySize; // the current size of the array 

}; 

An object's destructor function is called when that object is about to "go away"; i.e., when:  

 a class object (a value parameter or a local variable) goes out of scope, or  

 a pointer to a class object is deleted (the dynamically allocated storage pointed to by the 

pointer is freed by the programmer using the delete operator)  

The main purpose of the destructor function is to free any dynamically allocated storage 

pointed to only by a data member of that object. (Note that it is up to the programmer to 

ensure that no other pointers are pointing to that storage.)  

For example, consider the following function, with line numbers included for reference:  

void f(IntList L) { 

 IntList *p = new IntList; 

 while (...) { 

 IntList L1; 

 ... 

 } 

 delete p; 

 } 

In this example, the scope of value parameter Lis the whole function; L goes out of scope at 

the end of the function (line 8). So when function f ends, L's destructor function is called. 

(Note: if fhad one or more return statements, L's destructor function would be called when a 
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return was executed). The scope of variable L1 is the body of the while loop (lines 4 to 6). 

L1's constructor function is called at the beginning of every iteration of the loop, and its 

destructor function is called at the end of every iteration of the loop. Note that if the loop 

included a break or continue statement, the destructor would still be called. Variable pis a 

pointer to an IntList. When an IntList object is allocated using new at line 2, that object's 

constructor function is called. When the storage is freed at line 7, the object's destructor 

function is called (and then the memory for the Intlistitself is freed).  

Why isn't the destructor function of a reference parameter called at the end of the function?  

Solution. Destructor functions are defined using syntax similar to that used for the constructor 

function (the name of the class followed by a double colon followed by the name of the 

function). For example, the definition of the Intlist destructor function would look like this:  

IntList::~IntList() { 

 delete [] Items; // free the dynamically allocated array pointed to by Items 

} 

NOTE: If you don't write a destructor function for a class that includes pointers to 

dynamically allocated storage, your code will still work, but you will probably have some 

storage leaks. To understand more about storage management and destructor functions, let's 

consider a simpler version of the example code given above:  

void f() { 

 IntList *p = new IntList; 

 ... 

 delete p; 

 } 

Assume that just before line 4, we have the following situation:  

p: ---------> +---------------+ 

 | | +---+ 

 | Items: ----------> | 2 | 

 | | |---| 

 | numItems: 10 | | 6 | 

 | | |---| 

 | arraySize: 10 | | . | 

 | | | . | 
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 +---------------+ | . | 

 +---+ 

If there is no IntList destructor, then when delete p is executed, the storage for the 

IntListobject pointed to by p (which was allocated at line 2) is freed. However, the array 

pointed to by the IntList's Items field is notfreed, and will never be freed, so that is a storage 

leak. If the IntList destructor given above (that deletes the array pointed to by Items) is 

provided, then it is called when line 4 is executed. That call frees the array storage, and then 

the delete operator frees the storage pointed to by p (namely, the storage for the IntList itself), 

and there is no storage leak.  

An object's copy constructor is called (automatically, not by the programmer) when it is 

created, and needs to be initialized to be a copy of an existing object. This happens when an 

object is: 

1. passed as a value parameter to a function,  

2. returned (by value) as a function result,  

3. declared with initialization from an existing object of the same class.  

The purpose of the copy constructor is to make a copy of the  

1. actual parameter,  

2. value being returned,  

3. existing object.  

Here are two functions that illustrate when copy constructors are called:  

IntList f( IntList L ); 

  

int main() { 

 IntList L1, L2; 

 ... 

 L2 = f( L1 ); // copy constructor called here to copy L1 

 } 

  

IntList f( IntList L ) { 
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 IntList tmp1 = L; // copy constructor called here to copy L 

 IntList tmp2(L); // copy constructor called here to copy L 

 ... 

 return tmp1; // copy constructor called here to copy tmp1 

 } 

On line 6, variable L1 is passed as a value parameter to function f. The corresponding formal 

parameter is L. When the call is executed, L's copy constructor is called to initialize Lto be a 

copy of the actual parameter, L1. On line 10, variable tmp1 is declared to be an IntList, 

initialized to be the same as variable L. When line 10 is executed, tmp1's copy constructor is 

called to initialize tmp1to be a copy of L. Similarly, when line 11 is executed, tmp2's copy 

constructor is called to initialize tmp2to be a copy of L. On line 13, variable tmp1 is returned 

as the result of calling function f. When line 13 is executed, a copy constructor is called to 

make a copy of tmp1 to be returned. (Later, that copy is used as the right-hand side of the 

assignment on line 6.) If you don't write a copy constructor, the compiler will provide one 

that just copies the value of each data member (this is sometimes called a shallow copy). If 

some data member is a pointer, this causes aliasing (both the original pointer and the copy 

point to the same location), and may lead to trouble. For example, consider the following 

code:  

void f(IntList L) { 

 L.AddToEnd(11); 

} 

  

int main() { 

 IntList I; 

  

 for (int k=1; k<11; k++) I.AddToEnd(k); 

  

 // I's array "Items" is now full 

 f(I); 

 ... 

} 

If the IntList class does not include a copy constructor, the compiler will supply one that just 

copies the value of the pointer Items. Here are pictures illustrating the result of the call to I's 
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copy constructor, which initializes the formal parameter L to be a copy of I. Note that both 

I.Items and L.Items point to the same array.  

+---------------+ 

 | | +----+ 

I: | Items: -----------> | 1 | 

 | | +-> |----| 

 | | | | 2 | 

 | numItems: 10 | | |----| 

 | | | | 3 | 

 | arraySize: 10 | | |----| 

 +---------------+ | | . | 

 | | . | 

 +---------------+ | | . | 

 | | | |----| 

L: | Items: ---------+ | 10 | 

 | | +----+ 

 | | 

 | numItems: 10 | 

 | | 

 | arraySize: 10 | 

 +---------------+  

Now think about what happens when the body of function f executes. L.AddToEnddiscovers 

that the array is full, so it allocates a new array, copies the values from the old array to the 

new array, and returns the old array to free storage. Unfortunately, L.AddToEnddoesn't know 

that I.Items is also pointing to the old array, so when that array is returned to free 

storage,I.Items becomes a dangling pointer, and any attempt to access the array it points to is 

likely to lead to trouble. 

6. Using the Pointer. 

#include <iostream> 

 

class Rectangle 
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{ 

public: 

Rectangle(); 

~Rectangle(); 

void SetLength(int length) { this->itsLength = length; } 

int GetLength() const { return this->itsLength; } 

void SetWidth(int width) { itsWidth = width; } 

int GetWidth() const { return itsWidth; } 

 

private: 

int itsLength; 

int itsWidth; 

}; 

 

Rectangle::Rectangle() 

{ 

itsWidth = 5; 

itsLength = 10; 

} 

 

Rectangle::~Rectangle() 

{} 

 

int main() 

{ 

Rectangle theRect; 

std::cout << "theRect is " << theRect.GetLength()  

<< " feet long.\n"; 

std::cout << "theRect is " << theRect.GetWidth()  

<< " feet wide.\n"; 

 

theRect.SetLength(20); 

theRect.SetWidth(10); 

std::cout << "theRect is " << theRect.GetLength() 
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<< " feet long.\n"; 

std::cout << "theRect is " << theRect.GetWidth() 

<< " feet wide.\n"; 

 

return 0; 

7. Static Class Members 

A class member declared static is a single instance of that member shared by all instances of 

this class (that's why it is sometimes termed a class variable, as opposed to object variable). 

This feature has many uses: for instance, in order to create a file lock, one can use a static 

bool class member. An object trying to access this file has to check first whether the static 

(i.e., shared) flag is false. If it is, the object turns the flag on and processes the file safely, 

since other objects will now find that the flag is now on, and hence -- they cannot access the 

file. When the object processing the file is done, it has to turn off the flag, enabling another 

object to access it. How is a static member created?  

 class fileProc { 

 FILE *p; 

 static bool isLocked; //only a declaration; see definition below... 

 public: 

 bool isLocked () const {return isLocked; } 

}; 

  

//somewhere outside the class definition: 

  

bool fileProc::isLocked; //definition; initialized to 'false' by default. Note: no 'static' here 

8. Indexed Properties 

Suppose you want to write a class, Document, which encapsulates a lengthy section of text. 

To allow easy implementation of various operations such as checking spelling, you might 

want to view the document as a virtual array of words, as well as of characters. The following 

example shows a technique for implementing such a class. For each "indexed property," you 

define a nested class, which contains a reference back to the main class instance. A readonly 
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field on the main class provides access to an instance of the nested class that defines each 

virtual array. Each of the nested classes defines an indexer, as well as other collection-like 

methods (a Count property, for example). The following example shows this for "Words" and 

"Characters." In this example the Documentclass is defined. Two indexed properties, 

Wordsand Characters, are used to perform some text operations on the Documentobject. 

Copy Code 

// indexedproperty.cs 

using System; 

  

public class Document 

{ 

 // Type allowing the document to be viewed like an array of words: 

 public class WordCollection 

 { 

 readonly Document document; // The containing document 

  

 internal WordCollection(Document d) 

 { 

 document = d; 

 } 

  

 // Helper function -- search character array "text", starting at 

 // character "begin", for word number "wordCount." Returns false 

 // if there are less than wordCount words. Sets "start" and 

 // length" to the position and length of the word within text: 

 private bool GetWord(char[] text, int begin, int wordCount,  

out int start, out int length)  

{  

int end = text.Length; 

 int count = 0; 

 int inWord = -1; 

 start = length = 0;  
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 for (int i = begin; i <= end; ++i)  

{ 

 bool isLetter = i < end && Char.IsLetterOrDigit(text[i]); 

  

 if (inWord >= 0)  

{ 

 if (!isLetter)  

{ 

 if (count++ == wordCount)  

{ 

 start = inWord; 

 length = i - inWord; 

 return true; 

 } 

 inWord = -1; 

 } 

 } 

 else  

{ 

 if (isLetter) 

 inWord = i; 

 } 

 } 

 return false; 

 } 

  

 // Indexer to get and set words of the containing document: 

 public string this[int index]  

{ 

 get  

{  

int start, length; 

 if (GetWord(document.TextArray, 0, index, out start,  
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out length)) 

 return new string(document.TextArray, start, length); 

 else 

 throw new IndexOutOfRangeException(); 

 } 

 set  

{ 

 int start, length; 

 if (GetWord(document.TextArray, 0, index, out start,  

out length))  

{ 

 // Replace the word at start/length with the  

// string "value": 

 if (length == value.Length)  

{ 

 Array.Copy(value.ToCharArray(), 0,  

document.TextArray, start, length); 

 } 

 else  

{ 

 char[] newText =  

new char[document.TextArray.Length +  

value.Length - length]; 

 Array.Copy(document.TextArray, 0, newText,  

0, start); 

 Array.Copy(value.ToCharArray(), 0, newText,  

start, value.Length); 

 Array.Copy(document.TextArray, start + length, 

 newText, start + value.Length, 

 document.TextArray.Length - start 

 - length); 

 document.TextArray = newText; 

 } 

 }  
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else 

 throw new IndexOutOfRangeException(); 

 } 

 } 

  

 // Get the count of words in the containing document: 

 public int Count  

{ 

 get  

{  

int count = 0, start = 0, length = 0; 

 while (GetWord(document.TextArray, start + length, 0,  

out start, out length)) 

 ++count; 

 return count;  

} 

 } 

 } 

  

 // Type allowing the document to be viewed like an "array"  

// of characters: 

 public class CharacterCollection 

 { 

 readonly Document document; // The containing document 

  

 internal CharacterCollection(Document d) 

 { 

 document = d;  

} 

  

 // Indexer to get and set characters in the containing document: 

 public char this[int index]  

{ 

 get  
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{  

return document.TextArray[index];  

} 

 set  

{  

document.TextArray[index] = value;  

} 

 } 

  

 // Get the count of characters in the containing document: 

 public int Count  

{ 

 get  

{  

return document.TextArray.Length;  

} 

 } 

 } 

  // Because the types of the fields have indexers,  

// these fields appear as "indexed properties": 

 public readonly WordCollection Words; 

 public readonly CharacterCollection Characters; 

  

 private char[] TextArray; // The text of the document.  

  

 public Document(string initialText) 

 { 

 TextArray = initialText.ToCharArray(); 

 Words = new WordCollection(this); 

 Characters = new CharacterCollection(this); 

 } 

  

 public string Text  

{ 
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 get  

{  

return new string(TextArray);  

} 

 } 

} 

  

class Test 

{ 

 static void Main() 

 { 

 Document d = new Document( 

 "peter piper picked a peck of pickled peppers. How many pickled peppers did peter piper 

pick?" 

 ); 

  

 // Change word "peter" to "penelope": 

 for (int i = 0; i < d.Words.Count; ++i)  

{ 

 if (d.Words[i] == "peter")  

d.Words[i] = "penelope"; 

 } 

  

 // Change character "p" to "P" 

 for (int i = 0; i < d.Characters.Count; ++i)  

{ 

 if (d.Characters[i] == 'p') 

 d.Characters[i] = 'P'; 

 } 

  

Console.WriteLine(d.Text); 

 } 

9. Reusability 
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In computer science and software engineering, reusability is the likelihood a segment of source code 

can be used again to add new functionalities with slight or no modification. Reusable modules and 

classes reduce implementation time, increase the likelihood that prior testing and use has 

eliminated bugs and localizes code modifications when a change in implementation is required. 

Subroutines or functions are the simplest form of reuse. A chunk of code is regularly organized using 

modules or namespaces into layers. Proponents claim that objects and software components offer a 

more advanced form of reusability, although it has been tough to objectively measure and define 

levels or scores of reusability. The ability to reuse relies in an essential way on the ability to build 

larger things from smaller parts, and being able to identify commonalities among those parts. 

Reusability is often a required characteristic of platform software. Reusability brings several aspects 

to software development that do not need to be considered when reusability is not required. 

Reusability implies some explicit management of build, packaging, distribution, installation, 

configuration, deployment, maintenance and upgrade issues. If these issues are not considered, 

software may appear to be reusable from design point of view, but will not be reused in practice. 

Software reusability more specifically refers to design features of a software element (or collection 

of software elements) that enhance its suitability for reuse. 

Candidate design features for software reuse include: 

 Adaptable 

 Brief: small size 

 Flexible 

 Parameterization 

 Generic 

 Fast 

 Simple: low complexity 

 Localization of volatile (changeable) design assumptions (David Parnas) 

 Modularity 

 Stability under changing requirements 

 Extensibility 

 Consistency 

 Correctness 

 Orthogonality 
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Consensus has not yet been reached on this list on the relative importance of the entries nor 

on the issues which make each one important for a particular class of applications. 

 

Topic : Object-Oriented Programming: Inheritance 

Topic Objective: 

At the end of this topic the student will be able:  

 Understand Base Classes and Derived Classes 

 Understand Protected Members 

 Understand Three-Level Inheritance Hierarchy 

 Learn About A simple class hierarchy.  

 Learn About Constructors and Destructors in Derived Classes 

 Learn About Software Engineering with Inheritance.  

 Understand Engineering Observation 

Definition/Overview: 

Singleness: Singleness: using single inheritance, a subclass can inherit from only one 

superclass. Continuing the example given above, Person can be either a Student or an 

Employee, but not both. Using multiple inheritance partially solves this problem, as a Student 

Employee class can be defined that inherits from both Student and Employee. However, it 

can still inherit from each superclass only once; this scheme does not support cases in which 

a student has two jobs or attends two institutions. 

Static: the inheritance hierarchy of an object is fixed at instantiation when the object's type is 

selected and does not change with time. For example, the inheritance graph does not allow a 

Student object to become a Employee object while retaining the state of its Person superclass. 

(Although similar behavior can be achieved with the decorator pattern.) 

Visibility: whenever client code has access to an object, it generally has access to the entire 

object's superclass data. Even if the superclass has not been declared public, the client can 

still cast the object to its superclass type. For example, there is no way to give a function a 

pointer to a Student's grade point average and transcript without also giving that function 

access to all of the personal data stored in the student's Person superclass. 
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Key Points: 

1. Base Classes and Derived Classes 

#include <iostream> 

using namespace std; 

 

class BaseClass { 

int i, j; 

public: 

void set(int a, int b) {  

i = a;  

j = b;  

} 

void show() {  

cout << i << " " << j << endl;  

} 

}; 

 

class DerivedClass : public BaseClass { 

int k; 

public: 

DerivedClass(int x) {  

k = x;  

} 

void showk() {  

cout << k << endl;  

} 

}; 

 

int main() 

{ 

DerivedClass ob(3); 
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ob.set(1, 2); // access member of BaseClass 

ob.show(); // access member of BaseClass 

 

ob.showk(); // uses member of DerivedClass class 

return 0; 

} 

2. Protected Members 

A protected nonstatic base class member can be accessed by members and friends of any 

classes derived from that base class by using one of the following:  

 A pointer to a directly or indirectly derived class  

 A reference to a directly or indirectly derived class  

 An object of a directly or indirectly derived class  

If a class is derived privately from a base class, all protected base class members become 

private members of the derived class.  

If you reference a protected nonstatic member xof a base class A in a friend or a member 

function of a derived class B, you must access xthrough a pointer to, reference to, or object of 

a class derived from A. However, if you are accessing x to create a pointer to member, you 

must qualify xwith a nested name specifier that names the derived class B. The following 

example demonstrates this:  

class A { 

public: 

protected: 

 int i; 

}; 

 class B : public A { 

 friend void f(A*, B*); 

 void g(A*); 

}; 

 void f(A* pa, B* pb) { 

// pa->i = 1; 

 pb->i = 2; 
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 // int A::* point_i = &A::i; 

 int A::* point_i2 = &B::i; 

} 

void B::g(A* pa) { 

// pa->i = 1; 

 i = 2; 

  

// int A::* point_i = &A::i; 

 int A::* point_i2 = &B::i; 

} 

  

void h(A* pa, B* pb) { 

// pa->i = 1; 

// pb->i = 2; 

} 

  

int main() { } 

ClassA contains one protected data member, an integer i. Because B derives from A, the 

members of B have access to the protected member of A. Function f() is a friend of class B:  

 The compiler would not allow pa->i = 1 because pa is not a pointer to the derived class B.  

 The compiler would not allow int A::* point_i = &A::i because i has not been qualified with 

the name of the derived class B.  

 Function g() is a member function of class B. The previous list of remarks about which 

statements the compiler would and would not allow apply for g() except for the following:  

 The compiler allows i = 2 because it is equivalent to this->i = 2.  

Functionh() cannot access any of the protected members of Abecause h() is neither a friend or 

a member of a derived class of A. 

3. Three-Level Inheritance Hierarchy 

#include< iostream> 

using namespace std; 
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class base { 

public: 

base() {  

cout << "Constructing base\n"; 

} 

~base() {  

cout << "Destructing base\n";  

} 

}; 

class derived1 : public base { 

public: 

derived1() {  

cout << "Constructing derived1\n";  

} 

~derived1() {  

cout << "Destructing derived1\n";  

} 

}; 

class derived2: public derived1 { 

public: 
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derived2() {  

cout << "Constructing derived2\n";  

} 

~derived2() {  

cout << "Destructing derived2\n";  

} 

}; 

int main() 

{ 

derived2 ob; 

return 0; 

} 

Constructing base 

Constructing derived1 

Constructing derived2 

Destructing derived2 

Destructing derived1 

Destructing base  

4. A simple class hierarchy.  

A multilevel hierarchy  
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Deriving ADTs from other ADTs  

Use typeid to test type equality  

Multiple base class constructing and destructing  

Three level inheritance  

Overload across class hiearchy  

Shadow base class function in its two children classes  

Reference another class in member function  

Shadow function with the same name in base class  

Inherit protected fields  

Call constructor from base class  

5. Constructors and Destructors in Derived Classes 

Classes can have Constructors and/or Destructors and Derived Classes are no different. 

Situation remains understandable until both the base and its derived class have Constructors 

and/or Destructors. Since the derived class contains more than one Constructors and/or 

Destructors, it becomes confusing which one will be called when.  

This is because when an object the inherited class is constructed both the constructors (bases 

and its own) should be invoked and same applies when it gets destructed. 

This article will clear all this! 

Consider the following example program: 

  

 // -- INHERITANCE -- 

 // Constructors, Destructors 

 // and Inheritance 

 #include<iostream.h> 

  

 // base class 
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 class base 

 { 

 public: 

 base(){cout<<"Constructing Base\n";} 

 ~base(){cout<<"Destructing Base\n";} 

 }; 

  

 // derived class 

 class derived:public base 

 { 

 public: 

 derived(){cout<<"Constructing Derived\n";} 

 ~derived(){cout<<"Destructing Derived\n";} 

 }; 

  

 void main(void) 

 { 

 derived obj; 

  

 // do nothing else, only 

 // construct and destruct 

 // the inherited class object 

 } 

Output: 

Constructing Base 

 Constructing Derived 

 Destructing Derived 

 Destructing Base 

 Press any key to continue 

So here is the general rule: 

Constructors are called in the order of derivation and Destructors in the reverse order. 

One more example will clear the confusions, if any.: 

  

 // -- INHERITANCE -- 
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 // Constructors, Destructors 

 // and Inheritance 

 #include<iostream.h> 

 // base class (1) 

 class base 

 { 

 public: 

 base(){cout<<"Constructing Base\n";} 

 ~base(){cout<<"Destructing Base\n";} 

 }; 

  

 // derived class 

 // derived form 'base' 

 class derived1:public base 

 { 

 public: 

 derived1(){cout<<"Constructing Derived1\n";} 

 ~derived1(){cout<<"Destructing Derived1\n";} 

 }; 

  

 // derived from a derived class 

 // 'derived1' 

 class derived2:public derived1 

 { 

 public: 

 derived2(){cout<<"Constructing Derived2\n";} 

 ~derived2(){cout<<"Destructing Derived2\n";} 

 }; 

  

 void main(void) 

 { 

 derived2 obj; 

  

 // do nothing else, only 
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 // construct and destruct 

 // the inherited class object 

 } 

Output: 

Constructing Base 

 Constructing Derived1 

 Constructing Derived2 

 Destructing Derived2 

 Destructing Derived1 

 Destructing Base 

 Press any key to continue  

6. Software Engineering with Inheritance.  

 Customizing existing software 

o Inherit from existing classes 

Include additional members  

Redefine superclass members  

No direct access to superclasss source code 

Link to object code  

o Independent software vendors (ISVs) 

Develop proprietary code for sale/license 

Available in object-code format  

Users derive new classes  

Without accessing ISV proprietary source code  
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7. Engineering Observation 

1. Despite the fact that inheriting from a class does not require access to the 

classs source code, developers often insist on seeing the source code to 

understand how the class is implemented. Developers in industry want to 

ensure that they are extending a solid classfor example, a class that performs 

well and is implemented securely.  

2. Creating a subclass does not affect its superclass's source code or bytecodes; 

the integrity of a superclass is preserved by inheritance.  

3. Just as the designer of non-object-oriented systems should avoid unnecessary 

proliferation of functions, the designer of object-oriented systems should avoid 

unnecessary proliferation of classes. 

4. In an object-oriented system, classes are often closely related. "Factor out" 

common attributes and behavior and place these in a superclass. Then use 

inheritance to form subclasses without having to repeat common attributes and 

behaviors. 

5. Modifications to a superclass do not require subclasses to change as long as 

the public interface to the superclass remains unchanged. 

Topic : Object-Oriented Programming: Polymorphism 

Topic Objective: 

At the end of this topic the student will be able:  

 Learn About Conversion to Derived Class Reference  

 Learn About Polymorphism 

 Understand Abstract Classes 

Definition/Overview: 

CSharp Bits: CSharp Bits is a tutorial-based digest that explains the C# programming 

language. 

Key Points: 
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1. Derived-Class-Object to Base-Class-Object Conversion CSharp Bits is a tutorial-based 

digest that explains the C# programming language. It evolves, covering prerequisite topics 

and is currently broad in coverage rather than getting deep into a specific topic. That will 

come after a basis has been established. I issue the topics daily (:p), and mainly cover one 

topic in each issue, so readers can fit it in their daily routine. I email these topics internally at 

Microsoft and have been asked to blog the digests externally to reach out to the user 

community.All code examples are meant to demonstrate the topic only. It is neither shippable 

nor secure code by any stretch of the imagination. An archive of the topics I submitted 

internally within Microsoft before I started blogging these out is not currently available 

externally. 

1.2. Base/Derived Conversions  

You can convert a reference to an object of a derived class to an object of its base 

class, and vice versa, under certain conditions. 

1.3 Conversion to Base Class Reference  

References to objects of one class type can be converted into references to another 

type if one class inherits from the other, either directly or indirectly. 

A reference to an object can always be converted to a reference to a base class object. 

This conversion can be performed implicitly (by assignment or as part of an 

expression) or explicitly (by using the cast operator). 

The following examples will use two classes: Animal and Bird. Animal is the base 

class of Bird, or, to put it another way, Bird inherits from Animal. 

The following example declares a variable of type Animal and a variable of type Bird: 

Animal a; 

Bird b = new Bird(...); 

Now consider the following assignment, in which the reference in b is copied to a: 

a = b; 
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The Bird class inherits from the Animal class. Therefore, a method that is found in Animal is 

also found in Bird. (The Bird class might have overridden some of the methods of Animal to 

create its own version of them, but an implementation of the method will exist nonetheless.) 

Therefore, it is possible for references to Bird objects to be assigned to variables containing 

references to objects of type Animal. 

In this case, C# performs a type conversion from Bird to Animal. You can explicitly 

convert Bird to Animal by using a cast operator, as shown: 

a = (Animal) b; 

The preceding code will produce exactly the same result. 

1.4 Conversion to Derived Class Reference  

You can convert a reference to a derived type, but you must explicitly specify the 

conversion by using a cast. An explicit conversion is subject to run-time checking to 

ensure that the types are compatible, as shown in the following example: 

Bird b = (Bird) a; // Okay 

This code will compile successfully. At run time, the cast operator performs a check 

to determine whether the object referred to is really of type Bird. If it is not, the run-

time InvalidCastException is raised. 

If you attempt to assign to a derived type without a conversion operator, as in the 

following code, the compiler will display an error message stating, "Cannot implicitly 

convert type 'Animal' to 'Bird.'" 

b = a; // Will not compile 

You can trap a type conversion error by using try and catch, just like any other 

exception, as shown in the following code: 

try { 

b = (Bird) a; 

} 
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catch (InvalidCastException) { 

Console.WriteLine("Not a bird"); 

2. Polymorphism 

Through inheritance, a class can be used as more than one type; it can be used as its own 

type, any base types, or any interface type if it implements interfaces. This is called 

polymorphism. In C#, every type is polymorphic. Types can be used as their own type or as a 

Object instance, because any type automatically treats Object as a base type. Polymorphism 

is important not only to the derived classes, but to the base classes as well. Anyone using the 

base class could, in fact, be using an object of the derived class that has been cast to the base 

class type. Designers of a base class can anticipate the aspects of their base class that are 

likely to change for a derived type. For example, a base class for cars might contain behavior 

that is subject to change when the car in question is a minivan or a convertible. A base class 

can mark those class members as virtual, allowing derived classes representing convertibles 

and minivans to override that behavior. When a derived class inherits from a base class, it 

gains all the methods, fields, properties and events of the base class. To change the data and 

behavior of a base class, you have two choices: you can replace the base member with a new 

derived member, or you can override a virtual base member. Replacing a member of a base 

class with a new derived member requires the new keyword. If a base class defines a method, 

field, or property, the new keyword is used to create a new definition of that method, field, or 

property on a derived class. The new keyword is placed before the return type of a class 

member that is being replaced. For example: 

C# 

Copy Code 

public class BaseClass 

{ 

 public void DoWork() { } 

 public int WorkField; 

 public int WorkProperty 

 { 

 get { return 0; } 
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} 

} 

  

public class DerivedClass : BaseClass 

{ 

 public new void DoWork() { } 

 public new int WorkField; 

 public new int WorkProperty 

 { 

 get { return 0; } 

 } 

} 

When the new keyword is used, the new class members are called instead of the base class 

members that have been replaced. Those base class members are called hidden members. 

Hidden class members can still be called if an instance of the derived class is cast to an 

instance of the base class. For example: 

C# 

Copy Code 

DerivedClass B = new DerivedClass(); 

B.DoWork(); // Calls the new method. 

  

BaseClass A = (BaseClass)B; 

A.DoWork(); // Calls the old method. 

In order for an instance of a derived class to completely take over a class member from a base 

class, the base class has to declare that member as virtual. This is accomplished by adding the 

virtual keyword before the return type of the member. A derived class then has the option of 

using the override keyword, instead of new, to replace the base class implementation with its 

own. For example: 

C# 

Copy Code 
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public class BaseClass 

{ 

 public virtual void DoWork() { } 

 public virtual int WorkProperty 

 { 

 get { return 0; } 

 } 

} 

public class DerivedClass : BaseClass 

{ 

 public override void DoWork() { } 

 public override int WorkProperty 

 { 

 get { return 0; } 

 } 

} 

Fields cannot be virtual; only methods, properties, events and indexers can be virtual. When a 

derived class overrides a virtual member, that member is called even when an instance of that 

class is being accessed as an instance of the base class. For example: 

C# 

Copy Code 

DerivedClass B = new DerivedClass(); 

B.DoWork(); // Calls the new method. 

  

BaseClass A = (BaseClass)B; 

A.DoWork(); // Also calls the new method. 

Virtual methods and properties allow you to plan ahead for future expansion. Because a 

virtual member is called regardless of which type the caller is using, it gives derived classes 

the option to completely change the apparent behavior of the base class. Virtual members 

remain virtual indefinitely, no matter how many classes have been declared between the class 

that originally declared the virtual member. If class A declares a virtual member, and class B 

derives from A, and class C derives from B, class C inherits the virtual member, and has the 
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option to override it, regardless of whether class B declared an override for that member. For 

example: 

C# 

Copy Code 

public class A 

{ 

 public virtual void DoWork() { } 

} 

public class B : A 

{ 

 public override void DoWork() { } 

} 

C# 

Copy Code 

public class C : B 

{ 

 public override void DoWork() { } 

} 

A derived class can stop virtual inheritance by declaring an override as sealed. This requires 

putting the sealed keyword before the override keyword in the class member declaration. For 

example: 

C# 

Copy Code 

public class C : B 

{ 

 public sealed override void DoWork() { } 

} 
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In the previous example, the method DoWorkis no longer virtual to any class derived from C. 

It is still virtual for instances of C, even if they are cast to type B or type A. Sealed methods 

can be replaced by derived classes using the new keyword, as the following example shows: 

C# 

Copy Code 

public class D : C 

{ 

 public new void DoWork() { } 

} 

In this case, if DoWorkis called on D using a variable of type D, the new DoWorkis called. If 

a variable of type C, B, or A is used to access an instance of D, a call to DoWork will follow 

the rules of virtual inheritance, routing those calls to the implementation of DoWorkon class 

C. A derived class that has replaced or overridden a method or property can still access the 

method or property on the base class using the base keyword. For example: 

C# 

Copy Code 

public class A 

{ 

 public virtual void DoWork() { } 

} 

public class B : A 

{ 

 public override void DoWork() { } 

} 

C# 

Copy Code 

public class C : B 
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{ 

 public override void DoWork() 

 { 

 // Call DoWork on B to get B's behavior: 

 base.DoWork(); 

  

 // DoWork behavior specific to C goes here: 

 // ... 

 } 

} 

3. Abstract Classes 

An abstract class, or abstract base class (ABC), is a class that cannot be instantiated. Such a 

class is only meaningful if the language supports inheritance. An abstract class is designed 

only as a parent class from which child classes may be derived. Abstract classes are often 

used to represent abstract concepts or entities. The incomplete features of the abstract class 

are then shared by a group of subclasses which add different variations of the missing pieces. 

Abstract classes are superclasses which contain abstract methods and are defined such that 

concrete subclasses are to extend them by implementing the methods. The behaviors defined 

by such a class are "generic" and much of the class will be undefined and unimplemented. 

Before a class derived from an abstract class can become concrete, i.e. a class that can be 

instantiated, it must implement particular methods for all the abstract methods of its parent 

classes. When specifying an abstract class, the programmer is referring to a class which has 

elements that are meant to be implemented by inheritance. The abstraction of the class 

methods to be implemented by the subclasses is meant to simplify software development. 

This also enables the programmer to focus on planning and design. Most object oriented 

programming languages allow the programmer to specify which classes are considered 

abstract and will not allow these to be instantiated. For example, in Java, the keyword 

abstract is used. In C++, an abstract class is a class having at least one abstract method (a 

pure virtual function in C++ parlance). 

In Section 3 of this course you will cover these topics: 
 

Exception Handling  
 

Graphical User Interface Concepts: Part 1  
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Graphical User Interface Concepts: Part 2  
 

Multithreading  

 

Topic : Exception Handling 

Topic Objective: 

At the end of this topic the student will be able to:  

 Understand Exception handling 

 Understand Exception safety 

 Understand DivideByZeroException 

 Understand NET Exception Hierarchy 

Definition/Overview: 

Exception handling: is a programming language construct or computer hardware mechanism 

designed to handle the occurrence of a condition that changes the normal flow of execution. 

For signaling conditions that are part of the normal flow of execution, see the concepts of 

signal and event handler. 

Key Points: 

1. Exception handling 

Exception handling is a programming language construct or computer hardware mechanism 

designed to handle the occurrence of a condition that changes the normal flow of execution. 

For signaling conditions that are part of the normal flow of execution, see the concepts of 

signal and event handler. In general, the current state will be saved in a predefined location 

and the execution will switch to a predefined handler. Depending on the situation, the handler 

may later resume the execution at the original location, using the saved information to restore 

the original state. For example, an exception that will usually be resumed is a page fault, 

while a division by zero usually cannot be resolved transparently. From the processing point 

of view, hardware interrupts are similar to resumable exceptions, although they are usually 

not related to the current program flow. From the point of view of the author of a routine, 

raising an exception is a useful way to signal that the routine could not execute normally. For 

example, when an input argument is invalid (a zero denominator in division) or when a 
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resource it relies on is unavailable (like a missing file, or a hard disk error). In systems 

without exceptions, routines would need to return some special error code. However, this is 

sometimes complicated by the semipredicate problem, in which users of the routine need to 

write extra code to distinguish normal return values from erroneous ones. In runtime engine 

environments such as Java or .NET, there exist tools that attach to the runtime engine and 

every time that an exception of interest occurs, they record debugging information that 

existed in memory at the time the exception was thrown (call stack and heap values). These 

tools are called Automated Exception Handling or Error Interception tools and provide 'root-

cause' information for exceptions. Contemporary applications face many design challenges 

when considering exception handling strategies. Particularly in modern enterprise level 

applications, exceptions must often cross process boundaries and machine boundaries. Part of 

designing a solid exception handling strategy is recognizing when a process has failed to the 

point where it cannot be economically handled by the software portion of the process. At 

such times, it is very important to present exception information to the appropriate 

stakeholders.  

2. Exception safety 

A piece of code is said to be exception-safe, if run-time failures within the code will not 

produce ill effects, such as memory leaks, garbled stored data, or invalid output. Exception-

safe code must satisfy invariants placed on the code even if exceptions occur. There are 

several levels of exception safety: 

1. Failure transparency, also known as the no throw guarantee: Operations are 

guaranteed to succeed and satisfy all requirements even in presence of exceptional 

situations. If an exception occurs, it will not throw the exception further up. (Best 

level of exception safety.) 

2. Commit or rollback semantics, also known as strong exception safety or no-change 

guarantee: Operations can fail, but failed operations are guaranteed to have no side 

effects so all data retain original values. 

3. Basic exception safety: Partial execution of failed operations can cause side effects, 

but invariants on the state are preserved. Any stored data will contain valid values 

even if data has different values now from before the exception. 

4. Minimal exception safety also known as no-leak guarantee: Partial execution of failed 

operations may store invalid data but will not cause a crash, and no resources get 

leaked. 
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5. No exception safety: No guarantees are made. (Worst level of exception safety) 

For instance, consider a smart vector type, such as C++'s std::vector or Java's ArrayList. 

When an item x is added to a vector v, the vector must actually add x to the internal list of 

objects and also update a count field that says how many objects are in v. It may also need to 

allocate new memory if the existing capacity isn't large enough. This memory allocation may 

fail and throw an exception. Because of this, a vector that provides failure transparency 

would be very difficult or impossible to write. However, the vector may be able to offer the 

strong exception guarantee fairly easily; in this case, either the insertion of x into v will 

succeed, or v will remain unchanged. If the vector provides only the basic exception safety 

guarantee, if the insertion fails, v may or may not contain x, but at least it will be in a 

consistent state. However, if the vector makes only the minimal guarantee, it's possible that 

the vector may be invalid. For instance, perhaps the size field of v was incremented but x 

wasn't actually inserted, making the state inconsistent. Of course, with no guarantee, the 

program may crash; perhaps the vector needed to expand but couldn't allocate the memory 

and blindly ploughs ahead as if the allocation succeeded, touching memory at an invalid 

address. Usually at least basic exception safety is required. Failure transparency is difficult to 

implement, and is usually not possible in libraries where complete knowledge of the 

application is not available. The point of exception handling routines is to ensure that the 

code can handle error conditions. In order to establish that exception handling routines are 

sufficiently robust, it is necessary to present the code with a wide spectrum of invalid or 

unexpected inputs, such as can be created via software fault injection and mutation testing 

(which is also sometimes referred to as fuzz testing). One of the most difficult types of 

software for which to write exception handling routines is protocol software, since a robust 

protocol implementation must be prepared to receive input that does not comply with the 

relevant specification(s). In order to ensure that meaningful regression analysis can be 

conducted throughout a software development lifecycle process, any exception handling 

verification should be highly automated, and the test cases must be generated in a scientific, 

repeatable fashion. Several commercially available systems exist that perform such testing, 

including the Service Assurance Platform from Mu Dynamic which can verify exception 

handling for many common protocol implementation. 

3. DivideByZeroException 

Visual Basic (Declaration) 
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<SerializableAttribute> _ 

<ComVisibleAttribute(True)> _ 

Public Class DivideByZeroException _ 

 Inherits ArithmeticException 

Visual Basic (Usage) 

Dim instance As DivideByZeroException 

C# 

[SerializableAttribute] 

[ComVisibleAttribute(true)] 

public class DivideByZeroException : ArithmeticException 

Visual C++ 

[SerializableAttribute] 

[ComVisibleAttribute(true)] 

public ref class DivideByZeroException : public ArithmeticException 

JScript 

public class DivideByZeroException extends ArithmeticException 

Remarks 

Dividing a floating-point value by zero will result in either positive infinity, negative infinity, 

or Not-a-Number (NaN) according to the rules of IEEE 754 arithmetic. Floating-point 

operations never throw an exception. For more information, see Single and Double.  

The following Microsoft intermediate language (MSIL) instructions throw 

DivideByZeroException :  

div  

div.un  

rem  

rem.un  
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DivideByZeroException uses the HRESULT COR_E_DIVIDEBYZERO, which has the 

value 0x80020012.  

For a list of initial property values for an instance of DivideByZeroException, see the 

DivideByZeroException constructors.  

Inheritance Hierarchy  

System..::.Object 

System..::.Exception 

System..::.SystemException 

System..::.ArithmeticException 

System..::.DivideByZeroException 

Thread Safety  

Any public static (Shared in Visual Basic) members of this type are thread safe. Any instance 

members are not guaranteed to be thread safe.  

Platforms 

Windows Vista, Windows XP SP2, Windows XP Media Center Edition, Windows XP 

Professional x64 Edition, Windows XP Starter Edition, Windows Server 2003, Windows 

Server 2000 SP4, Windows Millennium Edition, Windows 98, Windows CE, Windows 

Mobile for Smartphone, Windows Mobile for Pocket PC, Xbox 360, Zune 

The .NET Framework and .NET Compact Framework do not support all versions of every 

platform. For a list of the supported versions, see .NET Framework System Requirements.  

4. NET Exception Hierarchy 

There are two types of exceptions: exceptions generated by an executing program, and 

exceptions generated by the common language runtime. In addition, there is a hierarchy of 

exceptions that can be thrown by either an application or the runtime. Exception is the base 

class for exceptions. Several exception classes inherit directly from Exception, including 

ApplicationException and SystemException. These two classes form the basis for almost all 
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runtime exceptions. Most exceptions that derive directly from Exception add no functionality 

to the Exception class. For example, the InvalidCastException Class hierarchy is as follows: 

Object 

Exception 

SystemException 

InvalidCastException 

The runtime throws the appropriate derived class of SystemException when errors occur. 

These errors result from failed runtime checks (such as array out-of-bound errors), and can 

occur during the execution of any method. An ApplicationException is thrown by a user 

program rather than by the runtime. If you are designing an application that creates new 

exceptions, you should derive those exceptions from the ApplicationException class. It is not 

recommended that you catch a SystemException, nor is it good programming practice to 

throw a SystemException in your application. The most severe exceptions those thrown by 

the runtime or in nonrecoverable conditions include ExecutionEngineException, 

StackOverflowException, and OutOfMemoryException. Interoperation exceptions derive 

from SystemException and are further extended by ExternalException. For example, 

COMException is the exception thrown during COM interop operations and derives from 

ExternalException. Win32Exception and SEHException also derive from ExternalException. 

Hierarchy of Runtime Exceptions 

The runtime has a base set of exceptions deriving from SystemException that it throws when 

executing individual instructions. The following table hierarchically lists the standard 

exceptions provided by the runtime and the conditions under which you should create a 

derived class. 

EXCEPTION TYPE BASE TYPE DESCRIPTIO

N 

EXAMPLE 

Exception Object Base class for 

all exceptions. 

None (use a derived 

class of this 

exception). 

SystemException Exception Base class for 

all runtime-

generated 

errors. 

None (use a derived 

class of this 

exception). 
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IndexOutOfRangeException SystemException Thrown by the 

runtime only 

when an array 

is indexed 

improperly. 

Indexing an array 

outside its valid 

range:  

arr[arr.Length+1] 

NullReferenceException SystemException Thrown by the 

runtime only 

when a null 

object is 

referenced.  

object o = null;  

o.ToString(); 

InvalidOperationException SystemException Thrown by 

methods when 

in an invalid 

state. 

Calling 

Enumerator.GetNext

() after removing an 

Item from the 

underlying 

collection. 

ArgumentException SystemException Base class for 

all argument 

exceptions. 

None (use a derived 

class of this 

exception). 

ArgumentNullException ArgumentExceptio

n 

Thrown by 

methods that 

do not allow 

an argument to 

be null. 

String s = null;  

"Calculate".IndexOf 

(s); 

ArgumentOutOfRangeExcepti

on 

ArgumentExceptio

n 

Thrown by 

methods that 

verify that 

arguments are 

in a given 

range. 

String s = "string";  

s.Chars; 

ExternalException SystemException Base class for 

exceptions that 

occur or are 

None (use a derived 

class of this 

exception). 
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targeted at 

environments 

outside the 

runtime. 

ComException ExternalException Exception 

encapsulating 

COM 

HRESULT 

information. 

Used in COM 

interop. 

SEHException ExternalException Exception 

encapsulating 

Win32 

structured 

exception 

handling 

information. 

 

 

Topic : Graphical User Interface Concepts: Part 1 

Topic Objective: 

At the end of this topic the student will be able to:  

 Windows Forms 

 GroupBoxes and Panels 

 CheckBoxes and RadioButton 

 The CSS 

 The XHTML 

 Mouse Handling 

Definition/Overview: 

A graphical user interface (GUI, IPA: /ˈguːi/) is a type of user interface which allows people 

to interact with electronic devices such as computers; hand-held devices such as MP3 

Players, Portable Media Players or Gaming devices; household appliances and office 
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equipment. A GUI offers graphical icons, and visual indicators, as opposed to text-based 

interfaces, typed command labels or text navigation to fully represent the information and 

actions available to a user. The actions are usually performed through direct manipulation of 

the graphical elements. 

The term GUI is historically restricted to the scope of two-dimensional display screens with 

display resolutions capable of describing generic information, in the tradition of the computer 

science research at Palo Alto Research Center (PARC). The term GUI earlier might have 

been applicable to other high-resolution types of interfaces that are non-generic, such as 

videogames, or not restricted to flat screens, like volumetric displays. 

Key Points: 

1. Windows Forms 

Windows Forms is the name given to the graphical application programming interface (API) 

included as a part of Microsoft's .NET Framework, providing access to the native Microsoft 

Windows interface elements by wrapping the existing Windows API in managed code. While 

it is seen as a replacement for the earlier and more complex C++ based Microsoft Foundation 

Class Library, it does not offer a paradigm comparable to model-view-controller. Some after-

market and third party libraries have been created to address this issue. The most widely used 

of these is the User Interface Process Application Block, which is released by the Microsoft 

patterns & practices group as a free download that includes the source code for quick start 

examples. History and future Just like AWT, the equivalent Java API, Windows Forms was 

an early and easy way to provide GUI components to the .NET Framework. Windows Forms 

is built upon the existing Windows API and some controls merely wrap underlying Windows 

components. The Windows Presentation Foundation addresses these problems by providing a 

much more platform-independent way of designing graphical user interfaces. Windows 

Forms has been in effect superseded by WPF (and its associated GUI declarative language 

called XAML). Since WPF is relatively new, it is unclear if Windows Forms will continue to 

be improved in future .NET releases. Architecture A Windows Forms application is an event-

driven application supported by Microsoft's .NET Framework. Unlike a batch program, it 

spends most of its time simply waiting for the user to do something, such as fill in a text box 

or click a button. Windows Forms is single-threaded. Calling Windows Forms functions from 

another thread can result in unpredictable behavior including software crashes. Microsoft 
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provides methods such as Control.Invoke so that other threads can delegate operations to the 

main application thread. Mono is a project led by Novell (formerly by Ximian) to create an 

Ecma standard compliant .NET compatible set of tools. As of 13 May 2008, Mono's 

System.Windows.Forms 2.0 is API complete (contains 100% of classes, methods etc. in 

Microsoft's System.Windows.Forms 2.0); also System.Windows.Forms 2.0 works natively on 

Mac OS X. 

2. GroupBoxes and Panels 

Inserts a panel that can contain any other HTML, JSP, or Faces components within it. Most 

Faces components can contain other Faces tags but not HTML tags. However, this jspPanel 

component can contain both Faces and HTML tags. For example, you cannot usually create 

an HTML table within a column of a Faces data table. However, if you drag this component 

to the column, you can create an HTML table within it. In addition, the HTML table can also 

contain Faces tags. 

2.1 Component at design time 

Drag and drop an Panel - JSP component onto the page:  

ThePanel - JSP component looks like this on the page: 

2.2 Component at runtime 

ThePanel - JSP component varies at runtime depending upon the components added. 

2.3 Properties and All Attributes views 

The Properties view for a component shows the most common set of attributes you 

can set on a component, and, depending on the component, you might also see options 

for adding controls, actions, or other components. To open the Properties view, click 

Window > Show View > Properties; however, it is the opened by default.  

These common attributes for the Panel - JSP component display on the hx:jspPanel 

tab in the Properties view. See the All HTML Panel attributestable for a complete list 

of attributes. 

The All Attributes view shows a table of all the attributes you can set on a component, 

which includes those attributes you can access from the Properties view. To switch to 

the All Attributes view, click the All Attributes icon in the upper right corner of the 

Properties view.  
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TABLE 1. ALL HTML PANEL ATTRIBUTES 

Attribute 

name 

Represented in 

Properties view 

by 

Description 

binding Not 

represented 

The UIComponent that represents this component, usually in 

the backing file. 

id ID Assigns a name to a component. Should be a unique name 

within a JSP. 

rendered Not 

represented 

Can be set to true or false: 

 false - Component will not be rendered to the browser at 

runtime. 

 true - Component will get rendered. 

styleClass Style: Classes Space-separated list of CSS style classes to be applied when 

this element is rendered. This value must be passed through as 

the "class" attribute on generated markup. Defines the classes 

(such as style sheets) of the selected component. This may be 

done manually, or by clicking the button and selecting the 

desired Classes from within the window. 

style Style: Props Specifies CSS style information for the component (for 

example, style="font-size : 8pt ; color : red"). Defines the 

properties (such as font and color) of the selected component. 

This may be done manually, or by clicking the button and 

selecting the desired properties from within the window. 

3. CheckBoxes and RadioButton 

Checkboxes, Radio Buttons, Select Lists, Custom HTML Form Elements 

Have you ever wanted to use your own images for checkboxes, radio buttons or select lists? 

This script will let you do that. Easily. The unobtrusive script gracefully degrades, so if 

JavaScript is disabled, normal form input objects appear instead of your customized elements. 

This works flawlessly in Firefox, Safari, Internet Explorer 7, Opera and others. In Internet 
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Explorer, the select lists are unstyled, but the checkboxes and radio buttons still look and 

function beautifully. It's this easy: 

<input type="checkbox" class="styled" /> 

Sexy 

Boring 

Sleek 

Nice 

Radical 

Good 

Fair 

Poor 

This  

What  

You are free to share, alter and use this script commercially. Just leave the title, my name and 

website in tact in the JavaScript script. This script is licensed under a Creative Commons 

license. 

In a nutshell, the JavaScript looks for any form element with class="styled"declared; hides 

the real element; sticks a spantag with a CSS class on it next to the element; and, finally, 

mouse events are added to the spanthat handles the stages when it is clicked. 

View a more comprehensive example 

Download the full script 

 

To get the checkboxes, radio buttons and select boxes to work properly, you'll need to change 

three variables in the script: checkboxHeight, radioHeight and selectWidth on lines 21-23. If 

you use the images I created, you won't have to change the variables, but if you make your 

own, chances are you'll have to. The checkboxes and radio buttons to the right are linked to 

transparent PNG images for you to use freely if you'd like. The frist two variables are the 

height of a single stage of the checkbox and radio button, and the third is the width of the 
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select box. You may need to spend a little time tinkering with the checkbox and radio button 

images so they don't twitch during different stages. 

1. var checkboxHeight = "25"; 

2. var radioHeight = "25"; 

3. var selectWidth = "190" 

4. The CSS 

If you make your own images, you may need to change a few things in the cascading style 

sheet. In span.checkboxand span.radio, the height property should be one fourth of the height 

of the full size images. You also might have to change the widthproperty in 

span.selectselector. You probably won't have to edit any other portions of the CSS, but 

regardless, this part is still straight forward. 

1. span.checkbox { 

2. width: 19px; 

3. height: 25px; 

4. padding: 0 5px 0 0; 

5. background: url(checkbox.gif) no-repeat; 

6. display: block; 

7. clear: left; 

8. float: left; 

9. } 

10. span.radio { 

11. width: 19px; 

12. height: 25px; 

13. padding: 0 5px 0 0; 

14. background: url(radio.gif) no-repeat; 

15. display: block; 

16. clear: left; 

17. float: left; 

18. } 

19. span.select { 

20. position: absolute; 
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21. width: 158px; /* With the padding included, the width is 190 pixels: the actual width 

of the image. */ 

22. height: 21px; 

23. padding: 0 24px 0 8px; 

24. color: #fff; 

25. font: 12px/21px arial,sans-serif; 

26. background: url(select.gif) no-repeat; 

27. overflow: hidden; 

28. } 

5. The XHTML 

The script won't customize checkboxes, radio buttons or select lists unless you declare the 

styled class. Simply add class="styled"to any checkbox, radio button or option list and the 

JavaScript and CSSwill take over from there. 

1. <input type="checkbox" name="a" checked="checked" class="styled" /> Sexy 

2. <input type="checkbox" name="b" class="styled" /> Boring 

3. <input type="radio" name="c" checked="checked" class="styled" /> Radical 

4. <input type="radio" name="c" class="styled" /> Poor 

5. <select name="d" class="styled"> 

6. <option value="1">Option 1</option> 

7. <option value="2">Option 2</option> 

8. <option value="3">Option 3</option> 

9. <option value="4">Option 4</option> 

10. </select> 

6. Mouse Handling 

The objective of this technique is to demonstrate using device independent events to change a 

decorative image in response to a mouse or focus event. Use the onmouseover and 

onmouseout events to change a decorative image when the mouse moves on top of or away 

from an element on the page. Also, use the onfocusand onblurevents to change the image 

when the element receives and loses focus. The example below has a decorative image in 

front of an anchor element. When the user mouses over the anchor tag, the decorative image 

in front of the anchor is changed. When the mouse moves off of the anchor, the image is 
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changed back to its original version. The same image change effect occurs when the user 

gives keyboard focus to the anchor element. When focus is received the image changes, when 

focus is lost the image is changed back. This is accomplished by 

attachingonmouseover,onmouseout,onfocusand onblurevent handlers to the anchor element. 

The event handler is a JavaScript function called updateImage(), which changes the src 

attribute of the image. The updateImage() is called in response to the onmouseover, 

onmouseout, onfocus, and onblur events. Each image is given a unique id. This unique id is 

passed to updateImage() along with a boolean value indicating which image is to be used: 

updateImage(imgId, isOver);. The boolean value of true is passed when the mouse is over the 

anchor element or it has focus. A false value is passed when the mouse moves off of the 

anchor element or it loses focus. The updateImage() function uses the image id to load the 

image and then changes the src attribue based on the boolean value. Note that since the image 

is for decorative purposes, it has a null alt attribute. Note: It is best to use images that are 

similar in size and to specify the height and width attributes on the image element. This will 

prevent any changes to the layout of the page when the image is updated. This example uses 

images which are identical in size.  

  

<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 4.01 Transitional//EN" 

"http://www.w3.org/TR/html4/loose.dtd"> 

 <html lang="en"> 

 <head> 

 <meta http-equiv="Content-Type" content="text/html; charset=ISO-8859-1"> 

 <title>Changing Image Source in a Device Independent Manner</title> 

 <script type="text/javascript"> 

 /* This function will change the image src of an image element. 

 * param imgId - the id of the image object to change 

 * param isOver - true when mouse is over or object has focus, 

 * false when mouse move out or focus is lost 

 */ 

 function updateImage(imgId, isOver) { 

 var theImage = document.getElementById(imgId); 

 if (theImage != null) { //could use a try/catch block for user agents supporting at least 

JavaScript 1.4 

 // These browsers support try/catch - NetScape 6, IE 5, Mozilla, Firefox 
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 if (isOver) { 

 theImage.setAttribute("src","yellowplus.gif"); 

 } 

 else { 

 theImage.setAttribute("src","greyplus.gif"); 

 } 

 } 

 } 

 </script> 

 </head> 

 <body> 

 <p>Mouse over or tab to the links below and see the image change.</p> 

 <a href="http://www.w3.org/wai" onmouseover="updateImage('wai', true);" 

onfocus="updateImage('wai', true);" 

 onmouseout="updateImage('wai',false);" onblur="updateImage('wai',false);"> 

 <img src="greyplus.gif" border="0" alt="" id="wai"> 

 W3C Web Accessibility Initiative</a> & 

 <a href="http://www.w3.org/International/" onmouseover="updateImage('i18n', true);"  

onfocus="updateImage('i18n',true);" onmouseout="updateImage('i18n',false);" 

 onblur="updateImage('i18n',false);"> 

 <img src="greyplus.gif" border="0" alt="" id="i18n"> 

 W3C Internationalization</a> 

 </body> 

 </html> 

 

Topic : Graphical User Interface Concepts: Part 2 

Topic Objective: 

At the end of this topic the student will be able to:  

 Understand ListBoxes and CheckedListBoxes 

 Understand ComboBoxes 

 Understand TreeViews 

 Learn About ListViews 
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 Learn About Tab Control 

 Learn About Multiple-Document-Interface 

 Understand single document interface 

 Understand Application examples 

 Understand IDE-style interface 

 Understand User-Defined Controls 

Definition/Overview: 

A graphical user interface : A graphical user interface (GUI) (IPA: /ˈɡuːiː/)is a type of user 

interface which allows people to interact with electronic devices like computers, hand-held 

devices (MP3 Players, Portable Media Players, Gaming devices), household appliances and 

office equipment. As opposed to traditional interfaces, it presents graphical icons, visual 

indicators or special graphical elements called "widgets". Often the icons are used in 

conjunction with text, labels or text navigation to fully represent the information and actions 

available to a user. But instead of offering only text menus, or requiring typed commands, the 

actions are usually performed through direct manipulation of the graphical elements.  

Key Points: 

1. ListBoxes and CheckedListBoxes 

A checked list box is a list box whose items are each equipped with a check box. In the 

following Customize dialog box of Microsoft Visual Studio, the control under the Toolbars 

label is a checked list box:  

 

A checked list box combines the functionalities of the list box and the check box controls. As 

a list box, it displays each of its items on a line. If there are too many items than the control 

can display, it would be equipped with a vertical scroll bar. To select an item in the list, the 

user can click the desired string. The most important and obvious characteristic of the 

checked list box is that each item displays a check box on its left. This box allows the user to 

select or deselect each item. To select an item, the user must click its box and not its string, to 

indicate an explicit selection. This draws a check mark in the box. As described with the 

check box control, the user can deselect an item by removing the check mark. The check 
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mark indicates that an item is selected and the absence of the check mark indicates the 

contrary. Like the check box control, you can allow the user to indicate a "half-checked" 

item. In this case, a check box can appear unchecked, checked, or grayed.  

1.2 Practical Learning: Introducing Checked List Boxes 

 Start a new Windows Application named AltairRealtors1 

 On the main menu, click Project ->Add Class... 

 Set the Name to AvailableProperty and click Add 

 Change the file as follows: 

Public Class AvailableProperty 

Private propNbr As Long 

Private propType As String 

Private adrs As String 

Private ct As String 

Private stt As String 

Private zip As Integer 

Private beds As Byte 

Private baths As Single 

Private mValue As Double 

Public Property PropertyNumber() As Long 

Get 

Return propNbr 

End Get 
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Set(ByVal value As Long) 

propNbr = value 

End Set 

End Property 

Public Property PropertyType() As String 

Get 

Return propType 

End Get 

Set(ByVal value As String) 

propType = value 

End Set 

End Property 

Public Property Address() As String 

Get 

Return adrs 

End Get 

Set(ByVal value As String) 

adrs = value 

End Set 

End Property 
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PublicProperty City() As String 

Get 

Return ct 

End Get 

Set(ByVal value As String) 

ct = value 

End Set 

End Property 

PublicProperty State() As String 

Get 

Return stt 

End Get 

Set(ByVal value As String) 

stt = value 

End Set 

End Property 

Public Property ZIPCode() As Integer 

Get 

Return zip 

End Get 
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Set(ByVal value As Integer) 

zip = value 

End Set 

End Property 

Public Property Bedrooms() As Byte 

Get 

Return beds 

End Get 

Set(ByVal value As Byte) 

beds = value 

End Set 

End Property 

Public Property Bathrooms() As Single 

Get 

Return baths 

End Get 

Set(ByVal value As Single) 

baths = value 

End Set 

End Property 
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Public Property MarketValue() As Double 

Get 

Return mValue 

End Get 

Set(ByVal value As Double) 

mValue = value 

End Set 

End Property 

Public Sub New() 

End Sub 

Public Sub New(ByVal code As Long, ByVal type As String, _ 

ByVal addrs As String, ByVal cty As String, _ 

ByVal states As String, ByVal zCode As Integer, _ 

ByVal bedroom As Byte, ByVal bathroom As Single, _ 

ByVal value As Double) 

propNbr = code 

propType = type 

adrs = Address 

ct = City 

stt = State 
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zip = zCode 

beds = bedroom 

baths = bathroom 

mValue = value 

End Sub 

End Class 

 In the Solution Explorer, right-click Form1.vb and click Rename 

 Type RealEstate.vb and press Enter twice 

Creating a Checked List Box 

To support checked list boxes, the .NET Framework provides the CheckedListBox class. At 

design time, to add a checked list box to your application, from the Common Controls section 

of the Toolbox, click the CheckedListBox button and click the form or the container that 

would host the control. To programmatically create a checked list box, declare a variable of 

type CheckedListBox, use the new operator to allocate memory for it, and add it to the 

Controls collection of its parent. Here is an example:  

Imports System.Drawing 

Imports System.Windows.Forms 

Module Exercise 

Public Class Starter 

Inherits Form 

private lbxPersonalRelationships as CheckedListBox 

Dim components As System.ComponentModel.Container 

Public Sub New() 
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InitializeComponent() 

End Sub 

Public Sub InitializeComponent() 

lbxPersonalRelationships = New CheckedListBox() 

lbxPersonalRelationships.Location = New Point(12, 12) 

Controls.Add(lbxPersonalRelationships) 

End Sub 

End Class 

Function Main() As Integer 

Dim frmStart As Starter = New Starter 

Application.Run(frmStart) 

Return 0 

End Function 

End Module 

This would produce: 

Practical Learning: Creating Checked List Boxes 

1.3 Design the form as follows: 

Control Text Name Other Properties 

Label 

Altair Realtors BorderStyle: FixedSingle 
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Font: Times New Roman, 21.75pt, style=Bold 

AutoSize: False 

TextAlign: MiddleCenter 

Label 

Types to Show  

CheckedListBox 

lbxPropertiesTypes  

Button 

Show btnShow  

Label 

Properties_______ Font: Garamond, 15.75pt, style=Bold 

Label 

Prop #  

Label 

Address 

Label 

City 

Label 

State 

Label 
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ZIP Code  

Label 

Beds 

Label 

Baths 

Label 

Market Value  

ListBox 

lbxPropertyNumbers  

ListBox 

lbxAddresses  

ListBox 

lbxCities  

ListBox 

lbxStates  

ListBox 

lbxZIPCodes  

ListBox 

lbxBedrooms  

ListBox 
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lbxBathrooms  

ListBox 

lbxMarketValues  

Button 

Close btnClose  

The CheckedListBox class is derived from the ListBox class. This means that the checked list 

box possesses all the public (and protected) characteristics of the list box and its parent the 

ListControl class. This control also uses the HorizontalScrollbar and the HorizontalExtent 

properties that behave exactly as we reviewed for the list box. It also uses the SelectionMode 

property with the same behavior as that of the list box.  

Creating the List of Items 

As seen for the list box, the primary aspect of a checked list box is its list of items. At design 

time, to create the list of items of a checked list box, access its Properties window, and click 

the ellipsis button to open the String Collection Editor. Type each item followed by a carriage 

return. After creating the list, click OK. To programmatically create the list of items, access 

the Items property. The list is created from the nested ObjectCollection class that implements 

the IList, the ICollection, and the IEnumerable interfaces. This means that the 

CheckedListBox.ObjectCollection class behaves the same as the ListBox.ObjectCollection 

class. Here is an example:  

Public Sub InitializeComponent() 

lbxPersonalRelationships = New CheckedListBox() 

lbxPersonalRelationships.Location = New Point(12, 12) 

lbxPersonalRelationships.Items.Add("Family Member") 

lbxPersonalRelationships.Items.Add("Friend") 

lbxPersonalRelationships.Items.Add("Classmate") 
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lbxPersonalRelationships.Items.Add("Business Partner") 

lbxPersonalRelationships.Items.Add("Simple Acquaintance") 

lbxPersonalRelationships.Items.Add("Undefined") 

Controls.Add(lbxPersonalRelationships) 

End Sub 

This would produce:  

Remember that you can also add an array of items by calling the AddRange() and you can 

insert an item using the Insert() method.  

Practical Learning: Creating a List of Items 

On the form, click the checked list box 

 In the Properties window, click Items and click its ellipsis button 

 In the String Collection Editor, type Single Families and press Enter 

 Type Townhouses and press Enter 

 Type Condominiums and press Enter 

 Type Trailers and click OK 

As mentioned already, the main difference between a list box and a checked list is the 

presence of check marks in the former. When using the control, the user can click one or 

more check boxes. Here is an example: After the user has clicked a few check boxes, you 

may want to find out which ones are checked. The checked list box provides two techniques 

you can use. As seen for the list box, each item of the control has an index. When one, a few, 

or all items have been checked (those that display a check mark), the indices of the checked 

items are stored in a collection represented by the CheckedIndices property. This property is 

based on the nested CheckedIndexCollection collection class. The CheckedIndexCollection 

class implements the IList, the ICollection, and the IEnumerable interfaces. The 

identifications of the checked items are stored in a collection represented by the 

CheckedItems property. This property is based on the nested CheckedItemCollection class. 

The CheckedItemCollection class implements the IList, the ICollection, and the IEnumerable 
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interfaces. This implies that you can use it to get the number of selected items. When the user 

has clicked item to put a check mark on it, the control fires the ItemCheck event. As you can 

see, the event is carried by the ItemCheckEventArgs class. One of the most important 

operations to perform on a list of selected items is to find out whether a particular item is 

checked. To get this information, the CheckedItemCollection class provides a method named 

Contains. Its syntax is: Public Function Contains(item As Object) As Boolean 

This method takes as argument a value that can identify an item from the checked list box. If 

the item is found and it is checked, this method returns true. Otherwise, it returns false.  

Practical Learning: Using the List of Checked Items 

 Double-click an unoccupied area of the form to generate its Load event 

 Change the file as follows: 

Public Class RealEstate 

Private Properties(14) As AvailableProperty 

Private Sub RealEstate_Load(ByVal sender As System.Object, _ 

ByVal e As System.EventArgs) _ 

Handles MyBase.Load 

Properties(0) = New AvailableProperty() 

Properties(0).PropertyNumber = 602138 

Properties(0).PropertyType = "Single Family" 

Properties(0).Address = "11604 Aldora Avenue" 

Properties(0).City = "Baltimore" 

Properties(0).State = "MD" 

Properties(0).ZIPCode = 21205 
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Properties(0).Bedrooms = 5 

Properties(0).Bathrooms = 3.5F 

Properties(0).MarketValue = 265880 

Properties(1) = New AvailableProperty() 

Properties(1).PropertyNumber = 749562 

Properties(1).PropertyType = "Townhouse" 

Properties(1).Address = "495 Parker House Terrace" 

Properties(1).City = "Gettysburg" 

Properties(1).State = "WV" 

Properties(1).ZIPCode = 26201 

Properties(1).Bedrooms = 3 

Properties(1).Bathrooms = 2.5F 

Properties(1).MarketValue = 225500 

Properties(2) = New AvailableProperty() 

Properties(2).PropertyNumber = 304750 

Properties(2).PropertyType = "Condominium" 

Properties(2).Address = "5900 24th Street NW #812" 

Properties(2).City = "Washington" 

Properties(2).State = "DC" 

Properties(2).ZIPCode = 20008 
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Properties(2).Bedrooms = 1 

Properties(2).Bathrooms = 1.0F 

Properties(2).MarketValue = 388665 

Properties(3) = New AvailableProperty() 

Properties(3).PropertyNumber = 682630 

Properties(3).PropertyType = "Single Family" 

Properties(3).Address = "6114 Costinna Avenue" 

Properties(3).City = "Martinsburg" 

Properties(3).State = "WV" 

Properties(3).ZIPCode = 25401 

Properties(3).Bedrooms = 4 

Properties(3).Bathrooms = 3.5F 

Properties(3).MarketValue = 325000 

Properties(4) = New AvailableProperty() 

Properties(4).PropertyNumber = 480750 

Properties(4).PropertyType = "Condominium" 

Properties(4).Address = "10710 Desprello Street #10D" 

Properties(4).City = "Rockville" 

Properties(4).State = "MD" 

Properties(4).ZIPCode = 20856 
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Properties(4).Bedrooms = 1 

Properties(4).Bathrooms = 1.0F 

Properties(4).MarketValue = 528445 

Properties(5) = New AvailableProperty() 

Properties(5).PropertyNumber = 209475 

Properties(5).PropertyType = "Single Family" 

Properties(5).Address = "519D Estuardo Way" 

Properties(5).City = "Silver Spring" 

Properties(5).State = "MD" 

Properties(5).ZIPCode = 20906 

Properties(5).Bedrooms = 2 

Properties(5).Bathrooms = 1.0F 

Properties(5).MarketValue = 325995 

Properties(6) = New AvailableProperty() 

Properties(6).PropertyNumber = 304185 

Properties(6).PropertyType = "Townhouse" 

Properties(6).Address = "10116 Lottsford Drive" 

Properties(6).City = "Takoma Park" 

Properties(6).State = "MD" 

Properties(6).ZIPCode = 20910 
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Properties(6).Bedrooms = 4 

Properties(6).Bathrooms = 3.5F 

Properties(6).MarketValue = 450500 

Properties(7) = New AvailableProperty() 

Properties(7).PropertyNumber = 93857 

Properties(7).PropertyType = "Single Family" 

Properties(7).Address = "9047 Woodyard Road" 

Properties(7).City = "York" 

Properties(7).State = "PA" 

Properties(7).ZIPCode = 17405 

Properties(7).Bedrooms = 4 

Properties(7).Bathrooms = 2.5F 

Properties(7).MarketValue = 326885 

Properties(8) = New AvailableProperty() 

Properties(8).PropertyNumber = 930755 

Properties(8).PropertyType = "Condominium" 

Properties(8).Address = "3842 Accolade Avenue #1206" 

Properties(8).City = "Alexandria" 

Properties(8).State = "VA" 

Properties(8).ZIPCode = 22231 
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Properties(8).Bedrooms = 3 

Properties(8).Bathrooms = 2.0F 

Properties(8).MarketValue = 525885 

Properties(9) = New AvailableProperty() 

Properties(9).PropertyNumber = 240875 

Properties(9).PropertyType = "Townhouse" 

Properties(9).Address = "842 Hempton Street" 

Properties(9).City = "Charlestown" 

Properties(9).State = "WV" 

Properties(9).ZIPCode = 25414 

Properties(9).Bedrooms = 3 

Properties(9).Bathrooms = 2.5F 

Properties(9).MarketValue = 212500 

Properties(10) = New AvailableProperty() 

Properties(10).PropertyNumber = 940075 

Properties(10).PropertyType = "Single Family" 

Properties(10).Address = "4813 Woodland Court" 

Properties(10).City = "Falls Church" 

Properties(10).State = "VA" 

Properties(10).ZIPCode = 22042 
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Properties(10).Bedrooms = 5 

Properties(10).Bathrooms = 3.5F 

Properties(10).MarketValue = 645860 

Properties(11) = New AvailableProperty() 

Properties(11).PropertyNumber = 931475 

Properties(11).PropertyType = "Townhouse" 

Properties(11).Address = "5030 Goodson Road" 

Properties(11).City = "Arlington" 

Properties(11).State = "VA" 

Properties(11).ZIPCode = 22203 

Properties(11).Bedrooms = 4 

Properties(11).Bathrooms = 3.5F 

Properties(11).MarketValue = 435775 

Properties(12) = New AvailableProperty() 

Properties(12).PropertyNumber = 248095 

Properties(12).PropertyType = "Condominium" 

Properties(12).Address = "9182 Weston Ave NW #F14" 

Properties(12).City = "Washington" 

Properties(12).State = "DC" 

Properties(12).ZIPCode = 20016 
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Properties(12).Bedrooms = 2 

Properties(12).Bathrooms = 1.0F 

Properties(12).MarketValue = 425665 

Properties(13) = New AvailableProperty() 

Properties(13).PropertyNumber = 293705 

Properties(13).PropertyType = "Single Family" 

Properties(13).Address = "12404 Livingston Boulevard" 

Properties(13).City = "Martinsburg" 

Properties(13).State = "WV" 

Properties(13).ZIPCode = 25401 

Properties(13).Bedrooms = 4 

Properties(13).Bathrooms = 2.5F 

Properties(13).MarketValue = 225660 

Properties(14) = New AvailableProperty() 

Properties(14).PropertyNumber = 937905 

Properties(14).PropertyType = "Condominium" 

Properties(14).Address = "2039 Gonnard RoadE5" 

Properties(14).City = "Laurel" 

Properties(14).State = "MD" 

Properties(14).ZIPCode = 20747 
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Properties(14).Bedrooms = 2 

Properties(14).Bathrooms = 2 

Properties(14).MarketValue = 275880 

End Sub 

End Class 

 In the Class Name combo box, select btnShow 

 In the Method Name combo box, select Click and implement the event as follows: 

Private Sub btnShow_Click(ByVal sender As Object, _ 

ByVal e As System.EventArgs) _ 

Handles btnShow.Click 

lbxPropertyNumbers.Items.Clear() 

lbxAddresses.Items.Clear() 

lbxCities.Items.Clear() 

lbxStates.Items.Clear() 

lbxZIPCodes.Items.Clear() 

lbxBedrooms.Items.Clear() 

lbxBathrooms.Items.Clear() 

lbxMarketValues.Items.Clear() 

If lbxPropertiesTypes.CheckedItems.Contains("Single Families") Then 

For Each prop As AvailableProperty In Properties 

If prop.PropertyType = "Single Family" Then 
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lbxPropertyNumbers.Items.Add(CStr(prop.PropertyNumber)) 

lbxAddresses.Items.Add(prop.Address) 

lbxCities.Items.Add(prop.City) 

lbxStates.Items.Add(prop.State) 

lbxZIPCodes.Items.Add(prop.ZIPCode) 

lbxBedrooms.Items.Add(prop.Bedrooms) 

lbxBathrooms.Items.Add(prop.Bathrooms) 

lbxMarketValues.Items.Add(prop.MarketValue) 

End If 

Next 

End If 

If lbxPropertiesTypes.CheckedItems.Contains("Townhouses") Then 

For Each prop As AvailableProperty In Properties 

If prop.PropertyType = "Townhouse" Then 

lbxPropertyNumbers.Items.Add(prop.PropertyNumber.ToString()) 

lbxAddresses.Items.Add(prop.Address) 

lbxCities.Items.Add(prop.City) 

lbxStates.Items.Add(prop.State) 

lbxZIPCodes.Items.Add(prop.ZIPCode) 

lbxBedrooms.Items.Add(prop.Bedrooms) 
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lbxBathrooms.Items.Add(prop.Bathrooms) 

lbxMarketValues.Items.Add(prop.MarketValue) 

End If 

Next 

End If 

If lbxPropertiesTypes.CheckedItems.Contains("Condominiums") Then 

For Each prop As AvailableProperty In Properties 

If prop.PropertyType = "Condominium" Then 

lbxPropertyNumbers.Items.Add(prop.PropertyNumber.ToString()) 

lbxAddresses.Items.Add(prop.Address) 

lbxCities.Items.Add(prop.City) 

lbxStates.Items.Add(prop.State) 

lbxZIPCodes.Items.Add(prop.ZIPCode) 

lbxBedrooms.Items.Add(prop.Bedrooms) 

lbxBathrooms.Items.Add(prop.Bathrooms) 

lbxMarketValues.Items.Add(prop.MarketValue) 

End If 

Next 

End If 

End Sub 
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 In the Class Name combo box, select btnClose 

 In the Method Name combo box, select Click and implement the event as follows: 

Private Sub btnClose_Click(ByVal sender As Object, _ 

ByVal e As System.EventArgs) _ 

Handles btnClose.Click 

End 

End Sub 

 Execute the application and test the checked list box 

 Close the form and return to your programming environment 

Automatically Checking an Item When Clicked 

From its default implementation, when a checked list box is presented to the user, when an 

item is clicked, its string gets highlighted but no check mark is put in the box. To put a check 

mark on the item, the user must click it again. This is not an anomaly. It is purposely so the 

user would know the difference between an item that is selected and one that is checked. 

To support the ability to automatically put a check mark on an item when the user clicks it, 

the CheckedListBox provides the CheckOnClick Boolean property. Its default value is False. 

If you want the items to be automatically checked, set this property to true. 

On an existing checked list box, to find out if the its items are automatically checked, get the 

value of the CheckOnClick property. 

Practical Learning: Automatically Checking an Item 

 On the form, click the checked list box 

 In the Properties window, double-click CheckOnClick to set its value to True 

 To make sure that when the user selects an item in one list box, the corresponding index is 

selected in the other text boxes, write the following events: 

Private Sub lbxPropertyNumbers_SelectedIndexChanged(ByVal sender As Object, _ 
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ByVal e As System.EventArgs) _ 

Handles lbxPropertyNumbers.SelectedIndexChanged 

lbxAddresses.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxMarketValues.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxBathrooms.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxBedrooms.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxZIPCodes.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxStates.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxCities.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

End Sub 

Private Sub lbxAddresses_SelectedIndexChanged(ByVal sender As Object, _ 

ByVal e As System.EventArgs) _ 

Handles lbxAddresses.SelectedIndexChanged 

lbxPropertyNumbers.SelectedIndex = lbxAddresses.SelectedIndex 

lbxMarketValues.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxBathrooms.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxBedrooms.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxZIPCodes.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxStates.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxCities.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

159
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



End Sub 

Private Sub lbxCities_SelectedIndexChanged(ByVal sender As Object, _ 

ByVal e As System.EventArgs) _ 

Handles lbxCities.SelectedIndexChanged 

lbxPropertyNumbers.SelectedIndex = lbxCities.SelectedIndex 

lbxMarketValues.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxBathrooms.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxBedrooms.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxZIPCodes.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxStates.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxAddresses.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

End Sub 

Private Sub lbxStates_SelectedIndexChanged(ByVal sender As Object, _ 

ByVal e As System.EventArgs) _ 

Handles lbxStates.SelectedIndexChanged 

lbxPropertyNumbers.SelectedIndex = lbxStates.SelectedIndex 

lbxMarketValues.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxBathrooms.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxBedrooms.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxZIPCodes.SelectedIndex = lbxPropertyNumbers.SelectedIndex 
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lbxCities.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxAddresses.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

End Sub 

Private Sub lbxZIPCodes_SelectedIndexChanged(ByVal sender As Object, _ 

ByVal e As System.EventArgs) _ 

Handles lbxZIPCodes.SelectedIndexChanged 

lbxPropertyNumbers.SelectedIndex = lbxZIPCodes.SelectedIndex 

lbxMarketValues.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxBathrooms.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxBedrooms.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxStates.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxCities.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxAddresses.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

End Sub 

Private Sub lbxBedrooms_SelectedIndexChanged(ByVal sender As Object, _ 

yVal e As System.EventArgs) _ 

Handles lbxBedrooms.SelectedIndexChanged 

lbxPropertyNumbers.SelectedIndex = lbxBedrooms.SelectedIndex 

lbxMarketValues.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxBathrooms.SelectedIndex = lbxPropertyNumbers.SelectedIndex 
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lbxZIPCodes.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxStates.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxCities.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxAddresses.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

End Sub 

Private Sub lbxBathrooms_SelectedIndexChanged(ByVal sender As Object, _ 

ByVal e As System.EventArgs) _ 

Handles lbxBathrooms.SelectedIndexChanged 

lbxPropertyNumbers.SelectedIndex = lbxBathrooms.SelectedIndex 

lbxMarketValues.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxBedrooms.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxZIPCodes.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxStates.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxCities.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxAddresses.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

End Sub 

Private Sub lbxMarketValues_SelectedIndexChanged(ByVal sender As Object, _ 

ByVal e As System.EventArgs) _ 

Handles lbxMarketValues.SelectedIndexChanged 

lbxPropertyNumbers.SelectedIndex = lbxMarketValues.SelectedIndex 
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lbxBathrooms.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxBedrooms.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxZIPCodes.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxStates.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxCities.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

lbxAddresses.SelectedIndex = lbxPropertyNumbers.SelectedIndex 

End Sub 

3-D Checked Items 

After creating the list, each item appears with a flat check box to its left. If you want a 3-D 

check box, you can change the Boolean ThreeDCheckBoxes property from its False default 

to a True value: 

2. ComboBoxes 

AJComboBox, which lets the user choose one of several choices, can have two very different 

forms. The default form is the uneditable combo box, which features a button and a drop-

down list of values. The second form, called the editable combo box, features a text field with 

a small button abutting it. The user can type a value in the text field or click the button to 

display a drop-down list. Here's what the two forms of combo boxes look like in the Java 

look and feel:  

Uneditable combo box, before (top)  

and after the button is clicked  

Editable combo box, before and after  

the arrow button is clicked  

Combo boxes require little screen space, and their editable (text field) form is useful for 

letting the user quickly choose a value without limiting the user to the displayed values. Other 

components that can display one-of-many choices are groups of radio buttons and lists. 

Groups of radio buttons are generally the easiest for users to understand, but combo boxes 

can be more appropriate when space is limited or more than a few choices are available. Lists 
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are not terribly attractive, but they're more appropriate than combo boxes when the number of 

items is large (say, over 20) or when selecting multiple items might be valid.  

Because editable and uneditable combo boxes are so different, this section treats them 

separately. This section covers these topics:  

 Using an Uneditable Combo Box  

 Handling Events on a Combo Box  

 Using an Editable Combo Box  

 Providing a Custom Renderer  

 The Combo Box API  

 Examples that Use Combo Boxes  

The application shown here uses an uneditable combo box for choosing a pet picture:  

1.Click the Launch button to run the ComboBox Demo using Java Web Start (download JDK 

6). Alternatively, to compile and run the example yourself, consult the example index. 

2.Choose an animal name from the combo box to view its picture.  

3.Compare the operation and GUI of this program to one that uses radio buttons: run 

RadioButtonDemo (it requires release 6). You might want to compare the source code as 

well: ComboBoxDemo.java vs. RadioButtonDemo.java.  

The following code, taken from ComboBoxDemo.java, creates an uneditable combo box and 

sets it up:  

String[] petStrings = { "Bird", "Cat", "Dog", "Rabbit", "Pig" }; 

  

//Create the combo box, select item at index 4. 

//Indices start at 0, so 4 specifies the pig. 

JComboBox petList = new JComboBox(petStrings); 

petList.setSelectedIndex(4); 

petList.addActionListener(this); 

This combo box contains an array of strings, but you could just as easily use icons instead. To 

put anything else into a combo box or to customize how the items in a combo box look, you 

need to write a custom renderer. An editable combo box would also need a custom editor. 
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Refer to Providing a Custom Renderer for information and an example. The preceding code 

registers an action listener on the combo box. To see the action listener implementation and 

learn about other types of listeners supported by combo box, refer to Handling Events on a 

Combo Box. No matter which constructor you use, a combo box uses a combo box model to 

contain and manage the items in its menu. When you initialize a combo box with an array or 

a vector, the combo box creates a default model object for you. As with other Swing 

components, you can customize a combo box in part by implementing a custom model an 

object that implements the ComboBoxModelinterface.  

Note: Be careful when implementing a custom model for a combo box. The 

JComboBoxmethods that change the items in the combo box's menu, such as insertItemAt, 

work only if the data model implements the MutableComboBoxModelinterface (a 

subinterface of ComboBoxModel). Refer to the API tables to see which methods are affected. 

Something else to watch out for even for uneditable combo boxes is ensuring that your 

custom model fires list data events when the combo box's data or state changes. Even 

immutable combo box models, whose data never changes, must fire a list data event (a 

CONTENTS_CHANGEDevent) when the selection changes. One way to get the list data 

event firing code for free is to make your combo box model a subclass of AbstractListModel.  

Handling Events on a Combo Box 

Here's the code from ComboBoxDemo.javathat registers and implements an action listener 

on the combo box:  

public class ComboBoxDemo ... implements ActionListener { 

 . . . 

 petList.addActionListener(this) { 

 . . . 

 public void actionPerformed(ActionEvent e) { 

 JComboBox cb = (JComboBox)e.getSource(); 

 String petName = (String)cb.getSelectedItem(); 

 updateLabel(petName); 

 } 

 . .  

} 
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This action listener gets the newly selected item from the combo box, uses it to compute the 

name of an image file, and updates a label to display the image. The combo box fires an 

action event when the user selects an item from the combo box's menu. See How to Write an 

Action Listener, for general information about implementing action listeners. Combo boxes 

also generate item events, which are fired when any of the items' selection state changes. 

Only one item at a time can be selected in a combo box, so when the user makes a new 

selection the previously selected item becomes unselected. Thus two item events are fired 

each time the user selects a different item from the menu. If the user chooses the same item, 

no item events are fired. Use addItemListenerto register an item listener on a combo box. 

How to Write an Item Listener gives general information about implementing item listeners. 

Although JComboBox inherits methods to register listeners for low-level events focus, key, 

and mouse events, for example we recommend that you don't listen for low-level events on a 

combo box. Here's why: A combo box is a compound component it is comprised of two or 

more other components. The combo box itself fires high-level events such as action events. 

Its subcomponents fire low-level events such as mouse, key, and focus events. The low-level 

events and the subcomponent that fires them are look-and-feel-dependent. To avoid writing 

look-and-feel-dependent code, you should listen only for high-level events on a compound 

component such as a combo box. For information about events, including a discussion about 

high- and low-level events, refer to Writing Event Listeners.  

Using an Editable Combo Box 

Here's a picture of a demo application that uses an editable combo box to enter a pattern with 

which to format dates.  

Try this:  

1. Click the Launch button to run the ComboBox2 Demo using Java Web Start 

(download JDK 6). Alternatively, to compile and run the example yourself, consult 

the example index.  

2. Enter a new pattern by choosing one from the combo box's menu. The program 

reformats the current date and time.  

3 .  Enter a new pattern by typing one in and pressing Enter. Again the program reformats 

the current date and time.  
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The following code, taken from ComboBoxDemo2.java, creates and sets up the combo 

box:  

String[] patternExamples = { 

 "dd MMMMM yyyy", 

 "dd.MM.yy", 

 "MM/dd/yy", 

 "yyyy.MM.dd G 'at' hh:mm:ss z", 

 "EEE, MMM d, ''yy", 

 "h:mm a", 

 "H:mm:ss:SSS", 

 "K:mm a,z", 

 "yyyy.MMMMM.dd GGG hh:mm aaa" 

}; 

. . . 

JComboBox patternList = new JComboBox(patternExamples); 

patternList.setEditable(true); 

patternList.addActionListener(this); 

This code is very similar to the previous example, but warrants a few words of explanation. 

The bold line of code explicitly turns on editing to allow the user to type values in. This is 

necessary because, by default, a combo box is not editable. This particular example allows 

editing on the combo box because its menu does not provide all possible date formatting 

patterns, just shortcuts to frequently used patterns. An editable combo box fires an action 

event when the user chooses an item from the menu and when the user types Enter. Note that 

the menu remains unchanged when the user enters a value into the combo box. If you want, 

you can easily write an action listener that adds a new item to the combo box's menu each 

time the user types in a unique value. See Internationalization to learn more about formatting 

dates and other types of data.  

Providing a Custom Renderer 

A combo box uses a renderer to display each item in its menu. If the combo box is uneditable, 

it also uses the renderer to display the currently selected item. An editable combo box, on the 

other hand, uses an editor to display the selected item. A renderer for a combo box must 

implement the ListCellRendererinterface. A combo box's editor must implement 

ComboBoxEditor. This section shows how to provide a custom renderer for an uneditable 
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combo box. The default renderer knows how to render strings and icons. If you put other 

objects in a combo box, the default renderer calls the toString method to provide a string to 

display. You can customize the way a combo box renders itself and its items by 

implementing your own ListCellRenderer. Here's a picture of an application that uses a 

combo box with a custom renderer:  

Click the Launch button to run the CustomComboBox Demo using Java Web Start 

(download JDK 6). Alternatively, to compile and run the example yourself, consult the 

example index.  

The full source code for this example is in CustomComboBoxDemo.java. To get the image 

files it requires, consult the example index.  

The following statements from the example create an instance of ComboBoxRenderer (a 

custom class) and set up the instance as the combo box's renderer:  

JComboBox petList = new JComboBox(intArray); 

. . . 

ComboBoxRenderer renderer = new ComboBoxRenderer(); 

renderer.setPreferredSize(new Dimension(200, 130)); 

petList.setRenderer(renderer); 

petList.setMaximumRowCount(3); 

The last line sets the combo box's maximum row count, which determines the number of 

items visible when the menu is displayed. If the number of items in the combo box is larger 

than its maximum row count, the menu has a scroll bar. The icons are pretty big for a menu, 

so our code limits the number of rows to 3. Here's the implementation of 

ComboBoxRenderer, a renderer that puts an icon and text side-by-side:  

class ComboBoxRenderer extends JLabel 

 implements ListCellRenderer { 

 . . . 

 public ComboBoxRenderer() { 

 setOpaque(true); 

 setHorizontalAlignment(CENTER); 

 setVerticalAlignment(CENTER); 

 } 

  

 /* 

 * This method finds the image and text corresponding 
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 * to the selected value and returns the label, set up 

 * to display the text and image. 

 */ 

 public Component getListCellRendererComponent( 

 JList list, 

 Object value, 

 int index, 

 boolean isSelected, 

 boolean cellHasFocus) { 

 //Get the selected index. (The index param isn't 

 //always valid, so just use the value.) 

 int selectedIndex = ((Integer)value).intValue(); 

  

 if (isSelected) { 

 setBackground(list.getSelectionBackground()); 

 setForeground(list.getSelectionForeground()); 

 } else { 

 setBackground(list.getBackground()); 

 setForeground(list.getForeground()); 

 } 

  

 //Set the icon and text. If icon was null, say so. 

 ImageIcon icon = images[selectedIndex]; 

 String pet = petStrings[selectedIndex]; 

 setIcon(icon); 

 if (icon != null) { 

 setText(pet); 

 setFont(list.getFont()); 

 } else { 

 setUhOhText(pet + " (no image available)", 

 list.getFont()); 

 } 

  

 return this; 
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 } 

 . . . 

} 

As a ListCellRenderer,ComboBoxRendererimplements a method called 

getListCellRendererComponent, which returns a component whose paintComponentmethod 

is used to display the combo box and each of its items. The easiest way to display an image 

and an icon is to use a label. So ComboBoxRenderer is a subclass of label and returns itself. 

The implementation of getListCellRendererComponentconfigures the renderer to display the 

currently selected icon and its description.  

These arguments are passed to getListCellRendererComponent: 

 JList list a list object used behind the scenes to display the items. The example uses this 

object's colors to set up foreground and background colors.  

 Object value the object to render. An Integer in this example.  

 int index the index of the object to render.  

 boolean isSelected indicates whether the object to render is selected. Used by the example to 

determine which colors to use.  

 boolean cellHasFocus indicates whether the object to render has the focus.  

Note that combo boxes and lists use the same type of renderer ListCellRenderer. You can 

save yourself some time by sharing renderers between combo boxes and lists, if it makes 

sense for your program.  

The Combo Box API  

The following tables list the commonly used JComboBoxconstructors and methods. Other 

methods you are most likely to invoke on a JComboBox object are those it inherits from its 

superclasses, such as setPreferredSize. See The JComponent API for tables of commonly 

used inherited methods.  

The API for using combo boxes falls into two categories:  

 Setting or Getting the Items in the Combo Box's Menu  

 Customizing the Combo Box's Operation  
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SETTING OR GETTING THE ITEMS IN THE COMBO BOXES'S MENU 

Method  Purpose  

JComboBox()  

JComboBox(ComboBoxModel)  

JComboBox(Object[])  

JComboBox(Vector)  

Create a combo box with the specified items in its menu. A 

combo box created with the default constructor has no 

items in the menu initially. Each of the other constructors 

initializes the menu from its argument: a model object, an 

array of objects, or a Vector of objects.  

void addItem(Object)  

void insertItemAt(Object, int)  

Add or insert the specified object into the combo box's 

menu. The insert method places the specified object at the 

specified index, thus inserting it before the object currently 

at that index. These methods require that the combo box's 

data model be an instance of MutableComboBoxModel.  

Object getItemAt(int)  

Object getSelectedItem()  

Get an item from the combo box's menu.  

void removeAllItems()  

void removeItemAt(int)  

void removeItem(Object)  

Remove one or more items from the combo box's menu. 

These methods require that the combo box's data model be 

an instance of MutableComboBoxModel.  

int getItemCount()  Get the number of items in the combo box's menu.  

void 

setModel(ComboBoxModel)  

ComboBoxModel getModel()  

Set or get the data model that provides the items in the 

combo box's menu.  

void setAction(Action)  

Action getAction()  

Set or get the Action associated with the combo box. For 

further information, see How to Use Actions.  

CUSTOMIZING THE COMBO BOX'S OPERATION 

Method or Constructor  Purpose  

void 

addActionListener(ActionListener)  

Add an action listener to the combo box. The listener's 

actionPerformed method is called when the user selects 

an item from the combo box's menu or, in an editable 

combo box, when the user presses Enter.  

void addItemListener(ItemListener)  Add an item listener to the combo box. The listener's 

itemStateChanged method is called when the selection 

state of any of the combo box's items change.  
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void setEditable(boolean)  

boolean isEditable()  

Set or get whether the user can type in the combo box.  

void setRenderer(ListCellRenderer)  

ListCellRenderer getRenderer()  

Set or get the object responsible for painting the 

selected item in the combo box. The renderer is used 

only when the combo box is uneditable. If the combo 

box is editable, the editor is used to paint the selected 

item instead.  

void setEditor(ComboBoxEditor)  

ComboBoxEditor getEditor()  

Set or get the object responsible for painting and 

editing the selected item in the combo box. The editor 

is used only when the combo box is editable. If the 

combo box is uneditable, the renderer is used to paint 

the selected item instead.  

3. TreeViews 

A tree view or an outline view is a graphical user interface element (widget) that presents a 

hierarchical view of information. Each item (often called a branch or a node) can have a 

number of subitems. This is often visualized by indentation in a list. 

An item can be expanded to reveal subitems, if any exist, and collapsed to hide subitems. 

Tree views are often seen in file manager applications, where they allow the user to navigate 

the file system directories. They are also used to present hierarchical data, such as an XML 

document. Extended tree view is the central component of an outliner application. 

4. ListViews 

Represents a Windows list view control, which displays a collection of items that can be 

displayed using one of four different views.  

Namespace: System.Windows.Forms 

Assembly:System.Windows.Forms (in System.Windows.Forms.dll) 

Syntax 

Visual Basic (Declaration) 

<ComVisibleAttribute(True)> _ 
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<DockingAttribute(DockingBehavior.Ask)> _ 

<ClassInterfaceAttribute(ClassInterfaceType.AutoDispatch)> _ 

Public Class ListView _ 

 Inherits Control 

Visual Basic (Usage) 

Dim instance As ListView 

C# 

[ComVisibleAttribute(true)] 

[DockingAttribute(DockingBehavior.Ask)] 

[ClassInterfaceAttribute(ClassInterfaceType.AutoDispatch)] 

public class ListView : Control 

Visual C++ 

[ComVisibleAttribute(true)] 

[DockingAttribute(DockingBehavior::Ask)] 

[ClassInterfaceAttribute(ClassInterfaceType::AutoDispatch)] 

public ref class ListView : public Control 

JScript 

public class ListView extends Control 

Remarks 

AListView control allows you to display a list of items with item text and, optionally, an icon 

to identify the type of item. For example, the Windows Explorer list of files is similar in 

appearance to a ListView control. It displays a list of the files and folders currently selected 

in the tree. Each file and folder displays an icon associated with it to help identify the type of 

file or folder. The ListViewItem class represents an item within a ListViewcontrol. The items 

that are displayed in the list can be shown in one of five different views. Items can be 

displayed as large icons, as small icons, or as small icons in a vertical list. Items can also 

have subitems which contain information that is related to the parent item. The details view 
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allows you to display the item and its subitems in a grid with column headers that identify the 

information being displayed in a subitem. The tile view, which has limited availability as 

described below, allows you to display the item and its subitems as a tile that contains a large 

icon next to the textual information. ListView supports single or multiple selection. The 

multiple selection feature lets the user select from a list of items in a way similar to a ListBox 

control. Additionally, the user can activate selected items to perform a task. For example, you 

could use a ListViewcontrol to display a list of files that the application can then open and 

utilize. The user can select the files to open and then double-click them to activate the items 

and open the files in the application. The ListView can also display check boxes, using the 

CheckBoxes property, to allow the user to check the items that they want to perform an 

action on. You can use the ListViewcontrol in a variety of ways. The control can be used to 

display information from an application, a database, or a text file. The ListViewcan also be 

used to obtain information from the user, such as selecting a set of files to process.  

ListView provides a large number of properties that provide flexibility in appearance and 

behavior. The View property allows you to change the way in which items are displayed. The 

LargeImageList, SmallImageList, and StateImageList properties allow you to specify the 

ImageList objects that contain the images displayed for items and, in the case of the 

StateImageList, the check boxes that are displayed when the CheckBoxes property is set to 

true. To determine which items are checked, you can use the CheckedItems property to 

access the ListView..::.CheckedListViewItemCollection collection. The Columns property 

allows access to the ListView..::.ColumnHeaderCollection, which stores the column headers 

that are displayed when the View property of the control is set to Details. Items are added and 

removed from the ListViewthrough the Items property. The Items property allows you to 

access the ListView..::.ListViewItemCollection of the control, which provides methods for 

manipulating the items in the control. If you want to allow the user to edit the text of an item, 

you can use the LabelEdit property. When your control contains a large number of items, it is 

often easier for the user to see them in a sorted list. You can use the Sorting property to sort 

the items alphabetically. You can also completely customize the appearance of a ListView 

control. To do this, set the OwnerDraw property to true and handle one or more of the 

following events: DrawItem, DrawSubItem, DrawColumnHeader. Many of the properties of 

the ListView control are used when the View property of the control is set to Details. The 

AllowColumnReorder property allows the user of your ListView control to reconfigure the 

order of columns at run time. The FullRowSelect property allows an item and its subitems to 
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be selected instead of just the item. To display grid lines in the details view to identify the 

boundaries of items and subitems in the ListView, you can use the GridLines property.  

The HeaderStyle property allows you to specify the type of column headers to display. A 

ListView control can operate in virtual mode, where ListViewItem objects are generated 

dynamically instead of being stored in the Items collection. This can be useful for dealing 

with very large lists or lists whose contents frequently change. To enable Virtual mode, set 

the VirtualMode property to true and handle the RetrieveVirtualItem, CacheVirtualItems, and 

SearchForVirtualItem events. In addition to the many properties that are available for a 

ListViewcontrol, there are methods and events that your application can use to provide 

additional capabilities to the ListView. The BeginUpdate and EndUpdate methods allow you 

to improve performance when you add many items to a ListView by preventing the control 

from repainting each time an item is added. If your ListViewcontrol is displaying items and 

subitems, you may want to provide functionality when the user right-clicks a subitem. To 

determine the item whose subitem is being clicked, you can use the GetItemAt method. When 

performing validation of the items after the user has edited them, you may want to display a 

specific item to the user to change. The EnsureVisible method can be called to ensure that the 

specific item is in the visible area of the control. If the LabelEdit property set to true, you can 

perform tasks such as validating the text being edited before and after the text changed by 

creating an event handler for the BeforeLabelEdit and AfterLabelEdit events. To perform 

tasks such as opening a file or displaying a dialog box to edit an item displayed in a 

ListView, you can create an event handler for the ItemActivate event. If you allow the user to 

sort the items in a ListView when they click a column header, you can create an event 

handler for the ColumnClick event to perform the sorting. When the CheckBoxes property is 

set to true, you can determine when a change in an item's check state has occurred by 

handling the ItemCheck event. You can also set a background image for the ListView with 

the BackgroundImage property. Your application must have the STAThreadAttribute on its 

Mainmethod to properly display the background image for the ListViewcontrol. In addition, 

if a ListView control with a background image is hosted in Internet Explorer, specify 

comctl32.dll version 6.0 as a dependent assembly in the application manifest file to ensure 

the background image is property displayed.  

Windows XP and Windows Server 2003 provide three features that enhance the ListView 

control when your application calls the Application..::.EnableVisualStyles method: tile view, 

grouping, and the insertion mark. The tile view lets you balance graphical and textual 

information by displaying item and subitem text next to large icons. Set the View property to 
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View..::.Tile to enable this behavior. The grouping feature lets you visually group items into 

related categories. Use the Groups property to add ListViewGroup objects to the 

ListViewcontrol when you want to enable this feature. To temporarily disable the feature, set 

the ShowGroups property to false. The insertion mark feature lets you provide drag-and-drop 

item repositioning with visual feedback to indicate drop locations. Use the 

ListViewInsertionMark object retrieved through the InsertionMark property to display the 

insertion mark. These features are available only under Windows XP and Windows Server 

2003. On earlier platforms, the code relating to these features has no effect, the tile view 

appears as the large icon view, and the insertion mark and groups do not display. In some 

cases, you might want to include code that determines whether these features are available, 

and provide alternate functionality when they are unavailable. These features are provided by 

the same library that provides the operating system themes feature. To check for the 

availability of this library, call the FeatureSupport..::.IsPresent(Object) method overload and 

pass in the OSFeature..::.Themes value.  

5. Tab Control 

Syntax 

Visual Basic (Declaration) 

<ComVisibleAttribute(True)> _ 

<ClassInterfaceAttribute(ClassInterfaceType.AutoDispatch)> _ 

Public Class TabControl _ 

 Inherits Control 

Visual Basic (Usage) 

Dim instance As TabControl 

C# 

[ComVisibleAttribute(true)] 

[ClassInterfaceAttribute(ClassInterfaceType.AutoDispatch)] 

public class TabControl : Control 
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Visual C++ 

[ComVisibleAttribute(true)] 

[ClassInterfaceAttribute(ClassInterfaceType::AutoDispatch)] 

public ref class TabControl : public Control 

JScript 

public class TabControl extends Control 

Remarks 

ATabControl contains tab pages, which are represented by TabPage objects that you add 

through the TabPages property. The order of tab pages in this collection reflects the order the 

tabs appear in the control.  

The user can change the current TabPage by clicking one of the tabs in the control. You can 

also programmatically change the current TabPage by using one of the following TabControl 

properties:  

 SelectedIndex  

 SelectedTab  

In .NET Framework version 2.0, you can also use one of the following methods:  

 SelectTab  

 DeselectTab  

In .NET Framework 2.0, you can respond when the current tab changes by handling one of 

the following events:  

 Deselecting  

 Deselected  

 Selecting  

 Selected  

The tabs in a TabControl are part of the TabControl, but not parts of the individual TabPage 

controls. Members of the TabPage class, such as the ForeColor property, affect only the 
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client rectangle of the tab page, but not the tabs. Additionally, the Hide method of the 

TabPage will not hide the tab. To hide the tab, you must remove the TabPage control from 

the TabControl..::.TabPages collection. In .NET Framework 2.0, the tab is considered part of 

the tab page for determining when the Enter and Leave events of the TabPage occur. In 

earlier versions of the .NET Framework, the Enter and Leave events of the TabPage do not 

occur when focus enters or leaves a tab, but only when focus enters or leaves the client 

rectangle of the tab page. The following events are not raised for the TabControl class unless 

there is at least one TabPage in the TabControl..::.TabPages collection: Control..::.Click, 

Control..::.DoubleClick, Control..::.MouseDown, Control..::.MouseUp, 

Control..::.MouseHover, Control..::.MouseEnter, Control..::.MouseLeave and 

Control..::.MouseMove. If there is at least one TabPage in the collection, and the user 

interacts with the tab control's header (where the TabPage names appear), the 

TabControlraises the appropriate event. However, if the user interaction is within the 

ClientRectangle of the tab page, the TabPage raises the appropriate event. Controls contained 

in a TabPage are not created until the tab page is shown, and any data bindings in these 

controls are not activated until the tab page is shown. When visual styles are enabled, and the 

Alignment property is set to a value other than Top, the tab contents might not render 

correctly. To work around this issue, you can paint the tab contents yourself using owner 

drawing. For more information, see How to: Display Side-Aligned Tabs with TabControl. 

When the Alignment property is set to a value other than Top and the Appearance property is 

set to a value other than Normal, the tab page contents might not render correctly.  

6. Multiple-Document-Interface 

Graphical computer applications with a multiple document interface (MDI) are those whose 

windows reside under a single parent window (usually with the exception of modal 

windows), as opposed to all windows being separate from each other (single document 

interface). The initialism MDI is usually not expanded. In the usability community, there has 

been much debate over which interface type is preferable. Generally SDI is seen as more 

useful in cases where users work with more than one application. Companies have used both 

interfaces with mixed responses. For example, Microsoft has changed its Office applications 

from SDI to MDI mode and then back to SDI, although the degree of implementation varies 

from one component to another. The disadvantage of MDI usually cited is the lack of 

information about the currently opened windows: In order to view a list of windows open in 
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MDI applications, the user typically has to select a specific menu ("window list" or 

something similar), if this option is available at all. With an SDI application, the window 

manager's task bar or task manager displays the currently opened windows. In recent years, 

applications have increasingly added "task-bars" and "tabs" to show the currently opened 

windows in an MDI application, which has made this criticism somewhat obsolete. Some 

people use a different name for this interface, "tabbed document interface" (TDI). When tabs 

are used to manage windows, individual ones usually cannot be resized. Nearly all graphical 

user interface toolkits to date provide at least one solution for designing MDIs. The Java GUI 

toolkit, Swing, for instance, provides the class javax.swing.JDesktopPanewhich serves as a 

container for individual frames (class javax.swing.JInternalFrame). GTK+ lacks any 

standardized support for MDI. 

7. Compared to single document interface 

7.1Advantages 

 With MDI (and also TDI), a single menu bar and/or toolbar is shared between all child 

windows, reducing clutter and increasing efficient use of screen space. 

 An application's child windows can be hidden/shown/minimized/maximized as a whole. 

 Features such as "Tile" and "Cascade" can be implemented for the child windows. 

 Possibly faster and more memory efficient, since the application is shared, and only the 

document changes. the speed of switching between the internal windows is usually faster than 

having the OS switch between external windows. 

 Some applications have keyboard shortcuts to quickly jump to the functionality you need 

(faster navigating), and this doesn't need the OS or window manager support, since it happens 

inside the application. 

7.2 Disadvantages 

 Can be tricky to implement on desktops using multiple monitors as the parent window may 

need to span two or more monitors. 

 Virtual desktops cannot be spanned by children of the MDI. However, in some cases, this is 

solveable by initiating another parent window; this is the case in Opera, for example, which 

allows tabs/child windows to be dragged outside of the parent window to start their own 
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parent window (on Windows). In other cases, each child window is also a parent window, 

forming a new, "virtual" MDI. 

 MDI can make it more difficult to work with several applications at once, by restricting the 

ways in which windows from multiple applications can be arranged together. 

 Without an MDI frame window, floating toolbars from one application can clutter the 

workspace of other applications, potentially confusing users with the jumble of interfaces. 

 The shared menu might change, which may cause confusion to some users. 

 MDI child windows behave differently from those in single document interface applications, 

requiring users to learn two subtly different windowing concepts. Similarly, the MDI parent 

window behaves like the desktop in many respects, but has enough differences to confuse 

some users. 

 Many window managers have built-in support for manipulating groups of separate windows, 

which is typically more flexible than MDI in that windows can be grouped and ungrouped 

arbitrarily. A typical policy is to group automatically windows that belong to the same 

application. This arguably makes MDI redundant by providing a solution to the same 

problem. 

8. Application examples 

 Internet Explorer 6: This is a typical SDI application 

 Visual Studio 6 development environment: This is a typical modern implementation of MDI 

 Visual Studio .NET: MDI or TDI with "Window" menu, but not both 

 Firefox: TDI by default, can be SDI instead 

 Opera: MDI combined with TDI (note: on Mac OS X, as of Opera version 9.27, there is no 

MDI, just TDI) 

 GIMP: Floating windows (limited MDI is available via "Deweirdifier" plugin) 

 GIMPshop: A fork of the GIMP edited to be more user-friendly for Adobe Photoshop users. 

Note: the Windows version (still in beta form) has the "Deweirdifier" plug in built-in 

 Adobe Photoshop: Floating windows in Mac version; MDI in Windows XP version. In newer 

versions of Photoshop, toolbars can move outside the frame window. Child windows can be 

outside of the frame unless they are minimized or maximized. 

 Adobe Acrobat: Purely MDI until version 7.0. (Microsoft Windows version only) 
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 Microsoft Excel 2003: Excel is SDI if you start new instances of the application, but classic 

MDI if you click the "File → New" menu (except the child windows optionally appear on the 

OS taskbar) 

 Microsoft Word 2003: Up to Office 97, Word (Windows version) was MDI. However, from 

2000 onwards, Word is a Multiple Top-Level Windows Interface application, thus exposing 

to shell as many individual SDI instances while the operating system recognizes it as a single 

instance of an MDI Application. In Word 2000 this was the only interface available, but from 

2002 onwards the traditional MDI was available again as an option. The Mac OS version of 

Word (the only non-Windows OS to be supported) has never used MDI. MFC (which 

Microsoft Office is loosely based upon) supports this metaphor from version 7.0, as a new 

Feature in Visual Studio 2002. 

 UltraEdit: Combination of MDI & TDI (a true MDI interface with a tab bar for quick access). 

 VEDIT: Combination of MDI & TDI (a true MDI interface with a tab bar for quick access). 

Special "Full size" windows act like maximized windows, but allow smaller overlapping 

windows to be used at the same time. Multiple instances of Vedit can be started, which 

allows it to be used like an SDI application. 

 Notepad++, PSPad, TextMate and many other text editors: TDI 

 EmEditor: Options for either SDI or MDI. 

 Macromedia Studio under Windows uses a hybrid interface. If document windows are 

maximized, as they are by default, the program presents a TDI, however, if the windows are 

un-maximized it presents an MDI. 

 Corel Wordperfect: MDI, although a user can open multiple instances of WP with a single 

document in each, if they wish to. Recent versions maintain a list of open documents for a 

given window on the status bar at the bottom of the window, providing a variant of the TDI. 

9. IDE-style interface 

Graphical computer applications with an IDE-style interface (IDE) are those whose child 

windows reside under a single parent window (usually with the exception of modal 

windows). An IDE-style interface is distinguishable form of Multiple Document Interface 

(MDI), because all child windows in an IDE-style interface are enhanced with added 

functionality not ordinarily available in MDI applications. Because of this, IDE-style 

applications can be considered a functional superset and descendant of MDI applications. 

Examples of enhanced child-window functionality include: 
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 Dockable child windows 

 Collapsable child windows 

 Tabbed document interface for sub-panes 

 Independent sub-panes of the parent window 

 GUI splitters to resize sub-panes of the parent window 

 Persistence for window arrangements 

  

9.1 Collapsable child windows 

A common convention for child windows in IDE-style applications is the ability to collapse 

child windows, either when inactive, or when specified by the user. Child windows that are 

collapsed will conform to one of the four outer boundaries of the parent window, with some 

kind of label or indicator that allows them to be expanded again. 

9.2 Tabbed document interface for sub-panes 

In contrast to (MDI) applications, which ordinarily allow a single tabbed interface for the 

parent window, applications with an IDE-style interface allow tabs for organizing one or 

more subpanes of the parent window. 

9.3 IDE-style application examples 

 NetBeans 

 Eclipse 

 Visual Studio 6 

 Visual Studio .NET 

 RSS Bandit 

 JEdit 

 MATLAB 

10. User-Defined Controls. 

In many applications we need tailor-made controls to suit our programming needs. Such 

controls can be created in VB.NET. 

1. To create a user-defined control you have to use Windows Control Libray. 

Go to file > New Project> Windows Forms Contol Library > (Give any desired name 

to your project) > Ok. 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

182
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



2. You will find a Canvas. Now using the controls present in the toolbox create the 

required component (control). 

3. Code the Control as you want it to work. 

4. You can add user defined properties by using property keyword. 

5. The size of the canvas is the size of the user defined control you are creating. So 

change the canvas size as required at the end. 

6. After you have written the code check the control by debugging the project. 

7. Now go to Build > Build <component name>. 

8. To add the Component (control) in the toolbox, right click in the empty area of the 

Toolbox > Choose Items > Click on browse. (This should be in a new VB.NET 

Windows Application) 

Go to the Project Folder (This time, its the Control Library Project you created) > Bin 

> Debug > Select <componentname>.dll file 

Check the Component name in .NET Framework Components Tab > OK. 

9. The new Component (control) is added to your toolbox. 

Ex: Creating a text-flipping banner control. 

1. Create a windows library form and name it Banner. 

2. In the Canvas drag two Textboxes and add a Timer. 

3. Set the Timers enabled property true,Set the interval to say 1000 (unit:milliseconds). 

4. Set some default Text in both the Textboxes. 

5. Double click on the timer and write the below code. 

6. Then write two properties named first and second which are used to change the text of 

the banner. 

7. Drag one textbox on top of other and then reduce the canvas size such that it covers 

only the textboxes. 

8. Debug the program, The Text of the banner oscillates between the two values of the 

textboxes.You can change the text of the first and second text box using property first 

and second respectively. 

9. If it is working properly stop debugging and click on build > build banner. 

Public Class Banner 

 Private Sub Timer1_Tick(ByVal sender As System.Object, ByVal e As System.EventArgs) 

Handles Timer1.Tick 
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 Static f As Boolean 

 If f = True Then 

 Me.TextBox1.Visible = True 

 Me.TextBox2.Visible = False 

 Else 

 Me.TextBox1.Visible = False 

 Me.TextBox2.Visible = True 

 End If 

 f = Not f 

 End Sub 

  

 Public Property first() As String 

 Get 

 Return Me.TextBox1.Text 

 End Get 

 Set(ByVal value As String) 

 Me.TextBox1.Text = value 

 End Set 

 End Property 

  

 Public Property second() As String 

 Get 

 Return Me.TextBox2.Text 

 End Get 

 Set(ByVal value As String) 

 Me.TextBox2.Text = value 

 End Set 

 End Property 

 

Topic : Multithreading 

Topic Objective: 

At the end of this topic the student will be able to:  

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

184
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



 Understand Thread States: Life Cycle of a Thread 

 Understand Thread Priorities and Thread Scheduling 

 Learn About Creating and Executing Threads. 

 Learn About Thread Synchronization and Class Monitor. 

 Learn About Producer/Consumer Relationship with Thread Synchronization 

 Learn About Producer/Consumer Relationship: Circular Buffer 

Definition/Overview: 

The Multithreading paradigm : The Multithreading paradigm has become more popular as 

efforts to further exploit instruction level parallelism have stalled since the late-1990s. This 

allowed the concept of Throughput Computing to reemerge to prominence from the more 

specialized field of transaction processing: 

Multiple threads: Multiple threads can interfere with each other when sharing hardware 

resources such as caches or translation lookaside buffers (TLBs). 

Execution times: Execution times of a single-thread are not improved but can be degraded. 

Hardware support: Hardware support for Multithreading is more visible to software, thus 

requiring more changes to both application programs and operating systems than 

Multiprocessing. 

Key Points: 

1. Thread States: Life Cycle of a Thread. 

Now that you've seen how to give a thread something to do, we'll review some details that 

were glossed over in the previous section. In particular, we look at the life cycle of a thread: 

how to create and start a thread, some of the special things it can do while it's running, and 

how to stop it. The following diagram shows the states that a Java thread can be in during its 

life. It also illustrates which method calls cause a transition to another state. This figure is not 

a complete finite state diagram, but rather an overview of the more interesting and common 

facets of a thread's life. The remainder of this section uses the Clockapplet previously 

introduced to discuss a thread's life cycle in terms of its state.  
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Creating a Thread 

The application in which an applet is running calls the applet's start method when the user 

visits the applet's page. The Clockapplet creates a Thread,clockThread, in its startwith the 

bold code shown here:  

public void start() { 

 if (clockThread == null) { 

 clockThread = new Thread(this, "Clock"); 

 clockThread.start(); 

 } 

}  

After the bold statement has been executed, clockThreadis in the New Thread state. When a 

thread is a New Thread, it is merely an empty Threadobject; no system resources have been 

allocated for it yet. When a thread is in this state, you can only start the thread. Calling any 

method besides start when a thread is in this state makes no sense and causes an 

IllegalThreadStateException. (In fact, the runtime system throws an 

IllegalThreadStateExceptionany time a method is called on a thread and that thread's state 

does not allow for that method call.)  

Notice that this--the Clockinstance-- is the first argument to the thread constructor. The first 

argument to this thread constructor must implement the Runnableinterface and becomes the 

thread's target. The clock thread gets its run method from its targetRunnableobject--in this 

case, the Clockinstance. The second argument is just a name for the thread.  

Starting a Thread 

Now consider the next line of code in Clock'sstartmethod shown here in bold:  

public void start() { 

 if (clockThread == null) { 

 clockThread = new Thread(this, "Clock"); 

 clockThread.start(); 

 } 

}  
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Thestartmethod creates the system resources necessary to run the thread, schedules the thread 

to run, and calls the thread's runmethod. ClockThread'srunmethod is the one defined in the 

Clockclass. After the startmethod has returned, the thread is "running". Yet, it's somewhat 

more complex than that. As the previous figure shows, a thread that has been started is 

actually in the Runnable state. Many computers have a single processor, thus making it 

impossible to run all "running" threads at the same time. The Java runtime system must 

implement a scheduling scheme that shares the processor between all "running" threads. (See 

Understanding Thread Priority for more information about scheduling.) So at any given time, 

a "running" thread actually may be waiting for its turn in the CPU.  

Here's another look at Clock'srunmethod:  

public void run() { 

 Thread myThread = Thread.currentThread(); 

 while (clockThread == myThread) { 

 repaint(); 

 try { 

 Thread.sleep(1000); 

 } catch (InterruptedException e){ 

 // the VM doesn't want us to sleep anymore, 

 // so get back to work 

 } 

 } 

} 

Clock's run method loops while the condition clockThread == myThreadis true. This exit 

condition is explained in more detail in Stopping a Thread. However, for now, know that it 

allows the thread, and thus the applet, to exit gracefully.  

Within the loop, the applet repaints itself and then tells the thread to sleep for one second 

(1000 milliseconds). An applet's repaintmethod ultimately calls the applet's paintmethod, 

which does the actual update of the applet's display area. The Clock paint method gets the 

current time, formats, and displays it:  

public void paint(Graphics g) { 

 // get the time and convert it to a date 

 Calendar cal = Calendar.getInstance(); 
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 Date date = cal.getTime(); 

 // format it and display it 

 DateFormat dateFormatter = DateFormat.getTimeInstance(); 

 g.drawString(dateFormatter.format(date), 5, 10); 

} 

1.1 Making a Thread Not Runnable 

A thread becomes Not Runnable when one of these events occurs:  

Itssleepmethod is invoked.  

The thread calls the waitmethod to wait for a specific condition to be satisifed.  

The thread is blocking on I/O.  

TheclockThreadin the Clockapplet becomes Not Runnable when the run method calls 

sleep on the current thread:  

public void run() { 

 Thread myThread = Thread.currentThread(); 

 while (clockThread == myThread) { 

 repaint(); 

 try { 

  

  

1.2 Thread.sleep(1000); 

 } catch (InterruptedException e){ 

 // the VM doesn't want us to sleep anymore, 

 // so get back to work 

 } 

 } 

} 

During the second that the clockThreadis asleep, the thread does not run, even if the 

processor becomes available. After the second has elapsed, the thread becomes Runnable 

again and, if the processor becomes available, the thread begins running again.  
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For each entrance into the Not Runnable state, there is a specific and distinct escape route 

that returns the thread to the Runnable state. An escape route works only for its 

corresponding entrance. For example, if a thread has been put to sleep, then the specified 

number of milliseconds must elapse before the thread becomes Runnable again. The 

following list describes the escape route for every entrance into the Not Runnable state:  

 If a thread has been put to sleep, then the specified number of milliseconds must elapse.  

 If a thread is waiting for a condition, then another object must notify the waiting thread of a 

change in condition by calling notify or notifyAll. More information is available in 

Synchronizing Threads.  

 If a thread is blocked on I/O, then the I/O must complete.  

1.3 Stopping a Thread 

A program doesn't stop a thread like it stops an applet (by calling a method). Rather, a 

thread arranges for its own death by having a runmethod that terminates naturally. For 

example, the while loop in this run method is a finite loop-- it will iterate 100 times and 

then exit:  

public void run() { 

 int i = 0; 

 while (i < 100) { 

 i++; 

 System.out.println("i = " + i); 

 } 

} 

A thread with this runmethod dies naturally when the loop completes and the run method 

exits.  

Let's look at how the Clockapplet thread arranges for its own death. You might want to 

use this technique with your applets. Recall Clock'srunmethod:  

public void run() { 

 Thread myThread = Thread.currentThread(); 

 while (clockThread == myThread) { 
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 repaint(); 

 try { 

 Thread.sleep(1000); 

 } catch (InterruptedException e){ 

 // the VM doesn't want us to sleep anymore, 

 // so get back to work 

 } 

 } 

} 

The exit condition for this runmethod is the exit condition for the whileloop because there 

is no code after the whileloop:  

while (clockThread == myThread) { 

This condition indicates that the loop will exit when the currently exiting thread is not 

equal to clockThread. When would this ever be the case?  

When you leave the page, the application in which the applet is running calls the applet's 

stopmethod. This method then sets the clockThreadto null, thereby telling the main loop 

in the runmethod to terminate:  

public void stop() { // applets' stop method 

 clockThread = null; 

} 

If you revisit the page, the startmethod is called again and the clock starts up again with a 

new thread. Even if you stop and start the applet faster than one iteration of the loop, 

clockThread will be a different thread than myThreadand the loop will still terminate.  

2. Thread Priorities and Thread Scheduling. 

Threads are scheduled to run based on their scheduling priority. Each thread is assigned a 

scheduling priority. The priority levels range from zero (lowest priority) to 31 (highest 

priority). Only the zero-page thread can have a priority of zero. (The zero-page thread is a 

system thread responsible for zeroing any free pages when there are no other threads that 

need to run.) 
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The system treats all threads with the same priority as equal. The system assigns time slices 

in a round-robin fashion to all threads with the highest priority. If none of these threads are 

ready to run, the system assigns time slices in a round-robin fashion to all threads with the 

next highest priority. If a higher-priority thread becomes available to run, the system ceases 

to execute the lower-priority thread (without allowing it to finish using its time slice), and 

assigns a full time slice to the higher-priority thread. For more information, see Context 

Switches. 

The priority of each thread is determined by the following criteria: 

 The priority class of its process 

 The priority level of the thread within the priority class of its process 

The priority class and priority level are combined to form the base priority of a thread. For 

information on the dynamic priority of a thread, see Priority Boosts. 

Each process belongs to one of the following priority classes: 

IDLE_PRIORITY_CLASS 

BELOW_NORMAL_PRIORITY_CLASS 

NORMAL_PRIORITY_CLASS 

ABOVE_NORMAL_PRIORITY_CLASS 

HIGH_PRIORITY_CLASS 

REALTIME_PRIORITY_CLASS 

By default, the priority class of a process is NORMAL_PRIORITY_CLASS. Use the 

CreateProcess function to specify the priority class of a child process when you create it. If 

the calling process is IDLE_PRIORITY_CLASS or 

BELOW_NORMAL_PRIORITY_CLASS, the new process will inherit this class. Use the 

GetPriorityClass function to determine the current priority class of a process and the 

SetPriorityClass function to change the priority class of a process. Processes that monitor the 

system, such as screen savers or applications that periodically update a display, should use 

IDLE_PRIORITY_CLASS. This prevents the threads of this process, which do not have high 
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priority, from interfering with higher priority threads. Use HIGH_PRIORITY_CLASS with 

care. If a thread runs at the highest priority level for extended periods, other threads in the 

system will not get processor time. If several threads are set at high priority at the same time, 

the threads lose their effectiveness. The high-priority class should be reserved for threads that 

must respond to time-critical events. If your application performs one task that requires the 

high-priority class while the rest of its tasks are normal priority, use SetPriorityClass to raise 

the priority class of the application temporarily; then reduce it after the time-critical task has 

been completed. Another strategy is to create a high-priority process that has all of its threads 

blocked most of the time, awakening threads only when critical tasks are needed. The 

important point is that a high-priority thread should execute for a brief time, and only when it 

has time-critical work to perform. You should almost never use 

REALTIME_PRIORITY_CLASS, because this interrupts system threads that manage mouse 

input, keyboard input, and background disk flushing. This class can be appropriate for 

applications that "talk" directly to hardware or that perform brief tasks that should have 

limited interruptions. Priority LevelThe following are priority levels within each priority 

class: 

THREAD_PRIORITY_IDLE 

THREAD_PRIORITY_LOWEST 

THREAD_PRIORITY_BELOW_NORMAL 

THREAD_PRIORITY_NORMAL 

THREAD_PRIORITY_ABOVE_NORMAL 

THREAD_PRIORITY_HIGHEST 

THREAD_PRIORITY_TIME_CRITICAL 

All threads are created using THREAD_PRIORITY_NORMAL. This means that the thread 

priority is the same as the process priority class. After youcreate a thread, use the 

SetThreadPriority function to adjust its priority relative to other threads in the process. A 

typical strategy is to use THREAD_PRIORITY_ABOVE_NORMAL or 

THREAD_PRIORITY_HIGHEST for the process's input thread, to ensure that the 
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application is responsive to the user. Background threads, particularly those that are processor 

intensive, can be set to THREAD_PRIORITY_BELOW_NORMAL or 

THREAD_PRIORITY_LOWEST, to ensure that they can be preempted when necessary. 

However, if you have a thread waiting for another thread with a lower priority to complete 

some task, be sure to block the execution of the waiting high-priority thread. To do this, use a 

wait function, critical section, or the Sleep function, SleepEx, or SwitchToThread function. 

This is preferable to having the thread execute a loop. Otherwise, the process may become 

deadlocked, because the thread with lower priority is never scheduled. 

To determine the current priority level of a thread, use the GetThreadPriority function. 

The process priority class and thread priority level are combined to form the base priority of 

each thread. 

The following table shows the base priority for combinations of process priority class and 

thread priority value. 

 

BASE 

PRIORIT

Y 

PROCESS PRIORITY CLASS THREAD PRIORITY LEVEL 

1 IDLE_PRIORITY_CLASS THREAD_PRIORITY_IDLE 

1 BELOW_NORMAL_PRIORITY_CL

ASS 

THREAD_PRIORITY_IDLE 

1 NORMAL_PRIORITY_CLASS THREAD_PRIORITY_IDLE 

1 ABOVE_NORMAL_PRIORITY_CL

ASS 

THREAD_PRIORITY_IDLE 

1 HIGH_PRIORITY_CLASS THREAD_PRIORITY_IDLE 

2 IDLE_PRIORITY_CLASS THREAD_PRIORITY_LOWEST 

3 IDLE_PRIORITY_CLASS THREAD_PRIORITY_BELOW_NOR

MAL 

4 IDLE_PRIORITY_CLASS THREAD_PRIORITY_NORMAL 

4 BELOW_NORMAL_PRIORITY_CL

ASS 

THREAD_PRIORITY_LOWEST 

5 IDLE_PRIORITY_CLASS THREAD_PRIORITY_ABOVE_NOR

MAL 

5 BELOW_NORMAL_PRIORITY_CL THREAD_PRIORITY_BELOW_NOR
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ASS MAL 

5 Background 

NORMAL_PRIORITY_CLASS 

THREAD_PRIORITY_LOWEST 

6 IDLE_PRIORITY_CLASS THREAD_PRIORITY_HIGHEST 

6 BELOW_NORMAL_PRIORITY_CL

ASS 

THREAD_PRIORITY_NORMAL 

6 Background 

NORMAL_PRIORITY_CLASS 

THREAD_PRIORITY_BELOW_NOR

MAL 

7 BELOW_NORMAL_PRIORITY_CL

ASS 

THREAD_PRIORITY_ABOVE_NOR

MAL 

7 Background 

NORMAL_PRIORITY_CLASS 

THREAD_PRIORITY_NORMAL 

7 Foreground 

NORMAL_PRIORITY_CLASS 

THREAD_PRIORITY_LOWEST 

8 BELOW_NORMAL_PRIORITY_CL

ASS 

THREAD_PRIORITY_HIGHEST 

8 NORMAL_PRIORITY_CLASS THREAD_PRIORITY_ABOVE_NOR

MAL 

8 Foreground 

NORMAL_PRIORITY_CLASS 

THREAD_PRIORITY_BELOW_NOR

MAL 

8 ABOVE_NORMAL_PRIORITY_CL

ASS 

THREAD_PRIORITY_LOWEST 

9 NORMAL_PRIORITY_CLASS THREAD_PRIORITY_HIGHEST 

9 Foreground 

NORMAL_PRIORITY_CLASS 

THREAD_PRIORITY_NORMAL 

9 ABOVE_NORMAL_PRIORITY_CL

ASS 

THREAD_PRIORITY_BELOW_NOR

MAL 

10 Foreground 

NORMAL_PRIORITY_CLASS 

THREAD_PRIORITY_ABOVE_NOR

MAL 

10 ABOVE_NORMAL_PRIORITY_CL

ASS 

THREAD_PRIORITY_NORMAL 

11 Foreground 

NORMAL_PRIORITY_CLASS 

THREAD_PRIORITY_HIGHEST 
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11 ABOVE_NORMAL_PRIORITY_CL

ASS 

THREAD_PRIORITY_ABOVE_NOR

MAL 

11 HIGH_PRIORITY_CLASS THREAD_PRIORITY_LOWEST 

12 ABOVE_NORMAL_PRIORITY_CL

ASS 

THREAD_PRIORITY_HIGHEST 

12 HIGH_PRIORITY_CLASS THREAD_PRIORITY_BELOW_NOR

MAL 

13 HIGH_PRIORITY_CLASS THREAD_PRIORITY_NORMAL 

14 HIGH_PRIORITY_CLASS THREAD_PRIORITY_ABOVE_NOR

MAL 

15 HIGH_PRIORITY_CLASS THREAD_PRIORITY_HIGHEST 

15 HIGH_PRIORITY_CLASS THREAD_PRIORITY_TIME_CRITIC

AL 

15 IDLE_PRIORITY_CLASS THREAD_PRIORITY_TIME_CRITIC

AL 

15 BELOW_NORMAL_PRIORITY_CL

ASS 

THREAD_PRIORITY_TIME_CRITIC

AL 

15 NORMAL_PRIORITY_CLASS THREAD_PRIORITY_TIME_CRITIC

AL 

15 ABOVE_NORMAL_PRIORITY_CL

ASS 

THREAD_PRIORITY_TIME_CRITIC

AL 

16 REALTIME_PRIORITY_CLASS THREAD_PRIORITY_IDLE 

17 REALTIME_PRIORITY_CLASS -7 

18 REALTIME_PRIORITY_CLASS -6 

19 REALTIME_PRIORITY_CLASS -5 

20 REALTIME_PRIORITY_CLASS -4 

21 REALTIME_PRIORITY_CLASS -3 

22 REALTIME_PRIORITY_CLASS THREAD_PRIORITY_LOWEST 

23 REALTIME_PRIORITY_CLASS THREAD_PRIORITY_BELOW_NOR

MAL 

24 REALTIME_PRIORITY_CLASS THREAD_PRIORITY_NORMAL 

25 REALTIME_PRIORITY_CLASS THREAD_PRIORITY_ABOVE_NOR
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MAL 

26 REALTIME_PRIORITY_CLASS THREAD_PRIORITY_HIGHEST 

27 REALTIME_PRIORITY_CLASS 3 

28 REALTIME_PRIORITY_CLASS 4 

29 REALTIME_PRIORITY_CLASS 5 

30 REALTIME_PRIORITY_CLASS 6 

31 REALTIME_PRIORITY_CLASS THREAD_PRIORITY_TIME_CRITIC

AL 

3. Creating and Executing Threads. 

3.1 Runnable interface 

 Preferred means of creating a multithreaded application  

 Declares method run  

 Executed by an object that implements the Executor interface 

Example: 

 PrintTask.java (Fig. 23.4)  

 ThreadTester.java (Fig. 23.5)  

3.2 Executor interface 

 Declares method execute  

 Creates and manages a group of threads called a thread pool 

3.3 ExecutorService interface 

 Subinterface of Executor that declares other methods for managing the life cycle of an 

Executor  

 Can be created using static methods of class Executors  

 Method shutdown ends threads when tasks are completed 

3.4 Executors class 

 Method newFixedThreadPool creates a pool consisting of a fixed number of threads  
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 Method newCachedThreadPool creates a pool that creates new threads as they are needed 

4. Thread Synchronization and Class Monitor. 

The following sections describe features and classes that can be used to synchronize access to 

resources in multithreaded applications. One of the benefits of using multiple threads in an 

application is that each thread executes asynchronously. For Windows applications, this 

allows time-consuming tasks to be performed in the background while the application 

window and controls remain responsive. For server applications, multithreading provides the 

ability to handle each incoming request with a different thread. Otherwise, each new request 

would not get serviced until the previous request had been fully satisfied. However, the 

asynchronous nature of threads means that access to resources such as file handles, network 

connections, and memory must be coordinated. Otherwise, two or more threads could access 

the same resource at the same time, each unaware of the other's actions. The result is 

unpredictable data corruption. For simple operations on integral numeric data types, 

synchronizing threads can be accomplished with members of the Interlocked class. For all 

other data types and non thread-safe resources, multithreading can only be safely performed 

using the constructs in this topic.  

For background information on multithreaded programming, see:  

 Using Threading (C# Programming Guide)  

 Managed Threading Basics  

 Using Threads and Threading  

 Managed Threading Best Practices  

Thelock keyword can be used to ensure that a block of code runs to completion without 

interruption by other threads. This is accomplished by obtaining a mutual-exclusion lock for a 

given object for the duration of the code block.  

Alock statement begins with the keyword lock, which is given an object as an argument, and 

followed by a code block that is to be executed by only one thread at a time. For example:  

C# 

Copy Code 
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public class TestThreading 

{ 

 private System.Object lockThis = new System.Object(); 

  

 public void Function() 

 { 

  

 lock (lockThis) 

 { 

 // Access thread-sensitive resources. 

 } 

 } 

  

} 

 The argument provided to the lock keyword must be an object based on a reference type, and 

is used to define the scope of the lock. In the example above, the lock scope is limited to this 

function because no references to the object lockThis exist outside the function. If such a 

reference did exist, lock scope would extend to that object. Strictly speaking, the object 

provided to lockis used solely to uniquely identify the resource being shared among multiple 

threads, so it can be an arbitrary class instance. In practice, however, this object usually 

represents the resource for which thread synchronization is necessary. For example, if a 

container object is to be used by multiple threads, then the container can be passed to lock, 

and the synchronized code block following the lock would access the container. As long as 

other threads lock on the same container before accessing it, then access to the object is 

safely synchronized. Generally, it is best to avoid locking on a public type, or on object 

instances beyond the control of your application. For example, lock(this) can be problematic 

if the instance can be accessed publicly, because code beyond your control may lock on the 

object as well. This could create deadlock situations where two or more threads wait for the 

release of the same object. Locking on a public data type, as opposed to an object, can cause 

problems for the same reason. Locking on literal strings is especially risky because literal 

strings are interned by the common language runtime (CLR). This means that there is one 

instance of any given string literal for the entire program, the exact same object represents the 

literal in all running application domains, on all threads. As a result, a lock placed on a string 

with the same contents anywhere in the application process locks all instances of that string 
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in the application. As a result, it is best to lock a private or protected member that is not 

interned. Some classes provide members specifically for locking. The Array type, for 

example, provides SyncRoot. Many collection types provide a SyncRoot member as well.  

For more information on the lock keyword, see:  

 lock Statement (C# Reference)  

 How to: Synchronize a Producer and a Consumer Thread (C# Programming Guide)  

Monitors 

Like the lock keyword, monitors prevent blocks of code from simultaneous execution by 

multiple threads. The Enter method allows one and only one thread to proceed into the 

following statements; all other threads are blocked until the executing thread calls Exit. This 

is just like using the lock keyword. In fact, the lockkeyword is implemented with the Monitor 

class. For example:  

C# 

Copy Code 

lock (x) 

{ 

 DoSomething(); 

} 

  

This is equivalent to:  

C# 

Copy Code 

System.Object obj = (System.Object)x; 

System.Threading.Monitor.Enter(obj); 

try 

{ 

 DoSomething(); 
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} 

finally 

{ 

 System.Threading.Monitor.Exit(obj); 

} 

  

Using the lock keyword is generally preferred over using the Monitor class directly, both 

because lock is more concise, and because lock insures that the underlying monitor is 

released, even if the protected code throws an exception. This is accomplished with the 

finally keyword, which executes its associated code block regardless of whether an exception 

is thrown. For more information on monitors, see Monitor Synchronization Technology 

Sample. class="LibC_o"> Synchronization Events and Wait Handles Using a lock or monitor 

is useful for preventing the simultaneous execution of thread-sensitive blocks of code, but 

these constructs do not allow one thread to communicate an event to another. This requires 

synchronization events, which are objects that have one of two states, signaled and un-

signaled, that can be used to activate and suspend threads. Threads can be suspended by 

being made to wait on a synchronization event that is unsignaled, and can be activated by 

changing the event state to signaled. If a thread attempts to wait on an event that is already 

signaled, then the thread continues to execute without delay. There are two kinds of 

synchronization events: AutoResetEvent, and ManualResetEvent. They differ only in that 

AutoResetEvent changes from signaled to unsignaled automatically any time it activates a 

thread. Conversely, a ManualResetEvent allows any number of threads to be activated by its 

signaled state, and will only revert to an unsignaled state when its Reset method is called. 

Threads can be made to wait on events by calling one of the wait methods, such as WaitOne, 

WaitAny, or WaitAll. WaitHandle..::.WaitOne()()() causes the thread to wait until a single 

event becomes signaled, WaitHandle..::.WaitAny()()() blocks a thread until one or more 

indicated events become signaled, and WaitHandle..::.WaitAll()()() blocks the thread until all 

of the indicated events become signaled. An event becomes signaled when its Set method is 

called. In the following example, a thread is created and started by the Main function. The 

new thread waits on an event using the WaitOne method. The thread is suspended until the 

event becomes signaled by the primary thread that is executing the Main function. Once the 

event becomes signaled, the auxiliary thread returns. In this case, because the event is only 

used for one thread activation, either the AutoResetEvent or ManualResetEvent classes could 

be used.  
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C# 

Copy Code 

using System; 

using System.Threading; 

  

class ThreadingExample 

{ 

 static AutoResetEvent autoEvent; 

  

 static void DoWork() 

 { 

 Console.WriteLine(" worker thread started, now waiting on event..."); 

 autoEvent.WaitOne(); 

 Console.WriteLine(" worker thread reactivated, now exiting..."); 

 } 

  

 static void Main() 

 { 

 autoEvent = new AutoResetEvent(false); 

  

 Console.WriteLine("main thread starting worker thread..."); 

 Thread t = new Thread(DoWork); 

 t.Start(); 

  

 Console.WriteLine("main thread sleeping for 1 second..."); 

 Thread.Sleep(1000); 

  

 Console.WriteLine("main thread signaling worker thread..."); 

 autoEvent.Set(); 

 } 

} 

 For more examples of thread synchronization event usage, see:  
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 Monitor Synchronization Technology Sample  

 Reader-Writer Synchronization Technology Sample  

 Thread Pools Technology Sample  

 Wait Synchronization Technology Sample  

Amutex is similar to a monitor; it prevents the simultaneous execution of a block of code by 

more than one thread at a time. In fact, the name "mutex" is a shortened form of the term 

"mutually exclusive." Unlike monitors, however, a mutex can be used to synchronize threads 

across processes. A mutex is represented by the Mutex class. When used for inter-process 

synchronization, a mutex is called a named mutex because it is to be used in another 

application, and therefore it cannot be shared by means of a global or static variable. It must 

be given a name so that both applications can access the same mutex object. Although a 

mutex can be used for intra-process thread synchronization, using Monitor is generally 

preferred, because monitors were designed specifically for the .NET Framework and 

therefore make better use of resources. In contrast, the Mutex class is a wrapper to a Win32 

construct. While it is more powerful than a monitor, a mutex requires interop transitions that 

are more computationally expensive than those required by the Monitor class. For an example 

of using a mutex, see Mutexes.  

5. Producer/Consumer Relationship with Thread Synchronization 

In a Producer/Consumer Relationship, the Producer generates data and the Consumer uses 

that data. In Multithreading Producer/Consumer Relationship, a Producer thread calls a 

Produce Method to generate data & place it into shared region with Their methods: of 

memory, called shared buffer. A Consumer thread calls a Consume Method to read that data. 

If the Producer waiting to write next data to the buffer determines that the Consumer has not 

yet read the prervious data from the buffer, the Producer thread should call Wait; Otherwise, 

the Consumer never sees the previous data & that data is lost cause the Producer overwrite it. 

When the Consumer thread reads the data from the buffer , it should call Pulse to allow a 

waiting Producer to produce another data. If a Consumer finds the buffer empty or finds that 

the previous data has already been read, The Consumer should call Wait; Otherwise, the 

Consumer might read nothing from the buffer or process a previous data item more than 

once. When the Producer places next data into the buffer, the Producer should call Pulse to 

allow the Consumer thread to proceed. This was how the Producer/Consumer Should Work, 

Now let's exmine the algorithm of how to implement that using Monitor Class, We can call 
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this a binary solution as we'll see why later. Note: this is just an algorithm not the real C# 

Code, but I am using some of C# Classes names  

var Buffer 

int occupiedCount 

Proc Produce(var x) 

{ 

 Monitor.Enter(Buffer) 

 if(occupiedCount == 1) 

 { 

 //no more space 

 // Wait for Consumer to Consume Data and Decrement occupiedCount  

Monitor.Wait(Buffer) 

 } 

 Buffer = x 

 //Incrementing occupiedCount means that the data has beed Produced and  

//ready to read 

 occupiedCount = occupiedCount + 1 

  

 //Tells the waiting Consumer thread -if there is one- that there are a 

 // change in Buffer 

 Monitor.Pulse(Buffer)  

Monitor.Exit(Buffer) //Now The Consumer Thread can Access Buffer 

} 

  

Proc Consumer(var x) 

{ 

 int BufferCopy 

 Monitor.Enter(Buffer) 

 if(occupiedCount == 0) 

 { 

 //no Data to read 

 //Wait for Producer to Produce Data and Increment occupiedCount  

Monitor.Wait(Buffer) 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

203
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



 } 

 BufferCopy = Buffer //Save Original Buffer Data 

 //Decrementing occupiedCount means that the data has beed consumed 

 occupiedCount = occupiedCount - 1 

  

 //Tells the waiting Producer thread -if there is one- that there are a 

 // change in Buffer 

 Monitor.Pulse(Buffer) 

 Monitor.Exit(Buffer) 

 return BufferCopy 

}  

I called this binary solution because occupiedCount only takes one of tow values 0 or 1, so 

you can make as boolean, as the Shared buffer only can store one item or single data, we can 

fix that by re-developing this problem using Bounded-buffer -Buffer array-, I attached the 

bounded buffer solution with this tutorial, but I'll leave it to you to exmine the code; it is well 

commented.  

6. Producer/Consumer Relationship: Circular Buffer. 

In a Producer/Consumer Relationship, the Producer generates data and the Consumer uses 

that data. In Multithreading Producer/Consumer Relationship, a Producer thread calls a 

Produce Method to generate data & place it into shared region of memory, called shared 

buffer. A Consumer thread calls a Consume Method to read that data. If the Producer waiting 

to write next data to the buffer determines that the Consumer has not yet read the prervious 

data from the buffer, the Producer thread should call Wait; Otherwise, the Consumer never 

sees the previous data & that data is lost cause the Producer overwrite it. When the Consumer 

thread reads the data from the buffer , it should call Pulse to allow a waiting Producer to 

produce another data. If a Consumer finds the buffer empty or finds that the previous data has 

already been read, The Consumer should call Wait; Otherwise, the Consumer might read 

nothing from the buffer or process a previous data item more than once. When the Producer 

places next data into the buffer, the Producer should call Pulse to allow the Consumer thread 

to proceed. This was how the Producer/Consumer Should Work, Now let's exmine the 

algorithm of how to implement that using Monitor Class, We can call this a binary solution as 

we'll see why later. 
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var Buffer 

int occupiedCount 

Proc Produce(var x) 

{ 

 Monitor.Enter(Buffer) 

 if(occupiedCount == 1) 

 { 

 //no more space 

 // Wait for Consumer to Consume Data and Decrement occupiedCount  

Monitor.Wait(Buffer) 

 } 

 Buffer = x 

 //Incrementing occupiedCount means that the data has beed Produced and  

//ready to read 

 occupiedCount = occupiedCount + 1 

  

 //Tells the waiting Consumer thread -if there is one- that there are a 

 // change in Buffer 

 Monitor.Pulse(Buffer)  

Monitor.Exit(Buffer) //Now The Consumer Thread can Access Buffer 

} 

  

Proc Consumer(var x) 

{ 

 int BufferCopy 

 Monitor.Enter(Buffer) 

 if(occupiedCount == 0) 

 { 

 //no Data to read 

 //Wait for Producer to Produce Data and Increment occupiedCount  

Monitor.Wait(Buffer) 

 } 

 BufferCopy = Buffer //Save Original Buffer Data 
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 //Decrementing occupiedCount means that the data has beed consumed 

 occupiedCount = occupiedCount - 1 

  

 //Tells the waiting Producer thread -if there is one- that there are a 

 // change in Buffer 

 Monitor.Pulse(Buffer) 

 Monitor.Exit(Buffer) 

return BufferCopy 

In Section 4 of this course you will cover these topics: 

 

Strings, Characters And Regular Expressions  
 

Graphics And Multimedia  
 

Files And Streams  
 

Extensible Markup Language (Xml) 

 

Topic : Strings, Characters And Regular Expressions 

Topic Objective: 

At the end of this topic the student will be able to:  

 Understand String Constructors. 

 Understand Comparing Strings 

 Understand Class StringBuilder 

 Understand StringBuilder Operations 

Definition/Overview: 

Generally,string is a thin, flexible piece of rope or twine which is used to tie, bind, or hang 

other objects. String can be made from a variety of fibres. 

Examples of string use include: 

 String figures, designs formed by weaving string around one's fingers 

 A bow string, an essential part of a bow. 

 In musical instruments such as below. 
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 Key Points: 

1. String Constructors. 

Syntax: 

#include <string> 

 string(); 

 string( const string& s ); 

 string( size_type length, const char& ch ); 

 string( const char* str ); 

 string( const char* str, size_type length ); 

 string( const string& str, size_type index, size_type length ); 

 string( input_iterator start, input_iterator end ); 

 ~string(); 

Thestring constructorscreate a new string containing:  

 nothing; an empty string, 

 a copy of the given string s, 

 length copies of ch, 

 a duplicate of str (optionally up to length characters long), 

 a substring of str starting at index and length characters long 

 a string of characters denoted by the start and end iterators 

For example,  

string str1( 5, 'c' ); 

 string str2( "Now is the time..." ); 

 string str3( str2, 11, 4 ); 

 cout << str1 << endl; 

 cout << str2 << endl; 

 cout << str3 << endl; 

displays 

ccccc 

 Now is the time... 

 time 
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2. String Chars Property, Length Property and CopyTo Method. 

Imports System 

Public Class MainClass 

Shared Sub Main() 

Dim string1 As String 

Dim characterArray As Char() 

Dim i As Integer 

Dim quotes As Char = ChrW(34) 

 

string1 = "hello there" 

characterArray = New Char(5) {} 

 

Console.WriteLine( "string1: " & quotes & string1 ) 

 

Console.WriteLine( " test Length property ") 

Console.WriteLine( "Length of string1: " & string1.Length ) 

 

Console.WriteLine( " loop through characters in string1 and display reversed ") 

Console.WriteLine( "The string reversed is: ") 

 

For i = string1.Length - 1 To 0 Step -1 

Console.WriteLine( string1.Chars(i) ) 

Next 

 

Console.WriteLine( " copy characters from string1 into characterArray ") 

string1.CopyTo(0, characterArray, 0, 5) 

Console.WriteLine( "The character array is: " ) 

 

For i = 0 To characterArray.GetUpperBound(0) 

Console.WriteLine( characterArray(i) ) 

Next 

 

End Sub ' Main 
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3. Comparing Strings 

Applications that sort through text perform frequent string comparisons. For example, a 

report generator performs string comparisons when sorting a list of strings in alphabetical 

order.  

If your application audience is limited to people who speak English, you can probably 

perform string comparisons with the String.compareTomethod. The String.compareTomethod 

performs a binary comparison of the Unicode characters within the two strings. For most 

languages, however, this binary comparison cannot be relied on to sort strings, because the 

Unicode values do not correspond to the relative order of the characters. Fortunately the 

Collatorclass allows your application to perform string comparisons for different languages. 

In this section, you'll learn how to use the Collator class when sorting text. Performing 

Locale-Independent Comparisons Collation rules define the sort sequence of strings. These 

rules vary with locale, because various natural languages sort words differently. Using the 

predefined collation rules provided by the Collatorclass, you can sort strings in a locale-

independent manner. Customizing Collation Rules In some cases, the predefined collation 

rules provided by the Collator class may not work for you. For example, you may want to 

sort strings in a language whose locale is not supported by Collator. In this situation, you can 

define your own collation rules, and assign them to a RuleBasedCollatorobject. Improving 

Collation Performance With the CollationKeyclass, you may increase the efficiency of string 

comparisons. This class converts Stringobjects to sort keys that follow the rules of a given 

Collator.  

4. Class StringBuilder 

StringBuilder objects are like Stringobjects, except that they can be modified. Internally, 

these objects are treated like variable-length arrays that contain a sequence of characters. At 

any point, the length and content of the sequence can be changed through method 

invocations. Strings should always be used unless string builders offer an advantage in terms 

of simpler code or better performance. For example, if you need to concatenate a large 

number of strings, appending to a StringBuilder object is more efficient. Length and Capacity 

The StringBuilderclass, like the Stringclass, has a length()method that returns the length of 

the character sequence in the builder. Unlike strings, every string builder also has a capacity, 

the number of character spaces that have been allocated. The capacity, which is returned by 
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the capacity() method, is always greater than or equal to the length (usually greater than) and 

will automatically expand as necessary to accommodate additions to the string builder.  

STRINGBUILDER CONSTRUCTORS 

Constructor Description 

StringBuilder() Creates an empty string builder with a 

capacity of 16 (16 empty elements).  

StringBuilder(CharSequence cs)  Constructs a string builder containing the 

same characters as the specified 

CharSequence, plus an extra 16 empty 

elements trailing the CharSequence.  

StringBuilder(int initCapacity)  Creates an empty string builder with the 

specified initial capacity.  

StringBuilder(String s)  Creates a string builder whose value is 

initialized by the specified string, plus an 

extra 16 empty elements trailing the string.  

For example, the following code  

StringBuilder sb = new StringBuilder(); // creates empty builder, capacity 16 

sb.append("Greetings"); // adds 9 character string at beginning 

will produce a string builder with a length of 9 and a capacity of 16:  

The String Builderclass has some methods related to length and capacity that the String class does 

not have:  

 

LENGTH AND CAPACITY METHODS 

Method Description 

void setLength(int newLength)  Sets the length of the character sequence. If 

newLength is less than length(), the last 

characters in the character sequence are 

truncated. If newLength is greater than 

length(), null characters are added at the end 

of the character sequence.  
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void ensureCapacity(int minCapacity)  Ensures that the capacity is at least equal to 

the specified minimum.  

A number of operations (for example, append(),insert(), or setLength()) can increase the 

length of the character sequence in the string builder so that the resultant length()would be 

greater than the current capacity(). When this happens, the capacity is automatically 

increased.  

The principal operations on a StringBuilderthat are not available in Stringare the append()and 

insert()methods, which are overloaded so as to accept data of any type. Each converts its 

argument to a string and then appends or inserts the characters of that string to the character 

sequence in the string builder. The append method always adds these characters at the end of 

the existing character sequence, while the insert method adds the characters at a specified 

point.  

Here are a number of the methods of the StringBuilderclass. 

VARIOUS STRINGBUILDER METHODS 

Method Description 

StringBuilder append(boolean b)  

StringBuilder append(char c)  

StringBuilder append(char[] str)  

StringBuilder append(char[] str, int offset, int 

len)  

StringBuilder append(double d)  

StringBuilder append(float f)  

StringBuilder append(int i)  

StringBuilder append(long lng)  

StringBuilder append(Object obj)  

StringBuilder append(String s)  

Appends the argument to this string builder. 

The data is converted to a string before the 

append operation takes place.  

StringBuilder delete(int start, int end)  

StringBuilder deleteCharAt(int index)  

Deletes the specified character(s) in this 

string builder.  

StringBuilder insert(int offset, boolean b)  

StringBuilder insert(int offset, char c)  

StringBuilder insert(int offset, char[] str)  

Inserts the second argument into the string 

builder. The first integer argument indicates 

the index before which the data is to be 
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StringBuilder insert(int index, char[] str, int 

offset, int len)  

StringBuilder insert(int offset, double d)  

StringBuilder insert(int offset, float f)  

StringBuilder insert(int offset, int i)  

StringBuilder insert(int offset, long lng)  

StringBuilder insert(int offset, Object obj)  

StringBuilder insert(int offset, String s)  

inserted. The data is converted to a string 

before the insert operation takes place.  

StringBuilder replace(int start, int end, String 

s)  

void setCharAt(int index, char c)  

Replaces the specified character(s) in this 

string builder.  

StringBuilder reverse()  Reverses the sequence of characters in this 

string builder.  

String toString()  Returns a string that contains the character 

sequence in the builder.  

 

Note: You can use any String method on a StringBuilder object by first converting the string 

builder to a string with the toString() method of the StringBuilder class. Then convert the 

string back into a string builder using the StringBuilder(String str)constructor.  

5. StringBuilder Append and AppendFormat Methods 

Appends a formatted string, which contains zero or more format specifications, to this 

instance. Each format specification is replaced by the string representation of a corresponding 

object argument.  

Overload List 

 NAME DESCRIPTION 

 AppendFormat(String, Object) Appends a formatted string, which contains 

zero or more format specifications, to this 

instance. Each format specification is replaced 

by the string representation of a corresponding 
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object argument.  

 

AppendFormat(String, 

array<Object>[]()[]) 

Appends a formatted string, which contains 

zero or more format specifications, to this 

instance. Each format specification is replaced 

by the string representation of a corresponding 

object argument.  

 

AppendFormat(IFormatProvider, 

String, array<Object>[]()[]) 

Appends a formatted string, which contains 

zero or more format specifications, to this 

instance. Each format specification is replaced 

by the string representation of a corresponding 

object argument.  

 AppendFormat(String, Object, 

Object) 

Appends a formatted string, which contains 

zero or more format specifications, to this 

instance. Each format specification is replaced 

by the string representation of a corresponding 

object argument.  

 AppendFormat(String, Object, 

Object, Object) 

Appends a formatted string, which contains 

zero or more format specifications, to this 

instance. Each format specification is replaced 

by the string representation of a corresponding 

object argument.  

6. Char Methods 

The Char type exposes the following members. 

summary="" class="LibC_o"> Methods  

 Name Description 

 

CompareTo Overloaded. Compares this instance to a specified object or 

value type, and indicates whether this instance precedes, 

follows, or appears in the same position in the sort order as the 

specified object or value type.  

 

ConvertFromUtf32 Converts the specified Unicode code point into a UTF-16 
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encoded string.  

 

ConvertToUtf32 Overloaded. Converts the value of a UTF-16 encoded surrogate 

pair into a Unicode code point.  

 

Equals Overloaded.  

 

Finalize Allows an Object to attempt to free resources and perform other 

cleanup operations before the Object is reclaimed by garbage 

collection. (Inherited from Object.) 

 

GetHashCode Returns the hash code for this instance. (Overrides 

ValueType..::.GetHashCode()()().) 

 

GetNumericValue Overloaded. Converts a specified numeric Unicode character to 

a double-precision floating-point number.  

 

GetType Gets the Type of the current instance. (Inherited from Object.) 

 

GetTypeCode Returns the TypeCode for value type Char.  

 

GetUnicodeCategory Overloaded. Categorizes a Unicode character into a group 

identified by one of the UnicodeCategory values.  

 

IsControl Overloaded. Indicates whether a specified Unicode character is 

categorized as a control character.  

 

IsDigit Overloaded. Indicates whether a Unicode character is 

categorized as a decimal digit.  

 

IsHighSurrogate Overloaded. Indicates whether the specified Char object is a 

high surrogate.  

 

IsLetter Overloaded. Indicates whether a Unicode character is 

categorized as an alphabetic letter.  

 

IsLetterOrDigit Overloaded. Indicates whether a Unicode character is 

categorized as an alphabetic letter or a decimal digit.  

 

IsLower Overloaded. Indicates whether a Unicode character is 

categorized as a lowercase letter.  

 

IsLowSurrogate Overloaded. Indicates whether the specified Char object is a 

low surrogate.  

 

IsNumber Overloaded. Indicates whether a Unicode character is 

categorized as a number.  

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

214
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



 

IsPunctuation Overloaded. Indicates whether a Unicode character is 

categorized as a punctuation mark.  

 

IsSeparator Overloaded. Indicates whether a Unicode character is 

categorized as a separator character.  

 

IsSurrogate Overloaded. Indicates whether a character has a surrogate code 

point.  

 

IsSurrogatePair Overloaded. Indicates whether two specified Char objects form 

a surrogate pair.  

 

IsSymbol Overloaded. Indicates whether a Unicode character is 

categorized as a symbol character.  

 

IsUpper Overloaded. Indicates whether a Unicode character is 

categorized as an uppercase letter.  

 

IsWhiteSpace Overloaded. Indicates whether a Unicode character is 

categorized as white space.  

 

MemberwiseClone Creates a shallow copy of the current Object. (Inherited from 

Object.) 

 

Parse Converts the value of the specified string to its equivalent 

Unicode character.  

 

ToLower Overloaded. Converts the value of a Unicode character to its 

lowercase equivalent.  

 

ToLowerInvariant Converts the value of a Unicode character to its lowercase 

equivalent using the casing rules of the invariant culture.  

 

ToString Overloaded. Converts the value of this instance to its equivalent 

string representation.  

 

ToUpper Overloaded. Converts the value of a Unicode character to its 

uppercase equivalent.  

 

ToUpperInvariant Converts the value of a Unicode character to its uppercase 

equivalent using the casing rules of the invariant culture.  

 

TryParse Converts the value of the specified string to its equivalent 

Unicode character. A return code indicates whether the 

conversion succeeded or failed.  

Top 
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summary="" class="LibC_o"> Explicit Interface Implementations  

 NAME DESCRIPTION 

 

IConvertible..::.ToBoolean Infrastructure. Note This conversion is not supported. 

Attempting to do so throws an InvalidCastException.  

 

IConvertible..::.ToByte Infrastructure. For a description of this member, see 

IConvertible..::.ToByte.  

 

IConvertible..::.ToChar Infrastructure. For a description of this member, see 

IConvertible..::.ToChar.  

 

IConvertible..::.ToDateTime Infrastructure. Note This conversion is not supported. 

Attempting to do so throws an InvalidCastException.  

 

IConvertible..::.ToDecimal Infrastructure. Note This conversion is not supported. 

Attempting to do so throws an InvalidCastException.  

 

IConvertible..::.ToDouble Infrastructure. Note This conversion is not supported. 

Attempting to do so throws an InvalidCastException.  

 

IConvertible..::.ToInt16 Infrastructure. For a description of this member, see 

IConvertible..::.ToInt16.  

 

IConvertible..::.ToInt32 Infrastructure. For a description of this member, see 

IConvertible..::.ToInt32.  

 

IConvertible..::.ToInt64 Infrastructure. For a description of this member, see 

IConvertible..::.ToInt64.  

 

IConvertible..::.ToSByte Infrastructure. For a description of this member, see 

IConvertible..::.ToSByte.  

 

IConvertible..::.ToSingle Infrastructure. Note This conversion is not supported. 

Attempting to do so throws an InvalidCastException.  

 

IConvertible..::.ToType Infrastructure. For a description of this member, see 

IConvertible..::.ToType.  

 

IConvertible..::.ToUInt16 Infrastructure. For a description of this member, see 

IConvertible..::.ToUInt16.  

 

IConvertible..::.ToUInt32 Infrastructure. For a description of this member, see 

IConvertible..::.ToUInt32.  

 

IConvertible..::.ToUInt64 Infrastructure. For a description of this member, see 

IConvertible..::.ToUInt64. 
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Topic : Graphics And Multimedia 

Topic Objective: 

At the end of this topic the student will be able to:  

 Understand Graphics Contexts and Graphics Objects  

Definition/Overview: 

Graphics Contexts and Graphics Objects:The Graphics class is the abstract base class for 

all graphics contexts that allow an application to draw onto components that are realized on 

various devices, as well as onto off-screen images.  

A Graphics object encapsulates state information needed for the basic rendering operations 

that Java supports. 

Key Points: 

1. Graphics Contexts and Graphics Objects. 

The Graphics class is the abstract base class for all graphics contexts that allow an application 

to draw onto components that are realized on various devices, as well as onto off-screen 

images.  

A Graphics object encapsulates state information needed for the basic rendering operations 

that Java supports. This state information includes the following properties:  

 The Component object on which to draw.  

 A translation origin for rendering and clipping coordinates.  

 The current clip.  

 The current color.  

 The current font.  

 The current logical pixel operation function (XOR or Paint).  

 The current XOR alternation color (see setXORMode(java.awt.Color)).  

Coordinates are infinitely thin and lie between the pixels of the output device. Operations that 

draw the outline of a figure operate by traversing an infinitely thin path between pixels with a 
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pixel-sized pen that hangs down and to the right of the anchor point on the path. Operations 

that fill a figure operate by filling the interior of that infinitely thin path. Operations that 

render horizontal text render the ascending portion of character glyphs entirely above the 

baseline coordinate.  

The graphics pen hangs down and to the right from the path it traverses. This has the 

following implications:  

 If you draw a figure that covers a given rectangle, that figure occupies one extra row of pixels 

on the right and bottom edges as compared to filling a figure that is bounded by that same 

rectangle.  

 If you draw a horizontal line along the same y coordinate as the baseline of a line of text, that 

line is drawn entirely below the text, except for any descenders.  

All coordinates that appear as arguments to the methods of this Graphics object are 

considered relative to the translation origin of this Graphics object prior to the invocation of 

the method.  

All rendering operations modify only pixels which lie within the area bounded by the current 

clip, which is specified by a Shape in user space and is controlled by the program using the 

Graphics object. This user clip is transformed into device space and combined with the 

device clip, which is defined by the visibility of windows and device extents. The 

combination of the user clip and device clip defines the composite clip, which determines the 

final clipping region. The user clip cannot be modified by the rendering system to reflect the 

resulting composite clip. The user clip can only be changed through the setClip or clipRect 

methods. All drawing or writing is done in the current color, using the current paint mode, 

and in the current font.  

Since: JDK1.0 

See Also: Component, clipRect(int, int, int, int), setColor(java.awt.Color), setPaintMode(), 

setXORMode(java.awt.Color), setFont(java.awt.Font) 

Constructor Summary 
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protected  Graphics()  

Constructs a new Graphics object. 

Method Summary 

abstract 

void 

clearRect(int x, int y, int width, int height)  

Clears the specified rectangle by filling it with the background color of the 

current drawing surface. 

abstract 

void 

clipRect(int x, int y, int width, int height)  

Intersects the current clip with the specified rectangle. 

abstract 

void 

copyArea(int x, int y, int width, int height, int dx, int dy)  

Copies an area of the component by a distance specified by dx and dy. 

abstract 

Graphics 

create()  

Creates a new Graphics object that is a copy of this Graphics object. 

Graphics create(int x, int y, int width, int height)  

Creates a new Graphics object based on this Graphics object, but with a new 

translation and clip area. 

abstract 

void 

dispose()  

Disposes of this graphics context and releases any system resources that it is 

using. 

void draw3DRect(int x, int y, int width, int height, boolean raised)  

Draws a 3-D highlighted outline of the specified rectangle. 

abstract 

void 

drawArc(int x, int y, int width, int height, int startAngle, int arcAngle)  

Draws the outline of a circular or elliptical arc covering the specified rectangle. 

void drawBytes(byte[] data, int offset, int length, int x, int y)  

Draws the text given by the specified byte array, using this graphics context's 

current font and color. 

void drawChars(char[] data, int offset, int length, int x, int y)  

Draws the text given by the specified character array, using this graphics 

context's current font and color. 
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abstract 

boolean 

drawImage(Image img, int x, int y, Color bgcolor, ImageObserver observer)  

Draws as much of the specified image as is currently available. 

abstract 

boolean 

drawImage(Image img, int x, int y, ImageObserver observer)  

Draws as much of the specified image as is currently available. 

abstract 

boolean 

drawImage(Image img, int x, int y, int width, int height, Color bgcolor, 

ImageObserver observer)  

Draws as much of the specified image as has already been scaled to fit inside 

the specified rectangle. 

abstract 

boolean 

drawImage(Image img, int x, int y, int width, int height, ImageObserver 

observer)  

Draws as much of the specified image as has already been scaled to fit inside 

the specified rectangle. 

abstract 

boolean 

drawImage(Image img, int dx1, int dy1, int dx2, int dy2, int sx1, int sy1, int sx2, 

int sy2, Color bgcolor, ImageObserver observer)  

Draws as much of the specified area of the specified image as is currently 

available, scaling it on the fly to fit inside the specified area of the destination 

drawable surface. 

abstract 

boolean 

drawImage(Image img, int dx1, int dy1, int dx2, int dy2, int sx1, int sy1, int sx2, 

int sy2, ImageObserver observer)  

Draws as much of the specified area of the specified image as is currently 

available, scaling it on the fly to fit inside the specified area of the destination 

drawable surface. 

abstract 

void 

drawLine(int x1, int y1, int x2, int y2)  

Draws a line, using the current color, between the points (x1, y1) and (x2, y2) in 

this graphics context's coordinate system. 

abstract 

void 

drawOval(int x, int y, int width, int height)  

Draws the outline of an oval. 

abstract 

void 

drawPolygon(int[] xPoints, int[] yPoints, int nPoints)  

Draws a closed polygon defined by arrays of x and y coordinates. 

void drawPolygon(Polygon p)  
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Draws the outline of a polygon defined by the specified Polygon object. 

abstract 

void 

drawPolyline(int[] xPoints, int[] yPoints, int nPoints)  

Draws a sequence of connected lines defined by arrays of x and y coordinates. 

void drawRect(int x, int y, int width, int height)  

Draws the outline of the specified rectangle. 

abstract 

void 

drawRoundRect(int x, int y, int width, int height, int arcWidth, int arcHeight)  

Draws an outlined round-cornered rectangle using this graphics context's 

current color. 

abstract 

void 

drawString(AttributedCharacterIterator iterator, int x, int y)  

Draws the text given by the specified iterator, using this graphics context's 

current color. 

abstract 

void 

drawString(String str, int x, int y)  

Draws the text given by the specified string, using this graphics context's 

current font and color. 

void fill3DRect(int x, int y, int width, int height, boolean raised)  

Paints a 3-D highlighted rectangle filled with the current color. 

abstract 

void 

fillArc(int x, int y, int width, int height, int startAngle, int arcAngle)  

Fills a circular or elliptical arc covering the specified rectangle. 

abstract 

void 

fillOval(int x, int y, int width, int height)  

Fills an oval bounded by the specified rectangle with the current color. 

abstract 

void 

fillPolygon(int[] xPoints, int[] yPoints, int nPoints)  

Fills a closed polygon defined by arrays of x and y coordinates. 

void fillPolygon(Polygon p)  

Fills the polygon defined by the specified Polygon object with the graphics 

context's current color. 

abstract 

void 

fillRect(int x, int y, int width, int height)  

Fills the specified rectangle. 

abstract 

void 

fillRoundRect(int x, int y, int width, int height, int arcWidth, int arcHeight)  

Fills the specified rounded corner rectangle with the current color. 
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void finalize()  

Disposes of this graphics context once it is no longer referenced. 

abstract 

Shape 

getClip()  

Gets the current clipping area. 

abstract 

Rectangle 

getClipBounds()  

Returns the bounding rectangle of the current clipping area. 

Rectangle getClipBounds(Rectangle r)  

Returns the bounding rectangle of the current clipping area. 

Rectangle getClipRect()  

Deprecated. As of JDK version 1.1, replaced by getClipBounds(). 

abstract 

Color 

getColor()  

Gets this graphics context's current color. 

abstract 

Font 

getFont()  

Gets the current font. 

FontMetrics getFontMetrics()  

Gets the font metrics of the current font. 

abstract 

FontMetrics 

getFontMetrics(Font f)  

Gets the font metrics for the specified font. 

boolean hitClip(int x, int y, int width, int height)  

Returns true if the specified rectangular area might intersect the current clipping 

area. 

abstract 

void 

setClip(int x, int y, int width, int height)  

Sets the current clip to the rectangle specified by the given coordinates. 

abstract 

void 

setClip(Shape clip)  

Sets the current clipping area to an arbitrary clip shape. 

abstract 

void 

setColor(Color c)  

Sets this graphics context's current color to the specified color. 

abstract 

void 

setFont(Font font)  

Sets this graphics context's font to the specified font. 
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abstract 

void 

setPaintMode()  

Sets the paint mode of this graphics context to overwrite the destination with 

this graphics context's current color. 

abstract 

void 

setXORMode(Color c1)  

Sets the paint mode of this graphics context to alternate between this graphics 

context's current color and the new specified color. 

String toString()  

Returns a String object representing this Graphics object's value. 

abstract 

void 

translate(int x, int y)  

Translates the origin of the graphics context to the point (x, y) in the current 

coordinate system. 

Methods inherited from class java.lang.Object 

clone, equals, getClass, hashCode, notify, notifyAll, wait, wait, wait 

Graphics 

protected Graphics() 

Constructs a new Graphics object. This constructor is the default contructor for a 

graphics context.  

Since Graphics is an abstract class, applications cannot call this constructor directly. 

Graphics contexts are obtained from other graphics contexts or are created by calling 

getGraphics on a component.  

See Also: 

create(), Component.getGraphics() 

create 

public abstract Graphics create() 

Creates a new Graphics object that is a copy of this Graphics object.  

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

223
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Returns: 

a new graphics context that is a copy of this graphics context. 

create 

public Graphics create(int x, 

int y, 

int width, 

int height) 

Creates a new Graphics object based on this Graphics object, but with a new 

translation and clip area. The new Graphics object has its origin translated to the 

specified point (x, y). Its clip area is determined by the intersection of the original clip 

area with the specified rectangle. The arguments are all interpreted in the coordinate 

system of the original Graphics object. The new graphics context is identical to the 

original, except in two respects:  

The new graphics context is translated by (x, y). That is to say, the point (0, 0) 

in the new graphics context is the same as (x, y) in the original graphics 

context.  

The new graphics context has an additional clipping rectangle, in addition to 

whatever (translated) clipping rectangle it inherited from the original graphics 

context. The origin of the new clipping rectangle is at (0, 0), and its size is 

specified by the width and height arguments.  

Parameters: 

x - the x coordinate. 

y - the y coordinate. 

width - the width of the clipping rectangle. 
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height - the height of the clipping rectangle.  

Returns: 

a new graphics context. 

See Also: 

translate(int, int), clipRect(int, int, int, int) 

translate 

public abstract void translate(int x, 

int y) 

Translates the origin of the graphics context to the point (x, y) in the current 

coordinate system. Modifies this graphics context so that its new origin corresponds 

to the point (x, y) in this graphics context's original coordinate system. All coordinates 

used in subsequent rendering operations on this graphics context will be relative to 

this new origin.  

Parameters: 

x - the x coordinate. 

y - the y coordinate. 

getColor 

public abstract Color getColor() 

Gets this graphics context's current color.  

Returns: 

this graphics context's current color. 

See Also: 
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Color, setColor(Color) 

setColor 

public abstract void setColor(Color c) 

Sets this graphics context's current color to the specified color. All subsequent 

graphics operations using this graphics context use this specified color.  

Parameters: 

c - the new rendering color. 

See Also: 

Color, getColor() 

setPaintMode 

public abstract void setPaintMode() 

Sets the paint mode of this graphics context to overwrite the destination with this 

graphics context's current color. This sets the logical pixel operation function to the 

paint or overwrite mode. All subsequent rendering operations will overwrite the 

destination with the current color.  

setXORMode 

public abstract void setXORMode(Color c1) 

Sets the paint mode of this graphics context to alternate between this graphics 

context's current color and the new specified color. This specifies that logical pixel 

operations are performed in the XOR mode, which alternates pixels between the 

current color and a specified XOR color.  

When drawing operations are performed, pixels which are the current color are 

changed to the specified color, and vice versa. Pixels that are of colors other than 
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those two colors are changed in an unpredictable but reversible manner; if the same 

figure is drawn twice, then all pixels are restored to their original values.  

Parameters: 

c1 - the XOR alternation color 

getFont 

public abstract Font getFont() 

Gets the current font.  

Returns: 

this graphics context's current font. 

See Also: 

Font, setFont(Font) 

setFont 

public abstract void setFont(Font font) 

Sets this graphics context's font to the specified font. All subsequent text operations 

using this graphics context use this font.  

Parameters: 

font - the font. 

See Also: 

getFont(), drawString(java.lang.String, int, int), drawBytes(byte[], int, int, int, int), 

drawChars(char[], int, int, int, int) 

getFontMetrics 
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public FontMetrics getFontMetrics() 

Gets the font metrics of the current font.  

Returns: 

the font metrics of this graphics context's current font. 

See Also: 

getFont(), FontMetrics, getFontMetrics(Font) 

getFontMetrics 

public abstract FontMetrics getFontMetrics(Font f) 

Gets the font metrics for the specified font.  

Parameters: 

f - the specified font  

Returns: 

the font metrics for the specified font. 

See Also: 

getFont(), FontMetrics, getFontMetrics() 

getClipBounds 

public abstract Rectangle getClipBounds() 

Returns the bounding rectangle of the current clipping area. This method refers to the 

user clip, which is independent of the clipping associated with device bounds and 

window visibility. If no clip has previously been set, or if the clip has been cleared 

using setClip(null), this method returns null. The coordinates in the rectangle are 

relative to the coordinate system origin of this graphics context.  
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Returns: 

the bounding rectangle of the current clipping area, or null if no clip is set. 

Since: 

JDK1.1 

See Also: 

getClip(), clipRect(int, int, int, int), setClip(int, int, int, int), setClip(Shape) 

clipRect 

public abstract void clipRect(int x, 

int y, 

int width, 

int height) 

Intersects the current clip with the specified rectangle. The resulting clipping area is 

the intersection of the current clipping area and the specified rectangle. If there is no 

current clipping area, either because the clip has never been set, or the clip has been 

cleared using setClip(null), the specified rectangle becomes the new clip. This method 

sets the user clip, which is independent of the clipping associated with device bounds 

and window visibility. This method can only be used to make the current clip smaller. 

To set the current clip larger, use any of the setClip methods. Rendering operations 

have no effect outside of the clipping area.  

Parameters: 

x - the x coordinate of the rectangle to intersect the clip with 

y - the y coordinate of the rectangle to intersect the clip with 

width - the width of the rectangle to intersect the clip with 
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height - the height of the rectangle to intersect the clip with 

See Also: 

setClip(int, int, int, int), setClip(Shape) 

setClip 

public abstract void setClip(int x, 

int y, 

int width, 

int height) 

Sets the current clip to the rectangle specified by the given coordinates. This method 

sets the user clip, which is independent of the clipping associated with device bounds 

and window visibility. Rendering operations have no effect outside of the clipping 

area.  

Parameters: 

x - the x coordinate of the new clip rectangle. 

y - the y coordinate of the new clip rectangle. 

width - the width of the new clip rectangle. 

height - the height of the new clip rectangle. 

Since: 

JDK1.1 

See Also: 

clipRect(int, int, int, int), setClip(Shape), getClip() 
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getClip 

public abstract Shape getClip() 

Gets the current clipping area. This method returns the user clip, which is independent 

of the clipping associated with device bounds and window visibility. If no clip has 

previously been set, or if the clip has been cleared using setClip(null), this method 

returns null.  

Returns: 

a Shape object representing the current clipping area, or null if no clip is set. 

Since: 

JDK1.1 

See Also: 

getClipBounds(), clipRect(int, int, int, int), setClip(int, int, int, int), setClip(Shape) 

setClip 

public abstract void setClip(Shape clip) 

Sets the current clipping area to an arbitrary clip shape. Not all objects that implement 

the Shape interface can be used to set the clip. The only Shape objects that are 

guaranteed to be supported are Shape objects that are obtained via the getClip method 

and via Rectangle objects. This method sets the user clip, which is independent of the 

clipping associated with device bounds and window visibility.  

Parameters: 

clip - the Shape to use to set the clip 

Since: 

JDK1.1 
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See Also: 

getClip(), clipRect(int, int, int, int), setClip(int, int, int, int) 

copyArea 

public abstract void copyArea(int x, 

int y, 

int width, 

int height, 

int dx, 

int dy) 

Copies an area of the component by a distance specified by dx and dy. From the point 

specified by x and y, this method copies downwards and to the right. To copy an area 

of the component to the left or upwards, specify a negative value for dx or dy. If a 

portion of the source rectangle lies outside the bounds of the component, or is 

obscured by another window or component, copyArea will be unable to copy the 

associated pixels. The area that is omitted can be refreshed by calling the component's 

paint method.  

Parameters: 

x - the x coordinate of the source rectangle. 

y - the y coordinate of the source rectangle. 

width - the width of the source rectangle. 

height - the height of the source rectangle. 

dx - the horizontal distance to copy the pixels. 

dy - the vertical distance to copy the pixels. 
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drawLine 

public abstract void drawLine(int x1, 

int y1, 

int x2, 

int y2) 

Draws a line, using the current color, between the points (x1, y1) and (x2, y2) in this 

graphics context's coordinate system.  

Parameters: 

x1 - the first point's x coordinate. 

y1 - the first point's y coordinate. 

x2 - the second point's x coordinate. 

y2 - the second point's y coordinate. 

fillRect 

public abstract void fillRect(int x, 

int y, 

int width, 

int height) 

Fills the specified rectangle. The left and right edges of the rectangle are at x and x + 

width - 1. The top and bottom edges are at y and y + height - 1. The resulting 

rectangle covers an area width pixels wide by height pixels tall. The rectangle is filled 

using the graphics context's current color.  

Parameters: 
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x - the x coordinate of the rectangle to be filled. 

y - the y coordinate of the rectangle to be filled. 

width - the width of the rectangle to be filled. 

height - the height of the rectangle to be filled. 

See Also: 

clearRect(int, int, int, int), drawRect(int, int, int, int) 

drawRect 

public void drawRect(int x, 

int y, 

int width, 

int height) 

Draws the outline of the specified rectangle. The left and right edges of the rectangle 

are at x and x + width. The top and bottom edges are at y and y + height. The 

rectangle is drawn using the graphics context's current color.  

Parameters: 

x - the x coordinate of the rectangle to be drawn. 

y - the y coordinate of the rectangle to be drawn. 

width - the width of the rectangle to be drawn. 

height - the height of the rectangle to be drawn. 

See Also: 

fillRect(int, int, int, int), clearRect(int, int, int, int) 
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clearRect 

public abstract void clearRect(int x, 

int y, 

int width, 

int height) 

Clears the specified rectangle by filling it with the background color of the current 

drawing surface. This operation does not use the current paint mode.  

Beginning with Java 1.1, the background color of offscreen images may be system 

dependent. Applications should use setColor followed by fillRect to ensure that an 

offscreen image is cleared to a specific color.  

Parameters: 

x - the x coordinate of the rectangle to clear. 

y - the y coordinate of the rectangle to clear. 

width - the width of the rectangle to clear. 

height - the height of the rectangle to clear. 

See Also: 

fillRect(int, int, int, int), drawRect(int, int, int, int), setColor(java.awt.Color), 

setPaintMode(), setXORMode(java.awt.Color) 

drawRoundRect 

public abstract void drawRoundRect(int x, 

int y, 

int width, 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

235
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



int height, 

int arcWidth, 

int arcHeight) 

Draws an outlined round-cornered rectangle using this graphics context's current 

color. The left and right edges of the rectangle are at x and x + width, respectively. 

The top and bottom edges of the rectangle are at y and y + height.  

Parameters: 

x - the x coordinate of the rectangle to be drawn. 

y - the y coordinate of the rectangle to be drawn. 

width - the width of the rectangle to be drawn. 

height - the height of the rectangle to be drawn. 

arcWidth - the horizontal diameter of the arc at the four corners. 

arcHeight - the vertical diameter of the arc at the four corners. 

See Also: 

fillRoundRect(int, int, int, int, int, int) 

fillRoundRect 

public abstract void fillRoundRect(int x, 

int y, 

int width, 

int height, 

int arcWidth, 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

236
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



int arcHeight) 

Fills the specified rounded corner rectangle with the current color. The left and right 

edges of the rectangle are at x and x + width - 1, respectively. The top and bottom 

edges of the rectangle are at y and y + height - 1.  

Parameters: 

x - the x coordinate of the rectangle to be filled. 

y - the y coordinate of the rectangle to be filled. 

width - the width of the rectangle to be filled. 

height - the height of the rectangle to be filled. 

arcWidth - the horizontal diameter of the arc at the four corners. 

arcHeight - the vertical diameter of the arc at the four corners. 

See Also: 

drawRoundRect(int, int, int, int, int, int) 

draw3DRect 

public void draw3DRect(int x, 

int y, 

int width, 

int height, 

boolean raised) 

Draws a 3-D highlighted outline of the specified rectangle. The edges of the rectangle 

are highlighted so that they appear to be beveled and lit from the upper left corner.  
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The colors used for the highlighting effect are determined based on the current color. The 

resulting rectangle covers an area that is width + 1 pixels wide by height + 1 pixels tall.  

Parameters: 

x - the x coordinate of the rectangle to be drawn. 

y - the y coordinate of the rectangle to be drawn. 

width - the width of the rectangle to be drawn. 

height - the height of the rectangle to be drawn. 

raised - a boolean that determines whether the rectangle appears to be raised above the 

surface or sunk into the surface. 

See Also: 

fill3DRect(int, int, int, int, boolean) 

fill3DRect 

public void fill3DRect(int x, 

int y, 

int width, 

int height, 

boolean raised) 

Paints a 3-D highlighted rectangle filled with the current color. The edges of the 

rectangle will be highlighted so that it appears as if the edges were beveled and lit 

from the upper left corner. The colors used for the highlighting effect will be 

determined from the current color.  

Parameters: x - the x coordinate of the rectangle to be filled. 
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           y - the y coordinate of the rectangle to be filled. 

width - the width of the rectangle to be filled. 

height - the height of the rectangle to be filled. 

raised - a boolean value that determines whether the rectangle appears to be raised 

above the surface or etched into the surface. 

See Also: 

draw3DRect(int, int, int, int, boolean) 

drawOval 

public abstract void drawOval(int x, 

int y, 

int width, 

int height) 

Draws the outline of an oval. The result is a circle or ellipse that fits within the 

rectangle specified by the x, y, width, and height arguments.  

The oval covers an area that is width + 1 pixels wide and height + 1 pixels tall.  

Parameters: 

x - the x coordinate of the upper left corner of the oval to be drawn. 

y - the y coordinate of the upper left corner of the oval to be drawn. 

width - the width of the oval to be drawn. 

height - the height of the oval to be drawn. 

See Also: 
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fillOval(int, int, int, int) 

fillOval 

public abstract void fillOval(int x, 

int y, 

int width, 

int height) 

Fills an oval bounded by the specified rectangle with the current color.  

Parameters: 

x - the x coordinate of the upper left corner of the oval to be filled. 

y - the y coordinate of the upper left corner of the oval to be filled. 

width - the width of the oval to be filled. 

height - the height of the oval to be filled. 

See Also: 

drawOval(int, int, int, int) 

drawArc 

public abstract void drawArc(int x, 

int y, 

int width, 

int height, 

int startAngle, 
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int arcAngle) 

Draws the outline of a circular or elliptical arc covering the specified rectangle.  

The resulting arc begins at startAngle and extends for arcAngle degrees, using the 

current color. Angles are interpreted such that 0 degrees is at the 3 o'clock position. A 

positive value indicates a counter-clockwise rotation while a negative value indicates 

a clockwise rotation.  

The center of the arc is the center of the rectangle whose origin is (x, y) and whose 

size is specified by the width and height arguments.  

The resulting arc covers an area width + 1 pixels wide by height + 1 pixels tall.  

The angles are specified relative to the non-square extents of the bounding rectangle 

such that 45 degrees always falls on the line from the center of the ellipse to the upper 

right corner of the bounding rectangle. As a result, if the bounding rectangle is 

noticeably longer in one axis than the other, the angles to the start and end of the arc 

segment will be skewed farther along the longer axis of the bounds.  

Parameters: 

x - the x coordinate of the upper-left corner of the arc to be drawn. 

y - the y coordinate of the upper-left corner of the arc to be drawn. 

width - the width of the arc to be drawn. 

height - the height of the arc to be drawn. 

startAngle - the beginning angle. 

arcAngle - the angular extent of the arc, relative to the start angle. 

See Also: 

fillArc(int, int, int, int, int, int) 
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fillArc 

public abstract void fillArc(int x, 

int y, 

int width, 

int height, 

int startAngle, 

int arcAngle) 

Fills a circular or elliptical arc covering the specified rectangle.  

The resulting arc begins at startAngle and extends for arcAngle degrees. Angles are 

interpreted such that 0 degrees is at the 3 o'clock position. A positive value indicates a 

counter-clockwise rotation while a negative value indicates a clockwise rotation.  

The center of the arc is the center of the rectangle whose origin is (x, y) and whose 

size is specified by the width and height arguments.  

The resulting arc covers an area width + 1 pixels wide by height + 1 pixels tall.  

The angles are specified relative to the non-square extents of the bounding rectangle 

such that 45 degrees always falls on the line from the center of the ellipse to the upper 

right corner of the bounding rectangle. As a result, if the bounding rectangle is 

noticeably longer in one axis than the other, the angles to the start and end of the arc 

segment will be skewed farther along the longer axis of the bounds.  

Parameters: 

x - the x coordinate of the upper-left corner of the arc to be filled. 

y - the y coordinate of the upper-left corner of the arc to be filled. 

width - the width of the arc to be filled. 
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height - the height of the arc to be filled. 

startAngle - the beginning angle. 

arcAngle - the angular extent of the arc, relative to the start angle. 

See Also: 

drawArc(int, int, int, int, int, int) 

drawPolyline 

public abstract void drawPolyline(int[] xPoints, 

int[] yPoints, 

int nPoints) 

Draws a sequence of connected lines defined by arrays of x and y coordinates. Each 

pair of (x, y) coordinates defines a point. The figure is not closed if the first point 

differs from the last point.  

Parameters: 

xPoints - an array of x points 

yPoints - an array of y points 

nPoints - the total number of points 

Since: 

JDK1.1 

See Also: 

drawPolygon(int[], int[], int) 

drawPolygon 
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public abstract void drawPolygon(int[] xPoints, 

int[] yPoints, 

int nPoints) 

Draws a closed polygon defined by arrays of x and y coordinates. Each pair of (x, y) 

coordinates defines a point.  

This method draws the polygon defined by nPoint line segments, where the first 

nPoint - 1 line segments are line segments from (xPoints[i - 1], yPoints[i - 1]) to 

(xPoints[i], yPoints[i]), for 1 ≤ i ≤ nPoints. The figure is automatically closed by 

drawing a line connecting the final point to the first point, if those points are different.  

Parameters: 

xPoints - a an array of x coordinates. 

yPoints - a an array of y coordinates. 

nPoints - a the total number of points. 

See Also: 

fillPolygon(int[], int[], int), drawPolyline(int[], int[], int) 

drawPolygon 

public void drawPolygon(Polygon p) 

Draws the outline of a polygon defined by the specified Polygon object.  

Parameters: 

p - the polygon to draw. 

See Also: 

fillPolygon(int[], int[], int), drawPolyline(int[], int[], int) 
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fillPolygon 

public abstract void fillPolygon(int[] xPoints, 

int[] yPoints, 

int nPoints) 

Fills a closed polygon defined by arrays of x and y coordinates.  

This method draws the polygon defined by nPoint line segments, where the first 

nPoint - 1 line segments are line segments from (xPoints[i - 1], yPoints[i - 1]) to 

(xPoints[i], yPoints[i]), for 1 ≤ i ≤ nPoints. The figure is automatically closed by 

drawing a line connecting the final point to the first point, if those points are different.  

The area inside the polygon is defined using an even-odd fill rule, also known as the 

alternating rule.  

Parameters: 

xPoints - a an array of x coordinates. 

yPoints - a an array of y coordinates. 

nPoints - a the total number of points. 

See Also: 

drawPolygon(int[], int[], int) 

fillPolygon 

public void fillPolygon(Polygon p) 

Fills the polygon defined by the specified Polygon object with the graphics context's 

current color.  

The area inside the polygon is defined using an even-odd fill rule, also known as the 

alternating rule.  
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Parameters: 

p - the polygon to fill. 

See Also: 

drawPolygon(int[], int[], int) 

drawString 

public abstract void drawString(String str, 

int x, 

int y) 

Draws the text given by the specified string, using this graphics context's current font 

and color. The baseline of the leftmost character is at position (x, y) in this graphics 

context's coordinate system.  

Parameters: 

str - the string to be drawn. 

x - the x coordinate. 

y - the y coordinate. 

See Also: 

drawBytes(byte[], int, int, int, int), drawChars(char[], int, int, int, int) 

drawString 

public abstract void drawString(AttributedCharacterIterator iterator, 

int x, 

int y) 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

246
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Draws the text given by the specified iterator, using this graphics context's current color. The 

iterator has to specify a font for each character. The baseline of the leftmost character is at 

position (x, y) in this graphics context's coordinate system.  

Parameters: 

iterator - the iterator whose text is to be drawn 

x - the x coordinate. 

y - the y coordinate. 

See Also: 

drawBytes(byte[], int, int, int, int), drawChars(char[], int, int, int, int) 

drawChars 

public void drawChars(char[] data, 

int offset, 

int length, 

int x, 

int y) 

Draws the text given by the specified character array, using this graphics context's 

current font and color. The baseline of the first character is at position (x, y) in this 

graphics context's coordinate system.  

Parameters: 

data - the array of characters to be drawn 

offset - the start offset in the data 

length - the number of characters to be drawn 
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x - the x coordinate of the baseline of the text 

y - the y coordinate of the baseline of the text 

See Also: 

drawBytes(byte[], int, int, int, int), drawString(java.lang.String, int, int) 

drawBytes 

public void drawBytes(byte[] data, 

int offset, 

int length, 

int x, 

int y) 

Draws the text given by the specified byte array, using this graphics context's current 

font and color. The baseline of the first character is at position (x, y) in this graphics 

context's coordinate system.  

Parameters: 

data - the data to be drawn 

offset - the start offset in the data 

length - the number of bytes that are drawn 

x - the x coordinate of the baseline of the text 

y - the y coordinate of the baseline of the text 

See Also: 

drawChars(char[], int, int, int, int), drawString(java.lang.String, int, int) 
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drawImage 

public abstract boolean drawImage(Image img, 

int x, 

int y, 

ImageObserver observer) 

Draws as much of the specified image as is currently available. The image is drawn 

with its top-left corner at (x, y) in this graphics context's coordinate space. 

Transparent pixels in the image do not affect whatever pixels are already there.  

This method returns immediately in all cases, even if the complete image has not yet 

been loaded, and it has not been dithered and converted for the current output device.  

If the image has not yet been completely loaded, then drawImage returns false. As 

more of the image becomes available, the process that draws the image notifies the 

specified image observer.  

Parameters: 

img - the specified image to be drawn. 

x - the x coordinate. 

y - the y coordinate. 

observer - object to be notified as more of the image is converted.  

Returns: 

true if the image is completely loaded; false otherwise. 

See Also: 

Image, ImageObserver, ImageObserver.imageUpdate(java.awt.Image, int, int, int, int, 

int) 
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drawImage 

public abstract boolean drawImage(Image img, 

int x, 

int y, 

int width, 

int height, 

ImageObserver observer) 

Draws as much of the specified image as has already been scaled to fit inside the 

specified rectangle.  

The image is drawn inside the specified rectangle of this graphics context's coordinate 

space, and is scaled if necessary. Transparent pixels do not affect whatever pixels are 

already there. This method returns immediately in all cases, even if the entire image 

has not yet been scaled, dithered, and converted for the current output device. If the 

current output representation is not yet complete, then drawImage returns false. As 

more of the image becomes available, the process that draws the image notifies the 

image observer by calling its imageUpdate method.  

A scaled version of an image will not necessarily be available immediately just 

because an unscaled version of the image has been constructed for this output device. 

Each size of the image may be cached separately and generated from the original data 

in a separate image production sequence.  

Parameters: 

img - the specified image to be drawn. 

x - the x coordinate. 

y - the y coordinate. 
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width - the width of the rectangle. 

height - the height of the rectangle. 

observer - object to be notified as more of the image is converted.  

Returns: 

true if the current output representation is complete; false otherwise. 

See Also: 

Image, ImageObserver, ImageObserver.imageUpdate(java.awt.Image, int, int, int, int, 

int) 

drawImage 

public abstract boolean drawImage(Image img, 

int x, 

int y, 

Color bgcolor, 

ImageObserver observer) 

Draws as much of the specified image as is currently available. The image is drawn 

with its top-left corner at (x, y) in this graphics context's coordinate space. 

Transparent pixels are drawn in the specified background color.  

This operation is equivalent to filling a rectangle of the width and height of the 

specified image with the given color and then drawing the image on top of it, but 

possibly more efficient.  

This method returns immediately in all cases, even if the complete image has not yet 

been loaded, and it has not been dithered and converted for the current output device.  
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If the image has not yet been completely loaded, then drawImage returns false. As 

more of the image becomes available, the process that draws the image notifies the 

specified image observer.  

Parameters: 

img - the specified image to be drawn. 

x - the x coordinate. 

y - the y coordinate. 

bgcolor - the background color to paint under the non-opaque portions of the image. 

observer - object to be notified as more of the image is converted.  

Returns: 

true if the image is completely loaded; false otherwise. 

See Also: 

Image, ImageObserver, ImageObserver.imageUpdate(java.awt.Image, int, int, int, int, 

int) 

drawImage 

public abstract boolean drawImage(Image img, 

int x, 

int y, 

int width, 

int height, 

Color bgcolor, 
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ImageObserver observer) 

Draws as much of the specified image as has already been scaled to fit inside the 

specified rectangle.  

The image is drawn inside the specified rectangle of this graphics context's coordinate 

space, and is scaled if necessary. Transparent pixels are drawn in the specified 

background color. This operation is equivalent to filling a rectangle of the width and 

height of the specified image with the given color and then drawing the image on top 

of it, but possibly more efficient.  

This method returns immediately in all cases, even if the entire image has not yet been 

scaled, dithered, and converted for the current output device. If the current output 

representation is not yet complete then drawImage returns false. As more of the image 

becomes available, the process that draws the image notifies the specified image 

observer.  

A scaled version of an image will not necessarily be available immediately just 

because an unscaled version of the image has been constructed for this output device. 

Each size of the image may be cached separately and generated from the original data 

in a separate image production sequence.  

Parameters: 

img - the specified image to be drawn. 

x - the x coordinate. 

y - the y coordinate. 

width - the width of the rectangle. 

height - the height of the rectangle. 

bgcolor - the background color to paint under the non-opaque portions of the image. 

observer - object to be notified as more of the image is converted.  
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Returns: 

true if the current output representation is complete; false otherwise. 

See Also: 

Image, ImageObserver, ImageObserver.imageUpdate(java.awt.Image, int, int, int, int, 

int) 

drawImage 

public abstract boolean drawImage(Image img, 

int dx1, 

int dy1, 

int dx2, 

int dy2, 

int sx1, 

int sy1, 

int sx2, 

int sy2, 

ImageObserver observer) 

Draws as much of the specified area of the specified image as is currently available, 

scaling it on the fly to fit inside the specified area of the destination drawable surface. 

Transparent pixels do not affect whatever pixels are already there.  

This method returns immediately in all cases, even if the image area to be drawn has 

not yet been scaled, dithered, and converted for the current output device. If the 

current output representation is not yet complete then drawImage returns false. As 
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more of the image becomes available, the process that draws the image notifies the 

specified image observer. This method always uses the unscaled version of the image 

to render the scaled rectangle and performs the required scaling on the fly. It does not 

use a cached, scaled version of the image for this operation. Scaling of the image from 

source to destination is performed such that the first coordinate of the source rectangle 

is mapped to the first coordinate of the destination rectangle, and the second source 

coordinate is mapped to the second destination coordinate. The subimage is scaled 

and flipped as needed to preserve those mappings.  

Parameters: 

img - the specified image to be drawn 

dx1 - the x coordinate of the first corner of the destination rectangle. 

dy1 - the y coordinate of the first corner of the destination rectangle. 

dx2 - the x coordinate of the second corner of the destination rectangle. 

dy2 - the y coordinate of the second corner of the destination rectangle. 

sx1 - the x coordinate of the first corner of the source rectangle. 

sy1 - the y coordinate of the first corner of the source rectangle. 

sx2 - the x coordinate of the second corner of the source rectangle. 

sy2 - the y coordinate of the second corner of the source rectangle. 

observer - object to be notified as more of the image is scaled and converted.  

Returns: 

true if the current output representation is complete; false otherwise. 

Since: 

JDK1.1 
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See Also: 

Image, ImageObserver, ImageObserver.imageUpdate(java.awt.Image, int, int, int, int, 

int) 

drawImage 

public abstract boolean drawImage(Image img, 

int dx1, 

int dy1, 

int dx2, 

int dy2, 

int sx1, 

int sy1, 

int sx2, 

int sy2, 

Color bgcolor, 

ImageObserver observer) 

Draws as much of the specified area of the specified image as is currently available, 

scaling it on the fly to fit inside the specified area of the destination drawable surface.  

Transparent pixels are drawn in the specified background color. This operation is 

equivalent to filling a rectangle of the width and height of the specified image with 

the given color and then drawing the image on top of it, but possibly more efficient.  

This method returns immediately in all cases, even if the image area to be drawn has 

not yet been scaled, dithered, and converted for the current output device. If the 

current output representation is not yet complete then drawImage returns false. As 
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more of the image becomes available, the process that draws the image notifies the 

specified image observer.  

This method always uses the unscaled version of the image to render the scaled 

rectangle and performs the required scaling on the fly. It does not use a cached, scaled 

version of the image for this operation. Scaling of the image from source to 

destination is performed such that the first coordinate of the source rectangle is 

mapped to the first coordinate of the destination rectangle, and the second source 

coordinate is mapped to the second destination coordinate. The subimage is scaled 

and flipped as needed to preserve those mappings.  

Parameters: 

img - the specified image to be drawn 

dx1 - the x coordinate of the first corner of the destination rectangle. 

dy1 - the y coordinate of the first corner of the destination rectangle. 

dx2 - the x coordinate of the second corner of the destination rectangle. 

dy2 - the y coordinate of the second corner of the destination rectangle. 

sx1 - the x coordinate of the first corner of the source rectangle. 

sy1 - the y coordinate of the first corner of the source rectangle. 

sx2 - the x coordinate of the second corner of the source rectangle. 

sy2 - the y coordinate of the second corner of the source rectangle. 

bgcolor - the background color to paint under the non-opaque portions of the image. 

observer - object to be notified as more of the image is scaled and converted.  

Returns: 

true if the current output representation is complete; false otherwise. 
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Since: 

JDK1.1 

See Also: 

Image, ImageObserver, ImageObserver.imageUpdate(java.awt.Image, int, int, int, int, 

int) 

dispose 

public abstract void dispose() 

Disposes of this graphics context and releases any system resources that it is using. A 

Graphics object cannot be used after disposehas been called.  

When a Java program runs, a large number of Graphics objects can be created within 

a short time frame. Although the finalization process of the garbage collector also 

disposes of the same system resources, it is preferable to manually free the associated 

resources by calling this method rather than to rely on a finalization process which 

may not run to completion for a long period of time. 

Graphics objects which are provided as arguments to the paint and update methods of 

components are automatically released by the system when those methods return. For 

efficiency, programmers should call dispose when finished using a Graphics object 

only if it was created directly from a component or another Graphics object.  

See Also: 

finalize(), Component.paint(java.awt.Graphics), 

Component.update(java.awt.Graphics), Component.getGraphics(), create() 

finalize 

public void finalize() 

Disposes of this graphics context once it is no longer referenced.  
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Overrides: 

finalize in class Object 

See Also: 

dispose() 

toString 

public String toString() 

Returns a String object representing this Graphics object's value.  

Overrides: 

toString in class Object 

Returns: 

a string representation of this graphics context. 

getClipRect 

public Rectangle getClipRect() 

Deprecated. As of JDK version 1.1, replaced by getClipBounds().  

Returns the bounding rectangle of the current clipping area.  

Returns: 

the bounding rectangle of the current clipping area or null if no clip is set. 

hitClip 

public boolean hitClip(int x, 

int y, 
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int width, 

int height) 

Returns true if the specified rectangular area might intersect the current clipping area. 

The coordinates of the specified rectangular area are in the user coordinate space and 

are relative to the coordinate system origin of this graphics context. This method may 

use an algorithm that calculates a result quickly but which sometimes might return 

true even if the specified rectangular area does not intersect the clipping area. The 

specific algorithm employed may thus trade off accuracy for speed, but it will never 

return false unless it can guarantee that the specified rectangular area does not 

intersect the current clipping area. The clipping area used by this method can 

represent the intersection of the user clip as specified through the clip methods of this 

graphics context as well as the clipping associated with the device or image bounds 

and window visibility.  

Parameters: 

x - the x coordinate of the rectangle to test against the clip 

y - the y coordinate of the rectangle to test against the clip 

width - the width of the rectangle to test against the clip 

height - the height of the rectangle to test against the clip  

Returns: 

true if the specified rectangle intersects the bounds of the current clip; false otherwise. 

Topic : Files And Streams 

Topic Objective: 

At the end of this topic the student will be able to:  

 Understand Data Hierarchy 

 Understand Files and Streams 
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 Understand Naming Conventions for Streams 

 Understand Random-Access Files 

 Understand Random access file creating, accessing and reading data 

Definition/Overview: 

Data Hierarchy refers to the systematic organization of data, often in a hierarchical form. 

Data organization involves fields, records, files and so on. 

Key Points: 

1. Data Hierarchy 

Data Hierarchy refers to the systematic organization of data, often in a hierarchical form. 

Data organization involves fields, records, files and so on. A data field holds a single fact. 

Consider a date field, e.g. "September 19, 2004". This can be treated as a single date field (eg 

birthdate), or 3 fields, namely, month, day of month and year. A record is a collection of 

related fields. An Employee record may contain a name field(s), address fields, birthdate field 

and so on. A file is a collection of related records. If there are 100 employees, then each 

employee would have a record (e.g. called Employee Personal Details record) and the 

collection of 100 such records would constitute a file (in this case, called Employee Personal 

Details file). Files are integrated into a database. This is done using a Database Management 

System. If there are other facets of employee data that we wish to capture, then other files 

such as Employee Training History file and Employee Work History file could be created as 

well. The above is a view of data seen by a computer user. The above structure can be seen in 

the hierarchical model, which is one way to organize data in a database. In terms of data 

storage, data fields are made of bytes and these in turn are made up of bits. 

2. Files and Streams 

A stream is a sequence of bytes. In the NTFS file system, streams contain the data that is 

written to a file, and that gives more information about a file than attributes and properties. 

For example, you can create a stream that contains search keywords, or the identity of the 

user account that creates a file. 

Each stream that is associated with a file has its own allocation size, actual size, and valid 

data length:  
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 The allocation size is the amount of disk space that is reserved for a stream. 

 The actual size is the number of bytes that are being used by a caller. 

The valid data length (VDL) is the number of bytes that are initialized from the allocation 

size for the stream. Each stream also maintains its own state for compression, encryption, and 

sparseness. The sparse attribute on the file is set if any of the streams have ever been sparse. 

There are no file times associated with a stream. The file times for a file are updated when 

any stream in a file is updated. Opportunistic locks are maintained per stream. Sharing modes 

are also maintained per stream. When delete access is requested on a file, the operating 

system checks for delete access on all open streams in a file. If another process has opened a 

streamwithout the FILE_SHARE_DELETE permission, you cannot open the file for delete 

access. If a file being copied has a data stream and the network redirector is used, the file can 

only be copied if the client has both the read permission and the read attributes permission. 

When specified from the Windows shell command line, the full name of a stream is 

filename:stream name:stream type, as in the following example: myfile.dat:stream1:$DATA 

Any characters that are legal for a file name are also legal for the stream name, including 

spaces. For more information, see Naming a File. The stream type specifier is internal to the 

NTFS file system. Users therefore can't create new types, but they can open existing NTFS 

file system types. Stream type specifier values always start with the dollar sign ($) symbol. 

See WIN32_STREAM_ID for a list of stream types. By default, the default data stream is 

unnamed. To specify the default data stream from the command line, type 

"filename::$STREAM_TYPE", where STREAM_TYPE is the stream type (such as $DATA), 

or simply type filename. You can create a named stream in the file using the file naming 

conventions. Note that "$DATA" is a legal name. For example, the full name would be 

sample:$DATA:$DATA. If you created a stream named "bar" its full name would be 

sample:bar:$DATA. When creating and working with files that have one-character names, 

prefix the file name with period followed by a backslash (.\) or a fully qualified path name. 

The reason to do this is that Windows treats one-character file names as drive letters. When a 

drive letter is specified with a relative path, a colon separates the drive letter from the path. 

When there is an ambiguity about whether a one-character name is a drive letter or a file 

name, Windows assumes it is a drive letter if the string following the colon is a valid path, 

even if the drive letter is invalid. 
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4. Creating a Sequential-Access File 

using System; 

using System.Data; 

using System.IO; 

using System.Runtime.Serialization.Formatters.Binary; 

using System.Runtime.Serialization; 

 

public class CreateFile { 

static void Main() { 

BinaryFormatter formatter = new BinaryFormatter(); 

FileStream output = new FileStream( "test.dat",FileMode.OpenOrCreate, FileAccess.Write ); 

Record record = new Record(); 

record.Account = 1234; 

record.FirstName = "FirstName"; 

record.LastName = "LastName"; 

record.Balance = 1234.345; 

 

formatter.Serialize( output, record ); 

output.Close(); 

} 

} 

 

[Serializable] 

public class Record{ 

public int Account; 

public String FirstName; 

public String LastName; 

public double Balance; 

5. Random-Access Files Consider the archive format known as ZIP. A ZIP archive contains files 

and is typically compressed to save space. It also contains a directory entry at the end that indicates 

where the various files contained within the ZIP archive begin, as shown in the following figure.  

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

263
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



A ZIP archive. 

Suppose that you want to extract a specific file from a ZIP archive. If you use a sequential 

access stream, you have to:  

1. Open the ZIP archive.  

2. Search through the ZIP archive until you locate the file you want to extract.  

3. Extract the file.  

4. Close the ZIP archive.  

Using this procedure, on average, you'd have to read half the ZIP archive before finding the 

file that you want to extract. You can extract the same file from the ZIP archive more 

efficiently by using the seek feature of a random access file and following these steps:  

 Open the ZIP archive.  

 Seek to the directory entry and locate the entry for the file you want to extract from the ZIP 

archive.  

 Seek (backward) within the ZIP archive to the position of the file to extract.  

 Extract the file.  

 Close the ZIP archive.  

This algorithm is more efficient because you read only the directory entry and the file that 

you want to extract.  

Thejava.io.RandomAccessFileclass implements both the DataInputand DataOutputinterfaces 

and therefore can be used for both reading and writing. RandomAccessFile is similar to 

FileInputStreamand FileOutputStreamin that you specify a file on the native file system to 

open when you create it. When you create a RandomAccessFile, you must indicate whether 

you will be just reading the file or also writing to it. (You have to be able to read a file in 

order to write it.) The following code creates a RandomAccessFileto read the file named 

xanadu.txt: 

new RandomAccessFile("xanadu.txt", "r"); 

And this one opens the same file for both reading and writing:  

new RandomAccessFile("xanadu.txt", "rw"); 
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After the file has been opened, you can use the common reador writemethods defined in the 

DataInputand DataOutputinterfaces to perform I/O on the file.  

RandomAccessFile supports the notion of a file pointer. The file pointer indicates the current 

location in the file. When the file is first created, the file pointer is set to 0, indicating the 

beginning of the file. Calls to the readand writemethods adjust the file pointer by the number 

of bytes read or written.  

A ZIP file has the notion of a current file pointer. 

In addition to the normal file I/O methods that implicitly move the file pointer when the 

operation occurs, RandomAccessFilecontains three methods for explicitly manipulating the 

file pointer.  

 int skipBytes(int) Moves the file pointer forward the specified number of bytes  

 void seek(long) Positions the file pointer just before the specified byte  

 long getFilePointer() Returns the current byte location of the file pointer  

6. Random access file creating, accessing and reading data 

Instances of this class support both reading and writing to a random access file. A random 

access file behaves like a large array of bytes stored in the file system. There is a kind of 

cursor, or index into the implied array, called the file pointer; input operations read bytes 

starting at the file pointer and advance the file pointer past the bytes read. If the random 

access file is created in read/write mode, then output operations are also available; output 

operations write bytes starting at the file pointer and advance the file pointer past the bytes 

written. Output operations that write past the current end of the implied array cause the array 

to be extended. The file pointer can be read by the getFilePointer method and set by the seek 

method.  

It is generally true of all the reading routines in this class that if end-of-file is reached before 

the desired number of bytes has been read, an EOFException (which is a kind of 

IOException) is thrown. If any byte cannot be read for any reason other than end-of-file, an 

IOException other than EOFException is thrown. In particular, an IOException may be 

thrown if the stream has been closed.  

Since: 
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JDK1.0 

 

RandomAccessFile(File file, String mode)  

Creates a random access file stream to read from, and optionally to write to, the file 

specified by the File argument. 
 

RandomAccessFile(String name, String mode)  

Creates a random access file stream to read from, and optionally to write to, a file with the 

specified name. 
 

void close()  

Closes this random access file stream and releases any system resources 

associated with the stream. 

FileChannel getChannel()  

Returns the unique FileChannel object associated with this file. 

FileDescriptor getFD()  

Returns the opaque file descriptor object associated with this stream. 

long getFilePointer()  

Returns the current offset in this file. 

long length()  

Returns the length of this file. 

int read()  

Reads a byte of data from this file. 

int read(byte[] b)  

Reads up to b.length bytes of data from this file into an array of bytes. 

int read(byte[] b, int off, int len)  

Reads up to len bytes of data from this file into an array of bytes. 

boolean readBoolean()  

Reads a boolean from this file. 

byte readByte()  
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Reads a signed eight-bit value from this file. 

char readChar()  

Reads a Unicode character from this file. 

double readDouble()  

Reads a double from this file. 

float readFloat()  

Reads a float from this file. 

void readFully(byte[] b)  

Reads b.length bytes from this file into the byte array, starting at the current 

file pointer. 

void readFully(byte[] b, int off, int len)  

Reads exactly len bytes from this file into the byte array, starting at the 

current file pointer. 

int readInt()  

Reads a signed 32-bit integer from this file. 

String readLine()  

Reads the next line of text from this file. 

long readLong()  

Reads a signed 64-bit integer from this file. 

short readShort()  

Reads a signed 16-bit number from this file. 

int readUnsignedByte()  

Reads an unsigned eight-bit number from this file. 

int readUnsignedShort()  

Reads an unsigned 16-bit number from this file. 

String readUTF()  

Reads in a string from this file. 

void seek(long pos)  

Sets the file-pointer offset, measured from the beginning of this file, at which 
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the next read or write occurs. 

void setLength(long newLength)  

Sets the length of this file. 

int skipBytes(int n)  

Attempts to skip over n bytes of input discarding the skipped bytes. 

void write(byte[] b)  

Writes b.length bytes from the specified byte array to this file, starting at the 

current file pointer. 

void write(byte[] b, int off, int len)  

Writes len bytes from the specified byte array starting at offset off to this file. 

void write(int b)  

Writes the specified byte to this file. 

void writeBoolean(boolean v)  

Writes a boolean to the file as a one-byte value. 

void writeByte(int v)  

Writes a byte to the file as a one-byte value. 

void writeBytes(String s)  

Writes the string to the file as a sequence of bytes. 

void writeChar(int v)  

Writes a char to the file as a two-byte value, high byte first. 

void writeChars(String s)  

Writes a string to the file as a sequence of characters. 

void writeDouble(double v)  

Converts the double argument to a long using the doubleToLongBits method 

in class Double, and then writes that long value to the file as an eight-byte 

quantity, high byte first. 

void writeFloat(float v)  

Converts the float argument to an int using the floatToIntBits method in class 

Float, and then writes that int value to the file as a four-byte quantity, high 
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byte first. 

void writeInt(int v)  

Writes an int to the file as four bytes, high byte first. 

void writeLong(long v)  

Writes a long to the file as eight bytes, high byte first. 

void writeShort(int v)  

Writes a short to the file as two bytes, high byte first. 

void writeUTF(String str)  

Writes a string to the file using UTF-8 encoding in a machine-independent 

manner. 

Methods inherited from class java.lang.Object 

clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait 

RandomAccessFile 

public RandomAccessFile(String name, 

String mode) 

throws FileNotFoundException 

Creates a random access file stream to read from, and optionally to write to, a file 

with the specified name. A new FileDescriptor object is created to represent the 

connection to the file.  

The mode argument specifies the access mode with which the file is to be opened. 

The permitted values and their meanings are as specified for the 

RandomAccessFile(File,String) constructor.  

If there is a security manager, its checkRead method is called with the name argument 

as its argument to see if read access to the file is allowed. If the mode allows writing, 

the security manager's checkWrite method is also called with the name argument as 

its argument to see if write access to the file is allowed.  
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Parameters: 

name - the system-dependent filename 

mode - the access mode  

Throws: 

IllegalArgumentException - if the mode argument is not equal to one of "r", "rw", 

"rws", or "rwd"  

FileNotFoundException - if the file exists but is a directory rather than a regular file, 

or cannot be opened or created for any other reason  

SecurityException - if a security manager exists and its checkRead method denies 

read access to the file or the mode is "rw" and the security manager's checkWrite 

method denies write access to the file 

See Also: 

SecurityException, SecurityManager.checkRead(java.lang.String), 

SecurityManager.checkWrite(java.lang.String) 

RandomAccessFile 

public RandomAccessFile(File file, 

String mode) 

throws FileNotFoundException 

Creates a random access file stream to read from, and optionally to write to, the file 

specified by the File argument. A new FileDescriptor object is created to represent 

this file connection.  

The mode argument specifies the access mode in which the file is to be opened. The 

permitted values and their meanings are:  
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Value Meaning 

 "r" Open for reading only. Invoking any of the write methods of the resulting object will 

cause an IOException to be thrown.  

 "rw" Open for reading and writing. If the file does not already exist then an attempt will be 

made to create it.  

 "rws" Open for reading and writing, as with "rw", and also require that every update to the 

file's content or metadata be written synchronously to the underlying storage device.  

 "rwd" Open for reading and writing, as with "rw", and also require that every update to the 

file's content be written synchronously to the underlying storage device. The "rws" and "rwd" 

modes work much like the force(boolean) method of the FileChannel class, passing 

arguments of true and false, respectively, except that they always apply to every I/O 

operation and are therefore often more efficient. If the file resides on a local storage device 

then when an invocation of a method of this class returns it is guaranteed that all changes 

made to the file by that invocation will have been written to that device. This is useful for 

ensuring that critical information is not lost in the event of a system crash. If the file does not 

reside on a local device then no such guarantee is made.  

 The "rwd" mode can be used to reduce the number of I/O operations performed. Using "rwd" 

only requires updates to the file's content to be written to storage; using "rws" requires 

updates to both the file's content and its metadata to be written, which generally requires at 

least one more low-level I/O operation.  

 If there is a security manager, its checkRead method is called with the pathname of the file 

argument as its argument to see if read access to the file is allowed. If the mode allows 

writing, the security manager's checkWrite method is also called with the path argument to 

see if write access to the file is allowed.  

Parameters: 

file - the file object 

mode - the access mode, as described above  

Throws: IllegalArgumentException - if the mode argument is not equal to one of "r", "rw", 

"rws", or "rwd"  
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           FileNotFoundException - if the file exists but is a directory rather than a regular file,                 

or cannot be opened or created for any other reason  

SecurityException - if a security manager exists and its checkRead method denies 

read access to the file or the mode is "rw" and the security manager's checkWrite 

method denies write access to the file 

getFD 

public final FileDescriptor getFD() 

throws IOException 

Returns the opaque file descriptor object associated with this stream.  

Returns: 

the file descriptor object associated with this stream.  

Throws: 

IOException - if an I/O error occurs. 

See Also: 

FileDescriptor 

getChannel 

public final FileChannel getChannel() 

Returns the unique FileChannel object associated with this file.  

The position of the returned channel will always be equal to this object's file-pointer 

offset as returned by the getFilePointer method. Changing this object's file-pointer 

offset, whether explicitly or by reading or writing bytes, will change the position of 

the channel, and vice versa. Changing the file's length via this object will change the 

length seen via the file channel, and vice versa.  
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Returns: 

the file channel associated with this file 

Since: 

1.4 

read 

public int read() 

throws IOException 

Reads a byte of data from this file. The byte is returned as an integer in the range 0 to 

255 (0x00-0x0ff). This method blocks if no input is yet available.  

Although RandomAccessFile is not a subclass of InputStream, this method behaves in 

exactly the same way as the InputStream.read() method of InputStream.  

Returns: 

the next byte of data, or -1 if the end of the file has been reached.  

Throws: 

IOException - if an I/O error occurs. Not thrown if end-of-file has been reached. 

read 

public int read(byte[] b, 

int off, 

int len) 

throws IOException 
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Reads up to len bytes of data from this file into an array of bytes. This method blocks until at 

least one byte of input is available.  

Although RandomAccessFile is not a subclass of InputStream, this method behaves in 

the exactly the same way as the InputStream.read(byte[], int, int) method of 

InputStream.  

Parameters: 

b - the buffer into which the data is read. 

off - the start offset of the data. 

len - the maximum number of bytes read.  

Returns: 

the total number of bytes read into the buffer, or -1 if there is no more data because 

the end of the file has been reached.  

Throws: 

IOException - if an I/O error occurs. 

read 

public int read(byte[] b) 

throws IOException 

Reads up to b.length bytes of data from this file into an array of bytes. This method 

blocks until at least one byte of input is available.  

Although RandomAccessFile is not a subclass of InputStream, this method behaves in 

the exactly the same way as the InputStream.read(byte[]) method of InputStream.  

Parameters: 

b - the buffer into which the data is read.  
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Returns: 

the total number of bytes read into the buffer, or -1 if there is no more data because 

the end of this file has been reached.  

Throws: 

IOException - if an I/O error occurs. 

readFully 

public final void readFully(byte[] b) 

throws IOException 

Reads b.length bytes from this file into the byte array, starting at the current file 

pointer. This method reads repeatedly from the file until the requested number of 

bytes are read. This method blocks until the requested number of bytes are read, the 

end of the stream is detected, or an exception is thrown.  

Specified by: 

readFully in interface DataInput 

Parameters: 

b - the buffer into which the data is read.  

Throws: 

EOFException - if this file reaches the end before reading all the bytes.  

IOException - if an I/O error occurs. 

readFully 

public final void readFully(byte[] b, 

int off, 
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int len) 

throws IOException 

Reads exactly len bytes from this file into the byte array, starting at the current file 

pointer. This method reads repeatedly from the file until the requested number of 

bytes are read. This method blocks until the requested number of bytes are read, the 

end of the stream is detected, or an exception is thrown.  

Specified by: 

readFully in interface DataInput 

Parameters: 

b - the buffer into which the data is read. 

off - the start offset of the data. 

len - the number of bytes to read.  

Throws: 

EOFException - if this file reaches the end before reading all the bytes.  

IOException - if an I/O error occurs. 

skipBytes 

public int skipBytes(int n) 

throws IOException 

Attempts to skip over n bytes of input discarding the skipped bytes.  

This method may skip over some smaller number of bytes, possibly zero. This may 

result from any of a number of conditions; reaching end of file before n bytes have 

been skipped is only one possibility. This method never throws an EOFException. 

The actual number of bytes skipped is returned. If n is negative, no bytes are skipped.  

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

276
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Specified by: 

skipBytes in interface DataInput 

Parameters: 

n - the number of bytes to be skipped.  

Returns: 

the actual number of bytes skipped.  

Throws: 

IOException - if an I/O error occurs. 

write 

public void write(int b) 

throws IOException 

Writes the specified byte to this file. The write starts at the current file pointer.  

Specified by: 

write in interface DataOutput 

Parameters: 

b - the byte to be written.  

Throws: 

IOException - if an I/O error occurs. 

write 

public void write(byte[] b) 
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throws IOException 

Writes b.length bytes from the specified byte array to this file, starting at the current 

file pointer.  

Specified by: 

write in interface DataOutput 

Parameters: 

b - the data.  

Throws: 

IOException - if an I/O error occurs. 

write 

public void write(byte[] b, 

int off, 

int len) 

throws IOException 

Writes len bytes from the specified byte array starting at offset off to this file.  

Specified by: 

write in interface DataOutput 

Parameters: 

b - the data. 

off - the start offset in the data. 

len - the number of bytes to write.  
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Throws: 

IOException - if an I/O error occurs. 

getFilePointer 

public long getFilePointer() 

throws IOException 

Returns the current offset in this file.  

Returns: 

the offset from the beginning of the file, in bytes, at which the next read or write 

occurs.  

Throws: 

IOException - if an I/O error occurs. 

seek 

public void seek(long pos) 

throws IOException 

Sets the file-pointer offset, measured from the beginning of this file, at which the next 

read or write occurs. The offset may be set beyond the end of the file. Setting the 

offset beyond the end of the file does not change the file length. The file length will 

change only by writing after the offset has been set beyond the end of the file.  

Parameters: 

pos - the offset position, measured in bytes from the beginning of the file, at which to 

set the file pointer.  

Throws:IOException - if pos is less than 0 or if an I/O error occurs. 
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length 

public long length() 

throws IOException 

Returns the length of this file.  

Returns: 

the length of this file, measured in bytes.  

Throws: 

IOException - if an I/O error occurs. 

setLength 

public void setLength(long newLength) 

throws IOException 

Sets the length of this file.  

If the present length of the file as returned by the length method is greater than the 

newLength argument then the file will be truncated. In this case, if the file offset as 

returned by the getFilePointer method is greater then newLength then after this 

method returns the offset will be equal to newLength.  

If the present length of the file as returned by the length method is smaller than the 

newLength argument then the file will be extended. In this case, the contents of the 

extended portion of the file are not defined.  

Parameters: 

newLength - The desired length of the file  

Throws: IOException - If an I/O error occurs 
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Since: 

1.2 

close 

public void close() 

throws IOException 

Closes this random access file stream and releases any system resources associated 

with the stream. A closed random access file cannot perform input or output 

operations and cannot be reopened.  

If this file has an associated channel then the channel is closed as well.  

Throws: 

IOException - if an I/O error occurs. 

readBoolean 

public final boolean readBoolean() 

throws IOException 

Reads a boolean from this file. This method reads a single byte from the file, starting 

at the current file pointer. A value of 0 represents false. Any other value represents 

true. This method blocks until the byte is read, the end of the stream is detected, or an 

exception is thrown.  

Specified by: 

readBoolean in interface DataInput 

Returns: 

the boolean value read.  
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Throws: 

EOFException - if this file has reached the end.  

IOException - if an I/O error occurs. 

readByte 

public final byte readByte() 

throws IOException 

Reads a signed eight-bit value from this file. This method reads a byte from the file, 

starting from the current file pointer. If the byte read is b, where 0 <= b <= 255, then 

the result is:  

(byte)(b) 

This method blocks until the byte is read, the end of the stream is detected, or an 

exception is thrown.  

Specified by: 

readByte in interface DataInput 

Returns: 

the next byte of this file as a signed eight-bit byte.  

Throws: 

EOFException - if this file has reached the end.  

IOException - if an I/O error occurs. 

readUnsignedByte 

public final int readUnsignedByte() 
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throws IOException 

Reads an unsigned eight-bit number from this file. This method reads a byte from this 

file, starting at the current file pointer, and returns that byte.  

This method blocks until the byte is read, the end of the stream is detected, or an 

exception is thrown.  

Specified by: 

readUnsignedByte in interface DataInput 

Returns: 

the next byte of this file, interpreted as an unsigned eight-bit number.  

Throws: 

EOFException - if this file has reached the end.  

IOException - if an I/O error occurs. 

readShort 

public final short readShort() 

throws IOException 

Reads a signed 16-bit number from this file. The method reads two bytes from this 

file, starting at the current file pointer. If the two bytes read, in order, are b1 and b2, 

where each of the two values is between 0 and 255, inclusive, then the result is equal 

to:  

(short)((b1 << 8) | b2) 

This method blocks until the two bytes are read, the end of the stream is detected, or 

an exception is thrown.  

Specified by: 
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readShort in interface DataInput 

Returns: 

the next two bytes of this file, interpreted as a signed 16-bit number.  

Throws: 

EOFException - if this file reaches the end before reading two bytes.  

IOException - if an I/O error occurs. 

readUnsignedShort 

public final int readUnsignedShort() 

throws IOException 

Reads an unsigned 16-bit number from this file. This method reads two bytes from the 

file, starting at the current file pointer. If the bytes read, in order, are b1 and b2, where 

0 <= b1, b2 <= 255, then the result is equal to:  

(b1 << 8) | b2 

This method blocks until the two bytes are read, the end of the stream is detected, or 

an exception is thrown.  

Specified by: 

readUnsignedShort in interface DataInput 

Returns: 

the next two bytes of this file, interpreted as an unsigned 16-bit integer.  

Throws: 

EOFException - if this file reaches the end before reading two bytes.  
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IOException - if an I/O error occurs. 

readChar 

public final char readChar() 

throws IOException 

Reads a Unicode character from this file. This method reads two bytes from the file, 

starting at the current file pointer. If the bytes read, in order, are b1 and b2, where 0 

<= b1, b2 <= 255, then the result is equal to:  

(char)((b1 << 8) | b2) 

This method blocks until the two bytes are read, the end of the stream is detected, or 

an exception is thrown.  

Specified by: 

readChar in interface DataInput 

Returns: 

the next two bytes of this file as a Unicode character.  

Throws: 

EOFException - if this file reaches the end before reading two bytes.  

IOException - if an I/O error occurs. 

readInt 

public final int readInt() 

throws IOException 
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Reads a signed 32-bit integer from this file. This method reads 4 bytes from the file, starting 

at the current file pointer. If the bytes read, in order, are b1, b2, b3, and b4, where 0 <= b1, 

b2, b3, b4 <= 255, then the result is equal to:  

(b1 << 24) | (b2 << 16) + (b3<< 8) + b4 

This method blocks until the four bytes are read, the end of the stream is detected, or 

an exception is thrown.  

Specified by: 

readInt in interface DataInput 

Returns: 

the next four bytes of this file, interpreted as an int.  

Throws: 

EOFException - if this file reaches the end before reading four bytes.  

IOException - if an I/O error occurs. 

readLong 

public final long readLong() 

throws IOException 

Reads a signed 64-bit integer from this file. This method reads eight bytes from the 

file, starting at the current file pointer. If the bytes read, in order, are b1, b2, b3, b4, 

b5, b6, b7, and b8, where:  

0 <= b1, b2, b3, b4, b5, b6, b7, b8< =255, 

then the result is equal to:  

((long)b1 << 56) + ((long)b2 << 48) 
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+ ((long)b3 << 40) + ((long)b4 << 32) 

+ ((long)b5 << 24) + ((long)b6 << 16) 

+ ((long)b7 << 8) + b8 

This method blocks until the eight bytes are read, the end of the stream is detected, or 

an exception is thrown.  

Specified by: 

readLong in interface DataInput 

Returns: 

the next eight bytes of this file, interpreted as a long.  

Throws: 

EOFException - if this file reaches the end before reading eight bytes.  

IOException - if an I/O error occurs. 

readFloat 

public final float readFloat() 

throws IOException 

Reads a float from this file. This method reads an int value, starting at the current file 

pointer, as if by the readInt method and then converts that int to a float using the 

intBitsToFloat method in class Float.  

This method blocks until the four bytes are read, the end of the stream is detected, or 

an exception is thrown.  

Specified by: 

readFloat in interface DataInput 
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Returns: 

the next four bytes of this file, interpreted as a float.  

Throws: 

EOFException - if this file reaches the end before reading four bytes.  

IOException - if an I/O error occurs. 

See Also: 

readInt(), Float.intBitsToFloat(int) 

readDouble 

public final double readDouble() 

throws IOException 

Reads a double from this file. This method reads a long value, starting at the current 

file pointer, as if by the readLong method and then converts that long to a double 

using the longBitsToDouble method in class Double.  

This method blocks until the eight bytes are read, the end of the stream is detected, or 

an exception is thrown.  

Specified by: 

readDouble in interface DataInput 

Returns: 

the next eight bytes of this file, interpreted as a double.  

Throws: 

EOFException - if this file reaches the end before reading eight bytes.  
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IOException - if an I/O error occurs. 

See Also: 

readLong(), Double.longBitsToDouble(long) 

readLine 

public final String readLine() 

throws IOException 

Reads the next line of text from this file. This method successively reads bytes from 

the file, starting at the current file pointer, until it reaches a line terminator or the end 

of the file. Each byte is converted into a character by taking the byte's value for the 

lower eight bits of the character and setting the high eight bits of the character to zero. 

This method does not, therefore, support the full Unicode character set.  

A line of text is terminated by a carriage-return character ('\r'), a newline character 

('\n'), a carriage-return character immediately followed by a newline character, or the 

end of the file. Line-terminating characters are discarded and are not included as part 

of the string returned.  

This method blocks until a newline character is read, a carriage return and the byte 

following it are read (to see if it is a newline), the end of the file is reached, or an 

exception is thrown.  

Specified by: 

readLine in interface DataInput 

Returns: 

the next line of text from this file, or null if end of file is encountered before even one 

byte is read.  

Throws: 
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IOException - if an I/O error occurs. 

readUTF 

public final String readUTF() 

throws IOException 

Reads in a string from this file. The string has been encoded using a modified UTF-8 

format.  

The first two bytes are read, starting from the current file pointer, as if by 

readUnsignedShort. This value gives the number of following bytes that are in the 

encoded string, not the length of the resulting string. The following bytes are then 

interpreted as bytes encoding characters in the UTF-8 format and are converted into 

characters.  

This method blocks until all the bytes are read, the end of the stream is detected, or an 

exception is thrown.  

Specified by: 

readUTF in interface DataInput 

Returns: 

a Unicode string.  

Throws: 

EOFException - if this file reaches the end before reading all the bytes.  

IOException - if an I/O error occurs.  

UTFDataFormatException - if the bytes do not represent valid UTF-8 encoding of a 

Unicode string. 

See Also: 
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readUnsignedShort() 

writeBoolean 

public final void writeBoolean(boolean v) 

throws IOException 

Writes a boolean to the file as a one-byte value. The value true is written out as the 

value (byte)1; the value false is written out as the value (byte)0. The write starts at the 

current position of the file pointer.  

Specified by: 

writeBoolean in interface DataOutput 

Parameters: 

v - a boolean value to be written.  

Throws: 

IOException - if an I/O error occurs. 

writeByte 

public final void writeByte(int v) 

throws IOException 

Writes a byte to the file as a one-byte value. The write starts at the current position of 

the file pointer.  

Specified by: 

writeByte in interface DataOutput 

Parameters: 
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v - a byte value to be written.  

Throws: 

IOException - if an I/O error occurs. 

writeShort 

public final void writeShort(int v) 

throws IOException 

Writes a short to the file as two bytes, high byte first. The write starts at the current 

position of the file pointer.  

Specified by: 

writeShort in interface DataOutput 

Parameters: 

v - a short to be written.  

Throws: 

IOException - if an I/O error occurs. 

writeChar 

public final void writeChar(int v) 

throws IOException 

Writes a char to the file as a two-byte value, high byte first. The write starts at the 

current position of the file pointer.  

Specified by: 

writeChar in interface DataOutput 
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Parameters: 

v - a char value to be written.  

Throws: 

IOException - if an I/O error occurs. 

writeInt 

public final void writeInt(int v) 

throws IOException 

Writes an int to the file as four bytes, high byte first. The write starts at the current 

position of the file pointer.  

Specified by: 

writeInt in interface DataOutput 

Parameters: 

v - an int to be written.  

Throws: 

IOException - if an I/O error occurs. 

writeLong 

public final void writeLong(long v) 

throws IOException 

Writes a long to the file as eight bytes, high byte first. The write starts at the current 

position of the file pointer.  

Specified by: 
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writeLong in interface DataOutput 

Parameters: 

v - a long to be written.  

Throws: 

IOException - if an I/O error occurs. 

writeFloat 

public final void writeFloat(float v) 

throws IOException 

Converts the float argument to an int using the floatToIntBits method in class Float, 

and then writes that int value to the file as a four-byte quantity, high byte first. The 

write starts at the current position of the file pointer.  

Specified by: 

writeFloat in interface DataOutput 

Parameters: 

v - a float value to be written.  

Throws: 

IOException - if an I/O error occurs. 

See Also: 

Float.floatToIntBits(float) 

writeDouble 

public final void writeDouble(double v) 
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throws IOException 

Converts the double argument to a long using the doubleToLongBits method in class 

Double, and then writes that long value to the file as an eight-byte quantity, high byte 

first. The write starts at the current position of the file pointer.  

Specified by: 

writeDouble in interface DataOutput 

Parameters: 

v - a double value to be written.  

Throws: 

IOException - if an I/O error occurs. 

See Also: 

Double.doubleToLongBits(double) 

writeBytes 

public final void writeBytes(String s) 

throws IOException 

Writes the string to the file as a sequence of bytes. Each character in the string is 

written out, in sequence, by discarding its high eight bits. The write starts at the 

current position of the file pointer.  

Specified by: 

writeBytes in interface DataOutput 

Parameters: 

s - a string of bytes to be written.  
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Throws: 

IOException - if an I/O error occurs. 

writeChars 

public final void writeChars(String s) 

throws IOException 

Writes a string to the file as a sequence of characters. Each character is written to the 

data output stream as if by the writeChar method. The write starts at the current 

position of the file pointer.  

Specified by: 

writeChars in interface DataOutput 

Parameters: 

s - a String value to be written.  

Throws: 

IOException - if an I/O error occurs. 

See Also: 

writeChar(int) 

writeUTF 

public final void writeUTF(String str) 

throws IOException 

Writes a string to the file using UTF-8 encoding in a machine-independent manner. 

First, two bytes are written to the file, starting at the current file pointer, as if by the 

writeShort method giving the number of bytes to follow. This value is the number of 
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bytes actually written out, not the length of the string. Following the length, each 

character of the string is output, in sequence, using the UTF-8 encoding for each 

character.  

Specified by: 

writeUTF in interface DataOutput 

Parameters: 

str - a string to be written.  

Throws: 

IOException - if an I/O error occurs. 

Topic : Extensible Markup Language (Xml) 

Topic Objective: 

At the end of this topic the student will be able to:  

 Understand XML Documents 

 Understand XML namespaces 

 Understand Document Object Model (DOM) 

 Understand Document Type Definitions (DTDs) 

 Understand Extensible Stylesheet Language and Xsl 

Definition/Overview: 

XML (Extensible Markup Language) is a general-purpose specification for creating custom 

markup languages. It is classified as an extensible language, because it allows the user to 

define the mark-up elements. XML's purpose is to aid information systems in sharing 

structured data, especially via the Internet, to encode documents, and to serialize data; in the 

last context, it compares with text-based serialization languages such as JSON, YAML and S-

Expressions. XML's set of tools helps developers in creating web pages but its usefulness 

goes well beyond that. XML, in combination with other standards, makes it possible to define 

the content of a document separately from its formatting, making it easy to reuse that content 
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in other applications or for other presentation environments. Most importantly, XML 

provides a basic syntax that can be used to share information between different kinds of 

computers, different applications, and different organizations without needing to pass through 

many layers of conversion. 

XML began as a simplified subset of the Standard Generalized Markup Language (SGML), 

meant to be readable by people via semantic constraints; application languages can be 

implemented in XML. These include XHTML, RSS, MathML, GraphML, Scalable Vector 

Graphics, MusicXML, and others. Moreover, XML is sometimes used as the specification 

language for such application languages. 

XML is recommended by the World Wide Web Consortium (W3C). It is a fee-free open 

standard. The recommendation specifies lexical grammar and parsing requirements. 

Key Points: 

1. XML Documents  

The Extensible Markup Language (XML) is a general-purpose specification for creating 

custom markup languages. It is classified as an extensible language, because it allows the 

user to define the mark-up elements. XML's purpose is to aid information systems in sharing 

structured data, especially via the Internet, to encode documents, and to serialize data; in the 

last context, it compares with text-based serialization languages such as JSON and YAML. 

XML's set of tools helps developers in creating web pages but its usefulness goes well 

beyond that. XML, in combination with other standards, makes it possible to define the 

content of a document separately from its formatting, making it easy to reuse that content in 

other applications or for other presentation environments. Most importantly, XML provides a 

basic syntax that can be used to share information between different kinds of computers, 

different applications, and different organizations without needing to pass through many 

layers of conversion. XML began as a simplified subset of the Standard Generalized Markup 

Language (SGML), meant to be readable by people via semantic constraints; application 

languages can be implemented in XML. These include XHTML, RSS, MathML, GraphML, 

Scalable Vector Graphics, MusicXML, and others. Moreover, XML is sometimes used as the 

specification language for such application languages. XML is recommended by the World 
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Wide Web Consortium (W3C). It is a fee-free open standard. The recommendation specifies 

lexical grammar and parsing requirements. 

2. XML namespaces 

XML namespaces are used for providing uniquely named elements and attributes in an XML 

instance. They are defined by a W3C recommendation called Namespaces in XML. An XML 

instance may contain element or attribute names from more than one XML vocabulary. If 

each vocabulary is given a namespace then the ambiguity between identically named 

elements or attributes can be resolved. A simple example would be to consider an XML 

instance that contained references to a customer and an ordered product. Both the customer 

element and the product element could have a child element "ID_number". References to the 

element ID_number would therefore be ambiguous unless the two identically named but 

semantically different elements were brought under namespaces that would differentiate 

them. 

2.1 Namespace declaration 

A namespace is declared using the reserved XML attribute xmlns, the value of which 

must be a Internationalized Resource Identifier (IRI), usually a Uniform Resource 

Identifier (URI) reference. For example: xmlns="http://www.w3.org/1999/xhtml" Note, 

however, that the URI is not actually read as an online address; it is simply treated by an 

XML parser as a string. For example, the document at http://www.w3.org/1999/xhtml 

itself does not contain any code. It simply describes the XHTML namespace to human 

readers. Using a URI (such as "http://www.w3.org/1999/xhtml") to identify a namespace, 

rather than a simple string (such as "xhtml"), reduces the possibility of different 

namespaces using duplicate identifiers. It is also possible to map namespaces to prefixes 

in namespace declarations. For example: xmlns:xhtml="http://www.w3.org/1999/xhtml" 

In this case, any element or attribute names that start with the prefix "xhtml:" are 

considered to be in the XHTML namespace. 

3. Document Object Model (DOM) 

The Document Object Model (DOM) is a platform- and language-independent standard 

object model for representing HTML or XML documents as well as an Application 

Programming Interface (API) for querying, traversing and manipulating such documents. 
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3.1 Intermediate DOM 

In 1997, Netscape and Microsoft released version 4.0 of Netscape Navigator and Internet 

Explorer, adding support for Dynamic HTML (DHTML), functionality enabling changes 

to a loaded HTML document. DHTML required extensions to the rudimentary document 

object that was available in the Legacy DOM implementations. Although the Legacy 

DOM implementations were largely compatible since JScript was based on JavaScript, 

the DHTML DOM extensions were developed in parallel by each browser maker and 

remained incompatible. These versions of the DOM became known as the "Intermediate 

DOM." The Intermediate DOMs enabled the manipulation of Cascading Style Sheet 

(CSS) properties which influence the display of a document. They also provided access to 

a new feature called "layers" via the "document.layers" property (Netscape Navigator) 

and the "document.all" property (Internet Explorer). Because of the fundamental 

incompatibilities in the Intermediate DOMs, cross-browser development required special 

handling for each supported browser. Subsequent versions of Netscape Navigator 

abandoned support for its Intermediate DOM. Internet Explorer continues to support its 

Intermediate DOM for backwards compatibility. 

3.2 Standardization 

The World Wide Web Consortium (W3C), founded in 1994 to promote open standards 

for the World Wide Web, brought Netscape Communications and Microsoft together with 

other companies to develop a standard for browser scripting languages, called 

"ECMAScript". The first version of the standard was published in 1997. Subsequent 

releases of JavaScript and JScript would implement the ECMAScript standard for greater 

cross-browser compatibility. After the release of ECMAScript, W3C began work on a 

standardized DOM. The initial DOM standard, known as "DOM Level 1," was 

recommended by W3C in late 1998. About the same time, Internet Explorer 5.0 shipped 

with limited support for DOM Level 1. DOM Level 1 provided a complete model for an 

entire HTML or XML document, including means to change any portion of the 

document. Non-conformant browsers such as Internet Explorer 4.x and Netscape 4.x were 

still widely used as late as 2000. DOM Level 2 was published in late 2000. It introduced 

the "getElementById" function as well as an event model and support for XML 

namespaces and CSS. DOM Level 3, the current release of the DOM specification, 

published in April 2004, added support for XPath and keyboard event handling, as well as 

an interface for serializing documents as XML. By 2005, large parts of W3C DOM were 

well-supported by common ECMAScript-enabled browsers, including Microsoft Internet 
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Explorer version 6 (2001), Gecko-based browsers (like Mozilla, Firefox and Camino), 

Konqueror, Opera, and Safari. 

3.3 Applications 

DOM is likely to be best suited for applications where the document must be accessed 

repeatedly or out of sequence order. If the application is strictly sequential and one-pass, 

the SAX model is likely to be faster and use less memory. In addition, non-extractive 

XML parsing models, such as VTD-XML, provide a new memory-efficient option. 

3.4 Web browsers 

A web browser is not obliged to use DOM in order to render an HTML document. 

However, the DOM is required by JavaScript scripts that wish to inspect or modify a web 

page dynamically. In other words, the Document Object Model is the way JavaScript sees 

its containing HTML page and browser state. 

3.5 Implementations 

Because DOM supports navigation in any direction (e.g., parent and previous sibling) and 

allows for arbitrary modifications, an implementation must at least buffer the document 

that has been read so far (or some parsed form of it). 

3.6 Layout engines 

Web browsers rely on layout engines to parse HTML into a DOM. Some layout engines 

such as Gecko or Trident/MSHTML are associated primarily or exclusively with a 

particular browser such as Firefox or Internet Explorer. Others, such as WebKit, are 

shared by a number of browsers, such as Safari and Google Chrome. Various layout 

engines implement the DOM standards to varying degrees. 

4. Document Type Definitions (DTDs) 

Document Type Definition (DTD) is one of several SGML and XML schema languages, and 

is also the term used to describe a document or portion thereof that is authored in the DTD 

language. A DTD is primarily used for the expression of a schema via a set of declarations 

that conform to a particular markup syntax and that describe a class, or type, of document, in 

terms of constraints on the structure of that document. A DTD may also declare constructs 

that are not always required to establish document structure, but that may affect the 

interpretation of some documents. XML documents are described using a subset of DTD 

which imposes a number of restrictions on the document's structure, as required per the XML 

standard (XML is in itself an application of SGML optimized for automated parsing). DTDs 
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are written in a formal syntax that explains precisely which elements and entities may appear 

where in the document and what the elements contents and attributes are. DTD is native to 

the SGML and XML specifications, and since its introduction other specification languages 

such as XML Schema and RELAX NG have been released with additional functionality. As 

an expression of a schema, a DTD specifies, in effect, the syntax of an "application" of 

SGML or XML, such as the derivative language HTML or XHTML. This syntax is usually a 

less general form of the syntax of SGML or XML. In a DTD, the structure of a class of 

documents is described via element and attribute-list declarations. Element declarations name 

the allowable set of elements within the document, and specify whether and how declared 

elements and runs of character data may be contained within each element. Attribute-list 

declarations name the allowable set of attributes for each declared element, including the type 

of each attribute value, if not an explicit set of valid value(s). 

5. Extensible Stylesheet Language and Xsl 

In computing, the Extensible Stylesheet Language (XSL), a family of transformation 

languages, allows one to describe how to format or transform files encoded in the XML 

standard. The XSL language itself uses valid XML syntax, with constructs such as: <xsl:if 

test="@author='Jones'">Hello Mrs. Jones!</xsl:if>The start-tag and end-tag of every 

statement echo the syntax of the opening and closing parenthesis of Lisp. The designers of 

XSL wanted a data driven language: it strongly encourages the inversion of control design 

pattern. The language assumes the processing of an XML file as a tree to produce a text-

based output document, generally HTML, XML, plain-text, or PDF. XSL programmers can 

declare variables, but not change their values. The language provides several data-driven 

looping constructs, but programmers can still construct arbitrary loops without altering any 

variables by using recursion (as in Scheme). 

The XSL family comprises three languages: 

 XSL Transformations (XSLT): an XML language for transforming XML documents 

 XSL Formatting Objects (XSL-FO): an XML language for specifying the visual formatting of 

an XML document 

 the XML Path Language (XPath): a non-XML language used by XSLT, and also available 

for use in non-XSLT contexts, for addressing the parts of an XML document. 

W3C recommendations specify each of the three languages. 
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Early Working Drafts that preceded the XSLT Recommendation didn't have the "T" at the 

end of XSLT; they used the term XSL instead; and the language included rudiments of what 

later became XPath. 

In Section 5 of this course you will cover these topics: 
 

Database, Sql And Ado .Net  
 

Web Services  
 

Networking: Streams Based Sockets And Datagrams  
 

Introduction. Self-Referential Classes. Linked Lists. Stacks. Queues. Trees. Collection 

Classes. 

 

Topic : Database, Sql And Ado .Net 

Topic Objective: 

At the end of this topic the student will be able to:  

 Understand Relational Database Model 

 Understand Relational Database Overview: Books Database 

Definition/Overview: 

A database is a structured collection of records or data that is stored in a computer system. 

The structure is achieved by organizing the data according to a database model. The model in 

most common use today is the relational model. Other models such as the hierarchical model 

and the network model use a more explicit representation of relationships. 

Key Points: 

1. Relational Database Model 

The relational model for database management is a database model based on first-order 

predicate logic, first formulated and proposed in 1969 by Edgar Codd. Its core idea is to 

describe a database as a collection of predicates over a finite set of predicate variables, 

describing constraints on the possible values and combinations of values. The content of the 

database at any given time is a finite (logical) model of the database, i.e. a set of relations, 

one per predicate variable, such that all predicates are satisfied. A request for information 

from the database (a database query) is also a predicate. 
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Relational model concepts 

                 In the relational model, related records are linked together with a "key". 

The purpose of the relational model is to provide a declarative method for specifying data and 

queries: we directly state what information the database contains and what information we 

want from it, and let the database management system software take care of describing data 

structures for storing the data and retrieval procedures for getting queries answered. 

IBM implemented Codd's ideas with the DB2 database management system; it introduced the 

SQL data definition and query language. Other relational database management systems 

followed, most of them using SQL as well. A table in an SQL database schema corresponds 

to a predicate variable; the contents of a table to a relation; key constraints, other constraints, 

and SQL queries correspond to predicates. However, it must be noted that SQL databases, 

including DB2, deviate from the relational model in many details; Codd fiercely argued 

against deviations that compromise the original principles. 

2. Relational Database Overview: Books Database 

A database is a means of storing information in such a way that information can be retrieved 

from it. In simplest terms, a relational database is one that presents information in tables with 

rows and columns. A table is referred to as a relation in the sense that it is a collection of 

objects of the same type (rows). Data in a table can be related according to common keys or 

concepts, and the ability to retrieve related data from a table is the basis for the term 

relational database. A Database Management System (DBMS) handles the way data is stored, 

maintained, and retrieved. In the case of a relational database, a Relational Database 

Management System (RDBMS) performs these tasks. DBMS as used in this book is a general 

term that includes RDBMS. Integrity Rules Relational tables follow certain integrity rules to 

ensure that the data they contain stay accurate and are always accessible. First, the rows in a 

relational table should all be distinct. If there are duplicate rows, there can be problems 

resolving which of two possible selections is the correct one. For most DBMSs, the user can 

specify that duplicate rows are not allowed, and if that is done, the DBMS will prevent the 

addition of any rows that duplicate an existing row. A second integrity rule of the traditional 

relational model is that column values must not be repeating groups or arrays. A third aspect 

of data integrity involves the concept of a null value. A database takes care of situations 

where data may not be available by using a null value to indicate that a value is missing. It 
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does not equate to a blank or zero. A blank is considered equal to another blank, a zero is 

equal to another zero, but two null values are not considered equal. When each row in a table 

is different, it is possible to use one or more columns to identify a particular row. This unique 

column or group of columns is called a primary key. Any column that is part of a primary key 

cannot be null; if it were, the primary key containing it would no longer be a complete 

identifier. This rule is referred to as entity integrity.  

Illustrates some of these relational database concepts. It has five columns and six rows, with 

each row representing a different employee. 

EMPLOYEE_NUMB

ER  

FIRST_NAM

E  

LAST_NAM

E  

DATE_OF_BIRT

H  

CAR_NUMBE

R  

10001  Axel  Washington  28-Aug-43  5  

10083  Arvid  Sharma  24-Nov-54  null 

10120  Jonas  Ginsberg  01-Jan-69  null 

10005  Florence  Wojokowski  04-Jul-71  12 

10099  Sean  Washington  21-Sep-66  null 

10035  Elizabeth  Yamaguchi  24-Dec-59  null 

The primary key for this table would generally be the employee number because each one is 

guaranteed to be different. (A number is also more efficient than a string for making 

comparisons.) It would also be possible to use First_Name and Last_Name because the 

combination of the two also identifies just one row in our sample database. Using the last 

name alone would not work because there are two employees with the last name of 

"Washington." In this particular case the first names are all different, so one could 

conceivably use that column as a primary key, but it is best to avoid using a column where 

duplicates could occur. If Elizabeth Taylor gets a job at this company and the primary key is 

First_Name, the RDBMS will not allow her name to be added (if it has been specified that no 

duplicates are permitted). Because there is already an Elizabeth in the table, adding a second 

one would make the primary key useless as a way of identifying just one row. Note that 

although using First_Name and Last_Name is a unique composite key for this example, it 

might not be unique in a larger database. Note also that Table 1.2 assumes that there can be 

only one car per employee.  

SELECTStatements SQL is a language designed to be used with relational databases. There 

is a set of basic SQL commands that is considered standard and is used by all RDBMSs. For 

example, all RDBMSs use the SELECT statement.  
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A SELECT statement, also called a query, is used to get information from a table. It specifies 

one or more column headings, one or more tables from which to select, and some criteria for 

selection. The RDBMS returns rows of the column entries that satisfy the stated 

requirements. A SELECT statement such as the following will fetch the first and last names 

of employees who have company cars:  

SELECT First_Name, Last_Name 

FROM Employees 

WHERE Car_Number IS NOT NULL 

The result set (the set of rows that satisfy the requirement of not having null in the 

Car_Number column) follows. The first name and last name are printed for each row that 

satisfies the requirement because the SELECT statement (the first line) specifies the columns 

First_Name and Last_Name. The FROM clause (the second line) gives the table from which 

the columns will be selected.  

FIRST_NAME LAST_NAME 

---------- ----------- 

Axel Washington 

Florence Wojokowski 

The following code produces a result set that includes the whole table because it asks for all 

of the columns in the table Employees with no restrictions (no WHERE clause). Note that 

SELECT * means "SELECT all columns."  

SELECT * 

FROM Employees 

2.1 WhereClauses  

TheWHEREclause in a SELECTstatement provides the criteria for selecting values. For 

example, in the following code fragment, values will be selected only if they occur in a 

row in which the column Last_Name begins with the string 'Washington'.  

SELECT First_Name, Last_Name 

FROM Employees 

WHERE Last_Name LIKE 'Washington%' 

The keyword LIKE is used to compare strings, and it offers the feature that patterns 

containing wildcards can be used. For example, in the code fragment above, there is a 

percent sign (%) at the end of 'Washington', which signifies that any value containing the 

string 'Washington' plus zero or more additional characters will satisfy this selection 

criterion. So 'Washington' or 'Washingtonian' would be matches, but 'Washing' would not 
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be. The other wildcard used in LIKEclauses is an underbar (_), which stands for any one 

character. For example,  

WHERE Last_Name LIKE 'Ba_man' 

would match 'Batman', 'Barman', 'Badman', 'Balman', 'Bagman', 'Bamman', and so on.  

The code fragment below has a WHEREclause that uses the equal sign (=) to compare 

numbers. It selects the first and last name of the employee who is assigned car 12.  

SELECT First_Name, Last_Name 

FROM Employees 

WHERE Car_Number = 12 

The next code fragment selects the first and last names of employees whose employee 

number is greater than 10005:  

SELECT First_Name, Last_Name 

FROM Employees 

WHERE Employee_Number > 10005 

WHERE clauses can get rather elaborate, with multiple conditions and, in some DBMSs, 

nested conditions. This overview will not cover complicated WHERE clauses, but the 

following code fragment has a WHEREclause with two conditions; this query selects the 

first and last names of employees whose employee number is less than 10100 and who do 

not have a company car.  

SELECT First_Name, Last_Name 

FROM Employees 

WHERE Employee_Number < 10100 and Car_Number IS NULL 

A special type of WHEREclause involves a join, which is explained in the next section.  

2.2 Joins  

A distinguishing feature of relational databases is that it is possible to get data from more 

than one table in what is called a join. Suppose that after retrieving the names of 

employees who have company cars, one wanted to find out who has which car, including 

the make, model, and year of car. This information is stored in another table, Cars, shown 

in Table 1.3.  

Table 1.3. Cars 

CAR NUMBER  MAKE  MODEL  YEAR  

5  Honda  Civic DX  1996  

12  Toyota  Corolla  1999  
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There must be one column that appears in both tables in order to relate them to each 

other. This column, which must be the primary key in one table, is called the foreign key 

in the other table. In this case, the column that appears in two tables is Car_Number, 

which is the primary key for the table Cars and the foreign key in the table Employees. If 

the 1996 Honda Civic were wrecked and deleted from the Cars table, then Car_Number 5 

would also have to be removed from the Employees table in order to maintain what is 

called referential integrity. Otherwise, the foreign key column (Car_Number) in 

Employees would contain an entry that did not refer to anything in Cars. A foreign key 

must either be null or equal to an existing primary key value of the table to which it 

refers. This is different from a primary key, which may not be null. There are several null 

values in the Car_Number column in the table Employees because it is possible for an 

employee not to have a company car. The following code asks for the first and last names 

of employees who have company cars and for the make, model, and year of those cars. 

Note that the FROM clause lists both Employees and Cars because the requested data is 

contained in both tables. Using the table name and a dot (.) before the column name 

indicates which table contains the column.  

  

SELECT Employees.First_Name, Employees.Last_Name, Cars.Make, 

 Cars.Model, Cars.Year 

FROM Employees, Cars 

WHERE Employees.Car_Number = Cars.Car_Number 

This returns a result set that will look similar to the following:  

FIRST_NAME LAST_NAME MAKE MODEL YEAR 

----------- ------------ -------- --------- ------- 

Axel Washington Honda CivicDX 1996 

Florence Wojokowski Toyota Corolla 1999 

  

Common SQL Commands 

SQL commands are divided into categories, the two main ones being Data Manipulation 

Language (DML) commands and Data Definition Language (DDL) commands. DML 

commands deal with data, either retrieving it or modifying it to keep it up-to-date. DDL 

commands create or change tables and other database objects such as views and indexes.  

A list of the more common DML commands follows:  

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

308
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



SELECT used to query and display data from a database. The SELECT statement 

specifies which columns to include in the result set. The vast majority of the SQL 

commands used in applications are SELECT statements. 

 INSERT adds new rows to a table. INSERT is used to populate a newly created table or to 

add a new row (or rows) to an already-existing table. 

 DELETE removes a specified row or set of rows from a table 

 UPDATE changes an existing value in a column or group of columns in a table 

The more common DDL commands follow:  

CREATE TABLE creates a table with the column names the user provides. The user also 

needs to specify a type for the data in each column. Data types vary from one 

RDBMS to another, so a user might need to use metadata to establish the data types 

used by a particular database. CREATE TABLE is normally used less often than the 

data manipulation commands because a table is created only once, whereas adding or 

deleting rows or changing individual values generally occurs more frequently.  

 DROP TABLE deletes all rows and removes the table definition from the database. A JDBC 

API implementation is required to support the DROP TABLE command as specified by 

SQL92, Transitional Level. However, support for the CASCADE and RESTRICT options of 

DROP TABLE is optional. In addition, the behavior of DROP TABLE is implementation-

defined when there are views or integrity constraints defined that reference the table being 

dropped.  

 ALTER TABLE adds or removes a column from a table. It also adds or drops table 

constraints and alters column attributes 

The rows that satisfy the conditions of a query are called the result set. The number of 

rows returned in a result set can be zero, one, or many. A user can access the data in a 

result set one row at a time, and a cursor provides the means to do that. A cursor can be 

thought of as a pointer into a file that contains the rows of the result set, and that pointer 

has the ability to keep track of which row is currently being accessed. A cursor allows a 

user to process each row of a result set from top to bottom and consequently may be used 
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for iterative processing. Most DBMSs create a cursor automatically when a result set is 

generated. Earlier JDBC API versions added new capabilities for a result set's cursor, 

allowing it to move both forward and backward and also allowing it to move to a 

specified row or to a row whose position is relative to another row. When one user is 

accessing data in a database, another user may be accessing the same data at the same 

time. If, for instance, the first user is updating some columns in a table at the same time 

the second user is selecting columns from that same table, it is possible for the second 

user to get partly old data and partly updated data. For this reason, DBMSs use 

transactions to maintain data in a consistent state (data consistency) while allowing more 

than one user to access a database at the same time (data concurrency). A transaction is a 

set of one or more SQL statements that make up a logical unit of work. A transaction ends 

with either a commit or a rollback, depending on whether there are any problems with 

data consistency or data concurrency. The commit statement makes permanent the 

changes resulting from the SQL statements in the transaction, and the rollback statement 

undoes all changes resulting from the SQL statements in the transaction. A lock is a 

mechanism that prohibits two transactions from manipulating the same data at the same 

time. For example, a table lock prevents a table from being dropped if there is an 

uncommitted transaction on that table. In some DBMSs, a table lock also locks all of the 

rows in a table. A row lock prevents two transactions from modifying the same row, or it 

prevents one transaction from selecting a row while another transaction is still modifying 

it. A stored procedure is a group of SQL statements that can be called by name. In other 

words, it is executable code, a mini-program, that performs a particular task that can be 

invoked the same way one can call a function or method. Traditionally, stored procedures 

have been written in a DBMS-specific programming language. The latest generation of 

database products allows stored procedures to be written using the Java programming 

language and the JDBC API. Stored procedures written in the Java programming 

language are bytecode portable between DBMSs. Once a stored procedure is written, it 

can be used and reused because a DBMS that supports stored procedures will, as its name 

implies, store it in the database. The following code is an example of how to create a very 

simple storedprocedure using the Java programming language. Note that the stored 

procedure is just a static Java method that contains normal JDBC code. It accepts two 

input parameters and uses them to change an employee's car number. Do not worry if you 

do not understand the example at this point. The code example below is presented only to 
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illustrate what a stored procedure looks like. You will learn how to write the code in this 

example in the tutorials that follow.  

import java.sql.*; 

  

public class UpdateCar { 

  

 public static void UpdateCarNum(int carNo, int empNo) 

 throws SQLException { 

 Connection con = null; 

 PreparedStatement pstmt = null; 

  

 try { 

 con = DriverManager.getConnection("jdbc:default:connection"); 

  

 pstmt = con.prepareStatement( 

 "UPDATE EMPLOYEES SET CAR_NUMBER = ? " + 

 "WHERE EMPLOYEE_NUMBER = ?"); 

 pstmt.setInt(1, carNo); 

 pstmt.setInt(2, empNo); 

 pstmt.executeUpdate(); 

 } 

 finally { 

 if (pstmt != null) pstmt.close(); 

 } 

 } 

} 

Databases store user data, and they also store information about the database itself. Most 

DBMSs have a set of system tables, which list tables in the database, column names in 

each table, primary keys, foreign keys, stored procedures, and so forth. Each DBMS has 

its own functions for getting information about table layouts and database features. JDBC 

provides the interface DatabaseMetaData, which a driver writer must implement so that 

its methods return information about the driver and/or DBMS for which the driver is 

written. For example, a large number of methods return whether or not the driver supports 

a particular functionality. This interface gives users and tools a standardized way to get 
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metadata. In general, developers writing tools and drivers are the ones most likely to be 

concerned with metadata.  

3. Structured Query Language (SQL) 

SQL (Structured Query Language) (pronounced /ɛsk'juːˈɛl /) is a database computer language 

designed for the retrieval and management of data in relational database management systems 

(RDBMS), database schema creation and modification, and database object access control 

management. SQL is a programming language for querying and modifying data and 

managing databases. SQL was standardized first by the ANSI and later by the ISO. Most 

database management systems implement a majority of one of these standards and add their 

proprietary extensions. SQL allows the retrieval, insertion, updating, and deletion of data. A 

database management system also includes management and administrative functions. Most 

if not all implementations also include a command-line interface (SQL/CLI) that allows for 

the entry and execution of the language commands, as opposed to only providing an 

application programming interface (API) intended for access from a graphical user interface 

(GUI). The first version of SQL was developed at IBM by Donald D. Chamberlin and 

Raymond F. Boyce in the early 1970s. This version, initially called SEQUEL, was designed 

to manipulate and retrieve data stored in IBM's original relational database product, System 

R. IBM patented their version of SQL in 1985, while the SQL language was not formally 

standardized until 1986 by the American National Standards Institute (ANSI) as SQL-86. 

Subsequent versions of the SQL standard have been released by ANSI and as International 

Organization for Standardization (ISO) standards. Originally designed as a declarative query 

and data manipulation language, variations of SQL have been created by SQL database 

management system (DBMS) vendors that add procedural constructs, flow-of-control 

statements, user-defined data types, and various other language extensions. With the release 

of the SQL:1999 standard, many such extensions were formally adopted as part of the SQL 

language via the SQL Persistent Stored Modules (SQL/PSM) portion of the standard. 

Common criticisms of SQL include a perceived lack of cross-platform portability between 

vendors, inappropriate handling of missing data (see Null (SQL)), and unnecessarily complex 

and occasionally ambiguous language grammar and semantics. 

Topic : Web Services 

Topic Objective: 

At the end of this topic the student will be able to:  
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 Understand 'Web service'  

 Understand The W3C Web 

Definition/Overview: 

A 'Web service' : A 'Web service' (also Web Service) is defined by the W3C as "a software 

system designed to support interoperable Machine to Machine interaction over a network." 

Web services are frequently just Web APIs that can be accessed over a network, such as the 

Internet, and executed on a remote system hosting the requested services. 

The W3C Web : The W3C Web service definition encompasses many different systems, but 

in common usage the term refers to clients and servers that communicate using XML 

messages that follow the SOAP standard. In such systems, there is often machine-readable 

description of the operations offered by the service written in the Web Services Description 

Language (WSDL). The latter is not a requirement of a SOAP endpoint, but it is a 

prerequisite for automated client-side code generation in many Java and .NET SOAP 

frameworks (frameworks such as Spring, Apache Axis2 and Apache CXF being notable 

exceptions). Some industry organizations, such as the WS-I, mandate both SOAP and WSDL 

in their definition of a Web service. 

More recently, RESTful Web services have been regaining popularity. These also meet the 

W3C definition, and are often better integrated with HTTP than SOAP-based services. They 

do not require XML messages or WSDL service-API definitions. 

Key Points: 

1. HTTP Request Types 

The set of common methods for HTTP/1.1 is defined below. Although this set can be 

expanded, additional methods cannot be assumed to share the same semantics for separately 

extended clients and servers.  

The Host request-header field (section 14.23) MUST accompany all HTTP/1.1 requests. 

1.1 Safe Methods 
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Implementors should be aware that the software represents the user in their 

interactions over the Internet, and should be careful to allow the user to be aware of 

any actions they might take which may have an unexpected significance to themselves 

or others. In particular, the convention has been established that the GET and HEAD 

methods SHOULD NOT have the significance of taking an action other than retrieval. 

These methods ought to be considered "safe". This allows user agents to represent 

other methods, such as POST, PUT and DELETE, in a special way, so that the user is 

made aware of the fact that a possibly unsafe action is being requested. Naturally, it is 

not possible to ensure that the server does not generate side-effects as a result of 

performing a GET request; in fact, some dynamic resources consider that a feature. 

The important distinction here is that the user did not request the side-effects, so 

therefore cannot be held accountable for them.  

1.2 Idempotent Methods 

Methods can also have the property of "idempotence" in that (aside from error or 

expiration issues) the side-effects of N > 0 identical requests is the same as for a 

single request. The methods GET, HEAD, PUT and DELETE share this property. 

Also, the methods OPTIONS and TRACE SHOULD NOT have side effects, and so 

are inherently idempotent.  

However, it is possible that a sequence of several requests is non- idempotent, even if 

all of the methods executed in that sequence are idempotent. (A sequence is 

idempotent if a single execution of the entire sequence always yields a result that is 

not changed by a reexecution of all, or part, of that sequence.) For example, a 

sequence is non-idempotent if its result depends on a value that is later modified in 

the same sequence. A sequence that never has side effects is idempotent, by definition 

(provided that no concurrent operations are being executed on the same set of 

resources).  

1.2 Options 

The OPTIONS method represents a request for information about the communication 

options available on the request/response chain identified by the Request-URI. This 

method allows the client to determine the options and/or requirements associated with 
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a resource, or the capabilities of a server, without implying a resource action or 

initiating a resource retrieval. Responses to this method are not cacheable. If the 

OPTIONS request includes an entity-body (as indicated by the presence of Content-

Length or Transfer-Encoding), then the media type MUST be indicated by a Content-

Type field. Although this specification does not define any use for such a body, future 

extensions to HTTP might use the OPTIONS body to make more detailed queries on 

the server. A server that does not support such an extension MAY discard the request 

body. If the Request-URI is an asterisk ("*"), the OPTIONS request is intended to 

apply to the server in general rather than to a specific resource. Since a server's 

communication options typically depend on the resource, the "*" request is only 

useful as a "ping" or "no-op" type of method; it does nothing beyond allowing the 

client to test the capabilities of the server. For example, this can be used to test a 

proxy for HTTP/1.1 compliance (or lack thereof). If the Request-URI is not an 

asterisk, the OPTIONS request applies only to the options that are available when 

communicating with that resource. A 200 response SHOULD include any header 

fields that indicate optional features implemented by the server and applicable to that 

resource (e.g., Allow), possibly including extensions not defined by this specification. 

The response body, if any, SHOULD also include information about the 

communication options. The format for such a body is not defined by this 

specification, but might be defined by future extensions to HTTP. Content negotiation 

MAY be used to select the appropriate response format. If no response body is 

included, the response MUST include a Content-Length field with a field-value of 

"0". The Max-Forwards request-header field MAY be used to target a specific proxy 

in the request chain. When a proxy receives an OPTIONS request on an absoluteURI 

for which request forwarding is permitted, the proxy MUST check for a Max-

Forwards field. If the Max-Forwards field-value is zero ("0"), the proxy MUST NOT 

forward the message; instead, the proxy SHOULD respond with its own 

communication options. If the Max-Forwards field-value is an integer greater than 

zero, the proxy MUST decrement the field-value when it forwards the request. If no 

Max-Forwards field is present in the request, then the forwarded request MUST NOT 

include a Max-Forwards field.  

1.3 GET: The GET method means retrieve whatever information (in the form of an 

entity) is identified by the Request-URI. If the Request-URI refers to a data-producing 
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process, it is the produced data which shall be returned as the entity in the response 

and not the source text of the process, unless that text happens to be the output of the 

process. The semantics of the GET method change to a "conditional GET" if the 

request message includes an If-Modified-Since, If-Unmodified-Since, If-Match, If-

None-Match, or If-Range header field. A conditional GET method requests that the 

entity be transferred only under the circumstances described by the conditional header 

field(s). The conditional GET method is intended to reduce unnecessary network 

usage by allowing cached entities to be refreshed without requiring multiple requests 

or transferring data already held by the client. The semantics of the GET method 

change to a "partial GET" if the request message includes a Range header field. A 

partial GET requests that only part of the entity be transferred, as described in section 

14.35. The partial GET method is intended to reduce unnecessary network usage by 

allowing partially-retrieved entities to be completed without transferring data already 

held by the client.  

1.4 HEAD 

The HEAD method is identical to GET except that the server MUST NOT return a 

message-body in the response. The metainformation contained in the HTTP headers 

in response to a HEAD request SHOULD be identical to the information sent in 

response to a GET request. This method can be used for obtaining metainformation 

about the entity implied by the request without transferring the entity-body itself. This 

method is often used for testing hypertext links for validity, accessibility, and recent 

modification. The response to a HEAD request MAY be cacheable in the sense that 

the information contained in the response MAY be used to update a previously cached 

entity from that resource. If the new field values indicate that the cached entity differs 

from the current entity (as would be indicated by a change in Content-Length, 

Content-MD5, ETag or Last-Modified), then the cache MUST treat the cache entry as 

stale.  

1.5 POST 

The POST method is used to request that the origin server accept the entity enclosed 

in the request as a new subordinate of the resource identified by the Request-URI in 
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the Request-Line. POST is designed to allow a uniform method to cover the following 

functions:  

- Annotation of existing resources; 

- Posting a message to a bulletin board, newsgroup, mailing list, 

or similar group of articles; 

- Providing a block of data, such as the result of submitting a 

form, to a data-handling process; 

- Extending a database through an append operation. 

The actual function performed by the POST method is determined by the server and is 

usually dependent on the Request-URI. The posted entity is subordinate to that URI in 

the same way that a file is subordinate to a directory containing it, a news article is 

subordinate to a newsgroup to which it is posted, or a record is subordinate to a 

database. The action performed by the POST method might not result in a resource 

that can be identified by a URI. In this case, either 200 (OK) or 204 (No Content) is 

the appropriate response status, depending on whether or not the response includes an 

entity that describes the result. If a resource has been created on the origin server, the 

response SHOULD be 201 (Created) and contain an entity which describes the status 

of the request and refers to the new resource, and a Location header. Responses to this 

method are not cacheable, unless the response includes appropriate Cache-Control or 

Expires header fields. However, the 303 (See Other) response can be used to direct 

the user agent to retrieve a cacheable resource.  

1.6 PUT 

The PUT method requests that the enclosed entity be stored under the supplied 

Request-URI. If the Request-URI refers to an already existing resource, the enclosed 

entity SHOULD be considered as a modified version of the one residing on the origin 

server. If the Request-URI does not point to an existing resource, and that URI is 

capable of being defined as a new resource by the requesting user agent, the origin 
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server can create the resource with that URI. If a new resource is created, the origin 

server MUST inform the user agent via the 201 (Created) response. If an existing 

resource is modified, either the 200 (OK) or 204 (No Content) response codes 

SHOULD be sent to indicate successful completion of the request. If the resource 

could not be created or modified with the Request-URI, an appropriate error response 

SHOULD be given that reflects the nature of the problem. The recipient of the entity 

MUST NOT ignore any Content-* (e.g. Content-Range) headers that it does not 

understand or implement and MUST return a 501 (Not Implemented) response in such 

cases. If the request passes through a cache and the Request-URI identifies one or 

more currently cached entities, those entries SHOULD be treated as stale. Responses 

to this method are not cacheable. The fundamental difference between the POST and 

PUT requests is reflected in the different meaning of the Request-URI. The URI in a 

POST request identifies the resource that will handle the enclosed entity. That 

resource might be a data-accepting process, a gateway to some other protocol, or a 

separate entity that accepts annotations. In contrast, the URI in a PUT request 

identifies the entity enclosed with the request -- the user agent knows what URI is 

intended and the server MUST NOT attempt to apply the request to some other 

resource. If the server desires that the request be applied to a different URI, it MUST 

send a 301 (Moved Permanently) response; the user agent MAY then make its own 

decision regarding whether or not to redirect the request. A single resource MAY be 

identified by many different URIs. For example, an article might have a URI for 

identifying "the current version" which is separate from the URI identifying each 

particular version. In this case, a PUT request on a general URI might result in several 

other URIs being defined by the origin server. HTTP/1.1 does not define how a PUT 

method affects the state of an origin server. PUT requests MUST obey the message 

transmission requirements set out in section 8.2. Unless otherwise specified for a 

particular entity-header, the entity-headers in the PUT request SHOULD be applied to 

the resource created or modified by the PUT.  

1.7 DELETE 

The DELETE method requests that the origin server delete the resource identified by 

the Request-URI. This method MAY be overridden by human intervention (or other 

means) on the origin server. The client cannot be guaranteed that the operation has 
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been carried out, even if the status code returned from the origin server indicates that 

the action has been completed successfully. However, the server SHOULD NOT 

indicate success unless, at the time the response is given, it intends to delete the 

resource or move it to an inaccessible location. A successful response SHOULD be 

200 (OK) if the response includes an entity describing the status, 202 (Accepted) if 

the action has not yet been enacted, or 204 (No Content) if the action has been 

enacted but the response does not include an entity. If the request passes through a 

cache and the Request-URI identifies one or more currently cached entities, those 

entries SHOULD be treated as stale. Responses to this method are not cacheable.  

1.8 TRACE 

The TRACE method is used to invoke a remote, application-layer loop- back of the 

request message. The final recipient of the request SHOULD reflect the message 

received back to the client as the entity-body of a 200 (OK) response. The final 

recipient is either the origin server or the first proxy or gateway to receive a Max-

Forwards value of zero (0) in the request (see section 14.31). A TRACE request 

MUST NOT include an entity. TRACE allows the client to see what is being received 

at the other end of the request chain and use that data for testing or diagnostic 

information. The value of the Via header field (section 14.45) is of particular interest, 

since it acts as a trace of the request chain. Use of the Max-Forwards header field 

allows the client to limit the length of the request chain, which is useful for testing a 

chain of proxies forwarding messages in an infinite loop. If the request is valid, the 

response SHOULD contain the entire request message in the entity-body, with a 

Content-Type of "message/http". Responses to this method MUST NOT be cached. 

2. Multi-Tier Architecture 

In software engineering, multi-tier architecture (often referred to as n-tier architecture) is a 

client-server architecture in which, the presentation, the application processing and the data 

management are logically separate processes. For example, an application that uses 

middleware to service data requests between a user and a database employs multi-tier 

architecture. The most widespread use of "multi-tier architecture" refers to three-tier 

architecture. The concepts of layer and tier are often used interchangeably. However, one 

fairly common point of view is that there is indeed a difference, and that a layer is a logical 
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structuring mechanism for the elements that make up the software solution, while a tier is a 

physical structuring mechanism for the system infrastructure. 'Three-tier' is a client-server 

architecture in which the user interface, functional process logic ("business rules"), computer 

data storage and data access are developed and maintained as independent modules, most 

often on separate platforms. The three-tier model is considered to be a software architecture 

and a software design pattern. Apart from the usual advantages of modular software with well 

defined interfaces, the three-tier architecture is intended to allow any of the three tiers to be 

upgraded or replaced independently as requirements or technology change. For example, a 

change of operating system in the presentation tier would only affect the user interface code. 

Typically, the user interface runs on a desktop PC or workstation and uses a standard 

graphical user interface, functional process logic may consist of one or more separate 

modules running on a workstation or application server, and an RDBMS on a database server 

or mainframe contains the computer data storage logic. The middle tier may be multi-tiered 

itself (in which case the overall architecture is called an "n-tier architecture"). The 3-Tier 

architecture has the following three tiers: 

3. Accessing Web Servers 

A web hosting service is a type of Internet hosting service that allows individuals and 

organizations to provide their own website accessible via the World Wide Web. Web hosts 

are companies that provide space on a server they own for use by their clients as well as 

providing Internet connectivity, typically in a data center. Web hosts can also provide data 

center space and connectivity to the Internet for servers they do not own to be located in their 

data center, called colocation. Service scopeThe scope of hosting services varies widely. The 

most basic is web page and small-scale file hosting, where files can be uploaded via File 

Transfer Protocol (FTP) or a Web interface. The files are usually delivered to the Web "as is" 

or with little processing. Many Internet service providers (ISPs) offer this service free to their 

subscribers. People can also obtain Web page hosting from other, alternative service 

providers. Personal web site hosting is typically free, advertisement-sponsored, or cheap. 

Business web site hosting often has a higher expense. Single page hosting is generally 

sufficient only for personal web pages. A complex site calls for a more comprehensive 

package that provides database support and application development platforms (e.g. PHP, 

Java, Ruby on Rails, ColdFusion, and ASP.NET). These facilities allow the customers to 

write or install scripts for applications like forums and content management. For e-commerce, 
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SSL is also highly recommended. The host may also provide an interface or control panel for 

managing the Web server and installing scripts as well as other services like e-mail. Some 

hosts specialize in certain software or services (e.g. e-commerce). They are commonly used 

by larger companies to outsource network infrastructure to a hosting company. Hosting 

uptime refers to the percentage of time the host is accessible via the internet. Many providers 

state that they aim for a 99.9% uptime, but there may be server restarts and planned (or 

unplanned) maintenance in any hosting environment. A common claim from the popular 

hosting providers is '99% or 99.9% server uptime' but this often refers only to a server being 

powered on and doesn't account for network downtime. Real downtime can potentially be 

larger than the percentage guaranteed by the provider. Many providers tie uptime and 

accessibility into their own service level agreement (SLA). SLAs sometimes include refunds 

or reduced costs if performance goals are not met. 

4. ASP(Active Server Pages).NET 

Active Server Pages (ASP), also known as Classic ASP, was Microsoft's first server-side 

script engine for dynamically-generated web pages. Initially releasead as an add-on to 

Internet Information Services (IIS) via the Windows NT 4.0 Option Pack, it was subsequently 

included as a free component of Windows Server (since the initial release of Windows 2000 

Server). 

Developing rich functionality in ASP websites is enabled by the active scripting engine's 

support of the Component Object Model (COM), with each object providing a related group 

of frequently-used functions and data attributes. In ASP 2.0 there were six built-in objects: 

Application, ASPError, Request, Response, Server, and Session. Session, for example, is a 

cookie-based session object that maintains the state of variables from page to page. 

Functionality is further extended by objects which, when instantiated, provide access to the 

environment of the web server; as an example FileSystemObject (FSO) is used to create, 

read, update and delete files. Web pages with the .asp file extension use ASP, although some 

Web sites disguise their choice of scripting language for security purposes (e.g. still using the 

more common .htm or .html extension). Pages with the .aspx extension are ASP.NET (based 

on Microsoft's .NET Framework) and compiled, which makes them faster and more robust 

than the than server-side scripting in ASP which is interpreted at run-time; however, many 

ASP.NET pages still include some ASP scripting. Such marked differences between ASP and 

ASP.NET have lead to the term Classic ASP being used, which also implies some nostalgia 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

321
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



for the simpler platform. Most ASP pages are written in VBScript, but any other Active 

Scripting engine can be selected instead by using the @Languagedirective or the <script 

language="language" runat="server">syntax. JScript (Microsoft's implementation of 

ECMAScript) is the other language that is usually available. PerlScript (a derivative of Perl) 

and others are available as third-party installable Active Scripting engines. 

5. Simple Object Access Protocol (SOAP)and Web Services 

"SOAP is a protocol specification for invoking methods on servers, services, components and 

objects. SOAP codifies the existing practice of using XML and HTTP as a method invocation 

mechanism. The SOAP specification mandates a small number of HTTP headers that 

facilitate firewall/proxy filtering. The SOAP specification also mandates an XML vocabulary 

that is used for representing method parameters, return values, and exceptions." 

[DevelopMentor] "SOAP is the Simple Object Access Protocol, a way to create widely 

distributed, complex computing environments that run over the Internet using existing 

Internet infrastructure. SOAP is about applications communicating directly with each other 

over the Internet in a very rich way." [MS] [In the context of the Microsoft Windows DNA 

2000 solution]: "The key enabler for Microsoft's vision of integrated, programmable Web 

services is XML. Through the exchange of XML messages, services can easily describe their 

capabilities and allow any other service, application or device on the Internet to easily invoke 

those capabilities. To help realize that vision, Microsoft today is submitting to the Internet 

Engineering Task Force (IETF) an Internet draft specification for the Simple Object Access 

Protocol (SOAP), an XML-based mechanism that bridges different object models over the 

Internet and provides an open mechanism for Web services to communicate with one 

another." [1999-09-13] "To help developers build Web services and link heterogeneous 

components over the Internet, Microsoft worked with industry experts to create the Simple 

Object Access Protocol. SOAP provides an open, extensible way for applications to 

communicate using XML-based messages over the Web, regardless of what operating 

system, object model or language particular applications may use. SOAP facilitates universal 

communication by defining a simple, extensible message format in standard XML and 

thereby providing a way to send that XML message over HTTP. Microsoft is soliciting 

industry feedback on version 0.9 of the SOAP specification. . ." [MS announcement 1999-09-

13]" [June 24, 2003] SOAP Version 1.2 Published as a W3C Recommendation. The World 

Wide Web Consortium has released SOAP Version 1.2 as a W3C Recommendation. Final 
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'Recommendation' is "the equivalent of a Web standard, indicating that this W3C-developed 

specification is stable, contributes to Web interoperability, and has been reviewed by the 

W3C Membership, who favor its adoption by the industry. SOAP Version 1.2 is a lightweight 

protocol intended for exchanging structured information in a decentralized, distributed 

environment such as the Web. As an XML-based messaging framework for building 

distributed applications on the Web, SOAP Version 1.2 offers several benefits over 

SOAP/1.1. It is: (1) Cleaner, providing clear processing and extensibility models, with 

increased interoperability; (2) More integrated, designed for better integration with XML 

standards and the architecture of the Web; (3) More versatile, specifying a binding 

framework that provides protocol independence; (4) Faster, based upon XML Infoset that 

supports performance optimizations." The W3C Recommendation is published in four parts, 

including: SOAP Version 1.2 Part 0: Primer, SOAP Version 1.2 Part 1: Messaging 

Framework, SOAP Version 1.2 Part 2: Adjuncts, and SOAP Version 1.2 Specification 

Assertions and Test Collection. 

[May 07, 2003] W3C Publishes SOAP Version 1.2 as a Proposed Recommendation. W3C 

has advanced SOAP Version 1.2 to Proposed Recommendation status, and the W3C XML 

Protocol Working Group has issued a request for final review of the four-part specification. 

SOAP Version 1.2 is "a lightweight protocol for exchanging structured information in a 

decentralized, distributed environment; it provides a standardized XML-based solution for 

data transport. The four parts include SOAP Version 1.2 Part 0: Primer, SOAP Version 1.2 

Part 1: Messaging FrameworkSOAP Version 1.2 Part 2: Adjuncts, and SOAP Version 1.2 

Specification Assertions and Test Collection. SOAP 1.2 "describes a refined processing 

model, thus removing ambiguities found in SOAP/1.1, and it includes improved error 

messages, thus helping developers to write better applications. In addition to fulfilling 

requirements spelled out in the WG charter, SOAP 1.2 integrates core XML technologies. 

SOAP 1.2 is designed to work seamlessly with W3C XML schemas, maximizing SOAP's 

utility with a broad range of XML tools, and paving the way for future work on WSDL. It 

also makes use of XML Namespaces as a flexible and lightweight mechanism for handling 

XML language mixing. After the Candidate Recommendation period, the W3C XML 

Protocol WG tracked seven SOAP 1.2 implementations from W3C Member organizations 

and independent developers to ensure the viability and interoperability of implementations 

based on the specification. The WG had already identified and resolved over 400 technical 

and editorial issues raised in public review of both the previous SOAP/1.1 specification and 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

323
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



the resultant SOAP 1.2 specification." The final review period for SOAP Version 1.2 closes 

on June 07, 2003. 

[July 09, 2001] W3C Releases First Public Working Draft for SOAP Version 1.2. The World 

Wide Web Consortium (W3C) has published a first working draft specification for SOAP 

Version 1.2. The working draft has been produced by the XML Protocol Working Group 

(WG), part of the W3C XML Protocol Activity. "SOAP version 1.2 is a lightweight protocol 

for exchange of information in a decentralized, distributed environment. It is an XML based 

protocol that consists of four parts: an envelope that defines a framework for describing what 

is in a message and how to process it, a set of encoding rules for expressing instances of 

application-defined data types, a convention for representing remote procedure calls and 

responses and a binding convention for exchanging messages using an underlying protocol. 

SOAP can potentially be used in combination with a variety of other protocols; however, the 

only bindings defined in this document describe how to use SOAP in combination with 

HTTP and the experimental HTTP Extension Framework." The Working Group has also 

"produced an abstract model and a glossary of terms and concepts used by the Working 

Group, together with a new issues list that describes issues and concerns raised by mapping 

its requirements and the XMLP abstract model against the SOAP/1.1." Section D.1 supplies 

'SOAP Specification Changes' in tabular format; Section D.2 XML with 'Schema Changes' 

documents the envelope and encoding schemas which have been updated to be compliant 

with the XML Schema Recomendation. [Full context] 

[May 08, 2000] The W3C has acknowledged receipt of a submission request including the 

Simple Object Access Protocol (SOAP) 1.1. The submission includes the text of the SOAP 

1.1 specification along with a SOAP Envelope schema and a SOAP Encoding schema. 

Reference: W3C Note 08-May-2000. By: Don Box (DevelopMentor), David Ehnebuske 

(IBM), Gopal Kakivaya (Microsoft), Andrew Layman (Microsoft), Noah Mendelsohn (Lotus 

Development Corp.), Henrik Frystyk Nielsen (Microsoft), Satish Thatte (Microsoft), and 

Dave Winer (UserLand Software, Inc.). The submission is from Ariba, Inc., Commerce One, 

Inc., Compaq Computer Corporation, DevelopMentor, Inc., Hewlett Packard Company, 

International Business Machines Corporation, IONA Technologies, Lotus Development 

Corporation, Microsoft Corporation, SAP AG, and UserLand Software Inc. The co-

submitters of the specification assert that they "believe strongly in the need for standardized 

protocols to support interoperable interactions with remote Web-based services. Although 

there are a number of similar efforts underway, [they] feel the W3C is well suited to co-

ordinate work in this area, and propose the formation of a new working group within the 
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existing XML Activity group to continue the evolution of this proposal." Document abstract: 

"SOAP is a lightweight protocol for exchange of information in a decentralized, distributed 

environment. It is an XML based protocol that consists of three parts: an envelope that 

defines a framework for describing what is in a message and how to process it, a set of 

encoding rules for expressing instances of application-defined datatypes, and a convention for 

representing remote procedure calls and responses. SOAP can potentially be used in 

combination with a variety of other protocols; however, the only bindings defined in this 

document describe how to use SOAP in combination with HTTP and HTTP Extension 

Framework." The W3C staff comment on the NOTE presents the W3C's provisional 

disposition. It says, in part: "SOAP is one of the existing protocols in the domain of XML 

based protocols. However its object serialization scheme needs to be more explicit, as in the 

architectural model of HTTP-NG, where inheritance or method description issues were 

addressed. Also we think that security considerations should have a central place in such a 

design, as it is always more difficult, if not impossible, to add security afterwards. W3C is 

currently hosting a mailing list to discuss XML protocol requirements and compare several 

current protocols... it encourages participants to contribute requirements and use cases that 

will help scope XML protocol discussions. W3C solicits input regarding what its role should 

be in the development of this area of work." 

6. Publishing and Consuming Web Services 

Web services allow different applications to share both their data and their capabilities. For 

example, an accounting system can connect to a customer ordering system. Companies can 

also use Web services to share data and application capabilities with other companies.  

Web services are independent of any particular component technology or object-calling 

convention for the following reasons: 

 They use HTTP as the Web protocol.  

 They are based on XML.  

 They support the Secure Socket Layer (SSL).  

Programs that are written in any programming language for any component model and 

operating system, can access the Web service. Crystal Reports has enabled reports to be 

easily published and consumed as Report Web Services. Web and Windows applications can 

connect to a Report Web Service and display the Crystalreport that is exposed by this service.  
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In Crystal Reports for Visual Studio, when you select the option to publish a Crystalreport to 

a Report Web Service, the Report Web Service is compiled to a DLL, which generates an 

XML file with the .NET Web service file extension, ".asmx." The ASMX file describes the 

public functions, input parameters, data types, and return data types that are exposed by the 

Report Web Service. Both the DLL and ASMX files are published on the Web server as a 

Report Web Service. A client on a Web browser can now invoke the Report Web Service by 

calling the URL of the Web service. Data is passed to and from the Web Service over HTTP 

in the form of XML.  

To access the published Report Web Service from a client application, you must pass the 

URL string to the ReportSource property of the CrystalReportViewer control, from either a 

Web Site or Windows project.  

To publish a Report Web Service 

 Start Visual Studio. 

 From the File menu, select New, and then click Web Site. 

 In the New Web Site dialog box, select a language folder for C# or Visual Basic from the 

Project Types list. 

 From the Visual Studio installed templates list, click ASP.NET Web Service. 

 In the Location field, enter a file directory path and name for your Web Service directory. 

 Copy Code 

 C:\WebServices\MyCrystalReportsWebServices 

 Click OK. 

 In Solution Explorer, right-click the bold project name and select Add Existing Item. 

 In the Add Existing Item dialog box, set Files of type to All Files (*.*). 

 Navigate to the Hierarchical Grouping.rpt file in the Feature Examples folder of the Crystal 

Reports sample reports directory. 

 The Hierarchical Grouping report retrieves its data from the Access database xtreme.mdb. If 

you have not verified the location of this database and its ODBC DSN configuration, see 

What Needs to be Verified?.  

 Click the Hierarchical Grouping.rpt file to select it, and then click Add. 

 The Hierarchical Grouping.rpt file is added to your project. 

 Right-click the report and select Publish as web service. 

 A new service, Hierarchical GroupingService.asmx is created. 

 Right-click Hierarchical GroupingService.asmx and select Set As Start Page. 
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You are now ready to build and test your Report Web Service. 

To build, test, and obtain the URL for your published Report Web Service 

 From the Build menu, select Build Solution. 

 If you have any build errors, go ahead and fix them now. 

 From the Debug menu, click Start. 

 The Hierarchial_GroupingService ASMX file is displayed in the Web browser. 

 Copy the URL from the browser. 

Topic : Networking: Streams Based Sockets And Datagrams 

Topic Objective: 

At the end of this topic the student will be able to:  

 Understand Establishing a Simple Server (Using Stream Sockets 

 Understand Establishing a Simple Client (Using Stream Sockets). 

 Understand Establishing a Simple Client Using Stream Sockets  

 Definition/Overview: 

A computer network is a group of interconnected computers. Networks may be classified 

according to a wide variety of characteristics. This article provides a general overview of 

some types and categories and also presents the basic components of a network. 

Key Points: 

1. Establishing a Simple Server (Using Stream Sockets). 

Typically, with TCP, a server "listens" (i.e., waits) for a connection request from a client. 

Often, the server program contains a control statement or block of code that executes 

continuously until the server receives a request. On receiving a request, the server establishes 

a connection to the client. The server then uses this connectionmanaged by a Socketobjectto 

handle future requests from that client and to send data to the client. Since programs that 

communicate via TCP process the data they send and receive as streams of bytes, 

programmers sometimes refer to Sockets used with TCP as "stream Sockets." Establishing a 

simple server with TCP and stream sockets requires five steps. First, create an object of class 

TcpListenerof namespace System.Net.Sockets. This class represents a TCP stream socket 

through which a server can listen for requests. Creating a new TcpListener, as in 
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2. Establishing a Simple Client (Using Stream Sockets).  

 Establishing a Simple Server Using Stream Sockets -- there are five steps to create a simple 

server in Java 

o Step 1: Create ServerSocket object 

ServerSocket server =  

new ServerSocket(portNumber, queueLength);  

Register an available port  

Specify a maximum number of clients  

Handshake point  

Binding the server to the port 

Only one client can be bound to a specific port  

Port numbers can be between 0 and 65,535. However, port numbers 

below 1024 are normally reserved for the operating system and 

should not be specified as connection ports in user programs.  

o Step 2: Server listens for client connection 

Server blocks until client connects  

Socket connection = server.accept(); 

o Step 3: Sending and receiving data 

OutputStream to send and InputStream to receive data  

Socket method getOutputStream returns Sockets OutputStream  

Socket method getInputstream returns Sockets InputStream 

o Step 4: Process phase 
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Server and Client communicate via streams 

o Step 5: Close streams and connections 

Method close 

 Establishing a Simple Client Using Stream Sockets -- there are four steps to create a simple 

client in Java. 

o Step 1: Create a Socket to connect to server 

Socket connection =  

new Socket(serverAddress, port); 

o Step 2: Obtain Sockets InputStream and Outputstream  

o Step 3: Process information communicated  

o Step 4: Close streams and connection  

3. Client/Server Interaction with Stream-Socket Connections 

 Example -- Client/server chat application 

o Server.java (Fig. 24.5)  

o Client.java (Fig. 24.7) 

o Uses stream sockets  

o Server waits for a client connection attempt  

o Client connects to the server 

Send and receive messages  

o Client or server terminates the connection  

o Server waits for the next client to connect 
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4. Connectionless Client/Server Interaction with Datagrams 

 Connectionless transmission with datagrams 

o No connection maintained with other computer  

o Break message into separate pieces and send as packets  

o Message arrive in order, out of order or not at all  

o Receiver puts messages in order and reads them 

 Example -- Client/server chat application 

o Server.java (Fig. 24.9)  

o Client.java (Fig. 24.7) 

o Uses Datagram sockets  

Topic : Introduction. Self-Referential Classes. Linked Lists. Stacks. Queues. Trees. 

Collection Classes. 

Topic Objective: 

At the end of this topic student will be able to:  

 Understand the Self-Referential Classes 

 Understand the Linked Lists. 

 Understand the Stacks. Queues 

 Understand the Array doubling. 

 Understand the Stack and queue applications. 

 Understand the Collection Classes 

Definition/Overview: 

Self-reference is a phenomenon in natural or formal languages consisting of a sentence or 

formula referring to itself directly, or through some intermediate sentence or formula, or by 

means of some encoding. In philosophy, it also refers to the ability of a subject to speak of or 
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refer to himself, herself, or itself: to have the kind of thought expressed by the first person 

pronoun, the word "I" in English. 

Self-reference is possible when there are two logical levels, a level and a meta-level. It is 

most commonly used in mathematics, philosophy, computer programming, and linguistics. 

Self-referential statements can lead to paradoxes (but see Antinomy for limits on the 

significance of these). 

Key Points: 

1. Self-Referential Classes 

The major topic of discussion for the next few days is how to use a slight generalization 

(private static instead of public, with Object replacing int) of the following class:  

public class LN { 

public LN (int i, LN n) 

{value = i; next = n;} 

public int value; 

public LN next; 

} 

Read LN as an abbreviation for List Node. It may seem odd to make such a fuss about such a 

simple class: one that contains only a constructor, along with two public instance variables 

(so no accessors or mutators are needed to retrieve or alter their contents). The key to all its 

interestingness is that every object constructed from the LN contains a next instance variable 

that stores null or a reference to another object from this class.  

The value null is used to indicate the last node in the list (there is no list node following it). 

Thus, null references serve an important purpose here; before now, about the only use of null 

was when Java reported NullPointerException when trying to call a method on a variable 

(typically a member of an array) that stored null; i.e., did not refer to an object. The data 
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structures that arise from repeatedly constructing objects from this class are similar in content 

to arrays: they store some sequence of values. An example of one such structure is shown 

below. 

Notice that the last next instance variables store a null. Although this picture is accurate, it is 

also cumbersome to draw. Instead, we will often abbreviate such pictures as shown below. 

Notice that the picture below blurs the important distinction between an object and its 

instance variables, and in addition the value null appears just as a / (a slash) in the final 

object. Ensure that you know how to draw the real pictures before adopting this shorthand.  

Note that the placement of the LN objects on the page and the exact places that the arrows 

point to "in" the LN object (really they refer to the whole object) is irrelevant. What is 

relevant is being able to follow references from one object to the next one, etc. As with all 

pictorial representations of data, these will be important when we need to visualize 

complicated data structures and the operations we perform on them.  

Note the following accesses and their classes and values. Any cascaded access chain ending 

in .value specifies some instance variable storing an int; any cascaded access chain ending in 

.next specifies some instance variable storing null or a reference to the next LNobject.  

 x specifies a variable that stores a reference to the first object of class LN  

 x.value specifies an instance variable (in the first object) that stores the int 5  

 x.next specifies an instance variable (in the first object) that stores a reference to the second 

object of class LN  

 x.next.value specifies an instance variable (in the second object) that stores the int 3  

 x.next.next specifies an instance variable (in the second object) that stores a reference to the 

third object of class LN  

 x.next.next.value specifies an instance variable (in the third object) that stores the int 8  

 ...  

 x.next.next.next.next.next.next specifies an instance variable (in the sixth object) that stores 

null Only the last object can store null, otherwise a link is broken.  

Traversing Linked Lists via Cursors. As with arrays, the main processing that we do with 

linked lists is to traverse them, visiting (and somehow processing) every value that they store. 
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For example, the following code computes the sum of all the values contained in a linked list. 

Note the similarity to a for loop for processing a sequence of integers stored in an array.  

int sum = 0; 

for (LN r=x; r!=null; r=r.next) 

sum += r.value; 

System.out.println("Sum = " + sum); 

The for loop's parts  

 initialize the reference r to refer to the first object in the linked list (using the standard 

semantics for copying references)  

 test r to ensure that it still refers to some object in the linked list (e.g., its values is not null)  

 advance r to refer to the next object in the linked list (or possibly null, when there are no 

more objects to refer to) Tthe statement r=r.next is the key to understanding how to traverse 

linked lists: it is the linked-list equivalent of i++ when processing arrays.  

The following picture is a hand simulation that illustrates how r takes on successive 

references to the objects in the linked list, summing the value instance variable of each.  

Compare this loop with the equivalent loop for adding up all the values in an array. Each uses 

a special variable (which we shall now call a cursor) to step through every value in their 

respective data structures. Generally, a cursor is a small value that refers to a specific location 

in a data structure that can store many values. The most often use of the term cursor refers to 

the one seen in a text editor: there the cursor refers to the location where characters will be 

entered/deleted among the many characters in a file.  

For arrays, the cursor is an int index; for linked lists, the cursor is a reference to some object 

in a linked list. We check array cursors numerically to determine whether they are still small 

enough to refer to index a value in an array; we check linked list cursors against null to 

determine whether they still refer to some object in the linked list. We advance array cursors 

by incrementing them; we advance linked list cursors via a statement like r = r.next; which 
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updates r to refer to the next value beyond the one r current refers to. The for loop in Java is 

thus general enough to compactly specify all the information needed for traversing lists.  

Here are some more examples of processing linked list code via traversals. I encourage you to 

hand simulate this code until you become comfortable with processing linked lists by 

traversals. While I can often look at array code and figure it out, often with linked list code, 

especially if it is subtle, I need to perform a hand simuation to understand or debug it.  

The first code fragments prints all the values stored in a linked list, with commas between the 

values.  

for (LN r=x; r!=null; r=r.next) 

System.out.println(r.value + (r.next!=null ? "," : "")); 

Next, let's assume that we declare DecisionInt criteria; and store into it a reference to some 

object constructed from a class that implements the DecisionInt interface. We can modify the 

code above to print only the OK values in this linked list (we cannot put commas after values 

-do you see why- so we use a commas-before-values approach.  

boolean first = true; 

for (LN r=x; r!=null; r=r.next) 

if (criteria.isOK(r.value)) { 

System.out.println( (first ? "" : ",") + r.value); 

first = false; 

} 

Next is a static method for computing the length of a linked list.  

public static int length (LN l) 

{ 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

334
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



int answer = 0; 

for (LN r=l; r!=null; r=r.next) 

answer++; 

return answer; 

} 

The following picture illustrates a hand simulation of this method using a static call frame, 

first transmitting the argument reference to the parameter reference.  

We can "simplify" the code in this method by using the parameter itself to traverse the list.  

public static int length (LN l) 

{ 

int answer = 0; 

for (; l!=null; l=l.next) 

answer++; 

return answer; 

} 

Executing this code sill leaves x refering to the list and still returns a value of 4. The 

parameter changes, but not its matching argument (which just receives its initial value from 

the argument). In many cases, such methods are written inside classes to use one of their 

instance variables (referring to the beginning of a linked list) and we need to write a for loop 

that declares a new variable for traversing the list (leaving the instance variable unchanged).  

Next, another static method, this time for computing the number of times that some int value 

occurs in the list.  

public static int countOccurences (LN l, int toCheck) 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

335
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



{ 

int answer = 0; 

for (LN r=l; r!=null; r=r.next) 

if (r.value == toCheck) 

answer++; 

return answer; 

} 

So, it is frequently the case with for loops traversing linked lists (as was the case with for 

loops traversing arrays), that the same pattern for initializing, testing, and advancing is used. 

But as also seen with arrays, some code does have slight variants, as is illustrated below in 

code that computes whether a linked list is sorted in ascending (actually non-descending) 

order.  

public static boolean isSorted (LN l) 

{ 

for (LN r=l; r!=null && r.next!=null; r=r.next) 

if (r.value > r.next.value) 

return false; 

return true; 

} 

Notice the more complicated test for continuation/termination: if either r stores null, or it 

refers to an object whose next instance variables stores null. Examine how this method works 

carefully when passed an empty list (null) as a parameter and a reference to a linked list that 

contains just one object: in both cases the linked is sorted because we cannot find a pair of 
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values out of order. Here, short-circuit evaluation is critical: if r!=null is false evaluating 

r.next!=null would throw NullPointerException, if it were evaluated. 

Building Linked Lists It is easy to update the variable x from null (refering to an empty list) 

to refer to a list with one value, say 5: x = new LN(5,null); Likewise, we can extend this list 

to a second value, say 2 by writing x.next = new LN(2,null); And, we can extend this list to a 

third value, say 7 by writing x.next.next = new LN(7,null); We can continue in this manner to 

build a linked list manually. In fact, we can even write this as one complicated assignment: x 

= new LN (5, new LN (2, new LN(7, null))); But, this method requires us to write code 

manually for every linked list that we must build.  

Now let us examine ways to build lists automatically, say by reading values from a file. The 

following simple code reads all the values from a file (assume TypedBufferReader tbr has 

been declared and intialized) and places them in a linked list.  

for (;;) 

try { 

x = new LN(tbr.readInt(), x); 

}catch (EOFException eofe) {break;} 

Note the x on both size of the equal sign. Generally, the code x = new LN (someValue, x); 

adds someValue at the front of the list (whether the list is originally empty or not: try both 

ways) making its next refer to the original linked list.  

Note that executing the statement x = new LN(tbr.readInt(),x); is in the complexity class 

O(1): no matter how big of a list x refers to, this operation is completed in constant time 

(independent of the list size). Thus, since this operation is executed N times, the complexity 

class of reading in a list is O(N).  

The only drawback of this code is that the values appear in the linked list in the reverse of the 

order in which they appear in the file (which may or may not be a problem depending on how 

we want to process the data); hand simulate this code for reading a file with just a few values 

in it to verify this statement. If we need the sequence of values stored in the same order as 
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they appeared in the file, we have many possible ways to accomplish this task. First, we can 

reverse the list (see the next lecture), or make the code more complicated.  

Below, let's examine the code needed to place a new list node at the rear of a linked list. The 

strategy for doing so can be easily described:  

If the list is empty, change x to refer to the new list node  

If the list is not empty, locate its last list node (the only one currently storing null in its next 

instance variable), then store a reference to the new list node in that next field.  

In both cases, the new list node stores null in its next instance variable, because it is 

becoming the "new" last node in the list. Assume that int someValue stores the value we want 

to add at the end of the list. We can translate this description into the following Java code.  

if (x == null) 

x = new LN (someValue,null); 

else { 

LN r = x; 

for (; r.next!=null; r=r.next) 

{} 

r.next = new LN(someValue,null); 

} 

There are a few interesting aspects of this code.  

The cursor r must be declared outside the for loop, not inside it. The reason is that r (which is 

made to refer to the current last node in the list) must be altered after the loop terminates; any 

variable declared inside the loop would not be usable outside the loop body. The purpose of 

the loop is to store into r a reference to the current last node in the list: so all it does is 

advance r until it refers to a list node whose next stores null. So note that the body of the loop 
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is just {}: this empty block statement could be replaced by just the empty statement ; but we 

prefer to emphasize this "lack of actions" with an empty block. Some programmers would 

even write {\*nothing*\} as the body of the loop.  

The continuation test is only r.next!=null; the first time we check this test we know that r 

stores a non-null reference (see the if statement). Likewise, for each subsequent loop we 

know that r, when updated to r.next will also store a non-null value. Thus, this code will 

never throw a NullPointerException.  

An alternative way to write this code (less elegant, in my opinion, but possibly easier to 

understand) is  

if (x == null) 

x = new LN (someValue,null); 

else { 

for (LN r=x ;; r=r.next) //Continuation test is always true 

if (r.next == null) { 

r.next = new LN(someValue,null); 

break; 

} 

} 

Given this code for adding a new value at the end of a linked list, we can now write code that 

reads all the values from a file and places them in a linked list in the correct order, using two 

nested loops.  

for (;;) 

try { 
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int someValue = tbr.readInt(); 

if (x == null) 

x = new LN (someValue,null); 

else { 

LN r = x; 

for (; r.next!=null; r=r.next) 

{} 

r.next = new LN(someValue,null); 

} 

}catch (EOFException eofe) {break;} 

Although this code is correct, it can be very inefficient: its complexity class, if N is the 

number of values read, is O(N2). The source of the inefficiency is repeatedly scanning the 

linked list to find its end. The first time requires scanning past 0 nodes; the second time 

requires scanning past 1 node, the third time requires scanning past 2 nodes, ... the Nth time 

requires scanning past N-1 nodes. So, to insert N nodes into this list requires scanning 

0+1+2+...+N-1 nodes.  

We have seen this before (and should memorize if we haven't already): the general formula 

for 1+2+...+N is N(N+1)/2, so in this case the result is (N-1)(N-1+1)/2 = N(N-1)/2. Of 

course, this is in the complexity class O(N2). For inserting 1,000 nodes in a list requires 

scanning 499,500 nodes; for inserting 1,000,000 nodes in a list requires scanning about 

500,000,000,000 nodes! Even at 1 billon scans per second, that would take 8 minutes. Everett 

Dirkson, an ancient Senator from Illinois, was once quoted as "A billion dollars here, a 

billion dollars there, pretty soon it adds up to real money". A later day Dirkson, one in 

computer science, might say the same about nanoseconds adding up to real time. We can 

drastically speed-up this process (changing its complexity class back to O(N)) by "caching" a 

reference to the last node in a list (and updating it whenever a new node is added at the end). 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

340
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



In this way we can eliminate scanning altogether (or another way to look at it is scanning 

each newly added list node once, and remembering it: this is similar to amortized complexity 

computations). The technique of caching is a wonderful example of a space for time tradeoff: 

by increasing the amount of space (by storing an extra reference) we can decrease the amount 

of running time. The code to accomplish this same task more efficiently (in time; a bit less in 

space) is  

LN lastCache = null; 

for (;;) 

try { 

int someValue = tbr.readInt(); 

if (lastCache == null) 

lastCache = x = new LN (someValue,null); 

else { 

lastCache.next = new LN(someValue,null); 

lastCache = lastCache.next; 

} 

}catch (EOFException eofe) {break;} 

In fact, as an extra bonus this code is even simpler (less confusing) than the code shown 

above, if we understand how the lastCache is initialized and used. Java masochists could 

"simplify" the else block by writing the single statement (similarly to what appears before the 

else)  

lastCache = lastCache.next = new LN(someValue,null); 

whose double assignment does the job of both statements in the block. Notice that  
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lastCache.next = lastCache = new LN(someValue,null); 

with the order of the two values receiving the assignment, FAILS TO DO THE JOB.  

Problem Set To ensure that you understand all the material in this lecture, please solve the 

announced problems after you read the lecture.  

If you get stumped on any problem, go back and read the relevant part of the lecture. If you 

still have questions, please get help from the Instructor, a CA, or any other student.  

Hand simulate the following code fragment on an empty list, first on a list containing one 

object (x refers to it), and on the linked lists illustrate at the beginning of this lecture.  

LN answer = null; 

for (;x!=null;) { 

LN toMove = x; 

x = x.next; 

toMove.next = answer; 

answer = toMove;  

} 

x = answer; 

Describe the result of using the incorrect statement  

lastCache.next = lastCaache = new LN(someValue,null); 

in the code above that reads values from a file and puts them in a list, in the same sequential 

order. For a file of 3 values does this code throw an exception? If not, what does the final list 

look like?  

2. Linked Lists.In computer science, a linked list is one of the fundamental data structures, 

and can be used to implement other data structures. It consists of a sequence of nodes, each 
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containing arbitrary data fields and one or two references ("links") pointing to the next and/or 

previous nodes. The principal benefit of a linked list over a conventional array is that the 

order of the linked items may be different from the order that the data items are stored in 

memory or on disk, allowing the list of items to be traversed in a different order. A linked list 

is a self-referential datatype because it contains a pointer or link to another datum of the same 

type. Linked lists permit insertion and removal of nodes at any point in the list in constant 

time, but do not allow random access. Several different types of linked list exist: singly-

linked lists, doubly-linked lists, and circularly-linked lists. Linked lists can be implemented in 

most languages. Languages such as Lisp and Scheme have the data structure built in, along 

with operations to access the linked list. Procedural or object-oriented languages such as C, 

C++, and Java typically rely on mutable references to create linked lists. 

3. Stacks. Queues 

In this section, we introduce two closely-related data types for manipulating arbitrarily large 

collections of objects: the stackand the queue. Each is defined by two basic operations: insert 

a new item, and remove an item. When we insert an item, our intent is clear. But when we 

remove an item, which one do we choose? The rule used for a queue is to always remove the 

item that has been in the collection the mostamount of time. This policy is known as first-in-

first-outor FIFO. The rule used for a stack is to always remove the item that has been in the 

collection the least amount of time. This policy is known as last-in first-out or LIFO.  

Apushdown stack (or just a stack) is a collection that is based on the last-in-first-out (LIFO) 

policy. When you click a hyperlink, your browser displays the new page (and inserts it onto a 

stack). You can keep clicking on hyperlinks to visit new pages. You can always revisit the 

previous page by clicking the back button (remove it from a stack). The last-in-first-out 

policy offered by a pushdown stack provides just the behavior that you expect. By tradition, 

we name the stack insertmethod push() and the stack remove operation pop(). We also include a 

method to test whether the stack is empty. The following API summarizes the operations:  

The asterisk indicates that we will be considering more than one implementation of this API.  

Representing stacks with arrays is a natural idea. The first problem that you might encounter 

is implementing the constructor ArrayStackOfStrings(). An instance variable a[]with an array 

of strings to hold the stack items is clearly needed, but how big should it be? For the moment, 
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We will finesse this problem by having the client provide an argument for the constructor that 

gives the maximum stack size. We keep the items in reverse order of their arrival. This policy 

allows us to add and remove items at the end without moving any of the other items in the 

stack.  

We could hardly hope for a simpler implementation of ArrayStackOfStrings.java: all of the 

methods are one-liners! The instance variables are an array a[] that hold the items in the stack 

and an integer Nthat counts the number of items in the stack. To remove an item, we 

decrement N and then return a[N]; to insert a new item, we set a[N] equal to the new item and 

then increment N. These operations preserve the following properties: the items in the array 

are in their insertion order the stack is empty when the value of N is 0 the top of the stack (if 

it is nonempty) is at a[N-1] 

The primary characteristic of this implementation is that the push and pop operations take 

constant time. The drawback of this implementation is that it requires the client to estimate 

the maximum size of the stack ahead of time and always uses space proportional to that 

maximum, which may be unreasonable in some situations.  

For classes such as stacks that implement collections of objects, an important objective is to 

ensure that the amount of space used is always proportional to the number of items in the 

collection. Now we consider the use of a fundamental data structure known as a linked list 

that can provide implementations of collections (and, in particular, stacks) that achieves this 

important objective.  

A linked list is a recursive data structure defined as follows: a linked list is either empty (null) 

or a reference to a node having a reference to a linked list. The node in this definition is an 

abstract entity that might hold any kind of data in addition to the node reference that 

characterizes its role in building linked lists. With object-oriented programming, 

implementing linked lists is not difficult.  

When tracing code that uses linked lists and other linked structures, we use a visual 

representation of the changes where we draw a rectangle to represent each object we put the 

values of instance variables within the rectangle we depict references as arrows that point to 

the referenced object This visual representation captures the essential characteristic of linked 

lists and allows us to focus on the links.  
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 Insert. Suppose that you want to insert a new node into a linked list. The easiest place to do 

so is at the beginning of the list. For example, to insert the string "not" at the beginning of a 

given linked list whose first node is first, we save first in oldfirst, assign to first a new Node, 

assign its item field to "not" and its next field to oldfirst.  

 

 Remove. Suppose that you want to remove the first node from a list. This operation is even 

easier: simply assign to first the value first.next. Normally, you would retrieve the value of 

the item (by assigning it to some String variable) before doing this assignment, because once 

you change the value of first, you may not have any access to the node to which it was 

referring. Typically, the node object becomes an orphan, and the memory it occupies is 

eventually reclaimed by the Java memory management system.  

 

These two operations take constant time (independent of the length of the list).  

Program LinkedStackOfStrings.java uses a linked list to implement a stack of strings. The 

implementation is based on a nested class Nodelike the one we have been using. Java allows 

us to define and use other classes within class implementations in this natural way. The class 

is private because clients do not need to know any of the details of the linked lists.  

 

4. Array doubling. 

Next, we consider an approach to accommodating arbitrary growth and shrinkage in a data 

structure that is an attractive alternative to linked lists. As with linked lists, The idea is to 

modify the array implementation to dynamically adjust the size of the array a[]so that it is (i) 

both sufficiently large to hold all of the items and (ii) not so large as to waste an excessive 

amount of space. Program DoublingStackOfStrings.java is a modification of 

ArrayStackOfStrings.java that achieves these objectives.  

First, in push(), we check whether the array is too small. In particular, we check whether 

there is room for the new item in the array by checking whether the stack size N is equal to 
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the array sizea.length. If not, we just insert it with a[N++] = item as before; if so, we 

doublethe size of the array, by creating a new array of twice the size, copying the stack items 

to the new array, and resetting the a[]instance variable to reference the new array. Similarly, 

in pop(), we begin by checking whether the array is too large, and we halveits size if that is 

the case.  

 

5. Stack and queue applications. 

Stacks and queues have numerous useful applications.  

 Queue applications: Computing applications: serving requests of a single shared resource 

(printer, disk, CPU), transferring data asynchronously (data not necessarily received at same 

rate as sent) between two processes (IO buffers), e.g., pipes, file IO, sockets. Buffers on MP3 

players and portable CD players, iPod playlist. Playlist for jukebox - add songs to the end, 

play from the front of the list. Interrupt handling: When programming a real-time system that 

can be interrupted (e.g., by a mouse click or wireless connection), it is necessary to attend to 

the interrupts immediately, before proceeding with the current activity. If the interrupts 

should be handles in the same order they arrive, then a FIFO queue is the appropriate data 

structure.  

 Arithmetic expression evaluation. Program Evaluate.java evaluates a fully parenthesized 

arithmetic expression.  

 An important application of stacks is in parsing. For example, a compiler must parse 

arithmetic expressions written using infix notation. For example the following infix 

expression evaluates to 212.  

( 2 + ( ( 3 + 4 ) * ( 5 * 6 ) ) ) 

We break the problem of parsing infix expressions into two stages. First, we convert 

from infix to a different representation called postfix. Then we parse the postfix 

expression, which is a somewhat easier problem than directly parsing infix.  

o Evaluating a postfix expression. A postfix expression is....  
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 2 3 4 + 5 6 * * +  

First, we describe how to parse and evaluate a postfix expression. We read the 

tokens in one at a time. If it is an integer, push it on the stack; if it is a binary 

operator, pop the top two elements from the stack, apply the operator to the 

two elements, and push the result back on the stack. Program Postfix.java 

reads in and evaluates postfix expressions using this algorithm.  

o Converting from infix to postfix. Now, we describe how to convert from 

infix to postfix. We read in the tokens one at a time. If it is an operator, we 

push it on the stack; if it is an integer, we print it out; if it is a right 

parentheses, we pop the topmost element from the stack and print it out; if 

it is a left parentheses, we ignore it. Program Infix.java reads in an infix 

expression, and uses a stack to output an equivalent postfix expression 

using the algorithm described above. Relate back to the parse tree example 

in Section 4.3.  

 Function calls. Perhaps the most important application of stacks is to implement function 

calls. Most compilers implement function calls by using a stack. This also provides a 

technique for eliminating recursion from a program: instead of calling a function recursively, 

the programmer uses a stack to simulate the function calls in the same way that the compiler 

would have done so. Conversely, we can often use recursion instead of using an explicit 

stack. Some programming languages provide a mechanism for recursion, but not for calling 

functions.  

 Programming languages have built in support for stacks (recursion), but no analogous 

mechanism for dealing with queues.  

 Postscript and FORTH programming languages are stack based. Java bytecode is interpreted 

on (virtual) stack based processor. Microsoft Intermediate Language (MSIL) that .NET 

applications are compiled to.  

 M/M/1 queue. The Markov/Markov/Single-Server model is a fundamental queueing model in 

operations research and probability theory. Tasks arrive according to a Poisson process at a 

certain rate λ. This means that λ customers arrive per hour. More specifically, the arrivals 

follow an exponential distribution with mean 1 / λ: the probability of k arrivals between time 

0 and t is (λ t)^k e^(-λ t) / k!. Tasks are serviced in FIFO order according to a Poisson process 
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with rate μ. The two M's standard for Markov: it means that the system is memoryless: the 

time between arrivals is independent, and the time between departures is independent.  

Analysis of M/M/1 model. We are interested in understanding the queueing system. 

Ifλ > μ the queue size increases without limit. For simple models like M/M/1 we can 

analyze these quantities analytically using probability theory. Assuming μ > λ, the 

probability of exactly n customers in the system is (λ / μ)^n (1 - λ / μ).  

o L = average number of customers in the system = λ / (μ - λ).  

o LQ= average number of customers in the queue = λ
2
 / (μ(μ - λ)).  

o W = average time a customer spends in the system = 1 / (μ - λ).  

o WQ= average time a customer spends in the queue = W - 1 / μ.  

Program MM1Queue.java For more complex models we need to resort to simulation 

like this. Variants: multiple queues, multiple servers, sequential multi-stage servers, 

using a finite queue and measuring number of customers that are turned away. 

Applications: customers in McDonalds, packets in an internet router,  

Little's law asserts that the average number of customers in a (stable) queueing system 

equals the average arrival rate times their average time in the system. But the variance 

of customer waiting times satisfies: Var(FIFO) < Var(SIRO) < Var(LIFO).  

The distribution of the number of customers in the system does not depend on the 

queueing discipline (so long as it is independent of their service times). Same for 

expected waiting time.  

 M/D/1 queue. Program MD1Queue.java is similar but the service occurs at a fixed rate 

(rather than random).  

 Load balancing. Program LoadBalance.java performs a load-balancing simulation.  

6. Collection Classes. 

The .NET Framework provides specialized classes for data storage and retrieval. These 

classes provide support for stacks, queues, lists, and hash tables. Most collection classes 
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implement the same interfaces, and these interfaces may be inherited to create new collection 

classes that fit more specialized data storage needs. 

Copy Code 

ArrayList list = new ArrayList(); 

list.Add(10); 

list.Add(20); 

Collection Classes Overview 

Collection Classes have the following properties 

 Collection classes are defined as part of the System.Collections or 

System.Collections.Generic namespace.  

 Most collection classes derive from the interfaces ICollection, IComparer, IEnumerable, 

IList, IDictionary, and IDictionaryEnumerator and their generic equivalents. 

 Using generic collection classes provides increased type-safety and in some cases can provide 

better performance, especially when storing value types. For more information, see Benefits 

of Generics. 
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