
INTRODUCTION TO DATA STRUCTURES

Topic Objective:

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

 History of software engineering

 Software engineering principles

 Education of software engineering

 C++ structures and classes

 Declaration and usage

 Properties of C++ classes

Definition/Overview:

Overview: Software engineering is the application of a systematic, disciplined, quantifiable

approach to the development, operation, and maintenance of software, and the study of these

approaches. That is the application of engineering to software. The term software engineering

first appeared in the 1968 NATO Software Engineering Conference and was meant to

provoke thought regarding the current "software crisis" at the time. Since then, it has

continued as a profession and field of study dedicated to creating software that is of higher

quality, cheaper, maintainable, and quicker to build. Since the field is still relatively young

compared to its sister fields of engineering, there is still much work and debate around what

software engineering actually is, and if it deserves the title engineering. The C++

programming language allows programmers to define program-specific datatypes through the

use of structures and classes. Instances of these datatypes are known as objects and can

contain member variables, constants, member functions, and overloaded operators defined by
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the programmer. Syntactically, structures and classes are extensions of the C struct datatype,

which cannot contain functions or overloaded operators.

Key Points:

1. History

While the term software engineering was coined at a conference in 1968, the problems that it

tried to address started much earlier. The history of software engineering is inextricably

intertwined with the dueling histories of computer hardware and computer software.

When the modern digital computer first appeared in 1941, the instructions to make it operate

were wired into the machine. Practitioners quickly realized that this design was not flexible

and came up with the "stored program architecture" or von Neumann architecture. Thus the

first division between "hardware" and "software" began with abstraction being used to deal

with the complexity of computing.

Programming languages started to appear in the 1950s and this was also another major step in

abstraction. Major languages such as Fortran, Algol, and Cobol were released in the late

1950s to deal with scientific, algorithmic, and business problems respectively. E. W. Dijsktra

wrote his seminal paper, "Go To Statement Considered Harmful", in 1968 and David Parnas

introduced the key concept of modularity and information hiding in 1972 to help

programmers deal with the ever increasing complexity of software systems. A software

system for managing the hardware called an operating system was also introduced, most

notably by Unix in 1969. In 1967, the Simula language introduced the object-oriented

programming paradigm.
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These advances in software were met with more advances in computer hardware. In the mid

1970s, the microcomputer was introduced, making it economical for hobbyists to obtain a

computer and write software for it. This in turn lead to the now famous Personal Computer or

PC and Microsoft Windows. The Software Development Life Cycle or SDLC was also

starting to appear as a consensus for centralized construction of software in the mid 1980s.

The late 1970s and early 1980s saw the introduction of several new Simula-inspired object-

oriented programming languages, including C++, Smalltalk, and Objective C.

Open-source software started to appear in the early 90s in the form of Linux and other

software introducing the "bazaar" or decentralized style of constructing software . Then the

Internet and World Wide Web hit in the mid 90s changing the engineering of software once

again. Distributed Systems gained sway as a way to design systems and the Java

programming language was introduced as another step in abstraction having its own virtual

machine. Programmers collaborated and wrote the Agile Manifesto that favored more light

weight processes to create cheaper and more timely software.

The current definition of software engineering is still being debated by practitioners today as

they struggle to come up with ways to produce software that is "cheaper, bigger, quicker".

2. Software engineering principles

While some areas, such as Ontario, Canada , license software engineers; most places in the

world have no laws regarding the profession of software engineers. Yet there are some guides

from the IEEE Computer Society and the ACM, the two main professional organizations of

software engineering. The Guide to the Software Engineering Body of Knowledge - 2004

Version or SWEBOK defines the field and gives a coverage of the knowledge practicing

software engineers should know. There is also a "Software Engineering Code of Ethics".
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In 2004, the U. S. Bureau of Labor Statistics counted 760,840 software engineers holding

jobs in the U.S.; in the same time period there were some 1.4 million practitioners employed

in the U.S. in all other engineering disciplines combined. Due to its relative newness as a

field of study, formal education in software engineering is often taught as part of a computer

science curriculum, and as a result most software engineers hold computer science degrees.

Most software engineers work as employees or contractors. Software engineers work with

businesses, government agencies (civilian or military), and non-profit organizations. Some

software engineers work for themselves as freelancers. Some organizations have specialists to

perform each of the tasks in the software development process. Other organizations require

software engineers to do many or all of them. In large projects, people may specialize in only

one role. In small projects, people may fill several or all roles at the same time.

Specializations include: in industry (analysts, architects, developers, testers, technical

support, managers) and in academia (educators, researchers).

There is considerable debate over the future employment prospects for Software Engineers

and other IT Professionals. For example, an online futures market called the "ITJOBS Future

of IT Jobs in America" attempts to answer whether there will be more IT jobs, including

software engineers, in 2012 than there were in 2002.

Professional certification of software engineers is a contentious issue. Some see it as a tool to

improve professional practice.

Most successful certification programs in the software industry are oriented toward specific

technologies, and are managed by the vendors of these technologies. These certification

programs are tailored to the institutions that would employ people who use these

technologies.
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The ACM had a professional certification program in the early 1980s, which was

discontinued due to lack of interest. . As of 2006[update], the IEEE had certified over 575

software professionals. In Canada the Canadian Information Processing Society has

developed a legally recognized professional certification called Information Systems

Professional (ISP).

Many students in the developed world have avoided degrees related to software engineering

because of the fear of offshore outsourcing (importing software products or services from

other countries) and of being displaced by foreign visa workers. Although government

statistics do not currently show a threat to software engineering itself; a related career,

computer programming does appear to have been affected. Often one is expected to start out

as a computer programmer before being promoted to software engineer. Thus, the career path

to software engineering may be rough, especially during recessions.

Some career counselors suggest a student also focus on "people skills" and business skills

rather than purely technical skills because such "soft skills" are allegedly more difficult to

offshore. It is the quasi-management aspects of software engineering that appear to be what

has kept it from being impacted by globalization.

3. Education

Knowledge of programming is the main pre-requisite to becoming a software engineer, but it

is not sufficient. Many software engineers have degrees in Computer Science due to the lack

of software engineering programs in higher education. However, this has started to change

with the introduction of new software engineering degrees, especially in post-graduate

education. A standard international curriculum for undergraduate software engineering

degrees was defined by the CCSE. In 1998, the US Naval Postgraduate School (NPS)
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established the first doctorate program in Software Engineering in the world. Steve

McConnell opines that because most universities teach computer science rather than software

engineering, there is a shortage of true software engineers. In 2004 the IEEE Computer

Society produced the SWEBOK, which has become an ISO standard describing the body of

knowledge covered by a software engineer.

4. C++ structures and classes

In C++, a structure is a class defined with the struct keyword. Its members and base classes

are public by default. A class defined with the class keyword has private members and base

classes by default.

4.1 Aggregate classes

An aggregate class is a class with no user-declared constructors, no private or

protected non-static data members, no base classes, and no virtual functions. Such a

class can be initialized with a brace-enclosed comma-separated list of initializer-

clauses.

4.2 POD-structs

A POD-struct is an aggregate class that has no non-static data members of type non-

POD-struct, non-POD-union (or array of such types) or reference, and has no user-

defined assignment operator and no user-defined destructor. A POD-struct could be

said to be the C++ equivalent of a C struct. In most cases, a POD-struct will have the

same memory layout as a corresponding struct declared in C. For this reason, POD-

structs are sometimes colloquially referred to as "C-style structs.

5. Declaration and usage
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C++ structures and classes have their own members. These members include variables

(including other structures and classes), functions (specific identifiers or overloaded

operators) known as methods, constructors and destructors. Members are declared to be either

publicly or privately accessible using the public: and private: access specifiers respectively.

Any member encountered after a specifier will have the associated access until another

specifier is encountered. There is also inheritance between classes.

5.1 Member functions

An important feature of the C++ class and structure are member functions. Each

datatype can have its own built-in functions (referred to as methods) that have access

to all (public and private) members of the datatype. In the body of these non-static

member functions, the keyword this can be used to refer to the object for which the

function is called. This is commonly implemented by passing the address of the object

as an implicit first argument to the function.

6. Properties

The syntax of C++ tries to make every aspect of a structure look like that of the basic

datatypes. Therefore, overloaded operators allow structures to be manipulated just like

integers and floating-point numbers, arrays of structures can be declared with the square-

bracket syntax (some_structure variable_name[size]), and pointers to structures can be

dereferenced in the same way as pointers to built-in datatypes.

Topic : Object-Oriented Design (Ood) And C++

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

 Introduction

 Object-oriented design topics

 Some design principles and strategies using C++

Definition/Overview:

Overview: Object-oriented design is the process of planning a system of interacting objects

for the purpose of solving a software problem. It is one approach to software design.

Key Points:

1. Introduction

An object contains encapsulated data and procedures grouped together to represent an entity.

The 'object interface', how the object can be interacted, is also defined. An object-oriented

program is described by the interaction of these objects. Object-oriented design is the

discipline of defining the objects and their interactions to solve a problem that was identified

and documented during object-oriented analysis.

From a business perspective, Object Oriented Design refers to the objects that make up that

business. For example, in a certain company, a business object can consist of people, data

files and database tables, artefacts, equipment, vehicles, etc.

What follows is a description of the class-based subset of object-oriented design, which does

not include object prototype-based approaches where objects are not typically obtained by

instancing classes but by cloning other (prototype) objects.
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2. Object-oriented design topics

2.1 Input (sources) for object-oriented design

The input for object-oriented design is provided by the output of object-oriented

analysis. Realize that an output artefact does not need to be completely developed to

serve as input of object-oriented design; analysis and design may occur in parallel,

and in practice the results of one activity can feed the other in a short feedback cycle

through an iterative process. Both analysis and design can be performed

incrementally, and the artefacts can be continuously grown instead of completely

developed in one shot.

Some typical input artefacts for object-oriented design are:

o Conceptual model: Conceptual model is the result of object-oriented analysis; it

captures concepts in the problem domain. The conceptual model is explicitly

chosen to be independent of implementation details, such as concurrency or data

storage.

o Use case: Use case is description of sequences of events that, taken together, lead to

a system doing something useful. Each use case provides one or more scenarios

that convey how the system should interact with the users called actors to achieve

a specific business goal or function. Use case actors may be end users or other

systems. In many circumstances use cases are further elaborated into use case

diagrams. Use case diagrams are used to identify the actor (users or other systems)

and the processes they perform.
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o System Sequence Diagram: System Sequence diagram (SSD) is a picture that

shows, for a particular scenario of a use case, the events that external actors

generate, their order, and possible inter-system events.

o User interface documentations (if applicable): Document that shows and describes

the look and feel of the end product's user interface. It is not mandatory to have

this, but it helps to visualize the end-product and therefore helps the designer.

o Relational data model (if applicable): A data model is an abstract model that

describes how data is represented and used. If an object database is not used, the

relational data model should usually be created before the design, since the

strategy chosen for object-relational mapping is an output of the OO design

process. However, it is possible to develop the relational data model and the

object-oriented design artefacts in parallel, and the growth of an artefact can

stimulate the refinement of other artefacts.

2.2 Object-oriented concepts

The five basic concepts of object-oriented design are the implementation level

features that are built into the programming language. These features are often

referred to by these common names:

o Object/Class: A tight coupling or association of data structures with the methods or

functions that act on the data. This is called a class, or object (an object is created

based on a class). Each object serves a separate function. It is defined by its

properties, what it is and what it can do. An object can be part of a class, which is

a set of objects that are similar.
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o Information hiding: The ability to protect some components of the object from

external entities. This is realized by language keywords to enable a variable to be

declared as private or protected to the owning class.

o Inheritance: The ability for a class to extend or override functionality of another

class. The so-called subclass has a whole section that is the superclass and then it

has its own set of functions and data.

o Interface: The ability to defer the implementation of a method. The ability to define

the functions or methods signatures without implementing them.

o Polymorphism: The ability to replace an object with its subobjects. The ability of an

object-variable to contain, not only that object, but also all of its subobjects.

2.3 Designing concepts

o Defining objects, creating class diagram from conceptual diagram: Usually map

entity to class.

o Identifying attributes.

o Use design patterns (if applicable): A design pattern is not a finished design, it is a

description of a solution to a common problem, in a context. The main advantage

of using a design pattern is that it can be reused in multiple applications. It can

also be thought of as a template for how to solve a problem that can be used in

many different situations and/or applications. Object-oriented design patterns

typically show relationships and interactions between classes or objects, without

specifying the final application classes or objects that are involved.
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o Define application framework (if applicable): Application framework is a term

usually used to refer to a set of libraries or classes that are used to implement the

standard structure of an application for a specific operating system. By bundling a

large amount of reusable code into a framework, much time is saved for the

developer, since he/she is saved the task of rewriting large amounts of standard

code for each new application that is developed.

o Identify persistent objects/data (if applicable): Identify objects that have to last

longer than a single runtime of the application. If a relational database is used,

design the object relation mapping.

o Identify and define remote objects (if applicable).

2.4 Output (deliverables) of object-oriented design

o Sequence Diagrams: Extend the System Sequence Diagram to add specific objects

that handle the system events.

o A sequence diagram shows, as parallel vertical lines, different processes or objects

that live simultaneously, and, as horizontal arrows, the messages exchanged

between them, in the order in which they occur.

o Class diagram: A class diagram is a type of static structure UML diagram that

describes the structure of a system by showing the system's classes, their

attributes, and the relationships between the classes. The messages and classes

identified through the development of the sequence diagrams can serve as input to

the automatic generation of the global class diagram of the system.
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3. Some design principles and strategies using C++

o Dependency injection: The basic idea is that if an object depends upon having an

instance of some other object then the needed object is "injected" into the

dependent object; for example, being passed a database connection as an argument

to the constructor instead of creating one internally.

o Acyclic dependencies principle: The dependency graph of packages or components

should have no cycles. This is also referred to as having a directed acyclic graph.

For example, package C depends on package B, which depends on package A. If

package A also depended on package C, then you would have a cycle.

o Composite reuse principle: Favor polymorphic composition of objects over

inheritance

Topic : Pointers And Array-Based Lists

Topic Objective:

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

 Arrays

 Properties of Arrays

 Applications of Arrays

 Indexing of Arrays

 Multi-dimensional arrays

 Pointers in data structures

 Architectural roots
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 Uses

 The null pointer

 C and C++

Definition/Overview:

Overview: In computer science, a pointer is a programming language data type whose value

refers directly to (or "points to") another value stored elsewhere in the computer memory

using its address. A pointer references a value stored elsewhere in memory, and obtaining or

requesting the value to which a pointer refers is called dereferencing the pointer. A pointer is

a simple implementation of the general reference data type (although it is quite different from

the facility referred to as a reference in C++). Pointers to data improve performance for

repetitive operations such as traversing string and tree structures, and pointers to functions are

used for binding methods in Object-oriented programming and run-time linking to dynamic

link libraries (DLLs). While "pointer" has been used to refer to references in general, it more

properly applies to data structures whose interface explicitly allows the pointer to be

manipulated as a memory address. Because pointers allow largely unprotected access to

memory addresses, there are risks associated with using them. For general information about

references, see reference (computer science). 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.
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Key Points:

1. Arrays

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.

Multi-dimensional 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.

2. Properties

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
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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.

2.1 Properties in comparison

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 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.

3. Applications

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
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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.

4. Indexing

The valid index values of each dimension of an array are a bounded set of integers (or values

of some enumerated type). Programming environments that check indexes for validity are

said to perform bounds checking.

4.1 Index of the first element

The index of the first element (sometimes called the "origin") varies by language.

There are three main implementations: zero-based, one-based, and n-based arrays, for

which the first element has an index of zero, one, or a programmer-specified value.

The zero-based array is more natural in the root machine language and was

popularized by the C programming language, where the abstraction of array is very

weak, and an index n of a one-dimensional array is simply the offset of the element

accessed from the address of the first (or "zeroth") element (scaled by the size of the

element). One-based arrays are based on traditional mathematics notation for matrices

and most, but not all, mathematical sequences. n-based is made available so the

programmer is free to choose the lower bound, which may even be negative, which is
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most naturally suited for the problem at hand. The Comparison of programming

languages (array), indicates the base index used by various languages.

Supporters of zero-based indexing sometimes criticize one-based and n-based arrays

for being slower. Often this criticism is mistaken when one-based or n-based array

accesses are optimized with common subexpression elimination (for single

dimensioned arrays) and/or with well-defined dope vectors (for multi-dimensioned

arrays). However, in multidimensional arrays where the net offset into linear memory

is computed from all of the indices, zero-based indexing is more natural, simpler, and

faster. Edsger W. Dijkstra expressed an opinion in this debate: Why numbering

should start at zero.

The 0-based/1-based debate is not limited to just programming languages. For

example, the ground-floor of a building is elevator button "0" in France, but elevator

button "1" in the USA.

4.2 Index of the last element

The relation between numbers appearing in an array declaration and the index of that

array's last element also varies by language. In some languages (e.g. C) the number of

elements contained in the arrays must be specified, whereas in others (e.g. Visual

Basic .NET) the numeric value of the index of the last element must be specified.

4.3 Indexing methods

When an array is implemented as continuous storage, the index-based access, e.g. to

element n, is simply done (for zero-based indexing) by using the address of the first

element and adding n sizeof(one element). So this is a Θ(1) operation.

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

18
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



5. Multi-dimensional arrays

Ordinary arrays are indexed by a single integer. Also useful, particularly in numerical and

graphics applications, is the concept of a multi-dimensional array, in which we index into the

array using an ordered list of integers, such as in a[3,1,5]. The number of integers in the list

used to index into the multi-dimensional array is always the same and is referred to as the

array's dimensionality, and the bounds on each of these are called the array's dimensions. An

array with dimensionality k is often called k-dimensional. One-dimensional arrays

correspond to the simple arrays discussed thus far; two-dimensional arrays are a particularly

common representation for matrices. In practice, the dimensionality of an array rarely

exceeds three. Mapping a one-dimensional array into memory is obvious, since memory is

logically itself a (very large) one-dimensional array. When we reach higher-dimensional

arrays, however, the problem is no longer obvious. Suppose we want to represent this simple

two-dimensional array:

It is most common to index this array using the RC-convention, where elements are referred

in row, column fashion or , such as:

Common ways to index into multi-dimensional arrays include:

Row-major order. Used most notably by statically-declared arrays in C. The elements of each

row are stored in order.

1 2 3 4 5 6 7 8 9
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Column-major order. Used most notably in FORTRAN. The elements of each column are

stored in order.

1 4 7 2 5 8 3 6 9

Arrays of arrays. Multi-dimensional arrays are typically represented by one-dimensional

arrays of references (Iliffe vectors) to other one-dimensional arrays. The subarrays can be

either the rows or columns.

The first two forms are more compact and have potentially better locality of reference, but are

also more limiting; the arrays must be rectangular, meaning that no row can contain more

elements than any other. Arrays of arrays, on the other hand, allow the creation of ragged

arrays, also called jagged arrays, in which the valid range of one index depends on the value

of another, or in this case, simply that different rows can be different sizes. Arrays of arrays

are also of value in programming languages that only supply one-dimensional arrays as

primitives.

In many applications, such as numerical applications working with matrices, we iterate over

rectangular two-dimensional arrays in predictable ways. For example, computing an element

of the matrix product AB involves iterating over a row of A and a column of B

simultaneously. In mapping the individual array indexes into memory, we wish to exploit

locality of reference as much as we can. A compiler can sometimes automatically choose the

layout for an array so that sequentially accessed elements are stored sequentially in memory;

in our example, it might choose row-major order for A, and column-major order for B. Even

more exotic orderings can be used, for example if we iterate over the main diagonal of a

matrix.
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6. Pointers in data structures

When setting up data structures like lists, queues and trees, it is necessary to have pointers to

help manage the way in which the structure is implemented and controlled. Typical examples

of pointers would be start pointers, end pointers, or stack pointers.

7. Architectural roots

Pointers are a very thin abstraction on top of the addressing capabilities provided by most

modern architectures. In the simplest scheme, an address, or a numeric index, is assigned to

each unit of memory in the system, where the unit is typically either a byte or a word,

effectively transforming all of memory into a very large array. Then, if we have an address,

the system provides an operation to retrieve the value stored in the memory unit at that

address.

In the usual case, a pointer is large enough to hold more addresses than there are units of

memory in the system. This introduces the possibility that a program may attempt to access

an address which corresponds to no unit of memory, either because not enough memory is

installed or the architecture does not support such addresses. The first case may, in certain

platforms as the Intel x86 architecture, be called a segmentation fault (segfault). The second

case is possible in the current implementation of AMD64, where pointers are 64 bit long and

addresses only extend to 48 bits. There, pointers must conform to certain rules (canonical

addresses), so if a noncanonical pointer is dereferenced, the processor raises a general

protection fault.

On the other hand, some systems have more units of memory than there are addresses. In this

case, a more complex scheme such as memory segmentation or paging is employed to use

different parts of the memory at different times. The last incarnations of the x86 architecture
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support up to 36 bits of physical memory addresses, which were mapped to the 32-bit linear

address space through the PAE paging mechanism. Thus, only 1/16 of the possible total

memory may be accessed at a time. Another example in the same computer family was the

16-bit protected mode of the 80286 processor, which, though supporting only 16 MiB of

physical memory, could access up to 1 GiB of virtual memory, but the combination of 16-bit

address and segment registers made accessing more than 64 KiB in one data structure

cumbersome. Some restrictions of ANSI pointer arithmetic may have been due to the

segmented memory models of this processor family.

In order to provide a consistent interface, some architectures provide memory-mapped I/O,

which allows some addresses to refer to units of memory while others refer to device

registers of other devices in the computer. There are analogous concepts such as file offsets,

array indices, and remote object references that serve some of the same purposes as addresses

for other types of objects.

8. Uses

Pointers are directly supported without restrictions in languages such as C, C++, Pascal and

most assembly languages. They are primarily used for constructing references, which in turn

are fundamental to constructing nearly all data structures, as well as in passing data between

different parts of a program.

In functional programming languages that rely heavily on lists, pointers and references are

managed abstractly by the language using internal constructs like cons. When dealing with

arrays, the critical lookup operation typically involves a stage called address calculation

which involves constructing a pointer to the desired data element in the array. In other data
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structures, such as linked lists, pointers are used as references to explicitly tie one piece of the

structure to another.

Pointers are used to pass parameters by reference. This is useful if we want a function's

modifications to a parameter to be visible to the function's caller. This is also useful for

returning multiple values from a function. Pointers can also be used to allocate and deallocate

dynamic variables and arrays in memory. Since a variable will sometimes become unneeded

after it has served its purpose, it may be a waste of RAM to keep it, and therefore it is a good

practice to deallocate it from RAM using a pointer when it is no longer needed. Failure to do

so may result in a memory leak.

9. The null pointer

A null pointer has a reserved value, often but not necessarily the value zero, indicating that it

refers to no object. Null pointers are used routinely, particularly in C and C++ where the

compile-time constant NULL is used, to represent conditions such as the lack of a successor

to the last element of a linked list, while maintaining a consistent structure for the list nodes.

This use of null pointers can be compared to the use of null values in relational databases and

to the Nothing value in the Maybe monad.

Since a null-valued pointer does not refer to a meaningful object, an attempt to dereference a

null pointer usually causes a run-time error. If this error is left unhandled, the program

terminates immediately. In the case of C, execution halts with a segmentation fault because

the literal address of NULL is never allocated to a running program. In Java, access to a null

reference triggers a NullPointerException, which can be caught by error handling code, but

the preferred practice is to ensure that such exceptions never occur. In safe languages a

possibly-null pointer can be replaced with a tagged union which enforces explicit handling of
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the exceptional case; in fact, a possibly-null pointer can be seen as a tagged pointer with a

computed tag.

In C and C++ programming, two null pointers are guaranteed to compare equal; ANSI C

guarantees that any null pointer will be equal to 0 in a comparison with an integer type;

furthermore the macro NULL is defined as a null pointer constant, that is value 0 (either as an

integer type or converted to a pointer to void), so a null pointer will compare equal to NULL.

A null pointer should not be confused with an uninitialized pointer: a null pointer is

guaranteed to compare unequal to any valid pointer, whereas depending on the language and

implementation an uninitialized pointer might have either an indeterminate (random or

meaningless) value or might be initialised to an initial constant (possibly but not necessarily

NULL).

In most C programming environments malloc returns a null pointer if it is unable to allocate

the memory region requested, which notifies the caller that there is insufficient memory

available. However, some implementations of malloc allow malloc(0) with the return of a

null pointer and instead indicate failure by both returning a null pointer and setting errno to

an appropriate value.

Computer systems based on a tagged architecture are able to distinguish in hardware between

a NULL dereference and a legitimate attempt to access a word or structure at address zero.

In some programming language environments (at least one proprietary Lisp implementation,

for example) the value used as the null pointer (called nil in Lisp) may actually be a pointer to

a block of internal data useful to the implementation (but not explicitly reachable from user

programs), thus allowing the same register to be used as a useful constant and a quick way of

accessing implementation internals. This is known as the nil vector.
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10. C and C++

In C and C++ pointers are variables that store addresses and can be null. Each pointer has a

type it points to, but one can freely cast between pointer types, although the behaviour is

implementation-defined. A special pointer type called the void pointer allows pointing to any

variable type, but is limited by the fact that it cannot be dereferenced directly. The address

can be directly manipulated by casting a pointer to and from an integral type of sufficient

size. While earlier standards did not have an integral type that was guaranteed to be large

enough, C99 has added the uintptr_t type defined in <stdint.h>.

C++ fully supports C pointers and C typecasting. It also supports a new group of typecasting

operators to help catch some unintended dangerous casts at compile-time. The C++ standard

library also provides auto ptr, a sort of smart pointer which can be used in some situations as

a safe alternative to primitive C pointers. C++ also supports another form of reference, quite

different from a pointer, called simply a reference or reference type.

Pointer arithmetic, that is, the ability to modify a pointer's target address with arithmetic

operations (as well as magnitude comparisons), is restricted by the language standard to

remain within the bounds of a single array object (or just after it), though many non-

segmented architectures will allow for more lenient arithmetic. Adding or subtracting from a

pointer moves it by a multiple of the size of the datatype it points to. For example, adding 1

to a pointer to 4-byte integer values will increment the pointer by 4. This has the effect of

incrementing the pointer to point at the next element in a contiguous array of integers --

which is often the intended result. Pointer arithmetic cannot be performed on void pointers

because the void type has no size, and thus the pointed address can not be added to, although

gcc and other compilers will perform byte arithmetic on void* as a non-standard extension.
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For working 'directly' with bytes they usually cast pointers to BYTE*, or unsigned char* if

BYTE isn't defined in the standard library used.

Pointer arithmetic provides the programmer with a single way of dealing with different types:

adding and subtracting the number of elements required instead of the actual offset in bytes.

(though the char pointer, char being defined as always having a size of one byte, allows the

element offset of pointer arithmetic to in practice be equal to a byte offset) In particular, the C

definition explicitly declares that the syntax a[n], which is the n-th element of the array a, is

equivalent to *(a+n), which is the content of the element pointed by a+n. This implies that

n[a] is equivalent to a[n].

While powerful, pointer arithmetic can be a source of computer bugs. It tends to confuse

novice programmers, forcing them into different contexts: an expression can be an ordinary

arithmetic one or a pointer arithmetic one, and sometimes it is easy to mistake one for the

other. In response to this, many modern high level computer languages (for example Java) do

not permit direct access to memory using addresses. Also, the safe C dialect Cyclone

addresses many of the issues with pointers. See C programming language for more criticism.

The void pointer, or void*, is supported in ANSI C and C++ as a generic pointer type. A

pointer to void can store an address to any data type, and, in C, is implicitly converted to any

other pointer type on assignment, but it must be explicitly cast if dereferenced inline. K&R C

used char* for the type-agnostic pointer purpose (before ANSI C).

In Section 2 of this course you will cover these topics:
Standard Template Library

Linked Lists

Recursion
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Topic : Standard Template Library

Topic Objective:

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

 STL Overview

 History

Definition/Overview:

Overview: The Standard Template Library (STL) is a software library partially included in

the C++ Standard Library. It provides containers, iterators, algorithms, and functors. More

specifically, the C++ Standard Library is based on the STL published by SGI. Both include

some features not found in the other. SGI's STL is rigidly specified as a set of headers, while

ISO C++ does not specify header content, and allows implementation either in the headers, or

in a true library.

Key Points:

1. STL Overview

The STL provides a ready-made set of common classes for C++, such as containers and

associative arrays, that can be used with any built-in type and with any user-defined type that

supports some elementary operations (such as copying and assignment). STL algorithms are

independent of containers, which significantly reduces the complexity of the library.

The STL achieves its results through the use of templates. This approach provides compile-

time polymorphism that is often more efficient than traditional run-time polymorphism.
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Modern C++ compilers are tuned to minimize any abstraction penalty arising from heavy use

of the STL.

The STL was created as the first library of generic algorithms and data structures for C++,

with four ideas in mind: generic programming, abstractness without loss of efficiency, the

Von Neumann computation model, and value semantics.

1.1 Iterators

The STL implements five different types of iterators. These are input iterators (which

can only be used to read a sequence of values), output iterators (which can only be

used to write a sequence of values), forward iterators (which can be read, written to,

and move forward), bidirectional iterators (which are like forward iterators but can

also move backwards) and random access iterators (which can move freely any

number of steps in one operation).

It is possible to have bidirectional iterators act like random access iterators, as moving

forward ten steps could be done by simply moving forward a step at a time a total of

ten times. However, having distinct random access iterators offers efficiency

advantages. For example, a vector would have a random access iterator, but a list only

a bidirectional iterator.

Iterators are the major feature which allows the generality of the STL. For example,

an algorithm to reverse a sequence can be implemented using bidirectional iterators,

and then the same implementation can be used on lists, vectors and deques. User-

created containers only have to provide an iterator which implements one of the 5

standard iterator interfaces, and all the algorithms provided in the STL can be used on

the container.
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This generality also comes at a price at times. For example, performing a search on an

associative container such as a map or set can be much slower using iterators than by

calling member functions offered by the container itself. This is because an

associative container's methods can take advantage of knowledge of the internal

structure, which is opaque to algorithms using iterators.

1.2 Algorithms

A large number of algorithms to perform operations such as searching and sorting are

provided in the STL, each implemented to require a certain level of iterator (and

therefore will work on any container which provides an interface by iterators).

1.3 Functors

The STL includes classes that overload the function operator (operator()). Classes that

do this are called functors or function objects. They are useful for keeping and

retrieving state information in functions passed into other functions. Regular function

pointers can also be used as functors.

A particularly common type of functor is the predicate. For example, algorithms like

find_if take a unary predicate that operates on the elements of a sequence. Algorithms

like sort, partial_sort, nth_element and all sorted containers use a binary predicate

which must provide a strict weak ordering, that is, it must behave like a membership

test on a transitive, irreflexive and antisymmetric binary relation. If none is supplied,

these algorithms and containers use less by default, which in turn calls the less-than-

operator <.
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2. History

The architecture of STL is largely the creation of one person, Alexander Stepanov. In 1979

he began working out his initial ideas of generic programming and exploring their potential

for revolutionizing software development. Although David Musser had developed and

advocated some aspects of generic programming already by year 1971, it was limited to a

rather specialized area of software development (computer algebra).

Stepanov recognized the full potential for generic programming and persuaded his then-

colleagues at General Electric Research and Development (including, primarily, David

Musser and Deepak Kapur) that generic programming should be pursued as a comprehensive

basis for software development. At the time there was no real support in any programming

language for generic programming.

The first major language to provide such support was Ada, with its generic units feature. By

1987 Stepanov and Musser had developed and published an Ada library for list processing

that embodied the results of much of their research on generic programming. However, Ada

had not achieved much acceptance outside the defense industry and C++ seemed more likely

to become widely used and provide good support for generic programming even though the

language was relatively immature. Another reason for turning to C++, which Stepanov

recognized early on, was the C/C++ model of computation which allows very flexible access

to storage via pointers is crucial to achieving generality without losing efficiency.

Much research and experimentation were needed, not just to develop individual components,

but to develop an overall architecture for a component library based on generic programming.

First at AT&T Bell Laboratories and later at Hewlett-Packard Research Labs, Stepanov

experimented with many architectural and algorithm formulations, first in C and later in C++.
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Musser collaborated in this research and in 1992 Meng Lee joined Stepanov's project at HP

and became a major contributor.

This work undoubtedly would have continued for some time being just a research project or

at best would have resulted in an HP proprietary library if Andrew Koenig of Bell Labs had

not become aware of the work and asked Stepanov to present the main ideas at a November

1993 meeting of the ANSI/ISO committee for C++ standardization. The committee's

response was overwhelmingly favorable and led to a request from Koenig for a formal

proposal in time for the March 1994 meeting. Despite the tremendous time pressure, Alex

and Meng were able to produce a draft proposal that received preliminary approval at that

meeting.

The committee had several requests for changes and extensions (some of them major), and a

small group of committee members met with Stepanov and Lee to help work out the details.

The requirements for the most significant extension (associative containers) had to be shown

to be consistent by fully implementing them, a task Stepanov delegated to Musser. It would

have been quite easy for the whole enterprise to spin out of control at this point, but again

Stepanov and Lee met the challenge and produced a proposal that received final approval at

the July 1994 ANSI/ISO committee meeting. (Additional details of this history can be found

in Stevens.) Subsequently, the Stepanov and Lee document 17 was incorporated into the

ANSI/ISO C++ draft standard. It also influenced other parts of the C++ Standard Library,

such as the string facilities, and some of the previously adopted standards in those areas were

revised accordingly.

In spite of STL's success with the committee, there remained the question of how STL would

make its way into actual availability and use. With the STL requirements part of the publicly

available draft standard, compiler vendors and independent software library vendors could of
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course develop their own implementations and market them as separate products or as selling

points for their other wares. One of the first edition's authors, Atul Saini, was among the first

to recognize the commercial potential and began exploring it as a line of business for his

company, Modena Software Incorporated, even before STL had been fully accepted by the

committee.

The prospects for early widespread dissemination of STL were considerably improved with

Hewlett-Packard's decision to make its implementation freely available on the Internet in

August 1994. This implementation, developed by Stepanov, Lee, and Musser during the

standardization process, became the basis of many implementations offered by compiler and

library vendors today.

Topic : Linked Lists

Topic Objective:

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

 History

 Applications of linked lists

 Tradeoffs

 Internal and external storage

Definition/Overview:

Overview: 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

containing arbitrary data fields and one or two references ("links") pointing to the next and/or
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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.

Key Points:

1. History

Linked lists were developed in 1955-56 by Allen Newell, Cliff Shaw and Herbert Simon at

RAND Corporation as the primary data structure for their Information Processing Language.

IPL was used by the authors to develop several early artificial intelligence programs,

including the Logic Theory Machine, the General Problem Solver, and a computer chess

program. Reports on their work appeared in IRE Transactions on Information Theory in

1956, and several conference proceedings from 1957-1959, including Proceedings of the

Western Joint Computer Conference in 1957 and 1958, and Information Processing

(Proceedings of the first UNESCO International Conference on Information Processing) in

1959. The now-classic diagram consisting of blocks representing list nodes with arrows

pointing to successive list nodes appears in "Programming the Logic Theory Machine" by
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Newell and Shaw in Proc. WJCC, February 1957. Newell and Simon were recognized with

the ACM Turing Award in 1975 for having "made basic contributions to artificial

intelligence, the psychology of human cognition, and list processing".

The problem of machine translation for natural language processing led Victor Yngve at

Massachusetts Institute of Technology (MIT) to use linked lists as data structures in his

COMIT programming language for computer research in the field of linguistics. A report on

this language entitled "A programming language for mechanical translation" appeared in

Mechanical Translation in 1958.

LISP, standing for list processor, was created by John McCarthy in 1958 while he was at MIT

and in 1960 he published its design in a paper in the Communications of the ACM, entitled

"Recursive Functions of Symbolic Expressions and Their Computation by Machine, Part I".

One of LISP's major data structures is the linked list.

By the early 1960s, the utility of both linked lists and languages which use these structures as

their primary data representation was well established. Bert Green of the MIT Lincoln

Laboratory published a review article entitled "Computer languages for symbol

manipulation" in IRE Transactions on Human Factors in Electronics in March 1961 which

summarized the advantages of the linked list approach. A later review article, "A Comparison

of list-processing computer languages" by Bobrow and Raphael, appeared in

Communications of the ACM in April 1964.

Several operating systems developed by Technical Systems Consultants (originally of West

Lafayette Indiana, and later of Chapel Hill, North Carolina) used singly linked lists as file

structures. A directory entry pointed to the first sector of a file, and succeeding portions of the

file were located by traversing pointers. Systems using this technique included Flex (for the
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Motorola 6800 CPU), mini-Flex (same CPU), and Flex9 (for the Motorola 6809 CPU). A

variant developed by TSC for and marketed by Smoke Signal Broadcasting in California,

used doubly linked lists in the same manner.

The TSS operating system, developed by IBM for the System 360/370 machines, used a

double linked list for their file system catalog. The directory structure was similar to Unix,

where a directory could contain files and/or other directories and extend to any depth. A

utility flea was created to fix file system problems after a crash, since modified portions of

the file catalog were sometimes in memory when a crash occurred. Problems were detected

by comparing the forward and backward links for consistency. If a forward link was corrupt,

then if a backward link to the infected node was found, the forward link was set to the node

with the backward link. A humorous comment in the source code where this utility was

invoked stated "Everyone knows a flea collar gets rid of bugs in cats".

2. Applications of linked lists

Linked lists are used as a building block for many other data structures, such as stacks,

queues and their variations. The "data" field of a node can be another linked list. By this

device, one can construct many linked data structures with lists; this practice originated in the

Lisp programming language, where linked lists are a primary (though by no means the only)

data structure, and is now a common feature of the functional programming style.

Sometimes, linked lists are used to implement associative arrays, and are in this context

called association lists. This use of linked lists is easily outperformed by other data structures

such as self-balancing binary search trees even on small data sets (see the discussion in

associative array). However, sometimes a linked list is dynamically created out of a subset of

nodes in such a tree, and used to more efficiently traverse that set.
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3. Tradeoffs

As with most choices in computer programming and design, no method is well suited to all

circumstances. A linked list data structure might work well in one case, but cause problems in

another. This is a list of some of the common tradeoffs involving linked list structures. In

general, if you have a dynamic collection, where elements are frequently being added and

deleted, and the location of new elements added to the list is significant, then benefits of a

linked list increase.

3.1 Linked lists vs. arrays

Linked lists have several advantages over arrays. Elements can be inserted into linked

lists indefinitely, while an array will eventually either fill up or need to be resized, an

expensive operation that may not even be possible if memory is fragmented.

Similarly, an array from which many elements are removed may become wastefully

empty or need to be made smaller.

Further memory savings can be achieved, in certain cases, by sharing the same "tail"

of elements among two or more lists that is, the lists end in the same sequence of

elements. In this way, one can add new elements to the front of the list while keeping

a reference to both the new and the old versions a simple example of a persistent data

structure.

On the other hand, arrays allow random access, while linked lists allow only

sequential access to elements. Singly-linked lists, in fact, can only be traversed in one

direction. This makes linked lists unsuitable for applications where it's useful to look

up an element by its index quickly, such as heapsort. Sequential access on arrays is

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

36
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



also faster than on linked lists on many machines due to locality of reference and data

caches. Linked lists receive almost no benefit from the cache.

Another disadvantage of linked lists is the extra storage needed for references, which

often makes them impractical for lists of small data items such as characters or

boolean values. It can also be slow, and with a nave allocator, wasteful, to allocate

memory separately for each new element, a problem generally solved using memory

pools.

A number of linked list variants exist that aim to ameliorate some of the above

problems. Unrolled linked lists store several elements in each list node, increasing

cache performance while decreasing memory overhead for references. CDR coding

does both these as well, by replacing references with the actual data referenced, which

extends off the end of the referencing record.

A good example that highlights the pros and cons of using arrays vs. linked lists is by

implementing a program that resolves the Josephus problem. The Josephus problem is

an election method that works by having a group of people stand in a circle. Starting

at a predetermined person, you count around the circle n times. Once you reach the

nth person, take them out of the circle and have the members close the circle. Then

count around the circle the same n times and repeat the process, until only one person

is left. That person wins the election. This shows the strengths and weaknesses of a

linked list vs. an array, because if you view the people as connected nodes in a

circular linked list then it shows how easily the linked list is able to delete nodes (as it

only has to rearrange the links to the different nodes). However, the linked list will be

poor at finding the next person to remove and will need to recurse through the list

until it finds that person. An array, on the other hand, will be poor at deleting nodes
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(or elements) as it cannot remove one node without individually shifting all the

elements up the list by one. However, it is exceptionally easy to find the nth person in

the circle by directly referencing them by their position in the array.

The list ranking problem concerns the efficient conversion of a linked list

representation into an array. Although trivial for a conventional computer, solving this

problem by a parallel algorithm is complicated and has been the subject of much

research.

3.2 Doubly-linked vs. singly-linked

Double-linked lists require more space per node (unless one uses xor-linking), and

their elementary operations are more expensive; but they are often easier to

manipulate because they allow sequential access to the list in both directions. In

particular, one can insert or delete a node in a constant number of operations given

only that node's address. Comparing with singly-linked lists, it requires the previous

node's address in order to correctly insert or delete. Some algorithms require access in

both directions. On the other hand, they do not allow tail-sharing, and cannot be used

as persistent data structures.

3.3 Circularly-linked vs. linearly-linked

Circular linked lists are most useful for describing naturally circular structures, and

have the advantage of regular structure and being able to traverse the list starting at

any point. They also allow quick access to the first and last records through a single

pointer (the address of the last element). Their main disadvantage is the complexity of

iteration, which has subtle special cases.

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

38
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



3.4 Sentinel nodes (header nodes, starter nodes)

Doubly linked lists can be structured without using a front and NULL pointer to the

ends of the list. Instead, a node of object type T set with specified default values is

used to indicate the "beginning" of the list. This node is known as a Sentinel node and

is commonly referred to as a "header" node. Common searching and sorting

algorithms are made less complicated through the use of a header node, as every

element now points to another element, and never to NULL. The header node, like

any other, contains a "next" pointer that points to what is considered by the linked list

to be the first element. It also contains a "previous" pointer which points to the last

element in the linked list. In this way, a doubly linked list structured around a Sentinel

Node is circular.

The Sentinel node is defined as another node in a doubly linked list would be, but the

allocation of a front pointer is unnecessary as the next and previous pointers of the

Sentinel node will point to itself. This is defined in the default constructor of the list.

next == this; prev == this;

If the previous and next pointers point to the Sentinel node, the list is considered

empty. Otherwise, if one or more elements is added, both pointers will point to

another node, and the list will contain those elements.

Sentinel node may simplify certain list operations, by ensuring that the next and/or

previous nodes exist for every element. However sentinel nodes use up extra space

(especially in applications that use many short lists), and they may complicate other

operations. To avoid the extra space requirement the sentinel nodes can often be

reused as references to the first and/or last node of the list.
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The Sentinel node eliminates the need to keep track of a pointer to the beginning of

the list, and also eliminates any errors that could result in the deletion of the first

pointer, or any accidental relocation.'

4. Internal and external storage

When constructing a linked list, one is faced with the choice of whether to store the data of

the list directly in the linked list nodes, called internal storage, or merely to store a reference

to the data, called external storage. Internal storage has the advantage of making access to the

data more efficient, requiring less storage overall, having better locality of reference, and

simplifying memory management for the list (its data is allocated and deallocated at the same

time as the list nodes).

External storage, on the other hand, has the advantage of being more generic, in that the same

data structure and machine code can be used for a linked list no matter what the size of the

data is. It also makes it easy to place the same data in multiple linked lists. Although with

internal storage the same data can be placed in multiple lists by including multiple next

references in the node data structure, it would then be necessary to create separate routines to

add or delete cells based on each field. It is possible to create additional linked lists of

elements that use internal storage by using external storage, and having the cells of the

additional linked lists store references to the nodes of the linked list containing the data.

In general, if a set of data structures needs to be included in multiple linked lists, external

storage is the best approach. If a set of data structures need to be included in only one linked

list, then internal storage is slightly better, unless a generic linked list package using external

storage is available. Likewise, if different sets of data that can be stored in the same data

structure are to be included in a single linked list, then internal storage would be fine.
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Another approach that can be used with some languages involves having different data

structures, but all have the initial fields, including the next (and prev if double linked list)

references in the same location. After defining separate structures for each type of data, a

generic structure can be defined that contains the minimum amount of data shared by all the

other structures and contained at the top (beginning) of the structures. Then generic routines

can be created that use the minimal structure to perform linked list type operations, but

separate routines can then handle the specific data. This approach is often used in message

parsing routines, where several types of messages are received, but all start with the same set

of fields, usually including a field for message type. The generic routines are used to add new

messages to a queue when they are received, and remove them from the queue in order to

process the message. The message type field is then used to call the correct routine to process

the specific type of message.

Topic : Recursion

Topic Objective:

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

 Recursive algorithms

 Recursive programming

 Binary search

 Recursive data structures

 Recursion versus iteration
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Definition/Overview:

Definition: Recursion (computer science) is a way of thinking about and solving problems.

In fact, recursion is one of the central ideas of computer science. Solving a problem using

recursion means the solution depends on solutions to smaller instances of the same problem.

Most high-level computer programming languages support recursion by allowing a function

to call itself within the program text. Imperative languages define looping constructs like

while and for loops that are used to perform repetitive actions. Some functional programming

languages do not define any looping constructs but rely solely on recursion to repeatedly call

code. Computability theory has proven that these recursive only languages are

mathematically equivalent to the imperative languages, meaning they can solve the same

kinds of problems even without the typical control structures like while and for.

Key Points:

1. Recursive algorithms

A common method of simplification is to divide a problem into sub-problems of the same

type. This is known as dialecting. As a computer programming technique, this is called divide

and conquer, and it is key to the design of many important algorithms, as well as a

fundamental part of dynamic programming.

Virtually all programming languages in use today allow the direct specification of recursive

functions and procedures. When such a function is called, the computer (for most languages

on most stack-based architectures) or the language implementation keeps track of the various

instances of the function (on many architectures, by using a call stack, although other

methods may be used). Conversely, every recursive function can be transformed into an

iterative function by using a stack.
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Most (but not all) functions and procedures that can be evaluated by a computer can be

expressed in terms of a recursive function (without having to use pure iteration), in

continuation-passing style; conversely any recursive function can be expressed in terms of

(pure) iteration, since recursion in itself is iterative too. In order to evaluate a function by

means of recursion, it has to be defined as a function of itself (e.g. the factorial n! = n * (n -

1)! , where 0! is defined as 1). Clearly thus, not all function evaluations lend itself for a

recursive approach. In general, all non-infinite functions can be described recursively

directly; infinite functions (e.g. the series for e = 1/1! + 2/2! + 3/3!...) need an extra 'stopping

criterium', e.g. the number of iterations, or the number of significant digits, because otherwise

recursive iteration would result in an endless loop.

To make a very literal example out of this: If an unknown word is seen in a book, the reader

can make a note of the current page number and put the note on a stack (which is empty so

far). The reader can then look the new word up and, while reading on the subject, may find

yet another unknown word. The page number of this word is also written down and put on

top of the stack. At some point an article is read that does not require any explanation. The

reader then returns to the previous page number and continues reading from there. This is

repeated, sequentially removing the topmost note from the stack. Finally, the reader returns to

the original book. This is a recursive approach.

Some languages designed for logic programming and functional programming provide

recursion as the only means of repetition directly available to the programmer. Such

languages generally make tail recursion as efficient as iteration, letting programmers express

other repetition structures (such as Scheme's map and for) in terms of recursion.
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Recursion is deeply embedded in the theory of computation, with the theoretical equivalence

of μ-recursive functions and Turing machines at the foundation of ideas about the

universality of the modern computer.

2. Recursive programming

Creating a recursive procedure essentially requires defining a "base case", and then defining

rules to break down more complex cases into the base case. Key to a recursive procedure is

that with each recursive call, the problem domain must be reduced in such a way that

eventually the base case is arrived at.

Some authors classify recursion as either "generative" or "structural". The distinction is made

based on where the procedure gets the data that it works on. If the data comes from a data

structure like a list, then the procedure is "structurally recursive"; otherwise, it is

"generatively recursive.

3. Binary search

The binary search algorithm is a method of searching an ordered array for a single element by

cutting the array in half with each pass. The trick is to pick a midpoint near the center of the

array, compare the data at that point with the data being searched and then responding to one

of three possible conditions: the data is found, the data at the midpoint is greater than the data

being searched for, or the data at the midpoint is less than the data being searched for.

Recursion is used in this algorithm because with each pass a new array is created by cutting

the old one in half. The binary search procedure is then called recursively, this time on the

new (and smaller) array. Typically the array's size is adjusted by manipulating a beginning
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and ending index. The algorithm exhibits a logarithmic order of growth because it essentially

divides the problem domain in half with each pass.

4. Recursive data structures (structural recursion)

An important application of recursion in computer science is in defining dynamic data

structures such as Lists and Trees. Recursive data structures can dynamically grow to a

theoretically infinite size in response to runtime requirements; in contrast, a static array's size

requirements must be set at compile time.

5. Recursion versus iteration

In the "factorial" example the iterative implementation is likely to be slightly faster in

practice than the recursive one. This is almost definite for the Euclidean Algorithm

implementation. This result is typical, because iterative functions do not pay the "function-

call overhead" as many times as recursive functions, and that overhead is relatively high in

many languages. (Note that an even faster implementation for the factorial function on small

integers is to use a lookup table.)

There are other types of problems whose solutions are inherently recursive, because they

need to keep track of prior state. One example is tree traversal; others include the Ackermann

function and divide-and-conquer algorithms such as Quicksort. All of these algorithms can be

implemented iteratively with the help of a stack, but the need for the stack arguably nullifies

the advantages of the iterative solution.

Another possible reason for choosing an iterative rather than a recursive algorithm is that in

today's programming languages, the stack space available to a thread is often much less than

the space available in the heap, and recursive algorithms tend to require more stack space
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than iterative algorithms. However, see the caveat below regarding the special case of tail

recursion.

In Section 3 of this course you will cover these topics:
Stacks

Queues

Search Algorithms

Topic : Stacks

Topic Objective:

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

 Introduction to Stacks

 Security of Stacks

Definition/Overview:

Overview: In computer science, a stack is an abstract data type and data structure based on

the principle of Last In First Out (LIFO). Stacks are used extensively at every level of a

modern computer system. For example, a modern PC uses stacks at the architecture level,

which are used in the basic design of an operating system for interrupt handling and operating

system function calls. Among other uses, stacks are used to run a Java Virtual Machine, and

the Java language itself has a class called "Stack", which can be used by the programmer. The

stack is ubiquitous. A stack-based computer system is one that stores temporary information

primarily in stacks, rather than hardware CPU registers (a register-based computer system).
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Key Points:

1. Introduction to Stacks

As an abstract data type, the stack is a container of nodes and has two basic operations: push

and pop. Push adds a given node to the top of the stack leaving previous nodes below. Pop

removes and returns the current top node of the stack. A frequently used metaphor is the idea

of a stack of plates in a spring loaded cafeteria stack. In such a stack, only the top plate is

visible and accessible to the user, all other plates remain hidden. As new plates are added,

each new plate becomes the top of the stack, hiding each plate below, pushing the stack of

plates down. As the top plate is removed from the stack, they can be used, the plates pop back

up, and the second plate becomes the top of the stack. Two important principles are

illustrated by this metaphor: the Last In First Out principle is one; the second is that the

contents of the stack are hidden. Only the top plate is visible, so to see what is on the third

plate, the first and second plates will have to be removed. This can also be written as FILO-

First In Last Out, i.e. the record inserted first will be popped out at last.

2. Security of Stacks

Some computing environments use stacks in ways that may make them vulnerable to security

breaches and attacks. Programmers working in such environments must take special care to

avoid the pitfalls of these implementations.

For example, some programming languages use a common stack to store both data local to a

called procedure and the linking information that allows the procedure to return to its caller.

This means that the program moves data into and out of the same stack that contains critical

return addresses for the procedure calls. If data is moved to the wrong location on the stack,
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or an oversized data item is moved to a stack location that is not large enough to contain it,

return information for procedure calls may be corrupted, causing the program to fail.

Malicious parties may attempt to take advantage of this type of implementation by providing

oversized data input to a program that does not check the length of input. Such a program

may copy the data in its entirety to a location on the stack, and in so doing it may change the

return addresses for procedures that have called it. An attacker can experiment to find a

specific type of data that can be provided to such a program such that the return address of

the current procedure is reset to point to an area within the stack itself (and within the data

provided by the attacker), which in turn contains instructions that carry out unauthorized

operations.

This type of attack is a variation on the buffer overflow attack and is an extremely frequent

source of security breaches in software, mainly because some of the most popular

programming languages (such as C) use a shared stack for both data and procedure calls, and

do not verify the length of data items. Frequently programmers do not write code to verify the

size of data items, either, and when an oversized or undersized data item is copied to the

stack, a security breach may occur.

Topic : Queues

Topic Objective:

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

 Introduction

 Representing a Queue
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 Characteristics

Definition/Overview:

Definition: A queue (pronounced /kjuː/) is a particular kind of collection in which the entities

in the collection are kept in order and the principal (or only) operations on the collection are

the addition of entities to the rear terminal position and removal of entities from the front

terminal position. This makes the queue a First-In-First-Out (FIFO) data structure. In a FIFO

data structure, the first element added to the queue will be the first one to be removed. This is

equivalent to the requirement that whenever an element is added, all elements that were

added before have to be removed before the new element can be invoked. A queue is an

example of a linear data structure.

Key Points:

1. Introduction

Queues provide services in computer science, transport and operations research where

various entities such as data, objects, persons, or events are stored and held to be processed

later. In these contexts, the queue performs the function of a buffer. Queues are common in

computer programs, where they are implemented as data structures coupled with access

routines, as an abstract data structure or in object-oriented languages as classes. Common

implementations are circular buffers and linked lists.

2. Representing a Queue

The defining attribute of a queue data structure is the fact that allows access to only the front

and back of the structure. Furthermore, elements can only be removed from the front and can

only be added to the back. In this way, an appropriate metaphor often used to represent
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queues is the idea of a checkout line. Other examples of queues are people traveling up an

escalator, machine parts on an assembly line, or cars in line at a gas station. The recurring

theme is clear: queues are essentially the same as a queue you would get in a shop waiting to

pay.

In each of the cases, the customer or object at the front of the line was the first one to enter,

while at the end of the line is the last to have entered. Every time a customer finishes paying

for their items (or a person steps off the escalator, or the machine part is removed from the

assembly line, etc.) that object leaves the queue from the front. This represents the queue

dequeue function. Every time another object or customer enters the line to wait, they join the

end of the line and represent the enqueue function. The queue size function would return the

length of the line, and the empty function would return true only if there was nothing in the

line.

3. Characteristics

Theoretically, one characteristic of a queue is that it does not have a specific capacity.

Regardless of how many elements are already contained, a new element can always be added.

It can also be empty, at which point removing an element will be impossible until a new

element has been added again. A practical implementation of a queue e.g. with pointers of

course does have some capacity limit, that depends on the concrete situation it is used in. For

a data structure the executing computer will eventually run out of memory, thus limiting the

queue size. Queue overflow results from trying to add an element onto a full queue and queue

underflow happens when trying to remove an element from an empty queue. A bounded

queue is a queue limited to a fixed number of items.
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Topic : Search Algorithms

Topic Objective:

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

 Uninformed search

 List search

 Tree search

 Graph search

 Informed search

 Adversarial search

 Constraint satisfaction

Definition/Overview:

Overview: In computer science, a search algorithm, broadly speaking, is an algorithm that

takes a problem as input and returns a solution to the problem, usually after evaluating a

number of possible solutions. Most of the algorithms studied by computer scientists that solve

problems are kinds of search algorithms. The set of all possible solutions to a problem is

called the search space. Brute-force search, otherwise known as nave or uninformed,

algorithms use the simplest method of the searching through the search space, whereas

informed search algorithms use heuristic functions to apply knowledge about the structure of

the search space to try to reduce the amount of time spent searching.
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Key Points:

1. Uninformed search

An uninformed search algorithm is one that does not take into account the specific nature of

the problem. As such, they can be implemented in general, and then the same implementation

can be used in a wide range of problems due to abstraction. The drawback is that most search

spaces are extremely large, and an uninformed search (especially of a tree or graph) will take

a reasonable amount of time only for small examples. As such, to speed up the process,

sometimes only an informed search will do.

2. List search

List search algorithms are perhaps the most basic kind of search algorithm. The goal is to find

one element of a set by some key (perhaps containing other information related to the key).

As this is a common problem in computer science, the computational complexity of these

algorithms has been well studied. The simplest such algorithm is linear search, which simply

examines each element of the list in order. It has expensive O(n) running time, where n is the

number of items in the list, but can be used directly on any unprocessed list. A more

sophisticated list search algorithm is binary search; it runs in O(log n) time. This is

significantly better than linear search for large lists of data, but it requires that the list be

sorted before searching (see sorting algorithm) and also be random access. Interpolation

search is better than binary search for large sorted lists with fairly even distributions, but has

a worst-case running time of O(n).

Grover's algorithm is a quantum algorithm that offers quadratic speedup over the classical

linear search for unsorted lists. However, it requires a currently non-existent quantum

computer on which to run.
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Hash tables are also used for list search, requiring only constant time for search in the

average case, but more space overhead and terrible O(n) worst-case search time. Another

search based on specialized data structures uses self-balancing binary search trees and

requires O(log n) time to search; these can be seen as extending the main ideas of binary

search to allow fast insertion and removal. See associative array for more discussion of list

search data structures.

Most list search algorithms, such as linear search, binary search, and self-balancing binary

search trees, can be extended with little additional cost to find all values less than or greater

than a given key, an operation called range search. The glaring exception is hash tables,

which cannot perform such a search efficiently.

3. Tree search

Tree search algorithms are the heart of searching techniques for structured data. These search

trees of nodes, whether that tree is explicit or implicit (generated on the go). The basic

principle is that a node is taken from a data structure, its successors examined and added to

the data structure. By manipulating the data structure, the tree is explored in different orders -

for instance, level by level (breadth-first search) or reaching a leaf node first and

backtracking (depth-first search). Other examples of tree-searches include iterative-deepening

search, depth-limited search, bidirectional search, and uniform-cost search.

It should be realized that the efficiency of a tree search (compared to other search methods) is

highly dependent upon the number and structure of nodes in relation to the number of items

on that node. If there are a large number of items on one or more nodes, there may well be a

requirement to utilize a specific different search technique for locating items within that

particular set. In other words, a tree search is not mutually exclusive with any other search
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technique that may be used for specific sets. It is simply a method of reducing the number of

relevant items to be searched (by whatever method) to those within certain branches of the

tree. For example, the Greater London telephone directory may still contain entries for

20,000+ people whose surname is 'SMITH' belonging on a tree branch 'surnames beginning

S'. The list of names may, or may not be, further subdivided by subscribers initials. A binary

search may be appropriate to locate a particular person with forename 'Alias' and perhaps

thereafter a linear search to locate a particular address.

4. Graph search

Many of the problems in graph theory can be solved using graph traversal algorithms, such as

Dijkstra's algorithm, Kruskal's algorithm, the nearest neighbour algorithm, and Prim's

algorithm. These can be seen as extensions of the tree-search algorithms.

5. Informed search

In an informed search, a heuristic that is specific to the problem is used as a guide. A good

heuristic will make an informed search dramatically out-perform any uninformed search.

There are few prominent informed list-search algorithms. A possible member of that category

is a hash table with a hashing function that is a heuristic based on the problem at hand. Most

informed search algorithms explore trees. These include best-first search, and A*. Like the

uninformed algorithms, they can be extended to work for graphs as well. Some times

heuristic search is better then compare to other search technique.

6. Adversarial search

In games such as chess, there is a game tree of all possible moves by both players and the

resulting board configurations, and we can search this tree to find an effective playing
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strategy. This type of problem has the unique characteristic that we must account for any

possible move our opponent might make. To account for this, game-playing computer

programs, as well as other forms of artificial intelligence like machine planning, often use

search algorithms like the minimax algorithm, search tree pruning, and alpha-beta pruning.

7. Constraint satisfaction

This is a type of search which solves constraint satisfaction problems where, rather than

looking for a path, the solution is simply a set of values assigned to a set of variables.

Because the variables can be processed in any order, the usual tree search algorithms are too

inefficient. Methods of solving constraint problems include combinatorial search and

backtracking, both of which take advantage of the freedom associated with constraint

problems. Common tricks or techniques involved in backtracking is Constraint propagation,

which is a general form of Forward checking. Other local search algorithms, such as generic

algorithm, which minimize the conflicts, also do a good job. In minmax algorithm first take

all the minimum value then among of them take the maximum value. It's for vice versa for

maxmin algorithm.

In Section 4 of this course you will cover these topics:
Sorting Algorithms

Binary Trees
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Topic : Sorting Algorithms

Topic Objective:

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

 Introduction

 Memory usage patterns and index sorting

Definition/Overview:

Overview: In computer science and mathematics, a sorting algorithm is an algorithm that

puts elements of a list in a certain order. The most-used orders are numerical order and

lexicographical order. Efficient sorting is important to optimizing the use of other algorithms

(such as search and merge algorithms) that require sorted lists to work correctly; it is also

often useful for canonicalizing data and for producing human-readable output. More

formally, the output must satisfy two conditions:

 The output is in nondecreasing order (each element is no smaller than the previous element

according to the desired total order);

 The output is a permutation, or reordering, of the input.

Key Points:

1. Introduction

Since the dawn of computing, the sorting problem has attracted a great deal of research,

perhaps due to the complexity of solving it efficiently despite its simple, familiar statement.

For example, bubble sort was analyzed as early as 1956. Although many consider it a solved
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problem, useful new sorting algorithms are still being invented. Sorting algorithms are

prevalent in introductory computer science classes, where the abundance of algorithms for

the problem provides a gentle introduction to a variety of core algorithm concepts, such as

big O notation, divide and conquer algorithms, data structures, randomized algorithms, best,

worst and average case analysis, time-space tradeoffs, and lower bounds.

2. Memory usage patterns and index sorting

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
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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.

Topic : Binary Trees

Topic Objective:

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

 Types of binary trees

 Definition in graph theory
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 Combinatorics

Definition/Overview:

Overview: In computer science, a binary tree is a tree data structure in which each node has

at most two children. Typically the child nodes are called left and right. Binary trees are

commonly used to implement binary search trees and binary heaps.

Key Points:

1. Types of binary trees

 A rooted binary tree is a rooted tree in which every node has at most two children.

 A full binary tree (sometimes proper binary tree or 2-tree) is a tree in which every node other

than the leaves has two children.

 A perfect binary tree is a full binary tree in which all leaves are at the same depth or same

Level. (This is ambiguously also called a complete binary tree.)

 A complete binary tree is a binary tree in which every level, except possibly the last, is

completely filled, and all nodes are as far left as possible.

 An infinite complete binary tree is a tree with levels, where for each level d the number of

existing nodes at level d is equal to 2d. The cardinal number of the set of all nodes is . The

cardinal number of the set of all paths is .

 A balanced binary tree is where the depth of all the leaves differs by at most 1. Balanced trees

have a predictable depth (how many nodes are traversed from the root to a leaf, root counting

as node 0 and subsequent as 1, 2, ..., depth). This depth is equal to the integer part of log2(n)

where n is the number of nodes on the balanced tree. Example 1: balanced tree with 1 node,

log2(1) = 0 (depth = 0). Example 2: balanced tree with 3 nodes, log2(3) = 1.59 (depth=1).

Example 3: balanced tree with 5 nodes, log2(5) = 2.32 (depth of tree is 2 nodes).
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 A rooted complete binary tree can be identified with a free magma.

 An almost complete binary tree is a tree in which each node that has a right child also has a

left child. Having a left child does not require a node to have a right child. Stated alternately,

an almost complete binary tree is a tree where for a right child, there is always a left child,

but for a left child there may not be a right child.

 A degenerate tree is a tree where for each parent node, there is only one associated child

node. This means that in a performance measurement, the tree will behave like a linked list

data structure.

 The number of nodes n in a perfect binary tree can be found using this formula: n = 2h + 1 −

1 where h is the height of the tree.

 The number of leaf nodes n in a perfect binary tree can be found using this formula: n = 2h

where h is the height of the tree.

 The number of nodes n in a complete binary tree is minimum: n = 2h and maximum: n = 2h +

1 − 1 where h is the height of the tree.

 The number of NULL links in a Complete Binary Tree of n-node is (n+1).

 The number of leaf node in a Complete Binary Tree of n-node is UpperBound(n / 2).

2 Definition in graph theory

Graph theorists use the following definition: A binary tree is a connected acyclic graph such

that the degree of each vertex is no more than 3. It can be shown that in any binary tree, there

are exactly two more nodes of degree one than there are of degree three, but there can be any

number of nodes of degree two. A rooted binary tree is such a graph that has one of its

vertices of degree no more than 2 singled out as the root.

With the root thus chosen, each vertex will have a uniquely defined parent, and up to two

children; however, so far there is insufficient information to distinguish a left or right child. If
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we drop the connectedness requirement, allowing multiple connected components in the

graph, we call such a structure a forest.

Another way of defining binary trees is a recursive definition on directed graphs. A binary

tree is either:

 A single vertex.

 A graph formed by taking two binary trees, adding a vertex, and adding an edge directed

from the new vertex to the root of each binary tree.

This also does not establish the order of children, but does fix a specific root node.

3. Combinatorics

The groupings of pairs of nodes in a tree can be represented as pairs of letters, surrounded by

parenthesis. Thus, (a b) denotes the binary tree whose left subtree is a and whose right subtree

is b. Strings of balanced pairs of parenthesis may therefore be used to denote binary trees in

general. The set of all possible strings consisting entirely of balanced parentheses is known as

the Dyck language.

Given n nodes, the total number of ways in which these nodes can be arranged into a binary

tree is given by the Catalan number Cn. For example, C2 = 2 declares that (a 0) and (0 a) are

the only binary trees possible that have two nodes, and C3 = 5 declares that ((a 0) 0), (0 a) 0),

(0 (a 0)), (0 (0 a)), and (a b) are the only five binary trees possible that have 3 nodes. Here 0

represents a subtree that is not present.

The ability to represent binary trees as strings of symbols and parentheses implies that binary

trees can represent the elements of a magma. Conversely, the set of all possible binary trees,
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together with the natural operation of attaching trees to one-another, forms a magma, the free

magma.

Given a string representing a binary tree, the operators to obtain the left and right subtrees are

sometimes referred to as car and cdr.

In Section 5 of this course you will cover these topics:
Graphs

Standard Template Library Ii

Topic : Graphs

Topic Objective:

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

 History

 Applications

Definition/Overview:

Overview: In mathematics and computer science, graph theory is the study of graphs:

mathematical structures used to model pairwise relations between objects from a certain

collection. A "graph" in this context refers to a collection of vertices or 'nodes' and a

collection of edges that connect pairs of vertices. A graph may be undirected, meaning that

there is no distinction between the two vertices associated with each edge, or its edges may

be directed from one vertex to another; see graph (mathematics) for more detailed definitions

and for other variations in the types of graphs that are commonly considered. The graphs
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studied in graph theory should not be confused with "graphs of functions" and other kinds of

graphs..

Key Points:

1. History

The paper written by Leonhard Euler on the Seven Bridges of Knigsberg and published in

1736 is regarded as the first paper in the history of graph theory. This paper, as well as the

one written by Vandermonde on the knight problem, carried on with the analysis situs

initiated by Leibniz. Euler's formula relating the number of edges, vertices, and faces of a

convex polyhedron was studied and generalized by Cauchy and L'Huillier, and is at the origin

of topology.

More than one century after Euler's paper on the bridges of Knigsberg and while Listing

introduced topology, Cayley was led by the study of particular analytical forms arising from

differential calculus to study a particular class of graphs, the trees. This study had many

implications in theoretical chemistry. The involved techniques mainly concerned the

enumeration of graphs having particular properties. Enumerative graph theory then rose from

the results of Cayley and the fundamental results published by Plya between 1935 and 1937

and the generalization of these by De Bruijn in 1959. Cayley linked his results on trees with

the contemporary studies of chemical composition. The fusion of the ideas coming from

mathematics with those coming from chemistry is at the origin of a part of the standard

terminology of graph theory. In particular, the term "graph" was introduced by Sylvester in a

paper published in 1878 in Nature.

One of the most famous and productive problems of graph theory is the four color problem:

"Is it true that any map drawn in the plane may have its regions colored with four colors, in
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such a way that any two regions having a common border have different colors?". This

problem was first posed by Francis Guthrie in 1852 and its first written record is in a letter of

De Morgan addressed to Hamilton the same year. Many incorrect proofs have been proposed,

including those by Cayley, Kempe, and others. The study and the generalization of this

problem by Tait, Heawood, Ramsey and Hadwiger led to the study of the colorings of the

graphs embedded on surfaces with arbitrary genus. Tait's reformulation generated a new class

of problems, the factorization problems, particularly studied by Petersen and Kőnig. The

works of Ramsey on colorations and more specially the results obtained by Turn in 1941 was

at the origin of another branch of graph theory, extremal graph theory.

The four color problem remained unsolved for more than a century. A proof produced in

1976 by Kenneth Appel and Wolfgang Haken, which involved checking the properties of

1,936 configurations by computer, was not fully accepted at the time due to its complexity. A

simpler proof considering only 633 configurations was given twenty years later by

Robertson, Seymour, Sanders and Thomas.

The autonomous development of topology, from 1860 to 1930, fertilized graph theory back

through the works of Jordan, Kuratowski and Whitney. Another important factor of common

development of graph theory and topology came from the use of the techniques of modern

algebra. The first example of such a use comes from the work of the physicist Gustav

Kirchhoff, who published in 1845 his Kirchhoff's circuit laws for calculating the voltage and

current in electric circuits.

The introduction of probabilistic methods in graph theory, especially in the study of Erdős

and Rnyi of the asymptotic probability of graph connectivity, gave rise to yet another branch,

known as random graph theory, which has been a fruitful source of graph-theoretic results.
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2. Applications

Applications of graph theory are primarily, but not exclusively, concerned with labeled

graphs and various specializations of these.

Structures that can be represented as graphs are ubiquitous, and many problems of practical

interest can be represented by graphs. The link structure of a website could be represented by

a directed graph: the vertices are the web pages available at the website and a directed edge

from page A to page B exists if and only if A contains a link to B. A similar approach can be

taken to problems in travel, biology, computer chip design, and many other fields. The

development of algorithms to handle graphs is therefore of major interest in computer

science. There, the transformation of graphs is often formalized and represented by graph

rewrite systems. They are either directly used or properties of the rewrite systems(e.g.

confluence) are studied.

A graph structure can be extended by assigning a weight to each edge of the graph. Graphs

with weights, or weighted graphs, are used to represent structures in which pairwise

connections have some numerical values. For example if a graph represents a road network,

the weights could represent the length of each road. A digraph with weighted edges in the

context of graph theory is called a network.

Networks have many uses in the practical side of graph theory, network analysis (for

example, to model and analyze traffic networks). Within network analysis, the definition of

the term "network" varies, and may often refer to a simple graph.

Many applications of graph theory exist in the form of network analysis. These split broadly

into three categories. Firstly, analysis to determine structural properties of a network, such as

the distribution of vertex degrees and the diameter of the graph. A vast number of graph

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

65
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



measures exist, and the production of useful ones for various domains remains an active area

of research. Secondly, analysis to find a measurable quantity within the network, for

example, for a transportation network, the level of vehicular flow within any portion of it.

Thirdly, analysis of dynamical properties of networks.

Graph theory is also used to study molecules in chemistry and physics. In condensed matter

physics, the three dimensional structure of complicated simulated atomic structures can be

studied quantitatively by gathering statistics on graph-theoretic properties related to the

topology of the atoms. For example, Franzblau's shortest-path (SP) rings. In chemistry a

graph makes a natural model for a molecule, where vertices represent atoms and edges bonds.

This approach is especially used in computer processing of molecular structures, ranging

from chemical editors to database searching.

Graph theory is also widely used in sociology as a way, for example, to measure actors'

prestige or to explore diffusion mechanisms, notably through the use of social network

analysis software.

Topic : Standard Template Library Ii

Topic Objective:

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

 STL II Overview

 History

Definition/Overview:
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Overview: The Standard Template Library (STL) is a software library partially included in

the C++ Standard Library. It provides containers, iterators, algorithms, and functors. More

specifically, the C++ Standard Library is based on the STL published by SGI. Both include

some features not found in the other. SGI's STL is rigidly specified as a set of headers, while

ISO C++ does not specify header content, and allows implementation either in the headers, or

in a true library.

Key Points:

1. STL Overview

The STL provides a ready-made set of common classes for C++, such as containers and

associative arrays, that can be used with any built-in type and with any user-defined type that

supports some elementary operations (such as copying and assignment). STL algorithms are

independent of containers, which significantly reduces the complexity of the library.

The STL achieves its results through the use of templates. This approach provides compile-

time polymorphism that is often more efficient than traditional run-time polymorphism.

Modern C++ compilers are tuned to minimize any abstraction penalty arising from heavy use

of the STL.

The STL was created as the first library of generic algorithms and data structures for C++,

with four ideas in mind: generic programming, abstractness without loss of efficiency, the

Von Neumann computation model, and value semantics.

1.1 Iterators

The STL implements five different types of iterators. These are input iterators (which

can only be used to read a sequence of values), output iterators (which can only be
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used to write a sequence of values), forward iterators (which can be read, written to,

and move forward), bidirectional iterators (which are like forward iterators but can

also move backwards) and random access iterators (which can move freely any

number of steps in one operation).

It is possible to have bidirectional iterators act like random access iterators, as moving

forward ten steps could be done by simply moving forward a step at a time a total of

ten times. However, having distinct random access iterators offers efficiency

advantages. For example, a vector would have a random access iterator, but a list only

a bidirectional iterator.

Iterators are the major feature which allow the generality of the STL. For example, an

algorithm to reverse a sequence can be implemented using bidirectional iterators, and

then the same implementation can be used on lists, vectors and deques. User-created

containers only have to provide an iterator which implements one of the 5 standard

iterator interfaces, and all the algorithms provided in the STL can be used on the

container.

This generality also comes at a price at times. For example, performing a search on an

associative container such as a map or set can be much slower using iterators than by

calling member functions offered by the container itself. This is because an

associative container's methods can take advantage of knowledge of the internal

structure, which is opaque to algorithms using iterators.
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1.2 Algorithms

A large number of algorithms to perform operations such as searching and sorting are

provided in the STL, each implemented to require a certain level of iterator (and

therefore will work on any container which provides an interface by iterators).

1.3 Functors

The STL includes classes that overload the function operator (operator()). Classes that

do this are called functors or function objects. They are useful for keeping and

retrieving state information in functions passed into other functions. Regular function

pointers can also be used as functors.

A particularly common type of functor is the predicate. For example, algorithms like

find_if take a unary predicate that operates on the elements of a sequence. Algorithms

like sort, partial_sort, nth_element and all sorted containers use a binary predicate

which must provide a strict weak ordering, that is, it must behave like a membership

test on a transitive, irreflexive and antisymmetric binary relation. If none is supplied,

these algorithms and containers use less by default, which in turn calls the less-than-

operator <.

2. History

The architecture of STL is largely the creation of one person, Alexander Stepanov. In 1979

he began working out his initial ideas of generic programming and exploring their potential

for revolutionizing software development. Although David Musser had developed and

advocated some aspects of generic programming already by year 1971, it was limited to a

rather specialized area of software development (computer algebra).
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Stepanov recognized the full potential for generic programming and persuaded his then-

colleagues at General Electric Research and Development (including, primarily, David

Musser and Deepak Kapur) that generic programming should be pursued as a comprehensive

basis for software development. At the time there was no real support in any programming

language for generic programming.

The first major language to provide such support was Ada, with its generic units feature. By

1987 Stepanov and Musser had developed and published an Ada library for list processing

that embodied the results of much of their research on generic programming. However, Ada

had not achieved much acceptance outside the defense industry and C++ seemed more likely

to become widely used and provide good support for generic programming even though the

language was relatively immature. Another reason for turning to C++, which Stepanov

recognized early on, was the C/C++ model of computation which allows very flexible access

to storage via pointers is crucial to achieving generality without losing efficiency.

Much research and experimentation were needed, not just to develop individual components,

but to develop an overall architecture for a component library based on generic programming.

First at AT&T Bell Laboratories and later at Hewlett-Packard Research Labs, Stepanov

experimented with many architectural and algorithm formulations, first in C and later in C++.

Musser collaborated in this research and in 1992 Meng Lee joined Stepanov's project at HP

and became a major contributor.

This work undoubtedly would have continued for some time being just a research project or

at best would have resulted in an HP proprietary library if Andrew Koenig of Bell Labs had

not become aware of the work and asked Stepanov to present the main ideas at a November

1993 meeting of the ANSI/ISO committee for C++ standardization. The committee's

response was overwhelmingly favorable and led to a request from Koenig for a formal
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proposal in time for the March 1994 meeting. Despite the tremendous time pressure, Alex

and Meng were able to produce a draft proposal that received preliminary approval at that

meeting.

The committee had several requests for changes and extensions (some of them major), and a

small group of committee members met with Stepanov and Lee to help work out the details.

The requirements for the most significant extension (associative containers) had to be shown

to be consistent by fully implementing them, a task Stepanov delegated to Musser. It would

have been quite easy for the whole enterprise to spin out of control at this point, but again

Stepanov and Lee met the challenge and produced a proposal that received final approval at

the July 1994 ANSI/ISO committee meeting. (Additional details of this history can be found

in Stevens.) Subsequently, the Stepanov and Lee document 17 was incorporated into the

ANSI/ISO C++ draft standard. It also influenced other parts of the C++ Standard Library,

such as the string facilities, and some of the previously adopted standards in those areas were

revised accordingly.

In spite of STL's success with the committee, there remained the question of how STL would

make its way into actual availability and use. With the STL requirements part of the publicly

available draft standard, compiler vendors and independent software library vendors could of

course develop their own implementations and market them as separate products or as selling

points for their other wares. One of the first edition's authors, Atul Saini, was among the first

to recognize the commercial potential and began exploring it as a line of business for his

company, Modena Software Incorporated, even before STL had been fully accepted by the

committee.

The prospects for early widespread dissemination of STL were considerably improved with

Hewlett-Packard's decision to make its implementation freely available on the Internet in
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August 1994. This implementation, developed by Stepanov, Lee, and Musser during the

standardization process, became the basis of many implementations offered by compiler and

library vendors today.
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