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The module contains five parts
Part I: Computer Programming
= computer programming
= Object-onented programming
® Advanced programming
Part I1: Data Structure and Algorithms, Theory of Algorithms
Part ITI: Database Systems

= Fundamentals of Database Systems
= Advanced Database Systems

Part IV: Software Engineering
= Fundamentals of software Engineenng
= Object-onented sofhware engineenng
® Software project Management

Part V: Internet Programming
* Intemmet Programming, [
= Internet Programming II
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Executive summary
This module miroduces students to findamental and advanced concepts in computer science that leads

students i preparing the natiomal emit examination mn relevant areas of computer programming,
introduces the skills required to develop a computer program to solve a given problem ,database
systems to learn the fundamentals of how to design the structure of data within a relational
database, data structure and algorithms explores the vanous algorithms and data structures used to solve
the most common computational problems. . theory of alzonthms, software engineering examine the steps
and processes mvolved m software design and development Students leam engineering principles and
approaches, mcludmg analyzing the requirements, explonng alternatives, and evaluating the finzl product
and mtemet programming provides a thorough grounding in the rapidly evelving area of web
technologies. With equal focus on user interface design on the “client-side’ or “front-end’ and on secunty
and persistence in “server-side’ or ‘back-end’ scnipting.
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Part I: Computer Programming
Module Objective
On completion of the module successfully, students will be able to:
# Grasp the main idea and concepts of programming,
¥ Learn the software development process and tools such as editors and compilers,
¥ Explain the syntax and semantics of programming languages,
¥ Demonstrate the major building blocks of computer programs,
# Determme the bazic skillz of programming & solve problems using computers,
¥ Identify the major programming techniques and mmplement in using the C++ programming
language. and
# Demonstrate the basic concepts and tools in C++,

1.1.Introduction to Computer programming

1.1.1. What is a computer?
A computer 15 an electronic device, operating under the control of mstructions stored in its own memory
that can accept data (input), process the data according to specified rules, produce mformation {output),
and store the mformation for future use. Any kind of computers consists of hardware and software. A
computer stores amy data in the form of 0°s and 1's.

1.1.2. What is Programming?
Programming 1z a skill that can be acqured by a computer professional that gives him'her the
knowledge of maling the computer perform the required operahon or task. Early we try to see
what a computer 157 The next question 13: How can computer perform a particular task?
Programming Skill(s): It iz a skill that can be acquired by a computer professional that gives him her the
Imowledge of malang the computer perform the required operation or task. By itself, a computer wall not
do anything useful; there must be a set of mnstructions called a program that directs the computer to
perform some specific tasks, which 1z developed by these professionals.
A programmer 15 a person who creates programs that solve a problem using the computer
A program 1z a sequence of steps that a computer understands and executes.
A programming langnage 15 an environmentnotation used to write instructions into a computer.

A bug 15 an error in & program.

L A A A

Debugging 1= the proces: of removing errors, testing and revising a program to make sure that it
performs as expected.
# 3Syntax 13 niles. In every programming Language there are sets of rules that govern how the
mstruction 15 written In a programming language
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¥ Semantic rules, which describe the meaning, associated with the syntax, symbol ete.
# In order to solve/ perform a given problem, computers must be given the comect mstruction about
how they can solve 1t.
1.1.3. Problem Solving Technigue
A problem 13 an undesirable situation that prevents the organization from fullvy achieving its purpose,
goals and objectives or problem can also be defined as the gap berween the exisiing and the desired
situation where problem solving will try to fill this gap. Problem solving is the process of transforming
the description of a problem mto the solution. by using our klnowledge of the problem domamn and by
relying on our ability to select and use appropriate problem-zolving strategies, techniques, and tools.
1.1.4. Algorithm
An algonithm 13 defined as a step-by-step sequence of mstructions that must terminate and descnibe how
the data is to be processed to produce the desired outputs. A fimte set of steps that specify a sequence of
operations to be camed out in order to solve a specific problem. An algponthm 1z a sequence of
unambiguous instructions for solving a problem.
1.1.4.1. Characteristics of an algorithm
A good algonithm should have the followmg charactenshcs
Input: there should be at least one mput
Output: there should be at least one output
Well-ordered: the steps are m a clear order

Y ¥ ¥ v

Unambiguous: the operations described are understood by a computing agent without further
simplification

#* Effectively computable: the computing agent can actually carry out the operation

# Finiteness/Termination: an algonthm must terminate after fimte number of steps

# Correctness: Everything m the algonthm should be comrect

1.1.4.2. Tools used to develop algorithm

There are two commonly used tools to develop algenthm

a. Flowcharts
A Flowchart 1s a graphical representation of an algorithm or a process flowchart 15 used for representing
algonthm m prctonal form. Flowcharts work well for small problems

b. Psendo-code
Pseudo-code 15 useful for describing algonthms in a structured way. It makes use of simple English-like
statements. Preudo-code 15 used for larger problems.

1.1.5. Program

A program is & set of instruchions that 1z wntten m the language of the computer. A program 1z used to
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make a computer perform a specific task. A computer program 13 one concrete implementation of an
alponthm wusing a particular computer language. an implementation of an algonthm in some
programming language, like C++, Java, C#, VB, Python, Perl
Desirable characteristics of a program

1) Correct: - A program should do what 1t 15 supposed to do

1} Clear: - The program logic should be easily understood

m) Modular: - It should be broken down in sub-routines that interact in clear ways

) It should be easy to modify

1.1.6. Types of programming Language

There are three types of programming language:

# Machine language (Low-level language)

#  Aszsembly language (Low-level language)

# High-level language
1.1.6.1. Machine langnage: Low-level languages- 1s machime dependent

Any computer can directly understand only itz own machine language Machme language 13 the
"natural language/mother tongue” of a computer and as such 15 defined by 1ts hardware design_ [Note:
Machine langnage 1 often referred to as object code ] Machine languages generally congist of strings of
numbers {ultimately reduced to 1°s and (Fs) that mstruct computers to perform their most elementary
operations one at a ime. Machine langnages are machine

1.1.6.2. Assembly language: (Still Low-level languages). Meaning 1t is machine dependent

hMachine-language programming was simply too slow, tedious and error-prone for most programmers.
Instead of using the stringz of numbers (1's and ('s) programmers began to use English-like
abbreviations to represent elementary operations. These abbreviations formed the basis of assembly
langnages. Translator programs called assemblers were/ 13 developed to convert assembly-language

programs to machine language.

1.6.3 High-level langnages- machine independent language levels

Computer usage increased rapidly with the advent of assembly languages, but programmers still had to
use many instructions to accomplish even the simplest tasks. To speed the programming process, high-
level langnages were developed in which single statements could be written to accomplish substantial
tasks. Translator programs: called compilers convert high-level lanpuage programs nto machine

language.
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C, G+, Microsoft's NET languages (e.z., Visual Basic NET, Visual C++ NET and C#) and Java are
among the most widely used high-level programming langnages.

1.1.7. Language translation Programs
There are three langnage translators:

a  Assembler: 13 a language translators requred to franslate the assembly languages nto
machine code.

b. Compiler: it 1z a2 lanpuage franzlator that translates the entire program of high-level langnage
{(Jmown as a source program} in to a machime langpage before the computer executes the
program. Example: C++ compiler

c. Interpreter: This type of language translators converts high level programmimmg languages mto
machine language lime-by-line. They franslate a statement n a program and execute the statement
mmediately, 1.e. before tranzlating the next source language statement.

1.1.8. Major Programming Paradigms
The major land marks mn the programming world are the different kands of features or properties obzerved
m the development of programming lanpuages. Among these the followmng are worth mentiomng:
Procedural, Structured and Object-Ornented Programming Paradigms.
1.1.3.1. Procedural Programming.
Procedural programming 1= 2 programming paradigm based upon the concept of procedure call
Procedural programming iz often a better choice than simple sequential programming in many situations
which mvolve moderate complexmity or which require sigmificant easze of mamtamability. Posz:ible
benefits: the ability to re-use the same code (function or procedure} at different places, an easier way to
keep track of program flow than 2 collechion of "GO TO" or “JUMP” statements.
1.1.3.2, Structored Programming.
Process of wnting a program m small independent parts. This makes 1t easier to conirel a program's
development and to design and test its individual component parts. Structured programs are built up from
units called modules, which nommally correspond to single procedures or functions. It can be seen as a
subset or sub discipline of procedural programming. It 15 most famous for removing or reducing rehance
on the GO TO statement.

1.1.8.3. Object-Oriented Programming.

The 1dea behind OOP 1z that, 2 computer program 1z composed of a collection of mdividual units, or
objects as opposed to traditional view in which a program 15 a list of mstructions to the computer. Object-
oriented programming 1s claimed to @ive more flexability, easing chanpes to programs. The OOP
approach 15 often simpler to develop and maintain. Examples of object-criented onented (programming

languages are C++, Java, C#, Python
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1.1.9. Generation of programming Languages

First generation -Machine Langnage (uses 0 and 1)

Second generation -Assembly Language (uses svmbols like ADD, SUB, MUL.)

Third generation Programming Languages (3GL)
A grouping of programming [anpuage that miroduce sgmificant enhancements to second generation
lanpuages, primanly intended to make the propramming languaze more programmer — fnendly. English
words are used to denote variables, programming structores and commands, commonly lmown 3GLs are
FORTEAN, BASIC, Pascal Java and the C family (C. C+, C++, C#, Objective C) of languages. Also
kmown as high level languages.

Fourth generation (4GL) Example SQL

1.2. History and origin of C++

What iz the first major programming Language? Answer: FORTRAN. Who i3 the world's first
programmer” Answer: Ada Lovelace++ 15 evolved from C. C is evolved from two previous programming
languages, BCPL and B by Denms Fitchie at Bell Laboratories. BCPL (Basic Combined Programming
Language) was developed in 1967 by Martin Richards. C++ began as an extended of C. It was created by
Bjarne Stroustrup m 1979 at Bell Laboratories Murray Hill, New Jersey. Bjarne Stroustrup mtially
called the new langnage "C with Classes™, In 1983 the name was changed to C+.
1.2.1. Features of C++
# C++ 13 a lugh-level programming [ anguage
o You canuse C++ to develop high level applications and low-level ibranes very closed to
the hardware
# C++ is an object-oriented programming language
# C++1s a block structured programming languaze
Why should study C++7
# The mvention of C++ was necessitated by one major programming factor-mcreasing
complexity

# For better understanding of O0Ps

» G+ 13 efficient

# C+risusedin

o operating systems, device dnvers, web servers, cloud-based applications, search engines
etc.
# C++ iz often the language of choice for creating other programming languages

1.1.2. Typical C++ development environment
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C++ programs typically go through six phases:
Phasze 1. creating a program(edit)
Phase 2. preprocess
Phaze 3. compile
Phase 4. link
Phaze 3. load
Phase 6. execute.
1.2.3. C++ Basic concepis
C+—+ 1z object-oriented general purpose programming language. It iz case sensitive and the file extension
of C+ 13 .cpp. To write and run C++ programs, you need to have a text editor and a C++ compiler
mztalled on your computer. A text editor 1= a software system that allows you to create and ed:t text files
on vour computer. Programmers use text editors to wnte programs in a programming language such as
CH-
Example of C++ text editors
# Code blocks, Dev, Falcon, Turbo C++, Borland C+, Quincy
f{ my first program in C++
#mclude <lostream=
using namespace std;
:i{.j:ttmaiu §]

cout << "Hello Warld!";
retum 0;

h

Ouiput:

Hello World!

The program shows the source code for our first program. Then output 15 given once the program is
compiled and executed. The way to edit and compile a program depends on the compiler you are using.
Depending on whether 1t haz a Development Interface or not and on its version. Consult the compilers
secftion and the manual or help meluded with your compiler if vou have doubts on how to compile a C++
console program.

Description about the above program is given below:

f myy first program in C++

This 13 a comment hine_ All lines becinning with two slash signs (/) are considered comments and do not

have any effect on the behavior of the program. The programmer can use them to imnclude short
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explanations or observations within the source code itself In this case, the line 15 a brief description of
what our program 1s.

#include =dostream:=

Lines begmming with a pound sign (%) 15 a drective for the preprocessor. They are not regular code lines
with expressions but mdications for the compiler's preprocessor. In this case the directive #mclude
<iostream> tells the preprocessor to include the iostream standard file. Thiz specific file (1ostream)
mcludes the declarations of the basic standard mput-output library in C++, and it 1z mecluded becanse its
fimctionality 15 gomng to be used later in the program.

nsing namespace std;

All the elements of the standard C-++ library are declared within what 13 called a namespace, the
namespace with the name std. So in order to access its fimctionahty we declare with this expression that
we will be using these entities. This hine 15 very frequent in C+—+ programs that use the standard hbrary,
and in fact 1t will be included in most of the source codes.

int main ()

This line comresponds to the begmming of the defimtion of the mam function. The mam function 15 the
pomt by where all C++ programs start their execution. independently of itz location within the source
code. Every program has only one mam fimetion.

cout == "Hello World";

This hine 1z a C++ statement. A statement iz a simple or compound expression that can actually produce
some effect. In fact, this statement performs the only action that generates a visible effect mn our first
Program.

cout represents the standard output stream m C++, and the meanng of the enfire statement 15 to msert a
sequence of characters (in this caze the Hello Werld  sequence of characters) mto the standard cutput
stream (which usually 15 the screen).

el

The symbol == 1z called the output operator m C++. (It 1z also called the put operator or the stream
meertion operator.) It mserts values into the output stream that 1z named on itz left.

return 0;

The return statement causes the main function to finish retum may be followed by a retum code (in our
example 13 followed by the retum code ). A retum code of 0 for the mam finction 1z generally
mterpreted as the program worked as expected without any errors during its execution.

/f my second C++ Program

#mclude <lostream=

using namespace std;
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it main {}
{
cout <= "Hello World! *<<endl;
cout << "T'm a C++ program “<<endl;
retum ;
H
Output:
Hello World!
I'm a C++ program

1.2.4. Comments
Comments are parts of the source code disregarded by the compiler. They simply do nothing. Ther
purpose 1s only to allow the programmer to insert notes or descriptions embedded within the source code.
C+—+ supports two ways to msert comments:

[/ line comment
* block comment */

The first of them, kmown as line comment, discards evervthing from where the pair of slash signs () 1s
found up to the end of that zame line. The second one, known as block comment, discards everything
between the /* characters and the first appearance of the */ characters, with the possibility of mcluding
more than one line. We are going to add comments to our second program:

1.2.5. Tvpes of errors in C++ programming
You may encounter three types of errors in C++ programming:

1. Syntax ermrors

2. Bun time errors

3. Logic errors
Syntax error
An emor in the format of a statement in a computer program that violates the rules of the programming
language employed. Also kmown as syntactic error. If 2 syntax error 13 encountered during compilation it
must comect if the source code iz to be successfully compiled.
An attribute that often separates commercial quality compilers from academic projects 13 the extent to
which an attempt 1z made to avtomatically correct the error and continue processing the source code.
Syntax errors may also occur when an mvalid equation 13 entered mio a caleulator. This can be caused
by opening bracketz without closing them, or less commeonly, using several decimal points in one
number.

Runtime errors
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# It 1z after the programs has successfully compiled and 15 munning.
# Types of nmtime errors:
v" Abnormal program termination. (no enough memory to execution)
v" Divide error {drviding an mteger by zero}
v" Floating point errors
o Divide by zero(1.0:0.0)
* Domain (not a mumber 0.0/0.0)
»  Over flow (mfimity assizming a high value)
Logical errors
An emor m programming that 13 caused by faulty reasoning, resulting in the program's functicning
meomectly if the mstructions containmng the error are encountered. In computer programming, a logic
error is a bug mn a program that causes it to operate incorrectly, but not to fail. Becanse a logic error wall

not cause the program to stop working, 1t can produce mcorrect data that may not be mmmediately

recognizable.
1.2.6. Variables and Data Tvpes

A vanable can be defined 2z a portion of memory to store a determined value. A vanable iz a symbol that
represents a storage location mm the computer's memory. Each vanable needs an idenhifier that
distinguishes 1t from the others
Variable = expression
Variable names: "Identifiers"
A valid identifier 15 a sequence of one or more letters, digits or underline symbols { ). The length of an
identifier iz not limited, although for some compulers only the 32 first characters of an 1denfifier are
sigmficant (the rest are not considered).
B Ex: sum of squares, box 224, GelDmia, count---valid
B GeiDaia  cannot be an identifier as blanks are not allowed in identifiers
B ini...cannot be an identifier as it 1= a rezerved word m C++
MNeither spaces nor marked lefters can be part of an identifier. A valid identifier should begn
1. with letter or underscore
2. Keywords cannot be used as identifiers
Whach of the followmg 15 a valid identifier?
2ab (‘mvalid identifier, because it begins wath digt
_34 [/ valid identifier
Abl /f vahid identifier
If // invalid 1dentifier, because 1f 15 C++ keyword
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switch // mvahd identifier, becanse switch 13 C+ keyword
hi // valid identifier

1.1.7. Keywords
Eevwords are words whose meaning are defined to the compiler
Standard Keywords
asm, auto, bool, break, case, catch, char, class, const, const cast, continue, default. delete, do, double,
dynamic cast. else, enum_ explicit, extern falze float, for, friend, goto, if, inline, int, long, mutable,
namespace, new, operztor, private, protected, public, remister, remterpret cast, return, short, sioned
sizeof, static, static_cast, struct, switch, template, this, throw, true, try, typedef typeid, typename, union,
unsigned, using, virtuzl, void, volatile, wehar t while
Very important:
The C++ language 1z "case sensitive”, that means that the same identifier written m capital letters 1z not
equivalent to another one with the same name but wntten in small letters. Thus, for example the vanable
RESULT 15 not the same one that the vanable result nor variable Result.

1.2.8. Data Types
When programming, we store the variables m our computer's memeory, but the computer must know what
we want to store mn them since it 13 not going to cccupy the same space 1n memory to store a simple
munber, a letter or a large number. OQur computer's memory 1s organized m bytes. A byte i3 the minimum
amount of memory which we can manage A byte can store a relatively small amount of data, usnally an
mteger between 0 and 255 or one single character. But m addition, the computer can mampulate more
complex data types that come from grouping several bytes, hike long mumbers or numbers with decimals.

Standard C— has 14 different fundamental types: 11 integral fypes and 3 floating-point types. Thess
are outlined in the diagram shown above. The integral types include the boolean type bool, enumeration
types defined with the emum keyword, three-character types, and six explicit integer types. The thres
floating-pomt tvpes zre float, double, and long double. The most frequently used fundamental fvpes are
bool, char, int, and douhle.
1.2.5.1. Declaration of variables

In order to use a variable m C++, we must first declare it specifying which of the data types above we
want 1t to be. The syntax to declare a new vanable is to winte the data type specifier that we want (like
int, short, float...) followed by a valid vanable identifier.
Example: the following are variable declarations

mt a; // variable a takes integer value

float mynumber; (/ the variable mymumber takes float value
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mta, b, c; // the variables a b, and c take integer value

unsigned short NumberOfSons; // the vanable takes positive integer value

signed int MyAccountBalance; /' the vanable takes negative integer value
All the vanables that we are going to use must have been previously declared. An important difference
between the C and C++ languages, 1s that in C++ we can declare vanables anywhere m the source code,
even between two executable senfences, and not only at the beginming of a block of mstructions, hike

happens in C.

'/ operating with variables
#include <iostream=
int main ()

i

M decl vgriables:
mt a_ b; If

nt result;
// process:

a=3;
— - —

a=a+l; Assignment
result=a - b,

/i print out the result:

cout << result;

/f termunate the program:

return 0,

1.2.8.1. Constants
Constant 13 any expression that has a fixed value. They can be divided in to: -
1. Integer constant
2. Floating-Point constant
3. Character
4. Strmgs constant
Integer constant
* The simplest way to write a constant 12 to write the integer number.
Eg23.45101.33
* When we write an integer constant, the compiler assigns it a o+ data types. (Default int)
* C++ programmers append | or L for long integer type.

E.g. 253L,451,1011 551
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By default, an integer variable is assumed to be signed. (Posthive as well as Negative values)
Unsigned variables only takes positive values.
E.g. imsigned short age = 20;
unsigned mt salary = 63000;
unsigned long price = 4300000;
Also, a Constant can be specified to be unsigned using the suffix U or u.
For example:1924L (19841 193417 1984 1984117 1984ul
Float Constant
# For floating numbers constant, the types iz always double.
# Using suffix £F LT we can specify 1t az double or Long.
(Eg. 25.4f0211L 453 3F 7 46L)
# It 1s possible to use standard scientific notation representation. (mantisza X 10 pome)
EglB3X107 (123E4) 123X 10" (123e10)
Character constant
Example
‘A
Character constant 15 Witten in single quotes
String constant
A string constant is a sequence of zero or more characters enclosed m double quotes.
E.z.. "Hello world™; * ™ Siring constant with zere character 15 called Null string.
Sometimes we will need the representation of a single character.
g g e
1.2.9. Operators
+ Most program perform anthmetic caleulation.
# E.g Intiger] + Integer2
# Contain the binary operation () and two operands.

1.2.9.1.1. Arithmetic operators:
Addition (+) eg, Fo
Subtraction (-} eg Fg
Multiplication (*) e.g, g
Divizion () e.g. fz
Modulus (%) e.z.. f % g (integers only)

Page 15 of 384



Except for remainder (%) all other arithmetic operators can accept 2 mix of mteger and real operands. If
both operands are integers, then the result will be an integzer. However, if one or both of the operands are
real then the result wall be a real.
E.g.. 2 +2 (result 1z nt)
2.0+ 2 (result 1= float)
& /2/ mves 4, not 4.5
/200 mves 4.3, not 4!
It 15 1llegal to divide a number by zero. This results n a n-time division-y zere failure which typically
causes the

Example: write a ¢+ program that performs anthmetic operation of two program to

numbers and display their result S it
Solution
Fificlude <iostream>
using namespace std;
int main{)
{
int il = 25;
inf num?2 = 20:

cout =< mum] <<"+" <onom? << "=" << pum] + nom? <<end];
coul =< mum ] <<"-" cepum? << "=" << numi - aam? <sendl;
cout << pumn ] <" onm? <= =" <oagm] * nom? <<endl;
cout << mmn ] == s e M 2 pam ] pum? <<endl:

h

Out put

25+21=45

25 =2 =5

23720 = 300

25/0=1

1.2.10. Increment (++) and decrement (--)
Shortening even more some expressions, the mcrease operator (++) and the decrease operator (-}
mcrease or reduce by one the value stored in a variable. They are equivalent to +=1 and to =1,
o Prefix (++a or --a)
o Postfix (a++ or a—-)
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Examples

// increment
#include <iostream>
using namespace std;
int main()

mta=10:
cout<<a++;
cout<<a:

return 0;

Out put
10
11

/I decrement
#include <iostream=>
using namespace std;
it main( )

i
L

int a= 10;

cout<<a--:
cou<<a,
return 0;

Out put
10
9

1.1.11. Compound assignment
Compound assignment (+=, =, *=, /=, Y=, ==, <, &="=F)
When we want to modify the value of a variable by performing an operation on the value currently stored
m that variable, we can use compound assignment operators:

Example 1.

is equivalent to

value = value + mcrease;

value +— increase;
a-=3;
a/=b:
price *=units + 1

a=a->N
a=a/lb:

price = price * (units + 1);
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Example 2.

/{ compound assignment operators
#include<iostream=

using namespace std;
int main ()

{int a, b=3:
a—bh;
at+=2:// equivalent toa—at2
cout <=2 a:
return 0;

]

Output : 5

1.1.11.1. Relational operators
In order to evaluate a companzon between two expressions we can use the relational and equalify
operators. The result of a relahional operation 13 2 Boolean value that can only be true or false, accordmg
to 1ts Boolean result. We may want to compare two expressions, for example, to kmow if they are equal or

if one 15 greater than the other 15. Here 15 a list of the relational and equality operators that can be used m
G

| T
Symbeol | Expression

e Equal to

= Mot cgual to

= Cireater than

- Less than
— Cireater than or equal o
== I.ess than or equal Lo

Fig: Relational Operators

Page 18 of 384



Example
Relational operators { ==, 1=, =, <, ==, ==
(7 = 5) would return false.
(5 = 4) would return true.
(3 !=2) would return true.
(6 == 6) would return true.
(5 < 5) would return false.

Suppose that a=2, b=3 and ¢c=6,
(a 5) would return false.
(a*b == ¢) would return true since (2*3 >=6) is it.
{b+4 = a*c) would return false since (3+4 = 2™6) is it.
((b=2) == a) would return true

Logical operators (!, &&, || )

B The Operator! 15 the C++ operator to perform the Boolean operation NOT, 1t has only one
operand, located at 1ts right, and the only thing that it does is to nverse the value of it, producing
false 1f 1ts operand 1s true and true if 1ts operand 15 falze. Basically, it retums the opposite Boolean
value of evalusting its operand.

Example 1:

(5 ==173) [/ evaluates to false because the expreszion at its night (3 = 3) 1 true.

6==4) / evaluates to true becausze (& == 4) would be falze. true // evaluates to falze falze

evaluates to true

Example 2:
((5 =3) && (3 = 6)) // evaluates to false (true && false).
((5==25)||(3=6)) //evaluates to true ( true || false ).

1.3. Control Structure/Control Statements

A nmning program spends all of its ime executing instruchions or statements mn that program. The order
m which statements n a program are executed is called flow of that program. Programmers can control
which instruchion to be executed n a program, which 13 called flow control.

Normally, statement in a program execute one after the other in the order in wiich they are written. This
15 called Sequential execufion. Transfer of control enables us to specify that the next statement to execute

may be other than next one in the sequence.
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C++ provides three types of selection structures.
o If(single selection structure)
o If'elze (double selection strocture)
o Switch (multiple selection structure)

G+ provides three types of repetibion structures (alzo called loopmg structures).
o While

o Do/while
o for
C++ has only seven confrol structures: sequence, three types of selection (if, if'else | saatch) and three
types of repetition (while | do/while, For )
1.3.1. The If statements
The if statement allows conditional execution.
Its syntax is
if (condifion) statement
Example
Finelude<iostream=
using namespace sid;
int maing)
{ inf age = 16,
if (age==17)
Couf=<="you carnnot voie 50 go home™;

I,
1.3.1.1. The if.... else statement

# The1f ___elsze statement causes one of two alternative statements to execute depending upon
whether the condition 15 frue.
» Itz syntax is
if (condition) statement |
else siarement’
Example 1
int main()
{mtn, d;
cout << "Enter two positive integers: "
CIn=>ned;
if (n%d) cout << n<<" 13 not drvizible by " << d << endl;
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else cout == n == " 15 divisible by " == d << endl;
}
Example 2.
#mclode<iostream=
using namespace std;
mt mam ()
{int ape = 16;
=17} {
cout=< “you cannot vote so go home™ << endl;
}
else {cout<< "yves yes ves you vote” <<endl;
}
}
Example 3
mt main ()
{int m, n;
cout <= "Enter two mtegers: ";
Cln > m >> 1;
if (m =m)
cout <=m << " 1z the minimum." =< end];
else
cout << n << " 13 the mimmum. " << endl;

i

1.3.1.2. Multiple selection

Example 1

This program converts a test score into its equivalent letter srade:
nt main ()
{int score;
cout =< "Enter your test score: "; cin == score;
if (score = 100) cout == "Emror: that score 15 out of range.”;
else if (zcore >= 90) cout <= "Your grade is an A" << endl;

elze if (score == 80 cout << "Your grade i1z a B." << endl;
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else 1f (score >= 70} cout <= "Your grade 1z 2 C." << endl;
else 1f (zcore >= 60) cout <= "Your grade 152 D." << endl;
else 1f (zcore == 0} cout << "Your grade 15 an F." << endl;

»

else cont << "Emor: that score 15 out of range.”;

]

Example 2: To find the comrmzsion for a sales agent based on his sales.

If the sales 15 1000 or less no commission.
Commission for 1000<sales==2000 iz 3%
Commission for 2000<zales<=3000 15 8%
Commission for sales above ETB 3000 13 10%%
Usze “if else’ ladder {ne=ted if elze statements)
#mclude<iostream=
using namespace std;
nf main (}
{
float zales, Om;
closer();
cout=<"Enter the sales value 'n";
cin=>gales;
ifizales ==1000)

com=1{;

elze 1f zales==200{)

com=zalas*(.03;

elae if (zales==5000)

com=zales*( 0F;

glse

com=sales*0_10;
cout=<"nCommzsion 15 ETB “<=com;

H

1.3.2. THE switch STATEMENT

The switch statement can be used instead of the else if construct to implement a sequence of parallel

alternatives. Its syntax 13

switch (expression)
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{case constantl: statementl 1zt];
case constamt?: statementl 1zt2;

case constamtl: statementlist3;

case constamtN- statementl 1stiN;
default; statement] 13t0;
}
The switch statement has four components:
> Swatch
# Casce
* default
# Break
Where default and break are optional
Example
int main (}
{int score;
cout << "Enter your test scare: "; cin >> score;
switch (score/'10)
{caze 10:
case 9: cout == "Your grade i3 an A " << endl; break;
case 8: cout == "Your grade 1z a B." << endl; break;
caze [: cout <= "Your grade 1z a C.” << endl; break;
case §: cout =< "Your grade 1s a D." << endl; break;
case 5:
case 4
caze J:
caze 2
caze 1;
case (: cout <= "Your grade 1z an F." << endl; breal;
default: cout << "Error: score 13 out of range 'n";
}
cout << "Goodbye." == endl;
]
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Output
Enter your test score: 33
Your grade iz a B.
Goodbye.
First the program divides the score by 10 to reduce the range of values to 0-10. So, m the test nm,
the score 83 reduces to the value 2, the program execution branches to case £, and print: the
output shown, Then the break statement causes the program execution to branch to the first
statement atter the switch block. That statement prints “Goodbye.”. Note that scores m the ranges
101 to 109 and -9 to -1 produce incorrect results.
1.3.3. Repetition Statements/Tteration Loop
Repetition statements control a block of code to be executed repeatedly for a fixed mmmber of times or
until a certain condition fails. There are three C++ repetition statements:
1) The For loop
2) The While loop
3} The do...while loop

1.3.3.1. The for loop
for (initialzation; condition; mcrease) statement, its main function 13 fo repeat sigfemert while
condition remams true, like the while loop. But in addiion, for prowvides places to specify an
initialization mstruction and an increase mstruchion. So this loop 15 specially designed to perform a
repetitive action with a counter.
It works 1n the following way:
1. tntfializafion 13 executed. Generally, it 1z a 1mbial value setting for a counter vanable. This is
executed only once.
2. condifion 15 checked, if 1t 13 true the loop confinues, otherwise the loop fimshes and statement 1s
skipped.
3. statement 1z executed. As usual if can be either a single mestruchion or a block of mstructions
enclosed wathin curly brackets { }.

4. finally, whatever 1z specified in the therease field is executed and the loop gets back to step 2.
Example 1: Using a for Loop to Compute a Sum of Consecutive Integers
mt main ()
{
inf n;
cout << "Enter a positive integer; ”;
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Cln > n;
long surn={;
for {int i=l; i ==mn; i++)
sum +=1;
cout << "The sum of the first " << n << " integers 15~ << sum;

H

EXAMPLE 2, Reusing for Loop Control Variable Names
int main ()
{
mt n;
cout << "Enter a posthve mteger: ;
CIn > n;
long sum=0;
for (int i=1; i = n/ 1; i++) /! the scope of this 1 1= this loop
sum +=1;
for (int i=n/2; i == n; i++) // the scope of this 1 15 this loop
sum +=1;
cout << "The sum of the first " << n <<" integers 1z *
<< gum << endl;

H

Example 3. For loop multiplication table
#mclude <iomanp= /' defines setw()
#include <iostream= /' defines cout
using namespace std;
it main(}

{ for (int x=1; x == 12; x++)
{ for (mt y=1;y == 12, y++}
cout << setw(d) << x¥y;
cout =< endl;

}
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1.3.3.2. While loop

Example 1 | Using a while Loop to Compute 2 Sum of Consecutive Integers
This program computes the sum 1 + 2 + 3 + --- + », for an input iteger a:
mt maim()
i mtn 1=1;

cout << "Enter a posttive mteger: *;

CIn == n;

long sum=1{;

while (i == n)

sum += i++;

cout << "The sum of the first " << n <<" integers 1z " << sum;

EXAMPLE 2 Using a while Loop to Compute a Sum of Eeciprocals
This program computes the sum of recaiprocals s =1+ 172+ 1/3 + --- + 1/, where » 1s the smallest integer
for which n = 5:

nt main (}

{

mt bound;

cout << "Enter a postive mteger: ;

cin == bound;

double sum=>0.0;

mt 1=,

while {(sum < bound)

sum += 1 (V+=1;

cout << "The sum of the first " <=1

<< " reciprocals 1s " << sum << endl;

}

1.3.3.3. Do.... while loop
The do while loop.

do statement while (condition);
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Itz funchionality 1s exactly the same as the while loop except that condition in the do-whilz 1s evaluated
after the execution of siaement instead of before, granting at least one execution of sfatement even if
condition 1= never fulfilled.
Example I Using a do, while Loop to Compute a Sum of Consecutive Integers
This program has the same effect as the one in Example 41 on page 3:

int main ()

{

mt n1=l;

cout << "Enter a positive mteger: "

CIn > 1

long sum=1{;

do

sum += 1++;

while (i == n);

cout << "The sum of the first " =< n << " ntegers 1s * << sum;

i

1.4. Arrays

An array 15 a collection of data which shares a common 1dentifier and data type. A collection of 1dentical
data objects, which are stored m consecutive memeory locations under a common heading or 2 variable
name. In other words, an amray 13 a group or a table of values referred to by the same name The
mdividuzl values mn array are called elements. Array elements are also vanables. Set of values of the
zame type, which have a single name followed by an mdex. In C++, square brackets appear around the
mdex right after the name A block of memory representing a collection of many simple data vanables
stored In a separate amray element, and the computer stores all the elements of an array consecutively n
MEemory.
1.4.1. Properties of Arrays

Arrays in C++ are zero-bounded; that 1z the index of the first element mn the amay iz 0 and the last
element 1z N-1, where N 13 the size of the array. It 15 1llegal to refer to an element outzide of the array
bounds, and vour program will crash or have unexpected results, depending on the compiler. Array can
only hold values of one type.
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1.4.2. Array declaration

Declaning the name and type of an amay and sething the number of elements m an array 1z called
dmensiomng the amray. The array must be declared before one uses in hike other vanables. In the array
declaration ome must define:

1. The type of the array (Le. mteger, floating point, char etc.)

2. Name of the ammay,

3. The total number of memory locations to be allocated or the maximum value of each subsenipt.

1.e. the number of elements in the array. So the general syntax for the declaration 1s:

DataTypename arravname [array size];
The expression array size, which is the number of elements, must be 2 constant such as 10 or a symbeolic
constant declared before the ammay declaration, or 2 constant expreszion such az 10%sizeof {mt), for which
the values are Imown at the ttme compilation takes place.
Note: array size cannot be a vanable whose value 15 set while the program 13 nunming.
Thus, to declare an integer with size of 10 having 2 name of num is:
mt num [10];
Thiz means: ten consecutives fwo-byte memory location will be reserved with the name num= = That
means, we can store 10 values of type it without having to declare 10 different variables each one with a
different identifier. Instead of that, using an array we can store 10 different values of the same type, it
for example, with a unique identifier.
1.4.3. Initializing Arrays
You can mmhalize C++ array elements erther one by one or using a single statement as follows —
double balance[5] = {1000.0, 2.0, 3.4, 17.0, 50.0};
The number of values between braces { } cannot be larger than the number of elements that we declare
for the armay between square brackets [ |. Following 15 an example to assign 2 single element of the armray
If you omit the size of the array, an array just big enough to hold the imtialization 15 created. Therefore, if
vou write —
double balance[] = {1000.0, 2.0, 3.4, 17.0, 50.0};

Multidimenszional Arrays
Multdimensional arrays can be described as arrays of amrays. For example, a bi-dimensional array can be
magined as a bi-dimensional table of a umform concrete data fype.

0 1 2 3 4

matrix
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Matrix represents a bi-dimensional array of 3 per 5 values of type int. The way to declare this array
would be:
mt matrix[3][5];

For example, the way to reference the second element vertically and fourth horizontally m an expression
would be:
Multidimensional arravs are not lmited to two indices (two dimensions). They can contain so many
mdices az needed, although it 13 rare to have to represent more than 3 dimensions. Just consider the
amount of memory that an array with many indices may need.
For example:
char century [100][3653][24][607[60];
Aszions a char for each second contained in a century, that is more than 3 bilhon chars! What would
consume about 3000 megabytes of RAM memory if we could declare 1t? Mulbdmmensional amrays are
nothing else than an abstraction, since we can simply obtain the same resultz with 2 zimple amray by
putfing a factor between its indices:

mt mainx [3][3]; 15 equivalent to

mt matrix [153]; (3 *5=13)

1.4.4. Accessing Arrav Elements

An element 13 accessed by indexing the amray name. This 13 done by placing the index of the element
within square brackets after the name of the array. For example

double zalary = balance[9]:
The above statement will take 10" element from the amray and assign the value to salary varable.
Following 1z an example which will use all the above-mentioned three concepts wiz. declaration

assignment and accessing amrays —

#include <iostream:>
using namespace std;

#include <iomanipe
using std::setw:

int main [} {
intnf 101];: // nis an array of 10 integers
/[ initialize elements of array n to 0
for[inti=0;i<10;i++){
n[i] =i+ 100; // set element at locationito i+ 100

cout << "Element” << setw{ 13 ] << "Value™ << endl;
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/[ output each array element's value
for (intj=0:;j<10;j++ ] 1{

cout << setw 7 Je<j<<setw{ 13 ) <<nfj] =< endl;
1

return 0;

I

This program makes use of setw() fimchon to format the output. When the above code 15 compiled and
executed it produces the following result —

Element Value
100
101
102
103
104
105
106
107
108

(o R R 0 R U

g 109

1.5. Pointers

A pomter 1= a vanable which stores the address of another vaniable. The only difference between pomter
variable and regular variable 13 the data they hold. There are two pomter operators i C++:
& the address of operator

* The dereference operator

Example explained

Create a pointer vanable with the name pir, that points to a string vanable, by uzsing the aztensk

sign * (stnng* pir). Mote that the type of the pomnter has to match the type of the vanable you're working
with.

Use the & operator to store the memory address of the vanable called food, and assign it to the pomter.
Now, pir holds the value of food's memory address.

1.6. Functions

A fimction 13 a block of code which only runs when it is called. You can pass data, known as
parameters, into a fimction. Functions are used to perform certain actions, and they are important for
reusmg code: Define the code once, and use it many hmes.

%0 as shown above, each function has:
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» Return type: It 13 the vzlue that the functions retumn to the calling fimction after performing a
specific task.

» fonction Name : Identifier used to name a fimction.

» Parameter List: Denoted by paraml, param?.. . paramn in the above syntax. These are the
arguments that are passed to the funchon when a fimction call 15 made. The parameter list 15
optional 1 e. we can have fimctions that have no parameters.

» Function body: A group of statements that carry out a specific tazk

1.6.1. Function Declaration

A function declaration tells the compiler about the retum type of fimction, the number of parameters used
by the function and its data types. Including the names of the parameters in the fimction, the declaration
15 optional. The fimction declaration is also called as a fumction prototype.
We have given some examples of the fimction declaration below for your reference.
mt sum (int, mt);
Above declaration 1s of a function “sum’ that takes two mtegers as parameters and retums an integer
value.
voud swap (int, mt);
This means that the swap fimction takes two parameters of type int and does not return any value and
hence the return type is void.
vioid display ();
The funchon dizplay does not take any parameters and also dees not return any type.

1.6.2. Function Definition

A fimction definition contamng everything that a function declaration contains and addiionally it alzo
contams the body of the fimction enclosed m braces ({}).

In addrhion, 1t should also have named parameters. When the fimction s called, control of the program
passes to the function defimtion so that the function code can be executed. When execution of the
function 15 finished, the confrol passes back to the point where the fimction was called.

For the above declaration of swap function, the definition is as given below:

vold swap (int a, mt b){

b=a+h;
a=b-z;
b=h-a;

}
Note that declaration and defimtion of a function can go together. If we define a function before
referencing it then there iz no need for a separate declaration.
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Let us take a complete programming Example to demonstrate a function.
#include <iostream>
using namespace std;

void swap(int a, int b) { //here & and b are formal parameters
b =a + b;
a=hb - a;
b="b - a3
cout<<"\nAfter swapping: ";
cout<<"a = "<<a;
cout<<"\th = "<<b;
return;

T

int main()

i
int a,b;
cout<<"Enter the two numbers to be swapped: "; cinz»a>>b;

cout<<"a = "«<<a;
cout<<"\tb = "<<b;
swap({a,b); J/here a and b are actual parameters

T

Output:

Enter the two numbers to be swapped: 3 3
a=3b=3

After swappmmg-a=3b=75

In the above example, we see that there 15 a function swap that takes two parameters of type mt and
refums nothing. Its return type 1s void. As we have defined this funchion before function main, which 1z 2
calling function, we have not declared it separately.

In the function main, we read two mtegers and then call the swap fimchion by passing theze two integers
to 1t. In the swap fimction, the two mmtegers are exchanged usmg a standard lome and the swapped values
are printed.

1.6.3. Calling A Function

When we have a function in our program, then depending on the requirement we need to call or mvoke
this function. Only when the fimetion is called or invoked, the function will execute its set of statements
to provide the desired results.
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The fimction can be called from anywhere in the program. It can be called from the mamm function or
from any other function if the program is using more than one function. The function that calls another
function 15 called the “Calling fimction™.

In the above example of swapping numbers, the swap fimction 15 called in the mam function. Hence the
main functicn becomes the calling function.

1.6.4. Formal and Actual Parameters

We have already seen that we can have parameters for the finctions. The function parameters are
provided mn the function definition as 2 parameter list that follows the fimetion name. When the function
15 called, we have to pass the actual values of these parameters so that using these actual values the
function can carry cut its task.

The parameters that are defined in the fimction definition are called Formal Parameters. The parameters
m the fumction call which are the actual values are called Actnal Parameters.

In the above example of swapping numbers, we have wntten the comments for formal and actual
parameters. In the callmg function 1e. mam, the value of two mntegers 1= read and passed to the swap

function. These are the actual parameters.
We can see the definitions of these parameters in the first line of the function definition. These are the

formal parameters.

Note that the type of formal and actual arpuments should match. The order of formal and actual
parameters should also match.

1.4.5. Retorn Values

Once the function performs its mtended task, it should return the result to the calling function. For ths,
we need the retum type of the fimetion. The fimetion can return a single value to the calling function. The
retumn type of the funchon 15 declared along with the funchon prototype.

Let's take an Example of adding two numbers to demonstrate the return types.
#mclide <iostream=
using namespace std:

int sum{int a_ int b){

return (a+b);

}

int main{)

{

int a, b, result;

cout=<"Enter the two numbers to be added: "; cin>=a==h;
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rezult = sumia b);

cout=<"nSum of the two mmmbers : "<<rasult;
}

Output:

Enter the two numbers to be added: 11 11

Sum of the two numbers: 22

In the above example, we have a function sum that takes two mnteger parameters and refums an mteger
type. In the main function. we read two mtegers from the conszole mput and pass it to the sum fimchon.
As the return type 12 an integer. we have a result vanable on the LHS and RHS 1& 2 fimction call.

When a finction 15 executed, the expreszion (a+h) returned by the fimction sum 13 aszgned to the result
vartable. This shows how the return value of the funchon 15 used.

Void Functions

We have zeen that the general syntax of function requires 2 return type to be defined. But if in caze we
have such a finction that does not return any value, mn that case, what do we specify as the retum type?
The answer 15 that we make use of valueless type “void” to indicate that the fimction does not retumm a

value.

In such 2 case the function 15 called “void function” and its prototype will be Like

void functionName(paraml,param2,....param J3);

Note: It 1z conzidered as a good practice to melude a statement “refum;” at the end of the void function
for clanty.

1.6.6. Passing Parameters to Functions
We have already seen the concept of actual and formal parameters. We also lmow that actual parameters
pass values to a function which iz recerved by the format parameters. This i1z called the passng of
parameters.

In C++, we have certain ways to pass parameters as discussed below.
Pass by Value
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In the program to swap two mtegers that we discussed earlier, we have seen that we just read mntegers ‘a’
and ‘b’ in main and passed them to the swap fumction. This 13 the pass by value techmque.

In pass by value techmique of parameter passing, the copies of values of actual parameters are passed to
the formal parameters. Due to this, the actual and formal parameters are stored at different memory
locations. Thus, changes made to formal parameters mside the funchion do not reflect outzide the
fimction.

We can understand this better by once again visiting the swapping of two numbers.
#include <iostream:
using namespace std;

void swap{int a, int b) { //here & and b are formal parameters

b =3 + b;
a =h - a;z
b=b - a;

cout<<"\nAfter swapping inside Swap:\n ";
cout<<"a = "<<a;

cout<<"\tb = "<<b;

return;

1

int main()

i

int a,b:

cout<<"Enter the two numbers to be swapped: "; cin»>a>»rb;

cout<<"a = "<<{a;
cout<<"\tbh = "<<b;
swap(a,b);
cout<<"\nAfter swapping inside Main:\m ";
cout<<"a = "<<a;
cout<<"\tbh = "<<b;
1
Output:
Enter the two numbers to be swapped: 3 2
a=3ibh=1
After swapping mside Swap:
a=21hb=3
After swapping mside Maim-
a=ib=12

We have zmply modified the earhier program to pnnt the values of formal parameters & actual
parameters before and after the fimction call
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As seen from the output, we pass values a=3 and b=2 mitially. These are the actnal parameters. Then
after swapping mzide the swap function, we see that the values are actually swapped and a=2 and b=3.

However, after the function call to swap, in the mam function, the values of a and b are still 3 and 2
respectrvely. This iz because the actual parameters passed to function where it has a copy of the variables.
Hence although the formal parameters were exchanged in the swap fimction they were not reflected back.

Though Pass by value techmique 15 the most basic and widely nsed one, becanse of the above lmitation,
we can only use it in the cases where we do mot require the function to change values in calling the
function.

Pass by Reference
Pass by reference 1s yet another technique used by C++ to pass parameters to functions. In this technique,
nstead of passing copies of actual parameters, we pass references to actual parameters.

Note: References are nothing but alizses of variables or in simple words, it iz another name that is given
to a variable. Hence a variable and its reference share same memory location. We will leamn references m
detail in our subsequent tutorial.-

In pass by reference technique, we use these references of actual parameters and as a result, the changes
made to formal parameters in the finction are reflected back to the calling function.

We modify our swap function for our readers to understand the concept better.
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cout<<¥a = "g<ay
cout<<"Yth = "<<bj
swapla,b};
cout<<"ynaTter swapping imside Main:ym ";
cout<<a = "i<a;
cout<£"Yth = "<<bh}
)
Outpaut:
Enter the two numbers to be swapped: 25 50
a=23bh=50
After swapping maide Main:
a=30b=25

MNote: The pass by reference techmigue shown m the above example. We can zee that the actual parameters are
passed as it 1z, But we append an "&" character to the formal parameters indicatmp that it’s a reference that we
are using for this particular parameter.

Hence the changes made fo the formal parameters m the swap fimction reflect in the mam fimetion and we get
the swapped values.

Pass by Pointer

In C++=, we can also pass parameters to function using pointer variables. The pass by pointer technique
produces the same results as that of pass by reference. This means that both formal and actual parameters
share the same memory locations and the changes made 1n function are reflected in the calling function.

The only difference that in a pass by reference we deal with references or aliases of parameters whereas
In & pass by pomnter technique we use pointer variables to pass the parameters.

Pointer vaniables duffer with the references in which pointer vanables point to 2 particular vanable and
unlike references, we can change the vanable that 1t pomnts to. We wall explore the details of the pomter n

our subsequent tutonals.

We present the swapping of two integers again to demonstrate the Pass by Pointer technigue.
#mclude <lostream=

#include <string=

nsing namespace std;

void swap(int *a. int *h)
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Thus as already said, there is no difference in the output of the program. The only difference is in the way
n which the parameters are passed. We can notice that formal parameters are pointer variables here.

Default Parameters
In C++, we ::anpmmde dﬂfaultwlmsfmfnmhﬂnpmlnthm cmMthb&ﬁmﬂm

prototype.
The following Example demonstrates the use of Defanlt Parameters.

Finclude <iostreams
#include <string>
using namespace std;

int mathoperation(int a, int & = 3, int c = 2]

return ({a*b}/c);
1

int main{}
i
int a,b,c;

cout<<"Enter walues for a,b and i "} cinmz=azzbs:c}
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cout<<endl;

cout<<"Call to mathoperation with 1 arg @ "<wmathoperationia);
cout<<endl;

cout<<"Call to mathoperation with 2 arg ! "<«mathoperation{a,b);
cout<<endl;

cout<<"Call to matheoperation with 3 arg @ "<<mathoperation{a,b,c);
cout<<endl;

k;
Output: _
Enter values forabandc: 104 6

Call to mathoperation with 1 arg: 13
Call to mathoperation with 2 arg: 20
Call to mathoperation with 3 arg: 6

As shovm m the code example, we have a fumction "mathoperation’ that takes three parameters out of
which we have provided default values for two parameters. Then m the main function, we call this
function three times with a different arpument list.

The first call 1z with only one argument. In thiz case, the other two arguments will have default values.
The next call 13 with two arguments. In this case, the third argument will have a default value. The third
call 1z with three arguments. In this caze, as we have provided all the three arguments, default values will
be 1gnored.

Note that while providing defanlt parameters, we always start from the nght-most parameter. Also, we
cannot skip a parameter in between and provide a default value for the next parameter.

Now let us move onto a few spectal function related concepts that are mmportant from a programmer’s

pomt of view.

Const Parameters
We can also pass constant parameters to functions usmg the ‘const’” keyvword. When a parameter or

reference 1z const, it cannot be changed 1nside the fimction.

Note that we cannot pass a const parameter to a non-const formal parameter. But we can pass const and

nen-const parameter to a const formal parameter.

Similarly, we can also have const return-type. In this case, also, the retum fype cannot be modified.
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Let us see a code Example that uses const references.

In the above program, we have const formal parameters. Note that the actual parameters are ordinary
non-const vaniables which we have successfully passed. As formal parameters are const, we cannot
modify them inside the fimction. So we just perform the addition operation and return the value.

If we try to modify the values of a or b inside the fimction, then the compiler will issue an error.
1.6.7. Inline Functions

We know that in order to make a fimction call, internally it involves a compiler storing the state of the
program on a stack before passing control to the fimetion.

When the function returns, the compiler has to retrieve the program state back and continue from where it
left. This poses an overhead Hence, in C++ whenever we have a function consisting of few statements,
there is a facility that allows it to expand inline. This is done by making a function inline.

S0 inline functions are the functions that are expanded 2t runtime, saving the efforts to call the function
and do the stack modifications. But even if we make a fimction as inline, the compiler does not guarantes
'ﬂlatﬂwiﬂheeqmndeﬂatnmthne;Iﬂﬂﬂlﬂ'mﬁ,iﬁs.mmpl&tel}'depelﬂaﬂm-ﬂm-mplﬂtu make the
fimction inline or not.

Page 40 of 334



of an Inline Function.

inline int addition{const int &a, const int &b){
refurn (a+b);
¥
As shown above, we precede the fmﬂﬁundeﬁniﬁm.nithammd “inline” mn order to make a function
mline.

Using Structs in Functions

We can pass structure variables as parameters to function m a similar way in which we pass ordmary
vaniables as parameters.

This is shown in the following Example.
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Enter salary: 45000.00
Personlnfo Structure:

Name: Vedang
Salary:45000

Get URL

. -I:Ip-tltll'lﬁ | cumpllatlm; || execution ,

Enter name: Vedang
Enter age: 21

Enter salery: 4508880
ParsonInfo Structure:
Age:2d

Hame:Vedang

Lalary 45099

Ewit coda: @ .:l'.l'l'-|j| program TEFRLAAT LGN )

As shown in the above program, we pass a structure to fimetion n a similar manner as other variables.
We read values for structure members from the standard input and then pass a structure to a fimction that
dizplays the structure.

1.7. C++ Files

The fstream hibrary allows us to work with files.

To use the fstream hbrary, mclude both the standard <iostream= AND the <fstream>= header file:
Example

#mclude <iostream=

#meclude <fstream=

There are three classes included mn the fstream library, which are used to create, write or read files
Class Description

ofstream Creates and writes to files
ifstream Feads from files
fatream A combmation of ofstream and ifstream: creates, reads, and writes to files

Create and Write to a File
To create a file, use either the ofstream or fstream class, and specify the name of the file.
To write to the file, use the inzertion operator (==<).
Example
#mclude <lostream>
#mclude <fztream=
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using namespace std;
int main(} {
// Create and open a text file
ofstream MyFile( "filename txt");
/I Wnite to the file
MyFile << "Files can be tncky, but it iz fun enough!”;
/{ Close the file
MyFile. Close();
¥

Why do we close the file?
It 13 conmdered good practice, and 1t can clean up mnecessary memory space.
Read a File

To read from a file, use either the ifstream or fotream class, and the name of the file.
Note that we also use awhileloop together with the getline() fimcton {(which belongzz to
the ifstream clazs) to read the file line by lme, and to print the content of the file:
Example
// Create a text stnng, which 15 used to cutput the text file
string myText;
// Bead from the text file
ifstream MyReadFile("filename txt");
{{ Use a while loop together with the getline() fimction to read the file line by line
while {getline (MyReadFile, myText)) {

/ Crafput the text from the file

cout << myText;
¥
/{ Close the file
MyReadFile.claose():

H

1.8. Object oriented Programming

Module Objective
Object-ortented programming (OOP) 15 a way to organize and conceptualize a program as a set of
mteracting objects.
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# The programmer defines the types of objects that will exist.

# The programmer creates object instances as they are needed.

#  The programmer specifies how these various objects will commumicate and mteract with each

other.

What java?

Java 15 an object-oriented, class-bazed. concurrent. secured and general-purpose computer-

programming lanpuage. It 15 a widely used robust technology.
Java is a programming language and a platform. Java 15 a high level, robust, object-onented and secure
pregramming language.
Java was developed by Sum Microsyséems (which 15 now the subsidiary of Oracle) m the wyear
1985 James Gosling 15 kmown as the father of Java. Before Java, its name was Oagk. Since Oak was
already a registered company, so James Gosling and his team changed the name from Oak to Java.
Platform: Any hardware or software environment m which a program nms, 15 Imown as a platform. Smce
Java has a mintime environment (JRE) and APL 1t iz called a platform.
Application
According to Sun, 5 billion devices mn Java. There are many devices where Java 15 currently used. Some
of them are as follows:
1. Desktop Applications such as acrobat reader, media player, antivirus, etc.
2. Web Applications such as irctc.co.in, javatpomt.com, etc.
3. Enterprize Applications such as banking applications.
4. Mobile
5. Embedded System
6. Smart Card
/. Bobotics

8. Games, etc.

Tvpes of Java Applications
There are mainly 4 types of applications that can be created using Java programming:
1) Standalone Application
Standalone applications are also kmown a5 desktop applications or window-based applications. These are
traditional zoftware that we need to nstall on every machine. Examples of standalone application are
MMedia player, antivirus, ete. AWT and Swing are used in Java for creating standalone applications.
2) Web Application
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An application that runs on the server side and creates a dynamic page 1z called a web application.
Cuwrrently, Servlet, JSP, Struts, Spring, Hibemate, JSF, etc. technologies are used for creating web
applications m Java.

3) Enterprise Application

An application that 13 disinbuted m nature, such as banking applicabions, etc. 15 called an enterpnse
application_ It has advantages like high-level secunty, load balancing, and clustermg. In Java, EJB 13 uzed
for creating enterprize applicahons.

4) Mobile Application

An application which is created for mobile devices is called a mobile application. Currently, Android and
Java ME are used for creating mobile applications.

Java Platforms / Editions

There are 4 platforms or edibions of Java:

1) Java SE (Java Standard Edition)

It 15 a Java programming platform. It mncludes Java programming APIs such as javalang, javaio,
java.net, java.uti, java.sgl, javamath etc. It includes core topics ke OOPs, String, Pegex, Exception,
Inner clazses, Multnthreading, ['0 Stream, Networkang, AWT, Swing, Reflection, Collechion, etc.

1) Java EE (Java Enterprise Edition)

It 1z an enterprize platform that i3 mamly used to develop web and enterprize appheations. It 1= bult on
top of the Java SE platfom. It includes topics like Serviet, JSP, Web Services, EJB, JPA, etc.

Xy Java ME (Java Micro Edition)

It is a micro platform that 13 dedicated to mobile applications.

4) JavaFX

It 15 nsed to develop rich mtemet applications. It uses a lightweight user interface APL

Java Programming Paradigm (Modeling)

Java iz based on the concept of Object-Oriented programming. As the name suggests, at the center of i
all 15 an object. Objects contamn both data and the functionality that operates on that data. This 15
confrolled by the following four paradigms, Emcapsulation Inheritance, Imformotion hiding and
polymorphism.

1.8.1. Basic Concepts of Object-oriented Programming
Ohject

Object 1z a piece of code which represents the real-life entity
Represents any instance of a class
Object has three characteristics

»  State

¥ Behawor
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#  Identifier
Beal-world objects have atfribufes and behaviors.
Examples:
# Dog
= Atiributes: breed, color, hungry, tired, etc.
» Behaviors: eating, zleepimg. etc.
# Bank Account
»  Attributes: account number, owner, balance
» Behaviors: withdraw, deposit
Class
A class 15 a user defined blueprint or prototype from which objects are created. It represents the set of
properiies or methods that are common to all objects of one type. The defimtions of the attnbutes and
methods of an object are organized into a c/ass. Thus, a class 1s the zenenic defimtion for a set of somilar
objects (Le., Person as a genenc defimtion for Jane, Mifch and Sue)
# A class can be thought of as a template used to create a set of objects.
# A class 13 a static definition; a piece of code written in a programming lansuage.
# One or more objects descnbed by the class are fnsianfiofed at mntime.
# The objects are called insfamees of the class.
# Clasz has three parts
= Name
* Variables
= Methods
Abstraction
Showmg only essential parts and hiding the mplementation details. Example: downloading android
application from play stere_(.apk , .exe).
Encapsulation
Encapsulation 1z the process of binding vanables and methods under a single entity. Implementation of
operations and object structure hidden, binding properties with fimchions When classes are defined,
programmers can specify that certain methods or state vaniables remam hidden inside the class. Thesze
vanables and methods are accessible from within the class, but not acceszible outz=de 1t. The combimation
of collecting zll the attributes of an object into a single class definthion, combined with the ability to hide
some defintfions and type information within the class, 15 kmown as encapsulation.
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Encapsulation example

j Title Name

Atithor Rall Mo,

Accession MNa, Address

h Lot Marks

§ | Borower DOI Books| |
-:E-_ [ssuee( )
Fimed )

Book Retum() (i

Open()
ﬁ\ Close()

Graphical Model of an Object

Instance
variahles

State variables make up the nucleus of the object. Methods surround and hide {encapsulate) the state
vanables from the rest of the program.
Instance Methods and Instance Variables
The methods and vanables described m this module so far are kmown as mstance methods and mstance
vanables.

# These state variables are associated with the one instance of a class; the values of the state

vanables may vary from instance to mstance.
# Instance variables and instance methods can be public or private.

# It 1s necessary to instantiate (create an instance of) a class to use s instance vanables and
instance methods.

Class Methods and Class Variahles
In addrtion to instance methods and mmstance vanables, clazses can also define class methods and class

variahiss.
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# These are aftributes and behaviors associated with the class as a whole, not any one mstance.
# Class vanables and clasz methoeds can be public or private.
# It 15 not necessary to instanfiate & class to use 1t's class vanables and class methods.
Class Variables
A class variable defines an atmbute of an enfire class.
In confrast, an instance variable defines an attmbute of a sincle mstance of a clasz.

Account
clasa
 variable \‘mun‘t:ﬂ-
printCount()
ot
Inheritance

Sharmg of data within hierarchy scope, supports code reusability. Allows ome class (zubclass) to be
defined as a special case of 2 more general class {super clazs). The process of forming a super class 13
referred to as generalization. The process of forming a subclass 15 referred fo as specialization. The
advantage of malong a new class a subclass 15 that it will inherit atinbutes and methods of its parent class
(also called the superciass).
# Subclasses extend existing classes mn three ways:

® By defining new {addrional) atimbutes and methods.

® By overnding (chansing the behawvior) existing attributes and methods.

® By hiding existing attributes and methods.
Subclasses
When a new class 15 developed a programmer can define it to be a subclass of an existing class.
Subclasses are used to define specizl cases, extensions, or other vanations from the ongmally defined

clazs.

Example
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= lerrier can be defined as a
subclass of Dog.

. i Tesrmer 2 desnived
b oo
With general

|
!

+ SavingsAccount and : I'“""I mi" i‘::“;l mwh
CheckingAccountcan be | g Willh new atiibules
derived from the Account and behaviors
class (see following slides). mhiﬁr

New Account Tvpes
class SavingsAccount
clazs Account { extends Account {
mathod acetNum() method rate() {...}
{.--} }
method balance() {...}
athod d i
:E‘l‘h:d w?;ud.r:ﬂa ¥ class CheckingAccount

{ } extends Account [

} Account SavingsAccount CheckingAccount
acciMumi) acctNum} acctMumi)
balance() balance() halance()
depaosit() deposit() deposit()
withdraw() withdraw() e et ———

No new code has to be written -
1 th
for deposit () and other rated WEhdre
methods; they are mhernited
from the superclass.
Inheritance can be

» Single inheritance
» NMultiple inheritance
* Hierarchzl inheritance
Messages
# Messages are information'requests that objects send to other objects (or to themszelves).
# Message components include:

*  The name of the object to receive the message.
* The name of the method to perform.

= Any parameters needed for the method.
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Manager \ ,_/ Employee
Message
To: Employee

Method: getHired
Parameters: salary = $45,000, start_date = 10/21/99

Message Passing Benefits

Message passing supports all possible mteractions between two objects. Meszage passing 1z the
mechanism that 13 nsed to imvoke a method of the object. Objects do not need to be part of the zame
process or on the same machine to interact with one another. Message passing 1z a nm-time behavior;
thus, 1t 15 not the same a3 a procedure call in other languages (compile-time). The address of the method
15 determined dynamically at run-time, as the true type of the object may not be known to the compiler.
Pobymorphizsm
Polymorphizm 13 one of the essential features of an object-onented languape; this 15 the mechanism of
decoupling the behavior from the message.
# The same message sent to different types of objects results n:
® cxecution of behavior that 13 specific to the object and,
® Poszibly different behavior than that of other objects recening the same message.
# Example: the message draw() sent to an object of type Square and an object of type Circle will
result in different behaviors for each object.
There are many forms of Polymorphism in object-onented languazes, such as:
# True Polvmorphism: Same method signature defined for different classes wath different
behaviors (1e. draw () for the Classes Circle and Square)
# Parametric Polymorphism: This 1z the use of the zame method name within a class, but with a
different signature (different parameters).
# Overloading: This usually refers to operators (such as + -/ *, etc) when they can be applied to
several types such as mt, floats, stnngs, etc.
# Overriding: This refers to the feature of subclasses that replace the behavior of a parent class
with new or modified behavior.

1.8.2. Java Advantages, Scope and feature
Java 15 an object-oniented programming languape and it was mtended to serve as a new way to manage

software complexity. Java refers to a number of computer software products and specification from Sun
Microsystems that together provide a system for developing apphication software and deploving it in a
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cross - platform environment. Java 13 used m vanety of computing platforms from embedded devices and
mobile phones on the low end, to enterprise servers and supercomputers on the hizh end. Java is nearly
everywhere in mobile phones, web servers and enterprize applications while less common on desktop
computers. Java applets are often used to provide mproved fimctionality while browsing the World Wide
Web.

Advantages of Java

It 15 an open source, so users do not have to struggle with heavy license fees every year.

Platform mdependent

Java APT's can easily be acceszed by developers

Java perform supports garbage collechion, so memory management 13 automatic.

Java always allocates objects on the stack.

Java embrace the concept of exception specifications.

Mult: - platform support language and for support web-services.

Using Java we can develop dynamic web applications.

A L A A A A .

It allows you to create modular programs and reusable codes
C++ versas Java
Area of application
# C++ 1z best suitable for developmng large software
» [ibrary management system
« Emplovee management system
*  passenger reservation system
. efc
# Java 15 best suitable for developing communication /Internet applhication software
» Network protocols
» Internet programs
» Web page:
* Web browsers

C++ versus Java: programming features
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Fealures in =+ in Jova

Ihwin abwiraction samd vecspsulation " |
Pobymorphism . i

Stniic 3 ¥
S Ihvnummic Y )
N Single Inherilance % |

Multiple laberitance ) =
Operator overiosding ' =
Templste claves ) =
Gilishal variables y N
Header files ' x
Printers A ¥
Interface and packages . v
AP iApplication Programming Interface) " v

1.8.3. C++ versus Java: programming environment

= | Java source
= | cote
L]
= —= Juva
= - ! M
L
| Complier | }
C++ soarce Co+ | Java BYTE |
|;... | o | code ™
_ i =
. - S
Li s . e .
inie! Penivam Sun Solans Apein Macintosh

Fava provides platiorm independent programming

1.5.4. Java tools available for java programming
#  Java Software Developer’s Kati SDE)/TDE

# Editors
= WNet beans
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= Eclipse
= Notepad ++
There are seven programs in SDK

= favac - the Java Compiler

» java — the Java Interpreter

= javadoc — generates documentation in HTML

= appletviewer — the Java Interpreter to execute Java applets

= b — the Java Debuggzer to find and fix bugs in Java programs

* javap — the lava Disassembler to displays the accessible functions and data
in a compiled class; it also displays the meaning of byte codes

» javah — to create interface between Java and C routines

Packages in Java
API (Application Programming Interface) in Java SDK

— The API enables Java programmers to develop vaneties of applets and
applications
~ It contams nine packages
*  fmaEappel - for apylel pogTamming
= fraat — the Abstract Windowng Toolka for designing GUT hike Buiton, Checkbor,
Choice, Memn, Pamnel, e,
s Jinvedo — Tile input/outpul handling

* ferver e — provides wselul classes like o handie et Theead, Exception, Siving,
Svsiem, Math, Fioat, nieger, vic.

Javar e — provides uscful classes like o handle Céyecd, Thread, Fxceprion, Siring,
Mvatenn, Morf, Fload, Imfeiser et

= v ned — classes for network programming; supports TOPIP networking prolocols

forva ifid — 1l contmins miscellancous classes like Fecror, Stack, Livi, Diate, Fictionary,
Hash et

& jerverx. swirnger — lor designing graphical user interfnee (GUIT)

= fonwr sgf — for dawnbase connecuvily (JIDBC)

1.8.5. Identifiers in Java
Identifiers are programmer given names. They 1dentify classes, methods, variables, objects,

packages
Naming convention:
* Identifier must begin with Letters, Underscore characters { ) or any currency symbol
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— Pemaining characters

= Letters

= Dagits

— Az long as you like!! {until you are tired of typing)
— The first letter cannot be a digit

— Java is case senszitive language

Identifiers’ naming conventions
* Class names: starts with cap letter and should be inter-cap e.g.. StudentGrade

* Variable names: start with lower case and should be mter-cap e z_, varTable

* Method names: start with lower caze and should be inter-cap e g, colTotal

* Constants: often written 1n all capital and use underscore if you are uzing more than one
word.

Declaration and assignment statements

int a, b = 5

= T H

B == =

11 c = a % b;

Svstam.out .print{"Thae sum aism" + Cc} ;

1.8.6. Variables
There are three kinds of variables in Java_

1. Instance vanables: vanables that hold data for an instance of a class.
2. Class vanables: variables that hold data that will be shared among all mstances of a class.
3. Local varables: vanables that pertain only to a block of code.
Scope and Lifetime of variables
# scope 1s the rezion of a program within which the vanable can be referred to by its simple name
# scope also determines when the system creates and destroys memory for the vanable
— A block defines a scope. Each time you create a block of code, you are creating a new,
nested scope.
— Objects declared mn the outer block will be wisible to code within the 1nner block down from
the declaration. (The reverse 1= not true)
— Variables are created when their scope 1z entered, and destroyed when their scope is left
This means that a vanable will not hold its value once it has gone out of scope.
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— Vanable declared within a block wall loze 1ts value when the block i1z left. Thus, the lifetime
of a variable 15 confined to its scope.
You can't declare a variable in an inner block to have the same name as the one up m an outer
block.
But 1t 13 possible to declare a vanable down outside the mner block using the same name.

1.8.7. Expression
# Combine literals, vanables, and operators to form expressions

# Expression 15 segments of code that perform computations and return values.
# Expreszions can contain: Example:
— a mumber literal, 314
— a vanable, count
— a method call, Math sin{%0)
—an operator between two expressions (binary operator),
phase + Math sin(90)
— an operator applied to one expression (unary operator),
-discoumt
— expressions n parentheses.
{3.14-amplitude)
Statements
# Roughly equivalent to sentences in natural languages
» Forms a complete umit of execution.
# Terminating the expression with a semicelen ()
# Three lands of statements in java
*  expreszion statements
* declaration statements
» control flow statements
#  expression statements
= Null statements
*  Assigniment expressions
= Anyuseof +Hor——
»  Method calls
» Object creation expressions

Example
®  aValue=8033234; /{assignment statement
v aValuet+t: /increment statement
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= System.out pnntln{aValue);  /method call statement
*  Integer integerObject = new Intezer(4); Vobject creation
* A declarztion statement declares a variable

v double aValue = 8933234;  // declaration statement
# A confrol flow statemer regulates the order in which statements get executed
Eg-if for

1.8.8. Arrays in Java
# An amray 1s a finite ordered and collechon of homogenous data elements

# Following are the three tasks to mampulate an array in Java
* Declaration of an array
® Allocate memory to it
* TLoading values into the array

01234 _n2n

marks

marks length = n

Creating an array

Defineand allocate memory together
<type> <arraylName= | | = new <type> [<size=];

Example:

int x [ ] = new int [100]; <arrayName=>;

int x[ 1=z xnt [ F 2
Allocation of memory for an array

<arrayName> = new <type=> [<size>];

Example

*x = neaw int [100 1]:

Page 56 of 384



w Initialization of Array
=arrayMName>= [<subscript= | = =value=;

Example:
®= [5]1 = 1007

for (int 4 = 0y i =< 1007 i++)
seldlomosvaliesy

m Initialization of Array :an alternative way

<type> <arrayName= [ ] = { <list of values> }:

Example:
ant x [ ] = {12, 3, 9, 15};
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7.8.1 Processing elements in an array

- Insertion

Inserion at any location
Insertion at fromt
Insertion at end
Insertion 1s sorted order
- Deletion

- Searching and Traversal

- Sorting

Deletion a particular element

Deletion an element at a particular location
Deletuion the clement at front

Deletion the clement at end

Finding the smallest and largest clement
Printing all element or some specilic element

Creating 2D array
Declare and Allocate

Example:

int myArray [ ] |

| #
myArray = new int [3]

OR

int myArray [ ] [ ] =

[4];

new int [3] [4];
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Loading 2D array
Imitializing 2D Array: an example

1 2 3 |
A - ] [ -] |
int myArray [2] [3] (i N e . T -
]
int myArray [ 1 [ ] b 11,2, 3%, {4::5; .6} }:

1.8.9. Java Applets
Java programs are available in two flavors

1. Applet
# A Java applet 1s a program that appears embedded m a web document and applet come
mto effect when the browser the web page.
#* Applet 13 a small program/ wandow run on web browser.
Applet 15 a special type of program that is embedded in the webpage to generate the dynamic content. It
runs inside the browser and works at client side.
Advantage of Applet
There are many advantages of applet. They are az follows:
o It works at client side so less rezponse time.
o oecured
o It can be executed by browsers mnning under many plateforms. mcluding Limmx, Windows, Mae
Oz ete.
Drawback of Applet
o Plumn i1z required at client browser to execute applet.
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Do You Know

o Whao iz responsible to manage the life cycle of an zpplet ¢
o How o perform animation inagplet 2

o How to paint like paint brush in applet 7

o How to display digital dock in applet ?

o How to display analog clock in appiet 7

2 How o communicate two applets ?

Hierarchy of Applet

idhject

Component

Container

.

Panel

Applet

1Applet
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As displayed m the above diagram_ Applet class extends Panel. Panel class extends Container which iz
the subclass of Component.

Lifecycle methods for Applet:

The java.applet. Applet class 4 life cycle methods and java.awt. Component class provides 1 life eyele
methods for an applet

java.applet. Applet class

For creating any applet java.applet Applet clasz must be mherited. It provides 4 life eyele methods of

applet.

Application
# It 1z simmlar to all kinds of programs like in C, C++, Pascal etc. to solve a problem.
Applet program writing
mport java.applet . ¥;
mport.java.awt *¥;
Public Clazs HelloWorld extends Applet {
public void pant{Graphics g){
g.drwastrng(“Hello World 1™ 150 | 150);
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1.5.10. Thread in Java
# Process and Thread are two basic units of Java program execution.

# Process: A process 13 a self comtained execution environment and 1t can be seen as a program or
zpplication.
# Thread: it can be called lightweight process
o Thread requires less to create and exists in the process
o Thread shares the process resources
Multithreading program
#» Multithreading in java is a process of execufing multiple processes simultaneously.
# A program divided mnto two or more subprograms, which can be implemented at the same
time in parallel
# Multiprocessing and Multithreading, both are used to achieve multitasking.
#  Java multithreading 1z mostly used in games, animation etc
Creating thread
» Threads are implemented in the form of objects
# The mun{) and start(} are two built in methods which helps to thread mplementation.
»  The run(} method and the starii) method are heart and soul of any thread.
o It makes up the entire body of a thread.
¥* The runy} method can be imtiated with the help of séari() method
Thread iz class found in java. lang package.
1.8.11. AWT and SWING

Java 15 one of the most in-demand programming languages for developing 2 variety of applications. The

popularity of Java can be atiributed to its versatility as it can be used fo desipn customized applications

that are light and fast and serve a vanety of purposes ranging from wed services fo android applications.

Java 13 fast, reliable, and secure. There are multiple ways to develop GUI-based applications in java, out
of which the most popular ones are AWT and Swing.
Before getting into the differences, let us first understand what each of them is.

1. AWT

AWT stands for Abstract Window Toollat. It 15 2 platform-dependent API to develop GUI (Graphical
User Imterface) or window-based applications m Java. It was developed by heawily Sun
Microsystems In 1993 It 15 heavy-weight m use because it 1z generated by the system’s host
operating svstem. It containg a large number of classes and methods, which are used for creating and

managing UL
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The java.awt package provides classes for AWT API such as TextField, Label, TextArea,
PadioButton, CheckBox, Choice, List etc. The AWT tutorial will help the user to understand Java
GUI programming in simple and easy steps.

Why AWT is platform independent?

Java AWT calls the natrve platform calls the native platform (operating systems) subroutme for
creating API components like TextField, ChechBox, button, etc.

For example, an AWT GUI with components like TextField, label and button will have different lock
and feel for the different platforms like Windows, MAC OF, and Unix. The reason for this 1z the
platforms have different wview for their native components and AWT directly calls the native
subroutine that creates those components. In simple words, an AWT application will lock like a
windows application in Windows 05 whereas it wall look like 2 Mac application in the MAC O3,

Java AWT Hierarchy

The hierarchy of Java AWT classes are given below:

Component

11

—

Eantainer
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Components
All the elements like the button, text fields, scroll bars, efc. are called components. In Java AWT,
there are classes for each component as shown in above diagram. In order to place every component
In & particular position on a screen, we need to add them to a container.
Container
The Contamer 15 a component in AWT that can contam another components like buttons, textfields,
labelz etc. The classes that extends Contamer clasz are mowm as contamer such as Frame,
Dialog and Panel.
It iz basically a screen where the where the components are placed at their specific locations. Thus it
contains and controls the layout of components.
Note: A container itzelf 15 a component (see the above diagram), therefore we can add a contamer
inside contamer.
Tvpes of containers:
There are four types of containers m Java AWT:
1. Wmndow
2. Panel
3. Frame
4. Dialog
Window
The window 13 the container that have no borders and menu bars. You must use frame, dialog or
another window for creating a window. We need to create an mstance of Window class to create this
container.
Panel
The Panel 15 the comtamer that doesn't contain title bar, border or menu bar. It 15 genenic contamer for
holdmg the components. It can have other components hike button, text field etc. An mstance of
Panel class creates a contamer, in which we can add components.
Frame
The Frame 1z the contamer that contain fitle bar and border and can have menu bars. It can have other
components hke button, text field, scrollbar etc. Frame iz most widely used contamer while
developing an AWT application.

Useful Methods of Component Class
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Method Description

public void add(Component ¢ Inserts a component on this component,
public void sstSize(int widithnt height) aets the size (width-and height) of the component,
public void setLayout(LayoutManager m) | Defines the layout manager for the component
public void setVisible(boolean status) Changes the visibility of the companent, by default false.
Java AWT Example
To create simple AWT example, you need a frame. There are two ways to create a GUI using Frame m
AWT.
1. By extendmg Frame class (inheritance)
2. By creating the object of Frame clazs (association)
AWT Example by Inheritance

Let's see a simple example of AWT where we are inhertting Frame class. Here, we are showing Button
component on the Frame.

AWTExamplel.java

!/ importing Java AWT class
import java.awt.®;

/! extending Frame class to our class AWTExamplel
public class AWTExamplel extends Frame {

// imitizhizing using constructor
AWTExzamplel() {

// creating a bufton
Button b = new Button({""Click Me!!");
/{ zetting button position on screen

b setBounds(30, 100,80 30);

/! addmg button mto frame

add(b);
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// frame size 300 width and 300 height
setSize( 300, 300);
!/ zetting the title of Frame
zetTitle" This 1z our basic AWT example™);
setLayout{null});
{/ now frame will be vizsible, by default it 1z not visible
zetVizible( true);
¥
/{ mam method
public static void mamn{String argsf]) {
// creating mstance of Frame class
AWTExamplel f=new AWTExamplel();

}

i

The setBounds(mt x-ams, mt y-axis, int width, mt height) method 13 used in the above example that sets
the position of the awt button.

AWT Example by Association
Let's z2e a simple example of AWT where we are creating instance of Frame class. Here, we are creating

a TextField, Label and Button component on the Frame.
AWTEzxamplel.java
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// importing Java AWT class
import javaawt®;

Jf class AWTExample2 directly creates instance of Frame class
class AWTExample2 {

// initializing using constructor
AWTExample2() [

// creating a Frame

Frame f = new Frame();

/{ creating a Label
Label | = new Label{"Employee id:™);

/{ creating a Button
Button b = new Button( "Submit™);
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// creating a TextField
TextField t = new TextField();

[/ setting position of above components in the frame
l.setBounds{20, 80, 80, 30);

tsetBounds(20, 100, 50, 30);

b.setBounds{100, 100, 80, 30);

// adding components inta frame
fadd(b);

fadd(l:

f.addit);

/{ frame size 300 width and 300 height
f.setSize{400,300)

// setting the title of frame
EsetTitle("Employee infa");
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ff no layout

fsetLayout{null);
/i setting visibility of frame
{.setVisible(true):

// main method

public static void main(5tring args[l) {

/f creating instance ot Frame class

AWTExample2 awt_obj = new AWTEample2{);
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Output:

[ 2] Employes info - O b

Empioyee i

2. Swing:
Swing 13 a hightweight Java graphical user interface (GUI) that 15 used to create vanous applications.
Swing has platform-mdependent components. It enables the user to create buttons and scroll bars. Swing
mcludes packages for creating desktop applications i Java. Swing components are written in Java
language. It is a part of Java Foundation Classes (JFC).
SWING
Java Swing tutoral 13 2 part of Java Foundation Classes (JFC) that 15 wsed fo create window-based
appilications. It 13 bult on the top of AWT (Abstract Windowing Toolkit) API and entirely written in
Java.
Unlike AWT, Java Swing provides platform-independent and lightweight components.
The javax.swing package provides classes for java swing API such as JButton, JTextField, JTextArea,
JRadioButton, JCheckbox, Jienu, JColorChooser ete.
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Difference between AWT and SWING

No. Java AWT Java Swing

1) AWT companants are platform-dependent, lava swing components are platfarm-
independent.

2} AWT components are heavyweight Swing components are lightweight

3} ANT doesn't support pluggable look and feel. Swing supports pluggable look and
feel

4} ANT provides less components than Swing. swing  provides  more  powerful

componants such as tables, lists
serollpanes, colorchaoser,

tabbedpane etc.

5) AANT doesn't follows MVC(Model View Controller)  Swing follows MVC
where model represents data, view represenis
presentation and controller acts as an inferdace

tetween mode! ano view,

What is JEC?

The Java Foundation Classes (JFC) are a set of GUI components which simplify the development of
dezktop applications.

Do You Know

o How to create nmnable jar file in java?

= How to dizplay image on a button in swing?

= How to change the component color by choosmg a color from Color Chooser?
= How to display the digital watch in swing tutorial?

= How to create a notepad mn swing?

o How to create puzzle game and pic puzzle game in swing?

o How to create tic tac toe game in swing?

Hierarchy of Java Swing classes
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The hierarchy of java swing API 15 given below.

Ohject
Componant ILabel
T IList
Container IComponent Ll
&
ItomboBox
Window Panel s
] F
[ | LT
Applet
- AbstractButton
Frame Dialog
k.
1Button

Figure: Hierarchy of Java Swing classes
Commonly used Methods of Component class

The methods of Component class are widely used in java swing that are given below.

Alethod

puiblic void addiComponent cf

pubtlic veid setSize{int width.int height)

public void setlayoutilayouthanager m)

public void setVisiblefboolzan B}

Java Swing Examples
There are two ways to create a frame:

Drescription
add a component on apnother component.
sets size of the component.

sets the layout manager for the component

sets the visibifity of the component. it is by default false.

= By creating the object of Frame class (association)
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= By extending Frame class {inhentance)
We can wnte the code of swing inside the maimn(), constructor or any other method.
Simple Java Swing Example
Let's see a simple swing example where we are creating one button and adding it on the JErame
object mnside the man{) method.
File: FrrstSwingExample java
import javax.swing.”
public class FirstSwingExample {
public static void main{String(] args) (

JFrame t=new JFrame(}//creating instance ot IFrame

JButton b=new JButton( click™)://creating instance of IButton
b.setBounds(130,100,100, 40);//x axis, y axis, width, height

fadd(b);/fadding button in JFrame

f.setSize(400,500)//400 width and 500 height
f.setLayout{null);//using no layout managers

f.zetVisible(true);//making the frame visible

!
b

Output

e

Example of Swing by Association inside constructor

We can alzo write all the codes of creating JErame, JButton and method call mzside the java constructor.
File: Simple java
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import javax.swing.”;
public class Simple |
IFramet;
simple)|

=W IFeame()y//oreating instance of JFrame

JButton b=new JButton{"click™);//creating mstance of JButton

b.setBounds(130,100, 300, 20%
fadd{b)./fadding button in fFrame

f.zetSize(400, 500/ /400 width and 500 height
fsetLayout(null);//using no layout managers
feetVisible(trua)y/making the framme visible

H

public static void mainiStringf] args) |
new Simple{);

]

}

The setBounds(int xax1z, mt yaxis, mt width, int heightlis nsed in the above example that sets the position
of the button.

Simple example of Swing by inheritance

We can also inhent the JFrame class, so there 13 no need to create the instance of JFrame class explicitly.
File: Simple? java
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import javax.swing.":

public class Simpled extends IFramel//inheriting lFrame
JFrame f;

Simple2{){

IButton b=new JButton( click");//create button
bsetBounds{130,100,700, 40);

add(b);//adding button on frame
setSize (400,500);

setlLayout(null});

setVisible(true);

1

public static void main{String[] args) {
new Simpled();

1

Java JBuiton

The JButton class is used to create a labeled button that has platform mdependent implementation. The
application result in some action when the button is pushed. It inherits AbstractButton class.

JButton class declaration
Let's see the declaration for javax swing JButton class.

public class JButton extends AbstractButton implements Accessible

Commonly used Constructors:

Constructor Description

JButtoni) tcreates a button with no text and icon
JButtonistring s) It creates a button with the specified ekt
JButton(icor i) L oreates a button with the specified icon object.

Commonly used Methods of AbstractButton class:
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void setText(String s) It 15 used to set specified text on button
String getText() It is used to return the text of the button,
void setEnabled[boolean b) It is used to enable or disable the button.
void setlcon{lcon bj It s used to set the speciﬁed lcon on the button,
lcon geticon() It is used to get the lcon of the button.

|
void sethMnemoniciint 3} It is used toset the mremonic on the button,

. void addActionListeperfActionListener a} It is used to add the action listener

to this object.

Java JButton Example

import javaxswing.”;

public class ButtonExample |

public static void main(String[] args) |

JFrame f=new JFrame( Button Example");
JButton b=new JButton("Click Here");
b.setBounds(50,100,95,30);

fadd(b);

f.setSize(400,400);

f.setLayout{null);

f setVisible(true);
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Chis iaia |

Java JButton Example with ActionListener

import java.awt.event.”;
import javax.swing.™;
public class ButtonExample {
public static void main{String[] args) {
JFrame f=new JFrame("Button Example™);
final JTextField tf=new JTextField():
tf.setBounds{50,50, 150,20);
JButton b=new JButton( Click Here"};
b.setBounds(50,100,95,30);
b.addActionListener(new ActionListener(}{
publie void actionPerformed|ActionEvent )]
th.setText{"Welcome to Javatpoint.™);
i
I
f.add(b):.f add(tf);
f.setSize(400,400);
f.setlayout{null);
f.setVisible{true);

Output
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T | . I
92 Button Exampl= ﬂ

Weltoma io Jawstooin: |

[Chick Herg| |

= 4

1.8.12.  What is Servlet?
Basically, a java program that runs on the server. It iz uzsed for developing dynamic web applications.

Servlet technology 15 used to create web application (resides at server-side and generates dynamic web
pages). Serviet technolegy 15 robust and scalable because of java langnage. There are many mnterfaces and
classes in servlet API such as Serviei GemericServie!, HitpServied HitPReguest HitpResponse eic.
Servlets are useful in many business-oriented websites such as Amazon and eBay
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Summary multiple choice gquestions (Computer Programming)
1. refers to the process of locating and removing the errors in 2 program
A Analyzing
B. Correcting
C. Debugging
D. Executing
2. Who mvented C++7
A Dennis Ritchie
B. Ken Thompszon
C. Brian Kemighan
D. Bjame Stroustrup
3. What iz C++7
A, C++ 15 an object-onented programming language
B. C++ 12 2 procedural programming lanzuage
C. C++ supports both procedural and object-criented programming lansuage
D. C++ 1z a imctonal programming language
4 Which of the following 15 the correct syntax of mcludmg a user defined header files m C++7
A #meclude [uzerdefined]
B. #include “userdefined”
€. #include <userdefined h=
D. #mnclude <userdefined=
5. Which of the following is used for comments in C++7
A /* comment */
B. // comment */
C. // comment
D. both // comment or /* comment */
6. The feature that allows the same operations to be camed out differently depending on the objectis
A Polymorphizm
B. Polygamy
C. Inhentane
D. Multitasking
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|
;

Whach of the followng user-defined header file extension used in c++7
A hg
B. cpp
C.h
D.hf
8. Varable declaration defines
A only the name of the vanable
B. an address m the memory
C. the type of data the vanable can hold
D. botha) and c)
8 Which of the following 1= correct 1dentifier in C++7
A VAR 1234
B. $var name
C. TVARNAME
D. Tvar name
10. Which of the following comectly declares an array m C++7
A ammay{10};
B. array array[10];
C. mt array;
D. mnt ammay{10];
11. Which 1z more effective while calling the C++ functions?
A call by object
E. call by pomter
C. call by value
D. call by reference
12. Who mvented Java Programming?
A Gwdo van Rossum
B. James Gosling
C. Denmz Bitchie
D. Bjame Structure

13. Methods can be added to objects
A to move objects
B. to define behavior
C. torotate objects
D. totum objects
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14. Whech statement 15 true about Java?
A Javais a sequence-dependent programming language
B. Java 1s a code dependent programming language
C. Java 15 a platform-dependent programming lansnage
D. Java 15 a platform-independent programming language
15. Which component iz used to compile, debug and execute the java programs?
A JRE
B: JIT
C.JDK
D VM
16. Which of the following cannot be part of a function declaration?
A. Function name
B. Function return type
C. Function parameter
D. Function definition

17. Whach one of the following is not a Java feature?
A Object-oriented
B. Use of pointers
C. Portable
D. Dynamic and Extensible
18. Whach of these cannot be used for a variable name in Java?
A 1dentifier & keyword
B. identifier
C. keyword
D. none of the mentioned
1%, What wall be the output of the following Java code?

class increment

2. public static woid main{5Tring argsi]
- L

£. int £ =

5. System.out.print{seg 2

A.

A 32

B. 33

C. 24

B8
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20. You have declared an integer pointer called point You have also declared an mteger called number.
Which statement 15 the correct format?
A point = number;
B. point = *number;
C. pomnt = &number;
D. pomt =+number;
21. Which of the followmng 1s not an Object-Onented programming concept in Java?
A_Polymorphizm
B. Inheritance
C. Compilation
D. Encapsulation
22. What 15 not the use of “this™ keyword m Java?
A_Fefemng to the instance variable when a local variable has the zame name
B. Passing itzelf to the method of the same class
C. Passing itzelf to another method
D. Calling znother constructor in constructor chaining
23, Whach of the following is a type of pelymorphizm in Java Programming?
A Nultiple polymorphizsm
B. Compile time polymorphizsm
C. Multilevel polymorphism
D. Execution time polymoerphizm
24. What 15 Tnmcation in Java?
A_Floatinz-point value assigned to a Floating type
B. Floating-point value assigned to an integer type
C. Integer value azsigned to floating type
D. Integer value assizned to floating type
235, What will be the cutput of the following Java program?

1 clags ODutput

S

3 public statiec wold msin(String args[])

5. int arr[] =

[ for' (Ant 1 = i £ areJleéngth - 23 —1
¥ System.out.printiajare{i] - ="

[~ ]
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A 12345
B. 1234
c. 12
D 123
26. What 15 the extension of compiled java classes?
A txt
B j=
C. class
D. java
27. What will be the output of the following Java program?

1. class Outout

3, public static wold main(String argsi]

<P dogble K = 1.5

B dowble v = 1.0}

7. dotible = = Math.powl ®; ¥ )
B, System.out printiz)s

i

18,

A 80

B. 8.0

C. 40

D. 20

28. Whach of these statements 15 mcorrect about Thread?
A start () method 13 used to begin execution of the thread
B. min{} methed 15 used to begin execution of a thread before start() method in special cases
C. A thread can be formed by implementing Runnable interface only
D. A thread can be formed by a class that extends Thread class
29, Whach of these keyvwords are used for the block to be examined for exceptions?
A check
B. throw
C. catch
D. try

30. An applet program can
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A draw pictures on web page
B. play sounds, videos
C. create new window and draw in it
D. all of the above
31. Java is best surtable for developmg
A metwork protocols
B. employee management sysytem
C. large software
D. library manzgement system
32. Whach of the followmngz methods 13 invoked first in executing an applet program”
A imitl)
B. start()
C. pain()
D. stop()
33. Wiach of the followmg cannot be supported by java programming?
A_Single mnheritance
B. Application programming interface
C. Header files
D. Encapsulation
34. Whach one of the followng 13 not an access modifier?
A Protected
B. Void
C. Public
D. Private
35, Whech class provides system mdependent server-side implementation’?
A Server
B. ServerReader
C. Socket
D. ServerSocket
36. Which of the following i1s true about serviets?
A_ Servlets can use the full fimchionality of the Java class hbranes
B. Servlets execute within the address space of web server, platform independent and uses
the functionality of java class libraries
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C. Servlets execute within the address space of web server
D. Servlets are platform-independent because they are written in java
37. Whach one acts a5 commumication endpoint between applications?
A IP Address
B. Port number
C. Socket
D. Uniform Fesource Locator
38. Give the abbreviation of AWT?
A Applet Windowing Toolkat
B. Abstract Windowing Toolkat
C. Absclute Windowing Toolkat
D. None of the above

39, Which of the following names must start always in upper case”
A Object name

B. Class name
C. Vanable name
D. Method name
40. The output of the following Java program waill be

clazss Test {

private static int x;
public static wvoid main{String args| |} {
Systom.out. priantloffun{));

e
I

static inmt Fun{) |
FEEURR %]

1 B.

(o]

]
D. 3
41. Give the abbreviation of AWT?
A Applet Windowing Toolkit
B. Abstract Windowing Toolkit
C. Absclute Windowing Toolkat
D. None of the above
42, Whach of these class 15 used to encapsulate IP address and DNS?7
A DatagramPacket
B. URL
C. InetAddress
D. ContentHandler

43. What 15 multithreaded programming?
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A It's a process m which two different processes nin simultaneonsly

B. It's a process in which two or more parts of same process mn simultaneously

C. It's a process in which many different processes are able to access same information

D. It's a process in which a single process can access information from many sources
44 Wihach of the following protocel follows connection less serice?

A TCP

B. TCPTP

C. UDP

D. HITP
45. Which of the following hosts Java web applications?

A. Tomeat

B. Eclipse

C. NetBeans

D. JDK

46. Thread prionty n Java 137
A Integer
B. Float

C. Double
D. Long
47. Whach of the followmng 1z not true?
A Passing by value, the argument 15 read-only
B. Paszing by reference, the parameter iz a local vanable
C. The arpument passed by value may be a constant or a vanable
D. The argument passed by reference must be a vanable
48. Inheritance 15 the pninciple that
A Classes with the same name must be denved from one another
B. Knowledge of a general category can be applied to more specific objects
C. C++ fimctions may be used only if they have logical predecessors
D. One function name may mvoke different methods
4% A fimction that 13 called automatically each time an object 1s created 13 a(n)
A Constructor
B. Contractor
C. Builder
D. Architect
50. An expression contains relational, assignment and anthmetic operators. In the absence of parentheses,

the order of evaluation will be
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Answer for Computer Programming questions

A Aszignment, relational, arithmetic
B. Anthmetic, relational, assignment
C. Belational, anthmetic, assignment
D. Assigmment, anthmetic, relational

IC [6A [11D [16D [21C [26C [31A [36B [41C [46C
2D |7€ |1ZB |1IB |[22B |[ZiB |32A |3IC |42B |41B
3C [8D |15B |18C |23B [28B |33C |38B |[43C |48A
4D [9A [14D [19A [24B |[29D |[34B [30C |44A |[4#9B

10D |[15C |[20C 30D (35D | 40B 50.C

253D

43A
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Part II: Data Structure and Algorithms, Theory of Algorithms

Module objective
At the end of thus module, students will be able to:

* Introduce the most common data structures hke stack, queue, linked hist
* (Give alternate methods of data organization and representation

* Enable students use the concepts related to Data Structures and Algorithms to solve real werld
problems

*  Practice Recursion, Sorting, and searching on the different data structures

* Implement the data structures with a chosen programming language

2.1. Data Structures and Algorithms Analysis

2.1.1. Introduction to Data Structures and Algorithms Analysis
A program s written 1n order to solve a problem. A solution to a problem actually consists of two things:

* A way to organize the data

= Sequence of steps to solve the problem
The way data are orgamized in a computer memory 13 said to be Data Structure and the sequence of
computational steps to solve a problem 13 said to be an algonthm. Therefore, 2 program 13 nothing but
data structures plus alzorthms.

Introduction to Data Structures

Given a problem, the first step to solve the problem 15 obtaining one’s own abstract view, or medel, of the
problem. This process of modeling 13 called absiraction. The model defines an abstract view to the
problem. This implies that the model focuses only on problem related stuff and that a programmer tnes to
define the properties of the problem.
These properties include

» The datg which are affected and

s The operations that are involved in the problem.
With abstraction vou create a well-defined entity that can be properly handled. These entibies define the
data structure of the program. An entity with the properties just descnbed 13 called an absiract data fipe
(ADT).

Abstract Data Tvpes
An ADT consists of an abstract data structure and operations. Put in other terms, an ADT iz an

gbstraction of a data structure.
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The ADT specifies:
1. What can be stored in the Abstract Data Type?
& What operations can be done on'by the Abstract Data Type?
For example, if we are going to model emplovees of an organization:
*  This ADT stores emplovees with their relevant attnibutes and discarding nrelevant atmbutes.
*  This ADT supports hinng, finng, retiring, ... operations.
A data structure 13 a lanpguape construct that the programmer has defined in order to implement an
abstract data type. There are lots of formalized and standard Abstract data types such as Stacks, Queues,
Trees, etc.
Do all characteristics need to be modeled?
MNot at all
= It depends on the scope of the model
» It depends on the reason for developmg the model

Ab=traction

Abstraction 15 a process of classifying charactenstics as relevant and mrelevant for the particular purpose

at hand and 1znonng the urelevant ones. Applymng abstraction correctly i1z the essence of successful

programming

Algorithms

An alporithm 12 a well-defined computational procedure that takes some value or a set of values az input
and produces some value or a set of values as output. Data structures model the static part of the world.
Properties of alzonthm inclodes: Fimiteness, Defimiteness, Sequence, Feamibility, Comectness, Language
Independence, Completeness, Effectiveness, Efficiency, Generality, and Input/Output.

Algorithm Analysis Concepts

Alponithm analyzis refers to the process of determiming the amount of computing time and storage space
required by different algorithms. In other words, 1t's a process of predicting the resource requirement of

algonthms m a given environment.

Complexity Analysis
Complexity Analyzs is the systematic study of the cost of computation, measured either m time umts or
n operations performed, or in the amount of storage space requred.
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The goal 15 to have a meaningful measure that permits companson of algonthms mmdependent of
operating platfiom.
There are two things to consider:

* Time Complexity: Determine the approximate number of operations required to solve a problem

of size n

« Space Complexity: Determine the approxmate memory required to zolve a problem of size n.

Measures of Times

In order to determine the running time of an algorthm it 1z possible to define three funchons T,
Towpfm) and T....(n) as the best, the average and the worst case nmming time of the algorithm respectively.
Average Case (T, ) The amount of time the alzorithm takes on an "average” set of inputs.

Worst Case (Twos): The amount of time the algorithm takes on the worst possible set of mputs.

Best Case (T,.): The amount of time the algorithm takes on the smallest possible set of inputs.

We are interested in the worst-case time, since 1t provides 2 bound for zll mput — this 13 called the “Big-
Oh" estimate.

Asymptotic Analysis
Asymptotic analysis 13 concemed with how the nunning time of an algonithm mecreases with the size of
the input in the limat, as the size of the mput increases without bound.
There are five notations used to describe a nnning time fimction. These are:
= Big-Oh Notation (0)
= Big-Omega Notation (0Y)
» Theta Notation (&)
» [ ittle-o MNotation (o)
» Little-Omega Notation (@)

2.1.2, Simple Sorting and Searching Algorithms
Searching

Searching 15 a process of looking for a specific element m a list of items or determiming that the item 13
not in the hst. There are two simple searching algorithms:

* Sequential Search, and

* Bmary Search
Linear Search (Sequential Search)
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Pseudocode

Loop through the array starting at the first element until the value of target matches one of the amray
elements.

If a match iz not found, retum —1.

Time 13 proporticnal to the size of nput (»} and we call this ime complexty Ofn).

Binary Search
Thiz searching algorithms works only on an ordered list.
The basic idea i3
* Lopcate midpoint of array to search
* Determine if target 1s in lower half or upper half of an amray.

o If in lower half, make this half the array to search
o If n the upper half, make this half the array to search

* Loop back to step 1 unhl the size of the array to search 15 one, and this element does not match,
which case return —1.
The computational time for this algorithm is proportional to log, #. Therefore the time complexity is
Oflog )

Sorting Algorithms
Sorting 15 one of the most mmportant operations performed by computers. Sorfing 15 a process of
reordering a list of items m either mereasing or decreasing order. The followmg are simple sortng
alporithms used to sort small-sized hsts.

* Insertion Sort

* Selection Sort

* Bubble Sort
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Inzertion Sort

The msertion sort works just like its name suggests - it mserts each item into itz proper place m the final
list. The simplest mplementation of this requires two list structures - the source list and the hist mto
which sorted tems are inserted. To save memory, most implementations use an m-place sort that works
by moving the current item past the already sorted items and repeatedly swapping 1t with the preceding
tem unbl it 15 in place.
It's the most mshinctive type of sorting alponthm_ The approach is the same approach that vou use for
sorting a zet of cards m your hand. Whale playing cards, you pick up a card, start at the beginning of your
hand and find the place to msert the new card, insert it and move all the others up one place.
Basic Idea:
Find the location for an element and move all others up, and msert the element.
The process mvolved in msertion sort 15 as follows:
1. The left most value can be said to be sorted relative to rtself Thus, we don’t need to do anythmg.
2. Check to see if the second value 1z smaller than the first one. If it 13, swap these two values. The
first two values are now relatively sorted.
3. Next, we need to mnsert the third value in to the relatrvely sorted portion so that after insertion. the
portion will shll be relatively sorted.
4. Remove the third value first. Shde the second value to make room for insertion. Insert the value m
the approprate position.
3. Now the first three are relatively sorted.

6. Do the same for the remaining rfems m the list.

Selection Sort

Basic Idea:
* Loop through the array from 1=0 to n-1.
= Select the smallest element mn the aray from 1 ton
» Swap this value with value at position 1.
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Bubble Sort

Bubkble sort 13 the simplest algorithm to implement and the slowest algonthm on very large mputs.
Basic Idea:

= Loop through amay from 1=0 to n and swap adjacent elements if they are out of order.

Data Structures
Structores

Structures are aggrepgate data types built using elements of pnmitive data types.
Structure are defined usmg the struct keyword:
E. g stroct Time{

mt hour;

Int mimute;

mnt second;

&
The struct keyword creates a new user defined data type that 15 used to declare vaniables of an ageregate
data type.
Structure vanables are declared hice vanables of other types.
Syntax: stroct <structure tag= <vanable name>;
Eg  struct Time timeObject,
struct Time *timeptr;

2.1.3. Accessing Members of Structure Variables
The Dot operator (.): to access data members of structure vanables.

The Arrow operator (=) to access data members of pointer vaniables peinting to the structure.
E_g. Pnnt member hour of timeObject and timeptr.
cout<< fimeObject hour; or
cout<<timeptr-=hour;
TIP: timeptr-=hour 15 the same as (fumeptr) hour.
The parentheses 1s required since (*) has lower precedence than ().

2.1.4. Singly Linked Lists
Linked lists are the most bazmic self-referential structures. Linked lists allow you to have a chain of structs

with related data.
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Array vs. Linked lists

Arrays are simple and fas? but we pmst specify ther size at construchon time. This has ifs own
drawbacks. If vou construct an array with space for n tomorrow you may need sr+1 Here comes a need

for a more flexible system.

Advantages of Linked Lists

Flexable space use by dynamically allocating space for each element as needed. Thiz implies that one
need not kmow the size of the list in advance. Memory 15 efficiently ntilized.
A linked list 15 made up of a chain of nodes. Each node contains:

* the data item, and
* apointer to the next node

Creating Linked Lists in C++

A linked list 15 a data structure that is bwlt from structures and pounters. It forms a chain of "nodes” with
pomnters representing the links of the chain and holding the entire thing together. A linked list can be
represented by a diagram hike this one:

Start
h\xx‘&iWamn: Fred Maroe: Sue Mame: Joe Wamne. Zoe
e 34 Age 27 Lge 48 Age: 30
feipht 1. H 1.2 He | 4 Beright 1.3
Hepht 17 i:LpJ:ul' :31-: ”E:x S
L = ! >
M"\'-:_ - ‘H"-\-_‘J -"-.? B ﬁ

S 1

"

Thiz linked list has four nodes in it each with a link to the next node in the series. The last node haz a
link to the special value NULL, which any pomter (whatever its type) can point to, to show that it 15 the
last link 1n the cham There 15 also another special pomnter, called Start {also called head), which points to
the first link in the chain so that we can keep frack of it.

Defining the data structure for a linked list

The key part of a linked list 1z a struchure, which holds the data for each node (the name, address, age or
whatever for the items in the hist), and, most importantly, a pomnter to the next node. Here we have given
the structure of a typical node:

atruct node

{ char name[23]:; S Hame of up to 20 letters
int age
float height: S In metres
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node *nAt;// Pointer to neXt node
struct node *start ptr = NUOLL;
The mportant part of the structure 15 the line before the closing curly brackets. Thas gives a pointer to the
next node in the hist. This is the only case m G-+ where you are allowed to refer to a data type (in this
case node) before vou have even finished defiming 1t!
We have alzo declared a poimnter called start ptr that will permanently point to the start of the hst To start
with, there are no nodes in the st which 15 why start_ptr 15 set to NULL.

Adding a node to the list

The first problem that we face 15 how to add a node to the list. For simpheity's zake, we will assume that
it has to be added to the end of the list, although 1t could be added anywhere in the hst (2 problem we wall
deal with later on).

Firstly, we declare the space for a pointer iiem and assign a temporary pointer to it. This 1z done using the

pmew =tatement as follows:

tenp = new node;

We can refer to the new node as *temp, 1.2. "the node that temp points to". When the fields of ths
structure are refemred to, brackets can be put round the *temp part, as otherwize the compiler will think we

are trying to refer to the fields of the pointer. Alteratively, we can use the amrow pointer notation. That's
what we shall do here.

Having declared the node, we ask the user to fill in the details of the person, 1.e_ the name, age_ address or
whatever:
cout <« "Please enter the name of the person: ";
cin >> temp—>name;
cout << "Pleasze enter the age of the peracon = °;
cin >»> temp—>age;

coit << "Please enter the height of the person @ ";
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cin >»> temp-rheight:

temp->nxt = HUOLL;
The last line sets the pointer from this node to the next to NULL, mdicating that thes node, when 1t 15
mserted m the list, wall be the last node. Having set up the information, we have to decide what to do wath
the pomters. Of course, if the hist 15 empty to start with, there's no problem - just set the Start pointer to
pomnt to thiz node (1.e. set it to the zame value as temp):

if (start_ptr == HULL)

start. ptr = temp;

It 1z harder if there are already nodes in the list. In this case, the secret 1z to declare a second pomter,
temp?, to step through the hst untl it finds the last node.

termp 2

start_pir \L
\Ni =] { | o
= = B

temps = start pLr;

£l We Jnew this i3 not HUOLL —-1ist not empty!
while (tempZ2->nxt = HULL){
tenpsd = tempZ->nxXL; /s Move to next link in chain
i

The loop will terminate when templ pomts to the last node in the chamn, and it kmows when this
happened becauze the mxt pointer i that node will point to NULL. When 1t has found it, it setz the
pointer from that last node to pomnt to the node we have just declared:

temp2-»nxt = Temp;

sar e DT T
' e | UL
Added
. » [ Lo L

The link temp2-=nxt in this diagram 15 the link joining the last two nodes. The full code for adding a
node at the end of the list 1= shown below, 1n its own little fimction:
woid add node at end ()
{ node *Lenp, *Tempd; Sf Temporary pointers
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/f Beagerve gpace for new node and £ill it with data
temp = new node;

cout << "Please enter the name of the pergon: ©;
Cin >> Temp—rhame;

cout << "Please enter the age of the persom : ":
cin >» temp->age;

cout << "Please- enter the heighic of Lhe person t ™:
cin »>» temp-—>height?

temp->nxt = NULL:

S Set up, link to this node
if (stcart_ptr == HULL)
start_ptr = temp;

{ tempZ = start ptr;
FF We Jmow this is not HUOLL — liat not empty!
while (tenpd-»nxt != NULL)
[ tempd = templ->nxt:
ff Mowve to pext link in cheRin

}

tempZ->nxt = temp;

Displaying the list of nodes

Having added one or more nodes, we need to display the hist of modes on the screen. This 1z

comparahively eazy to do. Here 13 the method:

1.

[

il

Lh

Set a temporary pointer to point to the same thing as the start pointer.

If the pointer points to NULL, display the message "End of list” and stop.

Otherwase, display the details of the node pointed to by the start pointer.

Make the temporary pointer point to the zame thing as the nxt pomter of the node 1t 15 currently
mdicating.

Jump back to step 2.
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The temporary pointer moves along the list, displaying the details of the nodes it comes across. At each
stage, it can get hold of the next node in the list by using the nxt pomter of the node it is currently
pomting to. Here 15 the C++ code that does the job:
temp = start ptr;
do
if (temp == NULL)
Cout e TERR g SErah e na Ly
glee]
SF Display details for what temp pointa to

cout =< "Name @ " <« temp->name. << endl;

Eout <€ “Age © " << Lemp—rage-oLoendl;
cout. =< "Height @ " << temp—rheight << endl;:
cout << endl; S Blemk line

Lf Move T4 next node [(1f presernt)
tenp = Temp->NXt;
}
} while {temp != NULL);
Check through this code, matching it to the method listed above. It helps if you draw a diagram on paper
of a linked list and work through the code uzing the diagram.
Navigating through the list
One thing you may need to de 15 to navigate through the list, with a pointer that moves baclkwards and
forwards through the list, like an index pointer in an array. This 1= certamly necessary when you want to
meert of delete a node from somewhere inside the kst as you will nead to specify the ponfion.
We will call the mobile pointer current. First of all_ it 1z declared, and zet to the same value as the start_ptr
polnter:
node ' *current;
CUrrent = gtart_ptr;
MNotice that you don't need to set current equal to the address of the start pomnter, as they are both pointers.
The statement above makes them both pomt to the same thing:
start Lmj‘f:ﬂL
N/

||
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It's easy to get the current pointer to point to the next node m the list (1.e. move from left to nght along
the List). If vou want to move current along one node, use the nxt field of the node that 1t 15 pomnting to at
the moment:

current = current->nxt;

In fact, we had better check that it 1zn't pomfing to the last item in the list If it 15, then there i1z no next
node to move to:
if (current->nxt == NULL)
gout << T¥ou are At the end of the list.” <<endl:
elge
SUTTENt = CUrTent->nxt;
Moving the current pointer back one step is a little harder. This 13 because we have no way of moving
back a step automatically from the current node. The only way to find the node before the cumrent one i3
to start at the begpinning, work our way through and stop when we find the node before the one we are
conzdenng at the moment. We can tell when this happens, as the nxt pointer from that node will pomnt to
exactly the same place In memory as the current pomnter (1e. the current node).

previous current

Sto l

[ r s

Start

— |
First of all, we had better chack to zee if the cumrent node 13 alzo first the one. If it 15, then there 1z no

"previous” node to point to. If not, check through all the nodes 1n fum until we detect that we are just
behind the current one (Like a pantomime - "behind you!™)
if (current == gtart ptr)
cout-<<. "You are gt cthe start of the "13at"™ «<<pndl:
£lge
I node *previous; L4 Declare Lhe pointer
previcus = gtart ptr;
while (previous-rnxt != current)
i previcus = previocus—->nxt;
)

current = previcus;
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The else clause translates as follows: Declare 2 temporary pointer (for use m this else clanse only). Set it
equal to the start pomter. All the tome that it 13 not pointing to the node before the current node, move it
along the Iime. Once the previous node has been found, the current pointer 15 set to that node - Le. it
moves back along the list.
Now that vou have the facility to move back and forth, vou need to do something with 1t. Firstly, let's see
if we can alter the details for that particular node in the hst:
cout << "Please’ enter the new name of the person: ™;
cin >> current->pname;
cout <« "Please enter the new age of the perscon : ";
gin >» current-rage:
cout <<"PFleage enter the new height of the person @ *;
Ccin >> current—rheight;
The next easiest thing to do 13 to delete a node from the hist directly after the cumrent postion. We have to
use a temporary pomnter to pont to the node to be deleted. Once thiz node has been "anchored", the
pomters to the remaming nodes can be readjusted before the node on death row 15 deleted. Here 15 the
sequence of actions:

1. Firstly, the temporary pointer 15 assigned to the node after the current one. This 15 the node to be

deleted:
clrremnt temp

ety |
| WG

NULL

2. Now the pomter from the current node is made to leap-frog the next node and point to the one

after that:
current temp

0 ,_J__;“__T‘ NRAD

B B I

3. The last step 13 to delete the node pointed to by temp.
Here 13 the code for deleting the node. It includes a test at the start to test whether the current node s the
last one m the hst:
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if [current->nxt == HULL)
cout << "IThere is no node after current”™ << endl;
elae
{ node *temp;
Lenp = Current->nxt;
CUrrent—->nxt = temp—>nxt; S/ Could e HUOLL
delete temp;
1
Here 1z the code to add a node after the current one. This 15 done simalarly, but we haven't illustrated it
with diagrams:
if (current—->nxt =— HULL)
add nod=s at_end();
glae
{ node *temnp;
new temp;
get detalla(temp) ;
/7 Make the new node polint to the game thing as
£/ the current node
Lemp->nXt = CUrrent->nxt;
SF Make the current node point to the new link
/4 1n the chain
current-»nxt = temp;
}
We have assumed that the function add_node_at_end() 13 the routine for adding the node to the end of the
list that we created near the top of this section. This routine 15 called if the current pointer 1= the last one
i the list so the new one would be added on to the end.

Similarly, the routing get_temp(temp) 13 a routine that reads in the details for the new node similar to the
cne defined just above.

Deleting a node from the list
When 1t comes to deleting nodes, we have three choices: Delete a node from the start of the hst, delete

one from the end of the hist, or delete one from somewhere mn the middle. For simplicity, we shall just
deal with deleting one from the start or from the end.

When a node 15 deleted, the space that it took up should be reclaimed Otheraise the computer wall
eventually mn out of memory space. This 1= done with the delete mstruction:
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delete temp; // Belease the memory pointed to by temp
However, we cant just delete the nodes willy-milly as 1t would break the chain. We need to reassign the

pomters and then delete the node at the last moment. Here 13 how we go about deleting the first node in
the linked list:

temp = start ptr; S/ Make the temporary pointer

SF identical to the start pointer

_ff:fhf”

Now that the first node has been safely tagged (so that we can refer to it even when the start pointer has
been reassigned), we can move the start pointer to the next node m the chain:

start pir

start ptr = start ptr->mxt: /f Second node in chain.

start phr

T
LT

temp

delete temp; A Mipe out originel Start node

start_pir

r ﬁ J == E1C,
- [ &—] L&

temp
Here 13 the finction that deletes a node from the start:
void delete start node()
{ node *temp;

temp = start_ptr;
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start prr = sStart ptr->nxt;
delete Temp:
1

Deleting a node from the end of the hist i3 harder, as the temporary pointer must find where the end of the
list 15 by hopping along from the start. This 1z done using code that 15 almost 1dentical to that used to
meert 2 node at the end of the list. It 15 necessary to mamtain two temporary pomnters, templ and temp?.

The pomter templ will point to the last node mn the list and temp? will pomt to the previous node. We have
to keep track of both as 1t 1z necessary to delete the last node and mmediately atterwards, to set the nxt
pomnter of the previous node to NULL (1t is now the new last node).

1.

L
'

=

5.
Q.

Lock at the start pointer. If 1t 13 NULL, then the list is empty, so print out 2 "No nodes to delete”
MesEEZe.

Make temp1 point to whatever the start pointer 1s pointing to.

If the nod pomter of what templ indicates 13 NULL, then we've found the last node of the List, z0

Jump to step 7.
Make another pointer, temp2, point to the current node in the hist.

Make temp1 point to the next item m the hst.

Go to step 5.
If you get this far, then the temporary pointer, tempd, should point to the last item in the hist and

the other temporary pointer, temp2, should point to the last-but-one item.
Delete the node pomted fo by tempd.
Mark the nxt pomnter of the node pomted to by temp2 as NULL - it 15 the new last node.

Let's try it with a rough drawing. This 15 always a good 1dea when you are frying to understand an

abstract data type. Suppose we want to delete the last node from this list:
start pir

o —

-

LA

Firstly, the start pointer doesn't point to NULL, so we don't have to display a "Empty hst, wizse guy!”

message. Let's get straizht on with step? - set the pomter templ to the same as the start pointer:

Page 103 of 334



start_pir

AT

e

The axt pomnter from thiz node 1=t WULL, s0 we haven't found the end node. Instead, we set the pointer
temp? to the same node a3 templ
start piy

1 -
I ™

termp 2 bempl

and then move templ to the next node in the hst:
start_ptr

e ™

[

temgp 2 tetng 1

Going back to step 3, we see that temp] still doesm't point to the last node in the hist, 50 we make templ
pomt to what templ pomts to

i =
& F

—i— |43 . -——

temp 2 templ

and templ 15 made to pomnt to the next node zlong:
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start_ptr

ST Tj I

'

femp 2 temp]
Eventually, this goes on until templ really 1z pointing to the last node m the hst, with temp? pointing to the
pemultimate node:

start ptr

& . & I .
templ T — templ

Now we have reached step 8. The next thing to do 13 to delete the node pointed to by templ

start_pir

o |
Il

temp 2 terng
and set the nxt pointer of what temp2 indicates to NULL:
start pir

|

1T TJ )

TEMME 2
We suppose yvou want some code for all that! All right then .

void delete end nodeq)
I nmode *tenmpl, *tempi;
i1f (start_ptr == NULL)
cout << "The liat iz enpty!"™ << endl:;

glze
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{ templ = start ptr;
while (templ->nxt != HULL)
I tenpsd = Templ:
tenpl = Templ->nzt;
}
delete templ:
tenpZ-»nxt = NULL;

}
The code seems a lot shorter than the explanation!
Now, the sharp-witted amongst you will have spotted a problem. If the hist only contamns one node, the
code above will malfimction. This 15 because the function goes as far as the templ = start_pir statement,
but never gets as far as setting up temp2. The code above has to be adapted so that if the first node 15 also
the last (has a NULL nxt pointer), then it is deleted and the start_ptr pointer 13 aszsigned to NULL. In this
case, there 15 no need for the ponter temp2:

void delete end node()
{ niode *templ, *tempZ;
if (start_ptr = HULL)
cout =< "IThe list is empty!™ << endl;

{ templ = start.ptr:
if (templ->nxt == NULL}) SS This part is new!
I delete templ:
atart ptr = NULL;
}
£l ge
{'while (templ->nzt 1= HULL)
I tenpZ = Templ:
tenpl = templ->n=Et;
}
delete templ:
tenp2-»nxt = NULL:
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2.1.5. Doubly Linked Lists
That sounds even harder than a hinked List! Well, if you've mastered how to do singly linked lists, then it

shouldn't be much of a leap to doubly linked lists
A doubly lmked list iz one where there are links from each node m both directions:

current fosticn
;

Diata Data Drata Data

| - | = [ = | =>NULL

m"ﬁ"_—\-\___,-o—'—" H-T‘_—\—\_——'—"". | ._'—"" "F\—\_——'"_.

You will notice that each nede in the kst has two pointers, one to the next node and one to the previous
che - again_ the ends of the list are defined by NULL pomters. Also there 15 no pointer to the start of the
list. Instead, there is simply a pomnter to some position in the list that can be moved left or right.

The reason we needed a start pomnter i the ordinary linked list 15 because, having moved on from one
node to another, we can't easily move back, so without the start pointer, we would lose track of all the
nodes i the list that we have already passed. With the doubly linked list, we can move the current pointer
backwards and forwards at wall.

Creating Doubly Linked Lists
The nodes for a doubly linked lizt would be defined as follows:

atruct node{
char neme{20] ;
node *nxt; {4 Pointer to mext node
node *prv; /4 Pointer to previous rode
ki
node *current;
currernt = new node;
current—>name = "Fred":
current—>nxt = NULL;
current->prv = NUOLL;
We have alzo included some code to declare the first node and set itz pointers to NULL. It gives the
following situation:
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Fred

[ == NULL
HNTLL A

We still need to consider the directions 'forward' and baclward’, so m this case, we will need to define
functions to add a node to the start of the hist (left-most position) and the end of the list (nght-most
position).
Adding a Node to a Doubly Linked List
void add node at Start (String new name)
[ ff Declare a temporary polnter and mowe it to the starc
node *temp = current:
while {(temp->prv !'= HULL}
temp = temp->prv;
£ Declare a new node and ligk it in
node *temps:
temps = new node;

templ-rname = new name; f/ Store the new name in the

node

tempd->prv = NULL; f/This i= the new start of the
List

Templ->nxt. = tenp: Ao Ldinks o current liatc

temp—=prv = tempd;

void add node at end ()
{ ff Declare A temporary polinter and move 1t to the end
nocde *temp = Current:
while (temp->nxt '= HUOLL})
temp = temp->nxt;
// Declare B new node and link it in
node *templ:

tempZ = new node;
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tempZ->name = new name; f/ S5Tore the new name in the

node

templd->nxt = NOLL; S This is the new start of the
list

TeEmIp2—->prv = Lenp; // Linka to current list

Temp—>nxt = tenp;

}
Here, the new name 1z passed to the appropnate funchon as a parameter. We'll zo through the fimction
for adding a node to the nght-most end of the list The method 15 similar for addmg a node at the other
end. Firstly, a temporary pointer is set up and is made to march along the list until it points to last node
the List

current temp
Js ol ;
Tiata Drata Tiata
Start Pt ———» e s e 8 e—] - sNUL
ko |« [ ®» | ®

After that, a new node 13 declared, and the name 15 copied mto 1t The nxt pointer of this new node 15 set
to NULL to mdicate that this node wall be the new end of the list.

The prv pointer of the new node 1z linked into the last node of the existing list.

The nxt pomter of the current end of the list 15 set to the new node.

Stacks
A simple data structure, in which insertion and deletion occur at the same end, 15 termed {called) a stack Itisa

LIFO (Last In First Out) structure.

The operations of insertion and deletion are called PUSH and POP
Push - push (put) 1tem onto stack
Pop - pop (get) item from stack

Our Purpose:
To develop a stack mplementaton that does not fie us to a particular data type or to a parbcular

umplementation.

Implementation:
Stacks can be implemented both as an array (contiguous hist) and as a Imked list. We want a set of operations

that will work with either fype of implementation: 1.e. the method of implementation 13 hidden and can be
changed without affecting the programs that use them.

The Basic Operations:
Push()

{
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if there 13 room {

put an item on the top of the stack
else
glve an error massage
]
H
Pop()
{
if stack not empty {
retum the value of the top ftem
remove the top tem from the stack
}
else {

EIVE an eImor message

H
}
CreateStack()
{
remove existing items from the stack
mitialize the stack to empty
}

2.1.6. Array Implementation of Stacks: The PUSH operation
Here, as vou might have noticed, addition of an element 15 kmown as the PUSH operation. So, if an array

18 given to yow, which 1s supposed to act as a STACK, you know that it has to be a STATIC Stack;
meaning, data will overflow if you cross the upper limit of the array. So, keep thiz in mind.

Algorithm:
Step-1: Increment the Stack TOF by 1. Check whether 1t 15 always less than the Upper Limit of the stack

I 1t 15 less than the Upper Lmmt pgo to step-l else report -"Stack Ovwerflow”
Step-2: Put the new element at the position pointed by the TOP

Array Implementation of Stacks: the POP operation
POP 15 the synomym for delete when it comes to Stack. So, if youre taking an amay as the stack

remember that yvou'll retum an error message, "Stack underflow”, if an attempt 15 made to Pop an item
from an empty Stack. OK.
Algorithm
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Step-1: If the Stack 1z empty then give the alert "Stack underflow" and quit; or else go to step-2
Step-2: a} Hold the value for the element pomnted by the TOP

b} Put a NULL value inztead

c) Decrement the TOP by 1

Linked List Implementation of Stacks: the PUSH operation

Algorithm

Step-1: If the Stack 1= empty go to step-2 or else go to step-3

Step-2: Create the new element and make your "stack” and "top” pointers pomt to it and quit.
Step-3: Create the new element and make the last (top most) element of the stack to point to it
Step-4: Make that new element your TOP most element by making the "top” pomnter point to it.

Linked List Implementation of Stacks: the POP Operation
Algorithm:
Step-1: If the Stack 1z emipty then give an alert message "Stack Underflow” and quit; or else proceed
Step-1: If there is only one element left go to step-3 or else step-4
Step-3: Free that element and make the "stack”, "top” and "bottom”™ pointers point to NULL and quit
Step-4: Make "target” point to just one element before the TOP; free the TOP most element; make
“target” az your TOP most element
Applications of Stacks

= Evaluation of Algebraic Expressions

= Reverse Polish Notation or postfix

= Fumction Calls
Queue

= a data structure that has access to its data at the front and rear.

= pperates on FIFO (Fast In First Out) basis.
= 13e3 two pointers/indices to keep tack of information/data.
* has two bazme operations:

¢ engueue - mserting data at the rear of the quene

o dequeue — removing data at the front of the queue

dequeu-a/ engquens
Front Rear

Simple array implementation of engueve and dequene operations
Analysis:

Conzider the following structure: int Num[MAX SIZE];

We need to have two integer vanables that tell:

- the ndex of the front element
- the index of the rear element
We also need an integer variable that tells:
- the total number of data in the quene
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mt FRONT =-1 REAR =-1;
nt QUEUESIZE=0;
* To enqueue data to the queue
o check if there is space in the queue
REAR=MAX SIZE-17
Yes: |- Increment REAR
- Store the data in Num[REAR]
- Increment QUEUESIZE
FRONT ==-17
Yes: - Increment FRONT
No: - Quene Overflow
* Todequeue data from the quens
o check if there is data in the queue
QUEUESIZE =0 7
Yes: _{r— Copy the data m Num[FRONT]
\- Increment FRONT
- Decrement QUEUESIZE
No: - Queue Underflow

Circular array implementation of enguene and degueune operations
A problem with simple arrays 1= we nm out of space even if the queue never reaches the size of the array.

Thus, smmulated circular arrays (m which freed spaces are re-used to store data) can be used to sclve this
problem.

The circular array mplementation of a queue with MAX SIZE can be simulated as follows:

Analysis: 3
Consider the following structure: mt Num[MAX SIZE]:
We need to have two integer vanables that tell:

- the index of the front element
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- the index of the rear element
We alzo need an integer variable that tells:
- the total number of data in the queue
it FRONT =-1 REAR =-1;
mt QUEUESIZE=(;
*» To engueue data to the queue
o check if there 1z space in the quene
QUEUESIZE=MAX SIZE?
Yes: (- Increment REAR
EEAR ==MAYX SIZE ?
- Yes: REAR =0
- Store the data m Num[REAR]
- Increment QUEUESIZE
FRONT ==-17
Yes: - Increment FRONT
No: - Queue Overflow
* To dequeue data from the queus
o check if there iz data in the queue

QUEUESIZE=017
Yes: F Copy the data m Num[FF.ONT]
- Increment FR.ONT

FRONT == MAYX SIFE 7
Yes: FRONT =0
- Decrement QUEUESIZE
No: - Queue Underflow

Priority Quene
- 15 a queus where each data has an associated key that 15 provided at the time of inserfion.

- Dequeue operation deletes data having highest prionity m the st
- One of the previously used dequeue or engueue operations has to be modified

Demerging (Juenes
- 15 the process of creating two or more queues from a single queue.

- uzed to give prionty for some groups of data

Merging Queues
- 12 the process of creating a prionity gueus from two or more queues.
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- The ordinary dequeue implementation can be used to delete data in the newly created pniomty

quene.
Application of Quenes
L Print server- maintains a queue of print jobs

i Dizk Driver- maintains 2 queune of disk mput/output requests
ui.  Task scheduler in multiprocessing system- maintains priority queues of processes

v.  Telephone calls in a busy environment —maintains a queue of telephone calls
V. Simulation of walting line- maintains a queus of persons
Trees

A tree 15 a set of nodes and edges that connect pairs of nodes that connect paws of nodes. It 15 an
abstract model of a merarchical structure. Rooted tree has the following structure:
* One node disingmshed as root.
*» Every node C except the root 13 connected from exactly other node P. P 1z C's parent, and C 13
one of C's children.
* There 15 2 umque path from the root to the each node.
* The number of edges in a path 15 the length of the path.

Tree Terminologies s
Conszider the following tree.

~
®

Root: amnode with out a parent. 24

Internal node: 2 node with at least one chuld. A B F. LT

External (leaf) node: a node wvathowtachild > C. DL E H K L M G

Ancestors of a node: parent, grandparent, grand-grandparent, etc of 2 node.
Ancestorsof K = A F. 1

Descendants of a node: children, grandchildren, grand-grandchildren etc of a node.
Descendants of F HILIKLM

Depth of a node: momber of ancestors or length of the path from the root to the node.
Depth of H =2
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Height of a tree: depth of the deepest node. 2 3

Binary free: a tree in which each node has at most two children called left child and night child.

Full binary tree: a binary tree where each node has exther 0 or 2 chaldren.

Balanced binary tree: a binary tree where each node except the leaf nodes has left and night children and
all the leaves are at the same level.

Complete binary tree: a binary tree in which the length from the root to any leaf node is either h or h-1
where h 13 the height of the tree. The deepest level should alzo be filled from left to

right.
Bmary search tree (ordered binary tree): a binary tree that may be empty, but if 1t 1= not empty 1t satisfies

the following.
Every node has a key and no two elements have the same key.
The kevs m the night subiree are larger than the kevs m the root.
The keys in the left subtres are smaller than the keys in the root.
The left and the right subtrees are also binary search trees.

2.1.7. Operations on Binary Search Tree
Insertion

When a node 15 inserted the definition of binary search free should be preserved. Suppose there 15 2
bmary szearch tree whose root node is pointed by RootNodePr and we want to msert a node (that
stores 2 value) pomnted by InsNodePir
Casze 1:  There 13 no data m the tree (1.e. RootNodePtr 1z NULL)
- The node pomted by InsNodePtr should be made the root node.

Caze2: Thereis data

- Search the appropnate position.

- Inzert the node in that position
Traversing
Binary search free can be traversed in three ways.
a. Pre order traversal - traversing binary free in the order of parent, left and nght.
b. Inorder traversal - traversing binary tree in the order of left. parent and nght.
c. Postorder traversal - traversing binary tree in the order of /gff, righi and parent.
Example:

FootodaPir
Preorder fraversal - [ 14.8,7.15,14, 12,11, 13,18, 16,17, 19
Tnorder traversal - ll &, 7.8.10,11,12, 13, 14,15, 16,17, 18,19

@ Used to display nodes in ascendimng order.
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Postorder traversal- 4.7,8.6 11,13, 12, 14. 17,16, 19,15, 15. 10
Application of binary tree traversal
- Store values on leaf nodes and operators on mtemal nodes
Preorder traversal - used to generate mathematical expression i prefix notation.
Inorder traversal - used to generate mathematical expression in mfix notabion.
Postorder traversal - used to generate mathematical expression in postfix notation.
Function calls:
Preorder(FootMNodePtr);
InorderiRootNodePtr);
Postorder(F.ootMNodePtr);
Deletion
To delete a node (whose Num value 15 N) from bmary search tree (whose root node 13 pointed by
RootNodePtr), four cazes should be considered. When a node 1z deleted the defimtion of binary
search tree should be preserved.
Consider the following binary search tree.
Case 1: Deleting a leaf node (a node having no child)
Case 2: Deleting a node having only one chald,
Approach 1:  Deletion by merping — one of the followmg is done
. If the deleted node 15 the left cluld of its parent and the deleted node
haz only the left child, the left cluld of the deleted node 1z made the left chuld of the parent of the
deleted node.

. If the deleted node 15 the left child of its parent and the deleted node
has only the nght child, the nght child of the deleted node 13 made the left chuld of the parent of the
deleted node.

. If the deleted node 15 the nght child of its parent and the node to be
deleted haz only the left child the left cluld of the deleted node 1z made the nght child of the parent of
the deleted node.

. If the deleted node 1s the nght chuld of s parent and the deleted
node has only the right chuld, the nght child of the deleted node 1z made the nght child of the parent
of the deleted node.

Approach 2: Deletion by copying- the following 15 done

. Copy the node containng the largest element m the left (or the smallest
element mn the night) to the node contaiming the element to be deleted
. Delete the copied neds
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Case 3: Deleting a node having two children ez 6
Approach 1:  Deletion by merging — one of the following iz done
. If the deleted node 15 the left chuld of its parent, one of the following
1 done
o The left chuld of the deleted node 15 made the left cluld of
the parent of the deleted node, and
o The nght child of the deleted node 1z made the right cluld of
the node contaiming largest element in the left of the deleted node
OR
o The night child of the deleted node 13 made the left child of
the parent of the deleted node, and
o The left cluld of the deleted node 1s made the left child of
the node contaming smallest element in the nght of the deleted node
. If the deleted mode is the night child of s parent, one of the
following 15 done
o The left cluld of the deleted node 1s made the nght child of
the parent of the deleted node, and
o The nght child of the deleted node 1z made the nght clld of
the node contaming largest element in the left of the deleted node
OR
o The right child of the deleted node 15 made the nght child of
the parent of the deleted node, and
o The left cluld of the deleted node 15 made the left cluld of
the node containing smallest element in the nght of the deleted node
Approach 2: Deletion by copymg- the following 15 done

. Copy the node contmining the largest element mn the left (or the smallest
element m the night) to the node contaming the element to be deleted
. Delete the copied node

se 4: Deleting the root node, 10
Approach 1: Deletion by merging- one of the following 15 done
= [fthe tree has only one node the root node pointer 15 made to pomnt to nothing (NULL)
= Ifthe root node has left child
- the root node pointer is made to point to the left child
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o the right child of the root node 15 made the nght child of the node containing the largest element
m the left of the root node
» Ifroot node has nght child
o the root node pointer 1s made to point to the nght chld
o the left child of the root node 1z made the left child of the node containing the smallest element in
the nght of the roct node
Approach 2 Deletion by copyng- the following 1= done
. Copy the node contaiming the largest element m the left {or the smallest
element in the nght) to the node contaming the element to be deleted
. Delete the copied node
Advanced Sorting and Searching Algorithms
Shell Sort
Shell zort 15 an mprovement of msertion sort. It 15 developed by Donald Shell m 1959, Inzerbion sort
works best when the amray elements are sorted in a reasonable order. Thus, shell sort first creates thus
reasonable order.
Algonithm:
1. Choose gap g¢ between elements to be partly ordered.
2. Generate a sequence (called mncrement sequence) gu. ger,...., 22, g where for each sequence
g, Aljl==A[j+g] for 0==j==n-1-g; and k==i>=1
It is adwvisable to choose g =n'2 and g, = g2 for k>=1>=1_ After each sequence g:; 13 done and the list
1% zaid to be g-sorted. Shell sorting 15 done when the list 15 J-sorfed (which is sorted using insertion sort)
and AfjJ==A[j+1] for O0==j==n-2. Time complexity iz O{n'").
Example: Sort the followmg list using shell sort algorthm.

"i"|_3':2 ERE §i9'_?": 0
“ 3 | i | A L | L T )
Choose g:=3 (02 where n 13 the number of elements =10)

Sort (3, 3) ’3""'5'"] 2[4 [E[5 27 (6 [0]
Sort (2, 9 3 (B2 AT 5 9T [& [0 |
Sort (2, T) 3 (8 |2 |4 I |59 (7 [e [0]
Sort (4, 6) S8z (4T |59 |7 |60
Sort(1, ) 3 [8 |2 |4 [0 13 [9 [7 |61 |
> 5- sorted list 3|8 _2_'|_4_”E|_ 5 [ 7 (&[T ]
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Chooze g:=3

Sort (3, 4,9, 1) I (2 (3 [0 [3[4]7]6]9
Sort (8,0, 7) EMET 2 37 |3 4|E|ﬁ IE
Sort (2, 5, 1023 [T[5[4]8 [6]9
3 3- sorted list _'1 0 |1 |3 EREIE |5 |ﬁ_"9

Choose g, =1 (the same as msertion sort algorithm)

Sort (1,0,2,3.7.5,4.2.6,9 [0 1iz |3. 1|5
2 1-sorted (shell sorted) list | 0 (1 [2 [3 [4 |5 ||5 [7

Quick Sort
Cuick sort 1z the fastest kmown algonthm. It uzes divide and conquer strategy and in the worst case its
complexty 12 O (nd). But 1tz expected complexity 13 O{nlogn).
Algorithm:
1. Choose a pivot value {mostly the first element 13 taken as the prvot value)
2. Posttion the prvot element and partition the list so that:
= the left part has rtems less than or equal to the pivot value
= the night part has tems greater than or equal to the pivet value
3. Recursively sort the left part
4. Eecursively sort the nght part
The followmg algonthm can be uzed to position a pivot value and create partition
Left=0;
Right=n-1; // n1s the total number of elements in the hist
PivotPos=Left;
while(Left=Right)
¢ ifPivotPos=—=Leff)

{
if{Data[Lef]>Data[Rizht])
{

swap(data[Left], DatalFizht]);
PivpiPos=Right;
Lafi++;

¥

alza

Fight—;
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if{ Data[Lef>Data[Rizh])

1
swap(dzta[Laft], DatalRight]);
DPivptDos=Lef;
Fight--;
}
alza
Laft+=+;
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Example: Sort the following list using
quick sort alzorithm.
(3f8faj4fi]3fofifefo]

I_;IEI?I4I1I3I9I?I6I?
Laft Fight

Pivot

1}824139?6;]
Feight

ol

j !
Risht
g

Heap Sort

ol3lz2l4[1]l5]e]7]6]3

11

Laft Right

Pivot
1}3141||T]9?53
) ) |
Laft Right  Ledt Right
Pivot Pivat
1}3141"53?59
! | S
Left Right Left  Right
Pivot Pivot
4}3141"53?59
| . I 1
Left  Right Left Right
Pinot Pivot
03141“53?59
i i T
Pivot -~ Pivot
|E"32415ﬁ?39
o !
Laft Rizht Laft Right
Pivot Pivot
@|114355?|i||3
gy 10
L e Dnute
|E||1143545||39
15
[offt]2]3]4]3]6]7]8]9

11

e
PG EGEES
i)
Left Right
Pivot
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Heap sort operates by first converting the list in to a heap tree. Heap tree 13 a binary tree in which each
node has a value greater than both its cluldren (if any). It uses a process called “adjust to accomplish its
task (building & heap tree) whenever 2 value 1s larger than its parent. The time complexity of heap sort 13

O{nlogn).
Algorithm:
1. Construct a bmary free
. The root node comesponds to Data[0].
. If we consider the mdex associated with a particular node to be i, then the left

child of this node comesponds to the element with index 2%i+1 and the right child comresponds
to the element with index 2*/+2_ If any or both of these elements do not exast in the array, then
the comresponding child node does not exist either.
2. Construct the heap tree from initial binary tree using “adjust” process.
3. Sort by swapping the root value with the lowest, nght most value and deleting the lowest, nght
most value and mmserting the deleted value in the array in it proper position.
Example: Sort the following list uzing heap sort algorithm.
ENENCAENENERENER ACS

Construct the 1mtal bmary free Construct the heap tree

(LRDDLNDdePtr
g

A
() Y ©@

Swap the root node wath the lowest, nght most node and delete the lowest, night most value; nsert the
deleted value in the array in itz proper position; adjust the heap tree; and repeat this process until the
tree 1z empty.

WLRG-D-E‘I odePtr




RootNodePir

BEootNodePtr

EootNodePir

RootNodePir

1 We @

RootNodePir

FootNodePir

RootNodePir

RootModePtr

EootNodePir
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L

/\tD 2131451617 ]8]°9

RootNodePtr

é}ﬂmﬁlﬂdﬂ 553

RootNodePtr

@)

LA
=]
|
oo

Merge Sort

Like quick sort, merge sort uses divide and conquer strategy and its time complexity 15 O(nlogn).

Algorithm:

Example: Sort the following list using merge sort algorthm.

1. Divide the amray in to two halves.

2. Recursively sort the first n/2 items.

3

4. Merge sorted items (using an auxiliary amray).

Fecursively sort the last n/2 items.

FootNodePir

)

éﬂi}ﬂtﬂﬂdﬂﬁ

é RootNodePir
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STET2 4T T3 ]9 [7 [6 [0 ]
I |5|3|114I1E3|9|?{5|0|
Division phase <
\
i
Sorting and merging

x

L

2.2, Design and Analysis of Algorithm
The followmng is a hist of several popular design approaches:

2.2.1. Divide and Conguer Approach
It 15 a top-down approach. The algorithms which follow the divide & conguer techniques imvolve

three steps:
» Divide the original problem into a set of subproblems.
= Solve every subproblem individually, recursively.
» Combine the solution of the subproblems (top level) mto a solution of the whole original problem.

The following computer algorithms are based on the divide and conquer approach

2. maximum and minimum problems
Page 115 of 384



b. bmary search
¢. merge sort and quick sort

d. tower of Hanot
Advantages of Divide and Congquer

» Diade and Conquer tend to successfully solve one of the biggest problems, such as the Tower of
Hanoi, a mathematical puzzle. It 15 challenging to solve complicated problems for which you have
no basic 1dea but with the help of the divide and conquer approach, 1t has lessened the effort as it
works on dividing the main problem into two halves and then solve them recursively. Ths
algonthm 1z much faster than other algonthms:

» It efficiently uses cache memory writhout occcupying much space because it solves simple
subproblems within the cache memory instead of accessing the slower mam memory.

» [Itis more proficient than that of its counterpart Brute Force technigue.

= Since these algonthms mhibit parallelism, it does not mvolve any modification and 13 handled by
systems mcorporating parallel processing.

Disadvantages of Divide and Conguer

» OSmce most of its alzonthms are demigned by incorporating recursion, so it necessitates hich
MEmOoTy Management.

= An explicit stack may overuse the space.

= It may even crash the system if the recursion 1z performed rigorously greater than the stack
present m the CPUL

2.2.2. Greedy Technique

Greedy method is used to solve the optimization problem. An optimization problem is one i which we
are mven a zet of mput values, which are required either to be maximized or mimmized (Jnown as

objective), 1.e. some constramts or condrhons.

» Greedy Algorithm always makes the choice (greedy criteria) looks best at the moment, to
optimize a given objective.
» The greedy algonthm doesnt always guarantes the optimal solubon however it generally

produces a solution that is very close i value to the optimal.

Applications of Greedy Algorithm
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= It 13 used i finding the shortest path.

o It i3 used to find the minimum spanming tree using the prim's algonthm or the Kruskzl's algorithm.
» [Itis used m a job sequencing with a deadline.

« This algonthm 15 also used to solve the fractional kmapsack problem.

2.2.3. Dynamic Programming

Dynamic Programming i1z a bottom-up approach we solve all possible small problems and then
combine them to obtain solutions for bigger problems. Dynamic programmng iz a technigue that
breaks the problems mto sub-problems, and saves the result for fture purposes so that we do not

need to compute the result agam.

This 1z particularly helpful when the mumber of copying subproblems 13 exponentially large. Dhmamic
Programming 1z frequently related to Optimization Problems.

How does the dvnamic programming approach work?
The following are the steps that the dynamic programming follows:

» It breaks down the complex problem mto simpler subproblems.

» It finds the optimal sclution to theze sub-problems.

a It stores the results of subproblems (memonzation). The process of stonng the results of
subproblems 15 kmown as memornzation.

o Itreuses them so that same sub-problem is calculzted more than once.

= Fmally, calculate the result of the complex problem.

2.2.4. Backiracking Algorithm

Backtracking Algorithm trnes each possibility until they find the nght one. It 15 a depth-first search of the
set of possible solution. Durmg the search, if an alternative doesn't work, then backdrack to the choice
pomnt, the place which presented different alternatives, and tries the next altemnative.

Applications of Backtracking
» N-gueen problem
» Sum of subzet problem

» Graph colonng
» Hamiliton cyele

Page 117 of 384



Dijkstra algorithm 1z a single-source shortest path algorithm. Here, single-source means that only one
source 1s given, and we have to find the shortest path from the source to all the nodes

The minimum spanning tree 15 a spanning tree whose sum of the edges 15 mmimum. Kruskal and Prim
are the two methods.

2.2.5. Kruskal's Algorithm
An algponthm to construct a Mimmum Spanning Tree for a connected weighted graph It 13 a Greedy
Alponithm. The Greedy Choice 15 to put the smallest weight edpe that does not because a cycle m the
MST constructed so far.
Prim's Algorithm
It 15 a greedy algonthm. It starts with an empty spanning tree. The 1dea 1z to maintain two sets of vertices:

= Contain vertices already included m MST.
= Contain vertices not yet mecluded

At every step, it considers all the edges and picks the minimum weight edze. After pickang the edge, it
moves the other endpomt of edge to set containmg MST.

Review Multiple Choice guestions
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1. In a stack, if a user tries to remove an element from an empty stack it 1z called
a) Underflow
b) Empty collection
c) Creerflow
d) Garbage Collection
2. Which of the following 1z not the application of stack?
a) A parentheses balancing program
b} Tracking of local vanables at run time
¢) Compiler Syntax Analyzer
d} Data Transfer between two asynchronous process
3. Consider the usual alponthm for determinimg whether a sequence of parentheses 13 balanced.
The maximum mumber of parentheses that appear on the stack AT ANY ONE TIME when the
algonthm analyzes: ((OXON?
a)l
b) 2
)3
d} £ or more
4. What 13 the value of the postfix expression 6 3 2 4 + —*7
a)l
b} 40
o) 74
d}-18
. What are the advantages of amrays?

in

a) Objects of mixed data types can be stored
b) Elements m an array cannot be sorted
¢) Index of first element of an amay 15 1
d} Easier to store elements of same data type
8. The postfix form of the expression (A+ B)y*(C*D- EJ*F / G157
a) AB+ CD*E - FG /**
b) AB+CD*E-F **G/
c)AB+CD*E-*F*G/
dAB+CDE*-*F *G/
7. What data structure would you most likely see in non-recursive implementation of a recursive
alzonthm?
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a) Linked List
b) Stack

¢ Cene
d} Tres

8. If the elements “A”, “B”, “C” and "D are placed m a stack and are deleted one at a fime, what

15 the order of removal?
2] ABCD
b} DCBA
c) DCAR
dy ABDC

G. A linear list of elements in which deletion can be done from one end (front) and m=ertion can

take place only at the other end (rear) 13 kmown as
a) Cusue
b) Stack

c) Tree
d) Linked list

10. What would be the azymptotic ime complexity to add a node at the end of singly linked hst, if

11.

the pointer 1z inthally pointing to the head of the list?

a) (1)

b} Ofm)

c) Bin)

d} 81}

What would be the asymptotic ime complexaty to find an element in the linked list?
a) (1)

b} Ofm)

c) ONn’)

4} 0"

12. What 15 the worst caze time complexity of mzerting a node in a doubly linked hst?

13

a) O{nlogn)

b} Oflogn)

c) (Hn})

dyOl)

The pre-order and m-order are traversals of a binary tree are TMLNPOQand LMNT O
P Q. Which of following 13 post-order traversal of the tree”
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a) LNMOQPT
BNMOPOLT
cLMNOPQT
JOPLMNQT
14. The number of edges from the node to the deepest leaf1s called of the free.
a) Height
b} Depth
¢) Length
d} Width
. What iz a full binary tree”
a) Each node has exactly zero or two children
b} Each node has exactly two children
¢ All the leaves are at the zame level
d} Each node has exactly one or two children
16. In a full binary tree if number of ntemal nodes 15 L then number of nodes I are?
ayN=2%
B N=1+1
eN=I-1
dN=24+1
17. Dijkstra’s algonthm s used to selve problems
a) Network lock
k) Smngle source shortest path
¢) All pair shortest path
d} Sorting

18: Which of the followmng 15 used for solving the N Queens Problem?
a) Greedy algorithm

b) Dynamic programming
¢) Backiracking
d} Sortmg

sk
LA

19 Which of the following 1s a Divide and Conguer algorithm?
a) Bubble sort

b} Selection sort
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¢) Heap sort

d) Merge sort
Answer
1. A
2. D
3. C
4 D
3. D
[ C
i B
8. B
Q. A
10. C
11. B
o
153. A
14, A
5. A
16. D
17. B
13- G
1. D

Page 132 of 384



Part IIl: Database Systems
3.1. Introduction

3.1.1. Data, Information and Information System
Data
Data are the raw {unorganized) facts that are stored and 30 not helpfiul in making decisions.
4 BRaw facts are seldom immediately useful to a decision maker. (by themselves are useless)
# What the decizion maker really needs 1z mformation. which 13 defined as data processed and
presented m a meamngful form.
We live in the Information Age Information used to make orgamzations more productive and
competitive. So in order to make data useful we have to process it and the processed data 1s called
Information.
Information
Information 15 nothing but a refined data.
Burch and Grudniisk: “Information 15 data that have been put mmto a meaningful and useful context and
commumcated to a recipient who uses it to make decisions.”™
+ For effective decizions, decizion makers need accurate information. To obtain thiz accurate
mformation, data must be orgamized scientifically. Thus, the more accurate, relevant and timely
the information 13, the better the informed people will be when making decisions.
+ nformation conzmsts of facts and items of knowledge. It can be anything that has meanmg to
people.
A hst of names and addresses
The contents of a letter
The words of a song
Processing Information
A 'map
*—Iigfﬂrmmiﬂn Processing Tasks
o Information precessing 15 the organisation, manipulation and distribution of information.

s EC [N o2 R R

o When data 13 collected and processed a senes of operations 13 camed out on it this 1
kmowm as the data processing cycle
» Data collection
* Input
* Process
*  Cufput
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Information systems
A system 15 a set of components which works as 2 unit, this includes the hardware mvolved, the software,

the people and the methods used.
1.1.1 Forms and resources of Data
Types of Data
1. Quantitative: mformation that can be added or subtracted.
Eg. Daily expenses or incotmes
2. Qualitative:
Eg. DOB, sex, educational backeround, profession
Textual (Descnptive)
Audio
Video

e

n

3.1.2. Levels of Data
Baszically there are thres types of data. Namely:

a. Objects in the real world

b. Structures of a database (logical model}

c. Actoal data
Objects in the real world
At this level we talk about the organization for which the database is designed, we 1dentify enfities
{(1dentify objects).

1. Entities are real objects, like students, Employees, items

H. Aftributes are identified: they are descnptions/properties of entity.

Egz. Atimbutes of a student (entity): Name, sex, Age, Address. Id. No, class (Batch)
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ui. Relationships between objects must be defined.

Eg. Entity(Student) Student, " Courze
g

Logical Model

+ [s information about the logical strocture of the database”

+ It describes the property or characteristic of other data.

4 It is stored in the data dictionary of the DBMS.
Ez Data bype width Eules
Hame char 30 Mo abb, No blanck
Are int 2 18 = Age = 50
Sex char 1 Cmby “M’ or °F*
Tel char 10 o
Id. Ne char L Mo Blank
The logical model should allow users to keep track of the real changes of enfities, atinbutes and
relationships.
Actual Data

It consists of data or occuwrrences of a real object in the database For each entity m the real world there 13
an occurrence of a corresponding record in the database.
Eg. Entity can be represented using: a table or file (object)

Fields/attributes

S VLB ONS 4
. |
+ Rows (records) are the actual representation of the real object.
+ Records are simply instances or actual occurrences of the real object.

3.1.2. What is a Database System?”
A database zystem iz bazically a computerized record keeping system; that is, it 1s a computerized system

whose overall purpose 13 to mamtam information and to make that information available on demand. The
mformation concemned can be anything that iz deemed to be of mgmificance to the individual or
organization the system iz infended to serve. That 15, needed to assist in the general process of nmming the
buziness of that mdividual or organization.

What is a Database?

A databaze can be taken az an orgamized collechon of related data. It consistz of some collechion of
perzistent data that 1z used by application systems of some given enterpnse (any reasonably self-
contained commercial, scientific, techmical, or other organization). Enterprizes nowadays often maimntain
two distinct databazes, one containng cperational data and one contamming decizon support data. The
decision support database frequently consists of sumpmary information (e.g.. totals, averages), where that
summary nformafion m tum 13 extracted from the operational datzbase on a peniodic basis, say, once a

day or once a week
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The advantages of a database system over the traditional, paper-based methods of record keeping wall
mclude the following:

Compactness: no need for possibly voluminous paper files.

Speed: the machine can retneve and chanpe data faster than 2 lman can. In particular, ad hoc, spur-of-
the-moment queries (Do we have more red screws than blue ones™) can be answered quekly without
any need for hme consuming manual or visual searches.

Accuracy: timely, accurate and up-to-date mformation 15 available on demand at any time.

The foregomng benefits apply with even more force m 2 mulh-user emvironment where the database 13
likely to be much larger and much more complex than m the single user case. In a mulb-user
environment the database system provides the enterpnse with centralized control of itz data The
centralized approach has the advantages:

* Redundancy can be reduced

In non database or non centralized systems each zpplication or department keeps ifs own private
files. The files may hold commeoen data elements that exist as part of the enterprizes data. This will
lead to considerable redundancy in stored data, with resultant waste mn storage space. For example, &
personnel application and an educafion records application might both own a file that includes
department mformation for employees. Note that thiz 13 not to say we should elimmate all
redundancies. Sometimes there are sound reasons for maintaining several copies of the same data

* Inconsistency can (to some extent) avoided

If there exist a number of files which store similar data elements among other sorts of data then when
a change iz made to a particular data (among the common ones) this change need to be done
throughout the system where there 15 such data stored. This 15 not, often, the case. Some of the data
might be updated and others left as they are which results in an mnconsistent mformation about the

zame phenomena.

* Standards can be enforced
Standardizing data representation iz particularly desirable a2z an aid to data interchange or migration
of data between systems. Likewizse, data naming and documentation standards are also very desirable
as they faciltitate data shanng and understandability.

*  Security restrictions can be applied

Since the data 15 stored in one place/area all accesses to the data can be regulated by the system
through some defined rules built into the system. The system ensures that the only means of access to
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the database 13 through proper channels. Different rules can be established for each type of zccess
{retrieve, inzert, delete, etc.) to each of mformation to the databaze.

* Integrity can be maintained

The problem of integrity 15 the problem of ensuring the data in the database 1z accurate. Inconsistency
between two entries that represent the same “fact” i3 an example of lack of mtegmty. It 13 more
serious mn a multi-user environment where one user may enter bad data and other users may go on

working on the updated data as 1f it were a correct one.

* Conflicting requirements can be balanced

Enowmg the overall requirements of the enterpnise the Database Admimstrator (DBA) can structure
the system so as to provide an overall service that 1z “best for the enterprize”. For example, a

representation can be chosen for the datz in storage that grves fast access for the most mmportant
applications(possibly at the cost of poorer performance for certain other applications).

1.1.4. Components of a Database System
A databaze system mvolves four major components. namely, data, hardware, software and users. A brief

dizcussion will follow on each of these components.

Data

The actual data stored in the database system may be stored as a single datzbase or distnbuted in many
distinct files and freated az one. Is the system a single-user or multi-user one”? How are we going to
achieve the utmost posmble performance concerning the datz storage and maintenance? What other

benefits or drawbacks do we expect as the result of placement or structure of the database? These and
similar 1ssues might be concemned with the way the data stored mn the system.

Hardware

This portion of the system consists of secondary storage media {disks, tapes and optical media) that are
uzed to hold the stored data and associated device controllers (hard disk controller, etc); and the
processor(s) and associated main memory that are used to support the execution of the databaze zystem

software.

Software
Thiz 1z the software, Databaze Management System (DBMS) that i1z responsible for the overall

management of communications between the uzer and the databaze. It is found between the data and the
users, which, m other words, means the data is entirely covered/shielded by the DEMS software. The
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DBMS provides facilities for operating on the database. This 15 the most important software component
m the overall system.

TUszers

These are those people who are engaged on processing different types of operations on the database
system and they can be categorized as:

Application programmers who are responsible for wnting application programs that use the database
using some programmng language such as COBOL, Pascal, or a programming language built-in to the
DBMS.

End users are thoze that mteract with the system from online workstations or terminals that use an
application program developed by application programmers or those that query the system through an
mterface provided by the DEMS.

Databaze Administrator a person that iz responsble for all techmical operations or details of the
database system_

Data Independence

Can be defined as the ability (immumty) of applications to change storage structure and access technique
without modifiing the mam applicabion. In older systems, the way m which the data 15 organized m
secondary storage. and the techmique for accessng it, are both dictated by the requrements of the
application under consideration, and moreover that fmowledee of that data organization and that access
fechmigue is buili info the application logic and code.  In such type of systems it 13 impossible to change
the storage structure (how the data 15 physically stored) or access technique (how it 15 accessed) without
affecting the application. The applications mentioned are simply programs that are dezigned to specific
tasks where every kmowledpe of the data structure and the access mechamsm 1s also defined within itself
In databaze systems, it would be extremely undesirable to allow applications to be data dependent. Major
TEAS0NS re:

Different apphications will need different views of the same data. Suppose, we have an employee data
stored with (employee 1d, emplovee name, employes zalary, and emplovee address, etc. data tems),
one user may need only to use the employee name and employee zalary data items whereas another user
require only the emplovee name and employee address data items. For data dependent applications, such
needs will entail the change of the mam appheztion with crezhion of two different copies of the same
application, as it would be applied by both users.

The Databaze Administrator (DBA) must have the freedom to change the storage structure or access
techmique m response to chanping requirements, without having to modify existing applications. For
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example, new kinds of data might be added to the databasze, new standards might be adopted; new types
of storage devices mght become available, znd =0 on.

The Databaze Administrator

The Database Adminmistrator (DBA) 15 the person who provides the necessary techmical support for a
database svstem of zn enterprizse. The DBA is responsible for the overall conirel of the system at a
technical level The fimchons of the DEA mclude the following.

Defining the conceptual schema

Will directly participate or help on the process of 1dentifying the content of the databasze, 1e. what
mformation 15 to be held in the database and create the comesponding conceptual schema using the
conceptual DDL.

Defining the internal schema

The DBA must also decide how the data iz to be represented in the stored database and then create the
corresponding storage stucture defimfion (the mternal schema) using the mtemal DDL (mcluding
associated mapping between the mtemal and conceptual schema).

Liaising with users

By communicating with users the DBA will ensure that the data they require 13 availzble, and to wnte {or
help users wrte) the necessary extermal schemas using the applicable external DDL. Other functions
mclude consultmg on applicaion design, providing techmical education, assisting with problem
determination and resclution, and similar system related professional services.

Defining security and integrity rules

Since secunty and mtegnity rules are part of the conceptual schema, the conceptual DDL should melude
facilities for specifing such rles.

Defining backup and recovery procedures

In the event of damage to any portion of a database, caused by human emror or fatlure m the hardware or
operating system, it 13 essenhal to be able to repair the data concerned with the mimimum of delay and
with as Liftle effect 25 possible on the rest of the system. The DBA should define and implement

appropriate backup and recovery scheme.
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Monitoring performance and responding to changing requirements

Penodic performance analyzs should be done by the DBA and based on the results obtained propose for
mproved systems and or do the modificahions on the existing data defintfions.

3.1.5.The Database Management System
The Databaze Management System (DBMS) 15 the software that handles all access to the database. The

major functions of a typical DBMS include the following:

Data definition

The DBEMS must include language processor components {must have z data sub language with features
for data defimibion and data mampulafion activities) for each of the various data definition languages

(DDLz). That =, 1t must be able to accept data definitions (extemal schemas, the conceptual schema, the
mternal schema and all aszociated mappmgs) in source form and convert them to the appropriate cbject

form.

Data manipulation

The DEMS must mclude a data mampulation language (DML) processor component that would enable
the DBMS must to handle requests from the user to retrieve, update or delete existing data in the
databasze, or add new data to the databasze.

Data security and integrity

The DEMS must monitor user requests and reject any attempts to violate the secunty and mtepnty mles
defined by the DEA.

Data recovery and concurrency

The DBMS or else some other related sofbware component, usually called the transaction manager must

enforce certain recovery and concurrency comirols.

Data dictionary

The DBMS must provide a data dictionary fimection The data dictionary contains definttions of objectz
the syztem such az tables and table relationships and rules defined on objects.

3.1.6. Database Systems Architecture
There may be several types of arclitectures of database systems. However, the following architecture

{ANSL'SPARC) 15 applicable to most modemn database systems. The architecture iz consists of the three
levels: mternal level, conceptual level and external level.
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3.1.46.1. The External Level

The external level 15 the one closest to the users, 1e, 1t 13 the one concerned with the way the data 1s
viewed by individual users.

An external view 1z the content of the database as seen by some particular user (1.e, to that user the
database is similar to the view he 1s working/accessing).

Each external wview iz defined by a means of an extermal schema, which consists basically of
defimitions of each of the vanous external record types m that external view. The external schema s
written uzing the external DDL portion of the user’s data sublangnage.

3.1.6.2. The Conceptual Level

The conceptoal level 13 found m between the other two. It 1s a representation of the entire mformation
content of the databaze mecluding the relations with one another and security and integnty rules, ete.

It 13 the view of the data as 1t really i1s or by its entirety rather than as users are forced to see it by the
congtraints of (for example) the particular langpuage or hardware they might be using.

The conceptual view 15 defined by means of the conceptual schema, which 1z written using another
DDL, the conceptual DDL of the data sublanguage in use. If data independence 1z to be achieved,
then those conceptual DDL must not mveolve amy considerations of storage structure or access
techmique. Thus there must be no reference in the conceptual schema to stored field representations,
stored record sequence, indexing, hashing addressing, pointers or any other storage and access details.

The conceptual schema includes a great many additional features. such as the zecunty and mtegnty
rules.

3.1.6.3. The Internal Level

Iz the ome closest to the physical storage, 1.e., it 15 concemed with the way the data 1z physically
stored.

Iz a low-level representatbion of the entire database?

The internal view 15 described by means of the internal schema, which not only defines the vanous
stored record types but also specifies what mdexes exist, how stored fields are represented, what

physical sequence the stored records are m, and so on The mtemal schema 13 written using yet
another DDL-the mternal DDL.

There will be many distinct external views, each consistng of a more or less abstract representation of

some portion of the total database, and there will be precisely one conceptual view, consishng of a
similarly abstract representation of the database in its entirety. Note that most users will not be interested
m the totzl database. but only in some restricted portion of it. Likewise, there wall be precizely one
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mternal view, represenfing the total database as physically stored. The following example wall clanfy the
levels to some extent.

At the conceptual level, the database comtams imnformation concerming an entity type called employes.
Each imdividual employee occurrence has an employes mumber (Six characters), a department _number
(four characiers), and a salary (five decimal digits).

At the mtemnal level employees are represented by a stored record type called siored emip, fweniy byfes
lomg. Siored emp contanz four stored fields: a =mix byte prefix (presumably confaming control
mformation such as flags or pointers), and three data fields corresponding to the three properties of
employvees. In addition, sfored emp records are indexed on the empno field by an index called empzx,
whose definition 15 not shown.

The Pazcal user has an external view of the database m which employee 13 represented by a Pascal record
contaming two fields (department numbers are of no interest to this user and therefore been omitted from
the view). The record type 1z defined accordmng to the syntax and declaration rules in Pascal.

Similarly, the COBOL user has an external view m which each employee 1s represented by a COBOL
record contamning two fields (this ime salary is not needed by this user and ommtted). The record tvpe 1s
defined according to COBOL rules.

External view(Pascal) External view(Caobol)
TYFE | EMP.
CHAR.6 = STRINGI6]; 02 EMFHNO PIC
EMPP=RECORD KON
EMPNO-:CHARS6; 03 DEPTNO PIC
SALARY-REAL X4
END;

Conceptual view
Emplovee
Emplovee number character (6)
Department number character (4)
Salary Numernc (3)

Internal view

STORED EMP LENGTH=10
PREFIX TYPE=BYTE (), OFFSET=0
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EMP# TYPE=BYTE (6), OFFSET=6, INDEX=EMPX

DEPT# TYPE=BYTE (4), OFFSET=12

PAY TYPE=FULLWORD  OFFSET=16
Notice that the corresponding objects can have different names at each level. The employes number 15
referred to as empno m the Pascal view, as emp# m the mternal view and as employee number i the
conceptual view. In general to define the correspondence between the conceptual view and the mternal
view; and the comceptual view and the external view we need an operation called mapping. The
mappings are important, for example, fields can have different data types. field and record names can be
changed, several conceptual fields can be combined into a single external field, and zo0 on

1.1.7.Database Models
A database model 13 a conceptual descnption of how the database works. It describes how the data

elements are stored in the database and how the data 1z presented to the user and programmer for access;
and the relationship between different items i the database. The DBMSs available today can be grouped
mto four types of models; these are the file management system, hierarchical database system network
database system, and the relabonal model.

Histonically, the relational model was the first real description of database model based on computer
science theory whereas the other models were defined later to describe databases that had already been in
use for several years. The actual evolution of these databases followed the path from file management
system to hierarchical database system to network database system to relational model.

3.1.8. The File Management System (FMS)
The FMS is the easiest data model to understand, and it 1= the only one that also describes how the data i3

actoally stored on an external storage (disk, tape, etc.). In the FMS model, each field or data stem i3
stored sequentially on disk mm ome large file. In order to find a particular stem, the DBMS has to search the
entire file from the begimning. It can also keep a pointer (a logical or physical indicator on the disk) to the
last data item refmeved, so that searches for more occurrences of the same data type den’t have to begm at
the start of the file. The greatest disadvantage of the FMS is that it doesn’t indicate the relationship
between the various data items, other than the sequence they are stored. The search mechanizm 1z zlso
very slow as it employs sequential search technique.

| Genet || 30 |Female“&hmed” 41 ‘ Male |

A record of two people with name, age and sex data stored sequentially, in the FMS.

The EMS was the first method used to store data in a computerized database, and its only advantage 13 its
simplicity. Today, about the only DBMS products that are bnlt on this model are the low end, “flat-file™

databases, such az Borlands Feflex
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3.1.9. The Hierarchical Database System (HDS)
In thiz model, the data 1z organized in a tree structure that cngmates from a root, and each class of data

resides at different levels along a particular branch off the root. The data structure at each class level is
called & node. There 15 always a single root node which is usually “owned” by the system or DBMS. Ezch
of the pointers in the root then wall pomt to (child} nodes there by depicting a parent-child sort of
relationship.

Searches are done by traversing the tree up and down with kmown search algorithms and modules
supplied by the DBMS or may, for special cases, be desizned by the apphication programmer. The mmitial
structure of the datzbase must be defined by the application programmer when the database 13 created.
From thiz pomnt on, the parent-children structure can't be changed without redesigzning the whole
structure.

3.1.10. The Network Database System
The network 15 a conceptual description of databases where many-to-many (multiple parent-child)

relationships exist. To make this model easter to understand, the relabionships between the different data
iems are commoenly referred to as sets to dishngmsh them from the strictly parent-child relationships
defined by the HDS. The network model uzes pointers to map the relationships between the different data
rems. The flexiblity of the NDS model 13 in showing many-to-many relationzhips 12 1tz greatest strength
though the flembility comes at a price (the imterrelationships between the different data zetz become
extremely complex and difficult to map). Like the HDS, NDSs can very quickly be searched, especially
through the use of index pointers that lead directly to the first item in 2 set being searched. The ND3
suffers from the same structural problem zs the HDS; the imitial design of the database iz arbifrary, and
once it's setup, amy changes to the different sets require the programmer to create an entirely new
structure. The dual problems of duplicated data and mflexible structure led to the development of a
database model that mimimizes both problems by making relationships between the different data tems
the foundation for how the database is structured.

3.1.11. The Relational Model (EM)
The relational model 13 & way of looking af data- that 15, 1t 1s a prescription for a way of representing data

{namely, by means of tables), and a prescniption for 2 way of manipulating such data (by means of
operators). More precisely, the relational model 15 concerned with three aspects of data: data structure
(objects), data integrity, zand data manipulation (operators).

The pnmary purpose behind the relabional model 15 the preservation of data integrity. To be considered
truly relational a DBMS must completely prevent access to the data by any means other than gqueries
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handled by the DBMS itself While the relabional model does not specify how the data 13 stored on the
dizk, the preservation of data integrity implies that the data must be stored in a format that prevents
from bemng accessed from outzide the DBMS that created it. The relational model also requires that the
data be accessed through programs that don't rely on the postion of the data in the database. This is
direct conirast to the other database models, where the program has to follow a senies of pomnters to the
data it wants. A program querying a relational databasze simply asks for the data it wants, and 1t “s up to
the DEMS to do the necessary searches and provide the answer. Searches can be sped up by creating an
mdex on one or more columns in a table; however, the DBMS confrols and uses the index. The user has
only to ask the DEMS to create the index and it will be maintained and used automatically from that
pomnt on.

The Relational model has a number of advantazes over the other models. The most mportant 13 its
complete flexubility 1n describing the relationships between the various data items. Once the tables are
created and relatonships defined then users can query the database on any of the mdinvidual columns m a
table or on the relabionships between the different tables. Changing the structure of the database objects is
as simple as adding or deleting columns in a table. Creating a new table, deleting old tables, etc. are also
very simple. The major decision'task that the designer of a relational database has to make concems the
defimtions of the tables and their relahonships in the database.

3.1.12. The Relational Database Systems
The relational database systems are databaze systems that use/apply the relationz] data model We have

described in brief about this model in presious sections. The following sections will discuss m further
detail the model and its building blocks the relational objects.

A relational system 15 a system in which the data 15 perceived by the user as tables; and the user uses
certain operators to work on the data. The relational model is divided i three parts, having to do wath
abjects, integrity and operators.

Relational objects
The relational data objects are: domains and relations.

Domains

In this model, the smallest semantic wits of data are called scalars. Scalars cannot be decomposed (break
apart) firther without losing meamng. For example, a sex field may have the values F or M. But, an
address column may be made to hold a woreda, kebele and house number information. In this case, the
address data canmot be called a scalar 25 1t can be further decomposed to three data umts each of which

can represent a separate entity.
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A domain 15 a pool of values from which specific attributes of specific relations draw their actual values.
A domatn also can be defined as a set (the same type) of scalar values. For example,
Domain of cihes (Addis Ababa, Jimma, Diredawa, Lekempt, Assosa)
Domain of courses (English, Amharnic, Databaze Management, Geography)
The domamn concept i1z not supported by many REDEMS (Relatonal DEMSes). Instead a bwlt-in data
types are uzed. Domains can be used for refusing mvalid entries and facilitating comparisons.
The data definition for domains takes the form:
Create domain Dname definition
To change an existing domam definthion we can use:
Alter domain Dname definition
Domains can be removed from the system usmg:

Destroy domain dname

Relations

A relation 13 made up of atinbutes (columns) and tuples {rows). The terms relabion, tuple, and attnbute
are used as a “substitute’ for the more formal terms table, Tow, and column or table, record and field. In
the discussions to follow, for the sake of simplicity, we will aveid the relational terms and in place of
them use their equrvalents.

A table 15 composed of a predefined number of columns and changeable number of rows. Each column in
a table draws its values from a domamn defined earlier.

The table can be viewed as a mathematical set of the table header and the table body parts.

The table header conzists of a set of <column names: their respected domain names= Where as the table
body contams a set of pars (< column name:value>). For example, if we have the following table:

| Name | age | sex

| Abebe |23 | M
|Kebed |45 | M |
:e
T

Ahmed 33 |M |
The table definition requires a definition of each column and its associated domain The domain for this
table may be defined as:

Create domain Dname character{20)
Create domain Dage Numeric{2)

Create domain Dsex character (1)
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And the table header definition will look like:

{(Mame,Dname),(age,Dage),(Sex, Dsex]}
The body part of the table, will look like:

{[«Mame:"Ababe">, <Age: 23>, < Sex: M= . < Name: Kebede'> , < Age, 455 < Sesa ™= ) [ < Name: Zahra"s < Age: 26,
5 P («Name fhmad =, <Age:G3s, <Sex'M=1)

The data defimition for relations takes the form:
Create base relation relation name
(column_definition commalisy)
candidate-key-definition-list
Jorsign-key-definifion_list

Properties of Relations

Belations or tables possess certain important properties and these are:

1. There are no duplicate rows (tuples) allowed i a fable; mn other words, there must not be two
1dentical rows mn a table. This 1s very mmportant property of the relational model, for if duplicate rows
are allowed 1 a table, then there would be no way for a program to umiquely reference a certain row
i a table, thus creating an iherent problem for programming.

2. Al value in a column are atomic or conzist of scalar values or never a collection of several values.

3. Fows in a table are not ordered 1e. within a table there 1= no mherent ordering of rows (top to
bottom).

4. Columns in atable are not ordered 1.2, within a table there is no mherent ordering of colums (left to
right).

The last two properties mean that the operations i tables m the relational model should not depend on a

specific ordenng of columns or rows. In short, all rows and fields are equal in the sense that none of them
has to exizt in the context of others and that none 15 higher or lower than others m the overall data
structure.

Kinds of Relations (tables)
The following types of tables can be defined in a relational system.

Base relations'tables
These tables are created by some data defimtion language command. Data in base fables do not come
from any source mternal to 2 datzbase; mstead, data must be entered into base tables manually or through
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some batch data transfer process. Data in these tables are stored “permanently” mn relation to the databasze
itself.

Views
A view 15 a named- denved table (relation) that 1z represented within the system purely by itz defimition
m terms of other baze tables or views. Views can be treated just like real tables.

Snapshots

A snapshot 15 2 named-denved relation Iike a view but imlike a view it stores its own data rather than the
defimtion. Snapshots, alzo, can be freated as a base table. The snapshot can be taken as zaved form of a
result of some query that produces a table.

Query result

This 15 the final output table resultng from the specified query. It may or may not be saved or have
persistent existence.

Temporary tables

Are tables, usually, created by the DBEMS and destroyed by it at some appropnate ime. This can mclude
mtermediate tables that are created when some large operation 1z underway and removed when the
operation is finalized.

The Catalog

The catalog or data dictionary contains detailed information regarding the vanous objects in the relahional
databaze Theze are the tables, indexes, user mformation, data mtegnity and secunty rules, and so on. The
catalog itzelf 1z made up of tables that can be manipulated as any other table in the system. In most cases,
they might be kept hidden by the DEMS with the possibility of manipulatimg or working on them

3.1.13. Relational Data Integrity
Integrity rules are certain rules or checking mechanizms, when appliad, zuide the syvstem to prolubat the entry of
wrvabd or an zcceptzble (to the caze mn consideration) data or operations that would result m such tvpes of data.
The mtegnty rules may be defined at differant levels: Coluwnn (field) leval, row (record) level or table level or at
the databaszs level
For example, some of the mlss needed for a2 supplier-parts database svstem are showm below.

»  Supplier 1d numbers must be of the form, Snnmm.
»  Part numbers must be of the form, Pannn.

= Part colors must be Fed, Gresn and White onky.
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= Part weights must be graater than zero.

The databaze defiifion nseds to be extended fo include certain infezrity rules, the purpoze of which 1s to mform
the DELS of cartain constramts of the rezl werld (such as the constraint that part weight can not be negatra), o
that it can prevent such wndesired value: from enfermz’'occnrmng in the system. The DEMS may nead fo momtor
all INSERT and UPDATE operations and reject any operation that attempte to enter the mwvalid entries (3 negative

waight).
The relational model provides two gensral intesrity faatures that can applicable to any relztionzl datzhaze svetem.
These are a) Candidate kevs and b) Foreign kevs.

Candidate keys

Takles can contam multiple rows of data, and each row of a takle 1n 2 ralational syvstem must be nmguely identafied

by zome column or combmations of cohmmng m that @ble.  All columne {or combinations of columns) 1 a t@&kle

with umique valoes are referred to as Candidate keps. Among the candidate keys found 1m a fable one can be
selected as the primary ksy of that table and all other candidate keys (other than the primary kev are refarred fo as
alternare kepr). Beves can be simple or composite. A simple sy 13 made up of one column, whersaz a composite
kgy 1= made up of two or more columns. If one or more columns of a compozite key satizfy the defimbion of a
candidare k=, then that composite kev wall not be considerad az a candidate key.

In mozt DEMS, mdexes are uzed to implement candidate kevs. Hence, the unigue tndexes foumd in such systems
are not spmlar to candidate keys. Mote that a svstem that does mot have a candidate key cam dizplay stranze

behaviors in some circumstances.

The Entity Integrity Rule
specifies that no component of a candidate key or the pnmary key 15 allowed to have nulls {(need to have

some values ).

Choosing among the Candidate keys

Since there may be multiple candidate keys in a table, you must make a decision as to which candidate
key 13 to be the primary key. There is no general rule that can be applied here; you have to use vour cwn

judgement in many cases. Some rules of thumb are:
*  Choose the column(s) least likely to change.
* Choose as few columns as possible.

* Choose columns that are familiar to users, if possible.

Foreign keys
The power of a relational database system lies m the fact that rows (or records)} m one table can be

matched to records in other tables through the use of keys; therefore, primary keys would be largely
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useless if not used for cross-referencing between tables. Primary keys are reference through foreion keys.
A foreign key 15 a column m a table used to reference a prmary kev m another table. Take, as an
example, the followmg tables that hold data about a company’s employees and zll departments m the

Company.

Employees
Emp 1 | Emp nam | Dep 1 | Salary
d g d

Al Abebe |DI | 4560
0

A7 [Almaz |D2I | 6000 |
0

‘Bl |Belay |D1 | 6770 |
0

‘A3 |Ahmed |[D2 [6008 |
8

Gl Genet D3 5000 |
0

Departments

Dep i | Dep name | Budget

d |
DI | Admmistrati | 3345690
| on

D2 | Planning 33600.00

D3 | Sales 1 3367700

D4 | Puchase | 66600.00

D5 | Construction | 56600.00

Note that the Dep__ld-:_:nlu_nlu appears In both the émpluyees and departments tables. In the departments
table, the Dep 1d iz primary key; in the employees table, however, this field 15 used 25 a foreign key. You
must make sure that both foreign keys and thewr comesponding primary keys share a common meaning
and draw therr values from the same domam. Any columm including, the primary key, can be a foreign
key and can, also, be simple or composife. In the above example, the departments table 15 referred to as
the referencing and the emplovees table 1s referred to as the referenced target table.
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The Referential Integrity Rule

Along with the foreign key concept, the relaional model meludes the referenbial mtegrity rule. The mle
says, the databaze must not contam any unmatched foreipn key values. The term “unmatched foreipn key
value® here meansz a foreizn key value for which there does not exist a matching valoe of the relevant
primary key m the target table. The cases to be considered are:
1. What should happen on attempt to delete the target of a foreion key reference? For example, an
attempt to delete a department for which there exists at least one employee working. In general, there
are two possibilifies:

Restricted The delete operafion 15 resincted to the case where there are no such matching records
(reject otherwize).

Cascades The delete operation cascades to deleting all records with matching values m the referencing
table (employee).

2. What should happen on attempt to update & primary key that is the target of a foreign key
reference? For example, an attempt to update a department 1d for which there exists at least one
emplovee. In general there are two possibilities:

Restricted The update operation 1s resiricted to the case where there are no such matching records
(reject otherwize).
Cascades The update operation cascades to update the foraign key in those matching records in the
referencing table (employees).
For each foreign key in the design, the database designer should specify, not only the columns that
constitute the foreign key and the tables, but also the foreign key rule to apply when the situations cceur.

1.1.14. The Structured Query Language (SQL)
Ideally, 2 database language should allow a user to create the databasze and relation structures; it should

allow a user to perform basic data management tasks, such as the msertion, modification and deletion of
data from the relations; and it should allow a user to perform both simple and complex quenes to
transform the raw data into mformation. In addition, a database language must perform these tasks with
minimal user effort, and its command structure and syntax must be relatively easy to leam. Fmally, it
must be portable: that 15, it must conform to some recognized standard so that we can use the same
command structure and syntax when we move from one DBMS to another.
SQL 13 an example of a transform-oriented language, or z languzge designed to use relations (tables) to
transform inputs mto required outputs. As a language SQ)L has two components:

A Data Defimition Langnage (DDL) for defining the database structure, and

A Data Manipulation Language (DML) for retmeving and updating data.
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SQL contains only these defimtional and manipulative commands; it does not contain flow control
commands. In other words, there are no IF_THEN. ELSE, GO TO, DO . WHILE or other commands to

provide a flow of control.

Data Definition

The SQL data definifion lansuaze allows us to create or destroy databasze objects (schemas, domains,
tables, views and mdexes). The mam ()L data definition langnage statemnents are:

CREATE DROF
SCHEMA SCHEMA
CREATE ALTER DROP
DOWMATN DOMAIN DOMAIN
CREATE ALTER TABLE DROP TABLE
TABLE

CREATE VIEW DROP VIEW

The SCHEMA 13 a collection of database chjects that are n some way related to one another. (All objects
m a database are described in one schema or another). The objects n a schema can be tables, niews,
domains, character sets, asserbons (rules), etc. At present CREATE and DEOP SCHEMA are not yet
widely implemented. In some implementations, the following statement iz uzed instead of SCHEMA.
CREATE DATABASE databasze name

So, thiz might be the first step before starting to create any ohject.

Dhata definition for Domains

CREATE DOMAIN domain name [AS] data type

DEFAULT default value [CHECK (zearch condition)]

A domam 15 given a name, domam name, a data type (CHAE, VARCHAR TINTEGEE, NUMERIC,
FLOAT, DATE, etc.)

Examples:

CREATE DOMAIN gender AS CHARACTER (1) CHECK (VALUE IN ("M",'F'))

Creates a doman called gender that consists of a smgle character with esther the value "M’ or “F". When
defiming the Sex column we can use thiz domain.

DROP DOMAIN domamn name [RESTRICT|CASCADE]

Removes domains defined in the system. In the CASCADE . any table column that iz based on the domamn
1z automatically changed to the underlying data type. RESTRICT means don’t remove domam if it 1s
uzed m any column definition.

DFR.OP DOMAIN gender
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Data definition for Tables (CREATE TABLE)

Once the database structure 13 created we can create table structures as follows. The syntax for creating a
table is:

CREATE TAELE fable name

{column name data type| [NOT NULLNULL]]

[DEFAULT default value][CHECK (zearch condihon)] ... {for each column and then after all columns
defined}

[PRIMARY EEY (column(z}}][UNIQUE {column{z))]

[FOREIGN KEY (column(s)) BEFEREENCES target table name [list of candidate key columns]

[ON UPDATE referential integrity action]

[ON DELETE referential infegrity action]]

[CHECK (search condition)]

The above defimtion of the create table structure 1z smmilar to the one described in data defimtion for
relational objects. Accordingly, the followmg examples illustrate the different ways of usmng this
command.

Examples

1. Creste 2 table with fields name age and sax.
CREATE TARLE newizble (name char{30) WOT MULL, age mtager 2WOT NULL CHECE age=, sex char(1}

2. Creats 3 table with felds: n=roe, age sex and ciy; and make the defaul valoe of city “Addiz Ababz” (expecting many
records will hald this vakue) and 3 rale for male members to be of aga=30.

CREATE TAELE temp (name char{30) MOT NULL, aze integer NOT NULL CHECE aze=0, sex char(l) CHECE VALUE
IN (M, ’F"} PRIMARY KEEY (name) CHECE sex="M’ AND age>30)

3. The following table defines a foreign key rule for the employres tahble whoss target = the dapartment table
CREATE TABLE department (depid char(%) WOT NULL, depname chan({40), depid chan(s), budget fioat(14,1)
PRIMARY EEY {depid) UMIQUE (depnams})

CREATE TAELE emplayee (empid char(5) :OT WMULL, empoame chan 40, depid char{3), zalary foan13,2)

PRIMARY KEY (empid) FOREIGR EEY (dapid) REFERENCES deparment ON UPDATE CASCADE ON DELETE
CASCADE)

Changing a Table definition (ALTER TABLE)

Tha ALTERE TABLE convmand m S0L is usad w0 change the structure/definition of an existing tzble. It is nzed mainky to:
Add 2 pew cobamn te 2 table
Dirop a colum Srome a tabls

Add s new table constraint
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Dirop a table constraint

Set a defanlt for & cobarm

Dirop the defanlt for a columa
The basic format ofthe statement f
ALTEF. TABLE table_nzme
[ADDHALTER. [COLUNN] cohumn_name data_type [WOT MULL][DEFAULT dvahe] [CHECK {condition)]]
[ALTEF. [COLUMD] colimmn_name data_typs]
[DROP [COLURD] column hame [RESTRICT|CASCADE]]
[ADD [CONETRAMNT [constraint name]] table constraint definition]
[DROP COMSTRADMMT constraint_name [RESTRICT|CASCADE])
[ALTER [COLUND] SET DEFAULT defaul_value]
[ALTEF. [COLUMM] DE.OP DEFALULT]

Whera the parameters are as defined in the CEEATE TABLE. The tahle constramt defintion i one of the clauses: PRIBARY
EEY, UNIQUE, FOREIGH EEY OF. CHECE.

Examples
1. Changs the field width of the smpid colomn mzide the smployee takle
ALTER TAELE employee ALTER. COLUNMD empid claracter (20)
1. Add s new defaol valee of *AAY for the empid fisld inside the emploves tzhla.
ALTER TAELE employee ALTER. COLUNMDY ampid SET DEFAULT "AAT
3. Tell the system that ampad iz the primary key mzide the emploves table

ALTEF. TABLE enployee ADD PEIMARY EEY {empid)

Eemoving Tables (DROP TABLE)

To remove 2 tahle we nse the DEOPF TABLE conunmand as follows:

LECP TABLE tzble name

Data Manipulation Language
This section locks at the available SQL DML statements, namely:
SELECT To query data in the databaze.
INSERT To insert data into a table.
UPDATE To update data in a table.
DELETE To delete data from a table.
SELECT statement
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The purpose of the SELECT statement i3 to retrieve and display data from one or more database tables. It
15 the most frequently used SQL command. The general form of the SELECT statement 1s:

SELECT [DISTINCT|ALL] {* | [Column_expression [AS new_name]] [, + .. .- I+

FROM table_expression

[WHERE condition]

[GROUP BY column_list] [HAVING condition]

[ORDER BY column_list]

Column_expression represents a column or an expression. The sequence of processing m a SELECT
statement 1s:

Specifies the table or tables used.
FROM
WHERE Filters the rows subject to some condiion.
GROUP BY Form proups of rows the same column value.
HAVING Filters the groups subject to some condition.
SELECT Specifies which columns are to appear in the output.

ORDER BY Specifies the order of the output.
The above order of the clauses i the processing of SELECT cannof be changed The only two mandatory
clanses are the first two: SELECT and FROM and the remammder are optional. The result of a querv ona
table 15 another table. The following examples show the different usage of this statement.
Consider the following table for the examples.

Employee

Empld  Empname | Depid Salary Department

AR | Abebe Kebede I [1030.0 [mpi Department | Dept_te
' 0 d 1

B4 |GmmaBelew | I [50045] | 1 [Finance [1

A3 | Ahmed 2 67599 | 2 |Planning | 2

1  Mohammed I |

B6 | Zahara Hagos 3| 71000

I. Column Selection

1. Betrieve all rows and all columns

SELECT empid, empname, depid, zalary

FROM employee
Sice many SQL retrnievals require all columns of a table, there 13 a quick way of expressing “all
columns’, using an asterizk (*) m place of the column names.

SELECT *
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FROM EMPLOYEE
The rezult table for the above tiwvg SELECT statements 1s:

Empld |Empname Depid |Salary
| AR Abebe Kebede 1 10500
0
B4 Girma Belaw 1 [500.453
A3 Ahmed |2 87509
MMohammed

B6  [ZaharaHagoz | 3 [710.00
C4 Tarik Sizay 2 [e35.00
C3 Tadesse Belay | 1 |980.00

2. Refrieve specific columns, in all rows.

SELECT empname, salary
FR.OM employee
This shows all employees with their name and salary.
| Empname Salary
Abebe Kebede 1050.0
i
Ginma Belew 50043
Ahmed 673.98
{ Bohammed
Zahara Hagos 710.00
| Tarik Sisay ' 833.00
Tadesse Belay Q3000

3. Usmg distinct (includes all those values that are unique m a particular column (by elimmating
duplicate values))

SELECT DISTINCT depid

4. Usmg a calculated fizld or an expression
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SELECT empname, Yearly salary =" AS title, salary * 12 as yearly

FE.OM emplovee
This command displays the following table. Note the title and Yearly column names i the followmg
table heading.

| Empname title | Yearly

| Abebe Kebede  Yearly salary | 12600.0

= 0
| Girma Belew Yearly salary 600540

|
| Abmed Yearly salary | 8111.88
| Mchammed = |
| ZaharaHagos Yearly salary | 8520.00
| Tarik Sisay Yearly salary | 10020.0
= 0
| Tadesse Belay | Yearly salary | 11760.0
| - 0

II. Row selection

The above examples show the uze of the SELECT statement to retnieve all rows from a table. However,

we often need to restrict the rows that are retrieved. This can be achieved with the WHERE clauze, which

conzists of the keyword WHERE followed by a search condition that specifies the rows to be retrieved.

The five basic search conditions are as follows:

Comparison Compare the value of one or more expression to the value of another expression
using the following operators. (<, =, =, ==, >=, and, <) and the logical operators
(NOT, AND and OR)).

Range | Test whether the value of an expression falls within a specified range (BETWEEN

Sat membmkq:r | Test whether the value of an ezpressm-n equals one of 2 set of values. {Usmg IN).
Pattern match | Test whether a string matches a specified a pattem (name LIKE “abebe’ ).

Null Testz whether a column has a null {unkmown) value.
1. Lizt all emplovees with a szlary greater than 800

SELECT #
FEOM emplovaa
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|Empld | Empname | Depid  Salary |

I.ﬂ..a | Abebe Kebede |1 1050.0
! I @

|C4 | Tarik Sisay 12 '835.00 |

List all emplovees working in the planning department (dapid=2) and with salary greater than 300
SELECT *

FEOM emplovee

WHERE (depid=2) and (zalary = 8007

'Empld| Empname | Depid |Salary|
[Ca | Tarik Sizav 2 | 835.00

. Range search condition (BETWEEN/INOT BETWEEN)

SELECT *

FEOM employee

WHERE salary BEETWEEN 300 AND 1000
Set membarship search condition (INNOT IN)
SELECT *

FE.OM employee

WHERE name IN (“abebe’ "ABEBE’ Abebe™

Pattern match search condition (LIEES MOT LIEE)

5QL has two special pattern matching symbols:

o
-]

Percent character represents any sequence of zero or more
characters

Underscore character represents amy single character.

All other characters in the pattern represent themselves. For example,

addres: LIEE "Hi the first character mmast start with H. bt the rest of the strme c2m be amything.
2diresz LTKE 'H__° there mus=t be gractly foar charadters in the sirng, the first of which most be2n H.
addres: LIKE "%%e’ any sequence of characters, of length at least [, with the last characteran e

2ddres: LIKE "%ADDIS ABABA'  aseguence characters of any length comstaining ATDIS ABABA
address WIOT LIEE Hi: the name camnot start with an H

SELECT *
FR.OM emplovee
WHEERE name LIKE “Abebe’
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6. MWull search condition (IS MULLTE NOT MULL)Y

SELECT *
FROM emplovee

WHERE empid IS MULL

II1. Sorting results (ORDER BY clause)

In general, the rows of an SQL query result table are not amranped 1 any parficular order. However, we
can sort the results of a query using the ORDER. BY clause m the SELECT statement This clause
congists of a list of column 1dentifiers that the result is to be zorted on, separated by commas.
1. List all employee ordered by empname column
SELECT * FROM employvee ORDEE. BY empname
2. List all employee ordered by empname column (in reverse order)
SELECT * FROM employee ORDEE. BY empname DESC
3. List all employees by empname and those with similar names by department Id.
SELECT * FE.OM employee ORDER. BY empname ASC, depad ASC
ASC stands for ascending sort order and DESC stands for reverse sort order.

IV. Using the SQL Aggregate functions

The ISO standard defines five aggregate fimctions:

COUNT mumber of values in a specified column

SUM sum of values in a specified column.

AVG average of the values in a specified column.

MIN the smallest value m a specified column

MAX the largest value in a specified column

where COUNT(™) i3 a special use of COUNT and 1t counts all records (rows) in a table.

It 15 important to note that an aggregate funchon can be used only m the SELECT list and m the
HAVING clause. It 1s incorrect to use it elsewhere. If the SELECT hst includes an aggregate fimction and
no GROUP BY clause 15 being used to group data together then no ttem m the SELECT list can mclude
any reference to a column unless that column 13 an argument to an aggrepate fimction. For example, the
following query iz illegal:

SELECT empid, COUNT(zalary) FROM employee 1s tllegal

because the SELECT list contains both a column name (empid) and a separate aggregate fimction
{COUNT), without a GROUP BY clause bemg used. But, the following are comect.

SELECT COUNT (*) AS count FROM employee WHERE dep' ':c-l?nt
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Or

SELECT COUNT (DISTINCT depid) AS count FROM caﬁnt

3
1. Count the number of employees and Sum their salanies for those employees of salary < §00
SELECT COUNT{empid) AS count, 3UM{zalary)} AS SUM FR.OM employee WHEERE salary<600

V. Grouping Results (GROUP BY Clause)

The above summary queries are similar to the totals at the bottom of a report. A query that uses the
GR.OUP BY 15 called a grouped query, because it groups the data from SELECT table(s) and produces a
single summary row for each group. The [SO standard requires that the SELECT clause and the GROUP
BY clause be clozely mtegrated When GROUP BY 15 used, each item mn the SELECT line must be
single-valued per gromp. Further, the SELECT clause may only confamn: column names, aggregate
functions, constants and an expressich mvelving combinations of the above. As an example, let us find
the number of employees working m each department and sum of their salanes.

SELECT depid, COUNT (depad) as depad, SUM({zalary) as sum

FROM employee

GROUP BY depid
Will give us the following table.

Ie_iemd count | sum

1 3 23304
3
5 b ST

The HAVING clause 15 designed for use with the GROUP BY clause to restnict the (urwanied) groups
that appear in the final result table. The IS0 standard requires that column names used m the HAVING
clause must also appear in the GROUP BY list or be contained within an agpregate function. In practice,
the zearch condiion in the HAVING clause always includes at least one ageregate fimction, otherwise
the search condition could be moved to the WHERE clanze and applied to mdividual rows (Femember
that aggregate funchons can not be used with the WHERE clause). The HAVING clause 1z not a
necessary part of SQL as any query expressed uzing the HAVING clause can always be rewrtten without
the HAVING clause. As an example, let us display, for each department with more than one employee m
it, find the number of workers and sum of thewr salanes. Basically, this question is similar to the example
given above. What we need to include 15 a condition that selects those departments that have only one
emplovee working. So, the above statement can be rewnitten and result displayed as follows:
SELECT depid, COUNT (depid) as depid, SUM(zalary) as sum
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FR.OM emplovee
GROUP BY depid
HAVING COUNT(depad)=1
Will give us the following table.
|depid | count | UM

1 3 |23304 |

5

VL. Subgueries

Some SQL statements can have a complete SELECT statement embedded within them_ An outer SQL
statement can have another SQL statement that 1s part of the first SQL statement. The results of this inmer
SELECT or {(subselect) staternent are used i the oufer statement to help determine the contents of the
final result. A subselect can be used in the WHERE and HAVING clauzes of an outer SELECT
statement, where it 13 called a subguery or mested gumery. Subselectz may also appear in INSERT,
UPDATE and DELETE statements. Following are examples that desenibe each subguery type.

The general syntax of such nesting looks like:

SQL statement .. WHEEE [value operator [keywordl]|[kevword2] SELECT Column(s) FROM
tablename_ etc.

Where SQL statement can be a proper SELECT or INSERT or another statement; operator can be any
relational operator (=, =, =, etc) ; keywordl can be ALL, ANY or SOME and keywordl can be
EXISTSNOT EXISTS or IN or NOT IN

The second SELECT statement 15 what 1= referred to as the subguery.

LUsing a subgquery with relational operator
1. List the workers who work m the ‘Finance’ department
SELECT empid, empname, salary FROM employee
WHERE demd = (SELECT depid FE.OM department WHERE depname="Finance’)
2. List all workers whose salary 13 greater than the average salary
SELECT empid, empname, salary FROM employee
WHERE salary = (SELECT avg(salary) FROM employee)
3. Lizt all workers working in the ‘Finance’ department
SELECT empid, empname, salary FROM employee
WHERE depid IN (SELECT depid FE.OM department WHERE depname="Finance’ }
The IN operator checks 1f depid 1= found mside the ertire resulting table.
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2. List a worker whose salary is larger than the salary of at least one worker at the ‘Finance’ department
{depid="17).
SELECT * FEOM emplovee
WHERE salary > SOME (SELECT salary FROM employee WHERE depid="17)
5. List workers whose salary 1s larger than the salary of every worker at the “Finance’ department
(depid="17).
SELECT * FROM emplovee
WHERE salary > ALL (SELECT salary FROM employes WHERE depid="17)
3. List all departments with no employee azsigned i them
SELECT = FROM departiment
WHERE NOT EXISTS (SELECT * FE.OM employvee WHEERE department.depid=employee.depid)
You can see the opposite by dropping the NOT operator of EXISTS.
The followimng rules apply to subgqueries:

1. The ORDEE. BY clause can not be used m a subguery (although it may be nzed m the outermost
SELECT statement)

2. The subguery SELECT must consist of a smgle column or expression except for subqueries that use
EXISTS

3. By default, column names in a subquery refer to the table in the subguery. It 15 possible to refer to a
table in FR.OM clause in an outer query by qualifying the column name.
4. When a subquery 1z one of the two operands mvolved m a companzon, the subquery must appear on
the right hand side of the companson For example, the following 1= illegal.
SELECT empid, empname, salary
FROM employee
WHEERE (SELECT avg(salary) FROM employes) = salary is illegal

Multi table Queries

All the examples considered so far are based on a single table. To combme columns from several tables
we nead to use the join operation. If we need to obtain mformation from more than one table, the choice
15 between ustng a subquery and using a join. If the final result table 1z to contan columns from
different tables. then we must vse jom. When joining tables we need to specify a column(s) m which the
jom 15 to be bazed. However, we can join tables with no common colurans and in such cases the join type
12 kmown as cross join. In thiz case all possible pamrs of rows from the two tables will be the product of
the join. Commeonly, such jom 15 not important. The other join type 15 the equi-join or inner join or
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natural join, in this case, all rows from both tables that have a matching value in the common columns
{m both tables) will be zelected. The remaming join type 15 the onter join m which case the rows that
den’t have matching values in the common fields are included mn the result table. For the unmatched rows
each column will be filled with NULLz. To illustrate the join fypes consider the following tables.
Case 1: Cross jomn of table] and table? gives the following result table.

SELECT * FEOM table]l CROSS JOIN table2

Besult(Cross join)
A | Btable |Btable | C

i 1 2 i {
al | bl bl cl |
fal [b (02 |2 |
‘al | bl b3 |3 |
a2 [b1 b1 el |
a2 [bf (b2 ||
a2 [bl |3 |3 |
a3 (b2 [bi el |
ad | b2 b2 [e2 |

This join creates a table that holds 3 (rows from tablel) * 3 (rows from tablel) = 9 rows. For large
systems such jomn may take long ime and 2lso consume a lot of space.

Eesult{Cross jom)

i A | Btablel |Btable C
[al [B1 | bl cl
a2 | bl | b1 el |

Case 1: Equi-join of tablel and tablel gives the following result table
Equi join 13 expressed in one of the three methods:

SELECT * FEOM tablel JOIN table2 ON tablel b =table2 b

or

SELECT * FROM tablel JOIN table2 USING b

or

SELECT * FROM table]l NATURAL JOIN tablel
This join creates a table that holds all rows with matching values mn the B column of both tables.
Case 3: Outer join can be LEFT JOIN or RIGHT JOIN
LEFT OUTER. JOIN takes all the rows from the table at the left side and those rows with matching values
m the night side table and if there 12 no matching value it fills the blank columns with NULL.
SELECT * FEOM tablel LEFT JOIN table2 ON tablel b=table2 b
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Gives us the following result table.

FesultiLeft join) :

! A | Btablel | Btable |C

!. al [bB1  [bl  [el
(a2 {6l bl |

and the RIGHT JOIN does the oppozite of the LEFT JOIN .ie., all rows from the nght side table are
mcluded and from the laft side table only those rows with matching values.

SELECT * FROM tablel RIGHT JOIN table2 ON tablel b=tablel b

The rezulting table 15 shown below.

_Result(Right join)
A Btablel | Btable | C
. 3
jal | bl |bl  [el |
a2 |bi | B2 c2

Note that the result of tablel LTEFT JOIN table? is identical to table? RIGHT JOIN tablel

The table names in the FROM clause can be renamed to any other name (ahas) and that name can be used
elsewhere inzide the SELECT statement. For example,

SELECT Temp.a temp b FEOM tablel AS temp

or
SELECT T1.a, T2 b FROM tablel AS T1 LEFT JOIN table2 AS T2 ON T1.b=T2.b

Database Updates

SQL 13 a complete data mamipulation language that can be used for modifiing the data m the database as
well as querying the databasze. In the followmgz sections we will discuss the INSERT, UPDATE and
DELETE statements which are designed for data update. The commands for modifymg the databaze are
not az complex as the SELECT statement Therefore, we will present only the syntax and brief examples
on each of them.

Adding data to the database (INSERT)

Allows us to insert new values mto an existing table.

The syntax for INSERT is:

INSERT INTO table name [{column list)] VALUES (commesponding data value list)
or

INSERT INTO table name [(column list)] SELECT ...

In thas casze, the SELECT statement 15 going to provide the data values.

Examples:
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INSERT INTO employes (emp1d, empname, depid, salary) VALUES ('1°, "Ameneshewa’. "2°,
456.89)
or
INSERT INTO employee VALUES (17, "Ameneshewa’. *2°, 456.89)
This assumes that all column values are provided and the data types are the same for each column The
number of values must be equal to the number of columns n the table.
Suppose that there 1z another table called oldEmployvee and you need to transfer data from this table mto
the employee table, you can use the second syntax of INSERT as follows:
INSERT INTO employee (SELECT * FROM cldEmployee WHERE cldemployee empid IS NOT
NULL)

Modifving data in the Database (UPDATE)

Allows us to change data in an existing table_ Its format 1s:
UPDATE table name

SET column namel=data valuel [column namel=data valuel ..]
[WHERE search condition]

Examples

Update all salary by mecreasing 10% of the salary of each employee.
UPDATE employee SET salary = zalary + salary * 1

Give the 10% salary increment only to those workers in the Finance department {depid="1").
UPDATE employee SET salary = zalary + salary * 1 WHERE depid="1"

Deleting data in the Database (DELETE)

The DELETE statement allows you to delete rows from an existing table. The format of the command 13:
DELETE FROM table name [WHERE search condihon]

Examples

Delete all workers working i the planmng department {(depid="2").
DELETE FROM employee WHERE depid="2"

Delete all records inside the oldEmplovee table.

DELETE FROM cldEmployee

3.1.15. Database Design Fundamentals

Database Design
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Databaze design can be defined in a loose way as 2 process that mvolves decizion on what it contains
{what tables, columns, rules, etc.) and how (the DBEMS to be used, the programs needed, the secunty
procedures, etc.) 1t will be used. It needs a design methodology which consists of phases that contan
steps which puide the designer m the techniques appropniate at each stage of the project, and alzo help to
plan, manage, control and evaluate the database development projects.

There are two phaszes of the database design process, mamely, Logical databaze design and Phyzical
databaze design.

Logical Database Design

Logical database design iz concemed with identifying the data (that i1z, entihes and fields), the
relationship between the data and constraints (rules) of the data that iz to be stored m the database. The
logical database designer must have a thorough and complete understanding of the organization’s data
and the business rules. Business mles describe the main charactenistics of the data as viewed by the
organizaton.

To be effective the logical database desigmer must mwvolve all prospective database users in the
development of the data model, and the mvolvement should begin as early n the process as possible.
Logical database design 13 ndependent of implementation details such as the target DBMS, application
programs, programming languages or any other physical considerations. The steps for the logical

desioner are:

Build conceptual data model from user view

1. Idenhfy entity types
Identify relationshap types

[

Identify and associate fields with entity or relationship types

Determine fisld domains

LA

Determine candidate and primary keys
6. Draw entity-relationship diagram
/. Review the conceptual data model with user

Build and validate logical data model

8. Map the conceptual model to a logical model
§. Derve relations from the logical data model

10. Validate model using normalization
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11. Validate model against user transactions
12. Draw entity-relationship diagram

13. Define mtepnty constramts

14, Check for future srowth

Physical Database Design

The phyzical databasze design takes the logical data model (the result of the logical databasze design phase)
and decides how it 15 to be physically realized. This involves:

*  Mapping the logical data model into a set of tables and integrity constraints{rules);

» Selecting specific storage structures and access methods for the data to achieve good performance for
the databaze activities;

*  Designing any secunty measures required on the data.

Many parts of physical database dezign are highly dependent om the target DEMS, and there may be more
than one way of implementing a mechanizm Consequently, the physical database dezigner must be fully
aware of the funchonality of the target DBMS and must understand the advantages and disadvantages of
each alternative for a particular implementation. The steps required are:

1. Translate the logical data model for target DBMS: design base tables and intepnity rules for target
DEMS

[

Design and implement physical representation: analyze transactions, choose file orgamzation and
secondary indexes, and estimate disk space.

3. Design and implement secunty mechanisms: design user views and access rules
4. Monstor and tune the operational system

The logical databaze desipming process uses two Important concepts, Le., normalization and the entity-

relationship model. The following sechions wall deal with thess concepts.

Normalization

A major aim of the relational databaze desizn 15 to group fields into tables so as to minimize information

redundancy and thereby reduce the file storage space required by the base tables. A senous difficulty

using tables that have redundant mformation iz the problem of update anomaiies. Theze are problems that

we encounter at the iime of mzerbon or deletion or updating of a parficular mformation i such tables. To

avold theze anomalies one would require normalizing all the tables in the system.

Normalization 15 a technique for analyzing tables based on their primary key (or candidate keys in the

case of BCNF (to be discussed later}). The techmique, each normal form, mmvolves a set of rules that can
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be tested against individual tables. When a requirement 1z not met, the table viclating the requirement
must be decomiposed (split) into tables that individually meet the requirements of normalization. Each
higher form 15 based on the previous one; and when applied in sequence, the forms progressively make
the databasze more efficient. In relational database design, It 15 important to recognize that it 15 only the
first normal form (1NF) that 12 cntical m creating appropnate tables. All of the subsequent normal forms
are optional.

Before discussing the normahzation process let us miroduce a concept, kmown 1z functional dependency,
which 13 important for the foregomg discussions.

Functional dependency
One of the mam concepts associated with normahzation iz functional dependency. A functional
dependency describes the relationship between attnbutes (fields) in a relabion (table). Suppose we have
two fields A and B in a table, called T,; and if each value of A mside the table, T, 1z associated with
exactly one value of B 1n the same table, we say,
B 1z functionally dependent on A or pictonally:

A>B

And A 15 called the determinant of the fimehional dependency A to B.
The fieldz A and B can each of them be a zingle field or group of fields. As an example, let us consider

the followmg table.

Staff branch

Staff_mo Snamse Saddress | Position. | Selary | Bram | Baddre:s Tel |

| | ch_ma _BO

ELI1 | Abebebelew | W2OKIOHmo 190 | Mumager | 30000 | B3 | W0 K10 Fioo 150 El
BGIT | AhmedMohammed vy m10Emo lm_'l"s:_a?aiq?ﬁﬁa_ [B1 | WIIlEXHmedds |3 |
BG4 | GemetAdam = WIIEIDHmo 345 |_E'e;ru:'- "i'ﬂ"rr'u:i:r_"B'a_i'iﬁj'ﬁ'.}iﬁ'iﬁ‘ K J
EAD Zahara Yusuf W24 EK12Hne 13 I.-'!usjmm o000 | BT Wl E20 Hoo 120
EGE Mularu Tassw _"ﬁﬁ'ﬂhﬁﬁﬁi‘rﬁ'ﬁ_i'};ﬁhagg (24000 | B3 Imi'ﬁz‘zﬁﬁ'ﬂ_i'z_
SL41 “Almaz Abshe | W2 E15 Hno 957 | Assistant 3000 |E‘5‘ _i_ﬁ'ih'ﬁ']'li'ﬂ_ni_l'ﬁﬂm: 5

The functional dependencies of the Staff branch table are:
Staff no —* Sname Staff no = Saddress Staff mo = Branch no

Staff no — Salary Staff no — Poziion  Staff no > Baddress Staff no =
Tel no

Branch no = Baddress Branch no—» Tel mo

Baddress 2 Branch no Tel no = Branch no
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There are 11 functional dependencies in the Staff branch table and relations with Staff no, Branch ne.
Baddress and Tel no as determunants. An alternative format for displaying such fimetional dependencies
1z shown below.

staff no - Sname, Saddress, Position, Salary, Branch no, Baddress, Tel no

Branch no = Baddress, Tel no

Baddress —* Branch no

Tel no—>Branch no

Note that the only candidate key for this table 1 the Staff no field.

First Normal Form (1NF)

In a table, if the intersection of each row and column contains one and only one value. Then that tzble i3
called in the first normal form, 1NF normalized.
The INF dictates the following:

a) Fields contain only scalar values, not amray. As an example for this case, we can cife the names or
proper names of people. Such as "Ato Abebe’ or “Abebe Kebede’ stored as a name in a table or 1f we
have address data to be stored and we put the Woreda, Kebele and House no info m a single field.

b} There can be only one value per columnn-row position (field) m a table. For example, m the following
table except the owner field all the other fields are made to hold multiple values. Abebe’s record has
plate nos; 01-2277 and 03-3556, colors: red and Marne blue, and models: VW beetles and Alfa
Fomeo.

CarCwners
Owner Plate mo Color | Engine no Model

‘Abebe | 033536 | Red 477-789 | VW bestles

| 012277 | Marine Alfa Romeo (78)

i blus
amme | 013567 | White 660-8799 | VW Variant
Tasew 02-6680 | Red 909

| 03-17889 63445-54 | Fiat N3 682

To make this table in INF we may need to enter an owner value in the owser field for every car. We
may, also, split this table into two tables: one that holds owner and plate numbers and another table that
holds plate number, color, engine no and model of each car.
c) There can be no repeating groups. A repeating group 1& a field or group of fields within a table that
occurs with multiple values for a single occurrence of that field. To elaborate this caze, we may
redesign the previous table in to the following form.
Page 169 of 384



SecondCarlmwners

| Owner | Plate_nol Platenuzlc@lurll Color? Eng;.enul[l:ngmemz Modell Model? ].
[Abebe (033536 [01-1277  |Red |Hmnehme E I | VIW beetles AJJR{-mEu-uE}!
'-'Lhm-ad 013567 (013567 |White hite (6603700 |660-2700 VW Varizn | VW Variant |
|Ta5ew |':] S6E0 03-17ERD |Ra:1 | BEE | 6344554 | Fiat N3 682 !

The repeating groups here are the repeating fislds: plate nol, plateno2, colorl, color2, etc. To normalize
a table to INF, we 1dentify and remove repeating groups. Therefore, to normalize this table in to 1NF we
can employ one of the above methods. The general procedure for normalizing a table iz to decompose
(break) the table into another tables that would satisfy that particular normal form. The process of

Cwners . Cars I .
Owne | Plate n Plate n | Color Engine | Model
W ] T 0 1o

| Abebe | (3-3336 | | 03-3356 | Red 477788 ‘i."'ﬁa beetles |
| Abebe | 01-2277 | 012277 | Marne | Alfs Fomeo

| Ammed | 01-3567 | : | blue | | (18)

[ Tasmw | 17 AARG L A1_3567 | Wihata RAN_QTG0 | 1T Tariant

decomposition should not mcur any data lozs. That 1z, the normalized tables must have the entire data m
the un-normalized table. So, the above table can be decomposed in to Owners and Carz table shown

below both of them in INF.
Note that the Plate no is the primary key field m both tables.

Second Normal Form (2NF)

The second from (2ZNF) applies to tables with composite primary key (the primary key is not a single
field rather it 13 composed of two or more fields).
A table 15 in 2NF 1f it 13 in INF and every non-primary key field 1= fully funchonally dependent on the
primary key.
If A and B are fields in a table, B 15 fully functionally dependent on A 1if B 1= functionally dependent on
A, but not any proper subset of A. In other words, a fimctonal dependency A= B 15 full fumctional
dependency if removal of any field from A results in the dependency not being sustained any more.
For example, consider the following functional dependency:

{5taff no, Sname) S Branch no
It 1z correct to say that each value of (Staff no. Sname) iz associated with a single value of Branch no.
However, 1t 13 not a full fimctional dependency because Branch no 1= also fimetionally dependent on a
subset of (Staff no. Sname). In other words, Branch no 13 fully fimctionally dependent on only 5taff ne.
Let us consider the following table.

Patients

Patientld Relativeld iRelaﬁﬂns.hip ' Patient_tel
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249 |GGPO01  |[FATHER  [123
249 TGGP02Z  |GUARDIAN 123
249 'GGP0O03  |MOTHER | 123
§03 | PDE1 BROTHER | 789
803 'PDE2 UNCLE 789
084 ' AGE1 SISTER 471
ORd 'AGEZ MOTHER 421

It 1z clear that tl'ia.ls table 13 m 1NF. And, the pnmary key for this table 15 the composite key (Patientld,
Belativeld). So, to determine if it satizfies 2NF, you have to find out if all other fields in it depend fully
on both Patientld and Eelativeld; that is, vou need to decide whether the following conditions are true:
(Patientld, Relativeld) - Relationship; and (Patientld. Felativeld) = Patient tel.

However, on the dependencies m the patient table, only the following are true:

{Patientld, Relativeld) - Felationship; and (Patentld) < Patient tel.

In other words, Patient tel depends only on Patientld not on the composite primary key consising of both
Patientld and Belativeld Therefore, table Patients is not mm ZNF. Now, consider the cases, how can we
meert the fact that a patient called Abebe has telephone number, 3445, Thaz 13 not possmble unless that the
patient has some relative, otherwize the Relativeld field 13 going to store a muoll value and wiolate the
defimtion of a primary key (any component of the primary key 13 allowed to have a null value).

In order to normalize table Patients to INE we can break it into two normalized tables. The Patient tel
field really doesn’t belong to Patients table because the patients’ telephone mumbers have nothing to do
with patients’ relatives and should be associated with patients only. To decompose thiz table, remove the

Patients __ Patient info

_ Patientld |Relativeld | Relationship | | PatientId | Patient tel |
249 (GGPOOI |FATHER | [248 133

45 (GGPO0) | GUARDIAN | 1803 1788 1
249 |GGP003 |MOTHER |  |084 (421 1
803 PDEI _ |BROTHER |

305 [PDE2 |UNCLE |

o84 |AGE1 _ |SISTER |

Patients tel field from the original table, place it in another table, say Patient info, and put the rest of the
mformation m Pahents table, using Patientld as the joining field between Patient info and Patients tzbles.
The two resultant tables are shown below.

Az we can simply verify, the above two tables are m INF.

Third Normal Form (3NF)
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A table 15 m 3NF if and only 1f 1t 13 2NF, and no non-primary key field 15 transitively dependent on the
primary key.

Let us consider the followng table.
Employeel
Empld Empname Department | Dept tel |
AS Abebe Kebede | Finance 1 ’
B4 Girma Belew Finance 1
[ A5 Ahmed Planning 2
Mohammed .
B6 Zahara Hagos Admimstrati | 3 |
on
FoL R e e e . —
I Tadesse Delay | Finance I :

Thi peiiniy fours:oF thiz by is Bkt Assienici that Brapeatue Balls s:alis valie, this table i it [HF
and also 2NF.

Moreover, the fields: Empname and Department are all directly associated with Empld, the pnmary key.
The last field, Dept tel, however, contains the telephone mumber of departments and therefore is
determined by the department, which is not part of the primary key. In short, the followmg holds trus in
this table:

Erpld = Department and Department = Dept tal

Theze dependancies can be put together to show the fact that the following ansitive dependency holds true.

Empld < Department < Dept_tel

The normalization of 2NF tables to 3NF mvolves the removal of transitive dependencies. We remove the
transitively dependent fields(z) from the table by placing the field(s) in a new table along with a copy of
the determmant(z).

Therefore, the above table can be decomposed into fwo JNF tables shown below.

_ Employeel =

Empld Empname Department Department
| A8 | Abebe Kebede | Fimance Department | Dept tel
(B4~ CinmBslew | Finance - Finance |1
A3 Ahmed Planning Planning |2

Mehammed Administrati | 3

'B6  ZaharaHagos | Administration '
| C4 | Tarik Sizay | Planning

Transitive dependencies could rezult in various meerfions, update or delete anomalies.
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Insertion Anomalies

Suppose a new department has just been created, but the company hasn’t hired anvone fir this new
department. An error would occur if you attemapted to add data mto the table because there 13 no Empld
associated with the new department. Smce Empld 13 the primary key, vou can’t add a new record mto the
table with Empld being null. In the normalized table the new directory data can be mserted into the
Department table with no problem.

Deletion Anomalies

A deletion anomaly can occur to the Employeel table if, for example, Zahara Hagos leaves the company
and her record is deleted from the Employeel table. Because Zahara Hagos 15 the only member of the
Administration department, all information associated wath the Admimstration department wall be waped
cut even though the department itself has not been elimimated.

Update Anomalies

An update anomaly could occur to the UN-normalized employee table (Employeel) if the Finance
department changes the current telephone number to a new one. You would have to update three records
m the table even though one piece of mformation about a department hasz changed. However, m the
normahized table, Department, you need to change only once, 1.e., the Dept tel data of the record that

holds Finance as department.

Bovce-Codd Normal Form (BECNE)
The Boyce-Codd Normal Form 13 an extension to the 3NF for the special case where:

¢ There are at least two candidaie keys m the table,

¢ All the candhdate keys are composife keys, and

¢ There 15 overlapping flelds) i the candidate keys (there is at least one field in common).
When a table satisfies all these condions, the 3NF can’t ehminate all forms of transiiive dependency.
For a table to be in the BCNF, it must be in the 3NF, and all fields m all its candidate keys must be
Junctionally independent. Violztion of the BCNF iz quite rare, it may only happen under the above
conditions.
The followmg table shows a casze m wlich the BCNF 1z not fulfilled. Suppose that the following
conditions apply to the table below. For each subject, each student of that subject is tausht by only one

teacher, and each teacher teaches only one subject (but each subject 13 taught by several teachers).
Student subject lecturer
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Stude  Subject | Teacher
nt
Abebe Maths | Dr. Estifancs
Mulat  Physics | Dr. Tadesse
Ahmed Maths | Dr. Estifanos
‘Zahara Physics | Dr. Jemal
The candidate ké;.%’f&"iﬁﬁ'éﬁﬁiéﬁé"ﬁéﬁﬁéﬁl‘ﬂjm} and (Student, Teacher). Observe here that both
candidate keys are composife and the Student field 13 the sveriagpped field i the candidate keys. This
mmplies that the table 1z not m BCNE. Moreover, this table suffers from certain update anomalies. For

Stdent Teacher Teacher Subject
| Student | Teacher | Teacher | Subject

Ab-ehe | Dr. Estifanos

' Mulat | Dr. Tadesse | Dr. Estifanos | Maths

e] ned | Dr. Estifanoe | |D1' Jemal | Physics
example. if we wish to delete the mformation that Zahara 15 studymg Phyzics, we cannot do so without at
the zame time losing the information that Dr. Jemal teaches Phyzics. Nommalizing this table to BCNF
would require the decomposttion of the above table into two tables:
Here 15 also another table that viclates the BCNF. Assume that the employee name 15 unmique.

Employee Overtime

' Empld  Empname ~ Overtime month | OT Hours
AR Abebe Eebede January 3 i
AR Abebe Kabeds Aprl 10 |
A5 Ahmed Mohammed | Jamaary 2 |
Bg Zahara Hagos Aprl 3
A5 Ahmed Mohammed | March 2 1

The candidate ] k-E}-'E -EIE_[:EPIEL ﬁh.erhme_?:mnfh]_- and (F.mpEaEeT: Overtime month) and the
overlapping field 15 the Overtime month Nommahzing this table to BCNFE requires this table to be
decomposed in to two tables having the following fields. Tablel having the Empld and Empname, and
Table? having Empld, Overiime month, and Othours fields.

Entity Relationship Model

The Entity-Relationship (ER) model 15 a high-level conceptual data model that facilitates database
design. A conceptual data model 15 a set of concepts that describe the structure of a datzbase and the
azzoclated reinieval and update transzctions in the database. The maimn purpose for developing a high-level
data model 13 to support a user's percephion of data, and conceal the more techmcal aspects associated
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with datzbase desien Furthermore, a conceptual data model 15 mdependent of the particular DBMS and
hardware platform that 15 used to implement the databasze

The Concepts of the Entity Relationship Model
The basic concepts of the ER. model include enfities, relationships and afiributes.

Entity

An object or concept that 15 uniquely 1dentifiable iz kmown as an Entity, For example, Staff, property,
customer, part, supplier and product are entities with physical existence. And, Sale, mspection, viewing
and work-experience are entities with conceptual existence. Enfities can be claszified as weak and strong
types.

Weak entity: an entity that 1z existence-dependent on some other entity. In other words, a weak entity 15
dependent on the emistence of another entity. For example, dependents of members of staff are weak
entitizs because they can not exist in the model if the corresponding member staff does not exist.

Strong entity: an entity that 1z not existence-dependent on some other entity, ez, Employes and
Branches.

Arttributes

A property of an entity or a relabonship type 13 called an atinbute. For example, Branch entity may be
described by the branch number (Branch no), address (Baddress), phone number (Tel no) and fax
number {(Fax no). The atmbutes of an enfity hold values that descnibe each enfity. The values held by
attributes represent the maimn part of the data stored m the databaze Each attmbute 12 aszociated with a zet
of values called a domam. Attnbutes can be classified as:

Simple: an ztinbute composed of a single component with an mdependent existence. Simple atinbutes
cannot be further subdivided, for example, Sex, Age. and Salary.

Composite: an atinbute composed of a2 multiple components, each with an mdependent existence.
Composite attributes can be further subdivided, for example, Address {Woreda, Kebele and House no) or
Full name (name and father name).

Single valued: an atimbute that holds 2 single value for a single entity. The majonty of atmbutes are
single valued.

Multi-valued: an attnbute that holds multiple values for a zingle entity. A telephone number attmbute
can have more than one values i1t (e.g., 112233 and 123344)
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Derived: an attribute that reprezents a value that 13 derivable from the value of a related attribute or set of
attributes, not necessanly n the same entity. For example, Age 1s derivable from Date of Birth, or Tax
derived from Salary.

Keys are data item that allows us to umquely 1dentify individual occwrrences of an entity type.
Candidate key: an attribute or set of attnbutes that uniquely identifies individual oceurrences of an enhity

type.
Primary key: one of the candidate keys selected to be a primary key.
Composite Key: candidate key that consists of two or more atiributes.

Relationship

A relationship 1s an associabion of entibes where the association mcludes one entity from each
participating entity type.

Atiributes on relationships: atmbutes can be asagned to relatonships.

Degree of a relationship the number of participating entities in a relationship. A relationship of degree
two 15 called bimary. The next ligher bemg temary, quaternary, etc.

Cardinality ratio determines the number of possible relationships for each participating enfity. The most
common degree for relationships 1z biary and the cardmality ratios (alze called relabonship types) for
binary relaticnships are one-to-one(1:1), one-to-many (1:M), and mamy-to-many (MM .

Entity Relationship Diagrams (ER-Diagrams)

EE-Diagrams constitute a technique for representing the logical structure of a database m a pictonal
manner. It provides a simple and readily understood means of commumnicating sigmficant features of the
design of any given datzbase. The following sections describes the riles for constructing an EF. diagram.
Entities: each entity type 13 shown as a rectangle, labeled with the name of the entity type in question.
For weak enfity the rectangle 1z doubled.

Attributes are shown in ellipses, with the name of the atmbute written mside the ellipse, and attached to
the relevant entity or relafionship by means of a confinuous line. The ellipse 15 dotted if the atimbute 15
denived, doubled if the atiribute 15 multi-valued. If the atinbute 1s composite, its component attnbutes are
shown as further ellipses, conmected to the ellipse in queshon by a continuous line. Key atimbutes are

underlined.

Page 176 of 384



Relationships: each relationship type 13 shown as & diamond, labeled with the name of the
relationship. The diamond 1z doubled if the relationship mwolves a weak entity type. The
participants in each relationship are connected to the relevant relationship by means of
continuous Imes: each such hine 15 labeled *1° or M to indicate whether the relahionship 13
one-to-one, many-to-one of many-to-many. The following diagram shows an EE. diagram for
Department-Emplovee-Dependents tables. Please venfy the different types of enfibies
attributes and relahonships discussed above.

Drata Protection

— —— o

Data protection deals o T¥ =20l datahase dyghs

= % : a variety of poszible threats (both
deliberate and accidental). 'E'here_ar_e iﬁ&_eec_i many rigks thettha Sate saioht he exposed to. For example,
The system might crash in the middle of-od ndent Eh‘j.-‘ leaving the database in
unpredictable state. (:i_n_iii'm'l “; —_ >
- Two programs executing concurrently might inferfers with ome another’s operation, thereby

producing incorrect results.

- Senmbve data might be exposed to — or, worse, changed by — unanthorized uzer.
- Updates might change the databzase in an mvahd way.
And so on (the possibilities are endless). The system therefore has to provide an extensive set of controls
to protect the database aganst such threats, specifically, recovery, concurrency and security controls.
We will examine m brief each of these 1ssues m the next sechon.
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Data Recovery

Recovery m a databaze system means, primanly, recovenng the database itself 1e. restormg the
database to a state that 1= kmown to be correct after some faillure has rendered the current state incorrect,
or at least suspect. The underlying pnnciples on which such recovery 1= based on can be generalized to
application of redundancy at different levels and functions. To make sure that the database is recoverable
1z to make sure that any piece of mformation it contains can be reconstructed from some other
mformation stored, redundantly, somewhere else m the system. There are many different types of failures
that can affect database processing, each of which has to be dealt with in a different manner. Among the

causes of failure are:
¢ System crashes due to hardware or software ermors, resulting m loss of mam memory;

¢ DMedia failores, such as head crashes or unreadable media, resuloing m the loss of parts of secondary

storage:;

¢+ Application software errors, such as logical errors in the program that iz accessing the database,
which cause one or more transactions to fail;

+ Natural physical disasters, such as firez, floods, earthquakes or power failures;
¢+ Carelessness or unintentional destruction of datz or facilibies by operators or users;
+ Sabotage or intentional cormuption or destruction of data, hardware or software faciliies.
A DEMS should provide the following facilities to assist with data recovery:
# A backup mechanizm_ which makes periodic backup copies of the database;
¢ Loggmg facihbes, which keep track of the current state of transactions and database changes;
¢ A checkpoint facility, which enables updates to the database which are m progress to be made
permanent:
¢ A recovery manager, which allows the system to restore the database to a consistent state
following a failure.

The recovery mechamzsms employed can be catepornized into three, transaction recovery, system recovery,

and media recovery.

Transaction Recovery

Transaction recovery means recovenng the database after some mdiidual transaction has failed for some
reason and left the database mn an incorrect state. It 1s important, here, to discuss what transactions are znd
how they are dealt wath before looking at the recovery scheme.
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Transactions

A transaction 13 an action or senes of actions, carmed out by 2 single user or application program, which
acceszes of changes the contents of the databaze. A transaction 15 a logical umit of work on the database_ It
may be an enfire program, a part of a program or a single command (for example, the SOL command
INSERT or UPDATE), and it may mnvolve any number of operations on the database.

A tramsaction can have one of two outcomes (results). If it completes ifs operation successfully, the
transaction 1& zaid to have committed and the databasze reachez a new consistent state. On the other hand.
if the transaction does not execute successfully, the transaction 15 aborted. If a fransaction 13 aborted, the
databaze must be restored to the consistent state it was in before the tranzachon started. Such a
transaction 13 rolled back or undone. A committed transaction can not be aborted.

The DBEMS has no mherent way of knowing which operations are grouped together to form a single
logical tranzaction. The kevwords Begin transaction, commit and Rollback (or their equivalent) are
available m most DBMS to delmit transactions. If these keywords are not used the entire program is
usually regarded as a single transaction.

Properties of Transactions

There are properhes all transachons should posses. The four basic, so-called ACID, properties of a
transaction are:

Atomicity the “all or nothing” property. A transaction 13 an mndnvisible property that is either performed
by its entirety of it 13 not performed at all

Consistency A fransaction must transform the database from one consistent state to another consistent
state.

Independence Tranzachions execute independently of one another. In other words, the partial effects of
mcomplete transactions should not be vizible to other transactions.

Durability The effects of a successfully completed (committed) transaction are permanently recorded
the databaze and must not be lost because of subsequent falure.

It follows, from the above dizcussions on transactions, that transactions are not only the umt of work but
also units of recovery. For if a transaction successfully commuts, then the system will guarantee that its
updates will be permanently installed in the database, even if the system crashes the very next moment.
For such recovery to be possible the system maimtames a log or journal on tape or (more commeonly) disk,
on which details of all update operations (before and after values of the updated object) are recorded.
Thus, 1if it becomes necessary to undo some particular update, the system can use the corresponding log
entry to restore the updated object to 1ts previous value (It follows that the log must be physically witten
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before Commit processing can complete. This important mle 13 knmown as the write-ahead log rule). The
log file can be used to reconstruct the database at the restarting point after a system craszh has ocourred

System Recovery

Involves the recovery on system failure (e.g., power failure), which affect all fransactions currently m
progress but do not physically damage the database.

The cntical point regarding system failure 13 that the condents af main memory are lost (m parbicular
database buffers are lost). The precize state of amy transaction that was m progress at the time of the
failure 13 therefore no longer Imown; such a tranzaction can therefore never be successfully completed,
and so must be undone (Tolled back) when the system restarts. Here, also, the log file is the mportant tool
to reconstruct (undo) those imcompleted transactions.

Media Recovery

Media recovery mvolves the procedures or ways applied to recover the database from media farlure.
Media farlure 15 such az a disk head crash, or a disk controller farlure. in which some portion of the
database has been physically destroyed. Recovery from such a failure involves reloadng (or resioring)
the database from a backup copy (or dump), and then use the log redo all ransactions that completed
since the backup copy was taken. There 15 no need to undo fransactions that were sill in progress at the
time of failure, since by definition all updates of such transactions have been “undone’ (actually lost) any

way.

Concurrency

The 1zsue of concurrency applies only to a multi-user system. The term concurrency refers to the fact that
DBMSs typically allow many transachions to access the same data at the same time. In such a system
some kind of concurrency control 15 needed to ensure that the concurrent transactions do not mterfere

with each other’s operation. There are three problems related to concurrency, these are:
¢ The lost update problem
# The uncommitted dependency, and

¢ The mconsistent analysis problem

The lost update problem

An apparently successfully completed update operation by one user can be ovemdden by another user.
Consider the situation shown below. Transaction T1 15 executmg concurrently with transaction T2. T1 15
withdrawing 10 from an account with balance balx, mitially 100, and T2 15 depositing 1040 mnto the same
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account. If these fransactions are executed serially, one after the other with no interleaving operations,
the final balance would be 100 no matter which fransaction performed first.

Time | Tl T2 | balx
ti ' | 100
Begin
transaction [
|12 read(balx) 100
Begin
transaction
t3 I read(balx) balx=balx+100 | 100
14 ':"I':a_J':x—_—'h_aji-m write(balx) I 200
I | write(balx) | 90
‘ Commit |
tﬁ el S | = —'_w —
Commit

Transactions T1 and T2 start at nearly the same time, and both read the balance as 100. T2 increases the
balance by 100 to 200 and stores the update m the database. Meanwhile, T1 decrements its copy of the
balance, balx, by 10 to 90 and stores this value in the databaze, overamiting the previous update, and
thereby ‘lozmg’ the 100 previously added to the balance. The losz of T2's update iz avoided by
preventing t1 from reading the value of balx untl after T2 s update has been completed.

The uncommitied dependency problem

This problem occurs when one transaction is allowed to see the intermediate results of another transaction
before it has committed. Followmng table shows an example of uncommitted dependency. Using the zame
mitial value in the previous example, hers, transaction T4 updates balx to 200, but 1t rolled back the
transaction so that balx should be back at the onginal value of 100. However, by this time, tranzaction T3
hag read the new value of balx (200), and using this value as the basis of the 10 reduction. giving a new
meorrect balance of 190, instead of 80.

Time T3 T4 | balx
il Begin | 100
. transaction |
a | read(balx) | 100
B balx=balx+100 | 100
t4 | Begin write(balx) | 200
. transaction |
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t3 read(balx) 200
th balx=balx-10 | Rollback 100
t7 write(balx) 190
t8 Commit 190

The cause of this problem is the assumption by T3 that T4’s update completed successfully, although the
update was subsequently rolled back The problem iz avoided by preventing T3 from reading balx until
after the decision has been made to either commit or rollback T4's effects.

The inconsistent analysis problem

The above two problems concentrate on transacfions that are updating the database and their mterference
may corrupt the database. However, transactions that only read the database can also produce maccurate
results, if they are allowed to read partial results of mcomplete transachons that are simultaneously
updating the databaze.

The problem of mconsistent analysiz occurs when a tramsachon reads several values but a second
transaction updates some of them dunng the execution of the first From the example below, Té is
executing concurrently with T5. T6 13 totaling the balances of account x(100), account ¥ 30) and account
z(23). However, mn the meantime, T3 has transferred 10 from balx to balz, so that Té now has the wrong
result (10 too high).

Ts T6 balx | baly balz | su

Time m

tl Begin 100 |50 |23
transaction

€ | Begin Sum=0 100 [30 [25 |0

transaction

t3 | read(balx) read(balx) 100 [50 [23 [0

t4 | balx=balx-10 |Sum= 00 |30 [25 |100
Sum-+balx

13 write(balx) readibaly) o (50 (25 |100

t6 | read(balz) = oW (50 [25 [150
Sum-+baly

t7 balz=halz+10 (00 |50 [25 [150

t8 | write(balz) |90 (50 [35 |[150

€ | Commit read(balz) |90 |30 35 | 130
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[t10 | | Sum = (90 [50 [35 |[185
‘ Sum-+balz
:Ltl'l ' ICnmmit |90 Iﬁl} I35 :'1'3'5
This problem may be avoided by preventing T6 from reading balx and balz umtil after T3 has completed
itz updates.

Concurrency Controls

There are two basic concurrency control techniques that allow transactions to execute safely in parallel
subject to certain constramnts: locking and timestamping methods.
Locking

Locking is process used to control concurrent access to data. In this method, a transaction must claim a
read (shared) or write (exclusive) lock on a data item before the corresponding databaze read or write
operation. The lock prevents ancther transaction from modifymg the ttem or even reading it. in the caze
of a wnte lock. Data ttems of various sizes, rangzing from the entire database down to a field, may be

locked. Locks are used m the following way:

¢ Any transaction that needs to access a data rtem must first lock the item requesting a read lock for

read only access and a wnte lock for both read and write access.
¢ If the item 13 not already locked by another transaction, the lock will be zranted.

¢ If the item is currently locked, the DEMS deterrmines whether the request 15 compatible with the
existing lock. If a read lock 13 requested on an 1tem that already has a read lock on it, the request
will be granted; otherwize, the transaction must wait until the existing write lock 1s released.

# A tranzaction contimues to hold a lock wntil it explicitly releases it either during execution or when
it terminates (rollbacks or commits). It iz only when the wnite lock has been released that the

effects of the write operation will be made wizible to other transachons.
Now we are in a position to see how the locking strategy solves the three problems. Again we consider
the at a tme.

Locks and the lost update problem

To prevent the lost update problem, occuming, T2 first requests a wnite lock on balx. It can then proceed
to read the value of balx from the database, increment it by 100 and write the new value back to the
database. When T1 startz, 1t also requests a wnite lock on balx. However, because the data item balx 13
currently write locked by T2, the request 13 not immediately granted and T1 has to wait unti] the lock i3
released by T2.
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't Begin 100
transaction

t2 Begin Wnte lockibal | 100
transaction x)

13 ‘Write_lock(bal | read(balx) 100
x)

E Wait | balx=balx+100 | 100

] Wait write(balx) 200

th Wait | Commit  |200

t7 Wait Unlock{balx) | 200

8 read(balx) 200

9 | balz=halx-10 190

t0 | write(balx) & - | 190

til Commit 190

112 | Unlock(balx) 190

Locks and the uncommitted ﬂepenﬂencj' problem

To prevent thiz problem occurnng, T4 first requests a2 write lock on balx. It can then proceed to read the
value of balx from the database mmcrement it by 100 and wnite the new value back to the databasze. When
the rollback 13 executed, the updates of T4 are undone and the value of balx in the database 1= refumed to
its original value of 100. When T3 starts, 1t also requests a wnite lock on balx. However, because the data
rtem balx is currently wiite locked by T4, the request 1s not immediately granted and T3 has to wait until

Time T3 T4 balx
tl Begin 100
transaction
2 Write_lock{bal | 100
x)
13 read(balx) 100
t4 Begin balx=balz~100 | 100
transaction
5 Write lock(bal | write(balx) 200
x)
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6 Wait Rollback 100
t] Wait Unlock(balx) | 100
18 read(balx) 100
] balx=balx-10 100
110 write(balx) 00
til Commit o0
12 Unlock{balx) o0

Locks and the inconsistent analysis problem

To prevent thiz problem occumng, T5 must precede its reads by wnte locks and T6 must precede 1ts
reads with read locks. Therefore, when T3 starts it requests a write lock on balx. Now, when T6 tnes to
read lock balx the request is not immediately granted and T6 has to wait untl the lock 1s released. which
1z when T3 commuits.

Time Ts T6 balx | baly | balz | sum
ST | Begin transaction | 100 30 25|
t2 | Begin Sum=0 100 50 25 ©
transaction
3 | wnte lock(balx) | S dsIonl g | b
t4 | read(balx) read lock(balx} 100 30| 25| ©
t5 | balx=balx-10 | Wait e 50| 2/ 0O
t6 | write(balz) Wait 00| 50| 25| D0
t7 | write lock(balz) | Wait pa| 30| 25 O
18 read(balz) Wait 00| s0| 25| ©
t¢ | balz=halz+10 | Wait 00| S0 25| O
t10 | wnte(balz) Wait o B0 3 O
til | Commit Wait pg| 56| 35 0
t12 | Unlock(balxbal | wait 00| 50 25| O
z)
t13 read(balx) 90| 50| 35| 0
ti4 Sum = Sum-+balx o0 | 30| 33| 90
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[ 15 read_lock{baly) 50| 30] 35 90
ti6 read(baly) o0 30| 35| 90
H7 Sum = Sum-~baly 00| 50| 25| 140
t18 read_lock(balz) o0 | 30| 35| 140 |
t10 read(balz) 00| 30 35| 140
20 Sum = Sum-+balz 00| 30 35 1?'5:
B Commit 90| 30 35[ 175
122 Unlock(balx,baly,ba | 20| 30 35| 175
Iz}
Deadlock

A srtuation when two or more transactions are each warting for locks held by the other to be released. The
following example shows such a situation. T10 and T11, are two transactions that are deadlocked because
each is walting for the other to release a lock on mem it holds. At time t2, T10 requests and obtains a
wrnite lock on em balx, and at time 5 fransaction T11 obtans a wnte lock on tiem baly. Then at time 16,
T10 requests a write lock on item baly. Since T11 holds a lock om baly, transaction T10 waits.
Meanwhile, at time t7, T11 requests a lock on item balx which is held by transaction T10. Neither
transaction can contmue because each 1z warting for a lock 1t cannot obtain until the other completes.
Once a deadlock occurs, the application mvolved cannot resolve the problem. Instead, the DEMS has to
recogrize that deadlock exists and break the deadlock m some way.

Time T10 T11 :
tl Begin

transaction i

1 Write_lnn:k{gai“ _I?Igin transaction .

x) |

t3 read/balx) Write lock(baly)
t4 babe=balx-10 | read(baly)

3 write(balx) baly=baly+100
Write_lock(bal | write(baly)

¥
17 Wait Write_lock{balx)
t8 Wait Wait
19 Wait Wait
't . Wait
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Unfortunately, there is only one way to break a deadlock: abort one or more of the transactions. This
mvolves undoing all the changes made by the transaction(s). In the above example, we may decide to
abort transaction T11. Once this is complete, the locks held by transaction T11 are released and T10 15
able to continue agam. There are two general techmiques for handling deadlock: deadlock preventing,
here, the DEMS looks ahead to see if a transaction would cauze a deadlock and never allows a deadlock
to occur. The second method is, deadlock detection and recovery, the DBMS allows a deadlock to
occur but recognizes occurrences of a deadlock and then breaks 1t Simce 15 easier to test for a deadlock

i . |
| |

and break it when 1t occurs than to prevent it, many systems use the detection and recovery method.
Timestamping

Timestamp methods of concwrrency control are quite different from locking methods. No locks are
mvolved, and therefore there can be no deadlock Locling methods generally mnvolve transactions that
make conflicting requests wait. With timestamp methods, there is no waiting; fransactions invelved in
conflict are simply rolled back and restarted. A timestamp 13 a unique identifier created by the DEMS
that ndicates the relative starting ime of 2 transaction. Timestamping 15 2 concurrency control protocel
m which the fundamental goal 13 fo order fransactions globally m such a way that older transactions,
transactions with smaler timestamps, get prionty in the event of conflict With timestampmg, if 2
transaction attempts to read or wnite a data item, then the read or wnte is only allowed to proceed if the
last update on that data ftem was carmed out by an older transaction; otherwise, the transaction requesting
the read/write is restarted and given a new timestamp.

Data Security

Security involves the protection of data aganst unauthorized disclosure, alterabon, or destruction
Databaze secunty mvolves protecting z databaze agamst potential threats using both techmical and
admimstrative controls. Consequently, the scope of database security meludes hardware, software and

people.

Software security 1s enforced by the DBMS’s secunty subsystem. which checks all access requests
against security rules stored in the system catalog. The type of pralege that an authorized user may be
given include:

- 1use of specified named databases;

- zelection of retrieval of data;
- creation of tables and other objects;

- update of data (may be restricted to certam colummn(s));
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- deletion of data (may be resinicted to certam colummi(s));

- insertion of data (may be restricted to certain colummis));

- execuhon of specific procedures and utihty programs;

- ¢reation of databazes;

- membership of a group or groups of users, and consequent imhentance of the group’s

privileges.

SQL provides two commands, for defining/removing from the system, GRANT and REVOKE.
Granting privileges users
The GEANT statement 13 used to grant privileges on database objects to specific users. The format of the

stafement:
GRANT  pmivilege list| ALL PRIVILEGE

ON object name
TO user list | PUBLIC
[WITH GRANT OPTION]
The privilege list consists of one or more of the following privileges separated by commas:
SELECT
DELETE

INSERT [{column name . }]

UPDATE [{column name, )]

BEFERENCES [{column name, )]

USAGE
For conventence, the GEANT statement allows the keyword ALL PRIVILEGES to be used to grant all
privileges to all user instead of having to specify the six privileges mdindually. It also provides the
keyword PUBLIC to allow access to be granted to all present and future authonized users. The
object mame can be the name of a base table, view, doman, etc. The WITH GRANT OPTION keyword
allows the user(s) m urer Jist to pass the privileges they have been given for the named cbject on to other

UIETA.

Examples

1. Give the user named manager full privileges to the tzable called staff.
GRANT ALL PRIVILEGES
ON staff
TO manager WITH GEANT OPTION
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The user identified as manager can now be retrieve rows from the staff table, and also msert, update and
delete data from this table. We also specified the keyword WITH GEANT OPTION, =o that manager can
pass these privileges on to other users he or she sees fit.
4.8 Give the user, admm, the privileges SELECT and UPDATE on the salary column of the staff
table.

GRANT SELECT, UPDATE (zalary)

ON staft

TO admin
3 Give the users, personnel and deputy the privilege SELECT on the staff table.

GRANT SELECT

ON staff

TO personnel, deputy
4. Give all users the privilege SELECT on the branch table.

GRANT SELECT

ON branch

TO PUBLIC

Revoking privileges from users

The REVOKE statement 13 uzed to take away privileges that were sranted with the GRANT statement Itz
format looks like:
REVOEE  prvilege list| ALL PRIVILEGES

ON object name
FROM user list | PUBLIC [RESTRICT|CASCADES]
Examples

1. Revoke the SELECT privilege from the branch table from all users

REVOKE SELECT
ON branch
FROM PUBLIC

2. Revoke all the privileges given to user deputy on the staff table

REVOKE ALL PRIVILEGES
ON staff
FROM deputy
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In some systems security rules are defined on views rather than base tables. The above two statements
can be used for such systems as well. We need to create the view before any grant operation
For example, to grant a user, called Abebe, SELECT privileges on the salary and name fields of the staff
table. Firat, we need to create a view that holds the data and selected columns, as follows.

CREATE VIEW wviewname AS

SELECT salary, name FEOM staff
And, then

GRANT SELECT

ON viewmname
TO Abebe

Data Encryption

Encryphion 15 the encoding of the data by a special algonthm that malkes the data unreadable by any
program without the decryption key. If a database system holds particularly sensitive data, it mat be
deemed necessary to encode It as a precaution agamnst possible external (1.e., extemnal to the DBMS)
threats or attempts to access it. Encryption also protects data transmitted over commumication lines. Some

DBMSs= provide an encryption facihty for these purposes. The DEMS can access the data (after decoding
it), although there 1z a degradation in performance becausze of the time taken to decode it

3.1.16. Distributed Database and Client/Server Systems
Distributed Database Systems

A distibuted database system consists of a collechion of sites, connected together via some lkind of

commumications network, i which

4. Each site 13 a database system in its own right, and

5. The sites have agreed to work together so that a user at amy site can access data anywhere in the
network exactly as if the data were all stored at the user’s own zite.

The distnibuted databasze system can thus be regarded as a kind of parinership among the individual local
DBMSs at the individual local sites; a new software component at each site (logically an extension of the
local DEMS) provides the necessary parimership fimctions, and it is the combmaton of this new
component together with the existing DEMS that constitutes what 15 usually called the Distributed
Databasze Management System (DDBMS). It 1z common to aszume that the component sites are
phvasically dispersed (or geographically dispersed.) The fundamental principle of a distributed
database is, to the user, a distributed system should look exactly lite a non-distributed system. In order to
have this effect, the following objectives must be met:
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Local autonomy

No reliance on a central site

Coniinuous operation

Location independence

Fragmeniation independence

Replication independence

Distributed qgusry processing

Distributed transaction mamagement

Hardware independence

Operating system ndependence

Netwark independence

DEMS independence
Distmbuted database systems are being nstalled on massively parallel computer systems. Such computer
systems typically consist of a large number of separate processors connected together by means of a high
speed-bus; each processor have its own main memory and its own disk drives and rums its copy of the
DBMS software, and the complete database 1= spread across the complete set of disk drives.

Client/Server Systems

A chentizerver system can be regarded 2z a simple zpecial caze of distnbuted systems in general More
precisely, a client/server system 15 2 distnbuted system m which

a) Some sites are cfient sites (the clients may not be database systems) and others are server sites.

k) All data resides on the server sites, and

c) All applications execute at the client sites.

Client'server pnimanly refers to an architecture or logical division of responmbilities: the client 13 the
application (also known as the fromt-end), and the server i1s the DBEMS (also kmovwn as the backend). A
chent'server can be thought of as a dismbuted system m which all requests onginate at one site all
processing 15 performed at another (assuming for simphcity that there is just one client site and one server
aite).

The server 1z the DBMS itzelf It supports all of the basic DBEMS functions, 1.e., data defimition, data
mampulation, data security and mtegnty, and =o cn.

The clients are the vanocus apphcations that run on top of the DBMS (both user-wnitten and built-in
applications, 1.e., applicabhon provided esther by the vendor of the DBMS or by some “third-party™
software vendor). A= far as the server 1s concemed, of courze, there 1z no difference between user-written
and built-in applications.
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The programming activity may require queries done on row (record) levels. The number of messages
between client and server can be reduced if the zystem provides some kind of stored procedure
mechanism. A stored procedure 15 basically a precompiled program that 13 siored at the server site (and is
fmown fo the server). It 15 invoked from the clhient by a remote procedure call (RPC). In particular,

therefore, the performance pemalty associated with record-level processing can be partly offset by
creating a suwitable stored procedure to do that processing directly at the server. Other advantapes of

stored procedures are:

* Can be used to conceal a vanety of systems specific and'or databasze specific details from the user,
thereby providing providing a greater degree of data independence than might otheraize be the case.

* One stored procedure can be shared by many chents.

* Optmmization can be done at the time the stored procedure 15 created mmstead of mn time.

= Stored procedures can provide better security.

* One problem 1s that there are cumrently no standards in this area, and different products provide very
different facilities.
3.2. Advanced Database Systems

Module Objective

On completion of the module successfully, students will be able to:

¥» Develop datzbase based on object-criented paradigm
Compare a set o'f query processing strategy and select the optimal strategy.
Describe the basics of transaction management and concurrency control
Demonsirate database security
Use different recovery methods when there 15 2 database failure

Desizn a distributed database system in homogenous and heterogeneous environments

P R S e

3.2.1. Concepts for Object-Oriented Databases

31.2.1. Introduction

Data 15 essentially represented m a relational model. Every poszible kand of data 1z reduced to a set
of tuples or a set of rows other kinds of data DEMS requirement cannot be easily mapped in to
relational model. Those kands of data need to be represented using Object-onented database

What kind of data” Complex data objects

Example of complex data objects
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a. Multimedia databases
= Menu, Scroll bar, Drawing area, Flash animation
b. CAD for electrical design
»  PCB, Reastor, Capacitor, Transistor, IC, Voltage source, Ground
Characteristics of complex data objects
= Not amenable {agreeable) to reduction to a tuple
= Hepresents abstractions to comprizing not only structure, but also behavior
m Instances distinct from clazses represented by current state
Drawbacks of Relational DBMS:
*  Poor representation of “real world” enhties.
*  Semantic overloading
= Poor support dor integnty and enterprise constraints.
*  Homogenous data structure.
* Limited operations.
* Dafficulty handling recursive quernes
* Impedance mismatch

®  Other problems concerning: concurrency, schema access, navigational access, and so on

3.2.1. Object Oriented Concepts
What 15 Objeci-Oriented Database? What objectives does an Object-Oviented database wants o

achieve?

Simply put, an object-oriented database, or OODBMS (Object Onented Database Management System),
1% 2 database that can store objects.

When quened, these databases retum the objects m their entrety, which means a retumed object’s
attributes and methods are as usable as they were before the object was ever stored m the databaze

The fimdamentals of object databazes with a specific focus on conceptual modeling of object database
designs. The mam concepts are EEFR. (Enhanced Entity Eelation) LING (Lanpuage Integrated Query,
object databaszes, object-oriented databases, object-relational databases, UML (Unified Modelng
Language).

Object has three characteristics

» State
v Behavior
®»  Tdentifier
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Example
Bank account
. State: Id, name, balance
*  Behavior: Deposit , withdraw
v Identifier Solomon’s acct 1= simalar to Helen's acct, but its states has different value
An Object Database (ODB) aims to make objects persistent, in addition to support the large number
of other features of a databasze system Thesze expected databasze features mmclude: the efficient
management of persistent data; transachons, concurrency and recovery comtrol; an ad hoc guery
language. An ODB has to provide these database features in the comtext of the complexities
mtroduced by object-orientation. That could be challenging.
What iz an object? It refers to an abstract concept that generally represents an entity of mterest m
the enterpnize to be modeled by a database application. An object has to reflect a state and zome
behavior. The object’s state shows the imtemal structure of the object and the mtemnal structure are
the properties of the object. We can view a student as an object. The state of the object has to
contain descriptive information such as an 1denfifier, a name, and an address.
The behavior of an object 1= the set of methods that are used to create, access, and mampulate the
object. A student object, for example, may have methods to create the object, to modify the object
state, and to delete the object. The object may also have methods to relate the object to other objects,
such as enrolling a student in a course or assign a note to a student in a course. Objects having the
same state and behavior are descnbed by 2 class.
Advantages of Object-oriented Database
= Designer can specify the structure of objects and their behavior (methods)
=  Better mteraction with object-oriented languages such as Java and C++
* Defimtion of complex and user-defined types
* Encapsulation of operations and user-defined methods
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Activity 1 — Definition terms now, we are going to present each of them below.

Class

A class essentially defines the type of the object where each object is viewed as an instance of the
class. For example, Person is a class and Jacqueline is an instance or an object of this class.
Complex Objects |

Complex objects or nested relations are objects which are designed by combining simple objects.
These objects used to be created by constructors.

B aphaiad % i e i es OF camplun mhjects bersmio it be icii ok Mgk Il
object that is constructed from lower level objects, such as engine and body (for both), the airplane
wings and tail. Each of these objects can be complex objects that are constructed from other simple
or complex objects.

Ohbject Identity

An object identity is an internal identifier of object that could not be changed. An object identity
(iod) remains constant during object lifetime. The oid it use by object database to uniquely identify
the object whose attributes can change in contrast to relational database which does not allow the
attributes changing for a tuple in the table. The identity of an cbject does not depend on properties
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value, the iod are umique references and they are useful to construct complex objects [Dhetriech and
Urban, 2011].
Object Structure
A clasz object confams mmformation about the state descnbed but atmbutes and the behavior allowed
by methods. An attnbute and a method that are for the mstances of the class are called mstance
attribute and an mstance method. For example, let Student be a class with following atinbutes: sfid,
fname, Iname. Each student will have hiz'her stid, fname, Iname. So, two different objects (students)
of Student class wall have different values of nstance atinbutes.
An attribute and a method that are common to all mstances of the class are called instance attribute
and an mstance method. They are called class attributes and class methods. For example, let
Student be a class with following attnbutes: sizd, fname, Iname, cify. The default value of city can be
“Bamako™ so that all students will get Bamako as city. So, two different objects (students) of
Student class will have the same value of class atmbutes.
Type Constructors

Also called type generator, a type constructor 1s particular kond of method 1 a class. It iz called to
create an object of this class and mitialize s atinbutes. The constructor has the same name as the
class. Unlike to ordinary methods, the constructor has not explicit return type because.
Encapsulation of Operations

® Implementation of operations and object structure hidden.

= Binding properties with fumctions
Encapsulation consists to gather data and methods within 2 structure with mterface m order to lude
the object mplementation. The gozl 1= to prevent access to data by any means other than the allowed
services defined through interface. Encapsulation therefore puarantees the integmity of the object
data. So, the implementation of a class can change without affecting the interface that the class
provides to the rest of the applicabon. Encapsulabon 15 useful to separate class specification level
from clazs implementation level, this 1s very important az software engineering approach. User-
defined types allow object database supporting the encapsulation [Dietriech and Urban, 2011].
Extensibility
The encapsulation property in an ODE also makes them extensible. “Extensibibity refers to the
ability to extend an exizting system without infroducing changes to it™ [Won, 1900]. It easily allows
evolvement of systems, in particular which are large and complex.
Extensibility can be mtroduced through behavioral extension and inheritance.
When the extending and object behavior, we add new programs to augment its functionality and that
should not degrade the older fimchonality. For example, a new program named Bomow may be
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added to Item imherited by books, newspapers, CD/DVD. Trough extensibality by reusing or
mheritance, the behavior and the atimbutes defined for an Item object may be reused by the
specialized objects. For instance, a new object named Book may be defined as a speciahized Item
object. The Book cobject mhents (reuses) the behavior (Borrow) and atimbutes (1sbn, author-name)
defined for the Item object. Also, we can erther add new behavior/ atinbutes to Book object, or re-
define existing behavior/atinbutes inhented.

Persistence

Stonng permanently the values of properties of an object 13 called object persistence. In other words,
persistence refers to the ability for objects to remain after stopping the process that created them
[Dogac et al, 1994]. The properhies of persistent object are created and stored in main memory.
Object-onented databaze systems are bazed on the concept of persistent objects. Methods

In object-oriented approach, the behavior of an object 13 described by a set of operations that are
called methods. A method has a signature that describes the name of the method and the names and
tvpes of the method parameters. 4 method 15 a parficular implementation of a method signature.
They are defined m object class and allow to relate different others objects and manipulating them.
Activity 2 Some object-oriented terms

Tvpe Hierarchies & Inheritance

In object-oriented approach, there 15 the possible to define class hierarchies and to express the
mheritance of state and behavior. Inherited objects are related by “Is-a" relationships. For example,
Circle 15 a Shape and also Tniangle 13 a Shape and we say Circle and Triangle claszes mherited the
clasz Shape. Another class called Equilateral Triangle 1z a Tnangle. But we have two hierarchy
levels between Shape and Equilateral Tniangle.

The ODB have advantazes to completely support class hierarchies and mhentance.

Polymorphism

Also called overloading, polymorphizm refers to the capability of an object to behave differently to
same message. The ODB support polvmorphizm. For example, there might be a method for area
computing ke Area) for all Shape objects. However, Circle and Tniangle objects can adapt this
method to thewr parficular area computation. So, we will get Area() method for Cucle object and
Area() for Tnangle. That 15 called polymorphism or overloading.

Multiple Inheritances

When an object mhents from only one class, we have simple mbentance. But, when an object
whents from two or more classes, 1t 15 multiple mhertances. For example, a Hybnd Car 15 2
Gasoline Car and also Electric Car. So, there i3 double inhenfance because Hybnid Car mherits
Gasoline Car and Electne Car.
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Late binding
Polymorphizm s used with late binding, which means that the translation of an operation name to its
appropriate method mmplementation must be dynamically resclved, 1e. &t nn-time (Dietrich and
Urban, 2011).

3.2.3. Query Processing and Optimization
Introduction
Databasze performance tumng often requres a deeper understanding of how queries are processed
and optimized within the database management system. In this set of notes we prowvide a general
overview of how rule based and cost-based query optimizers operate and then prowvide some specific
examples of optimization in commercial DEMS.
Query optimization 1z 2 funchion of many relabonal databaze management systems. The guery
optimizer attempts to determine the most efficient way to execute a given query by considenng the
posmble query plans. Generally, the query optimizer cannot be accessed dwrectly by users: once
queries are submitted to database server, and parsed by the parser, they are then passed to the query
optimizer where optimization occurs.
Specific Teaching and Learning Objectives
At end of the section, the leamer should be aware of:
=  Different steps of query processing
* Translating SC)L quenes into Pelational Alzebra
*  Using Heuristics m Query Optimization
Activity 1 Definitions
A guery iz a high-level specification of a zet of objectz of interest from the database. It 13 usually
specified 1n a special language (Data Manrpulation Languape - DML) that describes what the result must
contain.
Query Optimization aims fo choose an efficient execution strategy for query execution.
Query-processing in object-onented databases 13 almost the same as in relation database with only few
changes because of semantic differences between relational and object-oriented quenes. Moreover, all the
techniques applicable to one are also to another. Indeed, without the class hierarchy, queries have similar
structures in both databases.
Therefore, n order to sumphfy, we are going ses queres processing without distingmishing between
cbject databases and relafional databases.
Query 1s processed in two phases: the query-opfimizafion phase and the query-processing phase. In
order to facilitate the understanding, we will add the query-compilahon phase before the two previous
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phases because queries are viewed by user as Data Mamipulation Language (DML) scnipts. So, the fSgure

3 presents the whole process.
) DML Compiled | ﬂptil’lﬁ- Optimized
processor queries zer Queries
Queries
handler

Database |
Figure3: Steps of query Processing

Query-compilation: DML processor translates DML statements into low-level mstrochons (compiled
query) that the query optimizer can understand.

Query-optimization: the optimizer automatically generates a set of reasonable strategies for processing a
given query, and selects one optimal on the basis of the expected cost of each of the strategies generated.
Query-processing: the system executes the query using the optimal strategzy generated.

In query-optimization a SQL query 1z first translated into an equivalent relational algebra expression
using a query free data structure before to be optimuzed. We wall therefore set out below how to pass from
a SOQL query to an expression m Relational Algebra

General Transformation Rules for Relational Algebra Operations

We will state some transformation rules that are useful in query optimization, without proving them:
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. Cascade of 0. A conjunctive selection condition can be broken up into a
cascade {that is, a sequence) of individual & operations:

ﬁ;.! AND ¢ AND ... AND IH[R} = ﬁl.l {ﬁ"l {“'{ﬂtntﬂ}}"' ))
. Commutativity of o. The G operation is commutative:
G, (0, (R) =G, (6,(R))

. Cascade of n. In a cascade (sequence) of T operations, all but the last one
can be ignored:

Misty (Tpisty (- (Tpis, (R))...)) = Mpig, (R)

. Commuting o with n. If the selection condilion ¢ involves only those attri-
butes Ay, ... , A, in the projection list, the two operations can be commuted:

I:.l"|||. Ags e s Ay {“r {R}} =0, [I.l‘q. Agsran sy [R}.}

. Commutativity of va (and x). The join operation is commutalive, as is the x
operation:

Ry 5=5wm R
RxS=58=xR

Notice that although the order of attributes may not be the same in the rela-
tions resulling from the two joins (or lwo Carlesian products), the meaning
is the same because the order of attribules is not important in the alternative
definition of relation.

6. Commuting « with s (or x). [f all the attribules in the selection condition ¢
involve only the attributes of one of the relations being joined —say, B—the
two operations can be commuted as follows:

O (ReaS)=m (o, (R))es 5
Alternatively, if the selection condition ¢ can be wrilten as (cy AND c;), where
condition ¢y invelves only the attributes of i and condition c; involves only
the attributes of 8§, the operations commute as follows:
O, (R 5) = (o, (R)) = (O, (5))
The same rules apply il the s is replaced by a x operation.

7. Commuting n with = (or x). Suppose thal the projection list is L = [Ay, ... .
Ay By, -.. . B, . where Ay, ... , A, are attributes of § and By, ... . B, are

attributes of 5. If the join condition ¢ Involves only attributes in L, the two
vperalions can be commuled as [ollows:

Ry (Res S)m (Ma, a4 (R (g, 5 (5))
If the juin condilion ¢ conlains additional attribules nol in L, these muost be added
to the projection list, and a final it operation is needed. For example, il attributes

Apity coe s Ay of Rand By, ..o Byyp of 5 are involved in the join condition ¢
but are not in the projection list L, the operations commute as follows:
Ay AR (T, 5 8

T (Rea. Sy=mp (M, oa a0 AT L) )

For », there is no condition ¢, so the first transformation rule always applies

hv renlacine sa. with »
8. Commultativily of sel operations. The sel operations s and 7™ are commu-

tative, but — s nol.

8. Associativity of =, =, ), and M. These four operations are individually asso-

mk et e, Kl is L st Sesrrasmriatrs s it Il bl B s e awnis somareatiass Thaai e
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14§,

15

Pushing o to only one argument in /.

If in the condition @, all attributes are from relation R, then:
O (RMNS)=0c.(R) 5

Some trivial transformations.

If 5 is empty, then R S=R

Il the condition ¢ in O, is true {or the entire R, then o, (R)= K.

There are other possible transformations. For example, a selection or join condition € can be converted
mto an equivalent condition by using the followmng standard rules from Boolean algebra
{De Morgan’s laws):

NOT {c, AND c;) = (NOT ¢,) OR (NOT c;)
NOT (¢, OR c;) = (NOT ¢;) AND (NOT ¢;)

A. Heuristic Approach in query optimization

Heurishic Approach will be implemented by using the above transformatbion
rles m the followmg sequence or steps,

Sequence for Applying Trausformation Rules

1. Use
Eule-1=*¢ Cascade SELECTION
2. Use

Eule-l: Commutabivity ot SELECTION
FBule-4:  Conmmting SELECTION with PROJECTION
Rulet: Commubng SELECTION with JOIN and CARTESIAN
Fule-10:  commuting SELECTION with SE'T OPEEATIONS

3. [lse
Bule-Y:  Assocabvity of Bmary Operabons (JOLN, CARIESLIAN,
UNION amd INTERSECTTON). Re-.'-:lri'ﬂug:-_' nodes by anaking the most
restrictive operations to be pertormed tivst { moving it as tar down the
free as possible)

4, Pertorm Cartesian Operabions with the subsequent Selection Operation

5. Use
Rule-3: Cascade of PROJECTION
Fule-4: Commnating PROJTECTION with SELECTION
Rule 7: Commubing PROJECTION with JOIN and CARTESIAN
Fule-11;  comumuting PROTECTION with UNION
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Query block:
The basic umt that can be translated into the algebraic operators and optimized. A gquery block contains a
single SELECT-FROM-WHERE expression, as well as GROUP BY and HAVING clause if these are
part of the block. Nested quenes within a query are 1dentified as separate query blocks.
Process for heuristics optmization
1. The parser of a hugh-level query generates an mihal mtemal representation;
2. Apply heunistics miles to optimize the internal representation.
3. A guery execubion plan i3 generated to execute sroups of operations based on the access
paths available on the files mvolved in the query.
®  The main heuristic 15 to apply first the operations that reduce the size of intermediate results.
1. Ez Apply SELECT and PROJECT operations before applying the JOIN or other binary
operations.
Query tree:
A tree data structure that cormesponds to a relational algebra expression. It represents the input relations of
the query as leaf nodes of the tree, and represents the relational algebra operations as nternal nodes.
Query graph:
A graph data structure that corresponds to a relational calculus expression. It does not mdicate an order
on which operations to perform first. There 13 only a single graph corresponding to each query.

Example:
For every project located in “Stafford’, reirieve the project number, the controlling department mumber

and the department manager’s last name, address and birthdate.

Relation algebra:

PHLUMBER, DNUM. LNAME, ADDRESS, BIATT W peamonersrarmonp T -OECT))
DLIM=DNLIMEER (DEPARTMENT)) MRS =55 (EMPLOYEE))

SQL query:

Q2: SELECT PNUMBER PDNUME INAME E ADDRESS, EBDATE
FROMPROJECT AS PDEPAETMENT ASD, EMPLOYEE ASE

WHERE PDNUM=D.DNUMEER AND

D MGESSN=E 55N AND

PPLOCATION="STAFFORD";
B. Cost Estimation Approach to Query Optimization
The main idea 1z to mimimize the cost of processing a query. The cost function is comprized off 140 cost
+ CPU processing cost + communication cost + Sterage cost. These components might have different

welghts mn different processing environments. The DBM: will use mformation stored mn the system
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catalogue for the purpose of estimating cost. The main target of query optimization 1z to mimmize the
size of the intermediate relation. The size will have effect in the cost of:
= Dhusk Access
*  Data Transportation
*  Storage space in the Pnmary Memory
*  Wnhng on Disk
1. Access Cost of Secondary Storage
Data 13 going to be accessed from secondary storage, as a query will be needing some part of the data
stored in the database The disk access cost can again be analyzed in terms of:
*  Sezrching
* Reading, and
»  Wrntmg, data blocks used to store some portion of a relation.
Bemark: The disk access cost will vary depending on
The file orgamzation used and the access method mplemented for the file orgamization.
Whether the data 15 stored conbguously of n scattered manner, will affect the disk access cost
1. Storage Cost
While processing a query, as any query would be compozsed of many database operations, there could be
ohe of more intermediate results before reaching the final output. These mtermediate results should be
stored in primary memory for further processing. The bigger the mtermediate relation the larper the
memory requrement, which will have impact on the lomited available space.
3. Computation Cost
Query 15 composed of many operations. The operations could be database operations like reading and
wnting to 2 disk, or mathematical and other operations like:

= Searching
= Sorting
*  Merzing

* Computation on field values
4. Communication Cost
In most database systems the database resides mn one station and various queries onginate from different
terminals. Thiz will have 1mpact on the performance of the system adding cest for query processmg.
Thus, the cost of transporting data betwesn the databaze site and the terminal from where the query
originate should be analyzed.

C. Query Execution Plans
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An execution plan for a relational algebra query consists of a combmation of the relational algebra query
tree and mformation about the access methods to be used for each relation as well as the methods to be
used m computing the relational operators stored in the tree.

3.2.4. Transaction Processing Concepts
3.2.1. What is transaction?

A Tranzaction 1s an atomic wut of database access which 1= etther completely executed or not executed at
zll. All or nothing pninciple. Transaction processing systems are systems with large databases and
hundreds of concwrrent users executing database transactions.

Examples include: A TM iransactions, credif card approvals, flight reservations, hotel check-in, phone
calls, supermarket scanning, academic registration and billing.

3.2.2. Single-User versns Multinser Systems

One criterion for classifying a databaze zystem 1z according to the number of users who can use the
system concurrently. A DEMS 13 single-user 1f at most one uzer at a ime can use the system, and 1t 1s
multiuger if many users can use the system and hence access the database concurrently. Single-user
DBMSs are mostly resincted to personal computer systems; most other DBMSs are multinser. For
example, an arline reservations system 15 used by hundreds of users and travel agents concurrently.
Databaze systems used mn banks, insurance agencies, stock exchanges, supennarkets, and many other
applications are multmzer systems. In these systems, hundreds or thousands of users are typically
operating on the database by submitting fransachons concurrently to the system. Multiple nsers can
access databases and use computer systems simultaneously because of the concept of multiprogramming,
which allows the operating system of the computer to execute multiple programs or processes at the same
time.

A zmngle
DA A
=1 I
B B
: P c CPU,
' D ' epu,

: ' : . ; z =
I ft i l lima

Figure: Interleaved proceszing versus parallel processing of conourrent transactions

Central processing uwmt (CPU} can only execute at most one process at a fime. However,

multiprogramming operating systems execute some commmands from one process, then suspend that
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process and execute some commands from the next process, and so on. A process 1s resumed at the point
where it was suspended whenever it gets its tum to use the CPU agam. Hence, concurrent execution of
processes 13 actually mterleaved as illustrated m Figure below, which shows two processes, A and B,
executing concurrently in an nferleaved fazhion Interleaving keeps the CPU busy when a process
requires an mput or output (L'O) operation, such as reading a block from disk. The CPU 1z swiiched to
execute another process rather than remainmg idle durmg 'O time. Interleawving also preventz a long
process from delaying other processes. If the computer system has multiple hardware processors (CPUs),
paralle]l processing of multiple processes is posmble, as illustrated by processes C and D) in Figure above.
Most of the theory concerning concurrency comtrol in databazes iz developed mn terms of mterleaved
concurency, s¢ for the remainder of thiz chapter we assume this model. In 2 multiuser DBMS, the stored
data rtems are the primary resources that may be accessed concurrently by interactive users or application
programs, which are constantly retrieving mformation from and modifying the database.
Transaction boundaries:
Any single transaction in an apphication program 13 bounded with Begin and End statement
3.2.3. Transactions States:
A tranzaction 15 an atomic umt of work that should either be completed m 1ts entirety or not done at all.
For recovery purposes, the system needs to keep track of when each transaction starts, terminates, and
commits, or aborts therefore, the recovery manager of the DEMS needs to keep track of the following
operations: BEGIN TRANSACTION. Thiz marks the beginning of transaction execution. READ or
WRITE. These specify read or write operations on the database items that are executed as part of a
transaction. END TRANSACTION. This specifies that READ and WERITE transaction operations have
ended and marks the end of fransaction execution. However, at this pomt it may be necessary to check
whether the changes introduced by the transaction can be permanently applied to the database
{committed) or whether the transaction has to be aborted because it violates senalizability or for some
other reason.
COMMIT TERANSACTION. This signals a successful end of the fransaction so that any changes
{updates) executed by the transaction can be safelv commutted to the database and will not be undone.
ROLLBACK (or ABORT). Thiz zipnals that the tranzaction has ended unsuccezsfully, so that any
changes or effects that the transachon may have applied to the databaze must be undone. Ewvery
transaction has the following states:-

*  Active state -indicates the beginning of a transaction execuhon

=  Partially committed state shows the end of readwrite operation but this will not ensure

permanent modification on the data base
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* Committed state -ensures that 2ll the changes done on a record by 2 transition were done
persistently

* Failed state happens when a fransaction 1s aborted dumng its active state or if one of the
rechecking 1s fails

* Terminated State -comresponds to the transaction leaving the system

Read, Write
Hegin i—l
= T, Cammit
transaction kmhm!} transaction i:_F’nr‘Hnﬂ].' lrtr'E-H'J mim R_: !ul J:__I
| Abort l.ﬁ.han
1 v
- {Fﬂiﬂdﬁ - I::jnrrnlnat:@}

.2.4. Desirable Properties of Transactions
Transactions should possess several properties, often called the ACID properties; they should be enforced
by the concurrency control and recovery methods of the DBMS. The following are the ACID properhes.
= Atomicity: A transaction 15 an atomic unit of processing; 1t is erther performed in its entirety or
not performed at all.

* Consistency: A correct execution of the fransaction must take the database from one consistent
state to another.

* Isolation: A transaction should not make 1tz updates vizible to other transachions wntil it 12
committed; this property, when enforced strictly, solves the temporary update problem and
makes cascading rollbacks of transactions unnecessary

*  Durability or permanency: Once 2 transaction changes the database and the changes are
committed, these changes must never be lost because of subsequent fatlure.

Example: Transaction
Suppose that Ti 15 2 transaction that transfer 200 birr from account CA2090( which 15 5,000 Bur) to
SB235% which is 3,500 birr) as follows

Eead{CA2000)

CAI0O0=CA2000-200

Wte(CA2090)

Fead(ZH2355)

SB235%9= SB2350+200

Wite(SB2359)
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= Atomicity- either all or none of the above operation will be done — this 1= matenialized by
transaction management component of DBMS
*  Consistency-the sum of CA2090 and SB2359 be unchanged by the execution of Ti1.e $300- thus
15 the responsibility of application programmer who codes the transaction
* Isolation- when several tranzactions are bemng processed concurrently on a data item they may
create many mconsistent problems. So handling such case 1z the rezponsibility of Concurrency
confrol component of the DBMS
*  Durability - once T1 wntes its update this will remain there when the database restarted from
failure. This 15 the responsibility of recovery management components of the DEMS.
Characterizing Schedules Based on Serializahility
Transaction schedule or history:
When fransactions are executing concurrently m an mnterleaved fashion, the order of execution of
operations from the various transactions forms what 13 kmown as a transaction schedule (or history).
A schedule 8 of n transactions T1, T2, ..., Tn:
It 13 an ordenng of the operations of the transactions subject to the constramt that, for each transaction Ti
that parficipates m 3, the operations of T1 mn § must appear in the same order m which they cccur m Ti.
Note, however, that operations from other tranzactions T} can be mterleaved with the operations of Tin
5

Example: Consider the following example:

Tl T2
Read item(A)
A=A+100
Wiite item(A)

Read item(A)

A=A-10

Write_item{A)
Abort

SE: 2w 1 0w i(X):a2;
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Two operations in a schedule are side to be conflict if they
satisfy all three of the following conditions:
* [hey belongs to different transaction
= They access the same data item X
= Al least one ol the operation is a write_tem(X)
Eg. Sa: r1(X); r2(x); wi(X); ri(Y); W2(X); W1(Y);
» r1{X) and w2{X)
= r2(X) and wi{X);

= W1(X) and w20X) Cﬂﬂﬂiﬂl!iﬂg
operations

« r1{X) and r2(x)
= W2(X) and wi{Y)

Conflict,
= R1{x} and wi{x) NG |.’

why'?

Characterizing Schedules Based on Recoverability

It =0 happens that the transachon fails to execute until completion owing to software 1ssues, hardware
problems, or system crash In such a situation, the failed transaction iz rolled back by the rollback
operation. However, another transachion may have utilized the value yielded by the failed transaction.
Then that transaction will have to be rolled back az well to maintaim consistency mn the database.
1. Recoverable schedule:
— One where no committed tranzaction needs to be rolled back.
— A schedule 5 is recoverable if no transaction T in S commuits until all transactions T" that
have written an item that T reads have commutted. Examples,
o Serl(); wiD; r2030); ridY ;w2(x);c2;al; not recoverable
o Sd: 10 wlC0; r200; I w200;w1(Y); el; ¢2; recoverable
o Se r1(X); wl(3D); r200; ri(Y); w2ix) ; wliY); al; a2; recovorable
2. Cascadeless schedule:
— Ome where every transaction reads only the items that were written by commuitted
tranzactions. Eg.
 Sf r1(30); wl(O: rl(Y); el; r200; w200wi(Y); c2;
3. Strict Schedules:
— A schedule in which a transaction can neither read nor write an item X until the last
transaction that wrote X has committed’'aborted.
— Egz 3g: wl(X 3) ; cl; w2(x,8);

Page 208 of 334



Characterizing Schedules based on Serializability
The concept of Senalizable of schedule i3 used to idenbfy which schedules are correct when concurrent
transactions executions have mterleaving of thewr operations in the schedule

+  Serial schedule:

— A gchedule S 13 zenal if for every fransaction T participating in the schedule, all the
operations of T are executed consecutrvely n the schedule. Otherwise, the schedule 15 called
nonserial schedule.

— For example, n the banking example suppose there are two transactions where one
transaction calculate the interest on the account and another deposit some money mto the
account. Hence the order of execution is important for the final result.

» Serializable schedule:

— A schedule whose effect on anv consistent database instance 15 1dentical to that of some
complete senial schedule over the set of commiited ransactions mn 5.

— A nonserial schedule 5 15 senalizable. 15 equivalent to say that 1t 1z comrect to the result of

one of the serial schedule.
Example,
(E- ) TI T: [1=]] T- T-‘
read el ) e T -
YN XM
wrie_ismi ) wrre AR
(L= Il vezac] ik X,
o PeTri: lns e X
weila_itern| TR Wil moeniiX;
T el Han read e ¥
Rt L =Rl
wriln berml ) wrily pEm{Y
Scheduia A Schedun &
I T Tz |I1 iz
mad Remi| X resgc]  TMTE A I
X=X X=XN,
BTk verrle HEmx i
X KM, e e
T i (i Xy AmX+ Tl
read ko Y e A
{ wellv fen X ); ':""-'Hr:"' k8
L weriter e ¥,
vt It ¥
Senackbe 10 Scneduls O
Examples of serial and nonserial schedules involving transactdons T pand T 2.
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Result equivalent:
— Two schedules are called result equivalent if they produce the same final state of the database
— Two types of equivalent schedule: Conflict and view
i. Conflict equivalent:
— Two schedules are said to be conflict equivalent if the order of any two conflicing operations
15 the same in both schedules.
Example
= 51: rl{zkwl(z) &  S2wW2EETHE) | ot conmicr squiaent
= 8L wlix); wlix); & 52: w2(x); wlix);
— Conflict senalizable:
— A schedule 5 13 za1d to be conflict serializable if 1t 13 confhct equivalent to some senal
schedule 3°.
— Every conflict serializable schedule 15 serializable.

. Two schedules are sard to be view equivalent 1f the following three conditions
hold:

1. The same set of transactions participates in S and 5°, and S and §°
mclude the same operations of those transactions.

2. I Tireads avalue A written by T) i 51 . it must also read the value of

A written by Tj in 82
3. for each data object A, the transaction that perform the final wnite on A
m 51 must also perform the final winte on A n 52 g
T1: R(A) W(A) T1: R(A),W(A)
T2: W(A) view | T2: W(A)
T3: W(A) | = |13 W(A)

Testing for conflict serializable Algorithm
- Looks at only read_Item (X)) & write Item (X)) operations
— Constructs a precedence graph (senalization graph) - a graph with directed
edges

— An edge is created from Ti to T) if one of the operations in Ti appears
before a conflicting operation in T}

— The schedule 15 senalizable of and only of the precedence graph has no cycles.
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3.2.5. Concurrency Control Technigues
Concurrency means executing multiple transactions at a time. It 13 the method of managing concurrent

operations on the databaze without getting any ehstruction with one another.
Advantages of concurrency
In general, concwrency means, that more than one transaction can work on a system.
The advantages of 2 concurrent system are:
» Waiting Time: It means 1f a process 1= in a ready state but still the process does not get the system to
get execute 1z called waiting fime. So, concurrency leads to less watfing fime.
» Response Time: The time wasted m gething the response from the cpu for the first time, 13 called
response time. So, concwrrency leads to less Response Time.
= Resource Utilization: The amount of Eesource utilization m 2 particular system 13 called Resource
Utilization. Multiple transactions can mun parallel m a system. So, concwrency leads to move
Resource Unlization.
» Efficiency: The amount of cutput produced in companson to given input 135 called efficiency. So,
Concwrrency leads to more Efficiency.
Problems of concurrency
The Smultanecus execution of fransactions over a shared over a shared database can create several data
mtegrity and consiztency problems.
When multiple transactions execute concurrently m an uncontrolled or unrestneted mammer, then it
might lead to several problems. These problems are commoenly referred to as concurrency problems m a
database environment. The five concurrency problems that can occur in the database are:
# Temporary Update Problem
# Incorrect Summary Problem
# Lozt Update Problem
# Unrepeatable Fead Problem
# Phantom Fead Problem
1. Temporary Update Problem:
Temporary update or dirty read problem occurs when one transaction updates an item and fails. But the
updated rtem 15 used by another tranzaction before the item 13 changed or reverted back to its last value
1. Incorrect Summary Problem:
Consider a situation, where one transaction iz applying the aggregate fimction on some records while
another transaction 15 updating these records. The aggregate function may calculate some values before
the values have been updated and others after they are updated
3. Lost Update Problem:
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In the lost update problem, an update done to a data item by 2 fransaction 15 lost as 1t 15 overnmttzn by the
update done by another fransaction.

4. Unrepeatable Read Problem:
The unrepeatable problem occurs when two or more read operations of the same transaction read
different values of the same vanable.

5. Phantom Eead Problem:
The phantom read problem occurs when a tranzachion reads a vanable once but when it triez to read that

same variable again, an error occurs saying that the vanable does not exist.

Conflicts in serializability of transactions
= Write -read conflict
= Read-write conflict
= Write-wnite conflict
Serializability means senal execution of ransactions
Transaction Processor 1s divided mto:
33, concurrency-conirol manager. or scheduler, responmible for assuring izolabion of
transactions
34 Alogging and recovery manager, responsible for the durakility of transactions.
The scheduler {concurrency-conire! manager) must assure that the mndividual actions of multiple
transzactions are executed in such an order that the net effect is the same as if the transactions had
n fact executed one-at-a-time.
Purpose of Concurrency Control
* To enforce Isolation (through mutual exclusion} among conflichng transactions.
» To preserve database consistency through consistency preserving execution of
transactions.
*  Toresolve read-write and write-write conflicts.
A typical scheduler does 1tz work by mamtaming locks on certamn pieces of the database. These locks
prevent two transactions from accessing the same piece of data at the same time. Example: In concurrent
execution environment if T1 conflicts with T2 over a data itemn A then the existing concurrency control

decides if T1 or T2 should get the A and if the other transaction is rolled-back or waits.
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Example:

Bank database: 3 Accounts
A = 500
Acconnt & =
Balnmces < B =500
C =500

Property: A+ B+ C = 1500

[Money does ot ieava the system
Transaction T1 Transaction T= A B L
Read (A, ) 500 500 500
t=t-100
Read (A, 5)
SE=5-100
Write (A, s) 400 500 500
Write (AL t) 400 E00 500
Read (B, t)
t=1I+ 100
Write (B, 1) 400 600 K00
Read (C. s)
5=5< 100
Write (C, 5} 400 600 600
Schedule

400 + 600 + 600 = 1600

Example

Transaction T1: Transfer
100 from A to B

Read (A, t)
t=t- 100

Write (A, 1)
Read (B, 1)
t=t+ 100

Write (B, t)
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Transachion Ti Trunsaction T2 A 2] C
Resd (A, 1) 200 s o
t=t-100
Wrile (A1 ) O SO SO0
Bead (A, 5)
5 S - 10D
Read (B, 1)
t=t+ 100
Write (B, 1) 300 600 500
Read (C, 5)
A = 5+ 100
Alternative Write (C, 5) 200 Ho0 600
Schedule

00 + GO0 + 600 = 1500
Lo Wiar ¥ j=

Concurrency control technigues
The concurmrency control techmiques are as follows —
1. Locking
Lock puaranties exclusive use of data rems to a current transaction It first accesses the data tems by
acquiring a lock, after completion of the transaction it releases the lock.
Types of Locks
The types of locks are as follows —

a  Shared Lock [Transaction can read only the data item values]

» Excluzive Lock [Used for both read and write data item values]
2. Time Stamping
Time stamp 13 2 umque 1dentifier created by DBMS that indicates relative starting time of a transaction.
Whatever transaction we are domng it stores the starting fime of the transaction and denoctes a specific
time.
This can be generated using a system clock or logical counter. This can be started whenever a transaction
15 started. Here, the logical counter 13 incremented after 2 new timestamp has been assizned.
3. Optimistic
It 13 bazed on the assumption that conflict 1 rare and it 13 more efficient to allow tranzactions to procead
without impozimg delays to ensure senalizability.
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4. Multiversion Concurrency Control Technigues
This zpproach mamtams a mumber of versions of a data em and allocates the night version to 2 read
operation of a transaction. Thus, unlike other mechamsms a read operation m this mechamsm 13 never
rejected. Thas algorithm uses the concept of view senalizability than conflict senalizabihity
Side effect: Sigmficantly more storage (FLAM and disk) 13 required to mamtamn multiple versions. To
check unlimited growth of versions, a garbage collection is run when some critena is satisfied.
Two schemes: based on time stamped ordenng & 2PL
5. Validation (Optimistic) Concurrency Control Schemes
Thiz technique allow transaction to proceed asynchronously and only at the time of commit,
sertalizability 1s checked &transactions are aborted mn caze of non-senalizable schedules. Good if there 13
little inferference among transaction. It has three phazes: Read, Validation, and Write phase
Deadlock
A deadlock 13 a condition wheremm two or more tasks are waiting for each other in order to be finished
but none of the task 15 willmg to give up the resources that other task needs. In this situation no task ever
gets finished and is in walting state forever.
Coffman conditions
Coffman stated four condrhions for a deadlock occurrence. A deadlock may occur if all the following
conditions holds true.
+ Mutual exclusion condition: There must be at least one resource that cannot be used by more
than one process at a time.
« Hold and wait condition: A process that 1z holding a resource can request for addmional
resources that are bemg held by other processes in the system.
= No preemption condition: A resource cannot be forcibly taken from a process. Only the process
can release a resource that 15 being held by 1t
» Circular wait condition: A condibion where one process 13 walting for a resource that 1s being
held by second process and second process 15 warting for third process ....s0 on and the last
process 1s walting for the first process. Thus making a circular chan of waiting.
Deadlock Handling
Ignore the deadlock (Ostrich algorithm)
Did that made you laugh? You may be wondering how ignoring a deadlock can come under deadlock
handling. But to let vou kmow that the windows vou are using on vour PC, uses this approach of deadlock
handling and that 15 reason sometimes it hangs up and vou have to reboot it to get it worklang. Not only
Windows but UNIX alzso uses this approach.

Page 215 of 384



The question is why? Why instead of dealing with a deadlock they ignore it and why this is being
called as Ostrich algorithm?

Well! Let me answer the second gquestion first, This 15 kmown as Ostnch algorithm because n this
approach we 1gmore the deadlock and pretends that it would never cccur, just like Ostnich behavior “to
stick one’s head in the sand and pretend there 13 no problem ™

Let's discnss why we ignore it: When 1t 12 believed that deadlocks are very rare and cost of deadlock
handhng 1z higher, m that caze ignorng iz better solution than handling it. For example: Lat’s take the
operating system example — If the time requires handling the deadlock 1z higher than the time requires
rebooting the windows then rebooting would be a preferred choice conzidening that deadlocks are very
rare In windows.

Deadlock detection

Besource scheduler 15 one that keeps the track of resources zllocated to and requested by processes. Thus,
if there is a deadlock it is kmown to the resource scheduler. This i3 how a deadlock 1s detected.

Once a deadlock 15 detected if 15 being corrected by following methods:

» Terminating processes inmvolved in deadlock: Terminating all the processes mvolved m
deadleck or terminating process one by one until deadlock 15 resolved can be the solutions but
both of theze approaches are not good. Termmatng all processes cost high and partial work done
by processes gets lost. Termmating one by one takes lot of time because each time a process iz
terminated, it needs to check whether the deadlock 1s resolved or not. Thus, the best approach i3
considening process age and prionty while terminating them durning 2 deadlock condition.

= Resource Preemption: Another approach can be the preemption of resources and allocation of
them to the other processes until the deadlock 13 resolved.

Deadlock prevention
We have leamnt that if all the four Coffiman conditions hold true then a deadlock occurs so preventing one
or more of them could prevent the deadlock.

+ Removing mutual exclusion: All resources must be sharable that means at a fime more than one
processes can get a hold of the resources. That approach 1z prachcally imposzible.

+ Removing hold and wait condition: Thiz can be removed if the process acquires all the
resources that are needed before starting out Another way to remove thiz to enforce a mle of
requesting resource when there are none in held by the process.

= Preemption of resources: Preemption of resources from a process can result mn rollback and thus
this needs to be avoided m order to mamtan the consistency and stability of the system.

= Avoid circular wait condition: This can be avolded if the resources are maintaimed n a hierarchy

and process can hold the resources m mcreasing order of precedence. This avoid circular wait.
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Another way of doing this to force one resource per process rule — A process can request for a
resource once it releazes the resource currently being held by 1t. This avoids the circular wait.
Deadlock Avoidance
Deadlock can be avoided if resources are allocated in such a way that it aveids the deadlock occurrence.
There are two algorithms for deadlock avoidance.
« WatDhe
»  Wound Wart
Here 15 the table representation of resource allocation for each alporithm. Both of these algorithms take
process age mto consideration while determining the best possible way of resource allocation for
deadlock avoidance.

Database Recovery Techniques

1. Recovery Concept

Transaction Manager: Accepts transaction commands from an application, which tell the transaction
manager when transactions begin and end, as well as informahon about the expectations of the
application  The transaction processor performs the following tasks:

Irans acri_;l-l-'n Hequest

Query | Transachon N Log
Processor Men% Manager
. [ P
. Buffer | Recovery

Aanager Manaper
Data
Log

* Logging: In order to assure durability, every change in the databasze iz logzed separately on
disk.

* Log manager mutially writes the log in buffers and negotiates with the buffer manager to
make sure that buffers are written to disk at appropniate times.
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* Recovery Manager: will be able to examine the log of changes and restore the database to
some consistent state.
Purpose of Database Recovery
* Tobnng the database into the last consistent state, which existed prior to the falure.
* To preserve transaction properties (Atomicity &and Durability).
The recovery manager of DEMS iz responsible to ensure atomicity by undoing the action of transaction
that do not commit. Dorability by making sure that all actions of commtted transaction survive system
crash.
Example
If the system crashes before a fimd transfer transaction completes 1ts execution, then either one or both
accounts may have incorrect value. Thus, the database must be restored to the state before the transaction
modified any of the accounts.
Tvpes of Failare
The database may become unavailable for use due to:
*  Transaction failure: Transachions may fail becanse of incorrect mput, deadlock.
=  System failure: System may fail because of addressing error, application error, operating system
fault, EAN failure, etc.
*  Media failore: Dizk head crash, power disruption, etc.
To recover from system failure, the system keeps information about the change in the system log Strategy
for recovery may be summarized as:
Recovery from catastrophic
»  [fthere 15 extensive damage to the wide portion of the database
»  This method restore a past copy of the database from the backup storage and reconstructs operation
of a committed transaction from the back up log up to the time of failure
Recovery from non-catastrophic failure
*  When the database 15 not physically damaged but has become in consistent
»  The strategy uses undoing and redoing some operations mn order to restore to a consistent state.
Tyvpes of Data Update
Immediate Update:
= Az soon as a data item 13 modified in cache, the disk copy 15 updated.
Deferred Update:
= All modified data items in the cache is written erther after a transaction ends 1ts execution or after a
fized mumber of transactions have completed their execution.
Shadow update:
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= The modified version of a data item does not overwrite itz disk copy but 13 written at 2 separate
disk location

In-place npdate:

= The disk version of the data ifem 13 overwritten by the cache version.
Data Caching
Data items to be modified are first stored into databaze cache by the Cache Manager (CM) and after
modification they are flushed (written) o the disk. When DEMS request for read /write operation on
some item It check the requested data item 1= m the cache or mot If it 15 not, the appropriate disk block are
copied to the cache  If the cache 13 already full, some buffer replacement policy can be used. Like Least
recent uzed (LEL)
FIFO
While replacing buffers, first of all the updated value on that buffer should be saved on the appropriate
block in the data baze.
Write-Ahead Logging

®  When in-place update (immediate or deferred) 1s used then log 1s necessary for recovery

*  This log must be available to recovery manager

= This 1z achieved by Write-dhead Logeing (WAL) protocol. WAL states that

®*  For Undo: Before a data item’s AFTM is flushed to the database disk (overnmting the BEINM) its

BFIM must be written to the log and the log must be saved on a stable store (log disk).
*  For Redo: Before a transaction executes itz commit operation, all its AFIMs must be wnitten to
the log and the log must be saved on a stable store.
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Review Questions

1:

[

:ul'l

In object-oriented database management syztem, all external entities should mteract with the object

through
A Encapsulation
B. Abstraction

C. Signature
D. Interface
E. CandD
A query typically has many possible execufion strategies, and the process of choosing a suitable one
for query processing is
A, Query optimization
B. Query free
C. Transachon management
D. Senalizability
E. None
Which of the following 1 WOT a dizadvantage of dismbuted database management system?”
A Complexity
E. Data replication
C. Data integrity and securnty problem
D. Problem of connecting dissimilar machines
E. All
What does ACID stand for m the context of DEMS transactions?
A Atomuerty, Consistency, Isolation, and Durahlity
B. Analyzis Console for Intrusion Databases
C. Atomicity, Consmstency, Isolation, and Data
D. Automatic Classfication and Interpretation of Data
E. Advanced Computing Informiation Database
Consider a super market owner wishes to kmow 1n advance customer's preference on items bought
bazed on their mcome level, gender; age zroup or any other metnics. Which database technology best
solve this 1s5ue?

A OO DEMS
B. Disinbuted database

C. Data miming
I Data warshouse

E. Nome
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6. Degree to which system user may remain unaware of the detzils of how and where the data items are

stored

in a distributed system

A Fragmentation

B

c
D

. Replication
. Data
. Data transparency

E. Nome

I-\-J

Enforemg senalizability in concurrent schedules ensures which two of the four desired properties for

fransactions?

A

B.
C.
D.
B

- Atomicity and consistency
Atomicity and 13o0lation
Atomicity and durability
Consistency and 1zolation
Consistency and durabihty

8. Ome of the following 15 not an application of data warehouse usage

A Information processing

B.
C.
D.
E.

Analytical proceszing

Data miming
Aand B

Mone

9. Which of the following 1= true of a distnbuted DEMS?

A_ Thers 15 always one central server that distnbutes processing to other servers.

B.
C.
D.
E:

Table columns may be stored on servers mn different physical locations.
Data can always be redistributed for optimal query processing.
All of the above.

Mone of the above

10. Which property 1= guaranteed by the two-phase lockang protocol?
A senal schedules

E.

cC
D

zerlalizable schedules
. recoverzhle schedules
. avolding cascadmg rollback

11. After translating a query into a relational expression, the expression can be optimized by

A using equvalence rules to and alternative expressions that might cost less

B

. using equivalence rules to make the expression free more balanced
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C. using equivalence rules to do the cheaper operations first when possible
D AandC
E. none of the above
12. Consider the SQL query SELECT * FEOM E.1 WHERE Cl=4 AND C2=10 AND C3=11.
Suppose B.1 has one million records stored in 100 dizk pages, C1 has 10,000 unique values, C2 has
100,000 unzque values, and C3 has 1,000 umque values, and values are distnibuted uniformly. Which
relational algebra exprezsion leads to the most efficient query execution plan?
A g Cl=di{c C2=10{c C3=11(R1)})
B. ¢ C3=11{g Cl=4{c C2=10(R.1)}))
C. o C2=10{c Cl=4{c C3=11(R1)))
D. g C3=11{g C2=10{c C1=4(R.1)}))
E. All four are equally efficient
13. Which of the following 1= not true about granted privileges m SQL7
A Huser A grants a privilege to uzer B and user A subsequently loses that pnivilege, user B
may still have that prmalege.
B. Prvilepes can be pranted to users before the users are known to the DBMS.
C. A user can be granted a privilege without mving that user authonization to grant that
privilege to others.
D. If privileges are revoked from one user, similar privileges may be automatically revolked
from other users as well E. All
14. Which type of lock still allows other transactions to have read-only access to the locked resource?
A shared lock
B. two-phased lock
C. exclusive lock
D. explcit lock
E. maplicit lock
15. The recovery manager ensures which two of the four desired properties for fransactions?
A Atomicity and consistency
B. Atomeity and izolation
C. Atomicity and durability
D. Consistency and 1zolation
E. Consistency and durability
16. What kand of conflict (if any) 15 present in the transaction schedule below?
rlCAWICA): r2(AYW2AY, B ;w2(B); commut?; r1(B);wl(B); commit]
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17. Whi

A read-wmte conflict

B. write-read conflict

C. write-write conflict

D. no conflict

E. All of the zbove

ch of the following in NOT charactenstics of homogeneous distnibuted database management

gyztem?

A All mites of the database system have 1dentical setup

B. At least one of the database must be from different vendor

C. The syster may have httle or no local autonomy

D. The underlying operating systems can be a mixture of Linux, Window, Unix
E. None

18. In object-onented datzbase management system, all external entities should miteract with the object

through

A. Encapsulation
B. Abstraction
C. Signature

D. Interface

E. CandD

19. Which of the following 1 NOT tmue about locks?

A Locks may have a table-level granulanty

B. Locks wath large granulanty are easier for the DBMS to admimster.

C. Locks with small granulanty cause more conflicts.

D. Locks with large sranulanty produce fewer details for the DBMS to track.
E. Locks may have a database-level granulanty

20. An algonthm used mimng sequence data 15

A Decision-free classifiers

E.
C.
D.
E.

Aprion techmaque
Bayesian classifiers
Vector Machine

Mone

21. Which of the following in NOT a drawback of relational DBEMS?
A Poor reprezentation of “real world” entities.

B

. Semantic overloading
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C. Homogenous data structure
D. Persistent object handling
E. Poor support for integnty and enterpnise constraints
22. When attackers meert malicious code into the database program to exploit the vulnerabiliies  m the
application, the sifuation 13 termed as

A Demal of service
B. 5QL mjection
C. Buffer overflow
D. Strong authentication
E. None
23. Ome of the following cannot be resolved by concwrrency control techniques
A Fead-Wnte conflict
B. Read-Read conflict
C. Write —Write conflict
D. Wrmte-Fead conflict
E. None
24 Set of vanables that defines the state of a class mn object-onented database:
A, Object state
B. Attnibute
C. Method
D. Interface
E. Class
25. A data structure that corresponds query optimization to a relational calculus expression 1s
A Query graph
B. Query block
C. Query tree
D. nested quenes
E. All of the zbove

Part IV: SOFTWARE ENGINEERING
4.1. INTRODUCTION TO SOFTWARE ENGINEERING

The term software engineering 1s composed of two words, software and engineenng.
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Software 1z more than just a program code. A program is an executable code, which serves
some computational purpose. Software 13 considered to be a collection of executable
programming code, associated hbranes and documentations. Software, when made for a
specific requirement 15 called software product.

Engineering on the other hand, is all about developing products, using well-defined. scientific
principles and methods.

S50, we can define software emgineering a3z an engineenng branch associated with the
development of software product usmpg well-defined scientific principles, methods and
procedures. The outcome of software enginesring 1s an efficient and reliable software product.

IEEE defines software engineering as:

The appiication of a systematic, disciplined gquantifiable approach o the development,
operdtion and mainterance of software.

Without using software enmineering principles, it would be difficult to develop large programs.
In mdustry 1t 15 usually needad to develop large programs to accommodate multiple fimctions. A
problem with developing such large commercial programs is that the complexaty and difficulty
levels of the programs increase exponentially with thewr sizes. Software engineenng helps to
reduce thiz programming complexity. Software engmesring primciples use two important
techniques to reduce problem complexmity: abstraction and decomposition. The prnciple of
abetraction implies that a problem can be simplified by omithing nrelevant details. Once the
simpler problem 1s solved, then the omitted details can be taken mto consideration fo solve the
next lower level abstraction, and so om. Abstraction i1z a powerful way of reducing the
complexity of the problems. The other appreach to tackle problem complexity is decomposibion
In thiz technigque, a complex problem 1z divided into several smaller problems and then the
smaller problems are solved one by one. However, in this techmique any random decomposition
of a problem mto smaller parts will not help. The problem has to be decomposed such that each
component of the decomposed problem can be solved imdependently and then the solution of the
different components can be combined to get the full solution

NEEDOF SOFTWAREENGINEERING

The need of software engineering arizes because of higher rate of change in user requirements
and environment on which the software 13 working.

= Large software - If is easier to build 2 wall than to a house or building, likewise, as the
size of software become large engineerning has to step to give 1t a scientific process.

» Scalability- If the software process were not based on scientific and enginesring
concepts, it would be easier to re-create new software than to scale an exishing one.

» Cost- As hardware mdustry has shown its shkalls and huge manufacturing has lower down
the price of computer and electromc hardware. But the cost of software remams high if
proper process 1s not adapted.

» Dynamic Nature- The zlwayz prowing and adapting nature of software hugely depends

upcn the emvironment m which the user works. If the nature of software is always
changing, new enhancements need to be done in the existing one. This 13 whers sofbware

engineering plays a good role.
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»  Quality Management- Better process of software development provides better and
quality software product.
CHARACTERESTICSOF GOOD S0FTWARE
A software product can be judged by what it offers and how well 1t can be used. This software
must zatizfy on the following grounds:
» Operaticnal
»  Transitional
» MMaintenance
Well-engineered and crafted software 13 expected to have the following charactenstics:
Operational
This tells us how well software works m operations._ It can be measured on-

+ Budgst « Dependability
i »  Secunty
= Efficiency . Qafiky
» Comeciness j
= Fumchonality
Transitional

This aspect 15 important when the software is moved from one platform to another:

= Portability « Beusability
» Interoperability » Adaptahlity
MMamtenance
Thiz azpect bniefs about how well a software has the capabilities to maintain tself m the ever-
changing environment:
+  Nodulanty «  Scalability
» NMaintzinability
»  Flexibility

In short, Software engineering iz a branch of computer science, which uses well-defined
enginesering concepts required to produce efficient, durable, scalable, in-budzet and on-fime
software products.

4.2. SOFTWARE DEVELOPMENT LIFE CYCLE
LIFE CYCLE MODEL

A software life cycle model (also called process model) 15 a descriptive and diagrammatic
representation of the software life cycle. A life cycle model represents all the activities required
to make a software product tranzit through its life cycle phases.

Page 126 of 384



When a software product 15 being developed by 2 team thers must be a clear understanding
among team members about when and what to do. Ctherwise it would lead to chaos and project
failure. This problem can be illustrated by using an example. Suppose a software development
problem 1z divided mto several partz and the parts are aszsigned to the team members. From then
on, suppose the team members are allowed the freedom to develop the parts zssipned to them
whatever way they like. It 15 possible that one member might start writing the code for his part,
another might decide to prepare the test documents first, and some other engineer might begn
with the design phase of the parts assigned to him_ This would be one of the perfect recipes for
project failure. A software Life cycle model defines entry and exit critena for every phase. A
phaze can start only if its phase-entry cniteria have been zatisfied. So without software hife cyele
model the entry and exit crnitenia for a phase cannet be recogmzed. Without software life cycle
models, it becomes difficult for soffware project managers to monator the progress of the project.

Different software life cycle models

Many hife cycle models have been proposed so far. Each of them has some advantages as well as
some dizadvantages A few mmportant and commeonly nzed life cycle models are as follows:

& Claszical Waterfall Model »  Evolutionary Model

» Tterative Waterfall hModel «  Spiral Model
= Prototyping Model
CLASSICAL WATERFALL MODEL
The claszical waterfall model 15 intmtively the mest obvious way to develop software. Though

the classical waterfall model 15 elegant and mtuitively obvious, it 15 not a practical model n the
sense that it cannot be used m actual software development projects. Thus, this medel can be
conzidered to be a theoretical way of developing software. But all other life cycle models are
eszentially denved from the classical waterfall model. So. mn order to be able to appreciate other
life cycle models 1t 15 necessary to leam the claszical waterfall model. Classical waterfall model
divides the life cycle mnto the following phases as shown m fig 2.1:

Classical VWaterfall Model

eanibDility Study,

ﬁuq. Analyois

ESign

| Coding

| Testing

l FAAIn e nance I

Fig 2.1: Classical Waterfall Model
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Feasibility study - The mamm aim of feamibility study 15 to determine whether 1t would be
financially and technically feasible to develop the product.

= At first project managers or team leaders try to have a rough understanding of what 1=
required to be done by visiting the client side. They study different mput data to the
system and output data to be produced by the system. They study what kind of processing
1z needed to be done on theze data and they look at the various constraint: on the
behavior of the system.
= After they have an overall understanding of the problem they imvestigate the different
solutions that are possible. Then they examine each of the solutions n terms of what kand
of rezources requred, what would be the cost of development and what would be the
development fime for each solution.
= Baszed on thiz analyms they pick the best solution and deterrnine whether the solution 1z
feasible financially and techmcally. They check whether the customer budget would meet
the cost of the product and whether they have sufficient techmcal expertize in the area of
development.
Reguirements analysis and specification: - The amm of the requirements amalysiz and
specification phase 13 to understand the exact requirements of the customer and to document
them properly. This phase consists of two distinet activibies, namely

» Regqurements gathering and analyzis

« Requirements specification
The goal of the requirements gathering activity is to collect all relevant mformation from the
customer regarding the product to be developed. This 13 done to clearly understand the customer

requirements so that mcompleteness and inconsistencies are removed.

The requirements analysis activity iz begum by collecting all relevant data regarding the product
to be developed from the users of the product and from the customer through mmterviews and
discussions. For example, to perform the requirements analysis of a business accounting software
required by an organization, the analyst might interview all the accountants of the organization to
azcertain their requirements. The data collected from such 2 group of users usually comtam
several contradichions and ambipmties, since each user typically has only a2 parbal and
mcomplete view of the system. Therefore, it 15 pecessary to identify all ambiguities and
confradictions m the requirements and resolve them through further discuszons with the
customer. After all ambigmties, inconsistencies, and mcompleteness have been resolved and all
the requirements properly understood, the requirements specification activity can start. Dunng
this activity, the user requirements are systematically organized mto a Software Bequirements
Specification (SES) document. The customer requirements identified during the requirements
gathering and analysis activity are crgamized mnto a SES document. The important components of
this document are functional requirements, the nonfunctional requirements, and the goals of
mplementation.

Design
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The goal of the design phase 1= to transform the requirements specified m the SES document mto
a structure that 13 smtable for implementation in some programming language. In techmical
terms. durmg the design phase the software architecture 13 derived from the SES document. Two
distinctly different approaches are available: the tradinonal design approach and the object-
oriented design approach.

» Traditional design approach -Traditional design consists of two different activities; first a
structurad analysis of the requirements specification 15 carried out whera the detailed
structure of the problem is examined. This is followed by a structured design activity.
During structured design, the results of structured analysis are transformed into the
software design.

= Object-oriented design approach -In this technique, various chjects that accur in the
prablem domain and the solution domain are first identified, and the different
relationships that exist among these objects are identified. The object structure is
further refined to obtain the detailed design.

Coding and wunit testing: -The purpose of the coding phaze (somestimes called the
maplementation phase) of software development is to translate the software desipn mto source
code. Each component of the design 13 implemented as a program module. The end-product of
this phase 15 a set of program modules that have been individually tested. During this phase, each
module 13 wnit tested to determune the comrect worlang of all the mdividual modules. It involves
testing each module in 1solation as this 13 the most efficient way to debug the errors identified at
this stage.

Integration and system testing: -Integration of different modules 13 undertaken once they have
been coded and umt tested. Dunng the mtegrabion and system testiing phase, the modules are
mtegrated in a planned manmner. The different modules malang up a seftware product are almost
never integrated m one shot. Integration 1= nomally camed out imcrementally over a number of
steps. During each integration step, the partially mtegrated system i1z tested and a szet of
previously planned modules are added to it Fially, when all the modules have been successfully
mtegrated and tested, system testing 13 camed out. The goal of system testing 15 to ensure that
the developed system conforms to its requirements laid out in the SES document. System testing
usually consists of three different lands of testing achvities:

» o —testing: It is the system testing performed by the development team.
® [ —tasting: It s the system testing performed by a friendly set of customers.
= Acceptance testing: It is the system testing performed by the customer himself after the
praduct delivery to determine whether to accept or rejact the delivered product.
System testing 13 normally camied out i 2 planned manner according to the system test plan
document. The system test plan 1dentifies all testing-related activities that must be performed,

specifies the schedule of tesing, and allocates resources. It also lists all the test cases and the
expected outputs for each test case.
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Maintenance: -Mamtenance of a typical software product requires much more than the effort
necessary to develop the product itself Many studies cammed out in the past confirm this and
mdicate that the relative effort of development of 2 typical software product to its mamtenance
effort 15 roughly m the 40:60 rabos. Mamtenance mvolves performing any one or moere of the
following three kinds of activities:

= Correcting errors that were not discovered during the product development phase. This
is called corrective maintenance.

* |mproving the implementation of the system, and enhancing the functionalities of the
system according to the customer’s reguirements, Thisis called perfective maintenance.
* Porting the software to work in a new environment. For example, porting may be
required to get the software to work on a new computer platform ar with a new
operating system. This is called adaptive maintenance.
Shortcomings of the classical waterfall model
The clazzical waterfall model iz an idealizsbic one since it assumes that no development error is ever
committed by the engineers duning any of the hife cycle phases. However, in practical development
environments, the engineers do commit a large number of emmors in almost every phase of the life cycle.
The source of the defects can be many: oversight, wrong azssumphions, use of mappropriate technology,
commumication gap among the project engineers, etc. These defects usually get detected much later in the
life cycle. For example, a design defect misht po unnoticed till we reach the coding or testing phaze.
Once a defect 1z detected. the engineers need to go back to the phase where the defect had occurred and
redo zome of the work done during that phaze and the subsequent phazes to correct the defect and 1ts
effect on the later phases. Therefore, in any practical software development work, 1t 15 not possible to
sinictly follow the classical waterfall model.

ITERATIVE WATERFALL MODEL

To overcome the major shortcomings of the classical waterfall model, we come up with the
iterafive waterfall model.
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Fig 3.1 : Iterative Waterfall Model

Here, we provide feedback paths for emor correction as & when detected later in a phasze.
Though errors are mevitable, but if 15 desirable to detect them in the same phase i which
they oceur. If so, this can reduce the effort to correct the bug.

The advantage of this model 13 that there 13 2 working model of the system at a very early
stage of development which makes it easer to find fimctional or design flaws. Finding 1ssues
at an early stage of development enables to take corrective measures in a limted budget.

The disadvantage with thiz SDLC model 1z that it 15 applicable only to large and bully
software development projects. This 15 because it is hard to break a small software system
mio further small serviceable increments/modules.

PRTOTYPING
MODEL PROTOTYPE

A prototype 1s a toy implementation of the system. A prototype usually exhibits limited
fimctional capabilimes, low rehability, and mefficient performance compared to the actual
software. A prototype 13 usually bmlt using several shortcuts. The shorteuts might mvehe
using mefficient, naccurate, or dummy functions. The shortcut implementation of a function,
for example, may produce the desired results by using a table look-up mstead of performing
the actual computations. A prototype usually turns out to be a very crude version of the
actual system.

INeed for 2 prototype In software development
There are several uses of a protofype. An important purpose 1s to illustrate the mput data

formats, messages, reports, and the mteractive dialogues to the customer. This 15 a valuable
mechamsm for zaiming better understanding of the customer’s needs:
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a. how the screens might look like

b. how the user interface would behave

€. how the system would produce outputs
Another reazon for developing a prototype 13 that 1t 1z impossible to get the perfect product
in the first attempt. Many researchers and engmmeers advocate that if you want to develop a
good product yvou must plan to throw away the first version. The expenence gamed n
developing the prototype can be used to develop the final product.
A prototyping model can be used when techmical solutions are unclear to the development
team. A developed prototype can help ensineers to cntically examine the techmical 1zsues
aszocizted with the product development Often. major design decisions depend on 1ssues
like the response time of a hardware controller, or the efficiency of a sorting alporithm etc.
In such circumstances, a prototype may be the best or the only way to resolve the technical
135183,

A prototype of the actual product 1z preferred in situations such as:

* User requirements are not complete
* Technical issues are not clear

initiak Cust v et

Ruguirements - . - Evalugtion,

Custarmar
satisfied

Resriens) &

LIpchatita

Baintain : ; Deved opmeend

Fig 3.2: Prototype Model

Page 232 of 384



EVOLUTIONARY MODEL

It 13 also called successive versions mode! or incremental model. At first, a simple working
model 1s built. Subsequently 1t undergoes functional improvements & we keep on adding new
functions till the desired svstem is built.

Applications:

A Large projects where you can easily find modules for incremental
mplementation Often used when the customer wants to start using the core
features rather than waiting for the full software.

B. Also used m object onented software development because the system can be
easily portioned mito umts m terms of objects.

Advantages:
- User gets a chance to expenment partially developed system
- Reduce the emor becanse the core modules get tested thoroughly.
Disadvantages:
- Itis difficult to divide the problem into several versions that would be acceptable to the
customer which can be merementally implemented & delivered.
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Fig 3.3: Evolutionary Model
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SPIRAL MODEL

The Spirzl model of software development 15 shown m fig. 4.1. The diagrammatic representation
of this model appears like a spiral with many loops. The exact number of loops m the spiral 15
not fizxed Each loop of the spiral represents a phase of the software process. For example, the
mmermost loop might be concerned with feambility study, the next loop with requirements
specification, the next one with demgn, and so0 on. Each phase in this model 15 split into four
sectors (or quadrants} as shown m fig. 4.1. The followmg activities are camed out dunng each
phase of a spiral model.

>

Cumulative
cost
Z‘?

1 z Alternate
Obgective Evaluation

Identification

_ Review

-

-
LS
=

Next Phaze Product
Planning : Developmant
Azlease -
Fig 4.1: Spiral Model
First quadrant (Objective Setting)

* During the first quadrant, it 1z needed to identify the objectives of the phase
» Examine the nsks associated with these objectives.
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Second Quadrant (Risk Assessment and Reduction)
» A detziled analysis 1z camied out for each identified project nsk.

*  Steps are taken to reduce the rnisks. For example, if there 13 a nsk that the requrements are
mappropriate, a prototype system may be developed.
Third Quadrant (Development and Validation)

» Develop and validate the next level of the product after resolving the identified rizks.
Fourth Quadrant (Review and Planning)

» Review the results achieved zo far with the customer and plan the next iteration around the
spiral.

* Progressively more complete version of the software gets built with each iteration around the
spiral.
Circumstances fo use spiral model
The zpiral model 1z called a meta model since it encompasses all other life cycle medels. Risk

handling 15 mmherently built mto this model. The spiral model 1z switable for development of
technically challenging software products that are prone to several kinds of nisks. However, this
model 15 much more complex than the other models — this 15 probably a factor deternng s use
ordmary projects.

Comparison of different life-cvcle models

The classical waterfall model can be considered as the basic model and all other life cycle
models as embellishments of thiz model. However, the classical waterfall model cannot be used
m practical development projects, since thiz model supports no mechanizm to handle the errors
commutted dunng any of the phases.

This problem is overcome in the iterative waterfall model. The iterative waterfall model is
probably the most widely used software development model evolved zo far. Thiz model is simple
to understand and use. However this model 15 suitable only for well-understood problems; it 1s
not suitable for very large projects and for projects that are subject to many nsks.

The prototyping model is smtable for projects for which either the user requirements or the
underlying technical aspects are not well understood. Thiz model iz especially popular for
development of the user-interface part of the projects.

The evolutionary approach 13 swtable for larpe problems which can be decomposed mto a set of
modules for mecremental development and delivery. This model 15 also wadely used for object-
oriented development projects. Of course, this model can only be used if the incremental delivery
of the system 13 acceptable to the customer.

The spiral model 15 called a meta model since it encompasses all other life cycle models. Bisk
handling 15 mherently built into this model. The spiral model 13 suitable for development of
technically challenming software products that are prone to several kinds of nisks. However, this
model 15 much more complex than the other models — this 15 probably a factor determing 1ts use n
ordinary projects.
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4.3.

The different software life cyvcle models can be compared from the viewpomt of the customer.
Inttizlly, customer confidence m the development team is usually high wrespective of the
development model followed. Dunng the lensthy development process, customer confidence
normally drops off, 2z no working product 15 immmediately vizible. Developers answer customer
quenes using technical slang, and delays are annownced. This gives nse to customer resentment.
On the other hand, an evolutionary approach lets the customer experiment with a working
product much earher than the monohthic approaches. Another important advantage of the
meremental model 15 that it reduces the customer’s trauma of getting uzed to an entirely new
system. The gradual introduction of the product via mcremental phases provides time to the
customer to adjust to the new product. Also, from the customer’s financial wvewpomnt,
meremental development does not requure a large upfront capital cutlay. The customer can order
the incremental versions as and when he can afford them.

REQUIREMENTS ANALYSIS AND SPECIFICATION

Before we start to develop our software, it becomes quite essemtial for us to understand and
document the exact requrement of the customer. Expenienced members of the development team
carry out this job. They are called as system analysts.

The analyst starts reguirements pathering and emalysis activity by collecting all information
from the customer which could be used to develop the requirements of the system. He then
analyzes the collected mformation to obtain a clear and thorough understanding of the product to
be developed, with a wiew to remove all ambigurbes and inconsistencies from the imrfial
customer percephion of the problem. The following basic questions pertaining to the project
should be clearly understood by the analyst in order to obtain a good grasp of the problem:

* What is the problem?

* Why is it important to solve the problem?

* What are the possible solutions to the problem?

* What exactly are the data input to the system and what exactly are the data output by

the system?

* What are the likely complexities that might arise while solving the problem?

* If there are external software or hardware with which the develaped software has to
interfaca, then what exactly would the data interchange formats with the external system
be?

After the analyst has understood the exact customer requirements, he proceeds to identify and
resolve the various requirements problems. The most important requirements problems that the
analyst has to identify and elimmate are the problems of amomalies. mconsistencies, and
mcompleteness. When the analyst detects any mconsistencies, anomalies or mcompleteness In
the gathered requirements. he resclves them by camrymg out further discussions wath the end-
uzers and the customers.

Partz of a SE5 document
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*The impartant parts of
SRS document
arg: = - —
Functional
requirements of

the system
- Non-functional requirements of the system and
- Goals of mplementation

Functional requirements:-
The functional requirements part dizcusses the fimctionalities required from the system. The
system 15 considered to perform a zet of high-level functions {f}. The funchional view of the

System 15 shown n fig. 5.1. Each function f of the system can be I-:nnsidered as a tranzformation

Of a set of mput data (1} to the comresponding set of output data (o). The user can get some

i

Meaningful piece of work done using a high-level fimehion

|'-f I O
I'-p O
Input . ' {f} ’ ' Output
M i
by » 5
] n

Fig. 5.1: View of a system performing a set of functions
Nonfunctional requirements: -

Nonfunctional requirements deal wath the charactenstics of the system wlich cannot be
expressed as fimctions - such as the mamtainability of the system, portability of the system,
usability of the system_ etc.
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Goals of implementation: -

The goals of implementation part documents some general suggestions regarding development.
These suggestions guide trade-off among design goals. The goals of mplementation section
might document 153ues such as revisions to the system fimetionalibies that may be required mn the
future, new devices to be supported in the future, reusability 1zsues, etc. These are the items
which the developers might keep in their mind dunng development so that the developed system
may meet some aspects that are not required mmediately.

Identifying functional requirements from a problem description

The high-level fimctional requirements often need to be idenbified erther from an informal
problem descriphion document or from a conceptual understanding of the problem. Each igh-
level requirement charactenizes a way of system usage by some user to perform some meanmmgful
prece of work. There can be many types of users of a system and thewr requirements from the
system may be very different. So, 1t 15 often useful to identify the different types of users who
might use the system and then try to identify the requirements from each user’s perspective.

Example: - Consider the caze of the library system. where —
F1: Search Bock function

Input: zn author’s name
Output: details of the author’s books and the location of these books in the hbrary

S0 the fimction Search Book (F1) takes the author's name and transforms it nto bool: details.
Functional requirements actually describe 2 zet of high-level requirements, where each lngh-level

requirement takes some data from the user and provides some data to the user as an output. Alzo
each high-level requirement might consist of several other functions.

Docomenting functional requirements

For documentmg the functional requirements, we need to specify the set of funchionalities
supported by the system. A fimction can be specified by 1dentifying the state at which the data 1s
to be mput to the system, its mmput data domain the output data domamn and the type of
proceszng to be cammed on the mput data to obtain the output data. Let ns first fry to document
the withdraw-cash function of an ATM (Automated Teller Machine) system. The withdraw-cash
15 a high-level requirement. It has several sub-requirements comesponding to the different user
mteractions. These different interachon sequences capiure the different scenarios.

Example: - Withdraw Cash from ATM

B1: withdraw cazh
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Description: The withdraw cash fumction first determuines the type of account that the user has
and the account number from which the user wishes to withdraw cash. It checks the balance to
determune whether the requested amount 15 avalable m the accomnt If enough balance is
available, it outputs the required cash; otherwize it generates an error message.

R1.1 select withdraw amount option
Input: “withdraw amount” option
Output: nzer prompted to enter the account type
R1.2: select account type
Input: user option
Output: prompt to enter amount
B13: get required amount
Input: amount to be withdrawn in integer values greater than 100 and less than 10,000 m
multiples of 100.
Output: The requested cash and printed transaction statement.
Processing: the amount i1z debited from the wser's account if sufficient balance i3

available, otherwize an emor message dizplayed

Properties of a good SES document

The important properties of 2 good SES document are the following:

s Concise. The 5BS document should be concise and at the same time unambiguous,
consistent, and complete. Verbose and orelevant descriptions reduce readability and also
mcrease ermor possibilities.

s Stroctored. It should be well-structured. A well-structured document 13 easy to
understand and modify. In practice, the SES document undergoes several revisions to
cope up with the customer requirements. Often, the customer requirements evolve over a
period of time. Therefore, in order to make the modifications to the SRS document easy,
it 13 important to make the document well-structured.

= Black-box view. It should only specify what the system should do and refram from
stating how to do these. Thiz means that the SES document should specify the external
behavier of the system and not discusz the implementation 1zsues. The SRS document
should wview the system to be developed as black box, and should specify the externally
visible behavior of the system. For this reason, the SES document 1z also called the
black-box specification of a system.

* Conceptual integrity. It should show conceptual mtegnty so that the reader can eamly
understand 1t

* Response to undesired events. It should characterize acceptable responses to undesired
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events. These are called system rezponse to exceptional conditions.

=  Verifiable. All requirements of the system as documented i the SES document should
be venfiable. This means that it should be posmble to determine whether or not

requirements have been met in an implementation.

Problems without a SES document

The mmpertant problems that an orgamzation would face if it does not develop a SE.S document
are as follows:

 Without developing the SES document, the system would not be implemented according
to customer needs.
» Software developers would not kmow whether what they are developng 15 what exactly

required by the customer.
=  Without SES document, it will be very mmuch difficult for the maintenance engmesrs to

understand the functionalty of the system
= It will be very much difficult for user document writers to write the wsers’ manuals
properly without understanding the 3ES document.
Problems with an nnstructured specification
+ It would be very much difficult to understand that document
= It would be very much difficult to modify that document.
*» Conceptual mtegnty m that document would not be shown.

= The SE5 document might be unambiguous and mconsistent.
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4.4. DECISION TREE

A decizion tree gives a graphic view of the processing logic mvolved m decizion making and the
corresponding actions taken. The edges of a decizion tree represzent conditions and the leaf nodes
represent the actions to be performed depending on the outcome of testing the condiion.

Example: -

Consider Library Membership Automation Software (LMS) where 1t should support the
following three options:

= New member

*  Herewal

#  Cancel membership
New member option-

Decision: When the ‘'new member' option 1s selected, the software asks details about the
member like the member's name, address, phone number ete.

Action: If proper mformation 1z entered then a membership record for the member i3
created and a bull 15 printed for the annual membership charge plus the security deposit
pavable.

Renewal option-
Decision: If the renewal option 15 chosen, the LMS asks for the member's name and his
membership number to check whether he 15 a2 valid member or not.
Action: If the membership 15 valid then membership expiry date 13 updated and the
annual membership bill is printed, otherwise an error message 13 displayed.

Cancel membership option-
Decision: If the ‘cancel membership’ option 15 selected, then the software asks for
member's name and his membership number.

Action: The membership i1z cancelled, a cheque for the balance amount due to the
memmber is printed and finzlly the membership record iz deleted from the database.
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The followmg tree (fiz. 6.1) shows the graphical representation of the above example.

Fig 6.1: Decision Tree of LMS

DECTSION TABLE

A decizion table iz used to represent the complex processing logic in 2 tabular or 2 matrix form.
The upper rows of the table specify the variables or conditions to be evaluated The lower rows
of the table specify the actions to be taken when the comesponding conditions are satisfied A
column n a table 13 called a rwle. A rule imphes that if a condihon iz true, then the

corresponding action is to be executed.
Example: -

Consider the previously discussed LMS example. The following decizion table (fig. 6.2) shows
how to represent the LMS problem in a tabular form. Here the table 1= divided into two parts, the
upper part shows the condrfions and the lower part shows what actions are taken. Each column

of the table 1z & rule.

— m— — = e —

Conditions

Valid salection

Mo

Yes

Mew mernber

Ve

Rmnesal

Mo

Cancallation

Mo

Actions

Display emmor message

Ask member's details

Buiid customer record

Generate bill

Ask mambar's name & membership numiser

1| X | X |=x |

Update expiry date

== | =]

Frint chegusa

Delets record

Fig. 6.2: Decision table for LMS
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From the above table you can easily understand that, if the valid selechion condition 15 false then
the action taken for this conditon 15 'display error message’. Similarly, the actions taken for
other conditions can be mferred from the table.

4.5. SOFTWARE DESIGN

Software design 15 a process to transform user requirements mto some suitzble form, which
helps the programmer 1 software coding and mplementation.

For assessing user requirements, an SES (Software Requirement Specification) document is
created whereas for coding and implementation, there 1z 2 need of more specific and detailed
requirements in software terms. The output of thiz process can directly be used into

implementation in programming languages.
Software design 13 the first step in SDLC (Sofbware Design Life Cyele), which moves the concentration
from problem domam to solution domam_ It tnies to specify how to fulfill the requirements menhoned in
SES.

Software Desipn Levels
Software design vields three levels of results:

Architectural Design - The archutectural design 15 the highest abstract version of the zystem. It identifies
the software as a system with many components interacting with each other. At this level, the designers
get the 1dea of proposed solution domain.

» High-level Design- The ligh-level design breaks the “single entitv-multiple component’
concept of architectural design into less-abstracted view of sub-systems and modules and
depicts their interaction with each other. High-level desien focuses on how the system
along with all of s components can be implemented in forms of modules. It recogmzes
modular structure of each sub-svstem and their relation and mteraction among each other.

» Detailed Design- Detailed dezign deals with the implementation part of what iz seen 2z a
system znd its sub-systems m the previcus two designs. It 13 more detailed towards
modules and their implementations. It defines logical structure of each module and their
mterfaces to commumeate with other modules.

Modularization

Modulanization 13 a techmgue to diide a software system mto multple discrete and
independent modules, which are expected to be capable of camying out task(s) mdependently.
Theze modules may work as basic constructs for the entire software. Desipners tend to design
modules such that they can be executed and'or compiled separately and independently.
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Modular design umntentionally follows the rules of “divide and conguer” problem-zolvng
strategy this iz because there are many other benefits attached with the modular design of a

software.

Advantage of modulanzation:
= Smaller components are easier to mamtain
= Program can be divided based on fimctional aspects
= Desired level of abstraction ca n be brought in the program
= Components with high cohesion can be re-used agam.
» Concurrent execution can be made poszible
» Desired from security aspect
Concurrency
Back in time, all software were meant to be executed sequentially. By sequential execution we
mean that the coded mstroction will be executed one after another implying only one portion of

program being activated at any given time. Say, a software has multiple modules, then only one
of all the modules can be found active at any time of execution.

In software design, concurrency iz mmplemented by sphtting the software info multiple
independent nmts of execution, like modules and execubing them in parallel. In other words,
concurrency provides capability to the software to execute more than one part of code in
parallel to each other.

It 15 neceszary for the programmers and designers to recogmze those modules, which can be
made parallel execution.

Example

The =pell check feature m word processor 1= a module of software, which runs alongside the word
processor itself
Coupling and Cohesion

When a software program 1z modulanzed, its tasks are divided into several modules based on
some charactenstics. As we lmow, modules are set of instructions put together m order to
achieve some tasks. They are though, considered as single entity but may refer to each other to
work together. There are measures by which the quality of 2 desizn of modules and themr
mteraction among them can be measured. These measures are called coupling and cohesion.

Cohesion
Cohesion 13 a measure that definez the degree of mtra-dependability within elements of a
module. The greater the cohesion, the better is the program design.

There are seven types of cohesion, namely —

» Co-incidental cohesion - It iz unplanned and random cohesion, which might be the result
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of breaking the program into smaller modules for the sake of modulanzation Because it
1z unplanned, it may serve confusion to the programmers and 15 generally not-accepted.

» Logical cohesion - When logically categorized elements are put together into a module,
it iz called logical cohesion.

= Temporal Cohesion - When elements of module are orgamized such that they are
proceszed at a similar point m hme, it 15 called temperal cohesion.

» Procedural cohesion - When elements of module are grouped together, which are
executed sequentially mn order to perform a task 1t 1s called procedural cohesion.

» Communicational cohesion - When elements of module are grouped together, which are
executed sequentially and work on zame data (information), it 15 called commumicational
cohesion.

» Sequential cohesion - When elements of module are grouped because the output of one
element serves as mput to another and so on, 1t 13 called sequential cohesion.

» Functional cohesion - If 1z considered to be the lughest degree of cohesion, and it 13
highly expected. Elements of module in functional cohesion are grouped because they all
confribute to a smgle well-defined function. It can also be reused.

Coupling
Couphng 1= a measure that defines the level of mter-dependability among modules of a
program. It tells at what level the modules mterfere and interact with each other. The lower the
coupling, the better the program.
There are five levels of coupling, namely -

» Content coupling - When a module can directly access or modify or refer to the content
of another module, 1t 15 called content level coupling.

» Common coupling- When multiple modules have read and wnite access to some global
data, it 13 called commen or global coupling.

+ Control coupling- Two modules are called control-coupled if one of them decides the
fumction of the other module or changes its flow of execution.

» Stamp coupling- When multiple modules share common data structure and work on
different part of it, 1t 15 called stamp coupling.

» Data coupling- Data coupling 1= when two modules interact with each other by means of
passing data (as parameter). If a module passes data structure as parameter, then the
recerving module should use all its components.

Ideally, no coupling is considered to be the best.

Design Verification
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4.6.

The output of software design process 1z design documentation, pseudo codes, detatled logic
diagrams, process diagrams, and detailed descniption of all functional or non-fimetional
requirements.

The next phase, which is the implementation of software, depends on all outputs mentioned
above.

It 15 then becomes necessary to venfy the output before proceeding to the next phase. The early
any mistake 13 detected, the better it 15 or it might not be detected unfil testing of the product. If
the outputz of design phaze are in formal notabion form, then thew associated tools for
verification should be used otherwise a therough design review can be used for venfication and
validation.

By structured venfication approach, reviewers can detect defects that might be caused by
overlooking some conditions. A good design review 1s important for good software design,
accuracy and quality.

SOFTWARE DESIGN STRATEGIES

Software desigm 13 a process to conceptualize the software requirements into software
mmplementation. Software design takes the user requirements as challenges and fries fo find
optimum sclufion. While the software is being conceptualized, a plan 13 chalked out to find the
best possible design for implementing the intended solution.

There are multiple vaniants of software design. Let us study them briefly:

Software design 13 a process fo conceptuahize the software requirements mto software
implementation. Software desizn takes the user requirements as challenges and tries to find
opfimum solution. While the software is being conceptualized, a plan 15 chalked out to find the
best possible design for implemenfing the mtended solution.

There are multiple variants of software desizn. Let us study them briefly:

Structured Design

Structured desigm 13 a conceptualization of problem mto several well-orgamzed elements of
zolution. It 15 basically concemed with the solution desipn. Benefit of structured design is, it
gives better understanding of how the problem 1z bemng solved Structured design also makes it
simpler for designer to concentrate on the problem more accurately.

Structured design is mostly based on “dnade and conquer’ strategy where a problem 15 broken
mto several small problems and each small problem 1z individually solved until the whole
preblem iz solved.

The small pieces of problem are solved by means of solution modules. Structured dezign
emiphasis that these modules be well orgamzed m order to achieve precize solution.

These modules are arranged in hierarchy. They communicate with each other. A good structured
design always follows some rules for commumicztion among multiple modules, namely -
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Cohesion - grouping of all finctionally related elements.
Coupling - communication between different modules.
A good structured design has high cohesion and low coupling amrangements.
Function Oriented Design
In function-onented design, the system 1z comprised of many smaller sub-systems Imovwn as

functions. These functions are capable of performing significant task in the system. The system
15 considered as top view of all functions.

Function onented design mnherits some properties of structured dezign where divide and conguer
methodology 15 used.

This design mechanizm divides the whole system mnto smaller functions, which provides means
of zbstraction by concealing the mformation and their operation. These functional modules can
share information among themselves by means of mformation paszing and using mformation
available globally.

Another charactenstic of fimctions 15 that when a program calls a fimction, the fimchion changes
the state of the program, which sometimes 13 not acceptable by other modulez. Function onented

design works well where the system state does not matter and program/functions work on mput
rather than on a state.

Design Process

» The whale system is seen as how data flows in the system by means of data
flow diagram.

+ DFD depicts how functions change the data and state of entire system,

# Theentire system is logically broken down into smaller units known as functions on
the basis of their operation in the system,

# Each function is then described at large.

Ohbject Oriented Design
Object oriented design works around the entities and their charactenistics mstead of functions
mvolved mn the software system. This design strategy focuses on entities and its charactenstics.
The whole concept of software solution revolves around the engapged entities.

Let us see the important concepts of Object Onented Dezign:

= Dbjects - All entities involved n the solution desizn are kmown as objects. For example,
person, banks, company and customers are treated as objects. Every entity has some
attributes associated to it and has some methods to perform on the attributes.

» Classes - A class iz a generalized description of an cbject. An object 13 an instance of a
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class. Class defines all the attmbutes, which an object can have and methods, which
defines the functionality of the object.

In the solution design, attnbutes are stored as vanzbles and fimctionalities are defined
by means of methods or procedures.

» Encapsulation - In 00D, the attnbutes {data vanables) and methods {operation on the
data) are bundled together 13 called encapsulabon. Encapsulation not cnly bumdles
mportant mformation of an object together, but also restricts access of the data and
methods from the outside world. This 15 called mformation liding.

» Inheritance - OOD allows similar clazses to stack up in merarchical manner where the
lower or sub-classes can mmport, implement and re-use allowed vanables and methods
from their immediate super classes. This property of O0OD) 15 kmown as mhentance. This
makes 1t easier to define specific class and to create genmeralized classes from specific
ones.

» Polymorphism - 00D languages provide a mechamsm where methods performing
similar tasks but vary m arpuments, can be assigned same name. This 15 called
polymorphizm, which allows a single interface performung tasks for different types.
Depending upon how the funchion i1z mvoked, respective portion of the code gets
executed.

Design Process

Software design process can be percerved as senes of well-defined steps. Though it vanes
according to desion approach (function oriented or object onented, yet It may have the
following steps mvolved:

= A zolution dezign iz created from requirement or previous used system andfor system
sequence diagram.

» Objectz are 1dentified and grouped mto claszses on behalf of similanty i attnbute
charactenstics.

» Class hierarchy and relztion among them are defined.

» Application framework 15 defined.
Software Design Approaches
There are two generc approaches for software designing:

Top down Design
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We know that 2 system 15 composed of more than one sub-systems and 1t contains a number of
components. Further, these sub-svstems and components may have their one set of sub-system
and components and creates hnerarchical structure in the system.

Top-down design takes the whole software system as one entity and then decomposes it to
achieve more than one sub-system or component based on some charactenstics. Each sub-

gystem of component is then treated as a system and decomposed further. This process keeps on
running until the lowest level of system m the top-down hierarchy 1z achieved.

Top-down dezign starts with a generalized model of system and keeps on definmg the more
specific part of it. When all components are composed the whole system comes mto existence.

Top-down design 1z more suitable when the zoftware sclution needs to be designed from scratch
and specific details are mlmown.

Bottom-up Design

The bottom up dezign model starts with most specific and basic components. I proceeds with
composing higher level of components by using basic or lower level components. It keeps
creating higher level components until the desired system 15 not evolved az one =mgle
component. With each higher level, the amount of abstraction 13 mereazed.

Bottom-up strategy 15 more switable when z system needs to be created from some existing
system, where the basic pnmitives can be used i the newer system.

Both, top-down and bottom-up approaches are not practical individually. Instead, a good
combination of both 15 used.

4.7. SOFTWARE ANALYSIS & DESIGN TOOLS

Software analyzis and demgn includes all activities, which help the transformation of
requirement specification mto implementation. Requirement specifications specify all fimchonal
and non-funchonal expectations from the software. These requirement specifications come m
the shape of human readable and understandable documents, to which a computer has nothing to

do.

Software analysiz and design 15 the intermediate stage, which helps buman-readable
requirements to be transformed mto actual code.

OBJECT MODELLING USING UML

Model

A model captures aspects important for some application while omitting (or abstracting) the rest.
A model m the context of software development can be graphical textual mathematical or
program code-based. Models are very useful m documenting the design and analyzis results.
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Models also facilitate the analysis and design procedures themselves. Graphical models are very
popular because they are easy to understand and construct UML 15 pnimanly a graphical
modeling tool. However, 1t often requires text explanations to accompany the graphical models.

MNeed for a model

An mmportant reason behind constructing a model 13 that it helps manage complexity. Once
modelz of a system have been constructed, these can be used for a vanety of purposes during
software development, mcluding the following:

* Analysis

» Specification

* Code generahion

* Dezign

* Visualize and understand the problem and the working of 2 system

= Testing, efc.

In all these apy]icaﬁfns, the UML models can not only be used to document the results but also
to amve at the results themselves. Smce a model can be used for a vanety of purposes, it is
reasonable to expect that the model would vary depending on the purpose for which it 1z being
constructed. For example, a model developed for mitial analysis and specification should be very
different from the one used for design. A model that 1z being used for analyzis and specification
would not show any of the design decisions that would be made later on during the design stage.
On the other hand, 2 model used for design purposes should capture all the design decisions.
Therefore, it 15 a good idea to expliotly mention the purpese for which 2 model has been
developed, along with the model.

Unified Modeling Language (UML)

UML, as the name mplies, 15 & modelng language. It may be used to visuahze, specify,
construct, and document the artifacts of a sofbware system. It provides 2 set of notations (e.z
rectangles lines, ellipses. efc.) to create a visual model of the system. Like any other language,
UML has its own syntax (symbols and sentence formation rules) and semanhcs (meanings of
symbols and sentences). Also, we should clearly understand that UML 15 not a system design or
development methodology, but can be used to document object-onented and analysis results
obtamned using some methodolozy.

Origin of UML

In the late 1980s and early 19903, there was a proliferation of object-oriented design techmgues
and notations. Different software development houses were using different notations to
document therr object-oniented desioms. These diverse notafions used to give nze to a lot of
confusion.

UML was developed to standardize the large number of object-onented modeling notations that
existed and were used extensively in the early 1990s. The principles ones in use were:
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= Object Management Technology [Fumbaugh 1991]

= Booch’s methodology [Booch 1991]

* Object-Onented Software Engineenng [Jacobzon 1992]
= Odell’s methodology [Odell 1992]

= Shaler and Mellor methodology [Shaler 1992]

It 13 needless to say that UML has borrowed many concepts from these modeling techniques.
Especially, concepts from the first three methodologies have been heavily drawn upon. UML
was adopted by Object Management Group (OMG) as a de facio standard m 1997, OMG 13 an
association of industries which tnes to facilitate early formation of standards.

We shall ses that UML contains an extensive set of notations and suggests construction of many
types of diagrams. It has successfully been used to model both large and small problems. The
elepance of UML, itz adoption by OMG, and a strong industry backing have helped UML find
widespread acceptance. UML iz now being uzed i a large number of zoftware development
projects worldwide.

UML Diagrams

UNL can be used to construct mine different types of dizgrams to capture five different views of
a system. Just as a buldng can be modeled from several wiews (or perspechves) such as
ventilation perspective, electrical perspective, highting perspective, heating perspective, etc.; the
different UML diagrams provide different perspectives of the software system to be developed
and facilitate a comprehensive understandimg of the system. Such models can be refined to get
the actual implementation of the system.

The UML diagrams can capture the following five views of a system:
= User’s view
= Structural view
= Behavioral view
* Implementation view
= Environmental view

Page 251 of 384



— T

- ] E S
.-_."'-g':'dl Bursl Viaw . Babasiars Viaw oy
& .| eew Bdagram
S Dlam Bagum E rlll:lr.lhll Fidgram
gt Dhjuel Brapiom i Whabe skaid doa 1
: T Rlinkly Bl

5 0 E Wi A
e Cave Diagra l_|—|
L |

» &

Impt Eme sl s ! Frmir sarmrtal Vikee S
Ny Cempuransl Biagram Fapriymant g
: :
~— ) S
e T

Fig. 12.1; Dnfferent types of diagrams and views supported in UML

User’s view: Thiz view defines the fimctionahities (facihhes) made available by the system to
its users. The users’ view captures the external users’ view of the system in terms of the
functionalities offered by the system. The users’ view 15 a black-box view of the system where
the internal structure, the dynamic behavior of different system components, the
implementation etc. are not vizsible. The users’ view 1z very different from all other views m the
sense that it is a fimctional model compared to the object model of all other views. The users’
view can be considered as the central view and all other views are expected to conform to this
view. This thinking 1z i fact the crux of any uzer centric development style.

Structural view: The structural view defines the kinds of objects (classes) important to the
understanding of the working of a system and to its implementation. It also captures the
relationships among the classes (objects). The structural model 15 also called the stabic model,
since the structure of a system does not change with time.

Behavioral view: The behavioral view captures how objects mteract with each other to realize
the zystem behavior. The system behavier captures the tme-dependent {dynamic) behavior of
the system.

Implementation view: Thiz view captures the important components of the system and their
dependencies.

Environmental view: Thiz view models how the different components are mmplemented on
different pieces of hardware.

USE CASE DIAGRAM
Use Case Model

The uze case model for any system consists of a set of “use cases”. Inhwmtively, use cases
represent the different ways m which a system can be used by the users. A simple way to find all
the uze cases of a system 15 to ask the question: “What the users can do using the system”” Thus
for the Library Information System (LIS), the use cases could be:
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* 1zsue-book
* query-baok
» retum-book
* create-member

+ add-book, etc

Use cases comrespond to the high-level fimctional requirements. The use cases partition the
system behavier mto transactions, such that each transzachion performs some useful action from
the user’s point of view. To complete each transaction may mmvolve either a single message or
multiple meszage exchanges between the user and the system to complete.

Purpose of use cases

The purpose of a use case 15 to define a piece of coherent behavior without revealing the intemal
structure of the system. The use cases do not mention any specific algonthm to be used or the
mfemnal data representation, internal structure of the software, etc. A usze case typically
represents a sequence of mteractions between the user and the system These interactions consist
of one mainline sequence. The manhine sequence represents the normal interaction between a
uzer and the system. The mamnline sequence 13 the most occumng sequence of mteraction. For
example, the mainhne sequence of the withdraw cash use case supported by a bank ATM drawn,
complete the transaction, and get the amount. Several variations to the main line sequence may
also exist Typically, a vanaton from the mamline sequence occurs when some specific
conditions hold. For the bank ATM example, variations or altemate scenanos may occur, if the
password is invalid or the amount to be withdrawn exceeds the amount balance. The vanations
are also called alternative paths. A use case can be viewed as a set of related scenanos tied
together by a common goal. The mammline sequence and each of the vanatons are called
scenarios or instances of the use case. Each scenario 1s 2 single path of user events and system
actrvity through the use case.

Representation of Use Cases

Use cazes can be reprezented by drawing a use case diagram and writing an accompanying text
elaborating the drawmg. In the use case diagram, each use case 13 represented by an ellipse with
the name of the use case written mside the ellipse. All the ellipses (1.2. use cases) of a system are
enclosed within a rectangle which represents the system boundary. The name of the system
being modeled (such as Library Information System) appears mside the rectangle.

The different users of the system are represented by usmg the stick person icon. Each stick
person 1con 1z normally referred to as an actor. An actor 13 a role played by a user with respect to

the system use. It 1z poszible that the same user may play the role of multiple actors. Each actor
can participate 1n one of more use cazes. The line connecting the actor and the use caze 15 called
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the commumcation relationship. It mdicates that the actor makes use of the functionality
provided by the use case. Both the human users and the external systems can be represented by
stick person icons. When a shck person icon represents an external system, 1t 15 annotated by the
stereotype <<external system=>.

Example 1:
Tic-Tac-Toe Computer Game

Tic-tac-toe 15 a computer game in which a2 human player and the computer make
altermative mowves on a 3*3 square. A move consists of marking previously
unmarked square. The player who first places three consecutive marks along a
straight line on the square (1.2. along a row, column, or diagonal} wins the game.
Az soon az either the human plaver or the computer wins, a message
congratulating the winner should be displayed. If neither player manages to get
three consecutive marks along a straight lme, but all the squares on the board are
filled up, then the game 15 drawm. The computer always fries to win a game.

The usze case model for the Tic-tac-toe problem i1z shown m fig. 13.1. Ths
software has only one use case “play move”. Note that the use case “get-user-
move” 13 not used here. The name “get-user-move” would be mappropriate
becanse the use cases should be named from the user's perspective.

—
- -

{ Play maws }

Tie-tag-toe game

Fig. 13.1: Use case model for tic-tac-toe pame

Text Description

Each ellipse on the use case diagram should be zccompamed by a text descniphion. The text
desciption should define the details of the interaction between the user and the computer and
other aspects of the use case. It should melude all the behavior associated with the uze case
terms of the mamhmne sequence, different vanations to the normal behawior, the system responses
aszoclated with the use case, the excephional conditions that may occur m the behavior, etc. The
behavior descniption 15 often wnitten in a conversational style describing the mteractions between

Page 254 of 384



the actor and the zystem. The text description may be mformal but some structuning is
recommended. The followmg are some of the mformation which may be mcluded m 2 use case
text description in addifion to the mamline sequence, and the alternative scenarios.

Contact persons: This section lizts the personnel of the client organization with whom the use
case was discussed, date and time of the meeting. etc.

Actors: In addition to identifying the actors, some information about actors using this use case
which may help the implementation of the use case may be recorded.

Pre-condition: The preconditions would descnibe the state of the system before the use case
execution starts.

Post-condition: This captures the state of the system after the use case has successfully
completed.

Non-functional requirements: Thiz could contzin the important constramts for the design and
mplementation, such as platform and environment conditions, gqualitative statements, response
time requirements, etc.

Exceptions, error situations: Thiz contams only the domam-related errors such az lack of
user s access rights. mvalid eniry in the mput fields, etc. Obvicusly, errors that are not domam
related, such az software errors, need not be dizcuszed here.

Sample dialogs: These serve as examples illustrating the use casze.

Specific user interface requirements: Thess contain specific requrements for the user

mterface of the use case. For example, 1t may contain forms to be used, screen shots, nteraction
style, efc.

Docoment references: This part contains references to specific doman-related documents
which may be useful to understand the system operation

Example 2:

A supermarket needs to develop the following software to encourage regular
customers. For this, the customer needs to supply hisher residence address,
telephone number, and the driving license number. Each customer who registers
for this scheme 13 aszigned a umigue customer number (CN} by the computer. A
customer can present his CN to the checkout staff when he makes any purchase.
In this case, the value of lus purchase 1s credited agamnst hus CN. At the end of
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each year, the supermarket mntends to award swpnise mifts to 10 customers who
make the highest total purchase over the vear. Also, 1t intends to award a 22 caret
gold com to every customer whose purchase exceeded Es.10.000. The entres

against the CN are the reset on the day of every year after the prize winners’ lists
are generated.

The usze case model for the Supermarket Prize Scheme 1z shown m fig. 132, As dizcussed
earlier, the use cases comrespond to the high-level functional requirements. From the problem
description, we can 1dentify three use cases: “register-customer”, “register-sales” and “select-
winners . As a sample, the text descnphon for the use case “remster-customer” 15 shown.

[T AT TN & %
Clerle
Snles clerk
% S e ek
Y Tamamer Mrize Scheme

Fig. 13.2 Use case model for Supermarket Prize Scheme

Text description

Ul: regizter—customer: Usmg this use case, the customer can register himeelf by providing the
necessary details.

Scenario 1: Mainline sequence

1. Customer: select remster customer option.

2. System: display prompt to enter name, address, and telephone number.
Customer: enter the necessary values.

4. System: display the generated 1d and the message that the customer has been

successfully registered.
Scenario 2: at step 4 of mamlme sequence
1. System: displays the message that the customer has already registered.
Scenario 2: zt step 4 of mamlne sequence

1. System: displays the message that some nput information haz not been
entered. The system displays a prompt to enter the missing value.
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The description for other use cases 13 wntten in a sumlar fashion.

Utility of nse case diagrams

From use case diagram. it is obvious that the uhlify of the use cases are represented by ellipses.
They along with the accompanying text description serve as a type of requirements specification
of the system and form the core model to which all other models must conform. But, what about
the actors (stick person icons)? Ome possible use of idenbfying the different types of users
{actors) 15 m identifying and mmplementing a secunty mechamsm through a login system, so that
each actor can mvolve only those fimchionalities to which he is entitled to. Another possible use
1 in preparing the documentation (e.g. users’ manual) targeted at each category of user. Further,
actors help in 1dentifying the use cases and understanding the exact finctioning of the system.

Factoring of use cases

It 15 often desirable to factor use cases into component use cases. Actually, factonng of use cases
are required under two situations. First, complex use cases need to be factored into simpler use
cases. This would not only make the behawvior associated with the use case much more
comiprehensible, but also make the comrespondimg mteraction diagrams more tractable. Without
decomposition, the interachon diagrams for complex use cases may become too larpe to be
accommodated on a single sized (Ad) paper. Secondly, use cases need to be factored whenever
there 15 commeon behavior across different use cases. Factoning would make it possible to define
such behavior only once and reuse it whenever required. It 13 desirable to factor out common
usage such az ermor handling from a set of use cases. Thiz makes analyms of the class design
much simpler and elezant. However, a word of caution here. Factoring of use cases should not
be done except for achieving the above two objectives. From the design pomt of view, it is not
advantzgeous to break up a use case into many smaller parts just for the sake of it.

UML offers three mechanisms for factoring of use cases as follows:
1. Generalization

Use case generalization can be used when one use case that 1z similar to ancther, but
does something shghtly differently or something more. Generalizabion works the same
way with use cases as it does wath classes. The child use case mhemnts the behavior and
meaning of the parent use case. The notation 15 the same too (as shown mn fig. 13.3). It 13
mmportant to remember that the base and the denved use cases are separate use cases and
should have separate text descriptions.
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Fig. 13.3; Representation of use case generalizafion

Includes

The mcludes relationship in the older versions of UML (prior to UML 1.1) was known as the uses
relationship. The mcludes relationship mvolves one uze case including the behavior of another use
case in its sequence of events and actions. The mcludes relatonship oceurs when a chunk of behavior
that 1z similar across a number of use cazes. The factoring of such behavior will help m not repeating
the specificabion and implementation across different use cases. Thus, the includes relationship
explores the 1ssue of reuse by factoring out the commonality across use cases. It can also be gainfully
emploved to decompose a large and complex use cases into more manageable parts. As shown i fig.
134 the mncludes relahionship 13 represented using a predefined stereotype <<include>=In the
mcludes relationship, a base use case compulsonly and automatically includes the behavior of the
common use cases. As shown m example fig. 133, 1ssue- book and renew-book both include check-
rezervation use caze. The baze use caze may include several use cases. In such cazes, it may
mterleave their associated common use cases together. The common use case becomes a separate use
case and the mdependent text descriphion should be provided for it

ditinclud akr
Hase lUse

case

Fig. 134 Representation of use case mchusion
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Fig 13.5: Example use caze mcluzion

Extends

cfineludes >

ddineludass

£€includass

selection

ffineludans

The main idea behind the exterwd relationship among the use cases is that it allows you to
show optional system behavior. An optional system behavior is extended only under certan
condifions. This relationship among use cases 1s also predefined as a stereotype as shown in
fig. 13.6. The extend: relationship is sinular to generalization. But unhke zeneralization the
extending use case can add additional behavior only at an extension pomt only when certam
condiions are satisfied The extension points zre pomts within the use case where vanation
to the mamline (normal) action sequence may occir. The exiemd relationship 13 normally
used to capture alternate paths or scenanos.

sqextendss»

Fig. 13.6: Example use case extenszion
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Organization of use cases

When the use cases are factored, they are organized lerarchically. The high-level use cases are
refined mto a set of smaller and more refined use cases as shown i fig. 13.7. Top-level use
cases are super-ordinate to the refined use cases. The refined use cases are sub-ordinate to the
top-level use cases. Note that only the complex use cases should be decomposed and organized
m a hierarchy. It iz not necessary to decompose simple use cazes. The functionality of the super-
ordmnate use caszes 1z fraceable to their sub-ordinate use cases. Thus, the fimctionahty provided
by the super-ordinate use caszes 1s composite of the fimchonality of the sub-ordinate use cases. In
the highest level of the use case model, only the fimdamental use cases are shown. The focus is
on the application context. Therefore, this level i3 also referred to as the context diagram. In the
context diagram, the system limits are emphasized. In the top-level diagram, only those use
cazes with which external users of the system. The subsystem-level use cases specify the
services offered by the subsystems Any mumber of level: mvolving the subsystems may be
utilized. In the lowest level of the use case hierarchy, the class-level use cases specify the
functional fragments or operations offered by the classes.
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Fig 13.7: Hierarchical organization of use cases
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CLASS DIAGRAMS

A class diagram describes the stafic structure of a systemn. It shows how a system 15 structured rather
than how it behaves. The static stucture of a system comprises of 2 mmnber of class diagrams and
their dependencies. The main constriwents of a class diagram are classes and their relationships:
generalization ageregabion, assoclation, and various kinds of dependencies.

Classes

The classes represzent enfifies with common features, 1e. atimbutes and operations. Classes are
represented as solid outlime rectansles with compartments. Classez have 2 mandatory name
compartment where the name 15 written centered in boldface. The class name 13 usually wrtten using
mixed case convenfion amd besms with an uppercase. The clazs names are usually chosen to be
smgular nouns. Classes have optional atinibutes and operations compartments. A class may appear on
zeveral diagrams. Itz atinbutes and operations are suppressed on all but one diagram.

Attributes

An atinbute 1s a named property of a class. It represents the knd of data that an object might contam.
Attributes are histed with their names, and may optionally contain specification of ther type, an
mitial value, and constramts. The type of the atnbute 1= written by appending a colon and the type
name after the atiribute name_ Typically, the first letter of a class name 15 2 zmall letter. An example
for an atinbute 15 grven

bookName : Siring

Operation

Operation 15 the mmplementabon of a service that can be requested from any object of the class to
affect behaviour. An object’s data or state can be changed by mywoking an operahon of the object. A
class may have any number of operations or no operation at all Typically, the first letter of an
operation name iz a small letter. Abstract operafions are written in italics. The parameters of an
operation (if any), may have a land specified which may be ‘m’, “out” or “mout’. An operation may
have a refurn fype consizting of 2 smele refum type expression. An example for an operation 15 given.

1ssueBook{in hookName):Boolean
Aszzociation

Aszsociahions are needed to enzble objects to commmmicate with each other. An associahon describes
a comnection between classes. The associabon relation between two objects 1z called object
comnection or link Links are instances of associations. A Imk 15 a physical or conceptual connection
between object mstances. For example, suppose Armt has borrowed the book Graph Theory. Here,
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Borrowed 13 the connection between the objects Amit and Graph Theory book. Mathematically, a link
can be considered to be a fuple, 1e. an ordered list of object mstances. An association describes a
group of link= with a commen structure and common sereantics. For example. consider the statement
that Library Member bommows Books. Here, bommows 12 the associabon between the class
Libraryldember and the class Book Usually, an association 1= a bary relation (betw=en two
clazzes). However, three or more different classes can be mvolved in an association. A class can have
an associztion relztionship with itself (called recursive association). In this case, it 1= usually assumed
that two different objects of the class are linked by the association relationship. Association between
two classes 13 represented by drawing a straight hine between the concerned claszes.

Fig. 14.1 fllustrates the graphical representation of the association relabon The name of the
association 15 wiitten alongside the association line. An arrowhead may be placed on the association
line to mdicate the readme direction of the associabion The arrowhead should not be misunderstood
to be mdicating the direchon of a pomter mmplementine an association Un each side of the
association relation, the mmltiplicity 15 noted as an mdividual number or as a value ramge. The
multiplicity indicates how meny mstances of one class are associated with each other. Value ranges
of multiplicity are noted by specifying the mummum and maximum value, separated by two dots, eg
1.5. An asterisk is a wild card and means many (zero or more}, The association of fig. 14.1 should be
read as “"Many books may be borrowed by a Library Member”, Observe that associations (and links)
appear as verbs in the prablem statement.

-~ = 1 { bowrewed by '

Fiz. 14.1: Association between two classes

Associations are usually realized by assigning approprate reference atiributes to the claszes mvolved.
Thus, assoctabions can be miplemented using pomters from one object class to ancther. Limks and
associations can also be mplemented by usmg a separate class that stores which objects of a class are
Imked to which objects of another class. Some CASE tools use the role names of the association
relation for the cormrespondmg automatically generated atimbute.

Aggregation

Aggrecation 1z a special type of associzhon where the mwvolved classes represent a whole-part
relationship. The agpresate takes the responsibility of forwardmg messages to the appropnate parts.
Thue, the agpregate takes the responsibility of delegation and leadership. When an mstance of one
object contams mstances of some other objects, then aggregation (or composition) relationship exists
between the composte object and the component object. Azgregation is represented by the diamond
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Symbol at the composite end of a relstiomship. The mmmber of mstances of the component class
agoregated can alzo be shown az in fig. 142

Document = ! Paragraph —{r}\‘ . Line
I

! by

Fig. 142 P.epresentation of aggregation

Agpregation relahonship cannot be reflexive (Le. recursive). That 13, an object cannot contain objects
of the same class as itself Also, the ageresation relafion 15 not symmetric. That is, two classes A and
B cannot contain mstances of each other. However, the aggregation relationship can be transitive. In
this case, agoregation may consist of an arbitrary mumber of levels.

Composition

Composihon 15 a stncter form of agoresabon. m which the parts are exstence-dependent on the
whole. This means that the hfe of the parts closely ties to the bife of the whole. When the whole 13
created the parts are created and when the whole 15 destroyed, the partz are destroved A typical
example of composition 15 an invoice object with mvoice items. As soon as the mwoice object iz
created, all the mwvoice tems mn it are created and as zoon as the invoice object 15 destroyed, all
myvoice items m it are also destroved. The composition relationship 15 represented as a filled diamond
drawn at the composite-end An example of the composrtion relationship 1= shown mn fis. 14.3

Order - o tem I

Fig 14 3: Representation of composition
Asszociation vs. Aggregation vs. Composition

» Aszsoclation 15 the most general (mm) relabionship. Agsrepation 13 a stronger
relationslip where one 15 a part of the other. Composition 1s even stromger than
aggregation, ties the lifecyele of the part and the whole together.

* Aszzociation relationship can be reflexive (objects can have relation to itself), but
agpregation cannot be reflexive. Moreover, aggregation 1z anti-symmetric (IfB iz a
part of A, A cannot be a part of B).

* Composition has the property of exclusive ageregation 1.e. an object can be a part of
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only one composite at 2 ime. For example, 2 Frame belongs to exactly one Window
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whereas in simple aggregation. a part may be shared by several objects. For example, a Wall may be a
part of one or more Room objects.
¢ Inaddition, in composition, the whole has the responsibility for the disposition of
all its parts, 1.e. for thew creation and destroction
#  ingeneral the lifetime of parts and compoesite coincides
#*  parts with non-fixed multiplicity may be created after composite itself
#*  parts might be exphcitly removed before the death of the composite
For example, when a Frame 15 created, it has to be attached to an enclosing Window.
Similarly, when the Window 12 destroved, 1t must in turn destroy its Frame parts.

Inheritance vs. Aggregation/Composition

» Inhentance descnbes 't @’/ ‘i g kind of relationship between classes (baze class -
derived class) whereas aggregation describes s g relabionship between classes.
Inheritance means that the object of the derrved class inhents the properties of the base
class; agpregation mezns that the object of the whole has objects of the part. For example,
the relation “cash payment & & kind of payment” 15 modeled using inhertance;
“purchasze order has a few items™ 1= modeled uzing aggregation.

» Inhentance 13 uzed to model a “genenc-gpecific” relabionzhip between classes whereas
aggresation/composition 15 used to model a “whole-part”™ relationship between classes.

» Inhentance means that the objects of the subclass can be used anywhere the super class
may appear, but not the reverse; Le. wherever we could ose instances of "payment’ m the
system, we could substitute if with instances of “cash payment’, but the reverse cannot be
done.

# Inhentance 1z defined statically. It cannot be changed at mn-time. Aggregation 13 defined
dynamically and can be changed at run-time. Aggrepation 1z used when the type of the
object can change over time.

For example, consider this sifuation in a business system. A BusinessPariner might be a
Customer or a Supplier or both. Imtially we might be tempted to model 1t as m Fig
1£4(z) But in fact dunng s lifetime, a business partner might become 2 customer as
well as a supplier, or it might change from ome to the other. In such cases, we prefer
aggregation instead (zee Fig 14 4(b). Here, a business pariner iz a Customer if it has an
aggregated Customer object, 2 Supplier if it has an aggregated Supplier object and a
"CuostomerSupplier” if it has both. Here, we have only two types. Hence, we are able to
model it as mhertance. But what if there were several different types and combinations
thereof? The mhentance tree would be absolutely incomprehensible.

Also, the aggrepation model allows the possibility for a business partmer to be neither -
1.e. has nesther a customer nor a supplier object agoregated with it.
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Fig. 14 4 a) Reprezentation of BusinessPartmer, Customer, Supplier relationship

using mheritance

BusinessPartner

1? ?1

Customer

Supplier

Fig. 14 4 b) Representation of BusinessPartmer, Customer, Sapplier relafionship

using aggregation
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* The advantage of aggregation 15 the integnty of encapsulation. The operabons of an object are
the mterfaces of other objects which mmply low implementation dependencies. The significant
dizadvantage of aggregation 1s the merease m the number of objects and their relationships. On
the other hand, inhertance allows for an easy way to modify implementation for reusability. But
the mgnificant dizadvantage i1z that it breaks encapsulation. which implies implementation
dependence.

INTERACTION DIAGRAMS

Interaction diagrams are models that describe how group of objects collaborate to realize some
behavior. Typically, each mnterachon diagram realizes the behavior of a single use case. An
mteraction diagram shows a number of example cobjects and the messages that are passed
betwesn the objects within the use case.

There are two kands of mterachon diagrams: sequence diagrams and collaboration diagrams.
These two diagrams are equvalent in the sense that any one diagram can be derved
automatically from the other. However, they are both useful. These two actually portray different
perspectives of behavior of the system and different types of inferences can be drawn from them.
The interaction diagrams can be considered as a major tool m the design methodology.
Seguence Diagram

A sequence diapram 1z 3 Unified Modeling Langusge (UML) diapram that illustrates the
sequence of messages between objects in an mnteraction. A sequence diagram consists of a group
of objects that are represented by hifelines, and the messages that they exchange over time during
the interachion. The collaborabon diagram for the example 15 shown m fig 151
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Fig. 13.1: Sequence diagram for the renew book use case
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Collaboration Diagram

A collaboration diagram shows both structural and behavioral aspects explicitly. This 13 unlike a
sequence diagram which shows only the behavioral aspects. The structural aspect of a
collaboration diagram consists of objects and the links existing between them. In this diagram,
an object 13 also called a collaborator. The behavioral aspect 1z descnbed by the set of messages
exchanged among the different collaborators. The link between objects 1z showm as a solid line
and can be uszed to send meszages between two objectz. The message 1z shown az a labeled
arrow placed near the link. Messages are prefixed with sequence mumbers because they are cnly
way to describe the relative sequencing of the messages in this diagram. The collaboration
diagram for the example of fiz. 151 15 shown in fig. 15.2. The use of the collaboration diagrams
m our development process would be to help us to determine which classes are associated with
which other classes.

i |
[CRLL |
T wy sl

Fig 15.2: Collaboration diagram for the renew book use case
ACTIVITY AND STATE CHART DIAGRAM

The activity diagram 1z possibly one modeling element which was not present i any of the
predecessors of UML. The actwity diagram focuses on representing activities or chunks of
processing which may or may not comrespond to the methods of classes. An activity 15 a state
with an mternal action and one or more cutgomg transitions which automatically follow the
termination of the mtemal activity. If an activity has more than one outgoing transitions, then
these must be identified through conditions. An mteresting feature of the activity diagrams is the
swim lanes.
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Activity diagrams are normally employed m business process modeling. This 13 cammed out
durmg the mitial stages of requrements analysis and specification. Activity dizgrams can be
very useful to understand complex processing achivities mvolving many components. Later these
diagramz can be uzed to develop mteraction diaprams which help to allocate actvifies
(responsibilities) to classes.

The ztudent admission process In a wniversity 13 shown as an activity diagram in fig. 16.1. This
shows the part played by different components of the Institute in the admission procedure. After
the fees are recerved at the account section, parallel activities start at the hostel office, hospital,
and the Department. After all these achivibies complete (this synchronizafion is represented az a
horizontal line), the identity card can be 1zsued to 2 student by the Academic section.

i

Fig. 16.1: Activity diagram for student admission procedure at a university
Activity diagrams vs. procedural flow charts

Activity diagrams are similar to the procedural flow charts. The difference i1z that activity
diagrams support description of parallel activities and symchronmization aspects mwelved m
different activities.

STATE CHART DIAGRAM

A state chart diagram 1z nommally used to model how the state of an object changes m 1ts
lifetime. State chart diagrams are good at descnibing how the behavior of an object changes
across several use case executions. However, 1f we are interested m modeling some behavior that
mvolves several objects collaborating with each other, state chart diagram iz not appropriate.
State chart diagrams are based on the finite state machine (F3M) formalism.
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Actions are assoclated with transifions and are considered to be processes that ocour quickly and
are not interruptible. Activities are associated with states and can take longer. An activity can be
mterrupted by an event.

The basic elements of the state chart diagram are as follows:

* Initial state- This 13 represented as a filled circle.
» Final state- This is represented by a filled circle mside a larger corcle.
o State- These are represented by rectangles with roumded comers.
 Transition- A transithon is shown as an arrow between two states. Normally, the name of
the event which causez the transition 15 places alongside the arrow. A puard to the
transition can alse be assigned. A guard 1s a Boolean logic condition. The transition can
take place only if the grade evaluates to true. The syntax for the label of the fransition is
shown 1n 3 parts: event [guard]/action
An example state chart for the order object of the Trade Houze Automation software 15 shown in
fig 162

frmme HArms ool anailabbe | peereses d 1
[T e P e | |u.-|+|u.|u||u-i

Fig. 16.2: State chart diapram for an order object

Activity diagram vs. State chart diagram

=  Both activity and state chart diagrams model the dymamic behavior of the system.
Activity diagram 13 essentially a flowchart showing flow of control from acoivity to
activity. A state chart diagram shows a state machine emphasizing the flow of control
from state to state.

= An activity diagram 1= a special case of a state chart diagram mn which all or most of the
states are activity states and all or most of the transitions are triggered by completion of
activities m the source state (An activity is an ongomg non-atomic execution within a
state machine).
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= Actiaty diagrams may stand alone to visualize, specify, and document the dynamics of 2
society of objects or they may be used to model the flow of control of an operation. State
chart diagrams may be attached to classes, use cases, or entire systems in order to
vizualize, specify, and document the dynamics of an mdnndual object.

4.3. CODING

Coding- The objective of the codmg phase is to transform the deszign of a system mto code ma
high level language and then to umit test this code. The programmers adhere to standard and well
defined style of coding which they call their coding standard. The main advantages of adherng
to a standard style of coding are as follows:

= A coding standard gives uniform appearances to the code wntten by different
ENEINEErs

= It facilitates code of understanding.

= Promotes good programming practices.

For implementing our design into a code, we require a good high level language. A programming
language should have the following features:

Charactenistics of a Programming Language

s Readahility: A good lugh-level language will allow programs to be written In some ways
that resemble 2 quite-English description of the underlving algonthms. If care 1s taken,
the coding may be done in a way that 15 essentially self-documenting.

= Portability: High-level langnages, being essentially machine mdependent, should be able
to develop portable software.

s  Generalify: Most lugh-level langnages allow the wnting of a wide vanety of programs,
thus relieving the programmer of the need to become expert in many diverse languages.

= Brevity: Language should have the ability to implement the algonthm wath less amount
of code. Programs expreszed in high-level lanpuages are often considerably shorter than
their low-level equivalents.

= Error checking: Being human, a programmer 1s likely to make many mistakes m the
development of a computer program. Many high-level languazes enforce a great deal of
error checking both a2t compile-time and 2t nn-time.

= Cost: The ulimate cost of a programming lanswage 13 a fimction of many of its
charactenstics.

= Familiar notation: A language should have familiar notation, so it can be understood by
most of the programmers.

*  Quick translation: It should admit quick translation.

Efficiency: It should permait the generation of efficient object code.

» Modularity: It 13 desirable that programs can be developed mm the language as a
collection of separately compiled modules, with appropriate mechanisms for ensuring
self-consistency between these modules.

*» Widely available: Language zhould be widely available and it should be possible to
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provide translators for all the major machmes and for all the major operating systems.
A coding standard hists several rules to be followed dunng coding, such as the way vanables are
to be named. the way the code 13 to be laid out, error retum conventions, ete.

Coding standards and guidelines

Good software development crgamizations usually develop thewr own coding standards and
guidelines depending on what best suits their orgamzation and the type of products they develop.

The following are some representative coding standards.

1. Rules for limiting the use of global: These rules hst what types of data can be declared
global and what cannot.

2. Contents of the headers preceding codes for different modules: The mformation
contained i the headers of different modules should be standard for an orgamization. The
exact format m which the header mformation i3 organized m the header can also be
specified. The following are some standard header data:

» Wame of the module.

= Date on which the module was created.
Author’s name.

* Modification hustory.

= Synopss of the module.

= Different functions supported, along with their input/output parameters.
= Global vanables acceszed/'modified by the module.

3. Naming conventions for global variables, local variables, and constant identifiers: A
possible naming convention can be that global vanable names always start with a capital
letter, local vanable names are made of small letters, and constant names are always
capital letters.

4. Errvor return conventions and exception handling mechanisms: The way emor
conditions are reported by different fimctons 1 a program are handled should be
standard within an orgamzation. For example, different functions while encountenng an
error condition should erther return a & or 1 consistenthy.

The following are some representative coding gmidelines recommended by many software
development organizations.

I. Do not use a coding style that is too clever or too difficult to understand: Code
should be easy to understand Many mexperienced engineers actually take pnde m
writing cryptic and mcomprehensible code. Clever coding can obscure meaning of the
code and hamper understanding. It also makes mamtenance difficult.

2. Avoid obscure side effects: The side effectz of a function call melude modification of
parameters passed by reference, modification of global vanables, and I'O operations. An
obscure side effect 15 one that is not obvious from a casual exammation of the code.
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Obscure side effects make 1t difficult to understand a piece of code. For example, if 2
global vanable 1z changed obscurely m a called module or some file I'O 15 performed
which 1z difficult to mfer from the function’s name and header information, 1t becomes
difficult for anvbody trying to understand the code.

3. Do not use an identifier for multiple purposes: Programmers often use the same
wdentifier to denote several temporary entiies. For example, some programmers use a
temporary loop vanable for computing and a storing the final result. The rationale that 13
usually ziven by these programmers for such multiple uses of vanzbles 1= memory
efficiency, e.g. three varables uze up three memory locations, whereas the same vanable
used m three different ways uszes just one memeory location. However, there are several
things wrong with this appreach and hence should be avoided. Some of the problems
caused by use of vanables for multple purposes as follows:

» Each vanable should be ziven a descmptive name mndicating its purpose. This 13
not possible if an identifier 1z used for multiple purposes. Use of a vanable for
mulfiple purposes can lead to confusion and make 1t difficult for somebody trymg to
read and understand the code.

o Use of vaniables for multiple purpozes usually makes future enhancements more
dafficult.

4. The code should be well-documented: Az a rule of thumb. there must be at least one
comment line on the average for every three-source line.

. The length of any function should not exceed 10 source lines: A function that 15 very
lengthy 15 usually very difficult to understand as 1t probably cames out many different
functions. For the same reason lengthy functions are hkely to have disproportionately
larger number of bugs.

6. Do not use goto statements: Uze of zoto statements makes a program unstructured and
very difficult to understand.

Code Review

Code review for a model 15 camed out after the module 15 successfully compiled and the all the
syntax errors have been eliminated Code reviews are extremely cost-effective strategies for
reduction in coding errors and to produce high quality code. Nommally, two types of reviews are
camed out on the code of a module. These two types of code review techmiques are code
mspection and code walk through.

Code Walk Throughs
Code walk through 1z an informal code analyzis techmique. In this technique, after a module has
been coded, successfully compiled and all syntax errors eliminated. The main objectives of the
walk through are to discover the algorithmic and logical emrors in the code. The members note
down their findings to discuss these in a walk through meeting where the coder of the module 1z
present.

LA

Code Inspection
In contrast to code walk through, the aim of code inspection 15 to discover some common types
of errors canzed due to oversicht and improper programmmg. In other words, during code
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mepection the code 15 exammed for the presence of certamn kinds of emmors, in contrast to the hand
simulation of code execution done m code walk throughs. For instance, consider the classical
error of wrthing a procedure that modifies a formal parameter while the callmg routme calls that
procedure with a constant actual parameter. It 13 more likely that such an error will be dizcovered
by leclang for these londs of mistakes m the code, rather than by smply hand simulating
execution of the procedurs. In addibion to the commonly made emors, adherence to coding
standards 13 also checked during code mspection. Good software development companies collect
statistics regarding different types of errors commonly committed by their engineers and identify
the type of errors most frequently committed. Such a hst of commonly committed errors can be
uzed dunng code mepection to look out for possible errors.

Following 1z a hist of some claszical programming errors which can be checked during code
mepection:

o Use of mimtialized vanables.

+ Jumps into loops.

» Nontermmating loops.

+ Incompatible assignments.

» Amay indices out of bounds.

= Improper storage allocation and deallocation.

» Mismatches between actual and formal parameter in procedure calls.

» Usze of meorrect logical operators or incomect precedence among operators.

» Improper modification of loop variables.

» Comparizon of equally of floating point vanables, etc.

Clean Room Testing

Clean room testing was proneered by IBM. This type of testing relies heavily on walk throughs,
mepection, and formal verification. The programmers are not allowed to test any of their code by
executing the code other than doing some syntax testing using a compiler.

Thiz techmique reportedly produces documentation and code that 13 more rehable and
maintamable than other development methods relying heavily on code execution-based testing.

The clean room approach to software development 1s based on five charactenstics:

» Formal specification: The software to be developed 1z formally specified. A state-
transition model which shows system responses to stmuli 13 used to express the
specification.

» Incremental development: The software 1z partitioned mto mcrements which are
developed and validated separately using the clean room process. These increments are
specified, with customer input, at an early stage in the process.

« Stroctured programming: Only a limited number of comirol and data abstraction
constructs are used. The program development process i1s process of stepwise refinement
of the specification.
» Static verification: The developed software 13 statically venfied using rigorous software
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mzpections. There 15 no unit or module testing process for code components
» Statistical testing of the system: The mntegrated sofbware merement 1 tested statisticzlly
to determune 1ts reliabality. These statistical tests are based on the operational profile
which 13 developed m parallel with the system specification. The mam problem with this
approach 1s that testing effort 15 mereased as walk throughs, mspection, and venfication
are fime-consuming.
Software Documentation
When vanous lands of software products are developed then not only the executable files and the
source code are developed but alze vanous kinds of documents such as users’ manual zoftware
requirements spectfication (SRS) documents. demgn documents, test documents, mstallation
manual, etc are also developed as part of any software engineenng process. All these documents
are a vital part of good software development practice. Good documents are very useful and
server the following purposes:

¢ Good documents enhance understandability and mamtainability of a zoftware
product. They reduce the effort and time required for mantenance.

o Use documents help the users in effectively usmg the system.

o Good documents help in effectively handling the manpower tumover problem.
Even when an engimeer leaves the orgamzation, and a new engineer comes in, he
can buld up the required Imowledge easily.

o Produchion of good documents helps the manager in effectively tracking the
progress of the project. The project manager kmows that measurable progress 13
achieved if a piece of work 15 done and the required documents have been
produced and reviewed.

Different types of software documents can broadly be classified into the following:
* Internal documentation
* External documentation
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Internal documentation is the code comprehension features provided as part of the source code
itself. Intermal documentation 1z provided through appropriate module headers and comments
embedded in the source code. Internal documentation 13 also provided through the useful variable
names, module and function headers, code indentation, code structuring, use of enumerated types
and constant 1dentifiers, use of user-defined data types, ete. Careful experiments suggest that out
of all types of internal documentation meaningiul vanable names 15 most useful m mderstanding
the code. This 15 of course m contrast to the common expectation that code commenting would
be the most useful The research finding is obviously true when comments are written without
thought For example, the following style of code commenting does not in amy way help in
understanding the code.

a=10; * a made 10 *

But even when code is carefully commented, meaningful variable names still are more helpful in
understanding a piece of code. Good software development orgamzations usually ensure good
mternal documentation by appropniately formulating their coding standards and coding
gudelines.

External documentation 1z provided throush vanous types of supporting documents such as
users’ manual software requirements specification document, design document, test documents,
etc. A systemanc software development style ensures that all these documents are produced n an
orderly fashion.

4.9. TESTING
Program Testing

Testing a program consists of providing the program with a set of test inputs (or test cazes) and
observing if the program behaves as expected. If the program failz to behave as expected, then
the condrbons under which failure occurs are noted for later debugmng and correction.

Some commonly used terms associated with teshing are:

# Failure: Thiz 15 a manifestation of an error {or defect or bug). But, the mere presence of
an erTol may not necessanly lead to a falhure.

# Test case: This 1z the triplet [L3,0], where 115 the data mput to the system 3 is the state
of the system at which the data 1z input, and O 15 the expected output of the system.

#  Test suife: This 1z the set of all test cases with which a miven software product 13 to be
tested.

Aim of Testing

The aim of the testing process 1s to identify all defects existing in a software product. However,
for most prachical systems, even after sahsfactonly carrying out the testing phase it 1z not
possible to guarantee that the software 13 error free. This 15 because of the fact that the mput data
domain of most software products 1z very large. It 13 mot practical to test the software
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exhaustively with respect to each value that the mput data may assume. Even with this practical
limitation of the testing process, the mnportance of testing should not be underestimated. It must
be rememberad that testmg does expose many defects existing i a software product. Thus
testing provides a practical way of reducing defects m a system and mcreasmg the users’
confidence n a developed system.

Verification Vs Validation

Verification 15 the process of determming whether the output of one phase of software
development conforms to that of its previous phase, whereas validation 13 the process of
determiming whether a fully developed system conforms to its requirements specification. Thus
while verification 15 concemed with phase containment of errors, the aim of validation 15 that the
final product be error free.

Design of Test Cases

Exhaustive testing of almost any non-trivial system 15 impractical due to the fact that the domam
of mput data values to most practical software systems 15 either extremely large or mfinite.
Therefore, we must design an optional test suite that is of reasonable size and can uncover as
many emors existing m the system as possible. Actually, if test cases are selected randomly,
many of these randomly selected test cazes do not contnbute to the sigmificance of the test snte,

Le. they do not detect any additional defects not already being detected by other test cazes m the
suite. Thus, the mmnber of random test cases mn a test surte i3, in general not an indication of the
effechiveness of the testing. In other words, testing a system using a large collection of test cases
that are selected at random does not guarantes that all {or even most) of the errors i the system
will be uncovered. Consider the following example code segment which finds the greater of two
mteger values x and y. Thas code segment has 2 simple programming emmor.

if (x=y)

mMax = x;
else

max = x;

For the above code segment, the test swte, {(x=3,3=1);(x=2,=3)} can detect the error, whereasz a
larger test sumite {(x=3,y=2);(x=4,y=3):(x=5.,=1)} does mot detect the emor. So, 1t would be
mcorrect to say that a larger test suite would always detect more errors than a smaller one, unless
of course the larger test smte has also been carefully designed. This implies that the test swte
should be carefully designed than picked randomly. Therefore, systematic approaches should be
followed to design an optimal test smte. In an optimal test smte, each test caze 13 dezigned to
detect different errors.

Functional Testing Vs. Structural Testing

In the black-box testing approach, test cases are designed using only the fimctional specification
of the software, Le without any Imowledge of the mternal structure of the software. For this
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reason, black-box testing 13 known as fimectional testing. On the other hand, m the white-box
testing approach, designing test cases requires thorough kmowledge about the mtemal structure
of software, and therefore the white-box testing 13 called structural testimg.

INTEGRATION TESTING

The pnmary objective of mtegration testing 15 to test the module mterfaces. 1.e. there are no
errors m the parameter passing. when one module mvokes another module. Dunng mtegration
testing different modules of a system are mtegrated m a plamned manner usng an integration
plan. The mtegration plan specifies the steps and the order in which modules are combined to
realize the full system After each mtegration step, the partially mtegrated system is tested An
mmportant factor that mudes the integration plan 15 the module dependency graph. The structure
chart {or medule dependency graph) denotes the order m which different modules call each
other. By examuiming the structure chart, the integration plan can be developed.

Integration test approaches

There are four types of integration testing approaches. Any one {or a mixture) of the following
approaches can be used to develop the mtegration test plan. Those approaches are the following:

* Big bang approach

*  Baottom- up approach
* Taop-down approach
» Mixed-approach

Big-Bang Integration Testing

It 15 the simplest integration testing approach, where all the modules making up a system are
mtegrated m a single step. In simple words, all the modules of the system are simply put together
and tested. However, this techmque i1z practicable only for very small systems. The main
preblem with this appreach i1z that once an emor 13 found during the integration testing, it 1z very
difficult to localize the eror as the error may potentially belong to any of the modules bemng
mtegrated. Therefore, debugzing errors reported during big bang integrahion testing are wery
expensive to fix.

Bottom-Up Integration Testing

In bottom-up testing, each subsystem 1z tested separately and then the full system 15 tested. A
subsystemn mght conzist of many modules which commumcate among each other through well-
defined mterfaces. The primary purpose of testing each subsystem is to test the interfaces among
various modules making up the subsystem. Both control and data interfaces are tested. The test
cases must be carefully chosen to exercise the interfaces m all possible manners Large software
systems normally require several levels of subsystem testing; lower-level subsystems are
successively combined to form higher-level subsystems. A prmcipal advantage of bottom-up
mtegration testing is that several disjomnt subsystems can be tested simultansously. In a pure
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bottom-up testing no stubs are required, only test-drivers are required. A disadvantage of bottom-
up testing 1z the complexity that occurs when the system 13 made up of a large number of small
subsystems. The extreme case corresponds to the big-bang approach

Top-Down Integration Testing

Top-down mntegration testing starts with the main routine and one or two subordinate roufines in
the system. After the top-level “skeleton’ has been tested, the immediately subroutines of the
‘skeleton’ are combined with 1t and tested. Top-down mtegrafion testng approach requires the
uze of program stubs to simulate the effect of lower-level routines that are called by the routines
under test. A pure top-down mtegration does not require any driver routines. A disadvantage of
the top-down intepration testing approach is that mn the absence of lower-level routines, many
times 1t may become difficult to exercize the top-level routines 1n the desired manner since the
lower-level routines perform several low-level fimctions such as I'O.

Mixed Integration Testing

A mixed (also called sandwiched) mntegration testing follows a combination of top-down and
bottom-up testing approaches. In top-down approach, testing can start only zfter the top-level
modules have been coded and unit tested. Similarly, bottom-up testing can start only after the
bottom level modules are ready. The mixed approach overcomes this shortcoming of the top-
down and bottom-up appreaches. In the mixed testing approaches, testing can start as and when
modules become available. Therefore, thiz is one of the most commoenly used integration testing

approaches.
Phased Vs. Incremental Testing

The different integration tesing strategies are either phased or meremental A companzon of
these two strategies 1= as follows:

o In incremental mmtegration testing, only one new module is added to the partial
system each fime.
¢ In phased mtegration, a group of related modules are added to the partial system
each fime.
Phazed ntegration requires less number of mitegration steps compared to the meremental

mtegration approach. However, when fatlures are detected, 1t 15 easier to debug the system in the
mcremental testimg approach since it 1z Imown that the ermor 15 caused by addibon of a single
module. In fact, big bang testmg 12 a degenerate case of the phased mtegration testing approach.
System testing

System tests are designed to validate a fully developed system to assure that it meets its
requirements. There are eszentially three main londs of system testing:

* Alpha Testing. Alpha testing refers to the system testing carried out by the test
team within the developing organization.
= Beta testing. Bata testing is the system testing perfarmed by a select group of friendly
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customers.
= Acceptance Testing. Acceptance testing is the system testing performed by the
customer to determine whether he should accept the delivery of the system.

In each of the above types of tests, vanous kinds of test cases are designed by referring to the SES
document. Broadly, these tests can be classified mto fimchonality and performance tests. The
functionality test tests the fimchionality of the software to check whether 1t zafisfies the functional
requirements as documented m the SES document. The performance test tests the conformance of the
system with the nonfunctional requirements of the system.

Performance Testing

Performance testing 1z camed out to check whether the system needs the non-fimctional
requirements identified m the SES document. There are several types of performance testing.
Among of them mne types are discussed below. The types of performance testing to be carred
out on a zystem depend on the different non-fimetional requirements of the system documented
m the 3RS document. All performance tests can be considered as black-box tests.

» Stress tesing

* Volume testing

* Configuration testing

» Compatibility testing

* Bezreszion testing

* Recovery teshng

*» Mamntenance testing

* Documentation testing

* Usability testing
Stress Testing -Stress testing 13 also kmown as endurance testing. Stress testing evaluates system
performance when it 15 stressed for short periods of fime. Stress tests are black box tests which are
dezigned to imposze a range of abnormal and even illegal mmput condibions so as to stress the
capabilibes of the software. Input data volume, mput data rate, processing time, uhlization of
memory, etc. are tested bevond the designed capacity. For example, suppose an operating system 13
supposed to support 15 mulh programmed jobs, the system is stressed by attempting fo rum 15 or
more jobs simultanecusly. A real- time system might be tested to determime the effect of stmultaneous
armval of several high-priority interrupts.
Stress testing 15 especially mportant for systems that usually operate below the maximum capacity but
are severely stressed at some peak demand hours. For example, if the non- functional requirement
specification states that the response time should not be more than 20 secs per transaction when 60

concurrent users are working, then during the stress testing the response time 1s checked with 50 users
working simultaneously.

Volume Testing-It 1z especially important to check whether the data structures (arrays, queues,
stacks, etc) have been designed to successfully extraordinary situations. For example, 2 compiler
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might be tested to check whether the symbeol table overflows when a very large program is
compiled.

Configuration Testing - This 15 used to znalyze system behavier m vanous hardware and software
configurations specified in the requirements. Sometimes systems are built in vanable configurations
for different users. For instance, we might define a minimal system to serve 2 single user, and other
extension confipurations to serve addrhonal users. The system 1s confisured in each of the required
configurations and i is checked if the system behaves comectly 1n all required configurations.

Compatibility Testing -This type of testmg 1z requred when the system interfaces with other types
of systems. Compatbility aims to check whether the mterface functions perform as required. For
mstance, if the system needs to commumicate with a large database system to retneve information,
compatibility testing 1= required to test the speed and accuracy of data retrieval.

Regreszion Testing -This tvpe of testing 15 required when the system being tested 15 an upgradation
of an already existing system to fix some bugs or enhance functionality, performance, etc. Regression
testing 15 the practice of mmning an old test suite after each change to the system or after each bug fix
to ensure that no new bug has been introduced due to the change or the bug fix. However, if only a2
few statements are chanped, then the entire test smte need not be mn - only those test cazes that test
the functions that are likely to be affected by the change need to be mn.

Recovery Testing -Recovery teshing tests the response of the system to the presence of faults, or loss
of power, devices, services, data, etc. The system 1z subjected to the loss of the menhioned resources
{az applicable and discussed m the SES document} and it 1z checked if the system recovers
satisfactorily. For example, the printer can be discomnected to check if the system hangz. Or, the
power may be shut down to check the extent of data loss and cormuption.

Maintenance Testing- This testing addresses the diagnostic programs, and other procedures that are
required to be developed to help maintenance of the system. It 15 venified that the artifacts exist and
they perform properly.

Documentation Testing- It 1= checked that the required user manual, mamtenance manuals, and
technical manuals exist and are consistent. If the requirements specify the types of audience for which
a specific manual should be desiened, then the manual 13 checked for compliance.

Usahility Testing- Usability testing concems checlang the user mterface to see if it meets all user
requirements concerming the user mterface. During usability testing, the display screens, report
formats, and other aspects relating to the user interface requirements are tested.

Error Seeding

Sometimes the customer might specify the maximum mumber of allowable errors that may be present
m the delivered system. These are often expressed m terms of maximum number of allowable errors
per hine of source code. Error seed can be used to estimate the mmber of residual errors n a system.
Error seeding, as the name mmples, seeds the code with some kmown errors. In other words, some
arfificial errors are introduced mnto the program artificially. The number of these seeded errors
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detected in the course of the standard testing procedure 15 determined. These values m conjunciion
with the number of unseeded errors detected can be used to predict:

* The number of errors remaining n the product.

* The effectivensss of the testing strategy.
Error seeding works satisfactonly only if the land of seeded errors matches closely with the kind

of defects that actually exist. However, it 13 difficult to predict the types of errors that exist in a
software. To some extent, the different categones of emors that remain can be estimated to a first
approximation by analyzing historical data of sumilar projects. Due to the shortcoming that the
types of seeded errors should match clozely wath the types of emmors actually existing m the code,
error seeding 15 useful only to a moderate extent.

4.10.50FTWARE MAINTENANCE
Necessity of Software Maintenance

Software mamtenance 1z becoming an important achvity of a large number of software
erganizations. This 15 no surprise, given the rate of hardware obsolescence, the immortality of a
software product per se, and the demand of the user commumety to see the existing software
products mmn on newer platforms, run in newer emvironments, and/or with enhanced features.
When the hardware platform iz changed, and a software product performs some low-level
functions, mamtenance 1z necessary. Also, whenever the support environment of a software
product changes, the software product requires rework: to cope up with the newer interface. For
mstance, a software product may need to be mamtained when the operating system changes.
Thus, every software product comtinues to evolve after its development through mamtenance
efforts. Therefore, it can be stated that software maintenance 1z needed to correct emrors, enhance
features, port the software to new platforms, etc.

Tvpes of software maintenance

There are basically three types of software mamtenance. These are:

s Corrective: Comrective mamtenance of a software product is necessary to rectify the bugs
cbzerved while the system 1z 1n uze.

= Adaptive: A software product might need maintenance when the customers need the
product to run on new platforms, on new operating systems, or when they need the
product to mterface with new hardware or software.

=  Perfective: A software product needs maintenance to support the new features that users
want 1t to support, to change different functionalities of the system according to customer
demands. or to enhance the performance of the system_

Problems associated with soffware maintenance
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Software mamtenance work typically 13 much more expensive than what it should be and takes
more time than required. In software orgamizations, mamtenance work 13 mostly camed out
using ad hoc technigues. The pnmary reason being that software maintenance 13 one of the most
neglected areas of software engineening. Even though software maintenance 1z fast becoming an
mportant area of work for many compamies as the software products of yester years age, still
software maintenance 15 mostly being carned out as fire-fighting operations, rather than through
systematic and planned activities.

Soffware mamtenance has a very poor image in mdustry. Therefore, an organization often cannot
employ bright engineers to carry out mamtenance work. Even though maintenance suffers from 2
poor image, the work mwvolved iz often more challenging than development work Dhuring
maintenance it 15 necessary to thoroughly understand somecne else’s work and then carry out the
required modifications and extensions.

Another problem aszsociated with mamtenance work: 15 that the majonty of software products
needing maintenance are legacy products.

Software Reverse Engineering

Software reverse engineering is the process of recovering the design and the requirements
specification of a product from an analysis of its code. The purpose of reverse engineenng 1s to
facilitate maintenance work by mproving the understandability of a system and to produce the
necessary documents for a legacy system. Beverse engineenng i1s becoming important, since
legacy software products lack proper documentation, and are highly unstructured Even well-
demgned products become legacy software as thew structure degrades through a senes of
maintenance efforts.

The first stage of reverse engineenng usually focuses on carmrying out cozmetic changes to the
code to improve its readabibity, structure, and understandability, without changing of s
functionalibies. A process model for reverse engineenng has been shown n fig. 24.1. A program
can be reformatted using amy of the several available prettyprinter programs which layout the
program neatly. Many legacy software products with complex control structure and unthoughtful
variable names are difficult to comprehend. Assipning meaningful variable names 1z important
becauze meamingful variable names are the most helpful thing in code documentabon All
variables, data structures, and fimctions should be assizned meammgful names wherever possible.
Complex nested condiionals in the program can be replaced by simpler conditional statements
or whenever appropriate by case statements.
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Fig. 24.1: A process model for reverse engineermg

After the cozmefic changes have been camied out on a legacy software the process of extracting the
code, design and the requirements specification can begin. These activities are schematically shown
m fig. 243 Tn order to extract the design, a full understanding of the code 15 needed. Some automahic
tools can be used to denve the data flow and conirol flow diagram from the code. The structure chart
{module mvocation sequence and data mterchange among modules) should also be extracted. The
SES document can be wmniften once the full code has been thoroughly mderstood and the design
exfracted.

R
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Fig. 24 2: Cosmetic changes camed out before reverse enginesnng
Legacy software products

It 13 prudent to define a lepacy system as any software system that is hard to mamtain. The
typical problems associated with legacy systems are poor documentation, unstroctured (spaghett
code with ugly control structure), and lack of personnel kmowledgeable i the product. Many of
the legacy systems were developed long time back. But, it 15 possible that a recently developed
system having poor design and documentation can be considered to be a legacy system.

The activities mvolved I a software mamtenance project are not unique and depend on several
factors such as:

* The extent of modification to the product required

* The resources available to the mamtenance team

* The conditions of the existing product {e.z., how structured it 15, how well documented 1t 15,

gtc.)

* The expected project nisks, etc.
When the changes needed to a software preduct are minor and straightforward, the code can be
directly modified and the changes appropnately reflected m zll the documents. But more
elaborate activities are required when the required changes are not zo tnwal Usually, for
complex mamtenance projects for legacy systems, the software process can be represented by a
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reverse engineering cycle followed by a forward engimeering cycle with an emphasis on as much
reuse as possible from the existing code and other documents.

SOFTWARE MAINTENANCE PROCESS MODELS

Two broad categones of process models for software mamtenance can be propozed The first
model 1z preferred for projects involving small reworks where the code 15 changed directly and
the changes are reflected mn the relevant documents later. This maintenance process 1s graphically
presented m fiz. 25.1. In this approach, the project starts by pathernng the requrements for
changes. The requirements zre next analyzed to formulate the strategies to be adopted for code
change. At this stage_ the association of at least a few members of the original development team
goes a long way m reducing the cycle team, especially for projects mvolving umstructured and
madequately documented code. The availabibty of a worling old system to the mamtenance
engineers at the maimtenance site greatly facilitates the task of the mamtenance team as they geta
good msight into the working of the old system and also can compare the worlang of their
modified system with the old system. Also, debugging of the reenginesred system becomes
easier as the program traces of both the systems can be compared to localize the bugs.
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Fig. 25.1: Mamtenance process model 1

The zecond process model for software maintenance i3 preferred for projects where the amomnt of
rework requred iz significant. Thiz approach can be reprezented by a reverse engineerng cycle
followed by a forward engineering cycle. Such an approach is also known as software reengineenng.
This process model 13 depicted in fig. 25.2. The reverse engineening cyvcle 15 required for legacy
products. Dunng the reverse engineering, the old code 1s analyzed (abstracted) to extract the module
specifications. The module specifications are then analyzed to produce the design. The design 15
analyzed (abstracted) to produce the onginal requitements specification. The change requests are then
appled to this requirements szpecification to ammive at the new requirements specification. At the
design, module specification, and coding a substantial reuse 1z made from the reverse engineered
products. An important advantage of this approach 15 that it produces a more structured desizn
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compared to what the ongmal product had, produces good documentation, and very often results in
mcreased efficiency. The efficiency improvements are brought about by a more efficient design.
However, this approach 15 costlier than the first approach. An empincal study indicates that process 1
15 preferable when the amount of rework 1z no more than 15%. Besides the amount of rework, several
other factors might affect the decision regarding using process model 1 over process model 2:

* Reenmneering might be preferable for products which exhibit a high failure rate.
* PBeenmineering might also be preferable for legacy products having poor design
and code structure.
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Fig 25 2: Mamtenance process model 2
Software Reengineering

Soffware reengineering 1z a combination of two consecutive processes Le. software reverse
engmnesring and software forward engineenng as shown in the fig. 252

Estimation of approximate maintenance cost

It 1z well known that mamtenance efforts require about §0% of the total hife cycle cost for a
typical software product. However, maintenance costs vary widely from one application domam
to another. For embedded systems, the mamtsnance cost can be as much as 2 to 4 imes the
development cost.

Boehm [1981] proposed a formula for estimabng mamtenance costs as part of his COCOMO
cost estimation model. Boehm's mamntenance cost estimation 15 made in terms of a guantity
called the Anmmal Change Traffic (ACT). Boehm defined ACT as the frachon of a software
product’s source mstructions which undergo change during a typical vear either through addition
or deletion.

ACT=EKELOC e T KLOC g9
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where, KLOC jsses 15 the total lalo lines of source code added during maintenance.

KLOC deseres 15 the total kilo lines of source code deleted dunng maintenance.

Thus, the code that 13 chanped, should be counted in both the code added and the code deleted.
The annual change traffic (ACT) 13 multiplied with the total development cost to ammive at the
maintenance cost:

Mamtenance cost = ACT * development cost:

Most mamntenance cost estimation models, however, yield only approximate results because they
do not take mto account several factors such as expenence level of the engineers; and farmhanty
of the engimeers with the product, hardware requirements, software complexaty, etc.

4.1LS0FTWARE QUALITY

Traditionally, a quality product iz defined in terms of it fimess of purpoze. That 1z, a qualbty
product does exactly what the users want it to do. For software products, fimess of purpose is
usually mterpreted in terms of satisfaction of the requurements laid down in the SRS document.
Although “fimess of purpose™ 15 a satisfactory definition of quality for many products such az a
car, a table fan, a grinding machine, etc. — for software products, “fitness of purpose™ 1z not a
wholly satisfactory definition of quality. To give an example, consider a software product that is
fmcticnally correct. That iz, it performs all fimehons as specified mn the SRS document. But, has
an almost unusable user mterface. Even though it may be functionally correct, we cammot
consider it to be a quabty product Another example may be that of a product which does
everything that the users want but has an almost incomprehensible and unmaintamable code.
Therefore, the fradiional concept of quality as “fitness of purpose™ for software products 15 not
wholly satisfactory.

The modem wview of a quality associates with a software product several quality factors such as
the following:

= Portability: A software product is said to be portable, 1f 1t can be easily made to work m
different operating system environments, in different machines, with other software
products, ete.

s Usability: A software product has good usability, if different categonies of users (1.e. both
expert and novice users) can easily mvoke the functions of the product.

= Rewnsability: A software product has good reusability, if different modules of the product
can easily be reused to develop new products.

s Correctness: A software product 15 comrect, if different requirements as specified i the
SE.S document have been correctly implemented.

= Maintainability: A software product 13 mantamable, if errors can be easily comrected as
and when they show up, new fimctions can be easzily added to the product, and the
functionalities of the product can be easily moedified, etc.

Software Quality Management System
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A guality management system (often referred to as quality system) is the principal methodology
uzed by orgamzations to ensure that the products they develop have the desired quality.

A quality system consists of the followmg:
Managerial Structure and Individual Responsibilities- A guality system 1z actuslly the
responsibility of the organization as a whole. However, every organization has a separate quality
department to perform several quality system activities. The quality system of an orgamzation
should have suppert of the top management. Without support for the quality system at a lugh
level in a company, few members of staff will take the quality system seriously.

Quality Svstem Activities- The qualify system activibies encompass the following:
- Anditing of projects
- Beview of the quality system
- Development of standards, procedures, and gmdelines, etc.
- Production of reports for the top management summanzing the effectiveness of the
quabty system in the orgamzation.

Evolution of Quality Management System

Quality systems have rapidly evolved over the last five decades. Prior to World War II, the usual
method to produce quality products was to mspect the fimshed products to eliminate defective
products. Smce that time, qualify systems of organizations have undergone through four stages
of evolution as shown in the fig. 28.1. The mitial product mspection method gave way to quality
confrol {QC). Quality confrol focuse: not only on detecting the defective product: and
eliminating them but also on determimng the causes behind the defects. Thus, quality control
aims at correcting the causes of errorz and not just rejecting the products. The next breakthrough
m guality systems was the development of quality assurance principles.

The baszic premize of modemn quality assurance 1: that if an orgamization’s processes are good
and are followed ngorously, then the products are bound to be of good quality. The modem
quahty paradigm mncludes guidance for recogmizing, defining, anzlyzing, and improving the
production process. Total quahity management (TOQM) advocates that the process followed by an
organization must be continuously improved through process measurements. TOQM goes a step
further than qualty assurance and amms at continuous process mprovement. TQM goes beyond
documenting proceszes to optimizing them through redesign. A term related to TQM 1z Buziness
Process Eeengmeering (BPR). BPR amms at reengineening the way business 1s carmed out in an
orgamization. From the above discussion it can be stated that over the vears the quality paradigm
has shifted from product assurance to process assurance (as shown in fig. 28.1).
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Fig. 28.1: Evolution of quality svstem and corresponding shift in the quality paradigm

4.12.50FTWARE PROJECT PLANNING

Project Planning and Project Estimation Technigues

Responsibilities of a software project manager

Soffware project managers take the overall responsibality of steenng a project to success. It is
very difficult to objectively describe the job responsibilities of a project manager. The job
responsibility of a project manager ranges from imasible activibies hke building up team morale
to haghly visible customer presentations. Most managers take responsibility for project proposal
wntng, project cost estimation, schedulmg, project staffing. software process tailonng, project
momnitoring and control, software confipuration management, nsk management, interfacing with
clients, managerial report writing and presentations, etc. These activities are certamly numerous,
varied and difficult to enumerate, but these activities can be broadly classified mio project
planning, and project monitoring and comfrol activities. The project planning activity 13
undertaken before the development starts to plan the activihes to be undertaken during
development. The project momtoring and control activities are undertaken once the development
activities start with the aim of ensuring that the development proceeds as per plan and changing
the plan whenever required to cope up with the situation.
SkKills necessary for software project management
A theoretical Imowledge of different project management techmques 15 certamnly necessary to
become a successful project manager. However, effective software project management
frequently calls for good qualitative judgment and decision taking capabiliies. In addition to
having a good grasp of the latest software project management techniques such as cost
estimation, nsk management confipuration management, project managers nesd pgood
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commumnication skills and the ability get work done. However, some skills such as fracking and
controlling the progress of the project, customer interachion, managenal presentations, and team
bulding are largely acqured through ezpenence. Nome the less, the mportance of sound
Imowledge of the prevalent project management techniques cannot be overemphasized.

Project Planning

Once a project is found to be feasible, software project manapers undertake project plannmg.
Project planming 1z undertaken and completed even before any development actraty starts.
Project planning consists of the following essential activities:

 Estimating the following atmbutes of the project:
= Project size: What will be problem complexity in terms of the effort and fime
required to develop the product?
* Cost: How much 1s it going to cost to develop the project?
* Duration: How long 15 it going to take to complete development?
« Effort: How much effort would be required?

The effectiveness of the subsequent planning activities 13 based on the accuracy of these estimations.

= Scheduling manpower and other resources.

s Staff orgamization and staffing plans.

= Risk identification, analyzis, and abatement planning

= Mhscellaneous plans such as quality assurance plan, configuration management plan_ ete.

Precedence ordering among project planning activities

Different project related eztimates done by a project manager have already been discuszed. Fig.

30.1 shows the order in which important project planning activities may be undertaken. From
fig. 30.1 it can be easily abserved that size estimation is the first activity, It is also the most
fundamental parameter based on which all other planning activities are carried out. Other
estimations such as estimation of effort, cost, resource, and project duration are also very
important components of project planning

Fig. 30.1: Precedence ordenng among planning activities
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Sliding Window Planning

Project planming requires utmest care and attention since commitment to unrealistic time and
resource estimates result m schedule slippage. Schedule delays can cause customer
dizzatisfaction and adversely affect team morale. It can even cause project failure. However,
project planning 15 a very challenging activity. Especially for large projects, it 15 very much
difficult to make accurate plans. A part of this difficulty 15 due to the fact that the proper
parameters, scope of the project, project staff, etc. may changse during the span of the project. In
order to overcome this problem, sometimes project manapers undertake project plamming m
stages. Planming a project over a number of stages protects managers from malomg big
commitments too early. Thiz techmique of stazgered plamning 13 kmown a2z Shding Wndow
Planningz. In the shding window techmque, starting with an mifial plan, the project iz planned
more accurately m successive development stapes. At the start of a project, project managers
have mcomplete kmowledze about the details of the project. Their information baze gradually
mproves as the project progresses through different phases. After the completion of every phase,
the project managers can plan each subsequent phase more accurately and with increasing levels
of confidence.

Software Project Management Plan (SPMP)

Once project planning 15 complete, project managers document thewr plans mn a Software Project
Management Plan (SPMP) document. The SPMP document should discuss a het of different
items that have been dizcussed below. This list can be used as a possible organization of the
SPMP document.

Organization of the Software Project Manapement Plan (SPAP) Docimment
1. Introduction
{a} Objecaves
{b) Major Functions
{c) Performance Iasues

{d) Management and Technical Constramts
Project Eztimaates

{2) Historical Data Uzad

{f) Estimation Techmgues Used

{g) Effort, Resource, Cost, and Project Duration Estimates
Schedule

{h) Work Breakdown Structure
{1} Task Network Fepresentation
{1} Gantt Chart Pepresentation

{k) PER.T Chart Representation
4. Project Resourcez

{1} People
{m)Hardware and Software
{n) Special Fesources

e

Ly
'
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3. Staff Orzamzation
{0) Team Structure

{p) Management Reporting
6. Busk Management Plan

{g) Risk Analy=is

{r) Risk Identification

{z) Risk Estimation

{t) Bisk Abatement Procedures
7. Project Tracking and Control Plan

E. Idizcallaneons Plans
{u) Process Tatloning
{v) Quality Assurance Plan
{w)Configuration Management Plan
{x) Validation and Venfication
{¥) System Testing Plan
{z) Delivery, Installahion and Maimntenance Plan

METERICS FOR SOFTWAEE PROJECT SIZE ESTIMATION

Accurate estimation of the problem zize 13 fundamental to satisfactory estimation of effort, time
duration and cost of a software project. In order to be able to accurately estimate the project size,
some important metncs should be defined i terms of which the project size can be expressed.
The size of a problem iz obviously not the number of bytes that the source code occupies. If 13
neither the byte size of the executable code. The project size is a measure of the problem
complexity in terms of the effort and time required to develop the product.

Currently two metrics are popularly being used widely to esimate size: lines of code (LOC) and
function point (FP). The usage of each of thess metnics in project size estimation has its own
advantages and disadvantages.

Limes of Code (LOC)
LOC iz the simplest among all metrics available to estmate project size. This meinc 13 very
popular because it 13 the simplest to use. Using this metric, the project size 15 estimated by
counting the number of source mstructions 1 the developed program. Obviously, while counting
the number of source mstruchons, lines used for commenting the code and the header lines
should be 1gnored.

Determining the LOC count at the end of a project 1= a very zimple job. However, accurate
estimation of the LOC count at the beginming of a project is very difficult In order to estimate
the LOC count at the beginning of a project, project managers usually divide the problem mto
modules, and each module into submodules and szo on, until the zizes of the different leaf-level
modules can be approximately predicted. To be able to do this, past expenence i developing
similar products 1z helpful By using the estimation of the lowest level modules, project
managers arrive at the total size estimation.

Function point (FP)
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Function point metric was proposed by Albrecht [1983]. This metnc overcomes many of the
shortcomings of the LOC metric. Since its incephon in late 19705, functon pomt metric has been
slowly ganng populanty. One of the mmportant advantages of using the fimchion pomt metric 1s
that it can be uzed to easily eshmate the size of a software product directly from the problem
specification. This 15 In contrast to the LOC metnc, where the size can be accurately determined
only after the product has fully been developed. The conceptual 1dea behind the function pomt
metric 13 that the mize of a software product 15 directly dependent on the mmmber of different
functions or features it supports. A software product supporting many features would certainly be
of larger size than a product with lezs mumber of features. Each function when mvoked reads
some mnput data and transforms it to the corresponding output data.

Boak-lecabon
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PROJECT SCHEDULING

Project-task scheduling i1z an important project planning activity. It mvolves deciding which
tasks would be taken up when. In order to schedule the project activities, a software project
manager nesds to do the followmg:

1. Identify all the tasks needed to complete the project.
2. Break down large tasks mto small activities.
3. Determine the dependency among different achivities.
4. Establish the most likely estimates for the tme durahons necessary to complete the
actvities.
5. Allocate resources to activities.
6. Plan the starting and ending dates for vanous achvities.
7. Determine the cifical path. A critical path 1s the chain of activifies that determines the
duration of the project.
The first step m scheduling a software project mvolves identifiing all the tasks necessary to
complete the project. A good kmowledge of the minicacies of the project and the development
process helps the managers to effectively idenhfy the important tasks of the project. Next, the
large tasks are broken down into 2 logical set of small activities which would be assizned to
different engineers. The work breakdown structure formalism helps the manager to breakdown
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the tasks systematically after the project manager has broken down the tasks and created the
work breakdown structure, he has to find the dependency among the activities. Dependency
among the different activities determines the order m which the different activibes would be
camed out. If an activity A requires the results of another activity B, then activity A must be
scheduled after activity B. In general, the task dependencies define a partial ordenng among
tasks, 1e. each tasks may precede a subset of other tasks, but some tasks might not have any
precedence ordenng defined between them (called concwrent task). The dependency among the
activities 13 represented in the form of an activiity network.

Once the activity network representation has been worked out, resources are allocated to each
activity. Resource allocation is typically done using a Gantt chart. After resource allocation 1z
done, a PERT chart representation 1z developed. The PERT chart representation 13 sustable for
program monitoring and control. For task scheduling, the project manager needs to decompose
the project tasks into a set of activities. The time frame when each activity is to be performed 15
to be determined. The end of each actrvity 15 called milestone. The project manager tracks the
progress of 2 project by monttorning the timely completion of the milestones. If he observes that
the milestones start petting delayed, then he has to carefully control the activities, so that the
overall deadhine can still be met.

Work Breakdown Structure

Work Breakdown Structure (WBS) 12 used to decompose a given tazk zet recursively into zmall
activities. WEBS provides a notation for representing the major tasks need to be camed out in
order to solve a problem. The root of the tree 15 labeled by the problem name. Each node of the
tree 13 broken down mto smaller activities that are made the clildren of the nods. Each achivity 1s
recursively decomposed mto smaller sub-activihes until at the leaf level, the achwibes requires
approximately two weeks to develop. Fig. 36.1 represents the WBS of a MIS (Management
Information System ) software.

While breaking down a task into smaller tagks, the manager has to make some hard decisions. If
a task 15 broken down mto large number of very small achwvitiez, theze can be cammed out
mdependently. Thus, it becomes possible to develop the product faster (wath the help of
additional manpower). Therefore, to be able to complete a project m the least amount of ime,, the
manager needs to break large tasks into smaller ones, expecting to find more parallelizm.
However, 1t 1z not useful to subdivide tazks mto wmitz which take lesz than a week or two to
execute. Very fine subdivision means that a disproportionate amount of time must be spent on
preparing and revising various chartz.
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Fig 36.1: Work breakdown structure of an MIS problem

Activity networks and critical path method WBS representation of a project iz transformed into
an activity network by representing activities identified in WBS along with their
interdependencies. An activity network shows the different activities maling up a project, their
eshimated durafions, and mterdependencies (as shown m fig. 36.2). Each achivity 1z represented
by a rectangular node and the duration of the activity 15 shown alongside each task

Managers can estimate the time durations for the different tazks m several ways. One possibility
15 that they can empirically assign durations to different tasks. This however is not 2 good 1dea,
because software engineers often resent such umilateral decisions. A possible altemative 1s to let
engmesr himself eshimate the time for an activity he can assigned to. However, some managers
prefer to estiimate the time for vanous activities themselves. Many managers believe that an
aggressive schedule mobvates the engimeers to do a better and faster job. However, careful
experiments have shown that unrealishically aggressive schedules not only canze engineers to
compromize on intangible quality aspects, but also are a cause for schedule delays. A good way
to achieve accurately in estimation of the task duratons without creating mmdue schedule
pressures 13 to have people set their own schedules.

Fig 36.2: Activity network representation of the MIS problem
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Critical Path Method (CPM)

From the activity network representation following analysis can be made. The mummum fime
{MT) to complete the project 1s the maximum of zll paths from start to fimsh. The earhest start
(E3) ime of a task 15 the maximum of all paths from the start to the task. The latest start time 13
the difference between MT and the maxmum of all paths from thes task to the finish. The earliest
finish time (EF) of a task 15 the sum of the earhest start time of the task and the duration of the
task The latest fimizh (LF) time of a task can be obtained by subtracting maximum of all paths
from this task to fimsh from MT. The slack time (3T) 13 LS — EF and equvalently can be written
as LF — EF. The slack time (or float time) is the total time that a task may be delayed before 1t
will affect the end bme of the project. The slack time mdicates the “flexibility™ n starting and
completion of tasks. A critical task 13 one with a zero slack time. A path from the start node to
the fimsh node contaming only cntical tasks i1z called a cribical path These parameters for
different tasks for the MIS problem are shown mn the following table.

| Task ES | EF | LS || LF | ST
Spectfication 0 15 0 15 0
Design database 13 60 13 60 0
Design GUI part 13 43 o0 120 5
Code database 60 163 60 163 0
Code GUI part 43 0 || 120 163 75
Integrate and test [ 165 | 285 165 | 285 | 0 |
[ Write user manual 13 ) ®m 1@ [ 285 210 |

The critical paths are all the paths whose duration equals MT. The cntical path m fizg. 362 is
shown with a blue arrow.

Gantt chart

Gantt charts are manly used to allocate resources to activities. The resources allocated to
activities include staff hardware, and software. Gantt charts (named after its developer Henry
Gantt) are useful for resource planning. A Gantt chart 13 a special type of bar chart where each
bar represents an activity. The bars are drawn along a time line. The length of sach bar 15
proporhional to the duration of time planned for the comresponding activity.

Gantt charts are used in software project management are actually an enhanced version of the
standard Gantt charts. In the Gantt charts used for software project management, each bar
consists of a white part and a shaded part. The shaded part of the bar shows the length of time
each taszk 15 estmated to take. The white part shows the slack fime, that 13, the latest time by
which a task must be fimshed A Gantt chart representation for the MIS problem of fig. 36.2 13
shown in the fig. 36.3.
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Fig 36.3: Gantt chart representation of the MIS problem
PEET Chart

PERT (Project Evaluation and Fewview Techmique) chartz consist of a network of boxes and
arrows. The boxes represent activities and the amows represent task dependencies. PERT chart
represents the statishical vanations in the project eshmates assuming a normal distnbution. Thus,
m a PERT chart instead of making a single eshimate for each task, pessimistic, likely, and
optimisgtic estimates are made The boxes of PERT charts are usually annotated wath the
pezsimistic, hikely, and optmizhe estimates for every tazk Since all possible completion times
betwesn the mimmum and maxmum duration for every task has to be considered, there are not
one but many critical paths, depending on the permutations of the estimates for each task. This
makes cnitical path analysis m PERT charts very complex. A cntical path in a PERT chart 1s
shown by usmg thicker arrows. The PERT chart representation of the MIS problem of fig. 362 15
shown mn fig. 36.4. PERT chartz are a more sophisticated form of actmiity chart. In activity
diagrams only the estimated task durations are reprezented Since, the actual durations might
vary from the esimated durabons, the uhlity of the activity diagrams are hmited.

Gantt chart representation of a project schedule is helpful in planming the uhlization of resources,
while PERT chart 15 useful for monitoring the timely progress of activibies. Also, it 1z eazier to
wdentify paralle] activities in a project using a PERT chart. Project managers need to identify the
parallel activities in a project for assignment to different engineers.
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Fig. 36.4: PERT chart representation of the MIS problem

4.13. RISK MANAGEMENT

A software project can be affectad by a large vanety of nisks. In crder to be able to systematically
1dentify the important nsks which might affect a software project, 1t 15 necessary to categonze nsks into
different clazses. The project manager can then examine which nsks from each class are relevant to the

project.
There are three main catezones of nsks which can affect a software project:

1. Project risks
Project nisks concem varies forms of budgetary, schedule, persommel, resource, and
customer-related problems. An important project nsk 13 schedule shppage. Since,
software 13 intangible, 1t 1z very difficult to monitor and control a software project. It is
very difficult to control something which cannot be seen. For any manufactunng project,
such asz manufacturng of cars, the project manager can see the product taking shape. He
can for instance, see that the engine i fitted, after that the doors are fitted, the car is
getting painted, etc. Thus he can easily assess the progress of the work and confrol it. The
mvisibility of the product being developed 13 an important reason why many software
projects suffer from the nsk of schedule shppage.

- Technical rizks
Technical nsks concemm potential design, implementation, mterfacing, testing, and
maintenance problems. Technical risks alzo include ambisuous specification, incomplete
specification, changing specification, technical uncertainty, and technical obsolescence.
hfost techmical nsks oceur due to the development team’s msufficient kmowledge about
the project.

o]

(=]

. Busziness nzks
This type of nisks includes nsks of bunlding an excellent product that no one wants, losing
budgetary or personnel commitments, etc.

Risk Assessment
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The objective of risk assessment 15 to rank the nsks in terms of thewr damage causing potential.
For nsk assessment, first each nzk should be rated in two ways:

* The likelihood of a nzk coming true {denoted as 1).

* The consequence of the problems associated with that nsk {denoted az 3).
Based on these two factors, the priority of each nsk can be computed:

p=r¥sg

Where, p 15 the pnonty with which the nsk must be handled, 7 13 the probability of the nsk
becoming true, and 5 1z the seventy of damage caused due to the nsk becoming true. If all
identified nzks are prioritized, then the most hikely and damaging nisks can be handled first and
more comprehensive risk abatement procedures can be designed for these nsks.

Risk Containment

After all the identified nsks of a project are assessed, plans must be made to contain the most
damagimg and the most hiely nsks. Different risks require different contamment procedures. In
fact, most nisks require mgenuity on the part of the project manager in tackling the nsk.

There are three main strategies to plan for nsk contamment:

Avoid the risk- This may take several forms such as discussing with the customer to change the
reguirements to reduce the scope of the work, giving incentives to the engmeers to avoid the risk
of manpower turmover, ete.

Transfer the risk- This strategy involves getting the nsky component developed by a third
party, buying insurance cover, efc.

Risk reduction- This mvolves planning ways to contam the damage dus to a nsk. For example,
if there is risk that some key personnel might leave, new recruitment may be planned.

Risk Leverage

To chooze between the different stratepies of handling a nsk, the project manager must consider
the cost of handling the nsk and the comesponding reduction of nzk. For this the nsk leverage of
the different nsks can be computed.

Risk leverage 15 the difference m risk exposure divided by the cost of reducing the nizk. More
formally,
risk leverage = (nsk exposure before reduction — nisk exposure after reduction) / (cost
of reduction)

Risk related to schedule slippage

Even though there are three broad ways to handle any nsk, but still nsk handlmg requires a lot of
mgenuity on the part of a project manager. As an example, it can be considersd the options
available to contam an mnportant type of nsk that occurs m many software projects — that of
schedule slippage. Risks relabng to schedule slippage anse primanly due to the mtangible nature
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of software. Therefore, these can be dealt with by mcreasing the wizibility of the software
product. Visibility of a software product can be mereased by producing relevant decuments
durmg the development process wherever meaningful and pethng these documents reviewed by
an appropnate team. Milestones should be placed at regular mtervals throush a software
engineenng process to provide a manager with regular indication of progress. Completion of a
phase of the development process before followed need not be the only milestones. Every phase
can be broken down to reasonable-sized tasks and milestones can be scheduled for these tasks
too. A milestone 15 reached, once documentation produced as part of a software engineering task
18 produced and gets successfully reviewed. Milestones need not be placed for every activity. An
approximate rule of thumb is to set a milestone every 10 to 15 days.

Software Configuration Management

The results (also called as the deliverables) of a large software development effort typically
consist of a large number of objects, e.g. source code, design document, SES document, test
document, user’s manual etc. These objects are usually referred to and modified by a number of
software engineers throughout the hife cycle of the software. The state of all these objects at any
point of ume 1z called the confipuration of the software product. The state of each deliverable
object changez az development progresses and also as bugs are detected and fixed.

Release vs. Version vs. Revision

A new version of a software 1z crezted when there 1z a sigmficant change in fimctionality,
technology, or the hardware it mins on, etc. On the other hand, a new revision of a software refers
to minor bug fix m that software. A new release 15 created if there 15 only a bug fix, miner
enhancements to the fimctionality, usabihty, etc.

For example, one version of 2 mathematical computation package might run on Unix-based
machines, another on Microsoft Windows and s0 on. As a software 18 released and used by the
customer, errors are discovered that need comection. Enhancements to the functionalities of the
software may also be needed. A new release of software 13 an improved system mtended to
replace an old one. Often systems are described as version m, releaze n; or simple m.n. formally,
a story relation 15 version of can be defined between objects. This relation can be split into two
sub relations is revision of and is variant gf

Necessity of software configuration management

There are several reasons for puttmz an object under configuration management. But, possibly
the most mportant reazon for configuration managzement 1s to control the access to the different
deliverable objects. Unless strict dizcipline 1z enforced reparding updating and storage of
different objects, several problems appear. The following are some of the important problems
that appear if configuration management 15 not used.

* Inconsistency problem when the objects are replicated. A zcenario can be considered
where every software engineer has a perscnal copy of an object {e.g. source code). As
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each enginesr makes changes to lus local copy, he 13 expected to mtimate them to other
engineers, so that the changes in mnterfaces are uniformly changed acress all modules.
However, many times an engineer makes changes to the mterfaces m his local copies and
forgets to mhmate other teammates about the changes. This makes the different copies of
the object inconsistent. Finally, when the product 1z mtegrated, it does not work
Therefore, when several team members work on developing an object, 1t 15 necessary for
them to work on a single copy of the object, otherwise inconsistency may anse.

= Problems associated with concurrent access. Suppose thers 13 a single copy of a
preblem module, and several engmeers are worling on it Two engineers may
simultaneously carry out changes to different portions of the same module, and while
saving overwrite each other. Though the problem associated with concurrent access to
program code has been explamned, similar problems occur for any other deliverable
object.

= Providing a stable development environment. When a project 1z underway, the team
members need a stable environment to make progress. Suppose somebody 1s trymg to
mtegrate module A with the modules B and C, he cannot make progress if developer of
module C keeps changing C; thiz can be especially fimstrating if a change to module C
forces him to recompile A. When an effective configuration management 15 m place, the
manager freezes the objects to form a base line. When anyone needs any of the objects
under configurzhion comtrol, he 15 provided with a copy of the base line item The
requester makes changes to s private copy. Only after the requester 13 through with all
modifications to his private copy, the configuration 15 updated and a new base line pets
formed mnstantly. This establishes a baseline for others to use and depend on. Also,
configuration may be frozen penedically. Freezing a configurahion may invelve archiving
everything needed to rebuld it {Archiving means copying to a safe place such as a
magnetic tape).

= System accounting and maintaining statos information. Svstem accounting keeps
track of who made a particular change and when the change was made.

* Handling variants. Existence of vanants of a software product causes some peculiar
preblems. Suppose somebody has several vanants of the same module, and finds a bug in
one of them. Then_ it has to be fixed in all versions and revisions. To do it efficiently, he
should not have to fix 1t in each and every version and revision of the software separately.

Software Configuration Management Activities

Nomally, a2 project manager performs the confisuration management activity by using an
automated  confipuration management tool. A confipuration management tool provides
automated support for overcoming all the problems mentioned above. In addrhion, a
configuration management tool helps to keep track of vanous deliverable objects, so that the
project manager can quickly and unambiguously determine the cument state of the project. The
configuration management tool enables the engineers to change the various components m a
controlled manmer.

Confizuration management 13 carmied out through two principal activities:
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» Configuration identification mvolves deciding which parts of the system should be kept
track of.
* Configuration control ensures that changes to a system happen smoothly.

Configuration Identification

The project manaper normally classifies the objects associated with a software development
effort into thres main categornies: controlled, pre controlled, and uncontrolled. Controlled objects
are those which are already put under confizuration control One must follow some formal
procedures to change them. Pre controlled objects are not vet under configuration control, but
will eventually be under configuration comtrol. Uncontrolled objects are mot and will not be
subjected to confisuration comtrel Controllable cbject: include both controlled and pre
controlled objects. Typical controllable objects include:

* Bequirements specificabion document

* Design documents
Tools used to build the system, such as compilers, linkers, lexical analyzers, parsers, etc.

» Source code for each module

* Test cases

* Problem reports
The configuration management plan iz wrntten duning the project planning phaze and 1t hsts all
controlled cohjects. The managers who develop the plan must strike a balance between controlling
too much, and confrollmg too litle. If too much 1 contrelled, overheads due to confizuration
management increase to unreasonably high levels. On the other hand, controlling too little might
lead to confusion when something changes.

Configuration Control

Confizuration control is the process of managing changes to controlled objects. Configuration
control 13 the part of a confizuration management system that most directly affects the day-to-
day operations of developers. The configuration conirol system prevents unauthorized changes to
any controlled objects. In order to change a controfled object such as a module, a developer can
get a prvate copy of the module by a reserve operation as shown in fig. 38.1. Configuration
management tools allow only ome person to reserve a module at a time. Once an object 13
rezerved, it does not allow anyone else to reserve this module until the reserved module 13
restored as shown m fig. 38.1. Thus by preventing more than one enpimeer to simultaneously
rezerve a module, the problems aszociated with concurrent access are zolved.
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Fig. 38.1: Reserve and restore operation m configuration conirol

It can be shown how the changes to any object that 13 under confipuration confrol can be
achieved. The engineer needing to change a module first obtams a private copy of the module
through a reserve operaton. Then, he carnes out all necessary changes on this private copy.
However, restoring the changed module to the system configuration requires the permission of a
change control board (CCE). The CCB is usually constituted from among the development team
members. For every change that needs to be camed out, the CCB reviews the changes made to
the controlled object and certifies several things about the change:

1. Change 1z well-motrvated.

2. Developer has considered and documented the effects of the change.

3. Changes mteract well with the changes made by other developers.

4. Appropniate people (CCE) have validated the change, e.g. someone has tested the changed
code, and has vernified that the change 13 consistent with the requirement.

The change control board (CCB) sounds hike a group of people. However, except for very large projects,
the fimctions of the change control board are normally discharged by the project manager himself or
some senior member of the development team. Once the CCB reviews the changes to the module, the
project manager updates the old base lme through a restore operation (as showm mn fig. 38.1) A
configuration conirol tool does not allow a developer to replace an object he has reserved with s local
copy unless he gets an authorization from the CCB. By constraiming the developers’ ability to replace
reserved objects, a stable emvironment 13 achieved. Since a configuration management tool allows only
one engineer to work on one module at any one fime, problem of accidental overamiting 1s eliminated.
Alzo, since only the manager can update the baseline after the CCB approval, unintentional ¢ are

eliminated.
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4.14. SOFTWARE REUSE

Advantages of software rense

Software products are expensive. Software project managers are wormed zbout the high cost of
software development and are desperately look for ways fo cut development cost. A possible
way to reduce development cost 15 to reuse parts from previously developed software. In addition
to reduced development cost and time, reuse also leads to ligher quality of the developed
products since the reusable components are ensured to have high quality.

Artifacts that can be reusad

It 15 important to kmow about the lands of the artifacts associated wath software development that
can be reused. Almost zll artifacts associated with software development, mcluding project plan
and test plan can be reused. However, the promunent 1tems that can be effectively reused are:

» B equirements specification
* Desigm

= Code

= Test cases

» Knowledge
Pros and cons of knowledge reuse

Enowledge 15 the most abstract development artifact that can be reused. Out of all the reuse
artifacts ie. requrements specification, design, code, test cases, reuse of kmowledge occurs
automatically without any conscious effort in this direction. However, two major difficulties with
unplanned rense of kmowledge are that a developer expenienced in one type of software product
might be meluded i a team developing a different type of software. Alszo, it 1z difficult fo
remember the details of the potentially reusable development kmowledge. A planned reuse of
Imowledge can mncrease the effectiveness of reuse. For this, the reusable Imowledge should be
systematically extracted and documented. But, 1t 15 usually very difficult to extract and document
reuszble kmowledge.

Easiness of rense of mathematical functions
The routines of mathematical hbranes are bemng reused very successfully by almost every
programmer. No one m his right mind would thimk of wnting a routine to compute sine or
cozine. Feusze of commonly used mathematical funchions 1z easy. Several mmteresting aspects
emerge. Cosine means the same to all. Everyone has clear ideas about what kand of arpument
should cosine take, the type of processing to be camed out and the results retumed. Secondly,
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MMathematical libranies have a small mterface. For example, cosine requires only one parameter.
Also,_ the data formats of the parameters are standardized.

Basic issues in any reuse program
The following are some of the basic 135ues that must be clearly understood for starting any reuse

program.

» Component creation

* Component indexing and storing

* Component search

* Component understanding

* Component adaptation

* Fepository mamtenance

Component creation- For component creation, the reusable components have to be first
1dentified. Selection of the nght kind of componentz having potenhial for reuse 13 important.
Domaimn analy=is 15 a promizing techmique which can be used to create reusable components.

Component indexing and storing- Indexinz requires classificahon of the reusable
components so that they can be easily searched when looking for a component for reuse. The
components need to be stored mn a Relational Database Management System (RDBMS) or an
Object-Oriented Database System (ODBMS) for efficient access when the number of
components becomes large.

Component searching- The programmers need to search for right compenents matching
their requirements in a database of components. To be able to search components efficiently,
the programmers require a proper method fo describe the components that they are locking
for.

Component understanding- The programmers need a precise and sufficiently complete
understanding of what the component does to be able to decide whether they can reuse the
component. To facihtate understanding, the components should be well documented and
should do something simple.

Component adaptation- Often, the components may need adaptation before they can be
reused, since a selected component may mot exactly fit the problem at hand. However,
tinkering with the code 15 also not a satisfactory solution because this 15 very likely to be 2
source of bugs.

Repository maintenance- A component repoztory once 1z created requires confimuous
maintenance. New components, as and when created have to be entered into the repository.
The faulty components have to be tracked. Further, when new applications emerge, the older
applications become obsolete. In this case, the obsolete components might have to be
removed from the repository.
Domain Analysis
The amm of domam analy=is 15 to identify the reusable components for a problem domam.
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Reuse domain- A reuse domain 15 a technically related set of application areas. A body of
mformation 13 considered to be a problem domam for reuse, if a2 deep and comprehensive
relabionship exists among the mformation items as categorized by patterns of simlanty among
the development components of the software product. A reuze domam 13 shared understanding of
some commumity, charactenzed by concepts, techmigques and terminologies that show some
coherence. Examples of domamns are accounting software domam, banking software domain
business software domamn, mamufactunng automztion software domam, telecommumication
software domain, etc.

Just to become faniliar with the vocabulary of a domam requires months of mteraction with the
experts. Often, one needs to be famibar with a network of related domains for successfully
carrying out domain analysis Domain analysis identifies the objects; operations, and the
relahonships among them. For example, consider the airline reservation system, the reusable
objects can be seats, flights, amports, crew, meal orders, etc. The reusable operations can be
schedunling a flight reserving a seat, assigming crew fo flights, etc. The domam analysis
generalizes the application domam A domain model transcends specific applications. The
common charactenistics or the similanties between systems are generalized.

During domain analysis, a spectfic commumity of software developers gets together to discuss
community-wide-solutions. Analysiz of the application domain 1s required to identify the
renzable components. The actual construction of reusable components for a domam is called
domain engineering.

Evolution of a rense domain- The ultimate result of domamn amalvsis 1z development of
problem-onented lanpuages. The problem-onented lanpnages are also kmown as application
generators. These application generators. omce developed form application development
standards. The domains slowly develop. As a domain develops, it 13 dishngnshable the vanous
stages it undergoes:

Stage 1: There 1= no clear and consistent set of notabions. Obwously, no reusable components are
available. All software 15 written from scratch.

Stage 2: Here, only expenience from similar projects 1s used in a development effort. This means
that there 1= only Imowledze reuse.

Stage J: At this stage. the domain is npe for reuse. The set of concepts are stabilized and the
notations standardized. Standard solutions to standard problems are available. Thers 13 both

Imewledge and component reuse.

Stage 4: The domzain has been fully explored. The software development for the domain can be
largely automated. Programs are not written m the traditional sense any more. Programs are
written using 2 domaim specific language which is also kmown as an application generator.
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REUSE APPROACH

Components Classification

Components need to be properly classified m order to develop an effective indexing and storage
scheme. Hardware reuse has been very successful. Hardware components are classified using a
multilevel erarchy. At the lowest level the components are described in several forms: natural
language descniption, logic schema timmg mmformation, etc. The lgher the level at which a
component 15 described. the more 15 the ambiguity. This has motivated the Pristo-Diaz’s
classification scheme.

Prieto-Diaz’s classification scheme: Each component 13 best descmbed using a2 number of
different charactenistics or facets. For example, objects can be classified nsing the followms:
Searching- The domain repository may contain thousands of reuse items. A popular search
technique that has proved to be very effective iz one that provides a web interface to the
reposttory. Using such a web interface, one would search an mem uzng an approximate
automated search using key words, and then from these results do a browsing using the links
provided to look up related items. The approxmmate automated search locates products that
appear to fulfill some of the specified requirements. The tems located through the approximate
search serve as a starting pomnt for browsing the repository. These serve as the starting point for
browsing the repository. The developer may follow links to other products until a sufficienthy
good match 1z found. Browsing 13 done usmg the keyword-to-keyword, keyword-to-product, and
product-to-product links. These lmks help to locate addiional products and compare their
detailed attributes. Finding a satisfactorily item from the repository may require several locations
of approximate search followed by browsmg. With each reration, the developer would get a
better understanding of the available products and therr differences. However, we must
remember that the items to be searched may be components, designs, models, requirements, and
even kmowledge.

Repository maintenance - Fepository maintenance involves entermg new items, retinng those
rtems which are no more necessary, and modifymg the search attnibutes of items to mprove the
effectiveness of search. The software industry is always trying to implement zomething that has
not been qute done before. Az pattems requirements emerge. new reusable components are
wdentified. which may ultimately become more or less the standards. However, as techmology
advances, zome components which are stll reusable. do not fully address the current
requirements. On the other hand, restricting reuse to highly mature components, sacrifices one of
that creates potential reuse opportunity. Making a product available before it has been thoroughly
azzessed can be commterproductive. Negative expeniences tend to dissolve the trust m the enfire
reuss framework.

Application generator -The problem- oriented lanpuages are Imown as application generators.
Application generators translate specifications into application programs. The specification is
usually written using 4GL. The specification might also m a visual form. Application generator
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can be applied successfully to data processing application, user mterface, and compiler
development.

Advantages of application generators

Application generators have significant advantages over simple parameterized programs. The
biggest of these 1s that the application generators can express the vanant mformation m an
appropriate language rather than bemg resiricted to fimction parameters, named constants, or
tables. The other advantages mnclude fewer errors, easier to mamtam substantially reduced
development effort, and the fact that one need not bother about the implementation details.

Shortcomings of application generators

Application generators are handicapped when it 1s necessary to support some new concepts or
features. Application generators are less successful wath the development of applications with
cloze interaction with hardware such as real-time systems.

Re-use at organization level

Achieving orgamization-level reuse requires adophion of the following steps:

* Aszessing a product’s potential for reuse
* Refining products for greater rensability
* Entering the product in the reuse reposttory
Assessing a product’s potential for remse. Assessment of components reuse potential
can be obtamned from an analysis of a questionnaire circulated among the developers. The
questionnaire can be devised to access a component’s reusability. The programmers
working in smmilar application domam can be used to answer the queztionnaire about the
preduct’s reusability. Depending on the answers given by the programmers, either the
comiponent be taken up for reuse as it is, it 15 modified and refined before it 15 entered
mito the reuse repository, of if 15 ignored. A sample questionnaire to assess a component’s
reuszbility i3 the following.

* Is the component’s functionality required for implementation of systems m the

fufure?

» How common is the component’s function within itz domain?

» Would there be a duplication of functions within the domain if the component 1=

taken up?

* Iz the component hardware dependent?

* Iz the desipn of the component optimized enough?

= If the component 1s non-reuzable, then can it be decomposed to vield some reusable

components?

Can we parameterize a non-reusable component so that it becomes reusable”
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Refining products for greater remsability. For 2 product to be reusable, 1t must be
relatively easy to adapt it to different contexts. Machine dependency must be abstracted
out or localized using data encapsulation techmques. The following refinements may be
camed out:

» Name generalization: The names should be general, rather than being directly
related to a specific application.

* Operation generalization: Operations zhould be added to mazke the component
more general. Also, operations that are too specific to an applicabion can be removed.
* Exception generalization: Thiz involves checlang each component to see which
excephions it might generate. For a general component, several types of excephtions
might have to be handled

* Handling portability problems: Programs typically make zome assumption
regarding the representaion of mformation i the underiymg machine. These
assumptions are i general not true for all machines. The programs also often need to
call some operating system fimctionahty and these calls may not be same on all
machines. Also, programs use some function libranies, which may not be availzble on
all host machines. A portability solution to overcome these problems is shown in fig.
41.1. The portability sohrtion sugpests that rather than call the operating system and
'O procedures directly, abstract versions of these should be called by the application
program. Also, all platform-related calls should be routed throush the portability
mterface. One problem with this solution 15 the sigmificant overhead mcurred, which
makes 1t inapplicable to many real-time systems and applications requiring very fast
Tesponse.

Applicatisn Syviem

Poilakilily Inlaifics
Opearaling Tysiem
Dats Heferenoss and 1FD a3k

Fig. 41.1: Improving reuszability of a component by using a portability interface.

Factors that mhibit an effective reuse program
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In spite of all the shortcomings of the state-of-the-art reuse technigues, it 1s the expenence of
several organizations that most of the factors mhibiting an effective reuse program are non-
technical. Some of these factors are the followng.

= Need for commtment from the top management.

s Adegquate documentation to support reuse.

= Adequate mcentive to reward those who reuse. Both the people contributing new reusable
components and those reusing the existmg components should be rewarded to start a
reuse program and keep it going.

= Prowviding access to and mformahon about rensable components. Crgamzations are often
hezitant to provide an open access to the reuse repository for the fear of the reuse
components finding a way to their competitors.
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Software Engineering Multiple Choice Question with Answers

1. "What are the characteristics of zoftware?
a. Software 13 developed or engineered; it 13 not manufactured in the classical senze.
b. Software doesn’t ™ wear out ™.
c. Software can be custom buzlt or custom build.
d. All menticned above AMNSWER:

All mentioned abovre

2. Compilers, Editors software come mmder which type of software?
a. System software
b. Application software
c. Scientific software
d. None of the above.
ANSWER: System software

3. Software Ensineenng 15 defined az a systematic, disciplined and quantifiable approach for the
development, operation and mamtenance of software.
a. True

b. Falze
ANSWEE: True

4. RAD Software process model stands for .
a. Rapid Application Development.
b. Relafive Apphcation Development.
c. Fapid Application Design.
d. Recent Application Development.
ANSWER.: Rapid Application Development.

3. Software project management compnzes of a number of achvities, which contans
a. Project planning
b. Scope management
c. Project estimation
d. All mentioned above
ANSWER: All mentioned above

6. COCONO stands for i
a. COnsumed COst MOdel
b. COnstructive COst 20del
c. COmmon COntrol MOdel
d. COmposition COst MOdel
ANSWEE.: COnstructive CO=t hodel
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7. Which of the followmg 15 not defined in a good Software Eequirement Specification (SES)

document?

a. Functional Fequrement

b. Nonfunctional Requirement.

c. Goals of implementation.

d. Alponthm for software implementation.
ANSWEER: Algonthm for software implementation.

8. What 15 the simplest model of software development paradigm?

a. Spiral model

b. Big Bang model

€. V-model

d. Waterfall mode] ANSWER.:

Waterfall model

9. Which of the followmg 15 the understanding of software product limitations, leamning system related
problems or changes to be done m existing systems beforehand, identifying and addressing the impact

of project on organization and personne] etc?

a. Software Dezign
b. Feasibality Study
c. Requirement Gathering
d. System Analysis
ANSWEER: System Analysis

10. Which design identifies the software az a system with many components mteracting with each

other?
a. Architectural design
b. High-level design
. Detailed design
d BothB&C
ANSWER.: Architectural design
11. Software consists of .
a. Set of mstruchions + operating procedures
b. Programs + documentation + operating procedures
c. Programs + hardware manuals
d. Set of programs
ANSWER: Programs + documentation + operating procedures

12. Which is the most important feature of spiral model?
a. Quality management
b. Fizk management
c. Performance management
d. Efficiency management
ANSWEE:: Risk management
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13. If every requirement stated in the Software Requirement Specification (SES) has only one

interpretation, SRS iz said to be comect .
a. Unambiguous

b. Consistent

. Vertfiable

d. None of the above

ANSWER: Unambiguous

14. Which 13 not 2 step of Requirement Engineering?
a. Regquirements elicitation
b. Requirements analysis
c. Fequirements design
d. Requirements documentation
ANSWER: Requirements desizn

15. FAST stands for .
a. Functional Application Specification Technique
b. Fast Application Specification Technique
c. Facilitated Application Specification Techmique
d. None of the above
ANSWER: Facilitated Application Specification Techmique

16. The level at which the software uses scarce resources is
a. Relability
b. Efficiency
c. Portabality
d. All of the above
ANSWER: Efficiency

17. Modifying the software to match changes in the ever changing environment iz called

a. Adaptive mantenance

b. Comrective maintenance

c. Perfective maintenance

d. Preventive maintenance
ANSWER: Adaptive mamtenance

18. If every requirement can be checked by a cost-effective process, then the SES 1z
a. Verifiable
b. Traceable
. Modifiable
d. Complete
ANSWEE: Verifiable
19, Aggregation represents .
a. 1z a relationship
b. part of relationship
c. composed of relationship
d. none of above
ANSWER: composzed of relationship
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20. If P15 nsk probabality, L 1= loss, then Fask Exposure (RE) 15 computed as
a. RE=PL
b. RE=P+L
¢ RE=F*L
d: RE=2%P*L
ANSWER:EE=P*L

21. Number of clauzes used m ISO 9001 to specify quality system requirements are

a. 13
b. 20
Y )
d 28
ANSWEER: 20
22. EF. model shows the
a. Static view
b. Functiomal view
. Dynamic view
d. All the above
ANSWER: Static view

23. IEEE 830-1993 1z a IEEE recommended standard for .
a. Software Eequirement Specification
b. Software design
c. Testng
d. Both (A) and (B}
ANSWER: Software Requrement Specification

24. Ome of the fault base testing techniques 13
a Unit Testing
b. Beta Testing
c. Stress Testing
d. Mutation Testing
ANSWER: Mutation Testing

25, If the objects focus on the problem domain, then we are concerned with
a.Object Oniented Analyzis
b.Object Oriented Design
c.Object Oriented Analyzis and Design
d.None of the above
ANSWER.: Object Onented Analyzis
26. In a nsk-based approach the nisks identified may be used to:
1. Determine the test technique to be employed
11. Determine the extent of testing to be camed out

1. Pniortize teshing in an attempt to find critical defects as early as possible.

v. Determine the cost of the project
a. 111z True; 1, 11, 1v and v are False
b. 111,10 are true and 1v 1z falze
c. 11 and mi are Troe; 1, 1v are Falze
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d. 1, 11 and 1v are True; 113 false
ANSWER: 1,111 are troe and 1v 1= false

27. Which of the following 15 net a part of the Test Implementation and Execution Phase?
a. Creating test suites from the test cases
b. Execuhng test cases either manually or by usmg test execution tools
c. Companng actual results
d. Designing the Tests
ANSWER: Dezigning the Tests

28. The Test Cases denved from use cases .
a. Are most nseful in uncovenng defects in the process flows during real world use of the system.
b. Are most useful in uncovering defects i the process flows durng the testing use of the syztem.
c. Are most useful in covering the defects in the process flows durmg real world use of the syztem.
d. Are most useful in covering the defects at the Integration Level.

ANSWEER: Are most useful in uncovering defects m the process flows during real world use ofthe

3ystem.

29, What can static analyzis NOT find?
a. The use of a variable before it has been defined.
b. Unreachable (“dead™) code.
. Memory leaks.
d. Array bound violations.
ANSWER: Memory leaks.

30. Which plan descnbes how the slalls and experience of the project team members will be developed?
a HE Plan
b.  Manager Plan
c. Team Plan
d. Staff Development Plan
ANSWER: Staff Development Plan

3. Alpha and Beta Testing are forms of
a. Acceptance testing
b. Integration testing
c. System Testing
d. U'mit testing
ANSWER: Acceptance testing

3. The model i which the requirements are immplemented by its category 1s
a. Evolutionary Development hModel
b. Waterfall Model
c. Prototyping
d. Iterative Enhancement Model
ANSWEER.: Evolutionary Development Model

33, A COCOMO model 1z .
a. Commeon Cost Estimation Model.
b. Constructive Cost Estimation Model.
c. Complete Cost Estimation Model.
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d. Comprehensive Cost Estimation Model
ANSWER.: Constructive Cost Estimation Model

M. SBD stands for .
a. Software Requirements Definition
b. Structured Requirements Defimtion
c. Sofhware Fequirements Diagram
d. Structured Requirements Diagram
ANSWEE.: Structured Requirements Definition

J5. The tools that support different stages of software development hfe cycle are called
a. CASE Tools
b. CAME tools
c. CAQE tools
d. CARE tools
ANSWER: CASE Tools

6. Which defect amphfication model 15 used to illustrate the generation and detection of errors during
the preliminary steps of a software engineermg process?
a. Design
b. Detailed design
c. Coding
d. All mentioned above
ANSWER: All mentioned above

37, Which method 13 used for evaluating the expression that passes the function as an arsument?
a. Stct evaluation
b. Recursion
c. Calculus
d. Pure functions
ANSWEE: 3tnict evaluation

38. Which factors affect the probable consequences if 2 nsk occur?
a. PRask avoidance
b.  Fisk momitormg
c. Rizk iming
d. Contingency planning
ANSWEER.: Fask timing

39, 5taff turnover, poor commumcation with the customer are nsks that are extrapolated from past

experience are called
a. Busimess nsks

b. Predictable nsks

c. Project risks

d. Techmnical naks
ANSWEE.: Predictable nizks
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40. Orgamization can have in-house mspection, direct mvolvement of users and release of beta version
are few of them and it also includes usability, compatibility, user acceptance etc. 13 called
a. Task amalysis
b. GUI requirement gathering
c. GUI design & implementation
d. Testing
ANSWER.: Testing

41. Which project 15 undertaken as a consequence of a specific customer request”
a. Concept development projects
b. Application enhancement projects
c. New application development projects
d. Apphcation maintenance projects

ANSWER.: New application development projects

42, Pequirement engineening process mclodes which of these steps?
a. Feazibility study
b. Requirement Gathenng
c. Software Requirement specification & Validation
d. All mentioned above
ANSWER: All mentioned above
43, Software safety 13 a quality assurance activity that focuses on hazards that may cause an entire
system to fall.
a. True
b. False
ANSWER: True
44, Give the disadvantages of modulanzation.
a. Smaller components are easier to maintan
b. Program can be divided based on functional aspects
c. Desired level of abstraction can be brought mn the program
d. None of the above
ANSWEER.: None of the above

45, Effective software project management focuses on the four P's. What are those four P's?
a. People, performance, payment, product
b. People, product, process, project
c. People, product, performance, project
d. All of the above.
ANSWER: People, product, process, project

46. Give the Real-world factors affecting maintenance Cost.
a. Astechnology advances, it becomes costly to maintain old software.
b. The standard age of any sofbware is considered up to 10 to 15 vears.
c. Mozt mamtenance engineers are newbie and use nal and error method to rectify problem.
d. All mentioned above
ANSWER: All menfioned above
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47. Mention any two indirect mezsures of product.
a. Quality
b. Efficiency
c. Accuracy
d BothAandB
e. BothBandC
ANSWER: Both Aand B

48. Which testing is the re-execution of some subset of tests that have already been conducted to ensure
the changes that are not propagated?
A Unit testing
BE. Regreszion testing
C. Integratiom testing
D. Thread-based testing
ANSWER.: Fepression testing
49, State if the following are true for Project Management. During Project Scope management it 13
necessary to —
1. Define the scope
2. Decide its venfication and control
3. Divide the project into varnious smaller parts for eaze of manapement.
4. Venfy the scope
a. True
b. False
ANSWER: True

30. Software Requirement Specification (SE.3) 13 also Imown as specification of .
a. Wnite oox testing
b. Acceptance testing
¢. Integrated testing
d. Black box testing
ANSWER: Black box testing
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Part V: Internet Programming
Module objective
At the end of thiz courze, sdents will be able to:
*  Know and understand basic web related termmologies

Have core understanding on HTML
Desizn a website with attractive mterface
Enow the new features of HTMLS
Understand and use types of selectors in C55
Work on C335 to create responsive page
Enow Java scnpt

5.1. Introduction to HTML
What is HTML?

HTML 15 the set of markup symbols or codes, which are called TAGs, inserted in a file intended for display
on a World Wide Web browser page. The markap tells the Web browser how to display a Web page’s
words and images for the user. Each mdividual markup code 1= referred to as an element which iz enclosed
by fag. HTML 15 a formal Becommendation by the World Wide Web Consortium (W3C) and 15 generally
adhered to by the web browsers. Simply HTML 1s a language for describing web pages.

» HTML stands for Hyper Text Markup Language

» HIML 13 2 marknp language, a marknp language is 2 set of markup tags

» HIML documents comtain HTML tags a.udp!am text

»  HTML documents are also called web pages
HTML Tags

HTML markup tags are usually called HIML tags. HTML tags are keywords surrounded by angle
brackets lilke <html>. HTML tags are the hidden ksywords within a web page that define how the browser
must format and display the content
Most tags must have two parts. an opening and a closing part. For example, <himl= is the openimg tag and
<himl= 15 the closing tag. Note that the closing tag has the zame text as the opening tag, but has an
additional forward-slash “character. There are some tags that are an exception to this rule, and wher= a
clozing tag is not requred. The <img> taz for showing images 13 one example of this. Each HTML file
must have the essential tags for it to be valid, so that web browsers can understand it and display 1t
correctly.

» HTML tags normally come in pairs hke <b> and </b>

» The first tag in a par 1s the start tag,"<b="" the second tag 13 the end tag "=/h="

» The end tag 1z written like the start tag, with 2 forward slash before the tag name

» Start and end tags are also called opening tags and closing tags
HTML Elements
HTML element 1= everything between the start tag and the end tag, including the tags:
Example

» =p=This 15 paragraph</p> 15 a paragraph element.

»  <h=this 1 headimg </h> 15 a heading element.
The <html= element defines the whole document, smce it 15 the opemng and ending for every HTML
document. It has a start tag <html> and an end tag <himl=
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The <body= element defines the document body. It has a start tag <bodv> and an end tag <hody=. Every

alaraent .of tha shedssan . dimlssmd. om tha, ::..'nh brmerrar. . danesdins, on. the trms. .mthprEt&hnn_ Elements
I:lm t farget closing tags, if the tag has. You might found unexpected output due to iment.
: fnrgettlng closing tag. :
Tag Attributes
Aftnbutes allow you to customize a tag, and are defined wathin the opening tag, for example:
<img src="1magel Jpg"> or <p align="center"= ... <p=
On the above example, mg 15 tag, sc 13 atirnbute and imagel jpg 13 value and p 15 tag, align 15 atinbute and
center 1z value
Aftributes are offen assigned a value usmg the equals sign. such as border="0" or wadth="30%2", but there
are some that only need to be declared m the tag like this: <hr noshade>. Most atinbutes are npﬁ-:}ﬂal for
most tags, and are only used when you want to change something about the default way a tag 1z displayed
by the browser. However, some tags such as the <img> tag has required attributes such as src and alt which
are needed in order for the browser to display the web page properly.
Attribute wall be defined further with tags on commng pages
» Atinbutes provide addibional information about an element
» Attmibutes are always specified m the start tag
» Attributes usually come in name/value pairs hike: name="value"
Example, conzider the followmg HTML code,
<! DOCTYPE html:>
<html lang="en-Us":>
<head>
<title>»Page Title</title>
</head>
<body>

<hl>My First Heading</hl>
<p>My first paragraph.</p>

</body>
</html>

Explanation:

The code has the following tags. <html>, <head=, <title> <body=, <hl>, =p=

<html=

<html> tag 1z the main tag m which it includes all other tags in it When you design a web, your html code
should start with <html> tag and should end with <‘himi=. The tag <html> has atmbute lang, which 15 used
to define the language used.

<head-

Iz nzed to include different tags like, <hitle= <style= <base> <link=, <meta= <script> in which each of
them have their own use. It should start immediately after the opening html tag and end before the opemng
body tag. Elements found m heading part are not to be displayed on the browser as the web content.
<hody=
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The content of body tag 13 the one whach 13 to be dizplayed on your browser. Each element, according to
their tag being processed and displayed on the browser.

Web Browsers

The purpose of a web browser 15 to read HTML documents and display them as web pages. The browser
does not display the HTML tags, but uzes the tags to determune how the content of the HTML page 15 to be
presented’ dizplayed to the user. The output for code written above 15 shown below. It has a title “page title”
which 1= found as element with <title= under <head=. The oufput iz displayed on a browser, and as vou see,
the tags can not be displayed, mstead the content omly be displayed as the tag orders. The text “my first
heading” 15 found m the tag <hl1=, that 1z why it has larger text size.

HTML editing tools

Web pages can be created and modified by using professional HTML editors hke Adobe Dreamweaver,
Microsoft front page, Microsoft Expression Web and others. Just to leamn html well, let us use simple text
editor like Notepad (PC) or TextEdit (Mac). Notepad ++ can also be used.

Heading

HTML headings are defined with the <hl=, <hd> <h3> <hd> <h5> and <h6> tags. Where <hl>= produce
larger text and <hf> small text When you use heading tag, the content will display alone on a single lme.
Example

<hl>Thi= iz a heading</hl>

<h2>Thi=s iz 8 heading</h2>

This is a heading

OUTPUT ) This is a heading

<h3>Thi= i=s a heading{fhE} This is a headine
=

As you can see on the above example, <hl> produce larger text than others <h2> less than hl and continue
like that with <hf> small than the other heading tags.

Heading tags have attnbute "align" which is used to define the position of the heading text with left, center,
right or jushified aligrment.

<h? align="center">This iz a heading=h2>

There 15 also “htle” attmbute that can be used with headmg tags. The value of the hitle attmbute will be
dizplayed as a tooltip when you mouse over the paragraph.

<h? fitle="headmng"=This 15 a heading<hl=

After the output 15 displayed. when you mouse over the text "this 15 heading”, "headng” wall appear as a
tooltip.

HTML Paragraphs

HTML paragraphs are defined with the <p> tag. Paragraph tag 13 used to enclose a text or paragraph so that
vou can zpply changes hike alignment A sentence which i1s enclosed with <p> tag wall be displayed as a
paragraph.

Example

<p=This 13 a paragraph </p=
<p=Ths 15 another paragraph =p=

The above elements displays two Ine of sentence smee each of them are under <p> tag.

Example

<p=this 1 paragraph

This 13 sentence </p=

Thiz paragraph element displays a single hine output, because the text 15 enclosed by only one <p=.
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If you are not using tags like heading, paragraph, break the text that you write on
¢ several lines will be displayed as a single line on the browser

Horizontal rule

The <hr= tag defines a thematic break in an HTML page, and iz most often displayed az a honzontal rule It
15 used to separate content {or define a change) m an HTML page.

Atinbutes like "width", "ahgn", "color™ used to add extra future to the <hr= output. If width 13 not sated,
then the horizontal rule wall fill from left to nght and also 1t 15 center aligned by default.

<p>text before line</p>
<hr color="red" width="180px"

text betore hne

S

OUTPUT

align="left">
<p>text after line</p>

text after line

Based on the attnbute applied, the line has color red, 1t 13 aligned to the left and has a wadth of 130 p]:-:els.

Width and height of outputs are measured through pixel or percent. Pixel is
represented by px and if it is percent use %,

HTML Links
HTML links are defined with the <a> tag. <a> 15 called anchor tag and used to create link between pages.

Example

«a href="yww.metitech. com™ -
chck hear
target=" blank"> click hear </ax OUTPUT S

On thiz example, href 1= an attribute of anchor tag which 15 used to show the link which 13 called URL.
“click hear” 1z the text to be displayed, as you see the oufput, on the page and when user clicks omn it
"metitech.com” will open. Target i3 another atimbute that can be used with anchor tag. It 1z used to
determine where the lnk has to be opened. Itz values can be "blank” which opens the link in new window,
"zelf” which opens the link on that page by overnriting the previous, and others hike "parent”, "new"” are
also used. Target's value could be name of a frame if frame 13 used. Using ancher tag, href must be there.
HTML Images

HTML images are defined with the <img= tag <mmg> tag has no closing, but it has attnbutes which are
used to show the location of the image, used to manage the size and look of the 1mage.

Example

<img srec="class.jpg" alt="class
rocm" width="144" height="102"> DUTPLTT m

LHED otaad UL S04

i
-




As vou see the above example, it 13 empty element, since it has no closing tag. But there are 4 atinbutes
used. src 1s used to show the location of the image. "class jpg” is the name of the mage which 1z located on
same zpace With the himl file alt used to display text description when the user hover the mouse on the
mage, width will manage the honzontal size of the image. 144 and 102 have no measurement so that they
use p]:-:el by default. If the image 13 found in a folder called "sample” which 13 other than the hitml file then
the scr looks like:

<img src="sample/clazs jpg” width="144" height="102"=

Border 15 another at’lnbute for specifving border for the image displayed.

<img sre= classjpg” width="144" height="102" border="2"> this mmage haz borderframe when it
dizplayed on browser.

HTML Table

<table= tag 1z used to msert table to webpage. Table has vanous uses especizlly i previous time, it has
been used for keeping alisnment and layout. Tabular data reprezented uzng the <table= tag. It works
together with <tr>, <td> and other addihonal taps. Tables are divided mto table rows with the <ir= tag.
Table rows are divided mto table data with the =td=tag. A table row can also be divided mto table headings
with the <th=tag.

Cell padding and cell spacing

Cell n table 13 the mtersection between raw and column The table below has 6 cells. Cell spacing specifies
the space between the cells.

Cell padding specifies the space between the cell content and 1tz borders. If you do not specify paddmg, the
table cells will be dizplayed without padding. Cell padding and spacing will be dizcussed later on CS5.

<table border="1"> ]
<Er> |
<th> Name</th> |
<th> F.Name</th>
<th> Age</th>
</ftr>
<Etr>
<tdsmeron</td:>
<tdrzelalem</td>
<td>20</td>
</tr>
<Er>
<tdreves/td> ‘
<tdrgolomeon</td>
<tbd>19</td> |
</tr>
</table> ‘

Name F.Name Age

meron |[zelalem (|20

| eve ||solomon||19

|

it heas attmbute "border " with value 1 which is why the table has border line. The table has three rows and
that 13 because there is a <t~ tag opened and cloged three times. Under each opened <tr=, first there are
three <th™ which are used to claszify the data with column. And then there are <td=s under each of the last
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two <tr=. Which has the same purpose with <th=. <th> 13 different from <td= mn that <th> 13 used to define
headers, and the text will become bold and somehow larger.

c'fﬂ'l‘lnl‘l.ﬂﬂ.ll ................
i Attribute values should always be enclosed in guotes. Double style gquotes are the mast

Eaamr 3 allowed, | E
Tables st ; zing cell ir tribute colspan
and rows |
<table border="1" > <table border="1">

<tr> <tr>
<td colspan="2"»&inbsp;</td> <tdr&nbsp;</td>
<td>anbsp;</td> <td»&nbsp;</td>
</tr> <td rowspan="2">&nbsp;</td>
<trs> g ik at
<td>&anbsp;</td> <tr>
<td>&nbsp;</td> <tdranbsp;</td>
<td>&nbsp;</td> <tdr&enbsp;</td>
</tr> Slbrs
<tr> <tr>
<td>anbsp; </ td> <tdsrenbsp;</td>
<td>&anbsp;</td> <td>&nbsp;</td>
<td>&enbsp;</td> <td>&anbsp;</td>
</tr> </tr>
</table> </table>

colspan 15 usad to merge multiple cells on column side. rowspan nsed to merge cells on row side.

The left and night side codes deliver same output as the tables on left and nght side consecutively.
colzspan="1" merges the two column cells, and rowspan="2" merges two row cells. If the number of cells
merged are 3 then value of atinbute colspar=3 or rowspan=3.

HTML list

List 13 used to display listed ttems. objects or anything. A hist could be displayed in ordered way, which i3
using 123 _or unordered way. HTML offers three ways for specifying listz of mformation. All hsts must
contam one or more list elements.

=ml= - An unordered list. This will list items using plain bullets.

<ol= - An ordered list Thiz will use different schemes of numbers to list your items.

=dl= - A definition hist. This arranges your rtems with its description.

&nbsp; is an HTML entity which is used ta give space. Since multiple space on editor

cannot be displayed on the browser, If multiple space s needad then &nbzp; can be
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An unordered list 15 a collection of related items that have no spectal order or sequence. An unordered list
starts with the <ul= tag. Each list item starts with the <li= tag. By default. the list items will be marked with
bullets (small black circles)

Example
<ul =

irme ey [[OUTRUT Y SRR
{fii;}PahnbﬂP{fll} * palmtop

Ag the example above shows, <ul> grves us an output with no order or number. Instead it uses bullets.
Every content enclosed with <h> _.... <0i> under the <ul> tag was displayed with a bullet. If vou want to
change bullet style, then using type atiribute helps.

Example

<ul type="square":> m laptop
<lislaptop</li> o
<li>desktop</li> op
<lirpalmtop</li> = palmtop

wiuls

The bullets on the above example are changed from disc to square. Attnbute values hke square, disc, circle
and none can be used.

Ordered list

If you are required to put your items in a numbered hst mstead of bulleted then HTML ordered hist will be
used An ordered list starfs with the <ol= tag. Each list ftem starts with the <li= tag By default, the list
iterns will be marked with mumbers:

Example

<ol >
<lizlaptop</li> 1. laptop
<liz>desktop</Lli> OUTPUT 2. desktop
<lizpalmtop</1li> = 1

<ol type="A":> A
<lixlaptop</li> -laptop
<lizdeskteop</lis> OUTPUT B. desktop
<lizpalmtop</lis C. palmtop

<fols

There 15 also start attmbute that can be used with <ol=. It helps to mdicate where the list commting has to
start from.
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<ol type="I" start="3i"> M. laptop
<lislaptop</lix OUTPUT IV. desktop
<lisdesktop</li> N ekt
<lizpalmtop</li> j op
<fols

The example shows us lists which are ordered in roman mmnber and mmmbering startz from 3. Because
atnbute start has value 3.

Description list

A description list also called defimition list 1s a list of terms, wath a descniption of each term. The =dl- tag
defines the description list, the =dt= tag defines the term (name), and the <dd= tag describes each term. It 1=
used to list terms like in a dichionary or encyclepedia

<dl>
<dt>Laptop</dt>
<dd>Movable computer</dd> OUTPU Laptop
<dt>Desktop</dt> ™ Movable computer
<dd>Large in physical Desktop
size</dd> Lo i it oo
</dl> gc | phy

order to cisplay special text on the web, formathng tags are must. There are lots of tags with different
RO

e Merked Defnes markedbighlightedtext

<strike= Strike-out Puts a line through the center of the text, just like <del>

<pre= " Preformatted text Any number of space audpmntuau """" ons between this tag will
appear a3 It 15
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<center= Center It makes the text center alicned
=it Type writer Displays text with type wiiter mode
<> Quotation Usad to display text in double quotation

HTML code does not allow multiple spaces to display on browser. Or browsers cannot mterpret
multiple spaces found m HTML code.

Even if vou have multiple spaces while wntng himl code, only one 13 displayed.

Preformatted tag 15 used to display things which cannot be mterpreted by browser

Whatever number of lines wntten on html code editor, browser displays it on single line if not using
tags like (not only) break, heading, paragraph

# Any number of lmes counts as one hine, and any number of spaces count as one space.

¥YY Y

HTML break

<br> 1z break tag which 1z nsed to break a lime. In HTML, if you are not usmg tags hke <br= <p= or
heading tags. the text that you are writing with several lines displayed as a single ine on the browser. So
using <br= 1s must on the place that you want to brezk your line. <br> has no closing taz. It 15 an empty
element.

HTML comment

There are some notes or descriptons about the code that we don't want to display on the browser but to
keep them on the editor to have clear 1dea about what 13 wntten there. Such types of text should be
commented so that it won't be displayed. Comment is used to do such things. In btml <! =1z used to
comment do comment

HTML Font

Font 15 one of formatting tag used i html. Since CS3 1z domg much of its activity, font tag 15 become
deprecate. But until vou have kmowledge about C55, better to understand how it works. <font> has multiple
atmbutes which can be uzed to change the color, size, face of text en-::!nse[ by the taz.

<font size="+1" color="red" OUTPU formatted text
face="Arial"> formatted 5 1
text</font> '

Due to font tag is nsed; the text displayed has color red, face Aral and size larger than normal (+1). Size,
color and face are attributes of font and used to change how displayed text locks like.

HTML <head= element

HTML <head= tag 1s a Container Tag. All Header elements contams like general mformation about page,
meta-information, style sheet URL and document type mformation. Head tag elements does not display
body part on web browser. The <head= element 1z a contaner for metadata (data about the page) and 15
placed between the <html> tag and the <body= taz.

Head should be used just once.

It should start mimediately after the opening html tag and end directly before the openmg body tag.
HTML metadata is data about the HTML document. Metadata 13 not displayed.

Metadata typically define the document title, character set, styles, links, scnipts, and other meta
mformation.

It iz contamer for the following tags: <title>. <stvile> <meta>, <lmk>_ <scnipt=. and <base>.

A A L

=title=
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The <title= element defines the title of the document. It 15 shown on the title bar of browser. In addition
provides a title for the page when it 13 added to favorites and displays a title for the page in search engine
Tesuits
<head=
<title= My official site</title>
</'head>

=link=
The HTML <link= tap 15 used to specify relahonships between the current document and external resource.
<head>

#1ink rel="gtvlesheet" type="text/cas" href="/css/atvyle.css">
</ head>

E ExAmple VE BOW TCOm O Lhe Tile £ Wweb page. Image called, [ogo poEe displayed on
the tifle bar. Many more linkages processed using link tag.
<head>
<1link rel="shortcut icon"™ href="images/LOGE0_png"™ />
</head:>

MMeta tag 13 used to specify addibonal important information about 2 document 1n a vanety of ways. Meta
tag 13 an empty element without a closing tag but it cames mformation wathin s atinbutes. You can
mchude one or more meta tage in your document based on what mformation you want to keep m vour
document but in general meta tags do not impact physical appearance of the document so from appearance
point of view, it does not matter if vou mclude them or not. Metadata 1z used by browsers thow to display
content), by search engines (keywords), and other web services.

The first Meta 13 about keywords, means that if someone searches a page with esther of those keywords,
then yvour page will be within the hist The second DMeta 1s used to refresh your page by itself. As it iz stated
on content attribute. the paze refreshes every 30 zecond.

<head>
<meta name="keywords" content="HIML CE5, HML, JeavaScript">
“meta http-equiv="refresh" content="30">

</ head>

peessssssssssssssssssssssasasae 'l
= a

i Meta tags are a great way Tor webmasters to provide search engines with information §

a::mut thair sitas,

kb i el T P T P PR A R A PR S R P AR R F A T P R R R P R R R R P i e e P i

Ths tag 15 used to enclose a client =ide scripting lanpuage which is java seript. It can also Imk Em:emaljava
script page to the current page using atinbute src.

=style=

The =style= tag 13 used to define style mformation for an HTML document. Inside the <style= element vou
specify how HTML elements should render in a browser; CSS5 13 defined m style taz. Each HTML
document can contam mulfiple <style> tags.

HTML block and inline elements

Most HTML elements are defined as block level elements or as inline elements. Block level elements
normally start (and end) with 2 new line when displayed in a browser.
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Inline elements, on the other hand, are normally displayed without starting & new hine.

HTML div

Div tag iz the very mportant block level tag which plays a big role i grouping various other HTML tags
and applying C35 on group of elements. This time 1t 15 used to create webpage layout where we define
different parts (Left, Fight, Top etc) of the page which was done using table concept in previous tume. The
<div> element 15 often used as a contamer for other HTML elements. It has no required attnbutes, but both
style and class are commen. When used together with C55, the <div= element can be used fo style blocks
of content:

The <div> element has no special meaning. Except that, because 1t 15 a block level element, the browser
will dizplay a line break before and after it.

HTML span

The HTML <span> 15 an inline element and 1t can be used to group mline-elements in an HTML document.
This tag does not provide any visual change on the block but has more meaning when it 15 used with C55. It
15 often used as a contamer for some text

The difference between the <span> tag and the <div= tag 1s that the <span> tag is used with mline elements
where as the <di® tag 1z used with block-level elements.

Iframe

<iframe 15 used to define mline frame on your page. An inline frame 1z used to embed another document
within the current HTML document.

<iframe src="examplel . html" screlling="no" frameborder="0Q"

name="zample" ></iframe>

Attribute src 13 requred because it defines the page to mclude mside the iframe. sre="examplel himl]"
shows that the 1frame will have a content of examplel himl. Serolling 13 another attibute which used to
determine whether the iframe 13 fixed of scrollable, so if it 13 no, then it won't scroll and if 1t 15 yes, it will.
Frame border defines border of the iframe. since it 1z O, then the border 1z not vizible. Wame 1=z another
attribute which 13 very essential in which if you want to display another page on iframe created, then your
Imk target will use this name instead of "blank”, "self” or others.

The followmg link will open on the above iframe. Because on target atinbute, the name of the 1frame 15
given. { sample”)

<a href="www metitech com” target="sample™open here<'a>

HTML Layout Elements

HTML has zeveral semanbic elements that define the different parts of a web page. A semantic element
clearly descnbes itz meamng to both the browser and the developer.

I %
; <header= |

<nav= |

<gection=

o =| <aside>

<article>
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Non-zemantic elements bike: <di> and <span= - tells nothing about its content However, semantic
elements hike listed below, are used to clearly define its content. List of semantic elements in HTML are
listed below:.
* <header> - Defines 2 header for a document or 2 section
<pav> - Defines a set of navizgabion lmks
<section® - Defines a section in a document
<article> - Defines an independent, self-contained content
<gside= - Defines content azide from the content (like a sidebar)
<footer= - Defines a footer for 2 document or a section
<details™ - Defines additional details that the user can open and close on demand
<gummary= - Defines a heading for the <details™ element
HTML Entities
Entihes m HTML are uzed to replace reserved characters. Characters, not prezent on your keyboard, can
alzo be replaced by entibies. Some characters are reserved m HIML. If vou use the less than (<) or greater
than (=) signs in your text, the browser might mix them with tags. A character entity looks Iike thas:
deentity name; OF. &Fentity number;

# Advantage of using an entity name 15 an enfity name 13 easy to remember.

# Disadvantage of using an entity name is browsers may not support all entity names, but the support
for numbers 15 good.

# Enfriy names are case sensihve

Below are some of entities used in HTXWL

Result Description Entity Mame Entity Mumber

N non-breaking space | &nbsp; | &U4160: =l
< | Jess than | &h: | BUED;

> | gesterthan = |&ge &m0 |
B | Ampersand R, | Bamp; T e
£ | Euro BeEUIr, SAB3I64,

B |copyight | Beopy; £4169,; o

i ' registered trademark | Breg; | &dn7a;

HTML Forms

HTML Forms are one of the mam points of iferaction between a nzer and a web zite or application. They
allow users to zend data to the web zite. Most of the time that data 13 zent to the web server, but the web
page can also mtercept it to use 1t on its own.

Himl form containg form elements and Form elements can be in different types of mput elements,
checkboxes, radio buttons, submit buttons, and others. A form can also contain select lists, textarea fieldset,
legend, and label elements.
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The Input Element

The most important form element 1z the <input> element. The <mput> element iz used to select user
mformation An <mput> element can vary in many ways, depending on the type atinbute. An <mput=
element can be of type text field, checkbox, password, radio button, submut bufton, and more. The most
common mput types are described below.

<form name="formname" method="post" action="">

ID: <input type="text" name="id"><br><br>
Name : <input type="text" name="name"><br><br>
Password: <input type="password" name="pass">
<p>Sex</p>
<input type="radio" name="gen" checked="checked" > Male
<input type="radio" name="gen"> Female
<p>Hobby</p>
<input type="checkbox" name="ho"> Movie
<brr<br:>
<input type="checkkbox" name="hco"> Swimming
<br><br>

<input type="checkbox" name="ho"> Football<br>
<input type="submi lame="button" walue="Submit":
</ form>

1w
Tl e
Fonewrorcks
L=
e Tolmle I = rvemles
1icbioy
771 Peerwrian
| S s

Colors . oo
HTML colors are specified with predefined color names, or with RGB, HEX, HSL, RGBA, or HSLA
values. HSL stands for hue, saturation, and lightness. HSLA color values are an extension of HSL with an
Alpha channel (opacity).
hslihue, saturation, ightness)

= Hue 13 a degree on the color wheel from 0 to 360. 0 isred, 120 iz green, and 240 13 blue.

* Saturation 1t a percentage value, (% means a shade of gray, and 100% 1= the full color.

= [ightness 13 also a percentage value, 0%% 15 black, and 100% 1s white.
hslalhue, saturation, lightness, alpha)

* The alpha parameter is a number between 0.0 (fully fransparent) and 1.0 (not transparent at all)
RGB Color Values
In HTML, 2 color can be specified as an F.GB value, using this formula:

rghired, green, blue)
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Each parameter (red, green, and blue) defines the mtensity of the color with a value between 0 and 255.
Thiz means that there are 256 x 256 x 256 = 16777216 possible colors! For example,
o 1pb(253, 0, 0) 1z displaved as red, because red iz set to itz highest value (235), and the other two
{green and blue) are set to 0.
o 1eb(0, 235, ) 13 displayed as green. because green 1s set fo its highest value (255), and the other two
(red and blue) are zat to 0.
* To dizplay black, set all color parameters to 0, hke this: rgh(0, 0, 0).
* To dizplay white, set all color parameters to 255, like thas: rgh(233, 235, 233).
RGBA Color Values
BGBA color values are an extension of B.GB color values with an Alpha channel - which spectfies the
opacity for a color.
rghaired, green, Mue, alpha)
* The alpha parameter 15 2 number between (.0 (fully transparent) and 1.0 (not fransparent at all)
HEX Color Values
A hexadecimal color 15 specified with: ¥RREGGBB, where the BR. (red), GG (green) and BB (blue)
hexadecimal mtegers specify the components of the color. In HTML, a color can be specified using a
hexadecimal value m the form: smwzgbb where  (red), gz (green) and bb (blue) are hexadecimal values
betwvesn (0 and ff (zame as decimal 0-233).
= For example =ff0000 1z displayed as red, becanse red 1s set to itz highest value (ff), and the other
two {green and blue) are set to 00.
» Another example, #0000 15 displayed as green, because green 13 set to itz highest value (ff), and
the other two (red and blue) are set to 00.
* To display black, et all color parameters to 00, like thes: =0000040.
= To display white, set all color parameters to ff, hke this: #{HT
HTML Emojis
Emojis look hike images, or icons, but they are not. They are letters (characters) from the UTF-8 (Unicode)
character set. UTF-8 covers almost all of the characters and symbols i the world. Te display an HTMML
page comrectly, a web browser must kmow the character zef used in the page. Thiz 15 specified in the <meta=
tag:
<meta charset="TTF-8">
If not specified, UTE-3 15 the default character set in HTML. Many UTF-8 characters cannot be typed on a
kevboard, but they can always be displayed usmg numbers (called entity numbers):
The <meta charset="UTF-8"> clement defines the character set. The characters A B, and C, are displayed
by the mmmbers 63, 66, and 67. To let the browser understand that you are displaying a character, you must
start the entity number with &# and end 1t with ; (semicolon).
Emoji Characters
Emojis are also characters from the UTF-8 alphabet. Since Emojis are characters, they can be copied,
displayed. and sized just like any other character in HTML. Let us see some examples about displaying
emojl.
HTML Video
The HTML <wndec> element 12 nzed to show a video on a web page. To show a video m HTML, use the
<videc= element:
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<video width="320" height="240" controls>
<gpurce src="movie.mpd" type="video/mpi">
<gource src="movie.ogg" type="video/ogg">

Your browser does not support the videco tag.

</ video>

The controls atinbute 2dds video controls, like play, pause, and volume. It 1z 2 good 1dea to always include
width and height attmbutes. If height and width are not set, the page might flicker while the video loads. The
<gource= element allows you to specify altemative video files which the browser may choose from. The
browser will use the first recopmzed format. The text between the <wvideo™ and < videc> tags will only be
dizplaved in browsers that do not support the <video™ element To start a video astomatically, use the
autoplay attribute:

<video width="320" height="240" autoplay=>

Note: Chromium browsers do not allow autoplay in most cases. However, muted autoplay 1z always
allowed. Add muted after antoplay to let vour video start plaving automatically (but muted)

<yvideo width="320" height="240" autoplay muted=

HTML Aundio

The HTML <andio= element 1z used to play an audio file on a web page. To play an audio file m HTML,
use the <audio> element:

caudic controls>

<gpurce src="horse.ogg" type="audio/ogg">
<gource src="horse.mp3" type="audic/mpeg">
Your browser does not support the audic e=lement.

<faudio>

The controls attribute adds audio controls, like play, pause. and volume. The <source> element allows vou
to specify alternative audio files which the browser may choose from. The browser will use the first
recognized format. The text between the <audic™ and </audio> tags will only be displayed in browsers that
do not sapport the <audio> element To start an audio file automatically, use the autoplay attnibute:
<audio controls autoplay=
Note: Chrommm browsers do not allow autoplay 1 most cases. However, muted autoplay 1z always
allowed. Add muted after antoplay to let vour audio file start playing automatically (but muted):
<audic controls autoplay muted=

5.2, Cascading Style Sheet (C55)
C55 (Cazcading Style Sheets) 15 a style sheet lanzuaze used for describing the presentahion of a document
written n & markup languagze. It defines how to display HTML elements.
C3S has lots of advantages on your web like, saves time, loads faster, easy to mamtain platform
mdependence, multi device compatiblity and others.
CS5 Syntax
A C85 compnses of style rules that are interpreted by the browser and then applied to the commesponding
elements in your document. A style rle 1= made of three parts namely selector, property and value.
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B
{
background-color: #BSBSBS;
border:dashed;
On this code, p is a selector. }
= Background-color and border are properties

s« and FE9BYBS and dashed are values.

Slector and property must separate with { and you have to close it at the end. Property and value must
separate with : . And you have to put ; at the end of each line (property : value;). Property has a value that
will be interpreted by the browser to be applied on the html in which the selector iz called. In the above

code the selector 15 p, which 1z paragraph tag, means that m the himl code every text which 13 enclozed by
<p= will have a background color and border.

i Don't forget a €55 declaration always ends with a semicolon, and declaration groups

are surrounded by curly brackets.

Example

p i

color:red;
text-align:center;

}

In thiz case every text enclosed by <p= wall have red font color and 1t wall align to center.
C55 Comments

Comments are used to explain your code, and may help you when you edit the source code at a later date.

Comments are 1gnored by browsers. A T35 comment starts with /* and ends with */. Comments can alzo
addrezs multiple lines:

Example

FEThig i3 a multiple
lines comment*/
&)

colorired:
f*This is another comment#®/
text-align:center;

]

Text within comment symbol will not be considered by the browser.
Ways to Insert C553
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There are three ways of inserting a style shest:
# External style sheet
# Internal style sheet
# Inline style
External Style Sheet
External style sheet 1z one way of mserting C58 to your page. In this case C5S code will be saved as a file
with file extension of c3s. An external style sheet 13 1deal when the style 13 applied to many pages. With an
external style sheet, you can change the look of an entire Web site by changing one file. Each page must
link to the style sheet using the <lmk= tag. The <lmk= tag goes mside the head section:
<head=
<link rel="stylesheet" type="text/css" href="mystyle.cas"=
< head=
Do not add a space between the property value and the unit {such as margin-left:20
px). The correct way is: margin-leftt:20px tag.

"
H
aaaaaa aaual

Internal Style Sheet

This type of C35 1z defined wathin the page itself, so no nead of Imkang. An mtemal style sheet should be
used when a smgle document has a unigue style. You define mternal styles m the head section of an HTML
page, by uzmng the <style>tag_ like this:

<head:>

<3tyle>

hricoler:purple;l

p{margin-leftc:20px;}

body{background-image:url ("images/background.gif”) ;]
“/8tyles

</head>

It 1z possible to have multiple <style> definad mn the heading part

Inline Styles

Inline styles are defined very near to the element in which the style 15 to be applied. It 1z defined within the
HTML file m the body part. To use mhne styles you use the style atinbute m the relevant tag. The style
atnbute can contain any C5S property. The example shows how to change the color and the left margin of

a paragraph:

<p atyle="color:red;margin-left:20px;">This is paragraph.</p>

While defining inline style sheet, the attnbute style is used and the value should be enclozed with " ". You
are not to uze { }, unlike the other two styles.
# Better to use External style sheet if vou have multiple pages that neads styling.
# External styles should be saved with extension .css, and you have to use <hnk> tag m heading part
to Imk: 1t with the current page.
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# External c3s styles are applicable only on the page which they are linked.
#  Inmternal style sheet styles are defined within the HTML page itself It is must to define them in
hezdimg part using the tag <style>.
C55 Selectors
C3S selectors allow you to select and mampulate HTML element(s). C55 selectors are uszed to "find" {or
select) HTML elements based on their 1d, classes. types, atinbutes, values of attributes and much more.
The Universal Selectors
Rather than selecting elements of a specific type, the universal selector qute simply matches the name of
any element type and it is defined using "*". If vou define style with miversal selector, then it will apply on
every element.
*{
color: #000000;

}
Thiz mule renders the content of every element in our document m black.
The Descendant Selectors
Suppose you want to apply a style rule to a parbicular element only when 1t lies mside 2 particular element.
Az piven m the following example. style mule will apply to <b> element only when it liez mside <td=tag.
td b{
color: #F000000;
}
In thiz case the style will apply to elements mn the <td= tag and enclozed with <b>.
The element Selector
The element selector selects elements based on the element name. You can select all <p= elements on 2
page hike this: (all <p> elements will be center-aligned, with z red text color)
P
{
text-ahgn:center;
colorred;
;
The Class Selectors
The class selector finds elements with the specific class. The class selector uses the HTML class atimbute.
To find elements with a specific class, wnte a period character, followed by the name of the class. In the
example below, all HTML elements with class="center" will be center-alizned:
.center
{
text-align:center;
coloroed;
}
This class should be called like this:
<hl class="center"= centered text='hl=
The text will be center alipned and also red color, since class with such style 13 called. This class can be
called within any tag using atiribute "class”.
You can also specify that only specific HTML elements should be affected by a class. In the example
below, all p elements with clazs="center” will be center-ahzned:
p.center

{
text-alion:center;
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colorred;
}
On this example, class “center” cannot be called by any tag because 1t 15 specifically defined for <p= as it 1z
shown on the selector (p.center).
The id Selector
The 1d selector uses the 1d attribute of an HTML tag to find the specific element An id should be umgue
within a page, z0 you should use the id selector when vou want to find a smmgle, unique element.
To find an element with a specific 1d, wnte hash character #, followed by the 1d of the element. The style
rule below will be applied to the HTML element with id="1d1":
#dl
{
text-align:center;
colorzed;
;
This id should be called like this:
<hl 1d="1d1"> centered text=hl>
You can make 1t a bit more parhicular:
hl#black {
color: #000000;
}
Cir
#black hl {
color: #000000;

}
Thiz defines the content mn black for only <hl> elements with id atirnibute set to dlack.

Do not start id name and class name with a number and don't forget that class has to

start with . and id has to start with #,

The Attribute Selectors
You can also apply styles to HTML elements with particular atinbutes. The style rale below will match all
the mput elements having a type atinbute with a value of fext
jnpm[t}?m _ Iltexit"]{
color: #000000;
¥
The advantage to this method iz that the <input type = "submut"> element 13 unaffected and the color
applied only to the desired text fields.
Grouping Selectors
In style sheets there are often elements with the same style:
hl
{
text-align:center;
colorred;

¥
h2

{
text-alion:center;
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colorred;

H

P
{

text-ahgn:center;
colorTed;

¥

To minmize the code, you can group selectors. To group selectors, separate each selector with 2 comma. In
the example below we have grouped the selectors from the code above:

hlhlp

{

text-ahign:center;

colorred;

¥
CS83 Links

Link 15 one of the tags that need CS5 to be applied. As you see on previcus lesson, himl hnks are not
attractive. In order to make it user attractive, you have to apply C5S. Links can be styled with amy C85
property (e.g. color, font-family, backeroumd etc). In addition, hinks can be styled differently depending on
what state they are in. The four links states are:

¥ alink - a normal and any link but not visited

# amnsited - a link the user has visited

# ahover - a link when the user's mouse over it

# aactive - a lnk the moment it 15 clicked
C55 Margin and padding
Padding property allows you to specify how much space should appear befween the content of an element
and its border (inside the border). The paddmg property sets the padding space on all sides of an element
allowed. The value of this attnbute should be a length, a percentage. or the word "inhent”. If the value is
“inhent”, 1t will have the same padding as its parent element. If a percentage 1z used, the percentage 15 of the
contaimng box. The padding property 1s a shorthand property for the followmg mdividual padding
properties:

* padding-top

* padding-right

» paddme-bottom

* padding-left

Example
| bl §
padding: 10px 20px 30px 15px;

}

|

This means, top padding 15 10px, nght padding 15 20px. bottom padding 13 30px and left padding 13 15px.
Or you can specify specifically using the above four paddmg propernies. If paddmg has three values, then
the first 1z for top. the second 1= for nght and left and the third will be for bottom_ If it has two values, the

first 15 for top and bottom and the second will be for nght and left. If 1t hes one value, then all the four wall
take that value.
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div |
width: 300pix:
padding: 2Z5p=;

box-=zizing: border-box:

Use the box-sizing property to keep the width at 300px, no matter the amount of padding 1s. The example
above shows that the wadth of the box will remain at 300px even if there 13 padding of 25px on all sides.

The CS5 margin properties are used to generate space around elements (outside the border). The margin
does not have a backsround color, and is completely transparent. It is possible to use negative values to
overlap comtent. The wvalue of this atimbute should be 2 length or a percentage. Percentage specifies a
margin m ¥s of the width of the contaimng element. The margin property allows you set 2l of the properties
for the four margms (margm-top, margin-nght, margm-bottom and margin-left) in one declaration. It works
as the same fashion as padding does.

€ ; : e :
: Negative values are not allowed for padding but possible in the case of margin,

The border properties allow you to specify how the border of the box representing an element should look.
There are three properties of a border you can change, border-color specifies the color of a border. border-
style specifies what land of border to display (the values are listed below) and border-width specifies the
width of a border.
Border style has to be set to zee the value of others (color and width). Some of values of border-style are:
none: Defines no border
dotted: Defines a dotted border
dashed: Defines a dashed border
solid: Defines a sohd border
double: Defines two borders.
The border-width property 1 used to set the width of the border. The width 13 3ot m pixels, or by namg one
of the three pre-defined values: thin, medium, or thick. The "border-width" property does not work if 1t 15
used alone. Use the "border-style” property to et the borders first.
The border-color 13 used to specify the color of border to be displayed Color can be assigned using
hexadecimal, RGB or by its name. You can alzo set the border color to “transparent”.
Border - Individual sides
It 1z possible to have different borders for different sides using:

*  border-top-style

*  border-nght-style

*  border-bottom-style

*  borderleft-style
Or vou can also use "border-style" only with a value from one to four. If 1t has four values hike:
border-style:dotted zolid double dashed;
It means: top border 15 dotted, nght border 15 selid, bottom border 1s double and left border 15 dashed. Or if
it has three values:
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border-style:dotted solid double;

It means: top border is dotted, right and left borders are solid and bottom border 1z double
border-style:dotted solid;

In thiz case, top and bottom borders are dofted and right and left borders are solid. And 1f 1t 15 hike:
border-style:dotted;

Then all four borders are dotted.

To shorten the code, it is also possible to specify all the mdividual border properties in one property. The
"border” property 1z a shorthand property for the border-wadth, border-style (required) and border-color.
Example

ja |
bhorder: thin solid red:
}

After setting border for the element, sometimes we may need to have non sharp edge on every angle or
some of them. "border-radms” 1= used for that.

|
border: thin sclid red:
border—redius:20px;

1
e

Four sides of the border are rounded with T0px. As the pxel mereases the roundness of the edzes mereases.

<l |
border: thin solid red:

border-bocttom-left-radius: 20px:;
border-top—-right-radius:20px;

}

Cm the above example "border-bottom-left-radinz” 15 set with 20px and the left bottom side 15 roumded as
vou can see it. The same for "border-top-nght-radms”.

CS5 table

Table iz one of the HTML elements that can improve using C35. There are lots of fitures that we can see.
"border” property 1z used to specify table's border.

== comms I\ |cell 1l cell12 celll3
ooraer. PX SC11 ~alKE; OUTPUT -
} 3 »/ |eell 2] cell22 cell 23

The C55 code above gives border for outer table, not for each cell. Check the followng code:

tabhle td |
border: 1px solid black: | lt:e]l 11 cell 12 celi 13

} OUTPUT
table — cell 21 cell 22 cell 23

{
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Here both table and td have border with 1px solid and black coler, so that the table will looks like as the
output. "border-collapse” property helps the table to have single border, if it was not set or if s value 13
"separate” then the border looks hike each cell has itz own rectangie border.

Other properties like “vertical-alism”, “text-align”, "padding”, "height”, "width®, "color”, "backzround-
color” canalso be used.

td |
border-bottom: lpx solid black:

} _ cell 11  celll2 cell 13
takble{

norder-coll 1coll : cell 21 2 ell 23
: order-cocllapae:collapse QUTPUT ell cell 2 cell £
R HovEET cell 31 cell 32 cell 33
; background-color: $CFF; cell 41 cell 42 cell 43
tr:nth-child {cdd)
i

background-coclor: #d42d242;)

"border-bottom” allows having border only on the bottom part. “tr’hover” 15 used to apply change when the
user takes mouse over the row. In this case the background coler wall change when mouse over through the
row. "frnth-child(odd)” will apply change according fo the value on every odd rows. You may chanpe
"odd" with "even".

CS5 shadow

Having shadow to text, elements and boxes usmg CSS is poszible through CSS83. There are two major
shadow properties “text-shadow” and "box-shadow™.

k1 |
text—ghadow: 3px 3px 2pX blues:

]

Values for “text-shadow”, the first 3px 13 for honizontal shadow, the next one is for vertical shadow. 2px 13
called blur effect, how much zhould the color distribute as a shadow. And "blue” is the color of the shadow.

div |

border:golid thin;
positicn:abaoclute;

width:300px;

height:300px:

box—shadow: 10px 10px Spx 2px grey:
| 1

OUTRUT
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The first 10px shows honzontal shadow, the next 15 for vertical shadow. Spx 13 for blor effect and 2px for
shadow spread radius. "grey” 13 color for shadow.

C55 List

We can apply different style with properties that we kmow still on hsts. In addition there are some properties
that wall help us specifically. “list-style-type" used to determm the hst type like, square or disk or letter or
number. “list-style-postion” has a value of erther mzde or outzide which dizplays lists with some padding
or without. "list-style-image” specifies an image as the list item marker.

ul {
background: g&&6b;
padding: 20px;
} OUTPUT
ul Ii |
background: #9&F;
margin: 5Sp=;
coleor:white;

|

“ul" has its own backsround set and padding value. “h" under every ul has another background color, text
color and padding set.

C55 Background

55 background 15 used to define background for html elements. Properties used for background effects:
background-color

background-image

background-repeat

background-attachment

background-position

Background Color

The backeround-color property specifies the backeround color of an element. The background color of a
page 1z defined m the body selector. You may have backeround color for different elements hke for hl, p or

others.
Background Image
The background-mmage property specifies an image to use as the background of an element. By default, the
background-image property repeats an mmage both honzontally and vertically so 1t covers the entre
element. The backzround image for the whele page can be set like this:
body {
?&Ekgmund-imﬂgmﬂ“pﬂpﬂ-gif'};
C55 Text
Text Color
The color property 13 used to set the color of the text. With CS5, a color 1z most often specified by:
+ a HEX value - hike "#0000"
« an RGB value - like "rgb{235.0,00°
» acolor name - like "red”
body {Color:red;}
Text Alisnment
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The text-zlipn property 1z used to set the honzontal ahzmment of a text. Text can be centered, or aigned to
the left or nght, or justified. When text-alipn 13 set to "justify”, each line is stretched so that every line has
equal width, and the left and noht marging are straight (ke in magazines and newspapers).
hl{text-align:center;}

Text Transformation

The text-transform property 1= used to specify uppercase and lowercase letters in a text It can be used to
turn everything into uppercase or lowercase letters, or capitahze the first letter of each word.
p-uppercase{text-iransform:uppercase;}

plowercase{text-transform:lowercase;}

Since p-uppercase and p.lowercase are class selectors, they can only be applied if vou call them m <p> as

<p class="uppercaze”> or <p class="lowercase"™>

C55 Font

C335 font properties define the font family, boldness, size, and the style of a text.

Font Family

The font famalt of a text 13 set with the font-famuly property. The font-family property should hold several

font names as a "fallback” system._ If the browser does not support the first fout, it tries the next font. Start

with the font you want, and end with 2 genenc farmly, to let the browser pick a smlar font m the genenc

family, if no other fonts are available.

Note: If the name of a font family 15 more than one word, 1t must be in quotation marks, hke: "Tumes New

Foman".

pifont-fanily:" Times New Eoman";}

Font Size

The font-size property sets the mze of the text. Bemng able to manage the text size 15 important m web

design  However, vou should not uze font size adjustments to make paragraphs look like headmngs, or

hezdings look like paragraphs.

Always use the proper HIML tags, ke <hl> - <hf> for headings and <p> for paragraphs. The font-size

value can be an absclute or relative zize. Font size can be set with px or em. Where 1em=16px.

h1{font-s1ze:d0px:}

hl{font-zize:2em:}

Responsive Web Design - The Viewport

What iz The Viewport?

The viewport 1= the user's visible area of a web page. The viewport vares with the device, and will be

zmaller on a mobile phone than on 2 computer screen. Before fablets and mobile phones, web pages were

designed only for computer screens, and 1t was common for web pages to have a static desion and a fixed

size. Then, when we started surfing the intermet using tablets and mokile phones, fixed size web pages were

too large to fit the viewport. To fix this, browsers on those devices scaled down the entire web page to fit

the screen. This was not perfect!! But a quick fix_

Setting The Viewport

HTMLS miroduced a method to let web dezigners take confrol over the viewport, through the <meta= tag.
"ou should include the followmg <meta= viewport element m all your web pages:

<meta name="viewport" content="width=device-width, mitial-scale=1.0"=

Thig gives the browser instructions on how to control the page’s dimensions and scaling.

The width=device-width part sets the width of the page to follow the screen-width of the device (which wall

vary depending on the device).

The miizl-scale=1.0 part sets the mitial zoom level when the page is first loaded by the browser,

What is a Media Query?
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Media query 15 a C55 techmgue miroduced mm CS553. It uses the @media mle to mclude a block of C53
properties only if a certain condition is true.

On the code defined below, If the browser window 1z 600px or smaller, the background color wall be
lightblue:

fmedia only screen and (max-width: &00px)
body
background-color: lightblue;

}
!

Usmng the “only”™ word on the syntax ha no effect on modem browsers. You may witte 1t like (@med:ia
screen and (max-width: 600px). Don’t forget to enclose the @media code with a curly brace,

# You have to set viewport to make [@media work

#  ([Bmedia has to be enclosed within a curly brace

#*  Youcan set @media m <style= (mtemal C58) or external C58

# Do NOT use large fixed width elements. It may lead for honzontal scroll

# Pxel pomts like 992px and 600px are what we call "typical breakpoints"

5.3. JavaScript Introduction

JavaScript 13 the most popular scnpting language m the world. JavaScenpt 15 the langnage for the web, for
HTIML, for zervers, PCs, laptops, tablets, cell phones, and more. A scripting language 15 a hightweight
programming language. JavaScript code can be meerted mnto any HTML page. and 1t can be executed by all
types of web bmm.ers JavaScript 1= easy to leam.
The HTML DOM {Document Object "lrindel} 15 the official W3C standard for accessing HTML element=. It
is very commeon to use JavaScript to manipulate the DOM (to change the content of HTML elements).
Example
x = document getElementByld{"demo"); /Find HTML element with 1d="demo"

x.innetHTML = "Hello JavaScript™; /{Change the content of HTML element
document.getElementById() is cne of the most commenly used HIML DOM methods.
You can also use JavaScript to:

# Delete HTML elements

# Create new HTML elements

# Copy HIML elements

# And more ...
Where?
You can wiite java scnipt code either n heading part or body part. Before wniting java script code you have
to open <scnpt= tag and close it at the end. You can place any mumber of scnpts m an HTML document.
And those can be both in <head= and <body=. But 1t 15 recommended to keep all your java script code (Ina
single page) together.
Java script code can be found alone as external file saved with extension file js. If your code 15 found
externally then you have to call (hnk) i with the current page hike:
<geript sTe="myScript.js™><'script=
You are not expected to use <zcript= on external java scnipt code.

#  Java scrpt 13 case sensitive (lower and upper case letters have different meanmg)
# Java script code can be used either m head or body part.
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# Use semicolon at the end of single line code.
J3 comment
Java3cript comments can be used to explain JavaScript code, just like other lansuage's comment, text under
comment Wwill not be executed. So that it makes your code more readable and prevent execution, when
testing alternative code. Smgle line and multi ine comment are uzsed.
Single Line Comments
Single line comments start with /. Any text starting with // up to the end of the Iine wall be 1Fnored by
JavaScnpt (will not be executed).
Multi-line Comments
Mhulti-lme comments start with /* and end with */_ Any text between /* and */ wall be 1gnored by
JavaScrpt.

+~3cript>
SAdocument.write {"My Script”):

docunent.write ("Second line"™}): "
{*document.write("third line"): OUTPUT Second line

docunent . write ("fourth line"™);*/
<Sacript>

The third and fourth limes are commented using mult lne comment, which prevents all of them from bemg
executed. So second line 1= the only to be displayed.

To display output

Java script can display output in different ways. "innerHTML", "document wnte()" and "alert” are used to
Biala ohtlgut 2 .

</3cript>

Lacript>
glert ("Text with Box™); Tasd wilh Box
OUTPUT

[ ok |

"alert” 15 used to display message or text on 2 message box

<3cript>

document .write ["teXt ocm sScreen™) ;
</zcript> output  t€Xt on screen

"document write()" 1s used to display text on vour browser. Do not use this function except testing java
scrpt.
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<body>
<hl id="try"></hl>

£script>
docunent..getElementById("try ") . innerdTML="Text in heading”:
< /acript»
< /body>
ouT
PUT

Text in heading

On the above code <hl= has no element and it has 1d with the name “ory". In the java scnpt code,
document getElementByld() is used to access any HTML element with its id. And we use the id "try” to
access <hl> inmerHTML is used to manage the content of tag with that id. And "text in headmg 13

assigned for <hl> and 1t 15 displayed.

<hodys
<hl id="
<3Cript>
Var Xx;
¥=document.getElementById{"try")
</scripts>

</body>

try">this is heading text</hl>

] innerHTML:

3

]

led "try" to &

A TavaScript code under a function will execute only when some event calls it. Function 1= defined with the

"fimction" keyword, followed by a name, followed by parentheses ().
function ry1()

Function names can contain letters, digits, underscores, and dollar signs. The parentheses may include

parameter names separated by commas: (parametzr!, parameterd, )

The code to be executed, by the fimction. iz placed mside curly brackets: { } Most often, JavaScnipt code 13
written to be executed when an event occurs, like when the user clicks a button. If we put JavaScnpt code

mezide a function, we can call that function when an event ocours.

Dan't forget to use {) while calling a function without parameter, And use {) with

i variables or values to call function with parameter,

The following events can be used to call the fimction.

anClick Function called when clicked on element
anlhlCick Function called when double clicked on elemant
onkeyPress Function called when enter key pressed on element
onkeyUp Function called when any key pressed on element
onfdouseOver Function called when mouse moves over eferment
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<hody>

<hl id="sample" >»>«</hl>

<button onClick="trv¥l() ">click</button>
Lacripty

Tunction tryl{)

document.getElementById{"=zample™) . innerHTML="Heading text”;

%fscript}
</ body>

On the code above, a button called "click” will display on the browser. Then when vou click on the button,
"Heading text" wall dizplay above the button with <hl> property. This happens because. when the user
chicks on the button, the functon "ryl" is called and code umder tryl wall execute. The code orders to
change the content of tag with 1d "sample” which is <hl> so the text will dizplay with <hl>.

As we discussed earlier, code under fimction executes only if they are called. Unless they wont execute and
themr output cannot be shmm on browser. In order to call fimctions, you have to use events as placed on the
above table (they are not all).

<hody>

<hl id="szample"™ ></hl>

shutton cnClick="tryl|"Heading text")} ">click</button> |

<scripty> 15

function tryl({a) ped

for
document.getElenent3yId {"=zamplie”) .innerdTMl=a; 1=

Efscript}

< /body> or

short names [i:}:e :t, ]r and z:l Of Imore descnpm'e names [age D, Fu]JName}

Example

Var x=2;
var y1=3;
var a=x +vl;

While using vanables m java scnpt, we have to consider the followng:

» Varisble names must begm with a letter or § or

=  Vanable names are case sensthve (y and Y are different variables)

= Variable names can contain letters, digits, inderscores, and dollar signs.

* PReserved words (like JavaScrpt keyvwords) cannot be used as names
It 1z possible to declare and assign value to a variable zt different line. Or you can do both at a ime.
var x; //this 15 declaration

=3, // this 15 assignment
or
var x=3 /! both together

You can declare many vanables in one statement. Just start the statement with var and separate the
varizbles by comma:
var name="abc", age=3(, 1d="1232";
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In computer programs, varables are often declared without a value. The value can be something that has to
be calenlated, or something that will be provided later, like user input. Variable declared without a value
will have the value undefined. The variable x m the previous declaration will have value undefined until 1t

assigned new value.

If you re-declare 2 JavaScript vanable, 1t will not lose its value.

Operator

Operators are used to do same activity a3 you kmow m other programming languages. There are different
operators used in programmmng and scripting languages. Anthmetic, assignment, sting and companson

operators are discussed here.
Arithmetic operato

<I3Cript>

var x=4;

VAT ¥=5;
document.write (x + ¥):
document.write (x++):
document.write (x)
document.write (x % v
document.write (++¥) 5

<facript>

Fra
A4
/45
FA0
FaL

Second lme display 4 because the operator used is post increment, means it increases after that line of code
15 executed. The fourth lme displays 0 because it retums the remainder of the two mumbers division.

Assignment operators

Cacript>
var x=d4;
var y=5:
document.write (x) : fid
document.write (X+=¥]; 779
document.write (x); 59

</ script>

Third Iime display 9 because on the second hne, the value of x 1s changed (x += v means x=x +v) so that x
ared v are added and assigned for x 1t is the same for all other anthmetic operators like /, *, % and -. Means,

/=, *=, %= and -= can be used as we see on the above example for +=.

Cnmpansnn operators
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<script>

var z=i4;

Tar y="4";

document.write (x=v) : S itrue
document.write (X=—=v} ; frffalse

<Sacript>

Here the first oufput displays "true” because "==" 13 usad to check if the two values are equal and it 13 true
that the two values are equal. Second hine 13 false because it checks if the two vanables have same value
and type.

Im java script, the type of data that you are using Is determined after value is assigned for the
variable. Since there are no different data types before value is assigned, the type of data is

unknown until it s assigned. So there are two things "type” and "value" for every variable result.

T'heexampleshm*sﬂaaixhas uh;e-iand:lxt}'pﬂlsmteger AndvhastaluESaudt_l,'pE 15 siring becaunse 1t
1z nside double quotation. So if we mmpareﬂlem usmg . since 1t compares only their value, the result
1z frue. To the reverse if they are compared using "===" amneﬂmmpareshnthwluea.ﬂdwpeﬁtheresult
becomes false.

String operator

<3cript>

var =4, ,y="4":

var txti="My", txtd=" Hote";
document.write(x + ¥)» S7ad

txtl += tHLZ:

document.write(txtl); Sy Note

< faorints

Values mside” "are considered as string, so that 1f they are with integer value, the value will be
concatenated rezult. "44" 1= displayed because v has siring value and "+" 1z uzed as concatenate for string
values. The second hine displays the result of "txt1" which 15 changed by "+=" operator before it dis]:llavs.

2 In java script, If number and string are together, then they all will treat as a string. And

java script evaluates aperation from left to right.

<ECript>
document.write{d + & + "love"): S f8love
document.write("locwve™ + & + 5); S loweds
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Simce execufion starts from left to nght, and 4 and 5 are numbers, they will be added and concatenated wath
the string "love". On the second line it starts with string so all treat as string and concatenate to each other.

String methods

Methods  Use How? :

length Retums string length var x=tat_length;

ind;-cﬂf Returms the pss-itT-ul_n of word war y:txr.iﬂdln:_-xl':lf["hnme"];

sgarch Same with indexDf war y=txt.search]"home");

replace Used to replace word with other war y=txtreplace] "home”, "house”|

tollpperCasze Chanﬁfs lower tase to upper var z=ixt.tolUpperCasze| |;
<acript>

var tzt="this iz my home™;

document.write (t=t.length) ; i R
document.write (txt.index0f {("home™) ) ; F i i
document.write (txt.replace ("home” , "honae"}};//thia i35 my house
document .write (LXt.tolUpperCase(} ) ; S/THIS IS5 MY HOME
</script> Fﬁ

example if indexOf{"home") 13 given and if there iz no "home" i the given string then -1 will be returned
Change HTML Siyles (C33)

Changing the style of an HTML element 15 a vanant of changing an HTML attnbute. You can change
HTML elements using java script code.

Example

<ol y

<hl id="sample" >sample text</hl>
<hutton onClick="tryl() ">click</button>
<EBCEript>

function tryli)

{

var tEt=document.getElementByid("sanple”):
txt.style.fontSize="3em";
txt.style.color="red";

}

<fsocripts

</ body>

When you click the bufton, on the above code, the fimction "tryl” wall be called and it wall change the font
size and color of a text with 1d "sample”.
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Conditional Statements

Conditional statements are used to perform different actions based on different condibions. Very often when
vou write code, you want to perform different actions for different decisions. You can use conditional
statements m your code to do thas.

If Statement

<hod vy

<button coClick="trvl () '>click</button>
<BCript>

function tryl{)

var X=prcmpt ("enter your age"):

if{x>30) alert{"vou are legel”):

elze if{x>1E) alert("vyvou have to wait"™);
elze alert{"vou. are kid™):

< /3cript>

< body>

When you are using conditional statement, you have to kmow that only one of those condibons wall work. If
there 1s no "els2” you may have no condibion to nm. On the above example the user 13 asked to enter his/her
age using the "prompt" function. After the user enters age, value will azsign for vanable "x" and with the
conditional statement, using "if”, "else if” and "else”. x 15 checked whether it 15 legal age or not. The first
condition checks "if{x=20)" thiz will work only if x has value greater than 20. If this 13 frue, then the others
won't be checked But if it 15 false, then the next condition "elze ifix=18)" will be checked. Just az the
previous case 1f it 13 true then code under it will run and no other condition be checked If the above two are
not true then the "else” case will nm.

On the example above "alert” 15 used to display the message usmg message box.

Please do not fargat that java script is case sensitive and do not use upper case for if,

else if and else. And do not put semicalon (;) at the end of conditional statement [if,

else if and elsa).

JavaScript Loops
In programmmg loop 15 used to do achivities repeatedly. Whle vou mterpret the real world to the computer,
activities which are done repeatedly will be managed by the use of loop. It will help us to iterate things as
long as we want them_
For Loop
for loop has the following syntax:

# Semicolon () 15 used to separate the three statements in for loop.

# Imtation 13 used to tell the loop where to start from.

# Condition 13 checked always before loop's code 15 executed. If condition 15 false, code won't be

executed.
# Increment or decrement 15 used to mcrease or decrease the mrfial value. Like x++ or x--

Cm the code above, "1=0" 15 imitial state, means "1" will start from 0. The condition checks 1f 1" 15 less t
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“bhody>

“3cript>

var i;

for (1=0:1<5;1++)
document.write (i) </script>
< /body

han 3, if yes it will go to execute the code under for loop. When "1" less than 5 is false then the code wall
stop to execute and go to another line after for loop. The mcrement orders value to merease with 1 every
time. Increment is executed every time after the block code (code under for loop) executes.

JavaScript While Loop

The while loop loops through 2 block of code as long as a specified condition 15 frue. When using while
loop, 1nitial value has to be set before the while loop. And mcrement/decrement must be there within the
b].{.'{‘.k l.'.'.DdE. *:".:I'::Id.}’}
<ECript>
var i=0;
while (i<5)
i

document.write(i):
i44:

}

<lEcriptr

</ body>

Code above shows while loop. Imtial value 15 set before while loop "1=0". The block code (which 13
enclozed by { }) executes only if the condibon (3=3) 15 ttue. When the block code execute, merement wall
execute also and rteration continue to condition until it becomes false.

The Do/While Loop

The do/while loop 15 a vanant of the while loop. This loop will execute the code block once, before
checkimng if the condition 15 true, and then it will repeat the loop 2= long as the condition 1s true.

The Break Statement

The break staternent can be uzed to jump out of a loop. The break statement breaks the loop and continues
execoting the code after the loop (1f any):

The Continue Statement

The continue statement breaks one iterahion (in the loop), if a specified condition occurs, and continues with
the next eration m the loop.

<acript>
yvar i=o;
while (i<S)
{

document : write (i) : DUTPUT> O 1 2

if{i==2)
brealk:
it++:
}
</acript>

Page 353 of 384




If there 1z no break on thiz code, 01234 was display. As you see code wntten above m the while loop, it
checks 1f 1 15 equal to 2 and if that satisfies break will execute. When break executes the iterafion wall stop
executing and execution will continue to the next code (after the loop). That 13 the reasen why 3 and £ are
not displayed on the output.

LI3Cript>

war. i

for (i=0;i<5;3i++)

{

if(i==2)

continue;

document .write (i) :
!

</8cript>

0134

Here contimue 13 used and the loop doesm't break at all but it backs to increment without executing code
when "1" iz equal to 2. For that matter 2 13 not dizsplayed on the output Since there i1s continne after
“1f{1==2)", when 1 becomes 2 continue executes and that means the code will momediately go to merement
metead of "document write(1)" so 2 wall not be displayed.

Lab 1: Java script and HTML

<html >

<hbody>

<p>Click the button to display vour name</p>
<button cnclick="myFunction()">Try it</button’
<p id="demo"»</ p>

< 3Cript>

Tunction myFunctiondi)

f

Var r=prompt ("enter your name™);
document.getElementById|{"denc”™) . innerHTML=r;

}

</ script>

</body>

</ htmi>
DUTE
PUT |

Click the button to display vour name
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Artes your name

zelalem

Enter your name and say ok, then this will display.

Click the button to display your name

[Tyt

zelalem

“prompt” 15 used to accept mput from the user. After having name from the user the code displays that on
the HTML tag with the id "demo"”. <p 1d="demo"> has no element before name assigned for it
Lab 2: Confirm hox

<html>

<body>

<button onclick="myvFuncticn{}">close</button>
<3cript>

functicn myFunction()

{

var r=confirm("are wyou sure");
if(r=true)

window.close () :

elae

glert {("window is \n not closing”):
1

</83cripts

</ body>

</html>

"confirm"” 15 used to take input from the user as yes (true) or cancel (false). The code above takes user
confirmation and if the user says ok 1t will close the current window opened. Usmg "confirm” box, if the
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user press on yes, then it retoms “true” else it retums "false”. On the code above when the user press on
“cloge" button, confirm box appears and asks if the user iz sure, then if the user click on "yes", which 1
“true” for the code, the window will close by the code "wmdow.close();". If the user press on "cancel”
which is “false” for the code, "window is not closing” message will appear b1 alert box. When thiz message
appears, it displays m two lines because "'n” 13 used in between.

5.4. What is PHP?

» PHP iz an acronym for "PHP: Hypertext Preprocessor”
= PHP 1z a widely-used, open-source scripting language
= PHP scripts are executed on the server

» PHP s free to download and use

PHP is a server scripting language, and a powerful tool for making dynamic and mnteractive Web pages.
PHP iz a widely-used, free, and efficient alternative to competitors such as Microsoft's ASP.

PHP is an amazing and popular langnage!

It 1= powerful encugh to be at the core of the biggest bloggmg system on the web (WordPress)!
It 1z deep encugh to run the largest social network (Facebook)! It 15 also easy enough to be a beginner's
first server-side language!

What is a PHP File?

#  PHP filas can contam fext, HTML, O35, JavaScnpt, and PHP code
# DPHP code are executed on the server, and the result 1= returned to the browser as plain HTAL
¢  DPHP filaz have extenzion " php”

What Can PHFP Do?

# PHP can gensrate dyvnamic page content

# PHP can create, open, read, write, delete, and cloze files on the server
* PHP can collect form data

¢  PHP can zend and recaive cookies

# PHP can add, dslste, modify data 1 vour databaze

¢  PHP can be uzad to control user-aceszs

# PHP can encrypt data

With PH® vouw are not limited to output HTML You can cutput images, PDF files, and even Flash movies. You can
also output any text, such as XHTML 2nd XML
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Why PHP?

*  PHP mme on vanous platforms (Wmdows, Lmwe, Unix, Mac 05 3 ete)
#  PHP 15 compatible with almost all servers uzed today (Apache, 115, ete)
# PHP supports a wnde range of databazes

* PHP 1= firee.

#  PHP 1= eazy to leamn and muns efficiently on the server side

Basic PHP Syntax

A PHP script can be placed amywhere in the document A PHP script starts with =7php and ends with 7-=:
<Tphp

// PHP code goes here

T

The default file extension for PHP files 15 " php". A PHP file normally contains HTML tags, and some
PHP scnphing code. Below, we have an e:mmple of a simple PHP file, with a PHP zcript that nses a built-
m PHP fimction "echo” to cutput the text "Hello World!" on a web page:

Example

<html >

“body>

<hl>My first PHP page</hl>
=< ?php

gcho "Helle World!"™:

=

</body>

</html>

Note: PHP statements end with a semicolon ().

Comments in PHP
A comment in PHP code 15 a line that 15 not read’executed as part of the program. Its only purpose 15 to
be read by someone who 1= looking at the code.

Example

<html>

<hody >

< 7php

S/ This is a single-line comment

# This i= gl=zo a =zingle-line conment
ll."k

Thi=z iz a multiple-lines commernt block
that spans over multiple

lines

)

S/ Tou can also use commernts to leave out parts of a code line
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Ex =5 /% 4+ 15 *) 4+ 53
echo &x;

2

</body>

</html>

PHP Case Sensitivity
In PHP. all keywords (e.g. 1f, else, while, echo, etc ), classes, fumctions, and user-defined functions are
NOT caze-zensitive. In the example below, all three echo statements below are legal (and equal):

Example
<html >
<body>

< ?php

ECHC "Hello World!<br>":

echo "Hellc World!<br>";

EcHo "Helle World!<br>";

s

< /body>

Z/html >

However; all variable names are case-zensitive. In the example below, only the first statement wall
dizplay the value of the $color variable (this 1z because Scolor, SCOLOR, and $colOR are treated as
three different vanables):

Example
<html>
“body>

< ?php

scolor = "red™;

echo My car 15T .. Aeolor-.. Tehraers
echo "My house 15" o BEOLOR . "<hr»7;
gcho "My boat i3 " .« &cplOR. . "<br>";
]

</body>

</html>

Creating (Declaring) PHP Variables

In PHP, a varizble starts with the $ sign, followed by the name of the variable:
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After the execution of the statements above, the vanable Stxt will hold the value Hello world!, the
variable $x will hold the value 5, and the variable $y will hold the value 10.5.

Note: Unlike other programming languages, PHP has no command for declanng a vanable. It 1z created
the moment vou first assign a value to it

PHPF Variables
A vanable can have a short name (hike x and ¥) or a more descriptive name (age, camame, total volume).
Fules for PHP vansbles:

A variable starts with the § sign, followed by the name of the variable

A variable name must start with a letter or the underscore character

A variable name cannot start with a number

# vanable name can only contam alpha-numenc characters and inderscores (A-z, 0-8, and _ )
Vanable names are caze-zensitive (Sage and SAGE are two different vanables)

Femember that PHP variable names are caze-sensitive!
Output Variables

The PHF echo statement iz often used to output data to the screen. The following example will show how
to output text and a variable:

Example

< ?php

5txt = "becom.com”;
gcho "L lowe Etxtl™:
2

The following example will produce the same output as the example above:

Example

< ?php

Sttt = "metitech.com™;

b T EEYE S s g e
T

Mote: " Indicates the concatenation
The output 1s=I love metitech.com

Example
< ?php

X
Y

7
4;
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echo &x + &y;
)

PHP is a Loosely Typed Language
In the example above, notice that we did not have to tell PHP which data type the vanable 13. PHP

automafically converts the vanable to the correct data type, depending on its value. In other lanpnages
such as C, C++, and Java, the programmer must declare the name and type of the vanable before usmg it.

PHP Variables Scope

In PHP, variables can be declared anywhere in the script. The scope of a vanable 1s the part of the scrnipt
where the vanable can be referenced/used.

PHP has three different vanable scopes:

s local
» global
= stafic
Global and Local Scope

A vanable declared ontside a funchion has a GLOBAL SCOPE and can only be accessed outside a
function:

Example
< 7php
$x-= 5 FF global =scocpe

function myTest{) I
SO using X inside this function will generate an €rror

echo "<p>Variable = inside function is: sx</p>":

}

myTest{):

echo "<p>Variable X cutside furiction is: SXR</p>"7;
2

A vanable declared within a fimetion hag a LOCAT SCOPE and can only be acceszed within that
function:

Example
< 7php
Iunction myTest{) {
&x = 5; // local scope
echo "<p>Variable x insgide function ig: §x</p>";
'

myTest{):
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S mnaing x out3aide the functicn will generate an error

echo "«<p>Variable X cutside function is: sx</p>":

2=

You can have lacal vanables with the same name in ditferent functions, because local variables are only
recopnized by the funchion in which they are declared

PHP The global Keyword

The global keyword 1s used to access a global vanable from within a fumetion. To do this, use the global
keyword before the variables (inside the function):

Example
{1nhp

= 5
$y = Y0z
fTunction myTest{) {

globel &x, Sy:

§¥ = &X + &y:
}
mytest{):
echno Sy: /S ontputs 15
2>
PHP also stores all global variables in an array called $GLOBALS[ingdex]. The index holds the name of
the vaniable. This array 15 also accessible from within fimetions and can be used to update global
vanables directly.

The example above can be renmitten like this:

Example
{ﬂphp

= 53;
i !

r
0

$1’

fTunction myTest{) I
SELOBRALS["y'] = SGLOBALS["x'"] + SGLOBALS['vw']r
I
myTest{):
echo &y: /7 outputs 15
2

The static Kevword

Normally, when a function 15 completed’ executed, all of its vanables are deleted. However, sometimes
we want 2 local variable NOT to be deleted. We need 1t for 2 further job. To do thus, use the static

keyword when vou first declare the vanable:

Example
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< ?php

function myTest{) {
static &x = {;
echo 5x;
FREE]

}

myTest():
myTest(]):
myIest ().
2

Then, each fiime the fimction 15 called, that vanable will still have the information it contained from the
last time the function was called.

PHP echo and print Statements

echo and print are more or less the same. They are both used to output data to the screen.

The differences are small: echo has no return value while print has a retum value of 1 30 it can be used m
expreszions. echo can take multiple parameters (although such usage 13 rare) while print can take one
argument. echo 1s marginally faster than print.

Get the Length of a String

The PHP strleni) funchion returns the length of a string. The example below returns the length of the
strmg "Hello world!™:

Example

< ?php

echo-strlen|("Hello world!™): // outputs 12

2>

The output of the code above will be: 12.

Count the Number of Words in a String

The PHP str word count()} function counts the number of words mn a string:

Example

< 7php

echo 3tr word count("Helle world!™); /f outputs 2

2>

The output of the code above wall be: 2.

Reverse a String
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The PHP stiren() function reverses a string:
Example

< ?php
echo atrrev("Hello world!™): // outputs !dirow olleH
s

The output of the code above will be: dirow olleH.

Search for a Specific Text within a String

The PHP strpos() function searches for a specific text within a strmg. If a match 13 found, the finction
retums the character position of the first match. If no match 15 foumd, 1t wiall retum FALSE. The example
below searches for the text "world” in the sinng "Hello world!":

Example

< 7php
echo strpos ("Hello world!™, “world™); // outputs &
]

The output of the code above wall be: 6.

Note: The first character position in a strmg 15 0 (not 1).

Replace Text within a String

The PHP str replace() function replaces some characters with some other characters m a siring.
The example below replaces the text "world" with "Delly™:

Example

< 7php

echo sStr . replace(“world”, "“Dolly™, “Hello world!"):; // outputs Hello
Dollsy!t

2

The output of the code above will be: Hello Dolly!

PHP Operators

Operators are uzad to perform operations on vanables and values. PHP divides the operators in the following
EToups:
»  Anthmetic operators
#  Asoiomment operators
* Companzon operators
#  IncrementDlecrement cperators
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* Logical operators
*  Dinng operators

PHFP Comparison Operators

The PHP companson operators are used to compare fwo values (number or string):

Operator  Name  Example Result
== Equal Sy == Gy Returns true if 5x is equal to 51;
gEE  idweel s L WO Returns true if 5x Is equal 1o 5y, and they are of the same type
I= Mot equal B 1=y Returns true if 5x is not equal to Sy
o Aot Tl dy I== Sy Feturns true if 5x.is not equal to Sy, or they are not of the same
type
PHP String Operators

PHP has two operators that are specially designed for strings.

Operator Name Example Result
Concatenation Stxtl . Stxe2 Concatenation of Stxtl and Stxt2
- Concatenation assignment Stxkl .= St Appends Stet? to Stwil

PHP Conditional Statements

Example
< ?php
&t = darce(“"H");

if (&< ™20™) {
echo "Hawve & good dav!"™:

!
2

Example
< ?php
= dace ("H");
if (st < "207) {
echo "Have a good day!i™:
} else |
echo "Hawve a good night!™;

(T ]
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Example
< ?php
5t = date("H");

if (st < "10") |

echo "Have & good morning!™:

1 elseif (£t < ™20") §

echo "Hawve & gﬂ&d.dayl":

1 elze {

echo "Have a-ogood night!™;

}
2
PHP Loops

Often when you write code, you want the same block of code to mun over and over again in a row. Instead
of adding several almost equal code-lines mn a scnipt, we can use loops to perform a task hike this. In PHP,
we have the following looping statements:

* while - loops through a block of code as long as the specified condifion 13 true
# do...while - loops through a bloeck of code once, and then repeats the loop as long as the specified

condition 1z frue

* for - loops through a block of code a specified number of times
= foreach - loops through a block of code for each element in an array

Example

< ?ohp

tx = 1;

while{&tx <= 5} {

echo "The number is:

FREE;
}
2=
Example

< 7php
tx = 1;
do [

echo "The number i=z:

SX++;
} while ($x <= 5):
2
Example

£x <hr»":

£x <br»";

Page 365 of 384



< ?php

5X = 63

do |
echo "The number is: &x <br>";
SX++;

} while (Sx <= 35};

2>

The PHP for Loop

The for loop is uzed when you kmow 1n advance how many times the script should mun.
Example

< ?php
for [(6x = 0; &x <= 10; &xt++} |
echo "The number izg: &x <hbr»":

}
7

PHP foreach Loop
Example

< ?php
Scolors —-arrayi{ r=d”, Tgreen™, "blue”; "yellow™}:

Ioreach (fcolors as $value] I
echo. "&value <br>"

!

A

Function in PHP

A user defined function declaration starts with the word " funection”:

Syntax

function functionName() |
code to be executed

i

Note: A fimction name can start with a letter or underscore (not a mumber).
Tip: Give the function a name that reflects what the fumction does!

Function names are WNOT caze-zenzitive.

In the example below, we creste a fimction named "unte‘-.Isgt]" The opening curly brace { { ) indicates
the beginming of the fu.m:u-:rn code znd the closing curly brace ( } ) indicates the end of the function. The
function outputs "Hello world!”. To call the function, just write its name:
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Example

< ?php
function writeMsg() |
echo "Hello world!™:

1

writeMsg():; S/ call the finction
2

PHP Function Argnments

Information can be passed to fimctions through arguments. An arcument 15 just like a vanable.
Arguments are specified after the funchion name, inzide the parenthesez. You can add as many arguments
as you want, just separate them with a comma.

The following example has a function with one argument ($fname). When the familyName() function is
called, we also paszs along a name (e g Jam), and the name 12 used mzide the fimction, which outputs
several different first names, but an equal last name:

Example

< ?php
function familyName (Sfname) |
echo "Sfname Befanes.<br>";

!

TamilyName ("Hani®™) ;
fTamilyKame ("Hege®) ;
familyMame ("Tame") ;
familyWame {"Kali Jim"™) ;
familvyRame [ "Borge®) »
2

The following example haz 2 function with two arguments ($fname and $vear):

Example

< ?php
function familyMame (&fineme, &Syear) {

echo "Siname Refanes. Born in Syear <br>";

}

familyMame {("Hege®™, "18757):
fariilyMame {("Tame"™, "197B7);
fTamilyName ("Eai Jim"™, "1983%):
)

PHP Default Argument Value

The following example shows how to use a default parameter. If we call the fimction setHeight() without
arguments 1t takes the default value az arzument-
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Example

< ?php
Tunction setHeight (sminheight = 30)
echo "The height iz : Stminheight <br>";

-

1

getHeight [350) ;

getHeight{); f/ will use the default wvalue of S5i
getHeight (135);

getHeight {30} ;

2

PHP - A Simple HTML Form

The example below displays a simple HTML form with two input fields and a subnut button:

Example

<html>

<hody >

<form action="welcome.php” method="post">

Hame: <input type="tezt™ name=Tname"><br>

E-mail: <input type="LeXt"™ name="email"><br>

<input type="submit">

«/ form>

</body>

</html >

When the user fills out the form above and clicks the submit button, the form data 15 sent for processing
to a PHP file named “welcome php”. The form data 15 sent with the HI TP POST method. To display the
submitted data you could simply echo all the variables. The "welcome. php” looks like this:

<html >

<body>

Welcome <?php €cho 5 POST["name®}; ?2»<br>

Your email addresa ia: «<?php echo & POST["email™]; 72>

</ body>

</html>

The output could be something like this:

Welcome John
Your email address 13 john doe{@example com

The same result could alzo be achieved using the HTTP GET method:

Example

“html >
“body>
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<form action="welcome get.php” method="get">
Hame: <input type="text" name="name">»<br>
E-mail: <input type="text"” name="email"><br>
<input type="submit">

</form-

</body>
</html>

and "welcome get.php" looks like this:

<html >
“hody>

Welcome <2php echo & GET ["name™]: 2»<brx>
Your email address is: <2php echo & GET["email®}: 2%

< /fbody>

</html>

The code above s quite simple. However, the most important thing s missing. You need to validate form data to
protect your script from malicious code.

GET vs. POST

Both GET and POST are treated as $ GET and § POST. These are super global, which means that they
are always accessible, regardless of scope - and you can access them from any function, class or file
without having to do anything special § GET iz an amay of variables passed to the current script via the

URL parameters, $ POST 1= an amay of variables passed to the current script via the HITP POST
method.

When to nze GET?

Information sent from a form with the GET method 15 visible to everyone {afl vanable names and values
are displayed in the URL). GET also has limitz on the amount of mformation to send. The hmitation 13
about 2000 characters. However, because the vanables are displayed in the URL, it 15 possible to
boolmark the page. This can be uzeful in some cases. GET may be used for sending non-zensitive data.
Note: GET should NEVER: be used for sending passwords or other sensitive information!

When to use POST?
Information zant from a2 form with the POST method 12 invizible to others (all namaz/vahiss are embedded withm
the body of the HTTF request) and haz no hmits on the amount of information to zend. Mereover POST supports

advanced fonchonality such zz zupport for mumlb-part bimary mput while wplozding filez to server. However,
becanzea the vanables are not dizplayved 1 the URL, 1t 1= not possibleto bocloark the paga.
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PHP include and require Statements

The meluds (or require) stafement takes all the text/code’markup that existz m the specified fils and copies 1t ko
the file that wses the include statement. Includimg files 15 very useful when vou want to melode the zzme PHF,
HTML, or text on multiple pages of a webeita.

It 1= pozzible to msert the content of one FHFP file mto another PHE file (before the server executes it), with the
melude or require statement. The melude and require statements are 1dentical, except upon falure:

# reguire will produce a fatal error (E_COMPILE _EREF.OF) and stop the script
# inclode will only produce 2 waming (E_WARNING) and the scrpt wall confinue

5o, if you want the execution to go on and show users the output, even if the include file 15 mssing. use
the mclude statement. Otherwise, in case of Frame Work, CMS3, or a complex PHP apphcation coding,
always use the requre statement to mclude a key file to the flow of execution. This will help avoid
compromising your application's security and integrity, just m-case one key file 1s aceidentally miszing.
Including files saves a lot of work. This means that you can create a standard header, footer, or menu file
for all your web pages. Then when the header needs to be updated, you can only update the header
mclude file.

Syntax
mclude filename';

or
require filencme’;

The require statement 13 also used to wmclude a file into the PHP code. However, there 15 one big
difference between mclude and requre; when a file 13 mcluded with the include statement and PHP
cannot find it, the senpt will continue to execute. If we do the same example using the require statement,
the echo statement will not be executed becausze the script execution dies after the require statement
refumed a fatal emror.

PHP Seszsion

When you work with an application, you open it, do some changes, and then you close it. This 15 much
like a Session. The computer Inows who you are. It kmows when you start the application and when you
end. But on the intemet there is one problem: the web server does not know who you are or what you do,
because the HI TP address doesn't maintain state.

Session variables zolve this problem by storing user information to be used across multiple pages (e.g.
username,_ favorite color, etc). By default session variables last until the user closes the browser. So;
Seszsion variables hold information sbout one single user, and are availzble to all pages in one apphication.
A zession 13 a way to store mformation (in varables) to be used across multiple pages. Unlike a cookae,
the information 1s not stored on the user's computer.
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Example

< ?7php

Jf Start the seazion
gegsion Start():

A=

<!DCCTYPE html>
+html>

<hody >

< 7php

Sr Set session wvariasbles

& SESSTON["fawvcolor™] = “green™;

& SES5I0ON["favanimal®™] = "cat™:
echo "Sesgion variables are set.”;
A

</body>
</html>

Note: The zession start() fimehon must be the very first thing in yvour document. Before any HTML taps.

INotice that session vaniables are not passed mdividually to each new page, mstead they are retrieved from

the session we open at the beginning of each page (session start()). Also notice that all session vanable
values are stored in the global § SESSION variable:

Example

< 7php

gession starc(]):
>

<!DOCTYPE html
<html>

<body>

< 7php

L F-Echo sesgion variables that were get on previoud page
echo "Favorite cglor iz “ ... & SESSTON["favcolexr®™] . " .£be>":
echo "Favorite apimal 1™ . & SESSTOM["favanimal™] < T.%;
A=

</body>

</html >
Favocrite color is green.
Favorite animal is cat.

The output shows us that session vanable can be accessed on another page.

How does it work? How does it know it's me?
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Most sessions set a user-key on the users computer that looks somethmg hke ths:
76548 7 cf5dert8dede5a362ed4f5a7el). Then, when a seszion 13 opened on another page, it scans the

computer for a user-key. If there 15 a match, it accesses that session, if not, it starts a new session.

Destroy a PHP Session
To remove all global sezsion vanables and destroy the sezsion uze session unset() and session destroy():

Example

< ?php

geggion start():
2

<!DCCTYPE html>
<html>

<hody >

< ?php
S remowve all segsicn variables
Feasion mnseEt()

S destroy the gegsicn
gession: destrovi}):
)

</body>
</html>

Note:
session_unset() 15 not used to destrov session, but to remove all assigned session vanables.

3.5. PHP MySQL Database

With PHP, you can connect to and manipulate databases. MySaL is the most popular database system used with
PHP,

What is MySQL?

My30QL 15 a databasze system nzed on the web
MySQL 15 a databaze system that nms on a server
MySQL 15 1deal for both small and large applications
MySQL is very fast, reliable, and easy to use
MyS0QL uses standard SQJL

MySQL compiles on a number of platforms

MySQL 15 free to download and use

The data in a MySOL database are stored in tables. A table is a collection of related data, and it consists of
columns and rows,
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Database Queries

A guery 1z a question or a request. We can query a database for specific information and have a recordset
returned. Look at the following query (using standard SQL):

SELECT LastHame FREOM Emplovees
The query above selects all the data m the "LastName" column from the "Employees" table.

The following table shows us how to comnect to the server “localhost” using php code.

Example
< ?php

~—

Sconn = my3qli connect ("localhost", "roet®, “","dbname™):

£ ¢ Checlk connection
if (!Sconn) 1

die{"Connection failed: ™ . my3gli connect errori{)):
!

echvo "Connected succegsfully™:
)

Description

The above connection 15 for MySQL1 (improved).

Mysgli connect 15 used to connect with the server
Localhost 15 the name of server
Root iz default username of your server

mmn

(which iz empty) 1sthe password of the server
Dbname 15 the name of databaze that 1= found m the zerver and 1 am to use

After you connect to vour server and finalize activities, it 13 recommended to cloze the connection. To do
that use the following code:
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mysgli close |$conn);
Insert Data

After a database and a table have been created, we can start adding data m them Here are zome syntax
rules to follow:

» The SQL guery must be quoted m PHP

= Sinng values m=ide the SQL query must be quoted
= Numenc values must not be quoted

s The word NULL must not be guoted

The INSERT INTO statement 15 used to add new records to a MySQ)L table:

THSERT INTO table neme (columnl, <clumn?, column3,...)
VALUES [(valuel, walueZ, wvalus3d; ...}

Let us assume that we have a database with the name "dbrez”. And table named "Student” wath four
columns: "1d", "firstmame”, "lastname” and "age”. Now, let us fill the table with data.

The following examples add a new record to the "Student” table:

Example (for MySQLi)

< 7php

tconn = mysqli connect ("legdalhost™; "root®, 7T, dbreg?):
if (!Sconn) 1 S/ Check connection

die{"Connection failed: . mysglli connect error ()}

b

Sagl = "INSERT INTC Student (id,firatname, lastname, age)
VALUES. ((TI13 235 Jahi® . SDoet, 23" e

if (mysqli guery(&comnm, 53gl)) {

echo "<gcriptralert|"New record crested successfully') ;< script>":
} else

echo "Error:

« Bagql. . "<br®" . mygqli error(Sconn);

}

mysqgli cloge (&conn);
2=
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Select Data

The SELECT statement is used to select data from one or more tables:
SELECT column name (3} FROM table neme

Or we can uge the * character to select ALL columns from a table:
SELECT * FROM teble name

The following example zelects the id, firsimame and lasthame columns from the Student table and
displays it on the page:

Example (MySQLi)
< ?php
Seontt = mysglicoonect{"localhosE™ ¢ Tregtt, Uy dbregt)s

Jf Check connection
if [(!'Seconn) 1
die{"Conpection failed:

. my3qli connect error());
!

t3gl = "SELECT id, firstname, lastname FROM Studernit”;

gresult = mysqgli query(§conn, 53gl);

while (frow = myaqli fetch as=soc (fresult))

{

eche. Tid: R w1 g s ki S

Srow[Tlastname™] . "<br>":
}

mysgli close (&conn);

2

LL] [} ar n

= Hame: " . Srow["firstoame"™]. i

Code lines to explain from the example above:

First, we set up an SQL query that selects the 1d, firstname and lastname columns from the Student table.
The next line of code runs the query and puts the resulfing data into a variable called Sresult. Dont foraget
that mysgli query 15 used to process the query wntten.

The fimction fetch assoc() puts all the results into an associative array that we can loop through. The
while(} loop loops through the result set and outputs the data from the id, firsthame and lastname

columns.

You can also put the result in an HTML table:

Example
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< ?php

fconn = mysqli connect("localhest™, "root", ", "dbreg"):

Jf Check connection

if [(!Sconn)
die["Connection failed:

. my3gli -connect error(l):

!

$3gl = "SELECT id, firstname, lasthname FROM Student”;
fresult = mysqli query(§conn, Ss3gl);

echo "<tabler<tr><thrID</th><th>xName</th></Tr>";
while{frow = mysqii fetch agsoc({&result))

{

echo "<tretds"  Srow"id ] T tdestdsT S Tow [ Eiratname T LT
" Erow["lastname™] . "</tdEC e

!
echo "</ /tablex"

mysqli close(&conn) ;
b

Delete Data
The DELETE statement 1= used to delete records from a table:

DELETE FRCM table name
WHERE some column = gome walue

Notice the WHERE clanze in the DELETE syntax: The WHEERE clause specifies which record or
records that should be deleted. If vou omut the WHERE clause, all records will be deleted!

Lets look af the "Student" table:

Id Firstname lastname age
1122 I.Tn::nlm & _-Elu: 21
;iIE E&my Moe ___éa_ i
IEEI__lhﬂE - Dooley ==;T==-

The following examples delete the record wath 1d=1321 m the "Student” table:

Example (MySQLi Procedural)

< ?php
Sconn = mysqli connect|"localhest™, “"root®, "","dbreg™);
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if (!Sconm) {
die{"Connection failed: " . mysgli connect.errori()}):
'
Af =sgl to delete a record
$3gl = "DELETE FROM MyGuests WHERE id=1321";

if (mysqli query(tcconm, %3gl))
echo "<scriptralerti'Becord deleted successfully </ acript>";
else
echo. "Error deleting record:
mysgli close (gconn);
2

. mysgli error{sconn);

After the record iz deleted, the table will look like this:

Id || Firsiname lastname age
1122 |Jebn Do 21
2213 (Mary Moe l!ﬂ
Update Data

The UPDATE statement 1s used to update existing records in a table:
UPDATE table name
SET columnl=value, colunnZ=valuelZ, ...

WHERE some column=some wvalue

Notice the WHERE clanse in the UPDATE syntax: The WHEEE clause specifies which record or
records that should be updated. If you omit the WHERE clause, all records wall be updated!

Let's look at the "Student” table:

Id firstname || lastname | age
1122 (John !!Dne 21
2213 [Mary !!Mne 20
L 1l I

The following examples update the record with 1d=1122 mn the "Student” table:
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Example (MySQLi)

<?php
fconn = mysgli connect (“localhost™, "root”; "7, "dbreg"):
/4 Check connection
if (!Sconn) {

die("Connection failed: ™ . mysgli connect error{}):
!
$3gql = "UPDATE Student SET lastname="Moe' WHERE 14=1122";

1f (mysqgli query(tconn, %sql))

echo "<scriptralert({'Becord updated successfully") (< script>";
plgs

echo "Error npdating record:
mysqgli cloge{&conn);

2

. mysqli error{§conm);

After the record 15 updated, the table wall look like this:

Id Firsiname lastname age
I: —_ = — e -
1122 |John 1 g 21
: : P‘fﬁ
2213 ii!-.-l'ar_l,' \oe Hzn

Limit Data Selections from a MySQL Database

MySQL prowvides a LIMIT clause that iz used to specify the number of records to return. The LIMIT
clanse makes 1t easy to code multi page results or pagination with SOQL., and 15 very useful on large tables.
Betuning a large mumber of records can impact on performance. Assume we wish to select all records
from 1 - 30 (mcluzrve) from a table called "Orders™. The SQL query would then lock like thas:

3sql ="SELECT * FROM Orders LIMIT 30%;

When the SQL query above i3 run, 1t will retum the first 30 records. What if we want to select records 16
- 25 {mclusive)? Myzql also provides a way to handle this: by using OFFSET. The SQL query below says
“return only 10 records, start on record 16 (OFFSET 15)™:

&gl = "3SELECT * FROM Orders LIMIT 10 COFFSET 13";

You could alzo use a shorter syntax to achieve the same result:
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g§3gl = "SELECT * FROM Orders LIMIT 15, 147;
Notice that the numbers are reversed when you use a comma.

Review questions
1. Whatis HTML?
a) HTML describes the structure of 2 webpage
b} HIML 15 the standard marlup language manly used to create web pages
c) HTML consists of a zet of elements that helps the browser how to view the content
d} All of the mentioned
2. What 13 the correct syntax of doctype m HTNML5?
2} <=/doctype himl=
k) =doctype html>
¢) <doctype html!=
d} <!dectype himl=
3. Whch of the followmg tag 15 used for insertmg the largest heading in HTML?
2) head
b} <hl=
c) <hb=
d} heading
4. Inwhich part of the HTML metadata 13 contamed?
a) head tag
b} title tag
c) html tag
d} body tag
Which element 13 nzed to get lighhghted text m HTMLS?
a) <u=
b} <mark=
¢) <highlight=
d} =b=
6. Which element 1s used for or styling HTMLS Tayout?
a) G588
b} jQuery
c) JavaScrpt
d) FHP
7. Whach HTML tag 15 used to nzert an image”
2) <img wrl="htmllogo jpg” /=
b} <mmg alt="htmllogo jpg” =
¢) =img sre= htmllogo jpg” =
d} =mg link="himllogo. jpg” =
5. In HTML, which attnbute 15 used to create a lnk that opens in a new window tab?
a) arc=_blank™
b} alt="_blank™
) target="_gelf”
d) target="_blank™
9. Which of the followmg HTML tag 13 used to create an unordered List?
a) <ol

Lh
h
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b} =ul=
¢) <li=
d) <li=

10. What 15 the work of <address™ element in HTML3?

11.

&) contams IP address

b} contains home address

C) contams url

d} containz contact details for author

Whch of the followmg tag 12 used to create a text area m HTML Form?
&) <textarea™ <textares=

k) =text=</text=

c) <input type="text” /=

d) <mput type="textarea” /=

. Which attribute 15 not ezsential under <iframe="?

2) frameborder
b) wadth

c) height

d) =rc

. Which element 15 used to define a discrete wmit of content such as a blogpost, comment, and so on?

&) section
b) class
c) article
d) media

14. Which of the followmg tag 15 used to embed c3s in himl page?

16.

17.

18.

&) <Cas

b) =<IDOCTYPE html=
) <scnpt=

d} =atyle=

- Whach of the followmg C53 property 1z uzed to make the text bold?

a) text-decoration: bold

b} font-weight: bold

) font-style: bold

d} text-alizn: bold

Which of the followmg CS3 style property 15 used to specify an talic text?
2) style

b} font

c) font-style

d} @ font-face

Which of the followmg function defines a linear gradient as a C58 image?
&) gradient()

b} limear-gradient()

) grayscale()

d) image()

Which of the followmg CSS property defines the different properties of all four sides of an
element’s border in a z:ingle declaration?”

2} border-collapss

b} border-width
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<) padding
d} border

19 Which of the following C53 property specifies the look and design of an outline?
a) outlme-style
b) outline-format
c) outlme-font
d) none of the mentioned

20. Which of the followmg €35 property sets the shadow for a box element?
&) zet-shadow
b} box-shadow
c) shadow
d) canvas-shadow

Answers

1. D

MDA O e L b
e
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