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We know information processing, plays very important role in taking decision
every moment. In this context, computers play a significant role in bulk of information
processing. Here, we study what is a computer and organization of a computer. The computer
operates on a program or set of instructions. We discuss the important contribution made by the
John Von Neumann. The objective is to understand the definition of computer, working
concepts of the computer, stored program concept and Microprocessor.

Definition of a Computer

A computer is a genera purpose device which can be programmed to carry out a finite4gat of
arithmetic or logical operations. Since a sequence of operations can be readily gfianged, the
computer can solve more than one kind of problem. The essential point of a corigaute! is to
implement an idea, the terms of which are satisfied by Alan Turing's Universal Turing machine.

Conventionally, a computer consists of at least one processing elemg®and gome form of
memory. The processing element carries out arithmetic and logic opereiigfis,and a sequencing
and control unit that can change the order of operations based qa sigied iigFmation. Peripheral
devices alow information to be retrieved from an external sgurcd’ anadWe result of operations
saved.

A computer's processing unit executes a series of instructionsighat/make it read, manipulate and
then store data. Conditional instructions change the seguence of Instructions as a function of the
current state of the machine or its environment.

Disadvantages:

1. It can have negative effects on your socidhlife «id interactions with other people if you do not
maintain the balance between time onlise anaW&fiine.

2. It may have a negative effect on your eygsight due to radiation.

3. It may cause pimples and wririgles.

4. It may distract you froiwvourstudies.

5. Too much time irffrgfit of monitor may adversely affect your eye sight.

6. Sitting in frgnt ©&.a computer for too long without exercise can cause aweight gain.
Advantagys:

1. It helpsSgi automate various tasks that you cannot do manually.

2. Ihelps you organize your data and information.

3. }'has much more computing and cal culating power then an ordinary human.

4. It may help your work to be alot easier.

5. It can help you communicate with friends, coworkers and other contacts.
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6. It has many search engines to help you find information quickly.
EVALUTION OF COMPUTERS

 The first counting device was the abacus, originally from Asia. It worked on a place-value
notion meaning that the place of a bead or rock on the apparatus determined how much it was
worth.

» 1600s: John Napier discovers logarithms. Robert Bissaker invents the slide rule which wili
remain in popular use until 1972,

» 1642s. Blaise Pascal, a French mathematician and philosopher, invents the first iaag!anical
digital calculator using gears, called the Pascaline. Although this machine could perform addition
and subtraction on whole numbers, it was too expensive and only Pascal higaself could repair it.

* 1804s: Joseph Marie Jacquard used punch cards to automate a weavaqg |com

e 1812s. Charles P. Babbage, the "father of the computes, Giscovered that many long
calculations involved many similar, repeated operations. Thirefoip, he designed a machine, the
difference engine which would be steam-powered, fully autCgatic and commanded by a fixed
instruction program. In 1833, Babbage quit working, on this machine to concentrate on the
analytical engine.

» 1840s: Augusta Ada. "The first programmes’ stgessted that a binary system shouled be used
for storage rather than a decimal system.

» 1850s. George Boole developed Boolean 10gic which would later be used in the design of
computer circuitry.

* 1890s. Dr. Herman Holleritiyintroduced the first electromechanical, punched-card data-
processing machine whichfwaluseito compile information for the 1890 U.S. census. Hollerith's
tabul ator became so succesgful tivat he started his own business to market it. His company would
eventually become lgiterational Business Machines (IBM).

* 1906s. The yaCigm the is invented by American physicist Lee De Forest.

» 1939s: DigJorin¥™V. Atanasoff and his assistant Clifford Berry build the first electronic digital
computey, Ther machine, the Atanasoff-Berry-Computer (ABC) provided the foundation for the
adyances I'™&ectronic digital computers.

2456 Konrad Zuse (recently deceased in January of 1996), from Germany, introduced the first
proyrammable computer designed to solve complex engineering equations. This machine, called
e Z3, was also the first to work on the binary system instead of the decimal system.

» 1943s: British mathematician Alan Turing developed a hypothetical device, the Turing machine
which would be designed to perform logical operation and could read and write. It would presage
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programmable computers. He aso used vacuum technology to build British Colossus, a machine
used to counteract the German code scrambling device, Enigma.

* 1944s. Howard Aiken, in collaboration with engineers from IBM, constructed a large automatic
digital sequence-controlled computer called the Harvard Mark 1. This computer could handle all
four arithmetic operations, and had specia built-in programs for logarithms and trigonometric
functions.

* 1945s: Dr. John von Neumann presented a paper outlining the stored-program concept.

* 1947s: The giant ENIAC (Electrical Numerical Integrator and Calculator) niaching was
developed by John W. Mauchly and J. Presper Eckert, Jr. a the University of Penndydyenia. It
used 18, 000 vacuums, punch-card input, weighed thirty tons and occupied a thirty-by-fifty-foot
space. It wasn't programmable but was productive from 1946 to 1955 andaas used to compute
artillery firing tables. That same year, the transistor was invented by \Villidga,Shockley, John
Bardeen and Walter Brattain of Bell Labs. It would rid computers of Jacuuia tvbes and radios.

* 1949s. Maurice V. Wilkes built the EDSAC (Electronic Delay Stésage Automatic Computer),
the first stored-program computer. EDVAC (Electronic Discyate Wariable Automatic Computer),
the second stored-program computer was built by Mauchly, E¢kertyand von Neumann. An Wang
devel opped magnetic-core memory which Jay Forrestes would reorganize to be more efficient.

» 1950s. Turing built the ACE, considered by sime tU be the first programmable digital
computer.

TheFirst Generation (1951-1959)

* 1951s: Mauchly and Eckert built the'ONIY'AC I, the first computer designed and sold
commercialy, specifically for{aisiness adla-processing applications.

* 1950s : Dr. Grace Murral HCpoer developed the UNIVAC | compiler.

* 1957s: The prografimiig lariguage FORTRAN (FORmula TRANSlator) was designed by John
Backus, an IBNengfeer,

* 1959s: Jack &, Clait Kilby and Robert Noyce of Texas Instruments manufactured the first
integrated cryguit,"or chip, which isacollection of tiny little transistors.

Hhe Secord Generation (1959-1965)

1950s. Gene Amdahl designed the IBM System/360 series of mainframe (G) computers, the
firgl general-purpose digital computers to use integrated circuits.

* 1961s: Dr. Hopper was instrumental in devel oping the COBOL (Common Business Oriented
Language) programming language.
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* 1963s. Ken Olsen, founder of DEC, produced the PDP-I1, the first minicomputer (G).

* 1965s: BASIC (Beginners All-purpose Symbolic Instruction Code) programming language
developed by Dr. Thomas Kurtz and Dr. John Kemeny.

The Third Generation (1965-1971)

* 1969s. The Internet is started. (See History of the Internet)

* 1970s: Dr. Ted Hoff developed the famous Intel 4004 microprocessor (G) chip.

* 1971s: Intel released the first microprocessor, a speciaized integrated circuit which waastole to

process four bits of dataat atime. It also included its own arithmetic logic unit. PASCAL, a
structured programming language, was developed by Niklaus Wirth.

The Fourth Generation (1971-1990)

* 1975s. Ed Roberts, the "father of the microcomputer” designscihe st microcomputer, the
Altair 8800, which was produced by Micro Instrumentation axd Tesgnetry Systems (MITS). The
same year, two young hackers, William Gates and Paul Allen gaastached MITS and promised to
deliver aBASIC compiler. So they did and from the selig, Microsoft was born.

* 1976s: Cray developed the Cray-I supercomputgr (C). Apple Computer, Inc was founded by
Steven Jobs and Stephen Wozniak.

» 1977s: Jobs and Wozniak designed ang,buitagha first Apple I microcomputer.

* 1970s: 1980: IBM offers Bill Gates the agportunity to devel op the operating system for its new
IBM personal computer. Micréfoft has achieved tremendous growth and success today due to the
development of MS-DOS. AgoleWl was al so released.

» 1981s: The IBM PCauas igtroduced with a 16-bit microprocessor.

* 1982s: Time risgga- e g'iooses the computer instead of a person for its "Machine of the Y ear.”

* 1984s. Agpledatrgauced the Macintosh computer, which incorporated a unique graphical
interfage, majing It easy to use. The same year, IBM released the 286-AT.

4986s. Compaq rel eased the DeskPro 386 computer, the first to use the 80036 microprocessor.
“1937s: IBM announced the OS/2 operating-system technology.

* 1988s: A nondestructive worm was introduced into the Internet network bringing thousands of
computersto a halt.

* 1989s: The Intel 486 became the world's first 1,000,000 transistor microprocessor.
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The Fifth Generation (1990-pr esent)

The 'Fifth Generation Computer Systems project (FGCS) was an initiative by Japan's Ministry of
International Trade and Industry, begun in 1982, to create a "fifth generation computer” (see
History of computing hardware) which was supposed to perform much calculation using massivg
paralel processing. It was to be the result of a massive government/industry research project.in
Japan during the 1980s. It aimed to create an "epoch-making computer” with supercomputfr-like
performance and to provide a platform for future developmentsin artificial intelligence,

The term fifth generation was intended to convey the system as being a leap beycad efisting
machines. Computers using vacuum tubes were called the first generation; transistors arn& diodes,
the second; integrated circuits, the third; and those using microprocessors, the fourth. Whereas
previous computer generations had focused on increasing the number gitogic®@lements in a
single CPU, the fifth generation, it was widely believed at the timef wouj&instead turn to
massive humbers of CPUs for added performance.

TYPESOF A COMPUTER

Classification of Computers Based on the RrincipleafsWorking
1. Analog Computers

Analog computers are used to process continuouswatey, Analog computers represent variables by
physical quantities. Thus any computer which™%olve problem by translating physical conditions
such as flow, temperature, pressure, angtiar position or voltage into related mechanical or
electrical related circuits as an analog#r the pysical phenomenon being investigated in general
it is a computer which uses an analCgefiuantity and produces analog values as output. Thus an
analog computer measures cogtinuousyafinalog computers are very much speedy. They produce
their results very fast. But theli Wgsults are approximately correct.

2. Digital Computers

Digital computer rgpresents®physical quantities with the help of digits or numbers. These
numbers are usqg teyderfarm Arithmetic calculations and also make logical decision to reach a
conclusion, dgderiding on, the data they receive from the user.

3. Hybrid Gompwters

Various Jpegficaly designed computers are with both digital and analog characteristics
C¥énbining the advantages of analog and digital computers when working as a system. Hybrid
conputers are being used extensively in process control system where it is necessary to have a
cloy 2 representation with the physical world.

Classification of Computers Accordingto Size

1. Super Computers
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Large scientific and research laboratories as well as the government organizations have extra
ordinary demand for processing data which required tremendous processing speed, memory and
other services which may not be provided with any other category to meet their needs. Therefore
very large computers used are called Super Computers. These computers are extremely
expensive and the speed is measured in billions of instructions per seconds.

2. Main Frame Computers

The most expensive, largest and the most quickest or speedy computer are called mainfraiig
computers. These computers are used in large companies, factories, organizations ety the
mainframe computers are the most expensive computers, they cost more than 20 mil{#on rupess.
In this computer 150 users are able to work on one C.P.U. The mainframes are able % prd:ess 1
to 8 bits at atime. They have several hundreds of megabytes of primary storage and op&fdte at a
speed measured in nano second.

3. Mini Computers

Mini computers are smaller than mainframes, both in size anG¥iner¥aciiities such as speed,
storage capacity and other services. They are versatile that theyycan®e fitted where ever they are
needed. Their speeds are rated between one and fifty millign rigtructions per second (MIPS).
They have primary storage in hundred to three hundred niggabytes range with direct access
storage device.

4. Micro Computers

These are the smallest range of computers. Tgey W introduced in the early 70’s having less
storing space and processing speed. MicgQ compouters of today’s are equivalent to the mini
computers of yesterday in terms of perfarmirigasd processing. They are also called “computer of
a chip” because its entire circuitry ig costained in one tiny chip. The micro computers have a
wide range of applications including uses as portable computer that can be plugged into any wall.

5. Laptop Computers

The smallest computer if%isize Was been developed. This type of small computers look like an
office brief case andgeiled§, APTOP" computer. The laptops are also termed as "PORTABLE
COMPUTERS)' Diego ¢he smal size and light weight, they become popular among the
computer users.-ahe dsiiessmen found laptop very useful, during traveling and when they are
far away fron{.thelliglesktop computers. A typical laptop computer has al the facilities available
in microcaigoutis# he smallest laptops are called "PALMTOP".

ORGANIZATION OF COMPUTER

Page 7 of 173



Block Diagram of Computer:
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A computer can process data, pictures, sound and graphics. They%an sbélve highly complicated
problems quickly and accurately.

Input Unit:

Computers need to receive data and instruction in ord'er to%olve any problem. Therefore we need
to input the data and instructions into the compu®ess. Whe input unit consists of one or more input
devices. Keyboard is the one of the most comritgnly used input device. Other commonly used
input devices are the mouse, floppy disk drige, magnetic tape, etc. All the input devices perform
the following functions.

» Accept the data and instructions from the gutside world.
* Convert it to aform that the compiyter. can understand.

* Supply the converted datci:o theomputer system for further processing.
Storage Unit:

The storage Uit of\the computer holds data and instructions that are entered through the input
unit, beforgythemare processed. It preserves the intermediate and final results before these are
sent to €e ougyut devices. It also saves the data for the later use. The various storage devices of a
computer Qstem are divided into two categories.

1 ENimary Storage: Stores and provides very fast. This memory is generally used to hold the
proiram being currently executed in the computer, the data being received from the input unit,
th€ intermediate and final results of the program. The primary memory is temporary in nature.
The data is lost, when the computer is switched off. In order to store the data permanently, the
data has to be transferred to the secondary memory.
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The cost of the primary storage is more compared to the secondary storage. Therefore most
computers have limited primary storage capacity.

2. Secondary Storage: Secondary storage is used like an archive. It stores several programs,
documents, data bases etc. The programs that you run on the computer are first transferred to the
primary memory before it is actually run. Whenever the results are saved, again they get stored
in the secondary memory. The secondary memory is slower and cheaper than the primar§
memory. Some of the commonly used secondary memory devices are Hard disk, CD, etc.

Memory Size:

All digital computers use the binary system, i.e. 0’s and 1’s. Each character or a“gysioer is
represented by an 8 bit code. The set of 8 bitsis called abyte. A character occupies 1 byte space.
A numeric occupies 2 byte space. Byte is the space occupied in the memory

The size of the primary storage is specified in KB (Kilobytes) .or B (N eosbyte). One KB is
equal to 1024 bytes and one MB is equal to 1000KB. The size of ¥3= prisgary storage in a typical
PC usualy starts at 16MB. PCs having 32 MB, 48MB, 1268MB#W256MB memory are quite
common.

Output Unit:

The output unit of a computer provides the informaion arid results of a computation to outside
world. Printers, Visual Display Unit (VDU) aresttis commonly used output devices. Other
commonly used output devices are floppy disk Giive, hard disk drive, and magnetic tape drive.

Arithmetic L ogical Unit:

All calculations are performedyin the Arfdimetic Logic Unit (ALU) of the computer. It aso does
comparison and takes decisiorigyThe ALU can perform basic operations such as addition,
subtraction, multiplicationf diisior; etc and does logic operations viz, >, <, =, ‘etc. Whenever
calculations are required, e covitrol unit transfers the data from storage unit to ALU once the
computations are dayie, Jae rasults are transferred to the storage unit by the control unit and then
it is send to th&gutputduaniffor displaying results.

Control Unit!

It contrCis all 1her units in the computer. The control unit instructs the input unit, where to store
the data areef receiving it from the user. It controls the flow of data and instructions from the
siegage unit to ALU. It also controls the flow of results from the ALU to the storage unit. The
aepirdfunit is generaly referred as the central nervous system of the computer that control and
syn-hronizes it’s working.

Central Processing Unit:

The control unit and ALU of the computer are together known as the Central Processing Unit
(CPU). The CPU islike brain performs the following functions:
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* It performs all calculations.

* It takes all decisions.

* It controls all units of the computer.

A PC may have CPU-IC such as Intel 8088, 80286, 80386, 80486, Celeron, Pentium, Pentium
Pro, Pentium 1, Pentium 111, Pentium IV, Dua Core, and AMD etc

MICROPROCESSOR

A microprocessor incorporates the functions of a computer's central processing unit (CPU} on ¢
single integrated circuit (IC),[1] or at most a few integrated circuits.[2] It is a myispureas,
programmable device that accepts digital data as input, processes it according tofinstrigstions
stored in its memory, and provides results as output. It is an example of sequential dig#alogic,
as it has internal memory. Microprocessors operate on numbers and symbols represented in the
binary numeral system.

A silicon chip that contains a CPU. In the world of personal comoutemytheterns microprocessor
and CPU are used interchangeably. At the heart of all personal, cofgoutergand most workstations
sits a microprocessor. Microprocessors also control the logic Ghalnmigst all digital devices, from
clock radios to fuel-injection systems for automobiles.

Threebasic characteristics differentiate microprocessors:

Instruction set: The set of instructions that the micriproCagsor can execute.
Instruction types
Some operations available in most ingip&ction 3ets include:

Data handling and,Memory ager ations
o set a register (&% emporary "scratchpad” location in the CPU itself) to a fixed
constant valsd
o move dat&from“¥ memory location to a register, or vice versa. This is done to
obtaipsting dedg to perform a computation on it later, or to store the result of a
somy utstiop.
o Lefd awmbadrite datafrom hardware devices
Arithmeyg and Logic
clddsubtract, multiply, or divide the values of two registers, placing the result
in aregister, possibly setting one or more condition codes in a status register
2 perform bitwise operations, taking the conjunction and disunction of corresponding
bitsin apair of registers, or the negation of each bit in aregister
o compare two values in registers (for example, to seeif oneisless, or if they are
equal)
Control flow
o branch to another location in the program and execute instructions there
o conditionally branch to another location if a certain condition holds
o indirectly branch to another location, while saving the location of the next
instruction as a point to return to (acall)
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Status Register (SREG)

SREG: Status Register

C: Carry Flag

Z: Zero Flag

N: Negative Flag

V: Two’s complement overflow indicator
SIN V, For signed tests

H: Half Carry Flag
T: Transfer bit used by BLD and BST instructions

I: Global Interrupt Enable/Disable Flag Q

Registersand Operands

Rd: Destination (and source) register in the Register File 2
Rr: Source register in the Register File

R: Result after instruction is executed

K: Constant data

k: Constant address

b: Bit in the Register File or 1/0 Register (3-bit)

s: Bit in the Status Register (3-bit)

X,Y,Z: Indirect Address Register L 4
(X=R27:R26, Y=R29:R28 and Z=R31:R30)

A: /O location address

g: Displacement for direct addressing (6-bit)

Bandwidth: The number of bits pro%’n ngle instruction.
Clock speed: Givenin meg (MH e clock speed determines how many instructions per

second the processor can exec

In both cases, the hig value, the more powerful the CPU. For example, a 32-bit
microprocessor that 0 Hz is more powerful than a 16-bit microprocessor that runs at
25MHz.

In addition togd .1
(reduced i

THER®VOGLUTION OF MICROPROCESSOR
WI ution of microprocessors has been broadly divided into 4 generations. Thisis described

and clock speed, microprocessors are classified as being either RISC
t computer) or CISC (complex instruction set computer).

First generation microprocessor s-
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The first generation of microprocessors was introduced in 1971-1973. They used monolithic IC
and P-MOS technology. This technology has slow speed, not supported with TTL. Due to the
lack of pins, signals have to be multiplexed.

Example-4004 & 4040

Second gener ation micr opr ocessor s-

These microprocessors were introduced in 1973-1978. They were designed using NgvidS
technology. Faster speed and higher density packaging than P-MOS technology. it haciymore
powerful instruction set, ability to handle large memory space and had better interrygt®hanaivy

capability.
Example-8080 & 8085
Third generation microprocessors-

These were introduced in between 1978-1980. They were basi@allly 1§, bit®rocessor and were
made by using H-M OS technology. It had flexible input-outpGaportgddresses.

Example- 8 hit-8086
16 bit- 80286, 80386 & 80486.

Fourth generation microprocessor -

These were introduced after 1980. It had 2kb migin mernory, 16 mb physical memory, 1 tb virtual
memory for enhancing speed.

Example- Celeron and further invent¢ nsegessors.
Reduced instruction & computing

Reduced instruction set¢¢ompiting, or RISC isa CPU design strategy based on the insight that
simplified (as opposedyto cogaplex) instructions can provide higher performance if this ssmplicity
enables much fasterf=xgtution of each instruction. A computer based on this strategy is areduced
instruction set Camptiar 350 called RISC.

A number@f Spgtenis, going back to the 1970s (and even 1960s) have been credited as the first
RISC axchiteqgure, partly based on their use of |oad/store approach.The term RISC was coined by
David Pagerson of the Berkeley RISC project, although somewhat similar concepts had appeared
Before.

<I9C-Means Reduced Instruction Set Computer. a Risc system has reduced number of
ingructions and more importantly it is load store architecture were pipelining can be
implemented easily. E.g. ATMEL AVR
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Instruction Set: large set of instruction with variable size (16 to 64)
Addressing Modes: 12-24

General Purpose registers. 8-24

Clock rate: 33-50MHz in 1992

Complex instruction set computing

execute several low-level operations (such as aload from memory, an arithmetic operatio

A complex instruction set computer (CISC),is a computer where single instructions=eg
memory store) and/or are capable of multi-step operations or addressing modes i

instructions. The term was retroactively coined in contrast to reduced instruction <3t computer
(RISC).

Examples of CISC instruction set architectures are System/360 through chitegure, PDP-11,
VAX, Motorola 68k, and x86.

CISC-Means Complex instruction set architecture. A ClI as complex
instructions such asdirect addition between data in two metiar ations. E.g.

Instruction Set: Small set of instruction with fixed size t)
Addressing Modes: 3-5

General Purpose registers: 32-192 A\

Clock rate: 50-150MHz in 1993

MEMORY UNIT 0
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memory unit is the unit where all the input data and results stored. The CPU memory is aso

as memory register. The memory of a computer is also available in the form of Random

Memory (RAM). RAM is a semiconductor chip. RAM is considered as a volatile

mefnory, it means as long power is supporting information stored in it remain. Once the power is

st, the information stored in the RAM also gets erased. Microcomputers contains read Only
Memory (ROM). ROM contains instructions for the microcomputers.
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Microcomputers use ROM, programmable read only memory (PROM), and erasable
programmable read-only memory (EPROM) to store selected application programs. The
contents of ROM are determined when the chips are manufactured. The ROM memory is
considered as non volatile, means the information is not get erased even when power is
failed. The most important ROM chip(s) we should know about is the Basic Input/output system
or BIOS. The BIOS is a collection of small computer programs built into a ROM chip.

On personal computer therearethreetypesof memory. They are

Conventional memory: The memory into which we load our software and work%files
Conventiona memory also known as base or low memory is any memory belowgivl (1025)
although only 640k of it is directly available for our work.

Extended memory (XMS): Memory above 1M. This type of memory is usualy not directly
available to our software.

Expanded memory (EMS): To expand the memory by reserving a snecid. peephole of 64kb of
memory to be used when the computer requests certain data nCyimniggdialcly available from
RAM. Usudly a software utility caled an ExpatgdedyMernory Manager (EMM)
manages this expanded memory.

Computer Memory isclassified into:

» Main memory
» Secondary memory
» Cache memory

MAIN MEMORY

Refers to physical memory that is intefid ) the computer. The word main is used to distinguish
it from external mass storageygevices Sich as disk drives. Another term for main memory is
RAM.

The computer can maniptigte oy data that is in main memory. Therefore, every program you
execute and every file yhu adeess must be copied from a storage device into main memory. The
amount of maifymelaghy ¢nh a computer is crucial because it determines how many programs can
be executed atgariagi meand how much data can be readily available to a program.

Because congout®€ often have too little main memory to hold all the data they need, computer
engine&g.inveated a technique called swapping, in which portions of data are copied into main
rmemory aswiey are needed. Swapping occurs when there is no room in memory for needed data.
\ivigen one portion of datais copied into memory, an equal-sized portion is copied (swapped) out
tomgadiet room.

“AM

Random access memory (RAM) is a form of computer data storage. A random access device
allows stored data to be accessed in any order in very nearly the same amount of time for any
storage location or size of memory device. A device such as a magnetic tape requires increasing
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time to access data stored on parts of the tape that are far from the ends. Memory devices (such
as floppy discs, CDs and DVDs) can access the storage data only in a predetermined order,
because of mechanical design limitations; the time to access a given part of the device varies
significantly due to its physical location.

ROM

Read-only memory (ROM) is a class of storage medium used in computers and other electroni®
devices. Data stored in ROM cannot be modified, or can be modified only slowly orgmith
difficulty, so it ismainly used to distribute firmware (software that is very closely tied to s ecific
hardware and unlikely to need frequent updates).

In its strictest sense, ROM refers only to mask ROM (the oldest type of solid state RC3)#which
is fabricated with the desired data permanently stored in it, and thus can never be modified.
Despite the simplicity, speed and economies of scale of mask ROM, field-programmability often
make reprogrammable memories more flexible and inexpensive. Asfofs2807, actual ROM
circuitry is therefore mainly used for applications such as microcodg,and sinlilar structures, on
various kinds of processors.

PROM

A programmable read-only memory (PROM) or fied @ogriinmable read-only memory
(FPROM) or one-time programmable non-volatile memory (O1P NVM) is a form of digital
memory where the setting of each bit is locked by @ fudg or antifuse. Such PROMs are used to
store programs permanently. The key difference from a swvict ROM s that the programming is
applied after the deviceis constructed.

PROMSs are manufactured blank and, depending ¢it the technology, can be programmed at wafer,
final test, or in system. The availability of thistechnology allows companies to keep a supply of
blank PROMs in stock, and program @s@n ¢! the last minute to avoid large volume commitment.
These types of memories argfsequently”seen in video game consoles, mobile phones, radio-
frequency identification (RFIDtags, implantable medical devices, high-definition multimedia
interfaces (HDM1) and in gficify, OtF& consumer and automotive electronics products.

EPROM

An EPROM (el yt=OMl), or erasable programmable read only memory, is a type of memory
chip that retaips~% da¥vhen its power supply is switched off. In other words, it is non-volatile.
It is an array f flg¥ing-gate transistors individually programmed by an electronic device that
supplies higher“waitages than those normally used in digital circuits. Once programmed, an
EPRONYcan ibp erased by exposing it to strong ultraviolet light source (such as from a mercury-
vapor lighgw=PROMSs are easily recognizable by the transparent fused quartz window in the top
@.the package, through which the silicon chip isvisible, and which permits exposure to UV light
Chget gerasing.

S5EPROM

EEPROM s stands for Electrically Erasable Programmable Read-Only Memory and is a type of
non-volatile memory used in computers and other electronic devices to store small amounts of
data that must be saved when power isremoved, e.g., calibration tables or device configuration.
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When larger amounts of static data are to be stored (such as in USB flash drives) a specific type
of EEPROM such as flash memory is more economica than traditiona EEPROM devices.
EEPROMs areredlized as arrays of floating-gate transistors.

EEPROM is user-modifiable read-only memory (ROM) that can be erased and reprogrammed
(written to) repeatedly through the application of higher than normal electrical voltage generated
externaly or internally in the case of modern EEPROMs. EPROM usualy must be removet!
from the device for erasing and programming, whereas EEPROMs can be programmedsaad
erased in circuit. Originally, EEPROMSs were limited to single byte operations which mad{ then
slower, but modern EEPROMSs allow multi-byte page operations.

SECONDARY MEMORY

Secondary memory is where programs and data are kept on a long-tasm bagis. Common
secondary storage devices are the hard disk and floppy disks.

- The hard disk has enormous storage capacity compared to igain rigmory.

- The hard disk is usually contained in the systems unit ol cormauter.

- The hard disk isused for long-term storage of prograrfis angdata.

- Dataand programs on the hard disk are organized into Wles/~-named sections of the disk.

A hard disk might have a storage capacity of 40 gigabydgs. Thisis about 300 times the amount
of storage in main memory (assuming 128 megabytes of rain memory.) However, a hard disk
is very slow compared to main memory. The recsq! for having two types of storage is this
contrast:

Primary memory " _am. | Secondary memory
1. Fast 1. Slow
2. Expensive 2. Cheap
3. Low capacity 3. Large capacity
4. Connects directly tH thayorocessor 4. Not connected directly to the processor

Floppy disks e rmstly ' used for transferring software between computer systems and for
casua backug or%oftware. They have low capacity, and are very, very slow compared to other
storage deviCas.

CACH& N EMORY

Main

T IMemory

Bug
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A CPU cache is a cache used by the central processing unit of a computer to reduce the
average time to access memory. The cache is a smaller, faster memory which stores copies of
the data from the most frequently used main memory locations. As long as most memory
accesses are cached memory locations, the average latency of memory accesses will be closer
to the cache latency than to the latency of main memory.

INPUT AND OUTPUT DEVICES

|. Introduction 0

The computer will be of no use unless it is able to communicate with the out%’/orld.
Input/output devices are required for users to communicate with the computer. In simple terms,
input devices bring information INTO the computer and output Devices bring information OUT
of a computer system. These input/output devices are also known hefdls since they
surround the CPU and memory of a computer system.

[1. Input Devices Q

(a) Keyboard .
It is a text base input device that alows the user&jnput alphabets, numbers and Other

characters. It consists of a set of keys mounted K

Figure 1: The Keyboard and Mouse

hanumeric Keypad
I sists of keys for English alphabets, 0 to 9 numbers, and special characterslike +-1/ * () etc.
Fugiction Keys
ere are twelve function keys labeled F1, F2, F3... F12. The functions assigned to these keys
differ from one software package to another. These keys are aso user programmable keys.

Special-function Keys
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These keys have specia functions assigned to them and can be used only for those specific
purposes. Functions of some of the important keys are defined below.

Enter

It is similar to the ‘return’ key of the typewriter and is used to execute a command or program.
Spacebar

It is used to enter a space at the current cursor location. 0

Backspace
This key is used to move the cursor one position to the left and also delete the cha@w that
position.

Delete .
It is used to delete the character at the cursor position. @
Insert

Insert key is used to toggle between insert and overwrite mode &ri ataentry.
Shift

This key is used to type capital letters when prasseﬁ ong with an aphabet key. Also used to
type the special characters located on the upper-side o g key that has two characters defined on
the same key.

Caps L ock
Cap Lock is used to toggle between tfig, capital lock features. When ‘on’, it locks the

aphanumeric keypad for capital Iette@ 0
Tab

Tab is used to move the curs&he next tab position defined in the document. Also, it is used

to insert indentation into @
Ctrl

Control key i sa@wj unction with other keys to provide additional functionality on the
keyboard.

Alt
Also Ii@ymrol key, Alt key is aways used in combination with other keys to perform

Qt

hif) key is usually used to negate a command. Also used to cancel or abort executing programs.

Numeric Keypad
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Numeric keypad is located on the right side of the keyboard and consists of keys having numbers
(0 to 9) and mathematical operators (+ — * /) defined on them. This keypad is provided to support
quick entry for numeric data.

Cursor Movement Keys
These are arrow keys and are used to move the cursor in the direction indicated by the arrow (up,

down, left, right).

(b) Mouse

The mouse is a small device used to point to a particular place on the screen and iorder
to perform one or more actions. It can be used to select menu commands, size wi , Start
programs etc. The most conventional kind of mouse has two buttons on top: the left one being
used most frequently. .

Mouse Actions @

Left Click: Used to select an item.

Double Click: Used to start a program or open afile.
Right Click: Usually used to display a set of commands.

Drag and Drop: It alows you to select and move an ite » "one location to another. To
achieve this place the cursor over an item on the sﬂ&llck (e left Mouse button and while

holding the button down move the cursor to whereyoufuant to place the item, and then release
it.

(c) Joystick
Thejoystick isavertical stick which moves thefraphic cursor in a direction the stickis moved. It
typically has a button on top that is used the option pointed by the cursor. Joystick is

used as an input device primarily u%ith deo games,Training simulators and controlling

robots

6® Figure 3: The Joystick

ner i nput device used for direct data entry from the source document into the computer
. It converts the document image into digital form so that it can be fed into the computer.
g information like this reduces the possibility of errors typically experienced during
larg2 data entry.
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O

Figure 4: The Scanner
Hand-held scanners are commonly seen in big stores to scan codes and price inf@n for
each of theitems. They are aso termed the bar code readers.

(e) Bar codes ®

A bar code is a set of lines of different thicknesses that represent a nu Code Readers
are used to input data from bar codes. Most products in shops have fagr ¢ on them.Bar code
readers work by shining a beam of light on the lines that make upihne bag.code and detecting the
amount of light that is reflected back

Figurgs: QCode Reader

(f) Light Pen

It is a pen shaped device used to sel i£cts on adisplay screen. It is quite like the mouse but
uses a light pen to move the piiater and select any object on the screen by pointing to the object.
Users of Computer Aided ' AD) applications commonly use the light pens to directly

draw on screen.
(g) Touch Screen

It alows the t ake selections by simply touching the display screen. Common
examples of to clude information kiosks, and bank ATMs.

(h)Digital ca

A digitd : store many more pictures than an ordinary camera. Pictures taken using a

digital are stored inside its memory and can be transferred to a computer by connecting
the camelg to)it. A digital camera takes pictures by converting the light passing through the lens

@om to adigital image.

Sz

B

Figure 6: The Digital camera
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(i) The Speech Input Device

The “Microphones - Speech Recognition” is a speech Input device. To operate it we require
using a microphone to talk to the computer. Also we need to add a sound card to the computer.
The Sound card digitizes audio input into 0/1s .A speech recognition program can process the
input and convert it into machine-recognized commands or input.

Figure 7: The Microphone

[11. Output Devices

(&) Monitor

Monitor is an output device that resembles the television sgfeen®ad Uses a Cathode Ray Tube
(CRT) to display information. The monitor is associated wivg,a lleyboard for manual input of
characters and displays the information as it is Keyed in. It aso displays the program or
application output. Like the television, monitors areasCgvailable in different sizes.

(b) Liquid Crystal Display (LCD)

LCD was introduced in the 1970s and is now Ggplied to display terminals also. Its advantages
like low energy consumption, smaller anGylighier have paved its way for usage in portable
computers (laptops).

Figure 8: The LCD

(c) Printer

Printers e vsed to produce paper (commonly known as hardcopy) output. Based on the
t@ghinology used, they can be classified as Impact or Non-impact printers. Impact printers use the
typwriting printing mechanism wherein a hammer strikes the paper through a ribbon in order to
grcpluce output. Dot-matrix and Character printers fall under this category. Non-impact printers
doghot touch the paper while printing. They use chemical, heat or electrical signals to etch the
symbols on paper. Inkjet, Deskjet, Laser, Thermal printers fall under this category of printers.
When we talk about printers we refer to two basic qualities associated with printers. resolution,
and speed. Print resolution is measured in terms of number of dots per inch (dpi). Print speed is
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measured in terms of number of characters printed in a unit of time and is represented as
characters-per-second (cps), lines-per-minute (Ipm), orpages-per-minute (ppm).

Figure 9: The Printer

Types of Printer

Many of the printing methods described in this section are now obsolete but are included for
those interested in the history of computing technol ogy!

LinePrinter

Line printers have a spinning horizontal drum that stretches fne 1§l width of the paper which is
separated from it by an inked ribbon. The drum is made up €§.137 thin cylinders each having a
complete set of characters. Behind the paper isarow of 132 harmimers that strike the paper at the
right moment to select the required character from the%orresponding cylinder. In this way it is
able to print a complete line at atime. Line printersWre used for high volume low quality output
and are very noisy. They are obsolete now.

Dot Matrix

Dot matrix printers have a horizontalij*imoying head with a vertical line of pins mounted inside.
An inked ribbon is located betyseen the i%€ad and the paper and as the head moves the pins strike
the ribbon to form each charactefas a series of dots. The best quality printers have heads with 24
pins and low quality ones fiav9 pivis (although by making two passes and shifting the head half
a pin pitch between themithey ¢an effectively act as as a 18 pin head). As these printers can
produce small dots giyywherdon the paper most support graphics and have software fonts. Dot
matrix printersigre Guide nbisy but can be cheap. They are mostly for low to medium quality, low
volume persongdge.

Daisy Wrigdl

Qn a daisy=whedl printer the complete set of characters is held on a removable wheel which
comgists of a central collar radiating out from which are a set of spokes, each ending in a single
gi&ader. The wheel spins round to align the required character with a single hammer. The
hagimer and wheel assembly move across the paper striking it through an inked ribbon. These
printers can produce high quality output but are limited to the range of characters on the whesl.
Changing wheels is simple, this provides alternative fonts, but is no substitute if a wide range of
fontsisrequired. They are quiet noisy and are used for low volume office work.
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Ink Jet

Ink jet printers have a movable head that can spray fine drops of ink directly on to the paper.
Some have multiple heads carrying coloured inks with the best ones providing a wide range of
colours. As the paper and the head never come into contact they are very quiet. However they are
also rather slow. They are generally cheaper than laser printers and are suitable for all types of
high quality low volume work. We have afew in the department including one colour Postscri

one CPS2. O
o Q
In alaser printer, paper is given an electro-static charge by passing it over a charg and
then alaser scans it discharging all clear areas. Next the paper is passed over atray of powdered
ink (toner) which is attracted to the charged areas. Finally the ink is bon theypaper by heat
or pressure. Laser printers are quiet and are used for high quality low orthi ume work. We

have a number in the department including PS9 (a Postscript prigter, d PS4 (adouble
sided Postscript printer outside room 663). %

Camera Copy

In this case laser light writes directly onto film |nS|d camera to make very high quality full
colour output. Again the process is expensive and e me low. OUCS have a camera copy
service that takes Postscript format files.

(d) Plotter
Plotters are used to print graphical outpit o . It interprets computer commands and makes
line drawings on paper using multi automated pens. It is capable of producing graphs,

drawings, charts, maps etc. Computer #4iided Engineering (CAE) applications like CAD
(Computer Aided Design) an@é_AM (Computer Aided Manufacturing) are typical usage areas
for plotters.

Figure 10: The Plotter

(e) Audio Output: Sound Cardsand Speakers:
The Audio output is the ability of the computer to output sound. Two components are needed:
Sound card — Plays contents of digitized recordings, Speakers — Attached to sound card.
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INPUT/OUTPUT PORT AND CONNECTOR
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Serial Portsand Parallel Port 0

The integrated seria ports use 9-pi n%ni niature connectors on the back panel. These ports
support devices such as ext modems, printers, plotters, and mice that require serial data
transmission (the transmission onglata one bit at atime over one line).

12/100/1000 N_C
connector

Most software uses the tesn C (for communications) plus a number to designate a serial port
(for example, COM ON¥2). The default designations of your system'’s integrated serial ports
are COM1 anGiCOIRMZ. The integrated paralel port uses a 25-pin D-subminiature connector on
the system's his I/O port sends data in parallel format (where eight data bits, or one
byte, are sqat eously over eight separate linesin asingle cable). The parallel port is used
primaridy for{inters.

st software uses the term LPT (for line printer) plus a number to designate a parallel port (for
, LPT1). The default designation of the system’s integrated parallel port is LPT1.

designations are used, for example, in software installation procedures that include a step in
which you identify the port to which a printer is attached, thus telling the software where to send
its output. (An incorrect designation prevents the printer from printing or causes scrambled
print.)
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Serial Port Connector

If you reconfigure your hardware, you may need pin number and signal information for the serial port
connector. Table B-1 defines the pin assignments and interface signals for the serial port connector.

Table B-1. Serial Port Pin Assignments

Pin | Signal /0O |Definition

1 DCD || Data carrier detect

2 SIN |l Serial input

3 SOUT O | Seria output

4 DTR |O | Dataterminal ready

5 GND |N/A Signa ground

6 DSR |l Data set ready

7 RTS |O | Requesttosend

8 |CTS | | Cleartosend %

9 R || Ring indi%

Shell N/A N/A Cha@nd
S

If you Sgcon
Wp connector. Table B-2 defines the pin assignments and interface signals for the
el

T

re your hardware, you may need pin number and signal information for the

port connector.

e B-2. Parallel Port Pin Assignments

Pin

Signal

/O

Definition
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1 STB# |I/O | Strobe

2 PDO |[I/O |Printer databit O

3 PD1 |[I/O |Printer databit 1

4 PD2 |I/O |Printer databit 2

5 PD3 [I/O |Printer databit 3

6 PD4 |1/O | Printer databit 4

7 PD5 |[I/O |Printer databit 5

8 PD6 |[I/O |Printer databit 6 Q

9 PD7 |[1/O |Printer databit 7 *

10 ACK# | Acknowledge A\

11 BUSY || Busy 0

12 PE |  Paperend %

13 SLCT || Selec &

14 AFD#

15  ERR#s

16 @O Initialize printer
KSLIN#O Sdectin

5/ GND |N/A Signa ground

Adding an Expansion Card Containing Serial or Parallel Ports
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The system has an auto configuration capability for the serial ports. This feature lets you add an
expansion card containing a serial port that has the same designation as one of the integrated
ports, without having to reconfigure the card. When the system detects the duplicate seria port
on the expansion card, it remaps (reassigns) the integrated port to the next available port
designation.

Both the new and the remapped COM ports share the same IRQ setting, as follows:
COM1, COM3: IRQ4 (shared setting)

COM2, COM4: IRQ3 (shared setting)

These COM ports have the following I/0O address settings:

COM1:3F8h
COM2:2F8h
COM3:3E8h
COM4:2E8h

For example, if you add an internal modem card with a portastigured as COM1, the system
then sees logical COM1 as the address on the m@gdem card. It automatically remaps the
integrated seria port that was designated as COMil to "§OM3, which shares the COM1 IRQ
setting. (Note that when you have two COM portgheting an IRQ setting, you can use either port
as necessary but you may not be able to use tigm both at the same time.) If you install one or
more expansion cards with serial ports degignaled as COM1 and COM3, the corresponding
integrated serial port is disabled.

Before adding a card that rergaps the @OM ports, check the documentation that accompanied
your software to make sure that the software can be mapped to the new COM port designation.

To avoid auto configuraticy, yot?Pmay be able to reset jumpers on the expansion card so that the
card's port designation £hanges to the next available COM number, leaving the designation for
the integrated ptt adfis. Aidternatively, you can disable the integrated ports through the System
Setup progrant. Thigdocumentation for your expansion card should provide the card's default I/0O
address an¢\, aliquable IRQ settings. It should aso provide instructions for readdressing the port
and chagging e IRQ setting, if necessary.

E)¢ general Information on how your operating system handles serial and parallel ports, and for
marddstailed command procedures, see your operating system documentation.

Kgyboard and Mouse Connectors

The system uses a PS/2-style keyboard and supports a PS/2-compatible mouse. Cables from both
devices attach to 6-pin, miniature DIN connectors on the back panel of your system.
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Keyboard Connector

The following information is pin information for the keyboard connector. Figure B-4 illustrates the pin
numbers for the keyboard connector. Table B-3 defines the pin assignments and interface signals for the
keyboard connector.

Figure B-4. Pin Numbers for the Keyboard Connector

L 2
Table B-3. Keyboard Connector Pin Assignments @

Pin Signa 1/O Déefinition Q

1 KBDATA 1/0 Keyboard data

2 NC N/A | No connection A\

3 GND N/A | Signal ground

4 FVce N/A | Fused suppl@

5 | KBCLK I/O Keybwck
6 NC N/A Nmrmction

Shell  N/A assis ground

Mouse C

The follG¥ing I's pin information for the mouse connector. Figure B-5 illustrates the pin numbers
the mouse connector. Table B-4 defines the pin assignments and interface signals for the
onnector.

le B-4. Mouse Connector Pin Assignments (Back Panel)

Pin |Signal /O | Definition
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1 MSDATA |[I/O | Mouse data

2 NC N/A | No connection

3 GND N/A | Signa ground

4  FVce N/A | Fused supply voltage 0
5 MSCLK | I/O Mouse clock O

6 NC N/A | No connection
(b.‘
L 2

The system uses a 15-pin high-density D-subminigu onnector on the front and back panels

Shell  N/A N/A | Chassis ground

Video Connector

for attaching a V GA-compatible monitor to your sy: . TYe video circuitry on the system board

synchronizes the signals that drive the red, gr ue electron guns in the monitor.
Figure B-6. Pin Numbers for the Video Coé

annector Pin Assignments

/O | Definition
O | Redvideo
GREEN O | Greenvideo
3 BLUE O | Bluevideo
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4 NC N/A | No connection

5-8, 10 GND N/A | Signal ground

9 VCC N/A |Vcc

11 NC N/A ' No connection 0
12 DDC dataout |O Monitor detect data Q

13 HSYNC O | Horizontal synchronization
L 2
14 VSYNC O | Vertica synchronization
15 DDCclock out 'O | Monitor detect clock Q
Shell | N/A N/A | Chassis ground 4

USB Connectors Q
Your system contains two USB conasctor the rear panel for attaching USB-compliant

devices. USB devices are typically p%ls such as mice, keyboards, and system speakers.

NOTICE: Do not attach a U&ce or a combination of USB devices that draw a maximum
current over 500 mA pef crigane®on +5 V. Attaching devices that exceed this threshold may
cause the USB ports to n. See the documentation that accompanied the USB devices
for their maximu ings.

t

If you reconfi aur hardware, you may need pin number and signal information for the USB
connectorsihFigise -7 illustrates the USB connector and Table B-6 defines the pin assignments
and intégface Yignals for the USB connector.

ure B-7. Pin Numbers for the USB Connector

Page 30 of 173



Table B-6. USB Connector Pin Assignments

Pin Signal 1/O Definition

1 |Vcc N/A | Supply voltage
2 DATA- |I/O Data

3 |DATA+ I/O Data

4 |GND N/A | Signal ground

Integrated NIC Connector

Y our system has one integrated 10/100/1000 Mbps NIC. ThefiUr220/1300 Mbps NIC connectors
provide faster communication between servers and workstativgs aid efficient utilization of host
resources, freeing more of the system resources for @ther applications. The NIC supports 10
Base-T, 100 Base-TX, and 1000 Base-T Ethernet stgndards.

The NIC includes a Wake On LAN feature hat "@aailes the system to be started by a specia
LAN signal from a systems management cansolgyWake On LAN provides remote system setup,
software downloading and installation, fileyusdates, and asset tracking after hours and on
weekends when LAN traffic is typicea s aminimum.

Network Cable Requirement

Y our system's RJ5 NIC gonndgtor 1s designed for attaching a UTP Ethernet cable equipped with
standard RJ45-compatihl e Phigs. Press one end of the UTP cable into the NIC connector until the
plug snaps secyirel y fntgfplace. Connect the other end of the cable to an RJ5 jack wall plate or to
an RM5 port grU is0ncentrator or hub, depending on your network configuration. Observe
the following Gabliriyrestrictions for 10 Base-T, 100 Base-TX, and 1000 Base-T networks.

Use Category 5 or greater wiring and connectors.
The maximum cable run length (from a system to a hub) is 328 ft (100 m).

Y ou can find guidelines for operation of anetwork can be found in " Systems
Considerations of Multi-Segment Networks" in the IEEE 802.3 standard.
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Embedded Remote Access Ethernet Connector (Optional)

Y our system's optional embedded remote access Ethernet connector is designed to provide
remote access capabilities for your system. It is designed specifically to work with systems
management software.

Figure B-9. Embedded Remote A ccess Ethernet Connector

link ndicator ‘ - activity indicator O

. IM :J
(b.‘
An operating system is a layer of software which takes care ical aspects of a computer's
operation. It shields the user of the machine from the low-lev ils of the machine's operation
and provides frequently needed facilities. There is nog ersal definition of what an operating
aly

system consists of. You can think of it as being the sCétware which is aready installed on a
machine, before you add anything of your own.JNor he operating system has a number of

OPERATING SYSTEM

key elements:
(i) A technical layer of software for drivi deare of the computer, like disk drives, the
keyboard and the screen;

(i) A file system which provi@y or organizing fileslogically, and

(i) A simple command (langyiage which enables users to run their own programs and to
i ir files i imple way. Some operating systems aso provide text editors,
|

manipulate their fil
compilers, debugg avariety of other tools. Since the operating system (OS) is in charge of
acomputer, all \ggueyts tg use its resources and devices need to go through the OS.

='provides Legal entry points into its code for performing basic operations
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Fig. Operating System

Operating systems may be classified by both how many tasks they can perform “simultaneously’
and by how many users can be using the system "simultaneously'. That is: single-user or multi-
user and single-task or multi-tasking. A multi-user system must clearly be multi-tasking.

Functions of Operating System

An operating system (OS) is a set of computer program that manages the hardware and sa twart
resources of a computer. At the foundation of all system software, the OS performs hasicagsks
such as controlling and alocating memory, prioritizing system requests, controllirf) input and
output devices, facilitating networking, and managing files. It a'so may provide a greghici user
interface for higher level functions. Various services performed by operating systems are
discussed below.

1. Process management: It deals with running multiple processes.” M osl ‘Gperating system
allows a process to be assigned a priority which affe@¢sfitstgllodeion of CPU time.
Interactive operating systems also employ some level f feciback®n which the task with
which the user isworking receives higher priority. In gragsyseems there is a background
process which runs when no other processis waiting 19 the EPU.

2. Memory management: The memory manager in an O& coordinates the memories by
tracking which one is available, which is to be'dilocated or deal located and how to swap
between the main memory and secondary \nmemcgies. The operating system tracks all
memory used by each process so that wheg,a jyocess terminates, all memory used by that
process will be available for other procagses.

3. Disk and file systems: Operatingisyste s have a variety of native file systems that
controls the creation, deletion, amd acCaas’of files of data and programs.

4. Networking: Most current(los&@ting systems are capable of using the TCP/IP
networking protocols. This meansg#nat one system can appear on a network of the other
and share resources suca as files, printers, and scanners. Many operating systems also
support one or morgmgndCispecific legacy networking protocols as well.

5. Security: most oggratirigysystems include some level of security.

6. Device drivesag A Wavice driver is a specific type of computer software developed to
allow intergttigh with hardware devices. Typically this constitutes an interface for
commungatiiguath the device, through the specific computer bus or communications
subsysem Wat the hardware is connected to, providing commands to and/or receiving
datq froag.th2 device, and on the other end, the requisite interfaces to the operating system
and séftware applications.

Wrpes of Uperating System

Jpwraing systemis a platform between hardware and user which is responsible for the
mafiagement and coordination of activities and the sharing of the resources of a computer. It
nosts the several applications that run on a computer and handles the operations of computer
hardware. There are some different operating systems. These are as follows:
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1. Real-time Operating System: It is a multitasking operating system that aims at executing
real-time applications.

2. Multi-user and Single-user Operating Systems: The operating systems of this type alow a
multiple users to access a computer system concurrently.

3. Multi-tasking and Single-tasking Operating Systems. When a single program is allowed t¢
run at a time, the system is grouped under a single-tasking system, while in case the operatiag
system allows the execution of multiple tasks at one time, it is classified as a multi-tasking
operating system.

4. Distributed Operating System: An operating system that manages a group of Iiglegendent
computers and makes them appear to be a single computer is known as a distributed operating
system.

5. Embedded System: The operating systems designed for being Ksed ii, ezbedded computer
systems are known as embedded operating systems.

Types of Operating System

DOS (Disk Operating System)
UNIX

LINUX

Window XP

DOS (Disk Operating System)

DOS (Disk Operating System) was thegirst widely-installed operating system for personal
computers. (Earlier, the samefiame had been used for an IBM operating system for a line of
business computers.)

The first persona comgutegversion of DOS, called PC-DOS, was developed for IBM by Bill
Gates and his gew [igfosoft Corporation. He retained the rights to market a Microsoft version,
caled MS-DOSHPCRES and MS-DOS are almost identical and most users have referred to
either of thentas jUi,"DOS." DOS was (and still is) a non-graphical line-oriented command- or
menu-drivég opgsating system, with a relatively simple interface but not overly "friendly" user
interfagg, Itsompt to enter acommand looks like this:

>

The first Microsoft Windows operating system was really an application that ran on top of the

AMGS-DOS operating system. Today, Windows operating systems continue to support DOS (or a
DOS-like user interface) for special purposes by emulating the operating system.
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In the 1970s before the personal computer was invented, IBM had a different and unrelated DOS
(Disk Operating System) that ran on smaller business computers. It was replaced by IBM's VSE
operating system.

Advantages:
1. DOSisvery lightweight and it allows direct access to most hardware.
2. It does not have the overhead of a multitasking operating system.

Disadvantages:
1. It is 16-bit and limited to 640k of RAM (this can be overcome with a DOS exteader)
2. Itrunsinreal mode, so abuggy or malicious program can cause corruption.

UNIX Operating System

UNIX (officialy trademarked as UNIX, sometimes also writien&RUnaedis a multitasking,
multi-user computer operating system originaly developeg,in“ €969 Wy a group of AT&T
employees at Bell Labs, including Ken Thompson, Dennis Righie, “@rian Kernighan, Douglas
Mcllroy, Michael Lesk and Joe Ossanna. The UNIX operéing System was first developed in
assembly language, but by 1973 had been amost entirely reCaged in C, greatly facilitating its
further development and porting to other hardware. TQday's Unix system evolution is split into
various branches, developed over time by AT&T, asWyell as various commercia vendors,
universities (such as University of California, Bagkel€x's BSD), and non-profit organizations.

User
application Sxech

programs
Systern call
Lo interface
rses
/ T
J

LM 1

Cther
utility
programs

\\

Device
drivers

accessories

Electronic
mail

Database

Shells systems

Fig. Unix Operating System

The 'Open Group, an industry standards consortium, owns the UNIX trademark. Only systems
fdily compliant with and certified according to the Single UNIX Specification are qualified to
use the trademark; others might be called UNIX system-like or Unix-like, athough the Open
Group disapproves of this term. However, the term UNIX is often used informally to denote any
operating system that closely resembles the trademarked system.
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During the late 1970s and early 1980s, the influence of Unix in academic circles led to large-
scale adoption of Unix (particularly of the BSD variant, originating from the University of
California, Berkeley) by commercia startups, the most notable of which are Solaris, HP-UX,
Sequent, and AlX, as well as Darwin, which forms the core set of components upon which
ApplesOS X, Apple TV, and | OS are based. Today, in addition to certified UNIX systems such
as those already mentioned, Unix-like operating systems such as MINIX, Linux, Android, and
BSD descendants (FreeBSD, NetBSD, OpenBSD, and DragonFly BSD) are commonly encountered
The term traditiona UNIX may be used to describe an operating system that has the characteristianof
either Version 7 Unix or UNIX System V.

Advantages of UNIX

1.

UNIX is more flexible and can be installed on many different types of machines,
including main-frame computers, supercomputers and micro-computears.

UNIX is more stable and does not go down as often as Windows{dogsptherefore requires
less administration and maintenance.

UNIX has greater built-in security and permissions featuregihan®/indows.

UNIX possesses much greater processing power than Waadovis.

UNIX is the leader in serving the Web. About 90% oigthe’Internet relies on UNIX
operating systems running Apache, the world's most wiglel viused Web server.

Software upgrades from Microsoft often require the user to purchase new or more
hardware or prerequisite software. That is ngt theygase with UNIX.

The mostly free or inexpensive open-source \perating systems, such as Linux and BSD,
with their flexibility and control, are very cadsactive to (aspiring) computer wizards. Many
of the smartest programmers are develCping state-of-the-art software free of charge for
the fast growing "open-source moveient’y

UNIX also inspires novel apgfoachesto software design, such as solving problems by
interconnecting simpler tools iméeal of creating large monolithic application programs.

Disadvantages of UNI X

1.

2.

The traditional cégomard line shell interface is user hostile -- designed for the
programmer #nol the Casual user.

Commeads ¢fen Fave cryptic names and give very little response to tell the user what
they a€Gaing. vuch use of specia keyboard characters - little typos have unexpected
results:

To tge Uitix well, you need to understand some of the main design features. Its power
cymesiirom knowing how to make commands and programs interact with each other, not
just¥¥om treating each as afixed black box.

Richness of utilities (over 400 standard ones) often overwhelms novices. Documentation
is short on examples and tutorials to help you figure out how to use the many tools
provided to accomplish various kinds of tasks.

Linux Operating System
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Linux was originally developed as a free operating system for Intel x86-based personal
computers. It has since been ported to more computer hardware platforms than any other
operating system. It is a leading operating system on servers and other big iron systems such as
mai nframe computers and supercomputers:. more than 90% of today's 500 fastest supercomputers
run some variant of Linux, including the 10 fastest. Linux also runs on embedded systems
(devices where the operating system is typically built into the firmware and highly tailored to the
system) such as mobile phones, tablet computers, network routers, televisions and video g
consoles; the Android system in wide use on mobile devicesis built on the Linux kernel. O

[
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GALI Syslarm Call Interface
L | L T | ‘
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Hardwara Platform

Fig. Linux Operating System o

e

software collaboration: the underlying source e used, modified, and distributed—
commercialy or non-commercially—by any icenses such as the GNU General Public
License. Typicaly Linux is packaged in nown as a Linux distribution for desktop and
server use. Some popular mainstream Lin ibutions include Debian (and its derivatives
such as Ubuntu), Fedora and op E. inux distributions include the Linux kernd,
supporting utilities and Iibrari% and GSdally’ a large amount of application software to fulfill the
distribution’'s intended use.

The development of Linux is one of the most prém t examples of free and open source

Advantages of Linu

1 Lowc st: eed to spend time and money to obtain licenses since Linux and
: wa e come with the GNU General Public License. You can start to work

out worrying that your software may stop working anytime because the
on expires. Additionaly, there are large repositories from which you can
oad high quality software for amost any task you can think of.

2. ility: Linux doesn’t need to be rebooted periodically to maintain performance levels.
It n’t freeze up or slow down over time due to memory leaks and such. Continuous
up-times of hundreds of days (up to a year or more) are not uncommon.

erformance: Linux provides persistent high performance on workstations and on
networks. It can handle unusually large numbers of users simultaneously, and can make
old computers sufficiently responsive to be useful again.

4. Network friendliness: Linux was developed by a group of programmers over the
Internet and has therefore strong support for network functionality; client and server
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0.

10.

11.

12.

systems can be easily set up on any computer running Linux. It can perform tasks such as
network backups faster and more reliably than alternative systems.

Flexibility: Linux can be used for high performance server applications, desktop
applications, and embedded systems. You can save disk space by only installing the
components needed for a particular use. You can restrict the use of specific computers by
installing for example only selected office applications instead of the whole suite.
Compatibility: It runs all common Unix software packages and can process all commofy
file formats.

Choice: The large number of Linux distributions gives you a choice. Each distribUion I¢
developed and supported by a different organization. Y ou can pick the one youslikeaesh
the core functionalities are the same; most software runs on most distribution:

Fast and easy installation: Most Linux distributions come with user-friendly Wgsta:1ation
and setup programs. Popular Linux distributions come with tools that make installation of
additional software very user friendly as well.

Full use of hard disk: Linux continues work well even when thefaraylisk 1s almost full.
Multitasking: Linux is designed to do many things at the samgtim(: e/J., alarge printing
job in the background won’t slow down your other work.

Security: Linux is one of the most secure operating Systerig, “Walls” and flexible file
access permission systems prevent access by unwanfed Visitor's or viruses. Linux users
have to option to select and safely download softvagre Jtree of charge, from online
repositories containing thousands of high quality packages. No purchase transactions
requiring credit card numbers or other sensitive prsonal information are necessary.

Open Source: If you develop software thattrequives knowledge or modification of the
operating system code, Linux’s source cou®ws it your fingertips. Most Linux applications
are Open Source as well.

Disadvantages of Linux:

1.

3.

Understanding — Bedging fartiiiiar with the Linux operating system requires patience
as well as a strong learniig curve. You must have the desire to read and figure things out
on your own, rathé tign fiaving everything done for you. Check out the 20 must read
how-to’s and guidegfor Cinux.

Compatibilify —"Because of its free nature, Linux is sometimes behind the curve when it
comes % bughd Jiew hardware compatibility. Though the kernel contributors and
maintaifferqwork hard at keeping the kernel up to date, Linux does not have as much of a
corporate b king as aternative operating systems. Sometimes you can find third party
apprgations, sometimes you can’t.

Alterriative Programs — Though Linux developers have done a great job at creating
alteidtives to popular Windows applications, there are still some applications that exist
on Windows that have no equivalent Linux application.

Window XP

An operating system introduced in 2001 from Microsoft's Windows family of operating systems,
the previous version of Windows being Windows Me. Microsoft called the release its most
important product since Windows 95. Along with a redesigned look and feel to the user
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interface, the new operating system is built on the Windows 2000 kernel, giving the user a more
stable and reliable environment than previous versions of Windows. Windows XP comes in two
versions, Home and Professional. The company has focused on mobility for both editions,
including plug and play features for connecting to wireless networks. The operating system also
utilizes the 802.11x wireless security standard.

Advantages of Window XP
1. It supports most of the hardware without need of external drivers. O

2. It offers good GUI as compared to older versions. Q

3. It supports wireless networking

4. Many applications are devel oped for windows only and on other OS th notgvork

5. Windows XP offers universal plug and play features ?&

6. The availability of thisisvery high. Q
7. 1t offers universal solution to OS needs and there are no co ility issuesin this case.
8.Windows XP is user friendly as compared to other OQnarket.

Disadvantages of Window XP A

1. Security loopholes exist in it henceitis @ected by virus and spyware.

2. It isexpensive to purchase.

3. Prone to crashes and hence iistable.

4. Many flaws and bugs a2 present init.

5. It is very heavy s nd old hardware can’t run it.

MS may not run on this version.

7. Parallel pCyt not recognized.

we cryption facility in XP home edition.
. es with single user license so it can’t be loaded on multiple PCs.

. It has no inbuilt chipset drivers making the install time consuming.
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SECTION-B

Basic I ntroduction to Software 0

Classification of Software:- ()

Operating
Systems =

Library
Programs - - -

System = = Ligility
Software

Software

- Examples;

Word processor
Spreadsheet

Database Management

- Examples:

i =
L 5 e
__Application y al-Purpose = Payroll
- Software L Application Software = ‘Web browser
—= =17 Tax calculator
; = Exarmples:

1 Bespoke - ——Air traffic control
Application Software - BBC TV licensing service
London Congestion

Charging Scheme

Gener ati rogramming Language

There ar types of programming languages out there and you might already have heard of
of them, for example: C++, VB.NET, HTML, Python, Assembly. We will now look at the
hi f how these languages came about and what they are still useful for. In al caseskeep in
[

at the only thing a computer will execute is machine code orobject code when it has been
cofiverted from alanguage to run on a processor.

EeEan First Second Third Fourth
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First Generation Programmlng

The first generation program Iangu hine code, that isjust ones and zeros, e.g..
Programmers have to design the|r co d then transfer it to a computer by using a punch
card, punch tape or flicking hes. T eisno need to trandate the code and it will run

straight away. This may so er archaic, but there are benefits:

* Code can be fast and

* Code can ecific processor features such as special registers

And of co acks
be ported to other systems and has to be rewritten
%e isdifficult to edit and update
nd generation programming
Asyou can imagine, writing in 1sand Os all day will leave you prone to mistakes. Second-

generation programming languages are away of describing Assembly code which you may have
already met.
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By using codes resembling English programming becomes much easier. The use of

these mnemonic codes such as LDA for load and STA for store means the code is easier to read
and write. To convert an assembly code program into object code to run on a computer requires
an Assembler and each line of assembly can be replaced by the equivaent one line of object
(machine) code:

Assembly Code Object Code
LDA A 000100110100
ADD #5 . Assembler > 001000000101
STAA 001100110100
IMP #3 010000000011

Assembly code has similar benefits to writing in machine code, i§is@& Che tGWhe relationship
after al. This means that assembly code is often used when witing“gw |evel fast code for
specific hardware. Until recently machine code was used to prggim tings such as mobile
phones, but with the speed and performance of languages sucijas Ceing very closeto
Assembly, and with C's ability to talk to processor registers, Asséfbly's use is declining.

Asyou can hopefully see there are benefits to using@&econgd-Generation Languages over First-
Generation, plus afew other things that makes Assenthly great:

* Code can be fast and efficient
* Code can make use of specific prog€sor fedlires such as specia registers

* Asitiscloser to plain English, it is eas#€r to read and write when compared to machine code

And of course drawbacks

~ Code cannat be fiortd to Other systems and has to be rewritten

Third genesgtior™(High Level Languages)

B\ven thougiTAssembly code is easier to read than machine code, it is still not straightforward to
pedorm loops and conditionals and writing large programs can be a slow process creating a

Ard-Miash of goto statements and jumps. Third-generation programming languages brought
maty programmer-friendly features to code such asloops, conditionals, classes etc. This means
tat one line of third generation code can produce many lines of object (machine) code, saving a
lot of time when writing programs.

I mper ative languages - code is executed line by line, in sequence
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Third generation (High Level Languages) codes are imperative. Imperative means that codeis
executed line by line, in sequence. For example:

1. dimx asinteger
2.

3. x=3

4.

5. dimy asinteger
6.

7. y=5

8.

9. X=Xx+y

10.

11. console.writeling(x)
12.

Would output: 8

Third generation languages can be platform independent, meagyitigytharisode written for one
system will work on another. To convert a 3rd generation progcam %o object code requires
aCompiler or an Interpreter, well look into these it more deta¥very soon.

To summarise;

* Hardware independence, can be easily ported tagtier systems and processors

* Time saving programmer friendly, one [ of js*d gen is the equivalent of many lines of 1st
and 2nd gen

However

™ Code produced mightyiiot rifgke the best use of processor specific features unlike 1st and 2nd
gen

Fourth gegeradon

Fourth-geweralion languages are designed to reduce programming effort and the time it takesto
Chvelop software, resulting in areduction in the cost of software development. They are not
always successful in this task, sometimes resulting in inelegant and hard to maintain code.

Lar yuages have been designed with a specific purpose in mind and this might include languages
tofjuery databases (SQL ), languages to make reports (Oracle Reports) and languages to construct
user interface (XUL). An example of 4th generation programming type is the declarative
language

--an example of a Sructured Query Language (SQL) to select criminal details from a database
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SEL ECT name, height, DoB FROM criminals WHERE numScars = 7,

Declar ative languages - describe what computation should be performed and not how to
performit. Not imperative!

An example of a declarative language is CSS which we'll learn more about when completing th

web design unit

[* code to change the headings on a page to green and the paragraphsto red and italic*/ O
h1{ color : green}

p { color : red; font-style: italic }

Assembler

An assembler trandates assembly language into machine code bly language consists of
mnemonics for machine opcodes so assemblers perform al @ ation from mnemonic to a
LDA #4 convertsto 0001001000100100

direct instruction. For example:
Conversdly, oneinstruction in ahigh level Iang@nsl ate to one or more instructions at

machine level.

Advantages of using an Assembler:

* Very fast in translating assembly | to machl ne code as 1 to 1 relationship
* Assembly codeis often ver. fICI and therefore fast) becauseit isalow level language

* Assembly codeisfai r@ understand due to the use of English-like mnemonics

- A%ds to be optimised for the hardware it's designed for, meaning it is often
incompati ith different hardware

of assembly code is needed to do relatively simple tasks, and complex programs require
lotg of programming time

Compiler
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A Compiler isacomputer program that translates code written in a high level languageto a
lower level language, object/machine code. The most common reason for translating source code
iSto create an executable program (converting from a high level language into machine

language).
Advantages of using a compiler

* Source code is not included, therefore compiled code is more secure than interpreted code
* Tends to produce faster code than interpreting source code

* Produces an executable file, and therefore the program can be run without need ofithe sdurce
code

Disadvantages of using a compiler

~ Object code needs to be produced before afinal executable fiig, fhiS%an e a slow process

= The source code must be 100% correct for the executablegile g beproduced

Interpreter

An interpreter program executes other programsigirectly, running through program code and
executing it line-by-line. Asit analyses evergyling “an interpreter is slower than running compiled
code but it can take less time to interpyel prograin code than to compile and then run it — thisis
very useful when prototyping and testi®y ca Je. Interpreters are written for multiple platforms,
this means code written once é&an be runimediately on different systems without having to
recompile for each. Examples or%his include flash based web programs that will run on your PC,
MAC, games console and (VIodile prione.

Advantages of usingsag | nogrpreter

* Easier to dedyg(Chéck Arrors) than a compiler

* Easier to ciiate nilti-platform code, as each different platform would have an interpreter to
run the samegode

*sUseful TOF prototyping software and testing basic program logic
Digadvantages of using an I nterpreter

~ Source code is required for the program to be executed, and this source code can be read
making it insecure
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™ Interpreters are generally slower than compiled programs due to the per-line translation
method

L oader

In computing, aloader isthe part of an operating system that is responsible for loading
programs. It is one of the essential stagesin the process of starting a program, as it places
programs into memory and prepares them for execution. Loading a program involves readi

contents of executable file, the file containing the program text, into memory, and then car
out other required preparatory tasks to prepare the executable for running. Once loadingi
complete, the operating system starts the program by passing control to the loaded pr@code

All operating systems that support program loading have loaders, apart from systems code
executes directly from ROM or in the case of highly specialized computer systems that only have
afixed set of specialised programs. 2

In many operating systems the loader is permanently resident in m , gh some
operating systems that support virtual memory may allow the lo to Bylocated in aregion of
memory that is pageable.

_ S
Linker

n computer science, alinker or link editor isa%? that takes one or more objects generated
by a compiler and combines them into asingl le program.

In IBM mainframe environments such as O=i360:this program is known as a linkage editor.

obj

he foI lo Figure shows the steps involved in the process of building the C program starting
the compilation until the loading of the executable image into the memory for program
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Sowrce code file -
hello.c, hello.cpp

C preprocessor
-:""-\.\_,-r-'"?

Preprocessed code
file - hello. i

C Compiler

-l

Aszembly code
file — hello. =

Aszservhler
"E_\_\_H_'_'_,?

Object code file
- hello. o

LinterTink e

~7

Executable code -
hello, hello. exe

Eelocation object cods
irtorrmation

Other objects file'modu

Brored in secondary
storage such as hard
disk (hdd) as an
executable image

when mnmingiexemte the

program (a process)

illlll

o Address

Space

rimary mWemory e.g.

RALM

Fun time chjects ! mindules §
Ibraries (defered linking)

Fi w.1l: Compile, link and execute stages for running program (a process)

wor k

ork isagroup of two or more computer systems linked together. There are many types

mputer networks, including:

* local-area networks (L ANS) : The computers are geographically close together (that

is, in the same building).
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» wide-area networks (WANS) : The computers are farther apart and are connected by
telephone lines or radio waves.

» campus-area networ ks (CANSs): The computers are within alimited geographic area,
such as a campus or military base.

* metropolitan-area networks MANS): A data network designed for atown or city.

* home-area networks (HANS): A network contained within a user's home that
connects a person's digital devices.

Data Communication

Data communication is the transmission of electronic data over some media. The meGia me/ be
cables, microwaves.

Elements of Data Communication

Four basic elements are needed for any communication system

1. Sender. The computer or device that is used for sendifgg dciais Cailed sender, source or
transmitter. In modern digital communication system, the soureeig ustglly a computer.

2. Medium. The means through which datais sent from @ge location to another is called
transmission medium. If the receiver and transmitter arg within a building, a wire connects them.
If they are located at different locations, they may b corifected by telephone lines, fiber optics
or microwaves.

3. Receiver. Thedevice or computer thareceives the datais called receiver. The receiver
can be a computer, printer or afax machine:

4, Protocols. There are rules uifdesmiich data transmission takes place between sender
and receiver. The data communication s/w.re used to transfer data from one computer to
another. The s/w follows same fommunication protocols can communicate and exchange data.

Data Transmission

Data may be transferg®@mn Og device to another by means of some communication media. The
electromagnetig.or ITab{ wgves that transfer data from one device to another device in encoded
form are called,2pna SP'ata transmissions across the network can occur in two formsi.e.:

(i) Analoggigrgl.
(i1) Digragl sigral.

Atalog Signal. Thetransfer of datain the form of electrical signals or continuous wavesis
callegl analog signal or analog data transmission. An analog signal is measured in volts and its
rreguency isin hertz (Hz).

Advantages of Analog Signaling

Allows multiple transmissions across the cable.
Suffers less from attenuation.
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Disadvantages of Analog Signaling

Suffers from EMI.
Can only be transmitted in one direction without sophisticated equipment.
Digital Signal

Thetransfer of datain the form of digit is called digital signal or digital data transmission.
Digital signals consist of binary digits0 & 1. Electrical pulses are used to represent binary d
Data transmission between computersisin the form of digital signals.

Advantages of Digital Signaling < l
: Equipment is cheaper and simpler than anal og equipment.

Signals can be transmitted on a cable bidirectional.

Only one signal can be sent at atime.

| .
: Digital signals suffer less from EMI. @
Disadvantages Digital Signaling Q

Digital signals suffer from attenuation.

Techniques of Data Communication

4
There are two possible techniques of sending da@mder toreceiver, i.e.:-
(1) Parallel transmission.
(2) Serial transmission.

Parallel Transmission. In parallel tr%on each bit of character / data has a separate
channel and all bits of achara%tr itted simultaneously. Here the transmission is

parallel character by character

channel for alghe e

Sender [ @ R

Types @‘ ransmission
serial ission it isvery essential to know exactly where one character ends and the next

ins. The necessary synchronization that helps determine which bit isthe first bit of the
ing character may be synchronous or asynchronous.

Sender Receiver Q
Serial Transmissig@r transmission, the data is sent as one bit at atime having a signal
e

nchronous Serial Transmission

Computer communication that occurs one bit at atime with start and stop bits at the beginning
and the end of each character is called Asynchronous Serial Transmission. In this type of
transmission, there is no fixed time relationship with one character.
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Advantages of Asynchronous Serial Transmission

This type of transmission is very simple.
This type of transmission is cheaper.
Disadvantages of Asynchronous Serial Transmission

: This type of transmission is slow. O
Synchronous Transmission
In this method a clock signal is used and the sending as well as the receiving devices

synchronized with this clock signals. It doesn’t use start and stop bits but the character are sent in
character groups called block

2
Advantages of Synchronous Transmission @
: It isvery fast as compared to Asynchronous Series Tr w
Disadvantage of Synchronous Transmission

It uses more expensive and complex equi pment.

Modes of Data Communication.

The manner in which datais transmitted from o@o another location is called data

transmission mode.
There are three ways or modes for transmit from one location to another. These are:

(1) Simplex. 6
(2) Half duplex. &
(3) Full duplex. Q

Half Duplex.

In half duplex @ data can be transmitted in both directions but only in one direction at a
time. Durifig.a Smission, one is the transmitter and the other isreceiver. So each time for
sendinghor reciiving data, direction of data communication is reversed, this slow down data
transmi e.In half duplex modes, transmission of data can be confirmed.

Duplex Mode
Wi aless communication is an example of half duplex.

Advantages of Half Duplex

Costsless than full duplex.
Enables for two way communications.
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Disadvantages of Half Duplex

Costs more than simplex.
Only one device can transmit at atime.

Simplex Mode Q

In simplex mode, data is transmitted in only one direction. A termina can only send data and
cannot receiveit or it can only receive data but cannot send it. Simplex usfal ly used for
aremote device that is meant only to receive data. It is not possible to confi cessful
transmission of datain simplex mode.

This mode is not widely used. Speaker, radio and television b
simplex transmission, on which the signal is send from the tri
Thereisno return signal.

2

Simplex Mode \
Advantages of Simplex A

: Cheapest communication method. 0
Disadvantage of Simplex

: Only allows for communicati (@e direction.
Full Duplex. &
In full mode, data can be@ in both directions simultaneoudly. It is afaster mode for

transmitting data be@ ime wastes in switching directions.

are examples of
ion to your TV antenna.

r

X istelephone set in which both the users can talk and listen at the same

time.
Advant ofi 2ull Duplex.

xEnables two-way communication simultaneously.
antage of Full Duplex.

The most expensive method in terms of equipment because of two bandwidth channelsis
required.

TOPOLOGY
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A network topology refers to the way in which nodes in anetwork are connected to one another.
The way in which they are connected defines how they communicate.
Network topologies describe the ways in which the elements of anetwork are connected.
They describe the physical and logical arrangement of network nodes.

There are six types of topologies:

i. Mesh topology.

ii. Star topology.

iii. Ring topology.
iv. Tree topology.

v. Bus topol ogy.

vi. Hybrid topology.

Mesh Topology:
In a mesh topology, every device has a dedicated poli¢ito-paint link to every other
device. The term dedicated means that the link carrigs trégfic only between the two
devices it connects. Here, if we have n nodes, then we nedg to"connect to n-1 nodes and
n(n-1) physical links. However, if each physical I a’ows communication in both
directions (duplex mode), we need n(n-1)/2 links.

Advantages of a Mesh Topology
Eliminates traffic problemsin [inks®qaiing.
If one link becomes unusable, it does™Wot incapacitate the entire system. Thus, act as
robust.
It has privacy and security.
Point-to-point link make fault%e€ntifl cation and fault isolation easy.

Disadvantages of a M'esy, Topology

Installation and reggrivgctiG¥are difficult.

The hardware reqtiged tCconnect each link (1/0 ports and cable) is expensive.
It is generallyio®costly and complex for practical networks.

Star_Topology»
In loce), arec wetworks where the star topology is used, each machine is connected to a

cenu@ naf The star topology alows each machine on the network to have a point to
meint Ygnnection to the central hub. All of the traffic which transverses the network
paswad through the central hub. The hub acts as a signal booster or repeater which in turn
allowsthe signal to travel greater distances.

Advantages of a Star Topology
Easy to install and reconfigure.
No disruptions to the network when connecting or removing devices.
Easy to detect faults and to remove parts.
Less expensive.
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Includes robustness, that is, if one link fails, only that link is affected, other links remain
active.
Disadvantages of a Star Topology
If the hub fails, the whole system is dead.
If the hub, switch, or concentrator fails, nodes attached are disabled.
Requires more cable length than a bus topology.
More expensive than bus topol ogies because of the cost of the hubs, etc.

Ring Topology:
In local area networks where the ring topology is used, each computer is conngsted ththe
network in a closed loop or ring. The signal passes through each machine fir cogaputer
connected to the ring in one direction, from device to device, until it Wgactes its
destination. Each machines or computers connected to the ring act as signal boosters or
repeaters. When a device receives a signal intended for anotheg,device, its repeater
regenerates the bits and passes them along.

Advantages of a Ring Topology
Itisrelatively easy to install and reconfigure.
Easy to identify the problem if the entire network shufs dovia.

Disadvantages of a Ring Topology
Only one machine can transmit on the netwagk argtime.
The failure of one machine will cause the.entite network to fail.

Tree Topology:

The type of network topology_in “Whigh a central 'root’ node (the top level of the
hierarchy) is connected to qfie g more other nodes that are one level lower in the
hierarchy (i.e., the second leve) with a point-to-point link between each of the second
level nodes and the tof!'evel centid 'root’ node, while each of the second level nodes that
are connected to the topgvel central 'root’ node will also have one or more other nodes
that are one level JOwenin e hierarchy (i.e., the third level) connected to it, also with a
point-to-point link;%he top level central ‘root’ node being the only node that has no other
node above if'inne hrerarchy

Advanfagag ot d Tree Topology
Point-to-point wiring for individual segments.
Supported by several hardware and software venders.

Disd@ivantages of a Tree Topology

Overal length of each segment islimited by the type of cabling used.
if the backbone line breaks, the entire segment goes down.

More difficult to configure and wire than other topologies.

Bus Topology:
In local area networks where bus technology is used, each machine is connected to a
long, single cable. The cable acts as a backbone to link all the devices in a network. Each
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computer or server is connected to the single bus cable through drop lines and some kind
of connector. A terminator is required at each end of the bus cable to prevent the signal
from bouncing back and forth on the bus cable.

Advantages of Bus Topology

Easy to connect a computer or peripheral to alinear bus.
Requiresless cable length than mesh or star topol ogies.
It is cheaper than any other topologies.

Disadvantages of Bus Topology
If the network cable breaks, the entire network will be down.
Terminators are required at both ends of the backbone cable.
Difficult to identify the problem if the entire network shuts down.
Not meant to be used as a stand-alone solution in alarge building.
Include difficult reconnection and fault isolation.
The managing cost of network is too high.
- Addition of new devices requires modification or replaceriigiit orghe backbone.
Hybrid Topology:
Hybrid networks use a combination of any two or mgfe tGpologies in such away that the
resulting network does not exhibit one of the standaWgl tanologies (e.g., bus, star, ring,
etc.). A hybrid topology is aways produced when two ditterent basic network topologies
are connected.

Advantages of a Hybrid Topology
It provides a better result by it.
It can be designed in many ways for varidls purposes.

Disadvantages of Hybrid Topology
Itiscostly.
Difficult to identify the probign if the entire network shuts down.

OSl Refer encg’iviode

Open Systemgfinteyconnection ( OSI ) is a standard reference model for communication between
tw@encyisersin anetwork. The model is used in devel oping products and understanding
aetwCiks.

(4l divides telecommunication into seven layers. The layers are in two groups. The upper four
laveng are used whenever a message passes from or to a user. The lower three layers are used
whén any message passes through the host computer. Messages intended for this computer pass
tofine upper layers. Messages destined for some other host are not passed up to the upper layers
but are forwarded to another host. The seven layers are:

Layer 7: Theapplication layer ...Thisisthe layer at which communication partners are
identified, quality of serviceisidentified, user authentication and privacy are considered, and any
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constraints on data syntax are identified. (This layer is not the application itself, although some
applications may perform application layer functions.)

Layer 6: The presentation layer ...Thisisalayer, usualy part of an operating system, that
converts incoming and outgoing data from one presentation format to another (for example, from
atext stream into a popup window with the newly arrived text). Sometimes called the syntax

layer.

Layer 5: Thesession layer ...This layer sets up, coordinates, and terminates conversations
exchanges, and dial ogs between the applications at each end. It deals with session and
connection coordination.

Layer 4: Thetransport layer ...Thislayer manages the end-to-end control (for example,
determining whether all packets have arrived) and error-checking. It ensurgs,complete data
transfer.

Layer 3: Thenetwork layer ...Thislayer handles the routing of ¢ datcdésending it in the right
direction to the right destination on outgoing transmissions anaacelWing incoming transmissions
at the packet level). The network layer does routing and forwfrdirig

Layer 2: Thedata-link layer ...This layer provides Syachronization for the physical level and
does bit-stuffing for strings of 1'sin excess of 5. It fyrnisies transmission protocol knowledge
and management.

Layer 1. Thephysical layer ...Thislayer conveys the bit stream through the network at the
electrical and mechanical level. It provides i ha dware means of sending and receiving data on
acarrier.

Network Security:-

The networks are computg’ netiyorks, both public and private, that are used every day to conduct
transactions and commuini Cations among businesses, government agencies and individuals. The
networks are comprisedéof "nodes’, which are "client” terminals (individual user PCs) and one or
more "servers' aad/C hait”" computers. They are linked by communication systems, some of
which might b pritgate, such as within a company, and others which might be open to public
access. The ob%ious example of anetwork system that is open to public accessisthe Internet, but
many privateyetworks also utilize publicly-accessible communications. Today, most companies
host coniputers'can be accessed by their employees whether in their offices over a private
@nmunicauons network, or from their homes or hotel rooms while on the road through normal
telgghone lines.

Network security involves all activities that organizations, enterprises, and institutions undertake
10 protect the value and ongoing usability of assets and the integrity and continuity of operations.
An effective network security strategy requires identifying threats and then choosing the most
effective set of tools to combat them.
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Threatsto network security include:

Viruses: Computer programs written by devious programmers and designed to replicate
themselves and infect computers when triggered by a specific event

Trojan horse programs: Delivery vehicles for destructive code, which appear to be harmless
or useful software programs such as games

Vandals: Software applications or applets that cause destruction

Attacks: Including reconnai ssance attacks (information-gathering activities to collect date that
islater used to compromise networks); access attacks (which exploit network vulnerabititiestg
order to gain entry to e-mail, databases, or the corporate network); and denial -of-ser ce attacks
(which prevent accessto part or all of acomputer system)

Data interception : Involves eavesdropping on communications or altering data packets being
transmitted

Social engineering : Obtaining confidential network security informatiot th¥Skah nontechnical
means, such as posing as atechnical support person and asking for pegnle's nagswords

Network security toolsinclude:

Antivirus softwar e packages : These packages counter most{virugthreats if regularly updated
and correctly maintained.

Secure network infrastructure : Switches and routerg have hardware and software features that
support secure connectivity, perimeter security, intrigsiorggrotection, identity services, and
security management.

Dedicated network security hardware and softwaresigals such as firewalls and intrusion
detection systems provide protection for all. arecyof the network and enabl e secure connections.
Virtual private networks: These networkSigrov)te access control and data encryption between
two different computers on a networkg1 nis allGws remote workers to connect to the network
without the risk of a hacker or thief irieefCeging data.

| dentity services: These servigss help t&dentify users and control their activities and
transactions on the network. SerWices include passwords, digital certificates, and digital
authentication keys.

Encryption : Encryption‘casuredthat messages cannot be intercepted or read by anyone other
than the authorized gCri@ent:

Security man&gemind: Thisisthe glue that holds together the other building blocks of a strong

security 7 | apication application protocol application | APDU solution.
presentation | Presentation protocol presentation | PPDU
5 | session Eewon protacel session | SPDU
4 transport Manspart protocol transport TPDU
routers routers
3 network : network packet
2 data link g data link frame
1 physical physical hit
0 =0 £
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Types of Networks.(LAN, WAN, MAN).

LAN MAN WAN

Loca Metropolitan Wide

Used guided media guided or unguided Unguided

A communication network This network sharesthe A communication

linking anumber of stationsin  |characteristics of packet |network distin ed

some local area. broad casting networks.  |from alocal ar
network

4. Servein alimited boundary Large geographical area |Lon

co

5 |Speed high Speed Less then LA

6. LAN generally providesahigh- |A MAN is optimi
speed 100 Kbps to 100 Mbps. alarge geographic

long distance
communications,

than LAN® which may or may
\ not be provided by
public packet
network.
Expense low @high Expanse high
Used by office, home, school U TM. Used Govt bodies

% large org.

TheTCP/IPrefere®Q

0 e following illustration, each layer of the TCP/IP model corresponds to one or
layers of the seven-layer Open Systems Interconnection (OSI) reference model proposed
ternational Standards Organization (1SO).
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TCRAIP Layers TCPIP Protecals
Application Layar HTT# FTF Telret =MTF S
Trandgort Layer TCP UoE

Mebesark Layes ARF ICRAP IGMF
”"m[:;::'"““ Etharnst Taken Ring Ulh-g:;::*:'mr

The types of services performed and protocols used at each |
described in more detail in the following table.

interface with transport layer ser

Provides communicati

computers. Defines the

et

Layer Description
Application
Transport

connection u
Internet Packag&s

| n

Network
i nterf

datagrams which contain source and

Defines TCP/IP application prot@
: . h

jon management between host

W host programs
e network.

f service and status of the

hen transportl ng data.

mformatlon that is used to forward the

een hosts and across networks. Performs
datagrams.

es details of how datais physically sent through the
ork, including how bits are electrically signaled by

ardware devices that interface directly with a network

copper wire.

A

Networ k Connecting Devices
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% TCP/IP mode! are
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Protocols

HTTP, Telnet, FTP, TFTP,
SNMP, DNS, SMTP,

X Windows, other
application protocols

TCP, UDP, RTP

IP, ICMP, ARP, RARP

Ethernet, Token Ring,
FDDI, X.25, Frame Relay,
RS-232,v.35



Various devices are used to connect network of a computer The most common devices are:
1) Routers

2) Gateways

3) Repeaters

4) Bridges

5) Hub O
6) Modem Q
ROUTER

Rout_ers are devices which connect two are more networks that use similar tocokA router
consists of hard ware and software. @

Hard ware can be a computer is specific device.

Software consists of special management program that contro W Cf data between networks.

Routers operate at a network layer of O.S.I model.

Routers use logical and physical address to conn t ) more logically separate network.
They make this connection by organizing the large nto logical network segment (some
times small sub network or sub nets). Each of t nets isgiven alogical address. Datais
grouped into packets or block of data.

Each packet in addition to having a physical e address, has alogical address. The network
address allows routers to calculate mgie rately and efficiently the path of the computer.

Advantages of Router

They use high level of intelli xdata

Routers can also act as a bri 0 handle non rout able protocols such as NetBEUI (Network Bios Extended
User Interface)

Disadvantag

Hi Intelligence take more processing time which can effect performance
oute g are very complicated which installation and maintenance difficult.

AYS

eways are devices which connect two are more networks that use different protocols. They
are similar in function to routes but they are more powerful and intelligent devices. A gateway
can actually convert data so that network with an application on a computers on the other side of
the gateway e.g a get way can receive email messages in one format in convert them into another
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format. Gateway can operate at all seven layer of OSI model. Since Gateway perform data
conversion so they are slower in speed and very expensive devices.

REPEATERS
Repeaters are used within network to extend the length of communication.

Data process through transmission mediain the farm of waves or signals. The transmission
media weaken signals that move through it. The weakening of signal is called attenuation. {4
dataisto be transmitted beyond the maximum length of a communication media, signals h{ve
amplified. The devices that are used to amplify the signals are called repeaters. Repeatess Wil
at the physical layer of OSI model.

Repeaters are normally two ports boxes that connect two segments. Asasignal comesirnone
port , it is Regenerated and send out to the other port.

The signal isread as 1sand 0s. As 1s and Os are transmitted, the noise cal bg Cganed out.
Advantages of Reapeater

Repeaters easily extend the length of network.

They require no processing over head, so very little itgay gerformance degradation
OCCUrs.

It can connect signals from the same networ(s typathat use different types of cables.
Disadvantages of Repeaters
Repeaters can not be used to conneg, segiaents of different network types.
They cannot be used to segmentiraffiCc®1 a network to reduce congestion .
Many types of network have airmit/on the number of network s that can be used at once .

BRIDGES
Bridges are used to gorifact synilar network segments.

A bridge does ncjnasagwsignalsit receives. When a bridge receive asignal |, it determinesits
destination by {ooKiwg at its destination and it sends the signals towards it. For examplein a
above figufig ai%idge has been used to join two network segments A AND B.

When trigbridge receives the signals it read address of both sender and receiver. If the sender isa
eamputer ifrsegment A and the receiver is also segment A, it would not pass the signals to the
segents B. It will however pass signalsif the sender isin one segment and the receiver in other
gCgnenit. Bridge works at the data link layer of O.S.1 model.

gfivantages of Bridges

Bridge extends network segments by connecting them together to make one logical
network.
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They can affect the segment traffic between networks by filtering dataif it does not need
to pass.

Like repeaters they can connect similar network types with different cabling.

Disadvantages of Bridges

Bridge possess information about the data they receive with can slow performance.

HUB O

Hubs are basically multi ports repeaters for U.T.P cables. Some hubs have ports for c@e of
cable such as coaxial cable. Hubs range in size from four ports up to and for specifict
network types. These are some hubs which are

|. Passive Hub @‘
Il1. Active Hub
[11. Switch/ Intelligent Hub

Passive Hub
4
It provides no signal regeneration. They are ssimply calﬁ)nnected together so that the signal is

broken out to other nodes with out regeneration. Th ot used often today because of |oss
of cable length that is allowed.

Active Hub 0

It acts as repeaters and regenerates the' uatasignals to all ports. They have no rea intelligence to
tell weather the signal needs t%all rtsthat is blindly repeated.

O

Switch Hub
Switches are i @dges They filter traffic between the ports on the switch by using the
S

Ssmitting to them.
Switch@

antages of Hub

when data performance is needed or when collision need to be reduce.

: Hubs need amost no configuration.
Active hub can extend maximum network media distance.
No processing is done at the hub to slow down performance
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Disadvantages of Hub

Passive hubs can greatly limit maximum media distance.

Hubs have no intelligence to filter traffic so al datais send out on al ports whether itis
need or not.

Since hubs can act as repeaters the network using them must follow the same rules as repeb

MODEM

The device that converts digital signalsinto analog signals and analog signalsto di gi@is is
called Modem. The word modem stands for modulation and demodulation. The proc

converting digital signalsto analog signalsis called modulation. The process of converting
analog signalsto digital signalsis called demodulation. Modems are u congputersto
transfer data from one computer to another computer through tel ephone |

M odems have two connections these are.

Analog connection

Digital connection .

Analog connection. \
The connection between the modem and the telenhoria line''s called analog connection.

Types of Modem:-there are two types o@ns
: Internal modem
External modem 6
Digital connection.
The connection of modem % iscalled digital connection

INTERNAL MODE

It fitsinto expansio ts/ nside the computer. It is directly linked to the telephone lines through
the telephone j t ISTiormally less inexpensive than externa modem. Its transmission speed is
also less ext em

EXTE L DEM

s the external unit of computer and is connected to the computer through serial port. It isaso
I to the telephone line through a telephone jack. External modems are expensive and have
eration features and high transmission speed.

vantages of Modem
i. Inexpensive hardware and telephone lines.

ii. Easy to setup and maintain.
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Disadvantages of Modem

i. Very slow performance.

Domain Name Server

If you've ever used the Internet, it's a good bet that you've used the Domain Name System,

or DNS, even without realizing it. DNSis a protocol within the set of standards for how
computers exchange data on the Internet and on many private networks, known as the TCPAP
protocol suite. Its basic job isto turn a user-friendly domain name like "howstuffworks.cory
into an Internet Protocol (IP) address like 70.42.251.42 that computers use to identifyfeach other
on the network. It's like your computer's GPS for the Internet.

Computers and other network devices on the Internet use an IP address to route your request to
the site you're trying to reach. Thisis similar to dialing a phone number tg corigect to the person
you'retrying to cal. Thanksto DNS, though, you don't have to keep vaur aivn/address book of
|P addresses. Instead, you just connect through a domain name sdger,"a'so called aDNS
server or name server, which manages a massive database thassnapddomain namesto IP
addresses.

Whether you're accessing a Web site or sending e-mailg your computer uses a DNS server to ook
up the domain name you're trying to access. The prager tqm for this processis DNS name
resolution, and you would say that the DNS seryer résolves the domain name to the |P address.
For example, when you enter "http://www.howgtutrivieiks.com” in your browser, part of the
network connection includes resolving theg'omari,name "howstuffworks.com” into an IP
address, like 70.42.251.42, for HowStutiWorrigifveb servers.

Y ou can always bypass a DNS lookup Dy esitering 70.42.251.42 directly in your browser (giveit
atry). However, you're probabfsmore likely to remember "howstuffworks.com™" when you want
to return later. In addition, 28/eb4ite's IP address can change over time, and some sites associate
multiple IP addresses witiy'a sirigle domain name.

Without DNS gerve(s, tfe Lnternet would shut down very quickly. But how does your computer
know what DN Sgerviagts’use? Typically, when you connect to your home network, Internet
service provicar (ISR or WiFi network, the modem or router that assigns your computer's
network adiresiglad sends some important network configuration information to your computer
or mobifg devige. That configuration includes one or more DNS servers that the device should
use when thasislating DNS names to | P address.

Satdsd/0u've read about some important DNS basics. The rest of this article dives deeper into
don ‘ain name servers and name resolution. It even includes an introduction to managing your
an DNS server. Let's start by looking at how |P addresses are structured and how that's
important to the name resolution process.

HTTP:
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The Hypertext Transfer Protocol (HTTP) is an application-level TCP/IP based protocol with the
lightness and speed necessary for distributed, collaborative, hypermedia information systems
(internet).

HTTP stands for Hypertext Transfer Protocol

HTTP stands for Hypertext Transfer Protocol. It is an TCP/IP based communication protoc

World Wide Web. These resources could be HTML files, image files, query results, or &

else.

which is used to deliver virtually all files and other data, collectively called r&eourc&s
C

A browser is works as an HTTP client because it sends requests to an HTTP ser\@ch IS

called Web server. The Web Server then sends responses back to the client. The standard and

etc.

There are three important things about HTTP of which you shou

default port for HTTP serversto listen on is 80 but it can be changed to met like 8080

€

onnects from the server
onnection after it process the

HTTP is connectionless. After a request is made, th:
and waits for a response. The server must re;&stabli S

request.
HTTP is media independent: Any type of at&be sent by HTTP as long as both the
client and server know how to handle thejdata“tontent. How content is handled is
determined by the MIME specificatio

HTTP isstateless. Thisisadirect resurdgf HTTP's being connectionless. The server and

client are aware of each other only Gyri request. Afterwards, each forgets the other.
For this reason neither the cli the'orowser can retain information between different
request across the web pages.

Following diagram shows Wh&l’ P Protocol fitsin communication:

.
HTTP
HTTP Server
Protocol ;

Web Browser }qi CGl
0 Program

& Database
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SECTION-C

Introduction to C

History

The C language was developed at AT& T Bell Labsin the early 1970s by Dennis Ritchie. It was
based on an earlier Bell Labs language "B" which itself was based on the BCPL |anguage. (since
early on, C has been used with the Unix operating system, but it is not bound to any particulas
O/S or hardware.

C has gone through some revisions since its introduction. The American National Standards
Institute devel oped the first standardized specification for the language in 1989, commonly
referred to as C89. Before that, the only specification was an informal ong fréag the'book "The C
Programming Language" by Brian Kernighan and Dennis Ritchie.

The next major revision was published in 1999. This revision iWgroadged some new features, data
types and some other changes. Thisisreferred to as the C99 glanGggd.

Advantages
Here are some advantages of programming in C:

C isagenera purpose programming langgtage, meaning that it is not limited to any one
specific kind of programming. Thisiqdiffixent from languages like COBOL which was
built for business applicationsgand FOKTRAN for scientific calculations. Y ou can write
all sorts of software using C.

Cisnot avery high-lege languag€. A high-level language triesto isolate the programmer
from the hardware as mugh as possible. In contrast, C allows you to directly access
memory addressesgcragte bi¥rields and structures and map them to memory, perform
bitwise operationsad sGon. C facilitates hardware programming.

Not being higi-ivel "&'so means thereis little overhead; it is highly efficient and provides
fast exdguticagoedd.

There a4, largéage compilers and development tools available for many different
platforgns frém small embedded systems to large mainframes and supercomputers.

C hdg bedastround for amost 40 years. In that time there has much software written in C.
wathergis some functionality you need in a C program you are writing, chances are
sormagne has aready written it. It may even be available for free.

ldaaoai C

Wi spite of itsage, Cisstill being heavily used in industry. Several surveys have placed C as one
of the most popular languages currently in use.
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Cisavery good choice for writing software to control hardware. The Unix (and derivatives)
operating system's kernel iswritten in C (with some small piecesin assembly). Most firmware
and device drivers are written in C as well.

C isaso used in many real-time systems programming. While the language itself does not have
any real-time features, it can be combined with platform-specific libraries or libraries that
implement the POSIX real-time interfaces. C isavery efficient language that does not require
many supporting libraries to run and does not have much overhead, which is desirable in lows
memory embedded systems. Combining real-time libraries with C give it the timing constriints
and other features needed for real-time programming.

Because C is efficient and fast it is sometimes used as the development language of otiigs
programming languages. Languages like PHP and Perl have been writtenin C. Many
computationally intensive libraries and applications like MATLAB have bega written in it too,
for the same reason.

We have only talked about a few specialized domains where C is'dg=d. Iyaddition to those, there
are many other applications of all kinds that are written in C.

Structureof C Program

In this section we will take alook at the structure of @ C @ogram. Remember that many of the
concepts, terms and syntax shown in this sectionwillthe reviewed in detail in other tutorials. This
isonly an introduction.

A C program may be made up of one or mor@filescalled "source files'. Thereisakind of source
filethat is used to define constants, mécras, function prototypes, type definitions, etc. caled a
"header file". Header files are basically"useg to share things between other source files. By
convention, source file names@ave the exiension ".c" and header file names have the extension
".h".

How you enter a C statemegts into one or more files, how you run the compiler on those files,
and how you run thefreslitingrexecutable is completely dependent on what system you are using
and what toolsHpu gle. Ilost systems have some kind of text editor for creating and modifying
files.

Each compiige is&rferent; you must consult your compiler's documentation for information on
how to 1 it aivd how to set different options. There are also Integrated Devel opment
EnvironmeWs (IDES) that let you edit, compile, run and sometimes debug a program, al with a
firqadly user interface. The examplesin this tutorial were written using a text editor on a Linux
gyaawand compiled with the gcc compiler.

Zct uslook at avery basic C program. We will write the canonical "Hello World" programin a
file called hello.c. Here are the contents of file hello.c:

Sample Code
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. #i ncl ude <stdi o. h>

: i nt mai n(voi d)
A
. printf("Hello Worl dn");

. return O;

-}

The C Character Set
A character denotes any alphabet, digit or special symbol used to represent informati g i gurd™™
shows the valid alphabets, numbers and special symbols alowed in C.

1
2
3
4
5
6
7

Alphabets AB . . YZ
a. b, V. Z
Dhgits 0123450
Special symbols ~ 1 @F Y% &*
L8 80
Figure 1

Constants, Variables and Keywords

The alphabets, numbers agl special symbols when properly combined form constants, variables
and keywords. Let s se® whiat are ‘constants’ and “variables’ in C. A constant is an entity that
doesn’t changeWyhel&s aariable is an entity that may change.

In any progragfWwatypicaly do lots of calculations. The results of these calculations are stored in
computers,mexorylsiike human memory the computer memory also consists of millions of
cells. The caiculal€&d values are stored in these memory cells. To make the retrieval and usage of
these vayes €3y these memory cells (also called memory locations) are given names. Since the
value storedn each location may change the names given to these locations are called variable
rialges. Consider the following example.

ld@c 8's stored in amemory location and a name x is given to it. Then we are assigning a new

valfie 5 to the same memory location x. This would overwrite the earlier value 3, since a memory
10ocation can hold only one value at atime. Thisis shown in Figure 2.
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Figure 2 O
Types of C Constants ()

C constants can be divided into two major categories: @0
1. Primary Constants

2. Secondary Constants Q

These constants are further categorized as shown in Figure 3

C Constants I A
! N

Primary Constants I
Integer Constant Array
Eeal Constant Pointer

Character Constant Structure

TUnion
Figure 3
pes o&ar lables

earlier, an entity that may vary during program execution is called a variable.

Vgl able names are names given to locations in memory. These locations can contain integer,
or character constants. In any language, the types of variables that it can support depend on
the types of constantsthat it can handle. Thisis because a particular type of variable can hold
only the same type of constant. For example, an integer variable can hold only an integer

Enum. etc.
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constant, areal variable can hold only areal constant and a character variable can hold only a
character constant.

C Keywords

Keywords are the words whose meaning has already been explained to the C compiler (or in A
broad sense to the computer). The keywords cannot be used as variable names because if we do
SO we are trying to assign a new meaning to the keyword, which is not alowed by the compute:
Some C compilers allow you to construct variable names that exactly resemble the keyviords
However, it would be safer not to mix up the variable names and the keywords. Th€ Keywords
are also called ‘Reserved words’.

There are only 32 keywords available in C. Figure 4 gives alist of these keywords for your ready
reference.

auto double int struct I
break else long switch

case enum register typedef :
char extern return union

const float short unsigoed
continue for signed voill

default goto sizeof wolalile

do if static Wi

Figure 4

Data Typesin C Langéiage

A programming language iqoroposed to help programmer to process certain kinds of data and to
provide useful outpyl. T-%e task of data processing is accomplished by executing series of
commands

called prograng. Afrogram usually contains different types of data types (integer, float, character
etc.) and needWp sto ¢ the values being used in the program. C language is rich of datatypes. A
C

prograniiger h=% to employ proper datatype as per his requirements.

Cas different datatypes for different types of data and can be broadly classified as.

R Wiary Data Types
2. Secondary Data Types
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| CDataTypes

[Prima;y‘E)a&a Types I Seconda{; rData Types'

Character Array 0
Interger Pointer

Float Structure Q
Double Union

Void Enum etc.
(a4
Primary Data Types: Q

Integer Data Types:

Integers are whole numbers with arange of values, rgnge of v e machine dependent.
Generaly an integer occupies 2 bytes memory space its value range limited to -32768 to
+32767

(that is, -215 to +215-1). A signed integer use orgbittor storing sign and rest 15 bits for number.
To control the range of numbers and storage e, three classes of integer storage namely
short int, int and long int. All three data typgs havig.signed and unsigned forms. A short

int requires half the amount of storage E integer. Unlike signed integer, unsigned

integers are always positive and use its for the magnitude of the number. Therefore, the
range of an unsigned integer will be from Q/o 65535. The long integers are used to declare a
longer

range of values and it occupi % of storage space.
Syntax:
int <vari ame>;
int n@

er Data Type Memory Allocation:

short int int I long int I
1 Byte 2 Bytes 4 Butes
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Floating Point Data Types.

The float datatype is used to store fractional numbers (real numbers) with 6 digits of precision.
Floating point numbers are denoted by the keyword f | oat . When the accuracy of the floating
point

number isinsufficient, we can use the doubl e to define the number. The doubleis same as

f | oat but with longer precision and takes double space (8 bytes) than f | oat . To extend the
precision

further wecanusel ong doubl e which occupies 10 bytes of memory space.

Syntax:
fl oat <variabl e nane>;
fl oat nunt;

doubl e nun®; L 2
| ong doubl e nunsB;
Example: 9.125, 3.1254. Q

Floating Point Data Type Memory Allocation:

float double | lorigydouble i
4 Bytes 8 Bytes 10

N

Character type variable can hoi.a single character and are declared by using the keyword char .
As

Character Data Type:

there are singed and unsigiied (either short or long), in the same way there are signed and
unsigned chars; both byte each, but having different ranges. Unsigned characters have
values between 0 igned characters have values from —128 to 127.

Synt

<vari abl e nane>;
char ch = “a’;
eabgsS]j.

Vgid Type:
Thevoi d type has no values therefore we cannot declare it as variable as we did in case of

integer
and float. Thevoi d datatypeisusualy used with function to specify itstype.
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Operators and Expressions

C language supports following type of operators.
Arithmetic Operators
Logical (or Relational) Operators
Bitwise Operators
Assignment Operators
Misc Operators

Let’s have a look on all operators one by one.

Arithmetic Operators:

L 2
There are following arithmetic operators supported by C language: %’

00

Assume variable A holds 10 and variable B holds 20 then:
Operator Description " Example

+ Adds two operands A +@ will give 30

- Subtracts second operand from the fir A - B will give -10

* Multiply both operands 6 A * B will give 200

/ Divide numerator b%erator B/ A will give 2

Modulus @emainder of after o
% . s B % A will give O
an iateg sian

operator, increases integer value

++

A++ will give 11

Decrement operator, decreases integer o
A-- will give 9

value by one

Logical (or Relational) Operators:

There are following logical operators supported by C language
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Assume variable A holds 10 and variable B holds 20 then:

Operator

Description

Example

Checks if the value of two operands is equal
or not, if yes then condition becomes true.

(A == B) is not true.

Checks if the value of two operands is equal
or not, if values are not equal then
condition becomes true.

(A !=B) is true.

Checks if the value of left operand is greater
than the value of right operand, if yes then
condition becomes true.

(A > B) igho e.

Checks if the value of left operand is less ¢

than the value of right operand, if yes then
condition becomes true.

N) is true.

Checks if the value of left operan recpr
than or equal to the value o top d,
if yes then condition becom

(A >=B) is not true.

erand is less
e of right operand,

&&

(A <= B) is true.

ai AND operator. If both the
dre non zero then then condition

(A && B) is true.

Called Logical OR Operator. If any of the two
operands is non zero then then condition
becomes true.

(A |] B)istrue.

Called Logical NOT Operator. Use to

reverses the logical state of its operand. If a

(A && B) is false.
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condition is true then Logical NOT operator
will make false.

Bitwise Operators:

Assume if A =60; and B = 13; Now in binary format they will be as follows:

A = 0011 1100 ()

B = 0000 1101

_________________ Q-

A&B = 0000 1100

Bitwise operator works on bits and perform bit by bit operation. :

A|B =0011 1101

A"B = 0011 0001 \
~A =1100 0011 A

There are following Bitwise operators suppagted vy C language

Operator Descriptions , Example

Binary AND Ope & a bit to the o L
. (A & B) will give 12 which is 0000 1100
result if it exis botiyoperands.

erztor copies a bit if it exists in o L
q (A | B) will give 61 which is 0011 1101
erand.

(A ~ B) will give 49 which is 0011 0001
one operand but not both.

Binary Ones Complement Operator is unary

o . (~A') will give -60 which is 1100 0011
and has the efect of 'flipping' bits.

<< Binary Left Shift Operator. The left operands | A << 2 will give 240 which is 1111 0000
value is moved left by the number of bits

Page 74 of 173



specified by the right operand.

>>

Binary Right Shift Operator. The left
operands value is moved right by the
number of bits specified by the right
operand.

A >> 2 will give 15 which is 0000 1111

Assignment Operators:

G

There are following assignment operators supported by C language: 2

Operator

Description

mple

Simple assighment operator, Assigns
values from right side operands to left
side operand

*

C Nill assigne value of A+ Binto C

Add AND assignment operator, It a
right operand to the left opgfand.and
assign the result to left oper

C+=AisequivalenttoC=C+A

Subtract AND as xerator, It

subtracts right"{perandfrom the left

operand sigifthe result to left
op d

C-=AisequivalenttoC=C-A

A\

u D assignment operator, It
iplies right operand with the left
rand and assign the result to left

operand

C *= Ais equivalenttoC=C* A

Divide AND assignment operator, It
divides left operand with the right
operand and assign the result to left

C/=AisequivalenttoC=C/A
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operand

Modulus AND assignment operator, It
%= takes modulus using two operands and | C %= Ais equivalenttoC=C% A

assign the result to left operand

1
<<= Left shift AND assignment operator C<<=2issameasC=C<<2 6

>>= Right shift AND assignment operator C>>=2issameasC=C>>2 Q
&= Bitwise AND assignment operator C&=2issameasC=C&2
*
bitwise exclusive OR and assignment .
A= CAM=2issame
operator
bitwise inclusive OR and assignment .
= C|32|ssam =C|2
operator \
Short Noteson L-VALUE and R-VAL
x =1, takes the value on theright (e.g: puts it in the memory referenced by x. Here x and

1 areknown as L-VALUES -VAL®LES respectively L-values can be on either side of the
assignment operator where as ues only appear on theright.

So x isan L-vaue becauscy pear on the left aswe've just seen, or on theright like this: y
=X; However, con ike® are R-values because 1 could appear on theright, but 1 = x; is
invalid.

Misc Opetat

There ew)Ciher operators supported by C Language.

A

erator Description Example

sizeof() Returns the size of an variable. sizeof(a), where a is interger, will return 4.
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& Returns the address of an variable. &a; will give actaul address of the variable.

* Pointer to a variable. *a; will pointer to a variable.

. . If Condition is true ? Then value X : Otherwise
P Conditional Expression lue Y
value

Operators Categories.

All the operators we have discussed above can be categorised into following categories:
Postfix operators, which follow a single operand. *
Unary prefix operators, which precede a single operand.
f'ith

Binary operators, which take two operands and perform metic and
logical operations.
The conditional operator (aternary operator), which taes§hrechoperands and evaluates

either the second or third expression, depending on thgeval ivetion of the first expression.
Assignment operators, which assign avalue tg avariable:

The comma operator, which guarantees | eft-t -weval uation of comma-separated
expressions. A

Precedence of C Operators:

expression is evaluated. Certain oper e higher precedence than others; for example, the

Operator precedence determines the %ng/ erms in an expression. This affects how an
multiplication operator has hi prec ce than the addition operator:

For examplex =7+ 3* 2; X igned 13, not 20 because operator * has higher
precedenace than + so it getnultiplied with 3*2 and then adds into 7.

Here operatorgiit ifhest precedence appear at the top of the table, those with the lowest
appear at the . Witnin an expression, higher precedenace operators will be evaluated first.

Operator Associativity
Q O->.++-- Left to right
ry + -1~ ++--(type) * & sizeof Right to left
Multiplicative *1% Left to right
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<

Additive + - Left to right
Shift << >> Left to right
Relational <<=>>= Left to right
|
Equality === Left to right
Bitwise AND & Left to ri@
Bitwise XOR A eft to right
L 4
Bitwise OR | to right
Logical AND && Left to right
L 4
Logical OR || \ Left to right
Conditional % A Right to left
Assignment = 4= -= *= [= %= >QA= |= Right to left
Comma , ;5 Left to right

0 anaging I nput/ Output Operations

of 1/10

Though C has no provision for I/O, it of course has to be dealt with at some point or the other.

here is not much use writing a program that spends all its time telling itself a secret. Each
Operating System has its own facility for inputting and outputting data from and to the files and
devices. It’s a simple matter for a system programmer to write a few small programs that would

link the C compiler for particular Operating system’s 1/O facilities.
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The developers of C Compilers do just that. They write several standard 1/0 functions and put
themin libraries. These libraries are available with al C compilers. Whichever C compiler you
are using it’s almost certain that you have access to a library of 1/0 functions.

Do understand that the 1/0 facilities with different operating systems would be different. Thus,
the way one OS displays output on screen may be different than the way another OS does it. For
example, the standard library function printf( ) for DOS-based C compiler has been written
keeping in mind the way DOS outputs characters to screen. Similarly, the printf() function for &
Unix-based compiler has been written keeping in mind the way Unix outputs characiérs g
screen. We as programmers do not have to bother about which printf() has been written iiwhal
manner. We should just use printf( ) and it would take care of the rest of the detailsgiict are SS
dependent. Same istrue about all other standard library functions available for 1/0.

There are numerous library functions available for 1/0. These can be classified into thr&e broad
categories:

@ Console 1/0 - Functioné 18
functions reCeiye aut
om
keyloard and
\ite output
.0 VDU.
(b) File /1O - Functions to
functions perform 1/0O
operations on
a floppy disk
or hard disk.

Console 1/O Functions

The screen and keyboard togetiidg are called a console. Console I/O functions can be further
classified into two categoriies—§foriiatted and unformatted console I/O functions. The basic
difference between them I1S¢hat trie formatted functions allow the input read from the keyboard
or the output displayed 211 the'vVDU to be formatted as per our requirements. For example, if
values of averaGmeiss 3'1d percentage marks are to be displayed on the screen, then the details
like where thi( outpit would appear on the screen, how many spaces would be present between
the two vaiyes, “agsiumber of places after the decimal points, etc. can be controlled using
formatt@gl funviions. The functions available under each of these two categories are shown in
Eiaure 5. NV let us discuss these console I/O functionsin detail.
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Console Input/Output functions

Formatted functions Unformatted functions
Type | Imput Output Type | Input Output
char | scanf{) | pnntf{ ) char | getch() putch( )

getche{ ) | putchar()
getchar( )

it scanf( ) | printf{ ) int - -

float | scanf{) | pnintfi ) float

string | scanf( ) | printf{ ) sting | gets( ) puts(f
IR -— W

Figure5

For matted Console |/O Functions

As can be seen from Figure 5 the functions pi™atf()), and scanf( ) fall under the category of
formatted console 1/0 functions. These functicgs allow us to supply the input in a fixed format
and let us obtain the output in the specified@grm. |3et us discuss these functions one by one.

We have talked a lot about printf( ), used it regdiarly, but without having introduced it formally.
WEell, better late than never. Its genercl fgitiplooks like this...

printf ( "format string", list of yariables )

The format string can contain:

a) Charactersthat are siftnly pinted asthey are

b) ConversioRspec figdtigns that begin with a% sign
c) Escape sequeigesaatsoegin witha\ sign

For exampi, |08 at'the following program:

main(’y

{

ntavg=346;

Acper=69.2;

orintf ("Average = Y%d\nPercentage = %", avg, per) ;
}

The output of the program would be...
Average = 346
Percentage = 69.200000
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Format Specifications

The%d and %f used in the printf() are called format specifiers. They tell printf() to print the
value of avg as adecimal integer and the value of per asafloat. Following isthelist of format
specifiers that can be used with the printf() function.

Data type Format specifier

Integer short signed %od or %l

as

short unsigned Yoll

long singed 2ald

long unsigned Zalu

unsigned hexadecimal | %ox

unsigned octal 220 )
Real float Yof

double b '
Character signed character Yac

unsigned characie D %ac

%as

String

Escape Sequences

We saw earlier how the rgwlindgharacter, \n, when inserted in a printf()’s format string, takes
the cursor to the begisming Chthe next line. The newline character is an ‘escape sequence’, so
called because¢he baclslagh symbol (V) is considered as an “escape’ character—it causes an
escape from thasirmamtiterpretation of a string, so that the next character is recognized as one
having a specil meawing.

l Esc. Seq. Purpose Esc. Seq. Purpose
‘n New line i Tab
Backspace T Carriage return
\f Form fead ‘a Alert
Single quote Double quote
Backslash
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Unfor matted Console I/O Functions

There are several standard library functions available under this category—those that can dea
with a single character and those that can deal with a string of characters. For openers let ug10Ci
at those which handle one character at atime.

So far for input we have consistently used the scanf( ) function. However, for some sifudtions e

scanf( ) function has one glaring weakness... you need to hit the Enter key before thetginction
can digest what you have typed. However, we often want afunction that will read asingle
character theinstant it is typed without waiting for the Enter key to be hit. getch() and getche()
are two functions which serve this purpose. These functions return the chiragidsthat has been
most recently typed. The ‘e’ in getche( ) function meansit echoes (disglay<\the character that
you typed to the screen. As against this getch( ) just returns thg chedacter@hat you typed without
echoing it on the screen. getchar () works similarly and echo’s#t%, chagacter that you typed on
the screen, but unfortunately requires Enter key to be typed fC)lowily the character that you
typed. The difference between getchar () and fgetch@r( ) isthal tie former is amacro whereas
the latter isafunction. Here is a sample program that illogtrates the use of these functions.

main( )

{

char ch;

printf ( "\nPress any key to copéfiue” )5

getch() ; /* will not echo the caafaCher */

printf ( "\nType any character” ) j

ch = getche( ) ; /* will &350 the character typed */

printf ("\nType anyCharaCw” ) ;

getchar() ; /* wili¥xcho Caracter, must be followed by enter key */
printf ("\nComgue {N" ) ;

fgetchag! ) ; (¥ s1llgecho character, must be followed by enter key */
}

And here i9a scagg'e run of this program...
Prags4iny key to continue
Type any character B

JType any character W
Continue Y/N'Y

Decision making and branching
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Decisions! Decisions!

In the previous programs we have used sequence control structure in which the various steps are
executed sequentially, i.e. in the same order in which they appear in the program. In fact to execute
the instructions sequentially, we don’t have to do anything at all. By default the instructions in €
program are executed sequentially. However, in serious programming situations, seldom do wegsmgat
the instructions to be executed sequentially. Many a times, we want a set of instructiongito bt
executed in one situation, and an entirely different set of instructions to be executed in ariathe
situation. This kind of situation is dedt in C programs using a decision control ingiructign. As
mentioned earlier, a decision control instruction can be implemented in C using:

a) Theif statement
b) Theif-else statement

¢) The conditiona operators

Theif Statement

Like most languages, C uses the keyword if to implerigat the decision control instruction. The
general form of if statement looks like this:

if (this conditionistrue)
execute this statement ;

The keyword if tells the compiler thaissiid Jollows is a decision control instruction. The
condition following the keywqrd if is alwalys enclosed within a pair of parentheses. If the
condition, whatever it is, istrucighen the statement is executed. If the condition is not true then
the statement is not executgl¥nsteas the program skips past it.

Multiple Statemgfitpwithin if

It may so hapgeftha™i a program we want more than one statement to be executed if the
expression folowinapif is satisfied. If such multiple statements are to be executed then they must
be placed wighirespair of braces asillustrated in the following example.

Example & current year and the year in which the employee joined the organization are
eered through the keyboard. If the number of years for which the employee has served the
orgaigation is greater than 3 then a bonus of Rs. 2500/- is given to the employee. If the years of
seryice are not greater than 3, then the program should do nothing.

[* Calculation of bonus*/

main( )
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{

int bonus, ¢y, yoj, yr_of ser;

printf ( "Enter current year and year of joining" ) ;
scanf ("%d %d", &cy, &yoj ) ;

yr of ser=cy-yoj;

if (yr_of ser>3)

{

bonus = 2500 ;

printf ("Bonus = Rs. %d", bonus) ;
}

}

Observe that here the two statements to be executed on satisfaction of the condition have been
enclosed within apair of braces. If apair of bracesis not used then the C compiler assumes that
the programmer wants only the immediately next statement after the if tofoeZAgcuited on
satisfaction of the condition. In other words we can say that the default.scoj e @' the if statement
isthe immediately next statement after it.

Theif-else Statement

The if statement by itself will execute a single stateigent, or a group of statements, when the
expression following if evaluates to true. It does nothingiwhen the expression evaluates to false.
Can we execute one group of statements if the guoression evaluates to true and another group of
statements if the expression evaluates to false§Of C&iise! Thisiswhat is the purpose of the else
statement that is demonstrated in the following esample:

Example: In acompany an employegfis paid as under:

If hisbasic salary isless than i36. 1500, then HRA = 10% of basic salary and DA = 90% of basic
sdary. If hissalary is either,equeiyto,or above Rs. 1500, then HRA = Rs. 500 and DA = 98% of
basic salary. If the emplgieeSisaary is input through the keyboard write a program to find his
gross salary.

[* Calculation Cigregs saliuy */

main( ;

{

1Wat biygs, da, hra;

priria”( "Enter basic salary "' ) ;
scanf ("%f", &bs) ;

if (bs<1500)

{

hra=bs* 10/ 100;

da=bs* 90/100;

}

ese
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{

hra=500;

da=bs* 98/100;

}

gs=bs+ hra+da;

printf ( "gross salary = Rs. %f", gs) ;
}

Nested if-elses 0

It is perfectly al right if we write an entire if-else construct within either the b@he if
statement or the body of an else statement. This is called ‘nesting’of ifs. Thisis n the
following program.

I* A quick demo of nested if-else */ (b,’
main()
{

inti;
printf ("Enter either L1or2");
scanf ("%d", &i) ;

if(i==1) \
printf ("You would go to heaven!" ) ; A

ese

{

if (i==2)
printf ( "Hell was created withfyou.i d');
else

printf ( "How about m earth™”) ;

| X

Thedseif

Thereiso oy in which we can write program. Thisinvolves usage of elseif blocks as
shown belo
/@‘”I demo */
ain()
{

int m1, m2, m3, m4, m5, per ;
per = (ml+ m2+m3+m4+m5S)/ per;
if (per>=60)

printf ("First division" ) ;
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elseif (per >=50)

printf ( "Second division" ) ;
elseif (per >=40)

printf ("Third division™ ) ;

else
printf ( "fail") ;
}
The Conditional Operators(?) O

The conditional operators ? and : are sometimes called ternary operators since th@three
arguments. In fact, they form akind of foreshortened if-then-else. Their general form i
expression 1 ? expression 2 : expression 3

What this expression says is: “if expression 1 is true (that is, if its va on-g<ro), then the
value returned will be expression 2, otherwise the value returned will be fon 3”.

Let us understand this with the help of afew examples: Q

(@ intx,y;

scanf ("%d", &X) ;
y=(x>5?3:4);

2
This statement will store3iny if x is greater&&\erwise itwill storediny.

The equivalent if statement will be,

if (x>5)

y=3;

else

o
(b) chara;

inty;

scanf ("%c", &a) ;

y=(a>=65&& a<=00?1:0);

Here 1 would neg'toy if a >=65 & & a <=90 evaluates to true, otherwise 0 would be
assigned.

The foI@oi nts may be noted about the conditional operators:
Fey o

a) It’s not necessary that the conditional operators should be used only in arithmetic
statements. Thisisillustrated in the following examples:

Ex.: inti;
scanf ("%d", &i ) ;
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(1 ==1?printf ("Amit") : printf ("All and sundry")) ;
Ex.. chara='Z;
printf ("%c", (a>='a?a:"!"));
b) The conditional operators can be nested as shown below.
intbig, a, b, c;
big=(a>b?(a>c?3:4):(b>c?6:8));
C) Check out the following conditional expression: 0
a>b?g=a:g=b; Q

This will give you an error ‘Lvalue Required’. The error can be %Ecomgby enclosing

the statement in the : part within a pair of parenthesis. Thisis sho

a>b?g=a:(g=Db);
In absence of parentheses the compiler believes that b%s b igned to the result of
r

the expression to the left of second =. Hence it report

The limitation of the conditional operatorsis that afté the ? or arter the : only one C statement
can occur. In practice rarely is this the requirement. Zhe%fore, in serious C programming
conditional operators aren’t as frequently used as the'\f-€l

Decisions Using switch :: 0

The control statement that allG/s us to make a decision from the number of choices is called a
switch, or more correctly it default, since these three keywords go together to make
up the control statement. ost often appear as follows:

switch (inte @/ pr
{

1:

do thi
t2:
his,
nstant 3 :
Vo this;
default :
dothis;
}

The integer expression following the keyword switch is any C expression that will yield an
integer value. It could be an integer constant like 1, 2 or 3, or an expression that evaluates to an
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integer. The keyword case is followed by an integer or a character constant. Each constant in
each case must be different from all the others. The “do this” lines in the above form of switch
represent any valid C statement.

What happens when we run a program containing a switch? First, the integer expression
following the keyword switch is evaluated. The value it givesis then matched, one by one,
against the constant values that follow the case statements. When a match is found, the program
executes the statements following that case, and all subsequent case and default statements 28
well. If no match isfound with any of the case statements, only the statements following th»
default are executed. A few examples will show how this control structure works.

Consider the following program:

main( )
{
inti=2;
switch (i)
{
casel:
printf ("l anincasel1\n");
case?2:
printf ("l anincase2\n") ;
case3:
printf ("l anincase3\n" )%
default :
printf ("I am in defati\n" )"
}
}
The output of this program wouid be:
| amin case 2
| amincase 3
| am in default

The output is {efiniydly not what we expected! We didn’t expect the second and third line in the
above outpyt, Mafprogram prints case 2 and 3 and the default case. Well, yes. We said the
switch ‘Qecut s the case where a match is found and all the subsequent cases and the default as
well.

LECywant that only case 2 should get executed, it is upto you to get out of the switch then and

ther 2 by using abreak statement. The following example shows how thisis done. Note that there
i#'no need for a break statement after the default, since the control comes out of the switch

anyway.

main( )
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{

inti=2;
switch (i)
{
casel:
printf ("l anincasel1\n");
break ;

case?2:
printf ("l amincase2\n" ) ; O
break ;
case3:
printf ("l anincase3\n") ;
break ;
default : .
printf ("1 amindefault \n" ) ;
) (b"
} Q
The output of this program would be:

| amincase?2 \
switch Versusif-else Ladd@

There are some things that you %cannot do with aswitch. These are:

a) A float expression c t belgsted using a switch

b) Casescan Rever iable expressions (for example it iswrong to say casea +3: )
c) Multiple not use same expressions. Thus the following switch isillegal:

The@ewmrd

oto keyword! They make a C programmer’s life miserable. There is seldom a legitimate
n for using goto, and its use is one of the reasons that programs become unreliable,
able, and hard to debug. And yet many programmers find goto seductive.

In adifficult programming situation it seems so easy to use a goto to take the control where you

want. However, almost always, there is amore elegant way of writing the same program using if,
for, while and switch. These constructs are far more logical and easy to understand.
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The big problem with gotos is that when we do use them we can never be sure how we got to a
certain point in our code. They obscure the flow of control. So as far as possible skip them. You
can aways get the job done without them. Trust me, with good programming skills goto can
always be avoided. This is the first and last time that we are going to use goto in this book.
However, for sake of completeness of the book, the following program shows how to use goto.

main( )

{

int goals;

printf ( "Enter the number of goals scored against India" ) ;
scanf ( "%d", &goals) ;

if (goas<=5)

goto sos;

ese

{

printf ( "About time soccer players learnt C\n" ) ;
printf ( "and said goodbye! adieu! to soccer” ) ;
exit() ; /* terminates program execution */

}

SOS

printf ("To err ishuman!™) ;

}

And here are two sample runs of the program...

Enter the number of goals scored agaiist India’s
To err is human!

Enter the number of goals scoied againstsifidia 7
About time soccer players leariidG

and said goodbye! adieu! t6 Sdgcer

A few remarks aboyt"thpe piwgram would make the thingsclearer.

— If the condi#iCh,is ®lisfied the goto statement transfers control to the label ‘sos’, causing
printf() fellowiNg sos to be executed.

- Thel&i€el ceybe on a separate line or on the same line as the statement following it, asin,
S0S : printi# 1o err ishuman!™ ) ;

=sA Imumber of gotos can take the control to the same label.
o The exit( ) function is a standard library function which terminates the execution of the
program. It is necessary to use this function since we don't want the statement

printf ("To err ishuman!" )
to get executed after execution of the else block.
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L oops

The versatility of the computer lies in its ability to perform a set of instructions repeatedly. Thi
involves repeating some portion of the program either a specified number of times or until
particular condition is being satisfied. This repetitive operation is done through a loop
instruction. 6

There are three methods by way of which we can repeat a part of a program. They are: Q

(a) Using a for statement @‘
(b) Using a while statement Q
(c) Using a do-while statement

*

The while loop A\

The most basic loop in C isthe while loop.A wiidle statement is like arepeating if statement.
Like an If statement, if the test condition istiye: the statments get executed. The differenceis
that after the statements have been thetest condition is checked again. If it is still true
the statements get executed again. ThiS€ycl¢ repeats until the test condition evaluates to false.

Basic syntax of whileloopis %ws
while ( expression) Q
{

Single statem

or
Block of. :

}

&owi ng example to understand while loop. Y ou can put the following code into atest.c file
and then compileit and then run it.

#include <stdio.h>

main()
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{
inti =10;

while(i>0)
{
printf("Hello %d\n", i );
I=1-1
}
}

Thiswill produce following output:

Hello 10
Hello 9
Hello 8
Hello 7
Hello 6
Hello 5
Hello 4
Hello 3
Hello 2
Hello 1

Y ou can make use of break to come out o@op at any time.

*

Q\

#include <stdio.h> 6

main() &
{
inti=10; Q

while (i >C

{
printf("H 0
i=i-
if(Ng=
{
break;

Thiswill produce following output:
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Hello 10
Hello 9
Hello 8
Hello 7

for loop 0

for loop is similar to while, it's just written differently. for statements are often used teyorog cess
lists such arange of numbers:

Basic syntax of for loop is as follows: @0
for( expressionl; expression2; expression3)
{

Single statement
or .
Block of statements;

} A\
In the above syntax: 0

expressionl - Initialisese vari
expression2 - Condtional expressioy, as long as this condition is true, loop will keep
executing.

Try following ex understand for loop. Y ou can put the following code into a

test.cfilean(@ pileit and then runiit.
#include <stdi

main()

{

inti;

%: 10;

r(i=0;i<=j;i++)

expression3 - exp% e modifier which may be smple increment of avariable.
ple

printf("Hello %d\n", i );
}
}
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Thiswill produce following output:

Hello 0
Hello 1
Hello 2
Hello 3
Hello 4

Hello 5
Hello 6
Hello 7
Hello 8 O
Hello 9
Hello 10

L 2
Y ou can make use of break to come out of for loop at any time. @'

#include <stdio.h>

main()

{ *

inti; \
for(i=0;i<=j;1++) A
{
printf("Hello %d\n", i ); 0
if(i==6) 6
{
bresk;
) X
}
}
Thiswi m@)llowi ng output:

Hello 1
Hello
Hello 3

04
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do...while loop

do ... whileisjust like awhile loop except that the test condition is checked at the end of the
loop rather than the start. This has the effect that the content of the loop are always executed at
least once.

Basic syntax of do...whileloop is as follows:

s O
{
Single statement

or
Block of statements;

}while(expression); @0
Try following example to understand do...while loop. You ¢ m)wi ng codeinto a

test.c file and then compileit and then run it.

L 2
#include <stdio.h>

main() A
{
inti = 10; 0
dof
printf("Hello %d\n", i ); 6
i=i-1
}while(i>0); &
} Q
Thiswill prod fc@ output:

Hello 10
Hello 9
Hello 8
lo7

6

He'lo 4

elo3
Hello 2
Hello 1
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Y ou can make use of break to come out of do...while loop at any time.

#include <stdio.h>
main()

{
inti =10;

. O
printf("Hello %d\n", i );
i=i-1; O
if(i==6)
{
break; @0
}
twhile (1>0);
} Q
Thiswill produce following output:
Hello 10 \
Hello 9
Hello 8
Hello 7
Hello 6

break and continue $§atements

C providestwo @to control how we |oop:
- bregk - orm loop or switch.

: n

tiiye -- skip 1 iteration of loop.

already have seen example of using break statement. Here is an example showing usage of
inue statement.

fclude

main()

{
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inti;

intj=10;
for(i=0;i<=j;i++)
{

if(i==5)

{

continue; O
}
printf("Hello %d\n", i );
} ()
}

Thiswill produce following output: @‘
Hello0
Hello 1
Hello 2

Hello 3
Hello 4

Hello 6 \
Hello 7
Hello 8
Hello 9
Hello 10
Functions

A functionis or Iock of program code which deals with a particular task. Making
functionsisa ing one block of code from other independent blocks of code.

Functions puUrposes.
tself and should not be mixed up with anyting else,

nd they make a block of code reusable since afunction can be reused in many
different contexts without repeating parts of the program text.

: low a programmer to say: “this piece of code does a specific job which stands by
\ [

A function can take a number of parameters, do required processing and then return a value.
There may be a function which does not return any value.
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Y ou aready have seen couple of built-in functions like printf(); Similar way you can define your
own functionsin C language.

Consider the following chunk of code

int total = 10;
printf("Hello World");
total = total + I,

To turn it into afunction you simply wrap the code in apair of curly brackets to conyert it into a
single compound statement and write the name that you want to giveit in front of the S.

Demo() ¢
{

int total = 10;

printf("Hello World");

total = total + I;
}

4

curved brackets after the function's name are required. “¥%ou can pass one or more paramenters to
afunction asfollows:

Demo( int parl, int par2)
{
int total = 10;
printf("Hello World");
total = total +I;

}
By default function d @n anything. But you can make a function to return any value as
follows:

|nt Demo( inth par2)
Int t
prlntf( orld");
tal = total +;

rn total;
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A return keyword is used to return avalue and datatype of the returned value is specified before
the name of function. In this case function returns total which isint type. If afunction does not
return a value then void keyword can be used as return value.

Once you have defined your function you can use it within a program:

main()

{ O
Demo();
} ()

Functions and Variables:

Each function behaves the same way as C language standard functio afunction will
have its own local variables defined. In the above example tot aI to the function
Demo.

A global variable can be accessed in any function in S|m|Iar accessed in main()
function.

Declaration and Definition

When afunction is defined at any place in tiigoragram then it is called function definition. At
the time of definition of afunction I%}ic implemented with-in the function.

A function declaration does nﬁan dy and they just have their interfaces.

A function declaration is @ ared at the top of a C sourcefile, or in a separate header
file.

'%meti me called function prototype or function signature. For the above
i urns an integer, and takes two parameters a function declaration will

be as follows:

int Demc{int Darl, int par2);

apsing Parameters to a Function

There are two ways to pass parameters to a function:
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Pass by Value: mechanism is used when you don't want to change the value of passed
paramters. When parameters are passed by value then functionsin C create copies of the
passed in variables and do required processing on these copied variables.

Pass by Refer ence mechanism is used when you want a function to do the changesin
passed parameters and reflect those changes back to the calling function. In this case only
addresses of the variables are passed to a function so that function can work directly over
the addresses.

Here are two programs to understand the difference: First exampleisfor Pass by value: O

#include <stdio.h> Q

[* function declaration goes here.*/ L 3
void swap( int p1, int p2);
int main()
{
inta=10;

int b = 20; 2
printf("Before: Vaue of a= %d and value of b = %d\n b);
swap(a, b);

_00 ,

printf("After: Vaue of a= %d and value of ab);
}
void swap( int p1, int p2)
{

intt;

(= p2 ’\'
P2 =pl,
pl=t;

printf("Valu a@%d and value of b(p2) = %d\n", p1, p2);
}

Here isghe rejdt produced by the above example. Here the values of aand b remain unchanged
before cai ap function and after calling swap function.

alueof a=10and valueof b=20
Valleof a(pl) = 20 and value of b(p2) = 10
er: Vaue of a= 10 and valueof b =20

Following is the example which demonstrate the concept of pass by reference
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#include <stdio.h>

[* function declaration goes here.*/
void swap( int *pl, int *p2);

int main()
{
int a=10;
int b =20;
printf("Before: Value of a= %d and vaue of b = %d\n", a, b); Q
swap( &a, &b);

printf("After: Value of a= %d and value of b = %d\n", a, b);

| >
void swap( int *pl, int *p2)
{

intt;

t=*p2; V'S
*p2 =*pl,;

*pl=t; \
printf("Value of a(pl) = %d and value of b(pQﬂn", *pl, *p2);

} Q‘
Hereisthe result produced by the abc% . Here the values of aand b are changes after

calling swap function.

Before: Value of a= 10 and Mb =20
Valueof a(pl) =20 and f bp2) = 10

After: Valueof a= 20 an uedf b=10

0 ARRAY

ray is acollection of similar elements. These similar elements could be al ints, or al floats,

ars, etc. Usually, the array of charactersis called a ‘string’, whereas an array of ints or

od s is caled simply an array. Remember that all elements of any given array must be of the
e type. i.e. we cannot have an array of 10 numbers, of which 5 areintsand 5 are floats.

A Simple Program Using Array
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Let ustry to write a program to find average marks obtained by a class of 30 studentsin atest.

main( )
{intavg,sum=0;
inti;

int marks[30] ;

[* array declaration */

for(i=0;i<=29;i++)
{ printf ( "\nEnter marks" ) ;
scanf ("%d", &markg[i] ) ; /* store datain array */

}
for(i=0;i<=29;i++)

sum = sum + markg[i] ; /* read data from an array*/

avg=sum/30;
printf ( "\nAverage marks = %d", avg ) ;
}

Thereisalot of new material in this program, so letgs téke it apart slowly.

Array Declaration

To begin with, like other variables an array r\eds (0 be declared so that the compiler will know
what kind of an array and how large g atsgy we want. In our program we have done thiswith
the statement:

int marks[30] ;

Here, int specifies the typaof the variable, just as it does with ordinary variables and the word
marks specifies thgf'narte ot“the variable. The [30] however is new. The number 30 tells how
many elements§f thagypeint will bein our array. This number is often called the ‘dimension’ of
the array. Theforacet ([ ] ) tellsthe compiler that we are dealing with an array.

Accessing$lementsof an Array

@uice an array is declared, let us see how individual elementsin the array can be referred. Thisis
dorg with subscript, the number in the brackets following the array name. This number specifies
ficelement’s position in the array. All the array elements are numbered, starting with 0. Thus,
ma-'kg 2] is not the second element of the array, but the third. In our program we are using the
variable i as a subscript to refer to various elements of the array. This variable can take different
values and hence can refer to the different elements in the array in turn. This ability to use
variables as subscriptsis what makes arrays so useful.
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Entering Data into an Array
Hereis the section of code that places datainto an array:

for (i=0;i<=29;i++)

{ printf ("\nEnter marks" ) ;
scanf ("%d", &markg[i] ) ;

}

The for loop causes the process of asking for and receiving a student’s marks from thgssser b€
repeated 30 times. The first time through the loop, i has a value O, so the scanf( ) faunctign will
cause the value typed to be stored in the array element markg[0], the first element ortha array.
This process will be repeated until | becomes 29. This is last time through the loop, which is a
good thing, because there is no array element like

mar kg 30].
In scanf( ) function, we have used the “address of” operator (&\on%e element markgi] of the
array, just as we have used it earlier on other variables (& rat, forgexample). In so doing, we are

passing the address of this particular array element to the scai¥§( ) unction, rather than its value;
which iswhat scanf( ) requires.

Reading Data from an Array

The balance of the program reads the data badi out of the array and uses it to calculate the
average. The for loop is much the same, bat, ngw the body of the loop causes each student’s
marks to be added to a running totalfstorad in a variable called sum. When al the marks have
been added up, the result is divided by 30, tie number of students, to get the average.

for (i=0;i<=29;i++)

sum = sum + markg[i] ;

avg=sum/30;

printf ("\nAverage fharks = %ad", avg) ;

To fix our idegs, Tdyus Tevise whatever we have learnt about arrays:

a) An array¥s acullection of similar elements.

R\, The firsfelement in the array is numbered 0O, so the last element is 1 less than the size of the
array.

C) 4An array is also known as a subscripted variable.

d) Beforeusing an array its type and dimension must be declared.

Page 103 of 173



€e) However big an array its elements are aways stored in contiguous memory locations. Thisis
avery important point which we would discuss in more detail later on.

Array Initialization

So far we have used arrays that did not have any values in them to begin with. We managed t§
store values in them during program execution. Let us now see how to initialize an array while
declaring it. Following are afew examples that demonstrate this.

intnum[6] ={ 2,4, 12,5,45,5} ;
intn[]={2,4,12,5,45,5} ;
float presg | ={ 12.3,34.2-23.4,-11.3} ;

Note the following points carefully:

(a) Till the array elements are not given any specific values, they &€ supposed to contain
garbage values.

(b) If the array isinitial i%ed whereit is declared, mentioning tig diniension of the array is
n
optional asinthe2 example above.

Array Elementsin Memory
Consider the following array declaration:
intarr[8] ;

What happens in memory whéafive make this declaration? 16 bytes get immediately reserved in
memory, 2 bytes each for the 8 ifggers (under Windows/Linux the array would occupy 32 bytes
as each integer would ocglpy “hbytes). And since the array is not being initialized, all eight
values present in it would g garbage values. This so happens because the storage class of this
array is assumed to lfe aiito. IV the storage class is declared to be static then all the array
elements woul G¥aveyi default initial value as zero. Whatever be the initial values, al the array
elements wouldl arways be present in contiguous memory locations. This arrangement of array
elements ip megaory s shown in Figure.

12 34 66 -45 23 346 77 G0

65508 65510 65512 65514 65516 65518 65520 65522

Bounds Checking
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In C there is no check to see if the subscript used for an array exceeds the size of the array. Data
entered with a subscript exceeding the array size will simply be placed in memory outside the
array; probably on top of other data, or on the program itself. This will lead to unpredictable
results, to say the least, and there will be no error message to warn you that you are going
beyond the array size. In some cases the computer may just hang. Thus, the following program
may turn out to be suicidal.

main( )

{

int num[4Q], i ; O
for (i=0;i<=100;i++) Q

num[i] =1 ;
}

Thus, to see to it that we do not reach beyond the array si@% programmer’s

¢

botheration and not the compiler’s.

Passing Array Elementsto a Function

the call by value we pass values of array € to$he function, whereas in the call by
reference we pass addresses of array element function. These two cals are illustrated
below:

[* Demonstration of call by value */

main( ) b
{ ’\'
inti;

int marks] ] = { 55, 65, 78\ 56, %8, 78,90} ;

for(i=0;i< 6;@@Iay(mark8[i]);
}

display (i

{

ne here’s the output...

Array elements can be passed to a function by IEQ function by value, or by reference. In

565 7556 78 78 90
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Here, we are passing an individual array element at a time to the function display( ) and getting
it printed in the function display( ). Note that since at a time only one element is being passed,
this element is collected in an ordinary integer variable m, in the function display( ).

And now the call by reference.

[* Demonstration of call by reference */

main( ) 0
{inti; Q
int markg[ ] ={ 55, 65, 75, 56, 78, 78,90 } ;

for (i=0;i<=6;i++) (b'o

disp (&markdi] ) ;

}

disp(int*n)

{ \

printf ("%d", *n) ;

}

And here’s the output... 0

55 65 75 56 78 78 90 6

Pointersand Arr

To be able t @m nters have got to do with arrays, let us first learn some pointer
arithmetic. C% lowing example:

main( )

tf ("\nVaueof i =%d",i);

printf ("\nValueof j = %f",] ) ;

printf ("\nValue of k = %c", k) ;
X=&I;

y=&j;
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z=&Kk;

printf ( "\nOriginal addressin x = %u", X ) ;
printf ( "\nOriginal addressiny = %u",y ) ;
printf ( "\nOriginal addressinz =%u", z) ;
X++

y++;

z++;

printf ( "\nNew addressin x = %u", x ) ;
printf ( "\nNew addressiny = %u",y) ;
printf ( "\nNew addressinz=%u",z) ;

}

Here is the output of the program.

Vaueofi=3

Value of j = 1.500000
Vaueof k=c

Original addressin x = 65524
Original addressiny = 65520
Original addressin z = 65519
New addressin x = 65526
New addressiny = 65524
New address in z = 65520

*

Q\

Passing an Entire Array toa Func%
In the previous section we saw two prggram e in which we passed individual elements of an

array to a function, and another ir\%
function. Let us now see how to pass

elements. Consider the followi ample:

[* Demonstration of p

<

12, 44, 56,17} ;
),

main( )

{

intnum[ ] =

dislpay ( :
}

lay (int*j,intn)

Inti;

for(i=0;i<=n-1;i++)

{

we passed addresses of individual elements to a
entire array to a function rather than its individual

an untire array to afunction */
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printf ( "\nelement = %d", *j ) ;
j++; [* increment pointer to point to next element */

}
}

Here, the display( ) function is used to print out the array elements. Note that the address of the
zeroth element is being passed to the display( ) function. The for loop is same as the one used i
the earlier program to access the array elements using pointers. Thus, just passing the addressgf
the zeroth element of the array to afunction is as good as passing the entire array to the fu.
It is also necessary to pass the total number of elements in the array, otherwise thegispie
function would not know when to terminate the for loop. Note that the address d: the geroth
element (many a times called the base address) can aso be passed by just passing e of
the array. Thus, the following two function calls are same:

display (&num([0], 6) ;

display (num, 6) ; Q

Two Dimensional @&'

So far we have ex%ar‘ s with only one dimension. It is aso possible for arrays to have
S.

two or mored e two-dimensional array is also called a matrix.

Hereisasam grain that stores roll number and marks obtained by a student side by side in
amatrix.

for (i=0;i<=3;i++)

{
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printf ("\n Enter roll no. and marks" ) ;
scanf ( "%d %d", &stud[i][0], &stud[i][1] ) ;
}

for (i=0;i<=3;i++)
printf ("\n%d %d", stud[i][0], stud[i][1] ) ;
}

There are two parts to the program—in the first part through a for loop we read in the va ies oi
roll no. and marks, whereas, in second part through another for loop we print out theseaal ues
Look at the scanf( ) statement used in thefirst for loop:

scanf ("%d %d", &stud[i][0], &stud[i][1] ) ;

In stud[i][0] and stud[i][1] the first subscript of the variable stud, is rowfup&er which changes
for every student. The second subscript tells which of the two columpsg,are (e talking about—the
zeroth column which contains the roll no. or the first column whiCconteias the marks.
Remember the counting of rows and columns begin with zero. e cGiaplete array arrangement
is shown below.

col. no. 0 col. no. 1
row no. 0 1234 36 I
row no. 1 1212 33 l
Tow no. 2 1434 80 J
oW no. 3 1312 i
—————

so on. The above arrangement Fifghlights the fact that a two- dimensiona array is nothing but a
collection of anumber of ¢ne-{limensional arrays placed one below the other.

In our sample program trg, array elements have been stored rowwise and accessed rowwise.
However, you canfaccss tie array elements columnwise as well. Traditionally, the array
elements are baing §ored’ and accessed rowwise; therefore we would also stick to the same

strategy.

Lnitialising a 2-Dimensional Array
Eow do weinitialize atwo-dimensional array? Assimple asthis...
int stud[4][2] ={

{1234,56},
{ 1212, 33},
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{ 1434, 80},
{ 1312, 78}
}s

or even thiswould work...
int stud[4][2] ={ 1234, 56, 1212, 33, 1434, 80, 1312, 78} ;

of course with a corresponding lossin readability. O

It is important to remember that while initializing a 2-D array it is necessary to (nentign the
second (column) dimension, whereas the first dimension (row) is optional.

Thus the declarations, .
intarr[2][3] ={ 12, 34, 23, 45,56, 45} ; @
intarr[ ][3] ={ 12, 34, 23,45, 56,45} ; Q

are perfectly acceptable, N

whereas, \
intarr[2][ ] = { 12, 34, 23, 45, 56, 45} : A
intarr[ ][] ={ 12, 34, 23, 45, 56, 45} : 0

would never work.
Memory Map of &siona] Array
Let us reitem@ ement of array elementsin atwo-dimensional array of students, which

contains rqll e column and the marksin the other.
Thearr ragement shown in Figure is only conceptually true. Thisis because memory
sn’t coriwain rows and columns. In memory whether it is a one-dimensional or atwo-

I ional array the array elements are stored in one continuous chain. The arrangement of
r ements of atwo-dimensional array in memory is shown below:
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s[0][0] s[o][1] s[1][0] s[1][1] s[2][0] s[2][1] s[3][0] s[3][1]
1234 56 1212 33 1434 80 1312 78 I

65508 65510 65512 65514 65516 65518 65520 63522

We can easily refer to the marks obtained by the third student using the subscript notation as
shown below:

printf ( "Marks of third student = %d", stud[2][1] ) ;

Can we not refer the same element using pointer notation, the way we di¢ingns-dimensional
arrays? Answer isyes. Only the procedure is dlightly difficult to yandgmgtanci,So, read on...

Pointersand 2-Dimensional Arrays

The C language embodies an unusual but powerfil cadability—it can treat parts of arrays as
arrays. More specifically, each row of a two-dimejsiona array can be thought of as a one-
dimensional array. This is a very important f@ct 1™t wish to access array elements of a two-
dimensional array using pointers.

Thus, the declaration,

int [5][2] ;

can be thought of as setting tjyan &ray of 5 elements, each of which is a one-dimensional array
containing 2 integers. Wetgfer t¢an element of a one-dimensional array using a single subscript.
Similarly, if we cagfitiipgirid s to be a one-dimensional array then we can refer to its zeroth
element as g[Opythetndxt @ement as g 1] and so on. More specificaly, 0] gives the address of
the zeroth oneggiriyens®ia array, 9 1] gives the address of the first one-dimensional array and so
on. Thisfact ¢an be #emonstrated by the following program.

[* Demy2-Diyray isan array of arrays*/

maen( )

p

int541(2] = {
{ 1234,56},
{ 1212, 33},
{ 1434,801},
{ 1312, 78}
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}s

inti;

for(i=0;i<=3;i++)
printf ( "\nAddress of %d th 1-D array = %u", i, qi] ) ;)

}

And hereisthe output... Q

Address of 0th 1-D array = 65508
Address of 1th 1-D array = 65512 .
Address of 2th 1-D array = 65516

Address of 3th 1-D array = 65520 @

Let’s figure out how the program works. The compiler knows
dimensional arrays, each containing 2 integers. Each one-di
(two bytes for each integer). These one-dimensional arrays ar

followed by first 1-D array, €tc.). \

ray containing 4 one-
% Al array occupies 4 bytes
elaged linearly (zeroth 1-D array

Pointer to an Array

If we can have a pointer to an integer inter to afloat, a pointer to a char, then can we not
have a pointer to an array? We certainly cas. The following program shows how to build and use
it.

/* Usage of pointer to an@

main( )
{
int s[5][2] ={

.56},
12, 33},
01434, 80},
x { 1312, 78}
Hs
)2l

intd, j, *pint ;
for (i=0;i<=3;i++)

{
p=&di];
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pint=p;
printf ("\n") ;
for(j=0;j<=1;j++)

printf ("%d", *(pint+j));
}

}

And here isthe output...
1234 56 O
1212 33 Q

1434 80

L 4
1312 78

Here p isapointer to an array of two integers. Note that the parqath in'the declaration of p
are necessary. Absence of them would make p an array of 2 i (% nointers. Array of pointersis
covered in alater section in this chapter. In the outer for loop €agh/Aime we store the address of a
new one-dimensional array. Thusfirst time through th&) p would contain the address of the

zeroth 1-D array. This addressis then assigned to t pointer pint. Lastly, inthe inner for
loop using the pointer pint we have printed the iTiyicual elements of the 1-D array to which p
IS pointing.

Array of Pointers 6
The way there can be an xls or an array of floats, similarly there can be an array of
0

pointers. Since a point [ aways contains an address, an array of pointers would be
nothing but a coll dresses. The addresses present in the array of pointers can be
di

addresses of igglat Ighles or addresses of array elements or any other addresses. All rules
.- i array apply to the array of pointers as well. | think a program would

ntyarr[4] ; /* array of integer pointers*/

nti=31,j=5k=19,1=71,m;

arr[0] = &i ;
ar[l] =&j;
ar[2] = &k;
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ar[3] =&l ;
for(m=0; m<=3; mt+)

printf ("%d ", * (arr[m]));
}

Figure shows the contents and the arrangement of the array of pointersin memory. As you can
observe, arr contains addresses of isolated int variablesi, j, k and |. The for loop in the pr¢gran:
picks up the addresses present in arr and prints the values present at these addresses.

1 ] k 1
31 I 5 I 19 I nYd
A
65516 65514 FERLO

65512

arr[0] arr[ 1] arr[2 Frr A

65516

STRING

What are Strings

The way a group of integg's caybe stored in an integer array, similarly a group of characters can
be stored in a charaster a%ay. Character arrays are many a time aso called strings. Many
languages intexnal |y trgat strings as character arrays, but somehow conceal this fact from the
programmer. Chraciag. a2 ays or strings are used by programming languages to manipulate text
such as words and Spntences.

A string. congtant is a one-dimensional array of characters terminated by a null ( “\0’ ). For
example,

chafygame ] ={ 'H,'A",'E,'S,'L",'E,'R,"\0'} ;
Eath character in the array occupies one byte of memory and the last character is always “\0’.
What character is this? It looks like two characters, but it is actually only one character, with the

\ indicating that what follows it is something special. “\O” is called null character. Note that *\0’
and ‘0’ are not same. ASCII value of *\0’ is 0, whereas ASCII value of ‘0’ is 48. Figure shows
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the way a character array is stored in memory. Note that the elements of the character array are
stored in contiguous memory locations.

The terminating null (*\0”) is important, because it is the only way the functions that work with a
string can know where the string ends. In fact, a string not terminated by a “\0’ is not really a
string, but merely a collection of characters.

65518 63519 65520 65321 65522 65523 65524 655125

C concedes the fact that you would use strings very often and hence pf@&ddes@ shortcut for
initializing strings. For example, the string used above can also beinitiaiceg as;

char nam¢g[ ] ="HAESLER" ;

Note that, in this declaration “\0” is not necessary. C inserts th2 nulijgharacter automatically.

Pointersand Strings

Suppose we wish to store “Hello”. We may eijier store it in a string or we may ask the C
compiler to store it at some location iBymeriigny and assign the address of the string in a char
pointer. Thisis shown below:

char str[ ] ="Hédlo" ;
char *p="Hedllo" ;

There is a subtle diffecencesin usage of these two forms. For example, we cannot assign a string
to another, whereasfwg'Can assign a char pointer to another char pointer. This is shown in the
following program.

main( )

{

char strIjyl = JHello” ;

¢her str2[10;;

chay*s ="Good Morning” ;
Siieh Y ;

stcg’=strl; /* error */
g=s;/* works*/

}
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Also, once a string has been defined it cannot be initialized to another set of characters. Unlike
strings, such an operation is perfectly valid with char pointers.

main( )

{
char strl[ ] = "Hello" ;
char *p="Hedllo";

strl ="Bye" ; /* error */
p="Bye"; /* works*/
| ()

.
ion provided. Figure

Standard Library String Functions

Function
strien Findelength o ing
striwr Conv string to lowercase
strupr rlng to uppercase
strcat s one string at the end of another
strncat s first n characters of a string at the
of another
strepy 6 Copies a string into another
strncpy Copies first n characters of one string into
& another
stremp Compares two strings
strncmp Compares first n characters of two strings
strempi Compares two strings without regard to case
@ ("i" denotes that this function ignores case)
stricmp Compares two strings without regard to case
(identical to strcmpi)
strnicmp Compares first n characters of two strings
without regard to case
strdup Duplicates a string
chr Finds first occurrence of a given character
inastring
hr Finds last occurrence of a given character in
astring
strstr Finds first occurrence of a given string in
another string
strset Sets all characters of string to a given
character
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strnset Sets first n characters of a string to a given
character
strrev Reverses string |

Out of the above list we shall discuss the functions strien( ), strcpy( ), strcat() and strcmp(),
since these are the most commonly used functions. Thiswill aso illustrate how the library
functions in general handle strings. Let us study these functions one by one.

strien() ()

This function counts the number of characters present in a string. Its usage is illustrated in the
following program. @0

main( )

{

char arr[ ] = "Bamboozled" ;

intlenl, len2;
lenl=strlen (arr) ; *
len2 = strlen ("Humpty Dumpty” ) ;

printf ( "\nstring = %s length = %d", arr, lenl) ; \
printf ( "\nstring = %s length = %d", "Humpty " len2) ;
}

The output would be...

string = Bamboozled length = 10 : >

string = Humpty Dumpty lengi€= 13

Note that in the first cal
and the function in t
count “\O’. Even in

unction strlen( ), we are passing the base address of the string,
e length of the string. While calculating the length it doesn’t

len2 = strlen ty Dumpty" ) ;

what g% to strlen( ) isthe address of the string and not the string itself.

strZpy()

This function copies the contents of one string into another. The base addresses of the source and
target strings should be supplied to this function. Here is an example of strcpy( ) in action...
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main( )

{

char source] | = "Sayonara’ ;

char target[20] ;

strepy ( target, source) ;

printf ( "\nsource string = %s", source) ;
printf ( "\ntarget string = %s", target ) ;

}
And here isthe output...
source string = Sayonara Q

target string = Sayonara

On supplying the base addresses, strcpy( ) goes on copying the characters urcgstri ng into
the target string till it doesn’t encounter the end of source string (*\0’). It @ponsibility to
b

see to it that the target string’s dimension is big enough to hold the s copied into it.
Thus, a string gets copied into another, piece-meal, character lf§¢ c t

*

strcat() \
This function concatenates the source stringﬁen of the target string. For example,
|

“Bombay” and “Nagpur” on concatenation t into a string “BombayNagpur”. Here is
an example of strcat( ) at work. 6

main( )
{ .

char source] | ="Fol ksl"
char target[30] = "Hello"

strcat ( target, source) ;

printf ( "\nsource string = rce)
printf ( "\ntarget str arget )

}

And hereist

@rin = HeIIoFoIkshI

stremp()
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Thisis afunction which compares two strings to find out whether they are same or different. The
two strings are compared character by character until there is a mismatch or end of one of the
strings is reached, whichever occurs first. If the two strings are identical, strcmp( ) returns a
value zero. If they’re not, it returns the numeric difference between the ASCII values of the first
non-matching pairs of characters. Here is a program which puts strcmp( ) in action.

main( )

{ O
char stringl[ | ="Jerry" ;

char string2[ ] = "Ferry" ;

inti,j, k;

I = stremp ( stringl, "Jerry" ) ;

j = stremp ( stringl, string2) ; L 2
k = stremp ( stringl, "Jerry boy" ) ;
printf ( "\n%d %d %d", i, j, k) ;

} \Q
And hereisthe output...

04-32 ¢

Inthefirst call to stremp( ), the two strings are iden XJerry" and “Jerry”—and the value

returned by strcmp() is zero. In the second ¢ t character of “Jerry” doesn’t match with
the first character of “Ferry” and the resultés 4, Vdaich is the numeric.

&(a

N\

Strustuire & Union

A\

y Use Structures

We have seen earlier how ordinary variables can hold one piece of information and how arrays
can hold a number of pieces of information of the same data type. These two data types can

Page 119 of 173



handle a great variety of situations. But quite often we deal with entities that are collection of
dissimilar data types.

For example, suppose you want to store data about a book. Y ou might want to store its name (a
string), its price (a float) and number of pagesin it (an int). If data about say 3 such books isto
be stored, then we can follow two approaches:

a) Construct individual arrays, one for storing names, another for storing prices and still anoth
for storing number of pages.

b) Useastructure variable. O

Let us examine these two approaches one by one. For the sake of programming @i ence

assume that the names of books would be single character long. Let us begin with a program that

uses arrays. .
main( )

{ Q

char name[3] ;

float price[ 3] ;

int pages3], i ;

printf ( "\nEnter names, prices and no. of pages of 3 &@" );

for(i=0;i<=2;i++)
scanf ("%c %f %d", & name[i], & pricei], & pageqi

printf ( "\nAnd thisiswhat you entered\n™ ) ;
for(i=0;i<=2;i++)

printf ( "%c %f %d\n", name[i], price[i], p i),
}
And here is the sample run...

Enter names, prices and r&d 3 books
A 100.00 354

C 256.50 682

F 233.70 512

And th% entered
A 100.000089 354

6.500000 682
0000 512

s approach no doubt allows you to store names, prices and number of pages. But as you must
have realized, it is an unwieldy approach that obscures the fact that you are dealing with a group
of characteristics related to a single entity—the book.
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A structur e contains a number of data types grouped together. These data types may or may not
be of the same type. The following example illustrates the use of this data type.

main( )

{
struct book

{
char name;
float price; 0
int pages;

; G

struct book b1, b2, b3 ;

printf ( "\nEnter names, prices & no. of pages of 3 books\n" ) ; ¢
scanf ("%c %f %d", &bl.name, &bl.price, &bl.pages) :

scanf ("%c %f %d", &b2.name, &b2.price, &b2.pages) ;
scanf ("%c %f %d", &b3.name, & b3.price, &b3.pagesH
printf ( "\nAnd thisis what you entered" ) ;

printf ( "\n%c %f %d", bl.name, bl.price, bl.pages) ;
printf ( "\n%c %f %d", b2.name, b2.price, b2. g);
pages )

printf ( "\n%c %f %d", b3.name, b3.price, b.
}
And hereisthe output... 0

Enter names, prices and no. of pages @)ks
A 100.00 354 &

C 256.50 682

F 233.70 512

And thisisw

A 100.00000( %
C 256.500800 08
F 233, 7000001512

program demonstrates two fundamental aspects of structures:

a) [leclaration of a structure
(b) accessing of structure elements

Let us now look at these concepts one by one.
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Declaring a Structure

In our example program, the following statement declares the structure type:
struct book

{
char name ;

float price;
int pages;
3

This statement defines a new data type called struct book. Each variable of this dage will
consist of a character variable called name, a float variable called price and an integer variable
called pages. The general form of a structure declaration statement is givw:q

struct <structure name>
{

structure element 1 ;
structure element 2 ;
structure element 3 ;

o A‘\

Once the new structure data type has efined one or more variables can be declared to be of
that type. For example the variables b '02/03 can be declared to be of the type struct book, as,

the structure—in thisc one for name, four for price and two for pages. These bytes
are alwaysin adjac locations.

struct book b1, b2, b3 ; x
This statement sets asij@iemory. It makes available space to hold all the elements in
byt

If we so desir cari combine the declaration of the structure type and the structure variables
in one stat

For ex le,
t book
char name ;
float price;

int pages;
}s
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struct book b1, b2, b3 ;
issame as...

struct book
{

char name;
float price;
int pages; 0
} b1, b2, b3;
or even... ()

struct .
{

char name;

float price; Q

int pages;

} bl, b2, b3; .

& can also be initialized where they are

Like primary variables and arrays, structureari
declared. The format used is quite similar {&§that toinitiate arrays.

struct book
{
char name[10] ;
float price;

mt pages ;
struct book bl @ 130.00, 550} ;
struct book b ysics', 150.80, 800} ;

ethefo owing points while declaring a structure type:
cI osing brace in the structure type declaration must be followed by a semicolon.
It is important to understand that a structure type declaration does not tell the compiler to

reserve any space in memory. All a structure declaration does is, it defines the “form’ of the
structure.
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c) Usually structure type declaration appears at the top of the source code file, before any
variables or functions are defined. In very large programs they are usually put in a separate
header file, and the file is included (using the preprocessor directive #include) in whichever

program we want to use this structure type.

Having declared the structure type and the structure variables, let us see how the elements of the
structure can be accessed. .

In arrays we can access individual elements of an array usin b ructures use a
different scheme. They use a dot (.) operator. So to refer to pag t ructure defined in our
sample program we have to use,

Accessing Structure Elements

bl.pages

Similarly, to refer to price we would use, A\

bl.price
Note that before the dot there must always@tture variable and after the dot there must

always be a structure element. 6

How Structure e Stored

of astructure, they are always stored in contiguous memory locations.
m would illustrate this:

struct book
{

char name;
float price;
int pages;

Page 124 of 173



}s
struct book b1 ={ 'B', 130.00, 550} ;

printf ( "\nAddress of name = %u", &bl.name) ;

printf ( "\nAddress of price = %u", &bl.price) ;

printf ( "\nAddress of pages = %u", &bl.pages) ; 0
}

Hereis the output of the program... Q

Address of name = 65518

Address of price = 65519 *
Address of pages = 65523

Actually the structure elements are stored in memory as sho @e

bl name bl price \ bl pages

550
Array of StructurQ

Our sample p
receives valug
intended t
declared antiyhow

65518 65519 65523

shgwing usage of structure is rather ssimple minded. All it does is, it

lous structure elements and output these values. But that’s all we
vay... show how structure types are created, how structure variables are
dividual elements of a structure variable are referenced.

ure variables from b1 to b100, which is definitely not very convenient. A better approach
e to use an array of structures. Following program shows how to use an array of
ctures.

&iﬁm program, to store data of 100 books we would be required to use 100 different

[* Usage of an array of structures*/

main( )
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struct book
{

char name;
float price;
int pages;
}s

struct book b[100] ; 0
inti; ()
for(i=0;i<=99;i++)

{ *

printf ( "\nEnter name, price and pages" ) ;

scanf ("%c %f %d", &b[i].name, & b[i].price, &b[i].pages) ;

} QN

for(i=0;i<=99;i++)
printf ( "\n%c %f %d", b[i].name, b[i].price, b[i] .pagﬁx

}
linkfloat( ) A
{
floata=0,*b;
b=&a; /* cause emulator to
a=*b; /* suppressthe warni iable not used */
| ’\'

STRU ITHIN STRUCTURES

Il cture in a structure means nesting of structures. Let us consider the following structure
ined to store information about the salary of employees.

Str fict salary {
namef20];

char department[10];

int basic_pay;

int dearness_allowance;
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int city_allowance;
}

employee;

This structure defines name, department, basic pay and 3 kinds of allowance. we can group all
the items related to allowance together and declare them under a substructure are shown below:

struct salary

{

char name [20]; O
char department[10]; Q
str uct

{

int dearness; *

int hous_rent;

int city; @

} \\
allowance;

}

employee;

4
The salary structure contains a member named allo Mi chitself isastructure with 3
members. The members contained in the inner, structire namely dearness, hous_rent, and city
can bereferredto as:
employee allowance. dearness 0
employee. alowance. hous_rent

employee. allowance. city 6

An inner-most member in a n%ucture can be accessed by chaining al the concerned.
Structure variables (from 0 inner-most) with the member using dot operator. The
following being invalid.

employee. alc
employee. hoys=iqat
Passing a Str % :
Struct\%mi to functions by way of their pointers. Thus, the changes made to the str

ciurem sinside the function will be reflected even outside the function.

e <stdio.h>
typidef struct

member is missing)
structure variable is missing)
awhole to a Function

char *name;
int acc_no;
char acc_types;
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float balance;
} account;

main()

void change(account * pt);
static account person = {"chetan”, 4323,7R?, 12.45};

printf("%s %d %c %.2f \n", person.

name,person. acc_type, person. acc_type,person.balance); 0
change(& person);

printf("%s %d %c %2f \n", person. name,

person. acc_type,person.

acc-type, person. balance);

getch(); .
} @
void change(account * pt)

{

pt - > name = Rohit R";

pt->acc no=1111,;
pt - > acc_type = 7c?,

pt - > balance = 44.12; \
return; A

}

Output 0
chetan 4323 R 12.45 6

Rohit R 1111 ¢ 44.12

Comparing Tw
You can use g . man memcmp for more details. If your structure has pointers, then

move them to
pointers
explici

~»and do not compare memory area for the pointer. Y ou have to compare

char sz[4];
char *ptrC;
}sl, 82, s3;
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void compare(void *, void *, int);

#define POPULATE(S)li,Isz,Iptr)A A {A A A

Si=li;A A A memcpy(S.sz,|sz,4);A A S.sz[3]=0;A A S.ptrC = Iptr;A A }
char * one = "one";

char * two = "two",

int main(int argc, char* argv(])

{

POPULATE(sL,12,"HI",one);

POPULATE(s2,12,"HI",0ne); 0
POPULATE(s3,12,"HI" two);

compare( &s1, &s2, sizeof(sl) );

compare( &sl, &s3, sizeof(sl) );

compare( &s1, &s3, 8);

;eturn 0; .
void compare(void *v1, void* v2, int size)

{

if( memcmp( v1, v2, size) ==0)

printf("Memory areais same type\n");

else
printf("Memory areais different type\n"); ¢

D
)

The memcmp method needs a bit of @ution because of memory alignment considerations.

For example:

struct A Q
{

A intn;

A char c;

A int m;

}; :
mem yout of the struct A will be, on a32 bit system with 4 byte alignment:

orn;
1 bytefor c;

nused bytes (garbage);
4 bytesfor m;
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If you use memcmp, it can be that the4 + 1 + 4 used bytes are identical but that thereisa
difference between the 3 garbage bytes. | don't think in this
case you want your comparison function to return false.

A workaround can be something like:
bool areEqual (struct A al, struct A a2)

{

struct A t1, t2;

memset (&t1, 0, sizeof(A)); 0
memset (&t1, O, sizeof(A));

t1 = al,

t2 = a2,

return !'memcmp (&t1, &t2, sizeof(A));

| (2

If you have pointers in your structures, | suggest that you use a %ucture for your “raw”
data and add the pointers later:

struct A ¢

( AN
int n;

char c; A

int m;

};

struct APTR 6

{

Aa &

char* pt;

bool areEqual Ptr (stg al, struct APTR a2)
|f (fareEqua

A return fal
return'str ( , az2.pt);

Uses of Structures
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Where are structures useful? The immediate application that comes to the mind is Database
Management. That is, to maintain data about employees in an organization, books in a library,
items in a store, financial accounting transactions in a company etc. But mind you, use of
structures stretches much beyond database management. They can be used for a variety of
purposes like:

a. Changing the size of the cursor

b. Clearing the contents of the screen O

c. Placing the cursor at an appropriate position on screen Q

d. Drawing any graphics shape on the screen

e. Receiving akey from the keyboard @‘
f. Checking the memory size of the computer Q

g. Finding out thelist of equipment attached to the com

h. Formatting afloppy

.
i. Hiding afile from the directory A\
j. Displaying the directory of adisk 0

k. Sending the output to printer 6

[. Interacting with the m&

UNIONS @

Unions, like contain members, whose individual data types may vary. Theseis major
distinction them in terms of storage .In structures each member has its own storage
locatioripvh all the members of a union use the same location. Like str uctures, a union can
%ﬁ:m ng the keyword union is follows:
- h, -
intzn;

at X;
char c;
} code;
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This declares a variable code of type union them. The union contains them members, each with a
different date type. However, we can use only one of them at atime. Thisis dueto the fact that
only one location is allocated for aunion variable, irrespective of its size. The compiler allocates
apiece of storage that is large enough to hold the largest variable type in the union. In the
declaration above, the member x requires 4 bytes which is the largest among the members. The
above figure shown how all the three variables share the same address, this assumes that a float
variable requires 4 bytes of storage. To access a union member, we can use the same syntax that
we as for structure members, that is,

code. m
code. X
code. caredl vaid

Member variables, we should make sure that we can accessing the membergathose valueis
currently storage. For example

code. m = 565;
code. x = 783.65;
printf(“%d”, code. m); would produce erroroneous output.

#include <stdio.h>

main( ){

union

{

int one;

char two;

} vd;

val. one = 300;

printf(“val. one = %d \n”, val.@ne);
printf(“val. two = %d \n”, val. twg);

}

The format of uniongsshmiledto structure, with the only difference in the keyword used. The
above exampléywe Iiafe ZImembers int one and char two we have then initialised the member
?20ne? to 300. ke wemave initilised only one member of the union. Using two printf
statements, then we e displaying the individual members of the union val as.

val. one¥ 300
val., two ="t

Ampiastiave not initialized the char variable two, the second printf statement will give arandom
val) e of 44.
#iiie general formats of a union thus, can be shown as.

union tag {
member 1;
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member 2;

member

m;

H

The general format for defining individual union variables:

Storage-class Union tag variable 1, variable 2,......... , variable n; 0
Storage-class and tag are optional variable 1, variable 2 etc, are union variable of typ@

Declaring union and defining variables can be done at the same time as sh bel Qu:

Storage-class union teg {
member 1;
member 2;

- — -member

m; \
}
variable 1, variable 2, — - —, variablen; 0

*

Storage Classes

C Program.

A storage class defi @Qe(vi sibility) and life time of variables and/or functions within a

There are fall orage classes which can be used in a C Program

: to
N

. static
tern
o - Storage Class

auto isthe default storage classfor all local variables.
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{

int Count;
auto int Month;

}

The example above defines two variables with the same storage class. auto can only be used
within functions, i.e. local variables.

register - Storage Class O

register isused to define local variables that should be stored in aregister instead of%his
means that the variable has a maximum size equal to the register size (usually one wor d
cant have the unary '&' operator applied to it (as it does not have a memory location).

L 2

{

register int Miles; Qa
}

*

also be noted that defining 'register’ goes not meaa thet the variable will be stored in aregister. It

means that it MIGHT be stored in aregister -
restrictions.
static - Storage Class 6

static isthe default storage cI&rglobal variables. The two variables below (count and road)

both have a static storage
static | t;
RGas,
i

[
{

0 intf("%\n", Road);
}

ic variables can be 'seen’ within all functionsin this sourcefile. At link time, the static
defined here will not be seen by the object modules that are brought in.

Register should only be used for variables that requ'§m access - such as counters. It should

on hardware and implimentation

ic can aso be defined within a function. If thisis done the variable isinitalised at run time but
is not reinitalized when the function is called. Thisinside afunction static variable retains its
value during vairous calls.
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void func(void);
static count=10; /* Global variable - static isthe default */
main()

{

while (count--)

{ O
func();
| ¢
}

}/oid func( void ) TS
statici = 5;
i++;
printf("i is %d and count is %d\n", i, count);

}

Thiswill produce following result \
iis6andcountis9

iis7and countis8
iis8andcountis?

i is9and countis6

i is10 and count is5

iis1l and countis4

i is12 and countis3

iis13and count is?2 &
iisl14 andcountisl

i is15and countisO

ord void means function does not return anything and it does not take any
‘riemoriese void as nothing. static variables areinitialized to 0 automatically.

Definitidg vs)Jeclaration : Before proceeding, let us understand the difference between

intion declaration of avariable or function. Definition means where a variable or function
ined in realityand actual memory is allocated for variable or function. Declaration means
ng areference of a variable and function. Through declaration we assure to the complier
tha'this variable or function has been defined somewhere else in the program and will be

ovided at the time of linking. In the above examples char *func(void) has been put at the top
which isadeclaration of this function where as this function has been defined below to main()
function.
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There is one more very important use for 'static'. Consider this bit of code.
char *func(void);
main()

{

char *Text1;

Textl = func();
} O
char *func(void) Q
{

char Text2[10]="martin";

return(Text2); L 2
) (bu

Now, 'func' returns a pointer to the memory location where 'tegt2' Siarts BYT text2 has a storage

class of 'auto’ and will disappear when we exit the function an I overwritten but
something else. The answer isto specify
2
static char Text[10]="martin"; \
The storage assigned to 'text2' will remain reser the duration if the program.

extern - Storage Class

extern is used to give areference of % variablethat isvisibleto ALL the program files.
When you use 'extern’ the varigh!e canne®e initalized as al it does is point the variable name at
astorage location that has b iously defined.

When you have multiple you define a global variable or function which will be used in
other files aso, the:@ oI be used in another file to give reference of defined variable or

function. Just f§r u ding extern is used to decalre a global variable or function in another
files.

Filel:%
int count=3,

write_extern();

}

File 2: write.c
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void write_extern(void);
extern int count;

void write_extern(void)

{ printf("count is %i\n", count);

} O
Here extern keyword is being used to declare count in another file. Q

Now compile these two files as follows

gcc main.c write.c -0 write @0
Thisfill produce write program which can be executed to produ%
Count in'main.c’ will have avalue of 5. If main.c changes th oreount - write.c will see
the new value.
L 2
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SECTION-D

POINTERSIn C

| ntroduction

A variablein a program is something with a name, the value of which can vary. The way thg
compiler and linker handles thisisthat it assigns a specific block of memory within the coriouter
to hold the value of that variable. The size of that block depends on the range over whi€¥ the
variable is allowed to vary. For example, on 32 bit PC's the size of an integer variabl€iis 4 I§ytes.
On older 16 bit PCsintegers were 2 bytes. In C the size of avariable type such as an integé& need
not be the same on all types of machines. Further more there is more than one type of integer
variablein C. We have integers, long integers and short integers which youwgn reag! up on in any
basic text on C. This document assumes the use of a 32 bit system with 4%vie integers.

If you want to know the size of the various types of integers og,.yooy\systeg, running the
following code will give you that information.

#include <stdio.h>

int main()

{
printf("size of ashort is %d", sizeof(short));
printf("size of aint is %d", sizeof(int));
printf("size of along is %d", sizeof(long:

}

When we declare avariable we infornithe gompiler of two things, the name of the variable and
the type of the variable. For exinple, we declare a variable of type integer with the name k by
writing:

intk;
On seeing the "it" LAt of this statement the compiler sets aside 4 bytes of memory (on a PC) to
hold the valugfof Tig integer. It also sets up asymbol table. In that table it adds the symbol k and
the relativeadcgess /it memory where those 4 bytes were set aside.
Thus, larggif vie write:

= 2;
wefexpect that, at run time when this statement is executed, the value 2 will be placed in that

rnemory location reserved for the storage of the value of k. In C werefer to avariable such asthe
integer k as an "object”.
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In a sense there are two "values" associated with the object k. One isthe value of the integer
stored there (2 in the above example) and the other the "value" of the memory location, i.e., the
address of k. Some texts refer to these two values with the nomenclature rvalue (right value,
pronounced "are value") and lvalue (left value, pronounced "€l value") respectively.

In some languages, the Ivalue is the value permitted on the left side of the assignment operator '='
(i.e. the address where the result of evaluation of the right side ends up). The rvalue is that whicit
ison theright side of the assignment statement, the 2 above. Rvalues cannot be used on the la%
side of the assignment statement. Thus: 2 = k; isillegal.

"An object isanamed region of storage; an Ivalue is an expression referring to an obj=ct.”

However, at this point, the definition originally cited above is sufficient. As we become more
familiar with pointers we will go into more detail on this.

Okay, now consider:

intj, k;
k=2;
j=7, <-linel
k=], <--line2

In the above, the compiler interpretsthe j in lige I'8&fie address of the variable | (itslvalue) and
creates code to copy the value 7 to that address. W line 2, however, the j isinterpreted asits
rvalue (sinceit is on the right hand side of trigass gnment operator '="). That is, herethe j refers
to the value stored at the memory location set aside for |, in this case 7. So, the 7 is copied to the
address designated by the lvalue of k.

In al of these examples, we are dging 4 byte integers so all copying of rvalues from one storage
location to the other is dong byycopying 4 bytes. Had we been using two byte integers, we would
be copying 2 bytes.

Now, let's say {gat Wadiav]: areason for wanting a variable designed to hold an lvalue (an
address). The grzegequived to hold such a value depends on the system. On older desk top
computers wity, 64K %f memory total, the address of any point in memory can be contained in 2
bytes. Comgiter3#ith more memory would require more bytes to hold an address. The actua
Size required ot too important so long as we have away of informing the compiler that what
we want tCwtOre is an address.

Smefiavariable is called a pointer variable (for reasons which hopefully will become clearer a
littl:2 |ater). In C when we define a pointer variable we do so by preceding its name with an
sterisk. In C we also give our pointer atype which, in this case, refers to the type of data stored
at the address we will be storing in our pointer. For example, consider the variable declaration:

int *ptr;
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ptr isthe name of our variable (just as k was the name of our integer variable). The *" informs
the compiler that we want a pointer variable, i.e. to set aside however many bytesisrequired to
store an address in memory. The int says that we intend to use our pointer variable to store the
address of an integer. Such apointer is said to "point to" an integer. However, note that when we
wroteint k; we did not give k avalue. If this definition is made outside of any function ANSI
compliant compilers will initialize it to zero. Similarly, ptr has no value, that is we haven't stored
an address in it in the above declaration. In this case, again if the declaration is outside of any
function, it isinitialized to a value guaranteed in such away that it is guaranteed to not poinisa
any C object or function. A pointer initialized in thismanner is called a"null" pointer.

The actual bit pattern used for anull pointer may or may not evaluate to zero since it (lepengls on
the specific system on which the code is developed. To make the source code compatiicie
between various compilers on various systems, amacro is used to represent anull pointer. That
macro goes under the name NULL. Thus, setting the value of a pointer using.the NULL macro,
as with an assignment statement such as ptr = NULL, guarantees that the(Dois i has become a
null pointer. Similarly, just as one can test for an integer value of zerggasiiif(x == 0), we can
test for anull pointer using if (ptr == NULL).

But, back to using our new variable ptr. Suppose now that w¢ waitjto storein ptr the address of
our integer variable k. To do thiswe use the unary & operatorgndvrite:

ptr = &Kk;
What the & operator doesisretrieve the Ivalug (at&se ) of k, even though k is on the right hand
side of the assignment operator '=', and copies tisgt to the contents of our pointer ptr. Now, ptr is
said to "point to" k. Bear with us now, theredg on'y’ one more operator we need to discuss.
The "dereferencing operator” is the asdiskiand it is used as follows:

*ptr =7,
will copy 7 to the addressinted to by ptr. Thusif ptr "pointsto" (contains the address of) k,
the above statement gviTidset the value of k to 7. That is, when we use the *' thisway we are
referring to théya uggi thiit which ptr is pointing to, not the value of the pointer itself.
Similarly, weSGouldjwrite:
printf("Wad",*1%r);
tOWrint to the screen the integer value stored at the address pointed to by ptr;.

On¢ 'way to see how all this stuff fits together would be to run the following program and then
»Cview the code and the output carefully.
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/* Program 1.1 from PTRTUT10.TXT 6/10/97 */
#include

intj, k;
int *ptr;

int main(void)

{ O
=1
k=2
ptr = &Kk;

printf("");

printf("j has the value %d and is stored at %p", |, (void *)&j); .
printf("k has the value %d and is stored at %p", k, (void *)&Kk);

printf("ptr has the value %op and is stored at %op", ptr, (void *)& ptr): @
printf("The value of the integer pointed to by ptr is %d", *ptr);

return O;
}

Toreview:
- Avariableisdeclared by giving it aty, &ame(eg int k;)

A pointer variable is declared by gi 'ng type and a name (e.g. int *ptr) where the
asterisk tells the compiler that the v amed ptr isapointer variable and the type
tells the compiler what type th& poiater to point to (integer in this case).

Once avariable is declared, w its address by preceding its name with the unary

& operator, asin &K.
We can "dereference” &'Eer, i.e. refer to the value of that which it points to, by using
the unary ' oper in ~ptr.

An"lvalue" of avaiiablevsthe value of its address, i.e. whereit is stored in memory. The
"rvalue” of leVs the value stored in that variable (at that address).

Pointer /@ and Arrays

Okay, @wz on. Let us consider why we need to identify the type of variable that a pointer
pointsto, §si

*otr;
reason for doing thisis so that later, once ptr "points to" something, if we write:

*ptr = 2;
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the compiler will know how many bytes to copy into that memory location pointed to by ptr. If
ptr was declared as pointing to an integer, 4 bytes would be copied.- Similarly for floats and
doubles the appropriate number will be copied. But, defining the type that the pointer points to
permits a number of other interesting ways a compiler can interpret code. For example, consider
ablock in memory consisting of ten integersin arow. That is, 40 bytes of memory are set aside
to hold 10 integers.

Now, let's say we point our integer pointer ptr at the first of these integers. Furthermore |l etssay
that integer islocated at memory location 100 (decimal). What happens when we write:

ptr + 1,

Because the compiler "knows' thisis apointer (i.e. its value is an address) and that it dginis to
an integer (its current address, 100, is the address of an integer), it adds 4 to ptr instead of 1, so
the pointer "pointsto” the next integer, at memory location 104. Similarly garere the ptr
declared as a pointer to a short, it would add 2 to it instead of 1. The sam¢ gg<afar other data
types such as floats, doubles, or even user defined data types such as stcuct(res’ Thisis obviously
not the same kind of "addition™ that we normally think of. In C it W eferigd to as addition using
"pointer arithmetic", aterm which we will come back to later.

Similarly, since ++ptr and ptr++ are both equivalent to ptr +%,(thbugh the point in the program
when ptr isincremented may be different), incrementing a pointer using the unary ++ operator,
either pre- or post-, increments the address it stores hy tiigamount sizeof(type) where "type" is
the type of the object pointed to. (i.e. 4 for an integery

Since ablock of 10 integers located contiguousifyin memory is, by definition, an array of
integers, this brings up an interesting relatiofghi p/between arrays and pointers.

Consider the following:

int my_array[] ={1,23,17,4,-5)400} ;
Here we have an array coriaining 6 integers. We refer to each of these integers by means of a
subscript to my_arrgly, de. u$ng my_array[0] through my_array[5]. But, we could
aternatively afgessaém Vaa pointer as follows:

int *ptr;

ptr = &g arr®y(0];  /* point our pointer at the first

integer in our array */

Al then we could print out our array either using the array notation or by dereferencing our
e’ The following code illustrates this:

[* Program 2.1 from PTRTUT10.HTM 6/13/97 */
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#include <stdio.h>

int my_array[] ={1,23,17,4,-5,100};

int *ptr;
int main(void)
L
inti;
ptr = &my_array[O]; /* point our pointer to the first O
element of the array */
printf("");
for (i=0;1 <6; i++)
{

printf("my_array[%d] = %d ",i,my_array[i]); /*<-- A */ .
printf("ptr + %d = %d" i, *(ptr +1)); [*<--B*/ @

}
return O;
} \\

Compile and run the above program and carefully notelines A B and that the program prints
out the same valuesin either case. Also observe howw eferenced our pointerinline B, i.e.
we first added i to it and then dereferenced the new painter?Change line B to read:

printf("ptr + %d = %d" i, * ptr++); 0
and run it again... then change it to: q
printf("ptr + %d = %d",i, *@;

and try once more. Each @nd predict the outcome and carefully look at the actual

outcome. g
In C, the stan at wherever we might use & var_name[0] we can replace that with
var_name, t code where we wrote:

ptr = y_\wray[0];
write:
=my_array;

to achieve the same result.
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This leads many textsto state that the name of an array isa pointer. | prefer to mentally think
"the name of the array is the address of first element in the array”. Many beginners (including
myself when | was learning) have atendency to become confused by thinking of it as a pointer.
For example, while we can write

ptr = my_array;

we cannot write

my_array = ptr;

Thereason isthat while ptr isavariable, my_array isaconstant. That is, the location at which
the first element of my_array will be stored cannot be changed once my_array[] has been
declared.

Earlier when discussing the term "lvalue” | cited K& R-2 where it%t{tea:
"An object isanamed region of storage; an Ivalue is an exprgssiGiyrererring to an object”.
Thisraises an interesting problem. Since my_array Is anamed region of storage, why is
my_array in the above assignment statement not anJvaye? To resolve this problem, some refer
tomy_array as an "unmodifiable lvalue".
Modify the example program above by changirig

ptr = &my_array[0];
to

ptr = my_array;
and run it again to vafirptheWesults are identical.
Now, let's del ve=tdlittie@rther into the difference between the names ptr and my_array as used
above. Some \riterswill refer to an array's name as a constant pointer. What do we mean by
that? Well, % uri¥afstand the term "constant” in this sense, let's go back to our definition of the
term "Viggiabl €% When we declare a variable we set aside a spot in memory to hold the value of
the appropiate type. Once that is done the name of the variable can be interpreted in one of two
voa)s. When used on the left side of the assignment operator, the compiler interpretsit as the
MWy location to which to move that value resulting from evaluation of the right side of the
assi Jnment operator. But, when used on the right side of the assignment operator, the name of a
wéiableisinterpreted to mean the contents stored at that memory address set aside to hold the
value of that variable.

With that in mind, let's now consider the simplest of constants, asin:
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inti, k;
i=2;

Here, whilei isavariable and then occupies space in the data portion of memory, 2 is a constant
and, as such, instead of setting aside memory in the data segment, it isimbedded directly in the
code segment of memory. That is, while writing something like k = i; tells the compiler to create
code which at run time will look at memory location & i to determine the value to be moved to k§
code created by | = 2; ssimply puts the 2 in the code and there is no referencing of the data
segment. That is, both k and i are objects, but 2 is not an object.

Similarly, in the above, since my_array is aconstant, once the compiler establishes {'herethe
array itself isto be stored, it "knows" the address of my_array[0] and on seeing:

ptr = my_array;

it smply uses this address as a constant in the code segment and thergsis nc xefxrencing of the
data segment beyond that.

This might be a good place explain further the use of the (voifi *) @goression used in Program 1.1
of Chapter 1. Aswe have seen we can have pointers of variousgvpss. So far we have discussed
pointers to integers and pointers to characters. In comipg chapters we will be learning about
pointers to structures and even pointer to pointers.

Also we have learned that on different systemgthe®ige\of a pointer can vary. Asitturnsout it is
also possible that the size of apointer can vary tgpending on the data type of the object to which
it points. Thus, as with integers where you Cag runinto trouble attempting to assign along

integer to avariable of type short integjer, vou Can run into trouble attempting to assign the values
of pointers of various typesto pointer¥arialies of other types.

To minimize this problem, C préyides for a pointer of type void. We can declare such a pointer
by writing:

void *vptr;

A void pointegsagrt Gi"a generic pointer. For example, while C will not permit the comparison
of apointer todvpe I%eger with a pointer to type character, for example, either of these can be
compared ttya vora pointer. Of course, as with other variables, casts can be used to convert from
one typeyf pdwter to another under the proper circumstances. In Program 1.1. of Chapter 1 |
cast the pomwiers to integers into void pointers to make them compatible with the %p conversion
suacification. In later chapters other casts will be made for reasons defined therein.

Paintersand Strings

The study of stringsis useful to further tie in the relationship between pointers and arrays. It also
makes it easy to illustrate how some of the standard C string functions can be implemented.
Finaly it illustrates how and when pointers can and should be passed to functions.
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In C, strings are arrays of characters. Thisis not necessarily true in other languages. In BASIC,
Pascal, Fortran and various other languages, a string has its own data type. But in C it does not.
In C astring is an array of characters terminated with a binary zero character (writtenas''). To
start off our discussion we will write some code which, while preferred for illustrative purposes,
you would probably never write in an actual program. Consider, for example:

char my_string[40];
my_string[0] ='T";
my_string[1] =€

my_string[2] ="'d"
my_string[3] =";

While one would never build a string like this, the end result is a string irfthalis an array of
characterster minated with a nul character. By definition, in C, asising i{ an/array of
characters terminated with the nul character. Be aware that "nul” 1ot the same as "NULL".
The nul refersto a zero as defined by the escape sequence ''. Tt isW,0ccupies one byte of
memory. NULL, on the other hand, is the name of the macrofisea%a initialize null pointers.
NULL is#defined in a header filein your C compiler, nul mayyaot e #defined at all.

Since writing the above code would be very time cogsuriting, C permits two alternate ways of
achieving the same thing. First, one might write:

char my_string[40] ={'T",'e, 'd', " };
But this also takes more typing than igficonvenient. So, C permits:
char my_string[40] = "Ted";

When the double quotes anc udgd, Istead of the single quotes as was done in the previous
examples, the nul charactey( "' )5 automatically appended to the end of the string.

In all of the abdye cests, the same thing happens. The compiler sets aside an contiguous block of
memory 40 by#&s9ang & hold characters and initialized it such that the first 4 characters are Ted.

Now, considgr trig#ollowing program:

-------------- =-program 3.1------------mm-mmmmm oo
Lardgtam 3.1 from PTRTUT10.HTM  6/13/97 */
#include <stdio.h>

char strA[80] ="A string to be used for demonstration purposes’;
char strB[80];
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int main(void)

{

char *pA; [* apointer to type character */
char *pB; /* another pointer to type character */
puts(strA); /* show string A */

PA =strA; /* point pA at string A */
puts(pA); /* show what pA is pointing to */ O
pB =strB; /* point pB at string B */
putchar('
);  /* move down one line on the screen */

while(*pA 1=") /* line A (seetext) */

{
*pB++ = *pA++; [* line B (seetext) */ ¢
}
*pB =", [* line C (seetext) */
puts(strB); [* show strB on screen */
return O,

In the above we start out by defining two c@a’rays of 80 characters each. Since these are
globally defined, they are initialized t "'s . Then, str A hasthefirst 42 characters
initialized to the string in quotes.

Now, moving into the code, \A%re two character pointers and show the string on the screen.

We then "point" the point al ' WfA. That is, by means of the assignment statement we copy
the address of strA[0] inteour vigriable pA. We now use puts() to show that which is pointed to

by pA onthe screen@ here that the function prototype for puts() is:

int puts(const ¢ S);

For them re the const. The parameter passed to puts() is a pointer, that isthe value
of a poigter (Sace al parametersin C are passed by value), and the value of a pointer isthe
addresst it points, or, simply, an address. Thus when we write puts(strA); aswe have

, We are passing the address of strA[Q].

larly, when we write puts(pA); we are passing the same address, since we have set pA =

Given that, follow the code down to the while() statement on line A. Line A states:
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While the character pointed to by pA (i.e. *pA) isnot anul character (i.e. the terminating '), do
the following:

Line B states: copy the character pointed to by pA to the space pointed to by pB, then increment
PA s0 it points to the next character and pB so it points to the next space.

When we have copied the last character, pA now pointsto the terminating nul character and the
loop ends. However, we have not copied the nul character. And, by definition astring in C ppegt
be nul terminated. So, we add the nul character with line C.

It is very educational to run this program with your debugger while watching strA, siiB, pA and
pB and single stepping through the program. It is even more educational if instead of SR’y
defining str B[] as has been done above, initialize it also with something like:

strB[80] = "12345678901234567890123456789012345678901234567890"

where the number of digits used is greater than the length of str A%rid thiga repeat the single
stepping procedure while watching the above variables. Give titgse tings a try!

Getting back to the prototype for puts() for amoment, the "cGjst” Used as a parameter modifier
informs the user that the function will not modify thé€'string pointed to by s, i.e. it will treat that
string as a constant.

At this point you might want to experiment a hit with Writing some of your own programs using
pointers. Manipulating strings is a good place tCxperiment. Y ou might want to write your own
versions of such standard functions as:

strien();
streat();
strchr();

and any others you might haye oriyour system.

Pointer s and St ustur es

Asyou may kpsviywe'ed declare the form of ablock of data containing different data types by
means of a stricture Weclaration. For example, a personnel file might contain structures which
ook someting Wiet.

struct tadef

char Iname[20]; [* last name */

sbar fname[ 20]; [* first name */

int age; I* age*/

float rate; [* e.g. 12.75 per hour */
¥
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Let's say we have a bunch of these structuresin a disk file and we want to read each one out and
print out the first and last name of each one so that we can have alist of the peoplein our files.
The remaining information will not be printed out. We will want to do this printing with a
function call and pass to that function a pointer to the structure at hand. For demonstration
purposes | will use only one structure for now. But realize the goal is the writing of the function,
not the reading of the file which, presumably, we know how to do.

For review, recall that we can access structure members with the dot operator asin:
——————————————— program 5.1 ------------------ O
/* Program 5.1 from PTRTUT10.HTM  6/13/97 */ Q

#include <stdio.h> *
#include <string.h>
struct tag { Q

char Iname[20];  /* last name*/

char fnrame[20];  /* first name */
int age; [* age*/ 2
float rate; [* e.q. 12.75 per hour */ \

struct tag my_struct;  /* declarethe stru@_ ct */

int main(void)

{ %,
strepy(my_struct.Iname,"J ");
strepy(my_struct.fname," Tell);
printf("%s",my_struct.fpeme);
printf("%s",my_struct:
return 0,

Now, thigart Cular structure is rather small compared to many used in C programs. To the
ve we might want to add:

> of _hire; (data types not shown)
e of last raise;
last_percent_increase;
emergency_phone;
medical_plan;
Social S Nbr;
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If we have alarge number of employees, what we want to do is manipulate the datain these
structures by means of functions. For example we might want a function print out the name of
the employee listed in any structure passed to it. However, in the original C (Kernighan &
Ritchie, 1st Edition) it was not possible to pass a structure, only a pointer to a structure could be
passed. In ANSI C, it is now permissible to pass the complete structure. But, since our goal here
isto learn more about pointers, we won't pursue that.

Anyway, if we pass the whole structure it means that we must copy the contents of thegructase
from the calling function to the called function. In systems using stacks, thisis done Iy pushing

the contents of the structure on the stack. With large structures this could prove to be afjrelsiem.
However, passing a pointer uses a minimum amount of stack space.

In any case, sincethisis adiscussion of pointers, we will discuss how welgoadaut passing a
pointer to a structure and then using it within the function.

Consider the case described, i.e. we want a function that will aCdapt cg.a parameter a pointer to a
structure and from within that function we want to access mefhberfof the structure. For example
we want to print out the name of the employee in our examplegtrugitre.

Okay, so we know that our pointer is going to point 0 a¥ructure declared using struct tag. We
declare such a pointer with the declaration:

struct tag *st_ptr;
and we point it to our example structuy€ with:

st_ptr = &my_struct;
Now, we can access a givesfemiaby de-referencing the pointer. But, how do we de-reference
the pointer to a structure™ Well,gonsider the fact that we might want to use the pointer to set the

age of the employee g wCyld write:

(*st_ptr).age = 6

Look athis'agrefully. It says, replace that within the parenthesis with that which st_ptr points
to, whictis the'structure my_struct. Thus, this breaks down to the same as my_struct.age.

However, thisis afairly often used expression and the designers of C have created an alternate
Gyriax with the same meaning which is:

st_ptr->age = 63;

With that in mind, look at the following program:
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------------ program 5.2 --

[* Program 5.2 from PTRTUT10.HTM 6/13/97 */

#include <stdio.h>
#include <string.h>

struct tag{ [* the structure type */
char Iname[20]; [* last name */ 0
char fname[20]; [* first name */
int age; I* age*/
float rate; [* e.g. 12.75 per hour */
H
struct tag my_struct; * define the structure */ ¢
void show_name(struct tag *p); /* function prototype */

int main(void) Q
{

struct tag *st_ptr; [* apointer to a structure */

st_ptr = &my_struct; [* point the pointer to m? ruct */
strepy(my_struct.Iname,” Jensen™);
strepy(my_struct.fname," Ted");

printf("%s",my_struct.fname);
printf("%s",my_struct.Iname);
my_struct.age = 63;
show_name(st_ptr); [* pass th€point
return O,

} &

void show_name(struct t
{
printf("%s", p->f ; %P pointsto a structure */

)
printf("%s "f->10aM1€)
printf("%d" )
Q end of program 5.2 ----------------

mor e on Strings, and Arrays of Strings

ell, let's go back to strings for a bit. In the following all assignments are to be understood as
being global, i.e. made outside of any function, including main().

We pointed out in an earlier chapter that we could write:
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char my_string[40] = "Ted";

which would allocate space for a 40 byte array and put the string in the first 4 bytes (three for the
charactersin the quotes and a 4th to handle the terminating '*).

Actualy, if all we wanted to do was store the name "Ted" we could write:
char my_name[] ="Ted";

and the compiler would count the characters, leave room for the nul character and stq'e thetotal
of the four charactersin memory the location of which would be returned by the array®gam?=, in
this case my_name.

In some code, instead of the above, you might see:
char *my_name="Ted";

which is an aternate approach. Is there a difference between hesc The answer is.. yes. Using
the array notation 4 bytes of storage in the static memory bloCijare/iaken up, one for each
character and one for the terminating nul character. But, in the pointer notation the same 4 bytes
required, plus N bytes to store the pointer variable my_Mame (where N depends on the system
but is usually aminimum of 2 bytes and can be 4 or iyore).

In the array notation, my_name s short for & miygname[0] which is the address of the first
element of the array. Since the location of tigarray’is fixed during run time, thisis a constant
(not avariable). In the pointer notatiogfitly naiieisavariable. Asto which isthe better
method, that depends on what you aresg@ingito do within the rest of the program.

Let's now go one step further aid,consider what happens if each of these declarations are done
within a function as opposgu ¥, gl Getily outside the bounds of any function.

void my_function_A(cglar ¢ ptr)

{
char g[] = "ABClE"

voie my_function_B(char *ptr)
{

char *cp = "FGHIJ"
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In the case of my_function_A, the content, or value(s), of the array a[] is considered to be the
data. The array is said to be initialized to the values ABCDE. In the case of my_function_B, the
value of the pointer cp is considered to be the data. The pointer has been initialized to point to
the string FGHIJ. In both my_function_A and my_function_B the definitions are local
variables and thus the string ABCDE is stored on the stack, asis the value of the pointer cp. The
string FGHI1J can be stored anywhere. On my system it gets stored in the data segment.

Pointersto Arrays

Pointers, of course, can be "pointed at" any type of data object, including arrays. Whi}cthat was
evident when we discussed program 3.1, it isimportant to expand on how we do thisthen it
comes to multi-dimensional arrays.

To review, in Chapter 2 we stated that given an array of integers we coul ¢dquCiat annteger
pointer at that array using:

int *ptr;
ptr = &my _array[0];  /* point our pointer at the first
integer in our array */
Aswe stated there, the type of the pointer variable mpst match theftype of thefirst element of the
array.

In addition, we can use a pointer as aformal par@égetes of afunction which is designed to
manipulate an array. e.g.

Given:

int array[3] ={'1, 'S, '7};

void a_func(int *p);
Some programmers might pagfer tqrite the function prototype as:

void a_func(int p[]);
which would tend to igfornigthers who might use this function that the function is designed to
manipul ate the,elentonig of, an array. Of course, in either case, what actually gets passed isthe
value of apointento the fif'st element of the array, independent of which notation is used in the
function prota'ype W definition. Note that if the array notation is used, there is no need to pass
the actual ¢imeasior of the array since we are not passing the whole array, only the address to
the firsyel emigat.

W& now turn to the problem of the 2 dimensional array. As stated in the last chapter, C interprets
azqimensional array as an array of one dimensional arrays. That being the case, the first
denent of a2 dimensional array of integersisaone dimensional array of integers. And a pointer
toditwo dimensional array of integers must be a pointer to that data type. One way of
accomplishing thisis through the use of the keyword "typedef". typedef assigns a new nameto a
specified data type. For example:

typedef unsigned char byte;
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causes the name byte to mean type unsigned char. Hence
byteb[10]; would be an array of unsigned characters.

Note that in the typedef declaration, the word byte has replaced that which would normally be
the name of our unsigned char. That is, the rule for using typedef is that the new name for the
datatype is the name used in the definition of the datatype. Thusin:

typedef int Array[10];

Array becomes adatatype for an array of 10 integers. i.e. Array my_arr; declares myjars asan
array of 10 integers and Array arr2d[5]; makes arr2d an array of 5 arrays of 10 integers each.

Also note that Array *pld; makes pld apointer to an array of 10 integers. Edgause * p1d points
to the sametype as arr 2d, assigning the address of the two dimensional arrfty arr2d to pld, the
pointer to aone dimensional array of 10 integersis acceptable. i.eyald \& arr2d[Q]; or pld =
arr2d; are both correct.

Since the data type we use for our pointer is an array of 10 intqgersiwe would expect that
incrementing p1d by 1 would change its value by 10”sizeof(int), which it does. That is,
sizeof (*pl1d) is 20. Y ou can prove this to yourself by witing and running a simple short
program.

Now, while using typedef makes things clearertgr the reader and easier on the programmer, itis
not really necessary. What we need is away¥f dedraring a pointer like p1d without the need of
the typedef keyword. It turns out that #7S can @€ done and that

int (*pld)[10];

isthe proper declaration,4e. p§. hereisapointer to an array of 10 integers just asit was under
the declaration using the Ailgy type. Note that thisis different from

int *p1d[10];
which would nigke p#d th2 name of an array of 10 pointersto typeint.

Pointeis amg’ Dynamic Allocation of Memory

There are taales when it is convenient to alocate memory at run time using malloc(), calloc(), or
cuyer allocation functions. Using this approach permits postponing the decision on the size of the
g gy block need to store an array, for example, until run time. Or it permits using a section of
methory for the storage of an array of integers at one point in time, and then when that memory

i'no longer needed it can be freed up for other uses, such as the storage of an array of structures.

When memory is allocated, the allocating function (such as malloc(), calloc(), etc.) returnsa
pointer. The type of this pointer depends on whether you are using an older K& R compiler or the
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newer ANSI type compiler. With the older compiler the type of the returned pointer is char, with
the ANSI compiler it isvoid.

If you are using an older compiler, and you want to alocate memory for an array of integers you
will have to cast the char pointer returned to an integer pointer. For example, to allocate space
for 10 integers we might write:

int *iptr;
iptr = (int *)malloc(10 * sizeof(int));
if (iptr == NULL)

{ .. ERROR ROUTINE GOESHERE .. }
If you are using an ANSI compliant compiler, malloc() returns avoid pointer and since avoid
pointer can be assigned to a pointer variable of any object type, the (int *) gast shown aboveis
not needed. The array dimension can be determined at run time and is notneccipd,al compile
time. That is, the 10 above could be avariable read in from adatafileqr ke bgard, or calculated
based on some need, at run time.

Because of the equivalence between array and pointer notatiafl, ore iptr has been assigned as
above, one can use the array notation. For example, one coul a%guite:

int k;
for (k= 0; k < 10; k++)
iptr[K] = 2;

to set the values of all e ementsto 2.

Even with areasonably good understafiding of ‘pointers and arrays, one place the newcomer to C
islikely to stumble at first isin the dy®&nic allocation of multi-dimensional arrays. In general,
we would like to be able to aceass elemel(s of such arrays using array notation, not pointer
notation, wherever possible. Deggnding on the application we may or may not know both
dimensions at compiletim£. 1gis [e&ds to a variety of ways to go about our task.

Aswe have seen, whtrn synawically alocating a one dimensional array its dimension can be
determined at {0 tilkgg” N@w, when using dynamic allocation of higher order arrays, we never
need to know tetirst Gifhension at compile time. Whether we need to know the higher
dimensions deends ®n how we go about writing the code.

Pointer sito Functions

Up“a this point we have been discussing pointers to data objects. C also permits the declaration
oI [opinters to functions. Pointers to functions have a variety of uses and some of them will be
digcussed here.

Consider the following real problem. Y ou want to write afunction that is capable of sorting

virtually any collection of datathat can be stored in an array. This might be an array of strings, or
integers, or floats, or even structures. The sorting algorithm can be the same for all. For example,
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it could be a simple bubble sort algorithm, or the more complex shell or quick sort algorithm.
WEe'll use asimple bubble sort for demonstration purposes.

Sedgewick [1] has described the bubble sort using C code by setting up a function which when

passed a pointer to the array would sort it. If we call that function bubble(), a sort program is
described by bubble_1.c, which follows:

[* Program bubble_1.c from PTRTUT10.HTM 6/13/97 */ < '

#include <stdio.h>

int arr[10] = { 3,6,1,2,3.84,1,7.2}; @‘
void bubble(int af], int N); Q
int main(void)

{
inti: .

putchar("); \
for (i = 0; i < 10; i++) A

{

printf("%d ", arr[i]); 0
}
bubble(arr, 10); 6
putchar(");
for (i =0; i < 10; i++) &
{

printf("%d ", arr[i]);

}

return O;
}
void bubbl@dn nt N)
-

inti,j,

r(i=N-1;i>=0;i--)
for(j =1;j <=i;j++)
i{f (@j-1] > 4jl)

t=4d]j-1];
aj-1] = 4jl;
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The bubble sort is one of the ssmpler sorts. The algorithm scans the array from the se ond tg the
last element comparing each element with the one which precedesit. If the one that pragedisitis
larger than the current element, the two are swapped so the larger oneis closer to the end of the
array. On the first pass, thisresults in the largest element ending up at the erd of the array. The
array isnow limited to all elements except the last and the process repeat{d. 2 §is puts the next
largest element at a point preceding the largest element. The process is.repéated for a number of
times equal to the number of elements minus 1. The end resultis agortecyarray.

Here our function is designed to sort an array of integers. Thys in e I'we are comparing
integers and in lines 2 through 4 we are using temporary integas st age to store integers. What
we want to do now is see if we can convert this code 'sg we can use any datatype, i.e. not be
restricted to integers.

At the same time we don't want to have to analyzeWgtal gorithm and the code associated with it
each time we use it. We start by removing the cégparison from within the function bubble() so

asto makeit relatively easy to modify the cigapariison function without having to re-write
portions related to the actual agorithp” 1 his resdltsin bubble 2.c:

[* Program bubble _2.c frén PTWTUT10.HTM  6/13/97 */
I* Separatingythe ¢opfpag son function */

#include <stdin.h>

int arr[2Q] ={9R,6,1,2,3,8,4,1,7,2};

viid bubble(int ], int N);
int Cypare(int m, int n);

infmain(void)
{ . .
inti;
putchar(");
for (Ii=0; i <10; i++)
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{
printf("%d ", arr[i]);

}
bubble(arr,10);
putchar(");

for (I =0; i <10; i++)

{
printf("%d ", arr[i]); 0
}
return O; ()
}

void bubble(int ], int N) .
¢ (b"
Inti, |, t
for (i =N-1;i>=0;i--) Q
{

for (j = 1;j <=i; j++)

) o
1 compertel-1, ) A\

t=4j-1];
alj-1] = ajl;
aj] =t
}
}
}
}
|nt compare(int m, int n)
return (m >
-------------- d of bubble_2.c -----------------------*/
If our ake our sort routine data type independent, one way of doing thisisto use
ointers t ev0|d to point to the datainstead of using the integer datatype. As astart in that
tion let's modify afew thingsin the above so that pointers can be used. To begin with, well

ith pointersto type integer.
e bubble 3.c --------------=-mnmnmee- */

[* Program bubble_3.c from PTRTUT10.HTM  6/13/97 */

#include <stdio.h>
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intarr[10] ={ 3,6,1,2,3,8,4,1,7,2};

void bubble(int *p, int N);
int compare(int *m, int *n);

int main(void)

{ inti;
putchar(");
for (i =0;i < 10; i++)
{ printf("%d ", arr[i]);

}
bubble(arr,10);
putchar(");

for (I =0; i <10; i++)

{
printf("%d ", arri]); *

} \
return O,
} A
void bubble(int *p, int N) 0
{
inti, j, t 6
for i =N-1;i>=0;i--)
{ X
for (j=1;j <= i;j++0
{
i{f (compar e@ plil))
t = pli=2k:
p[j-;

o
%ompare(i nt *m, int *n)

{

return (*m > *n);

}
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S —— end of bubble3.c _—

Note the changes. We are now passing a pointer to an integer (or array of integers) to bubble().
And from within bubble we are passing pointers to the elements of the array that we want to
compare to our comparison function. And, of course we are dereferencing these pointer in our
compar &) function in order to make the actual comparison. Our next step will be to convert the
pointers in bubble() to pointers to type void so that that function will become more type
insensitive. Thisis shown in bubble 4.

S — T [N — * ()

[* Program bubble_4.c from PTRTUT10,HTM 6/13/97 */

.
#include <stdio.h>
int arr[10] = { 3,6,1,2,3,.84,1,7,2} Q

void bubble(int *p, int N);
int compare(void *m, void *n); 2

int main(void) A\
{

inti;

putchar("); 0

for (i = 0; i < 10; i++) 6

{

printf("%d ", arr[i]); &

}

bubble(arr,10);

putchar("); Q

for(i=0;i< @

{

printf¢io% i);
}
return

bble(int *p, int N)

inti,j,t;
for (i =N-1;i>=0;i--)
{

for (j = 1;j <=i; j++)
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if (compare((void *)&p[j-1], (void *)&pl[j]))

{
t = p[j-1;
pli-1] = pLil;
plil =t;

}

}
}
}

int compare(void *m, void *n)
{

int *m1, *nl;

ml=(int *)m;

nl=(int *)n;

return (*ml > *nl);

Note that, in doing this, in compar &) we had to introdudg the casting of the void pointer types
passed to the actual type being sorted. But, as we'll sie latedthat's okay. And since what is being
passed to bubble() is still apointer to an array, o1 matecars, we had to cast these pointersto void
pointers when we passed them as parameters irifgur cail to compar ().

We now address the problem of what y#& pass @ oubble(). We want to make the first parameter
of that function avoid pointer also. Butgfiia)means that within bubble() we need to do
something about the variable t, which isadirently an integer. Also, where we uset = p[j-1]; the
type of p[j-1] needsto be knowi§in order to know how many bytes to copy to the variable t (or
whatever we replace t with~

Currently, in bubble g##& knawledge within bubble() as to the type of the data being sorted (and
hence the sizegf eahfidigidual element) is obtained from the fact that the first parameter isa
pointer to typei=iggaentifve are going to be able to use bubbleg() to sort any type of data, we
need to makehat pointer a pointer to type void. But, in doing so we are going to lose
informati oiycoragsiing the size of individual elements within the array. So, in bubble 5.c we
will ad&a sepsate parameter to handle this size information.

e Handlingin C

we frequently use files for storing information which can be processed by our programs. In order to store
information permanently and retrieve it we need to use files. Files are not only used for data. Our programs are
also stored in files. The editor which you use to enter your program and save it, simply manipulates files for you.
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The Unix commands cat, cp, cmp are all programs which process your files. In order to use files we have to learn
about File I/Oi.e. how to write information to afile and how to read information from afile. We will see that file
I/0O is amost identical to the terminal 1/0O that we have being using so far. The primary difference between
manipulating files and doing terminal 1/0 is that we must specify in our programs which files we wish to use.

As you know, you can have many files on your disk. If you wish to use a file in your programs, then yousiaust
specify which file or files you wish to use.Specifying the file you wish to use isreferred to as opening thfile.

When you open afile you must also specify what you wish to do with it i.e. Read from the file, Wfite tcitheTile,
or both. Because you may use a number of different files in your program, you must specifv whiqa resding or
writing which file you wish to use. This is accomplished by using a variable called afile pdinter. Every file you
open has its own file pointer variable. When you wish to write to a file you specify the g by using its file
pointer variable.Y ou declare these file pointer variables as follows:

FILE *fopen(), *fpl, *fp2, *fp3;
Thevariables fpl, fp2, fp3 are file pointers. Y ou may use any name yeR Wisi .

The file <stdio.h> contains declarations for the Standard /O libranyzjad Siuld always be included at the very
beginning of C programs using files. Constants such as FILE, EOF and N3ILL are defined in <stdio.h>.

Y ou should note that a file pointer is simply a variable likg.an integer or character. It does not point to afile or
the datain afile. It is simply used to indicate which filegourwO operation refersto. A file number is used in the
Basic language and a unit number is used in Fortran f¢s the same purpose.The function fopen is one of the
Standard Library functions and returns a file pointqg whidagiou use to refer to the file you have opened e.g.

fp = fopen( “prog.c”, “r”);
The above statement opens afile called [sa6.Cior reading and associates the file pointer fp with thefile.

When we wish to access this filedeg I/0, we use the file pointer variable fp to refer toit.

You can have up to g'%oui20 Tives open in your program - you need one file pointer for each file you intend to
use.

Filel/O

The Standca1/O Library provides similar routines for file 1/0 to those used for standard 1/O.
T routine gete(fp) is similar to getchar() and putc(c,fp) is similar to putchar(c).

Thu' the statement
c = getc(fp);

reads the next character from the file referenced by fp and the statement
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putc(c,fp);
writes the character c into file referenced by fp.
I* file.c: Display contents of afile on screen */

#include <stdio.h>

void main()

{ O
FILE *fopen(), *fp; Q
intc;
fp = fopen( “prog.c”, “r"); @‘
c=getc(fp); Q
while ( ¢c!=EOF)

{ *
putchar( c); \
c=getc(fp); A
} O
fclose( fp); 6
}

In this program, we open t)—@&g.or reading.
We then read a%@v thefile. Thisfile must exist for this program to work.

If thefilei
reach

while
I ed.

The function fcloseis used to close thefilei.e. indicate that we are finished processing thisfile.

are at the end, so getc returns EOF a specia value to indicate that the end of file has been
ly -1isused for EOF)

simply keeps reading characters from the file and displaying them, until the end of the file is

We could reuse the file pointer fp by opening another file.

This programisin effect a special purpose cat command. It displays file contents on the screen, but only for afile
caled prog.c.
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By allowing the user enter a file name, which would be stored in a string, we can modify the above to make it an
interactive cat command:

[* cat2.c: Prompt user for filename and display file on screen */

#include <stdio.h>

void main()

{

}

FILE *fopen(), *fp; Q
intc,

char filename[40] ; *
printf(“Enter file to be displayed: “); @

gets( filename) ; Q

fp = fopen( filename, “r”);

*
c=getc(fp);

while ( ¢ != EOF) A\
| O
putchar(c);
c=getc (fp); 6
} Q’\,

fclose( );

In this grogra®, we pass the name of the file to be opened which is stored in the array called filename, to the
fopen funcy n general, anywhere a string constant such as “prog,c” can be used so can a character array such

ilename. (Note the reverseisnot true).

e programs suffer amajor limitation. They do not check whether the files to be used exist or not.

ou attempt to read from an non-existent file, your program will crash!!

Page 164 of 173



The fopen function was designed to cope with this eventudlity. It checks if the file can be opened appropriately. If
the file cannot be opened, it returns a NULL pointer. Thus by checking the file pointer returned by fopen, you
can determineif the file was opened correctly and take appropriate action e.g.

fp = fopen (filename, “r”) ;

if (fp == NULL)

| O
printf(*Cannot open %s for reading \n”, filename );
exit(1) ; /* Terminate program: Commit suicide !!*/ Q

}
L 2
The above code fragment show how a program might check if afile could be 0 opriately.

exit(0) mean that you wish to indicate that your program terminat¢
that your program is terminating due to an error cond|t|on

Alternatively, you could prompt the user to enter the NAM n, and try to open it again:

fp = fopen (fname, “r”) ;

while (fp == NULL) 0
| (Q
prlntf(“Cannot %s for4€ading \n”, fname );

printf(“\n\n
getS(

en (fname

is code fragment, we keep reading filenames from the user until avalid existing filename is entered.
Nto Files

e previous programs have opened files for reading and read characters from them.
To writeto afile, the file must be opened for writing e.g.

fp = fopen( fname, “w”);
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If the file does not exist already, it will be created. If the file does exist, it will be overwritten! So, be careful
when opening files for writing, in case you destroy a file unintentionally. Opening files for writing can also fail.
If you try to create a file in another users directory where you do not have access you will not be allowed and
fopen will fail.

Character Output to Files

The function putc( c, fp ) writes a character to the file associated with the file pointer fp.
Example: 0

Write a file copy program which copies the file “prog.c” to “prog.old” Q

Outline solution:
Open files appropriately @‘
Check open succeeded
Read characters from prog.c and Q

Write charactersto prog.old until al characters gopied

Close files A\
The step: “Read characters .... and write ..” ma@d to:

read character from prog&
while not end of fi|0
begin

@er to prog.old

: t character from prog.c

ilecopy.c : Copy prog.c to prog.old */
in¢ ude <stdio.h>
void main()

{
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FILE *fp1, *fp2, *fopen();
intc;
fpl = fopen( “prog.c”, “r”);  /* open for reading */
fp2 = fopen( “prog.old”, “w” ) ; ../* open for writing */
if (fpl==NULL) /* check doesfile exist etc */
{
printf(“Cannot open prog.c for reading \n”);
exit(1l); /* terminate program */
}
elseif (fp2 ==NULL )

{

printf(“Cannot open prog.old for writing 4n™);

exit(1); /* terminate program */ \
}

else * both filesO.K. */ 0
| 2
¢ = getc(fpl) ; &
while(c!:Q
{
Qc, fp2); [* copy to prog.old */

0 c= getc(fpl);

fclose (fpl); /* Now closefiles*/
fclose (fp2);
printf(“Files successfully copied \n”);

}
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The above program only copies the specific file prog.c to the file prog.old. We can make it a genera purp:
program by prompting the user for the files to be copied and opening them appropriately.

/* copy.c : Copy any user file*/

#include <stdio.h> 0
void main() < '

{
FILE *fpl, *fp2, *fopen(); *
intc; @
char fnamel[40], fnrame2[40] ; Q

printf(“Enter source file:”) ;

*
gets(fnamel); \
printf(“Enter destination file:”); A
gets(fname2);

fpl = fopen( fnamel, “r”);  /30pen fo ing */
fp2 = fopen( fname2, “w’ ).; ../* op r writing */

if (fpl==NULL) *&oesfile exist etc */
{
int@t open %s for reading \n”, fnamel );

[* terminate program */

\:l (fp2==NULL)

printf(“Cannot open %s for writing \n”, fname2 );

exit(1l); /* terminate program */

Page 168 of 173



else * both filesO.K. */

Cc = getc(fpl) ; /* read from source */

while ( ¢ !'= EOF)

{
putc( ¢, fp2); /* copy to destination */
c= gete(fpl); ()

(b.‘
fclose (fpl); I* Now closefiles*/ Q
fclose (fp2);

printf(“Files successfully copied \n”); 2

}

Accessing the command line arguments useful facility. It enables you to provide commands with

}
Command Line Parameters: rgu@o main()

arguments that the command e g th&@€ommand

% cat prog.c

takes the argument " pens afile with that name, which it then displays. The command line argumenst
include the com f so that in the above example, "cat" and "prog.c" are the command line
arguments. Th gument i.e. "cat" isargument number zero, the next argument, "prog.c", is argument
number on

To acc guments from within a C program, you pass parameters to the function main(). The use of
Qtst ain is akey feature of many C programs.
aration of main looks like this:

int main (int argc, char *argv[])

This declaration states that
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1. mainreturns an integer value (used to determine if the program terminates successfully)
2. argcisthe number of command line arguments including the command itself i.e argc must be at least 1
3. argvisan array of the command line arguments

The declaration of argv means that it is an array of pointers to strings (the command line arguments). By the
normal rules about arguments whose typeis array, what actually gets passed to main is the address of th
element of the array. As aresult, an equivalent (and widely used) declaration is:

int main (int argc, char **argv) 0

When the program starts, the following conditions hold true: Q

0 argcisgreater than 0.

o argv[argc] isanull pointer. @‘
o argv[Q], argv[1], ..., argv[argc-1] are pointersto strings

with implementation defined meanings.
o argv[0] is a string which contains the program’s name, gr is an

empty string if the name isn’t available. Remaini gW)ers of

argv are the program’s arguments.

Example: print_args echoes its arguments to thg stancied output — isaform of the Unix echo command.
/* print_args.c: Echo command line argu@/

#include <stdio.h>

#include <stdlib.h> &

int main(int argc; h%])
Nnt num_args ;
num_args = argc ;

while( num_args > 0)

{

printf(“%s\n“, argvli]);
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i++;

num_args--;

}
If the name of this programis print_args, an example of its execution is asfollows: O

% print_args hello goodbye solong

print_args Q
hello

goodbye @0

solong Q

%

Dynamic Memory Allocation In C

2
Dynamic memory allocation means, a program can ﬁtal\s memory whileit is running.It allows us to

allocate additional memory space or to release space at the time of program execution

(runtime).Dynamic memory allocation fun%
FUNCTION MEA

*  malloc() Used to dlo locks of memory in required size of bytes.
o free) ease previously allocated memory space.

» cdloc() @ allocate memory space for an array of elements

» redloc sed to modify the size of the previoudly allocated memory

space.
To use%ctions <stdlib.h> header fileisto be included.
loc() Function

he malloc() function is used to allocate block of memory (i.e.) it alocates ablock of memory of
ified size and return a pointer of type void.

Syntax:

pointer_variable=(typecast* )malloc(size of bytes)
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Eg:
char *g;
a=malloc(5);

5 bytes of memory space is reserved and the address of first byteis stored in pointer variable ‘a’

O

Calloc() Function Q
The calloc() function is used for allocating memory space during the program executio derived
data types such as arrays, structures, etc.

L 2
Syntax: pointer_variable=(typecast*)calloc(n,element size) @
Example
struct book
{ ‘

int no; A\
char name{[10]; 0
float cost;
o
struct book b1; &
b1 * gptr; Q

sptr=( 1¢2(10, sizeof (book));

Rea]l@wction

t is necessary to alter the previously allocated memory. i.e., to add additional memory or to reduce
d when required.For above purposes, the realloc() function is very useful and this processis
led reallocation of memory.Before using this statement, the user must all ocate some memory
previously by using the malloc() function.

#include<stdio.h>
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#include<stdlib.h>

main()

{
char *p; [* *pisapointer variables*/
p=(char *)malloc(6);
strepy(p,"ROHTAK™);
printf("Memory contains:%s\n",p)
p=(char *)realloc(p,7) /* realocation */
strepy(p,"HARY ANA™):;
printf("Memory now contains: %s\n", p);
free(p);/* Releasing memory*/

}

OUTPUT A
Memory contains: ROHTAK 0

Memory now contains; HA RYA!%

o

,&\‘r
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