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As you are aware of that a computer can
understand only machine language, bonce the programs
written in assembly language have to be converted into
machine language for execution. A program that doés
this translation is called an assembler. The assembler
recognizes the assembly language mnemonics and
symbolic names of memory locations and converts them
into appropriate binary code.

Q.4 What do you mean by wordlength of a
processor. [R.TU. 2012/

Ans. Wordlength is the number of bits that a CPU can
process at once. A processor with a 32-bit wordlength
has the capacity to be twice as fast as a processor with
a 16 bit wordlength. Today’s personal computers
typically use wordlengths of 32 or 64 bits. Intel Pentium
4 processors have a 32 bit wordlength; AMD Athlon 64
processors have a word length of 64 bits. The benefits
of 64 bit wordlength are only experienced if the
operating system and software are designed td take
advantage of the processor’s 64-bit capabilities. While
Intel processors and both Windows and Mac OS X
have evolved to 64 bit architectures, software
developers have been slower to migrate their
applications from 32-bit to 64-bit. That is likely to
change as 64-bit processors become the norin.

. Lonc AnsSwer TYPE QUESTIONS

Q.1 Write short notes on :
a) ) System software
(b) )Compiler v

(¢) Freeware software [R.TU. 2018/

Ans.(a) System Software : System software is a type
of computer program that is designed to run a computer’s
hardware and application programs. If we think of the
computer system as a layered model, the sysiém software
is the interface between the hardware and user
applications.

The operating system (OS) is the best-known example
of system software. The OS manages all the other
programs in a computer. Other examples of system
software and what each does:

e The BIOS (basic input/output system) gets the
computer system started after you turn it on and
manages the data flow between the operating
system and attached devices such as the hard
disk, video adapter, keyboard, mouse, and printer.

(Programming Sor Problem Salullrlgv;l

*  The boot program loads the operating system into
the computer’s main memory or Random Access
Memory (RAM).

* Anassembler takes basic computer instructions
and converts them into a pattern of bits that the

computer’s processor can use to perform its basic
operations.

* A device driver controls a particular type of
device that is attached to your computer, such |
as a keyboard or a mouse. The driver program
converts the more general input/output
instructions of the operating system to messages
that the device type can understand.

According to some-deflinitions, syslem software also
includes system utilities, such as the disk defragmenter
and system restore, and development tools, such as
compilers and debuggers.

Ans.(b) Compiler : A compiler is a kind of translator
that translates a program written in a high level language
into machine code. The compiler replaces single high level
statement into a series of machine language instructions.
During the translation process, the compiler reads the
source program and checks the syntax (grammatical)
errors. If there is any error, the compiler generates an
error message which is displayed on-tp&screen. In case
of errors, the compiler doesn’t create the objéct code
until all the errors are rectified.

Once the source code has been compiled
successfully, the compiler saves the resulting machine
code in a file separately. This make recompiling necessary
only if the source code has been modified.

The working of a compiler can be depicted as :

High level
programn
(Source code)

|—— Machinc language
progrum (Object code)
" Error messages

COMPILER

Fig. : Working of I’Coinpiler
Ans.(c) Freeware Software : Freeware is computer
software that is made available free of charge, but which
is copyrighted by its developer, who retains the rights to
control its distribution, modify it and sell it in the future. It
is typically distributed without its source code, thus
preventing modification by its users.

This can be freely used with only one restriction:
any redistributed version of the software must be
distributed with the original terms of free use, modification,

(7553)

distributed with a license that permits its redistribution to
some extent, for example allowing users to give copies
to friends. Some licenses permit the software to be freely
copied but not sold.

—
ﬁ ; ;3; te short notes on following : /

(a) Types of Primary Memory

Y,

(c) Notations of Flow chart ~~ /
d) Primary memory v/s secondary memory =
= = [RTU. 2016/

Ans.(a) Primary Memory : Randem Access Memery
(RAM) and Read Only Memory (ROM) fall in the
category of the primary memory. Every computer comes
with a small amount of ROM, which contains the boot
firmware (called BIOS). This holds just enough information
so that the computer can check its hardware and load its
operating system into RAM.

RAM is the place where the computer temporarily
stores its operating system, application programs, the
current data, so that the computers processor can reach
them quickly and easily. It is volatile in nature, i.e. when
the power is switched off, the data in the memory is lost.
Unlike RAM, ROM is non-volatile. Even when the
computer is switched off, the contents of ROM remain
available.

Types of RAM : RAM can be further divided into two
categories :

(i) Static Random Access Memory (SRAM) is
a type of semiconductor memory that does not need to
be periodically refreshed like DRAM. SRAM is
‘considerably faster than DRAM. It is effective because
most of the programs access the same data repeatedly
and keeping all this information in the fast SRAM that
allows the computer to avoid accessing the slow DRAM.
SRAM exhibits remembrance, but is still volatile in the
conventional sense that data is eventually lost when the
memory is not powered.

(i)Dynamic Random Access Memory
(DRAM): It is a type of RAM that stores each bit of
data in a scparate capacitor within an integrated circuit.
Since real capacitor leak charge, the information
eventually fades unless the capacitor charge is refreshed
periodically. Because of this refresh requirement, itis a
dynamic memory as opposed to SRAM and other static
memory. Like SRAM, it is in the class of volatile memory

and distribution (known as copyleft). Freeware is usually

devices, since it loses its data when the power supply is

(b) High level v/s Assembly level programming v’
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e aérrn:mﬁb.{ however, data may -still be | called flash ROM or flash EEPROM when used as a Programming for Proviem Soine) addinional information with data such as the access
as or a short time after power-ofT. 4 - wi -
i ot 0004 - power-o Hﬂ”ﬂ:ﬁi for older x.Oz_ types, but not in applications | Symbaol | Sy ” Deserl | permissions, owner, last access time, ctc. Furthermore.
o e advantage of its ability to be modified quickly i I TR ] when the primary memory is filled up. secondary memony
grammable read-only memory (PROM), or | and frequently. ) N is used as a temporary storage for keeping least used
metime programmable ROM (OTP), can be written to | Ans.(b) High level v/s Assembly level programming : Figj e flow- | data in the primary memory. Secondary memory devices
are less costly and larger in size. But they have a large

access time.

indicate direct

w programmed via a spi

wogrammer. Typically. this device uses high voltages to .E-un--.-—0 Assembly High level |
ermanently destroy or create internal links (fuses or | [ s the language i e = However, primary memory is the memory that is
ntifuses) within the chip. Consequently, a PROM can Iy i e : In assembly — tinal directly accessed by the CPU to store.and retrieve
iy be programmed once cﬂ:.._n_m.n.“nmn Mn,c language we N o/ :ff; /._Z information, whereas the secondary memory is not
Erasable programmable read-only memory the nc.dE._EM_. i ﬂmn E:n!.n.:_n ' Sl accessible directly by the CPU. Primary memory is
EPROM) can be-erased by exposure to strong | | F:rocnﬂmm o ““an_.:. unonER_EE«-?%&%EEE&«.TQ&.;_W
siraviolet light (typrcally for 10 minutes or longer), then | | LB | SPEOCSS — dary memory is d using input/ output
ewritien with a i i |: i{fmslation language channels. Primary memory does not retamn data when

T process that again requires application | | |program. cer is turned off(volatile) while secondany memory
of higher than wsual voltage. Repeated exposure to UV | [2.[This is also Computer can Mﬂﬂuﬂ”iann .nnw%za m” tumed off (non-volatile)
ight will nqn::.u:.u wear out an EPROM, but the called as m/c  |translate each Furthermore, primary memory is very fast compared te
ndurance of most EPROM chips exceeds 1000 cycles code of the Line of the second: 355..4!& has a lower access time. But,
>f erasing and wn‘wamﬂ_.::.::m‘ EPROM chip packages computer and  |assembly | writtesi using primary :.Mw.o..w devices are more costly compared o
>an often be in_._:m.aa by the prominent quartz “window™ is normally language , English words secondary memory devices. Due to this reason, usually
which allows UV light to enter. Afler programming, the written as Program into  |and acomputer comprises of a smaller primary memory and
window is typically covered with a label to prevent string of binary |m/c language. |mathematical a much larger secondary memory.
iccidental erasure. 0’sand I's. program by |symbols. HLL |
Electrically erasable programmable read-only means of vacm_.u:.; are . Av | : g Secondary memory . Q3 Give classification for e ome oo innf
memory (EEPROM) is based on a similar |translating |translated into | i iliary memory) is working I conprit e © O mru. st
Kamno:aﬁu;_ndnucﬂGrmvmo._v_,“.v_sa_osu its entire program. ﬁ_..mnj_:o " . ! , is not ible directly by the o
ontents (or sclected banks) to electrically erased, anguage DY 1 —= - e device thal 5 4
hen rewritten electrically. so that they need not be |means of a | O _hoazcn.a_ T | e _V_Eumrm.ﬂ_ﬂ..::. hatreiais Ans. Comp ; ,.Lo:_w.a“ﬂ.o.uuaa._.m,uwﬂua._ﬂ. ey -
emoved from the computer (or camera, MP3 player, | system program ! hory that is directly isbinary _mamcumn“o_s”. ”w:..“nunﬁ language. In the
1c. ). Writing or flashing an EEPROM is much slower |called s | retrieve information E.ue_-mn = -_um.. compuler ProgrmMIng. all the
milliseconds per bit) than reading froma ROM or writing - |compilers. | ary memory is also referred to as .._::- u.o_..wu.miﬁd given in binary form only. Although
o a RAM (nanoseconds in both cases). 3.[ad £ Advantag [Advantag ) I 1 Access Memory). It is a volatile HE.EEQ were easily understood by the compulet,
lectrically alterable read-only memory (EAROM) Program in Easy to ,v_un?:n e - SR, | loses its data when the power is turned ..nﬁﬁm_ﬂ“ﬁmmanc: for & normal human being to
- 2 type of EEPROM thai can be modified one bit at a m/c language  |understand and |independent | | it represents a paper | ry memory is directly accessible by the CPU “dhns._vo:__:_n instructions in the form of @'s and 'I's
ime Writing is a very slow process and again requires can be e a0 m?sn- fron ,E.a_ {peumedt Ao ” constantly Therefore, the computer remained 3 mystery 10 "
igher voltage (usually around 12 V) than is used for mMmo_nEna e :n_wa_mw,ww_ “nwu« debugging. | _a:”_mw”v_gr. Boweant tructions common person until other _E%uﬁstwn.u.ﬂss”“
ead sccess. EAROMs are intended for applications that | e e m:cnh. = o | 2 r —t a ROM (Read Only and high-level languages, Were ﬁ.ﬂc:n_cnl_rﬂinﬂ use
equire infrequent and only partial rewriting. EAROM 2 ] Eumwn_..“_u Bes 1 ﬂmmﬂ.ﬂ-«pnﬂ J.«Huﬁ.ﬂuﬂnﬂ | H._Lu urgeciopeavi® atare executed often easier to learn and understand. M.nm::_,:ld with
nay be used as non-volatile storage for critical system dependent " dioedeai Won S | .._M. :ﬂ_:: G isanon volatile commands that have some nnﬁco. P . Frogmaming
etup information; in many spplications, EAROM has 2. Difficult :.u 2. *n..mvnion_ " w._o_w.n:sn and | .‘“ud ,,, bol | IS i Exglish (sweh 5 hmmn._.ﬂw.sﬁa-.‘?nnﬁn%ﬂ‘
een supplanted by CMOS RAM supplied by mains .uama_.: and | of hiw & oo ) - | W.sw,_‘:ﬁ_.hm.,v_: - | scessed often, it needs _-_..m..-uaon._.cn.uw. O s the native language
ower and backed-up with & lithium battery modify. raquired. | T:m E,_mn.unm :5 4 W size and also costly. 1. Macimne only \0's and “I's 1o represent data
tash memory (or simply flash) is a modem type of 3. Time * ,r,ro_:_.:m:; R:ﬂ:m& | ory s a storage device that is not of computers. .W_Na .
EPROM invented in 1984 Flash memory can be erased consuming | |explanatory notes | CPU and used as a permanent andthe .__E._n_”_‘ Language: [t comesponds 1 symbolic
+& rewritten faster than ordinary EEPROM, and newer e ,_\ yrI—c = . = after power is . u.?dnn.-:m exccatable machine codes and was
agns feature very high endurance (exceeding 1,000,000 | | prone. | m - anual Inp: wwawmn.”_ Mm_@“:d_ am .n “S.“....,n, these devices igh an input/ __._m_:_,m_“::wn letters instead of ‘0's and 'I's to rem 2
cies). Modern NAND flash makes efficient use of D {programuies operer] ad duia I3 fesred jn 10 the nqpa"_..:n ;
icon chip area, resulung in individual ICs witha capacity | Ans.(c) Notations of Flowchart d )i .\||..“mm:_:m_ s , d disk d .“.“wnzwwq“._._wﬁ m”.wm““ i u. Imw_.._nen_ Lingnete: _...—.“u.m _._w_ﬁww”wu”“ one

16G of 2007[update]; this feature, alon There are rules and standards (rotations) for ! : i i 5 = p= i { words and sy -

mv P. x“_.hunmh”um:n 3<mmowm.m:mnw;_? has n:oinw drawing flowcharts, prescribed by >.=uﬁ1nu_._ National ﬂ |operation ,._e,:r.r,d (CDs, 5(5,: are used as secondary storage sa_nn_..y,:.mgt.:.“:ao_aw:mimn. such as English. The orge
b st5 cnd P = licati Standard £ 1 | be done by a developer devices in modern computers. In a secondary storage rules simila’ €0 8
\ND flash to replace magnetic in some application s ___. 4 MerHu.—_._..nv_n “—Mim%ﬂﬂﬂﬂﬂﬂwn S S device, data are organized in to files and n::...n”o:wm e

symbols which are frequently requi - : according to > system. This also allows to associate

ch as USB flash drives). Flash memory 15 sometimes
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Central Processing Unit (CPU) : Thz Control
Unit and the Arithmetic Logic Unit of acomputer system
are jointly known as the Central Processing Unit (CPU).
The CPU is the brain of a computer system. In a human
body. all major decisions are taken by the brain. and t.he
other parts of the body function are directed by the brain.
In a computer system, all major calculations an.d
comparisons are made inside the CPU, and the CP_U is
responsible for activating and controlling the operations
of other units of the computer system. _ '

(i) Arithmetic Logic Unit : The Arithmetic Logic
Unit (ALU) of a computer system is the place, where
the actual execution of the instructions takes place,
during the processing operation. To be more pretcise,
calculations are performed. and all comparisons
(decision) are made in the ALU. The data and
instructions, stored in the primary storage before
processing, are transferred as and when needed to the
ALU. where processing takes place. No processing is
done in the primary storage unit. Intermediate results
generated in the ALU are temporarily transferred back
to the primary storage, until needed later. Hence, data
may move from primary storage to ALU, back again to
storage, many times, before the processing is over.

The type and number of arithmetic and logic
operations, which a computer can perform, is determined

by the engineering design of the ALLU, However, almost -

all ALUs are designed to perform the four basic
arithmetic operations (add. subtract, multiply, and divide),
and logic operations or comparisons (such as less than,
equal to, and greater than). '
(ii)Control Unit : How does the input device
known that it is time for it to feed data into the storage
unit? How does the ALU know, what should be done
with the data once they are received ? Moreover, how is
it that only the final results are sent to the output device,
and not the intermediate results? All this is possible due
to the control unit of the computer system. Although, it
does not perform any actual processing on the data, the
control unit acts as a central nervous system, for the
other components of the computer system. It manages
and coordinates the entire computer system. It obtains
!'nstructions from the program stored in main memory,
interprets the instructions, and issues signals, which
cause other units of the system to execute them,

Write differences between the following :
(i) Interpreter and compiler » /
(ii) High level, assembly and machine language.

IR.T.U. 2014}
OR »
.Machine, Assembly and High Level Language
" e - ———  [RT.U.2011]

%

"

Compiler| Object
——>|
Code

loaded 1o}
comp.

b
code
HLL

Ans.(i)
Assembler Compiler Interpreter
. Assembleris | 1. Complex 1. Simple and
a translator and difficuit easy to
that translates - to write write
the assembly | 2. Require 2. Doesn’t’
language large require
program into memory much
the m/c space to memory
language. store itself space to
o op store itself.
VA 2 P
S T..: & 3. Takes more | 3. Take less
e time in time in
z translation. translation
§ 4. Translates 4, Translates
2 the entire the
= é" ' program program -
gl into m/c line by line.
< g language at into m/c
o once. language
. Italso 5. Checks the | 5. Check for
assembles the syntax the syntax
m/ccodein |  errorsin errors line
memory of program . by line and
computer and when whole executes
makes the program each Line
program become immediately
ready for error free if statement
execution. then it is is error
translated free. -
into m/c
code and
executed ;
6. Takesless | 6. Takes more
time to time to -
. execute execute
program programs
7. Slow for 7. Fast for -
debugging debugging’
] ]

(ii) Refer 10 _Q-Z(b)" 7
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degenerate into bad algorithms that are even less efficient

than their alternatives; these algorithms are impractical

without random access. On the other hand, some
algorithms, typically those which don’t perform indexing,
require only sequential access, such as mergesort, and

so face no penalty.

I ———————— e -
Q.7 (a) What is pseudocode ? Write the advantage
and limitation of pseudocode. [R.TU. 2010}

(b) Write short note on volatile memory.
[R.T.U. 2013/

L4

e

Ans.(a) Pseudocode : Refer to Short Answer Q.1.
Ans/(b) Volatile Memory : It requires constant power
to mairfain the stored information. The fastest memory
technologies of today are volatile ones. Since primary
storage is required to be very fast, it predominantly uses
volatile memory.

Random Access Memory (RAM) : RAM is .

volatile in nature, this memory consists of some integrated
circuit chips either on motherboard, or on a small circuit
board attached to the motherboard. A computer’s
motherboard is designed in a manner that its memory
capacity can be easily enhanced by adding more memory
chips. If you require to insert more memory, then you
can easily plug-in extra memory in the empty memory

slots on the motherboard. A computer containing only |

primary memory would not have a source to read.
instructions, in order to start the computer. I-'{ence,‘ non-
wvolatile primary memory containing a small startup
program (BIOS) is used to bootstrap the computer, that
is, to read a larger program from non-volatile secondary
memory to RAM and start to execute it.
%
Q.8 Write short note on direct access memory.

[R.TU. 2013}
o O T

Ans. Random Access Memory (RAM) : Refer to
Q.7(b).

%
Q.9 Draw a flow chart which takes as input length

of three sides of a triangle and check ifitisa
right angled triangle,

SRR YRS
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ROM is commonly known as Programmable Read Only
Memory (PROM), because a user can program it. Once
the user programs are stored in a PROM chip, they can
usually be executed in a fraction of the time previously
required. PROMs are programmed to record information
using a special device, known as PROM-programmer.
However, once the chip has been programmed, the
recorded information cannot be changed, i.e., the PROM
become a ROM, and it is only possible to read the stored
information. PROM is also non-volatile storage, i.e., the
stored information remains intact, even if power is
switched off.

e ————
Q.13 Discuss various types of memory. Explain
primary and secondary memory in detail.,
[R.T.U. 2010, 2008]
——
Ans. Memory refers to the electronic holding place for
instructions and data. CPU requires memory to handle
the initial input, intermediate and final results. We can
classify memory into two basic categories :
(i) Primary memory
(ii) Secondary memory
(i) Primary Memory : Refer to Long Answer
Q.2(a).
(ii) Secondary Memory : It is also known as
auxiliary memory. Secondary memory provides backup
storage for instructions (software programs) and data.
Most commonly used secondary storage devices are Hard
Disk, Magnetic Disk and Magnetic Tapes. These are the
least expensive among all the memories. .Ioiﬁ&r they
have much larger storage capacity than primary memory.
Instructions and data stored or such devices are
permanent in nature. It can only be removed if the user
wants it or the device is destroyed the benefits of
secondary storage are :
(i) Non volatility
(i) Reliability

of (iii) Convenience

(iv) Less expensive
(v) Reusability
(vi) Portability

—— —

.e What is the function of CPU in a compulter
N system? = [R.TU. 2010, 2007]

aP““Hﬁ“““““ﬂ“ﬂﬂn

Ans. The Central Processing Unit (CPU) : The

by | CPU is the brain of a computer system. All major

and | calculations and comparisons performed by a

computer are carried out inside its CPU. The CPU is
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also responsible for activating and controlling the
operations of the computer system. Hence, no other
single component of a computer determines its
overall performance, as much as the CPU. In order
to be able to quickly evaluate any computer’s
capabilities, it is important to know how CPUs are
internally structured, how different CPUs differ
from cach other, and how CPU speed is evaluated.
These and other related concepts about CPU are
described below :

(i) The Control Unit : The two basic
component of a CPU are the control unit and the
arithmetic logic unit. The control unit of the CPU
selects and interprets program instructions, and then
sces that they arc exceuted.

ROM | PROM [ FLASH

S0 MAIN MEMORY (RAM) N

; ;

_ Cache Memory
» N ﬁ N
N\
Decoder } N
General i
ontral register i registe
v 3 N purpose register X
_l _:m,: f_,._,_c__ N : General X
Lo SEEIOEL | | |purpose register] b
Memory RN . ’ ,,,
address register | BXGSN N
Memory X
buller register RN .
Memory
output register .
General N General
purpose register purpose register
Fig. : Processor and memory architecture of a computer

system
It has some special: purpose registers, and a
decoder to perform these activities. The special purpose
registers, namely the instruction register and the

_program control register, respectively hold the

current instruction and the next instruction to be
execuled. and in this way help the control unit in
instruction selection. On the other hand, the decoder has
the necessary circuitry to decode and interpret the
meaning of every instruction supported by the CPU,
Each instruction is accomplished by microcode j e. very

basic directions, which tell the CPU how to e
instruction. ’

xecute the

Although, the control unit does not perform any
actual processing of the data, it acts as a central nervous
system for the other oo_.:uo:na_. of the computer it
manages and coordinates the entire naz._t_._u_nq mwmﬁ.oa.
including the input and output units. It obtains instructions
from the program stored in the main memory, interprets
the instructions, and issues signals, which cause other
units of the system to execute them.

(ii)The Arithmetic Logic Unit (ALU) : The
ALU of the CPU is the place, where the actual
exccution of the instructions takes place, during the data
processing operation, That is, when the control unit
encounters an instruction, which involves an arithmetic
operation (such as, add, subtract, multiply, divide), or a
logic operation (such as less than, equal to, greater than),
it passes control to the ALU. The ALU has some special
purpose registers and the necessary circuitry, to carry
out all the arithmetic and logic operations, which are
included in the instructions suppgqrted by the CPU, For
example, the control unit might load two numbers into the
registers in the ALU. Then, it might tell the ALU to add
the two numbers (an arithmetic operation), or to check if
the two numbers are equal (a logical operation).

In case of a.microcomputer, the entire CPU (both
the control unit and the ALU) is contained on a single tiny
silicon chip, called a microprocessor.

Instruction Set : Every CPU has built—in ability to
execute a set of machine instructions, called its
instruction set. Most CPUs have 200 or more
instructions (such as add, subtract, and compare) in their
instruction set. The machine language designed for a
processor (CPU), is based on the list of instructions
supported by the CPU in its instruction set. Since each
processor has a unique instruction set, machine language
programs written for one computer will generally not run
on another computer, with a different CPU,

CPUs made by different manufacturers have
different instruction sets. In fact, different CPU models
of the same manufacturer also often have different
iﬂ.acn:o: sets. However, manufacturers tend to group
their CPUs into “families”, which have similar instruction
sets. ﬁ:._m: anew CPU is developed, it is ensured that its
Instruction set included all the instructions in the
_:Eq:o:r.,: set of its predecessor CPU, plus some new
ones. ,;_.m.:_m::m.ﬂ:l:m strategy is known as upward
mﬁzsum:v___.x Aand the new CPU is said to be upward
Mmmﬁm:.c_c .E:__ i predecessor, This feature allows
. Eom.moc”um_hﬂz ﬁwn a computer with a particular CPU,
Family. In tum _u“ oﬂ. with newer processor of the same
Sl ic ouw:. . a oM.,m 5.n users of ~._._nmn computer
e o 1y upgrade Emu_..mwmqoi,i_goi worrying

onvertung all their existing software.
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Registers ¢ As the instructions are interpreted and
mzac:ﬁa by the CPU, there is a movement of
information between the various units of the computer
system. In order to handle this process satisfactorily, and
to speed up the rate of information transfer, the computer
uses a number of spe

L memory units, ealled registers,
These registers are used to hold information on a
temporary basis, and are part of the CPU (not n i
memory ).

The length of a register equals the number of bits it
can store. Hence, a register that can store 8 bits is
normally referred to as an 8-bit register. Most CPUs
sold today, have 32-bit or 64-bit registers. The size of
the registers is sometimes called the word size. The
higger the word size. the faster the computer can
process a set of data. With all other parameters being
same, a CPU with 32-bit registers, can process data
twice as fast as one with 16-bit registers.

Although, the number of registers varies from
computer to computer, there are some registers, which
are common to all computers. The functions of these
registers are described below,

1. Memory Address Register (MAR) : It holds
the address of the active memory location. It is loaded
from the program control register, when an instruction is
read from memory.

2. Memory Buoffer Register (MBR) : It holds
the contents of the memory word read from, or written in
memory. An instruction word placed in this register is
ransferred to the instruction register. A data word
placed in this register is accessible for operation with the
accumulator register, or for transfer to the I/O register. A
word to be stored in a memory locationn must first be
transferred to the MBR, from where it is written in
memaory.

3. Program Control Register awﬁ—u.v. : It holds
the address of the next instruction to be executed.
Normally, the instructions of a program are stored in
consecutive memory locations, and executed in
sequence, unless a branch instruction is encountered. A
branch instruction is an operation, which, calls for a
transfer to a nonconsecutive instruction. The address
part of a branch instruction is transferred to the PC
register, to become the address of the next instruction.

4. Accumulator Register (AR) : It holds the
data to be operated upon, the intermediate results and the
results of processing. It is used during the execution of
most instructions. The results of arithmetic operations
are returned to the accumulator register. for transfer to
main memory, through the memory buffer register. In many
computers, there are more than one accumulator registers.

{Programming for Problem Solving)
5. Instruction Register (IR) : It holds the
current instruction, which is being executed, as soon as
the instruction is stored in this register, the operation part
ond the address part of the instruction are separated.
The address part of the instruction is sent to the MAR,
while its operation part is sent to the control unit, where it
is decoded and interpreted, and ultimately command
signals are generated to carry out the task specified by
the instruction. N
6. Input/Output Register (I/O) : It is used to
communicate with the input/output devices. All input
information, such as instructions and data, are
transferred to this register by an input device. Similarly,
all output information, to be transferred to an output
device, are found in this register.
Table : Functions of various registers
S.No. |Name of register |Function
1. [Memory Address|Holds the address of the

(MAR) active memory location.
2. |Memory  Buffer|Holds information on its
(MBR) way to and from memory
3. |Program Control{Holds the address of the
(PC) . |next instruction to be :
executed

4. |Accumulator
Register (AR)

Accumulator results and
data to be operated upon
5. |Instruction Holds an instruction,
Register (IR) which it is béing executed
6. |Input/Output (I/0) [Communicate with the]
1/0 device

The execution of an instruction by the CPU, during .

program execution, normally involves the following steps:

1. The control unit takes the address of the next
program instruction to be executed-from the
program control register, and reads the
instruction from the corresponding “memory
-address, into the instruction register of the
control unit.

2. The control unit then sends the operation part
-and the address part of the instruction, to the
decoder and the memory address register,
respectively. .

3. The decoder interprets the instruction, and
accordingly the control unit sends signals to the
mwuiulmﬁm unit, which needs to be involved in
carrying out the task specified in the instruction.
For example, if it is an arithmetic or logic

operation, the signal is sent to the ALU. In this

case, the control unit also ensures that the data

corresponding to the address part of the

Instruction is loaded in a suitable register in the
v
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NUMBER SYSTEM

———
EARS QUESTIONS
EAANOCT
|‘.‘
ﬂ Q.4 (5676);,=(?); [R.T.U. 2016]
‘IIIIllI
== | Ans. (5676);5 = ()5
H 815676 | 4
8! 709 |5
JECNL
8 11 |3
==
T o
| |
e (5676), =(13054)4 Ans.
16]

orm the following :
(i) (89D);5 + (259),
<1 (i) (263)g + (100100101), -
(iii) (10101), — (01110),
1o (iv) Multiply (101), witlt (011), ~ [R.T.U. 2015]

Ans.(i) (89D)y5 +(259),y

i First we convert (89D),4 to Decimal as :
s. (89D),s=8x 169 x 16+ D x 16°
= =8x256+144+13x |

6/ =(2203),4

= Now adding (2205),, +(259),,

22035
= 259
2 46 4
=(2464),,
Ans.(ii) (263); + (100100101 )5

First we convert (263)g to binary numb -
(263)5=(010110011), TIPSR

Zoimn_&__mASc:c__w~+:oo_om_o:u

Q alculate r’s and (r — 1)’s compliment of the

Problem Solving

AL EER “
1
0010
E T T 0 )
I.\H..l.w\u_\tt
~=(111011000)

Ans.(iii) :o_o_unlﬁg 110),

ramming Jor

—lo o
olo —

10101
~01110
e — 2
oo1 11
|-|-|.I\l||l||!l

=(00111),
Ans.(iv) (101), < (011)

11
1 :
-1

x
—-lo o

% -

o
-0 o
X o

P

0 ! 1

Here (101);% (011);=(01111); -
—

Sfollowing:

() (111010101),
(iii) (FA2B)

(v) (24222);

i) (2435,
(iv) (731.241),
(vi) (101.001),

© [RTU. 2014

Ans.(i) (111010101), _
The r’s complement of this binary number r™~ N
r=12
n=9
N=111010101
Sor’s complement of this binary number is
=2~ 111010101
=(512)-111010101

((111010101), = (469),,) 4
=512-469 J
=43

m&v_ouco_o_:wu

So that value now change to the binary form
=(101011),

Now find the (r - 1)’s complement of this binary
number is

("-1)~N

=2°-1)-N

=(512-1) - 469 : :
=511-469 .

=42

Now this value changes in to binary form

PPS.19
(ii) (2435)),

Now first find the r’s complement of this decimal

number

"-N

r=10

n=4

N=2435

So r’s complement of this decicmal number is
(10)* = 2435

=10000-2435

=(7565)9

(r=1)® complement of this decimal number
("-1-N
=(10*-1)-2435

-=9999 — 2435
=(7564)9 .
(iii) (FA2B),, - " s
The r’s complement of this hexadecimal number is

so first we convert this number into hexadecimal to

decimal equivalent.

F A 2 B

Ll
15 10 n

SO .
15%x 165+ 10 % 162+ 2 % 16'+ 11 x 16°

=61440+2560+32+11

=(64043),,

So now find the r’s complement of this decimal
number

m-N

r=10

n=>5

N = 64043 y

So

(10)° - 64043

100000 - 64043

=(35957),0=(8C73)¢

Sor's complement of the given hexadecimal number
is (8C75)¢- .

Now find the (r — 1)’s complement of the given
hexadecimal number is .

2B),¢ = (64043) )

ﬁm_”u\r? |vﬁ,m ﬁnoSEQﬁnE of the equivalent decimal
number is

("-1)=-N

((10)° — 1) — 64043

= 99999 — 64043 :

= 56),0=(8C74)is .

m“uﬁww :v,_m noﬁsv_m_.:na of the giv

‘number is (8C74)j6:

en hexadecimal

=(101010).
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(iv) (131.241) {his given number into equivalent

First we convert

binary form
SN SRR B
ph i ¥ Lo
1 on o1 - 010 100

Aqﬁ.uﬁa.\.:: o: 001 .010100),

So now find the r's complement of this given octal
:saw«_.nru_._mns binary equivalent number. We know

that r — base of the number So, Wwe find the 2's
complement of the given number. \ -

So now the decimal (radix) paint 1 remove

i 2's¢ lement

temporarly and we will find the 2’s compiemst

As we see the LSB of N is 0 and Next g is 0 and
another next LSB is 1 50 these these digits remain
unchanged so number 1s

(L 1o 1 oo 1010100

e vr v ¥

A v
o9 01 0@ FRA183E80
So r's complement of given number is
=(000100110.101100),
New change this binary equivalent number in to octal
form
(000100110.101100),=(046.54)y
Now find the (r - 1)'s complement of this number
s
(111011001 . 010100}, so (r - 1)’s complement 15
each 1's change to *0’ and each ‘0" change to *1 then
(r - 1)'s complement is
(0001001100.101011),=(046.53);
So(r-1)'s complement is (046 53),
(v) (24222)4
Now we find the r's complement 8(r - 1)’s
complement of this given number first we converted this
number to the decimal form
(24222),=(1812),
n«ﬂ:ﬂwﬂr”ﬂ”ﬁ Mt o
(1812),4
r-N
r=10
n=4

(1812)10
("-1- N
=(10*-1)
=9999 - 1812

= ﬁmm mdda - ﬁHwDN | ..J’
(vi) (101.001);

so we find the 2's complement of it.

‘0" to | so r’s complement of the given number is
r’s complement (010.11 1)

to I's so
(r=1)s complement is = (010.110),

nga!a_:n for Problem Solving )

Again we use the concept used in question (iv) 0
now we find the r's of the given binary numbersor=2

As we see the LSB of N is 1 so we keep remains
unchanged of this bitand each bit changed ‘1" to ‘0’ and

Now we find the (r—1)'s 85&«:6? of this given
number is so each 1's change to +0" and each 0’s change

Q.3 Convert the Sollowing :
(i) 39870 = 216
(if) 4A5Bg5 = P00y

[R.T.U. 2013]

Ans. (i) 398740, = a6
23987 |1
1993
996
498
249 | 1
124
62
31
15
7 11
3 11
1

() 4ASBy,g, = 71

ol ol —

(3987),0 = AE.__ESU_ _u
F 9 p

=(F93),

2

—l=lolco

NMMMM!\JNMMN

N=1812

So r's complement is
(10)~ 1812
=(8188), :
=(230218);

Now find the .ﬁ - C.a complement of this given

4716 +Ax16'+57%16+B
4% 164 10% 162 +5 %16+ 11 = 19035
(4A58) 4= (19035),, :

Q.4 Convert the Jollowing :
ﬁt hahhaheh6-aﬁc = Nn&

(1) 798Cq =74y - - 3

(Programming for Problem Solving }—
J

Ans. (i) 101101010110

) = Y )
(ouorgi) -
(101101010117 6},
(ii) qawn.._s =

(798C) 6= ()

(80 -FL100190015)

=(074614),

Q.5(a) Write r's complement of following number
where r is radix (base) of these numbers :
(i) (10111010), (ii) (34056),
(iti) (8750) ;5 (iv) (7F3B) 4
[R.T.U. 2013]
b) Write binary codes for digits 0 to 9 in following
~ coding systems :
~ (i) BCD 8421
\ (i) 2421 Codes ~
\ (iii) Excess-3 Codes "
\fiv) mﬂ.nh&...mﬂ&.ﬁ

[R.T.U. 2012]

Ans.(a) The r's complement of a positive number N is
defined as (I") - N ’

Where r is the base of the number system, n is the
number of digits in the integer part of N. ’
(i) (10111010),

r"-N

r=2

n=8

N=(10111010),

=(2%),,- (10111010},

=(256),0— (10111010),

= (100000000}, - (101 11010),

=(1000110),
Thus, 2's complement of 10111010), is (1000110),
(ii) (34056)g )
=N :
r=8
=5

n
N = (34056)
= (8%))9 - (34056)s
= (32768),, — (34056)g
= (100000); — (34065 )5
= (43722), .
Thus, 8’s complement of (34056); is (43722)
(iii) (8750)0 ;
Mm-N .
r=10
n=4

" numbers from 0 to

=)

N = (8750),,

= (10%)9 - (8750,

= 10000 - 8750

=(1250),

Thus, 10°s complement of (8750),4 is (1250);.
(iv) (7TF3B);q

M-N

r=16

n=4

N = (7F3B)y

= (1690 - (TF3B);5

= (65536), - (TF3B)yg

=(10000),, - (7 F3B)ys

= (A 000)4— (TF3B);¢

=(753B),6
Ans.(b) BCD : (Binary Coded Decimal) : This code
is basically decimal number coded it binary. This is
weighted code in which a ‘weight” has been assigned to
each symbol position in the code word. In this 2 string
of binary digits represent a decimal digit. Each decimal
digit 0 through 9'is represented by a string of four bits.
We have number of BCD codes out of which 8421 is
most papular. . oo

(i) 8421 BCD Code : The BCD (Binary Coded
Decimal) is a straight assignment of the binary equivalent
It is possible to assign weights to the binary bits according
to their positions. In 8421 BCD code the weights are 8, 4,
2and 1.

For example : The binary code 1001 can be used to
represent the decimal digit9 as

| «8+0x4+0x2+1x1=9.

We can have the following 8421 BCD codes for the
ten decimal digits :

Table

Decimal Digit

8421 BCD Code

;@&-—Jc\m-‘huu—c

(ii) 2421 BCD Code : In this code the weights are
ecimal numbers are represented in 4
bit form and the total four bit weight is92+4+2 ¥ ).
Thus, the 2421 BCD code represented by the decimal
. 9. The following table represents the

2,4,2and 1. Thed

2421 BCD codes for the ten decimal digits :

- a ®w U fa
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C Inth Mv\_.““n:_“:.“” :3_:__“““&_@ c th i d ﬂU
- o < .. i , mantiss xponent have | interpreted as 2's complement si i
22 —{ Programming for _@Wﬁ.@ their own signs. In this section we will be talking about | a positive number u:&ﬂ..m.ma is -mnﬂ_wﬂh_nrh”w%uﬂ.ﬂ
PPS , : Ihe exclusive OR(XOR) operation truth fable is w reals are represented in computers, therefore we | means that there ar i i y
Table will be concentratin | i iti % fre desiited vorsioar o T
o M STECD gy Tuble oL g only on binary number system. addition problem. The signed one is given first, then the
% [oign | 2021BCDCede | , N I 5 Bt Once agnin we will have a problem of how to store | unsigned version. :
5 ! 000 J _ ; w ; . the decimal point. Here also the decimal point is assumed 0206 518 518 )
\ 0001 ,_ o _ \ " and it is before the first bit in the mantissa part of the
; , 0010 | | ; _ 0 : word. + FFBO +(-80) +65456
._ 3 | 0011 _ \ ” | 0 The structure of a 16 bit word which will store 101B6 438 65974
, 2 ~. 0100 — floating point numbers can be as follows : There certainly appears to be a problem because
_ : _ 1011 36 (a) Describe methods of representing integers ) the result will not even fit in a word. In fact, because
2 K ! g Mantissa - % i L,
* 6 | 1100 and floating point numbers in compuler. £ — 101B6 is the hex version of 65974, there is no way to
: ﬂ 1101 [R.LU. 2012, 2010, 2009 R.U. 2003} r| m H R _ I _‘ ~ ~ L __ M H ] T T] represent the correct sum of unsigned number in a
Y _ 1110 (b Using suitable examples, explain addition T 1 Assumed (- — | word. However, if the numbers are interpreted as
. . —_ ] :
|.L.I!|Ic||\| e |k. i 1 and subtraction of signed infegers in binary Sign bit Sign bit Exponest ﬂww%ﬂh_ﬁm WM..OM_ _wmd.mﬂo__”_n _.“-M__H __ o eae _na.. ﬁ_..n_.h.“n
For example : _:3:. using 2's complement Z.ﬁ__...u...:_.....“.:“.% point decimal number “um. e
5 9 7 — Decimal for signed numbers. [R.T.U. 2012] A standard floating point representation which is Now FFE7 and FFF6 are. added, both negative
1 1 | -»8421 BCD e — " used is called Normalized Representation. numbers in a signed interpretation. Again, both signed
o101 1001 0111 An CCJ.FE_ Point Az.._:.eue::_:e.: - The normalized representation places the | and unsigned decimal interpretations are shown.
BCD fi-the fixed point representation, s m_.a name following restrictions on the mantissa of the number : " FFE7 (-25) 65511 g
position of the decimal point 1§ fixed. The (i) The absolute value of the mantissa should be + FFF6  +(-10) 65526
£ +

o (59T)g= (0101 1001 011 sz, suggests, the

(iii) Excess 3 Code : Excess -3 isanonw eighted structure of a word which has real numbers stored in it between 0 and 1(0> = m<l) ze., it should be a fraction. AT O
IFFDD =35 131037

n below (i) The most significant di t after the decimal point | .
Again the sum.in hex is too large to fit in two

code used to represent decimal numbers. This code is called using the fixed point representation is show
excess -3 because cach binary code 1s the corresponding neeperpait should be non—zero for the mantissa : e q ;
8421 code plus 3(0011). . —— T T T T T T 1 To represent a real number in a word we have to ytes, but if you throw away the extsa 1, then FFDD is
For Example : The 8421 BCD code for the digit 8 l_ Fl_ll_.ltl — \WE follow the following steps : the correct word-length 2's complement representation
is 1000 and is 1011 in excess -3 code ﬂlx Vractional part Step 1 : Check if the number is in the normalized of -35. .
The excess -3 codes for the ten decimal digits can Assumed d point ) form Each of the fast two additions have carry out of
be shown as : In this, the position of the decimal pointis =mm:_:ﬂ_. Step 2 : If not, then normalize it Ifitis innormalized | the .._.m.mu_ _:.E.H-o&n_. position into an extra digit. The
e 1 after 8 bits. Thus, the first 8 bits store the integer partof form then perform Step 3. P remaining digits mo.__ﬂ_: give n.__n correct unsigned result;
= A N:r. pumber and the last 8 bits store the fractional part. It Step 3 : Write the most significant bits from left to | however, the remaining digits to m:mn.:_n correct 2's
iIl\IiUun::u, U_.W.FU - ; i< not necessary that the assumed decimal pointis between right in the mantissa portion of the w ord and the exponent | complement representation. The remaining digits do not
0 0 * .m_E “w,_._. :ﬂ ina 16 bitword. The position of the assumed in the exponent part. always pive ..rn correct ._.nm._:. even no_.. signed
1 ::ﬂ» ,.E I point ¢ ,.: be assumed to be anywhere in the word. Step 4 : Put the appropriate signs in the sign bits. _E:”.vowm‘ Consider the addition of the following two
2 ol _, 7 .._.rr__ 3 mgouuomw.. Re :.w.ue..::::: s Ans. (b) One of the reasons that the 2's complement | positive numbers.
3 w“ ._:_ _._ou:.ﬂ_ﬂw floating _u_cr: representation can be used to representation scheme is commonly used to stored 483F 18495
< 2 + oy 1 T ~ e Ig H
4 1000 resent numbers in any positional number system. signed integers in computers 1s that addition m.:_u +645A  +25690
5 1 iR - sint representation requires that the subtraction operations for signed integers are identical <
6 100 Floating .mo__.. P the format m*b® ormEe. Here to the corresponding operations for unsigned integers. u>n.oo 44185 3 -
7 1010 number must be written in the JOrMVE 0 5 e o ce of This means that the CPU does not need additional There was no carry out of the r_.mr-oqnnn digit but
1011 m is the mantissa, € is the exponent ant : 5 ircuitry for unsigned addition or subtraction operatio the signed interpretation is plainly incorrect because
8 - ented using floating point notation. circuitry signes [ st 1 operations. .
P | 1100 the number being represen r_ ,_w. 8 o foating point Let us consider some exaples : AC99 represents the negative number -21351.
. It is ne ter Frank Gray. The following table lists few /o% Intuitively what went wrong is that the decimal sum
(iv) Gray Code : 1t 15 _Es._nn_. h.__.rc, sital Code o .“x.,,:c_: of numbers in various number systems First, 0A07 and 01D3 are added. These :Eﬁcna AAES s u_u_.mmmnq kg B apm::n_ ki 39767 that tan
The gray code is also called Reflective i represantelicin iy Base = are positive whether they are interpreted as unsigned be stored in the two b 3 rd. H ki
hi m_a.. the special property that any two subsequeth | Number Mantisad number or as 2’s complement numbers. The decimal _a Store! __“._ he two bytes on_m Worg, o%aﬂﬂa_.. e
swa_ww differ by only one bit This is also called Unit | gyponent z version of the addition problem is given on the right. M““Mn_uza ers are interpreted as unsigned, the sum 18
c =07 * 100 42.02 . 3 )
Distance Code. ) Number to Gray Code L...@N, 3 3.5 10 -3 0A07 2567 Here is another example showing a “wrong”
Conversion of 2 w.:::.uw oA nna.n < the +3.5%10 . o: = 6 + 0ID3  + 467 answer, this time resulting from adding two numbers
Step 1: The first bit (MSB) of 177 2 4 +1.011*2 ' « 5 OBDA 3034 that are negative in their signed interpretation.
the first bit of the binary number. ; _145%8° =145 4B ° . ESFF  (-5633) 59903
g e he second bit of the gray code equdls the . « 16t +AFIB 16 4 The answer is correct because BDA,, = 3034,,.
. Step 2 "H_MM:G of the first and second bits of the | +A. FIB ; e 10 7 Next 0206 and FFBO are added. These are, of +uu0|l_uw +(A..|mm.ml® +.u|§m
exclusive -OR( 22*10 == s . ber. The course, positive as unsigned number but when 176EF ~35089 95983
binary number- . - oray code equal the The mantissa is a 8 ned .__zcn_ point number. _
Step 3 The third bit of the wﬂ.m inary number, | exnonent is a signed integer which determines the actua
5 1 and third hits of the 7 D

wrran ~F bk P et
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. This time there is a carry but the remaining four
digits 76 EF cannot be the right signed answer because
they represent the positive number 30447. Again,
intuition tells you that something had to go wrong
because — 32768 is the most negative number that can
be stored in a word

In the above example with “incorrect” signed
interpretations, overflow occurred. Computer hardware
can detect overflow as it performs addition and the
signed sum will be correct if there is no overflow. The
computer actually performs addition in binary, of course
and the process is logically a right-to-left pairwise
addition of bits, very similar to the procedure that
humans use for decimal addition. As the computer adds

a pair of bits, sometimes there is a carry (of 1) into the

next column to the left. This carry is added to the sum

of these two bits and so on. The column of particular
interest is the leftmost one-the sign position. There may
be a carry into this position and/or a carry oullof this
position into the “extra” bit. This “carry out” (into the
extra bit) is what was called just “carry” above and
was seen as the extra hex 1. Figurce 1 identifies when
overflow does or does not occur..fFltc table can be
summarized by saying that overflow. occurs when the
number of carries into the sign position is different from

the number of carries out of the sign position.
Each of the above addition exn;upjes is now
shown again. this time in binary carrigs are writren
above the two numbers.

Fig. : Qverflow in addition.
0000 1010 0000 0111 0A07

+ 0000 0001 1101 o011  + 01D3

oo A ot

0000 1011 1101 1010 0BDA o g
i rrv into the Sign position (bit 1

Lo cxan;plc :;ﬁ.n:)c:\ge is no overflow. The carries

?n::) E?Lscl rfzy and 3 have no signifjcance with respect to

m y =

overflow.

IRERRRE .
0000 0010 0000 0110 02;0
111t 1011 0000 + FF

+ 11 :
1 0000 ooo1 1011 0110 101B

a carry into the sign position and a

This example has & #70~  qow.

carry out, 50 there is N©

—

{ Programming for Problem So!uin_g)
L IERLIEEE 11

1111 1111 1110 0111 FFE7
+ 11111111 1111 0110+ FFF6

1 LIl 111t 1101 1101 IFFDD
Again, there is both a carry into the sign position
and a carry out, so there is no overflow.
1 111 11
0100 1000 0011 1111 483F
+0110 0100 0101 1010 + 645A
1010 1100 1001 1001 AC99 ;
Overflow does occur in this addition because there
is a carry into the sign position but no carry out.
1 | R R N
1110-1001 1111 1111 E9FF
+ 1000 1100 1111 0000 + 8CFO
1.0111.0110 1110 1111 176EF
There is also overflow in this addition because
there is a carry out of the sign bit but no carry in.
In a computer, subtraction a — b of number a and b
is usually performed by taking the 2's complement of 6
and adding the result to a. This corresponds to adding
the negative of b, For example, for the decimal
subtraction 195 — 618 = —423.
00C3
-026A

is changed tor addition of FD96, the 2’s
complement of 026A

00C3
+FDY96
FES59
The hex digits FE59 do represent — 423. Looking
at the above addition in binary, you have
ol
0000 0000 1100 0011
+ 11111101 1001 0110
1111 1110 0101 1001
Notice that there was no carry in the addition;
however, this subtraction did involved borrow. A borrow
occurs in the subtraction a — b when b is larger than a
as unsigned numbers. Computer hardware can detect a
borrow in subtraction by looking at whether a carry
occurred in the corresponding addition. If there is no
carry in the addition; then there is a borrow in the
subtraction. If there is a carry in the addition, then there

is no borrow in the subtraction. (Remember that
“carry” by itself means “‘carry out.”)

it o

(Programming for Problem solu[rﬁ}—

Here is one more example, Doing the decimal
subtraction 985 — 411 = 574 using word-length 2’s
complement representation.

03D9
~019B

is changed to addition of FE65, the 2’s complement
of 019B

1111 it 1
03D9 0000 0011 1101 1001

" +FE65 4 11111110 0110 0101
1023E 1 0000 0010 QO!1 1110
Discarding the extra 1, the hex digits 023E do
represent 574. This-additior: has a carry, so there is no
borrow in the corresponding subtraction.
Overflow 1s also defined for subtraction. When
you are thinking like a person, you can detect it by the
wrong answer that you will expect when you know that
the difference is going to be outside of the range that
can be represented in the chosen length for the
representation. A computer defects overflow i
subtraction by determining whether overflow occu in
fhe corresponding addition problem, If overflow cx:rS -
in the afjdmon problem, then it occurs in the ori qur?
f::;r?lc;lg:spmblem; if it does not occur in the add!igti'g:
not occur in the original subtraction. Thcr;

as no e ﬂ i |

either of the ab raction
W, over .(IW n ove Sl.lbt
cxamplcs. Ovelﬂow dOES occur if You use word le

2's - camplement

: ngth
f representation
lsl:’;t?;cllon —29123 - 15447. As a h:ma:ner;pt e [ M
o 76;1 cc;rrcct answer —44570 is outside ‘lh):: A
2 0 +32, 767. In the computer hardware range -
8E3D Al
= 3Cs7
is ch?ngcd to dditi Th
complenent oE3Cse dition of C3A9, the 2 (+
I R G i T
‘ 111
8EID 1000 I
; 11
+C3A9 o ]

: 1100 001 1010 1001
. There is a carry 2:1?1020?1 el

arry in, so overflg e 5ign positi o
. Although cmwnc«curs. Position byt no | rep,
size ' 2's comp]
techniques apply  wh
subtmclion with e

size 2's camplery

ave
representation, g *OTd"

the same
addition o
“Size, or other-

: performi
byte-size, double wlng a
ent numbers, ord

Q.7(a,
) Calculare pr dnd

i

(5 Conyer (1000), ¢,

r - —
1) Complemen; of

Gray Cog, e.
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e “IR.T.U. 2008, Raj Univ. 2001}
OR '
State the difference between ASCII and
EBCDIC. [R.T.U. 2010, Raj Univ. 2002]
OR
Explain Ef CDIC, [Raj Univ. 2004)
Ans. ASCII : This code is popular in the data
communication, is used almost exclusively to represent in
micro computers. ASCII is of two types : ASCII-7 and
ASCII-8.
ASCII-7 is seven bit code. That allows 27 = 128
different characters. ‘ ‘
ASCII-8 is a standard version of ASCII-7. It is an 8

notation for memory dump.
EBCDIC : This character code was developed by

iIBM. This is alphanumeric code which stands for
Extended Binary Coded Decimal Interchange Code.
This is broadly similar to ASCIL. With the help of this
code (256) different characters can be represented since
this is 8 bit code. This is extended version of BCD. BCD
is a 6 bit code while this is 8 bit out of which added two
bits are used as additional zone bits, expanding the zone
to 4 bit. It can be easil
represented by one hexadecimal digit.

This code is used by large ‘computers for
transferring alphanumeric data. In this‘ code weldo not
‘use a straight binary sequence for representing
characters as in ASCII code. This makes ¢he hardware
requirement very simple and is related to punched card

codes. . .
This also allows a large variety of printable
characters and several nonprintable control characters.

Q.38 i ite short notes on ASCH and EBCDIC codes.

bit code. That allows 28 =256 different characters. ASCII |
also uses hexadecimal as its four-to-one short cut’

y divided in 4-bit groups:

Table
Chs IC Code Hexadecimal
Charncter Ezlfigc? Digit Equivalent
A 1100 0001 Cl
B 1100 0010 C2
& 1100 0011 C3
D 1100 0100 C4
E 1100 0101 Cs5
F 1100 0110 C6
G 1100 ottl C7
H 1100 - - 1000 C8
1 1100 1001 c9
J 1101 0001 D1
K 1101 0010 D2
-
y 1
li LA ::gl 0101 D5

(Programming Jor Problem Solvin;}

0 1101 0110 D6
P. 1101 0111 D7
Q 101 1000 D8
R 1101 1001 D9
S 1110 0010 E2
T 1110 0011 E3
U 1110 0100 E4
v 1110 0101 - ES
w 1110 0110 E6
X 1110 o111 E7
Y 1110 1000 ' ES8
Z 1110 1001 E9
0 111 0000 " FO
1 111 0001 Fl
2 111 0010 F2
3 111 0011 F3
4 1111 " 0100 F4
5 111 0101 F5
6 il 0110 F6
7 111 0111 F7
8 111 1000 F8
9 111 1001 F9

EBCDIC also uses hexadecimal number system is
used as shortcut notation for memory dump. This results
in a one-to—four reduction in the volume of memory
dump.
__—_——_—-ﬂ
Q.9 Convert the following Numbers :

(i) (DIE0)5= ()10

(i) (7312)5 = ()ys

(iii) (736.5)s = ()1o

(iv) (26.875),,=(); [R.T.U. 2010, Raj. Univ. 2004]
W
Ans.(i) (D3EO)56 =(?ho ot

13x16°+3 x 162+ 14 x 16" +0 x 16°
=53248+768+224+0 )
= (54240),
(D3E0)6,= (54240),0 Ans.
!

@) (7312)g =(?)i6 _
s (7312);=8xT7+8 x3+8'x1+8%x2
=3584+192+8+2 |

= (3786),o

16 [3786| 10

16 | 236 | 12

6 [ 14 [ 12 |=(0121210)
0

(7312) = (CCA)y¢ Ans.

Sl




C PROGRAMMING

I. SHORT ANSWER TvPE QUESTIONS

p Why do we include <stdio.h> in our programs?

P . 0 [R.TU. 2018)

Ans. #include<stdio.h>

This line includes a header file which is “stdio.h” to
our program. “stdio.h™ means Standard Input O
header file. This file contains prototypes of some
predefined functions like printf() and scanf()

6‘»&? Define a function, IR.TU. 2018)
Ans. A function is a self-contained block of statements
that performs a particular task. Once a function has been
defined and packed it can be treated as a block box that
takes some data from the main program and returns a
value.
C functions can be defined into two categories

(a) Standard Library Functions

(b) User defined Functions

\Q.3, How is an array represented in memory?
[R.TU. 2018/

Ans. Array Elements in Memory

As we have already seen that elements of array
arc stored contintously in memory one after one. Consider
the following array declaratior

int an§),
o] anfl]  en{2] an|

40 _ "

wr(S] arfo] wrl7] » Ara

T w_ L -..w!ﬁ,. es o
L ¥
20000 20012 2004 = Addresses of

ele

004 2006

Here,

the above array declaration total 16 bytes

of memory is allocated, because int data type occupies 2
byies

memory. All the elements of array contain
ge value because we have not initialized the array
Index of array is used to retrieve and store
any value ata particular position o rray. Array index
always starts from 0 and ends with (size - 1)

f@ Differentiate between a character and a string.
- [R.T.U. 2018)

Ans. Difference between Character and String

A character 1s just
quotes, For example:
al="A"; /*i
And a character string is a sequence of 0 or more
characters enclosed double quotes. Each string is
terminated by a NULL byte.

gle character enclosed in single

inl declared to be a characier */

char it

str(] = “hello, where are you these da
For example, for a string conta
10 characters, we need to declare character arr: y of
size 11 bytes, as:

char msg[11] = “hello dear”;  /* ‘msg’ is 10 char
string */
Here, *msg’ is a 10 characters string while it’s declared
and initialized to contain 11 characters. Last character i3
NULL byte to terminate the g ‘msg’.

Ahm\ Differentiate between ptr ++ and * pir ++
o , [R.T.U. 2018)

Ans. The difference between the ptri+ and *pr+
be explained by an ex:
*ptr - Holds the valug,,
ptr - Holds the address.

—(PPS33)

(Programming for Problem Solving }—

So, if we write ptrt+. then this will increment the
address. But if we write *pu-+ then it will increment
the value of *ptr, because ++ operator is right
nssociative

I CLample,
nt *ptr = 5,
/1 then 1f we print *ptr, then we will get the value 5

I/ but now il we wnite: *ptri-+, since it is right
elore first address will increment and

tthe result

QL6 ) Differentiate between a structure and an array.
JR.T.U. 2018)

Arra y

[Structure |
PE— ‘A_“I‘ —_—

i A structure is a
| collection of

Basic

ibles of same | variables or |
data type diflerent data
| ype ez

Struct

sruct_name {
type elementl, _
type element2;

‘

}variablel, _
; = variable2, . .; [
Array clements are | Structure [”
stored elements may not |
contiguous memory | be stored in a
locat contiguous

- . memory location.
Array elements are | Structure
accessed by their elements are
index number. accessed by their

Menmor y

A | names.
e L
Operator Array declaration Structure element
and element accessing

accessing operator operator is

[ | =i 1 (Dot operator).

@ What do vou understond by EQOF? {R.T.U. 2018}

Ans. EOF : In computing, end-of-file (commonly
abbreviated EOF) is a condition in a computer operating
em where no more data can be read from a data
e. The data source is usually called a file or stream.
:C dard Library, the character reading functions
such as getchar return a value equal to the symbolic value

ate that an end-of-file nonn::o_...rum
value of EOF is implementation-
om all valid character codes.
Block-reading functions return the number o;v\mnwmnﬂw
and if this is fewer than asked for, then the end o

was reached or an error occurred.

(macro) EOF to indic
occurred. The uoEm_.
dependent and is distinct fr

Q.8 “Structure declaration reserves memory for .:mn
structure” Comment on this statement with valid

Jjustification. [R.TU. 2018/

Ans. The statement "structure declaration reserves
memory for the structure” can be explained in fallowing
manner. In C programming the memory is allocated only
when we declare the variables of the structure. In other
words, the memory is allocated only when we instantiate
the structure. In the absence of any variable, structure
definition is just a template that will be used to reserve
memory when a variable of type struct is declared. Once
the variables of a structure arc defined, we can perform
a few operations on them. For example,.we can use the
assignment operator (=) to assign the values of one
variable to another. Another important point is that
members inside the structure definition are attached to
the structure variable, they don't have any existence
without structure variable. Member names inside a
structure must be different from one another, but the
member names of two different structures can be same.

Il. LonGg ANsSwER TyPeE QUESTIONS

@ How are strings read from the standard input
device? Explain the different Sunctions used to
perform string input operation. [R.T.U. 2018}

Ans. Using %s format specifier when we read a string,
C compiler automatically assigns all the characters in
scparate memory blocks and add a null character ("\0")
atthe end of the string. At the time of printing %s format
specifier is used in printf{ ) function and it prints the
character until it reaches “\0%;

Example :

main( )

{
char name[25];
printf ( “ Enter Your Name:-");
scanf ( “%s", & name);
printf *“\nHello %s!”, name);

H




C.

_In.qn is a simple run of the program,
Enter Your Name :- SANJAY :
Hello SANJAY!

Some other String Input/Output Functions
Cmm_..mm,nhwmoﬂ..“ﬂmﬁ.ﬁ ) function is declared in “stdio.h”.
: . tion we can read more than one word
{including spaces) because it get . tl
Hine ohasases 0n) i gets terminate when new
) is encountered.
This mm“”.w: ME.A u.mc:n:m.: is also declared in “stdio.h”.
' an print a string on console, and has inbuilt
new line character (“\n*).
e NMMM”M_N.. getch( ) function is declared in “conio.h™.
h ! 1 reads a character from the consale but does
not echo it to the sereen.
getche( ) :getche( ) function is also declared in
“conio.h”. This function reads a character from the
console and echo it on the screen.
getchar() : getchar() reads a character from the
console and reading is ferminated when new line
character (\n) is entered. The character which we enter
is also displayed on the screen.
putchar() : putchar( ) prints the character
argument on the standard output.

If we are using getch(), getche(). getchar() or
putchar() for reading or displaying a string we H.ﬁn::a a
loop as these functions/macros are used to read or display
a single character. .

A program to find occurrence of any —..ww:n:—mn
character in a string.
#include<stdio.h>
#include<conio.h>
void main()
{
char ¢,str[10]:
inti,count=0;

clrser(): . N
?:::.;:m:_nq astring: -7 )
mn.m?:ﬁ N
n_‘m:__m.;::.u_:c_‘ a character: =)
wo.\:umzfon...%..n.x

i++)

*.Olsmnc..,r:vf.\_mﬂ “0
{
if(str{i]==¢)
count+iy

W..dh_.n_.::::h Jor Problem mehcm@

printf(*\nThis character comes in string %d .

times”,count);

}

Output :
Enter a string: - INDIA IS GREAT
Enter a character: - A

This character comes in string 2 times

Q.2 Write a program in C that replaces a given
character with another character in the string.
[R.T.U. 2018

Ans. #include <stdio.h>
#include <string.h>
int main()
{ ;
char str[100], ch, Newch;
inti;
printf(“\n Please Enter any String :
gets(str),
printf(*\n Please Enter the Character that you
want to Search for : ™);
scanf(“%c”, &ch);
getchar();
printf(“\n Please Enter the New Character : ');
scanf(*%c”, &Newch);
for(i = 0; i <= strlen(str); i++)

{

if(str[i] ==ch)
{

str[i] = Newch;

}

printf(“\n The Final String after
Replacing All Occurrences of e’ with ‘%c’ = %s 7,
ch, Newch, str);

return 0;

Output:

Please Lnter any String : Neclkantg

Please Enter the Character that you want to Search
for: g

Please Enter the New Character : I »
TheFinal String after Replacing All Oceurrences of ‘g

with ‘h" = Neelkanth

(Programming for Problem Solui

1

J

w.\l\n a program 1o creafe a structure with the
information given below. Then read and print

the data.

(a) Emp_Id

(b) Name-
(i) First Name
(ii) Middle Name
(iii) Last Name

(c) Address-

(i) Area

(i) City

(iii) State

(d) Age

(e) Salary

() Designation

JRT.U. 2018

Ans. #include <stdio.h>
/*structure declaration*/
struct employee
intempld;
char firstname[30];
char middlename[30];
char lastname([30];
char area[50];
char city[30];
char state[30];
float age;
float salary;
char designation[30];

int main() i

{
/*declare structure variable*/
struct employee emp;

-

/*read employee details*/
printf(“\nEnter details n”);
printf(“Emp_Id :");
scanf(“%d”, &emp.empld);
printf(“First Name :");

_ gets(emp.firstname);
printf(“Middle Name :”);
mnﬁ?z_v.aaa_n:wany
printf(“Last Name :™);
gets(emp.lastname);

printf(*Address :\n");
printf(“Area :");
gets(emp.area);
printf{“City :");
gets(emp.city);
printf(“State :");
gets(emp.state);

printf(*“Age :);

scanf(*“%f”,&emp.age);
printf(“Salary :7);
scanf(“%F",&emp.salary);
printf(“Designation :™");
gets(emp.designation);

/*print employee details*/
printf(“\nEntered detail is:\n™);  *
printf(“Emp_ld: %d\n”, emp.empld);

printf(*Name-\n"); 5

printf(“First Name: %s\n”, emp.firstname);
printf(“Middle Name: %s\n”, emp.middiename);
printf(**Last Name: %s\n", emp.lastname);

printf(“Address-\n");
printf(“Area: %s\n”, emp.area);
printf(“City: %s\n”, emp.city);
printf(“State: %s\n”, emp.state);

printf(“Age: %f\n”, emp.age);
printf(“Salary: %f\n”, emp.salary); -
printf(“Designation: %s”, emp.designation);

return 0;

.

@ What is the advantage of using structures?
Differentiate between a structure and g.union.

JRTU. 2018

Ans. Advantages of Structure :

1. Structure is collection of different types of
variables referenced under one name. By this
we need not define same categoery variable
types in different variables.

2. Memory is not allocated at the time of
declaration of structure. After creation of
structure variables memory is allocated.

3. Nested structure can also be defined.




Eesse)

4. Continuous memon allocation for structure
members.
Structure is a user defined data type, so that it
facilitates user w create vanable according to
the requirements

& Working is same as predefined data types.

Structures : Kevwond - struct

The strctures are the heterogencous user
defined data ypes where a structure content number of
data types grouped together. These data types may or
may not be same. Eg o keep record of students we
may use following structure

struct student

\

o

char name [30];
nt age;
chgr father_name [30);
char class; ’
nttotalmarks:

}

Thus in this way we can group all common
attributes of an object record and can access all of them
via same name. E.g. we have declared variable of above
structure student.

/* declaration */
struct student ram;

now if’ we need age of Ram we can store and
retrieve it from

ram.age;

thus to excess data struct we use . operator.

Unien : Unions are used to save memory i.c.
when we declare the union then the space allocated for
use of that union is equal to memory required for the
biggest variable,

Keyword union

Union is also heterogeneous data type. So in it we

can use int, char, and float.
Union data
{
mta;
float p;
char ¢;
} d2;
In union only one member can be used at a time or
only one member contains valid values.

What is dynamic memory allocation? What are
the varions functions in C that are used for

dynamic memory allocation? Explain.
JRTU. 2018/

{ Programming for Problem Solving)
Ans. Sometimes it is desirable to create objects at run
time. That is we do not inform the compiler that an object
ofa specified type and name needs to be created. Instead
We create an object of the approprite type ourselves at
run time. This is done by allocating memory for the object
that we need to create. Since the mema y is allocated for
objects "dynamically"(i.e.. at run time), creation of such
<ls is known as dynamie memory allocntion.

Phe C standand library provides wetion malloc()
1o ereate object dynamically. The function takes an argu-
ment the size in bytes of the object to be created. It either
returns the pointer o the created object it was able to

allocate memon or ret

| Function

malloe() bytes and returns o pointer

first byte of allocated space

ocates space for an array
elements, in S 1O zero

calloc()

previously a scated space

Syntax of malloe( )
ptr = (cast-type*) malloc(byte-size);

Here, prr is pointer of cast-type. The malloc()

of byte size. If the space is
and returns NULL pointer.

Example

ptr=(int*) malloc(100 * sizeof{int));

This statement will allocate either 200 or 400
according to size of int 2 or 4 bytes respectively and the
pointer points to the address of first byte of memory.

Syntax of free( )

free(ptr);

This statement frees the space allocated in the
memory pointed by ptr.

calloe( ) -

The calloc () stands for contiguous allocation. This
function allocates memory at runtime as malloc( ) does.
The difference between malloe() and calloc() is that,
malloc() allocates single block of memory whereas
calloc() allocates multiple blocks of memory each of same
size and sets all bytes to zero.

—(PPS37)
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Syntax

ptr = (cast-type*)calloc(n, clement-size);

Here, ptr is pointer of cast-type. The calloe() function
returns a pointer o an area of memory with size of byte
size. I the space is insufficient, allocation fails and returns
NULL pointer

Example
prr (Noat*) calloc( 25, sizeol(float)).

Ihis statement allocates conliguous space in

memory for an array of 25 elements cach of size of
float, i.e, 4 bytes

de <stdio.h>
#include <stdlib.h>
int main()

{

ntnum, i, *ptr, sum = 0,

ntf(“Enter number of elements: 9

scanf(*%d", &num);

ptr=(int*) calloc(num, sizeof(in));

if(ptr == NULL)

{
printf(*Error! memory not allocated.™);
exit(0);

\ ’

i

printf(*Enter elements of array:
for(i = 0; i < num; ++i)
i

seanf(*%d™, ptr + i);

sum += ¥(ptr +

}
printf(*Sum = % , sum);
free(ptr);
return 0; .
) i

realloe( )

Sometimes reviously allocated memory becomes
insufficient or more memory is required as compared
to already allocated mory. So, realloe( ) function
change the previoy ly allocated memory (allocated
using malloc( ) and calloc( )) and provides new
memory blocks as required.

Syntax

ptr = realloc(ptr, news

Here, per is reallocated with size of newsize,

BW Write a short note on the following functions.
For each function, give a program code that
demonstrates its usage-

(i) fopen ()
(ii) felose ()
(iii) fgets ()

(iv) fseek () {R.T.U. 2018}

Ans. (i) fopen() Function : The first oua...m:oz needed
to be done before processing data in a file is to open the
file. This is done by the fopen() function.

The prototype of fopen() is given below :
FILE * fopen( char *
Where filename specifies the name of the file on

ename, char * mode);

the secondary storage and mode specifies whether the
file should be openced for reading or writing or for both.

" The function fopen() returns a pointer to a FILE

object if it could successfully open the file. it returns
NULL if it could not. It is always good to test the value
returned by fopen() function.

(ii) fclose() Function : All files opened, must be

closed at the end of the program. This is done by the
library function fclose()

The prototype of felose() is given by
int felose(fp);
Where, fp is a pointer to a FILE object of an open

file*. When we close a file using fclose() following
operations are performed :

* The characters in the buffer would be written to

the file on the disk.

* At the end of file a character with ASCII value

26 would get written,

* The buffer would be removed from memory,
Though most operatin g systems automatically close

files when the application terminates, explicitly closing
allopen files is a good programming practice.
Program to demonstrate fopen() & felose() function;

Hinclude <stdio.h>
#include <process.h>

Yo

{

naing)-

FILE *fp1,*fp2;

char a:

clrser();
p1=fopen(“A.txt”, “r");

if(fpl==NULL)




- - - -

- w v v W

PS8

{

puts(“cannot open this file™):
exn(l);

1

i
fp2=fopen(~B.xt”, “w™)
if(fp2==NULL)
{
Pputs(*“Not able to open this file™);
fclose(fpl);
exit(1);
!

 §

do

{

a=fgete(fpl);
a=toupper(a);
fpute(a.fp2);

}
while(a!=EOF);
fcloseall();
getch();

3

3

(iii) fgets() Function : fgets() function reads next
n —1 characters and stops when a new line character 1s
encountered. The newline character is included in the
array and it is terminated by "\0".

The prototype of fgets() is

char * fgets(char * s, int n. FILE * fph

It _dp_.u_m n—1 characters in s. On success it returns
on end of file and on error it returns NULL

#include <stdio.h>
#define MAX 15
int main()

{
char _uczz.,wvm.. -
fgets(buf, MAX, stdin),
printf("string is: %s\wn", buf);
return 0:

i seck tion : fseck() function can be
Cé _.uﬁ..“n__.hw.ﬁ_““‘_w”“ﬂr file pointer mn.:.:: it points
s Ban_uﬁmmwwﬁn offset. The prototype of fseek() 1s
i m.v__ﬂmdmrnﬂ_rr. *fp. long offset, intorigin),
o erto a FILE object representing

where fpisapol
afile.

#include <stdio.h>

int main () {

Ll T
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fp = fopen(“file.txt”,"w+");

fputs("This is Neelkanth", fp);

fseek( fp, 7, SEEK_SET ),

fputs(” C Programming Language", fp);

fclose(fp):

return(0);

}

i nl..& a program to read data from the keyboard

and write it to a file. Read the contents stored
in the file and display it on the screen.
[R.TU. 2018]

Ans. #include< stdio.h >

int main()

§

i
FILE *fp; /* file pointer*/
char fName[20];
printf(*\nEnter file name to create :");

scanf(*%s",fName);

*creating (open) a file*/
fp=fopen(fName,"w");
r*check file created or not*/

=NULL)

e does not created

printi{
exit(0); /*exit from program*/

printf(*File created successfully.™);
/*writting into file*/
pute(*A”fp):
pute(‘B".fp);
pute(*C".fp)
printf(*\nData written successfully.”);

felose(fp)s

/*again open file to read data®/
fp=fopen(fName,"r");
if(fp==NULL)

{

printf(*\nCan’t open fi

(Programming for Problem Solving }
exif(0):;

}

printf(“Contents of file is :\n");
printf(*%c” gete(fp));
printf{*%c”,gete(fp));
?...:.z.a\en..._wan:.b;
felose(fp),

return 0;

Q rite a program using pointers to insert a value

in an array.

[R.T.U. 2018]

Ans. #include <stdio.h>
int main()
{
int data[5], i;
printf{*‘Enter elements: “);
for(i=0;i<5; ++)
scanf(**%d", data + i);
printf{* You entered: \n™");
for(i=0;i<S5; ++i)
printf(*%d\n", *(data +i));
return 0;

Output:
Enter elements: 11
24

33

51

46

You entered:
11

24

33

51

46

3 . PPy .
@@;\,_W......:_\.:. the difference between a null pointer
\V and a void pointer. What do you mean by pointer

P arithmetic?

IR.T.U. 2018)

~(FPS®)
OR

Discuss void pointer and its utility in brief.
RTU. 2016

——=

Ans. Null Pointer : Null pointer is a pointer which is

pointing to nothing. In case, if we don't have address to
be assigned to a pointer, then we can simply use NULL.

#include <stdio.h>
intmain()
{
// Null Pointer
int *ptr = NULL;
printf(*The value of ptr is %u”, ptr);
rcturn 0;

Void Pointer : We know that pointeys are used to point
to different data types. A float pointer points to float
variables, int type pointer points to integer variables, a
char type pointer points to character variables. In C,
there is a general purpose pointer that can point to any
data types and is known as void pointer. The void pointer
is a generic pointer that can represent any pointer type.
The syntax of its declaration is given below :

void *vptr; /*pointer to void */

In C, pointers to void cannot be directly
dereferenced like other pointer variables by using *, the
indirection operator. A suitable typécast is must prior to
dereferencing a pointer to void as given below :

gy dereferencing operator

*({type *)vptr)
rlr Type cast

Here, type refers to any valid C data type.

Null pointer is a special reserved value of a pointer, A
pointer of any type has such a reserved value. Formally,
each specific pointer type (int *, char * ete.) has its own
dedicated null-pointer value. Conceptually, when a pointer
has that null value it is not pointing anywhere.

Void pointer is n specific pointer type - void * - a pointer
that points to some data location in storage, which doesn't
have any specific type. So, once again, null pointer is a
value, while void pointer is a type. These concepts are
totally different and non-comparable,

Pointer Arithmetic:
Pointer arithmetic is slightly different from arithmetic we
normally use in our day to day life. Therc are four
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arithmetic operators that can be used on pointers: ++,
— —, +, and - operators.

To understand pointer arithmetic, let us consider that ptr
is an integer pointer which points to the address 1000.
Assuming 32-bit integers, let us perform the following
arithmetic operation on the pointer -

ptrtt+

After the above operation, the ptr will point to the location
1004 because each time ptr is incremented, it will point
to the next integer location which is 4 bytes next to the
current location. This operation will move the pointer to
the next memory location without impacting the actual
value at the memory location. If ptr points to a character
whose address is 1000, then the above operation will point
to the location 1001 because the next character will be
available at 1001.

Pointer Expression | How it is evaluated ?

ptr=ptr + 1 ptr=>ptr + 1 => 1000 + 1*4 => 1004
ptri+ or ++ptr ptr++ => ptr+ 1 => 1004 + 1*4 => 1008
ptr=ptr+35 ptr => ptr'+ 5 => |008 + 5*4 => 1028
ptr=ptr-2 ptr =>ptr - 2 => 1028 - 2*4 => 1020
plr-- or--ptr ptr=>ptr+ 2 => 1020 + 2*4 => 1028

For example:

int main()
{ ’
const char *p = “Hello™;
while(*p++)
printf(“%c”, *p);
return 0;

}

Output:
ello

‘C’ to read characters one

@ Write a program in

by one and display it back. [R.T.U. 2016/

Ans.
#include <stdio.h>
#include <conio.h>
int main()
{
char inputString[100], c;
int index = 0;
printf(“Enter a string\n”);
while((c = getchar()) !=*\n’) /* Read string from
user using getchar inside while loop ""/

{
_inputString[index] =c;
index++;
}
inputString[index] = \0’;

index = 0;
while(inputString[index] !=\0’)
{

putchar(inputString[index]); /* Print string stored in
: inputString using putchar */

index++;
}

getch();
return 0;

}

Output -
Enter a string
Neelkanth
Neelkanth
o ———— o — — ]
Q.11 (a) Discuss Enumerated data type with the help

of suitable code of ‘C’ language.

(b) Arrange following operators in order of

precedence and associativity rules of ‘C’.

+ %, < /4 %==1+5()  [RTU.2016]
eEERemSaE N —————
Ans.(2) Enumerated data type : An enumeration data
type is a user defined type, with values ranging over a
finite set of identifiers called enumeration constant. For
example

enum color {red, blue, green};

This defines color to be of a new data type which
can assume the value, red, blue, or green. Each of these
is an enumeration constant. In the program, color can be
used as a new type. A variable of type color can have

any one of the three values: red blue or r green. For
example, the statement

colorc;

defines ¢ to be of type color. Internally, the C++
compiler treats an enum type (such as color) as an
integer itself. The above identifiers red, blue, and green

represent the integer values of 0, 1 and 2 respectively.
So, the statements

¢ =blue;

count << "As an int, ¢ has the value" <<c;

will print As an int, ¢ has the value’l
- Constant values can be explicitly specified for the

identifiers. When the value for one identifier is specified
~in this manner,.the value of the next element is

incremented by one (next higher integer). For example,
if the definition of color is



[mulu. for Problem an)

Fmter elements ald §
Enter elements adl )
Enter elements add 0
Emter elements a3 4
Enter elements al4: §

Enter elements of matrix 2
Enter elemente bl 2
Enter elements b12: 3
Enter elements b21: .9
Enter clements b22: 0
Enter elements b31: 0
Enter clements b32: 4
Enter elements b4 ]: 3
Enter elements bd42: .9
Output Matrix:

39 <16

21 <20
21 -20

Q. N &a)What Is scope of variable in ‘C* meant? Explain

~~ _Lpe casting in detall also. IRTU. 2018
OR

What is meant by scope of vasiables in C?

What are the different types of variables on

the basis of scope? List and explain with

example? [Raj. Univ. 2005)

(b) Explain the difference between automatic

and static variable. IRT.U. 20158

Ans.(a) In C the scope of variables means that in
functions the value of the variable would be available

C provides a variety of storage class specifiers
that can be used to declare explicitly, scope and life time
of vanables. The storage class decides the portions of
the program within whichthe variables are recognized

There are basically two types of variables on the basis
of scope

(1Y Global Variable

(2)  Local Vanables

Example mtm,
main ()
{

mty,

Noat balance,

—————

function| (),

function | ()

mtr,
float sum,

)

1. Global Variables : The varniable m which has
been declared before the main 1s called global variable.
It can be used in all the functions in the program. It need
not be declare in other functions. A global variable is also
known as an extern 1able

2. Local Variables : The vanables i balance
and sum are called local variables because they are
declared inside a function. Local variables are visible
and meaningful only inside the function, in which they
are declared They are not known to other function. The
storage class has another qualities (like long or
unsigned) that can be added to a variable

auto int count,
register char ch;

static it x;
extern long total ;

Storage Meaning

Auto Localvanable which known only to
the function in which it is declared.
Default 15 auto.,

Static Local variable which exist and
retam it value even after the control
transterred 1o the calling function.

Extern Global  variable known to  all
tunctions in the file.

Register

Local vanable which is stored in the
register

Type Casting or Conversion \""

T'ype casting means of conversion of one data type
10 another data type. For cxample, a float value can be
converted into an integer value. There are two tyes of
type casting that are discussed below :

(a) Implicit type casting

(b) Explicit type casting

(@) Tmplicit Type Casting : In implicit type
casting, the conversion is done automatically by the
compiler. In this type of conversion, a smaller data rype
I8 converted into a larger data type. For example, 8 float
value can be converted into a double value because the
size of the float value is 4 byte and the size of the double
value 15 8 bytes. So, it is possible for a double variable to
take a float value No operator is reguired in an imolicit



{ Programming for Problem Solving)

PPS.44
conversion. This is done without any interveation of the
programmer.

(b) Explicit Type Casting : In explicit type
casting, the conversion is carried out between two
incompatible types.

For example, a float value can be converted into
an interger value. This is done with the help of the (type)
operator. The syntax 1s as follows :

data_type varl = (type) var2

For example

inti=(int) 10.23

In the above example, the value (10.23) is
converted into an integer value (10) and after that the
resultant value (10) is assigned to the variable i. Here int
is used as a (type) operator to convert the float value
into an integer value.

Ans.(b) Difference between Automatic and Static
Variable

| S. | Static Variable Automatic Variable
No.
| 1. |We have to specify the | It is the default storage |
| storage class to make a iclass

| variable static.

£

2. |If it is not assigned any | [f it is not assigned any
value then it will give 0 value then it will give
|as output. garbage value as

outpul.

—r-

[PS]

wh is visible to the block | It 1s visible to the block
fin which it is declared |in which the variable is
tand also in the function |declared.

|where it will passed.

I 4. It retains its value
between different
function calls. It holds
its last value.

It retains its value till
ithe control remains in
| the block in which the
|variable is declared.

——
b

Static variable should |Auto variable will ,
be compile by compiler‘compile by the |
first. compiler after the static i
i | variable. |

15) Write a C language program to SWAP two

numbers using pointers and function.
T |RTU.2015]
OR

Write a program in C language for swapping
two numbers using poinier. [R.T.U. 2011, 2008/

Ans. #mcludc<std:o h>
#include<conio.h>
void swap(int®, int*);

{
inta, b;
clrser( );
printf ("\n enter two numbers:”);
scanf{™%d%d", &a , &b);
swap(&a. &b):

printf{"\n values after swappingarea=%d
and b= %d", a, b):
)

|}
void swap (int* x, int* y)

[
1

intg
E==x
*x =y
3=t
getch();
Output : Enter two numbers :
a=20
b=10
Values after swapping are
a=10
b=20

Q.16 What is the difference between Constant and
Variable? What are the data types in ‘C’? Explain
with examples. [R.T.U. 2014, Raj. Uni». 2006, 2001}

OR
What is the difference between Constant and
Variable? [RT.U. 2011)
_——

Ans. Constant

¢
' t ' '
Integer Floating Character String
Constants Point Constants Literals
Octal System
Decimal System
Hexadecmal System

A constant does not change its value during the entire
execution of the program. They can be classified as
integer, floating point, character and enumeration
constants.

(i) Integer Constaats : C++ allows to represent
the integer constants in three forms. They are octal,

(a) Octal System (Base 8) : Octal numbers are
specified with a leading zero, rest of the digits being

void main( )
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Primary data types discussed above have also been

explained in the following table with their Range, Memory
Space and Format Specifiers.

Table : Data Type

Data Type Rangc 4 Bytes Format
1 128 to + 127 1 Yt
um 0 to 255 1 %c
s -32768 10 + 32767 2 %d
InSIg 0 to 65535 2 Yeu
ong signed it -2147483648 10 + 2147483647 4 %ld
ong unsigned int 0 to 4294967295 4 Yelu
f -3 4c38 to + 3 4¢38 4 %f
double ~1.7¢308 to +1.7e308 8 %If
long double ~1.7¢4932 to + 1.7¢4932 10 %Lf

B. User Defined Data Type : Type definition is
a feature in C allows users to define an identifier that
would represent an existing data type. The user defined
data type can later be used to declare variables.

It's general form is typedef type identifier where
type refers to an existing data type and identifier refers
to the "new name given to the data type"

e.g. typedefint marks

typedef float percentage
Here units symbolize int and marks symbolize
float. They can be later used to declare variables as

follows
units batchl, batch2 and marks namel [50],
name2 [30]

where batchl and batch2 are declared as int
variables and name 1 [50) and name 2 [50] are declared
a5 50 element floating point array variables.

The main advantage of the data type (typedef) is,
we can create meaningful data type names for
increasing the readability of the programme

These are defined data types are :
structures, union, enum ete.

Structures : Refer to Long Answer Q.4.

Union : Refer to Long Answer 04

Pointers : Pointers are the special variables used
cr storage spaces of same kind as the name
pty data set is used in functions.

Refer to Long Answer Q. 11(a)

arrays,

to point oth
indicate. Em
Enumeration :

17 “Write a progra n
explain this program step by step with the help of
flow chart.  [RT.U. 2014, 2011, Raj. Univ. 2006, 2001/

Ans. A program 1o read two numbers and display the

total is as follows :
#include <stdio.h>

m of add two numbers and

@gmmming JSor Problem Selving }
main( )
{
inta,b,c;
printf(** Enter the values of a and b");
scanf(*%d %d”, &a, &b);
c=atb;
printf{**Sum= %d", c);
}

Explanation of the Program
#include<stdio.h> : Refer to Short Answer Q.1.
main() :
{

}
Here, main() is a function. Every ‘C’ program

contairis at least one or more than one functions. One.

function which is compulsory that is main(). These {}
braces enclose the definition of the function.

inta, b, c; ;

This line declares three variables a, b and ¢ of”

integer data type. Two bytes are allocated to all these
variables. With this line an address is also allocated to
these variables. Data types have been explained in detail
in next chapter.

printf( “— 7y
This line or printf() function prints the text or value
which is enclosed in double quotes. ’

_scanf( “%d %d”, &a,&b);

This scanf() function scans that type of values and
number of values specified in double quotes. Here double
quotes contain two “%d%d", which indicates that here
scanf() function scans two integer type values which are
given to variables a and b. Address of these variable is
accessed by address operator(&).

c=a+b;

Assignment operator (=) solves the right hand side
expression and assign it to left hand side variable which
is ¢ here. i

printf( “Sum= %d”, ¢);

Here printf() function doing the same job which is
defined above. Here it also prints the number of values
which are enclosed in double quotes. Here double quotes
contain one “%d” so it will print one integer type value
which is of c.

Flowchart

Fig.
To read an input we use READ statement and
to print some output we use WRITE statement. As these
statements are input/output statements, these are
enclosed within Inpur/Output box. , <

Q.18 Write a program to check whether the input

number is prime or not.
[R.T.U. 2014, 2011, Raj. Univ. 2004}

Ans. #include<stdio.h>
#include<conio.h>
void main()
{
int f=0,n,i:
clrscr():
printf(“\nEnter a number”);
scanf(*%d",&n):
for(i=2;i<n;i—+)
{
if{n%i==0)
{ f=1;
break;
1

}

if(f==0)

printf(*\nNumber is Prime™);

else

printf{*\nNumber is Not Prime");
getch();

}
Output :

Qutput Enter a number 3

Enter the values of a and b Number is Prime

10 )

20 Q.19 Explain structure of program in C 15 065
Sum =30 ".""m" b
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ile

Ans. Header Files: These are the files that are
ncluded at the top of any program. If we use any
function inside a program, then the header file containing
declaration or definition of that function, has to be
included. Like printi()1s defined in stdio.h. So, we must
include it (by #include in order to use printf{)
Library Files : These are the files which the
compiler uses in order to define the functions which have
been used in the program and had been declared inside
the header file. Like, printf{) has its complete definition,
i.e., how it will work ete. in an VO library. So, the compiler
uses that library to get the machine code for printf().
Differences
= Header files are TEXT tiles while hibrary files
are BINARY. This means, we can rea'd and
modify the header file but not the library file.
e Header file is in C language while the library file
is in machine language

while the compiler automatically relates the
library file(s) with the program

Qﬁ@ List arithmetic and logical operators
available in C.

(b) Write a program 1o find sum of following n
terms of a series. I°, 2°, 3°, &°

[R.T.U. 2012}

Ans. (2) Arithmetic Operators

; Anthmetic operators are used to perform numeric
calculations. These can operate on any built in data type

ia!lhclo\sfd in C. These operators are listed below in the
able

Table 1 : Arithmetic Operators

| Operator Symbol | Meaning ]
- + | Addition or unary plus |
[ - | Subtraction or unary minus !'
L_ » {Multiplitation _1
- 2 Division ]

Yo {Modulo division (applicable onl_\'L

L lonintdatatype) ‘
Logical Operators

. Logical operators are used to combine two

X

bc:)‘f-nlons These operators check logical relation
een the two or more expressions. Depending upon

the true a 5
oot nd false nature of the expression they assigned

value 1 and 0. Logical operators are listed below in the

== | tabhle2

* Header file has to be included by the programmer .
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Table 2 : Logical Operators

| Logical Opcrators | Meaning
L && | AND

I3 | OR

|t [ NOT

The logical operators && and || are used when we
want to test more than one condition and make decisions.

Example 2>y && x==10

An expression of this kind, w hich combines two or
more relational expression is termed as a logical
expression or a compound relational expression.
1. Logical AND (&&) Operator

Logical AND works with two or more operands
and gives the result true if all the operands in the condition
have true value, otherwise it provides the result false.
Table 3 : Logical AND (&&)

Operand 1 | Operand 2 Result
False False False |
False | True False
True ’ False False_|
True ! True True
Example : Assume we want to compare age and

salary of an employee
age> 25 && salary > 10000
m the above example if age of the
employee is greater than 25 and safary 15 greater th.an
10000 then the result will be True (1) only, otherwise
result will be False (0).
2. Logical OR (1) Operator

I;,o:::a! OR works with two or more operands ;nd
ain esthe-rcsulurue if one of the operands in the condition
Ea\e true value. otherwise it prov ides the resuit false.

Table 4 : Logical OR(:)

Here. fro

e ]
Qperand 1 | Operandz | Result
T False | Fase | Fabse
False | True True
| True | False True

True | True | True

Example : Assume that we want to compare age

and salary of an employee
age > 25 | salany > 10000 N .
Her; in the above example the condition will be

true in all the following cases :
(1) If age of employee 15 gred

can be anything. '
(ii) If salary of employee 15

ter than 25, salary

greater than 10000,

(iii) I both age is greater than 25 and salary greater
than 10000.

(iv) Only, if age is not greater than 25 and salary is
not greater than 10000 then the condition will result false.
3. Logical Not (!) Operator

This is a unary operator. This operator conven 2
true value into false and a false value into true.

Table 5 : Logical Not ()

-

Condition Result
True False
False True

Example : ! (a>Db)

Here, if a is greater than b then the actual result is
true, but we have used ! operator before the expression
so the result will be false, And if a is not greater than b
then the result will be false, but ! will convert it into true.
Ans. (b) # include <stdio.h>

# include <conio.h> . ‘
void main () .

[ .

int 1, n;

long sum=0;

clrser ();

printf (“Enter the value of n =) .
scanf (“%d”, &n);
for(i=l:1<n;i++)

sum=sum +i*1i;

printf (* sum of series = % 1d”, sum);
getch ():

}

OQOutput

Enter the value of n=35

Sum of series = 55.

— = o
Q.23 What are the advantages and disadvantages of
C language? [R.T.U. 2011}

Ans. Advantages of C Language

(® C is a building block for many other currently
known languages. Take a look at Python for
example a fully Object-Oriented High-Level
programming language. It is written in C (perhaps
C-++100). That tells you if you ever want to know
what is going on under the hood in other
languages; understanding C and how it works is
essential.

(i) C is a compiled language versus an interpreted
language. Explained simply, this means that the
code is compacted into executable instruction (in

now age can be ﬂ“}‘(‘hi“g‘

A



