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Computer System Architecture Unit - 2

Digital Logic Circuits

The digital logic circuits are basic building blocks of the digital systems (digital
computers). These digital logic circuits can be classified into two categories sueh
as combinational logic circuits and sequential logic circuits. Before studying about
the difference between combinational and sequential logic circuits, primarily, we
must know what is combinational logic circuit and what are sequentiah, logic
circuits.

Digital Computers

A Digital computer can be considered as a digital system that performs various
computational tasks.

The first electronic digital computer was developedtin the late 1940s and was
used primarily for numerical computations.

By convention, the digital computers use the binary number system, which has
two digits: 0 and 1. A binary digit is called"a, bite

A computer system is subdivided into™two functional entities: Hardware and
Software.

The hardware consists”of all thefelectronic components and electromechanical
devices that comprise the physical entity of the device.

The software of thecomputer consists of the instructions and data that the
computer manipulates'to perform various data-processing tasks.




Computer System Architecture Unit - 2

Block diagram of a digital computer:
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o The Central Processing Unit (CPU) contains an arithmeti¢,and logic unit for
manipulating data, a number of registers fon storing data, and a control
circuit for fetching and executing instructious.

o The memory unit of a digital computer centains storage for instructions and
data.

o The Random Access Memory (RAM) for realstime processing of the data.

o The Input-Output devices for “generating inputs from the user and
displaying the final results to the user.

o The Input-Output devicesfconnectedito the computer include the keyboard,
mouse, terminals, maghetig disk drives, and other communication devices.

Logic Gates

o The logic gatés,are'the main structural part of a digital system.

o Logic Gates areda block of hardware that produces signals of binary 1 or 0
when input logi¢ requirements are satisfied.

o Eachhgate“has a distinct graphic symbol, and its operation can be described
by. means of algebraic expressions.

o The seven basic logic gates includes: AND, OR, XOR, NOT, NAND, NOR, and
XNOR.

e The relationship between the input-output binary variables for each gate
can be represented in tabular form by a truth table.

o Each gate has one or two binary input variables designated by A and B and
one binary output variable designated by x.

AND GATE:
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The AND gate is an electronic circuit which gives a high output only if all its inputs
are high. The AND operation is represented by a dot (.) sign.

AND Gate:
Truth Table:
A N A B X
—x

B / 0 0 0

0 1 0

Algebraic Function: x = AB 1 0 0

1 1 1

OR GATE:

The OR gate is an electronic circuit which givesiashigh output if one or more of its
inputs are high. The operation performed by an'OR gate is represented by a plus

(+) sign.

OR Gate:
Truth Table:
Ay A B |[x
| \
| —X
—
0 1 1
, o 1 0 1
Algebraic Function: x=A+B
1 1 1

NOT GATE:

The NOT gate is an electronic circuit which produces an inverted version of the
input at its output. It is also known as an Inverter.

NAND GATE:
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The NOT-AND (NAND) gate which is equal to an AND gate followed by a NOT gate.
The NAND gate gives a high output if any of the inputs are low. The NAND gate is
represented by a AND gate with a small circle on the output. The small circle
represents inversion.

NAND Gate:
Truth Table:

. A B X

Al
b—x 0 0 |1
B 0 1 |1
Algebraic Function: x = (AB)' 1T 0 1
1T 1 0

NOR GATE:

The NOT-OR (NOR) gate which issequalto an OR gate followed by a NOT gate. The
NOR gate gives a low outputgif any of the inputs are high. The NOR gate is
represented by an ORggate with#a small circle on the output. The small circle
represents inversion.

NOR Gate:
Truth Table:
R A B X
| } X 0 0 |1
B—
o 0 1 0
Algebraic Function: x = (A+B)' 1 0 0
1 1 0
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Exclusive-OR/ XOR GATE:

The 'Exclusive-OR' gate is a circuit which will give a high output if one of its inputs
is high but not both of them. The XOR operation is represented by an encircled
plus sign.

XOR Gate:
Truth Table:

N A B X

A — ‘\
| )X 0 0 0

B
0 1 1
Algebraic Function: x=A& B 1 0 1
or 1 1 0

x=AB + AB'

EXCLUSIVE-NOR/Equivalence GATE:

The 'Exclusive-NOR' gate is afcireuit that does the inverse operation to the XOR
gate. It will give a low outputyif@nesefits inputs is high but not both of them. The
small circle represents_inversion

Exclusive-NOR Gate:
Truth Table:
— A B X
A

b 0 0 |1

= 0 1 |o

Algebraic Function: x = (A&B) 1 0 0

or 1 1 1

x=AB'+AB
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Boolean Algebra

Boolean algebra can be considered as an algebra that deals with binary variables
and logic operations. Boolean algebraic variables are designated by letters suchras
A, B, x, and y. The basic operations performed are AND, OR, and complement.

The Boolean algebraic functions are mostly expressed with binary variables, logic
operation symbols, parentheses, and equal sign. For a given valuéyof variables,
the Boolean function can be either 1 or 0. For instance, consider the Boolean
function:

F=x+y'z
The logic diagram for the Boolean function F = x + ¥z can‘be répresented as:

F=x+y'z

Z

o TheBeolean function F = x + y'z is transformed from an algebraic
expression‘into a logic diagram composed of AND, OR, and inverter gates.

o'\ Myverter at input 'y' generates its complement y'.

&, Lhere is an AND gate for the term y'z, and an OR gate is used to combine
the two terms (x and y'z).

o "The variables of the function are taken to be the inputs of the circuit, and
the variable symbol of the function is taken as the output of the circuit.
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Note: A truth table can represent the relationship between a function and its
binary variables. To represent a function in a truth table, we need a list of the 2*n
combinations of n binary variables.

The truth table for the Boolean function F = x + y'z can be represented as:

F=x+vyz
X Vi z F
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 1

Laws of Boolean algebra
The basic Laws of Boolean Algebra can be stated as follows:

o Commutative Law states that the interchanging of the order of operands in
a Booleah equation does not change its result. For example:
13, OR.0operator > A+B=B+A
2. "AND operator > A*B=B*A
o WAssociative Law of multiplication states that the AND operation are done on
two or more than two variables. For example:
A*(B*C)=(A*B)*C
o Distributive Law states that the multiplication of two variables and adding
the result with a variable will result in the same value as multiplication of
addition of the variable with individual variables. For example:
A+BC=(A+B)(A+C).

8
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o Annulment law:
A0=0
A+1=1

o ldentity law:
Al=A
A+0=A

o ldempotent law:
A+A=A
AA=A

o Complement law:
A+A'=1
AA'=0

o Double negation law:
((A))' =A

o Absorption law:
A.(A+B) = A
A+AB=A

De Morgan's Law is also known as De'Morgan's theorem, works depending on the
concept of Duality. Duality statés thatiintefchanging the operators and variables
in a function, such as replaciftg O with 1 and 1 with 0, AND operator with OR
operator and OR operator withfAND operator.

De Morgan stated 2 theefems, which will help us in solving the algebraic
problems in digital eléetronics. The De Morgan's statements are:

1. "The negation of a conjunction is the disjunction of the negations", which
meanssthatythe complement of the product of 2 variables is equal to the
sum of the compliments of individual variables. For example, (A.B)' = A' + B'.

2., "The negation of disjunction is the conjunction of the negations", which
means that compliment of the sum of two variables is equal to the product
of the complement of each variable. For example, (A +B)' = A'B".

Map Simplification

The Map method involves a simple, straightforward procedure for simplifying
Boolean expressions.

9
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Map simplification may be regarded as a pictorial arrangement of the truth table
which allows an easy interpretation for choosing the minimum number of terms
needed to express the function algebraically. The map method is also known as
Karnaugh map or K-map.

Each combination of the variables in a truth table is called a mid-term.

Note: When expressed in a truth table a function of n variables will have 2%a min-
terms, equivalent to the 2”*n binary numbers obtained from n bits.

There are four min-terms in a two variable map. Therefore, thenmap*consists of
four squares, one for each min-term. The 0's and 1's marked foreach row, and
each column designates the values of variable x and y, respectively.

Two-variable map:

Y P
X 0 1
maQ m1 0 oy xy
m3 m4 { 1 " xy
(a) (b)

Representation of functions in the two-variable map:

1 1
x{1 1 x{1

(a) xy (b) x+y

Three variable map

0]
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There are eight min-terms in a three-variable map. Therefore, the map consists of
eight squares.

Three variable map:

Y
yz f A
X oo o1 11 10
mo m1 ma3 ma2 0 |&yz' |xyz |[|®yz [&yZ
m4 m5 m7 mé& X { 1 |xy'Z" |xy'z  |xyz  |[oyE

@ e et

z
(b)

o The map was drawn in part (b) in the aboveiimage is marked with numbers
in each row and each column to show,the relationship between the squares
and the three variables.

o Any two adjacent squaresfin the map'differ by only one variable, which is
primed in one square and unprimed in the other. For example, m5 and m7
lie in the two adjacent'sgUaressVariable y is primed in m5 and unprimed in
m7, whereas thesoether twedvariables are the same in both the squares.

o From the postulatessef Boolean algebra, it follows that the sum of two min-
terms in adjacent,squares can be simplified to a single AND term consisting

of only, two literals. For example, consider the sum of two adjacent squares
say.m5 and=mZ:

M5+m7= xyiz+xyz= xz(y'+y)= xz.
Logic circuits are classified into two types:

> Sequential logic circuits
»*¥Combinational logic circuits.

Combinational Logic Circuits
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The combinational logic circuits or time-independent logic circuits in digital circuit
theory can be defined as a type of digital logic circuit implemented using Boolean
circuits, where the output of logic circuit is a pure function of the present inputs
only. The combinational logic circuit operation is instantaneous and these circdits
do not have the memory or feedback loops.

This combinational logic is in contrast compared to the sequential logicicireuit in
which the output depends on both present inputs and also on ‘thefprevious
inputs. Thus, we can say that combinational logic does notyhavetymemory,
whereas sequential logic stores previous input in its memorysklence, if the input
of combinational logic circuit changes, then the output alse*echanges.

Combinational Logic Circuit Design

Cell B
inputA

output

inputB

Cell A

_u_—-cz.lm Sensing

Repressor

Combifrational Logic Circuit

These combinationahklogitycircuits are designed to produce specific outputs from
certain inputs. \The eéombinational logic design can be done using two methods
such as a sumef products and a product of sums. Combinational logic circuits are
generally désigned by connecting together or combining the basic logic gates such
as NAND, NOR, ahd NOT. Hence, these logic gates are termed as building blocks.
These Yogic circuits can be a very simple circuit or a very complex circuit or huge
combinational circuit can be designed using only universal logic gates such as
NAND and NOR gates.

The simple time independent logic circuits that are implemented using Boolean
circuits whose output logic value depends only on the input logic values can be
called as combinational logic circuits.

7]
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Boolean

lnpl-lt/? &5 Expression

- Q= (AB).(A+*B).C

c Output

(A+B)

(9]
w
>

Logic
Diagram Truth
Table

Combinational Logic Circuit \
The figure shows all the three major components of tional logic

circuit such as logic diagram, truth table, and Boolean,expression.

I o = = [
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Functions of Combinational Logic Circuit

The function of combinational logic circuitsican pecified in three main ways
such as:

o Truth Table
o Boolean Algebra
o Logic Diagram
Truth Table ‘ %

-k OO0 O
DO --—O0O0 | D
R I IR T T S
cooo-~oooo | O

N

Combinational Logic Function Truth Table
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The logic gate function can be defined using its truth table which consists outputs
for of all possible combinations of inputs of the logic gate. An example
combinational logic function truth table is shown in the above figure.

Boolean Algebra

Q = (A.B).(A+B).C

Combinational Logic Function Boolean Expression

The output of combinational logic function can be expressed inthe form
expression using Boolean algebra and an example, Boelean expression for the
above truth table is shown in the above figure.

Logic Diagram

Logic Gates

Z (A+B)

Logic Diagram

Digital
Inputs

C m >

D—O Output (Q)

Combinational Logic Circuit using Logic Gates

The graphical'representation of combinational logic functions using logic gates is
calledas logicydiagram. The logic diagram for above discussed logic function truth
table and Boolean expression can be realized as shown in the above figure.

The cembinational logic circuits can be also be called as decision making circuits,
as these are designed using individual logic gates. The combinational logic is the
process of combining logic gates to process the given two or more inputs such

that to generate at least one output signal based on the logic function of each
logic gate.

14]
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Classification of Combinational Logic

Combinational Logic Circuits

v

Arithmetic &
Logical Functions
Adders Multiplexers
Subtractors Demultiplexers
Comparators Encoders
PLD's Decoders

Classificaiton of Combinational‘togic

The combinational logic circuits can be cla
purpose of usage, such as arithmetic &

rious types based on the
ions, data transmission, and

adders, subtractors, and compara hich\are generally realized by combining

4@ ogic circuits. Similarly, for data
yUEr

transmission, we use multiplexe
are also realized using combinz

ultiplexers, encoders, and decoders which
ogic. The code converters such as binary,

BCD, and 7-segment signed using various logic circuits.
In fact, combinatio iclis most frequently used in multiplexer and
demultiplex uits. If multiple inputs or outputs are connected to the

common si

\) binational circuit does not use any memory. Hence the previous state of
ut does not have any effect on the present state of the circuit. But sequential
uit has memory so output can vary based on input. This type of circuits uses

previous input, output, clock and a memory element.

en the logic gates are used for decoding an address in
e data input or output switch.

Logic Circuits

5]
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The simple logic circuits whose output logic value depends on the input logic
values and also on the stored information is called as sequential logic circuits.

Combinational circuit produces an output based on input variable only,
but Sequential circuit produces an output based on current input and previous
input variables. That means sequential circuits include memory elements whigh
are capable of storing binary information. That binary information defines the
state of the sequential circuit at that time. A latch capable of storing oneybit of
information.

__ External
External Combinational Cutputs
Inputs Circuit
Current Mext
State State
Infernal Internal
Cutput Inputs

Figure: Sequential Circuit

As shown in figure therexaréstwo types of input to the combinational logic :

1. External inputsiwhich not controlled by the circuit.
2. Internalinputs,which are a function of a previous output states.

Secondary inputsare state variables produced by the storage elements, where as
secondaky,outputs are excitations for the storage elements.

Types of Sequential Circuits — There are two types of sequential circuit :

1. Asynchronous sequential circuit —These circuitdo not use a clock
signal but uses the pulses of the inputs. These circuits are faster than
synchronous sequential circuits because there is clock pulse and change
their state immediately when there is a change in the input signal. We use

6]




Computer System Architecture Unit - 2

asynchronous sequential circuits when speed of operation is important
and independent of internal clock pulse.

Qutput Pulses )b

Input
Levels or Levels
Figure: Asynchronous Sequential Circuit

But these circuits are more difficult to desig output is uncertain.
2. Synchronous sequential circuit ese gircuit uses clock signal and level
inputs (or pulsed) (with restricti on pulse width and circuit propagation).
The output pulse is the on as the clock pulse for the clocked
sequential circuits. Si ait for the next clock pulse to arrive to
perform the next op these circuits are bit slower compared to
asynchronous. anges state at the start of an input pulse and

remains in that

Input Qutput Pulses
Levels or Levels
Clock
Fulses

Figure: Synchronous Sequential Circuit
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We use synchronous sequential circuit in synchronous counters, flip flops, and in
the design of MOORE-MEALY state management machines.

Previous
State

Positive
Feedback

_J—L Clock

Signal

Sequential Logic Circuit

The figure represents the block diagram offthe sequential logic circuit.

Difference between Synchronous and Asynchrenous Sequential Circuits

As the name suggests both Synghronoustand Asynchronous Sequential Circuits are
the type of sequential circuits§ which uses feedback for the next output generation
however on the basis of theftypefof this feedback both circuits can be get

differentiated.

Following are the impertant differences between Synchronous and Asynchronous
Sequential Circuits -

Sr. Key
No.

1 Definition

Synchronous Sequential
Circuits

Synchronous sequential
circuits are digital
sequential circuits in
which the feedback to
the input for next
output generation is
governed by  clock

Asynchronous Sequential Circuits

On other hand Asynchronous
sequential circuits are digital
sequential circuits in which the
feedback to the input for next
output generation is not governed
by clock signals.




Sr. Key

No.

2 Memory
Unit

3 State

4  Complexity

5 Performance

6 Example
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Synchronous Sequential
Circuits

signals.

In Synchronous
sequential circuits, the
memory unit which is

being get wused for
governance is clocked
flip flop.

The states of

Synchronous sequential
circuits are always
predictable thus
reliable.

and

It is easy to4, design
SynchronousgSegquential
circuits

Due“to“the propagation
delay, of clock signal in
reaching all elements of
the circuit the
Synchronous sequential
circuits are slower in its
operation speed

Synchronous circuits are
used in counters, shift
registers, memory units.

Asynchronous Sequential Circuits

On other hand unclocked flip flop
or time delay is used as, memory
element in case of Asynchroneus
sequential circuits.

On other hand there are chances
for thé Asynchronhous circuits to
entér into a wrong state because of
the, time“difference between the
arrivalsvef inputs. This is called as
racecondition.

However on other hand the
presence of feedback among logic
gates causes instability issues
making the design of Asynchronous
sequential circuits difficult.

Since there is no clock signal delay,
these are fast compared to the
Synchronous Sequential Circuits

On other hand Asynchronous
circuits are used in low power and
high speed operations such as
simple  microprocessors, digital
signal processing units and in
communication systems for email
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Sr. Key Synchronous Sequential Asynchronous Sequential Circuits
No. Circuits

applications, internet access and
networking.

Difference Between Combinational Logic Circuits and Sequential Logic Circuits

The difference between combinational logic circuits and sequential logic circuits
can be easily understood by knowing about each circuit in detail.

Combinational Logic Ciruits

» The digital logic circuits whose outputs cah,be determined using the
logic function of current state input are combinational logic circuits,
hence, these are also called as time independent logic circuits.

» Thus, these combinational digital logic circuits don’t have the capability
to store a state inside them.

» Hence, the combinational fegic cikcuits do not contain any memory
elements.

» The arithmetic operations performed on the date stored data in the
computers are done using\combinational logic circuits.

» The combinatienal digitalflogic circuits are fundamentally implemented
using different types of devices such as multiplexers,
demultiplexers, encoders, decoders, half adder, and full adders.

» The c@mponéntsrof arithmetic and logic unit of the computers are
generally comprised of combinational digital logic circuits.

» The,independent working states of the combinational logic circuits are

repfesented with Boolean algebra and after simplification by using NOR,

NOT, and NAND gates the circuit can be implemented.

The combinational digital circuits don’t require any feedbacks.

The combinational logic circuits are independent of the clock.

As there are no clocks used in these digital logic circuits, they do not

need any triggering.

» The combinational logic circuit’s behavior can be defined by using the
set of output functions.

YV YN
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>

In general, sum of products or products of sums method is used for the
construction of combinational logic.

Sequential Logic Circuits

>

The digital logic circuits whose outputs can be determined using the
logic function of current state inputs and past state inputs are‘ealled as
sequential logic circuits.

These sequential digital logic circuits are capable to retain the'earlier
state of the system based on the current inputs and.earlienstate.

Hence, unlike the combinational logic circuits, these sequential digital
logic circuits are capable of storing the data in a digitalcireuit.

The sequential logic circuits contain memogry elements.

The latch is considered as the simplest element Used to retain the earlier
memory or state in the sequential digital logic:

Latches can also be called as flip-flops, but,if,we consider the true
structural form, then it can be considered as a combinational circuit with
one or more than one outputs fediback'as inputs.

These sequential digital logie circuits are used in maximum types of
memory elements and‘also'in finite state machines, which are replica
watches for sale digital‘eircuit models with finite possible states.

The maximum numbef of séquential logic circuits uses a clock for
triggering thesflip flops'eperation.

If the flip_flop'in‘the digital logic circuit is triggered, then the circuit is
called as synehrohous sequential circuit and the other circuits (which are
simultaneously not triggered) are called as asynchronous sequential
circuits:

The'sequential digital logic circuits utilize the feedbacks from outputs to
inputs.

The sequential logic circuit’s behavior can be defined by using the set of
output functions and set of next state or memory functions.

In practical digital logic circuits, combinational digital logic circuits and
sequential digital logic circuits are used.

Different Types of Flip Flop Conversion

2]
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In electronics, flip flop is an electronic circuit and is also called as a latch. Flip flops
consist of two stable states which are used to store the data. These are basic
building blocks of a digital electronic system which are used in various systems
like communications, computers, etc. A basic flip flop can be used to constructa
cross coupled inverting elements like invert gates, FETs, BJTs, inverters, vacuum
tubes. Conversion of one type of flip flop to another can be done by using,a
combinational logic circuit. For instance, If a JK Flip Flop is necessary, thefi/ps,are
given to the combinational circuit & the o/p of the combinational‘eircuit is,given
to the i/ps of the actual flip-flop. Therefore, the o/p of the actualflip-flop is the
o/p of the required flip-flop.

Inputs Combinational Given OUTPUTS
circuit FF

Y 5

Required
FF

Flip Flop Conversion
Flip Flop Conversion

The maingpurpose of the flip flop conversion is to convert a flip flop into a desired
type-Biflip flop using some conversion logic. The flip flop conversions are
classified into different types that are

e SR-FF to JK-FF Conversion

e JK-FF to SR-FF Conversion

22|
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e SR-FF to D-FF Conversion
e D-FF to SR-FF Conversion
e JK-FF to T-FF Conversion
e JK-FF to D-FF Conversion
o D-FF to JK-FF Conversion
SR-Flip Flop to JK-Flip Flop Conversion

In JK-flipflop, j and k are given as external i/ps to S and R in SR-flipflop. Here, both
S & R are o/ps of the combinational circuit. The truthstables of flip flop
conversions are shown below. The current state is'denotedywith Qp & Qp+1 is the
next state to be found when the J &K i/ps are applied.

Conversion Table Logic Diagram

J-K Inputs Qutputs S-R Inputs
J K Qp  Qp+t S R
o o0 0 0 0 X s (o]’ S
0 0 x = )

(SR Flip Flop to JK Flip Flop }
0 A o v v X

—C

0 4 1 0 ()} 1
1t o 0 1 1 0 K
A ) 1 1 X (i R o7 &
1 1 0 1 1 0
T 4 () ()} 1

KQp XQ

N\ 00 01 11 10 3 00 o1 11 10

(] 1 3

o o X 0 0 o x 0 [T| X

o 5 - 6 S 7 6

T X 0 i T [ 1 0 0 I_l_] 0

S =7Qp R = KQp

K-Map
SR-FF to JK-FF Conversion

There are eight possible combinations for two i/ps J and K. For every combination
of J, K& Qp, the equivalent Qp+1 states are found. Qp+1 simply recommends the
future values to be found by the JK-flip flop after the importance of Qp. Then the
table is finished by writing the values of S & R compulsory to get each Qp+1 from

23]
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the equivalent Qp. That is, the S and R values are compulsory to change the state
of the flip flop from Qp to Qp+1 are written

JK-Flip Flop to SR-Flip Flop Conversion

The conversion of the JK-FF to SR-FF is opposite to the SR-FF to JK-FF. Here S &R
will be the external i/ps to J & K, that is shown in the below logic diagram,J°& K
will be the o/ps of the combinational circuit. So, the J and K values have 40 be
acquired in terms of S, R & Qp. The logic diagram is shown below.§he conyersion
table for flip flop to be written in terms of S, R, Qp, Qp+1, J & K, Thergare eight
possible combinations for two i/ps S and R.

Conversion Table Lagic Diagram
S-R Inputs | Outputs | J-K Inputs
S R |QpQp+1| 3 K S J Qp ——
0 ¢ 0o 0 0 X
0 0 1 1 X 0 e
L | 0 0 0 X .
R K Qp p——
0 1 1 o X 1
1 0 0 1 s L £
1 ¢ 1 1 X aQ
11 Invalid Dont care
1 1 Invalid Dont care

N¥o o 11 10 X¥ o o 11 10
0 1 3 2 1} 1 3 2z
ol of x| x| o ol x| o | @ X
4 [ 7 6 4 s ? &
v o Xoo | ) il x| o7 Ix | x
1=s K-maps K=R

JK-FF to SR-FF Conversion

For every.combination, the equivalent Qp+1 o/p’s are found. The o/p’s for the
cembinations of S=R=1 are not acceptable for an SR-FF. Therefore the o/p’s are
considered as invalid and the J & K values are taken as “don’t care”.

SR-Flip Flop to D-Flip Flop Conversion
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As shown in the below figure, actual inputs of the flip flop are S & R where D is
the external i/p. The four combinations of the S & R in terms of D and Qp,
conversion table, logic diagram and the Karnaugh map are given below.

Conversion Table K-maps Logic Diagram
@ g 1 Q4 1
D Input | Qutputs | S-R Inputs D D D 15 Qpp—
Qp Qp+l S R 0 1
0 o 0 0 X o B i Eo -
Pd 3 2 3
0 1 0 o 1 1| & X 0| 0 -
=z —l R Qol—
1 0 1 0 S=D R=D
1 I oy X 0

SR-FF to D-FF Conversion
D-Flip Flop to SR-Flip Flop Conversion

In this type of conversion, D is the actual i/p of theflip flop where S & R are the
external i/ps.There are Eight possible combinations are obtained from the
external i/ps S, R & Qp. Nevertheless, sinceithe combination of S=R=1 is
unacceptable, the values of D and Qp+1 argtaken as “don’t care”. The logic
diagram of D-FF to SR-FF is showing the ‘conversion from D-FF to SR-FF, and the
Karnaugh map for D in terms‘of SR & Qp are given below.

Conversion Table K-map Logic Diagram

|SAR Inpu(sIOu!ouls I D Input

Invalid Dont care

00 01 11 10

9 Qo+l = o] —1 3 2 S w

0 0 0 0 ] ol o |[1]] o 0
3 7 5 -

ON <07 25 51 1 | X x]
6 1 0 0 0 R o
g Al aln = D = S+RQn
1. 78 <00 2 1
5 0: ‘2t 9 1
1) i
el |

Invalid Dont care

D-FF to SR-FF Conversion
JK=Flip Flop to T-Flip Flop Conversion

In this type of conversion, J & k are the actual i/ps of the flip flop where K is
considered as the external i/p. Four combinations are created by T, Qp, J & K that
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are expressed in terms of T & Qp. The Karnaugh map, the logic diagram and
conversion table, are given below.

J-K Flip Flop to T Flip Flop

Conversion Table K-maps Logic Diagram
nucIOu K1 I ano : TQDO I T
| o | R | of o x o x| o
T =
o Ly iat el ko oo it K Qp—
1 0.1 1 X \
1 I cox  Ber it
-
JK-FF to T-FF Conversion

JK-Flip Flop to D-Flip Flop Conversion \

In this type of flip flop conversion, J&K are the | inputs where D is the

s of the flip flop will be done
by using D & Qp, and in terms of these expressed. The conversion
table with four combinations, JK-FF onversion logic diagram

and Karnaugh map forJ & K in re shown below.

K-FF to D-FF
Conversi

D-Fli to JK-Flip Flop Conversion
\ pe of flip flop conversion, J & K are the external i/ps of the flip flop where

e actual input. The eight combinations can make by using J, Kand Qp that is
wn in the conversion table below. D is stated in terms of J, K & Qp. The
arnaugh map D in terms of J, K & Qp, conversion table and the logic diagram of
the D-FF to JK-FF is shown below.
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Conversion Table K-map Logic Diagram

3K Input Outputs | D Input 00 01 11 10

K & & 0 1 3 2 3 o Q
o 0 0o o0 0 iy o m 0 0 ‘

. ] 3 Y D W o £
0o o 11 1 RN o | [] K o
o 1 0o 0 0 E3 s

D =1Qp + KQp

o 1 1 0 0
1 0 0 1 1
1 0 11 1
T 0o 1 1
35 % 10 o

D-FF to JK-FF Conversion

Thus, this is all about different types of flip flop conversionsmthat.includes SR-FF
to JK-FF , JK-FF to SR-FF, SR-FF to D-FF, D-FF to SR-FF , JK-FF to T-FF, JK-FF to D-FF
and D-FF to JK-FF . We hope that you have got a better undesstanding of this
concept. Furthermore, any doubts regarding the applications of flip-flops

or electronics projects, please give your feedback By,commenting in the comment
section below.Here is a question for you, What are the applications of flip flops?

Integrated Circuit

A microprocessor is digital is a digital Girctiit which is built using a combination
logic functions. The micropr@cessor package contains an integrated circuit.

An integrated circuit isfelectronici€ircuit or device that has electronic components
on a small semiconductor. chipr It has functionality of logic AND or amplifying of a
signal. These ané mainly two types of circuits: Digital or Analog. Analog ICs handle
continuous signals such as audio signals and Digital ICs handle discrete signals
such as_binany values.

An integratedicircuit, or IC, is small chip that can function as an amplifier,
esCillator, timer, microprocessor, or even computer memory. An IC is a small
wafer, usually made of silicon, that can hold anywhere from hundreds to millions
ofitransistors, resistors, and capacitors. These extremely small electronics can
perform calculations and store data using either digital or analog technology.

Digital ICs use logic gates, which work only with values of ones and zeros. A low
signal sent to to a component on a digital IC will result in a value of 0, while a high
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signal creates a value of 1. Digital ICs are the kind you will usually find in
computers, networking equipment, and most consumer electronics.

Analog, or linear ICs work with continuous values. This means a component ona
linear IC can take a value of any kind and output another value. The term "linear"
is used since the output value is a linear function of the input. For example;.a
component on a linear IC may multiple an incoming value by a factorof 2.5,and
output the result. Linear ICs are typically used in audio and radio frequency
amplification.

Types of Integrated Circuits

There are different types of integrated circuits base@ varigusseriteria. Based on
intended application, the Integrated Circuit (IC) can be'classified as following:

« Digital Integrated Circuits handle disérete signals'such as binary values (0
and 1). These circuits use digital legic gates; multiplexers, flip flops
etc.These circuits are easier to,desigh and economical.

» Analog Integrated Circuits,handle contiguous signals. These are two types:
linear integrated circdits (kinean’ICs) and Radio frequency integrated
circuits (RF 1Cs).

o Mixed Integrated Circuits are obtained by the combination of analog and
digital integrated circuits. Therefore it have digital to analog (A/D)
converter, digital to analog (D/A) converter, and clock/timing integrated
circuitss

General types of integrated circuits are as following: Comparators, Switching IC,
Audie amplifiers, Operational amplifiers, Timers ICs.

Digital Integrated Circuit

Functions of digital integrated circuits to handle discrete signals such as binary
values in which “true/false” logical operations are used. Basic Boolean functions
such as AND, OR, and NOT are essential in building functionality for modern
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digital systems. These Boolean functions are implemented using transistors. For
example, internal transistor structure of a NAND gate is given in following figure.

T3

T4

There might ten billion or more transistors,intmédern digital circuit. So, we need
Integrated Circuits (ICs) that combine axssmall or large number of these transistors
to achieve particular functionality. These circuits provide benefiting students, very
low cost and higher level of reliabilitys Examples of integrated circuits are MQOS,
CMOS, TTL etc. CMOSCsyare fault'tolerant, reduce risk of chip failure, use of anti-
static foam for storage andtransport of ICs. TTL technology requires regulated
power supply of 5 valts.

Families of Integrated Circuits

A logic familyiis a'group of electronic logic gates. A family has its own discrete
logiclevel,\power supply, individual components, characteristic, advantages and
disadvantages. Within each family, there is a range of voltage which may be low
levelhor high level.

These families are listed as following below:

Diode Logic (DL)
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Registers and diodes are used to implement logic. The purpose of diode is to
perform OR and AND operation, and logic switch. It is essential that diode is
forward biased so that it can conduct. Disadvantages: diodes can not perform
NOT operation, diode cannot work for multiple states, only one stage at a timé,
tend to degrade signals quickly.

Resistor-Transistor Logic (RTL)

Registers and transistors are used to implement logic. Transistorsare used to
combine signals which are inverted and amplified inputs. These areseconomical
and easy to design but slower in speed. These require gréat ameunt of current
from supply. RTL gates can be used as interface between linear Circuits and
digital.

Diode Transistor Logic (DTL)

Registers and diodes are used to implement logics It has advantages over DL and
RTL. Diode can perform AND and ORyoperation‘along with a transistor and output
signal can be amplified. It has logic ihversion which is signal can be restored to full
logic level, if we add a transistorat output of logic gates. OR operation can be
performed using diodes instead of resistors which removes interaction between
input signals. Since inputtesistorto transistor, switching speed of transistor is
limited. DTL was used in‘tube*computers.

Transistor - Transistor Logic (TTL)

Transistors.are used to implement logic and Bipolar transistors to contract
integrated circuits. There are standard TTL, high speed TTL, low power TTL, and
sehottky TIL. It is popular logic family.

Emitter Coupled Logic (ECL)

ECL is a non-structured logic. Advantages of this logic are speed, and very low
propagation delay.

Complementary Metal Oxide Semiconductor Logic (CMOS)
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It is known for high fan-out, low power consumption and most reliable logic
family.

Decoders

Decoder is a combinational circuit that has ‘n’ input lines and maximum of

2" output lines. One of these outputs will be active High based on the
combination of inputs present, when the decoder is enabled. That means decoder
detects a particular code. The outputs of the decoder are nothing'but theymin
terms of ‘n’ input variables lines, when it is enabled.

2 to 4 Decoder

Let 2 to 4 Decoder has two inputs A; & Ag and fouf outputsyYs, Ya, Y1 & Yo.
The block diagram of 2 to 4 decoder is shown inthe following figure.

A Ys
) e
2to 4 > Y,
Ag > Decoder
—> Y1
E —>» —> Yo

One of these foureutputs will be ‘1’ for each combination of inputs when enable,
Eis ‘1’.dhe,Truthtable of 2 to 4 decoder is shown below.

Enable Inputs Outputs
E A1 Ao Y3 Yz Y1 Y0
0 X X 0 0 0 0
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1 0 0 0 0 0 1
1 0 1 0 0 1 0
R
1 1 0 0 1 0 \
W'

Y3=E.A1.AO

Y2=E.ALAQ’
Y1=E.A1".A0 ?\
YO=E.A1".A0' < y

So, there are four product terms in total.

Each output is having one produ

We can implement these four,p erms by using four AND gates having

three inputs each & two inverte circuit diagram of 2 to 4 decoder is shown

in the following figure%

N
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/

A

E

Therefore, the Qutputs of 2 to 4 decoder are nothing but the min terms of two
input variables"A®&Ao, When enable, E is equal to one. If enable, E is zero, then all
the outputs,ofideceder will be equal to zero.

Similarly;3 to'8 decoder produces eight min terms of three input variables A,,
Ay &"Agiand 4 to 16 decoder produces sixteen min terms of four input variables As,
Ay, Ay & Ao.

Implementation of Higher-order Decoders

Now, let us implement the following two higher-order decoders using lower-order
decoders.
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e 3to 8 decoder
e 4to 16 decoder
3 to 8 Decoder

In this section, let us implement 3 to 8 decoder using 2 to 4 decoders. \Weknow
that 2 to 4 Decoder has two inputs, A1 & Ag and four outputs, Y3 to Yo. Whereasy3
to 8 Decoder has three inputs A, A; & Ap and eight outputs, Y7 toYo.

We can find the number of lower order decoders required forimplementing
higher order decoder using the following formula.

Required number of lower order decoders =m2/ml{Requiredsmumber of lower
order decoders = m2/m1

Where,

m1/m1 is the number of outputs of lowenorder.decoder.

m2/m2 is the number of outputs‘of higher.order decoder.

Here, m1 =4 and m2 = 8. Substitute hese two values in the above formula.

Required number of 2(to 4 decoders = 8/4 =2 Required number of 2 to 4
decoders=8/4=2

Therefore, we require.two 2 to 4 decoders for implementing one 3 to 8 decoder.
The blockidiagram of"3 to 8 decoder using 2 to 4 decoders is shown in the
following figure.
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— Y7
2to4 Ye
Decoder
—> Y5
—> Y
A, > E *
— Y3
A1
2to4 Y,
Ag »  Decoder
—> Y1
—> Yy
» E

The parallel inputs A1 & Ap are,applied to each 2 to 4 decoder. The complement of
input A; is connected 6 Enable, Efof lower 2 to 4 decoder in order to get the
outputs, Y3 to Yo. These are the lower four min terms. The input, A, is directly
connected to Enabley E 6fwpper 2 to 4 decoder in order to get the outputs, Y7 to
Ys. These are'the higher four min terms.

4 to 16'Decoder

In this séction, let us implement 4 to 16 decoder using 3 to 8 decoders. We know
that 3%to 8 Decoder has three inputs A,, A; & Ap and eight outputs, Y7 to Yo.
Whereas, 4 to 16 Decoder has four inputs As, A,, A; & Ap and sixteen outputs,
Yi5t0 Yo

We know the following formula for finding the number of lower order decoders
required.
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Required number of lower order decoders = m2/m1 Required number of lower
order decoders = m2/m1

Substitute, m1 =8 and m2 = 16 in the above formula.

Required number of 3 to 8 decoders = 16/8 = 2 Required number of 3 to 8
decoders = 16/8 =2

Therefore, we require two 3 to 8 decoders for implementing oned to 16.decoder.
The block diagram of 4 to 16 decoder using 3 to 8 decoders is;showh,in the
following figure.

———> Y15
> Yi4
—> Y13
—> Y12
Decoder | 5

Y

3to8

Ai » 3to8

Decoder | 5 v,
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The parallel inputs A,, A; & Ag are applied to each 3 to 8 decoder. The
complement of input, A3 is connected to Enable, E of lower 3 to 8 decoder in
order to get the outputs, Y7 to Yo. These are the lower eight min terms. The input,
As is directly connected to Enable, E of upper 3 to 8 decoder in order to get thé
outputs, Y15 to Yg. These are the higher eight min terms.

Multiplexers

Multiplexer is a combinational circuit that has maximum of 2™data inputs, ‘n’

selection lines and single output line. One of these data inputs*will,be connected
to the output based on the values of selection lines.

Since there are ‘n’ selection lines, there will be 2" passible combinations of zeros

and ones. So, each combination will select onlyfone data input. Multiplexer is
also called as Mux.

4x1 Multiplexer

4x1 Multiplexer has four data inputs I3, 15, 1781y, two selection lines s; & sp and

one output Y. The block diagrammef 4x1 Multiplexer is shown in the following
figure.

Lhb — 4x1

1, ——| Multiplexer

Il

One of these 4 inputs will be connected to the output based on the combination
of inputs present at these two selection lines. Truth table of 4x1 Multiplexer is
shown below.
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Selection Lines Output
S1 So Y
0 0 lo
0 1 Iy
1 0 I,
1 1 I3

From Truth table, we can directly write the Boolean functionsfor output, Y as

Y=S1'S0’'I0+S1'S0I1+51S0:12+51S0I3

We can implement this Boolean functionfusing Inverters, AND gates & OR gate.
The circuit diagram of 4x1 multiplexeris shown in‘the following figure.

=1

VY T

clejels
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We can easily understand the operation of the above circuit. Similarly, you can
implement 8x1 Multiplexer and 16x1 multiplexer by following the same
procedure.

Implementation of Higher-order Multiplexers.

Now, implement the following two higher-order Multiplexers using lowersorder
Multiplexers.

o 8x1 Multiplexer
o 16x1 Multiplexer

8x1 Multiplexer

In this section, implement 8x1 Multiplexer using 4x1 Multiplexers and 2x1
Multiplexer. We know that 4x1 Multiplexer has 4ndata inputs, 2 selection lines
and one output. Whereas, 8x1 Multiplexer has'8 data inputs, 3 selection lines
and one output.

So, we require two 4x1 Multiplexers in first stage in order to get the 8 data
inputs. Since, each 4x1 Multiplexery preduces one output, we require a 2x1
Multiplexer in second stage by eonsidering the outputs of first stage as inputs
and to produce the final output.

Let the 8x1 Multiplexer has eight data inputs I to lo, three selection lines s, 51 &
s0 and one output¥s,TheTruth table of 8x1 Multiplexer is shown below.

Selection Inputs Output
S; S1 So Y
0 0 0 lo
0 0 1 Iy
0 1 0 P
0 1 1 I3
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1

1

0

1

We can implement 8x1 Multiplexer using lower order Multiplexers easily by
considering the above Truth table. The block diagram of “8x@=Multiplexer is

shown in the following figure.

e
EE— 4x1
— 3| Multiplexer
>
A
S1
So
A 4
—
— 4x1
— 3| Multiplexer
—

2x1

Multiplexer | > Y

|

S2

Thegsame selection lines, s; & so are applied to both 4x1 Multiplexers. The data
inputs of upper 4x1 Multiplexer are I;to Isand the data inputs of lower 4x1
Multiplexer are Isto lo. Therefore, each 4x1 Multiplexer produces an output
based on the values of selection lines, s; & so.

The outputs of first stage 4x1 Multiplexers are applied as inputs of 2x1

Multiplexer that is present in second stage. The other selection line, s; is applied
to 2x1 Multiplexer.
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o If s;is zero, then the output of 2x1 Multiplexer will be one of the 4 inputs
I to Ig based on the values of selection lines s; & so.

o If s;is one, then the output of 2x1 Multiplexer will be one of the 4 inputs
I; to 1, based on the values of selection lines s1 & so.

Therefore, the overall combination of two 4x1 Multiplexers and @ne 2xl
Multiplexer performs as one 8x1 Multiplexer.

16x1 Multiplexer

In this section, implement 16x1 Multiplexer using 8x1_MultipleXers and 2x1
Multiplexer. We know that 8x1 Multiplexer has 8 datalinputs, 3\selection lines
and one output. Whereas, 16x1 Multiplexer has 16_data“inputs, 4 selection lines
and one output.

So, we require two 8x1 Multiplexers in first stage in ‘arder to get the 16 data
inputs. Since, each 8x1 Multiplexer produces‘@ne“output, we require a 2x1
Multiplexer in second stage by considering the,autputs of first stage as inputs
and to produce the final output.

Let the 16x1 Multiplexer has sixt€&n,data inputs |15 to lo, four selection lines s3 to
So and one output Y. The Truth table of 16x1 Multiplexer is shown below.

Selection Inputs Output
S3 S S: So Y
0 0 0 0 lo
0 0 0 1 l1
0 0 1 0 P
0 0 1 1 I3
0 1 0 0 |4
0 1 0 1 Is
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0 1 1 0 le
0 1 1 1 17
Vo

1 4 N\ 0 l12
1 PR vkl\ VO 1 13

1 A \U‘ 1 1 0 l14

1 A 1 1 1 l15

We can implement 16x1 ultwusing lower order Multiplexers easily by
considering the above Truth“table. The block diagram of 16x1 Multiplexer is
shown in the followi re.

N
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Ii15 — >
114 —>
Ii13 —>
; > 8x1

1,; —>» Multiplexer
Ii0 —>

Ig EEmm——

A A A
S > 2x1
. | I
s1 .| Multiplexer Y
So
v Vv v T
I7 — >
S3

14 > 8x1
i3 — 3] Multiplexer

The same selection lines, s3, s1'& so are applied to both 8x1 Multiplexers. The
data inputs of upper 8x1 Multiplexerare |15 to Ig and the data inputs of lower 8x1
Multiplexer are |, todenTherefare, each 8x1 Multiplexer produces an output
based on the values of ‘seleetion lines, s;, s1 & so.

The outputs of firstestage 8x1 Multiplexers are applied as inputs of 2x1
Multiplexer that is present in second stage. The other selection line, s3 is applied
to 2x1 Maltiplexer.

o Ifis3isizero, then the output of 2x1 Multiplexer will be one of the 8 inputs
Isz.to lg’based on the values of selection lines s,, s; & so.

o Ifis;is one, then the output of 2x1 Multiplexer will be one of the 8 inputs
l15 to Ig based on the values of selection lines s,, s1 & so.

Therefore, the overall combination of two 8x1 Multiplexers and one 2x1
Multiplexer performs as one 16x1 Multiplexer.

Digital Registers
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Flip-flop is a 1 bit memory cell which can be used for storing the digital data. To
increase the storage capacity in terms of number of bits, we have to use a group
of flip-flop. Such a group of flip-flop is known as a Register. The n-bit register will
consist of n number of flip-flop and it is capable of storing an n-bit word.

The binary data in a register can be moved within the register from one flip-flop
to another. The registers that allow such data transfers are called as shift
registers. There are four mode of operations of a shift register.

» Serial Input Serial Output

» Serial Input Parallel Output
» Parallel Input Serial Output
» Parallel Input Parallel Output

Serial Input Serial Output

Let all the flip-flop be initially in the reset conditioi.e. Q3 =Q,=Q1=Qp=0. If an
entry of a four bit binary number 1 41 1 is'made into the register, this number
should be applied to Dj, bit withs#he'SBybit/applied first. The D input of FF-3i.e.
Ds is connected to serial datafinput Din. Output of FF-3 i.e. Qs is connected to the
input of the next flip-flop i.e. D§and"so on.

Block Diagram

D.
——1D: Q: — D: Q: — Ds Q. D: QG |—
Qutput
FF-3 5 FF-2 FF-1 . FF-0
CLK
Operation

Before application of clock signal, let Q3 Q2 Q1 Qo = 0000 and apply LSB bit of the
number to be entered to Di,. So Di, = D3 = 1. Apply the clock. On the first falling
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edge of clock, the FF-3 is set, and stored word in the register is Q3 Q; Q1 Qo =
1000.

D-
= i ot .l a: -2 .Jp. a -2.lp. Q2.
Outpu
L PR3 L FR2 L FR1 . FF0
CLK

Apply the next bit to Di,. So Di, = 1. As soon as the next n

e of the clock

hits, FF-2 will set and the stored word change to Qs

ol Q -1 .p: Q: 1 .ID. Q: -9 D a0 .
Output
5 FF-3 5 FF-2 5 FF1 5 FF-0
CLK
Apply the next bit to be stor Din. Apply the clock pulse. As soon as the
third negative clock e its, FF<1 will be set and output will be modified to
Q: Q. Q1 Qo= 111
4
P _lo. Q 1 D Q (1 Jdp. a 1 .p. a9,
Output
. FF-3 L FF-2 o FF-1 FF-0
4CLK
-

ilarly with Di, = 1 and with the fourth negative clock edge arriving, the stored
word in the registeris Qs Q; Q1 Qo =1111.
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Qutput

& 5 a -1 .p. Q: 1+ D. a F1.lp.
. FF3 D SR 2 S FF-0
CLK
‘
Truth Table : '\

CLK Dnzos Q:=D: szD: Q)=Dn Qp
M| | | e S|

. Poa 3 =
()| | 1—1 .1 1 0 0
(i) | 1— -1 1 1 0
(v | 1— -1 [ 1 % N &

Waveforms

N

—» Direction of data travel

NG

X
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Stored word

1 2 3
CLK

D" 0_ Q
1000

o Qz\
1100

Q:

0 (N

1110

Q: g
1111

Qo

Serial Input Parallel Output QV

e Insuch types of operations, ata is entered serially and taken out in
parallel fashion.

o Dataisload it »The outputs are disabled as long as the data is
loading.

ata loading gets completed, all the flip-flops contain their

, the outputs are enabled so that all the loaded data is made
over all the output lines at the same time.

\ lock cycles are required to load a four bit word. Hence the speed of
operation of SIPO mode is same as that of SISO mode.

ock Diagram
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b FF-3 ‘ FF-2 = FF-1 D FF-0

CLK

Parallel Input Serial Output (PISO)

Data bits are entered in parallel fashion.
The circuit shown below is a four bit parallel input serial output register.

Output of previous Flip Flop is connected todhetinput of the next one via a
combinational circuit.

The binary input word By, By, B3B3 isiapplied though the same
combinational circuit.

There are two modes ingwhichithis circuit can work namely - shift mode or
load mode.

Load mode

When the shift/load bar line is low (0), the AND gate 2, 4 and 6 become active
they will pass,B1,B;, Bs bits to the corresponding flip-flops. On the low going edge
of clock,ithe'binary input By, B1, By, B3 will get loaded into the corresponding flip-

flopsiiThus,parallel loading takes place.

Shift mode

When the shift/load bar line is low (1), the AND gate 2, 4 and 6 become inactive.
Hence the parallel loading of the data becomes impossible. But the AND gate 1,3
and 5 become active. Therefore the shifting of data from left to right bit by bit on

application of clock pulses. Thus the parallel in serial out operation takes place.
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Block Diagram

Parallel inputs
Shlft/Load ?e B:. B: Bll

> “ >

Output

0 FF-0 < FF-1 o FF-2 b FF-3

CLK

el L

Parallel Input Parallel Outpu

In this mode, the 4 bit binary Bi, By, B3 is applied to the data inputs Do,

D1, D,, D3 respectivel e fourflip-flops. As soon as a negative clock edge is

applied, the input its Will be loaded into the flip-flops simultaneously. The
loaded bits will

pp
essential to | he bits.

Block %

taneously to the output side. Only clock pulse is
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—  FF3 —b 2 —n  FF1 —  FF-0 >

CLK

N
Bidirectional Shift Register

If a binary number is shifted left by one p hen it is equivalent to
multiplying the original number by ‘ Simili y if a binary number is shifted

right by one position then it is equ dividing the original number by
2.
the

Hence if we want to register to multiply and divide the given
binary number, then weshould be able to move the data in either left or

right direction.%
Such a regist d bi-directional register. A four bit bi-directional shift

registeris shown in fig.

e two serial inputs namely the serial right shift data input DR, and
the serial left shift data input DL along with a mode select input (M).
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Mode control (M)

hoM | [ Input
7 ° D
.ng_"f"tl j 3 @ %‘%) € %
D a D Q. D Q. D: Q:
FF-3 FF-2 FF-1 FF-0
CLK |,
X s B
CLR
Operation \
S.N. Condition Operation
~
1 With M = 1 - Shift right operation If M =1, then the AND gates

>
U
W

\
N\

v

1,3, 5and 7 are enabled
whereas the remaining AND
gates 2, 4, 6 and 8 will be

disa

The

bled.

data at Dy is shifted to

right bit by bit from FF-3 to
FF-0 on the application of

cloc

k pulses. Thus with M =

1 we get the serial right

shift operation.
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2 With M = 0 - Shift left operation When the mode control M
is connected to 0 then the
AND gates 2, 4, 6 and 8 are
enabled while 1, 3, 5and.7
are disabled.

The data at D, is'shifted,|eft
bit by bit frofa FF-Oto FF-3
on the application of clock
pulses. Thus'with M = 0 we
get the serial right shift
operation.

Universal Shift Register

A shift register which can/shift the data in only one direction is called a uni-
directional shift register. A'shift register which can shift the data in both
directions is called a hi-directional shift register. Applying the same logic, a shift
register which canshift the data in both directions as well as load it parallely, is
known as a‘universal shift register. The shift register is capable of performing the
followingoperation -

». Parallel loading
» Left Shifting
» Right shifting

The mode control input is connected to logic 1 for parallel loading operation
whereas it is connected to O for serial shifting. With mode control pin connected
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to ground, the universal shift register acts as a bi-directional register. For serial

left operation, the input is applied to the serial input which goes to AND gate-1

shown in figure. Whereas for the shift right operation, the serial input is applied
to D input.

Block Diagram

Parallel input

Mode control (M)

g eS| E) T
@) ]
Clock 1 i I
Right shift | |
Clock 2 J ]
Lift shift R R
cX o CK
X
Q Q. Q
o ~ B A
v
Qutputs

Counter

in digital logic and €@mputing,’a Counter is a device which stores (and sometimes
displays) the numbenrof times a particular event or process has occurred, often in
relationship toxa elock'signal. Counters are used in digital electronics for counting
purpose, theyseanicount specific event happening in the circuit. For example, in
UP eeunter a.counter increases count for every rising edge of clock. Not only
counting,a\counter can follow the certain sequence based on our design like any
randomisequence 0,1,3,2... .They can also be designed with the help of flip flops.

Counter Classification
Counters are broadly divided into two categories

1. Asynchronous counter
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2. Synchronous counter
1. Asynchronous Counter

In asynchronous counter we don’t use universal clock, only first flip flop is driven
by main clock and the clock input of rest of the following flip flop is driven by
output of previous flip flops. We can understand it by following diagram=

High
J Q J Q J Q J Q
Clock >C, >Ck >Cy >Cy
K 4 K @ K @ K @
Qp Q4 Qo Q3

(a) Asynchronous counter

Clock

% | |

Q2

Qg

(b) Timing Diagram
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It is evident from timing diagram that QO is changing as soon as the rising edge of
clock pulse is encountered, Q1 is changing when rising edge of QO is
encountered(because QO is like clock pulse for second flip flop) and so on. In this
way ripples are generated through Q0,Q1,Q2,Q3 hence it is also

called RIPPLE counter.

2. Synchronous Counter

Unlike the asynchronous counter, synchronous counter has one glabal clock
which drives each flip flop so output changes in parallel. The one*advantage of
synchronous counter over asynchronous counter is, it can operateywon higher
frequency than asynchronous counter as it does not have ‘cumulative delay
because of same clock is given to each flip flop.

Voo

AND 1 AND
03 \ TQ; —|i Qo
Q J Q J Q J Q J
CLK <o— CLK <o CLK <Po— cLk <P
Q K Q@ K Q K @ K

Clock Input

—_ LI L

Synchronous ‘counter circuit
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Clock
Pulses

Q2 I l [
Qg l
Count ' g 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 O

Timing diagram synchronous counter

From circuit diagram we see that QO bit gives response to each falling edge of
clock while Q1 is dependent on QO0, Q2 is,dependent on Q1 and Q0, Q3 is
dependent on Q2,Q1 and QO.

Decade Counter

A decade counter counts ten different states and then reset to its initial states. A
simple decade counterwill count from 0 to 9 but we can also make the decade
counters which can ge,threugh any ten states between 0 to 15(for 4 bit counter).

Clock pulse Q3 Q2 Ql Qo
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
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3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 0 0 0 0

Truth table for simple de'counter
VN

Qo Q4 Qo Q3 )

CLR CLR CLR CLR
0
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Decade counter circuit diagram

We see from circuit diagram that we have used nand gate for Q3 and Q1 and

feeding this to clear input line because binary representation of 10 is—1010

And we see Q3 and Q1 are 1 here, if we give NAND of these two bits to clear input

then counter will be clear at 10 and again start from beginning.

Important point: Number of flip flops used in counter are alwaysqgreater than

equal to (logz n) where n=number of states in counter.

Representation of Data

Data and instructions cannot be entered andgorocessedsdirectly into
computers using human language. Any type of data be it numbers, letters,
special symbols, sound or pictures must fitst’be converted into machine-
readable form i.e. binary form. Due(to this reason, it is important to
understand how a computer togethenwith'its peripheral devices handles
data in its electronic circuits,.ommagnetic media and in optical devices.

Data representation in digital circuits

Electronic components, suchfas microprocessor, are made up of millions of
electronic circuits, The availability of high voltage(on) in these circuits is
interpreted as “D. . while a low voltage (off) is interpreted as ‘0’.This concept
can beccompared to switching on and off an electric circuit. When the
switeh is elosedthe high voltage in the circuit causes the bulb to light (‘1’
state).anthe other hand when the switch is open, the bulb goes off (‘0’
state). This forms a basis for describing data representation in digital
computers using the binary number system.

Data‘representation on magnetic media

The laser beam reflected from the land is interpreted, as 1.The laser
entering the pot is not reflected. This is interpreted as 0.The reflected
pattern of light from the rotating disk falls on a receiving photoelectric

58]




Computer System Architecture Unit - 2

detector that transforms the patterns into digital form.The presence of a
magnetic field in one direction on magnetic media is interpreted as 1; while
the field in the opposite direction is interpreted as “0”.Magnetic technology
is mostly used on storage devices that are coated with special magnetic
materials such as iron oxide. Data is written on the media by arranging the
magnetic dipoles of some iron oxide particles to face in the same direction
and some others in the opposite direction

Data representation on optical media

In optical devices, the presence of light is interpreted as 4" while its absence is
interpreted as ‘0’.Optical devices use this technologytoyread orstore data. Take
example of a CD-ROM, if the shiny surface is placed under‘a powerful microscope,
the surface is observed to have very tiny holes €alled pits, The areas that do not
have pits are called land.

Computer does not understand human languages Any data, viz., letters, symbols,
pictures, audio, videos, etc., fed to.computer should be converted to machine
language first. Computers représent datain the following three forms —

Number System

We are introduced to cencept of numbers from a very early age. To a computer,
everything is a numben;,i.ey, alphabets, pictures, sounds, etc., are numbers.
Number system is categorized into four types -

» Binary number system consists of only two values, either 0 or 1
>\ 0Octal number system represents values in 8 digits.

» “Decimal number system represents values in 10 digits.

». Hexadecimal number system represents values in 16 digits.

Number System

System Base Digits

59]




Computer System Architecture Unit - 2

Binary 2 01

Octal 8 01234567

Decimal 10 0123456789
Hexadecimal 16 0123456789ABCDEF

Bits and Bytes

Bits — A bit is a smallest possible unit of data that a computer cah recognize or
use. Computer usually uses bits in groups.

Bytes — group of eight bits is called a byte. Halfla.byte is'called a nibble.

I—-l bit

011]0{1]0f1}1]0

9 ~ =/

1 byte = 8 bats

The following table'shows ‘conversion of Bits and Bytes -

Byte Value Bit Value

1 Byte 8 Bits

1024 Bytes 1 Kilobyte
1024 Kilobytes 1 Megabyte
1024 Megabytes 1 Gigabyte
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1024 Gigabytes

1024 Terabytes

1024 Petabytes

1024 Exabytes

1 Terabyte
1 Petabyte

1 Exabyte ‘
\,
-

1 Zettabyte

1024 Zettabytes 1 Yottabyte $
1024 Yottabytes lBK\w
h 4
1024 Brontobytes 1, Geophytes
p =
Text Code \

Text code is format used commonlyte represent alphabets, punctuation marks

and other symbols. Four most Q ode systems are -

» EBCDIC
> ASCII

» Extende
» Unicode

EBCDIC

@s%

oded Decimal Interchange Code is an 8-bit code that defines

256 s.'Given below is the EBCDIC Tabular column
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Special EBCDIC Alphabetic | EBCDIC
characters A 11000001
< 01001011 B 11000010
( 01001100 C 11000011
+ 01001101 D 11000100
/ 01001110 E 11000101
& 01010000 = 11000110
: o11110M1 G 11000111
# 01111011 H 11001000
@ 01111100 | 11001001
: 01111101 J 11010001
= 01111110 K 11010010
o1111111 L 11010011
: 01101011 M 11010100
% 01101100 N 11010101
- 01101101 @] 11010110
> 01101110 P 11010111
5 |

-

American Standard C ation Interchange is an 8-bit code that

orIn
specifies characteryalu 0to 127.
ASCII Tabulai c!lum

ASCII Code Decimal Value Character

Cogpoon

&)OO 0010 2

Null prompt

Start of heading

Start of text
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0000 0011 3 End of text

0000 0100 4 End of transmit

‘Qb
0000 0101 5 Enquiry \
\

A 4
0000 0110 6 Acknowledge\Y\
0000 0111 7 Audible b@
0000 1000 8 e
4

0000 1001 9 Homntal tab
” N
0000 1010 10 ‘ '\Line Feed
-

Extended ASCII

Co nformation Interchange is an 8-bit code
rom, 128 to 255.

Extended American Standa
that specifies character value

Extended ASCII Tabula

Char ’Code HChar ICode F Char ’Code HChar ‘

2 [ e [ e

¥ e [[s T30 [[72 m(z\

0

\ EELE o [ o e
Q s

Unicode
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Unicode Worldwide Character Standard uses 4 to 32 bits to represent letters,
numbers and symbol.

Unicode Tabular Column

Char | UTF-16 UTF-8

A 0041 41
c 0063 63
o 00F6 C3 86
;] A4E9C E4 BA SC
¢ D834 DD1E FOSD 84 9E

Data Types

A very simple but very important concept availablejin almost all the programming
languages which is called data types. As its,namé indicates, a data type represents
a type of the data which you cangarecess using your computer program. It can be
numeric, alphanumeric, decimaljetc.

Keep Computer Programming aside,for a while and take an easy example of
adding two whole numbers 10 & 20, which can be done simply as follows -

10+ 20

Another problem™where we want to add two decimal numbers 10.50 & 20.50,
which will be Written as follows -

10.50 + 20.50

Thetwo'examples are straightforward. Now another example where we want to
record student information in a notebook. Here we would like to record the
following information -

Name:
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Class:

Section:

Age:

Sex:

Now, put one student record as per the given requirement -
Name: Zara Ali

Class: 6th

Section: J

Age: 13

Sex: F

The first example dealt with whole numbers, the second example added two
decimal numbers, whereas the third'example is dealing with a mix of different
data. put it as follows -

» Student namey'Zara Alii'i§ a sequence of characters which is also called
a string.

» Student classyi6th!' has been represented by a mix of whole number and
a steing of two characters. Such a mix is called alphanumeric.

» Student section has been represented by a single character which is 'J'.

>, Studentage has been represented by a whole number which is 13.

», Student sex has been represented by a single character which is 'F'.

This way, we realized that in our day-to-day life, we deal with different types of
datasuch as strings, characters, whole numbers (integers), and decimal numbers
(floating point numbers).

Similarly, when we write a computer program to process different types of data,
we need to specify its type clearly; otherwise the computer does not understand
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how different operations can be performed on that given data. Different
programming languages use different keywords to specify different data types.
For example, C and Java programming languages use int to specify integer data,
whereas char specifies a character data type.

Subsequent chapters will show you how to use different data types in different
situations. For now, check the important data types available in C, Java, and
Python and the keywords we will use to specify those data types.

C and Java Data Types

C and Java support almost the same set of data types, though Java supports
additional data types. For now, we are taking a fewsg€ommonedata types
supported by both the programming languages -

Type Keyword Value range which can be represented by this data
type

Character char -128 t0'12%er 0 to 255

Number int =32,768to0 32,767 or -2,147,483,648 to

2,147,483,647

Small Number short -32,768 to 32,767

Long Number long -2,147,483,648 to 2,147,483,647

Decimal Number float 1.2E-38 to 3.4E+38 till 6 decimal places
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These data types are called primitive data types and you can use these data types
to build more complex data types, which are called user-defined data type, for
example a string will be a sequence of characters.

Python Data Types

Python has five standard data types but this programming language doesynot
make use of any keyword to specify a particular data type, rather Pythenfis
intelligent enough to understand a given data type automatically.

» Numbers
» String

» List

» Tuple

» Dictionary

Here, Number specifies all types of numbets including decimal numbers and string
represents a sequence of charactersiwwith aylength of 1 or more characters. For
now, proceed with these two data types,and skip List, Tuple, and Dictionary,
which are advanced data typés imPython.

Number System

The technique to represent and work with numbers is called number

system. Decimal numbersystem is the most common number system. Other
popular number systems include binary number system, octal number system,
hexadecimaknumber system, etc.

Decimal Number System

Decimalnumber system is a base 10 number system having 10 digits from 0 to 9.
This means that any numerical quantity can be represented using these 10 digits.
Déecimal number system is also a positional value system. This means that the
value of digits will depend on its position. Let us take an example to understand
this.
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Say we have three numbers — 734, 971 and 207. The value of 7 in all three
numbers is different-

e In 734, value of 7 is 7 hundreds or 700 or 7 x 100 or 7 x 102
e In971,valueof 7is 7tensor 70 or 7 x 10 or 7 x 10*
e In207,value Of 7is 7 unitsor 7or 7 x 1 or 7 x 10°

The weightage of each position can be represented as follows -

10° 104 103 102 10 100

In digital systems, instructions are given through electrig signals; variation is done
by varying the voltage of the signal. Having 20 different voltages to implement
decimal number system in digital equipment is difficult. So, many number systems
that are easier to implement digitally have beenddeveloped. Let’s look at them in
detail.

Binary Number System

The easiest way to varysinstructions through electric signals is two-state system —
on and off. On is represented,as 1 and off as 0, though 0 is not actually no signal
but signal at a lowervoltage. The number system having just these two digits — 0
and 1 —is called binary number system.

Each bipary digit isvalso called a bit. Binary number system is also positional value
system, Where each digit has a value expressed in powers of 2, as displayed here.

25 24 23 22 21 20

In any binary number, the rightmost digit is called least significant bit (LSB) and
leftmost digit is called most significant bit (MSB).
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1
|

MSB LSB %
And decimal equivalent of this number is sum of product of each digit withi

positional value.

— >0

11010; = 1x2%+ 1x23 + 0x22 + 1x2* + 0x2° %
=16+8+0+2+0 O
= 2619 \
Computer memory is measured in terms of ho bits it can store. Here is a
chart for memory capacity conversion. <
» 1 byte (B) = 8 bits
1 Kilobytes (KB) = 1024 4oyte

1 Megabyte (MB) =
1 Gigabyte (GB) =

YV V VYV V V
= = -
N m -
™ X ™
r-rn.)a
O
-

= = D

o m —
lvs)

z

o

m (
w N
O
lvs)

1024 7B

=
=<
<
31
Il

sed in powers of 8, as shown here -

85 g4 K g2 g1 80
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Decimal equivalent of any octal number is sum of product of each digit with its
positional value.

7265 = 7x82+ 2x8! + 6x8°
=448+ 16 +6

= 47010

Hexadecimal Number System

Octal number system has 16 symbols — 0 to 9 and A to F where A.is equal to 10, B
is equal to 11 and so on till F. Hexadecimal number system is also a positional
value system with where each digit has its value expressed inspowers of 16, as
shown here -

165 164 163 162 161 160

Decimal equivalent of any hexadecimal number is sum of product of each digit
with its positional value.

27FB1e = 2x16% + 7x162 +15x16T¥10x16°
=8192 + 1792 + 240 ¥10

=102344

Number SystemRelationship

The following table depicts the relationship between decimal, binary, octal and
hexadecimal number systems.

HEXADECIMAL DECIMAL OCTAL BINARY

0 0 0 0000
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1 1
2 2
3 3
4 4

>\m
0

11 13

L N & 12 14
|

D ‘\\Y\\ 13 15
il

14 16

1001

1010

1011

1100

1101

1110
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F 15 17 1111

ASCII

Besides numerical data, computer must be able to handle alphabets, punctuation
marks, mathematical operators, special symbols, etc. that ferm‘the complete
character set of English language. The complete set of characters or symbols are
called alphanumeric codes. The complete alphanumeéticieode, typically includes -

» 26 upper case letters

» 26 lower case letters

» 10 digits

» 7 punctuation marks

» 20 to 40 special characters

Now a computer understands onlywnumeric values, whatever the number system
used. So all characters must have aghumeric equivalent called the alphanumeric
code. The most widely‘used alphanumeric code is American Standard Code for
Information Interchange (ASCII). ASCIl is a 7-bit code that has 128 (27) possible
codes.
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0 0011 0000
1 0011 0001
2 0011 0010
3 0011 00M
4 0011 0100
5 0011 0101
6 0011 0110
7 0011 0110
8 0011 1000

9 0011 1001

A 0100 0001
B 0100 0010
C 0100 oO0M
D 0100 0100
E 0100 0101
F 0100 0110

G 0100 01M

a
\ H 0100 1000

N o= D¢ B et i = A 2R D AW D i e

0100
0100
0100
0100
0100
0100
0100
0101
0101
0101
0101
0101
0101
0101
0101
0101
0101
0101

0110

1001
1010
1011

1100
1101
1110
1111

0000
0001
0010
oomn
0100
0101
0110
0111

1000
1001
1010

0001

0110
0110
0110
0110
0110
0110
0110
0110
0110
0110
0110
0110
0110
0110
om
01
om
o1
om

0

0010
0011
0100
0101
0110
0110
1000
1001
1010
101
1100
1101
1110
11
0000
0001
0010
00
0100
0101

(
)

01
0m
0111
01

01

00M
oomn
00mn
0010
0010
0010
0010
0010
0010
0010

space 0010

ASCIl Code - Character to Binary

0110
011
1000
1001

1010

1010
101
11
1110
1111
0001
1100
0010
1000
1001

0000

Cll
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ISCII stands for Indian Script Code for Information Interchange. IISCIl was
developed to support Indian languages on computer. Language supported by IISCI
include Devanagari, Tamil, Bangla, Gujarati, Gurmukhi, Tamil, Telugu, etc. IISCl is
mostly used by government departments and before it could catch on, a new
universal encoding standard called Unicode was introduced.

Unicode

Unicode is an international coding system designed to be used with different
language scripts. Each character or symbol is assigned a unique,fimetic value,
largely within the framework of ASCII. Earlier, each scriptthad its own encoding
system, which could conflict with each other.

In contrast, this is what Unicode officially aims to do —‘Unicode provides a unique
number for every character, no matter what.theplatform, no matter what the
program, no matter what the language.

Number System Conversion

There are many methods or teéhniques which can be used to convert numbers
from one base to another. Here the,following -

» Decimal to @Qther Base System

» Other Base,System te Decimal

» Other(BaseSystem to Non-Decimal

» Shortcut method - Binary to Octal

» Shortcutymethod - Octal to Binary

>\ Shartcut method - Binary to Hexadecimal
» “Shortcut method - Hexadecimal to Binary

Decimal to Other Base System
Steps

o Step 1 - Divide the decimal number to be converted by the value of the
new base.
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Step 2 - Get the remainder from Step 1 as the rightmost digit (least

significant digit) of new base number.

Step 3 - Divide the quotient of the previous divide by the new base.

Step 4 - Record the remainder from Step 3 as the next digit (to theleft) of

the new base number.

Repeat Steps 3 and 4, getting remainders from right to left, until the quaetient

becomes zero in Step 3.

The last remainder thus obtained will be the Most Significant Digitf{ MSD) of the
new base number.

Example -

Decim

al Number: 2949

Calculating Binary Equivalent -

Step

Step 1

Step 2

Step 3

Step4

Step 5

Operation Result
29/2 14

14 [2 7

7 /2 3

3/2 1

1/2 0

Remainder

As mentioned in Steps 2 and 4, the remainders have to be arranged in the reverse

order so that the first remainder becomes the Least Significant Digit (LSD) and the

last remainder becomes the Most Significant Digit (MSD).
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Decimal Number - 29,0 = Binary Number - 11101,.
Other Base System to Decimal System
Steps

o Step 1 - Determine the column (positional) value of each digit (this
depends on the position of the digit and the base of the number system):

o Step 2 - Multiply the obtained column values (in Step 1) bythe digits in the
corresponding columns.

o Step 3 - Sum the products calculated in Step 2. The total is the equivalent
value in decimal.

Example
Binary Number - 11101,

Calculating Decimal Equivalent -

Step Binary Number Decimal Number

Step1 11101, (1 x2%)+(1x23)+(1x22)+(0%x2%)+(1x2%)0
Step2 @110%1; (16+8+4+0+ 1)

Step 3 11101, 2919

Biary Number — 11101, = Decimal Number - 294
Other Base System to Non-Decimal System
Steps

o Step 1 - Convert the original number to a decimal number (base 10).
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o Step 2 - Convert the decimal number so obtained to the new base number.
Example
Octal Number - 253 %
Calculating Binary Equivalent -
Step 1 - Convert to Decimal

\N

Step Octal Number Decimal Number

Step1 25 (28" +(5 M v

Step2 25 (16 + ii \
Step3 253 10 ‘

A\

2t

Octal Number - 255 = Decimal Numb

Step 2 - Convert Decimal to
&

Step Operation Result Remainder

Stepl 21/2 w 10 1

Step 2 . Q ¥ 5 0
Ste%i& 2 1
1 0

\‘ 2/2
<§p5 0 1

Decimal Number - 2150 = Binary Number - 10101,
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Octal Number - 25g = Binary Number - 10101,
Shortcut method - Binary to Octal
Steps

« Step 1 - Divide the binary digits into groups of three (starting from the
right).

o Step 2 - Convert each group of three binary digits to one octal digit:
Example
Binary Number - 10101,

Calculating Octal Equivalent -

Step Binary Number Octal Number
Step1l 10101, 010101
Step2 10101, 23 53

Step 3 10101, 25g

Binary Numberg¢ 10201%=,0ctal Number — 255
Shortcut method=0Octal to Binary
Steps

e, Step1 - Convert each octal digit to a 3 digit binary number (the octal digits
may be treated as decimal for this conversion).

o Step 2 - Combine all the resulting binary groups (of 3 digits each) into a
single binary number.

Example
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Octal Number — 255

Calculating Binary Equivalent -

Step Octal Number Binary Number
Step1l 25 210 510

Step2  25g 010, 101,
Step3  25g 010101,

Octal Number - 25g = Binary Number - 10101,
Shortcut method - Binary to Hexadecimal
Steps
o Step 1 - Divide the binary digitsiinto groups of four (starting from the right).

o Step 2 - Convert eachgroup of four binary digits to one hexadecimal
symbol.

Example
Binary Number& 101045

Calculating hexade€imal Equivalent -

Step Binary Number Hexadecimal Number
Step 1% 10101, 0001 0101

Step2 10101, 110 510

Step3 10101, 1546
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Binary Number - 10101, = Hexadecimal Number — 155
Shortcut method - Hexadecimal to Binary
Steps

o Step 1 - Convert each hexadecimal digit to a 4 digit binary number (the
hexadecimal digits may be treated as decimal for this conversign).

o Step 2 - Combine all the resulting binary groups (of 4 digits'®ach) into a
single binary number.

Example
Hexadecimal Number - 154¢

Calculating Binary Equivalent -

Step Hexadecimal Number Binary Number
Stepl 153 110 510

Step2 153 0001, 0101,
Step3 153 00010101,

Hexadecimal Number'= 1536 = Binary Number - 10101,
ComplementArithmetic

Gemplements are used in the digital computers in order to simplify the
subtraction operation and for the logical manipulations. For each radix-r system
(radi@r represents base of number system) there are two types of complements.

S.N. Complement Description
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1 Radix Complement The radix complement is
referred to as the r's
complement

2 Diminished Radix Complement The diminished radix
complement is referred to
as the (r-1)'s complement

Binary system complements

As the binary system has base r = 2. So the two typeswof complements for the
binary system are 2's complement and 1's complement.

1's complement

The 1's complement of a number is feund by changing all 1's to 0's and all 0's to
1's. This is called as taking complément'er ¥'s complement. Example of 1's
Complement is as follows.

Given number — 1 0 1 0 1

1's complement—» g 1 0 1 0

2's complement

The 2's'‘complement of binary number is obtained by adding 1 to the Least
Significant Bit (LSB) of 1's complement of the number.

2's complement = 1's complement + 1

Example of 2's Complement is as follows.
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Given number — 1 0 1 0 1

1's complement—s 1 0 1 0

Add1l + 1

Fixed Point and Floating Point Number Representations

Digital Computers use Binary number systém to represent all types of information
inside the computers. Alphanumeric characters are represented using binary bits
(i.e., 0and 1). Digital representations\are easier to design, storage is easy,
accuracy and precision are greater.

There are various types of number representation techniques for digital number
representation, for example: Binary number system, octal number system,
decimal number systemy@ndihexadecimal number system etc. But Binary number
system is most relevanband popular for representing numbers in digital computer
system.

StoringiReal Number

These are structures as following below -
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Unsigned integer

Signed integer | Sign| Integer |

Unsigned fixed point | Integer | Fraction |

Signed fixed point |Sign| Integer | Fraction ]

Floating point |Sign |Exponent| Sign | Mantissa]

Variable length |Sign| Size | Digits |

Unsigned rational I Numerator| Denominator ]

Signed rational [ Sign | Numerator | Denominator |

There are two major approaches to store feal numbers (i.e., numbers with
fractional component) in modern computing. These are (i) Fixed Point Notation
and (ii) Floating Point Notation. In fixed point notation, there are a fixed number
of digits after the decimal point; whereas*loating point number allows for a
varying number of digits aftér the decimal point.

Fixed-Point Representation -

This representation has fixed number of bits for integer part and for fractional
part. For example, if given fixed-point representation is IllI.FFFF, then you can
store minimumivaluesis 0000.0001 and maximum value is 9999.9999. There are
three partsiofiafixed-point number representation: the sign field, integer field,
and‘fractional field.

Unsigned fixed point | Integer | Fraction |

Signed fixed point | Sign| Integer | Fraction |

We can represent these numbers using:
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« Signed representation: range from -(2<1-1) to (2k1)-1), for k bits.
« 1’s complement representation: range from -(2(<1-1) to (2(<1-1), for k bits.

. 2’s complementation representation: range from -(2(1) to (2(k1-1), fork
bits.

2’s complementation representation is preferred in computer system becausewof
unambiguous property and easier for arithmetic operations.

Example —Assume number is using 32-bit format which reserve I"bitsfor the sign,
15 bits for the integer part and 16 bits for the fractional part.

Then, -43.625 is represented as following:

1 | 000000000101011 | 1010000000000000

Sign Integer part Fractional part
bit

Where, 0 is used to represent +@nd Wis uséd to represent. 000000000101011 is
15 bit binary value for decim@al 43"and 24010000000000000 is 16 bit binary value
for fractional 0.625.

The advantage of using affixed-point representation is performance and
disadvantage is4 relatively limited range of values that they can represent. So, it is
usually inadequate for,numerical analysis as it does not allow enough numbers
and accuraey. A'number whose representation exceeds 32 bits would have to be
stored inexactly.

Smallest [ 0 [000000000000000 [ 0000000000000001 |

Sign Integer part Fractional part
bit

Largest | 0 [111111111111111 ] 1111111111111111 |

Sign Integer part Fractional part
bit
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These are above smallest positive number and largest positive number which can
be store in 32-bit representation as given above format. Therefore, the smallest
positive number is 276 = 0.000015 approximate and the largest positive number
is (21°-1)+(1-2716)=21>(1-21%) =32768, and gap between these numbers is 2716,

We can move the radix point either left or right with the help of only integer field
is 1.

Floating Point Representation

This representation does not reserve a specific number ofbits,for the integer part
or the fractional part. Instead it reserves a certain number of bits for the number
(called the mantissa or significand) and a certain numberofbitsto say where
within that number the decimal place sits (called the exponént).

The floating number representation of a ndmberthas two part: the first part
represents a signed fixed point numbercalled mantissa. The second part of
designates the position of the decimal (or hinary) point and is called the
exponent. The fixed point mantissa maybedfraction or an integer. Floating -point
is always interpreted to representa number in the following form: Mxre.

Only the mantissa m and the exponent e are physically represented in the register
(including their sign). A¥fleating-point binary number is represented in a similar
manner except thatistusesibase 2 for the exponent. A floating-point number is
said to be normalized if the most significant digit of the mantissa is 1.

n 0

Sign bit Exp%nent Mantissa

\

Biased form

SO, actual number is (-1)5(1+m)x2(eB2s) where s is the sign bit, m is the
mantissa, e is the exponent value, and Bias is the bias number.
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Note that signed integers and exponent are represented by either sign
representation, or one’s complement representation, or two’s complement
representation.

The floating point representation is more flexible. Any non-zero number can‘he
represented in the normalized form of +(1.bib,bs ...)ox2" This is normalized form
of a number x.

The following description explains terminology and primary detailsyof IEEE, 754
binary floating point representation. The discussion confines to,singleland double
precision formats.

Usually, a real number in binary will be represented(in the féllewing format,
Imlm-]_...IZI]_IO.F]_FZ...FnFn-]_
Where I, and F,, will be either 0 or 1 of integer and,fraction parts respectively.

A finite number can also represente@, by four integers components, a sign (s), a
base (b), a significand (m), and aftexponent (e). Then the numerical value of the
number is evaluated as

(-1)* x m x b® ———Where m <\b}

Depending on basépand the nimber of bits used to encode various components,
the IEEE 754 standarddefines five basic formats. Among the five formats, the
binary32 andthe,binary64 formats are single precision and double precision
formats respectively in which the base is 2.

Table=1Precision Representation

Precision Base Sign Exponent Significand

Single precision 2 1 8 23+1
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Double precision

2 1 11 52+1

Single Precision Format:

As mentioned in Table 1 the single precision format has 23 bits for significand(1
represents implied bit, details below), 8 bits for exponent and 1 bit for sign:

For example, the rational number 9+2 can be converted to single precision fleat
format as following,

9(10) ¥ 2(10) = 4.5(10) = 100.1

The result said to be normalized, if it is representedwith,/eading 1 bit, i.e.
1.0012) x 22. (Similarly when the number 0.00000000%101 »x 23 is normalized, it
appears as 1.1013) x 2°%). Omitting this implied 1 on,left extreme gives us

the mantissa of float number. A normalized number provides more accuracy than
corresponding de-normalized number. Thejimplied most significant bit can be
used to represent even more accurate significand (23 + 1 = 24 bits) which is
called subnormal representatioft. Theyfloating point numbers are to be
represented in normalized form.

The subnormal numbersifall intosthe category of de-normalized numbers. The
subnormal representatiofnSlightly reduces the exponent range and can’t be
normalized since that Would result in an exponent which doesn’t fit in the field.
Subnormal ntimbers are less accurate, i.e. they have less room for nonzero bits in
the fractiomfieldpthan normalized numbers. Indeed, the accuracy drops as the
size of the subnofmal number decreases. However, the subnormal representation
is usefuhin filing gaps of floating point scale near zero.

In‘ether'words, the above result can be written as (-1)° x 1.0013) x 22 which yields
the integer components as s =0, b = 2, significand (m) = 1.001, mantissa = 001 and
e'= 2. The corresponding single precision floating number can be represented in
binary as shown below,
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1 10000001 00100000000000000000000

Where the exponent field is supposed to be 2, yet encoded as 129 (127+2)

called biased exponent. The exponent field is in plain binary fermat'whichalso
represents negative exponents with an encoding (like signgmagnitude, 1’s
complement, 2’s complement, etc.). The biased exponent.is used for the
representation of negative exponents. The biased exponent*has advantages over
other negative representations in performing hitwise cemparing of two floating
point numbers for equality.

A bias of (2"! - 1), where n is # of bits used.in exponent, is added to the exponent
(e) to get biased exponent (E). So, the biased exponent (E) of single
precision number can be obtained as

E=e+127

The range of exponentinsingle precision format is -128 to +127. Other values are
used for special symbols.

Note: When we unpack a floating point number the exponent obtained is the
biased expenent, Subtracting 127 from the biased exponent we can extract
unbiased exponent.

Double Precision Format:

As mentioned in Table — 1 the double precision format has 52 bits for significand
(1represents implied bit), 11 bits for exponent and 1 bit for sign. All other
definitions are same for double precision format, except for the size of various
components.

Precision:
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The smallest change that can be represented in floating point representation is
called as precision. The fractional part of a single precision normalized number
has exactly 23 bits of resolution, (24 bits with the implied bit). This corresponds to
log(10) (223) = 6.924 = 7 (the characteristic of logarithm) decimal digits of accurdey.
Similarly, in case of double precision numbers the precision is log) (2°%) = 15.654
= 16 decimal digits.

Accuracy:

Accuracy in floating point representation is governed by number‘efsignificand
bits, whereas range is limited by exponent. Not all real ndmbers,can exactly be
represented in floating point format. For any numberwhich. is not floating point
number, there are two options for floating point approximation, say, the closest
floating point number less than x as x_ and the'¢lesest fleating point

number greater than x as x+. A rounding operationis performed on number of
significant bits in the mantissa field based ‘@en the selected mode. The round
down mode causes x set to x_, the round up mode causes x set to x+, the round
towards zero mode causes x is eitheénxhorx+ whichever is between zero and.
The round to nearest mode séts %,to x| or x+ whichever is nearest to x.

Usually round to nearest is mast used mode. The closeness of floating point
representation to the@ctual valué'is called as accuracy.

Special Bit Patterns:

The standard defines few special floating point bit patterns. Zero can’t have most
significant'd*bit, hence can’t be normalized. The hidden bit representation
requiresia special technique for storing zero. We will have two different bit
pattetns=+0 and -0 for the same numerical value zero. For single precision floating
point representation, these patterns are given below,

0 00000000 00000000000000000000000 = +0

1 00000000 00000000000000000000000 = -0
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Similarly, the standard represents two different bit patters for +INF and -INF. The
same are given below,

011111111 00000000000000000000000 = +INF
111111111 00000000000000000000000 = -INF

All of these special numbers, as well as other special numbers (below) are
subnormal numbers, represented through the use of a special bitpattern in the
exponent field. This slightly reduces the exponent range, but this is quite
acceptable since the range is so large.

An attempt to compute expressions like 0 x INF, 0 + INF;,etc. make no
mathematical sense. The standard calls the result@©fsuch expressions as Not a
Number (NaN). Any subsequent expression withsNaN yields NaN. The
representation of NaN has non-zero significand and all*1s in the exponent field.
These are shown below for single precision.format'(x is don’t care bits),

x 11111111 1m0000000000000000000000
Where m can be 0 or 1. Thisgivesyus two different representations of NaN.

011111111 1100000000000000600000000 Signaling NaN (SNaN)

011111111 100000000000000000000000 Quiet NaN (QNaN)

Usually QNaN and SNaN are used for error handling. QNaN do not raise any
exceptions,as they prépagate through most operations. Whereas SNaN are which
when consumedwby most operations will raise an invalid exception.

Overflow'and Underflow:

Overflow is said to occur when the true result of an arithmetic operation is finite
but larger in magnitude than the largest floating point number which can be
stored using the given precision. Underflow is said to occur when the true result
of an arithmetic operation is smaller in magnitude (infinitesimal) than the
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smallest normalized floating point number which can be stored. Overflow can’t be
ignored in calculations whereas underflow can effectively be replaced by zero.

Endianness:

The IEEE 754 standard defines a binary floating point format. The architecture
details are left to the hardware manufacturers. The storage order of individual
bytes in binary floating point numbers varies from architecture to architectuce.

Error Detection Codes

The binary information is transferred from one location toganether location
through some communication medium. The external noise can change bits from 1
to 0 or 0 to 1.This changes in values are called errogs. Forefficiént data transfer,
there should be an error detection and correction codes. Anerror detection code
is a binary code that detects digital errors during\transmission. A famous error
detection code is a Parity Bit method.

Parity Bit Method :

A parity bit is an extra bit included imbinary message to make total number of 1’s
either odd or even. Parity ward denotes number of 1’s in a binary string. There
are two parity system-even and odd¥In even parity system 1 is appended to
binary string it there isfanjodd number of 1’s in string otherwise 0 is appended to
make total even numberef 1’s:
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b7 b6 b5 b4 b3 b2 bl bO

bS8 b7 b6 b5 b4 b3 b2 bl boO
G ~— —

msg transmitted
Even Parity Geneartor

- »
In odd parity system, 1 is appended to binary s if there is even a number of
1’s to make an odd number of 1’s. The recéiver knows that whether sender is an
odd parity generator or even parity ge r. Suppose if sender is an odd parity

generator then there must be an o umber of 1’s in received binary string. If an
changedto 1to 0 or O to 1, received
1’s which will indicate an error.

error occurs to a single bit that4
binary bit will have an even

N
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b7 b6t b5 b4 b3 b2 bl b0

b8 b7 b6 b5 b4 b3 b2 bl b0

v

msg transmitted
Odd Parity Generator

The limitation of this method is that on w‘single bit would be identified.

101 1 0
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110 1 0

111 0 1

Source Destination
X = X
Y 4 ¢ Y
Z L

,D _J,D—jD_ Indiaction

Parity Generator Parity Checker

Figure — Egror Deté¢tion with Odd Parity Bit

Points toRemember :

In*1’s complement of signed number +0 and -0 has two different

representation.

The range of sighed magnitude representation of an 8-bit number in which

1-bit is used as a signed bit as follows -2 to +27.
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« Floating point number is said to be normalized if most significant digit of
mantissa is one. For example, 6-bit binary number 001101 is normalized
because of two leading 0’s.

« Booth algorithm that uses two n bit numbers for multiplication gives results
in 2n bits.

o The booth algorithm uses 2’s complement representation of numbersiand
work for both positive and negative numbers.

« If k-bits are used to represent exponent then bits number's (2%} and range
of exponent = — (2¥1-1) to (2*-1).

Features of Error detection codes
These are the following features of error detection‘eedes:

» These codes are used when we use message backward error correction
techniques for reliable data,transmission. A feedback message is sent by
the receiver to informthe senderwhether the message is received
without any error af'notat the receiver side. If the message contains
errors, the sender retfansmits the message.

» In error deteCtion codes, in fixed-size blocks of bits, the message is
containedsln this, the redundant bits are added for correcting and
detecting ekrors:

» These codes'involve checking of the error. No matter how many error
bitssare there and the type of error.

»\Parity check, Checksum, and CRC are the error detection technique.

Computer Arithmetic

Computer arithmetic is a field of computer science that investigates how
computers should represent numbers and perform operations on them. It
includes integer arithmetic, fixed-point arithmetic, and the arithmetic this book
focuses on: floating-point (FP) arithmetic, which will be more thoroughly
described in Chapter 1. For now, let us say that it is the common way computers
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approximate real numbers and that it is described in the IEEE-754 standard [IEE
08]. As in scientific notations, numbers are represented using an exponent and

a significand, except that this significand has to fit on a certain amount of bits. As
this number of bits (called precision) is limited, each operation may be inexact
due to the rounding. This makes computer arithmetic sometimes inaccurate: the
result of a long computation may be far from the mathematical result that would
have been obtained if all the computations were correct. This also makes
computer arithmetic unintuitive: for instance, the FP addition is not always
associative.

Register Transfer Language

A digital computer system exhibits an interconnection of digital modules such as
registers, decoders, arithmetic elements, and Control logic.

These digital modules are interconnected with some common data and control
paths to form a complete digital system.

Moreover, digital modules are bést defined’by the registers and the operations
that are performed on the data stered/in them.

The operations performed on the data stored in registers are called Micro-
operations.

The internal hafdwareforganization of a digital system is best defined by
specifying:

o The set'ofwegisters and the flow of data between them.

o Wrhesequence of micro-operations performed on the data which are stored
in.the registers.

o The control paths that initiates the sequence of micro-operation

The Register Transfer Language is the symbolic representation of notations used
to specify the sequence of micro-operations.
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In a computer system, data transfer takes place between processor registers and
memory and between processor registers and input-output systems. These data
transfer can be represented by standard notations given below:

o Notations RO, R1, R2..., and so on represent processor registers.

o The addresses of memory locations are represented by names such,as,LOC,
PLACE, MEM, etc.

o Input-output registers are represented by names such as DATA IN, DATA
OUT and so on.

o The content of register or memory location is dehoted by/placing square
brackets around the name of the register ofmemory,location.

Register Transfer

The term Register Transfer refers to theyavailability’of hardware logic circuits that
can perform a given micro-operation,and tkansfer the result of the operation to
the same or another register.

Most of the standard notations used for specifying operations on various registers
are stated below.

o The memoryjaddress register is designated by MAR.

o Program Counter PC holds the next instruction's address.

o Instruétion'Register IR holds the instruction being executed.
o' Rl (Processor Register).

o We can also indicate individual bits by placing them in parenthesis. For
instance, PC (8-15), R2 (5), etc.

o Data Transfer from one register to another register is represented in
symbolic form by means of replacement operator. For instance, the
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following statement denotes a transfer of the data of register R1 into
register R2.

1. R2<R1

o Typically, most of the users want the transfer to occur only in a
predetermined control condition. This can be shown by following if-then
statement:

If (P=1) then (R2 < R1); Here P is a control signal generatedtin the eontrol
section.

o Itis more convenient to specify a control function (P) by separating the
control variables from the register transfer gperatien®kor instance, the
following statement defines the data transfer operation under a specific
control function (P).

1. P: R2<R1

The following image shows the block diagram that depicts the transfer of data
from R1 to R2.

Transfer from R1 to R2 when P = 1:

Control |P__Load R? Clock
Circuit

R1

Here, the letter 'n' indicates the number of bits for the register. The 'n' outputs of
the register R1 are connected to the 'n' inputs of register R2.

98]




Computer System Architecture Unit - 2

A load input is activated by the control variable 'P' which is transferred to the
register R2.

Bus and Memory Transfers

A digital system composed of many registers, and paths must be provided to
transfer information from one register to another. The number of wires
connecting all of the registers will be excessive if separate lines are useddetween
each register and all other registers in the system.

A bus structure, on the other hand, is more efficient for transferring information
between registers in a multi-register configuration system.

A bus consists of a set of common lines, one for eachibit ofiregister, through
which binary information is transferred one at aitime. Control signals determine
which register is selected by the bus during’a particular register transfer.

The following block diagram shows a Busisystem/for four registers. It is
constructed with the help of four 4 * %, Multiplexers each having four data inputs
(0 through 3) and two selectiorinputsyS1and S2).

We have used labels to make‘it'/more'convenient for you to understand the input-
output configuration of a'Bus system for four registers. For instance, output 1 of
register A is connegted tojinptt 0 of MUX1.
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Bus System for 4 Registers:
> 4-Line Common Bus
S, o o o
s =1 = ’
|—>
4x1 4x1 4x1 4x1
o MUx3 MUX2 MUX1 MUX0
kazio. 3 210 3 210 it 20 ()
A
D,C;B; A; D,Cy B, A, D, Cy By Ag
82 Bg Bo A2 A1 Ao
J2T1 : fszu% (3.2,1.0.]
Register B Register A
D, D; D, —— Ea "
I I 22 0.0,
J Register C
32,100
Register D
The two selectign i d S2 are connected to the selection inputs of all four
multiplexers: selection lines choose the four bits of one register and transfer
them int four-line common bus.

a.both of the select lines are at low logic, i.e. S1S0 = 00, the 0 data inputs of
iplexers are selected and applied to the outputs that forms the bus.
burn, causes the bus lines to receive the content of register A since the

puts of this register are connected to the 0 data inputs of the multiplexers.

imilarly, when S1S0 = 01, register B is selected, and the bus lines will receive the
content provided by register B.
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The following function table shows the register that is selected by the bus for
each of the four possible binary values of the Selection lines.

S1 SO Register
Selected

0 0 A

0 1 B

1 0 C

1 1 D

Note: The number of multiplexers needed to construct the,bus is equal to the
number of bits in each register. The size of eachumultiplexer must be 'k * 1' since
it multiplexes 'k' data lines. For instance, a,g@mmen bus for eight registers of 16
bits each requires 16 multiplexers, one for.each line in the bus. Each multiplexer
must have eight data input lines and,threeselection lines to multiplex one
significant bit in the eight registers:

A bus system can also be cofistructed using three-state gates instead of
multiplexers.

The three state gates can be'eonsidered as a digital circuit that has three gates,
two of which are sighals*equivalent to logic 1 and 0 as in a conventional gate.
However, thetthird gate exhibits a high-impedance state.

The most commenly used three state gates in case of the bus system is a buffer
gate.

The graphical symbol of a three-state buffer gate can be represented as:
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Normal input A Output Y

Normal input B Y=A. if C=1 %
High-impedance if C=0

The following diagram demonstrates the construction of a bus system with three-

state buffers.
N\

Bus line with three state buffer:

Bus Line for Bit0
A [\ o) o
I/x”

%
N

c >

T
4 )
2x4 0
Select { er 1
2
q
\ Enable 2
< 4
A 4

o The outputs generated by the four buffers are connected to form a single
bus line.
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o Only one buffer can be in active state at a given point of time.

o The control inputs to the buffers determine which of the four normal inputs
will communicate with the bus line.

o A2 *4decoder ensures that no more than one control input is active at
any given point of time.

Memory Transfer

Most of the standard notations used for specifying operations en"memory
transfer are stated below.

o The transfer of information from a memory unit tosthewsSer end is called
a Read operation.

o The transfer of new information to be stored inthe memory is called
a Write operation.

o A memory word is designated by. the letter M.

o We must specify the address of memory word while writing the memory
transfer operations.

o The address registeris designated by AR and the data register by DR.

o Thus, a réad opération can be stated as:

1. Read:, DR$ MTAR]

dnJhe Read statement causes a transfer of information into the data register
(DR)from the memory word (M) selected by the address register (AR).

o% And the corresponding write operation can be stated as:

1. Write: M [AR] ¢ R1

o The Write statement causes a transfer of information from register R1 into
the memory word (M) selected by address register (AR).
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Read
AR Memory
Unit

Vo

Data Out Dataln

Write

Micro-Operations

The operations executed on data stored in registers are called"miere-0perations.
A micro-operation is an elementary operation performed on the information
stored in one or more registers.

Example: Shift, count, clear and load.
Types of Micro-Operations
The micro-operations in digital computers, ake of4 types:

1. Register transfer micro-opérations, transfer binary information from one
register to another.

2. Arithmetic micro-operationsfperform arithmetic operations on numeric
data stored in registers.

3. Logic midro-opefations perform bit manipulation operation on non-numeric
data stored.in registers.

4. Shift'micresoperations perform shift micro-operations performed on data.
Arithmetic,Micro-operations

ln general, the Arithmetic Micro-operations deals with the operations performed
on numeric data stored in the registers.

The basic Arithmetic Micro-operations are classified in the following categories:

1. Addition
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Subtraction
Increment
Decrement
Shift

e WD

Some additional Arithmetic Micro-operations are classified as:
1. Add with carry
2. Subtract with borrow
3. Transfer/Load, etc.
The following table shows the symbolic representation ofyvarious Arithmetic

Micro-operations.

Symbolic Representation Description

R3 < R1+R2 The contents of R1 plus R2 are transferred to R3.
R3 < R1-R2 The contents of R1 minus R2 are transferred to R3.
R2 & R2' Complement the contents of R2 (1's complement)
R2 <& R2'+1 2's complement the contents of R2 (negate)
R3&<R1+R2'+1 R1 plus the 2's complement of R2 (subtraction)
R1<R1+1 Increment the contents of R1 by one
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R1<R1-1 Decrement the contents of R1 by one

Note: The increment and decrement micro-operations are symbolized by,'+ 1"and
'? 1' respectively. Arithmetic operations like multiply and divide are not iacluded
in the basic set of micro-operations.

Logic Micro-Operations

These are binary micro-operations performed on the bits stored inithe registers.
These operations consider each bit separately and treatithem as binary variables.

Let us consider the X-OR micro-operation with the contents'of two registers R1
and R2.

P: R1 <4R1X-OR R2
In the above statement we have also facluded a Control Function.

Assume that each register has 3 bits. Let the content of R1 be 010 and R2 be 100.
The X-OR micro-operation willhpe:

010 —R1

100 — R2

110 — R1 after P=]

Shift;Micro-Operations

These,are used for serial transfer of data. That means we can shift the contents of
the register to the left or right. In the shift left operation the serial input transfers
a bit to the right most position and in shift right operation the serial input
transfers a bit to the left most position.

There are three types of shifts as follows:
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a) Logical Shift

It transfers O through the serial input. The symbol "shl" is used for logical shift left
and "shr" is used for logical shift right.

R1 < sheR1

R1 < sheR1
The register symbol must be same on both sides of arrows.
b) Circular Shift

This circulates or rotates the bits of register around thextwe ends without any loss
of data or contents. In this, the serial output of thé shift register is connected to
its serial input. "cil" and "cir" is used for circulagshift left,and right respectively.

c¢) Arithmetic Shift

This shifts a signed binary number téleft oiright. An arithmetic shift

left multiplies a signed binary numbeér by, 2and shift left divides the number by 2.
Arithmetic shift micro-operationleaves the sign bit unchanged because the signed
number remains same when itds multiplied or divided by 2.

Arithmetic Logical Unit

Instead of havifg individual registers performing the micro-operations, computer
system provides a_.number of registers connected to a common unit called as
Arithmetic LegicahUnit (ALU). ALU is the main and one of the most important unit
inisde CPU of computer. All the logical and mathematical operations of computer
are performed here. The contents of specific register is placed in the in the input
ofl ALUALU performs the given operation and then transfer it to the destination
register.
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w

h 4

Control Signals Flags

w

v

ALU

input registers |::> ::> resulting registers

Registers

Register is a very fast computer memory, used to storédata/instruction in-
execution.

A Register is a group of flip-flops with each flip-flopaecapable of storing one bit of
information. An n-bit register has a group ©f n flip=flops and is capable of storing
binary information of n-bits.

A register consists of a group of flip=flops and gates. The flip-flops hold the binary
information and gates controlPwhen and how new information is transferred into
a register. Various types of registersiare available commercially. The simplest
register is one that consists of only flip-flops with no external gates.

These days registers are also implemented as a register file.
Loading the Registers

The trahsfer of hew information into a register is referred to as loading the
register. If allithe bits of register are loaded simultaneously with a common clock
pulse than the loading is said to be done in parallel.

Instruction Codes

While a Program, as we all know, is, A set of instructions that specify the
operations, operands, and the sequence by which processing has to occur.
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An instruction code is a group of bits that tells the computer to perform a specific
operation part.

Instruction Code: Operation Code

The operation code of an instruction is a group of bits that define operations stgh
as add, subtract, multiply, shift and compliment. The number of bits required, for
the operation code depends upon the total number of operations available on the
computer. The operation code must consist of at least n bits for a

given 27n operations. The operation part of an instruction code Specifies the
operation to be performed.

Instruction Code: Register Part

The operation must be performed on the data Stered in‘segisters. An instruction
code therefore specifies not only operations to befperformed but also the
registers where the operands(data) willkbe foundjas well as the registers where
the result has to be stored.

Stored Program Organisation

The simplest way to organize aicomputer is to have Processor Register and
instruction code with fwopparts. The first part specifies the operation to be
performed and secend specifies an address. The memory address tells where the
operand in memory will be found.

Instructioms are'storéd in one section of memory and data in another.
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Computers with a single processor register is known as Accumulator (AC). The
operation is performed with the memorywoperand and the content of AC.

Common Bus System

The basic computer has 8 régisterspasmemory unit and a control unit. Paths must
be provided to transfer.data from_ohe register to another. An efficient method for
transferring data in a systeém.is to use a Common Bus System. The output of
registers and memaoryare connected to the common bus.

Load(LD)

The lines from the common bus are connected to the inputs of each register and
dataifputs ofmemory. The particular register whose LD input is enabled receives
the'data from the bus during the next clock pulse transition.

Before studying about instruction formats lets first study about the operand
address parts.

When the 2nd part of an instruction code specifies the operand, the instruction is
said to have immediate operand. And when the 2nd part of the instruction code
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specifies the address of an operand, the instruction is said to have a direct
address. And in indirect address, the 2nd part of instruction code, specifies the
address of a memory word in which the address of the operand is found.

Computer Instructions

The basic computer has three instruction code formats. The Operation
code (opcode) part of the instruction contains 3 bits and remaining 13\bits
depends upon the operation code encountered.

There are three types of formats:
1. Memory Reference Instruction

It uses 12 bits to specify the address and 1 bit to specify. the’addressing mode
(). lis equal to O for direct address and 1 for,indireetaddress.

2. Register Reference Instruction

These instructions are recognized. by the opcode 111 with a 0 in the left most bit
of instruction. The other 12 bitsspecify the operation to be executed.

3. Input-Output Instruction

These instructions are recognized by the operation code 111 with a 1 in the left
most bit of instructionwlheyremaining 12 bits are used to specify the input-output
operation.

Format of Instruction

The format ofian instruction is depicted in a rectangular box symbolizing the bits
of anynstruction. Basic fields of an instruction format are given below:

1.%An operation code field that specifies the operation to be performed.

2. An address field that designates the memory address or register.
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3. A mode field that specifies the way the operand of effective address is
determined.

Computers may have instructions of different lengths containing varying number
of addresses. The number of address field in the instruction format depends‘upon
the internal organization of its registers.

Adressing Modes and Instruction Cycle

The operation field of an instruction specifies the operation te,be performed. This
operation will be executed on some data which is stored immeemputer registers or
the main memory. The way any operand is selected during the program execution
is dependent on the addressing mode of the instruetion.Thesptrpose of using
addressing modes is as follows:

1. To give the programming versatility to the user.
2. To reduce the number of bitsin addressing field of instruction.

Types of Addressing Modes
Below we have discussed different types of addressing modes one by one:
Immediate Mode

In this mode, the operand,is specified in the instruction itself. An immediate mode
instruction has@n opefand field rather than the address field.

For example: ADD 7, Which says Add 7 to contents of accumulator. 7 is the
operand hetes

Register Mode

In this mode the operand is stored in the register and this register is present in
CPU. The instruction has the address of the Register where the operand is stored.
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Instruction
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Register, in CPU %Q
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o Shorter instructions and faster instr on fetch:

« Faster memory access to the ope
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o Very limited address $pa
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f operand which is in memory. Thus, the register contains the address of
her than the operand itself.
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For Example: ADD R1, 4000 - In this the 4000 is effective address of operand.

NOTE: Effective Address is the location where operand is present.

Indirect Addressing Mode

In this, the address field of instruction gives the address where the effective
address is stored in memory. This slows down the execution, as this includes
multiple memory lookups to find the operand.

Instruction
Memory
Opcode Address A
‘l Pointer to
» Operand

Operand g

Displacement AddressingiMode

In this the cohtents ofithe indexed register is added to the Address part of the
instructionpto obtain the effective address of operand.

EA A+ (R), In this the address field holds two values, A(which is the base value)
and R(that'holds the displacement), or vice versa.
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Relative Addressing Mode
It is a version of Displacement addressing mode.

In this the contents of PC(Program Coeunter),is added to address part of
instruction to obtain the effective address.

EA = A + (PC), where EA is effectivetaddress and PC is program counter.
The operand is A cells@way fromthe current cell(the one pointed to by PC)
Base Register Addressing Mode

It is again a version,of Displacement addressing mode. This can be defined as EA =
A + (R) qwher&A isxdisplacement and R holds pointer to base address.

Stack Addressing Mode

Inthis mode, operand is at the top of the stack. For example: ADD, this instruction
will POP top two items from the stack, add them, and will then PUSH the result to
the top of the stack.

Instruction Cycle
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An instruction cycle, also known as fetch-decode-execute cycle is the basic
operational process of a computer. This process is repeated continuously by CPU
from boot up to shut down of computer.

Following are the steps that occur during an instruction cycle:
1. Fetch the Instruction

The instruction is fetched from memory address that is stored in PC(Program
Counter) and stored in the instruction register IR. At the end of the fetch
operation, PC is incremented by 1 and it then points to themextiinstruction to be
executed.

2. Decode the Instruction
The instruction in the IR is executed by the decoder:
3. Read the Effective Address

If the instruction has an indirect address, the effective address is read from the
memory. Otherwise operands ate directly read in case of immediate operand
instruction.

4. Execute the Instruction

The Control Unit passes,the,information in the form of control signals to the
functional unit of CPU. The result generated is stored in main memory or sent to
an outputidevice.

Thegycle,is then repeated by fetching the next instruction. Thus in this way the
instructioncycle is repeated continuously.
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Example —

IR register contains = 0001IXXXXXXXXXXXX, i.e. ADD after fetching and decoding of
instruction we find out that it is a memory reference instruction for ADD
operation.

Hence, DR < M[AR]
AC& AC+DR,SC40
Input-Output instructions

Input/Output — These instructions are for communication between computer and
outside environment. The IR(14 — 12) is 111 (differentiatesiit from memory
reference) and IR(15) is 1 (differentiates it from register reference instructions).
The rest 12 bits specify I/O operation.

4
I

14 12 1

o

(&)

1 r—a— NPUT/OUTPUT OPERATION

Example —

IR register contains = 1111100000000000, i.e. INP after fetch and decode cycle we
find out that it is an infputfoutputiinstruction for inputing character. Hence, INPUT
character from peripheral,device.

The set of instructions.incorporated in16 bit IR register are:

1. Arithmetic,Nogical and shift instructions (and, add, complement, circulate
left, right, etc)

2%, To move information to and from memory (store the accumulator, load the
accumulator)

3. Program control instructions with status conditions (branch, skip)

4. Input output instructions (input character, output character)
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Machine Language

Machine language, or machine code, is a low-level language comprised
of binary digits (ones and zeros). High-level languages, such as Swift and C++ must
be compiled into machine language before the code is run on a computeh,

Since computers are digital devices, they only recognize binary data. Every
program, video, image, and character of text is represented in,binary. This

binary data, or machine code, is processed as input by thes€RU. The

resulting output is sent to the operating system or an application, which displays
the data visually. For example, the ASCII value for the letter*A*is 01000001 in
machine code, but this data is displayed as "A" on the'screen. An image may have
thousands or even millions of binary values thatidetermine the color of each pixel.

While machine code is comprised of 1s@and 0s, different processor

architectures use different machine‘«ode. Rorexample, a PowerPC processor,
which has a RISC architecture, requires different code than an Intel x86 processor,
which has a CISC architecture?”A'eempiler must compile high-level source cod for
the correct processor architectlire inforder for a program to run correctly.

The exact machine language,.for a program or action can differ by operating
system. The specific.Operating system dictates how a compiler writes a program
or action inte,machine language.

Computer'programs are written in one or more programming languages,

like C++,Java, or Visual Basic. A computer cannot directly understand the
programming languages used to create computer programs, so the program code
must be,compiled. Once a program's code is compiled, the computer can
understand it because the program's code is turned into machine language.

Machine language example

Below is an example of machine language (binary) for the text "Hello World."
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01001000 01100101 01101100 01101100 01101111 00100000 01010111
01101111 01110010 01101100 01100100

Below is another example of machine language (non-binary), which prints the
letter "A" 1000 times to the computer screen.

169116001530128153 0129153 1301530131200 208 241 96

Assembly language

Sometimes referred to as assembly or ASM, an assembly language is @ low-
level programming language.

Programs written in assembly languages are compiled byan assembler. Every
assembler has its own assembly language, which,is designed for one specific
computer architecture.

Why is ASM useful?

Machine language is a series of numbers, which is not easy for humans to read.
Using ASM, programmers cappwrite human-readable programs that correspond
almost exactly to machine langdage:

The disadvantage is that everything the computer does must be described
explicitly, in precise detailz\The advantage is that the programmer has maximum
control over what the'computer is doing.

Why is ASIVha "low-level" language?

Assémblyiis called a low-level programming language because there's (nearly) a
onezto-one‘relationship between what it tells the computer to do, and what the
computer does. In general, one line of an assembly program contains a maximum
oflone instruction for the computer.

How is ASM different from a "high-level" language?
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High-level languages provide abstractions of low-level operations which allow the
programmer to focus more on describing what they want to do, and less on how
it should be done. Programming this way is more convenient and makes programs
easier to read at the sacrifice of low-level control.

Programs written in high-level languages never match the raw speed and
efficiency of programs written in assembly. Examples of high-level languages
include Python, Java, JavaScript, Clojure, and Lisp.

What is a "mid-level" language?

Mid-level languages or lower-level languages provide,some high-level
abstractions to make the programmer's life easier, avhile'stillsproviding access to
low-level operations. They are often used to write opéerating systems, so they are
sometimes called system programming languages.

Programs written in mid-level languages,can perferm as well, or nearly as well, as
programs written in assembly language. Examples of mid-level programming
languages include C, C++, Ada, Nim,‘and\Rust.

Is ASM portable?

No. Because assemblyflanguagesare tied to one specific computer architecture,
they are not portable. A'program written in one assembly language would need to
be completely rewritten for it to run on another type of machine.

Portabilityis one,of the main advantages of higher-level languages. The C
programming/language is often called "portable assembly" because C compilers
exist for nearly every modern system architecture. A program written in C may
require some changes before it will compile on another computer, but the core
language is portable.

Generally speaking, the higher-level a language is, the fewer changes need to be
made for it to run on another architecture. The lowest-level languages — machine
language and assembly language — are not portable.
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Machine Language vs Assembly Language

Machine language and assembly language are both low-level languages, but
machine code is below assembly in the hierarchy of computer languages.
Assembly language includes human-readable commands, such as mov, add,
and sub, while machine language does not contain any words or even letters.
Some developers manually write assembly language to optimize a program, but
they do not write machine code. Only developers who write software campilers
need to worry about machine language.

NOTE: While machine code is technically comprised of bifiary dataj,it may also be
represented in hexadecimal values. For example, thejdetter,"Z," which
is 01011010 in binary, may be displayed as 5A in hexadecimal code.

Assembler

Program used to convert or translate programs written in assembly code to
machine code. Some users may alsotefer te assembly language
or assembler language as assembler?

An assembler is a program that gonverts assembly language into machine code. It
takes the basic commands and eperations from assembly code and converts them
into binary code that can/be,recognized by a specific type of processor.

Assemblers arefsimilarito*eompilers in that they produce executable code.
However, assemblers are more simplistic since they only convert low-level code
(assemblylahguage) to machine code. Since each assembly language is designed
for a,specific processor, assembling a program is performed using a simple one-
te-one mapping from assembly code to machine code. Compilers, on the other
hand, must convert generic high-level source code into machine code for a
specific processor.

Most programs are written in high-level programming languages and are
compiled directly to machine code using a compiler. However, in some cases,
assembly code may be used to customize functions and ensure they performin a
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specific way. Therefore, IDEs often include assemblers so they can build programs
from both high and low-level languages.

How it works:

o Most computers come with a specified set of very basic instructions that
correspond to the basic machine operations that the computer can
perform. For example, a "Load" instruction causes the processokto move a
string of bits from a location in the processor's memory to asspeciahholding
place called a register. Assuming the processor has at least'eight, registers,
each numbered, the following instruction would move the value (string of
bits of a certain length) at memory location 3000sinto the holding place
called register 8:

L 8,3000

o The programmer can write a program using a sequence of these assembler
instructions.

« This sequence of assembler instructions, known as the source code or
source program, is then specified to the assembler program when that
program is startedk

o The assemblérprogram takes each program statement in the source
program'and geherates a corresponding bit stream or pattern (a series of
0's and 2'swef.a given length).

o The outputof the assembler program is called the object code or object
program relative to the input source program. The sequence of O's and 1's
that constitute the object program is sometimes called machine code.

» "The object program can then be run (or executed) whenever desired.

In the earliest computers, programmers actually wrote programs in machine
code, but assembler languages or instruction sets were soon developed to speed
up programming. Today, assembler programming is used only where very
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efficient control over processor operations is needed. It requires knowledge of a
particular computer's instruction set, however. Historically, most programs have
been written in "higher-level" languages such as COBOL, FORTRAN, PL/I, and C.
These languages are easier to learn and faster to write programs with than
assembler language. The program that processes the source code written,in these
languages is called a compiler. Like the assembler, a compiler takes higher-level
language statements and reduces them to machine code.

Program Loops

Loops are among the most basic and powerful of programmingiconcepts. A loop
in @ computer program is an instruction that repeatsaintila specified condition is
reached. In a loop structure, the loop asks a questiony,|If the answer requires
action, it is executed. The same question is ask&ehagain apd again until no further
action is required. Each time the question i§ askedfis called an iteration.

A computer programmer who needs to usethe same lines of code many times in
a program can use a loop to save times

Just about every programming lahguage includes the concept of a loop. High-level
programs accommodate sevetal types of loops. C, C++, and C# are all high-level
computer programs and have the'capacity to use several types of loops.

Types of Loops
o Aforloopis.a loep that runs for a preset number of times.

« Awhile'loop is a loop that is repeated as long as an expression is true. An
expression is a statement that has a value.

o Audo while loop or repeat until loop repeats until an expression becomes
false.

« Aninfinite or endless loop is a loop that repeats indefinitely because it has
no terminating condition, the exit condition is never met or the loop is
instructed to start over from the beginning. Although it is possible for a
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programmer to intentionally use an infinite loop, they are often mistakes
made by new programmers.

o A nested loop appears inside any other for, while or do while loop.

A goto statement can create a loop by jumping backward to a label, although this
is generally discouraged as a bad programming practice. For some complexeode,
it allows a jump to a common exit point that simplifies the code.

Loop Control Statements

A statement that alters the execution of a loop from its designated,sequence is a
loop control statement. C#, for example, provides two leop.control statements.

o A break statement inside a loop terminates theleop immediately.

« A continue statement jumps to the next iteratioh of the loop, skipping any
code in between.

Basic Structures of Computer Programming

Loop, selection, and sequengé are,the three basic structures of computer
programming. These three logi€ structures are used in combination to form
algorithms for solving@nyhlogic problem. This process is called structured
programming.

Subroutine

A set of Instructions Which are used repeatedly in a program can be referred to as
SubroutineQnlysene copy of this Instruction is stored in the memory. When a
Subroutine isrequired it can be called many times during the Execution of a
Rarticular program. A call Subroutine Instruction calls the Subroutine. Care Should
be taken while returning a Subroutine as Subroutine can be called from a
different place from the memory.

The content of the PC must be Saved by the call Subroutine Instruction to make a
correct return to the calling program.
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Instruction

Call Subroutine Instruction H Subroutine

Next Instruction <

Figure — Process of subroutine in a program

Subroutine linkage method is a way in which computer callandeturnthe
Subroutine. The simplest way of Subroutine linkage is saving the,return address in
a specific location, such as register which can be calléd as link register call
Subroutine.

2. Subroutine Nesting —
Subroutine nesting is a common Programming practice In which one Subroutine
call another Subroutine.

Subroutine 1 1
Subroutine 2 j/

Subroutine 3

Return address
of Subroutine 1

Link Register
Figure — Subroutine calling another subroutine

From,the above figure, assume that when Subroutine 1 calls Subroutine 2 the
return address of Subroutine 2 should be saved somewhere. So if link register
stores return address of Subroutine 1 this will be (destroyed/overwritten) by
return address of Subroutine 2. As the last Subroutine called is the first one to be
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returned ( Last in first out format). So stack data structure is the most efficient
way to store the return addresses of the Subroutines.

Subroutine 1 ﬂ
Return address of Subroutine 2 j
Subroutine 3

Return address of

Subroutine 2 ‘ Subroutine 3

Return address of
Subroutine 3

Stack Memory

Figure — Return address of subroutine is'stored in'stack memory

3. Stack memory -

Stack is a basic data structure which can be implemented anywhere in the
memory. It can be used to store variables'whieh‘may be required afterwards in
the program Execution. In a stackgthe first data put will be last to get out of a
stack. So the last data added wilhbe the First one to come out of the stack (last in
first out).

A

Stack Memory

Figure — Stack memory having data A, B & C
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So from the diagram above first A is added then B & C. While removing first C is
Removed then B & A.

Design of Control Unit

The Control Unit is classified into two major categories:
1. Hardwired Control
2. Microprogrammed Control

Hardwired Control Unit:

When the control signals are generated by hardwar ientional logic

design techniques, the control unit is said to be h

The Hardwired Control organization involves.th ol logic to be implemented

with gates, flip-flops, decoders, and other(digital circuits.

The following image shows the bloc¢k dia a Hardwired Control

organization. ®
U

?\

&

N
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Control Unit of a Basic Computer:

\\s

Instruction register (IR)

{15

~

14 13 12 11-0
3x8
decoder

Other Inputs

l

o

-

k4

4 Bit Sequence
Counter
(SC)

<]

€«——— Clock

Do
L.
-

D7
i
Ldl
L
Ll
T15 o
Ll
T0 o
>

¢ Increment (INR)
¢——— Clear (CLR)

Control Logic
Gates

~

Control

Outputs .

A Hard-wired Control consists of two decoders, a sequence counter, and

a number of logic gates.

» An instruction fetched from the memory unit is placed in the instruction
register (IR).
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The component of an instruction register includes; | bit, the operation
code, and bits 0 through 11.
The operation code in bits 12 through 14 are coded with a 3 x 8 decoder.

The outputs of the decoder are designated by the symbols DO through

D7.

The operation code at bit 15 is transferred to a flip-flop designated\by

the symbol I.

The operation codes from Bits O through 11 are applied te the centrol

logic gates.

The Sequence counter (SC) can count in binary from Oithrough 15.

Micro-programmed Control

The Microprogrammed Control organization is implemented by using the

programming approach.

In Microprogrammed Control, the micro=eperations are performed by executing a

program consisting of micro-instructions.

The following image shows the bleck diagram of a Microprogrammed Control

organization.

Microprogrammed Control Unit of a Basic Computer.

External
input

Next - address
generator

(Sequencer)

Control address Control memory

register

Next - address information

(ROM)

Control data
register

— Controlword
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The Control memory address register specifies the address of the micro-
instruction.

The Control memory is assumed to be a ROM, within which all control
information is permanently stored.

The control register holds the microinstruction fetched from the
memory.

The micro-instruction contains a control word that specifies'@né orimore
micro-operations for the data processor.

While the micro-operations are being executed, the neXtsaddress is
computed in the next address generator circuit@nd themgransferred
into the control address register to read the nextymicroinstruction.

The next address generator is often refefred to as,a micro-program
sequencer, as it determines the addréss,sequence that is read from
control memory.

Difference between Hardwired Control'and,Microprogrammed Control

Hardwired Control Micreprogrammed Control

Technology is circuit based. Technology is software based.

It is implemented through flip- Microinstructions generate signals to control
flops, gates, decoders.etc. the execution of instructions.

Fixed insteuction format.

Variable instruction format (16-64 bits per
instruction).

Instruetions ake register based. Instructions are not register based.
ROM is'hot used. ROM is used.

Itis used in RISC. It is used in CISC.

Faster decoding. Slower decoding.
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Difficult to modify. Easily modified.

Chip area is less. Chip area is large.

Dynamic microprogramming:

A more advanced development known as dynamic microprogramming permits a
microprogram to be loaded initially from an auxiliary memory such ds,a magnetic
disk. Control units that use dynamic microprogramming employ awritable control
memory. This type of memory can be used for writing.

Control Memory:

Control Memory is the storage in the microprogrammed centrol unit to store the
microprogram.

Writeable Control Memory:

Control Storage whose contents can,be madified, allow the change in
microprogram and Instruction setsean be changed or modified is referred as
Writeable Control Memory.

Control Word:

The control variables at'any‘given time can be represented by a control word
string of 1 's and 0's'called a control word.

Microoperation, Microinstruction, Micro program, Microcode.
Microoperations:

In*eemputer central processing units, micro-operations (also known as a micro-
eps,or Hops) are detailed low-level instructions used in some designs to
implement complex machine instructions (sometimes termed macro-instructions
ifr this context).

Micro instruction:
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» A symbolic microprogram can be translated into its binary equivalent by
means of an assembler.

» Each line of the assembly language microprogram defines a symbolic
microinstruction.

» Each symbolic microinstruction is divided into five fields: label,
microoperations, CD, BR, and AD.

Micro program:

Y

A sequence of microinstructions constitutes,amiereprogram.

Y

Since alterations of the microprogram are net heeded once
the control unit is in operation, the ‘control memory can be a
read-only memory (ROM).

» ROM words are made permanent duking the hardware
production of the unit.

» The use of a micro program inyolves placing all control
variables in words of ROMfor use by the control unit through
successive read operations.

» The conteft of,the word in ROM at a given address specifies a

microinstruction.

Microcode:

» Migeroinstructions can be saved by employing subroutines that
useycommon sections of microcode.

. For example, the sequence of micro operations needed to
generate the effective address of the operand for an
instruction is common to all memory reference instructions.

» This sequence could be a subroutine that is called from within
many other routines to execute the effective address
computation.

Organization of micro programmed control unit
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» The general configuration of a micro-programmed control unit is
demonstrated in the block diagram of Figure 4.1.

» The control memory is assumed to be a ROM, within which all control
information is permanently stored.

External Next-address Control Control Control
< ¥ p Control
input generator address [ memory M  date unit
— register (ROM) register L

Next address information

figure: Micro-programmed control organization

» The control memory address,register specifies the address of the
microinstruction, and thé'contral data register holds the microinstruction
read from memory.

» The microinstruction contains a control word that specifies one or more
microoperations forthe data processor. Once these operations are
executed, the.controbmust determine the next address.

» The loeation ofithe next microinstruction may be the one next in sequence,
or itamay be located somewhere else in the control memory.

» Whileithe'microoperations are being executed, the next address is
eemputed in the next address generator circuit and then transferred into
the control address register to read the next microinstruction.

» Thus a microinstruction contains bits for initiating microoperations in the
data processor part and bits that determine the address sequence for the
control memory.
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» The next address generator is sometimes called a micro-program
sequencer, as it determines the address sequence that is read from control
memory.

» Typical functions of a micro-program sequencer are incrementing the
control address register by one, loading into the control address registerian
address from control memory, transferring an external address, orloading
an initial address to start the control operations.

» The control data register holds the present microinstructiomwhile the next
address is computed and read from memory.

A\

The data register is sometimes called a pipeline register:

» It allows the execution of the microoperationsspecified by the control
word simultaneously with the generation of'the nextmicroinstruction.

» This configuration requires a two-phase €leck, with, one clock applied to the
address register and the other to thefdata tegister.

» The main advantage of the microgpregrammed control is the fact that once
the hardware configuration istestablished; there should be no need for
further hardware or wiring’changes.

» If we want to establishé@ different control sequence for the system, all we

need to do is specify a different set of microinstructions for control

memory.

Address Sequencing

Microinstructiens are stored in control memory in groups, with each group
specifying'a

routine.

To,appreciate the address sequencing in a micro-program control unit, specify the
stepsithat the control must undergo during the execution of a single computer
instruction.

Step-1:
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» An initial address is loaded into the control address register when power is
turned on in the computer.

» This address is usually the address of the first microinstruction that
activates the instruction fetch routine.

» The fetch routine may be sequenced by incrementing the control address
register through the rest of its microinstructions.

» At the end of the fetch routine, the instruction is in the instructienfregister
of the computer.

Step-2:

» The control memory next must go through thegoutine that determines the
effective address of the operand.

» A machine instruction may have bits thatispecify various addressing modes,
such as indirect address and index registers:

» The effective address computatiap reutinejin control memory can be
reached through a branch mieroinstruction, which is conditioned on the
status of the mode bits ofshetinstruction.

» When the effective address,computation routine is completed, the address
of the operand is available in the memory address register.

Step-3:

» The nextfstepissto'generate the microoperations that execute the
instruction fetched from memory.

» The'mierooperation steps to be generated in processor registers depend on
the operation code part of the instruction.

»\Eaeh,instruction has its own micro-program routine stored in a given
location of control memory.

»»The transformation from the instruction code bits to an address in control
memory where the routine is located is referred to as a mapping process.

» A mapping procedure is a rule that transforms the instruction code into a
control memory address.
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Step-4:

» Once the required routine is reached, the microinstructions
that execute the instruction may be sequenced by
incrementing the control address register.

» Micro-programs that employ subroutines will require an
external register for storing the return address.

» Return addresses cannot be stored in ROM because‘the unit
has no writing capability.

» When the execution of the instructionisseempleted, control
must return to the fetch routine.

» This is accomplished by executing an‘uncenditional branch
microinstruction to the first address,of the fetch routine.

In summary, the address sequencing capabilities required in a control memory
are:

1. Incrementingfof the control address register.

2. Unconditional bran€h or conditional branch, depending on status
bit conditions.

3. (A mappingsprocess from the bits of the instruction to an address
for control memory.

4¢ Afacility for subroutine call and return.

Selection‘of address for control memory
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Figure 4.2: Selection of address for control memory

» Above figure 4.2'shows a block diagram of a control memory and the
associated hardwarewneeded for selecting the next microinstruction
address.

» Thewmicroinstruction in control memory contains a set of bits to initiate
microeperations in computer registers and other bits to specify the
method by which the next address is obtained.

> Jhe diagram shows four different paths from which the control address
register (CAR) receives the address.

» The incrementer increments the content of the control address register by
one, to select the next microinstruction in sequence.

» Branching is achieved by specifying the branch address in one of the fields
of the microinstruction.
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» Conditional branching is obtained by using part of the microinstruction to
select a specific status bit in order to determine its condition.

» An external address is transferred into control memory via a mapping logic
circuit.

» The return address for a subroutine is stored in a special register whose
value is then used when the micro-program wishes to return fromithe
subroutine.

Central Processing Unit (CPU)

The central processing unit (CPU) or processor, is thesuhit'which performs most of
the processing inside a computer. It processes all instructions received by
software running on the PC and by other hardware components, and acts as a
powerful calculator.

The CPU is placed into a specific square-shaped socket found on all motherboards
by inserting its metallic connectors orpins found on the underside. Each socket is
built with a specific pin layout te . suppert only a specific type of processor.

Since modern CPUs produce avot of ‘heat and are prone to overheating, they must
be kept cool with approptiate fans or ventilation systems, and covered with heat
sinks and thermal paste.

To control instructions and data flow to and from other parts of the computer,
the CPU relies heavily?on a chipset, which is a group of microchips located on the
motherboards

This termvis also known as a central processor, microprocessor or chip

Thecentral processing unit (CPU) has three components:
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Central Procesing Unit
(CPU)

| Control Unit |

Arithmetic Logic Unit
{ALU)

§ &

Memory Unit
{RLAI)

Control Unit

The control unit extracts instructions from memery and'decodes and executes
them.

The control unit acts as an intermediarythat.decodes the instructions sent to the
processor, tells the other units such as,the Arithmetic Logic Unit (below) what to
do by providing control signals;&@nd then'sends back the processed data back to
memory.

Arithmetic Logic Unit {ALU)

An arithmetic logic'uhit (AkU) is a digital circuit inside the processor that handles
arithmetic and logical operations by loading data from input registers.

After the control*unit provides the ALU with the instruction on the operations that
must be'performed, the ALU completes them by connecting multiple transistors,
and themstores the results in an output register.

Thecontrol unit will then move this data to memory.

To function properly, the CPU relies on the system clock, memory, secondary
storage, and data and address buses.
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Smaller devices like mobile phones, calculators, held gaming systems, and tablets
use smaller-sized processors known as ARM CPUs to accommodate their reduced
size and space.

The CPU is the heart and brain of a computer. It receives data input, executes
instructions, and processes information. It communicates with input/output (1/0)
devices, which send and receive data to and from the CPU.

Additionally, the microprocessor has an internal bus for communication With the
internal cache memory, called the backside bus. The main busfofdata,transfer to
and from the CPU, memory, chipset, and AGP socket is called the front-side bus.

The CPU contains internal memory units, which arefalled,registers. These
registers contain data, instructions, counters and addresses‘used in the ALU's
information processing.

Some computers utilize two or more preceéssors. Fhese consist of separate
physical microprocessors located side by side on the same board or on separate
boards. Each CPU has an independent interface, separate cache, and individual
paths to the system front-sidé bus.

Multiple processors are.ideal forintensive parallel tasks requiring multitasking.
Multicore CPUs are alseycommon, in which a single chip contains multiple CPUs.

Since the first microprocessor was released by Intel in November 1971, CPUs have
increased theigcomputing power severalfold.

The oldest Intel"4004 processor only performed 60,000 operations per second,
while'asamedern Intel Pentium processor can perform about 188,000,000
instructions per second.

Memory or Storage Unit/ Registers

It is called Random access memory (RAM). It temporarily stores data, programs,
and intermediate and final results of processing. So, it acts as a temporary storage
area that holds the data temporarily, which is used to run the computer.
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CPU Clock Speed

The clock speed of a CPU or a processor refers to the number of instructions it can
process in a second. It is measured in gigahertz. For example, a CPU with a clock
speed of 4.0 GHz means it can process 4 billion instructions in a second.

Types of CPU:

CPUs are mostly manufactured by Intel and AMD, each of which manufactures its
own types of CPUs. In modern times, there are lots of CPU types in the market.
Some of the basic types of CPUs are described below:

Single Core CPU: Single Core is the oldest type of computer. CPU, which was used
in the 1970s. It has only one core to process differéntoperations. It can start only
one operation at a time; the CPU switches backiand forth between different sets
of data streams when more than one program runs. So; it is not suitable for
multitasking as the performance will beyreduced if more than one application
runs. The performance of these CPUs,is mainly"dependent on the clock speed. It is
still used in various devices, suchfas smartphones.

Dual Core CPU: As the namé suggestss/ Dual Core CPU contains two cores in a
single Integrated Circuit(IC). Althodigh each core has its own controller and cache,
they are linked togetherto.work as a single unit and thus can perform faster than
the single-core processers‘and can handle multitasking more efficiently than
Single Core progessors.

Quad Core CPU: This type of CPU comes with two dual-core processors in one
integrated circuit (IC) or chip. So, a quad-core processor is a chip that contains
four independent units called cores. These cores read and execute instructions of
CRU. The cores can run multiple instructions simultaneously, thereby increases
the overall speed for programs that are compatible with parallel processing.

Quad Core CPU uses a technology that allows four independent processing units
(cores) to run in parallel on a single chip. Thus by integrating multiple cores in a
single CPU, higher performance can be generated without boosting the clock
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speed. However, the performance increases only when the computer's software

supports multiprocessing. The software which supports multiprocessing divides

the processing load between multiple processors instead of using one processor

at a time.

History of CPU:

Some of the important events in the development of CPU since its invention till
date are as follows:

>

>

Y

Y VYV

In 1823, Baron Jons Jackob Berzelius discovered siliconithat is the main
component of CPU till date.

In 1903, Nikola Tesla got gates or switches'patentedswhich are electrical
logic circuits.

In December 1947, John Bardeen, WilliamiShockley, and Walter Brattain
invented the first transistor at the Bell Laboratories and got it patented
in 1948.

In 1958, the first working integrated circuit was developed by Robert
Noyce and Jack Kilby.

In 1960, IBM establishedtheffirst mass-production facility for transistors
in New York.

In 1968, RobertNoeyce and Gordon Moore founded Intel Corporation.
AMD (Advaneed Micro Devices) was founded in May 1969.

In 1971, Intel introduced the first microprocessor, the Intel 4004, with
the help ofTed Hoff.

IN1972;,Intel introduced the 8008 processor; in 1976, Intel 8086 was
intreduced, and in June 1979, Intel 8088 was released.

In*1979, a 16/32-bit processor, the Motorola 68000, was released. Later,
it was used as a processor for the Apple Macintosh and Amiga
computers.

In 1987, Sun introduced the SPARC processor.

In March 1991, AMD introduced the AM386 microprocessor family.
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In March 1993, Intel released the Pentium processor. In 1995, Cyrix
introduced the Cx5x86 processor to give competition to Intel Pentium
processors.

In January 1999, Intel introduced the Celeron 366 MHz and 400 MHz
processors.

In April 2005, AMD introduced its first dual-core processor.

In 2006, Intel introduced the Core 2 Duo processor.

In 2007, Intel introduced different types of Core 2 Quad processers.

In April 2008, Intel introduced the first series of Intel'Atomsprocessors,
the Z5xx series. They were single-core processofs with,a'200 MHz GPU.
In September 2009, Intel released the first Coke 15 desktop processor
with four cores.

In January 2010, Intel released many precessots such as Core 2 Quad
processor Q9500, first Core i3 and't5 mabile processors, first Core i3 and
i5 desktop processors. In the same yearjin July, it released the first Core
i7 desktop processor with six cores.

In June 2017, Intel introdueedithe first Core i9 desktop processor.

In April 2018, Intel s€leased the first Core i9 mobile processor.

General Register based. CPU Organization

When we are usingsmultiple general purpose registers, instead of single

accumulator register,in the CPU Organization then this type of organization is

known as General register based CPU Organization. In this type of organization,

computer uses twe or three address fields in their instruction format. Each

address field may specify a general register or a memory word.If many CPU

registers'are available for heavily used variables and intermediate results, we can

avoid'memory references much of the time, thus vastly increasing program

execution speed, and reducing program size.

For example:

MULT R1, R2, R3
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This is an instruction of an arithmatic multiplication written in assembly language.
It uses three address fields R1, R2 and R3. The meaning of this instruction is:

R1<--R2 * R3
This instruction also can be written using only two address fields as:
MULT R1, R2

In this instruction, the destination register is the same as one of the source
registers. This means the operation

R1<--R1*R2

The use of large number of registers results in short program with limited
instructions.

Some examples of General register based [CPU Organization are IBM 360 and
PDP- 11.

The advantages of General register based CPU organization -

» Efficiency of CPU increases as there are large number of registers are
used in this organization:

» Less memoryspace.is used to store the program since the instructions
are written rmpycompact way.

The disadvantages of General register based CPU organization -

», Care should be taken to avoid unnecessary usage of registers. Thus,
compilers need to be more intelligent in this aspect.

» Since large number of registers are used, thus extra cost is required in
this organization.

General register CPU organisation of two type:

1. Register-memory reference architecture (CPU with less register)— In this
organisation Source 1 is always required in register, source 2 can be

146]




Computer System Architecture Unit - 2

present either in register or in memory.Here two address instruction
format is the compatible instruction format.

2. Register-register reference architecture(CPU with more register)— In this
organisation ALU operations are performed only on a register data.. So
operands are required in the register. After manipulation result is also
placed in register.Here three address instruction format is the
compatible instruction format.

Stack based CPU Organization

The computers which use Stack-based CPU Organization @re based,on a data
structure called stack. The stack is a list of data words. It uses Last In First Out
(LIFO) access method which is the most popular aécess method in most of the
CPU. A register is used to store the address of the,topmaost element of the stack
which is known as Stack pointer (SP). In thiS organisation, ALU operations are
performed on stack data. It means bothythe operands are always required on the
stack. After manipulation, the resultis placedifrthe stack.

The main two operations that are perfermed on the operators of the stack
are Push and Pop. These two,operations are performed from one end only.

1. Push -
This operation results irinserting one operand at the top of the stack and it
decreasefthe stack'pointer register. The format of the PUSH instruction is:

PUSH

It insertsithe'data word at specified address to the top of the stack. It can be
implemented as:

/ldeerement SP by 1
SP <--SP - 1

//store the content of specified memory address
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//into SP; i.e, at top of stack

SP <-- (memory address)

2. Pop-
This operation results in deleting one operand from the top of the stack
and it increase the stack pointer register. The format of the POP instruetion
is:

POP

It deletes the data word at the top of the stack to the specified address. It can be
implemented as:

//transfer the content of SP (i.e, at top most data)
//into specified memory location

(memory address) <-- SP

//increment SP by 1

SP<--SP+1

Operation type instruction.does not need the address field in this CPU
organization. This is\beeause the operation is performed on the two operands
that are on the top of the stack. For example:

SUB

This insteuction contains the opcode only with no address field. It pops the two
top data from the stack, subtracting the data, and pushing the result into the
Stack at the top.

PDP-11, Intel’s 8085 and HP 3000 are some of the examples of the stack
organized computers.

The advantages of Stack based CPU organization -
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» Efficient computation of complex arithmetic expressions.

» Execution of instructions is fast because operand data are stored in
consecutive memory locations.

» Length of instruction is short as they do not have address field.

The disadvantages of Stack based CPU organization —

» The size of the program increases.

Note:Stack based CPU organisation uses zero address instructien.

Computer Instructions

The basic computer has three instruction code formats. The Operation
code (opcode) part of the instruction contains 3. bits and remaining 13 bits
depends upon the operation code encountered.

There are three types of formats:
1. Memory Reference Instruction

It uses 12 bits to specify the@ddress and 1 bit to specify the addressing mode
(). lis equal to O for direct address.and 1 for indirect address.

2. Register Reference Instruction

These instructions are‘recognized by the opcode 111 with a 0 in the left most bit
of instruction. Thesother 12 bits specify the operation to be executed.

3. Input=Output Instruction

Theseiinstructions are recognized by the operation code 111 with a 1 in the left
maost bit.of instruction. The remaining 12 bits are used to specify the input-output
operation.

Format of Instruction
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The format of an instruction is depicted in a rectangular box symbolizing the bits
of an instruction. Basic fields of an instruction format are given below:

4. An operation code field that specifies the operation to be performed.
5. An address field that designates the memory address or register.

6. A mode field that specifies the way the operand of effective addressis
determined.

Computers may have instructions of different lengths containing Varying number
of addresses. The number of address field in the instruction format, depends upon
the internal organization of its registers.

Adressing Modes

The operation field of an instruction specifies theioperation to be performed. This
operation will be executed on some data which isystored in computer registers or
the main memory. The way any opetand isiselected during the program execution
is dependent on the addressingsnode,of,the instruction. The purpose of using
addressing modes is as follows:

3. To give the pregrammingersatility to the user.
4. To reduce thesnumber of bits in addressing field of instruction.

Types of Addressing Modes
Below wethave discussed different types of addressing modes one by one:
Immediate Mode

In this ' mode, the operand is specified in the instruction itself. An immediate mode
instruction has an operand field rather than the address field.

For example: ADD 7, which says Add 7 to contents of accumulator. 7 is the
operand here.

Register Mode
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In this mode the operand is stored in the register and this register is present in
CPU. The instruction has the address of the Register where the operand is stored.

Instruction

Opcode Register Address R %Q
1 Register, in CPU;
I \

Advantages ( "

e Shorter instructions and fa struction fetch.

Operand

« Faster memory acces erand(s)

Disadvantages
o Very limited %te
e Using @ers helps performance but it complicates the
instructions.
e

Registe ct Mode

ode, the instruction specifies the register whose contents give us the

address of operand which is in memory. Thus, the register contains the address of
‘M 2rand rather than the operand itself.
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Auto Increment/Decrement Mode

In this the register is incremented or decr

Direct Addressing Mode Q

In this mode, effective addr

used.

o Single memory

Instruction

Opcode

Register Address R

Register, in CPU l

e No additifna

QA

Pointer to
Operand

-

Memory

&—» Operand

ence to access data.

P

v \\
@ther or before its value is

nd is present in instruction itself.

ions to find the effective address of the operand.

Instruction

Opcode

Address A

L

Memory

p» Operand
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For Example: ADD R1, 4000 - In this the 4000 is effective address of operand.

NOTE: Effective Address is the location where operand is present.

Indirect Addressing Mode

In this, the address field of instruction gives the address where the effective
address is stored in memory. This slows down the execution, as this includes
multiple memory lookups to find the operand.

Instruction
Memory
Opcode Address A
‘l Pointer to
» Operand

Operand g

Displacement AddressingiMode

In this the cohtents ofithe indexed register is added to the Address part of the
instructionpto obtain the effective address of operand.

EA A+ (R), In this the address field holds two values, A(which is the base value)
and R(that'holds the displacement), or vice versa.
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Instruction
Memory
Opcode Register R
l &% Operand
&)
Register, in CPU
v
Pointer to
Yeoep  Operand

Relative Addressing Mode
It is a version of Displacement addressing mode.

In this the contents of PC(Program Coeunter),is added to address part of
instruction to obtain the effective address.

EA = A + (PC), where EA is effectivetaddress and PC is program counter.
The operand is A cells@way fromthe current cell(the one pointed to by PC)
Base Register Addressing Mode

It is again a version,of Displacement addressing mode. This can be defined as EA =
A + (R) qwher&A isdisplacement and R holds pointer to base address.

Stack Addressing Mode

Inthis mode, operand is at the top of the stack. For example: ADD, this instruction
will POP top two items from the stack, add them, and will then PUSH the result to
the top of the stack.

RISC Processor
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It is known as Reduced Instruction Set Computer. It is a type of microprocessor
that has a limited number of instructions. They can execute their instructions very
fast because instructions are very small and simple.

RISC chips require fewer transistors which make them cheaper to design and
produce. In RISC, the instruction set contains simple and basic instructionsifrom
which more complex instruction can be produced. Most instructionscompletesin
one cycle, which allows the processor to handle many instructions at same time.

In this instructions are register based and data transfer takes pla€esfrom register
to register.

CISC Processor

It is known as Complex Instruction Set Computer:

It was first developed by Intel.

o It contains large number of complextinstructions.

e Inthis instructions are noét register based.

« Instructions cannot be e@mpleted in one machine cycle.
o Data transfer is framsmemory to memory.

o Micro pregrammedscontrol unit is found in CISC.

o Alsgithey'haveVariable instruction formats.

Difference Between CISC and RISC

Architectural Complex Instruction Set Reduced Instruction Set
Characterstics Computer(CISC) Computer(RISC)
_ _ Large set of instructions with ) )
Instruction size ) ) Small set of instructions
variable formats (16-64 bits per o _
and format with fixed format (32 bit).

instruction).
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Data transfer Memory to memory. Register to register.

Most micro coded using control
CPU control memory (ROM) but modern CISC use
hardwired control.

Mostly hardwired
without control memory.

. ) _ . Register based
Instruction type |Not register based instructions. . .
instructions.

Memory access More memory access. Less MEemaokKy access.

Clocks Includes multi-clocks. Includes single clock.

) ) Instructions are reduced
Instruction nature |Instructions are complex. )
and simple.

Parallel Processing

Parallel processing can be deseribed asa class of techniques which enables the
system to achieve simultaneousfdatasprocessing tasks to increase the
computational speed of'a,computéer system.

A parallel processingssystem can carry out simultaneous data-processing to
achieve faster execution time. For instance, while an instruction is being
processed.in the Akld.component of the CPU, the next instruction can be read
from memaory:

The primary purpose of parallel processing is to enhance the computer processing
capability and increase its throughput, i.e. the amount of processing that can be
aecomplished during a given interval of time.

A'parallel processing system can be achieved by having a multiplicity of functional
units that perform identical or different operations simultaneously. The data can
be distributed among various multiple functional units.
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The following diagram shows one possible way of separating the execution unit

into eight functional units operating in parallel.

The operation performed in each functional unit is indicated in each block if t

diagram:

>

>

I
:
o
g
g
T

TR

—){ Integer Multiply
—b[ Logic unit

Shift Unit

4

w

Incrementer

h J

To memory

Processor
registers

Floating-point
add-subtract

Floating-point
multiply

Floating-point
divide

PX(;er and integer multiplier performs the arithmetic operation with
integer numbers.

k4

N I B B B

The floating-point operations are separated into three circuits operating
in parallel.

The logic, shift, and increment operations can be performed
concurrently on different data. All units are independent of each other,
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so one number can be shifted while another number is being
incremented.

Data Transfer Modes of a Computer System

According to the data transfer mode, computer can be divided into 4 major

groups:

1.

2.

3.

4.

SISD

SIMD

MISD

MIMD

SISD (Single Instruction Stream, Single Data Stream)

It represents the organization of a single.computericontaining a control unit,

processor unit and a memory unit. Ifastructions are executed sequentially. It can

be achieved by pipelining or multiplesfunctional units.

SIMD (Single Instruction Stfream; Multiple Data Stream)

It represents an organization thatincludes multiple processing units under the

control of a comm@n,control tnit. All processors receive the same instruction

from control unit but.operate on different parts of the data.

They are highly'specialized computers. They are basically used for numerical

problems that afe expressed in the form of vector or matrix. But they are not

suitable,for other types of computations

MISD (Multiple Instruction Stream, Single Data Stream)

It consists of a single computer containing multiple processors connected with

multiple control units and a common memory unit. It is capable of processing

several instructions over single data stream simultaneously. MISD structure is
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only of theoretical interest since no practical system has been constructed using
this organization.

MIMD (Multiple Instruction Stream, Multiple Data Stream

It represents the organization which is capable of processing several programsat
same time. It is the organization of a single computer containing multiple
processors connected with multiple control units and a shared memory dnitaThe
shared memory unit contains multiple modules to communicate with all
processors simultaneously. Multiprocessors and multicomputer aresthe examples
of MIMD. It fulfills the demand of large scale computations.

Pipelining

The term Pipelining refers to a technique of decGemposing a sequential process
into sub-operations, with each sub-operatién being executed in a dedicated
segment that operates concurrently with all other Segments.

The most important characteristic of aypipeline technique is that several
computations can be in progress.in distinct segments at the same time. The
overlapping of computation‘is made possible by associating a register with each
segment in the pipeline.,The registérs provide isolation between each segment so
that each can operate ondistinct data simultaneously.

The structure of a pipelinesorganization can be represented simply by including an
input registerfor.eachisegment followed by a combinational circuit.

an exampleiof combined multiplication and addition operation to get a better
understanding of the pipeline organization.

The combined multiplication and addition operation is done with a stream of
numbers such as:

A*B+Cifori=1,2,3, ... , 7
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The operation to be performed on the numbers is decomposed into sub-
operations with each sub-operation to be implemented in a segment within a
pipeline.

The sub-operations performed in each segment of the pipeline are defined as;

R1 & A, R2 & B; Input A;, and B;
R3 & R1*R2,R4 & C; Multiply, and input C;

R5 < R3+R4 Add C;to product

The following block diagram represents the combinedas well as the sub-
operations performed in each segment of the pipeline.

Pipeline Processing:

)
0
|

[ Multiplier ]

| !
R3 ] [ R4 ]
‘ v

Adder

J
S

Registers R1, R2, R3, and R4 hold the data and the combinational circuits operate
ina particular segment.

«— 0o

The output generated by the combinational circuit in a given segment is applied
as an input register of the next segment. For instance, from the block diagram, we
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can see that the register R3 is used as one of the input registers for the
combinational adder circuit.

In general, the pipeline organization is applicable for two areas of computer
design which includes:

1. Arithmetic Pipeline
2. Instruction Pipeline
Arithmetic Pipeline

Arithmetic Pipelines are mostly used in high-speed computers. They are used to
implement floating-point operations, multiplicationfof fixed=point numbers, and
similar computations encountered in scientific problems.

To understand the concepts of arithmetic pipelinefin a*more convenient way, an
example of a pipeline unit for floating-peint addition and subtraction.

The inputs to the floating-point adderpipeline are two normalized floating-point
binary numbers defined as:

XE A *28=0.9504 * 103

Y =B * 2°=0.8200 * 102

Where A and Blare two fractions that represent the mantissa and a and b are the
exponents.

The combined operation of floating-point addition and subtraction is divided into
four'segments. Each segment contains the corresponding suboperation to be
performed in the given pipeline. The suboperations that are shown in the four
segments are:

1. Compare the exponents by subtraction.

2. Align the mantissas.
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3. Add or subtract the mantissas.

4. Normalize the result.

The following block diagram represents the suboperations performed in eac

segment of the pipeline.

Pipeline organization for floating point addition and subtraction:

Segment 1: [

| |
——

A 4

Compare exponents]

Difference

by subtraction J

s

v

Segment 2: [ Choose exponent ]

Segment 3:

PN

v

<« >

€«

\ 4

:r Align mantissas J
L

[ Normalize result ]
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Note: Registers are placed after each suboperation to store the intermediate
results.

1. Compare exponents by subtraction:

The exponents are compared by subtracting them to determine their differences
The larger exponent is chosen as the exponent of the result.

The difference of the exponents, i.e., 3 - 2 = 1 determines how many times the
mantissa associated with the smaller exponent must be shiftedsto the, right.

2. Align the mantissas:

The mantissa associated with the smaller exponentfis shiftedaccording to the
difference of exponents determined in segmeng.one.

X =0.9504* 10°

Y = 0.08200%:10°

3. Add mantissas:

The two mantissas are addediinfsegment three.

Z=X+Y=1.0324*10°

4. Normalize the resuit:

After normalization,®he result is written as:

Z=0.1324*10*

Instruction Pipeline

Pipeline processing can occur not only in the data stream but in the instruction
stream as well.

Most of the digital computers with complex instructions require instruction
pipeline to carry out operations like fetch, decode and execute instructions.
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In general, the computer needs to process each instruction with the following
sequence of steps.

1. Fetch instruction from memory.

2. Decode the instruction.

3. Calculate the effective address.

4. Fetch the operands from memory.
5. Execute the instruction.

6. Store the result in the proper place.

Each step is executed in a particular segment, and there are'times when different
segments may take different times to operate on the,incoming information.
Moreover, there are times when two or more segments may require memory
access at the same time, causing one segment to'wait until another is finished
with the memory.

The organization of an instructionypipeline will be more efficient if the instruction
cycle is divided into segmentsiof equal duration. One of the most common
examples of this type@f organization is a Four-segment instruction pipeline.

A four-segment instruction,pipeline combines two or more different segments
and makes it@s|a single one. For instance, the decoding of the instruction can be
combinedywith the calculation of the effective address into one segment.

The following block diagram shows a typical example of a four-segment
instructionypipeline. The instruction cycle is completed in four segments.
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Segment 1:

Segment 2:

»i
h)

Fetch instruction
from memory

A 4

Decode instruction and calculat

e
effective address ]

yes Branch ?

segment 3: [ Fetch operand ]

Segment 4: [ Execute instruction ]

no

from memory

A 4

[ Interrupt yes
handling
A4 A 4 no
fUpdate PC ]
A4
[ Empty Pipe ]
D 4

Segment 1: ‘
The instruc ch segment can be implemented using first in, first out (FIFO)

instruction fetched from memory is decoded in the second segment, and

ventually, the effective address is calculated in a separate arithmetic circuit.

Segment 3:
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An operand from memory is fetched in the third segment.
Segment 4:

The instructions are finally executed in the last segment of the pipeline
organization.

Advantages of Pipelining
1. The cycle time of the processor is reduced.
2. ltincreases the throughput of the system
3. It makes the system reliable.
Disadvantages of Pipelining
1. The design of pipelined processor isggomplex and costly to manufacture.
2. The instruction latency is more.
Vector(Array) Processing

There is a class of computatienabpreblems that are beyond the capabilities of a
conventional computeralhese problems require vast number of computations on
multiple data items, thatawill.take a conventional computer(with scalar processor)
days or even weeksito'complete.

Such complextinstructions, which operates on multiple data at the same time,
requires a better way of instruction execution, which was achieved by Vector
Progessors.

Scalar €PUs can manipulate one or two data items at a time, which is not very
efficient. Also, simple instructions like ADD A to B, and store into C are not
practically efficient.

Addresses are used to point to the memory location where the data to be
operated will be found, which leads to added overhead of data lookup. So until
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the data is found, the CPU would be sitting ideal, which is a big performance
issue.

Hence, the concept of Instruction Pipeline comes into picture, in which the
instruction passes through several sub-units in turn. These sub-units perform
various independent functions, for example: the first one decodes the
instruction, the second sub-unit fetches the data and the third sub-unit pexforms
the math itself. Therefore, while the data is fetched for one instruction, CPU does
not sit idle, it rather works on decoding the next instruction set, ending up
working like an assembly line.

Vector processor, not only use Instruction pipeline, butit also pipelines the data,
working on multiple data at the same time.

A normal scalar processor instruction would.be ADDyA, B, which leads to addition
of two operands, but what if we can instruct the processor to ADD a group of
numbers(from 0 to n memory location) te,another group of numbers(lets

say, n to k memory location). This_cantbe achieved by vector processors.

In vector processor a single ipstrugtion, can ask for multiple data operations,
which saves time, as instruction is decoded once, and then it keeps on operating
on different data item§.

Applications of VectorRrocessors

Computer with,vectoriprocessing capabilities are in demand in specialized
applications¥thefollowing are some areas where vector processing is used:

1. "Petroleum exploration.
2. Medical diagnosis.

3. Data analysis.

4. Weather forecasting.

5. Aerodynamics and space flight simulations.
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6. Image processing.
7. Artificial intelligence.
Vector(Array) Processor and its Types

Array processors are also known as multiprocessors or vector processors. They
perform computations on large arrays of data. Thus, they are used te.improvesthe
performance of the computer.

Types of Array Processors

There are basically two types of array processors:
1. Attached Array Processors
2. SIMD Array Processors

Attached Array Processors

An attached array processor is a processor which is attached to a general purpose
computer and its purpose is to‘@nhance and improve the performance of that
computer in numerical computationalitasks. It achieves high performance by
means of parallel processing with multiple functional units.

general purpose -« » /O interface - attached array

computer - processors

A

F Y

high speed local memary

hJ

main memary B

memory to memory bus
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SIMD Array Processors

SIMD is the organization of a single computer containing multiple processors
operating in parallel. The processing units are made to operate under the control
of a common control unit, thus providing a single instruction stream and multiple
data streams.

A general block diagram of an array processor is shown below. It contains a set of
identical processing elements (PE's), each of which is having a localmemaory M.
Each processor element includes an ALU and registers. The mastémeontrol unit
controls all the operations of the processor elements. It dlso degodes the
instructions and determines how the instruction is to,be executed.

The main memory is used for storing the program. Thecontrol unit is responsible
for fetching the instructions. Vector instructionsiaressend to all PE's
simultaneously and results are returned t@ the memory.

The best known SIMD array processor is the ILETAC IV computer developed by
the Burroughs corps. SIMD procéssors are. highly specialized computers. They are
only suitable for numerical problems that can be expressed in vector or matrix
form and they are not suitablefor other types of computations.
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Why use the Array Processor

» Array processors increasesythe overallfinstruction processing speed.

» As most of the Array processors operates asynchronously from the host
CPU, hence it improvesithe overall capacity of the system.

» Array Processors has,its ows local memory, hence providing extra
memory for systems with low memory.

Input/Output Organisation
Input/OutputiSubsystem

The 1/Ojsubsystem’of a computer provides an efficient mode of communication
between'the'central system and the outside environment. It handles all the input-
oUtput operations of the computer system.

Peripberal Devices

Input or output devices that are connected to computer are called peripheral
devices. These devices are designed to read information into or out of the
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memory unit upon command from the CPU and are considered to be the part of
computer system. These devices are also called peripherals.

For example: Keyboards, display units and printers are common peripheral
devices.

There are three types of peripherals:

1. Input peripherals : Allows user input, from the outside wosld to the
computer. Example: Keyboard, Mouse etc.

2. Output peripherals: Allows information output, from the,computer to the
outside world. Example: Printer, Monitor etc

3. Input-Output peripherals: Allows both input(from outised world to
computer) as well as, output(from computerite,the outside world).
Example: Touch screen etc.

Interfaces

Interface is a shared boundary btweenitwo separate components of the computer
system which can be used toattach,two or more components to the system for
communication purposes.

There are two types,of interface:
1. CPU Inteface
2. 1/0 Interface
Input-Qutputiinterface

Peripherals connected to a computer need special communication links for
interfacing with CPU. In computer system, there are special hardware
components between the CPU and peripherals to control or manage the input-
output transfers. These components are called input-output interface

units because they provide communication links between processor bus and
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peripherals. They provide a method for transferring information between internal
system and input-output devices.

Modes of 1/0 Data Transfer

Data transfer between the central unit and 1/O devices can be handled in
generally three types of modes which are given below:

1. Programmed I/O

2. Interrupt Initiated I/O

3. Direct Memory Access
Programmed I/O

Programmed I/O instructions are the result of 1/Q ifstructions written in
computer program. Each data item transfer is initiated by the instruction in the
program.

Usually the program controls data transfer.to and from CPU and peripheral.
Transferring data under progfammed /O requires constant monitoring of the
peripherals by the CPU.

Interrupt Initiated 1/0

In the programmed I)/@ method the CPU stays in the program loop until the I/O
unit indicates that it isweady for data transfer. This is time consuming process
becausg it'’keeps the processor busy needlessly.

This preblem‘can be overcome by using interrupt initiated 1/0. In this when the
interface determines that the peripheral is ready for data transfer, it generates an
interrupt. After receiving the interrupt signal, the CPU stops the task which it is
processing and service the 1/0 transfer and then returns back to its previous
processing task.

Direct Memory Access
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Removing the CPU from the path and letting the peripheral device manage the
memory buses directly would improve the speed of transfer. This technique is
known as DMA.

In this, the interface transfer data to and from the memory through memorybus:
A DMA controller manages to transfer data between peripherals and memery
unit.

Many hardware systems use DMA such as disk drive controllers, graphic ¢ards,
network cards and sound cards etc. It is also used for intra chip.datastransfer in
multicore processors. In DMA, CPU would initiate the transfer,'do‘ether
operations while the transfer is in progress and receivesaninterrupt from the
DMA controller when the transfer has been completed.

o Data cout

Data register

A
Y

Data lines

Address register

Yy

Address lines

DMA request

DA acknowledgement < <
Interrupt

Contral logic

Read

Write

Above figure shows block diagram of DMA

Input/Output Processor
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An input-output processor (IOP) is a processor with direct memory access
capability. In this, the computer system is divided into a memory unit and number
of processors.

Each I0P controls and manage the input-output tasks. The IOP is similar to CRPU
except that it handles only the details of I/O processing. The IOP can fetchand
execute its own instructions. These IOP instructions are designed to manage /@
transfers only.

Block Diagram Of I/O Processor

Below is a block diagram of a computer along with varjous 1/O Processors. The
memory unit occupies the central position and can€ommunieate with each
processor.

The CPU processes the data required for sglving the computational tasks. The IOP
provides a path for transfer of data between peripherals and memory. The CPU
assigns the task of initiating the I/O fprogram.

The IOP operates independentfrom CRU and transfer data between peripherals
and memory.

[
¥

CPU
FPeripheral devices

Memary bus @ @ @

[y
¥

Memoaory unit

[y
¥

0P
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The communication between the IOP and the devices is similar to the program
control method of transfer. And the communication with the memory is similar to
the direct memory access method.

In large scale computers, each processor is independent of other processors‘and
any processor can initiate the operation.

The CPU can act as master and the IOP act as slave processor. The CPU,assighs the
task of initiating operations but it is the IOP, who executes the instructions, and
not the CPU. CPU instructions provide operations to start an |/Q transfer. The IOP
asks for CPU through interrupt.

Instructions that are read from memory by an IOP are alse calléd commands to
distinguish them from instructions that are read by CPY. Commands are prepared
by programmers and are stored in memory. Command words make the program
for IOP. CPU informs the IOP where to find the commands in memory.

Interrupts

Data transfer between the CPU%and the peripherals is initiated by the CPU. But
the CPU cannot start the transfer Unless the peripheral is ready to communicate
with the CPU. When a device is'teadly to communicate with the CPU, it generates
an interrupt signal. A number of input-output devices are attached to the
computer and each'dévice'is able to generate an interrupt request.

The main job of the interrupt system is to identify the source of the interrupt.
There is also"a,possibility that several devices will request simultaneously for CPU
communication. Then, the interrupt system has to decide which device is to be
serviced first.

Priority Interrupt

Adpriority interrupt is a system which decides the priority at which various
devices, which generates the interrupt signal at the same time, will be serviced by
the CPU. The system has authority to decide which conditions are allowed to
interrupt the CPU, while some other interrupt is being serviced. Generally, devices
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with high speed transfer such as magnetic disks are given high priority and slow
devices such as keyboards are given low priority.

When two or more devices interrupt the computer simultaneously, the computen
services the device with the higher priority first.

Types of Interrupts:
Following are some different types of interrupts:
Hardware Interrupts

When the signal for the processor is from an external device or hardware then
this interrupts is known as hardware interrupt.

an example: when we press any key on our keyboeard to'do some action, then this
pressing of the key will generate an interrupt signal for'the processor to perform
certain action. Such an interrupt can bewfitwo types:

o Maskable Interrupt

The hardware interrupts whi¢h can be delayed when a much high priority
interrupt has occurred at the same time.

« Non Maskable Interrupt

The hardware interrupts which cannot be delayed and should be processed by the
processor immediately:

Software Intefrupts

The interfupt that is caused by any internal system of the computer system is
known'as a software interrupt. It can also be of two types:

e Normal Interrupt

The interrupts that are caused by software instructions are called normal
software interrupts.
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o Exception

Unplanned interrupts which are produced during the execution of some program
are called exceptions, such as division by zero.

Daisy Chaining Priority

This way of deciding the interrupt priority consists of serial connectian of all the
devices which generates an interrupt signal. The device with the highest priority is
placed at the first position followed by lower priority devices and the,device
which has lowest priority among all is placed at the last indhe,chain.

In daisy chaining system all the devices are connected i a'serial form. The
interrupt line request is common to all devices. If @nydeviee has interrupt signal

in low level state then interrupt line goes to lowtlevel state and enables the
interrupt input in the CPU. When there is n@ intetruptthe interrupt line stays in
high level state. The CPU respond to the,interrupt, by enabling the interrupt
acknowledge line. This signal is received bythe'device 1 at its Pl input. The
acknowledge signal passes to next device through PO output only if device 1 is not
requesting an interrupt.

The following figure shows the hlock diagram for daisy chaining priority system.

Processor data bus
Fy F F

oy

To next device
» Device1 (3= Device2 |—3m=| Devicel 3

PI PO Pl PO Pl FO

IMNT

b

Interrupt request
CPLU

INTACK

Interrupt acknowledge
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Memory Organization in Computer Architecture

A memory unit is the collection of storage units or devices together. The memory
unit stores the binary information in the form of bits. Generally, memory/storage
is classified into 2 categories:

» Volatile Memory: This loses its data, when power is switched off.

« Non-Volatile Memory: This is a permanent storage and does notllose any
data when power is switched off.

Memory Hierarchy

A memory unit is an essential component in any digital computer since it is
needed for storing programs and data.

Typically, a memory unit can be classified ifito twefcategories:

1. The memory unit that establishes direet communication with the CPU is
called Main Memory. The mainimemory is often referred to as RAM
(Random Access Memor¥y).

2. The memory units that'provide backup storage are called Auxiliary
Memory. For instance, magnetic disks and magnetic tapes are the most
commonly used auxiliafy memories.

Apart from the basic ¢lassifications of a memory unit, the memory hierarchy
consists alhof the stofage devices available in a computer system ranging from the
slow but highécapacity auxiliary memory to relatively faster main memory.
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Register

Memory

Increasing order of Cache

access time ratio Memory
Main Memory Primary Memory

Magnetic Disks AisallGieg

Memory
Magnetic Tapes

The total memory capacity of a computer ¢an be yisualized by hierarchy of
components. The memory hierarchyysystem consists of all storage devices
contained in a computer systemdrom,the slow Auxiliary Memory to fast Main
Memory and to smaller Caché’memory.

Auxillary memory access time is,geherally 1000 times that of the main memory,
hence it is at the bottom of.the hierarchy.

The main memory oceupies the central position because it is equipped to
communicate'directly'with the CPU and with auxiliary memory devices through
Input/qutputsprocessor (1/0).

Whentthe,pragram not residing in main memory is needed by the CPU, they are
brought in from auxiliary memory. Programs not currently needed in main
memory are transferred into auxiliary memory to provide space in main memory
for other programs that are currently in use.

The cache memory is used to store program data which is currently being
executed in the CPU. Approximate access time ratio between cache memory and
main memory is about 1 to 7~10
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Memory Access Methods

Each memory type, is a collection of numerous memorylocations. To access data
from any memory, first it must be located and then the datais read from the
memory location. Following are the methods to'aéeess information from memory
locations:

1. Random Access: Main memoties are random access memories, in which
each memory location has@wunique address. Using this unique address any
memory location can be reached in the same amount of time in any order.

2. Sequential Access: This methods allows memory access in a sequence or in
order.

3. Direct Access:\n this'mode, information is stored in tracks, with each track
having'a separate read/write head.

Main Memory

The mainmemory acts as the central storage unit in a computer system. It is a
relatively large and fast memory which is used to store programs and data during
the run time operations.

The primary technology used for the main memory is based on semiconductor
integrated circuits.
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The memory unit that communicates directly within the CPU, Auxillary memory
and Cache memory, is called main memory. It is the central storage unit of the
computer system. It is a large and fast memory used to store data during
computer operations. Main memory is made up of RAM and ROM, with RAM
integrated circuit chips holing the major share.

o« RAM: Random Access Memory

> DRAM: Dynamic RAM, is made of capacitors and transistors,'and
must be refreshed every 10~100 ms. It is slower and*eheaper than
SRAM.

> SRAM: Static RAM, has a six transistor cigcuit'in each cell and retains
data, until powered off.

> NVRAM: Non-Volatile RAM, retainsits datapeven when turned off.
Example: Flash memory.

o« ROM: Read Only Memory

» Read Only Memaery,'is,.nen-volatile and is more like a permanent
storage for information. It also stores the bootstrap
loader program, to léad and start the operating system when
compdtenis turned on. PROM(Programmable
ROM), EPROM(Erasable PROM) and EEPROM(Electrically Erasable
PROM) are some commonly used ROMs.

Auxiliary Memory

Devices that provide backup storage are called auxiliary memory. For
example®*Magnetic disks and tapes are commonly used auxiliary devices. Other

deviceswsed as auxiliary memory are magnetic drums, magnetic bubble memory
and optical disks.

It'is not directly accessible to the CPU, and is accessed using the Input/Output
channels.
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Auxiliary memory is known as the lowest-cost, highest-capacity and slowest-
access storage in a computer system. It is where programs and data are kept for
long-term storage or when not in immediate use. The most common examples of
auxiliary memories are magnetic tapes and magnetic disks.

Magnetic Disks

A magnetic disk is a type of memory constructed using a circular platexofdmetal or
plastic coated with magnetized materials. Usually, both sides of the diskstare used
to carry out read/write operations. However, several disks may.bestacked on one
spindle with read/write head available on each surface.

The following image shows the structural representationiforrasmagnetic disk.

An Auxiliary memory is known as the lowest-cost;highest-capacity and slowest-
access storage in a computer system. It is where pfograms and data are kept for
long-term storage or when not in immediate useThe most common examples of
auxiliary memories are magnetic tapes andymagnetic disks.

Magnetic Disks

A magnetic disk is a type of memory€onstructed using a circular plate of metal or
plastic coated with magnetized materials. Usually, both sides of the disks are used
to carry out read/write operations. However, several disks may be stacked on one
spindle with read/writé head available on each surface.

The following image*shows the structural representation for a magnetic disk.
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Magnetic disks

‘

Read/write
head

» The memory bits are stored in the magnetizéd surface in spots along the
concentric circles called tracks.

» The concentric circles (tracks)@are commonly divided into sections called
sectors.

Magnetic Tape

Magnetic tape is a stofage medium that allows data archiving, collection, and
backup for differentkinds,of data. The magnetic tape is constructed using a
plastic strip coated with asmagnetic recording medium.

The bits age recarded™as magnetic spots on the tape along several tracks. Usually,
seven Ok ninesbits,are recorded simultaneously to form a character together with
a parity,bit.

Magnetic tape units can be halted, started to move forward or in reverse, or can
be.rewound. However, they cannot be started or stopped fast enough between

individual characters. For this reason, information is recorded in blocks referred

to as records.

Cache Memory
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The data or contents of the main memory that are used again and again by CPU,
are stored in the cache memory so that we can easily access that data in shorter
time.

Whenever the CPU needs to access memory, it first checks the cache memory, If
the data is not found in cache memory then the CPU moves onto the main
memory. It also transfers block of recent data into the cache and keeps on
deleting the old data in cache to accomodate the new one.

The data or contents of the main memory that are used frequently=by»CPU are
stored in the cache memory so that the processor can eaSily aceess that data in a
shorter time. Whenever the CPU needs to access memary,it first checks the
cache memory. If the data is not found in cache meémory, then the CPU moves
into the main memory.

Cache memory is placed between the CPU and the.main memory. The block
diagram for a cache memory can be representedias:

Ay 4 N

]

Y

Main memory

J2kx12 CPU

Cache Memory
512 x 12

| J

The cache isithe fastest component in the memory hierarchy and approaches the
speed oflCPU'components.

The basic operation of a cache memory is as follows:

e When the CPU needs to access memory, the cache is examined. If the
word is found in the cache, it is read from the fast memory.

e |f the word addressed by the CPU is not found in the cache, the main
memory is accessed to read the word.
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e A block of words one just accessed is then transferred from main
memory to cache memory. The block size may vary from one word (the
one just accessed) to about 16 words adjacent to the one just accessed.

e The performance of the cache memory is frequently measured in terms
of a quantity called hit ratio.

e When the CPU refers to memory and finds the word in cache, itiis said to
produce a hit.

e |f the word is not found in the cache, it is in main memoryand iticounts
as a miss.

e The ratio of the number of hits divided by the total CPU references to
memory (hits plus misses) is the hit ratio.

Hit Ratio

The performance of cache memory is measured interms of a quantity called hit
ratio. When the CPU refers to memoryandifinds the word in cache it is said to
produce a hit. If the word is not found in caehe, it is in main memory then it
counts as a miss.

The ratio of the number of hits 16 thestotal CPU references to memory is called hit
ratio.

Hit Ratio = Hit/(Hit #Miss)

Associative Memory

It is als@ knewnmeas content addressable memory (CAM). It is a memory chip in
whiéhweach bit position can be compared. In this the content is compared in each
biteelhwhieh allows very fast table lookup. Since the entire chip can be
compared, contents are randomly stored without considering addressing scheme.
These chips have less storage capacity than regular memory chips.

An associative memory can be considered as a memory unit whose stored data
can be identified for access by the content of the data itself rather than by an
address or memory location.
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Associative memory is often referred to as Content Addressable Memory (CAM).

When a write operation is performed on associative memory, no address or
memory location is given to the word. The memory itself is capable of finding an
empty unused location to store the word.

On the other hand, when the word is to be read from an associative memory, the
content of the word, or part of the word, is specified. The words which match the
specified content are located by the memory and are marked for reading:

The following diagram shows the block representation of anwAssaciative memory.

i N

Argument register (A)

L A

|

Key register (K)

l Match register
N R

'/— Associative memory
Input ———» array and logic

Read ——»

wWrite — m words

n bits per word
< | >

Output

From the block diagram, we can say that an associative memory consists of a
memoryarray and logic for 'm' words with 'n' bits per word.

Thefunctional registers like the argument register A and key register K each
have n bits, one for each bit of a word. The match register M consists of m bits,
one for each memory word.

The words which are kept in the memory are compared in parallel with the
content of the argument register.
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The key register (K) provides a mask for choosing a particular field or key in the
argument word. If the key register contains a binary value of all 1's, then the
entire argument is compared with each memory word. Otherwise, only those bits
in the argument that have 1's in their corresponding position of the key registér
are compared. Thus, the key provides a mask for identifying a piece of
information which specifies how the reference to memory is made.

The following diagram can represent the relation between the memory-arrayand
the external registers in an associative memory.

Associative memory of m word, n cells per word:

v
-

Eéﬂ
3 [~

Word i C 4 C Cin
worsn | (oo (o]
Bit 1 Bit j Bit n

The cells present inside the memory array are marked by the letter C with two
subscripts. The first subscript gives the word number and the second specifies the
bit position in thesword. For instance, the cell Cj; is the cell for bit j in word i.

A bit A;in thefargument register is compared with all the bits in column j of the
array\pravided that K; = 1. This process is done for all columns j=1, 2, 3......, n.

If aymateh occurs between all the unmasked bits of the argument and the bits in
word1, the corresponding bit M; in the match register is set to 1. If one or more
uhmasked bits of the argument and the word do not match, M; is cleared to 0.

Memory Mapping and Concept of Virtual Memory
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The transformation of data from main memory to cache memory is called
mapping. There are 3 main types of mapping:

» Associative Mapping
» Direct Mapping
» Set Associative Mapping

Associative Mapping

The associative memory stores both address and data. The address value of 15
bits is 5 digit octal numbers and data is of 12 bits word in 4sdigit'ectal number. A
CPU address of 15 bits is placed in argument register and the associative memory
is searched for matching address.

l CPLU address 15 bits

Argument Register

Match

Address Data " Register (M)

|

Cutput

Direct Mapping

The,CPU address of 15 bits is divided into 2 fields. In this the 9 least significant bits
constitute the index field and the remaining 6 bits constitute the tag field. The
number of bits in index field is equal to the number of address bits required to
access cache memory.
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& bit=s g bits

Tag Index

Set Associative Mapping

The disadvantage of direct mapping is that two words‘with same index address
can't reside in cache memory at the same time. Thisiproblem can be overcome by
set associative mapping.

In this we can store two or more words offmemory under the same index address.
Each data word is stored together with its tag and this forms a set.

Tag Ciata Address

Replacement Algorithms

Data'is continuously replaced with new data in the cache memory using
réplacement algorithms. Following are the 2 replacement algorithms used:

o FIFO - First in First out. Oldest item is replaced with the latest item.

189




Computer System Architecture Unit - 2

e LRU - Least Recently Used. Item which is least recently used by CPU is
removed.

Virtual Memory

Virtual memory is the separation of logical memory from physical memory. This
separation provides large virtual memory for programmers when only small
physical memory is available.

Virtual memory is used to give programmers the illusion that they have a very
large memory even though the computer has a small mainsmemary. [t makes the
task of programming easier because the programmer polonger'needs to worry
about the amount of physical memory available.

e —

page 0 / \
page 1 p/

N=

r

Mrotr v
page n

virtual memaory ohyical memory
¥ ¥
secondary memaory

Memory Management Unit (MMU)

A'computer’s memory management unit (MMU) is the physical hardware that
handles its virtual memory and caching operations. The MMU is usually located
within the computer’s central processing unit (CPU), but sometimes operates in a
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separate integrated chip (IC). All data request inputs are sent to the MMU, which
in turn determines whether the data needs to be retrieved from RAM or ROM
storage.

A memory management unit is also known as a paged memory managementiunits
The memory management unit performs three major functions:

» Hardware memory management
» Operating system (OS) memory management
» Application memory management

Hardware memory management deals with a system!s'/RAM and cache memory,
OS memory management regulates resources amongyobjeets and data structures,
and application memory management allocateSiand optimizes memory among
programs.

The MMU also includes a section of memerythat holds a table that matches
virtual addresses to physical addresses, called the translation lookaside buffer
(TLB).

Multiprocessor

A Multiprocessor is a ¢omputer system with two or more central processing units
(CPUs) share full ageess to,a cdmmon RAM. The main objective of using a
multiprocessorfis to boostithe system’s execution speed, with other objectives
being fault tolerance and application matching.

There ate two types of multiprocessors, one is called shared memory
multiprecessor and another is distributed memory multiprocessor. In shared
memoty multiprocessors, all the CPUs shares the common memory butin a
distributed memory multiprocessor, every CPU has its own private memory.
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Applications of Multiprocessor — \

1. As a uniprocessor, such as single instruct inglesdata stream (SISD).

2. As a multiprocessor, such as single instruction, multiple data stream (SIMD),

which is usually used for vector pr

3. Multiple series of instru le perspective, such as multiple

instruction, single data'str ISD), which is used for describing hyper-
threading or pipelined cessors.

4. Inside a single sy executing multiple, individual series of
instructions i perspectives, such as multiple instruction, multiple
data s ( D).
Benefits o ultiprocessor —

nced performance.
ultiple applications.
> Multi-tasking inside an application.
» High throughput and responsiveness.

» Hardware sharing among CPUs.
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Characteristics of multiprocessor

A multiprocessor system has two or more CPUs. It is an interconnection of twoior
more CPUs with memory and input-output equipment. The term “processor” in
multiprocessor can mean either a central processing unit (CPU) or an input-eutput
processor (IOP). However, a system with a single CPU and one or more,|@Ps‘is
usually not included in the definition of a multiprocessor system uhless the IOP
has computational facilities comparable to a CPU. As it is most.commonly defined,
a multiprocessor system implies the existence of multiple CPUspalthough usually
there will be one or more IOPs as well. As mentionedyearlier multiprocessors are
classified as multiple instruction stream, multiple data stream (MIMD) systems.

There are some similarities between multiprocessomand multicomputer systems
since both support concurrent operations. However, there exists an important
distinction between a system with multiple'‘eomputers and a system with multiple
processors. Computers are interconnected with each other by means of
communication lines to form a‘computer network. The network consists of
several autonomous computers that may or may not communicate with each
other. A multiprocessorsystemiis gontrolled by one operating system that
provides interaction between processors and all the components of the system
cooperate in the solutien of a problem.

Multiprocessing improves the reliability of the system so that a failure or error in
one part haswalimited effect on the rest of the system. If a fault cause one
processor tofail, a second processor can be assigned to perform the functions of
the disabled processor. The system as a whole can continue to function correctly
with perhaps some loss in efficiency.

The benefit derived from a multiprocessor organization is an improved system
performance. The system derives its high performance from the fact that
computations can proceed in parallel in one of two ways.

1. Multiple independent jobs can be made to operate in parallel.
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2. Asingle job can be partitioned into multiple parallel tasks.

An overall function can be partitioned into a number of tasks that each processor
can handle individually. System tasks may be allocated to special purpose
processors whose design is optimized to perform certain types of processing
efficiently. An example is a computer system where one processor perfaorms the
computations for an industrial process control while other monitor and controil
the various parameters, such as temperature and flow rate.

Multiprocessors are classified by the way their memory is organized:A
multiprocessor system with common shared memory is classifiedas a shared-
memory or tightly coupled multiprocessor. This doesgnot preclude each processor
from having its own local memory. In fact, most cdmmercial tightly coupled
multiprocessors provide a cache memory with @ach CPUyIn addition, there is a
global common memory that all CPUs can @ccess.dnfofmation can therefore be
shared among the CPUs by placing it indhe.common global memory.

An alternative model of microprocesser is the distributed-memory or loosely
coupled system. Each processof.elementin a loosely coupled system has its own
private local memory. The processoarsare tied together by a switching scheme
designed to route information fromone processor to another through a message-
passing scheme. The precessors relay program and data to other processors in
packets. A packet cansists'of an address, the data content, and some error
detection code. The packets are addressed to a specific processor or taken by the
first available precessor, depending on the communication system used. Loosely
coupled\systemsare most efficient when the interaction between tasks is
minimal, Whekeas tightly coupled systems can tolerate a higher degree of
intéraction between tasks.

Interconnection Structures

CPUs, TOPs connect’ to input-output device, and a memory unit form a
multiprocessor system, they may be partitioned into a number of separate
modules. The interconnection between the components can have different
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physical configurations, depending on the number of transfer paths that are
available between the processors and memory in a shared memory system or
among the processing elements in a loosely coupled system. There are several
physical forms available for establishing an interconnection network. Some of
these schemes are presented in this section:

1. Time-shared common bus
2. Multiport memory
3. Crossbar switch
4. Multistage switching network
5. Hypercube system
Time Shared Common bus

A common-bus multiprocessor system consists of a number of processors
connected through a common path toxa memory unit. A time-shared common bus
for five processors is shown in figure below. Only one processor can communicate
with the memory or anotherprocessor at any given time. Transfer operations are
conducted by the processor that,isfin control of the bus at the time. Any other
processor wishing to initiate,a transfer must first determine the availability status
of the bus, and only.after the bus becomes available can the processor address
the destinatienunit tQ initiate the transfer. Acommand is issued to inform the
destination unitwhatoperation is to be performed. The receiving unit recognizes
its address indghedpus and responds to the control signals from the sender, after
which*the\transfer is initiated. The system may exhibit transfer conflicts since one
common bus is shared by all processors. These conflicts must be resolved by
incorporating a bus controller that establishes priorities among the requesting
units.

A single common-bus system is restricted to one transfer at a time. This means
that when one processor is communicating with the memory, all other processors
are either busy with internal operations or must be idle waiting for the bus. As a
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consequence, the total overall transfer rate within the system is limited by the
speed of the single path. The processors in the system can be kept busy more
often through the implementation of two or more independent buses to permit
multiple simultaneous bus transfers. However, this increases the system cost and
complexity.

Multiport Memory

A multiport memory system employs separate buses between each memary
module and each CPU. This is shown in figure below for four CRUS-and\four
memory modules (MMs). Each processor bus is connected to eachmemory
module. A processor bus consists of the address, data, and,control lines required
to communicate with memory. The memory moddletis saidyto have four ports and
each port accommodates one of the buses. Théilmodule'must have internal
control logic to determine which port will have aggessto memory at any given
time. Memory access conflicts are resolved by assigning fixed priorities to each
memory port. The priority for memaory access associated with each processor may
be established by the physical paft pesition'that its bus occupies in each module.
Thus CPU1 will have priority overCPU2, CPU2 will have priority over CPU3, and
CPU4 will have the lowest priority. The advantage of the multiport memory
organization is the high transfer rate that can be achieved because of the multiple
paths between progessors and’rmemory. The disadvantage is that it requires
expensive memory centrollogic and a large number of cables and connectors. As
a consequence, this interconnection structure is usually appropriate for systems
with a small"aumber of processors.

Crossbar Switch

The crossbar switch organization consists of a number of crosspoints that are
placed at intersections between processor buses and memory module paths.
Figure below shows a crossbar switch interconnection between four CPUs and
four memory modules. The small square in each crosspoint is a switch that
determines the path from a processor to a memory module. Each switch point
has control logic to set up the transfer path between a processor and memory. It
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examines the address that is placed in the bus to determine whether its particular
module is being addressed. It also resolves multiple requests for access to the
same memory module on a predetermined priority basis.

Multistage Switching network

The basic component of a multistage network is a two-input, two-output
interchange switch. There are control signals (not shown) associated with the
switch that establish the interconnection between the input and output
terminals. The switch has the capability of connecting input Ato"either of the
outputs. Terminal B of the switch behaves in a similar fashion. Theswitch also has
the capability to arbitrate between conflicting requestsylfinputs A and B both
request the same output terminal, only one of them*will be,connected; the other
will be blocked.

Hypercube Interconnection

The hypercube or binary n-cube multiprocessor structure is a loosely coupled
system composed of N = 2n progéssoss interconnected in an n-dimensional binary
cube. Each processor forms a‘hode of the cube. Although it is customary to refer
to each node as having a processor, in effect it contains not only a CPU but also
local memory and I/Odnterface. Each processor has direct communication paths
to n other neighbonprocessors. These paths correspond to the edges of the cube.
There are 2" distinct'nébitsbinary addresses that can be assigned to the
processors. Eaeh processor address differs from that of each of its n neighbors by
exactly one bit position.

Interconnection Structures
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The processor uses a multidrop, shared system bus to provide four-way glueless

multiprocessor system support. No additional bridges are needed for building up
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to a four-way system. Systems with eight or more processors are designed
through clusters of these nodes using high-speed interconnects. Note that
multidrop buses are a cost-effective way to build high-performance four-way
systems for commercial transaction processing and e-business workloads. These
workloads often have highly shared writeable data and demand high throughput
and low latency on transfers of modified data between caches of multiple
processors. In a four-processor system, the transactionbased bus protecel allows
up to 56 pending bus transactions (including 32 read transactions)wn thetwbus at
any given time. An advanced MESI coherence protocol helps inréducing bus
invalidation transactions and in providing faster access to writeable data. The
cache-to-cache transfer latency is further improved by‘an‘enhanced defer
mechanism, which permits efficient out-of-order data transfers and out-of-order
transaction completion on the bus. A deferred transaction on the bus can be
completed without reusing the address bus: This'kéduées data return latency for
deferred transactions and efficiently uses the address bus. This feature is critical
for scalability beyond four-processof,systems."The 64-bit system bus uses a
source-synchronous data transfeftorachieve 266-Mtransfers/ s, which enables a
bandwidth of 2.1 Gbytes/s. The cembination of these features makes the Itanium
processor system a scalable buildingWlock for large multiprocessor systems.

Source Synchronous Mede

In source synchtonousimede, the clock to data phase relationship at the input

pins is maintained at the clock and data ports of the IOE input register. This mode
is recommended for source synchronous data transfers. Data and clock signals at
the JOE experience similar buffer delays as long as the same 1/0 standard is used.

Interprocessor Arbitration

Computer systems contain a number of buses at various levels to facilitate the
transfer of information between components. The CPU contains a number of
internal buses for transferring information between processor registers and ALU.
A memory bus consists of lines for transferring data, address, and read/write
information. An I/0O bus is used to transfer information to and from input and
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output devices. A bus that connects major components in a multi-processor
system, such as CPUs, |OPs, and memory, is called a system bus. The physical
circuits of a system bus are contained in a number of identical printed circuit
boards. Each board in the system belongs to a particular module. The board
consists of circuits connected in parallel through connectors. Each pin of each
circuit connector is connected by a wire to the corresponding pin of all othek
connectors in other boards. Thus any board can be plugged into a slotindheback-
pane that forms the system bus.

The processors in a shared memory multiprocessor systemsreguest access to
common memory or other common resources through the system bus. If n other
processor is currently utilizing the bus, the requesting processor may be granted
access immediately. However, the requesting processor must wait if another
processor is currently utilizing the system bus. Furthermore, other processors
may request the system bus at the same time. Arbitration must then be
performed to resolve this multiple contention for the shared resources. The
arbitration logic would be part of the system bus controller placed between the
local bus and the system bus.

System Bus

A typical system bus consists of approximately 100 signal lines. These lines are
divided into three funetional groups: data, address, and control. In addition, there
are power distribution lines that supply power to the components. For example,
the IEEE standard 796 multibus system has 16 data lines, 24 address lines, 26
controlilines,and,20 power lines, for a total of 86 lines.

The data'lines provide a path for the transfer of data between processors and
common memory. The number of data lines is usually a multiple of 8, with 16 and
32 being most common. The address lines are used to identify a memory address
ar any other source or destination, such as input or output ports. The number of
address lines determines the maximum possible memory capacity in the system.
For example, an address of 24 lines can access up to 2” (16 mega) words of
memory. The data and address lines are terminated with three-state buffers. The
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address buffers are unidirectional from processor to memory. The data lines are
bi- directional, allowing the transfer of data in either direction.

Data transfers over the system bus may be synchronous or asynchronous. In a
synchronous bus, each data item is transferred during a time slice known in
advance to both source and destination units; synchronization is achievediby
driving both units from a common clock source. An alternative procedure is,to
have separate clocks of approximately the same frequency in each unit:
Synchronization signals are transmitted periodically in order to keemall clocks
asynchronous bus in the system in step with each other. Insan,asynchronous bus,
each data item being transferred is accompanied by handshaking control signals
to indicate when the data are transferred from thegource andsreceived by the
destination.

The control lines provide signals for controlling the'inférmation transfer between
units. Timing signals indicate the validity, of data and address information.
Command signals specify operationsyto be'performed. Typical control lines
include transfer signals such as memeryyread and write, acknowledge of a
transfer, interrupt requests, bus eontral signals such as bus request and bus grant,
and signals for arbitration proeédures.

Serial Arbitration Procedure

Arbitration pro¢edures senvice all processor requests on the basis of established
priorities. A hardware'bus priority resolving technique can be established by
means of a.Serial'er parallel connection of the units requesting control the system
bus Theserial priority resolving technique is obtained from daisy-chain
cennection of bus arbitration circuits similar to the priority interrupt logic.

Theyrocessors connected to the system bus are assigned priority according to
their position along the priority control line. The device closest to the priority line
is assigned the highest priority. When multiple devices concurrently request the
use of the bus, the device with the highest priority is granted access to it.

Parallel Arbitration Logic
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The parallel bus arbitration technique uses an external priority encoder and
decoder as shown in figure below. Each bus arbiter in the parallel scheme has a
bus request output line and a bus acknowledge input line. Each arbiter enables
the request line when its processor is requesting access to the system bus. Thé
processor takes control of the bus if its acknowledge input line is enabled. The'hus
busy line provides an orderly transfer of control, as in the daisy-chaining'case.

Dynamic Arbitration Algorithms

The two bus arbitration procedures just described use a static'priorityialgorithm
since the priority of each device is fixed by the way it is connectedito the bus. In
contrast, a dynamic priority algorithm gives the systesmithe,capability for changing
the priority of the devices while the system is in operationaWe now discuss a few
arbitration procedures that use dynamic priorityralgorithms.

The time slice algorithm allocates a fixed-length time slice of bus time that is
offered sequentially to each processor, inyround4robin fashion. The service given
to each system component with this secheme is independent of its location along
the bus. No preference is given‘to any'particular device since each is allotted the
same amount of time to communicate with the bus.

In a bus system that uses'polling,'the bus-grant signal is replaced by a set of lines
called poll lines, which are cofinected to all units. These lines are used by the bus
controller to define anfaddress for each device connected to the bus. The bus
controller sequences through the addresses in a prescribed manner. When a
processor that.requires access recognizes its address, it activates the bus busy-
line andthen accesses the bus. After a number of bus cycles, the polling process
centinues'by choosing a different processor. The polling sequence is normally
pregrammable, and as a result, the selection priority can be altered under
pregram control.

The least recently used (LRU) algorithm gives the highest priority to the
requesting device that has not used the bus for the longest interval. The priorities
are adjusted after a number of bus cycles according to the LRU algorithm. With
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this procedure, no processor is favored over any other since the priorities are
dynamically changed to give every device an opportunity to access the bus.

In the first-come, first-serve scheme, requests are served in the order receivedsTo
implement this algorithm, the bus controller establishes a queue arranged
according to the time that the bus requests arrive. Each processor must,wait for
its turn to use the bus on a first-in, first-out (FIFO) basis. The rotating,daisy*chain
procedure is a dynamic extension of the daisy-chain algorithm. In,this scheme
there is no central bus controller, and the priority line is connected from the
priority-out of the last device back to the priority-in of thefirst device in a closed
loop. This is similar to the connections shown in figure, for seriallarbitration except
that the PO output of arbiter 4 is connected to the Pl'input ofarbiter 1.
Whichever device has access to the bus serves as a busicontroller for the
following arbitration. Each arbiter priority for a givémn,bus cycle is determined by
its position along the bus priority line from the arbiter whose processor is
currently controlling the bus. Once an arhiter reléases the bus, it has the lowest
priority.

Interprocessor Communication & Synchronization

The various processors.in a multiprocessor system must be provided with a facility
for communicating withyeaeh other. A communication path can be established
through comman inptoutput channels. In a shared memory multiprocessor
system, the most common procedure is to set aside a portion of memory that is
accessibleygto all\pro€essors. The primary use of the common memory is to act as a
message center'similar to a mailbox, where each processor can leave messages
for other‘processors and pick up messages intended for it.

The sending processor structures a request, a message, or a procedure, and
places it in the memory mailbox. Status bits residing in common memory are
generally used to indicate the condition of the mailbox, whether it has meaningful
information, and for which processor it is intended. The receiving processor can
check the mailbox periodically to determine if there are valid messages for it. The
response time of this procedure can be time consuming since a processor will
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recognize a request only when polling messages. A more efficient procedure is for
the sending processor to alert the receiving processor directly by means of an
interrupt signal. This can be accomplished through a software-initiated
interprocessor interrupt by means of an instruction in the program of one
processor which when executed produces an external interrupt condition,in a
second processor. This alerts the interrupted processor of the fact that a'new
message has been inserted by the interrupting processor. In additionto shared
memory, a multiprocessor system may have other shared resources. For'example,
a magnetic disk storage unit connected to an IOP may be availableste:all CPUs.
This provides a facility for sharing of system programs stared injthe disk.

To prevent conflicting use of shared resources by severalproeessors there must
be a provision for assigning resources to processors. This task is given to the
operating system. There are three organizationsithat,have been used in the
design of operating system for multiprocessors: master-slave configuration,
separate operating system, and distributed eperating system. In a master-slave
mode, one processor, designated the'master, always executes the operating
system functions. The remaining processors, denoted as slaves, do not perform
operating system functions{f a slave processor needs an operating system
service, it must request.it by interrdpting the master and waiting until the current
program can be interrupted. In the separate operating system organization, each
processor can executésthe'gperating system routines it needs. This organization is
more suitable for loosely coupled systems where every processor may have its
own copyqef the entire operating system. In the distributed operating system
organization,Aheoperating system routines are distributed among the available
processors. However, each particular operating system function is assigned to
enlynone processor at a time. This type of organization is also referred to as a
floating operating system since the routines float from one processor to another
and the execution of the routines may be assigned to different processors at
different times.

Inter Process Communication
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Inter Process Communication (IPC) is a mechanism that involves communication
of one process with another process. This usually occurs only in one system.

Communication can be of two types -

» Between related processes initiating from only one process, such as parent
and child processes.

o Between unrelated processes, or two or more different pracesses.

Following are some important terms that we need to know beferémproceeding
further on this topic.

Pipes - Communication between two related processes. Themmechanism is half
duplex meaning the first process communicates with the second process. To
achieve a full duplex i.e., for the second processto temmunicate with the first
process another pipe is required.

FIFO - Communication between twonrelated processes. FIFO is a full duplex,
meaning the first process can communicate with the second process and vice
versa at the same time.

Message Queues - Communication’between two or more processes with full

duplex capacity. The processes will communicate with each other by posting a
message and retrieving,it out of the queue. Once retrieved, the message is no
longer available in the queue.

Shared Memory =,Communication between two or more processes is achieved
through'a shared piece of memory among all processes. The shared memory
needs\tobe protected from each other by synchronizing access to all the
precesses.

Semaphores - Semaphores are meant for synchronizing access to multiple
processes. When one process wants to access the memory (for reading or
writing), it needs to be locked (or protected) and released when the access is
removed. This needs to be repeated by all the processes to secure data.
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Signals — Signal is a mechanism to communication between multiple processes by
way of signaling. This means a source process will send a signal (recognized by
number) and the destination process will handle it accordingly.

Note - Almost all the programs in this tutorial are based on system calls undex
Linux Operating System (executed in Ubuntu).

Interprocessor Synchronization

The instruction set of a multiprocessor contains basic instructions that are'used to
implement communication and synchronization between_gooepetrating processes.
Communication refers to the exchange of data between different processes. For
example, parameters passed to a procedure in a different,pfecéssor constitute
interprocessor communication. Synchronization refersito the special case where
the data used to communicate between processersis.control information.
Synchronization is needed to enforce the correct sequence of processes and to
ensure mutually exclusive access to sharedwritable data.

Multiprocessor systems usually ificliide various mechanisms to deal with the
synchronization of resourcesfLow:level primitives are implemented directly by
the hardware. These primitivasfare the basic mechanisms that enforce mutual
exclusion for more complex mechanisms implemented in software. A number of
hardware mechanisms for, mttual exclusion have been developed. One of the
most popular methods'is'through the use of a binary semaphore.

Mutual Exclusion with a Semaphore

A binary\ariable called a semaphore is often used to indicate whether or not a
processoris executing a critical section. A semaphore is a software-controlled flag
that is'stored in a memory location that all processors can access. When the
semaphore is equal to 1, it means that a processor is executing a critical program,
s@ that the shared memory is not available to other processors. When the
semaphore is equal to 0, the shared memory is available to any requesting
processor. Processors that share the same memory segment agree by convention
not to use the memory segment unless the semaphore is equal to 0, indicating
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that memory is available. They also agree to set the semaphore to 1 when they
are executing a critical section and to clear it to 0 when they are finished.

A semaphore can be initialized by means of a test and set instruction in
conjunction with a hardware lock mechanism. A hardware lock is a processors
generated signal that serves to prevent other processors from using the,system
bus as long as the signal is active. The test-and-set instruction tests and sets a
semaphore and activates the lock mechanism during the time that the instruction
is being executed. This prevents other processors from changing thessemaphore
between the time that the processor is testing it and the time,that it is setting it.
Assume that the semaphore is a bit in the least significant position of a memory
word whose address is symbolized by SEM. Let thesnnemoniesTSL designate the
“test and set while locked” operation. The instruction

TSL SEM

will be executed in two memory cycles (the'first.to read and the second to write)
without interference as follows:

R& MISEM] Test semaphore
M [SEM] € 1 Set semaphore

The semaphore is testedystransferring its value to a processor register R and
then it is set to 1. The Valuayin R determines what to do next. If the processor
finds that R =1,it knows that the semaphore was originally set (the fact that it is
set again dees not change the semaphore value). That means another processor is
executing a'efitical section, so the processor that checked the semaphore does
not access .the shared memory. R = 0 means that the common memory (or the
shared resource that the semaphore represents) is available. The semaphore is
set'to 1 to prevent other processors from accessing memory. The processor can
now execute the critical section. The last instruction in the program must clear
location SEM to zero to release the share resource to other processors.

Cache Coherence
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We know that the primary advantage of cache is its ability to reduce the average
access time in uniprocessor systems. When the processor finds a word in cache
during a read operation, the main memory is not involved in the transfer. If the
operation is to write, there are two commonly used procedures to update
memory. In the write-through policy, both cache and main memory are updated
with every write operation. In the write-back policy, only the cache is updated
and the location is marked so that it can be copied later into main memofy. In a
shared memory multiprocessor system, all the processors share a'gommon
memory. In addition, each processor may have a local memory, part.or. all of
which may be a cache. The compelling reason for having §eparate‘caches for each
processor is to reduce the average access time in each proeessor .The same
information may reside in a number of copies in some caches and main memory.
To ensure the ability of the system to execute Memory operations correctly, the
multiple copies must be kept identical. Thisfrequirément imposes a cache
coherence problem. A memory schemeiis coherentif the value returned on a load
instruction is always the value giventby theyatést store instruction with the same
address. Without a proper solutionte, the cache coherence problem, caching
cannot be used in bus-orientéd multiprocessor with two or more processors.

Conditions for Incoherence

Cache-coherence problems o€cur in multiprocessors with private caches because
of the need to sharewritable data. Read-only data can safely be replicated
without cachecoherence enforcement mechanism to illustrate the problem,
consider the'three:-processor configuration with private caches

Solution to the Cache Coherence System

Thereake various schemes to solve the cache coherence problem in shared
memoery multiprocessors.

A'simple scheme is to disallow private caches for each processor and have a
shared cache memory associated with main memory. Every data access is made
to the shared cache. This method violates the principle of closeness of CPU to
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cache and increases the average memory access time. In effect, this scheme
solves the problem by avoiding it.

For performance considerations it is desirable to attach a private cache to each
processor. One scheme that has been used allows only non-shared and read=enly
to be stored in caches. Such items are called cacheable. Shared writable,data are
non-cachable. The compiler must tag data as either cachable or nonxcachable;}
and the system hardware makes sure that only cachable data arestored.in
caches. The non-cachable data remain in main memory. This method restricts the
type of data stored in caches and introduces an extra software overhead that may
degrade performance.

A scheme that allows writable data to exist in at léastone‘eache is a method that
employs a centralized global table in its compil&r,The status of memory blocks is
stored in the central global table. Each blogk'is identified as read-only (RO) or
read-write (RW). All caches can have copies of blacks identified as RO.

Only one cache can have a copy of an'RW block. Thus if the data are updated in
the cache with an RW block, the. othericaches are not affected because they do
not have a copy of this block;, The cache coherence problem can be solved by
means of a combination,of softwaré and hardware or by means of hardware-only
schemes. The two methods,mentioned previously use software-based procedures
that require the abilityato tag information in order to disable caching of shared
writable data, Hardware-only solutions are handled by the hardware
automatieally and Wave the advantage of higher speed and program transparency.
In the hardwaressolution, the cache controller is speedily designed to allow it to
moniter all bus requests from CPUs and IOPs. All caches attached to the bus
constantly monitor the network for possible write operations. Depending on the
method used, they must then either update or invalidate their own cache copies
when a match is detected. The bus controller that monitors this action is referred
to snoopy cache as a snoopy cache controller. This is basically a hardware unit
designed to maintain a bus-watching mechanism over all the caches attached to
the bus.
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Various schemes have been proposed to solve the cache coherence problem by
means of snoopy cache protocol. The simplest method is to adopt a write-through
policy and use the following procedure. All the snoopy controllers watch the bus
for memory store operations. When a word in a cache is updated by writing inte
it, the corresponding location in main memory is also updated. The local snoopy.
controllers in all other caches check their memory to determine if they havesa
copy of the word that has been overwritten. If a copy exists in a remote cache,
that location is marked invalid. Because all caches snoop on all busywrites;
whenever a word is written, the net effect is to update it in the OFiginal cache and
main memory and remove it from all other caches. If at some futuce time a
processor accesses the invalid item from its cache, the'response is equivalent to a
cache miss, and the updated item is transferred fromymaimymemory. In this way,
inconsistent versions are prevented

The Cache Coherence Problem

In @ multiprocessor system, data incensistency'may occur among adjacent levels
or within the same level of the meémaryshierarchy. For example, the cache and the
main memory may have incofisistent copies of the same object.

As multiple processors operate‘in parallel, and independently multiple caches
may possess different cepies of the same memory block, this creates cache
coherence problem, Cachecoherence schemes help to avoid this problem by
maintaining a uniform state for each cached block of data.
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Processor 1 P1 P2 pi 5 55 -
Caches X X X1 X X1 X
Bus
Shared
Memory X X1 X
Before Update Write -through Write - back

Let X be an element of shared data which has been referenced by two processors,
P1and P2. In the beginning, three copies of X are €ensistent. If the processor P1
writes a new data X1 into the cache, by using write-through policy, the same copy
will be written immediately into the sharedimemory. In this case, inconsistency
occurs between cache memory and the maih memory. When a write-back

policy is used, the main memory will be tpdated when the modified data in the
cache is replaced or invalidated.

In general, there are three sources of inconsistency problem -
« Sharing of writable data
o Processymigration
o 1fO activity

Snoopy Bus Protocols

Snoopy protocols achieve data consistency between the cache memory and the
shared memory through a bus-based memory system. Write-
invalidate and write-update policies are used for maintaining cache consistency.
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X
X X X
P1 P2 P3

Shared Memory

Bus

Caches

Processors

Consistent copies of block X are in shared memory and three processor caches

4

U

212]




Computer System Architecture Unit - 2

Shared Memory
X1
Bus
X1 | ! Caches
P1 P2 P3 Processors

After a write invalidate operation by P1

In this case, we have three processors P1, P2, and P3 having a consistent copy of
data element ‘X’ in their local'é@che memory and in the shared memory (Figure-
a). Processor P1 write§ X1iin its cache memory using write-invalidate protocol.
So, all other copiesiake invalidated via the bus. It is denoted by ‘I’ (Figure-b).
Invalidated blocks ared@lserknown as dirty, i.e. they should not be used. The write-
update protocel updates all the cache copies via the bus. By using write back
cache, the'memory copy is also updated (Figure-c).
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X1 Shared Memory
Bus
X1 X1 X1 Caches
P1 P2 P3 Processors

After a write Update operation by P1

Cache Events and Actions

Following events ahd,actions occur on the execution of memory-access and
invalidation commands -

o Read:miss,— When a processor wants to read a block and it is not in the
cachey@ réad-miss occurs. This initiates a bus-read operation. If no dirty
eepy exists, then the main memory that has a consistent copy, supplies a
copy to the requesting cache memory. If a dirty copy exists in a remote
cache memory, that cache will restrain the main memory and send a copy
to the requesting cache memory. In both the cases, the cache copy will
enter the valid state after a read miss.
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Write-hit - If the copy is in dirty or reserved state, write is done locally and
the new state is dirty. If the new state is valid, write-invalidate command is
broadcasted to all the caches, invalidating their copies. When the shared
memory is written through, the resulting state is reserved after this first
write.

Write-miss - If a processor fails to write in the local cache memory, the
copy must come either from the main memory or from a remote‘cache
memory with a dirty block. This is done by sending a read-

invalidate command, which will invalidate all cachegopies. Then the local
copy is updated with dirty state.

Read-hit — Read-hit is always performed in{ocal cache memory without
causing a transition of state or using the Snoopy bus for invalidation.

Block replacement — When a copy is dirty, it.is to be written back to the
main memory by block replacement method. However, when the copy is
either in valid or reserved or.invalid state, no replacement will take place.

Directory-Based Protocols

By using a multistage network for building a large multiprocessor with hundreds

of processors, the snoopy eache protocols need to be modified to suit the
network capabilities. Broadcasting being very expensive to perform in a

multistage network, the consistency commands is sent only to those caches that

keep a copy of the bleck. This is the reason for development of directory-based

protocols farmetwork-connected multiprocessors.

Im,a directory-based protocols system, data to be shared are placed in a common

directory that maintains the coherence among the caches. Here, the directory

acts as a filter where the processors ask permission to load an entry from the

primary memory to its cache memory. If an entry is changed the directory either

updates it or invalidates the other caches with that entry.

Hardware Synchronization Mechanisms
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Synchronization is a special form of communication where instead of data control,
information is exchanged between communicating processes residing in the same
or different processors.

Multiprocessor systems use hardware mechanisms to implement low-level
synchronization operations. Most multiprocessors have hardware mechanisms to
impose atomic operations such as memory read, write or read-modify-write
operations to implement some synchronization primitives. Otherghan atomic
memory operations, some inter-processor interrupts are alsogused for
synchronization purposes.

Cache Coherency in Shared Memory Machines

Maintaining cache coherency is a problem in multiprocessor system when the
processors contain local cache memory. Data inconsistency between different
caches easily occurs in this system.

The major concern areas are -
o Sharing of writable data
o Process migration
o 1/0 activity

Sharing of writable data

When twayprocessors’(P1 and P2) have same data element (X) in their local
cachesand'‘eneprocess (P1) writes to the data element (X), as the caches are
write-through local cache of P1, the main memory is also updated. Now when P2
triessto,read data element (X), it does not find X because the data element in the
cache of P2 has become outdated.
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Processor 1 P1 p2 - = - 5
| !
H ]
H ]
! |
v v
Caches X X X1 X X1 X
1
1
1
LI,
Bus
v
Shared
Memory X X1 X
Befors Update V/rite -through write - back

Process migration

In the first stage, cache of P1 has data element X, whereas P2 does not have
anything. A process on P2 first writes on X,ahd then migrates to P1. Now, the
process starts reading data element X)but as the processor P1 has outdated data
the process cannot read it. So, a\process on P1 writes to the data element X and
then migrates to P2. After migration, @ process on P2 starts reading the data
element X but it finds an,outdated#/ersion of X in the main memory.

Processor 1 P1 p2 5 5 o 5
! !
| ]
! 1
! 1
¥, \ 4
Caches X X X1 X1 X
: A
] H
end ]
Bus ;
N
Shared
Memory X X1 X
Before Update Write -through Virite - back
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1/0 activity

As illustrated in the figure, an I/O device is added to the bus in a two-processor
multiprocessor architecture. In the beginning, both the caches contain the data
element X. When the 1/O device receives a new element X, it stores the new
element directly in the main memory. Now, when either P1 or P2 (assumewP1)
tries to read element X it gets an outdated copy. So, P1 writes to element X. Now,
if I/O device tries to transmit X it gets an outdated copy.

Processor-} P1 P2 P1 P2 p1 p2
Caches X X X X X1 X
r-- .----------‘l [ bt whabededendd L] "
Bus v - 4 -
i i v
X X1 X1 X X
Memory 1/0 Memaory 1/0 Memory 1/0
Write -through Write - back

Uniform Memory Access (UMA)

Uniform Memory Accéss (UMA) architecture means the shared memory is the
same for all processess in the system. Popular classes of UMA machines, which
are commonlyused for (file-) servers, are the so-called Symmetric
Multiprocessors (SMPs). In an SMP, all system resources like memory, disks, other
|/@.devices) etc. are accessible by the processors in a uniform manner.

Noen:Uniform Memory Access (NUMA)

I NUMA architecture, there are multiple SMP clusters having an internal
indirect/shared network, which are connected in scalable message-passing
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network. So, NUMA architecture is logically shared physically distributed memory
architecture.

In a NUMA machine, the cache-controller of a processor determines whether a
memory reference is local to the SMP’s memory or it is remote. To reduce the
number of remote memory accesses, NUMA architectures usually apply,caching
processors that can cache the remote data. But when caches are invelved, cache
coherency needs to be maintained. So these systems are also knewn as’CC-NUMA
(Cache Coherent NUMA).

Cache Only Memory Architecture (COMA)

COMA machines are similar to NUMA machines, with theyonlydifference that the
main memories of COMA machines act as direct-mapped or’set-associative
caches. The data blocks are hashed to a locationiin’the DRAM cache according to
their addresses. Data that is fetched remotely is actually stored in the local main
memory. Moreover, data blocks do not have,a fixed home location, they can
freely move throughout the system.

COMA architectures mostly have'a hierarchical message-passing network. A
switch in such a tree contains‘a‘directory with data elements as its sub-tree. Since
data has no home locatioh, it must be explicitly searched for. This means that a
remote access requites atraversal along the switches in the tree to search their
directories for the required data. So, if a switch in the network receives multiple
requests fromiits subtree for the same data, it combines them into a single
request which,is sent to the parent of the switch. When the requested data
returns, the'switch sends multiple copies of it down its subtree.

COMA versus CC-NUMA
Fallowing are the differences between COMA and CC-NUMA.

o COMA tends to be more flexible than CC-NUMA because COMA
transparently supports the migration and replication of data without the
need of the OS.
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o« COMA machines are expensive and complex to build because they need
non-standard memory management hardware and the coherency protocol
is harder to implement.

e Remote accesses in COMA are often slower than those in CC-NUMA singe
the tree network needs to be traversed to find the data.

Multicore processor

A multicore processor is a single computing component competised of two or
more CPUs that read and execute the actual program instewetions. The individual
cores can execute multiple instructions in parallel, increasing the performance of
software which is written to take advantage of the dinique arehitecture.

The first multicore processors were produced byalntel and AMD in the early
2000s. Today, processors are created withgwo cores ("dual core"), four cores
("quad core"), six cores ("hexa core"), and'eight ceres ("octo core"). Processors
are made with as many as 100 physical cores, as well as 1000 effective
independent cores by using FPGASs (Field,Programmable Gate Arrays).

A multicore processor is a singlejintegrated circuit (a.k.a., chip multiprocessor or
CMP) that contains multiple core pfocessing units, more commonly known

as cores. There are manydifferent multicore processor architectures, which vary
in terms of

« Numbenof cores. Different multicore processors often have different
numbess oficores. For example, a quad-core processor has four cores. The
number of cores is usually a power of two.

oo, Number of core types.

o Homogeneous (symmetric) cores. All of the cores in a homogeneous
multicore processor are of the same type; typically the core
processing units are general-purpose central processing units that
run a single multicore operating system.
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o Heterogeneous (asymmetric) cores. Heterogeneous multicore
processors have a mix of core types that often run different
operating systems and include graphics processing units.

o Number and level of caches. Multicore processors vary in terms of
their instruction and data caches, which are relatively small and fastypools
of local memory.

» How cores are interconnected. Multicore processors also vary in terms of
their bus architectures.

« lIsolation. The amount, typically minimal, of in-chip support for the spatial
and temporal isolation of cores:

o Physical isolation ensures that different cores cannot access the
same physical hardware (e.g.gmemory locations such as caches and
RAM).

o Temporal isolation ensures that the execution of software on
one core does notimpactithetemporal behavior of software running
on another core.

Homogeneous Multicére\Processor

The following figure,netionally shows the architecture of a system in which 14
software applications.are allocated by a single host operating system to the cores
in a homogeneous qtiad-core processor. In this architecture, there are three
levels of,cache, Which are progressively larger but slower: L1 (consisting of an
instruetion cache and a data cache), L2, and L3. Note that the L1 and L2 caches
areVlecal to a single core, whereas L3 is shared among all four cores.
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Heterogeneous Multicore Processor

The following figure natignally shows how these 14 applications could be
allocated to four different eperating systems, which in turn are allocated to four
different cores, in atheterogeneous, quad-core processor. From left to right, the
cores includeya general-purpose central processing unit core running Windows;
a graphicahprocessing unit (GPU) core running graphics-intensive applications on
Linux; adigital signal processing (DSP) core running a real-time operating system
(RTOS)wand ashigh-performance core also running an RTOS.
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Current Trends in MulticoreProcessing

Multicore processors are,replacing'traditional, single-core processors so that
fewer single-core processors,are being produced and supported. Consequently,
single-core processars'are hecoming technologically obsolete. Heterogeneous
multicore pracessors,such as computer-on-a-chip processors, are becoming more
common.

Altheughymulticore processors have largely saturated some application domains
(esg., ¢loud\computing, data warehousing, and on-line shopping), they are just
starting'to be used in real-time, safety- and security-critical, cyber-physical
systems. One area in which multicore processing is becoming popular is in
environments constrained by size, weight, and power, and cooling (SWAP-C), in
which significantly increased performance is required.

Pros of Multicore Processing
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Multicore processing is typically commonplace because it offers advantages in the
following seven areas:

1. Energy Efficiency. By using multicore processors, architects can decrease
the number of embedded computers. They overcome increased heat
generation due to Moore's Law (i.e., smaller circuits increase electrieal
resistance, which creates more heat), which in turn decreasesthe needfer
cooling. The use of multicore processing reduces power consumption (less
energy wasted as heat), which increases battery life.

2. True Concurrency. By allocating applications to differenticores, multicore
processing increases the intrinsic support for actual'(as opposed to virtual)
parallel processing within individual software applications across multiple
applications.

3. Performance. Multicore processing/can increase performance by running
multiple applications concurrentlyzThe decreased distance between cores
on an integrated chip enables shorterresource access latency and higher
cache speeds when compared to using separate processors or computers.
However, the size of the performance increase depends on the number of
cores, the level of real concufrency in the actual software, and the use of
shared resources:

4. lIsolation{ Multicoresprocessors may improve (but do not guarantee) spatial
and temporal isolation (segregation) compared to single-core architectures.
Software running on one core is less likely to affect software on another
core than if both are executing on the same single core. This decoupling is
dueto both spatial isolation (of data in core-specific cashes) and temporal
isolation, because threads on one core are not delayed by threads on
another core. Multicore processing may also improve robustness by
localizing the impact of defects to single core. This increased isolation is
particularly important in the independent execution of mixed-criticality
applications (mission-critical, safety critical, and security-critical).
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5. Reliability and Robustness. Allocating software to multiple cores increases
reliability and robustness (i.e., fault and failure tolerance) by limiting fault
and/or failure propagation from software on one core to software on
another. The allocation of software to multiple cores also supports failure
tolerance by supporting failover from one core to another (and subsequent
recovery).

6. Obsolescence Avoidance. The use of multicore processors€nables
architects to avoid technological obsolescence and improve maintainability.
Chip manufacturers are applying the latest technicaladvahces to their
multicore chips. As the number of cores continues to increase, it becomes
increasingly hard to obtain single-core chips.

7. Hardware Costs. By using multicore processors, architects can produce
systems with fewer computers and processors.

Cons of Multicore Processing

Although there are many advantagesitonmoving to multicore processors,
architects must address disadvantagesiand associated risks in the following six
areas:

1. Shared Resources..Cores on the same processor share both processor-
internal resources ('8 cache, system bus, memory controller, 1/0
controllers, and interconnects) and processor-external resources (main
memory, I/0"devices, and networks). These shared resources imply (1) the
existence'of single points of failure, (2) two applications running on
theissame core can interfere with each other, and (3) software running on
ane core can impact software running on another core (i.e., interference
can violate spatial and temporal isolation because multicore support for
isolation is limited). The diagram below uses the color red to illustrate six
shared resources.

2. Interference. Interference occurs when software executing on one core
impacts the behavior of software executing on other cores in the same
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processor. This interference includes failures of both spatial isolation (due
to shared memory access) and failure of temporal isolation (due to
interference delays and/or penalties). Temporal isolation is a bigger
problem than spatial isolation since multicore processors may have spetial
hardware that can be used to enforce spatial isolation (to prevent software
running on different cores from accessing the same processor-integnal
memory). The number of interference paths increases rapidly with‘the
number of cores and the exhaustive analysis of all interference paths is
often impossible. The impracticality of exhaustive analysis‘hecessitates the
selection of representative interference paths when analyzing isolation. The
following diagram uses the color red to illustrateithree possible
interference paths between pairs of applications invelving six shared
resources.

3. Concurrency Defects. Cores execute concurkently, creating the potential for
concurrency defects including deadloek, livelock, starvation, suspension,
(data) race conditions, priority faversion, order violations, and atomicity
violations. Note that these are essentially the same types of concurrency
defects that can occur.when'software is allocated to multiple threads on a
single core.

4. Non-determinism. Multicore processing increases non-determinism. For
examplefl/O lnterrupts have top-level hardware priority (also a problem
with single core'processors). Multicore processing is also subject to lock
trashing, which stems from excessive lock conflicts due to simultaneous
aceess of kernel services by different cores (resulting in decreased
concurrency and performance). The resulting non-deterministic behavior
can be unpredictable, can cause related faults and failures, and can make
testing more difficult (e.g., running the same test multiple times may not
yield the same test result).

5. Analysis Difficulty. The real concurrency due to multicore processing
requires different memory consistency models than virtual interleaved
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concurrency. It also breaks traditional analysis approaches for work on

single core processors. The analysis of maximum time limits is harder and

may be overly conservative. Although interference analysis becomes more

complex as the number of cores-per-processor increases, overly-restricting

the core number may not provide adequate performance.

Accreditation and Certification. Interference between cores can cause

missed deadlines and excessive jitter, which in turn can cause faults

(hazards) and failures (accidents). Verifying a multicore,system, requires

proper real-time scheduling and timing analysis and/enspecialized

performance testing. Moving from a single-core,tola multicore architecture

may require recertification. Unfortunately, currentisafety policy guidelines

are based on single-core architectures and mustibe updated based on the

recommendations that will be listed in the,fihal blog entry in this series.
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For all positive integers a and b,

where b # 0,

a=gb+r
a_quf
b b

a divided by b gives a quotient and remainder. %
The quotient ¢ and remainder r are integers O
0<r<b

Example ‘ E

Use the division algorithm to find

the quotient and remainder w
a=158and b =17 <'

a=qgb+r
158 =9x17+5

Convention uses a dot « to show multiplication
instead of a x

This is fine , since we are purely dealing with integers.
(No decimals are involved

< 158 = 9417 +5
so g=9 and r=>5

The Euclidean Algorithm
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This uses the division algorithm to:-

o find the greatest common divisor (gcd)
[ aka highest common factor (hcf)]
The greatest common denominator (gcd)

of two integers a and b , atleast one of which = (
is found when the remainder in the division algorithm is zero

a=qb+r
S0 a=gb+0

o find the lowest common multiplé{lcm) of tWo numbers

fcm:ﬂ

(a,0)

« reduce a fragtion tQ its'simplest form
(just divide top and battom by the gcd)

« find\relatively prime (coprime) integers
Theseseccur when the gcd (a,b) =1

» ‘Splve equations of the form

gcd (a,b) =ax +by
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Ifax+by=d where gcd{a b)=d
then

describes the general solution x,, y, \
when the particular solutions x,,, are known «

Example
Find the gcd of 135 and 1780 Q
a=gb+r Q
1780 =13e135+25 %
Now continue, replacing
a with b and b with r >
135=5e25+10
25=2e10+5
10=2e5+0

4
gcd(135,1780) = 5

Qmple

Find the lcm of 135 and 1780
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ab
(a, b)
1351780

5
240300
5

= 48060

fem =

lcm (135,1780) = 48060

Example
Reduce the fraction 1480/128600 to \
its simplest form
a=qgb+r
128600 = 861480 +1320 ‘
1480 = 11320+ 160
1320 = 8160+ 40 >

160=4e40+0

gcd(128600,1480) = 40
Divide top and bottom by the gcd

1480+40 37
128600+ 40 3215

N\
Exampl

at 34 and 111 are co prime
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a=qgb+r
111=3034+8
34=3e9+7
O=1e7+2
7=302+1
2=201+0
ged(34, 111)=1
~.34 and 111 are coprime.

Example \O

Solve 34x+111y=1, &

where x and y are integers r Y
a=gb+r

111=3e34+9
34=3e9+7
Q=1e7+2
{=3e2+1
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change subject to r and substitute
Start with the second last equation
and work backwards

1= 7-3e2
= 7-3e(9—1e7)

= 7—3e 9+3e7 = 4e7 -39
—4e(34-3e9)-3e2 —4e34-15e9

—4e34—-15e(111-3e34)
= 49e34-15e111
compare to original \
3dx +111y =1
—~x=49 y--15 ?\
N4
Diophantine Equations
These are of the form (Q
ax"+by"=c¢c"
‘where all numbers are integers

v

N

233]




Computer System Architecture Unit - 2

ax+by=c¢
has a solution only if the gcd is a factor of ¢

To solve

1) Find gcd(a, b)=d

then d|c

S0 ¢ = dn for some integer n.
Express c in terms of d

2) Express d inthe form d = as + bt for some integers s and {
3) Multiply by ntogetx=sn y=1n

Example

Solve the linear Diophantine Eguation
69x +27y = 1332, if it eXists

6Ox + 27y =1332

Find the gcd of 69 and 27
69 =227 +15
27 =1e15+12
15=1e12+3
12=4e3+0
gcd(69, 27)=3
since 3|1332, a solution exists
c=dn > 1332 =3n =n=444
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3=15-1e12
=15-10(27-1015)=15-1027+1015=2015-1027
=20(09-2027)-1027
=2069-4027-1027
=2069-5027
d=69s+271
>8=2 t=-b
Multiply through by n
X=2N y=-bn
=2¢444 = -5+ 444

One solutionis x =888, y=-2220

X, =X +(§]m = 888+(23—7]m =888+9m

h

Y. =Y, + g}m =-2220+13m

for some multiple m

Example
Find the positive integer values of x andy that satisfy
69x +27y = 1332
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From above, a solution exists
69X +27y = 1332
0cd(69, 27)=3

23x+9y = 444 Q%

solving for x

. _ 4449y
23
N O

23 23

23 23
:19_9y—?
23

W=7 g
23 Q
23018+7 %
o ;%
| 4

9

:>y£@£46z
9 9

Q<y<46, Ay=9
Lowest possible is
y="11

¢ 444-99

thus x = 15
G
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Alternatively, solving fory
444 - 23x
—

23x -3
9

<48

= 49-

| 23x-3

48 09 +3
23

435 21
S X< —<18—
23~ o3
0<x<18. Ax=23 \
'b\

D X<

a\

Lowest possible answers

x =15
y:49_23o15—3
9
= 49-38
y =11
check

6O9x+17y =69e15+17e11=1035+187 = 1332

Pythagorean les (

ax’+ by’ =c’

as close to being equal as is possible

N
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e.g.72=49=24+25
gives triples 7, 24, 25
7% + 242 = 25?2

Alternatively, pick any even integer n %
triples are 2n,n%>-1landn?+1

e.g. picking 8 gives 16, 63 and 65
Indeed 162 + 632 = 652

Fermat’s LastTheorem

N\
ax"+by"=¢", n=2

cannot be solved with all as integers

N\
Number Bases Q

To convert a number into a different ba
use the Division Algorithm, taking b as the

required base.
Example %
Convert 36 into binar

a=qgb+r
36=18¢2+0
Now continue, replacing a with g
18=92e2+0
9=4e2+1
4=22+0
\ 2=1e2+0

1=0e2+1
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Read the remainder upwards
36 =100100 in base 2

The base is often shown as a subscript

36 = 100100, %
Example Q
Convert 36 into hexadecimal
a=qgb+r %
B=2e16+4 O
N\

2=0e16+2

N
36=24 inbase 16

v
Example

Convert 503793 into hexadeci
( Remember that hexadecimal rs)
A

a=qgb+r
503793 = 3148716 +1
31487 =1967e16+15

1967 = 122016 +15
122 =7016+10

7-0e16+7

503793 = 7TAFF1 in base 16
503793, = TAFF1,,,

N

239




DIWAKAR EDUCATION HUB

Computer System
Architecture Unit - 2
MCQs

THE LEARN WITH EXPERTIES




Computer System Architecture Unit - 2 MCQs

1. Any signed negative binary number
is recognised by its

a) MSB

b) LSB

c) Byte

d) Nibble

Answer: a

Explanation: Any negative number is
recognized by its MSB (Most
Significant Bit).

If it’s 1, then it’s negative, else if it’s
0, then positive.

2. The parameter through which 16
distinct values can be represented is
knownas

a) Bit

b) Byte

c) Word

d) Nibble

Answer: ¢

Explanation: It can be represented up
to 16 different values with the help of
a Word. Nibble is a combination of
four bits and Byte is a combination of
8 bits. It is “word” which is said to be
a collection of 16-bits on most of the
systems.

3. If the decimal number is a fraction
then its binary equivalent is obtained
by ____the number
continuously by 2.

a) Dividing

b) Multiplying

c) Adding
d) Subtracting

Answer: b

Explanation: On multiplying the
decimal number continuously by 2,
the binary equivalent is obtained by
the collection of the integer part.
However, if it’s an integer, then it’s
binary equivalent is determined by
dividing the number by 2 and
collecting the remainders.

4. The representation of octal
number (532.2)8 in decimal is

a) (346.25)10
b) (532.864)10
340.67)10

C
d) (531.668)10

Answer: a

Explanation: Octal to Decimal
conversion is obtained by multiplying
8 to the power of base index along
with the value at that index position.
(532.2)8=5*82+3*81+2*80+2*
81=(346.25)10

5. Which of the following is not a data
type?

a) Symbolic Data

b) Alphanumeric Data

c) Numeric Data

d) Alphabetic Data

2]
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Answer: a

Explanation: Data types are of three
basic types: Numeric, Alphabetic and
Alphanumeric. Numeric Data consists
of only numbers.

Alphabetic Data consists of only
letters and a blank character and
alphanumeric data consists of
symbols.

6. is the raw material
used as input and is the
processed data obtained as output of
data processing.

a) Data, Instructions

b) Instructions, Program

c) Data, Program

d) Program, Code

Answer: a

Explanation: Data can be assumed as
a raw material which, in turns after
processing gives the desired output in
the form of instructions. Further, a
set of ordered and meaningful
instructions is known as a program.

7. Which of the following is not a
characteristic of a computer?

a) Diligence

b) 1.Q.

c) Accuracy

d) Versatility

Answer: b
Explanation: The Computer system

has no I.Q. of its own. It does only
what it is programmed to do. It
cannot take decisions of its own.

A computer is diligent because it can
work continuously for hours without
getting any errors or without getting
grumbled.

The accuracy of a computer is
consistently high and its level of
accuracy depends on its design. A
computer can perform any task if, it
can be broken down into a series of
logical steps. Therefore, a computer
is versatile.

8. Fill in the blank in the diagram.

a) Input Unit

b) Memory Unit
c¢) Control Unit
d) I/0 Unit

Answer: c

Explanation: The control unit
manages and coordinates the
operations of a computer system.
The ALU is responsible for performing
all the arithmetic and bitwise
operations . Therefore, both these

3
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units combine to form the brain of
the computer ,which is the central
processing unit.

9. The part of a processor which
contains hardware necessary to
perform all the operations required
by a computer:

a) Data path

b) Controller

c) Registers

d) Cache

Answer: a

Explanation: A processor is a part of
the computer which does all the data
manipulation and decision making. A
processor comprises of:

A data path which contains the
hardware necessary to perform all
the operations. A controller tells the
data path what needs to be done.
The registers act as intermediate
storage for the data.

10. What does MAR stand for?
a) Main Address Register

b) Memory Access Register

c) Main Accessible Register

d) Memory Address Register

Answer: d

Explanation: MAR is a type of register
which is responsible for the fetch
operation. MAR is connected to the
address bus and it specifies the

address for the read and write
operations.

11. If the control signals are

generated by combinational logic,

then they are generated by a type of
controlled unit.

a) Micro programmed

b) Software

c) Logic

d) Hardwired

Answer: d

Explanation: The main task of a
control unit is to generate control
signals. There are two main types of
control units:

A hardwired control unit generates
control signals by using
combinational logic circuits and the
Micro programmed control unit
generates control signals by using
some softwares.

12. Which is the simplest method of
implementing hardwired control
unit?

a) State Table Method

b) Delay Element Method

c) Sequence Counter Method

d) Using Circuits

Answer: a

Explanation: There are 3 ways of
implementing hardwired control unit:
A state table is the simplest method

4
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in which a number of circuits are
designed based on the cells in the
table.

A delay element method consists of a
flowchart drawn for the circuit. A D-
flip flop is used as a delay element.

A sequence counter method used k-
modulo counter as a replacement for
k delay elements.

13. A set of microinstructions for a
single machine instruction is called

a) Program

b) Command

c) Micro program
d) Micro command

Answer: c

Explanation: For every micro-
operation, a set of microinstructions
are written which indicate the control
signals to be activated. A set of
microinstructions is a micro program.
The address of the next
microinstruction is given by a Micro-
program counter.

14. Micro-program consists of a set of
microinstructions which are strings of
Os and 1s.

a) True

b) False

Answer: a
Explanation: The computer

understands only binary language.
So, the micro-program should have
instructions which are in the form of
Os and 1s. Each output line of the
micro-program corresponds to one
control signal.

15. A decoder is required in case of a

a) Vertical Microinstruction

b) Horizontal Microinstruction
c) Multilevel Microinstruction
d) All types of microinstructions

Answer: a

Explanation: There are two types of
microinstructions: Horizontal and
Vertical.

In a horizontal microinstruction, each
bit represents a signal to be activated
whereas, in case of vertical
microinstruction bits are decoded
and, the decoder then produces
signals.

16. In boolean algebra, the OR
operation is performed by which
properties?

a) Associative properties

b) Commutative properties

c) Distributive properties

d) All of the Mentioned

Answer: d
Explanation: The expression for
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Associative property is given by
A+(B+C) = (A+B)+C & A*(B*C) =
(A*B)*C.

The expression for Commutative
property is given by A+B = B+A & A*B
= B*A.

The expression for Distributive
property is given by A+BC=(A+B)(A+C)
& A(B+C) = AB+AC.

17. The expression for Absorption law

is given by
a)A+AB=A
b)A+AB=B
c) AB+ AA’ = A
dA+B=B+A

Answer: a

Explanation: The expression far
Absorption Law is given by»A+AB= A
Proof: A + AB = A(1+B)= A(Since 1 +
B =1 as per 1’s Property).

18. According te booleantaw: A+ 1 =
?

a)l

b)A

c)0

d) A’

Answer: a
Explanation: A+1=1, as per1’s
Property.

19. The involution of A is equal to

a)A
b) A’
c)1l
d)o

Answer: a

Explanation: The involution.of A
means double inversion of A (i.e. A”)
and is equal to,A:

Proofi((A)’) ="A

20. A(A+B)="
a)AB

b) 1

¢)«(1 + AB)

d) A

Answer: d

Explanation: A(A + B) = AA + AB (By
Distributive Property) =A + AB (A.A =
A By Commutative Property) = A(1 +
B)=A*1(1+B=1by1’s Property) =
A.

21. DeMorgan’s theorem states that

a) (AB) = A" + B’

b) (A+B) =A’ *B
) A’ +B = AR’
d) (AB) = A’ +B
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Answer: a

Explanation: The DeMorgan’s law
states that (AB)’ =A’+B’ & (A+B)' =
A’ * B, as per the Dual Property.

22. (A +B)(A’*B)=?
a)l

b) 0

c) AB

d) AB’

Answer: b

Explanation: The DeMorgan’s law
states that (AB) =A’+B’ & (A+B)' =
A’ * B, as per the Dual Property.

23. Complement of the expression
A’B+CD’ is

a) (A" +B)(C' + D)

b) (A + B’)(C’' + D)
c) (A’ +B)(C’' + D)
d) (A+B’)(C+D’)

Answer: b

Explanation:(A’B.+€D") = (A’B)'(CD’)’
(By DeMorgan’s, Theorem) = (A” +
B’)(C.+B”)(By DeMorgan’s Theorem)
= (A+ B)(Ch+ D).

24. Simplify Y = AB’ + (A’ + B)C.
a)AB’ +C

b) AB + AC

c)A’'B+ AC

d)AB+A

Answer: a

Explanation: Y =AB’ + (A’ + B)C = AB’
+ (AB’)’C=(AB’ + C)( AB’ + AB’) = (AB’
+C).1=(AB" +C).

25. The boolean function A+ BCis a
reduced form of

a) AB + BC

b) (A +B)(A + C)

c) A’'B + AB’C

d) (A+C)B

Answer: b

Explanation: (A + B)(A+ C)=AA + AC
+AB+ BC=A+ AC+ AB + BC (By
Commutative Property) = A(1 + C + B)
+BC=A+BC(1+B+C=1By1’s
Property).

26. What is an ambiguous condition
in a NAND based S’-R’ latch?

a) $’=0, R’=1

b) S’=1, R’=0

c)S’=1,R’=1

d) S’=0, R’=0

Answer: d

Explanation: In a NAND based S-R
latch, If S’=0 & R’=0 then both the
outputs (i.e. Q & Q’) goes HIGH and
this condition is called as
ambiguous/forbidden state. This
state is also known as an Invalid state
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as the system goes into an
unexpected situation.

27.In a NAND based S’-R’ latch, if
S’=1 & R’=1 then the state of the
latch is

a) No change
b) Set

c) Reset

d) Forbidden

Answer: a

Explanation: In a NAND based S’-R,
latch if S’=1 & R’=1 then there is no
any change in the state. It remains in
its prior state. This state is used for
the storage of data.

28. A NAND based S’-R’ latch can be
converted into S-R latch by placing

a) A D latch at each, of itssinput

b) An inverter at each ofiits input

c) It can never besconverted

d) Both a D.Jatch and an inverter at its
input

Answer:'d

Explanation: A NAND based S’-R’
latch can be converted into S-R latch
by placing either a D latch or an
inverter at its input as it’s operations
will be complementary.

29. One major difference between a
NAND based S’-R’ latch & a NOR
based S-R latch is

a) The inputs of NOR latch are 0 but 1
for NAND latch

b) The inputs of NOR latchare 1 but 0
for NAND latch

c) The output of NAND latch becomes
set if S’=0 & R’=1 and'vice versa for
NOR latch

d) The output of NOR latchis 1 but O
for NAND latch

Answeria

Explanation: Due to inverted input of
NAND based S’-R’ latch, the inputs of
NOR latch are 0 but 1 for NAND latch.

30. The characteristic equation of S-R
latch is

a) Q(n+1) = (S+ Q(n))R’

b) Q(n+1) = SR + Q(n)R

c) Q(n+1) =S’R+ Q(n)R

d) Q(n+1) =S’R+Q'(n)R

Answer: a

Explanation: A characteristic equation
is needed when a specific gate
requires a specific output in order to
satisfy the truth table. The
characteristic equation of S-R latch is
Q(n+1) =(S+Q(n))R".
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31. The difference between a flip-flop
& latch is
a) Both are same

b) Flip-flop consist of an extra output
c) Latches has one input but flip-flop
has two

d) Latch has two inputs but flip-flop
has one

Answer: c

Explanation: Flip-flop is a modified
version of latch. To determine the
changes in states, an additional
control input is provided to the latch.

32. How many types of flip-flops are?
a) 2
b) 3
c)4
d)5

Answer: c

Explanation: There are 4'types of flip-
flops, viz., S<R, J-K;.D,"and"T. D flip-
flop is an advanced version of S-R flip-
flop, while T'flip-flop is an advanced
versionofil-Kflip-flop.

33. The\SR flip flop consist of

a) 4 AND gates

b) Two additional AND gates
c) An additional clock input
d) 3 AND gates

Answer: b

Explanation: The S-R flip flop consist
of two additional AND gates at the S
and R inputs of S-R latch.

34. What is one disadvantage of an S-
R flip-flop?

a) It has no Enable input

b) It has a RACE condition

c) It has no clock input

d) InvalidState

Answer:d

Explanation: The main drawback of s-
r flipsflop'is invalid output when both
the'inputs are high, which is referred
to.as Invalid State.

35. One example of the use of an S-R
flip-flop is as

a) Racer

b) Stable oscillator

c) Binary storage register

d) Transition pulse generator

Answer: c

Explanation: S-R refers to set-reset.
So, it is used to store two values O
and 1. Hence, it is referred to as
binary storage element. It functions
as memory storage during the No
Change State.
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36. When is a flip-flop said to be
transparent?

a) When the Q output is opposite the
input

b) When the Q output follows the
input

c) When you can see through the IC
packaging

d) When the Q output is
complementary of the input

Answer: b

Explanation: Flip-flop have the
property of responding immediately
to the changes in its inputs. This
property is called transparency.

37. On a positive edge-triggeredS-R
flip-flop, the outputs reflect the input
condition when

a) The clock pulse is LOW

b) The clock pulse is HIGH

c) The clock pulse transitions from
LOW to HIGH

d) The elock'pulse transitions from
HIGH, to\LOW

Answer: C

Explanation: Edge triggered device
will follow when there is transition. It
is a positive edge triggered when
transition takes place from low to
high, while, it is negative edge

triggered when the transition takes
place from high to low.

38. A group of bits used to represent
a symbol is called a

a) byte

b) memory
c) nibble
d) code

Answer: a

Explanation:iin hinary coding, every
symbol'that appears in data is
represented by a group of bits, which
are calledibytes. Computer codes use
binary coding schemes.

39. BCD uses 6 bits to represent a
symbol.
a) True
b) False

Answer: a

Explanation: In a Binary Coded
Decimal format, 64 charactersi.e. 26
different characters can be
represented. It is one of the early
computer codes.

40. Which of the following is not a
type of computer code?

a) EBCDIC

b) BCD

10
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c) ASClII
d) EDIC

Answer: d

Explanation: There is no coding
scheme like EDIC. EBCDIC stands for
Extended Binary Coded Decimal
Interchange Code. BCD stands for
Binary Coded Decimal. ASCII stands
for American Standard Code for
information interchange.

41. The BCD representation of
(34)10is
a)6
b) 7
c)8
d)5

Answer: b

Explanation: BCD numbers are
represented as:

34 = (0011 0100)gep-

Each digit is.individually taken and an
equivalentstandard 4'bit term is
written for the'respective digit.

42.Perform,BCD addition of (23)scp +
(20)scp*

a) 00110100

b) 01000011

c) 10011

d) 11100

Answer: b

Explanation: To add any two BCD
numbers :

Simply perform the addition :
23+20=43.

Then, write the equivalent BCD
number = (0100 0011)gcp.

43. The weights used in,Binary coded
decimal code are:

a)4,2,1

b) 8,4:2,1

c)6,4,2,1

dp2,1

Answer: b

Explanation: BCD is a weighted code
and it uses the weights 8,4,2,1
respectively. It is often called the
8421 code. Since, it uses 4 bits for the
representation therefore the weights
are assignedas :23=8,22=4,2'=2,
20=1.

44. Write the decimal equivalent for
(110001)5cp.

a) 31

b) 13

c)C1

d) 1C

Answer: a
Explanation: To obtain the decimal
equivalent :

11|
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We start from the rightmost bit and
make groups of 4, then write the
decimal equivalent accordingly.
0011 0001 = (31)1o.

45. The 9’s complement of 45 is

a) 45
b) 54
c) 64
d) 46

Answer: b

Explanation: The 9’s complement of a
number is obtained by subtracting
each digit from 9. Here, 99-45=54.
Therefore, the 9’s complement is 54.

46. The 10’s complement of 455 is

a) 543
b) 544
c) 545
d) 546

Answers,C

Explanation:sTo obtain the 10’s
complement, we first obtain the 9’s
complement and then add 1 to it.
999-455=544 (9’s)
544+1=545(10’s).

47. The Excess-3 representation of
(0100)BCD is

a) 0110
b) 1110
c) 0111
d) 1100

Answer:

Explanation: The excess*3 codeis
obtained by adding 3 to. the\BCD
code.

Here, 0100+0021=0121.

Also, 4+3=7.

48. What is the hold condition of a
flip-flop?

a)\Both S'and R inputs activated

b) No active S or R input

¢):Only S is active

d) Only R is active

Answer: b

Explanation: The hold conditionin a
flip-flop is obtained when both of the
inputs are LOW. It is the No Change
State or Memory Storage state if a
flip-flop.

49. If an active-HIGH S-R latch hasa 0
onthe Sinputanda 1 ontheRinput
and then the R input goes to 0, the
latch willbe

a) SET

b) RESET

c) Clear

d) Invalid

12|
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Answer: b

Explanation: If S=0, R=1, the flip flop
is at reset condition. Then at S=0,
R=0, there is no change. So, it
remains in reset. If S=1, R=0, the flip
flop is at the set condition.

50. The circuit that is primarily
responsible for certain flip-flops to be
designated as edge-triggered is the

a) Edge-detection circuit
b) NOR latch

c) NAND latch

d) Pulse-steering circuit

Answer: a

Explanation: The circuit that is
primarily responsible for certain flip=
flops to be designated as‘edge-
triggered is the edge-detection
circuit.

51. The output'ofia logic'gate is 1
when all the input‘areat logic 0 as
shown\below:

INPUT OUTPUT

0|0 1
0|1 0
1 (0 0
1 (1 0

INPUT OUTPUT

A | B C
07 0 1
0 |1 0
1|0 0
1|1 1

The gate is either

a) A NAND or an EX-OR
b) An OR or an EX-NOR
c) An AND or an EX-OR
d) ANOR or an EX-NOR

Answer: d
Explanation: The output of a logic

13
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gate is 1 when all inputs are at logic
0. The gate is NOR. The output of a
logic gate is 1 when all inputs are at
logic O or all inputs are at logic 1, then
it is EX-NOR. (The truth tables for
NOR and EX-NOR Gates are shown in
above table).

52. The code where all successive
numbers differ from their preceding
number by single bitis

a) Alphanumeric Code

b) BCD

c) Excess 3

d) Gray

Answer: d

Explanation: The code where all
successive numbers differ from their
preceding number by single,bit is\gray
code. It is an unweighted code:The
most important characteristic'of this
code is that only a single hit change
occurs when'going from one code
number,tonext. BED Code is one in
which decimal digits are represented
by a,group of 4-bits each, whereas, in
Excess=3Lode, the decimal numbers
are incremented by 3 and then
written in their BCD format.

53. The following switching functions
are to be implemented using a

decoder:

f1=5m(1, 2, 4,8, 10, 14) f2=>m(2,
5,9,11)f3=>m(2,4,5, 6, 7)

The minimum configuration of
decoder will be

a)2to 4line

b) 3 to 8 line

c)4to 16 line

d) 5to 32 line

Answer: ¢

Explanation: 4t0'16 line decoder as
the'minterms.are ranging from 1 to
14.

54. How many AND gates are
required to realize Y =CD + EF + G?
a)4

b) 5

c)3

d) 2

Answer: d

Explanation: To realize Y =CD + EF +
G, two AND gates are required and
two OR gates are required.

55. The NOR gate output will be high
if the two inputs are
a) 00
b) 01
c) 10
d) 11

14
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Answer: a

Explanation: In 01, 10 or 11 output is
low if any of the I/P is high. So, the
correct option will be 00.

56. How many two-input AND and OR
gates are required to realize Y =
CD+EF+G?

a)2,2

b) 2,3

c)3,3

d) 3,2

Answer: a

Explanation: Y=CD + EF + G

The number of two input AND gate =
2

The number of two input OR gate = 2.

57. A universal logic gate is onewhich
can be used to generate any: logic
function. Which of the \following'is a
universal logic gate?

a) OR

b) AND

c) XOR

d)INAND

Answer:. d

Explanation: An Universal Logic Gate
is one which can generate any logic
function and also the three basic
gates: AND, OR and NOT. Thus, NOR
and NAND can generate any logic

function and are thus Universal Logic
Gates.

58. A full adder logic circuit will have

a) Two inputs and one output

b) Three inputs and three outputs
c) Two inputs and two eutputs

d) Three inputs and two outputs

Answer: d

Explanation:*A full adder circuit will
add.two,bits and it will also accounts
the carry input generated in the
previous stage. Thus three inputs and
two outputs (Sum and Carry) are
there. In case of half adder circuit,
there are only two inputs bits and
two outputs (SUM and CARRY).

59. How many two input AND gates
and two input OR gates are required
to realize Y =BD + CE + AB?

a)3,2

b) 4, 2

1,1

d) 2,3

Answer: a

Explanation: There are three product
terms. So, three AND gates of two
inputs are required. As only two input
OR gates are available, so two OR
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gates are required to get the logical
sum of three product terms.

60. Which of following are known as
universal gates?

a) NAND & NOR

b) AND & OR

c) XOR & OR

d) EX-NOR & XOR

Answer: a

Explanation: The NAND & NOR gates
are known as universal gates because
any digital circuit can be realized
completely by using either of these
two gates, and also they can generate
the 3 basic gates AND, OR and NOT.

61. The gates required to builda half
adderare
a) EX-OR gate and NOR gate
b) EX-OR gate and OR gate

c) EX-OR gate and"AND gate
d) EX-NOR gate.and AND'gate

Answers,C

Explanation:The gates required to
build a half'adder are EX-OR gate and
AND gate. EX-OR outputs the SUM of
the two input bits whereas AND
outputs the CARRY of the two input
bits.

62. The CISC stands for
a) Computer Instruction Set

Compliment

b) Complete Instruction Set
Compliment

c) Computer Indexed Set
Components

d) Complex Instruction set computer

Answer: d

Explanatien: CISC.s.a computer
architecture where in the processor
performsimore complex operations in
one step.

63. The computer architecture aimed
atareducing the time of execution of
instructions is

a) CISC

b) RISC

c) ISA

d) ANNA

Answer: b
Explanation: The RISC stands for
Reduced Instruction Set Computer.

3. The Sun micro systems processors
usually follow _ architecture.

a) CISC

b) ISA

c) ULTRA SPARC

d) RISC
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Answer: d

Explanation: The Risc machine aims
at reducing the instruction set of the
computer.

64. The RISC processor has a more
complicated design than CISC.

a) True

b) False

Answer: b

Explanation: The RISC processor
design is more simpler than CISC and
it consists of fewer transistors.

65. The iconic feature of the RISC
machine among the following is

a) Reduced number of addressing
modes

b) Increased memory size

c) Having a branch delaysslot

d) All of the mentioned

Answer: c

Explanation:*A branch delay slot is an
instruction space immediately
follewing a‘jump or branch.

66. Both'the CISC and RISC
architectures have been developed to
reduce the

a) Cost

b) Time delay

c) Semantic gap
d) All of the mentioned

Answer:

Explanation: The semantic gap is the
gap between the high levellanguage
and the low level language.

67. Out of the following which is not
a CISC machine.

a) IBM 370/168

b) VAX 11/780

c) Intel'80486

d) Motorola A567

Answer:,d
Explanation: None.

68. Pipe-lining is a unique feature of

a) RISC
b) CISC
c) ISA

d) IANA

Answer: a

Explanation: The RISC machine
architecture was the first to
implement pipe-lining.

69. In CISC architecture most of the
complex instructions are stored in

a) Register
b) Diodes
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c) CMOS
d) Transistors

Answer: d

Explanation: In CISC architecture
more emphasis is given on the
instruction set and the instructions
take over a cycle to complete.

70. Which of the architecture is
power efficient?

a) CISC

b) RISC

c) ISA

d) IANA

Answer: b

Explanation: Hence the RISC
architecture is followed in the/design
of mobile devices.

71. A task carried outtby the OS.and
hardware to accommodatesmultiple
processes in main memory.

a) Memory centrol

b) Memory.management

c) Memaory sharing

d) Memory'usage

Answer:'b

Explanation: Memory management is
carried out by the OS and hardware
to accommodate multiple processes
in main memory.

72. An HTML file is a text file
containing small markup tags.
a) True

b) False

Answer: a

Explanation: The statementiis true.
HTML stands for HypenTextiMarkup
Language. It is a text file containing
small markup tags.

73. Secondary. memory is the long
termesterefor programs and data
while‘mainnmemory holds program
and'data currently in use. What kind
of an organization is this?
a)Physical

b) Logical

¢) Structural

d) Simple

Answer: a

Explanation: The secondary memory
is the long term store for programs
and data while main memory holds
program and data currently in use.
This is a physical organization.

74. Memory organization in which
users write programs in modules with
different characteristics.

a) Physical

b) Logical
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c) Structural
d) Simple

Answer: b

Explanation: The answer is Logical. To
handle user programs properly, the
operating system and the hardware
should support a basic form of
module to provide protection and
sharing.

75. An executing process must be
loaded entirely in main memory.
What kind of a memory organization
is this?

a) Physical

b) Logical

c) Structural

d) Simple

Answer: d

Explanation: This is,simple memory
organisation. An executing process
must be loaded entirely in main
memory (if.overlays are not used).

76. ETP stands, for?

a) File Text'Rrotocol

b) File Transfer Protocol
c) Firm Transfer Protocol
d) File Transplant Protocol

Answer: b
Explanation: FTP stands for File

Transfer Protocol. It is a type of
internet service use for the
transmission of files.

77. A set of overlapping divisions in
the main memory are called

a) Partitions

b) Divisions

c) Blocks

d) Modules

Answer:(a

Explanation: Partition main memory
into a'set of non overlapping regions
called partitions. Partitions can be of
equal or unequal sizes.

78. Any program, no matter how
small, occupies an entire partition.
This is called

a) fragmentation

b) prior fragmentation
c) internal fragmentation
d) external fragmentation

Answer: c

Explanation: It is called as internal
fragmentation. Main memory use is
inefficient. Any program, no matter
how small, occupies an entire
partition. This is called internal
fragmentation.
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79. __is used to shift
processes so they are contiguous and
all free memory is in one block.

a) Fragmentation

b) Compaction

c) External Fragmentation

d) Division

Answer: b

Explanation: Use compaction to shift
processes so they are contiguous and
all free memory is in one block.

80. searches for smallest
block. The fragment left behind is
small as possible.

a) best fit

b) first fit

c) next fit

d) last fit

Answer: a

Explanation: Bestfit.searches for the
smallest block. The fragment left
behind is @s small@as possible.

81. What is'the static charge that can
be stored by your body as you walk
across a.carpet?

a) 300 volts

b) 3000 volts

c) 30000 volts

d) Over 30000 volts

Answer: d

Explanation: When a person walks
across a carpeted or tile floor electric
charge builds up in the body due to
the friction between shoes and floor
material. If the friction staticis
greater the voltage patential'develop
in the body will be greater. You start
act as a capacitor. This isicalled
Electrostaticidischarge."The potential
static chargethat can develop from
walkingwontile floors is greater than
15000wolts,while carpeted floors can
generate in excess of 30000 volts.

82. What must be done to interface
TTL to CMOS?

a) A dropping resistor must be used
on the CMOS of 12 V supply to
reduce it to 5V for the TTL

b) As long as the CMOS supply
voltage is 5 V they can be interfaced
(however, the fan-out of the TTL is
limited to five CMOS gates)

c) A5V zener diode must be placed
across the inputs of the TTL gates in
order to protect them from the
higher output voltages of the CMOS
gates

d) A pull-up resistor must be used
between the TTL output-CMOS input
node and Vcc; the value of RP will
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depend on the number of CMOS
gates connected to the node

Answer: d

Explanation: To interface TTL to
CMOS a pull-up resistor must be used
between the TTL output-CMOS input
node and Vcc. A pull-up resistor is
used to avoid the floating state on
the input node of the CMOS, thus
using a small amount of current. The
value of RP will depend on the
number of CMOS gates connected to
the node.

83. What causes low-power Schottky
TTL to use less power than the 74XX
series TTL?

a) The Schottky-clamped transistor
b) A larger value resistor

c) The Schottky-clamped MOSEET

d) A small value resistor

Answer: b

Explanation: Alarger value resistor
causes,low power low-power
Schottky TTL to use less power than
the 74XXseries TTL.

84. What are the major differences
between the 5400 and 7400 series of
ICs?

a) The 5400 series are military grade
and require tighter supply voltages

and temperatures

b) The 5400 series are military grade
and allow for a wider range of supply
voltages and temperatures

c) The 7400 series are an
improvement over the original 5400s
d) The 7400 series was originally
developed by Texas Instruments and
the 5400 series was'brought out by
National Semiconductors after Tl’s
patents expiredias a'second supply
source

Answerab

Explanation: The 5400 series are
military grade and allow for a wider
range of supply voltages and
temperatures, these are the major
differences between the 5400 and
7400 series of ICs. Also, the working
temperature range of 5400 series is -
50 to 125C while that for 7400 is O to
70C.

85. Which of the following
statements apply to CMOS devices?
a) The devices should not be inserted
into circuits with the power on

b) All tools, test equipment and metal
workbenches should be tied to earth
ground

c) The devices should be stored and
shipped in antistatic tubes or
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conductive foam
d) All of the Mentioned

Answer: d

Explanation: For CMOS devices, all
the mentioned statements are
applicable. The devices should not be
inserted into circuits with the power
on. All tools, test equipment and
metal workbenches should be tied to
earth ground. Also, the devices
should be stored and shipped in
antistatic tubes or conductive foam.

86. Brain of computer is

a) Control unit

b) Arithmetic and Logic unit
c) Central Processing Unit
d) Memory

Answer: c

Explanation: The €PU is referred to as
the brain of a camputer.

It consistsief acontrol*unit and the
arithmetic,andiogic unit. It is
responsible forperforming all the
processes and operations.

87. Control Unit acts as the central
nervous system of the computer.
a) True

b) False

Answer: a

Explanation: The control unit is
referred to as the central nervous
system because it selects and
interprets the instructions and
coordinates execution.

88. What does MBR.stand for?
a) Main Buffer Register

b) Memory Buffer Routine

¢) Main BufferRoutine

d) Memory BufferRegister

Answer: d

Explanation: The binary subtraction O
— 1 gives the result 1.

Asborrow of 1 is although generated
and is removed from the next higher
column.

89. In the instruction ADD A, B, the
answer gets stored in
a)B

b) A

c) Buffer

d)C

Answer: b

Explanation: In any instruction of the
form ADD A, B; the answer gets
stored in the A register. The format
is: ADD Destination, Source.
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90. What is the high speed memory
between the main memory and the
CPU called?

a) Register Memory

b) Cache Memory

c) Storage Memory

d) Virtual Memory

Answer: b

Explanation: It is called the Cache
Memory. The cache memory is the
high speed memory between the
main memory and the CPU.

91. Cache Memory is implemented
using the DRAM chips.

a) True

b) False

Answer: b

Explanation: The Cache memory is
implemented using the SRAM chips
and not the DRAM,chips.'SRAM
stands for Static RAM, It'is faster and
is expensive.

92. Wheneventhe data is found in the
cache memary it is called as

a) HIT

b) MISS
c) FOUND
d) ERROR

Answer: a

Explanation: Whenever the data is
found in the cache memory, it is
called as Cache HIT. CPU first checks
in the cache memory since it is
closest to the CPU.

93. LRU stands for
a) Low Rate Usage

b) Least Rate Usage
c) Least Recently-Used
d) Low.Required Usage

Answer: c

Explanation: LRU stands for Least
Recently Used. LRU is a type of
replacement policy used by the cache
memory.

94. When the data at a location in
cache is different from the data
located in the main memory, the
cache is called

a) Unique

b) Inconsistent
c) Variable

d) Fault

Answer: b

Explanation: The cache is said to be
inconsistent. Inconsistency must be
avoided as it leads to serious data
bugs.
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95. Which of the following is not a
write policy to avoid Cache
Coherence?

a) Write through

b) Write within

c) Write back

d) Buffered write

Answer: b

Explanation: There is no policy which
is called as the write within policy.
The other three options are the write
policies which are used to avoid
cache coherence.

96. What does PC stand for?
a) Program Changer

b) Program Counter

c) Performance Counter

d) Performance Changer:

Answer: b

Explanation: The Program counter
contains the address ‘of the next
instruction.whichiis to’be fetched by
the control unit.

All‘other options are invalid.

97. Which of the following holds the
last instruction fetched?

a) PC

b) MAR

c) MBR

d) IR

Answer: d

Explanation: The IR which stands for
the instruction register contains the
last instruction fetched.

All the others options are registers
which are used for the fetch
operation.

98. The portion ofithe processor
which contains‘the hardware
required to.fetchithe operations is

a) Datapath
b)}Processor
c) Cantrol

d) Qutput unit

Answer: a

Explanation: The datapath contains
the hardware required to fetch the
operations. The control tells the data
path what needs to be done.

99. Causing the CPU to step through a
series of micro operations is called

a) Execution
b) Runtime

c) Sequencing
d) Pipelining

Answer: ¢
Explanation: Sequencing is the
process of causing the CPU to step
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through a series of micro operations.
Execution causes the performance of
each micro operation.

100. The functions of execution and
sequencing are performed by using

a) Input Signals
b) Output Signals
c) Control Signals
d) CPU

Answer: c

Explanation: Sequencing followed by
the process of execution is performed
by the Control signals. Sequencing is
traversing each and every operation
whereas execution causes the
performance of each operation.

101. What does D in the D-flip flop
stand for?

a) Digital

b) Direct

c) Delay

d) Durable

Answer:'¢c

Explanation: In the hardwired control
unit, the delay element method uses
D-flip flop which causes a delay.
Since, in the delay element method,
there must be a finite time gap
between the 2 steps.

102. All input of NOR as low produces
result as

a) Low

b) Mid

c) High

d) Floating

Answer: ¢

Explanation: All input of NOR as low
produces the result as,high, whereas,
rest all conditions.produce output as
low.

103. What'is a multiplexer?

a)\ltis a type of decoder which
decades several inputs and gives one
output

b) A multiplexer is a device which
converts many signals into one

c) It takes one input and results into
many output

d) It is a type of encoder which
decodes several inputs and gives one
output

Answer: b

Explanation: A multiplexer (or MUX)
is a device that selects one of several
analog or digital input signals and
forwards the selected input into a
single line, depending on the active
select lines.

25




Computer System Architecture Unit - 2 MCQs

104. Which combinational circuit is
renowned for selecting a single input
from multiple inputs & directing the
binary information to output line?

a) Data Selector

b) Data distributor

c) Both data selector and data
distributor

d) DeMultiplexer

Answer: a

Explanation: Data Selector is another
name of Multiplexer. A multiplexer
(or MUX) is a device that selects one
of several analog or digital input
signals and forwards the selected
input into a single line, dependingon
the active select lines.

105. It is possible for an ghable or
strobe input to undergo anexpansion
of two or more MUX ICs torthe digital
multiplexer with the proficiency of
large number, of

a) Inputs

b) OQutputs

c) Selectionilines
d) Enable lines

Answer: a

Explanation: It is possible for an
enable or strobe input to undergo an
expansion of two or more MUX ICs to

the digital multiplexer with the
proficiency of large number of inputs.

106. Which is the major functioning
responsibility of the multiplexing
combinational circuit?

a) Decoding the binary information
b) Generation of all minterms in@an
output function with OR-gate

c) Generation of selected path
between.multiple.sources and a
single.destination

d) Encoding'ef binary information

Answer: €

Explanation: The major functioning
responsibility of the multiplexing
combinational circuit is generation of
selected path between multiple
sources and a single destination
because it makes the circuit too
flexible. A multiplexer (or MUX) is a
device that selects one of several
analog or digital input signals and
forwards the selected input into a
single line, depending on the active
select lines.

107. What is the function of an
enable input on a multiplexer chip?
a) To apply Vcc

b) To connect ground

26




Computer System Architecture Unit - 2 MCQs

c) To active the entire chip
d) To active one half of the chip

Answer:

Explanation: Enable input is used to
active the chip, when enable is high
the chip works (ACTIVE), when enable
is low the chip does not work
(MEMORY). However, Enable can be
Active-High or Active-Low, indicating
it is active either when it is connected
to VCC or GND respectively.

108. The language made up of binary
coded instructions.

a) Machine

b) C

c) BASIC

d) High level

Answer: a

Explanation: The language made up
of binary coded instructions built into
the hardware of a\partictilar
computeriandwsed directly by the
computeris machine language.

109 Binary'code comprises of digits
from 0'to 9.

a) True

b) False

Answer: b
Explanation: The statement is false.

Binary as the word suggests contains
only 2 digits : 0 and 1.

0 denotes false and 1 denotes a truth
value.

110. The
address of the next instruction'to be

contains the

executed.

a) IR

b) PC

¢) Accumulator

d) System counter

Answer: b

Explanation: PC stands for program
counter (It contains the address of
the next instruction to be executed).

111. The memory unit is made up of
___ bytes.

a) 256

b) 124

c) 4096

d) 3096

Answer: c

Explanation: The memory unit is
made up of 4,096 bytes. Memory unit
is responsible for the storage of data.
It is an important entity in the
computer system.

112. A document that specifies how
many times and with what data the
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program must be run in order to
thoroughly test it.

a) addressing plan

b) test plan

c) validation plan

d) verification plan

Answer: b

Explanation: Test plan is the A
document that specifies how many
times and with what data the
program must be run in order to
thoroughly test it. It comes under
testing.

113. An approach that designs test
cases by looking at the allowable data
values.

a) Maintenance

b) Evaluation

c) Data coverage

d) Validation

Answer: c

Explanation: Dataicoverage is the
term used. It is'responsible for
deSigning'the test cases.

114. Theformal grammar rules
governing the construction of valid
instruction.

a) test case

b) syntax

Cc) program
d) semantics

Answer: b

Explanation: Syntax determines the
grammatical rules in a code:
Semantics give meaning'to the
instructions.

115. A program that«weads each of
the instructi@ns inmnemonic form
and translates itinto'the machine-
language equivalent.

a) Machine\language

b)\Assembler

c) Interpreter

d)«C program

Answer: b

Explanation: Assembler does this job.
A language that uses mnemonic
codes for the representation of
machine-language instructions is
called assembly language.

116. An approach that designs test
cases by looking at the allowable data
values.

a) Data coverage

b) Code Coverage

c) Debugging

d) Validation
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Answer: a

Explanation: Data coverage is an
approach that designs test cases by
looking at the allowable data values.
Code coverage is an approach that
designs test cases by looking at the
code.

117. The rules that give meaning to
the instructions.

a) Semantics

b) Syntax

c) Code

d) Cases

Answer: a

Explanation: The answer is semantics.

They are the rules that give meahning

to the instructions. The syntax,is the

formal rules that ensurewalidation of
code.

118. One multiplexer can'take the
place of

a) Several'SS| logic gates

b) Combinational logic circuits
c)SeverahEx-NOR gates

d) Several SSI logic gates or
combinational logic circuits

Answer: d

Explanation: A multiplexer (or MUX)
is a device that selects one of several
analog or digital input signals and

forwards the selected input into a
single line, depending on the active
select lines. Since many operational
behaviour can be performed by using
a multiplexer. Whereas, a
combinational circuit is a
combination of many.Jogicgates
which makes the circuit more
complex.

119. A digital multiplexer is a
combinationalicireuit that selects

a)»One digital information from
severaksources and transmits the
selected one

b) Many digital information and
convert them into one

c) Many decimal inputs and transmits
the selected information

d) Many decimal outputs and accepts
the selected information

Answer: a

Explanation: A digital multiplexer is a
combinational circuit that selects one
digital information from several
sources and transmits the selected
information on a single output line
depending on the status of the select
lines. That is why it is also known as a
data selector.

29




Computer System Architecture Unit - 2 MCQs

120. In a multiplexer, the selection of
a particular input line is controlled by

a) Data controller

b) Selected lines

c) Logic gates

d) Both data controller and selected
lines

Answer: b

Explanation: The selection of a
particular input line is controlled by a
set of selected lines in a multiplexer,
which helps to select a particular
input from several sources.

121. If the number of n selected input

lines is equal to 2*m then it requires
select lines.

a) 2

b) m

c)n

d) 2"

Answer: b

Explanation:ifthe number of n
selected inputilines is equal to 2*m
then'it requires m select lines to
select one of m select lines.

122. How many select lines would be
required for an 8-line-to-1-line
multiplexer?

a) 2

b) 4
c)8
d)3

Answer: d

Explanation: 2" input lines,.n control
lines and 1 output line availablexfor
MUX. Here, 8 input lines mean

23 inputs. So, 3 controllines.are
possible. Depending on the status of
the selectlines, theiinput is selected
and fed to the'output.

123. A\basic multiplexer principle can
be demonstrated through the use of
a

a)Single-pole relay
b) DPDT switch

c) Rotary switch

d) Linear stepper

Answer: c

Explanation: A basic multiplexer
principle can be demonstrated
through the use of a rotary switch.
Since its behaviour is similar to the
multiplexer. There are around 10
digits out of which one is selected
one at a time and fed to the output.

124. How many NOT gates are
required for the construction of a 4-
to-1 multiplexer?

a) 3
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b) 4
c)2
d) 5

Answer: c

Explanation: There are two NOT gates
required for the construction of 4-to-
1 multiplexer. x0, x1, x2 and x3 are
the inputs and C1 and CO are the
select lines and M is the output.

The diagram of a 4-to-1 multiplexer is
shown

below:

¢, Cy

Bk
. By

M

Xg
Xy D—

125. In the given 4sto-1 multiplexer, if
cl=0and cO =1 themthe output M is

HE:
. -

M

. -

a) X0
b) X1
c) X2
d) X3

Answer: b

Explanation: The output wilhbeX1,
because c1 = 0 and.cO=1results into
1 which furtherwesults as X1. And
rest of the;.AND gates gives output as
0.

126. The enable input is also known
as

a) Select input
b).Decoded input
c) Strobe

d) Sink

Answer: c

Explanation: The enable input is also
known as strobe which is used to
cascade two or more multiplexer ICs
to construct a multiplexer with a
larger number of inputs. Enable input
activates the multiplexer to operate.

127. Execution of several activities at
the same time.

a) processing

b) parallel processing

c) serial processing

d) multitasking
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Answer: b

Explanation: Execution of several
activities at the same time is referred
to as parallel processing. Like, Two
multiplications at the same time on 2
different processes.

128. Parallel processing has single
execution flow.

a) True

b) False

Answer: b

Explanation: The statement is false.
Sequential programming specifically
has single execution flow.

129. A term for simultaneous access
to a resource, physical or logical.

a) Multiprogramming

b) Multitasking

c) Threads

d) Concurrency

Answer: d

Explanation:*Concurrency is the term
used.fontheisame. When several
things are accessed simultaneously,
the jobuis'said to be concurrent.

130. leads to
concurrency.

a) Serialization
b) Parallelism

c) Serial processing
d) Distribution

Answer: b

Explanation: Parallelism leads
naturally to Concurrency. Fer
example, Several processesi\trying to
print a file on a single printer.

131. A parallelism based'on
increasing processor word size.
a) Increasing

b) Count based

c) Bit based

d)\Bit.level

Answer: d

Explanation: Bit level parallelism is
based on increasing processor word
size. It focuses on hardware
capabilities for structuring.

132. A type of parallelism that uses
micro architectural techniques.

a) instructional

b) bit level

c) bit based

d) increasing

Answer: a

Explanation: Instructional level uses
micro architectural techniques. It
focuses on program instructions for
structuring.
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133. MIPS stands for?

a) Mandatory Instructions/sec
b) Millions of Instructions/sec
c) Most of Instructions/sec

d) Many Instructions / sec

Answer: b

Explanation: MIPS stands for Millions
of Instructions/sec. MIPS is a way to
measure the cost of computing.

134. The measure of the “effort”
needed to maintain efficiency while
adding processors.

a) Maintainablity

b) Efficiency

c) Scalabilty

d) Effectiveness

Answer: c

Explanation: The measure of the
“effort” needed to maintain
efficiency while adding processors is
called as scalabilty.

135. The rate.at,which the problem
size.need towbe increased to maintain
efficiency.

a) Isoeffeiency

b) Efficiency

c) Scalabilty

d) Effectiveness

Answer: a

Explanation: Isoefficiency is the rate
at which the problem size need to be
increased to maintain efficiency.

136. Several instructions execution
simultaneously in

a) processing

b) parallel processing
c) serial processing
d) multitasking

Answer: b

Explanation: In parallel processing,
the several instructions are executed
simultaneously.

137. How many inputs will a decimal-
to-BCD encoder have?

a)4

b) 8

c) 10

d) 16

Answer: c

Explanation: An encoder is a
combinational circuit encoding the
information of 2" input lines to n
output lines, thus producing the
binary equivalent of the input. Thus,
a Decimal-to-bcd converter has
decimal values as inputs which range
from 0-9. So, total 10 inputs are there
in a decimal-to-BCD encoder.
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138. How many outputs will a
decimal-to-BCD encoder have?
a)4

b) 8

c) 12

d) 16

Answer: a

Explanation: An encoder is a
combinational circuit encoding the
information of 2" input lines to n
output lines, thus producing the
binary equivalent of the input. Thus,
a decimal to BCD encoder has 4
outputs.

139. How is an encoder different
from a decoder?

a) The output of an encoder is\a
binary code for 1-of-N input

b) The output of a decederis awbinary
code for 1-of-N input

c) The output of an‘encoder is a
binary code for N-of-1 output

d) The autput.of a'decoder is a binary
code forN-of-1 output

Answer: a

Explanation: An encoder is a
combinational circuit encoding the
information of 2" input lines to n
output lines, thus producing the
binary equivalent of the input. It

performs the opposite operation of a
decoder which results in 2" outputs
from n inputs. Thus, an encoder
different from a decoder because of
the output of an encoder is a binary
code for 1-of-N input.

140. The full form of R@M is

a) Read OutsidesMemeory
b) Read Qut Memory
c) Read Only Memory
d) Read OnesMemory

Answer: €
Explanation: The full form of ROM is
Read Only Memory.

141. ROM consist of

a) NOR and OR arrays

b) NAND and NOR arrays
c) NAND and OR arrays
d) NOR and AND arrays

Answer: c

Explanation: ROM consists of NAND
and OR arrays which can be
programmed by the user to
implement combinational &
sequential functions. Combinational
Operations like that of adders and
subtractors and Sequential Functions
like that of storing in the memory.
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142. For reprogrammability, PLDs use

a) PROM
b) EPROM
c) COROM
d) PLA

Answer: b

Explanation: For reprogrammability,
PLDs use EPROM (i.e. Erasable
PROM). It erases the previous
program and starts uploading a new
one. However, data is erased by
exposing it to UV-light, which is a
tedious and time-consuming process.

143. The full form of PROM is

a) Previous Read Only Memory
b) Programmable Read QutsMemaery
c) Programmable Read.Only Memory
d) Previous Read Out Memory

Answer: c

Explanation: The full form of PROM is
Programmable'Read Only Memory,
where'the,ROM can be programmed
by the user.

144. The full form of EPROM is
a) Easy Programmable Read Only

Memory
b) Erasable Programmable Read Only

Memory

c) Eradicate Programmable Read Only
Memory

d) Easy Programmable Read Out
Memory

Answer: b

Explanation: The full form of ERROM
is Erasable Programmabkle'Read Only
Memory, where,the ROM can be
erased and.re=usediby the user.

145.PLDs with programmable AND
and fixed OR arrays are called

a) PAL
b)-PLA
c) APL
d) PPL

Answer: a

Explanation: PLDs with
programmable AND and fixed OR
arrays are called PAL (i.e.
Programmable Array Logic).
However, PAL is less flexible but has
higher speed.

146. When both the AND and OR are
programmable, such PLDs are known
as

a) PAL

b) PPL
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c) PLA
d) APL

Answer:

Explanation: When both the AND and
OR are programmable, such PLDs are
known as PLA (i.e. Programmable
Logic Array). However, PLA is more
flexible but has less speed.

147. ASIC stands for

a) Application Special Integrated
Circuits

b) Applied Special Integrated Circuits
c) Application Specific Integrated
Circuits

d) Applied Specific Integrated Circuits
Answer: c

Explanation: In digital electronics,
ASIC stands for ApplicationSpecific
Integrated Circuits. Itds.a customized
integrated circuit whichiis produced
for a specific use andwot for a
common-purpose.

148. The programmability and high
densitynofi\PLDs make them useful in
the design of

a) ISAC

b) ASIC

c) SACC

d) CISF

Answer: b

Explanation: The programmability
and high density of PLDs make them
useful in the design of ASIC (i.e.
Application Specific Integrated
Circuits) where design changes can
be more rapidly and inexpensively.

149. FPGA stands for

a) Full Programmable'Gate Array

b) Full Programmable Genuine Array
c) First Programmable Gate Array

d) Field Programmable Gate Array

Answer: d

Explanation: In digital electronics,
FPGA stands for Field Programmable
Gate Array. This type of integrated
circuit is for general-purpose which is
configured by the user as per their
requirement.

150. Which of the following is a
reprogrammable gate array?

a) EPROM

b) FPGA

c) Both EPROM and FPGA

d) ROM

Answer: ¢
Explanation: Both FPGA and EPROM
are reprogrammable gate array.
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151. The difference between FPGA
and PLD is that

a) FPGA is slower than PLD

b) FPGA has high power dissipation
c) FPGA incorporates logic blocks
d) All of the Mentioned

Answer: c

Explanation: The differences between
FPGA and PLD is that FPGA
incorporates logic blocks instead of
fixed AND-OR gates and is faster with
low power dissipation. FPGAs are
designed for having higher gate count
whereas, PLDs are used for lesser
gate counts.

152. If we record any music in any
recorder, such types of process is
called

a) Multiplexing

b) Encoding

c) Decoding

d) Demultiplexing

Answer: b

Explanation: If'we record any music in
any recorder, it means that we are
giving data to a recorder. So, such
process is called encoding. Getting
back the music from the recorded
data, is known as decoding.

153. Can an encoder be a transducer?
a) Yes

b) No

c) May or may not be

d) Both are not even related slightly

Answer: a

Explanation: Of courseja transducer
is a device which has the capability to
emit data as well as to,accept.
Transducer.converts signal from one
form of energy,toranother.

154. How many OR gates are
required for a Decimal-to-bcd
encoder?

a) 2

b) 10

c)3

d) 4

Answer: d

Explanation: An encoder is a
combinational circuit encoding the
information of 22n input lines to n
output lines, thus producing the
binary equivalent of the input.

This is clear from the diagram that it
requires 4 OR gates:
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155. Separation of user logical
memory and physical memory is

a) Memory control
b) Memory management
c) Memory sharing
d) Virtual memory

Answer: d

Explanation: The séparation of user
logical memory and,physical memory
is called virtual memory. Only part of
the programwneeds to be in memory
for execution:

156."Logical Address space can be
larger than physical address space.
a) True

b) False

Answer: a
Explanation: The statement is true.

Since, a part of the program needs to
be in memory for the process of
execution, the logical space can
therefore be much larger than the
physical address space.

157. Virtual Memory can,be
implemented via

a) Demand Paging

b) Logical paging

c) Structural way

d) Simple division

Answer: a

Explanation: Demand paging can
implement virtual memory. Another
way is demand segmentation.

158. COW stands for?
a) Copy over write

b) Convert over write
c) Count over write
d) Copy over write

Answer: d

Explanation: COW stands for Copy
over write. COW allows both parent
and child processes to share the
same pages initially.

159. LRU stands for?
a) Least Recently used
b) Less Recently used
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c) Least Recurrently used
d) Least Randomly used

Answer: a

Explanation: LRU stands for Least
Recently used. LRU is least recently
used. It replaces page with the
smallest count.

160. An allocation that uses a
proportional allocation scheme using
priorities rather than size.

a) Priority allocation

b) File allocation

c) Preference allocation

d) Simple allocation

Answer: a

Explanation: Priority allocation'uses a
proportional allocation schemewsing
priorities rather than size:

161. A process selects ayreplacement
frame from the.set of-all frames.

a) Local replacement

b) Global replacement

c) Blockreplacement

d) Module replacement

Answer:'b

Explanation: Global replacement
process selects a replacement frame
from the set of all frames; one

process can take a frame from
another.

162. How many OR gates are
required for an octal-to-binary
encoder?

a) 3

b) 2

c)8

d) 10

Answer:(a

Explanation: An.encoder is a
combinational circuit encoding the
information of 2" input lines to n
output lines, thus producing the
binary equivalent of the input. Thus,
in octal to binary encoder there are 8
(=23) inputs, thus 3 output lines.

163. For 8-bit input encoder how
many combinations are possible?
a)8

b) 278

c)4

d) 274

Answer: b

Explanation: An encoder is a
combinational circuit encoding the
information of 2" input lines to n
output lines, thus producing the
binary equivalent of the input. There
are 28 combinations are possible for
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an 8-bit input encoder but out of
which only 8 are used using 3 output
lines. It is a disadvantage of encoder.

164. The discrepancy of 0 output due
to all inputs being 0 or DO, being 0 is
resolved by using additional input
known as

a) Enable
b) Disable
c) Strobe
d) Clock

Answer: a

Explanation: Such problems are
resolved by using enable input, which
behaves as active if it gets 0 as input
since it is an active-low pin.

165. Can an encoder be called as
multiplexer?

a) No

b) Yes

c) Sometimes

d) Never

Answerab

Explanation: A multiplexer or MUX is
a combination circuit that contains
more than one input line, one output

line and more than one selection line.

Whereas, an encoder is also
considered a type of multiplexer but

without a single output line and
without any selection lines.

166. If two inputs are active on a
priority encoder, which will be coded
on the output?

a) The higher value

b) The lower value

c) Neither of the inputs

d) Both of the inputs

Answer:(a

Explanation: An.encoder is a
combinational circuit encoding the
information of 2" input lines to n
output lines, thus producing the
binary equivalent of the input. If two
inputs are active on a priority
encoder, the input of higher value
will be coded in the output.

167. How many outputs are present
in a BCD decoder?

a)4

b) 5

c) 15

d) 10

Answer: d

Explanation: A binary decoder is a
combinational logic circuit which
decodes binary information from n-
inputs to a maximum of 2" outputs. A
BCD to Decimal decoder has 10
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number of outputs because the
decimal digit’s range is from 0 to 9.

168. Which digital system translates
coded characters into a more useful
form?

a) Encoder

b) Display

c) Counter

d) Decoder

Answer: d

Explanation: A binary decoder is a
combinational logic circuit which
decodes binary information from n-
inputs to a maximum of 2" outputs.
Decoder converts the coded
characters into our required data
form.

169. What control signalssmay be
necessary to operate a 1-line-:to-16
line decoder?

a) Flasher circuit'eontrol'signal

b) A LOW‘n all gate enhable inputs
c) Input frem, a*hexadecimal counter
d)@ HIGHon all gate enable circuits

Answer; b

Explanation: A LOW on all gate
enable inputs is necessary to operate
a 1-line-to-16 line decoder because
enable pins are usually, active-low
pins.

170. How many inputs are required
for a 1-of-10 BCD decoder?

a)4

b) 8

c) 10

d) 2

Answer: a

Explanation: A binary decoder is a
combinational legic circuit'which
decodes binary information from n-
inputsito.a maximum of 2" outputs.
Therefore, for.a BCD to decimal
decoder; No: of inputs = 4 such that
number,of outputs is <= 2",

171. A BCD decoder will have how
many rows in its truth table?

a) 10

b) 9

c)8

d)3

Answer: a

Explanation: A binary decoder is a
combinational logic circuit which
decodes binary information from n-
inputs to a maximum of 2" outputs.
Thus, BCD decoder will have 10 rows
as it’s input ranges from 0 to 9.

172. How many possible outputs
would a decoder have with a 6-bit
binary input?
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a) 32
b) 64
c) 128
d) 16

Answer: c
Explanation: The possible outputs
would be: 2" = 64 (Since n = 6 here).

173. One way to convert BCD to
binary using the hardware approach
is:

a) By using MSI IC circuits

b) By using a keyboard encoder

c) By using an ALU

d) By using UART

Answer: a

Explanation: One way to convert BCD
to binary using the hardware
approach is MSI (mediumyscale
integration) IC circuits.

174. How many.inputs.are,required
for a 1-of-16'decoder?

a)2

b) 16

c)8

d) 4

Answer: d

Explanation: A binary decoder is a
combinational logic circuit which
decodes binary information from n-

inputs to a maximum of 2" outputs.
Here, number of outputs = 16.

16 = 24 = 2". Thus, number of inputs is
4,

175. A truth table with output
columns numbered 0—-15 ,may be for
which type of decoderiC?

a) Hexadecimal 1-of-16

b) Dual octal outputs

c) Binary-te-hexadecimal

d) Hexadecimal-to-binary

Answer: a

Explanation: A binary decoder is a
combinational logic circuit which
decodes binary information from n-
inputs to a maximum of 2" outputs. A
truth table with output columns
numbered 0—15 may be for
Hexadecimal 1-of-16. Because,
hexadecimal occupies less space in a
system.

176. How can the active condition
(HIGH or LOW) or the decoder output
be determined from the logic
symbol?

a) A bubble indicates active-HIGH

b) A bubble indicates active-LOW

c) A triangle indicates active-HIGH

d) A triangle indicates active-LOW
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Answer: b

Explanation: A bubble indicates
active-LOW in a decoder always.
Enable pin of the decoder is usually
active-LOW and is triggered on input
being at 0.

177. A code converter is a logic circuit
that
a) Inverts the given input

b) Converts into decimal number
c) Converts data of one type into
another type

d) Converts to octal

Answer: c

Explanation: A code converter is a
logic circuit that changes data
presented in one type of binary code
to another type of binary’€ade.

178. Use the weighting factors to
convert the following BCD numbers
to binary

0101 0011'&+001010110 1000

a)01020011 001001101000
b) 11010100 100001100000
c) 110101 100001100
d) 101011 001100001

Answer: c
Explanation: Firstly, convert every 4
sets of binary to decimal from the

given: 0101=5, 0011=3. Then convert
53 to binary, which will give 110101.
Again, do the same with the next 4
set of binary digits.

179. The primary use for Gray code is

a) Coded representation of a shaft’s
mechanical position

b) Turning on/off software switches
c) To represent thecorrect ASCII code
to indicate thevangular position of a
shaft,on rotating machinery

d)To convert the angular position of
a shaft'en rotating machinery into
hexadecimal code

Answer: a

Explanation: Gray code is useful
because only one bit changes at a
time, which is implemented easily in
Coded representation of a shaft’s
mechanical position. In Gray Code,
every sequence of successive bits
differs by 1 bit only.

180. Code is a symbolic
representation of

a) Discrete information

b) Continuous information

c) Decimal information into binary
d) Binary information into decimal
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Answer: a

Explanation: Code is a symbolic
representation of discrete
information. Codes can be anything
like numbers, letter or words, written
in terms of group of symbols.

181. One way to convert BCD to
binary using the hardware approach
is

a) With MSI IC circuits

b) With a keyboard encoder

c) With an ALU

d) UART

Answer: a

Explanation: One way to convert BCD.
to binary using the hardware
approach is MSI IC (i.e. medium scale
integration) circuits.

182. Why is the Gray code meore
practical to use when coding the
position of a rotating'shaft?

a) All digits.change between counts
b) Two,digits.change between counts
c)©Onlywone digit changes between
counts

d) Alternate digit changes between
counts

Answer: c
Explanation: The Gray code is more
practical to use when coding the

position of a rotating shaft because
only one digit changes between
counts that is reflected to the next
count.

183. Reflected binary code.is also
known as

a) BCD code

b) Binary code

c¢) ASCII code

d) Gray Cade

Answer:d

Explanation: The reflected binary
codeis also known as gray code
because one digit reflected to the
next bit. In Gray Code, every
sequence of successive bits differs by
1 bit only.

184. Why do we use gray codes?
a) To count the no of bits changes
b) To rotate a shaft

c) Error correction

d) Error Detetction

Answer: c

Explanation: Today, Gray codes are
widely used to facilitate error
correction in digital communications
such as digital terrestrial television
and some cable TV systems.
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185. Earlier, reflected binary codes
were applied to

a) Binary addition

b) 2’s complement

c) Mathematical puzzles
d) Binary multiplication

Answer: c

Explanation: The reflected binary
code is also known as gray code
because one digit reflected to the
next bit. In Gray Code, every
sequence of successive bits differs by
1 bit only. Reflected binary codes
were applied to mathematical puzzles
before they became known to
engineers.

186. The binary representation of.
BCD number 00101001 (decimal 29)
is

a) 0011101

b) 0110101

c) 1101001

d) 0101011

Answer; a

Explanation: The given BCD number
00101001 has three 1s. So, it can be
rewritten as 0000001-1, 0001000-8,
0010100-20 and after addition, we
get 0011101 as output.

187. Convert binary number into gray
code: 100101.

a) 101101

b) 001110

c) 110111

d) 111001

Answer: c
Explanation: : Conversion from Binary
To Gray Code:

1 (XOR) 0 (XORNO (XOR) 1 (XOR) O
(XOR) 1

2 N N A
11 o0 1 1 1

188. Each personal computer has a
that manages the

computer’s arithmetical, logical and

control activities.

a) Microprocessor

b) Assembler

¢) Microcontroller

d) Interpreter

Answer: a

Explanation: Microprocessor handles
all these activities. Each family of
processors has its own set of
instructions for handling various
operations like getting input from
keyboard, displaying information on a
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screen and performing various other
jobs.

189. Assembly Language requires less
memory and execution time.

a) True

b) False

Answer: a

Explanation: The statement is true.
Advantages of using assembly
language are:

e It requires less memory and
execution time.

¢ It allows hardware-specific complex
jobs in an easier way.

e It is suitable for time-critical jobs.

190. The data size of a word is

a) 2-byte
b) 4-byte
c) 8-byte
d)16-byte

Answer:a

Explanation:sThe processor supports
thefollowing data sizes:

e Word:.a 2-byte data item

e Double word: a 4-byte (32 bit) data
item, etc.

191. A direct reference of specific
location.

a) Segment Address
b) Absolute Address
c) Offset

d) Memory Address

Answer: b

Explanation: There are twokinds of
memory addresses:

e An absolute address = adirect
reference of specific location.

e The segment.address (or offset) —
starting address of a memory
segment'with.the offset value.

192A Borland Turbo Assembler.
a) nasm

b)tasm

c) gas

d) asm

Answer: b

Explanation: Tasm is the borland
turbo assembler. Nasm is used with
linux generally. Gas is the GNU
assembler.

193. The instructions that tell the
assembler what to do.

a) Executable instructions

b) Pseudo-ops

c) Logical instructions

d) Macros
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Answer: a

Explanation: The executable
instructions or simple instructions tell
the processor what to do. Each
instruction consists of an operation
code (opcode). Each executable
instruction generates one machine
language instruction.

194. The segment containing data
values passed to functions and
procedures within the program.
a) Code

b) Data

c) Stack

d) System

Answer: c

Explanation: The stack segment
contains data values passéd,to
functions and procedures within the
program. The code 'segment.defines
an area in memory that stores the
instruction cades.

195. To speed up.the processor
opéerations, the processor includes
someiinternal memory storage
locations, called

a) Drives

b) Memory
c) Units

d) Registers

Answer: d

Explanation: The processor has some
internal memory storage locations,
known as registers. The registers
stores data elements for processing
without having to access memory.

196. To locate the exact location‘of
data in memory, we needthe starting
address of the segment, which is
found in the DS register and an offset
value..This offsetvalue is also called?
a) Effective Address

b)Direct,offset address

c) Memory address

d) General Address

Answer: a

Explanation: When operands are
specified in memory addressing
mode, direct access to main memory,
usually to the data segment, is
required. This way of addressing
results in slower processing of data.
To get the exact location of data in
memory, we need segment start
address, which is found in the DS
register and an offset value. This
offset value is called an effective
address.

197. Each byte of character is stored
as its ASClI value in
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a) Hexadecimal
b) Binary

c) Octal

d) Decimal

Answer: a

Explanation: Assembly language deals
with hexadecimal values only. Each
decimal value is automatically
converted to its 16-bit binary
equivalent and stored as a
hexadecimal number.

198. A latch is an example of a

a) Monostable multivibrator
b) Astable multivibrator

c) Bistable multivibrator

d) 555 timer

Answer: c

Explanation: A latch is'@ahwexample of
a bistable multivibrator."A Bistable
multivibrator is\one inwhich the
circuit is stable in‘either of two
statesalt'ean\beflipped from one
state to,the other state and vice-
versak

199. Latch is a device with

a) One stable state
b) Two stable state

c) Three stable state
d) Infinite stable states

Answer: b

Explanation: Since, a latch works on
the principal of bistable
multivibrator. A Bistable
multivibrator is onedn‘which, the
circuit is stable in"either ofitwo
states. It can be:flipped from one
state to the otherstate and vice-
versa..Soa latch has two stable
states.

200:Whyilatches are called a
memory devices?

a)dt has capability to stare 8 bits of
data

b) It has internal memory of 4 bit

c) It can store one bit of data

d) It can store infinite amount of data

Answer: c

Explanation: Latches can be memory
devices, and can store one bit of data
for as long as the device is powered.
Once device is turned off, the
memory gets refreshed.

201. Two stable states of latches are

a) Astable & Monostable
b) Low input & high output
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c) High output & low output
d) Low output & high input

Answer:

Explanation: A latch has two stable
states, following the principle of
Bistable Multivibrator. There are two
stable states of latches and these
states are high-output and low-
output.

202. How many types of latches are

a) 4
b) 3
c)2
d)5

Answer: a

Explanation: There are four types of
latches: SR latch, D latch,4K latch and
T latch. D latch is amodified'form of
SR latch whereas, T latchdis an
advanced form'ofJK latch.

203. The fullform of SR is

a) System rated
b) Set reset
c) Set ready
d) Set Rated

Answer: b
Explanation: The full form of SR is

set/reset. It is a type of latch having
two stable states.

204. The SR latch consists of

a) 1input
b) 2 inputs
c) 3 inputs
d) 4 inputs

Answer: b

Explanation:'SR'or Set-Reset latch is
the simplest type of bistable
multivibrater having two stable
states.

The'diagram of SR latch is shown

below:
S
Q
Q
R

205. The outputs of SR latch are

a)xandy
b)aandb
c)sandr
d)gandd’

Answer: d
Explanation: SR or Set-Reset latch is
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the simplest type of bistable
multivibrator having two stable
states. The inputs of SR latch are s
and r while outputs are gand q’. It is

clear from the diagram:
S

Q

R

206. The NAND latch works when
both inputs are
a)l

b)0

c) Inverted

d) Don’t cares

Answer: a

Explanation: The NAND«atch works
when both inputsiare 1.'Since, both
of the inputs aresinverted.in a NAND
latch.

207. The first\step of analysis
procedure‘of SR latch is to

a) label inputs
b) label outputs
c) label states
d) label tables

Answer: b

Explanation: All flip flops have at least
one output labeled Q (i.e. inverted).
This is so because the flip flops have
inverting gates inside them, hence in
order to have both Q andQ
complement available, weshave
atleast one output labelled.

208. The inputsiof SRlatchrare

a)xandy
b)aandb
c)s andr
d) jianduk

Answer: c

Explanation: SR or Set-Reset latch is
the simplest type of bistable
multivibrator having two stable
states. The inputs of SR latch are s
and r while outputs are gand q’. It is

clear from the diagram:
S

Q

R

209. When a high is applied to the Set
line of an SR latch, then
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a) Q output goes high

b) Q' output goes high
c) Q output goes low

d) Both Q and Q' go high

Answer: a

Explanation: S input of a SR latch is
directly connected to the output Q.
So, when a high is applied Q output
goes high and Q' low.

210. When both inputs of SR latches
are low, the latch

a) Q output goes high

b) Q' output goes high

c) It remains in its previously set or
reset state

d) it goes to its next set or reset state

Answer: c

Explanation: When both'inputs of SR
latches are low, the latchiuremains in
it’s present state. There i§ no'change
in the output.

211. When'baeth inputs of SR latches
are. highy thelatch goes

a) Unstahble
b) Stable

c) Metastable
d) Bistable

Answer: c
Explanation: When both gates are

identical and this is “metastable”, and
the device will be in an undefined
state for an indefinite period.

212. Latches constructed with NOR
and NAND gates tend to remain in

the latched condition due to which
configuration feature?

a) Low input voltages

b) Synchronousioperation

c) Gate impedance

d) Cross coupling

Answer: d

Explanation: Latch is a type of
bistable multivibrator having two
stable states. Both inputs of a latch
are directly connected to the other’s
output. Such types of structure is
called cross coupling and due to
which latches remain in the latched
condition.

213. One example of the use of an S-
R flip-flop is as

a) Transition pulse generator
b) Racer

c) Switch debouncer

d) Astable oscillator

Answer: ¢

Explanation: The SR flip-flop is very
effective in removing the effects of
switch bounce, which is the
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unwanted noise caused during the
switching of electronic devices.

214. The truth table for an S-R flip-
flop has how many VALID entries?
a)l
b) 2
c)3
d) 4

Answer: c

Explanation: The SR flip-flop actually
has three inputs, Set, Reset and its
current state. The Invalid or
Undefined State occurs at both S and
R being at 1.

215. When both inputs of a J-K flip=
flop cycle, the output will

a) Be invalid
b) Change

c) Not change
d) Toggle

Answers,C

Explanation:»After one cycle the value
of each input comes to the same
value. Eg: Assume J=0 and K=1. After
1 cycle, it becomes as J=0->1->0(1
cycle complete) and K=1->0->1(1
cycle complete). The J & K flip-flop
has 4 stable states: Latch, Reset, Set
and Toggle.

216. Which of the following is correct
for a gated D-type flip-flop?

a) The Q output is either SET or RESET
as soon as the D input goes HIGH or
LOW

b) The output complement follows
the input when enabled

c) Only one of the inputsican'be HIGH
at a time

d) The outputitoggles ifione of the
inputs istheld,HIGH

Answer: a

Explanation:’In D flip flop, when the
clock'isshigh then the output depends
on the input otherwise reminds
previous output. In a state of clock
high, when D is high the output Q
also high, if D is ‘O’ then output is also
zero. Like SR flip-flop, the D-flip-flop
also have an invalid state at both
inputs being 1.

217. A basic S-R flip-flop can be
constructed by cross-coupling of
which basic logic gates?

a) AND or OR gates

b) XOR or XNOR gates

c) NOR or NAND gates

d) AND or NOR gates

Answer: ¢
Explanation: The basic S-R flip-flop
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can be constructed by cross coupling
of NOR or NAND gates. Cross
coupling means the output of second
gate is fed to the input of first gate
and vice-versa.

218. The logic circuits whose outputs
at any instant of time depends only
on the present input but also on the
past outputs are called

a) Combinational circuits

b) Sequential circuits

c) Latches

d) Flip-flops

Answer: b

Explanation: In sequential circuits,
the output signals are fed back to the
input side. So, The circuits whase
outputs at any instant of«ime
depends only on the presentinput
but also on the past outputs,are
called sequential circuits. Unlike
sequential circuits, if.output depends
only onithe present state, then it’s
known as combinational circuits.

219.'Whose operations are more
faster among the following?

a) Combinational circuits

b) Sequential circuits

c) Latches

d) Flip-flops

Answer: a

Explanation: Combinational circuits
are often faster than sequential
circuits. Since, the combinational
circuits do not require memory
elements whereas the sequential
circuits need memory,devices,to
perform their operatiens,in
sequence. Latches and Flip-flops
come underfsequential'circuits.

220. How.many types of sequential
circuits are?

ap2

b)3

c) 4

d)5

Answer: a

Explanation: There are two type of
sequential circuits viz., (i)
synchronous or clocked and (ii)
asynchronous or unclocked.
Synchronous Sequential Circuits are
triggered in the presence of a clock
signal, whereas, Asynchronous
Sequential Circuits function in the
absence of a clock signal.

221. The sequential circuit is also
called

a) Flip-flop
b) Latch
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c) Strobe
d) Adder

Answer: b

Explanation: The sequential circuit is
also called a latch because both are a
memory cell, which are capable of
storing one bit of information.

222. The basic latch consists of

a) Two inverters

b) Two comparators
c) Two amplifiers

d) Two adders

Answer: a

Explanation: The basic latch consists
of two inverters. It is in the sense that
if the output Q = 0 then the secend
output Q' = 1 and vice versa.

223. In S-R flip-flop,.if Q=.0:the
output is said te be
a) Set

b) Reset

c) Previous state

d) Current state

Answer:'b

Explanation: In S-R flip-flop, if Q=0
the output is said to be reset and set
forQ=1.

224. What is a trigger pulse?

a) A pulse that starts a cycle of
operation

b) A pulse that reverses the cycle of
operation

c) A pulse that prevents a‘ycle of
operation

d) A pulse that enhancesia cycle of
operation

Answer: a

Explanation: Thigger pulse is defined
asa pulsethatstarts a cycle of
operation.

225..The circuits of NOR based S-R
latch classified as asynchronous
sequential circuits, why?

a) Because of inverted outputs

b) Because of triggering functionality
c) Because of cross-coupled
connection

d) Because of inverted outputs &
triggering functionality

Answer: c

Explanation: The cross-coupled
connections from the output of one
gate to the input of the other gate
constitute a feedback path. For this
reason, the circuits of NOR based S-R
latch classified as asynchronous
sequential circuits. Moreover, they
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are referred to as asynchronous
because they function in the absence
of a clock pulse.

226. In digital logic, a counter is a
device which

a) Counts the number of outputs

b) Stores the number of times a
particular event or process has
occurred

c) Stores the number of times a clock
pulse rises and falls

d) Counts the number of inputs

Answer: b

Explanation: In digital logic and
computing, a counter is a device
which stores (and sometimes
displays) the number of timesia
particular event or processthas
occurred, often in relationship«to a
clock signal.

227. A counter cireuitis Usually
constructed of

a) A numbenrofilatches connected in
cascade form

b) A number of NAND gates
connected in cascade form

c) A number of flip-flops connected in
cascade

d) A number of NOR gates connected
in cascade form

Answer:

Explanation: A counter circuit is
usually constructed of a number of
flip-flops connected in cascade.
Preferably, JK Flip-flops are used to
construct counters and registers.

228. What is the maximum possible
range of bit-countspecificallyin n-bit
binary counter consisting of ‘n’
number of.flip-flops?

a) 0 to, 2"
b)0to 2"+ 1
c)0to2n—-1

d) Q0212

Answer: c

Explanation: The maximum possible
range of bit-count specifically in n-bit
binary counter consisting of ‘n’
number of flip-flops is 0 to 2"-1. For
say, there is a 2-bit counter, then it
will count till 22-1 = 3. Thus, it will
count from 0 to 3.

229. How many types of the counter
are there?

a) 2

b) 3

c)4

d)5

Answer: b
Explanation: Counters are of 3 types,
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namely,
(i)asynchronous/synchronous,
(ii)single and multi-mode &
(iii)modulus counter. These further
can be subdivided into Ring Counter,
Johnson Counter, Cascade Counter,
Up/Down Counter and such like.

230. A decimal counter has
states.

a)5

b) 10

c) 15

d) 20

Answer: b

Explanation: Decimal counter is also

known as 10 stage counter. So, it has
10 states. It is also known as Decade
Counter counting from 0t6:9.

231. Ripple counters areralsoicalled

a) SSI counters

b) Asynchtenous counters
c) Synehrenous«counters
d)«VLShkcounters

Answer; b

Explanation: Ripple counters are also
called asynchronous counter. In
Asynchronous counters, only the first
flip-flop is connected to an external
clock while the rest of the flip-flops

have their preceding flip-flop output
as clock to them.

232. Synchronous counter is a type of

a) SSI counters
b) LSI counters
c) MSI counters
d) VLSI counters

Answer: ¢

Explanation:'Synchronous Counter is
a Medium-Scale Integrated (MSI). In
Synchronous Counters, the clock
pulse,is supplied to all the flip-flops
simultaneously.

233. Three decade counter would
have

a) 2 BCD counters

b) 3 BCD counters

c) 4 BCD counters

d) 5 BCD counters

Answer: b

Explanation: Three decade counter
has 30 states and a BCD counter has
10 states. So, it would require 3 BCD
counters. Thus, a three decade
counter will count from 0 to 29.

234. BCD counter is also known as

a) Parallel counter
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b) Decade counter
c) Synchronous counter
d) VLSI counter

Answer: b

Explanation: BCD counter is also
known as decade counter because
both have the same number of stages
and both count from 0 to 9.

235. The parallel outputs of a counter
circuit represent the

a) Parallel data word
b) Clock frequency
c) Counter modulus
d) Clock count

Answer: d

Explanation: The parallel outptts of a
counter circuit represent the clock
count. A counter counts the humber
of times an event takes place,in
accordance to thexclock pulse.

236. A register is\defined as

a) The group.of latches for storing
onebit of information

b) The'group of latches for storing n-
bit of information

c) The group of flip-flops suitable for
storing one bit of information

d) The group of flip-flops suitable for
storing binary information

Answer: d

Explanation: A register is defined as
the group of flip-flops suitable for
storing binary information. Each flip-
flop is a binary cell capable of storing
one bit of information. The data in a
register can be transferred,from one
flip-flop to another.

237. The register is a type of

a) Sequential circuit

b) Combinational circuit
c)CPU

d) Latches

Answer: a

Explanation: Register’s output
depends on the past and present
states of the inputs. The device which
follows these properties is termed as
a sequential circuit. Whereas,
combinational circuits only depend
on the present values of inputs.

238. How many types of registers
are?
a) 2
b) 3
c)4
d)5

Answer: ¢
Explanation: There are 4 types of shift
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registers, viz., Serial-In/Serial-Out,
Serial-In/Parallel-Out, Parallel-
In/Serial-Out and Parallel-In/Parallel-
Out.

239. The main difference between a
register and a counter is

a) A register has no specific sequence
of states

b) A counter has no specific sequence
of states

c) A register has capability to store
one bit of information but counter
has n-bit

d) A register counts data

Answer: a

Explanation: The main difference
between a register and a‘€ountenis
that a register has nosspecific
sequence of states exceptin certain
specialised applications.

240. In D register,‘D’ stands for

a)Delay

b) Deerement
c) Data

d) Decay

Answer: c
Explanation: D stands for “data” in
case of flip-flops and not delay.

Registers are made of a group of flip-
flops.

241. Registers capable of shifting in
one direction is

a) Universal shift register

b) Unidirectional shift register
c) Unipolar shift register

d) Unique shift register

Answer: b

Explanation:‘The register capable of
shiftingiin‘ene direction is
unidirectional shift register. The
register capable of shifting in both
directions is known as a bidirectional
shift register.

242. A register that is used to store
binary information is called

a) Data register
b) Binary register
c) Shift register
d) D — Register

Answer: b

Explanation: A register that is used to
store binary information is called a
binary register. A register in which
data can be shifted is called shift
register.
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243. A shift register is defined as

a) The register capable of shifting
information to another register

b) The register capable of shifting
information either to the right or to
the left

c) The register capable of shifting
information to the right only

d) The register capable of shifting
information to the left only

Answer: b

Explanation: The register capable of
shifting information either to the
right or to the left is termed as shift
register. A register in which data_.can
be shifted only in one direction’is
called unidirectional shift register,
while if data can shifted in both
directions, it is known'asa
bidirectional shift'register.

244. How many methods of shifting
of dataareavailable?

a) 2

b) 3

c)4

d)5

Answer: a
Explanation: There are two types of
shifting of data are available and

these are serial shifting & parallel
shifting.

245. In serial shifting method, data
shifting occurs

a) One bit at a time
b) simultaneously

c) Two bit at a time
d) Four bit at a time

Answer: a

Explanation:"As'the'name suggests
seriabshifting, it means that data
shifting willtake place one bit at a
timesfor each clock pulse in a serial
fashion. While in parallel shifting,
shifting will take place with all bits
simultaneously for each clock pulse in
a parallel fashion.

246. Memory is a/an

a) Device to collect data from other
computer

b) Block of data to keep data
separately

c) Indispensable part of computer

d) Device to connect through all over
the world

Answer: ¢

Explanation: Memory is an
indispensable unit of a computer and
microprocessor based systems which
stores permanent or temporary data.
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247. The instruction used in a
program for executing them is stored
in the

a) CPU

b) Control Unit

c) Memory

d) Microprocessor

Answer: c

Explanation: All of the program and
the instructions are stored in the
memory. The processor fetches it as
and when required.

248. A flip flop stores
a) 10 bit of information
b) 1 bit of information
c) 2 bit of information
d) 3-bit information

Answer: b

Explanation: A flip-flop,has capability
to store 1 bit of information. It can be
used further aftererasing previous
information.

249..A register is able to hold

a) Data

b) Word

c) Nibble

d) Both data and word

Answer: b

Explanation: Register is also a part of
memory inside a computer. It stands
there to hold a word. A word is a
group of 16-bits or 2-bytes.

250. A register file holds

a) A large number of weord of
information

b) A small number of word of
information

c) A large.numbenof programs
d) A modestsnumber of words of
information

Answer: d

Explanation: A register file is different
from a simple register because of
capability to hold a modest number
of words of information. A word is a
group of 16-bits or 2-bytes.

251. The very first computer memory
consisted of

a) A small display

b) A large memory storage
equipment

c) An automatic keyboard input

d) An automatic mouse input

Answer: b

Explanation: The very first computer
memory consisted of a minute
magnetic toroid, which required
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large, bulky circuit boards stored in
large cabinates.

252. A minute magnetic toroid is also
called as

a) Large memory

b) Small memory

c) Core memory

d) Both small and large memory

Answer: c

Explanation: A minute magnetic
toroid is also called as core memory
which is made up of a semiconductor.
A semiconductor is a device whose
electrical conductivity lies between
that of conductor and insulator.

253. Which one of the following has
capability to store data in extremely
high densities?

a) Register

b) Capacitor

c) Semiconductor

d) Flip-Flop

Answeric

Explanation:, Semiconductor has
capability to store data in extremely
high densities.

254. A large memory is compressed
into a small one by using
a) LSI semiconductor

b) VLSI semiconductor
c) CDR semiconductor
d) SSI semiconductor

Answer: b

Explanation: VLSI (Very Large Scale
Integration) semiconductonis used in
modern computers to shortithesize
of memory.

255. VLSI chipwutilizes
a) NMOS

b) CMOS

c) BJT

d)\Al,of the Mentioned

Answer: d

Explanation: VLSI (Very Large Scale
Integration) is a memory chip which
is made up of NMOS, CMOS, BJT, and
BiCMOS. It can include 10,000 to
100,000 gates per IC.

256. CD-ROM refers to

a) Floppy disk

b) Compact Disk-Read Only Memory
c) Compressed Disk-Read Only
Memory

d) Compressed Disk- Random Access
Memory

Answer: b
Explanation: CD-ROM refers to
Compact Disk-Read Only Memory.
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257. Data stored in an electronic
memory cell can be accessed at
random and on demand using

a) Memory addressing
b) Direct addressing
c) Indirect addressing
d) Control Unit

Answer: b

Explanation: Direct addressing
eliminates the need to process a
large stream of irrelevant data in
order to the desired data word.

258. The full form of PLD is

a) Programmable Large Device
b) Programmable Long Device
c) Programmable Logic Dévice
d) Programmable Lengthy Device

Answer: c
Explanation: The'full form of PLD is
Programmable Logic Device.

259..The,evelution of PLD began with

a) EROM
b) RAM

c) PROM
d) EEPROM

Answer: a

Explanation: The evolution of PLD
(Programmable Logic Device) began
with Programmable Read Only
Memory (i.e. PROM). Here, the ROM
can be externally programmed as per
the user.

260. A ROM is defined as
a) Read Out Memory

b) Read Once Memeory
c) Read Only Memory

d) Read OnesMemory
View Answer

Answer: c

Explanation: A ROM is defined as
Read Only Memory which can read
the instruction stored in a computer.

261. Which of the circuits in figure (a
to d) is the sum-of-products
implementation of figure (e)?
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b) b
c)c
d) d

Answer: d

Explanation:; SOP'means Sum Of
Products form which represents the
sum of,product terms having
variables in complemented as well as
in uncomplemented form. Here, the
diagram of d contains the OR gate
followed by the AND gates, so itis in
SOP form.

262. Which of the following logic
expressions represents the logic
diagram shown?

A

>
T x

a) X=AB’+A’B
b) X=(AB)+AB
c) X=(AB)"+A’B’
d) X=A!B’+AB

Answer;,d

Explanation: 1st output of AND gate
is=A’B’

2nd AND gate’s output is = AB and,
OR gate’s output is = (A’B’)+(AB) = AB
+A’B’.

263. The device shown here is most
likelya

0o —

So
5, |

a1t

L

71T

EM —f

a) Comparator
b) Multiplexer

c) Inverter

d) Demultiplexer
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Answer: d

Explanation: The given diagram is
demultiplexer, because it takes single
input & gives many outputs. A
demultiplexer is a combinational
circuit that takes a single output and
latches it to multiple outputs
depending on the select lines.

264. What type of logic circuit is
represented by the figure shown
below?

A

>
T K

a) XOR
b) XNOR
c) AND
d) XAND

Answer: b

Explanation:*Aftersolving the circuit
we get (A’B*)+AB as output, which is
XNOR operation. Thus, it will produce
1 wheniinputs are even number of 1s
or all Os, and produce 0 when input is
odd number of 1s.

265. For a two-input XNOR gate, with
the input waveforms as shown

below, which output waveform is
correct?

INPUTAJ—I—‘

INPUT B Q

OUTPUT a

L

ouTPUT b—l—‘

OUTPUT ¢ J
QUTPUTd
| B L

L

a)d
b)a
c)¢
db

Answer: a

Explanation: When both inputs are
same then the o/p is high for a XNOR
gate.

i.,e., ABO/P

001

010

100

111.

Thus, it will produce 1 when inputs
are even number of 1s or all Os, and
produce 0 when input is odd number
of 1s.

266. Which of the following
combinations of logic gates can
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decode binary 11017

a) One 4-input AND gate

b) One 4-input AND gate, one
inverter

c) One 4-input AND gate, one OR gate
d) One 4-input NAND gate, one
inverter

Answer: b

Explanation: For decoding any
number output must be high for that
code and this is possible in One 4-
input NAND gate, one inverter option
only. A decoder is a combinational
circuit that converts binary data to n-
coded data upto 2" outputs.

267. What is the indication of a short
to ground in the output of a driving
gate?

a) Only the output of the defective
gate is affected

b) There is a signal loss,toall load
gates

c) The node 'may be stuck in either
the HIGH orthe LOW state

d) The affected node will be stuck in
the HIGH state

Answer: b

Explanation: Short to ground in the
output of a driving gate indicates of a
signal loss to all load gates. This

results in information being disrupted
and loss of data.

268. For the device shown here,
assume the D input is LOW, both S
inputs are LOW and the input is LOW.
What is the status of the\Y eutputs?

0 —

=
[=]

=

[N
b=

S|

BN —f

a) Alhare HIGH
b)*All are,LOW
c) Allbut YO are LOW
d) All'but YO are HIGH

Answer: d
Explanation: In the given diagram, SO
and S1 are selection bits. So,

I/PSOS10/P
D=000YO
D=001Y1
D=010Y2
D=011Y3

Hence, inputs are SO and S1 are Low
means 0, so output is YO and rest all
are HIGH.

269. The carry propagation can be
expressed as

a) Cp=AB

b)Cp=A+B
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c) All but YO are LOW
d) All but YO are HIGH

Answer: b

Explanation: This happens in parallel
adders (where we try to add numbers
in parallel via more than one adders).
A carry propagation occurs when
carry from one adder needs to be
forwarded to other adder and that
second adder is holding the
computation (addition) because carry
from first adder has not come yet. So,
there is a slight delay for second
adder and this is known as carry
propagation.

270. 3 bits full adder contains

a) 3 combinational inputs
b) 4 combinational inputs
c) 6 combinational inputs
d) 8 combinatienalinputs

Answer: d

Explanation:\FulbAdder is a
combinationalcircuit with 3 input bits
and 2.output bits CARRY and SUM.
Three bits full adder requires 23 =8
combinational circuits.

271. The ‘heart’ of the processor
which performs many different
operations

a) Arithmetic and logic unit
b) Motherboard

c¢) Control Unit

d) Memory

Answer: a

Explanation: The Arithmetic.and,logic
unit performs all the basic operations
of the computer system. Ityperforms
all the arithmetic(+,-,%,/,etc) as well
as the logical operations( AND, OR,
NOT, etc.).

272. ALU isithe place where the
actual executions of instructions take
place during the processing
operation.

a) True

b) False

Answer: a

Explanation: ALU is a combinational
electronic circuit which basically
performs all the logical or the bitwise
operations and the arithmetic
operations. Therefore, it is the place
where the actual executions of
instructions take place.

273. Which of the following is not a
bitwise operator?

a) |
b) A
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c).
d) <<

Answer:

Explanation: All except the dot(.)
operator are bitwise operators.

| : Bitwise OR

A : Bitwise XOR

<< : Shift Left

274. The sign magnitude
representation of -1 is
a) 0001

b) 1110

c) 1000

d) 1001

Answer: d

Explanation: The first leftmost'bit i.e.
the most significant bit in the sigh
magnitude represents if the humber
is positive or negative.\lfithe'MSB is 1,
the number is negative else ifit is O,
the number.is positive. Here,
+1=0001 and for =1=1001.

275.IEEE stands for
a) Instantaneous Electrical

Engineering

b) Institute of Emerging Electrical
Engineers

c) Institute of Emerging Electronic
Engineers

d) Institute of Electrical and
electronics engineers

Answer: d

Explanation: The IEEE is an
organization of professionals in the
field of electronics and electrical
engineering. IEEE has given'certain
standards of its own which.are
followed in thefield of computer
science and.electrical engineering.

276..The ALU gives the output of the
operationstand the output is stored in
the

a) Memory Devices

b).Registers

c) Flags

d) Output Unit

Answer: b

Explanation: Any output generated
by the ALU gets stored in the
registers. The registers are the
temporary memory locations within
the processor that are connected by
signal paths to the CPU.

278. The process of division on
memory spaces is called

a) Paging
b) Segmentation
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c) Bifurcation
d) Dynamic Division

Answer: b

Explanation: The memory space is
divided into segments of dynamic
size. The programmer is aware of the
segmentation and can reallocate the
segments accordingly.

279. Number of bits in ALU is

a)4
b) 8
c) 16
d) 2

Answer: c

Explanation: Arithmetic and Logic
Unit consists of 16bits. They perform
certain Arithmetic and bitwise
operations (add, subtract, AND, OR,
XOR, Increment, decremeént, shift).

280. Which flag indicates the number
of 1 bitd¢hat results,from an
operation?

a) Zero

b) Parity.

c) Auxiliary

d) Carry

Answer: b
Explanation: The parity flag indicates

the number of 1 bit in any operation.
The resultant bit is called the parity
bit. The main aim of the parity bit is
to check for errors.

281. The bitwise complement of 0 is

a) 00000001
b) 10000000
c) 11111111
d) 11111110

Answers:.C

Explanation: Bitwise complement is
basically used to convert all the O
digits to 1 and the 1s to Os.

Seyfor 0 = 00000000(in 8-bits) :::
11111111(1s complement). The
bitwise complement is often referred
to as the 1s complement.

282. Unicode provides a consistent
way of encoding multilingual plain
text.

a) True

b) False

Answer: a

Explanation: Unicode defines codes
for characters used in all major
languages of the world.

It is a coding system which supports
almost all the languages. It defines
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special codes for different characters,
symbols, diacritics, etc.

283. Which of the following is not a
type of numeric value in zoned
format?

a) Positive

b) Negative

c) Double

d) Unsigned

Answer: c

Explanation: The zoned format can
represent numeric values of type
Positive, negative and unsigned
numbers. A sign indicator is used in
the zone position of the rightmost
digit.

284. The sign indicator of unsighed
numbers is

a)C

b) D

c)F

d) X

Answeric

Explanations: A sign indicator is used
in the zone position of the rightmost
digit. A sign indicator C is used for
positive, D for negative and F is used
for negative numbers.

285. The EBCDIC value of the number
345 in zoned format is

a) F3F4F5

b) E3E4E5

c) F3F4C5

d) F3F4D5

Answer: a

Explanation: F is used for the
representation‘ef unsigned numbers
therefore;F3F4F5, represents 345.
F3FACS5 represents +345 . F3F4D5
represents -345.

286 Which of the following logic
families has the highest maximum
cleck frequency?

a) S-TTL

b) AS-TTL

c) HS-TTL

d) HCMOS

Answer: b

Explanation: AS-TTL (Advanced
Schottky) has a maximum clock
frequency of 105 MHz. S-TTL
(Schottky High Speed TTL) has 100
MHz. Found nothing as HS-TTL. There
are H and S separate TTL. HCMOS has
50 MHz clock frequency.

287. Why is the fan-out of CMOS
gates frequency dependent?
a) Each CMOS input gate has a
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specific propagation time and this
limits the number of different gates
that can be connected to the output
of a CMOS gate

b) When the frequency reaches the
critical value the gate will only be
capable of delivering 70% of the
normal output voltage and
consequently the output power will
be one-half of normal and this
defines the upper operating
frequency

c) The higher number of gates
attached to the output the more
frequently they will have to be
serviced thus reducing the frequency
at which each will be serviced with an
input signal

d) The input gates of theETs are
predominantly capacitive andas the
signal frequency increases the
capacitive loading alse.increases
thereby limiting'thesnumber of loads
that may be'attached to the output
of the drivinggate

Answer: d

Explanation: Fan out is the measure
of maximum number of inputs that a
single logic gate output can drive.
Actually power dissipation in CMOS
circuits depends on clock frequency.

As the frequency increases Pd also
increases so fan-out depends on
frequency.

288. Logic circuits that are designated
as buffers, drivers or buffers/drivers
are designed to have:

a) A greater current/voltage
capability than an‘erdinary.logic
circuit

b) Greaterinput'eurrent/voltage
capability. thanyaniordinary logic
circuit

c)*A smaller output current/voltage
capability than an ordinary logic

d) Greater the input and output
current/voltage capability than an
ordinary logic circuit

Answer: a

Explanation: Buffer circuits are
usually incorporated to isolate the
input from the output. Logic circuits
that are designated as buffers, drivers
or buffer/drivers are designed to
have a greater current/voltage
capability than an ordinary logic
circuit.

289. Which of the following will not
normally be found on a data sheet?
a) Minimum HIGH level output
voltage
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b) Maximum LOW level output
voltage

c) Minimum LOW level output
voltage

d) Maximum HIGH level input current

Answer: c

Explanation: Minimum LOW level
output voltage will not normally be
found on a data sheet.

290. Which of the following logic
families has the shortest propagation
delay?

a) S-TTL

b) AS-TTL

c) HS-TTL

d) HCMOS

Answer: b

Explanation: AS-TTL (Advanced
Schottky) has a maximum,clock
frequency that is 205 MHz. So, the
propagation,delay.will be*given by
1/105 sec'which is'the’lowest one. It
is followed by S=TTL and HCMOS in
terms of increasing propagation
delay:

291. ARM stands for

a) Advanced Rate Machines
b) Advanced RISC Machines
c) Artificial Running Machines

d) Aviary Running Machines

Answer: b
Explanation: ARM is a type of system
architecture.

292. The main importance of ARM
micro-processors is providing
operation with

a) Low cost and low.power
consumption

b) Higher degree of multi-tasking
c) Lower errororglitches

d) Efficient memory management

Answer: a

Explanation: The Stand alone feature
of the ARM processors is that they’re
economically viable.

293. ARM processors where basically
designed for

a) Main frame systems

b) Distributed systems

c) Mobile systems

d) Super computers

Answer: c
Explanation: These ARM processors
are designed for handheld devices.

294. The ARM processors don’t
support Byte addressability.

a) True

b) False
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Answer: b
Explanation: The ability to store data
in the form of consecutive bytes.

295. The address space in ARM is

a) 2%
b) 264
c) 216
d) 232

Answer: d
Explanation: None.

296. have been developed
specifically for pipelined systems.
a) Utility software

b) Speed up utilities

c) Optimizing compilers

d) None of the mentioned

Answer: c

Explanation: The compilersswhich are
designed to remove redundant parts
of the code are called as optimizing
compilers.

297. The pipelining process is also
called\as

a) Superscalar operation

b) Assembly line operation

c) Von Neumann cycle

d) None of the mentioned

Answer: b

Explanation: It is called so because it
performs its operation at the
assembly level.

298. The fetch and execution cycles
are interleaved with thethelp.of

a) Modification in‘processor.
architecture

b) Clock

c) Specialunit

d) Control unit

Answer: b

Explanation: The time cycle of the
cleck is adjusted to perform the
interleaving.

299. Each stage in pipelining should
be completed within

cycle.
a)1l
b) 2
c)3
d) 4

Answer: a

Explanation: The stages in the
pipelining should get completed
within one cycle to increase the
speed of performance.
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300. In pipelining the task which
requires the least time is performed
first.

a) True

b) False

Answer: b
Explanation: This is done to avoid
starvation of the longer task.

301. If a unit completes its task
before the allotted time period, then

a) It'll perform some other task in the
remaining time

b) Its time gets reallocated to a
different task

c) It'll remain idle for the remaining
time

d) None of the mentioned

Answer: c
Explanation: None.

302. To increaseithesspeed of
memory. accessiin pipelining, we
make use of

a) Special memory locations

b) Special purpose registers

c) Cache

d) Buffers

Answer: c
Explanation: By using the cache we

can reduce the speed of memory
access by a factor of 10.

303. The periods of time when the
unitisidleiscalledas

a) Stalls

b) Bubbles

c) Hazards

d) Both Stalls and"Bubbles

Answer: d

Explanation:‘The stalls are a type of
hazardsithat affect a pipelined
system,

304./The contention for the usage of
a hardware device is called

a) Structural hazard

b) Stalk

c) Deadlock

d) None of the mentioned

Answer: a
Explanation: None.

305. The situation wherein the data
of operands are not available is called

a) Data hazard

b) Stock

c) Deadlock

d) Structural hazard

Answer: a
Explanation: Data hazards are
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generally caused when the data is not
ready on the destination side.

306. The decimal numbers
represented in the computer are
called as floating point numbers, as
the decimal point floats through the
number.

a) True

b) False

Answer: a

Explanation: By doing this the
computer is capable of
accommodating the large float
numbers also.

307. The numbers written to the
power of 10 in the representation‘of
decimal numbers are called as %
a) Height factors

b) Size factors

c) Scale factors

d) None of the mentioned

Answers,C

Explanation:sThese are called as scale
factors cause they’re responsible in
determining the degree of
specification of a number.

308. If the decimal point is placed to
the right of the first significant digit,
then the number is called

a) Orthogonal

b) Normalized

c) Determinate

d) None of the mentioned

Answer: b
Explanation: None.

309. constitute the
representation of the floating
number.

a) Sign

b) Significant digits
c) Scale factor
d)\Al,of the mentioned

Answer: d

Explanation: The following factors are
responsible for the representation of
the number.

310. The sign followed by the string
of digits is called as

a) Significant

b) Determinant

c) Mantissa

d) Exponent

Answer: c
Explanation: The mantissa also
consists of the decimal point.

311. In IEEE 32-bit representations,
the mantissa of the fraction is said to
occupy bits.
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a) 24
b) 23
c) 20
d) 16

Answer: b
Explanation: The mantissa is made to
occupy 23 bits, with 8 bit exponent.

312. The normalized representation
of 0.0010110 * 2 4 is

a) 010001000 0010110

b) 0 10000101 0110

c) 0101010101110

d) 011110100 11100

Answer: b

Explanation: Normalized
representation is done by shifting the
decimal point.

313. The 32 bit representationof the
decimal number is called as

a) Double-precision

b) Single-precision

c) Extendedformat

d) None'ef the mentioned

Answer:'b
Explanation: None.

314. In 32 bit representation the
scale factor as a range of
a)-128 to 127

b) -256 to 255
c) 0to 255
d) None of the mentioned

Answer: a
Explanation: Since the expoanent field
has only 8 bits to store the value.

315. In double precisionformat, the
size of the mantissatis

a) 32 bit

b) 52 bit

c) 64bit

d) 72 bit

Answer: b

Explanation: The double precision
format is also called as 64 bit
representation.

316. The DMA differs from the
interrupt mode by -
a) The involvement of the processor
for the operation

b) The method of accessing the I/0
devices

c) The amount of data transfer
possible

d) None of the mentioned

Answer: d

Explanation: DMA is an approach of
performing data transfers in bulk
between memory and the external
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device without the intervention of
the processor.

317. The DMA transfers are
performed by a control circuit called
as

a) Device interface

b) DMA controller

c) Data controller

d) Overlooker

Answer: b

Explanation: The Controller performs
the functions that would normally be
carried out by the processor.

318. In DMA transfers, the required
signals and addresses are given by
the

a) Processor

b) Device drivers

c) DMA controllers

d) The program itself

Answer: c

Explanation:*The DIMA controller acts
as ajprocessar.for DMA transfers and
overlooks the entire process.

319. After the completion of the DMA

transfer, the processor is notified by

a) Acknowledge signal
b) Interrupt signal

c) WMEC signal
d) None of the mentioned

Answer: b

Explanation: The controller raises an
interrupt signal to notify the
processor that the transferwas
complete.

320. The DMA controllerthas
registers.

a)4

b) 2

c)3

d)1

Answer: c

Explanation: The Controller uses the
registers to store the starting
address, word count and the status of
the operation.

330. When the R/W bit of the status
register of the DMA controller is set
to 1.

a) Read operation is performed

b) Write operation is performed

c) Read & Write operation is
performed

d) None of the mentioned

Answer: a
Explanation: None.
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331. The controller is connected to
the

a) Processor BUS

b) System BUS

c) External BUS

d) None of the mentioned

Answer: b

Explanation: The controller is directly
connected to the system BUS to
provide faster transfer of data.

332. Can a single DMA controller
perform operations on two different
disks simultaneously?

a) True

b) False

Answer: a

Explanation: The DMA controller'can
perform operations on two different
disks if the appropriate details are
known.

333. The technique whereby the
DMA contralleristeals the access
cycles of,.the.processor to operate is
called

a) Fast'canning

b) Memory Con

c) Cycle stealing

d) Memory stealing

Answer:

Explanation: The controller takes
over the processor’s access cycles
and performs memory operations.

334. The technique where_the
controller is given complete,access to
main memory is

a) Cycle stealing

b) Memory stealing

c) Memory.Con

d) Burst mode

Answer: d

Explanation: The controller is given
full'control of the memory access
eycles and can transfer blocks at a
faster rate.

335. The side of the interface circuits,
that has the data path and the
control signals to transfer data
between interface and device is

a) BUS side
b) Port side
c) Hardwell side
d) Software side

Answer: b
Explanation: This side connects the
device to the motherboard.
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336. What is the interface circuit?
a) Helps in installing of the software
driver for the device

b) Houses the buffer that helps in
data transfer

c) Helps in the decoding of the
address on the address BUs

d) None of the mentioned

Answer: c

Explanation: Once the address is put
on the BUS the interface circuit
decodes the address and uses the
buffer space to transfer data.

337. The conversion from parallel to
serial data transmission and vice
versa takes place inside the intefface
circuits.

a) True

b) False

Answer: a

Explanation; By.deingithis the
interface Circuits provide a better
interconnection.between devices.

338, Theiinterrupt-request line is a
part ofithe

a) Data line

b) Control line

c) Address line

d) None of the mentioned

Answer: b

Explanation: The Interrupt-request
line is a control line along which the
device is allowed to send the
interrupt signal.

339. The return address‘from the
interrupt-service routine is stored on
the

a) System heap

b) Processer register
c) Progessor stack
d) Memory

Answer: €

Explanation: The Processor after
servicing the interrupts as to load the
address of the previous process and
this address is stored in the stack.

340. The signal sent to the device
from the processor to the device
after receiving an interrupt is

a) Interrupt-acknowledge
b) Return signal

c) Service signal

d) Permission signal

Answer: a

Explanation: The Processor upon
receiving the interrupt should let the
device know that its request is
received.
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341. When the process is returned
after an interrupt service

should be loaded again.

i) Register contents

ii) Condition codes

iii) Stack contents

iv) Return addresses

a)i,iv

c) iii, iv

d) i, ii

Answer: d
Explanation: None.

342. The time between the receiver
of an interrupt and its service is

a) Interrupt delay
b) Interrupt latency
c) Cycle time

d) Switching time

Answer: b

Explanation: The delay in servicing of
an interruptthappens due to the time
is taken, for contact switch to take
place:

343. Interrupts form an important
partof _ systems.

a) Batch processing

b) Multitasking

c) Real-time processing
d) Multi-user

Answer:

Explanation: This forms an important
part of the Real time system,since if a
process arrives with greatenpriority
then it raises an interrupt and the
other process is stopped and'the
interrupt will be,serviced.

344. A singlednterrupt line can be
usedstorservice n different devices.
a) True

b)\False

Answer: a
Explanation: None.

345. *@Ac# is a type of
data.

a) Symbolic

b) Alphanumeric
c) Alphabetic

d) Numeric

Answer: b

Explanation: Alphanumeric data
consists of symbols. Alphanumeric
data may be a letter, eitherin
uppercase or lowercase or some
special symbols like #,7,*,(, etc.)

346. Which of the following is not a
valid representation in bits?
a) 8-bit
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b) 24-bit
c) 32-bit
d) 64-bit

Answer: b

Explanation: There are no criteria like
the 24-bit representation of
numbers. Numbers can be written in
8-bit, 16-bit, 32-bit and 64-bit as per
the |IEEE format.

347. What are the entities whose
values can be changed called?

a) Constants

b) Variables

c) Modules

d) Tokens

Answer: b

Explanation: Variables are the data
entities whose values can be
changed. Constants have a fixed
value. Tokens are the words which
are easily identified by the compiler.

348. Which of the following is not a
basic data type in C language?

a) float

b) int

c) real

d) char

Answer: c

Explanation: There are 5 basic data
types in C language: int, char, float,
double, void.

Int is for the representation of
integers, char is for strings and
characters, float and double are for
floating point numbers whereas void
is a valueless special data type.

349. BOOLEAN is a type of data type
which basically gives a tautology or
fallacy.

a) True

b) False

Answer: a

Explanation: A Boolean
representation is for giving logical
values. It returns either true or false.
If a result gives a truth value, it is
called tautology whereas if it returns
a false term, it is referred to as
fallacy.

350. What does FORTRAN stands for?
a) Formula Transfer

b) Formula Transformation

¢) Formula Translation

d) Format Transformation

Answer: c

Explanation: FORTRAN is a type of
computer language. It was developed
for solving mathematical and
scientific problems. It is very
commonly used among the scientific
community.
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351. The program written by the
programmer in high level language is
called

a) Object Program

b) Source Program

c) Assembled Program

d) Compiled Program

Answer: b

Explanation: The program written by
the programmer is called a source
program. The program generated by
the compiler after compilation is
called an object program. The object
program is in machine language.

352. A standardized language used
for commercial applications.

a)C

b) Java

c) COBOL

d) FORTRAN

Answer: c

Explanation: COBOL is a language
used in business and commercial
applications. It stands for Common
Business Oriented Language. It is
imperative, procedural as well as
object oriented language.

353. define how the
locations can be used.

a) Data types

b) Attributes

c) Links

d) Data Objects

Answer: b

Explanation: Attributes can
determine how any location can be
used. Attributes can be type, name,
component, etc. Data objects are the
variables and constants in a program.

354. The decimal equivalent of the
binary number (1011.011)2 is

a) (11.375)10
b) (10.123)10
11.175)10

C
d) (9.23)10

Answer: a

Explanation: Binary to Decimal
conversion is obtained by multiplying
2 to the power of base index along
with the value at that index position.
1*23+0%22+41*21+1%20+0* 2
141 *22+1%*23=(11.375)10
Hence, (1011.011)2 =(11.375)10

355. An important drawback of
binary systemis

a) It requires very large string of 1’s
and 0’s to represent a decimal
number

b) It requires sparingly small string of
1’s and 0’s to represent a decimal
number

c) It requires large string of 1’s and
small string of O’s to represent a
decimal number
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d) It requires small string of 1’s and
large string of 0’s to represent a
decimal number

Answer: a

Explanation: The most vital drawback
of binary system is that it requires
very large string of 1’s and 0’s to
represent a decimal number. Hence,
Hexadecimal systems are used by
processors for calculation purposes
as it compresses the long binary
strings into small parts.

356. The decimal equivalent of the
octal number (645)s is

a) (450)10

b) (451)10

c) (421)10

d) (501)10

Answer: c

Explanation: Octal to Decimal
conversion is obtained by multiplying
8 to the power of base index along
with the value at that index position.
The decimal equivalent of the octal
number (645)gis 6 * 82+ 4 * 81+ 5 *
8=6*64+4*8+5=384+32+5=
(421)10.

357. The largest two digit
hexadecimal number is
a) (FE)16

b) (FD)16

c) (FF)16

d) (EF)16

Answer:

Explanation: (FE)16 is 254 in decimal
system, while (FD)16 is 253. (EF)16 is
239 in decimal system. And, (FF)16 is
255. Thus, The largest two-digit
hexadecimal number is (FF)16.

358. Representation of hexadecimal
number (6DE)H in decimal:

a)6* 162+ 13 * 161 + 14 * 16°

b) 6 * 162+ 12 * 161 + 13 * 16°
c)6*162+11* 16 + 14 * 16°

d) 6 * 162+ 14 * 16 + 15 * 16°

Answer: a

Explanation: Hexadecimal to Decimal
conversion is obtained by multiplying
16 to the power of base index along
with the value at that index position.
In hexadecimal number D & E
represents 13 & 14 respectively.
So,6DE=6*162+13*16'+ 14 *
16°.

359. The quantity of double word is

a) 16 bits
b) 32 bits
c) 4 bits
d) 8 bits

Answer: b

Explanation: One word means 16 bits,
Thus, the quantity of double word is
32 bits.
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360. What is the addition of the
binary numbers 11011011010 and
0101001017

a) 0111001000

b) 1100110110

c) 11101111111

d) 10011010011

Answer: c
Explanation: The rules for Binary
Addition are :
0+0=0
0+1=1
1+0=1
1+1=0(Carry1)
1

11011011010

+00010100101

11101111111

361. Perform binary addition: 101101
+011011=">

a) 011010

b) 1010100

c) 101110

d) 1001000

Answer: d

Explanation:The rules for Binary
Addition are :

0+0=0

0+1=1

1+0=1
1+1=0(Carry1)
111111
101101
+011011

1001000

Therefore, the addition of 101101 +
011011 =1001000.

362. Perform binary subtraction:
101111 -010101="

a) 100100

b) 010101

c) 011010

d) 011001

Answer: ¢
Explanation: The rules for Binary
Subtraction are :
0-0=0
0-1=1(Borrow1)
1-0=1
1-1=0
101111
-010101

011010

Therefore, The subtraction of 101111
- 010101 =011010.

363. Binary subtraction of 100101 —
011110is
a) 000111
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b) 111000
c) 010101
d) 101010

Answer: a
Explanation: The rules for Binary
Subtraction are :
0-0=0
0-1=1(Borrow1)
1-0=1
1-1=0
100101
-011110

000111

Therefore, The subtraction of 100101
—-011110=000111.

364. Perform multiplication of the
binary numbers: 01001 x 01011 =7
a) 001100011

b) 110011100

c) 010100110

d) 101010111

Answer: a
Explanation: The rules for binary
multiplication are:
0*0=0
0*1=0
1*0=0
1*1=1
01001
x01011

01001
010010
0000000
01001000
000000000

001100011

Therefore, 01001 x 01011 =
001100011.

365. 100101 x0110="7
a) 1011001111

b) 0100110011

c) 101111110

d) 0110100101

Answer: c
Explanation: The rules for binary
multiplication are:
0*0=0
0*1=0
1*0=0
1*1=1
100101
X 0110

000000
1001010
10010100
000000000

011011110

Therefore, 100101 x 0110 =
011011110.
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366. On multiplication of (10.10) and
(01.01), we get

a) 101.0010

b) 0010.101

c) 011.0010

d) 110.0011

Answer: c
Explanation: The rules for binary
multiplication are:
0*0=0
0*1=0
1*0=0
1*1=1
10.10
x 0101

1010
00000
101000
0000000

0110010

Therefore, 10.10 x 01.01 = 011.0010.

367. Divide the binary numbers:
111101 + 1001 and find the
remainder

a) 0010

b) 1010

c) 1100

d) 0011

Answer: d
Explanation: Binary Division is

accomplished using long division
method.
1001)111101(11

1001

01100
1001

0111

Therefore, the remainder of 111101 +
1001 = 0111.

368. CPU has built-in ability to
execute a\particular set of machine
instructions, called as

a) Instruction Set

b) Registers

c) Sequence Set

d) User instructions

Answer: a

Explanation: An instruction is any task
which is to be performed by the
processor. Instructions are stored in
the register. Instruction set is the set
of machine instructions.

369. Opcode indicates the operations
to be performed.

a) True

b) False

Answer: a
Explanation: Every instruction has an
opcode. Additionally, it may have one
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or more operands and the op code
indicates the operation to be
performed.

370. The length of a register is called

a) word limit
b) word size
c) register limit
d) register size

Answer: b

Explanation: The length of a register
is called word size. It tells the number
of bits a register can store.

Registers are a part of the CPU.

371. The holds the
contents of the accessed membory
word.

a) MAR

b) MBR

c) PC

d) IR

Answer;b

Explanation:The MBR holds the
contentsyofithe accessed
(read/written) memory word.
MBR stands for Memory Buffer
Register.

372. Which of the following is not a
visible register?

a) General Purpose Registers
b) Address Register

c) Status Register

d) MAR

Answer: d

Explanation: MAR or thesmemory
address register is not'a visible
register. This register is\user.
inaccessible. It eontains the address
of the memory bleck to be read or
written to.

373. Which,of the following is a data
transfer instruction?

a) STA 16-bit address

b)-ADD A, B

c) MULC, D

d) RET

Answer: a

Explanation: The instruction STA 16-
bit address is a data transfer
instruction.

STA means Store in Accumulator.

374. What is correct instruction if you
want the control to go to the location
2000h?

a) MOV 2000h

b) MOV A, 2000h

c) JMP 2000h

d) RET 2000h
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Answer: c

Explanation: The JMP instruction is
used to move to a particular location.
In 8085 microprocessor, JIMP
statement tells the processor to go to
location 2000h (here).

375. What kind of a flag is the sign
flag?

a) General Purpose

b) Status

c) Address

d) Instruction

Answer: b

Explanation: Sign flag is a type of
status register or the flag register. It
is used to indicate the sign of ceftain
bits.

376. The number of sign hitsin a 32-
bit IEEE format

a)1l

b) 11

c)9

d) 23

Answer:a

Explanation: There is only 1 sign bit in
all the standards. In a 32-bit format,
there is 1 sign bit, 8 bits for the
exponent and 23 bits for the
mantissa.

377. New CPU whose instruction set
includes the instruction set of its
predecessor CPU is said to be

with its predecessor.

a) fully compatible

b) forward compatible
c) compatible

d) backward compatible

Answer: d

Explanatien: TheCPU is called
backward compatible since it
contains thevinstruction set of its
predecessor: Manufacturers tend to
group their CPUs into families having
similar instruction set.

378. What does ASCII stand for?
a) American Standard Code for
Information Interchange

b) American Scientific Code for
Information Interchange

c) American Scientific Code for
Interchanging Information

d) American Standard Code for
Interchanging Information

Answer: a

Explanation: The ASCII codes are used
to represent the bits into symbols
and vice versa. ASCll is the American
Standard Code which is used to
exchange information.
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379. The decimal representation for
the character ‘V in ASCll is

a) 31
b) 32
c) 33
d) 34

Answer: c

Explanation: The decimal
representation of a few basic
characters are:

33:1

34”7

35: #

36 :S.

380. The two types of ASCII are
and

a) ASCII-4 and ASCII-8

b) ASCII-8 and ASCII-16

c) ASCII-7 and ASCII-8

d) ASCII-4 andASCI=16

Answer: C

Explanation:Thetwo types of ASCII
areé ASCII=Z and ASCII-8. ASCII-7 uses
7 bits\for the representation of
numbers and ASCII-8 uses 8-bits.

381. Any set of digits or alphabets are
generally referred as

a) Characters

b) Symbols
c) Bits
d) Bytes

Answer: a

Explanation: We refer to the digits
and alphabets generally%as
characters. A charactenis generally a
unit of information,in_ computers.

382. The first:l28.characters are the
same in bothithe types of ASClI i.e.
ASCH=7"and ASCII-8.

a) True

b)\False

Answer: a

Explanation: There are two types of
ASCII codes: ASCII-7 and ASCII-8.
ASCII-7 uses 7 bits to represent a
number whereas ASCII-8 uses 8-bits
to represent a number.

383. The number of characters that
can be represented in ASCII-8 are

a) 128
b) 256
c) 32
d) 64

Answer: b
Explanation: ASCII-8 can represent
256 different characters. ASCII-8 uses
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8-bits for the representation of
numbers i.e. it can represent 28 = 256
different characters.

384. The zone of alphabetic
characters from A to O in ASCll is

a) 1000
b) 0100
c) 0010
d) 0001

Answer: b

Explanation: The zone used by ASCII
for alphabets is 0100. Fore.g. A is
represented as
0100(zone)0001(digit). The hex
equivalent is 41 for A. The zone used
by numbers is 0011.

385. The representation of the
number 8 in binary.in ASCII-8,format

a) 00111000
b) 01001000
c) 1000

d)©0011000

Answer;a

Explanation: The ASCII-8 format will
have 8 bits. The zone for the
character 8 is 0011 and the digit is
1000. Therefore, its representation is
00111000.

386. Binary Coding for the letter X is

a) 01011000
b) 00111000
c) 10001000
d) 00010100

Answer: a

Explanation: The binary,.coding for
the letter X is 02011000. Here, 0101
is the zone.whereas, 1000 is the digit.
The alphabetsfrom P to Z have the
zone,0101.

387:Express the ASCII equivalent of
the'signed binary number
(00110010),.

a) 2

b) 1

c)A

d),

Answer: a

Explanation: The ASCII characters for
the remaining options are:
1:00110001

A : 01000001

, - 00101100.

388. Computer has a built-in system
clock that emits millions of regularly
spaced electric pulses per
called clock cycles.

a) second
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b) millisecond
c) microsecond
d) minute

Answer: a

Explanation: The regularly spaced
electric pulses per second are
referred to as the clock cycles. All the
jobs performed by the processor are
on the basis of clock cycles.

389. It takes one clock cycle to
perform a basic operation.

a) True

b) False

Answer: a

Explanation: It takes exactly one clogk
cycle to perform a basic operation;
such as moving a byte of memory
from a location to another lacationvin
the computer.

390. The operationthat dees not
involves clock cyclessis

a) Installation,of a'device

b) Execute

c) Fetch

d) Decode

Answer: a

Explanation: Normally, several clock
cycles are required to fetch, execute
and decode a particular program.

Installation of a device is done by the
system on its own.

391. The number of clock cycles per
second is referred as

a) Clock speed

b) Clock frequency

c) Clock rate

d) Clock timing

Answer: a

Explanation:"The number of clock
cycles per'second is the clock speed.
It is generally measured in
gigahertz(10° cycles/sec) or
megahertz (10° cycles/sec).

392. CISC stands for
a) Complex Information Sensed CPU

b) Complex Instruction Set Computer
c) Complex Intelligence Sensed CPU
d) Complex Instruction Set CPU

Answer: b

Explanation: CISC is a large
instruction set computer. It has
variable length instructions. It also
has variety of addressing modes.

393. Which of the following processor
has a fixed length of instructions?

a) CISC

b) RISC
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c) EPIC
d) Multi-core

Answer: b

Explanation: The RISC which stands
for Reduced Instruction set computer
has a fixed length of instructions. It
has a small instruction set. Also has
reduced references to memory to
retrieve operands.

394. Processor which is complex and
expensive to produce is

a) RISC

b) EPIC

c) CISC

d) Multi-core

Answer: c

Explanation: CISC stands for complex
instruction set computeralt is mostly
used in personal computers.it has a
large instruction set.and'a variable
length of instructions:

395. The architecture that uses a
tighter coupling between the
compilernand the processor is

a) EPIC
b) Multi-core
c) RISC
d) CISC

Answer: a

Explanation: EPIC stands for Explicitly
parallel instruction computing. It has
a tighter coupling between the
compiler and the processor. It
enables the compiler to extract
maximum parallelism,in the original
code.

396. MAR stands for
a) Memory.addressiregister

b) Main address register
c) Main accessible register
dMemery accessible register

Answer: a

Explanation: The MAR stands for
memory address register. It holds the
address of the active memory
location.

397. A circuitry that processes that
responds to and processes the basic
instructions that are required to drive
a computer system is L
a) Memory

b) ALU

c)CU

d) Processor

Answer: d

Explanation: The processor is
responsible for processing the basic
instructions in order to drive a
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computer. The primary functions of a
processor are fetch, decode and
execute.

398. The value of base in a decimal
number system is
a) 8

b) 2

c) 10

d) 16

Answer: c

Explanation: A decimal number
system consists of 10 digits from 0 to
9.

The definition of base describes it as
a quantity to represent the number
of digits present in that particular
number system.

Therefore, here, the base’is,10.

399. Convert : (110)2 =" )10.
a)4
b) 5
c)6
d)9

Answer:'¢c

Explanation: The base 2 represents
that the number is binary ,whereas,
the base 10 represents that it is to be
converted to the decimal format.

Conversion: 22*1+21*1+20*%0 =6,

400. The 2’s complement of 15 is

a) 0000
b) 0001
c) 0010
d) 0100

Answer: b

Explanation: 2’s complement is
obtained by adding 1'to the 1’s
complement of thesnumber.

Here, Binary of,15,= 1111
1’ssccamplement of 15= 0000
2's.complement of 15= 0000+1=0001.

401. Another name for base is

a) root

b) radix
c) entity
d) median

Answer: b

Explanation: Another name for base
is radix. Base refers to the number of
digits that a particular number
system consists of.

The base of decimal number system
is 10, binary is 2 and so on.

402. The decimal equivalent of
(0.101), will be
a) 0.5

b) 0.625
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c) 0.25
d) 0.875

Answer: b

Explanation: Since the base is 2 , it
could be easily guessed that the
number is binary. Conversion: 21 * 1
+22*%0+23*1=0.625.

403. Which of the following is not a
positional number system?

a) Roman Number System

b) Octal Number System

c) Binary Number System

d) Hexadecimal Number System

Answer: a

Explanation: The Roman number
system isn’t a positional number
system since it uses symbols to
represent numbers.

The octal number system,uses digits
from 0-7, the binary.number system
uses digits from 0-1 whereas, the
hexadecimal number system uses
digits from 0-15.

404, Thewalue of radix in binary
number system is
a) 2

b) 8

c) 10

d)1

Answer: a

Explanation: In a binary number
system, the value of base or radix is
2. The binary system uses only two
digits for the representation of
numbers, therefore its base id has
chosen to be 2.

405. The binary equivalentof the
decimal number 10 is

a) 0010

b) 10

c) 4010

d)»010

Answer: ¢
Explanation: To get the binary
equivalent of any number, we need
to divide the number by 2 and obtain
the remainders as :

10/2=5 rem=0

5/2=2 rem=1

2/2=1 rem=0

1/2=0 rem=1
We then write the remainders in the
reverse order as 1010 .

406. A computer language that is
written in binary codes only is

a) machine language

b) C

c) C#

d) pascal
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Answer: a
Explanation: Machine Language is

written in binary codes only. It can be

easily understood by the computer
and is very difficult for us to
understand. A machine language,
unlike other languages, requires no
translators or interpreters.

407. The octal equivalent of
1100101.001010is

a) 624.12

b) 145.12

c) 154.12

d) 145.21

Answer: b

Explanation: The octal equivalent.is
obtained by grouping the numbers
into three, from right toéft before
decimal and from right.to leftafter
the decimal place.

Here,

1100 101.001010

|

14 5.1 2

.8.145.12 is the octal equivalent of the number.,

i.e. 145.12 is the octal equivalent of
the number.

408. The input hexadecimal
representation of 1110 is

a) 0111
b) E

c) 15
d) 14

Answer:(b

Explanation: In' hexadecimal number
system, 1110 = 15, which is
represented by the alphabet E.
Some representations are:
A:10

B 11

c12

D13

E14

F 15.

409. What could be the maximum
value of a single digit in an octal
number system?

a) 8

b) 7

c)6

d)5

Answer: b
Explanation: The maximum value in
any number system is one less than
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the value of the base. The base in an
octal number system is 8, therefore,
the maximum value of the single digit

is 7. It takes digits from 0 to 7.

410. In a number system, each
position of a digit represents a
specific power of the base.

a) True

b) False

Answer: a

Explanation: In a number system,
every digit is denoted by a specific
power of base. Like in an octal
system, consider the number 113, it
will be represented as :
82*1+81*1+80%*3,

411. The maximum number of hits
sufficient to represent amoctal
number in binary is
a)4

b) 3

c)7

d) 8

Answer:'b

Explanation: The octal number
system comprises of only 8 digits.
Hence, three bits (23 = 8) are
sufficient to represent any octal
number in the binary format.

412. The binary number 111 in octal
format is

a)6

b) 7

c)8

d)5

Answer: b
Explanation: Certain binary.to octal
representations,are :
000=0

001=1

010=2

011=3

100=4

101=5

110=6

111=7.

413. Convert (22)g into its
corresponding decimal number.
a) 28

b) 18

c) 81

d) 82

Answer: b

Explanation: To convert an octal
number to decimal number:
81*2+8°*2=16+2=18.

Hence, the decimal equivalent is 18.

414. What does the symbol D
represent in a hexadecimal number
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system?
a) 8

b) 16

c) 13

d) 14

Answer: c

Explanation: The symbols A, B, C, D, E
and F represent 10, 11, 12, 13, 14 and
15 respectively in a hexadecimal
system. This system comprises of 15
numbers in total: digits from 0-9 and
symbols from A to F.

415. ABC is a valid hexadecimal
number.

a) True

b) False

Answer: a

Explanation: In a hexadecimal
number system, alphabets are used
for the representation of'numbers
from 10 to 15. Here, A represents 10,
B represents 11 and Crepresents 12.
Therefore,.itis'awvalid hexadecimal
number.

416. Theamaximum number of bits
sufficient to represent a hexadecimal
number in binary:

a) 4

b) 3

c)7
d) 8

Answer: a

Explanation: The hexadecimal
number system comprises.of only 15
symbols: 10 digits and 5%symbols.
Hence, three bits (24 =\16) are
sufficient to represent any
hexadecimal numberiin the binary
format.

417 <The binary number 1110 in
hexadecimal format is

a)6
b) E
c) 14
d) 15

Answer: b

Explanation: Certain binary to
hexadecimal representations are :
1010=A

1011=B

1100=C

1101=D

1110=E

1111=F.
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	Digital Computers
	A Digital computer can be considered as a digital system that performs various computational tasks.
	The first electronic digital computer was developed in the late 1940s and was used primarily for numerical computations.
	By convention, the digital computers use the binary number system, which has two digits: 0 and 1. A binary digit is called a bit.
	A computer system is subdivided into two functional entities: Hardware and Software.
	The hardware consists of all the electronic components and electromechanical devices that comprise the physical entity of the device.
	The software of the computer consists of the instructions and data that the computer manipulates to perform various data-processing tasks.
	o The Central Processing Unit (CPU) contains an arithmetic and logic unit for manipulating data, a number of registers for storing data, and a control circuit for fetching and executing instructions.
	o The memory unit of a digital computer contains storage for instructions and data.
	o The Random Access Memory (RAM) for real-time processing of the data.
	o The Input-Output devices for generating inputs from the user and displaying the final results to the user.
	o The Input-Output devices connected to the computer include the keyboard, mouse, terminals, magnetic disk drives, and other communication devices.
	Logic Gates
	o The logic gates are the main structural part of a digital system.
	o Logic Gates are a block of hardware that produces signals of binary 1 or 0 when input logic requirements are satisfied.
	o Each gate has a distinct graphic symbol, and its operation can be described by means of algebraic expressions.
	o The seven basic logic gates includes: AND, OR, XOR, NOT, NAND, NOR, and XNOR.
	o The relationship between the input-output binary variables for each gate can be represented in tabular form by a truth table.
	o Each gate has one or two binary input variables designated by A and B and one binary output variable designated by x.
	AND GATE:
	The AND gate is an electronic circuit which gives a high output only if all its inputs are high. The AND operation is represented by a dot (.) sign.
	OR GATE:
	The OR gate is an electronic circuit which gives a high output if one or more of its inputs are high. The operation performed by an OR gate is represented by a plus (+) sign.
	NOT GATE:
	The NOT gate is an electronic circuit which produces an inverted version of the input at its output. It is also known as an Inverter.
	NAND GATE:
	The NOT-AND (NAND) gate which is equal to an AND gate followed by a NOT gate. The NAND gate gives a high output if any of the inputs are low. The NAND gate is represented by a AND gate with a small circle on the output. The small circle represents inv...
	NOR GATE:
	The NOT-OR (NOR) gate which is equal to an OR gate followed by a NOT gate. The NOR gate gives a low output if any of the inputs are high. The NOR gate is represented by an OR gate with a small circle on the output. The small circle represents inversion.
	Exclusive-OR/ XOR GATE:
	The 'Exclusive-OR' gate is a circuit which will give a high output if one of its inputs is high but not both of them. The XOR operation is represented by an encircled plus sign.
	EXCLUSIVE-NOR/Equivalence GATE:
	The 'Exclusive-NOR' gate is a circuit that does the inverse operation to the XOR gate. It will give a low output if one of its inputs is high but not both of them. The small circle represents inversion.
	Boolean Algebra
	Boolean algebra can be considered as an algebra that deals with binary variables and logic operations. Boolean algebraic variables are designated by letters such as A, B, x, and y. The basic operations performed are AND, OR, and complement.
	The Boolean algebraic functions are mostly expressed with binary variables, logic operation symbols, parentheses, and equal sign. For a given value of variables, the Boolean function can be either 1 or 0. For instance, consider the Boolean function:
	F = x + y'z
	The logic diagram for the Boolean function F = x + y'z can be represented as:
	o The Boolean function F = x + y'z is transformed from an algebraic expression into a logic diagram composed of AND, OR, and inverter gates.
	o Inverter at input 'y' generates its complement y'.
	o There is an AND gate for the term y'z, and an OR gate is used to combine the two terms (x and y'z).
	o The variables of the function are taken to be the inputs of the circuit, and the variable symbol of the function is taken as the output of the circuit.
	Note: A truth table can represent the relationship between a function and its binary variables. To represent a function in a truth table, we need a list of the 2^n combinations of n binary variables.
	The truth table for the Boolean function F = x + y'z can be represented as:
	Laws of Boolean algebra
	The basic Laws of Boolean Algebra can be stated as follows:
	o Commutative Law states that the interchanging of the order of operands in a Boolean equation does not change its result. For example:
	1. OR operator → A + B = B + A
	2. AND operator → A * B = B * A
	o Associative Law of multiplication states that the AND operation are done on two or more than two variables. For example: A * (B * C) = (A * B) * C
	o Distributive Law states that the multiplication of two variables and adding the result with a variable will result in the same value as multiplication of addition of the variable with individual variables. For example: A + BC = (A + B) (A + C).
	o Annulment law: A.0 = 0 A + 1 = 1
	o Identity law: A.1 = A A + 0 = A
	o Idempotent law: A + A = A A.A = A
	o Complement law: A + A' = 1 A.A'= 0
	o Double negation law: ((A)')' = A
	o Absorption law: A.(A+B) = A A + AB = A
	De Morgan's Law is also known as De Morgan's theorem, works depending on the concept of Duality. Duality states that interchanging the operators and variables in a function, such as replacing 0 with 1 and 1 with 0, AND operator with OR operator and OR...
	De Morgan stated 2 theorems, which will help us in solving the algebraic problems in digital electronics. The De Morgan's statements are:
	1. "The negation of a conjunction is the disjunction of the negations", which means that the complement of the product of 2 variables is equal to the sum of the compliments of individual variables. For example, (A.B)' = A' + B'.
	2. "The negation of disjunction is the conjunction of the negations", which means that compliment of the sum of two variables is equal to the product of the complement of each variable. For example, (A + B)' = A'B'.
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	Map simplification may be regarded as a pictorial arrangement of the truth table which allows an easy interpretation for choosing the minimum number of terms needed to express the function algebraically. The map method is also known as Karnaugh map or...
	Each combination of the variables in a truth table is called a mid-term.
	Note: When expressed in a truth table a function of n variables will have 2^n min-terms, equivalent to the 2^n binary numbers obtained from n bits.
	There are four min-terms in a two variable map. Therefore, the map consists of four squares, one for each min-term. The 0's and 1's marked for each row, and each column designates the values of variable x and y, respectively.
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