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Hello everybody, welcome back to the online course on Computer Organization and
Architecture. Now we are in the module of fundamentals of digital computer now we are in
unit 3 and unit 3 is basically related to information representation and number system. In this
unit we are going to see how we are going to represent information for digital computer and

the number system that we are going to use for our arithmetic.

So, first of all we are going to state the objective, what is the unit objective of this particular

module?

(Refer Slide Time: 00:59)

Module: Fundamental of Digital Computer

* Unit-3: Information Representation and number systems
* Unit Objectives:

— Objective-1: lllustrate the number system of different radix system
(Knowledge)

— Objective-2: Describe the methods for integer representation
(Comprehension)

— Objective-3: lllustrate the method to represent real numbers
(Comprehension)

— Objecive-4: Describe the representation of character (Knowledge)

So, the first objective is illustrate the number system of different radix system. So, this is in the
knowledge level. So, we are going to discuss everything in the knowledge level. So, that we
will have the knowledge about the number system and we can use these things in digital

computer.
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Obijective 2, describe the method for integer representation. So, this is in the comprehension
level. So, when we see these things you will be able to understand how we are going to
represent integer in computer system. Objective 3, illustrate the method to represent the real
numbers. This is also in comprehension level we are going to see how we are going to deal
with real numbers in computer. And objective 4, describe the representation of character this
is also in knowledge level we are going to see how we are going to represent character in
computer because we have to deal with data processing and many a time we are going to work

with string manipulation.
Now, first we are going to talk about the number system.

(Refer Slide Time: 02:01)

Decimal and Binary Numbers

* Consider the decimal number 7510
= 7540 = 7x10% + 5x10°

* Binary equivalent of 75,
=750 = 1001011,

- 1001011, = 1x2°+1x2*+1x2'+1x2° \(L

* Octal equivalent of 75,,
~75,= 113, /\,/
— 113, = IX8H+1x8143x8° \\D% 0

| think all of you know about the decimal number system where the base of this number system
is 10 or in general we say radix system. Consider an example of decimal number say 75 and |
just ask you if you have written as 10, it means that the base of this number system is 10. So,
now, 75 how we are going to evaluate the value of 75, itis 7 x 10 + 5 x 10°, so 70 + 5 this is
75.

Now, what is the binary equivalent of this particular 75? Now whatever we are going to do
eventually we should get 75. So, | am not going to discuss about conversion just | am giving
an example. So, 75 in decimal number system will be represented with 1001011 in binary
number system. So, when we talk about the binary number system then the radix or base of the

number system is 2 which is given in the subscript over here.
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Now, in base 10 system it is of radix 10 and it is a multiple of 10, but in case of your binary
number system it is multiple of 2. So, in that particular case now we are saying that fifth is the
Oth position, 7 is the unit position of our decimal number system. So, similarly here also we
are going to have this position this 1 is the Oth position like that 1 2 34 5 6. So, this 1 is in the
6th position. So, ultimately what is the equivalent value of this binary number? 1 x 26 + 0 x
25 which is 0+ 0 x 2* whichis 0 + 1 x 23 + 0 x 22 + 1 x 21 + 1 x 2°, So, this is 2° = 64, 23
is8,64+872 2is2, 72+ 2is 74 and 2° 1, so + 1, 75. So, eventually we are getting the
decimal equivalent 75. So, in this way we can represent every numbers every decimal numbers

in binary representation.

Like that we are having different radix system and as for example, | am giving another base
system which is your 8 base is 8. So, now if you consider this 75 in decimal number system
that equivalent octal number system, so base 8 number system is known as your octal number
system it is 113 so that means, 1 x 82 + 1 x 81 + 3 x 8%, So, 8 square is 64 + 8 = 72 + 3 =75.
So, this is the way we can have a conversion from one number system to another number

system.

Decimal to any other number system is very easy very simple what we can do, simply divide
that number by that particular base. So, in that particular case 75, so this is in radix 10 or base
10 we want to convert it to octal number system. Then what we are going to do? We will divide
it by 8, 8 9s are 64 and remainder is 3 again we are going to divide 9 by 8, 8 1s are 8 and
remainder is 1 again we are going to divide it by 8 then result is O remainder is 1. So, in that
particular case we are going to get 113 in octal number system. So, 75 in decimal number
system is equivalent to 113 in octal number system. This is the way we can represent or we can
convert every decimal number to any other radix system. So, similarly when we are going for
a binary number system then 75 will be divided by 2 and in that particular case now where we

are dividing again this is coming in the unit position and like that it will increase. So, it is 113.
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Decimal and Binary Numbers - \2

* Consider the decimal number 75,
- 75,5 = 7x10! + 5x10°
‘;00101@1 = 1x2;+1x23+1x21+1x;
- 113, = 1x@2+1x81+3x8%,

* Least significant bit and Most Significant Bit %4\(

* Number of symbols for a particular number system

. %
R
Y IM%" D\rL“’/\*\y

So, now when we are going to talk about a number system we are having two terms called least

(@)

significant bit and most significant bit MSB and LSB this is basically when we are going to
talk about the bit it basically talks about the binary number system we are going to take single
bit. But for any radix system we can say it is a most significant digit and least significant digit.
As for example, in your 113 in base 8, 3 is the least significant digit and 1 is the most significant
digit in this particular case because you just see that this 1 is multiplied by 82. So, weightage
is more and these 3 is multiplied by 8° which is one. So, weightage is less, so in that case we
having that least significant digit as 3 and most significant digit as 1 for 113 in octal number
system. Similarly when we are going to talk about the binary number system we say it is least
significant bit and most significant bit.

So, in this particular case the one or bit that we are having a most right hand side is known as
your least significant bit because it is weightage is less 2° and the one that we are having in the
left hand side most left hand side is your most significant bit because the weightage is more

over here 2"*6. So, this is the convention about the least significant bit and most significant bit.

Now, how many numbers or how many symbols we require for a particular number system.
So, itis basically related to the base of the number system. So, if we are using a decimal number
system decimal number system in that case base is 10. So, to represent these things we need 10
different symbol and we know that those symbol we are using 0 1 2 3 like up to 9 we are using.

So, these are the 10 different symbol that we are using in decimal number system. So, in case
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of binary number system since base is 2 we need only 2 symbols and that 2 symbols that we
are using in binary number system is your 0 and 1. So, the binary number is represented with

the help of Os and 1 only.

When we come to octal number system in that particular case the base is 8. So, we need 8
different symbol. So, what are the symbols that we are using? We are using from 0 to 7 these
are the 8 different symbol we are using in octal number system. Like that we can go for any
radix or any base. One important number system that we are having is your hexadecimal. So,
in computer system sometimes we represent our information in hexadecimal form. So, in
hexadecimal the base is 16, so we need 16 different symbols. So, in hexadecimal system the
base is 16 and we need 16 different symbol to represent it. Now, what are those 16 different

symbols that we use in our hexadecimal number system?

So, from 0 to 9 we are using those symbol to represent 0 to 9, 0 1 2 like that since it is having
base 16 so, we can represent 16 different numbers in this particular number system. So, 0 to 9
10 is gone now you are having 6 number 10, 11, 12, 13, 14 and 15. So, to represent those
number in hexadecimal system we use the letter from our alphabet and these letters are your
A, B, C, D, E and F. So, this is the symbols that we use in our hexadecimal number system, so

0 to 9 ten digit and A to F six characters, total 16 character.

So, if we write some numbers like that say D12. Say this is a hexadecimal number and we are
using the symbol. What is the decimal equivalent of these things? This is your D is your 10,
11, 12, 13. So, thisis 13 x 162 + 1 x 16 + 2 x 16°. So, whatever we are going to get this is
the decimal equivalent of this particular hexadecimal number. So, conversion from any number
system to decimal number system is very easy. So, like that from decimal also we can convert
to any number system just by divide by the base of that number. So, this is the way we can just

represent our numbers.

Now, we are going to see how we are going to represent integers. So, this is 0s and 1s only. So,
we will say whatever we are representing we say it is a bit and bit is nothing but binary digit;
that means, we are representing 0 or 1. So, these are the binary digit.
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Integer Representation

* Bit: Binary digit
* Only have 0 & 1 to represent everything

* numbers stored in binary e (LO\//\
—e.g.41=

* No minus sign (for negative nos.) Y

* No period [for real nos.) ‘ M\

* Range of numbers M x '7’ \E

* Negative Numbers XV %
— Sign-Magnitude 7 x
— Two's compliment oV \A\

And already we have seen how we are going to write numbers in binary number system. So,
for example, here we are giving 41. So, in that particular case, 41 is having binary equivalent
00101001 so that means, we can say that this is these are the 3 ones are coming. So, these are
going to have going to give us the effect so, it is basically 2% + 23 + 29,0123 45. So, 2° is
32, 2 cube is your 8 + 2° is one. So, this is equal to 41. So, this is the way we are going to

represent our integer in binary number system.

So, there are some issues now we have to see how to give the - sign to have the negative
numbers, how to put a decimal point for real numbers and secondly, we have to see what is the
range of numbers. Ok so, basically say if | ask you to do something with pen and paper then
you don’t have any limitation, but when we are going to work to our digital system or we say
at we are going to work with digital computer then always we are restricted by a range and this

range depends on the bit number of bit that we are using to represent the number.

So, in this particular case of 41, in this particular case we are using 8 bits. So, when we are
using 8 bits; that means, we are restricted by a number up to a particular limit only we can go.
So, if we increase the number of bit then we can go for more ranges and. Secondly, we are
going to see how we are going to represent the negative numbers there have been two way of
doing it one is your sign magnitude and second one is your 2’s complement. Just as an example

| am giving here is a size of my data.
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Information Representation

* Size of Data:

[size | BiNaRY

8 00000000

7 unum

12 000000000000
1111 1111 1111

16 0000000000000000
1111 1111 1111 1111

20 00000000 0000 0000 0000
1111 1111 1111 1111 1111

2 0000w 0000

So, if you are walking with your size 8; that means, you are working with the data size of 8 bit.
So, in that particular case the combination may be all Os to all 1s. So, in that particular case all
ones is going to represent can you calculate it this is your 0 to 7; that means, 27 + 26 + 25 +
2%+ 23 + 22+ 21 + 20, So, this is your 1, 2, 4, 8, 16, 32, 64, 128. We have to be you have to
be accustomed with this particular 2 to the power of something because many a time we are
going to look it. So, this is I am going to get 128 64 32 16 8 4 2 1 and if | add up all those things
| am going to get 255. So, when we are going to work with 8 bit numbers then my range will
go from 0 to 255.

Ok, similarly if I am using a 12 bit numbers now my range is going to increase like that if | am
going for 32 bit numbers; that means, we are going to work with 32 bits at a time. So, nowadays
we used to say that my computer my processor is a 32 bit processor; that means, | can work
with a 32 bit numbers. | say that my computer is or my processor is a 64 bit processor then we
can handle 64 bit at a time.
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Information Representation

* Size of Data:

sac o beca_ n
8 0000 0000* 0- 255 ()\¢
11111111,
12 0000 0000 0000 0- 4095
111111111111
16 0000 0000 0000 0000 0-
111111111111 1111 (2%5-1)
20 0000 0000 0000 0000 0000 0-
11111111 1111 1111 1111 (220-1)
32 0000 .. .....0000 * 0-

1111..

b Ak (22-)

So, in that particular case we can say that these are binary representation for 8 bit this is the
minimum number this is the maximum number if we are going to work with a positive line
only and if this is 32 bit this is the minimum one this is the maximum one. So, my range is in
decimal is for 8 bit numbers it is from 0 to 255 for 12 bit number it will 0 to 4095. So, this is
4095 and when | am going for 16 bit number it is 0 to 21¢ - 1 basically 255 is nothing but | can
say 28 - 1, 28 is a 256 - 1, 255 and if it is your 20 bit then into go up to 22° - 1 and in case of
32 bit it will go to 232 - 1.
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Information Representation . °

ax
00\ \U ‘
; X \ 9
* Size of Data: \’
\
\
]
sz sy CEErT—-
8 00000000 0-255  00-FF \9~\
FEITRESE | v
12 000000000000 0-4095  000-FFF +\&°
111111111111 9 &
16 0000 000000000000 0- 0000- FFFF rf‘
11111111 1111 1111 (2-1) “
20 000000000000 0000 0000 0- 00000 - FFFFF
11111111 1111 1111 1111 (22-1)
32 0000..... 0- 00000000~

(224) FFFFFFFF

96



