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Number System

* In General when we are talking about the number of
people in a bus or number of people waiting outside a
booking window or waiting number of a person in a

reservation schedule.

* Then we are just taking about numbers or
quantifying them.

* So we can say that

“A number system defines a set of values used to

represent a quantity.”
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~ ¢ A number is a mathematical object used in counting
and measuring.

* In general, We have two types of number system
* Non-positional
* Positional

* In mathematics, the definition of number has been
extended over the years to include such numbers as

» Rational numbers,
¢ Irrational numbers, and
* Complex numbers.

® So, the study of numbers is not only related to
computers. We apply numbers everyday, and knowing
how numbers work.
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* In reference to computer architecture, number systems
are very important to understand because the design
and organization of a computer is dependent upon the
number system. This will give us an insight of how
computers manipulate and store numbers.

* So we will discuss non-positional and positional
number system in this lecture.
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Non-positional Number system

¢ In this system, each symbol represent the same value
regardless of its position in the number and the
symbols are simply added to find out the value of a
particular number e.g. we have symbols such that I for
1, II for 2 ......III for 3 etc.
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Positional Number system

® Those numbers in which each digit has its importance,
like 234 read as two hundred and thirty four. Because
in this number each digit has its importance. We read
in primary education about One’s@#s), Tens(eers) and
Hundreds#«sr), these are the different positional
values for decimal number system, which is used in
our daily life. The value of each digit in this number is
determined by

* The digit itself
* The position of the digit in the number.
* The base or radix of the number system.

Rozy Computech Services, Kurukshetra
university, Kurukshetra



P R

Base or Radix

* Now, What do you mean by base? The base of a number
system is defined as the number of different symbols used
to represent numbers in the system. The decimal system
uses ten symbols 0,1,2,3....9. and its base is ten(10). E.g. a
decimal number 234 can be represented as

2x(10)* + 3x(10)" + 4(10)°
2X100 +3X10  +4XI1
200 + 30 + 4 =234
* Hence Left most digit(2) value is 200 and Right most
digit(4) value is 4. So Left most digit is known as Most
Significant Digit(MSD) and Right most digit is known as
Least Significant Digit(LSD).
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Number Systems

® The wvarious number systems is essential for
understanding of computers so we begin with the
number systems. The various positional number
systems are

* Decimal Number System

* Binary Number System

® Octal Number System

* Hexadecimal Number System
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Characteristics of Number System

Each number system has three characteristics

* The value of base determines the total number of different symbols or
digits available in the said number system.

» The first digit of every number system is always zero(o).

* The maximum value of the last digit of any number system is always
equal to base minus one (1) e.g. In decimal number system(base 10),
the minimum digit value is o and the maximum digit value is 9.

* In binary (base 2) are o and 1
* In octal (base 8) are o and 7
* In hexadecimal(base 16) are o and 15(F)

These Positional Number Systems have two different types of
representation

* Integers
* Real (Fractional)
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INTEGER NUMBERS

* The set of whole numbers (including zero) is called a
integer number. Thus, the number having no fractional
part or you can say having no decimal point is called
integer number. These integers may be positive or negative.
Usually, a positive integers are written without or with a
plus (+) sign before them whereas negative numbers have a
minus(-) sign before them. e.g. 234, 123, +105, -105 etc.

* Here we will discuss only the positive integers for various
conversions from one number system to another. About
sign of number we will discuss later on, in sign magnitude
topic.
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ecimal Number System

How a decimal number gives values

* As we had discussed about Ikai(one’s), Dahai(Ten’s) and Sankara
(hundred's) with number 234. How it comes

2 X10* + 3X10' + 4 X 10°
2X100 +3X10 + 4 X1
26p. g
234
Always Remember
* Any number’s power o =1i.e. No =1
* Any number’s multiply by o= 0 i.e Nxo=o0
* Any number’s power -n i.e N-n = 1/Nn
* Where N,n =1,2,................. N

» For conversion the base’s power for LSD is zero(o) & it is
increases one by one toward MSD. Also remember the power of
base for MSD is always total digit minus one.
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BINARY NUMBER SYSTEM

* Information handled by the computer must be encoded in a
suitable format. Since most present day hardware (i.e., electronic
and electromechanical equipment employees digital circuits
which have only two stable states namely, ON and OFF. That is
each number, character of text or instruction is encoded as a
string of two symbols, one symbol to represent each state. The
two symbols normally used are o and 1. These are known as bits
abbreviation for binary digits.

Computer use the binary systems in which only two digits are
used i.e. o & 1. So it is known as Binary system as Bi means Two &
Bit means a digit, as a binary number 10101 have 5 bits.

In the decimal system we refer to the positional value as One’s,
Ten’s and hundred’s etc. i.e. 10°, 10, 10> etc. Similarly the
Positional values in binary system are 2°, 2!, 2> etc. from right

hand side to left hand side.
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Bits & Bytes

* 1 Byte = 8 Bits,
* 1 Nibble = 4 bits,
*1Word =2/4/8 Bytes=16 /32 / 64 Bits

(Word is always Dependent on Computer
Architecture)

* 1 KB (Killo Bytes) = 1024 Bytes,

* 1 Mega Bytes (MB) = 1024 KB = 1024x1024 Bytes,
* 1 Giga Bytes(GB) = 1024 MB

* 1 TB (Tera Byte) = 1024 GB
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Binary to Decimal Conversion

* Consider a binary number 1101. This is 4 bit number. The left
most bit is known as Most significant bit(MSB) and the right
most bit is known as Least significant bit(LSB).

=1X22+1X2°+0X2'+1X2°
=1X8+1X4+0X2+1X1
=8 4 x40 w1 —l3)

* Let us take another example

(mono),  to (?),,

=1X2° +1X25+1X244+0X23 +1X2>+1X2'+0X2°
=1Xx64+1X32+1X16+0X8+1X4+1X2+0X1
=O4 T s e o D E D
= (18),,
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Some Questions for Exercise

* Convert the following binary number into decimal
numbers.

1) (1100),

2) (1011101),

3) (11001100),
4) (110mo00m),

Rozy Computech Services, Kurukshetra
university, Kurukshetra



Decimal to Binary Conversion

* To convert a decimal number into a binary number,
divide the decimal number by 2 and the successive
quotients by 2.

* The successive reminders (which can be only o or 1),
written in the reverse order, form the equivalent
binary number.

* Let us two examples of converting from decimal to
binary

1. (13),,
2 (18),,
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2 1
2 6 1
2 3 0
2 1 1
0 1
So (13),, = (1101),
2. (118) ,to (?),
2 118
2 59
2 29
2 14
2 7
2 3
So (18),, = (miomo), 2 (1)
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OCTAL NUMBER SYSTEM

* In octal number system, octal means eight(8). So, base or radix is 8. The digits
of the octal number system are 0,1,2,3,4,5,6,7. The Positional values in Octal
system are 8°, 8!, 82 etc. from right hand side to left hand side.

Octal to Decimal Conversion

* Consider a octal number 56. This is 2 digit number. The left most bit is known
as Most significant digit(MSD) and the right most digit is known as Least
significant digit(LSD).

=5x 8"+ 6 x 8°
=5Xx8+6Xx1
= 40 + 6 = (46)10

* Let us take another example

(3056)5 to (?),,

=3X8 +0x8+5x8+6x8°
=3X512+0Xx 64 +5x8 + 6x1
=1536 + 0 + 40 + 6 =(1582),
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Decimal to Octal Conversion

* To convert a decimal number into a octal number, divide the
decimal number by 8 and the successive quotients by 8. The
successive reminders (which can be only o to 7), written in the
reverse order, form the equivalent octal number.

* Let us two examples of converting from decimal to octal

1' (46)10
2. (1582),
8 46 Reminder
1. (46),, to (?)s 8 5 6 & LSD
0 5 T MSD

So (46)10 o (56)8
Similarly do another example

Rozy Computech Services, Kurukshetra
university, Kurukshetra



n Hexadecimal number system, Hexadecimal means Sixteen(16). So, base or radix is
16. The digits of the hexadecimal number system are o,1, 2,3, 4,5, 6,7, 8,9, A,B, C, D, F
whose decimal equivalent are o, 1,2,3, 4,5,6,7, 8,9,10, 11, 12, 13, 14, 15. The Positional
values in Hexadecimal system are 16°, 16!, 16> etc. from RHS to LHS.

Hexadecimal(HD) to Decimal Conversion

* Consider a HD number As. This is 2 digit number. The left most bit is known as
Most significant digit(MSB) and the right most digit is known as Least significant
digit(LSD).

=Ax16' + 5x16°
=AXx16 +5x1
=10x16 + 5 x 1 (Because A = 10)
= 160 + 5 = (165),,

* Let us take another example

(A5C),¢ to (?),

=Ax16*+5x16"+ C x16°
=Ax256 +5x16 +Cx1
Because A=10 and C=12
=10x256 + 5X16 + 12X1
=260 B i e (5662
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cimal to Hexadecima

Conversion

* To convert a decimal number into a HD number, divide the
decimal number by 16 and the successive quotients by 16.
The successive reminders (which can be only o to 15 or you
can say o to F)), written in the reverse order, form the
equivalent HD number.

* Let us two examples of converting from decimal to octal

1. (165)10 16 2652 Reminder Dec. to HD.equivalent
2. (2652),, g 165 12 1SB 2, ¢
16 10 3) S > >
0 10 MSB 10 > A

So (2‘652‘)10 v (ASC)16
Similarly do another one.
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REAL NUMBERS

* A real number consists of an integral part and a
fractional part or you can say that a

* real number is number having decimal point. A real
number may be positive or negative. e.g., 12.23, + 12.24,
-0.56 etc.

* Here we are discussing only about the conversions of
various real numbers from one system to another.
Later on we will discuss about how these will represent
In computer memory.
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Decimal Number

* In decimal number what is the positional value of fraction
part, let us discuss

* We have a number 12.23 in this 12 is the integral part and
.23 is the fractional part.

=1X10'+ 2 X10°+ 2X10"'+ 3 X107

=1X10 +2X1 + 2Xx(1/10') + 3 x (1/10%)

=IX10 £ 2X1 + 2/i0 + 3/100

g I 3 G + 0.03 = (o)

* It means after decimal point(fractional part) the power
increases with minus sign from left hand side to right
hand side i.e. 107, 102 , 103 etc.
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* In Binary number system, for positional values after decimal
Eoint(fractional part), the power increases with minus sign from left
and side to right hand side i.e. 27, 22 | 23 etc.

* Let us consider an example (1101.101),

* In this binary number 1101 is the integral part and .101 is the fractional
part.

=1X23+1X2°4+0X2'+1x2°+1Xx27+0Xx22%2+1x23
=1Xx8 +1Xx4 +0x2 +1x1 +1x(1/2") + ox(1/22) + 1x(1/23)

=8 + 4 + 0 + 1 +1/2 + 0/4 + 1/8
= 13 +1/2 +0 + 1/8
= 1 + 0.5 + 0 + 0.125 =
(13-62551
One another example is
(101.11), = 1X224+ 0 X2M41X2°%+ 1X2 14122

=4+0+1+1/2+1/4
= 5+3/4 01 (5.75),,
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Decimal To Binary Conversion

¢ To find the binary equivalent of a decimal real number.
Divide the number into two parts Integer and
Real(fractional) parts. Integer part will be converted as
in integer number conversion in above conversions,
and in fractional part fraction, multiply successively by
2. The procedure is just the reverse of converting
decimal whole numbers to binary, i.e. we multiply
by 2 instead of dividing and keep track of

e overflow instead of the remainders.

* Let us see two examples of converting (13.625),, and
(118.2),, to their binary equivalents :
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(13.625),,

Integer Part

* The integral part 13 is converted as in above examples,
therefore, the binary equivalent of 13 is (1101),

Fractional Part

Integral Part Fractional Part Binary Position
0.625X2=1250 1 0.250 1x27' (MSB)
0.250X 2 =0.500 O 0.500 O X272

0.500 X 2 = 1.000 1 0.000 1x2-3 (LSB)

Therefore (0.625),, = (0.101),

* Combine both parts integer and fractional part. therefore
our answer Is

(13.625),, = (1101.101),
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Integer Part

* The integral part 118 is converted as in above example,
therefore, the binary equivalent of 118 is (1110110),

Fractional Part

Integral Part Fractional Part Binary Position
0.2X2=0.4 0 0.4 o x2 (MSB)
0.4X2=0.8 0 0.8 0 X272
0.8x2=1.6 1 0.6 1x273

0.6 Xx2=1.2 1 0.2 1x274
0.2X2=0.4 0 0.4 1x275 (LSB)

* Asyou will observe, the binary digits begin to repeat or recur.

Therefore (0.2),, = (0.0010), = (0.0011),

* Combine both parts integer and fractional part. Therefore our
answer is (118.625) . = (1110110.0011),
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Octal to Decimal Number System

* In Binary number system, for positional values after
decimal point(fractional é)art), the power increases with
minus sign from left hand side to right hand side i.e. 81, 8
2 83 etc.

* Let us consider an example (56.45)

 Similarly in this octal number 56 is the integral part and .45
is the fractional part.

=5X 8 +6x8°+ 4x8"'+5x 82

=5X 8 +6X1+4X(1/81) 9 SX(I/SZ)

= 40 + 6 +4/8 +5/64

= 46 +37/64

= 46 +.578 = (46.578),,
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Decimal To Octal Conversion

* To find the octal equivalent of a decimal real number,
divide the number into two parts Integer and Real parts.
Integer part will be converted as in integer number
conversion in above conversions. and in fractional part
fraction, multiply successively by 8. The procedure is just
the reverse of converting decimal whole numbers to octal,
i.e. we multiply by 8 instead of dividing and keep track of
overflow instead of the remainders.

Integer Part

* Let us see one example of converting (46.35),, into octal
number

* The integral part 46 is converted as in above example,
therefore, the octal equivalent is (56)5
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! Integral Part  Fractional Part Octal Position

0.35x 8 = 2.80 2 0.80 2 x87 (MSD)
0.80x 8 = 6.40 6 0.40 6 x82
0.40 X 8 = 3.20 3 0.20 3 x83
0.20 X 8 =1.60 1 0.60 1 x84
0.60 x 8 = 4.80 4 0.80 4 x875 (LSD)

* Asyou will observe, the octal digits begin to repeat or recur.
Therefore (0.35),, = (0.26314)54

* Combine both parts integer and fractional part. Therefore
our answer 1s

(46.35),, =(56.26314)4
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Hexadecimal to Decimal Number System

* In HD number system, for positional values after decimal
point(fractional part), the power increases with minus sign
from left hand side to right hand side i.e. 167,162,163 etc.

* Let us consider an example (A5.45)s

* Similarly in this HD number As is the integral part and .45

is the fractional part.

=AX16' + 5X16°+ 4 X167 + 5 X 1672
=10X16 +5X1+ 4Xx (1/16") + 5x (1/16?)

=160

165
165

+ 4/16 +5/256
+ 69/256
o 0.2695 = (165-2695)10

Rozy Computech Services, Kurukshetra
university, Kurukshetra



¢ To find the HD equivalent of a decimal real number, divide the number into
two parts Integer and Real parts. Integer part will be converted as in integer
number conversion in above conversions, and in fractional part, multiply
successively by 16. The procedure is ]ust the reverse of converting decimal
whole numbers to HD, i.e. we multiply by 16 instead of dividing and keep
track of overflow instead of the remain c?,e

* Let us see one example of converting (2652.35),, into HD number
Integer Part

* The integral part 2652 is converted as in above example, therefore, the HD
equivalent of (2652) , is (A5C),

Fractional Part (0.35)
Integral Part Fractional Part HD Position

=0.35 X 16 = 5.60 5 0.60 5 x16™ (MSD)
=0.60 x 16 = 9.60 9 0.60 9 X167
=0.60 X 16 = 9.60 o) 0.60 9 x163 (LSB)

* Asyou will observe, the HD digits begin to repeat or recur.

Therefore (0.35),, = (0.599),6
* Combine both parts integer and fractional part. therefore our answer is

(2652.35),, =(A5C.599),
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ables for Octal to binary is

Octal Decimal  Binary
0 0 000
1 1 001
2 2 010
3 3 011
4 4 100
5 5 101
6 6 110
7 7! 55

Here we have taken 3 bit binary code for octal
numbers, because the last digit have 3 bit code i.e.
for 7we have 111

Rozy Computech Services, Kurukshetra
university, Kurukshetra



Hexadecimal
0
* Here we have ;
taken 4 bit binary 3
4
code for octal 5
6
numbers, because =
the last digit have 2
4 bit code i.e. for A
B
F we have 1111 C
D
E
F
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Decimal

co J O v A W N = O

—_ = = = = e\ O
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inary

Binary
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111
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For this we have two methods

* Indirect

® Direct

Indirect

» Step1 - First convert Octal or Hexadecimal to decimal
* Step 2 — Then Convert decimal to Binary

Direct Method

* In this method we have to take each digits equivalent 3
bit binary code in case of Octal number system and 4
bit binary code in case of hexadecimal code.
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(23.67)s — (?),
Step 1 Take each digit’s equivalent 3 bit binary number
from above table. i.e.

2 — 010
3 — on
6 — 110
7 — 111
Step 2 Arrange them in order

(o10011.110111),
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ble for Hexadecima

(23.67)., — (?),
Step 1 Take each digit’s equivalent 4 bit binary number
from above table. i.e.

2 — 0010
3 — o011
6 — 0110
7 — o111
Step 2 Arrange them in order

(00100011.01100111),
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ersion from Binary to Octa Xxadecimal

For this we have two methods

¢ Indirect

® Direct

Indirect

» Step1 - First convert binary to decimal

* Step 2 — Then Convert decimal to octal or hexadecimal
Direct

* In this method we have to make 3 bit(octal) and 4

bit(HD) groups and put each groups equivalent Octal
or HD digit.
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(10011.110111), — (?)4
Step 1 Make 3 bit groups
* Before decimal (Integral part) from RHS to LHS

» After Decimal (Fractional part) from LHS to RHS
010 011 . 110 11

* In case of left most group we had placed a extra zero to
make 3 bit groups.

010 —> 2
011 —> 3
110 > 6
111 —> 7
Step 2 Arrange them in order
(23.67)5
(10011.110111), = (23.67)4
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ple for Hexadeci |
(100011.01100111), —> (?),(

Step 1 Make 4 bit groups

* Before decimal (Integral part) from RHS to LHS

» After Decimal (Fractional part) from LHS to RHS

0010 0011 . Oll0 Olll

* In case of left most group we had placed two extra zero to
make 4 bit groups.

0010 —> 2
0011 —> 3
0110 — 6
0111 —> 7
Step 2 Arrange them in order
(2‘3°67)16
(100011.01100111), = (23.67)
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Always Remember

* Decimal No. System - Base or Radix is 10, digits are
0,1,2,3,4,5,6,7,8,9

* Binary No. System - Base or Radix is 2, digits are 0,1

* Octal No. System - Base or Radix is 8, digits are
0,1,2,3,4,5,06,7

* Hexadecimal No. System - Base or Radix is 16, digits
are o,1,2,3,4,5,6,7,8,9, A, B,C,D,E,F
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ages of Hexadecit

* It has already been pointed out that memory system of
a computer, whether core memory or semiconductor
memory, consists of locations, also known as memory
registers. Further each memory location has an
address.

Consider a computer having 64 K bytes of memory. It
implies that this computer can store 64 X 1024 = 65,536
bytes in its memory.

In other words, there are 65,536 memory locations in
its memory and each memory location can store eight
bits (1 byte = 8 bits) of a data or of an instruction.
Since, each of these locations has an address, the
addresses for these locations vary from ooooo to

65,535.
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60, he may use binary or hexadecimal numbers. Now, the
binary and hexadecimal equivalents of 60 are given below.

(60),, = (0o111100),

(60), = (3C);6-

* Thus, we may say that memory location is referred either
by oonmioo or by 3C, both meaning the Same location.
Imagine how difficult it will be to refer to the last location
65,535 in binary system, where as in hexadecimal system it
can be referred to as FFFF.

* Now it is obvious that referring to very large numbers,
these may be addresses of memory locations or contents of
memory locations, becomes very easy in terms of
hexadecimal numbers as compared to binary numbers.
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nfact, the purpose of intreducing th adecima

number system is to shorten the lengthy binary strings

of Os and 1s. This procedure of s

of binary digits is referred to as C|

reason that today anyboc

hortening the strings
hunking. It is for this
y working with

microprocessors is using the hex numbers instead of

binary numbers.

However, it must be remembered that whatever
number system one may use, the information stored in
the computer memory is always in terms of binary
digits. It is only for our convenience that we use octal

or hexadecimal numbers.
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Mal (base-12) The duodecimal system (also known

as base 12 or dozenal) is a positional notation numeral
system using twelve as its base. In this system, the number ten may be
written by a rotated "2" and the number eleven by a rotated "3". This
notation was introduced by Sir Isaac Pitman.

* vigesimal (base-20) : Other cultures such as the Aztecs, developed
vigesimal (base-20) systems because they counted using both finger
and toes. The Ainu of Japan and the Eskimos of Greenland are two of
the peoples who make use of vigesimal systems of present day.

* sexagesimal (base-60) : Babylonians, were famous for their
astrological observations and calculations, and used a sexagesimal
(base-60) numbering system.

* quinary (base-5) : Another system that is relatively easy to understand
is quinary (base-5), which uses five digit : o, 1, 2, 3, and 4. The system is
particularly interesting , in that a quinary finger-counting scheme is
still in use today by Indian merchant near Bombay . This allow them to
perform calculations on one hand while serving their customers with

the other. For Details please visit wikipedia at their respective articles
Rozy Computech Services, Kurukshetra university, Kurukshetra
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