Number Systems |




Number Representation

o Decimal Notation: 10 digits (0-9)
o Binary Notation: 2 digits (0,1)

o 10 is the base for Decimal, 2 is the base for binary notation

1 is at position 3 3 is at position 2 O is at position 1 8 is at position 0

N\ |

1308 = 1x103 + 3x10% + 0x10% + 8x10°

10 is the base




Number Representation

o Decimal Notation: 10 digits (0-9)
o Binary Notation: 2 digits (0,1)

o 10 is the base for Decimal, 2 is the base for binary notation

1 is at position 3 0 is at position 2 1 is at position 1 0 is at position 0

N\ |

1010=1%x234+0x22+1x21+(0x 20

2 is the base




Number Representation

o Representation of n base b is called the base b
expansion of n

For an integer b > 1. Every positive integer n can be expressed uniguely as:
=i . P + ap_1  JF=T Aoy & B + ag -bﬂ,,

where K is a non-negative integer, each a; is an integer in the range from 0to b -1, and a # 0.

1308 = 1x10° + 3x102 + 0x10% + 8x10°



Converting from base b to decimal

For an integer b > 1. Every positive integer n can be expressed uniquely as:

n=a b +apq b1 +-..q; b +ap b0,

where k is a non-negative integer, each a; is an integer in the range from 0to b -1, and g, # 0.

(2012),=2x 33+ 0 x 32+ 1x 31 +2x 3°

=2%x27+0x9 +1x3 +2x1
= 59



Hexadecimal Numbers

o 16 digits
©0,1,2,3,4,5,6,7,8,9,A,B,C,D,E, F
Hex 0 1 2 3 4 -5 6 7 8 9 A B C D E F
Decimal 0 1 2 3 4 < 6 7 8 9 10 11 12 13 14 15

Binary 0000 | 0001 | 0010 | 0011 | 07100 | 0101 | 0110 | 071171 | 1000 | 1001 | 1070 | 10171 | 1100 | 1107 | 1110 | 1111

o A 4-bit binary number can be represented with 1
Hexadecimal Digit

o 1 byte is equivalent to 8 bits
o S0, 1 byte can be represented by 2 Hexadecimal digits




Hexadecimal Numbers

o 16 digits
©0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,

Hex 0 1 2 3 4 5] 6 7 8 o A B C D E F

Decimal 0O 1 i 3 4 o 6 v 8 ) 10 11 12 13 14 15

Binary | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1070 | 1011 | 1100 | 1101 | 1110 | 1111

(3B2) .= 3x16% + Bx16% + 2x16°
= 3x256+11x16+2 x 1
= 946




Converting from decimal to base b

For an integer b > 1. Every positive integer n can be expressed uniquely as:

nzak-bk—i—ak_l-bk*l—l—”-al-bl—l—ag-bo,

where k is a non-negative integer, each a; is an integer in the range from 0to b -1, and g, # 0.

[Base b expansion of (n div b) ] [n mod b}



Converting from decimal to base b

Given n = 1161 Find base 7 digits:
1161 = (3246); 8- 70 R 72+ 887+ 8= 1161
Digit in the range
0,1,..°56
Multiple of 7
'3.73 427 +4-T+ 6 = 1161 Rightmost digit is

For remaining digits use / 1161 mod 7 =6
161div7=165  —»3-7°+2-7+4 6

For remaining digits usy' Next digit is

165 div 7= 23 165 mod 7=4

/ \Next digit is
For remaining digits use 23 mod 7=2

23 div 7=3

Since 3 isintherange 0, 1,....6 =P All Done! 1161 = (3246 )7-



Convert the decimal number 542 to a base 5 number.



Given an integer n, the number of digits required to
represent n in base b is:

ﬂogb(n+1ﬂ

Example: how many digits are required to express the
base 2 expansion of 137

[log (13+1)|=[log (14)|=[3.8]=4





