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Chapter Outline
Jaadll aile
e Numbering Systems
Al DY Aadai e
e Conversion Between Systems
L) o il e

Learning Objectives
Al ) Calaal

* Differentiate between different Numbering Systems used in /.
Computers. \
Cosnalall 8 daaiivuall daliaal o8 HY) Aok /Gl o

e Convert Numbers from a numbering System to another

dabisall a8 ) A uuﬁ il e

| O

Common Number Systems

System Base Symbols Used by humans? | Used in computers?
k 4

Decimal 10 0,1,...9 Yes No

Binary 2 0,1 N No Yes

Octal 8 0,1,..7 No No

Vs
Hexadecimal | 16 0,4, 5,9, A, B, ... F No No
LI
Number Systems
N, ACENPONER

Decimal:-0, 1
A - Lﬁ)“:"j\ ew\
Binary:0, 1,2,3,4,5,6,7
(U Ul
Octal: 0,1,2,3,4,5,6,7,8,9
Shadll aUail)
Hexadecimal: 0, 1,2, 3,4,5,6,7,8,9,A,B,C,D, E, F



Quantities/Counting

Etc.

L Lo 0l saill 5 ol 51 Al

Decimal Binary Octal | Hexadecimal

0 0 0 0

1 1 1 1

2 10 2 2

3 11 3 3

)
4 100 4 4 N\
5 101 5 5 e
6 110 6 6 X
N

7 111 7 7

8 1000 10 g

9 1001 Iy 9

10 1010 7 12 A

11 1011 13 B

N

12 1100 14 C

13 1101 15 D

14 1110 16 E

‘15 1111 17 F

16 10000 20 10

17 10001 21 11

18 10010 22 12

19 10011 23 13

20 10100 24 14

21 10101 25 15

22 10110 26 16

23 10111 27 17




Conversion among Bases

B The possibilities:

P n
<« »
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Hexadecimal

v

A

Quick Example
2510 = 110012 = 318 = 1916



Binary to Decimal
s iiall alaill ) SUEN GUssl) (e o gl
e Technique
Gk e
0 Multiply each bit by 2", where n is the “weight” of the bit
0 e ) 55 win 52" B (0511 ), IS a0
0 The weight is the position of the bit, starting from 0 on the
right
........... 362 ¢1 <0 Bl (pe Tam Gy andi o8 1) Sl a2 04 O
el (e T
0 Add the results
dagill ) 2Lsyl o
Example: \
(101011), => 1x2°= 1 X
1x2'= 2
0x2’= 0
1x2°= 8
0x2'= 0
1x2°= __ 32
(CE) N

Binary Numbers => Decimals
s pial AU ) L Uil (e sl

)
Given a binary number b.b. :b.  ...b :b:bo the equivalent

decimal value is bxz" ’-l-h71><2ﬁF : +h .x2" 2 +.4b ><22 +h ><21 +h ><2O

Example: ¢
10 in binary-1x2'+0 = 2 in decimal

1000 in binary 142341 0x22+0x2+0 =38 indecimal

10101011 in binary Ix2"+0x2°4+1x2°+0x2* +1x2°+0x 2% +1x2+1
=171 in decimal



Decimal to Binary
U ) g pall Uil e s sl
e Technique

iabll e

o Divide by two, keep track of the remainder
AUl i 5 e g el je S 82 e dadll O
0 First remainder is bit 0 (LSB, least-significant bit)
0 s» Js¥ dedll 3L O

0 Second remainder is bit 1
1 s ‘5.11_11\ Aanal) Gﬁh o)

o Etc.

S ) (s piall e\m\ Oy sal

To convert a decimal number d to a binary number 1s.to find the binary

digits.. such that
AR o Y o S o SRS o Y o o y
ALl ALY Sy s AU ) o haall QU (e Jy sl (e o il

»

TR bn, bn—labn—za'”)bzi’ bl’ bO

L N

d=bx2"+b . x2" +b . x2"2 +.. +bx2? +hix2 +hyx2°

Decimals => Binary

These numbers can be found by successively dividing d by 2 until the
uotient is 0. The remainders are
| S Sl T Y OO L S

For example, ’
The decimal number(123 is 1111011 in binary. The conversion is
conducted as follows:

O

0 1 3 7 15 30 61 €—— Quotient
2) 14/2j34/2) 74/2) 15‘/2) 304/2) 61‘/2 [ 123

0 2 6 14 30 60 122

1 1 1 1 0 1 | €— Remainder

| Voo Voo Voo

bs bs by bs b, by bo



Octal to Decimal
6 il ) L Qs (ya gl
e Technique
ISR
0 Multiply each bit by 8", where n is the “weight” of the bit
Cull 035 in 58" amlb (1 10) v K a0
0 The weight is the position of the bit, starting from 0 on the
right
Onatl) Gy T 62 1) Gaca cull 1B ge Jiny 550 O
0 Add the results
dagill e asilia) (5 O
Example: )

(724)8 => 4 x 80 = 4 ‘
2x8'= 16 X
Tx8 = 448 ™
(468)10
)
Decimal to Octal §
Sl Y (5 el al (st
e Technique \ '
gkl e
0 Divide by 8 N\

8 aa=ll e dadll o
0 Keep track of the remainder ;
) A 8IS0 0

7

Example:
123410 = ?8

8 2 4/8j19 ‘/8/ 154 ‘4234 € Quotient
0 2 19

154

2 2

i i i ¢ <€—— Reminder
3 2 1 0

(1234)10 = (2322)3



Hexadecimal to Decimal
6l I e Gulad) (Uil e
e Technique
IR
0 Multiply each bit by 16", where n is the “weight” of the bit
Cull 95 in ¢ 16" 22:20L (1 510) cwdS a0
0 The weight is the position of the bit, starting from 0 on the
right
Onatl) (e Tam ¢a 1) Gaca Cull 1B ga Sins 550 O
O Add the results
dagill e 4l (e O
<

Example: \
(ABC);¢ => Cx16=12x 1= 12 X
Bx 16'=11x 16=176

A x 165=10 x 256=2560
2748)10

L

Hexadecimals => Decimals ;

The hexadecimal number system has sixteen digits: 0, 1, 2, 3,4,5,6,7, 8,
9,A,B,C,D,E, and F. The letters A, B, C, D, E, and F correspond to the
decimal numbers 10, 11, 12, 13, 14, and 15. Given a hexadecimal number

h.h._h._>...h.hho

The equivalent decimal value is |

hx16+h_x16" +h_.x167+.. +hx16 +hx16 +hx16

b

Example: (
7F in hexadecimal 7 x16"' + 15 x 16 °

» =127 in decimal
FFFF in hexadecimal 15 x16°+15 x16% +15 x16"' +15 x16°

9, = 65535 1n decimal



Decimal to Hexadecimal
e gualad) I g pdall plaill e J gl
e Technique

ia,bll e

16222l e 4adll o

0 Divide by 16

0 Keep track of the remainder
JasY) e sl el (3 WAAT 5 Al (e AW 4 O

123410 = ?16

’—(/16 ng 16 ’7154 (4 > <€—— Quotient
0 4 77
4 13

¢ i i 1 <«——— Remainder

2 1 0

)
13=>D

(1234)10 = (4D2)16

Remember that:

A->10 N
B> 11

C->12 , )
D->13

E-> 14 A
F->15 ’

In hexadecimal number system

{

Decimals => }Médecimal

To convert a decimal number d to a hexadecimal number is to find the
hexadecimal digits hn, hn-1, hn-2, ...
ho,ho R o hohighe

d=hx16"+h_x16" +h_.x16"* +.. +h,x16 +hix16 +hx16



These numbers can be found by successively dividing d by 16 until the
quotient is 0. The remainders are

hO, hl, hz,..., hn — 2, hn - 1 hn

For example, the decimal number 123 is 7B in hexadecimal. The
conversion 1s conducted as follows:

0 7 €— Quotient
16 7 ‘/6 [ 123 y
0 112 \
7 11 €— Remainder
| v X
hy o idaade

Ll s o5 (g g AU aldail) ) adaid) (e s (5l Jygn u%‘-' lexen Josaill Gllileal
DAY Uil ) s 5aT s e
Decimal = hexadecimal

1. decimal = binary
2. binary = hexadecimal

Note: y
Binary = Octal

g

(111100011), > (743)
©

111 1 00 011
421 421 421
7 4 3

[(AxDHExD+(AxD]=[4+2+1]=7
[(4x1)+2x0)+(1x0)]=[4+0+0]=4

[(4x0)+2x1)+(1x1)]=[0+2+1]=3

10



