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Numbering Systems and Computer Codes
Prepared by The Computer Information Systems Department

Decimal Numbering Systems:

The decimal numbering system is a base 10 numbering system (this means there are 10 digits we can use - these digitsare 0, 1, 2, 3, 4.5, 6.7, 8, 9). When we talk about a number,
we understand what the number 1s because of 1ts face value and 1ts positional value. Thus, the digit 5 has a different meaning when it 1s in the tens position than when 1t 1s 1n the
ones position (1.e. when it 15 in the tens position, we express it as 50 and when 1t 1s 1n the ones position, we express it as 3). In this case, the face value of the digit 1s 5 and the
positional value of a number is based on the position it occupies. In decimal, the positional value of a number is based on the powers of 10 (remember, we are in base 10):

5 ) 2 4 Face value

103 102 10! 109 Positional Value (powers of 10)

1000 100 10 1 Resolved positional value

To figure out the value of 5724, we do the following:

5x 103 = 5 x 1000 =3000
Tx10¢=7x100= 700

2x10l=2x10= 20
4x10°=4x1= 4
5724

Binary Numbering systems:

The binary numbering system works much the same way as the decimal numbering system except that now we are 1n base 2 so we only have 2 digits (0, 1). The value of the
number 1s still determined by the face value times the positional value, but since we are in base 2, the positional values are the powers of 2. Since the face values can only be O or 1,
this means that the 0 or 1 is multiplied by the positional place in which it is found.

Example: binary number 1011011

1 0 1 1 0 1 1 Facevalue
26 23 24 23 92 31 20 Positional value
64 32 16 8 4 2 1 Resolved positional value

The positional values are first shown in the powers of 2 and then as the resolved number - in other words, 2 to the 6th is equal to 64

Converting binary to decimal:
In the previous example to find the decimal equivalent for the number 1011011, we do the following:
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Binary Numbering systems:
The binary numbering system works much the same way as the decimal numbering system except that now we are 1n base 2 so we only have 2 digits (0, 1). The value of the
number 1s still determined by the face value times the positional value, but since we are in base 2, the positional values are the powers of 2. Since the face values can only be D or 1,
this means that the 0 or 1 1s multiplied by the positional place in which 1t 1s found.
Example: binary number 1011011

1 0 1 1 0 1 1 Facevalue
26 23 24 923 22 21 30 DPositional value l O { l O \
64 32 16 8 4 2 1 Resolved positional value

The positional values are first shown in the powers of 2 and then as the resolved number - in other words, 2 to the 6th 1s equal to 64.

Converting binary to decimal:
In the previous example to find the decimal equivalent for the number 1011011, we do the following:

1x26=1x64= 64
0x23=0x32= 0
1x24=1x16= 16
1x2¥=1x8= 8
0x22=0x4= 0
1x2l=1x2= 2
1x29=1x1= 1

91

Converting decimal to binary:

Before doing this 1t 1s important that we review the decimal equivalent for the frequently used powers of 2:
0=1 2t=2 22=14 2 =8 2*=16 =32

6-64  27=128 2 29 =512 210 =7024 etc.

bt bt

To convert 91 from decimal to binary, you can follow the following steps:

1. Look at 91 and see what power of 2 can be taken from it. The highest power that can be subtracted is 2 to the 6th which 1s 64. Therefore we put a 1 in the 2 to the 6th
position. Then we subtract: 91 - 64 =27 ] v
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Binarv Numbering systems:

The binary numbering system works much the same way as the decimal numbering system except that now we are 1n base 2 so we only have 2 digits (0, 1). The value of the
number 1s still determined by the face value tunes the positional value, but since we are in base 2, the positional values are the powers of 2. Since the face values can only be O or 1,
this means that the 0 or 1 is multiplied by the positional place in which 1t is found.

Example: binary number 1011011

1 0 1 1 0 1 1 Facevalue
26 23 24 93 22 21 20 Positional value
64 32 16 8 4 2 1 Resolved positional value

The positional values are first shown in the powers of 2 and then as the resolved number - in other words, 2 to the 6th 1s equal to 64.

Converting binary to decimal: g Q"
In the previous example to find the decimal equivalent for the number 1011011, we do the following: ) O } / O , q
1x26=1x64= 64 &
0x25=0x32= 0 6'}- \b qQ qa_, ]
1x24=1x16= 16 ,
1x2%=1x8= 8
0x22=0x4= 0 —_—
1x2l=1x2= 2 6

10
1x20=1x1= 1 l/{

91

Converting decimal to binary:
Before doing this it is important that we review the decimal equivalent for the frequently used powers of 2:

3

9

01 2l=> 2
6 =64 27=128 28 =256

8 24=16 25=32
512 210 = 1024 etc.

NS o]
1

[ ]

To convert 91 from decimal to binary, you can follow the following steps:

1. Look at 91 and see what power of 2 can be taken from it. The highest power that can be subtracted 1s 2 to the 6th which 1s 64. Therefore we put a 1 in the 2 to the 6th
position. Then we subtract: 91 - 64 =27 v
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Binary Numbering systems:

The binary numbering system works much the same way as the decimal numbering system except that now we are 1n base 2 so we only have 2 digits (0, 1). The value of the
number 1s still determined by the face value tunes the positional value, but since we are in base 2, the positional values are the powers of 2. Since the face values can only be Q or 1,
this means that the 0 or 1 is multiplied by the positional place in which it is found.

Example: binary number 1011011

1 0 1 1 0 1 1 Facevalue l \ \ \ C)D ,
26 25 24 23 22 21 20 Positional value
64 32 16 8 4 2 1

Resolved positional value [aq QL \ b g L{ ¢Q l

The positional values are first shown in the powers of 2 and then as the resolved number - in other words, 2 to the 6th 1s equal to 64.

Converting binary to decimal:

In the previous example to find the decimal equivalent for the number 1011011, we do the following: ( ( [ I O { | E Z l
1x26=1x64= 64 &q
0x2°=0x32=

lo

P

0

1x2%=1x16= 16
1x2P¥=1x8= 8 , b
0x22=0x4= 0
1x2l=1x2= 2 9
1x2%9=1x1= 1 ‘

91
Converting decimal to binary: ! Q‘ \
Before doing this it is important that we review the decimal equivalent for the frequently used powers of 2:
20=1 21=2 22=4 =8 2*=16 2P=32
26 = 64 27=128 28 =256 29=512 210 = 1024 ete.

To convert 91 from decimal to binary, you can follow the following steps:

1. Look at 91 and see what power of 2 can be taken from 1t. The highest power that can be subtracted 1s 2 to the 6th which 1s 64. Therefore we put a 1 in the 2 to the 6th
position. Then we subtract: 91 - 64 =27

!nk
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Binary Numbering systems:

The binary numbering system works much the same way as the decimal numbering system except that now we are in base 2 so we only have 2 digits (0, 1). The value of the
number 1s still determined by the face value times the positional value, but since we are in base 2, the positional values are the powers of 2. Since the face values can only be O or 1,
this means that the 0 or 1 1s multiplied by the positional place 1 which it 1s found.

Example: binary number 1011011

1 0 1 1 0 1 1 Facevalue } ‘ | —_ ; )
26 95 24 93 92 91 90 Positional value 0 eoo \ [& - 7 ,
64 32 16 8 4 2 1 Resolved positional value I}ﬁb \ﬁ "l{ lb'}' \ b "3 L{ ﬁ J ro

The positional values are first shown in the powers of 2 and then as the resolved number - in other words, 2 to the 6th is equal to 64.

Converting binary to decimal:
In the previous example to find the decimal equivalent for the number 1011011, we do the following:

256

1x26=1x64= 64 ?
0x23=0x32= 0

1x24=1x16= 16 L{
1x2°=1x8= 8 a
0x22=0x4= 0 \
1x2l=1x2= 2

1x20=1x1= 1 ___,_,-«-—‘T'-—

91 9"7

Converting decimal to binary:
Before doing this it 1s important that we review the decimal equivalent for the frequently used powers of 2:

2 3

9

=1 2l=2
64 27=128

._1_
8=1236

0
6

8 24 =16 2P=32
512 210 = 1024 etc.

[ )

2
2

[ I ]

To convert 91 from decimal to bmary, you can follow the following steps:

1. Look at 91 and see what power of 2 can be taken from it. The highest power that can be subtracted is 2 to the 6th which 1s 64. Therefore we put a 1 in the 2 to the 6th
position. Then we subtract: 91 - 64 =27

= [

L
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The positional values are first shown in the powers of 2 and then as the resolved number - in other words, 2 to the 6th 1s equal to 64.

Converting binary to decimal:
In the previous example to find the decimal equivalent for the number 1011011, we do the following: T X

1x26=1x64= 64 l
0x25=0x32= C‘;2 ; s

0

1x2%=1x16= 16 "__t

1x2=1x8= 8

S : | o ooo 1 Y 1 -

1x20=1x1= 1 —— ——— —— T °
g 5% g w1 2 41 & i :

Converting decimal to binary: g 7 ’ | ,

Before doing this it 1s important that we review the decimal equivalent for the frequently used powers of 2:

2 3

20=1 21=2 2?=4 2%=8 2*=16 =32 —J—l‘? I
o =64 27=128 28=256 2°=512 210=1024 ete. |
-— ? -
To convert 91 from deciumal to binary, you can follow the following steps: -/.— I
1. Look at 91 and see what power of 2 can be taken from it. The highest power that can be subtracted is 2 to the 6th which is 64. Therefore we put a 1 in the 2 to the 6th 7
position. Then we subtract: 91 - 64 =27 — Ll
1 _— 1
26 24 23 22 21 20 b :
64 32 16 8 4 2 1 - N
- | _ _ N i T !
2. Now we look at what 1s left, 27 and see if the next power of 2 (moving to the right) which 1s 2 to the 5th or 32 can be subtracted from 27. It can't, therefore we didn't use t
ﬂ 2 to the 5th position so we put a 0 1n the 2 to the 5th position. Since we didn't use the 32, there 1s no subtraction. \
—1 1 0 -
] 26 93 24 53 22 )1 20 ,_..r(")
o) 64 32 16 g 4 2 1 v |
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The positional values are first shown in the powers of 2 and then as the resolved number - in other words, 2 to the 6th 1s equal to 64.

Converting binary to decimal:
In the previous example to find the decimal equivalent for the number 1011011, we do the following:

oz ooxs " 57 Bl ., = "

0

1x2=1x16= 6 _.

1xB=1x8= 8 Ila

0x22=0x4= 0

1x2l=1x2= 2 7&/
1

1x20=1x1= a —~bY l O O \ O O l _Q

— g—

| o
Converting decimal to binary: g \‘a. 96» lg‘z 1}_' ‘5.1' , {' ? L{ 9— l

Before doing this it is important that we review the decimal equix'aleifor the frequently used powers of 2:

—
0=1 =2 22=4 B=g 24=15m/‘ 2=32
6=64  27=128 28 =256 29=512 210 = 1Ay etc.

To convert 91 from decimal to binary, you can follow the following steps:

[ ]

1. Look at 91 and see what power of 2 can be taken from it. The hlgh/ ghat can be subtracted 1s 2 to the 6th which 1s 64. Therefore we put a 1 in the 2 to the 6th
position. Then we subtract: 91 - 64 =27

1
26 23 24 23 22 21 20
64 32 16 8 4 2 1

2. Now we look at what 1s left, 27 and see if the next power of 2 (moving to the right) which is 2 to the 5th or 32 can be subtracted from 27. It can't, therefore we didn't use the
2 to the 5th position so we put a 0 in the 2 to the 5th position. Since we didn't use the 32, there 1s no subtraction.

1 0
26 o3 24 23 pr 21 20
64 32 16 8 4 2 1
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Binarv counting:

Now, we are going to learn to count in binary and relate counting in binary to counting in decimal 0 and 1 are the same values in binary and decimal but then we come to add 1 to
1 and we discover that there 1s no 2 in binary. Essentially we have run out of digits. We stop and think what we do in decimal when we run out of digits and we get the pattern to
use in binary. For example, in decimal when we try to add 1 to 9, we run out of digits.

In decimal: 9 In binary: 1
1 ud §
10 10
What we find is that when we run out of digits, we simply go to the next position - we call this putting down the 0 and carrying the 1. ! l O
Continuing along: \ ,
10 11 100 101 110 111 1000 - ‘ J‘-_
+1 0+l +1  +1  +1 1 %1 Mt S -

\
11 100 101 110 111 1000 1001 \ O \ \ \

This means that when we count, we get the following: A~ \ -\'
Decimal Binary e —
: : T 1 |00 O
1 1 v e |
2 10 + \ D \
3 11
4 100 l 0 O
) 101 \
6 110 4’
7 11 ——I‘-’Of‘_
8 1000
9 1001 ‘
10 1010 .t____,._.-—-
11 1011 ] O
12 1100 \

e
$
I .
o
‘__:
.I %
o
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16 10000 !
E [Hexadecimal Numbering System:
---------- h
D The next numbering system is the hexadecimal numbenng system. This 1s the base 16 numbernng svstem, therefore there are 16 digats (0, 1,2, 3.4, 5.6, 7,.8.9. A, B, C.D.E . F). I
The letter A carries the same value as decimal 10, the letter B carries the same value as decimal 11, the letter C carries the same value as decimal 12, the letter D carries the same
value as decimal 13, the letter E carries the same value as decimal 14, and the letter F carries the same value as decimal 15. Hexadecimal, like any other numbering system has the o
@ face value of digits and the positional value. The positional value i1s based on the powers of 16 since hexadecimal is the base 16 numbering system. h s
ad Example: Hexadecimal number A359 [
= A 3 5 9 face value ; v
E 163 162 16! 16" positional value (powers of 16) ‘ I
4096 256 16 1 resolved positional value g
-\ &
. . - . R -__._—-——- -
Converting hexadecimal to decimal: de [A w
To convert hexadecimal to its decimal equivalent, we multiply the face value times the positional value: J ' I .
Ax16° = 10 x 4096 = 40960 (note A 1s equivalent to decimal 10) + \ l
o
3x16l= 3x 256= 768 i
x — = Aec W\ -
| 5x16l= 5x 16= 80 B (ﬂ |
9x160= 9x 1= 9 |
41817
1
The equivalent of hexadecimal A339 in decimal iz 41817 i
& Converting decimal to hexadecimal: ]
ﬂ. Now we will take the decimal number 41817 and convert it back to hexadecimal. To do this. we will follow the same steps we used in converting decimal to binary with one ‘
_1 change B this time we are concerned with multiplying by the face value (in binary this was not a concern because multiplying by 1 doesnOt change anything). 1
5
_.1 The following are the decimal equivalents for some of the commonly used powers of 16: =
(%]
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16 10000 L
lfHexadecimal Numbering System:
R s -
[g* The next numbering system is the hexadecimal numbering system. This 1s the base 16 numbering system, therefore there are 16 digits (0, 1,2, 3.4, 5.6, 7.8, 9 A B.C. D E F). I
The letter A carries the same value as decimal 10, the letter B carries the same value as decimal 11. the letter C carries the same value as decimal 12, the letter D carries the same
| value as decimal 13, the letter E carries the same value as decimal 14, and the letter F carries the same value as dectmal 15. Hexadecimal, like any other numbering system has the &
& face value of digits and the positional value. The positional value is based on the powers of 16 since hexadecimal is the base 16 numbering system. h s
Example: Hexadecimal number A3359 ’ t ' '7
A
E A 3 5 9 face value g B E-\ b —Q \ ' =|
,i 163 162 161 169 positional value (powers of 16) © I

4096 256 16 1 resolved positional value ol

$
Converting hexadecimal to decimal: 5- i ) t:' ‘ 9-% o -

To convert hexadecimal to its decimal equivalent, we multiply the face value times the positional value:

] -
Axl16= 10 x 4096 = 40960 (note A is equivalent to decimal 10) \ ba- \ b‘ \" \ —7 é l

3x162= 3x 256= 768 95}, | | i Y |1

o | 5x16l= 5x 16= 20 \9 [
‘ 25 4 mve |-

9x160= 9x 1= 9 i) \ b

+.
o s

The equivalent of hexadecimal A359 in decimal 15 41817. .

| =
Converting decimal to hexadecimal: ’m -

ﬂ, Now we will take the decimal number 41817 and convert it back to hexadecimal. To do this. we will follow the same steps we used in converting decimal to binary with one _
_] change B this time we are concerned with multiplying by the face value (in binary this was not a concern because multiplying by 1 doesnOt change anything). I
[+]

The following are the decimal equivalents for some of the commonly used powers of 16:

a3

m @
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Ixlel= 3x 256= 768
5x 16l = Sx 16= 20

9x16%= 9x 1= 9 I

41817 o

The equivalent of hexadecimal A359 in decimal 1s 41817. —

Converting decimal to hexadecimal: 5 % E-\ L? ’ L+7 —Q : v_;

le I

Now we will take the decimal number 41817 and convert it back to hexadecimal To do this, we will follow the same steps we used in converting decimal to binary with one

(e = s imicl o |

change D this time we are concerned with multiplying by the face value (in binary this was not a concern because multiplying by 1 doesnOt change anything). L L
$
The following are the decimal equivalents for some of the commonly used powers of 16: I
16°=1 16'=16 167 =256 16° = 4096 16* = 65536 I .
o

The following steps convert decimal 41817 to hexadecimal:

- 1. First we need to find out the highest base of 16 that can be subtracted from our number, 41817. Clearly 16 to the 4th which 1s equivalent to 65336 1s too big. However, 16 to | -
the 3rd which is equivalent to 4096 will work. Our next question is how many 16 to the 3rd s can be subtracted :ﬁ'om 41817. Through trying different calculations, we 1
discover that 10 x 4096 or 40960 15 the most powers of 16 to the 3rd that we can subtract so we place A (the equivalent of 10) 1n the 16 to the 3rd position.

We subtract: 41817 B 40960 = 857 2 5‘. ( L(TD .
A X — g. %‘? S B E |
16° 162 16! 160 ___—-—g——" —_—— !

4096 256 16 1 /8.80 C_;k’ & | i .

2. Now, we have established the first power of 16 that we can use. We now move over to 16 to the 2nd power ﬂl‘t‘l{rs the equiv: alent of 256 and ask how many times can 256 -

& be subtracted from 857. Again, we try the calculations and discover 3 236s (768) can be subtracted fro; w means we enter a 3 in the 16 to the 2nd position.

We subtract: 857-768 = 89

g L L ™

16° 62 161 167

1
&) 4096 2356 16 1 v
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Counting in hexadecimal: $
| Counting in hexadecimal is the same as in decimal through decimal 9. But once we reach 9, we have run out of digits in decimal but we have 6 digits (A, B, C, D, E. F) left in
= hexadecimal. Therefore when we reach 9 in hexadecimal we can keep counting through A, B, C, D, E and F. Note that 9 + 1 = A 1n hexadecimal and A + 1 =B, etc. When we add
1 1 to F, we see that there are no more digits so we have to put down the (0 and carry the one over to the next position B therefore, 1 +F=10. | =
@ Binary Decimal Hexadecimal \—\ I '
; . : Dec B Beo
1 1 1 | s
y =2 1
10 2 2 " A\ L |
A 11 3 3 :_:__.__-—- .-—\"'6 *;l',..
100 4 4 O \D I v
Eﬁ 101 5 5 ‘
o
110 6 6 ‘ 1
111 7 7 1
1000 8 8 — F '
1001 9 9 .
1010 10 A | ;
- 1011 11 B + |
1100 2 C —’—-’——O’_— |
1101 13 D ‘ O i °
1110 14 E |
111 15 F I
10000 16 10 '
10001 17 1
- '
10010 18 12
= -
—] Conversion from binary to hexadecimal: .
e Binary Hexadecimal i
T ]
@ nonn hd

ma a8 8 9
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Counting in hexadecimal:

Counting in hexadecimal is the same as 1n decimal through decimal 9. But once we reach 9, we have run out of digits in decimal but we have 6 digats (A, B, C, D, E F) left in
hexadecimal. Therefore when we reach 9 in hexadecimal we can keep counting through A B, C, D_E and F. Note that 9 + 1 = A in hexadecimal and A + 1 =B, etc. When we add
1 to F, we see that there are no more digits so we have to put down the ( and carry the one over to the next position B therefore. 1 +F = 10.

1
| Binary Decimal Hexadecimal
@ 0 0 0 b\\-‘j k&
1 1 1 e
@ A e
10 2 2 " (7\‘
A 11 3 3 l/\ y_; \ (€ C9 u> \!(
100 4 4 ¥ e+ NS
Eﬁ 101 5 5 oV W J-
110 6 6 C \ W V‘é W‘k . *‘;
ki ; ; W e et
A
1001 9 9 U"'g w‘* v J\»‘
1010 10 A > \A
4 1011 11 B LO
1100 2 C \w
1101 13 D W
1110 14 E
10000 16
10001 17 11
\a 10010 18 12
=
—] Conversion from binary to hexadecimal:
© Binarv Hexadecimal
@ nON~N

T EE
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1111 15 F "
10000 16 10
10001 17 11
10010 18 1 I ........ .

(e (e (s imlicll o

Conversion from binary to hexadecimal:

Binary Hexadecimal

0000 0 E

0001 ' Olo ‘Obb I x|

[

0010
0011
0100
0101
0110
0111
1000
“ 1001
1010
1011
1100
1101
1110
1111

P
- o

b = B
L__J
"

= T e I w B o T+~ B Vot

2

As you can see from the chart above, every hexadecimal digit can be represented by 4 binary digits (bits) and every combination of 4 binary digits can be represented by a single .
.| hexadecimal digit. Because of this, any string of 4 binary digits can be converted to its hexadecimal equivalent by either checking the chart above or doing the conversion. If T have ! _
a a string of binary digits, 1t can be divided into groups of four starting at the far right and each group can be converted to its hexadecimal equivalent.

T -
a Examnlac: : ~
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‘ 1110 14 E NE:
T 1111 15 F
E 10000 16 L -
] 10001 17 11 I h
@ 10010 18 12
o
@ Conversion from binary to hexadecimal: i :
A Binary Hexadecimal { l
= 0000 ] ; ‘ l g : =
. ™ 1 loc¢\01£(©90(¢9¢0111[¢ _ e l
0010 2 I. — — o
0011 3 ¥4 e Lo 4§42 16 il
0100 4
0101 5 A i
0110 6 , ~( i <__ ( 7 ? o
1K
- 1000 g S)zig_l 'E’L'l‘h. Er’f- l\\‘ ‘\ .‘.FC C‘fF’ i o
1001 9 I5 | /2! q 0o A I 3
1010 A / i
1011 B Q / O I | .
1100 C | °
1101 D )
= 1110 E !
= 1111 F
1
& As you can see from the chart above, every hexadecimal digit can be represented by 4 binary digits (bits) and every combmation of 4 binary digits can be represented by a single :
—_1 hexadecimal digit. Because of this, anv string of 4 binary digits can be converted to its hexadecimal equivalent by either checking the chart above or doing the conversion. If T have B
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Conversion from binary to hexadecimal: ~ t

(e e (sl o

Binary Hexadecimal
0000 0
0001
0010
0011
0100
0101
0110
o111
1000
1001
1010
1011
1100
1101
1110
1111

[
|

el
-

=4
— T
D
1
9
S
5
o
o
e 4

Lo T v I o o N v v I V. )
m-ﬁ
L0
00
~0
o

As vou can see from the chart above, every hexadecimal digit can be represented by 4 binary digits (bits) and every combination of 4 binary digits can be represented by a single |
hexadecimal digit. Because of this, any string of 4 binary digits can be converted to 1ts hexadecimal equivalent by either checking the chart above or doing the conversion. If I have 1
a string of binary digits, it can be divided into groups of four starting at the far right and each group can be converted to 1ts hexadecimal equivalent. I

Examples: I
1. 11001111 can be drvided into groups of 4
1100/ 1111 1100 is Cand 1111 is F ™

c F :

Q. therefore the hexadecimal equivalent of IO CE EEEEE———————

AR N ¢
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Example: binary number 1011011

1 1 Facevalue
21 20 Positional value
2 1 Resolved posittional value

The positional values are first shown in the powers of 2 and then as the resolved number - in other words, 2 to the 6th 15 equal to 64

Converting binary to decimal:
In the previous example to find the decimal equivalent for the number 1011011, we do the following:

1x25=1x64= 64
0x23=0x32= 0
1x2=1x16= 16
1x22=1x8= 8
0x22=0x4= 0
1x21=1x2= 2
1x20=1x1= 1

9]

Converting decimal to binary:
Before doing this it 1s important that we review the decimal equivalent for the frequently used powers of 2:

2 3

9

1 2l=2
64  27=128

4
8=236

0
6

[ S ]

2 2 g 24=16 2°=132
2 2 512 210 = 1024 etc.

To convert 91 from deciumal to binary, yvou can follow the following steps:

1. Look at 91 and see what power of 2 can be taken from it. The highest power that can be subtracted is 2 to the 6th which is 64. Therefore we put a 1 in the 2 to the 6th
position. Then we subtract: 91 - 64 =27

-

20

b B2
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1011
1100
1101
1110
1111

e I v 5 B w B R v

As you can see from the chart above, every hexadecimal digit can be represented by 4 binary digits (bits) and every combination of 4 binary digits can be represented by a single
hexadecimal digit. Because of this, any string of 4 binary digits can be converted to 1ts hexadecimal equivalent by either checking the chart above or doing the conversion. If T have
a string of binary digits, it can be divided into groups of four starting at the far right and each group can be converted to its hexadecimal equivalent.

Examples:

1. 11001111 can be divided into groups of 4
1100/ 1111 1100 is Cand 1111 is F

C F
therefore the hexadecimal equivalent of 11001111 15 CF

2. the hexadecunal equivalent of 11010101110101 15 3575
11010101110101 = 11/ 0101/ 0111/ 0101

3 5 7 3

Note that if there are not enough digits to make groups of 4, then you start at the right and the group with less than 4 digits 1s the leftimost group P in translating that group. assume
leading Os.

Conversion from hexadecimal to binary:
To convert from hexadecimal to binary, vou express each hexadecimal character as 4 binary digits B either use the chart above or figure out the equivalent.

Example:
Convert the hexadecimal number 3E49 to binary:
5 E 4 9
0101 1110 0100 1001

o

it hyrting the validite of the aumhar)
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4 hexadecimal. I heretore when we reach ¥ 1n hexadecumal we can keep counting through A B, U, L), k and . Note that ¥ + 1 = A 1 hexadecumal and A + | =B, etc. When we add
‘_ 1 to F, we see that there are no more digits so we have to put down the 0 and carry the one over to the next position B therefore, 1 +F = 10. t
Binary Decimal Hexadecimal
E 0 0 o =
J 1 1 1
@ 10 2 2 I
@ 11 3 3 L t:
100 4 4 B
EL 101 5 5
110 6 6 L y
E 111 7 T =
1000 8 g |
1001 9 9 [
1010 10 A I -
1011 11 B =
1100 12 c :
o 1101 13 D h
1110 14 E I i
1111 15 F e
10000 16 10
10001 17 1 -
10010 18 12 :
& Conversion from binary to hexadecimal: ! .
ﬂ Binary Hexadecimal I -
0000 0 :
5] 0001 1 .
a fTakle) 2 1
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