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Hexadecimal Numbers
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0000
0001
0010
0011
0100
0101
0110
0111
1000 10
1001 11
1010 12
1011 13
1100 14
1101 15
1110 16
1111 17
10000 20
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1. Hexadecimal Number
The hexadecimal number system is used commonly by designers to represent long
strings of bits in the addresses, instructions, and data in digital systems. This system
uses 16 digits to represent any quantity. The positional weight of each digit is a power
of 16.

16* 16° |[16° |[16* [16° |. 1671 [162 [163

65536 | 4096 | 256 |16 1 : 1017 1
16 | 256 | 4096

Each hexadecimal digit represents a 4-bit binary number (as listed in Table 1).




Decimal Binary Hexadecimal

0000
0001
0010
0011
0100
0101
0110
0111
1000
9 1001
10 1010
11 1011
12 1100
13 1101
14 1110
15 1111

0,1,23,4,56,7,89,A,B,CD,EF,

10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
1A, 1B, 1C, 1D, 1E, 1F,
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20,21, 22, 23, 24, 25, 26, 27, 28, 29, 2A, 2B,

2C, 2D, 2E, 2F,
30, 31,




Counting in Hexadecimal

How do you count in hexadecimal once you get to F? Simply start over with
another column and continue as follows:
O! ll 2! 3! 41 51 61 77 81 91 A’ B’ C’ Dl El F!

With two hexadecimal digits, you can count up to FF, which is decimal 255. To
count beyond this, three hexadecimal digits are needed. For instance, 100¢ is
decimal 256, 1015 is decimal 257, and so forth.

The maximum 3-digit hexadecimal number is FFF, or decimal 4095. The
maximum 4-digit hexadecimal number is FFFF 5, which is decimal 65,535.

Number Base Conversion
A. Binary-to-Hexadecimal

Conversion Examples

Starting

11111011101110010 | (o5,

divide up

M1 1110111011100 10] | mis

N\ =

1F772 or ot

each block

' 11111011101110010.= 1F772,
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Hexadecimal-to-Binary Conversion

Hexadecimal-to-Binary Conversion: Replace each hexadecimal symbol with the
appropriate four bits.

Examples
by C F E (c) 9
| |

(a) 1 0 A 4 8 7 4
— 1 | |
AN A A AN A e robw e
1000010100100 1100111110001110 100101110100

(b)

HexaDecimal Number

0001 1010 | 1100 } 0101

Binary Numbe

B. Hexadecimal-to-Decimal Conversion
1. Method One: First convert the hexadecimal number to binary and then

convert from binary to decimal.

EE
!
00011100 =27+ 27+ 2= 16 + 8 + 4 = 289
A 8

D,
l
101010000101 = 2! +29 + 27 + 22+ 20 = 2048 + 512 + 128 + 4 + | = 2693,
1. Method Two: Multiply the decimal value of each hexadecimal digit by its
weight and then take the sum of these products. For a 4-digit hexadecimal
number, the weights are:
B2F8, = (B x 4096) + (2 x 256) + (F x 16) + (8 x 1)
= (11 x 4096) + (2 x 256) + (15 x 16) + (8 x 1)
= 45,056 + 512 + 240 + 8 = 45,81610




C. Decimal-to-Hexadecimal Conversion (Repeated Division by 16)

Repeated division by 16 will produce the equivalent hexadecimal number,
formed by the remainders of the divisions. The first remainder produced is the
least significant digit (LSD)

Hexadecimal
remainder

A

W
[— Stop when whole number 3 Hexadecimal number

quotient is zero, LSI
SD

Example : 250

250
16 250

Remainder

250,, =15 10;, ?
= FA,,

4. Octal Numbers

Like the hexadecimal number system, the octal number system provides a
convenient way to express binary numbers and codes. However, it is used less
frequently than hexadecimal in conjunction with computers and microprocessors
to express binary quantities for input and output purposes.

The octal number system is composed of eight digits, which are

0,1,23,456,7




To count above 7, begin another column and start over:
10, 11, 12, 13, 14, 15, 16, 17,
20,21, ...

4.1 Number Base Conversion
1. Octal-to-Decimal Conversion

Since the octal number system has a base of eight, each successive digit position
is an increasing power of eight, beginning in the right-most column with 8°. The
evaluation of an octal number in terms of its decimal equivalent is accomplished
by multiplying each digit by its weight and summing the products, as illustrated
here for 23744

Weight: 8°828' 8°

23745 = (2 x 8% + (3% 8% + (7 x 8Y) + (4 x 8°)

= (2 x 512) + (3 x 64) + (7 x 8) + (4 x 1)
=1024 + 192 + 56 + 4 = 127610
010011 111 100
2. Decimal-to-Octal Conversion (Repeated Divisionby-8 Method)

Each successive division by 8 yields a remainder that becomes a digit in the
equivalent octal number. The first remainder generated is the least significant
digit (LSD).




Remainder

‘7—

VON
Stop when whole number 5 Octal number
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Example : 250

250
250

31 Remainder

3 Remainder

250]0 = 3723

3. Octal-to-Binary Conversion

Because each octal digit can be represented by a 3-bit binary number, it is very
easy to convert from octal to binary. Each octal digit is represented by three
bits as shown in Table below

Octal/binary conversion.

Octal Digit 0

'Binary
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001011 010101 001100000 111101010110

4. Binary-to-Octal Conversion

Start with the right-most group of three bits and, moving from right to left, convert each 3-
bit group to the equivalent octal digit. If there are not three bits available for the left-most
group, add either one or two zeros to make a complete group. These leading zeros do not
affect the value of the binary number.

(a 110101 (b) 101111001
—— —_——

——

I ! 1l
6 5 = 653 5 7 1= 571g

100110011010 011010000100

e — e — e — | N S N ), S
i 4 4 ) L 1L 1 |
4 6 3 2 = 4632 3 2 0 4 = 32043

Table 2: Number system conversion

Decimal Number | Hexadecimal Number | Binary Number
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111
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HOME WORK

1. Convert the following binary numbers to hexadecimal:
(a) 10110011 (h) 110011101000

2. Convert the following hexadecimal numbers to binary:
(@) 57,6  (b) 3A5;s  (c) F80By¢

3. Convert 9B30;¢ to decimal.

4. Convert the decimal number 573 to hexadecimal.




Binary Arithmetic Ui adad) 3 dubuad) cildaad)
Binary Addition (Al aanl)

Binarv Addition

The rules for binary addition are
0+0=0 Sum =0, carry =0
0+1=0 Sum=1, carry =0
1-+0=0 Sum=1, carry =0
La1l~=10 Sum =0, carty = 1

When an input carry = 1 due to a previous result, the rules

are
1+0+0~01 Sum=1, carty =0
1+0+1=10 Sum =0, carry =1
1+1+0=10 Sum =0, carry =1
LAl 1=11 Sum=1, carry =1

EXAMPLE

Add the binary numbers 00111 and 10101 and show
the equivalent decimal addition.

0111

00111 7
10101 21

11100 =28

Example 1: add the binaryno. 011, 110
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Binarv Subtraction

The rules for binary subtraction are
0-0=0
1-1=0
1-0=1
10—-1=1, 0-1 with a borrow of 1

- Subtract the binary number 00111 from 10101 and
show the equivalent decimal subtraction.

111

o101 21
00111 7

01110 =14

P leay pylall Ldee LW pliz)bs Alis

Al 22plalls dide 3l Lo 5f 30 a2yttt -1

Aeasll dzgylay =2

s Led Jreadills Lol 2 Il Jobis gy 3y Bl a2 plall =08 Lis iy
Sl o Las s as Labendl 53d el e 520 28 pan oy (b)) 530 325y dally & 50a)
ol e zoylall Hladlly Hleadl Sle dia 7o)y lall

<= (1) Lalilg (1) ol e
&L&oyu‘wﬁ‘&c)u|m&ﬂu=mj

Aol Sl g siealiypm 2 5las Eoon Leinns cod al3)¥ 05y @
ottt 2 4 et g2 Lo sltl S Lonio greddl e 53 B oo Tl @
(0) w2 =3 (1) 00 (1) 5T(0) 00 (0) s e
(1) @) = (1) e (0) oo e ™
Torlalh 2) LI LB 5o (0) = 50 & (1) il 2 05 (0) oo (1) ol i ™
(0) Sl apsd (1) cupdi JI Josd oo (1) N (e
AL selgall alasmily 7 ylal) dile iy o Jossi ®




Ex.1 Subtract 011 from 101 :

A
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One's and Two's Complements of Binary Numbers
Agll) A8 A A g gdaY) aalal

Finding the 1’s Complement
The 1’s complement of a binary number is found by changing all 1s to Os and all Os to 1s,
as illustrated below:

10110010 Binary number

U USURRUR R A

01001101 1’s complement

‘The simplest way to obtain the 1’s complement of a binary number with a digital circuit
is to use pamallel inverters (INOT circuits), as shown in Figure 2—2 for an 8-bit binary number.
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2 complement

The 2°s complement of a binary number 1s found by
adding 1 to the LSB of the 1’s complement.
Recall that the 1’s complement of 11001010 is
00 1101 O]. (1's complement)

To form the 2°s complement, add 1: — *1
ll 1| 0| oI 1| 0| 1| ol 00110110 (2’s complem=nt)

S XY FXXY

Input bits

caryin
Adder . .
putput bits Sum
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Find the 2’s complement of 10111000 using the alternative method.
Solution

10111000  Binary number
. 01001000  2’s complement
1I’s complements R N
of original bits — 1 T These bits stay the same.

Home Work

1-) Determine the weight of 1 in the number 10000
2-) Convert the binary number 1011101.011 to decimal.
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Binary Codes

The electronic digital systems like computers, microprocessors etc., are required
to process data which may include numbers, alphabets or special characters. The
binary system of representation is the most extensively used one in digital
systems i.e, digital data is represented, stored and processed as group of binary
digits (bits). Hence the numerals, alphabets, special characters and control
functions are to be converted into binary format. The process of conversion into
binary format is known as binary coding. Several binary codes have developed
over the years. Some of them are discussed in this section.

1. Binary coded decimal (BCD).
2. Gray code.
3. ASCII code
1- Binary Coded Decimal (BCD)

Internally, digital computers operate on binary numbers. When interfacing to
humans, digital processors, e.g. pocket calculators, communication is decimal-
based.

Input is done in decimal then converted to binary for internal processing. For
output, the result has to be converted from its internal binary representation to a
decimal form.

One commonly used code is the Binary Coded Decimal (BCD) code which
corresponds to the first 10 binary representations of the decimal digits 0-9. The
BCD code requires 4 bits to represent the 10 decimal digits. Since 4 bits may have
up to 16 different binary combinations, a total of 6 combinations will be unused

Table (1)

Decimal Digit 0 1 2 3 4 ) 6 7 8 9

BCD Code 0000 0001 0010 0011 0100 0101 0110 Q0111 0100 1001

To illustrate the BCD code, take a decimal number such as 874. Each digit is
changed to its binary equivalent as follows:




7 4

0111 0100

Example: Convert (95),, into BCD code .
Solution:
9
1001 0101

2- Gray Code

The gray code is un-weighted and is not an arithmetic code; that is, there are
no specific weights assigned to the bit positions. The important feature of the
Gray code is that it exhibits only a single bit change from one code number to the
next.

Table (2) is a listing of the four bit gray code for decimal numbers 0 through 15.
Notice the single bit change between successive gray code numbers. For instance,
in going from decimal 3 to decimal 4, the gray code changes from 0010 to 0110,
while the binary code changes from 0011 to 0100, a change of three bits. The
only bit change is in the third bit from the right in the gray code; the other remain
the same.

Tabie (2)

Decimal Binary Decimal Binary
0 0000 8 1000
0001 9 1001

0010 10 1010

0011 11 1011

0100 12 1100

0101 13 1101

0110 14 1110

0111 15 1111




Binary Number to Gray Code Conversion:
The procedures of conversion from binary to gray code are:

1. put down the MSB
2. start from the MSB, adding without carry each two adjacent bits

Example: convert the (10110)2 into gray code.

Solution:

=y
l
1

Gray

Example: convert the binary number 10110 to Gray code.

Step 1: the left-most Gray code digit is the same as the left-most binary code bit.

10110  (Binary)
1 (Gray)

Step 2: add the left-most binary code bit to the adjacent one:

1+0110 (Binary)

'

| | (Gray)

Step 3: add the next adjacent pair:
1 0+110 (Binary)

!

i 1 LD (Gray)

Step 4: add the next adjacent pair and discard the carry:
1 0 1+10 (Binary)

1110 (Gray)




Step 5: add the last adjacent pair:

2.2 Gray Code to Binary Number Conversion:
The procedure of conversion from gray code to binary are:
1- put down the MSB

2- start from the MSB adding without carry each result binary bit with
the lower gray code bit

Example: convert the (11011)y.,, into binary.

Solution:
Gray
Binary

Example: convert the Gray code number 11011 to binary.

Step 1: the left-most bits are the same.

11011 (Gray)

'

1 (Binary)

Step 2: add the last binary code bit just generated to the gray code bit in the next position.

Discard the carry.

1 1 011 (Gray)
+
1 0 (Binary)




Step 3: add the last binary code bit generated to the next Gray code bit.

1 1 011 (Gray)
+
1 0 0 (Binary)

Step 4: add the last binary code bit generated to the next Gray code bit.

1 1 0 11 (Gray)
+
1 0 0 1 (Binary)

Step 5: add the last binary code bit generated to the next Gray code bit. discard
carry.

1 0 1 (Gray)

1
+
1 0 0 1 0 (Binary)

Hence the final binary number is 10010

Example: (a) Convert the binary number 11000110 to Gray-code.
(b) Convert the Gray-code 10101111 to binary.

(a) Binary to Gray code:-
1+1+0+0+0+

mu}

1 01 0 0

+1+

i

|

(@) Gray code to Binary









