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Introduction

ÅThe binary system and digital codes are 
fundamental to computers and to digital electronic 
in general.

ÅIn this topic, the binary number system such as 
decimal, hexadecimal and octal is presented.

ÅArithmetic operations with binary numbers are 
covered to provide a basis for understanding how 
computers and many other types of digital systems 
work.

ÅAlso covers digital codes such as binary coded 
decimal (BCD), Gray Code etc
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Chapter Outline
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4) Binary Arithmetic
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6) Signed Numbers

7) Arithmetic Operations with Signed Numbers
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10)Binary Coded Decimal

11)Digital Codes
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Number System

4

ü0 ~ 9

ü0 ~ 1 

ü0 ~ 7

ü0 ~ F

¸Decimal

¸Binary

¸Octal

¸Hexadecimal
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Decimal Numbers

ÅIn decimal number system each of the ten digits: 

0 1 2 3 4 5 6 7 8 9

Example:

Express the decimal 

number 2745.214 as a 

sum of the values of 

each digit

5

Base of 10
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Binary Numbers

ÅThe binary number system is another way to represent 
quantities and less complicated than decimal. 

ÅOnly two digits: 1 (HIGH) and 0 (LOW)

ÅThe binary numbering system has a base of 2with 
each position weighted by a factor of 2:

6

2n-1é. 22 21 20. 2-1 2-2 2-3 2-4é 2-n
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Binary Numbers

ÅHow to count 0 to 15 using 
binary numbers?

ÅNotice the pattern?

ÅIn general with n-bits we can 
count up to a number equal to 
2n-1

ÅLSB(Least Significant Bit), MSB
(Most Significant Bit)
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0       0 0 0 0

1       0 0 0 1

2       0 0 1 0

3       0 0 1 1

4       0 1 0 0

5       0 1 0 1

6       0 1 1 0

7       0 1 1 1

8       1 0 0 0

9       1 0 0 1

10      1 0 1 0

11      1 0 1 1

12      1 1 0 0

13      1 1 0 1

14      1 1 1 0

15      1 1 1 1

Decimal 

Number

Binary 

Number

LSBMSB

n = 4

2n-1 = 24ï1

= 16 -1

= 15
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Binary-to-Decimal Conversion

ÅDecimal value of any binary numbers can be 
determined by summing the weights of all bits
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Convert the binary whole number 1001111 to decimal

Solution:

Weight: 26 25 24 23 22 21 20

Binary : 1  0   0  1  1   1   1

1001111 = 26 + 23 + 22 + 21 + 20

= 64 + 8 + 4 + 2 + 1 = 79
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Binary-to-Decimal Conversion

ÅTry this:

9

Convert the binary number of 1101.011 to decimal

Solution:

Weight: 23 22 21 20 . 2-1 2-2 2-3

Binary : 1  1   0  1  .  0   1   1

1001111 = 23 + 22 + 20 + 2-2 + 2-3

= 8 + 4 + 1+ 0.25 + 0.125 = 13.375
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Decimal 

Number
Binary Number

0 0 0 0 0

1 0 0 0 1

2 0 0 1 0

3 0 0 1 1

4 0 1 0 0

5 0 1 0 1

6 0 1 1 0

7 0 1 1 1

8 1 0 0 0

9 1 0 0 1

10 1 0 1 0

11 1 0 1 1

12 1 1 0 0

13 1 1 0 1

14 1 1 1 0

15 1 1 1 1

22 21 20

0   0   0

0   0   1

0   2   0

0   2   1

4   0   0

4   0   1

4   2   0

4   2   1
23 22 21 20

8  0  0  0

8  0  0  1

8  0  2  0

8  0  2  1

8  4  0  0

8  4  0  1

8  4  2  0

8  4  2  1
10
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An Application

11

Illustration of a Simple Binary Counting Application
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Decimal-to-Binary Conversion

ÅMethods for decimal whole number:
i. Sum-of-Weight Method
ii. Repeated Divisionby 2 Method

ÅMethods for decimal fraction number:
i. Sum-of-Weight Method
ii. Repeated Multiplicationby 2 Method

12



ENT263 DIGITAL ELECTRONICS, 2014/2015ENT262/ENT263, 2019/2020

Decimal whole number to binary
i. Sum of Weight Method

The decimal number 9,

for example, can be

expressed as the sum of

binary weight of:

1      0      0      1

Example:

Convert the following decimal 

numbers to binary:

a) 12  b) 25  c) 58  d) 82

1100  11001  111010  1010010

13
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0
2

1

1
2

3

3
2

6

6
2

12

=

=

=

=

14

1

1

0

0

1100

A systematic method of converting whole numbers from decimal to

binary is the repeated division-by-2 process.

LSBMSB

Stop when the 

whole-number 

quotient is 0

Remainder

Convert the 

decimal number 

12 to binary

Convert decimal number 

25 to binary?

Decimal whole number to binary
ii. Repeated Division by 2 Method
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25
12

2

12
6

2

6
3

2

3
1

2

1
0

2

=

=

=

=

=

15

A systematic method of converting whole numbers from decimal to

binary is the repeated division-by-2 process.

LSB

MSB

Stop when the 

whole-number 

quotient is 0

Remainder

Convert the 

decimal number 

25 to binary

Decimal whole number to binary
ii. Repeated Division by 2 Method

1

0

0

1

1

11 0 0 1
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Decimal fraction number to binary
ii. Sum of Weight Method

16

0.625 = 0.5 + 0.125 = 2-1 + 2-3 = 0.101

0.3125 = ? = 2-2+2-4 = 0.0101
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Decimal fraction number to binary
ii. Repeated Multiplication by 2 Method

17

0.625 x 2 = 1.25

0.25 x 2 = 0.50

0.50 x 2 = 1.00

Stop 

when the 

fractional 

part is all 

zeros

1

0

1

Carry
.  1 0 1

MSB LSB
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Decimal-to-Binary Conversion
Checkup:

ÅConvert each decimal number to binary by using 
the sum-of-weights method:

a) 23

b) 57
c) 45.5

ÅConvert each decimal number using other than 
sum-of-weight methods:

a) 14
b) 21
c) 0.375

18



ENT263 DIGITAL ELECTRONICS, 2014/2015ENT262/ENT263, 2019/2020

Decimal-to-Binary Conversion
Checkup:

ÅConvert each decimal number to binary by using 
the sum-of-weights method:

a) 23

b) 57
c) 45.5

ÅConvert each decimal number using other methods 
(not sum-of-weights method):

a) 14
b) 21
c) 0.375
d) 0.188

19
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Binary Arithmetic

ÅBinaryarithmetic is essentialin all digital computers
andin manyother typesof digitalsystems.

ÅArithmeticoperations:
ÅAddition
ÅSubtraction
ÅMultiplication
ÅDivision

20
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Binary Addition

21

The four basic rules for adding binary digits (bits) are as follows:

0 + 0 = 0 (sum of 0 with a carry of 0)

0 + 1 = 1 (sum of 1 with a carry of 0)

1 + 0 = 1 (sum of 1 with a carry of 0)

1+ 1 = 10 (sum of 0 with a carry of 1)

1 1

0 1 1

+ 0 0 1

1 0 0

Carry

Try This:

11 + 11 = ??
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Binary Subtraction

22

The four basic rules for subtracting bits are as follows:

0 ï0 = 0

1 ï1 = 0

1 ï0 = 1

10 ï1 = 1 (0 ï1 with a borrow of 1)

1 1 ï0 1 = ??

1 1

- 0 1

1 0

Try This:

1 0 1 ï0 1 1 = ???
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Binary Multiplication

23

The four basic rules for multiplying bits are as follows:

0 X 0 = 0

0 X 1 = 0

1 X 0 = 0

1 X 1 = 1

1 1 X 1 1 = ??

1 1

X  1 1

1 1

+1 1 

1 0 0 1
Try This:

1 1 1 X 1 0 1 = ??
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Binary Division

24

Division in binary follows the same procedure as division in 

decimal.

1 1 0 õ11 = ??

1 0

11   1 1 0

1 1

0 0 0 Try This:

1 1 0 õ10 = ??
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мΩǎ ŀƴŘ нΩǎ /ƻƳǇƭŜƳŜƴǘǎ ƻŦ .ƛƴŀǊȅ 
Numbers

Å¢ƘŜ мΩǎ ŀƴŘ нΩǎ /ƻƳǇƭŜƳŜƴǘǎ ƻŦ .ƛƴŀǊȅ bǳƳōŜǊǎ ŀǊŜ 
very important because they permit the 
representation of negative numbers.

ÅThe method of нΩǎ ŎƻƳǇƭŜƳŜƴǘ arithmetic is 
commonly used in computers to handle negative 
numbers

25
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Signed Numbers

ÅDigital systems, such as the computer, must be 
able to handle both positive and negative 
numbers. A signed binary number consists of 
both sign and magnitude information. The sign
indicates whether a number is positive or 
negative and the magnitude is the value of the 
number. There three forms in which signed 
integer (whole) numbers can be represented in 
binary:

1. Sign-Magnitude

2.1ôs Complement

3.2ôs Complement

26
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Sign-Magnitude Form

ÅSign Bit - The left-most bit in a signed binary 
number is the sign bit, which tells you whether the 
number is positive or negative.

0 = Positive Number
1 = Negative Number

ÅExample: 
The decimal number of +25 in 8-bit signed-magnitude form

00011001

27

Signed Bit Magnitude Bit

Note: The magnitude bit are in true form (uncomplemented) binary number
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мΩǎ /ƻƳǇƭŜƳŜƴǘ CƻǊƳ
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The 1ôs complement of a binary number is found by 

changing all 1s to 0s and all 0s to 1s.

Example:

1 0 1 1 0 0 1 0 (Binary Number)

0 1 0 0 1 1 0 1(1ôs Complement)

NOT Gate

1         1         0         0        1          0         1         0

0          0         1         1        0         1         0         1
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нΩǎ /ƻƳǇƭŜƳŜƴǘ CƻǊƳ
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The 2ôs complement of a binary number is found by 

adding 1 to the LSB of the 1ôs complement

Example:
Find the 2ôs complement of 10110010

10110010 (Binary number)

+ 01001101 (1ôs complement)

1 (Add 1)

01001110
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нΩǎ /ƻƳǇƭŜƳŜƴǘ CƻǊƳ
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Adder

Input bits

Output bits (sum)

Carry

in (add 1)

1       1       0       0       1       0       1       0

0       0       1       1       0       1       0       1

1

0       0       1       1       0       1       1       0

00110101 (1ôs complement)

+1

00110110 (2ôs complement)
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нΩǎ /ƻƳǇƭŜƳŜƴǘ ό!ƭǘŜǊƴŀǘƛǾŜύ

i. Start at the right with the LSBand write the bits as 
they are up and including the first 1

ii. ¢ŀƪŜ ǘƘŜ мΩǎ ŎƻƳǇƭŜƳŜƴǘǎ ƻŦ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ōƛǘǎ 

10111000 (Binary Number)

01001000 (2ôs Complement)

1ôs Complements of original bitsThese bits stay the same

Try This:

10010001

01101111
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