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PREFACE
Alhamdulil lah to Allah SWT With His grace and mercy, the

first e-book module of DJM30073 DIGITAL SYSTEM has

finally completed. Thank you to my family and friends

especially PTSB e-book team for being support me to

complete this e-book. I also would l ike to thank you to

my Head of Mechanical Engineering Department, Mr.

Azhar Bin Fikri for giving this opportunity. As educator, I

feel the need to prepare a e-book module that consist

of notes ,step by step practical works and some

exercises that can assist the student in the learning

process.

The content of this e-book has been constructed to meet

the polytechnic's syl labus requirement. Some chapter

contains i l lustrative screenshots to match the main

practical work, enhancing student comprehending

ability. This e-book contains 7 chapter such as Number

and Code System, Boolean Operation, Sequential Logic,

Counters, Registers, Converters and also variety of

exercises and examples. Any positive feedback from

lecturers and students are mostly welcome and

appreciated. Hopefully this e-book module is one of the

step that start the long journey of road to excellent.



SYNOPSIS

DIGITAL SYSTEM provides the knowledge on the

concepts and basic principles of digital circuits used in

computer systems. This course focuses on sequential logic

circuits, counters and registers. This course also covers

the topics on the methods of signal conversion in

electronic circuits.

Upon completion of this course, students should be able

to: 

 
CLO1:Distinguish the characteristics and operations

of various digital circuits (C4, PLO1)

 

 

CLO2:Construct digital circuits based on schematic

diagrams (P4, PLO5)

 

 

CLO3:Demonstrate the role of digital circuits in real

world applications. (A3, PLO7)
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SHORT NOTE CHAPTER 1 : NUMBER SYSTEM 

1.1 Introduction 

The binary number system and digital codes are represented by the binary digit ‘0’ and ‘1’ 

which are known as bits.  Bits can be divided by two group which is nibbles and byte.  

Nibbles have four bits and byte have eight bits in group.  The binary number system has its 

relationship to other number systems such as decimal, hexadecimal, and octal.  Binary Code 

Decimal (BCD) and ASCII code is also known as digital codes.   Computers and many types 

of digital systems functioned used these arithmetic operations with binary numbers. 

 

1.2 Binary (Base 2) 

Binary to Decimal 

Convert 110112 to 𝑁10 

 

𝟏𝟏𝟎𝟏𝟏𝟐            = (1𝑥24) + (1𝑥23) + (0𝑥22) + (1𝑥21) + (1𝑥20)

= 16 + 8 + 0 + 2 + 1 = 𝟐𝟕𝟏𝟎 

 

110112 = 𝟐𝟕𝟏𝟎 

Binary to Octal 

Convert 1111111011110002 to 𝑁8 

 

111 111 101 111 𝟎𝟎𝟎𝟐 
421 421 421 421 421 

7 7 5 7 𝟎𝟖 
 

1111111011110002 = 𝟕𝟕𝟓𝟕𝟎𝟖 

Binary to Hexadecimal 

Convert 0011111100002 to 𝑁16 

 

0011 1111 𝟎𝟎𝟎𝟎𝟐 
8421 8421 8421 

3 F 𝟎𝟏𝟔 
 

0011111100002 = 𝟑𝑭𝟎𝟏𝟔 
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1.3 Decimal (Base 10) 

Decimal to Binary 

Convert 7310 to 𝑁2 

2 73 -1 

2 36 -0 

2 18 -0 

2 9 -1 

2 4 -0 

2 2 -0 

 1  

7310 = 𝟏𝟎𝟎𝟏𝟎𝟎𝟏𝟐 

 

Decimal to Octal 

Convert 43510 to 𝑁8 

 

8 435 -3 

8 54 -6 

 6  

43510 = 𝟔𝟔𝟑𝟖 

 

Decimal to Hexadecimal 

Convert 289010 to 𝑁16 

 

 

16 2890 -10 

16 180 -4 

 11  

289010 = 𝑩𝟒𝑨𝟏𝟔 

1.4 Octal (Base 8) 

Octal to Binary 

Convert 3778 to 𝑁2 

 

3 7 𝟕𝟖 
421 421 421 
011 111 𝟏𝟏𝟏𝟐 

 

3778 = 𝟎𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐 
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Octal to Decimal 

Convert 3728 to 𝑁10 

 

𝟑𝟕𝟐𝟖 = (3𝑥82) + (7𝑥81) + (2𝑥80) = 192 + 56 + 2 = 𝟐𝟓𝟎𝟏𝟎 

 

Octal to Hexadecimal (OCTAL > BINARY > HEXADECIMAL) 

Convert 3728 to 𝑁16 

 

3 7 2 

4 2 1 4 2 1 4 2 1 

0 1 1 1 1 1 0 1 0 

1 8 4 2 1 8 4 2 1 

 8 + 4 + 2 + 1 = 15 = F 8 + 2 = 10 = A 

3728 = 𝑭𝑨𝟏𝟔 

 

1.5 Hexadecimal (Base 16: 0-9 and A-F) 

Hexadecimal to Binary 

Convert 𝐴1416 to 𝑁2 

A 1 𝟒𝟏𝟔 
8421 8421 8421 
1010 0001 01002 

  

𝐴1416 =  𝟏𝟎𝟏𝟎 𝟎𝟎𝟎𝟏 𝟎𝟏𝟎𝟎𝟐 

Hexadecimal to Decimal 

Convert 5𝐶216 to 𝑁10 

 

𝟓𝑪𝟐𝟏𝟔 = (5𝑥162) + (12𝑥161) + (2𝑥160) = 𝟏𝟒𝟕𝟒𝟏𝟎 

 

Hexadecimal to Octal (HEXADECIMAL > BINARY > OCTAL)  

Convert 9𝐹216 to 𝑁8 

9 F 2 

8 4 2 1 8 4 2 1 8 4 2 1 

1 0 0 1 1 1 1 1 0 0 1 0 

4 2 1 4 2 1 4 2 1 4 2 1 

4 + 0 + 0 = 4 4 + 3 + 1 = 7 4 + 2 + 0 = 6 0 + 2 + 0 = 2 

9𝐹216 = 𝟒𝟕𝟔𝟐𝟖 

𝑁2 

𝑁16 

𝑁8 

𝑁8 

𝑁2 

𝑁16 



5 
 

**REMEMBER 

10 11 12 13 14 15 
A B C D E F 

 

 

1.6 First and Second Complement 

1st Complement: 

First complement of a binary number is obtained by changing each 0 to 1 and each 1 to 0. 

1 0 0 1 1 0 1 0 

        

0 1 1 0 0 1 0 1 

 

The 1st complements of 10011010 is 01100101 

2nd Complement: 

MSB       LSB  

1 0 0 1 1 0 1 0 Binary  

         

0 1 1 0 0 1 1 0 2nd 

complement 

  

The 2nd complements of 10011010 is 01100110 which is start from LSB, remain the first ‘1’ 

and changing each 0 to 1 or vice versa after the first ‘1’  

 

1.6.1 Signed Number of 2nd Complement: 

➢ A signed number consists of both sign bit and magnitude bits. 

➢ The sign bit indicates the number Positive (0) or Negative (1) at MSB. 

 

MSB  LSB 

1 1 0 0 1 1 0 1 0 

Negative 

Sign Bit 
Magnitude = 15410 

Answer = - 𝟏𝟓𝟒𝟏𝟎 

 

 

 

MSB        LSB 

0 1 0 0 1 1 0 1 0 

Positive 

Sign Bit 
Magnitude = 15410 

Answer = + 𝟏𝟓𝟒𝟏𝟎 
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1.6.2 Addition in 2nd Complement system 

 

1. (+9) + (+4)  

 +9 = 0 1 0 0 1 

(+) +4 = 0 0 1 0 0 

 +13 = 0 1 1 0 1 
 

 

 

2. (-9) + (+4)  

 -9 = 1 0 1 1 1 

(+) +4 = 0 0 1 0 0 

  -5 = 1 1 0 1 1 
 -5   0 1 0 1 
  

 

 

 

 

1.7 BCD Codes 

 

Binary Coded Decimal (BCD) code is a different way than a straight binary coding to 

represent decimal numbers in binary form, but it is not a number system.  BCD is widely 

used and combines features of both decimal and binary systems because digital systems uses 

binary numbers, but world is decimal in nature.  Each BCD digit is converted/encoded to a 4 

bits binary equivalent. 

 

1.2 Decimal to BCD code 

DECIMAL 0 1 2 3 4 5 6 7 8 9 

BCD 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 

 

The BCD value can never be greater than 9 which can called as 8421 code mean 

23, 22, 21, 20.  the primary advantage of BCD is the relative ease of converting to and from 

decimal.  The advantages are wasting bits because it is only used 10 over 16.  The example is: 

 

(+9) 0 1 0 0 1 Binary 
       

(-9) 1 0 1 1 1 2nd Complement 

Sign Bit ‘0’ (Positive Number) 

Sign Bit ‘1’ 

(Negative 

Number) 

Negate to 

get the 

correct 

magnitude 
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DECIMAL 8 7 4 

    

BCD 1000 0111 0100 

 

So, the answer of 87410 after converting to BCD code is1000 0111 0100𝐵𝐶𝐷. 

 

 1.3 Relationship between number codes and BCD 

Decimal Binary Octal Hexadecimal BCD 

0 0 0 0 0 

1 1 1 1 0001 

2 10 2 2 0010 

3 11 3 3 0011 

4 100 4 4 0100 

5 101 5 5 0101 

6 110 6 6 0110 

7 111 7 7 0111 

8 1000 10 8 1000 

9 1001 11 9 1001 

10 1010 12 A 0001 0000 

11 1011 13 B 0001 0001 

12 1100 14 C 0001 0010 

13 1101 15 D 0001 0011 

14 1110 16 E 0001 0100 

15 1111 17 F 0001 0101 

 

***For BCD: It also used 8 4 2 1 

Example: Convert 2510  to BCD number. 

2 𝟓𝟏𝟎 
8421 8421 
0010 0101BCD 

 

2510 =  𝟎𝟎𝟏𝟎 𝟎𝟏𝟎𝟏𝑩𝑪𝑫 

 

1.8 ASCII Codes 

 

The alphanumeric codes are representing characters and functions found on a computer 

keyboard.  A complete code will include 26 lowercase letters, 26 uppercase letters, 10 

numeric digits, 7 punctuation marks and anywhere from 20-40 other characters such as +, /, 

#, %, * and so on so forth. The most widely used code is ASCII- American Standard Code for 
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Information Interchange.  ASCII code has 7-bit code 27 or 128 possible code groups.  The 

table 1.5 list some of the ASCII code.  The example will used to transfer information between 

computers, printers and for the internal storage. 

 

1.9.1 ASCII table code 

 

 

Refer to the table, the examples are: 

a) Convert decimal to ASCII code: 

a) 18 = DC2 

b) 107 = K 

 

b) Convert ASCII to hexadecimal: 

a) HELLO = 48 45 4C 4C 4F 

b) Hi! = 48 69 21 

 

c) Meaning of the ASCII code: 

a) 49 20 4C 4F 56 45 20 55 = I_LOVE_U 

b) 48 45 4C 5D 2D 4D 45 = HELP_ME 



9 
 

SOLUTION MANUAL 

1. Convert Decimal to Binary using Repeat-Division Method 

22 = 101102 

2 22 -0 

2 11 -1 

2 5 -1 

2 2 -0 

 1  

 

2. Convert Decimal fraction to binary using Repeat-Multiplication. 

0.98 = 0.11111012 

 

0.98x2=1.96 - 1 

0.96x2=1.92 - 1 

0.92x2=1.84 - 1 

0.84x2=1.68 - 1 

0.68x2=1.36 - 1 

0.36x2=1.72 - 0 

0.72x2=1.44 - 1 

 

 

3. Convert from Hexadecimal to Binary 

59 =  010110012 

 

5 𝟗𝟏𝟔 

8421 8421 

0101 10012 

 

4. Convert from Octal to Decimal 

a) 1038 = 6710  

 

1038 = (1x82) + (0x81) + (3x80) = 64 + 0 + 3 = 6710 

 

 

5. Convert 1101000112 to the following numbers system: 

a) Decimal = 41910  

110100011𝟐 = (1𝑥28) + (1𝑥27) + (0𝑥26) + (1𝑥25) + (0𝑥24) + (0𝑥23)

+ (0𝑥22) + (1𝑥21) + (1𝑥20)

= 256 + 128 + 32 + 2 + 1 = 41910 
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6. Get the value for the numbers: 

 

110101102 + 111011012 = 1110000112 

 

 1 1 1 1 1    

 1 1 0 1 0 1 1 0 

+ 1 1 1 0 1 1 0 1 

1 1 1 0 0 0 0 1 1 

 

 

7. Perform in 2nd Complement using 8 bits including sign bit.  

 

a) (+9) + (+6)  

 

 +9 = 0 0 0 0 1 0 0 1 

(+) +6 = 0 0 0 0 0 1 1 0 

 +15 = 0 0 0 0 1 1 1 1 

 

 

b) (+14) + (-17)  

 

 +14 = 0 0 0 0 1 1 1 0 

(+) -17 = 1 1 1 0 1 1 1 1 

  -3 = 1 1 1 1 1 1 0 1 

 -3   0 0 0 0 0 1 1 

  

 

 

 

 

c) 23 - 48 = (+23) + (-48)  

  

 +23 = 0 0 0 1 0 1 1 1 

(+) -48 = 1 1 0 1 0 0 0 0 

  -25 = 1 1 1 0 0 1 1 1 

 -25   0 0 1 1 0 0 1 

  

 

 

 

 

 

 

(+17) 1 1 1 0 1 1 1 1 Binary 

          

(-17) 0 0 0 1 0 0 0 1 2nd Complement 

(+48) 0 0 1 1 0 0 0 0 Binary 

          

(-48) 1 1 0 1 0 0 0 0 2nd Complement 

Sign Bit ‘1’ (Negative Number) 

Sign Bit ‘1’ (Negative Number) 



CHAPTER 2
BOOLEAN

OPERATIONS
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SHORT NOTE CHAPTER 2: BOOLEAN EXPRESSION 

BASIC LOGIC GATE 

OR GATE 

OR works such that the output is true, if either of the two inputs is true.  Input can be 

more than two. 

Symbol: 
 

 
 

Boolean Expression: 
 

𝑌 = 𝐴 + 𝐵 
 

Truth table: 
 

 

 

 

 

 

 

 

 

A B Y 

0 0 0 

0 1 1 

1 0 1 

1 1 1 

Timing diagram: 
 
 

 

 

 

 

 

A     

     

B     

     

Y     

AND GATE 

AND means that both conditions must be true in order for the conclusion to be true.  

Input can be more than two. 

Symbol: 
 

 
 

Boolean Expression: 
 

𝑌 = 𝐴𝐵 
 
 

Truth table: 
 

A B Y 

0 0 0 

0 1 0 

1 0 0 

1 1 1 

Timing diagram: 
 
 
 

 

 

 

 

 

A     

     

B     

     

Y    

     

NAND GATE 

Output is 1 if any or all inputs are 0.  It is a combination of an AND gate followed by 

an inverter. 

Symbol: 

 
 

Boolean Expression: 
 

𝑌 = 𝐴𝐵 
 
 

https://www.google.com.my/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjE3pLYvK7XAhVJK48KHbPMBicQjRwIBw&url=https://www.tutorialspoint.com/digital_circuits/digital_circuits_logic_gates.htm&psig=AOvVaw30tvTa1QIUyeUlECnMA_9h&ust=1510213000840552
https://www.google.com.my/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjhq97Zu67XAhXFvI8KHWGjDrcQjRwIBw&url=https://www.tutorialspoint.com/digital_circuits/digital_circuits_logic_gates.htm&psig=AOvVaw2fLWudhu-sumV__MBCap40&ust=1510212896571559
https://www.tutorialspoint.com/digital_circuits/digital_circuits_logic_gates.htm
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Truth table: 

A B Y 

0 0 1 

0 1 1 

1 0 1 

1 1 0 
 

Timing diagram: 

A     

     

B     

     

Y   
 

 

NOR GATE 

The Output is 1 only if all of the inputs are 0.  It is a combination of an OR gate 

followed by an inverter. 

Symbol: 
 
 

 
 

 

Boolean Expression: 
 

𝑌 = 𝐴 + 𝐵 
 

Truth table: 
 
 
 

A B Y 

0 0 1 

0 1 0 

1 0 0 

1 1 0 

Timing diagram: 
 

 

 

 

 

 

 

 

A     

     

B     

     

Y  

XOR (Exclusive OR) GATE 

XOR works such that the Output is true, if the two logic input are opposite (different 

value). 

Symbol: 
 
 

 
 

Boolean Expression: 
 

Y = A ⊕ B 

Truth table: 
 
 
 
 
 
 
 

 

A B Y 

0 0 0 

0 1 1 

1 0 1 

1 1 0 

Timing diagram: 
 
 
 
 
 
 

A     

     

B     

  

Y     

https://www.google.com.my/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj6qaarvK7XAhUBvo8KHYqQCZwQjRwIBw&url=https://www.tutorialspoint.com/digital_circuits/digital_circuits_logic_gates.htm&psig=AOvVaw30tvTa1QIUyeUlECnMA_9h&ust=1510213000840552
https://www.google.com.my/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiW6faY-7_XAhVJuI8KHfikC4MQjRwIBw&url=https://www.tutorialspoint.com/digital_circuits/digital_circuits_logic_gates.htm&psig=AOvVaw0wg_r18in98HCA7Nu2skI4&ust=1510813423571807
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XNOR (Exclusive NOR)  GATE 

XNOR works such that the Output is false, if the two logic input are opposite 

(different value). 

Symbol: 
 

 
 
 

Boolean Expression: 
 

𝑌 = A ⊕ B 
 

Truth table: 
 
 
 
 

A B Y 

0 0 1 

0 1 0 

1 0 0 

1 1 1 

Timing diagram: 
 
 

 
 
 
 
 
 

A     

     

B     

  

Y     

NOT/INVERTER GATE 

The NOT gate reverses the input.  There is only single input and single output. 

Symbol: 
 

 
 

 

Boolean Expression: 
 

𝑌 = 𝐴 
 

Truth table: 
 
 
 
 

A 𝒀 

0 1 

1 0 

Timing diagram: 
 

 

 

 

 

 

 

 

A     

     

Y   

     

 

 

 

 

 

 

 

https://www.google.com.my/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwiZzZHhwK7XAhVHPo8KHfkRCNsQjRwIBw&url=https://www.tutorialspoint.com/digital_circuits/digital_circuits_logic_gates.htm&psig=AOvVaw11iWr-jYURqtB5LBmI3Ot6&ust=1510214257593197
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APPLICATION OF BOOLEAN EXPRESSION 

a) Logic Circuit to Boolean Expression 

 

Example 1: Given logic circuit, find the Boolean Expression. 

 

 

 

b) Boolean Expression to Logic Circuit 

 

Example 1: Construct logic circuit from logic expression 

Y = AB + AC + D 

 

 

THEOREMS OF BOOLEAN EXPRESSION 

1 𝐴 + 0 = 𝐴 Identity Law 

𝐴 . 1 = 𝐴 

2 𝐴 + 1 = 1 Null Law 

𝐴 . 0 = 0 

3 𝐴 + 𝐴 = 𝐴 Idempotent Law 

𝐴 . 𝐴 = 𝐴 

4 𝐴 + 𝐴 = 1 Inverse Law 

𝐴 . 𝐴 = 0 

5 �̿� = 𝐴 Double Complement Law 

6 𝐴 + 𝐴𝐵 = 𝐴 + 𝐵 Absorption Law 

𝐴 + 𝐴𝐵 = 𝐴 

(𝐴 + 𝐵)(𝐴 + 𝐶) = 𝐴 + 𝐵𝐶 

7 𝑋 + 𝑌 = 𝑋 . 𝑌 De Morgan’s Theorem 

𝑋. 𝑌 = 𝑋 + 𝑌 
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Simplification Using Boolean Theorems 

a. 𝑌 = 𝐴𝐵𝐷 + 𝐴𝐵 𝐷 

𝒀 =  𝑨𝑩𝑫 + 𝑨𝑩 𝑫 

=  A𝐵(𝐷 + 𝐷) 

=   A𝐵(1) 

=  A𝐵 

 

b. 𝑍 = (𝐴 + 𝐵)(𝐴 + 𝐵) 

𝒁 =  (𝑨 + 𝑩)(𝑨 + 𝑩) 

=  𝐴𝐴 + 𝐴𝐵 + 𝐴𝐵 + 𝐵𝐵 

=  0 + B(𝐴 + 𝐴) + 𝐵 

= 𝐵 + 𝐵 

=𝐵 

 

Simplification Using Karnaugh Map (K-Maps) 

K-Maps has a square for each ‘1’ or ‘0’ of a Boolean Function.   

One variable K-Maps has 21 = 2 squares 

  

𝐴 𝐴 

0 1 

 

Two variable K-Maps has 22 = 4 squares 

  0 1 

  𝐵 𝐵 

0 𝐴   

1 𝐴   

Three variable K-Maps has 23 = 8 squares 

  0 1 

  𝐶 𝐶 

00 𝐴 𝐵   

01 𝐴𝐵   

11 𝐴𝐵   

10 𝐴 𝐵   

Inverse Law 

Idempotent Law 
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Four variable K-Maps has 24 = 16 squares 

  00 01 11 10 

  𝐶 𝐷 𝐶𝐷 𝐶𝐷 𝐶 𝐷 

00 𝐴 𝐵     

01 𝐴𝐵     

11 𝐴𝐵     

10 𝐴 𝐵     

 

Simplification Using K-Maps 

1. Simplify 𝑋 = 𝐴𝐵𝐶 + 𝐴𝐵𝐶 using K-Maps 

 

 

  0 1 

  𝐶 𝐶 

00 𝐴 𝐵 0 0 

01 𝐴𝐵 0 0 

11 𝐴𝐵 1 1 

10 𝐴 𝐵 0 0 

 
 

THE SUM-OF-PRODUCT FORM (SOP) FORM 

 A standard SOP expression is one in which all the variables in the domain appear in 

product term in the expression.  Example is 𝐴𝐵𝐶 + 𝐴𝐵𝐶. 

 Example:  

Convert the Boolean expression 𝐴𝐵𝐶 + 𝐴 𝐵 + 𝐴𝐵𝐶𝐷 into standard SOP form. 

Solution: 

The 1st term: 

𝐴𝐵𝐶 

Missing 

variable D 
𝐴𝐵𝐶 = 𝐴𝐵𝐶(𝑫 + 𝑫) = 𝐴𝐵𝐶𝐷 + 𝐴𝐵𝐶𝐷 

The 2nd term: 

𝐴 𝐵 

Missing 

variable C 

and D 

𝐴 𝐵 = 𝐴 𝐵(𝑪 +  𝑪) = 𝐴 𝐵𝐶 + 𝐴 𝐵 𝐶 

𝐴 𝐵𝐶(𝑫 + 𝑫)  + 𝐴 𝐵 𝐶(𝑫 + 𝑫) 

= 𝐴 𝐵𝐶𝐷 + 𝐴 𝐵𝐶𝐷 + 𝐴 𝐵 𝐶𝐷 + 𝐴 𝐵 𝐶  𝐷 
 

The 3rd term: 

𝐴𝐵𝐶𝐷 

Standard 

SOP 
= 𝐴𝐵𝐶𝐷 

The complete standard 

SOP form of the original 

expression is a follow: 

= 𝐴𝐵𝐶𝐷 + 𝐴𝐵𝐶𝐷 + 𝐴 𝐵𝐶𝐷 + 𝐴 𝐵𝐶𝐷 + 𝐴 𝐵 𝐶𝐷+ 

𝐴 𝐵 𝐶  𝐷 +  𝐴𝐵𝐶𝐷 

 

**if have same equation (more than one), just takes 

one. 

 

A B C + A B 𝐶 = A B 

1 1 1  1 1 0    

AB 
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 Develop truth table for the standard SOP expression: 

𝐴𝐵𝐶𝐷 + 𝐴𝐵𝐶𝐷 + 𝐴 𝐵𝐶𝐷 + 𝐴 𝐵𝐶𝐷 + 𝐴 𝐵 𝐶𝐷 + 𝐴 𝐵 𝐶  𝐷 +  𝐴𝐵𝐶𝐷 

𝟏𝟎𝟏𝟏 + 𝟏𝟎𝟏𝟎  + 𝟎𝟎𝟏𝟏  + 𝟎𝟎𝟏𝟎  + 𝟎𝟎𝟎𝟏   +    𝟎𝟎𝟎𝟎   + 𝟏𝟏𝟎𝟏 

 

INPUT OUTPUT PRODUCT 

TERM A B C D X 

0 0 0 0 1 𝐴 𝐵 𝐶  𝐷 

0 0 0 1 1 𝐴 𝐵 𝐶𝐷 

0 0 1 0 1 𝐴 𝐵𝐶𝐷 

0 0 1 1 1 𝐴 𝐵𝐶𝐷 

0 1 0 0   

0 1 0 1   

0 1 1 0   

0 1 1 1   

1 0 0 0   

1 0 0 1   

1 0 1 0 1 𝐴𝐵𝐶𝐷 

1 0 1 1 1 𝐴𝐵𝐶𝐷 

1 1 0 0   

1 1 0 1 1 𝐴𝐵𝐶𝐷 

1 1 1 0   

1 1 1 1   

 

 Use a K-Maps to minimize the standard SOP expression: 

 

  00 01 11 10 

  𝐶 𝐷 𝐶𝐷 𝐶𝐷 𝐶 𝐷 

00 𝐴 𝐵 1 1 1 1 

01 𝐴𝐵     

11 𝐴𝐵  1   

10 𝐴 𝐵   1 1 

 

The answer of 𝐴𝐵𝐶𝐷 + 𝐴𝐵𝐶𝐷 + 𝐴 𝐵𝐶𝐷 + 𝐴 𝐵𝐶𝐷 + 𝐴 𝐵 𝐶𝐷 + 𝐴 𝐵 𝐶  𝐷 +  𝐴𝐵𝐶𝐷  after 

simplify using K-maps is 𝑨 𝑩 + 𝑨𝑩𝑪𝑫 + 𝑨 𝑩𝑪. 

 

 

THE PRODUCT-OF-SUM (POS) FORM 

 A standard POS expression is one in which all the variables in the domain appear in 

sum term in the expression.  Example is (𝐴 + 𝐵 + 𝐶)(𝐴 + 𝐵 + 𝐶). 

𝐴 𝐵 

𝐴 𝐵𝐶 

𝐴𝐵𝐶𝐷 
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 Example:  

Convert the Boolean expression (𝐴 + 𝐵 + 𝐶)(𝐵 + 𝐶 + 𝐷)(𝐴 + 𝐵 + 𝐶 + 𝐷) into 

standard POS form.  

Solution: 

The 1st term: 

(𝐴 + 𝐵 + 𝐶) 

Missing 

variable D 
(𝐴 + 𝐵 + 𝐶) + 𝑫𝑫 

= (𝐴 + 𝐵 + 𝐶 + 𝐷)( 𝑨 + 𝑩 + 𝑪 + 𝑫) 

 
 

The 2nd term: 

(𝐵 + 𝐶 + 𝐷) 

Missing 

variable A 
(𝐵 + 𝐶 + 𝐷) + 𝑨𝑨 

= (𝑨 + 𝑩 + 𝑪 + 𝑫)(𝐴 +  𝐵 + 𝐶 + 𝐷) 

 
 

The 3rd term: 

(𝐴 + 𝐵 + 𝐶 + 𝐷)  

Standard 

SOP 
=(𝐴 + 𝐵 + 𝐶 + 𝐷) 

The complete standard SOP form 

of the original expression is a 

follow: 

 
**if have same equation (more than one), 

just takes one. 

= (𝐴 + 𝐵 + 𝐶 + 𝐷)( 𝑨 + 𝑩 + 𝑪 + 𝑫) 

(𝐴 +  𝐵 + 𝐶 + 𝐷)(𝐴 + 𝐵 + 𝐶 + 𝐷) 

 

 

 Develop truth table for the standard POS expression: 

    (𝐴 + 𝐵 + 𝐶 + 𝐷) ( 𝐴 + 𝐵 + 𝐶 + 𝐷)(𝐴 + 𝐵 + 𝐶 + 𝐷)(𝐴 + 𝐵 + 𝐶 + 𝐷) 

   (𝟎 + 𝟏 + 𝟎 + 𝟎)(𝟎 + 𝟏 + 𝟎 + 𝟏)(𝟏 + 𝟏 + 𝟎 + 𝟏)(𝟎 + 𝟏 + 𝟏 + 𝟎) 

 

INPUT OUTPUT SUM 

TERM A B C D X 

0 0 0 0   

0 0 0 1   

0 0 1 0   

0 0 1 1   

0 1 0 0 0 𝐴 + 𝐵 + 𝐶 + 𝐷 

0 1 0 1 0 𝐴 + 𝐵 + 𝐶 + 𝐷 

0 1 1 0 0 𝐴 + 𝐵 + 𝐶 + 𝐷 

0 1 1 1   

1 0 0 0   

1 0 0 1   

1 0 1 0   

1 0 1 1   

1 1 0 0   

1 1 0 1 0 𝐴 +  𝐵 + 𝐶 + 𝐷 

1 1 1 0   

1 1 1 1   
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 Use a K-Maps to minimize the standard POS expression:  

 

 

 

 

 

 

The answer of (𝐴 + 𝐵 + 𝐶 + 𝐷) ( 𝐴 + 𝐵 + 𝐶 + 𝐷)(𝐴 +  𝐵 + 𝐶 + 𝐷)(𝐴 + 𝐵 + 𝐶 + 𝐷) after 

simplify using K-maps is (𝑩 + 𝑪 + 𝑫)(𝑨 + 𝑩 + 𝑪)(𝑨 + 𝑩 + 𝑫). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 𝐶 + 𝐷 𝐶 +  𝐷 𝐶 + 𝐷 𝐶 + 𝐷 

𝐴 + 𝐵     

𝐴 + 𝐵 0 0  0 

𝐴 + 𝐵  0   

𝐴 + 𝐵     

𝐴 + 𝐵 + 𝐷 

𝐴 + 𝐵 + 𝐶 

𝐵 + 𝐶 + 𝐷 
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SOLUTION MANUAL 

 

a) Logic Circuit to Boolean Expression 

 

Given logic circuit, find the Boolean Expression. 

 

 
 

 

b) Boolean Expression to Logic Circuit 

 

 Construct logic circuit from logic expression 

 

X = (A + B)(B + C) 

 

 
 

 

 

c) Simplification Using Boolean Theorems 

 

a. 𝑍 = (𝐴 + 𝐶)(𝐵 + 𝐷) 

𝒁 =  (𝐀 + 𝐂)(𝐁 + 𝐃) 

=  (𝐴 + 𝐶) + (𝐵 + 𝐷) 

= 𝐴𝐶 + 𝐵 𝐷 

= 𝐴𝐶 +  𝐵𝐷 

 



22 
 

d) Use a Karnaugh Map to simplify each expression to a minimum SOP form. 

 

 

𝐴𝐵𝐶𝐷 + 𝐴 𝐵 𝐶𝐷 + 𝐴 𝐵 𝐶  𝐷 +  𝐴𝐵𝐶𝐷 

1 1 1 0 + 0 0 0 1 + 0  0  0  0 +  1 1 1 1  
  00 01 11 10 

  𝐶 𝐷 𝐶𝐷 𝐶𝐷 𝐶 𝐷 

00 𝐴 𝐵 1 1   

01 𝐴𝐵     

11 𝐴𝐵   1 1 

10 𝐴 𝐵     

So the answer is 𝑨 𝑩 𝑪 + 𝑨 𝑩 𝑪 

 

 

e) Use a Karnaugh Map to simplify each expression to a minimum POS form 

 

(𝐴 + 𝐵 + 𝐶)(𝐴 + 𝐵 + 𝐶)(𝐴 +  𝐵 + 𝐶)(𝐴 + 𝐵 + 𝐶)(𝐴 + 𝐵 + 𝐶) 

 ( 0 + 0 + 0) (0 + 0 + 1) (0 + 1 + 0)  (0 + 1 + 1)  (1 + 1 + 0) 

 

  

 𝐶 𝐶  

𝐴 + 𝐵 0 0 

𝐴 + 𝐵 0 0 

𝐴 + 𝐵 0  

𝐴 + 𝐵   

So the answer is 𝑨(𝑩 +  𝑪) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝐴 𝐵 𝐶 

 𝐴 𝐵 𝐶 

 𝐴  

 𝐵 𝐶 



CHAPTER 3
SEQUENTIAL

LOGIC
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SHORT NOTE CHAPTER 3: SEQUENTIAL LOGIC 

Definition:  

A sequential logic circuit which has two stable states.  A circuit that has two stable state 

and can be used to store state information.  It can store 1-bit binary number (1 or 0) 

 

Types of Flip Flop 

Symbol/ Circuit Truth Table Timing Diagram 

NOR GATE SR LATCH 

 

 

 

 

 
 

 

NAND GATE SR LATCH 

 

 

 

 

 
 

CLOCKED SR 
 

 

 

 
 

 

CLOCKED SR WITH PRESET CLEAR 
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JK FLIP FLOP 

 

 

 

 
 

 

 

MASTER/SLAVE JK FLIP FLOP 

 

 

 

 

 

 
 

D FLIP FLOP 

 

 

 

 
 

T FLIP FLOP 
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SOLUTION MANUAL 

a) Sketch the output Q for SR NOR gate flip flop.  

 

 
 

b) Sketch the output Q and Q’ for SR NAND gate flip flop.  Assuming Qinitial = 1. 

 

 

c) Determine the Q and �̅� output waveforms of the flip flop in Figure below for SR 

Clocked inputs.  Assume that the Positive Edge Trigger Clock (PGT) flip flop is 

initially RESET. 
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d) Determine the Q output waveforms of the flip flop in Figure below for SR Clocked 

with Preset and Clear input control.  Assume that the Negative Edge Trigger Clock 

flip flop is with Qinitial = 1. 
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e) Sketch the output Q for JK flip flop.  

 

f) The waveforms in figure (a) below are applied to the J, K, and clock inputs are 

indicated. Determine the Q output, assuming that the flip-flop is initially RESET. 

 

 

g) Determine the Q and �̅� output waveforms of the flip flop in Figure below for T 

inputs.  Assume that the Q initially LOW. 
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h) Determine the Q output waveforms of the flip flop in Figure below for D inputs.  

Assume that the Q initially LOW. 
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