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CHAPTER I  
LOGIC GATES 

INTRODUCTION 

Everything in the digital world is based on the binary number system. Numerically, this 
involves only two symbols: 0 and 1. Logically, we can use these symbols or we can equate them 
with others according to the needs of the moment. Thus, when dealing with digital logic, we 
can specify that:  0 =low = false = no 

1 = high= true = yes 

Using this two-valued logic system, every statement or condition must be either "true" 
or "false;" it cannot be partly true and partly false. While this approach may seem limited, it 
actually works quite nicely, and can be expanded to express very complex relationships and 
interactions among any number of individual conditions. 

wŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ƭƻƎƛŎ ΨмΩ ϧ ΨлΩΥ 

a. Positive logic representation: 

LŦ ƭƻƎƛŎ ΨмΩ ǊŜǇǊŜǎŜƴǘ ōȅ ƘƛƎƘŜǊ ǾƻƭǘŀƎŜ ǘƘŀƴ ƭƻƎƛŎ ΨлΩ ǘƘŜƴ ƛǘǎ ŎŀƭƭŜŘ ŀǎ ǇƻǎƛǘƛǾŜ ƭƻƎƛŎ 
representation.  

eg.  мΦ [ƻƎƛŎ ΨмΩ ------Ҕ Ҍр ± ŀƴŘ [ƻƎƛŎ ΨлΩ ------> 0 V  

2. LoƎƛŎ ΨмΩ ------Ҕ л ± ŀƴŘ [ƻƎƛŎ ΨлΩ ------> -5 V  

 

b. Negative logic representation: 

LŦ ƭƻƎƛŎ ΨлΩ ǊŜǇǊŜǎŜƴǘ ōȅ ƘƛƎƘŜǊ ǾƻƭǘŀƎŜ ǘƘŀƴ ƭƻƎƛŎ ΨмΩ ǘƘŜƴ ƛǘǎ ŎŀƭƭŜŘ ŀǎ ƴŜƎŀǘƛǾŜ ƭƻƎƛŎ 
representation.  

eg.  мΦ [ƻƎƛŎ ΨлΩ ------Ҕ Ҍр ± ŀƴŘ [ƻƎƛŎ ΨмΩ ------> 0 V  

2. Logic ΨлΩ ------Ҕ л ± ŀƴŘ [ƻƎƛŎ ΨмΩ ------> -5 V  

 

Truth Table: 

The table contain all possible combination of inputs and corresponding  outputs called as truth 
table. 
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LOGIC GATES  

The flow of digital signals is controlled by transistors in various configurations depending 
on the logic family. For most purposes we can imagine that the logic gates are composed of 
ideal switches with just two states: OPEN and CLOSED. The state of a switch is controlled by a 
digital signal. The switch remains closed so long as a logical 1 (high) signal is applied and switch 
is open as logical 0 (low) signals is applied. Logic signals interact by means of gates. The three 
fundamental gates AND, OR, and NOT, are named after the three fundamental operations of 
logic that they carry out. The AND and OR gates each have two or more inputs and one output. 
The output state is determined by the states of the inputs. The function of each gate is defined 
by a truth table. The logic gates are: 

1. NOT Gate  
2. AND Gate 
3. OR Gate 
4. Exclusive-OR Gate 
5. Exclusive-NOR Gate 
6. NAND Gate 
7. NOR Gate 

1. Not Gate: This operation changes a logic level by its complementary i.e. 1 become 0 and 0 
become 1Φ ! bh¢ ƎŀǘŜ ƛǎ ŀƭǎƻ ŎŀƭƭŜŘ ŀƴ ΨƛƴǾŜǊǘŜǊΩΦ 

     Truth table:                            Symbol:                            Using NAND Gate                    

                             

 

¶ IC 7404 contains six NOT gates. 

Propagation delay (tp): Practically the output of the gate is come after some delay called as 
propagation delay. 

¶ If we provide feedback from output to input between odd number of inverter 
connected in cascade then output become square wave with time period of T= 2.N.tp 

Where N: Number of inverters, tp: propagation delay. 

Ex.  Find the output waveform of output Y of following diagram if propagation delay of inverter 
is tp.                                                             

 

 

A Q= !Ω 

 0 1 

1 0 

http://commons.wikimedia.org/wiki/File:NOT_from_NAND.svg
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Solution: The output will be flip (1<---> 0) between 0 and 1 after every tp time as shown below: 

 

¶ Square wave with time period T = 2tp (2.N.tp ,here N=1 ). 

¶ Frequency of square wave is ╕=  
╣

 =  
( .╝.◄▬)

, here F = 1/(2tp) 

¶ Its also called as astable multivibrator or ring oscillator (when feedback between odd 
number of invert connected in series) 

¶ If feedback between even number of inverter connected in cascade then output is 
stable (no change) so its called as bistable multivibrator. 

2. AND Gate:  The AND Gate operation is performed like multiplication of 1s and 0s. If all inputs 
are 1 (high) then only output is 1 (high) otherwise output is 0 (low).  

Truth table:                                            Symbol:                            Using NAND Gate 

                        

   

 

¶ AND operation is same as connection of switches in series. In below diagram light is on 
όƛΦŜΦ ƻǳǘǇǳǘ ƛǎ ƭƻƎƛŎ ΨмΩύ ƻƴƭȅ ƛƴ ƭŀǎǘ ŎŀǎŜ ǿƘŜƴ ōƻǘƘ ǘƘŜ ǎǿƛǘŎƘŜǎ ŀǊŜ ŎƭƻǎŜ όƛΦŜΦ ƛƴǇǳǘ ƛǎ 
ƭƻƎƛŎ ΨмΩύΦ 

1.                      2.    

3.        4.      

¶ ¢¢[ L/Ωǎ ƻŦ !b5 ƎŀǘŜǎΥ The IC 7408 contains four two inputs AND gates, IC 747411 
contain three 3 inputs AND gates, IC 7421 contains two 4 inputs AND gates.        

A B Q=A.B 

0 0 0 

0 1 0 

1 0 0 

1 1 1 

http://commons.wikimedia.org/wiki/File:AND_ANSI_Labelled.svg
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3. OR Gate: The OR Gate operation is performed like addition of 1s and 0s. If all inputs are 0 
(low) then only output is 0 (low), all other cases output is 1 (high).                                                                                                        
Truth table:                                                 Symbol:                              Using NAND Gate 

                                

 

1.             2.  

3.     4.  

¶ OR operation is same as connection of switches in parallel. In above diagram light is on 
όƛΦŜΦ ƻǳǘǇǳǘ ƛǎ ƭƻƎƛŎ ΨмΩύ ǿƘŜƴ ŀƴȅ ǎǿƛǘŎƘŜǎ ƛǎ ŎƭƻǎŜ όƛΦŜΦ ŀƴȅ ƛƴǇǳǘ ƛǎ ƭƻƎƛŎ ΨмΩύΦ 

¶ IC 7432 contains four 2 inputs OR gates. 

4. NAND Gate: The NAND Gate operation output is 0 (low) when all inputs are 1 (high), All 
other cases output is 1 (high). 

Truth table:                                               Symbol:                     

   

                                 

 

¶ Bubble OR gate is NAND gate 

 

A B Q=A+B 

0 0 0 

0 1 1 

1 0 1 

1 1 1 

A B Q=ό!Φ.ύΩ 

0 0 1 

0 1 1 

1 0 1 

1 1 0 

http://commons.wikimedia.org/wiki/File:OR_ANSI_Labelled.svg
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¶ NAND & NOR gate is universal gate since any Boolean expression (any gate) can be 
construct by only NAND gate. 

Implementation of other gates by using only NAND gate: 

i. Inverter:  

 

ii. AND: 

 

iii. OR:  

 

iv. NOR:  

 

v. XOR: 
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vi. XNOR: 

 

Step for representing any function by NAND only: 

1. Write the boolean expression in reduce SOP form and construct logic diagram by AND ς 
OR gates. 

2. For AND gate apply bobble at output and one inverter in series to compensate the effect 
of the bubble.  

3. For OR gate apply bubble at the input side and inverter in series to compensate the 
effect of the bubble. 

4. If two inverter in series then neglect them (construct inverter by single NAND gate) 

Ex.1: How many two input NAND gate require for boolean function f(A,B,C)=ABC 

Solution:  

After step 1: 

 

After step 2 & 3: 

 

After step 4: 
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Their for 4 NAND gate require. 

Ex. 2: Find the number of minimum two input NAND gate require to construct boolean function 
f(A,B,C) = (A+B)(B+C) 

Solution:  

1. Convert in reduce SOP form: f(A,B,C) = (A+B)(B+C) = B + AC 
2. Construct logic diagram by AND ς OR gates and convert AND , OR, and inverter into 

its equivalent NAND form 

 

Their fore for the construction of f(A,B,C)=(A+B)(B+C), we require minimum 3 two input NAND 
gates. 

ü AND ς OR is analogous to NAND ς NAND representation 

5. NOR Gate: The NOR Gate operation output is 1 (high) when all inputs are 0 (low), All other 
cases output is 0 (low). 

Truth table:                                                  Symbol:                                  Using NAND Gate: 

                                                                           

¶ Bubble AND gate is NOR gate: 

 

Implementation of other gates by using only NOR gate: 

i. Inverter:  

A B Q=ό!Ҍ.ύΩ 

0 0 1 

0 1 0 

1 0 0 

1 1 0 

http://commons.wikimedia.org/wiki/File:NOR_ANSI_Labelled.svg
http://commons.wikimedia.org/wiki/File:NOR_from_NAND.svg
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ii. AND: 

 

iii. OR: 

 

iv. XOR: 

 

v. XNOR: 
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Step for representing any function by NOR only: 

1. Write the boolean expression in reduce POS form and construct logic diagram by OR - 
AND gates. 

2. For AND gate apply bobble at input and inverter in series to compensate the effect of 
the bubble.  

3. For OR gate apply bubble at output side and inverter in series to compensate the effect 
of the bubble. 

4. If two inverter in series then neglect them (construct inverter by single NOR gate) 
 

ü OR - AND is analogous to NOR - NOR representation 

Ex.1: Find the number of minimum two input NAND gate require to construct boolean function 
f(A,B,C) = (A+B)(B+C) 

Solution:  

1)  f(A,B,C) = (A+B)(B+C) is in  reduce POS form. 
2) Construct logic diagram by ORς AND gates and convert AND , OR, and inverter into its 

equivalent NOR form 

 

Three NOR gate require 

 

6.  XOR Gate: The XOR Gate operation output is 1 (high) when odd numbers of inputs are 1 
(high), otherwise output is 0 (low). 

Truth table:                                                    Symbol:                    Using NAND Gate: 

               

 

¶ Act as inverter if one input is logic 1. 

A B Q=A B 

0 0 0 

0 1 1 

1 0 1 

1 1 0 

http://commons.wikimedia.org/wiki/File:XOR_from_NAND.svg
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¶ Act as buffer if one input is logic 0. 

 

¶ Act as odd parity checker and even parity generator. 
o Lǘ ƛǎ ƻŘŘ ǇŀǊƛǘȅ ŎƘŜŎƪŜǊ ǎŎƛŜƴŎŜ ƛŦ ƻŘŘ ƴǳƳōŜǊ ƻŦ ƭƻƎƛŎ ΨмΩ ŀǘ ƛƴǇǳǘ ǘƘŜƴ only 
ƻǳǘǇǳǘ  ƛǎ ƭƻƎƛŎ ΨмΩΦ 

o Lǘ ƛǎ ŜǾŜƴ ǇŀǊƛǘȅ ƎŜƴŜǊŀǘƻǊ ōŜŎŀǳǎŜ ƴǳƳōŜǊ ƻŦ ŀŘŘƛǘƛƻƴ ƻŦ ƭƻƎƛŎ ΨмΩ ŀǘ ƛƴǇǳǘǎ ŀƴŘ 
output are always even. 
 

¶ Equivalent: 

 

Examples: 

1. What is output Q? 

 

IŜǊŜ ƻƴŜ ƛƴǇǳǘ ǘƻ ·hw ƎŀǘŜǎ ƛǎ ƭƻƎƛŎ ΨмΩΣ ǎƻ ǘƘŜǎŜ ƎŀǘŜǎ ŀǊŜ ŀŎǘǎ ŀǎ inverter. Suppose Q1, Q2 are 
outputs of first, second output and goes on then   

Q1 Ґ !ΩΣ v2 = A, Q3 = !ΩΣ v4 = A,ΧΦΦ 

So  Q50 = Q = A.  

 

2. What is output Q? 

 

Q1 Ґ !ΩΣ v2 = 1, Q3 = !ΩΣ v4 Ґ мΣΧΦΦ 

So  Q50 = Q = 1.  
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7. XNOR Gate: For two input XNOR Gate operation output is 1 (high) when both the inputs are 
same, otherwise output is 0 (low).      

Truth table:                                            Symbol:                       Using NAND Gate: 

            

ü Act as inverter if one input is logic 0. 
ü Act as buffer if one input is logic 1. 

 

¶ Output of even number of fan-in (input) XOR and XNOR gates are complement to each 
other if inputs are same. 

¶ Output of odd number of fan-in (input) XOR and XNOR gates are same to each other if 
inputs are same. 

Truth table for two (even) fan-in XOR and XNOR gates 

A B A  B A ╒ B 

0 0 0 1 

0 1 1 0 

1 0 1 0 

1 1 0 1 
 

Truth table for three(odd) fan-in XOR and XNOR gates 

A B C A  B  C A ╒ B ╒ C 

0 0 0 0 0 

0 0 1 1 1 

0 1 0 1 1 

0 1 1 0 0 

1 0 0 1 1 

1 0 1 0 0 

1 1 0 0 0 

1 1 1 1 1 
 

A B Q=A╒B 

0 0 0 

0 1 1 

1 0 1 

1 1 0 

http://commons.wikimedia.org/wiki/File:XNOR_ANSI_Labelled.svg
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NOTE: 

 A  .Ω Ґ !Ω B = (A  . ύΩ Ґ ! ╒ B. 
 ( A  B  C ) = ( A ╒ B ╒ C )  
 NAND and NOR Gate are universal Gate because by using only NAND or NOR Gate only 

we can construct any Boolean logic (other logic Gates). Number of NAND and NOR Gate 
require to formation of other Gates. 

Logic Gate No. of NAND Gate require No. of NOR Gate require 
NOT 1 1 
AND 2 3 
OR 3 2 

NAND 1 4 
NOR 4 1 
XOR 4 5 

XNOR 5 4 
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Problems: 

1) How many 2-input NOR Gate require to design 2-input XOR gate 

A) 3  B) 4  C) 5  D) none 

2) Iƻǿ Ƴŀƴȅ н ƛƴǇǳǘ b!b5 ƎŀǘŜ ǊŜǉǳƛǊŜ ŦƻǊ ŦƻƭƭƻǿƛƴƎ ƭƻƎƛŎ ŜȄǇǊŜǎǎƛƻƴ ¸Ґ !.Ω/Ω 

A) 4  B) 5  C) 6  D) 7 

3) Iƻǿ Ƴŀƴȅ н ƛƴǇǳǘ b!b5 ƎŀǘŜ ǊŜǉǳƛǊŜ ǘƻ ŎƻƴǎǘǊǳŎǘ ƭƻƎƛŎ ŜȄǇǊŜǎǎƛƻƴ !./ΩҌ!./ 

A) 1  B) 2  C) 3  D) 8 

4) How many NOR gate require to construct XNOR gate 

A) 3  B) 4  C) 5  D) 6 

5) If XY Ґ л ŀƴŘ ό·Ҍ¸ύΩ Ґ л ǘƘŜƴ ŦƛƴŘ X ╒ Y  

A) 0  B) 1     C) X+Y     D) Data insufficient   

6) If A.B=0 and A  BҐл ǘƘŜƴ ό!Ҍ.ύΩ ƛǎ 

A) !Ω  B) A     C) 0      D) Data insufficient   

7) Which logic is generated by following ckt 

 
A) OR  B) AND  C) NOR  D) NAND 

8) Which of the following gate is redundant? 

 

A) 1  B) 2  C) 3  D) both A and C 

9) Find out Y 
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A) 1  B) 0  C) A XOR B  D) none 

10) The output of a logic gate is 1 when all its inputs are at logic 0. the gate is either 

A) a NAND or an EX-OR      B) an OR or an EX-NOR 

C) an AND or an EX-OR      D) a NOR or an EX-NOR 

11) The logic circuit shown in the given figure can be minimised to

 
12) Minimum number of NAND gates required to implement XNOR gate  

A) 4  B) 5  C) 3  D) 6 
13) If the input to the digital circuit consist of a cascade of 20 X-NOR gates is X, then the output 

Y is equal to_______. 

 
A) 1  B) 0  C) X  5ύ ·Ω 

14) Output Y of the circuit shown in figure is equal to  

 
!ύ ό!./ύΩ  .ύ !ΩҌ.ΩҌ/Ω C) ό!.ύΩҌό./ύΩҌ!ΩҌ/Ω D) both A and B 
 

15) The circuit shown in figure is functionally equivalent to  
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A) NOR gate B) OR gate C) X-OR gate D) NAND gate 
 

16) How many two inputs X-NOR gates are required to implement three inputs X-NOR gate? 
A) 1  B) 2  C) 3  D) 4 

17) LŦ !.Ω Ҍ !Ω.Ґ ¸Σ ǘƘŜƴ .¸Ω Ҍ .Ω¸ ƛǎ 
A) A  B) B  /ύ ¸Ω  D) 0 

18) A  B  !Ω is 
A) 0  B) B  C) .Ω  D) A 

19) The number of minimum 2-ƛƴǇǳǘǎ b!b5 ƎŀǘŜ ǊŜǉǳƛǊŜ ǘƻ ƛƳǇƭŜƳŜƴǘ ! Ҍ !.Ω Ҍ !./Ω is 
A) 0  B) 1  C) 4  D) 7 

20) If A.B = 0, then A  B is 
A) !Ω Ҍ .Ω  B) 1  C) 0  D) A + B 

21) A Boolean function of two variables A and B is define as f(0,0) = f(1,0) = f(1,1) =1 and 
f(0,1)=0. The minimum cost solution for realization of f(A,B) by using NOR and OR gates 
only. Assume cost of both the gate is one unit and complement of A and B are not 
available. 
A) 1 unit  B) 2 unit  C) 3 unit  D) 4 unit 

22) What are A,B,C respectively, so output Q become zero 

 

A) 0, 1, 0  B) 1, 0, 1  C) 1, 1, 0  D) All 

23) Find output Q ƛŦ . ƛǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ƭƻƎƛŎ ΨмΩ 
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A) 0  B) !Ω  C) C  D) AΩ + /Ω 
24) Find the minimum number of 2-input NAND gate require for implementation of following 

logic function  

 

A) 2  B) 3  C) 4  D) 5 
25) Find the frequency of square wave generated by following circuit if propagation delay of 

each inverter is 20 ns. 

  

A) 50 MHz  B) 25 MHz  C) 8.33 MHz  D) 16.66 MHz 
26) How many two-input AND and OR gates are required to realize Y=CD+EF+G 

A) 2,2   B) 2,3  C) 3,3   D) none of these 
 
 

Answers 

1. C 2. C 3. B 4. B 5. A 6. A 7. A 8. D 9. C 

10. D 11. D 12. B 13. A 14. D 15. C 16. B 17.A 18.C 

19.A 20.D 21.B 22.D 23.C 24.B 25.C 26.A  
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CHAPTER II  
BOOLEAN ALGEBRA 

Why Boolean simplification: 

Boolean algebra finds its most practical use in the simplification of logic circuits. If we 
translate a logic circuit's function into symbolic (Boolean) form, and apply certain algebraic 
rules to the resulting equation to reduce the number of terms and/or arithmetic operations, 
the simplified equation may be translated back into circuit form for a logic circuit performing 
the same function with fewer components. If equivalent function may be achieved with fewer 
components, the result will be increased reliability and decreased cost of manufacture. 

 

Boolean algebra: 

The algebra that can be done with binary states (0 and 1) and the operation perform by logic 
gates known as Boolean algebra.  

ω /ƻƳƳǳǘŀǘƛǾŜ composition laws:    A + B = B + A 

ω !ǎǎƻŎƛŀǘƛǾŜ ƭŀǿǎ:   a)  A + (B + C) = (A + B) + C  

b)  A (BC) = (AB) C  

ω 5ƛǎǘǊƛōǳǘƛǾŜ ƭŀǿ:    A (B + C) = AB + AC 

ω .ƻƻƭŜŀƴ !ƭƎŜōǊŀ ǊǳƭŜǎ:  

1. A + 0 = A                       7. A.A = A 

2. A + 1 = 1                      уΦ !Φ!Ω = 0 

3. A.0 = 0                         фΦ ό!ΩύΩ = A 

4. A.1 = A                       10. A + AB = A 

5. A + A = A                      ммΦ ! Ҍ !ΩB = A + B 

сΦ ! Ҍ !Ω = 1                       12. (A + B)(A + C) = A + BC 

ω 5ŜaƻǊƎŀƴ ƭŀǿǎΥ   a) (A + .ύΩ Ґ !ΩΦ.Ω  

b)  ό!.ύΩ Ґ !Ω Ҍ .Ω 
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Representation of Boolean Expression:                                                                                         

Any Boolean expression is represented in two forms  

1) Sum of product (SOP)  

2) Product of sum (POS)                                                             

Both these forms are known as Canonical forms i.e. each term contain all the variables. 

1. SOP:  

Sum-Of-Products, or SOP, Boolean expressions may be generated from truth tables 
quite easily, by determining which rows of the table have an output of 1, writing one product 
term (minterm) for each row Ƙŀǎ ƻǳǘǇǳǘ ƭƻƎƛŎ ΨмΩ and finally summing all these product terms. 
This creates a Boolean expression representing the truth table as a whole Sum-Of-Products 
expressions lend themselves well to implementation as a set of AND gates (products) feeding 
into a single OR gate (sum). 

¶ In SOP form each individual term is known as minterm and expression is written as sum of 
minterm.  

¶ In SOP representation AND functions are followed by an OR function.  

¶ Lƴ {ht ŦƻǊƳΣ ŀƴȅ ǾŀǊƛŀōƭŜΣ ! ǊŜǇǊŜǎŜƴǘ ŀǎ ƭƻƎƛŎ м όƘƛƎƘύ ŀƴŘ !Ω ǊŜǇǊŜǎŜƴǘŜŘ ŀǎ л όƭƻǿύΦ  

Example: For given truth table represent output Q in SOP form 

 

 

 

 

{ƻƭǳǘƛƻƴΥ {ht ŦƻǊƳ ƛǎ ǎǳƳ ƻŦ ƳƛƴǘŜǊƳ ŦƻǊ ǿƘƛŎƘ ƻǳǘǇǳǘ ƛǎ ƭƻƎƛŎΩмΩ 

Therefore,  vҐ !Ω.ΩҌ!.Ω 

Since SOP form give logic 1(high) output. 

(input) 
A 

(input) 
B 

(otput) 
Q 

Min 
term 

0 0 1 !Ω.Ω 

0 1 0 !Ω. 

1 0 1 !.Ω 

1 1 0 AB 
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¶ SOP form is denoted by Ὢ= Вά {άὭὲὸὩὶάί Ὢέὶ ύὬὭὧὬ έόὸὴόὸ Ὥί ὰέὫὭὧ ᴂ1ᴂ} 

¶ Above example can be represent in SOP form as f(A,B) = Вά {0,2} 

2. POS:  

Product-Of-Sums, or POS, Boolean expressions may also be generated from truth tables quite 
easily, by determining which rows of the table have an output of 0, writing one sum term for 
each row, and finally multiplying all the sum terms. This creates a Boolean expression 
representing the truth table as a whole. Product-Of-Sums expressions lend themselves well to 
implementation as a set of OR gates (sums) feeding into a single AND gate (product). 

¶ In POS each individual term is called as maxterm and expression is represented as product 
of maxterm.  

¶ Lƴ th{ ŦƻǊƳΣ ŀƴȅ ǾŀǊƛŀōƭŜ ! ǊŜǇǊŜǎŜƴǘ ŀǎ ƭƻƎƛŎ л όƭƻǿύ ŀƴŘ !Ω ǊŜǇǊŜǎŜƴǘŜŘ ŀǎ м όƘƛƎƘύΦ   

 

Example: For given truth table represent output Q in POS form 

 

 

 

 

Solution: th{ ŦƻǊƳ ƛǎ ǇǊƻŘǳŎǘ ƻŦ ƳŀȄǘŜǊƳ ŦƻǊ ǿƘƛŎƘ ƻǳǘǇǳǘ ƛǎ ƭƻƎƛŎΩлΩ 

Therefore,  Q= ό!Ҍ.Ωύ ό!ΩҌ.Ωύ 

Since POS form give logic 0(low) output. 

¶ POS form is denoted by Ὢ= Бὓ {άὥὼὸὩὶά Ὢέὶ ύὬὭὧὬ έόὸὴόὸ Ὥί ὰέὫὭὧ ᴂ0ᴂ} 

¶ Above example can be represent in POS form as f(A,B) = Бὓ{1,3} 

¶ Both maxterm and minterm are in Canonical forms 

Ex.  Represent following truth table in standard SOP and POS form 

A B C f(A,B,C) 

0 0 0 0 

0 0 1 0 

0 1 0 1 

0 1 1 0 

1 0 0 1 

1 0 1 1 

1 1 0 0 

1 1 1 0 

(input) 
A 

(input) 
B 

(otput) 
Q 

Max 
term 

0 0 1 (A+B) 

0 1 0 ό!Ҍ.Ωύ 

1 0 1 ό!ΩҌ.ύ 

1 1 0 ό!ΩҌ.Ωύ 
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Solution: 

SOP: Addition of minterms ŦƻǊ ǿƘƛŎƘ ƻǳǘǇǳǘ ƛǎ ƭƻƎƛŎ ΨмΩΦ IŜǊŜ ƻǳǘǇǳǘ ƛǎ ƭƻƎƛŎ ΨмΩ ŦƻǊ ŦƻƭƭƻǿƛƴƎ 
input combination of A, B and C: (010)2 ---> (2)10,  (100)2 --->(4)10,  (101)2--->(5)10. So 
standard SOP is represented as:  

█= □{ , , } 

th{Υ aǳƭǘƛǇƭƛŎŀǘƛƻƴ ƻŦ ƳŀȄǘŜǊƳǎ ŦƻǊ ǿƘƛŎƘ ƻǳǘǇǳǘ ƛǎ ƭƻƎƛŎ ΨлΩΦ IŜǊŜ ƻǳǘǇǳǘ ƛǎ ƭƻƎƛŎ ΨлΩ ŦƻǊ 
following input  combination of A, B and C: (000)2 ---> (0)10, (001)2 --->(1)10, (011)2--->(3)10, (110)2 

--->(6)10, (111)2--->(7)10 So standard POS is represented as: 

█= ╜{ , , , , } 

¶ From above we conclude that for the same truth table (i.e. sane Boolean function) The 
term contain in standard POS form are the all possible term except the term presents in 
standard SOP and vice versa. 

Ex. Distinguish between min terms and max terms.  

Ans: Distinguish between Minterms and Maxterms: 

¶ Each individual term in standard Sum Of Products form is called as minterm whereas 

each individual term in standard Product Of Sums form is called maxterm. 

¶ ¢ƘŜ ǳƴōŀǊǊŜŘ ƭŜǘǘŜǊ ǊŜǇǊŜǎŜƴǘ мΩǎ ŀƴŘ ǘƘŜ ōŀǊǊŜŘ ƭŜǘǘŜǊ ǊŜǇǊŜǎŜƴǘ лΩǎ ƛƴ Ƴƛƴ ǘŜǊƳǎΣ 

ǿƘŜǊŜŀǎ ǘƘŜ ǳƴōŀǊǊŜŘ ƭŜǘǘŜǊ ǊŜǇǊŜǎŜƴǘ лΩǎ ŀƴŘ ǘƘŜ ōŀǊǊŜŘ ǊŜǇǊŜǎŜƴǘ мΩǎ ƛƴ ƳŀȄǘŜǊƳǎΦ 

¶ Suppose the minterm designation for three variable expression be Y=Вά (1, 3, 5, 7) 

Where the В  ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǎǳƳ ŀƴŘ ΨƳΩ ǎǘŀƴŘǎ ŦƻǊ ƳƛƴǘŜǊƳǎΦ 

Decimal number 1 corresponds to binary number 001 and minterm is AΩ BΩ C 

Decimal number 3 corresponds to binary number 011 and minterm is AΩBC 

Decimal number 5 corresponds to binary number 101 and minterm is A BΩ C 

Decimal number 7 corresponds to binary number 111 and minterm is ABC. 

Therefore ̧  Ґ !Ω.Ω/ Ҍ !Ω./ Ҍ !.Ω/ Ҍ !./  (The sum of all above min term) 

¶ Whereas the Maxterm designation for three variable expression be Y=Бὓ(0, 1, 3, 4) 

Where the Б represents the product and M stands for maxterms. 

Decimal 0 means binary 000 and max term is A+B+C 
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Decimal 1 means binary 001 and max term is A+B+CΩ 

Decimal 3 means binary 011 and max term is A+ BΩ +CΩ 

Decimal 4 means binary 100 and term is AΩ+B+C 

Therefore Y = ό!Ҍ.Ҍ/ύό!Ҍ.Ҍ/Ωύό!Ҍ.ΩҌ/Ωύό!ΩҌ.Ҍ/ύ  (The product of all above max term) 

 

Ex. Write the given Boolean function f(A,B,C,D)= Вά{0,4,5,6,7,9,10,12,13} in POS form 

Solution: In POS form contain the term which are absent in SOP form.  

Therefore, POS form is, f(A,B,C,D)= Бὓ(1,2,3,8,11,14,15)  

 

Formation of standard SOP form: In SOP form if any variable is absent in any product term then 
multiply that product term with (Ȅ Ҍ ȄΩύΣ ǿƘŜǊŜ ΨȄΩ ƛǎ ǘƘŜ ƳƛǎǎƛƴƎ ǾŀǊƛŀōƭŜΦ 

¶ όȄ Ҍ ȄΩύ Ґ м ŀƴŘ ƳǳƭǘƛǇƭȅ ōȅ м ƛǎ ƴƻǘ ŀŦŦŜŎǘ ŀƴȅ Boolean function. 

Ex. f(A,B,C) = AB + BC, given Boolean function f(A, B, C) write down in standard SOP form 

Solution: Lƴ ŦƛǊǎǘ ǇǊƻŘǳŎǘ ǘŜǊƳ Ψ!.Ω ǘƘŜ ǾŀǊƛŀōƭŜ Ψ/Ω ƛǎ ƳƛǎǎƛƴƎ ǎƻ ƳǳƭǘƛǇƭȅ ƛǘ ǿƛǘƘ ό/ Ҍ /Ωύ ŀƴŘ ƛƴ 
ǎŜŎƻƴŘ ǇǊƻŘǳŎǘ ǘŜǊƳ Ψ./Ω ǘƘŜ ǾŀǊƛŀōƭŜ Ψ!Ω ƛǎ ƳƛǎǎƛƴƎ ǎƻ ƳǳƭǘƛǇƭȅ ƛǘ ǿƛǘƘ ό! Ҍ !Ωύ   

Therefore, f(A, B,C)  Ґ !.ό/ Ҍ /Ωύ Ҍ ./ό! Ҍ !Ωύ  

Ґ !./ Ҍ !./Ω Ҍ !./ Ҍ !Ω./     

                      f(A, B,C)  Ґ!./ Ҍ !./Ω Ҍ !Ω./Σ ƛƴ ǎǘŀƴŘŀǊŘ {ht  ŦƻǊƳΦ 

                      f(A, B,C)  =Вά{3,6,7}  ŀǎ ƛƴ {ht · ŀǎ м ŀƴŘ ·Ω ŀǎ л ǿƘŜǊŜ · ƛǎ ŀƴȅ ǾŀǊƛŀōƭŜ 

ŀǎ !Ω./---> (011)2--->(3)10,  !./Ω---> (110)2--->(6)10, ABC---> (111)2--->(7)10  

 

Formation of standard POS form: In POS form if any variable is absent in any sum term then 
ŀŘŘ ǘƘŀǘ ǎǳƳ ǘŜǊƳ ǿƛǘƘ όȄȄΩύΣ ǿƘŜǊŜ ΨȄΩ ƛǎ ǘƘŜ ƳƛǎǎƛƴƎ ǾŀǊƛŀōƭŜΦ 

¶ όȄȄΩύ Ґ л ŀƴŘ ŀŘŘƛǘƛƻƴ ƻŦ м ƛǎ ƴƻǘ ŀŦŦŜŎǘ ŀƴȅ .ƻƻƭŜŀƴ ŦǳƴŎǘƛƻƴΦ 

Ex. f(A,B,C) = (A + B) (B + C), given Boolean function f(A, B, C) write down in standard POS form 

Solution: Lƴ ŦƛǊǎǘ ǎǳƳ ǘŜǊƳ Ψό! Ҍ .ύΩ ǘƘŜ ǾŀǊƛŀōƭŜ Ψ/Ω ƛǎ ƳƛǎǎƛƴƎ ǎƻ ŀŘŘ ƛǘ ǿƛǘƘ ό//Ωύ ŀƴŘ ƛƴ ǎŜŎƻƴŘ 
ǎǳƳ  ǘŜǊƳ Ψό. Ҍ /ύΩ ǘƘŜ ǾŀǊƛŀōƭŜ Ψ!Ω ƛǎ ƳƛǎǎƛƴƎ ǎƻ ŀŘŘ ƛǘ ǿƛǘƘ ό!!Ωύ   

Therefore, f(A, B,C)  Ґ ό! Ҍ . Ҍ / /Ωύό. Ҍ / Ҍ !!Ωύ  
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= ( A + B + C) (! Ҍ . Ҍ /Ωύ ό! Ҍ . Ҍ /ύ ό!Ω Ҍ . Ҍ /ύ 

                      f(A, B,C)  Ґ ό! Ҍ. Ҍ/ύ ό! Ҍ . Ҍ /Ωύ Ҍ ό!Ω Ҍ . Ҍ /ύΣ ƛƴ ǎǘŀƴŘŀǊŘ {ht  ŦƻǊƳ 

                      f(A, B,C)  =Бὓ{0,1,4}  ŀǎ ƛƴ Ǉƻǎ · ŀǎ л ŀƴŘ ·Ω ŀǎ м ǿƘŜǊŜ · ƛǎ ŀƴȅ ǾŀǊƛŀōƭŜ 

as (A + B + C)---> (000)2--->(0)10,  ό! Ҍ . Ҍ /Ωύ---> (001)2--->(1)10, ό!Ω Ҍ . Ҍ /ύ---> (100)2--->(4)10  

 

Number of possible Boolean expression or switching function: 

¶ We can form total 
▪
 different Boolean functions by using n variables. 

For n=0; 
▪
 =  = 2. These are {0, 1}. 

For n=1; 
▪
 =  Ґ пΦ ¢ƘŜǎŜ ŀǊŜ ϑлΣ мΣ !Σ !Ωϒ ǎǳǇǇƻǎŜ ǘƘŀǘ ǾŀǊƛŀōƭŜ ƛǎ !Φ 

For n=2; 
▪
 =  Ґ мсΦ ¢ƘŜǎŜ ŀǊŜ ϑлΣ мΣ !Σ !ΩΣ .Σ .ΩΣ !.Σ !.ΩΣ !Ω.Σ !Ω.ΩΣό! Ҍ .ύΣ ό! Ҍ .ΩύΣ ό!Ω Ҍ .ύΣ 

ό!Ω Ҍ .ΩύΣ !.Ω Ҍ !Ω.Σ !Ω.Ω Ҍ !.ϒΦ 

Ex. How many different Boolean function can be possible by using 5-variable. 

Solution: 
▪
 =  = 232 

 

Dual Expression: Dual expression is equivalent to writing negative logic for given positive logic. 
In dual expression:  

ü AND and OR Gates are interchange  
ü NAND and NOR gates are interchange 
ü Zero and one also interchange 

Ex: Q=AB+BC     its dual as Qd= (A+B)(B+C). 

Self dual function: Some function have their dual expression same as original function. These 
function called as self dual function. 

Ex: Q=AB+BC+CA    its dual as Qd=(A+B)(B+C)(C+A)   after simplification it will give same as Q. 

i.e. Qd = Q = AB+BC+CA = (A+B)(B+C)(C+A) 

¶ With N variable, maximum possible self dual function is 
▪
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Simplification of Boolean function using k-map: 

The k-map method is a systematic method of simplification of Boolean function. It is 
graphical representation of Boolean expression in which each cell correspond to unique input 
combination and we write 0 or 1 in that cell depend on inputs. 

The groups generated are then converted to a Boolean expression by: locating and 
transcribing the variable possibility attributed to the box, and by the axiom laws of Boolean 
algebra in which if the (initial) variable possibility and its inverse are contained within the same 
ƎǊƻǳǇ ǘƘŜ ǾŀǊƛŀōƭŜ ǘŜǊƳ ƛǎ ǊŜƳƻǾŜŘΦ 9ŀŎƘ ƎǊƻǳǇ ǇǊƻǾƛŘŜǎ ŀ άǇǊƻŘǳŎǘέ ǘƻ ŎǊŜŀǘŜ ŀ reduce άǎǳƳ-
of-ǇǊƻŘǳŎǘǎέ ƛƴ ǘƘŜ Boolean expression. 

For SOP: 

¶ K-map is work on the principle of grey code 

¶ Make least number of group of adjŀŎŜƴǘ ƻƴŜ ǘƘŀǘ ǿƛƭƭ ŎƻǾŜǊ ŀƭƭ ǘƘŜ ƻƴŜΩǎ ƛƴ ŀǘ ƭŜŀǎǘ ƻƴŜ 
group 

¶ Each group contain maximum possible number of adjacent oneΩǎ 

¶ Lƴ ŀƴȅ ƎǊƻǳǇ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŀŘƧŀŎŜƴǘ ƻƴŜΩǎ  should be of the order of 2m (i.e. group of 1, 
2, 4, 8, 16 etc) 

¶ By grouping 2m number of oƴŜΩǎ ǿŜ ǊŜŘǳŎŜ ǘƘŜ Ƴ ƴǳƳōŜǊ ƻŦ ǾŀǊƛŀōƭŜ ƛƴ ǊŜŘǳŎŜ ǇǊƻŘǳŎǘ 
term i.e. suppose in k-map of n-variable we group 2m ƴǳƳōŜǊ ƻŦ ƻƴŜΩǎ ǘƘŜƴ ƛƴ ǇǊƻŘǳŎǘ 
term the available variable will be (n-m) since m number of variable will reduce. 
Therefore  By grouping  ǘǿƻ мΩǎ the one variable will reduce  
    CƻǳǊ мΩǎ ǘƘŜ ǘǿƻ ǾŀǊƛŀōƭŜǎ ǿƛƭƭ ǊŜŘǳŎŜ 
    9ƛƎƘǘ мΩǎ ǘƘŜ ǘƘǊŜŜ ǾŀǊƛŀōƭŜǎ ǿƛƭƭ ǊŜŘǳŎŜ 
Ex. CƛƴŘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƭƛǘŜǊŀƭ ǇǊŜǎŜƴǘ ƛƴ ǇǊƻŘǳŎǘ ǘŜǊƳ ŦƻǊƳ ōȅ ƎǊƻǳǇƛƴƎ ƻŦ мс ƻƴŜΩǎ ƛƴ р-
variable k-map 
{ƻƭǳǘƛƻƴΥ DǊƻǳǇ ƻŦ мс ƻƴŜΩǎ ƛΦŜΦ 24 ƻƴŜΩǎΣ ǎƻ ǿŜ ǊŜŘǳŎŜ п ǾŀǊƛŀōƭŜ ƛƴ ǇǊƻŘǳŎǘ ǘŜǊƳΣ ǎƻ 
number of literal present in product term is (n-m) = (5 - 4) = 1  

¶ For n-variable Boolean function the k-map has 2n cell. 

¶ k-map is use to reduce Boolean function upto six variable. For more than six variable 
Boolean function QuineςMcCluskey Tabular Method is use for reduction. 
  
 

For POS: 

¶ For generation of reduce POS form ǊŜǇƭŀŎŜ ΨмΩ ōȅ ΨлΩ 

 

Two variable k-map: 

¶ Total number of cell is 2n = 22 =4. Each cell contain two literal.  
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¶ Where A is MSB and B is LSB 

Three variables k-map:  

 

¶ Where A is MSB and C is LSB 

Four variables k-map:  

 

 

 

 

 

¶ Where A is MSB and D is LSB 

Ex. Minimize the given Boolean function f(A,B,C) = Вά(1,3,5) 

Solution: 

 

       Therefore, Ŧό!Σ.Σ/ύ Ґ !Ω/ Ҍ .Ω/  
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Ex. Minimize the given Boolean function f(A,B,C,D) = Вά(0,1,2,6,8,10,11,12) 

Solution: 

 

Therefore, f(A,B,C,Dύ Ґ !Ω.Ω/Ω + 

ACΩ5Ω Ҍ !Ω/5Ω Ҍ !.Ω/ 

 

 

 

 

 

Ex. Minimize the given Boolean function f(A,B,C,D) = Бὓ{0,1,2,5,6,7,8,9,10,11,14} 

Solution: 

 

        

 

 

 

 

 

Therefore, f(A,B,C,D) = ό.Ҍ/ύό/ΩҌ5ύό!ΩҌ.ύό!Ҍ.ΩҌ5Ωύ 

 

Ex. Minimize the given Boolean function f(A,B,C,D) = Бὓ{0,1,9,10,11,14} in POS and SOP form 

Solution: f(A,B,C,D) = Бὓ 0,1,9,10,11,14 =  Вά{2,3,4,5,6,7,8,12,13,15} 
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¦ǎŜ ƻŦ ŘƻƴΩǘ ŎŀǊŜ ŎƻƴŘƛǘƛƻƴ 

¶ 5ƻƴΩǘ ŎŀǊŜ Ŏŀƴ ōŜ ǳǎŜ ŀǎ ƻƴŜ ƻǊ ȊŜǊƻΣ ƴƻ ƴŜŜŘ ǘƻ ŎƻǾŜǊ ŀƭƭ ǘƘŜ ŘƻƴΩǘ ŎŀǊŜ ǘŜǊƳ 

¶ Use as one if it is increase numbers of one in group without increasing the number of 
group, otherwise use it as zero.  

         

                        Fig. a                                                  Fig. b 

5ƻƴΩǘ care are only used to make the pair quad etc. If all the minterm or maxterm can be 
ŎƻǾŜǊŜŘ ōȅ ƳŀƪƛƴƎ ǇŀƛǊ ǿƛǘƘƻǳǘ ǳǎƛƴƎ ŘƻƴΩǘ ŎŀǊŜ ǘŜǊƳ ǘƘŜƴ ǿŜ ǎƘƻǳƭŘ ƴƻǘ ǳǎŜ ŘƻƴΩǘ ŎŀǊŜ ǘŜǊƳΦ 
!ǎ ǎƘƻǿƴ ƛƴ ŦƛƎΦ ŀ ŀƴŘ ŦƛƎΦ ō ōƻǘƘ ƘŀǾŜ ǎŀƳŜ ǇŀƛǊƛƴƎ ŜǾŜƴ ƛƴ ŦƛƎΦ ō ǘƘŜǊŜΩǎ ŜȄǘǊŀ ŘƻƴΩǘ ŎŀǊŜ ƛǎ 
available.  

Ex: Solve following k-map 
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Solution: 

 

v Ґ !.Ω Ҍ .Ω5     v Ґ .Ω5 

¶ For k- map in ŦƛƎΦ ŀ ǳǎŜ ŘƻƴΩǘ ŎŀǊŜ ŀǎ one because it increase the numbers of one in group. 

¶ For k- map in fig. b ǳǎŜ ŘƻƴΩǘ ŎŀǊŜ ŀǎ zero because it increase the numbers of group. 

Ex. Minimize the given Boolean function f(A,B,C,D) = Вά(0,1,2,6,11,12) +  Ὠ{5,7,8}. 

Solution: 

 

f(A,B,C,D) = !Ω.Ω/Ω Ҍ !/Ω5Ω Ҍ !Ω/5Ω Ҍ !.Ω/5 

 

Implicants (I): All minterm of k-map are called implicants. ie. numbers ƻŦ ΨмΩ ƛƴ ƪ-map is nothing 
but numbers of implecants. 

Prime Implicant (PI): The all the product term in any reduced expression of k-map are called as 
prime Implicant. 

Essential prime Implicant (EPI): Prime Implicant which is present in all reduce expression is 
called essential prime Implicant. 
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Selective prime Implicant (SPI): The prime implicant rather than Essential prime implicant are 
called as selective prime implicant. 

Literal: Each occurrence of variable or its complement in expression is called as literal.  

Ex. Find the implicant, PI, EPI and literal for f(A,B,C) = Вά{0,2,4,5,7} . 

Solution:  

          AB                         !Ω/Ω                                  .Ω/Ω                 C    AB                                                                                                                      

      C                                                   

                                                                       AC 

 v Ґ !Ω/Ω Ҍ !/ Ҍ .Ω/Ω       v Ґ !Ω/Ω Ҍ !/ Ҍ !.ΩΤ   

Here two expressions for output are possible as shown above. 

1. Here number of minterm in k-map is 5 so number of Implicants are 5. TƘŜǎŜ ŀǊŜ !Ω.Ω/ΩΣ 
!Ω./ΩΣ !.Ω/ΩΣ !./Σ !.Ω/. 

2. Here 4 different reduce combinations are possible so numbers of prime Implicants are also 
4. ¢ƘŜǎŜ ŀǊŜ !Ω/ΩΣ !.ΩΣ .Ω/ΩΣ !/Φ 

3. Here two prime Implicants are common in both output expression of ΨvΩΣ ǎƻ essential 
prime Implicants ŀǊŜ нΦ ¢ƘŜǊŜ ŀǊŜ !Ω/Ω ŀƴŘ !/Φ 

4. Here total 6 variable or their compliment present in both of the expression so number of 
literal are 6. 
ü K-map may have different reduce solution for the given function (In the above 

example we having 2 different solution.) i.e. k-map solution not necessary to always 
unique.  

Note: 

 With N variable, maximum possible distinct Boolean function can be made are 
▪ 

 With N variable, maximum possible self dual function is 
▪

 

 

 

 

 

 

 

1 1  1 

                                                           1 1 

1 1  1 

                                                           1 1 
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Problems: 

1) How many self dual Boolean functions will possible for 3 variable functions? 
A) 16  B) 3  C) 256  D) none 

2) Reduce the k-map 

 

!ύ !Ҍ .Ω Ҍ 5Ω   .ύ ! Ҍ . Ҍ5Ω  /ύ ! Ҍ .Ω Ҍ 5  D) .Ω Ҍ 5Ω 

3) Simplify the logic expression Y(ABCD) = Вm(0,2,3,6,8,10,14) 
!ύ .Ω5Ω Ҍ !Ω.Ω/ Ҍ !Ω/5Ω   .ύ .Ω5Ω Ҍ !Ω.Ω/ Ҍ /5Ω     
/ύ .Ω5Ω Ҍ .Ω/Ω5Ω Ҍ /5Ω       D) none 

4) ! ŦǳƴŎǘƛƻƴ ǿƛǘƘ ŘƻƴΩǘ ŎŀǊŜ ŎƻƴŘƛǘƛƻƴ ƛǎ ŀǎ Ŧƻƭƭƻǿǎ f (A,B,C,D) = Вm(3, 4, 5, 7, 9, 13, 14, 15 )  
+ dc(10) The minimized expression for this function is 
!ύ !Ω./ΩҌ!./Ҍ!Ω/5Ҍ!/Ω5  .ύ !./Ҍ!Ω./ΩҌ!5Ҍ/5  
/ύ !Ω./ΩҌ!./Ҍ!Ω/5Ҍ!5   D) none 

5) ! ŦǳƴŎǘƛƻƴ ǿƛǘƘ ŘƻƴΩǘ ŎŀǊŜ ŎƻƴŘƛǘƛƻƴ ƛǎ ŀǎ Ŧƻƭƭƻǿǎ f (A,B,C,D) = Вm(3, 4, 5, 7, 9, 13, 14, 15 )  
+ dc(11) The minimized expression for this function is 
!ύ !Ω./ΩҌ!./Ҍ!Ω/5Ҍ!/Ω5  .ύ !./Ҍ!Ω./ΩҌ!5Ҍ/5  
/ύ !Ω./ΩҌ!./Ҍ!Ω/5Ҍ!5   D) none 

6) A four-variable switching function has minterms m7 and m8. If the literals in these 
minterms are complemented, the corresponding minterm numbers are 
A) m7 and m8   B) m9 and m6  C) m2 and m0   D) m9 and m0 

7)  Simplify the following Boolean expressions:  

f(A,B,C)=  ABC +!./Ω +!.Ω/ +!.Ω/Ω +!Ω./ +!Ω./Ω +!Ω.Ω/ Ҍ !Ω.Ω/ΩΤ 

A) A   B) 1   C) 0   D) BC 

8) In 5- variable k-map how many literals will present in prime Implicant form by group of 
four мΩǎ 
A) 1   B) 2   C) 3   D) 4 

9) The output of logic circuit is HIGH only when A and B both are low and C and D both are 
high. Then output logic function is 
!ύ ό!.ύΩҌ/5  .ύ ό!.ύΩ/5  /ύ ό!Ω.ΩύҌ/5  5ύ ό!Ω.Ωύ/5 

10) wŜŘǳŎŜ ǘƘŜ ƭƻƎƛŎ ŜȄǇǊŜǎǎƛƻƴ !.Ҍ!Ω.Ҍ!.ΩҌ!Ω.Ω 
A) A   B) B   C) 1   D) 0 

11)  ²ǊƛǘŜ ŦƻƭƭƻǿƛƴƎ ƭƻƎƛŎ ŜȄǇǊŜǎǎƛƻƴ ƛƴ ŎŀƴƻƴƛŎŀƭ ŦƻǊƳ ·¸Ҍ·¸½Ҍ·¸½Ω 
!ύ ·¸½Ҍ·¸½Ω  B) XY   /ύ ·¸½Ҍ·¸½ΩҌ·¸Ω½ D) Z 




