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Learning Outcomes

At the end of this lecture, you should be able to:
• describe the types of logic gates and their respective set of truth values
• construct logic gates and truth tables to model use-case scenarios involving 

computer systems
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Logic Gates

Electronic circuits in computers, many memories and controlling devices are made 
up of thousands of logic gates.
• Logic gates take binary inputs and produce a binary output.
• Several logic gates can be combined to form a logic circuit and these circuits are 

designed to carry out a specific function. 
• The checking of the output from a logic gate or logic circuit can be done using a 

truth table.
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Truth Tables

Truth tables are used to trace the output from a logic gate or logic circuit. 
• When constructing truth tables, all possible combinations of 1s and 0s which can 

be input are considered. 
• The number of binary combinations to be shown in a truth table corresponds to 

the number of inputs of the logic gate or logic circuit. For example, the truth table 
for a
• gate with 1 input will have 2! = 2 possible binary combinations
• gate with 2 inputs will have 2" = 4 possible binary combinations
• circuit with 4 inputs will have 2# = 16 possible binary combinations

• General case: The truth table for a gate/circuit with 𝑛 inputs will have 2! possible 
binary combinations.
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Truth Tables
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1 1 1 1

2 inputs, 4 possible binary 
combinations

3 inputs, 8 possible binary 
combinations

4 inputs, 16 possible binary combinations



Types of Logic Gates

We will consider the following logic gates:
• NOT gate
• AND gate
• OR gate
• NAND gate
• NOR gate
• XOR gate
• XNOR gate

6



TYPES OF LOGIC GATES

NOT Gate
Description

How to write this

The dash above a letter (for example, �̅�) represents
the NOT operation.
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Input Output

𝑨 𝑿

Truth Table

NOT Gate



TYPES OF LOGIC GATES

AND Gate
Description

How to write this

The dot (%) represents the AND operation.
• can be written as ∧
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Truth Table

AND Gate

Input Output

𝑨 𝑩 𝑿



TYPES OF LOGIC GATES

OR Gate
Description

How to write this

The plus (+) represents the OR operation.
• can be written as ∨

9

Truth Table

OR Gate

Input Output

𝑨 𝑩 𝑿



TYPES OF LOGIC GATES

NAND Gate (NOT AND)
Description

How to write this
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Truth Table

NAND Gate

Input Output

𝑨 𝑩 𝑿



TYPES OF LOGIC GATES

NOR Gate (NOT OR)
Description

How to write this

11

Truth Table

NOR Gate

Input Output

𝑨 𝑩 𝑿



TYPES OF LOGIC GATES

XOR Gate (Exclusive OR)
Description

How to write this

12

Truth Table

XOR Gate

Input Output

𝑨 𝑩 𝑿



TYPES OF LOGIC GATES

XNOR Gate (Exclusive NOR)
Description

How to write this
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Truth Table

XNOR Gate

Input Output

𝑨 𝑩 𝑿



Logic Circuits

When logic gates are combined to carry out a particular function, such as 
controlling a robot, they form a logic circuit.

The output from the logic circuit is checked using a truth table. The following three 
examples show how to:
• produce a truth table
• design a logic circuit from a given logic statement/Boolean algebra
• design a logic circuit to carry out an actual safety function
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Example 1

Produce a truth table for the following logic circuit (note the use of • at junctions):
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Example 1: Solution

There are three inputs to this logic circuit; therefore, there will be eight possible 
binary values which can be input.

To show step-wise how the truth table is produced, the logic circuit has been split 
up into three parts and intermediate values are shown as P, Q and R.
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Example 1: Solution
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Input Output

𝑨 𝑩 𝑪 𝑷 𝑸

PART 1
This is the first part of the logic circuit; the first 
task is to find the intermediate values of 𝑃 and 𝑄.

The value of 𝑃 is found from the AND gate where 
the inputs are 𝐴 and 𝐵. The value of 𝑄 is found 

from the NOR gate where the inputs are 𝐵 and 𝐶.

An immediate truth table is produced:



Example 1: Solution
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PART 2
The second part of the logic has 𝑃 and 𝑄 as 
inputs and the intermediate output, 𝑅.

Note: even though there are only 2 inputs to the 
logic gate, we have generated 8 binary values in 
Part 1 and these must all be used in this second 

truth table.



Example 1: Solution
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PART 3
The second part of the logic has 𝑅 and 𝐶 as 
inputs and the intermediate output, 𝑋.



Example 1: Solution

Putting all three immediate truth tables together produces the final truth table 
which represents the original logic circuit.
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Example 2

A safety system uses three inputs to a logic circuit. An alarm, 𝑋, sounds if input 𝐴
represents ON and input 𝐵 represents OFF, or if input 𝐵 represents ON and input 𝐶
represents OFF.

Produce a logic circuit and truth table to show the conditions which cause the 
output 𝑋 to be 1.
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Example 2: Solution

The first thing to do is to write down the logic statement representing the scenario 
in this example. To do this, it is necessary to recall that ON = 1 and OFF = 0 and also
that 0 is considered to be NOT 1.

This statement can also be written in Boolean algebra as:
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Example 2: Solution

The logic circuit is made up of three parts as shown in the logic statement. We will 
produce the logic gate for Part 1 and Part 3, then join both parts together with the 
OR gate.
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Example 2: Solution

There are 2 ways to produce the 
truth table.
• Trace through the logic circuit 

using the method described in 
Example 1.
• Use the original logic 

statement; this allows you to 
check that your logic circuit is 
correct.
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Example 3

A wind turbine has a safety system which uses three inputs to a logic circuit. A 
certain combination of conditions results in an output, 𝑋, from the logic circuit 
being equal to 1. When the value of 𝑋 = 1, the wind turbine is shut down.
The following table shows which parameters are being monitored and form the 
three inputs to the logic circuit.
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Parameter description Parameter Binary 
Value Description of condition

Turbine speed 𝑆
0 turbine speed ≤ 1000 rpm

1 turbine speed > 1000 rpm

Bearing temperature 𝑇
0 bearing temperature ≤ 80°C

1 bearing temperature > 80°C

Wind velocity 𝑊
0 wind velocity ≤ 120 kph

1 wind velocity > 120 kph



Example 3 (cont'd)

The output, 𝑋, will have a value of 1 if any of the following combination of 
conditions occur:
• either turbine speed ≤ 1000 rpm and bearing temperature > 80°C
• or turbine speed > 1000 rpm and wind velocity > 120 kph
• or bearing temperature ≤ 80°C and wind velocity > 120 kph

Design the logic circuit and complete the truth table to produce a value of 𝑋 = 1
when either of the three conditions occur.
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Example 3: Solution

The first thing to do is to convert each of the three statements into logic 
statements. Use the information given in the table and the three condition 
statements to find how the three parameters 𝑆, 𝑇 and 𝑊, are linked. We usually 
look for the keywords AND, OR and NOT when converting actual statements into 
logic.
We end up with these three logic statements:
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Conditions Logic Statement

turbine speed ≤ 1000 rpm and bearing 
temperature > 80°C

turbine speed > 1000 rpm and wind 
velocity > 120 kph

bearing temperature ≤ 80°C and wind 
velocity > 120 kph



Example 3: Solution

This produces three immediate logic circuits:
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Example 3: Solution

Combine the first combination with logic circuit (3) to obtain the final logic circuit.

29



Example 3: Solution

The final part is to produce the truth table.
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Logic Circuits in the Real World

The design of logic circuits is considerably more complex than has, so far, been 
described.
• Electronics companies need to consider the cost of components, ease of 

fabrication and time constraints when designing and building logic circuits.
• Ways electronic companies review logic circuit designs include:

• using 'off-the-shelf' logic units and building up the logic circuit as a number of 'building 
blocks'

• simplifying the logic circuit as far as possible; this may be necessary where room is at a 
premium (e.g., building circuit boards for use in satellites for space exploration)
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Using Logic 'Building Blocks'

One common 'building block' is the NAND gate. It is possible to build up any logic 
gate, and therefore any logic circuit, by simply linking together a number of NAND 
gates, such as:
• the AND gate
• the OR gate
• the NOT gate
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AND gate

OR gate

NOT gate



Summary

This lecture has covered the following:
• Introduction to Logic Gates and Truth Tables
• Types of Logic Gates: NOT, AND, OR, NAND, NOR, XOR, and XNOR
• Modeling Scenarios and Computer Systems using Logic Gates and Truth Tables
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Source: https://www.reddit.com/r/ProgrammerHumor/comments/9bhn6z/logic_gates/
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