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Implement The Following Boolean Function Fusing An 81 Multiplexer. F(A, B, C,
D) = M(, 3, 4, 11, 12, is a fundamental task in digital logic design, especially when
optimizing circuit complexity and efficiency. Using an 81-to-1 multiplexer (MUX) to realize
a Boolean function allows designers to implement complex logic functions with minimal
hardware, reducing costs and improving performance. In this article, we will explore how
to efficiently implement the Boolean function F using an 81 MUX, covering the necessary
steps, principles, and best practices involved in this process.

Understanding the Boolean Function and
Multiplexer Basics

What is the Boolean Function F?

The function F(A, B, C, D) is given as a minterm function:

e F(A, B,C,D)=M(], 3, 4,11, 12)

This notation indicates that the function outputs '1' for the minterms 1, 3, 4, 11, and 12,
and '0' elsewhere. Each minterm corresponds to a specific combination of the input
variables A, B, C, and D, represented in binary form:

- Minterm 1: 0001 (A=0, B=0, C=0, D=1)

- Minterm 3: 0011 (A=0, B=0, C=1, D=1)
- Minterm 4: 0100 (A=0, B=1, C=0, D=0)
- Minterm 11: 1011 (A=1, B=0, C=1, D=1)
- Minterm 12: 1100 (A=1, B=1, C=0, D=0)

Understanding these minterms is crucial for designing the multiplexer-based
implementation.

Basics of an 81-to-1 Multiplexer

An 81-to-1 multiplexer has 81 data inputs, 4 select lines, and one output. The select lines
determine which data input is passed to the output. The key features are:

- Number of inputs: 81

- Number of select lines: 4 (since 274=16, but for 81 inputs, the design incorporates
additional logic)



- Functionality: Routes one of the 81 inputs to the output based on the select lines

In practice, implementing a Boolean function directly with an 81 MUX involves configuring
the data inputs to reflect the function's minterms and using the select lines to choose the
relevant minterm.

Step-by-Step Approach to Implementing F Using
an 81 MUX

Step 1: Map the Function's Minterms to Input
Combinations

The first step involves translating the minterms into binary input combinations, as
previously outlined. These combinations will determine which data inputs of the MUX
should be set to '1' or '0".

Step 2: Determine the Select Lines Configuration

The select lines are derived from the input variables. Typically, for a 4-variable function:
- A and B can form the higher bits
- C and D form the lower bits

The select lines S3, S2, S1, SO can be assigned as:

-S3=A
-S2=8B
-S1=C
-S0=D

This mapping allows the MUX to select the data input corresponding to each combination
of A, B, C, D.

Step 3: Assign Data Inputs Based on Minterms

Since the MUX has 81 inputs, but only 16 possible combinations of the select lines, the
data inputs are configured as follows:

- For each minterm in the function, set the corresponding data input to '1"

- All other data inputs are set to '0'

However, because 81 is greater than 16, the implementation involves using additional
logic to handle the extra inputs or configuring the MUX in a way that selectively enables
certain inputs based on the minterms.



Step 4: Use Logic Gates to Generate the Data Inputs

To handle the multiple minterms efficiently, logic gates such as AND, OR, and NOT are
employed to generate the data inputs for the MUX:

- For each minterm, create a product term (AND gate) that is '1' only when the inputs
match the minterm

- Combine these product terms appropriately to set the data inputs of the MUX

This approach ensures that the MUX outputs '1' exactly for the specified minterms.

Designing the Circuit for F Using an 81
Multiplexer

Implementing the Circuit

The circuit's core involves:

- Connecting the input variables A, B, C, D to the select lines of the MUX

- Configuring the data inputs based on the minterms

- Using additional logic gates if necessary to handle the multiple minterms and ensure
correct data input assignments

Example:
Suppose we assign:
-S3=A
-S2=8B
-S1=C
-S0=D

For minterm 1 (0001):
- Set the data input corresponding to A=0, B=0, C=0, D=1 to 'l"
- All other data inputs are '0'

Repeat similar configurations for all minterms.

Handling Extra Inputs in the 81 MUX

Since the MUX has 81 inputs but only 16 combinations of the select lines, extra inputs can
be managed by:

- Using enable signals to activate specific groups of inputs

- Employing supplementary logic to decode the inputs and control the data inputs
accordingly

This method reduces the complexity and ensures correct implementation of the desired
Boolean function.



Advantages of Using an 81 MUX for Boolean
Function Implementation

Hardware Efficiency

Implementing Boolean functions with a multiplexer reduces the number of logic gates
needed, leading to simpler and more compact circuit designs.

Speed Optimization

MUX-based implementations typically offer faster response times since the data routing is
handled internally within the multiplexer, minimizing delays associated with multiple gate
levels.

Flexibility and Scalability

Using an 81-to-1 MUX allows for versatile implementations of various complex Boolean
functions by simply adjusting the data inputs and control signals, making it adaptable for
different applications.

Practical Considerations and Best Practices

Minimize Logic Complexity

Design the data inputs carefully to avoid unnecessary complexity, ensuring that only
relevant minterms are set to '1".

Ensure Correct Select Line Assignments

Accurate mapping of variables to select lines is crucial for correct function
implementation.

Use Additional Logic Gates Wisely

Supplementary gates should be used strategically to generate the data inputs without
adding excessive delay or complexity.

Testing and Verification

Simulate the circuit thoroughly to validate that the implementation correctly outputs 1’
for the specified minterms and '0' otherwise.



Conclusion

Implementing a Boolean function such as F(A, B, C, D) = M(1, 3, 4, 11, 12) using an 81-
to-1 multiplexer is a powerful technique that simplifies circuit design, improves speed, and
reduces hardware costs. By carefully mapping minterms to data inputs, assigning select
lines effectively, and managing extra inputs with additional logic, designers can realize
complex logic functions efficiently. This method is particularly advantageous in modern
digital systems where optimizing resource usage and performance is essential. Whether
for educational purposes or practical applications, mastering multiplexer-based Boolean
function implementation is a valuable skill in digital electronics design.

Frequently Asked Questions

How can an 81-to-1 multiplexer be used to implement
the Boolean function F(A, B, C, D) = M(1, 3, 4, 11, 12)?

The 81-to-1 multiplexer can implement the function by mapping the minterms 1, 3, 4, 11,
and 12 to select lines such that these minterms produce an output of 1, while all other
combinations produce 0. This involves configuring select lines corresponding to variables
A, B, C, D and setting data inputs accordingly.

What is the significance of selecting specific input lines
for the multiplexer when implementing the given
Boolean function?

Selecting specific input lines allows us to assign logic levels (0 or 1) to each data input of
the multiplexer based on the minterms where the function is true, effectively
implementing the desired Boolean function through proper configuration.

How do minterms relate to the input lines of the 81-to-1
multiplexer in this implementation?

Each minterm corresponds to a specific combination of A, B, C, D, which maps to a
particular input line of the multiplexer. The input lines associated with the minterms 1, 3,
4,11, and 12 are set to logic 1, while others are set to logic 0.

What are the steps to implement F(A, B, C, D) using an
81-to-1 multiplexer?

The steps are: 1) Identify the minterms where the function is 1; 2) Map these minterms to
the corresponding input lines; 3) Set data inputs to 1 for these lines and O for others; 4)
Connect variables A, B, C, D to the select lines based on their positions; 5) Use the
multiplexer output as the function result.



Why is it beneficial to implement Boolean functions
using multiplexers like the 81-to-1?

Multiplexers simplify complex logic circuits by consolidating multiple logic functions into a
single device, reducing gate count, improving speed, and making the circuit more scalable
and easier to design.

Can the implementation of F using an 81-to-1
multiplexer be optimized further?

Yes, by analyzing the minterms for commonality, the function can sometimes be simplified
using Boolean algebra or combined into smaller multiplexers, reducing hardware
complexity and cost.

What are the limitations of using an 81-to-1 multiplexer
for implementing Boolean functions?

Limitations include increased hardware complexity and cost for large multiplexers,
potential power consumption issues, and difficulty in handling functions with many
minterms or variables exceeding the multiplexer’s capacity.

How do you determine the data inputs for the
multiplexer in this specific implementation?

Data inputs are set to 1 at positions corresponding to minterms 1, 3, 4, 11, and 12, and 0
at all other positions. This configuration ensures the multiplexer outputs 1 only for the
specified minterms.

What role do the variables A, B, C, D play in configuring
the multiplexer for this Boolean function?

Variables A, B, C, D serve as select lines on the multiplexer, selecting the appropriate data
input line based on their binary combination, thus controlling which minterms are
activated to produce the function's output.

Additional Resources

Implement The Following Boolean Function Fusing An 81 Multiplexer is a classic problem
in digital logic design, illustrating how complex Boolean functions can be efficiently
realized using multiplexers. Multiplexers (MUXes) serve as versatile building blocks,
capable of implementing any Boolean function by appropriately selecting inputs and
control signals. In this comprehensive guide, we will explore how to implement the
Boolean function:

\[ F(A, B, C, D) = M(], 3, 4, 11, 12) \]



using an 81-input multiplexer. We will break down the entire process step-by-step,
covering the fundamentals of multiplexers, how to decompose the Boolean function, and
the final implementation strategy.

Understanding the Boolean Function and the 81-Input Multiplexer

What is the Boolean Function?

The function:

\[ F(A, B, C, D) = M(1, 3, 4, 11, 12)\]

is defined as a minterm or maxterm representation, depending on context, but here it
appears as a set of minterm indices. These indices correspond to the decimal

representation of the input combinations for variables \(A, B, C, D\).

Given four variables, the total number of possible input combinations is \(2~4 = 16\). The
minterm indices specify which combinations make the function output '1'.

The minterm indices:

- 1 (binary 0001): \(A=0, B=0, C=0, D=1\)
- 3 (binary 0011): \(A=0, B=0, C=1, D=1))
- 4 (binary 0100): \(A=0, B=1, C=0, D=0\)
- 11 (binary 1011): \(A=1, B=0, C=1, D=1))
- 12 (binary 1100): \(A=1, B=1, C=0, D=0\)

The function outputs '1' for these combinations and '0' elsewhere.

What is an 81-Input Multiplexer?

An 81-input multiplexer (or 81-MUX) can select one of 81 inputs based on control signals.
Typically, such a large MUX is structured hierarchically, often composed of smaller
multiplexers or implemented with a combination of logic stages to handle the large input
set efficiently.

In practice, because an 81-input MUX is uncommon, it can be viewed as a device where:
- The number of select lines is \(\log 2 81 \approx 6.34\), so at least 7 bits are needed for

selection.
- The inputs are labeled \(I 0,1 1, ..., I {80}\).

Step-by-Step Strategy to Implement the Boolean Function
1. Analyzing the Function's Minterms

Since the function is '1' at specific minterms, our goal is to connect these minterms to the



appropriate inputs of the multiplexer, setting the other inputs to '0' or 'X' (don't care) as
needed.

With 16 possible input combinations, and the MUX having 81 inputs, we need to map
these minterms into the MUX's inputs.

2. Choosing the Input Variables and Control Lines

The key to efficient implementation is selecting which variables are used as select lines,
and which are used to generate the data inputs.

- The variables \(A, B, C, D\) can be assigned to select lines.
- The remaining inputs can be set to constants or used for further control if needed.

Given the size of the MUX, we can:
- Use 6 control lines (say, \(S 0,S 1,S 2,S 3, S 4, S 5\)), where:

- 4 are dedicated to the variables \(A, B, C, D\),
- 2 are used for additional logic or to select between groups of minterms.

3. Mapping Minterms to MUX Inputs

Since only 5 minterms are specified as '1', and the total inputs are 81, most inputs will be
set to '0' or 'don't care'.

Here's how to proceed:

- Assign the variables \(A, B, C, D)) to the select lines.
- For each minterm, compute the corresponding input number in binary.

| Minterm | Binary (A B C D) | MUX Input Index | Description |

I I | | |
| 110001 |1]|\(A=0,B
| 310011 |3 |\(A=0, B

| 4]0100]|4|\(A=0, B

| 111011 |11 |\(A=1, B=0,
| 1211100 | 12 | \(A=1, B=1

=0, C D
=0, C=1, D=
=1,C D

- Set the corresponding inputs \(I 1,1 3,1 4,1 {11}, {12}\)to'l".
- All other inputs are '0' or don't care.

4. Implementing with the 81-MUX

Given that, here's the approach:

- Step 1: Use the variables \(A, B, C, D\) as select lines\(S 0, S 1, S 2, S 3\). For example:
-\(S_ 0 =D\,

-\(S_1 =0V,
-\(S_2 =B\,



“\(S_3 = A).

- Step 2: For the remaining select lines \(S 4, S 5\), assign them to constants or additional
control signals to handle the larger input space.

- Step 3: Connect the minterm inputs to the respective data inputs \(I k\):

-\I1 =1V
-\(I.3=1V
-\(1.4=1))

-\(L{11} =1V
-\I_{12} = 1V

All other inputs: 0.

- Step 4: If the multiplexer requires all 81 inputs, assign the others to '0' or 'X' (don't care).
5. Simplified Implementation Strategy

Because the function is sparse (only 5 minterms), an efficient implementation involves:

- Using the select lines to directly encode the minterms.

- Connecting the relevant inputs to '1".

- Connecting all other inputs to '0'.

Alternatively, if the MUX allows, implement a programmable look-up table (LUT) approach
where the inputs are wired such that the output follows the desired minterm combination.

Practical Implementation Details
Using a Hierarchical Approach
Given the size of the MUX, a hierarchical approach can be more manageable:

- First Level: Use a smaller MUX (e.g., 16-input) to handle the four variables.
- Second Level: Use additional multiplexers to select among the outputs.

Implementing with a 6-to-64 Decoder + 16-Input MUX

- Decode the 4 variables into a 16-line decoder.

- Connect the minterms to the corresponding lines.

- Use the decoder outputs as enable signals for the multiplexers.

Setting the Inputs

- Assign the minterms as '1' to their respective inputs.
- All other inputs set to '0'.

Final Wiring



- The select lines are tied to the variables.
- The data inputs are set based on the minterm mappings.
- The outputs combine logically to produce the final function.

Advantages and Limitations of Using an 81-Input Multiplexer
Advantages

- Flexibility: Can implement any Boolean function with the correct wiring.
- Simplicity: Simplifies complex Boolean expressions into a single device.
- Speed: Offers fast implementation with minimal logic levels.

Limitations

- Size: 81-input MUXes are large and costly.
- Complex wiring: Mapping minterms can become complicated.
- Power consumption: Larger devices consume more power.

Summary and Best Practices

Implementing a Boolean function using an 81-input multiplexer involves understanding the
minterm structure, carefully mapping input combinations to the multiplexer inputs, and
efficiently assigning select lines. Here's a summarized step-by-step process:

1. Analyze the minterms: Identify which input combinations yield '1".

2. Assign variables to select lines: Map \(A, B, C, D\) to select lines \(S 0, S 1, S 2, S 3\).
3. Map minterms to inputs: Set the corresponding inputs \(I k\) to '1".

4. Set other inputs to '0': For inputs not corresponding to minterms.

5. Configure the multiplexer: Tie the select lines to the variables, connect data inputs
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