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A full-subtractor is an essential digital circuit used in binary subtraction
operations, particularly when subtracting multi-bit binary numbers. Unlike a
half-subtractor, which handles only a single-bit subtraction without
considering borrow-in, a full-subtractor takes into account an input borrow
(borrow—in) from a previous less significant bit. Understanding how the
borrow (B) is generated within a full-subtractor circuit is fundamental for
designing efficient arithmetic logic units (ALUs) and binary subtractors in
digital systems. This article aims to provide a comprehensive explanation of
the full-subtractor, focusing on deriving and understanding the equation for
the borrow (B) signal within the circuit.

What Is a Full-Subtractor?

A full-subtractor is a combinational circuit that performs subtraction of two
bits, considering an input borrow, and outputs the difference and borrow-out.
It is an extension of the half-subtractor, which can only subtract two bits
without considering any borrow input.

Components and Inputs

The full-subtractor has three primary inputs:
e A: Minuend bit (the number from which another number is subtracted)
e B: Subtrahend bit (the number to be subtracted)

e Bin: Borrow-in (borrow input from the previous subtraction stage)

Outputs

The full-subtractor produces two outputs:
e Difference (D): The result of the subtraction (A - B - Bin)

e Borrow Out (Bout or B): Indicates if a borrow is needed for the next
stage (or the higher bit)



Understanding the Borrow (B) in a Full-
Subtractor

The borrow output (B) in a full-subtractor indicates whether a borrow is
generated during the subtraction process. It is essential for multi-bit
subtraction, where the borrow must be transferred to the next higher bit's
subtraction.

Why Is Borrow Important?

- Borrow ensures accurate subtraction across multiple bits.

— It propagates the need for borrowing to more significant bits.

— Proper calculation of borrow reduces errors in binary arithmetic
operations.

Logic Interpretation of Borrow

In binary subtraction, a borrow occurs if the minuend bit is less than the
sum of the subtrahend bit and the borrow-in:

- If A < B + Bin, then B = 1 (borrow is generated).

— Otherwise, B = 0 (no borrow needed).

This logic can be formalized into an equation that captures all possible
cases where borrowing occurs.

Deriving the Equation for Borrow (B) in a Full-
Subtractor

The goal is to derive an expression for B that accurately reflects the
conditions under which a borrow is generated in the circuit.

Truth Table Analysis

Constructing a truth table helps visualize all possible combinations of
inputs and the resulting borrow output:

| A | B | Bin | B (Borrow) |
|—— == |-—— |
| O | O] O | O |

[ OO0 | 1 | 1|

[ O 1 1 0 1|

o1 1 1111/

| 21 01 0| 0O |

12 10 1| 0 |

12 11 1 01 0|

1 011111

From this table, the conditions under which B = 1 (borrow is generated) are

identified as:

— When A = 0 and B = 1 (regardless of Bin)



- When A = 0, B = 0, and Bin =1
- When A =1, B =1, and Bin = 1

Logical Expression for Borrow (B)

Analyzing the truth table leads to the following logical expression:
B= (A" - B) + (A" - Bin) + (B - Bin)

Where:

— ' indicates NOT operation
— . indicates AND

- + indicates OR

This expression can be read as:
- Borrow occurs if:

- A is 0 and B is 1, OR

- A is 0 and Bin is 1, OR

- B is 1 and Bin is 1

Final Equation for Borrow (B)

Therefore, the simplest Boolean expression for the borrow in a full-
subtractor is:

B =A"-B + A'-Bin + B-Bin
Alternatively, factoring the expression:
B =A'-(B + Bin) + B-Bin

This compact form clearly shows the conditions leading to a borrow.

Implementation of the Borrow Equation in
Circuit Design

Designing a full-subtractor circuit based on the borrow equation involves
implementing the logical expression with gates.

Logic Gate Implementation

The expression B = A'. (B + Bin) + B-Bin can be realized using:
— NOT gates to generate A'

- OR gates for (B + Bin)

- AND gates for A'- (B + Bin) and B:-Bin
- An OR gate to combine the two AND outputs

Step-by-Step Circuit Construction

1. Inversion of A: Use a NOT gate to obtain A'
2. OR operation: Use an OR gate to combine B and Bin



3. First AND gate: AND A' with the output of the OR gate
4. Second AND gate: AND B with Bin directly
5. Final OR gate: Combine outputs of the two AND gates to produce B

This implementation ensures a reliable and efficient circuit for generating
the borrow in binary subtraction.

Application of the Full-Subtractor Borrow
Equation in Digital Systems

The derived borrow equation is fundamental in designing multi-bit subtractors
and ALUs. Its applications include:

— Building ripple carry subtractors

— Designing subtractors with fast carry lookahead logic

— Implementing binary subtraction in microprocessors

- Creating arithmetic modules in digital signal processing systems

Advantages of Using the Boolean Equation

— Provides a clear logical foundation for circuit design
— Facilitates optimization of hardware resources
- Ensures accurate propagation of borrow signals in multi-bit subtraction

Conclusion

Understanding the equation for the borrow (B) in a full-subtractor is crucial
for anyone involved in digital circuit design and binary arithmetic. The
derived Boolean expression, B = A'- (B + Bin) + B:-Bin, encapsulates the
essential conditions under which a borrow is generated during subtraction.
Implementing this logic with basic gates enables the construction of reliable
and efficient subtractors used in various digital systems. Mastery of this
concept not only enhances comprehension of arithmetic logic but also provides
a foundation for designing complex arithmetic units integral to modern
computing hardware.
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Frequently Asked Questions

What is the primary function of a full-subtractor in
digital circuits?

A full-subtractor calculates the difference between two bits along with
considering an input borrow, producing a difference output and a borrow



output to handle binary subtraction with borrow-in.

How is the borrow (B) for a full-subtractor
mathematically expressed?

The borrow (B) in a full-subtractor is given by the equation B = (A' AND
B_in) OR (A' AND B) OR (B_in AND B), where A and B are the bits being
subtracted, and B_in is the borrow-in.

Can you explain the logic behind the borrow equation
in a full-subtractor?

Yes, the borrow occurs if either A is less than B (requiring a borrow), which
is represented by A's complement ANDed with B_in or B, ensuring the circuit
correctly detects when a borrow is needed during subtraction.

What are the typical inputs and outputs of a full-
subtractor circuit?

The full-subtractor has three inputs: A, B, and B_in (borrow-in), and two
outputs: Difference (D) and Borrow-out (B).

Why is understanding the equation for borrow (B)
important in designing digital subtractors?

Knowing the borrow equation helps in designing efficient combinational logic
circuits for binary subtraction, ensuring correct handling of borrow during
multi-bit subtraction operations in digital systems.

Additional Resources
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A full-subtractor is a fundamental combinational logic circuit used in
digital electronics to perform subtraction of binary numbers. It is an
extension of the half-subtractor, capable of subtracting three bits: the
minuend (A), the subtrahend (B), and a borrow-in (Bin). The primary function
of this circuit is to compute the difference (D) and determine whether a
borrow is required for the next higher significant bit during multi-bit
subtraction. Understanding the design of a full-subtractor, especially the
equation for the borrow (B), is essential for digital system designers, as it
forms the backbone of binary subtraction operations in arithmetic logic units
(ALUs) and other computational modules.

Overview of Full-Subtractor

A full-subtractor essentially takes three binary inputs:
— Minuend (A)

— Subtrahend (B)

— Borrow—-in (Bin)

and produces two outputs:
— Difference (D)



- Borrow-out (Bout)

The difference output indicates the result of the subtraction for the current
bit position, while the borrow-out signals whether a borrow is needed to be
passed to the next higher bit position. The full-subtractor can be
constructed using basic logic gates such as XOR, AND, and OR gates, or by
using simpler combinational logic expressions derived from truth tables.

Truth Table for Full-Subtractor

| Bin | A | B | Difference (D) | Borrow Out (B) |
| == I R |
| O | O] O | O | O |
O 1 O | 2 1 12 1 1]
[0 1 12101 1 10|
[0 1 12 1 11071 0|
210101 11 0|
2101 12101 1|
12 112101 01 0|
211210101171

This truth table serves as the foundation for deriving the logical
expressions for the difference and borrow.

Deriving the Equations for Difference and Borrow

Difference (D)

The difference (D) is straightforward to derive using XOR operations because
XOR outputs 1 when an odd number of inputs are 1. Based on the truth table,
the difference can be expressed as:

\[ D = A \oplus B \oplus Bin \]

This expression signifies that the difference is 1 when only one or all three
of the inputs are 1, aligning with binary subtraction principles.

Borrow (B or Borrow-Out)
The borrow-out (B) indicates whether a borrow is needed from the next higher
bit during subtraction. From the truth table, the borrow-out is 1 in the

following cases:

— When B is 1 and A is 0, regardless of Bin.
— When B is 1 and A is equal to 0, and Bin is 1.

More specifically, examining the rows where B is 1:

| A1 B |

| ===l

0101
1 0 1 1

Similarly, the borrow is required when:

- A is 0 and B is 1 (regardless of Bin).
- When A is 0, B is 1, and Bin is 1.



From the truth table, the borrow (B) can be expressed as:

\[ B = \overline{A} \cdot Bin + \overline{A} \cdot B \]

which simplifies to:

\[ B = \overline{A} \cdot (Bin + B) \]

Alternatively, the more canonical Boolean expression for borrow-out is:
\[ B = \overline{A} \cdot Bin + \overline{A} \cdot B + B \cdot Bin \]

But since \( B \) is an input, and the borrow can be triggered by wvarious
combinations, the most common simplified expression is:

\[ B = (\overline{A} \cdot Bin) + (\overline{A} \cdot B) + (B \cdot Bin) \]
which accounts for all scenarios where a borrow is necessary.
Final Equation for Borrow (B):

\ [

\boxed{

B = \overline{A} \cdot Bin + \overline{ZA} \cdot B + B \cdot Bin
}

\1

This Boolean expression efficiently captures all conditions under which a
borrow must be propagated to the next significant bit.

Designing the Full-Subtractor Circuit
Logic Implementation

Using the derived equations, the full-subtractor can be implemented with
basic logic gates:

— Difference (D): Implemented with XOR gates:
— First XOR between A and B: \( A \oplus B \)
- Second XOR with Bin: \( (A \oplus B) \oplus Bin \)

- Borrow (B): Implemented with AND, OR, and NOT gates:

- First, generate \( \overline{A} \) using NOT gate

— Then, compute each term:

- \( \overline{A} \cdot Bin \)

- \( \overline{A} \cdot B \)

- \( B \cdot Bin \)

— Finally, OR these three terms to produce the borrow-out.

Circuit Diagram Overview

A typical full-subtractor circuit includes:
— XOR gates for difference calculation

- NOT gate for inverting A

— AND gates for the terms in the borrow equation
- OR gate to combine these terms



This arrangement ensures a fast and reliable subtraction operation at the bit
level, suitable for multi-bit subtraction when cascaded.

Features and Pros/Cons of the Full-Subtractor
Features

— Comprehensive subtraction capability: Handles subtracting B and borrow-in
simultaneously.

- Modular design: Can be cascaded for multi-bit subtraction.

— Simple logic implementation: Uses basic gates, making it cost-effective and
easy to fabricate.

— Fundamental building block: Essential in ALUs and digital subtraction
circuits.

Pros

- Facilitates subtraction with borrow propagation.

— Suitable for both combinational and sequential logic designs.
— Supports subtraction of multi-bit binary numbers efficiently.
— Can be integrated into more complex arithmetic units.

Cons

- Limited to binary subtraction: Not directly applicable to non-binary
systems without modification.

— Propagation delay: Cascading multiple full-subtractors introduces
propagation delays, affecting speed.

— Power consumption: Multiple gates increase power usage, especially in large
systems.

- Complexity in large systems: As the number of bits increases, the circuit
complexity and wiring also increase.

Applications of Full-Subtractor Circuits

— Arithmetic Logic Units (ALUs): Core component for subtraction operations.
— Binary subtraction in digital systems: Used in subtraction algorithms and
algorithms requiring borrow propagation.

— Digital counters and registers: For subtraction-based operations.

— Error detection and correction systems: Where subtraction plays a role in
calculations.

Variants and Enhancements

— Parallel subtractors: Designed to perform multi-bit subtraction
simultaneously.

— Carry-lookahead subtractors: Reduce delay by predicting borrow bits.

- Ripple borrow subtractors: Simpler but slower due to sequential borrow
propagation.

Conclusion

Designing a full-subtractor involves understanding the logical relationships



between inputs and outputs, especially the borrow operation. The key equation
for the borrow \( B \) encapsulates the conditions under which a borrow must
be propagated during binary subtraction. By expressing the borrow as:

\ [
B = \overline{A} \cdot Bin + \overline{A} \cdot B + B \cdot Bin

\]

designers can implement efficient, reliable circuits that perform subtraction
at the bit level. These circuits serve as foundational building blocks for
more complex arithmetic operations in digital systems. While the full-
subtractor is straightforward in principle, optimizing its speed and power
consumption remains an ongoing challenge, especially as systems scale to
handle larger data widths. Nonetheless, its importance in digital electronics
remains undiminished, underpinning countless applications across computing
and embedded systems.

In summary, the full-subtractor's borrow equation captures all necessary
conditions to determine when a borrow is needed, enabling precise and
efficient binary subtraction in digital logic design.

Design A Full Subtractor What Is The Equation For The
Borrow B For The Full Subtractor Circuit B

Design A Full Subtractor What Is The Equation For The Borrow B For The Full Subtractor Circuit B

Related Articles

e Consider The Problem Of Wind Resources (described In The Section The Timing Option In This
Chapter).

e French Agents Attempted To Get A Bribe From The U.s. In Exchange For Agreement That The
French Would

e Consider, Pea Plants, For Which Green Color Is Dominant To Yellow Color, And Two Leaves
Are Dominant

Back to Home


https://sip.evo9x.com/ma12/design-a-full-subtractor-what-is-the-equation-for-the-borrow-b-for-the-full-subtractor-circuit-b.pdf
https://sip.evo9x.com/ma12/design-a-full-subtractor-what-is-the-equation-for-the-borrow-b-for-the-full-subtractor-circuit-b.pdf
https://sip.evo9x.com/ma12/consider-the-problem-of-wind-resources-described-in-the-section-the-timing-option-in-this-chapter.pdf
https://sip.evo9x.com/ma12/consider-the-problem-of-wind-resources-described-in-the-section-the-timing-option-in-this-chapter.pdf
https://sip.evo9x.com/ma12/french-agents-attempted-to-get-a-bribe-from-the-u-s-in-exchange-for-agreement-that-the-french-would.pdf
https://sip.evo9x.com/ma12/french-agents-attempted-to-get-a-bribe-from-the-u-s-in-exchange-for-agreement-that-the-french-would.pdf
https://sip.evo9x.com/ma12/consider-pea-plants-for-which-green-color-is-dominant-to-yellow-color-and-two-leaves-are-dominant.pdf
https://sip.evo9x.com/ma12/consider-pea-plants-for-which-green-color-is-dominant-to-yellow-color-and-two-leaves-are-dominant.pdf
https://sip.evo9x.com

