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Abstract

This paper presents the design and implementation
of an Arithmetic Logic Unit (ALU) based on ternary
logic using Verilog HDL. Unlike traditional binary
systems that use two logic states (0 and 1), ternary
logic incorporates a third logic level, typically
represented as —1, 0, and +1 or 0, 1, and 2, enabling
more compact and efficient digital designs. By
leveraging ternary logic, the proposed ALU
performs essential arithmetic and logic operations
such as addition, subtraction, comparison,
inversion, and various logic gates using ternary
inputs and outputs. The design is modeled and
simulated using Xilinx Vivado software, and the
results demonstrate reduced gate complexity and
improved performance potential in certain cases
compared to binary ALUs.

The ALU is the core of any processing unit,
responsible for executing both arithmetic and
logical operations. In conventional binary logic,
implementing multiple functions often leads to
increased  circuit  complexity —and  power
consumption. Ternary logic offers a compact
alternative by  reducing the number of
interconnections and gates required for logic
synthesis. In this work, fundamental ternary
components such as ternary half adder, half
subtractor, comparator, ternary inverter, and
various ternary logic gates were individually
designed and integrated to form a functional ternary
ALU. Each module was verified using Verilog
testbenches to ensure correctness in all possible
ternary input combinations. Simulation results
confirm accurate functionality and demonstrate the
feasibility of ternary logic for future VLSI systems
emphasizing power efficiency and high circuit
density.

Keywords: Ternary Logic, Arithmetic Logic Unit,
Verilog HDL, Multi-Valued Logic, VLSI, FPGA,
Vivado.

Introduction

An Arithmetic Logic Unit (ALU) is a fundamental
component of digital systems responsible for
executing arithmetic and logical operations.
Conventional ALUs are based on binary logic,
which operates using two states: 0 and 1. However,
with the increasing demand for higher performance

and efficiency, alternative logic systems such as
ternary logic have gained attention. In ternary logic,
each digit—referred to as a fritr—can represent three
states, typically {0, 1, 2} or {—1, 0, +1} in balanced
form.

Ternary logic offers several advantages over binary
systems, including higher information density,
reduced circuit complexity, and the potential for
improved energy efficiency. Since each trit can store
more information than a binary bit, ternary systems
can reduce the number of interconnections and
components required in digital circuits. However,
designing a ternary ALU requires redefining
conventional arithmetic and logical operations to
accommodate three logic levels, along with
addressing hardware challenges such as signal
representation and voltage threshold management.
The project “Design of ALU using Ternary Logic”
aims to explore and utilize these advantages by
developing a novel ALU based on ternary
principles. The design focuses on implementing core
operations such as addition, subtraction,
comparison, and logical functions using ternary
logic. Key components, including ternary half
adders, subtractors, comparators, and logic gates,
are designed and integrated to form a complete ALU
system.

The proposed ALU is implemented using Verilog
Hardware Description Language (HDL) and verified
through simulation to ensure functional correctness.
The performance of the ternary ALU is analyzed and
compared with traditional binary ALUs,
highlighting improvements in efficiency and
computational capability.

Overall, this project demonstrates the potential of
multi-valued logic systems in modern digital design.
By leveraging ternary logic, it presents a promising
approach toward achieving higher performance,
reduced power consumption, and improved
scalability, thereby contributing to the development
of next-generation computing architectures.

Literature Survey
1. “Ternary Logic: A Comprehensive
Overview” by Smith, J., & Johnson, A.
(2020)
This paper presents a detailed overview of
ternary logic, including its fundamental
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principles, advantages, and potential
applications. It emphasizes the ability of
ternary systems to improve data
representation and computational
efficiency. However, it also highlights key
challenges such as increased complexity in
ternary arithmetic and the limited
availability of hardware capable of
supporting ternary operations.

2. “Design and Implementation of Ternary

Arithmetic Logic Unit Using Carbon
Nanotube FETs” by Chen, L., & Lee, S.
(2018)
The authors propose a novel ALU design
using carbon nanotube field-effect
transistors (CNTFETs). The study
demonstrates that ternary logic can
significantly reduce power consumption.
However, it identifies major limitations
related to  fabrication  complexity,
scalability, and integration with existing
semiconductor technologies.

3. “Exploring Ternary Logic for Low
Power ALU Design” by Gupta, R., &
Sharma, M. (2019)
This research focuses on the application of
ternary logic in designing low-power
ALUs. The results indicate considerable
energy efficiency benefits compared to
binary designs. Nevertheless, the study
points out the need for specialized design
methodologies, tools, and expertise, which
may hinder large-scale adoption.

4. “Ternary Arithmetic Logic Unit Design
Based on CMOL Technology” by Liu,
Y., & Wang, Q. (2021)
This paper introduces a ternary ALU
design based on CMOL (Crossbar
Molecular/Quantum-dot Cellular
Automata) technology. The proposed
approach offers advantages such as high
density and  scalability.  However,
challenges related to fabrication processes
and compatibility with current electronic
systems remain significant barriers.

Overall, existing research indicates that ternary logic
is a promising alternative to binary logic, offering
improved data density and reduced circuit
complexity. By encoding more information per
digit, ternary systems can reduce the number of
required gates and interconnections, leading to more
compact and efficient circuit designs. Despite these
advantages, practical implementation challenges
continue to limit its widespread adoption.

Motivation

With the rapid advancement of digital electronics,
there is a growing demand for systems that are
faster, more power-efficient, and capable of
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handling increasing computational complexity.
Although binary logic has been the foundation of
digital design for decades, it is gradually
approaching its limitations in terms of scalability
and performance.

This has encouraged researchers to explore multi-
valued logic systems, particularly ternary logic,
which introduces an additional logic state and
enhances  information  representation.  The
Arithmetic Logic Unit (ALU), being the core
computational component of any processor, serves
as an ideal platform to investigate the practical
benefits of ternary logic.

Designing a ternary ALU using Verilog HDL
enables efficient modeling, simulation, and
verification of the system, making it suitable for
exploring advanced digital design concepts. This
project is motivated by the need to examine a
promising alternative to binary logic and to
contribute toward the development of compact,
high-performance, and energy-efficient computing
systems.

Furthermore, this work provides valuable hands-on
experience in hardware description languages,
digital system design, simulation techniques, and
VLSI concepts, thereby bridging the gap between
theoretical knowledge and practical
implementation.

Design ALU Using Ternary Logic

An Arithmetic Logic Unit (ALU) is a fundamental
component of a computer processor responsible for
performing arithmetic and logical operations.
Traditionally, ALUs are designed using binary
logic, which operates with two states: 0 and 1.
However, with the growing need for improved
computational efficiency and data processing
capabilities, alternative logic systems such as
ternary logic have gained significant attention.
Ternary logic is a three-valued system, where the
logic states can be represented as {0, 1, 2}
(unbalanced ternary) or {—1, 0, +1} (balanced
ternary). Among these, balanced ternary is
particularly advantageous due to its symmetry and
suitability for mathematical operations. A ternary
ALU operates on trits (ternary digits) instead of bits,
enabling it to process more information per unit.
Each trit carries approximately 1.585 bits of
information, which allows for higher data density
and potentially more compact and efficient
instruction sets.

In addition to improving data representation, ternary
logic simplifies certain arithmetic operations. For
example, operations such as negation and
subtraction can be implemented more naturally in
balanced ternary, often resulting in simpler and
more symmetrical circuit designs. Logical
operations—including AND, OR, NOT, XOR,
NAND, and NOR—are also extended to
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accommodate three logic states, providing a richer
and more flexible set of operations.

Despite these advantages, implementing ternary
ALUs in hardware presents challenges. Most
existing digital systems are built on binary
technology, making the development of reliable and
cost-effective  ternary components complex.
Nevertheless, ternary computing remains an active
area of research due to its potential benefits in
specialized applications and future computing
technologies.

The proposed block diagram represents a Ternary
Arithmetic Logic Unit capable of performing both
arithmetic and logical operations on ternary inputs
A and B. The arithmetic unit generates outputs such
as Sum and Carry (for addition) and Difference and
Borrow (for subtraction). Additionally, the ALU
includes comparative logic to determine whether A
< B, A =B, or A > B. It also performs logical
operations such as AND, OR, XOR, NAND, and
NOR based on ternary logic rules.

4.3 Working Methodology

The working methodology of a ternary ALU is
based on the manipulation of trits, the fundamental
units of ternary logic. Each trit can represent three
distinct states—commonly 0, 1, and 2 in unbalanced
ternary, or —1, 0, and +1 in balanced ternary systems.
The ALU processes these values using specially
designed circuits that differ from conventional
binary implementations.
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At the core of the ternary ALU are ternary logic
gates such as AND, OR, and NOT, which are
extensions of binary logic gates. These gates are
designed to handle three distinct voltage levels (or
equivalent physical representations), enabling them
to process ternary inputs effectively. For instance, in
a balanced ternary system, a NOT operation may
map —1 to+1,0to 0, and +1 to —1.

Arithmetic operations in the ternary ALU involve
computing both the result and the corresponding
carry or borrow values using ternary arithmetic
rules. Unlike binary systems, the carry in ternary
addition is itself a trit, which adds complexity but
also increases computational efficiency.

Since most modern digital systems are based on
binary logic, conversion between binary (base-2)
and ternary (base-3) number systems becomes
essential. Additionally, conversion between ternary
and decimal systems is important for interfacing
with standard computational frameworks. These
conversion processes play a crucial role in ensuring
compatibility and practical implementation of
ternary-based systems.

Results and Discussion

Result

Ternary logic systems operate with three logic
levels—typically 0, 1, and 2—offering a more
information-dense alternative to binary systems.
This can lead to reduced complexity in interconnects
and potentially more power-efficient digital designs.
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Fig I Ternary ALU Operation Simulation

The image shows a Vivado Design Suite interface
during the implementation phase of a digital design
project. The design appears to be for a binary ALU
(binary_alu) and has completed implementation
successfully. The Project Summary indicates that
postimplementation utilization is minimal, with only
1% IO utilization. The Power Report reveals a total

on-chip power consumption of 4.074 W, a junction
temperature of 36.1°C, and a thermal margin of
63.9°C, which suggests the design is thermally
efficient. The Timing Summary tab shows that the
Worst Negative Slack (WNS), Total Negative Slack
(TNS), and other timing parameters are marked as
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NA, indicating timing analysis might not have been
completed or timing constraints were not defined.

The transitions seen in the waveform at various time
steps confirm that the ALU behaves as expected,
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producing accurate outputs based on the input
values. This simulation helps verify the correctness
and timing behaviour of the ternary logic
implementation before hardware synthesis.
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Fig 2 Ternary Logic Implementation

The result displays the post-implementation power
analysis and resource utilization summary of a
ternary ALU design in Vivado. The utilization
report shows minimal use of FPGA resources, with
only 1% I/O and 30% logic cells used, indicating an
efficient design. However, the total on-chip power
consumption is 8.535 W, which is relatively high,
resulting in a junction temperature of 77.8°C. The
thermal margin is 22.2°C, which is still within safe
operating limits but closer to the upper threshold.
The confidence level is marked low, suggesting that
the estimation is based on default or invalid
switching activity rather than actual usage data.
Overall, the design is functionally implemented with
acceptable thermal performance, though power
optimization may be needed for real-world
deployment.

Discussion

The implementation and simulation of the ternary
ALU were successfully carried out using the Vivado
Design Suite. The simulation waveforms verified
the correct functionality of the ALU across various
input combinations, producing expected outputs for
arithmetic operations such as sum, carry, difference,
and borrow, as well as logical operations including
AND, OR, XOR, NAND, and NOR. The observed
waveform behavior accurately represents ternary

logic processing, confirming the correctness of the
Verilog design.

The post-implementation analysis indicates efficient
resource utilization, with only 1% of I/O resources
and 30% of logic cells being used. This
demonstrates that the design is hardware-efficient
and suitable for FPGA-based applications.
However, the power report reveals a total on-chip
power consumption of 8.535 W and a junction
temperature of 77.8°C. While the temperature
remains within acceptable operational limits, it is
relatively high, indicating the need for further
optimization to reduce power consumption,
especially for real-time deployment scenarios.

The confidence level in the power analysis is
reported as low, which is expected when default
switching activity is used instead of actual
simulation-based activity data. Despite this
limitation, the design successfully meets both timing
and functional requirements.

Furthermore, the simulation validates the correct
operation of all modules, including the ternary half
adder, subtractor, and logical units. These results
confirm that the ternary ALU design is functionally
accurate, resource-efficient, and a promising
candidate for future enhancements and FPGA-based
implementations.
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Conclusion

In conclusion, the project “Design of ALU using
Ternary Logic” highlights the significant potential
of ternary logic as an effective alternative to
conventional binary logic systems. By combining
both ternary and binary logic gates, the proposed
ALU achieves a balanced design that leverages the
advantages of each approach, resulting in improved
computational efficiency in terms of speed and
power consumption.

The inclusion of a third logic state enhances data
representation and processing capability, enabling
higher information density compared to traditional
binary systems. This contributes to increased
processing efficiency and opens new possibilities in
digital system design. Overall, the project
demonstrates that ternary logic can be successfully
implemented in ALU design, offering a viable
pathway toward more efficient, compact, and high-
performance computing architectures.

Future Scope

Optimization and Enhancement:

Future work can focus on further optimizing the
ternary ALU design to improve key performance
parameters such as speed, power efficiency, and area
utilization. This can be achieved through advanced
circuit design techniques, improved logic synthesis
methods, and the exploration of optimized ternary
algorithms.

Real-World Integration:

The proposed ternary ALU can be extended to real-
world applications by integrating it into practical
systems such as embedded platforms, Internet of
Things (IoT) devices, and high-performance
computing systems. Experimental implementation
and testing in such environments will help evaluate
its practical feasibility, reliability, and scalability.
Advanced Research Opportunities:

Further research can explore the development of
complete ternary-based processors and memory
units, enabling fully ternary computing systems.
This could significantly enhance computational
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efficiency and pave the way for next-generation
digital architectures.
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