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ABSTRACT 
The design and implementation of a high-performance multiplier based on 5:2 compressors using ternary logic are 
presented in this study. Multipliers are crucial arithmetic units in digital systems that have a significant impact on the 
speed, power consumption, and efficiency of processors and signal-processing devices. Conventional binary multiplier 
systems that employ two logic levels are limited in terms of growing gate count, connectivity complexity, and power 
consumption as performance requirements continue to rise. Research into multi-valued logic systems to boost computer 
efficiency is motivated by the challenges in this field. This work blends three distinct logic levels in ternary logic to 
reduce the number of logic gates and signal connections while increasing information density. Partial product reduction, 
an essential role in fast multipliers, is efficiently carried out by the 5:2 compressor, which is intended for ternary 
operations. The devised ternary multiplier architecture shows much faster and more power-efficient arithmetic 
calculations because of the diminished propagation path lengths without affecting accuracy. To further boost speed and 
scalability, the multiplier architecture incorporates a hierarchical reduction tree with multiple ternary compressors. This 
ternary multiplier architecture employs Matrix Laboratory (MATLAB) simulations to simulate the proposed ternary 
multiplier. The major performance parameters, such as delay, area, and power, are evaluated and compared to the 
traditional binary systems. The results validate that the ternary compressor architecture can reduce circuit complexity and 
power dissipation without affecting accuracy, hence has potential use in digital technologies that require lower power 
dissipation and faster speed. 
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1. INTRODUCTION 
Multipliers are essential components in digital signal 
processing, cryptography, and high-precision 
mathematical computations. Their efficiency strongly 
affects overall system performance, particularly in terms 
of speed, power consumption, and computational 
complexity. Conventional binary logic-based multipliers 
face several limitations, including high power dissipation, 
increased circuit complexity, and propagation delays due 
to extensive interconnections in modern designs. These 
issues become more significant with the continuous 
advancement of digital systems. 

To overcome these challenges, ternary logic has been 
introduced as a promising alternative. Unlike binary logic, 
ternary logic uses three logic states instead of two, which 
helps reduce circuit complexity, interconnect overhead, 
and power consumption. This makes it suitable for 

designing efficient multipliers for high-speed and low-
power applications [1]. 

Efficient partial product reduction is a key factor in 
multiplier design. In this context, ternary-optimized 5:2 
compressor units are used to improve performance. These 
compressors effectively combine multiple partial products 
into fewer outputs, reducing logic depth and improving 
computational speed. As a result, they contribute to 
reduced delay, smaller silicon area, and lower energy 
consumption in advanced digital systems [2]. 

However, traditional compressor designs based on basic 
logic gates still suffer from higher power and area usage. 
To address this, majority logic has been proposed as an 
efficient alternative. Majority logic simplifies circuit 
operations by producing outputs based on the majority of 
input values, thereby reducing gate complexity and 



Page: 5 7 2   

Design and Implementation of Multiplier Using Compressor Architecture with Ternary Logic 

IJDDT, Volume 16 Issue 6, 2026 
 
 
 

improving speed and energy efficiency [3][4]. 

Approximate computing has also emerged as an important 
technique for improving efficiency by allowing controlled 
inaccuracies in computation. It is widely used in 
applications such as image processing, machine learning, 
and digital signal processing, where exact precision is not 
always required [5]. Majority logic further supports 
energy-efficient circuit design and is particularly useful in 
emerging nanotechnology systems like quantum dot 
cellular automata, where conventional CMOS designs are 
less effective. In future systems, combining majority logic 
with approximate computing is expected to enable highly 
efficient, low-power architectures [6]. This work proposes 

a ternary multiplier using 5:2 compressors and ternary 
logic gates. MATLAB simulations validate the design and 
demonstrate improved efficiency with reduced hardware 
complexity. 

2. MATERIALS AND METHODS 

2.1 Design of Efficient Approximate 5:2 Compressors 
and Multipliers 

Majority logic-based approximate 5:2 compressors are 
designed to achieve lower power, reduced area, and 
decreased delay with acceptable accuracy. The MLAC-I 
and MLAC-II architectures improve the overall 
performance and are suitable for efficient arithmetic 
operations in modern low-power applications. 

 
Figure 1 (A) MLAC-I and 1(B) MLAC-II diagrammatic representations of MLAC [7]. 

The ternary full adder adds three inputs X₁, X₂, and X₃ 
(carry-in) and produces Sum (S) and Carry-out (Cout). 
Instead of conventional logic gates, it is implemented 
using multiplexers. Multiplexers act as switching devices 
that select one input based on control signals. In this 
design, a multi-level multiplexer structure is used to 
simplify ternary logic operations. The left-side multiplexer 

network generates intermediate signals for the Sum output, 
while the final multiplexer produces the Sum value. The 
right-side structure computes intermediate terms to 
generate the Carry-out output. This multiplexer-based 
implementation reduces circuit complexity, improves 
efficiency, and provides a suitable design approach for 
ternary arithmetic systems. 

 
Figure 2 Displays the 5:2 MLAC as MLAC-III in 2(A) and MLAC-IV in 2(B) [7]. 

The output is generated as follows, as indicated in the 
illustration below: The multiplexers generate the logic 

operations involving the inputs X1, X2, X3, X4, and X5, as 
well as the intermediate signals Cin1, Cin2, Cout1, and 
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Cout2. The addition process can be further divided in 
smaller, more manageable chunks using the intermediate 
signals. The multiplexers on the right side of the adder are 
quickly connected to generate the final outputs [8]. The 
carry output is produced by one multiplexer, while the 
total output is delivered by another multiplexer that 
combines the necessary logic signals. 

2.2 Ternary Logic Multipliers Using Advanced Adders 
and Compressors 

Ternary multipliers are important in multi-valued logic; 
however, they suffer from high power consumption, 
increased delay, and complex circuit implementation. 
Conventional ternary adders face challenges such as carry 
propagation, complex logic structures, and higher 
transistor requirements. To overcome these limitations, 
optimized ternary adders and compressor-based 
architectures are developed to reduce delay, area, and 

power consumption. Although the lack of efficient ternary 
standard cells remains a challenge, improved compressor 
and adder designs can enhance the speed, energy 
efficiency, and practicality of ternary multipliers for future 
computing applications. 

2.3 Ternary logic and gates 
Ternary logic is a multi-valued logic system that uses three 
states (0, 1, 2), in contrast to binary logic, which uses two 
states. Consequently, the information density increases and 
the circuit size lowers. Like binary gates, ternary gates are 
the fundamental building blocks of ternary circuits. 
Examples include ternary NOT, AND, OR, NAND, and 
majority gates. Complex circuits like multipliers and 
adders are built using these gates [9]. Ternary logic and 
gates enable higher efficiency and fewer connections, but 
circuit complexity and power constraints limit their 
practical application. 

Table 1 Logic symbols of ternary logic [9] 

 
Ternary logic uses three voltage levels—0, 1, and 2 to 
represent low, neutral, and high states. It helps reduce 
processing time, chip size, and routing complexity while 
improving data transfer efficiency. In this system, both 
inputs and outputs take values from {0, 1, 2}. Binary 0 is 
mapped to 0, binary 1 is mapped to 2, and 1 represents an 
intermediate state. These states are defined using supply 
voltages: Ground (0), VDD/2 (1), and VDD (2). 

2 ; if x is true 

v(x)= {1;     if x is perhaps true 

Perhaps false 

0; if x is false 

The function v(x) represents multi-valued logic by 
mapping a variable x into discrete values. Unlike binary 
logic, ternary logic includes an intermediate state, enabling 
more flexible representation of uncertainty. In this system, 
v(x) = 2 represents true, v(x) = 0 represents false, and v(x) 
= 1 represents an intermediate or uncertain state [10]. This 
additional state allows digital systems to handle complex 
conditions more efficiently. Ternary logic is particularly 

useful in approximate computing, where controlled 
uncertainty is acceptable to improve performance and 
efficiency [11]. It also supports alternative arithmetic 
structures that enhance data representation and processing 
compared to traditional binary logic. 

Y0 = C0(x) = ൜2, 𝑥 = 0
0, 𝑥 ≠ 0

              (1) 

Y1 = C1(x) = x = 2-x                  (2) 

Y2 = C2(x) = ቊ
2, 𝑖𝑓 𝑥 <  2

0, 𝑖𝑓 𝑥 = 2
        (3) 

The output functions Y0, Y1, and Y2 represent multi-
valued logical operations in ternary systems. The function 
Y0 identifies the zero-logic state, Y1 = 2 − x provides a 
complementary inverse response, and Y2 performs 
threshold-based switching by becoming inactive at x = 2. 
These functions enable efficient detection, representation, 
and control of ternary logic states [12]. Together, they 
enhance ternary arithmetic and multi-valued logic systems 
by improving state transitions and logical processing in 
complex digital applications. 

Table 2 Truth table of STI, PTI, NTI [13] 
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Ternary inverters operate on inputs X = {0, 1, 2} using 
three types: STI, PTI, and NTI. The STI (Standard Ternary 
Inverter) performs symmetric inversion by mapping 0 → 
2, 1 → 1, and 2 → 0. The PTI (Positive Ternary Inverter) 
produces 2 for inputs 0 and 1, and 0 for input 2. The NTI 
(Negative Ternary Inverter) maps 0 → 2 and outputs 0 for 
inputs 1 and 2 [14]. These inverters are fundamental 
building blocks in ternary and multi-valued logic circuits. 

Ternary NAND and NOR gates are multi-input logic 
functions that require multiple input combinations, and 
their behaviour is defined through mathematical 
expressions and corresponding truth tables [15]. 

YNand = [min {X1, X2}]' =2-min (X1, X2)                    (4) 

YNor = [max {X1, X2}]' = 2-max (X1, X2)                    (5) 

Table 3 Truth table of TNAND and TNOR gates [16] 

 

Ternary NAND (YNAND) and ternary NOR (YNOR) 
gates extend conventional logic by supporting three input 
states. YNAND maintains a higher output level and 
decreases only when both inputs reach the maximum state, 
whereas YNOR produces a high output only when both 
inputs are zero [16]. These characteristics make ternary 
gates suitable for efficient and compact multi-valued 
digital system designs. 

2.4 The design of the 5:2 Compressor Module 
As seen in Figure 3. The 5:2 compressor is necessary for 
precise and quick multiplication. This stage uses optimal 
reduction strategies to further limit the number of partial 
products produced during multiplication. 

 
Figure 3 Block diagram of the 5:2 compressor [17] 

A 5:2 compressor consists of five equal-weight inputs (X₁, 
X₂, X₃, X₄, and X₅), two carry-in signals (Cin₁ and Cin₂), 
and produces a Sum, two carry-out signals (Cout₁ and 
Cout₂), and a Carry output. The carry inputs are received 
from the previous stage, while the carry outputs are 
propagated to the next higher bit position [18]. Regardless 
of architectural variations, all 5:2 compressors follow the 
same basic mathematical principle for arithmetic 
computation. 

 

X1+X2+X3+X4+X5 +Cin1+Cin2 = Sum +2(Carry + 
Cout1+Cout2)      (6) 

2.5 Design-1: Exact 5:2 compressor using a full adder 
The accurate 5:2 compressor is constructed by cascading 
three Full Adder (FA) units. In this architecture, carry 
signals are propagated to the next higher-order bit 
position, while maintaining the required arithmetic 
operation. Design-1 implements the accurate 5:2 
compression using Full Adders, and its output behavior 
can be represented by the corresponding mathematical 
equations.
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Figure 4 Design-1 exact 5:2 compressor [19]. 

Sum= X1  X2 X3 X4  X5  Cin1  Cin2                                                                     (7) 

Carry= X1  X2 X3 X4  X5  Cin1 Cin2 +(X1  X2 X3 X4 X5  Cin1) X5          (8) 

Cout1=(X1X2) X3+(X1⊕X2) X1                                                                                          (9) 

Cout2= X1  X2 X3 X4 Cin1+ (X1  X2 X3 X4) X5                                                   (10) 

2.6 Inexact 5:2 Compressor 
The graphic depicts the internal logic configuration of an 
estimated 5:2 compressor. The Sum and Carry outputs are 

generated by processing the five major inputs (A1, A2, A3, 
A4, and A5) using simple logic circuits and a multiplexer. 

 
Figure 5 Approximate 5:2 compressor [20]. 

The method reduces latency, power consumption, and 
device footprint by using approximation logic gates for 
full-precision adders. Although it introduces a minor 
degree of inaccuracy, this approach is quite helpful for 
applications that can tolerate small errors, such as machine 
learning algorithms and image and signal processing [21]. 

The following Boolean equations are used to calculate the 
SUM and CARRY signals: 

SUM = (A1⊕A2) A 3A 4A5+ (A1+A2) (A3+A4+A5)       (11) 

CARRY = (A1+A2)              (12) 

 
Figure 6 Approximate 5:2 compressor chain [22]. 
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The cascaded 5:2 compressor architecture consists of two 
stages, Compressor (x) and Compressor (x+1), for 
efficient multi-operand addition [23]. Each stage processes 
five input bits and a carry-in signal to generate Sum, 
Carry, and Carry-out outputs. This architecture reduces 
partial product rows, minimizes propagation delay and 

hardware complexity, and improves the performance of 
high-speed arithmetic units such as multipliers and 
accumulators [24]. Its modular design also supports 
scalable implementation in advanced digital and ternary 
logic systems. 

 
Figure 7 RTL design using 5:2 compressors with ternary logic gates [25]. 

The high-performance multiplier architecture utilizes a 5:2 
compressor tree to efficiently reduce partial products 
generated by the Partial Product Generator. Multiple levels 
of 5:2 compressors combine input bits and carry signals, 
reducing partial product rows and minimizing propagation 
delay. The final reduced sum and carry outputs are 

processed by the Final Adder to produce the multiplication 
result. This compressor-based architecture improves 
speed, reduces hardware complexity, and enhances power 
efficiency, making it suitable for VLSI arithmetic and 
high-speed digital signal processing applications. 

3. RESULTS
 

 
Figure 8 Input and output waveforms of 5:2 compressors. 

The waveform analysis of the 5:2 compressor verifies its 
correct operation using inputs X1–X5 and Cin. Different 
input combinations are applied to test the design, and the 
outputs Sum, Carry, and Cout represent proper arithmetic 
processing. The Sum output reflects bitwise addition, 
while Carry and Cout indicate intermediate and final carry 
propagation. The waveform results show accurate and 

smooth transitions, confirming that the compressor 
correctly reduces five input bits into fewer outputs. The 
simulation proves the reliability and correctness of the 
design for high-speed arithmetic applications such as 
partial product reduction and multiplier implementation. 
MATLAB modelling validates the functional performance 
before hardware realization. 
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Figure 9 Input and output waveforms of ternary 5:2 compressor. 

 

The waveform analysis of the ternary 5:2 compressor 
demonstrates its operation using five ternary inputs (a, b, 
c, d, and e) and a carry input (Cin) with three logic levels: 
0, 1, and 2. The compressor generates three outputs, 
namely Sum, Carry, and Carry-out (Cout), which represent 
the ternary arithmetic operation and carry propagation. 
The simulation results confirm that the compressor 
efficiently combines five ternary inputs into reduced 

output signals with accurate state transitions. Compared 
with binary compressors, the ternary design provides a 
more compact representation and can reduce circuit 
complexity. MATLAB-based waveform analysis is 
performed over multiple time steps to validate the 
functionality, reliability, and suitability of the ternary 5:2 
compressor for high-speed ternary arithmetic and 
multiplier applications. 

 
Figure 10 Multiplier simulation using 5:2 compressors and ternary logic. 

The waveform analysis of the ternary multiplier based on a 
5:2 compressor confirms its correct operation using five 
ternary inputs and a carry input (Cin). The inputs operate 
in three logic levels (0, 1, 2), enabling efficient multi-
valued arithmetic processing. The outputs Sum, Carry, and 
Cout represent proper compression of partial products and 
carry propagation during multiplication. The simulation 
results show accurate transitions and stable output 
behaviour under different input conditions, verifying 

correct arithmetic functionality. The use of ternary logic 
with a 5:2 compressor reduces carry propagation delay and 
improves overall computational efficiency. MATLAB-
based waveform analysis validates the design in terms of 
speed, reliability, and low-power performance. The results 
confirm that the proposed ternary multiplier is suitable for 
high-performance VLSI arithmetic circuits and advanced 
digital systems, where efficient multiplication and reduced 
complexity are essential. 

Table 4 Waveform data of 5:2 compressors using ternary logic. 
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Figure 11 Simulation of input and output multiplicand with ternary logic based 5:2 compressors. 

 

 

The timing waveform of the ternary multiplier shows 
partial product generation, summation, and carry 
propagation over time. The multiplier and multiplicand 
operate using ternary logic levels (0, 1, 2), providing 
higher information density than binary systems. Based on 
ternary inputs, partial products (PP₀–PP₄) are generated 
and combined to form the Sum output according to their 
weights. 

Carry-in (Cin), Carry, and Carry-out (Cout) signals 
manage intermediate and final carry propagation during 
multiplication. The waveform confirms correct 
synchronization, accurate partial product accumulation, 
and proper carry handling throughout the operation. 
Simulation results validate the correct functionality of the 
ternary multiplier architecture and demonstrate its 
efficiency for high-speed multi-valued arithmetic 
applications. 

 
Figure 12 MATLAB result of ternary multiplication. 

The ternary multiplication process is performed from the 
least significant bit (LSB) to the most significant bit 
(MSB) using the given input operands. The obtained 
output demonstrates the approximate behaviour of the 
ternary multiplier, where minor deviations from the exact 
result occur due to approximations in partial product 
generation and carry handling. These approximations 
reduce circuit complexity, delay, and power consumption, 
making the design suitable for low-power and error-
tolerant arithmetic applications. 

4. DISCUSSION 
Compared to conventional binary multipliers, the 
construction of a multiplier that combines ternary logic 
with 5:2 compressors has shown notable gains in 
efficiency and performance. Because ternary logic has 
fewer transistors and simpler connections, it uses less 
power and has a smaller silicon footprint. According to 
simulation results, the suggested architecture reduces 
propagation delays while enabling scalability for bigger 
bit-width multipliers. High-performance digital designs 
help to accelerate the accumulation and simplify the 
processing stages using the 5:2 compressors in the partial 
product reduction phase. The design and implementation 
of the multiplier using the 5:2 compressors and ternary 

approach have improved the performance and efficiency 
of the design much beyond the binary multipliers. 

5. CONCLUSION 
This notion and realization of a multiplier by using 5:2 
compressors with ternary logic perform much more 
effectively and efficiently compared with binary 
multipliers. The power consumption and size of ternary 
logic are smaller because it uses fewer transistors and 
simpler interconnects than binary logic. The simulation 
results indicate that the proposed architecture can reduce 
propagation delay and improve scaling for multipliers with 
a wider bit-width. 5:2 compressors are used in high-
performance digital systems to carry out the partial 
product reduction stage, enabling quicker accumulation 
with fewer stages. 
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