
 

 

 

 

 

ABSTRACT: The multiplier is the fundamental component of many computing modules. As the most 

important component of a multiplier, the full adder (FA) also has a significant impact on the overall 

performance. Full adders based on pass transistor logic (PTL) have been a very popular research field in 

recent years, but the uneven delay makes it difficult to analyze the critical path of multipliers based on PTL 

full adders. Therefore, a high speed and delay efficient adaptive hold logic based KS (Kogge-Stone) multiplier 

is introduced. This proposed uses Adaptive Hold Logic (AHL) based Kogge-Stone Multiplier is used in high-

performance digital systems to ensure reliable, long-term operation. It pairs the extremely fast computation 

speed of a Kogge-Stone adder with a specialized circuit that detects and mitigates physical hardware 

degradation as the chip ages. 

 

KEYWORDS: Multipliers, Full Adder (FA), Pass Transistor Logic (PTL), Adaptive Hold Logic (AHL), KS 

(Kogge-Stone)  

 

I. INTRODUCTION 

Many digital signal processing (DSP) and machine learning applications are heavily dominated 

by multiplication [1]. the multiplier is an important component in various hardware platforms. 

The conventional multiplication includes three major phases [2]. (1) Two inputs (multiplier and 

multiplicand) are multiplied to generate the partial products (PPs). (2) Reducing the PPs’ matrix 

into two rows by partial product reduction schemes (3) The final carry propagated addition of the 

remaining two rows of PPs. Particularly, the second phase plays a significant role in power 

consumption, cost, and overall performance [3]. Then, the radix-4 Booth algorithm can improve 

the performance of multiplication because the radix-4 Booth multiplier can reduce the number of 

PP rows by half [4]. 

 

Among the above-mentioned parallel paradigms, Approximate Computing has emerged as a 

viable solution to resource-efficient computing in the face of exploding data, increased demands, 

and complexity of computations [5]. Approximate computing has shown significant efficiency 

gains with respect to power, chip area, and performance/ throughput by exploiting the inherent 

error resilience of applications [6]. It works on the principle of relaxed precision, i.e., trading off 

tolerable accuracy losses (in applications where approximate computations still produce quality 

results) to enable novel optimizations, keeping a good balance between quality, reliability, and 

hardware efficiency [7]. 

 

The traditional approximate computing approaches [8] such as fail small (small error magnitude, 

high error rates), fail rare (high error magnitude, small error rates), and fail moderate (moderate 

error magnitude, moderate error rates), restrict errors based on their magnitudes and rates. These 

conventional approaches explore only a limited design space, excluding approximations with 

both high error magnitude and high error rate [9]. Without error cancellation, high error/ high 

rate designs would fail even in error-tolerant domains. This exclusion limits the potential 
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efficiency gains for a given quality constraint and undermines the quality–efficiency trade-off 

[10]. To overcome the constraint of a limited design space, more recent fail balanced techniques, 

also known as self-healing methodologies, offer an effective quality-efficiency trade-off by 

providing an opportunity for error cancellation [11]. 
 

Approximate computing assumes small approximations in computing while maintaining an 

acceptable quality of results [12]. Approximate computing has become a popular strategy for 

arithmetic circuit design, where energy-efficient design is more important than accuracy, and the 

challenge is to achieve the best trade-off between accuracy and design efficiency [13]. The 

principal requirement for an approximate arithmetic circuit is to exhibit a controllable error with 

design efficiency as the central goal. The multipliers are the indispensable components in many 

systems, e.g., digital signal processors, embedded vision systems and hardware accelerators. At 

the same time, multipliers represent the most complex arithmetic components in the digital 

implementation of these systems (e.g., hardware deep neural networks) [14]. Thus, obtaining an 

efficient multiplier design is of the highest importance. The multiplier design can be remarkably 

simplified if we exclude the requirement for exact computation, so various versions of 

approximate multiplier design have been proposed recently. 

 

II. LITERATURE SURVEY 

S. V. S. Prasad, N. S. S. Sagar, M. V. Nitya Pushkala, S. Silveri, B. Harshitha and S. Chenna et 

al. [15] proposes a novel technique towards enhancing VLSI performance as 3-Parallel 

Polyphase Odd-Length FIR Filtering. Here, the design primarily consists of Kogge-Stone Adder 

integrated with Booth Multiplier to increase the speed and efficiency of the Kogge-Stone Adder. 

To address the issues, we make use of the architectural features of Kogge-Stone Adder and the 

computational efficiency of Booth Multiplier by introducing the 3-Parallel Polyphase 

composition to overcome the issues by increasing the processing speed while maintaining low-

power constraints and a small chip area, both of which are critical factors in today’s VLSI 

applications. 

 

Y. K, G. R, S. S, T. R. T and V. T, et al. [16] analyze the 16x16 Vedic Multiplier architecture 

using the Kogge-Stone Adder. By increasing the width of the transistor at the current stage, the 

delay can be reduced. The Vedic multiplier's speed will be increased, and the delay that results 

from utilizing the half-adder and full adder will be minimized. Therefore, the Kogge-Stone 

Adder is crucial in this kind of situation for reducing the chip's complexity and delay.Multipliers 

are significant building blocks in digital systems and are essential to the success of digital 

designs. Multiplication is the essential calculating process in digital systems. 

 

S. Nikhil and P. V. Lakshmi, et al. [17] propose a design of 8-bit multipliers using fast adders 

(carry save adder, kogge-stone adder and carry-select adder) to minimize the power delay 

product of multipliers intended for high-performance applications. Implementation results 

demonstrate that the proposed Vedic multipliers with fast adders really achieve significant 

improvement in delay and power-delay product when compared with the conventional 

multipliers. 

 

G. V. Nikhil, B. P. Vaibhav, V. G. Naik and B. S. Premananda, et al. [18] design of these 

building blocks to dissipate less power is of utmost importance in digital system design. In order 

The International journal of analytical and experimental modal analysis

Volume 18, Issue 06, June /2026

ISSN NO: 0886-9367

Page No:118



to reduce this power dissipation, there are many low power approaches such as Multi-Vth, 

reducing the voltage swing, clock gating, use of reversible logic gates etc. Reversible Logic gates 

are that logic gates which have the same number of inputs and outputs and all the outputs are 

unique for a given input combination. These gates are used to reduce the power dissipation due 

to loss of information bits. The proposed reversible Vedic Multiplier consumed 0.621 % less 

power than the conventional Vedic Multiplier. The power dissipation of reversible Barrel Shifter 

is found to be 26.49 % less than conventional Barrel Shifter. 

 

S. Malagar, D. P and R. S, et al. [19] digital circuits such as, Carry Select Adder, Carry 

Conditioned Adder and Kogge-Stone Adder implemented using memristor-based IMPLY logic. 

Further, a 16-bit multiplier developed using a Kogge-Stone adder with memristor-based IMPLY 

logic. Finally Xilinx Vivado software is used to implement the work and verify the simulation 

results. The results demonstrate that memristor-based designs offer significant advantages in 

terms of area and power efficiency. Further, the integration of memristor-based IMPLY logic 

with the Kogge-Stone adder in the 16-bit multiplier design leads to notable reductions in area 

and power consumption. 

 

G. Rohith, P. Jagadeesh and N. Meenakshisundaram, et al. [20] described a novel Dadda 

multiplier was designed using VHDL and tested for delay and power consumption performance 

in this work. We used ModelSim for simulation and the BKA and KSA adders for design 

carrying out. For the purpose of calculating the power usage and delay, the simulations were run 

with various input sizes and operation frequencies. In order to evaluate the multiplier's 

performance, the output waveforms were shown and studied. Using the BKA and the KSA, an 8-

bit Novel Dadda multiplier was developed and evaluated on 20 sample data sets, 10 samples for 

each adder. With a beta of 0.20 and an alpha of 0.05, the results were based on a 95% confidence 

interval. evaluated using G-power software. With a power usage of 4.75 Watts and a delay of 

27.45 nanoseconds, the old Kogge Stone Adder (KSA) was less efficient. 

 

K. Sathish and P. Jagadeesh, et al. [21] design and implementation of an 8-bit modified Wallace 

multiplier using the proposed Kogge-Stone Adder (KSA) and compares its performance with the 

Ripple carry adder (RCA). Materials and Methods: In this research, a VHDL implementation of 

an 8-bit modified Wallace multiplier based on the KSA and the RCA has been developed. 

Modelsim is used to simulate the design, and the results are compared with those of the RCA-

based design. The study was able to visualise the waveforms produced by the multiplier and 

assess its effectiveness with the help of this programme. The simulation results of the proposed 

8-bit modified Wallace multiplier using the KSA showed a delay of 28.5 ns, which is 

significantly lower compared to the delay of 36.1 ns in the traditional RCA based design. 

 

A. Sundhar, S. D. Tharshini, G. Priyanka, S. Ragul and C. Saranya, et al. [22] design approach of 

16bit Wallace Tree approximate multiplier with 15-4 compressor is considered to provide more 

reliability. The 16×16 Wallace tree multiplier is synthesized and simulated using Xilinx ISE 14.5 

software. The multiplier occupies about 15% of total coverage area. The dissipated power and 

delay of the multiplier are 0.042μw, 3.125ns respectively. 

 

A. Raju and S. K. Sa, et al. [23] designing and implementing multipliers using the underlying 

principle of parallel prefix adders. We are looking for less delay specific multiplier, so among 
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the prominent PPA's like Kogge Stone Adder(KSA), Sparse Kogge Stone Adder(SKSA), Brent 

Kung Adder(BKA) and Lander Fischer Adder(LFA), we choose to implement the fastest PPA, 

i.e., KSA to get a comparative idea about the performance of four different multipliers namely; 

Binary multiplier, Braun Multiplier, Yedic Multiplier and Baugh Wooley Multiplier. Further the 

synthesis and simulation results reveal better idea about the proposed multipliers by giving an in 

depth view of their area, delay and power.  

 

S. Shirahatti, D. Haritha, P. Thejaswini, A. J. Deepika and B. M. Yashaswini, et al. [24] 

implementing an 8×8 Vedic multiplier utilizing the Kogge Stone Adder and optimizing for 

power using reversible logic. The design is simulated and synthesized in Cadence tool 180 nm 

technology. Performance evaluation of the Vedic multiplier is conducted, assessing its area, 

speed, and power consumption. The performance of Vedic multiplier implemented with 

conventional gates is compared with the implementation using reversible gates. The comparison 

shows considerable improvement in power for multiplier with reversible logic. The synthesis 

results show that power reduction by 7.2% over conventional gate implementation. At the same 

time, the implementation suffers from area and datapath delay overhead by 16.87% and 27% 

respectively. 

 

K. K R, S. Vijayalakshmi, B. M. Babu, P. K and N. S, et al. [25] proposes an innovative high-

speed Wallace tree multiplier architecture that incorporates the Kogge-Stone adder to optimize 

performance for VLSI applications. By combining the efficient partial product reduction 

capabilities of the Wallace tree with the Kogge-Stone adder's fast carry propagation, this design 

significantly improves multiplier performance. Detailed analysis and simulation results highlight 

notable enhancements in critical path delay, area efficiency, and power consumption compared 

to traditional multiplier designs. These substantial improvements make the proposed architecture 

especially well-suited for applications that demand high-throughput arithmetic operations, such 

as digital signal processing, image processing, and complex scientific computations. 

 

III. FRAMEWORK OF A HIGH SPEED AND DELAY EFFICIENT ADAPTIVE HOLD 

LOGIC BASED KS MULTIPLIER 

Multiplier and Multiplicand are the two inputs, where Multiplier operand is used for 

multiplication process and Multiplicand is used for second operaation. These two inputs are 

given to the partial product generation. The movement of multiplier bits is controlled by shift 

register that sequentially shifts the multiplier data and provides control signals for generating 

partial products that helps in organizing multiplication operations efficiently and reduces 

hardware complexity. Each block generates a group of partial products from the multiplier and 

multiplicand bits and these partial products are intermediate multiplication results. AHL 

monitors the multiplication operation and predicts whether the computation can be completed 

within the current clock cycle to reduces timing violations and minimizes unnecessary waiting 

cycles. Pre-Computation Unit is performed for preliminary addition and reduction operations to 

compresses multiple partial products into fewer rows and reduces the complexity of final 

addition. Kogge-Stone (KS) Adder is appilied. This adder generates carry signals in parallel and 

uses a tree structure to propagate carries rapidly. Finally, carry outputs and reduced partial 

products are combined to produces the final multiplication result. 
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A Kogge-Stone Multiplier combines the partial product reduction stages of algorithms like 

Wallace Tree or Vedic mathematics with the Kogge-Stone Adder. This design is used in digital 

signal processing and VLSI systems to achieve exceptionally high-speed multiplication by 

eliminating redundant carry logic in the final addition phase. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Framework Of A High Speed And Delay Efficient Adaptive Hold Logic Based KS Multiplier 

 

One key component of arithmetic and logic units is the multiplier. In order for numerous real-

time signal and image processing applications to operate effectively, faster arithmetic operations 

are required. The speed and power dissipation are the key factors in a multiplier. The biggest 

issue with the multiplier is its worst-case delay. This leads to a decrease in both the path delay 

and the time delay. The lowest switching activity, or the overall number of signal transitions in 

the system, will cause a delay as a digital signal travels from the input of the logic gate to the 

output gate. Reducing power consumption can help address challenges associated with other 

Multiplier Multiplicand 

Partial Product Set 1 

Partial Product Set 2 

Partial Product Set ‘n’ 

Pre-Computation Unit 

Carry Generation 

Final Sum 

  

 

 

 

A 

 

H 

 

L 

  

 

 

 

 

Shift 

Register 

. 

. 

. 

. 

. 

. 

The International journal of analytical and experimental modal analysis

Volume 18, Issue 06, June /2026

ISSN NO: 0886-9367

Page No:121



multiplication methods by decreasing complexity, speeding up execution, and conserving power. 

The most crucial component of the variable-latency adder design is the AHL. It contributes to the 

system's increased operating speed. A model called Cyclic Redundancy Check (CRC) is used to 

identify data errors or corrupted information. A generator polynomial is used on both the sender 

and recipient sides of a CRC. 

 

A single binary digit (1 or 0) can be stored in flip flops. Nevertheless, a variety of flip-flops are 

needed in order to store numerous bits of data. To hold n bits of data, you need to link N flip 

flops together. A register is a tool used to store this type of data. It is a series of flip-flops 

connected to store multiple data points. Using shift registers helps to transfer the data stored 

within them. A shift register, which is a group of flip flops, is utilized to hold multiple data 

elements. Clock pulses have the ability to shift the bits stored in registers, moving them 

internally and externally. Linking n bistables, each of which holds a lone bit of data, can form an 

n-bit shift register. "Left shift registers" are registers that will shift the bits to the left. "Right shift 

registers" are registers that shift bits to the right. The most crucial component of the variable-

latency multiplier design is the Adaptive Hold Logic (AHL). Two judging blocks, an aging 

indicator, a D flip-flop, and a 2:1 multiplexer make up the AHL circuit. The AHL block's aging 

indicator is mainly used to indicate if the design has seen a significant decrease in performance 

from aging effects. The aging indicator is built with a basic counter that tallies the errors 

occurring during a set period of operation. The counter resets to zero after reaching the 

predetermined amount. If the cycle period is too brief, the Vedic multiplier may not function 

effectively, leading to timing violations. 

 

IV. RESULT ANALYSIS 

In this section, result analysis of a high speed and delay efficient adaptive hold logic based KS 

multiplier is observed. 

The Register Transfer Level (RTL) schematic, which is depicted in Figure 2, illustrates the data 

flow through the implementation logic of a circuit.RTL is a high-level method of describing a 

circuit's architecture, and is often used to create VHDL code and schematics 

 
 

Figure 2. RTL SCHEMATIC 
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In Figure 3, a technology schematic is a first-level design that includes a technology schematic 

and an RTL schematic. It is a representation of a system's elements using abstract symbols and 

graphic representations instead of realistic pictures. Schematics are used to represent technical 

systems in a simplified way. 
 

 
 

Figure 3. Technology schematic 

 

In Figure 4, A digital circuit known as a lookup table (LUT) can be used in FPGA design to 

implement any Boolean function. A number of input variables and an output value that is 

determined by the input variables make up this system. 
 

 
 

Figure 4. LUT 
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In Figure 5, VLSI, the waveform window displays simulation output that can be cross-probed to 

a layout or schematic. 

 

 
Figure 5. Output 

 

 
Figure 6. AHL Report 

 
Table 1. Performance Comparison 

Parameters Existing System   Proposed System 

Total Delay 64.248ns 40.400ns 

Logic Delay 16.861ns 3.849ns 

Route Delay 47.387ns 36.551ns 

Memory Used 647852kb 289592kb 
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In Figure 7, total delay comparison graph is represented between existing system and proposed 

system is observed. The proposed system shows low delay when compared with existing system. 
 

 
Figure 7. Total Delay Graph 

 

In Figure 8, logic delay comparison graph is represented between existing system and proposed 

system is observed. The proposed system shows low logic delay when compared with existing 

system. 

 
Figure 8. Logic Delay Graph 

 

In Figure 9, route delay comparison graph is represented between existing system and proposed 

system is observed. The proposed system shows low route delay when compared with existing 

system. 

0

10

20

30

40

50

60

70

Existing System(ES) Proposed System (PS)

Total Delay (ns)

0

2

4

6

8

10

12

14

16

18

Existing System(ES) Proposed System (PS)

Logic Delay (ns)

The International journal of analytical and experimental modal analysis

Volume 18, Issue 06, June /2026

ISSN NO: 0886-9367

Page No:125



 
Figure 9. Route Delay Graph 

 

In Figure 10, memory usage comparison graph is represented between existing system and 

proposed system is observed. The proposed system shows memory usage when compared with 

existing system. 

 

 
Figure 10. Memory Used Graph 

 

V. CONCLUSION 

As technology has advanced, numerous researchers have attempted—and continue to attempt—

to create multipliers that provide either of the following design goals: high speed, low power 

consumption, or regularity of layout. They are therefore appropriate for a variety of high speed, 

low power, and compact VLSI implementations because they require less space or even a 

combination of them in a single multiplier. The fundamental building block of many DSP 

processors, image processing, and many others is multiplication. This study proposes a high 

speed and delay efficient adaptive hold logic based KS multiplier. This Kogge-Stone Multiplier 

uses the Kogge-Stone adder (a highly efficient parallel prefix adder) to rapidly calculate the sum 

of partial products. Its primary use is minimizing computation delay in high-performance digital 
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circuits where both speed and large-width operand processing are critical. The multiplier's 

intermediate operands employ Adaptive Hold Logic (AHL) to expedite the multiplication 

process. Through variable latency, the multiplier can increase throughput and modify the AHL 

circuit to counteract performance degradation brought on by the aging effect.Hence, delay and 

memory usage are reduced by using adaptive hold logic. 
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