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Abstract— Highly efficient arithmetic operations are 

necessary to realize the specified performance in many real-

time systems and digital image processing applications. In 

all these applications, one among the important arithmetic 

operations frequently performed is to multiply and 

accumulate with small computational time. In this, a serial 

parallel multiplier is presented. A serial-parallel multiplier is 

employed for accelerating applications like digital filters, 

artificial neural networks, and other machine earning 

algorithms. The simulation is based on VLSI technology. A 

multiplexer circuit is used as decision maker so that 

throughput and latency are improved for a subset of 

multiplier values. Coding can be done using VHDL and 

simulation can be verified using Xilinx ISE Design Suite. 

This method presents a decision maker block. The proposed 

method can reduce the hardware and ensure the results along 

with area compaction and high speed. High speed and low 

power MAC unit is utmost requirement of today’s VLSI 

systems and digital signal processing applications like FFT, 

Finite impulse response filters, convolution etc. To reduce 

significant power consumption it's good to scale back the 

amount of operation thereby reducing dynamic power which 

may be a major a part of total power consumption. So the 

need of high speed and low power multiplier has increased. 

Keywords: Multiplier, Multiplexer, VHDL, VLSI, Machine 

learning (ML), Neural network 

I. INTRODUCTION 

Multiplication is arguably the most important primitive for 

Digital Signal Processing (DSP) and Machine Learning 

(ML) applications, dictating the area, delay, and overall 

performance of parallel implementations. The multiplier 

design is usually classified into two types which is signed 

and unsigned multiplier. In the signed multiplier it will 

perform both positive and negative multiplication. But 

within the unsigned multiplier is employed to imply only 

positive number of multiplication. The work on the 

optimization of multiplication circuits has been extensive 

[13], however, the modified Booth algorithm at higher 

radixes in combination with Wallace or Dadda tree has 

generally been accepted as the highest performing 

implementation for general problems. In digital circuits, 

multiplication is generally performed in one of three ways: 

1) parallel-parallel; 2) serial-parallel; and 3) serial-serial. 

Using the modified Booth algorithm [14], we explore an SP 

Two-Speed Multiplier (TSM) that conditionally adds the 

non zero encoded parts of the multiplication and skips over 

the zero encoded sections. 

In DSP and ML implementations, reduced 

precision representations are often used to improve the 

performance of a design, striving for the smallest possible 

bit width to achieve a desired computational accuracy. 

Precision is usually fixed at design time, and hence, any 

changes in the requirements necessitate that further 

modification involves redesign of the implementation. In 

cases where a smaller bit width would be sufficient, the 

design runs at a lower efficiency since unnecessary 

computation is undertaken. To mitigate this, mixed-

precision algorithms attempt to use a lower bit width some 

portion of time, and a large bit width when necessary. These 

are normally implemented with two data paths operating at 

different precisions. 

Here introduces a decision maker block to remove 

parts of the computation completely during run time. A 

multiplexer is used as the decision maker or data selector 

part of the design. The multiplexer may be a combinational 

logic circuit designed to modify one among several input 

lines to one common output line. Multiplexers or MUX, are 

often either digital circuits made up of high speed logic 

gates wont to switch digital or binary data or they will be 

analogue types using transistors, MOSFETs or relays to 

switch one of the voltage or current inputs through to a 

single output. In this, the control circuit and the encoder 

section steps are removed. The multiplier takes all bits of 

both operands in parallel and is designed to be a primitive 

block which is easily incorporated into existing DSPs, 

CPUs, and GPUs. For certain input sets, the multiplier 

achieves considerable improvements in computational 

performance. A key element of the multiplier is that sparsity 

within the input set and the internal binary representation 

both lead to performance improvements. 

The rest of this organized as follows. Chapter 2 

covers the necessary background, laying out the 

fundamentals of multiplication and examining related work 

in low-level optimization, and reduced precision primitives 

for deep learning. Chapter 3 and Section 4 focuses on the 

modified serial Booth multiplier and the two-speed 

optimization, respectively. Chapter 6 covers the description 

about multiplexer. Chapter 7 explains the proposed design. 

Chapter 8 analyses the various comparisons and results, and 

finally, the contributions are summarized in Chapter 9. 

II. LITERATURE SURVEY 

Multipliers play a crucial role in today’s digital signal 

processing and various other applications. With advances in 

technology, many researchers have tried and are trying to 

style multipliers which supply either of the subsequent 

design targets – high speed, low power consumption, 

regularity of layout and hence less area or maybe 

combination of them in one multiplier thus making them 

suitable for various high speed low power and compact 

VLSI implementation. 

Moss, D. J. M et al.[1] present a two-speed, radix-

4, serial-parallel multiplier for accelerating applications such 

as digital filters, artificial neural networks, and other 

machine learning algorithms. This multiplier is a variant of 

the serial–parallel (SP) modified radix-4 Booth multiplier 

that adds only the nonzero Booth encodings and skips over 
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the zero operations, making the latency dependent on the 

multiplier value. Two subcircuits with different critical 

paths are utilized so that throughput and latency are 

improved for a subset of multiplier values. The multiplier is 

evaluated on an Intel Cyclone V field-programmable gate 

array against standard parallel–parallel and SP multipliers. 

There is improvement over the standard parallel Booth 

multiplier in terms of area–time depending on the input set. 

S. Shafiulla Basha et al.[2] proposes the methods 

required to implement a high speed and high performance 

parallel complex number multiplier. The designs are 

structured using Radix-4 Modified Booth Algorithm and 

Wallace tree. These two techniques are employed to speed 

up the multiplication process as their capability to reduce 

partial products generation. Despite that, Carry Save-Adders 

(CSA) is employed to reinforce the speed of addition 

process for the system. Booth Wallace multiplier is 

hardware efficient and performs faster than Booth’s 

multiplier. It produces minimum partial products, which 

intern reduces the critical path delay.  

Fayez Elguibaly et al. [3] explains a Dependence 

Graph (DG) to visualize and describe a merged Multiply-

Accumulate (MAC) hardware that's supported the Modified 

Booth Algorithm (MBA). The carry-save technique is 

employed to make sure the fastest possible implementation. 

The DG applies to any MAC data word size and allows 

designing multiplier structures that are regular and have 

minimal delay, sign-bit extensions, and data path width. 

Using the DG, a quick pipelined implementation is 

proposed, during which an accurate delay model for deep 

submicron CMOS technology is used. Based on the delay 

model, the proposed pipelined parallel MAC design is 3 

times faster than other parallel MAC schemes that are 

supported the MBA.  

Naresh R. Swnbhag et al. [4] describes a design of 

a 4x4-bit multiplier using the modified Booth’s algorithm in 

Zpm NMOS technology. The main features of this chip are 

its 62.5-MHz operating frequency and 31.5-mW power 

dissipation. The chip occupies an area of 1.37 md. A novel 

Adder-Cum-Subtractor (ACS) circuit was designed to 

realize the arithmetic processing part. Parallel 

implementation was resorted to in order to increase the 

speed of computation. This module is unique in the sense 

that addition and subtraction are done without taking the 

two’s complement at any stage. The inherently slow NMOS 

technology and the absence of any layout optimization lags 

the execution time 

Bahram Rashidi et al.[5] proposes design and 

implementation of a low-power and low cost booth-shift/add 

multiplexer-based singed multiplier. The main blocks of the 

circuit are constructed with some simple low-power 

structures. It includes multiplexer based booth encoder and 

singed shifter blocks, multiplexer-based Manchester adder, 

an optimized and compact structure of control unit, and a 

low-power structure for full adder. Results verified the 

performance of the circuit both in terms of functionality and 

power consumption.  

Neeta Sharma et al.[6] presents a model of two 

different 16X16 bit multipliers. First is Radix-4 Multiplier 

with SQRT CSLA and Second one is Radix -4 multiplier 

with Modified SQRT CSLA. Modified Booth Algorithm is 

used for Partial Products Generation. Wallace Tree Structure 

is used to accumulate partial Products. SQRT Carry Select 

Adder is employed for addition of last two rows. SQRT 

Carry Select Adder uses non uniform block size & Modified 

SQRT Carry Select Adder uses non-uniform block size with 

Binary to excess one Converter .Both the adders proved to 

be fast as compared to regular carry select adder. In this, the 

design & implementation of two high speed multipliers is 

proposed. Both the Multipliers show reduction in delay and 

levels of logic with slight increase in area. The first 

multiplier shows more reduction in delay. The second 

multiplier shows more reduction in levels of logic.  

B. Dinesh et al. [7] addresses a detailed analysis of 

all the serial-parallel and parallel architectures. The 

multipliers are designed for 4 bit multiplication using DSCH 

tool and therefore the corresponding layouts are obtained 

using Microwind 3.5 tool using 45nm technology. From the 

analysis it is observed that the array multipliers provide a 

daily routing structure which can be optimum for FPGA 

based systems. Among the tree based multipliers Dadda 

multipliers have a small advantage over Wallace tree 

multipliers in terms of performance. The Modified booth 

multiplier is comparatively inefficient for bits lesser than or 

equal to 4, due to the increased area involved for realization 

of the booth encoder and booth selector blocks. The From 

the results it is evident that for lower order multiplier design 

the Dadda based reduction will benefit Reduction in Power, 

Delay and PDP. 

Sukowati A. I. et al. [8] explains the design of 

multiplier circuits for artificial neural network applications. 

Here, radix-4 booth multiplier and radix-2 booth multiplier 

algorithms are analyzed supported its area used and speed In 

order to improve performance of multiplication circuit, 

booth multiplier can be utilized. Its basic concept is 

reducing the number of partial multiplication. Booth 

multiplication can be used for both signed and unsigned 

format in the form of two's complement. One possible 

solution to realize high speed multiplier circuit is by 

increasing the parallelism. Increasing the parallelism will 

significantly reduce the number of stages of the calculation. 

In simulation results Radix-4 booth multiplier has more 

efficient in resources utilization and also has better 

performance in speed. The resources utilization and delay is 

reduced since it has fewer step in multiplication process. 

M.Sivakumar et al. [9] describes the design of a 

compact booth multiplier by using modified radix4 recoding 

and an efficient finite state machine to achieve small chip 

size and low delay utilization. In this technique, 

compression based booth multiplier is meant by using carry 

look ahead adder, multiplexer, booth encoder and partial 

product generator. It requires more resource utilization 

(area) and therefore the performance characteristics is 

extremely less within the existing booth multiplier. To come 

up with an answer to the present problem, modified radix4 

algorithm with an optimized FSM design is employed to 

construct the compact booth multiplier. Here, booth 

multiplier consists of finite state machine and modified 

radix4 booth recoding technique to perform the 

multiplication of two numbers. Generally, the Finite State 

Machine is classified into two types such as Mealy FSM and 

Moore FSM. Moore FSM is synchronous and mealy FSM is 
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an asynchronous logic. Also the number bit is equal to the 

number of state in mealy FSM. But the Moore FSM requires 

another state than the mealy. The design of existing and 

proposed booth multiplier is designed using Verilog 

hardware description language for register transfer level 

process. These two types of multiplier are designed and 

implemented in field programmable gate array Spartan6 

LX9 board. From the obtained results, it's evident that the 

proposed booth multiplier offers 39.3% Area, delay and 

power (ADP) reduction than the traditional booth multiplier 

structure. 

Modified booth multiplier is used to perform high-

speed multiplications using modified booth algorithm. This 

modified booth multiplier’s computation time and the 

alogarithm of the word length of operands are proportional 

to each other. So, can reduce half the number of partial 

product. Radix-4 booth algorithm used here increases the 

speed of multiplier circuit. Modified Booth algorithm is one 

of the most popular algorithms. “serial-parallel” multipliers 

compromise speed to achieve better performance for area 

and power consumption. 

III. PROPOSED SYSTEM 

The proposed system consists of a n-bit serial multiplier in 

which the encoder and control circuit section is replaced 

with a decision maker block. Here, a 8-to-1 multiplexer 

presents as a data selector or decision maker circuit. 

There are five key components to the standard 

radix-4 serial Booth multiplier: the shifter, encoder, partial 

product generator, control, and adder. As the partial results 

are generated in the adder, they are accumulated in the n 

most-significant bits of the product register. Here it contains 

a control circuit and an encoder section for the 

multiplication process. This set of operation is replaced with 

the multiplexer used as a decision maker block. The n-bit 

serial multiplier is shown below. 

 
Fig. 1.1: n- bit Serial Multiplier 

A. Multiplexer 

Multiplexing is the property of combining one or more 

signals and transmitting on a single channel .This is 

achieved by the device multiplexer. A multiplexer is the 

most frequently used combinational circuits and important 

building block in many digital systems. These are mostly 

used to form a selected path between multiple sources and a 

single destination. A basic multiplexer has various data 

input lines and one output line. These are found in many 

digital system applications such as data selection and data 

routing, logic function generators, digital counters with 

multiplexed displays, telephone network, communication 

systems, waveform generators, etc. 

The multiplexer or MUX may be a digital switch, 

also called as data selector. It is a combinational circuit with 

more than one input line, one output line and more than one 

select line. It allows the binary information from several 

input lines or sources and counting on the set of select lines , 

particular input line , is routed onto one output line. 

Multiplexing is that the generic term wont to 

describe the operation of sending one or more analogue or 

digital signals over a standard cable at different times or 

speeds and as such, the device use to do just that is called a 

Multiplexer. The multiplexer, shortened to MUX, may be a 

combinational logic circuit designed to modify one among 

several input lines through to one common output line by 

the appliance of a control signal. Multiplexers operate like 

in no time acting multiple position rotary switches 

connecting or controlling multiple input lines called 

channels one at a time to the output. 

Multiplexers, or MUXs, are often either digital 

circuits made up of high speed logic gates wont to switch 

digital or binary data or they will be analogue types using 

transistors, MOSFETs or relays to modify one among the 

voltage or current inputs through to one output. 

 
Fig. 1.2: Basic Multiplexing Switch 

The most basic sort of multiplexer device is that of 

a one-way rotary switch as shown. The rotary switch, also 

called a wafer switch as each layer of the switch is known as 

a wafer, may be a robot whose input is chosen by rotating a 

shaft. In other words, the rotary switch may be a manual 

switch which will use to pick individual data or signal lines 

just by turning its inputs ON or OFF. 

In digital electronics, multiplexers also are referred 

to as data selectors because they will select each input line, 

are constructed from individual Analogue Switches encased 

during a single IC package as opposed to the mechanical 

type selectors such as normal conventional switches and 

relays. They are used together method of reducing the 

amount of logic gates required during a circuit design or 

when one data line or data bus is required to carry two or 

more different digital signals. For example, a single 8-

channel multiplexer. 

Generally, the choice of every input line during a 

multiplexer is controlled by a further set of inputs called 

control lines and consistent with the binary condition of 

those control inputs, either HIGH or LOW the appropriate 

data input is connected directly to the output. Normally, a 

multiplexer has an even number of 2n data input lines and a 
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number of control inputs that correspond with the number of 

data inputs. 

Multiplexers are switching circuits that just switch 

or route signals through themselves, and being a 

combinational circuit they're memoryless as there's no signal 

feedback path. The multiplexer may be a very useful 

electronic circuit that has uses in many various applications 

like signal routing, data communications and data bus 

control applications. 

When used with a demultiplexer, parallel data are 

often transmitted in serial form via one link like a fibre-optic 

cable or telephone line and converted back to parallel data 

once again. The advantage is that just one serial data line is 

required rather than multiple parallel data lines. Therefore, 

multiplexers are sometimes referred to as data selectors, as 

they select the data to the line. 

These multiplexers are available in IC forms with 

different input and select line configurations. Some of the 

available multiplexer ICs include 74157 (2-to-1 MUX), 

78158 (2-to-1 MUX), 74352 (4-to-1 MUX), 74153 (4-to-1 

MUX), 74152 (8-to-1 MUX) and 74150 (16-to-1 MUX). 

The most basic sort of multiplexer device is that of a one-

way rotary switch as shown. 

B. Proposed Design  

An 8-to-1 multiplexer consists of eight data inputs D0 

through D7, three input select lines S2 through S0 and one 

output line Y. Depending on the select lines combinations, 

multiplexer decodes the inputs. The below figure shows the 

diagram of an 8-to-1 multiplexer with enable input that 

enable or disable the multiplexer. Since the amount data bits 

given to the MUX are eight then 3 bits (23=8) are needed to 

pick one among the eight data bits. 

 
Fig. 1.3: 8x1 MUX 

Here the 8 input lines are different decisions and 

select lines are b(i), b(i+1), b(i+2). The output line act as the 

final decision of the circuit. Since three bit input is used, the 

decision device have from 000 to 111. The selector will 

select the input. 

The truth table for an 8-to1 multiplexer is given 

below with eight combinations of inputs so on generate each 

output corresponds to input. 

 
Fig. 1.4: Truth Table 

In the proposed method the decision maker gives 

the final decision to the blocks, as in the block diagram 

shown below. 

 
Fig. 1.5: Proposed Block diagram 

This block diagram shows that, the design will 

reduce the hardware complexity by replacing the encoder 

and control circuit section by decision maker block. 

IV. SIMULATION ANALYSIS 

This section presents the implementation results of the two 

speed multiplier. The multiplier design using multiplexer is 

compared against with the design using the control circuit. 

The timing details of the n-bit serial multiplier with control 

circuit and encoder part is observed as follows. 

 
Fig. 1.6: Timing Details of Design with Control Circuit and 

Encoder Part 
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By observing the timing constraints, can see that 

the proposed design is faster than the existing one. So the 

time delay for the output is less in this method. The timing 

details of the proposed method with the multiplexer is 

shown below. 

 
Fig. 1.7: Timing Details Of Design with Multiplexer 

Let us observe the RTL schematics of these two 

type of designs. 

 
Fig. 1.8: RTL Schematic of Design with Control Circuit and 

Encoder Part 

 
Fig. 1.9: RTL Schematic of Design with Multiplier 

RTL schematics of designs will show that the 

hardware complexity of the circuits. The design with control 

circuit and encoder part will have more hardware 

complications. In the method used with multiplexers, the 

complexities are reduced. 

V. CONCLUSION 

Design of a compact multiplier is playing a vital role in the 

stream of VLSI. In this, presented a multiplier, which is 

used the multiplexer circuit instead of the control circuit and 

encoder part design in the n-bit serial multiplier. Control 

circuit uses three input gates. So 8:1 data selector is 

proposed. This will lead to reduction in hardware 

complexity. Also the operations of control circuit and 

encoder are replaced by decision maker reduce the time 

delay. From the obtained results, it is evident that the 

proposed multiplier offers Area and delay reduction than the 

existing multiplier structure. 
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