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ABSTRACT 

In today’s smart and fast computing world, the designing of high speed and low energy consumption based Digital 

Signal Processors (DSPs) is a realistic and ever embryonic area of research. Conversely, the design of a proficient 

Digital Signal Processor intended to carry out the complex computations associated with image processing or signal 

processing involves the design of an efficient Multiply-Accumulate (MAC) unit which is one of the most vital 

blocks of processor. The multiplier, adder, accumulator are the fundamental construction sub-units for MAC units. 

Moreover, the computation carried out with the extensive and appropriate usage of Vedic Mathematics is set up to 

be well proficient and capable as compared to the basic Mathematics. This paper has presented the implementation 

of novel 32-bit MAC unit consisting of Vedic Multiplier using Urdhva Tiryakbhyam sutra and efficient adder circuit 

using Modified Weinberger adder technique. From comparative analysis, the MAC unit designed was found to be 

proficient in terms of delay and energy consumed. 

 

INTRODUCTION 

MAC (Multiply Accumulate) units are the one which 

are used in order to carry out the specific types of 

arithmetic operations namely multiplication and 

accumulation. These units are quite handful to perform 

fundamental and momentous operations in today’s 

smart and emerging technological world. These 

operations are regularly used in high-speed 

microprocessors, microcontrollers, all large- and small-

scale data computing units and digital signal processors. 

Designing MAC units for digital signal processors or 

intended for applications related to digital signal 

processing (DSP) is one of the ongoing and incredibly 

effervescent field in the today’s smart digital and 

electronic era. Also, low power and high-speed MAC 

units are tremendously in demand especially for high 

end smart applications such as Audio and video signal 

processing, Data Analytics, Artificial Intelligence (AI), 

Machine learning, RADAR, Li-DAR, SONAR and 

further defense and military related applications [1-3]. 

However, more precisely the Multiply Accumulate 

(MAC) units are widely used in domain of digital signal 

processing in order to compute convolution, correlation, 

signal transformation and communication, calculation 

of filter coefficient and hence designing various types 

of digital filter, data and image pre-processing and 

various transformations etc. In addition, the analog 

signal processing (continuous domain) techniques are as 

well as functional and served in digital field along with 

their widespread practice in order to implement a range 

of algorithms and techniques such as Discrete Wavelet 

Transform (DWT), Discrete Fourier Transform (DFT), 

Laplace Transform (LT), Fast Fourier Transform (FFT), 

Z-Transform etc. This enables the users to get a hold of 

a soft cushion over the circuit intricacy and modularity, 

response time, execution time, computational time and 

power consumption. Therefore, the performance matrix 

of the designed MAC unit is going to conclude the 

performance parameters matrix for the desired 

application [4]. 

Hence, designing of proficient and optimized MAC 

units is one of the key potential areas of current and 

ongoing trend of research. The standard and functional 

architecture of MAC unit is comprised of product 

calculator or multiplier, summer or adder and a data 

accumulation register. The multiplier unit here is going 

to carry out the generation of various partial products; 

cutback and trimming of these generated partial 

products, propagation of a previous stage carry to next 

stage and further addition of the propagated carry. 

Furthermore, the architectural design of an accumulator 

is a commonly used PIPO (Parallel Input Parallel 

Output) shift register. These registers facilitate the 

storage of the generated result which is obtained after 

data accumulation. However, the contemporary and 

available result achieved from the multiplier unit is 

auxiliary added with the preceding stored result of the 

accumulator unit in the designed adder unit. 

The traditional multiplication operation is achieved by 

performing the practice of recurring addition. Hence, 

the complication of multiplication increases 

momentarily with the increase in the count. This 

traditional process of fundamental arithmetical logics 

and operations turns out to be further monotonous and 

tiresome for higher order data. Hence, designing of 

efficient and prolific multiplier is desirable. A variety of 

multipliers architectures are surveyed and presented 

with a brief note on their various pros and cons in [5]. 

Furthermore, in order to carry out the complex 

arithmetic computations an alternative approach of 

Vedic mathematics in incorporated. Vedic Mathematics 

is the special branch of mathematics dealing with a 
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fastidious and specific set of rules fundamentally taken 

and formulated from the great Ancient Indian 

Scriptures, while expounding and facilitating a 

widespread use of assorted mathematical results and 

validation in uncomplicated and realistic forms. 

Conversely, the word Vedic is essentially derived from 

the word ‘Veda’ which signify the storeroom or abode 

of the intact knowledge and awareness. Moreover, the 

Vedic mathematics was further revived and formulated 

by Sri Bharati Krisna Tirthaji from the great Indian 

Vedas in early 20th century in the form of standard 

sixteen sutras [6]. Vedic Mathematics has further 

demonstrated its supremacy in diversity of applications 

resulting in swift and smooth calculations such as 

addition, subtraction, multiplication, division, square, 

square root, cube, cube roots and so on [7].  

These specific and standard Vedic arithmetic units 

enable researchers in order to propose and implement 

novel Vedic Multiply-Accumulate (MAC) units which 

can further be extended to design a wide range of 

applications. 

 

EXISTING SYSTEM: 

The design and implementation of a high speed, low 

power based 32-bit IEEE 754 multiplier using novel 

Booth algorithm was done in [8]. This design is 

consisting of 32-bit adder, subtraction and multiplier 

circuits. The multiplier implemented here can be further 

be used in Digital Signal Processing (DSP) applications 

such as Fast Fourier Transform (FFT), correlation, 

convolution, filtering etc. The design and 

implementation of an 8-bit Vedic multiplier was done in 

[9] with the general use of a special 8-bit barrel shifter. 

This barrel shifter needs only single clock cycle in order 

to perform n number of shifts. This design was found to 

be superior with respect to propagation delay in 

comparison of other traditional multipliers such as tree 

multiplier, Braun multiplier, Modified Booth multiplier, 

and Array multiplier. Another novel design of 

multiplier was proposed in [10] which results in the 

reduction of generation of partial products. Various 

types of adders were used here with comparison of 

various performance parameters.  

However, Kogge Stone adder was selected among all 

since it was found to have optimized values for power 

consumption and propagation delay. A proficient and 

novel scheme for in order to perform squaring operation 

is implemented using Vedic sutra without multiplication 

operation in [11]. A novel design for area and delay 

efficient circuit in order to perform factorial calculation 

with the extensive use of application of Vedic 

algorithms was proposed in [12]. A delay efficient 

multiplier design with the extensive use of Nikhilam 

sutra of Vedic mathematics was proposed in [13]. This 

designed multiplier has salient features like reduction of 

a bigger operation into the smaller operations and 

enhanced speed of addition during accumulation stage 

of partial product with the extensive used of carry select 

adders. A multiplier less squaring technique with 

superior speed was proposed in [14]. In this algorithm, 

squaring operation of any n-bit number is performed 

using a (n−1) bit squaring sub unit along with a 2n bit 
binary adder and an another bit binary adder/subtractor 

circuit. This design was found to be delay and area 

efficient as compared to squaring circuit designed using 

booth multiplier.  

In [15, 16] author has proposed a fanatical and 

proficient square and cube circuits designs with the 

extensive use of Vedic mathematics. These designed 

architectures switch the bigger size square or cube data 

into a smaller size data by performing certain specific 

arithmetic operations. Both the techniques work on 

basic decimal algorithm which can be further 

effectively broadened to the radix-2 binary number 

system making an allowance for the digital platforms. 

These square and cube designs were found to be 

superior in comparison of a variety of up to date usual 

and other Vedic architectures.  

Design and implementation of a floating point MAC 

unit with use of basic mathematics was done in [17]. 

This helps in the cutback of the generated partial 

products and further enhancement in the speed of 

accumulation of generated partial products. Few other 

improvised schemes for MAC designs were discussed 

in [18]. The comparative performance analysis was 

prepared with various performance parameters such as 

power consumption, speed, delay and area. The 

comparative analysis proves the 8 bit MAC based on 

Baugh-Wooley Multiplier to be superior in terms of 

energy consumption at the cost of enlarged delay in 

comparison of the other schemes. Furthermore, another 

area and delay efficient design of MAC unit was 

implemented using modified Low Area Wallace tree 

multiplier (LAW) in [19]. This designed multiplier was 

found to be helpful to facilitate high speed applications 

especially for complex transformation in digital signal 

processing domain. 

 

PROPOSED SYSTEM 
In this research work, author has implemented the novel 

design of 32-bit MAC unit with 32-bit adder unit using 

Weinberger adder and hence the multiplier unit based 

on Urdhva Sutra and extensive use of Weinberger adder 

as a construction units. Since any real number can be 

represented in standard IEEE-32 bit format, hence the 

design was proposed for 32-bit. The design of 32-bit 

MAC unit starts with design of 4-bit MAC unit to 8-bit 

MAC unit to 16 bit MAC unit and hence 32-bit MAC. 

The final design of proposed 32-bit MAC unit will be 

developed in order to design the digital signal 

processing related applications which is ultimate 

objective and area of research of the author. Here, the 
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comparison of various performance parameters such as 

power, delay, and area has been carried out in order to 

compose inroads for auxiliary research. 

 

LITERATURE SURVEY 

“Correctly Rounded Architectures for Floating-

Point Multi-Operand Addition and Dot-Product 

Computation”, Y. Tao, G. Deyuan, D. Xiaoya, J. 

Nurmi. 

 This study presents hardware architectures 

performing correctly rounded Floating-Point (FP) 

multioperand addition and dot-product computation, 

both of which are widely used in various fields, such as 

scientific computing, digital signal processing, and 3D 

graphic applications. A novel realignment method is 

proposed to solve the catastrophic cancellation and 

multi-sticky bits. Only one rounding operation is 

performed in both of the proposed FP multi-operand 

adder and dot-product computation unit. 

Implementation results show that our architectures not 

only can produce correctly rounded results, whose 

errors are less than 0.5 ULP (Unit in the Last Place), but 

also have reduced delay comparing with the traditional 

network architecture, which uses 2-operand FP adders 

and multipliers to perform multi-operand addition and 

dot-product computation. 

“Floating-Point Sparse Matrix-Vector Multiply for 

FPGAs”, M. deLorimier, A. DeHon. 

Large, high-density FPGAs with high local distributed 

memory bandwidth surpass the peak floating-point 

performance of high-end, general-purpose processors. 

Microprocessors do not deliver near their peak floating-

point performance on efficient algorithms that use the 

Sparse Matrix-Vector Multiply (SMVM) kernel. In fact, 

it is not uncommon for micro-processors to yield only 

10–20% of their peak floating-point performance when 

computing SMVM. We develop and analyze a scalable 

SMVM implementation on modern FPGAs and show 

that it can sustain high throughput, near peak, floating-

point performance. For benchmark matrices from the 

Matrix Market Suite we project 1.5 double precision 

Gflops/FPGA for a single Virtex II 6000-4 and 12 

double precision Gflops for 16 Virtex IIs 

(750Mflops/FPGA). 

“An FPGA-specific approach to floating-point 

accumulation and sum-of-products”, F. de Dinechin, 

B. Pasca, O. Cret, R. Tudoran. 

This article studies two common situations where the 

flexibility of FPGAs allows one to design application-

specific floating-point operators which are more 

efficient and more accurate than those offered by 

processors and GPUs. First, for applications involving 

the addition of a large number of floating-point values, 

an ad-hoc accumulator is proposed. By tailoring its 

parameters to the numerical requirements of the 

application, it can be made arbitrarily accurate, at an 

area cost comparable to that of a standard floating-point 

adder, and at a higher frequency. The second example is 

the sum-of-product operation, which is the building 

block of matrix computations. A novel architecture is 

proposed that feeds the previous accumulator out of a 

floating-point multiplier whose rounding logic has been 

removed, again improving the area/accuracy tradeoff. 

These architectures are implemented within the 

FloPoCo generator, freely available under the LGPL. 

“Design, Implementation and Performance Analysis 

of an Integrated Vedic Multiplier Architecture”, 

Ramachandran.S, Kirti.S.Pande. 

Fundamental and the core of all the Digital Signal 

Processors (DSPs) are its multipliers and speed of the 

DSPs is mainly determined by the speed of its 

multipliers. Multiplication is the most fundamental 

operation with intensive arithmetic computations. Two 

important parameters associated with multiplication 

algorithms performed in DSP applications are latency 

and throughput. Latency is the “real delay of computing 

a function”. Throughput is a measure of “how many 

computations can be performed in a given period of 

time”. The execution time of most DSP algorithms is 

dependent on its multipliers, and hence need for high-

speed multiplier arises. Urdhva tiryakbhyam sutra 

performs faster for small inputs and Nikhilam sutra for 

larger inputs. Here a novel Integrated Vedic multiplier 

architecture, which by itself selects the appropriate 

multiplication sutra based on the inputs, is proposed. So 

depending on inputs, whichever sutra is faster, that sutra 

is selected by the proposed integrated Vedic multiplier 

architecture. In the simulation results, it can be seen that 

Urdhva performs faster for small inputs, but Nikhilam 

performs better for large inputs (more than twice as 

much for 64 bit multiplicands). 

  

PROPOSED METHODOLOGY 

BLOCK DIAGRAM 

 

 
 

Fig. 32 x 32 Vedic Multiplier 

 

Journal of Engineering Sciences Vol 13 Issue 07,July/2022, ISSN:0377-9254

www.jespublication.com Page 696



MODULE EXPLANATION: 

Urdhva Tiryagbhyam Sutra: 

The Urdhva Tiryagbhyam Sutra as the name suggests is 

based on the vertical and further crosswise 

multiplication technique since derived from Sanskrit 

literature where the word ‘Urdhva’ means ‘Vertical’ 
and the word ‘Tiryagbhyam’ means ‘crosswise’. Lets’ 
we need to perform multiplication on two numbers 

(both are two digit numbers) as (a1x+b1) and (a2x+b2). 

The simple product is given by a1a2x² + (a1b2+ b1a2) x 

+ b1b2. Following are the steps involved during 

multiplication for a 2-digit multiplier. 

Step 1: The first value i.e. the coefficient of x² is 

achieved by performing the vertical multiplication of a1 

and a2. 

Step 2: The second value i.e. the coefficient of x is 

achieved by performing the crosswise multiplication of 

a1 and b2 and of b1 and a2 and further the addition of 

the two obtained partial products. 

Step 3: The third value i.e. constant coefficient is 

achieved by performing the vertical multiplication of 

constants b1 and b2. 

The Urdhva Tiryagbhyam Sutra based algorithm is 

basically based on the scheme of generation of all 

partial products along with their additions happening 

simultaneously in concomitant fashion. Hence, the 

multiplier is solely independent of processor clock 

frequency for synchronous circuits, which results in 

quick calculation of final product and superiority at 

higher order frequency clock circuits. Furthermore, the 

above discussed steps can further be extended and 

generalized for higher order multiplications. 

 

Mux Based Full Adder (Mux-FA) 

The traditional full adder in order to design an array 

multiplier is substituted with a different type of full 

adder which is designed using multiplexer (MUX) XOR 

gates. Here, two XOR gates and one 2:1 MUX is used. 

This design results in decrease of area and delays 

further. The architecture is shown in fig. 

 
Fig. Mux based Full Adder (Mux-FA) 

Modified Weinberger Adder 

Weinberger adder improvises the speed of the addition 

process by performing the parallel computing technique 

for generation of carry. This works on the recurrence 

algorithm. The general 8-bit architecture of Weinberger 

adder is shown in Fig.2 along with all the standard 

logics carried out which can be extended to design 32-

bit architecture. This 

architecture lays out forward the universal structure of 

recurrence of carry generation which is never confined 

to amount of steps and bits in terms of computation and 

complexity. As a result, this trim down the delay 

propagated throughout the adder architecture and hence 

augments the swiftness of performing the addition. 

Similar to the architecture shown in Fig.2, in 32-bit 

Weinberger architecture the last carry, is result of 

recurrence. In traditional adders in order to compute, it 

is mandatory to perform computation of previous carry; 

while in the case of 

Weinberger adder the recurrence carry is adequate in 

order to perform computation. Here, the rapidity of 

generation and propagation of carry is mainly due to the 

extensive utilization of generate and propagate. 

However, there are bitwise generate (g), set wise 

generate (G), bitwise propagate (p) and set wise 

propagate (P) to perform the carry generation. The 

computation of all these generate and propagate terms is 

performed as shown in Fig.3. Moreover, the loading 

effects during computations over the obtained carry 

seem to be mounting but they merely affect it due the 

abridged and diminished computations of propagate and 

generate terms along with the reduced set of carry 

generation steps. This auxiliary boosts the energy 

saving and further enables the scope of delay fix. 

 
Fig. General Architecture of Weinberger Adder 

 

 
Fig. General Logic Operations Performed for 

Weinberger Adder 
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The modified Weinberger is proposed in order to 

optimize the area, power and delay further. As shown in 

Fig.4, the modified Weinberger adder is consisting of 

Ripple carry adder (RCA), Binary to Excees-1 

Converter unit (BX1C) and Multiplexer. 

 
Fig. 4. Proposed Modified Weinberger Adder 

Ripple Carry Adder (RCA) 

Ripple carry adder is a conventional and basic adder 

circuit which designed using numerous basic single bit 

full adders in order to perform addition of n-bit 

numbers. However, each individual unit of full adder 

accepts Cin as one of the inputs which is traditionally 

Cout of preceding adder unit. Since, the carry bit from 

preceding adder unit is getting rippled to the next adder 

unit hence circuit is named as ripple carry adder. This 

circuit is easy to design but the major drawback is 

propagation delay. This slowness is mainly due to 

waiting time during preceding carry to get rippled into 

next adder unit. A simple 4-bit ripple carry adder is 

consisting of four single bit full adders. This is 

generally constructed using AOI (AND OR INVERT) 

logic. 

 
Fig. Ripple Carry Adder (RCA) 

 

Binary to Excess-1 Converter Unit (BX1C) 
In order to design power and area efficient structure of 

RCA with input carry as ‘1’, the basic unit is swapped 

with Binary excess-1 converter (BX1C). The optimized 

design result in reduction of the Ex-OR logic gates as 

shown in Fig.6. This converter unit acts as optimized 

carry select adder architecture with ripple carry adder 

along with input carry as ‘0’. 

 
Fig. Binary to Excess-1 Converter Unit (BX1C) 

10:5 Multiplexer 

Multiplexer is a universal combinational circuit. A 

traditional multiplexer has of 2
n
 inputs, ‘n’ select lines 

and one output. The working of multiplexer depends 

upon decision made by the select lines in order to 

choose appropriate input for desirable output. Five 

independent 2:1 multiplexers are combined to obtain 

the desired 10:5 multiplexer here. 

 

32x32 Vedic Multiplier 

Design of 32x32 Vedic multiplier starts with the design 

of 4x4 Vedic multiplier and extension to 8x8 Vedic 

multiplier, extension to 16x16 Vedic multiplier, and 

hence extending to 32-bits. The general architecture of 

a 32x32 Vedic multiplier is shown in Fig.7. Here, total 

four 16x16 Vedic multipliers along with three 32-bit 

adder units are used. The very first 32-bit Adder is used 

in order to perform addition for two 32-bit operands 

which are achieved after performing the cross 

multiplication for the two middle 16x16 Vedic 

multiplier units. The second 32-bit adder is used in 

order to perform addition for two 32-bit operands which 

are achieved after concatenation of 32-bit (16 bits of 0’s 

and the other 16 bits as the most significant bits of right 

hand most of 16x16 Vedic multiplier unit) and another 

32-bit operand is achieved as the result of first 32-bit 

adder. The output carry from this adder is further given 

as input to the third 32-bit adder unit. Next, the third 

32-bit adder unit is used in order to perform addition for 

two 32-bit operands which is achieved after 

concatenation of 32bit (Carry output of first adder unit, 

15 bits of 0's and other 16 bits as the most significant 

output sum result bits of second adder) and another 32-

bit operand is achieved as the result of left hand most of 

first 32-bit adder one 32-bit operand we get as the 

output sum of left hand most of 16x16 Vedic multiplier 

unit. Depending on the types of adder used in circuit; 

delay, power, area etc. types of performance parameters 

can be optimized further. 

 

32-bit MAC Unit 
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MAC (Multiply Accumulate) units are the one which 

are used in order to carry out the specific types of 

arithmetic operations namely multiplication and 

accumulation. This is a key objective in digital signal 

processing (DSP) with wide range of applications. The 

standard design of MAC unit as shown in Fig.8, is 

comprised of 3 basic sub circuits as a 32x32 Vedic 

multiplier, Weinberger recurrence algorithm-based 

adder and accumulator to integrate both the Vedic 

multiplier and adder units.  

 
Fig. Proposed MAC Unit based on Vedic Multiplier & 

Weinberger Recurrence Adder 

 

SIMULATION RESULTS: 

 

 
 

 
 

 
 

 
 

 
 

 

CONCLUSION 

This research has presented the implementation and 

design of a 32-bit MAC unit based on Vedic 

Mathematics. The multiplier for presented MAC unit is 

designed Vedic Multiplier using Urdhva Tiryakbhyam 

sutra. The addition circuit is designed using modified 

Weinberger adder. From comparative analysis, MAC 

unit designed with Vedic Multiplier and using modified 

Weinberger adder was found to be efficient in terms of 

power and latency at the cost of area. This reduction in 

delay and energy consumption leverages the scholar in 

order to design high speed and compact SoC 

applications intended for DSP related application such 

as correlation, convolution, digital filter design and 

digital image processing etc. for further research work. 

However, there is scope in this research work in order 

to work upon the area constraint too which is not 

discussed here which will be another topic of interest of 

further research. 
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