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Abstract: Multiplier is an essential functional block of a microprocessor because multiplication is needed to be performed 
repeatedly in almost all scientific calculations. Therefore, design of fast and low power binary multiplier is very important 
particularly for Digital Signal Processors. Vedic mathematics has improved the performance of multiplier. Vedic mathematics, a 
system of ancient Indian mathematics, which has a unique technique of solutions based on only 16 sutras. The novel point is the 
efficient use of Vedic algorithm (sutras) that reduces the number of computational steps considerably compared with any 
conventional method. This paper presents design and Performance Evaluation of Brent Kung Adder based 8-Bit Vedic 
Multiplier. Urdhva Tiryagbhyam sutra has been used for multiplication purpose.  The partial product addition in Vedic 
multiplier is realized using Brent Kung Adder. Simulation results shows that described Brent Kung Adder based 8-Bit Vedic 
Multiplier is efficiently decreases the Delay, power consumption and Area than other multipliers.  
Keywords: Brent Kung Adder, Vedic Multiplier, Vedic mathematics, Digital Signal Processors, Urdhva Tiryagbhyam sutra. 
 

I. INTRODUCTION 
In most of the digital systems, multiplier and adder are the fundamental components in the design of application specific integrated 
circuits like RISC processors, digital signal processors (DSP), microprocessors etc. Now a day’s high speed devices play key role in 
VLSI applications. So the designing of fast devices has become essential to fulfill the demand of end user [1]. For multiplication 
operation performed in DSP applications, latency and throughput are the two major concerns from delay perspective. 
The speed of processor depends on the performance of Multiplier. A logic circuit which is combinational in nature and employed in 
a digital circuits to perform the multiplication operation can be called a multiplier. In past decade several new Architecture of 
Multiplier has been design like Booth’s multiplier, Modified Booth multiplier [2], Wallace Multiplier etc. In these algorithms 
various partial products are generated and also runs through various steps to attain the final resultant. The various steps comprises of 
addition, subtraction, and many comparisons which as a result consume much time therefore reduce the speed of multiplier. Since 
speed is major concern for Multiplier Design, therefore these architectures are not feasible [3].  
Vedic multiplication is considered as the oldest Indian ancient technique which is successfully used in designing multilevel 2d-
DWT and image processing [4]. Designing of these systems involve careful analysis of multiplication algorithms. Some of the 
important factors based on which the performance of a multiplier is judged are area, speed and power consumption. In recent time, a 
number of research articles have been published to reduce the computational complexity of the multiplication algorithm. 
Vedic mathematics was reconstructed from the ancient Indian scriptures (Vedas) by Swami Bharati Krishna Tirthaji Maharaja 
(1884-1960) after his eight years of research on Vedas. Vedic mathematics is mainly based on sixteen principles or word-formulae 
which are termed as sutras [5]]. This is a very interesting field and presents some effective algorithms which can be applied to 
various branches of engineering such as computing and digital signal processing. Integrating multiplication with Vedic Mathematics 
techniques would result in the saving of computational time. Thus, integrating Vedic mathematics for the multiplier design will 
enhance the speed of multiplication operation. The multiplier architecture is based on Urdhva Tiryagbhyam (vertical and cross-wise 
algorithm) sutra. An illustration of Urdhva Tiryagbhyam sutra is shown in Figure 1. 

 
Figure 1. Illustration of Urdhva Tiryagbhyam sutra 
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The 4x4 multiplication has been done in a single line in Urdhva Tiryagbhyam sutra, whereas in shift and add (conventional) method, 
four partial products have to be added to get the result. Thus, by using Urdhva Tiryagbhyam Sutra in binary multiplication, the 
number of steps required calculating the final product will be reduced and hence there is a reduction in computational time and 
increase in speed of the multiplier. 
This paper presents Design and Performance Evaluation of Brent Kung Adder based 8-Bit Vedic Multiplier.  Urdhva Tiryagbhyam 
sutra has been used for multiplication purpose.  The partial product addition in Vedic multiplier is realized using Brent Kung Adder. 
Remaining paper is organized as follows: Section II presents literature survey, Section III presents described Brent Kung Adder 
based 8-Bit Vedic Multiplier. Section IV presents simulation results and performance analysis of described multiplier, finally paper 
is concluded with section V.  
 

II. LITERATURE SURVEY 
In [6], a high speed multiplier is proposed using Urdhva Tiryagbhyam sutra and MUX based adder. The Experimental results shows 
that the proposed multiplier with MUX based adder can achieve significant improvement in speed and area. 
In [7] describes another new architecture of Vedic multiplier which is the combination of Urdhva Tiryagbhyam sutra of Vedic maths 
for performing high speed multiplication and kogge stone algorithm for adding partial products. Kogge stone adder is a parallel 
prefix adder. The Verilog code of 8x8 proposed multiplier was synthesized using Xilinx ISE 9.1i. It is found that the proposed 
architecture reduces the delay. 
In [8], two possible architectures are proposed for a Vedic real multiplier based on the URDHVA TIRYAKBHYAM (Vertically and 
cross wise) sutra of Indian Vedic mathematics and an expression for path delay of an N×N Vedic real multiplier with minimum path 
delay architecture is developed. Then, architectures of four Vedic real multipliers solution, three Vedic real multipliers solution of 
complex multiplier are presented. Finally, the results are compared with that of the four and three real multipliers solutions using the 
conventional Booth and Array multipliers. 
In [9] design a Vedic multiplication algorithm by using Vedic mathematics formula Urdhava Tiryakbhyam method means vertically 
and cross wise. The speed of the computation process is increased and the processing time is reduced due to decrease of 
combinational path delay compared to the existing multipliers. In our proposed multiplication algorithm, we get less time delay 
compared to other algorithms. 
In [10] presents the HDL implementation of a novel multiplier algorithm based on the combination of Vedic mathematics and 
Booth-Wallace tree multiplier. An 8×8 multiplier is implemented in VHDL. The HDL code is simulated and synthesized using 
ModelSim and Xilinx ISE 14.1, respectively. The performance parameters of 8-bit multipliers implemented using various 
algorithms are compared in this paper. The comparison results exhibit that the proposed algorithm is faster than other multiplier 
algorithms. 
In [11] proposed multiplier pertaining to concepts of Vedic Mathematics was designed to reduce propagation delay, design 
complexity as well as to optimize power consumption in comparison to conventional multipliers. The Vedic Multiplier computed 
the partial products in a simultaneous manner and the carry was propagated using ripple carry adders. Upon simulation of the 
results, the Vedic Multiplier was found to restrict the delay, compared to the Array and Booth Multipliers. 
In [12] proposed multiplier architectures are based on the Urdhva and Nikhilam sutras of the Vedic Mathematics. The Urdhva 
multiplier generates the partial products and the sums in parallel. Hence, this multiplier reduces the carry propagation delay from 
LSB to MSB.  The proposed Urdhva and Nikhilam multipliers achieve 60%, 77% improvement in speed and 37%, 50% 
improvement in power respectively, as compared with the power consumption of the conventional array multipliers. 
 

III. BRENT KUNG ADDER BASED 8-BIT VEDIC MULTIPLIER 
In this paper, Design and Performance Evaluation of Brent Kung Adder based 8-Bit Vedic Multiplier is presented.  
 
A. Brent–Kung Adder 
A Brent–Kung adder is a high-speed parallel prefix adder that uses a tree structure to perform arithmetic operations. It was 
developed by Brent and Kung. PPA is the unique architecture of adders that uses generate and propagate signals. BKA takes less 
area than other PPAs. Less cost and wiring congestion are other advantages of Brent Kung adder. It will increase the speed of partial 
product addition without compromising the power performance of the adder. It gives minimal number of calculating nodes but it has 
maximum logic depth and minimum area. Brent Kung adder has 3 stages namely pre-processing stage, prefix carry tree stage and 
post-processing stage. 
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Preprocessing: - This progression includes calculation of create and spread signs comparing too each combine of bits in An and B. 
These signs are given by the rationale conditions beneath: 

௜ܲ = ௜ܣ ௜ܤ ܴܱܺ  … (1) 
௜ܩ = ௜ܣ ௜ܤ ܦܰܣ  … (2) 

 
Carry look ahead network: - This square separates KSA from different adders and is the primary power behind its superior. This 
progression includes calculation of conveys comparing to each piece. 
 

௜ܥ = ) ݎ݋௜ܩ ௜ܲ (௜ିଵܥ ݀݊ܽ  … . . (3)  
 
Post processing: - This is the last advance and is normal to all adders of this family (convey look forward). It includes calculation of 
total bits. Total bits are figured by the rationale given underneath: 

௜ܵ = ௜ܲ ௜ିଵܥ ܴܱܺ  … . . (4) 
 
B. 8-bit Vedic multiplier using Brent–Kung adder 
The 8-bit multiplier is designed using four 4x4 Vedic multipliers which employ Urdhva Tiryagbhyam sutra and Brent–Kung adder 
technique for partial product addition. 2 x 2 Vedic multiplier is used as a basic building block for design of 4 x 4 bit Vedic 
multiplier. The output of these Vedic multipliers is added by modifying the logic levels of Brent–Kung adder. Block diagram of the 
proposed 8x8 multiplier is illustrated in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure. 2. Block diagram of Brent Kung Adder based 8-Bit Vedic Multiplier 
 
The 8-bit input sequence is divided into two 4-bit numbers and given as inputs to the 4-bit multiplier blocks (a[7:4] & b[7:4], a[3:0] 
& b[7:4], a[7:4] & b[3:0], a[3:0] & b[3:0]). The four multipliers used are similar and give 8-bit intermediate products which are 
added using overlapping logic with the help of three Brent–Kung (BK) adders. The partial products obtained from the four 
multipliers are demarcated into four regions.  
The four LSB product bits P[3:0] are directly obtained from one of the multipliers. The output of the second and third multiplier 
block is added directly using BK adder -1 as the second and third region is overlapping. Then the higher order bit of first multiplier 
block is added to the overlapping sum using BK adder-2 which gives the product P[7:4]. Finally, MSB bits P[15:8] are obtained by 
adding the fourth multiplier output to the carry from BK adder -1 (added at the fifth bit position) and higher order bits (acts as lower 
nibble of addend) of BK adder -3. 
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IV. RESULT ANALYSIS 
Implementation details and performance analysis of described Design and Performance Evaluation of Brent Kung Adder based 8-
Bit Vedic Multiplier is analyzed in this section. Xilinx 14.7 has been used for synthesize the Verilog codes of multipliers. Delay, 
power consumption and Area are three important parameters used in this paper to evaluate the performance analysis. The RTL 
schematic of described Brent Kung Adder based Vedic Multiplier is shown n below Figure 3. 

 
Figure. 3. RTL schematic of Brent Kung Adder based 8-Bit Vedic Multiplier 

 
Below Table 1 shows the comparative analysis of described Brent Kung Adder based 8-Bit Vedic Multiplier, Vedic Multiplier using 
MUX based adder and Vedic Multiplier using Ripple Carry adder in terms of delay, power consumption and Area.  
 

Table. 1. Comparative performance analysis 
Parameters Vedic Multiplier 

 
Brent Kung 

Adder 
MUX based 

Adder 
Ripple Carry 
Adder 

Delay (ns) 6.12 9.45 15.73 
Power consumption 

(μW) 
34.12 56.78 69.24 

Area (numbers of 
LUTs) 

158 175 181 

 
Figure 4 shows the comparative graphical analysis of delay parameter for Vedic Multiplier using described Brent Kung Adder, 
MUX based adder and Ripple Carry adder. It is observed that, described Brent Kung Adder based 8-Bit Vedic Multiplier is achieves 
less delay compared to other multipliers.  

 
Figure 4. Comparative analysis for Delay parameter 
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Comparative graphical analysis of power consumption parameter for Vedic Multiplier using described Brent Kung Adder, MUX 
based adder and Ripple Carry adder is shown in below Figure 5 and results clears that less power consumption attained by described 
model.  
 

 
Figure 5. Comparative analysis for power consumption 

 
Vedic Multiplier using described Brent Kung Adder, MUX based adder and Ripple Carry adder comparative area (number of LUTs) 
is graphically represented in below Figure 6. Described model multiplier has less area has other multipliers.  
 

 
Figure 6. Comparative analysis for Area 

 
From overall result analysis it is observed that, described Vedic Multiplier using described Brent Kung Adder gives a superior 
performance as compared with other multipliers.  
 

V. CONCLUSION 
In this paper, Design and Performance Evaluation of Brent Kung Adder based 8-Bit Vedic Multiplier is presented. Multipliers 
assume an essential part in the present advanced flag handling and different applications. Integrating Vedic mathematics for the 
multiplier design will enhance the speed of multiplication operation. The 8-bit multiplier is designed using four 4x4 Vedic 
multipliers which employ Urdhva Tiryagbhyam sutra and Brent–Kung adder technique for partial product addition. Delay, power 
consumption and Area are three important parameters used in this paper to evaluate the performance analysis. From overall result 
analysis it is observed that, described Vedic Multiplier using described Brent Kung Adder gives a superior performance as 
compared with other multipliers.  
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