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Abstract— An integrated Vedic multiplier is special type of 

multiplier architecture, based on the length of the input bits 

architecture selects the appropriate multiplication sutra, is 

proposed. Aim of the multiplication sutras is to reduce the 

partial products, all the partial products are generated in 

single step, summing of these partial products results in final 

product. This reveals a speedup of proposed multiplier than 

the conventional multiplier. 
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I. INTRODUCTION 

The multiplier is a fairly large block of a computing system. 

The amount of circuitry involved is directly proportional to 

the square of its resolution i.e. A multiplier of size n bits has 

n
2
 gates. For multiplication algorithms performed in DSP 

applications latency and throughput are the two major 

concerns from delay perspective. Latency is the real delay of 

computing a function, a measure of how long the inputs to a 

device are stable is the final result available on outputs. 

Throughput is the measure of how many multiplications can 

be performed in a given period of time; multiplier is not 

only a high delay block but also a major source of power 

dissipation. That’s why if one also aims to minimize power 

consumption, it is of great interest to reduce the delay by 

using various delay optimizations. Digital multipliers are the 

core components of all the digital signal processors (DSPs) 

and the speed of the DSP is largely determined by the speed 

of its multipliers. Two most common multiplication 

algorithms followed in the digital hardware are array 

multiplication algorithm and Booth multiplication 

algorithm. The computation time taken by the array 

multiplier is comparatively less because the partial products 

are calculated independently in parallel. The delay 

associated with the array multiplier is the time taken by the 

signals to propagate through the gates that form the 

multiplication array. Booth multiplication is another 

important multiplication algorithm. Large booth arrays are 

required for high speed multiplication and exponential 

operations which in turn require large partial sum and partial 

carry registers. A large propagation delay is associated with 

this case. Due to the importance of digital multipliers in 

DSP, it has always been an active area of research and a 

number of interesting multiplication algorithms have been 

reported in the literature. 

II. RELATED WORK 

In many real time signal and image processing applications 

higher throughput arithmetic operations are important to 

achieve the desired performance. One of the important and 

frequently used arithmetic operation in such application is 

multiplication. The development of fast multiplier circuit 

has been a subject of interest over decades. Aim of the 

design is to reduce the time delay , power consumption and 

area.A high speed multiplier design (ASIC) using Vedic 

mathematics was presented in[1].The idea for designing the 

multiplier and adder unit was adapted from ancient Indian 

mathematics “Vedas” based on those formulae, the partial 

products and sums are generated in single step which 

reduces the carry propagation from LSB to MSB. The 

implementation of the Vedic mathematics and their 

application to the complex multiplier ensured substantial 

reduction of propagation delay in comparison with 

Distributed Array (DA) based architecture and parallel adder 

based implementation which are most commonly used 

architectures. The implementation of the Vedic algorithms 

in DSP is highlighted in [2].In this, multiplication process 

based on Vedic mathematics and its implementation on 

8085 and 8086 microprocessors was shown. A comparative 

study of processing time of conventional multipliers for 

8085 and 8086 was done. It was shown that there is an 

appreciable saving in the processing time of the Vedic 

multiplier as when compared to that of conventional 

multiplier. A time, area, power efficient multiplier 

architecture using Vedic mathematics was shown in [3]. In 

this a comparative study of the array multiplier, carry save 

multiplier ,Wallace tree multiplier, Booth multiplier and 

Vedic multiplier was done in detail. The study clearly 

showed that though array and Booth multipliers are faster 

among the conventional multipliers, they are so because of 

some tread off with complexity and high power 

consumption respectively. A fast and low power 

consumption based on Vedic mathematics was shown in [4]. 

This paper presented a new architecture for multiplication 

which use the modified binary tree network (MBT). This 

architecture focuses on generating all partial products in one 

step. This generated partial products are added by the MBT 

network. This also showed evidence of increase in speed. 

Reduced bit multiplication algorithm for digital arithmetic 

was shown in [5]. Paper presents,in depth explanation of 

Urdhva Tiryakbhyam sutra and the Nikhilam sutra. These 

sutras are the extracts from the Vedas which are the store 

house of knowledge. The former was suggested for smaller 

numbers and the latter suggested for large numbers. This 

paper showed that multiplication of two 8 bit numbers can 

be effected by reducing it further into two 4 bit numbers and 

likewise. VHDL implementation of a NXN multiplier based 

on the Vedic mathematics was shown in [6]. This proposed 

a way to implement the design of Urdhva sutra based 

multiplier as a bottom up design methodology. A novel 

design for square and cube architecture was shown in [7]. It 

was very clearly evident from the explanation that, the 

Vedic square and cube  architectures were faster than the 

conventional square and cube calculations. All the Vedic 

based calculations, sutra explanations and complete 

discussion were made in [8]. 
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III. DESIGN APPROACH 

A. Urdhaya Triyakbhyam Sutra Illustration 

Multiplication is  based  on an algorithm called Urdhva 

Tiryakbhyam (Vertical and Crosswise) of ancient Indian Vedic 

Mathematics. Urdhva  Tiryakbhyam  Sutra is a  general  mul- 

tiplication formula applicable to all cases  of multiplication. 

The Sanskrit term means ”Vertically and crosswise”. The idea 

here is based  on a concept  which results in the generation of  

all  partial products  along with the concurrent  addition of 

these  partial products in parallel [5]. The parallelism in 

generation of partial products and their summation is obtained 

using Urdhva Tiryakbhyam explained in Fig.1. Since there is a 

parallel generation of the partial products and their sums, the 

processor becomes independent of the clock frequency. Thus the 

multiplier will require the same amount of time to calculate the 

product  and hence is independent of the clock frequency. The 

advantage  here is that parallelism  reduces the need  of processors  

 
Fig.1 : Multiplication of two numbers using Urdhva sutra 

to operate at increasingly high clock frequencies. A higher 

clock frequency will result in increased processing power, and 

its demerit is that it will lead to increased power dissipation 

resulting in higher device operating temperatures. By employing 

the Vedic multiplier, all the demerits associated with the increase 

in power dissipation can be negotiated. Since it is quite faster  

and efficient its layout has  a  quite regular structure.  Owing to 

its regular structure,  its layout can be done easily on a silicon  

chip [4]. The Vedic multiplier has the advantage that as the 

number of bits increases, gate delay and area increases  very 

slowly as compared  to other multipliers, thereby making it  

time, space  and power efficient. It is demonstrated that this 

architecture is quite efficient in terms of silicon area/speed [4]. 

Line diagram for the multiplication is shown in Fig.2. 

Initially the LSB digits on the both sides of the line are 

multiplied and added with the carry from the previous step. 

This generates one of the bits of the result and a carry. This carry 

is added in the next step and the process goes on likewise. If more 

than one line are there in one step, all the results are added to 

the previous carry. In each step, least significant bit act as the 

result digit and all other digits act as carry for the next step. 

Initially the carry is taken to be zero. To make the methodology  

more clear, an alternate illustration. 

 
Fig. 2: Line diagram of the multiplication 

is given with the help of line diagrams in Fig 2, where the 

dots represent bit ”0”  or ”1”  [4]. Here in order to illustrate 

the multiplication  algorithm, we consider the multiplication  of 

two binary numbers a3a2a1a0 and b3b2b1b0. As the result of this 

multiplication would be more than 4 bits, it is expressed as 

...r3r2r1r0.   Line diagram for multiplication of two 4-bit 

numbers is shown in Fig 2. This just maps the illustration in 

Fig 1 in binary system. Least significant bit r0 is obtained by 

multiplying the least significant bits of the multiplicand and 

the multiplier. The process is followed as per the steps shown 

in Fig 1. The same method is used and the design for 

multiplication of two 64 bit numbers is done using the bottom p 

methodology. The architecture is shown in Fig 3 which is 

followed as per the concept of [9][10]. A31-A0 and B31-B0 

generates Q31-Q0  of the output and the remaining bits are 

forwarded  as carry to next. A31-A0, B63-B32  and A63-A32, 

B31-B0 and the carry from previous step together forms Q63- 

Q32 of the output and the remaining bits are forwarded to the 

next. Finally A63-A32 and B63-B32 and the carry from the 

previous  step together form the Q127-Q64 of the output. Thus a 

64 bit multiplication  results by multiplying four 32 bit numbers 

in parallel. 

 
Fig. 3: Architecture of 64 bit Urdhva sutra [9][10] 

B. Nikhilam sutra illustration 

The Sanskrit term Nikhilam means ”all from 9 and last from 

10”. It is also applicable to all cases of multiplication, but it 

tends to be more efficient when the numbers involved  are large. 

This is because, it just finds out the compliment of the large 

number from its nearest  base to perform the multiplication 

operation  on it  [4]. Larger the original number,  lesser  the 

complexity of the multiplication. This sutra is illustrated by 

considering the multiplication of two decimal numbers (94 * 

88) where the chosen  base is 100 which is nearest  to and 

greater  than both these  two numbers.  The right hand side 

(RHS) of the product can be obtained by simply multiplying 

the numbers of the Column 2 (6*12 = 72). The left hand 

side(LHS) of the product can be found by cross subtracting  

the second number of Column 2 from the first number of 
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Column 1 or vice versa, i.e., 94 - 12 = 82 or 88 - 6 = 82. 

The final result is obtained by concatenating RHS and LHS 

(Answer = 8272).The proposed Nikhilam sutra architecture  is 

shown in Fig 4 and is based on the above illustration  of the 

sutra. 

 
Fig. 4: Nikhilam sutra illustration 

 

 
Fig. 5: Proposed Architecture of  Nikhilam sutra multiplier 

It is known from literature that Urdhva  based 

multiplier is expected  to work faster for small inputs and 

Nikhilam sutra based  multiplier for  large inputs. Hence, 

Integrated Vedic Multiplier Architecture is proposed in this 

paper, which is capable  of selecting the better multiplier sutra 

based  on the inputs given. The proposed  Integrated  Vedic 

Multiplier Architecture is shown in Fig 6. 

 
Fig. 6  Proposed Integrated Vedic multiplier Architecture 

The concept is that, the initial conditions  are set at the start (say) 

at around 20 percentage from the nearest  base  as the Nikhilam 

limit. If the inputs lie inside Urdhva limit, Urdhava based  

multiplier will  perform the multiplication and if  the inputs 

lie inside Nikhilam limit, Nikhilam based  multiplier will 

perform the multiplication.  This is extended for all higher order  

cases. This proposed architecture is aimed at achieving faster  

results. Also, when one multiplier is ’ON’,  the other is 

’OFF’. This  accounts for low power consumption of the 

proposed architecture. 

IV. RESULT 

A. Simulation Result 

 
Fig. 7: Simulation result of 64x64 Urdhva multiplier 

Here ’a’ and ’b’ are the two 64 bit inputs (unsigned decimal) and 

’mulout’ is the output which results in a 128 bit binary 

number. Corresponding hexadecimal  values are shown in the 

output. 

 
Fig. 8: Simulation result of Proposed 64x64 Nikhilam 

multiplier 

 
Fig. 9:  Simulation result of Proposed 64x64 Integrated Multiplier 

Architecture 

Fig shows the output of the proposed Integrated Multiplier 

Architecture. This clearly shows that based on the conditions, 

only one multiplier sutra performs  the multiplication at any 

given time. When the inputs are large and close to the base 

such as  100, 1000, 10000, etc., Nikhilam sutra does the 

multiplication and saves time. When any other normal input is 

given (i.e.) when the inputs are small, Nikhilam sutra stops 

working and Urdhva multiplier performs the multiplication. 

Thus this proposed paper becomes an Integrated Vedic Mul- 

tiplier Architecture which ensures that the best multiplier is 

performing the multiplication and saves  time depending on 

the given inputs. 

B. Speed Analyses Report 

The proposed Vedic multiplier is coded in Verilog language, 

synthesized and simulated  using EDA tool Xilinx  ISE12.2. 

Finally the results are compared with Conventional multipliers to 

show the significant improvement in its efficiency in terms of 
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path  delay (speed).The high speed processor requires  high speed  

multipliers and the Vedic Multiplication technique is very 

much suitable for this purpose. Though  proposed multiplier 

was implemented  and verified for 16x16 bit, 32x32 bit and 

64x64 bit only 16x16 and 64 x64 bit results are tabulated  

for comparison  of results.  The designs  of 16x16 bits and 

64x64 bits Vedic multiplier have been implemented for a series  

of multiplicands  each. It is therefore  seen from Table.1.that, on 

an average, in case of lower bit multipliers, Urdhva  performs 

better than Nikhilam because of the small size of the 

multiplicands.  However,  as the size of the multiplicands 

increase, Nikhilam performs much faster than Urdhva and 

achieves an increase more than twice as fast in speed for 64 bit 

multiplicands.  Combinational path delay of Vedic and 

conventional multipliers  are shown in Table 1 and Table 2. 

Multiplier 

Type 

 

Urdhva 

Multiplier 

(ns) 

Nikhilam 

Multiplier 

(ns) 

Device Name 16 Bit 64 Bit 16 Bit 64 Bit 

Spartan3E 24.817 40.496 19.989 28.009 

Spartan6 18.919 27.285 20.262 21.260 

Vertex5 14.914 24.071 11.433 14.297 

Table 1: Vedic Multipliers 

The designs  of  16x16 bit  and 64x64 bits conventional 

multiplier have been implemented  on Xilinx ISE 12.2 series 

for a series  of multiplicands  each. The speed analysis  is as 

shown with different devices in Table.2. 

Multiplier 

Type 

 

Binary 

Multiplier 

(ns) 

Array 

Multiplier 

(ns) 

Booth 

Multiplier 

(ns) 

Device 

Name 

16 

Bit 

64 

Bit 

16 

Bit 

64 

Bit 

16 

Bit 

64 

Bit 

Spartan3E 37.8 111 67 270 23.6 67.1 

Spartan6 11.7 100 50.8 205 13.4 64.1 

Vertex5 19.6 66.1 31.4 124 11.9 31.8 

Table 2: Conventional Multipliers 

Analyses of the utilization of the slices from the maxi- mum 

available slices for spartan3E,spartan6 and vertex5 are 

tabulated in Table 3 and 4 shows the slices(area)  used and 

percentage of slices utilized of different devices for Vedic 

and conventional multiplier. From the above  tables  shows  

Vedic multipliers  are faster than the conventional 

multipliers. 

Multiplier 

Type 

 

Urdhva 

Multiplier 

(slices utilized / 

%) 

Nikhilam 

Multiplier 

(slices utilized / 

%)) 

Device Name 16 Bit 64 Bit 16 Bit 64 Bit 

Spartan3E 

(Max slices 960) 
324/33 5465/569 164/17 749/78 

Spartan6 

(Max slices 

2400) 

461/19 8013/333 189/7 1653/68 

Vertex5(Max 

slices 19200) 
468/2 8123/42 219/1 668/3 

Table 3: Vedic Multipliers 

Multipli

er 

Type 

 

Binary 

Multiplier 

(slices 

utilized / %) 

Array 

Multiplier 

(slices utilized 

/ %) 

Booth 

Multiplier 

(slices 

utilized / %) 

Device 

Name 

16 

Bit 
64 Bit 

16 

Bit 
64 Bit 

16 

Bit 
64 Bit 

Spartan3

E 

(Max 

slices 

960) 

26

9/ 

28 

4496/4

68 

397/

41 

6798/7

08 

30

4/ 

31 

5125/5

33 

Spartan6 

(Max 

slices 

2400) 

38

3/ 

15 

4096/1

70 

523/

21 

388/ 

338 

38

8/ 

16 

6113/2

54 

Vertex5 

(Max 

slices 

19200) 

26

2/ 

01 

4125/2

1 

541/

02 

9320/4

8 

42

2/ 

02 

7016/3

6 

Table 4: Conventional Multiplier 

V. CONCLUSION 

Depending on the inputs, the better sutra is selected by the 

architecture itself . The time taken for multiplication 

operation is reduced by employing the Vedic algorithms. In 

case of the lower bit multipliers , Urdhva sutra performs 

better than Nikhilam sutra because of the small size of the 

multiplicands. However ,as the size of the multiplicands 

increase ,Nikhilam performs much faster than the Urdhva 

and achieves an increase more than twice as fast in speed for 

64 bit multiplicands . Hence integrated Vedic multiplier 

architecture id proposed for implementation of the Vedic 

multiplier, divider block , multiply and accumulate (MAC) 

unit, cube root block there by making into a Vedic 

Arithmetic and logic unit(VALU). 
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