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Abstract - Vedic Mathematics is the ancient methodology of Indian mathematics which as a unique technique of 

calculations based on 16 Sutras (Formulae). A high speed complex multiplier design (ASIC) using Vedic Mathematics is 

presented in this paper. The idea for designing the multiplier and adder subtractor unit is adopted from ancient Indian 

mathematics "Vedas". On account of those formulas, the partial products and sums are generated in one step which 

reduces the carry propagation from LSB to MSB. The implementation of the Vedic mathematics and their application to 

the complex multiplier ensure substantial reduction of propagation delay in comparison with DA based architecture and 

parallel adder based implementation which are most commonly used architectures. The functionality of these circuits was 

checked and performance parameters like propagation delay and dynamic power consumption were calculated using 

standard 90nm CMOS technology. The propagation delay of the resulting (32x32) complex multiplier is only 4ns and 

consumes 6.5mW power. Here almost 25% improvement in speed from earlier reported complex multipliers, e.g. parallel 

adder and DA based architectures. 

 

Keywords : Distributed Arithmetic-Vedic maths-ASIC. 

I. INTRODUCTION 

Multiplication is an important fundamental function in arithmetic operations. Multiplication-based operations such as 

Multiply and Accumulate(MAC) and inner product are among some of the frequently used Computation- Intensive 

Arithmetic Functions(CIAF) currently implemented in many Digital Signal Processing (DSP) applications such as 

convolution, Fast Fourier Transform(FFT), filtering and in microprocessors in its arithmetic and logic unit . Since 

multiplication dominates the execution time of most DSP algorithms, so there is a need of high speed multiplier. 

Currently, multiplication time is still the dominant factor in determining the instruction cycle time of a DSP chip. The 

demand for high speed processing has been increasing as a result of expanding computer and signal processing 

applications. Higher throughput arithmetic operations are important to achieve the desired performance in many real-

time signal and image processing applications. One of the key arithmetic operations in such applications is 

multiplication and the development of fast multiplier circuit has been a subject of interest over decades. Reducing the 

time delay and power consumption are very essential requirements for many applications. 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. 

Multiplication of two n-bit operands using a radix-4 booth recording multiplier requires approximately n / (2m) clock 

cycles to generate the least significant half of the final product, where m is the number of Booth recorder adder 
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stages. Thus, 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. In this work, Urdhva tiryakbhyam Sutra is first applied to the binary number system and is 

used to develop digital multiplier architecture. This is shown to be very similar to the popular array multiplier 

architecture. This Sutra also shows the effectiveness of to reduce the NXN multiplier structure into an efficient 4X4 

multiplier structures. Nikhilam Sutra is then discussed and is shown to be much more efficient in the multiplication of 

large numbers as it reduces the multiplication of two large numbers to that of two smaller ones. The proposed 

multiplication algorithm is then illustrated to show its computational efficiency by taking an example of reducing a 

4X4-bit multiplication to a single 2X2-bit multiplication operation . This work presents a systematic design 

methodology for fast and area efficient digit multiplier based on Vedic mathematics.[11,4] 

    

II. COMPLEX VEDIC MULTIPLIER IMPLIMENTATION 

 
A. ALGORITHMS OF VEDIC MATHEMATICS 

 

The proposed Vedic multiplier is based on the Vedic multiplication formulae (Sutras). These Sutras have 

been traditionally used for the multiplication of two numbers in the decimal number system. In this work, we apply 

the same ideas to the binary number system to make the proposed algorithm compatible with the digital hardware. 

Vedic multiplication based on some algorithms, some are discussed below:[2] 

 

B.URDHVA TIRYAKBHYAM SUTRA 

 

The 16x16 Vedic multiplier architecture is implemented using four 8x8 Vedic multiplier modules, one 16 bit carry 

save adder, and two 17 bit binary adder stages. Multiplication Result = (P31-P16) & (P16-p8) & (P7-P0). Where & refers 

to concatenate operation. The proposed architecture uses 16-bit carry save adder and 17- bits adder modules to 

generate the final 32-bits product (P31-P16) & (P16-p8) & (P7-P0).The P7- P0 (8-bits) of the product represents least 

significant 8-bits of the 16-bit output of the right hand most 8x8 multiplier module. The 16-bit carry save adder adds 

three input 16-bit operands i.e. concatenated 16-bit (“00000000” & most significant eight bits output of right hand 

most 8x8 multiplier module), each 16-bit output of second and third 8x8 multiplier modules. The 16-bit carry save 

adder produces two 16-bit output operands, sum vector and carry vector.[9] 

 
Fig 1 Architecture of 16x16 vedic multiplier 

 

The output represents the least significant eight bits of 17-bit sum. The 16-bit output of the left most 8x8 multiplier 

module and concatenated 16-bits (“0000000”& the most significant nine bits of 17-bits sum) are fed into second 17-

bit adder. The p31-p16 represents sixteen bit sum. The 33rd carry bit is omitted while taking the final product. 

 

The multiplier is based on an algorithm Urdhva Tiryakbhyam (Vertical & Crosswise) of ancient Indian 

Vedic Mathematics. Urdhva Tiryakbhyam Sutra is a general multiplication formula applicable to all cases of 

multiplication. It literally means “Vertically and crosswise”. It is based on a novel concept through which the 

generation of all partial products can be done with the concurrent addition of these partial products. The parallelism 

in generation of partial products and their summation is obtained using Urdhva triyakbhyam explained in Fig 2.1.The 

algorithm can be generalized for n x n bit number. Since the partial products and their sums are calculated in parallel, 
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the multiplier is independent of the clock frequency of the processor. Thus the multiplier will require the same 

amount of time to calculate the product and hence is independent of the clock frequency. The net advantage is that it 

reduces the need of microprocessors to operate at increasingly high clock frequencies. While a higher clock 

frequency generally results in increased processing power, its disadvantage is that it also increases power dissipation 

which results in higher device operating temperatures. By adopting the Vedic multiplier, microprocessors    designers 

can easily circumvent these problems to avoid catastrophic device failures. The processing power of multiplier can 

easily be increased by increasing the input and output data bus widths since it has a quite a regular structure. Due to 

its regular structure, it can be easily layout in a silicon chip. The Multiplier has the advantage that as the number of 

bits increases, gate delay and area increases very slowly as compared to other multipliers. Therefore it is time, space 

and power efficient. It is demonstrated that this architecture is quite efficient in terms of silicon area/speed. 

 

 C. ALGORITHM FOR 4 X 4 BIT VEDIC MULTIPLIER USING URDHVA TIRYAKBHYAM 

(VERTICALLY   AND CROSSWISE) FOR TWO BINARY NUMBERS  

 

 

                   CP=Cross Product (vertically and Crosswise) 

           X3 X2 X1 X0 (Multiplicand) 

             Y3 Y2 Y1 Y0 (Multiplier) 

   ---------------------------------------------------------------- 

    H      G     F      E        D      C     B     A 

P7       P6     P5    P4        P3     P2    P1     P0    Product 

       

PARALLEL COMPUTATION METHODOLOGY 

1. C     X0= X0   *   Y0 = A 

                  Y0 

2. CP   X1X0  =  X1  *  X0 + X0  *  Y1 = B 

            Y1Y0 

3. CP   X2 X1 X0=  X2 * Y0 +X0 * Y2 +X1 * Y1 = C 

       Y2 Y1 Y0 

4. CP   X3 X2 X1 X0 = X3 * Y0 + X0* Y3 + X2 * Y1 + X1 * Y2 =D 

       Y3 Y2 Y1 Y0   

5. CP   X3 X2 X1 = X3 * Y1 + X2 * Y2 + X1 * Y3=E 

                 Y3 Y2 Y1 

6. CP   X3 X2 = X3 * Y2 + X2 * Y3 = F 

                 Y3 Y2 

7. CP   X3  = X3 * Y3 = G 

                      Y3 

 

 D. COMPLEX MULTIPLIER 

 

Complex multiplier design by using parallel adders and  subtractors has been designed shows the direct method for 

implementation of the complex multiplier design. In this paper complex multiplier design is done using Vedic 

Multipliers and Vedic subtractors. Multiplication Algorithm[10,7] 

<Input> 

A and B : Multiplicand and multiplier respectively. Both are complex  numbers .A=Ar+ jA ; and B =Br +jB; (here all 

are N Bit unsigned numbers). 

Stepl.Select the appropriate base using RSU. 

Step2. Multiply the numbers as shown in Fig 4 and then add or subtract them to obtain the real and the imaginary part 

of the result. 

<Output> 

Result : Cr and C; are the real and imaginary part of complex number. 
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Fig 2 Implementation of complex multiplier design 

 

E. EXPONENT DETERMINANT 

 

The hardware implementation of the exponent determinant is shown. The integer part or exponent of the number 

from the binary fixed point number can be obtained by the maximum power of the radix. For the nonzero input, 

shifting operation is executed using parallel in parallel out (PIPO) shift registers. The number of select lines of the 

PIPO shifter is chosen as per the binary representation of the number (N-1)IO. 'Shift' pin is assigned in PIPO shifter 

to check whether the number is to be shifted or not (to initialize the operation 'Shift' pin is initialized to low). A 

decrementer  has  been integrated in this architecture to follow the maximum power of the radix. A sequential 

searching procedure has been implemented here to search the first 'I' starting from the MSB side by using shifting 

technique. For an N bit number, the value (N-I)IO is 

 

 
                                                           Fig. 3 Hardware implementation of RSU  

   

Fed to the input of decrementer. The decrementer is decremented based on a control signal which is generated by the 

searched result. If the searched bit is '0' then the control signal becomes low then decrementer start decrementing the 

input value (Here the decrementer is operating in active low logic). The searched bit is used as a controller of the 

decrementer. When the searched bit is 'I' then the control signal becomes high and the decrementer stops further 

decrementing and shifter also stops shifting operation. The output of the decrementer shows the integer part 

(exponent) of the number. E.D.[8]  

 

Determines the maximum power of the base (here 2) corresponding to the input X. The maximum power of ‘2’ is 

called the exponent. The exponent is incremented by ‘1’ through the adder block. The exponent is fed to the mean 

determinant block which computes the mean of the two radices between which the input lies. The output of MD and 

the input are fed to the comparator. The output of the comparator is used as select input to the multiplexer. The 

incremented exponent and the previous exponent are fed to the multiplexer which selects the proper exponent. The 

output of the multiplexer is fed to the shifter which is initialized by ‘1’. The MUX output generates the radix from 

which the input is subtracted to generate the residue. The hardware implementation of the exponent determinant is 

shown in Figure 5.The integer part or exponent of the number from the binary fixed point number can be obtained by 

the maximum power of the radix. For the non-zero input, shifting operation is executed using parallel in parallel out 

(PIPO) shift registers. The number of select lines  of the PIPO shifter is chosen as per the binary representation of the 

number (N-1)10. ‘Shift’ pin is assigned in PIPO shifter to check whether the number is to be shifted or not (to 

initialize the operation ‘Shift’ pin is initialized to low). A decrementer has been integrated in this architecture to 

follow the maximum power of the radix. A sequential searching procedure has been implemented here to search the 
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first ‘1’ starting from the MSB side by using shifting technique. For an N bit number, the value (N-1)10 is fed to the 

input of decrementer. The decrementer is decremented based on a control signal which is generated by the searched 

result. If the searched bit is ‘0’ then the control signal becomes low then decrementer start decrementing the input 

value (Here the decrementer is operating in active low logic). The searched bit is used as a controller of the 

decrementer. When the searched bit is ‘1’ then the control signal becomes high and the decrementer stops further 

decrementing and shifter also stops shifting operation. The output of the decrementer shows the integer part 

(exponent) of the number.[3,1] 

            Fig. 4 Hardware implementation of exponent determinant 

 

III. RESULTS AND DISCUSSION 

 
TABLE1. PERFORMANCE PARAMETER ANALYSIS OF    COMPLEX MULTIPLIER 

Multiplier type 4X4 8X8 16X16 

ARRAY     

Delay(ns) 1.87 3.56 5.03 

Average power(mW) 3.02 4.14 7.89 

Leakage power(mW) 1.73 6.78 11.1 

End of operation (10
-

21
)J-S 

10.56 52.46 199.6 

VEDIC    

Delay(ns) 1.11 2.02 4 

Average power(mW) 1.74 3.29 6.5 

Leakage power(mW) 1.68 3.12 6.78 

End of operation 

(10
-21

)J-S 

2.14 13.43 104 

The tabulation shows the difference between the existing methodology and the proposed one in terms of area, power 

and delay. 

 

A.SIMULATION RESULT ANALYSIS 

All the algorithm of this paper was simulated and their functionality was examined by using Spice Spectre. 

Performance parameters such as propagation delay and power consumptions analysis of this paper using standard 

90nm CMOS technology. To evaluate the performance parameters, we give the values of the computational effort 

using array multiplier and Vedic multiplier. As shown, the application of the Vedic method for multiplication cuts the 

amount of the hardware as well as increases the performance parameters such as propagation delay, dynamic 

switching power consumptions, and dynamic leakage power consumptions. The performance parameters analysis 

using array multiplication and Vedic multiplication is shown in Table I. Input data is taken as a regular fashion for 

experimental purpose. We have kept our main concentration for reducing the propagation delay  , dynamic switching 
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power and dynamic leakage power consumption and energy delay product. A comparison between different 

architecture in terms of propagation delay and dynamic switching power consumption A comparison between 

different architecture in terms of propagation delay and dynamic switching power consumption is tabulated in Table 

II. The proposed complex number multiplier offered 20% and 19% improvement in terms of propagation delay and 

power consumption respectively, in comparison with parallel adder based implementation. Whereas, the 

corresponding improvement in terms of delay and power was found to be 33% and 46% respectively, with reference 

to the algebraic transformation based implementation. arithmetic, parallel adder based implementation, and algebraic 

transformation based implementation. 

 
B. SYNTHESIS REPORT 

    

 

COMPLEX MULTIPLIER 

 
Data flow: 

 

 
Time              :3.86  

Power            : 4.31mw 

Static power   : 4.31mw 
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VII. CONCLUSION 

 

Here a novel complex number multiplier design based on the formulas of the ancient Indian Vedic Mathematics, 

highly suitable for high speed complex arithmetic circuits which are having wide application in VLSI signal 

processing. The implementation was done in Spice spectre and compared with the mostly used architecture like 

distributed arithmetic, parallel adder based implementation, and algebraic transformation based implementation. This 

novel architecture combines the advantages of the Vedic mathematics for multiplication which encounters the stages 

and partial product reduction. The proposed complex number multiplier offered 20% and 19% improvement in terms 

of propagation delay and power consumption respectively, in comparison with parallel adder based implementation. 

Whereas, the corresponding improvement in terms of delay and power was found to be 33% and 46% respectively, 

with reference to the algebraic transformation based implementation.  
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