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Abstract 

Any processor’s performance is dependent on three important factors namely speed, 

area and power. A better trade-off between these factors makes the processor, an 

effective one. Multipliers are the commonly used architectures inside the processor. If 

the performance of these multipliers are improved then powerful processors can be 

created in future. In this paper, the proposed multiplier design based on the sutra-

‘Urdhva Tiryakbhyam’ of vedic mathematics is analyzed and the performance results 

of the multiplier are compared with conventional multipliers. Vedic mathematics is 

an ancient mathematics system which is based on 16 sutras, gives distinctive ideas for 

obtaining solutions with ease. The design is done using Verilog HDL and the 

processes such as simulation and synthesis are done using ModelSim ALTERA 6.5b 

and Xilinx ISE Design Suite 13.2. 

Keywords: Urdhva Tiyakbhyam, Vedic mathematics, Conventional multipliers, 

Verilog HDL 

1. Introduction 

Many Digital signal processing (DSP) systems includes multipliers as one of core 

hardware blocks. Multipliers hold a significant role in various DSP applications such 

as digital filtering, digital communication and Fast Fourier transform [4].  

The common classification of multipliers depending on their architecture involves 

three types: ‘serial multipliers’, ‘parallel multipliers’ and ‘serial-parallel multipliers’. 
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In this paper, multiplier architecture based on Urdhva tiryakbhyam sutra [6],a concept 

based on vedic mathematics is discussed.  

The paper can be summarized with five sections in which section two describes about 

vedic mathematics, section three explains the urdhva tiryakbhyam sutra, section four 

presents the conventional multiplier types vs. proposed multiplier, section five 

discusses the results and comparison and the final section deals with the conclusion 

of the paper. 

 

2. Vedic mathematics and its sutras 

Vedic Mathematics is a book written by Jagadguru Shankaracharya Bharati Krishna 

Trithaji Maharaja. The book includes 16 sutras which are said to be derived from 

‘Ganita sutras’ of atharva veda. The principles of Vedic mathematics can be directly 

implemented in problems related to trigonometric functions, differential and integral 

calculus, plane and sphere geometry, conics and different methods of applied 

mathematics [2][3]. 

 

The sutras of vedic mathematics with their meanings are listed in the table below: 

S.NO SUTRA NAME MEANING 

1. (Anurupye)-Shunyamanyathu If one value is in ratio, other is zero 

2. Chalana Kalanabhyam Differences and similarities 

3. 
Ekadhikina & Ekanyunena 

Purvena 

By one more or less than the previous 

one 

4. Gunakkasamuchhyah Factors of the sum is equal to sum of the 

5. Guniitasamuchhyah The product of the sum is equal to sum 

6. Nikilam Navatashcaramam Many from 9, before 10 

7. Paravartya Yojayethu Taking Transpose & adjust 

8. Puranapuranabhyamm By the ending or no ending 

9. Sankhalana Vyavakhalanabhyam  Add & subtract 

10. Sesanyaankena Caramena Remainder by the ending digit 

11. Sunyam Samyasamucaye  Sum is the zero for the same sum 

12. Soopantyadvayamantyam The last and double the last before 

13. Urdhva-Tiryakbhyam Vertically & crosswise 

14. Vyashtisamanstih Part and Whole 

15. Yaavadunam Whatever the extent of its deficiency 
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3. Multiplication sutra-urdhva tiryakbhyam 

The sutra ‘Urdhva Tiryakbhyam’[2] is a common method which can be applied to all 

cases of multiplication. The diagrammatic representation of the process flow is shown 

in Fig.1.The rule of this multiplication is at first, multiplication starts from MSB – 

Most Significant Bit(or LSB)(vertical), of both multiplicands to get first cross 

product. Then increasing one bit, further calculation of cross products takes place 

between the bits of multiplicands goes till all bits are used. Then further dropping bits 

from MSB (or LSB) process of cross product is continued till only LSB (or MSB) is 

used for cross product. 

 

Figure.1: Multiplication steps for multiplying two numbers using Urdhva 

Tiryakbhyam sutra. 

Here the notable characteristic of this multiplication is that determination of cross 

product and the summation involved with each step takes place simultaneously.   

4. Conventional multiplier vs. Proposed multiplier 

4.1 Conventional multipliers 

The two widely used multipliers in digital circuits are array and booth multipliers. In 

the case of array multiplier, the multiplier takes two numbers say P and Q of a and b 

bits. A group of ab AND gates are used to generate ab partial products 

simultaneously which are summed using half adders and full adders. The booth 

multiplier is a multiplier that uses two’s complement notation of signed binary 

numbers for multiplication. Large booth arrays are needed for fast multiplication and 

exponential operations. In considering both the multipliers, the time required for 

computation in booth multiplier is comparatively low [5].  
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4.2 Proposed multiplier 

The 2 x 2 multiplier structure [1] is obtained using four input AND gates and two half 

adder circuits as shown in the Fig.2(A). It can be observed that this structure is 

similar to the hardware architecture of 2 x 2 conventional array multiplier and the 

overall delay is the delay associated with only those two half adder circuits which is 

the same in array multiplier case too. So, it can be judged that multiplying two bit 

binary numbers by this technique would not make drastic improvement in the 

efficiency of the multiplier. Hence we shift to 4 x 4 multiplier implementation which 

can be constructed from 2 x 2 multiplier block.  

 

     (A)                                                      (B)                                                   

Figure 2: (A) Representation of 2 x 2 multiplication based on urdhva 

tiryakbhyam sutra using logic gates, (B) A Sample model of 4 x 4 multiplication 

using 2 x 2 blocks. 

 

Figure 3: Block diagram representation of 4 x 4 multiplier. 

In Fig.2(B), all the square boxes indicate 2 x 2 multiplier blocks. Each block’s input 

is assigned as shown in figure. Finally output is of eight bit which is 

Q7Q6Q5Q4Q3Q2Q1Q0. Thus, its block diagram can be represented by Fig.3. This 

technique is used to construct multipliers with more bits such as 8,12,32 and 64 bits. 
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5. Results and comparison 

The proposed multiplier’s simulated waveforms for 8, 16, 32 and 64 bits are 

displayed in the Fig.4 below: 

 

                              (A)                                                                 (B) 

 

(C)                                                                 (D)     

Figure 4: (A) Simulation for 8-bit multiplication , (B) Simulation for 16-bit 

multiplication , (C) Simulation for 32-bit multiplication , (D) Simulation for 64-

bit multiplication: 

The following tabulations show the results of different multipliers. 

Multiplier 

/ Delay[ns] 
8-bit 16-bit 32-bit 64-bit 

Array 22.365 29.787 37.877 47.855 

Booth 21.279 28.452 36.445 46.340 

Proposed 20.111 27.533 35.623 45.601 

Table 1: Comparison in terms of delay(ns) 

Memory(kb) 8-bit 16-bit 32-bit 64-bit 

Array 192424 197544 225768 332392 

Booth 191400 193448 204712 244204 

Proposed 191144 193448 204712 244840 

Table 2: Comparison in terms of Memory Usage(kb) 
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6. Conclusion 

Thus the design of proposed multiplier has been implemented on Xilinx Spartan3E 

xc3s500e-4fg320 (up to 32-bit) and xc3s1600e-4fg484 (for 64-bit) since for 64-bit 

more than 100% of resources in the former one is required and so the later one is 

used. The delay of the proposed multiplier for 64 x 64 bit multiplication is 45.601ns. 

Therefore proposed multiplier comes out as the better multiplier than the 

conventional multipliers in terms of speed. The multiplier performance can still 

improved by using the technique such as Wallace tree addition in adder block and it 

can be applied for DSP applications such as FIR,IIR,FFT. Further the above said 

application with respect to filters and FFT will be implemented in FPGA as future 

work. 

 

References 

[1] G.Ganesh Kumar, V.Charishma, “Design of High Speed Vedic Multiplier using 

Vedic Mathematics Techniques,” International Journal of Scientific and Research 

Publications, vol 2, Issue 3, March, 2012. 

 

[2] Jagadguru Swami Sri Bharath, Krishna Tirathji, “Vedic Mathematics or Sixteen 

Simple Sutras from The Vedas,” Motilal Banarsidas, Varanasi (India), 1992.  

 

[3] Krishnaveni D., Umarani T.G., “VLSI  implementation of vedic multiplier with 

reduced delay, IJATER National Conference on Emerging Trends in Technology 

(NCET-Tech), ISSN No: 2250-3536, vol 2, Issue 4, July 2012. 

 

[4] A.Kumar, A. Raman, Dr. Sarin, “Small area reconfigurable FFT design by Vedic 

math,” in Proc. 2nd IEEE Int. Conf. Computer and Automatic Engineering, India, 

vol. 5, pp.836-838, 2010.  

 

[5] Laxman S, Darshan Prabhu R, Mahesh S Shetty ,Mrs. Manjula BM, Dr. Chirag 

Sharma, “FPGA Implementation of Different Multiplier Architectures,” International 

Journal of Emerging Technology and Advanced Engineering, vol 2, Issue 6, June 

2012. 

 

[6] A.P. Nicholas, K.R Williams, J. Pickles, “Application of Urdhava Sutra,” 

Spiritual Study Group, Roorkee (India), 1984. 

 

Received: March 1, 2014 


