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Abstract: Multipliers are highly on demand as they are 

used in tremendous areas such as digital signal 

processing applications, image processing application , 

and  in various Microprocessors such as ARM, NVIDIA, 

Intel, DSP Processors such as DM270,DM320 etc. Many 

researchers are urging to improve the performance of 

the multipliers by adopting various methods. Most of the 

existing papers includes the work on Array multipliers, 

Wallace tree multiplier, Dadda multiplier and Booth 

multipliers. And few recent papers include Vedic 

Mathematics that have implemented most commonly 

used  Urdhva Sutra. In this paper, various methods are 

implemented to design a multiplier such as Booth 

multiplier, Modified Booth multiplier, Urdhva multiplier 

and Nikhilam multiplier. All the methods are used to 

design for 8bit signed numbers by coding very efficiently 

in Verilog. This paper focuses on the design of 

multipliers that are very simple in structure such that 

there is no circuit complexity. The design is simulated 

using Xilinx ISE or ModelSim SE. 
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I. INTRODUCTION 

The various fundamental arithmetic operations such 

addition, subtraction and multiplication are used in VLSI 

system designs such as Arithmetic Logic Units. Among the 

arithmetic operations , Multiplication is the one which 

consumes more time to compute and hence researchers are 

exploring to implement various different multipliers to 

improve the performance parameters. In this digital world 

many applications rely on processors which are most 

important in any smart devices. Thus, these processors 

require arithmetic logic unit and hence there is a need to 

design multipliers with different structures and methods 

that are suitable for respective applications in any fields 

such as DSP applications, Image Processing applications, 

IOT applications which uses various ARM processors etc. 

       Multipliers generate various partial products and 

these partial products keep increasing with increased 

number of bits. In this paper Booth multiplier and 

Modified booth multipliers are designed for 8 bit signed 

numbers. And it is observed that Modified Booth 

Multiplier requires less number of iterations to perform the 

operation than Booth multiplier. From the Vedic 

mathematics two sutras has been used for multiplication of 

largest numbers with easiest method. In this paper Urdhva 

and Nikhilam sutra based multipliers were also designed 

for 8 bit signed numbers.  

II. RELATED WORK 

The survey on existing papers based on Multipliers is 

done. The survey papers consist of various methods such 

as Wallace tree, Dadda and Urdhva methods. Array 

multiplier is designed which requires large number of gates 

and hence area is more and hardware complexity is high 

[1]. Wallace tree multiplier used various full and half 

adders. By using 4:2 , 5:2 and 6:2 compressors the 

performance of the Wallace tree can be improved such that 

complexity of the circuit and delay can be reduced [2]. The 

Dadda tree multiplier uses carry propagation adder, many 

full adders and half adders. But area occupied by Dadda 

tree is less when compared to Wallace tree[2]. A multiplier 

is designed using Vedic mathematics sutra called Urdhva. 

Vedic multiplier is designed using carry save adder[3]. 

From the related work we can know that various methods 

used over here used many internal blocks such as carry 

save adder , carry propagation adder and so on and the 

circuit complexity is high. 

III. METHODOLOGY 

In this paper multipliers are designed based on Booth 

algorithm, Modified Booth algorithm and Urdhva and 

Nikhilam sutra. All the four methods are designed for 8 bit 

signed numbers without circuit complexity. The 

algorithms are explained and output waveforms are added 

in the result section.  

A. Booth Algorithm 

Booth multiplication algorithm is an algorithm that 

multiplies signed binary numbers in two’s complement 

notation. Where ‘A’ is multiplicand and ‘B’ is multiplier. 

’X’ is the output.  

B i+1 Bi Cases 

0 0 Arithmetic shift right (ASR) X by 1 

1 1 Arithmetic shift right (ASR) X by 1 

0 1 +A and ASR by 1 

1 0 -A and ASR by 1 

Table 1. Booth multiplier logic 
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A zero is appended to the LSB of two’s complement of 

Multiplier ‘B’. Consider Bi and Bi+1 from LSB to MSB pair 

wise and follow the Table I i.e. if the bit pair is 00 and 11 

then do arithmetic right shift by 1. If the bit pair is 01 do 

+A and ASR by 1 and if 10 then do –A and ASR by 1. 

Continue the procedure till last iteration.  

B. Modified Booth Multiplier 

Modified Booth algorithm also multiplies the signed 

binary numbers in two’s complement notation as Booth 

multiplier. But, in Modified Booth Multiplier pair of 3-bits 

is considered from LSB to MSB. 

Bi+2 Bi+1 Bi Cases 

0 0 0 Arithmetic shift right by 2 

0 0 1 +A and Arithmetic shift right by 2 

0 1 0 +2A and Arithmetic shift right by 2 

0 1 1 -2A and Arithmetic shift right by 2 

1 0 0 -A and Arithmetic shift right by 2 

1 0 1 -A and Arithmetic shift right by 2 

1 1 0 -A and Arithmetic shift right by 2 

1 1 1 Arithmetic shift right by 2 

Table 2. Modified Booth multiplier logic 

A zero is appended to the LSB of two’s complement of 

Multiplier ‘B’. Consider Bi, B i+1 and Bi+2 from LSB to 

MSB pair wise and follow the Table I i.e if the bit pair is 

000 and 111 then do arithmetic right shift by 2. If the bit 

pair is 001 do +A and ASR by 2 and if 010 then do +2A 

and ASR by 2 and so on as per the Table II.  

C. Urdhva Multiplier 

   Urdhva Tiryagbhyam is the ancient Sutra of Vedic 

Mathematics and is the easiest method for multiplication. 

Urdhva Tiryagbhyam means “Vertically and Crosswise” 

method.  

The steps for Urdhva method are shown below: 

         Step 1                      Step 2                        Step 3 

                                    

         Step 4                      Step 5                        Step 6  

                                    

Step 7 

 

The above steps are followed to multiply between two  

numbers. 

 

For example, 672 x 451 

             6  7  2 

             4  5  1 

1. First multiply column of RHS,  

2 X 1= 2, write 2, carryover 0. 

2. Multiply diagonally crosswise, 

0 + 2 x 5 + 7 x 1 = 0 + 10 +7 = 17, write 7, carryover 

1. 

3. 1 + 2 x 4 + 6 x 1 + 7 x 5 = 1 + 8 + 6 + 35 = 50, write 0, 

carryover = 5. 

4. 5 + 7 x 4 + 6 x 5 =  5 + 28 + 30 = 63, write 3, carryover 

6. 

5. 6 + 6 x 4 = 6 + 24= 30  

Therefore,  672 x 451 = 303072. 

D. Nikhilam Multiplier 

Nikhilam is the second sutra of 16 sutras of Vedic 

Mathematics and is the easiest and shortcut method for 

multiplying any number of digits. 

Nikhilam sutra is “all from 9 and last from 10”. This is 

applied to multiply 2 numbers which are near to the same 

decimal bases (10,100,1000 etc).  

The method is: 

1. First find out that the given is nearer to which base like 

10, 100, 1000 etc. 

2. The difference of the given numbers from their base is 

multiplied. 

3. Add or subtract the deviations (based on whether the 

number is more or less than the base) from the base. 

For example, 94 x 95 

• 94 and 95 are nearer to the base 100. 

• 100 – 94 = 6 & 100 – 95 = 5, multiply 6 x 5 = 30 

• Subtract 6 & 5 from 100 i.e. 100 – 6 – 5 =89 

• Combine 30 and 89 i.e. from previous stage output, 

8930. 

• Thus, multiplication of 94 and 95 from Nikhilam 

method is 8930 which is absolutely correct result for 

given numbers and within very few steps we have 

obtained the answer. 

The similar approach is chosen was multiplying 

numbers bitwise, each decimal number is replaced with 

the bit value of the numbers considered. For, Nikhilam, 

instead of powers of 10, powers of 2 is considered. 

IV. RESULTS 

Results obtained from the simulation window of Xilinx 

are found in below figures. Fig 1 is 8 bit signed Booth 

*   *   *   *    

*   *   *   * 

*   *   *   *    

*   *   *   * 

*   *   *   *  

*   *   *   * 

*   *   *   *  

*   *   *   * 

*   *   *   *  

*   *   *   * 

*   *   *   *    

*   *   *   * 

*   *   *   *    

*   *   *   * 

http://www.pices-journal.com/
https://creativecommons.org/licenses/by/4.0/
http://pices-journal.com/ojs/index.php/pices/OpenAccess
http://pices-journal.com/ojs/index.php/pices/article/view/229
http://creativecommons.org/licenses/by/4.0/


Perspectives in Communication, Embedded-Systems and Signal-Processing (PiCES) – An International Journal 
ISSN: 2566-932X, Vol. 5, Issue 3, June 2021 
 

Part of the Proceedings of the 1st All India Paper writing Competition on Emerging Research - PaCER 2020 

 
© PiCES Journal / Publisher: WorldServe Online 2021. www.pices-journal.com 
 

   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Permissions beyond the scope of this license may be available at PiCES Journal Open Access Policy 

Visit here to cite/refer this article                                                                                                                                                      51 

multiplier and Fig 2 is of 8 bit signed Modified Booth 

multiplier. Also, Vedic multipliers such as Urdhva and 

Nikhilam results for 8 bit signed numbers are shown in Fig 

4 and Fig 5. 

 

Fig 1. Simulation results of 8 bit  Booth Multiplier. 

 

Fig 2. Simulation results 8-bit  Modified Booth 

Multiplier. 

 

Fig 3. Simulation results of 8-bit Urdhva Multiplier. 

 

Fig 4.  Simulation results of 8-bit Nikhilam  

Multiplier. 

V. CONCLUSION 

In this paper, Booth, Modified Booth and Vedic 

Mathematics based algorithms such as Urdhva and 

Nikhilam sutra based multipliers are designed for 8 bit 

signed numbers. The various multiplier designed over here 

does not contain complex blocks and thus there is no circuit 

complexity. 
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