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The multiplication operation is a need for all Digital Signal Processing (DSP) applications. It includes addition and shift operations. Many 

people have developed a wide range of concepts for computation systems with different design objectives in terms of power, area, and speed. 

Digital signal processor (DSP), Fast Fourier Transform (FFT), and Multiply and Accumulate Unit are examples of applications based on its 

regular structure (MAC). This research recommends two solutions, specifically for DSP systems, to boost speed and cut power usage. Four 

2x2 LUT multipliers are utilized in proposed - 1 Multiplier to show it on a 4x4 multiplier. The two multipliers that are being suggested are 

designed with XILINX VIVADO software and are written in Verilog HDL. Additionally, the suggested multiplier’s latency, area, and power 

usage are compared to those of traditional multipliers. Additionally, the simulation findings suggest that the work utilizes less power than 

standard approaches, achieving only 3.751W in proposed-1 and 2.824W in proposed-2 as opposed to the traditional multiplier 4.804W, and 

has demonstrated less latency. 
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INTRODUCTION & LITERATURE SURVEY 

Multipliers are used in a variety of applications, including 

DSPs [3], automotive embedded systems, and sensor 

networks. These are the primary component of the majority of 

digital circuits like ALU and MAC [1,9]  generally 

employed in convolution-related tasks[4]. Figure 1 shows a 

block diagram of a 4-bit multiplier that multiplies two binary 

integers. A binary integer has four bits, and two binary 

integers multiplied together yield an 8-bit value. Small size, 

quick speed, and low power consumption are requirements 

that any digital circuit must fulfil in order to operate 

successfully. It is crucial to design an effective multiplier in 

order to boost speed and reduce circuit area consumption. It is 

crucial to design an effective multiplier in order to boost speed 

and save circuit area, especially for biomedical applications 

[6,7,8,] which machine learning algorithms[10]may analyse. 

An effective multiplier of this kind is provided in this paper. 

Four 2 bit LUT-based multipliers are used in the multiplier’s 

architecture to boost speed while reducing power 

consumption. 

 

 

Figure 1. Block diagram of 4 Bit Multiplier 
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The authors of the article [5] proposed a design for a 4x4 

multiplier 1 rganized the Dadda algorithm and a 10T full 

adder. In comparison to other multipliers, an array multiplier 

requires more power and has a longer propagation delay. 

Wallace multipliers require a huge space. It is not 

recommended to organize the Vedic multiplier with complex 

values. The author of the study suggested the Dadda multiplier 

as a solution to the problems with the aforementioned current 

multipliers. Tanner EDA and 45nm technology are used for 

the simulations. 

The primary objective of the authors’ work [2] is to 

accelerate the organized2n Multiply and Accumulate unit to 

speed up processing. The development of MAC cores can 

benefit from a persuasive technique that improves the size, 

latency, and power trade-off [2], [3], which has benefits for 

the design of distributed arithmetic-based digital signal 

processors (DA). The paper [16] presents the Urdhva 

Tiryagbhyam (vertical and across) Vedic technique of 

multiplication, which is distinct from common 

multiplication. 

The most effective algorithm, regardless of the type of number 

being multiplied or the magnitude of the numbers, is        

Urdhva- Tiryagbhyam. 

He author of the paper [12] defines a modified form of the 

binary vedic multiplier using vedic sutras from classical vedic 

mathematics. Both device organized2n and time delay have 

increased with the revised binary vedic multiplier. 

To translate the input into a booth equivalent, the study’s 

authors [13] provided a booth multiplier with a booth decoder. 

As a result, switching operations will occur less frequently, 

which will reduce the design’s power [11] consumption. 

The adder’s related rows or columns should be inactive 

when the input coefficient is 0. The component’s switching 

behavior is controlled by the input bit coefficient. 

The signed-unsigned Modified Booth Encoding is a          

high- speed, unique multiplier unit for signed and unsigned 

numbers that is described by the authors of the book [14]. 

(SUMBE). Half of the partial products are produced 

simultaneously by the Booth Encoder circuit that is being 

tested. By extending the operands’ sign bits and producing 

an additional partial product, the SUMBE multiplier is 

made. 

The Wallace multiplier was compared to the Dadda multiplier 

and the traditional array multiplier in the article [15] in terms 

of delay. The proposed sixteen-bit Wallace multiplier is 

constructed by the Carry Select Adder (CSLA) and Binary to 

Excess -1 Converter (BEC) adders. The results show that the 

CSLA-based Wallace multiplier has a smaller delay than the 

BEC-based Wallace multiplier. 

The following sections of the essay are organized as 

follows. Section II explicitly illustrates the construction of a  

2-bit LUT multiplier and a 4-bit multiplier made up of four 

2-bit LUT multipliers. In Section-III, the simulation results 

for the suggested 4-Bit multiplier are presented. Section IV 

has the conclusion. 

PROPOSED DESIGN 

LUT-based Approach 

The suggested 4 bit multiplier is built using four 2 bit 

multipliers, and adder elements are added at the very end to 

carry out results. The suggested 4-bit multiplier in question is 

shown in Figure -3. Reduced latency is produced by the LUT- 

based design approach for the 2 Bit multipliers. 

 

 

Figure 2. Design of 2 Bit LUT Based Multiplier 

 

The 2 bit LUT-based design, shown in Figure 2, shows how 

the output depends on the input. The multiplexer selects the 

first input, which is 0000 all zeros, if the input A is 00. Or 

else the multiplexer’s second input, 000B, is chosen if the 

input A is 1, and its third input, 00B0, is picked if the input A 

is 10. Finally, if the value of input A is 11, the value of input 

B will determine the output. 

 

 

Figure 3. Design of 4 Bit Multiplier using four 2 bit LUT 

based Multipliers 

 

Figure 3 depicts the creation of a 4 bit multiplier with four 2 

bit LUT-based multipliers. A four bit multiplier has two 

inputs, each of which has four bits. These four bits are divided 
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in half, and the four halves are multiplied collectively using 

two-bit lut-based multipliers. The output of these four 

multipliers was created by sending their results to full 

adders and half adders, respectively. 

 

Second Proposed Method 

The suggested 2-multiplier is intended to minimise 

computations, i.e. additions based on incomplete products. 

We have two inputs, A and B, each of which has four bits, 

in a 4x4 multiplier. To obtain the partial products, A and B 

are multiplied initially. Temporary variables temp1, temp2, 

temp3, and temp4 are used to hold these incomplete items. 

Temp1 is the product of multiplying B by A[0] (Temp1 = B x 

A[0]). Temp2 is the product of multiplying B by A[1], hence 

Temp2 = B x A[1]. Temp3 is the product of multiplying B by 

A[2]; therefore, Temp3 = B x A[2]. Temp1 = B x A[3], and 

Temp4 is the product of multiplying B and A[3]. 

 

 

Figure 4. Flow Chart of Method-2 4Bit Multiplier 

 

The computations will be done based on the partial 

products. Output LSB C[0] is initially given the value 

temp1[0]. Stage 1 calls for the addition to be made between 

temperatures 1 and 2. If the outcome of temp2 is zero, we 

proceed directly to the next level of data propagation by 

assigning temp1[1] to C[1]. If the outcome of temp2 is not 

zero, temp2 and temp1 will be added, and the result will be 

saved in the temporary variable temp5, as illustrated in Figure 

4. The output C[2] is designated as the LSB of the temp6 

variable. 

If the temp3 variable’s result in stage 2 is 0, the result is 

propagated to stage 3 by assigning the LSB to output C[2] 

without being added. Otherwise, based on stage 1 operation, 

addition is to be done between variable temp3 and temp1 or 

temp5, and the result is saved in variable temp6 by 

assigning the LSB of temp6 to output C[2]. In step 3, if the 

temp4 variable’s result is zero, the temp6 result will be 

immediately assigned to the remaining bits of the output, or 

C[7:3], otherwise addition between temp4 and temp6 will be 

done, and the result will be placed in output C[7:3]. We 

have N-1 Stages for a N Bit multipler. 

 

SIMULATION OF RESULTS OF PROPOSED DESIGNS 

Four 2 bit LUT-based multipliers were combined to form the 

4 bit multiplier shown in figure 3. Two 4 bit inputs make up 

a 4 bit multiplier. These four bits are divided into two equal 

parts, and the two-bit lut-based multipliers are used to 

multiply the four parts by one another. Full adders and half 

adders received the output of the four multipliers in order to 

calculate the results. 

 

 

Figure 5. Simulation result of 2 X 2 LUT Based Multiplier 

 

The simulation output for the 2x2 LUT multiplier is shown 

in Figure 5. For instance, if inputs a[1:0] and b[1:0] are both 

11, input b will choose the fourth value, which is 9, and 

input a will choose the fourth input of the multiplexer, 

resulting in an output of 9, as shown in the simulation result. 

Results of the 4x4 multiplier simulation are shown in  

Figure 6. 

 

 

Figure 6. Simulation result of 4 X 4 Propose-1 LUT based 

Multiplier 

 

The simulation output of the second proposed 4X4 

multiplier is shown in Figure 7. If input A is 0101 and input 
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B is 1111, the partial products temp4, temp3, temp2, and 

temp1 will be 0000, 1111,0000, and 1111, respectively. The 

LSB of output C is given the temp1’s LSB. The addition 

between temp1 and temp2 will be 

determined by temp2 results; if temp2 results are zero, 

temp[1] will be assigned directly to output C[1], if temp3 

results are non-zero, the addition between temp3 and 

temp1[3:2] will be performed, and the LSB of the result will 

be assigned to C[2], and if temp4 results are zero, the 

previous addition results will be directly assigned to output 

C[7:3]. Now, the output C will be 01001011—75 in 

decimal—which is the result. 

 

 

Figure 7. Simulation result of 4 X 4 Propose-2 Multiplier 

 

 

Figure 8. Device Utilization of proposed-1 LUT based 

multiplier 

 

 

Figure 9. Device utilization of conventional multiplier 

 

Figure 8 displays the number of slices and LUTs that the 

device selected for the specified multiplier is 22 slices used. 

Figure 9 illustrates the 16 slices and LUTs used by the device 

selected for the traditional multiplier. 

 

 

Figure 10. Device Utilization of proposed-2 Multiplier 

 

Figure 10 depicts the 43 slices and LUTs used by the device 

selected for the traditional multiplier. 

 

 

Figure 11. Power Consumption of Conventional Multiplier 

 

Figure -11 displays the energy consumed by the typical 

multiplier device, which is 4.804W, with dynamic power 

being 4,732W and static power being 0.072W. 

 

 

Figure 12. Power Consumption of proposed-2 Multiplier 

 

Figure 12 illustrates the energy consumption of the selected 

device for the proposed-2 multiplier, which is 2.824W, of 

which 2.760W is dynamic power and 0.065W is static power. 

 

 

Figure 13. Power Consumption of proposed-1 LUT based 

Multiplier 

 

Figure 13 displays the energy consumption of the selected 

device for the suggested multiplier, which is 3.751W, with 

3.648W of dynamic power and 0.068W of static power. 

 

Table 1. Comparison between conventional multiplier, 

proposed-1 and proposed-2 multiplier 
 Conventional 

Multiplier 

Proposed- 1 

LUT 

based 

multiplier 

Proposed- 

2 

Multiplier 

No. Of Slices 16 22 43 

Power 

Consumption 

 

4.804W 

 

3.751W 

2.824W 

Set Up 
Delay(ns) 

 
8.023 

 
7.241 

8.742 

Hold 

Delay(ns) 

 

2.227 

 

2.036 

0.448 
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CONCLUSION 

Two innovative designs for a 4 bit multiplier that are 

demonstrated in this study are implemented using the Xilinx 

Vivado tool. The proposed-1 Multiplier is built using four 2 

Bit LUT-based multipliers, and the proposed-2 Multipler is 

intended to simplify computations based on partial products 

and hence reduce power consumption. The given 4-Bit 

multiplier is synthesised, constructed, and simulated using the 

Xilinx vivado tool. Simulated data is stored in Verilog HDL. 

We compared the results shown in Table 1 such as Device 

Utilization, Area, and Power Consumption and came to the 

conclusion that the proposed multiplier offers reduced latency 

and low power consumption. It will perform effectively if the 

proposed 4 bit multiplier is used. The proposed-1 Multiplier 

can be utilised in low power applications whereas the 

proposed-2 Multiplier can be used in applications with less 

latency. 
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