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Abstract— In most signal processing algorithms, multiplication is a basic operation. The design of good 
multipliers is always a challenge for VLSI device designers because multipliers have a wide area, a long 
latency, and consume a lot of power. For this purpose, we are developing compressors with low latency, 
low power consumption, and reduced product stages. By that the amount of transistors and gates, the 
low latency compressors can be used as a multiplier designer application. In the multiplication process, 
the adders and product stages will consume a large amount of power. This reduction in compressors 
requires less energy, which could be beneficial to designers. This compressor's circuit is designed to be 
low-power and could be used in image processing applications. We suggest a 5:2 compressor for high-
speed operation in this situation. 

 
Key words— Multiplier, VLSI System, Latency, 5:2 compressor, Power Consumption, Image 

Processing Applications. 
 
 

I. INTRODUCTION 
 

     MONG different arithmetic blocks, the multiplier is one of the main blocks, which is widely used in 

different applications especially signal processing applications. There are two general architectures for the 

multipliers, which are sequential and parallel. 

While sequential architectures are low power, their latency is very large. 

On the other hand, parallel architectures (such as Wallace tree and Dadda) are fast while having high-

power consumptions. The parallel multipliers are used in high-performance applications where their large 

power consumptions may create hot-spot locations on the die. Since the power consumption and speed are 

critical parameters in the design of digital circuits, the optimizations of these parameters for multipliers 

become critically important. Very often, the optimization of one parameter is performed considering a 

constraint for the other parameter. Specifically, achieving the desired performance (speed) considering the 

limited power budget of portable systems is challenging task. In addition, having a given level of reliability 

may be another obstacle in reaching the system target performance. To meet the power and speed 

specifications, a variety of methods at different design abstraction levels have been suggested. Approximate 

computing approaches are based on achieving the target specifications at the cost of reducing the computation 

accuracy. Almost, all of the proposed approximate multipliers are based on having a fixed level of accuracy 

during the runtime. The runtime accuracy reconfigurability, however, is considered as a useful feature for 

providing different levels of quality of service during the system operation. Here, by reducing the quality 

(accuracy), the delay and/or power consumption of the unit may be reduced. 

An approach for achieving this feature is to use an approximate unit along with a corresponding 

correction unit. The correction unit, however, increases the delay, power, and area overhead of the circuit. 

Also, the error correction procedure may require more than one clock cycle, which could, in turn, slow down 

the processing further. 
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II. 5:2COMPRESSOR 

 
Five of the inputs are the primary inputs x1, x2, x3, x4, x5 and other 2 inputs cin1, cin2 receive their 

values from the neighboring compressor of one binary bit order lower in significance. The 5:2 compressor 

generates an output, sum of the weight as the inputs, and    three    outputs, carry, cout1, cout2. 

 

 

Fig 1.General block diagram of 5:2 compressor Vedic  multipliers  are  refinement of parallel multipliers. In 

contrast to achieve least reduction at every stage. The maximum height of each phase is predicted from final stage 

which contains two rows of partial products. The height of the each phase will be in the order of 2, 3, 4, 6, 9, 13, 

19, 28, 42, 63 etc. Reduction phase in vedic multiplier with 5:2 compressor techniques 

Steps involved in vedic multipliers 
 

 Multiply (AND operation) each bit by each bit of other arguments, obtaining N results 

 
 Reduce the total number of partial products to 4 stages. 

 
 Normal vedic multiplier uses conventional adder (half adder, full adder and carry look ahead 

adder)but vedic multiplier with compressor reduces the summation steps and state transition steps, 

delay and power consumption. Partial product acquired after multiplication was obtained at the first 

stage. The data‟s are obtained with 3 wires and added using 5:2 compressors and then the carry of 

each stage was added with next two data in the same stage. Partial products reduced to two layers 

using compressors with same procedure. At the final stage, 5:2 compressor techniques are used to 

perform the product operation. Schematic diagram of vedic multiplier with modified 5:2 compressors.

Two improvement approaches are used to propose the new 5:2 compressor architecture.    by a 

closer look at dashed box it represents the functionality of a conventional FA and can be replaced by 

variety of Fas presented in the literature.  This  replacement is expected to  lead  to  considerable 

speed improvement, due to 34% faster operation  of CMOS  FA  in comparison to two cascaded 

CMOS XOR gates, as it is explained. Therefore, the CMOSF A presented in is used in our proposed 

5:2 compressor architecture. 

 
Fig 2.Procedure of vedic multiplier 
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To further improvement, we make some changes to internal equations of the 5:2 compressor to 
eliminate final Not gates of the CMOS FA. By doing so, we could have reduced power dissipation as 
well as improved operational speed. To achieve this goal, we have to use XNOR gates instead of XORs 
of the second stage of the architecture. 

 
By taking the NOT  of  Carry,  we could use part of the circuit, which generates Sum signal, to 

generate Carry signal. Thus the higher performance of full adder could be achieved. 

Based    on    the    above    formulae, it is conjectured that lowering the critical path delay of the 

(5:2) compressor. However, it is very likely to explore different logic design styles at  transistor  level  to 

achieve significantly improved low power and high- speed (5:2) compressor. However, in terms of power 

dissipation, Design 1 might be a better choice due to its use of MUX for implementing  Co1, even 

though both circuits may have comparable values for power. 

In this section, the impact of using the proposed compressors for multiplication is investigated. A fast 

(exact) multiplier is usually composed of three parts(or modules). In the design of a multiplier, the 

second module plays a pivotal role in terms of delay, power consumption and circuit complexity. 

Compressors have been widely used [9, 10] to speed up the CSA tree and decrease its power dissipation, 

so to achieve fast and low-power operation. The use of approximate compressors in the CSA tree of a 

multiplier results in an approximate multiplier 

 
 
Urdhva – Triyagbhyam (Vertical and Crosswise) Sutra 
 

Urdhva Triyagbhyam Sutra is a general multiplication formula applicable to all cases of multiplication. It 

literally means “Vertical and Crosswise”. To illustrate this multiplication scheme, let us consider the multiplication 

of two decimal numbers (5498 × 2314). The conventional methods already know to us will require 16 

multiplications and 15 additions. 

 
An alternative method of multiplication using Urdhva  Triyagbhyam Sutra .The numbers to be multiplied 

are written on two consecutive sides of the square as shown in the figure. The square is divided into rows and 

columns where each row/column corresponds to one of the digit of either a multiplier or a multiplicand. Thus, each 

digit of the multiplier has a small box common to a digit of the multiplicand. These small boxes are partitioned 

into two halves by the crosswise lines. 

 
Each digit of the multiplier is then independently multiplied with every digit of the multiplicand and the two-digit 

product is written in the common box. All the digits lying on a crosswise dotted line are added to the previous carry. 

The least significant digit of the obtained number acts as the result digit and the rest as the carry for the next step. 

Carry for the first step (i.e., the dotted line on the extreme right side) is taken to be zero The design starts first with 

Multiplier design, that is 2x2 bit multiplier. Here, “Urdhva Tiryakbhyam Sutra” or “Vertically and Crosswise 

Algorithm” for multiplication has been effectively used to develop digital multiplier architecture. This algorithm 

is quite different from the traditional method of multiplication, which is to add and shift the partial products. the 

divide and conquer strategy. A multiplication of 2n digit integer is reduced to two n digit multiplications, 

one(n+1) digit multiplication, two n digit subtractions, two left shift operations, two n digit additions and two 2n 

digit additions. 

The algorithm can be explained as follows: 
 

 Let X and Y are the binary representation of two long integers: We wish to compute the product XY. 

 
  Using the divide and conquer strategy, the operands X and Y can be decomposed into equal size parts 

XH and XL, YH and YL, where subscripts H and L represent high and low order bits of X and Y 

respectively. 
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  Let k= 2n. If k is odd, it can be right padded with a zero The product XY can be computed as 

follows: For Multiplier, first the basic blocks, that are the 2x2 bit multipliers have been made and then, 

using these blocks, 4x4 block has been made by adding the partial products using carry save adders and 

then using this 4x4 block, 8x8 bit block, 16x16 bit block and then finally 32 x 32 bit. 

32-bit multiplication 

The speed of the multipliers is limited by the speed of the adders used for partial product addition. In 

this paper, we proposed an 8-bit multiplier using a Vedic Mathematics for generating the partial products. 

The partial product addition in Vedic multiplier is realized using carry-skip technique. An 8-bit multiplier 

is realized using a 4-bit multiplier and modified ripple carry adders. In the proposed design we have 

reduced the number of logic levels, thus reducing the logic delay. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig3.Architectureof32-bitmultiplier 
 
Simulationoutputfor5:2compressor 
 

The proposed multiplier was implemented using Xilinx 14.7 tool and this tool was used to verify the 5:2 

compressor multiplication operation. Results of the proposed vedic multiplier with compressors are compared with 

existing Dadda multipliers and Dadda multiplier with carry look ahead adder. 

Power management has developed as a critical anxiety due to its portable applications. Many procedures at 

different levels of design procedures were used to reduce power dissipation. High speed multiplication is a major 

problem in high performance computing systems. The delay values obviously indicated that the proposed 

multiplier is always faster than the regular Dadda multiplier due to the reduced number of state transitions, also if 

there is an increase in word size, the delay will increase moderately 

 

      Fig 4.Simulation output for 5:2 compressor 
 

 
        Fig 5.Power Analysis Window 
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Conclusion 
 

The Vedic multipliers design is made with use of vertical and crosswise technique with compressor adders 

as with the use of multiplexers results in less delay count and speed increases so the proposed theory or 

architecture can be used where there are stringent demands of area, speed and power. We can compare speed with 

various other multipliers like booth multipliers, Wallace tree and array multipliers which uses traditional adders 

which clearly shows better performance of modified Vedic multiplier. It can also be used in various digital signal 

processing designs. 

        Future Enhancement 
 

FIR filter employing on-the-fly conversion multiplier based design is carried out and the hardware is more 

complex. The work can be extended to reduce the hardware. Algorithmic level transformation is a good choice for 

the reduction of hardware complexity. So the complexity reduction technique can be applied at all levels of 

designs. Then, in the folded FIR filter utilizing on-the-fly conversion multiplier, hardware complexity is reduced 

at the cost of an increase in delay. 

The delay can be reduced by restricting the critical path. Architectural level transformation is a good 

solution for reducing the critical path. In asynchronous multiplier based FIR filter design, there is a more complex 

data path. The research can be extended for FIR filter by adopting the algorithm level transformation technique to 

reduce the complex data path. The implementation of highly efficient VLSI architecture for FIR filter adopting 

distributed algorithm is presented in this work. 

In the future work, Instead of 4:2 compressors utilized in the design of DA FIR filter, 5:2 and 6:2 compressor can 

be utilized to develop DA FIR filter in order to increase the speed. Distributed arithmetic FIR filters are area 

efficient and contain less delay, so these filters can be used in various applications such as pulse shaping FIR filter 

in WCDMA system, software design radio and signal processing system for high speed. There should be a trade 

off between speed and power consumption. 

Multiplier based FIR filter consist of multiply and accumulate unit. Multiplication is the most time consuming 

computation in digital signal processing algorithm computation. The research can be extended in developing low 

power consumption FIR filter by designing low power consumption multiplier. 
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