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ABSTRACT 

Multipliers play a critical part in recent digitalized life. In this advanced sphere, many investigation are going 

to propose multipliers with high speed rate, less power utilization or periodic arrangement and small size. Integration 

of them in a single multiplier allows to use for applications with less competence, high speed rate and dense VLSI 

application. The common multiplication method is "add and shift" algorithm. In this paper various low power 

multiplier design techniques are analyzed which includes selective activation approach, DCT flow graph algorithm, 

multiplier less design in FPGA, 2-signed 2 dimensional bypassing array multiplier, column bypassing multiplier and 

so on. 

KEY WORDS: Multiplying circuits, Power dissipation, Low-pass Filters, Information entropy, discrete wavelet 

transform, discrete cosine transform. 

1. INTRODUCTION  

Energy consumption and power dissipation issues become increasingly important due to the proliferation of 

portable devices and their requirement for extended battery life, the wide-spread use of very high density circuits 

and the related heat management issues, as well as the need for the reduction of the operation cost of green server 

farms. Over the last decades, a huge research effort has been devoted to reduce power consumed by digital processing 

circuits. Starting from transistor-level techniques up to algorithm selection and system-level optimization, 

remarkable progress has been achieved. Substantial power reduction in a contemporary system can be achieved at 

the algorithmic and system level; however such techniques can be combined with the optimization of basic hardware 

processing units, further reducing power and energy requirements. Total power utilization of a digital system is the 

sum of three terms, namely dynamic power, static or power leakage, and closed-circuit power; i.e., 

Ptotal = Pdynamic + Pstatic + Psc. (1) 

Leakage power has emerged as an important component with shrinking technology. The dynamic power 

dissipation of a system composed of N components, each operating at voltage V(i) with clock frequency f(i) and 

effective capacitance Ceff(i) with i = 1,...,N is given by 

P dynamic = N i=1 Ceff (i) · V 2(i) · f(i). 

The most widely spread techniques for power reduction. There are several information-theoretic approaches 

that suggest methods to reduce energy computation cost. This can be done by masking the clock and, along with 

other introduced techniques, minimize the power consumption of DCT cores. The radix-4 Booth algorithm along 

with a DRD (Dynamic Range Determination) unit reduces the switching activity of partial products thus decreases 

the power too. 

Literature Review:  

Selective activation approach: An earlier version of the architecture presented here is reported. Here we introduce 

optimizations to further decrease power consumption. The main idea of the proposed selective-activation multipliers 

is that the architecture provides two paths, one for small-number and one for large-number multiplications. 

When a value is within a predefined range then the path for small-number multiplication is utilized while 

the other part remains inactive. When a value is outside of the predefined range then the path for large-number 

multiplication is used. The proposed system is shown in Fig.1. On left side large no of multiplication is shown while 

small-number multiplication is implemented on right side. 

 
Figure.1. Selective activation architecture 
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The inputs a and b with bit-width n are split into Ah, Bh and Al, Bl as 

Ah = a[n − 1,m], (3) 

Al = a[m − 1,0], (4) 

Bh = b[n − 1,m], (5) 

Bl = b[m − 1,0] (6) 

Where Al and Bl comprise the m least significant bits of the inputs a and b, while Ah and Bh comprise the 

n− m most significant bits and m ≤ n − 2. A select signal is asserted when both Ah and Bh are either all-one or all-

zero words, i.e., a and b are within the range [−2m, 2m − 1]. In this case only the small-number path of the architecture 

is activated which comprises a m × m unsigned multiplier and the necessary sign extension units as it is described 

in. Concatenations, additions, and subtractions are used in order to calculate the product according to, the operation 

of this architecture is detailed in Algorithm 1. When an input arrives, it is stored in the corresponding register denoted 

as R (aa1), R (bb1), R (aa0), R (bb0), depending on the value of the select signal. The selective storage is a difference 

between the proposed architecture and the earlier version; it guarantees that if a path is not active then all intermediate 

signals do not change and thus only static power is consumed. The separation between large-number and small-

number is clearer. Furthermore, there is one additional multiplier compared to the implementation of in which, the 

small-number path is embedded into the large-number path. The introduction of the registers forms a pipeline stage. 

The power consumption decrease achieved reaches 83% and it is much higher compared to in which a 38% power 

reduction is reported in comparison with the conventional (CSA) multiplier. 

DCT Flow-Graph Algorithm: Modern development of DCT algorithm are used in arithmetic operators. One real 

time application is of them is embedding it with FPGA kit. Moreover, this method have few drawback due to the 

embedded multipliers. Because they are inefficient in power utilization and the design is not suitable for all ASICs 

and FPGA families. In Fig.2, the FGA gives the enhancement in terms of the working frequency contrast to 

indigenous Loeffler. 

 
Figure.2. DCT Flow- Graph 

A new modified FGA is introduced in which multiplications of unsigned constant coefficient instead of 

manipulating the signed variables. As designated in Fig.3, by allowing the minus symbol around the adder 2 negative 

values became positive. 

 
Figure.3. FGA algorithm 

Multiplier-Less Implementations on FPGA: In this paper main aim is eliminate the multiplications in DCT 

equipment execution. Certainly we proposed the multiplier-less technique to execute the proposed low cost Flow 

Graph DCT on FPGA. It uses 12 bits precision. The entering pixels of 1D-IDCT is 12 bits length even though track 

connecting the pipelined sections is 16 bits length to have high accuracy as specified in IEEE 1180-1990 standard. 

Decreasing the rate of additions and shifts the multiplier-less hardware implementation is attained and thus the 

latency is decreased to 3 additions delay to decrease the power consumption and to increase the maximal frequency. 

To have a disguising between the proposed and existing we perform in the same method of multiplier-less equipment 

execution of FGA. However we provide the second compliment to the outputs if the coefficients are not positive. 

SMT Low Power Architecture: Fig.4, demonstrates the proposed low power multiplier architecture utilizing SMT. 

In the 1-D FIR filter module this algorithm is applied. This design contains multiplexers for selecting the input among 

the present product of multiplication and former computed results and stockpiled output in the cache. The 

multiplexers select the stored value if the upper bits of input coexist with the tags in the cache.  
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Figure.4. SMT based multiplier architecture 

To avoid the multiplication product shifting immediately to the near adder and provide moment to charge 

the cache data on bus, in the back of the multipliers many registers located. To add the results of the high and low 

bits multiplication product the adder is necessary. The ultimate result is equivalent to the output of the non-separated 

multiplication processors. Verilog–HDL simulation is used for its functionality verification. Normally a cache exist 

between the main memory and the processor. However, in this architecture the internal interface-multipliers is the 

only link of a cache. Its design is simple since the cache is unidirectional. The improved cache architecture is related 

to the conventional mode land consists of Data- RAM, Tag-RAM, a controller and a valid bit. Tag-RAM is used to 

store tags and Data-RAM for multiplication result. On the data bus multiplication result stored in Data-RAM is 

loaded Whenever a miss occurs, through the data bus the product is saved in Data-RAM .By the proposed 

replacement strategy the desirable value is decided. The cache is small in size thus it is designed with full-

associativity. Full-associativity is quite efficient. Normally D-Latch is being treated as cache memory cells since the 

data path does not contain, the famous primary cache cell which is SRAM cell. 

2 Signed 2-Dimensional Bypassing Array Multiplier: The basic concept of a multiplier is used to prevent transiting 

activities or unnecessary switching to minimize the power. The paper proposes 2-D bypassing units with a signed 

array multiplier, which can detect the bitwise nullity of the multiplicand in the perpendicular orientation and the 

partial product in the parallel orientation to avoid the unnecessary working. 

Column by Pass Multiplier Design: The column bypassing multiplier is designed as follows. To begin with, Fig 5 

shows the modified FA cell. We require one multiplexor and two three-state gates in this architecture. FA will be 

disabled if aj = 0. Take note of that we needn't bother with a three-state gate for the carry input (Ci–1,j), and the 

reason is for a Braun multiplier, 

 
Figure.5. Modified FA cell for column bypass multiplier 

For each FA in the first row there are only two inputs. So the inputs of FA0, j are disabled when aj = 0, so 

that its carry output bit may not be altered. Moreover it states that all the 3-inputs of FA1, j are fixed, which prevent 

its output from altering. The proposed 4×4 array structure column-bypassing multiplier is shown in Fig 6.We need 

to set the carry outputs to be 0 in the bottom of the CSA array,  

 However, since inputs are disabled their related FA’s will not make the absolute results. Adding AND gate 

in the results in the last-row CSA adders this can be done. 

 
Figure.6. Column bypass multiplier 
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Table.1. Comparison of Literature Review 

Methodology Advantages Disadvantages 

Discrete Cosine 

Transform (DCT) 

The better concession between the resources. 

Usage and maximum frequency 

Little slow in algorithm 

computation 

DCT and DWT for image 

Compression and Decompression 

MSE Low, High PSNR which provides good 

quality 

It cannot represent line 

singularities. 

Finite Impulse Response(FIR) filter 

Module 

Save More Power Increased delay 

2dimensional Array Multiplier Power consumption and Latency Reduction Increased Area 

Column bypass multiplier Low Power Accuracy variation 

 

2. CONCLUSION 

Digital multipliers are one among critical arithmetic units. Power utilization is the crucial factor to be 

considered in recent decades, many researches are focusing on low power architectures. The multiplier architectures 

presented in this paper can be used as general-purpose multipliers. Extensive power consumption simulations show 

that by taking advantage of the characteristics of the input data and the processing algorithm, the proposed 

architectures reduce power consumption. The above surveyed papers present the low power design along with other 

features such as lifetime enhancement, low area complexity 
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