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Abstract— Digital system design in a remarkable and 

emerging field now days. Users are using digital devices for 

almost each and everything in daily life like calculator for 

calculation, Digital cameras for photo shot and video 

recording, Mobiles for communication, Computer to 

connect all over the world etc. In fact, increasing demand 

for manageable digital electronics products for computing 

and communication, as well as for other applications, has 

necessitated longer battery life, lower weight, high speed 

and lower power consumption. However, the two design 

criteria are often in conflict by improving one particular 

aspect of the design constrains the other.  The demand for 

high speed processing has been increasing as a result of 

expanding computer and signal processing applications. In 

majority of digital signal processing (DSP) applications, 

multiplication and accumulation are the most critical 

operations. 
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I. INTRODUCTION 

Computation operations like fast parallel multiplication 

using adder trees are present in many parts of a digital 

system or digital computer, especially in signal processing, 

high-speed circuits, graphics and scientific computation. 

Examples of such are graphic processor, digital signal 

processors, communication or code compression. To speed 

up addition is a very important part for computation.  

Parallel computation is always providing the fast 

results and thus for fast multiplication, parallel multiplier is 

preferred such as Array multiplier, Booth multiplier using 

recoding bits, Modified Booth algorithm (MBE). The 

computation time taken by the array multiplier is 

comparatively less because the partial products are 

calculated independently in parallel. The delay associated 

with the array multiplier is the time taken by the signals to 

propagate through the gates that form the multiplication 

array 

There are many tree structure like Wallace adder 

tree [1], CSA tree, over turn stair tree [2] and some other 

kinds of adder trees are mentioned in [3]-[7] for fast parallel 

multiplication. In this thesis, Wallace tree is used as the tree 

structure because it is suitable for implementation. 

II. METHODOLOGY   

The Wallace tree multiplier is considerably faster than a 

simple array multiplier because its height is logarithmic in 

word size, not linear. However, in addition to the large 

number of adders required, the Wallace tree’s wiring is 

much less regular and more complicated. As a result, 

Wallace trees are often avoided by designers, while design 

complexity is a concern to them. The Wallace tree multiplier 

is a high speed multiplier. The summing of the partial 

product bits in parallel using a tree of carry-save adders 

became generally known as the “Wallace Tree”. 

 
Fig. 1: Wallace tree adder 

Three step processes are used to multiply two numbers. 

 Formation of bit products. 

 Reduction of the bit product matrix into a two row 

matrix by means of a carry save adder. 

 Summation of remaining two rows using a faster 

Carry Look Ahead Adder 

A. (CLA) 

Wallace tree has been used in this thesis in order to 

accelerate multiplication by compressing the number of 

partial products. This design is done using half adders; 

Carry save adders and the Carry Look Ahead adders to 

speed up the multiplication. In order to design an n-bit 

Wallace tree Multiplier an algorithm was derived from the 

flow diagram developed below. The flow diagram below 

shows the intermediate state reductions of the multipliers are 

being done by Carry save adders and half adders while the 

final step additions being done by a Carry Look Ahead 

Adder. After generating the flow diagram for 8-bit × 8-bit 

and hence we designed a Modified WALLACE TREE 

which is proposed in this thesis. 

 
Fig. 2: Modified Wallace tree adder 
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III. RESULTS AND DISCUSSION  

 
Table 1 Comparison of Delay of bypassing 8x8 multiplier 

on Spartan - 3E (xc3s500e-4fg320). 

 

 

 
Fig.: The delay of8x8 row bypassing, column bypassing and 

row and column bypassing, for different adders 

 
Table 2: Comparison of dynamic Power a of different 8x8 

multipliers on Spartan 3E (xc3s500e-4fg320) 

 

 

 
Fig.: The dynamic power of 8x8 row bypassing, column 

bypassing and row and column bypassing, for different 

adders 

 
Table 3 Comparison of Area of different 8x8 multipliers on 

Spartan 3E (xc3 s500e-4 fg3 20) 
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Fig.: The area of Ripple Carry, Carry look ahead, and 

Carry Select adder for 8x8 row bypassing. 

IV. CONCLUSION AND FUTURE WORK 

Power dissipation in multiplier designs has been much 

researched in recent years, due to the importance of the 

multiplier circuit in a wide variety of microelectronic 

systems.  The focus of multiplier design has traditionally 

been delay optimization, although this design goal has 

recently been supplemented by power consumption 

considerations. Our goal has been first to understand how 

power is dissipated in multipliers, and secondly to devise 

ways to reduce this power consumption. In this paper, we 

described previous work which has been done in the area of 

multiplier delay and power optimization. We identified 

methods by which multiplier delay has been reduced, and 

we concentrated on understanding how these various 

speedup techniques impact the power dissipation of the 

multiplier as a whole. Power savings of up to 25% were 

achieved, along with reductions in die area and interconnect.  

We have presented an investigation of multiplier power 

dissipation, along with some techniques which allow 

reductions in power consumption for this circuit. Given the 

importance of multipliers, it is likely that further research 

efforts will be directed at optimizing this block for delay and 

power efficiency. 

After putting lot of hard efforts, we learnt 

importance of the multiplier and the usage of bypassing 

techniques in the multiplier. 

The multiplier is the most important block in 

processors. Thus this project Design of bypassing multiplier 

helps to improve the efficiency of the multiplier through 

bypassing techniques. There are three bypassing techniques: 

 Row Bypassing 

 Column Bypassing 

 Row and Column Bypassing 

The Row bypassing technique implements 

bypassing if the multiplicand bit makes the partial product 

zero. It is better in terms of power as compared to the Braun 

multiplier. The row bypassing technique results in usage of 

the extra circuitry, to avoid the problem of carry 

propagation. Thus, an improvement is Column bypassing 

multiplier. This technique uses less area and power, as the 

MFA of the column bypassing multiplier uses only one 

multiplexer, whereas the row bypassing technique uses two 

multiplexer. To further improve the efficiency of the 

multiplier, and reduce the switching activity, Row and 

Column bypassing technique is implemented. If the 

multiplicand or multiplier bit is zero, full adder is not 

implementing. Thus, this results in less power consumption 

with respect to one dimensional bypassing. On comparing, 

the results show highest speed for column bypassing when 

compared to Braun multiplier and bypassing multipliers. For 

area and dynamic power, two dimensional bypassing 

consumes least power and area as compared to row 

bypassing and column bypassing. Thus, we can conclude 

column bypassing gives least delay and two dimensional 

bypassing techniques has lowest dynamic power 

consumption. The use of different adders like carry look 

ahead adder (CLA), carry select adder apart from ripple 

carry adder (RCA) in the last stage helped to improve in 

terms of delay 
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