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Abstract: 

Electronic circuits are composed of many complex arithmet ic units. Multipliers are one of the basic arithmetic element. 

Multipliers are essential component in most of the Dig ital Signal Processing applications, Image processing architectures and 

microprocessors. Area and speed are two major concerns for designing mult ipliers.. For attaining high speed, the Wallace high -

speed multip lier utilizing Wallace tree adders are used predominantly. In this work we propose implementation efficient of fused 

add-mult iply unit with 4:2 compressor block. Add-mult iply operator is based on the fusion of the adder and MB encoding unit 

into a single datapath block. For the design of Fused Add Multiply (FAM) unit different recoding techniques  are introduced for 

the odd and even bit width of input. The conventional FAM unit with 3:2 compressor suffers high latency and hardware 

complexity. The speed of traditional Wallace tree structure can be enhanced by employing 4:2 compressor in the FAM design and 

it attempts to minimize the stage delays of a conventional design using 3:2 compressor. The analysis of both existing and 

proposed techniques are clearly manifested. FAM units are simulated using Modelsim SE 10.0b and implemented in FPGA using 

Xilinx ISE for performance analysis. 
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I. INTRODUCTION 

Multiplication is an important part of real-time dig ital signal 

processing (DSP) applications ranging from d igital filtering  

to image processing. Due to large area consumption and 

long latency characteristics of multip lier typically limited its 

performance, therefore a good design of multip lier is highly  

unavoidable. The increasing need towards fast 

multip licat ion made researchers to design higher order 

compressors which enhance the speed of computation by 

reducing the critical path delay of the processing unit. If we 

fused two or more arithmetic operation togetherthe overall 

system performance can be improved great extent.  In order 

to accomplish a novel FAM unit, it is indispensable to use 

high speed multipliers. The multip licat ion operation entails 

three major steps: (i) Generation of Partial products, (ii) 

Reduction of partial products, and (iii) Computation of final 

product. The partial products reduction stage requires more 

attention and is the most complicated stage which 

determines the overall speed of the multiplier. This stage 

mainly contributes to the overall delay and power due to its 

long vertical path. Generally adders are used in the 

reduction process to min imize the long vertical path.But 

adders are used it takes morenumber of stages in the 

reduction process and this increases the area and the delay 

of the multip lier unit. In order to avoid this limitation, 

compressors are implemented in the mult iplier design.  The 

main aim of this paper is to optimize the partial products 

reduction stage in the multiplier incorporated in the FAM 

unit. As a result speeding up the second stage is the 

prominent method to achieve high performance in the 

multip lier. Fig. 1 shows the conventional FAM design using 

3:2 compressor in Wallace tree . The conventional design of 

the FAM operator requires that its inputs A and B are first 

driven to an adder and then the input X and the sum Y=A+B 

are multiplied. The generated partial products are added up 

by using Wallace tree incorporating 3:2 compressor. The 

sum and the carry outputs of Wallace tree mult iplier are 

given to the CLA adder to form the final product Z=X.Y.   

The drawback of using an adder is that it inserts a significant  

delay in the crit ical path ofthe AM. As there are carry  

signals to be propagated inside the adder, the critical path 

depends on the bit-width of the inputs. In order to decrease 

this delay, a Carry-Look-Ahead (CLA) adder can be used 

which, however, increases the area occupation and power 

dissipation. So we propose a new technique, the direct 

recoding of the sum of two numbers in its MB form leads to 

a more efficient implementation of thefused Add-Multiply 

(FAM) unit compared to the conventionalone. Direct  

shaping of the MB form of the sum of two numbers (Sum to 

MB – S-MB), the S-MB algorithm is employed. Three 

different recoding techniques(S-MB1, S-MB2 and S-MB3) 

are utilized. The S-MB2 recoding is the most efficient one 

regarding its overall performance that includes hardware 

complexity, powerdissipation and processing time.  

Fig. 1. Conventional FAM design 

 

II. RELATED WORK 

Recent research activities in the field of arithmet ic 

optimization have shown that the design of arithmet ic 

components combining operations which share data, can 

lead to significant performance improvements. Based on the 

observation that an addition can often be subsequent to a 
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multip licat ion (e.g., in symmetric FIR filters). Most digital 

signal processing methods use nonlinear functions such as 

discrete cosine transform (DCT) or d iscrete wavelet  

transform(DWT). Because they are basically accomplished 

by repetitive application of multip licat ion and addition, the 

speed of the mult iplication and addition arithmetic’s 

determines the execution speed proceedings and 

performance of the entire calculation. Because the multip lier 

requires the longest delay among the basic operational 

blocks in digital system, the critical path is determined by 

the mult iplier. Number of promising technologies shows an 

enormous advancement of multip lier over the past few 

decades. The array multip lier was an earliest reported 

multip lier that employs a series of ripple carry adders to 

compute the product by repetitive addition. It has regular 

structure but the speed of this multiplier is relatively slow. 

The shortcomings of array multiplier are resolved by 

Wallace tree multiplier. The Wallace tree construction 

method is used to accelerate the multiplication by 

compressing the number of partial products in a tree-like 

fashion and produce two rows of partial products that can be 

added by utilizing the suitable adder in the last stage. 

Generally, Wallace tree mult iplier is used to reduce the time 

complexity and the depth of the adder chain. In high speed 

multip liers, 4:2 compressors are used extensively to curb the 

time taken at the partial product accumulation stage. By 

virtue of its regular interconnection, 4:2 compressor is used 

to construct regularly structured Wallace tree multiplier with  

reduced complexity  

 

III. S-MB2 RECODING TECHNIQUES  

The direct recoding of the sum of two numbers in its MB 

form leads to a more efficient implementation of the fused 

Add-Multiply (FAM) unit compared to the existing. In the 

S-MB2 recoding mechanis m, the sum of two continuous bits 

of two inputs A (a 2j, a 2j+1) and B (b2j, b 2j+1) are 

recoded into single MB digit Yj
MB

. In general, three bits are 

comprehended in forming a MB digit. The most significant  

bit of them has negative weight but the two least significant 

bits are positively weighted and signed-bit arithmet ic is used 

to transform the above pairs of bits into MB form. Bit-level 

signed Half Adders (HA) and signed Full Adders (FA) was 

used for this purpose. Two types of signed HAs such as 

HA* and HA** are used. The Boolean equation for half 

adder HA* is given by c= p ∨ q, s=p ⊕ q, where p  and q are 

the binary inputs and c, s are the carry and sum outputs 

respectively. Fig. 2(a) symbolizes the schematic of HA**. 

Two types of signed FAs such as FA* and FA** are used as 

a building block in the S-MB recoders. Boolean equations 

and schematics for signed FA* and FA** are given in Fig. 

2(b) and Fig. 2(c) respectively. Here p and q are the inputs 

and ci, s are the output carry and sum respectively. FA* 

implements the relation 2.c0 –s = p-q+ci where the bits s 

and ci are negatively signed. In FA**, the two inputs p and 

q are negatively signed and FA** implements the relation -

2.c0+s = -p-q+ci. 

 
Fig. 2. Schematic for signed (a) HA*, (b) FA* and (c) FA** 

 

The S-MB2 recoding technique is illustrated in Fig. 3(a) for 

even number of bits and in Fig. 3(b) for odd number of bits. 

Here the traditional FA is used initially. a2j, b2j and c2j are 

the inputs of the FA and it produces the carry c2j+1 and the 

sum s2j. The bit c2j,1 is the output carry of the conventional 

HA with the bits a2j-1, b 2j-1 as inputs. The sum bit s2j+1 

of HA* is produced by driving the bits c2j+1 and the sum 

output bit generated by the conventional HA with a2j+1, b  

2j+1 as inputs. The HA* produce the negatively signed sum 

s2j+1 and its outputs are given by the Eq.1: 

c2j+2,2 =c2j+1∨ (a2j+1⊕ 

b2j+1)  

s2j+1= a2j+1⊕ b2j+1⊕ c2j+1 (1) 

 
(a) 

 
(b) 

Fig. 3. S-MB2 recoding technique for (a) even and (b) odd 

number of bits 

 

IV. COMPRESSORS  

Compressor is simply combinational device used to 

constrict the number of part ial products. It is the essential 

component for high speed multip liers.It is defined as single 

bit adder circuit that has more than three inputs as in full 

adder and less number of outputs. Generally m: n  

compressor is the single bit adder circuit that has ‘m’ input 

bits and ‘n’ output bits. 

 

A.3:2 Compressor 

3:2 compressor mimics the simple full adder circuit that 

consists of three inputs and two outputs. Fig. 4(a) depicts the 

simple block of 3:2 compressor, where ‘a’, ‘b’ and ‘c’ are 

the three inputs and sum, carry are the sum and carry 

outputs respectively 

 
(a) 

 
(b) 

Fig. 4. 3:2 Compressor (a) Block diagram (b) Gate level 

design 
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The limitations of using 3:2 compressor in the Wallace tree 

multip lier are the following: 

• Wallace tree multiplier using 3:2 compressor 

require more number of adders to compute the product  

 

• The signal propagation into the adders at different  

time instants leads to undesirable transitions that increase 

dynamic power consumption These limitations are receded 

by employing 4:2 compressor in the Wallace mult iplier.  

 

B. 4:2 Compressor 

The Wallace tree mult iplier utilizing 4:2 compressor yields 

more regular layout with few stages. 4:2 compressor 

consists of four inputs and two outputs with carry input and 

carry output signals. Fig. 5 depicts the block diagram of 4:2 

compressor. Here ‘a’, ‘b’, ‘c’ and‘d’ are the four inputs and 

sum, carry are the sum and carry outputs respectively 

 
Fig. 5. Block diagram of 4:2 Compressor 

It is formed by cascading two 3:2 compressor circuits in  

series. In partial product reduction tree, the performance of 

high speed compressor is far better than the parallel 

operation of three bit adders because it contributes for the 

reduced number of stages with min imum crit ical path delay 

[12]. The partial product reduction tree using 3:2 and 4:2 

compressor are depicted in the Fig. 6(a) and Fig. 6(b).  

 
(a) 

 
(b) 

Fig. 6. Partial product reduction tree using (a) 3:2 and (b)  

4:2 Compressor 

The proposed FAM design is shown in Fig. 7. It uses 4:2 

compressor in the Wallace mult iplier and the final CLA 

adder is replaced with the Ripple Carry Adder (RCA), 

because the excessive area overhead makes CLA adder 

relatively unattractive to use in FAM unit for low power 

applications. But processing time is the major drawback in  

the RCA adder and this obstruction is resolved by using the 

high speed Kogge Stone Adder (KSA). KSA adder is a 

parallel adder that can be used to improve the speed of the 

FAM unit. Therefore based on the application requirement, 

either of the adders are used. Consequently, the FAM design 

employing 4:2 compressor in the FAM design has enhanced 

improvement in speed and it attempts to minimize the stage 

delays of a conventional design using 3:2 compressor. 

Therefore an area effect ive and speed optimized FAM 

design is presented to vanquish the downside effects of the 

conventional design. 

 
Fig. 7. Proposed FAM design 

 

V. RES ULTS AND DISCUSS ION 

The FAM units are coded in VHDL and simulated using 

Modelsim SE10.0b for functional correctness. The 

performance metrics are analyzed by using Xilinx ISE suite. 

Fig. 8 depicts the simulated result of an 8-b it FAM unit  

using S-MB2 recoder for even number of bits. Here the 

signals ‘x’,’ ‘a’ and ‘b’ are the inputs and ‘z’ is the output of 

the FAM unit. Fig. 9 represents the simulat ion result of an 

FAM unit using S -MB2 recoder for odd number of bits. 

Here ‘x’, ‘a’ and ‘b’ are the inputs of the FAM and ‘z’ is the 

output of FAM design. 

 
Fig. 8. Simulat ion result of an 8-bit FAM unit for even 

number of bits 
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Fig. 9. Simulation result of an FAM unit for odd number of 

bits 

The area occupied by the FAM unit is gauged in terms of 

gate count. The gate count, processing time delay and the 

power consumption of the existing and the proposed FAM 

units are summarized in TABLE I for both even and odd bit-

width. 

 

TABLE I. Comparison of FAM unit using CLA, RCA and 

KSA adder arch itectures 

 
Based on TABLE I, it is perceived that the proposed FAM 

unit with RCA adder utilizing 4:2 compressor endow an 

ample progression in area and power consumption when 

compared to the existing FAM unit with CLA adder using 

lower order compressor. Conversely, the FAM design 

incorporating KSA adder deliver improvements in the 

critical path delay. The area comparison of FAM unit in  

terms of gate count is shown pictorially in Fig.10. In order 

to measure the hardware resources by using the 

aforementioned adder architectures along with the pertinent 

compressor units, it is observed that the FAM unit using 

RCA adder employing 4:2 compressor for partial products 

reduction stage surpasses the existing technique. 

 
Fig. 10. Comparison of FAM unit in terms of gate count 

 

The graphical representations of delay for FAM units are 

delineated in the Fig. 11. It is obvious from the chart that the 

KSA adder utilizing 4:2 compressor unit has low processing 

time (delay). As the higher order compressor has trivial 

stage delay than the lower order compressor, the proposed 

FAM unit evidences the significant improvements in its 

performance gain in terms of the delay.  

 
Fig. 11. Comparison of FAM unit in terms of delay in ns  

 

The power consumption chart is diagrammat ically  

illustrated in the Fig. 12. It is consensus that the higher is the 

area of the circuit, then the loftier is the power consumption. 

With the eminent quality of low power dissipation and low 

hardware resources, the FAM unit utilizing the RCA adder 

with the 4:2 compressor is highly opted for low power 

applications. 

 

 
Fig. 12. Comparison of FAM unit in terms of power in mW  

 

VI. CONCLUS ION 

 

The meticulous evaluations of both existing and proposed 

FAM designs are presented in this paper. The conventional 

FAM design uses lower order compressor for partial product 

reduction stage in the Wallace tree multip lier. But the lower 

order compressor (3:2 compressor) has several bottlenecks. 

To overcome these obstructions, the 4:2 compressor is used 

in the Wallace tree mult iplier instead of using the 3:2 

compressor. The obtained results show that team unit with  

4:2 compressor utilizing RCA adder for final addition is 

highly proficient in terms of area and power consumption. 

The proposed FAM design with 4:2 compressor employing 

KSA adder has enhanced performance improvements  in 

terms of speed because 4:2 compressor has a limited stage 

delay when compared to the 3:2 compressor. Consequently, 

the proposed results are indispensable in selecting an 

efficient FAM unit based on the intention of the application.  
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