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Abstract: Wallace tree multipliers are considered as one of the high speed and efficient multipliers. This paper proposes an architecture for a 

Wallace tree multiplier that comprises of a 3:2, 4:2, 5:2 compressors, half adder and a parallel prefix adder, resulting in reduction of delay to a 

significant extent, while simultaneously restraining a large increase in the area of the design. The architecture presented in this paper can be used 

for high speed Wallace tree multiplier of any size on any suitable hardware. The proposed design gives 41% reduction in the delay as compared 

to the conventional ripple carry adder based Wallace tree multiplier. 
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1. INTRODUCTION 

In almost every digital signal processing application, be it 
simple convolution implemented in FFT or highly complex 
algorithm as that of Discrete Wavelet Transform, 
multiplication is indispensably used. With the recent 
technological advancements, the demand for development of 
fast multiplier is exponentially rising. This rise can be noticed 
from the amount of research work being done and  number of 
literatures being published on fast multipliers since last few 
decades. Since, multipliers consume a lot of area and dissipates 
power in large quantities, the designing of systems that offer 
efficiency in terms of speed, area and power have remained as 
a substantial area of interest.A lot of efforts were made earlier 
to increase the speed of calculations, all of which turned out to 
be fruitful.A similar attempt has been made in this paper to 
devise a Wallace tree multiplier that uses compressors and a 
parallel prefix adder to increase the speed of computation. 

The multiplication algorithm in general comprises of three 
steps as shown in Fig. 1. Multiplication involves a multiplicand 
number to be multiplied with multiplier, further resulting into 
generation of partial products. The partial products obtained 
will have to be summed up. Carry save adders have 
traditionally been the sole option for the summation of partial 
products [1]. Among many different ways introduced later on 
to reduce the critical path delay of a multiplier circuit, one way 
is to lessen the number of partial products generated that is 
acknowledged by the technique called as modified booth 
recoding. The partial product summation procedure then 
departed from usage of carry save adders to compressors. The 
column reduction techniques have been discussed extensively 
discussed in [2].  The usage of compressors renders the design 
of the multiplier faster than the traditionally used Wallace tree 
multiplier. The partial product reduction stage entails different 
stages depending on the compressor used. For the proposed 
algorithm, the number of stages are 3 that that results in two 
rows. These two rows are further subjected to addition with the 
help of parallel prefix adder[3-8].Utilization of parallel prefix 
adders further adds to reduction of the critical path delay of the 

system while avoiding a large increase in the overall area of the 
design.  

 

Fig.1. A general Flow of processes undergone by a multiplier 

 

The rest of the paper goes on to first give a detail idea of 
the Compressors. The next following section discusses the 
proposed architecture of partial product reduction stage along 
with the parallel prefix adder employed in the design. Finally, 
concluding with the results from synthesis and simulation 
compared with other works.  

COMPRESSORS 

Compressors by far have been considered as the most 
efficient building blocks of a high speed multiplier. It provides 
an advantage of accumulation of partial products at an expense 
of least possible power dissipation. Rather than entirely 
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summoning partial products with the help of CSA/Ripple adder 
tree, a structure of compressors would complete the same task 
in much lesser time and also will simultaneously eradicate the 
problems of large power consumption and optimization of the 
area. This addition of partial products when done using 
conventional method of implementing Full Adders and Half 
Adders cannot account as much to lessening of delay 
associated with the critical path as when counter or 
compressors are used.The reason for the apparent preference of 
compressors over counters is the advantages it provides in 
terms of power, number of transistors used and the delay 
associated with the critical path(comprising of XOR's mainly) 
[2]. The compressor design implemented in this paper prefer 
use of MUX's in place of XOR's, the sole reason being,  the 
lesser gate delays[9]. These compressors are used in place of 
adders.  

A. 3-2 Compressor 

The following Fig. 1 shows the block diagram of the 3-2 
compressor and its architecture. It takes three inputs and 
reduces it to two outputs, much like the Full Adder but only 
with less delay.  

𝑆𝑈𝑀 =   𝑎 ⊕ 𝑏 . 𝑐 + (𝑎 ⊕ 𝑏). 𝑐                                              (1) 

𝐶𝐴𝑅𝑅𝑌 = = (𝑎 ⨁ 𝑏). 𝑐 +   𝑎 ⊕ 𝑏 . 𝑎                                     (2) 

 

Fig. 1. a) 3-2 Compressor Block Diagram b) 3-2 Compressor Architecture 

 

B. 4-2 Compressor 

In a somewhat similar manner to the 3-2 compressor, it 

sucks in four inputs and returns two. It has a carry input from 

neighboring cell other than the actual 1-bit inputs and thus in 

turn gives out a carry output. The equations that govern the 

behavior of these compressors can be expressed as 

follows.The block diagram and the architecture of the 4-2 

compressor are shown in the figure. 2 and figure. 3 

respectively. 

 

𝑆𝑈𝑀 =  𝑎 ⊕ 𝑏 ⊕ 𝑐 ⊕ 𝑑 . 𝐶𝐼𝑁 +  (𝑎 ⊕ 𝑏 ⊕ 𝑐 ⊕ 𝑑). 𝐶𝐼𝑁 (3) 

 

𝐶𝑂𝑈𝑇 = (𝑎 ⨁ 𝑏). 𝑐 +   𝑎 ⊕ 𝑏 . 𝑎                                            (4) 

 

𝐶𝐴𝑅𝑅𝑌 =   𝑎 ⊕ 𝑏 ⊕ 𝑐 ⊕ 𝑑 . 𝐶𝐼𝑁

+  (𝑎 ⊕ 𝑏 ⊕ 𝑐 ⊕ 𝑑). 𝑑                                (5) 

 

 

Fig.2. 4-2 Compressor Block Diagram  

 

 

 

 
Fig. 3. 4-2 Compressor Architecture 

 

C. 5-2 Compressor 

The 5-2 compressor takes in fiveinputs and returns two. It 

has two carry input from neighboring cell from previous 

column and stage  other than the actual 1-bit inputs and gives 

out two carry output. The following equations describes the 

behavior of these compressors in Boolean form. 

 

𝑆𝑈𝑀 =  𝑎 ⊕ 𝑏 ⊕ 𝑐 ⊕ 𝑑 ⨁ 𝑒 ⨁ 𝐶𝐼𝑁1  . 𝐶𝐼𝑁2 +

 (𝑎 ⊕ 𝑏 ⊕ 𝑐 ⊕ 𝑑 ⨁ 𝑒 ⨁ 𝐶𝐼𝑁1). 𝐶𝐼𝑁2 (6) 

 

𝐶𝑂𝑈𝑇1 = ((𝑎 ⨁ 𝑏). 𝑐 +  (𝑎 ⊕ 𝑏). 𝑎)                            (7) 

 

𝐶𝑂𝑈𝑇2 =

 𝑎 ⊕ 𝑏 ⊕ 𝑐 ⊕ 𝑑 . 𝐶𝐼𝑁1 +  (𝑎 ⊕ 𝑏 ⊕ 𝑐 ⊕ 𝑑). 𝑑                  (8) 

 

𝐶𝐴𝑅𝑅𝑌 = ( 𝑎 ⊕ 𝑏 ⊕ 𝑐 ⊕ 𝑑 ⨁ 𝑒 ⨁ 𝐶𝐼𝑁1  . 𝐶𝐼𝑁2 +

 (𝑎 ⊕ 𝑏 ⊕ 𝑐 ⊕ 𝑑 ⨁ 𝑒 ⨁ 𝐶𝐼𝑁1). 𝑒)                                     (9) 

 

 
Fig. 4. 5-2 Compressor Block Diagram 
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Fig. 5. 5-2 Compressor Architecture 

 

The above figures fig. 4 and fig. 5 represent the block 
diagram and the architecture employed in the proposed design 
of 5-2 compressor. 

II. PARALLEL PREFIX ADDER FOR CARRY PROPAGATION 

In the previous stage of partial product reduction, a 
combination of compressors were suitably implemented to 
realize reduction of partial product bits to a pair of rows. 
Addition of these two rows is done by feeding the two rows to 
the inputs of a fast adder. Parallel prefix adders have been 
around since quite a long time. A lot of research of has been 
done on it almost to an extent of saturation. These adders 
deliver high performance. The basic principle has been adopted 
from carry look-ahead computation by calculating generate and 
propagate signals also commonly referred to as prefixes for 
every bit of two inputs. An in depth analysis can be found in 
[10]. Researchers like Brent Kung[5], Sklansky[4], Kogge-
Stone[3] and Ladner-Fischer[8], etc have contributed to 
development of these adders in a way to optimize them with 
respect to speed, area and power. Since Ladner-Fischer adder 
has been derived from the structure of Sklansky, it resonates 
with the properties of Sklansky's adder. The Ladner-Fischer 
adder though has a large fanout than that of Sklansky and has 
to be dealt with appropriate sizing of high fanout gates and or 
buffering of crtical signals before passing them to intermediate 
prefixes to avoid poor performance[11]. 

 

Fig. 6. 16 bit Ladner Fischer Adder Structure 

The above figure fig. 6 represents the architecture of a typical 
Ladner-Fischer adder of 16-bits.A good alternative to replace 
these adders are making use of Sparse tree adders instead, Ling 
adder, etc. 

III. PROPOSED ARCHITECURE  

In the conventional Wallace tree multiplier, the partial products 
are subjected to addition and carry generation in a sequential 
manner by feeding them to Full adders and Half adders. These 
were later superseded by carry save adders. With the help of 
carry save adders three partial products are reduced down to 
two bits, a sum bit and a carry bit. The carry bit generated will 
then be used by next CSA along with two other partial products 
as its inputs. A general idea can be obtained from the following 
fig. 7 that represents the reduction of stage of partial products 
using carry save summation trees. 

 

 

Fig.6. A general representation of Conventional Wallace tree structure 
with Carry Save Adders for Column Reduction 

The alternative for Carry Save Adders (CSA) is Carry Select 
Adders (CSLA). There are some relative advantages and 
disadvantages to use of Carry Select Adder instead of Carry 
Save Adder. CSA would certainly be the best choice though, 
for the reduction of partial product[2]. The whole process can 
be viewed as being carried out in multiple stages. These stages 
consists of CSAs. The delay observed by each stage contributes 
to the latency of the system. For the stages at the terminating 
end the inputs are carry, generated from earlier stages and thus 
are significant in deciding of the delay of the circuit. Thus 
conventional Wallace tree lacks in a way to serve in high speed 
applications, where delay of the multiplication circuit is 
critical. There are many alternatives presented earlier to reduce 
the delay of such a system by reducing the complexity of the 
circuit[12].  

Though a good option, but again cannot be used in applications 
that calls for high performance designs. The pictorial 
representation of how the partial products are brought down to 
two rows of bits to be added by a fast adder is given in the 
following figure. no. 8. The proposed architecture uses a 
combination of 5-2, 3-2, 4-2 compressors and half adders in 
four different stages of partial product products reduction step. 
The sums obtained from the series of compressors and a half 
adder in the first stage are linearly fed to the compressors or 
half adders of the next stage. The carry bits generated from the 
first stage columns are propagated to the next following 
column ofnext stage. Similarly, the sum bits from the further 
stages are fed to the compressors in the column of subsequent 
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stage similar to the previous, while carry bits are propagated to 
the consequent column respectively of the next stage in the 
sequence. Fig. 8. depicts the a structure of compressors 
incorporated for column reduction.  

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

Fig.7. (a) First Stage of Column Reduction consisting of 3-2, 4-2, 5-2 
Compressors and Half-adders (b) Second Stage consisting of 3-2, 4-2 

Compressors and Half-adders (c) Third Stage (d)Fourth stage (e) Final 
row wise addition Stage using Ladner Fischer Adder. 

 

The entire process takes up five stages for completion. 
Fig. 8 shows the number of stages in a dot representation [13]. 
A comparative analysis of different architectures has been done 
in a most concise way in [14]. Though, the performance of the 
system would be affected with the increase in the number of 
the stages, half adders are used from the very first stage to 
compensate the increase in the delay. 

IV. PERFORMANCE EVALUATION 

The design was synthesized on Xilinx ISE and the functional 
verification of Wallace tree multiplier was done on Xilinx 
ISIM. The targeted device is of Spartan-3 of Spartan family. 
The grade speed of the design is set to -5. The following 
section contains the results obtained by synthesizing the design 
in XILINX ISE. Table I represents the results of the delay 

obtained from the proposed design of the novel Wallace tree 
multiplier and the results published by contemporary 
researchers.   

 

Table 1: Delays in Wallace Tree Multipliers of 8x8  

Multiplier types Delay(ns) 

 

Wallace multiplier 

with Sklansky Adder [12] 
 

28.323 

Wallace Multilpier with Kogge-stone 

adder[12] 
26.090 

ReducedComplexityWallace multiplierWith 
Sklanskyadder[12] 

28.849 

ReducedComplexityWallace multiplierWith 

Kogge-Stoneadder[12] 
27.457 

Conventional Wallace  Tree using Carry save 

adders and carry propagate adder [12] 
33.13 

Proposed Design for Wallace tree using 

compressor and Ladner-Fsicher adder 
19.281 

 

The figures that follow bolster the observation done in the 
paper. Fig. 8 shows the synthesis timing report for the proposed 
design. While the fig. 9 represents the RTL schematic of 
design. 

 

Fig. 8. Design synthesis timing report. 

 

While the following table contains all the results obtained 
from the synthesis report. A glimpse of the timing delays and 
the information about the logic utilization for the targeted 
spartan-3 fpga device is given in Table II.  

 

Design Of High Performance Wallace Tree Multiplier Using Compressors And Parellel Prefix Adders 

 

98 

 



 

International Journal Of Electrical, Electronics And Data Communication, ISSN: 2320-2084                                                                                                 Volume-4, Issue-10, Oct.-2016 

Table 2: Device utilization Summary 

 

Logic Utilization 

3s100evq100-5 

 

Proposed Wallace Tree 

 

 

Number of Slices 69 OF 920 (7%) 

 

Number of 4 Input LUTS 

 

123 of 1920 (6%) 

 

Number of IOs 

 

32 

 

Number of Bonded IOs 
 

32 of 66 (48%) 

 
Maximum Combinational 

Path Delay 

 
19.281 

 

Average Routing Delay 

 

12.119ns 

 
Average Gate delay 

 
7.162ns 

 

 

Fig. 9. Design RTL Schematic 

 

 

Fig.10. Simulation Results 

Whereas the above figure, fig. 10 represents the results of 
the simulation of two numbers.  

CONCLUSIONS 
 

From the obtained results for the proposed design, it can be 

seen that the use of compressors and parallel prefix adders can 

enhance the performance of the system significantly. The 

results and the comparison presented in Table I clearly 

illustrates the advantages of the proposed design. The proposed 

design enhances the speed of the system by 41% as compared 

to the conventional Wallace Tree multiplier, while 26% 

reduction can be seen in the delay of the system relative to 

Wallace tree multiplier with kogge-stone, proposed in [12]. 
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