
          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 07 Issue: 04 | Apr 2020                  www.irjet.net                                                                     p-ISSN: 2395-0072 

 

© 2020, IRJET       |       Impact Factor value: 7.529       |       ISO 9001:2008 Certified Journal       |     Page 6542 

HARDWARE OPTIMISATION OF APPROXIMATE MULTIPLIER USING 

APPROXIMATE HIGH ORDER COMPRESSORS 

1Mrs. V Jeyaramya M.E. (Ph.D), 2Reethika J, 3Priyatharisini E, 4Pavithra R  

1Associate Professor, Dept. of Electronics and Communication Engineering, Panimalar Institute of Technology, 
Chennai-600123,Tamilnadu,India. 

2Student, Dept. of Electronics and Communication Engineering, Panimalar Institute of Technology,Chennai-
600123,Tamilnadu,India. 

3Student, Dept. of Electronics and Communication Engineering, Panimalar Institute of Technology,Chennai-
600123,Tamilnadu,India. 

4Student, Dept. of Electronics and Communication Engineering, Panimalar Institute of Technology,Chennai-
600123,Tamilnadu,India. 

---------------------------------------------------------------------***---------------------------------------------------------------------

Abstract - The power optimization and reducing the 
components in the multiplier is a challenging part in a 
electronic device. Multiplier is a big deal in these devices as it 
is one the most complex and major source of power 
dissipation. Even though Approximate Computing provides 
internal inconsistency as it plays a major role in designing 
electronic applications. In order to prevail this issue, in this 
paper an  explanation of the design of 16-bit Approximate 
multiplier with approximate high order compressor is 
designed. The simulation and synthesization of this 
approximate multiplier is done by using Xilinx ISE Design 
Suite 14.7. 

Keywords: Approximate, power dissipation,    

reliability, multiplier, Xilinx ISE. 

1. INTRODUCTION  
 
Digital signals play a major role in the design of most of 
the applications like audio compression, video 
compression, and processes wherein the 
Microprocessor and Digital Signal Processor(DSP) play 
a pivotal l role in handling the complications of digital 
signals. The operations like convolution, correlation and 
filtering are mostly computed by using Digital Signal. Of 
the electronic components Multipliers, Shifters and 
Adders play a notable role in executing these 
operations. Multipliers take more time and higher 
power than other components. The Approximate high 
order compressors are used to optimize the 
Approximate multipliers in order to increase their 
speed performance. 

 
2. CATEGORIZATION OF MULTIPLIER 
2.1 Approximate Compressor: 

The significant role of the compressor is that it 
reduces the stages of the product and consumes 
low power along with low latency. High order 

compressors are used in-case of our design 
wherein these compressor produces efficient 
results as in-terms of power being utilised and in 
reduction of an LUT slices and providing speed of 
performance. The value of error rate(ER),error 
distance(ED) and normalized error distance(NED) 
are important factor to determine the final output 
in an approximate multiplier. 

2.2 Approximate Multiplier: 

These are the part of the circuit which exhibit high 
tolerance to inaccuracy which are advocated for 
energy-efficient computing in most of the 
applications. The prime reason for choosing 
approximate multipliers in our design is that (1) 
the type of full adder circuit used to construct the 
multiplier, (2) array or tree i.e. architecture of used 
to construct the multiplier, (3) placement of sub-
modules in the main multiplier module. 

3. LITERATURE SURVEY 

Approximate compressors are widely studied and 

they are used in optimizing the multipliers for the 

reduction of errors in the design but this design 

gives unequal delay in the signal. “Approximate  

Compressors for Error-Resilient Multiplier 

Design” Zhixi Yang, Jie Han, Fabrizio Lombardi [1] 

These designs can also cause the increase in the 

count of the transistors being used and power 

dissipation. Recently “A Low-Power, High-

Performance Approximate Multiplier with 

Configurable Partial Error Recovery”CongLiu, 

JieHan, Fabrizio Lombardi published wherein it 

consumes high area and so the quality of the 

image gets reduced. The design which was 
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published consumes high area and so the quality 

of the image gets reduced. 

4. OBJECTIVE OF WORK 

1. The proposed design is implemented in-
order to reduce the partial product stages 
in multiplication. 

2. The approximate multiplier along with 
the high order compressor helps to reduce 
the area, power, time delay and reduce the 
number of LUT’s. 

 

5. EXISTING SYSTEM 
 

Three-Bit Stacking Circuit 
 

The existing system is based on the method of 

“THREE BIT STACKING”, this proposed system is 

perceived to be a 6:3 counter wherein all the “1” 

bits are grouped together by first stacking of all 

the input bits. Two 3-bit stackings are used in-

order to output the 6-bit count. The symmetric 

stack  techniques adds one or more extra layers of 

logic which is combined as 3-bit stacks. 

 
                   Fig-1: Three bit Stacker Circuit 
                 

The output formed from this circuit are 
Y0=X0+X1+X2 

Y1=X0X1+X0X2+X1X2 Y2=X0X1X2 

The output Y1 is the vital function which can be implemented 
using one CMOS gate. 

 

 

 

 

TOP LEVEL MODULE 

 
Fig-2: Top Level Module 

 
TIMING ANALYSIS 
             

 

Fig-3: Timing Analysis 

DEVICE UTILIZATION SUMMARY 

 

                    Fig-4: Device Utilization Summary 
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OUTPUT WAVEFORM 

Fig-5: Output Waveform 

6. REQUIREMENTS OF  APPROXIMATE MULTIPLIER 

[I] Xilinx ISE is the major tool used for the 
implementation of the design which consists of the 
following fundamental steps: Design, Synthesis, 
Place and Route, Program. 
[II] After these fundamental steps are accomplished 
the second part of simulation is the test bench 
simulation which is used to test the design by driving 
the inputs and observing the output to verify the 
design. 
 
[III] Verilog is a Hardware descriptive language 
which is used in-order to describe the various 
propagation time and signal strengths. Since it takes 
less time to write large description of     circuit in a 
short form, it is used in   implementation design. 
 

     [1] BINARY MULTIPLIER 
 Two methods namely Partial product addition   
along with shifting or by using parallel multipliers 
the multiplication operation of two binary numbers 
can be performed. 

     OUTPUT WAVEFORM 

 

          Fig-6: Output Waveform of Binary Multiplier 

 

 

      TIMING ANALYSIS 

 

 

Fig-7: Timing Analysis 

      DEVICE UTILIZATION SUMMARY 

 

               Fig-8: Device Utilization Summary 

 
[2] BOOTH MULTIPLIER 

The two binary number is multiplier using this method 
which is carried out by using an algorithm that 
multiplies two signed binary numbers using 2’s 
complement. 

OUTPUT WAVEFORM 

 

            Fig-9: Output Waveform of Booth Multiplier 
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TIMING ANALYSIS 

 

Fig-10: Timing Analysis 

DEVICE UTILIZATION SUMMARY 

                 Fig-11: Device Utilization Summary 

[3] WALLACE TREE MULTIPLIER 

The multiplication of binary numbers using this 
multiplier is carried out by the reduction of the partial 
product matrix into two row matrix by half adder, full 
adder and carry save adder. A fast propagate adder are 
used to add these two rows. 

OUTPUT WAVEFORM 

      Fig-12: Output Waveform of Wallace Tree Multiplier 

TIMING ANALYSIS 

                  

                   Fig-13: Timing Analysis 

DEVICE UTILIZATION SUMMARY 

                       Fig-14: Device Utilization Summary 

7. APPROXIMATE MULTIPIER 
 

7.1 Approximation of Carry 
 
The equation can be implemented as modified half 
adder and modified full adder. The below Figure 
gives the logic of modified half adder and the logic of 
modified full adder, respectively. The approximate 
logic can be constructed for carry output of an high 
order approximate compressor using modified half 
adder and modified full adder. Approximate 5:2 
compressor is used to obtain the  carry output. 
Examples: When the number of input bits is 5 (i.e., n 
= 5), we can split the 5 input bits into 2 groups: one 
group includes X0, X1, X2, and also includes X3 and 
X4. 
MODIFIED HALF ADDER 

 

Fig-15: Modified Half Adder 

  MODIFIED FULL ADDER 

         

Fig-16: Modified full adder 

 (1).Carry output of approximate 5:2 compressor 

Carry output of our approximate 5:2 compressor is: 
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Cf (X0, X1, X2) +Ch (X3, X4) + Ch (X0+X1+X2, 

X3+X4). 

Fig-17: Modified Carry Output 

7.2 Approximation of sum 

We study the approximation of the logic of Sum 
output. Conventionally, the trees of XOR gates are 
used to produce the   output   Sum.   However,    
compared    with    other logic gates, XOR gate often 
has larger design overheads. We use the logic gates 
in SAED 32nm cell library as an example. Table I 
tabulates the comparisons among OR gate, NOR gate, 
XNOR gate, and XOR gate. FromTable I, we find that 
XOR gate has the largest power, the largest area, and 
the largest delay. Thus, if we can replace XOR gates 
with other logic gates, all the design over heads 
(including the power, the area, and the delay) can be 
reduced. 

Fig-18: Modified Sum Output 

7.3 RESULT 

TOP LEVEL MODULE 

 

         Fig-19: Top level Module 

 

7.4 TIMING ANALYSIS 

                    Fig-20: Timing Analysis 

7.5 OUTPUT WAVEFORM 

                           Fig-21: Output Waveform 

DEVICE UTILIZATION SUMMARY 

 

               Fig-22:Device Utilization Summary 

8. COMPARISON OF MULTIPLIERS 

 

MULTIP 
LIERS 

APPRO 
XIMAT 
E 

BOOT 
H 

SYM 
METR 
IC 
STAC 
KING 

WAL 
LACE 
TREE 

BIN 
ARY 

No of 
LUT’s 

62 75 215 92 107 

No of 
IOB 
bonds 

32 35 32 32 32 

Power 
(mw) 

1.5 2.0 3.1 2.2 2.8 

Time 
delay 
(ns) 

10.073 14.45 
3 

20.0 
61 

19.7 
06 

24. 
087 
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9. CONCLUSION 

The approximate high order compressor architecture has 

been designed and synthesized using on Spartan6XC6SLX9 

board and simulated in Xilinx ISE Design Suite 14.7. The 

performance of proposed Multiplier with high order 

compressor is compared with fast binary counter based 

symmetric staking multiplier. It can be inferred that high 

order compressor is faster and area efficient compared to 

binary counter based symmetric staking multiplier. In future 

the performance of the proposed multiplier can be improved 

and applied in applications like video and image processing. 
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