
 

 

 

 

 

 ABSTRACT: Approximate circuits are 

becoming an effective solution to accurately 
operating circuits if energy efficiency is 

concerned and the application is error tolerant. 
In this paper an approximate multiplier which is 
based on rounding is designed using the kogge 

stone adder. The kogge stone adder is one of the 
parallel prefix adders which greatly reduce the 

consumption of area for higher order bits. In 
this paper, we propose an approximate 
multiplier that is high speed yet energy efficient. 
The approach is to round the operands to the 
nearest exponent of two. This way the 

computational intensive part of the 
multiplication is omitted improving speed and 
energy consumption at the price of a small 
error. The proposed approach is applicable to 
both signed and unsigned multiplications. We 

propose three hardware implementations of the 
approximate multiplier that includes one for the 
unsigned and two for the signed operations. The 
efficiency of the proposed multiplier is evaluated 
by comparing its performance with those of 

some approximate and accurate multipliers 
using different design parameters. This 

proposed approximate multiplier has less delay 
and consumes less area and its efficiency is 

compared with those some of previous 
approximate and accurate multipliers in terms 
of power, area and delay.  

Keywords: Approximate multiplier, Booth sign 
multiplier, kogge stone adder, less area, high 
efficient. 

I.INTRODUCTION 
In present technology to improve the 
filtering operators the high-quality media 
contents have promoted an intense 
research activity. In many applications 
hardware complexity is used to obtain pure 
speed and it allocates large number of 
arithmetic operators in the circuit. This 
causes a problem in the system. So the 
present technology manages this issue by 
recurring the full/partial serialization of the 
filters. Not only this can be managed by 
above filtering method but also it can be  

 
 
 
 
 
 
 
Solved by folding techniques on the 
intrinsic complexity of fused multiply 
Adders and multiply accumulators (MAC). 
So by using this techniques it gives good 
power, performance, and area (PPA) trade 
off. Many authors replace multipliers into 
adders and shifters depending upon the 
coding of the operands, canonical signed 
digit (CSD), and modified booth (MB).  
 
In step with Moore’s regulation, the 
variety of transistors on a chip doubles 
nearly each years. As an end result, extra 
capabilities and greater complicated 
designs can be applied on one chip, which 
ends up in extra power density and greater 
warmth at the circuits. Better electricity 
density at the circuit reduces the reliability 
of the gadget and the battery lifestyles of 
the battery-primarily based gadgets. 
Therefore, electricity and strength 
consumptions of the circuit gain gives 
probably extra importance than region. 
Especially for maximum compact portable 
gadgets that work by battery. Nowadays, 
lots of information are exchanged via 
networks, as a consequence offering 
protection offerings over networks is 
important for defensive data. Amongst 
safety technologies, public key 
cryptography is famous and critical. 

Binary extension discipline, is very 
appealing for hardware implementation, 
because it offers bring loose arithmetic. 
Multiplication operation has been paid 
most attention by using researchers, due to 
the fact addition is simply bitwise XOR 
operation among two subject elements, and 
the extra complex operations, inversion, 
and may be done with a few 
multiplications. In RoBA multiplier there 
are numerous strategies to represent field 
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factors, which includes polynomial 
foundation (PB), everyday basis, and dual 
basis. PB is probably the most popularly 
used foundation, because it is followed as 
one of the basis selections by using 
companies that set requirements for 
cryptography programs. The use of 
approximate multipliers in image 
processing applications, which leads to 
reductions in power consumption, delay, 
and transistor count compared with those 
of an exact multiplier design, has been 
discussed in the literature. 
 
Basically, our focus is on digit-level 
architectures for RoBA multipliers. We 
show that a specific feature of redundant 
representation can be used for a class of 
finite fields to significantly reduce the 
architectural complexity of RoBA 
multipliers to compensate for the inherent 

redundancy in this representation system. 
Two variants of multiplication algorithms 
along with their corresponding architecture 
are presented. It is shown that the KSA 
ROBA multiplication architectures have 
highly regular structures and thus suitable 
for hardware implementation. 
Comparisons with existing digit-level 
RoBA architectures reveal that both the 
KSA ROBA multiplication architectures 
outperform other RoBA architectures 

when considering area-delay product as a 
measure of performance 

The idea of embedding a field in a larger 
ring was first put forward by GAO Et Al. 
for performing fast multiplication using 
RoBA. Later on, Wu et al. introduced 
redundant representation, also known as 
RoBA, and finite field multiplication using 
this representation system. In efforts to 
Increase the multiplication speed or to 
reduce the hardware complexities, several 
architectures have been existed afterward, 
such as comb-style architecture and linear 
feedback Shift register (LFSR)-based 
architectures. More recently, Xie et al. 
introduced a recursive decomposition 

scheme for digit-level serial/parallel 
structures to achieve less area–time–power 
complexities. Despite the structure of the 
architecture in use, the main drawback of 
redundant representation is that it contains 
a certain amount of redundancy as 
embedding field F2m of size m in 
cyclostome field F(n)2 of size n, (n > m), 
is not a one-to-one mapping operation. As 
a result, redundant representation requires 
more bits to represent a field element, 
where the number of representation bits 
depends on the size of the cyclostome field 
in which the underlying field is embedded. 
In KSA ROBA multiplication, the 
summation of the approximate logarithms 
determines the result of the operation. 
Hence, the multiplication is simplified to 
some shift and add operations. It was 
based on the decomposition of the input 
operands. This method considerably 
improved the average error at the price of 
increasing the hardware of the 
approximate multiplier by about two 
times. 

II. RELATED WORK 
In this section, some of the previous works 
in the field of approximate multipliers are 
briefly reviewed. An approximate 
multiplier and an approximate adder based 
on a technique named broken-array 
multiplier (BAM) were introduced. By 
applying the BAM approximation method 
to the conventional modified Booth 
multiplier, an approximate Signed Booth 
multiplier was presented. Most of the 
previously existed approximate multipliers 
are based on either modifying the structure 
or complexity reduction of a specific 
accurate multiplier. ROBA multiplier has 
the following advantages 1) lower power 
consumption by 6 orders of magnitude 2) 
high frequency operation (5–10 GHz 
system clock), 3) relatively simple logic 
design approach. 
 
Energy minimization is one of the main 
design requirements in almost any 
electronic systems, especially the portable 
ones such as smart phones, tablets, and 
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different gadgets. It is highly desired to 
achieve this minimization with minimal 
performance (speed) penalty. Digital 
signal processing (DSP) blocks are key 
components of these portable devices for 
realizing various multimedia applications. 
The computational core of these blocks is 
the arithmetic logic unit where 
multiplications have the greatest share 
among all arithmetic operations performed 
in these DSP systems. Therefore, 
improving the speed and power/energy-
efficiency characteristics of multipliers 
plays a key role in improving the 
efficiency of processors. Many of the DSP 
cores implement image and video 
processing algorithms where final outputs 
are either images or videos prepared for 
human consumptions. This fact enables us 
to use approximations for improving the 
speed/energy efficiency. 

This originates from the limited perceptual 
abilities of human beings in observing an 
image or a video. In addition to the image 
and video processing applications, there 
are other area where the exactness of the 
arithmetic operations is not critical to the 
functionality of the system. Being able to 
use the approximate computing provides 
the designer with the ability of making 
trade-offs between the accuracy and the 
speed as well as power/energy 
consumption. 

Applying the approximation to the 
arithmetic units can be performed at 
different design abstraction levels 
including circuit, logic, and architecture 
levels, as well as algorithm and software 
layers. The approximation may be 
performed using different techniques such 
as allowing some timing violations (e.g., 
voltage over scaling or over clocking) and 
function approximation methods (e.g., 
modifying the Boolean function of a 
circuit) or a combination of them. In the 
category of function approximation 
methods, a number of approximating 
arithmetic building blocks, such as adders 
and multipliers, at different design levels 

have been suggested. In this paper, we 
focus on proposing a high-speed low 
power/ energy yet approximate multiplier 
appropriate for error resilient DSP 
applications.  

The KSA ROBA multiplication approach 
is applicable to both signed and unsigned 
multiplications for which three optimized 
architectures are presented. The 
efficiencies of these structures are assessed 
by comparing the delays, power and 
energy consumptions, energy-delay 
products (EDPs), and areas with those of 
some approximate and accurate (exact) 
multipliers. The main intent of this paper 
is 

1) Presenting a new scheme for RoBA 
multiplication by modifying the 
conventional multiplication approach; 

2) Describing three hardware architectures 
of the KSA ROBA multiplication 
approximate multiplication scheme for 
sign and unsigned operations. 

III. EXISTED SYSTEM 
The below figure (1) shows the 
architecture of existed system. The devices 
used in this multiplier are sign detector, 
rounding, shifter, adder, subtract or and 
sign set. Where the inputs are represented 
in two’s complement format. To begin 
with, the indications of the sources of 
input are resolved, and for each negative 
value, the total value is created. 

 
Fig. 1. Block diagram for the hardware 
implementation of the existed multiplier 

Coming to the rounding block, it takes the 
nearest value in the form of 2n. It should 
be noted that the bit width of the output of 
this block is n (the most significant bit of 
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the absolute value of an n-bit number in 
the two’s complement format is zero). In 
the existed system for every operation we 
use power n (2n). Here the inputs are 
denoted as Ar and Br. The multiplication 
process involved in this inputs can be 
written as shown below  
 
A× B = (Ar − A) × (Br − B) + Ar × B 
+ Br × A − Ar × Br. (1) 

By using the shift operation the 
multiplications are implemented in this 
system. But the entire process is quite 
complex. The output can be measured 
from weight of the input terms. However, 
the entire multiplication operation can be 
performed based on the three shift and two 
addition/subtraction operations.  After this 
operation, the nearest values of inputs A 
and B are determined. When the value of A 
(or B) is equal to the 3 × 2p−2 then it is 
equal to absolute difference of 2p and 
2p−1. But this value will not care in both 
rounding up and down process. So depend 
up on the magnitude of inputs the final 
result is calculated by RoBA multiplier. 
Here if the input A is smaller than input B 
then result will be larger that he exact 
result. In the same way, if both inputs are 
smaller and both inputs are larger than the 
result will be smaller compared to output. 
Since Ar and Br are as 2n, the 
contributions of the subtractor may take 
one of the three input designs.  Finally, if 
the sign of the final multiplication result 
should be negative, the output of the 
subtractor will be negated in the sign set 
block. To negate values, which have the 
two’s complement representation, the 
corresponding circuit based on ˉX +1 
should be used. To increase the speed of 
negation operation, one may skip the 
incrimination process in the negating 
phase by accepting its associated error. As 
will be seen later, the significance of the 
error decreases as the input widths 
increases. 

In this, if the negation is performed exactly 
(approximately), the implementation is 

called signed RoBA (S-RoBA) multiplier 
[approximate S-RoBA (AS-RoBA) 
multiplier]. In the case where the inputs 
are always positive, to increase the speed 
and reduce the power consumption, the 
sign detector and sign set blocks are 
omitted from the architecture, providing us 
with the architecture called unsigned 
RoBA (U-RoBA) multiplier. In this case, 
the output width of the rounding block is n 
+1 where this bit is determined based on 
Ar [n] = A[n − 1] · A[n − 2]. This is 
because in the case of unsigned 11x . . . x 
(where x denotes do not care) with the bit 
width of n, its rounding value is 10…0 
with the bit width of n + 1. Therefore, the 
input bit width of the shifters is n + 1. 
However, because the maximum amount 
of shifting is n − 1, 2n is considered for the 
output bit width of the shifters. To 
overcome the problem occurred in this 
system a new system is introduced which 
is discussed in below section.  

IV. PROPOSED SYSTEM 
The below figure (2) shows the 
architecture of proposed system. In this 
system we to generate propagate and 
generate signals. Along with carry signals 
are generated.  Error correction and 
detection system is used for perfect output. 
At last the generate signals will be added. 
It is considered as fastest and is widely 
used in industry for high performance 
arithmetic circuits. KSA employs the 3-
stage structure of the CLA adder, the 
improvement is in the carry generation 
stage which is the most intensive one. In 
KSA carries are computed fast by 
computing the carries in parallel. This is 
often desirable to use an adder with good 
timing, area and efficiency trade off. 
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Fig. 2: PROPOSED SYSTEM 

The carry computation method leads to 
speed up the overall operation 
significantly. This reduces the area and 

increase the speed. KSA is a multi-bit 
carry-propagate adder which is used for 
parallel sum of two multi-bit numbers. 
KSA extend the generated and propagated 
logic of the carry look-ahead adder to 
perform addition even faster.  KSA adder 
consists of three stages. They are pre-
processing stage, carry generation stage 
and post processing stage. In pre-
processing stage, the generate and 
propagate signals are carried out. In carry 
generation stage prefix graphs are used to 
define the tree structure. At last in post 
processing stage, sum and carry is 
calculated. In the stage of prefix 
computation, the carries are grouped 
according to the adder’s configuration 
regarding lower cost, power, and delay. 
According to the adder’s configuration, the 
prefix computation groups both values 
directly from the input with values that 

were computed in the pre-processing stage. 
The increased delay is obtained by the 
configuration that has the highest critical 
path like the adders which process more 
than two inputs.  

In the post-processing stage, the carry 
values that compose the output, are 
grouped. They are reached through the last 
adder configuration that is arranged by a 
solution that solves the problem of the 
correct carry propagation for each input 
bit. The carry at each bit position can be 

derived according to the well-known. The 
addition of a carry input to a parallel-
prefix adder can be achieved by adding to 
it a single row of n prefix operators. The 
addition operation can be performed 
directly by connecting it to the carry input 
of the carry increment stage. The addition 
of the term can be omitted since this only 
affects the most significant bit of result. 
For evaluating the speed efficiency of each 
architecture, each mapped design was 
recursively optimized for speed until the 
tool was unable to produce a faster design. 
In this way, there is no need for the extra 
carry increment stage. As a result, 
dedicated totally parallel-prefix adder 
architectures are derived with one less 
prefix level, compared to those derived 
architecture. Less area is taken to 
implement the proposed adder and it has 
less wiring congestion. At last it can 
conclude that the proposed system gives 
effective results in terms power, delay and 
area.  

V. RESULTS 

 
Fig. 3: RTL SCHEMATIC 

 
Fig. 4: TECHNOLOGY SCHEMATIC 

 
Fig. 5: OUTPUT WAVEFORM 
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VI. CONCLUSION 
In this paper we propose a rounding based 
approximate multiplier (ROBA). The 
approximate multiplier which is based on 
rounding is designed using Kogge stone 
adder which is more efficient than the 
previous approximate and accurate 
multipliers. An approximate multiplier 
(ROBA) using KSA adder implementation 
was proposed in the paper. The kogge 
stone adder is one of the parallel prefix 
adders which greatly reduce the 
consumption of area for higher order bits. 
The results show that the proposed 
multiplier shows better performance in 
terms of area, power and delay. The 
rounding based approximation resulted in 
reduced area when compare to other 
approximations. The efficiency of the 
proposed approximate multipliers were 
evaluated by comparing with some of 
previous approximate multipliers and the 
results reveals that proposed approximate 
multiplier is efficient in the applications 
where the area of the system is highly 
concerned. 
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