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Abstract -Digital technology development has significantly increased in recent years. For devices used in image
processing and other applications, high performance, quick response times, and small size are essential
requirements. Higher critical logic sizes are common in VLSI implementations of digital systems due to the
arithmetic operations of adder and multiplier designs. Because ordinary adders and multipliers are used, it
demands a lot of space and power. The approximation multiplier's basic construction. The work done in this study
is the implementation of the proposed 5:2 compressors used in the 16*16 approximate multiplier by replacing the
repeated adders and normal summing units with XORMUX adders. Thus, it reduces the area and power on the
computations when compared to conventional adders and multipliers. The approximate multipliers can provide
the results which are near to the exact multipliers. So, we can these are better in terms of accuracy, power and
area when compared to the exact multipliers.

Index Terms — FIR filter, Approximate multiplier, Compressor, XOR-MUX adder, Behavioural modelling
style

I.  INTRODUCTION (HEADING 1)

In today's modern world, everywhere there are novelty based devices with a wide variety of application-oriented
areas like image processing, video processing etc. In this digital devices based environment there will be less
signal to noise ratio (SNR) meaning, more noise in the signals causing signal interference. This results trouble in
doing computations such as additions and multiplication. The multiplication and division operations are formed
by the additions and subtractions process. So these process should be having low signal interference and noises.
Here, this paper the mainly focuses on arithmetic operation with respect to the approximate multipliers. This
architecture contains several levels of filter banks. These filter banks are generally made of filters owing to the
decomposition of coefficients. This work reports an approach of approximate multipliers to modify regular adders
and multipliers with XOR-MUX adders and approximate multipliers. The XORMUX full adder is used in
building of approximate multiplier instead of regular full adder, because XOR-MUX based Full adders brings
down the number of logic gates required to implement the approximate multiplier. Also the approximate
multipliers have the capacity to reduce the area occupied by the FIR filters.

1. LITERATURE SURVEY

e A Low Power Signed Redundant Binary Vedic Multiplier.

This study presents a high-speed signed Vedic multiplier (SVM) architecture using redundant binary (RB)
representation in Urdhva Tiryagbhyam (UT) sutra. This is the first ever effort towards extension of Vedic
algorithms to the signed numbers. The proposed multiplier architecture solves the carry propagation issue in
UT sutra, as carry free addition is possible in RB representation. The proposed design is coded in VHDL and
synthesised in Xilinx ISE 14.4 of various FPGA devices. The proposed SVM architecture has better speed

performances as compared with various state-of-the-art conventional as well as VVedic architectures.
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e A Delay Efficient Vedic Multiplier.

The 16 Sutras that form the basis of the ancient Indian mathematical system known as Vedic mathematics can
be applied to many other areas of mathematics, including geometry, calculus, trigonometry, conics, and more.
Applications such as digital signal processing and modern communication both make good use of multiplication.
The total speed of multiplication is limited by the need to propagate carry from LSB to MSB when adding binary
partial products in ordinary multiplication. Vedic mathematics guarantees a decrease in total propagation time
and facilitates the development of partial products and sums in a single step. Vedic mathematics employs two
methods of multiplication: Urdhva Tiryakbhyam Sutra and Nikhilam Sutra. This study presents the realization
of an 8 * 8 Nikhilam Sutra multiplier for three distinct bases. The suggested multiplier is implemented using the
ideas of Urdhva Tiryakbhyam Sutra multiplication. In terms of delay, area, and power, the implementation results
are contrasted with those of a Modified Booth's multiplier. The design is synthesized using CMOS 90 nm
technology in Synopsys Design Compiler. The findings indicate that the Modified Booth's multiplier is 51.28%

slower than the suggested multiplier, which uses Nikhilam Sutra with 25 bases.

e Area and Power Efficient 64-Bit Booth Multiplier.
An integrated circuit is a tiny chip that can be used as a microprocessor, oscillator, amplifier, or timer.
Microelectronic circuits are used in all electronic devices, including cell phones, gaming consoles, and battery-
operated gadgets. High power dissipation is the result. Dynamic power dissipation does not significantly rise as
technology reduces to 65 nm, but leakage power does. Low power methods are therefore required in order to
lower the related power. One can achieve this power reduction at the system, algorithmic, or architectural level.
The booth multiplier finds extensive use in low-power VLSI. Its short calculation time, small footprint, and low
power consumption are its causes. The goal of this effort is to construct a 64-bit pipelined Booth multiplier. The
maximum height of the partial product column in the standard reduction process of the binary of radix-16 partial
products is n+1/4, where n is the unsigned operand. The height can be decreased to n/4 by using the carry save
adders. Implementation of the booth multiplier recoding takes place. For this operation, the carry skip adder is
used in place of the carry save adder to reduce power and area. A 11% reduction in power usage and a 9%

reduction in area were achieved.
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II1. PROPOSED IMPLEMENTATION

e XOR MUXFULL ADDER.
The XOR MUX complete snake arrangement comes first in the Assessed Multiplier execution process, and is

followed by the FIR channel plan arrangement.
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Figure 1 XOR MUX Full Adder.

The equations for sum and Cout are
sum = (a XOR b) XOR cin

cout = (a:(a XOR b) }+(cin-(a XOR b))

Table:1 Truth table of Full Adder.

Can 3 b Sum Cout
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 1 0 0 1
1 0 l 0 1
1 1 1 1 1

e Design and Implementation of 8x8 Truncated Multiplier on FPGA.
Digital signal processing often requires multiplication. While parallel multipliers offer a fast way to multiply,
their VLSI implementations take up a lot of space. To prevent word size expansion, a rounded product is
preferred in the majority of signal processing applications. Therefore, minimizing the rounded output multiplier's
area need is a key design objective. This study proposes a parallel multiplication approach that uses a variable
correction method to sum just the most significant columns in order to compute the products of two n-bit values.
Additionally, this article compares the implementation of 8X8 conventional and truncated multipliers utilizing
Field Programmable Gate Arrays (FPGA) and Very High Speed Integrated Circuit Hardware Description
Language (VHDL). FIR (finite impulse response) and DCT (discrete cosine transformations) are two
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applications for truncated multipliers. When compared to the normal multiplier, the shortened multiplier exhibits

a significantly greater decrease in device
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Figure:2 5:2 compressors based approximate multiplier.
consumption. When the full precision of the conventional multiplier is not needed, truncated multipliers can be
used in place of standard parallel multipliers to obtain a significant decrease in FPGA resources, delay, and
power. For energy-efficient computing, approximate multipliers are extensively utilized in applications where
there is an innate tolerance for error. For any multiplier, precision is the primary design criteria. It is challenging
to determine the precise approximation of the multiplier aside from area and power. Without a doubt, in DSP
and artificial intelligence applications, multiplication determines performance. Because of the need for high-
speed parallel operations, some applications require high-speed multiplier designs. Utilizing multipliers'
approximations, they do quick computations with the least amount of hardware complexity, latency, and power
consumption. by possessing a certain degree of accuracy. Compressors compute the total and transfer at every
stage concurrently. In the following step, the carry is added to the higher significant sum bit. This is continued
until the finished product is produced. Results that are almost identical to the exact multipliers can be obtained
using the approximation multipliers. Therefore, when compared to the exact multipliers, these are superior in

terms of accuracy, power, and area.

To get the final output, a carry propagation adder is employed in the third phase. Therefore, a significant
contributing aspect to the multiplier's design complexity is the PPM reduction circuitry. The goal of design [1-

6] is to maximize the PPM reduction circuits.
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Figure:3 FIR Filter Block Diagram
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We present a 16*16 multiplier design in this part. Based on their significance, weights are divided into three

groups: weights with higher significance, weights with medium significance, and weights with lesser
significance. Note that the amount of higher significance weights, intermediate significance weights, and lower
significance weights can be changed by the designers to balance the trade-off between calculation accuracy and
power usage. To cut power consumption with a little error, our PPM reduction circuitry uses an importance-
driven logic compression technique: The lower weights use inaccurate (5:2) area efficient compressors (OR-
tree based approximation), the middle weights use two stage approximate (5:2) compressors, and the higher
weights use exact (5:2) compressors. In the second and third stages, significance weights are taken into
consideration. When the second and third phases are completed, there are no more than two product phrases for
each weight. Consequently, a carry propagation adder may be used to generate the final output. The digital filter
known as the FIR filter has a limited impulse response that eventually drops to zero. It simply comprises of a
multiplier, delay, and adder during that limited amount of time. An adder and a delay element

FIRfilter
4 N

A y
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Figure 4. Schematic Diagrams FIR Filter based on XOR-MUX Full Adder and Approximate Multiplier
multiplier make up each TAP. Regular FIR filters use multiple constant multipliers (MCM) to convert a given
n-bit signal into an output of 2n bits. Due to the high number of arithmetic operations, the primary drawback of
this FIR filter is its increased space and power consumption.RTL Schematic Diagrams of FIR Filter based on
XOR-MUX Full Adder and Approximate Multiplier.The RTL Schematic diagram of the FIR filter, based on
the XOR-MUX Full Adder and Approximate Multiplier, is shown in figure 1 below. Here, the FIR Filter's

inputs are clk, rst, and X, and its outputs are Y.

Figure 5: 2 RTL Internal diagram of FIR Filter based on XOR-MUX Full Adder and Approximate Multiplier.
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Figure 6: RTL Internal diagram of Approximate Multiplier.

Figure 7: RTL Internal diagram of 5:2 compressors.

Figure 8: RTL Internal diagram of 4:2 compressors.
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Figure 9: RTL Internal diagram of Full Adder.

e SIMULATION RESULT OF FIR Filter based on XOR-MUX Full Adder and Approximate
Multiplier.

The analysis of the suggested 5:2 compressor approximate multiplier based on XOR-MUX designs is

presented in this part. The approximate multiplier's simulated output results are displayed in the XORMUX

complete adder simulation results. This multiplier performs approximate multiplication on 16 bit binary signals

to produce a 32 bit binary sequence as the output.

Figure 10: Simulation result of FIR Filter based on XOR-MUX Full Adder and Approximate Multiplier.

Table-11: Area Analysis.

Number of 34 408,000 1%
Slice Register

Number of 144 204,000 1%
Slice LUTs

Number of 50 500 8%

bounded I0Bs

Table-2: Power Consumption.
Total power Static power
0.177 0.000 0.177
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Conclusion

This paper presents the implementation of FIR filters through the use of XOR MUX full adders and approximate

multipliers. Approximate 4:2 compressor architectures are shown in this paper. In comparison to existing

cutting-edge compressor designs, a high speed, area-efficient 5:2 compressor architecture is suggested, which

achieved a significant decrease in power, area and delay is 7.473ns. The tool XILINX ISE 14.7 is used to do

the synthesis. Applications for digital signal processing where space and power consumption are crucial can

make advantage of this FIR filter.
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