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Abstract—
Posit number system has been used as an alternative to IEEE floating-point number system in
many applications, especially the recent popular deep learning. Its non-uniformed number
distribution fits well with the data distribution of deep learning and thus can speed up the
training process of deep learning. Among all the related arithmetic operations, multiplication is
one of the most frequent operations used in applications. However, due to the bit-width
flexibility nature of posit numbers, the hardware multiplier is usually designed with the
maximum possible mantissa bit-width. As the mantissa bit-width is not always the maximum
value, such multiplier design leads to high power consumption especially when the mantissa bit-
width is small. In this brief, a power efficient posit multiplier architecture is proposed. The
mantissa multiplier is still designed for the maximum possible bit-width, however, the whole
multiplier is divided into multiple smaller multipliers. Only the required small multipliers are
enabled at run-time. Those smaller multipliers are controlled by the regime bit-width which can
be used to determine the mantissa bit-width. This design technique is applied to 8-bit, 16-bit,
and 32-bit posit formats in this brief and an average of 16% power reduction can be achieved
with negligible area and timing overhead.
Index Terms—Posit number system, posit multiplier, computer arithmetic, low-power
arithmetic circuit.
I.LINTRODUCTION

Digital signal processing (DSP) relies heavily on the MAC unit, which is a vital component.
The creation of real-time edge applications has grown more popular in recent years. Because of this,
the market for high-speed, low-power MAC units is expected to grow. A multiplier and an
accumulator are two separate blocks in a typical MAC unit (i.e., an accumulate adder). To prevent
overflow, an N-bit multiplier and an accumulator (2N+-1)-bit accumulator (adder) are included in an
N-bit MAC unit (caused by long sequences of multiply-accumulate operations). The optimization of
the multiplier and also the optimization of the adder have been the subject of many earlier studies. For
a multiplier, there are generally three distinct stages. The partial product generation (PPG) method is
the initial phase. In the case of an unsigned multiplication, AND gates may be employed to construct
a 1-bit matrix (PPM). Partially reducing the product (PPR) is the next phase. The PPM may be
reduced to two rows by utilising the Daddy tree strategy or the Wallace tree approach. The last step is

129



@ United International Journal of Engineering and Sciences @
(UIJES — A Peer-Reviewed Journal); ISSN:2582-5887 | Impact Factor:8.075(SJIF)
[/ Volume 5 | Special Issue 1 | 2025 Edition
National Level Conference on “Advanced Trends in Engineering
Science & Technology” — Organized by RKCE

the adding of the third step. The last two rows are added together using an adder (referred to as the
final adder).

The final addition of an N-bit multiplier requires a (2N-1)-bit adder. Tradeoffs between latency, space
and power may be made using various adder topologies. The multiplier and the accumulator (adder)
may also be replaced with other designs in order to create a variety of MAC unit types. There are
comparisons between several MAC unit types in terms of latency, area, and power in.

A substantial amount of power is used, and the route latency increases, when additions are carried out
in a standard MAC unit (including final adds in multiplications and accumulations). Carry
propagation lengths in the final add and accumulation must be reduced in order to remedy this issue.
PPR will be adapted to include a portion of adds (such as the last addition and accumulation), which is
our primary goal. Consequently, the time required for carry propagation is minimised. The addition
and accumulation of higher importance bits is not conducted until the PPR phase of the following
multiplication in the suggested MAC architecture. As a result, we have two PPMs for the PPR
process: one obtained from the PPG, and one produced from accumulation. The 4-bit MAC (shown in
Fig. 1) is used as an example here. Our PPM is made up of two PPMs, one from the PPG the other
from the accumulation, as illustrated in Fig. 1(a). Dadda trees are then used to decrease the PPM to
two rows, as seen in Fig. 1(b).

Due to their nonzero output for zero input, the suggested compressors have a significant impact on the
mean relative error (MRE) as will be detailed later. The recommended design in this brief addresses
the current issue. This improves accuracy. Based on the first bit of the operands, the static segment
multiplier (SSM) produces m-bit segments from n-bit operands. Then, instead of doing n n
multiplication, m m multiplication is used, where mn. Starting from the jth position, the partial
product perforation (PPP) multiplicator in omits consecutive partial products starting from [0,n-1] and
k is between [1, min(n-j, n-1)]. Modifying one entry inside the Karnaugh map to get a 2x2
approximate multiplier is utilised to produce 4x4 and 8x8 multipliers in this paper. For a performant
Wallace tree multiplier, an incorrect counter layout has been presented. A novel approximation adder
is introduced that may be used for the accumulation of the multiplier's partial products. Compared to
an accurate multiplier, a 16-bit approximation multiplier achieves a 26% decrease in power.

Voltage over-scaling (VOS) may be used to approximate an 8-bit Wallace tree multiplier. An error
occurs when the supply voltage is reduced, resulting in routes that do not match delay restrictions.
Before now, researchers have focused on applying approximation adders and compressor to the partial
products to reduce the complexity of logical expressions. Various probabilities are included into the
partial products in this short. Systematic approximation is used to examine the likelihood statistics of
the changing partial products.

Simplified arithmetic units are offered for approximation (the half-adder, full-adder, and 4-2
compression). The complexity of the arithmetic units has been lowered, but the error value has also
been taken into consideration. Reducing the logic cost of approximate computation saves power and
space, while yet allowing for higher precision. Compared to current multiplier designs, the new
multipliers are more efficient in terms of size, power consumption, and inaccuracy, as well as
achieving higher PSNR (peak signal to noise ratio) values in image processing. To put it another way,
the arithmetic error distance (ED) is the difference between a correct result and an approximation
output given the same input.
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I.LITERATURE SURVEY
2.1. Approximate Adders for approximate multiplication:

Document It's becoming more difficult for CMOS technology to keep up with the demands of future
applications. It's possible to narrow this gap greatly using a number of interesting design methods. It's
one of them, and it's received the most attention from the scientific community in recent years.
Accuracy is sacrificed for speed and energy efficiency in approximation computing, which harnesses
the inherent mistake of applications and provides high-performance energy-efficient software /
hardware implementations (e.g., performance and energy). Many research projects have investigated
approximation computing at various levels of the computing stack during the last decade, although
much of the effort at hardware abstraction has focused on adders. There is a comparative study of the
most current approximation adders. It also compares design metrics based on both traditional and
approximation computing design metrics.

2.2. Compressors for Multiplication:

At the nanometer scale, approximate computing is a promising approach to digital processing. For
computer arithmetic designs, inexact computing is of special relevance. For a multiplier, the design
and analysis of two novel approximate 4-2 compressors are discussed. When it comes to circuit-based
figures of merit, these designs use various compression characteristics to ensure that imprecision in
calculation (measured in terms of the error rate and the normalised error distance) can satisfy (number
of transistors, delay and power consumption). A Daddy multiplier uses four distinct strategies to make
use of the suggested approximation compressors. Applicability of the approximation multipliers to
image processing is shown in a series of simulations. There is a considerable decrease in energy
dissipation, latency and transistor count compared to an accurate design, and two of the suggested
multiplier designs have good capabilities for picture multiplication in terms of average normalised
error length and maximum signal-to-noise ratio (more than 50dB for the considered image examples).
2.3. Wallace-Booth Multiplier:

Recent emphasis has been given to approximate or inexact computing because of its promise for high
performance and low power consumption. There are three parts to this approximation multiplier: a
Booth encoder, a 4-2 compressor, and an approximate tree structure. For 8x8, 16x16, and 32x32-bit
signed multiplication schemes, the approximate design is built and tested. The findings of 45 nm
technology simulations are presented and analysed in this paper. For example, compared to an
accurate Wallace-Booth multiplier or any other approximate multiplier known in the technical
literature, our suggested approximation approach delivers considerable advantages in power
consumption, latency, and other metrics. The suggested design has been shown to be viable by these
outcomes.

2.4. Two variants of multipliers:

For error-resistant applications, approximate computation may reduce the design complexity while
increasing performance and power efficiency. A novel way to approximating multipliers in design is
presented. Changes are made to the multiplier's partial products to incorporate changing probability
terms. The difficulty of approximation is influenced by the possibility of accumulating changing
partial products. Two 16-bit multiplier variations use the suggested approximation. Two suggested
multipliers have been shown to save 72 percent and 38 percent of the power of an exact multiplier,
according to the synthesis. Existing approximation multipliers can't compete with their accuracy.
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Image processing is used to test the suggested multipliers, and one model gets the best peak signal to
noise ratio of all of them.
H1LEXISTING METHOD

As a follow-up, a quick explanation of the estimated wallace multiplier is provided. The only
difference between this multiplier and an array multiplier is the construction of the multiplier. In
Fig.3(a) and 3(b), the wallace multiplier is depicted in its accurate and approximative forms.
According to the illustration, the three-point combination symbolises an adder's full capacity, whereas
two-point combination represents a half-adder

lilili5'|44¢4
-
| W ]S B ). .

| |
DRt rriiiiot
ceceanen Stage
-------- Stage 1 ilrilcllil'ilcccuc
™ R mow el el o« » = =
|-I|3i3%|-{|.ll'.. PO e R e e
. :IE_I:I_'_I:IEJE‘C tttttttt
ST Stnge 2 Stage 2
"lnlr"lrﬁrﬁrﬂ';l-.;‘ i:li:lzltli:lﬁla:::::'
I Ie] 19 I« I o} o] = 2 2 o le ol ol el ol o]
-
“teaaaan Stage 3 Stage 3
..... T LR LR EE EEE R
E'E'E'EGED.... |-:|-:|-:r-:|-:|.:|£! ......
o pelpel ol id o 1d @ o gl ] el el el .
s eeeaaan Stage 4 Stage 4
- R
.:'%'%'%'%':':' Stages . T T — T T T 7 °
M M e &« & &« & & &
A s
o ool jel ol ol 1d Stage s 28
A
2(a) 2(b)

Fig-2: (a) accurate array multiplier (b) approximate array multiplier
Finally, the accurate and approximate dadda multiplier by using 4:2 compressor dot diagrams is
shown in Fig. 4(a) and 4(b). The combination of four dots represents the 4:2 compressor operations
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Fig-4: (a) accurate dadda multiplier 4 (b) approximate dadda multiplier.

In this section, we present the proposed two-stage (i.e., two cycle) MAC architecture. The first stage
performs the PPG process, the PPR process (based on the PPM that combines the PPG result and the
accumulation result), the (2N-k-1)-bit addition (i.e., a part of the final addition) and the abit addition
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(for dealing with the overflow in the PPR process). Then, the second stage performs the (k+a)-bit
addition to produce the accumulation result.

Fig(5).The proposed MAC architecture
We have implemented a tool (a C++ program) to automatically generate the proposed N-bit

MAC in Verilog RTL description. The users can specify the value of N and the value of k for
automatic generation, where k denotes the number of higher significance bits whose additions
(accumulation) are not performed in the final addition. Note that the value of k is equal to the bit
width of register REG2. In our experiments, we specify the value of N to be 16 (i.e., 16-bit MAC).
Besides, we assume that the maximum number of multiplications in each multiply-accumulate
operation is 256.
The systolic array has been widely used in the hardware acceleration for matrix multiplication. In
recent years, several research efforts have been paid to map the inference of a convolutional neural
network to a systolic array. Note that a systolic array is composed of multiple processing elements
(PEs). Each PE corresponds to a MAC unit. In this section, we address the application of the proposed
MAC architecture to a systolic array. Figure gives the block diagram of the PE based on the
conventional MAC architecture. Note that the PE is a two-stage (i.e., two-cycle) pipeline design. The
inputs of the PE are x and y. The block MUL denotes the multiplier. In the first stage, the multiplier
performs the multiplication. Then, the output of the multiplier is stored in a register. In the second
stage, the accumulator performs the accumulation. Then, the accumulation result is stored in register
result.
VI. PROPOSED METHOD

In data transmission applications, the widely used public-key cryptosystem is a simple and
efficient Montgomery multiplication algorithm such that the low-cost and high-performance. In which
includes encryption and decryption process. The Montgomery multiplier receives and outputs the data
with binary representation and uses only one-level carry-save adder (CSA) to avoid the carry
propagation at each addition operation. This CSA is also used to perform operand pre-computation
and format conversion from the carry save format to the binary representation, leading to a low
hardware cost and short critical path delay at the expense of extra clock cycles for completing one
modular multiplication. To overcome the weakness, A configurable CSA (CCSA), which could be
one full-adder or two serial half-adders, is proposed to reduce the extra clock cycles for operand pre-
computation and format conversion by half. When modular multiplier is done with CCSA technique
and it has some drawbacks. The drawbacks are short critical path, high power consumption. To
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overcome the drawbacks the CCSA is replaced with PASTA (Parallel Self Timed Adder) in the
Montgomery modular multiplier. The PASTA adder can achieve less power consumption.

Modular Multiplication is the central operation in many application areas including public key
cryptography for encryption and decryption. The widely used method for modular multiplication is
Montgomery modular multiplier. In which there will be a carry save adder. XY mod M is the
operation to be performed. In which X and Y are the inputs. It is necessary to find the value of mod
M, henceforth going for this algorithm. Comparing all previously occurring algorithms, this algorithm
will produce the optimized output. There are two cases, semi carry save addition and full carry save
addition. In this semi carry save addition, the given inputs are in binary and the inter outputs alone in
carry save. Whereas in full carry addition, both inputs and inter outputs are in carry save. On
comparing, it can be seen that semi carry save is the most advantageous one because it has only one
carry save and hence it has less area and high speed which is required for designing an VLSI based
multipliers.

Consider the modulus N to be a k-bit odd number and an extra factor R is to be defined as 2k mod N,
where 2k—1 < N < 2k. Given two integers a and b, where a, b
A=axR (modN)
B =b xR (mod N)

In this existing system, carry save addition with semi-carry approach is described. In which all the
multiplicands are not recycled, that is whatever the multiplicand is needed to be multiplied at that time
alone is used for determining the output. The carry save approach has higher benefits since it is the
basic key for operating a Montgomery modular multiplier. In such a way, using this semi carry save
type only one carry level adder is implemented which may be two serial half adders or a full adder can
be used based on the requirement. It thereby reduces the number of clock cycles and hence less delay.
So the output will be optimized and it can be implemented using Verilog coding.
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Fig.8. Block diagram of Montgomery Modular Multiplication using CCSA
The above architecture is the semi-carry save based Montgomery multiplier. In which the loop is
reduced on comparing to the existing one. It consists of two multiplexers, one multiplier, one
configurable carry save adder, flip-flops, skip detector and zero detector.
lHlustrates the block diagram of proposed semi carry save multiplier. It is first used to
recomputed the four-to-two carry save additions. Then the required multiplication can be performed.
The modulus N and inputs will be allowed inside the twomultiplexers. This partial product is then
allowed inside the multiplier. Those partial outputs then enter into configurable carry save adder,
where the carry save addition operation is performed. They are stored in the flip flops temporarily.
When another partial output is executed, then that will be stored in the flip flop. The Skip detector
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will skip the previous multiplication which is not required in the operation so as to reduce the number
of clock cycles. The partial product from SM3 is allowed to the multiplexers M4 and M5. Later on it
allows inside the flip flops for temporary storage, then to the skip detector. The output can be obtained
from semi carry. This process is repeated until the output is obtained. The zero detectors can also be
used to detect zero in many situations, which is most required. The complexity is very less compared
to the previous one.

Fig.9.Block diagram of PASTA
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Fig.10.State diagram of PASTA (a).Initial phase, (b).Xterative phase

Montgomery multiplication is to perform fast modular multiplication (MM).PASTA adder
using in Montgomery modular multiplication is to reduced area and clock cycles. To design a simple
and efficient radix-2 Montgomery Modular multiplication with Parallel Self Timed Adder
(PASTA).The design of PASTA is uses half adders (HAs) along with multiplexers requiring minimal
interconnections. The selection input for two-input multiplexers corresponds to the Request
handshake signal and will be a single 0 to 1 transition denoted by SEL. It will initially select the
actual operands during SEL=0andwill switch to feedback/carry paths for subsequent iterations using
SEL=1. The feedback path from the HAs enables the multiple iterations to continue until the
completion when all carry signals will assume zero values are show in Fig .8. In Fig.9, two state
diagrams are drawn for the initial phase and the iterative phase of the proposed architecture. Each
state is represented by (Ci+l Si) pair where Ci+l, Si represents carry out and sum values,
respectively, from the pith bit adder block. During the initial phase, the circuit merely works as a
combinational HA operating in fundamental mode. It is apparent that due to the use of HAs instead of
FAs, state (11) cannot appear.

V.ANALYSIS OF RESULTS

The design has been implemented using Xilinx Verilog coding. For further verification,
the design can be done using Cadence. It can be clearly understand by the waveform shown below. It
can be proven that it has reduced area complexity and speed complexity on comparing to all other
multipliers. The method has been implemented using a configurable carry save adder so as to prove
the maximum delay to be less comparing all. The delay and area can be minimized as much as
possible as comparing to all other previous existing architectures.

modular_ _multiplier

modular_multiplier
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5.1 SCHEMATIC DIAGRAM:
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5.4 SIMULATION RESULT:

IV. CONCLUSION

MAC design for real-time DSP applications that is cheap on power and high on speed is presented
in this study. To simplify the PPR algorithm, we propose including certain additions (including a
portion of the ultimate addition in multiplication and a portion of the addition in accumulation) as part
of the process. Carry propagation delays & power dissipations are decreased as a consequence. A -bit
accumulator is being used to keep track of the overall number of carries throughout the PPR process.
The suggested technique has been shown to consistently operate in practise via the use of
experiments. Both signed and unsigned MAC units may benefit from the MAC architecture suggested
here. Note that the PPM structure and the -bit addition technique are the sole changes between the
unsigned and signed MAC units. It should be noted that this new MAC design may be used for both a
sinusoidal and sinusoidal arrays (for performing the matrix multiplication). The suggested MAC
design, as compared to the standard systolic array based on a common PE (i.e. the typical MAC
architecture), reduces circuit size and power consumption by a significant margin while maintaining
the same timing restriction. When compared to FCS multipliers, SCS-based multipliers use fewer
clock cycles but take up less space since they preserve the inlet and outlet operands of a Montgomery
MM in their carrysave format. Carry propagation delay and additional clock cycles are drawbacks of
the existing design. PASTA adder is what we use to get around the drawbacks. The PASTA adder is
used in the Montgomery Modular Multiplier because of its inexpensive hardware cost, short critical
path delay, and decreased number of clock cycles necessary to complete a single MM operation.
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