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ABSTRACT: Binary multipliers are a widely used building block element in the design of microprocessors and
embedded systems, and therefore, they are an important target for implementation optimization. The multiplication
operation 1s present in many parts of a digital system or digital computer, most notably in signal processing, graphics
and scientific computation. This project presents a design methodology for high-speed area efficient Booth encoded
parallel multiplier. For partial product generation, we propose a new modified Booth encoding (MBE) scheme to
mmprove the performance of traditional MBE schemes. Few FPGA-based designs that exist are largely lmited to
unsigned numbers, which require extra circuits to support signed operations. To overcome these limitations for the
FPGA-based implementations of applications utilizing signed numbers, this paper presents an area-optimized, low-
latency and energy-efficient architecture for accurate signed multiplier. As an extension of this concept, Radix8 modified
booth encoding algorithm 1s proposed to implement signed multiplication to reduce both area and time constraints.
Index Terms: Booth encoding, Look up table, Latency, Register Transfer Level, Field Programmable Gate Array, Sign
Extension.

INTRODUCTION: Energy minimization is major requirements in almost any electronic systems, especially the
portable ones such as smart phones, tablets, and different gadgets. It 1s extremely desired to attain this minimization
with minimal performance (speed) penalty [1]. Digital signal processing (DSP) blocks are most wanted in transportable
components for realizing various multimedia applications. The computational core of these blocks 1s the ALU where
the multiplications and additions are the major part [6]. The multiplications plays foremost operation in the processing
elements which can leads to high consumption of energy and power. Many of the DSP cores implement image and
video processing algorithms where final outputs are either images or videos prepared for human consumptions. It
facilitates to go for approximations for improving the speed and energy in the arithmetic circuits. This originates from
the limited perceptual abilities in observing an image or a video for human beings. In addition to the image and video
processing applications, there are other areas where the exactness of the arithmetic operations 1s not critical to the
functionality of the system (see [2],[3]). Approximate computing provides an accuracy, speed and power/energy
consumption. The advantage of approximate multiplier reduces the error rate and gain high speed. For correcting the
division error compare operation and a memory look up 1s required for the each operand 1s required which increases

the time delay for entire multiplication process [4]. At various level of abstraction including circuit, logic and architecture
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levels the approximation is processed [5]. In the category for approximation methods in function, a number of
approximating arithmetic building blocks, such as adders and multipliers, at different design levels have been suggested
in various structures [6],[7]. Broken array multiplier was designed for efficient VLSI implementation[8].

The error of mean and variance of the imprecise model increase by only 0.63% and 0.86% with reverence to
the precise WPA and the maximum error increases by 49%. Low-Power DSP uses approximate adders which are
employed in different algorithms and design for signal processing. In contrast with standard multiplier, the dissipated
power for the ETM dropped from 75% to 90%. While maintaining the lower average error from the conventional
method, the proposed ETM achieves an impressive savings of more than 50% for a 12 x 12 fixed-width multiplication.
The crucial part of the arithmetic units are basically built by the multiplier hardware, so multipliers play a prominent
role in any design. [1] If we consider a Digital signal processing (DSP) the internal blocks of arithmetic logic designs,
where multiplier plays a major role among other operations in the DSP systems [1].So, in the design of multiplier and
accumulate unit (MAC) multipliers play an important role. Next, important design in the MAC unit is the Adder.
Adders also share the equal important in this design. By the appropriate function methods different kinds of adders
and multipliers designs are been suggested. By the approximate computing the designer can make tradeoffs, accuracy,
speed, energy and power consumption. In this paper we proposed the modified form of rounding based approximate

multiplier which is low power design, high speed and energy efficient.

LITERATURE SURVEY: A traditional method to reduce the aging effects is overdesign which includes techniques
like guard-banding ad gate oversizing. This approach can be area and power mefficient [8]. To avoid this problem, an
NBTI- aware technology mapping technique was proposed in [7] which guarantee the performance of the circuit during
its lifetime. Another technique was an NBTI- aware sleep transistor in [3] which improve the lifetime stability of the
power gated circuits under considerations. A joint logic restructuring and pin reordering method n [6] 1s based on
detecting functional symmetries and transistor stacking effects. This approach 1s an NBTT optimization method that
considered path sensitization. Dynamic voltage scaling and bogy-biasing techniques were proposed in [4] and [5] to
reduce power or extend circuit life. These techniques require circuit modification or do not provide optimization of
specific circuits. Every gate in any VLSI circuit has its own delay which reduces the performance of the chip. Traditional
circuits use critical path delays the overall circuit clock cycle in order to perform correctly. However, in many worst-
case designs, the probability that the critical path delay 1s activated 1s low. In such cases, the strategy of minimizing the
worst-case conditions may lead to inefficient designs. For noncritical path, using the critical path delay as the overall
cycle period will result in significant timing waste. Hence, the variable latency design was proposed to reduce the timing
waste of traditional circuits. A short path activation function algorithm was proposed in [16] to improve the accuracy
of the hold logic and to optimize the performance of the variable-latency circuit. An instruction scheduling algorithm
was proposed in [17] to schedule the operations on non uniform latency functional units and improve the performance
of Very Long Instruction Word processors. In [18], a variable-latency pipelined multiplier architecture with a Booth
algorithm was proposed. In [19], process-variation tolerant architecture for arithmetic units was proposed, where the
effect of process-variation is considered to increase the circuit yield. In addition, the critical paths are divided ito two
shorter paths that could be unequal and the clock cycle is set to the delay of the longer one. These research designs

were able to reduce the timing waste of traditional circuits to improve performance, but they did not consider the aging
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effect and could not adjust themselves during the runtime. Chen et al (2003) presented low-power 2's complement
multipliers by minimizing the switching activities of partial products using the radix-4 Booth algorithm. Before
computation for two input data, the one with a smaller effective dynamic range 1s processed to generate Booth codes,
thereby ncreasing the probability that the partial products become zero. By employing the dynamic-range
determination unit to control input data paths, the multiplier with a column-based adder tree of compressors or
counters 1s designed. To further reduce power consumption, the two multipliers based on row-based and hybrid-based
adder trees are realized with operations on effective dynamic ranges of input data. Functional blocks of these two
multipliers can preserve their previous nput states for non effective dynamic data ranges and thus, reduce the number
of their switching operations. It illustrates the proposed multipliers exhibiting low-power dissipation, the theoretical
analyzes of switching activities of partial products 27 are derived.

The proposed 16 /spl times/ 16-bit multiplier with the columnbased adder tree conserves more than 31.2%,
19.1%, and 33.0% of power consumed by the conventional multiplier. Furthermore, the proposed multipliers with row-
based, hybrid-based adder trees reduce power consumption by over 35.3%, 25.3% and 39.6%, and 33.4%, 24.9% and
36.9%, respectively. Oscal et al (2003) presented low-power 2's complement multipliers by minimizing the switching
activities of partial products using the radix-4 Booth algorithm. Before computation for two input data, the one with a
smaller effective dynamic range 1s processed to generate Booth codes, thereby increasing the probability that the partial
products become zero. By employing the dynamic-range determination unit to control input data paths, the multiplier
with a column-based adder tree of compressors or counters 1s designed. To further reduce power consumption, the
two multipliers based on row-based and hybrid-based adder trees are realized with operations on effective dynamic
ranges of input data. Functional blocks of these two multipliers can preserve their previous input states for non effective
dynamic data ranges and thus, reduce the number of their switching operations. To illustrate the proposed multipliers

exhibiting low-power dissipation, the theoretical analyzes of switching activities of partial products are derived.

LUT BASED RADIX-4 BOOTH’S SIGNED MULTIPLICATION: Using the concepts of radix-4 Booth’s
multiplication algorithm, we present our area optimized, low-latency and energy efficient accurate signed multipliers.
The correct sign of a partial product, in booth’s encoding (BE)-based multiplier, is decided by the sign of the
multiplicand (the MSB) and the corresponding value of BE. Tables I(a) and I(b) show the list of required sign extensions
(SE) for all possible combinations of BE’s values and MSB of the multiplicand.

We have used the Bewick’s sign extension technique [16] to implement the correct sign of a partial product.
Unlike state-ofthe-art implementations, our proposed architecture computes all partial products i parallel and then
adds the generated partial products using multiple 4:2 compressors and a ripple carry adder (RCA). The parallel
generation of partial products significantly reduces the critical path delay of the multiplier. The illustration of our
contributions is shown in green in Fig. 1. Our implementations provide optimized configurations for the 6-input LUTs

and the associated carry chains in a logic-slice of modern FPGAs, such as Xilinx Virtex-7 series.
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Tig. 2 shows the configurations of the 6-nput LUTs used for the implementation of the proposed accurate multiplier.
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Fig. 2: Configuration of LUTSs used in proposed design
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Fig. 3: First partial product row for an 8x8 multiplier
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The Booth’s encoding is implemented by LUT Type-A configuration, as shown in Fig. 2(a). It receives five inputs, 1.e.,
an and an-1 (from multiplicand) and bm+1, bm and bm-1 (from multiplier). The LUT internally implements three
MUXes. Based on the value of BE, the first MUX (controlled by s signal) decides whether an or an-1 should be
forwarded for partial product generation. The second MUX, controlled by ¢ signal, manages the inversion of the output
of the first MUX. Finally, the third MUX can make the partial product zero depending upon the value of the z signal.
This information is forwarded to the associated carry chain as carry propagate signal ‘pout’. The mput an is used as the
carry generate signal ‘gout’ for the carry chain. The Bewick’s sign extension technique for each partial product row is
mmplemented by LUT Type-B and LUT TypeC configurations, as shown in Fig. 2(b) and 2(c) respectively. The LUT
Type-B receives five inputs, 1.e., bm+1, bm and bm-1 (from multiplier), an (the MSB of the multiplicand) and pin. The
pin signal 1s constant ‘1’ for the first row of partial products and for all other rows it is constant ‘0’. The LUT computes
the SE signal, performs the XOR operation on 1t and provides the result to the associated carry chain as the carry
propagate signal ‘pout’. The carry generate signal ‘gout’ 1s directly provided by the pin signal. LUT Type-C 1s used to
transfer the correct sign information of its respective partial product row to the following partial product row. Utilizing
LUT:s of types A, B and C, Fig. 3(a) shows the first row of partial products for an 8x8 multiplier. The rightmost LUT
of Type-A in each partial product row is used for computing the required input carry. This input carry is applied for
representing a partial product in 2’s complement format. For an 8x8 multiplier, total four partial product rows will be
generated. The last partial product row does not require a LUT of Type-C. For an NxM multiplier, the length of the
carry chain in each partial product row i1s N+4 bits. To improve the critical path delay of the multiplier, the length of
the carry chain can be reduced to N+1 bits. A critical path delayoptimized implementation of our novel multiplier 1s
shown in Fig. 3(b). The partial product terms pp(x, 0) and pp(x, 1), in each partial product row, require one and two
bits of multiplicand respectively. These two partial product terms can be implemented by one single 6-input LUT ‘A1°.
Similarly, pp(x, 2), in each partial product row, can be independently implemented using another 6-input LUT ‘A2’. A
separate 6- mput LUT, ‘CG’, can be used to compute the correct input carry for each partial product row. Fig. 4 shows

the internal configurations of LUT types Al, A2 and CG respectively.

1 1 I
PP(x,1)PP(x, 0) C8out PPx.2)
(a) LUT A1 (b) LUT A2/ CG

Fig. 4: Conliguration of LUTSs types Al, A2 and CG
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For the reduction of generated partial products to compute the final product, binary adders, ternary adders and 4:2
compressors can be utilized. A 4:2 compressor 1s capable of reducing four partial product rows to two output rows.
During our experiments, we observe that the deployment of ternary adders might reduce the overall resource utilization.
However, they have higher critical path delays than the binary adders. Therefore, in our work, the 4:2 compressors and
binary adders are used for the reduction of the generated partial products. We have used the 6-input LUTSs and the
associated carry chains to implement them.
RADIX-8 MODIFIED BOOTH ALGORITHM:

The Booth algorithm consists of repeatedly adding one of two predetermined values to a product P and then
performing an arithmetic shift to the right on P.

MAulriplicand A

MMulriplier B . Encoder '——I Partial product generator

| Final product

l

Product A*B

Figh. Booth algorithm

The multiplier architecture consists of two architectures, 1.e., Modified Booth. By the study of different multiplier
architectures, we find that Modified Booth increases the speed because it reduces the partial products by half. Also, the
delay in the multiplier can be reduced by using Wallace tree. The energy consumption of the Wallace Tree multiplier
1s also lower than the Booth and the array. The characteristics of the two multipliers can be combined to produce a
high-speed and low-power multiplier. The modified stand-alone multiplier consists of a modified recorder (MBR).
MBR has two parts, 1.e., Booth Encoder (BE) and Booth Selector (BS). The operation of BE is to decode the multiplier
signal, and the output is used by BS to produce the partial product. Then, the partial products are added to the Wallace
tree adders, similar to the carry-save-adder approach. The last transfer and sum output line are added by a carry look-
ahead adder, the carry being stretched to the left by positioning.

Tablel .Quartet coded signed-digit table

Quartet value Signed-digit value
0000 1]
0001 +1
0010 +1
o011 +2
0100 +2
0101 +3
0110 +3
0111 +4
1000 _4
1001 -3
1010 -3
1011 -2
1100 -2
1101 -1
1110 -1
1111 1]
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Here we have a multiplication multiphier, 3Y, which 1s not immediately available. To Generate it, we must run the
previous addition operation: 2Y +Y = 3Y. But we are designing a multiplier for specific purposes and then the multiplier
belongs to a set of previously known numbers stored in a memory chip. We have tried to take advantage of this fact, to
relieve the radix-8 bottleneck, that is, 3Y generation. In this way, we try to obtain a better overall multiplication time or
at least comparable to the time, we can obtain using a radix-4 architecture (with the added benefit of using fewer
transistors). To generate 3Y with 21-bit words you just have to add 2Y + Y,ie add the number with the same number
moved to a left position. A product formed by multiplying it with a multiplier digit when the multiplier has many digits.
Partial products are calculated as intermediate steps in the calculation of larger products. The partial product generator
1s designed to produce the product multiplying by multiplying A by 0, 1, -1, 2, -2, -3, -4, 3, 4. Multiply by zero implies
that the product s "0 ". Multiply by" 1 "means that the product remains the same as the multiplier. Multiply by "-1" means

non

that the product i1s the complementary form of the number of two. Multiplying with 1s to move left one as this rest
as per table.

SIGN EXTENSION CORRECTOR:
The Sign Extension Corrector is designed to increase the Booth multiplier capacity by multiplying not only the unsigned
number but also the signed number. The principle of the sign extension that converts the signed multiplier not signed
as follows. When unsign is signalled s_u = 0, it indicates the multiplication of the unsigned number and when s_u = 1,

it shows the multiplication of the signed number. When a bit signal is called unsigned bit (s_u), it 1s indicated whether

the multiplication operation 1s an unsigned number or number.

Table.5.Sign extension corrector

Sign-unsign Type of operation
0 Unsigned multiplication
1 Signed multiplication

Example:

Multiphcand: 111100010010110111001
Multiplier: 1000110101001 10100111
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RESULTS:

Fig6. Example of modified booh algorithem

Wwww.Jjearst.co.in

¢ project_2 - [C:/Users/LENOVO/project_2/project_2.xpr] - Vivado 2018.2 - x
Eile Edit Flow Tools Reports Window Layout View Run Help Ready
=, boEB o Z « » 100] ns v x c Default Layout ~
Flow Navigator ] SIMULATION - Behavioral Simulation - Functional - sim_1 - BWM_8_8
~ PROJECT MANAGER -
Untitled 6*

£F Settings 2

Sla W @ @« KN r o

Add Sources
Language Templates

1F IP catalog

IP INTEGRATOR

Create Block Design

SIMULATION

Run Simulation

<

RTL ANALYSIS

> Open Elaborated Design

SYNTHESIS

P Run Synthesis

IMPLEMENTATION

P Run Implementation

E £ Type here to search

Sources

Ohjects

Tcl Console

Messages

25°C Haze

&

Fig7: Proposed simulation result taken in XILINX VIVADO

Above simulated screenshot taken in XILINX-VIVADO2018.2 for proposed method. Input ‘X’ is given as -85 and
Y’ is given as -54, final output ‘C’ is yielded as ‘4590’ with only 3 partial products.
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Above synthesis results shown in screenshots represents area report of existing method
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Above synthesis results shown in screenshots represents area report of proposed method
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Figl1: Proposed timing summary
Above synthesis results shown in screenshots represents latency report of proposed method

CONCLUSION and FUTURE SCOPE: Finally, this project presented a novel area-optimized, low-latency and energy-
efficient accurate signed multiplier architecture for FPGA-based systems. This also evaluated the benefits of our
multipliers in neural network applications. As an extension Radix-8 modified booth encoding with carry skip addition
algorithm 1s proposed for efficient implementation of multiplier. The proposed approximation reduces the hardware
for the Booth-encoded signals and lead to a design of a simpler partial product generator which 1s efficiently mapped
using a single hardware architecture.

A clue of symmetric computation was developed around 2500 years ago which 1s brought out by Vedic mathematics.
trigonometry, calculus, geometry and basic arithmetic are dealt by this symmetric computation. All these methods are
very powerful as far as manual calculations are considered. The computational speed drastically reduces if all those
methods are effectively used for the hardware implementation. Hence there 1s a chance for implementing a complete
ALU using Vedic mathematics methods. Vedic mathematics is long been known but has not been implemented 1n the
DSP and ADSP processors employing large number of multiplications in calculating the various transforms like FFT's
and the IFFTs. By using these ancient Indian Vedic mathematics methods world can achieve new heights of

performance and quality for the cutting edge technology devices.
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