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ABSTRACT

The arithmetic and Logic Unit (ALU) is the most crucial and core component of the central processing unit as
well as of several embedded systems and microprocessors. ALU consists of many computational units like
adders, multipliers, logical units etc. Vedic Mathematics concepts are proposed here for designing the
computational units of an 8-bit ALU. Here, a high-speed 8x8bit multiplier is proposed which is based on the
Vedic multiplier mechanism. A divider based on Vedic mathematics is also proposed here. The proposed Vedic
mathematics-based ALU is designed using high-level hardware description language - Verilog, followed by
synthesisation using the EDA tool, Xilinx ISE 14.1. Finally, the synthesized circuit has been implemented on
Xilinx Spartan-6 Field Programmable Gate Array (FPGA) device.

Keywords: Integrated Software Environment, Hardware Description Language, Modular Architecture, Vedic
Computing.

I. INTRODUCTION

The Central Processing Unit's main Arithmetic Logic Unit (ALU) is responsible for numerous arithmetic and
logical operations. The speed of the number-crunching unit is of outrageous significance and relies enormously
upon the speed of the multiplier. In this manner, the advances are continuously searching for new calculations
and equipment to carry out this activity in a much- improved manner in terms of region and speed. The various
subfields of mathematics, including arithmetic, algebra, geometry, and others, are the focus of Vedic
Mathematics. The utilization of Vedic Arithmetic ALUs in the calculation of a processor will diminish the intricacy
of execution time, region and power utilization and so forth.
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Fig 1: Basic block diagram of a computer system
IL. LITERATURE REVIEW

Milam Gadda et al [2] The paper gives the subtleties of a 64-cycle ALU configuration given Vedic Sutras like
Urdhva Tiryakbhyam and Nikhilam and execution results on FPGA. The planned Vedic multiplier gets results
after estimation in 4.014ns time. Xilinx's Simple FPGA pack is used for understanding the total ALU module
which is coded utilizing Verilog HDL. Literature Review In this paper, Chiranjeevi G.N. et al. [1] discuss a design
architecture that uses the Vedic sutra to perform mathematical operations for upward compatibility in a
pipeline manner. Notwithstanding expanding the region, execution and diminishing power, Vedic engineering
has been seen to be intrinsically viable with higher productivity for pipeline design. However, Vedic
architecture enables pipelines to be compactable to any base modules for any length, starting with 2-bit base
modules and progressing to 8-bit modules (L=1,2,3)
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Table 1: Literature review

Title author Outcomes

Pipeline Architecture for
N=K*2L Bit Modular ALU:
Case Study between
Current Generation
Computing and Vedic
Computing

authors have extensively verified modular architecture for 4-Bit
chiranjeevi modules for 16-bit and 32 bit pipelined operations. Individually
G.N et al [1], | multiplication using Urdhva Tiryakbhyam, division using Dhwajanka
IEEE-2021 sutra, modulo using Dwandwayoga sutra. 72 LUT and 15.35 ns time
delay for 16 bits for modulo.

Paper provides the details of a 64-bit ALU design based on Vedic
Sutras like Urdhva Tiryakbhyam and Nikhilam and implementation
results on FPGA. The designed Vedic multiplier obtains results after

calculation in 4.014ns time, for 8x8 multiplication.

nilam Gadda
etal [2], IEEE-
2020

64-bit ALU Design using
Vedic Mathematics

Kalyani Palutl anew modulo 27+1 multiplier is proposed for ALU block cipher
aetal [3], | complemented carry followed by modulo adder. 44.46 ns time delay
springer-2020 for 216+1 modulo operation and

III. DESIGN METHODOLOGY

ALU is the key element of Microprocessors, Microcontrollers, and embedded systems. Figure below explains the
component of ALU. Modulo is one of the prime requirements of any ALU designing, as we know ALU can perform
addition, subtraction, modulo and all logical operations, a combination of addition, subtraction & modulo is
known as MAC (Multiply and Accumulate) in modern Microprocessors & Microcontroller, the method which we
choose for designing MAC will affect Microprocessor or Microcontroller performance.

Improved Modulo (2» +
1) Multiplier

Modulo Techniques: The numbers 1,4,9, 16 are called Modulo Numbers because you can arrange the number
of counters to form

a Modulo. The 4 Counters are in 2 rows of 2. The 9 counters arein 3rowsand 3 columns. 1x1=1,2x2=4,3x
3 =9, 4x4 = 16, So if we modulo a number we multiply it by itself. 3 Modulod is (32) =9 ; 4 Modulo is (42) =16;
Modulo numbers always have an odd number of factors. All other numbers have an even number of factors.

Many researchers proposed arithmetic algorithms at simulation level using vedic sutra. These algorithms have
been evaluated with better performance, area and speed. The literature has been widely found to be towards
individual arithmetical operators like multiplier, modulo and cube and so on. A consolidated computing
architecture, especially Nbit ALU is yet be realized Generalized N-bit ALU, can always be realized using pipeline
modular architecture. The proposition is on realizing N-bit using ‘2L ’ as base modules using ‘K’ modules in
pipelining. The authors have extensively verified modular architecture for 4-Bit modules for 16 bit and 32 bit
pipelined operations. Individually multiplication using Urdhva Tiryakbhyam, division using Dhwajanka sutra,
modulo using Dwandwayoga sutra. MAC unit which involves multiplication algorithms used in FFT and IFFT
using sutras of Vedic mathematics and it is possible to achieve reduce version interms of speed and delay,
compared to different generations of ALU The authors are now exploring N-bit ALU architecture FPGA
implementation using Vedic sutras with flexible modular pipeline architecture and mainly targeted for Digital
Signal processing applications

Diminished-1 Method: In the Diminished-1 number system, the number A is represented by A’=A-1 and the
value zero is treated separately, i.e,, it requires an additional zero indication bit.

S’=(S-1) = (X+Y-1) mod (2n)
=[(X’+1) + (Y’+1) - 1)] mod (2n)
=(X'+Y'+1) mod (2n)

X'+Y'+1-(2 +1)=(X'+1')mod2" if X'+Y'+122

X'+V'+1  otherwise

:
X'+Y' 41 mod (2" +1)=¢
l
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The above equation can be depicted by,

Algorithm 1 (Modulo 2n +1 addition in diminished-1 number system): A number in Diminished-1 is represented
by n bits. The nth bit is used to indicate ‘0’. The modulo 2n addition algorithm has been presented for zero and
non zero operands:

If the most significant bit of one addend is ‘1’, inhibit the addition and the other addend is the output.

input Number=x

Dvanda
calculation of
di

I

Perform Wallace Final answer
addition of Dvadas

Fig 2: Proposed Modulo Method work flow
If the MSB of both addends are ‘0’, ignore the MSB, add the n Isb’s, complement the carry and add it to the n Isb’s
of the sum.
One structure of diminished-1 addition algorithm is depicted in Figure. The proposed Arithmetic Module has
first been split into three smaller modules (shown in fig 1), that is
1. Multiplier
2. MAC unit
3. Arithmetic module,
As a whole. These modules have been made using Verilog HDL and simulated for different case study and
synthesized in Xilinx Vivado 2016.1 with Spartan 3 family and XC3S400 device and Zynq700 Zedboard as
target. Arithmetic block is considered as unique and important functional block. It handles all the Arithmetic
and logic operations that are required for user constraints.in this proposed method arithmetic block is
implemented using Vedic algorithms and priority is given for multiplication. To implement addition and
subtraction conventional method is used Design starts with the implementation of multiplier design of size
2x2(21*1), where it is equivalent to 2L* K bit multiplier
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Fig 3: Basic block diagram of Arithmetic unit
IV. RESULT AND COMPRESSION

Synthesis Results: Figure 4(a) shows the synthesis result of modulo multiplier in which total 47 slices are used
and total 4656 slices are available. In this design 23 bonded 10Bs are used and 158 IOBs are available.
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Figure 4(a): Synthesis Result of Modulo 24+1 Multiplier
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Figure 4(b): Schematic Diagram of modulo 24+1 multiplier
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Figure 4(d): Schematic Viewer of modulo 24+1 multiplier

Table 2: Comparative results

author Work Proposed Work Modification

This work has design ALU with the help of
modulo operation, where multiplication

modular architecture for 4-Bit modules for 16 bit
and 32-bit pipelined operations. Individually

hirani : . .
chiranjee multiplication using Urdhva Tiryakbhyam, division partis done using Urdhva Tiryakbhyam
viG.N et usine Dhwaianka sutra. module usin sutra. 47 slices are used for 2n+1

al [1] § J ’ 5 multiplication. Time delay for 24+1

Dwandwayoga sutra. 72 FPGA slice used and

15.35 ns time delay for 24+1 modulo multiplication. modulo

multiplication is 16.340 ns.

nilam Paper provides the details of a 64-bit ALU design This work has design of 64-bit ALU based
Gadda et | based on Vedic Sutras like Urdhva Tiryakbhyam. on Vedic Sutras like Urdhva Tiryakbhyam.
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al [2] designed Vedic multiplier obtains results after And the time delay for the 4x4
calculation in 4.014ns time, multiplication found is 3.872
for 4x4 multiplication. ns.
Kalyani | This work is deigned of modulo multiplication for| Proposed work 216+1 modulo operation
Palutlaet ALU encryption, 44.46 ns time delay for 216+1 uses 1217 vertex-5 FPGA slice and time
al [3] modulo operation. delay of 43.19 ns.

V.  CONCLUSION

Vedic Math ALUs for different numerical calculations are ended up being effective as contrasted with customary
strategies. Numerous scientists have proposed computational units in view of Vedic Math for different sign
handling applications and these plans are ended up being proficient ones. The Urdhva-Tiryakbyham Sutra and
the Nikhilam Sutra are utilized in the proposed Vedic Mathematics-based ALU to perform division and
multiplication, respectively. Several areas of signal processing would benefit from the proposed ALU
architecture. FPGA is profitable as far as cost, advancement time, cost, viability and practicability. All FPGA
designs can achieve stability and reduce the likelihood of design errors. FPGA is used to redesign out of date
coordinated circuits decreases equipment circuit board changes, increments efficiency, and guarantees that the
functional requirements are met.
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