Journal of Positive School Psychology
2022, Vol. 6, No. 5, 2588-2593

http://journalppw.com

Heuristic Hardware For Square Root Operation Using
Taylor Series And Modified Newton Method

Gamaniel Domingo Gonzales Salvador!, Andrea Damaris Hernandez Allauca?,
Cristian German Santiana Espin3, José Caicedo-Ortiz*°, De-La-Hoz-Valdiris, Ethel®

tUniversidad Nacional de Educacién Enrique Guzman y Valle. Lima, Per(. , https://orcid.org/0000-0002- 9129-
3800

2Escuela Superior Politécnica de Chimborazo- Grupo de Investigacion y Transferencia de Tecnologias en
Recursos Hidricos (GITRH) y Grupo de Investigacion en Turismo (GITUR). , https://orcid.org/0000-0001-
6413-5607 , andrea.hernandez@espoch.edu.ec

SEscuela Superior Politécnica de Chimborazo (ESPOCH). cristian.santiana@espoch.edu.ec
https://orcid.org/0000-0003-3445-1347

“Universidad de la Costa. Barranquilla, Colombia. Departamento de ciencias de la computacion y electrénica.
Doctorando de la Universidad de Granada Espaiia., jcaicedol@cuc.edu.co

SUniversidad de la Costa CUC. Barranquilla, Colombia. Departamento de Computacion y Electronica,
edelahoz3@cuc.edu.co

Abstract

This paper gives a heuristic equipment execution to registering square root activity for positive genuine
numbers through Taylor arrangement and Newton's technique. Comparable methodology can be
utilized for planning other root activities, for example, 3D shape roots, fifth roots, etc. Two unique
structures are examined, one, combinational, straight forward, got from Taylor arrangement
development and one consecutive, got from Newton's enhancement condition. The results are better,
lower region, and lower power utilization for the subsequent engineering contrasted with the first.

Keywords: Taylor expansion, Exponential function, Polynomial Computation, Interpolation, Newton
Optimization, Look-up Table.

I. Introduction

The square root activity, along with other
twofold capacities, for example,
exponentiation, logarithm (for given base),
sine, and cosine capacities, is regularly utilized
in signal handling and baseband remote
correspondence. ASIC arrangements are
frequently utilized if there are extraordinary
necessities like superior, little structure factor,
and low force utilization. There are various
calculations to comprehend the errands, for
example, CORDIC [1], look-into tables [2],
introduction [3], Newton's technique [4] and so
on. Every one of well known calculations are
executed in programming. Execution of the
notable Taylor extension [5] and Newton's

technique in equipment, for independent object,
is unexplored, which is the concentration for
this paper.

2. Background

A. Taylor Series

Taylor arrangement of a given capacity is an
extension of the capacity to a polynomial of
unending terms. In principle, the polynomial
with its unending terms would carry on
indistinguishable from its parent work at all
gualities. Practically speaking, be that as it may,
the quantity of terms are restricted to a couple
as could reasonably be expected. Taylor
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arrangement for a 1-D work around the point
x=a is determined by the equation:

f=Ye L9 gy

n=0 n!

B. Approximation for the square root
function

expanding (1) with a=1 yields the following series

]
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Taking only 8 terms from (2), we can obtain
convergence for x in range (0,2) with great
accuracy.

C. Newton’s Optimization Method

As indicated by Newton's enhancement
condition, beginning from any point x1, a closer
point x2, to the zero of f(x) can be gotten by the
recipe:

I Usear

D. Approximation for the square root
function

E. Picking a capacity f(x) with the end goal
that f(x) = 0 just when x is square
foundation of an is simple. Applying
enhancement to that capacity will furnish
us with an iterative answer for the square

base of a.
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Which leads to our iterative newton’s solution.

3. Hardware Implementation of Taylor
Series Expansion

A. Flowchart
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Fig I. A. Flowchart Hardware Implementation of Taylor Series Expansion

B. Simulation using Logisim

Eus
e
—= 3
. —@_J Hesw Headaao-
S 3 >3
—W} I
T ¥
Cycle 9
=

Clock Reset

Fig 2. Implementation of Logisim

C. Results
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Fig 3. Taylor’s series circuit quick as far as execution. There is an issue of
spread deferral across 8 phases which can be
Performance and Cost disregarded with the utilization of good
Enormous number of segments render this equipment.

circuit extremely hefty regarding cost however Function Accuracy
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Taylor Series Expansion

s R

sin(x)x

-~ approximation of sin(x¥x up to O(xG)
approximation of sin(x}¥x up to O(x%)
approximation of sin(x}¥x up to O(x '°)
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Fig 4. Taylor
around a=2

Expansion of sin(x)/x

Errors

The main blunders present are because of loss
of exactness from decimal to drifting point
portrayal change.

Applications

The combinational Taylor development circuit
can be useful for signals requiring quick
calculation of square foundations of genuine
numbers somewhere in the range of 0 and 2.

An engineering can be created to exploit the
way that any genuine number x>0 can be
composed as products of variables fi with the
end goal that 0<fi<2. In this manner each factor
fi can be exclusively assessed by the circuit and
increased later to restore the square base of x.
for example

“":Hfs

0<f <2

4. Hardware Implementation of

Modified Newton’s Method

2

A. Algorithm
Sin(x)/x:
1. Set a = x (initial guess. let be x itself)
2.a=0.5(atx/a)

3. Repeat step 2 arbitrary number of

times.
4, Return a

B. Simulation using Logisim
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Fig 5. Implementation of Modified

Newton’s method in Logisim

C. Results

TABLE lll. Components Used in Fig
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Component Library Frequency
FP Adder IEEE754 1
FP Divider IEEE754 2
Pins IEEE754 1
Registers IEEE754 1

Function Accuracy

It is numerically settled that given enough
cycles, Modified Newton's estimation will
practically twofold in exact digits each
emphasis to at long last yield the right outcome.

Errors

Once more, more often than not, mistakes are
caused because of organization change

Clock Cycles
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Fig. 7. Expanded
Applications

Performance and Cost

This engineering is easy to develop and less
expensive than our past without question
having less parts however it needs speed
because of consecutive segments.

The calculation costs clock cycles relying upon
the provided number. There is general pattern
noticeable of the expansion in clock cycles cost
comparing to increment in X esteems.

Fig 6. Real number Vs no of clock cycles

However, closer assessment  uncovers
abnormalities. As a rule the greatest number of
clock cycles required (for genuine numbers
somewhere in the range of 0 and 1000)
maximizes at 11, averaging at 10.37

The given equipment can be actualized inside
the CPU as an opcodes accordingly liberating
the requirement for square root subroutines.

The circuit is additionally helpful in little scope
independent gadgets that require square
establishing frequently and need it done
efficiently and minimally.

5. Conclusions

This paper gives some extraordinary usage in
equipment for square root utilizing various
models. A unique straight forward
combinational structure is contrasted with a less
difficult successive design. The adjusted design
shows better outcomes with respect to run, cost,
zone, and force utilization. This paper likewise
exhibits diverse genuine number districts where
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Newton's technique requests higher clock
cycles.
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