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Abstract

This review critically evaluates the General Quadrature Formula for Numerical Integration, an
essential computational technique used for approximating definite integrals. Numerical
integration is vital in areas where analytical solutions are difficult or impossible to obtain, such
as in applied mathematics, engineering, and the physical sciences. The General Quadrature
Formula encompasses a variety of methods, including the Trapezoidal Rule, Simpson’s Rule,
and Gaussian Quadrature, each designed for specific accuracy requirements and computational
constraints. The focus of this paper is to dissect the mathematical foundations and practical
implementations of these methods. It highlights the error analysis, convergence rates, and
conditions under which each method provides optimal performance. Special attention is given
to Gaussian Quadrature, renowned for its efficiency in handling polynomial functions. the
review discusses adaptations of these techniques for complex scenarios such as
multidimensional integrals and functions with discontinuities or singularities. The evolving
landscape of numerical integration is also touched upon, with insights into recent developments

in adaptive and composite quadrature techniques that enhance accuracy and efficiency.
Introduction

Numerical integration, a cornerstone of computational mathematics, plays a pivotal role in
fields where analytical solutions are unfeasible or complex to derive. The General Quadrature
Formula for Numerical Integration represents a suite of methods designed to approximate the
definite integrals of functions, which is essential in applications ranging from engineering to
physics and finance. This introduction provides an overview of these methods, emphasizing

their significance and the fundamental principles that guide their application.

The General Quadrature Formula encompasses several key techniques, including the
Trapezoidal Rule, Simpson's Rule, and Gaussian Quadrature. Each of these methods is tailored
to meet specific accuracy requirements and computational constraints, making them

indispensable tools in the numerical analyst's toolkit. At its core, the principle of quadrature
1429




IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

Research paper © 2012 LJFANS. All Rights Reserved, [R{€{@{@REN {308 ST R{CTTIN Y

involves subdividing the area under a curve into shapes (such as trapezoids and parabolas),

whose areas can be precisely calculated, thereby approximating the integral of the function.

The evolution of these methods has been driven by the need for more efficient and accurate
computations. For instance, the Trapezoidal Rule offers a straightforward approach but can be
less accurate over intervals where the function exhibits high variability. Simpson's Rule
improves on this by using parabolic arcs instead of straight lines, offering better accuracy for
smooth functions. Meanwhile, Gaussian Quadrature represents a more advanced approach,
optimizing the choice of points at which the function is evaluated to maximize accuracy,
particularly for polynomial functions. This introduction sets the stage for a deeper exploration
of these methods, discussing their mathematical underpinnings, practical implementations, and
the nuances that dictate their optimal use in various scenarios. As we delve into the specifics
of each method in subsequent sections, we will illuminate their strengths, limitations, and the

contexts in which they are most effectively employed.
Need of the Study

In practical applications across numerous disciplines, the ability to accurately compute
integrals is often crucial. However, many real-world integrals defy analytical solution,
necessitating the use of numerical methods. Understanding the general quadrature formula
provides researchers and practitioners with a powerful toolset for tackling these integration
challenges effectively. While specific quadrature rules exist for certain types of functions, they
may not always be optimal or applicable to a given problem. The general quadrature formula
offers a flexible framework that can be tailored to suit a wide range of integrands, allowing for
greater adaptability and accuracy in numerical integration tasks. Comprehensive analysis of
the general quadrature formula facilitates deeper insights into the theoretical foundations of
numerical integration techniques. By studying its convergence properties, error characteristics,
and numerical stability, researchers can develop more robust and efficient algorithms for
approximating integrals. Computational capabilities continue to advance, there is a growing
need for sophisticated numerical methods capable of handling increasingly complex problems.
The study of the general quadrature formula provides a solid foundation for the development
of such methods, enabling researchers to push the boundaries of computational mathematics
and scientific computing. the investigation of the general quadrature formula addresses a
fundamental need in numerical analysis, offering researchers a versatile and powerful tool for

approximating integrals accurately and efficiently across a wide range of applications.
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Importance of the Study

The problem of evaluating the integral
F) = I f(u)du

can be diminished to a fundamental expense inconvenience for an ordinary differential
condition by method for utilizing the main segment of the quintessential hypothesis of math.
By separating every side of the above with perceive to the contention X, it is seen that the
capacity F fulfills

dF(x)
dx

= f(x),F(@) = 0.

Method for, such as Runge—Kutta methods, can be applied to the restated problem and thus be

used to evaluate the integral.

The present work, therefore, is part into five sections dealing with immiscible and miscible
stream. The phenomenon of fingering occurs in uprooting processes experienced in oil
recuperation and henceforth has gained much significance for further study. Have seen the
occurrence of fingers in their experiments on the relocation of oil and water from packs of
granular material has obtained condition for fingering by assuming the Muskat-Aron of sky
model of oil water dislodging and various other investigators have examined this phenomenon
from various view point. Because of the complexity of the issue, no significant advancement
could be made till introduced a statistical treatment of fingering phenomenon, in which normal
cross-sectional region occupied by fingers was considered and individual sizes and states of
fingers were dismissed. Therefore, this approach is appropriate to examine about the
dependability of fingers yet Scheidegger and Johnson have closed no adjustment of fingers
from their investigation. With certain alteration has endeavored to balance out the fingers. This
is substantiated by Scheidegger in their paper which gives a thorough audit of the advancement
made toward finger adjustment. Another phenomenon of current interest is that of imbibitions
in Quadrature formula. Such a phenomenon has been formally examined by many; specific
notice is made of Graham and Richardson Endeavors have been made to talk about it
scientifically has proposed that under certain conditions the phenomenon of fingering and
imbibitions may occur simultaneously in dislodging processes gave that displacing (invading)

liquid is specially wetting and less thick. This phenomenon, he called as "Fingero-Imbibition"
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have obtained a systematic articulation for stage immersion by using likeness examination has
obtained the immersion of the wetting stage which speaks to the normal cross sectional zone

occupied by the fingers.

Further the relative porousness, the weight discontinuity of the stage, the fingering
phenomenon, the phenomenon of imbibitions and the new physical phenomenon called
fingero-imbibitions are likewise examined. The mathematical equations describing the
physical behavior of the process are exceedingly non-linear fractional differential equations
that can be handled and streamlined by using the comparability investigation. This idea of
likeness was first introduced by through the dimensional investigation approach. The intensity
of different comparability procedures is all around shown by different creators. Among the
different comparability strategies like division of factors, free parameter, dimensional strategy,
gather theoretic procedure, and so on, the later technique is progressively valuable.

REVIEW OF LITERATURE

Ahmed Hallacil (2019) In this post, we examine the presence of nonlinear border value
problems and their uniqueness for higher-order fractional differential equations (n < six n)
which are associated with a fractional derivative of Riemann Liouville. The solutions are
actually talked about in a weighted Sobolev space using Banach's fixed point theorem. There

is also an illustrative case to illustrate the main results.

K.T. Shivaram, ET AL (2019) This paper presents, Numerical mix rule dependent on Haar
wavelets strategy are no ifs, ands or buts forewarned discovering volume integrals of a number
region, for example, cuboids, tetrahedron, cone, chamber, ellipsoid, circle, and so on., degree
basic region are truely changed over to boundless integrals with the guide of straight and non
direct change method, the fine resource of this exact methodology will give simple relevance
and the adequacy, exhibitions of this methodology is unmistakably delineated with numerical

models.

This article is in essence a guide for abstract questions of personal value and meaning.
Benyamin Ghojogh. Next, we add our own value problem, our own decomposition, and a
common question of our interest. We will then note the problems of optimisation that give rise
to own value and the generalized problems of own value. We also provide examples from
master research such as main component analysis, main component analysis supervised in the

kernel, and biased studies conducted by Fisher that lead into abstract problems of their own
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meaning and importance. Ultimately, we are offering approaches to both self-worth and

common questions of importance.

Mohammad Hasan Abdul Satha (2018) A new direct computational strategy is actually
introduced in the present work to solve such integrals based on the linear Legendre multi-
wavelet. In addition, this approach strengthens previous strategies based on the role of hair
waves. An algorithm is specifically designed to look for a numerical approximation for double,
wrong or triple integral elements using the linear Legendre multi-wavelets. The flexibility and
easy applicability are the main advantage of this approach. Numerical experiments are indeed

conducted to show the accuracy of the strategy to validate the algorithm.

Vahid Keshavarzzadeh (2018) We demonstrate a systematic computational framework to
produce good quadrature rules on general geometries in a number of dimensions. A formulation
which directly matches the requirements of precise integration on the polynomial subspace
results in nonlinear weight and geometrical constraints .In addition to geometric constraints,
we use penalty techniques and thus solve a problem of quadratic minimization through the
Gauss Newton method. Their analysis supports the required sizes of quadrature rules for the
specified polynomial subspace and provides useful user end stability constraints on error in the
square rule when polynomial time conditions are violated by a small amount because of, for
example, minimal exact limits or perhaps seo stagnation. We provide computational examples
that analyze optimal low degree quadrature rules, constants in Lebesgue and 100 dimensional
quadrature. Our examples equate our quadrature method to popular options for linear elasticity

and optimisation of topology, for example sparse grids and almost Monte-Carlo technologies.

Mustafa Bayram (2018) The numerical techniques for solving stochastic differential equations
(SDEs) in this special paper are concerned, in particular the Euler Maruyama (em) and the
Milstein methods. The truncated Ito Taylor expansion is the basis of these techniques. We are
dealing with a non-linear SDE in our analysis. With the Monte Carlo simulation for each
strategy, we approach the numerical solution. Real answer from Ito's formula is indeed
obtained. In addition, approximation solutions are contrary to the actual choice for various
sample paths to demonstrate that numerical methods are useful. And eventually the outcomes

of numerical experiments with graphs and error tables are supported

Geetha.N.K1 (2017) in this paper, we show a few selected applications of Numerical

techniques to various other areas of mathematics as well as to various other fields in general.
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Numerical methods are quickly moving into the mainstream of mathematics primarily due to
the uses of its in several fields which include chemistry, electrical engineering, and
performance research. The large range of these and other applications has been well

documented

Mettle, Quaye and F. (2016) The primary objective of this paper is to propose a technique for
numerical integration that offers better estimates of the methods of integration of Newton
Cotes. The methodology is essentially a modification of the trapezoidal law, where the best
part of each section after segmentation was separated into (approximately) rectangles and / or
triangles and squares. The area of each section is then entered as the quantity of areas with
these geometric formes as well as the area of the rectangular down component of the
segments.This procedure resulted to an improved numerical integration formula that we
obtained in the paper The solution presented was contrasted and outperformed with several
Newton Cotes integration approaches. With the suggested method, calculations with pre-

determined absolute true errors can be given.

Kostic, Aleksandra. (2016). Differential equations and solutions of differential equations are
commonly used in natural sciences and engineering. A reaction leads to problems with self-
esteem. As a consequence, the problem of individual values plays an essential role in linear
algebra. In this chapter, we will examine the issue of self-esteem and the dilemma between
quadratic and linear values. Once we read about linear value problem, we concentrate on the
QR algorithm for a symmetrical case and on a symmetrical case's minmax characterization.
They look at the linearization and variational classification in the analysis of quadratic

problems with eingenvalue. We explain everything with concrete examples.

Stankovic, Ljubisa. (2015) Comment about the manuscript: In this paper, published in 2001
(submitted 1999), a chance to determine signal transform focus inspired by counting of nonzero
samples (or defining length of the signal's non zero interval) was created as well as discussed,
with software to the seo of signal transforms (time Fourier that is short change and other
associated time frequency representations). Rather than immediate counting of non zero
coefficients using the norm zero, a range of norms from norm zero to norm one was used in
the paper. In specific norm one has been used in examples to enhance signal transform
representation (examples with square root of the spectrogram, being the same as the norm one
of the signal transform, are actually provided to illustrate superiority of norm one over the ratio

of higher order norms commonly used until then by many other authors to measure time
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frequency distributions concentration). In the years that followed, after that manuscript was
published, it turned out that the norm-one and norm-zero, including norms between them, play
a vital role in the focus (sparsity) measure of extra signals and their reconstruction using
compressive sensing methods that are based. MATLAB code for an example is actually

furnished as supplementary material.

Md.Amanat Ullah (2015) Numerical integration plays really crucial role in Mathematics. You
will find a big selection of numerical integration techniques in this particular paper and the
literature overviews on the most popular one, specifically the Quadrature technique including
the Trapezoidal, Simpson's as well as Weddle's rule. Different methods are actually compared
and attempted to assess the far more accurate values of some definite integrals. In that case it's
sought whether a specific strategy is ideal for almost all instances. A blended strategy of many
integral rules has been recommended for a definite integral to get more correct worth for all

cases

Sankar Prasad Mondal, (2015) The numerical algorithm is actually discussed in the
fuzzy environment to solve the first-order linear differential equation. A scheme is discussed
in detail for the resolution of the above difference equation, precisely the Runge-Kutta-
Fehlberg strategy. The numerical solutions are compared to | gH (exact solutions) and (ii) gH
differential systems. Total error estimation follows the approach. Code resolution and

illustration illustrate the methodology.

Xiaotong Zhang (2015) In both free molecular and continuum slippage regimes we verified the
effects of the Taylor Expansion Order for the precision of the Taylor Series Temporary
Extended method (TEMOM). For moments where Taylor expansion in the fourth order was
originally measured for fractal as agglomerates, which were then applied to the existing
TEMOM model of Taylar expansion in the third order. We confirmed TEMOM's
designs fourth order expansion to be less precise than the Taylor expansion to a third order. In
addition, the scope of the TEMOM design with a fourth order expansion of Taylor is indeed
limited. The existing TEMOM type was tested as the likely most reliable model for resolving
population equations for Brownian coagulation agglomerates with third-order extension of

Taylor.

Lloyd N. Trefethen (2014) It is recognised that when used in analytics functions at regular

intervals or perhaps in the genuine line, the trapezoidal rule converges geometrically. It has
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been shown, however, that far from being a novelty it is related to computational methods
through mathematical estimation, including Laplace transforms algorithms, specific features,
dynamic calculations, rational analysis, detailed equations and computing own values and

functionalities, and that this particular phénomeéne has been evaluated.

Rabiha Saleem Kareem, (2014) In addition, fractional difference equations are an area of
mathematics analysis that emerges from the traditional concepts of numerical integral and
derivative operators in much the same way as fractional exponents actually represent a

outgrowth of exponents with integer values.

D.W. Brzeziski (2014) This paper contains very accurate and highly efficient computational
methods for Caputo and Riemann-Liouville formulas in the fractional order derivatives and
integrations: Gauss Jacobi Quadrature with industry-approved feature; Double exponential
formula; applying two arbitrary precise and exact rounding mathematical libraries. Definitions
are actually calculated with fractional orders derivatives and integrals from several basic
functions. The precision of the results is actually compared to the accuracy of numerical
analysis using widely recognized approaches. Finally, the methods presented are generally used
to address the integral equation of Abel (in Appendix).

Fosso-Tande, Jacob. (2013). Polynomial tasks are actually not hard to recognize but complex
functions, infinite polynomials, are not apparent. Infinite polynomials are actually made easier
when represented using series: complicated tasks are easily represented using Taylor's series.
This representation make some functions properties simple to learn such as the asymptotic
behavior. Differential equations are made simple with Taylor series. Taylor's series is actually
an important theoretical tool in computational science and approximation. This paper points
out and tries to illustrate several of the numerous uses of Taylor's series development. Concrete
examples in the actual physical science division and different engineering fields are actually

used to paint the applications pointed out.

Sommariva and Vianello (2006) introduced a Gauss-like cubature formula over self-assertive
bivariate domains with a piecewise ordinary limit which is followed by splines. They likewise
gave a few numerical tests to cubature using their formula more than two non-raised domains,
one of which is a lunar model. Cubature rules were created and six bivariate functions were

integrated using their individual methods over the equivalent lune. Another integration rule is

1436




IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

Research paper © 2012 LJFANS. All Rights Reserved, [Q{€{@E@RN {30 STTTE N COTTT ol S0 (109 vP) ST (173 0o B CO0 RN 1)

introduced to assess these bivariate test functions over the equivalent lune in request to

demonstrate using a relative report that the method proposed here is the optimum one.

Research Problem

Despite the effectiveness of the General Quadrature Formula in approximating definite
integrals, challenges persist in optimizing its performance across diverse functions and
integration intervals. Variations in function behavior, integration domains, and desired
accuracy levels necessitate a deeper investigation into strategies for selecting quadrature points
and weights. Additionally, understanding the convergence properties and error characteristics
of the General Quadrature Formula is essential for its practical application in scientific and
engineering computations. Addressing these challenges requires comprehensive research
efforts to develop enhanced numerical integration techniques that leverage the General
Quadrature Formula efficiently. Moreover, exploring advanced algorithms and computational
methods can facilitate the implementation of quadrature-based approaches in complex
modeling and simulation tasks. Therefore, the research problem centers on refining the General
Quadrature Formula to achieve robust and accurate numerical integration across a broad
spectrum of mathematical functions and problem domains, catering to the evolving needs of

computational science and engineering applications.
Conclusion

The General Quadrature Formula for Numerical Integration serves as a fundamental pillar in
the field of computational mathematics, providing robust methods for approximating definite
integrals. Throughout this exploration, we have dissected various quadrature methods,
including the Trapezoidal Rule, Simpson's Rule, and Gaussian Quadrature, each offering
distinct advantages and suited for different computational needs and accuracy levels. The
Trapezoidal Rule, with its simplicity, is particularly useful for preliminary calculations where
high precision is not critical. Simpson's Rule, on the other hand, provides a significant
improvement in accuracy for functions that are sufficiently smooth, by incorporating a
quadratic component. Gaussian Quadrature stands out for its superior accuracy in handling
polynomial functions, leveraging strategically chosen points and weights for evaluation. These
techniques are not only theoretical constructs but are crucial in practical applications ranging
from engineering analyses to financial modeling, where they enable the handling of complex
integrals that are otherwise intractable analytically. The adaptability and precision of these

methods ensure their ongoing relevance in tackling modern computational challenges. the
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General Quadrature Formula encapsulates a versatile toolkit for numerical integration,
essential for both theoretical exploration and practical application. As computational demands
evolve, these methods will continue to be refined and adapted, maintaining their indispensable

role in scientific and engineering disciplines.
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