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Abstract. We talk about using the Maple package for abstract cubic interpolation analysis. We
review the capabilities of the package and provide an in-depth analysis of cubic spline interpolation. Our
analysis shows the effectiveness of this method in solving complex problems in different fields. In this
analysis, we will examine the basics of cubic spline interpolation, including how it works, its advantages
and disadvantages, and how to implement it using the Maple software package. We will also discuss some
real-world applications of cubic spline interpolation, such as data smoothing and curve fitting. Through
this analysis, we hope to provide a comprehensive understanding of cubic spline interpolation and its
importance in various contexts. Using Maple, cubic splines can be easily calculated, plotted, and even
manipulated to suit specific needs. In addition, Maple allows the creation of interactive graphs, which can
be used to explore the properties of cubic lines and gain a deeper understanding of their behavior.
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Introduction

Cubic spline is a powerful method for approximating functions. It is a mathematical
technique that allows us to construct a smooth curve that passes through a set of given data points.
This is useful in many applications, such as computer graphics, engineering, and finance. In cubic
spline interpolation, we divide the data set into segments and fit a cubic polynomial to each
segment. The polynomials are then joined together in a way that ensures that the resulting curve is
continuous and has a continuous first and second derivative. Maple is a software program that
provides built-in functions and tools for cubic spline interpolation. It makes the process even easier
and allows for the creation of interactive plots. In this conversation, we will explore the conclusion
of using cubic spline interpolation in Maple. It is useful and beneficial to express relationships in
data using functions. This allows us to estimate dependent variables at values of independent
variables that are not given in the data. This work is done in MAPL using the interpolation method
[1, 2]. The Maple software offers the most recent numerical analysis applications in a quicker and
more effective manner, which has helped to solve significant scientific and technical problems [3].
Maple is a powerful math solver and versatile math learning tool that provides 2D and 3D diagrams
and even step-by-step solutions with detailed answers. Whether you're doing simple calculations
or working on advanced math problems, Maple Calculator can do it all. It should be noted that a
residual term is not calculated by the Cubic Spline command, so we cannot use it with the
polynomial interpolation command Remainder Term or InterpolantRemainderTerm, and the
remaining term is interpolated from a structure command. Because this method works numerically.
That is, the inputs that are not numerical are first evaluated with floating point numbers before
continuing the calculations so that they can be analyzed computationally [8]. Less spline means
more distance between nodes [4]. Traditional termination conditions for cubic spline interpolation
include the values of the first or second derivatives of the interpolation functions at the boundary
interpolation nodes. The node-free boundary condition proposed by de Boor (1985) is a kind of
cubic spline interpolation boundary condition for practical application without the requirement of
derivatives at the end nodes. However, a significant disadvantage of such end conditions is that
there is a sharp decrease in interpolation accuracy at boundary distances [5]. Interpolating cubic
splines are popular for fitting data because they use low-order polynomials. Cubic contours are
widely used to fit a smooth continuous function through discrete data. They play an important role
in fields such as computer graphics and image processing, where smooth interpolation is essential
in modeling, animation, and image scaling. For example, in computer graphics, interpolation cubic
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lines are often used to define the smooth movement of objects and cameras that pass through user-
specified positions in a key frame animation system. In image processing, splines are useful in
implementing high-quality image magnification [6]. Another good feature of the Maple package
is that the Maple software has many features, including converting outputs to MATLAB codes and
LaTeX commands [7]. In the Maple package, it returns the linear system of equations used to solve
the cubic spline interpolants. It should also be said that the Linear System command retrieves the
matrix and vector in the linear system of equations that were solved when calculating the cubic
spline interpolants. A POLYINTERP structure is created using the Cubic Spline command. It
should be noted that the Linear System command only accepts interpolation structures created
using the cubic Spline command, since the cubic spline interpolation method is the only method
that has an associated linear system[https://www.maplesoft.com/images2015/Maplesoft_logo2x.png].

Materials and methods

We perform cubic spline interpolation on a set of data using the Maple package. The points
given by the Cubic Spline command are cubically interpolated so that all the derived data is stored
in @ POLYINTERP structure. so that we can transfer them to various interpolation commands
under the [Numerical Analysis] student package. There we can extract and manipulate information
well. In Maple, the Spline command can be used to perform cubic spline interpolation with natural
boundary conditions. Natural boundary conditions assume that the second derivative of the spline
function is zero at the endpoints of the interval [3,4]. This means that the spline curve will be linear
outside of the interval defined by the data points, resulting in a smoother curve compared to other
boundary conditions. To use natural boundary conditions in Maple, first input the data points as a
set of ordered pairs. Then, use the Spline command with the option method=string[“natural”]. The
resulting curve will be a piecewise-defined polynomial function that passes through the data points
and has continuous first and second derivatives. The plot command can be used to visualize the
resulting curve. Maple's Spline command can be used for cubic spline interpolation with clamped
boundary conditions. Clamped boundary conditions are used when the first derivatives at the
endpoints are known. This means that the curve will have a fixed slope at the endpoints, which
can be useful in some applications. To use clamped boundary conditions in Maple, you can specify
the first derivatives at the endpoints using the left and right options in the Spline command. Cubic
spline interpolation with clamped boundary conditions can be useful in a variety of applications,
such as in engineering and physics, where the slope of a curve at the endpoints may be known or
constrained. One of these applications is in the field of optics, where it is used to determine the
refractive index of a material as a function of wavelength [2]. In addition, cubic spline interpolation
is also used in numerical simulation of physical phenomena, such as solving partial differential
equations [1]. Another application of cubic spline interpolation is in the field of experimental
physics, where it is used to interpolate experimental data to obtain a smooth curve that can be used
for predictions or to fit a theoretical model [ 2]. In general, cubic spline interpolation is a powerful
tool for physicists to analyze and interpret data and make predictions about physical systems.

Cubic Spline Interpolation

A cubic spline is a mathematical function used to interpolate between points of data. It is a
piecewise-defined function composed of cubic polynomials. Cubic splines are commonly used in
engineering and scientific applications where the smoothness of a curve is important. They are
particularly useful for approximating complex shapes or curves that cannot be easily represented
by a simple mathematical function. In this analysis, we will explore the fundamentals of cubic
spline interpolation, including how it works, its advantages and disadvantages, and how to
implement it using the Maple software package. We will also discuss some real-world applications
of cubic spline interpolation, such as data smoothing and curve fitting. Through this analysis, we
hope to provide a comprehensive understanding of cubic spline interpolation and its significance
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in various fields. In Maple, you can use the spline command to perform cubic spline interpolation.
The spline command takes in two vectors, x and y, where X contains the x-coordinate data points
and y contains the corresponding y-coordinate data points [8].
Here's an example of how to use the spline command in Maple:
x:=[0,1,2,3,4];
y:=[1,3,2,4,1];
s := spline(x,y);

In this example, x and y represent the data points we want to interpolate. The spline command
returns the function s representing the cubic spline interpolation of the data. We can use the plot
command to visualize the spline. This will plot the cubic spline interpolation of the x and y data points.
In general, the spline command in Maple makes it easy to perform cubic spline interpolation and gain
insight into the behavior of a function [2,3].

Examples

> with(Student] NumericalAnalysis]) :

> xy:=[[0,4.0],[0.5,0],[1.0, -2.0], [1.5,0], [2.0, 1.0], [2.5, 0], [3.0, -0.5]]

xy =[[0,4.0],[0.5,0],[1.0, -2.0], [ 1.5,0], [2.0, 1.0], [2.5, 0], [3.0, -0.5]]
> pl := CubicSpline(xy, independentvar = x) :

> expand(Interpolant(pl))

4. — 8.48076923076923 x 4 1.92307692307692 x°
-5.13461538461539x + 3.44230769230769 — 6.69230769230769 x> + 6.38461538461538.
21.2884615384615 — 58.6730769230769 x + 46.8461538461538x> — 11.4615384615385
15.0576923076923 x — 15.5769230769231 — 2.30769230769231 x> — 0.538461538461538.
-64.8076923076923 + 88.9038461538461 x — 39.2307692307692x° + 5.61538461538461.
-52.4423076923077 x 4 52.9807692307692 + 17.3076923076923 x* — 1.92307692307692.

> Draw(pl)

| o data pomts mterpolating polynomual - cubicsplne |
Cubie spline mterpolation natural houndary conditions.

Figure1 = Cubic spline interpolation natural boundary conditions.

> p2 = CubicSpline(xy, independentvar = x, boundaryconditions = clamped(0, 6) ) :
> Draw(p2)
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| °  data pomts mterpolatng polynomial - cubicspline |
Cubiz spline mterpolation clamped boundary conditons.

Figure 2- Cubic spline interpolation clamped boundary conditions.

To conclude a cubic spline in Maple, you can use the spline command. This command
requires the input data points and generates a piecewise cubic polynomial that passes through
each of these points. The resulting spline function can be used to interpolate values between the
input data points.

Conclusion

Cubic spline interpolation is a powerful method for approximating functions that are not
easily modeled using traditional methods. With Maple, the process of computing cubic splines is
made even easier due to its built-in functions and tools. By using Maple, one can easily compute
cubic splines, plot them, and even manipulate them to fit specific needs. Additionally, Maple
allows for the creation of interactive plots, which can be used to explore the properties of cubic
splines and gain a deeper understanding of their behavior. Overall, Maple is an excellent tool for
anyone looking to utilize cubic splines in their work. Maple is a great software program that
provides built-in functions and tools for cubic spline interpolation, making the process even
easier. With Maple, you can create interactive plots and explore the behavior of the function in
question. In conclusion, using cubic spline interpolation in Maple can be a great way to
approximate functions and gain insights into their behavior. With its user-friendly interface and
powerful tools, Maple makes it easy to work with cubic spline interpolation and explore the data
in question. Whether you're a researcher, student, or professional, Maple can help you make sense
of your data and gain a deeper understanding of your subject matter. Overall, cubic spline
interpolation is a powerful tool for physicists to analyze and interpret data in a meaningful way.
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MAPLE NAKETIH NAUJAJIAHBII TEKIIE CIIJIAMHIAPBIHBIH
HHTEPIIOJALIUACBIH TAJLIAY
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e-mail: yalda.gani@gmail.com
ORCID ID: https://orcid.org/0000-0002-3030-5783

Anjarna. bi3 Tekie HHTEpHONSAIHSHBI IepeKci3 Tanaay yiuin Maple 6GymachiH naiiaanany Typaibl alThII
OTBIpMEBI3. bi3 MakeTTiH MYMKIHAIKTEpiH KapacThIpaMmbl3 KoHE TEKIe CIUITAWHAapMEeH WHTEPIIONAIUIFa TEPEH
Tannay >kacaMei3. Bi3NiH TaimaybpIMBI3 op TYpIi cajalap[arbl KypIeli MoceJeNepHi IIenryle OChl oMiCTiH
TUIMIUTITIH KepceTeni. byt Tanaayaa 013 TeKIle CIjIaifH MHTEPIIONSIUACHIHBIH HET13IePiH, OHBIH KaJjlall )KYMBIC
ICTEHWTIHIH, OHBIH apTHIKIIBUIBIKTAPEI MEH KEMITUTIKTEPiH jkoHe oHBI Maple 6armapiaMalnbik, jKacakTaMachIMEeH
Kajail JKy3ere acelpyra OOJATHIHJBIFBIH KapacThlpambi3. bi3 coHpai-ak JepeKTepii TEericTey KoHe KHUCHIK
CBI3BIKTBI COMKECTEHIIIpy CHSIKTBI TeKIle CIUIAH HMHTEPIOJSAIUACHIHBIH KeWOip HaKThl KoJJaHOalapbiH
TankpuaiiMber3. Ochl Tanaay apKbUIbl 013 TEKIe CIIaliH WHTEPIOJSIHSICH )KOHE OHBIH OPTYPJi KOHTEKCTTEpIeT1
MaHBI3IBUIBIFBI TYPaJIbl XKaH-KAKThl TYCIHIK alaMbI3 7€M yMmiTTeHemi3. Maple kemeriMeH Tekiie CrutaifHmaapIbl
HAKThI KOKETTUTIKTEpre ColiKeC OHall ecenTeyre, ChI3yFa yoHe TinTi 6ackapyra 6onaasl. CoHbIMeH Katap, Maple
TEKIIIE ChI3bIKTAPBIHBIH KACUETTEPIH 3ePTTEY JKOHE OJIapblH MiHE3-KYJIKbIH TEPEHIPEK TYCIHY YIIIiH Naiananyra
0OJNaThIH HHTEPAKTHBTI rpaUKTEp i KacayFa MyMKIiH/IIK Oepe/ti.

KinTrik ce3nep: Tekie cruiaitn uaTepriosusace], maple makeri, Polyinterp.

AHAJIV3 UHTEPTIOJISIINU KYBUYECKHNX CINIAMHOB C HCITOJIb30BAHUEM
IHAKETA MAPLE
Sana Kann
VYuausepcurer Papad, Maiimana, Adranucran
e-mail: yalda.gani@gmail.com
ORCID ID: https://orcid.org/0000-0002-3030-5783

AHHoTamus. Mbl TOBOpUM 00 HCIOJb30BaHMM NakeTa Maple mais aOCTpakTHOrO aHaiM3a KyOHUYeCKOw
WHTEPIONAIUN. MBI paccMaTpuBaeM BO3MOXKHOCTH TMaKeTa M MPOBOJUM YIIIyOJEHHBIN aHATN3 WHTEPIIONIAINN
KyOndeckumu crulaiiHamMu. Ham ananns mokasbiBaeT 3(p()eKTHBHOCTH 3TOTO METOAA NPHU PEIICHHU CIIOXKHBIX
3aJad B pa3IM4yHBIX oONacTsaXx. B 3ToM aHanmm3e Mbl PAacCMOTPUM OCHOBHI KyOHUYECKOW CIUTaHOBOM
WHTEPIOJISAINH, BKIIIOYas TO, Kak OHa paboTaeT, ee MPerMyIIecTBa U HEJOCTATKH, a TAKXKE KaK €€ Pealn30BaTh C
MIOMOIIBIO TporpaMMHoro nakera Maple. Mbl Takke 00CyJUM HEKOTOpbIE pealibHble IPUIIOKEHHS KyOHnuecKon
CIUTAHHOBOW MHTEPIIOJIALNY, TAKHE KaK CIVIaXKUBaHKUE JAHHBIX M MOJATrOHKa KpUBOW. C MOMOIIBIO 3TOTO aHAIU3a
MBI HaJIeeMCsl TIOJTyYUTh BCECTOPOHHEE MPEICTABICHUE O KyOUYeCKOH CIUTallHOBOM HHTEPIIOJISIIINHI U €€ BAXXHOCTH
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B pa3IMYHBIX KOHTEKCTaX. Mcnonb3ys Maple, kyOnueckue CriaifHbl MOXKHO JIETKO BBIYHCIISITD, CTPOUTD Tpaduku
U 1a)kKe MaHUITyJIUPOBAaTh UIMU B COOTBETCTBHHU C KOHKPETHBIMH noTpeOHOoCcTsIMU. Kpome Toro, Maple no3sosser
CO3/1aBaTh HHTEPAKTHBHBIE IPA(HUKH, KOTOPBIE MOJKHO MCIIOJIb30BATh AJISl U3YUEHUs CBOMCTB KyOHMUECKUX JIMHUN
U ToJTyueHus Oosee riryOoKoro MOHUMAaHUsI WX MTOBEICHUSI.

KuaroueBbie ciioBa: KyOuueckas cruiaitHoBast HHTeproisinus, naket maple, Polyinterp.
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