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Abstract

Numerical analysis is a branch of mathematical science;
Interpolation is a method in Numerical analysis used for
creating a model for group of discrete data points. This
paper focused on two interpolations methods [Stirling's and
Aitken] in numerical analysis can use the applied
mathematics, to identify the mathematical model which it is
bio statistical model refers to the equation about the effect
of the best type of treatment for the Lung cancer, where the
CORRESPONDENCE Lung cancer is a dangers disease either starts in the lungs
then extend to the lymphatic system or from cancer in the
other part of body to the Lung.to determine the preferred
treatment of lung cancer, by surgery, or surgery with
chemotherapy. for this analysis data obtained from the
doctor specialist in Lung cancer through ratio percentages
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Reiceved  18/09/2023 success of treatment , and by [Stirling's and Aitken
Accepted 25/01/2024 interpolation ~ formula] we  formulated, firstly
Published ~ 15/06/2024 two(equations) or models for (surgery with chemotherapy

treatments)  with the fourth and third degrees , and
Secondly, another two equations for (surgery treatments )
with second degree , this confirms that surgery with

%mrpomon formula chemotherapy is preferred treatment of lung cancer
and Aitken interpolation formula, patients, and since the Stirling interpolation equation in the
(surgery) or (surgery with fourth degree emphasize that it is the most appropriate
chemotherapy) treatments, formula for bio-statistical analyses. by Cox and Snell R-
Model Fitting Criteria. Square in both treatments refer to good ratio and in the

statistical analysis, the model fitting criteria in both
analyzes the p-values emphasize the best fit of the models
indicates perfect prediction. Improvement.
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1. Introduction

Numerical method is a branch of mathematical science; Interpolation is a method of used for
creating a model for group of discrete data points. It is a method was used in earliest Babylon,
for predictions to astronomical events. It had an important for the farmers, to their farming
strategies depend on predictions. Uruk and Babylon in the final three centuries BC, the
mathematician used that interpolation to fill the gaps in mathematical solution. The
interpolation methods used in earliest Greece dates from about the same time. Archivist
Toomer thinks that Hipparchus of Rhodes (190-120 BC) used linear interpolation in creation
tables of “chord model” (concerning to the sine function) for calculating the location of
planetariums .Pletzer, Alexander; Hayek, Wolfgang (2019). Meijering, Erik(2002).

This research focused on two type of interpolation formulas, [first type is Stirling
interpolation formula and second type Aitken interpolation formula to determine the preferred
treatment for lung cancer, by surgery, or surgery with chemotherapy. Cancer is a disease in
which cells in the body extend out of control. When lung cancer is first diagnosed, tests are
done to find out how far developed through the lungs, lymph nodes, and the rest of the body.
This process is called staging. Lung cancer’s patients have of five stages: Miller AB, Fox W,
Tall R (2019). Goldstein SD, Yang SC (2011) first stage If the cancer’s cell growth is
between (30 - 50) millimeters, it treated by pharmacological treatment. Second stage If
cancer’s cell growth is between (50 - 70) millimeters.,it is treated by surgery, in which the
cancer cell is cut out during a process, Removing the tumor with surgery is considered the
best choice for when the cancer is localized and unlikely to have prevalence, this represents
early stage lung cancers. Third stage: the lung cancer is construct in both the lung and lymph
nodes in the middle of the chest. If a lung cancer prevalence on the same side of the chest
from where it begun is treated by chemotherapy, the word chemotherapy is used when
indicating to using medications or drugs to treat cancer, they are special medications used to
reduce masses, meaning they can kill cancerous cells Fourth stage the cancer prevalence to
either the opposite side of the chest or above the collar bone. is treated by radiation therapy,
through using high-energy rays to kill the cancerous cells. Fifth stage: this is the maximum
progressing stage of lung cancer is treated by targeted therapy. The data obtained from the
results of patients' treatment using [ (surgery) or (surgery with chemotherapy)] through the
percentages of success of treatments for lung cancer patients in Kurdistan. Collins LG, Haines
C, Perkel R, Enck RE (2007), Goldstein SD, Yang SC (2011) we obtained data through
percentages of treatment success, and we formulated the model, and the following results
appeared: First, in the use of [Stirling's interpolation formula and Aitken interpolation
formula], two equations of the fourth and third degree were derived for (surgery with
chemotherapy treatments). but Secondly, in (surgery treatments two equations with second
degree were derived, this confirms that surgery with chemotherapy are the best treatment for
lung cancer patients, and since the Stirling interpolation equation in the fourth degree
confirms that it is the most appropriate formula for bio-statistical analyses. In the statistical
analysis, the model fitting criteria in both analyzes the p-values emphasize the best fit of the
models.

2.0bjective
The Objective of this research is the process of linking Applied mathematics, Medicine, and
Statistics, to finding the equation for choosing the best treatment for lung cancer

3. Methodology

This research used to find the mathematical models to compare the feasibility of the two
different treatments to find the preferred treatment of choice [ (surgery) or (surgery with
chemotherapy) treatment] for lung cancer in Kurdistan by the following two numerical
analyses methods of interpolation formula for two types of data
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=First numerical analysis method is Stirling’s interpolation formula for data with the equally
spaced explanatory variables are (equal intervals)

=Second numerical analysis method is Aitken’s interpolation formula when the explanatory
variables are not spaced equally (in unequal intervals of)

-Finally the model fitting Criteria used for both analyses to identify the best fit of the models

4. Assumptions of Interpolation

1-May be the Interpolation used as some statistical methods for estimation and
forecasting which through a study of the time series.

2-There are no abrupt changes in the values of dependent variable from one interval to
another.

3-There is a sort of consistency in the rise or fall of the values of the dependent variable.
4-There will be no consecutive missing values in the series.

David Kincaid and Ward Cheney,"(2002), Green M, Svetlana Tkachenkol (2023), Kumar,
Rakesh (2020), Endre S"uli and David F. Mayers (2003)

5. Previous Study

This is the first study done for finding the relation between practical mathematics, specially
using Stirling’s interpolation formula and Aitken’s interpolation formula to analyze
treatments for lung cancer or biostatistics.

6. Theoretical Aspect
6. 1 Finite Difference Formula

A finite difference is a mathematical term of the form f (x + h) — f (x + h). If h difference
h=b — a, the result is estimation the same as approximations defined as theoretical
independent mathematical objects. [Hashem S. M.n, Li Wang1, John Youngl and Fang-Bao
Tian1(2023), Milne-Thomson, Louis Melville (2000, Pal. Dr. Anita (2007) P.J. Davis, (1975)]

6.2 Central Difference Interpolation Formula

Central difference formula, If x takes values Green M, Svetlana Tkachenkol (2023) P.J.
Davis, (1975) xo —2h.xo— h . xy. xo+ h.xy, + 2h and the corresponding values
of

y=f(x)are y,.y-1.Yo.y1.¥

6(fn) =0, = 6?% = fn+lf2 = fn—lfz

(1)
are arranged which is shown
5n+1f2 = ‘ﬁﬂjz =fa+1— fu

. (2
83 = 5r}+1j2 - 5&—1,’2 =far1—2fn

...(3)
8i= 651 —0f =for1—2fatfu1 = fasz =3 fas1 + fus

NG

even and odd powers,
SF* = ZFEL(—1)7 (PF) furr - (5)
63511 = T () fary (6)
In addition, we can define Central Differences as follows:
Sy =6f()=f(x+5)— f(x—2) o (7)
h h

52y, = 615/ = 8| (x +3) =7 (x —3)]
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8y, = f(x+2) - £ — ) +F(x—3)

82y =f(x+3)=2f) +f(x—3) - (®)
8y =018y f Ol = 8|f (x +3) =2/ () + £ (x—3)]
s ) ar(es) sar e or(er) ) 2)

=[x 2) -3 () war(e-D)ar(e-2)] <ot g o

(9)
Anita Pal (2017) , P. Sam Johnson (2020) , Richard L. Burden and J. Douglas Faires (2015)
Table (1) Central Differences

L i Yi 5}‘5 53; 63; 63; 65; 55;
-3 X_3 V-3
5:»'-_5
-2 X _g ¥ _o 55_1
8y _ 83 _
-1 X_q V_ 5_5_. 5;5_|
6}.__1 5§__1 53__1
0 Xo Yo 5:5“ '5.:5.1 5.$n
5-"1 5-% 5-%
! X1 Y1 &, 8,
5}‘3 63
2 X2 Y2 a3,
5}5
3 Xq Va3
Where:
8y =Y1—Yo » Oy =Y 1—YV2 O =yo—Y-3 ... (10)
) z )
2
63, _53*3 _5y—_1 .. (11)
5 55
6 _
by, =6y, — 0y, .. (12)
) z

6.2.1 Interpolation for explanatory variables are equally spaced (Equal intervals in(xn)

Let ¥ = f(x) distinct set of points, (x;.v;).i =0.1.2.3.....k .—1 < k <1 Where x;’s
are equally spaced. The process of obtaining the values, f (x; + nh) is known as interpolation
within equal intervals, where the height of the interval (k) is set. There are various ways of in
shown: Kendall E. Atkinson, (2012), David Kincaid and Ward Cheney,"(2002) P.J. Davis,
(1975)

1- Newton’s Forward Interpolation Formula

2- Gaussian Forward Interpolation Formula
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3- Gaussian Backward Interpolation Formula
4- Stirling's Interpolation Formula

6.2.1.1 Newton’s Forward Interpolation Formula

Newton’s forward interpolation formula is used to interpolate the values of the
function y = f(x) near the beginning (x > x,) and to extrapolate the values when (x < x,),
within the range of given data points(x;.v;) .i = 0,1,2,3, ...,k

Let f(x) take the values, (vy.vy.¥>.....v; ) for the independent variable taking values,
(xg.x1 .%5. ... x3 ) Where height of the interval (h) is fixed, such that

X, =xo+h.x;, =x9+2h....x, =xo+nh

but f(x) =xg + nh E™ f(xy) = (1 + A)"y, since E = (1 + A) andf (xq) = v

f(x)5(1+nﬂ+n(n_1) p2 M2 D@7 2) .5.3)% X = xo +nh

2! 3!

) = yo +nhye + 0 Azyy + MDD Ay . (13)
From the Newton’s forward difference formula, we will prove the Gauss’s forward
Gauss central difference formula is used to interpolate the values of (y) Newton’s
forward difference formula is given by:

FO) = yo +nlyy + 200 a2y, 2OTDOD pay ) DGO pay (14

Now Aly_ | = ﬂ.zy — A%y,

- Ay, = A%y, -I—.'}.3y_ ... (15)

Similarly Ay, = A%y, — A%y, ... (16)
Ay, =A%y ; + A%y 4 ... (17)

Substituting Ay, . Ay, . Aty

=30 +ntyo +* MU a2y, + MDD gy, 4 MDD iy p o (18)

(x) =y, +nly, yait 53}’ 1) ‘|‘M (53}’—1 - 54}’—1) +

nin-1)(n-2)(n-3) 4., 5.,

S (M-l+ﬂ}-1)+ .. (19)

6.2.1.2 From Newton’s forward interpolation formula, we will prove Gauss’s Backward
interpolation [Endre S"uli and David F. Mayers (2003), Green M, Svetlana Tkachenkol
(2023) P.J. Davis, (1975)

Newton’s forward difference formula is given by:

f-(x) = }T + nﬂ_}’ + (n 1} ﬂz}o + W ﬂg}?o + n[n—l](T;TZ](n—3] ﬂd.}rﬂ _l_ vee (20)
Now A%y, = Ay, — ﬂ.y — Ay, =Ay_; + A%y, .. (21)
Similarly A2y, = A%y_; + A%y_, ... (22)

ﬂg}’g = ﬂgy'_l + ﬂ4}’_1 (23)

Substituting Ay, , A%y, . A3y, . Aty

FG) = yo +ndyp + 220 a2y, +7n[n_13}1[n_2} Adyq +n[n_1}[r;_2]{n_3} Atyg +
F) = 3o +n(y-y +82y-y) + 2 (a2y_y + 0%y + 0D sy 4
nin-1}(n-2)(n-3)

Byy) + R (aty R )
Ay_.0%y_; APy, A*v_ ... weget
f(X)—}’ +nﬂ.y 1+{n+1]n -’52}’—1 +[n+1};[n—1} ﬂg}’—l +{n+1]n[r;1—1}[n—2] ﬂ4}’_1+

.. (25)

ButAdy_, = A%y_, + A%, and A*y_, = A%y, + A%y, ... (26)
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Using (6) in (5) , we get
(n+1n (n+1)ini(n—-1)

f)=yo+nby_1+—— Ay +———— Ay +

(n+2)n+Lnin-1) , 4
e (27)

ar ATy 1+

6.2.1.3 Stirling’s Central Difference Formula

Stirling gave the most general formula for interpolating values near the center of the

table
_ 2 — 3 3
FGO = vy +nﬂyo+2ﬂy-1 n [n(n Lo, {n;:l}n] L ;r_l Jr[n+1}3r:[n D [A y_l;rﬂ Y21y
(n+2)(n+1dn(n-1) A%y_, L
3! 2
Ayg+Ay_ (n2-1) [ A3y_ +43y_ (n2) (n?-1
f) =y, +n(—3’°23’1)+( ).ﬁzy 1+ )[ = J’Z]Jr-");I ) Ny, 4. .. (28)
ExpreSSIOn given is known as Stirling’s central difference formula Putting
;[:'fl}’cn +4y_,) = ;("53’0 +6y_1) = uby,
Sy +A%y,) = 5(533@ + 53:@) = 183y
In terms of central differences takes the form
) n(n 1) g3y 4 02 )(n “1) c4 _
fx)=y, +nudy, +(—) 6%y + ——— &%y .. (29)

This is another form of Stirling’s central dlfference formula Steffensen J.F. (2006)
The difference table used to evaluate f(x)as per Stirling’s formula, is shown below.
Column wise averages of differences are taken while evaluation phase. [Romik, Dan
(2000), Whittaker, E. T. & Watson, G. N. (1996), Robbins, Herbert (1955), ]

Table (2) Stirling’s Central Difference Formula

i x; ¥; A, it AS, As,
-2 X2 Y2
Ay,
—1 X1 Y A
Ay, A%,
0 Xy Ya A%, A3,
Ay, A%
1 *a Y A%,
Ay,
2 X5 Y2

6.3 Interpolation for explanatory variables are not equal interval (set at unequal)
Aitken's Interpolation Analysis Humpherys, Jeffrey; Jarvis, Tyler J. (2020), Richard L. Burden
and J. Douglas Faires (2015)

However,

= f(x)

y; at x = xg .Xq..... X, are known, where y; = f(x;).
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x;need not be equally spaced.

The Aitken iteration process is as follows: (xo, ¥5) and (x;.y; ), j =1, 2. ..., nis
determined. This is the first approximation. In the second step, (xo, ¥o), (x1, ¥1) and
(%.35).J = 2em

The second approximation is (x,, o) and (x,, y;) be denoted by py,(x), for the
arguments Xo and x; the linear polynomial is

X _xl X _xO
xX) = + = X —x)yo + (o —x

Po1 (%) xo_xlyo xl_xoyl X, — %o [(x Vo + (xo — )y ]
__ ! Yo xn—x|

x1—xg 1M X1—X
Xy and x; is

__1 Yo xn—x|

Po1 (%) g vy waal ... (30)

(x0-¥0); (x1.31); (xj.3;). This polynomial is denoted by py;; () and it is obtained
as

1 Por(x) x; —x
Po:’j(-’f) :x-—

=X |poj(x) X —x
In general, for the (k+2) points(x.yo), (x1.¥1),..., (xpyp)and (x.y;) the

j= 2.3....n

(k+ 1th
Degree interpolating polynomial is
sz...kj(x) =1 2111223;:3 :iﬂ j=(k+1)....n ... (31)

Xj—Xg
The calculation represents in the table. [Islam, S., Y. Khan, N. Faraz and F. Austin,
2010]

Table (3) Interpolation for explanatory variables are not equally spaced (set at unequal

intervals)
Xj Yj Poj Po1j Po1zj Po123j Xj— X
Xg Yo Xg — X
X1 Y1 Poi X1 — X
Xz Y2 Poz Poiz Xz — X
X3 V3 Po3 Poi3 Poi33 Xz — X
Xy Ya Pog Poi4 Po124 Po1234 Xg — X
Xn Yn Pon Poin Poizn Poi123n Xp — X

6.4 Cox and Snell Pseudo R?

The calculation of the percentage variation decreased including additional forms basis of.
alternate goodness-of-fit metric obtained is Problematic the Cox and Snell index’s of highest
equation is as follows: Mertler, C.A., & Vannatta, R.A. (2015), Menard, S. (2022)

_1—__('0 b) J._.
L(5)

Ripor = 1 —

“Where L(B)the likelihood of the current is model; L(0) is the likelihood of the initial model
BARZNJI, N. S, (2018), Karl, L. W. and P (2016),
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6.5 Likelihood Ratio Test Formula(*®)
is used to assess whether coefficients for predictor factors are statistically significant overall
covariates are equal to zero.

LR = —2I [Likelihood without the var‘iabie] _ ( L atH, )
h " [Tlikelihood with the variable a "\Lat MLE(s)
= —2L Hy + 2L (MLE) .. (32)

When n is big, LR ~x? has a degree of freedom equals the number of parameter estimates
BARZNJI, N. S, (2018). Karl, L. W. and P (2016),

7.Practical Aspect

Objective to this section comprehensively compare the feasibility of two
different treatment strategies for lung cancer (first (surgery) treatment and second by (surgery
with chemotherapy)treatment) by two numerical analysis methods of interpolation formula for
two types of data first type of data when the domain points are equally spaced ( Equal
intervals) by Stirling’s interpolation formula and second type when the domain points are
not equally spaced ( Unequal intervals) by Aitken’s interpolation formulas] described below
Lung cancer’s patients have of five stages.

First Stage: If the cancer’s cell growth is between (30 - 50) millimeters.

Second Stage: If cancer’s cell growth is between (50 - 70) millimeters.

Third Stage: the lung cancer is construct in both the lung and lymph nodes in the middle of
the chest.

Fourth Stage: the cancer has prevalence to either the opposite side of the chest or above the
collar bone.

Fifth Stage: this is the maximum progressing stage of lung cancer is treated by targeted
therapy.

7.1Data Description

The data obtained from the results of patients' treatment using [ (surgery) or (surgery with
chemotherapy)] through the percentages of success of treatments for lung cancer patients in
Kurdistan [Hecht SS (2012)

Explantory variables = x; = Lung cancer’s patients Stages = (1 — 5) Stages.

Response variable = y; =[The success rate of kind of Treatments on the patient]

For surgery treatment only three stages are taken because the lung cancer prevalence only
on the same side of the chest from where it startedBut for surgery with chemotherapy
treatment all stages (five stages) is taken because the lung cancer spread to opposite lung .
fluid surrounding the lung. and in the fluid surrounding the heart.

Table (4) The following data represents the success rates for each of the five Stages of Lung
cancer’s patients by (surgery) or (surgery with chemotherapy) treatments

Stages x; First | Second | Third | Fourth | Fifth
Treatments y; Stage | Stage Stage | Stage Stage
(surgery) treatment (The success rate ) | 66.3 | 46.2 40.9 0 0

(surgery with chemotherapy) | 88.7 | 63.2 515 43.9 37.5
treatment(The success rate of test )

table (4) shows the success rates for each of the five Stages of Lung cancer’s patients by
(surgery) or (surgery with chemotherapy) treatments
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Analyses:

7.2-Stirling Interpolation Formula for Surgical treatment

Table (5) Stirling Interpolation Formula for Surgery

Solution :

f(x) =y +nudy, + (”2_2) 8y_, +
f&)=yo +n (%) + ("2_2‘) A2y |+ n(

surgery treatment

i X; ¥ 8y, 85
-1 1 66.3

-20.1
0 2 46.2 14.8

-5.3
1 3 40.9

n(n?

3

2

Yo = f(x) =462 +n [H‘”}z&] + ("2—2) (14.8)

Vo = 462 +n(—12.7) + (

n2

(2).(1)

v, = 46.2 —12.7n + 7.4n?

X, = Xg+nh
Xp= 3+nl
n=x,— 3

By substitute the value of n from equation (34) in equation (33)

)(14.8)

+ ..

— "2 (2
e t) g2 4 D gy, o
n?-1) [ﬁ33’—1+ﬂ~33’—2
3!

(33)

.. (34)

VYo = 462 —12.7(x,, — 3) + 7.4(x, — 3)?

V., = 46.2 —12.7x, + 38.1 + 7.4(x,% — 6x, +9)

y, = 46.2 + 38.1 + 66.6 — 12.7x, — 44.4x, + 7.4 x,°

v, = 1509 —5.7.1x,, +7.4x,> —

Vo = 7.4 x,° —5.7.1x, +150.9 Model by Stirling interpolation method to treatment by

using Surgery for Lung cancer in Kurdistan

7.3. Stirling Interpolation Formula for (surgery with chemotherapy treatment)
Table(6) Stirling Interpolation Formula for surgery with Chemotherapy

surgery with chemotherapy treatment
i X; Vi by 5}2;!_ EJ:"';!. 53‘}!_
—2 88.7
—25.5
—1 2 63.2 13.8
—11.7 —9.7
0 51.5 4.1 6.8
—7.6 —2.9
1 4 43.9 1.2
—6.4
2 37.5
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-
fG) =yo +nudy, + ( )52}’ n{ngilj &% + M 6%y +

fx) = +H(L"+;y' )+( )ﬂz}’ 4+ _lj [ﬁayﬂ:ﬁy‘z ] +{jn2){£2_lj Aty_,

y, = f(x) =515 +n [{ 11?}+[ ?6]] ( )(4 1)+ 1) [[ 9?]+{ 29}]+
—){" (6.8)
2 2 2

— 515+4n [{ 19:3) (2!)(4.1)+”{” 1)[{ 126}] (n) (o . 2 (6.8)

51.5 — 9.65 +41(nz) 63"~ +(6.8) ) (1)
m=>515—-965n+41|—|— e
I 2 3. @®.(3).)
v, = 51.5 —9.65n + 2.05n% — 1.05n(n? — 1) + (0.2833) (n?) (n® — 1)
» = 51.5 — 9.65n + 1.05n + 2.05n2 — 0.2833n% — 1.05n° + 0.2833 n*

m = 515 —8.6n+ 1.7667n — 1.05n3 + 0.2833 n* ... (35)
X, = Xp +nh
Xp= 3+nl
n=x,— 3 ... (36)

By substitute the value of n from equation (36) in equation (35)

y, = 51.5 —8.6(x, — 3) +1.7667(x,, — 3)® — 1.05(x,, — 3)3 + 0.2833 (x,, — 3)*

y, = 51.5 — 25.8 — 8.6x, + 1.7667(x,,> — 6x, + 9) — 1.05(x,,3 — 9x,2 + 27x,, —

27) +0.2833 (x,* — 12x,% + 54x,2 — 108x,, + 81)

y, = 51.5 — 25.8 + 15.9003 + 28.35 + 22.9473 — 8.6x, — 10.6002x,, — 28.35 x,,
—30.5964x, +1.7667x,% +9.45x,> + 15.2982x,> — 1.05x,,>
—3.3996x,.° + 0.2833x,*

y, = 92.8976 — 78.1466x,, + 26.5149x,> — 4.4426x,,° + 0.2833x,*

v, = 0.2833x,* — 4.4426x,% + 26.5149x,> — 78.1466x,, + 92.8976

Model by Stirling interpolation method to treatment by using (surgery with

chemotherapy) for Lung cancer in Kurdistan

7.4. Aitken Interpolation Formula for Surgery treatment

Table (7) general table for Aitken Interpolation Formula for Surgery treatment

Surgery treatment
X; Yi X; — Xp
xXg =1 Yo Xo— X, =1—x,
X; =2 N Xy — Xp = 2— %y
w=5  |%  |mGemGd=——— 0 21 xS
Poz (x,)
B 1 Yo Xo—Xn
Poz (xn) = g V2 2=y
Po12 (x,)=
1 Po1 X1 — Xp
Por; (en) = x; —xp Poj 4~ Xn
.j=234. .. .n
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Table (8) for Aitken Interpolation Formula for Surgery treatment

Surgery treatment
Xp=1| yp = 66.3 Xo — Xn
Xy =2|y; =4355 |, (y,) =89.05 — 22.75x, Xy — Xy
331.5— 66.3xy
Xz =5y =0 Poz (x,) = fx Po12 (x)= | X2 — x4
8.23x%Z — 115.7 x,, — 372.667

1 —x
2 — x
5 —x

Solution. The first approximation is calculated below.
1 Yo Xo— Xn

X;—Xxg 1 Y1 X1~ Xp

1 1663 1-—x,

Po1(tn) =57 l4355 2 x,
66.3(2 — x,) —43.55(1 —x,)

Po1(xn) =

Po1 (xn) -

Poy () = 22En IS0 _ 137 6 — 66.3x,, — 43.55 + 43.55x,, = 132.6 — 43.55 —

66.3x,, + 43.55x,, = 89.05 — 22.75x,,

(x ) — 1 .}Iﬂ xﬂ _x]’l
Po2¥n 2 —Xxg Y2 X2~ Xp
(e) = 1 1663 1—x,| 66.3(5 — x,,) — 0(1 — x,,) B 66.3(5 — x,,)
Poz2\Xn “5_1] 0 5— x, 4 = 4
331.5- 66.3xy,
Poz (xn) = —
The second approximation is
1 Po1 X1~ Xp ,
Po1; () = el YRR L j=234.. .n
(x,) = 1 Po1 X1~ Xn
Po12 1%n X, — X, Poz X2~ Xp
89.05 — 22.75x, 2—x,
Poiz (xn) = —— |3315 — 66.3}("
5—-2 2 — Xp
(89.05 — 22.75x,)(5 — x,,) — (331'5 < 66'3x”) (2 —x,)
Po12 (xy) = —

3
4(89.05 — 22.75x,,)(5 — x,,) — (3315 — 66.3x,)(2 — x,;)
¥n = Po12 (xn) = 34 —

_ 4[445.25 — 89.05x,, — 113.75x,, + 22.75x2] — [663 — 132.6x, — 331.5x,, + 66.3x]

12
1781 — 356.2x,, — 455x,, + 91x3 — 663 + 132.6x,, + 331.5x, — 66.3x7
B 3
247x2 —347.1x, + 1118
}rn = 3 —
¥, = 8.23x2 — 115.7 x,, — 372.667 Model by Aitken Interpolation Formula for
Surgery treatment for Lung cancer in Kurdistan

276



Al-Barznji. N.et al.2024, 28 (3):266-281

Zanco Journal of Human Sciences

7.5. Aitkens’s Interpolation Formula for (surgery with chemotherapy)treatments

Table(9) for Aitken Interpolation Formula for Chemotherapy with Surgical treatment

Chemotherapy with Surgical treatment

X; Vi X; — X,
xg=1 vy = 66.3 1—x,
X1 = 2 5735_}’1 = _ 1 Yo Xo — xn‘ 2 — Xn

p{]l(xn) xl o x{] }11 xl — xn
x; =4 439y, = 4 —x,
y X X p xpaz (xxn)
X3 =25 75y; =| - _ 1 ‘o Xo— Xn __1 o1 X1~ Xn| |5 —x
x3—xg V2 Xz — xn| Po12 (xn) xz—xy 1Poz Xo — xn| "
(xn)
1 Yo Xp— xn‘ (x) = 1 Po1 *1 xn‘
xz—xp 1¥3 X3z — Xy Po13 x3—x1 1Pp3 X3 Xn
(x,) = 1 Poz Xz — xn|
Po123Wn) = xz—xz |Pg3 X3 — Xp
1 66.3 1—x, 1 66.3 1—x,
Po1(xn) = 5—— _ =57 _
2—1 5735 2 Xn 2—1|57.35 2 Xp

= 66.3(2 — x,) — 57.35(1 — x,,) =
oy () = (132.6 — 66.3x,,) — (57.35 — 57.35x,,) = 57.35x,,
Poy (x,) = —8.95x,, + 75.25

Poz2 (xy,)=
1 |66.3 1—x,

4-1 1439 4-—1x,

663 1—x,
439 4-—x,

1

1

—66.3x, —57.35 +132.6

—43.9(1—x,)] =

1 1
Poz (rn) = 5 [43.92, — 6631, —43.9 +265.2] = 5[ —22.4x,, + 2213]

Poz (xp) = —7.4667x, +73.767
1 Poi 2— Xn 1 _8.95xn + 75.25
Po1z (xn) = ) _ ==
4 —2 |po2 4—x,l 2 |-74667x, +73.767

2—x,
4—x,

1
Posz (xn) = 5 (-8.95x, + 75.25)(4 —xy) — (~7.4667x, +73.767)(2 — x,)

Po12 (X,) = %[

8.95x2 — 7.466x2 — 35.8x, — 75.25x, + 14.9334x, + 73.767x, + 301 — 147.534]

1
Porz (xs) = 5[ 1.484x] — 22.357x, + 153.466] = 0.742x] — 11.1785x,, + 153.466]

1 |66.3 1 —x 1
Po3 (xn) = — 28 B _ : = [66.3(5 — xy) — 7.5(1 — x,,)]
1 1
Pos (x,) = 2 [(331.5 —66.3x,) — (7.5 —7.5x,)] = Z [331.5 — 7.5 — 66.3x,, + 7.5x,]
1
Po3 (x,,) = 1 [324 — 58.8x,] =81 —14.7x,
(o) = 1 |Po1 xl_xn| _ 1 |-895x, + 7525 1-—xy,
Po1a ) = bz x3—x,l T5-1 | 81—14.7x, 5— x,
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Poiz(x) = % [(—8.95x,, + 75.25)(5 —x,)] — [(81 — 14.7x,,)(1 — x,,)]

1
Pora (x) = 5 [(-8.95x7 — 44.75x, + 75.25x, +376.25)]
— [(14.7x2 — 81x, — 14.7x,, + 81)]
1
Poss () = 7 [-8.95x] — 14.7x] — 44.75x, + 14.7x, + 75.25x, + 81x, +376.25 —81]

1
Poyz(x) = 7 [—23.65x2 + 126.2x, + 295.25]

Pois(x) = —5.9125x2 + 31.55x,, + 73.8125
1 |Poi1z 4 —xy
Xn) = — =
Po123 (xn) 54 | Poys 5—x,
1 ]0.742x% — 11.1785x,, + 153.466 4—x,

5-4 | -59125x2 +31.55x,, + 73.8125 55— x,

Poiz3 (x,) = (0.742x2 — 11.1785x,, + 153.466)(5 — x,,) — (—5.9125x2 + 31.55x, +
73.8125)(4 —x,) =

Vi = Poizz () = (—0.742x3 + 3.71x2 + 11.1785x2 —55.8925 x,, — 153.466x, +
767.33) — (5.9125x3 — 23.65x2 + 31.55x2 — 31.55x2 — 126.2x,, — 73.8125x,, +
295.25)

Yo = —0.742x3 —5.9125x3 + 3.71x2 + 11.1785x2 + 31.55x3 — 23.65x2 —

55.8925 x,, — 153.466x, + 126.2x,, + 73.8125x,, + 767.33 F

v, =-6.6545x> +22.7885x2 — 9.346x, + 472.08 Model by Aitkens’s Interpolation
Formula for (surgery with chemotherapy) treatment for Lung cancer in Kurdistan

1

7.6 Statistical Model Fitting

To emphasize the statistical model fitting we take two kinds of statistically analysis for both
treatments as follows:

7.6.1 Pseudo R-Square (surgery treatment)

Table (10) Cox and Snell R-Square

Cox and Snell 0.889

Table (10) Shows Cox and Snell R-Square in (surgery treatment) equal (0.889.) it refers to
the proportion of variance in the dependent variable that can be explained by the independent
variable. with (0.889.) it is good ratio

7.6.2 Model Fitting Criteria (surgery treatment)

Table (11) Model Fitting Criteria (surgery treatment)

[Model Fitting scales Likelihood Ratio Tests
|Effect -2 Log Likelihood Chi-Square test | d.f |p- value
Intercept 4.887 4.887 2 0.067
|Final model 6.592 6.592 2 ]0.037
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Table (11) shows Interpretation of the model information the Likelihood Ratio equal
-2(Log Likelihood). and. represents unexplained variable tests for Intercept Only for (surgery
treatment) equal (4.887),x* (2)= 6.592, has [P-value =.037< 0.05], indicating a good model fit

7.6.3 Model Fitting Information Analysis Surgery with Chemotherapy treatment for
Lung cancer in Kurdistan

Table (12) Cox and Snell R-Square Surgery with Chemotherapy
Cox and Snell 0.960

Table (12) shows Cox and Snell Pseudo R-Square for Surgery with Chemotherapy
treatment equal (0.960,.) it refers to the explaining with (0.960) it is best ratio .

7.6.4. Model Fitting Information for Surgery with Chemotherapy treatment
Table (13) Model Fitting Information Surgery with Chemotherapy treatment

Model Fitting scale Likelihood Ratio Tests
Effect -2 Log Likelihood Chi-Square test d. f P- value.
Intercept 15.662 15.662 4 .004
Y 16.094 16.094 4 .003

Table (13) Interpretation of the Model Fit information the likelihood ratio shows tests for
Intercept Only for Surgery with Chemotherapy treatment is (15.662) and for final model is
(16.094) it is significant x> (= 16.094, has [P-value =..003< 0.05], greater , which proves a
good fit of model.

8.1 Conclusion

1-The data in this table are taken from the records of several lung cancer specialists and show
the percentage of success of both methods in patients with the disease

2-The field of applied mathematics, especially Numerical analysis by two methods [ Stirling
equally spaced of explanatory variable values and Aitken’s not equally spaced of explanatory
variable] spaced

3- Lung cancer has five stages of treatment. Stage 1, 2 and 3 only require surgery, but the
worst are stages 4 and 5 (surgery with chemotherapy treatment).

4-The researchers formulated the model by Stirling and Aitken interpolation methods to
determine the preferred treatment using surgical treatment and Surgery with Chemotherapy
treatment for Lung cancer in Kurdistan.

5- For the Surgery treatment by both methods (Stirling and Aitken interpolation) interpolation
the result were equations with second degrees

6- For the (Surgery with chemotherapy treatment). by (Aitken interpolation) method the result
was the equation with third degree

7-For the (Surgery with chemotherapy treatment). by (Stirling interpolation) method the result
was the equation with fourth degree

8- The above results emphasize that the treatment by Surgery with chemotherapy is very
useful compared to using Surgery treatment in Kurdistan, and the (Stirling interpolation)
method the

is more suitable than Aitken Interpolation Formula for bio statistical and clinical analyses.
9-by Cox and Snell R-Square analysis in both treatments refer to good ratio and in the
statistical analysis, the model fitting criteria in both analyzes the p-values emphasize the best
fit of the models indicates perfect prediction. Improvement.
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8.2 Recommendations

1- Since this paper proved that the using of Stirling interpolation method is more suitable than
Aitken Interpolation Formula for bio statistical and clinical analyses, the researchers
recommend to use this analysis for every type of clinical data.

2- The researchers recommend to use practical mathematics in every research field.
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