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Abstract

A set of data pattern that have the characteristic of a function can be
approached using Newton series simulation. When using the Newton series,
the simulation result of the summation of extrapolation data can be
gradually done in step by step. However, if using the IN series, the
simulation result of the summation of extrapolation data doesn’t need to be
gradually done in step by step. The methodology in this research compares
the data pattern from the simulation results of the high degree function with
the results of interpolation and extrapolation from the results of the IN series
simulation. Furthermore, will be carried out comparison simulation analysis
of the summation of the function values gradually with the extrapolation
function directly using the IN series. The result of comparison simulation
analysis point out that the value of the total summation of data between the
gradual and the direct summation is the same, so that the direct sum
technique using the IN Series is able to make the total sum process more

efficient.
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1 Introduction

The IN series, namely Ivan Newton Series (according to HKI EC00201856522), is a
further development of the Newton series [1]. A function that is built from a Newton
series must have function basis which has a form [T ,(x — i), where the value of n is a
positive integer [2]. If the numbers of the function that has been successfully built by
the Newton series are summed gradually, of course there will be inefficient constraints
because it will require repetitive summation processes carried out sequentially so that it
can take longer than without the repeated summation process. Therefore the sum of
extrapolation results can later be obtained in a more efficient way, so a new series has
been developed, namely Ivan Newton series or abbreviated as IN series [3]. This IN

series is generated from the function basis of multilevel series of j in one degree

t
> - jwhere the values of u, i, and t are positive integers. Of course if the function
j=1

data is not summed, so the form of the function basis will be similar to the function
basis of the Newton series. Its function base if u = 0 we have
1 n .
— [ (x+1) .
(n—l)!li:o[( )
Because this function base equation has similarities and capabilities similar to the
Newton series, which is able to interpolate and extrapolate the data, so this series is

named Ivan Newton series.

2 Basic Theory

Before discussing the IN series, it will be explained about multilevel series of j in
one degree which plays an important role as the function basis of the IN series [4]. The
multilevel series of j in one degree is the series of j in one degree which is repeated
again in addition, with an initial limit of one [5]. To be clearer, this below is a definition
of the notation of the multilevel summation, with ¢ and w is a positive integer, where

t>1andu > 0.
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Furthermore, in general it can be obtained [4],
L. t+u
2. = )
- u+1
The form of the IN series [3] which uses the function basis of the multilevel series of j

in one degree equation (4) is

_t “f(a~i);ib,~g(l,u,t)
=, gOut)+ b gLut) +b, - g(2,ut) + 3)
By -gB U )+ +b, - g(B,u,1).
where
. Soig s (UFi+E-1
g(l.u,t)=jZ=l‘, J—( Ui J 4)

The smallest function base if the value i = 0 is

9(0,u.t) =(t+3_1j ©)

In the formula of the IN series equation (3), the value of the variable t is a positive
integer for value u > 1, but if u = 0 the the range for the variable value t changes to a
real number, the formula is the same as in the Newton series. The formula form of the
IN series which the results are not summed with the value u = 0 and the difference

factor between discrete data @ = 1 in the equation (3) is

.t “f(i)= f(t)5b0+b1't+b2.t’(t|+l)+
p-1 (6)
K
b3'w+ ............. +bﬂ.£_
3 i

or
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[
. 1Te+w -
f(t)=b, + b, HT
= -

with the value of by = f(0).
By using the interpolation method of the IN series, the constants that compose the IN

series equation (3) can be generated [6], that is:

b, = £(0), b, = —(f (1) —b,) ®)
and
f[(—l +k) f[(-l +k)
f (1) =y ~by - (1) =, - <=,
b, = I-2 2 > R " 9)
(-1 +k) (-1 +k)
........................ -b, =L k=0
(I -1)!
or
j-1
1 H(—I +k) g
b| = f(_l)_bo _zbj =0 . 1 - (10)
j=1 (j-D! H(_|+k)

k=0

where the value range [ is positive integer numbers, [ = 2, 3,4, ....

3 Results and Discussions

From equation (9) and (10), an algorithm for interpolation can be made using the IN
series. An example of the initial polynomial data that will be used for interpolation is to
find the values of constants in the IN series in Table 1 derived from the polynomial
function equation (11).

The data in this Table 1 are derived from the polynomial function that will be used
for the direct sum extrapolation test in the Table 3, that is:

X2 X4 X6 X8 XlO

f(X)=1+Xx—-—+———— +
() 22 4% 7° 100 (11.4)%

(11)
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with a range of abscissa from —22 to 22, a representation of the polynomial function

can be described through Figure 1.

Table 1. Interpolation polynomial data in the IN series

t f@®
0 1
-1 —0.246
-2 -1.938
-3 -3.939
—4 —6.035
-5 —7.945
-6 —-9.349
-7 -9.921
-8 -9.367
-9 —7.474
-10 —4.167
-11 0.439
—12 5.989

1

Figure 1. Graph of a polynomial function equation

After using the interpolation formula of the IN series, equation (8) and (9), can be

generated the constants in each basis of the IN series function as shown in Table 2.
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Table 2. Constant values on the IN series function

b(n)

1

1.24610226
—0.44584200
—0.13597862
0.08010405
0.01642209
—0.00759176
0.00061180
0.00041250
—0.00044048
9.7884E — 05
—7.6206E — 13
—1.7150E — 12

O 0 N O U1 o W N = O (3

_ R
N R O

Generating of the IN series function can be done after the constant values in Table 2 are
obtained. Then the data extrapolation test and summation are carried out, summation in
level one directly from the interpolated polynomial function using the EXCEL. The

results are shown in Table 3.

Table 3. Comparison test of extrapolation data and direct summation using the IN series

Data from Gradual data
t the actual polynomial summation of Ekstrapolation data Summation of data
function f(t) function f(¢) using IN series directly using IN series

1 1.753898 1.753898 1.753898 1.753898

2 2.061953 3.815851 2.061953 3.815851

3 2.060146 5.875997 2.060146 5.875997

4 1.964557 7.840555 1.964557 7.840555

5 2.054953 9.895508 2.054953 9.895508

6 2.650765 12.54627 2.650765 12.54627

7 4.078878 16.62515 4.078878 16.62515

8 6.633004 23.25816 6.633004 23.25815

9 10.52532 33.78347 10.52532 33.78347

10 15.83238 49.61586 15.83238 49.61586

11 22.43944 72.0553 22.43944 72.0553

12 29.98992 102.0452 29.98992 102.0452

13 37.85055 139.8958 37.85054 139.8958

14 45.10707 185.0028 45.10706 185.0028

15 50.61107 235.6139 50.61105 235.6139
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After obtaining the extrapolation data, it is necessary to compare the data result with the
actual polynomial function, it turns out that from Table 3 the same data results are
obtained. Furthermore, it is also necessary to compare the sum results of polynomial
function data one by one with the sum results directly using the IN series, it turns out

that from Table 3 the same results are also obtained.

4 Conclusions

a. Ivan Newton series or IN series is a series formula that is more general than the
Newton series because it is able to direct summation of extrapolation data on
polynomial functions.

b. The basis of the function that compose the IN series is the multilevel series of j in
one degree.

c. Interpolation simulation from IN series can be used to extrapolate data well if the
data characteristic is polynomial function.

d. In the future the IN series can be utilized in numerical methods.
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