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Abstract — The square root number of two is
an irrational number. If it is an irrational
number, the result cannot be written as a
fraction of the numerator and denominator.
Fractions that approach the square root value
of two have a correlation with Goen's A-B
numbers. The regularity of the A-B Goen
number sequence can be formulated into the A-
B Goen function which is built from the lvan
Newton series. In this research, it can be proven
that the A-B Goen function from the Ivan
Newton (IN) series is computationally more
effective and efficient when compared to the A-
B Goen generating function in producing A-B
Goen numbers which in infinite sequence will
approach the square root value of two.
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I. INTRODUCTION

The definition of an irrational number is a real
number that cannot be divided, meaning that the
results of the division never stop and never
repeat (Lord 2008). Therefore, irrational
numbers cannot be expressed as a/b, where a
and b are integers and the value of b is not equal
to zero (Marshall 2012). So the square root
value of two irrational numbers cannot be
written in fractional form of the numerator and
denominator (Mitchell 2003 and Gel'fand
2023). It is known that there is a pattern of
regularity in the form of a correlation between
the constituent fractions that are close to the
square root value of two and the numbers A

Goen and B Goen. The regularity of the A-B
Goen number sequence can be formulated into
the A-B Goen function which is built from the
Ivan Newton (IN) series. In this research, by
using the A-B Goen function we can obtain the
sequence of A Goen and B Goen numbers. The
results obtained from this computational
calculation turn out to be more effective and
efficient when compared to using the A-B Goen
generating function. The A-B Goen function
formula to approach the square root value of
two can produce the A-B Goen number. The
calculation process consists of dividing the
number A Goen as the numerator and the
number B Goen as the denominator. When
compared with the larger sequence of A-B Goen
numbers, the result will be closer to the square
root value of two.

I1. METHODS

2.1 Function A-B Goen with IN Series

The A-B Goen function which is built using the
Ivan Newton (IN) Series in the form of a basic
equation (Goenawan 2020) is:

t-(t+1)
f(t):bo'l'blt"'bz ol +b3
t-(t+1)-(t+2) -t e+k)
T 4 4 bﬁ . k#

(1)
By using the IN series interpolation method, the
equations for the b, constants that make it up can
be obtained, namely:
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by = £(0), by = =(f(=1) = bo)

and
_ A (=1+k)
b= (F(-0) = by — 523 by - DeC0)
L

MiZo(=1+k)

)
where the range of values 1 =2,3,4..... (positive
integer number). From eq.(2) above, a
relationship can be obtained to obtain a simpler
value of the constant by in the IN series using the
Pascal's Triangle Number Pattern (Goenawan
2021), namely:

Table 1: Pascal's Triangle Number Pattern

1

11

1 2 1

1 3 3 1

1 4 6 4 1

1 5 10 10 5 1
1 6 15 20 15 6 1

From the Pascal's triangle pattern above, the
constant equation by can be constructed as
follows:

by, = +f(t=0)

by = —f(t=-1)+b,

b, = +f(t=-2)—by+2-b;

b; = —f(t=-3)+by—3-b,+3-b,

by, = +f(t=—-4)—by+4-b;—6-b,+4
- by

bs = —f(t=-5+by—5-b;+10-b, —10
bs+5-b,

be = —f(t=—6)—by+6-b,—15-b,+20

'b3_15'b4+6'b5
@)

2.2 Constants b.; in the A-B Goen Function
The data used to find b, is a sequence of 13 A
Goen and B Goen number data produced from

the A-B Goen generating function (Goenawan
2022), namely:

Table 2. Sequence of A and B Goen Numbers

2 -1 2 3

3 -2 5 7

4 -3 12 17

5 -4 29 41

6 -5 70 99

7 -6 169 239
8 -7 408 577
9 -8 985 1393
10 -9 2378 3363
11 -10 5741 8119
12 -11 13860 19601
13 -12 33461 47321

2.2.1 AG Function Constants

From table 2 above, a relationship can be
obtained to obtain the value of the bt constant,
which is a constituent constant in the IN series
(Goenawan 2020). Below in table 3 there are the
results of the b constant resulting from the A
Goen number which is known from table 2.

Table 3. The constant value by in the numbers AG

n t bac by bt
1 0 1 1 20
2 -1 3 -2 -2
3 =2 7 2 2t
4 -3 17 -4 -2?
5 4 41 4 22
6 5 99 -8 -2
7 -6 239 8 23
8 7 577 -16 -2t
9 -8 1393 16 24
10 9 3363 -32 -2
11 -10 8119 32 25
12 -11 19601 -64 =26
13 -12 47321 64 2

t bpg bsc

0 1 1

From table 3 above, the AG function as f,;(n)
can be used to find the value of the AG number
sequence by;(n) more easily because the
constant b.. formed has a regular pattern
(Goenawan 2021), namely:
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b—t — (_1)_15 . Zroudup(_?t)
4

2.2.2 BG Function Constants

From table 2 above, a relationship can be
obtained to obtain the value of the b constant,
which is a constituent constant in the IN series
(Goenawan 2020). Below in table 4 there are the
results of the b constant resulting from the B
Goen number which is known from table 2.

Table 4. Value of the constant b; in BG numbers

n t bsc bt b
1 0 1 1 20
2 -1 2 -1 -20
3 -2 5 2 2!
4 -3 12 -2 -2t
5 -4 29 4 22
6 -5 70 -4 -22
7 -6 169 8 23
8 -7 408 -8 -28
9 -8 985 16 24
10 -9 2378 -16 -24
11 -10 5741 32 2°
12 -11 13860 -32 -25
13 -12 33461 64 26

From table 4 above, the BG function as fg;(n)
can be used to find the value of the sequence of
BG numbers bg;(n) more easily because the
b. constant formed has a regular pattern
(Goenawan 2021), namely:

b—t — (_1)—t . Zrouddown(_?t)
®)

2.3 A-B Goen Function of the IN Series

Because the constant b, has a regular pattern, the
order of the AG and BG numbers can be
obtained by using the AG and BG function
equations resulting from the lvan Newton (IN)
series. In equation (1), if the value of t is
replaced by n, see tables 3 and 4, t = -(n-1) = -

n+1, then the equation above can be rewritten
as:

f(m) =by+by-(—n+1)+b,-
(-n+1)-(-n+2) k=i (=n+k)

. oAby TS

(6)
2.3.1 AG Function

The AG function equation can be obtained with
the help of the IN series. The constant b, is a
constituent constant in the IN series contained
in equation (4), by replacing the variable -t with
n -1, it becomes eq.(7):

b, = (1)1 proudup(;)
(7

by substituting eq.(7) into eq.(6), the AG
function equation can be obtained as:

fAG(n)=1—2(—n+1)+2
-1
(—n+1)2-|(—n+2) +.___|_(_1)n+1 . 2roudup(nT) .
[Tkzi(-n+k)
(n-1)!
- ®
So, the value of the AG number sequence is the

same as the value produced by the AG function:

bac(M) = fac ().
)

2.3.2 BG Function

The BG function equation can be obtained with
the help of the IN series. The constant b, is a
constituent constant in the IN series contained
in equation (5), by replacing the variable -t with
n—1, it becomes eq.(10):

bn — (_1)n—1 . Zrouddown(nT_l)
(10)
by substituting eq.(10) into eq.(6), the BG
function equation can be obtained as:

fsgecm)y=1-1-(—n+1)+2-

(—n+1)-(—n+2) 1
T-i_' (=D
zrouddown(nT_l) . [i=i(—n+k)

(n—-1)!

(1
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So, it can be seen that the value of the BG
number sequence is the same as the value
produced by the BG function:

bge () = fpc(n).
(12)

The comparison between the AG number and
the BG number with the greater the n value, the
closer the result will be to the root value of two
(Goenawan 2022).

1. RESULTS AND DISCUSSION

The A-B Goen generating function is a function
that can produce A Goen (AG) numbers and B
Goen (BG) numbers by selecting the numbers
produced by the generating function with the
condition that the numbers only have integer
values. Below is the equation for the function
y(t) as a generator of integer numbers AG and
BG (Goenawan 2022):

y(@) =/ (1)t + 2.t2
(13)

where t is a natural number or positive integer,
t=1,23,...

Next, a computational comparison is carried out
to obtain the value of the A-B Goen number up
to the 18th order. From table 5 it can be seen
that to find the A-B Goen number with the IN
series, you can use the press formulas (8) and
(11) with sufficient computational calculations
starting from t = 1 to steps t = 18, whereas if you
use the A-B Goen generating function,
computational calculations will be required
starting from t = 1 to t = 2744210. To get the
same A-B Goen number results, it turns out that
the A-B Goen Generating Function (GF)
requires greater computational calculations
compared to A-B Goen function of the IN
Series (INS). If the sequence of A-B Goen
numbers being searched for is greater than the
computational calculation ratio between GF and
INS will be greater as well.

Table 5. Comparison of INS* and GF**
computing

4 12 17 4 12
S 29 41 S 29
6 70 99 6 70
7 169 239 7 169
8 408 577 8 408
9 985 1393 9 985
10 2378 3363 10 2378
11 5741 8119 11 5741

12 13860 19601 12 13860

13 33461 47321 13 33461

14 80782 114243 14 80782

15 195025 275807 15 195025

16 470832 665857 16 470832

No. bpe(t) bac(t) INS GF

1 1 1 1
2 2 3 2
3 5 7 3 5

17 1136689 1607521 17 1136689
18 2744210 3880899 18 2744210
Information:

* is the A-B Goen Function resulting from the
IN Series (INS),
** is the A-B Goen (GF) Generating Function.

In table 5 there is a sequence of BG and AG
numbers which are the result of dividing the AG
and BG numbers in table 6, column 4 is a
fractional form of the root value of two. If the
sequence of numbers becomes larger, the result
will be closer to the root value of two. For the
correct comparison of the root value of two to
16 decimal numbers, it is 1.414.213.562.373.
095.

Table 6. Approach v2 from dividing A-Goen
by B-Goen numbers

No. t=bpg(t) ba(t) bac(£)/bpe(t)

! 1 1 1,000.000.000.000.00
2 2 3 1,500.000.000.000.00
3 5 7 1,400.000.000.000.00
4 12 17 1416.666.666.666.67
° 29 41 1,413.793.103.448.28
6 70 99 1,414.285.714.285.71
! 169 239 1414.201.183.431.95
8 408 577 1414.215.686.274.51
9 985 1393 1414.213.197.969.54
10 2378 3363 1414.213.624.804.87
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11 5741 8119 1 414.213.551.646.05

12 13860 19601 1 414.213.564.213.56
13 33461 47321 1.414.213.562.057.32
14 80782 114243 1 414.213.562.427.27
15 195025 275807 1 414213:562.363.80

16 470832 665857 1 414.213.562.374.69
17 1136689 1607521 1,414.213.562.372.82

18 2744210 3880899 1,414.213.562.373.14

IVV. CONCLUSION

The results of this research further prove the
truth of the Order Theory (Goenawan 2021) and
the novelty of this research is:

a. Fractions in the numerator and denominator
that approach the square root value of two
can be generated from the A-B Goen
function which is built from the Ivan
Newton (IN) series.

b. The A-B Goen numbers obtained from the A-
B Goen function with the IN series are
computationally more effective and efficient
when compared to using the generating
function
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