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Abstract

v _rr

This work brings representations of palindromic and number patterns in terms of single letter "a”. Some

examples of prime patterns are also considered. Different classifications of palindromic patterns are considered, such
as palindromic decomposition, double symmetric patterns, number patterns decompositions, etc. Number patterns
with powers are also studied. Some extensions to Pythagorean triples are also given. Study towards Fibonacci
sequence and its extensions are also made. This work is revised and enlarged version of author’s previous work done
in 2015.
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1 Single Letter Representations

Let us consider

£1(10) = 10" + 10" + ... 410> + 10 + 10°,

Fora € {1,2,3,4,5,6,7,8,9}, we can write

af"(10) = gaa..a ,
~
(n+1)—times

!t is revised and enlarged version of authors previous work [11}12] appeared in 2015
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In particular,

aa = f1(10) = al0 +a 11 = %
aaa = f*(10) = al0*> +al0 +a 111 = %
anaa = f°(10) = a10° + a10° +a10 + a — 1111 = ?
aaana = f*(10) = a10* 4+ 410° + 410 + 210 +a = 11111 := WZW

In [12} 14] author wrote natural numbers in terms of single letter “a”. See some examples below:

5. aa —a
a-+a
56— aaa + a
a—+a
580 aaaaa + aaaa
aa +aa —a
1233 -— aaaa + aaa + aa
a
4950 — aaaaa — aaaa — aaa + aa

a-+a
for any € {1,2,3,4,5,6,7,8,9}.

The work on representations of natural numbers using single letter is first of its kind [20,21]. Author also
worked [16, 17, 18, 19], with representation of numbers using single digit for each value from 1 to 9 sepa-
rately. Representation of numbers using all the digits from 1 to 9 in increasing and decreasing orders is done
by author [7, 8, 9]. Comments to this work can be seen at author’s site [10]. Different studies on numbers,
such as, selfie numbers, running expressions, etc. refer to author’s work web-site: https://inderjtaneja.com.

7”1

Our aim is to write number patterns using single letter “a”. For studies on patterns refer to [1} 2, 4]. This
work revised and enlarged version of authors previous work [11}12] done in 2015.

2 Representations of Palindromic and Number Patterns

Below are examples of palindromic and number patterns in terms of single letter “a”. These examples are
divided in subsections. All the examples are followed by their respective decompositions. The following
patterns are considered:

2.1 Number Patterns with Palindromic Decompositions

Here below are examples of palindromic patterns with palindromic decompositions.

Example 1. The following example is represented in two different forms. One with product decomposition and another
with potentiation.
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(i) Product
121 =11 x 11
12321 =111 x 111
1234321 = 1111 x 1111
123454321 = 11111 x 11111
12345654321 = 111111 x 111111
1234567654321 = 1111111 x 1111111
123456787654321 = 11111111 x 11111111

12345678987654321 = 111111111 x 111111111 :

aa X aa

axa

aaa X aaa

axa

aaaa X aaaa

axa

aaaaa X aaaaa

axa

aaaaaa X aaaaaa

axa

aaaaaaa X aaaaaaa

axa

aaaaaaaa X aaaaaaaa

axa
aaaaaaaaa X aaaaaaaaa

axa

Since 11 x 11 = 112, 111 x 111 = 1112, etc. Below is an alternative way of writing the same pattern:

(ii)) Potentiation

121 = 112
12321 = 1112
1234321 = 1111?
123454321 = 111112
12345654321 = 1111112
1234567654321 = 11111112
123456787654321 = 111111112

12345678987654321 = 1111111112 :=

a+ta
) a

a+ta
) a

aaaaaaaa

a
aaaaaaaaa
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Example 2.
11 =1 x 11 ._axaa
axa
1221 = 11 x 111 .44 x aaa
axa
123321 = 111 x 1111 . faa x aaaa
axa
12344321 = 1111 x 11111 .__aaa x aaaaa
axa
1234554321 = 11111 x 111111 -:”””””ai”a””““ﬂ
123456654321 = 111111 x 1111111 ;:““”W”ﬁiﬂaﬂ“”ﬂﬂﬂ
12345677654321 = 1111111 x 11111111 ;:““”W”‘lai”ﬂ“”“ﬂﬂﬂﬂ
1234567887654321 = 11111111 x 111111111 ;:““”W”Wai”ﬁ”“ﬂﬂﬂﬂﬂa
123456789987654321 — 111111111 x 1111111111 ::aaaaaaaaaai aaaaaaggaaa

e Palindromic-Type Pythagorean Triples

Similar to Example [1} there are lot of palindromic-type patterns with Pythagorean triples. See below the
two examples,

Example 3.
0992 + 202 = 1012
12 0992 + 2202 = 121012
1232 0992 + 22202 — 12321012
123432 0992 + 222207 = 1234321012
12345432 0992 + 2222207? = 123454321012
1234565432 0992 + 22222202 = 12345654321 012

123456765432 0992 + 222222202 = 1234567654321 012
12345678765432 0992 + 222222220% = 123456787654321 012
1234567898765432 0992 + 22222222202 — 12345678987654321 012

It is based on the pythagorean triple (99,20, 101).
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Example 4.
0197 + 1802

12 019% + 19802

12320192 + 199802
123432 019% 4 1999807
12345432 019% 4 19999807
1234565432 0197 + 199999802
123456765432 019 + 1999999802

=1812

= 121812

= 12321817

= 1234321817

= 123454321812

= 12345654321 81°

= 1234567654321 812

12345678765432 0192 + 1999999980% = 123456787654321 812
1234567898765432 0192 + 199999999802 — 12345678987654321 812

It is based on the pythagorean triple (19,180, 181). More study on the Examples [B|and [4] can be seen in

author’s [22},23].

Example 5. The following example is represented in two different forms. One with product decomposition and another

with potentiation.

(i) Product
1089 =11 x 99
110889 = 111 x 999
11108889 = 1111 x 9999

1111088889 = 11111 X 99999

111110888889 = 111111 x 999999 :=

__aa x (aaa —aa — a)

axa

__aaa x (aaaa — aaa — a)

axa

__aaaa x (aaaaa — aaaa —a)

axa

_aaaaa X (aaaaaa — aaaaa — a)

axa
aaaaaa X (aaaaaaa — aaaaaa — a)
axa '

The above decomposition can also we written as 11 x 99 = 332 111 x 999 = 3332, etc. We can rewrite the

above representation using as potentiation:

(ii)) Potentiation

1089 = 11 x 99 = 332
110889 = 111 x 999 = 3332
11108889 = 1111 x 9999 = 33332 .=
1111088889 = 11111 x 99999 = 333332 :=

111110888889 = 111111 x 999999 = 3333332 :=

(1)
aa +aa + aa a
)

i)

aaa + aaa —I—aaa>( a

a
ata

(
(
(aaaa + aaaa + aaaa) (%3%)
(
(

a

(%)
aaaaa + aaaaa + aaaaa) a

a

(45)
aaaaaa + aaaaaa + aaaaaa) a

a




Inder J. Taneja Single Letter Patterned Representations and Fibonacci Sequence Values,

https://inderjtaneja.com Zenodo, Feb. 06, 2019, pp. 1-40, https://doi.org/10.5281/zenodo.2558522

The reverse of 1089 is 9801 has following interesting pattern:

Example 6. The following example is represented in two different forms. One with product decomposition and another
with potentiation.

(i) Potentiation

ata
aaa—aa—a) a

aXxa

9801 = 992 =

ata

aaaa —aa — a a
axXa
ata

99980001 = 9999> =

ata

aaaaaa — aa — a a
axa

9999800001 = 99999 :=

(
998001 = 999>  := (
(
(

ata
aaaaaaa — aaq — a) a

999998000001 = 9999997 := (
axa

We can rewrite the above representation in a direct way without potentiation:

(ii)) Without Potentiation

(aaaa — aa —aa) X (aa —a — a)

9801 = 99° =
axa
998001 — 9992  (aaaaaa — aaa — aaa) x (aa —a —a)
B o axa
99980001 — 99992 .:(aaaaaaaa — aaaa — aaaa) X (aa —a — a)
axa
9999800001 — 999992 :— (aaaaaaaaaa — aaaaa — aaaaa) X (aa —a — a)
a a axa
999998000001 — 9999992 :— (aaaaaaaaaaaa — aaaaaa — aaaaaa) X (aa —a — a)

axa

More examples on potentiation are given in Section 2.4, See examples and

Example 7.
7623 — 11 % 9 % 77 ::aax(aaa—aa—a)x(aa—a—a—a—a)
axaxa
776223 — 111 X 9 X 777 . aaa % (aaaa —aaa —a) X (aa —a—a—a—a)
axaxa
77760993 — 1111 % 9 x 7777 . aaaa X (aaaaa — aaaa —a) X (aa—a—a—a—a)
axaxa
7777629993 — 11111 x 9 x 77777 . 04808 X (aaaaaa — aaaaa —a) X (aa—a—a—a—a)
axaxa
X - —a)x(aa—a—a—a—
777776222223 = 111111 x 9 x 777777 00900 X (aaaaaaa e X”) (aa—a—a-a—a)
axaxa
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2.2 Palindromic Patterns with Number Pattern Decompositions

Here below are examples palindromic patterns decomposed in number patterns.

Example 8.
111 =12x9+3 1:%
1111 = 123 x 9 + 4 ::Waaﬂ
11111 = 1234 X 9+ 5 ::ﬂazaa
111111 = 12345 X 9+ 6 ::aaaaaaa
1111111 = 123456 x 9 + 7 ::@
11111111 = 1234567 x 9 + 8 ::m
111111111 = 12345678 x 9 + 9 ;:M
1111111111 = 123456789 x 9 + 10 := 0208
Example 9.
aa aad—a—a—a—a
77 =76 + 1 .
a a
777 = 765 + 12 ::%Xﬂa—a—a—g_a
a a
7777 = 7654 + 123 ;:”“;“  a—a —aa —a—a
777777 = 76543 + 1234 ;:””ZW L w—a —aa —a—a

aaaaaa  aa—a—a—a—a
7777777 = 765432 + 12345 = X

a a
aaaaaaa aad—a—a—a—a
77777777 = 7654321 + 123456 := X -
777777777 = 76543210 -+ 1234567 ::aaaaaaaaa L aa—a _; —a—a
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Example 10.
88 =9x9+7 _aa—a—a—a aa
a a
aa—a—a—a aaa
888 =98 X 9+ 6 — aaa
a a
aa—a—a—a aaaa
8888 = 987 X 9+ 5 — - ‘
88888 = 9876 x 9 + 4 ::““—ﬂa—a—a aazag
888888 = 98765 x 9 + 3 =20 ”’a— a—a ﬂaaaaaa
8888888 — 987654 x 9 + 2 =20 _ ”a_ a—a ﬂﬂazaaa
ail —a—a—a adaaaaaaa
88888888 = 9876543 x 9+1  := - .
888888888 — 98765432 x 9 + 0 ::aa — aa— a—a aaaazaaaa
8888888888 — 987654321 x 9 — 1 =2 _ “a_ a—a Wﬂaﬂ;ﬂuﬂa
88888888888 = 9876543210 x 9 — 2 ;=20 ”’a_ a—a WWZWW
Example 11.
99 =98 +1 . aaa—aa—a
axa
999 — 987 + 12 ::aaaa —aaa —a

axa
9999 = 9876 + 123 =

aaaaa — aaaad — a

axa
99999 = 98765 + 1234 =

aaaaaad — aaaad — a

axa

999999 = 987654 + 12345

9999999 = 9876543 + 123456

99999999 = 98765432 4 1234567

999999999 = 987654321 + 12345678

9999999999 = 9876543210 + 123456789 :=

aaaaadad — aaaaaa — a

axa

aaaaadadad — aaaaaada — a

axa

aaaaadaaaad — aaaaaaaa — a

axa

aaaaaaaaaa — aaaaaaaaa — a

axa
aaaaaaadaaaad — aaaaaaaaan — a

axa
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Example 12.
33=12+21 :%;Xﬂ+z+a
444 = 123 + 321 ::% » w
5555 = 1234 + 4321 ::W:” y ﬂ+ﬂ—l—Z+a+a
66666 = 12345 + 54321 ::“”ZW » a+a+an;a+a+a
777777 — 123456 + 654321 .:aaaaaaa L ma—a —aa —a—a
8888888 = 1234567 + 7654321 = o000l A0 4 A0

a
aaaaaaaa aa—a—a
X

99999999 = 12345678 + 87654321 := p

Example 13.
2779 — 4 % 693 ._4aaaa —aa —aa —a
at+a+a-+a
27779 — 4 % 6943 ._4aaaaa —aa —aa —a
at+a+a+a
DTy — 4 % 69443 - 244AAaa —aa —aa —a
at+a+a+a
DT — 4 % 694443 - 10444440 —ad —ada —a
at+a+a-+a
DTy — 4 % 6944443 <— 10440000 — aa — ada —a
at+a+a-+a

In this example the previous number 272 := (aaaa — aa — aa —a)/(a + a + a + a) is also a palindrome,
but its decomposition 272 = 4 x 68 is not symmetrical to other values of the patterns.

Example 14. This example is little irreqular in terms of number patterns. But, later making proper choices, we can
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bring two different reqular patterns.

_aaa—aa—+a

101 = 101
1001 = 11 x 91 _aaaa ‘ aaa + a
10001 = 73 x 137 . aaaaa : aaaa + a
100001 = 11 x 9091 . aaaaaa ! aaaaa + a
a
1000001 = 101 % 9901 ::aaaaaaa —aaaaaa +a
10000001 = 11 x 909091 . Jaaaaaan ~ aaaasaa + a
100000001 = 17 x 5882353 .= 2000040 = anaanana + a
1000000001 = 11 x 90909091 = 22000 " aanananaa +a
10000000001 = 101 x 99009901 := 22107 " aananaaaaa + a
a
100000000001 = 11 % 9090909091 ::atwaaaaaaaaa —aaaaaaaauaaa +a

This example shows that it not necessary that every palindromic pattern can be decomposed to number
pattern. By considering only even number terms, i.e., 2nd, 4th, 6th, ..., we get a number pattern decompo-
sition. Also considering 1st, 5th, 9th, ...terms, we get another regular number pattern decomposition. See
below:

aaaa — aaa + a

1001 = 11 x 91 .
100001 = 11 % 9091 ::auaaaa —aaaaa +a
10000001 = 11 X 909091 ::aaaaaaaaa— aaaaaaa + a
1000000001 = 11 x 90909091 ::”W”“W”a_ aaaaaaaaa + a
100000000001 = 11 x 9090909091 ::”””””””W”””a_ aaaaaaaaaad + a
a
101 = 101 _aa—aita
1000001 = 101 x 9901 ::Wﬂaaga — aqaaaq + a
10000000001 = 101 x 99009901 ::aaaaaaaaaga — aaaaaaaaad + a
aaaaaaaaaaaaagq — aaaaaaaaaaaaad + a

100000000000001 = 101 x 990099009901 :=

a
Another interesting pattern for above palindromic pattern is the following example.

Example 15. This example brings repeated patterns

10
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11=1x7+3 ;:w
101 =14 x7+3 ::Wﬂ—aﬂ
1001 =142 x 7+ 7 ::llﬂﬂtl —aaaa +a
10001 = 1428 x 7 +5 ::aaaaa —aaaaa +a
100001 = 14285 X 7 + 6 ._aaaaaa —aaaaaa +a
1000001 = 142857 x 7 + 2 . aaaaaaa —aﬂ”ﬂﬂﬂﬂ +a
10000001 = 1428571 x 7 + 4 . (aaacaaa —a”“““ﬂﬂﬂ +a
100000001 = 14285714 x 7 + 3 ._Aaaaanaad —a‘mﬂfwaaa +a
1000000001 — 142857142 x 7 +7  .—2200040040 _a“””’“aaaaa +a
10000000001 = 1428571428 x 7 +5 = 000000000 —a“””ﬂﬂaaaﬂa +a
100000000001 = 14285714285 x 7 + 6 = 2000000000 _a””””“”“““““ +a
1000000000001 = 142857 142857 x 7 -+ 2 = /200000400 _a”“““““““”ﬂﬂﬂ +a

It is interesting to observe that the number 142857 make an interesting triangle in first six lines, and last
members in each line make a sequence of numbers 1, 4, 2, 8, 5 and 7. The same repeats again in 7th to 12th
line. More properties of the this number can be seen in examples 38| given in section 3.5. Another interesting
property of the above palindromic pattern is given by

101 x ab = ab ab
1001 x abc = abc abc
10001 x abcd = abced abced
100001 x abcde = abcde abcede
1000001 x abcdef = abcdef abcdef
10000001 x abcdefg = abcdefg abcdefg

where, abc = a x 10> + b x 10 + ¢, etc. For example, 101 x 23 = 2323, 1001 x 347 = 347 347, etc.

11
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Example 16.
111111111 = 12345679 x 9 x 1 :=

222222222 = 12345679 X 9 X 2 :=
333333333 = 12345679 X 9 x 3 :=
444444444 = 12345679 x 9 x 4 :=
555555555 = 12345679 X 9 X 5 :=
666666666 = 12345679 X 9 X 6 :=
777777777 = 12345679 X 9 X 7 :=
888888888 = 12345679 x 9 x 8 :=

999999999 = 12345679 X 9 X 9 :=

aaaaaaaaan

a
aaaaaaaaa

a
aaaaaaaaa

a
aaaaaaaad

at+a-+a—+a

a
aaaaaaaaa

a
a+a+a+a-+a

a
aaaaaaaaa

a
at+a+a+a+a+a

a
aaaaaaaaa

a
adt—a—a—a—a

a
aaaaaaaad

a
aad—a—a—a

a
aaaaaaaaa

X

X

a
aa —a—a

a

a

The number 12345679 appearing above can be written as a division of 1/81, i.e.

% = 0.012345679 012345679 012345679 012345679 .... = 0.012345679

More situations of similar kind with less number of repetitions are given in examples 26} ?? and ??.

Example 17. Multiplying by 3 the number 12345679, appearing in previous example, we get

The number 37037037 has very interesting properties. Multiplying it from 1 to 27 and reorganizing the values, we

get very interesting patterns:

37037037 x 03 = 111111111
37037037 x 06 = 222222222
37037037 x 09 = 333333333
37037037 x 12 = 444444444
37037037 x 15 = 555555555
37037037 x 18 = 666666666
37037037 x 21 = 777777777
37037037 x 24 = 888888888
37037037 x 27 = 999999999

12345679 x 3 = 37037037.

37037037 x 1 = 037 037 037
37037037 x 10 = 370 370 370
37037037 x 19 = 703 703 703

37037037 x 2 = 074 074 074
37037037 x 11 = 407 407 407
37037037 x 20 = 740 740 740

37037037 x 4 = 148 148 148

37037037 x 13 = 481 481 481
37037037 x 22 = 814 814 814

12

37037037 x 5 = 185 185 185
37037037 x 14 = 518 518 518
37037037 x 23 = 851 851 851

37037037 x 7 = 259 259 259
37037037 x 16 = 592 592 592
37037037 x 25 = 925925 925

37037037 x 8 = 296 296 296
37037037 x 17 = 629 629 629
37037037 x 26 = 962 962 962.
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Example 18. Dividing 37037037 by 37 we get palindromic number 1001001. Any other number with the similar kind
of pattern divided by last two digits always give the same palindromic number. See below

17017017 /17=1001001
19019019/19=1001001
23023023 /23=1001001
45045045 /45=1001001.

Let us make similar kind of multiplications as in previous example with number 17017017, we get symmetrical
values, but not as beautiful as in previous example. See below:

17017017 x 01 := 017 017 017 17017017 x 21 := 357 357 357 17017017 x 41 := 697 697 697
17017017 x 02 := 034 034 034 17017017 x 22 := 374 374 374 17017017 x 42 := 714714 714
17017017 x 03 := 051 051 051 17017017 x 23 := 391 391 391 17017017 x 43 := 731 731 731
17017017 x 04 := 068 068 068 17017017 x 24 := 408 408 408 17017017 x 44 := 748 748 748
17017017 x 05 := 085 085 085 17017017 x 25 := 425 425 425 17017017 x 45 := 765 765 765
17017017 x 06 := 102 102 102 17017017 x 26 := 442 442 442 17017017 x 46 := 782 782 782
17017017 x 07 := 119 119 119 17017017 x 27 := 459 459 459 17017017 x 47 := 799 799 799
17017017 x 08 := 136 136 136 17017017 x 28 := 476 476 476 17017017 x 48 := 816 816 816
17017017 x 09 := 153 153 153 17017017 x 29 := 493 493 493 17017017 x 49 := 833 833 833
17017017 x 10 := 170 170 170 17017017 x 30 := 510 510 510 17017017 x 50 := 850 850 850
17017017 x 11 := 187 187 187 17017017 x 31 := 527 527 527 17017017 x 51 := 867 867 867
17017017 x 12 := 204 204 204 17017017 x 32 := 544 544 544 17017017 x 52 := 884 884 884
17017017 x 13 := 221 221 221 17017017 x 33 := 561 561 561 17017017 x 53 := 901 901 901
17017017 x 14 := 238 238 238 17017017 x 34 := 578 578 578 17017017 x 54 := 918 918 918
17017017 x 15 := 255 255 255 17017017 x 35 := 595 595 595 17017017 x 55 := 935 935 935
17017017 x 16 := 272 272 272 17017017 x 36 := 612 612 612 17017017 x 56 := 952 952 952
17017017 x 17 := 289 289 289 17017017 x 37 := 629 629 629 17017017 x 57 := 969 969 969
17017017 x 18 := 306 306 306 17017017 x 38 := 646 646 646 17017017 x 58 := 986 986 986
17017017 x 19 := 323 323 323 17017017 x 39 := 663 663 663

17017017 x 20 := 340 340 340 17017017 x 40 := 680 680 680

Above multiplications are done only up to 58, but it can’t go more. For example if we consider multipli-
cation by 59, we get nonsymmetric result:

17017017 x 59 := 100 400 4003.

Example 19. The number 717 can be decomposed in two different ways, i.e., 717 = 88 x 8 + 13 and 717 = 56 x
13 — 1. The first decomposition is palindromic-type, while the second is just number pattern. Below are both

13
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decompositions:
aaa a aa a a a
717 = 88 x8+13 =56 x 13 —11 ,Lfaata aatata aa
a + a a a
7117 = 888 X 8 +13 = 556 x 13 — 111 ,faaata aatata aan
a + a a a
aaaaa a aa a a aaaa
71117 = 8888 x 8 +13 = 5556 x 13 — 1111 = t X tat —
a -|— a a a
711117 — 88888 x 8 + 13 — 55556 x 13 — 11111 .=/a+a aata+a  adaaa
a -|— a a a
aaaaaaan a aa a a aaaaaa
7111117 —888888 x 8 +13 = 555556 x 13 — 111111 := T X tat —
O a + a a a
7,
717 88 % 8+ 13 — 56 x 13 — 11 ::(aaa—aa—aa—a)x(aa—a—a—a) aa+a+a
axa a
7117 = 888 x 8+ 13 — 556 x 13 — 111 ::(aaaa—aaa—aaaa—j)ax (aa—a—a—a) n aa+aa+a
71117 — 8888 x 8+ 13 — 5556 x 13 1111 . (29004 — aaaa — ’WZ ;Z) x(aa—a—a—a)  aa +a” ta
711117 — 88888 x 8 + 13 — 55556 x 13 _ 11111 . 724080 — aaaaa — ”“‘;”i; a)x(aa—a—a—a)  aa +: ta
7111117 —888888 x 8 1 13 — 555556 x 13 _ 111111 :— (2444468 — aaaaaa — aazaj‘;_ a)x(aa—a—a—a)  aa +a” ta

In the similar way, we can have many palindromic patterns. See subsection below.

2.3 Palindromic Patterns with Palindromic Decompositions

In this subsections the palindromic patterns are decomposed in another palindromic patterns.

Example 20.

Example 21.

21=11x11 =22
axaxa
1221 =11 x 111 =2 2200
axaxa
12221 = 11 x 1111 ;=2 > 2084
axaxa
X
122221 = 11 x 11111 =22
axaxa
X
1222221 = 11 x 111111 : == 228
axaxa

X
1331 =11x11x11 =222 20%%

axaxa
X
13431 =11 x 11 x 111 =222 %00
axaxa
X
134431 = 11 x 11 x 1111 ::M aa X aaaa
axaxa
1344431 = 11 x 11 x 11111 ::W X aa X aaaaq
axaxa
13444431 — 11 x 11 x 111111 =14 X 44 X aaaaaa
axaxa
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Example 22.
9=9x11 =070 18
a
999 — 9 % 111 ._Aaaa —asa —a
a
9999 — 9 % 1111 ::aaaaa —aaaaa —a
99999 = 9 x 11111 =0 —aaaaaa —a
aaaaaaa — aaaaaa — a

999999 = 9 x 111111 :=

a

Example 23.
1001 = 13 x 77 __aa x (aaaa — aaa + a)
aa X a
10101 = 13 x 777 .24 x (aaaa — aaa + a)
aa X a
101101 — 13 x 7777 980 x (aaaa —aaa + a)
aa X a
aaaaa X (aaaa — aaa + a)
1011101 = 13 x 77777 :=
aa X a
10111101 = 13 x 777777 := 222220~ (a”a”i“a— aaa +a)

Below are even order decompositions resulting again in palindromic patterns.

Example 24.
1111 = 11 x 101 ::M y a
a a
2222 = 11 x 202 ::Waﬂa o —; a
3333 = 11 x 303 ::Waﬂﬂ v a+Z+a
4444:11><404::aﬂﬂﬂxﬂ+ﬂ+a+a
a a
5555 — 11 x 505 .= 444 (Atatarata
a a
6666 — 11 x 606 -4 atatatata+ta
a a
7777 = 11 x 707 ::aaaaa % aa —a —aa —a—a
aaaa  ad—a—a—a
8388 = 11 x 808 ;=" :
aaaa  ad —a —a

15
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Example 25.
111111 = 11 % 10101 ::aaaaaaa " g
299999 — 11 x 20202 ::aaaaaaa « a ;}— a
333333 — 11 % 30303 ::aaaaaaa LAt Z +a
444444 — 11 % 40404 ::aaaaaaa 0 +a;ra +a
555555 — 11 % 50505 ::aaaaaa L. +at+a+a+a
a a
666666 = 11 x 60606 ::””“a”““ ata +a:a tata
agaaaa _ aa—a—a—a—a
777777 = 11 X 70707 :=—— x :
aaaaaa  aa—a—a—a
888888 = 11 x 80808 := . X -
999999 — 11 x 90909 . 244aa aa—a—a
a a
Example 26.
11111111 = 11 x 1010101 ;:m » g
22222222 — 11 % 2020202 ::aaaaaaaaa 0 Jar a
33333333 = 11 % 3030303 ::aaaaaaaaa LAt Z +a
44444444 = 11 x 4040404 := 22000000 AT A+ a+a
a a
55555555 — 11 % 5050505 ::aaaaaaaaa L atat Z +a+a
66666666 = 11 x 6060606 ;:””““a““““ L Atata ;r a+a+a
TTTTTTTT — 11 % 7070707 ::aaaaaaaaa L, aa—a —aa —a—a
88888888 — 11 X 8080808 ::aaaaaaaaa L 30— aa— a—a
aaaaaaaa  aqa—a—a
99999999 = 11 x 9090909 := . X ,

Above example 26| brings palindromes on both sides of the expressions, while example ?? is written in
terms of number pattern. Here the repetition of same digit is eight times, i.e., 11111111, while in example ??
same digits repeats nine times, i.e., 111111111 . When we work with repetition of even number of digits, i.e,
2,4, 6, etc., the decomposition can be palindromic or number pattern. In case of odd numbers the situation
is different. The following two examples brings patterns working with 3,4, 5, 6 and 7 times repetitions of
same digit.Below are three odd order decompositions, resulting in prime factors.
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Example 27.
111 =37x3x1 :=22x4
axda
222 =37 x3x2 .= axata)
axa
X
333 — 37 x 3 x 3 :— 44 (a+a+a)
aXxa
444 = 37 x 3 x 4 = aaa X (a+a-+a-+a)
axa
555 _ 37 %3 x5 .. Max(atatatata)
axa
666 =37 x3x6 = axlatatatatata)
axda
aaa x (aa—a—a—a—a)
777 =37 x 3 x 7 1=
aXxa
888 — 37 x 3 X 8 — aaa X (aa —a —a—a)
axda
999 — 37 % 3 % 9 ::aaax(aa—a—a)
axa
Example 28.
11111 = 41 x 271 x 1 1= 202 214
axa
22222 — 41 x 271 x 2 . fAAaa x (a+a)
axa
33333 — 41 x 271 x 3 . 2@aaa x (a+a+a)
axa
44444 — 41 x 271 x 4 - M000ax (a+atata)
axa
55555 — 41 x 271 « 5 . Maaax (atatatata)
axa
66666 — 41 x 271 x 6 . faaax (atatatatata)
axa
T — a1 x 271 x 7 - M0Aeax (s —a—a—a—a)
axda
88888 — 41 x 271 X 8 — aaaaa X (aa —a—a—a)
axa
99999 — 41 x 271 x 9 .= 2@9a x (a2 —a—a)
axa
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Example 29.

1111111 = 239 x 4649 X 1 :

2222222 = 239 X 4649 x 2 :

3333333 = 239 x 4649 x 3 :

4444444 = 239 x 4649 x 4 :

5555555 = 239 x 4649 x 5 :

6666666 — 239 x 4649 X 6 :

7777777 = 239 X 4649 X 7 :

8888888 = 239 x 4649 x 8 :

9999999 = 239 x 4649 X 9 :

aaaaaaa X a
axa

aaaaaaa X (a+ a)

axa
aaaaaaa X (a+a+a)

axa
aaaaaaa X (a+a+a+a)
axa
aaaaaaa X (a+a+a—+a-+a)
axa
aaaaaaa X (a+a+a+a+a+a)
axa

aaaaaaa X (aa —a—a—a—a)

axa
aaaaaaa X (aa —a —a —a)

axa
aaaaaaa X (aa —a —a)

axa

See the example below for 6 digits repetition written in two different patterns.

Example 30.

111111 = 15873 x 7 x 1 = 37037 x 3 x 1
222222 = 15873 x 7 x 2 =37037 x 3 x 2
333333 = 15873 x 7 x 3 =37037 x 3 x 3
444444 = 15873 x 7 x 4 = 37037 x 3 x 4
555555 = 15873 x 7 x5 =37037 x 3 x5
666666 = 15873 x 7 x 6 = 37037 x 3 X 6
777777 = 15873 x 7 x 7 = 37037 x 3 x 7
888888 = 15873 x 7 x 8 = 37037 x 3 x 8
999999 = 15873 x 7 x 9 = 37037 x 3 x 9.

2.4 Squared Number Patterns

Examples [T} [ and [7] are with squares of 11, 33 and 99 respectively. Here we shall bring more examples

considering squared number patterns.
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Example 31.
162 = 256 = (”“*“”*W—”)a”ﬂ
a+a
1662 = 27556 = (”““ +aaa + aaa — ﬂ> u
a-+a)
16662 — 2775556 . (aaaa + aaaa + aaaa — a) o
a+a
16666% = 277755556 = (”““”” + aaaaa + aaaaa — a) =
a+a
ata
166666> = 27777555556 := (”“”W“ + aaaaaa + aaaaaa — a) a
a+a
Example 32.
192 = 361 = (““Jrﬂﬂ—aa—a—a)”ﬁ"
ata
1992 = 39601 - (‘Wl +aaa SRR a) :
ata
19997 = 3996001 - (“‘Wl + aaaa —aaau — aaa — a) ;
a+ta
aaaaa aaaaa — aaaa — aaaa — a a
19999% = 399960001 := ( + - )
ata
aaaaaa adaaaaa — aaaaa — aaaaa — a a
1999992 = 39999600001 := ( + - )

Example 33.

ata

aa+aa—i—aa+a>a
a

342 = 1156 —

a+a

aaa +aaa +aaa+a\ ¢
a

3342 = 111556 —

a-+a
aaaa + aaaa + aaaa + a) a

a

ata
aaaaa + aaaaa + aaaaa + a) a

a

333342 = 1111155556 :=

a+a
aaaaaa + aaaaaa + aaaaaa + a) a

a

3333347 = 111111555556 :=

(
(
3334% = 11115556 1= (
(
(
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Example 34.
ata

aa+aa+aa+aa—a>ﬂ
a

43% — 1849 -

4332 — 187489 - aaa—i—aua—kaaa—{—aaa—aa)uﬂﬂ

a
a+a

(aaaa + aaaa + aaaa + aaaa — aaa> T

4333% = 18774889 =

a
a+a

aaaaa + aaaaa + aaaaa + aaaaa — aaaa a
a

433332 = 1877748889 :=

4333332 — 187777488889 :— aaaaaa + aaaaaa + aaaaaa + aaaaaqa — aaaaa> ﬂ:%ﬂ

a

Example 35.
a+ta
67 = 4489 = (“““+ﬂﬂ+aa+a>
a+a

a+ta

6672 = 444889 = (‘W” +aaa + aaa + a)
a+a
a+a
6667> = 44448889 = (W‘W’ + aaaa + aaaa + a)
a+t+a
ata
66667> = 4444488889 = (““‘W’” + aaaaa + aaaaa + a)
a+a
ata
666667> = 444444888889 := (““WW + aaaaaa + aaaaaa + a)
a+a
Example 36.

ata

912 = 828 — ﬂﬂa—aa—aa+a+a)
a
ata
9912 = 98208 . [ Aaaa — aaa a— an+a+ a>

<aaaaa —aaaa —aa+a —|—a) ot

99912 = 9982008 =

a

ata
aaaaaa — aaaaa — aa + a + a) a

999912 = 999820008 := p

ata
xaaaaaaa — aaaaaa — aa +a + a) a

a

999991% = 99998200008 : = (

Example 37. When we work with equal digits, the numbers 11, 33, 66 and 99 give following beautiful patterns:
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112 = 121 662 = 4356
111% = 12321 666> = 443556
11112 = 1234321 6666> = 44435556
111112 = 123454321 66666> = 4444355556
1111112 = 12345654321 6666662 = 444443555556
332 = 1089 992 — 9801
3332 = 110889 9992 = 998001
33332 = 11108889 99992 = 99980001
333332 = 1111088889 999992 = 9999800001
3333332 = 111110888889 9999992 = 999998000001

Only in the first case the result is palindromic, others are just number patterns. They can also be brought to
palindromic by making proper divisions in each case, i.e., dividing by 3%, 6> and 9% respectively. See below
33 66> 99°
3332 666> 9992
32 6 9
33332 6666 99992

112

1112 = = 12321

1111% = = o g7~ — 1234321
2 2 2
11111% = 33§f3 = 66256 = 99329 = 123454321
2 2 2
1111117 = 33333233 = 66666266 = 99999299 = 12345654321

222 442 552 772 d 882

Above process works also for numbers Sr, g wr T and G, and still the result remains the same.

2.5 Cyclic-Type Patterns

In this subsection, we shall present situations, where the patterns are formed by repetition of digits. In each
case, the repetitions are in different forms. We can write

999999 =3 x 7 x 11 x 13 x 37.

Division by 3, 11 and 37 always bring palindromes, i.e.,

999999/3 = 333333
999999 /11= 90909
999999 /37= 9009 x 3.

The division by other two numbers, i.e., by 7 and 13 gives two different numbers, i.e.,

999999/7 = 142857
999999 /13 = 76923.
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The following three examples are based on the numbers 142857 and 76923 with repetition of digits. The
number 142857 also appeared in example 15 with interesting pattern.

Example 38. This example is based on the number 142857. Multiplying by certain numbers, we get numbers with
repetition of same digits.

142857 x 1 = 142857 :=
142857 x 3 = 428571 :=
142857 x 2 = 285714 :=
142857 x 6 = 857142 :=
142857 x 4 = 571428 :=

142857 x 5 = 714285 :=

See below

aaaaaa X (aa —a—a) a
(aa—a—a—a—a)xa a
aaaaaa X (aa —a —a) a+a+a
(aa—a—a—a—a)xa a
aaaaaa X (aa —a —a) L, ata
(aa—a—a—a—a)xa a

aaaaaa X (aa —a — a)

Xa+a+a+a+a+a

(aa—a—a—a—a)xa

aaaaaa X (aa —a —a)

a

a+a+a-+a
X

(aa—a—a—a—a)xa

aaaaaa X (aa —a — a)

a

(aa—a—a—a—a)xa

Xa+a+a+a+a

a

Multiplying by 7 and dividing by 9, above numbers, we get interesting pattern:

142857 x 7/9 = 111111
428571 x 7/9 = 333333
285714 x 7/9 = 222222
857142 X 7/9 = 666666
571428 x 7/9 = 444444
714285 x 7/9 = 555555

Also, we can write

Example 39. This example is based on the number 76923. After multiplication by different numbers, we get a numbers

; = 0.142857 142857 142857 142857 .. = 0.142857.

with repetitions of same digits.

76923 x 1 = 076923 :

76923 x 10= 769230 :

76923 X 9 = 692307 :

76923 x 12= 923076 :

76923 x 3 = 230769 :

76923 x 4 = 307692 :=

aaaaaa X (aa —a—a) a
(aa+a+a) xa a

aaaaaa X (aa —a—a) aa—a
(aa+a+a)xa a

aaaaaa X (aa —a—a) aa—a—a
(aa+a+a) xa a

aaaaaa X (aa —a—a) aa+a
(aa+a+a)xa a

aaaaaa X (aa —a — a) L atata
(aa+a+a) xa a

aaaaaa X (aa —a — a) L atatata
(aa+a+a)xa a
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Here also we have similar property as of previous example. Multiplying by 13 and dividing by 9, above
numbers, we get interesting pattern:

076923 x 13/9 = 111111
230769 x 13/9 = 333333
307692 x 13/9 = 444444
692307 x 13/9 = 999999.

Here we don’t have symmetrical values for 769230 and 923076. Also, we have

11—3 := 0.076923 076923 076923 076923 ... = 0.076923

Example 40. This example also deals with the number 76923. After multiplication by different numbers, we get a
numbers with repetitions of same digits.

aaaaaa X (aa —a —a) " a-+a
(aa+a+a)xa a
aaaaaa X (aa —a—a) aa—a—a—a—a

76923 X 2 = 153846 :=

76923 x 7 = 538461 := X
(aa+a+a)xa a
76923 % 5 — 384615 . 14448 X (aa —a —a) L Atatatata
(aa+a+a)xa a
76923 x 11— 846153 :— 20000 x (a1 —a —a)  aa
(aa+a+a)xa a
76923 x 6 — 161538 . 149494 X (aa —a —a) L atatatatata
(aa+a+a)xa a
aaaaaa X (aa—a—a) aa—a—a—a
76923 X 8 = 615384 := X
(aa+a+a)xa a

Example 41. The division 1/7 and 1/13 also works, we consider multiplications of 7 and 13. Here below are two
situations for multiplication of 13:

% = 0.038461 538461 538461 538461 538461 538461... = 0.038461 538461

and

31—9 = 0.025641 025641 025641 025641 025641 = 0.025641

In the second case we have following repetition of digits:
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_ 025641 . 1aaaaa X (a+a+a) o
(aa+a+a)xa a
aaaaaa X (a+a+a) aa—a

X
(aa+a+a)xa a

025641 x 1

025641 x 10 = 256410 :=

025641 x 22 — 564102 :— 124444 X (a+a+a) aa+aa
(aa+a+a)xa a

025641 x 25 = 641025 :—224444 X (a+a+a) L eataitatata
(aa+a+a)xa P

025641 x 16 — 410256 :— 1raaaa x (a+a+a) Lfatatatatata
(aa+a+a) xa 1

025641 x 4 — 102564 . 2000a X (a+a+a) atata+ta
(aa+a+a)><ﬂ a

The numbers 142857, 076923, 153846 and 025641 respectively appearing in examples B9, [0 and
satisfies common properties given by

14 +28 +57 =99
42 +85+4+71 =99 x 2
28 +57+14 =99
85471 +42 =99 x 2
57 +14 +28 =99
71+42+85 =99

07 +69 +23 =99
76 +92+30 =99 x 2
69 +23+07 =99
924+30+76 =99 x 2
23+07+69 =99
30+76+92=99 x2

15 +38 +46 =99
53484 +61 =99 x2
38+46+15 =99
84 +61+53 =99 x 2
46 +15+38 =99
61 +53 +84 =99 x 2.

02 +56 +41 =99
25+64+10=99
56 +41+02 =99
64 +10+25 =99
41 +02+56 =99
10 + 25+ 64 = 99.

and

142 + 857 = 999
428 + 571 = 999
285 + 714 = 999
857 + 142 = 999
571 + 428 = 999
714 + 285 =999

076 +923 = 999
769 + 230 = 999
692 + 307 = 999
923 + 076 = 999
230 + 769 = 999
307 + 692 = 999

24

153 + 846 = 999
538 + 461 = 999
384 + 615 = 999
846 + 153 = 999
461 + 538 = 999
615 + 384 = 999

025 + 641 = 666
256 + 410 = 666
564 + 102 = 666
641 + 025 = 666
410 + 256 = 666
102 4 564 = 666.
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Example 42. Multiplication of 1089 with 1,2,3,4,5,6,7,8 and 9 brings very interesting pattern. See below:

1089 x 1 — 1089 := <am e ’”’) < 2

a
aaaa — aa — aa a4+ a
1089 x 2 = 2178 ::< )x :
1089 x 3 = 3267 := (a a_aa—aa)xa+z+a
1089 x 4 = 4356 := (”a‘m—””_””) L atatata
a
1089 x 5 — 5445 = (””””_a”_””)xﬂ+a+a+a+a
a
1089 x 6 = 6534 := (”“””_a”_””)xﬂ+ﬂ+a+a+a+a
a
aaaa — aa — aa Q0 —0—a—a—a
1089 x 7 = 7623 ::( )X :
aaaa — aa — aa 0 —d—a—a
1089 x 8 — 8712 ::( )X :
1089 x 9 = 9801 := <lllla{1—aa—ag) aa—a—a
a a

In each column, the digits are in consecutive way (increasing or decreasing). In pairs, they are reverse
of each other, i.e., (1089, 9801), (2178, 8712), (3267, 7623) and (4356, 6534). Another interesting property of
these nine numbers is with magic squares, i.e., considering members of 2, 3 or 4 columns, they always forms
magic squares of order 3x3 [1].

Example 43. Another number having similar kind of properties of previous example is 9109. Multiplying it by 1, 2,
3,4,5,6,7,8and 9, we get

9109 x 1 — 09109 :— (aaaaa—aaaaaax(a—i—a)) a
aaa axa
9109 x 2 — 18218 :— <aaaaa—aaaaaax a-+a ) y a+a
axa
9109 x 3 — 27307 :— (aaaaa—aaaaaax a+a ) y a4a+a
axa
9109 x 4 — 36436 := (”“W”_”““Wx At ) (atatata
axa
9109 x 5 — 45545 :— <aaaaa—aaaaaax a+a ) xﬂ+a+a+a—|—a
axa
9109 x 6 — 54654 :— (““W—““WW a+a ) L Atatatatata
axa
aaaaa — aaaaaa X (a+a aa—a—a—a—a
9109 x 7 = 63763 ;:< >><
axa
9109 x 8§ — 72872 — (aaaaa—aaaaaax a+a ) L a—a—a—a
axa
aaaaa — aaaaaa X (a+a aa—a—a
9109 x 9 = 81981 ;:< )X —_—
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Column members are in increasing and decreasing orders of 0 to 8 or 9. Also first and last two digit of
each number are same, and are multiple of 9. Moreover, the number 9109 is a prime number. Here also, all
the new nine numbers make a magic square of order 3 x 3. Another interesting property of above pattern is

091409 182+18 273+27

100 =

00 1 2 3
_ 364+36 455+45 546454
- 4 - 5 - 6
. 637463  728+72 819+81
- 7 - 8 - 9

Example 44. This example is based on the property, 8712 = 2178 x 4 = 1089 x 2 x 4, i.e., after multiplication by 4
the number 2178 becomes its reverse, i.e., 8712. Also it is a multiple of 8 with 1089.

8712 — 2178 x 4 . \Aeaa—ea—aa)x(ata) atata+ta

axda a
87912 — 21978 x 4 ::(aaaaa—aaa—aa) X (a+a) y itatada
axda a
879912 — 219978 x 4 (040808 —aaaa —aa) X (a+a) ata+a+a
aXxXa a
8709912 — 2199978 x 4 . \A444aaa —aaaa —aa) x (a+a) atatata
aXxa a
87999912 — 21999978 x 4 :— 434440 — ”“Zaz“a— aa) x (a+a) ata Jar a+a

Example 45. If we multiply 1089 by 9, we get 9801, i.e., reverse of 1089. The same happens with next members of the
patterns.

aaad —aad —a

aaa —aa — a

9801 = 1089 X 9 = 99 x 99 = : -
98901 — 10989 x 9 — 99 x 999 .44 —aaa —a aaaa —:aa —a
989901 — 109989 X 9 — 99 x 9999 .— 44 —aaa —a  aaaaa —aaaaa —a
9899901 — 1099989 x 9 — 99 x 99999 .— 144 —aaa —a  aaaaaa —aaaaaa —a

aaa —aa — a
98999901 = 10999989 x 9 = 99 x 999999 =

aaaaaad — aaaaaa — a

a

a

Tricks for Making Pattern. [2] Let us consider numbers of 3, 4, 5 and 6 digits, for example, 183, 3568,
19757 and 876456. Changing first digit with last and vice-versa, in each case, we get, 381, 8563, 79751 and
676458 respectively. Let us consider the difference among the respective values (higher minus lesser), i.e.,

381 — 183 = 198
8563 — 3568 = 4995
79751 — 19757 = 59994
876456 — 676458 = 199998
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Changing again last digit with first and vice-versa, and adding we get the required pattern, i.e.,

198 + 891 = 1089
4995 + 5994 = 10989
59994 + 49995 = 109989
199998 + 899991 = 1099989

Proceeding further with higher digits, we get further values of the pattern. Here the condition is that, the
difference in each case should be bigger than 1, for example, 3453 — 3453 = 0 is not valid number. Second
condition is that if this differences come to 99, 999, etc, i.e., 201 — 102 = 99, 4433 — 3434 = 999, etc. In this
situation, we have to sum twice, i.e, 99 + 99 = 198 and 999 + 999 = 1998, and then 198 + 891 = 1089 and
1998 + 8991 = 10989, etc. Alternatively, we can write it as palindromic-type. See below

e Palindromic-Type Pattern

198 4 891 = 1089
1998 + 8991 = 10989
19998 + 89991 = 109989
199998 + 899991 = 1099989

For more examples of this kind refer author’s another work [13, [14] 15].

2.6 Doubly Symmetric Patterns

Below are three examples of doubly symmetric patterns, i.e., we can write, 99 x 5 = 9 x 55,99 x 7 = 9 x 77
and 99 x 8 =9 x 88, etc.

Example 46.

18—  9x2—_9xy ._Ax(@a—a—a)x(ata)
axXaxa

198 = 99 x 2 =9 x 22 ::ﬂax(ﬂﬂ—a—a)x(g_ﬂz)
axXaxa

1998 = 999 x 2 = 9 x 222 ::W”X(W—a—a)x(a+a)
axXaxa

19998 = 9999 x 2 — 9 x 2222 =242 X (aa—a—a)x(a+a)
axXaxXa

aaaaa X (aa —a—a) X (a+a)
199998 = 99999 x 2 = 9 x 22222 :=

axaxa
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Example 47.
b7 9w3_g9x3 .AXa—a—a)x(atata)
axXaxa
297 —  99x3_9x33 .tax(—a—a)x(ata+ta)
axXaxa
2997 — 999 x 3 — 9 x 333 . 44X (aa—a—a)x (a+a+a)
axaxa
20997 — 9999 x 3 — 9 x 3333 ;"X (a1 —a—a)x (ata+ta)
axaxa
299997 — 99999 x 3 — 9 x 33333 . "2Aa x (sa—a—a) x(ata+a)
axaxa
Example 48.
% 9xi_oxs _0x(atax(atata)
axaxa
396 = 99 x 4 = 9 x 44 ::uax(aa+a)x(g+a+a)
axXaxa
3996 — 999 x 4 — 9 x 444 =44 X (aa+a)x (a+a+a)
axaxa
39996 — 9999 x 4 — 9 x 4444 ;1090 x (a0t @) x (atata)
axaxa
399996 — 99999 x 4 — 9 x 44444 .= 2098 x (aa+a) x (a+a+a)
axaxa
Example 49.
45 = 9x5=9%5 ::aaa—aa—aa—ka
a—+a
495— 99 x5—9x55 ._7444—adaa—aa+a
a—+a
aaaaa — aaaa — aa + a
4995 = 999 x 5 =9 x 555 :=
a-+a
aaaaaa — aaaaa — aa + a
49995 = 9999 x 5 = 9 x 5555 :=
a—+a
aaaaaaa — aaaaaa — aa + a
499995 = 99999 x 5 = 9 X 55555 :=
a—+a
Example 50.
54 = 9%x6=9x%X6 ,:ﬂx(aaa—a—a—a)
(a4a)xa
594 = 99 % 6 =9 X 66 .:aax(‘ma—ﬂ—ﬂ—a)
(a+a)xa
5994 — 999 x 6 — 9 x 666 100X (M@ —a—a—a)
(a+a)xa
59994 — 9999 x 6 — 9 x 6666 — 20X (aaa—a—a—a)
(a+a) xa
509994 — 99999 x 6 — 9 % 66666 - 1144 % (aaa —a —a —a)
(a+a)xa
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Example 51.
63 = 9X7=9x%x7 ::(ﬂ+a+a)><(aa+aa—a)
axa
603 — 997 _gxyy . \Aatadtaa)x(ad+aa—a)
axa
6993 — 999 x 7 — 9 x 777 ::(aaa + aaa + aaa) X (aa + aa — a)
axa
69993 — 9999 x 7 — 9 x 7777 .= 2344+ aaaa+ L;aiap)l x (aa +aa —a)
699993 — 99999 x 7 — 9 x 77777 . 00448+ aaaaa + Zﬂjia) x (aa +aa —a)

Example 52.
72 = 9x8=9x8 ::(“‘1+ﬂ)x(ﬂu+a)><a
(a+a)xaxa
792 = 99 x 8 =9 x 88 ::(M"‘a)x(lla-i-a)xaa
(a+a)xaxa

(aa +a) x (aa+ a) X aaa
(a4+a)xaxa
(aa+a) X (aa+ a) X aaaa
(a+a)xaxa
(aa +a) X (aa+ a) X aaaaa
(a4+a)xaxa

7992 = 999 x 8 =9 x 888 :=

79992 = 9999 x 8 =9 x 8888 :=

799992 = 99999 x 8 = 9 x 88888 :=

Example 53. (General Way). Examples 50} [51]and 52| can be written in a general way. Let us consider a and b, such
that
a,be€{1,2,3,456,7,89}, a+b=9,a >0,

then, examples (51| and 62 can be summarized as

a9b = 9xA =9xAA
a99b = 999 x A =9 x AAA
a999b = 999 x A =9 x AAAA
a49999b = 99999 x A =9 x AAAAA
a99999h = 999999 x A =9 x AAAAAA.

where A=a+1,and AAA=Ax10°+ A x 101 + A x 10° etc.
Ifb > aas in case of example b0} writing B = b+ 1, the above pattern changes as
a9b = 9 xB =9 x BB
a99b = 999 x B =9 x BBB
a999b = 9999 x B =9 x BBBB

a29999b = 99999 x B =9 x BBBBB
a99999b = 999999 x B =9 x BBBBBB
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We can apply this general way to get the pattern appearing in example[45] Let us change a with b and b with a in
the above pattern, then sum both, we get

a9b + b9a = 1089
a99b + b99a = 10989
a999b + b999a = 109989
a9999b + b9999a = 1099989
a99999b + b99999a = 10999989

This is the same pattern appearing in example |45l Multiplying above pattern with 8 and 9, we get respec-
tively the patterns appearing in examples 44| and Multiplying by 5 we get palindromic numbers. Here
below are these three multiplications:

1089 x 5 = 5445 1089 x 8 =4 x 2178 = 8712 1089 x 9 = 9801
10989 x 5 = 54445 10989 x 8 = 4 x 21978 = 87912 10989 x 9 = 98901
109989 x 5 = 544445 109989 x 8 = 4 x 219978 = 879912 109989 x 9 = 989901
1099989 x 5 = 5444445 1099989 x 8 = 4 x 2199978 = 8799912 1099989 x 9 = 9899901

10999989 x 5 = 54444445 10999989 x 8 = 4 x 21999978 = 87999912 10999989 x 9 = 98999901.

In the first case results are palindromic patterns, while second and third brings reverse numbers. Here
below is another interesting relations with 1, 6 and 9:

1089 = (916 — 619) + (961 — 169)
10989 = (9116 — 6119) + (9661 — 1669)
109989 = (91116 — 61119) + (96661 — 16669)
1099989 = (911116 — 611119) + (966661 — 166669).

Also we can write

1089 = (996 — 699) + (991 — 199)
1089 = (966 — 669) + (911 — 119)
1089 = (916 — 619) + (961 — 169)
1089 = (1+1) x (611 — 116) + 99
1089 = (1+1) x (661 — 166) -+ 99
1089 = (1+1) x (691 — 196) + 99

1089 = (6 X 6+6x6+6x6) x (9+1)+9
1089 = (1x6x94+1x6%x9)x(94+1)+9
1089 =11 x 11 x 9.

2.7 Number Patterns with Number Pattern Decompositions
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Example 54.
11111111101 = 123456789 x 9 x 1 := (“”‘Z””““““Z” —aa+a) g
22222222202 = 123456789 X 9 X 2 := (“””“””“““Z“ —aata) a : a
33333333303 = 123456789 X 9 X 3 := (““”“””W“Z“ —aata) a+ Z +a
44444444404 = 123456789 x 9 x 4 := (WW‘Z““Z” —anta) ata ;r ata

55555555505 = 123456789 X 9 X 5 :=

66666666606 = 123456789 X 9 X 6 :=

77777777707 = 123456789 X 9 X 7 :=

88888888808 = 123456789 X 9 x 8 :=

(aaaaaaaaaaa — aa + a)

a
(aaaaaaaaaaa — aa + a)

% at+a+a+a-+a

a

a
(aaaaaaaaaaa — aa + a)

% at+a+a+a+a+a

a
ad—a—a—a—a

a
(aaaaaaaaaaa — aa + a)

a
aad—a—a—a

a a
(aaaaaaaaaaa —aa+a) aa—a—a
99999999909 = 123456789 X 9 X 9 := p p

This example is an extension of example ??. Instead considering 12345679, we have considered all the

digits, i.e., 123456789. We get number pattern on both sides, while in example ??, we have palindromic
pattern on one side of the expression.

Example 55.

._ﬂﬂ —a—a

o a
.7uua7uafafa

o a
._daaa —aaqa —aa—a—a

9=1x8+1

98 =12 x8+2

987 =123 x 8 +3

a

9876 — 1234 x 8 + 4 .:aaaaa—aaaa—aaa—aa—a—a

a
aaaaaaq — aaaaa — aaaa —aaa —aa —a —a
’ a
_aaaaaaa — aaaaaa — aaaaa — aaaq — aaa — aa — a — a

a
aaaaaaaad — aaaaaaa — aaaaaa — aaaaa — aaaa —aada —aa —a — a

a

aaaaaaaaq — aaaaaaaq — aaaaaad — aaaaaq — aaaaq — aaaq — aaa — aqd — 4 — a
98765432 = 12345678 x 8 +8 := p

aaaaaaaaaa — aaaaaaaaa — aaaaaaaa — aaaaaaa — aaaaaa — aaaaa — aaaa —aaa —aa —a —a
a

98765 = 12345 x 8 + 5

987654 = 123456 x 8 + 6

9876543 = 1234567 < 8 +7

987654321 = 123456789 X 8 +9 :=
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Example 56.
9 = 9x1=11-2 ::@
108 = 9x12=111-3 ;:”””_aa—”—“
1107 = 9x 123 = 1111 — 4 ;:””“”_“—a“—“—”
11106 = 9 x 1234 = 11111 — 5 ;J““““‘“—;‘—”—”—ﬂ
111105 = 9 % 12345 = 111111 — 6 ::aaaﬂﬂﬂ —a— aa— d—a—a—a
1111104 = 9 x 123456 = 1111111 — 9 . faaaaaa — aa : at+a+a-+a
11111103 = 9 x 1234567 = 11111111 — § =200~ ”a” tatata
111111102 = 9 x 12345678 = 111111111 — 9 =000 . 4a 4 a4 a
aaaaaaaaaa — aa a
1111111101 = 9 x 123456789 = 1111111111 — 10 := ; +
Example 57.
9= 9x1=1x10—1 _ax(a—a) a
axa a
189 = 9x21=2x100—11 (a+a)x(aaa—aa) aa
axa a
2889 = 9 x 321 = 3 x 1000 — 111 _(at+a+a)x(aaaa —aaa) aaa
axa a
38889 = 9 x 4321 = 4 x 10000 — 1111 latata+t ”31 i L(Z””““” —aana) ““a””
488889 = 9 % 54321 = 5 x 100000 — 11111 — (a+a+a+a+ t;)xxa(aaaaaa — aaaaa) aazaa
5888889 = 9 x 654321 = 6 x 1000000 — 111111 latatatata +u”2<>; (aaaaaaa — aaaaaa) uaauaaa
68888889 = 9 x 7654321 = 7 x 10000000 — 1111111 = (a2 —a—a—a— “)axx(;‘”““““”“ — aaaaaaa) Mﬂzﬂﬂﬂ
788888889 — 9 x 87654321 — § x 100000000 — 11111111 = 24— 24— ) X i”:“;“““””’ — aaaaaaca) ”Wuﬂﬂﬂﬂ
8888888889 — 9 x 987654321 — 9 x 1000000000 — 111111111 = 22— 2 =) % (““5”5‘;”””” — aaaaaaaaa) “W”ZWW
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Example 58.
J— —_ J— X J—
81 = 9x9=80+1 —aza-a-a)x (=g 4
axa a
J— JE— J— X JE—
882 = 9 x 98 = 880 + 2 _lea—a—a—a)x(amm—a) ata
axa a
J— — J— X _—
8883 = 9 x 987 = 8880 + 3 (an—a—a—a)x(ama—a) atata
axa a
J— — J— X J—
88884 = 9 x 9876 = 88880 + 4 {an—a—a—a)x(aaaa—a) atatata
axa a
J— — J— X J—
888885 — O x 08765 — 888880+ 5 - (0 =4=0=a) x (e —a) afatatata
axa a
J— — J— X J—
8888886 — 9 x 987654 — 8888880 4 6 1= 11" Z)X a(“““““““ 1)  atata : atata
B B _ (aa—a—a—a) x (aqaaaaaa —a) aa—a—a—a—a
88888887 = 9 x 9876543 — 88888880+ 7 := PR + P
B B ~ (aa —a—a—a) x (aaaaaaaaa —a) aa—a—a—a
888888888 = 9 x 98765432 — 888888880+ 8 := % a + P
B B _ (aa—a—a—a) x (aaaaaaaaaa —a) aa—a—a
8888888889 = 9 x 987654321 — 8888888880 + 9 := PRV + P
Example 59.
— — x — —
61— 959 — 9110 ::(aa a—a)x (aa a)+a aa+a)
axa a
J— J— J— X J— J—
801 — 9% 89 — 811 — 10 ::(aa a—a—a)x (aaa aa)+aa an+a
axa a
J— J— J— J— >< J— J—
7101 — 9 % 789 — 7111 — 10 ::(aa a—a—a—a) X (aaaa aaa)+aaa aa+a
axa a
>< J— J—
61101 — 9 % 6789 — 61111 — 10 ::(a—l—a—l—a+u—|—a—i—a) (aaaaa aaaa)_l_aaaa an+a
axa a
X — —
511101 — 9 % 56789 — 511111 — 10 ::(a—l—a—l—a+u—|—a) (aaaaaa aaaaa)+aaaaa aa+a
axa a
X J— J—
4111101 = 9 x 456789 — 4111111 — 10 =2 2Fa+0) ; i’lza’m” aaaaaa) | aaaaaa — e
x — —
31111101 = 9 x 3456789 — 31111111 — 10 . “ 4+ @) x (aaaaaaaa — aaaaaaa) | aaaaaaa — aa+a
axa a
X J— J—
211111101 = 9 x 23456789 — 211111111 — 10 ="+ (”””Z”z”;” aa00aaaa) e ta
X R J—
1111111101 = 9 x 123456789 = 1111111111 — 10 :=> (“““““““Z“ja aa00aaaaa) | = e

Example 60.
91:102_101+1 - ﬂﬂﬂ—aa—aaa+a+a
9901 = 10% — 102 + 1 .= 22844 — aaaa a— aaa + aa + a
aaaaaaaq — aaaaaa — aaaa aaa a
999001 = 10° — 10 +1: = p + aaa +
aaaaaaaaa — aaaaaaaa — aaaaa + aaaa + a

99990001 = 10% — 10* + 1 :=

a

9999900001 = 10%° — 105 +- 1 := aaaaaaaaaaa — aaaaaaaaad — aaaaaa + aaaaa + a

a
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2.8 Semi-Prime Patterns

Below are some examples of prime
example be a prime number.

Example 61.
31:
331:
3331:
33331 :
333331 :
3333331 :

33333331 :

number patterns. It is not necessary that the further number each

aada+aa—+aa—a—a

a
o aaa +aaa +aaa —a —a
a
__aaaa +aaaa +aaaa —a —a
a
_aaaaa + aaaaa + aaaad —a — a
a
_aaaaaa + aaaaaa + aaaaaa — a — a
a
aaaaaaa + aaaaaaa + aaaaaaad — a — a
o a
__aaaaaaaa + aaaaaaaa + aaaaaaaq —a —a
a

The next number in this case is not a prime number, i.e., we can write 333333331 = 17 x 19607843.

Example 62.
aaXaa—axa a
59 := - =
(a4a)xa a
aga X aa—axa aa
599 := -
(a4a)xa a
X aa —a x
5999 . 1080 % a1 —axa aaa
(a+a)xa a
59999 . 14480 X a0 —a X a _ aaaa
(a+a)xa a
aaaaaa X aa —a X a - aaaaa
599999 = —
(a4a)xa a
aaaaaaa X aa —a X a4 aaaaaa
5999999 = —
(a+a)xa a

In this example not all the numbers are primes, for example, 5999 = 7 x 857, 5999999 = 1013 x 5923, etc.

34



Inder J. Taneja Single Letter Patterned Representations and Fibonacci Sequence Values,

https://inderjtaneja.com Zenodo, Feb. 06, 2019, pp. 1-40, https://doi.org/10.5281/zenodo.2558522
Example 63.
23, fataata
a
033 . 400 1 aaa + aa
a
2333 :— aaaa + a;ma + aaa
23333 :— aaaaa + aaaaa + aaaa
a
233333 :— aaaaaa + aaaaaa + aaaaa
a
2333333 :— aaaaaaa + aaaaaaa + aaaaaa
a

Here also the next number is not prime, i.e., 233333 = 353 x 661. After this, the next prime number is
23333333333.

Example 64.
19 :— aad+aa—a—a—a
a
aaa + aaa —aa — aa — a
199 .= * p
aaaa + aaaa — aaa — aaa — a
1999 = + p

aaaaaa + aaaaaa — aaaaa — aaaaa — a

199999 = + p
aaaaaaaa + aaaaaaaa — aaaaaaa — aaaaaaaq — a

19999999 = +

a

In this example the numbers 19999 = 7 x 2857 and 1999999 = 17 x 71 x 1657 are not prime numbers.
The next number is also not prime, i.e., 199999999 = 89 x 1447 x 1553.

2.9 Fibonacci Sequences and Extensions

This subsection deals with the patterns related to Fibonacci sequences [3},5} 6] and its extensions or variations
to Lucas sequences, Tribonacci sequence, Tetranacci sequence, etc.

Example 65. (Fibonacci sequence The recurring formula for Fibonacci sequence is given by

FO:1/ F1:1/ Fn—|—1:PTl+Fi’l—1/ ”21
Its values are as follows:

1,1,2,3,5,8,13,21,34,55,89,144,233,377,610,987,1597,2584, 4181, 6765, 10946, 17711, 28657,
46368,75025,121393,196418,317811,514229, 832040, ...
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The above values can be obtained by subsequent divisions given below:

8179 =0.0112359550561...

1 = 0.0001 01 02 03 05 08 13 21 34 55 9046368...

9899
998999 — 0.000001 001 002 003 005 008 013 021 034 055 089 144 233 377 610 9885995...
m = 1.0001 0002 0003 0005 0008 0013 0021 0034 0055 0089 0144 0233 0377 0610 0987 1597 2584
4181 6766094777 x 1075...
9999;% = 1.00001 00002 00003 00005 00008 00013 00021 00034 00055 00089 00144 00233 00377 00610
00987 01597 02584 04181 06765 10946 17711 28657 46368 750262139 x 1010
1
999993999999 — 1.000001 000002 000003 000005 000008 000013 000021 000034 000055 000089 000144 000233

000377 000610 000987 001597 002584 004181 006765 010946 017711 028657 046368 075025
121393 196418 317811 514229 83204134 x 10 12...

Here we observe that as 9 increases on both sides of the division 1/89, the resulting decimal fractions approximates
more near to Fibonacci sequence values. Denominator values lead us to following pattern:

. aaa —aa —aa

a
. aaaaa —aaaa — aaa +aa—a

a
aaaaaaa — aaaaaa — aaaa + aaa — a

89 = 102 — 11

9899 = 10* — 101

998999 = 10° — 1001

a

8 aaaaaaaad — aaaaaaad — aaaaa + aaaa — a
99989999 = 10° — 10001 :=

a
aaaaaaaaaaqd — aaaaaaaaaaq — aaaaaad + aaaaa — a

a

9999899999 = 10'° — 100001 : =

We can also write in terms of geometric series:

1 1 11 112

89— 102 108 T 108 T
1 1+101+101Z+
9899 ~ 104  10% 1012 7
1 1 1001 10012

= —
998999 ~ 106 = 1012 = 1018
1 1 1001 10012

99989999 — 108 T 1016 T 102

Example 66. As an extension or variation of Fibonacci sequence is Lucas sequence. It is given by the following
recurring formula:

LO - 2/ Ll - 1/ Ll’l - Ln—l + FTZ—Z/ nz 2

36



Inder ]. Taneja Single Letter Patterned Representations and Fibonacci Sequence Values,
https://inderjtaneja.com Zenodo, Feb. 06, 2019, pp. 1-40, https://doi.org/10.5281/zenodo.2558522

Its values are as follows

2,1,3,4,7,11,18,29,47,76,123,199, 322,521,843, 1364, 2207,3571,5778,9349, 15127, 24476,
39603, 64079,103682,167761,271443,439204, 710647,1149851, ....

The above values are obtained by subsequent divisions formed by following pattern:

19 =0.21 34 83146067...
89
199
9899 — 0.02 01 03 04 07 11 18 29 47 77250227 ...
952339 = 0.002 001 003 004 007 011 018 029 047 076 123 199 322 521 844210576...
% = 0.0002 0001 0003 0004 000 70011 0018 0029 0047 0076 0123 0199 0322 0521 0843 1364 2207
3571 5778 9350512944...
199999
9999899999 — 0.00002 00001 00003 00004 00007 00011 00018 00029 00047 00076 00123 00199 00322 00521
00843 01364 02207 03571 05778 09349 15127 24476 39603 640800368...
1999999
999998999999 — 0.000002 000001 000003 000004 000007 000011 000018 000029 000047 000076 000123 000199

000322 000521 000843 001364 002207 003571 005778 009349 015127 024476 039603 064079
103682 167761 271443 439204 71064814985...

We observe that above expressions are formed by two patterns, i.e., one in numerator and another in denominator.
Single letter representations are given by

19 aataa—a—a—a

89 ° aaa — aa — aa
199 _ aaa+aaa—aa—aa—a
9899 ° aaaaa — aaaa — aaa + aa — a
1999 aaaa + aaaa — aaa — aaa — a
998999 ' gaaaaaa — aaaaaa — aaaa + aaa — a
19999 N aaaaa + aaaaa — aaaa — aaaa — a
99989999 °  gaaaaaaaa — aaaaaaaa — aaaaa + aaaa — a
199999 ) aaaaaa + aaaaaa — aaaaa — aaaaa — a

9999899999 ' gaaaaaaaaaa — aaaaaaaaad — aaaaaa + aaaaa — a

Example 67. (Tribonacci Sequence) The Tribonacci sequence is a generalization of the Fibonacci sequence defined
by the recurrence formula:

=1 Th=1 T3=2, T,=T,1+Ty2+Ty—3 n=>4

Its values are given by

1,1,2,4,7,13,24,44,81,149, 274,504, 927,1705, 3136, 5768, 10609, 19513, 35890, 66012, 121415, 223317,
410744,755476,1389537,2555757,4700770, 8646064, ...
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The above sequence values are obtained in little different form of example See below the respective division
pattern:

L 0.0011248593925....
889
= 0.000001 01 02 04 07 13 24 44 82517913...
989899
1
—__—____ —1.001 002 004 007 013 024 044 081 149 274 504 92870814 x 10°...
998998999 001 002 004 007 013 024 044 081 149 274 504 92870814 x 10
1
— = 1.0001 0002 0004 0007 0013 0024 0044 0081 0149 0274 0504 0927 1705 3136 5769061 10712....
599899989999 0001 0002 0004 0007 0013 0024 0044 0081 0149 0274 0504 09 05 3136 576906109 x 10
1
= 1.00001 2 4 7 0001 24 00044 1 00149 00274 4 00927 017
599989999899995 00001 00002 00004 00007 00013 00024 00044 00081 00149 00274 00504 00927 01705

03136 05768 10609 19513 35890 6601321417 x 10 x —15...
Single digit representation of denominator in division pattern is as follows:

aaaa — aaa — aaa

a
aaaaaaa — aaaaaa — aaaaa + aaaa — aaa + aa — a

a
__aaaaaaaaaa — aaaaaaqaaa — aaaaaaa + aaaaaa — aaaa + aaa — a

a
aaaaaaaaaaaaq — aaaaaaaaaaan — aaaaaaaaa + aaaaaaaa — aaaaa + aaaa — a

a

Example 68. (Tetranacci Sequence) The Tetranacci sequence is a generalization of the Fibonacci sequence defined
by the recurrence formula:

TIp=0, Th=1 T,=1 T1T3=2, Th,=Ty 1+ Ty2+Ty 3+T—4, n=>4

889 = 10° — 111

989899 = 10° — 10101

998998999 = 10° — 1001001

999899989999 = 10'2 — 100010001 :=

Its values are given by
0,1,1,2,4,8,15,29,56, 108,208,401, 773,1490, 2872, 5536, 10671, 20569, 39648, 76424, ...

The above sequence values are obtained in little different form of example See below the respective division
pattern.:

L 0.0001 12 498593767....

8889
1
———— =1.01 02 04 08 15 29 571012
98989899 01 02 04 08 15 29 5710120888
1
—————— = 1.001 002 004 008 015 029 056 108 208 401 7744928775...
998998998999
1
= 1.0001 0002 0004 0008 0015 0029 0056 0108 0208 0401 0773 1490 2872 55370673....
9998999899989999
We can write
4 1111 aa —a (=) aaaa
8889 = 10 — —— = —
1 a
_ ua a—a— a)
98989899 — 105 — 11111111 _ (ma—a _aaaaaaaq
11 aa
111111111111 9
998998998999 — 1012 _ :<aa a> _ A4aaaaaaaaaq
111 aaa
ua+a+a+a+a+a
1111111111111111 a )
9998999899989999 — 106 — (=4 _(14a4aaaaaaaaaaaq
1111 aaaa
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Examples [65 and 66| have the same denominator. The difference is in numerator values; one is 1 and
another is pattern 19, 199,.. Thus we have three different denominators in above four examples
and |68, Here below are these three different patterns:

e Fibonacci sequence

89 =10% — 11
9899 = 10* — 101
998999 = 10° — 1001
99989999 = 10° — 10001

e Tribonacci sequence

889 = 10° — 111
989899 = 10° — 10101
998998999 = 10° — 1001001
999899989999 = 10'? — 100010001

e Tetranacci sequence

8889 = 10* — 1111
98989899 = 10° — 1010101
998998998999 = 10'% — 1001001001
9998999899989999 = 10'® — 1000100010001
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