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Abstract

This paper presents a novel Chairux Algorithm for the divisibility test.
The test is based on an arbitrary integer via the concepts of Bezout’s
identity and the Euclidean algorithm. Examples demonstrating the effec-
tiveness of the proposed algorithm indicate its simplicity, efficiency, and
flexibility compared to the existing state-of-the-art algorithms.

1 Introduction

The problem of testing the divisibility of one integer by another has been of
interest to mathematicians for centuries [3],Tiebekabe, Pagdame and Diouf,
Ismaila journal paper [6],Bennett, Albert B and Nelson, L Ted [2],Mahmood,
M Khalid [5],Cherniavsky, Yonah and Mouftakhov, Artour [4],Barkema, JR [1].
Traditional methods, such as long division, require complex calculations and
repeated subtractions, which can be time-consuming and r-prone. In this
paper, I present a new method for testing divisibility, calle airux Algorithm.
The algorithm is based on the well-known concepts of Bezout’s identity and the
Euclidean algorithm, and provides a simple and efficient approach to testing
divisibility.

2 Background

Before presenting Chairux Algorithm, I review the two fundamental concepts
on which it is based: Bezout’s identity and the Euclidean algorithm.

2.1 Bezout’s Identity

Bezout’s identity is a fundamental theorem in number theory that states that
for any two integers a and b, there exist integers x and y such that ax + by =
ged(a, b), where ged(a, b) is the greatest common divisor of a and b. This identity
is useful in many areas of mathematics, including cryptography and algebraic
geometry.

2.2 Euclidean Algorithm

The Euclidean algorithm is a classic algorithm for finding the greatest common
divisor of two integers. The algorithm starts by dividing the larger number
by the smaller number and taking the remainder. The smaller number is then
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replaced with the remainder, and the process is repeated until the remainder is
zero. The last non-zero remainder is the greatest common divisor of the original
two numbers.

3 Chairux Algorithm

Defination: Let N be a divisor and given by N = 10x 4+ y.Then 3 a pair of
integers (o) st ax + By = N,V o, 8 € Z and |a| < 10. The integers (a, )
are known as Chairux coefficient for (z,y).

Theorem 3.1. Let N =10z +y € N.
ifa=10—y and B =x + 1, then

ar+ py=N
Proof. ax + By=(10 —y)z + (x + 1)y

=10z —yr+yxr+vy

=10z +y O
A function fy is known as chairux identity function if:

fn(a,B)=N.

chairux identity table

Recall N = 10z + y = ax + By
10z —ax =Py —y

£(10 - a) = y(B - 1)

Y =y
Cy=10—aandx=p-1
proof 1

N=10x+y
N=108-1)+10 -«
N=108-10+10 — «

SN =108 — «
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proof 2
N =az+ 8y

N =a(f —1)+6(10 - a)
N=aB-a+108- fa

S N=108 -«
Table 1. chajrux identity table

(

Q
=

YT 1123456 7][8]9

10

09 1929|3949 |59 |69 |79 89

99

08 | 18 | 28 | 38 | 48 | 58 | 68 | 78 | 88

98

07 | 17 | 27 | 37 | 47 | 57 | 67 | 77 | 87

97

06 | 16 | 26 | 36 | 46 | 56 | 66 | 76 | 86

96

05| 15|25 |35 |45 |55 |65 | 75| 8

95

04 |14 |24 |34 |44 | 54 | 64| 74| 84

94

03 13|23 |33 |43 |53 |63 |73 83

93

02 |12 | 22 | 32 |42 | 52 | 62 | 72 | 82

92

Ol ool | | G x| WD ]

01 ] 11|21 |31 |41 |51 |61 |71 ]|81

91

—_
o

00 | 10 { 20 | 30 | 40 | 50 | 60 | 70 | 80

90

3.1 chairux minimal iteration

Defination:Let N be a divisor and given by N = 10z + y, then chairux min-
imal iteration coefficient for N happen when then number of steps of testing

divisibility is minimal.
Chairux minimum iteration is given by:

_J [(10=y), (1 + )] ty>5
(a,,B)—{ [(y?> — 6y +10), (6x —axy +1)] :y <5

Proof. recall
Na=10—kyand f=1+kzxfory>5 k=1
s (@, 8) =10 —y), A + )] for y = 5
2)fory <5 k=(6—-y)
i a=10—(6—y)yand =1+ (6 —y)z
o =10 — 6y + y*
a=y*—6y+10---x

ii f=1+(6-y)
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B=1+6z—zy
B=6x—zxy+1

o (o, 8) = [(y? — 6y + 10), (62 — 2y + 1))

Example

find chairux minimum coefficient of the following number.

a) 14 c) 17

b) 23 d) 54
Solution

a) 14
Recall N =10z + y
14=10x1+4
y=4<5
since y < 5
a=1y?—6y+10=42-6x4+10=2
f=6x—2y+1=6x1—-1x4+1=3
c(a, B) =(2,3)
Proof N=ar+fy=2x1+3x4=14
b) 23
N=10x+y
23=10x2+3
y=3<5
since y < 5
a=y?—6y+10=32-6x3+10=1

b=6r—xy+1=6x2-2x34+1=7

Page 4
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(on ) = (17)
Proof N=az+pfy=1x2+7x3=23
c) 17

N=10x+y

17=10x1+4+7

y=7>5

since y > b5

a=10-y=10—-7=3
f=x+1=14+1=2

s, B) =(3,2)

Proof N=oazx+Pfy=3x14+2x7=17

3.2 Properties of Chairux Identity
1) fn(aa, Ba) £ fn(aw, Bo) = fnl(aa £ ap), (Ba £ Bp)]-

2) ka(Oé, B) = fN(k'Ot, kﬂ)
3) fn(a, =B) = —fn(~a, B) = | fn(—a, B)|.

Proof. suppose A = (e, fa) and B = (o, 5p) st A, B€e N
then
In(@a, Ba) + fn(on, By) = AN VX € Z.
Recall fy(a,8) = ax + By =N
fn(aa, Ba) = aqw + By = N -+ %
In(aw, By) = cwx + By = N -+ % %
by adding eqn * and ** we have:

fN(aaa 6@) + fN(ab, Bb):(aa'x + ﬁay)"‘(abx + ﬁby)
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In(aa; Ba) + fn(ow, By)=(az + apr)+(Bay + Bry)

In(aa; Ba) + f(ow, By)=(ca + ap)z+(Ba + Bo)y - - -+ #x
recall fy(a,B) = ar+ By

let (g + ap) =, and (Ba + Bo) = B

then eqn *** become:

fn(a, Ba) + f(ow, By)=ama +Bmy

m® +Bmy= fn(am, Bm)

fN(ama /Bm):amx +Bmy=N

Different chairux coefficient may have the same divisor.

Principle of convergence depend on «, that is as @ — 0 chairux coeffient
converge faster to N.

1) alpha

ag = 2%y — (20 — 1)10 = 2%y — 10 x 20 + 10
a; =2'ag — (21 — 1)10 = 2'ap — 10 x 2! + 10
az = 2%ap — (22 —1)10 = 2209 — 10 x 22 + 10
az = 23ap — (2% —1)10 = 2309 — 10 x 23 + 10
an = 2"y — (2" — 1)10 = 2"y — 10 x 2" + 10
S = 2™ (g — 10) + 10

2) beta
Bo=28p — (20 —1) = 298, — 20 + 1
Br=2— (21 —1) =218, -2t +1

Ba =220y — (22— 1) = 228, — 22 + 1

Bs=2[y— (22 —1) = 2°5, —2° +1
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Bn=2"F— (2" —1) = 2"fp — 2" + 1
S B = 2”(5() — 1) +1

In general (a,,8,)=[(2" (o — 10) + 10),(2"(Bo — 1) +1)] Vn € Z

Table 2. Chairux coefficient with same identity

(@0, Bo) || (@1,51)
(6,2) (2,3)
(6,3) (275)
(6,4) (2,7)
(6,5) (2,9)
(7,2) (4,3)
(7,3) (4,5)
(7,4) (4,7)
(7,5) (4,9)
(8,2) (2,5)
(8,3) (2,9)
(8,4) (2,13)
(8,5) (2,17)
(9,2) (2,9)
(9,3) (2,17)
(9,4) (2,25)

defination Let ag be the tested value for chairux coefficient («, ). Then a
function f, is known as chairux iteration function of N, if f, (o, 8)= fa,, (a, fB)
Vn # m.

defination 2: let fo, (e, B), fa, (@, 8), fas (@ B); - - - fa, (@, B), fapir (0 B) - - fanpi (e, B), fay (e, B) - ..

Since f,, (o, B) = fa, .. (o, B) then k is known as Chairux iteration period for

(v, B)
illustration

Let ag = 1029 + yo
then fo,(a, 8) = azo + Byo = a1
a; = 10x; + y;
e (e, B) = amp + By = a1 Yi=0,1,2. ..

Chairux iteration equation

Page 7
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Let ap = 1020 + yo

a1 = axo + PByo

ax; + By = a1

ar = (L)) 4 Byy — (Slanteltl00m)
az = a({UGh)) 4 By, — (Slumutioin)

az = a((a'zl—oyz)) + Bys = (a(az—yi%-‘rloﬁ?n)

n=Yn n—=Yn)+108yn
LG4 :O‘((a 10y )) + Byn = (a(a ylf))Jr By )

Example

find chairux iteration of 4270893 for (1,7):

solution

Fazr0803(1,7) = 427089 x 1 + 7 x 3 = 427110
fazr110(1,7) = 42711 x 147 x 0 = 42711
faor11(1,7) = 4271 x 1+ 7 x 1 = 4278
faors(1,7) =427 x 1+ 7 x 8 = 483
fagz(1,7) =48 x 1+ 7 x 3 =69
foo(1,7) =6 x1+7x9=69

Defination: The is inverse of a given number for chairux coefficient («a, §) and

given by:
n—1
[fro(a, B)] "1 = Z 10%y, is known as inversion equation of order one.
k=0
illustration

a = a((aol—oyo)) + Byy = (a(ao—y%-*-loﬁyo)

SLap = %[aao + yo(108 — )]

a(ag—yp)+108yg
a _ +108 o(—0—20T -0 +108
ag — (4(a14yi2) 0 yl) — ( ( 10 o ) yl) yl)
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ay = fyla(20=2FERR) —agy +108y:]

as 5 [oz ocao—ayo+105241%;10ay1+1005y1}

cay = fmlaag+ (108 - a)(yo + 10y1)]
c.a3 = %[aao + (108 — a)(yo + 10y + 100y2)]

S = %[aao + (108 — @) (yo + 10y1 + 100yz 4 - - - + 10"y, _1)]

in general chairux inversionl equation is given by:

n—1
an = Sp-laag + (108 — a) Y 107y
k=0
let(108 — «) be ~ then:
s n—1
an = %5 [aag + 7Y 10%y,]
k=0

n—1 10" X ap,

, - — aa
. Z 10k Y = e

k=0

Example

find chairux inversion of f4270s93(1, 7).

Solution

Chairux inversion is given by:

10" Xay,

nol — QaQ,
—1 0

E 1Okyk =

k=0

v
v=108 -«
y=10x7-1=69
FINL<SAVE=123,...
suppose k=1

N=69
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5
[fa270803(1,7)] 7! = % = 38,103

[fa270803(1,7)] 7! = w””g% = 938,103
[faz70893(1,7)] 71 = m%w =9,938,103

[fa270803(1,7)] 71 = 1010%96% = 9,999, 938,103

in general
[fa270893(1,7)] 7 = mtxe'gﬁ—w =9; 538,103
.. chairux inversion=38, 103

The graph of y,, against n is known Chairux inversion graph.

Fig 1. chairux inversion graph of fi270893(1,7)

10 T T T T 17T T T T T T T T T

I 4270893
—k— ais

1

| I N A

1 B
214 16 18 20 22 24 26 28 30

Yn
O = N W R T N 0 ©

o
(NN
g -
[ )=
o |-
—_
o
—_

n

3.3 Chairux period length ()\;)

Let f,,(, 8) = a;+1 be an iteration function for i=0,1,2,3,...n,...m,...if

fan (aa ﬁ):fam (Ol7 ﬁ) then:
|m — n| is known as the period length of («, 3) and denoted as:

Ai=|m — n|
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Table 3. Chairux period length ()\;) table
@A T T [2[3[4[5]6[7[8]9]10

1 01 | 18 | 28 | 06 | 42 | 58 | 22 | 13 | 44 | 02
01 106|06 |09 |04 |14 |16 |04 | 05| 42
01 08|01 |18 |46 |09 |66 | 10 | 14 | 96
010103 |03]22|02|10|06| 13|01
0104|120 |06 |06|10 |14 |20 | 08| 18
01 103][02|04]05|01|04]12]| 03] 44
01 |10 | 11 | 05 | 42|26 | 03 | 03 | 41 | 15
01 102|05|01]06|12|11|02]|04] 22
01106 |06|05]20]|01|60|35]|01]|06

O 00| | O U = W N

Theorem 3.2. let [m — n| be chairuz period length and ag be the tested value
of N. Then aq is divisible by N if and only if the period length is one.

i.e Aj=|m —n|=1
Not divisible by N if:

|m —n| >1
Example

1) Find wheather the following are divisible by 37.
a) 2181964 c) 5881964
b) 236754321 d) 95421
2) Find wheather the following are divisible by 23.
a) 42348903 c) 7234597
b) 28395041 d) 181574903
3) Find wheather the following are divisible by 84.
a) 81964  c) 4786740

b) 626547684 d) 2157894

Solution

Page 11
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37T=10x3+7

y=7>5H

since y > 5

a=10—-y=10—-7=3
B=x+1=3+1=4

S, B)=(3.4)

f2181064(3,4) = 3 x 218196 + 4 x 4 = 654604
fo54604(3,4) = 3 x 65460 + 4 x 4 = 196396
f196306(3,4) = 3 x 19639 + 4 x 6 = 58941
f58941(3,4) =3 x 5894 + 4 x 1 = 17686
f176s6(3,4) =3 x 1768 + 4 x 6 = 5328
f5328(3,4) =3 x 532 +4 x 8 =1628
f1628(3,4) =3 x 162+ 4 x 8 =518
f518(3,4) =3 x 51 +4x8=185
f185(3,4) =3 x18+4x5="74
fr4(3,4) =3 x7+4x4=37
f37(3,4) =3 Xx3+4x7=37

since  fr4(3,4)=/37(3,4)=37

1l.c)
N =10z +y
37T=10x3+7

y=7>5

Page 12
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since y > 5

a=10—-y=10-7=3
B=x+1=3+1=4

o (a,8) = (3.4)

f5881964(3,4) = 3 X 588196 + 4 x 4 = 1764604
fr764604(3,4) = 3 x 176460 + 4 x 4 = 529396
f520396(3,4) = 3 x 52939 + 4 x 6 = 158841
f158841(3,4) = 3 x 15884 + 4 x 1 = 47656
fares6(3,4) =3 x 4765 +4 x 6 = 14319
f1a319(3,4) = 3 x 1431 + 4 x 9 = 4329
fa320(3,4) =3 x 432 +4 x 9 =1332
f1332(3,4) =3 x 133 +4 x 2 = 407

fa07(3,4) =3 x40+ 4 x 7= 148

f148(3,4) =3x14+4x8=74

fr4(3,4) =3 xT+4x4=237

since f74 (3, 4):‘]('37(37 4):37

3.4 Chairux iteration bound

Let fn(a,B) be chairux function of N. Then chairux iteration bound is given
by:

a;=N+tkVI<k<N
chairux iteration is either upper or lower
Chairux iteration bound graph

Let N =10z 4+ y and a;4+1=ax; + By;. Then Chairux differential iteration is
given by:

Page 13
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A graph of A; against i is known as chairux iteration graph.

The graph of chairux iteration below zero is known as lower bound and above
is known as upper bound graph.

Fig 2. Chairux iteration bound graph of f22.23 ana 24(1,7)

20 T H [ B T H [ N T
15 N
o} I
°| b
<|: 0r " / X
_5 - |
—10 ‘ i |
—k— A29
—15 - a23 .
—x— 24
720 1 il | | 1 | | I 1
0 2 4 6 8 10 12 14 16 18 20
n

3.5 Chairux divisor N for (¢, )

This are various method of finding N given chairux coefficient (a,3). This
methods include:

1) Structural method

This is the simplest method of finding N given Chairux coefficient. this
method is also known as inverse method.

Recall
a=10—ky, B=14+kzrand N =10z +y

ky=10— o = y =102

kr=p-1= xz%
But we know: N =10z + vy
N = 10(%) + (4572)

N =1(108-10+10 — )

Page 14
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N =1(108 - o)
k is equal to ged [(108 — @), ]
y is the last digit of (108 — «)

. _ (108—a)
o Nonin, = ged[(108—a),y] of (O‘7ﬁ)

2) Tteration method
Let a,, be the inverse of a,, and f,  (a,B) = fa, (@, B) St am # an.

. o _ (am=an])
5 Nmin = Jaatta—aana ©f (o, B)

Example
Given that a,, = 36 for chairux coefficient (4,5). Calculate chairux divisor N.
Solution

-1

an=(amy)" "' s.t am # ay

fma1(4,5) = f36(4,5) =3 x4+5x 6 =42

4z 4 dy = 42
4o =42 — 5y
_ 42-by

- T2

x is a whole nuber when y is either 2 or 6

i) when y=2

42-5x2 _ g

r = 1

ap =10z +y = 82

ii) when y=6
T = 427415><6 =3

an, =10z +y =36
since G, # an

CLay, = 82

Page 15
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36=(82)""

f32(4,5) = f36(4,5) = 42

|am — an|=|36 — 82|=46

. _ __ f46
.. Nmin -

gcd(46,6) — 2

46 — 23

3) Bi-section method

Let ap and by be 2 ivp s.t by = kag for k > 1, If the function f,, (a,8) >
I, (@, B), Then Chairux divisor N is given by:

N = ka,, — b,

chairux minimum divisor is given by;

(a,B) (a, B)
apg = Q b() = kQ
fao(o‘7ﬁ) = a1 fbo(avﬁ) by

fal(a>6) = a2

fori(@.B) = ay

(kan—by)
ged[(kan—bn),y]

of (a, B)

Example

Using bisection method, find chairux minimum divisor (N,,;,) given chairux

coefficient (3,6).

Solution

(3,6)

(3,6)

a0:10

by = 20

a1 =3%x14+0x6=03

by =3x24+0x6=06

as=3x04+3x6=18

by =3x0+6x6=236

a3 =3x14+8x6=>51

b3 =3x3+6x6=45

ag =3x5+1x6=21

by =3 x44+5x6=42

since ag > b3

7:2a3—b3

v =2x51—45=57

N, = (36

i ged[f(3,6),y]

— f57(3,6)

— 57 =57

gcd| f57(3,6),7]  gcd(57,7)

chairux order

Page 16
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Let (a,b) be a given pair of Chairux coefficient,Then Chairux order denoted
as < N > is given by:

_0 (a,b)
K N >=v gcd([7€7(10_y)])

0_ Y
7= gedly (10—y)]

v=N =ka, — b,

Theorem 3.3. Let (a,b) be a given pair of chairux coefficient s.t b > a . if
the function fq, (o, 8) > fu, (o, B). Then Chairuz order denoted as < N > is
given by:

— @y Xbo—by Xag
<K N >= gedl,y]

3.6 Chairux polynomial mean

The average mean of Chairuz identity denoted as Py, (k), wh@y n and k are
the rate and order of chairuz identity respectively is known as Chairux polyno-
mial mean.

Theorem 3.4. Fvery chairux identity with the same factor, have the same
polynomial mean.

Proof. since all divisor having the common multiple factor have the same poly-
nomial mean.

Chairux polynomial mean can be illustrated by table.

=

Table 4. Chairux polynomial mean P, (k) table

a=1
H (n, k) H 1 ‘ 2 ‘ 3 ‘ 4 ‘ “ ‘ ‘ ‘ k H
1 0001 1091 2091 3001 (k—1)001
2 00,1 1041 2011 3011 (k—1)011
3 00,1 1051 2051 30,1 (k—1)021
4 0031 1031 2031 3051 (k—1)0s1
n 005,—11 | 10,,—11 | 205,—11 | 30,11 | ..o | oo | oo | oon | oot | (K =1)0p-11
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a=2
[(R ] 1 2 | 3 [ ¢ [-] ] k]
1 0192 1102 2102 3102 (k— 112
2 01,2 11,2 21,2 31,2 (k—1)1,2
3 01,2 1152 2152 3152 (k—1)152
4 0152 1152 2152 3152 (k—1)152
n Oln_12 lln_12 21n—12 31n—12 (]C — l)ln—12
a=0
H (n, k) H 1 ‘ 2 ‘ 3 k
1 0Q—1)0Q | Q-1 | 2(Q—1)Q k—1)(Q—1)Q
2 0Q—11Q | L(Q—1:Q | 2(Q—1):0 k—1(Q—1).0
3 0Q—1),0 | L(Q—1)0 | 2(Q—1)0 (k—1)(Q—1)0
i 0Q—1)3Q | L(Q—1)Q | 2(Q—1)30 k-1 (Q—1)0
n O(Q - ]-)nle ].(Q - ]-)nle Q(Q - ]-)nle (k — 1)(Q — ]-)nle
Pn(k) = (k — 1)1(Q — ]-)nlel

Po(k) = 101D (k — 1) + 101(Q — 1)1 + Oy

Po(k) =107 (k — 1)1 + 10(Q — 1)p_y + Q4

But 10" = 1,,41 — 1, , 10,7 = 1, — 1 and A, B,, = A, B, ,from chairux

repeatal statement.

Po(k) = 10"k — 1)1 + 10,1 (2 — 1) + Q4

Po(k) = 10%(k — 1)y + (L, — 1)(Q — 1) + 2

P,(k)y=10"k—-1)1+Q, -1, — QU +1+

Po(k)=10"(k— 1), + (2 — 1), + 1

Po(k) = (Inyr —1n)(k =11 + (2= 1)n +1

Pn(lﬂ) == kn+1 - ]-n+1 +Qn —k/’n +].
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P,(k)=k(10"+1,) — 141 —kn + 1, + Q,1, + 1
P,(k)=10"k + ky, — kn + Qp — (141 — 1)
P, (k) = 10"k + ,, — 10,

. Po(k) = 10"k + (2 — 10),,

3.7 Properties of Chairux polynomial mean

1) Py(k) =k

2) Po(0) = (2 —10),

3) P,(1) = (2= 10), +1=P,(0) + 1
1) P(1) =Q

5) Pi(k) = 10(k — 1) + Q

6) P, (k) = 10"k + (2 — 10),,

When the rate of chairux polynomial mean countiniuosly increase by one unit

is known as chairux unitizol mean.

Recall:

P (k) = 10"k 4 (2 — 10),, - - - %

P (k) = 10"k + (Q — 10),41 = 1010k + (2 — 10). 1,44

but: 1,41 =10"+1,

Poy1 (k) = 10™.10k + (Q — 10)(10™ 4 1,,) = 10™.10k + 10™(€2 — 10),,

Poy1(k) = 10"[10k + (2 — 10)1)] + (2 — 10),,

Prya(k) = 10"+ 110k + (2 — 10)1)] + (2 — 10)41

Pio(k) = 10™.10[10k + (2 — 10)1)] + 10™.(2 — 10)1 + (2 — 10),,
Poia(k) = 10"[10%k 4+ 10(2 — 10)1)] + (2 — 10)1] + (2 — 10),,

Poia(k) = 10"[10%k + 10(2 — 10)1) + (Q — 10)1] + (2 — 10),,
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Py io(k) = 107[10%k + (2 — 10)] + (Q — 10),,

Pyis(k) = 1071102k + (2 — 10)2)] + (2 — 10),41

Pois(k) =10™.10[10%k + (2 — 10)2)] + 10™.(Q — 10)1 + (2 — 10),,
P,y3(k) = 10M[[103k + 10(Q2 — 10)2)] + (2 — 10)1] + (2 — 10),,
Py3(k) = 10"[103k + 10(Q — 10)2) + (2 — 10)1] + (2 — 10),,
Py3(k) = 10103k + (2 — 10)3] + (2 — 10),,

Given that n is the rate, k is the order and b is the unitizol constant
then Chairux unitizol mean is given by:

5 Poyp(k) = 107[10% + (2 — 10)] + (2 — 10),,
Let ’b’ be negative
P_p(k) = 10"[107%k + (2 — 10)_p] + (2 — 10),,

Remark

—(2—10),

(—10)-p = 10°

P,_y(k) = 10”[17135 _ (Ql—OlbO)b] + (2 —10),

Poy(k) = 15[k — (2 = 10)y] + (2 — 10),,

100t

o P (k) = 10" [k — (2 — 10),] + (2 — 10),
Theorem 3.5. let X be a universal set Va,b € Xand let Y = a + b then;

(10X — 1)y = (10¥ — 1)x

Proof. we know that X =a®+a=0°+band Y =a+b
(100 oy + Liatn)e = Liatb)et(ats) = 1x

but (a+b)°=a“—>
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(10(a+b)c)a+b = (10a67b)a+b = (101021a+b

Te—1p

we know that: 1(,yp)e=1lac—p=""5s

c
(10" Jatd | lge—1p _
T T Tl

(10% ) qqp + Lge — 1, = 100 x
(10% )y + 1ge — 1 = 10°x
(105 %)y +1x_4 — 1, = 10°x

10¥ -
( 10a)y + bioala = (10)x + 1y

(10%)y +1x — 1, = 10%(10%) x + (10%),
(10%)y + 1x = 10%(10%) x + (10%), + 1,
(10%)y + 1x = (109F*) x + (10%), + 1,
(10X)y + 1x = (10¥)x + (10%), + 1,
(10%)y +1x = (10Y) x + Lays

(10%)y +1x = (10Y)x + 1y

(10%)y — 1y = (10¥)x — 1x

(10X — 1)y = (10¥ — 1)xVxy € C =

Theorem 3.6. let X be a universal set Va,b € Xand let Y = a — b then;

(10X — 1)y = (10Y —1)x

Proof. we know that X =a°+a=0"+bandY =a—10
(10™)n + 1im = Lingn
(100 oy + L(ab)e = Lia—byet(a—d) = Lx
but (a —b)*=a“+b
(109 +8) 0y + Lgeqy = 1y

10°(10% )q—p + (10°)ge + 1 = 1x
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10°[(10% ) g—p + Lge] = 1x — 1,
10°[(10% =)oy + 1x—o] = 1x — 1,

X
107 (U0 et + Ixla] = 15 + 1,

10°79[(10X =) 4y + 1x o] = 1x — 1,
107Y[(10%X79)y p +1x o] = 1x — 14
[(10%7)—p + 1x—a] = (10¥) x — (10¥),

lo =1y = (10Y), + 1y

(10%)y + 1x — ((10Y), + 1y) = (10Y) x — (10Y),

(10%)y — 1y = (10¥)x — 1x

(10X — 1)y = (10¥ —1)xVxy € C O

3.8 chairux repeatal function

This is a technique involving arrangement of common series of an integers from
statement to column then to row.

The number of times the main repeat itself is known as Repeatal number

Statement which give the main data X’ and the number of time’s it repeat
itself (n) is known as repeatal statement and denoted as (X,,).

a) Chairux column: This is arrangement of repeatal statement in a vertical
order.

b) _Chairux row: This is arrengement of repeatal statement in a horizontal
order.

anx(zn:wk—l):)(fw(n)zx(l 11 ...
k=1
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Properties of Repeatal Statement
1) X, =10"""X, + X,

2) Xo=0

3) X1 =X

4) X, +Y,=(X=£Y),

5) X, Y, =X, 10"+ (X £Y),

6) Xo XY, =Xy xY, = (XY)nHm = (XY)mHn

Proof. X, =10"""X, + X,,_y

let b = n then:
X,=10""X, + X,
X, =10X,, + X,
Xo=X,— X,

Xo=0 O

Proof. let n =0 then:

Xo=10""X, + X_,
but Xo =0
107°X,+ X, =0
X, =-107%X,

X
X*b:_loi—bb D

Proof. Recall: X,, = 10" "X, + X,,_,

let n = a + b then:
Xa+b =10°X, + X,

let @ = a — b then:
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Xo—bpp = 10970X, + Xop
X, = 10“"’Xb + Xap
Xoyp = 100X, + X = 10°X,, + X,

Xotp = IObXa + Xy O]
Example

Use repeatal statement to solve:

a)74 X 53 b)54 X 73

Solution
3 g - 3 8 8
a) (7X5)4H3 = (35)4H3 = (35)4 = i 3 5 = (38885)3 =+ 3 8
3 5 3

1316235
s e
a) (5xT)aya = (35)3a = (35)3= [+ 3 5 =(3885)s = | | 3
3 5

1316235
X X Yo = Xy X Yo = (XY ) = (XY )i

defination: Chairux repeatal function f1¢ is known as chairux repeatal linear
function if it have more than one rate and given as:

flo(a+b+6+---)

Properties of Repeatal function
1) f10(0) =0

2) fio(1) =1

3) fio(—n) = —folm)

4) fio(a +b) =10%f19(b) + fio(a) = 10° fip(a) + f10(b)

5) flo(’n) =1, = i 1Ok_1
k=1
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Chairux Repeatal Table

This is a table of chairux function of base 10 and rate less to absolute value of
one.

When the rate is more than one we use chairux linearity property.

Le fio(a+b) =10%f10(b) + fio(a) = 10° fio(a) + fi0(b)
Example

Use repeatal function of a whole number rate to solve:

a)fio(3)  b)fio(1) ) fio(—=4) d)f10(0)

Solution
a)fio(3) =13 = 111
b)fio(1) =1, =1
) fro(—4) =14 = =0l — —ls — 01111

d)f10(0) =10 =0
Table 5. cpairux Repeatal (fi0(n)) Table

n .00 .01 .02 .03 .04 .05 .06 .07 .08 .09

0.0 || 0.0000 | 0.0026 | 0.0052 | 0.0079 | 0.0107 | 0.0136 | 0.0165 | 0.0194 | 0.0225 | 0.0256

0.1 || 0.0288 | 0.0321 | 0.0354 | 0.0388 | 0.0423 | 0.0458 | 0.0495 | 0.0533 | 0.0571 | 0.0610

0.2 || 0.0650 | 0.0691 | 0.0733 | 0.0776 | 0.0820 | 0.0866 | 0.0912 | 0.0959 | 0.1007 | 0.1057

0.3 || 0.1106 | 0.1158 | 0.1211 | 0.1265 | 0.1320 | 0.1377 | 0.1435 | 0.1495 | 0.1555 | 0.1618

0.4 || 0.1680 | 0.1745 | 0.1812 | 0.1880 | 0.1950 | 0.2021 | 0.2094 | 0.2169 | 0.2246 | 0.2324

0.5 || 0.2403 | 0.2485 | 0.2569 | 0.2655 | 0.2743 | 0.2832 | 0.2924 | 0.3019 | 0.3115 | 0.3213

0.6 || 0.3312 | 0.3415 | 0.3521 | 0.3629 | 0.3739 | 0.3852 | 0.3968 | 0.4086 | 0.4208 | 0.4332

0.7 || 0.4458 | 0.4588 | 0.4721 | 0.4857 | 0.4996 | 0.5138 | 0.5284 | 0.5433 | 0.5585 | 0.5742

0.8 || 0.5900 | 0.6063 | 0.6231 | 0.6402 | 0.6577 | 0.6756 | 0,6939 | 0.7127 | 0.7319 | 0.7516

0.9 || 0.7715 | 0.7921 | 0.8131 | 0.8347 | 0.8567 | 0.8793 | 0.9023 | 0.9260 | 0.9501 | 0.9747

Example

1) Use repeatal function of a rate less than one from repeatal table to solve:

a)f10(0.3) ) f10(0.71)  ¢)f10(=0.58)  d)f10(0.07)

2) Use chairux linearity function to show that.

a)f10(07) = f10(03 + 04) b)flo(f()?l) = f10(029 - 1)

3) Use chairux linearity function to solve.
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a)f10(37) b)f10(27].)

Solution
1) a)f10(0.3) = 1p.3 = 0.1106

b) f10(0.71) = 19,7 = 0.4588

¢) f10(—0.58) = 1_q.55 = —H0(058) — 03115 — _ 0819

d)f1(](0.07) = 1g.07 = 0.0194

2) @) f10(0.7) = f10(0.3 + 0.4)
f10(0.7) = 0.4458

f10(0.3 +0.4) = 10%3 f19(0.4) + f10(0.3) = 10°-3(0.1680) + 0.1106 = 0.4458
£10(0.3 +0.4) = 10°* f16(0.3) + f10(0.4) = 10°4(0.1106) + 0.1680 = 0.4458
o f10(0.7) = f10(0.3 4 0.4)

b) f10(=0.71) = f10(0.29 — 1)

fro(—0.71) = =a0l0.T1) _ —04588 — _(),0895
f10(0.29 — 1) = 10%29 f14(=1) + f10(0.29) = 10°29(—0.1) + 0.1057 = —0.0893
f10(0.29 — 1) = 1071 f10(0.29) + f10(—1) = 1071(0.1057) + —0.1 = —0.0894

f10(—0.71) = f10(0.29 — 1)

3) a)f10(3.7) = f10(3+0.7) = fi0(4 —0.3)
f10(3.7) = f10(3 4+ 0.7) = 103 f10(0.7) + f10(3) = 1000(0.4458) + 111 = 556.8
f10(4—0.3) = 10793 f14(4) + f10(—0.3) = 0.5012(1111) + —0.0554 = 556.7778

. f10(3.7) = 556.8

Page 26



UNDER PEER REVI EW

Example
Find the value of p in 3, = 1000
Solution
= 3(1,) = 1000
3(1,) = 1000

1, =100 =3333...

13 < 33333 < 14

method (i)

l3. = 333.33333 s.t3+k=p

134, = 10%(f10(k)) + f10(3) = 1000(f1o(k)) + 111 = 333.3....
1314 = 1000(fi0(k)) = 333.3--- — 111 = 222.3. ..

__222.3... _
1, = 223 — (.2223. ..

k= (13)"'=(02223...)"1 =048

p=3+k=3+0.48 =3.48

method (ii)

14k =333.33333 std—k=p

1y = 10%(f10(=k)) + f10(4) = 10000( f1o(—k)) + 1111 = 333.3....

Ly_p, = 10000( f1o(—k)) = 333.3--- — 1111 = —777.6...

—T777.6...
1y, = =I6e. — _0.07776....

k=(1_g)"! = (-0.07776...)~ ! = STUNK!!
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Since this is difficult to solve i provide a negative repeatal table.

Table 6. Chairux Repeatal (fi9(—n)) Table

-n .00 .01 .02 .03 .04 .05 .06 .07 .08 .09

0.0 || 0.0000 | 0.0025 | 0.0050 | 0.0074 | 0.0098 | 0.0121 | 0.0144 | 0.0165 | 0.0187 | 0.0208
0.1 || 0.0229 | 0.0249 | 0.0269 | 0.0288 | 0.0306 | 0.0324 | 0.0342 | 0.0360 | 0.0377 | 0.0394
0.2 || 0.0410 | 0.0426 | 0.0442 | 0.0457 | 0.0472 | 0.0487 | 0.0501 | 0.0515 | 0.0528 | 0.0542
0.3 || 0.0554 | 0.0567 | 0.0580 | 0.0592 | 0.0603 | 0.0615 | 0.0626 | 0.0638 | 0.0648 | 0.0659
0.4 || 0.0669 | 0.0679 | 0.0689 | 0.0698 | 0.0708 | 0.0717 | 0.0726 | 0.0735 | 0.0744 | 0.0752
0.5 || 0.0760 | 0.0768 | 0.0776 | 0.0784 | 0.0791 | 0.0798 | 0.0805 | 0.0813 | 0.0819 | 0.0826
0.6 || 0.0832 | 0.0838 | 0.0845 | 0.0851 | 0.0857 | 0.0862 | 0.0868 | 0.0874 | 0.0879 | 0.0884
0.7 || 0.0889 | 0.0895 | 0.0900 | 0.0904 | 0.0909 | 0.0914 | 0.0918 | 0.0923 | 0.0927 | 0.0931
0.8 || 0.0935 | 0.0939 | 0.0943 | 0.0947 | 0.0951 | 0.0954 | 0.0958 | 0.0961 | 0.0965 | 0.0968
0.9 || 0.0971 | 0.0974 | 0.0978 | 0.0981 | 0.0984 | 0.0987 | 0.0989 | 0.0992 | 0.0995 | 0.0997

k=(1_4)"' = (=0.07776...)"' = —0.53

p=4—k=4-053=347

Application Question

1) An equation of diffusion of a certain gas is given as Ko ..

i) Write chairux equation of Ko ..

ii) If k is the rate of diffusion and given by 0.7 iro’s.

Find the value of ’¢’ if a mass of 10g is released with a maximum catalyst of

¢ gram.

1) KQ_;,_C = k2 x 10¢ + kc

OR

K2+C = kc X 102 + kg

ii) £=0.7 and koy. = 10g

0.7, x 100 4+ 0.7 = 10

0.7, x 1004 7.7 =10

0.7, x 100 =10 - 7.7

0.7, x 100 = 2.3

Solution
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_ 23 _
0.7, = 23 = 0.023

0.7 x 1. =0.023

1. = 2928 — 00329

c=0.0329. =0.11

4 conclusion

To sum it all, the Chairux algorithm helps us in finding the divisibility test of
any integers. It also helps us to find the periodical length of a given integer
which is equal to the period length of reciprocal of integers. it can also be used
to determine the repeated function of any data and also prove the geometric
series, whereby f.(a+b) = 2%f,(b) + f.(a) = 2 f.(a) + f.(b)s.t z = x+iy. This
method will be proved in the next paper s.t f.(a) = Z=%

z—1
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