Chairux Algorithm for Divisibility Test

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.

key word chairux algorithm, bezout identity, Euclidean algorithm, period
length.

1 Introduction

The problem of testing the divisibility of one integer by another has been of
interest to mathematicians for centuries [1-3, 5, 7, 9]. Traditional methods, such
as long division, require complex calculations and repeated subtractions, which
can be time-consuming and error-prone. This paper presents a new method for
testing divisibility called the Chairux 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. Before presenting
Chairux Algorithm, a review of the two fundamental concepts on which it is
based: Bezout’s identity and the FEuclidean algorithm is presented.

1.1 Bezout’s Identity

Bezout’s identity is a fundamental theorem stated as follows: For any two inte-
gers a and b, not both zero, there exist integers x and y such that

ax + by = ged(a, b) (1)

where ged(a, b) denotes the greatest common divisor of a and b. This identity is
useful in many areas of mathematics, including cryptography and algebraic ge-
ometry. For instance, it provides a powerful tool for solving linear Diophantine
equations of the form az+by = ¢, where a, b, and ¢ are integers [4]. By applying
the extended Euclidean algorithm to find z and y that satisfy Bézout’s identity,
we can determine whether a solution exists and find all possible solutions [8]. It
gives a constructive method for finding the greatest common divisor (GCD) of
two integers a and b (as is seen in the proposed algorithm in the paper). The co-
efficients z and y obtained through Bézout’s identity satisfy ax + by = ged(a, b)
and express the GCD as a linear combination of a and b. It is useful in finding



modular inverses. If ¢ and m are coprime integers, Bézout’s identity guarantees
the existence of  and y such that ax + my = 1 [10]. By taking this equation
modulo m, we obtain ax =1 (mod m), indicating that x is the modular inverse
of a modulo m. This is particularly useful in modular arithmetic and crypto-
graphic algorithms. Bézout’s identity plays a fundamental role in the Euclidean
algorithm, which efficiently computes the GCD of two numbers [6]. The algo-
rithm repeatedly applies the division algorithm and uses Bézout’s identity to
express the remainders as linear combinations of the original numbers. This
process continues until the remainder becomes zero, yielding the GCD.

1.2 Euclidean Algorithm

The Euclidean algorithm is efficient for finding two integers’ GCD [6]. It is
based on the observation that the GCD of two numbers equals the GCD of
the smaller number, and the remainder is obtained when dividing the more
significant number by the smaller number. Given two positive integers a and b
(with @ > b), we perform the following steps:

1. Divide a by b and obtain the remainder r. The algorithm terminates if r
is zero and the GCD is b. Otherwise, proceed to the next step.

2. Set a equal to b and b equal to r.
3. Repeat steps 1 and 2 until the remainder becomes zero.

Once the remainder becomes zero, the algorithm terminates, and the GCD
is the value of b obtained in the previous step. The Euclidean algorithm is
highly efficient and has a time complexity of O(log(min(a,b))). This enables
its use in various applications, such as simplifying fractions: The GCD of the
numerator and denominator of a fraction can be found using the Euclidean
algorithm. Dividing the numerator and denominator by their GCD simplifies
the fraction to its lowest terms. They are also valuable for checking coprimality,
where two integers are coprime if their GCD is 1. The Euclidean algorithm can
efficiently determine whether two numbers are coprime. Modular arithmetic,
where the Euclidean algorithm is used to find modular inverses. If ¢ and m are
coprime integers, the Euclidean algorithm can be applied to find x and y such
that az +my = 1. This equation modulo m yields ax =1 (mod m), indicating
that z is the modular inverse of a modulo m.

2 Proposed Chairux Algorithm

2.1 Introduction

Let N be a divisor, given by N = 10z 4+ y.Then 3 a pair of integers («,8) s.t
ax+py =N,V a,f €Zand |a| < 10. The integers («, 8) are known as Chairux
coefficient for (z,y).

Theorem 2.1. Let N = 10z + y € N.

ifa=10—y and 8 =x + 1, then
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ar+ py=N
Proof. ax + By=(10 —y)z + (x + 1)y

=10z —yz +yxr+vy
=10z +y O

2.2 Chairux identity

let fy be a continuous function of N, then a function fx(«, ) is known as
chairux identity function if:

fn(e,B) = ax+ By =N.

chairux identity table

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

2(10 —a) =y(P - 1)
Y = yx
sy=10—aandx=0-1
proof 1

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

proof 2

N =ax+ By

N =a(f - 1)+5(10 — a)
N=af —a+ 108 — fa

SN =108 — «
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Table 1: Chairux identity table
1123|4516 78] 9]10

09 11929 3949|5969 | 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
01 | 11|21 |31 |41 |51 |61 |71 |8 |91
00 | 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90

—
Q
QD

—

©| 00| ~I| | wr| kx| wo| po| | 2T

—
o

2.3 chairux minimal iteration

Defination:Let N be a divisor and given by N = 10x + 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:

_ [ [(10—y), (1 + )] ty>5
(a”ﬁ)_{ [(y> — 6y +10), (6z —xzy +1)] :y<5

Proof. recall
a=10—kyand f=1+kzxfory>5 k=1
S B) =[(10—y), (1 +z)] fory 2 5
2)fory <5 k=(6—-y)
i a=10—(6—y)yand =1+ (6—y)z
a=10—-6y +y2
a=y2—6y+10---x
ii f=14(6-y
B=146x—zxy
B=6x—zxy+1

(e, B) = [(y? — 6y + 10), (6 — 2y + 1)] O
Example

find chairux minimum coefficient of the following number.
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Solution

Recall N =10z + y

14=10x1+4+4

y=4<5

since y < b
a=y?—6y+10=42-6x4+10=2
B=6r—zxzy+1=6x1—-1x44+1=3
(@, B) = (2,3)

Proof N=ar+py=2x14+3x4=14
b) 23

N =10z +y

23=10x2+3

y=3<5

since y < b
a=y?—6y+10=32-6x3+10=1
b=6r—2y+1=6x2—-2x3+1=7
S, B) = (1,7)

Proof N=ar+py=1x2+7x3=23

c) 17
N =10z +y
17=10x1+7
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y=7>5

since y > 5

a=10—-y=10—-7=3
b=x+1=14+1=2

s, 8) = (3,2)

Proof N=arx+py=3x1+2x7=17

2.4 Properties of Chairux Identity
1) fn(aa, Ba) £ fn(aw, B) = fnl(aa £ ap), (Ba £ o).

2) ka(aaﬂ) = fN(kOéakﬂ)
3) fn(a, =B) = —fn(—a, B) = [fn(—a, B)|.

Proof. suppose A = (@ta, 84) and B = (ay, 3) s.t A, B € N
then
fn(a, Ba) + f(ow, By) = AN VA € Z.
Recall fy(a,f) = az+ By =N
fn(ea, Ba) = aqx + Bay = N - %
fn(ow, By) = apz + Bpy = N -+ x %
by adding eqn * and ** we have:
In(a, Ba) + fn(ow, Bo)=(aaz + Bay)+(owz + Boy)
In(aa, Ba) + fn(ow, Bo)=(aa® + apx)+(Bay + Boy)
In(aa; Ba) + fv(ow, Bo)=(ca + ap)az+(Ba + Bo)y - - - #
recall fy(a,8) = az + By
let (aq + ap) = o and (Ba + By) = B

then eqn *** become:
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In(aa, Ba) + fn(aw, By)=0mx +Bmy
T +Bmy: fN(Oéma ﬂm)

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% — 10 x 2° + 10
a; =2'ay — (21 = 1)10 = 2'ap — 10 x 21 + 10
as = 2%2ap — (22 - 1)10 = 2%ap — 10 x 224+ 10
az = 23ap — (22 — 1)10 = 2309 — 10 x 22 + 10
a, = 2"y — (2" — 1)10 = 2"y — 10 x 2" + 10
S = 2" (g — 10) 4+ 10

2) beta

Bo =28y — (2° — 1) =298, — 20 + 1
pr=2"0—(2'-1) =25 -2"+1

B2 =220 — (22 —1) = 223, — 22 +1

B3 =236y — (25 —1) =233, — 23 + 1
Bpn=2"Fy— (2" — 1) = 2"y — 2" + 1

S B =2"(Bo— 1) +1

In general (a,,58,)=[(2" (o — 10) + 10),(2"(Bo — 1) +1)] Vn € Z
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Chairux coefficient with same identity

(@0, Bo) || (1,51)
(6,2) (2,3)
(6,3) (2,5)
(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 («,3). Then a
function f, is known as chairux iteration function of N, if f, («, 8)= fa,. (o, )
Vn # m.

defination 2: let f,, (v, B), fa, (@, B), fas(a, B), . .- fa, (0, B), fanii (o, B) .o fan (0, B), fay (o, B) ...

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

(o, B)
illustration

Let ag = 1029 + yo
then fay (0, 8) = ao + Byo = ar
a; = 10z; + y;
o Ja (e, B) = axi + By; = a1 Vi=0,1,2. ..
Chairux iteration equation
Let ag = 102 + yo
a1 = axg + Byo

az; + By = aiq1
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a = a((ao;(Jyo)) + Byy = (a(ao*y%+105y0)

as = a((m—yl)) + By = (a(m—yié-&-loﬁm)

10
as = a( () 4 yy = (Umiphoe)
An—Yn o(an—yn)+108yn
L Gnat :a(( 101/ ))+ﬁyn — ( ( y13+ By )

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

faz70893(1,7) = 427089 x 1+ 7 x 3 = 427110
faor110(1,7) = 42711 x 1+ 7 x 0 = 42711
faor11(1,7) = 4271 x 1+ 7 x 1 = 4278
fao7s(1,7) =427 x 1+ 7 x 8 = 483
fas3(1,7) =48 x 1 +7 x 3 =169
Jeo(1,7) =6 x14+7x9 =69

Defination: The is inverse of a given number for chairux coefficient (¢, 8) and
given by:

n—1
[fro(a, B)] "1 = Z 10*y;, is known as inversion equation of order one.
k=0

illustration

a; = O‘((aoi)yO)) + Byy = (a(a()*y%ﬂoﬂy())

car = & [aag + (108 — @)

a(a1—y1)+108y1
10

(a( a(ag*y%Jrl()Byo Y—y1)+108y; )

ag = ( ) = o

ay = %[a(%?;l(wyo) — ay; + 108y1]

aag—ayo+108yo—10ay1 +1008y1 }
102

a; = |a

cLay = %[aao + (108 — a)(yo + 10y1)]
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a3 = %[aao + (108 — a)(yo + 10y1 + 100y2)]

can = S aag + (108 — ) (yo + 10y1 + 100ys + -+ 10"y, 1))

in general chairux inversionl equation is given by:

n—1
ay = %[aao + (108 — «) Z 10%3]
k=0
let(108 — «) be ~ then:
. n—1
an = Yoo + Z 10%y,.]
k=0

Example

find chairux inversion of f4270s93(1, 7).

Solution

Chairux inversion is given by:

nil 107y, = L — aa
k=0 v
vy=108 -«

y=10x7—-1=069
I<N<yVEk=123,...
suppose k=1
N=69
[faz7ose3(1,7)] 7" = Mfwgw = 38,103

[faz70893(1,7)] 7 = 106*‘“’(}% = 938,103

[faz70893(1,7)] 7 = m%w =9,938,103
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1
[fazroses(1,7)] 1 = 10-0x6924270893 — 9 999 938,103

in general

.
[fa270803(1,7)] 7! = W =9, 538,103

.. chairux inversion=38, 103

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

chairux inversion graph of f4270893(1,7)

—
o
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2.5 Chairux period length ()\))

Let fq, (o, 8) = a;41 be an iteration function for i=0,1,2,3,...n,...m,...if

fan (a7 B):fam (04, ,8) then:
|m — n| is known as the period length of (, 8) and denoted as:

Ai=|m — n|

Chairux period length (\;) table
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1723|456 |7]8]9]10

01 | 18 | 28 | 06 | 42 | 58 | 22 | 13 | 44 | 02
01 |06 |06 |09 |04 |14 |16 | 04| 05 | 42
01 08|01 |18 |46 |09 |66 | 10 | 14 | 96
01]01|03|03]22|02|10]|06| 13|01
0104|2006 |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|065 |01]06|12 |11 |02/ 04|22
01 ]06|06|05]20]|01|60]|35]|01]|06

°
=

O [ O O | W DO ]|

Nej

Theorem 2.2. let [m — n| be chairuz period length and ag be the tested value
of N. Then ag 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

l.a) 37
N=10x+y
37T=10x3+7

y=7>5
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since y > 5

a=10—-y=10—-7=3
B=x+1=3+1=4

(o, 8) = (3,4)

fo1s1064(3,4) = 3 x 218196 + 4 x 4 = 654604
fosa604(3,4) = 3 x 65460 + 4 x 4 = 196396
f1o6306(3,4) = 3 x 19639 + 4 x 6 = 58941
fs8041(3,4) = 3 x 5894 + 4 x 1 = 17686
fi7686(3,4) = 3 x 1768 + 4 x 6 = 5328
f5328(3,4) = 3 x 532 + 4 x 8 = 1628
fi628(3,4) =3 x 162 +4 x 8 = 518
f518(3,4) =3 x51+4x8=185
f185(3,4) =3 x 18 4+4 x5 =74

fra(3,4) =3 x T+ 4x4=37

f37(3,4) =3 x3+4x7=37

since f74 (3, 4)2](‘37(37 4):37

1.c)

N =10z +y
37T=10x3+7
y=7>5
since y > 5

a=10—y=10—-7=3
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f=x+1=3+1=4
o (o, B) = (3,4)

f5881964(3,4) = 3 x 588196 + 4 x 4 = 1764604
f1764604(3,4) = 3 x 176460 + 4 x 4 = 529396
f520306(3,4) = 3 x 52939 + 4 x 6 = 158841
fisssar(3,4) = 3 x 15884 + 4 x 1 = 47656
far656(3,4) = 3 X 4765 + 4 x 6 = 14319
fras10(3,4) = 3 x 1431 +4 x 9 = 4329
fa320(3,4) =3 x 432 4+ 4 x 9 = 1332
fi332(3,4) = 3 x 133 4+ 4 x 2 = 407

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

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

fra(3,4) =3 x T4+ 4x4=37

since f74 (3, 4):f37(3, 4):37

2.6 Chairux iteration bound

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

a;=NxkVI<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:

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

Chairux iteration bound graph of fa22 23 and 24(1,7)

20 T T T T T T T T
15 N
10
| b
i ol 1Y
-5 |
—10 ' |
—x— A2
—15 |+ a23 |
—x— 24
_20 1 il | | 1 | | I 1
0 2 4 6 8 10 12 14 16 18 20
n

2.7 Chairux divisor N for («, )

This are various method of finding N given chairux coefficient («, ). 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, f=1+krand N =10z + vy

10—«
k

ky=10—-—a = y=
kx=p-1 = x:%
But we know: N =10z + y
N =10(%5) + (152)

= 1108 -10+10 - a)

N
N = 1(108 - o)
k is equal to ged [(108 — «), y]
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y is the last digit of (1058 — «)

. _ _ (108-a)
c Nmzn T gcd[(108—a),y] of (O{,ﬁ)

2) Tteration method
Let a,, be the inverse of a,, and f, (o, ) = fa, (@, B) 8.t am # an.

. R (|am_‘1’n|)
Nmin = geaar—ana Of (26
Example
Given that a,, = 36 for chairux coefficient (4,5). Calculate chairux divisor N.

Solution

an=(ay)""t s.t an # an

fm+1(475) = f36(475) =3 X 4—|—5 X 6 =42

4z + by = 42
4o =42 — 5y
v = 4225y

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

i) when y=2

42-5x2 _ g

Tr = 1

an =102 +y = 82

ii) when y=6
o= 42=5%6 _ 3

ap =10z 4+ y = 36
since a,, # an,
CLa, = 82
36=(82)"!

f82(4, 5) = f36(4, 5) =42
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|am — an|=|36 — 82|=46

f46 _ 46 23

gcd(46,6) T 2

3) Bi-section method

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

N =kay, — b,

chairux minimum divisor is given by;

(a, B) (a, B)
(IOZQ b():k’Q
fao(o‘7ﬂ):al fbo(a7/8):bl

fal(aaﬁ) = a2

fo. (o, B) = by

o (@B = an

Fos(@.B) = b,

ka,—b,
M of (a, 3)

Example

Using bisection method, find chairux minimum divisor (N,.:,) given chairux
coefficient (3,6).

Solution

(3,6)

(3,6)

a0:10

bo =20

a1 =3x1+0x6=03

by =3x240x6=006

as=3x0+3x6=18

b =3x04+6x6=36

a3 =3x1+8x6=51

b3 =3x3+6x6=45

a1 =3x5+1x6=21

bi=3x4+5x6=42

since ag > b3
v = 2a3 — b3
v=2x51—45=57

Nmin:m

£BO

f57(3,6)

s =57

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

chairux order

Let (a,b) be a given pair of Chairux coefficient,Then Chairux order denoted

as < N > is given by:
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_ (a,b)

6__ Y
= gedly . (1o—y)]

v=N =ka, — by,

Theorem 2.3. Let (a,b) be a given pair of chairuz coefficient s.t b > a . if
the function fqo, (o, B) > fu, (e, B). Then Chairuz order denoted as < N > is
given by:

—anXbo—by Xag
<N >= gedl,y]

2.8 Chairux polynomial mean

The average mean of Chairuz identity denoted as P, (k), whereby n and k are
the rate and order of chairuz identity respectively is known as Chairux polyno-
maal mean.

Theorem 2.4. Fvery chairuz 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.

Chairux polynomial mean P, (k) table

a=1
H (n, k) H 1 ‘ 2 ‘ 3 ‘ 4 ‘ “ ‘ ‘ ‘ k H
1 0001 1091 2001 3001 (k—1)0p1
2 00,1 1041 2011 3011 (k—1)011
3 0021 1021 2021 3021 (k—1)021
4 0031 1031 2031 3031 (k—1)031
n 00,—11 | 10,11 | 20,11 | 30p—11 | ... | oo | oo | oo | oot | (B=1)0,-11
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[B ] 1 2 | 3 | ¢ [-] B
1 0102 1102 2102 | 3102 (k— 1)102
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 2132 3152 (k—1)152
) 0171—12 11n—12 21n—12 31n—12 (k — l)ln—12

a=

H (n, k) H 1 ‘ 2 ‘ 3 k
1 0Q—1)0Q | L(Q-1pQ | 2(2-1)Q k- D)@ —1)0
2 0Q—1,0 | 1(Q-1).0 | 2(2-1),0 F-DQ—1),0
3 0Q =120 | 1(Q—10 | 2(Q—1)0 k—1)(Q—1)0
1 0 —1);Q | L(Q-1)30 | 2(2-1)50 k- 1)@ —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) = 10"(k — 1)1 + 104(Q — 1)p_; + Q4

But 10" = 1,,41 — 1, , 10,1 = 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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Po(k) = k(10" +1,,) = L1 — kp + 1, + 1, + 1
Po(k) = 10"k + kyp — kn + Q — (1ngq — 1)

P, (k) = 10"k + Q, — 10,

- Po(k) = 10"k + (2 — 10),,

2.9 Properties of Chairux polynomial mean

1) Py(k) =k

2) P,(0) = (2 — 10),,

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

5) Pi(k) = 10(k — 1) + Q

6) Po(k) = 10"k + (Q — 10),,

When the rate of chairux polynomial mean countiniuosly increase by one unit
is known as chairux unitizol mean.

Recall:
Po(k) =10"k + (2 —10)p, - - - %
Poyi(k) = 10"k + (Q — 10) 541 = 10™.10k + (Q — 10).15,41
but: 1,41 =10"+1,
Py (k) = 10™.10k + (Q — 10)(10™ + 1,,) = 10™.10k + 10™(2 — 10),,

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

Pryo(k) = 10"TH10k + (2 — 10)1)] + (2 — 10) 541
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(Q — 10)1) + (Q — 10)1] + (2 — 10),,
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P, io(k) = 107[10%k + (2 — 10)] + (© — 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] + (22 — 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),,

100

o P (k) = 10"k — (2 — 10),] + (2 — 10),
Theorem 2.5. 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
(10T 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=1ac—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 = (1097*) 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 2.6. 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 + Im = Lotn
(10679, + Lia—pye = Liampyet(a—p) = 1x
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°72[(10X =) ey + 1x o] = 1x — 1,
107Y[(10%X79), p +1x o] = 1x — 1,
[(10%7)—p + 1x—a] = (10¥) x — (10¥),

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

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

(10%)y — 1y = (10V)x — 1x

(10X — 1)y = (10¥ —1)xVxy € C O

2.10 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=107""X, + X_,
but Xg =0
107°X, + X, =0
X_p =-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 = 10X, + 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
35 3
1316235
) s 'y
a) (5xT)aya = (35)3a = (35)3= [+ 3 5 =(3885)s = | | 3
35

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) = %"5”)

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

i.e fio(a+b) =10 f1o(b) + fio(a) = 10° fio(a) + fio(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
) fio(—4) =1_4 = =0 — —ls — 01111

Chairux Repeatal (f10(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(0.7) = f10(0.34+0.4) 1) f10(=0.71) = f19(0.29 — 1)

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

Solution
1) a)f10(0.3) = 10,3 = 0.1106
b) f10(0.71) = 1g.71 = 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 f15(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) = =Lol0TD — =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) = f10(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
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Example
Find the value of p in 3, = 1000
Solution

3, = 3(1,) = 1000
3(1,) = 1000
1, =100 =3333...
15 <333.33< 14
method (i)
ls4r =333.33333 st3+k=p
Ly = 103(fro(k)) + fr0(3) = 1000( fro(k)) + 111 = 333.3...
1314 = 1000(fi0(k)) = 333.3--- — 111 = 222.3. ..

__222.3... _
1, = 2223 — (.2223. ..

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

p=3+k=23+048 =3.48

method (ii)

141 =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, = TG — _0.07776...

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

Chairux Repeatal (f19(—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 ..

i) 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 + 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

0.7x 1. =0.023

1, = %023 — 0329

c=0.0329. =0.11

conclusion

The Chairux algorithm proposed helps us find the divisibility test of any integer.
It also helps us find the periodic length of a given integer, which is equal to the
period length of the reciprocal of integers. It can also be used to determine
the repeated function of any data and also prove the geometric series, whereby
fla+b) =2%f,(b)+ f.(a) = zl:fz (a)+ f.(b)s.t z = x+iy. Future studies could

_ 1
consider cases where f.(a) = .
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