Long Proof
Taha's Golden Proof

Collatz Sequence by Taha M. Muhammad /USA Kurd 2022

Collatz Sequence's Rules: (Even number =+ 2),& (0dd number X 3 + 1)
I have to prove Vn € N, ,1S(n) = {4,2,1}. (IS(n) is a loop of n)

Proof:

Collatz Sequence’s Rules: (Even number + 2),& (0dd number X 3+ 1)
let IS(n) = loop of n & S(n) = {g or Bn+ 1), }

S(1) ={42,1},52) ={1,42},5(3) ={10,516,8,4,2,1}

= IS(1) =1S(2) =1S(3) = {4,2,1}.

I have to prove Vn € N, ,1S(n) = {4,2,1}

let x,y,z,t, k,7,...€EN,
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A.llet IS(n) = {x},&Vn € N,,x € S(n)

e : evevs
o OA()

Taha's IS(n)Collatz Sketch to find equivalent expresion (Cloud) to x

Cloud Cloud = x

X §=xzx=0$lS(n)

2

3x+1 3x+1=x=>x=—%€15(n)

Taha's Chart to Find x number values

s~ 1S(n) # {x},vn € N,
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B.let IS(n) = {x,y},&Vn € N, x,y € S(n)

~ — N W 5
A A A ,

\

Taha's IS(n)Collatz Sketch to find equivalent expresion (Cloud) to x

Cloud Cloud = x y
X X
Z Z:x:>x=06515(7’l)
3x+2 |3*2_ 3y 4+2=2x=>x=-2¢IS(n)
2
3x +1 3x2+1=x:>x=—1e15(n)
2

Taha's Chart to Find x,y number values

~IS(n) # {x,y},vn € N,
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C.let IS(n) ={x,y,z}, Vn € N_,x,y,z € IS(n)

Taha's IS(n)Collatz Sketch to find equivalent expresion (Cloud) to x

Cloud Solve equation: Cloud = x y VA
X Z=x=3x=0¢I1S(n) - -
3 8
3x+4 |12 _ v o x=4€lS(n) ==2 ~=1
2 4 2 4
3x+2 |22 _ s x=2€l1S(n) Z=1 X2 — 4
2 4 2 2
3x+1 3x;rlzac:>x=1ElS(n) 3x +1 3x2+1=2
4 =3(1)+1=4
M+5 |12 s x=-2¢IS(n) " "
> 2 7

To Find Equivalents Expressions (Clouds) to 1% Element (x) of the Collatz Loop
S(n) ={x,y,zt,g,uv,..,?7},Vn €N,
IS(n) # {x},vne N, IS(n) # {x,y},vn € N,
but IS(n) = {x,y,z} = {42,1},Vn € N,
~ IS(n) # set 0f(0,1,2,4,5,6,7, ..., ©)elements ,except 3,Vn € N,
Because IS(10) = {4,2,1} #{a,b,c},a+4# b+ 2+c+ 1,&
[S(10) # set 0f(0,1,2,4,5,6,7, ..., ©)elements

2Sm) ={Sor Bn+1),..,421},vn e N,
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Extra Work for Support to my solution of Collatz Sequence
This instead of the Taha’s Sketch & Chart

1st: find y from x
i) x(even) » y = 2 (even or odd), or
x(odd) » y = 3x + 1(even)

2nd: findzfromy
y===even—-z =£ (even or odd),
ory—z—odd—>z—3( )+1—

i)y=3x+1=even—-z= T(even or odd)

3x+2

IRNI

(even)

3rd: find x fromz

i)Z———even—>x——=>x—055N

4
orz—f—odd—>x—3()+1=3x+4 x=4€N,>y=2&z=1
ii)Z_3T—even—>x=3+2:>x=26N+ :>y=1,&z=3x+2=4
iil')Z=3xZ—+1=even_)x=3x+1 =1EN+=>y=4,&z=3x+1=2

3x+1

or z = = odd —>x—3( x=—576£N+

#S(m) ={Eor Bn+1), ...,4,2,1} = IS(n) = {4,2,1},¥n € N,
=~ S(n) has only one loop with 3 elements 4,2,1.

3x+1 9x+5
)+1= =
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Supporting my Solution to Collatz Sequence

D.let IS(n) = {x,y,2,t},&Vn € N, x,y,z,t € S(n)

i -3**‘)+I 1)
2(—— “*
1\“( " ﬁf;/,

~ "\

() i)\ e
( 2 )ng;_‘f“’,z \ 7*_\,9
A \ -/.4,'}'

BReZ y O
/ <4
—_— (&}
/ /

Taha's IS(n)Collatz Sketch to find equivalent expresion (Cloud) to x

.. X 3x+8 3x+4 3x+2 3x+1 9x+10 9x+7
X =E— X = = = 5 = 5 X = " X =

16 g '’ 8 '
>x&N,=>1Sn) #{x,y,2zt},Vne€ N,
Then I have to find a pattren and formula to get elements of any other IS(n)

9x+5
& x =
4 2

H ) J
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Taha’s Pattern of Collatz Sequence’s Loop

r € N,,r is number of elements in a loop
X € N,, & x €15(n)

#1S(n) x =e or odd

r=

ﬁ
Il

—_

(ST | |

[ | |

=eor

odd .

r=2 .
x 3x+2 3x+1
4 2 2
=e or odd —e =e or odd
- K

S 1.5 [ B | B =

r=3 x 3x + 4 - 3x +1 9x + 5
4 2

=e or odd =e orodd | =e or odd =e

o

X
8
r

r=4] B - -
ve 3x+8| 3x+4 3x+ 2 3x+1 9x + 10

16 8 8 8 8 4
=e or odd = =eorodd | =eorodd | =e orodd =

9x +7 9% + 5
4 4
= =e or odd
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r=s
X 3x+16 3x+8 3x+ 4 3x + 2 3x+1
32 16 16 16 16 16
=eorodd | =eorodd | =eorodd | =eorodd | =eorodd | =eorodd
* $ @ # %
!
S E
9x + 20 9x + 14 9x + 11 9x + 10 9% +7 9% +5 27x + 19
8 8 8 8 8 8 4
=e =e =e =e or odd =e or odd =e or odd =e
@@ & (( {{ [[ Kk —
r==6 * * $ ! @ # %
X 3x + 32 3x + 16 3x+ 8 3x+4 3x + 2 9x + 19
64 32 32 32 32 32 16
% $ {{ @ # % $ !
3x+1|9%+64 |27x+38| 9x+ 28 | 9x + 22 3x+1 9x + 64 9x + 40
32 16 8 16 16 32 16 16
@@ & (( { [[ [[ *x
9x + 20 9 +14 | 9x+11 | 9x+ 10 9x + 7 27x + 29 9x + 5
16 16 16 16 16 16 16
Xk Xk k
27x + 23 27x + 19
8 8
8
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Taha’s Golden Table for Collatz Sequence Pattern

— — 0 0
r=1=3(0)+1 x = 3;2 >x=1buty=4¢I1S(n) =>1S(n) # {x}, vn e N,
k=0

— j— 0 0
r=2=3(0)+2 X = 3;‘3 =>x =§€:‘N+ >x,y&lS(n)=>1Sn) #{x,y}, Vvne N,
k=0

— j— 1 0
Z: 3; =31 x =22 o= Ly =4,2=2=215(n) = (421}, Vn e N,
r=4=3(1)+1 X=31§t120$x$N+,VnEN+
k=1 2
r=5=3+2 |2 e N vneN,
k=1 2

— — 2 0 2
r=6=3(2) x = %: x=1,y=4,z=2.15(n) ={x,y,z}, Vn € N,
k=2

— — 3 2(50 1(-2 4
r=9=303) x = THTEITENE sy =4z=25 IS = (14,2},
k=3

vn € N,
r=12=3(4) 3%x +33(2°) + 3%2(22) + 3(2%)+2°
Kk =4 X = 121 >x=1y=4z=2,Vn
€N,
r=15=3(5) 35x +3*(2°) +33(2%) + 32(2%) + 3(2°) + 28
k=5 = 215-5 =x=1y=4
Z=2VYn €N,
r = 3(k),
3Ky + 3k—1(20) + 3k—2(22) + 3k—3(24) 4ot 3k—k+1(22(k—2))+22(k—1)
let x = — =>x=1
27 k
Note: 3%71(29),22,2%, ..., 22(k=2) 220~ j e 2™ and m € N = {0,2,4,6,8, ...}
ifr+3=3k+1),
' 3k+1x + 3k(20) + 3k—1(22) + 3k—2(24) 4+ 3k—k+1(22k—2)+22k )
isx = STTI- (D) >x=17
PT'OOf: (2r+3—(k+1) _ 3k+1)x — 3k(20) + 3k—1(22) + 3k—2(24) 4ot 3k—k+1(22k—2)+22k
(23k+3—(k+1) _ 3k+1)x — 3k(20) + 3k—1(22) + 3k—2(24) 4ot 3k—k+1(22k—2)+22k
(22k+2 _ 3k+1)x — 3k(20) + 3k—1(22) + 3k—2(24) 4 F 3k—k+1(22k—2)+22k
letk =4 =
(219 —35)x = 3%(2°) + 33(22) + 32(2%) + 3(2%)+28
(781)x=781=2x=1=> y=4,z=2
- lS(n) = {41211}
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if r=3(k)+hh<3,kheN,
3k + 3k—1(20) + 3k—2(22) + 3k—3(24) 4ot 3k—k+1(22(k—2))+22(k—1)
let x = T =>x &N,
if r+1=3(k)+2
is x = 3kx+3k—1(20)+3k—2(22)+3k—23;€r214_):...+3k—k+1(22(k—2))+22(k—1) S xEN,?
Proof:r +1 = 3(k) + 2
3kx + 3k—1(20) + 3k—2(22) + 3k—3(24) 4ot 3k—k+1(22(k—2))+22(k—1)

x= 23k+1-k

B 3kx + 3k—1(20) + 3k—2(22) + 3k—3(24) 4ot 3k—k+1(22(k—2))+22(k—1)

- 22k+1
(22k+1 _ 3k)x — 3k—1(20) + 3k—2(22) + 3k—3(24) 4ot 3k—k+1(22(k—2))+22(k—1)
letk =4
(29 — 3%)x = 33(2°) + 32(22) + 31(2%)+2¢
431x =175=>x &€ N,

~ifr=3(k)=>x€N,>I1S(x)={4,2,1},vn € N, = There is one loop Vn € N,
[Ifr=3(k)+h=>allx¢&N,,h€e€ N, h<3]= Noloop for Collatz Sequence
. IS(n) = {4,2,1} the only loop with three elements,Vn € N,.

10
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Taha’s Graph to Find Collatz Sequence’s & Loop’s Elements

Collatz Sequence Graph

11
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