1st Way Solution of Collatz Sequence

Abstract:

1—let n,x,y,z,t,u,v,k,7,... € N,

let x € S(n),& x € IS(n) = loop of Collatz Sequence (n),

i) I proved IS(n) = 0,{x}, {x,y},{x,y,z,t} = ={x,y,2,¢,..,v,..} is false

ii) I proved IS(n) = {x,y,z} = {1,2,4} = {1,2,41,24} = --- = {1,2,4,1,2,4, ...,1,2,4} is true
2 — I created special sketch to find algebra expresions equal to x.

3 — I created special Table to find algebra expresions of elements in the LS(n).

4 — [ created pattren to find value of x € 1S(n).

5 — Observation: let r = number of elememts in IS(n), therefore:
Dif(r=3k)=>x=1 =1Sn) ={42,1},Vvnwhenr € {3,6,9,12, ...}

i)if r=3k+hh=1o0orh=2)=>x¢N, =>1S(x) =0,,Vnwhenr ¢ {3,69,12, ...}
“ N, ={r=3k}uU{r =3k + h}

lS(n)nEN+ = lS(n)rE{?‘=3k} U ls(n)re{r=3k+h}
2 AS(Mnen, = {1,241V 0 = {1,2,4},Vvn e N,

Proof:
let x,y,z,tk,7,.. €N,
Collatz Sequence: let IS(n) = loop of n, & S(n) = {gor (3n+1), 7}

I have to prove Vn € N, ,1S(n) = {4,2,1}
Pattern of Collatz Sequence’s Loop,r € N,,r is number of elements in a loop, x € N,

x€S(n),&x e IS(n)
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A.let IS(n) = {x}, whenx € S(n) = {x,...,7}

e : evev~
(@ pH OAA

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

Cloud Cloud = x
X Z=x=>x=0¢I1S(n)
2 2

3x+1 3x+1=x:>x=—%$l5(n)

Chart to Find x number values

~1S(n) # {x},Vvn € N,
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B.let IS(n) = {x,y},&Vn € N, x,y e S(n) = {x,y,...,7}

= Ny _/\
XN a3y £
A

A A

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

Cloud Cloud = x y
X X
7 Z:x::»x:0$l$(n)
3x +2 3x2+2=x:>3x+2=2x:>x=—26515(n)
2
3x +1 3x:1=x:»x=—1$15(n)
2

Chart to Find x, y number values

~IS(n) # {x,y},yn € N,
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C.letlS(n) ={x,y,z}, VvVn € N, x,y,z € IS(n)

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

Cloud Solve equation: Cloud = x y z
X I=x=x=0¢IS(n) =" ="
3 8

3x +4 3x4+4=xzx=4el5(n) x;=2 "Z:l
4

3 F2 1 Z oy sx=2€15n) ~=1 N
4

3x+1 |2y x=1€lS(n) 3x +1 3x2+1 =2
4 =3(1)+1=4

9x+5 |2 _yox=-2¢isn) - -
> 2 7

To Find Equivalents Expressions (Clouds) to 1% Element (x) of the Collatz Loop
~IS(m) ={x,y,2z} ={42,1},vn € N,

2 S(n) = {g or (3n+ 1), ...,4,2,1},Vn €N,
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D.letlS(n) ={x,y,2,t},&Vn € N, x,y,z,t € S(n)

3 3L+

ks
2

\

IS(n)Collatz Sketch to find equivalent expresion (Cloud) to x
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Cloud Solve equation: Cloud = x y z t
* 1x—6 =x=>x=0¢1S(n) === --- ---
16

3x +8 | 3x+8 _ — — —
- =X ¢ 1S(n)

3x +4 | 3x+2 _ - - —
- =X ¢ IS(n)

3x+2 |3x+1 _ — —- —
- =X ¢ IS(n)

3x +1 9x+5 — — —
. =X ¢ 1S(n)

9x+10 | 9x + 10 ¢ 1S(n) - — —
4 g rERW

9 +7 | 9x+7 —x ¢ IS(n) - — —
2 YR X n

9x+5 |9x+5 ¢ 1S() - - —
> 5= X n

= I1S(n) #{x,y,z,t},yn €N,

Then I have to find a pattren and formula To get elements of [S(n)
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Pattern of Collatz Sequence’s Loop, r € N, r is number of elements in a loop, x € N,
x € S(n),& x €1S(n)

r = #1S(n)

x =e or odd

r=1
x 3x+1
2
e
=eor
odd
_)
-

r=2 . . -
X 3x+2 | 3x+1
4 2 2
=eorodd | =e | =eorodd
- N

5T 5T B
r=3 X 3x+4 | 3x+2 3x+1 9x +5

8 4 4 4 2

=e or odd =e | =eorodd | =eorodd =e

- - =

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

16 8 8 8 8 4

=eorodd | =e |=eorodd| =eorodd | =e orodd =e

[ B |B
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5
9x +7 9x +5
4 4
=e =e or odd
-
r=5 ] -
X 3x + 16 3x+ 8 3x+4 3x+2 3x+1
32 16 16 16 16 16
=eorodd | =eorodd | =eorodd | =eorodd | =eorodd | =eorodd
* $ @ # %
!
[] - - -
9x + 20 9x + 14 9x + 11 9x + 10 9x + 7 9x + 5 27x + 19
8 8 8 8 8 8 4
=e =e =e =e or odd =e or odd =e or odd =e
@@ & (( { (L x Fhk
r=6 * * $ ! @ # %
ve 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
@@ & (( {{ [l (L ok
9x + 20 9+ 14 | 9x+ 11 | 9x + 10 9% + 7 27x + 29 9x + 5
16 16 16 16 16 16 16
. .
27x + 23 27x + 19
— —
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Table for Collatz Sequence Pattern

r=1=3(0)+1
k=0

_30x420
21-0

=>x=1buty=4¢1S(n) =1S(n) #{x}, vne€ N,

r=2=3(0)+2
k=0

_ 30x420
~ 22-0

:>x=§(,i_N+ =>x,y&lS(n)=>1S(n) #{x,y}, vne N,

=3 =3(1 _31x+2° _ _ _ _
r ( ) 23—_1$X—1,y—4‘,Z—2$lS(n)—{4‘,2,1}, VTLEN+
k=1
— — 1 0
T'—4—3(1)+1 _3292t12$X$N+,VTLEN+
k=1
=5 = 31x+20
r=5=3(1)+2 = 2’;_1 = x &N, VneN,
k=1
— — 2 0 2
r=6=3(2) :%ﬁle,yzél,Z:ZzlS(n)z{x,y,z}, vn € N,
k=2
— — 3 2(~>0 1(-2 4
r=9=30) x =223 (223:33 @)W 1y =4 2=2>15(n) = {142},
k=3
vn € N,
r=12 =3(4) 3%x + 33(29) + 32(22%) + 3(2*%)+2°
X = 52 >x=1,y=4z=2,Vn
k =4 2
EN,
r =15 = 3(5) 35x + 3%(29) + 33(22) + 32(2%) + 3(2°%) + 28
X = 55 =>x=1y =4
k=5 2
Z=2Vn€ N,

https://doi.org/10.33774/coe-2024-c4f7p-v3 ORCID: https://orcid.org/0000-0002-8954-9264 Content not peer-reviewed by Cambridge University Press. License: All Rights Reserved



https://doi.org/10.33774/coe-2024-c4f7p-v3
https://orcid.org/0000-0002-8954-9264

r = 3(k)
3kx + 3k—1(20) + 3k—2(22) + 3k—3(24) 4o 3k—k+1(22(k—2))+22(k—1)

let x = T >x=1
Note: 3%¥71(29),22,24, ...,22(=2) 22(k-1D i ¢ 2™ and m € N = {0,2,4,6,8, ...}
ifr+3=3k+1),

. 3k+1x + 3k(20) + 3k—1(22) + 3k—2(24) 4o 3k—k+1(22k—2)+22k L -

Isx = = ?

2r+3—(k+1)
Proof: (2r+3—(k+1) _ 3k+1)x — 3k(20) + 3k—1(22) + 3K72(24) 4 ... 3K—H1(Q2k=2) 4 92k
(23Kk+3=UerD) _ ghe1)y = 3k(20) 4 3K=1(22) 4 3K2(24) 4 .. 4 Zhok¥1(Q2k-2) 4 22k o
(22k+2 — 3k+1)y — 3K (0) 4 3k=1(22) 4 3K-2(%) 4 ... 4 ZK-KF1(P2K=2) 4 92k o0
is (22k+2 _ 3k+1) = 3k(0) 4 3k-1(22) 4 3k=2(%) 4 ... 4 k—k+1(Q2k=2) 1 22k — » — 17
letk =4 = (2'°—3%) = 781,& 3*(2°) + 3%(22) + 3%(2%) + 3(2%)+2% = 781
=>eql:(78)x=781=>x=1= y=4,z=2=1S(n) ={42,1} ,Vvnwhenr € {r = 3(k)}
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if r=3(k) +hh<3,khE€EN,

3kx + 3k—1(20) + 3k—2(22) + 3k—3(24) 4o 3k—k+1(22(k—2))+22(k—1)
2r—k

let x = =>x &N,

Dif r+1=23(k)+1,whenh=1

. 3kx+3k—1(20)+3k—2(22)+3k—3(24)+“.+3k—k+1(22(k—2))+22(k—1)
- r+1-k

IS x = x €N,?
Proof:r+ 1 =3(k) + 2

ka + 3k—1(20) + 3k—2(22) + 3k—3(24) 4o 3k—k+1(22(k—2))+22(k—1)
= 23k+1-k

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

(22k+1 _ 3k)x — 3k—1(20) + 3k—2(22) + 3k—3(24) 4o 3k—k+1(22(k—2))+22(k—1) eqz
letk =4
= eq2: (2° -3Hx =33(2% +32(23) +31(2H)+2° =2 431x = 175=>x ¢ N,

X

X

vnwhenr € {r = 3(k) + 1}
i)if r+1=3(k)+ 2, when h=2

| 3k 3Ko1(20)43K2(22)43K73(24) 4o 4 3KKHL (22(k-2)) 4 22(K-1)
- 2T+1-k

is x = X €N,?
Proof:r +1 =3(k) + 2

3kx + 3k—1(20) + 3k—2(22) + 3k—3(24) 4o 3k—k+1(22(k—2))+22(k—1)
- 23k+2-k

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

X

X

(22K+2 — 3k)x = 3K=1(20) 4 3K-2(22) 4 3K=3(2%) 4 .. 4 3K-K+1(22(k-2)) 4 22(k-D) o3
letk =4

« eq3: (210 — 3%)x = 33(2°) + 32(22) + 31(2)+26 > 943x = 175 > x € N,
vnwhenr € {r = 3(k) + 2}

v« N, ={r =3k}U{r =3k + h}, When h=1, or h=2

lS(n)n€N+ = lS(n)re{rzgk} V) lS(n)rE{r=3k+h}
2 AS(M)nen, = {1,243V 0 = {1,2,4},Vn € N,

https://doi.org/10.33774/coe-2024-c4f7p-v3 ORCID: https://orcid.org/0000-0002-8954-9264 Content not peer-reviewed by Cambridge University Press. License: All Rights Reserved



https://doi.org/10.33774/coe-2024-c4f7p-v3
https://orcid.org/0000-0002-8954-9264

