Collatz Sequence Proof (1st Way)

Abstract:
n
Collatz Sequence rules: n (Even): S,orn (0dd):3n + 1.

With enough repetition, do all positive integers converge to 1?7

Proof:
let n,x,y,z,t,u,v,k,vr,h € N, let x € IS(n) = loop of Collatz Sequence (n),
let S(n) = {gor (Bn+1), ...,?},or S(n) = {gor (Bn+1), }

I have to prove IS(n) = {4,2,1},Vn € N, and proof it is the only loop.

Clouds of Collatz Sequence’s, r is number of elements of IS(n),& x € IS(n)
Using Collatz even and odd rules on x (the 1* element of 1S(n)) to find all clouds.

Make each cloud = x to find value of x, and if x € N, = Collatz Sequence has [S(n).

r = number of elements of 1S(n)
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A) let IS(n) = {x},Yyn € N,

Cloud Cloud = x
X Z=x=x=0¢IS(n)
5 2

3x +1 3x+1=x=>x=—%$l$(n)

~x &N, =>1S(n) # {x},yn € N,

B) let IS(n) = {x,y},Vvn € N,

Cloud Cloud = x y
X X
7 Z:x::»x:0€l.5‘(n)
3x+2 3x2+2=x:3x+2:2x$x=—2$l$(n)
2
3x+1 3x;1:x:>x:—1$l5(n)
2

~x &Ny =>1S(n) #{x,y},Vvn €N,
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C)letlS(n) ={x,y,z},Vvn € N,

Cloud Solve equation: Cloud = x y z
X Z=x=2x=0¢IS(n) =" ="
3 8
A X oy sx=4elSM) 2 =2 221
4
3x+2 |32 _ o x=2€lS(n) =1 22—y
4 4 2 2
3x+1 3x;rlzx:}x:lElS(n) 3x+1 3x;1 =2
4 =3(1)+1=4
9x+5 |2 _yox=-2¢istn) - -
2 2 7

~X€EN,=21S(n) ={x,y,z} ={42,1},Vvn €N,

~Sn) = {% or Bn+ 1), ...,4,2,1},Vn €N,
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D) let IS(n) = {x,y,z,t},Vn € N,

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 ¢ 1S(n)

3x+2 |3x+1 _ — —- —
- =X ¢ 1S(n)

3x +1 9x+5 — — —
. =X ¢ 1S(n)

9x+10 | 9x + 10 ¢ 1S(n) - — —
2 R X n

Ix+7 |9x+7 ¢ 1S() - — —
4 g rERW

9x+5 |9x+5 ¢ 1S() - - —
> 5= X n

SxXxEN.=21S(n) #{x,y,zt},Vyn €N,

From Clouds of Collatz Sequence’s above

Whenr =5elements = x ¢ N, = IS(n) # {x,y,z,t,u},vn € N,
Whenr=6elements= x € N, = IS(n) = {x,y,z,t,u, v} = {1,2,4,1,2,4} = {1,2,4},Vvn € N,
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Pattern of Collatz Sequence

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,
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Equation of finding x value in the Collatz Loop

Part A:
0 if T =30k
3kx + 3k—1(20) + 3k—2(22) + 3k—3(24) 4ot 3k—k+1(22(k—2))+22(k—1)
let x = =1=

2r—k
IS(n) ={1,2,4} ,vn € N, whenr € {3,6,9,12, ...,3(k)}.
Note: 3%71(29),22,2¢4,...,22(=2 22(k-1) j ¢ 2™ and m € N = {0,2,4,6,8, ...}

i) ifr=30+1) =3k +3,
3k+1x + 3k(20) + 3k—1(22) + 3k—2(24) 4ot 3k—k+1(22k—2)+22k B

isx = (kD) =17
Proof:
3k+1x + 3k(20) + 3k—1(22) + 3k—2(24) 4o 3k—k+1(22k—2)+22k
X = =
2r—(k+1)

(2r-(k+D) _ ght1)y = 3k(20) 4 3k=1(22) + 3K72(2%) + ... + 3K-KH1(22k=2) 4 2k o
(23k+3—k—1 _ 3k+1)x — 3k(20) + 3k—1(22) + 3k—2(24) 4+ o+ 3k—k+1(22k—2)+22k =
(22042 — 3kHlyy = 3%(20) + 3K71(22) 4 3K-2(2%) + - 4 KTHHL(22K-2) 4 22k oq]

is (22k+2 _ 3k+1) — 3k(20) + 3k—1(22) + 3k—2(24) + o 3k—k+1(22k—2)+22k?
letk=4 =
LHS = (21°-3%) =781, &
RHS = 3*(2°) + 33(2%) + 32(2%) + 3(2%)+28 = 781
teql: (781)x=781=x=1=>y=42z2=2>

IS(n) ={4,2,1},vn € N, whenr € {3,6912,...,3(k),3(k+1),...}
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Part B:
let r=3(k)+hh<3,kheN,
0)if r=3(k)+ 1, when h=1

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

= 1S(n) =0,vn € N, whenr € {1,24,5, ..., [3(k) + 1]}

let x = >x &Ny

i)if r=3(k)+ 2, when h=2
3kx + 3k—1(20) + 3k—2(22) + 3k—3(24) 4o 3k—k+1(22(k—2))+22(k—1)

isx = T = x & N,?
Proof:
3kx + 3k—1(20) + 3k—2(22) + 3k—3(24) 4o 3k—k+1(22(k—2))+22(k—1)
X = ok =
3kx + 3k—1(20) + 3k—2(22) + 3k—3(24) 4o 3k—k+1(22(k—2))+22(k—1)
X = 23k+2—k
3kx + 3k—1(20) + 3k—2(22) + 3k—3(24) 4ot 3k—k+1(22(k—2))+22(k—1)
X = 22k+2
(22k+2 _ 3k)x — 3k—1(20) + 3k—2(22) + 3k—3(24) 4ot 3k—k+1(22(k—2))+22(k—1) €q1
letk =4

woeql: (219 — 3Yx = 33(2°) +32(2%) + 31 (2Y)+26 =
943 x =175=>x ¢ N, > IS(n) = @,vn € N, whenr € {1,2,4,5,...,[3k + 1], [3k + 2], ...}

2w N, ={3,69,12,..,3(k),3(k + 1),..} U {1,2,4,5, ..., [3k + 1], [3k + 2], ...}

~bypart A&part B=1S(n) ={1,24}U 0 ={1,2,4},Vvn € N,
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