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Abstract— Assuming that the Collatz conjecture is incorrect, the natural numbers can be divided into
two groups, namely, set B and set H. Set B is a natural number that satisfies the Collatz conjecture, and
set H does not satisfy the Collatz conjecture. After performing the Collatz operation on the numbers in
the H group, it is proved that the Collatz conjecture is correct.
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1. Preparatory work

Collatz algorithm:
n/2 ifn = 0(mod2
f { 32 +1 ifn= 1((m0d2))

operations. Collatz conjectures that all natural numbers will eventually enter the cycle of
4 - 2 - 1 - 4 through the algorithm of Collatz algorithm,  Suppose the Collatz guess is
incorrect. Then there is:
Definition 1 Let N be a natural number set. The N set is decomposed into B set and H set.
1, The natural number that satisfies the " Collatz conjecture" is called the“Collatz number set",
which is called the set B.

B = {by, by, b3,by,.. .. b} by=1,b, =2, b3=3, by =4 ... ... b; = oo
2, The natural number that can not satisfy the " Collatz conjecture" is called the "Set of non
Collatz numbers". It is called the set H.

H = { hq, hy, hg, hy,... ..h;}

Obviously BUH=N, BNH=0, h; is an odd number. Since h, is the smallest natural
number in H sets, thatisif n < h; has n € B.

2. Proof of proposition

Assuming that the Collatz conjecture is incorrect, that ¥vn if n € H, Then there are Collatz
algorithm
n/2 ifn = 0(mod2

f { 3£ +1 ifn= 1gmod2))
After Collatz algorithm, f(n) ...... -4 - 2 > 1 - 4, will not happen, that n € H.
In H={hy, hy, hs, hy,... ...h;}, hyis the smallest number in H, Obviously it is odd number, there is:
Lemma 1 Seth, =2p+ 1. have p=2n+1, thatis h; =4n+3, and 3 h; + 1 cannot be
divisible by 4 .
Proof When p =2n, hy =4n+1, Collatz algorithm: 3 x (4n+1)+1=12n+ 4,
(12n+4)/2=6n+2, (bn+2)/2=3n+1, *3n+1<4n+1=hy, ~3n+1€B,
ap=2n+1 - 3 +1=304n+3)+1= 12n+10,and (12n+10) /4=3n+5/2,
not aninteger, 3 h; + 1 cannot be divisibleby 4. #

To facilitate the proof, we establish the plane rectangular coordinate system as follows



Q
Y D X=3Y+1
Y=hi
0 E X
In the picture, Y= h;and X = 3Y 4+ 1 intersect at D point. The DE vertical line can be
Y
established to get the triangle DOE, have tanQ = vl set DE= Y = hy that is

0E =X; = 3h; +1, (X;and h;are one-to-one correspondence) whenDE = h;, have

h .
tanQ = 3h—1+1 , "' 3hy + 1 iseven number, Collatz algorithm, there are,
1
X1 _ 3hi+1 3h +1 _ _
h, = ot gy n, =1, h, e H, ( When om is an odd, n; is the maximum
_ 3h+1 . _ h _ h . _hy(3hy+1)
value), set y= T h, , --tanQ = 1y, thatis: X, =
x, = Gt llatz algorithm, th hy= 22 = GMAD"
2 = 2nin, » Collatz algorithm, there are: h; = onz h12n12"2’ ereY = hs,
_ M _ hs . _hy Bhy+1)  _  (Bhy+1) (Bhy+1)?
tanQ = E T that is: X3 = iy = 221272 » Collatz
lgorithm, th hy = o= Bt Reasoning in th Wi
algorithm, there are: h, = e RPamignagms easoning in the same way , We
B hi+1) .
canget: hjy; = , (p+ny+omy) =1, e (1)

hg—l N1 +n2.. 41
Whenn, =n,=-n;=1, (ny+ny+-+n;)=1i, set (ny+n,+--n) =, =i
3h1+1)‘ ) 3hy+1

Thatis (1) have: h;q = hl(m .* hi,4 is an integer, hlzﬁ/i must is an

. 3hy+1 . 3h{+1 . . .

integer, -.: hl not an integer, - 2113/1- must is an integer, Lemma 1: 4 do not divide
1

Bhi+1),~328/i=2 =+ B/i=1, =i, ~ (+ny.tn) =i, ~n,=n,=-n;=1,
“hi=4n+3, ~ py=2n;+1, ~h;=2p;+1=22C2..Cy+1) ..+ 1)+ 1)+1,
j=123..jo

proof: If j is not infinite, then loops must occur in H sets, and (1) the necessary conditions for
3hy+14 3hy+1
——7-) = h,, that -
hlzﬁ“) v thatis(

Obviously, 3h; +1 # 2h, , Therefore, equation (1) cannot generate cycles beginning

loops to occur are: hy (. =1, ~3h +1= h2F/

withh; . ny=n,=--n;=1, so Vh; willbethesameresult, .j—> oo, #
Because j—o oo, h; =2p;+1= 2(2(2 ...(an + 1) ot 1) + 1) +1 - o, SoinHset,we

can never find a h; to satisfy Collatz operation, that is H = @, Therefore, the Collatz
conjecture is correct. Proof of completion!
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