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Abstract

”It multiplies the 1/2 when the number of nature is even. It is mul-
tiplied by 3 in the case of an odd number. Furthermore it adds 1. By
repeating this calculation, it leads always to 1.”

This is referred to as the Collatz problem(Collatz Conjecture).
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1 introduction

Collatz problem i 1% loop L7z Wh?), HEEDOBHRED SEBOTHKT
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HEIIIAE T 5728, 77 —F 3L VWEeEZ 515, ZZ Tl Collatz
tree DRFEE L TH S IRMNEEZEHT 27200 FEE R T,



1.1 Collatz tree D%FE

Table 1 DFiHH

Definition 1

Collatz problem D#%i % AIZH|Z Collatz tree & FES,

5 3(odd) + 1 DIEE % node+ &3 5,

2" Df7% trunk £ 95, (K7z7ZU 1. 2. 4Eroot £ 5, )
2" - 3(odd) DIT% leef &3 5,

e trunk & leef Z[R\7247 & branch &3 5%,

trunk, leef. branch @ node+ IZX 3 5 cell % node— &3 5,

Table 1: Collatz tree model

[ X root || node — (Colored) | odd || node+ |
trunk S 64 32 16 8 X4 | X2 X1 X4
leef cee 192 96 48 24 12 6 3 10
branch || --- 320 80 20 10 5 16
branch || --- 224 56 14 7 22

leef <.+ | B76 | 288 | 144 | 72 36 18 9
branch || --- 704 176 44 22 11
branch || --- 416 104 26 13
leef <+« | 960 | 480 | 240 | 120 | 60 30 15
branch || --- | 1088 272 68 34 17

e node+ DFNZIE node— DEWIFEL,. TN% color TY—F 2 F LTz, Z
i tree DA IBERIZ WG 5,
yellow @ cell 1% 2 A, magenta @ cell % 4 FH, cyan @ cell % 8 EH,
green @ cell 1% 16 F#A. red @ cell I% 32 A, blue D cell 1% 64 FHH--- &
trunk DIED JFAHAT node+ OFNZ AL TV 5,

e node+ 1% 3 DIEET I\ 28 leef 1X node— 2 H X7\, & T Collatz tree
DRIGTH Y. B leef ZHHHE E F 5,

e 20dd< 3odd+1 &£ D, yellow D cell IZBR D node— @ _EFHIZ node+ L&
LTW5,

o T cell IZADIEETHRWZDEKLTHRL,
[Collatz tree DHAINLTHF)
1. Table M#47T trunk. leef, branch ZtJ 9 31} 5,

(leof 75t 2 £ L, )



1.2 loop DEEICEAL T
Proposition 2 Collatz tree IZid root % R & loop I$1ZFE L 72\,

Proof 3 z, #3(3m)+1 &9 5,

Table 2: Collatz tree model
’ H node— \ odd H node-+ ‘
\

[branch [| -~ [@no [ [@ann [ [ [ | ] |

Theorem 4 (7 TILY—D/NER) n ZHRE, p HFREBTn & p WHWVIZHET
borrE
nP~' —1=0 (mod p)
p=3TiX
n?—1=0 (mod 3)
T =3(3m+ 1)+ 1 O

Tpi1 =22(3Bm+1)+1)

odd = - (22(33Bm+1)+1)-1)

(22-33Bm+1)+2° 1)

Wl Wl Wl

(2°-3(3m+1) +3)
= 22Bm+1)+1

= 22.3m+22-14+2#0 (mod 3)

Tppo =2 (3(3m+1)+1)

odd = - (2*(3Bm+1)+1)-1)

(2*-33m+1)+2*—1)

(2*-3(3m +1) + 15)

= 2*Bm+1)+5
= 2*.3m+2*-1+6
= 2.3m+4*-14+3-2=0 (mod 3)

Wl Wl Wl



Tn =3(3m+2)+1 Dl

Tpp1 =22 (3(3m+2) +1)

odd = - (2°(3(Bm+2)+1)—1)

(2°-3(3m+2)+2°—1)

(2°-3(3m+2) +3)

= 22(3m+2)+1
= 22.3m+2°-2+3
= 2°.3m+2(2°-1)+3=0 (mod 3)

W= W= W=

Tpro =22 (3(3m +2)+1)

odd = = (2*(3(3m+2)+1)—1)
(2*-3(3m+2)+2* 1)

(2*-3(3m +2) + 15)

N wl—wl =

= 22.3m+2°-2+47
= 2" 3m+2(4°-1)+7#0 (mod 3)

x, D leef DRIEERZ S 2,43 B leef DRI TH 5,

20z,
Ty =

Tn+3

Tn+3
FPmi+1E&BIFB2DT

26.32m, +26=26.32m; +32-7+1
Fmo+1  (mg=2%m, 47)

& o T 3n THRWHRED S Collatz BRI % WIZHED & leef BB ITIFIET D,

(1)



Table 3: leef Z FJHHEIZ & U256

leef node + A
branch | node — A | node + B
branch node — B | node + C
branch node — C | node + D
branch node — D | node + E

node— 12X I3 2MBEIE node+ 12 1 DIFELTW5S,

leef Z FIMME & U 72356, leef I& node— %276 X 72\ 728 loop 1272 572\,

(1) EVERED 3n THRWVHRBIIFED leef Z¥IHfHEE L TR ONDE, £oT
root %R & loop IZFEL W, |



1.3 root DEMNYICEHL T
Proposition 5 yellow cell D node(+ — —) HEIXARFEITEIET 2,

Example 6 p.10 £

15 = 2n;+1
46(yellow cell) = 3(2ny +1)+1

-2(2 1
- w—i_l

3
70(yellow cell) = 3 Bm+1)+1)+1

32.2(2n1 +1) 3
= 2 2T 2
22 +2+
33-2)(2m+1) 3
2 2
6ny+3 3
e

2 2
70 — 46 (ny +1)

5 = s = even steps

70 —-46 =

2(2 1
106(yellow cell) = g (i’)(’;ﬁ) n g n 1) 1

3.22m+1) 32 3
= — 5 — Tymtitl
32(3-2)(2ny +1) 32

22 Ty

32 (2n1 + 2)

22
32 (’l’Ll + 1)

2
106 — 70 3(n1+1)

6 = — o = even steps

106 -70 =




32 1 2
160(red cell) = 3<3(n1+)+3+3+1)+1

2 22 22 2
— w + g -+ g -+ § + 1
B 24 23 22 2
3B-2)2n+1) 3
160 — 106 = 23 + 23
_ 33 (2n1 + 1) 33
= B ¥
_ 33 (2n1 +2)
-3
33 (n1 + 1)
-T2
160 — 106 32 1
— - 7@213—'— ) = odd steps

node+ @ yellow cell iX 2 FHR DT,
L T W B node(+ — —)=even steps TH 5, £-oT
HEHAME IR 2 I1E node(+ — —)=odd steps & 725,

r 2 HRBE LTI T &5,
_ 3 (n+1)
2T
(n+ 1) ITERMEZRDOTHEPEL TV EEREIT odd 12720 {F1ET 2,
Example 7 KiZ k =odd £ LT, (n+1)=219% & 51X

node(+ — —) steps

30 . 2100k
node(+ — —) = ——— =even steps(iH$H)
3. 2100 .
node(+ — —) = ——z — —even steps(H#$H)
32 . 2100k
node(+ — —) = —5— —even steps(iHiH)
398 . 2100k .
node(+ — —) = — = even steps(iH#iH)
399 . 2100]€ .
node(+ — —) = 50 = odd steps(f#1L)



1.4 Collatz tree DI TFIE
AFIZ1~4 DFEERT,
1. 2T D leef # node— 2/ 0 13 5,

2. node+ 7 yellow D4 T ® branch % node— 250 {F1) 5,
((2) &Y. node+ A yellow D4 T D branch (&H RFEIT node— (2 D ff
FOHENWTRETH D, )

Table 4: Collatz tree model
[ X root || node— | odd ]| node+ |
trunk
leef
branch
branch
leef
branch
branch
leef
branch
branch
leef
branch
branch
leef
branch
branch
leef
branch
branch
leef
branch
branch
leef
branch
branch
leef
branch
branch
leef
branch
branch




3. node+ M yellow TRWHDIZEH LU T, B0 1) 3 nodet+ £ D BLEED {F1F
53 % branch @ node+ BRKEWVWEDZ L TR D 1T 5,

Example 8 node + (t, < sp)

trunk node— || node + 4
branch a,, node— || node+t,
branch b, node— || node + s,

4. RBIZETD node + s, & node — s, \ZHED 1T 5,

Example 9 node + (s, > $p—1)

trunk  node —---256 64 16 || node + 4

branch b, node — s; || node + 16

branch by node— || node + s1
node — s2 || noc.le—i—

branch b3 node— || node + s
node — s3 || noc.ie—f—

branch by node— || node + s3

HARBULEIRPE T3 2 FIZRVD T, EREOBREBIIBT root NEMR > TV D,

node + s, > node + S,,_1 > node + s,_o > node + S,,_3 -+ > root



Table 5: Collatz tree model

| % root || node— | odd || node+ |
trunk 64 16 K4 | X2 | X1 X 4
leef e 3 10
branch 10 5 16
branch 7 22
leef 9
branch 22 11 34
branch 13
leef 15 46
branch 34 17
branch 19 58
leef 21 64
branch || --- 46 23 70
branch || --- 25
leef 27 82
branch || --- 58 29
branch || --- KR! 31 94
leef 33
branch || --- 70 35 106
branch || --- E2B{H 37
leef 39 118
branch 82 41
branch 43 130
leef 45
branch 94 47 142
branch 49
leef 51 154
branch 106 53
branch 55 166
leef 57
branch || --- 118 59 178
branch || --- B8 61
leef 63 190
branch || --- 130 65
branch || --- Y] 67 202
leef 69
branch 142 71 214
branch 73
leef 75 226
branch 154 77
branch 79 238
leef 81
branch 166 83 250
branch 85 256




