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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
12757 2B RDOYEL T 5,
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 Table D4%FfH

Table 1 DFiHH

Definition 1

Collatz ##& % RIZHI A Collatz tree & IFZ,

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

e 2" DfT% trunk &35, (K7z7ZL 1. 2, 4ldroot £ T 5, )
2™ - 3(odd) DIT% leef &3 5,

trunk & leef BASAD171d branch &9 5,

trunk, leef, branch @ node+ IZXId 5 cell % node— &§ 3,

Table 1:

[ X root || node — (Colored) | odd || node+ |
trunk e 64 32 16 8 X4 | X2 X1 X 4
leef e 192 96 48 24 12 6 3 10
branch || --- 320 80 20 10 5 16

branch || --- 224 56 14 7
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

o node+ DFINZIX node— DIEIFIEL. TN%E color TY—F 27 U7z, Z
NI tree D IEIZXTIET D,
yellow cell 13 2 B, magenta cell i& 4 EH. cyan cell I% 8 B, green cell
1% 16 A, red cell 1% 32 AH#A. blue cell I& 64 FHA--- & 27 AT node+
DINZHZHE LT WS,

o leef 13 3 DIEETIZZ\W T2 node— 2B X7\, &£ - T Collatz #EH&,
HDUETH 5,

e 2(0odd) < 3(odd) +1 & b, yellow cell D Table node— Df7, LFITXG
3 % node+ DLEL TV 5B,

o BAFTAW cell BT TRWD LI, AIgT 2,

[Collatz tree DAL T JF)
1. Table D47 trunk. leef. branch ZtJ 9 431} 5,

2. node+ DEIRSIZEELEF%Z DOV node— [F UAEDERDIZAE D 15,



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:
’ \‘I node— \ odd H node+ ‘

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

Theorem 4 (Fermat’s little theorem) n % HRE, p BFEHTn & p A H
CRTHhHELE
nP~' —1=0 (mod p)

p=3DLE

n?—1=0 (mod 3)
Tn=30Bm+1)+1DL

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)

(22-3Bm+2)+22-1)

(2°-3(3m+2) +3)

= 22(3m+2)+1
= 2°.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)

B2 Wl w =

= 22.3m4+25—-247
= 2" 3m+2(4°-1)+7#0 (mod 3)

Lo Ta, Dleef DRIEER TRV SIE 2,01 T2 210 &5 50D leef DA
weins,



F7z. x, D leef DGR S51E 2,43 B leef DRIEERTH 5,

Ty DY leef DIEERD T 2, = 3%2my + 1 BT 5,

Tnts = 261‘”

Tz = 25(3%my +1)
=20.3%2my + 26
=20.3"m; +3% . 7+1
=3%ma+1  (mo=2%my +7)

£oT

3n TRWHARKD S Collatz B2 WIZHED & leef DB THEET 5,

Table 3: leef Z FJHIE & U 7=354&

leef node + A

branch | node — A | node + B
branch node — B | node + C
branch node — C | node + D
branch node — D | node + FE

Table 1 & D node— & node+ (Z—x—DRERIZH 5,

Table 3 & D leef Z #IWIHE L U 7254, leef IX node— %H X7\ 728 loop 1278 5

AYPAN

(1) EVEED 3n TRVHRBIZRED leef ZWIHMEE LTHOND,

BAE & D root %R E loop I$AZE L 2\,



1.3 yellow cell DEFHICE L T
Proposition 5 yellow cell D node(+ — —) HEIXARFEITEIET 2,

Example 6 p.13 £

15(odd cell) = 2ny+1(ny =7)
46(yellow cell) = 3(2n1 +1)+1
-2(2
_ 320@m+l)
2
3
70(yellow cell) = 3 B@2ni+1)+1)+1

32.2(2n14+1) 3
= _— —_ 1
22 ot

— 1
04 - 3B-2emt1 3

2 2
 6nyp+3 . 3
B 2 2
= 3(m+1)
70— 46 (interval of row) = (n12+ = even steps
3(3%(2 1) 3
106(yellow cell) = — 3Em+1) +241) 41
2 2 2
3-202m+1) 32 3
= _— i — 1
23 + 2 + 2 +
32(3-2)(2n; +1) 32
106 —70 = 5 + %
32 (2n1 +2)
-2
_ Fm+D
B 2
106 — 3 1
M(imterval of row) = % = even steps



160 — 106

node+ @ yellow cell (& 2 F{A7 D THEBEHAZ LT B, interval of row & odd

steps &7 5,

32

3 /33(2n1 +1)
160(red cell) = —|————
(red cell) 5 ( 52
3t2(2m4+1) 3B 3
= a tmtmts
33(3-2)(2 1
160106 = > 3=2Cmtl
23
33 (20, +1) 33
- T 93 T3
33 (2’]7,1 + 2)
= T
33 (n1 + 1)
32 1
(interval of row) = % = odd steps

—RE r EERBE LTUAT LS,

(n+ 1) IZEBREZ D T yellow cell D node(+ — —) HEITARFEITIEILT 5,

Example 7

371 (n + 1)

interval of row =
27’

steps

10=32n+1)+1
n+1=2|2"— 1 chain

22=302n+1)+1
n+1=4|22—= 2 chain

34=32n+1)+1
n+1=6|2"— 1 chain

46=32n+1)+1
n+1=8|2°—= 3 chain

+om gyt



1.4 REEHITICEK BELHA

Table 4:
| HBE [ B~V | BE (o) | BAAARYVE [ BAE (b)) | REEDE (- b) |

2% A 1 chain 1.00 | 087 0.871

23 JE 1A 2 chain 1.50 \ 2.68 1.78666666
2% JAH 3 chain 2.25 | 348 1.54844444
2° JH 1A 4 chain 3.38 | 1072 3.17629629
26 JE 1 5 chain 5.06 blue ‘ 13.94 2.75279012
27 JA 1A 6 chain 7.59 color 6 42.88 5.64674897
28 JE I 7 chain 11.39 color 7 55.74 4.89384910
29 JEHA 8 chain 17.09 color 8 171.52 10.0386648
210 JE 1 9 chain 25.63 color 9 222.98 8.70017619
211 JHHA 10 chain 38.44 color 10 686.08 17.8465152
212 JEHA 11 chain 57.67 color 11 891.90 15.466979
213 JH 1A 12 chain 86.50 color 12 2744.3 31.7271382

Table 4 D

1. HBI% (appearance rate)
yellow chain., & & O not yellow cell ® node+iZ B} 2 HEHKREZRLTW5,

2. BMA X b (Increase event)
yellow chain #&

3. ¥hN= (Rate of increase)
yellow chain (Z & 5 S

Table 5: 3 chain event

T15
T 1.5
1.00 = 1.5°
1.50 = 1.5
2.25 = 1.5
3.38 = 1.5°
5.06 = 1.5
7.59 =1.5°



Definition 8

Rate of increase = (Rate of decrease)™!

4. WA A X b (Decrease event)
1 chain @ not yellow cell

5. JEA# (Rate of decrease)
yellow cell Z 2 f& U 7z not yellow cell DA,

magenta event 0.87 = 0.67- 1.3
cyan event 2.68 = 0.67 - 4
green event 3.48 =0.67-4-1.3
red event 10.72 = 0.67 - 42
blue event 13.94 = 0.67 - 4% - 1.3
42.88 = 0.67 - 43
55.74=0.67-4% - 1.3
171.52 = 0.67 - 4*
222.98 = 0.67-4*-1.3
686.08 = 0.67 - 4°
891.90 = 0.67-4°-1.3
2744.3 = 0.67 - 4°

6. RFEJEDHE (Decrease rate of surplus)
[ U HEZRD yellow chain & not yellow cell DigAEREZ T ELEZH D,

Table 6: 1 chain & magenta event
1 0.67 | 1 chain

113

Table 7: 2 chain & cyan event

7 1.571 | 1 chain

7 0.67 | 2 chain
} 4

Remark 9 magenta DJFADRIL 087 < 1 D THEIMLTW5,



Table 8: 3 chain & green event

7 1571 | 1 chain
7151 | 2 chain
7 0.67 | 3 chain
| 4
1.3

Table 9: 4 chain & red event

T 1.571 | 1 chain
T 1.5~ | 2 chain
T 1.571 | 3 chain
7 0.67 | 4 chain
l 4
| 4

Table 10: 5 chain & blue event

7 1.571 | 1 chain

71571 | 2 chain
71571 | 3 chain
7 1571 | 4 chain
7 0.67 | 5 chain
l 4
14
1.3

10




EBED I F v VR TIE loop BEEE T H UREKIZE S W dFEET S
cell ZFR< BEMNH 5, BHDML 1L yellow chain & not yellow cell THE7Z
50

yellow chain (ZE U T 4 chain 2235 & 3, 2, 1 chain Z &L HMMR L
DTH DN,

Y6 D Ys D Y4 DYz D Y2 D Y1

not yellow cell (ZBJ U Tld node —#&H Tili > 7z cell I& node+ THFL L 72\
EWVWSHEDTH B,

el Del9Dcd7TDbDgom
~cl2Dcl0De8Dcelb Droc

Table 11:
| Table 75K | A B
22 Y1 m
2 Y1 Yo m?c
o ¥Z 2 - 3 m3c?g
P Yi - Y5 - Y3 Ya mbc3g?r
2° YY Yo Y3y m'2c0gr2h
2 Y1° Y5 Y5 Vi Ys - Ye m?ct2g%r3b2(cl6)
28 Z/%2 : 2/56 : y§ : yi : y? “Ye - Yt m480249127"6b3(0l6)2(d7)
59 Y LI LIS BV B Sy, M9 P 255 (16)3 (cl7)2(cl8)
510 Yl ST BT TS 8 T T 920 38 AT (160 (l7)P (cl8)2 (cl9)
Example 10

2° 47 £ TliZ 1 chain #% 23 [A], 2 chain %% 22 [8], 3 chain #%2 [8], 4 chain 7%
1 [H], magenta %23 [A], cyan %% 22 [6], green »% 2 [A], red #% 1 [MHB{L T

Wb,

2

r =red - cyan

11

g> = (green - magenta)?



Table 12:
| Table /78 | BIANRZEEN [y #1H [  y WA |

22 1.148105626 34 39.03559127
23 0.737768579 46 33.93735463
21 0.204113429 | 118 | 24.08538457
20 0.015623359 | 190 | 2.968438285
26 0.000091534 | 478 | 0.043753018

7. ARG (Increase rate of cumulative)

BT 52 FR\\ 72 Table /781 27 125 13 2 N &5t

A-B™!
8. y #JH (First item of yellow cell)

first item of yellow cell = first item of not yellow cell + 6

9. y Hif## (Expected value of yellow cell)

Expected value of yellow cell = (first item of yellow cell)-(Increase rate of cumulative)

Proof 11

1. If the Collats conjecture is false, there is a sequence of numbers that
diverges at both ends.

2. The number of routes increases when going on the reverse path. Also,
each number sequence has a minimum value.

3. The branch corresponding to the minimum value also increases with the
number of rows.

4. In the non-overlapping part of the Collats path, dependent trials can be
applied.

5. If there is a sequence that does not converge to the minimum value 10
of yellow cells, the rate of decrease is given to the sequence of larger first
terms.

6. 3 and 5 are exclusive event.

12



Table 13:

| % 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




