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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
122507 2 BBOHEL THETH 5,



1.1 Collatz tree Table D4%FfH
Table 1 DFiHH
Definition 1
e Collatz #£i% % RIZHI Z Collatz tree & FEE,
3(odd) + 1 DF% node+ &9 %,
2" Df7% trunk £ 95, (K727ZU 1. 20 41iEroot £ T 5, )
2" - 3(odd) D17 % leef &3 5,
trunk & leef BAAAD1T I branch & 9 5,
trunk. leef. branch @ node+ (ZHIGS % cell & node— &3 %,

Table 1:

[ X root || node — (Colored) | odd || node+ |
trunk e 64 32 16 8 X4 | X2 | X1 X 4
leef cee 192 96 48 24 12 6 3 10
branch || --- 320 80 20 10 5 16
branch || --- 224 56 14 7 22

leef <o+ | 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+ DHNZIE node— DIENTFAEL, TNEMAHI L7z, T tree D5
IRz 5 d 5,
yellow cell I% 2 JA#H. magenta cell iX 4 A#H. cyan cell & 8 JA#A. green
cell 12 16 JAH#A. red cell 1 32 AH#A. blue cell I& 64 EH---& 2™ FHH & A
IIZ node+ DFNZ AL TV B,

o leef IZ 3 DIEFED /-8 node— #H X7\, &> T Collatz FREEIZ BT 53
B TH 5,

e 2(0odd) < 3(odd) +1 £ 0. yellow cell DA node— £ 0 & EHIZKIET 2
node+ MLE L TW5,

o UfF T\ cell 1IN IERTE W=D A%, BIKT 5,

[Collatz tree DHANLTFF)
1. Table D#&A47T trunk. leef., branch ZtJ 9 31} 5,

2. node+ DEERZEEEZHN%E D) node— A UMEDERDIZHE 0 17 5,



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

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

Table 2:
’ \‘I node— \ odd H node+ ‘

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

Theorem 4 (Fermat’s little theorem) n L 3 D& &
n?~1=0 mod3
T, =3Bm+1)+1DEE

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

2
=22.3m+22-14+2=2 mod 3

Tp42 = 243771
Tppo =22 (3(Bm+1)+1)

=2 3m+2*—1+6
=924.3m+4°-1+4+3-2=0 mod 3



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

Tn41 = 22xn
Tnt1=2%(3(3m +2) +1)

odd =~ (2> (3(3m+2)+1) — 1)

(22-33m+2)+2° 1)

w\»—lw\r—\w\»—\

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

Il
o

Tnt2 = 24-7571
Tpio =22 (3(3m +2) + 1)

=24 3m+2°+22 41
=2"3m+2*(2°+1) +1
=2.3m+22.-324+1=1 mod 3

EoTa, #30Bm)+ 172251, 21 721X 210 D leef DB TH 5,



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,

UEXD

root Z R & loop IZFEL 2\,



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

Example 6 p.9 2/#

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



3(3(2n1+1) 32 3
160(red cell) = 2<22+22+2+1 +1
I ULTCIES Ve N
a 24 28 7221 2
3(B-2)(2n; +1) 33
160 — 106 = 5 + 5
O B@En+1) 3
- 23 Tl
(201 42)
=
33 (n1 + 1)
R
160 — 106 . 32 (ny + 1)
T(mterval of row) = — = odd steps

node+ @ yellow cell 1 2 J&IA7: O THEBEAYF 1ET 5, interval of row 1 odd
steps £ 72 5,

—AE r ZARBRE LTS,
31 (n+1)
27‘

(n+ 1) IZEBREZ D T yellow cell D node(+ — —) HEITARFITEILT 5,
(3)

O

interval of row = steps

Example 7

10=302n+1)+1
n+1=2|2"= 1 chain

22 =32n+1)+1
n+1=4|22— 2 chain

34=302n+1)+1
n+1=6|2"—= 1 chain

46 =3(2n+1) +1
n+1=8|2%—= 3 chain



1.4 3BINZE &R
W a D+ RKERMED & &
3a+1~3a

a=o0dd 72D T 3a = even

X o TIRD step 1%

THIIEEINRIZHY 5,

ZHUFEARITHY T 5,

— R 7 KA X
m 1 "
i (2)

3 ORMFHIMTIIAFELE T, 3 (5) T—HTHL72Dm #n

Yellow Chain & m =n T» 5,

m

1

v

n

(3) & 1 Collatz E % D L WMRIZNE <720, RATHSRAE U THIEN
AT S, LA LERKIEL &0 /AE RO ER,

ZHUTED R REVEEZ 3a+1 D +1IXEHTE S0, BHB/NI Ve S 3SR
TERWHEINKRTH S, &> T loop DEINER = BADRIZAR B,

(2) &b Collatz ##&iZ. 4 —>2—>1—>4 D loop IZPHKT %,



Table 4:

| % 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




