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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.
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1 introduction

Collatz problem I [##1% loop Lz Wh?), HEEDOBHRED SEBOTHKT
122 507) 2 BBOHEL T3,
HEIIEGEENTHS7-0, BRI LB 7 Tu—F3#LWeEZX NS, T2
TlZ Collatz tree DRFH % fiftii LU T2 5 ik 2 @A 3 57O O FIE%Z R T,



1.1 Collatz tree DFFE

Table 1 DFiHH

Definition 1 e Collatz problem D& % A2 2 Collatz tree & IES,
e 5] 3(odd) + 1 D% node+ £ %,
e 2" DfT% trunk &35, (727ZL 1. 2. 4 root T 5, )

2" - 3(odd) DT % leef &3 %,
trunk & leef % FR\N7217 1% branch ¥ 3 3%,
17 trunk, leef. branch @ node+ (ZXind 5 MHE % node— &9 5,

Table 1: Collatz tree model

’ X root H node— \ odd H node+ ‘
trunk . 64 32 16 8 X4 | X2 | X1 X4
leef e 192 96 48 24 12 6 3 10
branch || --- 320 80 20 10 5 16
branch || --- 224 56 14 7 22

leef «o- | 576 | 288 | 144 | 72 36 18 9
branch || --- 704 176 44 22 11
branch || --- 416 104 26 13
leef <o+ | 960 | 480 | 240 | 120 | 60 30 15
branch || --- | 1088 272 68 34 17

e node+ DFZIE node— DIEM—HFAEL. TN% color TY—F 7 L7z,
Z X tree D BEHRIZ TINS5,
yellow @ cell 1% 2 A, magenta @ cell % 4 FH, cyan @ cell 1% 8 JFH,
green @ cell i£ 16 A, red D cell 1% 32 A, blue D cell I 64 FH--- &
trunk DIED JEAHAT node+ DFNZHAAL TV 5,

o 3n+1 1% 3 DT W28 leef 1X node— IZHIEEHZH X\, Ko T
Collatz tree DKIHTH O, BH L leef ZHHE L T 5,

o yellow D cell IZFR D node— D _EHIZ node+ HMiE L TW5,

o Y—F VI L TWAEW node— 3D TRVWZDAML TH R,
(Collatz tree DAL T /]

1. Table D447 trunk, leef, branch ZY]b 731} %,

2. modet DEMMCIHEAE DY node— FUMOBAIIED 5.
(leef P SIED B L B, )



1.2 Collatz tree DI TFIE
UTFIZ1~4 DFIEEZRT,
1. 2T leef % node— IZAE D 1T 5,
2. 2T D node+ * yellow @ branch % node— (ZHE 0 1) 5,

Table 2: 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




1.2.1 loop ICEAL T

Proposition 2 Collatz tree IZ1% root % R & loop IX1F7E L 72\,

Proof 3 leef(odd %% 3 DAFE) IZEAL L 72\ node— % x, £ 9 5,

Table 3: Collatz tree model
’ \ node— \ odd H node-+ ‘

I
[branch [ -+ [@no [ [@an | Jan [ [ ] |

Theorem 4 (7 =)L —D/INER) n 2 HARE. pWFEKTn & p BEWV
IZETHDHLE
nP"'—1=0 (mod p)

p=3 Tl

x, =30Bm+1)+1 DK

Tpp1 =22 (3(B3m+1)+1)

(22°(3(3m+1)+1) —1)

(22-3(3m+1)+2°—1)

Wl Wl W=

(2°-3(3m+1) +3)

= 22Bm+1)+1
= 22.3m+22-1+2#0 (mod3)

Tpio =223 (Bm+1)+1)

odd = - (2*BBm+1)+1)-1)

(2*-3Bm+1)+2' 1)

Wl Wl W+~

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

= 2'Bm+1)+5

= 2" 3m+2"-1+6

= 2".3m+4*-1+3-2=0 (mod 3)



xn, =3Bm+2)+ 1D
Tpp1 =22 (3(3m+2)+1)

odd

Tpio =2 (3Bm+2)+1)

odd

(2°(3(Bm+2)+1)—1)
(22-33m+2)+2° 1)

(2%-3(3m+2) +3)

Wl Wl W+~

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

(2*(3(3Bm+2)+1)—1)
(2*-3(3m+2)+2' 1)

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

Wl Wl — W+

2'(3m+2)+5
24.3m+2° —247
2 3m+2(4*—1)+7#0 (mod 3)

3n TRWHREN S Collatz g% W IZHED & leef BBTHET D, (1)

Table 4: leef ZFJIHHEIZ & U756
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 9 B HEUE node+ 12 1 DFELTWS
1RIZ leef ZWHAE L U724, leef 1Z pair 2H & 73\14‘71&5 loop IZ72 572\,

(1) EDEED 3n THROVHEHRBUIIREED leef ZHIEE LTHROND, Lo
T root % R Z loop IXFFTE L 72\,

O



3. node+ M yellow TRWHDIZEHLU T, B0 1) 3 nodet+ £ 0 BHELD {F1F
51 % branch ® node+ MK E WS D %Znode+ DFMUZ TR D 1T 5,

Example 5 (node + t,, < node + s;)

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

1.2.2 root ICEBASHVWEEICELT

Example 6 (node + t, < node + t,11 < --- < node + tso)

trunk node— || node + 4
node — thioo -+ tp - || node+
node —tgyoo -ty -+ | nodeJ.r n
branch a,, noc.ie— || node + t,,

root Z Rk & loop IXFEL WD T

tn 7é tg ) th

H U root IZEB SN SIE L, 1X, EDt, Pty £ HKRELRDHRMN
BTHIET S, (n— o)

ty < teo

U U node — tgioo(BE U node +ty100) 5 EDt, D EREL D%
HRBTHIET 2L TIET 5,

tyroo >t

L o Troot IZEDX SR WERMIIFAELZVO TRVl 5,



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

Example 7

trunk node — ---256 64 16

branch by node — 1
branch b, node—
node — s2 || noc.le—i—
branch bs node—
node —ss ||  node+
branch by node—

o FIE1: £TD leef % trunk B X O branch (Z{F1) 5,
o FJlEH 2 : £ T®D node+2* yellow @ branch % node +t, ¥ & U node + s, D

branch ~EH F 72 XA 5,

o FJEH 3 : &£ T®D node + t,, D branch % node + s,, ® branch ~NE# F 7~ (X[

BN 5,

o FH 4:node + s, & node + s,—1 D branch ~NE# F 72 XI5

(8n > Sn—1)o B U IFEH trunk IZ51F 2,

|| node + 4
| node + 16

| node + s1

|| node 4 so

|| node + s3



Table 5: Collatz tree model

| % root || node— | odd || node+ |
trunk 64 16 K4 | X2 X1 X 4
leef . 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 || --- [EEEE! 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 || --- ESJ0Z 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




