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On Some Functions Concerned with Collatz Problem

HIIESS

Takao Sumiyama

Abstract. Let a be a positive integer. Let us define a sequence
{an} by a1 = a, any1 =3a, + 1 (if a, is odd), and ap41 = an/2
(if @, is even). Then we find an integer m such that a,, = 1. This
is unsolved, and is known as Collatz problem. This paper makes
a report on the case the function a,4+1 = 3a,, + 1 is replaced with
another function.

1. [FC®IC

EEH ez LT,
B [ 3an+1 (anPEE)
o =8 Ant1 = /2 (an, DMEEL)
&Ko THI {a,} ZEET B,

BlZIEa=177%5I%,
a1 =17, ag =22, ag =11, a4 =34, a5 =17, ag =52, a7 =26, ag =13, ag =40, a9 = 20, a1 = 10,
a2 =5, a13 =16, a14 =38, a5 =4, a1g=2, a7 =1
AN

a PR DIEEMTHoTHEVDRNT a, =1 2785205 TN Collatz FRELIFIEINEHDTH 5,
DOHRETIZABRTHEEMMIEN TV S,

7586054706036736 LA F D EREIZDWTIZZDOFRPEL W EDEHEKIC K > THEPO SN TWE D, 2
TOEBBIZOVWTELWE WS GFHIEEZH S T winy ([1], 2] 51 % §6).
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ER kXD ERE L T8, EEH 0 IlZHLT,

B { kap, +1  (a, D &%)

Gpt1 =

a; = a,

an /2 (an MEE)
W&o THI {a,} ZEHT D, Bk 28F {a,} D pitch LIERZ LIZT 5, k2HHELT2HAE, £LH
kBB E T 205, BIZBY {a,)} BFRT DI LITHWPZLSTH 5,
A {an} DITHIZDOWTIX, 3 DDOHEENEDL D B,
) Woba, =145,
) an=18%3Z 3% EERT 2, Bb ap = anpy £ 1 2B IEDEE n, t DIFIET 5,
) MEBRKIZHEET 5,
) DEE, o FETHETHD LEW, (2) DHE, o FIMERIETHDLE W, (3) GG, a ZREHRIMTHL L F
L2935, 95 Collatz THIL, Tpitch 233 D& &, IRTOEBBIK TR THS, ] LSWVWHZIEZL
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pitch 28 3 A TIE, BRI DG ED, MTEOBEEFET 5, 2O LIZBL TIE, RO & 5 RMERE 2
55,

R 1. pitch Y3 D& &, ERUCI R TOEERBIIR T THSE0?

R 2. pitch 233 DA T, ETOEEBBPK TR R 2560 HE 07

R 3. pitch 28 3 AN DEGE &, BT FEILD EBBDBFAET 2007

M 4. [EE X N7z pitch 12X LT, & 5 IFREAWE 78, 15ERIL, & 5 WIEHHH TH 5 7= D +5r Z:
(A2 ?

INSOMEE, BIEDL ZAVWTNE KRR THEDARST, fREDRAOZIZ 2L AATVARNVEWVNSD
NEETH S,

AREDHIIE, pitch & 3 LA & U758 OBUEEROFREZMET DI L &, a, PWEABDHED api1 = kap+1
RADUNDEDTEESHMAZGEIZEDLSIIRENEHLEEILTHS,

2. pitch A3 DIFE, 3N DHZE

RDF— L pitch B3 DHFETH Y, ZHd\Wbp 3 Collatz FPHTH S, a=3End &5 DL, 31T
BMTHhHrZe2mRrLTED, UFHAKTH S, MBOELERTTHROEEIIKETL2DT, FHOLEDARLT
H>5,

Ceiling of Digits 35 a = 23 End a =47 End
Pitch = 3 a = 25 End a =49 End
a =3 End a = 27 End a =51 End
a =5 End a =29 End a = 53 End
a =7 End a =31 End a = 55 End
a =9 End a =33 End a =57 End
a =11 End a =35 End a =59 End
a =13 End a = 37 End a =61 End
a =15 End a =39 End a = 63 End
a =17 End a =41 End a = 65 End
a =19 End a =43 End a = 67 End
a =21 End a =45 End a = 69 End

LOHBEIZHANZT8 7T LIEEATO@ED TH Y, Active Basic 12L& 5, Ceiling of Digits & & % D X3 Bk
EoRRTIEiL, HEEFTZONEEBEZ 725 Out of Range X FRRUTROAT Y FIZHELZ & 2 EKRL
TW5,

’Kakutani-Rev20 Dim uz As Single
#console Dim jx As Single
Dim a(100000) As Single Dim jy As Single
Dim n(100000) As Single Dim mu As Single
Dim e(100000) As Single Dim px As Single
Dim d(100000) As Single Dim tx As Single
Dim £(100000) As Single Dim ny As Single
Dim nz As Single Dim ku As Single
Dim ix As Single Dim b_a As Single
Dim iz As Single Dim iw As Single
Dim tz As Single Dim ux As Single

Dim nx As Single Dim sx As Single
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Dim sz As Single Next ix
Dim wz As Single *begin
Dim wl As Single If a(1l) Mod 2 = O Then
Dim p(100000) As Single For iw=a(0) to 1 step -1
Dim m(200000) As Single tx=Int(a(iw)/2)
Dim mz As String ux=a(iw)/2-tx
Dim rel As String a(iw)=tx
Input "Digits of Pitch";ku a(iw-1)=a(iw-1)+20*ux
For jx=ku To 1 Step -1 Next iw
If jx=ku Then px=a(0)
Input "The First Figure of Pitch";p(jx) If a(px)=0 Then
Else a(0)=a(0)-1
Input "The Next";p(jx) End If
End If Else
Next jx For ix=1 to a(0)
Input "Ceiling of Digits (<99000)"; wl For jx=1 to p(0)
Open "f:K-Data" For Output As #5 m(ix+jx-1)=m(ix+jx-1)+a(ix)*p(jx)
mz="Ceiling of Digits" Next jx
Print #5, mz Next ix
Print #5, wl m(1)=m(1)+1
mz="Pitch = " mu=a (0) +p (0)
For jx=ku To 1 Step -1 For jx=1 to mu-1
nz=p(jx) sx=Int (m(jx)/10)
rel=Rell4(b_a) m(jx+1)=m(jx+1)+sx
mz=mz+rel m(jx)=m(jx)-10%*sx
Next jx Next jx
Print #5, mz If m(mu)>0 Then
p(0)=ku m(0)=a(0)+p(0)
n(0)=1:n(1)=1 Else
*inc m(0)=a(0)+p(0)-1
mz="a = " End If
For jx=1 to d(0)+2 For jy=0 to m(0)
d(jx)=0 a(y)=m(jy)
Next jx Next jy
d(0)=1:4(1)=0 For jx=0 to mu+2
n(1)=n(1)+2 m(jx)=0
wz=n(0) Next jx
For ix=1 to wz End If
sz=Int(n(ix)/10) If a(0)>wl Then
n(ix)=n(ix)-10%*sz Goto *outrange
n(ix+1)=n(ix+1)+sz End If
Next ix If a(0)=1 and a(1)=1 Then
If n(wz+1)>0 Then Goto *end
n(0)=n(0)+1 End If
End If If d(0)=1 and d(1)=0 Then
If n(0)>99000 Then Open "d:C-Type" For Output As #1
Goto *EndEnd For iz=0 to a(0)
End If Print #1, a(iz)
Print "a =";" "; Next iz
For jx=n(0) to 1 step -1 Close #1:Goto *pd
Print n(jx); Else
nz=n(jx) Open "d:C-Type" For Input As #3
rel=Rell4(b_a) End If
mz=mz+rel For ix=1 to e(0)+2
Next jx e(ix)=0
Print " "; Next ix
For ix=0 to n(0) e(0)=1:e(1)=0

a(ix)=n(ix) *xagain
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For ix=0 to e(0)
If e(ix)<>d(ix) Then
Goto *input
End If
Next ix
Close #3
Goto *dataup
*input
Input #3, nx
£(0)=nx
For ix=1 to nx
Input #3, ny
f (ix)=ny
Next ix
For jx=0 to nx
If f(jx)<>a(jx) Then
e()=e(1)+1
For ix=1 to e(0)
uz=Int(e(ix)/10)

e(ix+1)=e(ix+1)+uz

e(ix)=e(ix)-10*uz
Next ix
If uz>0 Then
e(0)=e(0)+1
End If
goto *again
End If
Next jx
Print "Circ."
Close #3
mz=mz+" Circ."
Goto *Stepup
*dataup

If tz>0 Then

End

d(0)=d(0)+1
If

Goto *begin

*end
Print "End"

mz=mz+" End"

Goto *Stepup

*outrange

Print "Out of Range"

mz=mz+" Out of Range"

Goto *Stepup

*Stepup

Print #5, mz
kill "d:C-Type"
Goto *inc
*EndEnd

Print
Print #5,

“ EndEnd ”
“ EndEnd ”

Close #5

End

Function Rell4(ByRef b_a As Single)As String

Open "d:C-Type" For Append As #2

For ix=0 to a(0)
Print #2, a(ix)

Next ix

Close #2

*pd

d(1)=d4(1)+1

For iz=1 to d(0)
tz=Int (d(iz)/10)
d(iz+1)=d(iz+1)+tz
d(iz)=d(iz)-10%*tz

Next iz

RDT — R pitch 235 DFETH 5, a=75Circ. LWI DL, 5 BWMERIMTHBEZ L EZRLTWS, a=7
Out of Range &\ 5 D%, HHI&F T 35 #i (Ceiling of Digits) ZHHA 7L WIEIKRTH D, BZ 5 S FEHT

HBEHEINDED, WIETERW,

Ceiling of Digits 35

Pitch =5
a =3 End
a = 5 Circ.

End
End

a = 7 Out of Range
a = 9 Out of Range
a = 11 Out of Range
a = 13 Circ.

If nz=0 Then
Rel14="0"
ElseIf nz=1 Then
Rell4="1"
ElseIf nz=2 Then
Rell4="2"
ElseIf nz=3 Then
Rel14="3"
ElseIf nz=4 Then
Rell4="4"
ElseIf nz=5 Then
Rell4="5"
ElseIf nz=6 Then
Rell4="6"
ElseIf nz=7 Then
Rel1l4="7"
ElseIf nz=8 Then
Rel14="8"
ElseIf nz=9 Then
Rel14="9"

If

Function

a =15 End
a = 17 Cirec.
a =19 End

a = 21 Out of Range



a = 23 Out of Range
a = 25 Out of Range
a = 27 Circ.

a = 29 Out of Range
a = 31 Out of Range
a = 33 Circ.

a = 35 Out of Range
a = 37 Out of Range
a = 39 Out of Range
a = 41 Out of Range
a = 43 Circ.

a = 45 Out of Range
a = 47 Out of Range
a = 49 Out of Range
a =51 End

a = 53 Out of Range
a = 55 Out of Range
a = 57 Out of Range
a = 59 Out of Range

RDT — XL pitch BT DHETH S, O TRIEERIL L HES NS B DR (EREHDD0H L
mt;\(\ﬁi‘)o

Ceiling of Digits 35

Pitch = 7
a = 3 Out of Range
a =5 End
a = 7 Out of Range
a =9 End

a = 11 Out of Range
a = 13 Out of Range
a = 15 Out of Range
a = 17 Out of Range
a = 19 Out of Range
a = 21 Out of Range
a = 23 Out of Range
a = 25 Out of Range
a = 27 Out of Range
a = 29 Out of Range
a = 31 Out of Range
a = 33 Out of Range
a = 35 Out of Range
a = 37 Out of Range
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a = 61 Out of Range
a = 63 Out of Range
a = 65 End

a = 67 Out of Range
a = 69 Out of Range
a = 71 Out of Range
a = 73 Out of Range
a = 75 Out of Range
a = 77 Out of Range
a = 79 Out of Range
a = 81 Out of Range
a = 83 Circ.

a = 85 Out of Range
a = 87 Out of Range
a = 89 Out of Range
a = 91 Out of Range
a = 93 Out of Range
a = 95 Out of Range
a =97 End

a = 39 Out of Range
a = 41 End

a = 43 Out of Range
a = 45 Out of Range
a = 47 Out of Range
a = 49 Out of Range
a = 51 Out of Range
a = 53 Out of Range
a = 55 Out of Range
a = 57 Out of Range
a = 59 Out of Range
a = 61 Out of Range
a = 63 Out of Range
a = 65 Out of Range
a = 67 Out of Range
a = 69 Out of Range
a = 71 Out of Range
a =73 End

a = 75 Out of Range
a = 77 Out of Range

a = 99 Out of Range
a = 101 Out of Range
a = 103 Out of Range
a = 105 Circ.

a = 107 Out of Range
a = 109 Out of Range
a = 111 Out of Range
a = 113 Out of Range
a = 115 Out of Range
a = 117 Out of Range
a = 119 Out of Range
a = 121 Out of Range
a = 123 Out of Range
a = 125 Out of Range
a = 127 Out of Range
a = 129 Out of Range
a = 131 Out of Range
a = 133 Out of Range

a = 79 Out of Range
a = 81 Out of Range
a = 83 Out of Range
a = 85 Out of Range
a = 87 Out of Range
a = 89 Out of Range
a = 91 Out of Range
a = 93 Out of Range
a = 95 Out of Range
a = 97 Out of Range
a = 99 Out of Range
a = 101 Out of Range
a = 103 Out of Range
a = 105 Out of Range
a = 107 Out of Range
a = 109 Out of Range
a = 111 Out of Range
a = 113 Out of Range
a = 115 Out of Range
a = 117 Out of Range

75
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a = 119 Out of Range
a = 121 Out of Range
a = 123 Out of Range
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a = 125 Out of Range
a = 127 Out of Range
a = 129 Out of Range

a = 131 Out of Range
a = 133 Out of Range

3. —RALADHBE

LT EDERSED IS —MULL Th B, [(n) RIEEE n OBT, n BEE7E 518 f(n) 1XBHOE
BREELZEDLT 5,

EFER 0 2 LT,

a; = a,

 flan) (@, D)
Unt1 = an/2  (a, DMEE)
W&o THH {a,} ZEHRT D,

f(n) =kn+1 ODHGENREITEA T —ATH 20, MIZEHBIE f(n) DEM L U TITERO ML D 5,
—Hle LT f(n)=n?—1 2L TAHDL, ROKRT =R EONE, SEITAFEL VWO ENLEENIDT,
Ceiling of Digits % 8000 (ZHl> TdH 5,

Ceiling of Digits 8000
a =3 End

a =5 End
a =7 End
a =9 End
a =11 End
a = 13 Out of Range
a =15 End
a =17 End

a = 19 Out of Range
a = 21 Out of Range
a = 23 End

a = 25 Out of Range
a = 27 Out of Range
a = 29 Out of Range
a =31 End

a = 33 End

a = 35 Out of Range
a = 37 Out of Range
a = 39 Out of Range
a = 41 Out of Range
a = 43 Out of Range
a = 45 Out of Range
a = 47 Out of Range
a = 49 Out of Range
a = 51 Out of Range
a = 53 Out of Range
a = 55 Out of Range
a = 57 Out of Range

a = 59 Out of Range
a = 61 Out of Range
a = 63 End

a = 65 End

a = 67 Out of Range
a = 69 Out of Range
a = 71 Out of Range
a = 73 Out of Range
a = 75 Out of Range
a = 77 Out of Range
a = 79 Out of Range
a = 81 Out of Range
a = 83 Out of Range
a = 85 Out of Range
a = 87 Out of Range
a = 89 Out of Range
a = 91 Out of Range
a = 93 Out of Range
a = 95 Out of Range
a = 97 Out of Range
a = 99 Out of Range
a = 101 Out of Range
a = 103 Out of Range
a = 105 Out of Range
a = 107 Out of Range
a = 109 Out of Range
a = 111 Out of Range
a = 113 Out of Range
a = 115 Out of Range

a = 117 Out of Range
a = 119 Out of Range
a = 121 Out of Range
a = 123 Out of Range
a = 125 Out of Range
a = 127 End

a = 129 End

a = 131 Out of Range
a = 133 Out of Range
a = 135 Out of Range
a = 137 Out of Range
a = 139 Out of Range
a = 141 Out of Range
a = 143 Out of Range
a = 145 Out of Range
a = 147 Out of Range
a = 149 Out of Range
a = 151 Out of Range
a = 153 Out of Range
a = 155 Out of Range
a = 157 Out of Range
a = 159 Out of Range
a = 161 Out of Range
a = 163 Out of Range
a = 165 Out of Range
a = 167 Out of Range
a = 169 Out of Range
a = 171 Out of Range
a = 173 Out of Range
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a = 175 Out of Range a = 179 Out of Range a = 183 Out of Range
a = 177 Out of Range a = 181 End a = 185 Out of Range

DT —=RPERDZ EIZE DL,

(1) a=2"+1 (r IZEEEH) OHEE, o IR THTH S,

ZDZ &I,

(2r+1)2—1=2rt1 (2071 £1)
LOHOMLTHB, £7221 LD,

(2) a®—1=2%2"%1) (r,s FEBEH) 2AH7-TEHKIKTETH S,

EOF—RIZBbRT VB THOHFRIZRTIO (1), (2) DX A TOWTIHIZET 25, ZhBsho z 1
T O T RO EFEPFET DN ENEX DN 5720,

(3) fEEAELIRH TN (o < 10000 OHIFAT), HAHIEZAHTS 5,

HELOBETE, f(n) =n?+1 ODEHEIE, {a,} OFEIHEMTH 5,

a2 DEFEOGE, RTIUTHLILIEHONLTH S, TNUNDHEE, {a,} 1T 1 KO REVWTHHEEZE
Lo an =2k+1 (k>1) BHBRSIE,

anp1 = 4(k2 + k) + 2,

Ao =2(k% + k) + 1,

Utz = k2 - any1 + (4k3 + 6k2 + 4k + 2)
2k, {a,} I3FET B,

f(n) MDD 2 RO L6, $-BIZEROBBDGEED XS WHERVPE SN DPEIRENE 25 TH
M, SHBROMEEFEL -,

4. #¥EbWIZ

Collatz FRUIKBINGFAETHZ 3+ 0 5522 THD, i/ Collatz FRIFIEL VWD TH D, WO
ZNDREHI NS 2 H LR, BURTIXGEHOERH T 6 YA DV TWaWnE WS Z &k, i~ DBIEDY:
ERRIAFMDDARFEL TVED0H LR, AIBREL TWDEDONIMEmON 6RO TH DM, FHHIEK
DEIITEZTWVWS,

RO2ODFHITILISHOSNTVWEHLDTH B,

EIE A (Wedderburn OREEEEE, [3] p. 152)

RIZEATTVICEHU TRESGMEZAZTHENIRTH D L5, ok, RIZFAMTH 5,
(1) RIZHAMERTH 5,

(2) RIZH28HE D EOfFIERE A TH 5,

EHE B ([4] p. 204)

SIFFEA T T MU CHRHEMEEZ AT TR TH D 2T 5, WO, RIZFAMTD %,
(1) S X584 0— BAERETH B,

(2) S 13HBEE G ED Rees 17HIEBEL FRITH 5.,

ZD220FBITEWVICEBRLED 2D TRV, EHAREONTI) —IZBI2EHTHY, ©H B X
ORI T TV —IZBIREHTH D, TN 2DODEHD—GhoMliFHEINLEDIFTIERY, LL2D
DEMDERT DL ZAVEILKBTVEDIIHENTH 5, SEIHIZDOWTIE, 7TV —BELLZOTHUTNS L
WE RV, HBSIERVWTEHE R, TITROLI BEBEET 20BN EMETIIRN2S D,

(RHIOEEX - C, THA LTEHEBHEHEX LS5EIPNLDOTIERNWES D,
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ZOEIBRERXPEETHL LT, EOLS5 RO DA2 5700, UL LED KD REMRITERXFHED
AT IV =% AT, RADPHSIRN [H550D] BT @mEZDTHS S,
Collatz PAUZDWTHEKTIEZ A5 5 e FHIFABHRL TV 5,
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