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Abstract

RENFEE IRGEAMEICISHE TS, BuEICH-> TOHBRDOARI % 2
DOFEFNSLRBFEFINTED . FIHIMEE DOREEDFHEM R TICESWT,
EHAWERERI 2 RGEHICKD S, BRMEOAPILFIINEETS. 2
DZENSERMBOEPHEDFEENRR SN S, EE AL SINICH
T2H-o U RFEDTT, RAMEBRIEFIOEEN A b-—LVEEGEE
oz 2iHT 5.

X—DJ— R 1R EZHHE -RLEHE - AF R

WAARBRATEZONSNEREFANSEE, LISLIIFEH S I3 &
BEEEd 5. HANIICIE, R7UHLERIIFEEMBUCL, L5 1¥EZERE
BB 5. 1 RT=H#MEEET, bhbhIIFEE 2B £RFICEERTT 5F %
ROz, RERIESNIFEBRAT S ETH 5D, BEORVIRWEEST,
TTIE FEAEMBUET 20TH 5. KE, ZOMBETII ZAKEFRZHIIRE
mo PD_HEERIL £EN VYT, mo & mo DHERI2 £E VYT S, BIEIC
BoOTES'Y &2 ok SESINEEKRT 5. Z5L T, B RMEBMOBGAT
(CHIGE F, BFEOR Y (ZHER) (IR T 5. COFEERT7TUILESKE
FEoT, LRT=HBBECHEOCEELEUHFRBEEIL Y MNMIRC.

I.

— B DFEEN S HFET 5 1R TEMBEIE Mikkola & Hietarintal?3 AVA W
NS A —ZGEEICH = > TN, Tanikawa & Mikkola (Ref.4; SA#R @3 1 & W
B FEFFNEEAL, ZAHRPEDN, ER2AFF2H OPMEOHE R L LTH
B2 ERALE. EHRMEANDRZAZDOHDIEHICDOWTIESE XM 5
ZROZL ) HEHE, WEETAZRAEH L EA SN T EEEHMNER O =448
ZeHiifR, bbb, ZHREROGEARMAENEAES MR, ISk TERICHF NS
ZeEROTE.

ZORMXIB/XIDEERTHS. HHE IR EREEOHEHOBELZ -
CHMICHEMTEZLTHY, FNICES>TZOHFICELTESICHERVWHE:
B2ZLTH5. PEZOLDEEZXLZROYIC, WBIOHEEEEZXE. 22

* Chaos 10, 649-657(2000)



T, BFEHERESF LT TERL  HEICHR > TOBHRDOIIMSESH
5. FRRRIUTOLEYTHS. BEHEHIIERZBOIFINIC Lo TRELS
DOMBICHEEIND . 22 CTHEEBEOXNFEN S, JEHA (EHATEE) H2L5]
EROTS. RICEFINE 10 EBH L BATHBFINEKRE 213K T 5 & >
T RN EELR LU THENE20E L TWEZLE2RE. R7VAVERDTT
DEBHEBEOEDEOBEEERT VST RERL, Zhio CTAPREIE &
CIREIEEF], MU CABRES K CIRFEOFELEL TS5 . BRIC, BE
BRICEDSWT, &l BF2WOEGOHT, FRREFIOEENHY M- VES
BRI ZLEIHEHT S,
NECHMEEZERL, NIV N VBERBIOEAZEREZRT. BEHEOHE
BEROEDICEAMEER 2EAT S, BHEH 2 VWEOHEGLEET S, 11
Hicld, LBINEHEAL, B EEEOBGREERTS. IVHITHREEZRN
5. IVAHICHEBEORMEBORT 2RT. IVBEICIIEHE (EHAHE) IS
G2 B DONHEEZMFE o TRET S, IVCHTEERSIEFFNICEHL T #
UWIENTE ORE 2@ 5. IVDECEEHHO S I hERHEOESDESR
RIS TEMEY BHEEINZOMER DTS, IVESITEIV.A— DEIO
BERREBEATCHBREINOMELANS. B VHEITHRREEELD S,

II. BEDER
SER my,myBET mo(mg =my =my) BZDIEFTEMR LICIHNS, HE
DEBLVENER:2 1ICEHETS. 3§22 NIV VBB

2
H=53ut-y
2i:0

1<j

1

|2 — 5]

(1)

& 7% (1, Mikkola & Hietarinta, 1989). Z Z T w; \XE#K_E DB 2, 1C 4 708
BETHD. 0, <20<a2,CHB. FTLUWEES

Chixo:xlv (2)
g2 = T2 — Tg,
THEATZ L, M UTHLWNI N VB
1 1 1

H=pl+p;—ppr— ———— :
! 2 1 Q2 Gt qe

(3)

MEHNn5.

RIRNVF—% —1ICEHEL, BiEDIDEWVE ¢1(0) = ¢2(0) = RDDHEW
MF5. DFY AMID 2BEREHFROEINSHFHEHICHD L ZADLEHH
HhED. ZHRRBELORMBRICELTZORBEEHTZ2OT, FLALOHEN
WFADDOREETZORBICAS. ZOLE RTFY YUY I)VOMHEE 2.5/R LHE
5. BETRANLVX— T

T=25/R—1. (4)
THEALBNS.
RDEDSBRNTA—REHEAL XD,

V3(p1 —p2) = 2V/T'siné,
(p1 +p2) = 2VT cosb,
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THE (0.R) GOBMERIET . MEIZ L RICE-T

g1 =2p1 —p2 = 2\/7008(9 —7/3)

Go = 2p2 —p1 = Qﬁcos(é +7/3). (6)

LRIND.

BB S = prQ% + po Q2 IX S BICHIDEREHE AR TS, HLVWEEE Q, =
Vi, Qe = @ CHUWEHEIL P, =2Q,p THE. THNIKKRZER I = g ®
MABe FHLWNI)U B

P = HPRQ8+ P - PPQe) — 03 - 03— QRQH/(Q2 + QF) — QPQRE. (1)

ARHNE. ZZTERNINVNYEBO (W) BETHE. ZONI)VVE
BB E5 0 5EE HEA I Bulirsch-Stoer B2+ 6 D & S 72 @8 D FH L THAHE
IS TE5.

I11. 5C5 5 & HElTTE

HEICHR > TC3DDEDEHRENHYVIES : my & mg DED ZEKEZE my & my
DED R ER, BLIUOZMEERTHS. my & myDED Rk EZRE 1" TRL,
me & mo DD KL% 2 TRL, Z2MEH R L2 0 TRED . BHFIIKRD LD
WHED . my & meMERLUELZICEES T 2FNSMA, mg & m NEZRLEL
ZICEEFT2EMAS. SHIC, SHRFBRNELCE L ZIIKIFIN 0 E2DRL,

SHRERMISCHBLEYEARERICKIHELZEERD L Z L IFIEFICHEHL
W, eWD ik, ERHERE-BICEERESENMNTHS. LALWIXITHRL
EEDIC, 0 R2ERREENERFOPEXCEEERAVWEEN 2F OPEDOER L
LTRBLZENTES. EAD, ZHREHRICOE2HVIATSZ TR EAN
BRERETE RN, —BIC, SAHRERRITIPEIZORICERT L Z LN
TERW, ZZT, RRIC(DAIVWIRBRIC)OHMECEZLEZICEZEDD LAIC (B
2 WIEETIC) 0 A ERICHES DD LTS,

SCHER0,1BLT20FE LTKRDEDICKETS.

(. ..NnN_oN_1.NgniNny .. )

22 Cn,i€Z,i#030,1, FEF 20NN THS. IHTEHEL EMHFR
EMALHFE LU TCRRBIVBEBERICHI > THEZEVWNTS. T5L, ny K
HDHERERT . n L, BB BE2DHFERE2RT. UTHETH S, FERIC,
No1,Ng, ... FBEDHRICHIET Z2HEFTH 5.

YE3DODEBENSREMERDIN s = (...n_on_1.ngnny...) TNTOEE
L35 L EOHEEE d(s,s) =0B & s £ 2D EEITA(s!,s?) =37 EW
TEHFETD. EEL m|iE sl £ 2MEIR/NAOBETHS 8 $§2& Nida
VYN NERBEEERE B REEFET S,

Yo={seX|s=1or2}. (8)
ZDLE S, WAV RN NVEEGTHEZLRALNATVWS Y FWHA B L K

WREBRYEITHEICH ST LHFINEILFINEAEORTAY M- VEEE R
T UFTRELLTHEMEY, 282 5.
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L EOHWBANLY— & — old

o(...n_on_y.nonins...) = (...n_an_1ng.nins...) (9)

TEHFIND.
MEHTRREEIC, ¢ = g DREASHS EHRD S, FUDICHEHET X
WX —DIEL Y FIHRRRITERE -

H={(0.R)|0<0<2r,0<R< 25} (10)

Ltciiﬁ"{%é 0<0< W@%é, (q1QQ)E®$}LEJ)]‘Li Iﬁj 2%7?((]1 = qg) % q1 > CjQ
THMMICEY 2. « <0 <2m @%é, (ql,qg)ﬁﬂ)ﬁﬂﬂlﬂ‘bilﬁ]ﬁﬁﬁ’i q'l < QQ THE
W ISR Y] 5

3ODKRFNACEEEZRHODOT, BEHTEIX 2 >ONHEZE>. REFEAL
£,

Hi={(0,R):0<0<r0<R<25),
Hy={(0,R):m <0 <2m,0<R <25} (11)
Hi={(0,R): (r—0,R) € H1}.

BONBEE Hy (X213 H) BB T EHEDORRKD, H (£ Hy) 2 HFET
LHEDBERICHIETEILTHD. WHIIDEETVD L (...m_am_1.non; . ..)
W (9, R) € H; @?E%ﬁﬂ'(“&ﬂ’hbi, ( .NiNg-M—_1M_2o .. ) g3 (27T — 6‘, R) € Hy
DEFHTH 5.

BoONHER, HIEHRBTIHEORRKN H, 2B T I2HEOBEETH
5Z2LTH. WEINDODEETEAR, (nnang---) W (0,R) € H; ZHFETH
BICHIET 2 RREABFNTH o T, (mymams---) B (0,R) € HE BT 28
BICH RS 2RREFINTH L &, (- -mimbminngns---) € S H EHFET
ZHERMRICHIE T 2HBREABFNCTHS. EEL, my=125ml=2THY,

FLHie, 2FENE HOHEERANS DI, H OBRORRHE 2 ED
ThiZEw. €40 BEPEIE_ONHELISEON, H, DEOBEITE
—X M, OFVEEKE, K&k THEINENDTHS.

FEFIANDEE LEHEO RO I 1M 1 TERY, UTFTOMENMNSDLAS
EBY HENIEEVE H KBNS RS ZNICHETT 2 ZEBHEHRIE m, & mg
DEICEZ Y, Z0ICH < ZMBEHZRIE me & mo PEICKEZ S, BV s e
7 (MR 3RS D &2 OICOBAND ZERNTES. FHUNT Ok
ZehE < BB Y W B, RIS AR,

A 3.1. (g1, q0) OB (g1 = g) BT BS54 (0,R) = (0,0) D
BEERW CHRETNICHEY S

. g = oD G = o 2D REABTH > TORICABMEICH S . Eh D,
WM OIS 2 MBI SRERERVC, AERICET 2k TER
V. 0

A5E 3.2. (g1, qo) ECHB A RBE % BY NI, Sk = O RH % #Y 2 8c—
e R 2 T




Figure 1: Stratified structure of the surface of section. A reproduction of Fig.5
in Paper I. Shown are the Schubart region(black), triple collision curves, and
immediate escape reions(blank).

ﬁ. AN ERMRE ¢ = to c:, (Ch < q2) f» 5 (q1 > QQ) fRIHC7 oF Y g1 > (]2‘(‘
BUl-oE2e35. 928 MNSRe>0MNHoT t=tg+elCq > @M 4 > g
THd. 2F Y, JEEVHEHREETSZDICIFEOTRVWERRKERAHET
H5. (to,t*) DI RBERERRT D2 ARME t =t >t IHEYo &
ELTH2. ZOGEEREEDOERIEAS. FE31EY KAt =10, ¢ = ¢
WD G < GaMRYIMED ., ZRWRYIMEDE=DICIE, HDRL] 1) <t < t* I,
G > @D §=@EM YLD TTHE. $HL t Lt DEDH 5L
Go > GV IMDETTHE. ZhiF, ZOBKC g, < THEZ L 2EBIKT
5. ZhEFETHS. O

BRI, REWHEEES DI, #BlE 1, 27T 4 X (AR, Af) = (0.002,
0.°1) DHETEY, BEFHENDOHIEL T 66 HE D MBHREIME NS E TH
BEBPTH. BOLEHEOKILZ 225 x 10°ETH2. BEDRHFMEEE2 R
DI, ZnPAMCEE o LHIMAVWHBE CHERZES LE.

IV. #ig & 58551
A. FERTEOKREFEE

RYIT, BHEAERSHE 2HOBICE > TNSREDICHEEINS 2
YEEE EE EHH ERREEF 1222121, EHOMICE-T 203N
=, EHEARREFSN 1.222...,1.221...,1.211..., B&T1.212... K> T45H

SN W 1.2222...,1.2221 ..., 1.2212..., 1.2122..., 1.2121 ..., 1.2112.... B
SV 12111, W&o TT7HEEINDG . B4 BR2EFH2FHO>OHEEBMOBER I



HEE 2L, 2N OHBEEHRERISKIHEDHHETH L Z LN bA > &,
bhvbhid, Z Dz SAEERER LIPAE. 25U T, BEFOHE & LT
BDICONTHEMEIZE Y Z S ONSREHEICTE S, 205 HEIE = RE2e
WMICE->TROLNG, IHIEROVEDERT. ZHREBX IO SHEHEEEL E
BOTH5. FICIE, 10,11 BEV 12H DFEEFFIN B H S H 5 =458 R &
Wiz, o b BVWHIBOREFNS/ONZEDIZNSOEICHHTEN, £
NDITEEL . SEERERHICHAT, 2BBEOHEEAREA TS, DDk
Va—N—MER (RB)TH5. ThiFva—/N— N 10 L P iEh 5% E R E
HEOEDHLY DEREHKTHS. HIV L 2FABOZEHEEKTHS. 2225
HETI2HEIEEBICIRAF—T93, 2%V 1R eERIIHSRT S,

WMXITE, BR2EBNERHOIFIEREROMELHMEL TEBE
Lo lz. GEOHRZ T, BB OFMaME 2 ML, 1 RauZ2ERED N
ZILBHLHARE2BLZLNEHBETH 2. BOORELRBERIL, H, WICRELEE
DHBZLTHE. AROHIEAY 2 —N— MEBOAH (ML) 2D H T, #EEE
DFDOHEFICELTWBEDICRAS. IHTHE, ZOHMIZY 2 —/N— MERO
EANSHELEDEZERVELIHFEDO—FHLLTHLONE, Ya—N—]
BT, TEFNE (21)©°.21)° 25 ERKED. =72 UK oo i 21 DR ERE Y
BENDHZLERKRT S, (ZOMRIFREIOEYIRLDOGHEICHEI ZLICT
%)
ZHANRBICHBTHEZ L 2R TZ22DIC, ZOMBEHEEY %<
DEWHRD L2 MPEL LTHEEZE S LE. BFOV A XRKEFHOGE
0°.001, SAEHF M DHE1E 0.0001 & U=, SN EICH 2 = DA, MinT
IBFIMN. n>36L LT LRI REZEELTVWSLETHDLLE, Ya—
N— MEEOBERDELS TR, o LRVWHBNLETH-E. 20 L KEEHH
EIBFRNBBOGEICIAE 2 /AL =,

FR%E 20) ISR UE. AAROHBIZEDS MY a—N— MEKOFERICD
BMoTWBEDICRAS. ZUHOMBIC K> THHMSNLEHEE S, L, C, R,
BEOT LEED. BRIEY 2 —N— MEE (S), BEOE (L), # (C), & (R), k
(K TH 2. MivT2HEFFNT IRICHHBL .

Table 1. Symbol sequences in the surface of section H;.

Region Sequence(n > 0)
S (21).(21)>

L .. 1.(21)722..
C  ...1(21)H11...
R ...1.(21)F122
T J1.(21)2+21

AR 20)HOSFXSOBRAL L CRERTRVWHEBENDH 2 Z LICERTA
ETHE. Ya—-N—MNEROETHLYICE 2FHEN 2MH 5. (Zh S T EALZE
BT I AOHEICKHETEN) ZNDOEE Ya—N— MNMEKOAICH > T,
Ya—N— MEROEIMI KAM H L 3#ATWIRETTHE, Ya—N—h
OB TR L C,R, BEU T REMERMLEFTTHLAE> TV HEESDH
5. ZOWXTIR, Z0HEYOBHICH L CIMTERELIRVWEDICT S,
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Figure 2: (a) Division of the surface of section. (b) Overlapping regions of the
surface of section and its reverse.

B. JEFFLST

NIEICHMLEL SIS, MEBEHINHBEEZED. (0,R) MOHRBT L2HED
WEOBEEIE (71— 0,R) EHRBTI2HEBORRKL LTEBHSIND. FLRY M
D, EMND, (0,R) EHHFETLIHEICHINT LWEREFINER/DIEZDICE, (i)
(0,R) EHRTIHEORREHEL TEZDRREFHN 1.2coc3... ZEHET 5. (i)
(T—0,R) EHRTIRRPELHEL TZORKEBIN 1.25555... BFET 3.
(iil) WE FTHFN .. 53512 2FD. 22 CTs=2F R 1R LCTs=1%~2E
2‘(&6 (IV) 29®§E%§U%O&V\T ...§3§21.26203... %4%"‘%)

ZOFHRENDS, GALNERBIN HE (TabL, HRIE LTEREWE)
MEINF 2y 7 T2EFNRREINE. ERORREFF 2 LR OEEIFF




eoRFBZeATENE, EROHERITEIIVNHETH 5.

REREBE H 222 &>. HHOHE R, C, L, BLUOTERBELTHESNS
HIOEBE. ZhEN L, 0, R BEOT LTS, LA, LEBEDOR
ERBLESDOTHE. MET5 (BR)EEHTU L 2EANEIELOE I
=ICHUE.

HyyadEr Xy yaR UOEBENELRNE, 200 FUIERESH % ok
WERBHIHBTHE. ZOTRVWEeZIEHSTHS. 2WT1I7THEOHAEEDN
AEETHE. Thbb, LCRTODENNE L,C R, T DENDDMEEMN 16,
St SOMEENV LD, MBEOHHHELY, S=8THd. ERYNETRN
MEEEZ 2b) IR LE, IVABIOTETHEMLELDIC, SNS ODHEAKEL T
B OER Y FHEELEELTVWLIHMBENDHS. WETENEEHRT S,

Table I1. Symbol sequences in the reversed surface of section H?.

Region symbol sequence(n > 0)

£ IR
c L2212
R .. 11212
T ...2(21)222...

BRORAWHEOHAE 2 [IIROE—, B _MICEHB LA, FAKRIC, KT s
HEF (EEM) LHEFA U - REEM) bEHEE. EELZZTU - R 3RS
DERFIOZ L TH S,

HIETERRLEEDIC, H, NORBFNE H, NOEEFIADRRL#EEE A
NEATHZZeNTES. NIROEAMICE, FEUHOD - REKEBELTHED
hEe HyNDIEHXRBTD— REFHEHL £,

MBFEOHFART - REHHFIE LTEOCERORBINIIFEFATHS. &0
SO, bWEME (7213 H)id g = W EBE§ > @EEE ¢ <¢@) T
BY28MEDINRTOTELRRBERILTVWENISTHS. FEHXBRT— KER
REZFIBBICECHBIINDNIE, HBARN LV - R -2 ZhIJIFEZLT, U—
REBREICBHIBLZLICKY, ZORBIIVIEHFBTHEZLNEAD

Table III. Pairs of non-overlapping regions and unallowable words. The words in
the fifth column obtained by reversing the future and past of those in the fourth
column are also unallowable.

H! H; Form of symbol sequence Unallowable word Unallowable word
c' L 2(21)2’“+1 (2 )2”22 e 2(21)%+122 22(12)?+12

R L JA1(21)2™ . (21)%22. .. 11(21)%+22 22(12)%*11

R C ..11(21) ™ (21)2 1] 11(21)2+11 1(12)%*+111

7 C L2(21)2mF2 (21)2 L 2(21)%+31 1(12)2++32

L R .n@mm“mmwﬁnm 11(21)2++222 22(12)%+211

7" R . 2(21)2mF2 (21)20 122 2(21)%+322 22(12)2k+32

£ T J11(21)2m+ (21)20 2 11(21)%+31 1(12)%311

c T .2(21)2m L (21)20 2] 2(21)%+31 1(12)2k+32




FHAED - FIIMICE V. FE K L C, R, BLO T IHEBEANDSER
WKIRIRPATICES ZHREGREHRICE > THERICDF SN TWEDNLTHS. X
T,L,C.R, BT THDZNG D JEREER IO T igiC $H 2 =M mE2R 10
IFLTWE. —7, b OB & S EE R O =K% 258 HiR BB IS D
5. 2N IRBEU20) NTHETE S, LK 2b) IOSH, T2b5 H O
EEOBR, 1O REREMICENNTSHS. LENT, £,C R, B&
CTOENNVDEDN L, C, R, BEFT OEANVD D LIEH S £FH T,
i DB DBRIET (. 5_os_,.) DL BE DEBEORREEF (tot,...)
DR ILBEHY EHS 20D 2D T FEBI (s sy tof,...) RHE
TH2. TOLTROKERERFS.

SHEE 4.1, FFBET-RIF, 0<k <k EUTROBELTWS: 2(21)%*+122,
11(21)%%22, 11(21)*+11, BT 2021)%+11 . 22T hy I H DR EREBK TS
5. HHBRT-—RFORIF 4 k+1)EEFALk+1)+1THB.

BHOW O DFHFBRT - REFELTIVRKEETBVWE, ZHh D NE
WIN2WZ 3 BENICERRLE. 22, BERNS BET— K 112279
20 WREERFIN WD, ZOBTHRFHTTERdh ok,

Table IV. Unallowable words of length < 13.
4 5 8 9 12 13

2211 22122 22121211 221212122 221212121211 2212121212122
1122 11211 11212122 112121211 112121212122 1121212121211

AE IVAHOEREBR LT, B8 A1ICHIBRE < ky 2MTMAE.
C. HEKTHE o FHABIE

BHENCORSINOFMRIHE RS 2010, B 0 = 30°, 90°, BE W
150° ISR > THIMWHEE CHIE 285 L 7=, EHR 0 = 30° 1% £ A D RERE ICHE BT
THY, ZOEMICH-> T, (RR)ELFFNE 10EBEHRLEL XIS, RDOKE
Me BT 1.(2)*A5 1.2 XTHIDLRDLHAHETEZ e dbhok. &LF
e 32D NV—TICHFT%: 1.(2)°, 1.2)"1..., BT 1.(21)%*22.... EEL
n>2k>0TH5. ZOUSHREBEFEFOHEKEZNEFN ), [, BXO [, b EL.
LAORZINSFBEBARVWEBRZUATCEAT S [; 055 & R0 ITWE
5.

B0 =900 > T CHATI, LFF % 10EReHRLELEIC, RDOE
e v 12125 1.(21)>° TEMLRALDHT 2. @55 % 3207
W—=TICH3F 5 1.2(1)°, 1.2(1)"2..., and 1.2D)* ... ZELn>2k >0
THE. ZhAORBIEFEOHEHEEZNEN [, [, BV L EEL. [ OHA
LHER, LAOESINABBIRBN R VWHEBIUA T TEATS LOHFINE RN
TET 2.

B = 150° K-> C RINTE, ®WHINE ROBAME & BIT 1.21(2)° » D
LRD® ETHP TS, T{EFE 30TV —FITHT 5 1.21(2)<, 1.21(2)"1 .. .,
BEO 12112, EELn>2k>0TH5. ZOLRFINERHOHEEE
EFNEN [, I, BEO L EEL.



Figure 3: A finer structure of the surface of section.

BARICEM 0 = 30°,90°, £ 1500 D EANICHW ST THNTIE, ©EEINE R
DA L &I 1212(1)° 2D 1.2)>* ETHEMTS. EEFE2 3207 )V—7
T3 1.212(0)%°, 1.212(1)"2..., BET L.2D*1.... EELn>2k>0T
H5. ZINSRFINEFOEEEZNEN [, [, B[ EL.

ZOLTSUAMNCEET 12MOHEE [,,i = 1,2,...,122H 3 BHZ®). [,
E I DEOEFERE, &EF (...1.20) 2ROEZMEEHRERTH D, AKRIC, [, &
L,OM, L2 oM, B0 & LOBMOERE, TnZFnEEF (...1.210),
(...1.2120), BEV (...1.21210) 2FHF > Z2AFHRERTH 5. #HIK [, Lo, [,
BV [, BRI RS - FTHEK LI Z LICT 5 (@ 1 TIRIEAIHK L A
E). ThHEENENEEF ((..1.(2)™), (..1.2(1)®), (...1.21(2)®), BEV
(...1.212(1)®) 2FD.

L,i=1,2,...823bilHiAKHETEZLHWMEBETIEHS. LML, 22
TRENETERODYIC, 5, [, [ BEE LOP UM VWEERRZZ 21075,
AR EE R2T5 (ZNRXIV.CETHTRI ) KEZINTHITHS.

I 2ZZ &>, ECHRBLEIDIC, [RNOEEFINE, n>2LLT1(2)"1...
REEELTCHY, B =300 > T REEMEEZ L, 10 EBLARL
EZORBFNIHLTE. EAS nOKRERIEH 1.(2)"1... E n DA E
NDEYTIKHE. n > 22EELTERSFI 1.2)"... 2H>REEOMER
RTHED. (10EHELT)BRRDOEFINE 1.(2)"1(2)* TH5B. &I HMNIE
HBAU— R 22122 5EATVWEDOTZORFINIFHFATHS. ErDEK
DHEBRTEINT 1.(2)"121(2)>* £ d. ZLTRD LD RARERFIFHF NS,
1.(2)"121(2)>° > 1.(2)"121(2)™1... > 1.(2)"1(21)*™'22... > 1.(2)"1(21)>® >
L(2)"1(21)%%211... > 1.(2)"1211... > 1.(2)"12(1)>*. ZZTCTm > 2, m' > 1,
BEUOE>1THE. ZORERFNE2B2IHE->T, ®dBEALEFIHLE. 2L
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Figure 4: Mapping of regions in £. Four bands in £ with symbol sequences
1.(2)%1...,1.(2)°1...,1.(2)71..., and 1.(2)°1.. ., are mapped to four bands in C'.
Corresponding regions have the same color.

A, 5012121222, BEENTVTHEIZIEN, ZhFEHFET
H5. LWODIE, ZNFEHFBT — R'221(21)2+122 2 FLABTHD. K%
AFNDZFLFINC o" BEASETRERFS. 1.21(2)™ € L1y, 1.21(2)"1... € I,
L(21)222... € I, 1.21)*211... € I, 1.211... € I, BL T 1.2(1)® € L.
o ERBH 1.21)° EYa—N— MEROADD L DN D ZESRMEK LI
H5.ZO5UT, 1.(2)"... OEDREFH & FH> K OBEIL, RICHEBITE 2 Y5
CEIWCWE [y, I 15, Do, I, [l D ERD, HBWIEC L ROMOER LTHEY 5 &
EA5.

EOZBEEGEOBMERSIC Lo THIL LD . HE LAT, TEF1.(2)°1..
1(2)°1..., 1.(2)71..., BEU 1.(2)°1... 2R OREWMY  RICHEMTE2HY 2 £
TEZOHEEHDTD. BREARIRLE, WO ARDHEDOEN, P YH
DETCICASTWS, ZRBEEUMN Iy, I7, I, I, I, BEO [, 285, W
IR LR O LR)*ACLE ROMOBERICHZ Z L AHBICRTL
nad.

I I, BEO LICBHLTERLZENTES, M DET 2 FIHITEHEL
T, BHERERDO P & SBICRT. 5(a), (b), B ()HERB L, ZhZFhC, R,
BEVTHDARDHEN R, L, BEUVC\C WD ARDHICEEINTWSZ LW
bhd.

Table V. Subregions and symbol sequences
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Name Sequence next, Name Sequence next

n>2k>0m>0 n>2k>0m>0
Il 1(21)2k22 ]301']7 12 1(21)2k+11 I4OI']8
I3 1.(21)%F+122... I 1y 1.(21)2++21 .. Iy
I5 1.(2)"12(1)= I I 1.2(1 "21(2)OC 114
1.(2)"1211. Ig 1.2(1)"21(2 my 17
1. (2)"1(21)2m211 I 1.2(1)"( m2122 R
L.(2)" 1(21)2m2122 I3 1.2(1)" 21 2”121211.. Iy
1.(2)"121(2)*"1... I 1.2(1 ”212 I
1. 22;”12122; I 1.2(1 ”212 L9
17 1.21(2)"1. I5 I3 1.212(1)"2 I
Iy 1.(2)= escape  Iqg 1.2(1)% escape
111 1.21(2)> Iy 11 1.212(1)> I

LE LADKITEWICHEZBYED. b, [, - 13— 1, — 15— ...
CEIWT, BRI - [, DBBEIT AW, D LICAVRAY. ARIC, L e I,
@'J—'?bil—i\l‘kﬁﬁﬁ’&%” D.F b [ -1, =, =1, — ... 28WVWT, &
%Lb—+&®%%%ﬁ&W_@ﬁbQLAUﬂU MEDIBEWIEY2a—)N—
NESDOBERIEL O 2FHHED 32 FWICETWS, EHIIFIFERTH - T,
Va-N—MEKOEHY EHUMELIEETS. RECHEAMSENT, Th
AR MR L E 20 [ OBRICES . ZhIRBEHETHRATES. 6(a) M %
RaE, [ATL1.(21)222..., L.(21)*22..., BL VT 1.(21)622... DD FF % ¥
D3RDEHR R\(C'UR)AD 3RDBEICEINT WS, 6(b)HTE, LINDEE
F1.(21)31 ..., 1.(21)°1 ..., BE T 1.21D)71... ICHE T2 3KRDHEAR T\R' WD 3
AROFHICEINTWS. 6(c) AT, LADREFF 1.(21)322..., 1.(21)°22..., &
ST 1.21)722. . ICXHET 2 3ARDHEN [ HD 3ARDFHICEINTWS. 6(d)
T, LADOREREH 1.(21)4 ..., 1.21)51 ..., BE T 1.21)81... ICHIBT 25N
L\C'HD 3ARDHICEEINTWS,

LELBRENENL L [(WCEEINDE. [ [, ENENL L [HIKESH
. RIS, & LW EZ AT —THEICHINT S, £ZT Iy, Ly, [1 BET I,
*EIE T X — 7B L IS

VRIGEHERE I, = 1,2,..., 12 L ZNICHIE T 258855, A TR O
RORXEEFTHRLUE. I TICHEBLELBY , L [OHBEICIEERSE nORF
FIMETICBYERSTWAZLICHERLED.

12



Figure 5: Mapping of regions in C, R, and 7. (a) Four bands in C with symbol
sequences 1.2(1)%1..., 1.2(1)%1..., 1.2(1)"1..., and 1.2(1)°1..., are mapped to
four bands in R’. (b) Four bands in R with symbol sequences 1.21(2)31...,
1.21(2)°1..., 1.21(2)"1..., and 1.21(2)°1..., are mapped to four bands in
L. (c¢) Four bands in 7 with symbol sequences 1.212(1)31..., 1.212(1)°1 ...,
1.212(1)71..., and 1.212(1)"1 .. ., are mapped to four bands in C\C'. Correspond-
ing regions have the same color.

D. B#ESI &L ERNIE

FAHFEREIHERDZEDIC, VEDOT— X E2FE-T [ OEDODEDBR TS 7
BEY SBICRT. BEFIVEAHNTHEEDOMERMEE, 5 [ASHEREL
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Figure 6: Mapping of regions in Iy, I5, I3, and I4. (a) Three bands in /; with sym-
bol sequences 1.(21)%22..., 1.(21)*22..., and 1.(21)%22..., are mapped to three
bands in R\(C' UR’). (b) Three bands in I with symbol sequences 1.(21)31.. .,
1.(21)°1..., and 1.(21)71..., are mapped to three bands in 7\R'. (c) Three
bands in I3 with symbol sequences 1.(21)322..., 1.(21)°22..., and 1.(21)722...,
are mapped to three bands in [;. (d) Three bands in I, with symbol sequences
1.(21)*1..., 1.(21)%1..., and 1.(21)%1..., are mapped to three bands in I5)\C'.
Corresponding regions have the same color.

TRAC LIKR2ZLTHE. BICEBREOINV—-IN420H5. Thbb [ = I,
L=l ;=1 BV <= TH5. LHIL, BRAD2DERINRETH 5.
IVCHIiTRRBLELBY, ZO200BBIZNENDHE TO—HFHRBEIC
ML THY, BGEEITHFETE R,

BB L,=1%2ZX5. [;AOEFEFIORIZ1.(2)"1...,n>2, [; NOEFF
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2 <

> 1, -1,

Iwo<”7 I5 z 16\
[, <— 1 |

|
7 1 3 :V
I

Figure 7: Graph for transitions among I;.

DEIF 1.212)"... m>2TH5. §5&, AHFIEIU—- R 12 12,n>2%&
VRITTHD. ARIC [ = OBBIDT—- R 12(1)"2%%K5. RFIDWLI DD
DU — KNPl & VIRICEHL .

Table VI. Possible periodic symbol words.

5 6 7 8
12212 122212 1222212 12222212
12112 121112 1211112 12111112

BATZHICT AL BN IHBE I HORBL LTRDZZ LN TE S,
D= K leyes...cp 2 WEBRESFIORNBATHZ T2, WNind 5 EEH
FHNE (20903 ..0,11)°. (20003 ..., 1 1) DEELTWVWERTTHE., ZDL
E1.(2c0c3. .. )R LDENMDITASTEY  F1.(26,_1 ... c361)° B D
LICASTWS . MR d 2 AHEEFNIE, RHKIEEFI 1.(2c0c3. .., 11)® 2RO
HOBERREEI 1.(2¢, 1...c36)° ERODEDHEOHEBEHTH S, wiE
B I(1.(2c0c3...cp 1 1)® EEE BREFE [1(1.(26, 1...C361)®°) LEZS. 22T
IH1.(26, 1 ... c361)>®°) W [(1.(2¢, 1 ...C3621)®) & (0, R) — (1—0,R) IC& o TE
BLEDDTH S, 5EIC, AHIEEI (22121)%°.(22121)%, (222121)>.(222121)>,
B LT (2222121)°. (2222121)° D& &R LUE, LB (X2 HEL) TN
SRFEAICRAS. (0,R) = (25.20951,1.8645681) A (22121)°°.(22121)> D AT
NETHS. HT, HiffH5VWIEHEIRERICRA 2D, HERESTOME O
DEDTH 5.

TLICR2 B2 KWV —MAH S, VIIRICEHEBRTIANTOI— MEEEHL
E(H, B BT 28HEDIS, VIIROU - RERBRKELEZRHT - RAESH
BZLICERLED). AT - REERICLTRHLZLATESL. RICH4FE
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< I == 1= T =4 = 2
R L
1 ¢ |
1 n 1 n 1 é‘ 1 n 1 ‘% 1 n 1 n 1
50 100 150
theta
Figure &: Procedure to obtain periodic sequences. The cases of

(22121)>°.(22121)%, (222121)>°.(222121)>°, and (2222121)*.(2222121)*. The
crosspoints of the curves shown in small boxes correspond to the periodic se-
quences.

H,A®&H, NFH, EBEH, BLUONBFBHOLVN - NI L= L L, =LA H5.
ZNENIBTIHMEN, 205 DEHKEHFIIAND 20 OBETFERERTZZ L %
B®KT 5.

Table VII. Periodic paths and periodic words.

Path Periodic word
(n,m > 2k, k' >0)
Is = I 1(2)"12
Ig = Ig 12(1)"2
]5 — IG — I7 — ]5 (2) (1)m22
Is — I3 11 — I; — I 1(2)"1(21)%+122
Is—Ig—I3+= 11— I; — I5 1(2)"12(1)™(21)%*22
Is — Iy — Ig — I — I; — I 1(2)"1(21)%2(1)™22
Is— 1, —Ig—Ig— 3= 11 — I; — I 1(2)"1(21)2 2(1)™ (21)%/22
Is— I, = I — Iy — I 12(1)"(21)%*2

RKEHIF & @EFHHINX T 2 REGVEBE ETHICR-sTuwhiX, H#
WHE—RTRZ<HEEZFED. 205G, ZOHEKEABICHHETH SO0
5, AHREHEY, ZOHICHPRNEEN2 R T THD. ZnixxoME%
REHEBE TO2REAPRTHS. —FH, WEVHBOSEICIE, LBEHH T — R
THd. ZORBALZERAHEOITTHS. ENL, WFNICLTH, 1Kt
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SHRMEICITEE O AR E NS U CEREOFAHHENH 5 Z & MRS
nzs.

ETERLELDLYRVWEAHOFHPENFELES Z LICERL LD . VII
RICHERUEFHDY - RIAPHESINICE —FICHIET 220, FHHEICIEZ D
TRZRW. VIROER) — M 2B EE Lo CTHU 2 AHHNELHVES.

BRI, IREBILFINERDZZ N TES. RYPTEFHTES, RGP #ELE
Y5 (PHEAMEOCRIPEICBEHL CTIE Ref11ZR). BB =1, 28Bx &
O ML EAMT - NI 1(2)"12,n >2TH5. V—h2VLEIYTEETICH
AELBRINE B ARABEEIIVELNE . EBEOI {n};, n, >2T
limn; — co ZWMETHDEWMY | THF 1.(2)m121(2)212...1(2)%12... BB X
5. ZORBEFIHFARTHS. ZVRBHHEITHY  RYPEE2ERX 5. FK
WKLUT, VIIROMOFHT — RS ORFHEIN 2 EETES.

E. ¥ nEREEOHE

ZONETIE, BHEFAERREEBEAT, FBREEFNAY N VEGERT
ZeERT. BALNEU - REHLMEHEICELHEIOEAE V)V E— &
RO ZeAR MMROBEZMORFIEGIBUHOD - R0V ) V& —
TH5.

Theorem 4.2. HFAREFHOESG QWE X, WT, LEN ST ESHATAY M—IVE
EEnT.

G, FEFAV VY VA I mE 41 DFFBET - RABHESNEIN D, ZORIEH
BTHD. LENoT Q=S\[EHAEVY Y~ JEIAVNY NTH B,
EROHBRL T s = (...5 91.25150,...,5,,...) BWD. i — oo D& EEHK
Bl <k <k <..(i>00DEELk — 00)BBHoT s, =10 55,41 =2
BT 32, ZTDEE sIFMAZ (isolated) LTWaRW, EWD DX, ghis =
(... 1.283,428k43...) THY, ZORDOHBRLFINIERICHLEMSTHS. DX
Y, s DERBOEBICHBEZIINSHSZ. N>08H>T,. n>NIKHLTs, =1
s, =226 sEFMZL TR, WD EBD n > 2ICHLT
(221, B (1)212... RBBORBIINEET NS TH S,
OVARTEAERTHEZLE2RTICE, QWOREFIOEREDEHFICQICE
SRVWEFINEETEZLE2FAR TR TH . ERICHEVWHEROGHTICEE
J— REFIFFRVI VA —2ZBZNIFE, EAOLWNEFHFAREFIOEEDER L
WKQINBIRVWEBINE2HMRITEZZLNTES, O

fefie LTRERS.
% 4.3. Ya—N— MEROBESMNC, FFRAMOI TR — THENEET S .

(21)°.21)° MAMCHHBEOREFINH B2 L, BLUO L DDREEFIN 1
DUEDHEICHIRTZ2ZENMNSZNEHLAITHS. 20 L, ET AT — TH
EOFHRAHRRNIETEHMBH VES .

% 4.4. BYBLORWESFIOFHMNEOEE IO TH S,

AT 2HMENEME EORRSZGHRICERBEHRNLZ NS, ZHEHLMNT
$H5.

17



V. &ED

HFNEN IR EHRAEDOHEICENTH D Z LRSI NE. E/REIUT
DEBBYTHS.

(i) WHIRZER (R ) R A% < SEOBEMICHEING (2(a) M), Y2 —N—
MBI % [ < 2 8013 2 2 20 51 % o /N X 2 I IC RIS D S 0B (V
%), NS OEROMIC I, HEWHE2BBAANS 2 (TH).

(i) RO e UTIHHD (EHAARHE) 2RIIVH 5. 2211 & 1122 2 & LS
oo bEMRAITH S (A 4.1).

(iil) B EFERBWICRE DT 2. WO OFAHHEOMNELRDE. B o
OB LENT (22121)°.(22121)° TH 5 (VIIR). IREHPEEH S L=,

(iv) EEFI B & OHEBA X L — # — % > THRETE L0 —BELE 0 I E %
»HFERM L (EH 42).
aite

FEOVLY (KT.) REBH2ICET 550 RREICH L CERERRE (R
WAS)CEBOREET.
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