ThreeBraidClass F¥¥a1—JL FADF3I=

[#E]

ThreeBraidClass EZa—JLI&, 3-braid OHLALRTEXE TN ODOBOERRL, 3-braid OREILD

f=® python ELa—ILTY, 3DNDYUTRE, 3-braid ORTHEADEDERER. ThoZHRS-HD
MG ENAERINTUVET, 320V FRIE, HALGRRABEXZEZRNAL—MKHN7%G 3-braid ZH/KS5-HD Thr
eeBraid ¥ 5 R, #®#X [0g] %+ &IZ linear 3-braid (Lissajous 3-braid &) %k S57=HD Li
nearBraid 7 5 X, #&X [KNO1]/[KNO2] [CEDE Lissajous 3-braid ##>57-6® LissajousBrai
d 9 5XTY, ThreeBraidClass ELa—I/LOFADE=HICHDE S 21— )L EATRMICHEARADKLETHY F
AN, python [CEEED21—I)LELTHESINTLYS math, cmath, fractions Z##ARAL & (impo
rt) ##RLFET. T, BLLUREEKXTREINT 3-braid OBELDO=HIZIX. numpy, matplotlib,

ipywidgets, IPython EZa—/IAA VR k=&, jupyter BEDT S IRFABELIHRLETETS
PWHENRHYET,

[#f%]
python #Z#E<a1—)L math, cmath, fractions &, ThreeBraidClass EPa—IILFHARAATLE
S, FEL. BYID3DDBEED 12— )LIFHARAFLLTEIELET,

>>> import math \# REMNTEH
>>> import cmath \# BENTERER
>>> from fractions import Fraction \# DEIRE

ThreeBraidClass £ a—I/LZ##A#RAL,
>>> import ThreeBraidClass as tb \# 3-braid FEIEH

python TIEMHARAATEED 2 —ILTEBRN-BRGEEZFAT HRIC, BIZTED2—ILEBEDITET, Three
BraidClass EV1—I/LDEMIEILLEVDTEHER th TRRATESXLS5(C import XIZ as th #DIFT
WET,

[ThreeBraid 75 X]

ThreeBraid VS R(F, SFIFLHETREINT 3-braid (upto full-twist) I[ZDWT. BOHTHOR
TR, BHRERLI-ODHEFREEFTLOHIIDOTY ., FRAFIEE. [1 2 RF2ADER]. [3-braid
ARl [BREH] &£BYVFET, £, [3-braid O:EH (MEFE) 11 [3-braid OB £ TEE
ER

[41 Vo REDVADER] AVREVREF, VSRBFA TS FODIDETY, ThreeBraid 25X %
FATABE=HIC, ThreeBraid VS RAEBA T H F2SEBIHEH. HIZIE br ZRELET. ThEA Y
ABVADEREEVET, EHOLEMIIEETT,

>>> br = tb.ThreeBraid()

tb (& ThreeBraidClass 21— )LD T, ThreeBraidClass T2 a—J/LOH D ThreeBraid 75X
EF (tb.ThreeBraid() M &) #FUH LT ThreeBraid V7 SAEA Tz bEEFL. % br (C
BYHBTHEESEKRTYT, B LFEI M., ThreeBraid 7 SRIZEIHEIEET A ELTEET, 5IHEIETE
LTBZET, [MAVRFVADER] ERD [3-braid AH] #RBFICITAET,

[3-braid A7] ThreeBraid VS AEA T o FEH br ~® 3-braid OAAIE. AV v K set()
EHEWET, VSRBA T bEHAAY Y REBEREZOIZIE, BEHIZAYVYERERY L "." TOREFE
T, DFY. br.set() LB LET, set() AV v FDOFIHIZIE, 3-braid ORBEXERTXFIE=(Z
JRAMEBEZFET, 3-braid ZHET 5-HORERRIZIE AB, Sigma. BDPQ(or Frieze). Syzygy. RL
. ST. PSL2 O 7 D%#HEALTWLWET, PSL2 BRBHEAXILITIH (RES2DVRMEFEDETHIRES2DYR
F) ) THZ, #EXFF (' HLLE """ TEONEXFOLY) TEZFEFT, AASKEXFIHNEDE



B THL L. BEMICHALET, ROFIE. AB HRBEATEZAELDTY., ANWDEEICKRTLI-L
&, The process completed successfully. ERFTEINFET,

>>> br.set('BBABBBBAAABBABABB')

HERTOAYvE—CHAZRELLLGEWEE, set() A VY FOFXF—T—FB|%k silinet IZEAfE True
ZHRELTLESY,

>>> br.set('BBABBBBAAABBABABB', silent=True)

ThreeBraid 2 5 XTS5 3-braid (. LIFTHDZN TN —ERLICEALZLDEEBELTVET, Lin
Tz VCDIEICDHENWTHELNSEALCT: 3-braid. @ L 3-braid ## DM D% VT shape sphere £®
ARELEzEDE, ERFICIKRADESICLTWET, ThreeBraid ¥ S XA Tlk, LImETiHDHSEH D% braid
. EiETiHZE DL EHLDZ%E closure, shape sphere DEARIZHIET A& S IEIEL TEHETIHRZ 2L
loop M 3% braid style &MU, ThreeBraid ¥ SRAORNERIZ. BEILEHDA VR 2V REHEL L.,
FNFNOBIZIE L7 DORBERICH T 2EHMLEENEMINET, set() AVYRTIK, ThoDl
NETEHMICETINET, closure (F. REBHXZKMEEE (circular word) &A% &, DFUY., bra
id BB A /EBEEEZ-LDICH-YET, loopld. 5Z5ht- 3-braid #E4A 3D2DHIFHIET.
shape sphere LDOXIET 2EMNFARICHEDESIZLEEEDT, KRBEXOXFINEE LK 3 DDHLNEDET
5MEETEABONET, 3-braid [FLEHI /NS TIHIMADBERESISEITDT, HBLIDDI2HIFIE T
HDRDEENLIFDSADEEIZEEYET, 3-braid ZXKFAMOE T > =WEICH TS 3 ADEEMN. 18
BDIEFZEIEELEMBAU=Z/ARO moduli ZEM® shape sphere EDEIZHIGT BN T, YISEZE LiFN D
TumlZEHERIZEA LT, shape sphere LDEAEFY ET, Liié THDIHRDEEEZRTT 2 RDIEFE
EHTRELIZEDELSITLIE-DOT. TOBEIXFARICHEY FJ, braid ®%FJ 3-braid (& shape sphere Lt
DEIZHIE LETH, Lloop DFEXT shape sphere LDEARD—EIZAE>TLVET, braid O LinTIwIZH T
SiHEIE—EREICHDELEL=DT, ThreeBraidClass €Y 1—/LTIE, Shape sphere LDEIFHERK
Iz, FE (8 syzygy OREE) EOHDEZHRAEL, FELED (BD) AZEAELEEZTT, RBEBRIC
FoTIE, WMRDAENIEGEEEEBET ILENAHY £, CnlL. shape sphere LDOEDWBREFEET S &
[ZXG LET . BRADIEEICIFF—T— K351# startAreazfl E 3, shape sphere OFELEN3HE 1,
W, W2 (WX1TDEBIFER) ESADMD S5 280K H%5 (collision) KEZZFEKTHNDT. & (p
ath) FZD3R/ZBEY FHA. BEDIER. BRELT. TOIRTUYRFOoNEFELD I DOXE (syzyg
y DIREE) EEANIEEL L, Tz, ENFELZREYIRITIAE (3EANFHEHOBEMBIZE TS 3 RDEED
mE) 3EZNE, startArea 12IE. REZXRT=20OXF (0,1,2) [CHEERIHE (+ ,-) THzxl-
NEDSED—DFRET S LITHRYET, set() AV v FTEITH. braid. closure, loop D 3FEZH
FNIZH LT Z 7 O2ORBERKH. HEMICEHE SN ThreeBraid 7 SABA TSz H FEHDASA VRE Y
AEHICHEIMESINET,

ThreeBraid 7S RAEBA T/ FEREERT HIEIZ, set() AV FIZZITETSIHEEEL, [1 VR4
DADER] & [3-braid ODAA] ZREBIZITSCENTEET, L. ZDEE silent 5I8DT I+
JUMEIL True IZRESATLET, >>> br = tb.ThreeBraid()

>>> br.set('BBABBBBAAABBABABB', silent=True)

>>> br = tb.ThreeBraid('BBABBBBAAABBABABB')

(X, ACEKRICHYET, RABLETA, REZFIAT S LT, ERITEIYHTTIC ThreeBraid 75X %&F|
RAT52ELTEFT,

[HA]1 ThreeBraid 7S REA TSy MEH br IZ set() *VY vy KT 3-braid #ZAHT 5 &, brai
d. closure. loop MIBEEFNEFNIZKL T, BIRD 7 DDORBFHFX L dilatation GEMNHESHh, TH
br OREA RS2 U RZEH braid, closure, loop IZH#EhZEd ., br.braid HELLTHERREEZS
BIHILELETEFEFITN., EDa—ILHTOFEICEDLDNTLDERLEELRTINDIDT, LOXRLEIDIZH
UFET, REA X2 D REHIE, python [THEIFTEFERATO Y DT, br.braid['AB'] ©O &5

2. HDELGHERZERSISHI ZLETEEFT, —BRMUGRARICE T ERKROSRICIE. show() AVy FZE
FALTLESL,

>>> br.show()



ERICFHELTHET, AB KX 'BBABBBBAAABBABABB' TH X 5Mf- 3-braid # A L. show()
Ay FTHREHALFT,

>>> br.set('BBABBBBAAABBABABB ')

The process completed successfully.

>>> br.show()

Braid Style: braid

AB: BBABABBABABB

Sigma: 02”™-1 o0l1™-2 02 ol™-1 o2

Syzygy: 12012

BDPQ (Frieze): bqgbgb

RL: R*(-1) L2 R LR

ST: ST2 ST3 ST2

psL2: [[3, 51, [-5, -8]]

Dilatation: (5 + sqrt(21)) / 2 (value=4.7912878474779195)
Braid Style: circular word

AB: ABABBABAB

Sigma: ol™-1 02 o0l1™-2

Syzygy: 1201

BDPQ (Frieze): gbgp

RL: L R L"2

ST: ST3 ST2 ST2

psL2: [[3, 11, [5, 2]]

Dilatation: (5 + sqrt(21)) / 2 (value=4.7912878474779195)
Braid Style: loop on shape sphere

AB: ABABBABABABABBABABABABBABAB

Sigma: ol1”-1 02 ol1”-3 02 ol™-3 02 ol"™-2

Syzygy: 120101202012

BDPQ (Frieze): gbgpgbgpgbgp

RL: L RL™3 RL"3 R L™

ST: ST3 ST2 ST2 ST3 ST2 ST2 ST3 ST2 ST2

PsL2: [[67, 24], [120, 43]]

Dilatation: (110 + sqrt(12096)) / 2 (value=109.99090833947008)
Braid Style: loop/3 on shape sphere

AB: ABABBABAB

Sigma: o1™-1 62 o01"™-2

Syzygy: 1201

BDPQ (Frieze): gbgp

RL: L R L™2

ST: ST3 ST2 ST2

psL2: [[3, 11, [5, 211

Dilatation: (5 + sqrt(21)) / 2 (value=4.7912878474779195)

ZDESIT show() AV FT, IRTOFFEHKBLRENSEASINET, braid. closure. loop D IFEIxtL

T. 720FRBEEKXTORRE dilatation AEASIIhFET, . £z, loop AR L 3-braid 3 DIZHEIT
E5LEE loop @ 1/3 £ (loop3) [TDOVWTHEHESIN, HHhEIhFET, 6121 5F5 (A—TIEAEL

BRIZBALENHT) 129N EEE 1/6 K (loops) IZDOVWTHEESH, HAShFT, show() +
Yy FIZBI#EEAT, RELRIDETZHASERIENTEET, HlZIE closure [CEAT HIEHROAEH
ALEWMEEIE. F 1518 'closure' EELAHEE., ¥F—T— K513 (brStyle) IZ 'closure' #Z|UY
LTCHAEDHYET,

>>> br.show('closure')



>>> br.show(brStyle='closure’)

Braid Style: circular word
AB: ABABBABAB
Sigma: ol™-1 02 o0l1™-2
Syzygy: 1201
BDPQ (Frieze): gbgp
RL: L R L"™2
ST: ST3 ST2 ST2
psL2: [[3, 11, [5, 211
Dilatation: (5 + sqrt(21)) / 2 (value=4.7912878474779195)

show() AV FOF—7— K513 (brStyle) (ZI&. 'braid', 'closure', 'loop', 'loop3', 'loop
6' &. ThoDEEDME (list [1, tuple ()) ZHEETEFET., INTEHEETHRDYIC 'all'

'Y EESZEMNTEET, brStyle FIHMDRBREE LIZZEE brStyle [ 'all' MEIYEHTLHNE
9,

BEDRRABEKXDAHEZERTIELMESIE, show() A VY KOE2518. HAHWEIF—T—K5(1%  (brType
) EHEWVET, brType 3I#IZIEX. 7 2ORBEEADMIZ, RS VR 2 D REHDTFHFEX— (keys() THA
RohFET) ZHEETEET, brStyle ERBRICHICL TERZEET S LI TEFET,

>>> br.show(brType=['AB', 'Syzygy'l])

Braid Style: braid
AB: BBABABBABABB
Syzygy: 12012

Braid Style: circular word
AB: ABABBABAB
Syzygy: 1201

Braid Style: loop on shape sphere
AB: ABABBABABABABBABABABABBABAB
Syzygy: 120101202012

Braid Style: loop/3 on shape sphere
AB: ABABBABAB
Syzygy: 1201

ZOFITIE brStyle SIMMNEREEINTLNSDT, brStyle="all' AfgEShF-&IZHYET, F—T—FK
SlEE, EZEIYLTHIERELNENMMTLDIDT, FEDIEFTEIHZEZFLRTEET, brStyle 518 & brTy
pe SIBMDIEFIEELONETENEVNELEA, 518 brStyle, brType #EBT 55E(E. brStylellF|
YL TAHEFSE 158U, brType [CEIY L THEEZFE 25BN ZITNIERY EFHA,

>>> br.show(brStyle=['braid', 'closure', 'loop'], brType=['AB', 'Syzygy'l)

Braid Style: braid
AB: BBABABBABABB
Syzygy: 12012

Braid Style: circular word
AB: ABABBABAB
Syzygy: 1201

Braid Style: loop on shape sphere
AB: ABABBABABABABBABABABABBABAB
Syzygy: 120101202012

Lt TimD$H 5 braid ORFXIIERABRADHEIXFITERLET, closure, loop. Lloop3. loopb D
RRIEKEEE (circular words) &L THRbHONET, braid (& set() AVy FTEZOoN=XFIEZTD



FFEFAWVWET, closure [F. EAONE=XFIEKEFEE LTHKWVET, Loop [&. shape sphere EMDFAR
[ZXHET DL, BRAONXFHE2 DN DDLENELDEKEEEICL TH/RIVET, braid [ZXIET S s
hape sphere LDEZE. ROKSITEHIENTEET ., 1. 0w, W 2LAE, EBEHSFFREFET, sh
ape sphere 6 DDMEEHICHEILET, 6 DDEHOEED—D2DHDOAZFIEAE L, braid OXFF| (B
ABIICIE AB BRBHATO A O B) ITH-T. MIOEREDHEOMEEICHEET 2EMN braid OXIET 538
(DETHHREME—BORR) LABYET, TOEDBRRERRATENTN6DOBEOVWTNAMNIBELET. T
hreeBraidClass EVa1—I/LTlL, R EEAEZFELDIDORENDS BNV EDIZEY ZOREEXRT XF
(0,1,2) &, WRAINLBRICHDEEE + . EBAICHDEEE -2FZ1-. 6FTREFET ., Shape sph
ere FOMARICLES-OICIE, BRLEEADET HBENRLCTHEITNIELY FH A, Loop (&, AL 3-brai
d ZAEMNMEYRLT, HRBRAAFELORILREORILAEIZHESLSICLIEZEDOTY, AKX, th=h '0
+ ' T, AN '1-' O 3-braid 222K EEE, 226H® 3-braid [FIEEA '1-" [THYFET
N, EHEHKCTEOEDHA (REAR) (X, EFHRTEOAREFRZTICHEIDO T, RPDE L FEITH L Txt
MEEZEEDTLITHY, LR "0+ ' [THRVFET, HABRANFELORCRETRILAEIZA SO T,
loop I%. 3-braid Z2FIZEIEL T, tAEEmFE DLV circular word &A= DIZY EFF, Loop

129 51=HIT< YR LIZE#IE show() A VY FDEI$ brType IZ 'multiple' #EET S EThHMY
F9, 'multiple' [X loop T LTHOAEKMNHY. braid, closure, loop3, loopbé TIEHEIZ1T
ER

>>> br.show(brType="multiple')

Braid Style: braid
multiple: 1

Braid Style: circular word
multiple: 1

Braid Style: loop on shape sphere
multiple: 3

Braid Style: loop/3 on shape sphere

ThreeBraid VS ABA Tz FERBICELULERERXEZ5Z. §il1T show() AVy FEEAL. K&
ERTIEBIENTEET, THITEIY B THFIZ ThreeBraid 7 SRIZHAAEN-FHETILTY XLEZFA
TEET,

>>> th.ThreeBraid('BBABBBBAAABBABABB') .show()

Braid Style: braid

AB: BBABABBABABB

Sigma: 02”™-1 ol™-2 62 ol™-1 062

Syzygy: 12012

BDPQ (Frieze): bgbgb

RL: RM(-1) L"2 R L R

ST: ST2 ST3 ST2

psL2: [I[3, 5], [-5, -8]]

Dilatation: (5 + sqrt(21)) / 2 (value=4.7912878474779195)
Braid Style: circular word

AB: ABABBABAB

Sigma: ol”™-1 02 ol"-2

Syzygy: 1201

BDPQ (Frieze): gbgp

RL: L R L™2

ST: ST3 ST2 ST2

psL2: [[3, 11, [5, 211

Dilatation: (5 + sqrt(21)) / 2 (value=4.7912878474779195)
Braid Style: loop on shape sphere

AB: ABABBABABABABBABABABABBABAB

Sigma: o0l1”-1 02 01™-3 02 01™-3 02 01"-2

Syzygy: 120101202012

BDPQ (Frieze): gbgpgbgpgbqgp

RL: L RL*"3 RL"3 R L™

ST: ST3 ST2 ST2 ST3 ST2 ST2 ST3 ST2 ST2

PSL2: [[67, 241, [120, 43]]



Dilatation: (110 + sqrt(12096)) / 2 (value=109.99090833947008)
Braid Style: loop/3 on shape sphere

AB: ABABBABAB

Sigma: o01™-1 62 o01"™-2

Syzygy: 1201

BDPQ (Frieze): gbgp

RL: L R L™2

ST: ST3 ST2 ST2

pPsL2: [[3, 11, [5, 211

Dilatation: (5 + sqrt(21)) / 2 (value=4.7912878474779195)

FYEBEH (?) 12, BEGEZFLITEIEHTIZE,

>>> th.ThreeBraid('BBABBBBAAABBABABB').show('', 'Syzygy')

Braid Style: braid
Syzygy: 12012

Braid Style: circular word
Syzygy: 1201

Braid Style: loop on shape sphere
Syzygy: 120101202012

Braid Style: loop/3 on shape sphere
Syzygy: 1201

[#FAPI] ThreeBraid VY SRAEA Tz ) FEHICHEE set() AVy FERUHI LT, BlD 3-braid
FANTEZET, #H=IZ ThreeBraid VS ABF IOz 5 b EEFBLAOERIZEYXMTRIEHLTEET,
EERL br (2, Sigma REMAT 3-braid 25X THFET, Sigma RERKIL ol. 02 ORETFDHED
BTEZBDTIHA, FOROKRBELT,. 01 & '1' (2, 02 & '2' (2. o1™(-1) & '=1" =, o2~ (-
1) & '=2' [CBEHZ. ZATRYY ., BEREBOSPFFEREXFITRLET, HZIE. o1°(-3) 022 ©

1~(-1) o2~(-2) ol (. '-1 -1 -1 22 -1 -2 1' THEZZFY,

>>> br.set('-1 -1 -12 2 -1-21")

The process completed successfully.

>>> br.show()

Braid Style: braid

AB: ABABABABBABBABBABBA

Sigma: o0l1”-3 0273 ol™-1 o2~-1

Syzygy: 010121211

BDPQ (Frieze): gpgbdbd

RL: L"3 R*3 L R™(-1)

ST: T ST2 ST2 ST5 S

PsL2: [[4, -11, [13, -3]]

Dilatation: (1 + sqrt(-3)) / 2 (value=(0.5+0.8660254037844386j))
Braid Style: circular word

AB: BB

Sigma: 02"™-1 o1™-1

Syzygy: '!

BDPQ (Frieze): b

RL: RM(-1) L

ST: ST

pPSL2: [[e, 11, [-1, -1]]

Dilatation: (1 + sqrt(-3)) / 2 (value=(0.5+0.8660254037844386j))
Braid Style: loop on shape sphere

AB: "'

Sigma: "'

Syzygy: "'



BDPQ (Frieze): ''

RL: "'

ST: '!

PSL2: [[1, eol, [o, 1]]

Dilatation: (2 + sqrt(@)) / 2 (value=1.0)
Braid Style: loop/3 on shape sphere

AB: ''

Sigma: ''

Syzygy: "'

BDPQ (Frieze): ''

RL: "'

ST: '!

PSL2: [[1, o], [0, 1]]

Dilatation: (2 + sqrt(@)) / 2 (value=1.0)
Braid Style: loop/6 on shape sphere

AB: '

Sigma:

Syzygy:

BDPQ (Frieze): "'

RL: "'

ST: '!

PsL2: [[1, o], [e, 111

tOFHEHREEZR D L. braid ORBHERICIIASHDXFINRRTINTWETH, loop RETIEENDXF
(') IZHESTVWEYT, TOEHZFARL-OIC, SFEORPDET—4 (raw data) ZRRSIETHFE
9, ThreeBraid 7 SATIX. FNhEFN®D braid style ZEIZRBAEK braid type ZHELTWET
N, ZDEHORDDT—2H raw [TEMSNATVET,

>>> br.show(brType=['raw', 'AB', 'multiple'l])

Braid Style: braid
raw data: -1 -1-122-1-21
AB: ABABABABBABBABBABBA
multiple: 1

Braid Style: circular word
raw data: -1 -1-122-1-21
AB: BB
multiple: 1

Braid Style: loop on shape sphere
raw data: -1 -1-122-1-21 -1-1-122-1-21 -1-1-122-1-21
AB: '
multiple: 3

Braid Style: loop/3 on shape sphere
raw data: "'
AB: '!

Braid Style: loop/6 on shape sphere
raw data: "'
AB: '

circular word #& o7 closure ® AB BR‘EFAIL 'BB' TY, #>T. A bMNiz 3-braid %3

D% T ET shape sphere MEAKIZAYET, loop (&, Sigma RBEAXTEZ-XFF %3 D24
LOMN raw T2 LY, ThEr AB BRBEEAICEHRTDSE ' (BBAL 3-braid) ITHYFET., ThiE

closure ® AB BRI|MKXF IEZICDIELI- "BBBBBB' = '' &L FELEE A, loop3 DEHEF., BHEIC
Hof= loop ® AB BERBEAMNIDIEITELINESIMTEHIEEESN, AB BXREHAZEZ3HEILI-ELD%F 'ra

w' T—2ELTWET, loopb (L. loop3 M AB HERBHEAZHLLICLTLADT, 'raw' T—42(E loop
3 M AB EXRBHEADENZHEYEST, UEDZ EMNDS Loop, loop3, loopb DIFEAEDNEEMN '' I2H
21=MTY,

Frieze pattern (BDPQ word) [Z4D2®DX=F p, b, q, d N5HBXFH| T, Syzygy FlE32DXF 0,
1, 2 hoHBZXFITEZFT, RL REBBREI R, L & r, 1 hoHEZXFEHNT, IMNFE r, 1L TEFIAF



N R EL D inverse Z2RLET, CMOHDORBEA T, ZTALEDORPYYXFFANEFRA, ThENIC
2V T, 'AB' BREBAKICEBRLTHEL LS,

>>> br.set('pqdpdb', silent=True)

>>> br.show(brType=['raw', 'BDPQ', 'AB'])

Braid Style: braid
raw data: pqdpdb
BDPQ (Frieze): bdb
AB: BBABBABB
Braid Style: circular word
raw data: pqdpdb
BDPQ (Frieze): dp
AB: ABBAB
Braid Style: loop on shape sphere
raw data: pqdpdbpgdpdbpqdpdb
BDPQ (Frieze): dpdpdp
AB: ABBABABBABABBAB
Braid Style: loop/3 on shape sphere
raw data: ABBAB
BDPQ (Frieze): dp
AB: ABBAB
Braid Style: loop/6 on shape sphere
raw data: ABB
BDPQ (Frieze): d
AB: ABB

>>> br.set('000112220102011', silent=True)

>>> br.show(brType=['raw', 'Syzygy', 'AB'])

Braid Style: braid
raw data: 000112220102011
Syzygy: 020102011
AB: ABBABBABABABBABBABA
Braid Style: circular word
raw data: 000112220102011
Syzygy: 0102
AB: ABABABBAB
Braid Style: loop on shape sphere
raw data: 000112220102011000112220102011
Syzygy: '!
AB: ''
Braid Style: loop/3 on shape sphere
raw data: "'
Syzygy: "'
AB: "'
Braid Style: loop/6 on shape sphere
raw data: ''
Syzygy: "'
AB: ''

>>> br.set('rLLRLrLRlrL', silent=True)

>>> br.show(brType=['raw', 'RL', 'AB'])



Braid Style: braid
raw data: rLLRLrLR1lrL
RL: L~(-1)
AB: BBA
Braid Style: circular word
raw data: rLLRLrLR1lrL
RL: R
AB: ABB
Braid Style: loop on shape sphere
raw data: rLLRLrLRlrLrLLRLrLR1lrL
RL: R™2
AB: ABBABB

ThreeBraid 7 S RIZHI+5H 3-braid ORBEADOHEOERRIE. 2L DIFE AB BRBEAZEHLTWLE

¥, —BH, AB BRE\EHBAICEHRL, AB BREBXTHMELET, THRBFAICA - T, BHEShiz AB BR
BERANSHBMORBERAICERLET, =L, Syzygy FI~DEHRICH L THH. EHILT HEI0D AB EX

HERAHNSEBRLET, AB BRBEARADOEHLIX. &8 AA=BBB=id ##IEd 5L TY, closure, loo
p 7 & circular word DiFEIE. HBREOFTRMEBEHOLDEL. XF A Z2E2THEIE A #5EEIC.

XF B 2ETHEIE B #REFBICHDILSICERIELTLET,

Lissajous 3-braid EDLKSIZ. loop AEILHED I DDIWRIZHIT oD EEFIZE. BEMIC3HEILL
LDEHELFT., SHICNEILELDONEICAED2DTAYIIZHITONDEE,. 60EILE-LDEHELE
T, L. BOAFRLED 2 DEFRY FHA, BRGETHIGT EEEELHY FT, show() AVyY FTE
NSERRTIEBICIE, 518 brStyle (2 'loop3' + 'loop6’' ZFIEELFT ., show(brStyle='all')
HETH Braid Style: loop /3 % Braid Style: loop /6 MEhIZH-YET,

>>> br.set('012012', silent=True) # (figure-8)

>>> br.show(brStyle=["'loop', 'loop3'])

Braid Style: loop on shape sphere

AB: ABABBABABBABABB

Sigma: o01™-1 02 061™-1 02 ol1™-1 o2

Syzygy: 012012

BDPQ (Frieze): gbgbgb

RL: LR LRLR

ST: ST3 ST3 ST3

psL2: [[5, 8], [8, 13]]

Dilatation: (18 + sqrt(320)) / 2 (value=17.94427190999916)
Braid Style: loop/3 on shape sphere

AB: ABABB

Sigma: o0l1™-1 o2

Syzygy: 01

BDPQ (Frieze): gb

RL: L R

ST: ST3

psL2: [[1, 11, [1, 2]

Dilatation: (3 + sqrt(5)) / 2 (value=2.618033988749895)

>>> br.set('qbgbqbbbb', silent=True) # (Cht, figure-8)

>>> br.set(brType=['raw', 'Frieze', 'AB'])

Braid Style: braid



raw data: gbgbgbbbb
BDPQ (Frieze): gbgbgb
AB: ABABBABABBABABB
Braid Style: circular word
raw data: qbgbgbbbb
BDPQ (Frieze): gbgbgb
AB: ABABBABABBABABB
Braid Style: loop on shape sphere
raw data: gbgbgbbbb
BDPQ (Frieze): gbgbgb
AB: ABABBABABBABABB
Braid Style: loop/3 on shape sphere
raw data: ABABB
BDPQ (Frieze): gb
AB: ABABB
Braid Style: loop/6 on shape sphere
raw data: AB
BDPQ (Frieze): q
AB: AB

PSL2 BR|XTEZ onfmaE. EXERICKY S, T (PSL2(Z)=<S, T>) THL. ST ER\EEAH
5 AB BRBMXICEHL. thORBEHXICEBRLEYS,

>>> br.set([[17,4],[4,1]], silent=True)

>>> br.show(brType=['raw', 'PSL2', 'AB'])

Braid Style: braid
raw data: TTTTSttttS
PSL2: [[17, 41, [4, 11]
AB: ABBABBABBABBABABABAB

Braid Style: circular word
raw data: TTTTSttttS
PsL2: [[17, 41, [4, 11]
AB: ABBABBABBABBABABABAB

Braid Style: loop on shape sphere
raw data: TTTTSttttS
PSL2: [[17, 41, [4, 1]]
AB: ABBABBABBABBABABABAB

PSL2(Z) [CBREHGV2REATINEZ oNi=HEIE, error A vtE—UARENFT,

>>> br.set([[15,4]1,[4,11])

error: [[15, 4], [4, 1]1] is not in PSL2.

show() *YVv FOBNDHERY T, ThreeBraid YV SAEF Tz H FOREAS VAZ VRAEREZEETUVHT
CET MERT—AEXFIELTHET I ENTEET, A VRIVREHDOLTREL, brStyle DiF
FEIZ®F LT braid, closure, loop, loop3, loop6 TI, TNoIFFHERAF T4 T, 3-braid
DRBEEAICHG LT 'AB', 'Sigma', BDPQ, 'Frieze', 'Syzygy', 'RL', 'ST', 'PSL2' &, 'Di
latation' HBEDF—T—FKRIZHTZEELTRODLENTWVET, REA U RE2 D RAEHHIZHITS 3-braid
DRRIFOOAEMEIZEL Y ET, ThreeBraid ¥ 5 A®D show() AVy KAEETE, th.pprint B ERT
ICRALTWET, ChoZEFE>7FIIERE [LinearBraid ¥ 5AX] OHTHENMLET,

[3E—] copy() *Vvy FZE#E>T, ThreeBraid VS RABF TP FOBEREERTHIENTEET,
python [ZEBWVT, EB~ADRARKL, #FHf-AGFTOxzI FEERLTRATEOTRELEL, A—FT2x b~D



TOEARAVEDRALGDT, —ADEHAMZ SNFIZERROERIZHERLET . SHERPORBERE
LE=FEFET, FI@AOADEREZMAHERILSBLAEWVMEERE, copy() AV vy FIZ&Y ThreeBraid
DIRBATO) MEBDEREER L., FELERICBIVETET . COBE. ThENOERICIEIEL D

IOz MHEIYVETON, TEhoD—AITMAh-ERERMAICEEEEZFEA. BARMICHBALES,

>>> brl tb.ThreeBraid('ABABB')

brl

>>> br2

SEHNOIT KT, #8{E 'ABABB' #5% T ThreeBraid 7S REA TS x4 FZERKLES brl (2H|Y
LTTWET, ROATU KT brl ZHERMLA T ) FEFNDZEH br2 [ZEYHTET, show()
VY FTENENDEHRICKA SN 3-braid #H#THET,
>>> brl.show('braid', 'AB')
Braid Style: braid
AB: ABABB
>>> br2.show('braid', 'AB')
Braid Style: braid
AB: ABABB

EbbdHEL 3-braid AMEATNTVET, HHD brlichd 3-braid ZRALTHET,

>>> brl.set('BABA', silent=True)
>>> brl.show('braid', 'AB')
Braid Style: braid
AB: BABA
LOI—AHDEHEATRS &
>>> br2.show('braid', 'AB')
Braid Style: braid
AB: BABA

brl 723 T4 br2 [CLH-LESARASNTLENVEL, ERZEZHED copy() AV FEFALTAHE
j-o

>>> br3 = brl.copy()
>>> brl.show('braid', 'AB")
Braid Style: braid
AB: BABA

>>> br3.show('braid', 'AB"')

Braid Style: braid
AB: BABA



br3 [Z brl £ELC 3-braid MRASHTLET, >>> brl.set('ABBAB', silent=True)

=D brl (ZF-7:{E 'ABBAB' #5ZXF7,
>>> brl.show('braid', 'AB"')
Braid Style: braid
AB: ABBAB
>>> br3.show('braid', 'AB")
Braid Style: braid
AB: BABA

brl [CEFH-GESRASNFELED, br3 F1EDFFETT, £2AHT. X brl, br2, br3 ZHUHY
E. ZDERITEIVETONA T bADT I ERARA VEANRENFET,

>>> brl

<ThreeBraid.ThreeBraid object at 0x103e91030>

>>> br2

<ThreeBraid.ThreeBraid object at 0x103e91030>

>>> br3

<ThreeBraid.ThreeBraid object at 0x103e90fdo>

brl & br2 ARI—7AT2xy bZEL. br3 (& brl, br2 LIEFELGZAF TV FEIELTWVSI EADH
YEF,

LEAHIZ, print X str XOPTHUHT & V5R8E 3-braid Z2ERLI-ELEDRBEANREINE
ERS

>>> print(brl)

ThreeBraid defined by the sequence "ABBAB"

[3-braid o:E& (hNEERE) ] W< DD 3-braid 2% <. MEERELYR—FLTVWET, B
EOHORERMLKZIZ, '+ ' BB TOHCEFTY, FH, Threebraid VS RABAF T ) FERERAEL
"+ TORNCIELTEFIA, ERICEYBTTIC, 5I%E5XTER LT ThreeBraid ¥ 5 RAEF T
DIV MMIHRLTIEZETICEBLTEFT,

fflZ1E. AB BKRIFR KA 'ABBABBABBABBABABABAB' D 3-braid [T 'BBABABABA' @ 3-braid %27
WTHFET, TRENZERICEIVSTT,

>>> brl = tb.ThreeBraid('ABBABBABBABBABABABAB')
>>> br2 = tb.ThreeBraid('BBABABABA')
>>> br3 = brl + br2

>>> br3.show()



[Z&Y. brl [Z br2 27U 3-braid A% br3 IZEIYEToNET, CZTO show() AVy FOHEHD
FEEET. ERICRVETHRELNGL ., HEHKRROAZHMY-VERIE. RTLWSIbATY,

>>> (tb.ThreeBraid('ABBABBABBABBABABABAB') + th.ThreeBraid('BBABABABA')).show
(brType="'AB"')

ERHREMATESA oMtz 3-braid IZHLTH, EEAHETEEFT . AB BRBHAICLTHOHELTYL
F9,

[3-braid MELE] 3-braid ZHET L=, LiETHDH S braid & L THET SH., LinxTiRnaEATLR
closure & LTHEKTAIMNT., ERAZEDHLY EI, braid &L TOREBERE closure & L TOHERERD
# (tuple) #%. 3-braid OLBORYELLTWEYT, L&IE. 8 (==). FFF (!=). X/DER (<,
>, <=, >=) hoREYFET, F5. TEF5(E AB EREBEAN—HT H5MESH, K/NERIE AB BHRFERERX
2B 5EEEROEETHELTILVET, closure DEFEIFKEIFEE LTHELTWET,

>>> th.ThreeBraid('ABABB') == th.ThreeBraid('qgb')
{'braid': True, 'circular': True}

>>> th.ThreeBraid('ABABB') == tb.ThreeBraid('BBABA")
{'braid': False, ‘'circular': True}

>>> tb.ThreeBraid('ABABB') !'= tb.ThreeBraid('BBABA"')
{'braid': True, 'circular': False}

>>> tb.ThreeBraid('BABABB') < tb.ThreeBraid('ABABB"')
{'braid': False, 'circular': True}

>>> tb.ThreeBraid('BABABB') > tb.ThreeBraid('ABABB"')

{'braid': True, ‘'circular': False}

[LinearBraid 75 X]

BRLERED syzygy F%E+ D 3-braid T shape sphere £E® loop [Zxf53 %+ D% linear 3-b
raid &UWL\WWET, Lissajous 3-braid I& linear 3-braid T. linear 3-braid (& Lissajous 3-b
raid TRESN. BB ORSF 2EZ(CHIEFT & T Lissajous 3-braid THREF T, LinearBraid
2 5 R, linear 3-braid, Lissajous 3-braid ##%S57=-HDIREET, ThreeBraid ¥ S X &k L 1=
7 3AXATY, LinearBraid 7 3 RI& Syzygy FIZHEDERIZLTLET, linear 3-braid Z4H#EF+5
linear paramater #‘. Lissajous 3-braid Z4%F#{t1+4 Lissajous type Hm 5 Syzygy FlZE4ER
L. 3-braid 2o FT., thOXKBHRA~NDEHRALZEIC ThreeBraid ¥ SR EFALEFT, LinearBraid
IS ADF|IAFIEL. ThreeBraid ¥ SRAERMULIRATY T [AVRAVADERM]. [/18FA—F—DAN]
. [BRHEAH] TT,

[41 2 REDADERK] LinearBraid 7 SA®8A Tz H rEERL. T b (CEIYHTET,

>>> 1b = tb.LinearBraid()

[R5 A—=2—DAN] Linear 3-braid I[&. linear paramater TH#t+5hZEzI, linear pa
ramater (XEE. t1F. RSO3 DM TY, BEZIEHEH. UAEEH. RSFFEEBHT. EHELRIDHEEG



3DEHMTI, Lissajous 3-braid [&. Lissajous type TH#EfFIT5hFET, Lissajous type (F2

DOREFE., J72A XADIDETY, IRBBEI ERLEHT, T4 XEEHTT, LinearBraid 7 5 XE
T2 bADINTA—F—DAAIE, set() AV vy FOF—7T—F5|# (linear, lissajous, lissaj
ousnew) ~DE|Y Y TTITWET, HIZ(E, linear paramater ELTIEZ 1., YIF1/2. ER6%HEET S

B A
B

>>> lb.set(linear=[1, '1/2', 6])

&Lid—o LlssaJOUS 'type [4' _5' ﬂ] (*EEJ%& 4, —5, 71’{2/{5}_9 0) E*E'E?’%)i%ﬁ"is
>>> lb.set(lissajous=[4, -5, 0])

ELET,
(X&) LinearBraid ¥ 5 X TIl&. Lissajous Bi#&E&E LT
L(t) = sin(2n m(t + 8)) + i sin(2m n t) 0=st=1

TEZonh5HiREEY ., =D2# [m, n, 6] % Lissajous Type ELTWWET, #TEKRMICEEXZE
EZFTH. [KNO2] &l Lissajous BHfRD/NTA—R—MNDLEE->TWET, LR TIEIERICEDL
N7 zAXNFGA=2TETH, [KNO2] TIEEHIHLTWET, EEZOD=2MTHETHHEED=MHIZ. s
et() *Vy FOFXF—7—F5|% lissajousnew ZAHELTWET,

>>> lb.set(lissajousnew=[4, -5, 0])

D&EIITHEELET, L& Lissajous BaFRDE [m, n, 8] IIXIET S, (EE#D) Lissajous HHRD
BE [-n, m, 2t mb6] T. L3¢ Lissajous Bi#E%E n/2 EERL-H£DIZHE->TLET,

Linear 3-braid ®linear paramater I2HWLT. 3DOBNEEMNEINEEIX. EZDHEO6ETH
PhET, SHIZ2DEEBEINT, EEOAREIALIOY R CMNEEHTEZONE=EE. 2 2BOURIZIE
EEDNBD 2B B LT HEMAENEHON. SOEBDERICIIEZDNBOGENEEINET, COEK
TRIFTRTCRLNTA—F2—EETT,

>>> 1lb.set(linear=[1, '1/2', 6])

>>> lb.set(linear=[1, '1/2'])

>>> 1b.set(linear=[1])

>>> 1b.set(linear=1)

URPEESNEN o EZITBEEDNBD2EE20BETHIEANPHFHS>DIL. collision-free 12951
$HTT, Linear paramater IZHITHHEE a, Y1F b ® Linear braid A% collision-free TH51-
HOMBE+DSEHEF, B y=ax+ b A FHRZELSHWNIETT,

ECAHAT, ITITHES>TVWASAREBTI A, SIMCHEEREZEETHEEIT, '1/2" DEIITXFIHEENET,

TO05 5 LNBTHEHERS L E(Z, fractions EPa1—)LD Frantion Y SXAEZFALTVET, AEH
q/p I%. Fraction(q, p), Fraction('q/p') THRINFT, ThreeBraidClass T a1 —I/LTO5I#H%

EDANZREEESHE. fractions EDa—)LEMHARAAT Fraction Y SREFESELHZTEETH.
XF5| 'q/p' TZHETZEHLTEET, ThreeBraidClass EPa— LTI, BEDXFIIRICEHELE
ER

LinearBraid 5 XX ThreeBraid ¥ S X Z##:5EL-£ DD T, LinearBraid ¥ 5 X T ThreeBraid

DSRAERATDHEMNTEET, set() AV FT, ¥—7T—F5|# (linear, lissajous, lissajou
snew) [C{EZE|YHTT, SIHEEZTHEUPHLI-EE, ThreeBraid Y SAFRAL TS EERL, Thre
eBraid VS RIZHITS set() AVy RAFEUHEIN, #FHf=IZ set() AV v FT linear 3-braid A%
AESNBZFET ThreeBraid VS AE L THBELET,

ThreeBraid 7 5 X &R#EIZ, LinearBraid VS5 XAEH 4 VA VU RERDBRIZSIMERRETH LT, 1 VR
BUREREANE—EIZITS ENTEET,

[(HA] LinearBraid VS REA TPz H FEHORNBEERTT 512012, show() AV FEFEWET, s
how() #*vYw FI&. linear 3-braid & LT®M/\5A—% (linear paramater & Lissajous type)

E.NTA=EhbEREINT- AB BIRBERA L Syzygy 5. I 50 linear cancellation, f#fm %
HALZFET, show() *Yv KL, ThreeBraid 2 3 X® shoq() AV vy FERLEF—T—FK51% ( brSty



le, brType) Z#t5, TEhoDPEEL—D%EET S & T, LinearBraid 27 S RITEHIAFENT- Thr
eeBraid ¥ 5 XM show() AV v FRFEUHINES, F—7—K5I1% ( brStyle, brType) DIEEHE
3, BREINBABEL. ThreeBraid ¥ S5 A®D show() AVYv FERLETT,

>>> 1b.set(linear=[1, '1/2', 6], silent=True)

>>> lh.show()

Linear parameter: [1, 1/2, 6]
Lissajous Type: [-1, -4, 0]
Collision-free?: True
Raw Data
AB3: ABBAB
Syzygy3: 01
Linear cancellation slope: 1
AB3: ABBAB
Syzygy3: 01
Reduced sequences  (1/3)
AB: ABBAB
Syzygy: 01
BDPQ (Frieze): dp
PsL2: [[2, 11, [1, 111
Dilatation: (3 + sqrt(5)) / 2 (value=2.618033988749895)
>>> lb.show(brStyle='1loop3', brType=['AB', 'Syzygy', 'RL', 'PSL2', 'Dilatatio
n'])

Braid Style: loop/3 on shape sphere
AB: ABBAB
Syzygy: 01
RL: R L
pPsL2: [[2, 11, [1, 111
Dilatation: (3 + sqrt(5)) / 2 (value=2.618033988749895)

linear paramater &L T [1, '1/2', 6] TI&#&<., [1, '1/2', 12] &9 5 &. syzygy FIDEREMN
2f&(Z1ADT, 3-braid £ 2&IZk Y, PSL2 Rx& dilatation (F2F(ZHYFET,

>>> lb.set(linear=[1, '1/2', 12], silent=True)

>>> 1b.show(brStyle='loop3', brType=['AB', 'Syzygy', 'RL', 'PSL2', 'Dilatatio
n‘l)

Braid Style: loop/3 on shape sphere
AB: ABBABABBAB
Syzygy: 0120
RL: RLRL
psL2: [[5, 31, [3, 2]]
Dilatation: (7 + sqrt(45)) / 2 (value=6.854101966249685)

Linear 3-braid, Lissajous 3-braid [FwdRLED 3 DDERICHIToNEDT, show() AVy KT
E3REILE=3DEHALTWET, ThreeBraid 7 5 X(ZHFT5 loop3 [ZHIETDHEHEDTY, show() »*Y
v FTOH AKX, 'Raw data', 'linear cancellation', 'reduced sequences' M IIEHIZHMNTLY
*9, 'Raw data' [Z(X set() AV vy FTAAENT linear paramater % Lissajous type M4
BREnf=xkT—4 M, 'linear cancellation' [Z(X linear cancellation THON-EEZ L EITER
Sht=t DM, 'reduced sequences' [CIFFRT—R2Z#HUELLEZLONRTEINET,

>>> lb.set(linear=['1/5"'], silent=True)

>>> lh.show()

Linear parameter: [1/5, 1/10, 30]
Lissajous Type: [-1, -16, -13/32]
Collision-free?: True
Raw Data
AB3: AAAAABAAAAABB
Syzygy3: 0000011111
Linear cancellation slope: 1
AB3: ABABB
Syzygy3: 01
Reduced sequences  (1/3)



AB: ABABB

Syzygy: 01

BDPQ (Frieze): gb

psL2: [I[1, 11, [1, 2]]

Dilatation: (3 + sqrt(5)) / 2 (value=2.618033988749895)

F—7J—FK5|# (linear, lissajous, lissajousnew) ZiEEETIC set() AV vy FEMHUHLIE
&, LinearBraid ¥ 5 X[ ThreeBraid V7 S RZEZRAL TS LML, ThreeBraid ¥ 5 X & LTHbh
Fd, COEE, HAAY Y K show() (& ThreeBraid 75 XM show() »YVvw FhfEHLNET,

>>> 1b.set('ABBABABBABABBAB', silent=True)

>>> lh.show()

Braid Style: braid

AB: ABBABABBABABBAB

Sigma: 02 ol”-1 02 ol™-1 o2 ol™-1

Syzygy: 0210210

BDPQ (Frieze): dpdpdp

RL: RLRLRL

ST: T2 ST3 ST3 ST

PSL2: [[13, 8], [8, 511

Dilatation: (18 + sqrt(320)) / 2 (value=17.94427190999916)
Braid Style: circular word

AB: ABBABABBABABBAB

Sigma: 02 61”1 02 061™-1 02 ol1™-1

Syzygy: 021021

BDPQ (Frieze): dpdpdp

RL: RLRLRL

ST: ST3 ST3 ST3

PSL2: [[13, 8], [8, 51]

Dilatation: (18 + sqrt(320)) / 2 (value=17.94427190999916)
Braid Style: loop on shape sphere

AB: ABBABABBABABBAB

Sigma: 02 ol™-1 02 ol1™-1 62 o0l1™-1

Syzygy: 021021

BDPQ (Frieze): dpdpdp

RL: RLRLRL

ST: ST3 ST3 ST3

psL2: [[13, 81, [8, 511

Dilatation: (18 + sqrt(320)) / 2 (value=17.94427190999916)
Braid Style: loop/3 on shape sphere

AB: ABBAB

Sigma: 02 ol1™-1

Syzygy: 02

BDPQ (Frieze): dp

RL: R L

ST: ST3

psL2: [[2, 11, [1, 111

Dilatation: (3 + sqrt(5)) / 2 (value=2.618033988749895)
Braid Style: loop/6 on shape sphere

AB: ABB

Sigma: 2

Syzygy: @

BDPQ (Frieze): d

RL: R

ST: '!

psL2: [[-1, -1], [e, -1]]

[Lissajous 3-braid as linear 3-braid] Lissajous 3-braid (& linear 3-braid T9Y, Liss
ajous 3-braid % LinearBraid 7 SATiHEIT SHHEE L. set() AV v KT Lissajous type ZA%
L. show() »Yvw FTHATSFIFTYT, Lissajous type (& [EB¥, BH, =] O32#TEZET,
>>> lb.set(lissajous=[-1,4,Fraction('-5/16"')], silent=True)
>>> lh.show()



Linear parameter: [-2, -3, 6]
Lissajous Type: [-1, 4, -5/16]
Collision-free?: False
Raw Data
AB3: ABBAB
Syzygy3: 01
Linear cancellation slope: 1
AB3: ABBAB
Syzygy3: 01
Reduced sequences  (1/3)
AB: ABBAB
Syzygy: 01
BDPQ (Frieze): dp
PSL2: [[2, 1], [1, 1]
Dilatation: (3 + sqrt(5)) / 2 (value=2.618033988749895)

AEMZEDL,
>>> lb.set(lissajous=[4,-11,0], silent=True)
>>> 1b.show()

Linear parameter: [11/5, -5/2, 30]
Lissajous Type: [4, -11, 0]
Collision-free?: True
Raw Data
AB3: ABABBAABBABABBABAABABB
Syzygy3: 0211021002
Linear cancellation slope: -4/3
AB3: ABBABBABABABABB
Syzygy3: 010202
Reduced sequences  (1/3)
AB: ABABABABBABBABB
Syzygy: 020212
BDPQ (Frieze): gpgbdb
PSL2: [[1, 3], [3, 10]]
Dilatation: (11 + sqrt(117)) / 2 (value=10.908326913195985)

>>> 1b.set(lissajous=[4,19,0], silent=True)
>>> lh.show()

Linear parameter: [11/5, -5/2, 30]
Lissajous Type: [4, 19, 0]
Collision-free?: True
Raw Data
AB3: ABABBAABBABABBABAABABB
Syzygy3: 0211021002
Linear cancellation slope: -4/3
AB3: ABBABBABABABABB
Syzygy3: 010202
Reduced sequences  (1/3)
AB: ABABABABBABBABB
Syzygy: 020212
BDPQ (Frieze): gpgbdb
PsL2: [[1, 31, [3, 10]]
Dilatation: (11 + sqrt(117)) / 2 (value=10.908326913195985)

>>> lb.set(lissajous=[4,-23,0], silent=True)
>>> 1h.show()

Linear parameter: [23/9, -5/2, 54]

Lissajous Type: [4, -23, 0]
Collision-free?: True

Raw Data



AB3: AABBAABBAABBAABBAAABAABAABAABA
Syzygy3: 002211002221100221
Linear cancellation slope: -1
AB3: ABBAB
Syzygy3: 02
Reduced sequences  (1/3)
AB: ABABB
Syzygy: 21
BDPQ (Frieze): gb
psL2: [I[1, 11, [1, 2]]
Dilatation: (3 + sqrt(5)) / 2 (value=2.618033988749895)

Lissajous 3-braid [CEWT., RBBZEFEEL. 724 XIS A—2FELEIET, Syzygy FOBYEDHLY
EFHATHELEL D,
>>> for d in range(10):
delta = (' '+ str(d) + '/10')[-5:]
1b.set(lissajous=[4,-5,delta], silent=True)
print(' {} [{}] {}'.format(delta, lb.startArea, lb.RawData['Syzyg
y'l))

0/10 [0-] 020212101020212101
1/10 [1+] 102021210102021210
2/10 [1+] 101020212101020212
3/10 [1+] 121010202121010202
4/10 [0+] 021210102021210102
5/10 [0+] 020212101020212101
6/10 [1-] 102021210102021210
7/10 [1-] 101020212101020212
8/10 [1-] 121010202121010202
9/10 [0-] ©021210102021210102

TTARNTA—8EL > LN EILS R T, Syzygy SINED oL CADHERTELTHEL & 50
>>> wk = '
>>> for d in range(-5, 410):
delta = (' '+ str(d) + '/400')[-7:]
lb.set(lissajous=[4,-5,deltal, silent=True)

if wk == '': wk = lb.RawData['Syzygy']
if wk !'= lb.RawDatal'Syzygy']:
print(’ {y {31 {3:{}
.format(

delta, lb.startArea,

1b.RawDatal[ 'Syzygy'l,

th.compCW(1lb.RawData['Syzygy']l, wk, simple=False)[-1]
)

)
wk = 1lb.RawData['Syzygy']

1/400 [2+] 202121010202121010:
21/400 [1+] 102021210102021210:
61/400 [1+] 101020212101020212:

101/400 [1+] 121010202121010202:
141/400 [0+] 021210102021210102:
181/400 [0+] 020212101020212101:
201/400 [2-] 202121010202121010:
221/400 [1-] 102021210102021210:
261/400 [1-] 101020212101020212:
301/400 [1-] 121010202121010202:
341/400 [0-] 021210102021210102:
381/400 [0-] 020212101020212101:
401/400 [2+] 202121010202121010:

P NN NNNPNNNNN



BLCZ&%E AB BERBEBRATRTHET,
>> wk = '
>>> for d in range(-5, 410):
delta = (' '+ str(d) + '/400')[-7:]
1b.set(lissajous=[4,-5,delta], silent=True)

if wk == '': wk = lb.RawData['AB']
if wk '= 1b.RawData['AB']:
print(
' {3 {31 {3:{}'
.format(
delta,

1lb.startArea, 1b.RawData['AB'],
tb.compCW(lb.RawData['AB'], wk, simple=False)[-1]
)

)
wk = 1lb.RawData['AB']

1/400 [2+] ABABABBABBABBABABABABBABBABBABABABABBABBABBAB:2
21/400 [1+] ABBABABABABBABBABBABABABABBABBABBABABABABBABB:10
61/400 [1+] ABBABBABBABABABABBABBABBABABABABBABBABBABABAB:9

101/400 [1+] ABABABBABBABBABABABABBABBABBABABABABBABBABBAB:11
141/400 [0+] ABBABABABABBABBABBABABABABBABBABBABABABABBABB: 10
181/400 [0+] ABBABBABBABABABABBABBABBABABABABBABBABBABABAB:9
201/400 [2-] ABBABBABABABABBABBABBABABABABBABBABBABABABABB:3
221/400 [1-] ABABBABBABBABABABABBABBABBABABABABBABBABBABAB: 10
261/400 [1-] ABABABABBABBABBABABABABBABBABBABABABABBABBABB:11
301/400 [1-] ABBABBABABABABBABBABBABABABABBABBABBABABABABB:9
341/400 [0-] ABABBABBABBABABABABBABBABBABABABABBABBABBABAB: 10
381/400 [0-] ABABABABBABBABBABABABABBABBABBABABABABBABBABB:11
401/400 [2+] ABABABBABBABBABABABABBABBABBABABABABBABBABBAB:2

LinearBraid 7 5 X% Syzygy FIZHEMBEICLTLET, syzygy FlH shape sphere LDEAFEZE#E
TE5%RF (SRA—ERLICESHDOKE) OBUEDLYZRTLOLOT, FEICH L THHGELRL syzy
gy SlZEEL5FT, FEICH L THMEEZRT E=HIC. BEOHEAANLERICHINMEERIZHS M., LK
BELETHNITIEIRKIZAN > TVEHEERKICAMN > TSN ERELET ., linear 3-braid (. BARMIICIA
REEELTWAWERY., m¥Eské L. syzygy JIORVDOXFOTRI FELORBEAN SILFEEKICAMNS Z&IZL
TWZFY, Lissajous 3-braid DIFEF. NFA—% t=0 TOIRDEEIZxT S shape sphere LD

REMRELTWET, ThreeBraid ¥ S RXIZHEWT., ®ibd % shape sphere EDEIX. syzygy FlDix

MOXFOTRTFEDOREZIRRE L, sygyzy FIDOFRTEYICHFEEERL. syzygy JNDREDXFDRY

FEOXBEZRRETILDERELTVET, IBRZEIEET S startArea ORVDXFLERETHI LN H
YEFTH, syzygy FIDEHEEELELTNET, startArea DFSIZLY ., BORAMNI ARAZEDDIET, s
hape sphere EDEMN-FZ—DITEFY ET., £Di#%. shape sphere D6 DDMEEFHDERIKREMNS AB F

FEBKIZEHRL, AB EREBAHNSMORERKXICERLTULET, AB HEBRBRXE syzygy FICE#RT

bi5E1E. startArea THEELT: syzygy ORELREZEmE L AB BRBEKIZH > T shape sphere
D6 ODEHDEBIEEL . FEDEBDHF. DFY syzygy FINEESIZ LITHYET, COBEFRTIE. AB
PRB|BATXF 'A' [CHETHECAHATHREZHETY . syzygy DRKREBIZHEY FI ML, syzygy FJIORS

(. AB BIRIBEKXTOXE 'A' OERIZIBEEDHD 1 EMA=HIZHYES, Linear 3-braid % Lissaj
ous 3-braid. $4LME ThreeBraid 7 S XIZHEITSH loop DiFE(L. shape sphere EDFARRICEL

TWA®H. IHREBREAN—BLET, >T. CDFED syzygy JIDRE(E. AB BERBEATOXF 'A’
DEFIZFELLLGYET,

[BBR OS] LinearBraid ¥ 5 XA T# 5 linear 3-braid [&. #&#7% Syzygy 3%+ D shape s
phere FDORAKTYT ., FABROBEZHRLEOEEDSICEISES L, ARRKICHARLEXEINELTD Syzygy
FIDIRENEDLY ET ., Syzygy FIDHBADIHEICIL, shift() AV FEEWVWET, shift() AV v FIdh
REBEBIEOINFHERI BRESIBEZVLOELET, 5IHNEBINEEIE. 1ZEELIZEALGLE
T, EDBHDIFEEFATA (XFHNREIZHITHHFR) 2. BOBRDIGEETERA (XFINREIZEITHER
m) [ClEREBESEERT,

>>> lb.set(linear='-4/3"', silent=True)

>>> lb.show(brStyle='1loop', brType=['Syzygy', 'AB'])



Braid Style: loop on shape sphere
Syzygy: 012120201012120201
AB: ABABBABBABBABABABABBABBABBABABABABBABBABBABAB
>>> 1b.shift(3)
>>> lb.show(brStyle='loop', brType=['Syzygy', 'AB'])

Braid Style: loop on shape sphere
Syzygy: 120201012120201012
AB: ABABBABBABBABABABABBABBABBABABABABBABBABBABAB

[E# (nEEE) 1 MEAEEICKY., LinearBraid ¥ SR 2HCIEMNTEET, LinearBraid ¥ 5 XM
LXK, R TUY 2= Syzygy FlZEEEL, BEE LTz Syzygy FlICk>TEES ThreeBraid /5 X%
RUELELTWET, HRFEEIICHMANZE ST, EAESNEZLONEBEYET, HBASEIUBELZEET 51
HIZ, shift() AVY FTFOWBRRZEBLTHEBENHET, £/=. ThreeBraid 7SR LDHEE (M
E) BERXSINTULWET, LinearBraid 7 S XADAFBRTEYIY 2+ TEHEWT, ThreeBraid 7 5 XAE LD
& (&) &LT AB BRBEBRAZEZ DLWV TEZSNSD ThreeBraid VS XRZRYEELE LTLET,

[lk8B:] LinearBraid ¥ S AMEDOLESEE(L., shape sphere EOBFKEL T, KEFBEDLHBETEZSN
%9, ThreeBraid ¥ S RI%. LiETFixd&H S braid &. LiFTFigxE D% closure D 5F=DNDILHBET
DB T LT, LinearBraid ¥ 5 X & ThreeBraid VY SADLEEELERINFETT, ZDIHFA. LinearB
raid Y SR ZHBATYY ST ThreeBraid VSR EFEAEZ THELET,

[LissajousBraid class]

LissajousBraid ¥ 5 X[&. Lissajous 3-braid [CE89 % [KNO1]/[KNO2] THWLATWAHALEZ
HETDEHDISATT, ST S5RIZHIFTS Lissajous BifRIE. LinearBraid ¥ SR EEFELDIRD
EotoELET,

L(t) = sin(2m m t) + 1 sin(2n n t + @) 0=t=1

Lissajous type [m, n, @] (% m, n [X3%EZ&LLT1&ER) [&. LinearBraid 7 S XADEEREL
=DHTIMN, 74 R/XFA—% ¢ (LinearBraid VS AMNEZE(E 6) DEHEBEMNEL>TLVET, Linea
rBraid ¥ 3 X T®M. Lissajous type [n, -m, @/2mm] DLissajous BIRZEEAFDIZ -n/2 [EERSH
b&. ED Lissajous BfRIC—E L FE T, LinearBraid ¥ 5 Rk syzygy FEH#BEELTLET, Lissa
jousBraid ¥ 5 X TI& BDPQ & (Frieze pattern) ZEMB(ICL TLVET, [KNO1]/[KNO2] TIlX. main
formula A AB EXR|BEATHRBRIATULET A, AB HRBEXEEHEIC BDPQ ETHRT 2FIEA
Ezboh, BDPQ BEFE-TCIEFIELHEBLOBERM AN TULVET, [KNO1] TIX. Lissajous type A
[m, n, 0] (m=n=1 mod 3, m-n=1 mod 2) DHZEHH>TLET, [KNO2] TlX. 3-braid #HmL S5
£7T® Lissajous type [m, n, 8] (m, n NEIZ3ITEYYIN T, collision-free THL) #HS5 &
MTEFET,
LissajousBraid 7 5 XMfELVA+E. ThreeBraid 75X, LinearBraid ¥ 5 X &E L TY, LissajousB
raid 7S REF TSz H FEHZEZRAEL., set() AV KT Lissajous type #iEEL. show() *vYw
FCHERELREERTLET, set() AV vy FD5|%X Lissajous type [m, n, ¢] T, 74 AN
TA—E ¢ EANTHEIC. ARAE n 2EVLMEELHY ET, math EPa—)L%E import LTULVh
(X, math.pi THRBEERZAHNTHENTEET, math EPa—)L%E import LTLWAELLTH, th.pl (C
&Y. ThreeBraidClass E¥a—/LICHARAFEN-AFRREZFRATEET,

>>> 1lis = tb.LissajousBraid()

>>> lis.set([1,4,1])

>>> 1lis.show()

Lissajous Type: (1, 4, 1, -1)
(primitive) (1, -2, (-3.141592653589793, '-1/1 n'))
Lissajous Curve: sin(2mt) + i sin(8mt+l) (t : a real number)

Slope 0/1 / Level: 1

e': 1001
€1 +—+



W: BABBAABBAB

V: BABBA

Wbdpg: pd

Vbdpqg: pd

psL2: [[2, -11, [-1, 111

psL2/v: [I[1, 11, [-1, @]]
Dilatation: (3 + sqrt(5)) / 2 (value=2.618033988749895)
Dilatation/V: (1 + sqrt(-3)) / 2 (value=(0.5+0.8660254037844386j))
phi@: (-6.283185307179586, '-2/1 m')
st_eg': 10

st_g: —+

st_W: BBABA

st_Wbdpq: pd

AB: BABBAABBAB

R: BBABA

Rbdpq: pd

st_RL: L~(-1) R"~(-1)

Christoffel Word: @

Palindromic Conjugate: 0

6': 1

6'—>c': 01

r (4.11): (1,)

vV (4.11): d

R (4.11): dd

LissajousBraid ¥ 5 X(&. LinearBraid /S REAF TPz H FOREA D RE2 U RAEH 'b' 215 F
¥, lis.set() A#Yv FT LissajousBraid VS RE ATz H FEHIZ Lissajous Type #E&LT=
B2, LinearBraid /S REA TS x4 FEH lis.lb @ setAB() »Yw K (lis.lb.setAB()) AFEWN
HEh, Linear 3-braid &L T® Lissajous 3-braid A% lis.lb [Z##IShZE T, set() A*YY KT
AB&Ehtz LinearBraid VS RAEA TP/ &, Syzygy FlE+H LIZEREINE LA, LinearBraid
DSABA T D setAB() AV w KIE, LissajousBraid ¥ S RAEA TPz H FTEHESINT- AB
BREBKXEFES =HODEF G AV Y KT, LinearBraid ¥ S RAEA TS5 hADAAIE Syzygy FED
EIZLfz set() AVy RFEE-2TLEEELY, lis.lb.show() 2k Y. LinearBraid 7 S R&EA T ¥ k
Z#H lis.lb ® show() AV Y FEMREUHIT ZENTEFET,
>>> 1is.lb.show()

Linear parameter: [2, 2.5795774715459476, 6]
Lissajous Type: [4, -1, 0.039788735772973836]
Collision-free?: True
Raw Data
AB3: BABBA
Syzygy3: 21
Linear cancellation slope: -1
AB3: ABBAB
Syzygy3: 02
Reduced sequences  (1/3)
AB: ABBAB
Syzygy: 21
BDPQ (Frieze): dp
psL2: [[2, 11, [1, 111
Dilatation: (3 + sqrt(5)) / 2 (value=2.618033988749895)

L+ T LinearBraid 7 SR TCH-=-DEELHIE LissajousBraid Y SATHELTHET,
>>> lis.set([4,-11,0], silent=True)
>>> lis.show()

Lissajous Type: (4, -11, @, 5)
(primitive) (4, -5, (-3.141592653589793, '-1/1 m'))
Lissajous Curve: sin(8mt) + i sin(-22nt+@) (t : a real number)



Slope 0/1 / Level: 2

€': 01101001

g —++—+—+

W: ABBABBABBABABBAABBAB

V: ABBABBABBA

Wbdpq: dbdpqgp

Vbdpqg: dbd

PSL2: [[1e, 31, [3, 1]]

PsL2/v: [[3, -11, [1, @]l
Dilatation: (11 + sqrt(117)) / 2 (value=10.908326913195985)
Dilatation/V: (3 + sqrt(5)) / 2 (value=2.618033988749895)
phi@: (-5.497787143782138, '-7/4 m')
st_e': 01001011

st_e: —+—+—++

st_W: ABBABABBAABBABABBABB

st_Wbdpq: dpgpdb

AB: ABBABBABBABABAB

R: ABBABABBAABBABABBABB

Rbdpq: dpgpdb

st_RL: R L™3 R™2

Christoffel Word: 0

Palindromic Conjugate: 0

6': 1011

6'->e': 01101001

r (4.11): (2,)

V (4.11): dbd

R (4.11): dbddbd

LinearBraid 73X &, LissajousBraid ¥ S RIRETTO LinearBraid 7 5 X%, AB BRI|HEAL S
yzygy HITHELTHET,
>>> lb.set(lissajous=[4,-11,0], silent=True)
>>> lb.show(brStyle=['RawData', 'LinearCancellation', 'loop3'],
brType=['AB', 'Syzygy']

Braid Style: Raw Data
AB: ABABBAABBABABBABAABABBABABBAABBABABBABAABABBABABBAABBABABBABAABABB
Syzygy: 021102100210221021102100210221
Braid Style: Linear Cancellation
AB: ABBABBABABABABBABBABBABABABABBABBABBABABABABB
Syzygy: 010202121010202121
Braid Style: loop/3 on shape sphere
AB: ABABABABBABBABB
Syzygy: 020212

>>> lis.set([4,-11,0], silent=True)
>>> lis.lb.show(brStyle=['RawData', 'LinearCancellation', 'loop3'],
brType=['AB', 'Syzygy'l)

Braid Style: Raw Data
AB: ABBABBABBABABBAABBABABBABBABBABABBAABBABABBABBABBABABBAABBAB
Syzygy: 0202100210102110212102210
Braid Style: Linear Cancellation
AB: ABABABBABBABBABABABABBABBABBABABABABBABBABBAB
Syzygy: 010202121010202121
Braid Style: loop/3 on shape sphere
AB: ABBABBABBABABAB
Syzygy: 020212



LinearBraid %~ 5 X TI&. linear paramater 4 Lissajous type M Syzygy FIMEE I, BT
I2&YZED Syzygy Mo AB BRIBEANERINET, LissajousBraid ¥ S RIRETTD LinearBr
aid U 5 A TI&, LissajousBraid 7/ S A TEE SNz AB BRBEHEAN L Syzygy JINERSINFET, T
MELME Raw Data TN TWLVET, LinearBraid ¥ 5 X Tl&. Syzygy FEE#btshTE ST, AB
FERRXTIE Syzygy FIOXFOEEICHIELTXFE 'A' OEENESNET, LissajousBraid ¥ 5 RIE
IETFTO LinearBraid /35X Tl&. AB B#RIBICTXF 'B' OEHELNROLNFEFITH., SFEFEZDEVINLXF
'A' DEEREIIRONFETA, . Syzygy T AB ERBEAL SORERBARR TEEFIBHELIATLET,
WFhizt &, BRHERIIELCTY,

>>> lis.set([4,19,0], silent=True)
>>> 1is.show()

Lissajous Type: (4, 19, 0, -5)
(primitive) (4, -5, (-3.141592653589793, '-1/1 n'))
Lissajous Curve: sin(8mt) + i sin(38mt+@) (t : a real number)

Slope 0/1 / Level: 2

€': 10010110

€1 +——+—++—

W: BABBAABBABABBABBABBA

V: BABBAABBAB

Wbdpg: pgpdbd

Vbdpq: pgp

PSL2: [[10, -31, [-3, 1]l

PsL2/v: [I3, 11, [-1, o]l
Dilatation: (11 + sqrt(117)) / 2 (value=10.908326913195985)
Dilatation/V: (3 + sqrt(5)) / 2 (value=2.618033988749895)
phi0: (-6.283185307179586, '-2/1 m')
st_e': 10010110

st_g: —++—4+—+

st_W: BBABAABABBABABBBBABA

st_Wbdpq: pgpdbd

AB: BABABABBABBABBA

R: BBABAABABBABABBBBABA

Rbdpq: pgpdbd

st_RL: L~(-3) R™(-3)

Christoffel Word: 0

Palindromic Conjugate: 0

6': 1011

6'—>g': 01101001

r (4.11): (2,)

V (4.11): dbd

R (4.11): dbddbd

>>> lis.set([4,-23,0], silent=True)
>>> lis.show()

Lissajous Type: (4, -23, 0, 9)
(primitive) (1, -2, (-3.141592653589793, '-1/1 m'))
Lissajous Curve: sin(8mt) + i sin(-46mt+@) (t : a real number)

Slope 0/1 / Level: 1
€': 11110000

€1 +Htt———m

W: BBBBABBAABBAABBAABBA
V: BBBB

Wbdpg: pd

Vbdpqg: p



PsL2: [[2, -11, [-1, 111
psL2/v: [[1, 11, [-1, @]l
Dilatation: (3 + sqrt(5)) / 2 (value=2.618033988749895)

Dilatation/V: (1 + sqrt(-3)) / 2 (value=(0.5+0.8660254037844386j))

phi0: (-10.210176124166829, '-13/4 n')
st_€': 00011110

st_e: ———++++-

st_W: ABBAABBAABBABBBBABBA
st_Wbdpq: dp

AB: BABBA

R: ABBAABBAABBABBBBABBA
Rbdpqg: dp

st_RL: R™(-1) L"~(-1)
Christoffel Word: 0
Palindromic Conjugate: 0
6': 1

6'—>e': 01

r (4.11): (1,)

V (4.11): d

R (4.11): dd

>>> lis.set([-5,7,11/10xmath.pi], silent=True)
>>> lis.show()

Lissajous Type: (-5, 7, 3.455751918948773, -4)
(primitive) (-5, 7, (3.455751918948773, '11/10 n'))

Lissajous Curve: sin(-10mt) + i sin(14mt+3.455751918948773) (t

Slope 1/1 / Level: 1

€': 0100101001

€1 A—tt—t—tt—

W: ABABBABAABABBABABBABAABABB

V: ABABBABAABABB

Wbdpg: qbdbgbdb

Vbdpqg: qbdb

PSL2: [[4, 151, [5, 1911

PsL2/v: [I[1, 31, [1, 411

Dilatation: (23 + sqrt(525)) / 2 (value=22.9564392373896)

Dilatation/V: (5 + sqrt(21)) / 2 (value=4.7912878474779195)

phi@: (3.455751918948773, '11/10 m')
st_e': 0100101001

st_eg: —+—+—+—+

st_W: ABBABABBAABBABABBABABBAABBAB
st_Wbdpq: gbdbgbdb

AB: ABABBABBABBABABBABBABB

R: ABBABABBAABBABABBABABBAABBAB
Rbdpq: gbdbgbdb

st RL: R L3 R L"3

Christoffel Word: 01

Palindromic Conjugate: 10

6': 11011

6'—>€': 0100101001

r (4.11): (2, 1)

V (4.11): bdbq

R (4.11): bdbgbgpq

>>> lis.set([-11,13,23/22xmath.pi], silent=True)
>>> lis.show()

: a real number)



Lissajous Type: (-11, 13, 3.2843923196620564, -8)
(primitive) (-11, 13, (3.2843923196620564, '23/22 mn'))
Lissajous Curve: sin(-22mt) + i sin(26mt+3.2843923196620564) (t : a real number)

Slope 1/1 / Level: 2

€': 0110100100101101001001

g +—+—++—++—+—+—++—++

W: ABABBBBABABBABAABABBABAABABBABABBBBABABBABAABABBABAABABB

V: ABABBBBABABBABAABABBABAABABB

Wbdpq: qpgbdbdbgpgbdbdb

Vbdpq: qgpgbdbdb

PsL2: [[16, 85], [51, 271]]

pPsL2/v: [[1, 5], [3, 16]]

Dilatation: (287 + sqrt(82365)) / 2 (value=286.99651563714013)
Dilatation/V: (17 + sqrt(285)) / 2 (value=16.940971508067065)
phi@: (3.2843923196620564, '23/22 m')

st_€': 0110100100101101001001

st_e: —++—+—+—+—++—+—+—+

st_W: ABBABBABBABABBAABBABABBAABBABABBABBABBABABBAABBABABBAABBAB
st_Wbdpq: gpgbdbdbgpgbdbdb

AB: ABABABABBABBABBABBABBABABABABBABBABBABBABB

R: ABBABBABBABABBAABBABABBAABBABABBABBABBABABBAABBABABBAABBAB
Rbdpqg: gpgbdbdbgpgbdbdb

st_RL: R*3 L™5 R™3 L"5

Christoffel Word: 01

Palindromic Conjugate: 10

6': 10111011011

6'—>€': 0110100100101101001001

r (4.11): (3, 2)

V (4.11): bdbdbgpq

R (4.11): bdbdbgpgbdbgpgpq

>>> lis.set([-17,19,35/34*math.pi], silent=True)
>>> 1lis.show()

Lissajous Type: (-17, 19, 3.2339924375189044, -12)
(primitive) (-17, 19, (3.2339924375189044, '35/34 mn'))
Lissajous Curve: sin(-34mt) + i sin(38mt+3.2339924375189044) (t : a real number)

Slope 1/1 / Level: 3

€': 0110110100100100101101101001001001

e } +—++—++—++—1 } +—++—++—++

W: ABABBBBABABBBBABABBABAABABBABAABABBABAABABBABABBBBABABBBBABABBABAABABBABAABABBAB
AABABB

V: ABABBBBABABBBBABABBABAABABBABAABABBABAABABB

Wbdpg: qpgpgbdbdbdbgpgpgbdbdbdb

Vbdpq: qgpgpgbdbdbdb

PSL2: [[36, 259], [185, 1331]]

PsL2/v: [I1, 71, [5, 3611

Dilatation: (1367 + sqrt(1868685)) / 2 (value=1366.999268470713)

Dilatation/V: (37 + sqrt(1365)) / 2 (value=36.97295320191117)

phi@: (3.2339924375189044, '35/34 m')

st_e€': 0110110100100100101101101001001001

st £ —++—++—+—+—+—+—++—++—+—+—+——+

st_W: ABBABBABBABBABBABABBAABBABABBAABBABABBAABBABABBABBABBABBABBABABBAABBABABBAABB
ABABBAABBAB

st_Wbdpq: gpgpgbdbdbdbgpgpgbdbdbdb




AB: ABABABABABABBABBABBABBABBABBABBABABABABABABBABBABBABBABBABBABB

R: ABBABBABBABBABBABABBAABBABABBAABBABABBAABBABABBABBABBABBABBABABBAABBABABBAABBABA
BBAABBAB

Rbdpq: gpgpgbdbdbdbgpgpgbdbdbdb

st_RL: R™5 L*7 R™5 L°7

Christoffel Word: 01

Palindromic Conjugate: 10

6': 10110111011011011

6'—>€': 0110110100100100101101101001001001

r (4.11): (4, 3)

V (4.11): bdbdbdbgpqpq

R (4.11): bdbdbdbgpgpgbdbdbgpgpapq

>>> lis.set([7,-11,17/14*math.pi], silent=True)
>>> 1is.show()

Lissajous Type: (7, -11, 3.365992128846207, 6)
(primitive) (7, -11, (-3.814791079359034, '-17/14 n'))
Lissajous Curve: sin(14mt) + i sin(-22mt+3.365992128846207) (t : a real number)

Slope 1/3 / Level: 1
€': 10110101011010
g, +—++—+—+—++—4
W: BABBABBABBABABBABABBABBABBABABBA
V: BABBABBABBABABBA
Wbdpg: pdbdpdpdbdpd
Vbdpq: pdbdpd
PSL2: [[116, -65], [-91, 51]]
psL2/v: [[9, =51, [-7, 4]]
Dilatation: (167 + sqrt(27885)) / 2 (value=166.99401176132335)
Dilatation/V: (13 + sqrt(165)) / 2 (value=12.922616289332565)
phi@: (-3.814791079359034, '-17/14 mn')
st_€': 10101101010110
st_e: +—4+—4++—+—+—+4
st_W: BABBABABBABBABBABABBABABBABBABBA
st_Wbdpq: pdpdbdpdpdbd
AB: BABBABBABBABABBABABBABBABBABABBA
R: BABBABABBABBABBABABBABABBABBABBA
Rbdpq: pdpdbdpdpdbd
st_RL: R™(-1) L~(-1) R*(-1) L"~(=3) R*(-1) L~(-1) R™(-1) L~ (-3)
Christoffel Word: 0001
Palindromic Conjugate: 1000
6': 1110111
6'—>€': 01011010101101
r (4.11): (2, 1, 1, 1)
V (4.11): dbdpdp
R (4.11): dbdpdpdpdpgp

>>> lis.set([-17,25,41/34*math.pi], silent=True)
>>> 1lis.show()

Lissajous Type: (-17, 25, 3.788391141093574, -14)
(primitive) (-17, 25, (3.788391141093574, '41/34 n'))
Lissajous Curve: sin(-34mt) + i sin(50mt+3.788391141093574) (t : a real number)

Slope 3/5 / Level: 1

€': 0101101010010100101011010100101001
€1 +—t——t—t—tt—t—tt—F—t——t—t—tt—t—++—



W: ABABBABABBBBABABBABABBABAABABBABABBABAABABBABABBABABBBBABABBABABBABAABABBABABBAB
AABABB

V: ABABBABABBBBABABBABABBABAABABBABABBABAABABB

Wbdpg: qbgpgbgbdbgbdbgbqpgbgbdbqgbdb

Vbdpq: gbgpgbgbdbgbdb

PSL2: [[12996, 49135], [23141, 87491]]

PSL2/V: [[41, 1551, [73, 276]]

Dilatation: (100487 + sqrt(10097637165)) / 2 (value=100486.99999004847)

Dilatation/V: (317 + sqrt(100485)) / 2 (value=316.9968453944747)

phi@: (3.788391141093574, '41/34 m')

st_€': 0101101010010100101011010100101001

st €1 —+—++—+—+—+—+—+—+—++—+—+—+—+——+

st_W: ABBABABBABBABBABABBABABBAABBABABBABABBAABBABABBABABBABBABBABABBABABBAABBABABB
ABABBAABBAB

st_Wbdpq: gbgpgbgbdbgbdbgbgpgbgbdbgbdb

AB: ABABBABABABABBABABBABBABBABABBABBABBABABBABABABABBABABBABBABBABABBABBABB

R: ABBABABBABBABBABABBABABBAABBABABBABABBAABBABABBABABBABBABBABABBABABBAABBABABBABA
BBAABBAB

Rbdpqg: gbgpgbgbdbgbdbgbgpgbgbdbgbdb

st RL: RLR3LRLRLSRLR3LRL"3RL"3

Christoffel Word: 00100101

Palindromic Conjugate: 01001001

6': 11011111011110111

6'—>€': 0100101011010110101001010110101101

r (4.11): (1, 2, 1, 1, 2, 1, 1, 2)

V (4.11): bgpgbgbdbgbqgpq

R (4.11): bgpgbgbdbgbgpgbdbgbgpgbgbdbqg

[3DDY 5 ADFA] ThreeBraid 5 X, LinearBraid ¥ 5 X. LissajousBraid ¥ 5 X %7l
ALT, REELXOBHHE., KREBXOBOLEBREHELTHFET, FZLIALIE, th.tr. LUTICERESIT:
B EFE->THETEET, ThreeBraid V5 RAD val() AVy FEFEVNET, AB BREBATEZ oM
3-braid (EImTwmDHHHD) @ Sigma ERBEEATERTICIE, val() A Vv FIZEI$ 'Sigma’ Z1EFE
LEY,

>>> th.ThreeBraid('ABBABABBAB').val('Sigma')

2-12-1

BLCZ&% th.tr.toSigma() B THEHETEET,
>>> th.tr.toSigma('ABBABABBAB"')

2-12-1

val() #*Yw KIX, ThreeBraid ¥ SADAEA VA2 U ALEH 'braid' [THRMEINE-EZTFUVHLTLS

237D T, BIMZEFHERA T/ + 'braid' OFEEDXF—ZFIEETETET . ERICIET 7 DORBEHEAIC

B4 %KkN7D 'AB', 'Syzygy', 'Sigma', 'BDPQ' ('Frieze'), 'RL', 'ST', 'PSL2' ##5ELT

(2L, th.tr. UTICZERAZTNOBRKICERT SEHAEEINTULET, th.tr.toAB, tb.tr.toSyzy
gy, tb.tr.toSigma, tb,tr,toBDPQ (tb.tr.toFrieze), tb.tr.toRL, tb.tr.toST, tb.tr.toPSL
2 T, FELINLDOBEETIE. TAhTAORBRATOBHNEEIET LTOWERA, BHIEDOEHIZE th.t
r.reduce B#ZAELTLET,

>>> th.tr.toAB('BBABBBAABBAAABBAABBABAABABB')

BBABBBAABBAAABBAABBABAABABB >>> th.tr.reduce(tb.tr.toAB('BBABBBAABBAAABBAABBABAAB
ABB'))

BBABBABABBABB  >>> th.ThreeBraid('BBABBBAABBAAABBAABBABAABABB').val('AB"')

BBABBABABBABB



val() AvVy FDOE 258, show() AYVy FOF—T—F5|% brStyle TIEETES 'braid', 'clo
sure', 'loop', loop3, 'loop6' ZI ETEL. TNDRAAAIITH 3-braid @ (EHHlbtShtz) KBERKZ
RHBZIENTEET,

>>> tb.ThreeBraid('BBABBBAABBAAABBAABBABAABABB').val('AB', 'closure')

ABBABABBAB

LinearBraid ¥ 35X, LissajousBraid 73 XIZ% val() AV v RAERINTULET, linear param
ater TE&SMN7- linear 3-braid *>, Lissajous type TEZE M7= Lissajous 3-braid 272D
KBERKXTRI ZENTEET, 2L, shape sphere EDOEFKDIHD1 (loop3) FMEMEELTNE

E

[Plot] Y S I7RFRDIE=OHDS4 TS E (matplotlib, numpy, ipywidgets, IPython, mpl_tool
kits) &. jupyter notebook ZHEDM Y T IRRABELIGR T, 7T I RRNICHELGILRIEREN A VX b—)L
ShTlwhnlE, 325 5K (ThreeBraid, LinearBraid, LissajousBraid) T#HEI{*Y v K plot()
NHATEET, plot() *V v Rk, 3RTEMAIZEITS 3-braid M3 Xk ('braid'). 3-braid
DWEIZE TS 3 EDNEZDTEE ('orbit', 'curve') (3-braid M3 XTEZEZHABMISRELD).
3-braid (239 % shape sphere EMDE ('pathSS', 'loopSS') &FEADKXEL ('path’', 'loo
p') MAFEFETI, plot() AV vy FDOE15|%IZ 'braid', 'curve', 'pathSS' ('loopSS'), 'pat
h' ("loop') ZIEET S LT, BHOBEIHEANET, LinearBraid ¥ 53X & LissajousBraid 73X
TS 3-braid I&. Lissajous MR LD 3 RDEETHEM SIS 3-braid ZD T, Lissajous HfRZ{E
STHLLIENTEET, ThreeBraid 7 X THRDONEHEED 3-braid IZIF. ZD &S5 GH LG LHEBRMNE
ZBNTIEWAWLDT, LinearBraid 45X+ LissajousBraid 7 SR EFFDBELEFEHREELELLE
¥, m#IZ. Lissajous HERZEF =R ILA VY FOFEWAZHRBEAL. TD%T ThreeBraid ¥ 5 XM
BEAYY FOERFIELZEICDOWTHBALET .

[LissajousBraid ¥ SADHRELA VY F] LissajousBraid ¥ S XA Ti#BALF 9, LinearBraid
9 5ATHE(RALTY, Lissajous type #5 X T LissajousBraid ¥ SREA TP/ FEHZAE
LTHEFET,

>>> lis = th.LissajousBraid([4,-5, 1], silent=True)

Lissajous 3-braid (. #& 7% Lissajous HIEMNEARMIZEZ SN TWET, FEICHEIMNS Lissaj
ous HHfRDENERZEIDEIZICL ST L TIRTEMANDOBRICHEY FT, ENEHZ 1/3 §OF5LT
SADBEEHULV-H DA, Lissajous 3-braid M I XFTHETY, plot('braid') THHIND I XTHE
X, WHAEHELEALTICEANALTLET, EANSIMETTICITLKEENKEMEIZHEY FT,

>>> lis.plot('braid')



BRIZ3RTBEZHINT=HDRSA F—LHYET, Al DRSAF—BMLTLEALLLETALISBE
HEZENTEFET, BRIEl OIS UF—FBH L TREREGIEDIENTEET, UHPRETIE., MIA]
ZTo1Iz, TR 2 -90] ITLTLWET,

3-braid #4£MT 53 mNEE%E 3-braid LICHLKZIEMNTEET, ¥—7—F5I% triangles (2. B
i TrueZiEEL TS, T4 MEX False T, HHID 3EH] DRASA A —TENT EMNTE
9,

>>> lis.plot('braid', triangles=True)

BRIDRS A -1 ENFTERIGEIX. snapshot=True LEEL TS, ¥—7—F5|% snapshot IZ
ERBETHCEREZEET S, HESNEEICETS3BADREZREET,
>>> lis.plot('braid', snapshot=True)

>>> lis.plot('braid', snapshot=0.05)



MHEERETIL, LissajousBraid ¥ 5 XRDWEIRIE. HENEH t OBEHHFEZ 0 ~ 1/3 ITLTWWET, &

D 1/3 EZHHZEHECEIITLTVWEYT, HEEE (ENEHR t OHCERB ZEBICLTVTSIENTESE

To F—T—FREIH T (CEEZFLTLLTLESN, FIZIE, T=(0,1) &35&. —BAHRICTHRYET, &

f=. T=(1/3,2/3), T=(2/3,1) &LIEEELT DI LT, HMEIMNEBOEYD 2/3 OEFHHZE 1/3 JLICH

{TEMNTEFET, F/z. T=(-0.05,0.05) LIETTHLT, t=0 DR TOBRFEHDIELTEET,
>>> lis.plot('braid', T=(0,1))

>>> lis.plot('braid', T=(1/3,2/3))



=

>>> lis.plot('braid', T=(2/3,1))

=

>>> lis.plot('braid', T=(-0.05,0.05))




SEANEEDOTEE (FuE) Z#H<IZE, plot('orbit') & L%EJ, LissajousBraid ¥ S ADBEIE L
issajous HIfRZEHWC ZEICHYFET, BENEHOEREIC K > TIX, Lissajous HHEED—ER L MM VG
BEHYFET, SHRDEEZ— DT DERTH<DT, LSV AA, KICHEIN-AOLIZHEI N, BE
NTLESZENHY ET . WNEHDOE < EEA 1/3 B DE =X, 348 (3€) T Lissajous BHEEAS
#EhINET, 1/3 ALYV /MW EZFE—HNEINT. 1/3 ALY KELETE—MAELY KIS
DEENRZLGELRYET,

>>> lis.plot('orbit')

7

/AN

plot(‘orbit') DEFEEL. SFRZEHET-LMESIL. triangles=True &IEELTLESL, GADRS A
BRI ERVLRENEEIEF—T— F5I% snapshot ZiEEL. ENEHN t OLEBHEELLEFET HEE(ETF—
T—FBI8 T ICESGEHEZLTLLTLEZEL, ChoDFEWAE plot('braid') LRLTY,

plot('pathSS') T. Lissajous 3-braid [Zxt/&9 % shape sphere (3 RTZEMADELIEKE) LD
# (Lissajous loop) ##< T EMTEZET, shape sphere DILiEMN S shape sphere D& FEE
BATEADHFEICELY., shape sphere LOEZXFEICEFETSHELTEET, plot('path’) T, Lissa
jous loop DFEEADHFEBZEHE ZENTEET, shape sphere LDOIBEFEBIE. E=ARITHIEL
%9, Lissajous HIEDESEELSICELRLIEAE DT, SHADERBAE=ZARIZALHAVESIZTAIL,
shape sphere [C#ihvhf- Lissajous loop ZFEDEHERGHBEICHE CENTEET . DHMER. (E#H7A
MOEBEEE)  (EHAAOEBERH) =3 ITLTLFET,
>>> lis.plot('pathSS')

>>> lis.plot('path')






hinlcxlTH, ¥—7— K518 triangles, snapshot, T ZRETEZEI, =1L shape sphere E
NEICEWNT, T3FE] ELTENDEDEFRT DIV LABEANMNE LILEEA,

LissajousBraid 35X <& LinearBraid 7 5 XADMEIL AV v+ (plot('braid') , plot('orbit'),
plot('pathSS'), plot('path')) [F. FHEZX 5= Lissajous type IZxfL T. Lissajous 3-bra
id Z8EILT LD TTAH, Lissajous type #4259 7«4 JITIEEL T, Lissajous BH#RA Lissaj
ous 3-braid, Lissajous loop Z##i<7=®IZ, plot_Lissajous BAHZARAELTLWET., IDAEBRINDRS
A4 —%FE>T. Lissajous type #ZEFFTEHIEMNTEET, plot_Lissajous BEHIIEIHE—DOELEFE
¥, 3RTEMAIZ Lissajous 3-braid %< =D plot_Lissajou('braid’'). F@ELIZ Lissajou
s BH#RZEHI< f=Hh®D plot_Lissajou('orbit'). Lissajous loop % Shape sphere LIZH#i< =D p
lot_Lissajous('pathSS') & plot_Lissajous('path')) T3,
>>> th.plot_Lissajous('braid')

(HFEELET)
>>> th.plot_Lissajous('orbit')

(R LET)
>>> tbh.plot_Lissajous('pathSS"')

(R LET)
>>> th.plot_Lissajous('path')

(HIFHELFET)

th.plot_Lissajous BEHUZ® L TH. ¥—7— K513 triangles, T [E#EEL F3 A, snapshot (FfFEX
FHA

F—TJ— K518 new [Tk Y. Lissajous HIRDEZERNXHA [KNO2] [CHIMNESIHIZEETEEFT, T4/
FME new=True M&E [KNO2] [Z#L) LissajousBraid ¥ S A T#E-TLVS Lissajous HfEDEZHXD
Lissajous type 24 Y EF, new=False D& =(X LinearBraid ¥ S A TE-TLVAS Lissajous HAfR
NDEHER®D Lissajous type [ZHYFET,

[—#& 3-braid D% L] linear 3-braid > Lissajous 3-braid (. Lissajous Hi#f E%E< 3
REFEOTHLIENTEET, Lissajous DL S BES-HOEZ 5N TWVEWLW—HRD 3-braid (Zxt
I BHEMIE pdf 774/ (ThreebraidClassModule.pdf) Z2ZEL &Ly,

BAMIZHEWTAHET, ThreeBraid VS RBA Tz H FEFHZRELET,
>>> br = tb.ThreeBraid('ABABBABABABBAB')
>>> br.show('braid', ['AB', 'Syzygy', 'Sigma‘'l])

Braid Style: braid
AB: ABABBABABABBAB
Syzygy: 0120210
Sigma: ol1”™-1 02 01™-2 02 o0l1"-1

shape sphere LMiE y(t) DREA 0(t) (X plot('Fexp') T IENTEET, syzygy FlIck Vs
ESNFTVvIRA D MERBIBHRELODTWVWDILZHERTH-HDEDTY, BELETEHEEAEIEE (TAHL
ERWNET, BRYIEEL LT, Fourier R¥DOUR FEELET,

>>> br.plot('Fexp')



!
0 1 2 3 4 ] 5]
(('e*, '2', 1.5, ('e*, '-3*, '-1/4', '6', '6')), [0.0, -1.21585, 0.28414]]

BHID 3-braid D3 RTEEH L -HIZWHEL shape sphere EDE(E plot('pathSS') £ LI plo
t('path') THCIENATEET, AIBESATICEMM KA LOET., BHIILELI S FEA~DERFET
ER

>>> br.plot('pathSS')

>>> br.plot('Path')



3-braid M 3X7THIE plot('braid’') THL I ENTEET, >>> br.plot('braid')

REICENTHDE,. FELTOIHADBZOHBZR plot('orbit') TY, EMEAMAIZIRE > TL
1= Lissajous B & (FEL Y. A (RE2. E&1) NOMKIZHEY I, #MEORTLERIS S IHEE
PEHICINED LS ICEFAERSINA TS 2O, EEORBLIEELYET, RRLEEERFAVESE. 318U a
spect="equal' ZHEEL T,

>>> br.plot('orbit"')
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CCETHIWLEL DX, ThreeBraid 25 X®M 'braid' (LiHETFwNHS braid) TY ., x93 shape
sphere LDEDNEREREZ. TORDETIXREADTE (syzygy DIKEE) FTERL. 3-braid ®3%&
TRIESIADMD 3 DDIHEAN—ERLEIZHA TLET, 'closure’ (& 'braid' O Lime FimzDHELVES
DT, 'loop' IEFRL 'braid' #HEOHNDELTxHEY S shape sphere LOEMNFHRELGDBLDTL
fzo 'closure' IZL A 'loop' ICLAKRBEAZKEZELAD LT, FHHIENTTLIEAHYET, 'br
aid' & LToEEE 'closure' + 'loop' &L TOHERIIERZYET, LTHUL LD, 'braid!
T9, 'closure' % 'loop' &L THE<IZIE, plot() AVw FDE 254 'braid', 'closure', 'l
oop' ZHWELTLLESL, F25|HMEEKLIZIHEEE. 'braid' AfbHNFET, startArea='0+ ' T syz
ygy %] '012' THZXf- 3-braid (DL T, 'braid', 'closure', 'loop' TOEWZEHTHFEL &
5, £F(&X. ThreeBraid ¥ S ABEHZRAELET,

>>> br = tb.ThreeBraid('012', startArea='0+ ')

>>> br.show(['braid', 'closure', 'loop']l, ['AB', 'Syzygy', 'Sigma'l])

Braid Style: braid
AB: ABABB
Syzygy: 012
Sigma: o0l1™-1 o2
Braid Style: circular word
AB: ABABB
Syzygy: 01
Sigma: o0l1”™-1 o2
Braid Style: loop on shape sphere
AB: ABABBABABBABABB
Syzygy: 012012
Sigma: o01™-1 02 061™-1 02 ol™-1 o2

3DMDAAA)L 'braid', 'closure', 'loop' DEFNZENIZDILVT. shape sphere LDE. braid @
3R, SHADUBEHOTHET ., EIL. plot('all') AV Y KT, HIEBTEHHYETA, TD3IDD
ME—EITHIENTEET,

>>> br.plot('all, 'braid')

=2 0 2

>>> br.plot('all', 'closure')

;_ N Ou




>>> br.plot('all', 'loop')

-2 0 2

L5PL. EHLGHITHTHEL LD,
>>> br = tb.ThreeBraid('ABBABBA', startArea='0+ ')
>>> br.show(['braid', 'closure', 'loop']l, ['AB', 'Syzygy', 'Sigma'l])

Braid Style: braid
AB: ABBABBA
Syzygy: 0200
Sigma: 02 ol™-1 02"™-1
Braid Style: circular word
AB: AB
Syzygy: 2
Sigma: ol™-1
Braid Style: loop on shape sphere
AB: ABAB
Syzygy: 21
Sigma: ol™-2
>>> br.plot('all, 'braid')

? NEEY

-2 0 2

>>> br.plot('all’, 'closure')

: \) AN




>>> br.plot('all', 'loop')

-2 0 2

ThreeBraidClass £2a—/)LO—f 3-braid OMEILAV v FIZfEHN S syzygy FliE. ThreeBraid
P SRATEESINz, BRIz syzygy FITIEHY FHEA, plot('braid’') TOH I RTEIARLRPT
WEIZHEZ3DEEATVET, BEAMICIE. BHEIhiz Sigma BERBERICH>LBICHITELSITEAT
WET, syzygy Fl& LTIEEHIESN TOEBLWRELZAIZE>TVET,

[3-braid OME{LFHE=4F>T Lissajous 3-braid %##<] Lissajous 3-braid (& Lissajo
us BIfRE LS BZEFE- T, HE/LLTULELT, Lissajous 3-braid £ %7 3-braid DT, 3-braid
DREILFHREITH > TS ZEMNTEET, Lissajous 3-braid £ Linear 3-braid #5335 shap
e sphere EDEXEE 'loop' 25 HDT. ThreeBraid ¥ 5 AT 'loop' #IEELI-HERICKYE
9, LissajousBraid ¥ 35X & LinearBraid 75 A®M plot('braid') AvY v K, plot('curve') *
v E, plot('loopSS') AV w K, plot('loop') AV Yy FDF—T—FK5|% TB ICEMRAIE True ZE|Y
BTBHIET, TEFN ThreeBraid 2 5 A®M plot('braid’') AV v K, plot(‘curve') AV v K, pl
ot('pathSS') Avw K, plot('path’') AV vy FhfEHLNET, Lissajous HRD#ZEZE L LT LTz, Liss
ajousBraid 23 A®M plot('braid') * Vv K&, ThreeBraid 2 3 AM plot('braid') AVw kT
HEHINDIRTBELELTHAEL &£,

>>> 1lis = tb.LissajousBraid([4,-5, 1], silent=True)
>>> lis.plot('braid')

>>> lis.lb.show('loop3', ['AB', 'Syzygy', 'Sigma‘'])

Braid Style: loop/3 on shape sphere
AB: ABABABBABBABBAB
Syzygy: 010202
Sigma: o0l1"-2 02”3 oc1™-1



>>> lis.plot('braid', TB=True)

Lissajous BHfR LD IEFADEEZE > THiLV/z Lissajous 3-braid DIFZA. Lissajous BHIRIZHE - T

SHEMNEAKRELTHEELET, 3-braid &L TIE. SEADKAFICELAHY FIH. IFHRLEDMEEIC
Bi-TLFE-oTWEY, —A. —ff 3-braid DEEFHEETIL, WENDE—SD shape sphere LDEZ
homotopy EMERENH THEYEEDEED-HIZ, Syzygy HNEHHNTHLWOORTRELZIODOFMS EFGEY

F LT, Syzygy DA ST T3RDMEUN—FEDEEFITH O K SIZTELDT, KRAEEGZRAVOTUVLREE
LI EMNTEE Lz, EIF 3-braid HETFHEEZZFALI-ELDOTIE, Signa REBXZDFEFDOH THEE
o1z 3-braid AEHANTULET,

MEDEVNEZRD-0IZ, 3TEADEB. shape sphere LDEZLRTHET, plot('curve') AV v K
THERDEYMELNTHET,
>>> lis.plot('curve')

7

/N

>>> lis.plot('curve', TB=True)



/\

¥

Shape sphere EDFABRIZDOWTHHERNTAHFEY ., MIHARETE. ABD 1/3 Z2RFTHELIICLTVET,

NFA—8 t OEEEZE 0sts1/3 ELTVET, 2RERTFEIELVEEE. F—T—F5I8 T (2354 —
2t OEBEEEELTLIESN, flAE. X BEF#H DI 0sts]l LT 55E(F. T=(0,1) £LTLE
Ty, HBWIE, t=0 DELDTORADBEVFFARDL=HIZ -0.1=t=0.1 &F 521, T=(-0.1,0.1) ti5

ELTLIEZEL, COBEAEE, HELCEROAY Y FTHETT,

>>> lis.plot('loop')

>>> lis.plot('loop', T=(0,1))



>>> lis.plot('loop', TB=True)

>>> lis.plot('loop', TB=True, T=(-0.1,0.1)




>>> lis.plot('braid’)

>>> lis.plot('braid', T=(1/3,2/3))




>>> lis.plot('braid', T=(2/3,1))

>>> lis.plot('braid', TB=True)



>>> lis.plot('braid', TB=True, T=(1/3,2/3))

>>> lis.plot('braid’', TB=True, T=(2/3,1))



[ARE{EFH{EEDOAOFA] ThreeBraid VS RABA Tz Y MEHERET HZ LK. 3-braid ORE
IEFFEDHEFRAT 5012, th.plot_ThreeBraid BI#HZRAEL TLET, FLVAITEARMIZ th.plot_
LissajousBraid BASER L TIMN, SDEZ A, 3-braid 2424259 T4 TIZEETHEHDA2048—7
T RFEAONTWEREA, Fi=. 3-braid O3 D2DREALILDS5E, LIHnTiHDH 2 'braid' DEED
HT, #thd 'closure', 'loop' [CIEXIGLTULWEEAMN, WEFHEIC Fourier BRZE->TWLWA®DT., sh
ape sphere LOEMNBRAICHESIN, NSTA—F2QEHBEZHEYIZERT S LT 'closure' ¥ 'loop' [T
HIET DHEBREZDENTEET, ELI1AOHRIENDRELRECALHBY ET, Thlk, #HEL 3-br
aid % syzygy S TERIIHZETY, ThreeBraid ¥ 5 X THERZ DL 5=HICF. ¥ AB HRBEHLAR
[CZEH L, Sigma BERBEXEA~AT. HEISEYE syzygy 252 TWET, TOEETEEBHENT
N, 5AoN=ZFDFEEORTIEAL ., 3-braid & LTERMIZHMNY PFTMEICEBRINATVET, E25H
syzygy 5IT 3-braid #5x%®MI%. shape sphere LMDEZEEL. TDEIZXHET S 3-braid #E%
fzWMEETY ., FBE LTz syzygy FIDIETAEY DEZHEFEV LD TI A, TORIE. syzygy JDERINT
WEWRTEDEZESIZZASONBATHLINT., 2RBYDEZALNHYFET, 1 DHIE syzygy FlITKUESD
btz 3-braid #2442 & T, 2DHIX shape sphere EMiEZ syzygy FIDIET (DEE) [TH-T
ERTDHIETT, ChBIFEALTESHY FH A, shape sphere EOEDREERADBEESNELRDEE, &
REERL-ENFEMETICHRYET ., BEARMIZEHRBALET, syzygy 5l '01'. 8= '0+ ' THEZ oMl 3-b
raid TEBALFET. 0 3-braid (& AB BRBEWAT 'AB' THREINFI, 22024 <& 'ABAB' T. s
yzygy FllE '010' (2% YET, syzygy 5l '01' FEHIZ20D4CE '0101' TEAH. '01' (X ‘0
NIRET 'l MRAET. CORETRDINEZDEARIELRYFEA, £2T '01' %, RANKELLBZAIC
1DBOREIZS>D5Z &, EEZNIE, tAEN 'l OFEEF, '12' 2HYFET, '01' & '12' % '1!
DNDECATDHESDT, '012" 12 YFES, AB BRIBEATHRIT &, 'ABABB' 24U FET, 3-braid O
EIZE L 3-braid # 2T EDANBRELEERSDT, th.plot_ThreeBraid BABITHL ZDHRIZLTLE
9, ==L, syzygy FIDERICERESVTEREEZSZELELTESEL ST, th.plot_ThreeBraid %
[Z connectSZ ZAELTWETY, syzygy FITEHEZ 5l 3-braid [ZTDULVT., connectSZ=True &i5%E
ITBHIET, syzygy FIT-TEESINET, CDIHESE. shape sphere LDORARKRICES1=HICZ, ZKT6E
LEBEFNEESHWNGEMNHY T, Lissajous type A (m,n,*x) (m=n=1 (3)) M Lissajous 3-brai
dX.m & n AHIZHFHDEE, 6 RESNFET, syzygy FIBR->TEZRIE, syzygy FIDREH 6x((m-
n)/3) T.mn [ELTEFTHEE6DDITAYIICHITONET, 3-braid #YYnFT5EE, syzygy DIKEE
[CYIYBZANBDT, syzygy SIEXFEHNELTHITEERT, REZHSIDENHY FT, syzygy DEDHS
shape sphere LDENHEREERRTOENRZTIE, BRERDHD syzygy FOXFENTFHDEE LR
CHMET. BHOGAEERSICHRYET, LEF '01" [IHBAREANADY . XFHNEBEHRLZOT, FRECH
UFEYT, EE. EAE '0+ ' TEAFEKICATTHHEL, EFHHLSFEORE 'l [CANS>T. TRAFITE
#H. BEETME'1-' TT., CDHFA. syzygy JITOERIE. AB JITOEREERY. £ &0 3-braid
DIMREDLGECIEIZBRYET . m & n O—ANBHEDEE. 6 78Sz syzygy FITHET HEDIER
ERADEZEAELGY. m & n ARIZTFHODESE., 62B|SNTz syzygy FlITxHET HENIHREERDMESE
M—EL%FY, Lissajous 3-braid 6 DIZHEIL. Th%x MERI LTx®D Lissajous 3-braid %i&
EHI-OHICIE, 3-braid 2 COTIFAEL ., syzygy FEDHECAHANBRTHDHEEAET,

>>> th.plot_ThreeBraid('ol', 'all')



-2 0 2

NTGA—FDEMEZEFZIZLTHET, >>> th.plot_ThreeBraid('01', 'all', T=(0,1))

=2 0 2

ERLEESEITE#CE, >>> th.plot_ThreeBraid('el', 'all', T=(1/2,1))

- \
; N N

-2 0 2

syzygy FDERZFE->THEC & >>> th.plot_ThreeBraid('01', 'all', connectSZ=True)

=2 0 2

INT A=A DR EEIBIET &, >>> th.plot_ThreeBraid('01', 'all', connectSZ=True, T
=(0,2))



A OO

-2 0 2

EREINI=E2E >>> tb.plot_ThreeBraid('0l', 'all', connectSZ=True, T=(1,2))

5 (\ o 7\

=2 0 2

connectSZ=True TI&, '01' A% '012' [CERSNFELF, SHIZZFDEIE. '012012012..."' LERS
NBEZEITHRYFET, INTA—RDEEAZLITTLEET, >>> th.plot_ThreeBraid('0l', 'all', c
onnectSZ=True, T=(0,3))

Q)

>>> th.plot_ThreeBraid('0l', 'all', connectSZ=True, T=(0,4))

-2 0 2

>>> tb.plot_ThreeBraid('01', 'all', connectSZ=True, T=(0,5))



5 P

-2 0 2

>>> tb.plot_ThreeBraid('01', 'all', connectSZ=True, T=(0,6))

. (

=2 0 2

6% L T shape sphere LORAKIZHEYFEL:z, &R 3ELI-EZATH, BREKREN—HBLTIEIVET
AN, BORAMNIEEARMEELDT, ESHIZ3EEDIDHRVECEREDLODOANEYITL LS,

AB BIRBEMKXLE., SFIFEFLMTEA N 3-braid 12 LTH tb.plot_ThreeBraid B8#T. 3-br
aid ® 3k ('braid'). 3EADEI ('orbit). shape sphere LmiE&E ('pathSS', 'path') #
HWLZEMNTEET,

[BnH4 X, BEHEE] KDY 4 X, BELEEIE, plot() AV FKOSIHKIIEET S ETEET D

EMARETY, (FEAEE matplotlib EDa—IILDA T a3V EHBEIZLTHWETA, —D—DEZTEWL

T, HEIOEIZWEWHEEEATDIIFEHEEE TY, th.setOption() BAHKERELEL=, COBEM%EETT
D&, BOMEBRIEINET, EELEWVLESDICOVWTAANT S ET, U, TORETHIAMDBEIIZHYFE
T, ERLELTHLWERICOWTIE, @MEAAET . [return]/[enter] F—%#L. RIZEMICHE-T

{FEEEW, Tz, plot() AV FTHRELEZWVEBRADODX—7— F518EZDEZ. th.setOptions() BE%
DT Z LT, TOEDHEZERELERT S LEHTEFT, TRICHEZDT, plot() »YVw FTIEEREE
HHEERY—7— F5I8IZ D TIXEBRLET,

[BORFEAZE] FAREEFHRETRTINERZHHEICRFETIENTEET ., RDAD Save to DED
BCO7AMINRBEES, ZOHED Save RFVEWFT LT T, EITRRSNhTWSIS57% png D774
IWTRET B ENTEET, MIZEH eps, jpg (jpeg), pdf, pgf, ps, raw, rgba, svg, svgz, ti
f (tiff) BKITHIELTWET, IRFICIEET S LT, TNETNOBRATRETEET,



