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199719 49

1998 62
19981 8¢ 7-15Y

19994 64 18-24¢
20004 59 24-25¢
20004 69 5-8Y

20004 69 18-24

2001 39 26 -4 7Y

20024 649 15-17¢
20024 8¢ 12-16¥

20044 74 8-14¢

20044 10 25-27¢

20044 124 23-26¥
20054 24 12-14¥

20054 8¢ 1-6

=g H At (ICU, 8l KAIST ICCTH# 2~) F-3frj ot A7 7P,

1 O

Ph.D. Summer School on " Geometry and Physics ;, Odense, Flut=
Knot theory workshop in Narbonne, T2} A ()

Workshop Rencontres Dijonnaises autour des noeuds et des tresses |,
Dijon, T3~

International Knot Theory Meeting "Knots in Hellas, 98 ;, Delphi, 12|~
(Zx:)
Arbeitstagung MPI Bonn ™99

Clay Institute Millenium Event, Paris, & A

Workshop TJournées Toulousaines autour des tresses et des nceuds |,
Toulouse, &k~

I Perspectives of Mathematics ;, Goslar, =%

rSymplectic and Contact Topology, Quantum Cohomology, Symplectic
Field Theory and Higher-Dimensional Gauge Theory ,, The Fields In-
stitute, Toronto and the Centre de recherches mathématiques, Montréal,

Aot

Canadian Mathematical Society Summer Meeting 2002, Université Laval,

Quebec City, Quebec, 7HUTH

Geometric Topology, Satellite Conference of ICM 2002 Beijing, Shaanxi
Normal University, Xi’an, &=

KOOK Seminar International for Knot Theory and Related Topics, Inter-
national Conference Center in Awaji-Shima, @& (3 "On mutations
and Vassiliev invariants (not) contained in knot polynomials ;)

Intelligence of Low Dimensional Topology 2004, Osaka A| € tieta (2
' The second coefficient of the Jones polynomial ;)

Topology of Knots, Tokyo Woman'’s Christian University

Tohoku Knot Seminar in Akita, ALVE, Akita-shi, &=
resentation and braid index )

(3 Burau rep-

The Second East Asian School of Knots and Related Topics in Geomet-



20054 89284 -9¥ 1

20054 104 12-14¢

20054 124 23-26¥

2006 24 17-20

2006\ 79 22-27Y

20064 94 13-15¢

20074 244 5-8¢

20074 59 10-25¢

20074 74 6-8Y

2007 9¢¥ 5-7¢

2007 9 11-14¢

2007 124 22-25¢

2008 14 23

20084 84 12-14¢

20094 14 12-15¢

20094 39 19-21

o]
=

ric Topology, Dalian University of Technology, Dalian, &= (‘43 "The
existence of achiral knot diagrams ;)

rGeometry and Algebra of Knots and manifolds ;, Konan University,
Kobe city, 4=

Knot Seminar (-in Zao-), Yamagata Zao, International Zaokoegen Ho-
tel (FE "Concordance and Thurston-Bennequin invariants of posi-
tive /negative knots and links ;)

Topology of Knots VIII, Waseda University, Tokyo (‘3 Weight sys-
tems of trivalent graphs and hyperbolic volume of alternating knots by
genus ;)

Hiroshima Topology Conference (Takao Matumoto 1< 605 Zo}tf
3]), Hiroshima University, Higashi-Hiroshima city, &2

Intelligence of Low Dimensional Topology 2006, Hiroshima University,
Higashi-Hiroshima city, ¢+ (3 "Mutation and the colored Jones
polynomial ;)

Groups of Diffeomorphisms 2006 (Shigeyuki Moritax 4= 605 Zo}tf
3]), University of Tokyo, Y&

The Third East Asia School of Knots and Related Topics, Osaka A] & Tf
St (T3 rAlexander polynomials, minimal genus, and fibering of ar-
borescent links )

Workshop TLink homology and categorification ;, Department of Math-
ematics and RIMS, Kyoto University

Jubilee International Conference "New Trends in Mathematics and
Informatics ;, Institute of Mathematics and Informatics, Bulgarian
Academy of Sciences 605 7| @t 3] (¥ "Hecke algebra representa-
tions of braid groups and a conjecture of Jones )

Topology and Computer 2007, Akita University (2f & Genus minimal-
ity of canonical surfaces and Alexander polynomial of canonical fiber
surfaces ;)

Workshop TLow Dimensional Topology and infinite Dimensional
Geomerty ;, University of Tokyo, Tanbara House

Topology of Knots X, Tokyo Woman'’s Christian University (‘23 "Hecke
algebra representations of braid groups and a conjecture of Jones ;)

The Fourth East Asia School of Knots and Related Topics, University of
Tokyo, &E (¥ 3 M Determinants of knots and Diophantine equations ;)

The First Topology Workshop KAIST (& & T Lie groups, Burau represen-
tation, and non-conjugate braids with the same closure link ;)

The Fifth East Asia School of Knots and Related Topics, Gyeongju, Korea
(33 rLie groups, Burau representation, and non-conjugate braids with
the same closure link )

Low dimensional topology and knot theory workshop, Swiss Knots
2009 4, Fribourg, A9~



20094 44 25¢

20094 844 17 -19¢
20094 94 5 - 10

20094 12 16 - 204

20104 1€ 11 - 13

2010 49 24
20104 6€ 19¢

20114 3¢ 18¢

20114 399 20-25¢

20124 44 28¢

2012 74 27

20124 8¥ 17¢

20134 10 25
20134 114€ 9¢

2014 29 10-14

20143 7 7-109)

2014 8¢ 13-21¢

20144 89 22-24¢

20144 10€¥ 31

2014 129 6

20154 49 24-26Y

i gtsts] 7S], ot ], = (E 3 T The Satellite crossing number
conjecture for cables of knots ;)

The Second Topology Workshop KAIST

9th International Conference on Geometry and Applications, Varna, &7}
2lo} (3 rNon-conjugate braids with the same closure link )

i gtot 2] €} m] =125} 2] (KMS-AMS) 35 A7t 2], vl 5ol 2% Tl 4]
EHNz olglod] (FE "On non-conjugate braids with the same clo-
sure link )

8th Geometric topology fair, KAIST 4~2]7}stvt (& rAround Ben-
nequin’s inequality ;)

iet-ote] Ar7|E=AT RS, SEd, A

GE45ts] A 7158, e, FAMA] (= E TOn non-conjugate braids
with the same closure link )

Knots and Spatial Graphs 2011 Workshop, KAIST <=2] z}8}t

Spring School in Geometry and Quantum Topology, Les Diablerets, 2~
o~
etets] EAE RS, £9o], AL (ZE rRoots of the Alexander

polynomial and Hoste’s conjecture ;)

2012 TAPU Workshop on Knot Theory and Related Topics, F-4Ftf (23
rDiagram genus, generators and applications )

Knots and Spatial Graphs 2012 Workshop, KAIST <=2}t (Hrx
rEverywhere Equivalent and Everywhere Different Knot Diagrams )

tetehe] 201349 4 715te], AEAHH

6035] KPPY % 3g4=8F Workshop, A&, t- (3 On dual triangula-
tions of surfaces ;)

China-Korea Workshop on Low Dimensional Topology in Shanghai, East
China Normal University, Shanghai, 5= (Zf3 On dual triangulations
of surfaces )

International Conference Mathematics Days in Sofia,, Bulgarian
Academy of Sciences, Sofia, &7}2] o}

ICM 2014, Coex, Seoul

Knots and Low Dimensional Manifolds, Satellite Conference of Seoul
ICM 2014, BEXCO Convention & Exhibition Center, 24, Korea, 2f &
rConcordance of positive knots ,

GIST Foreign Faculty Workshop, GIST College, 23 " Academic (Writ-
ten) Communication |

6735] KPPY zg4=8F Workshop, A&, t+- (3 On dual triangula-
tions of surfaces II )

tietarsts] A7) & A 6t 3], HArl, Korea



20154 5¢ 2
20154 11¢¥ 5-7¢

2016\ 69 25-27

2016\ 74 16-23Y

20164 109 20-23¢

2017 594 15-19¢

2017 74 10-14Y

20184 49 21

20194 69 7-8Y

20194 74 15¢

20194 109 24-27¢

20194 114 8-11¢

20204 24 17-18¢

20214 24 1-3¢

20214 6 25-27<

20224 69 274-74 1

20234 24 6-9Y

20234 64 15-17¢

20234 99 25-29¢

20234 10 27-28<

g w605 71g $1/4=5tWorkshop, KAIST, o 4, Korea

Knots and Spatial Graphs 2015 Workshop, KAIST <=2]|}sha}t (i
Roots of the Alexander polynomial and Hoste’s conjecture ;)

Workshop on Graphs and Knots, School of Mathematical Sciences, Xia-
men University, 5=, (&3 I Coefficients and non-triviality of the Jones
polynomial ;)

International Conference on Low-Dimensional Topology Knots in Hellas
2016, International Olympic Academy, Ancient Olympia, 18]~ (3
rOn coefficients and roots of the Alexander-Conway polynomial ;)

tieteke] 70579 = Aot ], A2

Quantum Topology and Geometry in Toulouse, Université Paul Sabatier,
Toulouse, &k~

rMathematics Days in Sofia, 2017 ;, Bulgarian Academy of Sciences,
Sofia, =7}2]o}

titeeke] Ar1eA s, A3, A=

43] vj5ol& vy 324, =t A5 A A (TR rExchange moves and
non-conjugate braid representatives of links )

Geometry and Mathematical Physics, Vasil Tsanov 7| ¢34, Sofia, &

7Feo}
dhatote] A7 5 A, B, A2

The Third Pan Pacific International Conference on Topology and Appli-
cations (PPICTA), Addigty, A= (&), 5= (&E rExchange moves
and non-conjugate braid representatives of links )

Knots and Spatial Graphs 2020, 7454l 713 9] 34, KAIST 4=2] #}5}a}

Knots and Spatial Graphs 2021, 22t 934 AF 5= =9 (L2
' Knot polynomial computation and application to braid index )

F=Arg8ete Feketd], AT gad 2 (224 &7

Computing in topological structures: Foundations and im-
plementations, Sirius Mathematics Center, Sochi, Russia (&
gkl ®E rOdd  crossing number amphicheiral  knots )
https://sites.google.com/view/cts-2022/home/ invited-speakers

East Asian Conference on Geometric Topology 2023, 5= Soochow T g}
0, 22kl =2 (21 ¥ TStrong quasipositivity of links ;)

"Knots and Spatial Graphs 2023" ¢]34F, KAIST &=g|i}sta}, (HE
rStrong quasipositivity of links ;)

CCC 2023 "Continuity, Computability, Constructivity: From Logic to Al-
gorithms", ¢ = Kyoto tf st 42| #Fstd 74 (BRI, RIMS), 221 &7}

2023 Rt AEMete]  duPE ASE]
https://algo.postech.ac.kr/workshops/fwac23/

ZFsdet,


https://sites.google.com/view/cts-2022/home/invited-speakers
https://algo.postech.ac.kr/workshops/fwac23/

20234 1299 11-15¢ Winter School on Low-dimensional Topology and Related Topics, 7| %
ot A ey o AT A 30154, (A T Burau representation, stabi-
lization and exchange moves of braids ; 2023 124 12¢)

20249 49018209 2024¥ % TgH40}9] B AES], A AMAE & KAIST, o (28
rStrong quasipositivity and arc index j, 4 194)

20243 62 5-14Y 2024 MATRIX-IBSCGP Workshop on Symplectic and Low-dimensional
Topology, 7] 2ot A4 3 off 73~ 30194

2024 94 30¥-109 49 Autumn School on Low-Dimensional topology and related topics, 7] %
EERERES S EE P

20243 119 4-8Y Knots and Spatial Graphs 2024 - UAE United Arab Emirates University,
Al Ain (UAE) (I3 rStrong quasipositivity and arc index ;, 119 5¢)

2025 2 1-6Y Lou Kauffman 74 8054 7| 1A =24 221l njSo|& &3] (&€ x®
rStrong quasipositivity, Thurston-Bennequin invariants, and arc index |,
2 24, https://www. youtube.com/watch?v=p2sK50JZN jU)

20253 3< 19Y Mini-Workshop on Computation, KAIST AAFSHE
https://kaist.theoryofcomputation.asia/seminarsisection2025.
(32 ‘Integer factorization of matrices and 4-dimensional genera of
knots’)

2025 109 22-24Y 2025 tfgtpate] F71E3] 9 7S Ard R3], = kelr)e e Bl
)&l A E (A TStrong quasipositivity, Thurston-Bennequin in-
variants, and arc index ;, 109 22¢)

202614 19 14 A|53] gt =21ste] & 2026 AIX| 0] =25 W}, 45}, 74t
A 7}o] ~AE, https://korealogicday.org/2026/

3

of FAIE,

Aoyt (3 44

rSome applications of link polynomial evaluations ; (Bonn ts}u h¢1 Auut 23, 19994 64 11
S)

=

r'Wheel graphs, Lucas numbers and the determinant of a knot ; (MPI-Oberseminar, 20004 39 30
ol
=

rOn the number of links and link polynomials ; (Oberseminar Topologie, MPI, 2000 122 11¢])
rCanonical genus and the signature ; (Kobe Topology Seminar, Kobe University, 20013 11 24)

'Special diagrams and the positivity of the signature ; (Nara Topology Seminar, Nara Women's
University, 2001d 11€ 29Y)

rOn the signature of positive links ; (Mathematics Institute Seminar, University Bonn, 200214 4
19¢, and Oberseminar Topologie, MPI, 2003 19 13¢, Topology Seminar Université Lille, =2,
2003 11 14¢)

On some relations between hyperbolic volume and combinatorial knot invariants ; (Topology
seminar, University of Toronto, 2003 34 26<¢)

r'Square Fibonacci numbers and linear recurrence sequences ; (Graduate seminar, University of
Toronto, 2003 4 17Y)


https://www.youtube.com/watch?v=p2sK5oJZNjU
https://kaist.theoryofcomputation.asia/seminars#section2025
https://korealogicday.org/2026/

rFour Color Theorem, Lie Algebras, hyperbolic volume and enumeration of alternating knots by
genus ; (Topology Seminar, Tokyo Institute of Technology, 200414 34 3¢)

rOn mutations and Vassiliev invariants (not) contained in knot polynomials ; (F.8 tj&°]& Av]
L}, Osaka A tjstw, 2004 69 11Y)

I Properties of closed 3-braids ; (Topology Seminar, University of Tokyo, 2004d 114 30)
I Properties of closed 3-braids ; (KOOK Seminar, Osaka A| g ths}ir, 2005 4L 2Y)

r Applications of braiding sequences; (Research Institute for Mathematical Sciences, Topology
Seminar, 2005 11¥€ 17¢)

Braiding sequences and Thurston-Bennequin invariants ; (Hokkaido University, Department of
Mathematics Colloquium 2005 124 21Y)

FKnots and their crossing numbers ; (Research Institute for Mathematical Sciences, Colloquium,
2006 5 109Y)

I Estimation of crossing numbers of knots ; (Research Institute for Mathematical Sciences, Topology
Seminar, 2006 7€ 13Y)

Bennequin surfaces and braid index of alternating knots ; (£ 8 "j&°|& A|u|4, Osaka A] 4o}
W, 20061 109 13Y)

MHecke algebra representations of braid groups and a conjecture of Jones ; (Topology Seminar,
University of Geneva, 2007'd 102 18%)

I Determinants of knots and Diophantine equations ; (Topology Seminar, ETH Zurich, 20074 10¢
229)

rKnots and crossing numbers ; (Kyoto University International Researchers Monthly Seminar, Ky-
oto University International Office, 2008'd 1€ 11¥)

MVassiliev invariants, Seifert matrix, and hyperbolic volume of knots ; (&8 "5 °]= A|2|1}, Osaka
Al s, 2008H 24 22Y)

rMutation and the colored Jones polynomial ; (Topology Seminar, University of Geneva, 20084 5
¥ 22¢; Topology Seminar, KAIST, 2008 64 16Y)

rComputing cabled knot polynomials and deciding mutation ;, TComputing link polynomials
with the Millett-Ewing programs ; (Topology Seminar, KAIST, 20084 64 304, 2008 74 8¢)

I Tait’s Conjectures and odd crossing number amphicheiral knots ; (BK21 Seminar, KAIST, 2009
39 16%)

r Around Bennequin’s inequality ; (1 2tl, A]-&, 2009 54 15¥)

I Distinguishing polygonal knots ; (Korea Science Academy KSA of KAIST Undergrad student
Seminar, KAIST, 2009 7 28¢)

rSignature and concordance of positive links ; (POSTECH, 228}, Korea, 2009 82 26)

rOn roots of the Alexander polynomial ; (NRF 2|9 A Aoy, Keimyung University, 2011 94
239 and KAIST, 2011 10¥ 28%)

rDiagram genus, generators and applications ; (Topology Seminar, Durham University, 2012 1
21199)
= =

MRoots of the Alexander polynomial and Hoste’s conjecture ; (Topology Seminar, University of



Glasgow, 2012 14 23Y)

rDiagram genus, generators and applications II ; (Algebra Seminar, Newcastle University, 20128
14 24¢)

rRoots of the Alexander polynomial and Hoste’s conjecture ; (Topology Seminar, F4ttf, 201214 5
2 229)

rEverywhere equivalent and everywhere different knot diagrams ; (NRF z] 1 &1+ A|u]u}, KAIST,
20124 6 82)

rMinimal genus and fibering of canonical surfaces ; (NRF Z] 15 Ajn|i}, KAIST, 20124 114 24
)

rHyperbolicity of the canonical genus two knots ; (NRF 2] A Al0jut, 95, 2013 49 6Y)

rOn roots and coefficients of the Alexander polynomial , (Topology Seminar, University of Geneva,
20164 74 11¢)

I Coefficients and Non-Triviality of the Jones Polynomial ;, "On dual triangulations of surfaces |
(Topology Seminar, KIAS 11535+, Seoul, 2016d 94 25¢)

r'Solved and unsolved mysteries of numbers ;, GIST GIP (Global Intern Program) exchange student
seminar, 20174 8 4

rExchange moves and non-conjugate braid representatives of links ;, (Topology Seminar, Univer-
sity of Melbourne, 2018 9 27 9 Topology Seminar, Monash University, 4/10/2018d 104 4
)

rExchange moves and non-conjugate braid representatives of links ;, (Topology Seminar, B,
20194 5 4¢])

rExchange moves and non-conjugate braid representatives of links ; (TU Berlin, o]4t4=8}/ 2]5},
online seminar, 2021 11& 24¢), https://www.tu-berlin.de/?1d=138801

rExchange moves and non-conjugate braid representatives of links ; (NU Singapore Topology and
Geometry, online seminar, 20229 119 8)

rBurau Representation and Application to Reducibility and Exchangeability of Braids ; ("af4, 7]
afsh o Spaasl A o] vt Anlih o o4 9 ] A Aln)Lh st o RS A - B o}
st otz u] 2023 9€ 26 14:00 - 4785 4)

rDiagram genus, generators and applications ; (CGP Seminar, A8 7] Z3}5t 4411, 20231 104
259),lhttps://cgp.ibs.re.kr/activities/seminars/cgp_seminar

B 4 g o] 1Y 4 (B St 81y AL, 20241 490 240)

rImplementation of the Burau spectral test |, Jaden Jorradol (7}o]| A~ E ZAFsHR) 3L 355 WFaE, Exact
Real Computation A|0|L}, 7}o] AE Z41eHE, 2024'H 69 49, https://youtu.be/Xbk4a_cQLEc &=

F'The Alexander polynomial of planar even valence graphs ;, "Semiadequacy properties for the
edge Jones polynomial coefficients ;, (Chinese University of Hong Kong, 48}, 2025 29 274, 3
439)

Mntroduction to Knots;, T[Introduction to 4-dimensional Genera; rKl. Ohridski
Sofia ojst, gk}, 2025¢ 4€ 47Y4 (E7Igote]l®2) |https://youtu.be/nWQ3DbHvZJE,
https://youtu.be/eVayvVknTLE

rStrong quasipositivity, Thurston-Bennequin invariants, and arc index ; (Visgat Alu|u, KIAS 15


https://www.tu-berlin.de/?id=138801
https://cgp.ibs.re.kr/activities/seminars/cgp_seminar
https://youtu.be/Xbk4a_cQLEc
https://youtu.be/nWQ3DbHvzJE
https://youtu.be/eVayvVknTLE

et 48, 2025 79 49)

rKnot Diagrams and Sum-of-Squares Matrix Decomposability ;, &St ALFE Mu]u}, Ziegler
14, KAIST, 2025 92 309, |https://youtu.be/ynEykChXcel.

rStrong quasipositivity, Thurston-Bennequin invariants, and arc index;, GTP Au|y} Abu
Dhabi NYtjjstw, 2025 109 29, https://ncatlab.org/nlab/show/Center+for+Quantumtand+
Topological+Systems{{GTPSeminar

rComputing with the Millett-Ewing notation ;, Z12}sH AlARR M|u|u}, Ziegler w4+, KAIST, 2025
H 129 129, https://youtu.be/Q6S5fyqoVUi4

rExtensions of the skein algorithm for link polynomials I,, ZZ}sHE AAR= Ao|u, Ziegler
4>, KAIST, 20261 1€ 159 https://kaist.theoryofcomputation.asia/seminarsisection2026,
https://www. youtube.com/watch?v=wZUBCx0Qtpc

FExtensions of the skein algorithm for link polynomials II,, &4, 20261 3¥ 10¢,
https://youtu.be/3X5IBi_CpDU

Trustworthy Al

"Software Engineering for Machine Learning" (M. Ziegler ¥} -5+, SNU Trustworthy AI Lab
meeting, 1/9/2023), https://www. youtube.com/watch?v=HvGCaRmFUIQ

il

MNon-associative tangles ; (D. Bar-Natan, " Geometric topology, Proceedings of the Georgia inter-
national topology conference ;, W. H. Kazez, ed., 139-183, Amer. Math. Soc. and International Press,
Providence, 1997 =2714), A4:719], nf| 50| & A|u|1}, Humboldt st Berlin, 1993~1994 4.

r Algebraic structures on modules of diagrams ; (¢}5* =7 Journal of Pure and Applied Algebra
215(6) (2011), 1292-13399]| 4] E5 P. Vogel®] preprinto]] whE 7}2]), AL7}e], viFol& AlH|u,
Humboldt tfj st Berlin, 1994~199514.

r'Some applications of braiding sequences ;, 42} %7}+2]: T A bound for the number of restricted
Vassiliev invariants ;, T The canonical genus ; (2732]), TOn the crossing number of semiadequate
links ;, A2+ 9/t Ay, S=2|atetAtA (B, RIMS), Kyoto thsta, 2001 114 16, 17,
304.

Mntroduction to Computational Knot Theory ; (Computing school seminar Ziegler <=, KAIST,
2020 92 14¢) https://www. youtube.com/watch?v=3Sn30jBA3RS,
r’Knotscape and knot tables ; (202019 11 12¢), https://www. youtube.com/watch?v=2_33U4Rdx5c

rMathematical English | (Jo]2 =83 #= 413]), Osaka A|Foistw, 2004 64 10, 17, 24, 74
101

W5


https://youtu.be/ynEykChXce0
https://youtu.be/Q6SfyqoVUi4
https://kaist.theoryofcomputation.asia/seminars#section2026
https://www.youtube.com/watch?v=wZUBCx0Qtpc
https://youtu.be/3X5IBi_CpDU
https://www.youtube.com/watch?v=HvGCaRmFUIQ
https://www.youtube.com/watch?v=jSn3OjBA3R8
https://www.youtube.com/watch?v=2_33U4Rdx5c
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2021 £3}7]

CS300 Introduction to Algorithms (Chapter 2a-c 3a-b), KAIST ¢14FsHE
https://www.youtube.com/watch?v=Nkwy/jhyLkQ (2a)
http://youtu.be/qlLuryM20Zz4/ (2b)

O] ZFA|RE 82 A o] w5 A B A of| A el 4= 5yt
https://stoimenov.net/stoimeno/homepage/papers/teach. pdf

20214 7}238}7]

CS300 Introduction to Algorithms (Chapter 2, 3), KAIST ¢14FehE
https://www. youtube.com/playlist?1ist=PLvcvykdwsGNFInmIpwXJk1SCzstnFINik

A =S5
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1 a7 2AY 4%

Hpe] F8 AR 334 B71ol w3 ojE} Be o] o] ok, il 1S BE Bl ¢ro| A
] Aol F7ksH 91,10 steke] 4

ek (9 A5 BE 318 o) Aol ke B9l A7k 49, £ 1e)e 52t Reidemeister
o502 gre mlFol Lt w20 BE S AR P A 4 gl 2ol el Ik Reidemeistero] 52 3
o2 A FARAS AREIE 1 E

i)
rid
5|
Y
i
[

O

o
Z5}7] 91, Reidemeistero] 5-0.2 vl %] g ApJol 4] e p 22 7he AR, = B A
o} W50l 2 0 B g, SEa 5] 5ot o8 thEe] o] BMzro 2 e

=

o rlo O, tlo

[e]

o
= At dok ohabAl2 of 2 7F2)7F 91, 1920 Hf of] Alexander7}t 470 gF 2
%, 1980 d | £-E Jones, HOMFLY, Kauffman'g thefRt theh2] o] HIA B et thek2] o] 9] B 4-2h
ool A Fh& 2= EHEE QU (1950 ol Conway 7} Alexandertha}2] o] Zfjufj 7 &} &
A ste], Alexander-Conwayt}gl4]o]2t 25 T 9t}

o M4 28 25,9 7148 8oy AASd=gs Falste] Azt 49 FaA=3t
olg9] x¢=e, tiret, 23] A E At

ot
A o] Blake METHE Aotk LE (FaFlE T 1)t A0 tha A 2k, Tk Al
RE zo

1.1 Vassiliev 2HZF

25\ 715€] Vassiliev ] 972 §EHEMFo| v} Vassiliev ol et 22t Blepe] $57} 4759
o frghRwEEo] (H9)83bo] 24452 Foj7l filtration k31 Slck. AZFe] Q9] 3 APH= 245D 9|
Vassiliev 24 ¢0] 24| 47| 7} 415 Ao|ch. 42=De] Vassiliev2Hzre] 245D — 1o]5te] Hul e
248 F7ko] DA ] @() 1 9 ATRA 5.0 2 F2ke B710] S@oleh. A2H Sug 4o d1g
2 =QI5}aL, o] o] 4T7HA| 74 DAS) 17 9] B74e Aot e FYaty, 1 A1 »8
sjoll Axrstod, 4919] 4A| DI/1.1PE A9iek [SB). (F4, 2141 4A7E Ngoll et (D—2)1/20]9ie})
ch&ol|, Zagier [Zal7} - @17 €] 4-9] A4@7} Dedekind eta-34-0] AT "ol 43" S-Alo] Liet
L 212 B, 1 40 3R RS S FPP00, 45 118 12/62 MG o] At A3
7R 7V e 2AACl,

S AT Fol AR EREE 240, Fol EYF, S5 419 F = 34 72t =
o &9 +4d o]} [St19]. Conway / Alexander ThlA]S A @]okal, that4] o] 5-9H7H o] Al4=(Th o w2 F
SHE o] ZAsHA] ¢h= AL S YTt [Ste4]. (Conway/Alexander TH}2A] O] Al4=7} {-3HEH <]
Zol & d&HA it

o

vy

1.2 Legendre "5
HEFHE )3l i E vi5= Legendre tFo|zt FEt. BFEHS35712] Legendre 52

Thurston-Bennequin& ¥ & MaslovA| 42t B 2= 7|24l Legendre=¥H S 2H1! Qltt. Legen-
dre "}5 2] Thurston-Bennequin& =1} MaslovA]4~5 Legendre 52 7]of &= A<l uf
A
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1.3 Gauss A ZA]

Fiedler®} Polyak-Viro= Vassiliev & 7S A A Q1 34| 0 2 A o|st= A 22 HH-S 47|t 21
Z(linking number) 719, o Z40A] a5 Ahede] W el (2:710] o) 54 ZHruple) ALoll A o]
T3 1] 4% (wiithe) o] B9 S Hateh. o F FAL, RE W] o] wel HE 2
&2 vl (positive knot) 9] Aol =0l Het. (FF52 AHd el wde 7127 +191 Fe] wdt

57} 18] 29 WESR TP & girk) Fo] whET} oL, vhEol gAY PAL B, &

o|fol&, =4, s, (HS BestA Hd BA =) 434 Aol 2o A% A5-H ot Fiedler
2} Polyak-Viro2] /%] g /‘}“QLOHH ok_,] ]| 5 9] VassilievEH ko] Zk Atolof 9l HEAS vFAS 71

[St12], 7 o 2] vzl thet dxteke 2kt [St15].

1.4 7] A Seifert ZH

FFulE 2127t o] AS AAR Zh= HYESH (FA Q] W Ol%L‘ﬂoﬂOﬂ/ﬂ dojz)= ekt o
7‘(] 6}EE) HISFSLE] -8 Z7F11Q) 11, o] T -2 A2 Seifert7} FA SR B2, nj 53} 11 ﬂ_,] Seifert
Zyo]e} T gt} Seifert} Ul 5-0] o] o] AF)S 7]Z0 2 o]d BHS PG FTZS 2lotT,
o] darelF o2 A= Seifert TH-Z 7| B Z eife t o2t gt H%J ¥4+, Seifert ——L.‘?i—i A
T4E FE o] Aol A ollA] Yeigh I AlgtotA] ¢h=tt. 7|24 Seifert THO] XA F4-F
71 &&52t HEE‘r. g5tA, 7] Tt S ]*JO]E FA2|7} e ot= UH—E UAIEE, EEHHHH,
Fo] m5olv £2 w52 F7el oA, 712E52 47 A AYGFe] w5l tiaiAl+=,
[St45] ol A AFstelet
s

SFG H}GFO] A
w7 O T O O = O O AN O T O O = O
02 nhRIT). 4 Be ThE d=io] of A= Trisl 472 L3kl o2 Soi, 94 (concordance)

1.5 H|AT Jones 4 £A4

1985 9] Jonesi= Jones t}afAlolgf K== thelAl B S W
S WE S TEE & A=A, 2 l'ﬁ:o}oqﬁ}. 27]0]/¢ 9] 4
5ol tgt Joneso] e AR o2 A x| Ittt wiul5 2 3}sh= Lickorish-
Thistlethwaiteo]| ©] A o|H =& (#E# ([, semiadequate) 112]of thal| A, z}HolA] &2 Jones Tk
FAE 2t AS gt MontesmosﬂﬂE TAA 0|, T2 A5 3714 9] @3l @) Oﬂ ol A =
A

311, o] tigrAle] AEnhE T} the

s BA Al gol £7sta, oy
(o]
=

<}

E
St g, niAgAYE 1o 2 w5l HeiA e o8 &= vt ([St56)Ste0] &Harst=h).

16 & AFF5Y FEFoIE

AA1& Aol AN & Sl Wi ES FEF0l(achiral) 2t F-ET} 82t 52 o] &S 2=t} ¢t
8, Q52 o] ho] olU| Bz, oFe] Aelat £.9] AlQe]e 5 A4 FAS kT, Taitr} o
o 558 248 v H, Pl vl o] S1Zel47} 4 Belo] el Ak Jones thakAl o] ALgato]
Kauffman-Murasugi-Thistlethwaite= ©] A& Wil Fof thal| A 3 5taL, Hoste, Thistlethwaite
2} Weeks2] A2 ¢ 0] 9] nj5of thafA] sl ZdHL14 7HA = 2F2lgr Z,\— ‘,211] ot Thistlethwaitel= 2=
7159 FolulES B ek,

o] o] Usl=A, RE 15 o] F] E491 %, o] P49 FEHFelmsas 75k Aol A9



QA otk [STE7]. oS $18} Jones ChaF 4. AHG 5o, A9 akA] L Jones hE Ao A S S A
(15K, arborescent)sl 514 o] QukeHE 231 ik o] FAJo] thahA, 278 [Ste0Jel A k2 gk

1.7 Hole} A Jones T4

Lie tfs sho] 7|efmd o2 = FazWefo A Jones T4 of2f 20t 224¢19] Ao|uad 2
192 ¢l Jones A& EFATE A4 (SR LA (solid torus)ofl #o]= G L2 (pattern link) =
A8 E 4 o 2laL, Fare] o] Al (meridional disk) 7o) L= wid o] Wefo] 3w, 9]
daL2| € Aol Eol=tal jtet. 112] 9 H*ﬂlones oAl 2 212 9] Aol Jones HA 0 & A& 4

Jo
Sict. k] grel F91E Telw An o} AL NeABYSE ATl (1911 A, A%
n o] Ao] 22 nAcl ol ek g,

3} LRSlo] sl welo] $2g 914710, A gt Wel (mutant) 9] 0] QIek Wo|o] £
W02 P} of ). 53], ¥lo|9] W3], 2-70] &¢] HOMFLY, Kauffmantta}- 4] 7} 241
7/\ Al

Jones cFakAlo] o A3l #0 o1 & &SIt Toshifuri Tanaka [STJ 3} 359791 <13}, o9
e 427} x5, 2.7 0] 83} A4 Jones £ 4 Q|17 Ao Sk o B 2] o2
33}, 53], Prytyekio] %0] thsto}eA], 440 Jones cab4lo] QAaaL Hol} ob Bulo

0}7]1 o] S LAFTE.

18 37bete B9lo] gl

Alexander®] 20| whe}, BE wlET 122 wolo] @O bl $9lrk Feo] H2E Jones
ok 4l o] WA W, o Hwere] 4o 52 SleiAE A H L, 5 a s Ak

At Qtofl ArtinfJAd P o] H o2 Yept= el o] Dl (positive braid), ArtinA/d o] F-HQl
40 02 e 5ol 2eh9] wel(quasipositive braid) |2, w4 we] F0 2 ek
Tl FEFo T (strongly quasipositive braid)o]2tal st} () FF 2 o] 23S (=42

¢

o (o ol
41
¢

o}‘.. D:}:]
o

Uﬂgﬂ LA ) o °Wr o] Jol+= RudolphJ Eolol 29 AfolA Feigteh 4o B g@ilo=m
UPERFE 322]7) ko] 12l A @l Bel AoletA, ko] welel glo 2 e 1912 ol el T
g (braid positive link)o]2} gtt}.

37kero] @ejo] 2l Fof wef e [SHO], 0] F e, 4] 1w TR 1 318 S 0
o] ohd) %1 Alexander 48 44 s el )l A& Fstn, 1 wes audoR

T 5 ol WS ARch M. Hirasaw ta 9ke] FEATLR 37be B w7t § U
SFE T Seifert ol (el 4, A% HRIE) S 2t 28 5 AT S5 2 5]

(<]
l..

1.9 Alexandert}s}A] 9] 23} Hoste oA}

—~~

=9 24t & L E5t=) Alexandertha} A2 Laurentt g} 2] 0] ghof| A 315 28=3

2] 9] 724}l (Laurent)tha} Al EH o]t} 1950 o] F-E|, Alexandert 341 9] 9144
= ogdAlo] (99 ol a2e] Aol A 2h= 3k (5, Laurentthal A gk o

U ol Fo] ST A4S 7}11‘3& O‘HVJ o7 ¢Jojo] ujF Hr} EXl o & ol 4
5kl wofuEel tishA] Lehh= Alexanderthgt4] o] HekS 5] AYst7|= o
FE A4 212 Hostel= 15%?3011 59 AlexanderthatAl o] R E B AL 771 Rez > -1
éj}ﬂ} o7& AT = [St74]o) A, Hosteoll /el T4, 371H2] Erel o] vl &, Montesinos
5 2 Qu)uiEel tigt ﬁ#% A3t Hosteo] g} oh-2 # 5 (WL thof52] Alexanderthah2] 2]
S Washe) Aol Sl dialiAl =, [St75] ol A A+ oFqict.

L
E
18
s Mo
r
-
ol
i)
o,
sk

=}
f”

o 2 rH ¥ dlo )~ 2 |y

26



1.10 59 %

5ol Atg o] XA W 5 ©
g, Tait, Little, Kirkman7} 22 12+
Zh= 5 AFEC] 7} o] ddES] viEe T oW (5
ol o172 AL -] A HA| Fofl Reidemeistero] 5 o= A3 4= QL
T U= AES ¢ds] 24 sfjof gttt a4l tisfA, mf

A Hoste, Thistlethwaite2} Weekso]| _JOHH %#—Ei AAro] Qs d& B QAHS 16~17714] o]t}
FAAO R o FA HIEE = Q= A oA, FFERE BE Ao Aot v & 2= Ak A9

A72] FA o]k (SB35 7).

=
il
1o
",
i
o,
>
S
(]

,,
)
-
1o
=)
o
1o,
1o
[*] _|}-El
i)
rlo
N
2
)
2
)
o
g o > &
ok e j e

111 7]&

= [St22], =22 ]1 vils S o] A4 [St23,5t24], vl 5 oA [St43], a2 o A A [SV)ISt53],
B (2554 112 [ST77, 578, SE79] 5o Jgr AL AeYsct.

2 FF AT

Ik, ShAIE T3 o] AT A5
A Qo] ATk e

Z7HE IR PHOE AF-5 AASHE 20| oA AL, AVt GANAE P E B AFolnt
Gt T e O‘O*EJ—E# 5] B2 oA Aeigich. 24 o] Aele T4 512 oh 1, T2
% = A7 B R
1=}

3l =
spapobe] 25 ol whebd, 2T
wat sho]

—V# rlo

Al b F=A o o oﬁfﬂ, 2

ZgeetAor Hojd wiFe] SR A Fu] Afo]d
gt 5hu=, 2 H. Murakami2 235 2|4 Jones thal4]
GromovZo])2 43t Kashaev 9] K a] o Aot}

ot2 o}ito] A= Brittenham7} 3HRY, S22 O Fo)3] A Bujo] Aot} Lackenby-Agol-
Thurstono] ,JEH A4 (twist number) st gtﬂ 22 I SH5l= B A2 2185} A, Brittenham 2] 7 A

gol 42 53] (o] opd vl 39

2 )48 % 9o o A AL wouhEe] 4 Fui7} 10 §E 0] 218 142 2@t Dunfield
o] oAt fato] Ek. A, o] el REAS QAL Mok 2] BAS 2w gt

22 AFIAZY} F5o] G2 E A

7} B2 o] T 7R O] 2o A L =5 A7H=1H, Trivalent) Z1efj et FE2r}. QoA A7fj7t
A ATHA A S 2 APH S ol L ner dYd 4 lon s A7padZs fotE W
O] o] 2o A I gto] Qltt. 2k4=D2] VassilievaH=2] x]—_,_D 10] o}_,] BEwern} Ante Z7HS THX
ojgt WA A¥H vtz o] gdlster A4 4 Qv FFEH o] o] 3t A (E A,
weight system)gt 940 tf-§-3e}. whebA, Lie W-ri ﬂ—qﬁ 5 OUC FretE i ES 119 Lie ti+4

At A7E1 2o

F72 Q148 4 olth. A9 Lie ti40] 2%, Lieti5-5710] 742 2 ol
SINSAE L Teol 21 el AR ko] v Y N oz A .
FHAE Nt 07|11, o]t & Fo] X A7F L L 9] sing Al 7F NO| ookt & sinthet4lo] Hrt.
o] t}s}Al o] Brittenham @] 7 A<} W2 E .

Fol NEFGOl A5 A 4% B0 el Oof Bt o) Lol 4 a2 e 4
1k T Ao ) s A, A 7] o] ] Ah 4 55,1 ] 0 2 ] 1}
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Al, 291 35 AR AL Vdovinao] O3 71eF O] 182] 3 4F748}o] Alo] R 7 Fl ). Bacher-
Vdovma_J o SLof] whet, Euler 4~ —2 0|5} 9] 1'7]- 2z o] sinEA 9]
o zrele] Lefoh5 ) 4-0] A BEOE 3

rulo
nz
filo
e
%0,
o

23 FoHo A%

A7} Ao m0) 7} SRS F01 7 1 H EuleriEs: ] wr 1] o] Ao A & ALEFHTE. WA, sl
ZA B} WS Atk O, AVE A Gol B a1e] Lol A e 1 el o] Hr) 22
AXYE 0) A G Geh m ek A, S B A7 TeR I GO s E A Lol A 7€ AR EE ol gtol, A
A¥stelt. o] Axte] A, siyE A7t AAE vhatet, Lo o] 42 2w (7]2)) AT} 8 [St76)a 2
[Si92]01 7] o] B4-& A8l e} Kashaeve) F-7]of4f o] 2, 417112 2.2] §3 Adof 28] Vogel
o] tf 29} Bar-Natan¥H()] 433 ] (4-Color-Theorem) Stz #A7} 91k o] BA L A A7FA] 5
ahtoltt.

24 =Y
Alexander®] Aejo] whe}, 2 vj57} Te)g welo] Bl o tepd S9lth. gilo] Foi7l 5ol
we wolS o] uj5 o] Bl Al R et Foi7l uig o] elmA| o] M2 Theto] 42 o] ujEo] B4l
A4e}a g,

70 £04 F Shhe, Fol7l uiEel thad, S 4Ee 2He BEA] Fof o] HUL ZHe 4
& TFehe] 4%, BYA|5) 0] Felo] gl AL Selsh Aoltt. a2 Sof, o] WelmA| o] 9o,
9] 7% 30] cfj el 4 A% [S93], TSl 2|5 4o ol St [SE36)

2RO FYHA ] Ao, U5 30 oA A9 [5O3, QA 0 2 & 57} ik TS
o] w1 ] 3.0 2 Lpebd o, o] 8] o] €112 o] Seifert % 91 1=t} 4172 Rudolphe] A3}o] w2y,

L= Seifertdo] o]=|gt moFo 2 ypepdtt. ko] BAREAI9 o, B w7b 42 w(pos-
itive band)O]_L, SeifertZH o] H|AE40] (&, 23189 45 Ad 04 5}=) Aot} Hirasawa [HY|
o @2 djof) whet, o013l 2] 9] X[AF9] SeifertrH2 UEf U= i H w9 D EA|] (minimal
genus band representat1ons)7]— FHA7VHS (F, 1 189 ©AR4) 9] T Zof EX51A] IS T

gtk TEA|RE, 1 o= Wi} ko] w7} o,

Markove] A2/o] ufel, 22 B19) 5 $UL 21A1°) o150 2 F 5 slck A FY2 o) B
o|al, A1 E FA3 (H 9 o] 5= FetA s et gt} whetA], 017l 7Fe9] 4-9] ol Qe A, &Rl o]
= 4 9t} B1r1rnar1—MenascoL "’?}ﬂ%(exchange move)o| &,

Foj7l o] ]t wq)

[e]
u=
T L

2] A5 2ol T 231 917] o], 5] o] A4 A AWE LS 97} BAle] 9
tF. E95 19] iro] uhg o] A Ao|et Buiek (Alexander thghAlo] £ = —1 Bl te] Lho %)
& % AFo] olth. 1 A% Fo] o AL ol 207 AW 3 YR 7} o)A £A4 o] ok
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2.6 3449 F Thurston-Bennequin EHTF

Z| 2, M52 5249} 19] o Thurston-Bennequin 2H ko] (thah4] BT AFR3)L) A4t
Hof| tfafA] AFE Z3P5}7L it} Whitehead BUlE2] JAFSFA (quasipositivity) I 735t o] ARk

(strong quasipositivity) o] ¥HA|7} ST}

o, o

2 Lol A E x(L) 2L o] uj51% D o] writhe w(D), Seifert ¢ 2] 4= s(D) ]| ts}o] Bennequin
354 (L) > w(D) — s(D) 7} 4% 5H=¥, L o] Bennequin +5419] 5418 el 517 D &
7FA]®, L & Bennequin sharp 2t gttt L o] ufj52] Whitehead Hul 5 m, slice- E3{ A B 7}

© o] jump S-oko] T2 o] gato] ot 2] s APt
[Bennequin Sharpness Conjecture] L is Bennequin sharp <= L is strongly quasipositive.
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fe| ©
@)
ob]
c
@
el
i Mo
rE
ot
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ST
o HEFx 312]9] 79| qiFolrt. (¢ Aol tsiA= [St79], 3712 B4 o Hsir=
[St78]1A T8 Al 422 B¢ T/ 4= o] Heltt)

¢ Montesinos1 8] 9] 50|F FX]9 & o}
Burnsidew ¥} quandle © 2 8 4= Q)= Zl o]t
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character Gauss sum
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