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[Knot, (Regular) Knot diagram]

Def. We say that two knots K, and K, are equivalent, if there exists an

orientation—preserving homeomorphism of R* that maps K, to K,.
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Def. Braid group

Def. Reidemeister Moves

B,=< 01> %2 "% Oy | 6i0,=0;0; if [i—1=2
0;0;4+10;= 0;+10;0;+1

[Boozng1 B,, (closure of B= 4l
Def. Markov Moves ~
(M1) g~y ! where g »=B,
(M2) B~po,~RBo,! where peB,
Thm. (Markov) For g geB.,

B and g are equivalent & g~fg

2. Jones Polynomial via skein relation(Murasugi Chapter 11)
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Def. Jones Polynomial

(1) K : trivial knot = V()=1

(2) lt Vpe(D—tVp_(H= (J}__\/]?)Vpo(l‘)

3. R-matrix and braid represenation

o] A| braidZHH knot invariant® Q1A st} o] E 3] WA braidE vector space V
(over complex number)?] operator® 3]s} 1=} 3t}

R: VRV — VRV= ABZea braide] 7+ crossingel wiéte], o]Zlo] positive

crossing®l®  R&, negative crossingel® RS t&AZITh 22l B o] fAhE AAx
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Def. (R®Idv) : ([dV®R) * (R®[dv):([dv®R) : (R®Idv) : (]dV®R)%
Yang-Baxter equationo]2} @t} 183 o]  equationg WrEA]7]E isomorphism

R: VRV — VR V= R-matrixel A 2|3t}

10 0 0
@ amy2 oW g=|0 0 1‘_@8% Rmaticb At wa
00 0 1
10 0 0
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0~ 0 0
00 0 1

o)A R-matrix7t FO1A AT, dimV=Nol? SA ElW gepic operator 4T
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map& ¢: B UMN', O 2ol 4shA &

R;=IQ--QIQRK IQ---Q1
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¢(Giljldizj2."dikjk)=Ri1j1Ri2j2."Rikjk
o o] g5 et 1yl ¢i= group homomorphisme] ¥ T}
braid®] represenation& @SB E, ofA= O] ZH-E knot invariantE A= Wl il
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4. Markov trace and knot invariant(Wadati, M.,Akutsu, Y., Deguchi, T.)
K& #A43% ring (over O F#. ¥4 ¢: B, —> K’V B, yeB,CB.°l st
Ko =BT e
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T3k}
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A(Uz‘1®vz‘2®"®%)— Z f“ ]2 0;, Q& Ry, Rv; Q)= ZRA % v;, &,
S ol FA (2 g +i=j+5) 1Y tud A= Z f ok h Eek

i, 1,

1 %)

U1 Uy

P= 3 flh bl = frlooinfop grol Aeatat. 21U puce( A)=P+Q

i, b, .

7} #th



A A
| iR N
v U UV Uy
vy U1 ()
A A

j.—

vy Uy Uy Uy

el
trace( AG,)=(Rv} + R )P+ (R + BEDQ

7t ARYET oA RS 99 (ADAA U Aoz RFejahA =
0 't 00 0

1 0 0
R=|0 0 —Veo|_| 0 R} R 0
0 —Ve1=10| | 0 RY R 0

=

—_

o} o
tracel AG,)=P+(1—DQ+ Q

ok phab g o R AN

7F ¥

tracd AG, ) =P+(1-1)P+Q
& deth Aq7lelA Ao pooll tiato

trace( AG,) = ttrace( A),  trace AG, V)= ttrace( A)
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5. Jones polynomial via R-matrix
oAl A}€-3F p-matrixe] minimal polynomialg& 3] 2.2},
def{ R—A) =(A—1)*(A+d

°o|m =2 RS minimal polynomial (x—1)(x+)=2+(—1Dx—¢t Bt 5
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6. Application to obtain HOMPLY polynomial(Jones)
9o} 2 HHO R knot invariant® 9= I AL braidE FHo| ofd UhE
representd M= Ag&E ¢ Q. 1 £L dEF AHEY] YslA Jonesd =& Hecke
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algebra representations of braid groups and links polynomial®] W-&& A 4

D g, e gy T4 19 AEE p 29 ASE el A (O p R ) e d,
o] ghrolr, k+l=n—1°h:}) o] uf
”2 B, zl 1111fk+1gj Q— szkgjﬂ

o} o] gelgt.



g1, &, vy Guo1 | gg=gig; if li—A>2
Def. Hecke algebra H(qg, n)=< 8i8i+18i=8i+18&8i+1 =
£=(g—Dgtq

o] Aol 9sH braid group< Hecke algebrao] A~ A represent¥t}. 1

Hecke algebra: o}&l¢} 7+ Ocneanu’s Tracedt: 35 7FA L At}

Thm. ¢ Hasg zo st v5 A 7HA £21S WSA7]=  linear map
ir: OH(Q: n) — C7F T4stA A (o] A& Ocneanu's Tracedt F-Eth)
n=1
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2 mMD=1
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mxg;1>=ﬁ:gﬂ (0 for x=H(g, n)
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7. Enhanced Yang-Baxter equation(Turaev)
oko] 44do A $-8]E Yang-Baxter equations 953t FZ S p-matrixzt B A A}
AIRE 9lole] p—matrixol] tha] A knot invariant® F 528 ¢ A= AL ofyrh ¥
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o] 4l enhanced Yang-Baxter operator( g, #: V—=>V a, peCHe °tde + =4

Vi g

S et A% (R p o HOE AW
D 4@ VP - V7t (u®p) - R=R- (pnQu)E =3
2) Spy(R - (1@u) = af. Spo(R™" - (1Q) =a '

of A5 ATl UM WA A9 2AE} FAA 2AEL D A AvnA,
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8. Example(Murasugi, example 12.3.3)

vzt o 2 71 £ Q3 enhanced Yang-Baxter operator?] ol & AJlstH A AujuE o}
A 312} gk,

dim V=N N>2)2t F=}

(1) gtbrerd® RI=0olT.

2 m=atb=c+d TA. ol g—d=c—p0°1H 1@:2’2001‘4-
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3)  a—d=c—b20%0 A¥E AN p—a—d=c—bF FH, AAE ol i3]
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