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Introduction

Orientable surface

Eg . a genus g compact orientable surface with b boundary components.
The mapping class group of Eg is defined as

diffeo. . N
M(ZZ) ={f: Zg = Eg | 0r1.—pres.,f|82§ = id}/isotopy.
The Torelli group of Eg is defined as

Z(2h) = ker(M(Zh) — Aut(Hqi (X5 Z))).
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Introduction

Non-orientable surface

Ng : a genus g compact non-orientable surface with b boundary
components.
The mapping class group of Né’ is defined as

diffeo. . .
M(Ng) ={f: N;’ — Ng \ f]aNg = id}/isotopy.
The Torelli group of N? is defined as

I(N?) = ker(M(ND) — Aut(Hy (N} Z))).
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Introduction

Background

@ A generating set for I(E(g)) was found by Powell (1978).
@ A finite generating set for I(Eg) was found by Johnson (1983).
@ A generating set for Z(3%) was found by Putman (2007).
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Introduction

Background

@ A generating set for I(E(g)) was found by Powell (1978).
@ A finite generating set for I(Eg) was found by Johnson (1983).
@ A generating set for Z(3%) was found by Putman (2007).

Problem

© Find a generating set for I(N;’).
@ Can Z(NVY) be finitely generated?
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Introduction

Dehn twist

For a two sided simple closed curve ¢, the Dehn twist ¢, is defined as
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Introduction

Main result

Theorem (Hirose-K. (b = 0), K. (b > 1))
Forg>4andb >0, I(Ng) is normally generated by

o t,, tﬁtg,l,

o t5, by (1<i<b—1),

® to, ts; (1<i<j<b-—1)and
et (only if g =4).
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Main result

Theorem (Hirose-K. (b = 0), K. (b > 1))
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Main result

Theorem (Hirose-K. (b = 0), K. (b > 1))
Forg>4andb >0, I(Ng) is normally generated by

o t,, tﬁtg,l,

o ts5,t, (1<i<b—1),

® to, ts; (1<i<j<b-—1)and
et (only if g =4).
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The case of a closed surface

The case of a closed surface

Theorem (Hirose-K.)
For g > 4, I(Ng) is normally generated by

o ta, tgty and
oty (only if g =4).
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The case of a closed surface

The level 2 mapping class group of Ng is defined as
I'y(N}) = ker(M(N2) — Aut(Hi(N2; Z/27))).
The level-2 principal congruence subgroup of GL(n;Z) is defined as
I'y(n) = ker(GL(n; Z) — GL(n; Z/27)).
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The case of a closed surface

The level 2 mapping class group of Ng is defined as
I'y(N}) = ker(M(N2) — Aut(Hi(N2; Z/27))).
The level-2 principal congruence subgroup of GL(n;Z) is defined as
I'y(n) = ker(GL(n; Z) — GL(n; Z/27)).

We have the short exact sequence

1 — I(NJ) = Dy(Ny) = Ta(g— 1) — 1.
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The case of a closed surface

The level 2 mapping class group of Ng is defined as
I'y(N}) = ker(M(N2) — Aut(Hi(N2; Z/27))).
The level-2 principal congruence subgroup of GL(n;Z) is defined as
I'y(n) = ker(GL(n; Z) — GL(n; Z/27)).

We have the short exact sequence

1 — I(NJ) = Dy(Ny) = Ta(g— 1) — 1.

In general, if there is a short exact sequence
155G = (X |Y) 3 (¢(X) | 2) > 1,

then G is normally generated by {Z | ¢(2) € Z}.



The case of a closed surface

Crosscap slide

m : a one sided simple closed curve,

a : a two sided oriented simple closed curve,

(m and a are intersect transversely at only one point)
M : a regular neighborhood of m.

The crosscap slide Yy, 4 is defined as
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The case of a closed surface

Generating sets for FZ(NO)

For1 <4y <ig <--- <1 <g, o, is defined as
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The case of a closed surface

Generating sets for I'y(/V,)

For1 <4y <ig <--- <1 <g, o, is defined as

Theorem (Szepietowski (2013))
For g > 4, T'o(NY) is finitely generated by
Q@ Yoo, forl<i<g—1,1<j<gandi#j
2 . .
o L7 forl<i<j<k<l<g.
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The case of a closed surface

Generating sets for I'y(/V,)

For1 <4y <ig <--- <1 <g, o, is defined as

Theorem (Hirose-Sato (2014))
For g > 4, T'o(NY)) is minimally generated by
Q Yoo, for1<i<g-—1,1<j<gandi#j,

Q 2

1,5,k,1

forl<j<k<l<g.

Ryoma Kobayashi A normal generating set for I(Nf’)



The case of a closed surface

Presentations for I'y(n)
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The case of a closed surface

Presentations for I'y(n)

Theorem (cf. Fullarton (2014), K. (2015))

Forn > 1, T's(n) has a finite presentation with the generators E;; and Fj,
for 1 <i,7 <n with i # j, and with the relators

Q F?,

@ (Ey;Fy)?, (EyFy)?, (FiF)? (whenn > 2),

Q@ 0 [Ey, Eul, |Eij, Bxsl [Eij, Fel, [Eij, Eri] Ef; (whenn > 3),

@ (EjE; B EjxExEy')? fori < j <k (whenn > 3),

Q [Eij, Ex) (whenn > 4),

where 1 < i,j,k,1 < n are all different, [X,Y] = XY -1XY.
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The case of a closed surface

v - | Byl 1<i,j<g-1
Y F; 1<ij<g-1,j=g.
Then we have ['y(N}) 3 Yo, a,, — Yij € Ta(g — 1).

i J
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The case of a closed surface

v - ] Bijli 1<ij<g-1,
Y E lgz,jgg—l,]:g
Then we have I'y(NY) 5 Y, a,, — Yij € T2(g — 1).

Proposition

For g—12>1,T'3(g — 1) has a finite presentation with the generators Y;;
for1 <i<g-—1and1<j<gwithi=# j, and with the relators

Q VY forl<i<g-—landl1<j<y,
Q [Yi, Vi for 1 <i,j<g—land1 <k<yg,
Q [V, YY) for1<i,j<g—1land1<k<g,
Q [Vi;,Yu] for1<i,k<g—1and1<ji<g,
Q@ (Vi;YiYu) for1<i<g-—1landl1<jkli<g,
Q (Y;Yi;Yi;YjYiuYe)? for1 <i,j,k<g—1,
where [X,Y] = X 'Y ~'XY and i, j,k,l are all different.
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The case of a closed surface

For g > 4, T'y(NY) is generated by
Q Yoo, for1<i<g-1,1<j<gandi#j,
Q 2 forl<j<k<l<g.

1,5,k

I's(g — 1) is generated by Y;; and 7', and has the relators
Qo Yigforlgz'gg—landlgjgg,
Q [Yig, Vi for1<i,j<g-—land 1<k <y,
Q [Vi, YVl for 1 <i,j<g—-1land 1<k <y,
Q [V, Y] for1 <i,k<g—1land1<j 1<y,
Q@ (Vi;YiVu)* for 1<i<g-—1land1<j,kl<g,
Q (VY Vi YrYirYii)? for 1 <i,j,k < g—1,
@ Ty - (a product of Yj;'s).

(2 = Tykt)

Qi,j,k,1
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The case of a closed surface

For g > 4, T'y(NY) is generated by
Q Yoo, for1<i<g-1,1<j<gandi#j,
Q 2 forl<j<k<l<g.

1,5,k

I's(g — 1) is generated by Y;; and 7', and has the relators
Qo Yigforlgz'gg—landlgjgg,
Q [Yig, Vi for1<i,j<g-—land 1<k <y,
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Q [V, Y] for1 <i,k<g—1land1<j 1<y,
Q@ (Vi;YiVu)* for 1<i<g-—1land1<j,kl<g,
Q (VY Vi YrYirYii)? for 1 <i,j,k < g—1,
@ Ty - (a product of Yj;'s).

1— I(Ng) — FQ(Ng) —Ta(g—1) =1
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The case of a closed surface

N VA 2 — T .
Let Yahai,j - Yy and tai,j,k,l - TZ7J7k7l'

Corollary
For g >4, Z(Ny) is normally generated by followings in T'a(N{),
Q@ Yiforl<i<g—landl1<j<y,
Q[YM, k) for1<i,j<g—1landl1<k<g,
Q[Y;],Y G for1 <i<g—1land1<jk<yg,
Q [V, Yl for1<l yk<g—1land1<j 1<y,
9 (vi,;YiLY: ) forl1<i<g—1andl1<jklil<yg,
o (Yj;iYi;ij;J‘Yj;kn;kYk;i) forl<i,j,k<g-1
@ T, - (aproduct of Y.j's) for1 < j<k<l<g,

where i, 5, k, 1 are all different.

1 = I(N)) = To(NJ) = Ta(g—1) = 1
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The case of a closed surface

N VA 2 — T .
Let Yahai,j - Yy and tai,j,k,l - TZ7J7k7l'

Corollary
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where i, 5, k, 1 are all different.

(Z(Ng) < M(Ng), Z(Ng) <T2(Ng), T2(Ng) < M(N).)
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The case of a closed surface

N VA 2 — T .
Let Yahai,j - Yy and tai,j,k,l - TZ7J7k7l'

Corollary
For g > 4, I(Ng) is normally generated by followings in M(Ng)
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The case of a closed surface

N VA 2 — T .
Let Yahai,j - Yy and tai,j,k,l - TZ7J7k7l'

Corollary
For g >4, Z(Ny) is normally generated by followings in M(N}),
Q@ Yiforl<i<g—landl1<j<y,
Q[YM, k) for1<i,j<g—1landl1<k<g,
Q[Y;],Y G for1 <i<g—1land1<jk<yg,
Q [V, Yl for1<l yk<g—1land1<j 1<y,
9 (vi,;YiLY: ) forl1<i<g—1andl1<jklil<yg,
o (Yj;iYi;ij;J‘Yj;kY;;kYk;i) forl<i,j,k<g-1
@ T, - (aproduct of Y.j's) for1 < j<k<l<g,

where i, 5, k, 1 are all different.

We checked that these are products of conjugations of ¢, tgtg,l and t,.
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The case of a closed surface

We have
Theorem (Hirose-K. (2016))

For g >4, Z(NY) is normally generated by
@ t,, t/gtgll and
oty (only if g =4).
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The case of a surface with boundary

The case of a surface with boundary

Theorem (K.)
Forg>4andb>1, I(Ng) is normally generated by
o t,, tﬁtg,l,
oty ty (1<i<b—1),
® to, ts; (1<i<j<b-—1)and
et (only if g =4).

Ryoma Kobayashi A normal generating set for I(Nf’)



The case of a surface with boundary

The case of a surface with boundary

Theorem (K.)
Forg>4andb>1, I(Ng) is normally generated by
o t,, tﬁtg,l,
oty ty (1<i<b—1),
® to, ts; (1<i<j<b-—1)and
et (only if g =4).

a® R-RVO @ @ @

Ryoma Kobayashi A normal generating set for I(Nf’)



The case of a surface with boundary

The case of a surface with boundary

Theorem (K.)
Forg>4andb>1, I(Ng) is normally generated by

® to, oty

oty ty (1<i<b—1),

® to, ts; (1<i<j<b-—1)and
et (only if g =4).

Ryoma Kobayashi A normal generating set for I(Nf’)



The case of a surface with boundary

The case of a surface with boundary

Theorem (K.)
Forg>4andb>1, I(Ng) is normally generated by
o t,, tﬁtg,l,
o t5, bty (1<i<b—1),
® to, ts; (1<i<j<b-—1)and
et (only if g =4).

0

RRARR R O@ O - ©

i

Ryoma Kobayashi A normal generating set for I(Nf’)



The case of a surface with boundary

The case of a surface with boundary
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The case of a surface with boundary

Theorem (K.)
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The case of a surface with boundary

Capping homomorphisms

* € Né’_l : a point in the interior of Né’_l.

M(N)™ %) = Diff (N1, ON) ™" U {x}) /isotopy
We can regard Né’ as a subsurface of Ng_l not containing *, by the
natural embedding Ny < NP~
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The case of a surface with boundary

Capping homomorphisms

* € Ng_l : a point in the interior of N;’_l.

M(N)™ %) = Diff (N1, ON) ™" U {x}) /isotopy
We can regard Né’ as a subsurface of Ng_l not containing *, by the
natural embedding Ny < NP~
capping @
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Capping homomorphisms
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The case of a surface with boundary

Capping homomorphisms

* € Né’_l : a point in the interior of Né’_l.

M(N)™ %) = Diff (N1, ON) ™" U {x}) /isotopy
We can regard Né’ as a subsurface of Ng_l not containing *, by the

natural embedding Ny < NP~
The capping homomorphism is

b . b b—
Co: M(NJ) — M(NJ, %)
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The case of a surface with boundary

Capping homomorphisms

* € Ng_l : a point in the interior of N;’_l.

M(N)™ %) = Diff (N1, ON) ™" U {x}) /isotopy
We can regard Né’ as a subsurface of Ng_l not containing *, by the

natural embedding Ny < NP~
The capping homomorphism is

b . b b—
Co: M(NJ) — M(NJ, %)

b .
o kerCy is generated by &5, .

° kerCZ|I(N5) is generated by ts,.

° Cg and CS|Z(N_3;) are not surjective.
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The case of a surface with boundary

Pushing and Forgetful homomorphisms

° 773_1 : Fl(Ng_l, %) — M(Ng_l, %) : the pushing homomorphism.
° ]_—3—1 : M(N;’_l, %) — M(Né’_l) : the forgetful homomorphism.
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The case of a surface with boundary

Pushing and Forgetful homomorphisms

° Pg_l : ﬂl(Nf;_l,*) — M(Né’_l, x) : the pushing homomorphism.
° ]_—3—1 : M(N;’_l, %) — M(Né’_l) : the forgetful homomorphism.
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The case of a surface with boundary

Pushing and Forgetful homomorphisms

° 773_1 : Fl(Ng_l, %) — M(Ng_l, %) : the pushing homomorphism.
° ]—"é’*l :M(Né’*l,*) — M(Né’*l) . the forgetful homomorphism.

Diff(N) ™, ONI™ 1 U {+}) — Diff (N} 1, ONS ™)
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The case of a surface with boundary

Pushing and Forgetful homomorphisms

° 773_1 : Fl(Ng_l, %) — M(Ng_l, %) : the pushing homomorphism.
° ]_—3—1 : M(N;’_l, %) — M(Né’_l) : the forgetful homomorphism.

Remark
We have short exact sequences

b—1 b—1
Pg ‘Fg

M(Ng, %)

)

T (NP1 %) — I(Ng—l, *)

MY — 1,

— I(N)YH — L

T(NP1 %) = ker(M(N271 ) — Aut(H1(N§; Z)))

Ryoma Kobayashi

A normal generating set for I(Nf)




The case of a surface with boundary

By the short exact sequence
1— kerCé’|Z(Ng) — I(Né’) — C;’(I(N;’)) — 1,

Z(NY) is normally generated by
o lifts of normal generators of CJ(Z(N})) in C5(M(N})) and

° kerC2|I(N3).
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The case of a surface with boundary

By the short exact sequence
1— kerCf]’|Z(Ng) — I(Né’) — C;’(I(N;’)) — 1,

Z(NY) is normally generated by
o lifts of normal generators of C3(Z(N})) in CL(M(N})) and

° kerC2|I(N5).
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The case of a surface with boundary

By the short exact sequence
1— kerCé’|Z(Ng) — I(Né’) — C;’(I(N;’)) — 1,

Z(NY) is normally generated by
o lifts of normal generators of CJ(Z(N})) in C5(M(N})) and
® is,.
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The case of a surface with boundary

x;, y; : the generators of 771(]\75—1, %).
p (NSt %) = m (NG, %) : the projection (w/ p(z;) = i, p(y;) = 1).

For z € m (N}, ) we can denote p(x) = afla52 - 25 (ep = £1).

it
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The case of a surface with boundary

x;, y; : the generators of 771(]\75—1, %).
p (NSt %) = m (NG, %) : the projection (w/ p(z;) = i, p(y;) = 1).

For z € m (N}, ) we can denote p(x) = afla52 - 25 (ep = £1).
O;(z) tlizk—1 | dok—1 = i},
Ei(x) = tiok | 2 = i},
Y = {zem(N)'#) | Oix) = Ei(z),1<i < g}
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The case of a surface with boundary

x;, y; : the generators of 771(]\75—1, %).
p (NSt %) = m (NG, %) : the projection (w/ p(z;) = i, p(y;) = 1).

For z € w1 (NP1 %) we can denote p(z) = =gyl gt (e = £1).
g Ut

(z) Hiok—1 | d2r—1 = i},
Ei(x) = #{iok | iox = i},
Flg’_l = {z¢€ Fl(Ng_l, %) | Oi(z) = Ei(x),1 <i<g}

T = T1Y2T2T3 y5y1 331902 l?/4$31 = p(z)

O1(z) = Er(z )—1 Oz(z) = E(x) =1, O3(z) = E3(z) =1,
Oi(z) = Ei(z) = 0 (i > 4).

«»1:61“2—1.

—
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The case of a surface with boundary

xj, y;j : the generators of 771(]\73_1, *).
p (NSt %) = m (NG, %) : the projection (w/ p(z;) = i, p(y;) = 1).
For z € m (N}, ) we can denote p(x) = afla52 - 25 (ep = £1).

(z) Hiok—1 | d2r—1 = i},
Ei(x) = #{iok | iox = i},
Flg’_l = {z¢€ Fl(Ng_l, %) | Oi(z) = Ei(x),1 <i<g}

1

T = T1yaTamy Ysyy 1Ty Yios )

Ol(ZL‘) = El(x) = 1, OQ(ZL‘) = E2($) = 1, 03(1‘) = E3($) = 1,
Oi(z) = Ei(x) =0 (i > 4).

~ T € Fg_l.
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The case of a surface with boundary

x;, y; : the generators of 771(]\75—1, %).
p (NSt %) = m (NG, %) : the projection (w/ p(z;) = i, p(y;) = 1).

For z € w1 (NP1 %) we can denote p(z) = =gyl gt (e = £1).
g Ut

(z) Hiok—1 | d2r—1 = i},
Ei(x) = #{iok | iox = i},
Flg’_l = {z¢€ Fl(Ng_l, %) | Oi(z) = Ei(x),1 <i<g}

T = T1Y2T2T3 y5y1 331902 l?/4$31 = p(z)

O1(z) = E1(x) =1, Oz(z) = Ea(z) = 1, O3(x) = E3(z) = 1,
Oi(z) = Ei(z) = 0 (i > 4).

~ T € Fg_l.

—
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The case of a surface with boundary

x;, y; : the generators of 771(]\75—1, %).
p (NSt %) = m (NG, %) : the projection (w/ p(z;) = i, p(y;) = 1).

For z € w1 (NP1 %) we can denote p(z) = =gyl gt (e = £1).
g Ut

(z) Hiok—1 | d2r—1 = i},
Ei(x) = #{iok | iox = i},
Flg’_l = {z¢€ Fl(Ng_l, %) | Oi(z) = Ei(x),1 <i<g}

T = T1Y2T2T3 y5y1 331902 l?/4$31 = p(z)

O1(z) = E1(x) =1, Oz(z) = Ea(z) = 1, O3(x) = E3(z) = 1,
Oi(z) = Ei(z) = 0 (i > 4).

~ T € Fg_l.

—
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The case of a surface with boundary

x;, y; : the generators of 771(]\75—1, %).
p (NSt %) = m (NG, %) : the projection (w/ p(z;) = i, p(y;) = 1).

For z € w1 (NP1 %) we can denote p(z) = =gyl gt (e = £1).
g Ut

(z) Hiok—1 | d2r—1 = i},
Ei(x) = #{iok | iox = i},
Flg’_l = {z¢€ Fl(Ng_l, %) | Oi(z) = Ei(x),1 <i<g}

T = T1Y2T2x3 y5y1 331902 l?/4$31 = p()

O1(z) = E1(x) =1, Oz(z) = E2(x) = 1, Os(z) = E3(x) = 1,
Oi(z) = Ei(z) = 0 (i > 4).

«»1:61“2—1.

—
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The case of a surface with boundary

x;, y; : the generators of 771(]\75—1, %).
p (NSt %) = m (NG, %) : the projection (w/ p(z;) = i, p(y;) = 1).

For z € w1 (NP1 %) we can denote p(z) = =gyl gt (e = £1).
g Ut

(z) Hiok—1 | d2r—1 = i},
Ei(x) = #{iok | iox = i},
Flg’_l = {z¢€ Fl(Ng_l, %) | Oi(z) = Ei(x),1 <i<g}

T = T1Y2T2x3 y5y1 331902 l?/4$31 = p()

O1(z) = E1(x) =1, Oz(z) = E2(x) = 1, Os(z) = E3(x) = 1,
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«»1:61“2—1.

—
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The case of a surface with boundary

x;, y; : the generators of 771(]\75—1, %).
p (NSt %) = m (NG, %) : the projection (w/ p(z;) = i, p(y;) = 1).

For z € w1 (NP1 %) we can denote p(z) = =gyl gt (e = £1).
g Ut

(z) Hiok—1 | d2r—1 = i},
Ei(x) = #{iok | iox = i},
Flg’_l = {z¢€ Fl(Ng_l, %) | Oi(z) = Ei(x),1 <i<g}

T = T1Y2T2T3 y5y1 331902 l?/4$31 = p(z)

O1(z) = Er(z )—1 Oz(z) = E(x) =1, O3(z) = E3(z) =1,
Oi(z) = Ei(z) = 0 (i > 4).

«»1:61“2—1.

—
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The case of a surface with boundary

Proposition
Q@ FLH(CUT(ND))) =Z(NE™H).
Q@ ker(CH(Z(ND)) — I(NL™1)) = P5—1(Tb—1).
Q@ P, 1(T'o1) is the normal closure of Py~ (22), Pb~1(y;) and

g

Pg_l(ﬂ?gijg_l) (1<j<b-1)in CS(M(N;)))

g
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The case of a surface with boundary

Proposition
© FU-(CET(ND) = I(NE).
Q@ ker(CH(Z(ND)) — I(NL™1)) = P5—1(Tb—1).
Q@ P, 1(T'o1) is the normal closure of Py~ (22), Pb~1(y;) and

g) g
Pg_l(ﬂ?gijg_l) (1<j<b-1)in CS(M(N;)))
b b—1 3y b-1
M(Ng) £ M(Ng ) M(Ng )
U U .
IND)  CHEON) - I(NP)
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The case of a surface with boundary

Proposition
Q@ FLH(CUT(ND))) =Z(NE™H).
@ ker(CH(Z(ND)) — Z(Ny~Y)) = Ph-H(T51).
Q@ P, 1(T'o1) is the normal closure of Py~ (22), Pb~1(y;) and

g g
P (agyjayt) (1< j <b—1)in CLM(ND)).
Pb71 bel
Wl(Ng_l,*) KN I(Ng_l,*) 2y I(Né’_l) — 1
@] U
b—1 Pel b b Fa! b—1
T (NP1, %) Chz(NY)) L Z(NPh) 1
U U
b—1 b—1 (b—1
r Py NIy
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The case of a surface with boundary

Proposition

@ 7 HCHETING) = T(Ng™).
@ ker(CH(Z(ND)) — Z(N™Y)) = Ph(T5 ).
@ P, '(I'%~1) is the normal closure of Py~ (22), Pb~!(y;) and

) g

Pr(zgyjagt) (1< j<b—1)in CLM(ND)).
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The case of a surface with boundary

Proposition
Q@ FLH(CUT(ND))) =Z(NE™H).
Q@ ker(CH(Z(ND)) — I(NL™1)) = P5—1(Tb—1).
Q@ P, 1(T'o1) is the normal closure of Py~ (22), Pb~1(y;) and

g g
Py (wgyjzy ') (1 <j <b—1)in CoM(NY)).
b—1 Pyt b—1 Fy! b—1
TNy~ %) = M(N,™H %) T M(N,T) = 1
U U U
ro-t - CYIZ(N)) — IWNYYH =1
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Proposition

Q@ FLH(CUT(ND))) =Z(NE™H).

Q@ ker(CH(Z(ND)) — I(NL™1)) = P5—1(Tb—1).

Q@ P, 1(T'o1) is the normal closure of Py~ (22), Pb~1(y;) and
Py agyjey ) (1<j <b—1)inCHM(N])).

v
Corollary

CH(Z(ND)) is normally generated by Py (x2), PY~ (y;), Py (zgy;z,")
(1 <j<b-1)and lifts by ]:;’_1 of normal generators ofI(Ng_l), in
CHM(ND)).
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The case of a surface with boundary

Z(N?) is normally generated by
@ ts5, and
e lifts by CS of normal generators of CS(I(N;’)).
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The case of a surface with boundary

Z(N?) is normally generated by
@ ts5, and
o lifts by C} of
o BT (2), P ), P ) (155 < 1) ane
o lifts by 7.~! of normal generators of Z(N)™1).
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The case of a surface with boundary

Z(N?) is normally generated by

@ 15 and

o lifts by C;’ of
o P (a2), PE ), PE ) (1< < b 1) and
o lifts by 7.~! of normal generators of Z(N)™1).
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The case of a surface with boundary

Z(N?) is normally generated by

@ ts5, and
o lifts by C} of

o Ph(al), Ph M yy), P Hagyjz, ') (1<j<b—1)and
o lifts by 7.~! of normal generators of Z(N)™1).
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The case of a surface with boundary

Z(N?) is normally generated by

@ ts5, and
o lifts by Cb of

° PS”( 2 Py i), Py Hagyjegt) (1< j <b—1)and
o lifts by ]—"3 ! of normal generators of I(N)™Y).
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The case of a surface with boundary

Z(N?) is normally generated by

@ ts5, and
o lifts by Cb of

o PIa2), P (), P (e (1S5 <6 1) and
o lifts by ]—"b r? of normal generators of I(N)™Y).
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The case of a surface with boundary

Z(N?) is normally generated by
® i, Loy, Loy Loy, and

o lifts by ]:3_1 o Cg of normal generators of I(Ng_l).
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The case of a surface with boundary

Theorem (Hirose-K.)

For g > 4, Z(NJ) is normally generated by to, tgtg,l (and t,).

Ryoma Kobayashi A normal generating set for I(ANf’)



The case of a surface with boundary

Theorem (Hirose-K.)

For g > 4, Z(NJ) is normally generated by to, tgtg,l (and t,).

Z(Ny) is normally generated by tq, tgtgll, ts,, tp, (and t,).
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The case of a surface with boundary

Theorem (Hirose-K.)
For g > 4, Z(NJ) is normally generated by to, tgtg,l (and t,).

Z(Ny) is normally generated by tq, tgtgll, ts,, tp, (and to).

I(Ng) is normally generated by ta, tgty,', ts,, tpr, sy, Ly, oy Loy, (and
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The case of a surface with boundary

Theorem (Hirose-K.)
For g > 4, Z(NJ) is normally generated by to, tgtg,l (and t,).

Z(Ny) is normally generated by tq, tgtgll, ts,, tp, (and to).

I(Ng) is normally generated by ta, tgtg,', ts,, tpr, sy, tpy: tors tay, (and
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The case of a surface with boundary

Theorem (Hirose-K.)

For g > 4, Z(NJ) is normally generated by to, tgt/g,l (and t,).

Z(Ny) is normally generated by tq, tgt/;,l, ts,, tp, (and to).

I(NZ) is normally generated by ta, taty,', ts,, tp, toss tpss tors tar, (and
t).

Theorem (K.)
Forg>4andb>1, Z(Ng) is normally generated by

o t,, tﬁtg,l,

o t5, by, (1<i<b)

o, tsy; (1<i<j<b)and
et (only if g =4).
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The case of a surface with boundary

Theorem (Hirose-K.)

For g > 4, Z(NJ) is normally generated by to, tgt/g,l (and t,).

Z(Ny) is normally generated by tq, tgt/;,l, ts,, tp, (and to).

I(NZ) is normally generated by ta, taty,', ts,, tp, toss tpss tors tar, (and
t).

Theorem (K.)
Forg>4andb>1, Z(Ng) is normally generated by

o t,, tﬁtg,l,

o ts, by, (1<i<b—1),

° to,, ts,; (1<i<j<b-1)and
et (only if g =4).
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Thank you for your attention!
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