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An infinite presentation for the mapping class group
of a nonorientable surface

GENKI OMORI

We give an infinite presentation for the mapping class group of a nonorientable
surface. The generating set consists of all Dehn twists and all crosscap pushing maps
along simple loops.

57MO05, 57M07, 57M20

1 Introduction

Let X4 , be a compact connected orientable surface of genus g >0 with n > 0 boundary
components. The mapping class group M(Xg ) of X4, is the group of isotopy
classes of orientation-preserving self-diffeomorphisms on X, ,, fixing the boundary
pointwise. A finite presentation for M(Xg ,) was given by Hatcher and Thurston [6],
Wajnryb [16], Harer [5], Gervais [4] and Labruere and Paris [9]. Gervais [3] obtained an
infinite presentation for M(Xg ) by using Wajnryb’s finite presentation for M(Xg ,),
and Luo [11] rewrote Gervais’ presentation into a simpler infinite presentation; see
Theorem 2.5.

Let Ng , be a compact connected nonorientable surface of genus ¢ > 1 with n > 0
boundary components. The surface Ng = Ny o is a connected sum of g real projective
planes. The mapping class group M(Ng,,) of Ng , is the group of isotopy classes
of self-diffeomorphisms on Ng , fixing the boundary pointwise. For ¢ > 2 and
n € {0, 1}, a finite presentation for M(Ny ,) was given by Lickorish [10], Birman and
Chillingworth [1], Stukow [13] and Paris and Szepietowski [12]. Note that M (V) and
M(Ny,1) are trivial (see [2, Theorem 3.4]) and M(N,) is finite (see [10, Lemma 5]).
Stukow [14] rewrote the Paris—Szepietowski presentation into a finite presentation with
Dehn twists and a “Y-homeomorphism” as generators; see Theorem 2.11.

In this paper, we give a simple infinite presentation for M(Ng ;) (Theorem 3.1) when
g > 1 and n € {0, 1}. The generating set consists of all Dehn twists and all “crosscap
pushing maps” along simple loops. We review the crosscap pushing map in Section 2.
We prove Theorem 3.1 by applying Gervais’ argument to Stukow’s finite presentation.
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2 Preliminaries

2.1 Relations among Dehn twists and Gervais’ presentation

Let S be either N, , or X, ,. We denote by Ng(A4) a regular neighborhood of a
subset A in S. For every simple closed curve ¢ on .S, we choose an orientation of ¢
and fix it throughout this paper. However, for simple closed curves ¢y and ¢, on §
and f € M(S), by f(c1) =c, we mean f(c;) is isotopic to ¢, or the inverse curve
of ¢,. If S is a nonorientable surface, we also fix an orientation of Ng(c) for each
two-sided simple closed curve c¢. For a two-sided simple closed curve ¢ on S, denote
by ¢, the right-handed Dehn twist along ¢ on S. In particular, for a given explicit
two-sided simple closed curve, an arrow on a side of the simple closed curve indicates
the direction of the Dehn twist; see Figure 1.

Figure 1: The right-handed Dehn twist ¢, along a two-sided simple closed
curve ¢ on S

Recall the following relations on M(S) among Dehn twists along two-sided simple
closed curves on S'.

Lemma 2.1 For a two-sided simple closed curve ¢ on S which bounds a disk or a
Mobius band in S, we have t, = 1 on M(S).

Lemma 2.2 (the braid relation (i)) For a two-sided simple closed curve ¢ on S and
f e M(S), we have
Ef(c) _ -1
‘o = 1S
where 7y = 1 if the restriction f'|y¢(): Ns(c) — Ns(f(c)) is orientation-preserv-
ing and ef () = —1 if the restriction is orientation-reversing.

When f in Lemma 2.2 is a Dehn twist ¢; along a two-sided simple closed curve d
and the geometric intersection number |c¢ Nd| of ¢ and d is m, we denote by Ty, the
braid relation.

Let ¢y, ¢y, ..., ci be two-sided simple closed curves on S. The sequence ¢y, ¢, ..., Ck
of simple closed curves on S isa k—chainon S if ¢y, ¢z, ..., ¢y satisfy |[c;Ncipq| =1
foreachi =1,2,...,k—1and |¢; Ncj| =0 for |j —i| > 1.

Algebraic € Geometric Topology, Volume 17 (2017)



An infinite presentation for the mapping class group of a nonorientable surface 421

Figure 2: Simple closed curves 813, 823, 813,61, 62,83 and 64 on 2

Lemma 2.3 (the k—chain relation) Let c¢{,ca,...,c, be a k—chainon S, and let §;
and 6, (resp. 8) be distinct boundary components (resp. the boundary component) of
Ns(ciUcy U---Ucg) when k is odd (resp. even). Then we have

(ZSqtst a(k)k—i-l t861¢582  when k is odd
81 ‘6o ’

(RN SRR )R+ = g when k is even,
& & £ & €
Where &c;, cys .-+ Ecys €8, €85, €5 €41, —1}, and 1 18, L 18k, 1881 t852 andt

are right-handed Dehn twists for some orientation of Ns(ciUc U---U ck)

Lemma 2.4 (the lantern relation) Let X be a subsurface of S which is diffeomorphic

to Xo.4, and let §5,823,813,81,682,03 and 84 be simple closed curves on X as in

Figure 2. Then we have
18512[88321 tb,ssn = 1851 t§32 t853t§84

where €5,,,85,5. 8,5+ €8, €8, €55 and s, are 1 or —1, and l§512 15823 15513 l;fl
zgﬁz zbﬁz and 58 £84 are right-handed Dehn twists for some orientation of 2.

Luo’s presentation for M(Zg ,), an improvement of Gervais’, is as follows.

Theorem 2.5 [3; 11] For g > 0 and n > 0, we have a presentation for M(Xg )
with generators {t. | ¢ : scc (simple closed curve) on g ,} and relations

(0") tc =1 when ¢ bounds a disk in Xg p,
(I’) all the braid relations Ty and Ty,
(IT) all the 2—chain relations,

(IIT)  all the lantern relations.
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2.2 Relations among the crosscap pushing maps and Dehn twists

Let p be a one-sided simple closed curve on Ny , and o a simple closed curve on Ng 5,
such that i and « intersect transversely at one point. Recall that « is oriented. For
these simple closed curves p and «, we denote by Y, o a self-diffeomorphism on Ny
which is described as the result of pushing the Mébius band Ny, , (@) once along «.
We call Y, o a crosscap pushing map. In particular, if « is two-sided, we call ¥, o a
Y-homeomorphism (or crosscap slide), where a crosscap means a Mobius band in the
interior of a surface. The Y-homeomorphism was originally defined by Lickorish [10].
We have the following fundamental relation on M(Ng ,), which we also call the
braid relation.

Lemma 2.6 (the braid relation (ii)) Let u be a one-sided simple closed curve on Ng 5,
and a a simple closed curve on Ng , such that i and « intersect transversely at one
point. For f € M(Ng ), we have

Ef (@) _ —1
Y. pe = /Y

where ef(y) = 1 if the fixed orientation of f (o) coincides with that induced by the
orientation of «, and ¢,y = —1 otherwise.

We describe crosscap pushing maps from a different point of view. Let e: D" < int S
be a smooth embedding of the unit disk D’ C C, let D := e(D’), and let S’ be the
surface obtained from S —int D by the identification of antipodal points of dD. We
call the manipulation that gives S’ from S the blowup of S on D. Note that the image
M C S’ of Ng_inp(0D) C S —int D with respect to the blowup of S on D is a
crosscap. Conversely, the blowdown of S” on M is the following manipulation that
gives S from S’. We paste a disk on the boundary obtained by cutting S along the
center line p of M. The blowdown of S’ on M is the inverse manipulation of the
blowup of S on D.

Let v be a one-sided simple closed curve on Ng , and let S be the surface which is
obtained from Ny , by the blowdown of Ng , on Ny, , (). Note that S is diffeomor-
phic to Ng_y, or Xy , for g =2h + 1. Denote by x,, the center point of a disk D,
that is pasted on the boundary obtained by cutting S along p. Let e: D' < D, C S
be a smooth embedding of the unit disk D’ C C to S such that D, = e(D') and
e(0) = x;. Let M(S, xyu) be the group of isotopy classes of self-diffeomorphisms
on S fixing the boundary 9S and the point Xy, where isotopies also fix the boundary
9S and Xy . Then we have the blowup homomorphism

Ou: M(S, Xp) = M(Ng.n)
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that is defined as follows. For # € M(S, Xyu), we take a representative 4’ of 4 which
satisfies either of the following conditions: (a) /|p,, is the identity map on Dy, , or
(b) h'(x) = e(e=1(x)) for x € D, where e~!(x) is the complex conjugation of
e 1(x) € C. Such /' is compatible with the blowup of S on D, ; thus ¢, (h) €
M(Ng ) is induced and well defined; cf [15, Subsection 2.3].

The point pushing map
Jxu: 7r1(§,xM) — M(g,xu)

is a homomorphism that is defined as follows. For y € m1(S ,Xy), we describe
Jx.(¥) € M(S, xy) as the result of pushing the point x,, once along y. The point
pushing map comes from the Birman exact sequence. Note that for y;, y, € 71 (S, Xu),
y1Y2 means y1y2(t) = y2(2t) for 0 <t < % and y1y,(t) = y1(2t — 1) for % <t<lI.

Following Szepietowski [15], we define the composition of the homomorphisms:

Vxy "= Pu© jx,: ”l(g’xu) — M(Ng.n)-

For each closed curve @ on Ny , which transversely intersects with p at one point,
we take a loop & on S based at Xy, such that & has no self-intersection points on D),
and o is the image of & with respect to the blowup of S on Dy . If a is simple, we
take o as a simple loop. The next two lemmas follow from the description of the point
pushing map; see [8, Lemmas 2.2, 2.3].

Lemma 2.7 For a simple closed curve a on Ng , which transversely intersects with a
one-sided simple closed curve . on Ng , at one point, we have

qu (&) = Yu,a-

Lemma 2.8 For a one-sided simple closed curve a on Ng, which transversely
intersects with a one-sided simple closed curve 1 on Ng , at one point, we take Ng (@)
such that the interior of N5(&) contains Dy. Suppose that §; and &, are distinct
boundary components of Ng(a), and §; and 8, are two-sided simple closed curves
on Ng, which are images of 81 and 8, with respect to the blowup of S on Dy,
respectively. Then we have

Yia= tgfl t58§2,

where €5, and ¢g, are 1 or —1, depending on the orientations of o, NNM (81) and
NN, ,(82) ; see Figure 3.

By definition of the homomorphism ¥, and Lemma 2.7, we have the following lemma.
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Figure 3: If the orientations of &, N, ,(81) and N, ,(82) are as above,
then we have Y, o = 5,15, !. The ®-mark means that antipodal points
of 0D, are identified.

. . . . 2 _
Figure 4: If the orientations of « and Ny, ,(8) are as above, then Y7 , = 1s,.

Lemma 2.9 Leta and B be simple closed curves on Ng , which transversely intersect
with a one-sided simple closed curve @ on Ngp at one point each. Suppose the
product &B of @ and B in 71 (S, Xy,) is represented by a simple loop on S, and af
is a simple closed curve on Ng , which is the image of the representative of & B with
respect to the blowup of S on D,,. Then we have

Y,U,,(XB = Yu"a Y/,L,ﬂ
Finally, we recall the following relation between a Dehn twist and a Y-homeomorphism.

Lemma 2.10 Let o be a two-sided simple closed curve on Ng , which transversely
intersects with a one-sided simple closed curve . on Ng , at one point, and let § be
the boundary of Ny, , (o U ). Then we have

where ¢ is 1 or —1, depending on the orientations of o and Ny, , (8); see Figure 4.
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Dg+1
1 i1 i ik g
Figure 5. Simple closed curve y;, i5,....i,, On Ng p
== Deg+1

>

(.‘-“

Figure 6: Simple closed curves oy, ..., ag—1, and p; on Ny,

oq

m p
’0’”’0 0’0‘7‘3,

Lemma 2.10 follows from relations in Lemmas 2.1, 2.8 and 2.9.

2.3 Stukow’s finite presentation for M (/Ng ,)

Let ¢;: D' < Xo for i = 1,2,...,g + 1 be smooth embeddings of the unit disk
D' C C to a 2—sphere X such that D; := ¢;(D’) and D; are disjoint for distinct
1 <i,j < g+ 1. Then we take a model of Ng (resp. N, 1) as the surface obtained
from X (resp. Xo —int Dgy 1) by the blowups on Dy,..., Dy and we describe the
identification of dD; by the ® —mark as in Figures 5 and 6. When n € {0, 1}, for
1 <iy<ip<---<ix <g,let yi i, be the simple closed curve on Ng, as in
Figure 5. Then we define the simple closed curves «; :=y; ;4 fori =1,...,g—1,
B = y1,2,3,4 and p; := y; (see Figure 6), and the mapping classes a; := #y; for
i=1,...,g—1, b:=tg and y := Yy, o . Then the following finite presenta-
tion for M(Ng ) is obtained by Lickorish [10] for (g,n) = (2, 0), Stukow [13] for
(g,n) = (2,1), Birman and Chillingworth [1] for (g,n) = (3, 0) and Theorem 3.1 and
Proposition 3.3 in [14] for the other (g, #n) such that g > 3 and n € {0, 1}.

Theorem 2.11 [10; 1; 13; 14] For (g,n) = (2,0), (2,1) and (3,0), we have the
following presentation for M(Ng p):
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M(Ny) =(ar,y|lai=y*=(a1y)* = 1) =L, ® Ly,
M(Npy) = a1,y | yary~ ' =ai'),

M(N3) = (ay,az, y | araza) = azaraz, y* = (a1y)* = (a23)* = (a1a2)® = 1).

If g>4 andn €{0,1} or (g,n) = (3,1), then M(Ng, ) admits a presentation with

generators ay,...,dg—1,y, and b for g > 4. Writing [x1, X3] = x1xx]

1,.-1
X5 , the

defining relations are

(AD)
(A2)
(A3)
(A4)
(AS)
(A6)
(A7a)
(A7b)

(B1)
(B2)
(B3)
(B4)
(BS)
(B6)
(B7)
(B8)

(CI)
(C2)

(C3)
(C4)

lai,aj]=1forg>4and |i —j|>1,

ajdijy1a; = ajy1aiaiyq fori =1,...,g—-2,

[a;,b]=1forg >4 andi #4,

asbag = baysb forg =5,

(arazash)'® = (ayara3ash)® for g > 5,

(arazasasaeh)'? = (ayarazasasagh)® for g > 17,

[by,b]=1 for g =6,

[ag—5.b(g—2)/2] = 1 for g > 8 even, where by = ay, by = b and

bit1=(bi—1a2ia2i41a2i+202i+3b;)° (bi—1a2ia2i41a2i+202i+3) "¢ for 1 <
i<(g—4)/2,

-1 ,—
y(a2a3a1a2yaz a,
1

1 1

—1,—-1y _ -1,-1,—-1,—1
aylay!) = (azasarazyaytaylay ay )y for g > 4,

y(azay~'ay yaraz)y = ay(azary~'ay yayaz)ay,
[a;j,y]=1forg>=4andi =3,...,g—1,
ar(yazy™") = (yazy~Ha,

yay =a7ly,

byby~'=(ajazaz(y~!

lal_l)(a?a? (yazy_l)a3a2) for g >4,

1

azy)agla;

—1,—1, —1,~1,—1,—1_—1_—1
[(asasazasazazayazyay ay ay a, ay ay as a, ),b]=1 forg>6,

((yal_laglaglazl)b(a4a3a2a1y_1))((al_laglaglazl)b_l(a4a3a2a1))

= ((a3'ayay Y y(azasas)) (a3 ay vy azas)(ay  yas)y™! for g =5,
(araz---ag_1)8 =1 forg>4evenandn =0,
[ai,p] =1 for g >4 and n =0, where p = (ayay---ag_1)¢ for g odd and
p=" !
p>=1forg>4andn=0,
1

arasz---dg—1ydrds ._,ag_l)(g—z)/zy— aas---dg—q for g even,

(y azaz---ag_1yazas ---ag_l)(g_l)/2 =1forg>4oddandn=0.
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3 Presentation for M(N,,,)

The main theorem in this paper is as follows:

Theorem 3.1 For g > 1 and n € {0, 1}, we have a presentation for M(Ny ,) with
generating set

X ={t. | ¢ atwo-sided scc on Ng ,}

U{Yu.« | 4 aone-sided scc on Ng 5, o asccon Ngp, |[ppNa| =1}
and relations

(0) tc =1 when ¢ bounds a disk or a Mobius band in Ng p,
(I) all the braid relations
Q) ft.f'= j{“)) for f € X,
() [ YuaS " =Y/ o for € X,
(I) all the 2—chain relations,
(IT)  all the lantern relations,
(IV) all the relations in Lemma 2.9, ie Y, 48 = Yy ,a Y, 8,

(V) all the relations in Lemma 2.8, ie Y}, o = t§"31 t§32

In (I) and (IV) one can substitute the right-hand side of (V) for each generator Y,
with one-sided «. Then one can remove the generators Y, o with one-sided « and
relations (V) from the presentation.

We denote by G the group with the presentation in Theorem 3.1. Let ¢: Xy ,, < Ng
be a smooth embedding and let G’ be the group whose presentation has all Dehn twists
along simple closed curves on Xy, ,, as generators and relations (0"), (I), (II) and (III)
in Theorem 2.5. By that theorem, M (X, ,,) is isomorphic to G’, and we have the
homomorphism G’ — G defined by the correspondence of 7 to 774, where &,(¢) = 1
if the restriction (| Ny (©)F Nz, . (€) = Nn, ,(1(c)) is orientation-preserving, and
&) = — 1l if it is orlentatlon -reversing. Then we remark the following.

Remark 3.2 The composition t4: M(Z}, ;) — G of the isomorphism M (X, ,) = G’
and the homomorphism G’ — G is a homomorphism. In particular, if a product
tg}1g2 -+ 17k of Dehn twists along simple closed curves ¢q, ¢z, ..., ¢, on a connected
compact orientable subsurface of Ng , is equal to the identity map in the mapping
class group of the subsurface, then 771772 --- 17k is equal to 1 in G'. That means such

arelation 771172 - 17k =1 1is obtalned from relat1ons (0)—(I1I).
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Set X*:= X U{x~!|x e X}. By relations (I), we have the following lemma.

Lemma 3.3 For f € G, suppose that f = fi f>--- fx, where fi, fa,..., fr € XT.
Then we have

. —1 _ J¢f

W) fief™ =15,

.. —1 _ vé&f@

() S Yual ™ =Y r@)

The next lemma follows from an argument of combinatorial group theory; for instance,
see [7, Lemma 4.2.1, page 42].

Lemma 3.4 For groups I', T and F, a surjective homomorphism 7: F — T and a
homomorphism v: F — I'’, we defineamap v': I' — I’ by Vv/(x) :=v(X) forx € T,
where X € F is a lift of x with respect to 7 ; see the diagram below:

F
N
T
F——/—)F/
v

Ifker C kerv, then v’ is well-defined and a homomorphism.

Proof of Theorem 3.1 M (N;) and M(Ny,;) are trivial; see [2]. Assume g > 2 and
n € {0, 1}. Then we obtain Theorem 3.1 if M(Ng ) is isomorphic to G. Let ¢: G —
M (Ng,n) be the surjective homomorphism defined by ¢(#;) :=1. and (Y, o) ==Yy «-

Set Xo:={aj,....ag_1,b,y} CM(Ngp) for g >4 and Xo:={a;,...,ag_1,y} C
M(Ng ) for g =2,3. Let F(Xp) be the free group which is freely generated by X
and let : F(Xo) — M(Ng,n) be the natural projection (by Theorem 2.11). We define
the homomorphism v: F(Xy) - G by v(a;) :=a; fori =1,...,g—1,v(b) :=b
and v(y) := y,and amap ¥ =v": M(Ng,) — G by

. w(aij“)::atijEl fori=1,...,g—1,
YOEY =%,
Y (y*h) = y*!, and
¥ (f) :=v(f) for the other f € M(Ng.n).
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where f € F(Xy) is alift of f with respect to ; see the diagram below:

F(Xo)

] N

M(Ngp) — -+ G
v

If ¢ is ahomomorphism, poy =id(n, ) by the definition of ¢ and . Thus to prove
that v is an isomorphism it suffices to show that i is a homomorphism and surjective.

3.1 Proof that ¥ is a homomorphism

M(Ny) and M(Ny,;) are trivial [2, Theorem 3.4]. For (g,n) € {(2,0),(2,1),(3,0)},
relations of the presentation in Theorem 2.11 are clearly obtained from relations (0)—(V).
Thus by Lemma 3.4, ¢ is a homomorphism.

Assume g >4 or (g,n) = (3,1). By Lemma 3.4, if the relations of the presentation
in Theorem 2.11 are obtained from relations (0)—(V), then ¥ is a homomorphism.

The group generated by ay,...,ag_; and b with relations (A1)-(A7b) as defining rela-
tions is isomorphic to M(Xy 1) (resp. M(Xp,)) for g =2h+1 (resp. g =2h+2) by
Theorem 3.1 in [12], and relations (A1)-(A7b) are relations on the mapping class group

of the orientable subsurface N; Nen (g U---Uag_1) of Ng,. Hence relations (Al)-
(A7b) are obtained from relations (0)—(III) by Remark 3.2.

Stukow [14] gave geometric interpretations for relations (B1)—(B8) in Section 4 in [14].
By the interpretation, relations (B1)-(B5) and (B7) are obtained from relations (I) (use
Lemma 3.3), relation (B6) is obtained from relations (0), (I), (IIT), (IV) and (V) (use
Lemmas 2.10 and 3.3), and relation (B8) is obtained from relations (I), (IV) and (V)
(use Lemma 3.3). Thus ¥ is a homomorphism when n = 1.

We assume n = 0. By Remark 3.2, k—chain relations are obtained from relations (0)—
(TM) for each k. Relation (C1) is interpreted in G as follows:
(araz---ag—1)¥ =ty , ', =1 by (O)1ID.
Thus relation (C1) is obtained from relations (0)—(III).
Relation (C2) is clearly obtained from relations (I) by Lemma 3.3.

When g is odd, by using the (g—1)—chain relation, relation (C3) is interpreted in G
as follows:

pr=(may-ag)* =ti o, ) by (0=
=1 by (0),
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where ¢ is 1 or —1. Note that NNg (¥1,2,...,¢) i1s a Mobius band in Ng. Thus rela-
tion (C3) is obtained from relations (0)—(III) when g is odd.

When g is even, we rewrite the left-hand side p? of relation (C3) by braid relations.
Set A :=ajzaz---ag_1. Note that

2 -2 _
YMI,VI.Z,SA Y,U«lyyl,Z ..... 2i—1A - YMls)’l.Z ..... 2i+1

fori =2,...,(g—2)/2 by relations (I) and (IV), and then we have

p=y""AyAy~ A)E=D
=y AyazyTlay - ag g )T by (@)
= 3 A (ary~ g ) A2) €D/
=y AWy 155492 by (), (IV)
= y_lAYm,Vl,z,sAz e YM1,V1.2,3AzYMl,Vl,z,.%AZYILl ,V1,2.3A2

R | 2 2 2 —2 44
=Yy AYM1,71.2.3A "'YM15V1.2,3A Yul,V1.2.3A YMI;VI,Z.SA A

= y_lAYm ,V1,2,3A2 U YM1,V1,2,3AzYM,V1,2,3,4,5A4 by (D, IV)
-1 2 2 —2 46

=Yy AY,U«1,71.2,3A T Yul,yl.z,sA YM,71.2,3.4,5A A

= y_lAYM1,71,2,3A2 e YM1371A2,3,4,5,6A7A6 by @, (V)

= y_lAYlM,Vl,z ..... g—1 A872 by (I), (IV)

=Yy A by (I), (IV).

Since Yy, ,y, 5., commutes with a; fori =2,...,g—1,and Ny, (L1 Uy12,..¢) =
ONN, (@2 U---Uag_1) (see Figure 7), we have

_ 2 20—2
- YMl,Vl,z ..... gA i by )
= Y2 i o 0N (@U-Uag 1) by (0)~(TII)

_ 1
= laNNg (a2u~-~Uag,1)t3NNg (02UUstg_1) by Lemma 2.10

=1.
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3NNg(Ot2U---U(Xg_1) -

Figure 7: Simple closed curve dNy, (2 U---Uag—1) on Ny

Deg+1

Figure 8: Simple closed curve )/i’l iysiz O Neon

k

Figure 9: Simple closed curve d; and d, on Ng

Recall that the relations in Lemma 2.10 are obtained from relations (0), (IV) and (V).
Thus relation (C3) is obtained from relations (0)-(V) when g is even.

Finally, we also rewrite the left-hand side (y~'asas “elg_1Yaras -~-ag_1)(g_1)/2
of relation (C4) by braid relations. Note that g isodd. For 1 <iy <i; <---<ip < g,

2 the simple closed curve on Ng ;, as in Figure 8. Note that

we denote by y; ;.

2Y A—Z

Y, A =Y,
l"l’yf,zs /’“1’1’1/,2 ..... 2i—1 :“'1’3’1/,2 ..... 2i+1
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fori =2,...,(g—1)/2 and NN, (i1 Uy1,2,..¢) = di Ud, as in Figure 9. By a
similar argument as for relation (C3) when g is even, we have

o'

a2a3 .-.ag_lya2a3 ..-a

g_l)(g—l)/2

= (" aya) e

= (" (azyay") ATV

_ (YM1,V{_2,3A2)(g_1)/2

= M1,V{,2,3A2' 'Yﬂlal’f,z,sAzYMIan,z,sAZYMI’Vf,zsA2

= m,V{,MAZ' 'Yul,yf,z,g,AzYm,y{,z,gAZYM,VI,Z,3A_2A4
= M1,V{.2.3A2'“YMI:V{.z.sA2Y“1=V{.2.3.4.5 )

= 1‘41’3’1/.2,31‘12 o Yﬂl’yf,z,sAZY/“‘1=Vf.2,3.4,5A_2A6
=Y,ulsy1/v2!3 2 'YNsV{,2,3,4,5.6,7A6

=Yuyia.., gAg_l

= YM,J/l,z ,,,,, gld\lds

_ 41,1
—tdl tdz tdltdz

17

by (D)

by (), (IV)

by (), (IV)

by (D), (IV)

by (), V)
by (0)—(III)
by (V)

by (D)

where simple closed curves d; and d, are, as in Figure 9, boundary components of
N, Ng (ap U---Uag_1). Therefore, relation (C4) is obtained from relations (I), (I), (IV)
and (V), and ¥: M(Ng ) — G is a homomorphism.

3.2 Surjectivity of ¥

To prove the surjectivity of ¥, we show that there exist lifts of the 7. and the Y,
with respect to ¥ for the cases below:

ey
(@)
3
4

tc: c is separating.
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Ic: ¢ is nonseparating and Ng , — ¢ is nonorientable.

Ic: ¢ is nonseparating and Ng , — ¢ is orientable.
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(5) Yu,u: aistwo-sided and Ng , — « is orientable.

(6) Yu,o: o is one-sided.

Set XOi = XoU{x~!| x € Xo}, and for a simple closed curve ¢ on N, we denote
by (Ngn)c the surface obtained from Ng , by cutting Ng , along c.

Case1 Since (Ng ), is diffeomorphic to Ng_5 42 and g > 3, there exists a product

S =Nfifa o fr € M(Ng,n) of f1, fo..., fi EX&E such that f(c;) = ¢. Note that
U(fi)=fie X* CG fori=1,2,... k. Thus we have

y(far [T =y (N @y
= fifor Sear it !
= t;(al) by Lemma 3.3
:tcs,

where ¢ is 1 or —1. Thus fa§ fle M(Ng ) is alift of 7. € G with respect to ¥
for some ¢ € {—1,1}.

Case 2 We remark that g is even in this case. When g = 2, such a simple closed
curve ¢ is unique and ¢ = o;. Thus a; € M(Ng ) is the lift of 7. € G with respect
to Y. When g =4, since (Ng ). is diffeomorphic to X 2, there exists a product

f=/fifr [k €M(Ngp) of f1. fa..... fx € X suchthat f(B)=c. By asimilar
argument as in case 1, fb% ! e M(Ng,p) is alift of ¢, € G with respect to y for
some ¢ € {—1,1}.

Assume g > 6 even. Then there exists a product f = f1f2--- fr € M(Ngp) of

Ji.fa o i € Xoi such that f(y1,2,..,¢) =c. Since e UazUyse s UVia, . ¢
bounds a subsurface of Ng , which is diffeomorphic to X 4 (see Figure 10), we
have bty, , lyi,5 o = lya. o @103lys ¢

Iy, 5s.. ¢ and tys o . € G have lifts 1y, hy and h3 in M(Ng,,) with respect to
respectively. Thus we have

Y (fbhihyat a3 h3t 71
= flfzmﬁcbth ’’’’ g[yl!2'5”“@611—16[3—1t;;6 .... gfk_l '2—1f1—1

= fifarr Sityra, o Si o o ST by (III)

=1g, by Lemma 3.3

where ¢ is 1 or —1. Thus f(bhlhzal_laglhgl)af_l € M(Ngp) isaliftof 1. € G
with respect to ¢ for some {—1,1}.
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Dg+1

o 0%] V5.6,....g

Figure 10: a1y Uasz Uyse,... ¢ Uyi,2,.. ¢ bound a subsurface of Ny, which
is diffeomorphic to X 4

Case 4 Since Ng, —int Ny, ,(u U ) is diffeomorphic to Ng_3 541, and the two-
sided simple closed curve on N, ; is unique, there exists a product f = fi f2--- fr €
M(Ng ) of f1, fa,..., Jk € X(ft such that f(«;) =« and f (1) = . Thus we have

V(= ffa finf e S T =Y, , by Lemma33,

where ¢ is 1 or —1. Thus fy® f~!e M(Ng,) is aliftof Y, o € G with respect to
for some ¢ € {—1, 1}.

Case 5 We remark that g is even in this case. Since Ng, —intNy, ,(1n U a) is
diffeomorphic to ¥(g_2)/2 »+1 and the two-sided simple closed curve on N j is
unique, there exists a product f = fi fa--- fx € M(Ng) of f1, fa.,.... fk € Xoi

such that f(y1,2,..¢) =« and f(u1) = . Note that Yy, i 5 Yy pi 30+ Yugpie
are Y-homeomorphisms of type (4), and Yy, .y, 35 Yy .y 4+ -» Yy, € G have lifts
h3 hg, ... ,hg € M(Ng ) with respect to v, respectively. Thus we have

Y (fhg - hahyyf™")
= fi/2 "‘kam,m.g "'Ym,y1,4Yu1,V1.3J’fk_l "'fz_lfl_l

=Nl Yol S by (IV)
=Y, o by Lemma 3.3

where ¢ is 1 or —1. Thus f(hg -+ hah3y) f~1 € M(Ngp) is alift of Y, o € G with
respect to ¢ for some € € {—1, 1}.

Case 3 Let X be the component of (Ng ;) which has one boundary component. Let

us suppose that X is orientable; then there exists a k—chain ¢y, c3,..., ¢ on Ngp
such that N, , (c;UcaU---Ucy) = X. By the chain relation, (51772 - -tk )2k+2 —¢,
for some €1, ¢€2,...,6, €{—1,1}. Note that #,, tc,, ..., I, are Dehn twists of type (1)
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and t¢),lcy, ... le, € G have lifts hy, ha, ..., hy € M(Ng,,) with respect to ¥,
respectively. Thus we have

Y((hY RS2 B) P F2) = (181182 18K+ =1, by (0)-(TID).

C1 Ck
Thus (h§'h? -'-hZ")Zk"'2 € M(Ng,p) is alift of 7. € G with respect to V.

When X is nonorientable, we proceed by induction on the genus g’ of X. For
g’ =1, we have t. = 1 by relation (0). When g’ = 2 and Ng n — X is nonorientable,
there exists a product f = f1 f2- fix € M(Ngn) of fi, f2..... fr € XOjE such that
S(ONN,, (1 Uay)) = c. Hence fy*f~1 =1t for some ¢ € {—1, 1}. Then we have

v = e S
=i fz---fkt§,/ng.n(mUal)fk‘1 5 7Y by Lemma 2.10

=t by Lemma 3.3,

where ¢’ is 1 or —1. Thus fy2¢ f~! € M(Ng p) is alift of 7. € G with respect to V.
When g’ =2 and Ng , — X is orientable, g is even, and there exists a product f =

fle"'fk EM(Nng) of fl’f2v"'vfk EX(?: with f(aNNg.n(lu’l UVI,Z ..... g)) =CcC.

2 _1 _ . .
Hence fYj , , . f7 =1 for some ¢ € {—1,1}. Since Yy, 4, . isa Y-

with respect to ¥ . By a similar argument as above, fh?¢ f~! € M(Ng p) is a lift of
t. € G with respect to V.

Suppose g’ > 3. We take a diffeomorphism f: X — Ny ; and simple closed curves
1,¢2,....¢6 and ¢’ := dNg 1 = f(c) on Ng ; asin Figure 11. Note that ¢’ Ucgq U
¢s U cg bounds a subsurface of Ng/ 1 which is diffeomorphic to Xg 4, and we have

£

&2 €3 €4 __ &
e St en ey ot = e €G

for some ¢1,...,84,6 € {—1,1} by relations (0) and (IT). Since each ¢; for i =
1,2,...,6 bounds a subsurface of Ng , which is diffeomorphic to a nonorientable sur-
face of genus g; < g’ with one boundary component, and the complement of the subsur-
face is nonorientable, each f~!(c;) (i =1,2,...,6) satisfies the inductive assumption.
Hence l‘f—l (1) lf—l (c2) Zf—l (c3) lf—] (cq) € G havelifts sy, hy, h3, ha € M(Ng’n) with
respect to ¥, respectively. Thus we have

YOS HZRS ) = 7L, i e £ by (0), (1.

(£ _
e f~He) f=1e3) [ ea) —
Thus h{'h22 03P hy* € M(Ng,n) is alift of 7. € G with respect to .
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C/

€1

N

¢s
) @:®
C2
1 2 3 g
Figure 11: Simple closed curves cq,¢s,...,c¢ and ¢’ on Ngr 1

Case 6 Let §; and J, be two-sided simple closed curves on Ny , such that 6; LIy =
ONN, (1t Nea). By Lemma 2.8, we have Yy o = t§11 tgzz for some €1, g5 € {—1, 1}
and, by the above arguments, ., ., € G have lifts &, hy, € M(Ng ) with respect
to ¥, respectively. Thus we have

Y(h h?) =152 =Yua by (V).

ci1tch
Thus h$'h3? € M(Ng,,) is alift of Y, 4 € G with respect to . Therefore, we have
that ¥: M(Ng,n) — G is surjective, completing the proof of Theorem 3.1. |
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