
.
.
.
.
.
.

G
lu
in
g
st
ab
ili
ty

co
nd
it
io
ns

on
ru
le
d
su
rf
ac
es

w
it
h
ba
se

cu
rv
e
of

po
si
ti
ve

ge
nu
s

T
ak
ay
uk
iU

C
H
IB
A
(಺
৔
ਸ
೭
),
W
as
ed
a
U
ni
ve
rs
it
y,

pr
im
e-
xp
.1
99
0@

m
oe
gi
.w
as
ed
a.
jp

M
ot
iv
at
io
ns

B
ri
d
g
el
an

d
st
ab

ili
ty

co
n
d
it
io
n
s
on

ru
le
d
su
rf
ac
es

S
1
ge
om

et
ri
c
st
ab
ili
ty

co
nd
it
io
ns

ex
is
te
nc
e?

-
Y
es
!!

po
te
nt
ia
lly

st
ab
le
ob
je
ct
s
-
al
l
po
in
t
sh
ea
ve
s

2
gl
ui
ng

st
ab
ili
ty

co
nd
it
io
ns
ʜ
ʜ

fr
om

O
rl
ov
’s
SO

D
ex
is
te
nc
e?

-
U
nk
no
w
n.
...
..

po
te
nt
ia
lly

st
ab
le
ob
je
ct
s
-
U
nk
no
w
n.
...
..

Q
ue
st
io
ns
ʢ
ˠ

M
ai
n
R
es
ul
tʣ

✓
✏

1
D
ec
la
re

al
l
gl
ui
ng

st
ab
ili
ty

co
nd
it
io
ns
.

2
Fi
nd

po
te
nt
ia
lly

st
ab
le
ob
je
ct
s
of

gl
ui
ng

st
ab
ili
ty

co
nd
it
io
ns
.

3
P
os
it
io
na
lr
el
at
io
n
be
tw
ee
n
gl
ui
ng

an
d
ge
om

et
ri
c
on

St
ab

S
.

✒
✑

G
lu
in
g
st
ab
ili
ty

co
nd
it
io
ns

p
:
S
→

C
,
ru
le
d
su
rf
ac
e
S
w
it
h
ba
se

cu
rv
e
C

∃s
:
C
→

S
s.
t.

p
◦
s
=

id
C
(p
ro
je
ct
io
n
an
d
se
ct
io
n)

C
0
:=

s(
C
),
f
:=

fib
er

of
p

O
rl
ov
’s
se
m
io
rt
ho
go
na
ld

ec
om

po
si
ti
on
:

D
b (
S
)
=

⟨D
1,
D
2⟩
,

D
1
:=

p∗
D

b (
C
)
⊗
O

S
(−

C
0)

an
d
D
2
:=

p∗
D

b (
C
)

σ
i
∈
St
ab

D
i
fo
r
i
=

1,
2

D
1,
D
2
≃

D
b (
C
)

∃s
ta
nd
ar
d
st
ab
ili
ty

co
nd
it
io
n
σ
st
on

St
ab

C

g
(C

)
≥

1
⇒

σ
st
.

˜
G
L+

(2
,R

)
=

St
ab

C
([
B
ri
],[
M
ac
])

G
lu
in
g
σ
1
=

(Z
1,
A

1)
∈
St
ab

D
1
an
d
σ
2
=

(Z
2,
A

2)
∈
St
ab

D
2

Z
:=

Z
1
◦
λ
1
+
Z
2
◦
ρ 2

λ
1:

le
ft
ad
jo
in
t
fu
nc
to
r
of

th
e
in
cl
us
io
n
D
1
↪→

D
b
(S
)

ρ 2
:
ri
gh
t
ad
jo
in
t
fu
nc
to
r
of

th
e
in
cl
us
io
n
D
2
↪→

D
b
(S
)

A
:=

{E
|λ

1(
E
)
∈
A

1
an
d
ρ 2
(E

)
∈
A

2}
(g
lu
in
g
he
ar
t)

ˠ
ɹ

σ
=

(Z
,A

),
gl
ui
ng

pr
e-
st
ab
ili
ty

co
nd
it
io
n

D
iffi
cu
lt
ie
s

✓
✏

C
on
fir
m

gl
ui
ng

pr
op
er
ty

be
tw
ee
n
σ
1
an
d
σ
2:

H
om

(A
1,
A

2[
i]
)
=

0
fo
r
an
y
i
≤

0
ˠ
ɹ

σ
=

(Z
,A

),
gl
ui
ng

st
ab
ili
ty

co
nd
it
io
n

✒
✑

M
ai
n
R
es
ul
t
[U
]

σ
:
gl
ui
ng

pr
e-
st
ab
ili
ty

co
nd
it
io
n
of

σ
1
an
d
σ
2

σ
1
=

(Z
1,
P
1)
:
P
1(
0)

=
p∗
P
st
(φ

1)
⊗
O

S
(−

C
0)

σ
2
=

(Z
2,
P
2)
:
P
2(
0)

=
p∗
P
st
(φ

2)
ˠ
ɹ

pe
r(
σ
)
:=

φ
1
−
φ
2,
g
lu
in
g
p
er
ve

rs
it
y.

T
he
or
em

✓
✏

1
σ
:
gl
ui
ng

pr
e-
st
ab
ili
ty

co
nd
it
io
n

σ
gl
ui
ng

st
ab
ili
ty

co
nd
it
io
n
⇔

pe
r(
σ
)
≥

1
2
P
ot
en
ti
al
ly
st
ab
le
ob
je
ct
s:

O
f
an
d
O

f(
−
C
0)

3
P
os
it
io
na
l
re
la
ti
on

be
tw
ee
n
gl
ui
ng

an
d
ge
om

et
ri
c
on

St
ab

S
:

P
le
as
e
se
e
th
e
ri
gh
t
fig
ur
e!
!

✒
✑ɹ ɹ ɹ

gl
ui
ng

st
ab
ili
ty

co
nd
it
io
ns

pe
r(
σ
)
=

1

ge
om

et
ri
c
st
ab
ili
ty

co
nd
it
io
ns

A
ll
po
in
t
sh
ea
ve
s
ar
e
st
ab
le
of

th
e
sa
m
e
ph
as
e.

on
St
ab

S

Id
ea

of
gl
ui
ng

pe
rv
er
si
ty

T
he
or
em

:
σ
gl
ui
ng

pr
e-
st
ab
ili
ty

co
nd
it
io
n

σ
gl
ui
ng

st
ab
ili
ty

co
nd
iit
io
n
⇔

pe
r(
σ
)
≥

1
(P
ro
of
)

-
as
su
m
e:

A
1
=

p∗
P
st
(φ
,φ

+
1]
⊗
O

S
(−

C
0)
,
A

2
=

p∗
C
oh

C
.

pe
r(
σ
)
<

1
1
∀q

∈
1 π
ar
ct
an

1 Z
∃L

lin
e
bu
nd
le
s.
t.

L
∈
P
st
(q
)

ˠ
ɹ

∃q
∈
(φ

−
⌊φ

⌋,
1)

s.
t.

∃L
lin
e
bu
nd
le
L
∈
P
st
(q
)

2
φ
<

1
⇒

H
om

(p
∗ L

⊗
O

S
(−

C
0)
[⌊
φ
⌋]
,p

∗ L
[⌊
φ
⌋]
)
̸=

0
ˠ
ɹ

φ
<

1
⇒

∃i
≤

0
s.
t.

H
om

(A
1,
A

2[
i]
)
̸=

0
pe
r(
σ
)
≥

1
1
R
p ∗
O

S
(C

0)
lo
ca
lly

fr
ee

sh
ea
f

2
p∗
F
⊗
O

S
(−

C
0)
∈
A

1,
p∗
G

∈
A

2

H
om

(p
∗ F

⊗
O

S
(−

C
0)
,p

∗ G
[i
])
=

H
om

(F
,G

⊗
R
p ∗
O

S
(C

0)
[i
])

φ
st
(F

)
∈
(φ
,φ

+
1]
,
φ
st
(G

⊗
R
p ∗
O

S
(C

0)
[i
])
∈
(i
,i
+
1]

ˠ
ɹ

φ
≥

1
⇒

∀i
≤

0
H
om

(F
,G

⊗
R
p ∗
O

S
(C

0)
[i
])
=

0

Fu
rt
he
r
st
ud
y

St
ab
ili
ty

sp
ac
e
of

ru
le
d
su
rf
ac
es
:

to
po
lo
gy

si
m
pl
y
co
nn
ec
te
dn
es
s?

-
U
nk
no
w
n.
...
..

ex
)
St
ab
ili
ty

sp
ac
e
of

P1
is
si
m
pl
y
co
nn
ec
te
d.

([
M
ac
])

of
H
ir
ze
bu
rc
h
su
rf
ac
e,
es
pe
ci
al
ly

{S
k
} k

∈Z
:
fa
m
ily

of
ex
ce
pt
io
na
l
ob
je
ct
s
on

D
b (
P1
)

Θ
k
:=

{ σ
∈
St
ab

P1
|S

k
an
d
S k

+
1
ar
e
st
ab
le
.}

St
ab

P1
=

⋃
k
∈Z

Θ
k

i
̸=

j
⇒

Θ
i
∩
Θ

j
=

σ
st
.

˜
G
L+

(2
,R

)
ˠ
ɹ

G
lu
in
g
is
m
or
e
co
m
pl
ic
at
ed
...
...

M
y
dr
ea
m
s

✓
✏

S
,
ru
le
d
su
rf
ac
e

U
nd
er
st
an
d
gl
ui
ng

st
ab
ili
ty

co
nd
it
io
ns

on
D

b (
S
).

G
et

a
co
m
pl
et
e
de
sc
ri
pt
io
n
of

St
ab

S
!!

po
si
ti
on
al
re
la
ti
on
,
to
po
lo
gy
,
...
...

✒
✑

R
ef
er
en
ce
s

T
.
B
ri
dg
el
an
d,

St
ab
ili
ty

co
nd
it
io
ns

on
tr
ia
ng
ul
at
ed

ca
te
go
ri
es
,
A
nn
al
s
of

M
at
h.

1
6
6
(2
00
7)

no
.2
,
31
7-
34
5.

J.
C
ol
lin
s
an
d
A
.
P
ol
is
hc
hu
ck
,
G
lu
in
g
st
ab
ili
ty

co
nd
it
io
ns
,
A
dv
.
T
he
or
.
M
at
h.

P
hy
s.

V
ol
um

e
1
4
(2
01
0)

N
um

be
r
2,

56
3-
60
8.

E
.
M
ac
r̀ı
,
St
ab
ili
ty

co
nd
it
io
ns

on
cu
rv
es
,
M
at
h.

R
es
.
Le
tt
.
1
4
(2
00
7)
,
65
7-
67
2.

T
.
U
ch
ib
a,

G
lu
in
g
st
ab
ili
ty

co
nd
it
io
ns

on
ru
le
d
su
rf
ac
es

w
it
h
ba
se

cu
rv
e
of

po
si
ti
ve

ge
nu
s,
pr
ep
ri
nt

(2
01
5)
.

174




