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ω∈W ÔV,ω
,2<+4@)�1;)=.�1\13):70;7�*-,�. �d.�0;*-, h *U.��FA:7

GP>U7�A�46G	`�7�0;*-A:C
{Vi}i∈I

GPO
V
13GPCP761;)+7�0Fi�*n13) .v4@):GP*-4�7HGPO?.�,K1;0;GPA+CP5nL�)+GP5BGPDFGP0;>:)+*-4

OT<+A+461;*BGPA
{fi}i∈I

.�5BGPA+C
Wi := W ∩ Vi

*BA
Vi

fgOTGP0/7.P4@)
i ∈ I

k�cd,;<+43)J1;)=.�1
fω

*S,�13):7



ú�ø � þ[ª�����þ ùVª;�V¬�ª	�[�,�

*BD�.�CP7/GPO
fi
*-A
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W̃ ∗ = Ṽ ×V W ∗
V < £��
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Ŷi ×Ûi
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Ṽ → V ′
V�^�70;7
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Ṽ
13):7_>UGP*BA�1

x = ∞
fui�):*S43)J*-,Wi�)+7�0;7

z = 0
k
0
1;)+7_>UGP*BA�1

z = ∞fTi�)+7�0;7
x = 0

k
0
.�A=8�bUG�13)�GPO?13):7,;7J>UGP*BA�1@,�V X�A+8�b�LpQ/0;G�13):7�A=8%*-74 h Y ,©d\[%*-,K137�A=467

c"):7�GP0;7DoczC�*B`M*-A:Co46GPDF>+.�13*Bb+5B79OuG�03DF.�5�4�G�)+7�0;7A�1aD9G%8:<:5-7,/G	`�7�0?7.P43)mGPO\1;)+7,279,2761@,/*S,
7��<:*n`�.�5B7A�1W13GFCP*n`%*BA+C�.�46GP):7�037�A�1WDFGM8:<+5B7aG�`P70

V
V

aR<%19.P,_*-A d\[:.�DF>:5B7 �+VxwMV y:c�5-7,;,I*-,XA:778%7	8�*BA�1;)+7EOTGP0;D�.�5�4�GPA�1376[M1V �?.�DF7�5nL�c�5B761
X ′

.�A+8
Z ′

bU7_13):7I>:0;G�j274�13*n`�7
x
]W.�A=8

z
]¤5B*-A:7,/G	`�7�0

k
c=i�*n13)J1;)+7X>UGP*BA�1@,

(x = 0)
.�A=8

(z = 0)
0;7,2>U7	4�1;*B`P75nL98:7�5B7�1;78ZV\��GPA+,2*-8:7�0�13):7W0;*BA:C�,�GPO=OuGP0;D�.�5MOu<+A+4�13*BGPA=,�.�5BGPA+C

X ′
.�A+8

Z ′
cU`%*BePV

k[x−1][[t]]
.�A=8

k[z−1][[t]]
037,2>U7	4�1;*B`P75nL�cZ.�A=8H13):7�*-0a,2>d74�1303.

T1, T2
V_��GPA+,2*-8:7�0

.�5-,2GN1;)+7t,2>d74�130;<:D
T3

GPO
k[[x, z, t]]/(xz − t)

c�1;)+7t4�G�DF>+5B76137t5BG%4�.�5$03*BA:CNGPO
V
.�1
O
V



ú��'ø þ[ª�����þ ùVª;�V¬�ª	�[�,�

^�70;7
T1

.�A=8
T2

.�037�8:*-,uj2GP*BA�1c(i�)+*B5B7�13):7 � G	`�7�0;5-.�>%�FG�O
T1

.�A+8
T3

� 0;7,2>�VZGPO
T2

.�A+8
T3
�(*-,"13):7_,2>d74�130;<:D

T1,3
GPO
k((x))[[t]]

� 0;7,2>�V
T2,3

GPO
k((z))[[t]]

��Vfa�L>c"):7G�037�D y:VxwMV � c
CP*n`M*-A:C?l:A+*n1;7"DFGM8:<:5-7,(G�`P70

T1, T2, T3
13)+.�1�.�CP0;7�7RG�AI1;)+7$1�iRG � G	`�7�0;5S.�>=,���*-,�7	��<+*n`�.�5B7A�1

1;GICP*n`M*-A:C9.X46GP)+7�0;7A�1RDFG%8%<+5B7/G	`�7�0
V
V!c")+7�CP7�A+7�0;*-4/l:b+0;7,$GPO

T1
.�A+8

T2
.�0;7�1;)+7?,2761@,

|y| ≤ 1
.�A+8

|x| ≤ c
cU.�A=8�13)+.�1/GPO

T3
*-,
c < |x| < 1

Vec")+7,27_1;)+0;7�7X,2761@,�.�0;7X8%*S,ujKGP*BA�1	c
1;)+GP<:CP)_13):7�OuGP0;D�.�5M,27�12]�<:>I>:0;G	`%*-8:7, � CP5B<:76�/fg*BAX13):7ROTGP0;D GPO

T1,3
.�A+8

T2,3
k�46GPA:A+74�13*BA:C

T3
13G
T1

.�A=8�13G
T2
V!c"):*-,R*S,R.I,;>U746*S.�5d4.P,27/GPO[d\[:.�DF>+5B7?y:VxwMV-rPrPV"f)X�5n137�0;A+.�13*n`�7�5nL�c%GPA+7

46GP<:5-8�<+,27Tc")+7�GP0;7�D y%VxwMV-r�wMc�1@. h *-A:C
V
1;G9bd7/1;)+7?>+0;G�jK7461;*n`�7

x
]�5B*BA+7aG	`�7�0

k[[t]]
c�1@. h *BA+C

Ṽ
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V|f~XR1�13):7XG�13)+7�0
>UGP*BA�13,\GPOd1;)+7�l:b+0;7PcP13):7�8:746GPDF>dGP,;*n1;*-G�AtCP0;GP<:>�*-,$GPOU1;)+7�OuGP0;D

{(g1, ι(g1)) | g1 ∈ G1}
c

i�):7�037
ι
*S,X.�A�*BA:A+7�0I.�<%13GPD9GP0;>+):*S,2D GPO

G1
Vxk¡q�*-D9*-5-.�0;5nL�c�13):70;7�*-,I.H>UGP*-A�1

ηλ ∈ YλG	`�7�0
η` ∈ Y`

i�):G�,27/0;7	,2*-8%<+7?l+7�5-8E*-,
λ
.�A+8�i�)+G�,27?8:746GPDF>UG�,2*B1;*BGPAoCP0;GP<:>EG	`�7�0

ξ ∈ X*-,
Γ1 ×G1

G1 ⊂ Γ1 ×Ḡ G
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46GP0;0;7,2>dGPA+8:*BA+CE13G�13):7

A
]2Q?.�5BGP*-,al+7�5-8�7�[�137�A=,2*BGPA
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V�\�A�1;)+7o5-.�1;1;70t4�.P,27Pc\13):7N.�A+,Ki"7�0F*-,�.��90;D�.�13*n`�7HOTGP0

C((x, y))
c".P,I13):7

OTGP5B5-G	i�*BA:Cv0;7,2<+5n1�,2)+G	i�,�V c")+7�>+0;GMG�O�OuG�5-5BG	i�,F.�,K1303.�1;7C�L�Ou0;GPD � ^|q:w ��c�`%*BePV�b:5-G	i�*BA:C
<:>

Spec C[[x, y]]
.�1I1;)+7�4�5BG�,278�>UGP*BA�191;G�G�b:1@.�*-A�.JDFGP0;7�CP5BGPb=.�5RGPb%j274�1	c\.�A+8�13):7A

>+.�1@43)+*BA:CNfg):7�037a<=,2*BA+C c")+7�GP0;7�D^y:V�wMV-r�wPk@V
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C((x, y))
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�U¬;«��:£6¬?§«�� 5%�g�¤«���V
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L
bU7a._l+A+*n1;7_Q?.�5BGP*-,R76[M1;7A+,2*-G�A�GPO

C((x, y))
c%i�*n13)ECP0;GP<+>

G
c%.�A=8t5B7�1

ΓbU7W.|,27�DF*n]�8:*B0;7461$>:0;G%8:<+4�1
NoG

OuGP0\,2GPDF7Wl:A+*n137WCP0;GP<:>
N
V
��761

R = C[[x, y]]
.�A=8I5B761

S
bd7a13):7|*-A�137�CP03.�5(465BG�,2<+0;7_GPO

R
*BA
L
c=.�A=8�i�0;*n137

X∗ := SpecR
.�A=8

Z∗ := Spec S
V

 �7Fi".�A�1_13Gm,2):G	i 1;)=.�1_13):7�0;7t*-,I.�A�*-0;0;78:<+46*-b:5B7EA:GP0;D�.�5
Γ
]2Q?.�5BGP*-,_b+03.�A+4@):7	8�46G	`�7�0

W ∗ → X∗
1;)=.�1�8%GPDF*BA=.�137,"1;)+7

G
]KQ?.�5-G�*S,"b+03.�A+4@):78o4�G	`�7�0

Z∗ → X∗
V

�$��§£ ���
S/R

�S§�¬3��¥9� ��£ �F«�� � � «���£6¬ (x = 0) �

��761
n
bU7W13):7�03.�DF*Bl=4�.�1;*-G�AE*BA=8%7�[FGPO

Z∗ → X∗
G	`�7�0�13):7RCP7A:7�0;*S4$>dGP*BA�1�GPO

(x = 0)
cP.�A+8I4�GPA+,2*-8:7�0�1;)+7RA+GP0;D�.�5-*Be�78I>+<:5B5Bb=.P4 h

GPO
Z∗ → X∗

`%*-.
Spec R[z]/(zn − x) → X∗

V!a�LAX�b+)%L�.�A h .�0Y , �(7�DFDF.F.�A=84�$<+0;*n1�L
GPO]aR03.�A+4@) ��G%46<=,�c�13):7N0;7	,2<:5B1;*BA+C�46G	`�7�0�GPO

Spec R[z]/(zn − x) = Spec C[[z, y]]
*S,

<:A+03.�DF*Bl:7	89.�A=8I)+7�A=467R130;*n`%*-.�5'V�c")M<+,
S ≈ R[z]/(zn−x)

c�.�A+8
G
*-,\46L%465-*-4WGPOUGP038%70

n
V

�/G	i 4�GPA+,2*-8:7�0\13):7�>+0;G�j274�13*n`�7
y
]�5B*BA+7�G	`�7�0

C((x))
cM.�A=8I13):7

G
]KQ?.�5BGP*S,$46G	`�70\GPOU1;)+*-,

5B*BA+7
Z◦ → P1

C((x))

13)+.�1�*-,�C�*B`�7�AXb�L|1;)+7R46GPA=,K13.�A�1�76[M1;7A+,2*-G�A
zn = x

VtX�>:>+5nL%*BA+C ��G�>�Y ,
c"):7�GP0;7D !MVBrPV-r��W1;G�13):7R,2>:5-*n1�7�DXbd78:8:*BA+C�>:03G�b+5B7�D C�*B`�7�AXb�La1;)+*-,�46G	`�7�0�.�A=8a13):7�CP0;GP<:>
):GPDFGPD9GP03>:)+*-,2D

Γ → G
c�iR7NGPb%1@.�*BA .v0;7C�<+5-.�0t*B0;0;78:<+4�*Bb:5-7�fg):7A+467NCP7�GPDF761;03*-4�.�5B5nL

*B0;0;78:<+4�*Bb:5-7�k
Γ
]KQa.�5-GP*-,_46G	`�7�0

W ◦ → P1
C((x))

13)+.�1X8:GPDF*BA+.�137,
Z◦ → P1

C((x))

.�A=8�*S,
,2<+4@)�13)+.�1

W ◦ → Z◦
*-,X1;G�1@.�5B5nL�,2>+5B*n1FG	`�7�0

y = ∞
V���GPA=,2*-8:7�0X1;)+7�A:GP0;D�.�5B*Be	.�13*BGPA

W
GPO

P1
C[[x]]

*BA
W ◦ 0

13):*-,o*-,o.
Γ
]KQa.�5-GP*-,o46G	`�70�GPO

P1
C[[x]]

1;)=.�1H8:GPD9*-A+.�137,
Z
cW13):7

A:GP0;D�.�5B*Be.�13*BGPAtG�O
P1

C[[x]]

*BA
Z◦
Vtc"):7�b+03.�A+4@)95-GM46<=,\GPO

W → P1
C[[x]]

46GPA=,2*-,K1@,\GPOdl:A+*n137�5nL
DF.�A�Lo*-0;0;78:<+46*-b:5B7I46GPDF>dG�A+7�A�13,VRX�OT1;7�0/.t4@)+.�A+C�7_GPO�`�.�0;*S.�b:5B7	,

y′ = xmy
GPA

P1
C((x))

c
iR7�DF.	Lv.P,;,;<:DF7F13)=.�1X76`�7�02Lvb:03.�A=43)�46GPDF>UGPA:7A�1X>+.P,;,27	,a1;)+0;GP<+C�)v13):7t465-GP,;78�>UGP*BA�1
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>+.P,;,;7,�13):0;GP<+CP)m.�A�LHG�13):7�0
>UGP*BA�1�GPAo13):7X465BG�,278Hl:b+0;7|GPO

P1
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V�X�C�.�*BAH<+,;*BA:C¨X�b+)�L�.�A h .�0Y ,���7�DFD�.�.�A=8 �$<+0;*n1�L
GPOIa�03.�A=43)-�(GM46<=,�c�iR7�46GPA+465-<+8:7J13)+.�1�1;)+7m0;7,K130;*-4�13*BGPA¡GPO

W
G	`�7�0

C[y−1][[x]]
*-,�.

8%*-,gjKGP*BA�1a<:A+*BGPAmGPO$46GPDF>UGPA:7A�1@,/CP*n`�7�A�b�L
wN = x

OuGP0?,;G�DF7IDX<+5n13*B>:5-7
N
GPO
n
cdi�*n13)

7.P43)�0;78:<+4�78�46GPDF>UGPA+7�A�1_GPOR1;)+7t4�5BG�,278�l+b:037FGPO
W

bd7�*BA+CJ.N46GPDF>:5B7�[v5B*-A:7PVmq�*BA=467
W ◦ → Z◦

*-,9,2>+5B*n1�G	`�7�0
y = ∞

c�*B19OuGP5B5BG	i�,I1;)=.�1
N = n

V c")M<=,_1;)+7�>:<+5B5Bb=.P4 h GPO
W → Z

G	`�7�0
C[y−1][[x]]

*S,�.I1;0;*n`%*-.�5(46G	`�7�0	V
qM*BA=467_13):7ICP7�A+7�03.�5(l+b:037_GPO
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W ∗

GPO
W → P1
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Spec C[[x, y]]
*-,t46GPA+A:7	4�1;7	8

0
.�A=8 ,2*BA=467

W
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A:GP0;D�.�5�.�A+8 )+7�A=467H*S,�*-0;0;78:<+46*-b:5B7PV qMG
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]

Q?.�5BGP*-,a46G	`�70V_sNGP0;7G	`�7�0
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SpecR

c�,2*BA=467I7	.P43)
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G
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c

.�A+8H13)+.�1?G	`�7�0
C((y))[[x]]

cU13)+7X>+<:5B5-b+.P4 h GPO
W ∗ → Z∗
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B
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Z∗ → X∗
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C
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C
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*BA
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y′ = y − cx
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C
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��761

E
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8%*n`%*-,2GP0
0
1;)+*-,H*-,H. 46GP>�LpGPO

P1
C
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τ ∈ T

bU7�1;)+7
465BG�,278 >dGP*BA�1
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E
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GPO
(y = 0)

V ��7�1
Z̃ → X̃

bU7H13)+7NA+GP0;D�.�5-*Be�78 >+<:5B5Bb=.P4 h G�O
Z∗ → X∗

V a$L�13):7
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τ
76[:467�>:1X>UG�,;,2*Bb+5nL

.�5BGPA:C
E
V$qMGIG	`�7�0"1;)+7|46GPD9>+5B76137a5BG%4�.�5z0;*-A:C

ÔX̃,τ = C[[x, t]]
G�O
τ
*BA
X̃
c%1;)+7?>+<:5-5Bb+.P4 h

Z̃∗ → X̃∗ := Spec ÔX̃,τ

GPO
Z̃ → X̃

*S,t03.�DF*Bl+78�GPA+5nL G	`�7�0
(x = 0)

V  �7Ni�*B5-5
46GPA+,K130;<=4�1�.

Γ
]2Q?.�5BGP*-,�46G	`�7�0

W̃ → X̃
8%GPDF*BA=.�1;*-A:C

Z̃
V f¤qM7�7 ��*BCP<+0;7, !MV y:V-r ��.�A+8

!MV y:V-rPrPVxk
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Z̃∗0
bU7J.�46GPA:A+74�1378�46GPDF>UGPA+7�A�1tGPO

Z̃∗
V c")M<+,

Z̃∗0 → X̃∗
*-,�Qa.�5BGP*-,�i�*n13)

CP0;GP<:>
G0 ⊂ G

c$.�A+8
Z̃∗ = IndG

G0
Z̃∗0
V ��761

Γ0 ⊂ Γ
bU7E1;)+7o,2<+b+C�03G�<+>�C�7A:7�0@.�1378

b�L
N
.�A+8

G0
fg*-8:7�A�1;*BOTL%*BA:C

N
i�*B1;)

N o 1 ⊂ Γ
c�.�A+8

G
i�*B1;)

1 o G ⊂ Γ
k@VQc")M<+,

Γ0 = N oG0
V�a$Lm�R.P,27trPc=1;)+7�0;7X*-,/.�0;7CP<:5-.�0�*-0;0;78:<+46*-b:5B7XA+GP0;D�.�5

Γ0
]2Q?.�5BGP*-,/46G	`�7�0

W̃ ∗0 → X̃∗
13)+.�198:GPDF*BA+.�137,

Z̃∗0
c�.�A+8�,2<=43)�13)+.�1I1;)+7E>+<:5B5-b+.P4 h GPO

W̃ ∗0 → Z̃∗0
G	`�7�0

X̃ ′ = Spec C((t))[[x]]
*-,F1;0;*B`M*-.�5¤V c")+.�1�*-,�c

W̃ ′0 := W̃ ∗0 ×X̃∗ X̃
′ *-,913)+7�130;*n`%*-.�5 N ]Q?.�5BGP*-,�46G	`�7�0�GPO

Z̃ ′0 := Z̃∗0 ×X̃∗ X̃
′ c�.�A=8�13):7 Γ0

]2Q?.�5BGP*-,�46G	`�7�0
W̃ ′0 → X̃ ′

*S,?jK<=,K1
IndΓ0

G0
Z̃ ′0
Vtc")M<+,�1;)+7

Γ
]KQ?.�5BGP*S,$46G	`�7�0

W̃ ∗ := IndΓ
Γ0
W̃ ∗0 → X̃∗

)=.P,�1;)+7W>+0;GP>U7�0;1�LI1;)=.�1
*n13,R>+<:5-5Bb+.P4 h

W̃ ′ := W̃ ∗×X̃∗ X̃
′ *-,(jK<=,K1 IndΓ

G0
Z̃ ′0 = IndΓ

G Z̃
′ c�i�):7�037 Z̃ ′ = IndG

G0
Z̃ ′0*-,R13)+7a>+<:5-5Bb+.P4 h

Z̃∗ ×X̃∗ X̃
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U = E − {τ}
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bU7�13):7H46GPDF>+5B7613*BGPA�GPO
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.�5BGPA+C
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cUi�):7�037

s = x/y = 1/t
V �(761

Z ′ = Z̃ ×X̃ X ′
cz.�A=8N5B761

W ′ = IndΓ
G Z

′ V
c")�<=,W1;)+7_>+<:5B5-b+.P4 h

Z ′ ×X′ X̃
′ 4.�ANbU7X*-8%7�A�13*Bl+78Hi�*n13) Z̃ ′ = IndG

G0
Z̃ ′0

.P,
G
]KQ?.�5-G�*S,

46G	`�7�03,$GPO
X̃ ′ 0

.�A+8F1;)+7�>:<+5B5Bb=.P4 h
W ′×X′ X̃

′ 4�.�AtbU7�*-8%7A�13*Bl+78Fi�*n13) W̃ ′ = IndΓ
G0
Z̃ ′0
c
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Γ
]2Q?.�5BGP*-,�46G	`�7�03,WGPO

X̃ ′
V
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c
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V
bU7�*-A:CXj2<=,K1
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Γ
]

Q?.�5BGP*-,�46G	`�70
W̃ → X̃

i�)+G�,27�>:<+5B5Bb=.P4 h ,�13G
X̃∗

.�A=8913G
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.�0;7�C�*B`�7�At0;7,2>d74�13*n`�7�5nLtb�L
W̃ ∗ = IndΓ

Γ0
W̃ ∗0 → X̃∗

.�A+8
W ′ → X ′

cU46GPD9>=.�1;*-b:5nLoi�*n13)H1;)+7_.�bUG	`�7|*S8%7�A�13*Bl+4.�1;*BGPA
G	`�7�0

X̃ ′
i�*n13)

W̃ ′ = IndΓ
G0
Z̃ ′0 → X̃ ′

V!c"):7?��<+G�1;*-7�A�1
W̃/N
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Z̃.P,/.

G
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