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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

G2+im`2 d, � +QMp2MB2Mi +�i2;Q`v Q7 bT�+2b
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

AM ?QKQiQTv i?2Q`v- Bi rQmH/ #2 +QMp2MB2Mi iQ rQ`F rBi? �
+�i2;Q`v Q7 bT�+2b r?B+? ?�b �HH HBKBib- +QHBKBib- �M/ 2MDQvb MB+2
T`QT2`iB2b �#Qmi K�TTBM; bT�+2 U2bT2+B�HHv i?2 1tTQM2MiB�H G�rVX
*QKT�+iHv ;2M2`�i2/ r2�F >�mb/Q`z bT�+2b ;Bp2 bm+? � +�i2;Q`v
*:q>X h?Bb rBHH #2 � +QMp2MB2Mi +�i2;Q`v 7Q` ?QKQiQTv i?2Q`vX
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

.2}MBiBQM
� bm#b2i u ⊂ s Bb +�HH2/ Ǵ+QKT�+iHv +HQb2/Ǵ UQ` ǴF@+HQb2/ǴV B7
7−1(u) Bb +HQb2/ BM E 7Q` 2p2`v +QMiBMmQmb 7 : E→ s rBi? E
+QKT�+i >�mb/Q`zX q2 /2}M2 � M2r iQTQHQ;v QM s- /2MQi2/ #v
Fs- r?2`2 +HQb2 bm#b2ib �`2 F@+HQb2/ bm#b2ib Q7 sX h?2 B/2MiBiv

Fs→ s

Bb � +QMiBMmQmb K�TX s Bb +�HH2/ +QKT�+iHv ;2M2`�i2/ B7 Fs = sX
LQi2

F2s = Fs.

G2i *: /2MQi2 i?2 7mHH bm#+�i2;Q`v Q7 hQT +QMbBbiBM; Q7
+QKT�+iHv ;2M2`�i2/ bT�+2bX
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

1t�KTH2
GQ+�HHv +QKT�+i >�mb/Q`z bT�+2b �M/ *q +QKTH2t2b �`2
+QKT�+iHv ;2M2`�i2/X
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

S`QTQbBiBQM
h?2 �bbB;MK2Mi s→ Fs /2}M2b � 7mM+iQ` hQT→ *:- r?B+? Bb
`B;?i �/DQBMi iQ i?2 2K#2//BM; B : *: ⊂ hQTX AM Qi?2` rQ`/b- r2
?�p2 �M �/DQBMi T�B`

B : *: hQT : F

G2i s ∈ *:,u ∈ hQTX h?2 T`QTQbBiBQM b�vb i?�i 7 : s→ u Bb
+QMiBMmQmb B7 �M/ QMHv B7 i?2 b�K2 K�T 7 : s→ Fu Bb +QMiBMmQmbX

h?2Q`2K
h?2 +�i2;Q`v *: Bb +QKTH2i2 �M/ +Q+QKTH2i2X *QHBKBib BM *:
BM?2`Bi i?2 +QHBKBib BM hQTX h?2 HBKBib BM *: �`2 Q#i�BM2/ #v
�TTHvBM; F iQ i?2 HBKBib BM hQTX
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

*Q`QHH�`v
G2i {sB}B∈A #2 � 7�KBHv Q7 Q#D2+ib BM *:X h?2M i?2B` T`Q/m+i BM
*: Bb

F
∏

B∈A
sB

r?2`2 ∏
B∈A

sB Bb i?2 iQTQHQ;B+�H T`Q/m+i Q7 sBǶb UT`Q/m+i BM hQTVX

q2 rBHH K�BMHv rQ`F rBi?BM i?2 +�i2;Q`v *: H�i2`X aQ r2 rBHH mb2

×,
∏

iQ /2MQi2 i?2 +�i2;Q`B+�H T`Q/m+i BM *:

mMH2bb Qi?2`rBb2 bT2+B}2/X
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

.2}MBiBQM
G2i s,u ∈ *:X q2 /2}M2 i?2 +QKT�+iHv ;2M2`�i2/ iQTQHQ;v QM
>QKhQT(s,u) #v

J�T(s,u) = F*(s,u) ∈ *: .

>2`2 *(s,u) Bb i?2 +QKT�+i@QT2M iQTQHQ;v ;2M2`�i2/ #v

{7 ∈ >QKhQT(s,u)|7(;(E)) ⊂ l}

r?2`2 ; : E→ s rBi? E +QKT�+i >�mb/Q`z �M/ l ⊂ u Bb QT2MX

LQi2 i?�i i?2 +QKT�+i@QT2M iQTQHQ;v r2 mb2 ?2`2 7Q` *: Bb
bHB;?iHv /Bz2`2Mi 7`QK i?2 mbm�H QM2X q2 rBHH �HbQ mb2 i?2
2tTQM2MiB�H MQi�iBQM

us := J�T(s,u).
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

h?2Q`2K
G2i s,u,w ∈ *:X h?2M

RX i?2 2p�Hm�iBQM K�T J�T(s,u)× s→ u Bb +QMiBMmQmbc
kX i?2 +QKTQbBiBQM K�T J�T(s,u)×J�T(u,w)→ J�T(s,w)

Bb +QMiBMmQmbc
jX i?2 1tTQM2MiB�H G�r ?QH/b, r2 ?�p2 � ?QK2QKQ`T?BbK

J�T(s× u,w) ∼= J�T(s,J�T(u,w)).
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

q2 `2K�`F i?�i QM+2 r2 ?�p2 � b2i BbQKQ`T?BbK

>QKhQT(s× u,w) ∼= >QKhQT(s,J�T(u,w)),

i?2M i?2 7�+i QM ?QK2QKQ`T?BbK Bb � 7Q`K�H +QMb2[m2M+2X
AM 7�+i- 7Q` �Mv q ∈ *:- r2 ?�p2

>QKhQT(q,J�T(s× u,w)) ∼= >QKhQT(q× s× u,w)
∼= >QKhQT(q× s,J�T(u,w))
∼= >QKhQT(q,J�T(s,J�T(u,w))).

h?Bb BKTHB2b � M�im`�H BbQKQ`T?BbK #2ir22M i?2 irQ 7mM+iQ`b

>QKhQT(−,J�T(s× u,w)) ∼= >QKhQT(−,J�T(s,J�T(u,w)))
: *:→a2i .

h?2M uQM2/� G2KK� ;Bp2b `Bb2 iQ i?2 ?QK2QKQ`T?BbK

J�T(s× u,w) ∼= J�T(s,J�T(u,w)).
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

*QKT�+iHv ;2M2`�i2/ r2�F >�mb/Q`z bT�+2
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

.2}MBiBQM
� bT�+2 s Bb r2�F >�mb/Q`z B7 7Q` 2p2`v +QKT�+i >�mb/Q`z E �M/
2p2`v +QMiBMmQmb K�T 7 : E→ s- i?2 BK�;2 7(E) Bb +HQb2/ BM sX

G2i r> /2MQi2 i?2 7mHH bm#+�i2;Q`v Q7 hQT +QMbBbiBM; Q7 r2�F
>�mb/Q`z bT�+2bX
G2i *:q> /2MQi2 i?2 7mHH bm#+�i2;Q`v Q7 hQT +QMbBbiBM; Q7
+QKT�+iHv ;2M2`�i2/ r2�F >�mb/Q`z bT�+2bX

*:q> ⊂ *: ⊂ hQT
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

1t�KTH2
>�mb/Q`z bT�+2b �`2 r2�F >�mb/Q`z bBM+2 +QKT�+i bm#b2ib Q7
>�mb/Q`z bT�+2b �`2 +HQb2/X h?2`27Q`2 HQ+�HHv +QKT�+i >�mb/Q`z
bT�+2b �`2 +QKT�+iHv ;2M2`�i2/ r2�F >�mb/Q`z bT�+2bX

1t�KTH2
*q +QKTH2t2b �`2 +QKT�+iHv ;2M2`�i2/ r2�F >�mb/Q`z bT�+2bX
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

S`QTQbBiBQM
h?2`2 2tBbib � 7mM+iQ` ? : *:→ *:q> r?B+? Bb H27i �/DQBMi iQ
i?2 BM+HmbBQM D : *:q>→ *:X h?�i Bb- r2 ?�p2 �M �/DQBMi T�B`

? : *: *:q> : D

JQ`2Qp2`- ? T`2b2`p2b i?2 bm#+�i2;Q`v *:q>- BX2- ? ◦ D Bb i?2
B/2MiBiv 7mM+iQ`X

h?2Q`2K
h?2 +�i2;Q`v *:q> Bb +QKTH2i2 �M/ +Q+QKTH2i2X GBKBib BM
*:q> BM?2`Bi i?2 HBKBib BM *:X h?2 +QHBKBib BM *:q> �`2
Q#i�BM2/ #v �TTHvBM; ? iQ i?2 +QHBKBib BM *:X
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

S`QTQbBiBQM
G2i s,u ∈ *:q>X h?2M J�T(s,u) ∈ *:q>X

h?2Q`2K
G2i s,u,w ∈ *:q>X h?2M

RX i?2 2p�Hm�iBQM K�T J�T(s,u)× s→ u Bb +QMiBMmQmbc
kX i?2 +QKTQbBiBQM K�T J�T(s,u)×J�T(u,w)→ J�T(s,w)

Bb +QMiBMmQmbc
jX i?2 1tTQM2MiB�H G�r ?QH/b, r2 ?�p2 � ?QK2QKQ`T?BbK

J�T(s× u,w) ∼= J�T(s,J�T(u,w)).

h?2`27Q`2 *:q> Bb � 7mHH +QKTH2i2 �M/ +Q+QKTH2i2 bm#+�i2;Q`v
Q7 hQT i?�i 2MDQvb i?2 1tTQM2MiB�H G�rX
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

G2i s ∈ *: �M/ � #2 � bm#b2i Q7 sX h?2 bm#bT�+2 iQTQHQ;v QM �
K�v MQi #2 +QKT�+iHv ;2M2`�i2/X q2 2[mBT � rBi? � +QKT�+iHv
;2M2`�i2/ iQTQHQ;v #v �TTHvBM; F iQ i?2 mbm�H bm#bT�+2 iQTQHQ;vX
h?Bb rBHH #2 +�HH2/ i?2 bm#bT�+2 iQTQHQ;v BM i?2 +�i2;Q`v *:X
q?2M r2 r`Bi2 � ⊂ s- � Bb mM/2`biQQ/ �b b bm#bT�+2 Q7 s rBi?
i?Bb +QKT�iHv ;2M2`�i2/ iQTQHQ;vX
h?Bb M2r MQiBQM Q7 bm#bT�+2 b�iBb}2b i?2 bi�M/�`/ +?�`�+i2`BbiB+
T`QT2`iv BM *:, ;Bp2M u ∈ *:- � K�T u→ � Bb +QMiBMmQmb B7
�M/ QMHv B7 Bi Bb +QMiBMmQmb pB2r2/ �b � K�T u→ sX
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

AM Qm` H�i2` /Bb+mbbBQM QM ?QKQiQTv i?2Q`v- r2 rBHH K�BMHv rQ`F
rBi? *:q>X AM T�`iB+mH�`- � bT�+2 i?2`2 �Hr�vb K2�Mb �M Q#D2+i
BM *:q>X �HH i?2 HBKBib �M/ +QHBKBib �`2 BM *:q>X am#bT�+2
`272`b iQ i?2 +QKT�+i2/ ;2M2`�i2/ bm#bT�+2 iQTQHQ;vX
hQ bBKTHB7v MQi�iBQMb- r2 rBHH r`Bi2

T = *:q>, ?T

7Q` i?2 +�i2;Q`v *:q>- i?2 [mQiB2Mi +�i2;Q`v Q7 T #v
?QKQiQTv +H�bb2b Q7 K�TbX
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

q2 rBHH Q7i2M M22/ i?2 MQiBQM Q7 � T�B`X :Bp2M s,u ∈ *:q>-
�M/ bm#bT�+2b � ⊂ s," ⊂ u- r2 H2i

J�T((s,�), (u,")) = {7 ∈ J�T(s,u)|7(�) ⊂ "}

#2 i?2 bm#bT�+2 Q7 J�T(s,u) i?�i K�Tb � iQ "X Ai }ib BMiQ i?2
7QHHQrBM; TmHH@#�+F /B�;`�K

J�T((s,�), (u,"))

!!

"" J�T(s,u)

!!
J�T(�,") "" J�T(�,u).
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

q2 rBHH �HbQ M22/ i?2 +�i2;Q`v Q7 TQBMi2/ bT�+2bX

.2}MBiBQM
q2 /2}M2 i?2 +�i2;Q`v T ⋆ Q7 TQBMi2/ bT�+2b r?2`2
! �M Q#D2+i (s, t0) Bb � bT�+2 s ∈ T rBi? � #�b2/ TQBMi t0 ∈ s
! KQ`T?BbKb �`2 #�b2/ +QMiBMmQmb K�Tb i?�i K�T #�b2/ TQBMi

iQ #�b2/ TQBMi

>QKT ⋆((s, t0), (u, v0)) = J�T((s, t0), (u, v0)).

q2 rBHH r`Bi2

J�T⋆(s,u) = J�T((s, t0), (u, v0))

r?2M #�b2 TQBMib �`2 MQi 2tTHB+BiHv K2MiBQM2/X J�T⋆(s,u) Bb
pB2r2/ �b �M Q#D2+i BM T ⋆- r?Qb2 #�b2 TQBMi Bb i?2 +QMbi�Mi K�T
7`QK s iQ i?2 #�b2 TQBMi Q7 uX
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

h?2Q`2K
T ⋆ Bb +QKTH2i2 �M/ +Q+QKTH2i2X G2i s,u,w ∈ T ⋆X h?2M

RX i?2 2p�Hm�iBQM K�T J�T⋆(s,u) ∧ s→ u Bb +QMiBMmQmbc
kX i?2 +QKTQbBiBQM K�T

J�T⋆(s,u) ∧J�T⋆(u,w)→ J�T⋆(s,w) Bb +QMiBMmQmbc
jX i?2 1tTQM2MiB�H G�r ?QH/b, r2 ?�p2 � ?QK2QKQ`T?BbK

J�T⋆(s ∧ u,w) ∼= J�T⋆(s,J�T⋆(u,w)).

>2`2 ∧ Bb i?2 bK�b? T`Q/m+i

s ∧ u =
s× u

s× {v0} ∪ {t0}× u .
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

GQQT bT�+2 �M/ bmbT2MbBQM
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

.2}MBiBQM
G2i s,u ∈ T ⋆ #2 irQ TQBMi2/ bT�+2bX � #�b2/ ?QKQiQTv #2ir22M
irQ #�b2/ K�Tb 70, 71 : s→ u Bb � ?QKQiQTv #2ir22M 70, 71 `2H�iBp2
iQ i?2 #�b2 TQBMibX q2 /2MQi2 [s,u]0 iQ #2 #�b2/ ?QKQiQTv
+H�bb2b Q7 #�b2/ K�TbX q2 /2}M2 i?2 +�i2;Q`v ?T ⋆ #v i?2
[mQiB2Mi Q7 T ⋆ r?2`2

>QK?T ⋆(s,u) = [s,u]0.
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

.2}MBiBQM
:Bp2M (s, t0) ∈ T ⋆- r2 /2}M2 i?2 #�b2/ HQQT bT�+2 Ωt0s Q`
bBKTHv Ωs #v

Ωs = J�T⋆(a1,s).
AM i?2 mMTQBMi2/ +�b2- r2 /2}M2 i?2 7`22 HQQT bT�+2

Ls = J�T(a1,s)
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

h?2Q`2K
h?2 #�b2/ HQQT bT�+2 Ω /2}M2b 7mM+iQ`b

Ω : T ⋆ *→ T ⋆, Ω : ?T ⋆ *→ ?T ⋆ .
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

S`QQ7

G2i mb }`bi +QMbB/2` Ω : T ⋆ *→ T ⋆X h?Bb �KQmMib iQ b?Qr i?�i
;Bp2M 7 : s→ u- i?2 BM/m+2/ K�T

7∗ : J�T⋆(a1,s)→ J�T⋆(a1,u), γ → 7 ◦ γ

Bb +QMiBMmQmbX h?Bb 7QHHQrb bBM+2 i?Bb Bb i?2 b�K2 �b

J�T⋆(a1,s)× {7}→ J�T⋆(a1,u).

LQr r2 +QMbB/2` Ω : ?T ⋆ *→ ?T ⋆X q2 M22/ iQ b?Qr B7 r2 ?�p2 �

?QKQiQTv s
7

##

;
$$

✤✤ ✤✤
%% u #v 6 : s× A→ u- i?2M i?2 BM/m+2/ K�Tb

7∗, ;∗ : J�T⋆(a1,s)→ J�T⋆(a1,u) �`2 �HbQ ?QKQiQTB+X
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

h?2 `2[mB`2/ ?QKQiQTv Bb ;Bp2M #v

Ω6 : Ωs× A→ Ωu, (γ, i)→ 6(−, i) ◦ γ.

hQ b22 i?2 +QMiBMmBiv Q7 Ω6- r2 }`bi mb2 1tTQM2MiB�H G�r iQ
2tT`2bb 6 2[mBp�H2MiHv �b � +QMiBMmQmb K�T 6̃ : A→ J�T⋆(s,u)X
h?2M Ω6 Bb ;Bp2M #v i?2 +QKTQbBiBQM

J�T⋆(a1,s)× A 1×6̃−→ J�T⋆(a1,s)×J�T⋆(s,u)→ J�T⋆(a1,u)

r?B+? Bb +QMiBMmQmb
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

.2}MBiBQM
G2i (s, t0) ∈ T ⋆X q2 /2}M2 Bib bmbT2MbBQM Σs #v

Σs = s× A
/
(s× ∂A ∪ t0 × A) s t0•

h?2 bmbT2MbBQM Bb i?2 b�K2 �b i?2 bK�b? T`Q/m+i rBi? a1

Σs = a1 ∧ s.
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

Σ /2}M2b 7mM+iQ`b

Σ : T ⋆ → T ⋆, ?T ⋆ → ?T ⋆ .

h?2Q`2K
(Σ,Ω) /2}M2b �/DQBMi T�B`b

Σ : T ⋆ T ⋆ : Ω Σ : ?T ⋆ ?T ⋆ : Ω
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

:`QmT Q#D2+i �M/ ?QKQiQTv ;`QmT
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

.2}MBiBQM
G2i C #2 � +�i2;Q`v rBi? }MBi2 T`Q/m+i �M/ i2`KBM�H Q#D2+i ⋆X �
;`QmT Q#D2+i BM C Bb �M Q#D2+i : BM C iQ;2i?2` rBi? KQ`T?BbKb

µ : :× :→ :, η : :→ :, ϵ : ⋆→ :

bm+? i?�i i?2 7QHHQrBM; /B�;`�Kb +QKKmi2

RV �bbQ+B�iBpBiv,
:× :× : 1×µ ""

µ×1

!!

:× :

µ

!!
:× : µ "" :
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

kV mMBi,
:× ⋆ 1×ϵ ""

& &❍
❍❍

❍❍
❍❍

❍❍
❍❍

❍❍
❍ :× :

µ

!!

⋆× :ϵ×1''

((✈✈
✈✈
✈✈
✈✈
✈✈
✈✈
✈✈

:
jV BMp2`b2

:

!!

1×η "" :× :

µ

!!

:η×1''

!!
⋆ ϵ "" : ⋆ϵ''

µ Bb +�HH2/ i?2 KmHiBTHB+�iBQM- η Bb +�HH2/ i?2 BMp2`b2- ϵ Bb +�HH2/ i?2
mMBiX
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

1t�KTH2
>2`2 �`2 bQK2 +H�bbB+�H 2t�KTH2bX
! :`QmT Q#D2+ib BM a2i �`2 ;`QmTbX
! :`QmT Q#D2+ib BM hQT �`2 iQTQHQ;B+�H ;`QmTbX
! :`QmT Q#D2+ib BM ?hQT �`2 +�HH2/ >@;`QmTbX
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

S`QTQbBiBQM
G2i C #2 � +�i2;Q`v rBi? }MBi2 T`Q/m+i �M/ i2`KBM�H Q#D2+i ⋆X G2i
: #2 � ;`QmT Q#D2+iX h?2M

>QK(−,:) : C → :`QmT

/2}M2b � +QMi`�p�`B�Mi 7mM+iQ` 7`QK C iQ :`QmTX
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

S`QQ7

6Q` �Mv s ∈ C- r2 /2}M2 i?2 ;`QmT bi`m+im`2 QM >QK(s,:) �b,
! JmHiBTHB+�iBQM, 7 · ; = µ(7, ;) �b

>QK(s,:) × >QK(s,:) −→ >QK(s,:)
s 7−→ : s ;−→ : *→ s (7,;)−−→ :× : µ−→ :,

! AMp2`b2, 7−1 = η(7) �b

>QK(s,:) −→ >QK(s,:)
s 7−→ : *→ s 7−→ : η−→ :,

! A/2MiBiv Bb i?2 BK�;2 Q7 i?2 KQ`T?BbK
>QK(s, ⋆)→ >QK(s,:)X
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

*Q`QHH�`v
�Mv s ∈ ?T /2}M2b � 7mM+iQ`

[−,Ωs]0 : ?T ⋆ → :`QmT .
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

.2}MBiBQM
G2i (s, t0) ∈ T ⋆X q2 /2}M2 i?2 M@i? ?QKQiQTv ;`QmT

πM(s, t0) = [aM,s]0 .

aQK2iBK2b r2 bBKTHv /2MQi2 Bi #v πM(s)X

AM T�`iB+mH�`- r2 ?�p2
! π0 Bb i?2 T�i? +QMM2+i2/ +QKTQM2MiX
! π1 Bb i?2 7mM/�K2Mi�H ;`QmTX
! 6Q` M ≥ 1- r2 FMQr i?�i

πM(s) = [ΣaM−1,s]0 = [aM−1,Ωs]

r?B+? Bb � ;`QmT bBM+2 Ωs Bb � ;`QmT Q#D2+iX
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

S`QTQbBiBQM
πM(s) Bb �#2HB�M B7 M ≥ 2X

S`QQ7X
h?Bb bi�i2K2Mi +�M #2 �HbQ BHHmbi`�i2/ �b 7QHHQrb,

7 7

7 7; ;

; ;
⇒ ⇒ ⇒
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

S`QTQbBiBQM
G2i s #2 T�i? +QMM2+i2/X h?2`2 Bb � M�im`�H 7mM+iQ`

hM : Π1(s)→ :`QmT

r?B+? b2M/b t0 iQ πM(s, t0)X AM T�`iB+mH�`- i?2`2 Bb � M�im`�H �+iBQM
Q7 π1(s, t0) QM πM(s, t0) �M/ �HH πM(s, t0)Ƕb �`2 BbQKQ`T?B+ 7Q`
/Bz2`2Mi +?QB+2b Q7 t0X

S`QTQbBiBQM
G2i 7 : s→ u #2 ?QKQiQTv 2[mBp�H2M+2X h?2M

7∗ : πM(s, t0)→ πM(u, 7(t0))

Bb � ;`QmT BbQKQ`T?BbKX


