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S2i`B L2ib UAAV

h?2 T`2pBQmb TB+im`2 `2T`2b2Mib � +QM+m``2Mi K�+?BM2 iQ #mv +�F2b
�M/ �TTH2bc � +�F2 +Qbib � /QHH�` �M/ �M �TTH2 i?`22 [m�`i2`bX

.m2 iQ �M mM7Q`imM�i2 /2bB;M- i?2 K�+?BM2 QMHv �++2Tib /QHH�`b-
�M/ Bi `2im`Mb � [m�`i2` r?2M i?2 mb2` #mvb �M �TTH2c iQ �HH2pB�i2
BM T�`i i?Bb T`Q#H2K- i?2 K�+?BM2 +�M +?�M;2 7Qm` [m�`i2`b BMiQ �
/QHH�`X

h?2 K�+?BM2 Bb +QM+m``2Mi- #2+�mb2 r2 +�M Tmb? b2p2`�H #miiQMb �i
QM+2- T`QpB/2/ 2MQm;? `2bQm`+2b 2tBbi BM i?2 +Q``2bTQM/BM; bHQib-
r?B+? �`2 +�HH2/ TH�+2b
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6Q` 2t�KTH2- B7 r2 ?�p2 QM2 /QHH�` BM i?2 $ TH�+2- �M/ 7Qm` [m�`i2`b
BM i?2 q TH�+2- r2 +�M bBKmHi�M2QmbHv Tmb? i?2 #mv@� �M/ +?�M;2
#miiQMb- �M/ i?2 K�+?BM2 `2im`Mb- �HbQ bBKmHi�M2QmbHv- QM2 /QHH�` BM
$- QM2 �TTH2 BM a- �M/ QM2 [m�`i2` BM qX

h?�i Bb- r2 +�M �+?B2p2 i?2 +QM+m``2Mi +QKTmi�iBQM-

#mv@� +?�M;2 : $ q q q q −→ a q $.
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h?Bb ?�b � bi`�B;?i7Q`r�`/ 2tT`2bbBQM �b � `2r`Bi2 i?2Q`v Ubvbi2K
KQ/mH2V �b 7QHHQrb,

KQ/ S1h_A@J�*>AL1 Bb
bQ`i J�`FBM; X
QTb MmHH 0 + � [ , @= J�`FBM; X
QT n n , J�`FBM; J�`FBM; @= J�`FBM; (�bbQ+ +QKK B/, MmHH) X
`H (#mv@+) , 0 4= + X
`H (#mv@�) , 0 4= � [ X
`H (+?M;) , [ [ [ [ 4= 0 X

2M/K
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h?�i Bb- r2 pB2r i?2 /Bbi`B#mi2/ bi�i2 Q7 i?2 bvbi2K �b � KmHiBb2i Q7
TH�+2b- +�HH2/ � K�`FBM;- rBi? B/2MiBiv 7Q` KmHiBb2i mMBQM i?2 2KTiv
KmHiBb2i MmHHX

q2 i?2M pB2r � i`�MbBiBQM �b � `2rBi2 `mH2 7`QK QM2 UT`2@VK�`FBM;
iQ �MQi?2` UTQbi@VK�`FBM;X
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h?2 `2r`Bi2 `mH2 +�M #2 �TTHB2/ KQ/mHQ �bbQ+B�iBpBiv-
+QKKmi�iBpBiv �M/ B/2MiBiv iQ i?2 /Bbi`B#mi2/ bi�i2 Bz Bib
T`2@K�`FBM; Bb � bm#KmHiBb2i Q7 i?�i bi�i2X

6m`i?2`KQ`2- B7 i?2 /Bbi`B#mi2/ bi�i2 +QMi�BMb i?2 mMBQM Q7 b2p2`�H
bm+? T`2b2ib- i?2M b2p2`�H i`�MbBiBQMb +�M }`2 +QM+m``2MiHvX

6Q` 2t�KTH2- 7`QK 0 0 0 r2 +�M ;2i BM QM2 +QM+m``2Mi bi2T iQ + +
� [ #v Tmb?BM; irB+2 U+QM+m``2MiHv5V i?2 #mv@+ #miiQM �M/ QM+2
i?2 #mv@� #miiQMX
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q2 +�M Q7 +Qm`b2 �bF �M/ ;2i �Mbr2`b iQ [m2biBQMb �#Qmi i?2
#2?�pBQ`b TQbbB#H2 BM i?Bb bvbi2KX 6Q` 2t�KTH2- B7 A ?�p2 � /QHH�`
�M/ i?`22 [m�`i2`b- +�M A ;2i � +�F2 �M/ �M �TTH2\

J�m/2= b2�`+? 0 [ [ [ 4=Y + � J,J�`FBM; X
b2�`+? BM S1h_A@J�*>AL1 , 0 [ [ [ 4=Y + � J,J�`FBM; X

aQHmiBQM R Ubi�i2 9V
bi�i2b, 8 BM yKb +Tm UyKb `2�HV
J,J�`FBM; @@= MmHH

r2 +�M �HbQ BMi2``Q;�i2 i?2 b2�`+? ;`�T?-
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J�m/2= b?Qr b2�`+? ;`�T? X
bi�i2 y- J�`FBM;, 0 [ [ [
�`+ y 444= bi�i2 R U`H (#mv@+), 0 4= + XV
�`+ R 444= bi�i2 k U`H (#mv@�), 0 4= � [ XV

bi�i2 R- J�`FBM;, + [ [ [

bi�i2 k- J�`FBM;, � [ [ [ [
�`+ y 444= bi�i2 j U`H (+?M;), [ [ [ [ 4= 0 XV

bi�i2 j- J�`FBM;, 0 �
�`+ y 444= bi�i2 9 U`H (#mv@+), 0 4= + XV
�`+ R 444= bi�i2 8 U`H (#mv@�), 0 4= � [ XV

bi�i2 9- J�`FBM;, + �

bi�i2 8- J�`FBM;, � � [
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J�m/2= b?Qr T�i? 9 X
bi�i2 y- J�`FBM;, 0 [ [ [
444( `H (#mv@�), 0 4= � [ X )444=
bi�i2 k- J�`FBM;, � [ [ [ [
444( `H (+?M;), [ [ [ [ 4= 0 X )444=
bi�i2 j- J�`FBM;, 0 �
444( `H (#mv@+), 0 4= + X )444=
bi�i2 9- J�`FBM;, + �
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q?�i Bb *QM+m``2M+v\

q?v r�b +QM+m``2M+v BKTQbbB#H2 BM Qm` *�L.u@�lhPJ�hPL
2t�KTH2- #mi TQbbB#H2 BM Qm` HBiiH2 S1h_A@J�*>AL1 2t�KTH2\

h?2 T`Q#H2K rBi? *�L.u@�lhPJ�hPL- �M/ rBi? �Mv Gha ?�pBM;
mMbi`m+im`2/ bi�i2b- Bb i?�i Bib bi�i2b �`2 �iQKB+- �M/- ?�pBM; MQ
bK�HH2` TB2+2b- +�MMQi #2 /Bbi`B#mi2/X

"v +QMi`�bi- � S2i`B M2i K�`FBM; Bb K�/2 Qmi Q7 bK�HH2` TB2+2b-
M�K2Hv Bib +QMbiBim2Mi TH�+2b- �M/ i?2`27Q`2 +�M #2 /Bbi`B#mi2/- bQ
i?�i b2p2`�H i`�MbBiBQMb +�M ?�TT2M bBKmHi�M2QmbHvX
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h?2M r?�i- Bb +QM+m``2M+v �#Qmi KmHiBb2ib\

LQi M2+2bb�`BHvc i?Bb Bb i?2 p2`v +QKKQM 7�HH�+v Q7 i�FBM; i?2 T�`i
7Q` i?2 r?QH2c 7Q` 2t�KTH2- ǳGQ;B+ S`Q;`�KKBM; 4 S`QHQ;-Ǵ Q`
ǳ*QM+m``2M+v 4 S2i`B L2ibǴX

� KQ`2 7�B` �M/ QT2M@KBM/2/ �Mbr2` Bb iQ ;Bp2 i?2 `2r`BiBM; HQ;B+
KQiiQ,

*QM+m``2Mi ai`m+im`2 4 �H;2#`�B+ ai`m+im`2X
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h?�i Bb- �Mv �H;2#`�B+ bi`m+im`2 BM i?2 b2i Q7 bi�i2b- Qi?2` i?�M
�iQKB+ +QMbi�Mib- 2p2M � bBM;H2 mM�`v QT2`�iQ`- rBHH QT2M i?2
TQbbB#BHBiv 7Q` i?2 bi�i2b iQ #2 /Bbi`B#mi2/- �M/ i?2`27Q`2 7Q`
i`�MbBiBQMb #2BM; +QM+m``2MiX

P7 +Qm`b2 i?�i TQi2MiB�H 7Q` +QM+m``2M+v K�v #2 7`mbi`�i2/ #v i?2
bT2+B}+ i`�MbBiBQMb Q7 � bvbi2K 7Q`+BM; � b2[m2MiB�H 2t2+miBQM- #mi
i?2 TQi2MiB�H Bb i?2`2 B7 r2 mb2 Qi?2` i`�MbBiBQMbX

AM bmKK�`v- i?2`2 �`2 �b K�Mv TQbbB#H2 bivH2b Q7 +QM+m``2Mi
bvbi2Kb �b i?2`2 �`2 bB;M�im`2b Σ �M/ 2[m�iBQMb EX 6Q` 2t�KTH2,
KmHiBb2i +QM+m``2M+v- i`22 +QM+m``2M+v- bi`BM; +QM+m``2M+v- �M/
K�Mv- K�Mv Qi?2` TQbbB#BHBiB2bX
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S2i`B L2ib BM :2M2`�H

A ;Bp2 i?2 J2b2;m2`@JQMi�M�`B ǳS2i`B M2ib �`2 KQMQB/bǴ /2}MBiBQM-
BMbi2�/ i?�M i?2 mbm�H- #mi H2bb 2MHB;?i2MBM;- KmHiB;`�T? /2}MBiBQMX

� TH�+2@i`�MbBiBQM S2i`B M2i N +QMbBbib Q7,

Ç � b2i P Q7 TH�+2bc r2 i?2M +�HH K�`FBM;b iQ i?2 2H2K2Mib BM i?2
7`22 +QKKmi�iBp2 KQMQB/ M(P ) Q7 }MBi2 KmHiBb2ib Q7 P X

Ç � H�#2H2/ i`�MbBiBQM bvbi2K N = (M(P ), L, T )X
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h?2 ;2M2`�H i`�Mb7Q`K�iBQM �bbQ+B�iBM; � `2r`Bi2 i?2Q`v R(N) iQ
2�+? S2i`B M2i N Bb i?2M Q#pBQmbX R(N) ?�b,

Ç � bBM;H2 bQ`i- M�K2/- b�v M(P )- Q` Dmbi J�`FBM;- rBi?
+QMbi�Mib i?2 2H2K2Mib Q7 P �M/ � MmHH +QMbi�MiX

Ç � #BM�`v QT2`�iQ`
n n : J�`FBM; J�`FBM; −→ J�`FBM; [assoc comm id : null]

Ç 7Q` 2�+? (m, l,m′) ∈ T � `2r`Bi2 `mH2 l : m −→ m′X
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S2i`B L2i *QKTmi�iBQMb

h?2 +QKTmi�iBQMb Q7 � M2i N �`2 MQi Dmbi T�i?b- bBM+2 r2 +�M MQr
i�F2 b2p2`�H +QM+m``2Mi bi2Tb �i QM+2X h?2v �`2 ;2M2`�i2/ �b
7QHHQrb,

Ç _2~2tBpBivX
m ∈ M(P )

m
m−→ m

Ç "�bB+ h`�MbBiBQMX
(m, l,m′) ∈ T

m
l−→ m′

Ç *QM;`m2M+2X
m

α−→ m′ u
β−→ u′

m u
α β−→ m′ u′
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Ç h`�MbBiBpBivX
m

α−→ u u
β−→ v

m
α;β−→ v

q2 rBHH b22 H�i2` i?�i- r?2M r2 pB2r S2i`B M2ib �b `2rBi2 i?2Q`B2b-
i?2 �#Qp2 BM72`2M+2 bvbi2K ;2M2`�iBM; �HH S2i`B M2i +QKTmi�iBQMb Q7
� M2i N +QBM+B/2b rBi? i?2 bT2+B�HBx�iBQM Q7 i?2 ;2M2`�H BM72`2M+2
bvbi2K Q7 `2r`BiBM; HQ;B+ iQ i?2 `2r`Bi2 i?2Q`v R(N)X

h?Bb BHHmbi`�i2b � ;2M2`�H TQBMi- M�K2Hv- i?�i `2r`BiBM; HQ;B+ Bb �
p2`v 2tT`2bbBp2 b2K�MiB+ 7`�K2rQ`F- BM r?B+? K�Mv /Bz2`2Mi
+QM+m``2M+v KQ/2Hb +�M #2 M�im`�HHv bT2+B}2/X

9R


