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L2m`�H M2irQ`F T�`bBM;

.�MBďH /2 EQF � 1`?�`/ >BM`B+?b

.�MBďH /2 EQF � 1`?�`/ >BM`B+?b
L2m`�H M2irQ`F T�`bBM;
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_2+�T

+← +0(a)
r?BH2 ¬Bb6BM�H(+) /Q

i← ;(+)
+← i(+)

2M/ r?BH2

+, T�`b2` bi�i2
+0, BMBiB�H T�`b2` bi�i2
i, i`�MbBiBQM
;, T�`bBM; ;mB/2

L2ti [m2biBQM, r?�i 7mM+iBQM /Q r2 mb2 �b ;\
�Mbr2`, � T`Q#�#BHBbiB+ KQ/2H, T(i|+)
"2M2}ib,

q2HH@mM/2`biQQ/ K2i?Q/b 7Q` QTiBKBx�iBQMX
S`QpB/2b � ;QQ/ #�bBb 7Q` #2�K b2�`+?X

.�MBďH /2 EQF � 1`?�`/ >BM`B+?b
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AMi`Q/m+iBQM

:Q�H Q7 Q7 � ;mB/2 /m`BM; T�`bBM;, T`2/B+i 7Q` � ;Bp2M + i?2
#2bi i`�MbBiBQM iX
lbBM; T`QT2`iB2b U72�im`2bV Q7 i?2 T�`b2` bi�i2X

.�MBďH /2 EQF � 1`?�`/ >BM`B+?b
L2m`�H M2irQ`F T�`bBM;
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1t�KTH2 UT�`bBM; 72�im`2bV

*QMbB/2` 7QHHQrBM; irQ T�`bBM; 72�im`2b,
71, 1 B7 σ = [· · · |�_h|LL]- 0 Qi?2`rBb2
72, 1 B7 σ = [· · · |�SS_|L1]- 0 Qi?2`rBb2

6Q` � T�`b2` bi�i2 rBi? σ = [. . . ,�SS_,L1],
71(+B) = 0

72(+B) = 1

tB = [0, 1]

.�MBďH /2 EQF � 1`?�`/ >BM`B+?b
L2m`�H M2irQ`F T�`bBM;
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1t�KTH2 UT�`bBM; 72�im`2bV

*QMbB/2` 7QHHQrBM; irQ T�`bBM; 72�im`2b,
71, 1 B7 σ = [· · · |�_h|LL]- 0 Qi?2`rBb2
72, 1 B7 σ = [· · · |�SS_|L1]- 0 Qi?2`rBb2

6Q` � T�`b2` bi�i2 rBi? σ = [. . . ,�SS_,L1],
71(+B) = 0

72(+B) = 1

tB = [0, 1]
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1t�KTH2 UT�`bBM; 72�im`2bV

*QMbB/2` 7QHHQrBM; irQ T�`bBM; 72�im`2b,
71, 1 B7 σ = [· · · |�_h|LL]- 0 Qi?2`rBb2
72, 1 B7 σ = [· · · |�SS_|L1]- 0 Qi?2`rBb2

6Q` � T�`b2` bi�i2 rBi? σ = [. . . ,�_h,LL],
71(+B) = 1

72(+B) = 0

tB = [1, 0]
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62�im`2@#�b2/ `mH2b

:Bp2M i?2 72�im`2b,
71, 1 B7 σ = [· · · |�_h|LL]- 0 Qi?2`rBb2
72, 1 B7 σ = [· · · |�SS_|L1]- 0 Qi?2`rBb2

G27i@�`+.1h r?2M 71 = 1

_B;?i@�`+SL r?2M 72 = 1
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62�im`2@#�b2/ `mH2b

:Bp2M i?2 72�im`2b,
71, 1 B7 σ = [· · · |�_h|LL]- 0 Qi?2`rBb2
72, 1 B7 σ = [· · · |�SS_|L1]- 0 Qi?2`rBb2

G27i@�`+.1h r?2M 71 = 1
_B;?i@�`+SL r?2M 72 = 1
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.�i�@/`Bp2M H2�`MBM;

6Q` 2�+? b2Mi2M+2 aB �M/ i?2 +Q``2bTQM/BM; ;QH/ bi�M/�`/
/2T2M/2M+v bi`m+im`2 ;B,

R S�`b2 aB mbBM; �M Q`�+H2 iQ `2T`Q/m+2 :BX
k 1ti`�+i i?2 i`�MbBiBQM b2[m2M+2 *0,K �M/ i?2 +Q``2bTQM/BM;

i`�MbBiBQMb h0,KX
j 6Q` 2�+? T�B` (+B, iB) ∈ (*0,K,h0,K),

R *QMp2`i +B iQ � 72�im`2 p2+iQ` tB ∈ R/X
k *QMp2`i iB iQ � M�im`�H MmK#2` vB ∈ NX
j (tB, vB) Bb � i`�BMBM; BMbi�M+2X

.�MBďH /2 EQF � 1`?�`/ >BM`B+?b
L2m`�H M2irQ`F T�`bBM;
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1t�KTH2

h`�MbBiBQM σ β �
(_PPh) (ai��ib�Mr�Hi- . . .) ∅

a> (_PPh- ai��ib�Mr�Hi) (KmĽ- · · · ) ∅
a> (_PPh- ai��ib�Mr�Hi- KmĽ) (�qP@EQMi2M- · · · ) ∅
G�al"C (_PPh- KmĽ) (�qP@EQMi2M- · · · ) �1 = {(KmĽ, al"C, ai��ib�Mr�Hi)}
a> (_PPh- �qP@EQMi2M) (T`Ƀ72M) �1
a> (_PPh- �qP@EQMi2M- T`Ƀ72M) () �1
G�P"C� (_PPh- KmĽ- T`Ƀ72M) () �2 = �1 ∪ {(T`Ƀ72M, P"C�, �qP@EQMi2M)}
_��ls (_PPh- KmĽ) () �3 = �2 ∪ {(KmĽ, �ls, T`Ƀ72M)}
_�_PPh (_PPh) () �4 = �3 ∪ {(_PPh, _PPh, KmĽ)}

h?2 imTH2 < σ,β,� > QM 2�+? HBM2 Bb � T�`b2` bi�i2X
h?2 i`�MbBiBQM QM i?2 M2ti HBM2 Bb i?2 +Q``2bTQM/BM; +H�bbX

.�MBďH /2 EQF � 1`?�`/ >BM`B+?b
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(_PPh) (ai��ib�Mr�Hi- . . .) ∅

a> (_PPh- ai��ib�Mr�Hi) (KmĽ- · · · ) ∅
a> (_PPh- ai��ib�Mr�Hi- KmĽ) (�qP@EQMi2M- · · · ) ∅
G�al"C (_PPh- KmĽ) (�qP@EQMi2M- · · · ) �1 = {(KmĽ, al"C, ai��ib�Mr�Hi)}
a> (_PPh- �qP@EQMi2M) (T`Ƀ72M) �1
a> (_PPh- �qP@EQMi2M- T`Ƀ72M) () �1
G�P"C� (_PPh- KmĽ- T`Ƀ72M) () �2 = �1 ∪ {(T`Ƀ72M, P"C�, �qP@EQMi2M)}
_��ls (_PPh- KmĽ) () �3 = �2 ∪ {(KmĽ, �ls, T`Ƀ72M)}
_�_PPh (_PPh) () �4 = �3 ∪ {(_PPh, _PPh, KmĽ)}

h?2 imTH2 < σ,β,� > QM 2�+? HBM2 Bb � T�`b2` bi�i2X
h?2 i`�MbBiBQM QM i?2 M2ti HBM2 Bb i?2 +Q``2bTQM/BM; +H�bbX
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62�im`2b

62�im`2b �`2 2ti`�+i2/ 7`QK � T�`b2` bi�i2 +B mbBM; 72�im`2
i2KTH�i2bX
62�im`2b +�M mb2 �Mv TQ`iBQM Q7 i?2 T�`b2` bi�i2,

�Mv iQF2M QM i?2 bi�+Ff#mz2`X
�ii`B#mi2b Q7 � iQF2M- bm+? �b Bib T�`i@Q7@bT22+? i�; Q` H2KK�X

.�MBďH /2 EQF � 1`?�`/ >BM`B+?b
L2m`�H M2irQ`F T�`bBM;



X
X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X

.�i�@/`Bp2M KQ/2Hb aQ7iK�t `2;`2bbBQM 622/@7Q`r�`/ M2m`�H M2irQ`Fb L2m`�H /2T2M/2M+v T�`b2`

1t�KTH2 72�im`2 b2i UEɃ#H2`- J+.QM�H/- �M/ LBp`2 kyyNV

�//`2bb 6Q`K G2KK� SPa@i�; 62�im`2b .2T`2H
σ0 Y Y Y Y
σ1 Y
G.1S(σ0) Y
_.1S(σ0) Y
β0 Y Y Y Y
β1 Y Y
β2 Y
β3 Y
G.1S(β0) Y
_.1S(β0) Y
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62�im`2 p2+iQ`b

hQ mb2 i2+?MB[m2b 7`QK HBM2�` �H;2#`�- r2 `2T`2b2Mi 2�+?
72�im`2 �b � }t2/ +QKTQM2Mi BM � p2+iQ`X

q2 +�M `2T`2b2Mi 7Qm` 72�im`2b BM � p2+iQ` Q7 7Qm` +QKTQM2Mib,

�X σ = [· · · |/B2|�qP]
#X σ = [· · · |BM|C�T�M]
+X σ = [· · · |/�b|�miQ]
/X σ = [· · · |BM|aQ}�]
2X σ = [· · · |aQ}�], β = [;2r2b2M| · · · ]

⎡

⎢⎢⎢⎢⎣

�
#
+
/
2

⎤

⎥⎥⎥⎥⎦
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62�im`2 p2+iQ`b

hQ mb2 i2+?MB[m2b 7`QK HBM2�` �H;2#`�- r2 `2T`2b2Mi 2�+?
72�im`2 �b � }t2/ +QKTQM2Mi BM � p2+iQ`X
q2 +�M `2T`2b2Mi 7Qm` 72�im`2b BM � p2+iQ` Q7 7Qm` +QKTQM2Mib,

�X σ = [· · · |/B2|�qP]
#X σ = [· · · |BM|C�T�M]
+X σ = [· · · |/�b|�miQ]
/X σ = [· · · |BM|aQ}�]
2X σ = [· · · |aQ}�], β = [;2r2b2M| · · · ]

⎡

⎢⎢⎢⎢⎣

�
#
+
/
2

⎤

⎥⎥⎥⎥⎦

.�MBďH /2 EQF � 1`?�`/ >BM`B+?b
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62�im`2 p2+iQ`b

h?2 T�`b2` bi�i2
σ = [· · · , BM, aQ}�]
β = [;2r2b2M, · · · ]

qQmH/ +Q``2bTQM/ iQ i?2 7QHHQrBM; 72�im`2 p2+iQ`,

�X σ = [· · · |/B2|�qP]
#X σ = [· · · |BM|C�T�M]
+X σ = [· · · |/�b|�miQ]
/X σ = [· · · |BM|aQ}�]
2X σ = [· · · |aQ}�], β = [;2r2b2M| · · · ]

⎡

⎢⎢⎢⎢⎣

0
0
0
1
1

⎤

⎥⎥⎥⎥⎦

.�MBďH /2 EQF � 1`?�`/ >BM`B+?b
L2m`�H M2irQ`F T�`bBM;
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aQ7iK�t `2;`2bbBQM
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"�bB+ HBM2�` KQ/2H

q2 BMi`Q/m+2 � K�i`Bt q ∈ R|h|×|6|- r?2`2,
|h|, i?2 MmK#2` Q7 i`�MbBiBQMbX
|6|, i?2 MmK#2` Q7 72�im`2bX

1�+? `Qr Q7 q Bb � i`�MbBiBQM@bT2+B}+ r2B;?iBM; Q7 72�im`2
p2+iQ`bX
A7 t Bb i?2 72�im`2 p2+iQ` Q7 � T�`b2` bi�i2- i?2M � bBKTH2 ;mB/2
rQmH/ #2,

;(t) = �`; K�t
i∈h

(qt)i

.�MBďH /2 EQF � 1`?�`/ >BM`B+?b
L2m`�H M2irQ`F T�`bBM;
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v1
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v3

⎤

⎦ = bQ7iK�t

⎛

⎜⎜⎝

⎡

⎣
q1,1 q1,2 q1,3 q1,4

q2,1 q2,2 q2,3 q2,4

q3,1 q3,2 q3,3 q3,4

⎤

⎦ ·

⎡

⎢⎢⎣

t1
t2
t3
t4

⎤

⎥⎥⎦

⎞

⎟⎟⎠

= bQ7iK�t

⎛

⎝

⎡

⎣
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⎤

⎦

⎞

⎠
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