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- � �3ü��>ü

� � t ∈ L
ù?���Lý����5ü �-ú �3üR=;672dì@2d? ÿ �
ú��Münú0�>ý{ø��Lùûúcù�ÿ{ø -

� Gt

ù?�
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ú �>ýJø"�sùûúcù�ÿ{ø ��ü � þMü�ø�7ü-�
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Ëü�ú¯ü�����ùûøMù?�sùûø��nH;?�4�ëOß>4�?uND4<NUHJV3ß>=;Ü½HJß>=;?

S
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ú¯ÿJø

〈V, Θ, L, l0, Σ, T 〉
ù?� �;ü�ú¯ü�����ùûøMù?�súZù �Eùûø)ý �5ÿ �Lý{úcù�ÿ{ø

l ∈ L
ù ����ÿ5�Rý����uý ��úcù�ÿ{ø��

a ∈ Σý{ø7��üLý ��� �Mý{ù��
t1 : 〈l, G1, a, A1, l1〉

ýJø7�
t2 : 〈l, G2, a, A2, l2〉
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G1 ∧G2
ù?�RþDø���ýJúZù?� ÷�ý2���dü�1

�7�Mü&ý{þDú�ÿ��½ý{ú�ÿ{øÌù?� �;ü�ú�ü-����ùûøMù?�súcù �.ù �
ùûúgù?���;ü�ú�ü-����ùûøMù?�súcù �
ùûø�ý���� �5ÿ �Lý{úcù�ÿ{ø��
l ∈ L
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$�ëD4�Ü&î3Q54 %«W>13={ôEWqß>1MHJß�ND4�ß>4<6>Ü&25?325W>25?3ìnß\ô�=
ß>6LHJ?uW}2dß>25=;?MW¼K�=@?MW}2SW}ß7Wq25?-Ü&4<6>ì@2d?3ì
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ZKsí\ð�õ/25ì;V3674�%���ð�õM=;67Ü&H;QdQ58;A���ÿ����dÿ5�

(t) , {t′ ∈ T | � t′ =
� t}
ð��Í4�HJQSW}=EN34�?3=;ß>4qÝO8

IdV

ß7134Rù �@ü�øuúZùûú DqH;W7W}25ì;?MÜ�4<?hß7W�={F@4�6BF{HJ672SHJÝ3Q54<W
V
A<2cð 4@ðdA

x := xí =;6'4<H@KL1
x ∈ V
ð
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�½ÿ �

(t′ji ), i = 1, 2

�
t1

�
t2

�
t1

�	��
 ©��M© ��f7²\f7Y\ln[^bh[^]�[^bhÏ�zR²�Y}_<b@]�[^²\[^±<bh] ���ût^f7³d²	�k°Df7³S±�Y\f �SY\[^Ï<¸J²	�k_�³5²\f7Ys�

'�Ó)(*,+.-%+�×/*�
�2}Ù�Ó)-<ÓhØA< + *,+ZÚ%+ *�� -7ÕË× -�ØA7:*/Ú%+.-%+Z×=*/Ú ?A@ ��ü�ú
S

�7üIý{ø ü,&;ú�ü�ø7�;ü�� ýJþ�1
ú¯ÿ5�&ýJú¯ÿJø -Rý{ø� �dü�ú

t1, t2 ∈ T
�Lü½ú0�gÿ)ú �7ý{ø"�sùûúcù�ÿ{ø��4��ùûú ����ý��½ü�ÿ��sù �;ùûø � = � t1 = � t2ý{ø7� ��ý��½üÍý ��úcù�ÿ{ø

a = at1 = at2

1 ��3ü�ý{þDú�ÿ��½ý{ú�ÿ{ø �;ü�ú
2(S , t1, t2)

ù?� �@ü�÷gøÞü�� ý��
��ÿ����dÿ5� � 1� � �

t1 ∧
�

t2

ù?�nþDø���ýJúZù?� ÷�ý2���dü
ú �3ü�ø �@ü�ú
2(S , t1, t2) = S

-¼ÿ{ú �3ü�����ù?��ü -

� V�����
2(S, t) = VS� Θ�����
2(S, t) = ΘS� L�����
2(S, t) = LS ∪ {〈 � , 〈 � t1 , � t2〉〉}

- � �3ü��>ü
〈 � , 〈 � t1 , � t2〉〉

ù?�
ý�øÞü�� �dÿ��7ýJúZù�ÿJø
� l0�����

2(S, t) = l0S� Σ�����
2(S, t) = ΣS� T�����

2(S, t) = TS \ {t1, t2} ∪ {t1,2} ∪ T1 ∪ T2
-2� �Mü-�7ü

� t1,2 = 〈 � , � t1 ∨
�

t2 , a, IdV , 〈 � , 〈 � t1 , � t2〉〉〉
-

� ��ÿ�� i = 1, 2
-

Ti =
⋃

t′∈ ����� � ��� (ti)
{
�&ÿ��

i(t
′)}

- ��ùûú �#ú �3üIú �7ý{ø"�sùûúcù�ÿ{ø�� �½ÿ �
i(t

′) :

〈〈 � , 〈 � t1 , � t2〉〉,
�

ti
∧
�

t′ ◦
�

ti
, at′ ,

�
t′ ◦

�
ti

, � t′〉 1
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2(S, t1, t2)

Ýh8�ß7134EW>4�ß�=Jí3ß767H;?MW>2´ß72d=@?MW
{t1,2}∪T1∪T2
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A
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t2
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�

ti
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25?��@ü�ú
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S
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l
ÿ �Eý{øUü &@ú�ü�ø�;ü��.ýJþDú¯ÿ5�&ýJú¯ÿJø

S , 〈V, Θ, L, l0, Σ, T 〉
- � �3ü��>ü

l ∈ L
-

ù?� �;üZ÷qø¤ü��½ý � ��ÿ5���dÿ�� ��1 ��ü�ú
Tl ⊆ T

�Lü�ú �3ü ��ü�úgÿ �ný5����ú �>ýJø"�sùûúcù�ÿ{ø"� ��ùûú��Uÿ5�sù �Jùûø
l
-/ú �3ü�ø F

� �@ü�ú (S , l) = S
ù � ��ÿ5�Îü�+{ü-��D �3ýJù��Ìÿ ���{ù?�súcùûø7��ú
ú �7ý{ø"�sùûúcù�ÿ{ø��

t1
-

t2 ∈ Tl

�sþ����Öú��Mý{ú
�
t1 = �

t2

-qú �3ü ��ÿ�����þ��dý��
t1 ∧

�
t2

ù?�nþDø���ýJúZù?� ÷�ý2���dü��
� ÿJú��Mü-����ù?��ü -$���3ÿ�ÿ ��ü�ú0�gÿ �Jù?�súZùûø��ú½ú0�>ý{ø��sùûúZù�ÿJø"� t1, t2 ∈ Tl

�sþ�� � ú �3ýJú �
t1 = �

t2

-
�

t1 ∧
�

t2

ù?� ��ý{úcù?� ÷¼ý �-�dü -�ýJø7�$�5ü�ú��;ü�ú
(S , l) =

�@ü�ú
(
�@ü�ú

2(S , t1, t2), l)
1
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l ∈ LS

ðÞ0�134<?BA
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S
AB=@?34½W}1M=;V3QSNI2dß>4<67HJß>4 �;ü�ú

(S, l)í =;6UHJQ5Q
l ∈ LS

ð�CE={ô�4�F;4<6<A¼Qd=DK<HJQ«N34�ß>4<6>Ü&25?32SW>HJß>25=;? K�6>4�H{ß>4�W�?34<ô Qd=DK<H{ß>25=;?uW�A¼ô'1325KL1
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HJVDß7=;Ü½H{ß7=;?�25W¼ND4�ß74�67Ü�25?32SW\ß725K�ô'2dß>1½Q5=O=;ö{HJ1M4<H;N

n
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n
H;Ksß72d=@?MW'HJ1M4<H;NBð
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S = 〈V, Θ, L, q0, Σ, T 〉�3ý � �dÿ�ÿ��@ý �Mü7ý �

n ∈ N
ùûø ý �sú¯ýJú¯ü

q ∈ Q � � ��� �
ù �

∀σ1, σ2 ∈ T n+1. q
σ1→ ∧q

σ2→
∧
ú �>ý �Lü

(σ1) =
ú0�>ý �Lü

(σ2) ⇒
÷ ���sú
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ù?�Lúcù ���5ÿ �Lý{úcù�ÿ{ø��

{l1, . . . lk}
ÿ �Eý{ø-ýJþDú¯ÿ5�&ýJú¯ÿJø

S
ùûø-ý{ø�ý5����ùûú0�>ý���D
ÿ5���;ü���-'*cù 1ûü�1�-

S0 = S
-
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l0

l1

l2

a

a, b
a

a

b

l0 〈l0, 〈l1, l2〉〉

l1

l2

a

a

a, b
a

b

a

b

�	��
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∀i ≤ k − 1,Si+1 =
�@ü�ú

(S i, li)
-qýJø7�

S ′ = Sk

/21  �øÞÿ{ø¤ü
ÿ �ú �3ü-��ü �dÿ��Lý�� �;ü�ú�ü-����ùûøMù?��ý�1
úZù�ÿJø �sú¯ü �(� �hý�+{ü �sù?��üËú�ÿ&ùûø!�Mü-�sùûú�ü���ø¤ÿ{ø7�@ü�ú�ü����Ëùûøuù?��� -gú �3ü�ø �dÿ�ÿ��

(S ′) <
�dÿ�ÿ��

(S)
1

0�=�4�?uW}V3674�ß>1MHJß½H;QdQ'?M4�ô�?M=;?MND4�ß>4<6>Ü&25?325W>Ü 2SW½K�674<H{ß74<N�Ak=@?34UÜ.VMW}ß�ND4�ß74�67Ü�25?32SW}4UQ5=Jï
K�H{ß72d=@?MWnô'13=hW}4 �Jù��>ü���ú �sþ����Lü�����ÿ����nHJ674�ND4�ß74�67Ü&2d?32SW}ß>2SKJð *�VDßË?3={ô ô�4-H;6>4&í�H@K�4<N�ô'2dß>1
HJ?3=;ß>134<6ND2���K�V3Qdß\8 5¤2´íqß7134&HJVDß7=;Ü½H{ß7=;?Î1MH@WK�8DK�Q54<W«2d?Ìô'1M25KL1%ü-+{ü-��D �dÿ��Lý{úcù�ÿ{ø ù?��øÞÿ{ø(1
�;ü�ú¯ü����Ëùûøuù?�súZù ��A¤2´ß25W«2dÜ&îÞ=@W7W}25Ý3Q54
ß7=�KL13=O=@W>4
H�Q5=DK�HJß>25=;?Î=;?Ìß>134�K�8DK�Q54
ß7=-W\ßLHJ6>ßND4�ß>4<6}ï
Ü�25?32SW}25?3ì&ô'2dß>1�30�132SW�ô'25QdQ�Q54<H@N-VMW�ß7= �\Ý3674<H;öO2d?3ì �RW}VMKL1UK�8DK�Qd4�W¼ÝO8-N34�ß>4<6>Ü&25?32SW}25?3ì&=;?34
Qd=DK�HJß>25=;?)=;?)4<H@KL1�=;í�ß>1M4�ÜUð

'�Ó)(*,+.-%+�×/*10���@/B �dÿ��Lý{úcù�ÿ{ø
l′
ù?��ý��{ù��>ü���ú��sþ����7ü-����ÿ��½ÿ ��ý �dÿ��Lý{úcù�ÿ{ø

l
ùûø

S
ù ��ú �3ü��>ü

ü &@ù?�sú �
t ∈ TS

�sþ�� � ú��Mý{ú � t = l
ý{ø7� � t = l′

1 B K�8DK�Q54 ù?�Íý ��ü � þMü�ø7�Lü c = t1 ·
t2 · · · tn ∈ T ∗ �Lþ����Íú �3ý{ú ∀i = 1, . . . n − 1, � ti

= � ti+1

-'ýJø7� � tn
= � t1

1 ��3ü � D ���dü
ù?�«4�Q54�Ü&4<?@ßLHJ678 ù ���&ÿ5�>üLÿ�+{ü-�

∀i, j = 1, . . . n − 1, i < j ⇒ � tj
6= � ti

�3ÿ��&� ��1 ��ü���ýAD
l ∈ c
ù �
∃i ∈ {1, . . . n}. l = � ti

- �;ü�øÞÿJú¯ü � D
C(S)
ú �3ü ��ü�únÿ � � D ���dü-��ÿ �

S
-«ýJø7� � D

C(S, l) = {c ∈ C(S)|l ∈ c}
1

'�Ó)(*,+.-%+�×/*10�" 2 */×=*/Ù/Ó4-�ÓhØ <>+.* +�Ú%-%+&%�%;Ô % ��Ó:?A@ B � D ���dü
C

ù?�&?M=;?MND4�ß>4<6>Ü&25?325W}ß>2SK ù �
∀l ∈ C

-
l
ù?��ø¤ÿ{ø7�@ü�ú�ü����Ëùûøuù?�Lúcù ��1 ��ü �@ü�ø¤ÿ{ú�ü � D

N (S)
ú��Mü>��ü�úÿ ��øÞÿJø7�;ü�ú�ü-����ùûøMù?�súcù �

� D ���dü-�Ëÿ �
S
1

�gÓ6< < 7 0/@���ÿ��
S
ý{ø ýJþDú¯ÿ5�&ýJú¯ÿJø ýJø7� ý���� �5ÿ �Lý{úcù�ÿ{ø��

l ∈ LS

-
C(
�;ü�ú

(S , l), l) ∩
N (

�;ü�ú
(S , l)) = ∅

-Eý{ø7�
∀c′ ∈C

*
S
/
.c′ /∈ C(S , l) ∧ c′ /∈ N (S) ⇒ c′ ∈ C(

�;ü�ú
(S, l)) \

N (
�;ü�ú

(S , l))
1

�.�>ÿ�ÿ � 1«õ3=;6�ß71344�M6LW\ß
W}ß7H{ß74�Ü&4�?hß�AB?3=Jß74�ß>1MHJß
l
2SWnND4�ß74�67Ü&2d?32SW}ß>2SK&2d? �;ü�ú

(S , l)
A�134<?MK�4@A

Ýh8)ND4-�u?32´ß72d=@?BAMH½K�8OK�Qd4
c ∈ C(

�;ü�ú
(S, l), l)

K�H;?3?3=;ß�ÝÞ4n?3=@?MND4�ß74�67Ü&2d?32SW}ß>2SK�2d? �;ü�ú
(S, l)
A

2Zð 4;ð5A¤2´ßnK�H;?3?3=JßÝu4�25?
N (

�@ü�ú
(S , l))
ð�õM=;6«ß>134&W}4�K�=@?MNÌW}ß7H{ß74�Ü&4�?hß�AMß7134ËQ54�íûß>ïc1uHJ?MNÍW}2SND4

=Jí�ß>134-2dÜ&î3Q525K<H{ß72d=@? Ü�4�HJ?MW
ß>1MHJß
ß>1M4-K�8DK�Q54
c′ ∈ C(S)

ND=O4�Wn?3=JßËFh2SW>2´ß
l
A�Ý3V3ß.FO25W>2´ßLW

W}=@Ü�4Ë=Jß7134�6Qd=DK<H{ß>25=;?
l′
ô'132SKL1Ì25W$�@ü�ú�ü-����ùûøMù?�súcù �2d?

S
ð��R4�ß>4<6>Ü&25?325W7H{ß72d=@?I25?

l
Qd4�HaF;4<W

c′
V3?MKL1MH;?3ì;4�N�A�ß71OVMW�A

c′ ∈ C(
�;ü�ú

(S , l))
AkH;?MN

l′
25W�W}ß>25QdQ'ND4�ß>4�67Ü&2d?M25W}ß>2SK-25? �@ü�ú

(S, l)
A

134�?MK�4;A
c′ /∈ N (

�;ü�ú
(S , l))
ð
2
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 B4�Ü&Ü½H %�W7Ha8DW«ß>1MHJß.K�8DK�Q54<WFO25W>2dß>25?3ì

l
25? �;ü�ú

(S , l)
H;6>4)øÞÿJú�?3=;?MN34�ß>4<6>Ü&25?32SW\ß725K;ABHJ?MN

K�8DK�Q54<W
c′
ß71MH{ß�ND=�?3=Jß½FO2SW}2dß

l
HJ?uN ß71MH{ß�HJ674Iø¤ÿ{ú'?3=@?MND4�ß>4�67Ü&2d?M25W}ß>2SK-25?

S
H;6>4UW\ß72dQ5Q

øÞÿ{ú�?3=;?uND4�ß74�67Ü�25?32SW\ß725K.K�8DK�Q54<W'=;í �;ü�ú
(S , l)
ð ��Mü$�7ÿJø"��ü � þMü�ø7�Lü-�.ý��>ü�ú �3ýJú��@ü�ú�ü����Ëùûøuù?��1

ùûø��½ÿ{ø¤ü �dÿ �LýJúZù�ÿJø �Mü��g4�Q54�Ü&4<?@ßLHJ678�ø¤ÿ{ø�;ü�ú¯ü����Ëùûøuù?�súZù � � D �-�5ü �@ü�øÞü��>ýJú¯ü-�«ý{øÎý{þDú�ÿ��½ý{ú�ÿ{ø
��ùûú��Mÿ{þDú
HJ?O8òø¤ÿ{ø�;ü�ú¯ü����Ëùûøuù?�súZù � � D �-�5ü���--ý{ø� �;ü�ú¯ü����Ëùûøuù?��ý{úcù�ÿ{ø �;ÿ�ü-�ÍøÞÿJú-ý � �#øÞü��
øÞÿ{ø�;ü�ú¯ü�����ùûøMù?�súZù �4� D �-�dü-��1
�Í4¼?3={ô�2d?hß>67=DNDVMK�4q=;V36�ì;Q5=;ÝMH;Q@ND4�ß>4<6>Ü&25?325W7H{ß72d=@?nî367=OK�4<NDVM6>4 
Zõ/2dìuð�$ ��A<ô'1M25KL1.W}ß7H;6}ßLW�ÝO8
�\Ý3674<H;öO2d?3ì ��H;QdQh4�Q54�Ü&4<?@ßLHJ678�?3=;?MN34�ß>4<6>Ü&25?32SW\ß725K¼K�8DK�Q54<W<A<ÝO8nND4�ß>4�67Ü&2d?M25W>2d?MìR=;?M4gQ5=OK<H{ß72d=@?
=;?)4<H;KL1�ð

� �J�{�<�<�<�J�{� Â{Ã>É
(S)� �h����� C := {c ∈ N (S)|c

fLt^fLlnfLb{²}_�Y�®
} 6= ∅
�{�

�s�;�a�{�<�
c ∈ C � �L�@�a�{�<� l ∈ c � S :=

Â{Ã>É
(S, l)���J� � �@�����

n := 0 � Sn := S� �h����� Sn

�a�Î�@�s�J�{���{�<���D�s�h���	�;�a���J�
S ′

n := Sn� �h����� L′ := {l ∈ LSn |S
′
n 
�� ÁD¿<ÁOÂ{Ã>ÉZÃ�>Ê 
 Á 
�� É 
���
 Á l} 6= ∅

�{�
L′′ := {l′ ∈ L′|S′

n 
�� ÂaÃ>ÉZÃ�>Ê 
 Á 
�� É 
���
 ÁgÆ ÄSÄ Â 
 \Ã � É � À ��� Ã ��� ¿� � ¿�� l′})�s�@���{�<�
l ∈ L′′

S′
n ��� Â{Ã>É (S′

n, l)���J� � �h�<���
Sn := S′

n � n := n + 1���J� � �@�����
�{���<�J���

Sn

�
�	��
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Â{Ã>É

(S)

� ��ÓO×uØ{Ó)< 0 2 -<ÓhØA< +.* 7�-%+Z×=*#";Ú 9�$ %4+�Ó6* - %;×/*�Ù + - +�×/*?A@(�;ü�ú
(S)
ú¯ü�����ùûøÞý{ú�ü-�qù � �dÿ�ÿ��

(S)<
∞
1

�.�>ÿ�ÿ � 1 *¼8 �4�Ü&Ü½H %�HJ?MN �q6>=@îu=hW}2dß>25=;? %;A¼ß>134�4�Q52dÜ&25?MH{ß72d=@? =;í
?3=;?MN34�ß>4<6>Ü&25?32SW\ß725K
K�8DK�Q54<W 
 �M6LW\ß&%('*),+.-&Qd=O=@î)25?Ìõ/2dì@V3674 $ ��ß74�67Ü�25?MHJß>4<W«HJ?MNUND=O4�WE?3=;ßE2d?MK�6>4�H;W>4$�dÿ�ÿ��

(S)
ð

3¼=;?MW>25N34�6�ß>1M4.W}4�ß7W
L′′ ⊆ L′ K�=;Ü&î3VDß74<NUH{ßE4�H;KL1)?34�ôÑ2dß>4�6LH{ß72d=@?�=;í�ß7134
25?3?34<6 
ûß>1M2d6LN��%.'*),+.-�Qd=O=@îBð

9E=Jß74.ß71MH{ß
L′ 6= ∅

HJ?MN
L′′ = ∅

25Ü�îMQd254<W«ß>1uH{ß�ß>134<6>4&4�ëO2SW}ß7W�H-?M=;?MND4�ß>4<6>Ü&25?325W}ß>2SK
K�8DK�Q54E25?

Sn

ð��?MND4<4<N�AOH;W7W}VMÜ�4
l1 ∈ L′ A;ß>134<? L′′ = ∅

2dÜ&î3Q5254<W
l1 /∈ L′′ A@ô'132SKL1�2dÜ&î3Q5254<W

ß>1MHJß
l1
1MH;WUH#ND256>4�Ksß)W>VMK<K�4<W7W>=;6

l2 ∈ LSn

ô'1M4�674
S ′

n

25WUHJQSW>= ?3=@?MND4�ß74�67Ü&2d?32SW}ß>2SKJA
ô'1325KL1 2dÜ&î3Q52d4�W&HJì@H;2d?

l2 ∈ L′ ðk0�134)î36>=DK�4<W7W.K�=@?hß>25?hVM4<W<A�HJ?uN ô¼4�4�F@4�?hß>VMH;QdQ58�Ý3V325Q5N
H�?M=;?MND4�ß>4<6>Ü&25?325W}ß>2SK&K�8DK�Q54�2d?

Sn

ABô'1M25KL1�25W�25Ü&îu=hW>W>25Ý3Qd4½W>2d?uK�4&HJQ5Q�?3=;?MN34�ß>4<6>Ü&25?32SW\ß725K
K�8DK�Q54<W�ô�4�674�4�Q52dÜ&25?MH{ß74<N�ð

�?MW}2SND4Ëß>134&25?3?34<6/%.'*),+.-�Q5=O=;îBA
L′ 6= ∅

A�H;?MNIÝO8Uß7134½HJÝÞ={F;4.674<H@W}=@?325?3ìMA
L′′ 6= ∅

ð
CE4�?uK�4;A;ß>13410�'32(2�4,-

l
=@îu4<67HJß>25=;?�
ûí 67=;Ü

L′′ �k2d?uW}2SND4Eß7134EQ5=O=;î½2SWgHJQ5ô�Ha8OWkîÞ=@W7W>2dÝ3Q54;AhHJ?MN
ß>134<?�N34�ß>4<6>Ü&25?32SW}25?3ìU2d?�Q5=DK�H{ß72d=@?

l
ND4�K�674<H@W}4�WRß7134�K�H;67N32d?MH;Q�=Jí

L′ ÝO8Ì=@?34;ð � 25?MK�4 L′
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25W	�u?32´ß74 

L′ ⊆ LSn

��HJ?MN)2dß7WEK<HJ6LND25?MHJQBND4�K�674<H@W}4�W�AO4�F@4�?hß>VuHJQ5Qd8
L′ = ∅

H;?MN�ß>134n25?3?34<6
%.'*),+.-�Q5=O=;îIß>4�67Ü&2d?uH{ß>4�W�ð

L′ = ∅
HJQSW>=-Ü&4<H;?MW«ß>1MHJß�HJß«ß7134&4�?MNI=Jígß7134�2d?3?M4�6 %(' ),+.-

Qd=O=;î�A
S ′

n

25W¼ND4�ß74�67Ü�25?32SW\ß725K«25?-HJQ5QuQ5=DK�HJß>25=;?MW
LSn

A@134<?MK�4@A@?M=;?MND4�ß>4<6>Ü&25?325W}ß>2SKEQ5=DK�HJß>25=;?MW
2d?

S ′
n

HJ674&øÞü���ð
õ3=;6«ß>4<6>Ü&25?MH{ß72d=@?I=;íqß>134�=;V3ß>4�6�%('*) +.--Qd=O=@îBA¤ô¼4�î367={F;4 �dÿ�ÿ��

(Sn+1) <
�dÿ<ÿ��

(Sn)
ð

�Í4)öO?3={ô ß>1MHJß&HJíûß>4�6Ëß>1M4-25?3?34�6�Q5=h=@îBA�ß>134)?3=;?uND4�ß74�67Ü�25?32SW\ß725K-Qd=DK<H{ß>25=;?uW
25?
S ′

n

H;6>4
øÞü�� 
�2d?

LS′
n
\ LSn

�nHJ?MN�K<HJ?3?3=;ß
1MHaF;4&25?3134<6>2dß>4�N�?3=;?MN34�ß>4<6>Ü&25?32SW}ÜUABÝÞ4<K<HJVMW>4&ß>134<8
ô¼4<6>4&ì;4<?34�6LH{ß74<NIÝh8ÍND4�ß74�67Ü�25?32SW}25?3ìUQ5=OK<H{ß72d=@?MW2d?

L′′ ABô'13=hW}4&ND256>4�Ksß.W>VMK�K�4<W7W}=@67WHJ674;A
Ýh8ÌK�=;?MW}ß>67VMK�ß>25=;?BA�ND4�ß>4�67Ü&2d?M25W}ß>2SKJðBõ/25?MHJQ5Qd8@A�ÝO8��q6>=@îu=hW}2dß>25=;? 'DA �dÿ�ÿ��

(S ′
n) <

�dÿ<ÿ��
(Sn)
A

HJ?MN
Sn+1
Ýu4�K�=;Ü&4�W

S ′
n

HJíûß>4<6
n
2SW'25?MK�674�Ü&4�?hß74<N�A3H;?MN�ß7134nî367=O=Jí�2SWEND=@?34;ð

2

0�134�í�H;K�ß�ß71MH{ßEÝÞ=;VM?MND4<N)Q5=O=;ö{HJ134�H;N-25Wnø¤ü��7ü-����ý���D«í =;6�ß>4<6>Ü&25?MH{ß72d=@?�2SW'ÝMH@W}4�N-=@? 5
��Øa×��g×ÞÚ%+.-%+Z×=*�" 2-�dÿ�ÿ���Ù/Ó %;Ø{Ó)7MÚ<ÓOÚ ��Ô 7�- < ×ÞÚ%- 0�?A@(�5ÿ<ÿ��

(
�;ü�ú

2(S , t1, t2))≥
�dÿ�ÿ��

(S)−1
1

0�134�?BADH �M?32dß>4�W}4�óhV34�?MK�4«=;í �;ü�ú
2()
=;îÞ4�6LH{ß72d=@?MW�K�HJ?M?3=Jß�ND4<K�6>4�H;W>4RQ5=h=@ö{HJ134�H;N�í 67=;Ü

∞ß>=
0
5

� ��ÓO×uØ{Ó)< ��2 *�Ó�%;ÓOÚ�Ú%73Ø�Ô %;×/*�Ù + - +�×/*?A@  � �;ü�ú
(S)
ú�ü����Ëùûø¤ý{ú�ü���ú��Mü�ø��dÿ�ÿ��

(S) < ∞
1

0�1325W/K�=@?MK�Q5VMND4�W�ß7134¼W}ß>VMN38«=;íDß>134¼î36>=DK�4<NDV3674 ; W�ú�ü-����ùûøÞýJúZù�ÿJøMð�¯ß/H;Q5W>=	�7�7ü���ü���+aü-�¼ú0�>ý �Lü-� F
� ��ÓO×uØ{Ó)< "�@� � �;ü�ú

(S)
ú¯ü����Ëùûø¤ý{ú�ü���ú �3ü�ø��"�>ý �Lü-�

(det(S)) =
���>ý �Lü��

(S)
1

0�134½ND4�ß74�67Ü�25?32SW>HJß>25=;?Íî36>=DK�4<NDV3674&K�HJ?ÍÝu4½25Ü&î367={F;4<NÌVMW}25?3ìÎHJîMî36>=aëD25Ü½H{ß>4Ë6>4�H;KL1Dï
HJÝ325Qd2dß\8%HJ?MH;Qd8DW>25W<ðgñRW7W>V3Ü&4Ìß>1uH{ß�H;? ={F;4�6>ï�HJî3î367=aëD2dÜ½HJß>25=;? �«üLý ��� α ⊇

�«üLý ���
(S)
=Jí

ß>134)6>4�H;KL1MH;Ý3Q54-W}4�ß�=;íRW\ßLH{ß74<WË25W�öO?3={ô'? 
�4;ð ìMð5A/ÝO8 HJÝuW\ß767H@KsßË25?hß>4<6>î3674�ßLH{ß72d=@?(�sð/GÎ=;674�ï
={F;4�6�AOH;W7W}V3Ü&4«ß>1MHJß'ß>132SW'W>4�ß'25W'N34<W7K�672dÝÞ4<N-VMW}25?3ì½HËí =;67Ü.V3QSH
25?)ß>134nW7HJÜ&4Qd=@ì;2SK«H@W�ß>134
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