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s = ∅ ¶ É�¥����U�@¬1�x�¯§E���¨§¨�;Â¤�x�¦��©¯£¼ ¡��¢�U¥��l°¯�®�^�¼¹z�7��¿�¬�ª�x�¦�� «°¯�@�
h∅ (X)

¥¯�;���K�;�U µ�¦ «Á;�³�;©¨�U��©��¼ �
s = +

¶¼É�¥����¦¥� ¡�¦§����¨§¨�xÂ
�x�¦��©�£. ¡��¢`�³�K�;�U µ�¦ «Á;�X�;©¨�¦¬1�x£.�
��´
�U¥����U�@¬1�x�¯§l¹z�7��¿³¬1ª¡�;�U�U «°¯�1�

h+ (X)
Â� �
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¶(Èu�¦¬�¶

É�¥��#´½�xª¡ª«�r¹� ¡��¢X�U�@¬��U ¡�x�³���U©F§¨ «�7�z�U¥������¦�x�K�1�U�U ¡�@�z��´ · §¯�r»
�U�¦�1�;¶ $ �@¬��U ¡�x�1�g¬��;£.�¯���¦�@�¤��±¨�F�@�U ¡£.�1�\�¦�xª«ª¡¸`�U¥¯�X�K�1¥¯�'Áy ¡�x���´ · §��r�¦�U�@�¼�x�¯§ · §¯���K�\�\�^�7¶32( ¡�¯��ª¡ª«¸;Â $ �7¬+�U ¡�x�4"`���¦�@�U�1�\�¦����;£.��¬1�x�¯¬1ª«©F�� ¡�x�¯���x�¯§l§� «�¦�@¬��U ¡�x�¯���x´(�;��¢x�; «��¢¼¹º�x�¦¿K¶
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Â

�x�¦ «¢; «�F��ª�¹º�1 ¡¢x¥\�¦�
D∅ (1) , . . . , D∅ (N)

Â��¦�x�U¢;�����1�¦�¦�x�
�¦���U�����¯§`�X´m��£. ¡ª«¸l��´(¹z�7��¿³¬1ª¡�;�U�U µ°F�1�®�1¶
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• ;z¥��y�;�U�¤�¦¥��5ª¡�@�r´
s
¹� «�U¥`£¾�r±¨ «£X©�£ �@�U�¦�x�7¶

• ÉI�®�� ¡�¾��¹º�@�x¿�ª¡�@���¦���@� hs (X)
©¯�U ¡��¢5�U¥¯�¤��¶ §P¶ ´

Ds (n)�x�l�U¥����¦�¦�x «�¯ «��¢¾�U���7¶

• ;z¥��y�;�U�
αs+
���¯§

αs−

¶

• �¤�1°¯���

Ds+ (n) = Ds (n) e−ynαs+hs(Xn)/Zs+ «´
hs (Xn) > 0, 0

�x�U¥��@�U¹� �U�
,

Ds− (n) = Ds (n) e−ynαs−hs(Xn)/Zs− µ´
hs (Xn) ≤ 0, 0

�x�U¥��@�U¹� �U�xÂ
¹�¥��1�¦�

Zs±

���x�¦£¾��ª¡ ��@�@�.�¦¥��
Ds± (n)

�U���U¥¯���³�¦¥��1¸
��©¯£ ©��g�U�¾�;���x¶

• $ ��ª¡ µ���¦¥��5ª¡�@�r´ s  ¡�;�¦� s+
���¯§

s− ¶
� 3 & ���81��4������3�� , 7
�¤�1°¯���

h (X) =

T (X)
∑

t=1

α (t, X) h (t, X) ,

¹�¥��1�¦�
α (t, X) = αs(t+1,X)

Â
h (t, X) = hs(t,X) (X)

���¯§
�U¥��

s (t, X)
�x�U��§¨�1°¯���@§g�¦�@¬1©��¦�U ¡Áx�1ª¡¸¾�y¸

s (1, X) = ∅
s (t + 1, X) = s (t, X)+

 «´
hs(t,X) (X) > 0,

s (t, X)−  «´
hs(t,X) (X) ≤ 0,

undefined
 «´

hs(t,X)
§¨�y�@���¯������±¨ �^�7¶

T (X)
 ¡�¼�¦¥���ª¡�x�U¢;�@���¼�y©�£X�F�@�¾´½�x�¾¹�¥¯ ¡¬®¥

s (t + 1, X)
 �

§¨��°¯�¯�@§P¶
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�$�
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h (X)
�x���¦¥��5�U�®�� ¡�� ¡��¢³§����¦�¯¶

É�¥��!�¯���¦���U ¡�x�g ¡���x�����¦�1Áy ¡���U�7§¾�U�¼ ¡£¼�¯�U�rÁ;�!�¦�@�;§����� ¡ª¡ µ�^¸ "u�

��©¯£ �rÁx�@�u��ª¡ª� ¡�¯§¨ ¬��@�
n
�U©¯¬®¥¼�U¥F�r�

h (Xn) > 0
�x�¯§

yn = 1 ¡�������¦�@§ ∑

h>0,yn=1

¶ · ª�U�¯Â
T (Xn)

 ����¥¯�x�U�U�1�¯�@§!�U�
T (n)

Â
s (t, Xn)

�U�
s (t, n)

�x�¯§g���.�x�I¶

L (h) =
∑

h>0,yn=−1

D∅ (n) +
∑

h≤0,yn=1

D∅ (n)

≤
N∑

n=1

D∅ (n) e−ynh(Xn)

=

N∑

n=1

D∅ (n)

T (n)
∏

t=1

e−ynα(t,n)h(t,n)

=

N∑

n=1

D∅ (n)

T (n)
∏

t=1

Ds(t+1,n) (n) Zs(t+1,n)

Ds(t,n) (n)

=
N∑

n=1

DT (n) (n)

T (n)
∏

t=1

Zs(t+1,n)

=
∑

s
ª¡�@�r´

∏

s′≤s

Zs. ( Ô*)

É�¥�� ���7¬��x�F§Æª« ¡�����U�7��©¯ªµ�®�À´½�¦�x£ �î�� ¡£.��ª«��£¾� 
^�;�¦���U ¡�x��¶
É�¥���´½�;©��U�U¥>ª¡ «�¯�� ���¦¥��X¬1�x�¯�U�@²\©��@�¯¬����x´��U¥��¼§¨��°F�� µ�¦ «�;�,�x´
Ds(t+1,n) (n)

¶uÉ�¥¯�#ª�x�����@²\©¯��ª¡ «�^¸xÂ¨¹�¥��@�U�
s′ ≤ s

 «�¯§� ¡¬@�r�U�7�
s
���¯§À�xª«ª� «�¦�X�¯���¦�1�\�¼���¨§¨�@�

s′
Âu�¦�@�U©�ª«�¦��´½�U�;£ �U�@�x�®§¨�1�¦ «�¯¢

�U¥����U©�£ �rÁ;�1�º�U¥¯�5��±���£.��ª¡�@�� ¡�\�U�¾�.��©�£��rÁx�@�z�¦¥��5ª¡�@�'Áx�7�

N∑

n=1

DT (n) (n)

T (n)
∏

t=1

Zs(t+1,n)

=
∑

s
ª«�7�r´

∑

n
�¦�@�x¬®¥¯�@�

s

DT (n) (n)
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1,
�y¸³¬��;�¯�^�¦�U©F¬+�U ¡�x�

T (n)
∏

t=1

Zs(t+1,n)
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���z���r¹���¥¯�r¹�¥��r¹��¦�!§¨�1�U�1�¦£. «�¯���U¥��z�x�¨�¦ «£¾�xªx�¯�x�¦�x£¼�1�U�@�¦�
αs±

 ¡���U¥��.¢x�@���1�®��ª�¬@�x�U�X�x´z�¦�@��ª«»×Á'�xª«©¯�@§>¹º�@�x¿>¬�ª�x�¦�� «°¯�@�¦�
���¯§  «� �U¥¯��¬@�x�U�@�l��´¼¬1ª¡�;�U�U «°¯�1�®��ª¡ «£. «�U�7§��¦�

[−1, 1]
���¯§

{−1, 1} ¶.  «Á;�1���¦¥��#�F�;©��¯§� ¡�³Èz²F¶ ( Ô*)+Ây¹º�!�x�U� 
^©¯�^�¦ µ°F�@§¾�¦��£. ¡�¨» «£. ��1�l�U¥��gª¡�;�¦���y¸�¢x�¦�1�7§¨ ¡ª«¸�£. «�� ¡£. ��@ «�¯¢��7�x¬®¥��¦�1�¦£
Zs±��´
�U¥��5���¦�¨§¨©¯¬���¹� «�U¥`�¦�@�U�F�7¬+�º�U�

αs+
���¯§

αs−
¶zÅ!���#°¯�®�^�

�����¦�@���U¥¯���
Zs+ ( �¦�@�U��¶ Zs−

)�§¨�y�@�X���x�X§¨�1�K�1�F§À�x�
αs−

( �¦�@�U��¶ αs+
)+¶����U «�U ¡��¢

Zs+
�;�

Zs+ =
∑

h > 0
yn = 1

Ds (n) e−hs(Xn)αs+

+
∑

h > 0
yn = −1

Ds (n) ehs(Xn)αs+ .
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�U¥¯���¤�U¥¯�1�¦�� ¡�#�r�#ª«�7�x���!�;���5�U�@�U£

yn = −1
�x�¯§��x�¯�5�U�@�U£

yn = 1
¹� µ�¦¥����;�¨» �@�1�¦�5¹z�@ «¢;¥\�

Ds (n)
") ¡�¾�U¥¯���º¬@�x�U�xÂ

Zs+�U�1�F§��5�¦�
+∞ ¹�¥��@� αs

�U�1�F§����¦� ±∞ �x�¯§� ���>�U©�£ ��´£¼�;�����¦�x���;©¯�M¬1�x�yÁx�1±X�¦�1�¦£¾�1¶�É�¥���§¨�1�¦ ¡Á'���U ¡Áx�!��´
Zs+
¹� «�U¥

�U�7���K�@¬��º�¦�
αs+
 �

∂

∂αs+
Zs+ = −

∑

h > 0
yn = 1

Ds (n) hs (Xn) e−hs(Xn)αs+

+
∑

h > 0
yn = −1

Ds (n) hs (Xn) ehs(Xn)αs+ ,
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hs (X) ∈ [−1, 1]
¶uÉ�¥¯�5£.��
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