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dSt = St−(µdt+ σdWt + UNλ
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dNλ

t ), t ∈ (0, T ],»�|
;ÊÆ�D dSt = St−(µ∗dt+ σdWt + UNλ
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dNλ
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∑
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= ��� ; �&�C� ©�56« ¢ ©�ª�ª/«ÊD)� ���
�N� 8��$9l� � �$9
� � � �+?
9
?2�+��@ � � � 81�Ì� �
� ��?�� �'� ?�9
�	8�9N� � = �J� �$9 Ø�� � � ;ÊÆ�Ds8�9:>;65�D�8�= � = � �	81� � :N���

UNλ
t
dNλ

t − λEP(U1)dt =
7
R
y υ̃(dt, dy).

���
�a¤ 9�8�9@.�	8�� � 8�='� � � � ?�: � ��: �C¤ 9 � :w��� ��� �
����8�� � 9��aØ�� � � ;&ª6D ¢ ;ÊÆ�DÃ?�=§;65�DÃ� �
@�8��$� � :t8 Â ¹ 3 ×�z ¹ » º ¼H»6Â¨¿C¾ # ¹ {!+<;�×�¼g½�z¸»:"E|+} º Â¨»�¼ ¼H} Ö2º¹ {,×Â¨¿ �

=�® W�>u´#¶@?BA !���¯�° �CA±6°1¶Ê¯ED�A !�� ���FA ��´ ± �"� ®  39 ?��
= �'� �'�+�$9
� ¢ 8 � ='?���8��
�$�$���5��H� 8 � �
= � Q ?�9 � �
�N�'� 82@ � (Ω,F ,P, {Ft}t∈[0,T ]) � � @�8��$� � :�8�9 ¿'&.× ¹ #2}2¾$¿ º {k¼H}�|.Õ{ ¹�º�Ö }2¾�¿t¼H¿)}�z�×�|+¿ �$�a���J� �H��� �
����8�� � 9��[�+?¡� �
�t� ='?���8��
�$�$���5� P 8�9:Q�$�g� �
�t� ='?�@ ���+�
{e−rt+δtSt : t ∈ [0, T ]} � � 8 � 8�=&�+�$9
��8�� � �
9: � = Q �
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� �
=s8�� � � � �+? ¤ 9:L8 � �
�
�,8 � �$���Z?�� �H� 8 � �
= ��� Q ��?�=iB � ��@ � B � � � ��� �
� =�8�9
� �

?��V� �
� �
9: � ='�����$9
��� �J� ='��@�8�9 ? � �+�$?�9 �N� ='��@ ��� �Ì���$= � �LB � = ��� �+='��@/�t?��
= �&� ��� ��� �+?
� � ? �'�]��� �
����8�� � 9�� � 8�=&�+�$9
��8�� �]�J� 8 � �
= ��� Q B � ? �'� �g82:�?�9"���Ì�$��?�:�� � : � 9 � ���+� ���{
Lt = EP

(
dQ
dP
∣∣Ft
)

: t ∈ [0, T ]
} � 81�+� � �	�w� �
� = � ���
�	8�='���5�N@.?�9:����+�$?�9

;��¨D sup
t∈[0,T ]

EP(L2
t ) <∞.

Ø��@ �N��� �
����8�� � 9�� � 8�=&�+�$9
��8�� �k�H� 8 � �
= ��� 8�= � : ��� @.='�$� � :N���Z� �
� ��?��$�$?6Br�$9
�H� �C�J� 8 ¢� ='?6� � 9 � �È�
��$9>©�ª.«#8�9:>©�ª���«¬�
����
�
�� ÉB� /�+�¿Îz.¿C{ Q »:"V¼J}�|/{ ¹�º�Ö }2¾$¿f¼H¿)}�z�×�|+¿.zÎ¿'&.× ¹ #2}2¾$¿ º {r{3» P ¢ # ¹ {!+��r}2Õ

Â¨» º	��
E¹ Á2»�Â  �¼ Â¨¿ º z ¹ { ¹ ¿.zkz.}�{ ¹ z@"' ¹�º�ÖL;��¨D ~�» º z ¹ z/{,z¸»("¸}�¾�¾
½�|+»�y+}�y ¹ ¾ ¹ {! Z¼H¿)}�z�×�|+¿.z Pγ".»�| #,+ ¹ ~)+>{!+�¿d½�|+»6~)¿/z)z.¿.z {Lγt = EP
(
dPγ
dP
∣∣Ft
)

: t ∈ [0, T ]
} {3}�Á2¿L{!+�¿ ".»�|/¼m»("

}V½�|�»�Â2×~C{
Lγt = Lγ,Wt Lγ,υ̃t

»:"V{ #i» � »2¾��} º z � � }¨Â¨¿Îz){3»6~)+�}�z){ ¹ ~H¿��/½�» º ¿ º { ¹ }2¾öz�¢ ¹ ��¿6�zC»2¾ö×
{ ¹ » º z¸»:"§{ #i»J¾ ¹�º ¿)}�|<1 ��2 z

Lγ,Wt = 1 +

t7
0

Lγ,Ws− ψs dWs,

Lγ,υ̃t = 1 +

t7
0

Lγ,υ̃s−
7
R
γ(s, y) υ̃(ds, dy).

/ +�¿s½�|+»6~)¿/z)z.¿.z
ψψψ = {ψt : t ∈ [0, T ]} } º Â γγγ = {γ(t, x) : (t, x) ∈ [0, T ]× R} }�|+¿½�|�¿�Â ¹ ~C{3}�y.¾$¿d} º ÂZ¾ ¹�º Á2¿�ÂLy8 Z{!+�¿Î¿'&.×}2¾ ¹ {! 

;6��D µ∗ − r + δ + ψtσ + λ
7
R
γ(t, y)ym(dy) = 0,

} º ÂHz)×~)+w{!+�}2{
1 + γ(t, x) > 0, EP

(
dPγ

dP

∣∣∣∣FT
)

= 1.

���
�V� ='?�@ ���+� ψψψ � � @�8��$� � :N� �
�J¼H}�|/Á�¿C{ ½�| ¹ ~)¿f»:"¸Â ¹ 3 ×�z ¹ » º | ¹ z�Á6¢ B � �$� � γγγ � � � �
�¼H}2|)Á2¿C{p½�| ¹ ~�¿Î»:",;�×�¼g½¡| ¹ z�Á �
�	��
����� ÉB�d�Ô= � :���@/�)8��
� �¡� ='?�@ ���+�'��� γγγ = {γ(t, x) : (t, x) ∈ [0, T ] × R}

��='? � ;6��D � �@ � � � 81�Z� �
�]� ='?�@ ���'�'��� {e−rt+δtSt : t ∈ [0, T ]} 8�= �]� 8�=&�+�$9
��8�� ���
�
9: � =g� �
� @.?�='= ���&� ?�9:��$9
� �H� 8 � �
= ��� Pγ ¢ @�8�9]� � @.?�9 � ��: � = � :Ó8 � 8 �&� �a?��Ô�$9:���@ ���� 8�=�8 �H� �+='�$ÙC�$9
�Z� �
� ���
�$� �,8 � �$���L?��Û= � � � ��8�9�� � 8�=&�+�$9
��8�� �V�H� 8 � �
= ��� ��Äg?6B � � � = ¢ ��?�=
?��
= � �
= � ? �'��� ; �'�C� Ø � @/�+�$?�9tÆ�D����Ì� �Ì� 9
?��
� � �+?J@.?�9 � ��: � =g?�9
���w� �
�¸�&� 8��$� � = �&� � Γ
?�� � ='?�@ ���'�'��� γγγ = {γ(x) : x ∈ R} � � 81�i:�?k9
?2�i: �C��� 9:H?�9Î�+� �H� t ¢ �ë� � ��B � 8 �'� � �H�
��='? � 9
?6B ?�9>� � 81� Pγ ∈ Q �$�Ì8�9:>?�9
��� �$� γγγ ∈ Γ � � ? 81�'�)8��$9¥��?��
9: � ��?�=V� �
�
=�8�9
� � ?��p8��$� � ='��@ ��� ��?�=�8§����� � 9[@.?�9��+�$9
� � 9��s@.�	8�� � 8�9: ¤�¦�� : � ?�: � ��?��p8 ¤ 9�8�9@.�	8��� 8�='� � �[���[� �Z� 9
?��
� � ;ë8�9: @.?�9�� � 9
� � 9�� ¢s�&�C� = � �	81�+�$?�9 � ;&ª6É�D'DÎ�+?¥@.?�9 � ��: � =[?�9
���
@.?�9 � �)8�9�� γ ∈ (−1,∞) ; �'�C�k���
� ?�= �C� Ú¨D)�
Äg?6B � � � = ¢
� �È�
��� �
� Ø�@ � B � �$Ù � =s? � �+� � 8��� ='��@ � Bs8 �E�.¦�� �$��@.���+��� : ��� @.='�$� � :¡��� � ? �J� 9
?�9@.?�9 � �)8�9��V���
9@/�+�$?�9 γ = γ(x) ; �'�C�
©�ª�Ú�«#8�9:>©ÈÚ�«ÊDÃ� � ?��
� � � �
� = �V�.¦ � � � � 8Î@.?�9 � �)8�9�� γ @.?�='= ���'� ?�9:��$9
�J�+?f�����



� ï)è�ð��)æ���ï#��� ãsâ��5ä$å3ß)ðVå3ï)ð1à�ä ð��Câ�ð�à�å�íöß�ä�ã � �5ä$å5â�æ û'Ý��
�
?�=g8�9�� γγγ ∈ Γ � �
�k� ='?�@ ���+�

;ëÇ¨D W γ
t = Wt −

t7
0

ψs ds

� � 8 � �)8�9:8�=+: � ='?6BÌ9
�	8�9 � ?2�+�$?�9N�
9: � =s� �
�k� ='?���8��
�$�$���5� �H� 8 � �
= � Pγ ��='? � Q �
�
='? � �a�$= � 8�9
?6��Å � � �
� ?�= �C� ; �&�C� ©�ª���«ÊDÔ���i��?��$�$?6B � � � 81�s8�� � ?f8�9�� � ? � ?�� � 9 � ?�� �

@.? �H��� 9 � 81� � :t��?�� �'� ?�9 � 8�=&�+�$9
��8�� �k�J� 8 � �
= �
;ëÒ¨D υ̃γ(dt, dx) = υ̃(dt, dx)− λγ(t, x)m(dx)dt

?�9 (Ω,F ,P) @�8�9J� � ��� � B � :H?�9 (Ω,F ,Pγ) 8 � 8§@.? �H��� 9 � 81� � :H=�8�9:�? � �H� 8 � �
= �
;&ª��¨D υ̃γ(dt, dx) = υγ(dt, dx)− λγmγ(dx)dt,

BÌ��� � mγ(dx) = fγ(x)dx
¢ ?�=¸@�8�9 � � ��: � 9��+� ¤
� : BÌ��� � 8 � �+?�@ � 8 � �+��@[:��$� � = � 9��+�	8��

= �C� = ���'� 9�� � :N���N8 � ? � ?�� � 9 � ?�� � @.? �H��� 9 � 81� � :t�#?�� �+� ?�9 � ='?�@ ���'� 8 � ��?��$�$?6B �.Ð
;&ª�ª6D 7

R
y υ̃γ(dt, dy) = Uγ

Nλγ
t

dNλγ

t − λγ EP
γ
(Uγ1 ) dt,

B �
� = � � �
� �#?�� �+� ?�9 � ='?�@ ���'� NNNλγ = {Nλγ
t : t ∈ [0, T ]} 8�9:t� �
� �ë�È�ë�!:�� �'��� � � 9@ �

{Uγj : j = 1, 2, . . . } ?�� �'� ��8�= � �$9�� � ��=�8��
� � =�8�9:�? � ��8�='�	8��
� ��� Uγ
j 8�= � : �C¤ 9 � :����$9� � = �J� ?��Û:81�)8Î��='? � �p�C�H� 8[ª��£���Z� �
� ��?��$�$?6BÌ�$9
�H= � �	81�+�$?�9 �CÐ

;&ª6É�D λγ = λ
7
R
(1 + γ(y))f(y) dy, fγ(x) =

(1 + γ(x))f(x)
�
R(1 + γ(y))f(y) dy

.

�g�	� � =s= � BÌ='���+�$9
�wØ�� � ;ÊÆ�Dr8 �
dSt
St−

= µ∗dt+ σψtdt+ λ
7
R
yγ(y)m(dy) dt

+ σdWt − σψtdt+
7
R
y υ̃(dt, dy)− λ

7
R
yγ(y)m(dy) dt,

8�9: � 8����$9
�J� �'� ?��Û= � �	81�+�$?�9 � ;6��D ��;&ª�ª6D ¢ B �¸�'�C� � � 81�g� �
�¸� �+?�@ � 8 � �+��@d:��$� � = � 9��+�	8����� ��81�+�$?�9¥��?�=k� �
�[� �+?�@�� � ='��@ � SSS = {St : t ∈ [0, T ]} Br��� � = ���&��� @/�d�+? Pγ ∈ Q
�)8�� ��� � �
� ��?��$�$?6BÌ�$9
� ��� �
����8�� � 9��g�$9�� � ��=�8�� ��?�= �NÐ

St = S0 + (r − δ)
t7

0+

Ss− ds+ σ

t7
0+

Ss− dW γ
s;&ª�Ú¨D

+

t7
0+

Ss−
7
R
y υγ(ds, dy)−

t7
0+

Ss−
7
R
yλγmγ(dy) du,

B �
� = � { � t0+ Ss−
�
R y λ

γmγ(dy) ds : t ∈ [0, T ]} � � 8 �&�C� � � 8�=&�+�$9
��8�� � BÌ��� � @.?�9 �
�+�$9��
?�� �g� 81� �� 8�9: { � t0+ Ss−

�
R y υ

γ(ds, dy) : t ∈ [0, T ]} � � 8 � �
= � ��� �H�]�&�C� � �� 8�=&�+�$9
��8�� � �
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� � BÌ='���+�$9
� ��� ��81�+�$?�9];&ª�Ú¨D#�$9H: � �)8��$� ¢ B �s�&�C� 9
?6Bl� � 81�Ô� �
�r� �+?�@�� � ='��@ �s� ='?�@ ���+�

SSS
� ?���� ��� � �
� Ø�� �Q= � :��@ � :L�+?f� �
� ��?��$�$?6BÌ�$9
�Z:��$� � = � 9��+�	8�� ��?�= �NÐ

;&ª.Æ�D dSt = St−(µγdt+ σdW γ
t + Uγ

Nλγ
t
dNλγ

t ),

B �
� = � µγ = r − δ − λγ EP
γ
(Uγ1 ) �

Ø�? ¢ B � @.?�9@.�$�: � � � � �#�'� @/�+�$?�9¸Br��� � � �
� ?�� �'� =&��81�+�$?�9d� � 81�#� �
� �,8 � �$��� {Pγ}γ∈Γ?�� ��� �
����8�� � 9�� � 8�=&�+�$9
��8�� �w�H� 8 � �
= ��� � � @.?�='= � @/�+���l@.?�9 � �+='�@/� � :��Û< � @�8�9l: � ='��� �
:��$� � = � 9�� � ='��@ ��� ?��d� �J� ='��@�8�9 @.?�9��+�$9
� � 9�� @.�	8�� �J� ��?�=N:��$� � = � 9�� �H� 8 � �
= ��� Pγ ¢
B�?�='���$9
�ÎBÌ��� � � �
�V� �+?�@ � 8 � �+��@ � ?�: � �u?�� �+� �H�§� �¨?��$���+�$?�9N?�� � �
� �
9: � ='�����$9
�H='� � ���
8 �+�&� � � ='��@ ��¢ B � ��@ � � ='?6����: ��� � �
�>� 8 �H� ;Ê�$9: �C��� 9: � 9�� ?�� γ ∈ Γ D � �+?�@ � 8 � �+��@� ='?�@ ���+� SSS = {St : t ∈ [0, T ]} �

�p® S���� ± A�¯ED �^²�� µ�²�¯�°6¶,¯ED ��¯�° µ�!@A�¶ � �#±�¶Êµ �"� ®  39 ?��
=L��=�8 �H� B�?�='�£� �
�� ='?��
� �C� ?���� �H� ='��@�8�9>@.?�9��+�$9
� � 9��Î@.�	8�� � � ='��@.�$9
�]@�8�9 � � ��?�= � �
�	81� � :>8 � 8 � �+? �
@ � 8 � �+��@E9
?�9 � �)81�+�$?�9�8�=&�L? � �+� � 8�� � �+? �
� �$9
�f�+� �H�E� ='?��
� �C� ��?�=Ì8¸�$�$9 � 8�=aØ�� � ;&ª.Æ�D ¢
: ��� @.='�$�
�$9
�¥�+� �H�]� �¨?��$���+�$?�9 ?��¸8 ����� � 9 ='� � ��� 8 �'�'� � SSS BÌ��� � ����� � 9 � ='?���8��
�$�$���5��'� 82@ � (Ω,F ,Pγ , {Ft}t∈[0,T ]) 8�9: ¤�¦�� : � ='?���8��
�$�$���5� Pγ ∈ Q ���� � �Ã�H� 8�9 � � � 81�i��?�=�8�9�� ¤�¦�� : (t, x) ∈ [0, T ]×R+ B �r� 8C� � 81�Ã?��
=i:�� �'� ? � 8��
� �
�V� ?��$���+�$?�9 {Ss ≡ St,xs (ω) : s ∈ [t, T ]

} ?�� � �
�k� ='?��
� �C�
;&ª 5�D St = x, dSs = Ss−(µγds+ σdW γ

s + Uγ
Nλγ
s
dNλγ

s ), s ∈ (t, T ],

8�9:[B � @�8�9N: �C¤ 9 � � �
� ���	8��
� � ;Ê�ë� � ��8�='�
���+=�8�� � ��= �C� D xr¼H¿.| ¹ ~�} º ~�» º { ¹�º�Ö ¿ º {�~C¾�} ¹ ¼½�| ¹ ~�¿ V γ(t, x) ≡ V γ
ζ (t, x) �$9w� �
� ��?�= � ?��Ô8 #2}2¾ö×�¿ "�× º ~C{ ¹ » º

;&ª��¨D V γ
ζ (t, x) := sup

τ∈T (t,T )
ert EP

γ
(e−rτζ(St,xτ )),

B �
� = � T (t, T ) : � 9
?2� ��� � �
�f�'� �k?���8��$� � �+? �
� �$9
�L�+� �H��� τ = τ(ω) ��?�=E� �
�H�&� 82@ �
(Ω,F ,Pγ , {Ft}t∈[0,T ])

¢ Br��� � ��8��$� ��� �$9 [t, T ] �2Ä � = � ζ = ζ(x) : �C¤ 9 � :d��?�= x ∈ R+� � 8 ½
}$ �Õ&» 3 "�× º ~.{ ¹ » º
�
< � 8 �+� � �H� � � ='?��
� � ?����Ì� �
�§� 8 ��� =s� � 81� ζ � �
���+� � �$� � :L���
exp(−µ|ln(x)|) � � 8d��?��
9: � :N���
9@/�+�$?�9NBr��� � ��?��
9: � : ¤ = � �a: � ='����81�+��� � ?�9 R+ � ¬�§� � ��9
?6BÌ9 � � 81�¸8���Br8C� � V γ(t, x) ≥ ζ(x)

¢ 8�9:]� � 81�§� �
�]»)½�{ ¹ ¼H}2¾Ûz){3»)½�½ ¹�º�Ö{ ¹ ¼H¿ ;Ê�ë� � � »)½�{ ¹ ¼H}2¾p¿��¨¿.|+~ ¹ zC¿§{ ¹ ¼H¿ DÃ��?�=i� �
�E� ='?��
� �C� ;&ª��¨DÃ� � � �
� =�8�9:�? � ��8�='�	8��
� �
;&ª ��D τV

γ

∗ (t, x;ω) := inf{s ∈ [t, T ] : V γ(s, St,xs (ω)) = ζ(St,xs (ω))}.
�	��
����� Ú � � ?J?����)8��$9 ¢ ��?�= �.¦ 8 �H� � ��¢ 8�9 � �H� ='��@�8�9 � ���a? � �+�$?�9 � ='��@ � ���g� �� 9
?��
� � �+?>@ � ?�? �&� ζ(x) = (K − x)+ ��?�=Z8 ¤�¦�� : � ? � ���+��� � � �+='�$���$9
� � ='��@ � K �

 39�©ÈÚ�« ¢ ©�ª.Æ�«�?�9 � @�8�9 ¤ 9: � ='��@ �J� �
='�,82@ ��� {V γ(t, x) : (t, x) ∈ [0, T ] × R+} 8�9:� �)81�+� � �+��@�8�� ��� �+� � 81� ��� ?��s� �
� : � 9 � ���+� ��� ?��s� �
� @.?�='= ���'� ?�9:��$9
�¡? � �+� � 8�� �.¦�� =+@.� �&�
�+� �H��� τV γ∗ (t, x) = τV

γ

∗ (t, x;ω) ��?�=�� �
� � �J� ='��@�8�9 � ���s? � �+�$?�9N@.?�='= ���&� ?�9:��$9
�f�+?
� �
� ? � �+� � 8���Ø�@ � B � �$Ù � = ��� �
����8�� � 9�� � 8�=&�+�$9
��8�� �r�H� 8 � �
= � Pγ ∈ Q ¢ ?����)8��$9 � :H��='? �
@.? �H� ��� � = � ?��$���+�$?�9>?��i� �
� �
9: � ='�����$9
�t��= �C� ��?��
9:8�=&� � ='?��
� �C� ;Ê�ë� � �p��82@���Bs8�=+:� 8�=�8���?��$��@¸��8�='�	81�+�$?�9�8��Û�$9 ��� ��8��$���5�NBÌ��� � �$9�� � ��='? � :��$� � = � 9��+�	8��Ô? ��� =�81�+?�=)DÌ���N�$�$9 � 8�=



� ï)è�ð��)æ���ï#��� ãsâ��5ä$å3ß)ðVå3ï)ð1à�ä ð��Câ�ð�à�å�íöß�ä�ã � �5ä$å5â�æ û'Ý��
� ='?���=�8 �H� �$9
� �H� � � ?�: �C¢ 8�9:Î��='? � 9�� �H� ='��@�8���8 �
� ='? ¦ � � 81�+�$?�9[8�9:JÑN?�9�� ��� 8�='�$?� � � �
�	81�+�$?�9 � ?�� � ?��$���+�$?�9 � �+?[Ø��	� ;&ª 5�D)�

Ä � = � ?��
= � 8��$9L��?�8��u� � �+? � ='?6����: � ��?��
9: � ��?�=�� �
� ���
9@/�+�$?�9 V γ = V γ(t, x) �
 39d?�=+: � =Û�+?a� � �Û� �
�C� B � 9 �C� :������f8�9�8��$?��2�VBÌ��� � ;&ª 5�D ��;&ª ��D � � ?�= � �$9
��?�= � 81�+�$?�9
?�9d� �
� � �J� ='��@�8�9Î@.�	8�� � � ='��@ ��� �$9¸� �
� @.�	8 �+� ��@�8�� � �	82@�����Ø�@ � ?�� ��� ��=�8 �J� B�?�='� ¢ ����� � 9
���[� �
�V� �+?�@ � 8 � �+��@ � ?�: � �

Ŝ0 = S0, dŜt = Ŝt((r − δ)dt+ σdWt), t ∈ (0, T ].

 39�� � � �[�&� �'�+�$9
�Ï� �
� = � �.¦ � � �N8¡�
9
� � � � ��� �
����8�� � 9�� � 8�=&�+�$9
��8�� �]�H� 8 � �
= � 8�9: 8
�
9
� � � � 8�='�
���+=�8�� � ��= �C�k� ='��@ ��¢�� ? �QBÌ��� � ?����Ì9
?2�)81�+�$?�9�8���@ � 8�9
� ��� ��B � @�8�9N� �&�

Ŝt = x, dŜs = Ŝs((r − δ)ds+ σdWs), s ∈ (t, T ],

�$9Ï?�=+: � =k�+?]: �C¤ 9 � � �
� � �H� ='��@�8�9Ï@.?�9��+�$9
� � 9��f@.�	8�� �·� ='��@ � 8 � 8�� ¾$}¨~.Á � 1�~.+�»2¾�¿.z"�× º ~C{ ¹ » ºJ����� � 9N���
;&ª�Ç¨D G(t, x) ≡ Gζ(t, x) := sup

τ∈T (t,T )
ert E(e−rτζ(Ŝt,xτ )) ��?�= t ∈ [0, T ],

8�9:w� �
� @.?�='= ���'� ?�9:��$9
�Z? � �+� � 8�� � �+? �
� �$9
�H�+� �H� τG∗ 8 �
τG∗ ≡ τG∗ (t, x) := inf{s ∈ [t, T ] : G(s, Ŝt,xs ) = ζ(Ŝt,xs )}.

�g?6B ¢ � � �a� � �$9��+='?�:��@ � ?�9t� �
�Î�&� 82@ � ?�� C1,2 � = � ���
�	8�=a���
9@/�+�$?�9 � u = u(t, x) � �
�
��?��$�$?6BÌ�$9
� y+}�~/Á�#i}�|�Â§½
}�|+}�y�»2¾ ¹ ~Î»)½
¿.|+}2{3»2|

;&ª�Ò¨D LBS(u)(t, x) :=
∂u

∂t
(t, x) +

1

2
σ2x2 ∂

2u

∂x2
(t, x) + (r − δ)x ∂u

∂x
(t, x),

BÌ��� � � �
� : � � � 9 � =�81�+�$9
� � �$�$� � �+��@ � 8�=&�g8 � x ↓ 0 �
 ¬��� � B � �$���
9: � = � �+?�?�:¡;Ê��?�=�@.?�9 � �+='�@/�+��� � : � �)8��$� ���'�C� ©�ª.Æ�« ¢ ©�ª 56«ÊDÛ� � 81��� �
�g� 8C� �

?�� ���
9@/�+�$?�9 G = G(t, x) 8�9:£� �
� � ? � @�8��$� � : "�|+¿)¿Ïy+»�× º Â¨}�|. bG = bG(t) @�8�9
� � ?����)8��$9 � : 8 � 8 � ?��$���+�$?�9Ï?���� �
� ��82@���Bs8�=+: � 8�=�8���?��$��@Z��8�='�	81�+�$?�9�8����$9 ��� ��8��$���5�
: � � � = � �$9 � : ���£� �
� ? ��� =�81�+?�=Ï;&ª�Ò¨D ¢ 8�9: BÌ��� � � �
� �$9
���+�	8��k@.?�9:����+?�9 ;ë81�L�+� �H�
t = T D

G(T, x) = ζ(x).�s�
� ��= �C� ��?��
9:8�=&�l� � 8Ó@.?�9��+�$9��
?�� � ���
9@/�+�$?�9Q?�9 [0, T ] �Ô� �'� � � �$9
�Ó� � 81� ζ � �� ?�9
?2�+?�9
��@ ¢ B � �'�C� � � 81� � ?¥� � � �
� ��= �C� ��?��
9:8�=&�¨�s ¬� �'�C� 8�=�81� ��� � �
� :�? � 8��$9
[0, T ]×R+ ?�� G �$9��+?d� �
�J~�» º { ¹�º ×}2{ ¹ » º |+¿ Ö2¹ » º CG 8�9:Z� �
�Îz){3»)½�½ ¹�º�Ö |�¿ Ö2¹ » º SG Ð

CG := {(t, x) ∈ (0, T ]× R+ : G(t, x) > ζ(x)},
SG := {(t, x) ∈ (0, T ]× R+ : G(t, x) = ζ(x)}.

 3� ζ � � @.?�9�� �.¦�¢ � �
� 9Ï� �
� @.?�='= ���'� ?�9:��$9
� � �	82@�����Ø�@ � ?�� ��� ���
9@/�+�$?�9 G = G(t, x)� 8 � � �
� ��?��$�$?6Br�$9
� � ='? ��� =&�+� ���CÐ
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;Ê��D G � � @.?�9�� �.¦ Br��� � = ���&��� @/�Ì�+? x ��?�=g8��$� t ∈ [0, t]

¢
;Ê�$��D G � 8 � ��?��
9: � : � 8�=&�+�	8���: � ='����81�+��� � ∂G/∂x ��?�=E8��$� (t, x) ∈ (0, T ]× R+8�9: ;Ê��?�= � ? �H� C > 0 D

;¬É �¨D
∣∣∣∣
∂G
∂x

(t, x)

∣∣∣∣ ≤ C,

;Ê�$�$��D G ∈ C1,2 8�9:N��?�=Ì8��$� (t, x) ∈ CG ¢
;¬É�ª6D LBS(e−rtG(t, x)) = 0,

;Ê���Df��?�=Ì8�9�� (t, x) ∈ [0, T ]× R+ 8�9:N8�9�� y ∈ R ¢
;¬É�É�D A(G(t, x); y)) ≥ 0.�s�
�§� ='?�?�� � ?��#� �
���&�V� ='? ��� =&�+� ��� 8�= � ����� � 9N�$9Ï© ��« ¢ ©ÈÇ1«�8�9: ©�ª���«¬�

�
?�=r���
=&� �
� =Ì� �&� B � 9 �C� :t8�9
?2� �
� =Ì? ��� =�81�+?�= ¢ : �C¤ 9 � :N���
;¬É2Ú¨D A(u(t, x); y) := u(t, (1 + y)x)− u(t, x)− xy ∂u

∂x
(t, x),

��='? � B � ��@ � B � @.?�9 � �+='�@/�E8Î� � B �$9�� � ��=�8�� ? ��� =�81�+?�= �C¢�� �È�
�
LγA(u)(t, x) :=

t7
0

7
R
A(u(s, x); y) υγ(ds, dy).

< � 8�� � ?H9 �C� :w� �
� =�8�9:�? � ��8�='�	8��
� �
;¬É1Æ�D τG ≡ τG(t, x) := inf{s ∈ [t, T ] : G(s, St,xs ) = ζ(St,xs )},
B � ��@ � � � 8 � �+? �
� �$9
�H�+� �H� ��='? � T (t, T ) �� ? � 9:N� �
���'�¸� = � �$� � �$9�8�=&�N= �C� 8�='� �C¢ 9
?2�+��@ � � � 81�Ì� �
�d� ?��$���+�$?�9t�+?LØ��	� ;&ª.Æ�D
@�8�9N� � : ��� @.='�$� � : �.¦�� �$��@.���+���]8 � 8 � �+?�@ � 8 � �+��@ �.¦�� ?�9 � 9��+�	8���; �'�C�k� �È�
�#©�ª�ª.«ÊD

Ss = St exp
(
µγs+ σW γ

s −
1

2
σ2s+

Nλγ
s∑

j=1

ln(1 + Uγj )
)
, s ∈ [t, T ].

 ¬�Ì� � 9
?2�g:����H@.�
���r�+? �'�C� � � 81�r��?�=a8�9�� a ≥ 1
¢

EP
γ
(Ss)

a = (St)
a exp

(
aµγs+ 1

2a
2σ2s2 − 1

2aσ
2s
);¬É 5�D

× exp(−λγ(1− EP
γ
((1 + Uγ1 )a))s) <∞, s ∈ [t, T ].

�u� �¸� � 8�� � ?t= � @�8��$��� �
�H� 8�=&�+�$9
��8�� �H� ='? ��� =&�+� ��� ?��i� �
�H� ? � �k� �J� ?�=&�)8�9�� � �+? �
@ � 8 � �+��@k�$9�� � ��=�8�� � B � 9 �C� :L�$9w� �
�k� ='?�?�� � �

� ���������
	��	���� ª�� %p¿C{i}Îz/{3»6~.+�}�z){ ¹ ~s½
» ¹�º {u½�|�»�~)¿.z�z ¹ Â¨¿ º { ¹ ÀÃ¿)Â # ¹ {!+L} 9 » ¹ z�zC» º|+} º Â¨»2¼ ¼J¿�}�z)×�|+¿
υ
# ¹ {!+ ~)»�¼g½
¿ º zC}2{3»�| q y+¿C¾�» º�Ö {3»w{!+�¿J~.¾$}�z)z���%�¢ ¹ ��¿���y�¿ &/×�}�z ¹¾$¿ "){ëÕ&~�» º { ¹�º ×�»�×�z.�E1×�½¨½
»�z.¿d}E½�|+»6~�¿.z)z {g(t, x) : (t, x) ∈ [0,∞)×R} ¹ z {Ft} Õ�½�|+¿CÕÂ ¹ ~C{3}�y.¾$¿[} º Â E(

� t
0

�
R |g(s, y)| q(ds, dy)) < ∞ ".»�|Z}2¾�¾

t > 0
� /�+�¿ º {!+�¿§½�|+»6~)¿/z)z

{
� t
0

�
R g(s, y) υ̃(ds, dy) : t ∈ [0, T ]} ¹ zV} º {Ft} Õ3¼H}�|.{ ¹�º�Ö }�¾�¿6�



� ï)è�ð��)æ���ï#��� ãsâ��5ä$å3ß)ðVå3ï)ð1à�ä ð��Câ�ð�à�å�íöß�ä�ã � �5ä$å5â�æ û/û/û
� ���������
	��	���� ÉB� % ¿C{ ΦΦΦ = {Φt : t ∈ [0, T ]} y�¿>} º {Ft} Õ&}¨Â¨})½�{3¿)Â�} º Â¼H¿)}�z�×�|+}�y.¾�¿¸z){3»6~)+�}�z/{ ¹ ~r½�|+»6~)¿/z)z§z�×~)+w{!+�}2{ E(

� t
0 Φ

2
s ds) <∞

".»2|d}�¾�¾
t > 0

�/ +�¿ º{!+�¿Vz/{3»�~)+�}2z){ ¹ ~ ¹�º {3¿ Ö |+}2¾ { � t0 Φs dWs : t ∈ [0, T ]} ¹ zV} º {Ft} Õ3¼J}�|/{ ¹�º�Ö }2¾$¿��
�Ì?6B B � 8�= � �$9Ó8 � ? � ���+�$?�9]�+? � ='?6� � � �
�¸� 8��$9N� �
� ?�= �C�J�a� ='?6����:��$9
�[��?��
9: �

8�9:w� �
� =�8�9
� � ?��#���	8��
� �k� ='��@ ��� ��?�=Ì� �H� ='��@�8�9w�5� ���k¤ 9�8�9@.�	8��#: � ='����81�+��� ��� �
��� ����� ��
 ª�� %p¿C{ Pγ ∈ Q y+¿Ï}¥¼J}�|/{ ¹�º�Ö }2¾$¿¡¼H¿)}�z�×�|+¿>¿8&/× ¹ #�}�¾�¿ º {H{3»l{!+�¿½�|�»�y+}�y ¹ ¾ ¹ {! P ¢�} º Âk¾$¿.{ V γ(t, St)

y+¿r{!+�¿g}2|�y ¹ {,|+} Ö ¿E"�|+¿�¿Û½�| ¹ ~)¿g»:"r} º xÌ¼H¿.| ¹ ~)} º {! /½�¿Â¨¿.| ¹ #2}2{ ¹ #2¿§}�z)z.¿C{ÔÂ¨¿ëÀ º ¿�ÂHy. ;&ª��¨D)� 1×�½¨½
»�z.¿a{!+�¿Ã½
}$ �Õ&» 3 "�× º ~C{ ¹ » º ζ ¹ za~�» º #2¿��f} º Âz)×~)+[{!+�}�{
ζ(0) = 0

¢
0 ≤ ζ(x) ≤ x ¢�".»�| x ∈ R+

�/�+�¿ º ".»�|¸}�¾�¾ γγγ ∈ Γ ¢
;¬É �¨D G(t, St) ≤ V γ(t, St) ≤ St

".»�|d} º  t ∈ [0, T ].
9 |+»6»:".�k�s�
� � 8��$9£�)8 � �£� � �+? � ='?6� � � �
� �$9 ��� ��8��$���5� G(t, St) ≤ V γ(t, St) ��s�
� 8�='��� �J� 9��J� � ?��a=�81� �
� =f� � @ � 9
��@�8��g9�81�+�
= ��¢ �
���J���J� � ��8 �'� :l?�9 � ? �H��¢ 9
?2�

?������$?�� � ���¡��9
?6Br9 �,82@/� � ��='? � � �
� � �
� ?�=&�Ó?�� � ?��$9�� � ='?�@ ���'�'���C¢ �'�C� � � 8�=&�+�$9
��8�� ���
8�9: �'�C� � � 8�=&�+�$9
��8�� �V� �+?�@ � 8 � �+��@V�$9�� � ��=�8�� � ����
�g� 8��$9J��: � 8k� � �+? � 8�� � � �'� ?���� �
�a� �+? �
� �$9
�¸�+� �H� ;¬É1Æ�D ¢ �ë� � ���+?VB�?�='�dBÌ��� �
= � 8��$� � 81�+�$?�9 � ;��+=�81� � @/�+?�='� ��� Ds?��#� �
�¸� �+?�@ � 8 � �+��@ � ='?�@ ���+� SSS = {(s, Ss) : s ∈ [t, T ]} ¢
�$?�@�81�+�$9
�H� �
�C� �$9L� �
�k�'� � � CG 8�9: SG �

 3� (t, St) ∈ CG
¢ �ë� � � t < τG

¢ � �
� 9JB �r� 8�� � � �'� ?���� �
�Ì��� ��8��$���5� G(τG, SτG ) =
ζ(τG) � �p� �Ì� � � � ���$9LBÌ��� � � �
� ?������$?�� �r��� �+� � 81� �

V γ(t, St) = sup
τ∈T (t,T )

ert EP
γ
(e−rτζ(Sτ ) |St)

≥ ert EP
γ
(eτ
G
ζ(SτG ) |St) = ert EP

γ
(eτ
GG(τG , SτG ) |St).�s�
� 9 ¢ 8 �
� �����$9
�L� �
�  ¬���L��?�= � �
�	8¡; ���
� ?�= �C� Ú�Ú[�$9�©�ª�ª.«ÊDÌ�+?[� �
�H� ='?�@ ���'� SSS 8�9:

� �
� C1,2 � = � ���
�	8�=Ì���
9@/�+�$?�9 f(t, x) := e−rtG(t, x)
¢ B � 8�='='��� � 81�

(27) e−rτ
GG(τG, SτG )− e−rtG(t, St)

=

τG7
t+

∂

∂t
(e−rsG(s, Ss−)) ds+

τG7
t+

∂

∂x
(e−rsG(s, Ss−)) dSs

+
1

2

τG7
t+

∂2

∂t2
(e−rsG(s, Ss−)) d[I, I]cs +

1

2

τG7
t+

∂2

∂x2
(e−rsG(s, Ss−)) d[S, S]cs

+

τG7
t+

∂2

∂t∂x
(e−rsG(s, Ss−)) d[I, S]cs

+
∑

t<s≤τG

{
∆(e−rsG(s, Ss))−

∂

∂x
(e−rsG(s, Ss−))∆Ss

}
,
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B �
� = � III = {Is}s∈[0,T ]

� �)8�9: � ��?�=a� �
� ���
9@/�+�$?�9�;,: � � � = � �$9
� � �+��@ � ='?�@ ���'� Dg?���� �
�
��?�= � Is := s �

 ¬�§� � 9
?2�k:����J@.�
���§�+?N@ �
� @��t� � 81�§� � 81� [I, I]c ≡ 0 8�9: [I, S]c ≡ 0
¢p� ?L��='? �

= �C� = ���'� 9��)81�+�$?�9 ;&ª�Ú¨D�?�� SSS B � � � � ∆Ss = Ss−
�
R y υ

γ(ds, dy)
¢ 8�9:w� �
� 9

d[S, S]cs = d[S, S]s − (∆Ss)
2 = d[S, S]s −

(
Ss−

7
R
y υγ(ds, dy)

)2
,

d[S, S]s = σ2S2
s−ds+

(
Ss−

7
R
y υγ(ds, dy)

)2
,

d[S, S]cs = σ2S2
s−ds.�s� � �.¢ 8 � ?�= �§�.¦�� �$��@.���g��?�= � ?���;¬É ��D�� � 8 � ��?��$�$?6B �CÐ

(28) e−rτ
GG(τG, SτG )− e−rtG(t, St)

=

τG7
t+

∂

∂t
(e−rsG(s, Ss−)) ds+

τG7
t+

∂

∂x
(e−rsG(s, Ss−))Ss−(r − δ) ds

+

τG7
t+

∂

∂x
(e−rsG(s, Ss−))Ss−σ dW γ

s

+

τG7
t+

∂

∂x
(e−rsG(s, Ss−))Ss−

7
R
y υ̃γ(ds, dy)

+
1

2

τG7
t+

∂2

∂x2
(e−rsG(s, Ss−))σ2S2

s− ds

+
∑

t<s≤τG

{
∆(e−rsG(s, Ss))−

∂

∂x
(e−rsG(s, Ss−))∆Ss

}
.

�g?2�+��@.�$9
�f� � 81� G(s, Ss− +∆Ss) =
�
R G(s, Ss− + Ss−y) υγ(ds, dy)

¢ B � � � �
∆(e−rsG(s, Ss))−

∂

∂x
(e−rsG(s, Ss−))∆Ss

= e−rsG(s, Ss− +∆Ss)− e−rsG(s, Ss−)− e−rs ∂G
∂x

(s, Ss−)∆Ss

= e−rs
7
R
G(s, Ss− + Ss−y) υγ(ds, dy)− e−rs

7
R
G(s, Ss−) υγ(ds, dy)

− e−rs
7
R

∂G
∂x

(s, Ss−)Ss−y υγ(ds, dy)

= e−rs
7
R
A(G(s, Ss−); y) υγ(ds, dy).



� ï)è�ð��)æ���ï#��� ãsâ��5ä$å3ß)ðVå3ï)ð1à�ä ð��Câ�ð�à�å�íöß�ä�ã � �5ä$å5â�æ û/û��
�='? � ;&ª�Ò¨Ds8�9:>;¬É�ª6DiB � : � ='��� �

0 =

τG7
t+

LBS(e−rsG(s, Ss−)) ds

=

τG7
t+

∂

∂t
(e−rsG(s, Ss−)) ds+

τG7
t+

∂

∂x
(e−rsG(s, Ss−))Ss−(r − δ) ds

+
1

2

τG7
t+

∂2

∂x2
(e−rsG(s, Ss−))σ2S2

s− ds.

�s� � � ;¬É ��Di�)8�� ��� � �
� ��?�= �
(29) e−rτ

GG(τG, SτG )− e−rtG(t, St)

=

τG7
t+

e−rsSs−
∂G
∂x

(s, Ss−)
(
σ dW γ

s +
7
R
y υ̃γ(ds, dy)

)

+

τG7
t+

e−rs
7
R
A(G(s, Ss−); y) υγ(ds, dy)

=

τG7
t+

e−rsSs−
∂G
∂x

(s, Ss−)σ dW γ
s

+

τG7
t+

7
R

(
e−rsSs−

∂G
∂x

(s, Ss−)y + e−rsA
(
G(s, Ss−); y

)
υ̃γ(ds, dy)

)

+

τG7
t+

e−rs
7
R
A(G(s, Ss−); y)λγmγ(dy) ds.

�g?6B B ���'� ?6Bl� � 81�Û� �
��¤ = � �Û�5B�?E�$9�� � ��=�8�� � ?�9d� �
� ='�$� � � � 8�9: � ��: � 8���?6� � 8�= � Pγ �� 8�=&�+�$9
��8�� ��� �1 39: �C� : ¢ � �
�Ã� ='?�@ ���'� {e−rsSs− ∂G∂x (s, Ss−)σ : s ∈ [0, T ]} � � 82:8 � � � :
8�9: �H� 8 � �
=�8��
� � � ���
� = � ��?�= ��¢ �+? � ='?6� � � � 81� { � z

t+ e
−rsSs− ∂G∂x (s, Ss−)σ dW γ

s :

z ∈ [t, T ]
} � � 8 Pγ �¬� 8�=&�+�$9
��8�� � ���Ì� �s� 9
?��
� � �+?J@ �
� @��Z� � 81�Ì��?�=g8�9�� z ∈ (t, T ]

¢

EP
γ

( z7
t+

(
e−rsSs−

∂G
∂x

(s, Ss−)σ

)2

ds

)
<∞

; �'�C� ��='? � ? � ���+�$?�9ÓÉ�D)� �s�
�§��� �+� � 81� �
(
e−rsSs−

∂G
∂x

(s, Ss−)σ

)2

≤ C2σ2S2
s−
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��?��$�$?6B � :��$= � @/�+���w��='? � ;¬É �¨D ¢�� ?

EP
γ

( z7
t+

(
e−rsSs−

∂G
∂x

(s, Ss−)σ

)2

ds

)

≤ C2σ2 EP
γ
( z7
t+

S2
s− ds

)
= C2σ2

z7
t+

EP
γ
(S2
s−) ds.

�='? � ;¬É 5�DÌ���E��?��$�$?6B � � � 81�E� �
� ���
9@/�+�$?�9 s 7→ EP
γ
(S2
s−) � � �$9�� � ��=�8��
� � ?�9 (t, z] ��s�
� 8 �+� � �H� �+�$?�9 � ?��i�Ô='? � ? � ���+�$?�9ÏÉZ8�= �f� 81�+� �&¤
� :Ó��?�=§8��$� z ∈ (t, T ] � ���
� = � ��?�= ��¢

� �
�d� ='?�@ ���'� { � z
t+ e

−rsSs− ∂G∂x (s, Ss−)σ dW γ
s : z ∈ [t, T ]

} � � 8 � 8�=&�+�$9
��8�� � BÌ��� �
= ���'��� @/�Ì�+? Pγ ����
� @.? �J��� 9 � 81�+?�=E?��Ô� �
�d� 8�=&�+�$9
��8�� �d�J� 8 � �
= � υγ � � ����� � 9Ó���N� �
� ��?�= � �
�	8
qγ(ds, dy) = λγmγ(dy)ds

¢ B �
� = � mγ � �)8�9: � ��?�=s8 � ? � ���+��� � 8�9: ¤ 9
��� �a�H� 8 � �
= �
?�9 R ��Ø�? ¢ � �
�V� ?��$9�� � ='?�@ ���'� (NNNλγ , {Uγ1 , Uγ2 , . . . }) � � �$?�9
� � �+?H� �
� @.�	8 �+� ?�� � �� ='?�@ ���+�&��� ; �'�C� ©�5 ¢ ��� 8 � � � =Ì ' ¬«ÊD)� �p� �Ì� � : �C¤ 9 �

M(s, y) := e−rsSs−
∂G
∂x

(s, Ss−)y + e−rsA
(
G(s, Ss−); y

)
.�s�
�H� ='?�@ ���+� MMM = {M(s, y) : (s, y) ∈ [0, T ] × R} � �k� = � :���@/�)8��
� � � ���
� = � ��?�= ��¢

�$9L?�=+: � =��+? �&� ?6B � � 81�s� �
�k� �+?�@ � 8 � �+��@ � ='?�@ ���+� ����� � 9N���J� �
�k� �+?�@ � 8 � �+��@§�$9�� � ��=�8��
{
� z
t+

�
RM(s, y) υ̃γ(ds, dy) : z ∈ (t, T ]} � � 8 � 8�=&�+�$9
��8�� � ��?�= Pγ ¢ ���Ì� �s� 9
?��
� � �+?� ='?6� � � � 81�g��?�=Ì8�9�� z ∈ (t, T ] B �§� 8C� �

EP
γ
( z7
t+

7
R
|M(s, y)| qγ(ds, dy)

)
<∞

; �'�C� ��='? � ? � ���+�$?�9¡ª6D)� �Ì?6B ¢ :��$= � @/�+���J��='? � � �
� : �C¤ 9
���+�$?�9 ;¬É2Ú¨DÔ?���� �
� ? ��� =�81�+?�= A
B � � � �r� �
�k��� �+� � 81� �
|ersM(s, y)| =

∣∣∣∣Ss−
∂G
∂x

(s, Ss−)y +A(G(s, Ss−); y)

∣∣∣∣

=

∣∣∣∣Ss−
∂G
∂x

(s, Ss−)y + G(s, (1 + y)Ss−)− G(s, Ss−)− Ss−y
∂G
∂x

(t, Ss−)

∣∣∣∣
≤ ers|G(s, (1 + y)Ss−)− G(s, Ss−)| ≤ CSs−|y|

��?�= � ? �J�§� ? � ���+��� � @.?�9 � �)8�9�� C � ��� � � B � ?����)8��$9
EP

γ
( z7
t+

7
R
|M(s, y)| qγ(ds, dy)

)
≤ C EP

γ
( z7
t+

7
R
Ss−|y|λγmγ(dy) ds

)

= Cλγ EP
γ
( z7
t+

Ss− ds
) 7
R
|y|fγ(y) dy

= Cλγ
z7
t+

EP
γ
(Ss−) ds

7
R
|y|fγ(y) dy.

��� @�8�� �'� � �
� : � 9 � ���5� fγ = fγ(y) � �i� ? � ���+��� � ?�9
���J?�9L8 ¤ 9
��� � �$9�� � =&��8����$9 R ¢ � �
�
�$9�� � ��=�8�� � R |y|fγ(y) dy � �Ì¤ 9
��� � 8�9:]� �
� ���
9@/�+�$?�9 s 7→ EP

γ
(Ss−) � � �$9�� � ��=�8��
� �



� ï)è�ð��)æ���ï#��� ãsâ��5ä$å3ß)ðVå3ï)ð1à�ä ð��Câ�ð�à�å�íöß�ä�ã � �5ä$å5â�æ û/û �
?�9 (t, z] � ��� � ���H� 8�9 � � � 81��� �
� 8 �+� � �H� �+�$?�9Î?�����='? � ? � ���+�$?�9Nªi� �Û� 81�+� �'¤
� :f8�9:V� �
�� ='?�@ ���+� { � zt+ �

RM(s, y) υ̃γ(ds, dy) : z ∈ (t, T ]} � � 8 � 8�=&�+�$9
��8�� � Br��� � = ���'��� @/�
�+?f� �
�§� ='?���8��
�$�$���5� Pγ �� ?�9@.�$�:��$9
�¡� �
� �$9�� ��� �+�$��81�+�$?�9Q?��g��?2� ��� �+?�@ � 8 � �+��@N�$9�� � ��=�8�� � 8���?6� ��¢ B � ��@ �� �)8�=&�Ì��='? � 0 81�s�+� �J� t ∈ [0, T ]

¢ B �k�&�C� � � 81�
EP

γ
( τG7
t+

e−rsSs−
∂G
∂x

(s, Ss−)σ dW γ
s

∣∣∣St
)

= 0,

EP
γ

( τG7
t+

7
R

(
e−rsSs−

∂G
∂x

(s, Ss−)y + e−rsA(G(s, Ss−); y)

)
υ̃γ(ds, dy)

∣∣∣∣St
)

= 0.

�s�
� 9 ¢ @.? � �$9
�f��82@��Z�+?];¬É2Ò¨DiB � ?����)8��$9
EP

γ
(e−rτ

GG(τG , SτG ) |St)− e−rtG(t, St)

= EP
γ
( τG7
t+

e−rs
7
R
A(G(s, Ss−); y)λγmγ(dy) ds

∣∣∣St
)
≥ 0.

���$9�8��$��� ¢ B � � � �
V γ(t, St) ≥ ert EP

γ
(e−rτ

G
ζ(SτG )

∣∣St)

= G(t, St) + ert EP
γ
( τG7
t+

e−rs
7
R
A
(
G(s, Ss−); y

)
λγmγ(dy) ds

∣∣∣St
)

≥ G(t, St),

B � ��@ �Î� 9: � � �
��� ='?�?���?��� �
��¤ = � ���$9 ��� ��8��$���5�d�$9N;¬É �¨D ��?�=Û� �
� @�8 �&� ?�� (t, St) ∈ CG � 3� (t, St) ∈ SG
¢ �ë� � � t ≥ τG ¢ � �
� 9 G(t, St) = ζ(St)

¢ 8�9:LB � � � �
V γ(t, St) = sup

τ∈T (t,T )
ert EP

γ
(e−rτζ(Sτ ) |St)

≥ ert EP
γ
(e−rtζ(St) |St) = ζ(St) = G(t, St).

 ¬�t� �N� 8 � � �+?Q� � �t� �
� � �
��� =]��?��
9: �$9 ;¬É �¨D)� ��� 8�9
� � �+?l� �
� �$9 ��� ��8��$���5�
ζ(x) ≤ x ¢ B � ?����)8��$9
V γ(t, St) = sup

τ∈T (t,T )
ert EP

γ
(e−rτζ(Sτ ) |St)

≤ sup
τ∈T (t,T )

e−δτ+rt EP
γ
(e−rτ+δτSτ |St) = sup

τ∈T (t,T )
e−δτ+δtSt = St.

�s� � � @.? �H� � � � ��� � �
�k� ='?�?��5�
��� ����� ��
 ÉB� %p¿C{ Pγ ∈ Q y+¿Ï}¥¼J}�|/{ ¹�º�Ö }2¾$¿¡¼H¿)}�z�×�|+¿>¿8&/× ¹ #�}�¾�¿ º {H{3»l{!+�¿½�|�»�y+}�y ¹ ¾ ¹ {! P ¢�} º Âk¾$¿.{ V γ(t, St)

y+¿r{!+�¿g}2|�y ¹ {,|+} Ö ¿E"�|+¿�¿Û½�| ¹ ~)¿g»:"r} º xÌ¼H¿.| ¹ ~)} º {! /½�¿Â¨¿.| ¹ #2}2{ ¹ #2¿§}�z)z.¿C{ÔÂ¨¿ëÀ º ¿�ÂHy. ;&ª��¨D)� 1×�½¨½
»�z.¿a{!+�¿Ã½
}$ �Õ&» 3 "�× º ~C{ ¹ » º ζ ¹ za~�» º #2¿��f} º Â
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z)×~)+[{!+�}�{

0 ≤ ζ(x) ≤ ζ(0)
".»�|

x ∈ R+
�/ +�¿ º ".»2|¸}2¾�¾ γγγ ∈ Γ ¢

;ëÚ �¨D G(t, St) ≤ V γ(t, St) ≤ ζ(0)
".»�|d} º  t ∈ [0, T ].

9 |+»6»:".�  39>@.? �H� 8�='� � ?�9 BÌ��� �>�s�
� ?�= �C� ªÎ� �
� ?�9
���Ó� � �$9
�N�+?t:�?N� � �+? � ='?6� �
� �
� � �
��� =Ì��?��
9:L�$9>;ëÚ �¨D)�

�
='? � � �
� �$9 ��� ��8��$���5� ζ(x) ≤ ζ(0) B � � � �
V γ(t, St) = sup

τ∈T (t,T )
ert EP

γ
(e−rτζ(Sτ ) |St)

≤ sup
τ∈T (t,T )

ert EP
γ
(e−rτζ(0) |St) = sup

τ∈T (t,T )
ert−rτζ(0) = ζ(0).

 39 ©�ª/«����d� �d�'� ?6Br9Ï� � 81�¸� �
� =�8�9
� � ?�� � ='��@ ��� �$9 � � ��� �+�$?�9 � � 8t���
�$�i�$9�� � =&��8��
;Ê��?��
9: � : ¢ 8 � B �g� 8C� �E�&�C� 9w8���?6� � D)� �Ì?6B ¢ �$9J��� � B ?�� � �C� 8�='�ZÉ ¢ B �Ì� ='?6� � � � 81�
� �
� � � �	� � 9:J?���� � � � �$9�� � =&��8���� � ��: � 9��+� ¤
� : �.¦ 82@/�+��� ¢ 8�9:Z@�8�9Z� � 8 �
� ='?�82@ �
� :ZBÌ��� �
@.?�9 � �)8�9��g�$9:���@ ��� γ ∈ (−1,∞) �

��� ����� ��
 Ú � % ¿C{ V γ(t, St)
y+¿J{!+�¿E½�| ¹ ~)¿[»:"H} º xr¼J¿/| ¹ ~�} º {! /½
¿ZÂ�¿/| ¹ #2}2{ ¹ #2¿}�z)z.¿C{)¢§Â¨¿ëÀ º ¿)Â y. ;&ª��¨D ".»�|]} º  ~�» º z/{3} º { γ ∈ (−1,∞)

�1×1½�½�»2z.¿]{!+�¿H½
}$ �Õ&» 3"�× º ~C{ ¹ » º ζ = ζ(x) ¹ zV~)» º #2¿����/�+�¿ º
lim
γ→−1

V γ(t, St) = G(t, St).

9 |+»6»:".� �='? � �s�
� ?�= �C� ªaB � ��9
?6B � � 81�
G(t, St) ≤ V γ(t, St).

 ¬�d� � ?������$?�� � � � 81� ζ(St) ≤ G(t, St) � � � �
� =&Br� �'� B � B�?��
��: � 8C� � 8�9 8�='�
���+=�8�� �? �
� ?�=&�+�
9
���5�N?�9L� �
�§� 8�='� � ����Ø�? ¢ B �§� 8C� �
V γ(t, St)= sup

τ∈T (t,T )
ert EP

γ
(e−rτζ(Sτ ) |St) ≤ sup

τ∈T (t,T )
ert EP

γ
(e−rτG(τ, Sτ ) |St).

� �
� �����$9
�f� �
�  ¬���H��?�= � �
�	8Î��?�=Ì8�9�� τ ∈ T (t, T )
¢ B � � � �

ert EP
γ
(e−rτG(τ, Sτ )|St)

= G(t, St) + ert EP
γ
( τ7
t+

e−rs
7
R
A(G(s, Ss−); y)λγmγ(dy) ds

∣∣∣St
)
.

 ¬�r��?��$�$?6B � � �H�H� :��	81� � ���[��='? � ;&ª6É�Di� � 81� λγ = λ(1 + γ) 8�9: mγ(dy) = fγ(y)dy
��?�= γ @.?�9 � �)8�9�� ¢�� ?
(31) V γ(t, St) ≤ G(t, St)

+ λ(1 + γ) sup
τ∈T (t,T )

ert EP
γ
( τ7
t+

e−rs
7
R
A(G(s, Ss−); y)fγ(y) dy ds

∣∣∣St
)
.
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 ¬�Ì� �Ì� 8 � �w�+? �'�C� ;Ê= �C��� 81�+�$9
�w8�9 8�='��� �H� 9��g��='? � � �
�V� ='?�?��Ô?�� ���
� ?�= �C� ª6Di� � 81�
|A(G(s, Ss−); y)| ≤ 2CSs−|y|

¢ 8�9:w� �
� 9
∣∣∣ert EP

γ
( τ7
t+

e−rs
7
R
A(G(s, Ss−); y)fγ(y) dy ds

∣∣∣St
)∣∣∣

≤ 2C
7
R
|y|fγ(y) dyEP

γ
( T7
t+

Ss−ds
∣∣∣St
)

= 2C
7
R
|y|fγ(y) dy

T7
t+

EP
γ
(Ss− |St) ds <∞.

�s� � � ;ëÚ�ª6Di��� � ��: � limγ→−1 V
γ(t, St) = G(t, St) �

��® c¸²�¯#µ�!Ê´���¶Ê²�¯�� ®  ¬�s� �s� �
��� � ?������$?�� � � � 81�s� �
� =�8�9
� � ?���� �J� ='��@�8�9w@.?�9��+�$9 �
� � 9��Î@.�	8�� �T� ='��@ ��� �$9 � �
� :��$��� � �$?�9 � ?�: � ��BÌ��� � ��� �J�� ?���=�8�9:�? �T� 8���9
���+�: �� = ���'� 9�� � :¥8�9:>@ � 8�=�82@/� � ='�$Ù � :Ï�$9 � � � �V� 8 ��� =V� �k� �@ � �+?�?NBÌ��: � �$9Ï@.? �H� 8�='� � ?�9
BÌ��� � = � 8�� � �$�$� � :81�)8V��='? � � ?�9 � � � 8�='� � � � ��< �
� 9 ��� ='��?�= � �$9
�H8 �
� ='? � ='�	81� � @.? �f�� ��� � = �.¦���� ='� �H� 9�� �.¢ ���g� � @.? �H���Ì� ����: � 9��Ì� � 81�g� �
��� = � 8 � ?�9�8��
� ��� =�8�9
� � ?�� � ='��@ ���
B�?��
��:t� �V� �@ � �&� 8��$� � = ¢�� �È�
��@.? �H� 8�=�8��
� � Br��� � � �
�d�'� 8��$� ��� �g�$9�� � =&��8��Û@.?�9��)8��$9 �
�$9
�LÑ � =&�+?�9 8�9: Ø�@ � B � �$Ù � = � ='��@ ��� ; �'�C� ©ÈÚ1« ¢ ©�ª.Æ2« ¢ ?�=E� � � � ? �J� = ��� �
��� � Br��� � � �
��
� � � ?���� �
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