
Advances in Applied Mathematics A^êÆ?Ð, 2026, 15(4), 386-399

Published Online April 2026 in Hans. https://www.hanspub.org/journal/aam

https://doi.org/10.12677/aam.2026.154167

�Ä©ù�/eQLBS�.�Ï�½d
�éÀ

��� ÕÕÕ

2Àó��ÆêÆ�ÚOÆ�§2À 2²

ÂvFÏµ2026c3�8F¶¹^FÏµ2026c4�2F¶uÙFÏµ2026c4�10F

Á �

�©�éI�]�©ù�¢S½|A�§éÄurzÆS�QLBSÏ�½d�éÀ�.?1*Ð"

í�
ëY©ù�/eQLBS�.�lÑ�mnØµe§­�
¹©ù�gK]E�|Ü!øy

¼ê��`éÀ)Û)§¿ÏL�Akâ�[�B�^Ä¼ê%C�¤ê�¢y"ê�¢�(JL

²§QLBS(q)�.3ØÓ©ùÇeþ�­½%C¹©ùBSM �.�½d(J§k�J,
�.é

¢S½|�·�5"

'�c

QLBS�.§îªÏ�½d§ëY©ù§rzÆS

Option Pricing and Hedging of
the QLBS Model under
Dividend Scenarios

Yu Huang

School of Mathematics and Statistics, Guangdong University of Technology, Guangzhou

Guangdong

Received: March 8, 2026; accepted: April 2, 2026; published: April 10, 2026

©ÙÚ^: �Õ. �Ä©ù�/eQLBS�.�Ï�½d�éÀ[J]. A^êÆ?Ð, 2026, 15(4): 386-399.
DOI: 10.12677/aam.2026.154167

https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2026.154167
https://www.hanspub.org
https://doi.org/10.12677/aam.2026.154167


�Õ

Abstract

This paper addresses the limitations of the the actual market characteristics of under-

lying asset dividends, extending the option pricing and hedging model (QLBS) based

on reinforcement learning. Derived the discrete-time theoretical framework of the

QLBS model under continuous dividend scenarios , and the self-financing replication

portfolio with dividends, the reward function. And the optimal hedging analytical so-

lution are reconstructed. Numerical implementation is achieved through Monte Carlo

simulation and B-splines basis function approximation. Numerical experimental re-

sults show that the QLBS(q) model can stably approximate the pricing results of the

dividend-paying BSM model under different dividend rates, effectively improving the

model’s adaptability to the real market.
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1. Úó

gBlack ÚScholes [1]Ú\²;�BSM�.±5§éÏ��½d¯K¤�7K+�'5�ïÄ

+���"A�c5§Æö�3BSM�.�Ä:þ?1
�5��ïÄ"'X�Ä�Ï�k�Ï
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T�.��l�´êâ¥ÆS��Ï�½dÚéÀüÑ,�|^rzÆS)ûÏ�½dÚéÀ¯K

Jø
�«#�g´"��3T�.�Ä:þ&¢
Fitted Q Iteration!_�rzÆS9Ù3é

À|Ü½d¥�A^ [7]"Stoiljkovic [8]��CïÄL²,QLBS�.3îªwOÏ�ØÓG�Cþ

Ú|µeÑUO(/%CBSM nØê�"Äuù
®k�ïÄ¤J§·��Ñ3I�]�UëY

�|ÂÃÇq ©ù�§QLBS �.���lÑ�mí�,*ÐïÄ
�¦|GëYù|�Ï�½d"

òÙB\�.�±�Ð/�N¢S½|�¹§?�ÚJ,�.�A^d�"

�©�VãXeµ12!0�
BSM�.±9QLBS�.�Ñ��`Ï�½dÚéÀ)Û)§

13!|^�©ù��¦d�Ä�L§�Ñ
QLBS �.3¹©ù�/e�*Ð§14!|^ê�

�[�y
�.3¢S½|^�e�`³±9nØ�(5"

2. BSM�.

2.1. ²;BSM�.

BlackÚScholes [1]3¦��mM5©Ù¥�ï
��éÀ|Ü,=±k�°�¦ÚñÑ�°Ï

�¿ddØäE�Ï�"ÏL©ÛéÀ|Ü�ÂÃ,�±��Ï�d�� �©�§,¿)ÑÏ�d

�úª"

®�k�I�]�d�StÑléê��©Ùµ

dSt = µStdt+ σStdWt (1)

y3�E]�|ÜΠt,�)1ü Ï�£d��Ct¤Ú−δü I�]�§Kù�]�|Ü�d
��µ

Πt = Ct − δSt (2)

�â�BÚn§ü �mSù�]�|Ü�d�Cz�µ

dΠt = σSt

(
∂Ct
∂St
− δ
)
dWt +

[
µSt

(
∂Ct
∂xt
− δ
)

+
1

2
σ2S2

t

∂2Ct
∂S2

t

+
∂Ct
∂t

]
dt (3)

y3ÀJδ = ∂Ct

∂St
§b½Ãºx|Ç�r§dÃ@|Å¬b�Úºx¥5½d�n§?ÛÃºx

]�|Ü�ÂÃÇÑ�uÃºx|Çr,ÏddΠt = rΠtdt§�\þª�µ

∂Ct
∂t

+
1

2
σ2S2

t

∂2Ct
∂S2

t

+ rSt
∂Ct
∂St
− rCt = 0 (4)

ù��©�§�>.^����mt = T£1���¤�§Ï�d�Ct÷vCT = max (Z − ST ; 0),Ù

¥Z ´1�d�"�âHull [9],éuwOÏ�§d�©�§�)�µ

p(BS) = Ze−rTN (−d2)− S0N (−d1) (5)
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Ù¥§Xêd1Úd2�µ

d1 =
ln
(
S0

Z

)
+
(
r + σ2

2

)
T

σ
√
T

, d2 = d1 − σ
√
T (6)

2.2. �Ä©ù�BSM�.

b½�EÂÃÇ�q,K3dt�mS±k�°I�]���EÂ\�qStdt"3dt�mS|G�E

�§I�]��d��ò�A/eü�Ó�ÌÝqStdt§d�d���ÅL§�µ

dSt = σSt dWt + (µ− q)St dt (7)

±k��êþ�at�I�]�§|G�|�I�]��eü��qatStdt §d�Ý]|Ü�A/C

z�µ

dΠt = dCt − δdSt − qδStdt (8)

aq/§·����AëY|G�|�Ï�¤÷v��©�§µ

∂Ct
∂t

+
1

2

∂2Ct
∂S2

t

σ2S2
t − rCt + (r − q) ∂Ct

∂St
St = 0 (9)

�±¦)��µ

p(BS′) = Ze−rTN (−d′2)− e−qTS0N (−d′1) (10)

Ù¥§Xêd′1Úd
′
2�µ

d′1 =
ln
(
S0

Z

)
+
(
r − q + σ2

2

)
T

σ
√
T

, d′2 = d′1 − σ
√
T (11)

3. QLBS�.

QLBS�.�@dHalperin [6]JÑ§§òîªÏ��½d�éÀ¯K3lÑ�m!:þ­��

��k�ÏrzÆS¯K§´éBSM�.ëY�mE�g���z"

3IO�½e§�ÄlÑ�mt = 0, 1, . . . , T§�mÚ��∆t"½|¥k��Ã©ù�¦St Ú

��Ãºx]�£Õ1âr¤Bt§Ãºx|Ç�~êr§òyÏf�γ = e−r∆t"3ºx¥5ÿÝ

e§�¦d�3��ÚSUìAÛÙK$Äüz§Õ1ârUÃºx|ÇO�"ñ�ÏL±k�

¦Þ�at ÚÃºxárBt �EgK]Ý]|Üµ

Πt = atSt +Bt (12)
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¿æ^lÑ�m�Delta éÀüÑ§3���mÚN�at 5éÀI�d�ºx"3rzÆS�Lã

e§QLBS òÏ�ñ�À���RL �UNµ

G�Xt ��I�]��éê§±B�Ø�¦d�Ä�¥�¤£Ü©¶Ä�at �3��t ÀJ

��¦Þ�¶ÂÃRtK�Ý]|Ü�by�´ÂÃ¶d�¼êæ^Q¼ê/ªQt(x, a)§L«3G

�x eæ�Ä�a �§lt �T �òyºxN�ÂÃ"

3Tµee§ñ���`½d�éÀ¯K=z�µmaxπ Q
π
0 (X0, a0),Ù¥üÑπ �Ñ3��G

�eÀJ�Þ�at "�`Q-¼êQ∗t ÷vIO�Bellman 4í'X§�é�½G�Xt§Q
∗
t (Xt, at)

éÄ�at ´�g¼ê§l
�±¦�z�Ú��`éÀÞ�a
∗
t (Xt)"3ê�¢yþ§QLBS ¦^

�Akâ´»�[ÚÄ¼ê?1£8%C§éQ∗t Úa
∗
t ?1ÅÚCq§¿òt = 0 ���`Q ��

K�À�ºxN���Ï�d�"

3.1. QLBS �.3¹©ù�/e�*Ð

�©Ì��Ñ3I�]�UëY�|ÂÃÇq ©ù�§QLBS �.���lÑ�mí�"

3.1.1. ½|�½�¹©ù��¦Oþ

PSt ���t ��d§q �ëY�|ÂÃÇ"3«m[t, t + ∆t] S§z±k1 ��¦¼���

E�Dt = qSt∆t "3QLBS ¥§·�'%�´/�éuÃºx]�0���ÂÃ"Ã©ù�½

Â∆St = St+1 − er∆tSt,=±k���¦�t+ 1 �d��òSt Ý\Ãºx]��d���"

3¹©ù�/e§�ÚS±k���¦�od��/d�+ �E0µSt+1 +Dt"Ïd½Â¹©

ù���ÂÃ�µ

∆S
(q)
t = St+1 − er∆tSt +Dt = St+1 − er∆tSt + qSt∆t (13)

�q = 0 �§∆S
(q)
t òz��5�∆St"

3.1.2. E�|Ü�gK]�å

�ÄÝ]|Üµ

Πt = atSt +Bt (14)

Ù¥at ´3��t ±k��¦Þ�§Bt �ÃºxârÞ�"

Ð©��t �§|Üd��Πt"�t + 1 c��§Õ1âr¼�|Eer∆tBt§Ó��¦|G�

|atDt§ÏdBt+1− = er∆tBt + atDt"d��|Üd��µ

Πt+1− = atSt+1 +Bt+1− (15)

3��t+ 1 N�Þ��at+1§gK]^��¦Nóc�|Üd���,����t+ 1 �|Üd�µ
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Πt+1 = at+1St+1 +Bt+1

= atSt+1 +Bt+1−

= atSt+1 + er∆tBt + atDt

(16)

l
µ
Bt = e−r∆t

(
Πt+1 − at(St+1 +Dt)

)
= γ

(
Πt+1 − at(St+1 +Dt)

)
(17)

Ù¥γ = e−r∆t§�£Πt = atSt +Bt§��µ

Πt = atSt + γ
(
Πt+1 − at(St+1 +Dt)

)
= γΠt+1 − γat

(
St+1 +Dt − er∆tSt

)
= γ

(
Πt+1 − at∆S(q)

t

) (18)

ªà^��ΠT = H(ST ) = max(Z − ST , 0)"

3.1.3. �`Ä�d�¼êÚøy¼ê

3G�Cþ�ÀJþ§UìQLBS�©¥��{§·�Ú\�màg�G�CþXt,�3¹©

ù�/e§éXt�½ÂU�:

Xt = −
(

(µ− q)− σ2

2

)
t+ lnSt (19)

Kkµ
St = eXt+

(
(µ−q)−σ

2

2

)
t (20)

¿�3ëY�m4�eµ

dXt = σ dWt (21)

=Xt ´���§¿�´�mþ!�§Ø��¦d�Stk¤£"

·�òú²Ï�d�Ĉt½Â�éÀÝ]|ÜΠt�Ï"�µ

Ĉt = Et [Πt|Ft] (22)

¢S�ú#ºxN�d�ATdñ��ºx Ðû½§�ATB\déÀÝ]|Ü�by�

��Ñ�ºxÄd§¿Uºx��ëêλ ?1 �µ

C0(S, a) = Ĉ0 + λE0

[
T∑
t=0

e−rt Var [Πt | Ft] | S0 = S, a0 = a

]

= E0

[
Π0 + λ

T∑
t=0

e−rt Var [Πt | Ft] | S0 = S, a0 = a

] (23)

�
k���ºx§¿(�ñ�3�5Ø¬ÏéÀ|Ü���
¡�ã�º�§Ï�ñ�I

���zÏ�d�C0(S, a)"Ó�·�5¿�§3RLµe¥§ú#Ï�d����z¯K�du�
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�zT���Ä�d�¼ê"Ïd�±L«�Qt = −Ct"d�§3G�CþXtÚüÑπe�Ä�

d�¼ê�±L«�µ

Qπ
t (x, a) = Et

[
−Πt (Xt)− λ

T∑
t′=t

e−r(t
′−t) Var [Πt′(Xt′) |Ft′ ]

∣∣∣∣∣Ft
]

= Et

[
−Πt (Xt)− λVar [Πt]− λ

T∑
t′=t+1

e−r(t
′−t) Var [Πt′ (Xt′) | Ft′ ]

∣∣∣∣∣Ft
]

= Et
[
−Πt (Xt)− λVar (Πt (Xt)) + γ

(
Qπ
t+1 (Xt+1, at+1) + Et+1 [Πt+1 (Xt+1)]

)]
(24)

�â��ùÏ"�§§·�kµ

Qπ(x, a) = Eπ [Rt+1 + γQπ (x′ = Xt+1, a
′ = At+1) | x = Xt, a = At] (25)

dþ¡ü�ªf§t ∈ {0, 1, . . . , T − 1}���£�Rt�L«�µ

Rt (Xt, at, Xt+1) = γΠt+1 (Xt+1)−Πt (Xt)− λVar [Πt | Ft]

= γΠt+1 (Xt+1)− γ
(
Πt+1 − at∆S(q)

t

)
− λVar [Πt | Ft]

= γat∆S
(q)
t − λVar [Πt | Ft]

(26)

éu�����mÚt = T ,£��RT = −λV ar[ΠT ]"

2(Ü£�RTÚÄ�d�¼ê�Ñ�`Ä�d�¼êµ

Q
∗,(q)
t (Xt, at) = γEt

[
Q
∗,(q)
t+1 (Xt+1, a

∗,(q)
t+1 + at∆S

(q)
t

]
− λVar [Πt (Xt)]

= γEt
[
Q
∗,(q)
t+1 (Xt+1, a

∗,(q)
t+1 + at∆S

(q)
t

]
− λγ2 Et

[
Π̂2
t+1 − 2atΠ̂t+1∆Ŝ

(q)
t + a2

t

(
∆Ŝ

(q)
t

)2]
= γEt

[
Q
∗,(q)
t+1 (Xt+1, a

∗,(q)
t+1 + at∆S

(q)
t

]
− λγ2Et

[(
Π̂t+1 − at

(
∆Ŝ

(q)
t

))2
]

(27)

Ù¥§Π̂t+1 := Πt+1 − Et(Πt+1), ∆Ŝ
(q)
t := ∆S

(q)
t − Et

(
∆S

(q)
t

)
"

lþª¥�±wÑQ
∗,(q)
t (Xt, at)´'uat��g¼ê§Ïd�Ié−Q∗,(q)t (Xt, at) éat ¦�¿

-Ù�",��¹©ù�/e��`éÀ)Û):

a
∗,(q)
t (Xt) =

Et
[
∆Ŝ

(q)
t Π̂t+1

]
+

1

2γλ
Et
[
∆S

(q)
t

]
Et
[
(∆Ŝ

(q)
t )2

] (28)

�Ã©ù�/�'§þªò∆St!∆Ŝt O��¹©ù�∆S
(q)
t !∆Ŝ

(q)
t §3©ùÇq = 0�§�

`éÀ)Û)��©QLBS�.����§î�òz��©QLBSµe"
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3.1.4. ¼ê%C�¹©ùQLBS Ï�d�

3k�.£Model-Based¤QLBS ¥§�æ^�5Ä¼ê%C�`éÀ��`Qõ¼êµ

a
∗,(q)
t (Xt) ≈

N∑
n=1

φ
(q)
n,t Φn(Xt) (29)

Q
∗,(q)
t

(
Xt, a

∗,(q)
t (Xt)

)
≈

N∑
n=1

ω
(q)
n,t Φn(Xt) (30)

Ù¥{Φn(·)}Nn=1 �ýkÀ½�Ä¼êx§φ
(q)
n,t!ω

(q)
n,t ��mk'¿�3�mt = T − 1, . . . , 0��m

S��48O���"�Ã©ù�/�'§���«O´¤k�9∆St ���þ�ÚOþÑO�

�∆S
(q)
t "

éuÄ¼ê�ÀJ¯K§Grau [10]uyØÓ�Ä¼êé½d°ÝÚO��ÇkwÍK�§

Ì��ûu¯K��ÝÚé1w5��¦"éuîªÏ��½d�éÀ¯Kþ§B�^��

£B-splines¤U
Jøp��ÛÜ%C§¿�3%C�äk�Ð�1w5"

�ª§¹©ùQLBS 3t = 0 ��/ºxN��Ï�d�0���µ

C
QLBS,(q)
0 = −E

[
Q
∗,(q)
0 (X0, a

∗,(q)
0 (X0))

]
≈ − 1

K

K∑
k=1

Q
∗,(q)
0

(
X

(k)
0 , a

∗,(q)
0 (X

(k)
0 )
)

(31)

4. ê�¢�(J�©Û

4.1. ëê���´»�[

�
�yQLBS(q)�.3¢S½|^�e�nØ�(5§�!òÐ«�ù|Ï��BSM�QLBS(q)

�Ï�d�Ú�`éÀ¿ò§�?1'�"ë�Stoiljkovic3©z [8]¥¤¦^�ëê��,·��

�.ëê�L 1¤«µ

Table 1. Parameter settings

L 1. ëê��

Ð©�d �¦¤£Ç �¦ÅÄÇ Ãºx|Ç 1�d �m �Akâ´»ê B�^�ê B�^ �EÇ
S0 µ σ r Z Úê K N �ê q

100 0.03 0.15 0.05 100 24 10 000 12 4 0.02

L 1�Ñ
^u�.ê�¢y�ëê"Ï��ÏF���1c§ºx��ëêλ = 0.001"3º

x¥5ÿÝe§òy��\OÂÃL§7,´���"éu��|GëY�EÂÃÇq ��¦§Ù

ýÏÂÃ7L�uÃºx|Çr"Ïd§d�L§�¤£Çµ �N��r − q§±¦ýÏoÂÃ�±
3r"d	§�âHalperin [6] ÚDixon [11]§·�ÏL�� 1

2γλ
= 05N��`éÀ§±düØºx

��éÏ�½dÚéÀ¯K�K�"÷v�´öéºx¥5�b�"
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�âþã���ëê§·�æ^�Akâ�[5£ã�5I�]�d��Cz�¹"3�A

kâ�[¥§�m´lÑ�§ÏLÀJÜ·��mÚ�∆t = T/n,�±òëY�mL§lÑz§3

z��mÚ�þ§]�d��CzÏLéAÛÙK$Ä?1�[5¢y"ÏLù«�ª§÷Xz

��mÚ�)¤]�d�´»¿­Eù�L§§·��±���þØÓ�]�d�;,"ëêU

ìþã������Akâ�[´»�L 2¤«µ

Table 2. Stock price path simulation results

L 2. �d´»�[(J

0 1 2 ... 22 23 24

1 100 115.58 119.62 ... 74.92 84.48 86.03
2 100 91.87 86.56 ... 43.49 40.45 40.49
... ... ... ... ... ... ... ...

9999 100 104.43 113.29 ... 100.47 105.57 112.25
10000 100 100.86 84.54 ... 117.34 120.87 123.52

3�©¥§duQLBS(q)�.���G�Cþ�ü��Ý�Ï�½d�A^I�1w%C§·

�ÀJ¦^B-splines ��Ä¼êé�`éÀÚ�`Ä�d�¼ê?1%C§ã 1Ð«
�^êþ

�12§�ê�4�B-splinesµ

Figure 1. The graph of the fourth-order basis functions of the
B-spline function (N = 12)

ã 1. B�^¼ê£N = 12¤�o�Ä¼êã�

4.2. ê�¢�

4.2.1. �.Ün5u�

31�|¢�¥§·�ò�EÂÃÇ��q = 0§�
�y�.��(5§·�òQLBS(q)3

ØÓ1�dZ ∈ [80, 120] e�Ñ�îªwOÏ�d�§�Black-ScholesÃ©ù�.)Û)?1'
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�"L 3Úã 2 �Ñ
ü«�{�Ï�d�ÚéÀ�(Jµ

Table 3. QLBS(q) vs BSM put option prices and hedging (t = 0, q = 0)

L 3. QLBS(q) vs BSM wOÏ�d��éÀ£t = 0, q = 0¤

1�dZ BSM d� QLBS(q)d� d��éØ�(%) BSM éÀ QLBS(q)éÀ éÀ�éØ�(%)

80 0.25 0.23 8.00 -0.04 -0.03 25.00
90 1.40 1.36 2.86 -0.16 -0.14 12.50
100 4.53 4.47 1.32 -0.39 -0.35 10.26
110 10.13 10.07 0.59 -0.64 -0.59 7.81
120 17.76 17.72 0.23 -0.83 -0.77 7.23

Figure 2. QLBS(q) vs BSM put option prices and hedging (t = 0, q = 0)

ã 2. QLBS(q) vs BSM wOÏ�d��éÀ£t = 0, q = 0¤

ã 2�ãÐ«
ØÓ1�d����Ï�d�­�§�±w�QLBS(q)½d�BSM)Û)A�

­Ü"�X1���þ,§wOÏ�d��¬��O\§éÀ'Ç��ü$"L 3�Ñ
éA�ê

�(J§éu²��¢�Ï�£Z ≥ 100¤§QLBS(q)�d��éØ�þ32%±S"3�ÝJ�Ï

�Z = 80�§duÏ�d����§���éØ����"ã 2mã'�
��t = 0�QLBS(q)Æ

S����`éÀa?0�BSM �.�)ÛDelta"�±w�ü^éÀ­��1�d�Czª³A��

�§éu�ÝJ�Ï�§QLBS(q) ÚBSM éÀ'ÇA��Ó",
�XÏ��dS�Ý\�§é

À'Çm©Ñy�\²w��É"oN5w§3Ã©ù�/e§�©¢y�QLBS(q) �.�±O

(Ey²;BSM�.�½d(J§Ó��U�Ð/%C�`DeltaéÀüÑ"

4.2.2. ½d°Ý�y

31��¢�¥§·��½1�dZ = 100§�	ØÓ�|ÂÃÇq ∈ [0%5%]éÏ�½d�K

�"ã 3ÚL 4Ð«
QLBS(q)�.Ú¹©ùBSM �.3Tëê«mS�îªwOÏ�d�"

�±w�§�E�B\ü$
I�]��¤£Ç§��wOÏ�d�þÞ"QLBS(q) �.

k�/ÓP
ù«1�§ù�nØýÏ��"�X�|ÂÃÇq�þ,§Ï�d�üNO\§¿

�QLBS(q)­�3��«mA��)Û�BSM­�­Ü"L 4�Ñ
eZ�|ÂÃÇe�ê�'

�§q = 0 ��/®3¢�1 ¥?Ø§=�Ñq > 0 �(J"éu¹©ù��/§QLBS(q)�BSM�

d�Ø�þ31%�m"éu�`éÀÞ�a?0§ü^­�þ�qüNeü§L²3�EÂÃÇ�p

DOI: 10.12677/aam.2026.154167 395 A^êÆ?Ð

https://doi.org/10.12677/aam.2026.154167


�Õ

Table 4. QLBS(q) vs BSM put option prices and hedging q ∈ [0%, 5%]

L 4. QLBS(q) vs BSM wOÏ�d��éÀ£q ∈ [0%, 5%]¤

�EÂÃÇq(%) BSM d� QLBS(q)d� d��éØ�(%) BSM éÀ QLBS(q)éÀ éÀ�éØ�(%)

1000 5.36 5.42 1.11 -0.43 -0.33 23.626
4000 5.36 5.31 0.93 -0.43 -0.37 13.95
7000 5.36 5.33 0.56 -0.43 -0.39 9.30
10000 5.36 5.34 0.37 -0.43 -0.40 6.98
13000 5.36 5.33 0.56 -0.43 -0.40 6.98

Figure 3. QLBS(q) vs BSM put option prices and hedging,q ∈ [0%, 5%]

ã 3. QLBS(q) vs BSM wOÏ�d��éÀ,q ∈ [0%, 5%]
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4.2.3. éÀPnL©Ù¢�
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Vt+∆t = er∆t (Vt − atSt) + at (St+∆t + qSt∆t) (32)

O�éÀ|Ü�ªàd�Vt§òéÀPnL½Â�µ

ε = VT −max (Z − ST , 0) (33)
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Figure 4. Hedging PnL distribution and risk indicators
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Table 5. Volatility model coefficients

L 5. �Akâ´»ê�­è5©Û

´»êK BSMd� QLBSd� d�Ø�(%) BSM Delta QLBSéÀa∗0 éÀØ�(%)

1000 5.36 5.42 1.11 -0.43 -0.33 23.626
4000 5.36 5.31 0.93 -0.43 -0.37 13.95
7000 5.36 5.33 0.56 -0.43 -0.39 9.30
10000 5.36 5.34 0.37 -0.43 -0.40 6.98
13000 5.36 5.33 0.56 -0.43 -0.40 6.98
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Table 6. Robustness analysis of timesteps

L 6. �mÚê�­è5©Û

�mÚê BSMd� QLBSd� d�Ø�(%) BSM Delta QLBSéÀa∗0 éÀØ�(%)

12 5.36 5.32 0.75 -0.43 -0.41 5.06
24 5.36 5.34 0.37 -0.43 -0.40 6.98
36 5.36 5.33 0.56 -0.43 -0.40 7.93
48 5.36 5.32 0.75 -0.43 -0.38 13.22
60 5.36 5.30 1.12 -0.43 -0.39 10.39
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