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Fig. 1. Daily variance diagram from EWMA model.

2, IS AFET o, & p. B a(t) =
In1(t), (25) NPT HAS e, FE3EF7 R B 1L
s, 1%

1
TepAt — Tt = (Mt —q — 2Vt> At +/ViZ1V AL,

Viear — Vi = a (0 = V) At + &/ Vi Zo VAL,
7 Za At = pAt,
(39)
H 2, Zo ) M bR e IEZS 4 i B iR o~
N (5.5,0.01), p~I'(2.5,0.1), £ ~ N (1,0.0625). N
TIRBURRE RSB EE R, AR 3G i 3 B P 4]
LR ETE P A2 0, 148 100000 WK, FF45 75 /i
4000 Y& ARAE, W WA SEZE R (W
P 2) ¥ BAIGETE I, Nl LS T A SR R R Y.
4% 100000 ¥, & FEHT I 4000 K, FEASHL N
192000, ZHUAITERINTE 1, o, p, ¢ SHAGIT
SERAMRIR A 3.393, 0.4201, 1.574.
F I, 15 BIFEALIE SR 2 S AR e 1AL
FE M 1R T T B A S48, 5 6 = 0.0857,
a=3.393, p=04201, £ = 1.574. TRk, A0
FTIZASHA T T

203101-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 68, No. 20 (2019) 203101

a chains 1:2 sample: 192000 p chains 1:2 sample: 192000 £ chains 1:2 sample: 192000
3t 3r 6+
2t 2| 4t
1} n k 2t
O, - ) OF: ) - (O ] ) -
2.5 3.0 3.5 0 0.5 1.0 1.2 1.4 1.6 1.8
K2 BEWER
Fig. 2. Kernel density.
*1 SHAhIHEER
Table 1.  Parameter estimates.
Quantile
Node Mean sd MC error Start Sample
2.50% 50% 97.50%
o 3.393 0.1539 0.001499 3.082 3.395 3.685 4001 192000
p 0.4201 0.2032 0.007068 0.09408 0.4011 0.8774 4001 192000
13 1.574 0.07977 8.65 x 104 1.416 1.574 1.73 4001 192000
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Fig. 3. Path diagram.
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FEEIHA H ¥R 2019 48 3 HEF, MK 4 2K 6
ATRVE B, ARSI (K < 25800) . ~F{H 15
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2500 | T
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Fig. 4. In-the-money option (K = 25200 as an example).
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Fig. 5. At-the-money option (K = 25800 as an example).
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Fig. 6. Out-of-the-money option (K = 26400 as an
example).
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Al LLEBIFE R B H O 20194F 2 A (K] 7).
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ARSI R 1R 2% (root mean squared error,
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coefficient) PP 48 A5 X 33X SRR 1 2 41 4%
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Fig. 7. A comparison of the two models with maturity date
of February 2019.
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Fig. 8. A comparison of the two models with maturity date
of September 2019.
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Fig. 9. A comparison of the two models with maturity date

of June 2019.
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Fig. 10. RMSE for the two models on the same due date.
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Fig. 11. Theil inequality coefficients for the two models on
the same maturity date.
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Table 2.
the two models under different maturity dates.
RMSE Theil R4 R 4T
P PRARTS; Heston 92 RS Heston

K = 25800, the evaluation index values of

FH

201942 H 113.1631 269.8452 0.0429 0.1138

201943 H 118.0685 282.0939 0.0401 0.1037

201946 H 94.7388 87.9670 0.0275 0.0259

20194F9H 88.4829 230.9288 0.0230 0.0584
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Abstract

Under the background that stock index options urgently need launching in China, the research on stock
option pricing model has important theoretical and practical significance. In the traditional B-S-M model it is
assumed that the volatility remains unchanged, which differs tremendously from the market’s reality. When the
market fluctuates drastically, it is difficult to realize the risk management function of stock index options.
Although in the Heston model, as one of the traditional stochastic volatility option pricing models, the
correlation risk between the volatility and underlying price is taken into consideration, its pricing accuracy is
still to be improved. From the quantum finance perspective, in this paper we use the Feynman path integral
method to explore a more practical stock index option pricing model.

In this paper, we construct a Feynman path integral pricing model of stock index options with stochastic
volatility by taking Hang Seng index option as the research object and Heston model as the control group. It is
found that the Feynman path integral pricing model is significantly superior to the Heston model either at
different strike prices on the same expiration date or at different expiration dates for the same strike price. The
stock index option pricing model constructed in this paper can give the numerical solution of Feynman's pricing
kernel, and directly realizes the forecast of stock index option price. The pricing accuracy is significantly
improved compared with the pricing accuracy given by the Heston model through using the characteristic
function method.

The remarkable advantages of Feynman path integral stock index option pricing model are as follows.
Firstly, the path integral has advantages in solving multivariate problems: the Feynman pricing kernel
represents all the information about pricing and can be easily expanded from one-dimensional to
multidimensional case, so the change of closing price of stock index and volatility of underlying index can be
taken into account simultaneously. Secondly, based on the relationship between the Feynman path generation
principle and the law of large number, the mean values of pricing kernel obtained by MATLAB not only
optimizes the calculation process, but also significantly improves the pricing accuracy. Feynman path integral is
the main method in quantum finance, and the research in this paper will provide reference for its further

application in the pricing of financial derivatives.

Keywords: Feynman path integral, mean pricing kernel, stochastic volatility, stock index options pricing
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