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Abstract: Existing methods for European and American
option pricing under the VG model are quite complex and
time consuming in calculation. Thus, an efficient and
accurate Willow tree method is proposed in this paper.
Johnson curve is used to construct the asset price nodes
in the VG process and the FFT-COS method is used to
calculate the transfer probability between asset price
nodes. Besides, the theoretical convergence of the Willow
tree method for European options is analyzed. Moreover,
some numerical experiments are conducted to
demonstrate the efficiency and accuracy of the proposed

method.
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R2 ARBHTHTIMEMREFEEEN V6 RE TR BRBMHER

Tab. 2 Results of European option pricing at different N values

TENICUE s
sH i | o e T \ ”
g sl s o R EGKE Wk S
20 3.796 4 [3.7921,3.8561] 0.35 4.36
1 40 3.8191 [3.7869,3.8513] 3 8967 0.63 6.78
60 3.8138 [3.7780,3.8513] 0.91 8. 87
80 3.829 8 [3.7919,3.8513] 1.10 10. 92
20 7.1367 [7.0438,7.1533] 0. 36 4.34
9 40 7.108 3 [7.0156,7.1243] 71037 0.64 6. 89
60 7.087 9 [7.0686,7.1778] 0.90 8.95
80 7.094 8 [7.0627,7.1721] 1.12 11. 24

e 3R T BE AN W RUE oA KIGMIRTLE 558 1021105, 45 H 100 B e A K 19728 AL AS 52 i Mg

FE ROk B 4 R, X HE— S B HEE BN
60, XFF 24 SHL, B mE A% K 43512k 95,98,

A M AR R B, 8 0 4 R IVE AR5 R
BRADY 9900 AR XN

#3 AEEENE K THIREMREFZEEN VG ER TR FRAMER
Tab. 3 Results of European option pricing at different K values
WEHIRUNAE/ TT WHIRUNE / TT
L E (i Rl ‘ LHBE i Sk ‘
LIEERPR NN [ AP L IRPR . R EL ARk
95% EHA X I & 95 % B A5 X [H *
95 7.2724 [7.2092,7.290 4] 7.243 3 95 10. 300 3 [10. 256 6,10.3851] 10. 298 3
98 5.089 2 [5.0309,5.102 9] 5.062 7 98 8.300 6 [8.2556,8.3727] 8.3105
102 2.8232 [2.7699,2.826 8] 2.803 4 102 5.978 2 [5.9318,6.0129] 5.998 8
105 1.6735 [1.6341,1.6790] 1. 669 6 105 4.526 0 [4.4875,4.576 6] 4.5413

2 PRI IR A 5] A8 A [T R MR 22 A
FIRZIR T 2 S R0 IR BUR R R B B T, 25
RIE/RTFRAT . GERFWRIE THAELAT N

BIRIE 5 A BRI A 2 B , 72 48 R 7 7 5 0
IR 99 Y0 EAR X A

R4 ARZHET TURENSREFEEEN VG RE TRXERBMLER

Tab.4 Results of European option pricing at different T values

Mikik SRR 95 BEXI A RMRIK MIRTE  ZFRRIE 9500 BAE XN A%k
0.1 2.146 0 [2.1383,2.176 8] 2.1651 0.2 3.994 5 [4.0032,4.0635] 4.0377
0.2 3.3517 [3.3047,3.3615] 3.3355 0.4 6.166 0 [6.1494,6.2439] 6.1989
0.3 4.308 2 [4.2501,4.3218] 4.2812 0.6 7.967 1 [7.8744,7.987 3] 7.943 3
0.4 5.129 8 [5.0851,5.169 9] 5.1139 0.8 9.4927 [9.4107,9.528 7] 9.4851
0.5 5. 8846 [5.8630,5.9601] 5.8755 1.0 10.942 6 [10.8550,10.9856] 10.905 1
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PR Ok d i B E SR R AR kA5G U
PR AYE . 265 FE/R 1 AE A [R] B ) 25 %5
ML T RRCE N A% K o 100 B 36 U BRIAUN A%
SR RIS . SR RIS ITIEMA 110
T /N e TE R . N 5T LUA Y, MR i
T 2 R v AR SR R IR 9506 L1 IX [a]
U TR RE AN SR RS B, AR TS
8] _E sz /N TSR R T ik

F 6 5RTIER TIEAREIE T K5 AR
AU H TR Wk -5 50 i 10 56 20 B
R E N IR o MRk TSR 40 R 58 42 P AE 950
14 A DX TE) A, T R -5 B H X 2 28
AR AN 2SR S O HE R 1 o

x5 ARABHTHTUMEINRESFEEEEN VGEET
EXFRHANER
Tab.5 Results of American option pricing at differ-
ent N values
- o %fﬁ%ﬂ*ﬂg{i/ 157;1: - My Ta]/ Sfrmﬁ
2 . . SR 95% . ESH
HE L e RPN ek
20 2.6314 [2.6009,2.6357] 0.41 5.15
1 40 2.6355 [2.6586,2.6705]  0.69 6.98
60 2.662 4 [2.6521,2.6823]  0.97 9.03
80 2.6792 [2.6663,2.6824] 1.21 12. 56
20 4.758°9 [4.7137,4.7598]  0.43 5. 14
9 40 4.778 1 [4.7361,4.7849] 0.72 6. 86
60 4.736 4 [4.7323,4.7621]  0.99 9.17
80 4.7928 [4.7587,4.8188] 1.28 12.23

Fx6 AEREMNE K THIREMREFEEEN VGEETEXBFRHNMER
Tab. 6 Results of American option pricing at different K values
I F:IBUNME /T o FIBUNME /T
S RUE - - Ty SR 2 WE - - ——
B RE T WIRGE SR R0 B L CRUET W E-F % 9577 BIEIK T
95 1.0987 [1.0742,1.0995] 95 2.8654 [2.8622,2.8781]
98 1. 8953 [1.8831,1.8993] 98 3.8430 [3.8360,3.8772]
102 3.648 1 [3.6466,3.6721] 102 5. 5804 [5.5881,5.6021]
105 5.580 2 [5.5766,5. 6069 ] 105 7.1818 [7.1810,7.2186]
R®7 FEZEHET THRGEMFEF RS EEN VG EE TEXEBRBBMER
Tab. 7 Results of European option pricing at different T values
1 7 FeA IR/ TT o 2 FeX R/ TT
% Ih: - —— % Ip: - ——
BRI WL SRR RRERE e s WL SR 9570 Bl KT
0.1 1.669 4 [1.6681,1.6876] 0.2 3.0838 [3.0806,3.1019]
0.2 2.396 9 [2.3836,2.4032] 0.4 4.303 6 [4.3042,4.3284]
0.3 2.8889 [2.8831,2.9054] 0.6 5.1312 [5.1396,5.1863]
0.4 3.2779 [3.2736,3.2841] 0.8 5.824 8 [5.8251,5.8478]
0.5 3.602 8 [3.5968,3.6319] 1.0 6.324 2 [6.3220,6.3758]
4 B I BT e B SRR 5 SR R (L

T VGHLRL, iz Ik 3 U 5 56X
WY TRMAITFE . 55, 4 T A ik
B, EZ AP —JE A Johnson i 25 e 25X
R AR e, i e SRS B A DU B R —
IEZS I3 I REALAE S B — IR VG i R i i
SERELAS I, R BIRR A B A A s TR T
VG AU L Y 2R s B R O, B T
L o S8 i (N e g R BN A 1 e SR I
I 20 1] B % RO A3, AT S8 B i 1 6T VG AR AR
(AR o I8 P 04 114 T 32k 0 Wi =X 5 56 U AR
SEMT

IR TR X IIAOE M 9 1R 22 IR T
WAk A BT IR 220 O(Ar)+ Ro dRem , H5 AR
LN VORELT W5 SR 45 R 5 5805k

REIA B SRR & 7 i T RORS B, it ELAE S8 A T[]
R T ERERIE T N6 T MRS 12 7 MR
A5 FEBGE N A3

AR VG AERL H R Levy ik #2 HP A9 —Ff,
KA W 5T 7 1) 22— R W% 7 R T ) H At Y
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