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Abstract

Since the well-posedness of its solution was established, the backward stochastic differential equ-
ation has been applied in many research fields, such as stochastic optimal control, partial diffe-
rential equations, financial mathematics, risk measurement, nonlinear expectation and so on. This
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paper studies the convergence rate of a class of multistep formulae for backward stochastic diffe-
rential equations with the help of remainder of the quadrature rule over the uniform grid. Due to
the application of barycentric Lagrange interpolation with Chebyshev grids, computational accu-
racy of the multistep formula is greatly improved. Numerical results indicate that the proposed
convergence order is sharp.
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1973 4, Bismut [1]E RGN T E&MEE BN 7RIS, TR TR R A7 — 1.
#F90~ 1 BSDE,

{—dy, = f(t,y,,z,)dt—z,dW,

Yr=¢€

Pardoux 1 Peng [2]13 3 " JEZ& M5 17 BN LT 73 77 AR MR A AAAEME— 1 o 3X — BB 70 AR 2958 1 1E15
IREAL 2 7 R e Al . FSES S, BSDE B3| T W2 WA E W 2. fEZ G+, @
T HELE M Feynman-Kac A3, Ma, Protter f1 Yong [3]#&H T 70 LR R BEML i T FR AL DU 28k, &
VRUEB T AR R IR A X 8] _E R RO AEAEME—PE . 1991 4E, Peng [41153] 7 IEA A BEALIN S 77 FE(FBSDEs)
AR TR B B G &R, RS AE[S]HY, Al 3 1 BEATLAs il I 1) fie KA s 3

F4R BSDE [IfFNT AR AL EMELASRTS, {5 BSDE MIEABUEMA X B S 1, FUTESLhRR A, K
FRAT I\ BAR R Ao — P AR BRAR Y )7V . SR BSDE HUUE 7k EEA M. —FiEFET BSDE 5HA
LA B R TR AR R, Ma [3]SERIHIXFIOC R, B IRIEH T —F 808 (47 55 FBSDEs [P
WA REUETTIE) . T TRV B4R R UEAE,  JE 2 X CH S Pt 7 — S B SRR I L
F— R R BT BSDE Wil 1, MR KT & Z I, Chevance [6]4H T — Rl 2 ==
BB 7 % . Bender [7]5 5] N\ T — K fi# BSDEs 1 1EJ 7% . Peng [813&HH T —FpfE & # R FURSL
ARV S . Memin SETE[9]h 4 H T —2R A% BSDEs HIBENLIFE 7715, FHRUEI T ix S8 777 1l
Stk TESRLLE G IENIPEM L R, Zhang 32 T — il ¥R #% BSDEs MEUE 7S, HAE[10]H BT
T HIWSGHEE, SRJE Cvitanic ZE7E[11]F 3 T —L3Rf# FBSDEs [ Monte Carlo 7% . Zhao Z57E[12]
Pt T —FhEig B oK fF BSDEs AU /7i%, Zhao SSAE[13]HF T T 0 4% :NARZE b TH. 2014 4F, Zhao
SF1E[14]% M BSDEs H#E S H~2% ODE, AJ5iEiTZ% ODE W &M IHEMFE, 193] 7 34
FIEUEE . 4, Chassagneux 7E[15]%, #&H T BSDEs Kz £ & /1%, Chassagneux Z57E[16]9,
LT BSDEs ] Runge-Kutta J5i%. 2017 ££, Tang Z57E[17]H#2H T BSDEs HWEIRBIE ik, Hx
FRE R — IR AE AR BB 2, TS B =B BB A 0. 2019 4F, Zhang SFAE[18]HFH T —3K
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R R I St I (R e VA B S o -l S e
PRI IR Gauss-Hermite SRFA X, B Ul &R
IAE:Y [j/’*k] = %Z; a)jj/'”k (xl. ++2kAta; )

2

BAVEAT T — L BUA S50, SR UL T RAERR R &tk . R 7 R AL, AT AERT [ A%
{35218 7, FE23 (AL L AS ) Chebyshev JE35 51 A% 1547 2% [B] B X4k » Chebyshev XS] 1] LA
R HbEE S Runge I G824 (] B8 SO (LU A S8 iy . fEFRATAIBUE RIS, BATRET=1. #E
e =y, —y' el =z —z"WHRE=AT5mE: IFEEH, FEHEMNH Gauss-Hermite KA 300 2%
PRI AT AL . FRATI 22 H A A2 WA T [R] B R SO B2, B AR SR B e 22 . AT
WE Gauss-Hermite 1E22 sUFIEE N L =10 2R/ AT BB/ Gauss-Hermite SRR 207 R IR Z M . 3R
TR F B0 Lagrange $7 (B >R AT BB /N2 (8] B EOHT R 108 225 . SRR, FRATTE H S i 8 7 ik el B
PO MR E A N R BB, I #0 Lagrange J8i{E R IKAF 5 S A X LK) 25 (8] 2 (R R RS SR AME,
MBI 28 auiugd, JHFLL EPIE, U\ffﬁ%"ftf%ﬁﬁﬁi(yo,zo) o JEAd XS HAUAH VR ZE HEAT S A d /> — 3
G B TR Ar B SOE FE(CR)..

1 e £tk BSDE

—dy, =(—y,3 +2.5y7 —1.5y,)dt—z,th

_exp(W, +T)
= exp(W, +T)+1

FLf b i 7T AR RN

~ exp(W, +1)
Cexp(W, +1)+1

t

exp (W, +1)
(exp(VK +t)+1)2

t

AV 2 25 A B R FORME V] | HPIOZEPE BSDE. 7E42 1 AIE2 2 oy, JRATAM BB T [y, —»°| 0
|20 - 2°| MBI 2, DR HRSIOR

Table 1. Error and convergence rate of | Yo~ y°| in Example 1

%1601 |y, - )| EORE RS

N=4 N=8 N=16 N=32 N=64 CR

K, =LK =12 3.17E-04 7.96E-05 1.99E—-05 4.99E-06 1.24E-06 2.00
K, =2,K =123 6.04E—-07 4.49E-08 2.99E—09 1.91E-10 1.21E-11 3.91
K, =3,K =123 9.22E—07 8.79E—08 6.40E—09 4.19E-10 2.69E-11 3.78
K,=4K. =123 4.13E-07 8.09E-09 7.34E-11 7.24E-13 1.17E-14 6.36
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Table 2. Error and convergence rate of |z0 - z°| in Example 1

2. 1 |z, - 2| MR E RS

N=4 N=8 N=16 N=32 N=64 CR
K, =LK =2 1.10E-03 3.30E-04 9.05E-05 2.37E-05 6.05E—06 1.88
K, =2,K =3 3.82E-04 7.62E-05 1.18E-05 1.64E-06 2.16E-07 2.71
K,=3,K. =4 3.82E—04 7.62E-05 1.18E-05 1.63E-06 2.16E—07 2.71
K,=4K. =5 2.01E-05 1.84E-06 1.42E-07 1.07E-08 3.63

ﬁm&ﬁ%ﬁwmﬁrﬂo%zﬁ%%@ﬂyﬁhow,@Wm%{;ﬂo%%,ﬁm%wmg

RIS EEN N =4,8,---,64 « NG 1 FIEE 2 EUELE R, BATTUAFHL R, 204 Bk U TR
BSDE & fae Mkl . Beoh, SRR, 29K AEEE, y RS s K +1, B K, NfE
Kk, y (SN AT LUE ] K, +2, 38Tz, 8 ] LUE B min (K, +1,K. ) -

il 2 2% &40~ 1) £k BSDE

3
—dy, = -y, (l—yt)(z—y[jdt—ztdW,

1

Yr =
exp(—WT - Z) +1

FLf b A 7T AR RN

o

ST RAVBASHTIINT =1 SR =0 0 (.1 ). 3,0 s, 2| e
43R 4 hH, 3 ELS T RSO . ot B, OO STV 1 (S
S, 2 HOISON R £ 2 2tk

Table 3. Error and convergence rate of | Yo~ y°| in Example 2

3. 42 2|y, - | EORE RS

N=4 N=8 N=16 N=32 N=64 CR

K, =LK =12 1.07E—04 2.68E-05 6.71E-06 1.68E—-06 4.20E-07 2.00
K,=2K =123 2.22E-06 1.56E—-07 1.02E-08 6.44E-10 4.03E-11 3.94
K,=3,K =123 4.32E-06 3.21E-07 2.24E-08 1.43E-09 9.05E—-11 3.89
K, =4,K =123 2.31E-08 4.18E-10 721E-12 1.18E-13 5.86
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Table 4. Error and convergence rate of |z0 - z°| in Example 2

% 4. 12 1|z, - 2| BORERUSGRE

N=4 N=8 N=16 N=32 N=64 CR
K, =LK =2 5.67E-04 1.70E—04 4.64E—05 1.21E-05 3.09E-06 1.89
K, =2,K =3 1.57E-04 3.16E-05 4.92E-06 6.88E—07 9.10E-08 2.70
K,=3,K. =4 1.56E-04 3.16E-05 4.92E-06 6.88E—07 9.10E—08 2.70
K,=4K. =5 8.63E—06 8.07E—07 6.30E—08 4.71E-09 3.62
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