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e — SEXERRATS ARAT BN Af e, AN B[R] D3 A8 M R s (R 546 | 1 AT s i B 1
SRR I LA, &SRB A BUE S e & e R UE TR ] S M RORS BE w82 8, 48 TR R R
iR S B S 53 Oy ARSI A T B A B e R [, 1R T B 7 TR Y 3 AT 55

481 )7 #4925 (analog equation method) , & Katsikadelis 252 3£ F 31 B IC ¥ (boundary ele-
ment method , 32 TR B 2 BRI (BRI ) 4 3 19, T X R Ltk 303 KA Bk o3
T R AT BB AUL AR AL 5 B A P — 2 A 8 AR AL, 5 2 100 SR e ke A 21 Bt o0 12
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g(D"x(t), D%x(1), x(1)) = f(1), (1)

Hrp | g B— AR s AR R, f(1) BRI, 1E X Katsikadelis' > TAE1#E
I B DR E R R AECE AR FEAL AR ; BT E 0 < «, < @, <2, WIIRSIEN

x(0) ==x,, 0<a =1, (2a)

x(0) =x,, x(0) =x,, l <a =2 (2b)
A PRI 7 Rk i SEAR 22 R i A4

D%x(1) = f,(1), (3)

D%x(t) =£,(1), (4)
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DPix(t) =f,(1), (5)
D (1) = f,(1) . (6)
A U FECR F Caputo TR, 3 AT DL FE 43 £ B2 43 BB 43 O B2 45 W i 55
FIPI LR S AT BN T EUE Caputo 1E SLH

“Dx (1) :F(ml— " ﬁt(t - )" " (r)dr, m-1<a<m, (7)
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bZ((n +1-r)-(n- r)“l)f” + %Q{l,n—l +f1!") , (13)
HAWEE b =h /(D)) B F o, = (o + ) /2.4838(13) 5 h
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o+ (g = Dnhiy + b3, ((n+ 1= = (0 =), + 2 fie (1)
IR 7 iR A B (12) 153 21
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n-1
-a aj-a r €
62((n+1—r)a1 2= (n-r)" z)f“+?f1,”71’ (15)
r=1
Hrw
hl-az h(xl—az
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m, ‘7 (o —ay) (e, — ) ]
BEAh R (1) FER 2] 1, 5 A%
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F(z _al) e 2 _21*052
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2 —
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DL b AP T R R T — B 5 A 0 R S RO ) BE AL Bl o0 O A B B B30 1 D e
191, 25 LM I B T TR
D% (1) + ¢, Dx(t) + cyx(t) =f(1), (18)
Hrie e, ey WERELHe, # 0, L0 < o, < a, < 2 T RRAWILG MR (2a)
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21 41
ZIEE 1B R A E RS, T A2 E) 1 RN R SN T .
mX(t) +eD*X(t) + wlX(t) =sin(t), (22)

HPZH m=1,c=1,0, =18; W1H51Fx, =0,5, = 0.8 T IAEAT 4 AOEUER XRS5 (22)
R 7 43590 1oy P 35 T ABA0L 0 Rtk A B (B B30k TN 2 ML) PECE kU R A7 3158, SO A0 1 s
[ BE T =10, 264 h = 0.001. 4B EL o BOUR R RS, 1811 2 45 0T PR EA5 500 00 5 (8 A 1)
X G, AT LUK B, W A (i T 145 ) i 45 R — 2K

— a=0.75, by the AEM-based algorithm — a=0.75, by the PECE algorithm
0.05 0.05f
X(@® 0 1 X@® 0
-0.05 1 -0.05
0o 2 4 6 g 10 0 2 4 6 8§ 10
t/s t/s

(a) FETRE R T (b) PECE
(a) The AEM-based algorithm (b) The PECE algorithm

B« = 0.75 WA k4 PECE E15 B AL (22) KN 1
Fig.1 Responses of system (22) obtained by the AEM-based algorithm and the PECE algorithm for @ = 0.75

— a=1.25, by the AEM-based algorithm — a=1.25, by the PECE algorithm
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X(@® 0 X 0
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(a) The AEM-based algorithm (b) The PECE algorithm

2 o = 1.25 WA A PECE L4381 RS0 (22) 1
Fig.2  Responses of system (22) obtained by the AEM-based algorithm and the PECE algorithm for o = 1.25
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BB A0 T REAIL R G2 (23 ) Ml g 0 BT (A8 80, — 7 TR R BEAIL T 3803 A5 B2 3% i 1z 11
TS MR B R AR
Nw, cwy “sin(am/2) X’

expy —

P =00 2D :
Hor p (X)) FRMF B FR SR R, N &0 — b5 80 55— i, R A SCH) 5 3 %0 &
gt (24) HEATRENLIALIL , 75 2 B2 LR 28 B AL 5 5 | BsF[RIHG BE 7= 100 000, 254 h = 0.001. %
AR «, F 3 25 b o B SEUE LS AT b T DU o R S 8UEZS R &R, U
HIAS L H R 5 5% T4 BT BE AL R S8 2 3.

1.6

(24)

o by the AEM-based algoritnm o by the AEM-based algoritnm
14 — the analytical results 2.0t — the analytical results

-0 -05 0 0.5 1.0

X/m . X/m
(a) a = 0.5 (b) a = 1.5

B3 BEYLFRSE(23) T b A B AR5 AT A L

Fig.3 Comparison between the numerical and analytical solutions for stationary responses of system (23)
+ >IN\
3 4 Te

ST R EE PR T —RhoR R B B 3o T R A R ) A ) R (R vk LA
OB SR BELI S 7 B2 X 5 4T Katsikadelis ™2 B0, 51T A& A R A
PRECAYBEDLBLIT e, (5 B Laplace 748 4 Sz H5o AR e 45 31 17 AR e B AR R85, [l i 2
SEEEEATZ B AR R0 T ISR R B B IR A A9 28 2, 9 i e A B BUE R AUk AR
R, % I8 T & P RS S B A AN Sl D e, 4 T AL D RS (A 12 1)t kAR
B EE R, ZE TR RRIE LS 9 70 K 00T 8 ) B Ak 25 6T 1 52 RREAIL 7 T R
S SBCTT ESG  (EL AR T AR, BT 2 R A RO R AR E 1Y, B IR 22 U AE TR (L
AT 22 R SRR 10 i A DR Z2. AT 030 mT LA LA B I 22 28 5000 M el o 0 e e
2T B A 3B 3 T R I A R R ER S .
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An Analog Equation Method-Based Numerical
Scheme for Initial Value Problems of Stochastic
Fractional Differential Equations

SUN Chun-yan, XU Wei
( Department of Applied Mathematics, School of Natural and Applied Sciences,
Northwestern Polytechnical University, Xi’ an 710072, P.R.China)
(Recommended by DENG Zi-chen, M. AMM Editorial Board)

Abstract: An analog-equation-method (AEM)-based numerical scheme was proposed for initial
value problems of stochastic fractional differential equations with 2 fractional derivative terms. 2
stochastic analog equations comprising respective undetermined functions were introduced, to
convert the problem to a fractional differential equation with only 1 fractional derivative term.
The Laplace transform and its inverse were employed to get the integration representations for
the solution to the fractional differential equation and establish the relation between the 2 analog
equations. In view of the initial conditions, an iterative algorithm to solve the initial value prob-
lem of the stochastic fractional differential equation was obtained. In a typical case, the numeri-
cal solution to a linear stochastic ordinary differential equation with 2 fractional derivative terms
was derived based on the AEM. The numerical results of both the definite and stochastic sys-
tems demonstrate the effectiveness, stability and accuracy of the presented AEM scheme, of
which the error only lies in the truncation error of the integration approximation and the roun-

ding error of the computation software.

Key words: fractional derivative; stochastic fractional differential equation; analog equation;
initial value problem
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