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Abstract: A modified Euler-Maruyama (EM) scheme was constructed for a class of multi-term fractional non-
linear stochastic differential equations with weak singularity kernels, and the strong convergence of this modi-
fied EM scheme was proved. Specifically, according to the sufficient condition for stochastic integral decompo-
sition, the multi-term fractional stochastic differential equation was equivalently transformed into the stochastic
Volterra integral equation, and then the corresponding modified EM scheme and its strong convergence were

derived and proved, respectively. The order of strong convergence is o, — « where «; is the index of fraction-

m=1>

al derivative satisfying0 < a; < .- < @, ; < o, < 1. Finally, numerical experiments verify the correctness of the

theoretical results.
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=
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M, = ( ‘j(t —s)“_B‘J'(l—u)“_] u Pk, ((t, —s)u +s, ,f/'(s))duds <
1 " a,,—B . Vv o ap=l . =By
O] U (1, = )™ maxk,((1, = $)u +§,§,Y(;))f(1 — W) Piduds | <
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c(‘;’;(’B)f (1, - 5) ﬂldsj (1, =)™ P11 +El P(s) 1)ds <
cf"(tn — )P+ EL Y(s) 1%)ds.
FIF Holder A4 To ZEBEE LR ARE 3, W] %0

VE [ = 0 0 = G <
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I (a,) H (6, = 3) E(max | J,((1, = s)u+s,5,¥(s)) 17)ds

=
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Cf (1, = )P (1 + BN () 17)ds.
0
T T < 1, W0 < = 1,2, m - 2, BAIAR%E(18), A7

m-1 tam—av 2
M. =E . <C - 1D2EI & -1y |2 < CE | 2,
5 ; F(am—aj+1)y° (m ) n Yo Yo
THFH Holder AN5505 A% (18) A
m—1 2
M, =E - —5) Y (s)d <
=E 2 e _a>f<zn $) T (s) ds

th £, R )
CE ‘J (t, - §)“’"7“171Y(s)ds + e +J (¢, - 5)“"'7“""‘71Y(s)ds <
0 0
Clm = 1)2[ (1, = ) eds[ (1, = )= (E1 F(s) 17)ds <
0 0

cf (1, = sy =BT R () 17 ds.
0
i LR ar I, A
ELY()I1P=El Y ) 1> <6(M, + M, + M, + M, + M, + M,) <
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Ch>n=om=1) a, - B, # 1/2.
R M1 e [1,,0,,) B,Y(0) =¥(r,), WHRHER(17) SRR (18) , ATHE
ELY(t) =Y()I?=E1Y(t) =Y(1,) |* <

B[ KyCs T2 ds = [ Kot 7)) ds |

ElY(t) -Y(1) 1=

+

+

E Ji)K](t,g,l?(s))ds —f;"K]u,,, F())ds |

E | Koles FC))aW(s) = [ Koo, 5,8 ())aW(s) |+
- +
- F(ozm—ozj+l)y0 - F(am—aj+l)yo
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m—1

; F(am -a;)

eS|

f(t —5) 'Y(s)ds -
lea RO (OIS
5(H +H,+H, +H, +H,).
N FAT S H G H,  Hy H H B TEE P BT Holder ARE SRR T %lfis PLRANZEA(18) , A H

H, =E‘f0(Ko(t,§,Y(s)) -K,(t,,s ,Y( )))ds +j K (t,s Y(s))ds $

- )

Gy Uy 1077 = (=™ s

[ = = (= (L B FG) 1) ds +
f | (1= s)™ | dsf (1=5)"(1+E1 ¥(s) 12)ds} < Ch*,
R FAET H, EI’JﬁfEF Al
H2=EU (Kl(t,g,f/(s)) CK(1,,5,¥(s )))ds+j K (1,5, 7(s))ds

2
<

&5

r(a ) U f (1 =) u [ (= )P (1= s)u+5.5.¥(5)) =

(1, =) Pl ((t = s)u+s,5,Y(s)) + (1, =) Pk, ((t = s)u+s,5,¥(s)) -
(t, = )Pk, (1, = s)u +s,5,Y(s)) ] duds

1

I A~
(=)= (1= w)™ k(1= s)u+s,5,7(s)) duds
[ 0

+

2
=

ST == = x
(o )

m

[71 (=) = (1, = )P (L4 ET F(s) 17)ds +
0

[ == == ds] 1 (=) =P (=) =P (1+E1F(s) 12)ds +

Chzj;n(tn S )P EL V(5) 1) ds | <
CRY\ 2 en Bt D) | cp2enBitD) | op2
454 Holder A& GIHE 1~3 A5 (18) UK Tro SEHEME A
Clinhl Rk, a, -B,=1/2,
H, < Ch* + Ch*“n P21 4 JCp! 2 e en-0) | a, B, e (-1/2,1/2),
Ch*, a, - B, € (172,1).
MIEAZEX ) x +y 1 <l x1“+ y1*(0 <a < 1), AJH
H, < CE| (1™ = (%™ )y 4 +or 4 (4571 = %1y y | 2
Clm = 1) {EI (1% =)y 12+ - + E| (t — ey 12 <
C(m - 1)2El (1 —1) ™y 1< C(m - 1) —tn)z("’" VR oy 1<
Ch*en=en-1)
FIFHSI 1 B3 AR F I x +y 1 <Ix1°+ y1%(0 <a < 1), AH

H, < CE ‘ fo (t - Li)am—al—l?(s)ds _ f(')"(% _ g)am—al—ly(s)ds +oeee +

n+l

t ~ Ly A 2
[ =y iy ds - [, = ) F () ds | <
0 0
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Clm - 1) |E U (1 =) F(s)ds = [ (1, =)™ P (s)ds |+
0 0
t ~ ty A 2
E f(t R (O N VA L (O T
0
~ Ly ~ 2
20(m - 1) U (1= )= ¥ (s)ds - [ (1, =)™ F(s)ds |+
0
2
E|[ (=) (s ds }s

20(m = 121 (1, = 5)® o™ = (1= g) ] dy X
0

[0 Gy = syt = (= ) B F(s) s +

0

2C(m - l)zf (t - g)“”—“’”"_ldsf (t - g)“"‘_“’”"_lEl IA/(S) | 2ds <

Ch2en=am-1)

s & Bk or b, A

C(l Inhl B>V B -0y 0 q =B, =1/2,

Ch>n=en-1) a, -B, #1/2.

HEHE. n
EIEAGRISCER) % 1~4 ar, Wkt EM B0 Y (o) X078 R IRSE i (2) i

y(t), RI

El Y(1) —f/(t)ﬂz{

mE| Y(t) —y(¢) %=

h—0

iE A mﬁtunﬂUﬂTﬂ
E1Y(1) -y() 1< 8{EUL<KO(,:,§,1?(S)) - Ky(1,5,¥(s)))ds | +

E j;(KO(t,s,f/(s))—Ko(t,s,y(smds ¥

B[ (K15, 7)) = Ki(1,5,7())ds

E fi)(K,(t,s,)?(s))—Kl(t,s,y(smds "

E f;(Kz(t,g,f’(s)) - K,(t,s, 4

E f(Kz(t,s,f/(s)) ~ K, (1,5 Ty

E 5  T(a, f[(t—s)a U= (=) 0‘f]Y( )dsz+
E 2 F(ifu—s)“w LR -3() )| | =

8{L + L, + L, + L, + L+ L+, +L,}.
FIRRE 1~4 51 1~3 AL ()M I x+yle <l xI1“+ yl“(0 <a < 1), 5534 i9#ESTFEEML,
G
C(l Inhl B>\ B om0y a, —B,=1/2,
L +L+L+L, < ,
Ch*en=en=0) | a, — B, #1/2,
L, +L, +L + L <

Cf(3<t — )l (= ) e D YE(L V(1) - Y(1) 12+ Y (1) —y(1) 1?)ds.
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RT3 4 F1 Gronwall AZ5ER, 1]15

C(IInhl h* VR o a, =B, =172,
ElY(t) —y(t) 1* < i (19)
Ch2en=am-1) , o, —B, F1/2.
T, -
EIR 2(WesAbrE ) AR 1~4 WO, A
C(I Inh!| RV A0y - a, =B, =172,
(E1Y(1) —y(1) 1) < ] ’
Ch @m=n-1) , a, —,82 #1/2.
WERR T 1~ 4 BT, O SR T A (19) R, -

4 EF B

TEATTH A PRE S IABE S B B Uk eiett EM A A9 BSOS, 15 SCHR [ 19 ] FR iR 23R T 142k
oL, SE T REALEIGE 4R R 2 000 45, 8 L N IE A iR 2z .

1 2 000 1/2
gxmz(zmm2|1mrﬁ)-nﬂuwg|ﬂ ,
i=1

HA Y, (T,s,) FoRMEE i ZEEVUEIRSIRY, DL h KA, 78 T B 205045 A 50 E .
Bl 2R I AR B AL R
2070 =sintiy(e)” o+ [ S @ [ SR aw s,
Hrr e (0,1),y (0) = 1LWE Ak, =sin(ty(t))?,k, =tscos(y(s)) ,ky =tscos(y(s)), HIHRMEE 1 ~4.78
BRI FE B, =0.8, B, =0.4, % a, Fl o, L=HH AR A, Bl o, =0.2, &, =0.5; a, =0.2, a, =0.7;
a, =0.1, a, = 0.8 HEMTTHEL T ILZ 1R, NF 1 iTIF N BEE K b B, B0 #0025 W rE
AW, B EM A AN 20 T o, — o, X 5P 2 BIZ5IS AT,
£ IR SR IR SIS

Table 1~ The numerical errors and convergence orders for 2-term fractional derivatives

a, = 0.5,0; =0.2

a, = 07,0, =0.2

a, = 0.8,a; =0.1

h error &4(h) order n error &,(h) order n error & 7(h) order n
1/64 0.012 8 - 0.036 2 - 0.014 2 -
1/128 0.010 5 0.275 4 0.024 3 0.402 5 0.008 6 0.718 8
1/256 0.008 6 0.276 9 0.015 3 0.421 8 0.005 3 07127
1/512 0.006 9 0.334 4 0.008 6 04322 0.003 2 0.710 9
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Table 2 The numerical errors and convergence orders for 3-term fractional derivatives

a; —a, =03 ay; —a, = 0.5 a; —a, = 0.7

" error & p(h) order n error & .(h) order n error £ 7(h) order n
1764 0.025 1 - 0.013 4 - 0.005 5 -
1/128 0.021 2 0.248 0 0.009 8 0.453 6 0.003 2 0.777 4
1/256 0.017 7 0.255 7 0.007 1 0.458 0 0.001 9 0.766 2
1/512 0.014 8 0.262 1 0.005 2 0.459 3 0.001 1 0.733 7
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