NAHMERS 2 36 & Chinese Journal of Applied Probability and Statistics
2 2020 44 A Apr., 2020, Vol. 36, No. 2, pp. 173-180
doi: 10.3969/j.issn.1001-4268.2020.02.006

FEH Volterra 7 2HY LR R E IR
= F @

(TEMEBIERES I S HEER, I, 430073)

W OE: EARh, AP —KBENL Volterra J71%, T3 1 7 HUM BAIZ 3) K3 1 BE LR 4> 77 #2485
FARY. AR 166 (1979) LB — MRS, TEELE R H02s (8] 26 T — Bl sldn b, g#ar 7ol
R R 5 3.

X8R BEAL Volterra J77%; H O ARFR E HE; 404010 BAIZ3)

hESES: 0211.6

EW5|A#&: LIY M. Central limit theorem for stochastic Volterra equation [J]. Chinese J Appl
Probab Statist, 2020, 36(2): 173—-180. (in Chinese)

it

§1. 5
F & T I BE L Volterra J7 12
t t
X; = w0+ [ (s XD +vE [ glts XD, 1)
0 0
Hrfrzg e R, t €[0,T), ¢ >0, W RN (Q,F, (F)is0, P) LK —4Ebr AT W23,
f(t,s,x) F gt,s,z) M {0 < s <t < T} xREIR P F-m] P HESL KL
7% (H): FEFH K > 0 i
(HL) [f(E,s,2)] < K1+ |z]), |g(t, s, 2)] < K(1+ [z]);
(H2) [f(t,s,21) = f(t,s,22)| < Kl — wal, [g(t, s,21) — g(t, 5, 22)| < Koy — aa;
(H3) |g(t175a$) - g(t275’$)| < K‘tl - t2|

TEZME (H) F, Teo [ AE T 7R (1) FIEME (IR 458 T 0 i, 7R (1) 19
8 X ook TR T B s e R

t
X =z +/ f(t,s, X%)ds. (2)
0

Rovira fll Sanz-Solé 2 #f 5% 7 Fi L HIBEHL Volterra J7HE, 3F HU BB TR ¢, s, «
#8 72 Lipschitz @220, IEH T K Z R . M R2ELT o & Lipschitz S HK T t 2

E-mail: li-yu-meng@163.com.
A3 2019 4F 3 A 1 HYLF], 2019 4F 4 A 14 HIEIE S



174 N MR et %36 &

Holder #E4EHT, Nualart 1 Rovira Bl % 2 4E R HL Volterra 7 F2IEH] T KW JH . Zhang 4
WEBH 7 Banach 73 [A]_EBEHL Volterra J7 % B K M 22 5 2.

é,\

g __ 1 3
Yy = W(Xt - X)), t€[0,T] (3)

NEEAT N, Fodt h(e) RFEMWZE R, BHR/NEFEI Y AT
(i) # h(e) = e 1/2, X & Wentzell-Freidlin % K 2t it. BEHL Volterra J5 F2 ) Kb 2
S5, Z WOk (2, 3].
(ii) #7
h(g) = +oo, +eh(e) — 0, Me—0. (4)
ERHmZAG . BEHL Volterra J7 R i mZE 45 R, 2 WOCHR [5).
(iii) #7 h(e) = 1, X2z R H O ARPRE B XA SR 7T VR . VR, FRATTRAIE B
bE e #aT 0, (X — XO)/ve # L2 WSE A0 BHIZ 3 DK 50 (1 BE LI 2> 77 F2 R i,
TE DL ) E B 1

H AR IR E B R AR G () — AN MR T DL VR IR AT TS S FE R & AT K
i BAS XA, T 7 Z RO — A IR, 55 5 B IR ME, HETTA 2 B ki
I R IT A Tt

T, A /NN BEAL S 77 R O IR 2 BE ST RE 7 AT AT, 2 0030k [6-8).
FEUER] Y, ) Burkholder A% S| 7 OB RI/ER. H2X T BEHL Volterra J7H2, H T
JiFE (1) H B BEHLAR 3 AN 2, (R G248 A Burkholder AN&E . X AR BA SR 18T Y
PRI, ASCERATRA Tto M S0 1 56 T BEHLAL 2 i — A KR 25 5K

BEAL Volterra 77 B AL 1 W FEBENL S 77 FE 00— MR IZ BFIAESE, fline 5 74
KA B3z B 9K Bl B BE B 7 75 BRI BE AL G20 7 R, WOCHR (3], BRI, 23 24 1) a5 AF
T, Ak R E N X SRR HLE) /) 2R Gt L.

FEEE 0y, AT BRI OB e B, FF4s R, fEa —88 0, 4 e K —1
AER

§2. HULRIREIE

T UEB G A PR E B JRATT R B — BRI T A SRR RO
(A): REL f(t,s,2) RTAE z £, HiwFEICH (¢, s,2). IFEFEFH K
WE: SMEEMO0<Ss<t<T, 2,y €R,

[f(ts,2) = f'(t,s,9)| < K'|lw —yl. (5)



H2H 2B BEHL Volterra 77 RO AR R & 2 175

2t f B Lipschitz 221, nJ15

1f'(t,s,2)] < K, VO<s<t<T, z€eR. (6)

4 (5) FiktF (6) &n, ke
t t
v = ! X9y XNdw, 7
t /Of@,s, 0y, s+/og<t,s, ) (7)
AEAEME— PRI iR

BATIEH (X — XY)//2 WEE] YO, 152 T A OB PR 5 2.
EIE 1 BEEAH (H) M (A) K. MEZSHT >0,

e _ 0
limE[ Xi - X

e—0

sup

te[0,7) \/‘g
FEUEW]EHE 1 00, AT Jada i =4~ 5] 2L
B 2 BEEK Oz, T,K) > 02 HEEH e e (0,1],

o

sup E|X7|* < C1(z0,T, K).
te[0,7

MERR:  XMER e € (0,1], HEANERX (a+ b+ o) < 27(a’ + b + ¢*), 17

[

t 4 t
ElXE|Y < 27x3+275[(/ \f(t,s,xg)\ds) }+2752EH/ g(t, s, X5)
0 0

SHERBE R t € [0,T], u € [0,1], &

Mu—/ g(tasan)dW
0

WM, =4 F,-8 Hik, B BDG AN (2 WCHR [9; Section 4.3]) & XAE R
u € [0,t],

u 2
EM! < CE[/ Jo(t.5, X5)ds]
0

R, B u = t, 15

EH /tg(t,s,XS) s 4} < cE[(/Ot ]g(t,ijsﬁ)ﬂds)?.

PRI, 45 PF (H) il Holder A% AT15

E|X5 < C{mg +t3E[/t yf(t,s,Xg)\‘*ds} +52E[(/t \g(t,s,Xg)Pds>2H
0 0

< C{mé+K4t3E[/t(1+ X)) s +K4tE[/t(1+ x)ytas]}.
0 0



176 N MR et %36 &

i Gronwall A5G XEER € € (0,1],

sup E|XF|* < Cy(20, K, T).
te[0,T)

L SE . 0

sup E|XF — XP|* < e2Cy(x0, T, K).
t€[0,T]

UERR:  yEEF:
t t
X7 =0 = [ 170 X0 = 105, XDNds +VE [ glts XD (5)
0 0
XTHHE (8) MMBUAEE, t2&1F (H) 1 Holder A%, AI15:
t 4 t 4
E|XS - XO|* < 8E| / (5, X5) = f(t5, XO)ds| + 8% / glt,5, X)aw, ) |
0 0
t t
<8t3K4E[/ |X§—ng4ds} +8052E[</ |g(t,5,X§)|2ds>2]
0 0
t t
< 8t3K4E[/ X —X§y4ds} +8c52K4tE[/ (1+ |X§\)4ds]
0 0
HH Gronwall A UHI51#E 2, AJ15:

sup E|XF — XP|* < e2Cy(x0, T, K).
te[0,7)

WERA SEEE. O
i T REHLAR ) fo (t, s, X5)dW, ARH, ATA BB Burkholder A%, X7
KT R X EIATRA Tto 1 S0 s i — MRS
3138 4 ([1; Lemma 2.2])  # ;(t) (i =1,2) %2 sup E|ly(t)[* < oo, N
0<t<T

sup ‘/ (t,s,71(s)) — g(t, s,72(s))] r} < r K T?0y,

0<t<T
HEF Ky 2— M EEEH,

Cy = 288K4(16T2 sup E[y1(t) —12(t)]* + sup E[mi(t) - ’Yz(t)\4)-
0<t<T 0<t<T



#2H 2250 BN Volterra 77 R hCa b R 2 B 177

SHEE R e > 0, %

e .__ i e 0
Ve = \@(X X9).
EIE 1 AVIERR: R E
YE -y
o ! f(t787X§)_f(tas7Xg) ! 0y\yv0 ! € 0
- [ = - xS ds+ [lalt,s, X5~ gtt. s X)W,
= Iy (t) + I3(t) + I3(2), (9)

Hrp

If(t) — /Ot |:f(t73?X§)\;gf(t7stg) _ f’(t,S,Xg)ne]dS,

150 = [ 175 X000 = ¥,
150 = [ loft.5.X0) ~ gltss XD,
{1 Taylor st 7N (0.1) L FBEHLAER neo(s) 2
F(t5,X2) = (15, X0) = £t X0+ n24(5)(X3 — XO] x (X3 — X0).
BT £/ /2 Lipschitz £/,
7805, X0 4 70 (5)(X5 — XO] = 7/t 5, XO)| < Klpeg(5)| X5 — X0| < K'|XE — X7

PR,
K2t t
P < X - X (10)
0

o SO, I 3 SHEREN ¢ € [0,T),

cap2] o K7t b e 04 /
E[ sup |I5(s)| } < ?E{ [ Ixg - X ds} < eCy (2o, T, K, K'). (11)

0<s<t

HT |f| < K, "MEER t € [0,T],

E[ sup ug(s)ﬂ < K%E[/tmf—y;o\?ds] (12)
0

0<s<t

51 4 15 MRS - > 0,

P( sup [I5(0)] > ) <rKoTCh,, (13)
o<t<T



178 MRS #36 %

H Ko & E AL,

Cre = 288K4(16T2 sup E[XF— X912+ sup E|XF — X,9|4).
0<t<T 0<t<T

HH5 3 %ﬂ, L 0175 < CQJ(T, K)E.
i Fubini SEH A FE (13), AHEEM 6 > 0, N
E| sup ]I§(t)\2} = / 2rP( sup [I5(t)] > T)dr
0

0<t<T 0<t<T

0 0o
:/ 2TP< sup |I5(t)] }r)dr—i—/ 27“P( sup |I5(t)] >r>dr
0 6

0<t<T 0<t<T
< /06 2rdr + EK()TQCQJ /500 2r—3dr
=62+ &6 2KoT?Cy1. (14)
B HHE (9), (11), (12) A1 (14), H Gronwall A&, 715

E[ sup [ = VO] < (82 + 02 KoT2Case + eCi (a0, T, K, K')] exp{ K2T? 2},
t€[0,T]
e —0, 14

lim sup E[ sup |YF — Y2)?| < 6% exp{K>T?/2}.
e—0 t€[0,T)

B 6 FMERENE, ArEngs e mior.
WEBH SR, O

§3. IEABAEHRHBIBEIHM T IE

T, FRATHE R 5 B 1, X HcA W3S 3 3K B (1 BEATL 53 77 R BRI B R0 A FR
it ﬁf‘a, ﬁaméﬁﬁﬁﬁﬁﬁﬁ@ SebE 5T, 2 WSCHR [3).
SHERM H € (0,1), & {WH .t > 0} 2SN H KB WiEsh, e —4NEY
ER LR, Py Z RN

%
Ru(t,s) = TH(s?H F 21,

Forbr Vi 2 IEMALH % D2 — 2H) cos(nH)
- cos(m

Vi = =i =20

PATEIE BN AT BB 3 A T PR R TE
t

H— | Ky(t,s)dWs, 15

/0 w(t,s) (15)



H2H 2B BEHL Volterra 77 RO AR R & 2 179

Hrh W bR HEATRRIZ SN, Ky (t, s) 27 ZHE Ry (t, s) BIF 7R, Bl
1
Ry (s,t) = / Ky(s,r)Kg(t,r)dr.
0

B,
(-2 1 1 t
Ku(t.r) = F(H+1/2)F(2 HH =5 H+35.1 r)l[o’t)’

Horb F 2SI LR R 2, 2 0SCHR [10) X8 BIVE AR, 25 8 R AL 5 12
t t
X, = 20 +/ Kg(t, s)f(s, Xs)ds +/ Kp(t,s)g(s, Xs)dWs, (16)
0 0

Hoep £ A GRFEVERMREL (W, 0t > 0} 2 (15) B ARHEAT BIIE 3.

B R g R f R RN, 2T o & Lipschitz 1, f 26T o RS, 3 HE
ST x 2 Lipschitz . W4 1/2 < H < 1B, &%
g(t7 Sa‘/E) = KH(t’ 8)5(571")7

[t s,x) .= Ku(t,s)f(s,x)
i e 1A RISAE (H) AT (A). BRI, 73 KA B2 sh Ak 175 /e (16) i 2 LA BR e 2.

2 £ X W

[1] ITO L. On the existence and uniqueness of solutions of stochastic integral equations of the Volterra
type [J]. Kodai Math J, 1979, 2(2): 158-170.

[2] ROVIRA C, SANZ-SOLE M. Large deviations for stochastic Volterra equations in the plane [J].
Potential Anal, 2000, 12(4): 359-383.

[3] NUALART D, ROVIRA C. Large deviations for stochastic Volterra equations [J]. Bernoulli, 2000,
6(2): 339-355.

[4] ZHANG X C. Stochastic Volterra equations in Banach spaces and stochastic partial differential e-
quation [J]. J Funct Anal, 2010, 258(4): 1361-1425.

[5] LI'Y M, WANG R, YAO N, et al. A moderate deviation principle for stochastic Volterra equation [J].
Statist Probab Lett, 2017, 122: 79-85.

[6] CAIY J, WANG S C. Central limit theorem and moderate deviation principle for CKLS model with
small random perturbation [J]. Statist Probab Lett, 2015, 98: 6-11.

[7] GAOF Q, WANG S C. Asymptotic behaviors for functionals of random dynamical systems [J]. Stoch
Anal Appl, 2016, 34(2): 258-277.

[8] LI Y M, ZHANG S G. Moderate deviations and central limit theorem for positive diffusions [J]. J
Inequal Appl, 2016, 2016(1): Article No. 87 (10 pages).

[9] REVUZ D, YOR M. Continuous Martingales and Brownian Motion[M]. 3rd ed. Berlin: Springer-
Verlag, 1999.



180 N MR et %36 &

[10] DECREUSEFOND L, USTUNEL A S. Stochastic analysis of the fractional Brownian motion [J].
Potential Anal, 1999, 10(2): 177-214.

Central Limit Theorem for Stochastic Volterra Equation

LI Yumeng
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Abstract: In this paper, we study a class of stochastic Volterra equations, which include the stochastic
differential equation driven by fractional Brownian motion. By using a maximal inequality due to It6
(1979), we establish the central limit theorem for stochastic Volterra equation on the continuous path
space, with respect to the uniform norm.
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