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Abstract

The mean-reverting 6 process with delay is used as a model for interest rates and volatil-
ity as well as other financial quantities which are past level dependent. For 1/2 < 0 < 1, we
prove the model has an unique nonnegative solution. Since the corresponding stochastic delay
differential equation has no explicit solution, it is very important to study numerical meth-
ods for the solution approximations. We prove the strong convergence of Euler-Maruyama
approximate solution in sense of p-th moment(p > 2).
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1. FHBHEEE 0 318

FLAF R R SR i h — A Bl AR R A H M RE, X Bl 5 < XU
A F P E M. CIR(Cox-Ingersoll-Ross) 7Y 1 & B T xR G MR H A1) — A5 4 OB,
WRBERLE 0 I

dS(t) = Mu — S(t))dt + oS®(t)dw(t) (1.1)
20 = 1/2 W], ERB) Iz N TR B R AL S RRAE. 29 1/2 <0 <1 I, 3G
(2] EB] T B R AE AL ME—IF EXME RS & IR A R OR R AR SUPE, IR T B E MY 7 &
SCTHI BRI 24 0 > 1 i, SCHR (3] W] T REBY A AEME— AR .
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— G B S BSOS AT RIS DA G, RNt O T3 25 19
AR, I LAREBILIG s S0 R < il rp S BRI E R 0 3 R2 /] AR on:

dS(t) = X — S(t))dt + oS®(t)S7 (t — 7)dw(t). (1.2)

XAMERGRHE IS T REE AR, W RESRAHE) MR Xm0 0L — BB T,
REBLIE i 5802007 R A o i, T A B (BL A0 (DU F 5 B ML I 8 el R B — AN B 7

A ABUEAECT T UERR IS, A et B A 1 PR Bt 5Ty REvE R R A PR BT BT
DAB 5T B ALI i S 75 R BB AR AR O 0 ¥ 5 7 B ST 0 Ak Bl SCRR (4] 45 i 1724
0 = 1/2 Wit A 1] P 7 AR, BVl AG CIR B A e mE— B L-PARAb fRFR AR S bk
Bt 3 HAEW] T Euler-Maruyama(EM) ${E 77 8 ST Resitrt. ASCER T 1/2<0 <1
I, NHEE R 0 PR FEAEME—PE B AR AR SO PE BT ANTITHES™ T [4] HH RS
R ASCERUEM] TBUEME) p KTT (p > 2) BRIEL THSCHR [4] AU H T 0 = 5 WEEMAE
Y975 B SCT B3, B DAAR SO 21 i B SCRR (4] 538 i BB e st 3R

2. RRHERE 0 JEMFEE—EFRERE

i RT = (0,00). # (QF P) ABEBREN, W {Feleo WREHFMH, w@) A
S MAEX AN EHG Brown &3 il C([-7,0L, RY) = {f|f : [-7 0] — R} HEHCA
Il = sup_rcocolF(O)]. & p > 0,L%, ([-7,01,RF) & Fy AT C([-7,0], R") {EREHL
. EBIRM t € [0,7] WEFEEE 0 3R (2), ME SO = ().t € [-7,0], HF
£ € O([-7,0 RY),E|E[P < oo A, p, o AIEHG H 1/2 < 0 < 1 ] (1.2) XAFEME—
IEf#, BHEHIE T E T

dS(t) = Mu — S(t))dt + o|S(t)|°|S(t — 7)Y dw(t) t € [0,T). (2.1)

HAUME S(t) = &£(t),t € [-7, 0. WIRBIEWITTHE (2.1) FrAEME— i BLgdRo, WJ5RE (1.2) 575
2 (2.1) 054, BITHE (1.2) FefeME—AE DR
51 1. P ik —4e AR

dx(t) = b(t, z(t))dt + o(t, z(t))dw(t),t > 0,x(to) = wo. (2.2)
WERAREO X Va,y € R b(,2),0(-,2) A Fy EPLIHE, T H.
|b(ta I) - b(ta y)| < K|I - y|

lo(t, ) —o(t,y)| < h(z —y)

X vt > 0,2,y € RJUPAMEARSL, B K AEWHEHE h: [0,00) — [0,00) A 7444 b %
h(0) =0 H.
/ h=2(u)du = oo, Ve > 0.
(0,)

TR (2.2) ArAEME—f#.
513 2. MERLEHME § € C([-7, 0], RY), WIFRE (2.1) 17-4EME—fif.
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ERR. T o AR B H Y 1/2 <0 <11

/ uw P du = co, Ve > 0.
(0,¢)

FIFBIE 1, TS5 3CHk [4] 5180 2.1 RN, RIS HR (2.1) FRdem:—f#.
R 1. 4 S(t) AT (2.1) K WIXHMER p > 2, FAAER B K, 75
E( sup [SOP) <K (2.3)

—r<t<T

HERR. Xf vt € [0, 7], H75#E (2.1) A f
S(t) = S(0) + )\/0 (u—S(r))dr —i—/o alS(r)|°|S(r — 7)[Ydw(t), 1/2<6< 1. (2.4)

Yt vk > 0, @ g 7 = inf{t > 0,|S(t)| > k}, HH4 inf( = co. Hf Burkholder-Davis-
Gundy(BDG) A% ¢ F1 Holder NS4, Xf vty € [0,77,p > 2,

t1ATg p
E ( sup |S’(t/\7'k)|p) < 3PTLE|S(0)]P + 3P IA\PE (/ [ — S(r)|dr)
0<t<ty 0
P
+3P716PE sup
0<t<t,

/ ! |S(r = 7)|[S(r)|"dr
0

IN

37 [E|s(o)|p + AT /0 B (n - St AT dr
rorcy ([ 80 - o) 1 7

Hif € = [y s MRS a0 < ya+ (1-9)b,Ya,b> 0,7 € 0,1], BLR Holder
e FwiE|

» » tiNTE g » » tiNATE 2y
< 22‘192E(/ IS(T)Izdr) +22‘1(1—9)2E(/ IS(T—T)IIGdT)
0 0

— tl P p P— tl P
gﬁ-le%ﬁ%/ E|S(r/\7k)|”dr+2§_1(1—9)§TT2/ BIS(r Ay — )| Zodr (2.6)
0 0

mH
Elp— S(r Amp)|P < 2P 1P + 2P E|S(r A 1) |P (2.7)

#(2.6), (2.7) XARA (2.5) At

E( sup [S(tAT)[P) < 3P~YE|S(0)|P + A\PTP2P—1P)
0<t<t,

_ t1
+3p-1apcp2%—l(1—9)%:r%2/ EIS(r Ay — 7)o dr
0
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— p t
O opcpﬁ‘lT%@f)/ B|S(r Am)[Pdr
0

tl tl

=ap,+b ; BE|S(r A7, —7)|T0dr + ¢, ; E|S(r Ag)|Pdr (2.8)

ﬁl:':l apubpacp %‘B%m*ﬁﬂ: paS(O)u )‘7T7N7079 H‘Jﬁﬁ
ﬁmﬁm}_\%ﬁu P1,P2, 5 Plt/7]+1> 1%?% Di = 2 H % < piyt = 1527" ! 7[t/7-]7 Xﬂ"ff%
P = Dj/r) = 2 FATLURELXAEFH. 2 4 € [0, 7],

E|S(r—7)T7| = Elé(r —7) 77| < B||¢||T7, Vr € [0,11].

H (2.8) KAl

ty

E( sup [S(tEAT)P) < ap, + by, E|IE]|T0 +¢p, [ E sup |S(vAm)|Prdr. (2.9)
0<t<t; 0 o<v<r

ﬁl:':l Qp; bp1 » Cpy 5 Ap, bpu Cp *E'fuﬂg%)‘(, Hﬂ Gronwall Z:%itﬁ]‘ff%

E( sup [S(t A7k)[P*) < (ap, + by, E||€]|TFT)en .
0<t<t;

A k — oo, i Fatou 5|35

E( sup [St)[P*) < (ap, + by, E||€][ T8 T)ecn .

0<t<r
i
E( sup |S(H)P") < E( sup |S@)[P)+ E( sup |S(H)P).
—7<t<rT —7<t<0 0<t<r
< E||€][P* + (ap, + by, B||€]| T T)ecn T =: A, (2.10)

M t1 € [0,27], dy (2.8) KT ff

ty
E( sup |S(tAT)[P?) < ap, +bp2/ E|S(r AT —T)|%dT—|—Cp2/ E|S(r AT)[P2dr.
0<t<t; 0 0

Hi Lyapunov AN K pi & SCAT A

t1

27 P
E( sup |S(tA7)P?) Sap2+bp2/ (E|S(T/\Tk—7')|pl)p1(139) dr+cp2/ E|S(r A7) |P2dr
0<t<ty 0 0

B Gronwall NZ:3:XH1 Fatou 5| B A[ 5

P2
E( sup |S(t)|p2) < (apy + by, TAT ™7 )etr22T,

0<t<2r

my
E( sup IS(t)I’”) §E< sup |S(t)|p2) +E< sup |S(t)|p2>

—7<t<21 —7<t<0 0<t<2r

Yp2
< B[P + (“m + meAf“”)) erst = Ay. (2.11)
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HE FHEMIERAS R BREMER p = oy > 2, FREEE Ay 515

E( sup [S(t)[") < Ay (2.12)
—r<t<T
B K = Ajp/r)41, BVAT5 BT 2E0E B ) 2518
EIE 2. MMERLENE € € O([-7,0; RT), I (2.1) KIMLMBER 1 e, BIHMER
te[-7,T],S(t) > 0,a.s.
i.[EHE' A?\ ag = 1; ﬁ{i%%ﬁ k= 1527" D) /:’_‘EX

—k(k+1) 1
_ e T =3
ar = ((20—1)2k(k+1))1j297 = (l 1).

15 faikfl Ao =k XSMER k=1,2,- - . TEAEELLREL o (u) XL (ar, arp—1) |, 1
0 < ¢p(u) < %,ak <u< ap_1,

T (an, ap—1) Z5b, @ r(u) =0, B [7"" Py (u)du = 1. 5

(u) = 0, x> 0;
PR = Jo “dy [ vre(w)du, x <0,

M o1 € C*(R, R), BEA T HEM:
()Y —ap—1 <z < —ag B, -1 < cp;c(:t) <0. &l cp;c(:t) =0.
(2) Y —ar—1 <@ < —ap B, —1 < (@) < e B o) (@) = 0.
(3) 27 —ag—1 < pp(z) <z~ ,x € R.
Hb Yz <O0ff, 27 =—-2. Jrz<0ff, 2z =0.
i 160 A3, B 1 Fl on XA

0.2

Bon(S(0)) = (SO) + B [ (A(S0Dn = 50) + Fo(S0DISe - S0P ) dr
< ?/0 E|S(r —7)|*7dr
%y € [0,1] I, HisE 1 74

2

B (S(t)) < %/0 (E|S(r — 7)) Fdr < %TK* < %T(K\/ 1)
Hep K e 1 P ERINE
2y > 1, . ,
Bor(s(1) < 7 / BIS(r )P dr < TTK
HMER (3) 15

ES™(t) — ax_1 < Epi(S(t)) < %QT(K V1)
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Bk —ooliffF ES™(t) <0. Bpvt>0,ES(t) =0. flITLL
P(S(t) <0)=0,Vt > 0.
Hx A E AR (1.2) 5758 (2.1) %4y, doEs 1 RoEs 2 aTadife (1.2) FreemE
— IR A .

3. Euler-Marumaya #{{&f#

KT EM i vk 08 SR (1.2) . BUFA S(t) AR (1.2) W AR
BHN, M3 7= Nh, e b 24 [0, 7] EBSREEK h=T/mt, =nh,n=0,1,--- ,m. K
A Aw -~ N(0,h), REEFRIEREIHFE (1.2) BHAEFA B {sitr=o, IR BB AEECE:
E, B s = max{0, sk }. £ ERMHEZ JEHE (1.2) HEH EM B A

sk = &(kh), —N <k <0; 51)
Sk+1 = Sk + M — sg)h + O'[S;: N]’YskeAw k> 0. '
AV B 7 08, 5 NP % SR i
- £(t), —7 <t <0;
5(t) = { Z[ /h ]Skah e, >0, (3.2)
NIBELIZESER) EM E(d i & LT
— f(t), —7<t< 0;
0= { §0)+ A fy n— s(0)dr + 0 L[5 — )PS0 Pdw(r), 120, (33)

XMER k,si = s(kh) = 5(kh). FEGENBEESLEE M RIBEHLES: EM BUEMAE S H Rk
EAHIRD, BT AR 6 2 SE R % 5 2 2210 EM U AA R T HIRR

sup [5(t)] < sup [s(?)]- (3.4)
0<t<T 0<t<T

5132 3. XMER p > 2, MAFER B K ML T b, f#i14
E< sup [s(t)+]p> < E< sup |s(t)|p) <K. (3.5)

—7<t<T —7<t<T

B T 57 (1) = max{0,s(t)} < [s(t)], BIRALAL
E( sup [s+(t)]p) < E( sup [s(t)]p>.

—r<t<T —r<t<T

H1 Holder 4R (3.3) Xl

/0 (80 — 7)1 5(r) ] du(r)

|

[s()]” < 3771 ll§(0)|p+kptpl/ I = 8(r)|Pdr + o”
0

YHER k>0, 8 7 =T Ainf{t > 0, |s(t)|P > k}.
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YHER 1 € [0, 7], B BDG %K 9 AT %0

t1NATE
B sup |s(tAm)P < 37O + 3”*1)\pr*1/ I — () Pdr.
0<t<t, 0

+37 710 0P E ( /0 . [5(r — 7)) [§(r)+]20dr> " (3.6)

Cp WER 1 S ER 1A (2.5) SR AL BT R A Holder N4 (K (2.6) (7%

E (/Otmf’“ [5(r — T)+]27[S(r)+]20dr>p/2

p P

tl _ tl
<227 92T_/ [5(r A7) T|Pdr + 2571 (1 - 9)%TTQ/ E[5(r A1y, — 1)t T dr
0

<25 1gsT /E| T/\Tk)'pdT+22 (1—9 /E| TATk_T)PQdT

t1 tl
< (21)5 1 9%/ E sup |s(vAm)[Pdr+(2T)% *(1— 9)%/ E sup |s(vAm,—7)|T7dr (3.7)
0 0

0<v<r o<v<r

A

Elp—5(r)[P <2071 + 207 E|s(r) [P < 207t uP + 2PN E sup [s(v)]P (3.8)
o<v<r

e (3.7), (3.8) A (3.6) XfF2l

E( sup |[s(tATp)[P) < 3P H(E|E(0)|P + APTP2P~ 1 P)
0<t<ty

t1
+3r~1e?C, 2511 -0)5T" 2/ E sup |s(vAT,—7)|T0dr
0

o<v<r

—|—3p71(/\pr*12p71—I—UPOPZg*lTPTQH%)/ E sup |s(v ATg)|Pdr
0 o<v<r

ty
=a, + b, / E sup |s(v A1 —7)|T0dr + ¢, E sup |s(v ATg)|Pdr (3.9)

o<v<r 0 o<v<r

Hefr ay, by, & RAKIT p,€(0), N, T, 0,0 BHEL 5B 1 ZRAUE B AR °T LA 2047 7E
K, 5

B sw r) <&

—7<t<T

Lity LRBIAFT BRI (3.5) 3
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4. Euler-Marumaya #{Ef#

S 4. XHMEERE J, @FER u; = inf{t > 0,|S()] = j}, v; = inf{t = 0,]s(t)] >
Jtps =i Avj, U
lim ( sup E|S(tApj)—s(tAp;)|)=0. (4.1)

h=0 o<t<T
IERR. & v =1tAp;, WH St),s(t) K& XA %
Sv)—s(v) = —/\/OU(S(T) - 5(7‘))d7‘—|—a/oy S(r—7)'8(r)? — [5(r—7) ] [5(r) P dw(r). (4.2)

B SCESERR B Vi (o) WEPE 2 g 3L X

|| y
on@) = [y [ it (4.3)
W ¢x(x) € C*(R, R), ¢x(0) =0 H ¢ (x) <1,z € R
" < k‘f‘ze, ar < |z| < ag—1;
| ()] { -, others, (4.4)
75155
|z| —ag—1 < gr(z) < |z (4.5)

A e(v) = S(v) - s(v). B OARXKE or(x) HIPERE

E¢y(e(v)) = —AE/ $ile s(r))dr

+—= E/ (bk (r —7)YS(r)? — [3(r — 7) ] [5(r) F1%)2dr.

Hr

E OU D (e(r) [S(r—7)7S(r) = [s(r — ) ] [s(r) 1] dr

- E O¢ﬁdmnsw—fwswﬁ—sv—7wwvﬁf

E¢r(e(v)) < AE /U le(r)|dr + AE /U |s(r) — &(r)"|dr + o2j21920-1 /U %dr

0

2
/ [S(r) YT 12dr + o 291:329 / le(r — 7)|*7dr

_|_o,2j2'y
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2c
o252 kaejE/ |S(r —7) — s(r —7)T|*7dr (4.6)

Hrp
1, S [07%]§

O-:
! {22”1, 7 € (%, 00).

L, yelo1];
Cj: C—2
i YE (1 OO)

Mz < g lyl <4,0 > 1, 27 —of| < Cile —yl®. M re[0,0], 38 [r/h] A r/h KIBEER S,
NIe (3.2), (3.3) =& LwT%n

$(r) = () = Mt — s ) (r = [1/WR) + 057y ls ]? (o) — w(lr/RIR))
< A+ )b+ 0 |w(r) — wlr/hh) (4.7)

A he(0,1), N

E/O Is(r) — 5(r)|dr < A + )T + 07 B /O () — w([r/h]h)|dr

T
< At )b+ 0 / Elu(r) — w((r/h}h)|dr

< Mp+ j)BT + 0j*T'Thz < Dh> (4.8)
S D SARHT A 1.0, T, j MR T
B [ 1) = s < 20 0+ 0+ 2 0P [ ute) = il s

<P D+ 200 [ Blu) e ar

T
< 220N\ (i + j)h)?0 + 2201 (g j0+7)20 /0 (Blw(r) —w([r/nh)[*) % dr

< 22071(>\('u+j)h)20+229 1( j0+'y)29h9
< 22971(A(‘u+j)h])29 + 22071(0,]94*’)’)29]?/071 < D1h0 (49)

Horh Dy RAKBET A w0, T, 5 HIHEL A (4.8), (4.9) AN (4.6) 1, H ¢ (e(v)) = le(v)|—ax—
%
Ele(v)] < ag—1+ )\/OU le(r)|dr + U2j2"229% %Dlhe + ADh>

+o jQVCJ E/o |e(r—r)|27dr—|—02]296jk 29 / |s(r —7) — 5(r — 7)|*7dr
—. - i 0 v - 2y
=: ak71+E+ﬂlh2 + B2h +77E |s(r —7) = 8(r —7)["dr

+WE/ e 7"—7')|27d7“—|-/\E/ le(r)|dr. (4.10)
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He o, SLT k, T B, Boyn MKIRT K.

ATLUEHY (4.10) 05 3CHK [4] (4.11) JECHIA], 2028 30K [4] A ROIERA 75 ¥ R 3 T 15
F (4.1) R

538 5. (%I uj, vy, p; WIT(BE 4 Fg S W

1imE< sup |S(t/\pj)—s(t/\pj)|p) =0,Vp > 2. (4.11)
h—0 0<t<T

SRR (4.7) sUBEF BDG A5t Holder 23U, ¥ty € [0,T),01 = p; Aty

E ( sup |S(tApj)—s(tA pj)|p> < 2p_1)\pr_1E/ [S(r) — 5(r)[Pdr
0

0<t<t,

4
2

+2p_1UpCpE [/01’1 (S(’I“)QS(T —7)7 — [5(7“)+]0[§(7° — T)+]V)2dr] (4.12)

Hr

(NS

B| [ (501t = 7 = ) Vlstr - 71|

0

IN

E ( /0 (S0 S(r = )7 = SO [s(r — 7))

(SIS

+ﬂm%ﬂr—ﬂﬂ”—w@ﬁVE@—fﬁPfd0

IN

E (/0 25(r 20 ’S’ r—7)" —[5(r — T)+]V}2 +2[5(r — 7)T]* (S’(r)‘g — [§(r)+]0)2 dr) :

2p*1j9pC’j%E (/ |S(r—71)—5(r — 7')|2'Vd7") +or~ PR </ |S(r) — §(r)|29dr)
0 0

<
(4.13)
W 1< <1, f Holder R4 75
ty
</ [S(r) |2‘9dr> <T_/ E|S(r A pj) — (r/\pj)|p9dr
< (25)r Tt / E|S(r A pj) —5(r A pj)|dr
< i1 ([ Bise g = ste nplar+ B [ 15t ) =500 gy
0 0
< (2))P7'T% sup E|S(tAp;) — s(tApj)| + (25)P 7" Dh? (4.14)

0<t<t,

M oyp > 1R, Bl y > L 6 R S R B A

E (/OV |S(r —7) —5(r — T)|27dr> :

< (@) 'TE sup EIS(tApy) - s(tAp)| + (257 T DR, (4.15)
0<t<t;
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¥ (4.14), (4.15) /R (4.13) 8

[NS]

v [/oy (S(r)*S(r— )" = [5(r) ) [5(r — 7)*]")*dr

—1.:0p=5 (0, \yp—1m2 —1, N Op—1L
< [2P7757Pez (25)7PT T + 207 7P(25)°P T TE] sup EIS(EA pg) — s(t A pj)l
0<t<t
+2P LT DIt [0 (2))7P 1 + P (25)7 ). (4.16)
1]
V1 vi
E/ |S(r) — 8(r)|Pdr = E/ |S(r) — s(r) + s(r) — 3(r)Pdr
0 0
t1 1
< 2”_1/ sup E|S(v A pj) — s(v A pj)|Pdr + 2P (24)P" ' Dhz. (4.17)
0 0v<r

B (4.16), (4.17) RN (4.12) {F5

t1
E( sup |S({tApj)—stAp)F) < 22(7”*1)/\pr71/ E sup E|S(vApj)—s(vApj)Pdr
0<t<t; 0 o<v<r

+2P= 1773 DR [P C

J (27)0P=1 4 j7P(25)7P~1 4 2200 1) jp—1 )P

@O )T 2 @ TR s EIS(ap) - stap)l (A1)
<t<ty

518 4 J Gronwall N4 A A1

lim E( sup |S(tAp;)—s(tAp;)P)=0.
h—0 0<t<ty

20 <p <1, BIy € (0,5). i Holder Rl

V1 5 L, (U
E </ |S(r —7) = 5(r — 7')|2'Yd7") <T*= / E|S(r A pj) — 8(r A pj)|"Pdr
0 0

<T' / 1 (E|S(rApj)—s(rAp;))™"dr+ T / 1 E|s(r A pj) — 5(r A p;)|"Pdr.  (4.19)
0 0
H1 Lyapunov A& AT
/0 E|s(r A pj) —5(r A p;)|"Pdr
T
< (A(p+5)h)"T + (Ujeﬂ)w/o (Elw(r) — w([r/h]h)[)"dr

< (A + HDh)PT + (07 PRFT

= [(A(u+ 5))PT + (077 T T =: Dyh 2 (4.20)
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H (4.20) RN (4.19) 0, FRRE (4.14), (4.19) RN (4.13) XA534]

(NS

B| [ (50150 = 7 = ) Vlstr = 7y 7Par]

< PP ITE sup EIS(EA py) — s(t A )
0<t<t,

v P
+2p71j9pC'J?T% < sup E|S(t/\pj)—s(t/\pj)|)
0<t<t

+2r I (j77(25)P T DhE + j%CE Db ). (4.21)
¥ (417), (4.21) RN (4.12) K78

t1
E( sup |S(mpj)_s(mpj)|p)g22<P*1>ApTP*1/ E sup |S(vAp;) —s(vApj)Pdr
0<t<t; 0 o<v<r

+oPCL2P TS (7(25)PP L DhE + jOPCF Dyh ¥ ) 4 230D jroi ppE PPy
p J

+0PCp20 7 jP(25)"P T2 sup EIS(EA ps) — s(t A )]
0<t<t,

P
+0pCp2p71j9pC'j%T% ( sup E|S(t/\pj)—s(t/\pj)|) . (4.22)

0<t<t;

e LM Gronwall A&, 5|2 4 5

lim F ( sup |S(tAp;j)—s(tA pj)|p) =0.

h—0 0<t<t;

Lid bid, i o AR

lim F ( sup [S(tApj) —s(tA pj)|1’> =0.
h—0 0<t<T

EE 3. 4 S(t) A (1.2) 3, ELE EM TR s(1) &30 (3.3) L, B T HIESCT

BT S(t)

lim E ( sup |S(t) — s(t)|p) =0,Vp > 2. (4.23)
h—0 0<t<T

R 2§ T RITHEL (0 uj, vy, 05 WEIH 4 HPRESL L et) = S(t) — s(t)

E<sm>w@wﬁ<—E<sm)w@wnmpnw>ﬂ>+iz<am|dwwungmwgﬂ>.
0<t<T 0<t<T 0<t<T
(4.24)

FIRBIEAREX Va,b> 0,7 € [0,1] a"0'™7 <ya+ (1 — )b FrEAXHERE 6 > 0, #A

E < sup |e(t)|p1{UjST or ung}> <FE
0<t<T

.
24l p pt1
(5 quT |e(t)|2p+1> (6P Ly, <7 or ung})Q”“]
0<t<

) 1
P g sup |e(1€)|2p+1-|—i

< § i P{u; <T orv; <TV. 4.95
T 2p+ 1 o<i<r 2+ 1 {u; < ;< T} (4.25)
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B 1 JeBIBE 3, FRAEH B M, XHER p > 2

B (s 150 )vE (sl )vE (_sup is@P )ve (s jsopre) <o

—7<t<T —7<t<T —7<t<T —r<t<T

S(yj)) < E(sup_, <;<7 [S(t)|P) < M

4P 5P - 4P ’

Plv; <T} < E(lg,<1y
FIRAT Plu, < T} < X, pib

2M
Plu; <Torv; <T} < P{u; <T}+P{y; <T} < — (4.26)
J

A
E( sup |e<t>|2p+1) sz@zs[ sup <|s<t>|zp+1+|s<t>|2p“>]
_r<t<T —r<t<T
< 2% <E sup |[S@H)|*PT +E sup |s(t)|2p+1>§22”+1M, (4.27)

—r<t<T —7<t<T

E( sup [e(t)["1(,,>1y) = E( sup |e(t A p;)[Pli,,<ry) < E( sup [e(tAp;)P).  (4.28)
—7<t<T —7<t<T —7<t<T

¥ (4.26), (4.27) ACA (4.25) 2, FBF (4.25), (4.28) HEA (4.24) e

op p+1 _» 2M
E| su e®)P) <E( su e(t Ap)P ) + ——22PFIpf 4 = — §prr .
(T<;;T|<>|) (Mpqu pg>|> — o VL

XHER € > 0, FHIE/NKT 0, A4

6]? 2p+1 E
BEFIED K J, 15
p+1 _» 2M

HI51BE 5 H, FAEFE/NT b, 575

E( sup |e(t/\pj)|p) <<
—r<t<T 3

gk bk T
E( sup |e(t)|p) <e.

—7<t<T
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