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STATISTICAL INFERENCE FOR TWO CLASSES OF
NONLINEAR NON-GAUSSIAN STOCHASTIC
PROCESSES

ABSTRACT

In recent years, stochastic differential equations driven by Brownian
motion have been widely studied in fields such as queuing theory, finance
and biology. However, in the real world, many random phenomena exhibit
characteristics of spike-pulse and heavy tails, stochastic differential
equations driven by Brownian motion fails to describe the statistical
characteristics of these phenomena accurately. In the contrast, the a-stable
processes can well describe random phenomena with characteristics of
spike-pulse and heavy tails. Therefore, this paper deals with the problems
of statistical inference for two types of nonlinear non-Gaussian stochastic
processes. The research content includes two parts. The first part discusses
the parameter estimation problem for time inhomogeneous stochastic
differential equations driven by a-stable processes, the consistency,
convergence rate, and asymptotic distribution of the trajectory fitting
estimator are discussed. The second part discusses the nonparametric

estimation problem for the second type of stochastic differential equations
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driven by o-stable processes, the consistency and the asymptotic
distribution of the nonparametric estimators are discussed.
Specifically, the study is organized as follows:

First of all, this paper mainly introduces the research background and
research significance of the problems related to this paper, as well as the
current status of domestic and international research on the parameter
estimation problem of stochastic differential equations and also points out
the deficiencies of the exisiting achievements in this field.

The following part is preliminaries. It mainly introduces the a-stable
process, gives the definition and properties of the a-stable process, the
definition of the characteristic fuction of a random variable, and the related
lemmas.

Then, we discuss the problem of trajectory fitting estimation for time
inhomogeneous stochastic differential equations driven by a-stable
processes. By using tools such as the law of large numbers for martingales,
the maximum inequality of moments of a-stable integrals, and the Markov
inequality, the consistency of the trajectory fitting estimator is proved.
Then, by combining theories such as the self-similar property of a-stable
processes, the mapping theorem, and the Toeplitz lemma, the asymptotic
distribution of the trajectory fitting estimator is established.

After that, the problem of kernel-type nonparametric estimation of

stochastic differential equations driven by the second type of a-stable
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process is studied. By using the basic properties of a-stable distributions,
a-stable products, integral moment inequalities, Markov inequalities and
other tools, the consistency of the estimators is discussed. Then, by using
the Taylor expansion formula and the properties of a-stable integral
kernels, the asymptotic distribution of the nonparametric estimators is
established.
Finally, the results of this paper are summarized and we provide
suggestions for the further study.
Wan Shanlin (Applied Mathematics)
Surpervised by Wu Xiaotai
KEYWORDS: a-stable processes; time inhomogeneous stochastic
differential equations; nonparametric estimation; consistency; asymptotic

distribution
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SZHRZET, T T IS B0 AR R TR B0 J5 3 2 Bk Th, 4
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IS 15 N RO R S B R R ITRT AT, iR T Vasicek IR CIR 122
vt ZzE A0 07 22, $E TG T — Ry Hod R M 2 12 1277 2014 4F,
T FH0 2 e WE 2R AR i R AT SR R B, IR AT T MR G 4E
Wit 7, WeHUR EREABEE)S, 458 OU id#% (Ornstein-Uhlenbeck
process) FEAY, HEF M ZEOMAK FAR X SAHRNERT, $0FE 14 i R AE S R g A
RG] 2015 4F, A E gy SO R R G T HHERT iR R IR
Tio W B IBOTVERN A T3 Bod B SR BN T, B2 T 5] AHI
DY EGEFER G HET, BT BOE FE AR B HOL R, SRR M TR,
v TP O ARG T HER N 37 5. 2016 4, Wei A1l ShulSYEEmF 78 1 B HOw
FMET CIR A S Thin) @, e TR BR S EG T E A&, JEH
FUEBAIE I TV R 20 . 2019 4F, Pan!®BR FH OSSR ARl THk Al B/ —
Pk At T FEEML SIS VATHAR LI S50 TEF FL FE H, 08 7 S50 sl oA
DX TR A THE DA S BLAS X TR, i o3 B MBS 49, 9T 9 7 i) 845 X[ o6 S
FE A X AR B PR 2 . 2020 4F, BT AT ALTIE T R B R ALOR A5 1325 HIV A%
FERANL SIS WATWBARLIEL 73 ZHOEAT Al TE, TR TS T ESEIA A AT
SAPE, AR YU T B PR T EE M ER AR . 2022 4F, A RRRAET
STNUICA 4 R ECHE (I B 3R @A S G i 4T, #9%8 GARCH-1to-Jumps 241 5
GQARCH-It6-Jumps #5781, X5 117 37 fOUL 25 K e 5 Ak R i L, $2th 1 255 T TRR
BORMRZO G AL TH 7%, BAORAE 2 T A B M Al TH R AT 2. 2023
4, Zhang F1 Shul Vet X 3 T B HOUIN 1 Ait-Sahalia 7] AR ) S HU 45 11 A 3
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SIATAE T 22 SIS REAG ML & 5 2« SRV 40 AT T e Bt URHANME , AR SO AL
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BRI o Me_RFRPIIEFMGAES . HLE FoRIASHE (Fp) AT R
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H o REONBr = 0{x,, 0 <t < T}o 20, (L)FEREH(h,0 <t <T)HK, Xub

BRUEH AR B IR R B SRy € (0,1], AHXTT t A& kK IRATTLN .
hgk) _ hgk)

<L|t—s|%s,t€[0,T],
KT L >0, MK >0, hORFROTE (N2 kS8, WEk =
0, Hh)FER g.

22 HREXFSHE

EX 22.1 Co-FasE 734D A REALAZ EEE 1Tk R K0 a2 LT 261

an
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B @ AR Z RAFRIN, FRAEEREC, 2oMa, < a, Ty > Of
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TEARZFF, AT EH o-F20E (a € (1,2))Id FRIKBN KRR S BEALS 2 77 2

(2 34 v )

dX, = Oh X, + dZ,, (3.1)
Hrf, 0 e RE—NRMEBE, h:[0,0) » RATMEE, {(Z)mort—ME TN
FRUE o-F25E (a € (1,2))Lévy i 2. B WM FEX = {X,, t = 0}{E X [7][0,T]
Fo X BN IR TN EA R BN B o-Fa s i R IR SN I BEN LIS 2 T AR
KA o-F3 B I F{Z Yo ARV IT RTRRI, BT DAROKALSRAS THEAS B B3 3 FH 3
XHE, TR ARMSEOMMHEEN, A 3Cis AP aabit k.
HRE (3.1) "WHE N

X, = Xy + 0H, + Z,. (3.2)
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(Xo + 0H) |2dtisE/h. He, T >0, AW EL. BTS2 5 0 Putils
it EN
~ f (X¢—Xo)Hedt

0, = —f War (3.3)

B 3.2) XA (3.3) HEA[E
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) 0 = Jo HeZedt
E Y T Thzar
o 't

(3.4)
TG A RS AT
ADMTAERE > 0, F¥h, HE Yt > 00, 6 hedt 5o, JFHYT -
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I H

t
et Jo hudu

< b,e 53T-1 vyt € [0,T].
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B2 HHAD AT, XHFK >0,i=1,2,3,4T - oofff, F;(T) - o, }H
Fi(k)/F;(T) -» 0, f&ic LAF BR L

T
629 fOthSdet,F3(T) — f e@fothsdsdt
0

T ¢ T
Fy(T) = j heelohsdsge (£) = j

0

(A3)hyr = hyhy.
3.3 Tl E It E0,HEE M

FAERX —F W RS A& A T 0, 1 s AH S 1
EIE 3.1 WERFMADKAL, M lim O = 0,a.s.,i.e. RO LI A A TH 5 2

A 111
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0
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