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Abstract

Abstract

Integer - valued time series are common in production and life. The integer
- valued autoregressive process based on thinning operators ( abbreviated as
INAR ) is often used as one of the common models to describe integer - valued
time series data. In this thesis, two new mixed integer - valued autoregressive
processes are given based on such processes and different thinning operators,
and their probabilistic properties and parameter estimation are investigated.

In practice, the statistical structure of many data usually changes as time
changes. For example, the frequency of crime in a given area changes after
a certain period of government administration and social progress, and this
change is usually stochastic in nature. If a single autoregressive process is used
to describe the data, the results will be highly biased. Therefore, a new mixed
integer - valued autoregressive process is proposed to describe this type of data.
Considering the large dispersion of the data in practice, we choose a mixture of
one equal - dispersion and two over - dispersion integer - valued autoregressive
processes, and use Poisson random variables as innovations. The probabilistic
properties of this new hybrid autoregressive process are then investigated, and
results on the stationarity, ergodicity, moments and transfer probabilities of
the process are obtained. Furthermore, based on these findings, the conditional
maximum likelihood estimates and Yule - Walker estimates of the unknown
parameters in the model and the consistency are given, and the performance
of these two estimates is compared using Monte Carlo simulation. Finally, we
apply the model to a crime data and compare it with other existing integer
- valued autoregressive procedures, calculate the AIC and BIC values of the
models, make 1 - step -ahead predictions, and conclude that the model in this
thesis fits better.

In addition, in order to better fit the integer - valued time series data with
time - varying statistical structure, we further investigate a new mixed random

coefficients integer - valued autoregressive process. In this thesis, we select
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Abstract

two over - dispersion processes and let the random coefficients follow the beta
distribution. The stationarity, ergodicity, moments, and transfer probabilities
of this process are then investigated, and based on these findings, conditional
maximum likelihood estimates and Yule - Walker estimates are also performed
on the model to estimate the unknown parameters, and numerical simulation
results are presented afterwards. Similarly, we apply the model to an example
and compare it with two random coefficients first - order integer - valued
autoregressive processes and another mixed model with random coefficients,

and conclude that our proposed model works better in comparison.

Key words: Mixed Integer - Valued Autoregressive Process; Equal - Dis-
persion; Over - Dispersion; Thinning Operators; Monte Carlo Simulation; Ran-

dom Coeflicients.

III



H &

H#

BB OGIE 1
L1 O BsAH 1
1.2 SCHRZEE .. 1
1.3 FREHENR 6
14 WXHEBERZE . ... . 8

828 —RSWMEEINES INAR (1) &8 ... 9
2.1 BRBE I SCRMERR ..o 9
2.2 UL ... 25
2.3 BUEARL ... 31
2.4 SEBIHT L. 32

%3 E R R AL RS INAR (1) &7 .. 41
3.1 BERVFESCRMERE .. 41
3.2 B¥UETE . 56
3.3 HUEMRL ... 57
34 BT L 58

SESEREEE 65

BECHR . 67

. 73

v



=%
=
j\_w
<

Jik
H
s
dlo

ax
BB
Fit AR RV R E
JUFAb AWk
W AR SL
B7esk
RRILNE
[ 73 Afi
BENLAZ B X il S BN NRE A 73 AT
BENLAZ B X I NS B9 r Fp B 5 — 3500 A
.o A S o 5
KT ZHOM Fishers B [F
1T M) & A A & B 1) 3R
HERZE TR



de
1.1 BE=NEA

IS 8] > B AE S s AR 3 H R 8 L, FE AN [R] R PR 558 Hh BB A7 AE 55 7T D4 I ]
AR BEAT WLSE L B ) A T KA I TR) P 2 A e R AR 3 1, B
ANBIR AT I S A H R N B 8 4 B AR NBORIBE T N8 R
SERE RIS oy NG FE I e B R I T A e N8 g — 4 R0 IX IR 2 W] 25
& UHAE LR A BT GRS ) b, AR 723 K& I BB I (8] 7P 51, B AR e
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WA JUA A . ST AR IR AT EE. B, Tt FU s S AR I 1)
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% & 1 Box A1 Jenkins (1970) $2 i) ARIMA A& 84 %6} i 8] 7 271 e i2E 47
AR, SR BT €, MR AMBRUE TEZS 23 AT, IXFEAE ) 7 91 AN 22 56 4 2 B
KO, B BRI 2. TN TS —F B EE8EE AR (1), HZE
DIRE Xy = aXpoi e gt Horb, NIRIE AR (1) RERFRRME, 25K |of < 1
L6 5 X WAL BAR AR E X WA, Xy WE BB B e, FI3fIR
TIF g, BRItk 78 @A f5 i A FE R B, A H IR A B R AR 20 A1
I R IE T N, ARZ G F AT B AV KM T AMRSS 7
KT A EHIER, A2 — 1 rh, JRATIG 23 1T E A 2 — LEAH 5 1) SCERAIATE 45
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1.2 HERERIR

VT 30 A, 0T BEEAE I 18] PP A1 M BOR AR AL =28 (1) B A 1A
BB (2) Markov #8Y; (3) M 5 1A, Jacobs H1 Lewis (1978a,
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AN DARMA 5B 06E T AH 5 TG 2% A I 18] /77 91 5040 R AR B o I ASE R () 1
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3 T Fe Markov B8, 33X P Fe 452 2 i) 3 [ s i e 2 PR i 0 2 B ElUis B &
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2% Raftery (1985), Hujer & (2003), Yang %5 (2013), Davis % (2016), Weiss
(2018), Adam % (2019).
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BE7Y. McKenzie (1985, 1988), Al-Osh Fl Alzaid (1987) % H S e i 7 %
T S PP BB R 8] 7 15 2. McKenzie (1985) 5 — IR B W i 51 2
ST e A AR A A — — B B AR (first - order integer -
valued autoregressive processes), i # INAR (1) i #2. iZiI M w X FHEH 2|
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5E LA .

aoX =Y B,
=1

Hb {Bbien, WHMONTHEOSRE. BAR, £ X G2 MM, ao X &AM
AT =I5, FA T WA “o” N OB HE . FIHILE T, McKen-
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ZH o W ARRRE, 41 T HARARIITE LR, Ferland % (2006)
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