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Summary: In this research. four Bayesian Classification techniques are
develnped, nzing normal gamma and leffreys’ rule, to classify a univariate tme series
into one ol severul seasonal auloregressive sources, The four techniques deal with
differem four cases of the sources’ orders. The proposed techniques assume thar the
cocfficients and precision are unknown. The idea of the four tachmigues 13 10 classity
@ 1ime series realizalion W a source t, when the marginal posterior mass function ol 2
classification vector A has its larpest value at the r-th mass point. Numerical studics
are camied out o check the pericrmance of the proposed technigue with respect to
time series length, closeness between parameters, the chivice elfect of the talse source
orders and the choice effect of precision. Also, the proposed technique 15 tlustrated

w1l a case study on tourism.
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BAYESIAN CLASSIFICATION WITH SEASONAL
AUTOREGRESSIVE SOURCES

ABSTRACT

In this research, four Bayesian Classificarion techriques are developed, using
normal gamma and Jefireys” rele, (o classily a univanate tme series inlo one ol
several seasonal autoregressive sources. The four technigues deal with different four
cascs of the sources’ orders. The preposed techniyues gssume that the cociTelonts and
precision are unknown. The idea of Lhe Tour echniques is to classify a time seres
realizalion to a source r, when the marginal posterior mass function of a claszification
veclor A has its largest value at the r—th mass point, Numevical studies are carried oul
to check the performance of the proposed tochnigue with respect to fime senes length,
closcness hetween parameters, the cholce effect of the false source orders and the
chowe cffeet of precision. Also, the proposed techmigue 15 (Hlustealed with a case study

on lourisim.

Koy Words

- Bayesian Classification ~ Scasonal Autorepressive Solrees
- Conditianal Likelihood FPunction - Classilication Vector

- Marginal Pesterior Function - Prior Distributions

- Jeflreys’ Rule - Univariale Time Series

- Lnit roots - ARMA Modcels

f

C e Vat’d



*

Acknowledgment

During preparing this sindy, | have received vaiuvable advice and helpful
suggestions from szveral persons,

It particular, 1 wish to cxpress my depth gratitude to Associate Protessor Dr.
Ahmed Loutty who supervised this thesis and gave me encouragement, support and
vialuable connuents.

It s a pleasure to acknowledge the etfort of my supervisor Assistand Profiessor
Dr. Az El-Naggar for her effort, puidance and sincers advice.

I would like 1 take the opportunity to thank Protessor Dr. Tarek Amira the
head of statistics department and all siafl” of statistics department tor their useful
discussions and comments.

Also, depth gratitude is extended to my parents and my brother for their prayers

and cocouragement.



Abstract

Classificazion analvsis is concerned with the problem o classilyving objecls or
observations into one of several populations, which they must closely resemble on the
basis of a aumber of messurements made on these objects or observations. In the
classification problem, the measurements are presented via variables describing the
objects. 1T Lhe observed variables present time scrics, we will have a lime senes
classification problem. Furthermore, 1F we have only one wvariable, i+ will ha »
unmivariake e series classitication problein, ciherwise we will call it a multiple time
series classilicatiom problem. In the thesis, we propose i lechnigue to solve one of

univariate Bme serics classification problem.

n this thesis, four Bayestan classification techniques are developed to classity a
nnivariate time series inte one of several scasonal autoregressive sources, The main
difference betwzen the four lechniyues is the orders of the sources. The first technigue
deals with sources that share a common known order (p,F).The secomd 1cehnigque
assumes that seurces might have a different known order (p, P, The sources in she
- third weehnique are assumed to share & common unknown order (p,P). The fourth
technique asswmnes that sources vight have 2 different unknown order {p. P, Tn these
lour techniques. it :s assumed thal the coefficients and precision are not known. The
concepl ol {our techniques is based o classifying o time serias realization to a source
r, when the marginal posterior mass [unction ol a classilization vecior A has its largest
value at the r-th mass point. & Bayes rule i3 used 1o derive the marginal posterior
fanclion via combining an appropriate conditional likelihood with a normal gamma
priov distrihution.

Numerical studies arc camried oul o test the adequacy of each praposed
technigue. Numerical studics demonstrate that the propesed technigues give gonod
results in the majority of cases. Therefore, they are adeguate for clussilication with
scasonal auloregressive sources. The proposed sechniques are illustraed by a case
study on tourism using a real life data. Fisally, stme ideas are presented for the future

work.
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Chapter 1
Introduction

Ohservalions on a variable that are made pver lime are known as Gme series
data. These observations are dependent on each other and this dependence is
impodtant in itself m dentifying time serics medels, Gaynor and Kirkapaine, §1994),
The body of techniques availahle {or the analysis of such series is referred 10 time
series analyaa Time series dara are commanplace in today’s socicty. There are many
examples for time series in lite such as pubiished data of gross net product, Dow
fones industrial average and consumer price index.

There is a caommon problem in real lifc applications that 15 how to assign, using
an ellizient rule, an object whose origin 15 unknown 10 one of several populations.
This iz called the discrimination and classification problem. Discrimination and
classification are multivariate techniques concerned with separating distinct sets of
objects {or observalions) and with aliocating new objects {ubsewaﬁmns} o previously
defined proups. Thiz problem is studied through dizcrimination and classification
techniques, Describing, either graphically or algebraically, the differential features of
nhicets and finding discriminanis whase numezrical valies are such that the collections
are separated as muclh as possible is known as discrumination, Johnson and Wichern,
(199R). The classification is concerned with appiving the allocation rile derived in
diseriminatton (0 a new object ol unknewn population o assign iLoete one of

avallable several sources.

1.1 Literature Review

Box and Jenking have impooant contribotions in time series analysis. In 1970,
they infraduced i their famous book the methodology and the theories that enabied
statisticians later, fo siudy 1ime series i a highly syslematic way. There are a lot of
stedies in non-Bayesian work, see Box and Jenkins (1%74), Priestley (1981}, and Tong
£1990), Bayestan confributions started in P97, Box and Jenking {1970) introduced a
Faycesian analysis of auloregressive process. Zellner {1971) hepan the svstematic
Bayesian analysis by deriving the posterior and predictive disiributions of the [irst and
lhe second nrder autoregressive process. In 15973, Newbold made an important step in
Bayesian analysis by his study to ARMA-type transler function models. Litterman
V1980), introduced a Bayeslan forecasung techniqus based on using a prior

-
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distribution. Many studies have been on Bayesian analysis in the eighties, for more
details the reader can refer 1o Monahan (1983), Breemeling and Shaarawy (19863, ane
Couok {1985). _

With repard © classification problom. Mahalanabis (1936) suggested a measure
of *distance™ between the populations, Mornison, (1976). Fisher {1938} intraduced the
lincar discriminant function, Hand, (1981). Weleh (1937 introduced the likelihood
ratio techiigue, Marrison, (1976). Walker (1967) began the work of non-Bayesian
classification of Ume series. He used the concepr of Cox “tests of separate families™ 1o
establish an approximate discrimination method between ARMA sowrces, There are
some imporiant contributions, in applying non-Bavesian technigues on time series
classilication problem inlteduced by Gersch and Brotherlon (1979), Gersch (1981
and  Kcdem and Shed (1982). Broemeling and Son (1987) initiated the work of
Bayesian classification of time scries. They introduced a Bavesian technique Lo assign
a time series realization into one of several autoregressive sources with common
known order. Shasmawy and Haroun {1792) developed a Bayesian technique to
clasgily a time series realizalion into moving average sources with common known
arder. Daif and Zahran {19946) developed 2 Bayesian classification of ARMA sources
with diffcrent orders. Abd-Elshaly (2000) introduced a Bayesian classification
technique of multivariate ARMA models. All previous contributions have dealt with
nonscasanal time sories models, while contributions 1o classification of seasonal fime

series models are not considered,

1.2 Thesis Contributions

The 'T'hesizs has four contributions ir Bayesian classificaiion of  seasonal
univariate bme series. It develops four Bavesmn classification techniques based on
using a classification vector to assign a realization inte onc of available several
scasonal auloregressive sources, wilh unknown ceeliiclents and precision, The first
tachnique assuncs that sources have commen known orders. The secord technique
assuumes that soutces have different known orders. The tirired technique assumes that,
sources have commuon unknown orders. The fowrth techmigue assomes that sources
have different unknown orders. The four technigues are developed uwsing an
appropriate  conditional lkelihood and an appropriae prior distribution.  Each

techaigue is derived using both of normal pamma and Jetfreys’ prior.



