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Abstract

The general known approach for the identification of ARMA models would be time
consuming and not cost effective if a large number of time series is involved.

In this paper an alternative method is proposed. The method consists in the
identification, within a large set of weak stationary time series, of subsets of series
characterised by the same model structure but for which the model coefficients may vary.
The proposed method is based on - the recursive use of - the Principal Component
technique, applied to a similarity matrix.

The recursive algorithm is illustrated and commented by using simulated data. Although
a lot of questions remain, these first preliminary results look very promising.
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1. Introduction

This paper concerns the forecasting, based on ARIMA models, of a large number of time
series. The main problem in forecasting a large number of time series is not the
forecasting itself but the preliminary ARIMA model building process. The well-known
classical approach of model identification, model estimation and model checking for each
individual time series would be time-consuming and not cost-effective. It follows that this
classical approach cannot be used when a large number of time series is involved.

A first way out is the use of what can be called "automatic procedures". One of the very
first attempts in building a computerised automatic procedure is due to REILLY [30]
and resulted in the AUTOBOX software package [36].

The first results obtained with this automatic Box-Jenkins modelling algorithm were
thoroughly analysed by JENKINS [19]. ( For an overview of other comparisons see HILL
& FILDES [15] and POULOS et al. [29] ). Compared with models built by a
non-antomatic procedure the Reilly models showed severe shortcomings. It is not
surprising that the forecasts generated from these automatically built models performed
rather badly.

A very recent attempt to provide an automated procedure is the module SCA-EXPERT,
embedded in the SCA Statistical System {39]. This module is " ... a breakthrough in the
use of expert system technology to automatically identify and estimate time series
models. It employs an intelligent algorithm that is extremely reliable in identifying
ARIMA models... ". However, up to now no results, practical experience with or
evaluation of this relative new software have been reported in the literature.

One main disadvantage of any of these automatic modelling systems is that they can and
will lead to an unpredictable number of different model structures. However well
designed these systems might be, there will never be any guarantee that similar time
series will be described by a common model structure. Precisely this large number of
different model structures will pose serious problems in an effective monitoring of
forecasts and models.

A second way out for tackling the problem of model identification, model estimation and
forecasting for a large number of time series can be found in JENKINS & McLEOD [20]
and BORGHERS & McLEOD [ 5]. This approach, called AUTOMOD, is based on the
idea that time series describing similar situations normally need models with a similar
model structure to describe their behaviour,



The AUTOMOD procedure can be presented as a three-stage procedure, First, the time
series must be classified into groups that are expected to behave in similar ways. This
classification can be based, for example, on product type, geographical area or sales
territories, presence or absence of seasonality. Next a small representative set of time
series from each group is selected for detailed analysis. Based on this detailed analysis
a decision is made about the nature of a common model structure for all time series
belonging to the same group. In a last stage the procedure uses a common structure to
complete the model specification for each time series.

A crugial point in this AUTOMOD approach is the preliminary classification of a large
number of time series into different groups. This classification is not only crucial but
perhaps the weakest point in the whole approach. The objective criteria on which the
classification will be based are in no way a guarantee that all time series belonging to
a particular group will have an identical model structure. It is precisely this grouping of
series that will be the key argument in the method presented here.

2. Basic Assumptions

It is assumed that Z, is a weak or covariance stationary time series, i.e. a time series for
which the central tendency ( mean ) and the variability ( variance ) of the generating
process is constant over time. As shown by BOX & JENKINS [ 6] this time series can
be written as an ARMA(p,q) model

8(B) Z, = o(B) a, t=12..,T
where

#(B)=1-¢,B-¢,B - ..-¢, B

oB) =1-6,B-0,B -..-6, BI

are polynomials in the backshift operator B such that
B¥Z =2Z,
and a, is a Gaussian white noise process with zero mean and variance o,°.

Further, it is assumed that all the zeros of #(B) are outside, those of ©(B) are on or
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outside the unit circle and that (B) and ©(B) have no common factors.
It follows that the original ARMA(p,q) mode! can be rewritten as
OB)Z, = g t=12..,T
where II(B) is an AR(e«) operator, defined as
I(B) = #(B) &' (B)
or
OB)=1- m,B- =, B* - ..
It follows that, given initial values and known orders p and g, any ARMA model can be
fully characterised by its autoregressive representation. The time series Z, is completely

specified by its AR representation since any other information, except for the initial
values of the series, to specify Z, is just a,, which is unpredictable at time t-1.

3. Autoregressive Representation

Given the importance of and the crucial role played by the autoregressive representation
of a weak stationary time series it is evident that attempts have been made to define the
difference between time series by investigating the dissimilarity or distance between their
autoregressive representation.

The ideas and implications of a distance measure for time series were first developed by
CORDUAS [ 9]. The concept of a metric between ARIMA models has recently been
proposed by D. PENA, University of Madrid, as a measure for detecting influential
observations in time series. However, it was PICCOLO {[28] who first proposed to use
the classical Euclidean distance as a measure of dissimilarity between ARIMA models.

Allowing for a total number of N time series, i.e.

Z, i=12..,N
t=12, .., T{)

where T(i) represents the total number of observations for the ith time series, the
Euclidean distance between two AR representations can be defined as

3



where

=
]

1,2, ..,N

1, 2,..,p@)

._.
Il

are the coefficients of the AR polynomial for the ith series, p(i} stands for the maximum
order of the AR model for the ith series and p is defined as

p = max [p(0).0()] ij=1,2..,N

If two AR polynomials are unequal in length, the highest order is used. The missing
coefficients for the shortest polynomial are set equal to zero.

It has to be stressed that the comparison of AR models, even by using the Euclidean
distance, cannot be uniquely defined since any distance is essentially an arbitrary
measure of diversity which satisfies well-defined and known axioms.

However, as will be seen later, the method chosen here seems to be effective with
respect to the initial purpose, i.e. to discriminate between different AR structures.
Furthermore, the method is statistically consistent, simple to calculate and generally
applicable.

In order to facilitate the interpretation and the comparison of this Euclidean distance,
it was decided to transform it. In a first stage this distance was rescaled to the zero-one
range. The rescaled distance is obtained by dividing the original Euclidean distance by
the maximum distance obtained, i.e.

dij* = le/I'IlaX( d ) i,j = 1, 2, e g N

where dij' is the rescaled distance and max{ d ) stands for the maximum distance
obtained among all the dj’s.

Apart from being a real measure of distance the rescaled Euclidean distance can also be
seen as a measure of unlikeness.



In a second stage the rescaled distance is transformed from a dissimilarity measure into
a similarity measure by taking the complement value, or

*

s;= 1-d ij=12..,N

Unlike a dissimilarity measure, which estimates the distance or the unlikeness of two
objects, a similarity measure estimates the proximity or the amount of closeness between
two objects.

The here defined similarity measure follows the general rule that a high value indicates
much similarity and a small value indicates little similarity. In this respect s; can be
compared with the Pearson correlation coefficient, which is one of the most frequently
used measures of similarity.

4. Similarity Matrix

The similarity matrix S, defined in the previous section and measuring the closeness
between the AR representations of the N weak stationary time series, has some very
interesting and particular characteristics. This matrix, which is an NxN matrix, has the
following characteristics:

- symmetric

- off-diagonal elements between zero and one, boundaries included

Oisijf_l Lj=12 ..,N
i 7]

These characteristics are well known in multivariate statistics. They arise for example in
the typical situation when N variables are positively correlated.
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Furthermore, this matrix can be written as
S =L

where the matrix L is-a matrix consisting of the N rescaled and orthogonal eigenvectors
of §, i.e.

L = AD”
or

S = ADA’

where A is the NxN matrix of eigenvectors and D" is the NxN diagonal matrix with the
square roots of the eigenvalues of the S matrix as its diagonal elements. Without loss of
generality it is assumed that the eigenvalues, and the accompanying eigenvectors, are
“placed in decreasing order of magnitude.

The decomposition of the similariry matrix S resembles the decomposition of the

classical correlation matrix as it is used within the context of a Principal Component
Analysis ( PCA ).

5. Principal Component Analysis

Let Y be an NxT matrix, consisting of T observations on N observed variables, each with
zero mean and unit variance. Assume that each of these N variables can be written as
a linear combination of N orthogonal ( uncorrelated ) unobserved hypothetical
explanatory variables or components, i.e.

Y = LX

where Y is the NxT data matrix, X is the NxT matrix of explanatory components and L
is an NxN matrix of coefficients, linking the correlated and observed y variables to the
uncorrelated and unobserved x variables. From this it follows that the correlation matiix
R, describing the intercorrelation structure among the y variables, can be written as

R =YY = LXXL = LL

By analogy with the reasoning in the previous paragraph this matrix L can also be
expressed as a function of eigenvectors and eigenvalues, i.e.
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L = AD*
or
R = ADA’

where A is the NxN matrix of eigenvectors and D* is the NxN diagonal matrix with the
square roots of the eigenvalues of the R matrix as its diagonal elements. Also in this
situation it is assumed that, without loss of generality, the eigenvalues and accompanying
eigenvectors are placed in decreasing order of magnitude.

There is a striking resemblance between the treatment of the similarity matrix S and the
correlation matrix R in a PCA. Both matrices have the same characteristics. The fact that
the S matrix consists of positive elements only is not exceptional since it is not so unusual
to think of a correlation matrix as being a matrix with just positive correlation elements.
Furthermore, both matrices can be decomposed, the decomposition being based upon
the eigenvalues and the eigenvectors.

The crucial difference between the two matrices is the way the similarity and the
correlation matrices are derived. The correlation matrix R, measuring the similarity
between N variables, is based on and calculated from the T observations on each of
these N variables. The similarity matrix S, however, measuring the similarity between the
model structure of N time series, is not based on the N time series but on a
transformation of the dissimilarity between the estimated AR representations of each of
these time series.

It has to be noticed that the principal component analysis is a mathematical technique
which does not require to specify any underlying statistical model to explain the " error
" structure. In particular, no specific assumption has to be made about the probability
distribution of the original data.

6. Factor-Pattern Matrix

Principal component analysis consists in finding an orthogonal set of unobserved
constructs, called components, to describe the original and observed correlated data.
These components are derived in decreasing order of importance. The criterion used in
measuring this importance is based upon the relative contribution of each of these
components in the reconstruction of the similarity and the correlation matrix, It is hoped
that the first few components will account for most of the variance in the original data
so that the effective dimensionality of the data can be reduced.
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However, principal component analysis is not just a technique to reduce the dimension
of the observed variables. In many situations one tries to interpret these unobserved
components in a meaningful way. This interpretation is based upon the columns of matrix
L, consisting of the rescaled eigenvectors. In many respects the coefficients of this matrix,
called factor-pattern matrix or matrix of factor loadings, are like regression coefficients.
They predict the output variables y from some input or explanatory x variables. It follows
that this matrix can be seen as consisting of weights to be assigned to the principal
components in deriving the observed variables as linear combinations of these principal
components.

One common procedure to interpret these components is to split the variables into
groups which are associated with particular components. These groups often have the
property that variables within the same group-are highly correlated while variables in
different groups have low correlations. Frequently these groups can even be found by
looking directly at the correlation matrix and grouping the variables in a way based on
commaon-sense.

Using a principal component analysis to analyse the similarity matrix S looks promising
given some well-known characteristics of this similarity matrix. These specific
characteristics, i.e.

- symmetry
- diagonal elements equal to one
- off-diagonal elements between zero and one, boundaries included

are well known in multivariate statistics ( See for example CHATFIELD & COLLINS
[ 8 p. 72] ). It is a common situation that arises when all variables are positively
correlated.

If these characteristics are present, the loadings for the first principal component, this
is the component based on the eigenvector corresponding to the largest eigenvalue, will
consist of only positive elements. Since a principal component analysis must be situated
in a deterministic context it is hard to see how to use any criterion to discriminate among
all these positive loadings. From this it follows that there is little point in looking at the
loadings for this first component.

Although it will not be used any further directly, indirectly this first component will play
an interesting and crucial role. This component can be seen as some sort of weighted
average of AR representations. It can be regarded as a general mean measure of size.



Due to the orthogonality properties of the eigenvectors, and thus of the principal
components, at least one of the elements of the second eigenvector must be negative and
at least one must be positive. For this reason it might be expected that this second
principal component will be of more interest than the first in discriminating among the
factor loadings.

This second component, i.e. the component corresponding to the second largest
eigenvalue, can be seen as a first correction for the general mean level obtained as the
contribution of the first component. The main purpose of this paper is to investigate how
this second component performs in correcting this general mean level, taking into
account the specific pattern of the similarity matrix, induced by the presence of possible
homogeneous groups of different model structures.

7. Technical and Practical Problems

Before conducting some experiments a few problems have still to be solved.
Order Criteria for AR Schemes

A first problem that has to be solved is the determination of the order of each of the
autoregressive models.

A well-known criterion to determine the optimal order for an AR process is given by
AKAIKE [ 1]. Although this criterion is based on general principles of information
theory, its interpretation is rather obvious. In this criterion, given by

AIC(K) = log o?(k) + %{

the first term is a measure of how well the AR model fits the data, while the second
term is a penalty for the number of parameters in the model. As the optimal order for
the AR model that number for k is chosen for which AIC reaches a global minimum.

Another criterion that could have been used for determining the order of an AR process
is the CAT criterion, due to PARZEN [27]. Instead of assuming that the time series is
an AR(p) process, PARZEN considered the problem of determining the order p of an
AR process that approximates in some optimal way the behaviour of an arbitrary
covariance or weak stationary time series.



In practice, identical conclusions are usually obtained from AIC and CAT. Besides, it has
been shown by BHANSALI [ 4] that the AIC and the CAT criterion are asymptotically
equivalent.

It was decided to use the AIC criterion to determine the order of eachof the AR models.
The practical use consisted in the fitting of autoregressive models of successively higher
orders. For each order the output consisted of the estimate of the II-coefficients, the
innovation or residual variance and the corresponding AIC statistic.

Estimation Method

A second problem is the decision about the choice of the estimation procedure to be
used in estimating each of the AR models.

As shown by TIAO & TSAY [33] , for ARMA models the ordinary least squares
estimates of the autoregressive parameters in autoregressive fittings are not always
consistent. In TSAY & TIAO [34] an alternative and iterative procedure is proposed that
yields consistent least squares estimates for AR parameters.

Despite these arguments it was decided to use the ordinary least squares estimation
method. The main reason for still using this estimation method is the fact that any
alternative and appropriate estimation method yielding "better” characteristics for the
estimates, in some way is based on assumptions about the possible model structure.

Precisely these a priori assumptions are conflicting with the general purpose of this
paper. Since it is one of the main intentions of this paper to investigate the possibility
of identifying subsets of time series sharing the same model structure, no preliminary
and/or a priori assumptions about this model structure can be made.

Eigenvalues

A third and last problem is to determine the number of eigenvalues that have to be
extracted.

When plotting the eigenvalues, i.e. plotting the total variance associated with each
component, this plot almost always shows a distinct break between the steep slope of the
large components and the gradual trailing-off of the rest of the components. Following
CATTELL [ 7] this gradual trailing-off is called the scree because it resembles the rubble
that forms at the foot of a mountain. Experimental evidence indicates that the scree
begins at the kth component, where k is the true number of components.
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Another criterion that can be used is to retain only components with eigenvalues greater
than one. In essence this criterion, which is due to KAISER [21], is like saying that,
unless a component extracts at least as much as the equivalent of one original variable,
it is dropped. Components with a variance ( eigenvalue ) less than one are no better than
a single variable, since each variable has a variance of one.

Based on simulation studies, such as HARKSTIAN et al. [12] , the CATTELL and the
KAISER criteria have been compared. From these studies it follows that the KAISER
criterion sometimes retains too many components while the CATTELL technique
sometimes retains too few. However, both criteria do quite well under normal conditions,
that is, when there are relatively few components and many variables. For further
references on these and other criteria see JACKSON [17, pp. 41-52 | and ZWICK &
VELICER {35].

Cluster Analysis

In presenting the results of the experiments use will be made of Cluster Analysis. The
basic aim of Cluster Analysis is to find the natural groupings, if any, of a set of objects
or points. More formally, Cluster Analysis aims to allocate a set of individuals to a set
of mutually exclusive, exhaustive groups such that individuals within a group are similar
to one another while individuals in different groups are dissimilar. This set of groups is
usually called a partition.

The groups forming a partition may be subdivided into smaller sets or grouped into
larger sets, so that one eventually ends up with the complete hierarchical structure of the
given set of individuals. This structure is often called a hierarchical tree. One way of
visually representing the steps in a hierarchical clustering solution is by a
two-dimensional display or diagram called dendrogram. This dendrogram identifies the
clusters being combined. |

One of the decisions that has to be made before using the tree clustering is how to
determine the distance between clusters. To put it differently, a rule needs to be
established for deciding when two clusters are to be amalgamated or linked. Many
methods can be used to decide which objects or clusters should be combined at each
step. For a review and a comparison of these methods see JARDINE & SIBSON [18],
EVERITT [11, Chapter 4 | and EVERITT [10]. '
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The methods that will be used in presenting the results of the experiments are :

- Unweighted Pair-Group Centroid

In the "Unweighted Pair-Group Method using the Centroid Average" the distance
between two clusters is determined as the difference between centroids. This

centroid can be seen as the centre of gravity for the respective clusters.

If there are, or one suspects there to be, considerable differences in cluster sizes,
this method has to be replaced by the "Weighted" version of this method. This
weighted method is identical to the previous one except that weighting is
introduced into the computations to take into consideration differences in cluster

sizes.

- Unweighted Pair-Group Average'

In the "Unweighted Pair-Group Method using Arithmetic Averages" or the
- "Average Linkage Between Groups Method" the distance between two clusters is
defined as the average of the distances between all pairs of points in which one

point of the pair is from each of the clusters.

This method differs from other linkage methods in that it uses information about
all pairs of distances, not just the nearest ( Single Linkage Method ) or the

furthest ( Complete Linkage Method ).

Also for this method the weighted version must be used when the cluster sizes are
suspected to be greatly uneven. This method is very efficient when the objects
form natural distinct "clumps”. However, it performs equally well with elongated

"chain" type clusters.

8. Experiments

The procedure used in each of the reported experiments can be summarised in the

following algorithmic formulation:

- For each given model structure, with given coefficients and residual variance, a number

of weak stationary time series of given length was simulated.
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- For each of these time series an AR-model was estimated by the method of ordinary
least squares, The order for each of these AR-models was determined by the AIC
criterion. The maximum allowable lag was set equal to 20 lags.

The practical use consisted in the fitting of autoregressive models of successively higher
orders by the method of least squares and realised through the Householder
transformation. '

- After each set of II-polynomials, belonging to and estimated from the simulated time
series for a particular given model structure, the theoretical H-polynomial for this
particular model was inserted.

- Based on the estimated and theoretical II-polynomials a distance matrix D was
constructed. As a measure of distance the Fuclidean distance was used.

The main advantage of inserting the theoretical TI-polynomials is that the II-coefficients,
estimated from the simulated series, can easily be compared with the a priori given
coefficients.

The effect of this insertion is that the dimension of the distance matrix D is augmented
by the number of a priori given model structures. Results and output for these
theoretical cases will be marked by a right arrow ( -> ).

- By first scaling the individual elements of this distance matrix D between zero and one
and taking the complement, this distance matrix D was then transformed from a
dissimilarity matrix into a similarity matrix S. It is this similarity matrix that will be used
for a Principal Component analysis.

All the experiments are based on simulated data. In all of the experiments the length
mentioned for each of the time series is the length after the first 50 simulated
observations were omitted from the created sequence. The reason for this is that when
simulating time series, the first simulated data are often used in the calculation of the
subsequent simulated values. In such cases, the recursive relationship being used may be
more valid later in the simulated sequence. Therefore, more data were created than the
number actually desired. When all the data points were simulated, the excess of
observations were removed from the beginning of the sequence.
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8.1. Experiment 1

In this first experiment time series were simulated for the following model structures:

Model Structure Coefficient

1 AR(1) 0.9
2 AR(1) 0.7
3 AR(1) 0.9
4 AR(1) 0.7
5 MA(1) 0.9
6 MA(1) 0.7
7 MA(1) 0.9
8 MA(1) 0.7

For each of these model structures five series were simulated, each series consisting of
200 observations. The variance for the normal distributed residuals was set equal to one.

Taking into account the insertion of the theoretical autoregressive polynomials, it follows
that the resulting distance and similarity matrices are of the order 48 by 48, i.e. eight
model structures with five estimated and one theoretical II-polynomial for each model.
The thus derived similarity matrix can be partitioned as an 8 by 8 block matrix, the
diagonal blocks giving the similarities within the same model structure and the
off-diagonal blocks describing the similarities between simulated time series, and
theoretical models, belonging to different model structures.

In order to conserve space, not the whole similarity matrix is given but the mean
similarity matrix. This matrix, represented in Table 8.1 , is derived from the large
similarity matrix by calculating the ( arithmetic ) mean similarity for each block of the
partitioned similarity matrix. In calculating the mean value for the diagonal blocks, the
diagonal elements, which are equal to one, are left out from the calculations.
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TABLE 8.1 : MEAN SIMILARITY MATRIX (°

Model 1 2 3 4 5 6 7 8

1 39
90 98
3 41 49 97
4 48 56 91 94
5 21 27 49 49 73
6 45 5278 80 63 91
7 57 56 29 35 15 35 75
8 72 73 42 48 26 49 74 86

(*) Mean similarities multiplied by 100 and rounded.

From Table 8.1 a few interesting conclusions can be drawn. As could be expected, the
similarities within each model structure are substantially higher than the similarities
between different model structures. As a second point of interest it must be mentioned
that the mean similarity between AR-models with opposite sign for their coefficient, i.e.
model structures 1 and 2 against model structures 3 and 4, is higher than the mean
similarity between MA-models with opposite sign for their coefficient, i.e. model
structures 5 and 6 against model structures 7 and 8. This is very probably due to the fact
that the MA-models are approximated by truncated AR-models. A third and last remark
about this mean similarity matrix can be formulated about the comparison of AR- and
MA-models. Since this similarity matrix is based on AR and inverted MA specifications
it is not surprising that the AR-models are showing a higher similarity with MA-models
with an opposite sign for their coefficient than MA-models with the same sign for their
coefficient, i.e. model structures 1 and 2 against model structures 7 and 8 or model
structures 3 and 4 against model structures 5 and 6.

The first result from using the whole similarity matrix for the Principal Component
analysis consists in the eigenvalues. From these eigenvalues, for which the first ten out
of the total of 48 are given in TABLE 8.2 , and using the Sree-test as a criterion, it can
be seen that retaining four eigenvalues will be a good compromise.
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TABLE 82 ; EIGENVAILUES AND ( CUMUILATIVE ) PERCENTAGES

Eigenvalue Percentage Cumul.Perc.
1 27.8447 58.0098 ' 58.0098
2 8.6569 18.0353 76.0451
3 2.9264 6.0966 82.1418
4 2.5856 5.3867 87.5285
5 .9160 - 1.9082 89.4367
6 .8437 1.7577 91.1944
7 .3719 .7748 91.9692
8 .3588 L7476 92.7168
9 .3038 .6329 93.3497
10 .2844 .5925 93.9422

The factor loadings, corresponding to the three largest of these eigenvalues, are given
in TABLE 8.3. As could be expected, the loadings for the first principal component are
all positive. A second and even more important remark about these principal
components is the pattern of the factor load:ings obtained for the second and third
component. The least thing one can say about this pattern is that it is very systematic,
regular and consistent. |

A careful analysis of this pattern reveals that, by just using the sign of the factor loadings,
the whole set of time series can be split up into subsets. Based on the first and second
principal component, and using only the sign of the factor loadings, the following
partition of the 48 cases can be derived:

GROUP 1: Model 3,4, 5, 6
GROUP 2 : Model 1, 2, 7, 8
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TABLE 8.3 : PRINCIPAL COMPONENTS (°)

Model Series 1 2 3 Model Series 1 2
i 1 81 -43 -19 5 25 70 47
1 2 77 -42 -16 5 26 47 46
1 3 78 -37 =23 5 27 60 46
1 4 76 -51 -3 5 28 49 44
1 5 77 =47 =13 5 29 45 47
1l -> 6 80 -45 =19 5 -> 30 43 42
2 7 84 -38 =19 6 31 85 38
2 8 85 =35 =19 6 32 80 39
2 9 84 -39 =20 6 33 83 40
2 10 856 =37 -19 6 34 80 42
2 11 83 -41 -20 6 35 83 38
2 -> 12 84 -38 -20 6 -> 386 80 43
3 13 82 41 -24 7 37 54 -43
3 14 80 43 =21 7 38 71 -46
3 15 79 48 =21 7 39 65 -48
3 16 79 48 =21 7 40 59 -44
3 17 80 48 =21 7 4] 80 -43
3 ~> 18 80 48 -21 7 -> 42 44 -43
4 19 82 36 -14 8 43 69 -43
4 20 85 37 -20 8 44 79 -43
4 21 85 40 -21 8 45 78 -34
4 22 86 36 =20 8 46 80 -44
4 23 84 42 -21 8 47 81 -42
4 -> 24 84 41 -21 8 -> 48 82 -43

22
52
39
50
51
47

1l6

14
12
17

29
27
29
31
22
30

31
21
14
13
19
16

(*) Elements multiplied by 100 and rounded.

Since also the third eigenvalue can be considered as being "significant” the partitioning
of the 48 cases, using the sign of the factor loadings, can also be based on the second
and third principal component. Partitioning all the time series in this way leads to an
even more detailed result, i.e.

GROUP 1 : Model 7, 8
GROUP 2 : Model 5, 6
GROUP 3 : Model 1, 2
GROUP 4 : Model 3, 4
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An explanation for these rather surprising and unexpected results can be found in the
meaning and functioning of the Principal Component technique. As it was shown in
section 5, each of the components is contributing in explaining or reconstructing the
similarity matrix. The relative contribution of each component is directly related to its
corresponding eigenvalue.

Since the weights for the first component, i.e. the factor loadings or the elements of the
rescaled eigenvector, are all positive, the contribution of this first component can be seen
as a general mean level for each of the elements of the similarity matrix. It is a first step
in the complete reconstruction of the similarity coefficients.

The explanatory power of the remaining components, i.e. from the second to the last
component, will consist in gradually correcting this general mean value. This correcting
process will stop with the contribution of the last component and will result in the fully
reconstructed similarity matrix.

However, the smaller the eigenvalues, the smaller the relative explanatory power and the
more likely this explanatory power will be used to correct individual and isolated
similarity coefficients.

It follows that the most important drawback of this approach is a conflict situation. On
the one hand there is the tendency to derive a highly detailed partitioning -of the set of
time series. On the other hand there is the difficulty that this can only be achieved by
using additional components, for which the eigenvalues have to pass the controversial
Sree-test and for which the problem of interpretation will become sharper the smaller
the explanatory power, and the eigenvalues of these additional components, will be.

In order to avoid this disadvantage and the conflict sitnation, another approach will be
proposed and illustrated in a second experiment.

Before proceeding, however, with this second experiment, the results obtained will be
compared with those obtained with an alternative technique. In order to get a better and
alternative insight into the working of this partitioning mechanism, a Cluster Analysis was
carried out.

The first method used in clustering the 48 cases was the Centroid method. The graphical

results are presented in Figure 8.1. The main conclusion that can be drawn from these
results is that, without taking the value of the model coefficients into account, the
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method seems to succeed in classifying each model structure in a separate cluster. Each
of the four identified clusters consists in an homogeneous group of time series, described
by the same model structure, although the coefficients of these models may vary.

As a second clustering solution the Average Linkage method was used. The graphical
results, represented as a dendrogram, are given in Figure 8.2. Compared with the results
obtained for the previous method one can conclude that also this method succeeds in
clustering the AR-models in distinct clusters but that the clusters obtained for the
MA-models are not completely homogeneous anymore. As a concluding remark one
could say that this Average Linkage method seems to be much more sensitive to the
coefficients of the models, certainly for the MA-models, than the Centroid method.
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8.2, Experiment 2

For this second experiment time series were simulated for the following model
structures:

Model  Structure Coefficients
1 (1,0) (0,0) 0.5
2 2,0) (0,0 0.5 -05
3 (0,0) (1,0) 0.5
4 (1,0) (1,0) 0.5 0.5
5 (0,1) (0,0 0.5
6 (0,2) (0,0 0.4 0.4
7 (0,0) (0,1) 0.5
8 0,1 (1) 0.5 0.5
0 (1,0) (0,1) 0.5 0.5
10 (0,1) (1,0) 0.5 0.5

where the usual (p,q)(P,Q) notation is used to characterise the models.

Six out of a total of ten model structures are seasonal models ( models 3 and 7 ) or
mixed nonseasonal-seasonal models ( models 4, 8, 9 and 10 ). The seasonal time span
for the seasonal component is four observations. Also for this experiment five series,
each consisting of 200 observations, were simulated for each of the model structures. The
variance of the normal distributed residuals was set equal to one.

Taking the insertion of the theoretical autoregressive polynomials into account, it follows
that the distance and the similarity matrices are of the order 60 by 60 while the mean
similarity matrix will be a 10 by 10 matrix. Since the ten models can be partitioned into
three groups, i.e. AR-models ( models 1, 2, 3 and 4 ), MA-models ( models 5, 6, 7 and
8 ) and ARMA-models ( model 9 and 10 ) this mean similarity matrix, given in Table
8.4, can be represented as a 3 by 3 block matrix.
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TABLE 8.4 : MEAN SIMITARITY MATRIX (°

Model 1
1 94
2 71
3 62
4 69
5 42
6 34
7 60
8 33
9 65

10 36

88
54
59

42
41
52
33

57
38

88
70

54
35
45
31

36
58

82

32
23
38
17

39
34

5 6
89

62 75
57 50
63 65
34 32
71 46

80
60

64
40

(*) Mean similarities multiplied by 100 and rounded.

74

36
41

80
22

10

82

This mean similarity matrix shows some interesting features. One of the most striking of
these features is the behaviour of the model structures 4 and 8, i.e. models consisting of
a multiplicative nonseasonal and seasonal model component. If both model components
of these mixed models are of the autoregressive form, the similarities with the other
autoregressive models are much more pronounced than with the moving average models.
If both model components are of the moving average type, the similarities with the other
moving average models are larger than the similarities with the autoregressive models.

TABLE 8.5 : EIGENVAILUES AND ( CUMUILATIVE ) PERCENTAGES

W 0o Jo b WP

)
o

Eigenvalue

30.
8.
5.
2.
1.
1.

.9835
L7471
.6518
.5382

7670
3223
5530
3782
9731
0819

23

Percentage

51.2783
13.8705
9.2551
3.9636
3.2885
1.8032
1.6391
1.2452
1.0864
.8970

Cumul.Perc.

bl.

65
74
78
81

2783

1489
.4039
.3675
.6560
83.
85.
86.
87.
88.

4592
0983
3435
4299
3269



In Table 8.5 the ten largest eigenvalues of the whole similarity matrix are tabulated. The
large number of eigenvalues passing the Scee-test is not surprising and could be expected
since for this second experiment the total number of distinct model structures is equal
to 10. '

Proceeding in the same line as in the previous experiment the factor loadings,
corresponding to the three largest of the eigenvalues, were calculated. The results are
given in Table 8.6. Based on the first and second principal component, and using only
the sign of the factor loadings, the following classification of the 10 model structures can
be derived: '

GROUP 1 : Model 1, 2, 3,4, 9
GROUP 2 : Model 5, 6, 7, 8, 10

If also the third component is used the partitioning of all the time series will lead to the
following even more detailed result:

GROUP 1 : Model 3, 4
GROUP 2 : Model 1, 2, 9
GROUP 3 : Model 5, 10
GROUP 4 : Model 6, 7, 8

In both of these classification schemes only one single time series, i.e. series 38, was
erroneously classified. Specific analysis of this particular simulated series revealed that
rather than speaking about erroneous classification this exception could be explained by
a poor simulation of the series.
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TABLE 8.6 : PRINCIPAL. COMPONENTS (°)

Mcdel Series 1 2 3 Model Series 1 2
1l 1 80 -45 13 6 31 58 43
1 2 83 =39 10 6 32 72 47
1 3 77 -48 14 6 33 58 42
1 4 80 -38 9 6 34 75 44
1l 5 81 -43 12 6 35 68 47
1l -> 6 81 —44 12 6 -> 36 56 50
2 7 75 -34 11 7 37 76 15
2 g8 84 -7 0] 7 38 73 -3
2 S 78 -38 12 7 39 75 8
2 10 72 -39 13 7 40 79 17
2 11 72 =35 12 7 41 84 7
2 -> 12 76 =33 11 7 -> 42 77 13
3 13 77 -14 -45 8 43 75 42
3 14 71 =30 -45 8 44 66 51
3 15 78 -18 -42 8 45 48 58
3 16 73 =23 -43 8 46 64 50
3 17 79 =19 -38 8 47 65 38
3 -> 18 76 -18 =45 8 -> 48 61 53
4 19 67 -49 -24 9 49 71 =34
4 20 59 -48 -28 ) 50 66 =29
4 21 69 -43 =31 9 51 65 ~21
4 22 66 -50 -21 ) 52 58 -18
4 23 69 =51 -19 9 53 70 =15
4 -> 24 67 =50 =28 o -> 54 65 -23
5 25 81 33 -20 10 55 59 27
5 26 72 47 -25 10 56 58 47
5 27 75 50 -14 10 57 70 29
5 28 73 46 =25 10 58 70 21
5 29 80 43 =10 10 59 73 32
5 -> 30 79 45 -13 10 -> 60 65 24

(*) Elements multiplied by 100 and rounded.

Since the maximum number of groups that can be identified, by only using the sign of
the factor loadings for the first three principal components, is restricted to four, the
alternative approach will be used. One of the basic characteristics of this proposed
alternative method is that a set of time series is split up into two subsets by only using
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36
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25
39
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=34
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the sign of the elements of the second component. The key point of this procedure,
however, is that this splitting-up technique is not only used once but repeatedly on an
ever smaller subset.

Formulated as a recursive algorithm, this alternative heuristic approach can be
summarised as follows:

MODULE : Splitting Up ( Set of Time Series)
IF Stopping Rule
THEN Stop
ELSE Calculate Two Component Model
Splitting Up ( Time Series with Pos. Weights for 2nd Component )
Splitting Up ( Time Series with Neg. Weights for 2nd Component )

A workable definition for the stopping rule used in this algorithm could be formulated
as: Only the first and second eigenvalue must pass the Scree-test. An alternative
formulation, based on several simulated situations, could be: The ordered eigenvalues
are showing an exponential decaying pattern.

If the condition, expressed as stopping rule, is fulfilled the procedure stops. If, however,
this condition is not fulfilled the procedure continues. This continuation consists in
applying the splitting-up technique consecutively to those time series showing positive
factor loadings and those series showing negative factor loadings for the second
component.

The results obtained for this recursive alternative approach are summarised in a
schematic form in Figure 8.3.
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FIGURE 8.3 : SPLITTING UP SCHEME

Level 1 Level 2 Level 3 Level 4
—> 3
>3 4
—> 4
—> 12 3 4 9
—> 2
>1 2 9 > 1
s [
> 9
2 3 4 5
7 8 9 10
—> 5
> 5 10
—> 10
—> 65 6 7 8 10
—> 6
> 6 7 8 > 7
Las [
> 8

About these results at least a few important remarks can be formulated. The first remark
is about the comparison of the results obtained for the recursive approach with the
results obtained by using the two and three components model. It turns out that the
partitioning of the whole set of time series, that could be derived from using a two and
three components model, is exactly the same as that obtained at the first and second
level of the recursion.

A second remark is about the behaviour of the individual time series during the whole
recursive procedure. It is interesting to note that, with the exception of series 38, all the
time series belonging to the same model structure stayed together during the whole
recursive process.

Most of the conclusions that can be drawn from the results of the Cluster analysis are
a confirmation of the conclusions already formulated in the first experiment. From the
results obtained for the Centroid method, reported in Figure 8.4, it follows that the AR
model structures, i.e. models 1, 2, 3 & 4, can be identified as homogeneous clusters. The
MA model structures, i.e. models 5, 6, 7 & 8, seem to be more sensitive to model
coefficients, resulting in more heterogeneous clusters.
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The same conclusions are also valid for the Average Linkage method, for which the
results are given in Figure 8.5, i.e. homogeneous AR clusters and less homogeneous MA
clusters.
Although the difference is less pronounced than in the previous experiment, the Centroid
method seems to be more robust for model coefficients than the Average Linkage
method.

Perhaps the most important remark that can be formulated about the results for both
clustering techniques is that the composition and the hierarchical structure of the clusters
are completely different from the partitioning schemes obtained for both the two and
three components model as well as for the recursive approach.

8.3. Experiment 3

The question that will be asked in this third experiment is : what will happen if the
described splitting-up technique is continued although the (remaining) time series are
characterised by one and the same model structure ?

For this purpose the following situation was simulated:

Number of time series : 10

Model structure : AR(1)
Model coefficient : 0.70
Number of observations : 200
Residual variance 01

The resulting augmented similarity matrix, with the theoretical II-coefficient mentioned
as the 11th series, is given in TABLE 8.7 . The most striking characteristic of this
similarity matrix is the pattern of the similarities obtained for the fifth series.
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TABLE 8.7 : SIMILARITY MATRIX (°)

Series 1
1 100

2 91

3 95

4 85

5 17

6 64

7 98

8 81

9 88

10 100
->11 97

100
96
95
19
55
89
90
79
91
87

100
90
18
60
93
86
83
96
92

100
20
50
84
96
73
B6
B2

100
0
16
21
12
17
16

100
66
46
77
64
68

100
79
90
98
98

(°) Similarities multiplied by 100 and rounded.

100
69
82
78

100
88 100
91 96 100

TABLE 8.8 : EIGENVALUES AND ( CUMUILATIVE ) PERCENTAGES

W O 20 0 & W

e
o

Eigenvalue

8.
1l

5800
0464
7126
3337
1282
0837
0417

.0328
.0261
.0118
-0031

31

Percentage

77.
9.
6.
3.
1.

9999
5129
4779
0337
1654

. 7605
3790

2985
2369
1069
0285

Cumul.Perc.

77.9999
87.5128
93.9906
97.0244
98.1898
98.9503
99.3292
99.6277
99.8646
992.9715
100.0000



TABLE 8.9 : PRINCIPAL COMPONENTS (°)

1l 2 3
Series

1 98 -3 2

2 95 9 =19

3 o7 4 -10

4 92 15 -28

5 19 89 41

6 69 -39 50

7 97 -5 6

8 88 18 =32

9 90 -17 25

10 28 - 2 1

-> 11 97 -7 9

(°) Elements multiplied by 100 and rounded.

From the eigenvalues, given in TABLE 8.8, and based on the Scree-test it follows that,
strictly speaking, at most two principal components have to be extracted. The factor
loadings, corresponding to the three largest eigenvalues, are given in TABLE 8.9, Using
the first and second principal component the following partition of the 11 cases can be
derived:

GROUP 1: Series 1, 6, 7, 9, 10, 11
GROUP 2 : Series 2,3, 4,5, 8

Using the second and third principal component the partition of the 11 cases gives the
following results:

GROUP 1: Series 1, 6, 7, 9, 10, 11
GROUP 2 : Series 2, 3, 4, 8
GROUP 3 : Series 5

It follows that in the three component case the grouping remains almost the same. The
only difference is that the fifth series is forming a separate third group.

In order to get a better insight into the partitioning mechanism the results from the
grouping were compared with the estimated II-coefficients. For each of the simulated
series an AR(1) model was estimated. The estimation results were then confronted with
the results of the partitioning, These combined results are presented in TABLE 8.10 .
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Before any interpretation of the results of TABLE 8.10 can be made, it must be
mentioned that, following the AIC criterion, the fifth simulated series, although simulated
as an AR(1) series with coefficient (.7, was identified as an AR(3) model. This is,
without any doubt, the reason for the rather particular results obtained for the fifth
series.

TABLE 8.10 : GROUPING THE TI-COEFFICIENTS

GROUP 1 GROUP 2
Series Coefficients Series Ccoefficients
8 0.634 10 0.689
4 0.647 1 0.690
2 0.663 7 0.695
3 0.676 -> 11 0.700
9 0.726
6 0.796
5 0.615
0.154
- 0.188

The main conclusion that can be drawn from the results of TABLE 8.10 is that the
grouping, resulting from the splitting-up technique, is based on the ( absolute ) value of
the I-coefficients. Stated in more general terms one can conclude that, given a set of
time series following the same model structure, the splitting-up technique goes in the
direction of discriminating within the same model structure between models with
different values for their coefficients.

In order to get even a better insight into the interactions of the similarity matrix, a

Cluster Analysis was carried out. The results for both the Centroid and the Average
Linkage method are presented respectively in FIGURE 8.6 and 8.7.
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FIGURE 8.6 : DENDROGRAM CENTROID METHOD
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Both clustering methods are showing one common characteristic. In each of these
methods the fifth series is treated as an isolated and separate cluster consisting of just
one single series. This result is completely in concordance with the configuration of the
three component model and the other remarks formulated about this simulated series.

However, both clustering methods are also showing a remarkable difference. Whereas
the sixth series (I = 0.796 ! ) is treated as a single-series-cluster by the Average Linkage
method, this series is linked together with the ninth series ( I = 0,726 ) by the Centroid
method.
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The main conclusion of this third experiment can be summarised as follows: if the
(remaining) time series are characterised by one and the same model structure, using the
proposed splitting-up technique will result in discriminating within the same model
structure between models with different values for their coefficients. The method seems
to be much more sensitive to a difference in model structure than to a difference in the
values of the model coefficients.

9, Conclusions

The main purpose of this paper was to investigate the possibility to identify, within a
large set of weak stationary time series, subsets of time series characterised by the same
model structure but for which the model coefficients may vary.

Starting from the AR-representation of weak stationary time series and by using the
Euclidean distance measure, a similarity matrix was derived. Applying a Principal
Component analysis on this similarity matrix led to the following conclusions:

- Since the Principal Component analysis is a deterministictechnique, a criterion to
discriminate among the coefficients of the components cannot be used.

- A more robust use of these components consists in using only the sign of the factor
loadings.

- By only using the sign of the factor loadings for the first three principal components,
the number of subsets that can be identified is restricted to four. These four groups can
only be identified under the assumption that the third eigenvalue can be considered as
being "significant". ( Experiment 1 )

- An alternative recursive heuristic approach seems to succeed in the identification of
homogeneous subsets, characterised by the same model structure. (Experiment 2 )

- The risk that the recursive algorithm goes one ( or even more ) level(s) to deep results
in a classification that will not only be based on the model structure but also on the
coefficients of the model. ( Experiment 3 )

- Since this alternative method is only based on the sign of the factor loadings, the final

results will be less sensitive to the model coefficients than the results derived from a
Cluster analysis.
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- In order to identify homogeneous clusters none of the clustering techniques used seems
to be a valuable alternative to the proposed recursive use of the Principal Component
analysis.

The main advantage of the proposed method is that it is based on the Principal
Component analysis, i.e. on a mathematical and deterministic technique which does not
require to specify any underlying statistical model. More in particular, no assumptions
have to be made about the probability distribution of the original data, i.e. the
I-coefficients of the autoregressive polynomials.

Another advantage of the recursive splitting-up method is its simplicity and the absence
of any subjective intervention or evaluation. It is mainly for these reasons that the
method proposed here can easily be automated. Algorithms for order determination,
estimation of the II-polynomials and calculation of the eigenvalues and vectors are
generally available.

Apart from these major advantages also a few minor and less spectacular advantages
must be mentioned. The facility to include in the analysis the theoretical and known
AR-representations of commonly used model structures seems to be an invaluable help
in the correct interpretation and identification of the different groups and clusters.

Even the fact that not only the estimated AR-polynomials may differ in length but that
also the time series themselves need not be of the same length can be seen as an
additional advantage.

The proposed method is also highly flexible. Distance measure, order determination and
estimation method can easily be changed. By using only the seasonal lags of the
II-polynomials, the method can be used for the specific analysis of seasonal time series
or to discriminate between seasonal and nonseasonal models.

All these positive arguments do not mean that all problems are solved. A lot of questions
remain. In the first place, a proper formal proof would be highly desirable. Also a few
other items are waiting for an answer and/or a solution. A few of these questions that
are still open are:

- What about the use of nonstationary time series?
- What is the influence of the chosen measure for distance and the order criterion used?
- What is the sensitivity of the proposed method for model coefficients, seasonal model
components and model factors with complex roots?

For all these reasons the only thing that can be said at this moment is that the recursive
use of the Principal Components technique looks very promising.
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