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Introduction 

This is a preliminary 

those first findings, 

comments. 

research report, its 

in order to obtain 

purpose 

useful 
is to present 

criticism and 

Even information which is 'merely' statistical (i.e., a range and a 

density function instead of a single value) and which is extracted 

from small amounts of data, can be valuable in a competitive 

environment if it is used systematically to support decisions. This 

is the basic idea behind this work. 

The report presents four topics : 

1. The 'classic' algorithm for 

discriminant analysis (LDA) (see 

binary classification 

[Johnson 88], p. 490). 

is linear 

LDA is a 
parametric algorithm. 

algorithm (NPA). 
We compare it with a simple nonparametric 

Empirical data (a bankrupt/nonbankrupt 

classification problem) were used to test and compare the algorithms. 

2. We looked for a playground to experiment with multivariate 

statistical methods and found the 'Balanscentrale' data of the 

Nationale Bank van Belgie (see [Jegers 87]). We wrote some software 

that selects information from any set of Balanscentrale output files. 

The software stores the information in a format which is suitable for 

subsequent processing (for example by the SAS software) . 

3. Practitioners in the financial statement analysis field asked us 

to write a specification of a computer program for the classification 

of companies based on annual accounts. (In the following text, that 

program is called 'the classification environment' or 'the CE' .) 

4. We propose to incorporate in the CE an algorithm for the two

dimensional display of multivariate data. We designed a simple 

algorithm (called MPCA modification and principal components 

analysis) for that purpose. 

The second section of the report explains the ideas on which the CE 

is based and describes the NPA en MPCA algorithms. Section 3 

contains an introduction to the specification of the CE that can be 

found in appendix A. Section 4 is a short introduction to the 

'Balanscentrale' database. In section 5, some examples and tests of 

the NPA, LDA and MPCA algorithms are described and discussed. The 

work that is presented in this report gave rise to some ideas for 

future research. Those ideas are summarized in section 6. 
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12. Ideas. 

2.1. General framework. 

First, we define what is meant by a 'binary classification task' in 

this report. 

The universe for a classification task is a set of objects (call it 

the population). The population is partitioned into two parts, we 

call them the g-group and the s-group. (Let B be the binary 

variable, with values g and s, that defines the two groups.) Some of 

the g-group elements are known (the set G of ng g-group examples) and 

some of the s-group elements are known (the set S of ns s-group 

examples). A third subset W of the population is given. The group 

labels (g or s) of its objects have to be 'guessed' (i.e. its objects 

have to be classified) . It is assumed that 

Pg = the probability that a randomly selected 

object belongs to g-group 

is known. It is called the a priori probability of g-group 

membership. It is also assumed that the cost ratio cgl cs is known, 

with 

cg cost of classifying g-group object as s 

cs cost of classifying s-group object as g 

Finally it is assumed that a variable V (call it the input variable) 

is given such that for every element of G, S and W, the value v of v 

is known. (In general; Vis a vector variable.) Then the machinery 

of the classification task can start its work: 

For every object w of W : 

1. Use a given algorithm to calculate an estimate of 

fviB=g<vw)/fviB=s<vw> 
from 

vw and 

vr, br, r in (G U S) 

(fv!B=g and fviB=s are conditional density functions of 
variable (V, B) ) 

(This first step is equivalent with estimating 

fviB=g<vw) 

fv!B=g<vw) + fviB=s<vw) 
which is the probability of g-group membership of the 

object, assuming that the a priori probability Pg =0.5) 

2. Classify w in the g-group if 

cglcs (pg/(1-pg)) (fVIB=g<vw)/fviB=s<vw)) >1 
and classify in the s-group otherwise. 

Now, we look at the classification task as an example of a more 
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general concept. This sheds some light on the different inputs of 

the classification task. 

Our classification task is a special case of the following very 

general scheme to find a useful value (a probable value or a good 

approximation of the single value) of a variable (say Y) 

1. Determine the value x of variable X. 

2. Assign to Y the value y that mimimizes the expected 

loss given that X=x, with respect to a specified 

loss function. (The expected loss is completely 

determined by fYIX=x' a candidate value of Y and the 

loss function.) 

A formal treatment of this 'conditional prediction' scheme can be 

found in [Manski 89] 

The success of conditional prediction depends heavily on the choice 

of the variable X. 

all x, then Y 

Suppose fYIX=x is a uniform density function, for 

is completely inaccessible through conditional 

prediction using X. On the other hand, if fYIX=x concentrates its 

probability in one point, for all x, then Y is completely determined 

by X. Between these extremes, an endless variety of density 

functions f (X, Y) exists, each one of them representing a specific 

case of limited accessibility of Y using X. 

In our classification task it is assumed that the input variable v 

(playing the role of X) is given. 

dependent knowledge enters. 

This is the first way how problem 

The binary variable B in the description of the classification task 

plays the role of the variable Y in the conditional prediction 

scheme. Consequently, in this special case, the conditional density 

function fYIX=x is fully described by the scalar quantity 

Pg fVIB=g<vw) 

Pg fviB=g<vw) + <1 -Pg> fviB=s<vw) 
It is a combination of: 

Pgr 
which is a second input of knowledge into the classification task, 

and 

fVIB=g<vw)/fviB=s<vw), 
which is produced from three other inputs 

1. vw, 

2. vr, br, r in (GUS), 

3. the estimation algorithm in step 1 of the 

classification task. 

A great variety of estimation algorithms is available (e.g see [Rubin 

89]: linear programming; [Starn 89]: nonlinear programming; 
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[Joachimsthaler 88]: quadratic and logistic discriminant analysis; 

[Ooghe 85] : linear discriminant analysis) . Their accuracy depends on 

the characteristics of the density functions, i.e., it depends on the 

particularities of the classification task at hand. In this text, we 

report some tests with two of these algorithms. The first, LDA 

(linear discriminant analysis, see [Johnson 88), p. 490), assumes 

that the conditional density functions fviB=g and fviB=s are normal 
and have identical covariance matrices. The examples (elements of G 

and S) are used to estimate the parameters of those normal density 

functions. Consequently, (approximate) analytical expressions of the 

conditional density functions are produced. The second, NPA 

(nonparametric analysis), directly estimates function values of the 

density functions in the relevant points (i.e., in the arguments vw, 

w in W) . No analytical expression of the density functions is 

constructed. 

The last input of knowledge into the classification task is the value 

cglcs, which is needed in the classification rule of step 2. This 

classification rule is the optimal rule in the following situation 

l. One deals with a binary conditional prediction problem (i.e., Y 

can take two values), and 

2. only those two values are allowed 

(Restriction 2 means that the loss function 

used, with 

p 

a = 

Pg fvlB=g<vw) + Ps fvlB=s<vw) 
(cglcs) 

(cglcs) + 1 

as predicted values. 

(L.1) of [Manski 89) is 

Other loss functions may allow a continuous range of possible 

predicted values.) 

2.2 Analysis of the classification environment. 

2.2.1. Several estimation algorithms. 

We restrict ourselves to problems of 'binary classification of 

companies based on annual accounts' (see third topic in section 1) 

which can be modelled as classification tasks (see section 2.1). The 

values of the components of variable V are calculated from the 

numerical data available from the annual accounts in the population. 

The user chooses a population and enters some information about it by 

giving his estimate of Pg· He states his opinion about the relative 

importance of the two types of errors by entering a value for cglcs. 

His knowledge about the groups is contained in his choice of V , G 

and S. (Variable V has to be accessible and should discriminate the 
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two groups as much as possible. The sets of examples, G and S, have 

to be 'good representations' of the groups.) 

Depending on those choices, the assumptions underlying a given 

estimation algorithm (step 1 of the classification task) may not be 

fulfilled. Therefore several algoriti.ms will be needed. 

2. 2. 2. Method to choose between estimation algorithms. 

Just specifying the user's input for Pg' cglcs, V, G and S is not 

enough to decide whether a given estimation algorithm is suitable for 

the task. Moreover, we do not expect that the user is aware of the 

assumptions made to make the specific estimation algorithms in the CE 

applicable. Therefore, a method to compare estimation algorithms was 

added to the CE. 

We propose to use the jackknifing algorithm (see [Johnson 88], p. 

498, or appendix A of this report, p. 43) for that purpose. The 

result of a jackknifing test of an estimation algorithm is a 

classification of the elements of G and S. That classification ls 

summarized confusion matrix 

(e.g. nsg = the number of objects of S which have been 

classified as g; ngg+ngs=ng and nsg+nss=ns) 

From the confusion matrix we calculate the statistic 

ngs nsg 

cg Pg + cs Ps 

ngg + ngs nsg + nss 
K 

cg Pg + cs Ps 
It is a ratio of expected costs of misclassification (ECM) . Suppose 

W is a large random sample of the population. Then the denominator 

of K is the ECM (per object of W) of an estimation algorithm which 

misclassifies every object. The numerptor is the ECM (per object of 

W) of the estimation algorithm which is represented by the confusion 

matrix. 

The limiting values for K are Kb=O (perfect classification) and Kw=l 

(complete misclassification). Random classification (flip a coin) 

gives Kr=O.S. If variable V does not discriminate at all among the 

groups (or if the estimation algorithm is completely unable to 

exploit the discriminating power of V), 

fviB=g(vw)/fviB=s(vw)=l 
for every object w. In that case step 2 of the classification task 

puts all the objects into one group and K is equal to 
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K = a 
cg Pg + cs Ps 

The value of K for a given estimation algorithm can be compared with 

the special values Kb, Kw, Kr and Ka and with the K values of other 

algorithms. 

Note that K values can also be used to compare the discriminating 

power of different V variables for a given estimation algorithm. 

(Our point of view until now was that K compares 

algorithms for a given variable V.) Actually, 

combinations of estimation algorithms and V variables. 

estimation 

K compares 

This method 

is not able to 

independently. 

judge estimation algorithms and V variables 

We also stress that the K value is not able to assess the quality of 

the examples in G and S (i.e. whether G and S properly represent the 

groups). Moreover, 'bad' G and S sets jeopardize the comparison of 
estimation algorithms (or V variables) by means of K. 

2.2 .3. Outliers. 

An essential aspect of the classification task is that the user 

enters knowledge about the groups by giving examples (the elements of 

G and S). It is intuitively clear that the classification of an 

object w of W that lies 'very far from the set of examples (GUS)', 

is less reliable. In that case, the user should be warned that w is 

an outlier and that he shouldn't be too confident about the 

classification result. 

The meaning of 'very far from the set (G U S)' can be defined in 

several ways. The definition should be consistent with the 

assumptions on which the estimation algorithm is based. 

Suppose, for example, that the LDA algorithm (see [Johnson 88], p. 

490) is used. Then the g-group and the s-group are modeled as normal 

density functions. Their means and covariance matrix are estimated. 

Obviously, in that case the outlier detection should be based on the 

statistical distance (defined by the covariance matrix) ([Johnson 

88], e.g. p. 49) of w and of the elements of G and S from the two 

means. 

An outlier detection method which is compatible with the NPA 

algorithm is proposed in section 2.3. 

Note : A view on outliers which is entirely different from the one 

presented above, can be found in [Booth 89]. The classification 

method described in [Booth 89] decides whether w is an outiier with 
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respect to G. If it is an outlier, it is classified as an s-group 

member, if not, it is thought to be a g-group member. 

2.2.4. Visual display of the data. 

We propose to add to the CE visual displays in which every object of 

G, S and W is represented by a symbol on some position of the 

computer screen. This requires a reduction of p-dimensional data {p 

being the dimension of variable V) to two-dimensional data. Some 

part of the information lS lost in this process, and, in pathological 

cases, that might be the relevant part. On the other hand, the 

'classic' LDA algorithm {which has a good record) projects the data 

on a one-dimensional space. Therefore, we think that two-dimensional 

displays will be useful for many classification problems. 

If the reduction to dimension 2 leaves enough relevant information, 

the displays can be very illustrative, for example : 

1. Differences in discriminatory power of V variables may become 

apparent in a glance. 

2. The effect of small changes of the data {sensitivity analysis) can 

be made visible. Also, if some objects of W represent an evolution 

in time, {e.g. the situation of a company in several years), this 

evolution can be shown. 

Nevertheless, when looking at two-dimensional displays, one must keep 

in mind that they contain less information than the multi-dimensional 

data. 

A very well known method for dimensional reduction of data is 

principal components analysis {PCA, see e.g. [Johnson 88)). The MPCA 

algorithm (section 2.4) is based on it. Unfortunately, there is no 

guaranteed relation between large variance and good separation. 

Therefore, the PCA is preceded by a step which imposes this relation 

by transforming the data. 

Another candidate for dimensional reduction is (one of the versions 

of) multi-dimensional scaling {MS) {see [Johnson 88), section 12. 5, 

[Everitt 78), ch. 2). The capabilities of MS in this context are a 

topic for future research. 
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2.2.5. Display of the classification results. 

We propose to show the user, for every observation that has to be 

classified, an output consisting of three elements: 

1. The algorithm's answer (yes or no) to the question 'Is the 

observation to be treated as a g-group member?'. 

2. Some diagram representing the probability of g-group membership 

assuming 0.5 a priori probability. This enables the user to compare 

observations. (He can see whether an observation 'belongs more' to 

the g-group than some other observation.) 

Note in 

membership 

this diagram we do 

calculated with the 

following example shows why 

not use the probability of g-group 

user's a priori probability. The 

Assume that n=5 and ng=ns (for the meaning n, see description of NPA 

in section 2.3). Then the possible values of the probability of g

group membership, assuming a priori probability 0.5 are : 

100% 80% 60% 40% 20% 0% 

and the possible values using a user's Pg equal to 99% (a realistic 

value in distress analysis problems) are: 

100% 99.7% 99.3% 98.5% 96.1% 0% 

The second set of values is less suitable for graphical 

representation. We also experienced that the nonequidistant spectrum 

is confusing for nonspecialists. 

3. If the algorithm decides that the observation is an outlier, the 

user must be warned that the results are less reliable. 

2.3 NPA algorithm. 

Here we define a simple nonparametric algorithm which may be used to 

implement step 1 of the classification task (see 2.1). 

The algorithm works in two steps 

1. Apply to the example data a nonsingular linear transformation T 

that makes the mean and the covariances zero and the variances equal 

to zero or one. (The 'example data' are the V values of the objects 

in set (GUS), see 2.1.) 

Note : from a computational point of view, it is important that this 

transformation from V-space to T-space is independent from the V 

value of the objects of w. 
2. Calculate T(vw> (notation tw)and evaluate the function F with 

inputs tw and tr, br, r in (G U S). The function value is an 

estimate of the probability of g-group membership of object w. 
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An important requirement for F is that it assigns a 'proper' weight 

to every example r from (G U S) 

1. The weight of r should get smaller when its distance from w 

increases. 2. If too many examples have a significant weight, the 

approximation of the probability density is smoothed and information 

is lost (a loss of 'resolution'). (In the extreme case when all 

examples have equal weigths, the estimated probability always equals 

the a priori probability, regardless of vw). 3. If too few examples 

have significant 

(random effects). 

weight, information may be obscured by 'noise' 

4. The optimal number of significant examples is 

also influenced by the total number of examples. 

We chose a very simple function F. It assumes that a fixed number n 

of the ng+ns examples has significant weight. The group labels of 

the n nearest neighbours of object w are examined (distance between r 

and w = euclidean distance between tr and tw) . Say mg is the number 

of g-labels and ms=n-mg is the number of s-labels. Then the 

following number estimates the probability of g-group membership 

(mglng) 

(mglng) + (mslns) 

The noise/resolution trade-off then amounts to making a good choice 

for n. In section 5, we try to determine a suitable value for n from 

our tests. 

We expect that a useful refinement of the NPA algorithm can be 

obtained by making n dependent on ng+ns 

local arrangement of the elements of G 

topic for future research. We will 

theoretical expression for the optimal 

distance is known or can be constructed. 

or even on properties of the 

and S around vw. That is a 

also investigate whether a 

function of weight versus 

The probability estimate of NPA is based on the elements of (G u S) 

which are nearest to the object w. The outlier detection method 

measures how near those nearest neighbours are. 

We used the following way to do that. 

of an object b to a set A 

1 

c(b,A)= sum 

a in A 1 + d(a,b) 

with 

We define the cohesion number 

d(a,b)= euclidean distance between ta and tb, 

the cohesion number of a set A 

c(A)= min { c(a,A\{a}) a in A } , 

and the cohesion number of (G U S) 

ce= min { c(G), c(S) } . 
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The number 

max { c(w,G)/ce, c(w,S)/ce } 

can be used as a reliability score 

classification result. It can also be 

score cc (to be determined by experiments) 

which accompanies the 

compared with some cutoff 

The numbers c(w,G)/ce and c(w,S)/ce measure how close the object w is 

to the g-group and the s-group. Thus, the following classification 

rules emerge : 

-If c(w,G)/ce<=cc and c(w,S)/ce>cc 

then w is a s-group member; 

-If c(w,G)>cc and c(w,S)<=cc 

then w is a g-group member; 

We let those rules override the previously described NPA probability 

estimate. 

2.4 MPCA algorithm. 

Say p is the dimension of variable V. The output of the MPCA 

algorithm is a set of p mutually orthogonal directions, which are 

ordered from 'best separator' to 'worst separator'. 

a direction is called a 'good' separator if the two 

(G and S), when projected on that direction, 

separated. 

In this context, 

sets of examples 

are 'properly' 

The MPCA output can be used to make a two-dimensional display by 

projecting the data onto the first two directions. In that way MPCA 

chooses from an infinite number of possibilities a two-dimensional 

space that separates the two groups as much as possible (when they 

are projected on it) . 

In a first step, the MPCA algorithm applies a linear transformation 

to the set of points representing (G U S) in V-space, to achieve 

unity variance in all directions (except the directions where 

variance was zero) . Then this set of points is deformed to link 

variance with separation. Finally, a PCA is applied to the deformed 

data, and the resulting mutually orthogonal eigenvectors are ranked 

from high to low eigenvalue. 

Detailed description of the MPCA algorithm : 

1. The first step can be copied from the NPA algorithm (see section 

2. 3) take the V values of the objects of (G U S) and apply the 

linear transformation T. (This is interesting for computational 

efficiency. ) 

2. For every object r of (G U S) 

-Find the n nearest neighbours of r in (G U S), including r. 

(distance between objects a and b = euclidean distance between ta and 

tb). 
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-Determine mg (number of g-labels in the set of n neighbours) and 

ms=n-mg, and calculate the degree of homogeneity (a number between 0 

and 1): 

homogeneity= lmg-msl/n 
-Calculate : 

factor= l+homogeneity*9 

dr= factor*tr 
The geometrical meaning of the transformation from tr to dr is to 

move the point representing r in p-dimensional space along a line 

through the origin (which is the mean after the T transformation) . 

The distance of the movement is determined by the homogeneity 

(expressed by the homogeneity number) of the neighbourhood of r. 

Figure la illustrates the transformation T and the deformation step, 

for the case of a two-dimensional variable V. The first picture 

shows the elements of (simulated) sets G and S. The second picture 

shows the result of transformation T. The third picture is the 

result of the deformation step. Note that in the first picture the 

direction of greatest variance is almost orthogonal to the direction 

of best separation. In the third picture, the direction of greatest 

variance separates the two groupes well when their elements are 

projected on it. 

3. PCA is applied to the data dr, r in (G U S). The eigenvectors are 

interpreted as directions in T-space (because the degree of 

homogeneity was determined in T-space). 

The influence of n on the algorithm (an.d especially on the two

dimensional displays) is a topic for future research. As in the NPA 

algorithm, one can think of several methods to determine n (fixed or 

in some way dependent on the data) . 
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A classification environment. 

The ideas 2.2.1, ... ,2.2.5 are the basis of our design of a 

classification environment. To this, facilities are added for input, 

modification and storage of data, for storage, review and output of 

results, and for sensitivity analysis. We propose a main menu 

consisting of the following functions (assuming that q different 

algorithms are available in the CE) 

- database management 

- jackknife test 

- classification algorithm 1 

- classification algorithm q 

- sensitivity analysis 

- review 

Descriptions of those menu functions can be found in appendix A, 

which contains an example of a CE specification. In that example we 

assumed that two classification algorithms were to be incorporated in 

the software. First, we chose the LDA algorithm ([Johnson 88], p. 

490) because it has proved its value for some classification problems 

(e.g. see [Altman 77)) Secondly, we included the NPA algorithm (see 

section 2. 3) It is based on different assumptions, therefore we 

expect that it will be able to handle some cases where LDA fails 

(e.g. a case where the two groups are clearly separated, but not by a 

hyperplane). Contents of the specification: 

1. It describes Pascal procedures we wrote. They implement the MPCA 

algorithm (for twodimensional display of data, see section 2.4) and 

the NPA algorithm. 

2. We think it contains sufficient information to enable a programmer 

(with only superficial knowledge about binary classification) to 

implement the CE, calling our Pascal procedures (and some procedures 

implementing the LDA algorithm) . 

3. Some aspects of the specification are illustrated by demoprograms. 

(The specification is meant to be accompanied by a floppy disk 

storing the Pascal programs and procedures and some test data.) 

Although this specification is written with an application to 

financial statement data in mind, it is suitable for other binary 

classification problems as well. Binary classification problems 

arise in many areas (see [Johnson 88), chapter 11, for some 

examples) . 
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4. Balanscentrale. 

As a consequence of the new accounting disclosure regulations of 1975 

and 1976, a new department was created in the Nationale Bank van 
Belgie, called the Balanscentrale. The Balanscentrale collects the 

numerical data of the annual accounts of all the companies that are 

subject to this legislation and stores them on magnetic tape (see 

[Jegers 87] for more information). Since 1985 the annual accounts of 

more than 100000 companies are available on compact disc. Those 

Balanscentrale data are interesting (both accessible and relevant) 

for researchers who want to experiment with statistical methods. 

According to [NBB 89], the financial data are not only collected and 

stored, but also tested (for completeness and consistency) and 

corrected by the Balanscentrale. The authors of [Jegers 87] stress 

the importance of assessing the effective reliability of financial 

statement databases. We haven't studied this subject. For the 

tentative experiments reported in section 5, we simply relied on the 

Balanscentrale data. ( [Jegers 87] does report some research on the 

reliability of the Balanscentrale, but it only pertains to the data 

before 1984.) 

Some software (made available by the Balanscentrale) enables the 

users of the compact discs to select data on a single firm or on 

groups of firms. Some examples of selection keys are : company name, 

VAT number, activity code (NACE), region (NIS), type of annual 

account ('complete' or 'concise'), company size, value of certain 

ratios,. The selection keys 

expression. For more information : 

on IBM pc with DOS. 

can be combined in any logical 

see [NBB 89] . The software runs 

The Balanscentrale software also makes it possible to transfer annual 

accounts to floppy disk in the so-called DIF file format. We wrote 

some software (in Turbo Pascal 5. 0), to extract information from 

those DIF files. It needs three kinds of input: 1. A list with the 

company names and accounting years you want to work with; 2. A list 

of variables (the program will select only those variables from the 

DIF files) ; 3. The appropriate DIF files. Several output formats 

can be chosen (e.g. SAS data files). 
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I s. Experiments. 

In this section we report some tentative experiments with the 

algorithms and data described in sections 2, 3 and 4. Those 

experiments are simplified distress analysis problems (see [Foster 

86], chapter 15). We call them simplified because in some aspects of 

the problems (e.g. definition of the groups and choice of the input 

variables) we let simplicity prevail in stead of accuracy. Our aim 

is to illustrate the kind of problems that can be handled by the CE 

and to find some guidelines for future research. This section also 

shows that distress analysis is a complicated matter. 

5.1. Description. 

This description of the experiments is based on the definition of a 

'classification task' in section 2.1. 

5.1.1. Population. 

We used the same population in all those experiments. It is defined 

as the set of annual accounts which 1. belong to a company with NACE 

activity code 61 (wholesale sector) (NACE code: see [Eurostat 70]); 

2. are 'complete'; 3. concern 1985, 1986, 1987, or 1988. (NACE 

code and type of annual account are Balanscentrale selection keys.) 

The three conditions are aimed at making the population more 

homogeneous (than, for example, the population of the annual accounts 

of all the Belgian companies of the last fifteen years) . On the 

other hand, when too many conditions are imposed, the population may 

get too small to yield enough examples (elements of G and S, see 

section 2 .1) for the construction of the classification rule. That 

is the basic trade-off when one defines a population. 

The objects of our population are annual accounts. In a distress 

analysis problem, it might be better to define the companies as the 

objects of the classification task. (One object could be represented 

by all the annual accounts from 1985 to 1988 of the corresponding 

company.) In that case, the classification would compare the 

evolution of one company (to be classified) with another company 

(serving as example), instead of merely comparing their situation in 

a given year. That approach makes the variable selection problem 

even more difficult. It is an attractive topic for future research. 

5 .1.2. Groups. 

The s-group consists of the population members with 'juridical 

situation' =bankrupt. 
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The 'juridical situation' selection key can have other values that 

indicate financial distress, and one can argue that annual accounts 

of companies in that situation should be added to the s-group. We 

neglected this problem in our tests. 

Yet another complication arises from the fact that the 'juridical 

situation' key selects a company, not an annual account. Can the 

1985 annual account of a company that goes bankrupt in 1988 be used 

as an s-group example? We partially avoided this question by using 

only the last annual account of a bankrupt company. But suppose that 

we use as a g-group example the most recent annual account (1988 in 

our case) of a company which is not bankrupt according to the most 

recent Balanscentrale compact disc. In the next release, this annual 

account may be found to be the last account of a bankrupt company. 

5.1.3. Input variable. 

We selected 14 variables as components of the input variable V. The 

variables are listed below, using the English terminology of the 

Balanscentrale. (Those variables are combinations of 20 items from 

the annual accounts. The code numbers are also reported.) 

* Fixed Assets (20/28) 

* Financial Assets (28) 

* Stocks and Contracts in Progress (3) 

* Amounts receivable within one year (40/41) 

* Capital and Reserves and Prov. for Liabilities 

and Charges (10/15 + 16) 

*Amounts payable after one year (17) 

* Amounts payable within one year + Accrued 

Charges and Deferred Income (42/48 + 492/3) 

* Trade Debts (44) 

* Turnover (70) 

* Operating Profit and Loss + Depreciation of and 

other amounts written off formation expenses, 

intangible and tangible fixed assets + Amounts 

written off stocks, contracts in progress and 

trade debtors (70/64 + 64/70 + 630 + 631/4) 

* Depreciation of and other amounts written off 

formation expenses, intangible and tangible 

fixed assets + Amounts written off stocks, 

contracts in progress and trade debtors 

(630 + 631/4) 

* 'Current' Profit and Loss before Taxes 

(70/65 + 65/70) 

* Profit and Loss 'for the period' before Taxes 
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(70/66 + 66/70) 
* Average Number of Employed Persons (9090) 

Several quantitative methods 

sets (e.g. see [Altman 77], 

have been used to find good variable 

[Ooghe 85]). We are not sure whether 

they are fit to be included in a general purpose classification 

environment. This is a topic for future research. In [Ooghe 85], an 

extensive search for good variable sets for distress analysis of 

Belgian companies is reported. 

We combined the financial statement numbers only by addition. 

However, in most distress analysis work ratios are used. When the 

(nonlinear) transformation from a set of Balanscentrale numbers· tci a 

set of ratios can be reversed, the two sets contain the same 

information. Nevertheless, the interaction of the two sets with a 

classification algorithm may be different. We plan to investigate 

whether reversible transformations to ratios contribute to the succes 

of classification. 

5 .1.4. Sets of examples (G,S) and test objects (W). 

we constructed ten different trios 

(1) 1 (2) 1. • •f (10). 

(G,S,W). They are marked 

The availiable set (G U S) of examples imposes restrictions on the 

choice of components of the input variable V : if the set of examples 

is not fit to represent the distribution of the (V,B)-values of the 

population, the information may be lost in noise. It may be 

necessary to eliminate some components of V to ensure an acceptable 

representation of the population by the examples. Suppose component 

C is responsible for the less-than-acceptable representation. Say V' 

is the input variable deduced from V by eliminating C. If C adds to 

the discriminatory power of V, it may still distort the 

representation of the (V',B)-values by the set of examples. Matching 

(= to ensure that the number of g-examples with value c of C equals 

the number of s-examples with value c) aims at reducing that 

distortion. 

In some tests (e.g. (1)) we took, for every s-example, a g-example 

with the same (4-digit) NACE code, from the same year, and with 

(approximately) the same total assets. This is the matching approach 

adopted in [Keasey 90]. However, there is no consensus in the 

literature about the question whether matched or random samples are 

preferable. The authors of [Ooghe 85], for example, apply random 

sampling, and they give several arguments in favour of it. Test (7) 

was added to investigate the difference between matching and random 

sampling (by comparing it with test (4)). 
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Even when a set G is selected at random from the g-objects and a set 

S is selected at random from the s-objects, (G U S) is not 

necessarily a random sample of the population. The ratio of the 

number of elements in G and the number of elements in S may be 

artificial. The author of [Martin 77] suspects that this may bias 

results (even when accurate a priori probabilities are entered 

separately into the analysis). This is a topic for future research. 

To build the ten tests, we selected several lists of companies. The 

lists are completely specified by giving the compact disc label (e.g. 

cd april '90) and the selection keys. To all the lists the selection 

NACE=61 was applied. 

following way: 

Then the first four lists were defined ±n the 

selection 'juridical situation'=bankrupt 

and 

list 1 (cd april I 90) complete scheme in 1 88 

list 2 (cd april I 90) complete scheme in '87 

list 3 (cd sept. I 89) complete scheme in 1 86 

list 4 (cd april I 88) complete scheme in '85 

The next four lists were defined in the following way: 

selection 'juridical situation'=no special situation 

and 

list 5 (cd april I 90) complete scheme in I 88 

list 6 (cd april I 90) complete scheme in '87 

list 7 (cd sept. I 89) complete scheme in I 86 

list 8 (cd april I 8 8) complete scheme in '85 

(We eliminated from list7 and listS the companies with a special 

juridical situation on the more recent compact discs.) 

We unified the lists 1, 2, 3, 4 and we selected the last annual 

account of every company (and we verified that all those annual 

accounts have a complete scheme) . The result is a set Sa of 55 s

group objects. Then we selected 4 matching accounts for every 

account in Sa. For a given element of Sa, four companies were 

selected from one of the lists 5, 6, 7, 8, according to the year 

(list 5 for an s-group object from '88, list 6 for '87, etc.). They 

were chosen to match as closely as possible the four-digit NACE code 

and the total assets of the s-object. From those companies, we 

selected the annual account of the same year as the s-object. The 

result is a set Gm of 220 g-group objects. Finally, we selected 40 

companies at random from list 6. From those companies we selected 

the annual accounts of '87. The result is a set Gr of 40 g-group 

objects. 

test (1) s 30 elements of Sa, 

G one match from Gm for every S element (30), 

W Sa\S and one match from Gm for each (25/25). 
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test (2) 

test (3) 

test (4) 

test (5) 

test (6) 

test (7) 

test (8) 

test (9) 

test (10) 

derived from (1) by exchanging the roles 

of examples (G,S) and test-objects (W). 

derived from test (1) by eliminating the examples 

that were wrongly classified in the jackknife test 

with LDA, using Pg=0.5 and cglcs=1. 

(20 s-examples and 22 g-examples are left.) 

S the 17 elements of Sa from '87, 

G one match from Gm of every S element (17), 

W the 9 elements from Sa\S from '88 and 

for each the '87 account (!) of one of the 

four matching companies (9/9). 

(Note : in this test we wanted to limit the 

influence of time as much as possible.) 

derived from (4) by exchanging the roles 

of examples and test-objects. 

derived from test (4) by elimination the examples 

that were wrongly classified in the jackknife test 

with LDA, using Pg=0.5 and cg/cs=1. 

(11 s-examples and 12 g-examples are left.) 

S same set as in test (4), 

G 17 elements from Gr, 

W same set as in test (4). 

derived from (7) by exchanging the roles 

of examples and test objects. 

derived from test (7) by eliminating the examples 

that were wrongly classified in the jackknife test 

with LDA, using Pg=0.5 and cg/cs=1. 

(8 s-examples and 13 g-examples are left.) 

s 49 elements of Sa 

G one match from Gm for every S element (49) 

W Sa\S and one match from Gm for each (6/6) 

The (G,S,W) data of tests (1), (3), (4), (6), (7), (9), (10) are listed in 

appendix B ((2), (5) and (8) are not listed because they are the 

inverse of (1), (4) and (7)). Company name, VAT number, NACE code, 

total assets (in thousands) and year are given for every annual 

account. 

5 .1. 5. A priori probability and cost ratio. 

We estimate the a priori probability of s-group membership as the 

ratio of the average number of bankruptcies in one year 
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year number 

1985 16 
1986 13 
1987 17 
1988 9 
average 14 

divided by 3380, the number of objects in list 5 (see section 

5 .1. 4.) . The result is 

Ps = 0.41% 

Pg = 99.59% 

The cost ratio cglcs expresses the characteristics of the environment 

in which the decision maker operates. In practice, it is not easy to 

determine its value. In the artificial context of the tests reported 

here, we simply used a value we found in the literature 

cg/c5 = 1/35 
It is an estimate made in [Altman 77) of the ratio 

cost of an accepted loan that defaults/ 

cost of a rejected loan that would have been succesful 

for commercial banks in the United States. 

Note that Pg and cglcs only enter into the classification task 

through the number 

(Pg cg) /(ps cs) = 6.94 (a) 
We used two other values in our tests 

(pg Cg) /(ps Cs) = 1 .98 (b) 

(e.g. Pg=0.99 cglcs=1/50) 

<Pg cg) /(ps cs) = 1 (c) 

(e.g. Pg=0.5 cglcs=1) 

5.1.6. Estimation algorithm. 

We experimented with the two algorithms that are included in the CE 

described in appendix A (see also section 3) : LDA ([Johnson 88), p. 

490) and NPA (section 2.3). 

We tested the NPA algorithm (see section 2. 3) with the number of 

neighbours n equal to 1, 3, 5, and 9 (notation: NPA1, NPA3, NPA5, 

NPA9) . In the outlier detector of NPA, we used a cutoff value 

cc=0.5: object w is marked as an outlier when 

max { c(w,G)/ce , c(w,S)/ce } <= 0.5 

We also experimented with combinations of algorithms. We combined 

algorithms by calculating the average of the estimated probabilities 

of g-group membership. (Another possibility is a vote based on the 

yes/no answers, see section 2.2.5., but we didn't apply that here.) 
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We investigated two cases : 1. The combination of NPA with n equal 

to 1, 2, 3, 4, and 5 (average of those five with equal weights) 

(notation NPAa); 2. The combination of NPAa and LDA (average of the 

two with equal weights) (notation COM). The first combination is 

equivalent to using NPA with another F function (see section 2. 3), 

which assigns more weight to nearer neighbours. The idea of 

combining the results of different algorithms using a simple 

combination rule is well known in the forecasting literature (see 

[Clemen 89] for an extensive bibliography) . 

5.2. Results. 

The following table lists the K values (see section 2.2.2.) o£ the 

estimation algorithms defined in section 5.1.6, for the ten (G,S,W) 

sets defined in section 5.1.4., assuming (Pg cg) /(ps cs) = 1 (case 

(c) in section 5.1.5). Those K values are expressed as percentages 

and should be compared with the special values Kb=O%, Kw=lOO%, Kr=50% 

and Ka=50% (see section 2. 2. 2.) . (Note : those K values pertain to 

the confusion matrices of the W objects, not to the jackknife 

results.) 

(G,S,W) set estimation algorithm 
(see 5. 1. 4. ) (see 5 1. 6) 

NPA1 NPA3 NPA5 NPA9 NPAa LDA COM 

( 1) 32 42 42 34 42 28 26 
(2) 38 43 48 47 47 52 42 
(3) 32 36 38 38 34 34 36 
( 4) 28 33 39 28 33 33 22 
( 5) 59 56 53 62 59 68 68 
( 6) 50 39 39 28 39 39 39 
( 7) 27 27 27 33 27 27 27 
( 8) 53 53 50 59 50 56 56 
( 9) 39 44 39 50 39 28 33 

( 10) 33 42 50 50 42 25 33 

The following table lists the K values, assuming (Pg cg) /(ps cs) 

6.94 (case (a) of 5.1.5.). In this case Ka=13%. 
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(G,S,W) set estimation algorithm 
(see 5.1.4.) (see 5 1. 6) 

NPA1 NPA3 NPA5 NPA9 NPAa LDA COM 

( 1) 33 18 19 12 19 13 18 
( 2) 32 15 16 13 15 19 15 
(3) 32 13 15 18 14 28 23 
( 4) 15 13 13 13 13 7 11 
( 5) 28 13 13 13 13 52 13 
( 6) 29 21 13 13 21 18 21 
( 7) 15 17 13 13 13 8 8 
( 8) 22 13 13 13 13 37 13 
( 9) 18 13 13 13 13 24 10 

( 10) 21 13 13 13 13 13 13 

The following table lists the K values, assuming (Pg cg) /(ps cs) 

1.98 (case (b) of 5.1.5.). In this case Ka=34%. 

(G,S,W) set estimation algorithm 
(see 5.1.4.) (see 5 1. 6) 

NPA1 NPA3 NPA5 NPA9 NPAa LDA COM 

( 1) 27 31 31 31 31 19 28 
(2) 37 40 36 35 31 42 32 
( 3) 32 27 37 32 32 35 33 
( 4) 22 30 34 26 26 15 19 
( 5) 45 41 37 47 37 61 45 
( 6) 41 33 30 22 33 33 33 
( 7) 22 19 30 34 19 19 19 
( 8) 39 38 34 39 34 47 49 
( 9) 30 30 22 41 30 26 22 

( 10) 28 33 34 28 28 28 28 

We also performed some jackknife tests (see section 2. 2. 2.), with 

(G,S,W) set (4), algorithms NPA3 and LDA, (Pg Cg) /(ps cs) values 

(c), (b). The K-values are: 

NPA3 LDA 

(4) (c) 41 32 
( 4) (b) 16 27 

Finally, we include a test with the MPCA algorithm (see section 2.4). 

In this test we used the following rule to determine the number of 

neighbours n in MPCA : 

n = (ng+ns) div 5; 

if n<l then n=l; 

if n>lO then n=lO; 

(div = integer division) 
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The MPCA algorithm determines 14 mutually independent directions, say 

d1 ,d2 , ... ,d14 , ordered from 'best separator' to 'worst separator'. 

In figure 1 we show the projection of the objects on 13 different 

two-dimensional spaces. The first is defined by the directions d 1 
and d2, the second by d 2 and d3, etc .. 

5.3. Discussion. 

We consider the conclusions formulated here to be merely hypotheses 

which will have to be tested more rigorously. A rigorous 

investigation requires a larger and more systematically constructed 

set of tests. Moreover, it will be necessary to find a better input 

variable V before any other aspects are investigated. 

5. 3 .1. Comparison with Ka. 

Suppose fviB=g and fviB=s are known exactly. In that case the succes 
of the classification depends only on the choice of the input 

variable V. Also, the fractions of misclassified g-objects and s

objects can be calculated exactly. Say Kth is the K value that 

results when those fractions are inserted in the formula of K (see 

section 2.2.2.). 

Assume .that a cglcs value is given such that (cg Pg) I (cs p 3 ) is 

greater than 1 and is smaller than fv I B=slfv I B=g in a part of the 
domain of V. Then Kth<Ka. The only information about the population 

that enters the simple algorithm corresponding to Ka is the a priori 

probability Pg (see section 2.2.2.). The property Kth<Ka means that 

extra information is contained in the input variable V, which yields 

a better classification when it is used. 

Now assume that (cg Pgll(cs Ps) grows. Then Ka gets smaller (see its 

formula in section 2.2.2.), i.e. the algorithm behind Ka becomes more 

succesful. The evolution of Kth depends on the details of fviB=g and 

fVIB=s' but in each case Kth=Ka when (cg Pg) I (cs Ps) reaches the 

value max{ fVIB=s(v) lfviB=g(v) I all values v of V}. (And Kth 

remains equal to Ka when (cg Pgl I (cs Ps) grows further.) When 

Kth=Ka, V is useless for the classification, it doesn't contain 

enough evidence to classify an object in the s-group. 

In practice, fviB=g and fviB=s are not known exactly. As a 
consequence the classification is based on approximations of 

fVIB=slfviB=g· In the case that (cg Pgll<cs Ps) is large enough to 
have Kth=Ka, the introduction of those approximations has only an 

effect if an approximated value of fviB=slfviB=g is greater than (cg 

Pgll<cs Ps), and then produces a K value greater than Ka. 

Also, in practice the fractions of misclassified g-objects and s-
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objects are estimated from a finite number of test objects. (This is 
a source of error that pertains to the calculation of K, not to the 

estimation algorithm.) 

This theoretical discussion can he applied to the test results 

reported in section 5.2. 

l. It explains why the K values of case (a) are low'?r than those of 

case (b), which are lower than those of case (c). 

case (cg pg)/(cs ps) average K 

(a) 6.94 17 
(b) 1. 98 32 
(c) 1. 00 41 

2. In the table of case (a), 32 of the 70 K values are equal to Ka. 

Only 6 of the remaining 38 values are lower than Ka. We conclude 

that case (a) is a Kth=Ka situation. This means that our choice of v 
is not good enough for this (cg Pg)/(cs Ps> value (which is the most 

demanding one of the three) . Case (c) is excluded from the next 

sections of the discussion. 

In tests (5) and (8), K is greater than or at best equal to Ka for 

all the algorithms. As in other tests the same combinations of input 

variable and estimation algorithm perform better, this is probably 

due to the extremely small number of examples (9/9) in tests (5) and 

(8) • 

5.3.2. Comparison between different estimation 
algorithms. 

Figure 2 displays for every test the best (MIN) and worst (MAX) K 

value in case (c) . It shows what can be gained by trying to select 

the most suitable algorithm for every classification task. 
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We tried to find differences 

algorithms in our set of tests. 

that purpose : 

l.n the overall performance of the 

We derived the following table for 

case average K NPAa COM NPA3 NPAl LDA NPA5 NPA9 
(b) 30 31 32 32 33 33 34 

average K COM LDA NPAa NPAl NPA3 NPA9 NPA5 
skip 5, 8 27 27 29 30 30 31 32 

average NPAa COM NPAl LDA NPA5 NPA3 NPA9 
rank 3.3 3.6 3.8 4.2 4.3 4. 4 4.5 

case average K COM LDA NPAl NPAa NPA3 NPA5 NPA9 
(c) 38 39 39 41 42 43 43 

average K COM LDA NPA1 NPAa NPA3 NPA9 NPA5 
skip 5, 8 32 33 35 38 38 39 40 

average NPAl COM LDA NPAa NPA3 NPA5 NPA9 
rank 3.2 3.3 3.8 3.9 4.2 4.6 5.1 

(K is averaged over all tests or over all tests except (5) and (8) .) 

(Rank numbers l, 2, ... , 7 are assigned to algorithms according to 

their performance in a given test, l for the best algorithm, 7 for 

the worst. When several algorithms with equal K occur, an average 

rank is 

equal K, 

tests.) 

assigned (e.g. when 

assign rank 2. 5) . 

second and third best algorithm have 

Finally, ranks are averaged over all 



The table shows the result of six methods to order the algorithms 

from best overall performance (left) to worst. A first conclusion is 

that the differences between the algorithms are small. This is due 

to the fact that there is no algorithm which is (almost) always best. 

(On the contrary the tables in section 5.2 show that every 

algorithm is worst in at least one test and also best in at least one 

test.) A second conclusion is that COM, NPAl, LDA and NPAa perform 

slightly better than NPA3, NPA5, NPA9. COM comes out best, it is at 

the first or second place in all six methods. 
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As no algorithm is best in all tests, it may be useful to let the 

algorithm selection depend on the data of the given classification 

task. However, for the pair (NPA3,LDA) and test (4), the jackknifing 

procedure and the holdout tests reach opposite conclusions. 

5.3.3. Influence of the number of elements in (G U S) . 

If the tests (5) and (8) (18 examples) are left apart, no evidence is 

found that the number of elements in G U S influences K. (One might 

have expected a deterioration of the classification when the number 

of examples decreases.) This is illustrated by :igure 4 (meaning of 

MAX and MIN : see section 5.3.2.). 
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5.3.4. Effect of elimination of examples from G and S. 

The elimination of the elements of G and S that are misclassified by 

the jackknife procedure of LDA, gives a worse K value for LDA in 

every case that was investigated. (Compare test (3) with test (1), 

test (6) with test (4), test (9) with test (7).) (The MIN graph in 

figure 2 also shows that the K value of the best algorithm gets 

slightly higher.) 

5.3.5. Matched versus random. 

Test (4) and test (7) differ only in the choice of g-group examples : 

matched in (4), random in (7). Figure 5 shows no clear difference in 

classification succes. 
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Future research. 

Several questions were raised in sections 2.2.4., 2.3., 2.4., 5.1.1., 

5. 1 . 2 . , 5. 1 . 3. and 5. 1 . 4 . 

Concerning the classification environment, two topics for future 

investigation seem to be most prominent : 
1. Is it advisable to include a quantitative method for variables 

selection in the CE {cfr. section 5 .1. 3.)? {And if so, which one 

should be used?) 

2. Combination of the results of different algorithms {section 

5.1.3.) is an alternative to choosing one of them by means of 

jackknifing {section 2. 2. 2). Which one of these two strategies is 

best? 

The answer to these questions probably depends on the particularities 

of the classification problems that are handled by the CE. 

Therefore, the first thing to do is to limit the scope of the CE and 

to collect a set of test problems that is thought to be 

representative. 

During this work some research topics emerged which are interesting 

on a more theoretical level and from a statistician's point of view. 

For example : 

1. The role of the noise/resolution trade-off in the selection of a 

classification algorithm and in variables selection. (An example of 

a noise/resolution trade-off is the choice of the weights of the 

neighbours in the NPA algorithm, see section 2.3. or the MPCA 

algorithm, see section 2.4.) 

2. The role of preprocessing the data {e.g. calculation of financial 

ratios from annual account variables, section 5.1.3) to make 

classification by a given algorithm more successful. 

In the CE specification of appendix A, the MPCA algorithm was used 

for twodimensional display. Actually, the MPCA is also a separation 

method, which may be used as the first stage of a classification 

method. We plan to compare MPCA {as a classification method) with 

the LDA and NPA algorithms. 
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J Appendix A. Specification of the CE. 

Part 1. Specification of the environment. 

File introduc.txt 

This text accompanies a diskette with a set of DOS files (COMPAQ 
personal computer DOS version 3.31). The files contain pascal 
procedures (Turbo Pascal version 5.0), 
their specifications, pascal programs which demonstrate 
some aspects of the procedures, and explanatory text. 

The text files describe a userfriendly program for binary 
classification of companies, using data from annual accounts. The 
implementation of the program can be split into two parts : 1. The 
implementation of the calculations. 2; The implementation of a 
userfriendly environment. The calculations have been implemented in 
the pascal procedures mentioned above. The environment is only 
described. Aspects of the environment that are closely connected 
with the classification application are described in detail. More 
general aspects are described superficially or are not mentioned at 
all. At the proper places in the description, it is indicated how 
the pascal procedures can be incorporated in the environment. 

The extensions of the file names have the following meaning: 
- .pas pascal program or procedure 
- .dec If the '.pas' file stores a procedure, the 

- .spe 
- .txt 
- .asc 

'.dec' file stores all the 
declarations that can't 
be formulated in the local declaration block : 
- the names of the units which are used by the 

procedure 
- the user defined pascal types which are 

mentioned in the parameter list 
- the constants which are used in those types 

and appear in range tests in the procedure. 
- the '.dec' contents of the procedures which 

are called by that procedure (*). 

(*) Unfortunately, Turbo Pascal 5.0 doesn't 
allow local declarations for those units, 
constants and types. 

If the '.pas' file stores a program, the 
' . dec' file stores all the 'uses', 'label', 
'const', 'type' and 'var' declarations. 

specification of pascal program or procedure 
explanatory text 
see next paragraph 

- .exe executable versions of the demoprograms 
Every .pas file is accompanied by a .dec and a .spe file. 
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Every demoprogram asks for a 'database element' input. We have 
implemented a database element as a DOS directory. The diskette 
stores some database elements. Every database element (DOS 
directory) is accompanied by a .asc file. This file stores the same 
data as the database element, in a format that can be accessed by a 
DOS TYPE command (or MS WORD) . 

The '.txt' and '.spe' files are MS-Word 5.0 texts. 

There are four different types of pascal files (programs or 
procedures) 
l. Procedures which can be called by the final program. 
2. Procedures which are called by procedures of the first 

or second category, but not directly by the final 
program. 

3. Demo programs. 
4. Procedures which are called only by demo programs. 

File procrela.txt lists the names of the procedures and programs and 
their relationships. 

We propose a main menu with the following functions 
- Database Management. 
- Check Variables. 
- Nonparametric Analysis. 
- Discriminant Analysis. 
- Sensitivity Analysis. 
- Review Results. 
Those functions are described in the following files 
- db_manag.txt 
- ch varia.txt 
- np_analy.txt 
- di_analy.txt 
- se_analy.txt 
- re resul.txt 

When you have read this introductory text, we suggest to proceed as 
follows : 
- Read algorith.txt (a short, informal description of the 
classification algorithms) . 
-Read db_manag.txt, ... ,re_resul.txt . Try the demo programs when 
they are mentioned. Read demoinfo.txt before you try to run a demo. 
- Before you use one of the procedures, read the .spe file carefully. 
Read specinfo.txt before you read any .spe file. 

File algorith.txt 

Two classification algorithms are to be included in the package 
-linear discriminant analysis 
-nonparametric analysis 
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The inputs for the classification algorithms are : 
- A set of observations. A set of variables. For every observation 
the values of the variables. For every observation also a label : 

label 'g' means this is a g-group member 
label 's' means this is an s-group member 
label 'w' means this example must be classified 

by the algorithm. 
- The a priori probability of g-group membership. 
- The ratio of the costs of errors (see db_manag.txt, variable cgcs, 
for explanation) . 

The following text is a short description of the nonparametric 
analysis algorithm. We don't describe linear discriminant analysis 
here, because it is a standard technique. 

First, the algorithm calculates a linear transformation. The linear 
transformation is applied to every observation (including the 
observations labeled 'w'). After the transformation the following 
statements are true for the set of observations labeled 'g' or 's' 
- the mean of the set is zero 
- the covariances of the set are zero 
- the variances of the set are one or zero 

Then, for every observation labeled 'w', the algorithm investigates 
its closest neighbors. From the distances and labels of the 
neighbors it estimates the probability that the observation belongs 
to the g-group. The algorithm tries to take an adequate number of 
neigbors into account (too many means a loss of 'resolution', too few 
means much 'noise'). 

Finally, the algorithm also takes the a priori probability and the 
cost ratio into account, to decide whether observation labeled 'w' 
has to be treated as a g-group member or as an s-group member. 

File db_manag.txt 

This text describes the 'Database Management' function of the main 
menu (see file introduc.txt). 

We think that one type of database element will be sufficient. 
we describe the database element by means of pascal declarations 
(that doesn't mean that it can't exist outside a pascal program 
e.g. the element can be implemented by means of one or more DOS 
files) 

const 
max_nr_var=(*some integer number defining the 

maximal number of variables in a database 
element*); 

max_nr_obs=(*some integer number defining the 
maximal number of observations in a database 
element*); 

Here 



type 
t_r_ov=array[l .. max_nr_obs,l .. max_nr_var)of real; 
t_str=string[ (*some integer*)); 
t_str_v=array[l .. max_nr_var)of t_str; 
t oid=record 

str:t_id; 
num: integer; 
end; 

t_oid_o=array[l .. max_nr_obs]of t_oid; 
t_dat=char ,· 
t_dat_o=array[l .. max_nr_obs]of t_dat; 
t jud=record 

pro:real; 
out:boolean; 
end; 

t_jud_o=array[l .. max_nr_obs)of t_jud; 

t db el=record (*'t_db_el' is the database 
element type*) 

(*data*) 

name:t_str; (*'name' is the name the user 
attaches to the database element. 
Whenever this name is defined for a 
new element or changed for an existing 
database element, uniqueness must be 
checked.*) 

nr var:integer; (*'nr_var' is the number of 
variables of the database element.*) 

nr_obs:integer; (*'nr_obs' is the number of 
observations of the database element.*) 

data:t_r_ov; 
(*'data' contains the value of 
every variable for every observation. The 
rows 1 .. nr obs and the columns 1 .. nr var 
are used.*) 

varli:t str_v; 
(*'varli' stores the names of the variables.*) 

obsli:t oid o; - -
(*'obsli' stores the names of the 
observations. An identifier of this kind 
consists of two parts. The string part 
might, for example, store a company name 
and/or registration number. The integer 
part might store a year.*) 

datli:t_dat_o; 
(*The value stored in datli[i] can be 
'g', 's' or 'w' . It tells 
whether observation obsli[i] is meant to 
be an example of the 'g' group or an 
example of the 's' group or an observation, 
labeled 'w', which will be compared with 
the examples in order to classify it.*) 

prior: real; 
(*'prior' stores the users 
estimate of the probability that a 
random observation from the 
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population belongs to 
the 'g' class.*) 

cgcs:real; 
(*For an observation marked 'w' the algorithm 
tries to figure out whether it belongs to the 
g-group or the s-group. The algorithm can make 
two kinds of mistakes : 
-A member of the g-group is assigned to the 
s-group. The cost of this kind of mistake is 
called cg. 
-A member of the s-group is assigned to the 
g-group. The cost of this kind of mistake is 
called cs. 
Variable cgcs stores the quotient cg/cs.*) 

comment: ... ; (*pointer to some comment that 
accompanies this database element.*) 

(*results*) 

jnpli:t_jud_o; 
(*The components of jnpli with index i 
for which datli[i]='w', get a value by 
a run of nonparametric analysis. *) 
(*The value of jnpl[i) .pro is an estimate of 
the probability that obervation obsli[i] 
is a member of the 'g' class. 
The estimate is calculated using the information 
contained in 'data' and 'datli' and 
assuming that the 'a priori probability' 
equals 0. 5. (The 'a priori probability' is 
the probability that a random observation 
of the population is a member of the 'g' 
class.) *) 
(*The value of jnpli[i) .out is 
'true' if observation obsli[i] is judged 
to be an outlier.*) 

(*The components of jnpli with index i 
for which datli[i]<>'w', get a value by a 
run of main menu function 'Check Variables' 
for nonparametric analysis.*) 
(*The value of jnpli[i) is 
again determined by a run of nonparametric 
analysis. The difference with the 
datli[i)=w case is that datli is changed 
according to the rules of a jackknife 
test. See ch varia.txt for more information*) 

decnpli:t_dat_o; 
(*The value stored in decnpli[i) can be 
'g' or 's'. 
For every observation labeled 'w' it can store 
the (first element of) the decision of the 
nonparametric classification algorithm (see 
np_analy.txt). 
For every observation labeled 'g' or 's' it can 
store the decision of the jackknife procedure 
for nonparametric analysis (see ch_varia.txt) .*) 
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jdili:t jud_o; (*'jdili' 
has the same purpose as jnpli, except that 
it is meant for discriminant analysis in 
stead of nonparametric analysis.*) 

decdili:t dat_o; 
(*The value stored in decdili[i) can be 
'g' or 's'. 
For every observation labeled 'w' it can store 
the (first element of) the decision of the 
linear discriminant analysis algorithm (see 
np_analy.txt). 
For every observation labeled 'g' or 's' it can 
store the decision of the jackknife procedure 
for discriminant analysis (see ch_varia.txt) .*) 

(*saved intermediate results*) 

(*Pointer to variable that 
stores the data after transformation to 
zero mean vector and unity covariance 
matrix.*) 
(*The transformation is explained in more 
detail in the specification of procedure 
twdimpro.*) 
(*The calculation of the transformation is 

.one of the most time consuming parts of the 
algorithm. It is implemented in both 
procedures npanalys and twdimpro. If the 
transformed data are stored, they don't need 
to be recalculated. (See specifications 
of twdimpro and npanalys for more 
information.)*) 

(*Pointer to variable that 
stores the data after projection onto the 
'best' twodimensional space and linear 
transformation to [0.0,1.0) intervals. *) 
(*The projection is explained in more detail 
in the specification of procedure twdimpro.*) 
(*The result of the calculation implemented in 
procedure twdimpro is the starting point for 
every image. The user may want to generate 
a lot of derived images by zooming, adding text, 
moving a cursor etc. To recalculate takes 
too much time, therefore the result of twdimpro 
must be stored.*) 

(*saved images*) 

(*Pointers to images that have been 
generated and stored for this database 
element.*) 

The following functions will be necessary or desirable tools for 
changing the database and the database elements : 
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Create a new database element 

From screen : 
This create program asks for the values of name, 
nr_var, nr_obs, prior, cgcs, data, varli, obsli 
and datli. No missing values are allowed. 
The user may add a comment. 

IMPORTANT note : 
If the user has no idea about the value of prior 
and cgcs the following default values apply: 

prior:=0.5 
cgcs:=l.O 

However, the user must be encouraged to provide a 
better estimate than the default values. Even a 
rough estimate adds information to the 
classification process. 

From file : 
The values for the variables name, nr_var, nr obs 
prior, cgcs, 
data, varli, obsli and datli 
(suitably formatted) file. 
allowed. 
The user may add a comment. 

are read from a 
No missing values are 

Note : The Create function must limit the magnitude 
and range of 
the input values, to prevent overflow. (As a 
compromise between safety and freedom, we propose 
1.0+15 as an upper limit. Then any accepted 
value can be squared without 
approaching the overflow limit. We also propose 
that the ratio of the highest value of a variable 
and its lowest nonzero value, must be smaller than 
1.0+15.) The same remark 
applies to the Change function (see below) . 

Show a database element 

Show on screen : 
This function shows the values of name, nr_var, 
nr_obs, prior, cgcs, data, varli, obsli, datli and 
comment on screen, 
for a database element specified by the user. 

Print : 
Prints the same information on paper. 

Show database directory 

Show on screen 
Lists the names of the database elements on 
screen. 

Print : 
Prints the same information on paper. 
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View a database element : 
This function generates a twodimensional image that 
gives an impression of the positions of the 
observations in the (nr_var)-dimensional space. 

1. When this menu item is activated, the screen is 
filled with a menu (discussed in section 2) and an 
image. 

Every observation of the database element is 
represented in the image by a certain symbol on a 
certain position. The symbols are small filled 
squares. There is a different color for the 
different values of datli[i). (Suggestion : red 
for 's', green for 'g', yellow for 'w', and a dark blue 
background.) 

The positions are calculated by 
procedure TWDIMPRO. (The procedure calculates 
coordinates >=0.0 and <=1.0 . A linear 
transformation to pixel coordinates must be 
performed before the image can be drawn.) 

Program VIEWDE01 generates examples of these images. 

Procedure TWDIMPRO performes a projection of the 
(nr_var) dimensional space on a two dimensional 
space. There is an infinite number of two 
dimensional spaces to choose from. The algorithm 
of procedure TWDIMPRO is designed to choose 
a space such that the g-group and s-group are 
separated as much as possible. 

Program VIEWDE02 illustrates that twdimpro calculates 
the 'best' image. 

2. The image is accompanied by a menu. The menu 
functions allow the user to add other aspects of 
the database element to the image. This is optional 
because the image easily gets too crowded if all the 
features are added at once. The menu also allows 
to zoom in a part of the image and to display only 
one or two of the three groups (g-group, s-group, 
w-group) The suggested menu functions are : 

text 
This function allows the user to display 
identifiers of observations on the image (values 
of variable obsli of the database element). 
Options 

all 

near 

identifiers of all observations are shown. 

A cursor appears on the image. The user 
can move it in all directions. When he 
presses a certain key, the identifier of 
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the nearest observation is displayed. 

specify : 
The user is asked to type an identifier on 
the keyboard. If it is present in obsli, the 
identifier lS displayed near the symbol that 
represents the corresponding observation. 

erase : 
erases all identifiers from the image. 

connect : 

Zoom 

Identifiers of different observations may have 
the same string part. This can be shown on the 
image by a line that connects these observations. 
On this line, the observations are ordered 
according to the value of the integer parts of 
the identifiers. Options : 

all 

near 

all connections are shown. 

A cursor appears on the image. The user can 
move it in all directions. When he presses 
a certain key, the line on which the nearest 
observation lies is displayed. 

specify : 
The user is asked to type an identifier on 
the keyboard. If it is present in obsli, the 
line on which the corresponding observation 
lies is displayed. 

erase : 
Removes all connection lines from the image. 

Program viewde03 generates 
an example of the connect all function. 

Zoom 

Full 

This function enables the user to draw a 
rectangular box on the image. When he 
presses a certain key, the part of the 
image within the box fills the whole 
screen. 

Zooms out to full image. 

Select : 
Allows the user to display only one or two of 
the three groups (g-group, s-group, w-group) . 

3. We suggest to add two more functions to the menu 
which accompanies the image : 
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Save 
Stores the present image for later review (Review 
Results function of main menu). 

Print : 
Prints the present image on paper. 

Change database elements 

Modify a database element 
Allows the user to make a new database element 
by copying an existing element and changing 
name, data, varli, obsli, datli, prior, cgcs and 
comment. The variables nr var and nr obs are - -
not changed by this function. The pointers to 
saved images and intermediate results and the 
variables jnpli,jdili are set undefined. 

Merge database elements : 
Creates a new database element by copying and 
merging two existing database elements. The 
input elements must have identical variable 
sets and disjunct observation sets or vice 
versa. (In the former sentence we use the word 
'set' in stead of 'list' because the order of the 
identifiers is not relevant for the possibility 
of a merger.) 
The user is asked to provide new values for 
prior and cgcs. The variables jnpli, jdili, 
and pointers to saved images and intermediate 
results are set undefined in the new 
element. The user may provide some new comment. 
In the case of merger with identical observation 
sets, the user is asked for new values for 
variable datli. 

Select : 
Creates a new database element from an existing 
element by copying it and eliminating variables 
or observations in the copy. Variables jnpli, 
jdili, and the pointers to saved images and 
intermediate results are set undefined in the 
new database element. The user may provide some 
new comment. 

Calculate : 
Creates a new database element from an existing 
database element (this existing element is not 
changed) . The user specifies the new number of 
variables (nr_var). For every new variable he 
also specifies how the new variable must be 
calculated from the 'old' variables (e.g. sum of 
a number of variables, ratio of two variables, ... ) 
and gives names for the variables (stored in varli) 
Variables nr_obs, obsli and datli are copied from 
the old database element. The values of nr_var, 
varli and data are new. Variables jnpli, jdili, 
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and the pointers to save images or 
intermediate results are set undefined in the new 
database element. The user may provide some new 
comment. 

Erase database element 
Removes an element from the dat~base. 
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File ch varia.txt 

This text describes the 'Check Variables' function 
of the main menu (see introduc.txt). 

Introduction 

The user chooses a set of variables and a set of examples (the 
obervations labeled 'g' and 's'). That is how the problem dependent 
information enters the algorithm. 

If the set of examples choosen by the user is biased (i.e. is no good 
representation of the g an s groups), the classification will be 
wrong. There is no way to test for that kind of misuse of the 
algorithm. 

It is not enough to select a good set of examples of the g-group and 
the s-group. If the user chooses a set of variables that separates 
the two groups 'better' than a previous set, the classification 
results will be better. If the set of variables doesn't separate the 
two groups at all, no classification is possible. 

Unfortunately, we don't know a definition of 'good separation' which 
can be used for any classification algorithm. 
For our nonparametric analysis algorithm, 'good' separation means 
that ( after transformation of the data to zero mean and unity 
covariance matrix, and using euclidean distance) for 'many' points in 
the multidimensional space, the set of 'closest' neighbors consists 
'predominantly' of one of both types of examples. 
For linear discriminant analysis, 'good' separation means that a 
(hyper)plane exists which separates the two groups 'well' and that 
each group has 'approximately' a normal distribution. 

Therefore, the 'Check Variables' function checks the quality of the 
combination of the variable set with the classification algorithm. 
It doesn't check whether the sets of examples are a good 
representation of the two groups. (And when they aren't, the result 
of 'Check Variables' can be totally wrong!) 

We propose to offer the user two kinds of test : the first based on 
the twodimensional display of the data, the second based on a 
'jackknifing' procedure. 

Check by visual inspection. 

The twodimensional projection of the data (see 'Database Management' 
menu, function 'View database element') is a quick and powerful test, 
if enough relevant information remaines after projection. When the 
image is called from the 'Check Variables' menu, only the basic image 
is needed : no names, no connection lines. And only the examples 
should be displayed (only green and red dots) . 
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If this 'image' shows a rather homogeneous mix of red and green dots, 
there is no information present to help the classification. The 
linear discriminant analysis algorithm requires in addition that the 
two groups are separated (more or less) by a straight line. 

Check by jackknifing. 

The jackknifing procedure for a chosen database element (which 
includes the data for a set of variables and a set of examples) and a 
chosen classification algorithm goes this way 

For every observation labeled 'g' or 's' 
(call it obs) : 

1. Construct a new database element 
(see db_manag.txt) by 
first excluding all the 'w' observations, 
then changing label of observation obs to 'w'. 
2. Run the classification algorithm for the 
new database element and store 
the conclusion (see np_analy.txt and 
di_analy.txt). 
(erase the new database element) 

Assign a cost Cg*Wg to every observation 'g' which 
was classified as an s-group member. 
Assign a cost Cs*Ws to every observation 's' which 
was classified as a g-group member. 
Assume Cs=1 and Cg=cgcs (see db_manag.txt). 
Calculate the sum of the costs and express it as a 
percentage of the maximal cost. 

maximal cost = (Cg*Wg*Ng) +(Cs*Ws*Ns) 

In this 
Wg 
Ws 

procedure Wg 
prior /Ng 

= (1 -prior) 

and Ws are weights : 

/Ns 
With 

Ng=number of observations labeled 'g' 
Ns=number of observations labeled 's' 
prior : see db_manag.txt 

Those weights adjust for the fact that Ng/(Ng+Ns) 
may have a value which is very different from 
prior (i.e. which doesn't represent the population) 

For a chosen database element, the jackknife procedure can be applied 
for both discriminant analysis and nonparametric analysis. The two 
percentages should be compared with each other (to choose the proper 
classification method) and with the following numbers (to judge 
wether the classification methods can extract new information) 

- The minimal cost (perfect classification) 
0 % 

- The expected cost of random classification : 
50 % 

- The cost of classification based on knowledge 
of the a priori probability only 
case ((1/prior) -1) >=cgcs : 

(Cs*Ws*Ns) expressed as percentage of 
maximal cost (see above) 

case ((1/prior) -1) <=cgcs : 
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(Cg*Wg*Ng) expressed as percentage of 
maximal cost (see above) 

- The maximal cost : 
100 % 

We suggest to display those numbers on an axis. 

Information about outliers. 

When the classification procedure is used during the jackknife 
procedure, information about outliers is produced. We think that the 
user should be encouraged 
to check the input numbers of examples that are marked as outliers. 
But we don't think that those examples should be excluded, because 
after all the jackknife test doesn't say whether a set of examples .is 
a good representation of the population. 

Note. 

The jackknife procedure may be rather time consuming because it 
requires the analysis of Ng +Ns database elements. The most 
expensive part of the calculation for a database element is the 
calculation of the transformation to zero mean and unity covariance 
matrix (see twdimpro.spe). 

In this note we suggest a way to reduce the calculation time 
drastically, in the case of nonparametric analysis, by a modification 
of the jackknife procedure. We emphasize that it is only a 
suggestion, at this moment. We haven't investigated the consequences 
of the modification yet. (We suspect that the modified test is less 
rigorous than the original test.) 

The calculation time can 
the jackknife procedure. 
transformation which was 

be reduced drastically by a 
In the modified procedure, 

calculated for the original 

modification of 
the 
database element 

is used in the analysis of the temporary database elements. We don't 
need any extra procedures for that 

Say variables nr_obs, nr_var, data, datli, 
prior, cgcs store the 
data for the original database element (see 
db_manag.txt). And assume that 

for i:=l to (Ng+Ns) 
datli[i]='s' or datli(i]='g' 

for i:=(Ng+Ns+l) to nr_obs 
datli[iJ='w' 

(i.e. the examples have the low index values). 

A call of procedure twdimpro (for example to generate 
an image for the View function in the Database 
Management menu) or procedure npanalys, calculates 
the transformed data (say we put them in variable 
trdata) (see twdimpro.spe and npanalys.spe). 

for i:=l to (Ng+Ns) do 
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tr avail:=true; 
datli h: a copy of datli, except for 

da t l i [ i ] : = I W I ; 

(*jnpli_h:t_jud_o : temporary storage*) 
npanalysis(Ng+Ns, nr_var, data, datli_h, 

tr_avail, trdata, jnpl h, err, log); 
alysdeci(Ng+Ns, datli_h, jnpli_h, prior, cgcs, 

decli, err, log); 
decnpli[i] :=decli[i]; 

(see npanalys.spe and alysdeci.spe) 

Then decnpli[i], i:=1, ... , (Ng+Ns) stores 
the results of the modified jackknife test. After 
comparing with variable datli, the cost percentage 
can be calculated (see above) . 

File np_analy.txt 

This text describes the 'Nonparametric Analysis' function 
of the main menu (see introduc.txt). 

When this menu function is selected, the user is asked to give the 
name of the database element he wants to have processed. Then a 
procedure starts which performs the following tasks: 

1. Using the information stored in variables nr_var, nr_obs, data, 
and datli of the database· element (see db_manag.txt) the procedure 
estimates, for every observation labeled 'w', the probability that it 
belongs to the g-group. The probability is calculated assuming an a 
priori probability equal to 0.5 . The observation 
also states whether it judges the observation to be an outlier. 

2. Using the probabilities calculated in the first step and the 
values of variables prior and cgcs (see db_manag.txt), the procedure 
decides, for every observation labeled 'w', whether it should be 
treated as a g-group member or as an s-group member. 

Those calculations are performed by procedures npanalys and aly~deci. 
Program ALYSDEOS demonstrates those procedures. 

We propose to show the user, for every observation labeled 'w', an 
output consisting of three elements : 

1. Is the observation to be treated as a g-group member? 
Algorithm's decision : (a Yes or a No). 

2. A pictural representation of the probability of g-group 
membership assuming 0.5 a priori probability. This enables the user 
to compare observations. (He can see whether an observation 'belongs 
more' to the g-group than some other observation.) We propose this 
kind of representation : 
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28 

72 

for an observation with 
calculated probability =72 % 

(The upper part is colored red 
and the lower part green.) 

Note : in this pictural representation we don't use the probability 
calculated with the real a priori value because those probabilities 
tend to be in the neighbourhood of 99% (at least when the algorithm 
is applied to a bankrupt/not bankrupt classification problem.) 

3. If the algorithm decides that the observation is an outlier, the 
user must be warned that the results may be inaccurate. 

When the calculations are finished, a menu is shown. It should 
enable the user to access the results in a userfriendly way. We 
suggest the following functions : 

Show results 

Show on screen 
For every observation labeled 'w', this function 
shows the observation identifier and the three 
elements of the conclusion on screen. 
The user should be allowed to choose any set of 
observations and display the results together on 
the screen, to compare them. That is especially 
desirable when there are several observations (in 
different years) of a company, to show the 
change in time. A sorting function (sorting 
names in a first stage and years in a second 
stage) may help the user to generate that kind of 
output. 

Print : 
Prints the same information on paper. 

View results : 

We suggest to copy the 'View a database element' 
function of the 'Database Management' main menu 
function here, with one difference : the observations 
labeled 'w' are represented by other symbols. We 
suggest to use the following symbols (in stead of the 
small yellow square) 

- classified g and no outlier : green G character 
- classified s and no outlier : red S character 
- classified g and outlier : yellow G character 
- classified s and outlier : yellow S character 
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(For the examples we still use the green and red 
squares.) 
The image shows the first and third element of the 
result, for every observation labeled 'w'. We don't 
think it is feasible to incorporate the second 
element in the image. 
Program VIEWDE06 demonstrates how the 
resulting image might look. 

File di_analy.txt 

This text describes the 'Discriminant Analysis' function 
of the main menu (see introduc.txt). 

We haven't implemented this because linear discrimant analysis is a 
very common technique. Probably some existing well tested LDA 
procedure can be incorporated in the CE. (In any case, the tough 
part, the matrix inversion, can be done by means of procedure 
eigen_vv.) 

The specification of the 'Nonparametric Analysis' function (see 
np_analy.txt) can be copied here, if the references to the npanalys 
procedure are replaced by references to a linear discriminant 
analysis procedure. That linear discriminant analysis procedure 
should calculate the probabilities of g-group membership (assuming a 
priori probability 0.5) and it should detect outliers. 

File se_analy.txt 

This text describes the 'Sensitivity Analysis' function 
of the main menu (see introduc.txt). 

Assume that a database element has been chosen and that datli[i)='w' 
(see db_manag.txt). It may be interesting to observe how an 
artificial change of prior, cgcs or a component of data[i, .) (see 
db_manag.txt) changes the 
the outcome of nonparametric analysis or linear discriminant analysis 
for the i-th observation. That is what we call sensitivity analysis 
in this context. 

Why add a separate Sensitivity Analvsis function? 

Sensitivity analysis can be done by means of the tools of the 
Database Management function. From that point of view, 
Sensitivity Analysis function is obsolete. 

a separate 

However, a separate Sensitivity Analysis function can save time : 
- When only prior or cgcs are changed, only a new call of procedure 
alysdeci is needed to produce the new results. The calculation time 
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of alysdeci is very small part of the complete calculation starting 
from a new database element. 
- When a component of data is changed, a new call of procedures 
npanalys and alysdeci is needed to produce the new results. But 
npanalys can start from the transformed data, which are already 
available, so the most expensive part of the complete calculation 
(i.e. the calculation of the transformed data) is avoided again. 

A separate Sensitivity Analysis function also avoids the creation of 
large amounts of artificial database elements in the database. 

Comparison function. 

The most natural thing to do before attempting sensitivity analysis·, 
is to compare observations (to find out what changes might be 
interesting) . 

This could be done be having the user choose any pair of observations 
and listing their data in two columns. 

Instead of a listing of numbers, an observation could be represented 
by a starlike display. We suggest to draw the star this way : 

1. Transform (*) the data of the 
observation. 

2. Mark the nr var numbers of the transformed data 
on nr var axes. The axes have a common origin and 
equal unit length. The angle between an axis and 
its neighbour is 2*pi/nr_var. 

3. Connect the points to form a star. 

(*) Univariate linear transformation of every 
variable. Every transformation is defined by the 
condition that it makes the mean zero and the 
variance equal to one (except if it is 
zero). The mean and variance in this definition 
are calculated in the set of observations labeled 
'g' or 's'. 

File re resul.txt 

This text describes the 'Review Results' function 
of the main menu (see introduc.txt). 

This function enables the user to review any output (images, numbers, 
text) he stored when he used one of the other menu functions. 

File demoinfo.txt 

This text lists some notes about the demo programs. 
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The diskette stores the following database elements, which are 
implemented as DOS directories : 

newtest6 
newtest7 

You have to type the DOS path of one of those directories when a 
demoprogram asks for the 'database element path'. 

Every database element is accompanied by a .asc file. You can read 
this file with a DOS TYPE command or with MS WORD (unformatted file) 
It stores the same data as the database element (but the database 
element can only be accessed with a pascal program, not with a TYPE 
command). 

Read the .spe file of the demoprogram before you use it. 

The demoprograms named view*.* use color display. 

The 'include' compiler directive is used in the demo programs. If 
you want to compile, make sure that the compiler can find all the 
.pas files that are needed. The demoprograms named view*.* use the 
graph unit. In the .dec file of those programs, a constant named 
'driverpath' is defined. It may be necessary to adjust it to your 
environment. 

File specinfo.txt 

Here are some general remarks about the specifications (.spe files) 
of the pascal programs and procedures. 

The parameters of procedures are labeled 'in', 'out', or 'in/out'. 
The labels have the following meaning : 
- 'in' means : 1. The input value of the parameter may (*) be used by 
the procedure. 2. The parameter value is not changed by the 
procedure. 
- 'out' means : 1. The input value of the parameter is not used by 
the procedure. 2. The value of the parameter may be changed. 3. The 
output value may(*) be meaningful. 
- 'in/out' means : 1. The input value of the parameter may (*) be 
used by the procedure. 2. The value of the parameter may be changed 
by the procedure. 3. The output value may(*) be meaningful. 

(*) The specification text (.spe file) contains more information (in 
what conditions output is meaningful, in what conditions input is 
used). 

The specification of a procedure should be read as a list of features 
which are guaranteed. It is risky to base a calling program on 
assumptions about the called procedure that are not explicitly stated 
in the specification. 
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Local array variables are always located in heap memory (by means of 
pointers and the built-in procedures 'new' and 'dispose'). 

We assume that underflow values are replaced by zeros, without error 
messages or warnings. (The assumption holds for our Turbo Pascal 5.0 
compiler.) Some of our procedures depend on this. 

All the floating point calculations in our procedures are carried out 
with variables of type real of Turbo Pascal 5.0. We took precautions 
where we expected overflow risk. When the procedures are used with 
'reasonable' inputs (see note in db_manag.txt) we don't expect any 
difficulties. 

File procrela.txt 

This text describes the relations between the different 
procedures. 

alysde05 uses npanalys 
alysdeci 

is used by I 

dotsgraf uses I 
is used by viewdeOl 

viewde02 
viewde03 

eigen_vv uses I 
is used by npanalys 

prindisc 
twdimpr2 
twdimpro 

meancova uses I 
is used by npanalys 

prindisc 
twdimpr2 
twdimpro 

alysdeci uses I 
is used by alysde05 

npanalys uses meancova 
eigen_vv 
rotascal 

is used by alysde05 
alysexOl 

prindisc uses meancova 
eigen_vv 

is used by twdimpro 
twdimpr2 

rotascal uses I 
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is used by npanalys 
twdimpr2 
twdimpro 

twdimpr2 uses meancova 
eigen_vv 
rotascal 
prindisc 

is used by viewde02 

twdimpro uses meancova 
eigen_vv 
rotascal 
prindisc 

is used by viewdeOl 
viewde03 

viewdeOl uses twdimpro 
dotsgraf 

is used by I 

viewde02 uses twdimpr2 
dotsgraf 

is used by I 

viewde03 uses twdimpro 
dotsgraf 

is used by I 

viewde06 uses twdimpro 
npanalys 
alysdeci 
dotsgraf 

is used by I 

1. Procedures which can be called directly in the final program 
twdimpro 
npanalys 
alysdeci 

2. Procedures which are called by procedures of the first or second 
category, but not directly by the final program : 

meancova 
eigen_vv 
rotascal 
prindisc 

3. Demo programs 
viewdeOl 
viewde02 
viewde03 
alysde05 
viewde06 

4. Procedures which are only called by demo programs 
twdimpr2 
dotsgraf 
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Part 2. Specification of the procedures. 

procedure twdimpro 
( nr_obs:integer; 

nr_ var: integer; 
var data:t_r_ov; 
var datli:t_dat_o; 

tr_avail:boolean; 
var trdata: t_r_ov; 
var prdata:t_pt_o; 
var err: integer; 
var log: text; ) ; 

Twdimpro means : two dimensional projection. 

The definitions of the constants 
max_nr_obs,max_nr_var 

and the types 
t_r_ov,t_dat_o,t_pt_o, 

and 
t_r_v,t_r_vv, 

must be included in the calling program. 

File variable log must be open for writing. 
closed by the procedure.) 

nr_obs:in; 
nr var:in; 
daca:in; 
datli:in; 
tr_avail:in; 
trdata:in/out; 
prdata:out; 
err: out; 
log:out; 

(It is not 

The procedure gives err one of the values 0,1,2,3 or 4. 

Case err=O : 

Case tr avail=true : 
The procedure projects the transformed (nr var)
dimensional observations (the nr_obs rows 
of trdata) onto a twodimensional space. The 
algorithm chooses this space (among the infinite 
number of possibilities) to obtain a projection 
that separates the two groupes (datli[i)=g versus 
datli[i)=s) as much as possible. After 
projection a linear transformation is applied 
that reduces the range of the x and y coordinates 
to [0.0,1.0). (*) The resulting coordinates are 
stored in variable prdata. 

(*) When a coordinate has variance 0.0, that 
transformation is simply a shift to 0.0 
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Case tr avail=false : 
The procedure looks at the set of observations 
(rows) of variable data for which the 
corresponding value of variable datli is s or 
g. For this set of observations, a linear 
transformation exists that produces a set 
with zero mean vector and unity covariance 
matrix (*). 
The procedure calculates (an approximation of) 
that transformation. Then it applies that 
transformation to all the rows of variable 
data and stores the results in the rows of 
variable trdata. Then the algorithm 
specified in the previous case is applied. 

(*) Correction : a covariance matrix with 
all elements zero, except the diagonal 
elements which correspond to nonzero eigenvalues 
of the covariance matrix of the original 
(i.e. not transformed) observations. Those 
nonzero elements get value 1.0. 

Case err=l : 
This is only possible when tr_avail=false. The 
procedure tries to calculate the linear 
transformation but fails. (The calculation involves 
the iterative solution of an eigenvalue problem, 
in some special cases this may fail.) The 
multivariate linear transformation is abandoned 
and replaced by univariate transformations to 
zero mean and unity variance (**). Then the 
projection is carried out as in the err=O case. 
A message is written in log. 

(**) Correction : for every variable of the 
original data that has non-zero variance. 

Case err=2 : 
The procedure calculates the transformed 
observations (if tr_avail=false) or starts 
from the input values of trdata (if tr_avail= 
true). The search for the twodimensional 
projection space fails (because the iterative 
solution of an eigenvalue problem fails). The 
search is abandoned and the transformed 
observations are simply projected on the space 
of the first two variables of trdata. A message 
is written in log. 

Case err=3 : 
In this case both eigenvalue problems mentioned in 
case err=l and case err=2 fail (read the text above) 
The mentioned replacement algorithms are carried out. 
A message is written to log. 

Case err=4 : 
This happens when nr var or nr obs is out of range 
(when nr var<2 or >max nr var 

53 



nr_obs<2 or >max_nr_obs} 
A message is written to log. 

Note parameter tr avail makes it possible to avoid 
recalcultation of the transformation, if the 
transformation has been calculated before the call 
of twdimpro. 

procedure npanalys 
( nr_obs:integer; 

nr_ var: integer; 
var data:t_r_ov; 
var datli:t_dat_o; 

tr avail:boolean; 
var trdata: t_r_ov; 
var jnpli:t_jud_o; 
var err: integer; 
var log: text; ) ; 

Npanalys means : nonparametric analysis. 

The definitions of the constants 
max_nr_obs,max_nr_var 

and the types 
t_r_ov,t_dat_o,t_jud_o, 

and 
t_r_vv, t_r_v 

must be included in the calling program. 

File variable log must be open for writing. 
closed by the procedure.) 

nr_obs:in; 
nr_var:in; 
data:in; 
datli:in; 
tr_avail:in; 
trdata:in/out; 
jnpli:out; 
err:out; 
log: out; 

(It is not 

The procedure gives err one of the values 0,1 or 2. 

Case err=O : 

Case tr avail=true : 
The rows of trdata represent points in a nr_var 
dimensional space. We call Lhese rows or points 
'observations'. An observation for which the 
corresponding value of variable datli is 'g' ('s') 
is called an 'example' of the 'g-group' ('s-group') 
For every observation with datli value 'w', the 
procedure tries to find out whether it belongs 
to the g-group or the s-group. The conclusion 
is formulated as a probability : the probability 
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that the observation belongs to the g-group. 
To calculate this probability estimate, the 
procedure looks at the examples of the 
g-group and the s-group in the neighbourhood 
of the observation. If the observation is 'too 
far' from both the examples of the g-group and 
the examples of the s-group, the procedure marks 
the observation as an outlier. 

Note : if P is the probability that an 
observation belongs to the g-group, then 
1-P is the probability that it belongs to the 
s-group. 
Note : the calculation of the probabilities 
is based on the assumption that the a priori 
probability for an observation to belong to 
the g-group is 0.5 

For i=l, ... ,nr_obs 
If datli[i]='w' then : 

jnpli[i) .pro:=the calculated probability 
jnpli[i] .out:=true when outlier 

false when no outlier 
else 

jnpli[i) not changed by procedure 

Case tr avail=false : 
The procedure looks at the set of observations 
(rows) of variable data for which the 
corresponding value of variable datli is s or 
g. For this set of observations, a linear 
transformation exists that produces a set 
with zero mean vector and unity covariance 
matrix (*). The procedure applies that 
transformation to all the rows of variable 
data and stores the results in the rows of 
variable trdata. Then the algorithm 
specified in the previous case is applied. 

(*) Correction : a covariance matrix with 
all elements zero, except the diagonal 
elements that correspond to nonzero eigenvalues 
of the covariance matrix of the original 
set of observations. Those get value l. 

Case err=l : 
This is only possible when tr_avail=false. The 
procedure tries to calculate the linear 
transformation but fails. (The calculation involves 
the iterative solution of an eigenvalue problem, 
in some special cases this may fail.) The 
multivariate linear transformation is abandoned 
and replaced by univariate transformations to 
zero mean and unity variance (**). Then the 
probabilities and outlier marks are calculated 
as in the err=O case. 
A message is written in log. 
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(**) Correction : for every variable of the 
original data that has non-zero variance. 

Case err=2 : 
This only happens when 

nr obs <2 or >max nr obs or 
nr var <2 or >max nr var or 
nr_obs_gs <2 
no g-group examples or 
no s-group examples 

A message is written to log. 

Note parameter tr_avail makes it possible to avoid 
recalculation of the transformation, if the 
transformation has been calculated before the call 
of npanalys. 

procedure alysdeci 
( nr_obs:integer; 

var datli:t_dat_o; 
var jnpli:t_jud_o; 

prior: real; 
cgcs:real; 

var decli:t dat_o; 
var err:integer; 
var log:text ); 

alysdeci means : analysis, decisions. 

The constant 
max nr obs 

and the types 
t_dat_o,t_jud_o 

must be defined in the calling program. 

Variable log must be open for writing when the procedure is called, 
and it is not closed by the procedure. 

nr obs:in; 
datli:in; 
jnpli:in; 
prior: in; 
cgcs:in; 
decli:out; 
err:out; 
log:out; 

Variable err can get value 0 or 1. 

Case err=O : 
if datli[i]='w' then decli[i] gets a value 

if (prior=O) or (jnpli[i] .pro=O) 
decli[i]='s' 

else 
if cgcs> ( (1/prior) -1) * ( (1/jnpli [i] .pro) -1) 

decli[i]='g' 
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else 
decli[i]='s' 

(Note : to avoid overflow, any probability value in 
[O.O,l.OE-10] is treated as zero.) 

Case err=l : 
That only happens when 

l>nr obs or nr obs>max nr obs or 
O>cgcs or 
O>prior or prior>l or 
(datli[i]='w' and ((O>jnpli[i) .pro) or 
(jnpli[i] .pro>l))) 

A message is written in log. 

procedure meancova 
( nr_obs:integer; 

nr_var:integer; 
var data:t r ov; 
var mean.: t_r_v; 
var cova:t r vv; 
var err:integer; 
var log: text;); 

Meancova means : mean vector and covariance matrix. 

The definition of constants 
max_nr_var,max_nr_obs, 

and types 
t_r_ov,t_r_v,t_r_vv, 

must be included in the calling program. 

nr_obs:in; 
nr_var:in; 
data:in; 
mean:out; 
cova:out; 
err:out; 
log: out; 

The file variable log has to be open for writing when 
the procedure is called (and it is not closed by the 
procedure) . 

The variable err can get the values 0 and 1. 

Case err=O : 
nr obs 

mean[i) :=( data [ j, i) /nr_obs i=l, ... ,nr_var 
j=l 

(the mean vector of the observations in variable 
data) 

cova[i,j] :=( 

nr obs 
(data[k,i)-mean[i)) 

k=l *(data[k,j)-mean[j]) 
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/(nr_obs -1) 

i=1, ... ,nr_var j=1, ... ,nr_var 

(the covariance matrix of the observations in 
variable data) 

Case err=1 : 
This only happens when the value of nr_var or 
nr obs is out of range. (when nr_var<1 or >max_nr var 

nr obs<2 or >max_nr_obs) 

A message is written to log. 

procedure eigen_vv 
( nr_var:integer; 

var matrix:t_r_vv; 
var eigvec:t_r_vv; 
var eigval:t_r_v; 
var err: integer; 
var log:text; ); 

Eigen_vv means : eigenvectors and eigenvalues (of a 
symmetric matrix) . 

Definition of constant 
max nr var 

and types 
t_r_vv,t_r_v, 

must be included in the calling program. 

File variable log must be open for writing (and it is not 
closed by the procedure) . 

nr_var:in; 
matrix:in; 
eigvec:out; 
eigval:out; 
err:out; 
log:out; 

Variable err can get value 0 or 1. 

Case err=O : 
Variables eigvec and eigval store approximations of 
the eigenvectors and eigenvalues of matrix. The 
columns of eigvec are a set of orthogonal 
eigenvectors with norm 1. The i-th column of eigvec 
corresponds with the i-th component of eigval. The 
ordering of the columns in eigvec is such that 

(transpose of eigvec) * matrix * eigvec 
the diagonal matrix with the components of 

eigv~l on the diagonal. 

Case err=1 : 
This (only) happens when 
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the matrix is not symmetric 
or nr_var is out of range 

(when nr_var<2 or >max_nr var) 
or the algorithm doesn't converge fast enough. 

An error message is written in log. 

Notes about the algorithm : 

This procedure implements the cyclic Jacobi 
algorithm. See : 

W.H. Press e.a. 
Numerical Recipes 
Cambridge University Press, 1986 
pp. 342-346(first three lines) 

This is a very simple algorithm and, according to 
Numerical Recipes, 'absolutely foolproof for all 
real symmetric matrices'. (Note however that for 
order greater than say 10 there are faster 
algorithms .. ) 

There are many possible criteria to stop the 
algorithm. (E.g. one may require a certain 
degree of accuracy for the eigenvectors or for 
the eigenvalues. Moreover there are several 
ways to define accuracy and several ways to 
estimate it.) We implemented this one (it expresses 
that a certain degree of diagonalisation has been 
reached) 

stop when 

is < than 

max (matrix[p,q]) 
p=1, ... ,nr_var 
q=1, ... , nr_var 
p<q 

epsl *max (matrix[p,p]) 
p=1, ... ,nr-'-var 

A higher degree of diagonalisation gives better 
approximations for eigenvectors and eigenvalues, 
but we haven't investigated the precise nature of 
this relationship. 

The algorithm stops after 50 'sweeps' even when 
the stop criterion is not satisfied. 

The calculation of the value of theta (see formula 
(11.1 .. 8) in Numerical Recipes) (corresponding 
statement in the procedure : 

theta:=(aqq-app)/apq/2.0 
can cause overflow. Therefore the test 

abs(apq) >? (eps2 *abs(app-aqq)) 
is included. If abs(apq) is very small, the 
corresponding rotation is very small. Therefore 
the pq rotation is simply skipped when abs(apq) 
is too small according to the overflow test. 

If 
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epsl >= eps2 *nvar * (nvar -l) 
then 

if the stop criterion is not fulfilled 
then at least one off-diagonal element passes 
the overflow condition. 

This means that (if epsl,nr_var and eps2 satisfy 
the condition) the skipping of rotations by the 
overflow condition can't cause an endless loop. 

Even when theta can be calculated, the calculation 
of theta *theta in the formula for t (Numerical 
Recipes, formula (11.1.10)) can cause overflow. 
Therefore the test 

abs(theta) >? (1.0/eps3) 
is included and an asymptotic formula is used to 
calculate t when abs(theta) is too big. 

In the present version of the procedure, these 
values are used for the eps parameters : 

eps1:=1.0E-06 
eps2:=1.0E-10 
eps3:=1.0E-15 

procedure rotascal 
( nr_obs:integer; 

nr_var: integer; 
var data:t_r_ov; 
var eigvec:t_r_vv; 
var eigval: r v; 
var mean:t r v; 
var ndata:t_r_ov; 
var err:integer; 
var log: text; ) ; 

Rotascal means : rotate and scale. 

Definition of constants 
max_nr_obs,max_nr_var 

and types 
t_r_ov,t_r_vv,t_r_v, 

must be included in the calling program. 

File variable log must be open for writing. 
not closed by the procedure.) 

nr_obs: in; 
nr_var:in; 
data:in; 
eigvec:in; 
eigval:in; 
mean:in; 
ndata:out; 
err: out; 
log: out; 

Variable err can get value 0 or 1. 

(It is 

60 



Case err=O : 
for i=l, ... ,nr_obs and j=l, ... ,nr val 
case eigval[j)<=O.O : 

ndata[i,j)=O.O 
case eigval[j)>O.O : 

ndata[i,j]= (the scalar product of vector 
(data[i, .)-mean) with vector eigvec[.,j)) 
divided by the square root of eigval[j). 

The other variables are left unchanged. 

Case err=l : 
This only happens when nr_var or nr_obs are out 
of range. (when nr_var<l or >max_nr_var 

nr_obs<l or >max_nr_obs) 
A message is written to log. 

Note there are no precautions against overflow in 
this procedure (altough there is a risk in the 
scaling calculation) . And negative eigenvalues 
are regarded as zero eigenvalues in the scaling 
calculation. 

Note 
When procedure rotascal is called by procedure 
twdimpro, the following special circumstances 
apply: 

the value of variable mean is the mean of the 
rows of variable data, 
the columns of variable eigvec are orthogonal 
eigenvectors with norm 1.0 of the covariance 
matrix of the rows of variable data, 
variable eigval contains the eigenvalues of 
that covariance matrix (ordered according to 
eigvec) . 

When those conditions are satisfied 
it is very unusual(*) for the scalar product and 
the divisor involved in the calculation of 
ndata[i,j] to have a very different order 
of magnitude, 
negative values of eigval can only be 
rounding errors. 

Therefore no precautions for overflow 
are necessary and negative eigenvalues can be 
treated as zero eigenvalues. 

(*) The limits enforced on the input values by the 
Create and Change functions of the Database 
Management menu are an extra safeguard. 

procedure prindisc 
( nr_obs:integer; 

nr_var: integer; 
var trdata:t r ov; 
var datli: t dat o; - -
v a r basis : t _ r _ vv; ; 
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var err:integer; 
var log:text;); 

Prindisc means : principal discriminant. 

The definitions of the constants 
max_nr_obs,max_nr_var 

and the types 
t_r_ov,t_dat_o,t_r_vv, 

and 
t r v 

must be included in the calling program. 

File variable log must be open for writing. 
closed by the procedure.) 

nr_obs:in; 
nr_var:in; 
trdata:in; 
datli:in; 
basis:out; 
err:out; 
log: out; 

Variable err has value 0,1 or 2 upon return. 

Case err=2 : 
This happens when 

(It is not 

the approximate solutions to the eigenvalue 
problem that is part of the algorithm don't 
converge (or at least not fast enough) . 

An error message is written to log. 

Case err=l : 
This happens when 

nr var or nr_obs is out of range 
(when nr var<2 or >max nr var 

nr obs<2 or >max_nr_obs) or 
there are less than two observations labeled g or s, 

An error message is written in log. 

Case err=O : 
In the following text we talk about two groups of 
observations. These observations are the nr obs rows 
of variable trdata. The observations with datli[]=g 
form one group and the observations with 
datli[)=s form the other. When the procedure is 
finished, the first column of variable basis (a 
vector with norm 1.0) represents the direction of 
best separation between the two groups~ The 
second column (which also has norm 1.0) represents 
the direction that is orthogonal with the first 
direction and separates the groups best. 
And the general rule, for i=3, ... ,nr_var, is : of all 
the directions orthogonal with the columns 1,2, .. 
i-1, the direction of the i-th column provides best 
separation between the two groups 
(and the i-th column has norm 1.0). If you want an 
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exact definition of the criterion used to determine 
a 'direction of best separation', you better read the 
procedure text. An informal description could be that 
the algorithm expands the cloud of observation points 
with label 'g' or 's' in directions with good 
separation, and then applies a principal component 
analysis. 

program viewdeOl; 

Procedure twdimpro calculates the image that 
shows the 'best' separation between groups g and 
s. Program viewdeOl reads the input for twdimpro, 
calls twdimpro and draws the image. It shows 
how the symbols for g,s and w observations should 
look, in our opinion. 

Input and output 

path of log file (input) 
asks for COMPLETE path (i.e. from root) 
of a DOS file where our program 
will write its error messages. 
(e.g. c:\mydir\logerr.dat) 

path of database (input) 
asks for the COMPLETE path 
of the database element. In our 
implementation, a database element is a 
DOS directory. 
(e.g. b:\test) 

program viewde02; 

Procedure twdimpro calculates the image that 
shows the 'best' separation between groups g and 
s. Program viewde02 reads the input for the procedure, calls it and 
draws the 'best' image together with 
a number of other images in which the groups are 
shown in a less favorable projection. 
Procedure twdimpr2, a variant of twdimpro, is used 
to accomplish that goal. Procedure twdimpr2 
projects the data on nr_var directions numbered 
1,2,3, ... ,nr-var. The lower the number, the better 
the groups are separated in that direction. 
Procedure twdimpro projects on directions 1 and 2 
only. Program viewde02 shows the images (1,2), 
(2, 3), ... , (nr_var-1, nr_var), (nr var, 1). 

Input and output 

path of log file (input) 
asks for COMPLETE path (i.e. from root) 
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of a DOS file where our program 
will write its error messages. 
(e.g. c:\mydir\logerr.dat) 

path of database (input) 
asks for the COMPLETE path 
of the database element. In our 
implementation, a database element is a 
DOS directory. 
(e.g. b:\test) 

program viewde03; 

Program viewde03 reads a database element, calls procedure twdimpro 
and draws the image. The difference with demo program viewdeOl is 
that viewde03 draws the connecting lines between observations. (See 
db_manag.txt for more information.) 

Input and output 

path of log file (input) 
asks for COMPLETE path (i.e. from root) 
of a DOS file where our program 
will write its error messages. 
(e.g. c:\mydir\logerr.dat) 

path of database (input) 
asks for the COMPLETE path 
of the database element. In our 
implementation, a database element is a 
DOS directory. 
(e.g. b:\test) 

program alysde05; 

Program alysde05 reads a database element, calls procedures npanalys 
and alysdeci and writes a report of the results in a file. 
(The results are presented in another way than in the output 
generated by program alysde04.) 

Input and output 

path of log file (input) 
asks for COMPLETE path (i.e. from root) 
of a DOS file where our program 
will write its error messages. 
(e.g. c:\mydir\logerr.dat) 

path of database element (input) 
asks for the COMPLETE path 
of the database element. In our 
implementation, a database element is a 
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DOS directory. 
(e.g. b:\test) 

path of output file (output) 
asks for the COMPLETE path 
of a DOS file where our program will 
write the results. 
(e.g. c:\mydir\result) 

program viewde06; 

Program viewde06 reads a database element, classifies the 
observations labeled 'w' (procedures npanalys and alysdeci), 
calculates the projection which separates the g-examples and the s
examples as much as possible (procedure twdimpro) and draws the 
image. 
This demo shows how the symbols for 
- g-example (green square) 
- s-example (red square) 
- w-observation classified g and no outlier (green G) 
- w-observation classified s and no outlier (red S) 
- w-observation classified g and outlier (yellow G) 
- w-observation classified s and outlier (yellow S) 
may be drawn. 

Input and output 

path of log file (input) 
asks for COMPLETE path (i.e. from root) 
of a DOS file where our program 
will write its error messages. 
(e.g. c:\mydir\logerr.dat) 

path of database (input) 
asks for the COMPLETE path 
of the database element. In our 
implementation, a database element is a 
DOS directory. 
(e.g. b:\test) 

procedure twdimpr2 
( nr_obs:integer; 

nr_var:integer; 
var data: r ov; 
var datli: t_dat_o; 

tr avail:boolean; 
var trdata: t_r_ov; 
var prdata: t_r_ov; 
var err:integer; 
var log: text; ) ; 

This procedure is identical to procedure twdimpro, 
except for the following aspects : 
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The transformed data are projected onto nr_var 
directions instead of projecting them only onto 
the two directions that separate the two groups 
best. Variable prdata now has type t r ov in 
stead of t_pr_o, so it can store nr var variables. 
The variables are ordered according to 'quality 
of separation'. The first is better than the 
second is better than the third... After 
projection, every variable is transformed to 
range [0.0,1.0), same way as in twdimpro. 

See twdimpro.spe for more information. 

procedure dotsgraf 
( nr_pts:integer; 

var rx:t_r_p; 
var ry: t_r_p; 
var symbol: t_i_p; 
var prev:t_i_p; 

driverpath:t str; 
var err:integer; 
var log: text ) ; 

The constant 
max_nr_pts, 

and the types 
t_r_p,t_i_p,t_str, 

must be defined in the calling program. 

The calling program must state that units 
graph, crt 

are used. 

The text file log must be open for writing when the 
procedure is called. (It is not closed by the 
procedure. ) 

nr_pts: in; 
rx: in; 
ry:in; 
symbol:in; 
prev:in; 
driverpath:in; 
err:out; 
log:out; 

Variable err can get value 0 or 1. 

Case err=O : 
The procedure goes into graphics mode and draws 
the points with coordinats rx an ry. (Origin in 
top left corner. Horizontal x-axis to right. 
Vertical y-axis downwards.) The background is 
filled and a margin is drawn. The coordinates 
are scaled to use the area bordered by the margin 
optimally. Every point is represented by a symbol. 
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Variable symbol stores an index number to a list 
of symbols implemented in the procedure. From 
i-th point the procedure also draws a connection line 
to the prev[i]-th point, if prev[i]>=l and <=nr_pts. 

When the image has been drawn, the procedure leaves 
graphics mode when any key is pressed. 

Location of margin, color of background, margin and 
connection lines, list of available symbols : see 
source text of procedure. 

Note : meaning of parameter driverpath : see 
procedure initgraph of graph unit of Turbo Pascal 
5. 0 . 

Case err=l 
This happens when 

nr_pts is out of range 
(when nr_pts<l or >max_nr_pts) 
or the procedure can't enter graphics mode or 
there is a wrong symbol number in the data. 

A message is written in log. 
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Appendix B. (G,S,W) data. 

Test (1). 

G and S (examples) . 

On the left side we have the s-group examples, with on the right side 
their opposite. 
Vandeponseele 421468562 

6146 
44040 (I 88) 

Charrues Melotte 402562767 
6146 
93.618 

Guy Products 424578797 
6171 

N.B.S. 

1.003 ('88) 
Industriele en Handelsmaatschappij404290753 

6171 

403454771 
6147 
569.365 ('87) 
Deldo Autobanden 413572663 

6147 
575.136 

7.021 

Fr~ikin (Etablissements) 404250864 
6147 
56.304 ('87) 

Demm Intermec Brussels Office412397973 
6147 
88.906 

Visserij 405304008 
6196 
135.316 ('87) 
K. Gjertsen en Cie 404832171 

6196 
117.118 

Agritrade 415681226 
6112 
78.437 ('88) 
Voederbedrijf en Graanhandel G. de Roo 418856292 

6112 
109.441 

Masta Produkten 421335435 
6184 

Cog las 

94.283 ('87) 
Whitehall 400349484 

423956217 
6154 

6184 
72.311 

223.479 ('88) 
Gaasch Packaging 404889282 

6154 
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275.543 
Ensoniq Belgium 427243230 

6153 
4.233 ('87) 

Nelf-Belgie 401991358 
6155 (*) 

5.895 
(*) by lack of good counter-parts we matched in sector 615 in stead 
of 6153 
Phar.mavet 427967958 

6181 
141.667 ('87) 
Delta Pharmaceutica 422114504 

6181 
82.044 

Softsel Benelux 428299936 
6144 
45.489 ('87) 

General Automation 407162250 
6144 
53.810 

Riley Billiards and Snookers 429136116 
6195 

Boulez 

76.492 ('87) 
Jumbo Belgium 426489501 

405317666 
6155 
122.246 ('86) 

6195 
39.834 

F.J. De Vogeleer en zoon 401069759 
6155 
96.573 

Intracom 405989441 
6197 
29.648 ('86) 
Norimex 412483887 

Eurotextra 

6197 
29.404 

415314012 
6161 
248.399 ('86) 

Textile du Glategnies 401241191 
6161 
182.422 

Pag - Ginder diamonds 415813561 
6194 
28.894 ('86) 

D. Drukker en Zn 40494779 
6194 
22.092 

Acto Benelux 419347430 
6122 
26.761 ('86) 

Sogetrol Antwerpen 404699638 
6122 
30. 134 

Acade Diagnostic 427021516 
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6182 
236.921 ('86) 

Hilekens Medical Supplies 412945331 
6182 
237.454 

Afrimetal 400666814 
6126 
66.177 ('85) 
Pechiney world trade (Belgium) 

Comptoir Commercial et Industriel 403165454 
6197 
666.621 

Sumitomo Benelux 401850610 

Etablissements Humblet 

6197 
935.119 

403893548 
6172 
29.086 ('85) 

402939483 
6126 
82.884 

Conserves Hak- Hak conserven413541781 
6172 
33.504 

Belgische -Britse kolen Compagnie 404568390 
6123 
204.252 ('85) 

Les Combustibles Jules Jacques import. 401979579 
6123 
234.494 

Eurotex of Belgium 408437108 
6169 
126.380 ('85) 

Verkoopmaatschappij Desso-Belgie 405021421 
6169 
93.151 

Etablissements Vanderdeelen 412543077 
6171 
68.173 ('86) 

Bleuze en Cie 402195256 
6171 
68.900 

Nelissen bouw systemen 413945322 
6142 
1.292 ('85) 

Carcobel 417012403 
6142 
29.648 

Societe Intern. de Transa~tions Commerciales418406431 
6133 

Bronswerk 404626095 
6133 
18.823 

Procaf International 421268228 
6197 
132.084 ('85) 

Manu International 402679860 
6197 

25.600 ('85) 
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126.091 
Stano Steel Belgium 423048276 

6124. 

Panagro 

Cardem 

72.820 ('85) 
Leon D. Nahum et fils 

425040142 
6112 
400.637 ('85) 
Comanima 404572449 

426215723 
6143 

6112 
41.118 

4.891 ('86) 
Rutschi 419846286 

6145 (*) 

5.335 

402969573 
6124 
84.981 

(*) by lack of good counter-parts we matched in sector 614 ~n stead 
of 6143 

w (to be tested) . 

On the left side we find 50 s-group objects, with on the right side 
their counterpart 

Ajax - Total 416083280 
6196 
2581 (I 88) 

Eur-control Benelux 411678787 
6196 
1. 486 

Hainaut - Sambre Intern. 421712646 
6124 

Systel 

Caeyman 

89.590 ('88) 
Devis Petits Articles 402689560 

428537288 
6144 
30.380 ('88) 

6124 
91.190 

Berendsen Computer Products 429280032 
6144 
30.519 

400198838 
6175 
68.151 ('87) 
Nogueira et Cie (Belgium) 402686451 

6175 
81.160 ('88) 

Ansotte et Cohertia 403877316 
6152 
127.365 ('87) 

Dor-He:x: SA 408426616 
6152 
122.128 
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Algemene Maatschappij voor Bouwmachines404625206 
6142 

Lamimex 

Afrima 

413763396 
6115 

401904751 
6142 
158.716 

71.827 ('87) 
Ryckewaert - Arnout 420031279 

6115 
73.921 

Air Industrie Sietam Benelux 421236356 
6145 

209.117 ('88) 

98.578 ('87) 
Compagnie Hobart 402626313 

6145 
83.672 

Robotics Automation Contractial Company4215373011 
6145 

Articom 413061137 

Grecol 428583018 
6151 

6145 
88.730 

75.456 ('87) 
Ameca 407978931 

Nil 428774741 
617 
105.915 ('87) 

6151 
94.193 

87.943 ('87) 

Eierveiling Po~derlee 414654709 
6174 
100.686 

Belotra 414623431 
6197 
7.371 ('86) 
Interorient 403171887 

6197 
7.118 

Elektra Schatteman 417714167 
6152 
163.671 ('86) 

Etablissements Eugene Dirckx 406511063 

Bobos-benelux 420167079 
6162 
53.657 ('86) 

Daarnhouwer en Co 404823857 
6162 
55.886 

De Witteleir et Keppens 403436064 
6147 
120.428 ('85) 

Wurth - Belgie 404220477 

6152 
157.944 
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Incomex 404586604 
6112 
742.974 ('85) 

6147 
89.769 

Vanden Avenne - Izegem 402763301 
6112 
926.214 

Show Games 413639870 
6153 
93.356 ('85) 

Velleman 414593836 
6153 
69.209 

Cabay International Booksellers 416128020 
6192 

Akton 

La Caravelle 401831804 
6192 
91.868 

422772421 
6156 
30.750 ('86) 

70.963 ('85) 

Smithers -Oasis Belgium401348089 
6156 
25.745 

Trust International 422674431 
6144 
239.364 ('87) 

Bell Business systems 

Les Comptoirs Ruraux 426597090 
6173 

40591124 7 
6144 
277.011 

9.536 ('88) 
Forest- Meat 418721779 

6173 

Eurofresh 4229380693 
6172 

7.300 

71.430 ('87) 
R. Van Colenberghe 407851742 

6172 
117.074 

Lauwers Suchard 406762174 
6124 
271.143 ('86) 

Aciers Sidero staal 402976701 
6124 
258.101 

C.H. Van Baalen en Zonen 402014124 
6173 
105.084 ('85) 

Van Aerde 404738834 

Cid Filters 

6173 
92.595 

406403967 
6145 
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93.800 ('85) 
Technisch Bureau Theo Verhoeven 

Test (3) . 

G and S (examples) 

404114965 
6145 
84.046 

On the left side we find 22 s-group examples and on the other side 20 
g-group examples (sometimes the counterparts are missing because we 
neglected them after the jacknife test, this is noted by {}) 

Vandeponseele 421468562 
6146 
44040 (I 88) 

Charrues Melotte 

Guy Products 424578797 
6171 

N.B.S. 

1.003 ('88) 
{} 

403454771 
6147 
569.365 ('87) 
{} 

402562767 
6146 
93.618 

Fraikin (Etablissements) 404250864 
6147 
56.304 ('87) 

{} 

Visserij 405304008 
6196 
135.316 ('87) 
K. Gjertsen en Cie 404832171 

6196 
117.118 

Agritrade 415681226 
6112 

{} 

{} 

78.437 ('88) 
Voederbedrijf en Graanhandel G. de Roo 418856292 

6112 
109.441 

Whitehall 400349484 
6184 
72.311 

Gaasch Packaging 404889282 
6154 
275.543 

Ensoniq Belgium 427243230 
6153 

{} 

Phar.mav~t 427967958 

4.233 ('87) 
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6181 
141.667 ('87) 
Delta Pharrnaceutica 422114504 

6181 
82.044 

Softsel Benelux 428299936 
6144 
45.489 ( 1 87) 

General Automation 407162250 
6144 
53.810 

Riley Billiards and Snookers 429136116 
6195 

Boulez 

{} 

76.492 ('87) 
Jumbo Belgium 426489501 

405317666 
6155 
122.246 ('86) 

6195 
39.834 

F.J. De Vogeleer en zoon 401069759 
6155 
96.573 

Textile du Glategnies 401241191 
6161 
182.422 

Pag - Ginder diamonds 415813561 
6194 
28.894 ('86) 

{} 

Acto Benelux 41.9347430 
6122 
26.761 ('86) 

Sogetrol Antwerpen 404699638 
6122 

Acade Diagnostic 427021516 
6182 

30 .134 

236.921 ('86) 
Hilekens Medical Supplies 412945331 

6182 
237.454 

{} 

Pechiney world trade (Belgium) 

Comptoir Commercial et Industriel 403165454 
6197 
666.621 

{} 

Etablissements Humblet 403893548 
6172 
29.086 ('85) 

{} 

{} 

402939483 
6126 
82.884 

Les Combustibles Jules Jacques import. 401979579 
6123 
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234.494 
{} 

Verkoopmaatschappij Desso-Belgie 405021421 
6169 
93.151 

Etablissernents Vanderdeelen 412543077 
6171 
68.173 ('86) 

Bleuze en Cie 402195256 
6171 
68.900 

Nelissen bouw systernen 413945322 
6142 
1.292 ('85) 

{} 

Societe Intern. de Transactions Comrnerciales418406431 
6133 

{} 

Bronswerk 404626095 
6133 
18.823 

Manu International 402679860 
6197 
126.091 

Stano Steel Belgium 423048276 
6124 

Panagro 

Cardem 

72.820 ('85) 
Leon D. Nahum et fils 

425040142 
6112 
400.637 ('85) 
Comanima 404572449 

426215723 
6143 

6112 
41.118 

4.891 ('86) 
{} 

w (to be tested) . 

402969573 
6124 
84.981 

25.600 ('85) 

On the left side we have 50 s-group objects, sampled with the g-group 
objects on the right side. 

Ajax - Total 416083280 
6196 
2581 (I 88) 

Eur-control Benelux 411678787 
6196 
1. 48·6 

Hainaut - Sambre Intern. 421712646 
6124 
89.590 ('88) 
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Systel 

Caeyman 

Devis Petits Articles 

428537288 
6144 
30.380 ('88) 

402689560 
6124 
91.190 

Berendsen Computer Products 429280032 
6144 
30.519 

400198838 
6175 
68.151 ('87) 
Nogueira et Cie (Belgium) 402686451 

6175 
81.160 ('88) 

Ansotte et Cohertia 403877316 
6152 
127.365 ('87) 

Dor-Hex SA 408426616 
6152 
122.128 

Algernene Maatschappij voor Bouwmachines404625206 
6142 

Lamimex 

Afrima 

413763396 
6115 

401904751 
6142 
158.716 

71.827 ('87) 
Ryckewaert - Arnout 420031279 

6115 
73.921 

Air Industrie Sietam Benelux 421236356 
6145 

209.117 ('88) 

98.578 ('87) 
Compagnie Hobart 402626313 

6145 
83. 672 

Robotics Automation Contractial Company4215373011 
6145 

Grecol 

Articom 413061137 

428583018 
6151 

6145 
88.730 

75.456 ('87) 
Ameca 407978931 

6151 
94.193 

Nil 428774741 
617 
105.915 ( 1 87) 

Eierveiling Poederlee 

Belotra 414623431 

87.943 ('87) 

414654709 
6174 (*) 

100.686 
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6197 
7.371 ('86) 
Interorient 403171887 

6197 
7.118 

Elektra Schatternan 417714167 
6152 
163.671 ('86) 

Etablissements Eugene Dirckx 406511063 
6152 
157.944 

Bobos-benelux 420167079 
6162 
53.657 ('86) 

Daarnhouwer en Co 404823857 
6162 
55.886 

De Wittel.eir et Keppens 403436064 

Incomex 

6147 
120.428 ('85) 

Wurth - Belgie 404220477 
6147 

404586604 
6112 
742.974 ('85} 

89.769 

Vanden Avenne - Izegem 402763301 
6112 
926.214 

Show Games 413639870 
6153 
93.356 ('85) 

Vellernan 414593836 
6153 
69.209 

Cabay International Booksellers 416128020 
6192 

Akton 

La Caravelle 

422772421 
6156 
30.750 ('86) 

401831804 
6192 
91.868 

70.963 ('85) 

Smithers- Oasis Belgium401348089 
6156 
25.745 

Trust International. 422674431 
6144 
239.364 ('87) 

Bell Business systems 

Les Comptoirs Ruraux 426597090 
6173 

405911247 
6144 
277.011 

9.536 ('88) 
Forest -Meat 418721779 

6173 
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Eurofresh 4229380693 
6172 

7.300 

71.430 ('87) 
R. Van Colenberghe 407851742 

6172 
117.074 

Lauwers Suchard 406762174 
6124 
271.143 ('86) 

Aciers Sidero staal 402976701 
6124 
258.101 

C.H. Van Baalen en Zonen 402014124 
6173 
105.084 ('85) 

Van Aerde 404738834 

Cid Filters 

6173 
92.595 

406403967 
6145 
93.800 ('85) 

Technisch Bureau Theo Verhoeven 404114965 
6145 
84.046 

Test (4). 

G and S (examples) . 

We took 34 s-group examples (on the left side) with their sampled g
group example (on the right side) 

Caeyman 400198838 
6175 
68.151 ('87) 
The Continental Bodega Comp. 402890290 

6175 

N.B.S. 403454771 
6147 
569.365 ('87) 
Iberauto 425209891 

6147 
565.536 

Ansotte et Cohertia 403877316 
6152 
127.365 ('87) 

Markt (Belgium) 418868566 
6152 
102.230 

Fraikin (Etablissements) 404250864 
6147 
56.304 ('87) 

81.235 ('88) 

Demm Intermec Brussels Office 412397973 
6147 
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Visserij 405304008 
6196 
135.316 ('87) 

88.906 

The Cessna Aircraft ~ompany 400621678 
6196 
183.8!;3 

Lamimex 413763396 
6115 
71.827 ('87) 
W. Soenen en Zonen 428065057 

6115 
82.530 

Air Industrie Sietam Benelux 421236356 
6145 

Jumo Automation 
98.578 ('87) 
408057719 
6145 

Masta Produkten 421335435 
6184 

94. 710 

94.283 ('87) 
N.M. Klimis et Cie 406729116 

Trust International 422674431 
6144 

6184 
1110.339 

239.364 ('87) 
Geveke Electronics 42410468~ 

6144 
190.013 

Robotics Automation Contractial Company4215373011 
6145 

Matelgro 402292652 
6145 
81.128 

Ensoniq Belgium 427243230 
6153 
4.233 ('87) 

Glasvezelbeton 408477193 
6151 (*) 

6.318 

87.943 ('87) 

(*) we matched in the sector 615 in stead of 6153 by lack of data 
Pharmavet 427967958 

6181 
141.667 ('87) 
Delta Pharmaceutica 422114504 

6181 
82.044 

Softsel Benelux 428299936 
6144 

Grecol 

45.489 ( 1 87) 
Ferranti Computer Systems 

428583018 
6151 

416296878 
6144 
32.195 
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75.456 ('87) 
Mobica - Benelux 406432077 

6151 
117.511 

Nil 428774741 
617 
105.915 ('87) 

Marci Frais 416091891 
6179 
75.492 

Riley Billiards and Snookers 429136116 
6195 
76.492 ('87) 

Louis Verboven 403042819 

Eurofresh 4229380693 
6172 
71.430 ('87) 
Noel Lippens 

W (to be tested) . 

6195 
28.285 

419885482 
6172 
48.414 

First we have 9 s-group objects in 1988 followed by 9 g-group objects 
on the right side 

Ajax - Total 416083280 
6196 
2581 (I 88) 

Vandeponseele 421468562 
6146 
44040 ('88) 

Hainaut - Sambre Intern. 421712646 
6124 
89.590 ('88) 

Guy Products 424578797 
6171 

Systel 
1.003 ('88) 

428537288 
6144 
30.380 ('88) 

Algemene Maatschappij voor Bouwmachines404625206 
6142 

Agritrade 415681226 
6112 
78.437 ('88) 

Cog las 423956217 
6154 
223.479 ('88) 

Les Comptoirs Ruraux 426597090 
6173 
9.536 ('88) 

Eur-control Benelux 411678787 

209.117 ('88) 
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6196 
1.486 

Phywe Aktiengesellschaft 413888607 
6196 
3.526 

Carborundum Abrasives 426771690 
6196 
2.288 

Charrues Melotte 402562767 
6146 
93.618 

Devis Petits Articles 402689560 
6124 
91.190 

Siegener Benelux 412867236 
6124 
79.639 

Industriele en Handelsmaatschappij404290753 
6171 
7.021 

Vaesen- Schoemaker Antwerpen404055379 

Huis Alfons Simkens 403790610 
6175 
80.246 

6173 
8.620 

Test (6). 

G and S (examples) . 

On the left side we have 11 s-group examples and on the right side 12 
g-group examples ({} denotes that this company is rejected by the 
jacknife test) 

Caeyman 

N.B.S. 

400198838 
6175 
68.151 ('87) 
{} 

403454 771 
6147 
569.365 ('87) 
Iberauto 425209891 

6147 
565.536 

Ansotte et Cohertia 403877316 
6152 
127.365 ('87) 

Markt (Belgium) 418868566 
6152 
102.230 

Fraikin (Etablissements) 404250864 

{ } 

Visserij 405304008 

6147 
56.304 ('87) 

82 



6196 
135.316 ('87) 
The Cessna Aircraft company 400621678 

6196 
183.883 

Lamimex 413763396 
6115 
71.827 ('87) 
W. Soenen en Zonen 428065057 

6115 
82.530 

Air Industrie Sietam Benelux 421236356 
6145 
98.578 ('87) 

{} 

Masta Produkten 421335435 
6184 
94.283 ('87) 

N.M. Klimis et Cie 406729116 

Trust International 422674431 
6144 

6184 
140.339 

239.364 ('87) 
{} 

Robotics Automation Contractial Company4215373011 
6145 

{} 

{} 

{} 

{} 

{} 

Matelgro 402292652 
6145 
81.128 

Glasvezelbeton 408477193 
6151 
6.318 

Delta Pharmaceutica 422114504 
6181 
82.044 

Ferranti Computer Systems 

Mobica - Benelux 406432077 
6151 
117.511 

Marci Frais 416091891 
6179 
75.492 

Riley Billiards and Snookers 429136116 
6195 

87.943 ('87) 

416296878 
6144 
32.195 

76.492 ('87) 
{} 

{} 

Noel Lippens 419885482 
6172 
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48.414 

w (to be tested) . 

On the left side we have first the 9 s-group objects, followed on the 
right side by the 9 g-group objects. 

Ajax - Total 416083280 
6196 
2581 ('88) 

vandeponseele 421468562 
6146 
44040 ('88) 

Hainaut - Sambre Intern. 421712646 
6124 
89.590 ('88) 

Guy Products 424578797 
6171 

Systel 
1.003 ('88) 

428537288 
6144 
30.380 ('88) 

Algemene Maatschappij voor Bouwmachines404625206 
6142 
209.117 ('88) 

Agritrade 415681226 
6112 

Cog las 
78.437 ('88) 
423956217 
6154 
223.479 ('88) 

Les Comptoirs Ruraux 426597090 
6173 
9.536 ('88) 

Eur-control Benelux 411678787 
6196 
1.486 

Phywe Aktiengesellschaft 413888607 
6196 
3.526 

Carborundum Abrasives 426771690 
6196 
2.288 

Charrues Melotte 402562767 
6146 
93.618 

Devis Petits Articles 402689560 
6124 
91.190 

Siegener Benelux 412867236 
6124 
79.639 

Industriele en Handelsmaatschappij404290753 
6171 
7.021 

Vaesen- Schoemaker Antwerpen404055379 

84 



Huis Alfons Simkens 403790610 
6175 
80.246 

Test (7). 

G and S (examples) . 

6173 
8.620 

On the left side we have 17 s-group examples, on the right side 17 
random g-group examples. 

Caeyman 

N.B.S. 

400198838 
6175 
68.151 ('87) 
403454 771 
6147 
569.365 ('87) 

Ansotte et Cohertia 403877316 
6152 
127.365 ('87) 

Fraikin (Etablissements) 404250864 

Visserij 405304008 
6196 

Lamimex 
135.316 ('87) 
413763396 
6115 
71.827 ( 1 87) 

6147 
56.304 ('87) 

Air Industrie Sietam Benelux 421236356 
6145 
98.578 ('87) 

Masta Produkten 421335435 
6184 
94.283 ('87) 

Trust International 422674431 
6144 
239.364 ('87) 

Robotics Automation Contractial Company4215373011 
6145 

Ensoniq Belgium 

Pharmavet 427967958 
6181 

427243230 
6153 
4.233 ('87) 

141.667 ('87) 
Softsel Benelux 428299936 

Grecol 428583018 
6151 

6144 
45.489 ('87) 

75.456 ('87) 
Nil 428774741 

87.943 ('87) 
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617 
105.915 ('87) 

Riley Billiards and Snookers 429136116 
6179 

Eurofresh 4229380693 
6172 
71.430 ('87) 
Dehaeck-Delbaere 

76.492 ('87) 

400022753 
6197 
108.582 

Belgian Timber 400716896 
6131 
401.661 

Jean Chabert et Fils 401522986 
6113 
16. 972 

Jean Goldschmidt International 401872483 
6125 
115.710 

Societe Belge de Text. Charbit et Cie 402130029 
6164 

Dikkers Belgique 

Synkin 402933149 
6141 
98.255 

402897220 
6145 
29.336 

International Motor Company 403425770 

Limka 407251827 
6145 
118.442 

Millipore 408308434 
6145 
179.311 

Hermoo Belgium 416685868 
6111 
49.085 

Groep De Brauwer 423512985 
6173 
88.374 

Texaline 424569691 
6169 
28.153 

PCB Brabant 425353116 
6181 
838.423 

Stahl 426793565 
6145 
18.735 

Truck-Invest 427677651 
6147 
59.391 

Moorkens Haven 430801744 
6147 

6147 
3. 971. 931 

175.591 
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52.107 

W (to be tested) . 

First, on the left side, are 9 s-group objects and then 9 g-group 
objects on the right side. 

Ajax - Total 416083280 
6196 
2581 ('88) 

Vandeponseele 421468562 
6146 
44040 ('88) 

Hainaut - Sambre Intern. 421712646 
6124 
89.590 ('88) 

Guy Products 424578797 
6171 

Systel 
1.003 ('88) 

428537288 
6144 
30.380 ('88) 

Algemene Maatschappij voor Bouwmachines404625206 
6142 
209.117 ('88) 

Agritrade 415681226 
6112 

Cog las 
78.437 ('88) 
423956217 
6154 
223.479 ('88) 

Les Comptoirs Ruraux 426597090 
6173 
9.536 ('88) 

Eur-control Benelux 411678787 
6196 
1.486 ( 1 87) 

Phywe Aktiengesellschaft 413888607 
6196 

Carborundum Abrasives 
3.526 ('87) 
426771690 
6196 

Charrues Melotte 
2.288 ('87) 

402562767 
6146 
93.618 ('87) 

Devis Petits Articles 402689560 

Siegener Benelux 

6124 
91.190 ('87) 

412867236 
6124 
79.639 ('87) 

Industriele en Handelsmaatschappij 404290753 
6171 
7.021 ('87) 

vaesen- Schoernaker Antwerpen404055379 
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6173 
8.620 ('87) 

Huis Alfons Simkens 403790610 
6175 
80.246 ( 1 87) 

Test (9). 

G and S (examples) . 

On the left side we have 8 s-group examples, on the right side 13 
random g-group examples ({)denotes that this company is neglected by 
using the jacknife test with discriminant analysis). 

N.B.S. 403454 771 
6147 
569.365 (I 87) 

Fraikin (Etablissements) 404250864 
6147 
56.304 (I 87) 

Visserij 405304008 
6196 
135.316 (I 8 7) 

Lamimex 413763396 
6115 
71.827 ( 1 87) 

Masta Produkten 421335435 
6184 
94.283 ( 1 87) 

Robotics Automation Contractial Company4215373011 
6145 
87.943 ( 1 87) 

Nil 428774741 
617 
105.915 ( 1 87) 

Riley Billiards and Snookers 429136116 
6195 
76.492 ( 1 87) 

Dehaeck-Delbaere 400022753 
6197 
108.582 

Belgian Timber 400716896 
6131 
401.661 

Jean Chabert et Fils 401522986 
6113 
16.972 

Jean Goldschmidt International 

Dikkers Belgique 

Synkin 402933149 
6141 
98.255 

402897220 
6145 
29.336 

401872483 
6125 
115.710 
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Limka 407251827 
6145 
118.442 

Millipore 408308434 
6145 
179.311 

Hemoo Belgium 416685868 
6111 
49.085 

Groep De Brauwer 423512985 
6173 
88.374 

PCB Brabant 425353116 

Stahl 

6181 
838.423 

426793565 
6145 
18.735 

Truck-Invest 427677651 
6147 
59.391 

w (to be tested) . 

First, on the left side, we have 9 s-group objects, followed by 9 g
group objects on the right side. 

Aja.x - Total 416083280 
6196 
2581 (I 88) 

Vandeponseele 421468562 
6146 
44040 ('88) 

Hainaut - Sambre Intern. 421712646 
6124 
89.590 ('88) 

Guy Products 424578797 
6171 

Systel 
1.003 ('88) 

428537288 
6144 
30.380 ('88) 

Algemene Maatschappij voor Bouwrnachines404625206 
6142 

Agritrade 415681226 
6112 
78.437 ('88) 

Cog las 423956217 
6154 
223.479 ('88) 

Les Comptoirs Rurau.x 426597090 
6173 
9.536 ('88) 

Eur-control Benelux 411678787 
6196 

209.117 ('88) 
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1.486 ('87) 
Phywe Aktiengesellschaft 413888607 

6196 
3.526 ('87) 

Carborundum Abrasives 426771690 
6196 

Charrues Melotte 
2.288 ('87) 

402562767 
6146 
93.618 ('87) 

Devis Petits Articles 402689560 
6124 
91.190 ('87) 

Siegener Benelux 412867236 
6124 
79.639 ('87) 

Industriele en Handelsmaatschappij 404290753 
6171 
7.021 ('87) 

vaesen- Schoemaker Antwerpen404055379 

Huis Alfons Simkens 403790610 
6175 

6173 
8.620 ('87) 

80.246 ('87) 

Test (10) . 

G and S (examples) . 

On the left side we have 50 s-group examples with each time there g
group counterpart. 

Ajax - Total 416083280 
6196 
2581 ('88) 

Eur-control Benelux 411678787 
6196 

Vandeponseele 421468562 
6146 
44040 ('88) 

Charrues Melotte 

1.486 

402562767 
6146 
93.618 

Hainaut - Sambre Intern. 421712646 
6124 
89.590 ('88) 

Devis Petits Articles 402689560 

Guy Products 424578797 
6171 
1.003 ('88) 

6124 
91.190 

Industriele en Handelsmaatschappij 404290753 
6171 
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Systel 428537288 
6144 
30.380 ('88) 

7.021 

Berendsen Computer Products 429280032 
6144 
30.519 

Caeyman 

N.B.S. 

400198838 
6175 
68.151 ('87) 
Nogueira et Cie (Belgium) 

403454771 
6147 
569.365 ('87) 
Deldo Autobanden 413572663 

6147 
575.136 

Ansotte et Cohertia 403877316 
6152 
127.365 ('87) 

Dor-Hex SA 408426616 
6152 
122.128 

Fraikin (Etablissements) 404250864 
6147 
56.304 ('87) 

402686451 
6175 
81.160 ('88) 

Demm Intermec Brussels Office412397973 
6147 
88.906 

Algemene Maatschappij voor Bouwmachines404625206 
6142 

Afrima 401904751 
6142 
158.716 

Visserij 405304008 
6196 

Lamimex 

135.316 ('87) 
K. Gjertsen en Cie 404832171 

6196 
117.118 

413763396 
6115 
71.827 ('87) 
Ryckewaert - Arnout 420031279 

6115 
73.921 

Agritrade 415681226 
6112 
78.437 ('88) 

209.117 ('88) 

Voederbedrijf en Graanhandel G. de Roo 418856292 
6112 
109.441 

Air Industrie Sietam Benelux 421236356 
6145 
98.578 ('87) 
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Compagnie Hobart "02626313 
6145 
83.672 

Masta Produkten 421335435 
6184 

Cog las 

94.283 ('87) 
Whitehall 400349484 

423956217 
6154 

6184 
72.311 

223.479 ('88) 
Gaasch Packaging 404889282 

6154 
275.543 

Robotics Automation Contractial Company4215373011 
6145 

Articom 

Ensoniq Belgium 

413061137 
6145 
88.730 
427243230 
6153 
4.233 ('87) 

Nelf-Belgie 401991358 
6155 (*) 

5.895 

87.943 ('87) 

(*) we matched within sector 615 in stead of in 6153 
Pharmavet 427967958 

6181 
141.667 ('87) 
Delta Pharmaceutica 422114504 

6181 
82.044 

Softsel Benelux 428299936 
6144 

Grecol 

45.489 ('87) 
General Automation 407162250 

428583018 
6151 
75.456 ('87) 
Ameca 407978931 

6151 
94.193 

6144 
53.810 

Nil 428774741 
617 
105.915 ('87) 

Eierveiling Poederlee 414654709 
6174 
100.686 

Riley Billiards and Snookers 429136116 
6195 
76.492 ('87) 

Jumbo Belgium 426489501 
6195 
39.834 
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Boulez 405317666 
6155 
122.246 ('86) 
F.J. De Vogeleer en zoon 401069759 

6155 
96.573 

Intracom 405989441 
6197 

Belotra 

29.648 ('86) 
Norimex 

414623431 
6197 

412483887 
6197 
29.404 

7.371 ('86) 
Interorient 403171887 

6197 
7.118 

Eurotextra 415314012 
6161 
248.399 ('86) 

Textile du Glategnies 

Pag - Ginder diamonds 415813561 
6194 

401241191 
6161 
182.422 

28.894 ('86) 
D. Drukker en Zn 

Elektra Schatteman 417714167 
6152 

40494779 
6194 
22.092 

163.671 ('86) 
Etablissements Eugene Dirckx 406511063 

6152 
157.944 

Acto Benelux 419347430 
6122 
26.761 ('86) 

Sogetrol Antwerpen 404699638 

Bobos-benelux 420167079 
6162 

6122 
30.134 

53.657 ('86) 
Daarnhouwer en Co 404823857 

6162 
55.886 

.Acade Diagnostic 427021516 
6182 
236.921 ('86) 

Hilekens Medical Supplies 

Afrimetal 400666814 
6126 
66.177 ('85) 

412945331 
6182 
237.454 

Pechiney world trade (Belgium) 402939483 
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Comptoir Commercial et Industriel 403165454 
6197 
666.621 

Sumitomo benelux 401850610 
6197 
935.119 

De Witteleir et Keppens 403436064 
6147 
120.428 ('85) 

Wurth - Belgie 404220477 
6147 
89.769 

Etablissements Humblet 403893548 
6172 
29.086 ('85) 

6126 
82.884 

Conserves Hak- Hak conserven413541781 
6172 
33.504 

Belgische -Britse kolen Compagnie 404568390 

Incomex 

6123 
204.252 ('85) 

Les Combustibles Jules Jacques import. 401979579 
6123 
234.494 

404586604 
6112 
742.974 ( 1 85) 
Vanden Avenne - Izegem 402763301 

6112 
926.214 

Eurotex of Belgium 408437108 
6169 
126.380 ('85) 

Verkoopmaatschappij Desso-Belgie 405021421 
6169 
93.151 

Etablissements Vanderdeelen 412543077 
6171 
68.173 ('86) 

Bleuze en Cie 402195256 

Show Games 413639870 
6153 

6171 
68.900 

93.356 ('85) 
Velleman 414593836 

6153 
69.209 

Nelissen bouw systemen 413945322 
6142 
1.292 ('85) 

Carcobel 417012403 
6142 
29.648 

Cabay International Booksellers 416128020 
6192 
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70.963 ('85) 
La Caravelle 401831804 

6192 
91.868 

Societe Intern. de Transactions Commerciales418406431 
6133 

Bronswerk 404626095 
6133 
18.823 

Procaf International 421268228 
6197 

Akton 

132.084 ('85) 
Manu International 402679860 

422772421 
6156 
30.750 ('86) 

6197 
126.091 

Smithers - Oasis Belgiwn 401348089 
6156 
25.745 

Stano Steel Belgiwn 423048276 
6124 

Panagro 

Cardem 

72.820 ('85) 
Leon D. Nahum et fils 

425040142 
6112 
400.637 ('85) 
Cornanima 404572449 

426215723 
6143 

6112 
41.118 

4.891 ('86) 
Rutschi 419846286 

6145 (*) 

5.335 

402969573 
6124 
84.981 

25.600 ('85) 

(*) we took a counterpart in the sector 614 in stead of 6143. 

w (to be tested) . 

We took 6 s-group objects on the left side, each time with his 
opposite on the right side 
Trust International 422674431 

6144 
239.364 ('87) 

Bell Business systems 405911247 

Les Comptoirs Ruraux 426597090 
6173 

6144 
277.011 

9.536 ('88) 
Forest- Meat 418721779 
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Eurofresh 4229380693 
6172 

6173 
7.300 

71.430 ('87) 
R. Van Colenberghe 407851742 

6172 
117.074 

Lauwers Suchard 406762174 
6124 
271.143 ('86) 

Aciers Sidero staal 402976701 
6124 
258.101 

C.H. Van Baalen en Zonen 402014124 
6173 
105.084 ('85) 

Van Aerde 404738834 

Cid Filters 

6173 
92.595 

406403967 
6145 
93.800 ('85) 

Technisch Bureau Theo Verhoeven 404114965 
6145 
84.046 
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