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An integrated DSS for financing firms by
an industrial development bank in Greece

Y. Siskos, C. Zopounidis and A. Pouliezos
Technical University of Crete, 73100 Chania, Greece

This paper presents an integrated DSS for the analysis and
financing of firms by an industrial development bank n
Greece. Firstly, the svstem evaluates the financial perfor-
mance of firms {financial ratios of profitability, managerial
performance, solvency) during a 3-year period and allows
inferenccs about their development tendencies. Furthermore,
multivariate statistical techniques (discriminant analysis, prin-
cipal components analysis) are available to aid in the identifi-
cation of the most significant financial ratios and in the
grouping of the firms in coherent categories. Finally, a4 multi-
criteria method is used, which ranks the firms from the most
dynamic to the bankrupt and in this way dynamic to the bank
to select the less risky for financing. The capabilities of the
system arc illustrated with aclual data provided by the bank.

Keywords: Financial analysis; Corporate risk assessment; Mul-
tivariate statistical methods; MCDM methods,
DSS.
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1. Introduction

Deciding to finance viable firms is today a
major problem for financial organisations (credit
institutions, banks). These organisations, whose
basic limitation is the lack of enough funds, must
invest their capital in best possible way,

For a financial organisation, the primary element
in the assessment of a firm is to evaluate the tisk
that is involved. According to Chevalier, Hirsch
(1982), there are four main components of corpo-
rate risk: commercial, financial, managerial and
industrial.

In recent years, new methods of assessing a firm's
risk were developed, which thanks to the ad-
vancements of computer and information science,
offer the financial organisations’ top personnel
significant aid in the selection of the best firms
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for financing. Firstly, there were developed statis-
tical tools based on multivariate statistical meth-
ods (e.g. discriminant analysis, cluster analysis)
which rank companies in levels of risk, and/or

calculate a score representing the degree of risk
using those financial ratios which are considered
as significant. The commonest methods are those
of “credit scoring”’, which establish a discriminant
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function using some of the company's financial
ratios, and rank them in high-risk or low-risk
groups (Altman, 1983, 1984). Later, tools devel-
oped which based on multicriteria decision mak-
ing methods (MCDM) alse rank companics in
levels of risk (Brans, Maréchal, 1990; CNML,
1973; Zollinger, 1982; Zopounidis, 1987) using
criteria considered as significant. The use of mul-
ticriteria decision making methods in the assess-
ment of a firm’s risk circumvents many of the
problems that exist by using discriminant analysis
{Eisenbeis, 1977). Finally, tools based on artificial
intelligence were developed which were originally
called expert systems, then expert support sys-
tems or knowledge-based decision support sys-
tems and which were constructed for the com-
pany assessment and business loan evaluation, for
the financial diagnosis of the company and for
analyzing corporate creation projects (Bouwman,
1983; Duchessi. Belardo, 1987, Klcin, Methlic,
1990; Shaw and Gentry, 1988; Srinivasan, Kim,
1988; Srinivasan, Ruparel, 1990). The develop-
ment of neural networks based on this philosophy
secms to be an interesting alternative to discrimi-
nant analysis (cf. Dutta and Shekhar, 1992; Tam
and Kiang, 1992).

In this paper is presented an integrated Deci-
sion Support System (DSS) for the analysis, eval-
uation and final selection of firms for financing.
The DSS is based on two types of methods: (1)
multivariate statistical methods, as principal com-
ponents analysis and discriminant analysis, and
{(2) MCDM methods, as the MINORA system
(Multicritcria  INteractive Ordinal Regression
Analysis). It aims at, (1} the forecasting and pre-
vention of difficulties that firms face and conse-
quently, the elimination of high risks in financing
operations such as participation in capital (ven-
turc capital); (2) the upgrading of financial art
and (3) supporting the managerial personnel of
firms. Specifically, this DSS was developed for a
Greek Industrial Development Bank (ETEVA),
which finances industrial and commercial firms in
CGireece. The financing that was done by this bank
from 1964 to 1990 is the following (in million drs):
1964-73: 7502; 1974-78: 12945; 1979-83: 21450;
1984: 5134; 1985: 3403; 1986: 6950; 1987: 10429;
1988: 11231; 1989: 15948:; 1990: 16658. Specifi-
cally, for 1990 ETEVA financed 56 firms with
average financing capital of 297 million drs. To-
day, ETEVA apart from the classical activity of

L
)

financing firms, is involved in new financial activi-
ties such as underwriting of stock issues, mergers
and acquisitions and financial advisory services,
treasury services, bond issues and syndicated loans
and fund managcment services.

The bhasic advantages, which differentiate this
system from the aforementioned ones arc the
following: (1) it is used, cither for a simple de-
scription of the firms™ characteristics ar for the
classification of firms in risk groups or for the
ranking of the firms from the most promising to
the most risky and untrustworthy; (2) qualitative
criteria are used such as commercial, managerial
and production for a concrete analvsis of corpo-
rate tisk and (3) therc is complete interaction
amongst all the subsystems of the DSS.

In section 2 the guidelines for DSS devclop-
ment are given. Section 3 gives the description of
the DSS. Section 4 presents some experience with
the system and, in conclusion. the merits of this
system and possible future research directions in
the field of corporate assessment are discussed,

2, Guidelines for DSS designing

The theoretical framework tor designing a DSS
for banks was developed for the first time by
Spraguc and Watson (1976). The authors distin-
guish three types of models: strategic, tactical and
operational and in every type of model, corre-
sponds the relevant data. The corporate 1isk as-
sessment models belong to the aperational mod-
els category and nced historical data (balance
sheet and income statement) for the analysis and
assessment of firms. The basic components of the
proposed system are presented in Figure 1.

The analysis of a firm requires the basic finan-
cial statements, ie. balance sheet and income
statement. In order to perform a reliable and
complete study of a firm, consecutive basic finan-
cial statements for at least three vcars for every
company must be available. A number of consec-
utive basic financial statements help the decision
maker to verify the conditions under which the
company has grown and Lo form important trends
for certain classes of accounts of the balance
sheet, and /or of the income statement.

Apart from the financial data that are con-
laincd in the basic financial statcments, the deci-
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sion maker ought to possess additional informa-
tion of a more general character, so that his
evaluation would be as objective and complete as
possible. Such information about a company may
be: its size, industrial sector, structure of share-
holder’s capital, personnel, market, market share,
quality of management, ctc. This qualitative in-
formation is sometimes more important than the
financial, because if, for example, the company
does not have good managers, its financial results
{sales, net income) will not be satisfactory. This
information will be used as evaluation criteria in
the MCDM method,

The model base of the system must include the
following models:

» (inancial analysis;

o multivariate statistical methods: principal com-
ponents analysis and discriminant analysis;

s corporaie risk models (credit scoring models);

e multicriteria decision-aid models.

Financial analysis performs a detailed study of
the companies, based on their financial state-
ments. More specifically it determines: common-
size statements (or common-size ratios), financial
ratios and graphs of the evolution of the ratios.
The common-size statements provide a quick and
effective method for developing a system of very
vseful financial ratios (common-size ratios). To
calculate these ratios, the components of the bal-
ance sheet are expressed as a percentage of total
assets (liabilities + equity} and the components of
the income statement as a percentage of total
revenues (sales).

Financial ratios have become an accepted cval-
vative technique of financial analysis. They offer
a quantitative view of every element that con-
cerns the internal operation of a firm as well as
its relations with the outer world, and permit fast
processing of a large volume of financial data. In
the literature one can find various methodologies
for the classification of financial ratios in predc-
termined classes. Financial ratios have already
been used in many fields of financial manage-
ment. Lee (1983) has grouped every financial
ratio that has been used in the forecasting of firm
failure, bond rating, market return and mergers.
In the proposed financial analysis, the classifica-
tion methodology developed basically by Courtis
(1978) is adopted. That is, ratios are classified
into three basic classes: profitability, managerial
performance and solvency.

The next step in the procedure of corporate
evaluation risk is the global evaluation of the
companies by using multivariate statistical meth-
ods (with the corporate risk models) and multicri-
teria deciston-aid models.

Multivariate statistical models include princi-
pal components analysis, discriminant analysis
and corporate risk models, based on the results of
discriminant analysis. These data analysis tech-
niques are widely used in problems of corporate
financial management (Altman et al.,, 1981; Ali-
man, 1983; Lee, 1985).

The principal components analysis is a factor
method of descriptive character. In the case of
corporate assessment, the principal components
analysis shows initially the financial ratios which
are the most important and which best describe
the behaviour of the firms and then groups these
firms in relevant categories, signifying in this way
that firms which belong to the same group have
similar characteristics and behaviour.

The discriminant analysis is a factor method of
analytical character. In the case of corporate risk
asscssment, discriminant analysis shows initially
those financial ratios that best contribute to the
separation of the firms in groups (discriminant
power of the variables) and then repositions in its
original group a firm for which there are known
the value of every financial ratio and that it
belongs to one of the two groups {bankrupt firms
and non-bankrupt firms). The repositioning of
the firm in its original group is done using a
geometric or economic criterion. This type of
discriminant analysis is called “with decisive aim”
(Altman et al., 1981; Altman, 1983).

The corporate risk models or credit scoring
models result from the discriminant analysis and
constitute until today accepted bankruptcy risk
cvaluation models. It is possible to state that
every country has today a credit scoring model
(Altman, 1984). Some well known models to use
are: Altman (1968); Altman et al. (1974); Altman,
Lavalee (1981); Banque de France (1983).

A contemporary philosophy for approaching
decision problems of multidimensional character
is multictiteria analysis (Roy, 1983: Zeleny, 1982).
The MINORA decision-aid system used in the
DSS is a trial and error procedure allowing the
user to assess its own preference model. It has
been successfully applied to some real-world
managerial decision-making problems {see for in-
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stance Siskos, 1986; Siskos and Zopounidis, 1987
and Cosset et al., 1992).

MINORA uscs the UTA ordinal regression
model of Jacquet-Lagréze and Siskos (1982) which
estimates an additive value or utility function of
the form:

u(g) =uy(g,) +uy(g,) + ... tug,),

where g=(g,,85,..., g, 15 the vector of perfor-
mances of a firm and w,,u,,...,u, are the esti-
mated marginal utilities normalized between 0
and 1. UTA requires a ranking (preordering) of
some reference firms (past choices,...); the util-
ity is estimated in such 4 way as to give a ranking
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as consistent as possible with the subjective one.
This ordinal regression is performed using a lin-
car programming formulation. The MINORA
system allows the user to analyse and correct the
eventual inconsistencics between the two rank-
mgs by means of a ranking versus utility diagram
(see section 4, Figure 19). Two consistency mea-
sures are used: (1) the F indicator, which is the
sum of the positive and negative horizontal devia-
tions from the regression curve of the diagram. In
the optimal case, F = 0. (2) Kendall’s 7, measur-
ing from —1 to +1 the goodness of fit in terms of
distance between the user’s ranking and that re-
sulting from the utility.
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3. Description of the DSS

It is well accepted that certain requirements
(end-user usage, interactivity, reliability,...) have
to be fulfilled by DSS software (Klein and Meth-
lie, 1990). Following Bonczek et al. (1981), if the
system 1s to be called a DSS it will have to
provide at least some sort of support for the task
of problem structuring or modeling. Therefore
the minimum functions a DSS should provide are
the following:
¢ data management,

+ display,
» problem analysis and structuring (modeling),
e statistical or other analytical techniques.

3.1. The system environment
The overall architecture is seen in Figure 2.

The main modules or subsystems are the follow-
ing:

¢ a database management system

» a modeling subsystem

¢ a display subsystem

¢ a dialogue system

The implemented system has many features which

are very important in a well designed software

package:

e it is device independent. It automatically se-
lects the best (highest resolution} graphics mode
to display charts and other relevant informa-
tion. If desired graphics screen dumping to
printers is also available.

¢ there is no limit to problem dimensions other
than the computer’s physical memory,

e it can be very easily converted to an other
language version {including graphics text out-
put) by a simple translation of a text file.

» it has context-sensitive on-line help.

# it has full-screen editors in all stages of prob-
lem development,

The package runs on IBM compatible machines
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equipped with a graphics card. A mathcoproces- ten using Microsoft’s Professional Devclopment
sor, though not necessary, greatly speeds up por- System 7.0, which is a Quickbasic environment
tions of the systems. The software has been writ- with support toolboxes for graphics and user in-
HIHORA
uTA
b
[ [}
4
Al
SOXTED . MULTICRITERIA |,
racrerency 4 TASLE OF ¢
TAILE FIXNS/CRITERIA
]
COHSISTENCY
CHECE FoR
DH'S FREORDERING

conxece 4

CHANGE L1 TRADE OFF
oF

REGRIERING AHALYSIS

1

‘ TROILEN
" SOLUTION
SOLUTIO
FILE
RESULTS N
P SATISFACTORY

DISPLAY AGREEHENT

NPT TR

FESULTS

EXIT

Fig. 4. The MINORA flow chart.




158 Y. Siskos et al. / An integrated DSS

terface. The Hammerly Probas library has also
heen used, providing fast assembly code routines
for fast execution.

The system is currently single-user. Multi-user
versions can easily be developed if required.

3.2, The DBMS subsystemn

The data handling is based on established
methods of data management and their storing
and retrieval are performed casily through the
guidance of context sensitive help screens at ev-
ery step of the procedure. One important feature
of the subsystem is thc use of dynamic array
indices which permit the full exploitation of the
computer’s memory. Thus, no dimension limita-
tions are extcrnally imposcd (i.e. from software)
other than those of hardware.

The data basc management system is two di-
mensional and the user is working with tables
that have lines and columns like a spreadsheet.
The user can easily travel through the data by the
use of full-screen editor that permits him to scroll
the data in all directions either by single steps or
pages.

There are basicallv two data bases: (1) the
main data base genecrated by the firms financial
support system containing basic financial figures
for every firm in the data base, such as net
income, selling expenses etc. {for a full list see
Figures 9, 10) and criteria of two types: financial
ratios calculated from the financial statements

Table 1

The model base

Reasoning Madel
Graphical representation  Histograms,

Principal Components analysis
Discriminant analysis
MINORA, scoring

of firms /criteria
Grouping of firms
Ranking of firms

and gualitative criteria supplied by the user, These
data are spread over time in yearly intervals, and
(2) a data base, generated from the sub-base of
criteria, for the multicriteria decision model with
firms as rows and criteria as columns. The user
can choose which year’s data arc used to form
this data base. Additional features of this data
base include characterisation of active and non-
active critcria and preference order. The data
base interaction is shown in Figure 3.

3.3, Modeling subsystem

In this subsystem there arc the following mod-

els:

— a multicriteria interactive ordinal regression
analysis model (MINORA system)

— a discriminant analysis model

— various credit scoring models for assessing the
corporate risk

— a principal components analysis model

In Table 1 the reasoning behind each model is

summarized,

PRINCIPAL
CONFONENTS
ANALYSIS

Fig. 5. The Principal Components Analysis Flow Chart.
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As explained previously all models have access
to the two data bases and the movement from
one model to the other is instantaneous and is
activated through menu keys. The modular archi-
tecture of the system permits the casy addition of
new model subsystems. Briefly the functions of
each subsystem arc:

MINORA: This subsysiem utilizes the data-base
consisting of firms and criteria. The user can
easily scroil through the spreadsheet and can
easily view the results of various preordering sce-
narios. Each preordering scenario is solved and
the solution is stored in scperate files for casy
comparison. This tree structure is shown in Fig-
ure 4. Each scenario’s solution is then passed to
the graphical module of the subsysiem which
depicts the results graphically. Based on the re-
sults (model and decision maker agreement or
not) the user may then change various aspects of
the decision making process such as the preorder-
ing of the firms or marginal value functions on
the criteria (utilities), and repeat the whole pro-
cess. Finally, il the uscr is satisficd with the
results, the suggested model is extrapolated to
the full set of firms. At every stage context-sensi-
tive help is instantly available. Printer output is
also activated through the function keys.

Principal Components  analysis / Discriminant
analvsis. These two subsystems accept data from
the main firm data base and perform various
advanced statistical operations. The user may se-
lect any combination of firms and firm attributes
(criteria, financial ratios etc.) through an interac-
tive selection procedure. The various statistical
aids offercd by this modeling subsystem (Figurcs
5, 6) are:

Principal Components analysis;

s cigenvalues, percentage, cumulative percentage
(selection of most significant principal axes)

# correlation matrix {(correlation between finan-
cial ratios)

e coordinates of individuals {table of similarly
behaved firms)

e coordinates of characters (table of most signifi-
cant financial ratios)

¢ scattering diagram {positioning of firms and
financial ratios in relation to the principal axes)

Discriminant analysis;

e Covariance matrices (intra-and inter-class cor-
relation of financial ratios of bankrupt and
non-bankrupt firms)

¢ Partial F-Processing (selection of most signifi-
cant financial ratios at a 5% significance level}

Fig. 6. The Discriminant Analysis flow chart.
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¢ Discriminant function (Z-score of firms using Corporate risk models: The corporate risk models
most significant financial ratios) are used to separate the firms in two groups,
o Significance Tests (D>-Mahalanobis, Student’s- bankrupt and non-bankrupt, according to a credit
t, Fisher-Snedecor F-Statictic). score which is calculated by a discriminant func-
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G2

<1)Edit <2>Common-size statements {Fl)Help <F2> <{F3>Save <{Esc> <{End>

Title: F23 28-89-1992 I
......... FINANCIAL DATA..........| 198§ 1986 —| 1587 —| 1588 1589
Proparty-plant-squipment at cost 1864.4) 1979.9) 3911.9f 4517 .8| 4056.5
Accunulated depreciations 1437.9) 1525.1] 3418.9] 3614.6] 3681.3
Net [ixed assets 426 .5 454 .9 5B2.9 982 4| 1175.1
[nuestments 32.1 134.9 136.4 128.5 2731.3
Capitalized expenses 629.1 179.2 182.7 63.9 4.6
Inventories 1686.3| 1822.2| 2353.9| 2657.8| 35575
Accounts receivable 1453.7 1954.8 1716.4] 23eB.A| 3441.6
Cash 268 .4 118 .4 223.9 114.1 259.6
Conmon stock 353.6 365.6 365.6 365.6| 1282.6
Retained earnings and provisions B01.4 566.1 742.2| 1315.4| 2147.3
Provis.for losses on receivables 23.2 21.4 38.7 99.4 16.2
Long-ferm liabilities 388.1( 1282.8| 134d4.6| 1224.5] 1389.1
Current liabilities 2936.3| 2459.3| 2622.6| 3411.5f 4828.8

Fig. 9. Balance sheet data.

tion. In this DSS seven discriminant functions
have been included, chosen amongst well ac-
cepted models, and shown in Figure 7.

4. A navigation through the DSS

4.1. Using the data base management system
Using the data base management system the

top executives of the ETEVA industrial develop-

ment bank (financial managers, financial analysts)
can analyse, evaluate and finally select the most

promising firms. 'The main menu for starting the
system is presented in Figure 8.

The data base contains the financial data (bal-
ance sheet and income statement) and the quali-
tative criteria of 39 firms for the five-yvear period
1985-198Y, Qualitative criteria are modeled ac-
cording to the preferences of each user (financial
manager) with the aid of an ordinal scale (3
better than 2 and 2 better than 1)

For example, the criterion management ¢duca-
tional background is modeled as follows; Primary
education 1; Secondary education 2; Higher cdu-
cation 3; Graduate work 4; Post graduate work 5.

{Cirless <Pgllp> <Pgbny <1>{1><{edX{+>Moving {F1> <Esc> <F5>{F6>Graphics {F7>

| Title: F23 28-89-1992 J
......... FINANCIAL DATA..........| 1985 1986 1987 1988 198%
Sales [EREN| S169.5) %S834.2| 7837.8| 9743.1
Cost of goods sold 3572.4| 3b78.9( 3738.3| 5291.4| 70O92.4
Gross prof it 1277 .6 1298.5 1383.9 1746.5 2658.7
Txtraordinary revenues B.6 247.8 284 .1 3z2z.1 446 .4
Extraordinary expenses 147.8 176.9 85.3 46,7 142.5
General & administrative expences 9%5.1 188.9 118.8 172.1 241.8
Selling expences 447.9 382 .1 392.3 54311 783.2
Interest expences 371.9 6B4.7 ¥39.2 B41.4 1664 .4
Depreciation 177.9 85.4 2.1 129.1 159.8
Dividends 17.7 38.9 21.9 21.9 248.5
Reserves 2.8 5Z.6 97.5 285 .4 224.7
Income taxes 19.7 21.6 36.3 188.5 1388
Other expences 6.4 3.6 32,5 9.4 182.2
Het income 45.7 116.7 188.3 336.2 785.5

Fig. 10. Income statement data.
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{Ctrledd (Pgllp> <{PgDnd> {1>{13<{ed{+dMoving <F1> <{(Euc)> <{F5><Fb6XGraphics <F?>

Title: F23 28-89-1992 ]
...... QUALJTATIVE CRITERIA....,..| 1985 1985 1987 1988 1989
Stock majority constancy 3.e 3.8 3.0 | IEX, i.a
Management educational background 5.8 5.8 5.8 5.8 5.8
Top management age 4.8 4.8 1.0 4.8 4.9
Management work experience 5.0 b.8 5.8 5.8 5.8
Management stake in Firm 4.8 4.8 4.8 4.8 4.8
Capital clearance z.8 2.8 2.8 2.8 2.8
Succesion scheme for Management 2.8 2.8 2.8 2.8 2.8
Bank connections-solvan.-defaults 3.8 3.8 3.8 3.8 i.e
Organization - Personnel 4.8 4.8 4.8 1.8 1.8

.|
Fig. F1. Qualitative criteria.

Figures 9-11 present the financial data and qual- ing from financial analysis) to qualitative ones
itative criteria for a single firm (firm F23). coming directly from the data base. In this case
Instructions that appear on the top part of the study of MINORA that follows the user has
screen help the user to a logical and quick orien- sclected a set of twenty reference firms from the
tation. Based on the financial data, the DSS initial sample of 39 firms and fifteen criteria on
performs a financial analysis whose results are which hc desires to base his decision.
shown for firm F23 in Figures 12-16. Figure 17 shows in detail the input data to
MINORA (i.e. multicriteria table, preordering of
4.2, Using the MINORA system firms, evaluation scales, ... ).
The use of the UTA method provides two basic
The MINORA system is used for the ranking results; the criteria graphics (i.e, marginal utili-
of the firms from the most promising to the most ties, Figure 18), and the ordinal regression curve
risky and untrustworthy. Input data range trom (ranking versus global utility, Figure 19).
guantitative criteria (i.e. financial ratios originat- The restitution of the user’s ranking by UTA

EnterContinue {Ctrle+} {Pgilpd> <{Pgbhn> Moving {Fi1} <{F2) {Esc} {End>

utla.' F23 28-89-1992 |
..... COMMON-SIZE STATEMENIS......| 1985 1986 1987 1988 1989

Sales 186.8 168.8 108.8 1A6.8 160 .8
Cost of goods sold 73.7 74.9 4.1 7.2 72.8
Gross profit 26.3 25.1 5.9 24.8 27.2
Extraordinary revenues .z 4.8 5.6 4.6 1.6
Extraordinary expenses 3.8 3.4 1.7 .7 1.5
General & administrative expences 2.8 2.8 2.2 2.4 2.5
Selling expences 9.2 7.1 7.8 7.7 8.8
Interest expences T.7 13.2 14.7 12.8 18.9
Depreciation < il 1.6 1.4 1.8 1.6
Dividends 8.4 a.o a.4 8.3 2.5
Reservas 8.8 1.8 1.9 Z.9 Z.3
Income taxes 8.4 8.4 8.7 1.5 1.4
Other expences a.1 8.1 8.6 g.8 1.8
Net income B.9 2.3 3.7 4.8 7.2

|
Fig. 12. Common-size statements (common-size ratios).
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Cirle+y (Pglipy <{PgDn> {1>{I>{e>{(+5Moving <F1> <Esc} {F5X{F&)Graphics {F7>

Title: F23 28-89-1992 I
...... PROFITARILITY RATEOS.......| 1985 1986 1987 19848 1989
(Sales-Cost of goods sold)/Sales 26.3 25.1 25.9 24.8 27.2
Net income / Sales 8.5 1.8 3.8 3.2 5.8
EBIT # Total aszets 9.4 17.2 18.4 18.9 .2
Net income / Net worth 2.1 18.2 13.7 13.5 16.9
(Bales{t}-Sales(t-1))-Sales(t-1) 6.6 -2.6 39.8 8.4
Net inc.t-Net inc.t-1-Net inc.t-1 265.7 59.9 49.8 149.2
Gross profit 7 Total assets 24.8 27.9 25.9 28.9 38.3

Fig. 13. Profitability ratios.

{Ctrles> <Pylp> <Pgbn> {1>{13{e>{3Moving <F1y <Esc) (F5»<{Fb>Graphics {F7)

Title: F23 ) 28-89- 1992

I

. -HANAGERIAL PERFORHANCE RATIOS..| 1985 1986 1987 1988 1989

28| 28 22| 24| 25
Selling expences / Sales 9.2 7.4 7.8 7.7 8.8
Interest expences / Sales 7.7 13.2 14.7 1Z2.8 18.9
Gen.& adm.+Sell.exp./Total assets 12.2 18.4 1.8 11.5 11.7
Cost of goods sold 7 Sales 3.7 .9 .1 5.2 2.8
Sales /7 Accounts receivable 1.3 2.7 2.9 3.8 2.8
Net worth # Total assets 27.4 z2a.8 Z2.8 27 .8 38.3
Total liabilities/Wurking capital 295.9 212.7 283.5 231.4 152.4

Fig. 14. Managerial performance ratios.

<Cirlesd> (Pylp> Pglnd IDU3{e>Maving <F1>  <Esc)> <FS)<F&MGraphics F7>

Fﬁei F23 28-89-1992 ]
......... SOLVENCY RATIOS.........| 1985 1986 1947 1988 1989

3.6 4.9 4.9 3.2 4.8
(Cury.assets-Invent.)/Curr.liab. 1.1 1.5 1.6 1.5 1.7
Total tiabilities/Net worth 267 .8 4681.6 358.1 275.8 161.7
Total liabilities / Total assets 73.1 8a.4 8.8 74.5 61.9
L.term liab“(L.term |.+Stockhald. 8.2 s?7.9 548 42 .1 29.3
Current assets / Current liabilit 1.1 1.6 1.6 1.5 1.8
Total liabilities 7 Cash Flow 14.5 18.5 15.2 18.4 6.3
Warking capital 7/ Total assets 24.7 37.8 38.7 32.2 48 .7
Cash # Total assets 4.7 Z.4 4.4 1.8 3.8

Fig. 15. Solvency ratios,
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<Enter>Continue <FI1>Help <F2> <End> <Esc>
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1985

F23

Q84

Totdl liabiities / Cash flow

088

wae

Fig. 16. Total liabilities to cash flow ratio evolution for firm F23.

LCtrle+> <Pglip> <PgDu> <1><L><«><*>Mouing <F1* <Esc? <F4>Conn <Del>Erase

Title - B8&qUAL B7-12-1992
Better 99,5544 | 35,8144 1.39829|8.445633[ 19.6953|-32.2365 5.88068
Worst 5,38608 |-13.2794| 38.8520| 94,6939 88.8568| 34,5886| 1.B0088
Active or nolactive |Active |Active [|Active [Active |Active |Active
Sign Positive |Positive [Hegative [Hegative[Hegative [Negative |Positive
IR | (52lcs - [EBIT ~ T|Aosend|Cost of |Total 1i|Total Ii|Hanageme
BB-F6& 1{ 39.7118{ 16.4316| 7.58755| 69.2896( 59.9371| 2.54957| 5.60008
88-F25 1| 28.9498| 35,8144 2.86309| 71.08562( 64.8873| 1,v3117| 5.808080
88-F31 1| 39.8633| 28.6139| 3.64879( €H,1367| ?5.6979] 3.64959| 5.80068
Bo-F13 1] 44.5948| 11,5214| 4,19465| 55,4852{ 57.1394| 3.88626| 5.B0008
BE-F1 2| 45,5836 11.6590] 12,1838 54.4964| 42.1867( 3.91286| S.066088
BA-F22 2| 29.7561| 25,7228 4.55188| 78.2499( 46.7828| 1.72788| 4.80088
88-F2 2| 24.8942| 8.67828| 4.5@951] 75.9858| 27.3512| 3.31132| 5.80468
pe-F11 2| 46,2431 26,7234 2.183%8| 54,7569 19.6953|8.742725( 5.88866
BB-FS 2| 24.v822| 18,3812| 2.82140| 75.2970( 69.2951( 4,35915| 5.B806H
BB-F35 2{ 31.8178| 21.1722| 3.57426| 68,1822 64.8831| 3.66752| 5.B8068

Fig. 17. A part of data input for MINORA.

<PgDn>Continue <F 1> <instruet > <F 2>Prinl <End>Ex i <Eic>

00 —
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Fig. 18. Marginal utility of the criterion succession scheme for management.
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<P <F b crstrued > &F 2-Print <End>Ex 1<Eiom
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Fig. 19. Firm ranking versus global utility.

{PyDniCentinuedFL2{Instruct. *{F2 Print{End>Exi t{Esc>

198 — : : : . : S
P
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70—
ca— -
58 —
40—
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£8-F7
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|
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1

-9@ —
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(Sales - |Intenest k'!uta.l 1i Iﬂanagene |Bank con |Bulldlny|ExP0rt P Harrantl
ERIT # T Cost of Total 13 Successi Technioa Mawket n Sensitiv

Fig. M. Pairwise comparison of fiems on the evaluation criteria.

LKA Maning P2 <FB2<F7>Graphics <F1><F8><Instruct.> <Esc><END>

R[N (Sates —In.u. JERIT # T|M.U. [interest n.u.—lﬁz.u.
88-Fb 1 i{l 30.7169|8.6883Y| 16.4315}0.864|{-7.58755|8.864|8.883
g8-F25 || 1] 1)l 28.9497]0.083] 35.8143|8.664|-2. 66388 |8 .6ca|p.Be3
a-Fa1 | 1| 1| 39.863218.883( 26.6133 |B.864|-3.64079|0. 064 [0 883
88-F13 1 1| 44.5948|6.883|j 11,5213 (9.064(-41.19464}8 064 |4 .83
80-F1 5| 5|l 4s.5835|a.083] 11.6597|8.064|-12.183a |8 8540 678
ga-rzz | s| s|| 29.7501|0.883] 25.7219|8.864|-4.55187 |8 664 |a.c70
88-F2 5 S|l 24.8941|8.083|| 8.67828 |8 .B64|-4.58951 |8.864[B.678
88-F11 5 5l 45.2430|0.963{| 28.7233|08.6864|-2,18398 |8 .B61}8.678
88-F5 [ 5| 24.7822|8.883] 18.3812|8.864|-2.82148|6.86178.67d
88-F35 5 4l 31.8177|8.883[ 21,1721)8.P64|-3.57425(0.864 )8.6749
86-F7 | 11| 5| 29.4452|0.603] 24.4823 3726154 |9.B64 (8. 676

88-F9 11| 13( 24.877?8(6.863] 13,1564 |0.864((-6.43413 |8.6064)8.666
88-F33 11| 12| 22.5736|0.8683} 16.8835!H.864|-5.56226|0.864 [0 .669
88-F23 11| 13| 24.8155(8.863} 18.9121]9.864}-11,9548|d.864 8,666
88-F38 11] 13| 42,3955(R,883) 16.65620.864)-11.8682 (8,864 8,666
88-FJ4 16| 13| 28.8792{8.883] 29,6040|6,864(-5.17908 18 .864{d.666
88-F39 16] 17| 18.5489|8.842§ 14.5126 (8,864 |-6.60914 (8,864 [0.661

Trade off analysis.With the middle solution

Fig. 21. Trade off analysis.
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<1>Bedef inition <End> <Esc> <F1>

The Global Utility of al]l the possible Alternative Solutions

Ran. |Hane Util|Ran.|Name Utii|Ran. |Hame Util{Ran, |Hame util
1(Ba-F6 883 4|88-F2 678| 16|89-F24 |.598
1{88-F25 |[.88] 5|B8-F26 |.669{ 17|B8-F37 |.4681
1|B8-F31 |.BE3 bibg-F33 |.669| 18|98-F36 |.380
1/88-Fi3 |.BA3 7|88-F23 |.666{ 1B|83-F18 |.365
1{p0-F29 |.BE3 7|68-F32 |.666] 19|83-F16 |,298
2|BB-F12 |.BHZ 7[88-F17 |.BBA
3|BO-F18 |.67H v|88-F34 |.666
318B-F22 | .67H 7(88-F3 666G
3|8B-T% 678 7|68-F38 |.b6b
3|BB-F11 |.678 g|8a-Fa 166
3|688-F7 678 9|88-F8 666
3[BB-F15 (.678| 1#(BB-F39 |.661
3(88-r28 |.678| 11|88-F28 .66O
3|88-F14 |.678| 12|BB-F21 |.668
3{88-F1 .678| 13]|88-F27 |.659
3(88-F4 678| 14|BB-F38 |.630
3|88-F35 |.67B| 15(88-F19 |.598

Fig. 22, Final ranking of firms.

seems to be good (Kendal’s r =09, F* = 0.0.13);
however there are some inconsistencies. A cer-
tain number of firms such as F7, F33, F34,..,.
appear as ill-ranked. For the analysis of these
inconsistencies, MINORA submitted a series of
questions about cach ill-runked firm. Let’s give
here an example about the ill-ranked firm F7
which is considered as underestimated by the
user.

The systern proposes to compare firm F7 to
the firms belonging to the same equivalent c¢lass:
F9, F33, F23 and F30. Figure 20 shows the graph-
ical pairwise comparison between the firm F7 and
the firm F23, which is correctly ranked. The

<Enter>=Continue <f ¥>Help <F2x <End> <fio>

comparison shows that firm F7 is clearly better
than the rest of its equivalent class and conse-
quently the user must upgrade.
The user can also correct some inconsistencies by
modifying the marginal utilities,

In Figure 21, the system prompts the decision

maker to subtract the amount of 0.064 from the
marginal utility of the criterion EBIT/ Total As-
scts where F7 is supcrior to other firms of its
equivalent class.
After the acceptance of the evaluation model the
user may obtain the ranking of other firms of the
portfolio of the ETEVA industrial development
bank (extrapolation phase, Figure 22).

T
08e

Fig. 23. The Altman’s corporatc risk model.
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Fig. 24. The scattering diagram of principal components analysis.

4.3. Using corporate risk models

The utilization of Altman’s model (1968) who
was the first to apply the technique of discrimi-
nant analysis to the failure classification problem
is shown in Figure 23. Firm F23 scores, for the
whole period of the study lower than the cut off
score of Altman’s model which means that this
firm is considered as bankrupt (Figure 23).
Similarities between firms can be analysed by
means of principal components analysis factorial
diagrams (see Figure 24). Finally, the user can
classify the firms in two classes (bankrupt firms
and no bankrupt firms) using the discriminant
analysis model of the DSS.

5. Conclusion

A DSS for financing firms by a Greek indus-
trial development bank was developed in this
paper. The system is a new supportive tool in the
evaluation of a portfolio of firms and in the
financing decision making. Specifically, the DSS
allows to manage financial information as balance
sheet and income statement as well as qualitative
information. The models included are used to
describe, discriminate and rank the firms. This
triple analysis of firms is a major advantage over
previous methodologies. An important character-

istic of the proposed DSS for corporate assess-
ment is its ability to show their competitiveness
level, the viability and the financial performance
of the firms. Finally, the DSS gives important
information on the criteria that the ETEVA bank
is using for evaluating firms and on their relative
significance in the decision making process (i.e.
marginal utility for cvery criterion). Apart from
the supporting role in the corporate assessment
process, the proposcd DSS innovates in some
other areas as well:

# The complex problem of corporate risk assess-
ment is structured.

The time and cost for the study of the firms
dossiers are minimized, since this is now com-
puterized.

The competitiveness and effectiveness of the
ETEVA industrial development bank are in-
creased, through the learning of scientific
methods and models by their personnel.

Since more reliable data is needed for a com-
puterized system, this is sought after more
keenly,

The financial art is upgraded by the use of even
more sophisticated methods (multivariate sta-
tisticai data methods, MCDM methods).

The computerized system offers transparency
in the selection of the firms to be financed,
since ¢very decision can be argued on sofid
scientific grounds.
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The field of applications of the system is very
broad. It can be used for thc appreciation of
industrial clients of banks, industrial clients of
insurance companies, clients of venture capital
firms or of firms of particular industrial sectors
(motor car industry, agriculture, chemistry, elec-
trical equipment and appliance industries, hard-
ware industries, distribution, etc.).
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