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Abstract: Economical activities of enterprises should be based on such managerial decisions that assure
quick and effective adjustment of the company to the changes that appear in the market. Enterprises, which
are not able to use their opportunities and avoid threats, are bound to face the thread of insolvency. Effects
of the insolvency are felt not only by the enterprise, but also by its creditors. Therefore, it is necessary
to elaborate a warning system that will beforehand allow diagnosing the condition of the enterprise
and setting necessary directions for the company to avoid insolvency. The article presents research results
on the use of characterization theory in the creation of insolvency threat evaluation model based on Polish

enterprises.
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1 Introduction

Enterprise, which has lost its ability to survive, stands
in the face of crisis. It is a common phenomenon in
modern economical environment and it affects enter-
prises on different levels. In case of temporary difficul-
ties, which are overcome, the company will be able
to survive and develop its activities. This situation is
more dangerous when the management does not see the
threat and manage the company towards intensification
of the crisis. This results in the thread of insolvency
that can lead to bankruptcy.

Results of insolvency (especially the financial prob-
lems) are felt not only by the enterprise itself, but also
by [1, 11]:

e contractors (suppliers, customers) — insolvency di-
rectly influences the financial problems and results
in bankruptcy of co-operating companies (especially
in case of high dependence of subjects on delivered
components or sales of finished products),

e creditors (financial institutions, partners) — bank-
ruptcy results in problems with execution of debt.

e state — bankruptcy of a major economic subject
(with considerable market share) can destabilize the
functioning of the sector or even the whole econo-
my (e.g. state receives additional cost connected
with the increase of unemployment, such as social
cost of unemployment, social benefits etc.),

e cmployees — incoming job reductions can lead to in-
sufficient means of livelihood.

Threat of bankruptcy is also connected with direct and
indirect cost of insolvency. Direct cost includes em-
ployee and company representative wages, as well as
cost of time of managers who manage the company
during the bankruptcy process. Indirect cost includes
cost of lost sales, revenue and loosing the possibility
to receive loans. In terms of direct and indirect insol-

vency cost one can distinguish [17]:

e administrative costs (direct) — resulting from the ne-
cessity to perform restructuring process, which is
a cost generating mechanism requiring engagement
of employees, banks and company representatives,

e cost of lost investment opportunities (indirect) —
enterprise with financial trouble can have problems
with obtaining the capital for new ventures (even
more profitable than its basic activities),

e cost of creditor/shareholder conflict (indirect) —
in the moment of financial crisis creditors are afraid
that the company will loose its solvency and invest-
ed capital will be lost. On the other hand the share-
holders are interested in the increase of market val-
ue of the enterprise. That is why managers may be
forced to making short-term decisions that please
the creditors but ignore the shareholders.
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Analysis of the financial and economical condition
of the enterprise can be a basis for the model of insol-
vency threat evaluation. The main objective of such
model is to provide an early enough (e.g. allowing tak-
ing necessary preventive measures) diagnosis of poten-
tial threats (dangers) that can lead to the bankruptcy
of the enterprise.

Customers of the insolvency threat evaluation model

are the following [8, 11]:

e management board - responsible for the constant
supervision and evaluation of the financial condition
of the enterprise,

e auditors, responsible for e.g. evaluation of financial
reports and determination of potential threats for
the functioning of the business unit,

e Dbanks, which can evaluate the insolvency threat
in the process of granting the loan to the enterprise,

e rating institutions, such as Standard & Poor,
Moody’s, which can use the models to build enter-
prise ratings,

e Dbank guarantee funds, in order to select the banks
endangered with insolvency,

e customers or suppliers, to check the financial credi-
bility of the contractors,

e potential investors investing money in stock market
or bonds,

e nations and local authorities, to select potential
bankruptcies in the national sector,

e judges dealing with insolvency and bankruptcy (in-
crease of correctness of sentences),

e other units e.g. debt selling companies, insurance
companies, debt collectors.

2 Enterprise insolvency processes — stages
2.1 Main causes enterprises bankruptcy

Bankruptcy is not a sudden event that appears over-
night — it is the end stage of a process defined as enter-
prise crisis.

Crisis starts when there is a major difference (endan-
gering the functioning of the company) between the
changes in the economical environment and the strate-
gy of market activities as well as the organization
of management processes of the enterprise. Such view-
point is presented in the works of P. Drucker [4],

D. Sull [13], E. Urbanowska-Sojkin [15] that determine

the “difference” as:

e outdated organization business theory [4],

e active inertia pitfall [13],

e lack of balance between the goals and resources
of the enterprise [15].

P. Drucker emphasized that the premises of the crisis

situation arise when the business theory in the organi-

zation is out of date. According to Drucker the theory

of organization consists of three parts [4]:

e assumptions on the organizational external envi-
ronment: society and its structure, the market,
the customers and technology,

e assumptions on the organization’s mission, purpose
and raison d’etere,

e assumptions on the core competences, the skills and
abilities required to accomplish the mission of the
organization.

» (...) Assumptions about the external environment de-
termine the source of the organization’s benefits.
Assumptions about the mission determine the favorable
outcome for the organization: in other words, they indi-
cate how it perceives its role in changing the society
and economy. Finally, assumptions on the core compe-
tences determine the directions necessary to be perfect-
ed by the organization, in order to maintain the
position of the market leader (...)” [4, p. 34]. When
a difference between the goals and the current situation
of the enterprise emerges, it usually leads to the crisis
in the enterprise.

Similar viewpoint can be found in the works of E. Ur-
banowska-Sojkin [15], which states that lack of balance
between the goals and the resources in the enterprise
leads to a crisis. Erroneous perception of the environ-
ment and one’s position in it results in disturbances
of goal formulation and external ability to reach them
as well as resources necessary to realize the goals.

Works of D. Sull [13] present the concept of active
inertia pitfall (see Figure 1), which describe the situa-
tion where once defined success formula is repeated
continuously, despite the changing environmental con-
ditions. What is interesting is the fact that in such
circumstances the managing board usually intensifies
the activities that lead to the success in the past. What
is more, managers lack the perspective that would
allow a synonymous and neutral evaluation of the
success formula.
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Figure 1. Pitfall of active inertia
(source: [13, p. 94])

Usually the set strategic outline, resources, processes
and values of the enterprise are assumed as obvious and
the need for change is not noticed. Success formula
is understood as the activities that allow the enterprise
to come into being and gain a significant market posi-
tion.

It also is the ,, (...) unique set of strategic outline (per-
ception of the competitive environment), resources
(necessary to gain competitive advantage) processes
(ways of operating), relations (permanent relations with
external stakeholders and contacts between functional
departments), values (inspiring factors, synonymous
and modeling the identity of the organization)” [13,
p. 90].

Initial success draws customers, investors, imitators.
It also assures the managing board that selected strate-
gy is successful and should be reinforced. Such attitude
“puts the enterprise managers off their guard” and reas-
sures that current success formula is correct. ,, (...) In-
dividual elements of the success formula become less
flexible: strategic outline changes into a blindfold, re-
sources become a burden, processes are driven by rou-
tine, relations change into chains and values into numb
doctrines (...)” [13, p. 93].

Changing environment enforces changes in the enter-
prise. Managing board sees the changes and takes
actions. However, the non-flexible structure directs
them to the same old tracks. The greater the difference
between the environment and the success formula, the
more intense actions are undertaken — unfortunately
they do not bring expected results. This can lead to the
crisis in the enterprise and end in its bankruptcy.

2.2 Stages of insolvency process

Threat of insolvency is a consequence of prolonging
crisis within the company. Organization faces bank-
ruptcy when all undertaken actions, to deal with the
crisis, have failed. Literature presents a four-stage con-
cept of the crisis [10, 18 and 197]:

e Stage |

Usually concerns situations where the first symptoms
of the crisis, generated by internal and external sources,
are visible. They are, however, ignored by the man-
agement. This results in gradual preservation of the
functional inefficiency of the organization.
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Figure 2. Developed, multiphase model of the course of crisis situation in an enterprise
(source: [18, p. 44])
e Stage?2 A. Zelek, efficient actions taken in the “intervention”

Mistakes within the enterprise lead to better threat
symptoms visibility than in stage one. Despite this fact
management still ignores the threat or takes ineffective
/erroneous actions. This results in even more serious
functional inefficiency of the organization, which leads
to even more serious mistakes and increase of irregular-
ities. This way the enterprise enters stage three,
in which significant activity disturbances are revealed.

e Stage3

This is the culmination of the crisis situation develop-
ment. This moment requires introduction of radical
changes, due to symptoms that transformed into
the state that threatens future existence of the enter-
prise. The symptoms are e.g. loss of market position,
financial insolvency, dangerous level of loan, signifi-
cant increase in fixed cost etc. Introduction of changes
is based mainly of curative actions.

e Stage4
Final stage that ends with bankruptcy and liquidation
of the enterprise.

Works of A. Zelek [18, p. 44] present the concept
of developed, multiphase model of the course of crisis
situation in an enterprise (see Figure 2). According to

stage can save the enterprise form bankruptcy.

On the other hand D. Czajka [3, p. 506] distinguishes
three stages of enterprise crisis, where the third stage
leads to bankruptcy:

o Initial stage: distribution and production dynamics
problem occurs, receivables execution slows down,
contradictory decisions accumulate or there is a to-
tal lack of decisions. Stock increases or maintains
a high level together with decrease or stoppage
of sales. Liabilities increase and current assets
decrease, first symptoms of financial insolvency
occur.

e Intermediate stage: production problems occur with
higher frequency, material shortage due to lack
of financial resources starts, production process
stops to be profitable, quality of products decreases.
Receivables are not paid in time and current bank
loans limits are used in full. Liabilities are not paid
in time and the interest level rises. Some suppliers
require to be paid up-front or increased level of pre-
payments. Receiving a loan is more difficult due
to the opinion that the enterprise is not reliable.
Wages payment is not regular, highly qualified em-
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ployees start to leave the company and go to
the competition.

e Final stage: production is stopped, receivables pay-
ment slows down, and material assets are being sold
out. Enterprise stops paying its liabilities, there are
no more financial resources. Creditors apply for the
company to receive the bankrupt status.

3 Characterization principle — use of insolvency
threat level evaluation in the construction
of the model

3.1 Theoretical basis for the characterization
principle

» (...) V.A. Gorbatov characterization principle is a part
of modern methodology for the systems theory. Main
gnoseologic postulates of the characterization principle
are:

e characteristics of the solutions rather than the solu-
tions themselves should be sought,

e solution characteristics should relate do the created
class representatives (invariants) of equivalent solu-
tions,

e cquivalent solutions class is created as a result
of input data interpretation of the solved task group
of the problem area in the representative solution
characteristics categories (...)”. [7, p. 190].

»(-..) Usually there is less equivalent class solutions

than the solutions themselves and the analysis of solu-

tion characteristics can be performed without their

direct (objective) generation. Characterization theory

consists of formal elaboration and methodological veri-

fication in the selected characterization theory objective

area, main idea of which is based on the mutual inter-

pretability of functioning model of certain object with

the model of its structure. Mutual interpretability

of models is reached through:

e selection of universal rules of “proper” functioning
(expressed in the model of functioning),

e structural (technical) interpretation of the function-
ing model [7, p. 191].

Universal rules of ,,proper functioning” are expressed

with graph figures determined as [5, 7 and 9]:

e obligatory graph figures — abstract constructions,
which, as homeomorphisms, should occur in the
model - otherwise it can be incorrect,

e forbidden graph figures — easily identifiable objects,
which isolation or dispersion (in the functioning
model) assures the functional correctness of the ob-
ject,

e necutral — used for functioning model simplification
transformations, which do not result in forbidden
and obligatory figures.

»(-..) Object (resource) will function properly only
if a mutually synonymous interpretation between its
functioning rules (described with the ¥, functioning
model) and the structure that realizes it (described with
Wy, structure model) is determined and proven (...)” [7,
p. 142]. In order to determine and prove synonymous
interpretation of these two models the following as-
sumptions are taken:

e resource functions adequately to its structure,

e resource structure is adequate to its desired way
of functioning.

,»(...) Basic model of the characterization theory can be

described as:
<‘Pa,‘Pb,PO(\Pa,‘Pb)> (1)

where:

¥, - functioning model,

V¥, - structure model,

Po(W., ¥p) — atomic predicate characterizing the inter-

pretation possibility of ¥, functioning model in the

categories of W}, structure model (...)” [9, p.142].

,»(...) Practical application of characterization principle
to solving the determined group of tasks (problems) re-
quires the elaboration of adequate theory that expresses
in detailed determination of ¥,, ¥, models and P, pred-
icate (...)” [9, p. 142].

3.2 Characterization principle application meth-
odology in research practice

Search of optimal solution for formulated research
problem can be performed on the basis of the Gorbatov
characterization principle [5], as part of the stages pre-
sented in the Figure 3.

Stage 1 is based on a precise determination of the
objective area (research reality) and formulation of the
research problem.
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Figure 3. Characterization principle application methodology in research practice
(source: self study)

As part of stage 2 the following are defined:

e Jogical predicate (formal recording of the researched
problem),

e universal rules of proper functioning in the form
of figures: forbidden, obligatory, neutral (usually in
the form of graphs).

During stage 3 the defined logical predicate has its
functioning model ¥, (resource, object) elaborated,
for which its structural interpretation, in the form
of structure model ‘P, (stage 4), is sought.

Structure model ¥, is a solution for the formulated re-
search problem. The basic condition is to create ade-
quate characterization theory, in the form of basic
model of this theory, for the selected subjective area.

3.3 Research problem, assumptions, hypothesis,
research goal

The following research problem was formulated: two
groups of companies are presented: enterprises, which
went bankrupt and enterprises, which held their posi-
tion in the market. Each enterprise makes or made fi-

nancial statements and reports (balance sheet, cash flow
statement). Research method that fulfills the following
requirements is sought:

e on the basis of evaluation and comparison of two
groups of enterprises will allow to determine
the characteristics (described with indicators) of the
financial and economical condition of the compa-
nies that bankrupted and that held their position
in the market,

e on the basis of the financial and economical charac-
teristics of bankrupt enterprises will allow to
diagnose the insolvency threat level of any other en-
terprise,

® on the basis of insolvency threat level diagnosis and
comparison with characteristics of enterprises that
survived the crisis will allow to determine preven-
tive activities for this process.

The following assumptions were made for such formu-

lated research problem:

e financial reports (balance sheet, cash flow state-
ment, income statement) are a synthetic record
of the enterprise’s activities,
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e results of decisions and mistakes made during man-
agement processes are reflected in the financial
statements,

e financial indicators, based on financial statements,
describe the economical and financial condition
of the enterprise,

® insolvency is a process that can be diagnosed on the
basis of economical and financial condition chang-
es.

With relation to the research problem and selected
assumptions the following research hypotheses were
formulated:

e H;: set of functional and structural models, describ-
ing changes in the economical and financial condi-
tion of bankrupt and survivor companies, can be
determined with the use of characterization princi-
ple,

e H,: comparative analysis, which aims at identifica-
tion of differences in the functioning of two enter-
prise groups, can be performed on the basis of set
of functional and structural models, describing
changes in the economical and financial condition
of bankrupt and survivor companies,

e Hs: set of functional and structural models, describ-
ing changes in the economical and financial condi-
tion of bankrupt and survivor companies, can be
used to evaluate the insolvency threat level for any
enterprise. Insolvency threat level can be deter-
mined on the basis of evaluation of comparison
of any enterprise with the set of functional and
structural models of selected group of enterprises.

In context of research problem, set assumptions and
formulated hypotheses, the following research goal was
determined: elaboration of observation models set and
insolvency symptoms analysis, described in the form
of Gorbatov characterization principle.

3.4 Characterization principle application
methodology in the solving of the research
problem

Characterization principle application methodology
in the solving of the research problem formed above
(see point 3.3) is based on the elaboration of the theory
that, form the economical and financial viewpoint, de-
termines the following:

e functioning models (¥,) of survivor and bankrupt
enterprises,

e structure models (V,) of survivor and bankrupt en-
terprises,

e atomic predicate Po(‘Y,, ¥p), that determines the
possibility of functionality model interpretation in
the categories of structure model.

Scientific experiments were performed on the basis
of financial and economical condition evaluation
of survivor and bankrupt enterprises, precisely the
changes of financial and economical condition of en-
terprises over the period of three years. Economical and
financial condition of the enterprises was described
with a set of indicators used in financial reports analy-
sis.

Figure 4 presents the four main stages of performed
research as well as expected results.

Changes of financial and economical condition of en-
terprises were recorder in the following form:

e Set of logic predicates (stage 1), expected result
of which were 3 logic predicates for each enterprise
group. One logic predicate corresponded to one
financial year. Functions record the changes in the
economical and financial status over the researched
period (increases and decreases of selected econom-
ical and financial indicators). According to the
formal recording of the research problem (see Ap-
pendix A) the following cases of companies in logic
predicate were formulated in the form of disjunc-
tion.

e Set of logic predicates graph models (stage 2),
expected result of which were 3 logic predicates
graph models for each enterprise group. Every logic
predicate had one corresponding graph model.
Forbidden figures were eliminated from the logic
predicate graph models what resulted in functioning
graph models.

e Set of functioning graph models (stage 3), expected
result of which were 3 functioning graph models
for each enterprise group (they represent the com-
mon characteristics of the enterprises from the eco-
nomical and financial viewpoint). Every functioning
graph model had one corresponding functioning
model.
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e Set of structure graph models (stage 4), expected
result of which were 3 structure graph models for
each enterprise group (these models are the sought
solution of set research problem). Every structure
graph model had one corresponding structure
model.

Graph match index, which allows to determine in what
part any enterprise matches the graph functioning (or
structure) model of bankrupt enterprises and graph
functioning (or structure) model of survivor enterprises,
was elaborated. Evaluation of insolvency threat or sur-
vival level for the enterprise in upcoming period of 3
years was possible on the basis of comparison of the
reached graph match index.

4 Research experiments results
4.1 Research sample

Financial records of 52 manufacturing enterprises that
bankrupted in the period of 2000-2004 and 52 enter-
prises that survived in the period of 2000-2004 were
collected for the conduction of this research experi-
ment. The selection of bankrupt and survivor enterpris-
es was selected with the following criteria:

e branch of operation of bankrupt enterprise,

e period (financial year) of the financial statement.

For example if the financial records of a bankrupt
clothing company, for the years 2000, 2001, 2002, were
gathered than records of a survivor company form the
same industry and from the same period of time were
gathered. Such selection of the research sample is
to eliminate differences between particular company
groups (bankrupt, survivor) that can occur due to:

e character of the branch that given company operates
in,

e character of the time period (external conditions
of the economical environment) that given company
operated in.

Elimination of these differences leads to the possibility

to compare the experiment results of particular enter-

prises:

® between enterprises within the same economic
branch (bankrupt, survivor),

® Dbetween enterprises in different economic branches
(bankrupt, survivor).

Research sample was divided in the following manner:

e _learning sample” (42 bankrupt enterprises, 42 sur-
vivor enterprises) — on its basis the following were
constructed for particular company groups: sets
of logic predicates, sets of logic predicates graph
models, sets of functioning graph models, sets
of structure graph models,

e _test sample” (10 bankrupt enterprises, 10 survivor
enterprises) — on its basis tests of functioning and
structure graph model sets were tested with relation
to their “usefulness” in the insolvency threat situa-
tion evaluation; the assumption for the measure
of functioning and structure graph model sets “use-
fulness” in the insolvency threat situation evaluation
is their “ability” to classify the enterprise as “bank-
rupt” or “survivor” with the number of erroneous
classification not exceeding 40% of the cases (it was
assumed that in the test sample in every group for
10 cases up to 4 cases can be wrongly classified).

For every enterprise financial indicators, which indicate
changes in the economical and financial condition
of the bankrupt and survivor enterprises were calculat-
ed on the basis of collected financial statements.

4.2  Variables of logic predicate - indicators
describing changes in the economical
and financial condition

Changes in the economical and financial condition
of two enterprises’ groups are described with 17 indica-
tors. Indicator set was elaborated on the basis of related
literature [2, 6, 12, 14 and 16]. Preparation of economi-
cal and financial condition evaluation was possible, on
the basis of the indicators, in the aspect of:

e profitability ratios (indicators: return on assets,
return on net assets, net profit margin, return on eq-
uity),

e cfficiency ratios (indicators: fixed assets value,
reversed fixed assets turnover ratio, asset turnover
ratio, receivables turnover ratio, stock turnover
ratio),

® liquidity ratios connected with evaluation of work-
ing capital (indicators: current ratio, quick ratio,
working capital to sales ratio, working capital in
financing of movable assets),

e debt ratios and ability to cover liabilities (indicators:
debt ratio, debt to equity ratio, reversed current
liquidity ratio, ability to cover debt form cash flow).
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Due to the fact that:

e profitability indicators: return on assets, net assets,
return on net sales, return on equity,

e working capital indicators: in sales revenues, in
financing of moving assets,

e ability to cover debt form cash flow indicator could
have positive or negative values — finally (including
all remaining indicators) 24 logic predicate
variables (Fy, ... Fy4) were elaborated.

In other words, apart from the change of the indicator

in time, selected indicators were analyzed whether their

value is positive or negative. For example negative
value of working capital indicators means serious prob-
lems with financing of current activities (lack of work-
ing capital). What is more, if its value decreased in time
it corresponded to increase of problems in the enter-
prise. Additionally if the enterprise had losses and lost
its ability to cover debt form cash flow (negative
value), it meant that its presence in the market is seri-
ously threatened. Final set of indicators, describing fi-
nancial and economical condition, and corresponding
predicate variables were collected in the Table 1a and
Table 1b.

Table 1a. Financial indicators and corresponding predicate variables used in the research (source: own elaboration)

. Indicator . . .
Description Wsk. Predicate F; Value of the logic predicate F;
1
return on assets (positive, negative Fy =1 (positive indicator value Wski)
p - eg Wsk; F, F; = 0 (negative indicator value Wsk;)
value) . :
variable signature —F,
. F,=1 (increase of indicator value Wsk;)
return on assets (decrease, increase _ .
. Wsk; F, F,= 0 (decrease of indicator value Wsk;)
of value in time) . .
variable signature —F,
. F;=1 (positive indicator value Wsk,)
return on net assets (positive, B A
. Wsk, F; F;= 0 (negative indicator value Wsk;,)
negative value) . :
variable signature —F;
F,=1 (increase of indicator value Wsk,)
return on net assets (decrease, _ .
. .. Wsk, F, F,= 0 (decrease of indicator value Wsk,)
increase of value in time) . .
variable signature —F,
net profit margin (positive, negative Fs=1 (positive indicator value Wsks)
p g (p - heg Wsk; F;s Fs= 0 (negative indicator value Wsk;)
value) . :
variable signature —Fs
net profit margin (decrease, increase Fs=1 (increase of indicator value Wsk3)
prolit marg ’ Wsk; F¢ F¢= 0 (decrease of indicator value Wsks)
of value in time) . .
variable signature —Fg
return on equity (positive, negative F7=1 (positive indicator value Wsk,)
quity (p - eg Wsky F; F;= 0 (negative indicator value Wsky)
value) . :
variable signature —F;
return on equity (positive, negative Fs=1 (increase of indicator value Wsk,)
quity (p - eg Wsky Fg Fg= 0 (decrease of indicator value Wsky)
value) . .
variable signature —Fg
. Fo=1 (increase of indicator value Wsks)
fixed assets value (decrease, increase _ .
.. Wsks Fo F9= 0 (decrease of indicator value Wsks)
of value in time) . .
variable signature —Fg
reversed fixed assets turnover ratio Floi I (increase of indicator value Wsks)
. . Wskg Fio F1o= 0 (decrease of indicator value Wskg)
(decrease, increase of value in time) . .
variable signature —F

Continued in table 1b—
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Table 1b. Financial indicators and corresponding predicate variables used in the research (cont.)

(source: self study)

o Indicator ) ) )
Description Wsk: Predicate F; Value of the logic predicate F;
1

. Fy;=1 (increase of indicator value Wsks)
asset turnover ratio (decrease, B o
. DN Wsk; Fi Fy1= 0 (decrease of indicator value Wsk,
increase of value in time) . .

variable signature —F;

. . Fi,=1 (increase of indicator value Wsky)
f:urrent liquidity rgth (decrease, Wskg Fis Fi,= 0 (decrease of indicator value Wskg,
increase of value in time) . .

variable signature —F,

e e . F13=1 (increase of indicator value Wsky)
gulck liquidity rat'lo (decrease, Wsko Fis Fi3= 0 (decrease of indicator value Wsko)
increase of value in time) . .

variable signature —F 3
working capital to sales ratio F”i L(p ositive 1pd1§:at0r value Wsk;)
.. . Wskio Fia F14= 0 (negative indicator value Wskj)
(positive, negative value) . .
variable signature —F 4
. . . Fy5=1 (increase of indicator value Wsk,g)
working capital to sales ratio _ .
. .. Wskio Fis Fi5= 0 (decrease of indicator value Wskj)
(decrease, increase of value in time) . -
variable signature —F s
working capital in financing Fis=1 (positive indicator value Wsk;;)
of movable assets (positive, negative Wsky; Fis Fi¢= 0 (negative indicator value Wsky,)
value) variable signature —F ¢
working capital in financing Fy;=1 (increase of indicator value Wsk;;)
of movable assets (decrease, increase Wsk; Fi7 F17= 0 (decrease of indicator value Wsk;)
of value in time) variable signature —F;
stock turnover ratio (decrease, Flgi 1 (increase of 1pdlpator value Wsk,)
. N Wski, Fis Fi3= 0 (decrease of indicator value Wsk;,)
increase of value in time) . .
variable signature —F 4
. . F19=1 (increase of indicator value Wsk;s)
receivables turnover ratio (decrease, _ .
. . Wski; Fio Fi9= 0 (decrease of indicator value Wskj3),
increase of value in time) . .
variable signature —F ¢
debt ratio (decrease, increase of value oni I (increase of indicator value Wsk;;)
. Wsk4 Fyo F20= 0 (decrease of indicator value Wskj,),
in time) . .
variable signature —F
. . F,; =1 (increase of indicator value Wsk;s)
tt t t ..
QGb 0 equity ratio (Qecrease, Wskis Fy F»;= 0 (decrease of indicator value Wsk;s)
increase of value in time) . -
variable signature —F;;
reversed current liquidity ratio Fni I (increase Ofl.n d1.c ator value Wskis)
. L. Wski¢ Fy Fy,= 0 (decrease of indicator value Wsk)
(decrease, increase of value in time) . .
variable signature —F,,

.. Fp=1 itive indi 1 k

ability to cover debt form cash flow o (positive indicator value Wsk7)
.. . Wsk;; Fas Fp;= 0 (negative indicator value Wsk;)
(positive, negative value) . .
variable signature —Fy;
ability to cover debt form cash flow Fz“i I (increase of in dl.c ator value Wski7)
) . Wski; Fau Fy4= 0 (decrease of indicator value Wsk;;)
(decrease, increase of value in time) . .
variable signature —F,4
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Evaluation of changes in the economical and financial
condition was performed on the basis of the change di-
rection of Wskj, ...Wsk,7 indicators (decrease, increase
— regardless of the value of the change) or their score
categorized: positive, negative.

Analysis was performed for every enterprise (1 + 42)
in every group (bankrupt, survivor) according to the
following rules:

e value of the (t;) indicator in the second financial
year (e.g. 2001) was compared with the value of the
(t3) indicator in the third financial year (e.g. 2000):

- if the value of the indicator in the second year
was higher than in the third year the evaluation
was that its value increased in time,

- if the value of the indicator in the second year
was lower than in the third year the evaluation
was that its value decreased in time,

- if the value of the indicator in the second year
was the same as in the third year the evaluation
was that the value did not change,

e in case of Wsky, Wsk,, Wsks, Wsky, Wskig, Wski,
Wsk;; indicators additional evaluation was made in
the third year and the indicator value was checked
whether it is positive or negative (named indicators
can be negative if the company in the third financial
year: made a loss - Wsk;, Wsk,, Wskj, Wsky; had a
deficiency of working capital - Wsk;o, Wsky;; net
loss was higher than the depreciation charge -
Wski7),

e value of the indicator in the first financial year (t;)
(e.g. 2002) was compared with the value of the in-
dicator in the second financial year (t,) (e.g. 2001):

- if the value of the indicator in the first year was
higher than in the second year the evaluation
was that its value increased in time,

- if the value of the indicator in the first year was
lower than in the second year the evaluation was
that its value decreased in time,

- if the value of the indicator in the first year was
the same as in the second year the evaluation
was that the value did not change,

e in case of Wsk;, Wskj, Wsks, Wsky, Wskio, Wskiy,
Wsky; indicators additional evaluation was made
in the second year and the indicator value was
checked whether it is positive or negative (named
indicators can be negative if the company in the se-
cond financial year: made a loss - Wsk;, Wsk,,
Wsks, Wsky; had a deficiency of working capital -
Wskio, Wskyi; net loss was higher than the depre-
ciation charge - Wsk;»),

e value of the indicator in the first financial year (t;)
(e.g. 2002) was compared with the value of the
indicator in the third financial year (t;3) (e.g. 2002):

- if the value of the indicator in the first year was
higher than in the third year the evaluation was
that its value increased in time,

- if the value of the indicator in the first year was
lower than in the third year the evaluation was
that its value decreased in time,

- if the value of the indicator in the first year was
the same as in the third year the evaluation was
that the value did not change,

e in case of Wsk;, Wskj, Wsks, Wsky, Wskjo, Wskiy,
Wsk;7 indicators additional evaluation was made in
the first year and the indicator value was checked
whether it is positive or negative (named indicators
can be negative if the company in the first financial
year: made a loss - Wsk;, Wsk,, Wsks;, Wsky; had
a deficiency of working capital - Wsk;o, Wskj; net
loss was higher than the depreciation charge -
Wski7).

Therefore the value of a single indicator can have
increasing, decreasing or constant (no change) direc-
tion. During the analysis an observation was made that
the value of particular indicators, in every enterprise
(regardless form the group) and in every analyzed time
period, was strictly increasing or decreasing. There was
no case of a constant indicator in time, that is why the
number of logic predicates could be limited to 24 (addi-
tional 17 variables would be necessary if the case
of constant variable was included).

4.3  Construction, interpretation and analysis
of logic predicates sets

Logic predicate values table was elaborated on the
basis of the analysis described in point 4.2, performed
for every enterprise in particular enterprise groups
(bankrupt, survivor).

On the basis of the formal research problem solving
(see Attachment A) recording, the following was elabo-
rated:
e set of 3 logic predicates describing the group of 42
bankrupt enterprises:
- ZBy,_, - describes changes in the economical
and financial condition of enterprises in the time
period t; in comparison with t3,
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ZB _t, - describes changes in the economical
and financial condition of enterprises in the time
period t; in comparison with t,,

- ZBy,_, - describes changes in the economical
and financial condition of enterprises in the time
period t; in comparison with t3,

e set of 3 logic predicates describing the group of 42
survivor enterprises:

- ZP,,_, - describes changes in the economical
and financial condition of enterprises in the time
period t; in comparison with t3,

- ZP, _¢,- describes changes in the economical and
financial condition of enterprises in the time pe-
riod t; in comparison with t,,

- ZP;, _¢,- describes changes in the economical and
financial condition of enterprises in the time pe-
riod t; in comparison with t3.

Elaborated sets of logic predicates assured full projec-
tion of the changes in economical and financial state
that occurred in the group of bankrupt and survivor en-
terprises over the period of 3 years. Successive cases
of enterprises were recorded in the form of disjunction.

Exemplary (fragment) logic predicates table was pre-
sented in the table 2. Rows include information about
successive cases of enterprises columns collect the
predicates.

Table 2. Exemplary variable logic values for predicates
of bankrupt enterprises in the t, — t; period
(source: self study)

Bankrupt
enterprises Fi | Fo | F5 | .. | Fxu
! 0jo0jJo]..]0
3 0|1 o] .. |1

Exemplary form of logic predicate (the part related to
data collected in table 2) was presented below.

Z . (§,-F.F,-F.F-F.. F,-F,)=
=—FEA-E,A-F,A...A=-F,Vv

VEA-FE, AE,A L A=F, Vv
V-EAEA-FEA..AE, V..V

VEA-FE, AEA..A=-F,

Set of logic predicates should be interpreted in the fol-

lowing way — changes in the economical and financial

condition for any enterprise in any selected period indi-

cate that the enterprise:

e no. 1 indicator value was (predicate F;) positive
(negative) ,,I”,

e no. 1 indicator value (predicate F,) decreased
(increased) ,,I”,

e no. 2 indicator value was (predicate F3) positive
(negative) ,,I”,

e no. 2 indicator value (predicate F,) decreased
(increased) ,,1”,

e ... no. 24 indicator value (predicate F,4) decreased
(increased).

In detail, the set of logic predicates indicates that

in given enterprise group:

e in 2nd year in comparison with 3rd year there were
changes in the economical and financial condition
such as in case of enterprise no 1 (first part of the
logic predicate), OR in case of enterprise no 2 (se-
cond part of the logic predicate), OR ..., OR in case
of enterprise no 42 (forty-second part of the logic
predicate),

e in Ist year in comparison with 2nd year there were
changes in the economical and financial condition
such as in case of enterprise no 1 (first part of the
logic predicate), OR in case of enterprise no 2 (se-
cond part of the logic predicate), OR ..., OR in case
of enterprise no 42 (forty-second part of the logic
predicate),

e in Ist year in comparison with 3rd year there were
changes in the economical and financial condition
such as in case of enterprise no 1 (first part of the
logic predicate), OR in case of enterprise no 2 (se-
cond part of the logic predicate), OR ..., OR in case
of enterprise no 42 (forty-second part of the logic
predicate).

Analysis of the elaborated set of logic predicates for the
groups of bankrupt and survivor enterprises allowed the
formulation of the following conclusions:

e despite of the differences in the functioning
of bankrupt and survivor enterprises, in the same
period and over the period of 3rd years (parts of the
logic predicate vary when it comes to the value
of the logic predicate), one can observe some
“common characteristics” (e.g. in the group
of bankrupt enterprises the logical value of F; was
usually equal to 0 — recording ,,- F,” indicated that
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the value of the return on assets ratio was negative

what corresponds to financial losses),

o despite of the differences in the functioning
of bankrupt and survivor enterprises, one can ob-
serve that in the same period of time some cases
(parts of the logic predicate) of survivor (bankrupt)
enterprises are similar to the bankrupt (survivor)
enterprises; this means that there are minor differ-
ences in the logic values of predicates in particular
parts of the logic predicate; this fact can lead to the
following conclusions:

- survivor (bankrupt) enterprises underwent simi-
lar changes in the economical and financial con-
dition — same as in case of bankrupt (survivor)
enterprises,

- totality of economical conditions in macro and
micro-environmental scale for the enterprises
were similar; however, other factors decided
about the final “success” (survival) or “failure”
(bankruptcy) of the enterprise,

e one can assume that the “common characteristics”
of bankrupt (survivor) enterprises described with
logic predicates will be reflected in the structure
graph model,

o set of logic predicates is a form of knowledge
recording about the changes in the economical and
financial condition that occurred in a group of bank-
rupt and survivor enterprises.

4.4 Construction, analysis and interpretation
of functioning graph model sets

Corresponding functioning graph model, with eliminat-
ed forbidden figures, was elaborated for all logic predi-
cates. This resulted in the creation of:

e set of 3 functioning graph models that represented
(described) the manner of functioning (from
the viewpoint of changes in the economical and
financial condition) of the group of 42 bankrupt
enterprises,

e set of 3 functioning graph models that represented
(described) the manner of functioning (from the
viewpoint of changes in the economical and finan-

cial condition) of the group of 42 survivor enterpris-
es.

Functioning graph models fully realized the set logic
predicate. This means that particular paths in every
graph corresponded to the successive parts of the logic
predicate. Figure 5 presents an example of functioning
graph model of survivor enterprises elaborated on the
basis of corresponding logic predicate.

Analysis of functioning graph model sets allowed

to draw the following conclusions:

e cach graph (tree-shaped) has as many levels as the
number of predicate variables, that is 24 levels cor-
responding to successive predicate variables (Fy, ...
F»4), which had various logical values in particular
paths of the graph,

e cvery path in a graph has the same length, which
means that it connects all 24 vertexes; this corre-
sponds to a single part of ea logic predicate and
is compliant with the set economical and financial
condition, which is analyzed on the basis of con-
structed set of indicators,

e cvery path in a graph corresponds to a single enter-
prise case; this allows observation and evaluation
of differences (characteristics expressed with eco-
nomical and financial indicators) that occurred
between particular enterprises; such differences can
indicate “individual” reasons that led to survival
or bankruptcy of a company,

e it can be expected that the common characteristics
of enterprises will be “connected” in the structure
graph models (these characteristics will differ
in various enterprises’ groups).

Functioning graph model fully corresponds to the logic
predicate. That is why the interpretation of particular
paths in successive functioning graph model sets
should be performed similarly to the one in case of par-
ticular parts in the set of logic predicates.

Evaluation of the most frequently used path in the
graph (the one taken by the majority of enterprises)
was made as part of the functioning graph models anal-
ysis. Table 3 collects the most frequent paths in the
functioning graph models of bankrupt enterprises.
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ing graph model that realizes the logic predicate ZPy, _,

(source: self study generated by prototype of IT system)

Analysis of the most frequent paths of bankrupt enter-
prises allowed formulating the following conclusions:

e “most frequent” path in functioning graph model
was identical in every analyzed period; this means
that logic values of particular predicate variables are
equal,

enterprises deepened their state of bankruptcy in
the successive time periods — increasing number
of enterprises is on the most frequent path, what is
indicated by the increasing sums values of particular
paths,

enterprise that “found itself” on the frequent path
usually characterized with the following changes
in economical and financial condition (bankruptcy
indicators):

- in the 3rd , 2nd and Ist year before bankruptcy
the company had negative value of the following
indicators: return on assets (predicate variable: -
F,), return on net assets (predicate variable: -F3),
net profit margin (predicate variable: -Fs), return
on equity (predicate variable: -F7); this indicates
that the enterprise had operating and net losses;
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this loss increased what is highlighted by the de-
creases of the indicators: return on assets (predi-
cate variable: -F;), return on net assets (predicate
variable: -F,), net profit margin (predicate varia-
ble: -Fs), return on equity (predicate variable: —
Fg) .17,

fixed assets value decreased (predicate variable:
—Fy) in the following periods, this can mean that
the enterprises liquidated its machine park or had
increase in the depreciation charge (e.g. through
investments in new manufacturing machines),
however, losses were so great that they could not
assure positive cash flow, calculated as the sum
of net profit and depreciation, even if the depre-
ciation charge would increase in time (value
of the predicate: F»; equaled 0 — indicator de-
scribed with F,; and F,4 predicates informs about
the ability to cover debt form cash flow) ,,1”,

value of the following indicators decreased
in successive time periods: reversed fixed assets
turnover ratio (predicate variable: —F1) and asset
turnover ratio (predicate variable: —Fj;); total
analysis of the information allowed to conclude
that the pace of revenue decrease and the pace
value of fixed assets were similar; what is more,
assets were less frequently “renewed” (their
turnover dropped) ,,I”,

value of the following indicators decreased in
successive time periods: current liquidity ratio
(predicate variable: —F ;) and quick liquidity ra-
tio (predicate variable: —Fj3); enterprise was
loosing solvency ,,I”,

in the 3rd , 2nd and 1st year before bankruptcy
the company had deficiency of working capital
(predicate variables: —F;4 and —Fj4), that in-
creased in the following periods (predicate vari-
ables: —Fs and —Fy7) ,,I”,

Table 3. Most frequent paths in the functioning graph models of bankrupt enterprises

(source: self study)

predicate model predicate model predicate model
ZBp ZBy ZBy
Path No of enterprises | Path | No of enterprises | Path | No of enterprises
F 27 F, 26 F, 33
-F, 16 -F, 16 -F, 25
T, 15 -F, 14 F, 24
-F4 13 -F4 14 -F4 23
-Fs 13 -Fs 14 -Fs 23
-Fe 13 -Fe 14 -Fe 23
F, 13 F, 14 F, 23
-Fg 12 -Fg 14 -Fg 22
-Fo 11 Fo 11 F, 16
-F1o 9 -F1o 10 -Fio 13
-Fiy 6 -Fuy 7 -Fiy 7
-Fip 6 -Fip 7 -Fip 7
-Fi3 6 -Fi3 7 -Fis 6
-Fiq 5 -Fiq 5 -Fiq 5
-Fis 5 -Fis 5 -Fis 5
-Fi6 5 -Fi6 5 -Fi6 5
-Fi7 5 -Fi7 5 -Fiz S
Fis 5 Fis 5 Fig 5
Fiy 5 Fiy 5 Fio 5
-Fa 5 -Fa 5 -Fy 5
-Fy 5 -Fy; 5 -Fy 5
-Fy 5 -Fy 5 -Fa 5
-Fp3 5 -Fy3 5 -Fp3 5
-Fay 5 -Fay 5 -Fay 5
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- value of the following indicators increased
in successive time periods: stock turnover (pred-
icate variable: Fig) and receivables turnover
(predicate variable: Fy), what means that the en-
terprise was “manufacturing to stock” and had
problems with executing of receivables (con-
nected with drop in revenue — see point c) ,,I”,

- value of the following indicators decreased
in successive time periods: debt ratio (predicate
variable: —F,g), debt to equity ratio (predicate
variable: —F5;), reversed current liquidity ratio
(predicate variable: —F5;), what corresponds with
the necessity to pay up all short and long-term
loans and (or) increasing value of moving assets
(what is indicated by the increasing value
of stock turnover and receivables turnover ratios
— stock and receivables are part of the moving
assets) ,,I”,

- in the 3rd , 2nd and 1st year before bankruptcy
the company had negative value of the following
indicator: ability to cover debt form cash flow
(predicate variable: —F,3), what meant that losses
of the enterprise were considerable and they
were not able to balance the depreciation charges
i

- value of the following indicator decreased
in successive time periods: ability to cover debt
form cash flow (predicate variable: —F,,), what
corresponds to the disability to pay the liabili-
ties.

Performed interpretation concerns only the “most fre-
quent” paths in the successive functioning graph mod-
els of bankrupt enterprises. This interpretation has its
limitations, due to the fact that every case of enterprise
is different and not always the selected path led
to bankruptcy. Similar analysis was performed on the
group of survivor enterprises.

Whereas the comparative analysis of the functioning

model sets of bankrupt and survivor companies (espe-

cially the most frequent paths) allowed formulation
of the following conclusions:

e there are significant differences in the manner
of operation of bankrupt and survivor enterprises
(differences are visible in the values of successive
logic predicates),

o there are slight differences in the most frequent
paths among survivor enterprises; this means that

various changes in economical and financial condi-
tions that did not have significant influence on their
manner of operation, can occur in this group (the
enterprise survived),

e similarities in problems, faced both by survivor and
bankrupt enterprises, are visible; this means that the
totality of functioning conditions for these compa-
nies was identical, but only the ones that underwent
certain changes in economical and financial condi-
tion were able to survive (e.g. increase of stock
turnover ratio value is visible in survivor companies
but it is connected with the decrease in receivables
turnover ratio — despite stock sales problems the
survivor companies had better playability of receiv-
ables; increase of debt but also possibilities to pay
it off can be observed in cases where the stock and
receivables turnover ratio increased — logic values
of predicate variables F,; equal 1 and correspond
to the positive value of the ability to pay debt from
cash flow ratio).

4.5 Construction, analysis and interpretation
of structure graph model sets

Corresponding structure graph model was elaborated

for every elaborated functioning model. Structure graph

models are interpreted together with functioning mod-
els, which indicates full realization of logic predicate.

The following were created as a result of performed

experiments:

e set of structure 3-graph models that connect com-
mon characteristics of enterprises from the group
of 42 bankrupt enterprises,

e set of structure 3-graph models that connect com-
mon characteristics of enterprises from the group
of 42 survivor enterprises.

Structure graph models are interpreted together with
functioning models, which indicates full realization
of logic predicate. Mutuality of the interpretation was
reached through the use of atomic (transforming) pred-
icate, which is identical for ever functioning model.
This indicates that particular paths in every graph
correspond to the paths of successive enterprises from
the functioning model.

Figure 6 presents an example of a structure graph mod-
el of bankrupt enterprises, elaborated on the basis
of corresponding functioning model.
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Figure 6. Example of a structure graph model elaborated on the basis of corresponding functioning model
for the logic predicate ZB;,_, describing the bankrupt enterprises in 7, in comparison with #; time periods

(source: self study generated by prototype of IT system)

Interpretation of particular paths in successive structure

graph models should be performed similarly to the

functioning graph models — path in the graph describ-

ing the changes in the economical and financial condi-

tion of the enterprises indicates that it reached:

e positive (negative) value for no. 1 indicator (predi-
cate variable Fy) ,,I”,

e value for no. 2 indicator (predicate variable F,)
decreased (increased) ,,I”,

o value for no 3. indicator (predicate variable F3) was
positive (negative) ,,I”,

e value for no 4. indicator (predicate variable Fj)
decreased (increased) ... ,,I”

ey

value for no. 24 indicator (predicate variable Fys)
decreased (increased).

Similarly to the functioning graph models the following
can be observed in the structure graph models:

each graph has as many levels as the number
of predicate variables, that is 24 levels correspond-
ing to successive predicate variables (Fy, ... Fu),
which had various logical values in particular paths
of the graph,

every path in a graph has the same length, which
means that it connects all 24 vertexes; this corre-
sponds to a single part of ea logic predicate and
is compliant with the set economical and financial
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condition, which is analyzed on the basis of con-
structed set of indicators,

e cvery path in a graph corresponds to a single enter-
prise case; this allows observation and evaluation
of differences (characteristics expressed with eco-
nomical and financial indicators) that occurred
between particular enterprises; such differences can
indicate “individual” reasons that led to survival
or bankruptcy of a company.

e the most significant (common) characteristics
of the enterprises are located in the upper and lower
levels of the structure graph model; this indicates
that these characteristics can be the greatest deter-
minants of a survival or a bankruptcy of an enter-
prise; in other words, the order of appearance
of predicates and their logical values is different
from the one in functioning graph model (mainly
because the main characteristics “merged”
grouped in a form of a path).

Graph match index was elaborated for the need
of structure graph models analysis. Index informs about
the degree of match (in percentage) of particular path
(case of enterprise) to the most frequently used path.
In other words, match degree of single enterprise char-
acteristics (changes in economical and financial condi-
tion) in relation to the characteristics of the enterprise
group.

Average value of the index reached by the selected

enterprise, for the set of all structure graph models

(within the selected enterprise group), should be inter-

preted as:

e insolvency threat in three upcoming years (structure
models of bankrupt enterprises),

e survival chance in three upcoming years (structure
models of survivor enterprises).

Increasing or decreasing index value, between succes-
sive graph models, informs about the changes in insol-
vency threat or survival chance of the enterprise in the
upcoming years.

4.6 Bankrupt and survivor structure graph
models tests in the classification of enterprises

Tests of structure graph models of particular enterprises
were performed as part of research experiments. Tests
were performed to answer the following questions:

e in what degree the elaborated structure models
properly classify (differentiate) the enterprises that
originate form different enterprise groups (evalua-
tion on the basis of research sample of 42 cases
of bankrupt and survivor enterprises)?

e in what degree the elaborated structure models
properly classify the enterprises that do originate
from the research sample (evaluation on the basis
of 10 enterprises not included in the research sam-
ple)?

Tests based on the graph match index were performed

to reach an answer for these questions:

e for every case from 42 bankrupt enterprises the
graph match index to the structure graph models
of survivor companies was calculated (for a selected
period of 2nd year in comparison with 3rd year, 1st
year in comparison with 2nd year, 1st year in com-
parison with 3rd year),

e for every case from 42 survivor enterprises
the graph match index to the structure graph models
of bankrupt companies was calculated (for a select-
ed period of 2nd year in comparison with 3th year,
Ist year in comparison with 2nd year, 1st year
in comparison with 3rd year),

o for every case from 10 bankrupt enterprises from
the test sample the graph match index to the struc-
ture graph models of survivor companies was calcu-
lated (for a selected period of 2nd year in compari-
son with 3rd year, 1st year in comparison with 2nd
year, 1st year in comparison with 3rd year),

e for every case from 10 survivor enterprises from
the test sample the graph match index to the struc-
ture graph models of bankrupt companies was cal-
culated (for a selected period of 2nd year in compar-
ison with 3rd year, 1st year in comparison with 2nd
year, 1st year in comparison with 3rd year).

In case when the enterprise went bankrupt (or survived)
had an average index value in the structure model
of survivor (or bankrupt) companies it was classified
as “survivor” (or “bankrupt”). The number of wrongly
classified companies in relation to 42 enterprises sets
the general efficiency of functioning graph model sets
as part of particular enterprise group. Table 4 collects
the results of performed tests.
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Table 4. Efficiency of structure graph models in classification of enterprises (research sample, test sample)
(source: self study)

Structure models Structure models
of bankrupt enterprises of survivor enterprises
Proper Classification Proper Classification
classification error classification error
Research sample (42 cases of bankrupt 69% 31% 78% 22%
enterprises, 42 cases of survivor enterprises) (29 enterpr.) (13 enterpr.) (33 enterpr.) (9 enterpr.)
Test sample (10 cases of bankrupt enterprises, 70% 30% 90% 10%
10 cases of survivor enterprises) (7 enterpr.) (3 enterpr.) (9 enterpr.) (1 enterpr.)

The following can be assumed on the basis of tests per-

formed on the research sample:

overall efficiency of bankrupt enterprises’ structure
graph models set (classified as bankrupt, survivor
on the basis of economical and financial status con-
dition changes) equals 69%; in other words, when
the enterprise reaches higher average of graph
match index, for bankrupt enterprises structure
graph model sets, it can correspond with the manner
of functioning of this enterprise group with 69%
certainty,

overall efficiency of survivor enterprises’ structure
graph models set (classified as bankrupt, survivor
on the basis of economical and financial status con-
dition changes) equals 78%; in other words, when
the enterprise reaches higher average of graph
match index, for survivor enterprises structure graph
model sets, it can correspond with the manner
of functioning of this enterprise group with 78%
certainty.

Test analysis, performed on 10 bankrupt and 10 survi-

vor enterprises that did not originate from the research

sample, allowed drawing the following conclusions:

Efficiency of enterprise classification, based on
structure graph model sets, is similar both for the
“research sample” and “test sample” and equals ap-
proximately 70% (with 69% for ,,research sample”).
Result of this test should be evaluated positively.
Whereas, in case of structure models for survivor
enterprises the classification efficiency equaled ap-
proximately 90%. This can indicate that the sample
of 10 survivor companies was strongly correlated
with the “research sample”.

Reached result can contain certain error due to rela-
tively of enterprises  (thus
a small diversity of the enterprises) — probably dif-

small number
ferent results would be reached if the “test sample”
would be as numerous as the “research sample” —
42 cases of enterprises.

4.7

Average match level, to the structure graph models’
(survivor)  enterprises,
exceeded 50% in all properly classified enterprises

set for  bankrupt
originating from “test sample”. Reached result
should be evaluated positively. It indicates that
changes in economical and financial condition
of these companies in a great degree corresponded
with bankrupt (survivor) enterprises.

Graph match index, as an indicator of insolvency
threat and survival chance, can be evaluated
as sufficient to perform an analysis of any enterprise
on the basis of structure graph models’ set. This in-
dicates that classification to a particular enterprise
group (structure graph model) is, to a great degree,
independent of the research sample, on the basis
of which the graph models were constructed (“test

sample” results greatly emphasize this fact).

IT system prototype

IT system prototype was constructed for this particular

research. System allows the detailed analysis of:

every enterprise that is the part of the ,research

sample” in the context of:

- set path in the functioning and structure graph
model,

- match degree to the functioning and structure
graph model,

- comparison of particular enterprises among the
group they belong to (e.g. bankrupt enterprises)

between groups (bankrupt, survivor)

on the basis of set path and (or) graph match in-

an

dex,
any enterprise, which can be introduced to the pro-
totype in the following manner:
- creation of logic predicate based on constructed
set of indicators,
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- comparison of match degree to the structure Elaborated prototype version can be a tool that supports
graph model of bankrupt and survivor enterpris- enterprise management in case of insolvency threat.
es, However, its current functional limitations can be a ma-

- comparison of the path set for the analyzed jor issue in practical application. It might be necessary
enterprise with the “most frequently” used path to construct the final version of the IT system.

in the structure graph models’ set of bankrupt

Figure 7a and Figure 7b present main screenshots form
the prototype application.

and survivor enterprises.

| <} Prototyp aplikacji
Plik Informacje o prototypie

Zdanie logiczne r Grafowy model zdania logicznego r Grafowy model funkcjonowania r Grafowy model struktury |
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F1 F2 F3 F4 F5 F6 F7 F8 FO F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 F21 F22 F23 F24 v
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Figure 7a. Screen of the application prototype with functions adding an enterprise and adding predicate variables to the
system
(source: self study - generated by the prototype IT system)
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Figure 7b. Screen of the application prototype with generated functioning graph model
(source: self study - generated by the prototype IT system)

5 Summary

Presented experiment results allow to conclude that .

structure and functioning graph models’ sets, elaborat-

ed on the basis of Gorbatov principle, can be used

in enterprise management to:

e cvaluate the insolvency threat level (or survival
chance) in the context of changes in economical and
financial condition,

e determine activities, which need to be executed
to minimize the insolvency threat (or increase the

chance to survive). °

Manner of functioning of the model in the management

process is presented in the Figure 8:

o identification <1> stage records changes in econom-
ical and financial condition of the enterprise (char-

acterization principle), which is described with fi-
nancial indicators,

diagnosis <2> stage aims at the evaluation if the
economical and financial condition of the enterprise
and comparison (confrontation) with the set of func-
tional and structural models elaborated according to
the characterization theory; set of structure and
functioning models is a knowledge registration form
of mechanisms that:

- enable the enterprises to survive in the market,

- led the enterprise to bankruptcy,

conclusions from this stage can be treated as re-
marks for the future <3> for the management of the
enterprise, which needs to implement corrective ac-
tivities that will prevent insolvency.
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preventive actions

remarks for the

corrective actions

future <
ENTERPRISE
<3>
production . finance
operational level
. . <2>

4 A influence evaluation,

mistakes| management | Mistakes »  economical comparison diagnosis
v v <------ status >

HR marketing influence 2

strategic level

financial report

knowledge

data
records

<1>

(financial indicators)

identification .
structural-functional

model base acc. to charac-

terization principle

Figure 8. Insolvency threat level evaluation model functioning in the management process

(source: self study)

Contrary to the currently used insolvency threat evalua-

tion models (multidimensional discriminant analysis,

logic analysis, artificial neural networks, genetic algo-

rithms), elaborated models allow to:

e cvaluate the condition of an enterprise threatened
with insolvency on the basis of a more numerous,

e set of economical and financial indicators, including
their mutual relations,

e analysis of increasing or decreasing insolvency
threat in time,

e evaluation of activities that need to be undertaken
in the basis of comparison with structure graph
models’ set of survivor enterprises.

What is more, elaborated set of functioning and struc-
ture graph models’ includes changes in the economical
and financial condition of bankrupt (or survivor) enter-
prises. In other words, sets of graph models reveal
the reasons that caused bankruptcy or survival of the
enterprise.

Authors of this paper have not encountered ay research
that would present models able to compare groups
of bankrupt and survivor enterprises (what was
achieved with the help of Gorbatov characterization
principle). Results of performed experiments indicate
that the comparative analysis of models elaborated for
particular groups can provide information about charac-
teristics of insolvency threat and conditions favoring
survival in the market.

6
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Attachment A

Attachment presents the formal recording of a research
problem solution that was presented in point 3.3.
This recording was formulated on the basis of Gorbatov
characterization principle and was the basis for the ex-
periments described in point 4.

Al Formulas describing enterprises and their
financial and economical status

Let us consider the formula below:
W=BUP (al)

where:
W — collection of all n analyzed enterprises W, also:

vV o W,e W
Wiz

P — collection of m analyzed enterprises P; that sur-
vived, also:

YV . P, eP
Pi=1

B - collection of o analyzed enterprises B; that bank-
rupted, also:

V., B,eB

Bi,
where n=m + o.

Formula (al) states that considered set of enterprises is
a sum of sets of bankrupt and survivor (still function-
ing) enterprises.

Every enterprise (P; - survivor and B; - bankrupt) has
financial records, which determine its financial and
economical status. This status can be expressed with
indicators calculated on the basis of certain positions
in the financial statement of the enterprise.

Let us consider the following formulas describing the
financial statement of the enterprise and its financial
indicators:

vPSLi=1PSt'i (S PSt (a2)

SP.(PS;) = SP,(Pst, .., Ps1) = Al_; Ps, (a3)

where:

SP; — financial statement for the t period,

Ps¢; — 1 position in the financial statement for the t
period,

PS; — collection of positions in financial statement for
the t period,

t— considered financial period,

1 — number of positions in financial statement.
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Formulas (a2) and (a3) represent the following sen-
tence: financial statement for the t period consists of 1
positions form t period that are included in this period.

Let us consider the (WSK) set of economical and fi-
nancial indicators (Wsk;):

where:

p — number of considered indicators Wsk;,
t — considered financial period.

Formula (a4) states that every considered economical
and financial indicator for particular time period t orig-
inates only form the indicator set that was appointed for
this period.

Formula that describes the financial indicators has the
following form:

Vs R(Wski;) (a5)

ti=1
where:
R — projection of considered indicator Wsk;; for the po-
sition PS; of the financial statement SPy; the R projec-
tion has the following form:

R(WSK,) =

(a6)
={(Wsk,,PS, )eR for a certain Wsk, € WSK_ }

Formula (a5) represents the sentence: every considered
indicator Wsk; for the t period is a projection of specific
positions from the financial statement from this period.
Projection R can have different forms according to the
considered indicator. It means that direct position from
the statement or quotient of positions e.g.Ps;/Ps,, prod-
uct e.g. Psy-Ps;, combination e.g. Ps;-Ps;/Psy, also with
the use of addition e.g. [(Ps;+ Ps,)/ Ps4] or subtraction
e.g. [(Psy - Psy)/ Psy4].

Let us consider the following formula, which describes

economical and financial status (S) of the enterprise in
selected period t:

St(WSK) = Sy(Wskyy, ... Wsky,) = AL, Wsky;
(a7)
Formula (a7) represents the sentence: economical and
financial status of an enterprise in considered period t is

described with p indicators Wsk;; calculated for this pe-
riod.

Basing on the formulas (a6) and (a7) one can state that
the following formula is true:

S{(WSK,) = AP_, R(Wsky;) (a8)

Formula (a8) represents the sentence: economical and
financial status (S) in period t is described with a prod-

uct of all financial indicators (Wsk;;) belonging to the
WSKt, set based on the (Ps.;)positions of the financial
statement (SP;) from this period.

Every considered case of enterprise belonging to the W
set can be analyzed with indicators (Wsk.;) that de-
scribe its economical and financial status in selected
period t (formula 7). Therefore the following formula is
true:

Vw, Q(W;) (29)
where:

Q — projection of and enterprise W; belonging to the W
set for its economical and financial status S;, described
with indicators.

QW) = {S; € S:(W,, S; € Q for certain W; € W)}
S; — set of economical and financial statuses of enter-
prises from considered period t.
On the basis of the formula (a9), determining the pro-
jection of selected enterprise on its economical and fi-
nancial status, later in this paper, concept of economi-
cal and financial status and enterprise (company) will
be used interchangeable.

A2 Definition and formal recording of logic
predicate

It is assumed that in logic predicate (Z,), for the t peri-
od, the predicate variable (F;;) for this period will be
the recording of the (Wsk;) indicator changes direction
in the period t. Predicate variable can assume two logi-
cal values: truth (1) or false (0). For the formulated
research problem:

e predicate variable F;; in the period t assumes
the value 0, when the Wsky; indicator value in the
period t+1 decreased in comparison with period t,

e predicate variable F;; in the period t assumes
the value 1, when the Wsky; indicator value in the
period t+1 increased or did not change in compari-
son with period t

or:

e predicate variable F;; in the period t assumes
the value 0, when the Wsky; indicator value in the
period t was negative,

e predicate variable F;; in the period t assumes
the value 1, when the Wsky; indicator value in the
period t was positive or equaled 0
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what can be recorded in the following way:

th_io(Ft_i) (al0)
Fe; ={0,1}
where:

F.; — predicate variable in the period t assuming one of
the values (1) or (0),

O — projection of Wsky; indicator change on the predi-
cate variable Fy;

O(F;) = {Wsk; € WSKq: (Fe5, Wsk;)
€ O foracertain Fy; € Ft}
F, — set of considered predicate variables Fy;.

Assuming that formulas (a7), (a8) and (a9) describe the
economical and financial status (S;) of any enterprise
(W)) in the period t, one can see that the number of
predicate variables is equal to the amount of p consid-
ered indicators (Wsk;).

Including formula (al0), formula (a7) assumes the fol-
lowing form:

St(Ft) = St(Ft,l' en Ft,p) = /\le Ft,i (al 1)
Formula (all) is the representation of a sentence: eco-
nomical and financial status of an enterprise in consid-

ered period t is described with p predicate variable F;
for this period.

On the basis of formula (all) one can see that theoreti-
cally there is k = 2P (p — number of considered financial
indicators Wsk;) zero-one possibilities of occurrence
of all predicate variables in a logical sentence. For ex-
ample, if we consider economical and financial status
(Sy) of an enterprise described with p-element set
(WSK) of financial indicators (Wsk;) than e.g. for the
set of 21 financial indicators (predicate variables) we
have 2 097 152 theoretical possible states that can de-
scribe the enterprise’.

Identifying the enterprise (W;), with its status (S;) in the
period t that describes it, one can see that in the (W)
enterprise set there are as many disjunctive economical
and financial sates as the number of considered enter-
prises. That is why the following formula is true:

Z(St) = Vizq Wy (al2)
On the basis of formula (al2) the following recording
of logic predicate was assumed for the bankrupt (B;)
enterprises was assumed:

ZB(Sp) = Vi, Bi; (al3)

" The use of Gorbatov characterization principle allows the
search of a solution based on the analysis of its characteristics
without the need to consider as many possible cases.

where:

o — number of considered bankrupt enterprises’ cases
B;,

ZB; — logic predicate describing bankrupt enterprises
in the period t.

Identifying bankrupt enterprise (B;) with the economi-
cal and financial status that describes it we have:

ZB((Sp) = Vi, (A, Fyy)

where:

(al4)

o — number of bankrupt enterprises (B;),
p —number of predicate variables (F;).

Predicate (ZBy) represents the set of considered z eco-
nomical and financial states of bankrupt enterprises
(B1, By, ... By). Because of differences in functioning
of enterprises, every economical and financial state
(single enterprise case) is presented in the form of dis-
junction.

The following logic predicate recording was assumed
on the basis of formula (12) for the survivor enterprises

(Py):
ZPt(St) = Vin;1 Pt,i

where:

(al5)

m — number of considered survivor enterprise cases P;,

ZP; — logic predicate describing survivor enterprises
in the period t.

Identifying survivor enterprise (P;) with economical
and financial status, which describes it, we have:

ZP(Sp = an=11(/\f):1 Fii)

where:

(al6)

m — number of survivor enterprises (P;),
p —number of predicate variables (F;).

Predicate (ZP;) represents set of ,,economical and fi-
nancial states” of survivor enterprises (P, P, ... Py).
Every single economical and financial state (single en-
terprise case) has the form of disjunction, due to differ-
ences in the functioning of enterprises.

On the basis of Figure 14 and Figure 16 one can as-
sume that every part of a logic predicate has the length
of (p) — includes the same number of predicate varia-
bles (Fy;). Length of the alternative part results directly
form the assumed knowledge representation model -
economical and financial state of enterprises is ana-
lyzed on the basis of considered set of indicators (set
of 17 indicators for which 24 predicate variables were
elaborated). Number of predicates for selected group
of enterprises is equal to the number of analyzed time
periods.
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For every group of enterprises a set of three logic pred-
icates will be constructed, considering the data form the
period of three years.

A3 Forbidden figures — definition
and interpretation

Functioning graph model is created, due to fission
of forbidden figures in predicate graph model. Elimina-
tion of forbidden figures form the predicate graph mod-
el allows such connection of vertexes that:

e do not fit any of analyzed enterprises — there is no
relevant part in the logic predicate, which can real-
ize the graph connections,

e do not suit the economical and financial status defi-
nition (formula (a7)) — every enterprise is consid-
ered according to a strictly determined set of finan-
cial indicators. Therefore, analysis based on
a sample of fewer indicators than considered set, is
not allowed (it does not provide the full information
about the economical and financial status of the en-
terprise).

Concept of path, which determines the connections be-
tween graph vertexes, was defined for the functioning
graph model. Path (v) was defined with the following
formula:

V(M) = jS=1 M] (317)
where:

s = {1, ... r} — determines length of the path,

M — set of predicate variables M; present in a logic
predicate.

Formulas (al7) and (al8) indicate that the path is creat-
ed due to connection of graph vertexes, which belong
to the M set. However, two vertexes to belonging to the
same path need to be different, what is described with
the formula below:

VM € V(M) M; # M (al9)
Also in case of bankrupt companies (B):

V(Mi,M]-ev(M))T(Mi’ M;) AU(M;, M;, B) (a20)
where:

T — relation sequence, determining the M; element
(graph vertex) as the consequent of the M; (graph ver-
tex) element in the path v(M),

U — M;, M; appurtenance relation to any alternative part
of the B collection (bankrupt enterprises).

However, in case of survivor companies (P):

v(Mi.M]-EV(M))T(IVIi’ M]) A U(Mi' Mj: P) (321)

where:

T - relation sequence, determining the M; element
(graph vertex) as the consequent of the M; (graph ver-
tex) element in the path v(M),

U - M;, M; appurtenance relation to any alternative part
of the P collection (survivor enterprises).

Formulas (al9) — (a21) represent the sentence: for each
pair of path successive vertexes there must be an alter-
native part, which includes these vertexes. Path in
a functioning graph model is a directed path and
the graph cannot be cyclical.

With the use of the (al7) — (a21) formulas forbidden
figures are determined as any paths v(M), which do not
fulfill the following formulas:

VMSi:1 c v(M)EI BjeBMi € B;

(a22)

dp..pM; € P;

S P;e PV j
Mg v (a23)
s=p (a24)

Iuevan{Az1[Mi € v;(M]JAOIM;, M,v(M)]  (a25)
where:

B — set of bankrupt enterprises,

P — set of survivor enterprises,

v(M) — path in a graph,

M; — i path vertex in a graph,

s — number of vertexes (M),

p — number of predicates (considered financial indica-
tors),

t — number of considered paths,

O - ,relation of common predecessors” determining
whether the set of preceding vertexes (starting form the
considered vertex M;) in considered paths is identical.

Formulas (a22) — (a25) indicate that:

e cvery path vertex must belong to at least one alter-
native part (from the collection of all alternative
parts) in logic predicate for any group of enterprises
- formula (a22) and (a23),

e length of the path has to correspond with the length
of the alternative part (formula (a24),

e condition of common vertexes has to be met — par-
ticular vertex is common for considered paths
if it belongs to every of them and all preceding
in these paths are identical (formula (a25)).
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A4 Functioning graph model

Functioning model is a graph representation of consid-
ered enterprises’ “manner of operation”, bankrupt and
survivor, from the viewpoint of changes in their eco-
nomical and financial condition. This model is created
when forbidden figures are eliminated from the graph
model of logic predicate. Elimination of these figures
results in the functioning model assuring the proper re-
alization of the logic predicate. Proper functioning
model is created for every group of enterprises and eve-
ry, constructed for it, logic predicate. Construction
of functioning model is started form its definition,
which in case of bankrupt enterprises is given as the

combination:

Y.(B)=<M, B> (a26)
In case of survivor enterprises as:

Y.(B) =<M, P> (a27)
where:

M — set of predicate variables, with inclusion of their
values in the logic predicate:

M= (E.F F,.EE,FF,F,FF_F,F,
FFFFFFEO’FIO’F ?FIPFQ’
Fyy.Fy F FouoFis, Frg B

13°>713°714° 714271527152

o
>

F177 17 >

F]‘) s F19 ’FZO s FZO ’FZI s FZ] > F22 H F22 s F23 ’F 23> F ’F24 )
B — set of relations determined with p — element
alternative parts for the group of bankrupt enterprises,

P — set of relations determined with p - element
alternative parts for the group of survivor enterprises.

One can see that the number (card (M) = r) of possible

logic predicates is included in the range:

p
psr<2 (228)

AS Construction procedure of structure graph
model — definition of atomic predicate

Possibility to transform the functioning model to struc-
ture model is described with atomic predicate:

PO (‘Vaﬂ\l/b) (a29)

where:
Y, — functioning model of any group of enterprises,

Wy, - structure model of any group of enterprises.

Use of atomic predicate allows determining (on the ba-
sis of the functioning model ¥,) the structure model

Wy Structure and functioning models are mutually in-
terpretable . Observation and analysis of structure
models allows determining common characteristics
of enterprise groups form the economical and financial
viewpoint. Structure models allow:

e determination of characteristics that indicate bank-
ruptcy (structure models of bankrupt enterprises)
or contributed to the survival in the market (struc-
ture models of survivor enterprises),

e determination of insolvency threat level for any en-
terprise (on the basis of match degree of economical
and financial condition of an enterprise to the struc-
ture model of bankrupt and survivor enterprises),

e determination of necessary activities preventing
bankruptcy (on the basis of comparison of structure
models of bankrupt enterprises with structure mod-
els of survivor enterprises).

Atomic predicate Py takes a form of a procedure, which
transforms functioning model ¥, into the structure
model Wy. Successive steps of the procedure are:

e Step |

Set of vertexes is created for any predicate variable F;
(regardless of its logical value) belonging to different
paths v(M) in graph functioning model. All possible
two-element subsets, as a combination of vertex pairs
(F;, F;), are created on the basis of this set. Every pair is
subjected to analysis in step 2.

e Step2
For every pair of vertexes (F;, F;) the compatibility
condition, of their logical values and the logical values
of their successors in relation to their logical values, is
checked. If they are compatible than:
- predecessor of F; vertex is connected via a path
with vertex F;,
- vertex F;, with successors is disconnected from
its predecessor.

e Step3
Existing connections between vertexes and their prede-
cessors are transformed into a path directed form pre-
decessor to the vertex, after the consideration of all ver-
tex pairs.’

2 Functioning model and corresponding structure model are cre-
ated for every logic predicate - 3 functioning and 3 structure
models are constructed in case of three considered time periods.

3 Presented procedure leads to the creation of structure graph
models without forbidden figures, through connection of com-
mon characteristics.



