Forecasting Modelling by Means
of the KPM Method

By Visdimir Faifr, Fedor Gil, Martin Potulak, Milof Zeman®

The KPM method is a variant of systems dynamics in the For-
resterian meaning of the word. It was developed over the years
1973 through 1982 for solving forecasting problems related to

the State Programme of Economic Research in Czechoslovakia. -

In general it may be characterized as an attempt to mesh
“quantitative” econometry and *“qualitative” systems dynamics.
However, the combination of data from time series with expert
assessments is not free from problems and has a number of sig-
nificant methodological implications.

The following text is devoted to the discussion of these pro-
blems against the background of several application findings.
Starting with a concise characterization of inspiration source of
the KPM method, through methodological points of departure,
mechanism, description of application possibilities and open
problems, it proceeds to characterizing selected application
experiences.

INSPIRATION SOURCES

The primary impetus for the formulatior. and development of
the KPM method was given by systems dynamics in the Forres-

¢ Milod Zeman, Dipl. Ing.,, Department of Complex Modelling, Sport-
propag, Prague; Vladimir Faifr, M.Sc., Institute of Computing Techno-
logy of the State Planning Commission, Prague; Fedor Gal, Dipl. Ing,,
CSc,, Computing Centre of the Slovak Academy of Sciences, Bratislava;
Martin O, Potadek, Ph.D., Department of Complex Modelling, Sport-
propag, Prague. Individual authors contributed with the following parts
of the text: M. Zeman: Methodological peints of departure, M. O.
Potiifek: Methodological background, V. Faifr: Quantitative analysis
of hypothetical relationships in the KP modelling, F. Gal: the rest. The
KPM method, however, should be considered as a product of team
work, the foundations of which were laid by M. Zeman (methodology)
and V1, Faifr (mathematical software).

World Futures Vol. 20, pp. 105 133 © 1984 Gordon and Breach, Science Publishers, Inc.
20402 T4 200201058 1 8.50:0 Printed in the United States of America

108

ol e w T T BP "



108 FAIFR, GAL, POTUBEK, ZEMAN

terian sense of the term (Forrester, J.W.: 1961, 1968, 1969,
1971) and by forecasting in the form it was taking in the sccial-
Ist countries in the early '60s. The specific features of the social
system within which the forecasting was taking its shape and
developing into an authentic conceptual scheme, marked it with
an ineffaceable imprint. Especially significant from our point of
view is the fact that macrosocial forecasting rescarch is addres-
sed to the central planning bureau, responsible for the relections
and conceptions of long-term strategies and plans for social and
economic development of the socialist state. This is why the
KPM method protagonists emphasize the implementation func-
tons of forecasting models and participative approach towards
their construction.

Obstacles in this connection will be dealt with later in the
text. Now, however, let us come back to the inspiration sources
of an instrumental nature. These were provided, as already said,
by systems dynamics. Its methodological background is well
known to the professional public. It was explicitly formulated
in individual application works of the above school. The key
factors are the following:

The object of modelling is, in most cases, an autonomous
social formation with the closed organization (enterprise,
town, society, world.)

Its structure is rupresented as a network of positive and ne-
gative feedback loops.

Feedback loops are constituted as a system of mutually
interconnected (by material and information bonds levels)
and flows. Velocities of the flows are products of the deci-
sion-making act.

Levels and velocities of flows, iLe. variables representing
thier model expression, are alternating during each run
through the system structure.

Level equations have the shape of simple balances. Flow
velocity equations are based on the tabulations of partial
multipliers, the product of which expresses the so-called total
multiplier (synergic effect).

The model as a whole is strictly deterministic. The simulation
for the chosen time horizon is carried out step-by-step with
varying assumptions and strategies of control. Information gen-
vrated by the model has a primary social and engineering mis-
sion in which it is assisted also by mathematical and programme
clementariness of the method.
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Compliance with some methodological principles of systems
dynamics gives rise to some problems for the practice of model-
ling, such as:

The object of modelling is not necessarily a wholesome
autonomous social formation; it may be alsc a problem sec-
tor such as social communication, work, consumption by the
population and the like. This may result in the fuzziness of
System boundaries and its structure.

Level variables do not necessarily possess a cummulative
character (with identifiable increments and decrements); con-
sequently, it is not always possible to define the level in the
time t as the level in the time t-1 plus increments minus
decrements from t-1 to t.

The state of theories of social objects makes it rarely pos-
sible to tabulate partiai multipliers on the basis of a prior
expert information. The synergic effect need not have the
form of the product of partial multipliers.

Attempts at a positive solution of the above mentioned pro-
blems led, over the last decade, to the autonomy of the KPM
method but not tu abandoning the class of models within the
framework of which it originated and has been implemented.
And it must be admitted that these atterrr.ts were not invari-
ably successful. It means that the central methodological ideas

of systems dynamics are and will be the basic inspiration source
of the KPM method.

METHODOLOGICAL BACKGROUND

The product of the application of the KPM method will be de-
signated as the KP model and the process of the construction of
the KP model as KP modelling.
The methodolegical background of KP modelling is characte-
rized by:
basic methodological principles manifested by authors of KP
models, the objectification of which, however, need not be
complete at all times;
basic methodological points of departure that must be object-
ified (observed) in order to be still able to speak about KP
modelling.
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Principles

Priority of theory over the empirical: The form of the initial
understanding of social sciences has a decisive influence on the
representation of reality through the KP model. If we improve
the KP model we are, so to speak, refining model statements
concerning the reality within the framework of applied theore-
tical conception. Consequently, the possibility of devising a KP
model on the basis of erroneous theoretical premises cannot be
ruled out; we may only believe that verification operations used
in KP modelling would, in such a case, result in more signals
speaking about the disparity betwcen theoretical and empirical.
Situations may arise in which we face aspects of the reality of
which we are only beginning to gain a theoretical understand-
ing, or about which there are several competing theories with
unequal levels of elaboration and unequal possibilities of mutual
complementarity. Alternative strategies of the construction of a
KP model with an unknown probability of successful imple-
mentation may enter into play here.

The formalization apparatus of a KP model operates with
quantitative data on past development trends. Regularities, the
-dentification of which is pursued, are therefore empirical regul-
arities. Theoretical generalizations, if they can be formulated at
all, must be made outside the model itself.

Generalization: The model cannot represent particularities,
even though they may be important. It may deal only with mass
phenomena and, as a result, can be constructed only at a level
of generalization that allows for the introduction of the assump-
tion of statistical compensation of fluctuations. We are repre-
senting averages rather than particularities.

Dominance of a systems dynamic paradigm: The genetic
conditionality by Forrester’s models of systems dynamics is re-
{lected also in the dominance of the systems dynamic approach
towards the organization of theoretical and empirical informa-
tion on the object modelled using the KPM method. The prin-
ciple of dynamics is observed by using data contained in the
time series and by the fact that the KI’ modei is able to generate
forecasting estimations of future development. The system prin-
ciple is the basic general-science starting point of the method,
although it has a rather general meaning embodying both the
postulates of the general systems theory and those of cyber-
netics, management theory and inforrnation theory.
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Relative comprehensiveness: The general scientific plane of
the basic model paradigm enables the KPM method to be open
to knowledge coming simultancously from various special sci-
entific disciplines. While econometry is defined as a unity of
economics, mathematics and statistics, and econometric models
are closely related to economics in particular. KP models may
bz applied wherever the use of one special scientific discipline
alonc would substantially reduce the interpretation of the real-
ity. It is hardly necessary to stress that efforts aimed at cxpress-
ing several cognitive aspects through one model face numerous
non-trivial cognitive barriers.

Openness of the system: Rather than discouraging us, the
awareness of the impossibility of developing a perfect KP model
gave us an idea of drawing a correct methodological couclusion
from this fact, namely, that we have to provide for the possibil-
ity of reformulating the conclusions that have already been
adopted as well as the resulting implications cver the entirc pro-
cess of the construction aud/or application of the KP model.
This is done by means of cvclical returns to the preceding stages
of KP model creation whenever the next stage is completed,
gaining thus additional information on the successfulness of the
representation of the social object of the model.

METHODOLOGICAL POINTS OF DEPARTURE

Character of the procedure

If we programmatically give up the necessity of viewing a
complex social object only through the prism of one discipline
only and prefer a multidisciplinary approach in the intercst of a
more appropriate model representation, interrelationships
underlying the data processed through the model as well as the
data themselves become substantially fuzzier, more obscure,
“softer”. This situation may be dealt with either by adopting
“data models” processing quantitative (as a rule statistically
obtained) information by means of standard statistical proce-
dures, or by an orientation to “expert models” preferring in-
formation heuristically provided by experts on the subject in
the form of “‘tacit knowledge”. The genera' -haracteristic of KP
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modelling as a process is an attempt at the synthesis of the two
sources of information, their permanent mutual confrontation
and control. We consider this synthesis to be feasible because
we assume a substitutability, althougb only limited, of quantit-
ative and qualitative, “data” and “expert” information. In this
sense, the KPM method constitutes an attempt at the applica-
tion of experience obtained both from mathematical and eco-
nomic models and from models of system dynamics.

Basic input information

From the matenal point of view, input inforination may be
viewed either as a set of operationalized characteristics (indica-
tors) of the modellzd object (the so-called model vocabulary),
or as data on the development of such characteristics (time
series), and information on assumed interrelationships between
these characteristics (model hypotheses). From the information
sources point of view we may assume that, at the first delinea-
tion, the working variant of the model vocabulary will be pro-
vided by the information system of the examined object, which
will also enable the necessary data in time series to be obtained.
Information of the type of model hypotheses does not, how-
cver, stem directly from the information system; rather, it re-
flects the existing state of knowledge of the object of modelling
and, accordingly, has a theoretical or empincal, explicit or im-
plicit form. The explicit form is always assumed in theoretical
information. The implicit form is also admitted in empirical
information, but it must be gradually made explicit.

A model hypoihesis has a primary explanatory function and
should account for the development of the charactenstic under
examination. Consequently it has the character of a statement
concerning its assumed determination. If such a statement con-
tains explanatory characteristics that have not been considercd
in the preceding working variant cf model vocabulary, this calls
for certain vocabulary modifications even if adequate back-
ground data do not exist for the operationalization of these
characteristics and their saturation with data. In such a case we
must consider substitute means of opcrationalization, consisting
in the use of expert assessments, work with “soft” data, etc.
Model vocabulary, in its final version, should represent a set of
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characteristics making possible the description of the deter-
minant structure of the system as a whole.

From the aspect of definiteness or completencss, we may
speak about hypotheses in the continuum of transitions be-
tween the so-called minimum shape (requirements for a maxi-
mum allowable indefiniteness or incompleteness being given by
the character of the model apparatus) and the so-called defini-
tion shapc with zero degrees of freedom. We must realistically
assume that most input hypotheses will have, in their initial
form, the character of determinative statements with a relative-
ly low plausibility and definiteness. The KPM method is orient-
ed to this assumption not as a fatal one; rather, it is considered
a challenge to seek ways for a gradual increase of plausibility

and completeness of hypotheses during the process of model
construction.

Fundamental processing of input information

General rules governing the processing of input information
in the KPM method are (a} information confrontations, (b)
iteration, (c) utilization of the model simulation as one of the
instruments for model validation. The common denominator of
the above principles is a kind of instrumentalization of meth-
odological scepticism, an attempt to obtain an adequate re-
structuring of input information during the- process cf its
synthesis, but with an' emphasis on creaiive, heuristic functions.

Confrontation of information may consist, on the one hand,
in the confrontation between material information on the same
object but coming from different information sources (thus, in
the case of confrontation of variant hypotheses we may speak
about so-called multi-modelling) and, on the other hand, in the
confrontation between different types of matenal information.
The latter i1s considered as a basic type of confrontation in KP
moddclling. Emphasis 15 then laid chiefly on the data (time
scrics) and hypotheses comparison. Data provide information
on the manifestations of the system, hypotheses on the factors
of such manifestations. Data are thus primarily descriptive,
hypotheses primarily explanatory, analytical. In extreme cases
the confrontation may result in the rejection of data and hypo-
theses as incompatible. As a rule, however, the disparity be-
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tween data and hypotheses provides impulses for restructuring
both. The solution of the hypothesis with the use of available
data by means of quantitative analysis described in the follow-
ing pages, consists in the scarch for a complete (not necessarily
right) hypothesis which does not contradict the data (i.c. it 1s
able to reproduce these data) nor does it contradict explicitly
theoretical or empirical restricting conditions expressing avail-
able knowledge of the character of determination. The conver-
sion of the hypothesis into such complcte form (represented by
specified functional prescriptions) intensifies eventual dispari-
ties between individual information inputs by giving promin-
ence to those limiting conditions that have not been as yet
made explicit, and eventually points to inconsistencies or errors
in input data measurement.

The iteration consists in the repetition of the solution
(whether it is the iterative solution of the hypothesis or of that
the previous solution is able, by means of feedback, to restruc-
ture with its results the originally used input assumptions. This
is the outcome of model conception which, rather than demon-
strating, verifies the initial assumptions within the process of
the derivation of their consequences and puts substantial re-
quirements on the model apparatus in the direction of an elastic
absorptio.: of new explicitly expressed limiting conditions (e.g.
conditions expressing the course of the operation of individual
factors, but also of the conditions expressing mutual bonds
between these factors in their comprehensive operation and,
ultimately, of the conditions expressing the specification of fac-
tors themsclves). Each previous solution constitutes, as a matter
of fact, a newly set question, clarified, thanks to the complete-
ness of the output information, but unanswered up to the time
when, within the framework of available knowledge, any com-
ponent of such information may be rejected.

The simulation validation of the model consists in interrela-
ting individual solutions of model hypotheses and transforming
them into a set of model cquations capable in their totality of
simulating the development of the object under cxamination
(rcal system) and of veritying characteristics of this set during
the course of model simulation operations. Isolated solutions of
individual hypotheses are intended to acquire and/or intensify
their contextual properties during the process of simulation vali-
dation. These properties consist partly in the ability to form
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more complex system formations (such as feedback loops or re-
production cycles), partly in the ability to approximate derived
dependencies also outside the refeience section given by the
previous historical analysis of the development of the system. In
this sense, analytical hypotheses are gradually developed into
the plane of forecasting hypotheses trying to explain the po-
tentiality of the system under examination, although in a good
analytical hypothesis such predictive potential is hidden; the
point is, however, to develop systematically the classification
and verification of such potential. This verification may have
the character of graded simulation tests, starting with the global
reproduction of past development, going through simulations of
the possible future development with gradually extended hori-
zons (carried to the extreme for heuristic purposes) and ending
with a number of variants of anomaly or load tests varifying the
impact of external or internal “shocks” on the systemic whole.
In other words, we base our considerations on the issumption
that the operations of simulation are able to intensify short-
comings of the specification of model equations developed
during the preceding stages of model construction. Thus poss-
ibiiity of intensification is seen primarily in such properties of
the description of the model as non-linearity, feedback opera-
tion, often with multiple transformation and, to a certain ex-
tent, also time delays.

Basic output information

Although output information is secmingly generated by the
model, it is actually generated by the system ‘“‘modecl-user”,
because the user of the model as bearer of available knowledge
is drawn into the play more or less in each step of the iterative
solution (in this sense we may speak about dialogic and/or part-
icipative modelling). From this point of view, an “invisible™
output information is represented also by the cultivation of
mental niodels in both the nsers and the modelling forecasters.

“Visible” output information may be divided into two mutu-
ally interconnected groups. The first group includes information
related to the possible future trajectorics of the development of
the modelled system, having the form of data. The second
group includes information related to the possible future deter-
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minations of these trajectories having the form of hypotheses.
While input information had the forrn of historical data and
primary analytical hypotheses, output information has the form
of forecasting data and primary forecasting hypotheses, Output
mformation is updated and revised with any change of internal
and external conditions (such as decision-making); new, specific
forecasts are developed, conditioned by changing assumptions,
and new specific forms of determination (of factor values and
their operation) arise within the more general framework of the
detcrmination of the systemic entity in its development. Utiliza-
tion and adjustment of the KP model are permanent in this re-
spect.

FORMALISM AND APPARATUS OF THE KPM METHOD

Typology of definition equations of the KP model

Although the sector of definition equations characterizes,
often in the final form, conceptual points of departure of the
KP model and its development initiates the work connected
with formaiization, the specific form of definition cquations is
simple. The calculation of the basic types of definition equa-
tions is therefore given without any further comment and
methodological discussion. They include:

— balance equations

— actualization and distribution equations

— interpretation, auxiliary and technical cquations.

Balance equations are sufficiently known from the For-
resterian models and have the following form:

Yo=Y t Pi,t - :;I U.i.t
i=1

1'11."'1-'1:!-

where:  y — dependent variable

P — variable characterizing the incremental process

U — variable characterizing the decremental process

t — time
Actualization equations (or eqnation of the actualization of the
potential) has the following form:



FORECASTING MODELLING BY KPM METHOD 116
= Qu X MA

where: O — potential
MA - degree of the actualization of the potential

If the observed variable is represented by the product of the
distribution of some medium (such as people, money, techno-
logy, etc.), O is designated as the basis (source) of the distribu-
tion and MA as the distribution coefficient and the equation of
the actualization of the potential has been conveniently labelled
as “distribution equations”’.

Interpretation, auxiliary and technical equaiions cover a re-
latively varied range of equations — from aggregauon tquatinns
through equations of exogencous variables up to correction
coefficients or instructions characterizing the initial conditions
or assumptions of the given simulation.

Quantitative analysis of hypothetical relationships in the KP
modelling

Just like the dynamics or econometry, the KPM method can-
not do without an apparatus which makes possible the quantifi-
cation of model relationships of the type **dependent variable —
indepdnent variables”.

Forrester’s quantification procedure is based on the expert
tabulation of influence functions assigned to individual in-
dependent variables; the dependent variable is expressed as the
product of these functions (the so-called partial muitipliers) and
homogenization constant.

Using such procedure, the decisive information sources are
the expert’s knowledge, experience and intuition.

Using the regression apparatus, the dectsive information
source 1s constituted by the data obtained through observation
(rneasurement).

One of the principal idcas of the development of the quanti-
fication apparatus for KPM method is a positive unification of
the two above procedurcs. This unification is based on the
thesis of the mutual substitutability of information onginating
from qualitatively differing sources: data obtained from obser-
vation, knowledge, experience and intuition of the expert.
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Basic model — hypothetical equation

It is assumed that the dependency between variables may be
expressed by the prescription

v S b il al) e )

where t is time, v is dependent variable, fori=1,2,...,ny;
is independent variable (factor) affecting the dependent variable
with a lag z, f; is monotonous continuous function (for
working purposes called the sensitivity function), b is real
constant, r is the ascending continuous function (for working
purposes called relation function), € (t) is random variable with
zero mean value and final dispersion. Independent vanabples are
not random quantities.

Algorithm of the quantitative analysis

Estimation of the lag z;, of sensitivity functions f; and
constant b contained within (1) is obtained through the

minimization of the sum of absolute values of deviations
m

Y ldyl in the system given by

veEmz+|

the regression nucleus (2)

h
B il :
htlyvp=pp el 2 2, aij (g (x{) = Pijk ) + dv

il j=1 k=z;

™ m
1 (i) Wt 1 -1
|11 S e S i) py = Z h™ (yu)
) m—mz u_‘;'n-;ﬂ J m~=mZ __ = ..
v=mz+1,mz+2,...,m mz=max {z';ieN)

N o= {1 20
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limiting conditions
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WE 12
. k
0< 3 T, 22u(Bai(x{*) — g, (x(2H)y) 4
j'l k'lE

z

W 3 :
e 5 ag;k(gs;(x{>*) — gs;(x{>¥)y)
j=1 k=123

j=1  k=z,,
h
P T ) — g (xiohy)
4 nik gn] s gn; T
It M ot
and the selective condition: (6)

Fl?rany constantie N, i = 1, 2,...,wi,k= z?,=f+ Liveies
z; only one a;;, # 0 at the most is valid.

Forie N, ¥ = [xﬁ”, x?], e xn';”]T 18 the series of obser-
vations of i factor in equidistant time intervals (steps), similarly
Y= [y,, Yo simnoy Yo IT is the time series of the dependent
variable,

0 <2 < z] € m is the expert-established minimum and
maximum number of steps which determine the set of feasible
lags Z. = {z;i, z‘id EaR] e zih} for 1 factor, mz = max{zih}
is the maximum feasible lag. i)

Let X8 = | Xew ST XL g e ey [T itk
"‘[;{:;] express the minimur (nd maximum components of the
vector ¥'ik) forieN, k ¢ Z,. The mt:wal<x{;;:‘n], u{,i,i})i:
called variation interval of the factor uj.
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{irk] f 5 “-‘k} 1
xf,"f“}=<xm orie R x[h”=<xm forie R
. 3 %
x{b%) forie S xU+k) forie S

R is the set of indices of those factors for which the expert
establishes the non-declining sensitivity functions (assumed
increasing influence of the factor), S the set of indices of those
factors for which the expert establishes the non-increasing
sensitivity functions (assumed decreasing influence of the
factor). 1

Let x) | x{)  express minimum and maximum com-

ponents of the vector ¥) for i e N similarly Yminy Ymax
minimum and maximum components of the vector
¥ ogiie gl et x{l) are expert-established lower
and upper feasible bounds of the factor uj, S

V3% 5y expert-established lower and upper feasible
bounds of the dependent variable. The interval delimited by
lower and upper feasible bounds of the factor u; /dependent

variable/ is called prognostic interval of the factor u; [dependent
variable/.

i
u; =

ou™* forieR u™ forieR
u.==<

u™ fori €S u - forieS

h'! is the ascending continuous function on the prognostic
interval of the dependent variable. h'! is the function which is
inverse to the ascending continuous function h ¢ H, where His
the expert-established final set of hypotheses of relation
functions which are of relevance for a good estimate of the
relation function r.

g; € Gj, i e N is the ascending function, continuous on the
prognostic interval of the factor u; from the expert-established
set G, [ of the final robustness w; Jof the so-calied problem
functions which are of relevance for a good estimate of the
sensitivity function f;. |

The f; estimate of sensitivity function f; is assumed — sec
(6) — to have the shape
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£ (u;(t—k)) = 25k (8j{u;(t=k)) = pj; ) (7)

where j e {1,2,..., w.}l,k« Z;, a;; are real numbers obtained

through the optimization. p: represents the estimate of the
constant b.

Optimization task (2) — (6) may be casily converted to the
siandard task of the selective linear programming (SLP), the
(approximate) solution of which may be obtained through the
so-called (incomplete) reduction algorithm SLP ([1]).

If the (robustness) |[H| = 1, we obtain the estimate of ll
DEcessary parameters through the optimization of the only
system of the type (2) — (6) (hypothesis H is represented by an
only function).

If ny, = [H| > 1, we form n, systems of the type (2) — (6),
where the representatives of the set H are successively sub-
stituted for h. The estimate of necessary parameters is obtained
through the selection of one of n,, results using the optimization
of systems thus created (e.g. through the sclection of the variant

in
with the minimum sum of residua Y i),
vamz + ]

Let the selected hypothesis of the relation function be n,,

corresponding variable p: be the symbol pJ. The following
designations are introduced for the resulting variables obtained
from the respective system: '
Let a; express the coefficient ksl €{1,2,...,w},keZ for
1 € N,such that a;;x * 0, correspond’ng variables 8ijs K, p;;p are
designated as g;, k;, p,. respectively. The estimate of the
dependency (1) can be always writen as

¥(t) = h, (py + Z a;(g;(u;(t=k;)) — p;)) (8a)
= i
V(1) =h, (py + E f(u;(t=k;))) (8b)
which is called the resulting hypa;het:'r:af equation (RHE).
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Construction of the sets of problem functions and of the set of
relation function hypotheses

For any i e N we determine G; choosing from the previously
built basic set of the functions Q.

Practical implementation:

The set Q is built on the basis of several distinct types of
ascending and continuous functions z on the interval (d, «),
developed from the functions commonly found in the computer
software.

The presently used set Q is built on the basis of thirteen
types of z function and contains the total of 174 functions.
Functions of the set Q are arranged according to different
classification signs, numbered and represented in the catalogue
of graphs. The set Q is the result of experience obtained in a
number of applications of the algorithm of gquantitative
analysis: with new applications it is improved even further.

Three functions are available for building the set H, namely:

exp (W), v 2w ,w [letw=b + E f,(w) +e/.

i=1
Structure of the problem

The description of a quantification problem to be solved
contains the specification of the dependent variable and factors
of the hypothetical equation and the set of data acceptable by
the algorithm of quantitative analysis.

This set of data, called information base, contains:

Time series of the dependent variable, time series of the factors

and the following complementary information:

a) Set H of hypotheses of relation functions

b) Sets G, of problem functions

c) Sets Z; of feasible lags

d) Direction of factor influence

e) Feasible bounds of the dependent variable and feasible
bounds of the factors

f) Sequence of factor influence
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To obtain the resulting hypothetical equation, it is formally
sufficient to define the optimization problem from the regres-
sion nucleus (2) and selection conditions (6).

Subsystems (3), (4), (5) express arbitrary limiting conditions.

By determining the direction of factor influence, the expert
formulates the subsystem (3).

By determining the feasibie bounds of the dependent variable
and factors, the expert formulates the subsystem (4). Its role is
to ensure the inclusion cf the set of functional RHE values (8)
into the prognostic interval of the dependent variable.

By determining the retrospective sequence of factor influence,
the expert formulates the subsystem of inequalities of the type
(5). The sequence of influence corresponds to the sequence of

absolute values of differences f; (xi&ﬂ} -1 (xﬂ'iﬁ}} in the RHE.

Let us note with respect to the notation of the subsystem (5)

that it represents the sequence of factor influence correspond-
ing to their order indices.

POSSIBILITIES AND LIMITS OF KP-MODELLING

As in any other methodological scheme that is just beginning to
take shape, the KPM method also suffers from a number of
serious limitations. We consider it useful to note them as
frankly as possible. We shall present them step by step using the
methodical procedure of KP-modelling.

The completed applications of the. KPM method entailed
primarily an attempt at comprehensive and systems modelling
and forecasting of objects for which no equivalent or similar
qualities existed in theory. It is here that we should scek the
rationale of the idea that the model is an instrument capable
of filling in blank spots in the world of theory. A pregnant
expression of such point of view is the assertion that we are not
modelling what we have previously come to know, but we are
modelling in order to extend our knowledge. However, in the
initial stages of the constructivn of a KP-model (qualitative
analysis of the object of modelling), such an approach forces
the modelers to adopt much too pragmatic procedures. The
task is formulated as follows: collect the maximum theoretical
information on the object of modelling, arrange the information
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into a synoptical scheme, and adapt this scheme to the require-
ments of relaled procedures. In KP-modelling, the above
directive (guideline) was implemented primarily through a series
of branstorming sessions and expert assessments according to
the previously standardized formulations oi the problem.

Operationalization (transformation of theoretical concepts
into concepis with empirical meaning) immediately follows the
qualitative analysis of the object of modelling. Experts consider-
ing the qualitative form of the modelled object, however, only
rarely take account of the availability of homogeneous and long
range time series, in determining the operational feasibility of
the concepts they use. The tension generated between the
theoretical and operationalized form of the model is eliminated,
in most cases, again by means of expert assessments — oriented
on the estimation of absent data. As a result, KP-models are
built on data that are unique, but of insufficient validity.

The formulation of model ecquations (formation of the
formalized model) assumes a conceptualized model i the
operational form, and collected data. The method used may be
designated as the transcription of existing knowledge concern-
ing the object (in the light of operationalization procedure) into
the language of formalism used. It is sufficiently known that
this is a rigid and in many respects physicalistic language.
Especially lacking are the cpportunities for an adequate repre-
sentation of the decision-making :ubject (endogenous),
mechanisms of its functioning, variability of the structures and
time lags. An open problem in this class of the models is that of
the theoretically justified conception for the identification of
synergisms. All these problems largely affect also the form of
information obtained in the further steps of the mcthodical
procedure of building a KP-model. However original and
flexible may appear, e.g. the algorithm of the quantification of
hypothetical relationships in KP-models, the assumption of
invariability of the structure, laws of the behaviour, time lags,
inadequately developed theory of the synergisms and the like,
cause the computer processing of the model produce informa-
tion too heavily loaded with explicit and ‘implicit assumptions
of an instrumental nature. Most frequently implicated are also
the much discussed contradiction between the analytical and
forecasting functions of the model (is a model that is well
descriptive of the history also a good forecasting model? and
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vice versa), the problem of exogenous determination of the
behaviour of modelled system (assumption of the closeness
contradicts the character of social objects, while the assumption
of the openness increases, by the order of magnitude, the
conditionality of forecasts generated by the model, e.g. as a
result of the number of exogenous variables, and the quality of
accepted forecasts of these variables) and several other prob-
lems, the discussion of which accompanies the modelling efforts
in social sciences from the very beginning.

It would seem that at this point we might stop listing the
problems involved in KP-modelling. The fact that we have at
our disposal a functioning model and are aware of its possibilities
and limitations is but a prerequisite for a meaningful model
creation. This prerequisite can be further developed only in
purposefully oriented experimentation on the model — imple-
mentation of the model into research or managerial practice.
And this is the matter giving rise to most disputes, the poles of
which are constituted by the so-called cultivation conceptions
of implementation on the one hand and the planning concep-
tions on the other hand.

Protagonists of the first position view the objective of
modelling exclusively as the cultivation of the learning and
modelling subject. The learning subject may be naturally
represented also by the decision-maker. It 1s assumed that an
educated decision-maker functions within the system of
planning and management more efficiently.

Protagonists of -the other position put emphasis on the
absence of exact methods and procedures in the management
and planning of social and economic development. They
coniceive the KPM method as one of the possibilities for filling
this gap. They believe that it is preferable to use an imperfect
instrument to using no instrument at all.

Both positions might be questioned. Thus, no decision-
maker has been found as yet who would master the mechanism
of the functioning of KP-model to such extent that his actual
cultivation would take place as the result. There are, however,
users who were willing to apply the KP-model in the managerial
and planning practice. This, of course, cannot be considered as
an argument in favour of protagonists of the purely pragmatic
function of KP-models. Some aspects of this problem will be
given attention in the next section.
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APPLICATIONS OF THE KPM METHOD

Over the ten-year period of the existence of the KPM
method, there were a number of application attempts. It would
probably be erroneous to classify them as success=s or failures.
It 1s more appropriate to speak about completed and uncom-
pleted applications. Causes of the failure of application efforts
include primarily the inadequate organizational and material
preparation. KP-models were developed, often under the
influence of the militant publicity of KP-modelers, by work
units lacking the necessary technology, specialists, data banks.
Typical are also attempts at using KPM methods before verify-
ing its appropriatenes: for th: solution of the given problem
or modell.ng of the given nbject.

The mature applications, either with respect to the quality
or importance of the object, iaclude especially the KP-models
of the Czechosicvak Zhysicii Education and Sports, Arca of
Labour, Standard of Living. Their brief characteristics are given
in the references (Faifr, V1. — Gal, F. — Potilek, M. - Zeman,
M.:1981.) For the sake of completeness we give a few com-
ments on the last of the above mentioned applications.

KP-MODEL OF THE STANDARD OF LIVING*

The first version of the KP-Model of the Standard of l.iving
was developed over the period 1977-1980 (Gal, F. et al.: 1980)
and immediately followed also the publication of material and
methodological starting points of the improved version (Gal, F.
et al.: 1981) as well as the complete description of the KPM
method (Faifr, V1. et al.: 1981). Here, we shall limit ourselves
exclusively to the concise characteristic of the material and
formal-logical conceptualization of the above model.

The standard of living is, in the improved version of the KP-
model, represented as the level of consumption of material
goods and services according to individual spheres of needs.
Their differentiation is based on the classification used by the
Research Institute of the Standard of Living in Bratislava. It

* Collaborants: Michal Majtan, Dipl. Ing.,, CSc., Zora Butorova, Ph.D,,
C3c., Ferdinand Vykopal, Dipl. Ing., CSc., Gabriel Sajdak, RNDr.
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mcans that the consumption of material goods and services is
observed in: nutrition and eating habits, catering, clothing,
housing, health and hygiene, education, transport and com-
munication, culture, recreation and physical education, social
assistance. Expenditures (of the population and of the state)
connected with the hierarchy according to the scheme in Fig. 1,
The formalism used is indicated by the equations 1 through 6.
The main equations are those of the actualization of the
potential and distribution equations. The degree of the actual-
1zation of the given potential, or the degree of the distribution
of the given source, occupied in the model structure the
position of dependent variables of the equations of hypotheses.
The generaliced (and thus also simplified) shape of such
hypothesis is suggested by notation No. 7. Exogenously, the
structure and the trajectories of the development of the
standard of living (in the above meaning of the term) were
determined by the assumed development of the economic,
demographic, scientific and technological potential of Czech-
oslovakia. These potentials were represented primarily through
the generated and used national income, the number and
structure of the population and households and the skill level
of the workers. Organic components of the relevant environ-
ment of the modelled object were represented also by the
material and technical conditions of the satisfaction of the
above mentioned needs (e.g. the number of flats in the case of
housing, and the like). '

Scheme No. 1 — Principles (basic) of the construction of the
structure of the KP-model of the standard of

living
I. | Actualized portion Coefficient of the
= | Potential X | actualization of the
of the potential potential
Example: (Equation 1)
Market purchases available Coefficieut of the
of the population = monectary X  utilization of avail-
(cash) incomes able monetary in-
comes for purchases

on the market
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(Equation 2)
Payments of the
population for
SCTVICCS

available

monetary
(cash) incomes

I1.

| Distribution of the
actualized portion of Distribution
the potential into = | base
individual spheres
of the needs
Example: (Equation 3)
Purchases of the Purchases of
population connected = the population

with the nutrition

(Equation 4)
Purchases of the

population connected

with clothing

IIL. | Differentiation of
any of the need
spheres into con-
sumption coms-
modities

Example: (Equation 5)
Purchases of meat
and meat products

(Equation 6)
Purchases of milk
and milk products

i

on the market
— total

Purchases of
the population
on the market
— total

127

Coefficient of the
utilization of avail-
able monetary in-
cumes for payments
for the services

Coefficient of the
distribution base into
individual spheres of
the needs

Differentiation
base

Coefficient of the
distribution of pur-
chases connected
with the nutrition
in total purchases

Cocificient of the
distribution of pur-
chases connected
with clothing in total
purchases

Coefficient of the
differentiation of
need spheres into
commodities

Nutrition-
related pur-
purchases —
total

Nutntion-
related pur-
chases —
total

Coefficient of the
differentiation of
purchases connected
with the nutrition to
meat and meat
products

Coefficient of the
differentiation of
purchases connected
with the nutritivn to
purchases of milk
and milk products
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IV.|Conversion of the

consumption com- Consumption

modity from the = | commodity in | X | Average price
value terms to value terms

(natural (kind) terms

Approximately 75% of dependent variable hypothetical
€quations were represented by coefficients of the actualization
of the potential, coefficients of distribution and cocfficients of
differentiation. The generalized shape of these equations may
be indicated as follows:

(Equation 7) Participants of the respective consumer's
activity /population total, eventually part
of the population/, selected characteristics

Coefficient of the of these participants [skill/qualification/

actualization of level, health condition, etc./, conditions of

the potential = [| the participation in certain consumer's

fdistribution, activities [offer of products, degree of

differentiation/ offered services, etc./, complementary,
substitutional and competitive types of
expenditures, prices, etc,

In addition to actualization, distribution and' differentiation
coefficients, the function of dependent variable hypothetical
equations was also fulfilled by the activities associated with the
satisfaction of individual needs (such as the attendance at
cultural and sports events), natural correlates of selected
consumption expenditures (such as the energetic and nutritional
value of consumed foodstuffs), etc.

The finalized model was used to carry out a number of
experiments of the essentially user’s cl.aracter. Their objective
was to study the possible development of the standard of living
of the population of CSSR with the given trajectories of the
devclopment of economic potential, eventually to identify the
disparity between the need for and availability of consumption
sources in the CSSR. Results and their interpretation were
published and discussed at the central planning authority of the
CSSR. But even so we cannot speak about the implementation.
The reason is simple — the practice prefers managerial strategies
with short-term effects. The long-term perspectives are
discussed quite often, but little is done to make something of
them.

In the following, we mention some illustrations of the
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specific forecasting outputs of the KP-model of the standard of
living. All we want to do, of course, is to document the
functioning of the model. We selected the simulation from 1979
(see Gal, F. ct al.: 1980), exogenous assumptions of which are
given in Tables 1 and 2. They alsc include the assumption of the

Table 1
Assumed development of the generated national income
‘and monetary (cash) incomes of the population

v Generated national income Monetary [cash/ incomes
cars A
of the population

% of the mid, Kcs % of the mid, Kcs

growth growth
1981 473 $59
1985 2,7 527 27 399
1986 543 410
1990 3,0 611 2,8 459
1991 630 472
1995 3.1 711 2,9 527
1996 784 545
2000 3,2 833 3,0 613

Table 2

Projection of the development of Czechoslovak population
and of the number of census and collective households
(in thousands towards the end of individual years)

Years Total population Census houszholds Collective
households
1980 15 382 h 284 5 094
1985 15 475 5432 5 246
1990 16 058 5 569 5 387
1995 16 416 5772 5 603
2000 16 866 5992 5 832

invariability of the development of modelled object. Some of
the obtained forecasting information is given in Figures 1
through 7. Their full comprehension, however, should be based
on a certain. knowledge of the Czechoslovak economic reality,
or the reality of the functioning of socialist economics. For
example: total expenditures on the satisfaction of needs such as



130

FAIFR, GAL, POTUCEK, ZEMAN

housing, transport and communication or leisure include both
the purchases of the population on the market and the pay-
ments for services and material social consumption (in varying
mutual ratio). In some components, however, one of the above
items has a markedly dominant position (for example purchases
on the market in the case of nutrition and clothing or material
social consumption in the case of health and education).

m 10,
o i1s
118 )
o 14
m Mg
e |
o 108
Y IHJ
14 104 4
A, S <El
11 'H ' £ L -~ -l.‘.l*r,l'.‘.h_v"n.""----q .-.-.-IJ-""‘-T'
' 1“ 1 Ji A A i i B B
15 1958 1970 1978 1680 1088 1980 18 00
I —— e k=t = et T T ]
B Pz DA ET B CONELmD T D cepdta (thoun, Koad
g} e — groarth rte of non-production conmeTpt ion par oepits M

Fig. 1 — Development of the non-production consumption

] =
o 13 4
2 1.
% 18
- JRITI
n Nz
0 10
17 08
14 108 4
"0 |
[} 1o = "-F..,":r{ : vl -‘ - i, P e e g L F ]
J-.r’.:-.l'.--‘ ¥ "". ‘I"'."r e 3 ‘." U e
v
‘ ‘m A ik r i 'l ™ & 'y
1980 1 1A 1978 10D 1988 1D Tl O
i = {rtal et bl ooemarnid sn of e poDulet o (mil Kol
B — e e = NPT gt gl OO T e D CaeHTE (TR Mox)
L7 e o o == = it et o ot marter sl oo e Capita ML)

Fig. 2 — Development of the total material consumption of the population



FORECASTING MODCLLING BY KPM METHOD 131

& B C
L0000 By ¥
SO0 T
EooO00 TR M
FETi " I I B )
400000 TR M
sHO0G TR 26
0000 T4 Ia
w000 T N
wnoadd T2 R
oo T
ooy MM M
1980 1688 1910 1978 1880 1965 1080 1906 000
P P— L T T (i, Kiea)
Bimm — = —— share of personal consUMEton in The non-production consumption (%)
D o e e i o RO AT b DO iy T RoRpRoduction comnmemption (%)

Fig. 3 — Development of the structure of non-production consumption

0800 0200 0300
D480 0180 0.280 .
0480 0180 0280 J
0440 0040 040
0A 010 03X
o400 000 ON00
03890 0080 0,180
D380 000 0180 |

0340 0080 040

030 orN 0430

_-l-l-l_'_"l——
0¥ 000 0.100 i I I | i i x .
1980 1S 1970 1978 1980 1S 19680 10 pui i)
Ao ghpep o magET e SnperdearE on tha totel sepend dune (%1
h—_———— there of upendituret on clothing srd foctwesr in the 1ot sxpenditurss TR
£ = i —— iharn of Rausing Fvpenditure i th totel sxpedtuns (%)

Fig. 4 — Development of the structure of total expenditures
(of the population and the state)



132

0 CilCa
0, Dear)
0,088
0080
0.08.0
00000

04500

0,00 500
000480
0.00450
D (ofab
0,004 20
0.00400
0.00380
000780
000340
0.00320

0.00300

FAIFR, GAL, POTUCEK, ZEMAN

[} C
Lol i ] 0000

0180 00080 |
0.1 00380
CRE BT
0 oo
0,150

0140

013
0.120
o119

0 10

il 1900 T 000

SRyt in e toiel ewpendirare (L)
L — Mlﬂmmnmmﬂihwmm

Fig. 5 — Development of the structure of total expenditures
(of the population and the state)

-
il
- -

--"l'

?
-
¢
01750
-b,!:m1 R 2 - . . .
1 1585 TGy 1978 1080 1988 1980 1998 000
L e L] To] T S Sty rh tertel e rperliere )
R e “H-Unmmliﬁmhhﬂmhwmmm

Fig. 6 — Development of the structure of total axpenditures
(of the population and the stats)



FORECASTING MODELLING BY KPM METHOD 133

REFERENCES

1

2

10

Faifr, V.. Vyb¥rove linearni programovani (Selective linear pro-
gramming.) Ekonomicko-matematicky obzor, Vol. 18 1982, No, 1.
Faifr, V., Gal, F., Potufek, M., Zeman, M.: Modelovani spolefenskych
systemi metodou KPM, (Modelling of social systems with KPM
method.) DU SPEV 901-505-04, Department of complex modelling
SPORTPROPAG, Prague 1981.

Forrester, J.W.: Industrial Dynamics. Wright Allen Press, Cambridge,
Mass., 1961.

Forrester, J.W.: Principle of Systems. Wright Allen Press, Cambridge,
Mass. 1969,

Forrester, J.W.: Urban Dynamics. Wright Allen Press, Cambridge,
Mass. 1969,

Forrester, J.W.: World Dynamics. Wright Allen Press, Cambridge,
Mass, 1971.

Forrester, J.W., Mass, J., Ryan, Ch. J.: The Systems Dynamics
National Model. Technological Forecasting and Social Change. No.
1-2,1976, pp. 51-68.

Gal, F. et al.: Dlhodoba prognoza rozvoja fivotnej urovne a jej jednot-
livych komponentov, (Long-term forecast of the development of the
standard of living and of its individual components.) VUZU, Bratis-
lava, 1980, Research Paper No. 213.

Gal, F. et al.: Prognoza vybranych charakteristik sociilneho rozvoja
do roku 2000. (Forecast of selected characteristics of the social
development to the year 2000.) VUZU, Bratislava 1981, (unpublished
study).

Potudek, M.: Zobrazeni cill v modelech systemové dynamiky
(Mapping of goals in system dynamics models.) Ekonomicko-
matematicky obzor, Vol. 16 1980, No. 3.



	105.jpg
	106.jpg
	107.jpg
	108.jpg
	109.jpg
	110.jpg
	111.jpg
	112.jpg
	113.jpg
	114.jpg
	115.jpg
	116.jpg
	117.jpg
	118.jpg
	119.jpg
	120.jpg
	121.jpg
	122.jpg
	123.jpg
	124.jpg
	125.jpg
	126.jpg
	127.jpg
	128.jpg
	129.jpg
	130.jpg
	131.jpg
	132.jpg
	133.jpg

