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Abstract A qualitative quantification is based on four values only - plus, minus, zero, unknown. Therefore to
develop a qualitative model requires very limited knowledge. This is the most important advantage of the
qualitative models. To develop aqualitative model of a complex processis an iterative procedure. It could be very
time consuming, which, however, requires highly qualified experts. Unfortunately especially at the early stages of
the development the models can contain mutually inconsistent relations. Therefore the inconsistent models has
no solution. The paper analysis some aspects of the inconsistent model and presents a simple procedure how to
eliminate the inconsistencies. A case study is based exclusively on equationless knowledge items. The following
variables are taken into consideration: Borrowing Reguirements, Collective Burden, Deficit (Government),

Economic Activity, Government Expenditure, Interest Payments, Long-term Interest Rate, Social Security

Payments, Taxes, Unemployment. Complete lists of all possible qualitative scenarios are generated.

INTRODUCTION
An gpplicable modd of a sophisticated problem represents an extremely complex, multidimensiond,
absolutely unique and vaguely described system. A conventiond quantitative model is prohibitively
inaccurate and its results and consequently any conclusions based on them could be mideading.
At present, most of the techniques employed for the andysis of a broad spectrum of problems
possess andyticd and/or gatigtica natures. Unfortunately these precise mathematica tools do not
aways contribute as much as is expected towards a full understanding of tasks under study (Davis,
1990).
It is no paradox that less information intendve methods of andyss often achieve more redigtic
results in cases where the system which is being modelled is very complex, and/or ill known (Gallo,
Gill, 1990). Modern computers are extremdy powerful tools in terms of number manipulation.
However their contribution to solving vague problems from finance and investment using common
sense has been practicdly very amdl.
Therefore a qualitative trend andysis is used to generate a set of al possible time scenarios (Parson
et d 1992). Even very uncertain knowledge is vauable. It is the effectiveness with which uncertain
knowledge is used which is very often the main distinction between good and bad models.
Equationless knowledge is such knowledge that cannot be formaised by equations because of
(Cohn, 1989)

vagueness

complexity

transparency of the find results i.e. indbility of the find users (top managers) to understand

conclusions based on sophigticated mathematical / logica theories
There are two basic types of knowledge items, namely deep and shdlow. Deep knowledge is
knowledge that represents the basic laws of nature. Roughly speaking a deep knowledge item is
such item, which is accepted without any questions by the corresponding professonad community.
The key deep knowledge item in engineering is the law of mass and energy conservation.
Unfortunately there are no deep knowledge items in economics and finance. Any knowledge item
has its exceptions and samplifications. Moreover there are different pecific interpretations by
different experts.
The shdlow knowledge item is not related to any deep knowledge item. All sorts of datistica
anadyss ae used to generae shdlow modes. However, the mathematicd forms of these
knowledge items, usudly mathematicd models (eg. exponentid, polynomid) are dictated not by



reasoning or by the very nature of the problem under study but by the statistical theories and, quite
often, by tradition and rigid applications of Satistical packages.

A s=mi-degp knowledge item represents such information, which is generaly known and rather
frequently used but not generdly accepted. An exampleisthe Interest Rate Parity modd. The model
is represented by an equation and this equation may be used for forecasting purposes (Dohnal,
1998).

QUALITATIVE MODELS- TUTORIAL INTRODUCTION

A qualitative modd isthe best calculus that can be used as a common sense theoretical background.
Rdatively large and redigic problems can be tackled usng exising software (Dohnd 1991),
(Meznik et a, 1999).

Quditative modelling is a combinatoria problem. It is not the god of this paper to andyse dgorithms
suitable for the quditative anadysis. A smple and efficient dgorithm is the brute force approach. It
means that dl possble combinaions are tested agang the quditative modd. An extensve
description of quditative caculi isin (Davis, 1990). A generd methodology how to smplify/degrade
quantitative modesinto qualitative moddsis given in (Dohna, 1991).

Suppose there are only three quditative vaues.

Positive (+), negative (-), zero (0), unknown or not relevant (*) @

A quditative solution of a qualitative mode is specified if dl its n quditative variables
X1, Xz, e Xan 2)

are described by the quditative triplets
(X, DX, DDX) (3)

where DX and DDX are the firgt quditative and second quaitative derivatives with respect to time,

QUALITATIVE INCONSISTENCIES
Macroeconomics, finance, environment are examples of such areas of research which generates
prohibitively complex models. The models are based on semi subjective, semi inconastent and
predominantly shadlow knowledge. Therefore the first versons of the complex models are dways
inconagent. The following sequence of deps summarises the basic features of quditative
methodology:
Modification of heterogeneous knowledge structure by using unified terminology and notation
Transfer of quantitative knowledge items to quantitative information (qualitative degradation)
Integration of dl quditative knowledge items into a Sngle modd
Consstency test
Elimination of inconagencies
The last to steps camnot be described by generdly applicable rules and each model must be trested
on ad hoc basis. A smple problem is used to demonstrate the basic idea.
The following quditative relations are taken into consderation (for detalls see (Berndsen, 1995)
where the important aspects of macroeconomics are presented):
T D Negaive
T CB Postive
D BR Postive
BR [P Pogtive
BR R1 Postive
R1 I[P Pogtive
R1 EA Negaive 4
EA U  Negaive
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9 G EA Podtive

10 G D Podtive

11 EA T Postive

12 CB EA Negdive

13 SSP CB Podtive

14 U SSP Pogtive

15 IP D Positive where

BR Borrowing Requirements
CB Collective Burden

D Deficit (Government)

EA Economic Activity

G Government Expenditure
IP Interest Payments

R1 Long-term Interest Rate
SSP  Socid Security Payments
T Taxes
U Unemployment
Represents a smple quaitative modd using the first derivatives only. For example, the firgt
quditetive relation
1 T D Negatve (5) can be described by two quditative statements:
If T goes up then D goes down
If T goes down then D goes up

ELIMINATION OF INCONSISTENCIES
A gquditative analyss discovered that the quditative modd represented by the set of relations (4) has
no solution because certain subset of relations are not consistent. There are severa possible subsets
of relations, which can be removed from the model to achieve solvability.
Roughly speaking the problem of identification of inconsstenciesis acombinatoria problem. Severd
potentia approaches were tested (brutd force, different heuristics). However, a didog between the
group of experts and a computer seems to be the best variant. The main reason why the didog like
goproach gives the best solution is a ample fact that there are nearly dways many different ways hot
incons stencies can be diminated.
Unfortunatdy, there is no a generdly agpplicable rule how to identify the best subset of relations
causing the inconsistency of the model as awhole. There are different points of view:

Minimise the modification of the modd under sudy, i.e. minimise the number of removed

relaions

Remove the least accurate / reliable relation and test the consistency

Identify such varigble which isinvolved in many different relations and reconsder its gpplication

The fact that the mode is not consstent is a reason for a careful sudy of adl eements of the mode
(4). Let us suppose that the conclusion of a udy is that for example, the relations 2 and 10 are
potentid troublemakers. If the relations 2 and 10 are removed then the modified model has the
following three solutions (seetriplets (3, 1)) which

BR CB D EA G IP RL sSSP T U
1 ++* ++* +4+* +-* xR X ok ¥
2 +0* +0* +0* +0* +0* +0* +0* +0* +0* +0* (6)
T T T T = e T S S e i e el



indicates that the second derivatives are ignored. The reason is very smple, the modd is based on
the first derivatives only and therefore no second derivatives can be evauated. Moreover, it is
usudly very useful to tune the mode using the firg derivatives only and include the second
derivatives if the model based on the first onesis consdered as perfect. The conclusons which can
be reached using the st of three scenariosis smple

The third scenario (see 6)) is the only one, which increases the goal function EA.

A group of experts introduced the second derivatives into the modified first derivatives modd (4)

1 24 T D

3 21 D BR
4 23 BR IP
5 23 BR Rl
6 21 RL IP
7 26 Rl EA @
8 24 EA U
9 2 G EA
11 23 EA T
12 26 CB EA

13 21 SSP CB
14 21 U SSP
15 23 IP D
The second column identifies the shepe (see Fig. 1) and indirectly the second derivatives as well. A
computer program solved the mode (7) and therefore there are no inconsistencies. The following set
of 27 time scenarios exigt if the model (9) is used to generate them:

BR CB D EA G IP R1 SSP T U

1 +++ +++ +++ - -+ o -+t
2 +++ A+ - -+ 0 A -
K o e T ST o o o e S S
4 +++ ++- A+t -+ At A - A -t -
5 +++ ++- +++ 4+ -+ A+ - - -0 -
6 +++ ++- +++ +-+ -+ A - e -
7 +++ ++- ++0 +-+ +-+ +H+ - A At -
8 +++ ++- ++- -+ -+ A+ - A -+ -
9 +++ ++- - 4+ -+ ++0 -+ -+ -
10 +++ ++- ++- -+ +-+ - A+ - A -

11++0 ++- ++- +-+ +-+ ++- ++- - -+ - (8)
12++- ++- ++- +-+ -+ - - - -t -
13+0+ +0+ +0+ +0- +0- +0+ +0+ +0+ +0- +0+
14+00 +00 +00 +00 +00 +00 +00 +00 +00 +00
15+0- +0- +0- +0+ +0+ +0- +0- +0- +0+ +O-
16+-+ +-+ +-+ ++- ++- -+ -+ -+ - -+
17+-+ +-+ +-+ ++ ++- +-+ +-0 +-+ ++ +-+
18+-+ +-+ +-+ ++- ++- -+ - -+ - -+
19+-+ +--  +-+ +++ +++ -+ +- +- 4
20+-+ +-- +-+ +++ +++ A+ - - +H0 +--
21 +-+ +-- -+ -+ A A - e e -
22+-+ +-- +-0 +++ +++ -+ - - -
23+-+ +--  +-- A+ - - e -



24 +-+ +--  +-- +++ +++ +-0 +-- 4= -+ +--

25+-+ +--  4+--  +++ +++ 4= 4+ -+ -

20+-0 +-- +-- +++ ++H+ - - -+ +--

27+-- +--  +--  +++ +++ A= - -+ -

The scenarios 16 - 27 have pogtive firgt derivative of EA and therefore correspond to the scenario
3 (4). It israther difficult to comment the results and consequently choose a subset of scenarios 16 -
27 as the goal scenario. We bdlieve that amulticriteria approach is needed. However, for example
unemployment is dways decreasing, see the last column (8). In this specific case no compromise is
needed.

CONCLUSIONS

The congstency represents a very important obstacle, which must be eiminated to achieve a
meaningful qualitative model of a complex problem. The proposed concept has been successfully
applied to severd finance, manageria and risk problems. This is, however, not enough to beieve
that the methodology presented above can be used to andyse dl types of complex problems.

A posshle explanation of the success, which the quditative method has enjoined, is thet it has
generated good questions to the decison-makers. Field experts are forced to re evauate ther
attitudes. The scenario generator is a useful generator of “provocative’” questions.

The quditative moddling itsdf is very flexible. It is possble to perform any union or intersection of
different modds. Thisis avery useful feature for verification of modds and their smplifications. This
aspect isimportant for development of classca quantitative models.

REFERENCES

Berndsen R. (1995) Causd ordering in economic models, Decison Support Systems, 15, 157 -
165

Cohn A. G. (1989) Approaches to quditative reasoning, Artificia Intelligence Review, 3, 177 - 232
DavisE., (1990) Representations of Commont sense Knowledge (Morgan Kaufmann, San Mateo)
Dohna, M., (1991), A Methodology for Commonsense Model development, Computers in
Industry, 16, 141 — 158

Dohnd M. (1998): A Qudlitative Approach to Pattern Identification for Financid Data Mining,
Journd of Computationd Intelligence in Finance, 5, No. 3, 1997, 27 - 36

Gdlo, G.M., Gill, SM. (1990) How to Strip a Modd to Its Essentia Elements, Computers in
Economics and Management, 3, 199 — 214

Dohnd M., Meznik 1. (1999), Multidimensona Screening of Quditative optimisation Scenarios, In:
Proceedings of The  Second Internationd Conference — MATHTOOLS 99, Tools for
Mathematica Modelling, Saint Peter (To appesar)

Parsons S. ,Dohnd M., (1992) Quditative, Semiquditative and Intervad Algebras and their
Application to Engineering Problems, Eng. Applic. Artif. Inteligence, 5, 553 - 560.

Authors address:
Brno University of Technology, Faculty of Business and Management, Technicka 2, 616 69 Brno,
Czech Republic



