Uncertainty in Economic Predictions

Experienced economists often express imprecise but
inghly relrvant economic pradictions in vague terms,

A brisf cverview of ibe applicabiiity of fuzzy seis theory
i sconamics is prexented in thiz paper. The discustion
Jocuzes on bow 1is theory caw simplify the process of
exprassing kncaviedpe from ocher? economists, This can

be wyed irs the design of a decivion suport system for
econamic prediciions.

1. Inbroduction

Aa emall businegses grow, making the correct
decisions to ensure continued growth and snccess in
ﬁwmmpeﬂﬂmmhemmmm

time hosizon of nterest 1s for short, intermediate, or
lung term range. The primary objectives of this paper
are (1} to present some fundamentals of fuzzy sets
theory (Zadeh, 1965}, also knewn as fuzzy theory, and
hoor these apply to model-less approximations la
economics; and (2) to devebop a rough design of 3
decision support system for aconomic forecasting. The
expressive power of fuzzy theory simplifies the
approximation process and even results in richer
models that consider inherent imprecision and
unceripinty, The author designed this paper tor
intraduce the reader to several concepes without getting
oo bopged down with the theories concerned.

2. Unceriadiuty in Econgmics

Econcoamics is a social science that studics how
societies deal with problems of relative scarcity, The
theodes of the Aeld have grown noeasingly more
precise and meore mathematically snphisticated.
However, this also has resubted into a persistant gap
between economic reality and predictions from these
ever made sophisticated theories.

One: resnon for this is that experts have
- Foenoulated these theories throogh classical mathemat-
ics, bazed on classical set theory, Boalean logic, and
classical theory of additive measures. This is net
realistic in econninics hecnme {13 huan reasoning
and decision making in natural langnage is based on

embedded in natural lngnage: and

geouine uncertainty
(2} when the required complexity for obtaining reslistic

models becomes unmanageable, we must simplify. To
presenve relevance of predictions t the real wordd, cne
can alkow some uncertaloty in the models (Iir and
Yuan, 1995).

The rade of fuzzy theory in economice was
recognized much later than in many other areas where
the theory ia carrently being used, Shackie (1961) wan
perhaps the first to argue that probability theoty, which
in accepted in ecomomics 4 the only mathematical tool
for expressing wncertainty, is not meandingful for
capiuring the nature of uncertainty in eronomics,
Shackle argued that uncertainty associated with
imagined actions whose cutcomes are to some extent
unkncwn should be expressed as degrees of possibility
rather than probabilities. One of the most fascinating
approaches wis 2 reformulstion of economic theory by
Claude Ponsard (1981, 1988). Ponsard took advantage
of fuzzy theory and i capability to represent uncer-
tainty and Imprecision. He initially proposed three
fuzzy mathematical models that deal with economic
chnice, economic calculation, and genenl economic
equilibrium (Ponsard, 19858), A more comprehensive
lock at the applicability of fuzzy theory in economics is
given in a book by Billot (1992),

3. Generating Eoomonric Predictions

Experienced economints oftrn express
imprecise but highly relevant economic predictiens in
vague terms, such 25

“The price of vil is not likaly o mcrease substantially in
tbe neor fidure”

Common sense determines such predictions,
employing the economists knowledpe (dstnrt from
arcepted economic theories) and relevant information.,
These are all often expressed in Hoaguidic terms as well
— muost of which are inherently imprecise in nature.
Purry theory can approximate and deal with
propositions expressed in natural language.
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Comsider, for example, the following scenario.
W are interested in designing 4 declsion suppont
system that takes as input values of key economic
indicators (and other pertdnent information) to generats
reliahle econpmic predictions. As often happens with
the design of any expert system, acquiring and
representing expert knowledge is the main Issue in this
endeavor. T nckle this, we will request the expert
economist to express his or her knowledge In fuzzy “IF
then uss these rules in making itz predictions. Of
COUESS, econoinists may have quite a variety of mles
that they employ in making their predicdons, but thix is
et of concern in the currenit paper.

4, Fuzry Word Variahles

The inherent uncertainty in natural language Is
captured in furzy cats theory by fuxry Yinguiatic
varhables (Zadeh, 1975), alao kacown as fuzzy word
varbables. Ta explain rthis cancest, consider a leading
economic indicator: unemployment,  Normally, one
would say that unemployment is kw, average, or high
{other categowries such as very low aml very high may
be available). Classical set theory dictates that these
adjectives are represented an disjoint scts. We can
envision this an given in Figure 1 below.
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Uncmployment (in thowsands of porscar LG yaars of age and avar).
Figore 1: Classical set theory interpretation of woed
mdjectives fior unewpiopweni.

Set membership in fuzzy theory is a matter of
degree: membership is expressed as shades of grey, not
black or white. This degrer: of memberhip is a value
between 0 and 1. Therefore, adiectives ire represented
a5 (not necessarily) ovedapping sets in which actual

values can be members to sorme degres.
‘This is illustrated in Figure 2 where triangular functions
are used for the membership fanctions to characterize
the fuzzy terms.

Unmnployment {m housasdy of pecscas 15 yoars of sge snd over].

Figure i1 Furry theory representation of word
adjectives for unemployment

In actual lmplementationa of fuzry wosd varlabées,
Tuzzy sets are represented as fuzzy umit vectors over the
range of values under consideration. For example, ket
3 again conslder the word variable ot uwnemployment.
Assume that It has been decided that there will be nine
values over the range 5,000 to 9,000 {(In thousands of
persony), Then the fuzrzy set representation of the
arfjective Low would be as illustrated in Figure 3, Here,
representing this fuzzy set as a linear combination of
the nine values chosen and their corresponding mem-
bership is convenient (sec the Appendix for an explana-
tiom of this alternate

Aﬂﬂ'ﬂlcrmpuﬂntfeaﬂmofﬁ:uytheoryinme
use of lingnistic hedges (also called word hedges in thiy
cotitent) in improving the expressiveness of vague
cotrcepts (Zadeh, 19723, Hedges such as very, more or
lesa, much, easentially, slighly, ctc., may be viewed as
npuamthuaumtheﬁmaetmpm&mdngth:
meaning of its operand. Zadeh's (1972) formalism s
rather complex for this discuscion and go we Umit this
1o the simplest form: hedges of Type . These are
hedges that can be appeoximated by an operator acting
on 2 single furzy set
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Flgure 3: Using » fozzy ualt vector to represent a
fuxry set.

Recull the fuzzy set of the word adjective
Low aa ilhsstrated in Figure 3. Now consider the term
(Equation 1 goes in here]

then the meaning of very x can be denoted by
{Equation 2 goes in here]

which cun be viewed schematically as in Figure 4.
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Figmre 4: The effect of the hedge wry to the furry
sct Low.

Zadeh (1971} has various interpretations for
other word hedges such a5 much, more or less, slighidy,
and others. Any funther detall on these is beyond the
scope of the curent paper.

8. Fuzzy Rules for Prediction

One of the expressive powers of fuzzy theory B
that knowledge may be represented as a set of rules
Fou example, an expert eoonwenist may tell us that his




ot her predictions were based on the following rule:;

R7 "IF unemploymeni rales are relatively low aied
average personal income i bigh,
THEN tbe labor jforce Is doing stightly pond.”

More complex rules similar to rale B7 given
above are common. Such rules may have euldple
inputs (or antecedents), multiple cutputs {or conse-
quents), or both. A more detajled disoussion of these
lssues is beyored the scope of the curment paper.

Recall that we have represented fuzry sets as
fuzzy unit vectors. So, the unemployment figure of
7501} is approximared by the fuzzy undt vectors (000 0
0.5000)and (00000 .50 0 0), respectively. Fuzzy
input is evidently possible simply by using the fuzzy
unit vector representation of the fuzzy vahre

Bule evalnation

Horw are miles evahoaated in this scenaric? It is
hmportant to note that for amy one input, all niles an
evaluated (In pamllel) to gemerate some output. Not
all rules will apply to the given input. ‘Those that are
significant are said to “fire.” In fuzzy theory, rule
evaluation iz merely a matter of matrix omhiplication.
Recall that such an operution in fuzzy theary uses
mex-min composition. The reslt of multiplying a
Fusey unit vector to a fuzzy relation is & fuzzy unit
vactor. In other words, the result is a fuzry set (see the
Appendix for an example). This process is known as
the Compositional Bule of Inference iin fuxzy theory
(Zadch, 1965).

Defurzification of cutput

There may be more than one fuzzy output
(fuzzy unit yectors) resulting from the previous step of
rle evaluation, depending on how manoy rules Rred.
varlous methods of combining these outputs ioto a
single ocutput vector sre available. The most common
method is to compute the piecewise maximam of the
vectors. For example, glven C1l= (0 00.251.25000)
and C2 =(0 0 110000 0), the combined output
veclorwould be C=CL1VCZ={0 0 1 11 ,254Q 0
0) where the "V denotes the maximum operator.
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