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Abstract

The purpose of this paper is to present some ideas on the
applieation of fuzzy sets to prediction process.

First, the deterministic analysis of fuzzy time series
is given, Then, the basic principles of fuzzy time series pre-
diction are introduced, Finally, an example illustrates the
usefulness of the basic ideas and techniques,
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I. Intreduction

The time series analysis, modeling and prediction are eone
of the most progresive developing fields of mathematies where

the outputs have wide and quick appliecadbility using cempu-
ters /see Box ~ Jemkins (2)/ ,

Generally, all time series analysis methods presented till
now deal with the time series which values are the real num-

bers, In practice, there are often situations when the velue
Xt are described linquistically ( foe example -~ the potatoes
erop in 1983 can be characterized as "good"), Then one natu-
Te quastion arises -~ How to analyse such time series ?

Two taasks should be underlined to get the answer :

- the time series analysis and

~ the formalization of linquistic expressions
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Zadeh (1) introduces cencept of lingquistic variables
using fuszy sets theery., Therefor in this paper we analyse
the linquistic expressions as the fuzzy sets. The goal of eur
contribution is to explain fuszzy time series analysis with
linquistic variables and it; application te prediction process,

Since, the topic represents very large and complieate probd-
lem, we restrict ourselves to deal only with deterministic part
of fuzzy time series, mostly from the fuzzy data processing
methodics point of view., Since, there are two the most often
used methods for deterministiec part verificatien of the crisps
time series -~ LEAST SQUARE MBTHOD and PERIODOGRAM, we present
the second one - Periodogram in section II,

Section III of the paper is concerned with fuzzy time se~
ries analysis and prediction., Finally, the example illustra-
tes the deterministic analysis of concrete fuzzy time series
with it s prediction,

II. PERIODOGRAM

Definition : Assume that we have the finite smeries of
rendom quantities Y,, ... Y, . We define the function I(3)

as
%1 Yo o1t

The funetion I(A ) is called PERIODOGRAM of series Yq) o0s Yo

I(2)= gy 2 ‘ (1)

P
Assume that Yt = %; 8 o @ 142k +xt t= 1, 2 ,, (2)

where 845 oo & are non zero constants

Aqs ooe ap are independent numbers from interval (¥W,-T)

and {X.& is sequence of nonsorrelated random quantities with
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gere mean value and the same dispersion ¢~ 2 >0,

The eenstants 21: » K= 1, gee P express the frequencies
osoured in amalysed data, In N ~ data situation the possidle
( 1dentifieationed ) frequencies are

i
231 =+ 1=, ...[-g—]
where [x] demotes integer nearest to x
then the rolovu‘t periods are [—}] .

Accerding Bex ~ Jenkins (2), and Andel (3) the periodogram
values in our "interesting” points are

I(Qy) = & (of+2d) (3)
|

o = 2/K %1 Y, ong%it . (4)

boe2/m T T TR e (5)

1 t=1 ' '

for 1i =1, 2 40

I1I, YUZ2Y TIME SERIRS ANALYSIS AND PREPICTION

As mentioned about, usimg pericdegram we analyse the ti-

me series periodieity.
The time series periodical member is estimated as

X($) = ag + ;% ( agoon ZAL + b atn ZY,
: X
e

shen the predistion at time N+l is

Y(N41)= ay +%( aimm‘!ﬂ-)— + bia:l.nm%!ﬂ)- ) =



= Y(1)
Before the fuszy time series is analysed the conjunction

of fuzzy sets has to be made by their multiplying according
Zadeh (1)

LB =D 0N (u)Mg(uy) /uy
uy i)

Owing to the basic set gets immense expansion and some member-
ship functions attain the minimal values, Setting the L~ level
which states the minimal permissible membership funotion vealue
this undesirable effect can be prevented,
Applying the periodogram for N values which satisfied
the J~ level we can obtain the relevant prediotion with its
membership function., The total prediction is then fuszzy set,
Since, some prediction values can occur meny times, their
assocliation in the sence of fuzzy values disjunction is needed,
For determining membership funotion we use fuzzy disjunoction
according Zadeh (1) |

A@B = (4% B = %8(1 o (1= gy (0 )3 1= g ()))/ 0y =

.; SCmg(ug) +pplug) = dy(ug) Mp(ug))/ vy
1

IV, ILLUSTRATIVE EXAMPLE

A simple example is given to illustrate the fuszzy time
series analysis and prediction,.
Example : The potatoes crop in Czechoslovakia in 1983~ 87 was
linquistically described as following

1983 | 1984 | 1985 | 1986 | 1987
good l very good l bad l very good l good

Petermine the potatoes crop prediction for 1988 year if
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d = level is 0.1 o Assume that the tremd is equal syro,

Substituing the fuszy sets representing linquistic terms

we get :

good ( 0.3, 25), (1s, 30), (0.3, 35)
very good (0.3, 35), (1., w), (1., 45)
bad (1., 15), (9095 2@); (903’% 25)

Let the folloving values hold for setiing L~ level

(0.3, 25), (1., 40), (1., 15), (1., 40), (1., 30)

and the total membership funetien W, = 0.3 ( after multiplying)
aseox (4) and (5) we get

% =3 T, Te =5 ( 2540415440430 ) = 30

s = %_:1!*.-.'-}14 - 2,236
v, =4 %1!,‘.31;—}1 t = 0,172
e %11,‘.«--;1': - 2,236
v, =§ %ﬂzt.gn-ﬁ t = ~13,037

then for prediction we get notation
2, =30 + 2236008 _gg_t_ + 0.1?2-1:%3 @ 2.236005-%1 -
- 13,037s1n 475

where twé because it’s predictien for year,

Selwing the equatien just about the predictien for 1988 is

25 with membership functiom 0.3 . |

The outputs frem computer after selwing all conjunetions shows
the Table 1 . |

Associated membership funetion

w(25) = 1 = (1-0,3)4(1-0.21)* = 0,93

A(30) = 1 = (120.3)16(1-0.27) 2(1-1)3(10.9)% = 1,0

etk
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M (35) = 1 = (1-0.3)4(1-0.27)3 = 0,91

uy partial (ui) (uy)
25 | 063,042,0427,0627,043,043,027,0.27 0.93
003 ,003g0027,003 g°.391‘0,0039903, 1009003,
30 0027’0027 ,009 ’0027,0027’009’0O27,003,6039 100

0e390e3514040639003,100,003,0027,0627,044
00990027900279069,00279063,063

35 003 ’9039@02790027Q003’003g0027 3091

TABLE 1 : Primary fuzzy prediectien

The total predisction for 1988 is :(0,93, 25),(1.0, 30),
(0.91, 35), so between good and bad, We can say that the expec-
ted potatoes crop in 1988 will be average,

Vo CONCLUSION

In this paper the basic principles have been proposed to
deal with prediction theory using fuzzy sets.

The illustrative example presents the possibility of the
linquistic approach to this proeess,

In the case of suprem disjunction analogy the prediction
for 1988 year would be (0,3, 25),(1.0, 30),(0.3, 35) which means
more less good potatoes crop.

NOTE : In a crisps case we use the firast member for the predic-
tion of N+1 member,

In a fuzzy case the situation is a little bit different -

the possible values of the first member don’t change, but the
membership funetion values will be in prediction different.

The biger ocontribution of the ideas presented about seems to be
the possibility to unreveal hidden periodicities and their

importance would be then represented by fuzzy numbers,
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This paper is net a fimal versien, it omly shews the

outline of the usefulness of the new ideas, However, there
are a lots of problems to be selved in both lines ~ in real

modeling precess and fuzzy sets theery as well, Notice, the
paper puts both of them togrther,
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