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1 OATTEMPT OF A FUZZY APPROACE TO VOLTERRA SYSTELS

Bernd Straihe

ihademie der Wissenschaften der DDR
zentvalinstitut fir Kybernetik und Informationsprozesse

Trvaesticetions of rough behaviour and robustness of Volterra

are of special interest, For this porpose an attempt
o fdascribe Volterra systems like
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i, 4= const.

MLrg;, manner,

“:pet o7 all, both time and ranges of the X5 and the.parameters
%?, are discretized.

.ntion of time is obtained by applying Tuler foreward

It ferances
<. (k1) = x. (k) < (I
3’(\.&' ) 1 £ +A} (1) )'( (k)
. + b T = x. (k)1 h ] 2)
xl(k) () ()[+——-mika (2)
"he codared olagsses A,B,...,G,H are used for discretizing x;

e
sherens A means the fuzzy set 'very small' and H stands for
toeare Tarret,
wooev sets are also defined on th t of t G "
Wi -y cets are also defined on the set of parameters Gy.. nere

- 3 L3 3 d
s~ o acrhematic representation of it:
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The fuyzy set YU is & (fuuay) gingleton with NU(G11>:1 if
L%
Tpen and WUCS )0 1f Gy 0.

Yence, £ nan-*;+erac+1on between % and X% (i.e., xi =0 in

tre original eystem) is preserved in the fuzzy model. All fuzzy
sete ‘ntroduced above have the following meaning NB (PB) 'nega-
+sve aogitive) big', NV {PM) 'negative (positive) medium',

o 70 tnegative (positive) small', and NU 'uncoupled'.

Momes fering the time k the known values of fuzzy classes of

") have to be combined with the fuzzy values of Gij for

~t

211 © “yp @ manner explained later. This leads to the relative
prowts rate [X;/x; 3(k).

-

The nartiasl regatlve growth rate caused by Xj via Gii ig de-

Ao
roted by

Y.
— x
¥, Gij 3
3
“hen, (1) iz read
[ ] [
be X -
—kl e —Ld
X —~ X.
: j 3

w, Moy sets for the relative growth rates are defined on
tne ot of ¥,./x, {see also the fuzzy parameters for G..
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Tre interrelationship between the fuzzy classes of X, the

fanny valneﬂ of Gij’ and the fuzzy partial relative growth

vate. 3../%, ig seized by the fuzzy algorithm GX whose
99:13;%5 ;perational table is shown in Table 1.
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Tewt, *he partial relative growth rates ici./xi have to be com-
“iaed to the velative growth rate Sci/xi for all j. In order

¢ preveni the addition of fuzzy sets this combination shall
ied out in another way.

-

ij/Xij(k) is assumed to be
n (2) the single effect

i

cartinl relative growth rate [X
. Jsing the Zuler approximatio

"4 is caused by x.(k).

sets of x,(k), [x../x.1{k), and x..(k+1)
i ij’ i ij
fiuzey algorithm RATE (see Table 2). (Note

that vhe classes A and H are extented to A0,Al,...,Ad4 and
“ L, ....,14, respectively, to prevent saturation effects).

of arn addition, xi(k+1) ie calculated by a sequence
dncle affects ¥, . (k+1). This procedure is carried out ac~

i ¥4
Aings to the following calculation scheme:

~~

“tey T3 choose row 1; put (=0

sern e opub x. (k+1)=xi(k)

io®
~~{'3?3 ?: Srj'*"‘i
2 X .
ep s {X;(}M),Gi!) GX {Xi’/xi‘](k)
iy ‘o N
rer dn (L 100 g G )RR 4 (i)

1tep 7: unless all rows have been chosen go to step C.

o7 d he noted that the usged fuzzy algorithms GX and RATE
cYyara ead to furcsy values like A,B,..,H of the variables X

& i L4
Toothe Pollowing five examples of Volterra systems treatec Iin

Fon Ceseribed manner are presented.
Phe T v gimulations are carried out by means of our fuzzy
sten FUZSIM [i].

les x. has a constant value, Furthermore, only *the

coo mowing the zreatest membership value is cdepicted for a
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The reated original Volterra systems are characterized as
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The system has a fixpoint at (1,7,1,1,1)
and a stable cycle around it.

cwneple 2 (Fige 2)3 X, ,X,a X, —woqy X, goes to o large
constant,

Canple D O(Tige 3)3 X, ,%X,,%, —=0 , X, goes to a small
< ") =S
constant,

vanple 4 (Fig, 4): The gystem has fixpoints on a straight
line which goes through (1,1,1,1,1}.
The traectories go to one of these
fixpoints,

cwauple 5 (Tig. S): The system is a hypercycle and has a
stable cycle around (1,1,1,1,1).

mrs, lence, the presented approach seems to be a promis-~

ino seans Jor getting answers for qualitative behaviours and
rehvi=tneas with regpect to changes of the parameters of the sy

ooten congidered,
0 Ttwrube, 3.3 FUZSIN -~ A simulation program package for fuzzy

systems, ZKI-Informationen 2/1983 (techn. re-
nort of the Zentralinstitut fur Kybernetilk
un? Informationsprozesge der Akadenie der
wissenschaften der DDR), Berlin,

Tabie1 Operational table for GX

Gx|{A B ¢ D E F G H
P8 |CP1 CP1 CP2 CP2 CP3 (P3 CPY4 (PY

PM| CP{1 CP1 CP{ (P41 CP2 CP2 CP3 CP3
PS | CP1 CM CP1 CP1 CP1 CP1 CP2 CP?
NU | CNU CNU CNU CNu CNU CNU CNU Cwu
NS | CN1 CN1 CNT CN1 CN1 CN1 (N2 (N2
NM | CN1 CN1 CNf CN{ CN2 CN2 CN3 CN3
NB| (N1 CN1 (N2 CN2 CN3 CN3 CN4 CNY
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Table 2: Operational table for fuzzyalgorithm RATE

RAE[AY A3 A2 AMM AO B C D E F G HO H1 H2 H3 Hk
CPH{AO B C D E F G HO H1 H2 H3 H% H% H% H% Hé&
CP3JAM AO B C D E F G Ho H1 H2 H3 H% H& He H%
(P2JA2 M A0 B C D E F G HO H1 H2 H3 Hk H& H4
CPA[A3 AL A1 A0 B C D E F G HO MM H2 H3 Hk Hé
CNUIAY A3 A2 A1 A0 B C D E F G HO HI H2 W3 H4
CM[AY A4 A3 A2 M A0 B C D E F G HO H1 H2 H3
CM[A% At A4 A3 A2 A1 A0 B C D E F G HO H1 H2
CN3[A4 A4 A4 A4 A3 A2 MM A0 B C D E F G HO H1
CNUJAY A Ah Ab A+ A3 A2 A1 AO B C D E F G Ho
ErOmplels K St G | ieacon o w0 v i
toog Y ’ jetned ! G=|_0¢ -1.0 ~0.4 40 40

X4 Xnet= Const. =4 1.0 -0.6 ~1.0 ~0% 4.0

H 4 222 -—3 —3 22—

G 1 33 1

F 4 2

E 5—2-—3—-———-\5———-\-/—— —=S5-=2==3—= == 4 -5

)

) \ /

B

A 44—44 —3 34— — 23—-23—2-—12—42—4#—44-4#—44—34—34

23‘1-56789404442,434#454647481‘
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