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HODEL BUILDING FOR FUZZY SYSTEM S BY MEANS OF FU ZSIM

A b s t r a c t . P r o b le m s  e n c o u n t e r e d  i n  m o d e l l i n g  a r e  d i s c u s s e d .  P o s s i -  
b i l i t i e s  f o r  s e t t i n g  u p  a  f u z z y  r e l a t i o n  a r e  g i v e n .  Som e o f  t h e  a u 
t h o r ' s  f u z z y  m o d e ls  o f  r e a l  w o r ld  o b j e c t s  a r e  l i s t e d , - T h e  s o f t w a r e  
p a c k a g e  GUZSIM f o r  f u z z y  m o d e ls  i s  o u t l i n e d .  An s im p le  e x a m p le  o f  a  
fu z z y  m o d e l d e s c r i b e d  i n  t h e  GUZSIM la n g u a g e  a n d  s i m u l a t i o n  r e s u l t s  
a r e  p r e s e n t e d .

1 . M o d e ll in g  o f  f u z z y  s y s t e m s

A w e l l - w o r k in g  m o d e l o f  a  r e a l  w o r ld  o b j e c t  i s  a l w a y s : t h e  r e s u l t  o f  a 

s u c c e s s fu l c o o p e r a t i o n  b e t w e e n  s c i e n t i s t s  w o r k in g  i n  t h e  f i e l d  o f  s y s t e m  

theory and a n a l y s i s  o n  t h e  o n e  h a n d  a n d  t h e  s p e c i a l i s t s  f o r  t h e  r e a l  o i j e c t  

on th e  o t h e r .

In  g e n e r a l ,  t h e  c l a i m  o f  t h e  m o d e l t o  b e  s e t  up  w i l l  b e  f o r m u l a t e d  b y

the s p e c i a l i s t s .  T h i s  c l a i m  c a n  im p a c t  w i t h  t h e  p o s s i b i l i t i e s  o f  t h e  me

thods u se d  i n  s y s t e m  s c i e n c e s  a n d  t h i s ,  i n  t u r n ,  w i l l  g i v e  im p u ls e s  f o r

th e ir  f u r t h e r  d e v e lo p m e n t .  H o w e v e r , t h e  s p e c i a l i s t s  a r e  c h a l l e n g e d  b y  s y s 

tem s c i e n c e s  t o  f i n d  o u t  h id d e n  q u a l i t a t i v e  a n d  q u a n t i t a t i v e  r e l a t i o n s h i p s  

in t h e i r  o b j e c t .

Not a l l  o f  t h e  r e q u i r e m e n t s  a r e  a b l e  t o  b e  f u l f i l l e d  b y  t h e  p a r t n e r s .

N e v e r th e le s s ,  t h e  m o d e l e s t a b l i s h e d  c a n  b e  r e g a r d e d  a s  t h e  b e s t  c o m p ro m is e

that c o u ld  b e  a c h i e v e d  a t  t h e  m o m e n t.

In  m ost c a s e s ,  t h e  a im  c o n s i s t s  i n  f i n d i n g  a  m o d el t h a t  c a p t u r e s  t h e

b eh a v io u ra l a s p e c t s  o f  t h e  r e a l  o b j e c t  u n d e r  i n v e s t i g a t i o n .  Many im p o r t a n t  

problems s u c h  a s  p r e d i c t i o n ,  c o n t r o l ,  c l a s s i f i c a t i o n ,  p a t t e r n  r e c o g n i t i c . . ,  

d ia g n o s is ,  d e c i s i o n s - m a k i n g ,  s a f e t y  a n a l y s i s ,  e t c .  c a n  b e  d e s c r i b e d  a s  

b eh a v io u ra l m o d e ls .
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The following items have to be considered during the process of modell
ing .
- Which claims and tasks are to be fulfilled with the help of the model 
where a certain cost-effect-relation and a necessary quality of the res- 
ponces of the model are taken into account?

- Which of the quantities acting upon the system are relevant with regard 
to the intended task of the model?

- What are the structural relationships between the relevant variables?
- What are the types of scales of the available data?
- What methods, techniques, theories, etc. are adequat concerning the pro

blems mentioned before?
The three questions listed at first consider qualitative features of the 

process of modelling mainly. The last question should not be taken into 
consideration too early. For instance, applying a certain method will cause 
in restrictions of the selection of the relevant variables before treating 
this point.

In general, the treatment of each ,of the above items will result in 
starting a new modelling process on this level of abstraction. In answerin; 
one of the questions there might be an.effect onto those ones that have 
already been treated.

Hence, model building is both a hierarchical and 'iterative' process.
As already mentioned, in modelling two aspects have to be considered [6,

- the qualitative or structural aspect 
and
- the quantitative or relational (functional) one.

The qualitative interactions between the relevant variable can be desert 
bed by structural relations. In complex systems it should always be pos
sible to find out internal connections. This leads to a structured model. 
The complete model is regarded to be an interconnection of submodels. Each 
of the submodels can have a structure again. Hierarchical models have spe
cial kinds of structures.

In finding out a structure important and additional information is 9b- 
tained about the system and, moreover, for the process of modelling.

A structural relation can also be a fuzzy one. In this case, care should 
be taken in interpreting the grades of membership.

As soon as a structure has been found each of the submodels can be iden
tified by an appropriate method. Some of the submodels are derived from a 
phenomenological point of view, others from experimental process analysis 
and others, in turn, from a theoretical one. This will yield in an inter
action of deterministic, stochastic, and fuzzy submodels.

Thus, an important claim of model building has been paid attention, no- 
mely, to bring in as much knowledge about the object as possible.
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Quantitative interrelations are described by relations of functions.
There exist different representations of them: an explicitely given compu
tational instruction, an algorithm, a table of corresponding values or 
sets, a system of equations, etc. :

Behavioural models are mostly represented by input-output, models. Spe
cial input and output variables have to be derived from the relevant va
riables of the (sub-) model under investigation. A successful way is the 
consideration of the classification property of an input-óutput model. Then, 
the input variables are referred to as the features and the values of the 
output variable as classes.

Therefore, there is no methodological difference between classification, 
pattern recognition, situations recognition, diagnosis, decision making, 
etc. All of these stress only certain aspects.

The 'right' choise of the features is a crucial point. It has to kepp in 
mind that the feature extraction depends on the relevant information to be 
filtered. '

For fuzzy models fuzzy relations are used. Here, a few possiblities for 
setting up a fuzzy relation are listed.

- Cause-effect relationships are often formulated as a set of 'IF...THEN'- 
statements. If the causes and effects are expressed by fuzzy sets (e.g. 
'large', 'small', 'slightly increasing',...) it can be described by fuzzy 
implications. There are different definitions of fuzzy implications.
A fuzzy 'IF...THEN' statement or fuzzy conditional statement is regarded 
as fuzzy subrelation. Their fuzzy union constitutes an estimation of the 
complete fuzzy relation required. Such a set of fuzzy conditional state
ments could also be regarded as a function that is described by means of 
the corresponding sets.

- Given the corresponding fuzzy inputs and fuzzy outputs the fuzzy relation 
is determined by solving fuzzy relational equations [3] .

- Given measured input-output pairs that are regarded as typical input-out
put situations of the process under investigation. It is assumed that the 
process behaves similarly in the neighbourhood of a measured point. Then, 
this similarity is expressed by an unimodal fuzzy set, that is regarded 
as a fuzzy subrelation again. Their fuzzy union forms the required rela
tion .

- The assumed similarity of the item listed before is used for a cluster 
analysis of the set of measured input-output pairs. Basing on the clus
ters an classifier can be derived. It is also possible to attach a para
metric model to each cluster. The input-output pairs are used to estimate 
the parameters. Each model is defined only on its pertiment cluster.

" Sometimes, the process is given by a set of deterministic equations re
sulting from a theoretical process analysis. However, the parameters are 
fuzzy since only.assumptions or some experience are available. Then, the
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. f u z z i n e s s  o f  t h e s e  p a r a m e t e r s  i s  p r o j e c t e d  o n  t o  t h e  s o l u t i o n  s e t .  Hence, 

a  f u z z y  s o l u t i o n  s e t  i s  o b t a i n e d  [ l ]  .

3 .  A p p l i c a t i o n s

B a s in g  o h  t h e  i d e a s  o f  m o d e l b u i l d i n g  o u t l i n e d  a b o v e  s e v e r a l  a p p l i c a 

t i o n s  f o r  r e a l  w o r ld  p r o b le m s  h a v e  b e e n  a c c o m p l i s h e d  b y  t h e  a u t h o r .  .

T h e  m o d e ls  w o rk  i n  t h e  f i e l d s  o f  r e g i o n a l  p l a n n i n g  [2 ]  ,  f o r e c a s t  i n  

r i v e r  s y s t e m s  [ 4 ,  ;5 ] ,  d i a g n o s i s  o f  e l e c t r i c  p o w e r  s w i t c h e s ,  e l e c t r i c a l  

n e tw o r k  a n a l y s i s  [ l ]  ,  s a f e t y  a n a l y s i s ,  p s y c h o l o g i c a l  d i a g n o s i s  i n  in d u s 

t r i a l  p l a n t s  [ 7 ,  1 0 ] ,  c l a s s i f i c a t i o n  f o r  s e v e r a l  d i s e a s e s ,  s i m u l a t i o n  o f  

e c o l o g i c a l  s y s t e m s  [ 9]  .  ' ' . .

; T h e  n u m e r i c a l  r e s u l t s  h a v e  b e e n  o b t a i n e d  b y  u s i n g  t h e  FORTRAN IV  program  

p a c k a g e  FU ZSIM  ( c f .  n e x t  s e c t i o n ) .

4 .  A b r i e f  d e s c r i p t i o n  o f  t h e  p r o g r a m  p a c k a g e  FUZSIM

T h e  p r o g r a m  p a c k a g e  FU ZSIM  i s  a  s o f t w a r e  t o o l  f o r  s i m u l a t i n g  s t a t i c  

( i . e .  c l a s s i f i c a t i o n )  a n d  d y n a m ic  f u z z y  s y s t e m s  w h ic h  a r e  d e s c r i b e d  i n  th e  

FUZSIM  la n g u a g e  (m o re  d e t a i l s  i n  [ 8 ] ) .

H e r e  a r e  a  fe w  t e c h n i c a l  p a r a m e t e r s :

L a n g u a g e :  FORTRAN IV  ( f a i r l y  m a c h i n e - i n d e p e n t e n t )

L e n g t h :  a p p r ,  1 0 0 0  l i n e s  s o u r c e  c o d e  

M a c h in e s  a n d  CM4 w ig h  OS-RW o r  D O S-R V , 

o p e r a t i n g  s y s t e m :  PDP 11 w i t h  RSX  11-M

A P D P -1 1  c o m p a t i b l e  m a g n e t i c  t a p e  w i t h  t h e  s o u r c e  c o d e  a n d  im p le m e n t a t io n  

i n s t r u c t i o n s  w i l l  b e  p r o v i d e d .

FU ZSIM  c o n s i s t s  o f  t h e  p r o g r a m s  FST R U C , FPARAM a n d  F S IM  ( c f .  f i g u r e  1 ) .  . 

T h e  s t r u c t u r e  o f  t h e  f u z z y  s i m u l a t i o n  m o d e l i s  r e a d  b y  FSTRUC a n d  h a s  to  

b e  w r i t t e n  a c c o r d i n g  t o  t h e  s y n t a x  d ia g r a m

m o d e l s t r u c t u r e

— — h e a d l i n e  | n e w l i n e    T IM E --------------1

r :O <r-— --------------------- •---- --! • • "
 s t r u c t u r e  , ----------- s u b s t r u c t u r e  ^

f  !
---------------

j------------ v a r i a b l e  d e n o t a t i o n

V 1  -
>-•-----------------n l ---------------E O S --------
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Descriptors of the non-terminal block

B. Straub« 

Table 1

eiax I mal number ofsymbol P 0 I S 1)
1NPT Input oT fuzzy o p  .non-fuzzy data via terminal - 500 - -

o p  other Input devices
OUTP Output oT the results onto screen and output - - 500device
MEMO. The topical Input and the prececding one are - 1 1 1shown on the screen. The Input is transferred to the output and to the state variable
PLAY Delay-modul. The Input will be transferred to - 1 1 1the output at T+l
DECN The toplcai input is written onto the screen. - 1 1 -It has to be decided either'the input is to . be transferred to the output or the simulation is .to start again.
RELI fuzzy relation described by a set of fuzzy 3 1 500conditional statements. The cartesian product is defined by Mi n im u m
RELU Fuzzy relation described by a set of fuzzy 3 1 500conditional statements. The cartesian product is defined by multiplication
DISJ Union of fuzzy sets defined by Maximum - 1 500
CNJI Intersection of fuzzy sets defined by minimum - V 500 -
CNJU Intersection of fuzzy sets defined by multi- - . 1 500pi I cat ion
EQAL Output:=Input - 1 1 -
NEGN Output:»Complement(Input) <y“l-x> 7 1 1 -
SETP Parameter:»Input 1 — 1 -
SETV 0utput:»Parametar 1 1 - -
SELF The function of this module can be coded by 500 500 500 500the user
TIME is used In case of dynamical system ■ -■ - - -
TMSR reads in Multivariable tlme-series 1 500 1 -
SUBS designs a substructure 500 500 500 500
LOOP Recursions and iterations can be Modelled by . - . - 500

this module. The interruption is achieved in an interactive manner.
DEFP defines parameter of a substructure 500
DEFV defines variables of a substructure - - 500
NOTE 14 characters may be used to denote a variable
END closes a structure, variable or parameterE0P End of the set of parametorsE0P End of model-structureE0V End of the set of variables

1) P: parameters, 0: output variables,I: input variables, S: state variables
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¿ere the non-terminal s t r u c t u r e  is defined by structure

• ; !I !
-» o- ---- newline---- END----

Blocks are used for the description of this structure (cf. Fig. 2) . The 
sodel is regarded as a connexion of such blocks that represent subsystems 
¿elementary systems. Each block has a descriptor according to its task 
taaed by the non-terminal b l o c k  listed in Table 1) and is charac- 
erized by parameters, the output variables, the input and state ones. The 
ilues of the variables are fuzzy sets or non-fuzzy values. The parameters 
main constantly during a simulation run.
The values of the variable and parameters are read in by FPARAM. The 
inite cardinalities of the universes of discourse of the fuzzy sets has to
1 given.
There are four possible types of (fuzzy) parameters. Built - in fuzzy or 
'isp sets depicted in fuzzy or crisp sets depicted in Figure 3 and expli- 
■ty given fuzzy or crisp sets can be used.
Example for the fuzzy set
= (1/0,2/0,3/0,4/0,5/.01,6/4,7/.6,8/.8,9/1.0,10(1 .0) in FUZSIM notation 
( 1 0 )

10 100 4000 6000 8000 2«9999
D
The interval of integer membership values [0,9999] has the same proper- 
es as [0,1] .
The classification or simulation of the model is carried out by FSIM.
2 input data can be read via terminal or file.
Each included output-block writes the pertinent results onto the screen 
n d into a file.
After finishing a simulation run a new computation can follow by calling 
IM if new model inputs are to be applied but with the same parameters and 
«same structure (i.e. the same model). Using the same structure but new 
raneters FPARAM has to run before calling FSIM.

5- Example

Let TEST be the name of the user's problem. The structure of the model 
is depicted in Figure 4. It is described in accordance with the syntax 
diagrams of the FUZSIM languge.

I comment---

i  !
 o -  -I block---
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5UBS1' I— - —  — — '
RELF S1

teFM/oi
X2I
ü l

Y1

jçti.
X5I RELF Y2

T h e  f i l e  T E S T .S T R  c o n t a i n i n g  t h e  s t r u c t u r e  i s  a s  f o l l o w s :

/ ILLUSTRATING EXAMPLE/ STRUCTURE/ PROBLEM:. TEST/ DATE:- APRIL 27
INPT (;V1.V2,V3,V4,V5,V6,V7;;> RELF1(DE,P1,F1;V11:V1,V2;>CUBS1(DE,P2,P3,F2.F3iV12,Vi3|V3,V4FV5,V6,V7;>RELFA (DE,P4,F4tV14;VllFV12FV13;>OUTP (f;V11FV12FV13FV14;)END
SUBS1(DEFfPA1,PA2.ALG1,ALG2;Y1fY2;X1,X2fX3fX4fX5;> RFLFi(DEFfPAl,ALGl;YlfXlrX2;X3;)
R E L F 2 (D E F , P A 2, A L G 2 fY 2 ; X 4 , X 5 ; )END
NOTEV11 (RESULT OF RELFl >N0TEV12 (RESULT OF RELF2 >NOTEV13 (RESULT OF RELF3 >N0TEV14 (RESULT )EOS

headline

structure

substructure

v o r  i o b l r -  
d e n o t  a t  i on

cnd-oF structure

FSTRUC creates the F.iles TEST.SIM, TEST.LST and TEST.PST . TEST.PST. «light be the basis of TEST.PAR since all the variables, and parameters used in TEST.STR are listed.Here is a listing of TEST.PST (shortened) :
/ ILLUSTRATING EXAMPLE/ STRUCTURE/ PROBLEM: TEST/ DATE: APRIL 27VI (***)V2_ <**)

VIA (#*jEOV
DE (TYP+,t»*>ENDPI (TYP+,**>ENDFI (TYP+,««>END

P4 (TYP+.»*>
END

FA (TYP+,«*>ENDEOP
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The file TEST.PAR includes the specified variables and parameters of the fuzzy simulation model (shortened):
/ ILLUSTRATING EXAMPLE / PARAMETER/ PROBLEM: TEST/ DATE: APRIL 27
0 1 (1)
0 2 (1 ),U3U>
013(7)014(5)E00
1F 1 IAl 425 500 1F A2 . 350 425 1F A3 275 350 1F A4 225 275 1F A5 150 225 1F A6 75 150 1F A7 1 75 1S Bl 1 1 1S B2 2 2 1S B3 3 3 1S B4 4 4 1s B5 5 5 1s B6 â 6 1s B7 7 7 1END
PKTYP3.3)01 02 Vll--- (------END
FI(TYP4,21,3) (------Al, Al, BljAl A2, A2r B2fA2 A3, Al, B2;

headli ne

number of classes of var i able 013

parameter DE (of type2> defines 14 built-jn fuzzy sets

A4 is a F uzzy set and . . its full membership Interval is £225,2753 . its factor =1 (cf. Fig 9)

B4 is a S harp set

ordering of the variables In accordance with fuzzy algorithm FI

FI Is the name of a fuzzv algorithm with 21 statements and 3 variables'

A5 A6 , A7, B7:A7, Al A2 A3 A4, B7j A7, A5 A6, B7;END

(—  is read ---IF 01«A5 OR A6 AND 02=A7 THEN 011=B7

P2(TYP3,3)03 04 05END
F2(TYP4,46,4)Al A2, Al,Al, Al A-A2,

Al, Bl; 
h z , A2’, B2;Al, Al A2 A3, B2*

END A5, A4 AS, A5, B5;

E0P
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To simulate the model a rile have to contain the input values.In this example all the input values are non-fuzzy. The filename is 1NPUT1.
VI ( 1 )

3 8 2
END

V2 ( 1 )
3 6 2
END

V3 ( 1 )
4 1 0
END

V4 ( 1 )
3 9 0
END

V.5 ( 1 )
3 3 0
END

V6 ( 1 )
4 3 8
END

V7 (1 )
3 6 2
END

EOV

The file TEST.OUT contains all the results. These results are also written onto the screen during the simulation.
/ ILLUSTRATING EXAMPLE/ STRUCTURE/ PROBLEM: TEST/ BATE: APRIL 27/ ILLUSTRATING EXAMPLE/ PARAMETER/ PROBLEM: TEST/ BATE: APRIL 27

DATE: 27—APR-.. TIME: 12:31:05

FUZZY OUTPUT UITH RESPECT TO THE INPUT OF FILE : INPUT.

VI1 : RESULT OF RELF1 CLASSES1 - 7: 1340 9999 8127 742 322 137 75
V12 : RESULT OF RELF2 CLASSES1 - 5: 451 3378 9999 2808 451
V13 : RESULT OF RELF3 CLASSES1 - 7 :  9999 8127 7871 229 229 137 75
VI4 : RESULT CLASSES1 - 5: 1340 9999 8127 2808 322
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MODELOWANIE SYSTEMÓW ROZMYTYCH ZA POMOCĄ FUZSIM

S t r e s z c z e n i e

Praca omawia problemy modelowania. Podane są możliwości tworzenia rela
cji rozmytych. Wymienione są niektóre z modeli rozmytych autora obiektów 
świata rzeczywistego. Prosty przykład modelu rozmytego opisany jest językiem 
FUZSIM i przedstawione są wyniki..
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MOa EJIBHOB C IP O E H U E  CHCU31 FUZZY C DOnOQtK) FOZSIM 

P e 3 r m e

B pa6oTe pacouaxpHBanTca npofljieiiH KoaejmpoBaHBJi. npHBoAaxca bo3uoxhooib 
oOpa30BamiH cooTHoaeHHfi "fuzzy". IlepeBHCflHBajoTca Henoxopue aBiopcKHe uo- 
AeJiH fuzzy oOtexsoB *e2ciBHiejii>Horo HHpa, Ilpocxofl npimep uoAeaa fuzzy onn- 
oHBaeTca c nouomuo a3Hxa fuzsim h .najoxca xaxie pacyHKH.
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