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Abstract

An approach to implement the evaluation of the fuzzy logical
predicates by a composition of binary and multivalued logical opera~—
tors is developed. This approach is used to formulate a model to the
realization of the fuzzy conditionel statement and fuzzy programs in
general. A set of typical operators would be specified to cover the
execution of each of fuzzy operators. Some interpretative examples
are given to demonstrate the approach and the model of realization.

INTRODUCTION

in the papers by Memdani [ 6], Chang [ 2] and in others [1,
T, 9,‘H2], many models in the execution of fuzzy programs were de-
monstrated, by using, as a formal basis, the compositional rule of
inference and the notions of fuzzy sets [12, 13] . In our point of
view, tne most constructive means to formulate the models of fuzzy
programs executlions should be the logical. However, in spite of the
vast publications in the implementation of fuzzy logic [3, 4, 5, 8] ’
it is difficult to refer to a constructive approach, which allows to
develope the formal logical basis of fuzzy programs execution.

in this paper we would develop an approach to implement the eva-
luation of fuzzy predicates executions by a composition of multivalu-
ed and binary logical operators. This approach would be applied to
formulite the execution of the fuzzy conditional statement. On this

basis a set of typical operators in specified to cover the execution
oI fuzzy algorithms.
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1. FUZZY OPERATORS : THEIR FORMAL REPRESENTATION AND EXECUTION

By the fuzzy operator we mean any instruction to execute some
action with data given in fuzzy linguistic terms and could be repre-~
sented as some fuzzy sets. Let us consider the fuzzy conditional
statement ( F.C.S.), which could be used as a basic operator in the
construction of fuzzy programs:

IF Q THEN F_, ELSE: F, (1.1)

where: Q ~ is some fuzzy predicate; Fs’ Ft - are some fuzzy functio-
nai operators. The F.C.S. requires to examin the execution of Q-pre-
dicate and the transfering to execute FS or Ft’ when: Q is satisfied
or nct satisfied, respectively.
We are concerned in the formal description of Q- predicates and

F-- operators in the following two levels:

- their formal representation in fuzzy algorithms and programs ;
- their formal model of execution in the processing of fuzzy infor-

mation. We would formalize the following Q-predicates and F-opera-

tors:

le Uy = the fuzzy predicate to verify the execution of some fuzzy
resemblance relation.

The formal representation:
Q = LW is T, N, , (1.2)
where: LV- is some linguistic variable, defined on the universe of
discourse ULV 3 Ti- the fuzzy term value of LV, defined as some

fuzzy subset of ULV
d. € gy amaﬂije [o0,1].

ihe formal model of execution:

L3
.

Let: © (LV) - denotes an operator which assigne the linguistic varia-

ble, LV , some exact value, 4d'¢ ULV i.e.:

E(W) ::= (W= a' > (1.4)

Applying E (LV) to (1.2), the execution of Qr could be formeli-
zed as following:

BCQ) ::= <4 is 1, > (1.5)

vew: P( Q ) - denotes the trutn degree of Q- predicate execution,

evaluated on the truth interval [ 0,1]. Then, T(Q.) could be evaluated
ags in {1.0) 3
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T ( Qr ) = ,A(ij (1.6)

pxample. Let: LV = CW = THE CHANGE IN THE PATIENT WEIGHT ;

Ugy = L-10,410] Kg 5  T; = HIGHLY INCREASED = { (2,0.3) 5 (5,0.6);
{ 8,0.8) 3 (10,1) } . Suppose that : E,( CW) = 2 K& and E, ( cw)

=& Kg . Then, T ( Qr) could be evaluated as following:

T Q) = Mgy = 0.3
T ( Qup) Miy= 0.8

2., Qo - the fuzzy predicate with the fuzzy ordered relation.

[{}

1T'he formal representation:

< W Tp, W > (1.7)
Qo, : 3= < W Tp, Ty > , (1.8)
where: TRO— denote the fuzzy term of the ordered relation Ro, such
ag : "APPROXIMATELY mQUALY,"SLIGHTLY LESS THEN" and so on.
Observing (1.7) and (1.8), it would be clear that T, - is some

Qo1 s

ruzzy set of the ordered pairs ( dy, dj ) € Upy x Upye

Yo simplify the evaluation of Qo - execution we would represent
Thc -~ by using the uni-dimensional support of the elements:
1, - od, = ds o, ifd,

B! E J
T = { 450 ﬂ,,RO (44) } (1.9)
The formal execution:
et E1( V) = di and Ez( v ) = ds. Then, the execution of Q-
predicate, B( QO), could be formalized as following:

s = <d_,'L Tho ) > (1.10)
. = <: ar T T t>> (1.11)

The truth degrees of T( Qo. ) - could be evaliated as following:

T Qo, ) = JUTRO( ats ) (1.12)
T( Qo, )

Min ( (ar. ) L (ar) ), (1.13)
ﬂTRo 13 H ﬂTi i 1

¢ 3w 3 = | - ]
wrere: dij di at.

J
sxample. Consider the following linguistic variable, [ 10] :

E( Qo1 )
E( Qo, )

12

|

W= B = " THE FERUENTATOR TEMPERATURE STATE "™ , defined on

Jup = 110, 351 6% Let in (1.7) : E,(PT) = NORM = 25 C°;
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A AP0 = 20 ¢° and TRoz MUCH wORE THAN = { (2, 0.2); (5, 0.6);
By Ul } . Then:

. — 0 -
dij =25 -20 =5 C" 3

1(Q,) = My (5) = 0,6 .

L, FA - The Fuzzy Assignment Operator.
The formal representation:

o 23 = Ly 3= Typy ’ (1.14)
wrers: Lf - some linguistic variable of F - operator, defined on
dhf; o= the i-th fuzzy term value of Lf, defined as some fuzzy set

Ty = <i: dfj’ i€ dfj ) :>> s (1.15)
de ULF.
sxample. Lf s = "W HIGH VALUE »

he formal model of execution:

tet E&bk) - denotes the execution process of FA—operator, whith
cou.d oe formalized:

B(Fy) t:=<_ L, t= d} > , (1.16)
wnere: a% € ULf - is some element of the support of Tfi’ whigh
could oe determined by applying the infered value of L/('/i(di.) as an
address to Tfi in {1.15). The execution of F-operators requires to
realize some rule of inference whith should infer ‘/yi(dj)'in de-
pendence on the T(Q) - the truth degree of Q-predicate execution.

4. ty - The Fuzzy Mathematical Operator.
The formal representation:

Py 837 <<: Le +=  Le * Tpy :>> ’ (1.17)
where: * -denotes some typical mathematical operator.
wxample. FM " TNCREASE Lf SLIGHTLY =
Lf P = Lf + " SLIGHT -VALUE % .
rthe formal model of execution:

tiie execution of F -~ operator, E(FM), could be formalized as follo-
Ning:

il

sF) 1 = g ro=dp % oal > , (1.18)
where: d%i € ULf_ some element of the support of Tfi’ retrieved by
tne relati i )
trie relative infered value of b/(i(dfi).
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‘he above formalized interpretation to the representation and
execution of Q - predicates and F-operators would be used as a basis
rormulate a constructive model to the execution of F.C.S. and in
zeneral the fuzzy programs.

LOnSTRUCTIVE EVALUATION OF THm Q- YREDICATES EXBECUTION.

1 (1.0), (1.12) and (1.13) we have demonstrated the evaluation
oY T{Qr), T(Qo1) and T(Qoz), respectively, by using the concept of
tre truth degree of compotibility of fuzzy sets,all Ti(dj) € [0,1].
A:s:"T19Q) - could be assigned infinite values of the truth interval
T 0."], then the suggested technique does not allow to organize the
congtructive procedures to the evaluation of Q-predicates and cont-
ro1 transfering to F-operators.

Ne shall develope an approach to evaluate the execution of Q-
aredicates by applying a composition of binary and multivalued logi-
~al operators, introduced for this purpose.

Let the truth interval [0,1) be divided in a finite set of
trutt; levels ﬁxﬂ, i.e. ¢

Y-: 8'1,'00’ ai,..., ak 0,1 L) ("1'1)
w th a, = 0 and 8y = 1.

i
Let: Tm(Q) -~ denotes an operator, which assigns Q some truth
value from set , i1.e. :

T Qe Y (2.2)

m

Assume that: Tm(Qi)=Tmi. By applying 1 to the set of fuzzy
e e ¢ .
oredicates § Q Qj} , the set of the variables, {Tmi’ ij} ,
taking values from 3’ would be recieved. As: is a finite set of
t~uth levels, then: Tmi and Tm. are multivalued logical variables
and tne following logical operations ( X AV ,_] )could be defined

2 following:
i) Tni X ij mi? ij )y
i) T5 o\ s Mex (T ., g ), (2.3)
iii) NIy = ( ay - T o ) = (1 - T3 )
Further we shall call Tm(Q)zThe>Mu1tivalued Operator of the Q-

asredicate evaluation.,
Let: A=-denotes some fix truth level in 2f‘and call it:PThe Phres-

Min ( T

"
2

"
"
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hola of fuzzy thruth. It shold be noticed that , A , can take any

value in ?{'unless a, and a,, i.e. :

1
A € {azyloop ai’ooo’ &k_,]} (2.4)

Ve shal% say that the fuzzy Bredicate, Q , ishfuzzily true (%);
L Q) ;> A and fuzzily false (f) , if T (Q) < A

Let: T (Q) - denotes an operator, whlch agssigns the execution
of »~oredlcate some truth value of the set: {f t } or {O 1}, res-
peciively, as following:

r(@) = { 1, if T.(Q) » % (2.5)
0, if 2 _(Q) < £

ssume that Tb(Qi) = T4+ By applying Tb(Q) to the set:“{Qi,Qj}

tne set of the variables T, and Tbj,all taking values from {0,1},
wou:d be recieved., Then : Tbi and Tbj are some binary variables and
tie binary logical operations, @ , could be defined with them as

in their traditional definition, where:

Ty @ Tps 0,1 (2.6)

Ws shall call Tb( Q)~ the binary operator of Q- predicate evalua~
tior:. The above introduced Tm( Q ) and T, ( Q )- operators would be
applied in the model formulation to execute the fuzzy conditional
statement,

A rORMAL wODEL 10 THe EXECULION OF FUZZY CONDITIONAL STATEMENT.

in order to formulate the model of F.C.S3. execution we would
require that each fuzzy term Tq and Tf of the Q-predicates and
“~operators should be represented with thir degrees of compatibili-
tv ars some truth levels in }(-, i.e.:

T = d_. a . . o1
q {qa ? qa‘ ’ .1
To o o= {dfj , ags } , (3.2)
g5 € Ungr dg5 € Upp s gy apye Y
#ie need , also, to introduce the following accessing operators:
a) A(dqj) - an operator, which applys dqj as an address to
T 2f {(3.1) to retrieve the veslue of compatibility aqjegzr

(i

A(dqj) = 8 (2.3)
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X(afj) - an operator, which applys afj as an address to Tf
to retrieve the relative element of the support dfj € Upes

A ( afj ) = dfj

“Ie model of F.C.S. execution would be decomposed in the follow~

(3.4)

wins taree procedures:
- the procedure of Q-predicate evaluation ( Q - procedure ),
~ the procedure of control the transfer to F-operators
{ C - procedure ).
- the procedure of F-operator execution ( F - procedure ).
¥« would spesify a set of typical operators to erganize the rea-
cization of each of these procedures.

The organization of Q - procedure.

tnis procedure the execution of Q - predicate would be evalu=-
ated Ty tne operators Tm(Q) and Tb(Q) and could be organized as follo-
wi e
Execute E(Lq):
L : = 4!
q q
'+ [Execute A(dé):
A(d'y = a!
, ( q q
. 3. Bvaluate Tm(Q):
Yo = 1
T (Q) ag
.4. Evaluate Tb(Q):

T, (Q): =.E1 ’ ?f Tm(Q) 2
0, if T (Q) < A

>

i bserving the above formalized steps, we could specify a set of
tyoical operators to the realization of Q - procedure.
sssertion 1. The set of typical operators: Qy = { B(Ly), A(d),
=, T 1Q)tA v is sufficient to organize the realization of Q - pre-

-

cedure .
'ne organization of C - procedure.
Tne ¢ - procedure should control the transfer to execute FS,
whern: ., - 18 executable (Tb(Q) = 1) or to execute F., when Q - is

unexecutable (Tb(Q) = 0). We would introduce the following control
operator C(Tb):
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c(Ty) —>F, , 1if T,(Q)

il

L
o,

(3.5)

i

where; ——p» ~denotes the control of transfering to F - operators.
Tihe execution of C ~ procedure could be organized by 2.1.
.. Bxecute C (Tb).
ssgsertion 2. The set of typical operators CT = {TC(Tb), 17-} ’
where: £L - denotes the unconditional operator of transfer is suffici-
ent “o organize the execution of C - procedure.

'ne organization of F -~ procedure.

the execution of F -~ procedure, the linguistic variable , L
should be assigned some exact element, d% € ULf’ of the support of
Te. in order to elect the element of the support, d%, the relative
value of the truth degree of compatibility, a} e % , should be defi-
ned anc the applied as an address to retrieve d%. Then: F - pracedure
siould include some rule of inference, to infer the relative value al

f
in uccordance to the truth degree of Q - predicate execution, Tm(Q) =

f’

2. In general, the F.C.5. could be formelized as a composgition of
two logical implications :
Q ==> ¥, (3.6)
e ==> P, (3.7)
The=n, tie rules of inference in the execution of F.C.S. could be for-
mal ized as following:
Q === F_ ,
(3.8)
aé —_—— a%s = 7
10 === F.
(3.9)
a.('1 =:—T—>aj'?t = ?
’n3{2,6,7], the compositional rule of inference suggested in
1% was applied to realize the inference procedure. But the appli-

cation »f this rule requires to execute the time consuming operators
of wax and win on the big massive of fuzzy relations ( n-dimensional
matrixi. We would develope an approach to organize the inference pro-
cedure, based on the fact that the truth degree of the concequent
coula not exceed that of the insicent in the evaluation of the logical

imo.ications. Applying this approech, the truth degree : a%s and a'ft
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ot . and (3.9) could be evaluated as following:
¢ = = 1
a%s T Tm(Q) aq ’ (3.10)
. = - - - ]
al, : o= 7 2(Q) = 1 -al, (3.11)

s ap and al, are defined, then the relevant elements of the support
d%ﬂ anc d%t could be elected by the accessing operator: A(a%)formali-
zed in (3.4)., Upon d}_ or dft the functional operators FA or FM would

fs
be realized by applying the typical operators of their model of exe-~
cusicr of (1,16) and (1.17), respectively. Then F - procedure could
re organized by the following steps.
.1, mvaluate:
aly = aé . if T (Q) =1
a) _ . _
ft =1 - aa , if Tb(Q) =0
... Hxecute A(a%):
] ¢ 1
dfs : = A(afs)
1 PR \ ]
dft : A(aft)

». 3. BKXecute FA and FM operators.

|

rssertion 3. The set of typical operators FJc = { t=, ¥, 1 -

Sm;u), A(a%) } - is sufficient to organize the execution of F -
croacedure.,

we would demonstrate the above formulated precedures in the exe~
catzon of F.C.S5. of the fuzzy algorithm to control the fermentation
process of antibiotics [ 10 1 .

sxample.

"I Fu = HIGH VLHEN FP := LOW BLSE FP ;= MEDIUM" ,

Q Frg Fpy
woere: < = "THg PSRMENTATOR UEMYERATUKE STATS", Upn = 10, 35 ¢°,
¥ - "Dis PSRMENYATOR YRESSURE S1ATs", U,p = [ 0.2, 3] atm;

HIGH = { (155 0.4), (25; 0.8), (32; 1) 3 ;
Low = f (0.45 0.9), (15 0.5), (25 0.3)F ;
MEDIUM = { (15 0.5), (1.2; 0.6), (1.5; 0.9} .

csrume that: A=0.5 and E(PT)=15 ¢°. Then the execution of above P.C.S.

NOU L M

Tl wVALUATION OF Qr— PREDICATES EXBECUTION,.
Lxecute A(dé):
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aé : = A(dé) = A(15) = 0.4.
Evaluate Tm(Q):
T,(Q) o= aé = 0.4.

.. Bvaluate Tb(Q):
Tb(Q) : = 0, as: Tm(Q) = 0.4
THE TRANSFER PROCEDURE £XECUTION.

=)
H

0.5.

. C(Tb) = C(0) = FAt
Tl INFERENCE PROCEDURE EXECUTION.
Bvaluate aét,:
aﬁt : = 1 Tm(Qr) =1 = 0.4 = 0.6 3
. Retrieve dﬁt :
d'py = A(0.6) = 1.2 atm 3
Execute FAt :
FP := 1.2 atm.
‘re above formalized procedures could be applied in the executi-
on of fuzzy programs, constructed with the F.C.S., as it is represen-

[

4. CONCLUDING REMARKS
in this paper we have developed an approach to implement the ev-
luetion of fuzzy predicates by a composition of multivalued snd bina-
rv logical operators. A model to the execution of F.C.S5. by using
the specified, in the paper, tyical operators was formulated. This
model could be used as a basis in the organization of fuzzy programs
realization. Some important charectarstics could be recognized:

. The execution of fuzzy operators and programs is controlled by
an exect data, d' € ULq , retrieved to the system by the evaluatio-
nai op-rator: E Lg ) . In dependence on the outside world exact data
the execution of Q- predicate and the transfer to S or t directions
2% branching are evaluated.

.« T'he execution of fuzzy operators and programs could be realized
by 8 set of typical operators and specified procedures. This approach
zoulce sallow to organize some constructive modules in the systems of
fuzzy information processing . A step in this direction is demonstrated

1

L I
S -
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