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On max —x* fuzzy systems

Zofia Matusiewicz
University of Information Technology and Management,
Sucharskiego 2, 35-225 Rzeszéw, Poland
zmatusiewicz @gmail.com

Abstract

In this article we investigate problem of solving fuzzy linear equations for
max —x* product. The problem of solving fuzzy relational equations and
inequalities with max — min product was introduced by Sanchez in 1976
and by Pappis and Sugeno in 1985.

Our considerations concern solving fuzzy linear equations with max —sx
product, where * is a binary operation with additional properties. We illus-
trate this problem for different classes of binary operation *. We investigate
correlation between properties of the binary operation and the form and
properties of solution such equations.

Moreover, we illustrate the problem of solving of fuzzy linear systems
based on solving fuzzy linear equations with max — min product.

Keywords: Fuzzy equations, fuzzy relation equations, systems of equa-
tions, systems of max —x* equations.

1 Introduction

In this paper we present properties of systems of max —x equations, where *
is an operation with additional properties. We present relationship between as-
sumptions on a binary operation * and max —x* equations. We study correlation
between assumption on the binary operation * and set of solution fuzzy linear
equations and inequalities.
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In the second part we present correlation between different classes of equa-
tions. Moreover we determine the set of solution fuzzy linear equations by deter-
mination of the set of fuzzy linear equations.

For short, in this article operations V and A are used for numbers:

rVy=max{z,y}, vAy=min{z,y}, z,y€][0,1] (1)
\/xt = I?e%rx{xt}’ /\mt = Itlélilpl{xt}, xy €10,1], T # 0. )
teT teT

We use the following order
(BLC) & (bij <cij,ie{l,...,m},je{l,...,p}),B,C € [0,1]™*P. (3)
Definition 1. By interval in [0, 1]"*P we call
[C,D]={X €[0,1]™?:C< X <D}, C<D, C,De[0,1]™7.
Corollary 1. For not disjoint intervals in [a, b], [c,d] € [0, 1], we get intersection
[a,b] N [e,d] = [aVe,bAd], 5)
where a < band c < d.

Example 1. Let A, B € [C, D], where

0.3 0.7 0.4 0.6
A‘[o.z 0.5]’3_[0.7 0.3}’

0.1 0.6 0.5 0.7
C_[ 0 0.2]’D_[ 1 0.9]

We observe that A and B can be incomparable.

Definition 2 (cf. [1], Definition 11). An operation * : [0,1]2> — [0,1] is called
infinitely sup — distributive (inf — distributive) if

Voax(\ b)=\(axb), (\/b)xa=\/(b*a) (6)

a,b:€[0,1] teT teT teT teT
(bv ax(/\ b) = /\(axby), (/\bt)*a:/\(bt*a)) (7)
a,b:€[0,1] teT teT teT teT

for arbitrary index set 7' # () and any a, by € [0,1] fort € T
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Lemma 1 (cf. [3], Proposition 1.22). Let an operation * : [0,1]?> — [0,1] be
increasing. The operation x is left continuous if and only if the operation * is
infinitely sup — distributive.

Definition 3 (cf. [8]). Letx : [0,1]2 — [0, 1]. The matrix Ao B is called max —*
product of matrices A € [0,1]"*™ and B € [0, 1]"*P if

n
(Ao B); \/am*b]k i=1,2,...,m, k=1,2,...,p. (8)

Example 2. Let * = A and

0.3 0.6 0.3 0.40.2
A= o ol B=]05 1
’ ’ 0.7 0.6
We get
0.3 04 0.3
AoB:[g“;’ Of}, BoA=|07 1 04
' 0.6 06 04

Thus product (8) is not commutative.

Lemma 2 (cf. [2], Lemma 3). If an operation x : [0,1]*> — [0, 1] is increasing,
then max —x* product is isotonic, i.e.

(A<C)= (Aoz<Coux), (x<y)=(Aoz<Aoy), ©)

for A,C € 10,1]™*", x,y € [0, 1]".

2 Fuzzy linear equations

Let * : [0,1]2 — [0,1]. In this part we analyze properties of sets L(a, b, *),
U(a,b,*) and E(a,b,*) for a,b € [0, 1], where

L(a,b,%) ={t €[0,1] : axt < b}, (10)

E(a,b,x) ={t €[0,1] : a xt = b}, (11)

Ula,b,x) ={t €[0,1] : axt > b}. (12)
We have

E(a,b,x) = L(a,b,*) NU(a,b,x*). (13)
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Example 3. For a,b € (0, 1) and the following operation

[ 1 foryel0,1]NQ
x*y—{ 0 fory e [0,1\Q

we have U(a,b,*) = [0,1] N Q and L(a,b,*) = [0,1]\Q. Therefore, the sets
L(a,b, ) and U(a, b, *) are dense subsets of [0, 1] and they are disjoint.

,z,y € [0,1]

Example 4. Sets L(a,b, *) and U(a, b, ) can be interwoven even for continuous

operation *. If
a:*y:|33—y|, xvye[()?l]?

11 13 11 1 3
L=, - = |-, - —— = - -1
11 13
g (5717*) = {Z’Z}‘
For the following operation

s (1+sin(¥)) ,2>0
x*y:{%( +S1n(;c)) ’izo , x’y6[0’1]7

then

the sets L(a, b, *), U(a,b, ) will consist of several separate intervals. It depends
on ¢ and b. For example we have

() - B B
() =[oa] o 3 [ 3]0 [71)
<7H 2’ >={o;§§§;g1}

Example 5. Let us consider monotonic operations. If % is a constant operation.
For example, when

mz\

wry =, x,y€l0,1],

1
2’
then we obtain L(a,b,*) = [0,1], U
3. L(a,b,x) = U(a,b,x) = E(a,b,*

(a,b,x) = 0 and E(a,b,*) = () for b >
¥) = 1
Ula,b,*) = [0,1], (ab*)-@forb< ’

[ 1] for b = 35, L(a,b,x) = 0,
If

l\)lr—l

m*y:%—i_y, x,y € [0,1],
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then we have similar results, that is L(a, b, x) =10, 1], U(a, b, x) =0, E(a, b, *) =0
for 20 —a > 1, L(a,b,x) = [0,2b — a], U(a,b,*) = [2b — a,1], E(a,b,*) =
{2b—a}for0 < 2b—a <1, L(a,b,x) =0, U(a,b,*) = [0,1], E(a,b,*) =0
for 2b < a.

This examples, we notice that the sets L(a, b, x) and U (a, b, *) for monotonic
operations are empty sets or consistent intervals in [0, 1].

We discuss non-emptiness of lower and upper sets.

Lemma 3. Let * be a binary operation in [0, 1]. If vxy < z for z,y € [0, 1], then
L(a,b,x) =[0,1] fora < b. Ifxxy < yforx,y € [0,1], then [0,b] C L(a,b, *).
In particular, when x x 0 = 0 for x € [0, 1], then L(a, b, *) # (.

Proof. When axt < afort € [0,1] and a < b, then we obtain L(a, b, x) = [0, 1].
When a * t < ¢t < b, then [0,b] C L(a,b, ). In particular, we have a * 0 < 0,
hence 0 € L(a, b, x). It means L(a, b, ) # 0. O

In a consequence of assumption of this lemma we have

Corollary 2. If * < A, then L(a,b,x) = [0,1] for a < b and [0,b] C L(a,b, )
fora > b.

In a dual way we get

Lemma 4. Let x be a binary operation in [0, 1]. If xxy > x for x,y € [0, 1], then
U(a,b,*) = [0,1] fora = b. If xxy >y forz,y € [0,1], then [b,1] C Ul(a,b, *).

Corollary 3. If x > V, then U(a,b,*) = [0,1] for a > band [b,1] C U(a,b, *)
fora < b.

Lemma 5. Let * be a binary operation in [0, 1]. If the operation % is increasing
and it has neutral element e = 1, then U (a, b, %) # 0 fora > band U(a,b,*) =0
fora < b.

Proof. Let a > b. Because the operation * has neutral element ¢ = 1, we get
axl=a>b. It means 1 € U(a, b, *). Hence, we have U(a, b, *) # () for a > b.
Let a < b. From the assumption that the operation * is increasing we get

axt<axl=a<b fortel01]
It means U (a, b, ) = (). O

Since we get
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Corollary 4. If an increasing operation * has neutral element e = 1, then we
have

E(a,b,x) 0 =a>b. (14)
Proof. Let suppose that a < b. Based on (13) and from Lemma 5 we have
E(a,b,*) = L(a,b,*x) N U(a,b,*) = L(a,b,*) N =0,
it means if F(a, b, *) # (), then a > b. O
Example 6. Let a = 0.6, b = 0.4 and

a:*y:{ z-y forx,y<0.5 € [0,1]

z Ay else

We obtain the following sets L(0.6,0.4,%) = [0,0.5), U(0.6,0.4,%) = [0.5,1]
and E(0.6,0.4, *) = (). Therefore the implication in (14) cannot be replaced with
equivalence. Moreover, for non-empty sets L(a, b, *) and U (a, b, ) we can obtain
empty set F(a, b, *).

We prove that monotonicity of operation * suffice for connectedness of sets
L(a,b,*), U(a,b,*) and E(a,b,*)

Lemma 6. Let x be a binary operation in [0, 1]. If the operation * is increasing,
then
x € L(a,b,*) < [0,2] C L(a,b,x) forx €|0,1], (15)

y e Ula,b,x) < [y, 1] C U(a,b,*) fory € [0,1]. (16)
Proof. Let x € L(a,b,*). Because * is an increasing operation, then

axt<axxz<b for t <z

Hence, we have [0, z] C L(a, b, ).
Let [0, 2] C L(a,b,*). In particular, we get x € L(a, b, %). It proves (15). In
the similar way we prove (16). U

As a consequence of Lemma 6 we have
Corollary 5. If the operation x is increasing, then
(y € U(a,b,*), z € L(a,b,x) and y < ) < [y, x] C E(a,b, *). (17)
Corollary 6. If the operation x is increasing, then L(a,b, ) and U(a,b,*) are

convex sets (intervals). In particular, L(a,b, ) and U(a,b, ) can be empty sets.
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Example 7. Letxxy = |1—x—y|forz,y € [0,1] and a = 0.6, b = 0.4. We get
E(0.6,0.4,%) = {0,0.8}, L(0.6,0.4,%) = {0} U [0.4,0.8] and U(0.6,0.4, %) =
[0,0.4] U [0.8,1]. Since the operation * is not increasing, L(0.6,0.4,%) and
U(0.6,0.4, %) are not convex sets, we see that assumption on monotonicity in
Corollary 6 is important.

Based on Example 6, the sets L(a, b, %), U(a, b, *) and E(a, b, ) can be open
(or right-open, left-open) intervals. We ask when the sets U(a,b,*) # ) and
L(a,b,*) # () are closed intervals.

Theorem 1. Let a binary operation x be increasing, a,b € [0,1] and L(a, b, *) #
(). If the operation * is left continuous, then the sets L(a,b,*) has the greatest
element. It means that L(a,b,*) = [0, max L(a, b, *)].

Proof. The least upper bound p = sup L(a, b, *) can be approximated by an in-
creasing sequence (&, )nen, Where z, € L(a,b, ). From Lemma 1 we obtain

a*p=ax \/xn: \/(a*xn)< \/b:b.

neN neN neN
Since p € L(a, b, *) we get p = max L(a, b, *). O
In the similar way we get

Theorem 2. Let a binary operation x be increasing, a,b € [0,1] and U(a, b, *) #
(0. If the operation x is right continuous, then the set U(a,b,*) has the least
element. It means that U (a,b, ) = [min U (a, b, %), 1].

From the previous theorems and Corollary 5 we obtain

Theorem 3. [f a binary operation * is increasing, continuous, a,b € [0,1] and
min U (a, b, *) < max L(a, b, *), then we have

E(a,b,*) = [minU(a, b, ), max L(a, b, *)]. (18)
Theorem 4. Let a binary operation * be increasing, continuous operation, a,b €
[0,1] and min U (a, b, *) < max L(a,b,*) and b # 0. If E(a,b,*) # 0 and the
operation x satisfies conditional cancellation law, i.e.

(axz=axy>0)=(x=y), azycl0,1], 19)

then the set E(a,b,*) is a singleton.

133



Proof. Let x,y € E(a,b, ). Because the operation * satisfies conditional can-
cellation law, we have

axr=axy=0>0=>x=y.

From Theorem 3 we obtain max L(a,b,*) = minU(a,b, x) in (18) i.e. the set
E(a,b,*) = {max L(a, b, *)}. O

3 Discussion of fuzzy systems

Let consider dependences between different classes of max —x equations.
This topic can be divided on the following related parts:
e fuzzy relation equations (FRE),
e fuzzy matrix equations (FME),
e fuzzy system of equations (FSE),
e fuzzy linear equations (FLE).
Let consider FRE in the following form:

RoX =T, (20)

where are given fuzzy relations R : Y x Z — [0,1], T : Y x V — [0,1] and
X : Z xV — [0, 1] is unknown relation. Because fuzzy relation R on the finite
sets can be written in the matrix form, then system FRE on finite set Y, Z, V # ()
can be considered as FME:

AoX = B, (21)

where A € [0,1]™*™ and B € [0,1]™*P are matrix representation of the rela-
tions R and T, and X € [0,1]"*P is matrix representation of unknown relation.
However, FRE is more general issue than FME, because relational composition on
infinite set requires additional assumptions (cf. [1]). Therefore FME are special
case of FRE.

Let us consider FME of the form (21). Denote column vectors of matrix X
and B by 2%, b® for 1 < i < p. Note that equation (21) can be divided on p
equations (cf. (8))

Aozl =0bl, Aoca?=10% ..., AocaP=1P, (22)

Therefore solving FME can be considered as solving p system of equations in the
form (22). Especially, for p = 1 in (22) we obtain that FSE

Aox =0, (23)
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are special case of FME, where we know the matrix A € [0, 1]"*" and the vector
b € [0,1]™ and the vector z € [0, 1]™ is unknown.

Let consider relationship between FSE an FLE. Let denote the row-vector of
the matrix A by a” for 1 < k < m. Equation (23) can be written as the system of
equations FLE

atox=by, aox=by, ..., a"ox=by,, (24)

1

Hence form = 1, a = a*, ¢ = b; in (24), it means

aox =c, (25)

we get that FLE are special case of FSE.
Let us consider a few examples for * = A in the same way it was done in the
monograph [6].

Example 8. Letc = 0.5 and
a'=1[05 03 0.7].

1

We consider equation a” o x = ¢, i.e.

(0.5 A21) V (0.3 Aza) V(0.7 A mg) = 0.5.

We have

¢ 0.5 Az <0.5forz; €0,1] and 0.5 A z1 = 0.5 for 21 € [0.5, 1],

¢ 0.3 N\ xz9 < 0.3 <0.5forzsy €[0,1],

¢ 0.7ANx3 < 0.5 forzsg € [0,0.5],0.7A x5 = 0.5 forxz3 = 0.5 and 0.7Az3 > 0.5
for x3 € (0.5, 1].

If 1 € [0.5, 1], we can choose arbitrary zo € [0, 1] and x3 € [0, 0.5], i.e.

x €[0.5,1] x [0,1] x [0,0.5].
If z3 = 0.5, we can choose arbitrary z; € [0, 1] and x2 € [0, 1], i.e.

x € [0,1] x [0,1] x {0.5}.

Putting
0 0.5 1
ot = 0 , wh = 0 , ul = 1 ,
0.5 0 0.5

solution set can be written in the form

S = [’Ulaul] U [wlaul]a

1

where [v!, u!] and [w!, u'] are intervals in [0, 1]3.
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Figure 1: Solution set of a' o 2 = c.

Example 9. Let ¢ = 0.5 and

a>=[05 06 08].

2

We consider equation a“ o x = ¢, i.e.

(0.5 A z1) V (0.6 Aza) V (0.8 Axs) = 0.5.

We have

e 0.5z, <0.5forzy €[0,1] and 0.5 A 21 = 0.5 for 21 € [0.5, 1],

0.6 Axg < 0.5 forzy € [0,0.5],0.6 Azg = 0.5 for zg = 0.5 and 0.6 Azy > 0.5
for x9 € (0.5,1],

¢ 0.8Nz3 < 0.5 forzs € [0,0.5],0.8 Axg = 0.5 for xz3 = 0.5 and 0.8 Azg > 0.5
for x3 € (0.5, 1].

If x; € [0.5,1], we can choose arbitrary x5 € [0,0.5] and =3 € [0, 0.5], it means

x € [0.5,1] x [0,0.5] x [0,0.5]. (26)
If 9 = 0.5, we can choose arbitrary x; € [0,1] and 23 € [0,0.5], i.e.
€ [0,1] x {0.5} x [0,0.5]. @7

If 3 = 0.5, we can choose arbitrary x; € [0,1] and 22 € [0,0.5], i.e.

z € [0,1] x [0,0.5] x {0.5}. (28)
Denote
0.5 0 0 1
V=1 0 |, wr=|05]|, *=| 0 |, v*=]05
0 0 0.5 0.5
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Now, set of solutions from (26), (27) and (28) can be written in the form
Sy = [v2,u2] U [w2,u2] U [y2,u2]

with relevant lattice intervals.

Figure 2: Set of solutions a® o x = c.

Example 10. Let d = 0.2 and

a*=[02 08 02].

3

We solve equation a” o x = d. It means

(0.2 A a:l) V (08 A xg) V (0.2 AN :L’g) =0.2.

We have

e02Ax; <0.2forz; €0,1] and 0.2 A 21 = 0.2 for 21 € [0.2,1],

0.8 A xg < 0.2forzy €[0,0.2],0.8 Azg = 0.2 forzg = 0.2 and 0.8 Ay > 0.2
for x9 € (0.2,1],

e 02 Ax3 <0.2forzz e|0,1],0.2 Az =0.2forzz € [0.2,1].

If 1 € [0.2,1], then 2 € [0,0.2], z3 € [0, 1] are arbitrary. It means

x €10.2,1] x [0,0.2] x [0,1].
If 25 = 0.2, then z1, 23 € [0, 1] are arbitrary, it means
x € [0,1] x {0.2} x [0, 1].
If 3 € [0.2,1], then 1 € [0, 1], x2 € [0, 0.2] are arbitrary, it means

z€10,1] x [0,0.2] x [0.2,1],
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0.2 0 0 1
=10 |, =02, ¥=| 0|, =02
0 0 0.2 1

we have solution set in the form

S3 = [’US,US] U [wgvug] U [ygaug]‘

3

Figure 3: Set of solutions a® o x = d.

Example 11. Lete = 0.8 and
a' =[0.5 0.3 0.7.

Set of solution a'ox = e is the empty set, because a'ox < alol =0.7 < 0.8 =¢

for arbitrary x € [0, 1]? (based on (9)).

Because we want to consider LLR and FSE, we join results from Examples 8-
10.

Example 12. Consider the following fuzzy linear equations
alox:c, aoxr=c 29)

based on examples 8 and 9. Solution of such system of equations is intersection
of solution sets of FLE calculated in Examples 8 and 9. It means

S5 =8NSy = ([vh, ul] U [wh, ul]) N ([v?u?] U [w? u?] U [y?,u?]) =
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DU

w?DU(f! wlnfw?, U (ol w')nfy?, v’ U ([w', u']N[e?, u?))
U([w!, u']n[w?, v?))U([w!, v ]N[y?, u?]) = [v've?, vl Av?]Ufo! va?, ul Au?]

(", w'In[?,

Ut vy? ul Av?]ufw! v ut Av U w! vad ut Av?]uwt viy?ut Au?,

where u! A u? = u?, vt v y? =92, wl Vol =0 w vy? =l vo?and

0.5 0 0.5
vtve? = 0 , vivel=105 |, wvwr=1|05
0.5 0.5 0

From this we obtain

S5 = [t v o2 u?] Ut v w? v U [y?u?] U o2, u?]) U wt v w?, u?]

= 1% u?] U %, 2], G0

Let us note that system of equations (29) is equivalent to the following FSE A o
x = b, where

4o at] 105 03 07 polc]_[05
“la*| |05 06 08] " |c] [05]°

Figure 4: Solution set of A o x = b from example 12.

Example 13. Consider the following fuzzy linear equations
ador=c, adoxr=d 31

based on Examples 9 and 10. Solution of such system of equations is intersection
of solution sets of FLE calculated in Examples 9 and 10. It means

Sg = SoN Sz = ([v?, v?]U[w?, v U [y?, u?]) N ([03, u) U [w?, u?] U [y, u®]) =
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([, w00, DU ([v?, w’]nfw?, w?DU([?, w?]N[y?, w’)U([w?, w?)N[o?, o))
U([w?, w?] 0 [w?, w®]) U ([w?, w?] 0 [y%, ) U (5%, w?] 0 0%, 0’])
U([y2, v?]N[w?, w3 U ([12, v?]N 3, u?]) = [v? Vol u? Aud|U[v? Vad, u? Aud]
U? VP u? Aud] U [w? Vol u? Aud) U [w? Vol u? AU Tw? Vg, u? Aud]
U2 Vol u? Ad®) U [y? vl u? Aud] U [y Vs u? Ad®,

2

where v2 V v? = v ,wz\/w?’:wz,yzvyg:yzand

1 [ 0.5 ] 0.5

WA= 02 ,v2\/w3: 0.2 ,v2\/y3: 0 ,
| 0.5 | | 0 | | 0.2 |
(0.2 ] [0 ] [ 0.2 ]
wved=105 ,w2\/y3: 0.5 ,y2\/v3: 0 ,
| 0 | | 0.2 | | 0.5

0

yz\/w3: 0.2

0.5

Since we have w?||(u? A u?), (w? V v3)||(u? A u?), therefore we get

Se = V2, u? Al U2 vVl u? AudU [0 VR u? AP U Y2 u? Al
= [v?,u? A v U [y?u? Aud).
(32)
Se is solution of system of equations (31). Note that system of equations in the
form (31) is equivalent to the following FSE: A o x = b, where

A= a®>] [05 06 0.8 b—| €| = 0.5
“la*| 02 08 02 " |d] |02]°
Example 14. Consider the following fuzzy linear equations
ator=c, a?ox=c¢, adox=d (33)

based on Examples 8, 9, 10. Solution of such system of equations is intersection of
solution sets of FLE calculated in Examples 8, 9, 10. Using the results from (30)
and (32) and results from Examples 12 and 13 we have

Sy =81N8yN S5 = ([y%u*] U % u?]) N ([0, u? Aud] U [y? u® Aud)) =
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(1,02 0 0%, 2 A ) U ([0, 2] O o, 6 ) U (2,6 0 [, 0 A o)
U([y?, v N[0, u? Nud]) = [ Vol w2 Add U v? Vol u? Aud] U [y, u® A,

where v2 V v? = 02 and u? A u? = 43, v? V 9? as in the example 12. Because

[y2 Vv u3 u? Aud] C [v?, u? A u?], therefore solution of system (33) is
Sy = [, u? AP U Y2, u? Aud). (34)

This is equivalent to FSE in the form A o x = b, where

al 0.5 0.3 0.7 c 0.5
A=|a*> | =105 06 08|, b=|c | =105
a’ 0.2 0.8 0.2 d 0.2

From this examples we have

Corollary 7. Let A € [0,1]™*", b € [0,1]™, x = A. Solution family of consid-
ered fuzzy systems of equations A o x = b is an intersection of solution sets of
suitable fuzzy linear equations. It means that solution set of A o x = b has the

form:
ng

m
S =YW, u') (35)
i=1 k=1
for the proper parameters n; and the vectors v"* < u'.
Some properties of solution FSE with max — min product of this form was
described in [5].
Since nonempty intersections of intervals in (35) gives intervals, then based
on examples 12-14, we have

Corollary 8. Solution family of considered fuzzy systems of equations (and sim-
ilarly for fuzzy linear equations) is a sum of intervals. Moreover, the set of all
solutions in the form (35) has the greatest solution and can have different mini-
mal solutions.

4 Concluding remark

The above Corollaries 7, 8 will be treated as conjectures in further investigation
of fuzzy system of equations with max —x* product, where the operation * is con-
tinuous and increasing operations.
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The papers presented in this Volume 1 constitute a collection of contributions,
both of a foundational and applied type, by both well-known experts and young
researchers in various fields of broadly perceived intelligent systems.

It may be viewed as a result of fruitful discussions held during the Ninth
International Workshop on Intuitionistic Fuzzy Sets and Generalized Nets
(IWIFSGN-2010) organized in Warsaw on October 8, 2010 by the Systems
Research Institute, Polish Academy of Sciences, in Warsaw, Poland, Institute
of Biophysics and Biomedical Engineering, Bulgarian Academy of Sciences in
Sofia, Bulgaria, and WIT - Warsaw School of Information Technology in
Warsaw, Poland, and co-organized by: the Matej Bel University, Banska
Bystrica, Slovakia, Universidad Publica de Navarra, Pamplona, Spain,
Universidade de Tras-Os-Montes e Alto Douro, Vila Real, Portugal, and the
University of Westminster, Harrow, UK:

http://www.ibspan.waw.pl/ifs2010

The consecutive International Workshops on Intuitionistic Fuzzy Sets and
Generalized Nets (IWIFSGNs) have been meant to provide a forum for the
presentation of new results and for scientific discussion on new
developments in foundations and applications of intuitionistic fuzzy sets
and generalized nets pioneered by Professor Krassimir T. Atanassov. Other
topics related to broadly perceived representation and processing of
uncertain and imprecise information and intelligent systems have also been
included. The Ninth International Workshop on Intuitionistic Fuzzy Sets and
Generalized Nets (IWIFSGN-2010) is a continuation of this undertaking, and
provides many new ideas and results in the areas concerned.

We hope that a collection of main contributions presented at the Workshop,
completed with many papers by leading experts who have not been able to
participate, will provide a source of much needed information on recent trends
inthe topics considered.
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