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Abstract—In this contribution, we study a very important se-
mantic property of generalized quantifiers called the monotonicity
for fuzzy quantifiers of type (1,1) defined using fuzzy measures
and Sugeno type of fuzzy integrals. We show that fuzzy integrals
can ensure under some natural conditions the monotonicity of
fuzzy quantifiers. Finally, we propose the concept of concave
fuzzy quantifiers and prove that each concave fuzzy quantifier
is expressible as the conjunction of a non-increasing and a non-
decreasing fuzzy quantifier.

Index Terms—fuzzy quantifier; fuzzy measure; residuated
lattice operation; monotonicity of fuzzy quantifiers

I. INTRODUCTION

This contribution continues our study of semantic properties
of type (1,1) fuzzy quantifiers defined by fuzzy integrals
published in [7] (see also [4]) and presents some results on
the monotonicity which belongs among the basic semantic
properties as, e.g., the isomorphism invariance, extension, con-
servativity, investigated in the theory of generalized quantifiers
(Boolean theory) as well as fuzzy quantifiers theory (many
valued theory). For more information, we refer to [8], [13],
[26].

Generalized quantifiers evolved, from pioneering works of
Mostowski [20], Lindstrom [17], Barwise and Cooper [1], into
quite large research field with deep results. For overview as
well as new results see the recent monograph [26].

Research in the field of fuzzy quantifiers started with works
of Zadeh [31], Thiele [29], Ralescu [28] and others, see also
[18], [19], [22]. Important contribution was made by Héjek in
[12], where he considers especially quantifier “many” using
relative frequencies. He also points out interconnections be-
tween generalized quantifiers and modalities. A comprehensive
study of fuzzy quantifiers was undertaken by Glockner [8] (see
also [9]). In paper [24], Novik studies so-called intermediate
quantifiers, mainly from syntactic point of view in the frame
of fuzzy type theory [23]. This research has been continued in
[21], where all of generalized Aristotelian syllogisms (from
Peterson’s book [27]) has been syntactically proved using
slightly different definition of fuzzy quantifiers than ours.

The semantic interpretation of many generalized quantifiers
is often connected to measurement of “size” of sets in con-
cern. Consider e.g. the quantifier “many”. The truth value of
proposition “many books have a red cover” clearly depends on
the “size” of the set of red books. Therefore, it is natural to
consider measures (and integrals) of (fuzzy) sets as natural

tools for the modeling of important classes of generalized
quantifiers. This motivated us to introduce fuzzy quantifiers of
type (1), which are denotations of important noun phrases of
natural language, e.g. “something” in “Something is broken.”,
“everyone” in “Everyone likes Bob.”, “nobody” in “Nobody
knows everything.”, using tools of fuzzy measure theory ( [30],
see also [10], [15]). More precisely, we used a Sugeno type of
fuzzy integrals and defined fuzzy integrals of type (1) in [5].

A natural extension of this research was to study quantifiers
of type (1,1), e.g. “every” in “Every book has leaves.”, “most”
in “Most birds fly.”, which take two arguments. These type
(1,1) quantifiers are claimed to be the most important from
the point of view of natural language semantics [26]. To
introduce this type of fuzzy quantifiers by fuzzy integrals,
we had to work with slightly different definition of fuzzy
measures and integrals than in [5]. Note that the first argument
of (1,1) quantifier is called restriction and the second one is
scope (i.e., in “Every book has leaves”, “to be a book” is the
restriction and “to have leaves” is the scope). It is natural to
think of the restriction as of a new universe for the quantifier
(in our example, for the determination of truth value of this
sentence, only these objects fulfilling the restriction condition
are important, i.e., books). Because we are working with fuzzy
subsets of some universe M, we in effect should be able to
define quantifiers on fuzzy universes. Therefore, we defined a
new type of fuzzy measure spaces on algebras of subsets of a
fuzzy set A and a fuzzy integral on these fuzzy measure spaces
(see 3], [6], [7D.

In [5], we have showed that type (1) fuzzy quantifiers
determined by fuzzy measures are monotone fuzzy quantifiers.
The type of monotonicity, i.e., whether a fuzzy quantifier is
monotone increasing (non-decreasing) or monotone decreasing
(non-increasing), depends on the type of the fuzzy integral,!
e.g., the fuzzy quantifier “many” defined using a fuzzy measure
is monotone increasing, but the fuzzy quantifier “few” defined
using complementary fuzzy measure is monotone decreasing.
For type (1, 1) fuzzy quantifiers, the situation is more compli-
cated, since operations between restriction and scope are used
in our modeling.

'In [5], we proposed two types of fuzzy integrals defined on fuzzy and
complementary fuzzy measure spaces to model, e.g., “many” and “few”. Note
that under some conditions both types can be interconnected by the operation
of negation.
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The paper is structured as follows. In the following section,
we recall basic notions from the fuzzy set theory and fuzzy
measures and integrals. The third section is devoted to the
residuated lattice operations using them operations between
fuzzy sets are defined. Such operations between fuzzy sets
are subsequently used as a means for a combination of two
arguments of type (1,1) fuzzy quantifiers. Fuzzy quantifiers
defined using fuzzy integrals are introduced in the fourth
section. The monotonicity of fuzzy quantifiers is studied in
the fifth section. The last section is a conclusion.

II. PRELIMINARIES
A. Structures of truth values

In this paper, we suppose that the structure of truth values
is a complete residuated lattice (see e.g. [2]), i.e., an algebra
L =(L,AV,—,®, L, T) with four binary operations and
two constants such that (L, A,V, L, T) is a complete lattice,
where L is the least element and T is the greatest element of
L, respectively, (L, ®, T) is a commutative monoid (i.e., ® is
associative, commutative and the identity a ® T = a holds for
any a € L) and the adjointness property is satisfied, i.e.,

a<b—c iff a®@b<e¢ €))]

holds for each a, b, c € L, where < denotes the corresponding
lattice ordering. A residuated lattice is divisible, if a ® (a —
b) = a A b holds for arbitrary a,b € L, and satisfies the law
of double negation, if (a — L) — L = a holds for any a €
L. A divisible residuated lattice satisfying the law of double
negation is called an MV-algebra. For more information about
residuated lattices we refer to [2], [25].

EXAMPLE 1 One can easily prove (see also [12]) that the
algebra
Lt = ([0, 1], min, max, T, —7,0, 1),

where T' is a left continuous t-norm and a —r b = \/{c €
[0,1] | T(a,c) < b} defines the residuum, is a complete
residuated lattice. Moreover, if 7' is the Lukasiewicz t-norm,
ie., T'(a,b) = max(a+b—1,0) for all a,b € [0,1], then L
is a complete MV-algebra called a Lukasiewicz algebra (on
[0,1]).

Let us define two additional operations for all a,b € L:

a—b=(a—bA(b—a),

a=a— L.

(biresiduum)

(negation)

B. Fuzzy sets

Let L be a complete residuated lattice and M be a universe
of discourse (possibly empty). A mapping A : M — L is
called an fuzzy set on M. A value A(m) is called a membership
degree of m in the fuzzy set A. The set of all fuzzy sets on M
is denoted by F(M). Obviously, if M = (, then the empty
mapping () is the unique fuzzy set on () and thus F(0) = {0}.
A fuzzy set A on M is called crisp, if there is a subset X
of M such that A = 1x, where 1x denotes the characteristic
function of X. Particularly, 1y denotes the empty fuzzy set on

M, ie., 1yp(m) = L for any m € M. This convention will be
also kept for M = (). The set of all crisp fuzzy sets on M is
denoted by P(M). A fuzzy set A is constant, if there is ¢ € L
such that A(m) = ¢ for any m € M. For simplicity, a constant
fuzzy set is denoted by the corresponding element of L, e.g.,
a,b,c.? Let us denote Supp(A) = {m | m € M & A(m) >
1} and Core(4) = {m | m € M & A(m) = T} the
support and core of a fuzzy set A, respectively. Obviously,
Supp(lx) = Core(lx) = X for any crisp fuzzy set. A fuzzy
set A is called normal, if Core(A) # 0.

Let {A; | i € I} be a non-empty family of fuzzy sets on
M. Then the union of A; is defined by

<U AZ-) (m) = \/ Ai(m) )

el i€l

for any m € M and the intersection of A; is defined by

<ﬂ Ai> (m) = \ Ai(m) 3)
il icl

for any m € M. Let A, B be fuzzy sets on M. The difference
of A and B is a fuzzy set A\ B on M defined by

(A\ B)(m) = A(m) ® (B(m) — 1) )

for any m € M and the complement of A is a fuzzy set

A =17\ A. Finally, an extension of the operations ® and —
on L to the operations on F (M) is given by

(A® B)(m) =A(m) @ B(m), )
(A — B)(m) =A(m) — B(m) (©)

for any A, B € F(M) and m € M, respectively.

Since we will deal with fuzzy sets over different universes,
let us introduce the ordering relation between fuzzy sets on
arbitrary universes. We say that a fuzzy set A on M is an
fuzzy subset of a fuzzy set B on M’ and denote by A C B,
if A(m) < B(m) for any m € Supp(A). The set of all fuzzy
subsets of A on M is denoted by F(A). Thus

F(A)={B|BeF(M)and B C A}. (7

Further, we say that a fuzzy set A on M is equal to a fuzzy
set B on M’ and denote by A = B, if AC B and B C A.
Obviously, if A and B are fuzzy sets on the same universe
M, then the proposed relations coincide with the common
definitions of the ordering and equality relations.

C. Fuzzy measures and integrals

In the following, we will consider algebras of fuzzy sets as
a base for defining fuzzy measures of fuzzy sets.

DEFINITION 1 Let A be a non-empty fuzzy set on M. A
subset F of F(A) is an algebra of fuzzy sets on A, if the
following conditions are satisfied

2We suppose that the meaning of this symbol will be unmistakable from
the context, that is, it should be clear when an element of L is considered and
when a constant fuzzy set is assumed.
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(i) 1p, A€ F,
(i) if X € F, then A\ X € T,
(i) if X,Y € F, then X UY € F.

We denote Alg(A) the set of all algebras of fuzzy sets on A.
A pair (A, F) is called a fuzzy measurable space (on A), if
F is an algebra of fuzzy sets on A. Let (A4,F) be a fuzzy
measurable space and X € F(A). We say that X is F-
measurable, if X € F.

REMARK 2 In order to refer to the universe of discourse M
of A, we will sometimes write Dom(A) instead of M.

REMARK 3 For a non-empty set M, one checks easily that the
proposed definition of algebra of fuzzy sets on 1;; coincides
with the standard definition of algebra of fuzzy sets on M
(ct. [30]).

EXAMPLE 4 {13, A} and F(A) are trivial examples of alge-
bras of fuzzy sets on A. The set of all crisp subsets of a fuzzy
set A is not, in general, an algebra of fuzzy sets on A.

Let us introduce the concept of fuzzy measure as follows.
The definition is a modification of the definition of a normed
measure with respect to truth values (see e.g. [10]).

DEFINITION 2 Let (A, F) be a fuzzy measurable space. A
mapping p: F — L is called a fuzzy measure on (A, F), if
() p(1p) = L and u(4) = T,
(i) if B,C € F such that B C C, then u(B) < u(C).
A triplet (A, F, p) is called the fuzzy measure space, if (A, F)
is a fuzzy measurable space and p is a fuzzy measure on

(A, F).

In the following text, a fuzzy measure space (A,F,u)
may be shortly denoted by the same bold symbol A, i.e.
A = (A, F, ). We denote Fms(M) the class of all fuzzy
measure spaces defined on a non-empty universe M, i.e.
a fuzzy measure space (A,F,u) belongs to Fms(M), if
Ae F(M).

EXAMPLE 5 Let Lt be an algebra from Example 1, where T'
is a continuous t-norm. Let M be a finite non-empty set and
A€ F(M), A+# 1y. Then we can define fuzzy measure space
A% = (A, F(A), ), where

Zmel\i X(m)

> cns AGT)

for all X € F(A). For motivation and more general definition

of this fuzzy measure, we refer to Example 3.5 of our paper

[5].

p(X) =

Now, we can introduce a type of fuzzy integral that is
definable on an arbitrary fuzzy measure space (A,F,p).
The integrated functions are fuzzy sets on Dom(A). For a
convention with the classical measure theory, we will prefer, in
this part, the denotation f, g for the integrated functions instead

of X, Y. This integral is defined over a general operation
® which substitutes one of the operations A and ®, i.e.,
©® € {A,®}. This integral will be used as a basis for the
definition of fuzzy quantifiers of type (1,1) determined by
fuzzy measures.

DEFINITION 3 Let (A, F,u) be a fuzzy measure space with
M = Dom(A), f: M — L be a mapping and X be an F-
measurable fuzzy set. Then O-fuzzy integrals of f on X is
given by

[ra=N A Gmoum). ®

Yery meSupp(Y)

where Fy ={Y |Y e Fand 1g #Y C X}. If X = A, then
we write [© f dy.

One may see that no measurability of the mapping f is
supposed in the definition, in contrast to the standard definition
of fuzzy integral (cf. [16], [15]).

III. OPERATIONS BETWEEN FUZZY SETS DETERMINED BY
RL-OPERATIONS

In this section, we will define so-called residuated lattice
(rl-)operations and operations between fuzzy sets determined
by them, which will subsequently be used as a means for a
combination of two arguments (the restriction and scope, see
Introduction) of a type (1,1) fuzzy quantifier. For example,
the standard quantifier some is defined using the intersection
operation, i.e.,

some(4,B) = \/ (AnB)(m), 9)

meM

and every by the residuum operation —, i.e.,

every(A,B) = [\ (A— B)(m). (10)

meM

Hence, for the modeling of various natural language quantifiers
we need different operations on fuzzy sets (cf. [11]).

DEFINITION 4 Let L be a set of constants. The set P(L) of
binary (residuated lattice) polynomials with constants from L
is the smallest set satisfying the following conditions
(i) ce P(L) forany c€ L,
(i) @,y € P(L),
(i) if ¢1,92 € P(L), then 1 Ot € P(L) for any O €
{A vV, ®,—)

REMARK 6 In the previous definition, we refer the polynomi-
als to a set L of constants. In our work, the set L will be
identified with a support of a residuated lattice to deal with its
elements and, hence, to extend the scale of models of fuzzy
quantifiers.

Polynomials are abstract expressions of functions in all
residuated lattices in which the considered constants are inter-
pretable. As we have mentioned above, we identify a set L of
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constants with a support L of a residuated lattice. Thus, if we
write P(L), then we understand that all values of the support
L are constants used in the constructions of polynomials of
P(L). For simplicity, the support of a residuated lattice will
be always denoted by the italic letter corresponding to the bold
denotation of the residuated lattice. For example, the support of
L is denoted by L. Using polynomials we can define operations
on residuated lattices as follows (cf. [11]).

DEFINITION 5 Let L be a residuated lattice (with the support
L). A binary residuated lattice polynomial ¢ € P(L) defines
a binary residuated lattice operation (shortly rl-operation) on
L by the following rules (a,b,c € L)
(i) if ¢ = ¢, then ¢ (a,b) = c,
(ii) if ¥ = x or ¢ = y, then ¥(a,b) = a or ¥(a,b) = b,
respectively,
(iii) if ¥ = 11 Oe, then ¥(a,b) = ¥1(a,b) Opy(a,b) for
any operation O € {A,V,®, —}.

The set of all rl-operations in a residuated lattice L will be
denoted by Ldo(L) or shortly Ldo, if the residuated lattice
L is unmistakably determined by the context and thus no
confusion can occur.

DEFINITION 6 Let 91,1 € P(L). We say that 1)1 is equal
to 19 in L and denote it by 11 = 19, if ¥1(a,b) = ¥(a,b)
holds for any a,b € L.

EXAMPLE 7 The unary operation of the negation can be
defined by the polynomial ¢y = =z — L and thus —a =
¥1(a,b) = a — L for any a,b € L. The binary operation
of the meet can be obtained from the polynomial 13 = x Ay
and thus, ¥2(a,b) = a A b for any a,b € L. The difference
between a and b can be defined using 3 =z ® (y — L) and
a\b=1s(a,b)=a® (b— L).

DEFINITION 7 Let M be a non-empty universe and v €
Ldo(L). We say that an operation ¢ : F(M) x F(M) —
F(M) is determined by 1, if

v (A, B)(m) = ¢(A(m), B(m)) (1n
holds for any A, B € F(M) and m € M.

In this paper, we will suppose that all operations between fuzzy
sets are determined by rl-operations.

IV. TYPE <1, 1> FUZZY QUANTIFIERS DETERMINED BY
©-FUZZY INTEGRALS

This section is devoted to fuzzy quantifiers that are defined
using fuzzy measures and integrals introduced in [3] and
summarized in Subsection II-C. Before commencing our intro-
duction of fuzzy quantifiers, let us recall a common definition
of limited and unlimited type (1, 1) fuzzy quantifiers presented
in [8], [9], [13].

In general, a mapping Qy : F(M) x F(M) — L is
called the monadic fuzzy quantifier of type (1,1) limited to

M, where M is a (possibly empty®) universe. A value of
a fuzzy quantifier on fuzzy sets A,B € F(M) is written
as Qun(A,B)* A type (1,1) unlimited (finite, countable)
monadic fuzzy quantifier is a functional () assigning to each
(finite, countable) universe M a type (1,1) monadic fuzzy
quantifier Qs limited to M.

In order to define fuzzy quantifiers determined by fuzzy
measures in a reasonable generality, let us consider a functional
S assigning to each non-empty universe M a mapping

S(M) : F(M) x F(M) — Fms(M). (12)

For example, we can define S(M)(A4,B) = (M, M,u),
where (M, M, ) is an arbitrary fuzzy measure space from
Fms(M). One can see that S(M) is a constant mapping
and the fuzzy sets A, B do not play any role in this def-
inition. Further examples are S(M)(A,B) = (A, Ma,pa)
or S(M)(A,B) = (AN B, Muanp, panp). Here, the fuzzy
sets A, B have an active role in the definition of these fuzzy
measure spaces.
To exclude a confusion, let us denote by

© ©

/ f dp  or simply / fdup
(A,F,p) A

the fuzzy integral from Subsection II-C defined on a fuzzy

measure space A = (A, F, u).

DEFINITION 8 Let M be a non-empty universe, S(M) be a
mapping of the form (12) and (,; be an operation on F (M)
determined by an rl-operation . A fuzzy quantifier of type
(1,1) limited to M determined by (S(M), par) is a mapping

Qur: FM)x F(M)— L
defined by

Qui(A. B) = / ort(AB) du. (13)

S(M)(A,B)

Since there is no fuzzy measure space on the empty (fuzzy)
set, an extension of limited quantifiers to quantifiers over
arbitrary universes cannot comprise a reasonably general stipu-
lation how the quantifiers have to look for the empty universe.
Therefore, we omit this situation in the following definition
and introduce unlimited fuzzy quantifiers determined by fuzzy
measures for the non-empty universes, whereas these fuzzy
quantifiers can take arbitrary values for the empty universe.

3To define the behavior of generalized quantifiers for the empty universe
is important in some situations. It happens, for example, when we study type
(1,1) quantifiers which are obtained from type (1) quantifiers by means of
relativization. Then it is vital to have values of e.g. somey(1y) defined, see
discussion in [26], p. 137.

4Note that, in the literature (see e.g. [13], [26]), we can also find the
denotation Qps(A)(B) to emphasize what is the property modifying a
common noun like “to be a young student” (A) and what is the considered
predicate like “fo have a good result” (B) in the sentence “Many young
students have good results”. In this conception, a type (1, 1) fuzzy quantifier
limited to M is a mapping Qpr : F(M) — [F(M) — L], where
[F(M) — L] denotes the set of all mappings (type (1) fuzzy quantifiers)
of F(M) to L characterizing the predicates like “to have a good result”.
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DEFINITION 9 Let S and ¢ be functionals assigning to each
non-empty universe M a mapping S(M) of the form (12) and
an operation s determined by an rl-operation v, respectively.
An unlimited fuzzy quantifier of type (1,1) determined by
(S,¢) is an unlimited fuzzy quantifier @ of type (1,1)
assigning a fuzzy quantifier @), limited to M determined by
(S(M), par) to each non-empty universe M.

Let us consider the sentence “Many young students have
good results”,. Obviously, the fuzzy quantifier “many” ex-
presses a quantity on the fuzzy set of “young students” and
would be independent, in some sense, from the property
“to have good results”. More precisely, if we replace the
property “to have good results” by “to have bad results”,
the interpretation of the fuzzy quantifier “many” would stay
the same. This motivate us to establish the fuzzy quantifiers
definable by fuzzy measures as follows.

DEFINITION 10 We say that an unlimited fuzzy quantifier @ is
definable by fuzzy measures, if there exists a pair of functionals
(S, ¢) such that @ is determined by (S, ¢) and S(M)(A, —)
is a constant mapping for any non-empty universe M and A €
F(M).

REMARK 8 We can see that the class of fuzzy quantifiers
definable by fuzzy measures is a subclass of the class of
fuzzy quantifiers determined by (S, ). Hence, if a property is
satisfied by fuzzy quantifiers determined by (S, ¢), then it is
also satisfied by fuzzy quantifiers definable by fuzzy measures.
In what follows, we will usually formulate statements for fuzzy
quantifiers determined by (S, ).

Before we show several examples and start our study of
monotonicity of fuzzy quantifiers definable by fuzzy measures
(or determined by a pair of functionals (S, ) in general), let
us introduce two important notions saying when one fuzzy
quantifier is less than or equal to the second one, and when
two fuzzy quantifiers are equal.

DEFINITION 11 Let P,@Q be two quantifiers. We say that )
is less than or equal to P and denote it by Q) < P, if

Qum(A, B) < Py(A, B) a4

holds for arbitrary non-empty universe M and A, B € F(M).
Further, we say that @ is equal to P and denote it by @ = P,
if Q< Pand P<Q.

A reason why the empty universe is omitted in the previous
definition is that fuzzy quantifiers determined by (S, ) are not
a priori defined for the empty universe. In the following part,
for simplicity, we will write only “Q is determined by (S, ¢)”
instead of “Q is a fuzzy quantifier of type (1,1) determined

by (S, ).

EXAMPLEO Let M be a non-empty universe and
Si(M)(A,B) = {(M,F(M),u;)}, where, for i = 1,2,

we have
(L, X =1,
m(X) = { T, otherwise as)
and
T ifX=M,
H2(X) = { 1, otherwise. (16)

If Q is determined by (S1, 1), where wpr1(A4,B) = AN B,
then () = some, i.e., it is the interpretation of the standard
quantifier some A are B. If @ is determined by (Sz, ¢2) for
all M # (), where ¢y 2(A, B) = A — B, then it is equal to
every.

EXAMPLE 10 Let ¢ be a functional assigning s to each
non-empty universe and S;, ¢+ = 1,2, be functionals defined
in the previous example. We may introduce “boundary” fuzzy
quantifiers ¥, and 3, as follows

Vour(A,B) = N\ ¢u(A, B)(m), (17)
meM

Jom(A,B) = \/ om(A, B)(m). (18)
meM

Obviously, every =V, for ¢y (A, B) = A — B and some =
3, for par(A, B) = AN B. One can see that V,, < 3.

EXAMPLE 11 Let Ly be the Lukasiewicz algebra from Ex-
ample 1. Let M be a finite non-empty set and A € F (M),
A # 1g and A% = (A, F(A),u) be a fuzzy measure space
from Example 5. Let us define S(M)(A, B) = A for A # 1y,
S(M) (19, B) = (M, F(M), 112) and prs(A,B) = A — B.
Then, for any A, B € F(M), we may define an interpretation
of fuzzy quantifier many as

i - |

S(M)(A,B)

/®
(A,F(A),u7)

wme N\

meSupp(Y)

®

em(A,B) dp” =
A— Bdu® =

(A = B)(m)),

-V

YEF(A)~

if A# 1y, and Q17" (19, B) = 1.

EXAMPLE 12 We can construct important fuzzy quantifiers,
e.g., few, no, at most half, etc., from already defined quanti-
fiers using so-called external and inner negations (see [13],
Definition 14). Let ) be a fuzzy quantifier of type (1,1).
The external or inner negation of () is the fuzzy quantifier
~Q or Q~ defined as (Q~)p(A,B) = —Qum(A,B) or
(Q~)m(A,B) = Qu(A, B), respectively. Hence, we can
define fuzzy quantifiers, e.g., no = ~some and few = many~,
where some and many are defined in Examples 9 and 11,
respectively.
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V. MONOTONICITY

The concept of monotonic quantifiers belongs among the
basic properties which is observed for a large scale of natural
language quantifiers as all, some, few, many, nearly all, at least
five, at most ten etc. Of course, not all fuzzy quantifiers are
monotonic. Typical examples are about half, at least one and at
most ten. The monotonicity for the type (1, 1) fuzzy quantifiers
is defined as follows.

DEFINITION 12 Let @ be a fuzzy quantifier. We say that @ is

monotonically non-decreasing in its first (second) component,
if

Qu(AC)<Qu(B,0C) (Qu(C,A)<Qu(C,B)) (19)

holds for any universe M, A, B,C € F(M), A C B, and Q is
monotonically non-increasing in its first (second) component,
if

Qu(A,C) > Qu(B,C) (Qu(C,A) > Qu(C,B)) (20)
holds for any universe M, A, B,C € F(M), A C B.

REMARK 13 Notice that the mentioned inequalities are triv-
ially satisfied for the empty universe. Hence, the empty uni-
verse can be excluded from our investigation of the mono-
tonicity of fuzzy quantifiers.

One can see that all, some, many, at least k are mono-
tonically non-decreasing and not all, no, few, at most k
are monotonically non-increasing in the second component.
Analogously to [26], we will use, for simplicity, the denotation
TMon, |Mon and MonT, Mon| to denote that a fuzzy quantifier
is monotonically non-decreasing, non-increasing in the first
component and monotonically non-decreasing, non-increasing
in the second component, respectively. Sometimes it is useful
a combination of the previous denotations as TMon| saying
that a quantifier is non-decreasing in the first component and
non-increasing in the second one. In general, the monotonicity
of fuzzy quantifiers determined by (S, ) is closely related to
the monotonicity of . Let us denote the monotonicity of the
functional ¢ analogously by Mon{, Mon| and TMon, |Mon
and similarly for their combinations, e.g. TMon]|.

THEOREM 1 A fuzzy quantifier definable by fuzzy measures
determined by (S, ) is Mon] (Monl) if and only if ¢ is Mon]
(Mon)).

Proof: Let @ be a fuzzy quantifier definable by fuzzy
measures determined by (S, ) which is Mon{. Let M be a
non-empty universe and suppose that ¢j, is determined by an
rl-operation . From the definition of ¢, one can derive that the
monotonicity of ) implies the same form of the monotonicity
of ¢. Moreover, if a and b denote the constant fuzzy sets in
F(M) with values a and b, respectively, then we may write
o(a,b)(m) = 1(a,b) for any m € M. Recall that S(A, —)

SA more general definition for monadic fuzzy quantifiers of type (1™, 1)
can be found in [13]. .

is a constant mapping from F (M) to Fms(M). Let a, b, ¢ be
constant fuzzy sets such that b < c. Since f ©c dp = c, we
obtain

(a,b) = onr(a, b)(m) = /S

©

PYMm (aa b) dp =
(M)(a,b)

Qum(a,b) < Qula,c) =
/ T (@) du= par(a,c)(m) = ¥a, o),

(M)(a,c)

where m is an arbitrary element of M. Hence, v is a mono-
tonically non-decreasing mapping and, from the consideration
above, we obtain that ¢ is Monf. Analogously, we can prove
Mon| of ¢ under the presumption that ) is Mon].

The opposite implication is a trivial consequence of the fact
that the fuzzy integral is a non-decreasing mapping. [ |

In the previous theorem, we cannot suppose the cases
of TMon and |Mon, since S(M)(b,—) and S(M)(c,—) are
different fuzzy measure spaces and thus the presented in-
equality cannot be guarantied here. Nevertheless, supposing
that S(M)(—,—) is a constant mapping, we may state the
analogous result also for TMon and |Mon.

THEOREM 2 A fuzzy quantifier determined by (S, ) such that
S(—, —) is a constant mapping for any non-empty universe M
is TMon (|Mon) if and only if ¢ is TMon (|Mon).

Proof: This is analogous to the proof of the cases MonT
and Mon|. [ |

REMARK 14 It is easy to see that the operations A, V, ®
are TMon7 and — is [MonT. One can simply verify that, for
example, @105 is MonT, whenever ¢; and ¢- are MonT and
O is TMonT.

REMARK 15 Obviously, the external negation and the inner
negation of fuzzy quantifiers mentioned in the first part of
our contribution (see also [8], [9], [13], [14], [26]) change
the polarity of monotonicity in both components and in the
second component, respectively. For example, let us consider
every and some defined in Example 3.2. of the first part. Then
every is |[MonT and some is TMonT, but ~every = some~ =
not every is TMon| and every~ =~ some = no is [Mon].

In [5], we showed that each type (1) fuzzy quantifier deter-
mined by a fuzzy measure lays among the fuzzy quantifiers
all and some. The question is, which boundaries hold for
fuzzy quantifiers determined by (S, ¢), especially, for fuzzy
quantifiers definable by fuzzy measures.

THEOREM 3 For each fuzzy quantifier Q determined by
(S, ), we have ¥V, < Q < 3.

Proof: This is a straightforward consequence of the def-
inition of fuzzy measures on which the fuzzy quantifiers V,
and 3, are defined. u
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Naturally, we can find out fuzzy quantifiers (definable by
fuzzy measures) which are not monotonic. For example, let
us consider the Lukasiewicz algebra and operations between
fuzzy sets determined by the following rl-operations

Y1(a,b) =a® (a — (bV b)),
Pa(a,b) = a < b.

Then fuzzy quantifiers which use the operations v; and -, are
not monotonic. In fact, it is sufficient to consider the constant
fuzzy sets 0 C 0.5 C 1 defined on a non-empty universe. Since
[ ¢ du = ¢, we may write, for 1y,

QM(I,O) = QM(l,l) =1>05= QM(I,O.5)
and, for s,
Q]\4(0.5,0) = Q]\/[(O.5, 1) =05<1= Q]\/[(O.5,0.5).

The proposed operations could be used in the evaluation of the
quantified sentences:

“Every students is or is not prepared on the exam.”
“Only blondes are pretty.”

Obviously, the first statement is trivially fulfilled in the clas-
sical logic, but practically there are many students who know
something but we cannot say that they are perfectly prepared
on the exam. Hence, this statement has a sense in fuzzy logic.

Although, we are able to find some ‘“reasonable” models
of non-monotonic linguistic quantifiers definable by fuzzy
measures, much more natural it is to define non-monotonic
fuzzy quantifiers as a conjunction of two fuzzy quantifiers
(definable by fuzzy measures), where one is MonT (TMon)
and the second one is Mon| (|Mon). For example, a fuzzy
quantifier roughly between eight and ten is a conjunction of
about eight or more than eight (MonT) and about ten or less
than ten (Mon)).

An interesting question is, which non-monotonic fuzzy
quantifiers can be described by the conjunction of two fuzzy
quantifiers (not necessary definable by fuzzy measures) having
the opposite polarity, i.e., one is Mon] and the second one
Mon|. In the generalized quantifier theory, such quantifiers
are called continuous.® A generalization of the continuity for
fuzzy quantifiers is a concavity defined as follows.

DEFINITION 13 We say that a fuzzy quantifier () is concave
in the first or the second component, if

QM(A/aB) /\QM(AN7B) S QM(Aa B) (21)
or
(Q@um(B,A)ANQum(B,A") < Qu(B,A) (22)

%Note that a quantifier Q of type (1) is continuous, if the following holds:
if Qar(A) = Qpr(C) =T for a non-empty universe M and A, C € F(M)
such that A C C, then Qp(B) = T for any B € F(M) with A C B C
C' (cf. [26]). For other types, one can analogously define the continuity of
quantifiers in the given component as in the definition for the type (1).

hold for any non-empty universe M and fuzzy sets
A A A" B e F(M) such that A” C A C A”, respectively.

Let @ be a fuzzy quantifier and denote Qs : F(M) X
F(M) — {1, T} afuzzy quantifier defined by Q.. (A, B) =
T if and only if Qpr(A, B) > a. A fuzzy quantifier @, is the
a-cut of the fuzzy quantifier Q.” The following lemma shows
a relation between the concavity of fuzzy quantifiers and the
continuity of a-cut fuzzy quantifiers.

LEMMA 4 A fuzzy quantifier QQ is concave in the first (second)
component if and only if each a-cut fuzzy quantifier @, is
continuous in the first (second) component.

Proof: Here, we will prove only the concavity in the first
component. The proof for the second component is analogous.
Let Q be a concave in the first component fuzzy quantifier,
a € L, M be a non-empty universe and B be arbitrary fuzzy
set of f(M) If QM7Q(A/,B) = Q]wﬂ(A”,B) = T and
A C A C AY then Qu(A',B) AN Qu(A”,B) > a and
using the concavity of @@ we obtain Qy (A, B) > a which
implies Q s, (A, B) = T. Hence, @ is continuous in the first
component for any a € L.

On the contrary, let (), be continuous fuzzy quantifier for
any a € L, A~ C A C A” and B be arbitrary fuzzy sets
of F(M). Denote a = Qp(A’, B) A Qu(A”, B). From the
definition of @, we obtain Qu,q(A’, B) = Qu,e(A”,B) =
T. Since @, is continuous in the first component for any a €
L, then also Qpq(A4,B) = T. Hence, Qum(A,B) > a =
Qu (A, B) AQn (A", B) which means that ) is concave. W

THEOREM 5 Let Q and Q' be TMon and |Mon (Mon| and
Monl]). Then QAQ’ is concave in the first (second) component.

Proof: We restrict ourselves to the proof of the case
of the first component. For any non-empty universe M and
A A A" B € F(M) such that A C A C A”, we have
QM(AlvB) < QM(AvB) < QM(AH7B) and Q/]M(A”?B) <
Q) (A, B) < Q4,(A’, B). Hence, we obtain

Q@NQ)M(A, B)NQAQ)m(A",B) =
Qu (A", B) A Qi (A", B) N Qu(A”, B) A Q) (A", B) <
Qu(A", B)NQy (A", B) < Qum(A,B)ANQy (A B) =
QANQ")m(A, B).

and thus Q A Q' is concave fuzzy quantifier. ]

THEOREM 6 Let L be a distributive residuated lattice. Each
concave in the first (second) component fuzzy quantifier is
expressible as the conjunction of fuzzy quantifiers which are
TMon and |[Mon (Mon? and Mon)).

Proof: Again, we restrict ourselves to the proof of the
case of the first component. Let () be concave in the first

7Obviously, each fuzzy quantifier can be simply derived from its a-cuts by
Q[M(A, B) = \/{a | a € L and Q]uya(A, B) = T}.
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component. Put

Pu(A,B) = \/ Qu (A, B).
A'€F(M), A/CA
Py, (A, B) = \/ Qu(A", B).

AMEF(M), ACA”

One can verify easily that P and P’ are TMon and |Mon,
respectively. Moreover, P A P’ is a concave fuzzy quantifier
in the first component according to the previous theorem. Let
M be an arbitrary non-empty universe and A’ C A C A” be
arbitrary fuzzy sets from F(M). Obviously, we have

(PAP)y(A,B) = Py(A,B) APy (A, B) =

\V Qu.B)An \/ Qu(A",B)>Qu(A B).
A'eF(M) A'eF (M)
A'CA ACA”

Since L is a distributive residuated lattice and Qps(A, B) >
Qu(A',B) AN Qur(A”,B) for any A’ C A C A”, then we

may write
VY

Qu(A,B) >
A'eF(M) A" eF(M)
A'CA AcCA”

= \/ Qm (Alv B) A
A'eF(M)
A'CA

(Qu (A", B) AQu (A", B))

\/  Qu(A",B)=
A" eF (M)
AQA//

Pu(A, B) A Ply(A,B) = (P A P')y(A,B).

Hence, @ is expressible as the conjunction P A P’, where P
is MonT and P’ is Mon]|. [ ]

VI. CONCLUSION

In this contribution, we defined fuzzy quantifiers of type
(1,1) using fuzzy integrals and studied their monotonicity.
Aside from the theoretical importance of generalized fuzzy
quantifiers, we are also motivated by the applications of fuzzy
logic e.g. in time series analysis, decision making and other
fields where it can be advantageous to be able to use other
than classical quantifiers “for all” and “exists”. For example,
in time series analysis and modeling, we can use quantifiers
like “many” for filtering off of outliers, i.e. values that are
numerically distant from (the course of) the data.

ACKNOWLEDGMENT

This paper has been supported by the Grant IAA108270901
of the GA AV CR.

REFERENCES

[1] J. Barwise and R. Cooper. Generalized quantifiers and natural language.
Linguistics and Philosophy, 4:159-219, 1981.

[2] R. Bélohldvek. Fuzzy Relational Systems: Foundations and Principles.
Kluwer Academic Publisher, New York, 2002.

[3] A. Dvordk and M. HolCapek. Fuzzy measures and integrals defined on
algebras of fuzzy subsets. submitted to Information Sciences.

[4] A. Dvotdk and M. Hol¢apek. Type (1, 1) fuzzy quantfiers determined by
fuzzy measures defined on residuated lattices, Part I.: Basic definitions
and examples. submitted to Fuzzy Sets and Systems.

[5]
[6]

[7]

[8]
[9]
[10]
[11]
[12]
[13]

[14]

[15]

[16]
[17]
[18]

[19]

[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]

[29]

[30]

[31]

2390

A. Dvordk and M. HolCapek. L-fuzzy quantifiers of type (1) determined
by fuzzy measures. Fuzzy Sets and Systems, 160(23):3425-3452, 2009.
A. Dvordk and M. HolCapek. Fuzzy measure spaces generated by
fuzzy sets. Hiillermeier, Eyke (ed.) et al., Information processing
and management of uncertainty in knowledge-based systems. Theory
and methods. 13th international conference, IPMU 2010, Dortmund,
Germany, June 28-July 2, 2010. Proceedings. Part I. Berlin: Springer.
Communications in Computer and Information Science 80, 490-499
(2010)., 2010.

A. Dvotdk and M. Hol¢apek. Type (1, 1) fuzzy quantifiers determined by
fuzzy measures. In Proceedengs of WCCI 2010 IEEE World Congress on
Computational Intelligence, pages 3168-3175. CCIB, Barcelona, Spain,
July, 18-23 2010.

1. Glockner. Fuzzy Quantifiers in Natural Language: Semantics and
Computational Models. Der Andere Verlag, Osnabriick, Germany, 2004.
I. Glockner. Fuzzy Quantifiers: A Computational Theory. Springer-
Verlag, Berlin, 2006.

M. Grabisch, T. Murofushi, and M. Sugeno, editors. Fuzzy Measures
and Integrals. Theory and Applications. Studies in Fuzziness and Soft
Computing. Physica Verlag, Heidelberg, 2000.

George Gritzer. General lattice theory. Basel: Birkhduser, 1998.

P. Hajek. Metamathematics of Fuzzy Logic. Kluwer Academic Publish-
ers, Dordrecht, 1998.

M. Hol¢apek. Monadic L-fuzzy quantifiers of the type (1™,1). Fuzzy
Sets and Systems, 159(14):1811-1835, 2008.

E.L. Keenan and Westerstahl. Generalized quantifiers in linguistics and
logic. In J. van Benthem and A. ter Meulen, editors, Handbook of Logic
and Language, pages 837-893. Elsevier, Amsterdam, 1996.

E.P. Klement, R. Mesiar, and E. Pap. A universal integral as common
frame for Choquet and Sugeno integral. [EEE Transactions on Fuzzy
Systems, 18:178-187, 2010.

G.J. Klir and Bo Yuan. Fuzzy Sets and Fuzzy Logic: Theory and
Applications. Prentice Hall, New Jersey, 1995.

P. Lindstrom. First ordered predicate logic with generalized quantifiers.
Theoria, 32:186-195, 1966.

Y. Liu and E.E. Kerre. An overview of fuzzy quantfiers. part I:
Interpretation. Fuzzy Sets and Systems, 95(1):1-21, 1998.

Y. Liu and E.E. Kerre. An overview of fuzzy quantfiers. part II:
Reasoning and applications. Fuzzy Sets and Systems, 95(2):135-146,
1998.

A. Mostowski. On a generalization of quantifiers. Fundamenta Mathe-
maticae, 44:12-36, 1957.

P. Murinové and V. Novédk. A formal theory of generalized intermediate
syllogisms. submitted to Fuzzy Sets and Systems.

V. Novdk. Antonyms and linguistic quantifiers in fuzzy logic. Fuzzy
Sets and Systems, 124(3):335-351, 2001.

V. Novédk. On fuzzy type theory. Fuzzy Sets and Systems, 149:235-273,
2005.

V. Novak. A formal theory of intermediate quantifiers. Fuzzy Sets and
Systems, 159(10):1229 1246, 2008.

V. Novik, 1. Perfilieva, and J. Mockot. Mathematical Principles of Fuzzy
Logic. Kluwer Academic Publisher, Boston, 1999.

S. Peters and D. Westerstahl. Quantifiers in Language and Logic. Oxford
University Press, New York, 2006.

P. Peterson. Intermediate Quantifiers. Logic, Linguistics, and Aristotelian
Semantics. Ashgate, Aldershot, 2000.

D. Ralescu. Cardinality, quantifiers and the aggregation of fuzzy criteria.
Fuzzy Sets and Systems, 69:355-365, 1995.

H. Thiele. On fuzzy quantifiers. In Z. Bien and K.C. Min, editors,
Fuzzy Logic and its Applications, Information Sciences, and Intelligent
Systems, pages 343-352. Kluwer Academic Publisher, Dordrecht, 1996.
Z. Wang and G.J. Klir. Fuzzy measure theory. Plenum Press, New York,
1992.

L.A. Zadeh. A computational approach to fuzzy quantifiers in natural
languages. Computers & Mathematics with Applications, 9:149-184,
1983.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


