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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 Eighth 
International Workshop on Intuitionistic Fuzzy Sets and Generalized Nets 
(IWIFSGN-2009) organized in Warsaw on October 16, 2009 by the Systems 
Research Institute, Polish Academy of Sciences, in Warsaw, Poland, Centre for 
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 Bistrica, 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/ifs2009 

The Eighth International Workshop on Intuitionistic Fuzzy Sets and 
Generalized Nets (IWIFSGN-2009) has been meant to commence a new series 
of scientific events primarily focused on new developments in foundations and 
applications of intuitionistic fuzzy sets and generalized nets pioneered by 
Professor Krassimir T. Atanassov. Moreover, other topics related to broadly 
perceived representation and processing of uncertain and imprecise 
information and intelligent systems are discussed.

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 
in the topics considered.
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Abstract

Generalized inverses are important tools for solving equations and inequali-

ties in many applications of algebra and analysis. Our presentation is based

on the semigroup theory with consideration of generalized inverses in regu-

lar, inverse and ordered semigroups. We describe properties of quasi-inverse

and pseudo-inverse in semigroups and in particular cases of matrix product

and composition of functions.

Keywords: Generalized inverse, quasi-inverse, pseudo-inverse, matrix

inverse, function inverse, regular semigroup, inverse semigroup, ordered

semigroup.

1 Introduction

Generalized inverses are important tools in soft computing and fuzzy mathemat-

ics. First consideration of this kind are connected with development of non-

classical logic. Papers of Brouwer (1908) and Heyting (1930) concern conjunc-

tion inverse in the form of intuitionistic implication. Moore (1920) introduced

and Penrose (1955) egzamined generalized inverse for matrix product. Von Neu-

mann (1936) considered regular elements in semigroups of a ring. Another point

of view was introduced by Ward (1937, 1940) as residuation in a lattice. Birkhoff
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(1940) summarized some points of view and introduced notions of Brouwerian

lattice and relative pseudocomplement. Ore (1944) and Evarett (1944) considered

generalized inverse for composition of functions and introduced name Galois con-

nection.

We review some of these results in terminology of the semigroup theory with

consideration of generalized inverses in regular, inverse and ordered semigroups.

These results will be illustrated in applications for matrix product and for compo-

sition of functions.

At first, we discuss a general situation of regular semigroups and particular

situations of idempotent semigroups and inverse semigroups, where the problem

of natural order is presented (Sections 2, 3). Next, properties of matrix gener-

alized inverses are summarized (Section 4). Then, we describe pseudo-inverses

and Galois connection for functions between ordered sets (Section 5). Finally, the

unique semigroup treatment of pseudo inverses is proposed (Section 6).

In our presentation important classed of semigroups are omitted (e.g. can-

cellation semigroups or positively and negatively ordered semigroups). All these

considerations are based on the following monographs: [1], [2], [3], [5], [7], [8],

[10], [15], [16], [17], [20].

2 Regular semigroups

The simplest case of inverses appears in regular semigroups (cf. [5], [10]).

Definition 1. Let (S, ∗) be a semigroup.

• An element a ∈ S is called regular, if there exist an element b ∈ S such that

a ∗ b ∗ a = a. Then b is called a generalized inverse of a. By G(a) we denote the

set of all generalized inverses of a.

• The semigroup S is called regular if al its elements are regular.

• The semigroup S is called idempotent if a2 = a ∗ a = a for a ∈ S. The set of

all idempotent elements of the semigroup S is denoted by E = ES .

• Element b ∈ G(a) is called a quasi-inverse of a, if additionally b ∗ a ∗ b = b.

• The regular semigroup S is called an inverse semigroup if any element a ∈ S

has exactly one quasi-inverse. Such inverse is denoted by a−.

• A regular element a ∈ S is called completely regular if a ∗ b = b ∗ a.

• Let e ∈ S be the identity element of S. If a, b ∈ S, a ∗ b = e, then a is called a

left-hand inverse of b and b is called a right-hand inverse of a (or b is left invertible

and a is right invertible).

Example 1. Any idempotent element a is regular and a ∈ G(a) (own quasi-

inverse). Thus, every idempotent semigroup is regular. In particular semigroups
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(L,∨) and (L,∧) in a lattice (L,∨,∧) are regular semigroups. Moreover, G(a) =
{b ∈ L : b 6 a} in (L,∨) and G(a) = {b ∈ L : b > a} in (L,∧) but only b = a

is a quasi inverse of a. Therefore, a− = a in both the above semigroups.

In this section we follow mainly after Chapter 1 in [5].

Lemma 1. Let (S, ∗) be a semigroup.

• If an element a ∈ S is regular with a generalized inverse x ∈ S, then elements

el = a ∗ x, er = x ∗ a are idempotent and er ∗ a = a, a ∗ el = a.

• Every regular element has a quasi inverse.

• If an element is commuting with a quasi inverse, then there exist a subgroup of

S in which this quasi inverse is the inverse.

• If an element a ∈ S is left invertible or a is right invertible, the it is regular.

Theorem 1. A regular semigroup is an inverse semigroup if and only if all its

idempotent elements are commuting.

The above theorem generalizes the case of lattice semigroups considered in

Example 1.

Theorem 2. In an inverse semigroup S we have:

(a−)− = a, (a ∗ b)− = b− ∗ a− for a, b ∈ S.

3 Matrix generalized inverses

The above considerations can be applied to the semigroup of square matrices with

fixed order. However, in the case of rectangular matrices the matrix product is a

partial operation and we obtain a partial semigroup only. Thus we put here more

attention. Presented results can be found in the booklet [20] (cf. also [1], [15]).

Theorem 3. Any matrix has a generalized-inverse (i.e. every matrix is a regular

element).

Directly form Lemma 1 we obtain

Corollary 1. Arbitrary matrix A has left and right identities: El = AX, Er =
XA, where X ∈ g(A). The above identity matrices are idempotent and El ∈

G(El), Er ∈ G(Er) (own quasi-inverses).

Theorem 4. We consider rectangular matrices A ∈ R
m×n and r(A) denotes the

matrix rank.
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• If a matrix A has a left-hand (right-hand) inverse, then all its generalized in-

verses are also left-hand (right-hand) inverses.

• Matrix A has a left inverse if and only if r(A) = n.

• Matrix A has a right inverse if and only if r(A) = m.

• A matrix X ∈ g(A) is a quasi-inverse of A if and only if r(X) = r(A).

Definition 2. Let A ∈ R
m×n.

• A generalized inverse X is called left (right) symmetric if (El)
T = El ((Er)

T =
Er).

• A quasi-inverse X is called Moore-Penrose inverse if it is left and right sym-

metric, i.e.

AXA = A, XAX = X, (AX)T = AX, (XA)T = XA.

Theorem 5. Let X ∈ g(A).
• Matrix X is left symmetric if and only if XT X ∈ g(AAT ).
• Matrix X is right symmetric if and only if XXT ∈ g(AT A).
• The Moore-Penrose inverse is unique (is given by a formula) and it has the least

Euclidean norm in g(A).

4 Natural order in a semigroup

In this section we follow mainly after Chapter 11 in [3].

Definition 3. A semigroup with order relation (S, ∗,6) is called ordered if its

operation is order preserving, i.e.

a 6 b ⇒ (a ∗ c 6 b ∗ c, c ∗ a 6 c ∗ b) for a, b, c ∈ S.

In general, there are many order relation in the set S, but only some of them

are compatible with the algebraic structure. This leads us to the question if ar-

bitrary semigroup has a compatible order relation. This question is solved under

additional assumptions about the semigroup. The simpliest case if for idempotent

semigroups, where order relation is modelled on lattice order.

Theorem 6. Any idempotent semigroup is ordered by the relation:

a 6 b ⇔ (a = a ∗ b = b ∗ a) for a, b ∈ S.

Lemma 2. In arbitrary inverse semigroup S we have:

(a∗a− = a∗b−) ⇔ (a∗a− = b∗a−) ⇔ (a−∗a = a−∗b) ⇔ (a−∗a = b−∗a) ⇔

(a ∗ b− ∗ a = a) ⇔ (a− ∗ b ∗ a− = a−)

for a, b ∈ S.
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Theorem 7. Any inverse semigroup is ordered by relations from Lemma 2. In

particular,

a 6 b ⇔ (a ∗ a− = a ∗ b−) for a, b ∈ S.

Theorem 8. Any regular semigroup has partial order of the form:

a 6 b ⇔ ∃
e,f∈E

(a = e ∗ b = b ∗ f) for a, b ∈ S,

which need not be compatible with ∗.

Definition 4. The partial order from the above theorems is called natural one.

Theorem 9. The natural order in the inverse semigroup can be characterized by

conditions:

a 6 b ⇔ ∃
e∈E

(a = e ∗ b) ⇔ ∃
f∈E

(a = b ∗ f)

for a, b ∈ S. Moreover,

a 6 b ⇔ a− 6 b−

for a, b ∈ S.

5 Pseudo-inverses of functions

Since composition of functions is associative, we can consider the semigroup S

of all the functions f : X → X. However, this operation need not be order

preserving (it is left order preserving). Thus we reduce our considerations to

monotone functions between two ordered sets. In this section we follow mainly

after Chapter 4 in [17].

Definition 5. Let (X,6) and (Y,6) be two partially ordered sets.

• We say that an order-preserving function f : X → Y has a pseudo-inverse if

there exists an order-preserving function h : Y → X fulfilling the inequalities

f ◦ h > IY , h ◦ f 6 IX .

• We say that an order-reversing function f : X → Y has a pseudo-inverse if

there exists an order-reversing function h : Y → X fulfilling the inequalities

f ◦ h > IY , h ◦ f > IX .

Lemma 3. There exists at most one function h from Definition 5. It is denoted by

h = f+.
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Theorem 10. Let (X,6) and (Y,6) be two partially ordered sets.

• An order-preserving function f : X → Y has a pseudo-inverse if and only if

every set

Hy = {x : f(x) > y}

has the least element for y ∈ f(X). Then

f+(y) = min Hy for y ∈ F (X).

• An order-reversing function f : X → Y has a pseudo-inverse if and only if

every set

Hy = {x : f(x) > y}

has the greatest element for y ∈ f(X). Then

f+(y) = maxHy for y ∈ F (X).

Example 2. Function images and pre-images by an arbitrary function f : X → Y

are order-preserving between 2X and 2Y . Then f−1 : 2Y → 2X is a pseudo-

inverse of f : 2X → 2Y , because

A ⊂ f−1(f(A)) for A ⊂ X, f(f−1(B)) = B for B ⊂ Y.

Lemma 4. Pseudo-inverse is a particular case of quasi-inverse with respect to

composition of functions, i.e.

f ∗ f+ ∗ f = f, f+ ∗ f ∗ f+ = f+.

Theorem 11. If functions f : X → Y , g : Y → Z have pseudo-inverses in

semigroup (S, ∗, e,6), then also f ◦ g has pseudo-inverse, and

(a ∗ b)+ = b+ ∗ a+.

Corollary 2. The set of all function f : X → X with pseudo-inverses in an

ordered set X forms a semigroup (similarly does the set of all pseudo-inverses).

Theorem 12. If f, g : X → X have pseudo-inverses, then

f 6 g ⇒ g+
6 f+, ((f+)+)+ = f+.

According to Theorem 7 we see that the pseudo-inverse need not coincide

with the quasi-inverse (cf. Lemma 4). The notion of pseudo-inverse is strictly

connected with a concept of Galois connection (cf. [8], Chapter 0).
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Definition 6. Let (X,6) and (Y,6) be two partially ordered sets.

• A Galois connection (f, h) between these sets consists of two order-preserving

functions: f : X → Y and h : Y → X, such that

f(x) 6 y ⇔ x 6 h(y) for x ∈ X, y ∈ Y.

In this situation, f is called the lower adjoint of h and h is called the upper adjoint

of f .

• Dually, a Galois connection (f, h) with two order-reversing functions is such

that

y 6 f(x) ⇔ x 6 h(y) for x ∈ X, y ∈ Y.

Then f and h are called polarities (because of symmetry).

It can be proved that adjoints or polarities in a Galois connection are quasi-

inverses of each other, i.e. f ◦ h ◦ f = f and h ◦ f ◦ h = h and one uniquely

determines the other (formulas similar to used in Theorem 10). However, they are

not left-hand or right-hand inverses of each other. Their usefulness is connected

with the following property:

Theorem 13. Let (X,6) and (Y,6) be two complete lattices. Any upper adjoint

preserves arbitrary infima, and any lower adjoint preserves arbitrary suprema,

i.e.

inf
t∈T

f(xt) = f(inf
t∈T

xt), sup
u∈U

h(yu) = h(sup
u∈U

yu),

where xt ∈ X for t ∈ T and yu ∈ Y for u ∈ U .

6 Appendix. Semigroup pseudo-inverse

We list here generalizations of inverse in diverse domains. Are there other ways

of generalizations? We consider it from more general point of view.

Let (S, ∗, e,6) be a partially ordered semigroup with identity e. We can gen-

eralize invertibility condition a ∗ b = e, b ∗ a = e by replacing equalities by

inequalities. Formally we have 9 possibilities from {6,=,>} × {6,=,>}. Not

all of them are useful.

Example 3. Let us consider and increasing operation ∗ and replace (=,=) by (6
,6) . If a 6 e, then a∗e = a 6 e, e∗a = a 6 e, i.e. a is a generalized inverse of

e. Thus such generalization is not correct. Similarly, in the generalization (>,>)
every a > e will be a generalized inverse of e, which discredit such generalization.

In consequence, the mixed conditions (6,>) and (>,6) are most interesting.
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The following considerations are modelled only on function semigroups from

the above section. Thus the last section will be presented with proofs.

Definition 7. Let (S, ∗, e,6) be an ordered semigroup with identity e. Element

b ∈ S) is called a pseudo-inverse of a ∈ S, if simultaneously

a ∗ b > e, b ∗ a 6 e. (1)

Lemma 5. In an ordered semigroup with identity (S, ∗, e,6) element a and b

from (1) are regular, i.e. b is a quasi inverse of a.

Proof. According to (1) we obtain

a ∗ b ∗ a > e ∗ a = a, a ∗ b ∗ a 6 a ∗ e = a,

which proves that a ∗ b ∗ a = a, an similarly we get b ∗ a ∗ b = b.

Lemma 6. Any element of an ordered semigroup with identity (S, ∗, e,6) has at

most one pseudo-inverse.

Proof. Suppose that an element a ∈ S has two pseudo-inverses b, c ∈ S. Thus

a ∗ c > e and b ∗ a 6 e, what gives

b = b ∗ e 6 b ∗ a ∗ c 6 e ∗ c = c,

i.e. b 6 c. Similarly we get c 6 b what leads uniqueness of pseudo-inverse.

According to the above lemma we can introduce unique notation b = a+ for

pseudo-inverse (similarly as in the case of functions). Thus we have

a ∗ a+
> e, a+ ∗ a 6 e.

Theorem 14. If a, b ∈ S have pseudo-inverses in (S, ∗, e,6), then also a ∗ b and

b ∗ a have pseudo-inverses, and

(a ∗ b)+ = b+ ∗ a+.

Proof. Because of uniqueness (Lemma 6), it suffice to check if a ∗ b and b+ ∗ a+

fulfills conditions from (1). By associativity we get:

(a ∗ b) ∗ (b+ ∗ a+) = a ∗ (b ∗ b+) ∗ a+
> a ∗ a+

> e,

(b+ ∗ a+) ∗ (a ∗ b) = b+ ∗ (a+ ∗ a) ∗ b 6 b+ ∗ b 6 e,

what finishes the proof.

By analogy to function semigroup we expect

Conjecture 1. If a, b ∈ S have pseudo-inverses in (S, ∗, e,6), then

a 6 b ⇒ b+
6 a+, ((a+)+)+ = a+.

60

• 

• 

• 



Acknowledgment

This work has been supported by the Ministry of Science and Higher Education

Grant Nr N N509 384936.

References

[1] Ben-Israel A., Greville T.N.E. (2003) Generalized Inverses. Theory and Ap-

plications, Springer, Berlin.

[2] Birkhoff G. (1940, 1967) Lattice Theory, AMS Col. Publ. 25, Providence,

R.I.

[3] Blyth T.S. (2005) Lattices and Ordered Algebraic Structures, Springer, Lon-

don.

[4] Brouwer L.E.J. (1908) The unreliability of the logical principles (in Dutch),

Tijdschrift voor Wijsbegeerte 2, 152-158.

[5] Clifford A.H., Preston G.B. (1961) The Algebraic Theory of Semigroups, I,

AMS, Providence, R.I.

[6] Everett C.J. (1944) Closure operators and Galois theory in lattices, Trans.

Amer. Math. Soc. 55, 514-525.

[7] Fuchs L. (1963) Partially Ordered Algebraic Systems, Pergamon Press, Ox-

ford.

[8] Gierz G., Hofmann K.H., Keimel K. , Lawson J.D. , Mislove M.W. and

Scott D.S. (2003) Continuous Lattices and Domains, Cambridge Univ. Press,

Cambridge.

[9] Heyting A. (1930) Sur la logique intuitionniste, Bulletin Acad. Bruxelles 16

(5), 957-963.

[10] Howie J. M. (1995) Fundamentals of Semigroup Theory, Clarendon Press,

Oxford.

[11] Moore E.H. (1920) On the reciprocal of the general algebraic matrix, Bull.

Am. Math. Soc. 26 , 394-395

[12] Neumann J. von (1936) On regular rings, Proc. Nat. Acad. Sci. USA 22,

707-712.

61



[13] Ore O. (1944) Galois connexions, Trans. Amer. Math. Soc. 55, 493-514.

[14] Penrose R. (1955) A generalized inverse for matrices, Proc. Camb. Philos.

Soc. 51 , 406-413).

[15] Rao C.R., Mitra S.K. (1971) Generalized Inverse of Matrices and its Appli-

cations, Wiley, New York.

[16] Rasiowa H. (1974) An Algebraic Approach to Non-Classical Logics, PWN

- North-Holland, Warszawa - Amsterdam.

[17] Schweizer B., Sklar A. (1983) Probabilistic Metric Spaces, North-Holland,

New York.

[18] Ward M. (1937) Residuation in structures over which a multiplication is de-

fined, Duke Math. J. 3, 627-636.

[19] Ward M. (1940) Residuated distributive lattices, Duke Math. J. 6, 641-651.

[20] Warmus M. (1972) Generalized Inverses of Matrices (in Polish), PWN,

Warszawa.

62





Developments in Fuzzy Sets,
Intuitionistic Fuzzy Sets,

Generalized Nets and Related Topics. 
Volume I: Foundations

Editors

Krassimir T. Atanassov
Michaù Baczyñski
Józef Drewniak

Janusz Kacprzyk
Maciej Krawczak

Eulalia Szmidt
Maciej Wygralak 

Sùawomir Zadroýny

Developments in Fuzzy Sets,
Intuitionistic Fuzzy Sets,

Generalized Nets and Related Topics
Volume I: Foundations

Editors

Krassimir T. Atanassov
Michaù Baczyñski
Józef Drewniak

Janusz Kacprzyk
Maciej Krawczak

Eulalia Szmidt
Maciej Wygralak

Sùawomir Zadroýny

SRI PAS IBS PAN

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 Eighth 
International Workshop on Intuitionistic Fuzzy Sets and Generalized Nets  
(IWIFSGN-2009) organized in Warsaw on October 16, 2009 by the Systems 
Research Institute, Polish Academy of Sciences, in Warsaw, Poland, Centre for 
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 Bistrica, 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/ifs2009 

The Eighth International Workshop on Intuitionistic Fuzzy Sets and 
Generalized Nets (IWIFSGN-2009) has been meant to commence a new series 
of scientific events primarily focused on new developments in foundations and 
applications of intuitionistic fuzzy sets and generalized nets pioneered by 
Professor Krassimir T. Atanassov. Moreover, other topics related to broadly 
perceived representation and processing of uncertain and imprecise 
information and intelligent systems are discussed.

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 
in the topics considered.

D
e

v
e

lo
p

m
e

n
ts

 in
 F

u
zzy

 S
e
ts

, In
tu

itio
n

is
tic

 F
u

zzy
 S

e
ts

, G
e
n

e
ra

lize
d

 N
e
ts

 a
n

d
 R

e
la

te
d

 T
o

p
ic

s
. V

o
lu

m
e

 I: F
o

u
n

d
a
tio

n
s

9 788389 475299

ISBN  838947529-4
ISBN-13 9788389475299

�0

�5

�2�5

�7�5

�9�5

�1�0�0

�e�u�l�a�l�k�a�0�1

�1�7� �w�r�z�eÿÿ�n�i�a� �2�0�1�0� �1�1�:�0�9�:�2�3


	001-vol_1_strona_I.pdf
	002-vol_1_strona_II.pdf
	003-vol_1_strona_III.pdf
	004-vol_1_strona_IV.pdf
	005-vol_1_strona_V-foreward.pdf
	006-vol_1_strona_VII-contents.pdf
	007-atanassov.pdf
	008-atanassov-starnova-atanassova.pdf
	009-atanassov-szmidt-kacprzyk.pdf
	010-atanassova.pdf
	011-baczynski.pdf
	012-ban.pdf
	013-drewniak.pdf
	014-drygas.pdf
	015-durica.pdf
	016-habaj.pdf
	017-hinde.pdf
	018-klukowski.pdf
	019-kosinski-wilczynska.pdf
	020-lasova.pdf
	021-matusiewicz.pdf
	022-pekala.pdf
	023-riecan-lasova.pdf
	024-shanon-et-al.pdf
	025-starosta.pdf
	026-szmidt-kacprzyk.pdf


<<
  /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 /Error
  /CompatibilityLevel 1.4
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /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 true
  /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 true
  /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 <>
    /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.)
    /POL <>
  >>
  /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 false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /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 /Error
  /CompatibilityLevel 1.4
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /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 true
  /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 true
  /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 <>
    /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.)
    /POL <>
  >>
  /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 false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




