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Abstract. As well known in a closure space (M, D) satisfying the exchange
axiom and the finiteness condition we can complete each independent
subset of a generating set of M to a basis of M (Theorem A) and any
two bases have the same cardinality (Theorem B) (cf. [1,3,4,7]). In this
paper we consider closure spaces of finite type which need not satisfy the
finiteness condition but a weaker condition (cf. Theorem 3.5). We prove
Theorems A and B for a closure space of finite type satisfying a stron-
ger exchange axiom. An example is given satisfying this strong exchange
axiom, but not Theorems A and B.
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1. Introduction

We consider a set M and define a set © C P(M) of subsets of M such that
© is a complete lattice, i.e., ® is closed with respect to intersections. We call
the elements of © subspaces of M.

For every subset X C M we define the following closure operation:

TPM) - D X X = m U

uem
XCcU

and call the pair (M, D) a closure space. A subset X C M is independent, if
x ¢ X \ {z} for each x € X, and a basis of a subspace U, if X is independent
and X = U.

W Birkhauser
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We consider the following properties:

FC Finiteness Condition For eagh subset T C M and z €T there exists
a finite subset R C T with z € R.

FA Minimal Condition For each subset T'C M and z €T there exists a
minimal subset R ¢ T with xz € R.

EA Exchange Axiom For each independent subset S C M, ye M and
reSU{y}\S itholds yeSu{z}.

EC Exchange Condition For S C M, yeM and z€SU{y}\S itholds
yeSuU{x}.

SEA Strong Exchange Axiom For independent subsets S, Y C M with Y N
S=0and z€SUY \ S there exists y€ Y with ye SU (Y \ {y}) U {z}.

SEC Strong Exchange Condition For subsets S,Y C M with Y NS = () and
r€SUY \ S there exists y €Y with ye SU (Y \ {y}) U {z}.

We recall from [6] Theorems (3.2) and (3.5):

If FA holds, then EA, EC, SEA, SEC are equivalent (cf. [6], Theorem 3.4).

Theorem A. For each subset N C M and each independent subset R C N
there is an independent subset B C N with R C B and B = N, i.e., B is a
basis of the subspace N.

Theorem B. Any two bases of a subspace have the same cardinality.

We recall (cf. [6], Theorem 2.2) that Theorem A implies EA and FA, and
therefore also SEC and the following property:

S2 IfT C M is independent then for Y C T'it holds T'\'Y =,y T\ {y}.
For TCM,Y CT and D :=[,cy T\ {y} we define the conditions

S IfforallyeY itholdsy ¢ T\ {y} then T\Y = D.

S1 If T\Y is independent and for all y € Y it holds y ¢ T\ {y} then
T\Y =D.

Lemma 1.1. (1) S = S1 =82 (2) S &EC = SEC. (3) SEA = S1.
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Proof. (2) Let T := SUY and x € T\ S. If thereisay € Y with y €
SU (Y \ {y}) then SEC is true. If for all y € Y it holds y ¢ SU (Y \ {y})
then by S there isa y € Y with z ¢ SU (Y \ {y}). By EC it follows y €
SU\ DU {a). B B

(3) With S := T\ Y obviously S C D and DNY = (), therefore Y NS = .
For x € SUY \ S by SEA thereisa y €Y withy € SU (Y \ {y}) U {z}. As
y & T\ {y} it follows = ¢ T \ {y}. Therefore x ¢ D and D C S. O

One half of Theorem A is the condition

T  For each subset NCM there is an independent subset BCN with B = N.
In [6] Theorem 2.2 (4) the following lemma was proved:
Lemma 1.2. Let (M, D) be a closure space with S2 and T, then FA is true.

‘We summarize:

S + EC » SEC > SEA S2 4+ T > FA

2. Semi Independence

Let (M, D) be a closure space and X C M. Then X is called semi independent
if each finite subset of X is independent.

Each independent set is semi independent and finite semi independent
sets are independent.

Obviously the set & of all semi independent subsets of M is a closure
system.

Lemma 2.1. (1) Let & be a nonempty chain of &. ThenT := (Jpcq K €6,
i.e., © is inductive.

(2) For each subset N C M and each semi independent subset R C N, the set
{X C N : RC X and X semiindependent} has a mazimal element B.

Proof. (1). Let R C T be finite. For each € R there is a K, € & with z € K,
and L = J,cr Kz € &, hence R is independent and 7" is semi independent.
(2) follows by (1) and Zorn’s lemma. O

We remark that the set B in Lemma 2.1(2) is not necessarily a generating
set of V.

Now let (M,D) be a closure space satisfying the exchange axiom EA.
Lemma 2.2. Let S C M be semi independent. Then:
(1) For each x € M\ S the set S U {z} is semi independent.
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(2) LetxeS.If SU{z} not semi independent, then there exists exactly one
minimal finite subset R C S with v € R

Proof. (1). By Kreuzer and Sorensen [6] Lemma 1.1(3), for each independent
subset R C S and = € R the set RU {z} is independent.

(2). As SU{z} is not semi independent there is a finite dependent subset
of SU {z}. As each finite subset of S is independent there is a finite subset
R C S such that RU {z} is dependent. As R is independent from EA (cf.
[6], Lemma 1.1(2)) it follows x € R. As R is finite there is a minimal subset
Ry C R with z € R;.

Let R1, Ry C S be minimal finite subsets with x € EQE\@ and r € Ry.
As x ¢ Ry \ {r} by EA it follows r € (R; \ {r}) U{z} C (R1\ {r})U Ra. As
Ry U Ry is finite and therefore independent it follows r ¢ (Rq U R2) \ {r} and
therefore (Ry U Ra) \ {r} ; (Ri\{r})URy and r € Rs. O

Theorem 2.3. For each subset N C M and each semi independent subset R C
N, there is a mazximal semi independent set S C N with R C S and S = N.

Proof. By Lemma 2.1(2) there exists a maximal element S and by Lemma 2.2
(1) we have S = N. O

Remark . In general a semi independent set IV is not maximal independent in
N: let © be the system of closed subsets of R and N = Q, then N = R.

Lemma 2.4. Let A C M be finite and independent and B QZ semi indepen-
dent, then |B| < |Al|. If B is maximal semi independent in A, then |B| = |A|.

Proof. By Theorem 2.3 there is a maximal semi independent subset C C A
with B C C and A = C.

Because of EA Steinitz’ exchange theorem is valid in (M, D). Therefore in
C there is a basis A’ of A (cf. [1,7]) and further as A is finite, |A’| = |A]. As A’
is maximal independent in C' and C' is semi independent it follows A’ = C. O

Theorem 2.5. Any two mazimal semi independent subsets of a subspace have
the same cardinality.

Proof. Let D € © and A, B maximal semi independent subsets in D. Then by
Theorem 2.3 D = A = B. If B is finite then by Lemma 2.4 |A| = |B|.

Let A, B be infinite. For a € A by Lemma 2.2(2) there is exactly one min-
imal finite subset B, C B with a € B,. By Lemma 2.4 it holds |B,NA| < |B,|.

By Karzel et al. [5, p. 191] for each infinite set C' and B C {X € B(C) :
|X| € No} with |Jzeq R = C it follows |B| = |C]. Therefore if B := {B, : a €
A} then from Up cu(BaNA) = A and Uy e Ba C B it follows [B| = [4]
and |B| < |B]. O
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3. Near Independence

Let (M,D) be a closure space. A subset S C M is said to be nearly indepen-
dent if there is an n € Ny such that

For each X C S with X € S\X it holds |X]| < n.

If we need to make use of the number n then the nearly independent set
S sometimes will be called n-independent. We remark that a subset N of an
n-independent set .S my be m-independent for a smaller m < n.

Lemma 3.1. Let N C M be nearly independent and T C N. Then there is a
mazimal (and finite) subset Z C T with Z C N\Z

Lemma 3.2. Let N C M be nearly independent then there is an independent
subset B C N with B = N

Proof. Let No := N. If N; is dependent let z;41 € N; with 2,11 € N\{x;11}
and N;11 = N;\{x;11}. If N is n-independent with n € Ny then there is
0 <4 <n such that NV; is independent. O

Theorem 3.3. Let (M,D) be a closure space with SEA. Let R C S C M,
R independent and S nearly independent. Then there is an independent set
BC S withRCBand B=S.

Proof. Let Z C S\R be maximal with Z C S\Z (cf. Lemma 3.2), V :=

S\(ZUR) and B:=S\Z=R U V. As Z is maximal for all y € V it holds
y ¢ S\(ZU{y}) = RU (V\{y}) and V is independent. By SEA for all z € R
it follows = ¢ (R\{z}) U V. Therefore B is independent. O

We recall that a closure space has finite character ([8, p. 7]) if each semi
independent set is independent. This condition is weaker than the finiteness
condition FC (cf. example in [2, page 160]). But if in addition the exchange
axiom EA is valid, then each closure space with finite character satisfies the
finiteness condition (cf. [2, page 169]).

We will say that a closure space is of finite type if each semi independent
set is nearly independent. For a closure space to be of finite type in general is
a weaker condition than to have finite character.

Ezample 3.4. The closure space (M, D) in example B in [6] with an infinite set
M,aeMand ® :={D C M :|D| €Ny} U{D C M :a € D} is not of finite
character but of finite type as all semi independent subsets are 1-independent.
(M, D) satisfies EC but not SEA. Therefore Theorem A is not true in (M, D):
Let N C M be dependent and R C N be finite with a € R, then N = N and
R is independent. The set B := N\{a} is the only independent subset of N
with B = N, but R ¢ B.
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We summarize:

Theorem 3.5.

FC ™| finite character «H > finite type

A

Y

FC+SEA| lfinite char+SEA - ™finite type+SEA
p\ y\ \
Y Y vy T

FC + EA[__"|finite char+EA [, | finite type+EA >  FA

FA + SEA

Proof. If FC or FA holds, by Theorem (3.4) of [6], EA and SEA are equivalent.
For a closure space of finite type satisfying SEA, by the following Lemma 3.7,
FA holds. The example of Sect. 4 shows that a closure space with SEA and
FA in general does not satisfy Theorem B, hence by the following theorem 3.6
the closure space cannot be of finite type.

Example C of [6] is a closure space of finite type (since all semi inde-
pendent sets are 1-independent) with SEA, not satisfying FC, hence a closure
space of finite type satisfying SEA need not have finite character. O

Theorem 3.6. Let (M,D) be a closure space of finite type satisfying the
exchange axiom EA. Then:

(1) (Condition T) For each N C M there is an independent subset B C N
with B = N.
(2) (Theorem B) Every two bases of a subspace have the same cardinality.

Proof. (1). By Theorem 2.3 there is a semi independent A C N with A = N.
By Lemma 3.2 there is an independent subset B C A with B = A.

(2) Let D € ® and By, By bases of D. If By is finite then by Lemma 2.4
we have |B;j| = |Bs|. Let By, B be infinite. By Theorem 2.3 there are maxi-
mal semi independent sets A1, As with B C A; C D. By Theorem 2.5 it holds
|A1| = |As]. As A;\B; C D = B; = A;\(A;\B;) and A; is semi independent
and therefore nearly independent it follows |A;\B;| € Ny and |B;| = |4;]. O

We remark that by Theorem 2.3 we can complete an independent set R
of a subspace U to a maximal semi independent set N and by Theorem 3.6(1)
N contains a basis B, but in general we have not R C B. Now we assume in
addition SEA.

Lemma 3.7. Let (M, D) be a closure space of finite type with SEA, then (M,D)
satisfies the minimal condition FA.

Proof. As SEA includes EA, by Theorem 3.6 (M, D) satisfies the condition T.
By Lemma 1.1 from SEA follows S1 and by Lemma 1.2 the condition FA is
true. 0
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Theorem 3.8. Let (M, D) be a closure space of finite type with SEA, then: (The-
orem A). For each subset N C M and for each independent subset R C N,
there exists a basis B of N with RC B C N.

Proof. By Lemma 2.1(2) there exists a semi independent subset B with R C
B C N which is maximal in N and by Theorem 2.3, B = N. By assumption
B is nearly independent and the proposition follows by Theorem 3.3 0

4. Example

Let M be a set and § C P(M). §F is called a c-system on M, if for all D € §
and C C D it holds C € §.

For §° € P(M) theset F:={D Cc M : I F € §° with D C F} is a
c-system, determined by F°.

Lemma 4.1. For each family (§x)rea of c-systems on M the sets (), §x and
Uy 8 are c-systems.

Lemma 4.2. Let § be a c-system on M.
(1) M e€F if and only if § = P(M).
(2) FU{M} is a closure system with the corresponding closure operator
5 S if SeFU{M}
M ifSé¢F
(3) Each T € F\{M} is independent.
(4) T C M is independent if and only if for each y € T it holds T\{y} € §.

Lemma 4.3. Let § be a c-system on M. In the closure space (M,§U{M?}) the
conditions EA, EC and (x) are equivalent.

(%) Forall S e Fandye M with SU{y} ¢ § the set S is a maximal element
ing.

Proof. EA = (x). S is independent as S € §, and SU {y} = M as SU{y} ¢ 3.
For z ¢ S = S it follows z € SU{y}\S and by EA y € SU {x}, hence
Su{z} =M.

(¥) = EC.Let SC M, y€ M and z € SU{y}\S, then M # S =S € 3.
If x # y then x ¢ SU{y} # SU{y} and SU{y} ¢ §. By () the set S is
maximal and therefore SU {z} = M. O

Lemma 4.4. Let (M,FU{M}) be a closure space with EA and B C M. Then
the following conditions are equivalent:

(1) For each y € B the set B\{y} is mazimal in §.
(2) B¢ and B is a basis.
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Proof. (1) = (2). By Lemma 4.2(4) the set B is independent. As B\{y} is
maximal it follows B ¢ § and B = M.

(2) = (1). By Lemma 4.2(4) for each y € B it holds B\{y} € §. Let
x € M\B then z € B\B\{y}. By EA it follows y € (B\{y}) U {z} = M and
(B\{y}) U{z} ¢ 3. O

In the following we will give examples of c-systems on a set M. Let Q1, Q>
be disjoint infinite sets, M := Q1 U Q2 and for i € {1,2} and S C M define

0:(S) :=1Q;NS| and p;(S):=1Q:\S|.
Lemma 4.5. Let i,j € {1,2} withi# j, RC S C M andy € Q;\S.

(1) 6:i(R) < 6;(5) and pi(R) = pi(S).
(2) 6;(SU{y}) =6;(9) + 1, ni(SU{y}) = 1;(S) = 1, 6:;(S U {y}) = 6:(5)
and p1;(SU{y}) = = pi(S)-

For 4,5 € {1,2} with ¢ # j let

A} == {D C M :§;(D) = (D) € No},

B, :={D C M :5;(D) € No, pu;(D) ¢ No},
A = {D C M:6,(D) < (D) € No} U B,
¢} :={D C M :§;(D), ui(D) ¢ No},

¢ :={DcC M:u;(D)¢ Ny}, and

D; =AU U ¢,

From Lemma 4.5 it follows

Lemma 4.6. Let i,j € {1,2} with i # j. Then

1) B, and €; are c-systems.

2) The set AV determines the c-system 2U;.

3) The set €V determines the c-system €; and A; N €; = B;.

4) D, =AU is a c-system with A; = {D € D; : §;(D) € Ny}.
5) ﬂ?cﬂl\%ZC{DCM@(D),pZ(D) ENo} CQ:]‘.

7) QlﬁﬁDngllUngU(C?ﬁQg).

8) Q; € 52[?

Proof. (5) Let D C M with p;(D),d;(D) € Ny. From |Q;\D| € Ny and |Q;| ¢
NO it follows (gl(D) = |Qz n D| ¢ No. From |QJ n D| S NO and |QJ| ¢ NO it
follows /LJ(D) = |QJ\D| ¢ N(). O

Lemma 4.7. Leti € {1,2}, S €D, and y € M\S. Then

(1) IfS e and SU{y} € ®; then SU{y} € A,.
(2) SeW — Su{yt¢D,.
(3) IfSeAY and s € S then (S\{s}) U {y} € AY.
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Proof. Let j € {1,2}\{i}. (1) As 6;(S) € Ny from Lemma 4.5(2) it follows
0;(SU{y}) € Ng and SU {y} € A, by Lemma 4.6(4).

(2) If S € A? then 6,(S) = u;(S) € Ny and by Lemma 4.5(2) it follows
55(5 U {y}) = (S U {y}) + 1.

If SU{y} ¢ ©; then 0;(SU{y}) > 1;(SU{y}) € No. By Lemma 4.5(2)
it follows 0;(S) 4+ 1 > p;(S) € Ny and therefore S € ; and §;(S) < p;(S).

(3) As S\{s} € A\AY by (2) it follows (S\{s}) U {y} € D; and as
SU{y} ¢ Di by (2) again (S\{s}) U{y} € A 0

From Lemma 4.7 it follows

Lemma 4.8. (1) 29 is the set of all mazimal elements of 2U;.
(2) AYUA is the set of all mazimal elements of D1 N Ds.

In the following let § :=2A; U or § := D1 NDs.
By combining the Lemmata 4.3, 4.4, 4.7 and 4.8 we get the following
results.

Lemma 4.9. EC holds in (M,FU{M}).

Lemma 4.10. All bases of (M,FU{M?}) are of the form SU{y} with S € AIUAJ
and y € M\S.

Lemma 4.11. FC does not hold in (M,FU{M}).

Proof. With ¢ € Q2 the set Q1 U {q} is a basis of M. By Lemma 4.1,(1)
each proper subset R ; Q1 U {q} lies in §. Therefore R = R # M and

RN (Q2\{g}) = 0. -

Lemma 4.12. (1) (Condition T) In the closure space (M, (D1 NDa) U{M})
each generating set of M contains a basis of M.
(2) FA holds in (M, (D1 ND) U{M}).

Proof. (1) Let N ; M with N = M, then N ¢ ©; NDq. If N ¢ D; then
d2(N) > p1(N) € Ny. Take a subset R C Q2 N N with |R| = uq(N). For
S = (Q1NN)UR we get §2(5S) = d2(R) = p1(N) = p1(S) and therefore
S € A9. With y € (Q2 N N)\R the set S U {y} is a basis by Lemma 4.10. O

Lemma 4.13. Fori=1,2 let R; C Ql with (5Z<R1)7M1(R2) ¢ Ng. Then

(1) RiURy € Q:(l) n Q:g C (@1 n @2)\(9[1 U 2[2)

(2) In the closure space (M, (21 UA2) U{M}) the set R1URy is a generating
set of M but does not contain a basis of M.

(3) In the closure space (M, (D1ND2)U{M}) the set Ry U Ry is independent
but cannot be completed to a basis of M.

Proof. (2), (3) For i € {1,2} and all S € 29, y € M\S, T € €Y N ¢} it holds
(Su{yh)nT = 0. O
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Ezample 4.14. Let M =R, @1 := Q and @2 = R\Q. By Lemma 4.10 the set
QU {r} as well as the set (R\Q)U {1} is a basis of (R,§ U {R}). Hence we
have two bases with distinct cardinality and Theorem B is not valid.

References

1] Birkhoff, G.: Lattice Theory. A.M.S. Collog. Publ., Providence (1967)

2] Buekenhout, F.: Espaces a fermeture. Bull. Soc. Math. Belg. 19, 147-178 (1967)

3] Cohn, P.M.: Universal Algebra. D. Reidel, Dordrecht (1981)

4] Delandtsheer, A.: Dimensional linear spaces. In: Buekenhout, F. (ed.) Handbook
of Incidence Geometry, chapt. 6. Elsevier, Amsterdam (1995)

[5] Karzel, H., Sorensen, K., Windelberg, D.: Einfithrung in die Geometrie. UTB
Vandenhoeck, Gottingen (1973)

[6] Kreuzer, A., Sorensen, K.: Exchange properties in closure spaces. J. Geom. 98,
127-138 (2010)

[7] Schmidt, J.: Einige grundlegende Begriffe und Sétze aus der Theorie der Hiillen-
operatoren. Ber. Math. Tagung Berl. 21-48 (1953)

[8] Tukey, J.-W.: Convergence and Uniformity in Topology. Princeton University

Press, Princeton (1940)

[
[
[
[

Alexander Kreuzer

Fachbereich Mathematik

Universitat Hamburg

Bundesstr. 55

20146 Hamburg

Germany

e-mail: kreuzer@math.uni-hamburg.de

Kay Sorensen

Zentrum Mathematik
Technische Universitat Miinchen
Boltzmannstr. 3

85747 Munich

Germany

e-mail: soeren@ma.tum.de

Received: November 12, 2010.
Accepted: December 20, 2010.



	Closure Spaces of Finite Type
	Abstract
	1. Introduction
	2. Semi Independence
	3. Near Independence
	4. Example
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


