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Nonexistence of Stein structures on
4-manifolds and maximal
Thurston-Bennequin numbers

KovulcHI Yasul

For a 4-manifold represented by a framed knot in S3, it has been
well known that the 4-manifold admits a Stein structure if the
framing is less than the maximal Thurston-Bennequin number of
the knot. In this paper, we prove either the converse of this fact
is false or there exists a compact contractible oriented smooth 4-
manifold (with Stein fillable boundary) admitting no Stein struc-
ture. Note that an exotic smooth structure on S* exists if and only
if there exists a compact contractible oriented smooth 4-manifold
with boundary S? admitting no Stein structure.

1. Introduction

Stein 4-manifolds have many applications to low-dimensional topology
(cf. [10, 15]), and thus characterizing a 4-manifold admitting a Stein struc-
ture is an important problem. This problem is related to the 4-dimensional
smooth Poincaré conjecture. Indeed, every homotopy S* is diffeomorphic
to S* if and only if every compact contractible oriented smooth 4-manifold
with boundary $% admits a Stein structure (cf. Remark 4.8). Due to this
fact and usefulness of Stein corks (e.g. [2]), the following generalization is
well known to experts.

Problem 1.1. Does every compact contractible oriented smooth 4-manifold
admit a Stein structure?

The following case is particularly interesting, since S® is Stein fillable.
Note that a closed oriented 3-manifold is called Stein fillable if it is diffeo-
morphic to the boundary of a compact Stein 4-manifold.

Problem 1.2. Does every compact contractible oriented smooth 4-manifold
with Stein fillable boundary admit a Stein structure?
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The main purpose of this paper is to relate this problem with another
natural problem as a potential approach to this problem. We recall the
latter problem. For a 4-manifold represented by a framed knot in S® (i.e.
an oriented 4-manifold obtained from D* by attaching a 2-handle along a
framed knot, where the orientation is the one induced from D*.), it has
been well known that the 4-manifold admits a Stein structure if the framing
is less than the maximal Thurston-Bennequin number of the knot ([4, 9]).
However, the converse of this fact is an open problem.

Problem 1.3. Assume that a framed knot in S® represents a 4-manifold
admitting a Stein structure. Is the framing less than the maximal Thurston-
Bennequin number of the knot?

The affirmative answer to this problem clearly gives a simple character-
ization of a framed knot representing a Stein 4-manifold. We remark that
this problem is affirmative for many knots (e.g. positive torus knots) due to
the adjunction inequality for Stein manifolds. In this paper, we prove the
following.

Theorem 1.4. Fither Problem 1.2 or 1.3 has a negative answer. Moreover,
if the answer to Problem 1.2 (resp. Problem 1.3) is affirmative, then there
exist infinitely many counterexamples to Problem 1.3 (resp. Problem 1.2).

In fact, we give infinitely many potential counterexamples to Problem 1.2
(see Conjecture 4.6). This theorem easily follows from the following exam-
ples, which we construct from the potential counterexamples to Problem 1.2.

Theorem 1.5. There exist infinitely many framed knots in S3 satisfying
the following conditions.

e Fach framed knot represents a 4-manifold which is diffeomorphic to
the boundary connected sum of a contractible 4-manifold with Stein
fillable boundary 3-manifold and a compact Stein 4-manifold.

e The framing of each framed knot is not less than the maximal Thurston-
Bennequin number of the knot. Moreover, each framed knot can be cho-
sen so that the framing is arbitrarily larger than the maximal Thurston-
Bennequin number of the knot.

To determine the maximal Thurston-Bennequin numbers of these knots,
we give a cabling formula under a certain condition, utilizing a result of
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Rutherford [16] on rulings. This formula might be of independent inter-
est (Proposition 4.2). We remark that other cabling formulas under totally
different conditions were given by Etnyre and Honda [7] and Tosun [18] us-
ing contact width, but it seems difficult to verify that a knot satisfies the
conditions on contact width. Yet another cabling formula under a different
condition, which can be easily checked, was given by Lidman and Sivek [13]
using a technique of Etnyre and Honda [6].

2. Construction of framed knots

We first introduce contractible 4-manifolds. For integers n and k, let X,
be the smooth 4-manifold given by the handlebody diagram in Figure 1.
Here the box n denotes the n right-handed full twists. Each X, ;, is clearly
contractible, and thus its boundary 0X,, ; is a homology 3-sphere. We re-
mark that each X is diffeomorphic to D*, since the 2-handle goes over
the 1-handle geometrically once after isotopy. Let Y,, ;. denote the bound-
ary connected sum of X, and the total space of the D2-bundle over S?
with Euler number —n. Clearly Y, ;. has the handlebody diagram shown in
Figure 2.

Figure 1: X, .

FT{ —
[&8al &

Figure 2: Y, .

We here show that the boundary of X, ;. is Stein fillable. We assume that
the reader is familiar with handlebody descriptions of Stein 4-manifolds. For
their details, we refer to [10].
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Lemma 2.1. (1) X, admits a Stein structure forn >1 and k < 2n — 1.
(2) 0X,, 1, is Stein fillable for n > 2 and k > 4n — 4.

Proof. The claim (1) follows from the Stein handlebody diagram of X, ;, in
Figure 3. We prove (2). By blowing up X, for n > 2 and k > 4n — 4, we
obtain the first diagram in Figure 4. Modifying this 4-manifold preserving
the boundary, we obtain the third diagram in the figure. Converting the 1-
handle notation, we obtain the Stein handlebody given by the last diagram.
We thus realized 0X,, ;. as the boundary of a 4-manifold admitting a Stein
structure. U

Figure 3: Stein handle decomposition of X, (n > 1 and k < 2n —1).

For an integral homology 3-sphere M, let A(M) denote the Casson in-
variant of M. For the basics of Casson invariants, we refer to [17].

Lemma 2.2. \0X, ;)= —2n for any integers n and k. Consequently,
00X 1 is mot homeomorphic to S® if n # 0.

Proof. A Rolfsen twist gives us the Dehn surgery diagram of 90X, in Fig-
ure 5. Let A,, ;. be the —%—framed knot in the diagram. Ignoring A,, 1, this di-
agram gives 0X¢ p—4y,, which is diffeomorphic to S3. Note that the 0-framing
of A, 1 induced from this diagram of 90X ;_4y, is equal to the 0-framing of
Ap 1 induced from a Seifert surface of A, j in S3. The surgery formula of
the Casson invariant thus shows

NOX,p) = A(S%) = A%, (1) = =5 A% (1),
where A 4, , denotes the Alexander polynomial of A, ;. According to Corol-
lary 1.7 in [1], we have A(0X;j;) = —2. The above equality thus shows
A’y (1) = 4. Therefore the claim follows. O
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Figure 4: 4-manifolds bounded by 0X,,;, (n > 2 and k > 4n — 4).

Remark 2.3. This proof shows that 0.X,, ;, is obtained by a non-integral
surgery along a knot in S3. Due to [11], this implies that 0X,,  is an irre-
ducible 3-manifold.

Next we construct a framed knot by canceling the 1-handle of Y, ;.. Let
us recall that, for a knot K in S3, the (p, q)-cable C,, ,(K) of K is defined
to be a knot in S% which is a simple closed curve in the boundary dv(K)
of the tubular neighborhood v(K) of K representing the class p[K'] 4+ ¢[a]
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Figure 5: 0X,, .

in H1(0v(K);Z). Here « is the positively oriented meridian of K, and K’ is
the O-framing of K induced from a Seifert surface of K.

For an integer m, let K,, be the ribbon knot in S® given by Figure 6.
For a positive integer n, we denote the (n, —1) cable of K, by Ky, .

Figure 6: K,,.

Lemma 2.4. For integers n,k with n > 1, Y, ;. is diffeomorphic to the 4-
manifold represented by the knot Ky_4,, with the framing —n.

Proof. We consider the diagram of Y, ; in Figure 2. Sliding the k-framed
knot over the —n-framed unknot twice, we obtain the upper diagram in Fig-
ure 7. Since the (k — 4n)-framed knot goes over the 1-handle geometrically
once after isotopy, the subhandlebody consisting of the 1-handle and this
2-handle is diffeomorphic to D*. The intersection form of Y, 1. tells that the
—n-framed knot in the upper diagram becomes a —n-framed knot in S°
after canceling the handle pair. By the definition of cable knots, one can
easily check that this knot is the (n, —1)-cable of the unframed knot shown
in the lower left diagram of Figure 7. Therefore it suffices to show that this
unframed knot is isotopic to K _4,. By isotopy, we see that this knot is iso-
topic to the unframed knot in the lower right diagram. Canceling the handle
pair, we easily see that the resulting knot is isotopic to Kj_4,. ]
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3. Rulings of Legendrian knots

In general, it is a difficult problem to determine the maximal Thurston-
Bennequin number of a knot. In this section, we briefly recall rulings which
provide a useful method for this problem. We refer to [16] for details. For
basics of contact topology and Legendrian knots, the readers can consult
[15].

In this paper, a Legendrian knot in S® means the one with respect to
the standard tight contact structure on S3. We use the following notation.

Notation 3.1. For a Legendrian knot K in S3, tb(K) denotes the Thurston-
Bennequin number of . A Legendrian representative of a (smooth) knot
in S is a Legendrian knot smoothly isotopic to the knot. For a (smooth)
knot K in S3, the maximal Thurston-Bennequin number tb(K) of K is the
maximal value of tb(K) of a Legendrian representative of K.

Let K be a Legendrian knot in S3. By removing one point from S3,
we may assume that C is tangent to the standard tight contact structure
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ker(dz — ydx) on R3 = {(x,y,2) | z,5,2z € R}. We consider the front dia-
gram (i.e. the projection into the xz plane) of . By planar isotopy, we may
assume that all singular points of the front diagram D of K have pairwise
distinct z-coordinates. For a subset A of the set of crossing points of the
front diagram of D, let Dj be the front diagram of a Legendrian link ob-
tained from D by smoothing the neighborhood of each crossing point A € A
as shown in Figure 8. We denote the x-coordinate of A € A by z}.

Definition 3.2. A is called a ruling of K if the following conditions hold.

e Each knot component /C; of the front diagram D, has exactly one
left cusp and no self-crossing. We denote the upper and the lower
horizontal strands by U; and L;, respectively.

e For each \ € A, the two strands obtained by smoothing at the crossing
point A belong to two distinct knot components of Dy. We denote the
upper and the lower of these strands by Py and @)y, respectively.

e (Normality) For each A € A, there exist two knot components, denoted
by K; and ;, satisfying one of the following conditions (see also the
lower part of Figure 8).

(i) P)\ = LZ‘ and Q)\ = Uj.
(ii) Py = L; and Q) = L;. Furthermore, the z-coordinate of U; is less
than that of U; at x = x).
(iii) Py =U; and Q) = U;. Furthermore, the z-coordinate of L; is less
than that of L; at x = x).

— Ui — Uj o
N Pi=Li Ui N meu
7 N\ Qi=U N Pi=Li 7N Q=i
A=Uj .
L P T ——

j Li

Figure 8: Smoothing and the normality condition.
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We remark that there are many knots admitting Legendrian represen-
tatives with rulings (see [12] and the references therein). However, there
are also many knots (e.g. many negative torus knots) in S® which have no
Legendrian representative admitting a ruling (cf. [14]).

According to the following result of Rutherford, one can determine the
maximal Thurston-Bennequin numbers of knots admitting Legendrian rep-
resentatives with rulings.

Theorem 3.3 (Rutherford [16]). If K is a Legendrian knot in S® ad-
mitting a ruling, then tb(KC) = tb(K).

Remark 3.4. Although finding a ruling of a Legendrian knot is not easy,
the following result of Rutherford [16] characterizes the existence of a ruling:
a Legendrian knot K admits a ruling if and only if the Kauffman bound of
tb(K) is equal to tb(K). Here the Kauffman bound is the bound given by
Kauffman polynomial.

4. Determining the maximal Thurston-Bennequin numbers

In this section, we determine %(Kmn) for m > 0 and prove our main theo-
rem. We first give a ruling for K,,.

Lemma 4.1. Form > 0, the knot K, has a Legendrian representative with
tb = —2m — 2 which admits a ruling. Consequently, tb(K,,) = —2m — 2 for
m > 0.

Proof. 1t is not difficult to see that K,, (m > 0) has the Legendrian repre-
sentative in Figure 9 (ignore dots). One can check that the set of dots in this
diagram is a ruling. Thus Theorem 3.3 shows that tb(K,,) is realized by this
Legendrian representative. Calculating the Thurston-Bennequin number, we
obtain the claim. O

Next we give a cabling formula of the maximal Thurston-Bennequin
number of a knot, relying on the Rutherford’s theorem. This might be of
independent interest.

Proposition 4.2. Assume that a knot K in S admits a Legendrian repre-
sentative with a ruling. Then for any relatively prime integers p, q with p > 2
and q > tb(K)p + p, the (p,q)-cable Cy, 4(K) of K admits a Legendrian rep-
resentative with a ruling and satisfies

th(Cpq(K)) = th(K)p® + (¢ — th(K)p)(p — 1).
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/

S

Figure 9: A Legendrian representative of K, (m > 0). The set of dots is a
ruling.

Proof. Let A be a ruling of a front diagram D of a Legendrian representative
K of K. Let D, be the front diagram consisting of p copies of D which are
obtained by slightly moving D to the z-direction. Figure 10 describes its
local pictures near cusps and a crossing point of D. We denote the ruling A
in the i-th copy of D by A; (1 <i < p). We fix one left cusp and one right
cusp of D, and we modify D, near only these two cusps as shown in the
upper side of Figure 11. Here r = ¢ — tb(K)p — p, and the box = - denotes the
twists shown in the lower side of the figure. We denote the resulting front
diagram by D, ,, and let I be the set of (p — 1)r crossing points in the box
% One can see that D, , gives a Legendrian representative £ of the cable
Cp.q(K).
Now let ® be the subset of crossing points of D), , defined by

CI):FUAlLJAQU”-UAp.

We show that ® is a ruling of D, ,. Since the local picture of D, , around
the fixed left cusps in Figure 11 does not contain any element of UY_; A,
we can easily check that each point of I' C D, , satisfies the condition of a
ruling with respect to ®. We here consider the front diagram obtained from
D, 4 by smoothing all the crossing points in I'. This diagram clearly has p
knot components each of which is isotopic to D. Therefore we see that ®
is a ruling of D, 4, since each A; is a ruling of the i-th copy of D. Hence
Theorem 3.3 shows th(C),(K)) = tb(L). Calculating tb(L), we obtain the
claim. O

Remark 4.3. (1) More generally, a similar formula must holds for satellite
knots under an appropriate condition on patterns and companions. We do
not pursue this point here.



Nonexistence of Stein structures on 4-manifolds 101

Figure 11: Modification of fixed cusps (r = g — tb(K)p — p > 0).

(2) The same formula also holds if C), ,(K) is a link (i.e. p, ¢ are not relatively
prime). This is because the aforementioned theorem of Rutherford also holds

for links ([16]).

(3) This formula does not hold for ¢ < tb(K)p + -p — 1. For example, if K is
unknot, then the formula does not hold for ¢ = tb(K)p+p—1= —1.
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_ By this proposition and Lemma 4.1, we can clearly determine the value
of th(Kp, ).

Proposition 4.4. For integers m >0 andn > 1,

to(Kmn) = —2mn — 3n + 1.

Remark 4.5. (1) This proposition shows that K, ,, is not isotopic to K,
for m>m/ > 0and n > 1.

(2) In the m < 0 case, the value of tb(K,, ,,) behaves very differently. Indeed,
in [19], we prove tb(K, ) = —1 for n > 2 and m < —4n + 3. (This result
implies the existence of reducible Legendrian surgeries, disproving a con-
jecture in [13].) To show this, we construct a very complicated Legendrian
representative, unlike the representative given by Proposition 4.2.

Now we are ready to prove our main result.

Proof of Theorem 1.5. Let m,n be integers with m > 0 and n > 2. We con-
sider the knot K, , with —n-framing. By Lemma 2.4, the 4-manifold repre-
sented by this framed knot is diffeomorphic to Y}, ;;,44,, which is the bound-
ary connected sum of the contractible 4-manifold X, ,,44, and a compact
Stein 4-manifold. Lemma 2.1 shows 0X,, 44, is Stein fillable, and Propo-
sition 4.4 shows —n > tb(Ky,.n) + m. Therefore, the set

{—n-framed Ky, ,, | m >0, n > 2}

is an infinite family of framed knots satisfying the conditions of Theorem 1.5.
O

Proof of Theorem 1.4. We recall that the infinite family
{—n-framed Ky, ,, | m >0, n > 2}

of framed knots satisfy the conditions of Theorem 1.5, and that the 4-
manifold represented by —n-framed K, ,, is diffeomorphic to the boundary
connected sum of the contractible 4-manifold X, ;, 44, with Stein fillable
boundary and a compact Stein 4-manifold.

We first assume that Problem 1.2 has an affirmative answer. Since the
boundary connected sum of Stein handlebodies is a Stein handlebody (cf.
[10]), the boundary connected sum of any compact Stein 4-manifolds ad-
mits a Stein structure. Therefore, the conditions of Theorem 1.5 and the
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assumption show that the above infinite family gives an infinite family of
counterexamples to Problem 1.3.

We next assume that Problem 1.3 has an affirmative answer. Then the
boundary connected sum of X, ;445 and a compact Stein 4-manifold admits
no Stein structure for n > 2 and m > 0, since this 4-manifold is represented
by —n-framed K, ,, and its framing —n is larger than %(Kmm). This implies
that the contractible 4-manifold X, ;;,44, admits no Stein structure for n > 2
and m > 0. Therefore by Lemma 2.2, the set

{Xn,m+4n ’ n>2 m2> O}

gives an infinite family of counterexamples to Problem 1.2. O

We propose potential counterexamples to Problem 1.2.

Conjecture 4.6. The compact contractible oriented smooth 4-manifold X, j.
with Stein fillable boundary does not admit any Stein structure forn > 2 and
k > 4n.

We remark that, if the answer to Problem 1.3 is affirmative for —n-
framed Kj_4pn, (n>2 and k > 4n), then X, ;, does not admit any Stein
structure (see the proof of Theorem 1.4).

Remark 4.7. Lemma 2.1 implies that Y}, ; admits a Stein structure for
n > 2and k < 2n — 1. Since Lemma 2.4 tells that Y}, ;. is represented by —n-
framed K4y, n, it is natural to ask if the framing —n is less than tb(Kj_4p.n)
for n > 2 and k < 2n — 1. Contrary to the intuition coming from the stan-
dard cabling construction of a Legendrian representative, we solve this ques-
tion affirmatively in [19], giving a supporting evidence for Problem 1.3.

Remark 4.8. For the reader’s convenience, we show that every homotopy
54 is diffeomorphic to S§* if and only if every compact contractible oriented
smooth 4-manifold with boundary S admits a Stein structure. This fact is
well known to experts.

First assume the former statement is true, and let C' be a compact
contractible oriented smooth 4-manifold whose boundary is diffeomorphic to
S3. Then the Freedman’s theorem [8] tells that the 4-manifold Z obtained
from C by attaching D* is homeomorphic to S*. Hence Z is diffeomorphic to
5S4 by the assumption. Since an embedding of D* is unique, the complement
C = S* — D* is diffeomorphic to D*. Thus C admits a Stein structure.

Next assume the latter statement is true, and let Z be a smooth 4-
manifold which is homotopic to S%. Then the compact oriented 4-manifold
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Z — D* is simply connected and has the same homology group as that of
one point. Hence, according to Whitehead’s theorem, Z — D* is contractible.
Thus Z — D* admits a Stein structure by the assumption. According to
Eliashberg’s theorems [3, 5], any Stein filling of S? is diffeomorphic to D*.
Hence Z — D* is diffeomorphic to D*. Since attaching D?* is unique, Z =
(Z — D*) U D* is diffeomorphic to S*.

Acknowledgements

The author would like to thank Selman Akbulut for fruitful conversations.
This work was mainly done during the author’s stay at Michigan State
University from August 2014 to February 2015. He would like to thank
them for their hospitality. He also thanks the referee for his/her helpful
comments. The author was partially supported by JSPS KAKENHI Grant
Number 25800048.

References

[1] S. Akbulut and C. Karakurt, Heegaard Floer homology of some Mazur
type manifolds, Proc. Amer. Math. Soc. 142 (2014), no. 11, 4001-4013.

[2] S. Akbulut and K. Yasui, Corks, Plugs and exotic structures, J. Gokova
Geom. Topol. GGT 2 (2008), 40-82.

[3] Y. Eliashberg, Filling by holomorphic discs and its applications, Geom-
etry of low-dimensional manifolds, 2 (Durham, 1989), 45-67, London
Math. Soc. Lecture Note Ser., 151, Cambridge Univ. Press, Cambridge,
1990.

[4] Y. Eliashberg, Topological characterization of Stein manifolds of dimen-
sion > 2, International J. of Math. 1 (1990), no. 1, 29-46.

[5] Y. Eliashberg, Contact 3-manifolds twenty years since J. Martinet’s
work, Ann. Inst. Fourier (Grenoble) 42 (1992), no. 1-2, 165-192.

[6] J. B. Etnyre and K. Honda, Knots and contact geometry. I. Torus knots
and the figure eight knot, J. Symplectic Geom. 1 (2001), no. 1, 63-120.

[7] J. B. Etnyre and K. Honda, Cabling and transverse simplicity, Ann. of
Math. (2) 162 (2005), no. 3, 1305-1333.

[8] M. Freedman, The topology of four-dimensional manifolds, J. Differen-
tial Geom. 17 (1982), no. 3, 357-453.



Nonexistence of Stein structures on 4-manifolds 105

. BE. Gompt, Handlebody construction of Stein surfaces, Ann. of Math.
9] R. E. G f, Handlebod ] Stei A f Math
(2) 148 (1998), no. 2, 619-693.

[10] R. E. Gompf and A. I. Stipsicz, 4-manifolds and Kirby calculus, Gradu-
ate Studies in Mathematics 20. American Mathematical Society, 1999.

[11] C. McA. Gordon, and J. Luecke, Only integral Dehn surgeries can yield
reducible manifolds, Math. Proc. Cambridge Philos. Soc. 102 (1987),
no. 1, 97-101.

[12] T. Kalmén, Mazimal Thurston-Bennequin number of +adequate links,
Proc. Amer. Math. Soc. 136 (2008), no. 8, 2969-2977.

[13] T. Lidman and S. Sivek, Contact structures and reducible surgeries,
Compos. Math. 152 (2016), no. 1, 152-186.

[14] L. Ng, A Legendrian Thurston-Bennequin bound from Khovanov homol-
ogy, Algebr. Geom. Topol. 5 (2005), 1637-1653.

[15] B. Ozbagci and A. 1. Stipsicz, Surgery on contact 3-manifolds and Stein
surfaces, Bolyai Society Mathematical Studies 13, Springer-Verlag,
Berlin; Janos Bolyai Mathematical Society, Budapest, 2004.

[16] D. Rutherford, Thurston-Bennequin number, Kauffman polynomial,
and ruling invariants of a Legendrian link: the Fuchs conjecture and
beyond, Int. Math. Res. Not. 2006, Art. ID 78591, 15pp.

[17] N. Saveliev, Lectures on the topology of 3-manifolds. An introduction
to the Casson invariant, Second revised edition. de Gruyter Textbook.
Walter de Gruyter & Co., Berlin, 2012.

[18] B. Tosun, On the Legendrian and transverse classification of cablings,
Math. Res. Lett. 20 (2013), no. 4, 787-803.

[19] K. Yasui, Mazimal Thurston-Bennequin number and reducible Legen-
drian surgery, Compos. Math. 152 (2016), no. 9, 1899-1914.

DEPARTMENT OF PURE AND APPLIED MATHEMATICS

GRADUATE SCHOOL OF INFORMATION SCIENCE AND TECHNOLOGY
OsAKA UNIVERSITY, SUITA, OSAKA 565-0871, JAPAN

E-mail address: kyasui@ist.osaka-u.ac.jp

RECEIVED SEPTEMBER 17, 2015







<<
  /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 1.7
  /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 true
  /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Same as "Press Quality" except that Compatibility is set to Acrobat 8.0 \(PDF 1.7\))
  >>
  /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


