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More Reduced Obstruction Theories

TIMO SCHURG

We first develop a general formalism for globally removing factors
from a 1-perfect obstruction theory, analogous to Manetti’s for-
malism for deformation functors. We then apply this formalism to
give a construction of a reduced 1-perfect obstruction theory on the

moduli space of morphisms from a curve to a surface f:C — S
in class 3 such that H(C, f*T5s) W8 H?2(S, Og) is surjective. This

condition appears in recent work of Kool and Thomas.

1. Introduction

Due to the deformation invariance of Gromov—Witten invariants, smooth
complex projective surfaces having deformations in a direction where the
topological class 3 € H!(S,C) N H?(S,Z) does not stay of type (1,1) have
no Gromov—Witten invariants.

To nevertheless study the rich enumerative geometry of such surfaces two
solutions have been developed. The first, pioneered by Bryan and Leung in
[4], uses analytic techniques and twistor spaces to perform a refined curve
count. The second, purely algebraic approach, is given by removing a factor
from the usual 1-perfect obstruction theory on the moduli of maps from a
curve to the surface in question. This reduced obstruction theory was intro-
duced in the case of K3 surfaces by Maulik and Pandharipande [13]. The key
difficulty in the algebraic approach is to verify that the complex obtained
after removing a factor from the standard obstruction theory indeed satisfies
all requirements to again be an obstruction theory. This is closely related
to the problem of showing that obstructions to infinitesimal deformations
of the objects parametrized by the moduli space lie in the kernel of a semi-
regularity map as introduced by Bloch in [3].

In the context of formal deformation theory (such formal deformation
problems are for instance given by localizing at a point of the moduli space)
there is a powerful method for removing a factor from an obstruction space
developed by Manetti (see [12] for an overview). We briefly recall the argu-
ment. Assume F : Art, — Set is a deformation functor on the category of
local Artinian k-algebras with residue field k. Furthermore, assume that F is
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equipped with a choice of an obstruction space Tp%- Recall that an obstruc-
tion space for F' is a k-vector space T}% such that for every small extension
I - A — B in Art there is an exact sequence

TL®1— F(A) — F(B) 2 T2 1

which is functorial in small extensions. Here T}; is the tangent space to the
deformation functor F'. We would like to show that Tfﬂ is too large a choice
for the obstruction space, and that in fact a smaller space suffices. Assume
there exists another deformation functor G' with chosen obstruction space
TC% and a natural transformation v : ' — G. Furthermore, assume there is
a linear map o : TI% — TC% such that for all small extensions I — A — B the
diagram

(1) F(B)—2-T2®1

l |

G(B) TT% ®I

commutes. Then if G is unobstructed, the lower horizontal morphism in (1)
is zero for all small extensions, and the obstruction map of F' factors over
the kernel of o. Thus, the kernel of ¢ is a new obstruction space for the
deformation functor F'. In summary, to remove a factor from an obstruction
space of a formal deformation problem, it suffices to find a morphism to an
unobstructed deformation functor along with a compatible morphism on the
obstruction spaces.

This, of course, leads to the question how to find compatible morphisms
between the obstruction spaces of deformation functors. As explained by
Manetti in [12], these data are automatic if the deformation functors are
controlled by differential graded Lie algebras and if the natural transforma-
tion between the deformation functors comes from a morphism of differential
graded Lie algebras.

The aim of this note is to develop a global version of Manetti’s argu-
ment. The global counterpart of the formal deformation functor F' equipped
with an obstruction space Tp% is given by a moduli space X equipped with
a l-perfect obstruction theory ¢ : E — Lx. To remove a factor from the
obstruction theory, we want to find a morphism f: X — Y to a smooth
space Y equipped with a l-perfect obstruction theory ¢ : F — Ly. The
global role of ¢ is played by a morphism « : f*F — FE. It remains to find a
global counterpart of the commutativity of the diagram (1). It is tempting
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to require the diagram

(2) FF s Ly
L
E Lx

to commute in the derived category Dgcon(X). The main point of this note is
that commutativity of the above diagram in the derived category alone does
not suffice to give a well-defined reduced obstruction theory on X. Instead,
to globally carry out the above argument one has to explicitly know the
homotopy making diagram (2) commutative. In other words, one requires
commutativity of the diagram (2) not only in the derived category, but in
some higher categorical model, as is for instance given by the oco-category of
quasi-coherent complexes QCoh(X) constructed by Lurie in [10]. With this
amount of data, the necessary calculations can be carried out exactly as in
the formal picture.

Again, this raises the question how such a strong compatibility between
the obstruction theories including a canonical choice of homotopy in dia-
gram (2) can be obtained. The global counterpart of deformation functors
controlled by differential graded Lie algebras are given by derived mod-
uli spaces as developed by Toén—Vezzosi and Lurie. We argue that if the
1-perfect obstruction spaces are induced by derived moduli spaces, and if
the morphism between the obstruction theories is induced by a morphism
between the derived moduli spaces, then all necessary data are automatically
available.

The formalism developed here is applicable to a wide range of moduli
spaces used in enumerative geometry. For example, in the case of Donaldson—
Thomas invariants and Pandharipande-Thomas invariants, a trace-free Ext
group has to be considered as obstruction space instead of a full Ext group.
The necessary calculations to verify that the trace free Ext group defines an
obstruction theory are long and involved, see [6, 16]. With a global version
of Manetti’s argument the same result can be obtained very quickly.

As an application, we give a purely algebraic construction of a reduced
obstruction theory on the moduli of morphisms from a curve C to a surface

S, where we require the curve to be of class 3 € H%'(S,C) N H?(S,Z) and

further require the H(C, f*Ts) =yl (S, Og) is surjective. This reduced

obstruction theory has been previously been constructed by Kool and
Thomas in [9] using twistor methods.
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Conventions

We have tried to adhere to the following conventions. We work through-
out over an arbitrary base ring k, which in Section 4 becomes the field of
complex numbers. We will denote the cotangent complex of a scheme, or
more generally an Artin stack, over k by Ly instead of Ly . Contrary to
what is common in algebraic geometry, we have used homological grading.
Finally, we will denote by QCoh(X) the co-category of quasi-coherent com-
plexes constructed by Lurie in [10]. The reason for employing this category
instead of the derived category is that at certain points it is important to
know why things are homotopic, and not only that they are homotopic.
It also allows us to carry out proofs as if one was only dealing with mod-
ules, and not with complexes. Recall that a cofiber sequence in QCoh(X)
consists of a sequence of morphisms F 4, F 4 @, a 2-simplex identifying
the composition fg with a morphism F 2, G, and a nullhomotopy of h.
The oo-category QCoh(X) is equipped with a standard ¢-structure. We
will use that the notion of Tor-amplitude behaves well with respect to
this t-structure, i.e., if an object E € QCoh(X) is of Tor-amplitude < n,
then E[m] is of Tor-amplitude < n + m. All details can be found in Lurie’s
volumes [10, 11].

2. Removing factors

We first introduce the geometric objects we wish to study. These are Artin
stacks with a fixed 1-perfect obstruction theory.

Definition 2.1. A I-perfect obstruction theory on an Artin stack X locally
of finite type over k is given by a morphism

¢: F— Lx

in QCoh(X) such that E is a perfect complex of Tor-amplitude <1 and
cofib ¢ € QCoh(X)>o.

If X is a Deligne-Mumford stack, the morphism ¢ : £ — Lx in the above
definition is a l-perfect obstruction theory in the sense of Behrend and
Fantechi [1]. We next define morphisms between such objects.
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Definition 2.2. A morphism of Artin stacks with 1-perfect obstruction
theories is a pair

(f,a): (X,¢: E— Lx)— (Y,x: F — Ly),

where f: X — Y is a morphism of Artin stacks over k, and a: f*F — FE is
a morphism of perfect complexes on X such that

f*F -2~ f*Ly
E ¢ Lx

commutes in QCoh(X).

Remark 2.3. Recall that commuting in QCoh(X) means that we have
fixed a homotopy making the diagram commutative. This added information
is absolutely essential for all further computations.

We will also need the notion of virtually smooth morphism.

Definition 2.4. Let (f,a):(X,¢:E — Lx) — (Y,x:F — Ly) be a
morphism of Artin stacks with 1-perfect obstruction theories. Then (f, @) is
a virtually smooth morphism if cofib(«) is of Tor-amplitude < 1.

Remark 2.5. Note that a priori cofib(«) is only of Tor-amplitude < 2.

This, of course, raises the question where to find canonical choices of
the homotopy required in Definition 2.2. Derived algebraic geometry pro-
vides natural examples of Artin stacks with perfect obstruction theories and
morphisms between these including a canonical homotopy.

Example 2.6. Recall that a derived Artin stack X9 over k is quasi-smooth
if its cotangent complex Lxa is of Tor-amplitude < 1 and its underlying
Artin stack X := to(X9) is locally of finite type over k. By the canonical
inclusion jx : X — X9 we can obtain the structure of an Artin stack with
1-perfect obstruction theory on X. The perfect obstruction theory is given
by the canonical morphism ¢ : j% Lx« — Lx. Using the functoriality proper-
ties of cotangent complexes, every morphism of quasi-smooth derived Artin
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stacks gives rise to a morphism of Artin stacks with perfect obstruction
theories including the homotopy required in Definition 2.2.

To remove factors from obstruction theories we will make use of smooth
Artin stacks equipped with 1-perfect obstruction theories. This is contrary
to the philosophy that spaces become smooth after deriving them, or that
1-perfect obstruction theories are only interesting on very singular spaces.

Definition 2.7. Let (f,a):(X,¢:F— Lx)— (Y,x:F — Ly) be a
morphism of Artin stacks with perfect obstruction theories. We say that
(f, @) is a reduction morphism if Y is smooth.

Remark 2.8. For applications to virtual classes, X will be assumed to be
a Deligne-Mumford stack.

Given a reduction map, we would like to define a new 1-perfect obstruc-
tion theory on X such that the virtual dimension of X increases. The factor
we would like to remove from the obstruction theory E is the pull-back to X
of the fiber of x : FF — Ly . In the following we will show that this is possible
if the reduction morphism is virtually smooth. The key to removing a factor
is the following lemma, which is true in much greater generality than we
actually need. Note that we do not assume (f,«) either to be a reduction
morphism or virtually smooth, or any of the perfect obstruction theories to
be 1-perfect.

Lemma 2.9. Let (f,a):(X,¢0:E—Lx)— (Y,x:F—Ly) be a
morphism of Artin stacks with perfect obstruction theories. Let K = fib(x),
and define B to be the composition

K -5 ' F % B
Then the composition
K2 B Ly

18 zero.

Proof. By definition, we have a cofiber sequence K — F'— Ly, and this
remains a cofiber sequence after pulling to X. We thus have the following
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commutative diagram on X:

which gives a homotopy from ¢ o § to zero. O

We can now define our candidate for a reduced obstruction theory. We
let E':= cofib(8). By Lemma 2.9, we have a well-defined morphism ¢’ :
E’" — Lx. This is the point where we have used the additional datum of
the diagram of obstruction theories commuting up to a fixed homotopy. If
we only knew the composition to be zero in the derived category without
knowing the precise homotopy this would not be sufficient to obtain a well-
defined morphism.

Theorem 2.10. Let (f,a): (X,¢: E— Lx) — (Y,x: F — Ly) be a vir-
tually smooth reduction map. Then

¢ B — Ly
1s a 1-perfect obstruction theory on X.

Proof. We first show that E’ is perfect. Let K as above denote fib(x), so
that we have a cofiber sequence

K—F 2% Ly.

Now F' is perfect by assumption, and Ly is perfect since Y is smooth and
locally of finite presentation. Since the property of being perfect is stable
under cofiber sequences, K is perfect, and thus f*K is perfect. This shows
that E’ is the cofiber of a morphism between perfect objects, and thus is
perfect.

We now want to show that E’ is of Tor-amplitude < 1. Since Y is smooth
and Ly thus is of Tor-amplitude < 0, the above cofiber sequence shows that
K is of Tor-amplitude < 1. It follows that f*K is also of Tor-amplitude < 1.
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Let v denote the morphism f*K — f*F. By definition, the diagram

N

E

commutes. This gives us a cofiber sequence cofib(y) — cofib(3) — cofib(«).
Since E' = cofib(3) and f*Ly = cofib(~y), we have a cofiber sequence

f*Ly — E' — cofib().

Since we assumed (f, ) a virtually smooth morphism, cofib(c) is of Tor-
dimension < 1. Again using that Y is smooth, it follows that E’ is of Tor-
dimension < 1.

It remains to show that cofib(¢’) € QCoh(X)>2, or equivalently that
fib(¢’) € QCoh(X)>1. Let K’ = fib(¢). Since the composition ¢ o 3 factors
over zero, we obtain a morphism § : f*K — K’, and we can identify fib(¢’)
with cofib(d). Since f*K and K’ are both in QCoh(X)>1, the claim follows.

U

Remark 2.11. Since ¢ : E/ — Ly is a perfect obstruction theory on X
this automatically poses the question whether this obstruction theory is
induced by a natural structure of a derived Artin stack on X. Adding plenty
of assumptions such a statement indeed holds. First of all, we have to assume
that the perfect obstruction theories (F — Lx) and (F — Ly) are induced
by derived stacks X4 and Y9, and the compatibility datum « is induced by a
morphism f9: X4 — Y4, Furthermore, we have to assume that the derived
structure on Y9 splits as

yd =y x yder,

The underling stack of Y4 is a point. Let p : Y4 — YT be the projection.
The homotopy fiber product of the diagram

Xd

lPOfd

Spec k —— yder

then yields the desired derived Artin stack. Such a splitting exists for the
derived Picard stack of a K3 surface. It is reasonable to expect such a
splitting to exist whenever Y4 is a group stack with smooth truncation.
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3. Application to deformation theory

In the following, assume that ¢ : E — Lx is a 1-perfect obstruction theory
on smooth Deligne-Mumford stack X. Given a reduction map

(f,Oé)(X,d)EHLX)%(YV,XFHLY),

we can define a generalized semi-regularity map. Given a morphism p : T' —
X where T' = Spec(A) is an affine scheme, and a square-zero extension T <
T’ classified by a morphism 7 : Ly — M|[1] for some A-module M, p: T — X
extends to a morphism T’ — X if and only if the element in Ext!(p*E, M)
defined by the homotopy class of the composition

pE X% p Ly — Ly -1 M[1]
vanishes. We define the generalized semi-regularity map to be the map
Ext!(p*E, M) — Ext!(p* f*F, M)

obtained by composition with .. We will now show that realized obstructions
lie in the kernel of the generalized semi-regularity map. We first give a
definition of realized obstructions following Behrend and Fantechi [1].

Definition 3.1. Let ¢ : F — Lx be a l-perfect obstruction theory on
Deligne-Mumford stack X, and let p: T — X be a morphism with 7T =
Spec(A). Let M be an A-module. A non-zero morphism « : p*E — M|[1]
realizes an obstruction if there exists a square-zero extension T «— T’ clas-
sified by 7 : Ly — M|1] such that

p'E—p'Lx ——Lr

M[1]
commutes.

We can now show that obstructions that are actually realized always lie
in the kernel of the generalized semi-regularity map.

Proposition 3.2. Let (f,a): (X,¢: F—Lx)— (Y,x: F — Ly) be a
reduction morphism. Assume that X is a Deligne—Mumford stack, and let p :



212 Timo Schiirg

T — X be a morphism where T is an affine scheme. Then realized obstruc-
tions lie in the kernel of the generalized semi-reqularity map.

Proof. Since Y is smooth, this allow us to conclude that Ext!(p*f*Ly, M)
and Ext?(p* f* Ly, M) are zero. Using the pull-back of the cofiber sequence

K—F 5 Ly
to T' we thus have an isomorphism
Ext!(p* f*F, M) ~ Ext!(p* f* K, M).
Applying Lemma 2.9 the claim follows. O

Remark 3.3. A reduction morphism is virtually smooth if its generalized
semi-regularity morphism is surjective.

4. Application to moduli of maps

We now apply the formalism developed above in an example, working over
k = C. The example we will be concerned with is the moduli space of maps
from a fixed curve C' to a smooth projective complex surface S satisfying
the condition ¢1(Rf.O¢) = 3, where 8 € H'(S,QL). We will denote this
space by Morg(C,S). It is well known that this space carries a 1-perfect
obstruction theory, see Behrend and Fantechi [1]. We will denote this space
equipped with its obstruction theory by

(MOI‘ﬁ(C, S), p:E— LMorﬁ(C,S)) :

To apply the results of [15], it is important to note that the same struc-
ture of virtually smooth scheme can also be constructed using Example 2.6.
To see this, denote by i : St — dStj the inclusion functor from stacks over
k to derived stacks over k. We can then define the derived moduli space
of maps to be the derived scheme parametrizing morphisms in this larger
category. We will denote this derived scheme by RMorg(C, S).

In order to remove a factor from the obstruction theory using the above
formalism we have to find some Artin stack equipped with a l-perfect
obstruction theory as comparison space. The natural candidate in this exam-
ple is the Picard stack Pic(S) := Homgy, (5, BG,,). As above, there again
is a derived version of this stack, given by RPic(S) := Homgg,, (S, BGy).
Denote the canonical inclusion by j : Pic(S) — RPic(S). The Artin stack
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with 1-perfect obstruction theory we will use as target for our potential
reduction morphism is

(Pic(S), x : 5" Lrpic(s) — Lpic(s)) -

Since the underlying Artin stack Pic(S) is smooth, this is an excellent
candidate for a reduction map.

Finally, we have to give a map of virtually smooth schemes. In [15], a
map

RMor(C, S) 22 RPerf(S) 2% RPic(S)

is given. At a point p : Spec(k) — RMorg(C, S) corresponding to a morphism
f:C — S the above composition is given by

(f:C—8)— Rf(Oc) — det(Rf(O¢)).

Using Example 2.6, we obtain a map of Artin stacks with 1-perfect obstruc-
tion theories

(fa O[) : (MOTQ(C, S)v ¢ B — LMorﬁ(C,S))
— (Pic(9), x : 5" Lrpic(s) — Lpic(s)) -

Remark 4.1. The generalized semi-regularity map associated with (f, «)
is just the semi-regularity map for morphisms of Buchweitz and Flenner [5,
Remark 7.24].

We can now define a new 1-perfect obstruction theory on Morg(C, S).
Let K := fib(). Note that K is non-trivial if and only if H?(S,Og) is non-
trivial. As above, we then have a morphism v : f*K — F, and can define
E' := cofib(7y) as candidate for a reduced obstruction theory.

Corollary 4.2. Assume that

(f7 a) : (MOI‘ﬁ(C, S)7 ¢:FE— LMorg(C,S))
— (Pic(S), x : 5" Lrpic(s) — Lpic(s))

1s virtually smooth. Then
QZS/ (E'— LMorg(C,S)

is a 1-perfect obstruction theory on Morg(C,S).
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Remark 4.3. Note that the 1-perfect obstruction theories B/ — Ly, 5(C,5)
and E — Lyjor,(c,s) only differ in case H?(S,Og) is non-zero.

Example 4.4. Assume that S is a K3 surface. Then the morphism (f, «)
is virtually smooth for any class G # 0.

We finally want to state a condition ensuring that (f,«) is virtually
smooth. This condition was identified by Kool and Thomas [9] and provided
the motivation for this work.

Proposition 4.5. Assume that
1 UB. 172
H(S,Ts) — H*(S,0s)
is surjective. Then (f, ) is virtually smooth.

Proof. 1t suffices to prove the statement on k-points. We thus have to show
that at any point p : Spec k — Morg(C, S) the morphism

mi(p*a) : m1(p* Lr pic(s)) — m1(p*E)

is injective. Equivalently, we have to show that the dual of 71 (p*a) is sur-
jective.

Let g : C — S be the morphism corresponding to p. Recall from Illusie
[8, Chapitre V] or explicitly from [6] that for any perfect complex the first
Chern class factors as composition of the Atiyah class and the trace map. Let
E = Rg,.Oc¢. Thus, for any class a € H'(S, Ts) the operation of cup-product
with 3 = ¢1(F) factors as

HY(S, Ts)
_UatEl -8

Ext3(E, E) — H?(S, Og).
Now in [15, Appendix] it is shown that _ U atp factors as

H(S,Ts)

/ antE

H'(C,g*Ts) 7— Ext}(E, E).
S99
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Here T}, 4 is the tangent to
Ag : RMorg(C, S) — RPerf(S)

at the point p. Piecing the two diagrams together, we arrive at a commutative
diagram

H'(S,Ts)

/JatEl 7Uﬁ

HY(C,g*Ts) T Ext%(E, E) — H2(S,0g).
Since the bottom row is the dual of 71 (p*a)) and by assumption
H'(5,Ts) 2% HA(S,05)
is surjective, the claim follows. O

Remark 4.6. Behrend and Fantechi in [2] suggested removing a factor of
HY(X, Q%) from the obstruction theory of the moduli space of stable maps to
an irreducible complex symplectic variety of dimension n to perform refined
curve counts. The formalism developed here applies as soon as one has an
appropriate target for a reduction morphism. Promising candidates are the
derived version of the intermediate Jacobian J§ with p =n — 1 constructed
recently by Pridham [14] and Iacono and Manetti [7]. More generally, this
should work for any variety for which an analog of the surjectivity of cup-
product with § holds.

Acknowledgments

I would like to thank Richard Thomas for suggesting the subject of this
short note and emphasizing the importance of Lemma 2.9, Gabriele Vezzosi
for helpful discussions, as well as Daniel Huybrechts for helpful comments.
The dependence of this note on material from [15] is obvious.

This work was supported by the SFB/TR 45 ‘Periods, Moduli Spaces and
Arithmetic of Algebraic Varieties’ of the DFG (German Research
Foundation).



216

[1]

8]
[9]

[10]
11]
[12]

—

Timo Schiirg

References

K. Behrend and B. Fantechi, The intrinsic normal cone, Invent. Math.
128(1) (1997), 45-88.

, Tagungsbericht 24/1998, Mathematisches Forschungsinstitut
Oberwolfach, 1998.

S. Bloch, Semi-regularity and de Rham cohomology, Invent. Math. 17(1)
(1972), 51-66.

J. Bryan and N.C. Leung, The enumerative geometry of K38 surfaces
and modular forms, J. Amer. Math. Soc. 13(2) (2000), 371-410.

R. Buchweitz and H. Flenner, A semiregularity map for modules and
applications to deformations, Compos. Math. 137(2) (2003), 135-210.

D. Huybrechts and R. Thomas, Deformation-obstruction theory for
complexes via Atiyah and Kodaira-Spencer classes, Math. Ann. 346(3)
(2010), 545-569.

D. Tacono and M. Manetti, Semiregularity and obstructions of complete
intersections, arXiv e-prints, 2011.

L. Hlusie, Complexe cotangent et déformations, 1, Lecture Notes in
Mathematics, 239, Springer-Verlag, Berlin, 1971.

M. Kool and R.P. Thomas, Reduced classes and curve counting on sur-
faces I: theory, arXiv e-prints, 2011.

J. Lurie, Quasi-coherent sheaves and Tannaka duality theorems, 2011.

, Higher algebra, 2012.

M. Manetti, Differential graded Lie algebras and formal deforma-
tion theory, Algebraic Geometry: Seattle 2005, 80, 785-810, Summer
Research Institute on Algebraic Geometry, July 25-August 12, 2005,
University of Washington, Seattle, 2009.

D. Maulik and R. Pandharipande, Gromov—Witten theory and Noether—
Lefschetz theory, arXiv e-prints, 2007.

J.P. Pridham, Semireqularity as a consequence of Goodwillie’s theorem,
arXiv e-prints, 2012.

T. Schiirg, B. Toén and G. Vezzosi, Derived algebraic geometry, deter-
minants of perfect complexes, and applications to obstruction theories
for maps and complezes, arXiv e-prints, 2011.



More Reduced Obstruction Theories 217

[16] R.P. Thomas, A holomorphic Casson invariant for Calabi—Yau 3-folds,
and bundles on K3 fibrations, J. Differential Geom. 54(2) (2000),
367-438.

UNIVERSITAT AUGSBURG

UNIVERSITATSSTR.

14, 86159 AUGSBURG

GERMANY

E-mail address: timo_schuergQoperamail.com

RECEIVED APRIL 9, 2014







<<
  /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 true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

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

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks 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


