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NON-ADDITIVE FUNCTORS AND EULER CHARACTERISTICS

NIELS UIT DE BOS and LENNY TAELMAN

(communicated by Daniel Dugger)

Abstract
We show under suitable finiteness conditions that a functor

between abelian categories induces a (not necessarily additive)
map between their Grothendieck groups. This is related to the
derived functors of Dold and Puppe, and generalizes a theorem
of Dold.

1. Introduction

Let A and B be abelian categories. Assume that A has enough projectives. If
F : A → B is a functor, not necessarily additive, then we denote by

LF : K�0(A) → K�0(B)

the total derived functor of Dold and Puppe [3], where K�0 is the homotopy cate-
gory of chain complexes concentrated in non-negative degrees. The definition of LF
involves taking a projective resolution, using the Dold-Kan theorem to pass to an
associated simplicial object, applying F , and taking the associated chain complex.
The details will be recalled in Section 5. If F is additive, then LF coincides with
the usual total left derived functor. Note that our notation is slightly non-standard,
in that we denote by LF the functor between homotopy categories, instead of the
induced functor between derived categories.

We will require that F (0) = 0 and that F is of degree � d for some positive integer
d. The definition is recursive. F is said to be of degree � 1 if it is additive, and of
degree � d if and only if there exists a functor G : A×A → B of degree � d− 1 in
both arguments, together with a functorial decomposition

F (X ⊕ Y ) = F (X)⊕ F (Y )⊕G(X,Y ).

Examples of functors of degree � d are the Schur functors ∧d and Symd.

Let A0 be a weak Serre subcategory of A (this is a slight generalization of the
more common notion of a Serre subcategory; see [10, Tag 02MN]). Let KA0

�0(A) be
the full subcategory of K�0(A) consisting of those complexes X• such that

1. Hi(X•) = 0 for i � 0;

2. Hi(X•) ∈ A0 for all i.
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Every object X• ∈ KA0

�0(A) has an Euler characteristic

χ(X•) =
∑
i

(−1)i
[
Hi(X•)

]
in the Grothendieck group K0(A0). Let B0 be a weak Serre subcategory of B, and
define KB0

�0(B) analogously.
Our main result is the following theorem.

Theorem 1.1. Assume that F : A → B is of finite degree � d with F (0) = 0, and
that LF maps KA0

�0(A) to KB0

�0(B). Then there is a unique map f : K0(A0) → K0(B0)
such that the square

KA0

�0(A) KB0

�0(B)

K0(A0) K0(B0)

LF

χ χ

f

(1)

commutes. Moreover, the function f is of degree � d.

Here f being of degree � d is also defined recursively: f is of degree � 1 if it is
linear, and of degree � d if the function

g(x, y) := f(x+ y)− f(x)− f(y)

is of degree � d− 1 in both arguments.
Typically, K0(A0) is only interesting if A0 is small enough, whereas A needs to be

large enough to contain projective resolutions (or with the dual version of the theorem,
injective resolutions) of objects in A0. For example, A0 could be the category of finite
abelian groups, or of coherent OX -modules on a scheme X, with A the category of
finitely generated abelian groups or, respectively, quasi-coherent OX -modules. In both
cases the natural map K0(A0) → K0(A) is the zero map.

If A0 = A and if every object of A has a finite projective resolution, then Theo-
rem 1.1 is a theorem of Dold [2]. Our proof is similar in flavour to Dold’s, but because
we cannot just compute Euler characteristics in K0(A), we need more refined construc-
tions that only involve chain complexes (or simplicial objects) in A with homology
in A0. A crucial ingredient in our proof is a double complex due to Köck [8], which
induces a functorial resolution of F (P/Q) for a quotient P/Q in terms of cross effects
of F applied to P and Q; see §3.

We end this introduction with three examples where we compute the map f of the
theorem explicitly.

Example 1.2. If F : A → B is additive, then the theorem follows immediately from
the long exact sequence of homology. The map f is additive, and characterized by

f([X]) =
∑
i

(−1)i[LiFX]

in K0(B0), for all X ∈ A0. (Note that the sum is finite because of our assumption on
LF .)
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Example 1.3. Let R be a commutative ring and let A = A0 be the category of finitely
generated R-modules. Assume every M ∈ A has a finite projective resolution. Con-
sider the symmetric power F = Symd : A → A. Every element of K0(A) is of the form

[P ]− [Q] for projective objects P , Q in A. Consider a complex Q
0
→ P in degree 1

and 0. Using a theorem of Quillen [6, I.4.3.2] one can show that

Li Sym
d(Q → P ) = Symd−i P ⊗ ∧iQ

for every i (see also [8, 2.4]). It follows that the map f of Theorem 1.1 is

f : K0(A) → K0(A), [P ]− [Q] �→
d∑

i=0

(−1)i
[
Symd−i P ⊗ ∧iQ

]
,

and in particular that this map is well-defined. Similarly, one finds for G = ∧d the
map

g : K0(A) → K0(A), [P ]− [Q] �→

d∑
i=0

(−1)i
[
∧d−i P ⊗ ΓiQ

]
where ΓiQ denotes the i-th divided power module of Q.

In the third example we consider a situation where it is necessary to separate the
roles of A and A0.

Example 1.4. Let A0 = B0 be the category of finite (torsion) Z-modules, and A = B
the category of all Z-modules. Consider the functors F = Symd and G = ∧d from A
to B. If X• is in KA0

�0(A), then the groups LiF (X•) and LiG(X•) are finitely generated
and vanish for i � 0. Moreover, they vanish after tensoring with Q; hence LF (X•)
and LG(X•) lie in KB0

�0(B).

The cardinality of a module defines an isomorphism K0(A0) ∼= Q×
>0. We claim that

the induced maps f, g : Q×
>0 → Q×

>0 are given by

f(x) = x and g(x) = x(−1)d−1

,

for all x ∈ Q×.
Indeed: since f and g are of degree � d, it suffices to show the above identities

for all positive integers x. Let m be a positive integer and consider the complex X
consisting of a cyclic group Z/mZ placed in degree 0. Because ∧iZ = 0 for i 
= 0, 1 one
can easily compute Li Sym

d X and Li∧
d X using the Koszul complexes associated to

the resolution Z
m
→ Z of X (see [8, 2.4, 2.7]). One finds

Li Sym
d(Z/mZ) ∼=

{
Z/mZ (i = 0)

0 (i 
= 0)

and

Li∧
d (Z/mZ) ∼=

{
0 (i 
= d− 1)

Z/mZ (i = d− 1)

and hence f(m) = m and g(m) = m(−1)d−1

as claimed. (For an alternative computa-
tion of Li Sym

d(Z/mZ) and Li∧
d (Z/mZ), see Jean [7, §2.3].)
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2. Cross-effects and functors of finite degree

In this section we briefly summarize the definition and main properties of cross
effect functors. We refer to the original text of Eilenberg and Mac Lane [4] for proofs
and more details.

Let A be an abelian category. Let X1, . . . , Xn ∈ A. Put X := X1 ⊕ · · · ⊕Xn. Let
ei ∈ EndX be the idempotent with image Xi. For a subset S ⊂ I = {1, . . . , n} we
define

eS :=
∑
i∈S

ei ∈ EndX.

This is the idempotent with image ⊕i∈SXi ⊂ X.
Now let B be an abelian category and let F be a functor A → B with F (0) = 0.

Consider the endomorphism

crn(e1, . . . , en) :=
∑
S⊂I

(−1)n−|S|F (eS) ∈ EndF (X).

Then one verifies that crn(e1, . . . , en) is idempotent.

Definition 2.1. The n-th cross effect of F is the functor Fn : A
n → B given by

Fn(X1, . . . , Xn) := im crn(e1, . . . , en) ⊂ F (X1 ⊕ · · · ⊕Xn).

Note that F0 = 0 and F1 = F . We now list some more basic properties that are
useful in working with the cross effect functors.

Proposition 2.2. There are isomorphisms

F (X1 ⊕X2) = F (X1)⊕ F (X2)⊕ F2(X1, X2),

functorial in X1 and X2. The functor F is additive if and only if F2 vanishes.

The higher cross-effect functors satisfy a kind of associativity property that allows
them to be computed in a recursive way:

Proposition 2.3. Let X1, . . . , Xn ∈ A. Let G : A → B be the functor given by

G(Y ) := Fn+1(X1, . . . , Xn, Y );

then there are isomorphisms

Gm(Y1, . . . , Ym) = Fm+n(X1, . . . , Xn, Y1, . . . , Ym),

functorial in the Xi and Yi.
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Propositions 2.2 and 2.3 give a decomposition

F (X1 ⊕ · · · ⊕Xn) =
⊕

0<d�n

⊕
i1<···<id

Fd(Xi1 , . . . , Xid).

Definition 2.4. Let F : A → B be a functor with F (0) = 0. Let d be a positive inte-
ger. We say that F is of degree � d if the functor Fd+1 vanishes.

Using Propositions 2.2 and 2.3 one sees that this definition coincides with the
recursive definition given in the introduction.

3. Köck’s resolution

Let F : A → B be a functor with F (0) = 0. Let

0 → X → Y → Z → 0

be a split short exact sequence in A. Following Köck [8], we will describe an explicit
resolution of F (Z) in terms of the map X → Y and the cross effect functors of F .
We do not choose a preferred splitting, and insist that all constructions be functorial
in the short exact sequence 0 → X → Y → Z → 0.

Let n > 0. For 1 � i � n consider the maps δn,i : X
⊕(n+1) → X⊕n given by

(x1, . . . , xn+1) �→ (x1, . . . , xi−1, xi + xi+1, xi+2, . . . , xn+1).

These induce maps

F (δn,i) : F (X⊕(n+1)) → F (X⊕n)

which restrict to maps

F (δn,i) : Fn+1(X, . . . ,X,X) → Fn(X, . . . ,X).

Let dn be the map

dn =
∑
i

(−1)iF (δn,i) : Fn+1(X, . . . ,X,X) → Fn(X, . . . ,X).

One verifies directly that

· · · −→ F3(X,X,X)
d2−→ F2(X,X)

d1−→ F (X)

forms a complex in B. Using the map X → Y , one similarly constructs a complex

· · · −→ F3(X,X, Y ) −→ F2(X,Y ) −→ F (Y ).

Let C be the double chain complex

· · · F3(X,X, Y ) F2(X,Y ) F (Y )

· · · F3(X,X,X) F2(X,X) F (X)

with F (Y ) in degree (0, 0). The map Y → Z induces a map F (Y ) → F (Z) and one
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obtains an augmented double complex

· · · F3(X,X, Y ) F2(X,Y ) F (Y ) F (Z)

· · · F3(X,X,X) F2(X,X) F (X) 0

(2)

functorial in the short exact sequence 0 → X → Y → Z → 0.

Theorem 3.1. The map TotC → F (Z) induced by (2) is a quasi-isomorphism.

This follows from [8, Lemma 2.2], where more generally it is shown that for every
map X → Y the complex TotC computes the total derived functor of F applied to
X → Y (at least if X and Y are projective). Since Theorem 3.1 concerns a simple case
which can be proven and stated without reference to derived non-additive functors,
we give a direct proof.

Proof of Theorem 3.1. We need to show that the total complex associated to the
double complex (2) is exact. Choose a splitting Z → Y of the short exact sequence
0 → X → Y → Z → 0. In particular, we obtain for every n an inclusion

Fn(X, . . . ,X,X)⊕ Fn(X, . . . ,X, Z) ↪→ Fn(X, . . . ,X, Y ),

and by Proposition 2.2 and 2.3, the cokernel is Fn+1(X, . . . ,X,X,Z). We use these
inclusions to produce an increasing filtration Fil• on the double complex (2) by letting
Filn be the sub-double complex

· · · 0 Fn(X, . . . ,X)⊕ Fn(X, . . . , Z) Fn−1(X, . . . , Y ) · · ·

· · · 0 Fn(X, . . . ,X) Fn−1(X, . . . ,X) · · ·

The intermediate quotient grn = Filn /Filn−1 takes the form

Fn(X, . . . ,X)⊕ Fn(X, . . . , Z) Fn(X, . . . , Z)

Fn(X, . . . ,X)

where one computes that the maps are the obvious inclusion and projection maps. In
particular, the graded quotients of the total complex are exact and hence the total
complex itself is exact.

4. A presentation of the Grothendieck group

Let A0 be a weak Serre subcategory of A. This implies that the category ChA0

�0 A
of chain complexes X• in A satisfying

1. Xi = 0 for all i < 0,
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2. Hi(X•) = 0 for all i � 0,

3. Hi(X•) ∈ A0 for all i

is an abelian subcategory of ChA. Assume that A has enough projectives. Let P ⊂ A
be the full additive subcategory consisting of all projectives. Let ChA0

�0 P be the full

subcategory consisting of those P• ∈ ChA0

�0 A such that Pi ∈ P for all i. Again, every

P• ∈ ChA0

�0 A has an Euler characteristic χ(P•) ∈ K0(A0).

Let ∼ be the equivalence relation on (the set of isomorphism classes of) ChA0

�0 P
generated by the relations:

1. P• ∼ Q• if P• and Q• are homotopy equivalent;

2. P• ∼ Q• if there exist short exact sequences 0 → X• → Y• → P• → 0 and 0 →
X• → Y• → Q• → 0 in ChA0

�0 P.

Note that, since the complexes consist of projective objects, quasi-isomorphic com-
plexes are always homotopy equivalent. Clearly if P• ∼ Q• then χ(P•) = χ(Q•) in
K0(A0).

Proposition 4.1. The map χ : (ChA0

�0 P)/∼−→ K0(A0) is a bijection.

Proof. We denote the mapping cone of a morphism X• → Y• by cone(X• → Y•) and
note that there is a short exact sequence

0 −→ Y•
α

−→ cone(X• → Y•)
β

−→ X•[−1] −→ 0.

Let S = (ChA0

�0 P)/∼ be the set of equivalence classes, and let us denote the equiv-
alence class of an X• by {X•} ∈ S. The operation

{X•}+ {Y•} := {X• ⊕ Y•}

is well-defined and makes S into a monoid.
We claim that S is even a group. Indeed, comparing the short exact sequences

0 −→ X• −→ cone(X•
id
→ X•)⊕X• −→ cone(X•

id
→ X•) −→ 0

and

0 −→ X•
(α,0)
−→ cone(X•

id
→ X•)⊕X•

β⊕id
−→ X•[−1]⊕X• −→ 0

we see that X• ⊕X•[−1] ∼ cone(X•
id
→ X•), and since cone(X•

id
→ X•) is homotopy-

equivalent to 0 we find {X•}+ {X•[−1]} = 0 in S.
Now if 0 → X• → Y• → Z• → 0 is a short exact sequence, then we claim that

{Y•} = {X•}+ {Z•}. Indeed, we have a quasi-isomorphism γ : X•[−1] → cone(Y• →
Z•), and comparing the exact sequences

0 −→ X•[−1]⊕ Z•

(
id γ
0 α

)
−→ X•[−1]⊕ cone(Y• → Z•) −→ Z•[−1]⊕X•[−1] −→ 0

and

0 −→ Z• ⊕X•[−1]

(
id 0
0 α

)
−→ X•[−1]⊕ cone(Y• → Z•) −→ Y•[−1] −→ 0

shows that Y•[−1] ∼ X•[−1]⊕ Z•[−1] and hence {Y•} = {X•}+ {Z•} in S.
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Taking projective resolutions of objects in A0 defines an injective homomorphism
ψ : K0(A0) → S. To see that it is surjective, we use induction on the amplitude of a
complex. We say that X• has amplitude � a if there is an n so that Hi(X•) = 0 for
all i < n and i � n+ a. If X• ∈ ChA0

�0 P has amplitude � 1 then up to shift X• is a
projective resolution of an object in A0, and lies in the image of ψ. If a � 2 and X•

has amplitude � a, then for suitable m the “good truncation” τ<mX• (with homology
in A0, but necessarily consisting of projectives) gives a short exact sequence

0 → τ<mX• → X• → τ�mX• → 0

in ChA0

�0 A with τ<mX• and τ�mX• of amplitude � a− 1. This sequence is quasi-
isomorphic with a short exact sequence

0 → U• → X ′
• → V• → 0

consisting of complexes of projectives. Since X• and X ′
• consist of projectives they

are homotopy-equivalent, and since U• and V• have amplitude � a− 1 we conclude
that {X•} = {U•}+ {V•} lies in the image of ψ.

5. Derived functors of non-additive functors

For an abelian category A we denote by SimpA the category of simplicial objects
in A and by HoSimpA its homotopy category (whose objects are the objects of
SimpA, and whose morphisms are the homotopy classes of morphisms). Any functor
F : A → B induces a functor SimpA → SimpB which is compatible with simplicial
homotopy, and hence induces a functor HoSimpA → HoSimpB.

A simplicial object X• ∈ SimpA gives a chain complex

· · · → X2 → X1 → X0 → 0

in the usual way, and this induces a functor C : HoSimpA → K�0A. We will use the
following variant of the Dold-Kan theorem.

Theorem 5.1. The functor C : HoSimpA → K�0A is an equivalence of categories.

Proof. This is the Dold-Kan theorem [9, 8.4.1], except that we use the full associated
chain complex C(X•) instead of the normalized complexN(X•). It is not hard to show
that the inclusionN(X•) ⊂ C(X•) is a homotopy equivalence. See also [5, III.2.4].

Let P ⊂ A be the additive subcategory of projectives, and assume A has enough
projectives. By the Dold-Kan theorem, for every X• ∈ Ch�0 A there exists a P• ∈
SimpP with a quasi-isomorphism α : C(P•) → X•, and (P•, α) is unique up to a
unique simplicial homotopy equivalence. This construction defines a “simplicial pro-
jective resolution” functor

ρ : K�0A → HoSimpP,

which is the essential ingredient in the definition of derived functors of non-additive
functors.

Definition 5.2. Let F : A → B be a functor. Then the composition

K�0A
ρ

−→ HoSimpP
F
−→ HoSimpB

C
−→ K�0B

is called the total derived functor of F , and denoted LF .
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Finally, let SimpA0 P be the full subcategory of SimpP consisting of those simpli-
cial objects P• with bounded homology contained in A0. Let ∼ be the equivalence
relation on SimpA0 P generated by

1. P• ∼ Q• if P• and Q• are homotopy equivalent,

2. P• ∼ Q• if there exist short exact sequences 0 → X• → Y• → P• → 0 and 0 →
X• → Y• → Q• → 0 in SimpA0 P.

Corollary 5.3. The map χ : (SimpA0 P)/∼−→ K0(A0) is a bijection.

Proof. This follows from Proposition 4.1 and Theorem 5.1.

6. Proof of the main result

Let A0 be a weak Serre subcategory of A. Assume that every X ∈ A0 has a projec-
tive resolution in A. Let P ⊂ A be the exact category of all projectives. Let SimpB0 B
be the full subcategory of SimpB consisting of those simplicial objects with bounded
homology contained in B0.

Theorem 6.1. Let d be a positive integer. Let F : A → B be a functor with F (0) = 0.
Assume that F is of degree � d and that it maps SimpA0 P to SimpB0 B. Then there
exists a unique map f : K0(A0) → K0(B0) such that the square

SimpA0 P SimpB0 B

K0(A0) K0(B0)

F

χ χ

f

commutes. Moreover, the map f is of degree � d.

This theorem implies Theorem 1.1 of the introduction.

Proof. By Corollary 5.3, the map f is unique, and to establish existence it suffices to
show that for every P•, Q• in SimpA0 P we have that P• ∼ Q• implies χ(F (P•)) =
χ(F (Q•)) in K0(B0). Recall that the equivalence relation ∼ is generated by homotopy
equivalences and by relations coming from short exact sequences.

If P• and Q• are simplicially homotopy-equivalent, then F (P•) and F (Q•) are
simplicially homotopy-equivalent, and hence χ(F (P•)) = χ(F (Q•)) in K0(B0).

Now let

0 → X• → Y• → P• → 0

be a short exact sequence in SimpA0 P. Note that for every n the sequence 0 → Xn →
Yn → Pn → 0 is split (since Pn is projective), but that the sequence in SimpA0 P need
not split. For every n the construction of §3 gives a double complex

· · · F3(Xn, Xn, Yn) F2(Xn, Yn) F (Yn)

· · · F3(Xn, Xn, Xn) F2(Xn, Xn) F (Xn)

whose total complex is a resolution of F (Pn). Since the construction of the double
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complex is functorial in the map X → Y , we obtain a double complex

· · · F3(X•, X•, Y•) F2(X•, Y•) F (Y•)

· · · F3(X•, X•, X•) F2(X•, X•) F (X•)

in SimpB, whose associated total complex is a resolution of F (P•). Because F is of
finite degree, this is a finite resolution.

Each of the terms is a direct summand of a simplicial object of the form

F (X• ⊕ · · · ⊕X•) or F (X• ⊕ · · · ⊕X• ⊕ Y•),

and hence lies in SimpB0 B. This means that in K0(B0) we have

χ(F (P•)) =

d∑
n=1

(−1)n
(
χ
(
Fn(X•, . . . , X•)

)
− χ

(
Fn(X•, . . . , Y•)

))
.

In particular, since the terms do not depend on the map X• → Y•, we see that if

0 → X• → Y• → Q• → 0

is a second short exact sequence in SimpA0 P, then χ(F (P•)) = χ(F (Q•)) in K0(B0).
This proves the existence of f .

Finally, note that the (d+ 1)-st cross effect of the functor

F : SimpA0 P → SimpB0 B

vanishes, which implies the analogous statement for the function f , and shows that
f is of degree � d.
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Essen, Germany

Lenny Taelman l.d.j.taelman@uva.nl

Korteweg-de Vries Instituut, Universiteit van Amsterdam, P.O. Box 94248, 1090 GE
Amsterdam, the Netherlands



<<
  /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 (This is the built-in "Press Quality", but modified as follows: Compatibility changed from "Acrobat 5.0" to "Acrobat 8.0".)
  >>
  /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


