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1. Introduction. Saint Raymond observes [18] that for a given nonconvex con-

tinuous function f : R → R, which satisfies lim|x|→+∞
f(x)
|x| = +∞, there exists an

affine function h that minorizes f , such that f − h vanishes on a nonconvex set. This
fact characterizes the convexity of a function. More generally, the following holds.

Theorem 1 (see [18, Theorem 10]). Let X be a Banach space and let f : X →
R∪ {+∞} be a weakly lower semicontinuous (lsc) proper function such that f − x∗ is
weakly inf-compact for all x∗ ∈ X∗. If the argmin set of the function f −x∗ is convex
for all x∗ in a convex dense subset of X∗, then f is convex.

Observe that in the original statement of [18, Theorem 10] the hypothesis of
weak inf-compactness used above is replaced by the equivalent fact that the function
f − x∗ attains its minimum for every x∗ ∈ X∗. This equivalence, being a functional
counterpart of James’s theorem [11, Theorem 3.130], has been established in [19,
Theorem 2.4]. We call this work Klee–Saint Raymond characterization of convexity
because in the framework of Hilbert spaces, Theorem 1 is equivalent to the famous
characterization given by Klee [12] for the convexity of weakly closed sets. See [4] for
a recent review of this problem related to Chebychev sets.

To prove Theorem 1 the author uses classical deep tools of Banach space theory,
like James’s theorem and Brouwer’s fixed-point theorem for multifunctions, among
others. More recently, another proof has been given in [17], under the assumption
that X is a reflexive Banach space, by using techniques of operator theory.

In this work we use techniques of convex analysis to give a direct proof for a
generalization of Theorem 1 for functions defined on locally convex spaces. This
generalization, given in Corollary 11, is an immediate consequence of the main result
of this work that provides an explicit expression of the closed convex hull of a function;
see Theorem 8. Our hypotheses are weaker than those used in Theorem 1 and rely on
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KLEE–SAINT RAYMOND’S CHARACTERIZATION OF CONVEXITY 1313

the epi-pointedness property that has been successfully utilized recently ([2], [5], [6],
[7], [8], [15]) with the purpose of extending results, which were known exclusively for
Banach spaces or convex functions, to locally convex spaces and nonconvex functions.

2. Notation and preliminary results. In the following, X and Y will be two
(separated) locally convex spaces in duality by the bilinear form 〈·, ·〉 : Y ×X → R.
The space X will be endowed with the weak topology w(X,Y ), while on Y we use
the Mackey topology τ(Y,X). We will write R := R ∪ {−∞,∞}.

For a given function f : X → R, the (effective) domain of f is dom f := {x ∈ X |
f(x) < +∞}. We say that f is proper if dom f �= ∅ and f > −∞, and inf-compact if
for every λ ∈ R the set [f ≤ λ] := {x ∈ X | f(x) ≤ λ} is compact. The conjugate of
f is the function f∗ : Y → R defined by

f∗(x∗) := sup
x∈X

{〈x∗, x〉 − f(x)},

and the biconjugate of f is f∗∗ := (f∗)∗ : X → R. The subdifferential of f at a point
x ∈ X where it is finite is the set

∂f(x) := {x∗ ∈ Y | 〈x∗, y − x〉 ≤ f(y)− f(x) ∀y ∈ X};
if f(x) is not finite, we set ∂f(x) := ∅.

The indicator and the support functions of a set A (⊆ X,Y ) are, respectively,

IA(x) :=

{
0, x ∈ A,

+∞, x /∈ A,
σA := I∗A.

The inf-convolution of f, g : X → R is the function f�g := infz∈X{f(z) + g(· − z)};
it is said to be exact at x if there exists z such thatf�g(x) = f(z) + g(x − z). For
a set A ⊆ X , we denote by int(A), A, co(A), co(A), and aff(C), the interior, the
closure, the convex hull, the convex closed hull, and the affine subspace generated by
A, respectively. By ri(A) we denote the interior of A with respect to aff(C).

The polar of A is the set

Ao := {x∗ ∈ Y | 〈x∗, x〉 ≤ 1, ∀x ∈ A},
while the normal cone of A at x is NA(x) := ∂IA(x).

We introduce in the following definition the family of functions that will play a
key role in our analysis.

Definition 2. A function f : X → R is said to be epi-pointed if f∗ is τ(Y,X)-
continuous at some point of its domain.

This class of epi-pointed functions was introduced by Benoist and Hiriart-Urruty
[3] in the nineties when X is finite-dimensional, but the original definition goes back
to Debreu in the fifties [9].

The following lemma is a compilation of classical results in convex analysis that
we will use in the proof of our main results that correspond to Proposition 7 and
Theorem 8. They can be found in the pioneer reference of convex analysis [14] and
also in [13, Chapter 6].

Lemma 3.
(a) Given two lsc proper convex functions g, h : X → R such that g∗ is continuous

at some point of domh∗, for all x ∈ X there exist x1, x2 ∈ X such that
x1 + x2 = x and

∂g(x1) ∩ ∂h(x2) = ∂(g�h)(x1 + x2).
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1314 R. CORREA, A. HANTOUTE, AND P. PÉREZ-AROS

(b) Given two functions g, h : X → R, we have for all x1, x2 ∈ X

∂g(x1) ∩ ∂h(x2) ⊆ ∂(g�h)(x1 + x2).

(c) Given two functions g, h : X → R, we have (f�g)∗ = f∗ + g∗.
(d) Let g, h : Y → R be proper convex functions such that h is continuous at some

point in dom g ∩ domh. Then

(g + h)∗(x) = (g∗�h∗)(x) ∀x ∈ X,

and the inf-convolution is exact.
(e) Given a function g : X → R, if ∂g(x) �= ∅, then g(x) = g∗∗(x).
(f) An lsc proper convex function g : Y → R is τ(Y,X)-continuous at x∗ ∈ dom g

if and only if g∗ − x∗ is w(X,Y )-inf-compact.

The following lemma is a slight extension of [1, Theorem 2.40] to the case of nets
of functions. For completeness we give a proof.

Lemma 4. Let X be a topological space and let (fα)α∈D be a net of lsc proper
functions defined on X such that

(1) α, β ∈ D, α ≤ β ⇒ fα ≤ fβ.

For εα →
α∈D

0+, let (xα)α∈D be a relatively compact net such that xα ∈ εα- argmin fα

for each α. Then
inf
x∈X

sup
α∈D

fα(x) = sup
α∈D

inf
x∈X

fα(x),

and every accumulation point of (xα) is a minimizer of the function supα∈D fα.

Proof. It is easy to see that every subnet of (fα) has a subnet that preserves
property (1); so, without loss of generality, we may assume that xα → x̄ ∈ X . We
start by showing that for every V ∈ Nx̄, the neighborhood system of x̄, we have

(2) sup
α∈D

inf
v∈V

fα(v) ≤ sup
α∈D

inf
x∈X

fα(x).

Given δ > 0 and V ∈ Nx̄, we choose α0 ∈ D such that xα ∈ V and εα < δ for all
α ≥ α0. Then for any β ∈ D we get

inf
v∈V

fβ(v) ≤ sup
α≥α0

fα(xα) ≤ sup
α≥α0

{
inf
x∈X

fα(x) + εα

}
≤ sup

α∈D
inf
x∈X

fα(x) + δ.

This yields (2) by taking the supremum on β ∈ D and the limit as δ → 0+.
Now, (2) leads us to

inf
x∈X

sup
α∈D

fα(x) ≤ sup
α∈D

fα(x̄) = sup
α∈D

sup
V ∈Nx̄

inf
v∈V

fα(v)

= sup
V ∈Nx̄

sup
α∈D

inf
v∈V

fα(v) ≤ sup
α∈D

inf
x∈X

fα(x),

which yields

inf
x∈X

sup
α∈D

fα(x) ≤ sup
α∈D

fα(x̄) ≤ sup
α∈D

inf
x∈X

fα(x) ≤ inf
x∈X

sup
α∈D

fα(x),

and, so, the proof is completed.
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We close this section by recalling the key tool in the proof of our main result,
which is an extension of the classical Fenchel formula ∂f∗ = (∂f)−1 for lsc proper
convex functions, to weakly lsc epi-pointed (nonnecessarily convex) functions.

Proposition 5 (see [6, Corollary 6]). Let f : X → R ∪ {+∞} be a weakly lsc
epi-pointed function. Then for every x∗ ∈ Y we have that

∂f∗(x∗) = co
[
(∂f)−1(x∗)

]
+Ndom f∗(x∗).

3. The characterization of convexity. We start with a comparison between
the subdifferentials of an epi-pointed function and its biconjungate.

Proposition 6. Let f : X → R be a weakly lsc epi-pointed function and denote

Mf := {x∗ ∈ Y : argmin{f − x∗} is convex}.

Then for every x ∈ X we have that

int(dom f∗) ∩Mf ∩ ∂f∗∗(x) ⊆ ∂f(x).

Proof. We choose x∗ ∈ int(dom f∗)∩Mf∩∂f∗∗(x) and x ∈ X . Since (∂ f)−1(x∗) =
argmin{f − x∗} is convex and weakly closed (f is weakly lsc), according to Proposi-
tion 5 we have that

∂f∗(x∗) = (∂f)
−1

(x∗).

Hence, since x∗ ∈ ∂f∗∗(x) we have that x ∈ ∂ f∗(x∗) = (∂ f)−1(x∗), which is equiva-
lent to x∗ ∈ ∂ f(x).

We give now a first relation between an epi-pointed function and its biconjugate.

Proposition 7. Let f : X → R be a weakly lsc epi-pointed function and Mf

as in proposition above. Then, for all nonempty, convex, and compact sets C ⊂
int(dom f∗) ∩Mf , we have that

σC�f∗∗ = σC�f.

Proof. We fix x ∈ X . By Lemma 3(a), applied with g := σC and h := f∗∗, since
h∗ = f∗ is continuous at any point of dom g∗ = C, there are x1, x2 ∈ X such that
x = x1 + x2 and

(3) ∂σC(x1) ∩ ∂f∗∗(x2) = ∂(σC�f∗∗)(x).

Since ∂σC(x1) ⊆ C ⊆ int(dom f∗) ∩Mf , Proposition 6 gives us the relation

∂σC(x1) ∩ ∂f∗∗(x2) ⊆ ∂σC(x1) ∩ ∂f(x2).

So, invoking Lemma 3(b), from (3) we infer that

(4) ∂(σC�f∗∗)(x) ⊆ ∂(σC�f)(x).

On the one hand, by Lemma 3(c) we have (σC�f)∗ = f∗ + IC and so, invoking
Lemma 3(d), we get

(5) (σC�f)
∗∗

= σC�f∗∗.
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1316 R. CORREA, A. HANTOUTE, AND P. PÉREZ-AROS

On the other hand, since

(σC�f)∗∗ (x) = (IC + f∗)∗(x) = sup
x∗∈C

{〈x∗, x〉 − f∗(x∗)} ,

the continuity of f∗ and the compacity of C yield the existence of some x∗ ∈ C such
that

(σC�f)
∗∗

(x) = 〈x∗, x〉 − f∗(x∗) = 〈x∗, x〉 − (f∗ + IC)(x
∗) = 〈x∗, x〉 − (σC�f)

∗
(x∗).

In other words, in view of (5) and (4), respectively,

x∗ ∈ ∂ (σC�f)
∗∗

(x) = ∂ (σC�f∗∗) (x) ⊆ ∂(σC�f)(x)

and, so, ∂(σC�f)(x) �= ∅. Due to Lemma 3(e), and using (5) again, this implies that

σC�f(x) = (σC�f)∗∗ (x) = σC�f∗∗(x).

This finishes the proof, since x was arbitrarily chosen.

We are now able to prove the main result of this work, which has as a consequence
the required characterization of convexity.

Theorem 8. Let f : X → R be a weakly lsc epi-pointed function such that

argmin{f − x∗} is convex ∀x∗ ∈ D,

where D is a convex dense subset of dom f∗. Then we have that

f∗∗ = σdom f∗�f.

Proof. Since int(dom f∗) �= ∅, without loss of generality, we assume that D ⊆
int(dom f∗). Define C := {co(F ) : F is a finite subset of D}. Clearly (C,⊇) is a
directed set.

It is easy to check, using Proposition 7, that

sup
C∈C

σC�f = sup
C∈C

σC�f∗∗ ≤ σdom f∗�f∗∗ ≤ σdom f∗�f.

Now we will prove that

(6) sup
C∈C

σC�f = σdom f∗�f,

and the conclusion will follow from Lemma 3(d), which shows that σdom f∗�f∗∗ =
(Idom f∗ + f∗)∗ = f∗∗.

We fix x ∈ X and for any C ∈ C define gC(y) := f(y) + σC(x − y) and g(y) :=
f(y)+σdom f∗(x−y). Clearly, gC and g are weakly lsc functions and gC ↗ g pointwise.

If there exists C ∈ C such that gC ≡ +∞, (6) is trivially verified.
Assume that for every C ∈ C, gC �≡ +∞. From Lemma 3(f) applied to f∗ at

x∗ ∈ C(⊂ int(dom f∗)) we conclude that f∗∗ − x∗ is weakly inf-compact, and from
the fact that

gC(·) = f(·) + σC(x− ·) ≥ f∗∗(·)− 〈x∗, ·〉+ 〈x∗, x〉,
we see that gC is weakly inf-compact.

Now, for every C ∈ C we take xC ∈ argmin{gC} and fix some C0 ∈ C. Then
for every K ∈ C such that C0 ⊆ K we have xK ∈ Γ := {y ∈ X : gC0(y) ≤
supC∈C{σC�f(x)}}.

Finally, if supC∈C{σC�f(x)} = +∞, equality (6) is trivial. On the other hand,
if supC∈C{σC�f(x)} < +∞, then Γ is compact and we apply Lemma 4 to the family
gC , xC indexed by the directed set {C ∈ C : C0 ⊆ C} to obtain equality (6).
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The following example illustrates the necessity of considering the support function
of dom f∗ in the formula for the biconjugate given in Theorem 8.

Example 9. Let f : R → R be the lsc nonconvex function defined by

f(x) =

{ |x| if x ∈ [−1, 1],
|x|+ e−|x| if x ∈ R\[−1, 1].

Then it is easy to prove that f∗ = I[−1,1], which shows that f is epi-pointed, and

argmin{f − α} =

⎧⎨
⎩

{0} if α ∈ (−1, 1),
[0, 1] if α = 1,
[−1, 0] if α = −1.

Hence, the hypothesis of Theorem 8 holds, but not the equality f∗∗ = f . However,
we easily check that

f∗∗ = | · | = σdom f∗�f.

The following remark gives a geometrical interpretation of the conclusion of The-
orem 8 in terms of the epigraph of involved functions.

Remark 10. It is well known that when the inf-convolution is exact, then its
epigraph is the sum of the epigraphs of the two functions. Since it can be shown that
convolution in the equality of Theorem 8 is exact, we see that Theorem 8 corresponds
to the set equality

(7) co(epi f) = epi f + epiσdom f∗ .

On the other hand, if we consider the asymptotic cone of epi f given by (see [10])

(epi f)∞ :=
⋂
ε>0

]0, ε] epi f,

which is the epigraph of the asymptotic function f∞, since co(f∞) = σdom f∗ when f
is weakly lsc and epi-pointed (see [8, Theorem 7]), we can rewrite Theorem 8 as

f∗∗ = f� co(f∞)

and (7) as
co(epi f) = co((epi f)∞) + epi f.

It is worth noting that this characterization does not involve dual objects.

The next corollary corresponds to the announced result of this work: The exten-
sion of Theorem 1 to the setting of locally convex spaces.

Corollary 11. Let f : X → R be a weakly lsc epi-pointed function such that
dom f∗ = Y . If there exists a convex dense set D ⊂ Y such that argmin{f − x∗} is
convex for all x∗ ∈ D, then f is convex.

The next remark compares the hypotheses of Theorem 1 and Corollary 11.

Remark 12. It is worth observing that in Theorem 1 the density assumption on D
is with respect to the norm topology in X∗. This is clearly stronger than the condition
used in Corollary 11 asking that D is dense only with respect to the Mackey topology.
On the other hand, according to Lemma 3(f) we see that the hypothesis of weakly
infcompactness of f −x∗ is equivalent to the continuity of f∗ over all X∗ with respect
to the Mackey topology.
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The following example shows the necessity of the convexity assumption of D in
Corollary 11.

Example 13. Let h be a proper lsc convex function defined on a reflexive Banach
space Z such that domh∗ = Z∗; hence, h is epi-pointed (with respect to the norm-
topology in Z∗). Choose any nonconvex positive and weakly lsc function g such that
the function f := h + g is not convex. Then f defines a weakly lsc epi-pointed
function, due to the relation h∗ ≥ f∗, which implies that dom f∗ = Z∗ and f∗ is
norm-continuous on Z∗. Since f∗ is Fréchet-differentiable in a (Gδ)-dense subset of
Z∗ (see, e.g., [16]), D ⊂ Z∗, by [5, Proposition 6] we deduce that, for all x∗ ∈ D,

argmin{f − x∗} = (∂f)−1(x∗) = {∇f∗(x∗)}.

The next corollary shows that the epi-pointedness assumption in Corollary 11 can
be replaced by the assumption of convexity of ε- argmin{f −x∗} when ε is sufficiently
small and the density of D in the norm topology.

Corollary 14. Suppose that X is a normed space, and let f : X → R be a weakly
lsc function such that dom f∗ = X∗. Assume that there exist a convex (norm-)dense
set D ⊂ X∗ such that for all x∗ ∈ D there is some δ > 0 such that

ε- argmin{f − x∗} is convex ∀ε ∈ (0, δ).

Then f is convex.

Proof. We consider the duality pair ((X∗∗, w∗), (X∗, ‖ · ‖∗)) together with the

function f
w∗

: X∗∗ → R given by

f
w∗

(x∗∗) := lim inf
xα

w∗
→x∗∗

xα∈X

f(xα).

It is clear that f
w∗

is weakly lsc and epi-pointed. Moreover, since for every x∗ ∈ D
we have

argmin{fw∗
− x∗} =

⋂
ε>0

ε- argmin{f − x∗}w
∗
,

we deduce that argmin{fw∗
− x∗} is convex. Hence, by applying Corollary 11 we

conclude that f
w∗

is convex, and so is the function f .

In the final part, keeping in mind a possible application to the finite-dimensional
case, we consider the relative interior within the definition of epi-pointed functions.
More generally, we have the following.

Theorem 15. Let f : X → R be a function with a proper conjugate, and denote
F := aff(dom f∗). We suppose that the following conditions hold:

(a) The restriction of f∗ to F , f∗
|F , is continuous on ri(dom f∗).

(b) There exists x∗
0 ∈ ri(dom f∗) such that f − x∗

0 is weakly lsc and weakly inf-
compact.

(c) There exists a convex set D ⊆ ri(dom f∗) with ri(dom f∗) ⊂ D, such that
argmin{f − x∗} is convex for all x∗ ∈ D.

Then we have

(8) σdom f∗�f = f∗∗.
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Moreover, if D = F , then

(9) σdom f∗�f = f∗∗ = fF ,

where fF (x) := inf{f(w) : w ∈ x+ (F − x∗
0)

⊥}.
Proof. We may suppose without loss of generality that x∗

0 = 0 so that the function
fF defined above is written as

fF (x) := inf{f(w) : w ∈ x+ F⊥}.

We also denote by Z := X/F⊥ the quotient space of X by the orthogonal space of F
and introduce the function h : Z → R defined as

h([x]) := fF (x).

Let us consider the dual pair (Z, σ(Z, F ), F, τ(Y,X)) endowed with the bilinear form
〈x∗, [x]〉 = 〈x∗, x〉. Then, from the relation

{z ∈ Z : h(z) ≤ λ} = Π({x ∈ X : f(x) ≤ α}) ∀λ ∈ R,

where Π : X → X/F⊥ is the canonical projection, i.e., Π(x) = [x], it follows that h is
weakly lsc. Also, since f is weakly inf-compact, the relation above together with the
fact that h∗ = f∗|F also implies that

int(domh∗) = ri(dom f∗),

and h is epi-pointed.
Next, because f is weakly inf-compact, we get

argmin{h− x∗} = Π(argmin{f − x∗}),

which shows that argmin{h− x∗} is convex.
Now, we are able to apply Theorem 8 to get, for every x ∈ X ,

σdomh∗�h = sup
x∗∈F

{〈·, x∗〉 − h∗(x∗)} .

Moreover, using the fact that h∗ = f∗|F and σdom f∗(x− y − z) = σdom f∗(x− y), for

every z ∈ F⊥, we see that for all x ∈ X

σdomh∗�h([x]) = σdom f∗�f(x)

and

sup
x∗∈F

{〈x, x∗〉 − h∗(x∗)} = f∗∗(x).

Finally, if F ⊆ dom f∗, then x− y /∈ F⊥, and so

σdom f∗(x − y) = σF (x− y) = +∞.

Therefore, σdom f∗�f = fF .
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Remark 16. With the hypothesis of Theorem 15, it is not possible to get the
equality f = f∗∗ instead of fF−x∗

0
= f∗∗. Indeed, consider the function f : R2 → R

given by

f(x, y) =
1

2
x2 + ln (|y|+ 1) .

Then the conjugate is given by

f∗(α, β) =
{

α2

2 if β = 0,
+∞ if β �= 0

so that dom f∗ = R× {0} and for every (α, 0),

argmin{f − (α, 0)} = {(α, 0)};

that is, argmin{f − (α, 0)} is convex, while f is not convex.
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Matemáticas, Santiago, Chile, 2014; also available online from http://repositorio.uchile.cl/
handle/2250/131016.

[16] R. R. Phelps, Convex Functions, Monotone Operators and Differentiability, 2nd ed., Lecture
Notes in Math. 1364, Springer, New York, 1993.

D
ow

nl
oa

de
d 

10
/2

0/
17

 to
 2

00
.8

9.
68

.7
4.

 R
ed

is
tr

ib
ut

io
n 

su
bj

ec
t t

o 
SI

A
M

 li
ce

ns
e 

or
 c

op
yr

ig
ht

; s
ee

 h
ttp

://
w

w
w

.s
ia

m
.o

rg
/jo

ur
na

ls
/o

js
a.

ph
p

http://dx.doi.org/10.1137/S0152623400381279
http://dx.doi.org/10.1137/S0036141094265936
http://dx.doi.org/10.1137/S0036141094265936
http://dx.doi.org/10.1007/s11590-006-0014-5
http://dx.doi.org/10.1007/s11590-006-0014-5
http://dx.doi.org/10.1016/j.na.2011.05.085
http://dx.doi.org/10.1016/j.na.2011.05.085
http://dx.doi.org/10.1007/s11228-010-0152-x
http://dx.doi.org/10.1007/s11228-010-0152-x
http://dx.doi.org/10.1007/978-1-4419-7515-7
http://dx.doi.org/10.1007/978-1-4419-7515-7
http://repositorio.uchile.cl/handle/2250/131016
http://repositorio.uchile.cl/handle/2250/131016


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Copyright © by SIAM. Unauthorized reproduction of this article is prohibited. 

KLEE–SAINT RAYMOND’S CHARACTERIZATION OF CONVEXITY 1321

[17] B. Ricceri, Singular points of non-monotone potential operators, J. Nonlinear Convex Anal.,
16 (2015), pp. 1123–1129.

[18] J. Saint Raymond, Characterizing convex functions by variational properties, J. Nonlinear
Convex Anal., 14 (2013), pp. 253–262.

[19] J. Saint Raymond, Weak compactness and variational characterization of the convexity,
Mediterr. J. Math., 10 (2013), pp. 927–940, http://dx.doi.org/10.1007/s00009-012-0226-0.

D
ow

nl
oa

de
d 

10
/2

0/
17

 to
 2

00
.8

9.
68

.7
4.

 R
ed

is
tr

ib
ut

io
n 

su
bj

ec
t t

o 
SI

A
M

 li
ce

ns
e 

or
 c

op
yr

ig
ht

; s
ee

 h
ttp

://
w

w
w

.s
ia

m
.o

rg
/jo

ur
na

ls
/o

js
a.

ph
p

http://dx.doi.org/10.1007/s00009-012-0226-0

	Introduction
	Notation and preliminary results
	The characterization of convexity
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts 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 (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


