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Abstract We investigate infinitely divisible distributions on cones in Fréchet spaces.
We show that every infinitely divisible distribution concentrated on a normal cone has
the regular Lévy–Khintchine representation if and only if the cone is regular. These
results are relevant to the study of multidimensional subordination.
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1 Introduction

Recall that a subordinator is a Lévy process with nondecreasing trajectories. As a nat-
ural generalization of this notion one may consider Lévy processes taking values in
cones of Euclidean or more general vector spaces. Such processes are determined by
infinitely divisible distributions concentrated on cones. Skorohod [19, Theorem 3.21]
showed that an infinitely divisible distribution μ on R

d is concentrated on a normal
closed cone K if and only its Fourier transform admits a representation

μ̂(y) = exp

{

i〈y, b0〉 +
∫

K

(

ei〈y,x〉 − 1
)

ν(dx)

}

, for all y ∈ R
d, (1)
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where b0 ∈ K and ν is a Lévy measure concentrated on K such that

∫

K∩{‖x‖≤1}
‖x‖ν(dx) < ∞ (2)

(see Sect. 2 for the relevant definitions; also [16, Theorem 83]). Therefore, μ has the
Laplace transform Lμ(y), defined for y in the dual cone K ′, of the form

Lμ(y) = exp

{

−〈y, b0〉 −
∫

K

(

1 − e−〈y,x〉)ν(dx)

}

(3)

(cf. Remark 2 in Sect. 3). Furthermore, if {X(t), t ≥ 0} is a Lévy process with
L(X(1)) = μ satisfying (1), then its Lévy-Itô decomposition is of the form

X(t) = tb0 + lim
ε→0

∑

s≤t

�X(s)1‖�X(s)‖>ε a.s., (4)

where �X(s) ∈ K for all s ≥ 0 a.s. This is a consequence of (1–2). Representations
(1) and (3) are fundamental in the study of cone valued Lévy process, multivariate
subordination and type G random vectors; see [2, 3, 12, 13].

Dettweiler [8] generalized representation (3) to infinite dimensional vector spaces.
Namely, he showed that if μ is an infinitely divisible probability measure concen-
trated on a normal regular cone K in a locally convex topological vector space E

then its Laplace transform Lμ(f ) is given by

Lμ(f ) = exp

{

−f (b0) −
∫

K

(

1 − e−f (x)
)

ν(dx)

}

for all f ∈ K ′, (5)

where b0 ∈ K and the Lévy measure ν satisfies

∫

K

(f (x) ∧ 1)ν(dx) < ∞ for all f ∈ K ′. (6)

We will say that μ has the regular Lévy-Khintchine representation on cone when (5)
holds.

The normality of a cone is a natural assumption precluding pathological situations.
However, the question whether the regularity of K is necessary for (5) was left open
in [8]. Moreover, no example was known of an infinitely divisible measure on a nor-
mal but not regular cone in a Banach space for which (5) would fail. In this paper we
show that a normal cone K in a Fréchet space is regular if and only if every infinitely
divisible probability measure μ concentrated on K has the regular Lévy-Khintchine
representation on cone. This provides the converse to Dettweiler’s theorem [8] for
measures on Fréchet spaces; we also give a simpler proof of the sufficiency part. In
the proof we show that every non regular cone K contains an isomorphic copy of
the cone c+ of nonnegative convergent sequences, we construct an infinitely divisi-
ble probability measure on c+ without the regular Lévy-Khintchine representation on
cone, and then we map this measure into K . As far as we know, this result is new for
Banach spaces as well. Similarly to the finite dimensional case, the representation (5)
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is also basic for the study of subordination of infinite dimensional cone parameter
Lévy processes. See [14] for a very special Banach space example.

We should also mention extensions of the Lévy-Khintchine representation for in-
finitely divisible distributions on semigroups (see [4, Theorem 4.3.20]). However,
more definitive results for cone semigroups require local compactness of the cones
and thus are not applicable here (see Jonasson [10]).

In Sect. 2 we establish notation and recall relevant definitions and facts. We give
the main result in Sect. 3. In conclusion of the paper we give two examples. The
first one shows that within one Banach space it is possible to have two normal cones
such that one is regular and the other is not. The second example shows that the
set of completely monotone functions constitutes a normal and regular cone in the
Fréchet space C∞(R+). This is an interesting example of a cone on a Fréchet space
for which (5) applies.

2 Preliminaries and Notation

Recall that a Fréchet space is a complete locally convex linear metric space E. Its
topology is generated by a nondecreasing sequence {‖ · ‖i}i≥1 of semi-norms, see
[18, pp. 48–49]. A cone K in E is a closed non-empty set closed under addition and
multiplication by nonnegative reals. It is proper if it does not contain a straight line
through 0 and K = {0}. A cone K induces a partial order on E by defining x ≤K y

whenever y − x ∈ K . A cone K in E is normal if for every z ∈ K the set [0, z] :=
{x ∈ K : x ≤K z} is bounded, see [11, Theorem 3]. It is known that if K is normal
then the generating sequence of semi-norms {‖ · ‖i}i≥1 can be chosen K-increasing,
i.e., for every i ≥ 1 and x, y ∈ K , ‖x‖i ≤ ‖x + y‖i ; note that the converse is obvious.
Denote by E′ the strong topological dual of E. Given a cone K , the dual cone K ′ is
defined by

K ′ = {f ∈ E′ : f (x) ≥ 0 for all x ∈ K}.
An important fact is that

K = {x ∈ E : f (x) ≥ 0 for all f ∈ K ′}
see, e.g., [18, Theorem 1.5, p. 126]. In a Fréchet space a cone K is normal if and
only if E′ = K ′ − K ′ (see [18, Corollary 3, p. 220] and [11, Corollary 1]); every
normal cone in E is proper [18, Corollary 1, p. 216]. A sequence (xn) in E is said to
be K-increasing if xn ≤K xn+1 for each n; it is K-majorized if there exists x ∈ K

with xn ≤K x for all n ≥ 1. A cone K is said to be regular if every K-increasing and
K-majorized sequence in K is convergent. Denote by c (c0, respectively) the Banach
space of converging (converging to 0, respectively) sequences of real numbers with
the supremum norm. Let c+ and c+

0 denote the corresponding cones of nonnegative
sequences. Clearly both cones are normal and c+

0 is regular but c+ is not. In a finite
dimensional vector space every proper cone is normal and regular.

For basic facts on infinitely divisible distributions on Banach spaces we refer
to Araujo and Giné [1] and to Dettweiler [7] for a general case of locally convex
spaces. From Dettweiler [7, Satz 2.5] we infer that μ is an infinitely divisible dis-
tribution on a separable Fréchet space E if and only if its Fourier transform μ̂ has
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the Lévy-Khintchine representation of the following form. There exist b ∈ E, a pos-
itive quadratic form Q on E′, and a Borel measure ν on E such that ν({0}) = 0 and
ν(Dc) < ∞ for some compact convex symmetric subset D of E such that for all
f ∈ E′

μ̂(f ) = exp

{

if (b) − 1

2
Q(f ) +

∫

E

(

eif (x) − 1 − if (x)ID(x)
)

ν(dx)

}

. (7)

ν is called the Lévy measure of μ and satisfies
∫

E
(f (x)2 ∧ 1) ν(dx) < ∞ for every

f ∈ E′. When E is a Banach space, we usually take as D the unit ball, even though
it is not compact when E is infinite dimensional (cf. [1, Theorem 6.2, Chap. 3]).

3 Main Result

Theorem 1 Let K be a normal cone in a separable Fréchet space E. Then every
infinitely divisible probability distribution concentrated on K has the regular Lévy-
Khintchine representation on cone if and only if K is regular.

Proof The sufficiency. Let μ be an infinitely divisible distribution concentrated on
a normal regular cone K . Since K is proper, μ has no Gaussian part and by (7) its
characteristic function is of the form

μ̂(f ) = exp

{

if (b) +
∫

E

(

eif (x) − 1 − if (x)ID(x)
)

ν(dx)

}

,

where D is a compact convex symmetric subset of E with ν(Dc) < ∞. Since f (μ) is
concentrated on R

+ whenever f ∈ K ′, from [17, Theorem 24.11] we infer that f (ν)

is concentrated on R
+,

∫ ∞
0 (u ∧ 1)(f (ν))(du) < ∞, and

f (b) −
∫

D

f (x)ν(dx) ≥ 0 (8)

for every f ∈ K ′. Since E′ is separable with respect to the weak∗ topology, there ex-
ists a sequence {fn} ⊂ K ′ such that K = ⋂

n{x ∈ K : fn(x) ≥ 0}. Hence ν(Kc) = 0,
i.e., ν is concentrated on K . From (8) we get

f (b) ≥
∫

D∩K

f (x)ν(dx) ≥ 0 for every f ∈ K ′. (9)

Consequently, b ∈ K and

μ̂(f ) = exp

{

if (b) +
∫

K

(

eif (x) − 1 − if (x)ID(x)
)

ν(dx)

}

.

We will now show that for every open neighborhood U of the origin in E

ν(D ∩ Uc) < ∞. (10)
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Indeed, since 0 /∈ D ∩ Uc, for every x ∈ D ∩ Uc there exists fx ∈ E′ such that
fx(x) > 1. Hence

D ∩ Uc ⊂
⋃

x∈D∩Uc

{y ∈ E : fx(y) > 1}.

Since D ∩ Uc is compact, there exist x1, . . . , xn ∈ D ∩ Uc such that

D ∩ Uc ⊂
n

⋃

i=1

{y ∈ E : fxi
(y) > 1}.

Now (10) follows because ν({y ∈ E : f (y) > 1}) ≤ ∫

E
(f (x)2 ∧ 1) ν(dx) < ∞ for

every f ∈ E′.
Fix a decreasing to the origin sequence {Uj } ⊂ E of open neighborhoods of the

origin. Since D ∩ Uc
j is bounded and ν(D ∩ Uc

j ) < ∞ for every j ≥ 1, the integral

xj =
∫

D∩Uc
j

xν(dx)

exists in the Pettis sense [9, Theorem 3.1(i)]. (Actually, the integral exists also in the
Bochner sense because D ∩ Uc

j is compact and hence the identity function on it can
be approximated uniformly by simple functions.) We have for every f ∈ K ′

f (xj ) =
∫

K∩D∩Uc
j

f (x)ν(dx) ≥ 0.

Hence xj ∈ K and the sequence {xj } is K-increasing. By (9) {xj } is K-majorized by
b ∈ K and since K is regular, x0 = limj→∞ xj exists. By the Monotone Convergence
Theorem for every f ∈ K ′

f (x0) = lim
j→∞

∫

K∩D∩Uc
j

f (x)ν(dx) =
∫

K∩D

f (x)ν(dx).

Since E′ = K ′ − K ′, this equation holds for every f ∈ E′. We conclude that μ̂ has
the form

μ̂(f ) = exp

{

if (b0) +
∫

K

(

eif (x) − 1
)

ν(dx)

}

, (11)

where b0 = b − x0 ∈ K . From Remark 2 given below we infer that Lμ is of the
form (5).

The proof of the necessity will be divided into three steps. Assume that K is
normal but not regular cone in E. Choose and fix a K-increasing sequence of semi-
norms {‖ · ‖i}i≥1 generating the topology of E (see Sect. 2).

In the first step we will construct an isomorphic embedding V : c → E such that
V (c+) ⊂ K . Since K is not regular, there exists x ∈ K and a K-increasing sequence
{xk} ⊂ K such that xk ≤K x and limk→∞ xk does not exist. Therefore, for some i0 ≥ 1
and ε0 > 0, there exist kj < mj < kj+1 such that

‖xmj
− xkj

‖i0 > ε0, j = 1,2, . . . .
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Put yj = xmj
− xkj

. Then yj ∈ K , ‖yj‖i0 > ε0, and for any finite subset J ⊂ N

∑

j∈J

yj ≤K x. (12)

Since K is normal, we have for each i ≥ 1 and for any finite subset J ⊂ N

∥

∥

∥

∥

∑

j∈J

yj

∥

∥

∥

∥

i

≤ ‖x‖i .

Hence, from [5, Corollary C.1 and 7.2], there exists a subsequence {yjn} such that for
zn = yjn the map

V0(a) =
∞
∑

n=1

anzn, a = (an)n≥1 ∈ c0,

is an isomorphism from c0 into E. Let E0 = V0(c0). Without loss of generality we
may assume that x /∈ E0. Indeed, if x = V0(a) for some a ∈ c0, then an0 = 0 for some
n0 ≥ 1. We discard yjn0

from {yjn} and define zn = yjn if n < n0 and zn = yjn+1 if
n ≥ n0. The new V0 is still an isomorphic embedding of c0 into E and x = E0. Define
V : c → E by

V (t) = L(t)x + V0(t − L(t)1), (13)

where L(t) = limn→∞ tn, t = (tn) ∈ c and 1 = (1,1, . . .) is the sequence consisting
of 1’s. Since x /∈ E0, V is one-to-one and

E1 = V (c) = {rx + y : r ∈ R, y ∈ E0}

is closed. By the Inverse Mapping Theorem V is an isomorphism between c and E1.
From (12) for every N ≥ 1 and t ∈ c+

L(t)x +
N

∑

n=1

(tn − L(t))zn = L(t)

(

x −
N

∑

n=1

zn

)

+
N

∑

n=1

tnzn ∈ K.

Letting N → ∞ we get V (c+) ⊂ K , as claimed.
Now we will construct an infinitely divisible distribution on c+ which does not

have regular Lévy-Khintchine representation on cone. Consider an increasing se-
quence 0 < x(1) < x(2) < · · · in c+ given by

x
(j)
n =

{

1 if n ≤ j ,
j
n

if n > j .

Let y(1) = x(1) and y(j) = x(j) − x(j−1) when j ≥ 2. We have

y
(j)
n =

{

0 if n < j ,
1
n

if n ≥ j .
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Let {ξj } be a sequence of iid Poisson random variables with parameter 1. We will
show that

X = 1 +
∞
∑

j=1

(ξj − 1)y(j) (14)

converges a.s. in c. Consider the partial sums series

X(k) = 1 +
k

∑

j=1

(ξj − 1)y(j).

Since, for any 1 ≤ k < m,

X(m)
n − X(k)

n =
{

0 if n ≤ k,
1
n

∑n∧m
j=k+1(ξj − 1) if n > k,

we get

∥

∥X(m) − X(k)
∥

∥∞ = sup
k<n≤m

∣

∣

∣

∣

∣

1

n

n
∑

j=k+1

(ξj − 1)

∣

∣

∣

∣

∣

.

Using Hajek-Renyi-Chow inequality, for any ε > 0 (see Theorem 7.4.8 in [6]) we
have

P

(

max
k<n≤m

∣

∣

∣

∣

∣

1

n

n
∑

j=k+1

(ξj − 1)

∣

∣

∣

∣

∣

≥ ε

)

≤ ε−2
m

∑

n=k+1

1

n2
→ 0

as k → ∞. Therefore, the series in (14) converges in c in probability. Since it consists
of independent random vectors, it converges almost surely as well (by Itô-Nisio The-
orem [1, Theorem 2.10, Chap. 3]). Hence X is an infinitely divisible random vector
in c with Lévy measure ν = ∑∞

j=1 δy(j) . Because for every k ≥ 1

X(k) = 1 − x(k) +
k

∑

j=1

ξj y
(j) ∈ c+, (15)

we have that P(X ∈ c+) = 1.
We will show that μ = L(X) does not admit regular Lévy-Khintchine representa-

tion on cone. Suppose to the contrary that

Lμ(f ) = exp

{

−f (b0) −
∫

c+

(

1 − e−f (x)
)

ν(dx)

}

, f ∈ (c+)′

for some b0 ∈ c+. From (15) we infer that for every f ∈ (c+)′

f (b0) = f (1) − lim
k→∞f

(

x(k)
)

.

If we take f (x) = xn, the n-th component of x ∈ c, then we get that f (b0) = 0, which
implies b0 = 0. However, if we take f (x) = limn→∞ xn then we get f (b0) = 1, a con-
tradiction.
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In the last step of the proof we will show that μ1 = V (μ) does not admit regular
Lévy–Khintchine representation, where V is given by (13). Suppose to the contrary
that for some b1 ∈ K

Lμ1(f ) = exp

{

−f (b1) −
∫

K

(

1 − e−f (x)
)

(V (ν))(dx)

}

, f ∈ K ′.

By Remark 2 below we have for all f ∈ E′

μ̂1(f ) =
∫

c+
eif (V (x))μ(dx) = exp

{

if (b1) +
∫

c+

(

eif (V (x)) − 1
)

ν(dx)

}

.

Since V (c) is a closed subspace of E and E′ is separable in the weak∗ topology, there
exists a sequence {fn} ⊂ E′ such that V (c) = {x ∈ E : fn(x) = 0 ∀n ≥ 1}. Hence for
every t ∈ R and n ≥ 1

μ̂1(tfn) = 1 = exp{itfn(b1)}.
Therefore, fn(b1) = 0 for every n ≥ 1, which yields b1 ∈ V (c), so that b1 = V (b0)

for some b0 ∈ c. Since V ′ : E′ → c′ is onto, for every g ∈ c′ there exists f ∈ E′ such
that V ′(f ) = g. Hence

μ̂(g) = μ̂1(f ) = exp

{

if (V (b0)) +
∫

c+

(

eif (V (x)) − 1
)

ν(dx)

}

= exp

{

ig(b0) +
∫

c+

(

eig(x) − 1
)

ν(dx)

}

.

Therefore μ has the representation (11), which is a contradiction with the conclusion
of the previous step (cf. Remark 2). The proof is complete. �

Remark 2 The regular Lévy–Khintchine representation on cone (5) is equivalent to
the representation (11) when K is normal, so that when one holds then the other does
with the same b0 ∈ K and ν. This is a standard fact but we will sketch a proof for the
sake of completeness. First suppose that (5–6) hold. Since for every s1, s2 < 0 and
f1, f2 ∈ K+, −s1f1 − s2f2 ∈ K ′, we have by (5)

∫

E

es1f1(x)+s2f2(x)μ(dx) = exp

{

s1f1(b0) + s2f2(b0)

+
∫

K

(

es1f1(x)+s2f2(x) − 1
)

ν(dx)

}

.

Using the uniqueness of an analytic continuation (see the proof of Theorem 24.11
in [17]) we show that this equation can first be extended to all s1 ∈ C with Re s1 ≤ 0
and then to all s2 ∈ C with Re s2 ≤ 0. Now if we take s1 = i, s2 = −i and use K ′ −
K ′ = E′, we get (11) for all f ∈ E′. The converse implication is similar but simpler
since we may restrict ourself to f ∈ K ′ from the beginning.

Example 3 Let E = c0. Since K1 := c+
0 is normal and regular cone, every infinitely

divisible probability measure on K1 has regular Lévy-Khintchine representation on
cone.
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Let {ei} denote the standard basis in c0. Define another cone in c0 by

K2 = {(xn)n≥1 ∈ c0 :x1 + xn ≥ 0 for all n ≥ 1}.
If x, y ∈ K2, x = (xn)n≥1, y = (yn)n≥1 then

‖x‖ ≤ x1 + sup
n≥1

xn ≤ x1 + sup
n≥1

(xn + yn + y1)

≤ 2 sup
n≥1

|xn + yn| = 2‖x + y‖.

Hence K2 is normal. Let x(k) = ∑k
i=2 ei , k ≥ 2. Clearly, {x(k)}k≥2 ⊂ K2 is

a K2-increasing sequence and

x(k) ≤K2 e1.

Since {x(k)}k≥2 does not converge in c0, K2 is not regular. Therefore, there are
infinitely divisible probability measures concentrated on K2 without regular Lévy-
Khintchine representation on cone. We conclude that the existence of the regular
Lévy-Khintchine representation indeed depends on the cone.

In this context one should mention that, even that c+
0 is normal and regular, there

are c+
0 -valued Lévy processes which are c+

0 -increasing but not of bounded variation,
see [15].

Example 4 Recall that a function x ∈ C∞(R+) is said to be completely monotone
if (−1)nDnx(t) ≥ 0 for all n ≥ 0 and t > 0. The set K of completely monotone
functions on R+ is a cone in E = C∞(R+). C∞(R+) is a separable Fréchet space
with the topology determined by semi-norms

‖x‖N =
N

∑

n=0

sup{|Dnx(t)| : t ∈ [0,N]}, N ≥ 1.

Since ‖ · ‖N are K-increasing, K is a normal cone. Let {xk} ⊂ K be a K-increasing
sequence such that xk ≤K x ∈ K . Then, for every n ≥ 0, k ≥ 1, and t > 0,
0 ≤ (−1)nDnxk(t) ≤ (−1)nDnxk+1(t) ≤ (−1)nDnx(t). Let y(n)(t) be a point-wise
limit of Dnxk(t) as k → ∞. By the mean value theorem, for every N ≥ 1 and s,
t ∈ [0,N ], |y(n)(t) − y(n)(s)| ≤ supu∈[0,N ] |Dn+1x(u)||t − s|. Hence y(n) is con-
tinuous and by Dini’s theorem, Dnxk → y(n) uniformly on each interval [0,N ], as
k → ∞. We conclude that y ∈ C∞(R+) and y(n) = Dny, so that K is regular.
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5. Bessaga, C., Pełczyński: On bases and unconditional convergence of series in Banach spaces. Studia
Math. 17, 151–164 (1958)

6. Chow, Y.S., Teicher, H.: Probability Theory: Independence, Interchangeability and Martingales.
Springer, New York (1978)

7. Dettweiler, E.: Grenzwertsätze für Wahrscheinlichkeitsmasse auf Badrikianschen Räumen. Z.
Wahrsch. Verw. Gebiete 34, 285–311 (1976) (cf. R. Dudley’s review MR0402849)

8. Dettweiler, E.: Infinitely divisible measures on the cone of an ordered locally convex vector space.
Ann. Sci. Univ. Clermont 14(61) (1976) 11–17

9. Jaker, S., Chakraborty, N.D.: Pettis integration in locally convex spaces. Anal. Math. 23, 241–257
(1997)

10. Jonasson, J.: Infinite divisibility of random objects in locally compact positive convex cones. J. Mul-
tivar. Anal. 65, 129–138 (1998)

11. McArthur, C.W.: Convergence of monotone nets in ordered topological vector spaces. Studia Math.
34, 1–16 (1970)

12. Pedersen, J., Sato, K.: Cone-parameter convolution semigroups and their subordination. Tokyo J.
Math. 26, 503–525 (2003)

13. Pedersen, J., Sato, K.: Relations between cone-parameter Lévy processes and convolution semigroups.
J. Math. Soc. Jpn. 56, 541–559 (2004)

14. Pérez-Abreu, V., Rocha-Arteaga, A.: Covariance-parameter Lévy processes in the space of trace-class
operators. Infin. Dimens. Anal. Quantum Probab. Relat. Top. 8, 33–54 (2005)

15. Pérez-Abreu, V., Rocha-Arteaga, A.: On the Lévy-Khintchine representation of Lévy processes in
cones of Banach spaces. In: Publicaciones Matemáticas del Uruguay, vol. 11, pp. 41–55 (2006)

16. Rocha Arteaga, A., Sato, K.: Topics in Infinitely Divisible Distributions and Lévy Processes. Aporta-
ciones Matemáticas, vol. 17, Mexican Mathematical Society (2003)

17. Sato, K.: Lévy Processes and Infinitely Divisible Distributions. Cambridge University Press, Cam-
bridge (1999)

18. Schaefer, H.H.: Topological Vector Spaces, 2nd edn. Springer, New York (1999)
19. Skorohod, A.V.: Random Processes with Independent Increments. Kluwer Academic, Dordrecht

(1991) (Russian original 1986)


	Representation of Infinitely Divisible Distributions on Cones
	Abstract
	Introduction
	Preliminaries and Notation
	Main Result
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


