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Abstract
The use of fractional inequalities in mathematical models is increasingly widespread
in recent years. In this manuscript, we firstly propose the right Caputo derivative of
fuzzy-valued functions about fractional order ν (0 < ν < 1). To this end, we consider
two types of differentiability (similar to the non-fractional case). Then we derive the
equivalent integral forms of original fuzzy fractional differential equations. Finally, we
prove the fuzzy Ostrowski inequality involving three functions under Caputo’s
differentiability. In this regard, we state some new results.

Keywords: fuzzy fractional Ostrowski inequality; fuzzy Caputo differentiability;
Hukuhara difference; fuzzy-valued function

1 Introduction
In , Ostrowski proved the following important inequality []:

Theorem . Let f : [a, b] → R be continuous on [a, b] and differentiable on (a, b) whose
derivative f ′ : (a, b) →R is bounded on (a, b), i.e., ‖f ′‖∞ = supt∈(a,b) |f ′(t)| < ∞. Then

∣∣∣∣ 
b – a

∫ b

a
f (t) dt – f (x)

∣∣∣∣ ≤
[




+
(x – a+b

 )

(b – a)

]
(b – a)

∥∥f ′∥∥∞

for any x ∈ [a, b].

The constant 
 is best possible in the sense that it cannot be replaced by a smaller one. This

inequality gives an upper bound for the approximation of the integral average 
b–a

∫ b
a f (t) dt

by the value f at a point x ∈ (a, b). We notice that the first generalization of Ostrowski’s
inequality was given by Milovanovic and Pecaric in [].

In recent years, these inequalities have been studied by many researchers, and numerous
generalizations, extensions and variants of them have been considered in a number of pa-
pers (see Refs. [–] and the references therein). In this way, some new types of inequal-
ities such as inequalities of Ostrowski-Gruss type, inequalities of Ostrowski-Chebyshev
type, etc. were formed. The first inequality of Ostrowski-Gruss type was given by Dragomir
and Wang in [], and it was generalized and improved by Matic, Pecaric and Ujevic in [].
Also, Cheng gave a sharp version of the mentioned inequality in [].
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In [, ] Pachpatte has proved the Ostrowski inequality in three independent variables.
In the past few years, many authors have obtained various generalizations of this type of
inequality and many researchers worked on a fractional form of it as well as on time scale
calculus (see, for example, Refs. [–] and the references therein).

We mention that these inequalities were applied for Euler’s beta mapping and special
means such as the arithmetic mean, the geometric mean, the harmonic mean and so on
(for more details, see Ref. [] and the references therein). In [] the authors have applied
this inequality for the error bounds of general Riemman’s quadrature formulae in terms
of ‖f ′‖.

The main purpose of this manuscript is to establish Ostrowski-type inequality involving
Caputo differentiability. So, we propose the right fuzzy Caputo derivative and the fuzzy
right fractional Taylor formula in order to prove Ostrowski’s inequality. Then we use these
concepts to prove this inequality involving three functions. Some more details about fuzzy
differential equations and their applications can be found in Refs. [–] and the refer-
ences therein.

This manuscript is organized as follows. In Section , we recall some basic concepts.
In Section , we firstly propose the right Caputo derivative in the sense of [(i) – ν]-
differentiability and [(ii)–ν]-differentiability, then the equivalent integral form of the orig-
inal fuzzy fractional differential equation is obtained. After that, we prove the fuzzy Os-
trowski inequality involving three functions.

2 Basic concepts
We denote the set of all real numbers by R, and the set of all fuzzy numbers on R is indi-
cated by RF . A fuzzy number is a mapping u : R → [, ] with the following properties:

(a) u is upper semi-continuous,
(b) u is fuzzy convex, i.e., u(λx + ( – λ)y) ≥ min{u(x), u(y)} for all x, y ∈R, λ ∈ [, ],
(c) u is normal, i.e., ∃x ∈ R for which u(x) = ,
(d) supp u = {x ∈R|u(x) > } is the support of the u, and its closure cl(supp u) is

compact.
For u, v ∈ RF and λ ∈R, we define uniquely the sum u ⊕ v and the product λ � u by

[u ⊕ v]r = [u]r + [v]r , [λ � u]r = λ[u]r , ∀r ∈ [, ],

where [u]r + [v]r means the usual addition of two integrals (as subsets of R) and λ[u]r

means the usual product between a scalar and a subset of R.
Define D : RF × RF −→R+ by

D(u, v) := sup
r∈[,]

max
{∣∣u–(r) – v–(r)

∣∣, ∣∣u+(r) – v+(r)
∣∣}, ()

where

[v]r =
[
v–(r), v+(r)

]
, u, v ∈ RF . ()

We have that D is a metric on RF . Then (RF , D) is a complete metric space with the follow-
ing properties:

D(u ⊕ w, v ⊕ w) = D(u, v), ∀u, v, w ∈ RF ,

http://dx.doi.org/10.1186/1029-242X-2013-417
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D(k � u, k � v) = |k|D(u, v), ∀u, v ∈ RF , ∀k ∈R,
D(u ⊕ v, w ⊕ e) = D(u, w) + D(v, e), ∀u, v, w, e ∈ RF .

Let us consider x, y ∈ RF . If there exists z ∈ RF : x = y ⊕ z, then we call z the H-difference
on x and y, denoted by x  y.

Let us consider f : [a, b] → RF . We say that f is fuzzy Riemann integrable to I ∈ RF if for
any ε > , there exists δ >  such that for any division P = {[u, v]; ξ} of [a, b] with the norms
�(P) < δ, we have

D

( ∗∑
P

(v – u) � f (ξ ), I

)
< ε, ()

and we write

I := (FR)
∫ b

a
f (x) dx. ()

Let f : [a, b] → RF be fuzzy continuous. Then (FR)
∫ b

a f (x) dx exists and belongs to RF ;
furthermore, it holds [(FR)

∫ b
a f (x) dx]r = [

∫ b
a (f )–(r)(x) dx, (f )+(r)(x) dx], ∀r ∈ [, ].

We consider f ∈ CF ([a, b]) and c ∈ [a, b]. Then (FR)
∫ b

a f (x) dx = (FR)
∫ c

a f (x) dx +
(FR)

∫ b
c f (x) dx.

Let f , g ∈ CF ([a, b]) and c, c ∈ [a, b]. Then (FR)
∫ b

a (cf (x)+cg(x)) dx = c(FR)
∫ b

a f (x) dx+
c(FR)

∫ b
a g(x) dx. Also, if f , g : [a, b] ⊆ R → RF are fuzzy continuous functions, then the

function F : [a, b] →R+ defined by F(x) := D(f (x), g(x)) is continuous on [a, b], and

D
(

(FR)
∫ b

a
f (x) dx, (FR)

∫ b

a
g(x) dx

)
()

≤
∫ b

a
D

(
f (x), g(x)

)
dx. ()

Let f ∈ CF ([a, b]),  < ν < . Then we define the fuzzy fractional left Riemann-Liouville
operator as

Iν
a+f (x) =


�(ν)

�
∫ x

a
(x – t)ν– � f (t) dt, x ∈ [a, b]. ()

Also, we define the fuzzy fractional right Riemann-Liouville operator by

Iν
b–f (x) =


�(ν)

�
∫ b

x
(t – x)ν– � f (t) dt, x ∈ [a, b]. ()

Above, � denotes the gamma function

�(ν) =
∫ ∞


e–ttν– dt. ()

3 Main results
In this section, we state some definitions and results about the right fuzzy Caputo deriva-
tive and the fuzzy right fractional Taylor formula in order to prove the Ostrowski inequal-
ity involving three functions.

http://dx.doi.org/10.1186/1029-242X-2013-417
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Definition . Let f ∈ CF [a, b] ∩ LF [a, b], f ′ be integrable. Then the right fuzzy Caputo
derivative of f for  < ν <  and x ∈ [a, b] is denoted by Dν

b– f (x) ∈ RF and defined by

Dν
b– f (x) =

(–)
�( – ν)

�
∫ b

x
(t – x)–ν � f ′(t) dt. ()

Now, we state an efficient result.

Theorem . Let f ∈ CF [a, b] ∩ LF [a, b],  < ν < , a ≤ x ≤ b.
(i) Let f be (ii)-differentiable, then we have [(i) – ν]-differentiable right fuzzy Caputo

derivative and

(
Dν

b– f
)
(x, r) =

[(
Dν

b– f–
)
(x, r),

(
Dν

b– f+
)
(x, r)

]
,  ≤ r ≤ . ()

(ii) Let f be (i)-differentiable, then we have [(ii) – ν]-differentiable right fuzzy Caputo
derivative and

(
Dν

b– f
)
(x, r) =

[(
Dν

b– f+
)
(x, r),

(
Dν

b– f–
)
(x, r)

]
,  ≤ r ≤ . ()

Proof It is straightforward. �

Theorem . Let f ∈ CF [a, b] ∩ LF [a, b],  < ν < , a ≤ x ≤ b. If Dν
b– f (x) exists and it is

Lebesgue integrable, then we state the equivalent integral form of the original fuzzy frac-
tional differential equation Dν

b– f (x) = g(x, f (x)) with the initial condition f = f (b) as fol-
lows:

(i) if f is a [(i) – ν]-differentiable fuzzy-valued function, then

f (x) = f (b) ⊕ 
�(ν)

�
∫ b

x
(t – x)ν– � (

Dν
b– f

)
(t) dt. ()

(ii) if f is a [(ii) – ν]-differentiable fuzzy-valued function, then

f (x) = f (b)  –
�(ν)

�
∫ b

x
(t – x)ν– � (

Dν
b– f

)
(t) dt. ()

Proof []. �

Now, we state the following result which will be used later.

Theorem . Let f ∈ CF [a, b] ∩ LF [a, b] and  < ν < . Then

D
(


b – a

� (FR)
∫ b

a
f (x) dx, f (b)

)
≤ (b – a)ν

�(ν + )
sup

t∈[a,b]
D

((
Dν

b– f
)
(t), ̃

)
.

Proof We observe that

D
(


b – a

� (FR)
∫ b

a
f (x) dx, f (b)

)

= D
(


b – a

� (FR)
∫ b

a
f (x) dx,

f (b)
b – a

∫ b

a
dx

)

http://dx.doi.org/10.1186/1029-242X-2013-417
http://www.journalofinequalitiesandapplications.com/content/2013/1/50
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= D
(


b – a

� (FR)
∫ b

a
f (x) dx,


b – a

� (FR)
∫ b

a
f (b) dx

)

=


b – a
D

(
(FR)

∫ b

a
f (x) dx, (FR)

∫ b

a
f (b) dx

)

≤ 
b – a

∫ b

a
D

(
f (x), f (b)

)
dx

for the case [(i) – ν]-differentiable. We notice that f ∈ CF [a, b] ∩ LF [a, b] and  < ν < ,

f (x) = f (b) ⊕ 
�(ν)

�
∫ b

x
(t – x)ν– � (

Dν
b– f

)
(t) dt.

For a ≤ x ≤ b, we have

D
(
f (x), f (b)

)
= D

(
f (b) ⊕ 

�(ν)
�

∫ b

x
(t – x)ν– � (

Dν
b– f

)
(t) dt, f (b)

)

= D
(


�(ν)

�
∫ b

x
(t – x)ν– � (

Dν
b– f

)
(t) dt, ̃

)

≤ 
�(ν)

D
(∫ b

x
(t – x)ν– � (

Dν
b– f

)
(t) dt, ̃

)

≤ 
�(ν)

D
(∫ b

x
(t – x)ν– � (

Dν
b– f

)
(t) dt,

∫ b

x
̃ dt

)

≤ 
�(ν)

∫ b

x
(t – x)ν–D

((
Dν

b– f
)
(t), ̃

)
dt

≤ 
�(ν)

(b – x)ν

ν
sup

t∈[a,b]
D

((
Dν

b– f
)
(t), ̃

)
.

As a result, we prove that

D
(
f (x), f (b)

) ≤ (b – x)ν

�(ν + )
sup

t∈[a,b]
D

((
Dν

b– f
)
(t), ̃

)
, a ≤ x ≤ b.

Thus, we obtain

∫ c

a
D

(
f (x), f (b)

)
dx ≤ (b – a)ν+

�(ν + )
sup

t∈[a,b]
D

((
Dν

b– f
)
(t), ̃

)
.

In the case [(i) – ν]-differentiable, we have

D
(


b – a

� (FR)
∫ b

a
f (x) dx, f (b)

)
≤ 

b – a

∫ b

a
D

(
f (x), f (b)

)
dx

≤ (b – a)ν

�(ν + )
sup

t∈[a,b]
D

((
Dν

b– f
)
(t), ̃

)

for the case [(ii) –ν]-differentiable. We notice that f ∈ CF [a, b]∩LF [a, b] and  < ν < , also

f (x) = f (b)  –
�(ν)

�
∫ b

x
(t – x)ν– � (

Dν
b– f

)
(t) dt.

http://dx.doi.org/10.1186/1029-242X-2013-417
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Thus, for all a ≤ x ≤ b, we have

D
(
f (x), f (b)

)
= D

(
f (b)  –

�(ν)
�

∫ b

x
(t – x)ν– � (

Dν
b– f

)
(t) dt, f (b)

)

= D
(


�(ν)

�
∫ b

x
(t – x)ν– � (

Dν
b– f

)
(t) dt, ̃

)

≤ 
�(ν)

D
(∫ b

x
(t – x)ν– � (

Dν
b– f

)
(t) dt, ̃

)

≤ 
�(ν)

D
(∫ b

x
(t – x)ν– � (

Dν
b– f

)
(t) dt,

∫ b

x
̃ dt

)

≤ 
�(ν)

∫ b

x
(t – x)ν–D

((
Dν

b– f
)
(t), ̃

)
dt

≤ 
�(ν)

(b – x)ν

ν
sup

t∈[a,b]
D

((
Dν

b– f
)
(t), ̃

)
.

So, we prove that

D
(
f (x), f (b)

) ≤ (b – x)ν

�(ν + )
sup

t∈[a,b]
D

((
Dν

b– f
)
(t), ̃

)
, a ≤ x ≤ b.

Thus, we obtain

∫ c

a
D

(
f (x), f (b)

)
dx ≤ (b – a)ν+

�(ν + )
sup

t∈[a,b]
D

((
Dν

b– f
)
(t), ̃

)
.

When [(ii) – ν]-differentiable, we have

D
(


b – a

� (FR)
∫ b

a
f (x) dx, f (b)

)
≤ 

b – a

∫ b

a
D

(
f (x), f (b)

)
dx

≤ (b – a)ν

�(ν + )
sup

t∈[a,b]
D

((
Dν

b– f
)
(t), ̃

)
.

This completes the proof. �

Now, we state the main result as given below.

Theorem . Let f , g, h ∈ CF [a, b] ∩ LF [a, b] and  < ν < . Then

D
(


∫ b

a
f (x)g(x)h(x) dx,

∫ b

a

[
f (b)g(x)h(x) + f (x)g(b)h(x) + f (x)g(x)h(b)

]
dx

)

≤ Iν+
a+

(
h(b)g(b)

)
sup

t∈[a,b]
D

((
Dν

b– f
)
(t), ̃

)
+ Iν+

a+
(
f (b)h(b)

)
sup

t∈[a,b]
D

((
Dν

b– g
)
(t), ̃

)
+ Iν+

a+
(
f (b)g(b)

)
sup

t∈[a,b]
D

((
Dν

b– h
)
(t), ̃

)
.

http://dx.doi.org/10.1186/1029-242X-2013-417
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Proof For f , g, h ∈ CF [a, b] ∩ LF [a, b] we have

D
(


∫ b

a
f (x)g(x)h(x) dx,

∫ b

a

[
f (b)g(x)h(x) + f (x)g(b)h(x) + f (x)g(x)h(b)

]
dx

)

=
∫ b

a

(
D

(
f (x)g(x)h(x),

[
f (b)g(x)h(x) + f (x)g(b)h(x) + f (x)g(x)h(b)

]))
dx.

So we have the following:

∫ b

a

(
D

(
f (x)g(x)h(x),

[
f (b)g(x)h(x) + f (x)g(b)h(x) + f (x)g(x)h(b)

]))
dx

=
∫ b

a

[
D

(
f (x)g(x)h(x) + f (x)g(x)h(x) + f (x)g(x)h(x),

[
f (b)g(x)h(x) + f (x)g(b)h(x) + f (x)g(x)h(b)

])]
dx

=
∫ b

a

[
D

(
f (x)g(x)h(x), f (b)g(x)h(x)

)
+ D

(
f (x)g(x)h(x), f (x)g(b)h(x)

)
+ D

(
f (x)g(x)h(x), f (x)g(x)h(b)

)]
dx

=
∫ b

a

[
g(x)h(x)D

(
f (x), f (b)

)
+ f (x)h(x)D

(
g(x), g(b)

)
+ f (x)g(x)D

(
h(x), h(b)

)]
dx

=
∫ b

a

[
g(x)h(x)

(
(b – x)ν

�(ν + )
sup

t∈[a,b]
D

((
Dν

b– f
)
(t), ̃

))

+ f (x)h(x)
(

(b – x)ν

�(ν + )
sup

t∈[a,b]
D

((
Dν

b– g
)
(t), ̃

))

+ f (x)g(x)
(

(b – x)ν

�(ν + )
sup

t∈[a,b]
D

((
Dν

b– h
)
(t), ̃

))]
dx

≤
∫ b

a

[
g(x)h(x)

(
(b – x)ν

�(ν + )
sup

t∈[a,b]
D

((
Dν

b– f
)
(t), ̃

))]
dx

+
∫ b

a

[
f (x)h(x)

(
(b – x)ν

�(ν + )
sup

t∈[a,b]
D

((
Dν

b– g
)
(t), ̃

))]
dx

+
∫ b

a

[
f (x)g(x)

(
(b – x)ν

�(ν + )
sup

t∈[a,b]
D

((
Dν

b– h
)
(t), ̃

))]
dx

≤ sup
t∈[a,b]

D
((

Dν
b– f

)
(t), ̃

)( 
�(ν + )

∫ b

a

[
g(x)h(x)(b – x)ν

]
dx

)

+ sup
t∈[a,b]

D
((

Dν
b– g

)
(t), ̃

)( 
�(ν + )

∫ b

a

[
f (x)h(x)(b – x)ν

]
dx

)

+ sup
t∈[a,b]

D
((

Dν
b– h

)
(t), ̃

)( 
�(ν + )

∫ b

a

[
f (x)g(x)(b – x)ν

]
dx

)

= Iν+
a+

(
h(b)g(b)

)
sup

t∈[a,b]
D

((
Dν

b– f
)
(t), ̃

)
+ Iν+

a+
(
f (b)h(b)

)
sup

t∈[a,b]
D

((
Dν

b– g
)
(t), ̃

)
+ Iν+

a+
(
f (b)g(b)

)
sup

t∈[a,b]
D

((
Dν

b– h
)
(t), ̃

)
.

http://dx.doi.org/10.1186/1029-242X-2013-417
http://www.journalofinequalitiesandapplications.com/content/2013/1/50


RE
TR

A
CT

ED
30

th
A

U
G

U
ST

20
13

do
i:1

0.
11

86
/1

02
9-

24
2X

-2
01

3-
41

7
Allahviranloo et al. Journal of Inequalities and Applications 2013, 2013:50 Page 8 of 9
http://www.journalofinequalitiesandapplications.com/content/2013/1/50

Finally, by using the following property:

Iν+
a+

(
h(b)g(b)

)
=


�(ν + )

∫ b

a

[
g(x)h(x)(b – x)ν

]
dx,

we complete the proof. �

4 Conclusion
Recently, the application of fractional differential equations under uncertainty received
a considerable interest both in mathematics and in applications. In this manuscript, the
fuzzy Caputo differentiability has been stated; then we made inquiries about the fuzzy
fractional Ostrowski inequality involving three functions in the right Caputo fractional
derivative. In this way, we have obtained some basic results in the fuzzy framework. To
the best of our knowledge, this is the first time in the literature that such inequality has
been considered under uncertainty. For future work, we will consider the mentioned fuzzy
inequality possessing higher fractional order with different types of differentiability.
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15. Anastassiou, GA: Fuzzy Ostrowski inequalities. In: Fuzzy Mathematics: Approximation Theory, vol. 251, pp. 65-73.

Springer, Berlin (2010)
16. Anastassiou, GA: On right fractional calculus. Chaos Solitons Fractals 42, 365-376 (2009)

http://dx.doi.org/10.1186/1029-242X-2013-417
http://www.journalofinequalitiesandapplications.com/content/2013/1/50


RE
TR

A
CT

ED
30

th
A

U
G

U
ST

20
13

do
i:1

0.
11

86
/1

02
9-

24
2X

-2
01

3-
41

7
Allahviranloo et al. Journal of Inequalities and Applications 2013, 2013:50 Page 9 of 9
http://www.journalofinequalitiesandapplications.com/content/2013/1/50

17. Bohner, EA, Bohner, M, Mattews, T: Time scales Ostrowski and Gruss type inequalities involving three functions.
Nonlinear Dyn. Syst. Theory 8, 651-700 (2011)

18. Bohner, M, Mattews, T: Ostrowski inequalities on time scales. J. Inequal. Pure Appl. Math. 9, 6-8 (2008)
19. Tseng, KL: Improvement of some inequalities of Ostrowski type and their application. Taiwan. J. Math. 12, 2427-2441

(2008)
20. Dragomir, SS, Wang, S: A new equality of Ostrowski’s type in L1 norm and applications to some special means and to

some numerical quadrature rules. Tamkang J. Math. 28, 239-244 (1997)
21. Allahviranloo, T, Salahshour, S: A new approach for solving first order fuzzy differential equation. In: Inf. Proc. Manag.

Uncert. Know. Bas. Syst. Appl. (2010)
22. Allahviranloo, T, Salahshour, S: Euler method for solving hybrid fuzzy differential equation. Soft Comput. Fus. Found.

Meth. Appl. 7, 1247-1253 (2010)
23. Allahviranloo, T, Salahshour, S, Abbasbandy, S: Explicit solutions of fractional differential equations with uncertainty.

Soft Comput. Fus. Found. Meth. Appl. 16, 297-302 (2012)
24. Salahshour, S, Allahviranloo, T, Abbasbandy, S, Baleanu, D: Existence and uniqueness results for fractional differential

equations with uncertainty. Adv. Differ. Equ. 112, 1-13 (2012)
25. Allahviranloo, T, Salahshour, S, Avazpour, L: On the fractional Ostrowski inequality with uncertainty. J. Math. Anal.

Appl. 395, 191-201 (2012)

doi:10.1186/1029-242X-2013-50
Cite this article as: Allahviranloo et al.: Retracted: Fuzzy fractional Ostrowski inequality with Caputo differentiability.
Journal of Inequalities and Applications 2013 2013:50.

http://dx.doi.org/10.1186/1029-242X-2013-417
http://www.journalofinequalitiesandapplications.com/content/2013/1/50

	Retracted: Fuzzy fractional Ostrowski inequality with Caputo differentiability
	Abstract
	Keywords

	Introduction
	Basic concepts
	Main results
	Conclusion
	Competing interests
	Authors' contributions
	Author details
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /LeaveColorUnchanged
  /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 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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


