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ABSTRACT. In this paper, we consider controllability of
nonlinear fractional impulsive evolution systems. We firstly
give a mild solution expression for nonlinear fractional impul-
sive evolution systems. Sufficient conditions for controllability
results are obtained by Krasnoselskii’s fixed point theorem in
the infinite-dimensional spaces.

1. Introduction. Control theory is an area of application-oriented
mathematics which deals with basic principles underlying the analysis
and design of control systems. It is well known that controllability
plays a significant role in modern control theory and engineering since
they are closely related to pole assignment, structural decomposition
and quadratic optimal control. Different techniques were developed
to investigate the controllability of various systems, such as geometric
analysis [12, 16], Lie algebraic approach [17], functional analysis [5]
and algebraic method [15, 20]. See also [1-4, 6].

In recent years, the study of impulsive control systems has received
increasing interest, since dynamical systems with impulsive effects have
great importance in applied sciences (see [7, 8, 10-13, 18, 20]).

In the paper, we study the following controllability of nonlinear
fractional impulsive evolution systems by the Krasnoselskii’s fixed point
theorem.

(1.1)
°Di x(t) = Ax(t) + Bu(t) + f(t,z(t)) te J\{t1,t2, -+ ,tr},
Ax(t) = Li(x(t:)),
x(0) = xp,
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where ¢D? is the Caputo fractional derivative of order 0 < ¢ < 1 with
the lower limit zero, the state z(-) takes values in a Banach space X and
the control function u(+) is given in L?(J,U) with U as a Banach space.
A is the infinitesimal generator of a strongly continuous semigroup
T(t),t >0 in X, B is a bounded linear operator from U into X and
f:JdxX — X is a given X-value function. I; : X — X is continuous,
i=1,2,...k, J=[0,T],0 =00 <t; < - <t; < - <t <tpy1 =
T, Ax(t;) = z(t7) — z(t;), x(t]) and x(¢t;) denote the right and the
left limits of z(t) at t =1¢; (i =1,2,... ,k).

The organization of the paper is as follows. In Section 2, we give
some preliminaries and introduce mild solutions of system (1.1). In
Section 3, by using Krasnoselskii’s fixed point theorem, we obtain the
condition of controllability of nonlinear fractional impulsive evolution
systems.

2. Preliminaries. Let X be a Banach space and A : D(A4)(C
X) — X the infinitesimal generator of a uniformly bounded strongly
continuous semigroup {7'(t),t > 0}. Therefore, there exists an M7 > 1
such that supicig o0) IT(®)] < M1 Let LP(J,R)(1 < p < o0)
denote the Banach space of all Lebesgue measurable functions from J
into R with [|¢|lze(sr) = ([, l@(t)[Pdt)}/P < co. And let LP(J,X)
be the Banach space of functions ¢ : J — X which are Bochner
integrable normed by ||| zr(sx). We introduce the Banach space
C(J, X) endowed with supnorm given ||z||¢(s,x) = sup;c s ||2(t)[ x, for
x € C(J,X) and PC(J,X) ={z : J = X|z € C((tg,tr+1],X), i =
0,1...,k, and z(t;") exist} with the norm ||z| pc(s,x) = supye {||lz(t+

Ol [l = O)1}-

For the convenience of the readers, we first present some useful
definitions and fundamental facts of fractional calculus theory, which
can be found in [9, 14].

Definition 2.1. For s > 0, the integral

s = [ x( 0 g,

x —t)!

is called the Riemann-Liouville fractional integral of order s.

Definition 2.2. For a function f(x) given in the interval [0, c0), the
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expression

N B X AN .
Bivt) = =y () [, G n=bl+

is called the Riemann-Liouville fractional derivative of order s > 0.
Definition 2.3. The Caputo derivative of order s for a function
f:]0,00) = R can be written as

n—1

°Dg, f(t) = D°[f(t) — Z %f(k)(O)], t>0,n—1<s<n.

k=0

Remark. (i) If f(™ € C[0, 00), then

1 A0
c S j— —1 .
Di, f(x) F(n—s)/o (x_t)sﬂ—ndt’ t>0,n <s<n

(ii) The Caputo derivative of a constant is equal to zero.

Definition 2.4. For any u € L?(J,U), z € PC(J, X) is called a mild
solution of system (1.1) if z(t) satisfies

Ty( mg—|—f0(t—sq 1S, (t —s)f(s,x(s))ds
—|—f0 (t — )18, (t — s)Bu(s) ds t € 0,t4]
2(t) = Ty( mg—|—f0t(t—sq 1Sq(t s)f(s,x(s))ds
—|—f0 (t —s)971S,(t — s)Bu(s) ds
+ 305 Talt = )1 ((t5))
te (titiva], i=1,2,... .k

where Ty(t) = [°&(0)T(t90) df, Sy(t) = q [, 0£,(0)T(t90) d6 and,
b < (0,00 (0 Y ot J(0°1) > 0, w,(0) —
ry o (=)t~ Y (T(ng + 1)/n!)sin(n7rq). Here, &, is a prob-
ability density function defined on (0, 00), that is, £,(6) > 0, § € (0, c0)
and [° & (6)do = 1.
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Lemma 2.5 [21, Lemmas 3.2 and 3.3]. The operators T, and Sy
have the following properties:

(i) For any fized t > 0, T4(t) and Sq¢(t) are linear and bounded
operators, i.e., for any x € X, || T,(t)z| < Mi|z| and ||Sq(t)z| <
(¢M1)/(T(1 + q))l|l.

(ii) {T4(t),t > 0} and {S4(t),t > 0} are strongly continuous.

Lemma 2.6 (Krasnoselskii’s fixed point theorem). Let X be a
Banach space, 0 a bounded closed and convex subset of X and Fy, Fy
maps Q into X such that Fix + Foy € Q for every pair z,y € Q. If
F1 is a contraction and Fy is completely continuous, then the equation
Fix + Fox = x has a solution on €.

3. Controllability results.

Definition 3.1. The fractional system (1.1) is said to be completely
controllable on [0,ts](ty € (0,T1]) if, for every xzo,z;, € X, there exists
a control u € L2(J,U) such that the solution z(t) of (1.1) satisfies

z(ty) = ;.

Now we make the following assumptions:

(H1) The operator A generates a uniformly bounded strongly contin-
uous semigroup {7'(t),t > 0} in X. So there exists a constant M; such
that sup,c(o, 100 IT@®)| < M.

(Hs) The linear operator B : L?*(J,U) — L'(J,X) is bounded,
W : L*(J,U) — X defined by

tf
Wu = / (t; — )17 1S, (t; — s)Bu(s) ds
0
has an inverse operator W ~! which takes value in L?(.J,U)/ ker W, and
there exist two positive constants Mo, M3 > 0 such that
IBIl < Mz, [[W1| < Ms.

(Hs) f: JxX — X is continuous and there exists a constant ¢; € (0, ¢)
and p(-) € L'/%(J, RT) such that [|f(t,x1) — f(t,22)]| < p(t)]|21 — 2],
rieX,i=1,2.
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(Hy) I; : X - X, 1= 1,2,... k, are continuous and there exist
constants L; such that || I;(x1) — L;(x2)|| < Lsl|lz1 — 22|,

k
ZLi =L.
=1

(Hs) For t > 0, S4(¢) is continuous in the sense of uniformly operator
topology.

(Hg) For all bounded subset €2, the set

t—h o0
W s(t) = {g / /5 0(1—35)12€,(O)T ((1—5)0) f (s, 2(s)) dO ds, @ € 2}

is relatively compact in X for arbitrary h € (0,¢) and 6 > 0.

For convenience, we denote n; = [(1 — q1/q — q1)T(@~0)/(=a)]1-a,
k
n2 = maxeey || f(¢,0), ns = >, [ 1:;(0)]]-

Theorem 3.1. Assume that (H1)—-(Hs) hold. In addition, assume
that

My Mo MsT1

(3.1) ba[l + T(1+q)

] <1,

holds, where by = [(M4M1q)/(L'(1 + q))+MiL], My = na|pll L1701 (g, p+) -
Then system (1.1) is completely controllable on [0,ty] for some ty €
(0, T7].

Proof. By (Hs), for any x € PC(J, X), we define the control u,(t)
by

Wy, = Ty(t)wo— o (tr—5)171S,(tr —5) f(5,2(s)) ds] (1),
te [O, tl]

W*{[xtf ~Ty(ty)zo— fy! (tr—5)T" Sy(ty—s)f(s,x(s)) ds
_Eg‘:l Ty(ty—1t;)1;(@(t;))](t), te (i, tiya], i=1,2,.. k.

ug ()=
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According to the control, we shall prove the operator @ : PC(J, X) —
PC(J, X) defined by

T,( xo—i—fo(t—s VIS, (t — 8) f(s,2(s)) ds
—l—fo (t — 5)971S,(t — s)Buy(s) ds, € [0, 1]
(Qz)(t)=4 Ty(t)xo + fg(t —8)171S,(t — 8)f(s,2(s)) ds
—l—fo (t —8)9718,(t — s)Buy(s)ds
+ 5 Tyt = )L ((ty),  t€(tistip], i=1.2,.. .k,

has a fixed point x, which is a mild solution of system (1.1).

For any r > 0, let Q, = {z € PC(J,X) : ||z|lpcx) < r}. It is
obvious that €2, is a bounded, closed and convex set of PC(J, X). Now
we divide the proof into the following several steps.

Step 1. We prove that Q(Q2,) C Q,. Suppose that Q(Q2,) C Q, is
not true. Then there exists a function z € Q.. [|[(QZ)(t)|| > r for some
telJ.

By (Hj3) and the Holder inequality, we get that:
ty
[t =9 nt)s
0
L= rganso-an)] " +
< - T IpllLr/a (S, RT),
—q

TLQT

ty
/ (7 — )| £ (s,0) | ds <
0
Denote My = n1||pl|L1/a1 (g, p+y: M5 = (n2T9) /q. Thus, for all (¢;,ti41],
1=0,1,...,k, we have
a1 < W e, |+ 1Tyt oll + 3 I Talty — )1t
j=1
ty
4 / (tr — )7 IS4 (ty — ) F (s, 2(5)]| ds

< M|y, || + MM ||zl + MsMy > || ((t;))]
j=1



CONTROLLABILITY OF NONLINEAR EVOLUTION SYSTEMS 401

My M3zq

FHIBA (b = )" 1f (s, 2(s)ll ds

< Mj||we, | + MaM ol + MaMi [Lyl|2(t;)I| + [11;(0)]]

=1
My M3q /tf 1
27 te — q d
SR [ 4y — (e a(o)] + 17,0l ds
< Msl|le, || + Mz M;||xol|
MyM3zMq
R e +
F(l 4 q) || ||PC(J,X)
+ My M3L||x||pc + M1 Msns

= M|z, || + Msby + Msba||z| po(s,x),

MsM3zMq
I'(1+q)

where by = [M1||£C0|| + (M5M1q)/(F(1 + (])) + Mlng], by = [(M4M1q)/
(T(1 4 q)) + M L]. By (Hz) and (Hs), we have

r < QBN < ITy(O)zoll + Y I1To(t — )1 @ ()|
j=1

+/0 (t— )T Y1S,(t — 5)£(5,2(5))| ds

t —5)a! — 5)Bu,(s s
+A@ Y1, (t — ) Bug(s) d

< My|zo|| + M1 L||Z]| pe(ax)

MaMd )

I'(1+q) (J:X)
MsMyqg  MyM,T?

TTirg T Tt o el

::bl[ A41A42A431W} My My MsT?

I'(1+q) I'(1+q)
M Mo M3T1
HHQ}

Taking the limit as r — oo, we get

+ Ming +

[l

Foa1s

My Mo M;T9
b2|:1—|— 14V21vE3 :| ,

I'(l1+q)
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which contradicts (3.1). Hence, Q(£2,) C ;.

Now, we define the following operators @)1 and @2 on 2, as
t i

(@)t) = [ (¢ =918, (t = ) Bus(s)ds + 3Tt~ ) a(t),
0 =

(Qax)(t) = Ty(t)xo + /0 (t — s)q_lsq(t —5)f(s,x(s)) ds

for t € J, respectively. Obviously, Q = Q1 + Q2.

Next we show that Q1 is a contraction and )2 is completely contin-
uous.

Step 2. @1 is a contraction. Let z,y € Q,.. By (Hz)—(Hs), we get
t
[(@12)(t) — (Q2y) ()] < /0 (t = 5)" B S(t — 5)(uz — uy)l| ds

+ Z 1Ty(t = )1 (x(t5)) = L (y ()]

MyMyq [
< 271‘1/ (t — s)7 ! dsmax ||ug — uy||
T(1+q) J [0:t]

+ M, Z I15(2(t5)) = Li(y ()l

MoM;T1
271(1)1921\/[3”% —yllpcrx)
+ MiLl|z — yllpcs,x)
|:b2M1M2M3Tq
- I'(l1+q)

In view of (3.1), we derive that (bo M1 MoM3sT9)/(T'(1 +q))+ ML < 1,
which implies )1 is a contraction.

+ MlL] lz —yllpo(sx)-

Step 3. Q2 is completely continuous.
i) Q2 is continuous on €,.
It is easily proved that @5 is continuous on €2,.
ii) We prove that Q2(2,.) C PC(J, X) is equicontinuous.
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Forany x € Q,,let 0 <7 <75 <T. We get

[(@12)(72) — (Qa)(71) |

< | To(r2)w0 — Ty (1) 20|

-+l /072 (T — 8)17 1S, (12 — 8) f(s,2(5)) ds
- /oT1 (11— 5)17 1Sy (11 — ) f (5, 2(s)) ds||

< || Ty(m2)wo — Ty(T1)o]|

+ /T2 (1o — s)q_lSq(Tg —5)f(s,x(s))ds

We denote
Jl = Tq(Tg)l‘Q — Tq(Tl)xo,

Jo = /OT1 [(r2 = 8)17" = (11 = 5)7 ]Sy (72 — 5) f (5, 2(s)) ds,
J3 = /T2 (7'2 - S)q_lsq(TQ - S)f(S,J?(S)) dS,

Ji= [ = 8, = 9) = Syl = 9l a(o) s,

a:q—(h
1—q

B — )Tt — (1 — )17 NS, (10 — 5)f(s,z(s)) ds
+/O[<Tg )17t~ (71— )77 Y8y (2 — ) f(s,2(s)) d

T _5)a ! Ty — 8) — T — 8 s,x(s))ds
+ /0 (1 ) [Sq(Q ) Sq(l )]f(, (s)) ds||.

403

Obviously, [[(Q12)(72) — (Q2z)(o)ll < [[ull + [[J2ll + [[ 5] + [|/4]]-
Now, we need to check that Jy,Js, J3, Jy tend to 0 uniformly for all
x € Q, when 75 — 71. In fact, by Lemma 2.5 (ii), we can deduce that

lim,_,, J1 =0. Using (H3), we have
J2 < / (12 = 5)77" = (11 = 8)7 || S4(2 — s)p(s)2(s)|| ds
0

N /071[(72 = 8)77 = (11 = 8)T || Sg(2 = ) f(5,0)] ds



404 ZHENHAI LIU, XIUWEN LI AND JIHUA SUN

rMyiq ™ g—1 g
< m/@ [(72 — s) — (11— 8)7 p(s) ds

naMiq /T1 a—1 g—1
EEY R, T2 — S — (11 —s ds
e [ = = (= o
Myrqam=t .
T(it+q 2 1 (r2 = 7)) 7 Pl ovos ey
nQMl

1—\(1 ¥ Q) [Tg - T{I - (TQ - Tl)q]v

J3

IN

/T2 (r2 = 8)17 | Sg(m2 = ) f (5, 2(s)) || ds

T1

rMiq 72 _
< d AL d
< gy [ e ds
noMiq [T g—1
+7F(1—|—q) /T1 (o —s)1 " ds
Mirga®—1 a—q na My q
= Tl+9q (o — 1) ”p”Lﬁ(J,Rﬂ—’—F(l—kq)(TQ 71)%.

By (Hs), we obtain that

Ji< / 11— T [Sy(r2 — ) — Sylrs — ) (s, 2(s))]] ds

<r s 15,(m ) = Sy )] / (71 — 5)7'p(s) ds
s€[0,m1 0

T1
+ng sup ||Sq(m2 — ) — Sq(m1 — 9)|| / (11 — s)qfl ds
s€[0,71] 0

< s 15,0 =) = Salr =)o " v
s€[0,m1

n
+ -2 sup [Sq(r2 — s) = Sq(m1 — s)||7{.
q s€[0,71]

Consequently, we conclude that ||(Q2z)(72) — (Q22)(11)|| = 0, as 72 —
11, for all x € Q,. Therefore, Q2(£2,) C PC(J, X) is equicontinuous.

iil) Q2(Q,)(t) C X is relatively compact in X. Define II = Q2(,)
and II(t) = {Q2(z,)(t) :x € Q. } for t € J.
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Set Hh,(;(t) = {th,(;(xr)(t) cx € Q. }, where
QQ h,o xr
= T(h99) / & (0)T(t99 — h16)x db

t—h

+T(h‘15)/ (t—s)"" 1( / 6, (0 ((t—s)qﬁ—hq5)x0dt9>f(s,x(s))ds
/ £,(0)T(t0)0 db

t—h
— )17 —s)1 s, x(s s.
+q/o /09@ JILe (O)T (¢ — 5)70) f (5. 2(s)) dO d

Clearly, II1(0) = {(Q22)(0)|z € Q,} = {xo} is compact. By Lemma
2.5 (ii), (Hg) and (H7), we easily show that II(¢) = {Q2(z,)(t) : € Q,.}
is relatively compact in X for all ¢ € J from Theorem 3.1 of [19].
Hence, Q2(€2,)(t) C X is relatively compact in X. As a result, Q)2 is a
completely continuous operator. According to the Krasnoselskii’s fixed
point theorem, @ has a fixed point  on Q,. Thus, if t; € [0,t1],
it is easy to check that x(ty) = xy,. Similarly if t; € (t;,ti41],
i=1,2,...,k, x(tf) = z;,. Consequently, system (1.1) is completely
controllable on [0, ¢f].

REFERENCES

1. K. Balachandran and E.R. Anandhi, Controllability of neutral functional
integro-differential infinite delay systems in Banach spaces, Taiwan J. Math. 8
(2004), 689-702.

2. K. Balachandarn, J.Y. Park and J.J. Trujillo, Controllability of monlinear
fractional dynamical systems, Nonlinear Anal. 75 (2012), 1919-1926.

3. K. Balachandran and R. Sakthivel, Controllability of functional semilinear
integro-differential systems in Banach spaces, J. Math. Anal. Appl. 225 (2001),
447-457.

4. M. Benchohra and A. Ouahab, Controllability results for functional semilinear
differential inclusions in Frechet spaces, Nonlin. Anal. 61 (2005), 405-423.

5. Y.K. Chang, W.T. Li and J.J. Nieto, Controllability of evolution differential
inclusions in Banach spaces, Nonlin. Anal. 67 (2007), 623—-632.

6. Y.K. Chang, J.J. Nieto and W.S. Li, Controllability of semilinear differential
systems with nonlocal initial conditions in Banach spaces, J. Optim. Theory Appl.
142 (2009), 267-273.

7. Z. Fan and G. Li, Existence results for semilinear differential equations with
nonlocal and impulsive conditions, J. Funct. Anal. 258 (2010), 1709-1727.



406 ZHENHAI LIU, XIUWEN LI AND JIHUA SUN

8. T.L. Guo, Controllability and observablity of impulsive fractional linear time-
invariant system, Appl. Math. Comp. 64 (2012), 3171-3182.

9. A.A. Kilbsa, H.M. Srivastava and J.J. Trujillo, Theory and applications of
fractional differential equations, Elsevier, Amsterdam, 2006.

10. J.H. Liu, Nonlinear impulsive evolution equations, Dynam. Cont. Discr.
Impul. Syst. 6 (1999), 77-85.

11. Z.H. Liu and X.W. Li, On the controllability of impulsive fractional evolution
inclusions in Banach spaces, J. Optim. Theor. Appl. 156 (2013), 167-182.

12. E.A. Medina and D.A. Lawrence, Reachability and observability of linear
impulsive systems, Automatica 44 (2008), 1304-13009.

13. S. Migorski and A. Ochal, Nonlinear impulsive evolution inclusions of second
order, Dynam. Syst. Appl. 16 (2007), 155-173.

14. 1. Podlubny, Fractional differential equations, Academic Press, San Diego,
1999.

15. W.J. Rugh, Linear systems theorey, Prentice-Hall, Englewood Cliffs, NJ,
1993.

16. Z.D. Sun, S.S. Ge and T.H. Lee, Controllability and reachability criteria for
switched linear systems, J. Math. Anal. Appl. 214 (2002), 276-283.

17. H.J. Sussmann and V. Jurdjevic, Controllability of monlinear systems, J.
Differ. Equat. 12 (1972), 95-116.

18. Z.X. Tai, Controllability of fractional impulsive neutral integro-differential
systems with a nonlocal Cauchy condition in Banach spaces, Appl. Math. Lett. 24
(2011), 2158-2161.

19. J.R. Wang and Y. Zhou, A class of factional evolution equations and optimal
controls, Nonlin. Anal. 12 (2011), 262-272.

20. G.M. Xie and L. Wang, Controllability and observablity of a class of linear
impulsive systems, J. Math. Anal. Appl. 304 (2005), 336—355.

21. Y. Zhou and F. Jiao, Ezxistence of mild solutions for fractional neutral
evolution equations, Comput. Math. Appl. 59 (2010), 1063-1077.

GuaNGXl KEY LABORATORY OF HYBRID COMPUTATION AND IC DESIGN ANAL-
YSis, AND COLLEGE OF SCIENCES, (GUANGXI UNIVERSITY FOR NATIONALITIES,
NANNING 530006, GUANGXI PROVINCE, P.R. CHINA

Email address: zhhliu@hotmail.com

GuaNGxli KEy LABORATORY OF HYBRID COMPUTATION AND IC DESIGN ANAL-
vsis, AND COLLEGE OF SCIENCES, GUANGXI UNIVERSITY FOR NATIONALITIES,
NANNING 530006, GUANGXI PROVINCE, P.R. CHINA

Email address: 641542785@qq.com

GuaNGXl KEY LABORATORY OF HYBRID COMPUTATION AND IC DESIGN ANAL-
YSiS, AND COLLEGE OF SCIENCES, (GUANGXI UNIVERSITY FOR NATIONALITIES,
NANNING 530006, GUANGXI PROVINCE, P.R. CHINA

Email address: 286102029@qq.com




<<
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages 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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [1200 1200]
  /PageSize [432.000 648.000]
>> setpagedevice


