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L?>-INVERSE SPECTRAL PROBLEMS
FOR DIFFUSIVE LOGISTIC EQUATIONS
OF POPULATION DYNAMICS

T. SHIBATA

ABSTRACT. We consider the nonlinear eigenvalue problem

—u”(t) + f(u
(07

(t)) = Au(t), u(t) >0,
tel .= 1

), w(0) =u(1) =0,

where A > 0 is an eigenvalue parameter. For a given a > 0,
there exists a unique solution pair (A(a), ua) which satisfies
luallz = @ (luall2: L?-norm of ua). A(c) is continuous for
a > 0 and is called an L2-bifurcation curve. We propose a
new framework of inverse nonlinear eigenvalue problems from
a viewpoint of the asymptotic expansion formula for A\(«) as
o — oo.

1. Introduction. We consider the following nonlinear eigenvalue
problem

(1.1) —u"(t) + fu(t)) = Mu(t), tel:=(0,1),
(1.2) u(t) >0, tel,
(1.3) u(0) = u(l) =0,

where A > 0 is an eigenvalue parameter. We assume that f(u) satisfies
the following conditions (A.1)—(A.3).

(A.1) f(u) is a function of C* for u > 0 satisfying f(0) = f/(0) = 0.
(A.2) g(u) := f(u)/u is strictly increasing for u > 0 (g(0) := 0).
(A.3) g(u) — o0 as u — 0.

Then, for each given a > 0, there exists a unique solution (\,u) =
(Ma),uq) € Ry x C?(T) with |Jua||2 = a. Here, ||uql|2 is the L?-norm
of uq. The set {(A(a), uq); a > 0} gives all solutions of (1.1)—(1.3) and
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is an unbounded curve of class C* in R x L?(I) emanating from (72, 0).
Furthermore, A(«) is strictly increasing for o« > 0 and A(a) — oo as
a — oo (cf. [1, 8]).

The purpose of this paper is to propose a new framework of non-
linear inverse eigenvalue problems from a viewpoint of the asymptotic
expansion formula for A(a) as o — oo.

To clarify our intention in detail, let us explain the background of our
problem. Equation (1.1)—(1.3) is motivated by the logistic equation of
population dynamics and vibration of string with self-interaction, and
has been studied by many authors. We refer to [1, 8, 10, 12] for
the works which treated the problems by bifurcation theory of L°°-
framework.

On the other hand, since (1.1)—(1.3) is regarded as an eigenvalue
problem, it seems meaningful to study (1.1)—(1.3) in the L2-framework.
We refer to [2-7] for the works in this direction. One of the main
interests in this field is to study the shape of the bifurcation curve
(a, M()) in R2. Tt should be emphasized that the asymptotic behavior
of M(a) as a — 0 has been studied intensively in [3-7].

As for the behavior of A(«) and u, as a — oo, it is known from [1]
that
Ua(t)

(1.4) I 0) —1

locally uniformly on I as @ — oo. By this, it is easy to see that, for
a>1,
a = [uallz = (1+0(1))g™ ! (Ma)).

This implies that, in many cases, as o — 00,
(1.5) Aa) = g(a) + o(g(@)).
In particular, we note that, if f(u) = u? (p > 1), then g(a) = aP~ L.

Motivated by (1.5), the following asymptotic formula for A(«) as
a — oo has been given in [12].

Theorem 1.1 [12]. Let f(u) = u? (p > 1). Let an arbitrary
n € No=1{0,1,2,...} be fired. Then the following asymptotic formula
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holds as o — oo:
AMa) =Pt + CoaP—1D/2

(1.6) +Z ak()ZJrleJrQ k(1— p)/2+0( n(1- p)/2)
k:O

1
p—1 2

Co = 3 — 24— ¢ptlq

o=+ )/0\/;0—!—1 €+p+1€ g

and ay(p) is the polynomial (degay(p) < k+ 1) which is determined by
ap=1,a1,...,ar—1 inductively.

where

On the other hand, the following uniqueness result for the L>-
bifurcation curve has been proved in [13] by using the variational ap-
proach.

Theorem 1.2 [13]. Assume that f1(u) and fa(u) satisfy (A.1)—(A.3).
Let \1(a) and Xa(a) be the L2-bifurcation curves of (1.1)- ( .3) asso-
ciated with the nonlinear terms f(u) = fi(u) and f(u) = fa(u), re-
spectively. Further, assume that A\ (a) = Aa(a) for any o > 0. Then
fi(u) = fo(u) if the connected components of the set V := {u > 0 :
fi(u) = fa(w)} are locally finite.

These two theorems give us a new aspect for the nonlinear inverse
eigenvalue problem. To explain the basic idea clearly, we consider the
nonlinear terms f; and fo of the special form as follows. Let p > 1 be
a constant, and

filw)=u” (w=0),  fo(u) = uP(l —h(u)).

We assume that f; and fy satisfy the conditions in Theorem 1.2 and
h(u) (£ 0) is very small in some sense. As in Theorem 1.2, let A1 («)
and A\z(a) be the L2-bifurcation curves of (1.1)—(1.3) associated with
the nonlinear terms f(u) = f1(u) and f(u) = fa(u), respectively. Then
we find that

(i) By Theorem 1.2, the bifurcation curve A\ () for fi(u) = u? does
not coincide with Ao () for fo(u) = uP(1 — h(u)) identically.
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(ii) However, it is expected that the shapes of A;(«) and Ao(a) are
very close each other, since f; and fy are almost equal asymptotically.

Taking these considerations into account, we introduce the following
inverse nonlinear eigenvalue problem (P), which seems to be reasonable
from an asymptotical point of view.

(P) If both asymptotic expansion formulas for A\i(a) and Aa(a) as
a — oo satisfy (1.6), then can we say that fi(u) = fo(u) in some
sense?

Now we state the result.

Theorem 1.3. Let fi(u) = u? and fa(u) = u?(1 — h(u)), where
h(u) = (u—4)e=*/2. Then A\ («) and A2(@) have the same asymptotic
expression as (1.6) with p =2 as o — 00.

Theorem 1.3 gives us not only evidence of the affirmative answer to
(P), but also the further direction of this study. Namely, assume that
fi(u) and fo(u) satisty (A.1)—(A.3). Suppose that both asymptotic
expansion formulas for A; (o) and Aq(«) as o — oo satisty (1.6). Then
the expected conclusion of (P) is that fi(u) = fa(u)+ ((u), where ¢(u)
decays exponentially to 0 as u — co. In other words, f1(u) should be
asymptotically equal to fao(u) in algebraic sense.

Remark 1.4. (1) We see that h(u) = (ue™™)®*) /2, and this property
enable us to obtain the precise remainder estimate of ||uy |2 as o — oo.
Moreover, f(u) = u?(1 — h(u)) must satisfy (A.1)-(A.3). Since it is
quite difficult to find such a small perturbation term as h(u) above
generally, we are not able to improve Theorem 1.3 for more general

f(u) easily.
(2) It is clear that f(u) = u?(1 — h(u)) satisfies (A.1) and (A.3).
Furthermore, since g(u) = f(u)/u = u(l — h(u)), for u > 0, we obtain

(s

1
<1—|—u—|— -u —|—2u2 3u—|—2)
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=e “(u? —2u+3) > 0.

Therefore, f(u) = u?(1 — h(u)) satisfies (A.2).

Our arguments here to prove Theorem 1.3 are quite straightforward
and are totally different from those of Theorem 1.1. To prove Theorem
1.1, the special relationship between A and the critical value of the
corresponding solution, which holds only for the case f(u) = v (p > 1),
was used.

2. Proof of Theorem 1.3. In this section, C' denotes various
positive constants independent of A > 1. We begin with the funda-
mental tools which play important roles in what follows. We know
from [1] that, for a given A > w2, there exists a unique solution
uy € C?(I) of (1.1)~(1.3). We use this notation in what follows. There-
fore, a = ||uxll2. Tt is well known that

(2.1) ur(®) = un(1—1), tel,
(2.2) uh(t) >0, 0<t< %,
(23) fuslle = (3 ):

We know by [1] that
(2.4) A= [lualloo (X = A(llualloo)) + As,

where A\; > 0 is the remainder term of A with respect to ||uy||oc and
depends upon A. For A > 1, we have

(2.5) C e VA2 <\ < Che VIRN2

Here 0 < k < 1 is an arbitrary small constant, which is fixed in what
follows. For completeness, we give the proof of (2.5) in the Appendix.
Now multiply (1.1) by «) (¢). Then

(uX (£) + Aua(t) — ua(t)® + u3 (H)h(ux(t))) u(t) = 0.
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This along with (2.3) implies that

2 1 / 2 ]‘)\ 2 1 3 “)\(t) 2h d _
(2.6) §U,\(t) + 3 ux(t)” — g%\(t) +/0 E7h(€) d¢ = constant
= SAlual — 5 llual
[luxlloo
+ [T en@ds pute=1/2)
0
Let
2
LA(0) = A(J|lual%, — 6%) — g(HU/\Hgo —6%)
2.7)

(RN
+ 2/9 E2h(&) de.

This along with (2.2) and (2.6) implies that, for 0 <t < 1/2,

(2.8) u)\(t) = v/ La(ux(t)).
By this and (2.1), we obtain
(2.9) s
> o _ (lluall3e — uX(t))ui (t)
furl ~a? =2 [ — o
B lluxlloo (lurll?, = 62)
=2 ﬁ‘”

:2ww2/ — s
B)\(S

Al s [ m S )
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2 2 [urlloo
3 A

(2.11) Ba(s):=1—s (1—5%) 4+ Qx(s),

. ol
212) Qo) = o /| L, Eneas
1 1 _ 82

1= —ds,
0o VA(s)
1 1— g2 1— g2
(2.14) M), .:/0 (\/m — m) ds.

(2.13) C

By (2.9), we prove Theorem 1.3. To do this, the estimate for M) as
A — oo plays an important role.

Proposition 2.1. For A > 1,

(2.15) |My| < CeVI72RN/2,

We accept Proposition 2.1 tentatively and prove Theorem 1.3.

Proof of Theorem 1.3. By (2.4), (2.9) and Proposition 2.1, for A > 1,
2
216)  urll —® = = Cillusl, + O 2o VIEV2)

This implies that

(2.17) ||UA|§O<1 - %Q) a2+ 0 ()\3/26*\/(17210)\/2) .

By (2.4) and (2.5), for A > 1,
(2.18) A = Jluxlloo + O(Ne™VEmRA/2),

By (1.5), we see that A = a(1 + o(1)) for A > 1. By this, (2.17) and
(2.18), we obtain

2
(2.19) A2 (1 - TACl> — 02 + O(a2e~ VIR FoM)a/2y
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We substitute A = o + ag into (2.19), where ay = o(a) for a > 1.
Then

N = (a4 a)? =a? + 200y + a3
—2\32C, + a2 4+ 0 (aze—,/(l—n)(uo(l))a/z)

=ao? +2(a+a)¥2C)
L0 (azeﬂ/(kﬁ)(uou))a/z) .

(2.20)

By this, for o > 1, we obtain
(2.21) 20y = 20°/2C1 (1 + o(1)).

By this and the fact that Cy = C7, which can be obtained by direct
calculation, for o > 1, we obtain that as = Cia'/? = Chal/?.
Thus, we obtain the second term of (1.6). By the same argument
as this, we obtain the third term «s, fourth term a4 and nth term
ay, of A = A(a) inductively. By this procedure, we obtain the same
asymptotic expansion formula as (1.6) for p = 2, since it is clear
that formula (2.16) without the remainder term is valid for the case
f(u) = u?, and (1.6) is also obtained by (2.16) by using the fact that
Co = C;. Thus, the proof is complete. O

3. Proof of Proposition 2.1. In this section, we prove Proposi-
tion 2.1. Let an arbitrary 0 < € < 1 be fixed. We have

— ?)(A(s) — BA(5))
= / VA(s ¢Bx<s (VA +\/BA<s>>
7T (1= $H(A(s) — Ba(s))
(3.1) 0 VA(s)\/Bx(s)(\/A(s) + /Ba(s)
! (1= 5?)(A(s) — Ba(5))
1—= VAE) VB (VA(S) + V/B(s)

= MLA + M27A.
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To estimate M; » and Ms y, for 0 < s <1, we put
(3.2)
Ky (s) := A(s) — Bx(s)

, . ) lua
=3 ( HUAAH B 1) 0= Sl /muos e
:§0“§“—4>ﬂ—8%

N A”ungoe—umnm(“ngo — JuallZ = 2llurlloo — 2)

N me—nmw(_m”;ﬁ + luallZes? + 2]uafloos + 2).

Lemma 3.1. For A > 1,

(3.3) |My | < CemVATRINZ,

Proof. By (3.1) and (3.2),

(3.4)
a2 =)0 - (oA 1)
1A= s
3o VAW VBAG)(VA(S) + v/Bals)
+ AIIuAHgf_HUA”N(”“A“go —Jluall® = 2lualloo — 2)
1—¢ (1 _ 82) )

0 VAVB AD + V) T Nl
<[ 1 (Cflualfos® 4 unlZs? + 2unlloos + 2)e s
0

VA(s)\/Ba(s)(\/A(s) + /Bx(s))
= Mo+ Miax+ Mz

S

We first estimate M 2 5. It is clear that, for 0 < s <1—¢ and A > 1,

(3.5) CT'<A(s)<C, C'<Bi(s)<C.
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By (3.4) and (3.5), for A > 1, we obtain
(3.6)
071/ et s+ s + 2a s +2)
AluallZe Jo = =

< M2
C

1—e
372/ e enlloos (— [y I3, 8%+ lux |2 8% + 2 ua [l o5 +2) ds.
MurloJo

We put

1—¢
(3.7) / e lxlloos (—Jluy 13,87 + [JualZe 8% + 2] ualcos + 2) ds
0

=Ty +To + T3+ 1Ty,

where
1—e¢
(3.8) T, — _/ el loos [y 2. 3l
0
1—e¢
(3.9) TQ:/ el ooy 2. 52,
0
l—e
(3.10) T, — 2/ el oy [ s s,
0
l1—e
(3.11) T, — 2/ olunlles g,
0
Then, by direct calculation,
(3.12)
1 p-9lualle
= _—/ e % dx
[urlloo Jo
1 —xz/..3 2 (1—e)||lurlloo
il Lo+ 32" 604 0]
6
= Ri([Julloc) — 7=
[[ulloo
(3.13)

1 (1-e)flurlle
Ty = / e % dx
[uallos Jo
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1

 lualle

[_efa:(xQ + 2$+ 2)](()1_5”‘“)\”00
2

luxlloo”

92 (1-e)flurlle
T3 = / re Fdx
[ullos Jo

2

 uall

= Ry([lualleo) +

(3.14)

e 4 )b

2

luxlloo”

9 (1=)lluxlloo
Ty = —/ e *dx
[uallos Jo

_ 2 —21(1=8)l[uxlloo
= a7 o

= Ry([lualloo) +

(3.15)

2

= Ra(llualloo) + 77—
[V

Here, by (2.4) and (3.12)—(3.15),
R ([[urlloo)| < CN*Te 21729 (5 =1,2,3,4).
By this and (3.12)—(3.15),

|T1 + Ty + T3 + T4| = |R1(S) + RQ(S) + Rg(S) + R4(S)|
< Ri(s)| + [Ra(s)| + |R3(s)] + [Ra(s)]
< C)\Qe_A(l_QE).

By this, (2.4), (3.6) and (3.7), we obtain
(3.16) |My 9| < CATLe 21729,

By (2.4), (2.5), (3.4) and (3.5), for A>> 1,

C
M0 < 5 (luallsch([[ualloo) + A1)
S CAe*)\(lfe) + Cef\/(lfn))\/Q.

(3.17)
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Finally, by (3.4) and (3.5),
(3.18) |My 15| < Ce™ 379,

By this, (3.4), (3.16) and (3.17), we obtain (3.3). Thus, the proof is
complete. ]

Lemma 3.2. Forl—e<s<land A>1

(3.19) Ky(s) = 2—;\\1(5—1)+J>\(s)(s—1)2,
where

A1
(3.20) [T (s)| < CT'

Proof. We have K(1) = 0. Further,

25%[|ual

O ()

(321)  K{(s) = 2570 fnallc) +

Therefore, by this and (2.4),

2
KAL) = 2 (st~ Alulle)) + 2~ )
2
(3.22) + 2 Jusllochua )
2
_ 2
Furthermore,
1! 4
K§(5) = 5500~ fur )
4l|uxlso
(3.23) e gy
2wy l|2
1 2l g (o).

A
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Since

(3.24) R (u) = %(5 —u)e ",

by (2.4) and (2.5), for 1 —e <s<1land A > 1,
(3.25) |KY(s)| < C(% + )\2e|“*|°°(15)) < c%.

By this, (3.22) and the mean value theorem, for 1 — ¢ < s < 1 and
A> 1,

(3.26) Ka(s) = K§(1)(s = 1) + 3 K (s2)(s — 1)%

where s; satisfies s < s; < 1 and depends upon s. Then, we put
Ja(s) = K{(s1). By (3.22), (3.25) and (3.26), we obtain (3.19). Thus,
the proof is complete.

Lemma 3.3. For1—e<s<1and A>1,

(3.27) By(s) = 2—;\\1(1—5)+K1()\,8)(1—S)2,

where 1 — k < Ky(\,s) < 1.

Proof. We have B)(1) = 0. Furthermore,

o 2 0o
328 By(s) = —2s 22 lhle 2o oy

By this and (2.4),

2 BL(1) = —2 4 ol _ o) =
(329)  By(1)=—2+2 A2 fua o) = — 5
Furthermore,

BY(s) = -2+ 4”“1”% — 4|‘u’;\|‘°°5h(|\u,\||oos)

(3.30)

2
_ollwallae o s,
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Therefore, by (3.29), (3.30) and the Taylor expansion, we obtain

Ba(s) = Ba(1) + Bi\(s)(s — 1) + %B;\/(Sg)(s —1)?
2)\1
A

where 1 —e < s < 83 < 1. Then by (2.4), (3.24) and (3.30), we see that
1—x < Ki(As) <1for A\> 1. This implies (3.27). Thus, the proof
is complete. ]

(3.31)
(1 =)+ K\ s)(1—s)?,

Lemma 3.4. For1 —e<s<1and A>1,

(3.32) |My | < CemVI20A/2,

Proof. We know by Taylor expansion that, for 1 —¢ < s < 1 and
A> 1,

(3.33) CH1—5)? < A(s) <C(1 - 5)2.
By this and (3.1),

! — 52 s 1 s
a3 s [ B T;)'g;(i))'dsw/l 0 g

By Holder’s inequality, for a,b > 0 and ¢1,q2 > 1 with 1/¢1+1/g2 = 1,

1 1
(3.35) ab < —a® + —b < C(a® + b%).
q1 q2
For 1 —e <s <1, we put
2\
a® = Al (1—s), b2 =K(\s)(1-s)

By this, Lemma 3.3, (3.31) and (3.35), for 1 —e <s<1land A>1,

By(s) = il (1—5)+ Ki(A5)(1 —s)?

v

/a
(3.36) c(Ba-9) @2

1/ 1
o1 <2_/\1> ! (1 _ S)1+1/q2.
A

v
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By this, (2.5) and Lemma 3.2,

|KA(s)] < 0(2)\1/)\){(1 —5)+(1-35)%}
B)\(S) o (2)\1//\)1/‘11(1 — 5)1+1/Q2

(3.37) - 0(2_;1> e {(1 _ )Y (1 - S)lfl/ql}

< Ce V (17/1))\/(2q2){(1 _ S)fl/th +(1- S)l/qz},

We choose g2 > 1 near 1. By this and (3.34), we obtain (3.32). Thus,
the proof is complete. O

Now Proposition 2.1 follows from (3.1) and Lemmas 3.1 and 3.4.
Thus, the proof is complete. a

APPENDIX

4. We prove (2.5). We consider (1.1)—(1.3) with f(u) = u?(1— h(u)).
By (2.8), we obtain

L owm
2 Jo  VI(ua(®)
" lurllee 1 0
(4.1) =/ )
1 /1
- ﬁ/o NEXOh

Here, By(s) is defined by (2.11). Let an arbitrary 0 < e < 1 be fixed.
Let £ := A1 /A > 0. By (3.5), (3.31) and (4.1),

\/X _ 1—¢ 1 1 1
P /0 NCROA /H NEOA

<C+ ° ds

(4.2) e V2 —5) + (1 —r)(1—3)2

:C+/ = dv
0 28+ (1—k)v?

= (1—r)"Y?(log C. —log 2¢).
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By this, we obtain \; < (C/2)Ae”VI=%N2 By (3.31), for 1 — ¢ <
s<1andwu>1, we have

Bia(s) < 2¢(1 —s) + (1 — 5)%

By this and (4.1), we obtain

= /0 7—BA(S) ds
! 1
1-e /26(1—s) + (1 — 5)2

1
/0 v/ 260 + v? d
[1og|2v + 26+ 24/ (v? + 2§U)|K)

= log C; — log 2¢.

ds

By this, we obtain Ay > (C/2)Ae~ V2. Thus, the proof of (2.5) is
complete. ]

REFERENCES

1. H. Berestycki, Le nombre de solutions de certains problémes semi-linéaires
elliptiques, J. Funct. Anal. 40 (1981), 1-29.

2. J. Chabrowski, On nonlinear eigenvalue problems, Forum Math. 4 (1992),
359-375.

3. J. Chabrowski, P. Dfabek and E. Tonkes, Asymptotic bifurcation result for
quasilinear elliptic operators, Glasg. Math. J. 47 (2005), 55-67.

4. R. Chiappinelli, Remarks on bifurcation for elliptic operators with odd non-
linearity, Israel J. Math. 65 (1989), 285-292.

5. , On spectral asymptotics and bifurcation for elliptic operators with odd
superlinear term, Nonlinear Anal. 13 (1989), 871-878.

6. , An estimate on the eigenvalues in bifurcation for gradient mapping,
Glasg. Math J. 39 (1997), 211-216.

7. , A-priori bounds and asymptotics on the eigenvalues in bifurcation
problems for perturbed self-adjoint operator, J. Math. Anal. Appl. 354 (2009),
263-272.

8. J. M. Fraile, J. Lépez-Gémez and J.C. Sabina de Lis, On the global structure
of the set of positive solutions of some semilinear elliptic boundary value problems,
J. Differential Equations 123 (1995), 180-212.




L2-INVERSE SPECTRAL PROBLEMS 359

9. H -P. Heinz, Nodal properties and variational characterizations of solutions to
nonlinear Sturm-Liouville problems, J. Differential Equations 62 (1986), 299-333.

10. P. Rabinowitz, A note on a monlinear eigenvalue problem for a class of
differential equations, J. Differential Equations 9 (1971), 536-548.

11. , Some global results for nonlinear eigenvalue problems, J. Funct. Anal.
7 (1971), 487-513.

12. T. Shibata, Precise spectral asymptotics for nonlinear Sturm-Liouville prob-
lems, J. Differential Equations 180 (2002), 374-394.

13. , Inverse eigenvalue problems for semilinear elliptic eigenvalue prob-
lems, Electron. J. Diff. Equat. 2009 (2009), pages 1-11.

DEPARTMENT OF APPLIED MATHEMATICS, GRADUATE SCHOOL OF ENGINEERING,
HirosHIMA UNIVERSITY, HIGASHI-HIROSHIMA, 739-8527, JAPAN
Email address: shibata@amath.hiroshima-u.ac.jp




<<
  /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


