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Abstract. In this paper, we prove the equivalence of kinetic solutions and entropy solutions for the initial-
boundary value problem with a non-homogeneous boundary condition for a multi-dimensional scalar first-order con-
servation law with a multiplicative noise. We somewhat generalized the definitions of kinetic solutions and of entropy
solutions given in Kobayasi and Noboriguchi [8] and Bauzet, Vallet and Wittobolt [1], respectively.

1. Introduction

In this paper we study the first order stochastic conservation law of the following type
du +div(A(u))dt = @(u)dW() in £2 x Q, (1)
with the initial condition
u(,) =ug(-) in 2 x D, 2)
and the formal boundary condition
“u=up” on £2x2X. 3)

Here D C R is a bounded domain with a Lipschitz boundary 0D, T > 0, Q = (0, T) x D,
Y = (0,T) x 0D and W is a cylindrical Wiener process defined on a stochastic ba-
sis (82, #, (%), P). More precisely, (%#;) is a complete right-continuous filtration and
W) = Z,?il Bk (t)er with (Br)k>1 being mutually independent real-valued standard Wiener
processes relative to (.%;) and (ex)r>1 is a complete orthonormal system in a separable Hilbert
space H (cf. [3] for example). Our purpose of this paper is to present the definitions of a ki-
netic solution and an entropy solution to the initial-boundary value problem (1)—(3) and to
prove that such solutions are equivalent.

In the case of @ = 0, Eq.(1) becomes a deterministic scalar conservation law. In this
case, a well known difficulty for the boundary condition (3) is that if (3) were assumed in the

Received July 28, 2014; revised December 9, 2014
Mathematics Subject Classification: 35L04, 60H15
Key words and phrases: Conservation laws, Kinetic solution, entropy solution



576 DAI NOBORIGUCHI

classical sense the problem (1)—(3) would be overdetermined. In the BV setting Bardos, Le
Roux and Nédélec [2] first gave an interpretation of the boundary condition (3) as an “entropy”
inequality on X'. This condition is known as the BLN condition. However the BLN condition
makes sense only if there exists a trace of solutions on dD. Otto [10] extended it to the L™
setting by introducing the notion of boundary entropy-flux pairs. Imbert and Vovelle [5] gave
a kinetic formulation of weak entropy solutions of the initial-boundary value problem and
proved equivalence between such a kinetic solution and weak entropy solution. Concerning
deterministic degenerate parabolic equations, see [7] and [9].

To add a stochastic forcing @ (1)d W (¢) is natural for applications, which appears in wide
variety of fields as physics, engineering and others. There are a few paper concerning the
Dirichlet boundary value problem for stochastic conservation laws. See Kim [6], Vallet and
Wittbold [11] and the references therein. Using the notion of entropy solutions, Bauzet, Vallet
and Wittbold [1] studied the Dirichlet problem in the case of multiplicative noise under the
restricted assumption that the flux function A is global Lipschitz. On the other hand, using the
notion of kinetic solutions, Kobayasi and Noboriguchi [8] extended the result of Debussche
and Vovelle [4] to the multidimensional Dirichlet problem with multiplicative noise without
the assumption that A is global Lipschitz.

The aim of the present paper is to prove an equivalence theorem between kinetic solutions
and entropy solutions to the problem (1)—(3). In the deterministic case the equivalence has
been proved in [5]. Therefore our result is a counterpart of it in the stochastic case. In order
to show that an entropy solution is a kinetic solution we introduce a notion of renormalized
kinetic solutions in which both of the boundary defect measure m* and the defect measure m
are renormalized. We note that in [8] only the boundary defect measure is renormalized. We
note that the uniqueness of such renormalized kinetic solution can be also proved in the same
way as in [8]

We now give the precise assumptions under which the problem (1)—(3) is considered:

(H) The flux function A: R — R? is of class C? and its derivatives have at most polynomial
growth.

(H») Foreach z € L?(D), ®(z) : H — L*(D) is defined by @ (z)er = gk (-, z(-)), where
gk € C(D x R) satisfies the following conditions:

G (x, &) =Y lgex, OF < L1+ &P, @
k=1
Dl &) — g (. O < L(Ix =y + 15 — ¢l r (1€ = ¢D) (5)

k=1

for every x,y € D, §,¢ € R. Here, L is a positive constant and r is a continuous
nondecreasing function on R with »(0) = 0.

(H3) ug € L*®(£2 x D) and ug is %y ® H(D)-measurable, where Z(D) is the Borel o-
field on D. up € L*°(£2 x X) and {u(t)} is predictable, in the following sense: For
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every p € [1, 00), the L? (3 D)-valued process {up(t)} is predictable with respect to the
filtration (.%;).

Note that under the assumption (Hj) an important example of inviscid Burgers’ equation (i.e.
A(£) = £2/2) can be included and that by (4) one has

@ : L>(D) — L2(H; L*(D)), (6)

where Lo(H; L?(D)) denotes the set of Hilbert—Schmidt operators from H to L*(D).

This paper is organized as follows. In Section 2, we introduce the notion of kinetic
solutions and entropy solutions to (1)—(3) and state our result. In Section 3, we give a proof
of it.

2. Statement of the result

We now give some notations and the definitions of kinetic solutions and entropy solutions
in this section. We choose a finite open cover {U;,}i=o,....m of D and a partition of unity
{Ai}i=0....m on D subordinated to {Uy,} such that U;, N 9D = @, fori = 1,..., M,

DY :=DnN Uy, = {x € Uy;; (Aix)g > hy,; (A;ix)} and
dDY := 3D NU;, = {x € Uy,; (Aix)g = hy, (Aix)},

with a Lipschitz function h;, : R4~! — R, where 4; is an orthogonal matrix corresponding
to a change of coordinates of R? and y stands for (yq, ..., yg_1) if y € R?. For the sake of
clarity, we will drop the index i of A; and we will suppose that the matrix .4; equals to the
identity. We also set Q* = (0, T) x D*, £* = (0, T) x dD* and IT* = {X; x € U;}.

To regularize functions that are defined on D and R, let us consider a standard mollifier
p on R, that is, p is a nonnegative and even function in C>°((—1, 1)) such that fR p =1 We

set p*(x) = H»”lz_llp(xi),o(xd — (L, + 1)) for x = (x1, ..., x4) with the Lipschitz constant

l
L, of hy on IT*. Moreover we denote by v a standard mollifier on Re. For €, > 0 we set

pr(x) = ﬁp)\(f) and Y5 (£) = %1/,(%)_
We denote by £ * the set of non-negative convex functions 7 in C°°(R) such that n(x) =

0 if x < 0 and that there exists § > 0 such that n’(x) = 1 if x > §. We also denote by £~ the
set {n € C®R); n(—-) € £T}. For convenience, define

1 if 0,
sgn+(r)={ if r>

0 if r <0,

and sgn~ (r) = -1 ifr<0,
g o ifr>o,
FEE, k) = sgn®(E — 1) (AE) — A(K))

§
andforany n e ETUE™, F(E, k) =/ n'(¢ —r)a()de,

K
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where a(§) = A/(§).

DEFINITION 2.1 (Kinetic measure). The set {my; N > 0} of maps my from £2 to
MZ([O, T) x D x (—N, N)) is said to be a kinetic measure if

(1) foreach N > 0, my are weak measurable,

(i) if Ay =[0,T) x D x (£ € R; N — 1 < |&] < N} then
lim Emy (Ay) =0, @)
N—o0

(iii) forall ¢ € Cp(D x (—N, N)), the process

1 ¢(x,§)dmy(s, x,§) (®)
[0,6]x Dx (—N,N)

is predictable,

where EX denotes the expectation of a random variable X, Cp(D x (—N, N)) is the set of
bounded continuous functions over D x (—N, N) and M;([O, T)x D x (—N, N)) is the set
of non-negative finite measures over [0, 7) x D x (—N, N).

DEFINITION 2.2 (Kinetic solution). Let ug and u satisfy (Hz). A measurable func-
tionu : 2 x O — R is said to be a kinetic solution of (1)—(3) if the following conditions
(i)—(iii) hold:

(i) {u(r)} is predictable,
(ii) forall p € [1, 0o) there exists a constant C, > 0 such that for a.e. € [0, T'],
lu@®llLr2xpy < Cp, )

(iii) there exist kinetic measures {mi; N > 0} and for any N > 0 nonnegative functions

mx € L'(82 x ¥ x (=N, N)) such that {5 (1)} is predictable, i}, (N — 0) =
my (=N + 0) = 0 for sufficiently large N > O and f = lys¢, f- = f1 — 1=
—1,<¢ satisty: forall ¢ € C°([0, T) x D x (=N, N)),

N
f / f(d; +a(€) - V)pdédxdt
QJ—N
N N
+// fﬂw(o)dsdx+Mfo flodedodr
D J—N 2 J-N
o T
=—Z/ /gk(x,u)w(t,x,u)dxdﬂk(t)
k=170 7D

1
——/ G*(x, u) (1, x, u)dxdt
2Jo
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N
+/ Bswdmi(t,x,$)+// dep iy dédodt as. (10)
[0,T)xDx(—N,N) > J-N

where My = max_y<z<n |a(&)]. In (10), £ = Lygog, L = Luyoe, f2 = -1
and fo = fr —1.

REMARK 2.3. Even when we define kinetic solutions as above, we can get a unique
existence theorem of kinetic solutions in a similar method as in [8].

REMARK 2.4. The main difficulty is to give an appropriate boundary condition. We
treat this difficulty by using the kinetic trace fi (see (27) below) of the kinetic solution fi.
Two boundary defect measures nﬁ% are introduced and characterized by the formula

demn = —My f2 + (—a-n) fr (11)

(see (30) and (31) below). The relation (11) can be understood as a kinetic analogue of the
notion of boundary entropy-flux pairs introduced by Otto [10].

DEFINITION 2.5 (Entropy solution). Letug and uy satisfy (H3). Letu : 2 x Q0 — R
be a measurable function.

(1) u is said to be an entropy sub-solution of (1)—(3) with data (ug, up) if it satisfies:
(1) {u(z)} is predictable,
(ii) forall p € [1, co) there exists a constant C,, > 0 such that fora.e. ¢ € [0, T'],

lullLr@2xp) < Cp, (12)

(iii) a.e. N € R*, forany k € (=N, N), n € £ and ¢ € CX([0, T) x D) with
=0,

/ n(u/\N—K)attpdxdt—i—/ F'"u AN,k)-Vodxdt
) )
+/ n(quN—/c)go(O)dx—i-MN/ n(up AN —k)pdodt
D x

o T
+y /O | tucnmn = 09 g dxdpic
k=1 D

1

~|—§/ Liccn.nn" (u — )G*(x, w)p dxdt > Ii(p) as., (13)
0

where I, (¢) are non-positive and satisfy limsupy_, o Iy (¢) = 0.

(2) u is said to be an entropy super-solution of (1)—(3) with data (uq, up) if definition of
entropy sub-solution (iii) is replaced by
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ae. N € R, foranyk € (=N, N),n € £ and ¢ € C>°([0, T) x D) with ¢ > 0,

/n(u\/N—K)atgodxdt—i—/ F'"uv N,k)-Vedxdt
0 0
~|—/ n(uovN—K)w(O)dx+MN/ n(up vV N — k)pdodt
D x

o T
£y /O | tuenn' = 00ex w00 dxdpecr)
k=1

1

+3 fQ Luenn @ — )G, W dxdt > I (p)  as., (14)

where Iy () are non-positive and satisfy limsupy _, o, I () = 0.

(3) u is said to be an entropy solution of (1)—(3) with data (ug, up) if it is both an entropy
sub- and super-solution.

We are in a position to state our result.

THEOREM 2.6. Let the assumptions (H1)—(H3) hold true. Then the following state-
ments are equivalent each other:

(1) u is a kinetic solution of (1)—(3) with data (ug, up).
(i1) u is an entropy solution of (1)—(3) with data (ug, up).

REMARK 2.7. If u is an entropy solution to (1)—(3), then u is a weak solution over
[0, T) x D in the following sense; for any ¢ € C°([0, T) x D)

/u(t,x)atgodxdt—i-/ uo(x)go(O)dx—i—/ A(u(t,x)) - Vodxdt
0 D 0
S T
+Z/ /gk(x,u(t,x))godxdﬁk(t)zo a.s. (15)
o /o Jp

Indeed, we take ¢ € C2°([0, T) x D). Passing N — oo in (13) and then passing k — —o0,
we obtain

/u(t,x)&gpdxdt%—/ uo(x)tp(O)dx—l—/ A(u(t,x)) - Vodxdt
) D )

o T
+ 3 [ [ atvuopdxapo =0 as (16)
k=170 /D
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In a similar manner, from (14) we obtain

/u(t,x)atgodxdt—i-/ uo(x)go(O)dx—i—/ A(u(t,x)) - Vodxdt
o D o

00 T
+Z/ /gk(x,u(t,x))q)dxdﬁk(t) <0 as. (17)
k=170 D
Combining (16) with (17) yields (15).

3. Proof

To prove that a kinetic solution is an entropy solution, we need the following two lemmas.

LEMMA 3.1. We assume that for each N > 0 (10) holds true. Then for any N> >
Ny > 0and ¢ € C2([0, T) x D x (—Ny, Ny)),

scpdn, 1.3.6) =

depdmy (t,x,8). (18)
[0,T)xDx(—Ny,Ny) 2

./[O,T)XDX(—Nl,M)

PROOF. Let f} be any weak* limit of {1} as & — +0 in L®(X* x R) for any

element X of the partition of unity {A;} on D, where fi’e is denoted by
fﬁma®=/ ﬁmx9@w—w@,
DA

andlet /i = Y™ 3 f1. We take ¢ € C2°([0, T) x D x (=N, N)). Put g = W:¢* in (10),
where ¢* = ¢ and for any & > 0

_ xq—h;.(X) N
We :/ pe(r—e(Ly+1))dr. (19)
0
Letting ¢ — 40 and summing over i, we obtain

N N
// ﬁ@+M8VM&wm+// £9(0) dédx
QJ—-N D J—-N

N
[ [ a@-wispdsdod
> J-N
© T
:_Z/ /gk(X,M)¢(t,x,u)dxdﬂk(t)
k=170 /D

1
—5/ Gz(x,u)85¢(t,x,u)dxdt+/ dyepdmi(t,x,8) as. (20)
0 [0,T)xDx(—N,N)

We take ¢ € C°([0, T) x D x (=Njp, Np)). Subtracting the case N = Nj from the case
N = N, in (20), we can get the desired result. O
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For a kinetic measure {my; N > 0}, from (7) there exists a set £29 C §2 of full measure
and a sequence {Ny; k € N} C N such that for all w € £2,

klim mp, ([0, T) x D x [Ny — 1, N))
—00
= klim mp, ([0, T) x D x (=Ng, —Ni +1]) =0. (21)
—00

For each N € N and fixed w € §2p, we define the non-decreasing functions on [—N, N] by
un(E) =mn(0,T) x D x (=N, §)). (22)

Let Dy bethe setsof £ € (N — 1, N) such that u;,i = N, N + 1, ..., are differentiable at &
and —&. We also set D = U?_ Dy Itis easy to see that Dy and D are full sets of (N —1, N)
and R, respectively.

LEMMA 3.2. [t holds true:
(i) Let Ng € N. Ifa € Dy, then for all N € Nwith N > Ng,as$ | 0
N
/N Ys(E £ a)dun(§) — wy(Fa). (23)

(ii) There exists a sequence {ay; N € N} C A such that

liminf uy (EN Fay) =0, (24)
N—oo

where A = NY_{a € (0,1); N —a € Dy}.

PROOF. Leta € Dy,. Since uy (¢ Fa) = MN(:FCIH-/LEV(:Fa)Z 4+o0(¢) foreach N € N
with N > Nj, it follows that

N k) k)
/N (@ £ a) dun (@) = — /5 W (§ F W) s = Wy (Fa) — /5 o(OW(0) ds .

Besides, the last term of the right hand on the above equality tends to 0 as § — +0. Indeed,
since for any ¢ > 0 there exists 69 > 0 such thatif [¢| < §p then |0(¢)| < e |¢],if 0 < § < &9
then

)
se/5|wg(;)|d558.

S
‘ / 80(;)%(;)@

Thus we obtain the claim of (i).
Next, let us assume that there exists a number k € N such that forany N > k anda € A,

1
,LLEV(N—CI)>E.

Since the function & — (&) is non-decreasing, for all N € N with N > k

N
pn(N) = uy (N — 1) z/N (€ ds
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1

1/ 11
:/O/LN(N—l—i—S)d§>/O Edé:%>0'

This contradicts the limit (21). Thus for each k € N, there exist a number Ny > k and a; € A
such that

=

Wy, (Nk — ag) <
|

PROOF OF THEOREM 2.6 . Consider a kinetic solution # of (1)—(3). We take N € D,
9 e CX([0,T) x D) with ¢ > 0,k € (=N, N) and € £T. We define the cutoff functions
as follows. For each § > 0,

3
ws(8) =f (Ws(C + N = 8) — Us(C — N + 8)} ds .

Putting (7, x, &) = @(1, x)n'(§ — k)Ws(&) in (10), we obtain

N
/Q / RECEXIGR V)on' (€ — 1) Ws (&) dédxdt
N
+ / f o) (£ — ) Ws(&) dedx
D J—-N
N
L My /E / 7o € = 0w(©) dedods
T
=-> / / g, w) @t ' (u = k) W5 (u) dxdi (1)
k=1 0 D

— %f G?(x, u) ds(t, x)n'(u — 1) W5 (u) dxdt
0

+/ o(n"(E —1)Ws(E) +1'(E — )5 (E)ydmn(t, x, §)
[0,7)x Dx(—N,N)

N
+/E/N<Pn_1N{n”(€ —1OWs(E) +1'(¢ —1W5(E)) dédodt  as. (25)

Using Lemma 3.1 and Lemma 3.2 (i), we can compute the third term on the right hand of (25)
as follows. For some Ng € N with Ng > N,

/ o(n"(E —)Ws(E) +1'(E — )5 (E)ydmn(t, x, &)
[0,T)x Dx(~N,N)

/ " (& —1)Ws(€) +1'(E — )5 (&)} dmp,(t, x, &)
[0,T)x Dx(~N,N)

v

/ o' (E — )P (E) dmpy, (¢, x, §)
[0,T)x Dx(—N,N)
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v

—C/ Vs — N +e)dmpy,(t, x,8)
[0,T)xDx(—N,N)

v

N
—C/Nw@ —N e duny (€)
— —Culy,(N) = I (¢), as 0.

Since by Lemma 3.2 (ii) there exists a sequence {a;} C A such that liminf; , o p;(£i Fa;) =
0, if we set N; =i — a;, then lim sup, _, ., I;,r[_ (¢) = 0. Therefore using integration by parts it
is easy to see that as § | 0 we get (13). In a similar manner, we can also obtain (14).

Next we prove that an entropy solution is a kinetic solution. Consider an entropy solution
u of (1)—(3). Define linear forms vi on CX([0, T) x D x (=N, N)) by

N
siior= [ [ wnn o apasia
N
+// FTw AN, €)Vedédxdt
QJ—N
N
+/f (uo AN — )T p(0) dédx
D J—-N
N
+MN// (up AN —&)Tpdedodt
Y J—-N
S T N
+Z/ // lue(—n,nysgny (u — &) g (x, u)p d§dxdpy(t)
=170 JDJ-N

N

+1/ Gz(x,u)tp(t,x,u)dxdt—/ I} () d
2 0 N

and

N
V(@) :=/Q/_N(qu—§)‘at¢d§dxdt
N
+// F~(u Vv N,&Vededxdt
QJ—N
N
+ / / (o v N — £)"p(0) dédx
D J—-N
N
+MN// (up VN —&) pdédodt
Y J—-N

S T N
3 [ [ twecwmsen - e dedsdpio
k=1 0 D J—N
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N

+1/ Gz(x,u)tp(t,x,u)dxdt—/ 15 (p) dE .
2 0 N

Since u is an entropy solution, we know that vff, (¢) are nonnegative for a.e. N € RT and
any ¢ > 0. We conclude that for a.e. N € RT, vi are nonnegative finite measures on
[0,7T) x D x (=N, N) and satisfy the condition (7). Moreover, we have

N
vf\;(ag(p) = /Q/N fr@ +aE) - VYpdEdxdt
N N
+ f / £O0(0) dédx + My f f fhodedodt
D J—-N > J-N

0 T
3 [ atoptxw dxapn
k=1 0 D

1
+5/ G?(x, u)ds(t, x, u) dxdt . (26)
0

We now denote by mi the restriction of vff, to [0, T) x D x (—N, N) and by fol the restriction
of vi to X x (=N, N). Letp € C°([0, T) x D x (—N, N)). Take a test function (¢, x, §) >
W, x)e(t, x, &) in (26), where ¢* = A and

_ Xd—h; (%) N
We(x) =/ pe(r —e(Ly+ 1D)dr.
0

Let fi be any weak* limit of {fi’g} as ¢ — 40 in L>®(X* x R) for any element A of the

partition of unity {%;} on D, where f1*° is denoted by
fEex,8) =/~ fe(t.x,&)pl(y —x)dy,
DA

and let

M
fe=Y nfi. 27)

i=0

Then letting the limit ¢ | 0 and summing over i, we obtain

N
mE (9eg) = /Q f f0+a(®) - Vg dedr
N N .
4 / / F20(0) dedx + f f (—a(®) - n) frp dedods
D J—-N > J—-N

00 T
+Z/ / g, w(t, x, u) dxdpy(r)
k=1 0 D
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1 2
~|—§ G (x,u)d:p(t, x,u)dxdt . (28)
0
It follows from (26) and (28) that for all ¢ € C2°([0, T') x D x (=N, N)),

N
/ / (—a(&) -n) frop dédodt
Y J—N

N N
=MN// fj;godsdadt—// dep dVi(t, x, €). (29)
Y J—-N X N

Defining the functions nﬁﬁ by

N -
my(t, x, &) == My up(t, x) —&)F —/S (—a(§) -n(x)) fy(t,x,8)d¢, (30)

§ -
my(t,x,8) == My(up(t, x) —§)~ +/N(—a(5) “n(x) f-(t,x,8)dt, €19

we can replace [y [ @ dvE(t, x, &) with [y [N 8epmE dEdido in (29). Since obvi-
ously n'zi(:I:N F 0) = 0 for sufficiently large N € R, we conclude the desired claim. O

ACKNOWLEDGMENT. The author would like to express my gratitude to Professor
Kazuo Kobayasi for many useful discussions on the subject.

References

[1] C.BAUZET, G. VALLET and P. WITTBOLT, The Dirichlet problem for a conservation law with a multiplicative
stochastic perturbation, J. Funct. Anal. 266 (2014), 2503-2545.

[2] C.BARDOS,A.Y.LERoOUXandJ.-C. NEDELEC, First order quasilinear equations with boundary condition,
Comm. Partial Differential Equations 4 (1979), 1017-1034.

[3] G.DAPRATOand J. ZABCZYK, Stochastic Equations in Infinite Dimensions, Encyclopedia Math. Appl., vol.
44, Cambridge University Press, Cambridge, 1992.

[4] A.DEBUSSCHE and J. VOVELLE, Scalar conservation laws with stochastic forcing, J. Funct. Anal. 259 (4)
(2010), 1014-1042.

[5] C.IMBERTandJ. VOVELLE, A kinetic formulation for multidimensional scalar conservation laws with bound-
ary conditions and applications, SIAM J. Math. Anal. 36 (2004), 214-232.

[6] J.U.KiM, On a stochastic scalar conservation law, Indiana Univ. Math. J. 52 (1) (2003), 227-256.

[7] K. KOBAYASI, A kinetic approach to comparison properties for degenerate parabolic-hyperbolic equations
with boundary conditions, J. Differential Equations 230 (2006), 682—701.

[8] K. KoBAYASIand D. NOBORIGUCHI, A stochastic conservation law with nonhomogeneous Dirichlet bound-
ary conditions, preprint.

[9] A.MICHEL and J. VOVELLE, Entropy formulation for parabolic degenerate equations with general Dirichlet
boundary conditions and application to the convergence of FV methods, SIAM J. Numer. Anal. 41 (2003),
2262-2293.

[10] F. OTTO, Initial-boundary value problem for a scalar conservation law, C. R. Acad. Sci. Paris Sér. I Math. 322
(1996), 729-734.



EQUIVALENCE THEOREM 587

[11] G. VALLET and P. WITTBOLD, On a stochastic first-order hyperbolic equation in a bounded domain, Infin.
Dimens. Anal. Quantum Probab. 12 (4) (2009), 1-39.

Present Address:

GRADUATE SCHOOL OF EDUCATION,

WASEDA UNIVERSITY,

1-6—1 NISHI-WASEDA, SHINJUKU-KU, TOKYO 169-8050, JAPAN.
e-mail: 588243-dai @fuji.waseda.jp




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ARA (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /BGR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHT (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DAN (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENU (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ETI (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /FRA (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /GRE (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HEB (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HRV (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HUN (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ITA (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFFff08682aff0956fd969b6587732e53705237793e306e51fa529b6a5f306b90693057305f002000410064006f0062006500200050004400460020658766f830924f5c62103057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e30593002>
    /KOR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /LTH (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /LVI (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /NLD (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /NOR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /PTB (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUM (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SKY (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SLV (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SUO (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SVE (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /TUR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /UKR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive true
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


