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Below were the problems of the 2007
International Math Olympiad, which
was held in Hanoi, Vietnam.

Day 1 (July 25, 2007)

Problem 1. Real numbers a;, as, ..., a,
are given. For each i (1 <i<n) define

d,=max{a;:1< j<i}—min{a, :1< j<n}

and let d = max{d;: 1<i<nj}.

(a) Prove that, for any real numbers x;<
0<...2Xx,,

max{|x,7a,\:lﬁi£n}2%. )
(b) Show that there are real numbers x;<

x,=<...< x, such that equality holds in (*).

Problem 2. Consider five points 4, B,
C, D and E such that ABCD is a
parallelogram and BCED 1is a cyclic
quadrilateral. Let £ be a line passing
through A. Suppose that ¢ intersects the
interior of the segment DC at F and
intersects line BC at G. Suppose also
that EF=EG=EC. Prove that ¢ is the
bisector of angle DAB.
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Convex Hull
Kin Yin Li

A set S in a plane or in space is
convex if and only if whenever points X
and Y are in S, the line segment XY must
be contained in S. The intersection of
any collection of convex sets is convex.
For an arbitrary set W, the convex hull of
W is the intersection of all convex sets
containing W. This is the smallest
convex set containing W. For a finite set
W, the boundary of the convex hull of W
is a polygon, whose vertices are all in 7.

In a previous article (see pp. 1-2, vol. 5,
no. 1 of Math. Excalibur), we solved
problem 1 of the 2000 IMO using
convex hull. Below we will discuss
more geometric combinatorial problems
that can be solved by studying convex
hulls of sets.

Example 1. There are n > 3 coplanar
points, no three of which are collinear
and every four of them are the vertices
of a convex quadrilateral. Prove that the
n points are the vertices of a convex
n-sided polygon.

Solution. Assume one of these points,
say P, is inside the convex hull of the n
points. Let O be a vertex of the convex
hull. The diagonals from Q divide the
convex hull into triangles. Since no
three points are collinear, P is inside
some A\QRS, where RS is a side of the
boundary. Then PQ,R,S cannot be the
vertices of a convex quadrilateral, a
contradiction. So all »n points can only
be the vertices of the boundary polygon.

Example 2. (1979 Putnam Exam) Let A
be a set of 2n points in the plane, no
three of which are collinear, n of them
are colored red and the other blue.
Prove that there are n line segments, no
two with a point in common, such that
the endpoints of each segment are points
of A having different colors.

Solution. The case n = 1 is true.
Suppose all cases less than n are true.
For a vertex O on the boundary polygon
of the convex hull of these 2n points, it

is one of the 2n points, say its color is
red. Let P,, P,,- be adjacent vertices to
O. If one of them, say Py, is blue, then
draw line segment OP; and apply
induction to the other 2(n—1) points to
finish. Otherwise,

P d=1

let d = 1 and rotate the line OP,; toward
line OP,,-; about O hitting the other
2n—3 points one at a time. When the
line hits a red point, increase d by 1 and
when it hits a blue point, decrease d by
1. When the line hits Py,-, d = (n—1) —
n =—1. So at some time, d = 0, say
when the line hits P;. Then P,,...,P; are
on one side of line OP and O, P,H,
P,,; are on the other side.  The
inductive step can be applied to these
two sets of points, which leads to the
case n being true.

Example 3. (1985 IMO Longlisted
Problem) Let A and B be finite disjoint
sets of points in the plane such that any
three distinct points in AUB are not
collinear. Assume that at least one of
the sets 4, B contains at least five points.
Show that there exists a triangle all of
whose vertices are contained in 4 or in B
that does not contained in its interior
any point from the other set.

Solution. Suppose A has at least five
points. Take a side 4,4, of the boundary
of the convex hull of 4. For any other 4;
in 4, let o=/ A14,4;, say az < a4< -+ <
180°. Then the convex hull H of 4,, 4,,
As, A4, As contains no other points of 4.
A5

(continued on page 4)
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Perpendicular Lines
Kin Yin Li

In geometry, sometimes we are asked
to prove two lines are perpendicular. If
the given facts are about right angles
and lengths of segments, the following
theorem is often useful.

Theorem. On a plane, for distinct
points R, S, X, Y, we have RX*-SX* =
RY*— SY?if and only if RS | XY.

Proof. Let P and QO be the feet of the
perpendicular from X and Y to line RS
respectively. If RS | XY, then P = Q
and RX’— SX°= RP’ — SP’=RY’~ SY’.

Conversely, if RX*— SX>= RY*— SY*=
m, then m = RP* — (SR=RP)’. So RP=
F(SR*+m)/2SR. Replacing P by Q, we
get RO =F(SR*+m)/2SR. Hence, RP =
RQ. Interchanging R and S, we also get
SP=SQ. So P=Q. Therefore, RS 1 XY.

Here are a few illustrative examples.

Example 1. (1997 USA Math
Olympiad) Let ABC be a triangle, and
draw isosceles triangles BCD, CAE,
ABF externally to ABC, with BC, CA4,
AB as their respective bases. Prove the
lines through 4, B, C, perpendicular to
the lines EF, FD, DE, respectively, are
concurrent.

Solution. Let P be the intersection of
the perpendicular line from B to FD
with the perpendicular line from C to
DE. Then PB L FD and PC | DE. By
the theorem above, we have PF*—PD*=
BF°—BD* and PD*~PE’= CD*—CE".

Adding these and using AF = BF, BD
= CD and CE = AE, we get PF*—PE*=
AF*~AE®. So PA | EF and P is the
desired concurrent point.

Example 2. (1995 Russian Math
Olympiad) ABCD is a quadrilateral
such that AB = AD and ~ABC and
ZCDA are right angles. Points F and
E are chosen on BC and CD
respectively so that DF | AE. Prove
that AF' | BE.

Solution. We have AE | DF, AB | BF
and AD | DE, which are equivalent to

AD*~AF*=ED*-EF*,  (a)
AB*~AF*=—-BF”, (b)
AD*~AE*=-DFE*. (c)

Doing (a) — (b) + (c) and using AD = AB,
we get AB* — AE* = BF* — EF* , which
implies AF | BE.

Example 3. In acute N\ABC, AB = AC
and P is a point on ray BC. Points X'and Y
are on rays B4 and AC such that PX||AC
and PY||4B. Point T is the midpoint of
minor arc BC on the circumcircle of A\
ABC. Prove that PT | XY.

XA

Since AT is a diameter, ~ ABT = 90° =
~ACT. Then TX>= XB*+ BT® and TY?=
TC*+ CY?. So TX*~TY*= BX*-CY".

Since PX || AC, we have ~ ABC = 2 ACB
= /XPB, hence BX = PX. Similarly, CY
= PY. Therefore, TX>— TY*= PX*— PY*,
which is equivalent to PT | XY.

Example 4. (1994 Jiangsu Province Math
Competition) For /A\ABC, take a point M
by extending side 4B beyond B and a
point N by extending side CB beyond B
such that AM = CN = s, where s is the
semiperimeter of /A ABC.  Let the
inscribed circle of AABC have center /
and the circumcircle of /\ ABC have
diameter BK. Prove that KI | MN.

Solution. Let the incircle of ANABC

touch side AB at P and side BC at Q.
We will show KM *—~KN *=IM *~IN *.

Now since ~ MAK = ~BAK =90° and
/NCK = ~BCK =90°, we get

KM *—KN *=(KA*+AM?) ~(KC*+CN?)
= KA* —-KC*
=(KA*~KB»)+(KB*-KC?
=BC *-AB".

Also, since ~MPI = ~/BPI =90° and

ZNQI = 2 BQI =90°, we get

IM > =IN *=(IP*+PM*) —(I0*+ON?)
=PM*-ON’
=(AM—AP)*+(CN-QC)*.

Now
AM—AP:S—M:BC
and
N -ge=s-CAHBCA_ 4y

So IM >IN *=BC*~AB*= KM *-KN >,

Example 5. (2001 Chinese National
Senior High Math Competition) As in
the figure, in A 4BC, O is the
circumcenter. The three altitudes AD,
BE and CF intersect at H. Lines ED
and 4B intersect at M. Lines FD and
AC intersect at N. Prove that (1) OB L
DF and OC L DE; (2) OH L. MN.

Solution. (1) Since L AFC = 90°=
2 ADC, so A,C,D,F are concyclic.
Then ~BDF =_-BAC. Also,

~OBC = (180"~ 2 BOC)
= 90"~/ BAC = 90"~ / BDF.

So OB L DF. Similarly, OC | DE.

(2) Now CH 1. MA, BH1 NA, DA L
BC, OB L DF=DN and OC_LDE =
DM. So

MC*-MH* = AC*-AH*  (a)
NB*~NH*=AB*-AH* (b)
DB*-DC* = AB*-AC* ()
BN*-BD*=ON*-0D*  (d)
CMP—CD*=OM*-0D*.  (e)

Doing (a) — (b) + (c) + (d) — (e), we get
NH~-MH*= ON*-OM?. So OH | MN.



Mathematical Excalibur, Vol. 12, No. 3, Sept. 07 — Oct. 07

Page 3

Problem Corner

We welcome readers to submit their
solutions to the problems posed below
for publication consideration. The
solutions should be preceded by the
solver’s name, home (or email) address
and school affiliation. Please send
submissions to Dr Kin Y Li
Department of Mathematics, The Hong
Kong  University of Science &
Technology, Clear Water Bay, Kowloon,
Hong Kong. The deadline for
submitting solutions is November 25,
2007.

Problem 281. Let N be the set of all
positive integers. Prove that there
exists a function f: N — N such that
£ (f(n)) = n’ for all n in N. (Source:
1978 Romanian Math Olympiad)

Problem 282. Leta, b, ¢, A, B, C be
real numbers, a # 0 and 4 # 0. For
every real number x,

lax*+bx+c| < |Ax*+Bx+C).

Prove that [b>—4ac| < |B*—4AC|.

Problem 283. P is a point inside
AABC. Lines AC and BP intersect at
Q. Lines AB and CP intersect at R. Itis
known that AR=RB=CP and CQ=PQ.
Find ~BRC with proof. (Source: 2003
Japanese Math Olympiad)

Problem 284. Let p be a prime number.
Integers x, y, z satisfy 0 <x <y <z <p.
If x*, y°, z* have the same remainder
upon dividing by p, then prove that x*+
y*+ Z*is divisible by x + y + z. (Source:
2003 Polish Math Olympiad)

Problem 285. Determine the largest
positive integer N such that for every
way of putting all numbers 1 to 400
into a 20x20 table (1 number per cell),
one can always find a row or a column
having two numbers with difference
not less than N. (Source: 2003 Russian
Math Olympiad)
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Solutions
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Problem 276. Let n be a positive
integer. Given a (2n—1)x(2n—1) square
board with exactly one of the following
arrows T, |, —, < at each of its cells.
A beetle sits in one of the cells. Per
year the beetle creeps from one cell to
another in accordance with the arrow’s

direction. When the beetle leaves the cell,
the arrow at that cell makes a
counterclockwise 90-degree turn. Prove
that the beetle leaves the board in at most
2" (n—1)! =3 years.

(Source: 2001  Belarussian
Olympiad)

Solution. Jeff CHEN (Virginia, USA),
GRA20 Problem Solving Group (Roma,
Italy), PUN Ying Anna (HKU, Math Year 1)
and Fai YUNG.

Math

Let a(n) be the maximum number of years
that the beetle takes to leave the (2n — 1) x
(2n — 1) board. Thena(l)=1. Forn>1,
apart from 1 year necessary for the final
step, the beetle can stay

(1) in each of the 4 corners for at most 2
years (two directions that do not point
outside)

(2) in each of the other 4(2n—3) cells of
the outer frame for at most 3 years (three
directions that do not point outside)

(3) in the inner (2n—3)*(2n—3) board for
at most a(n—1) years (when the starting
point is inside the inner board) plus
4(2n—3)a(n—1) years (when the arrow in a
cell of the outer frame points inward the
beetle enters the inner board).

Therefore, a(n) <1+ 42 +3-4(2n — 3) +
(4(2n — 3)+1)a(n—1). Since a(n—1) >0,

a(n)+3 < 8(n—1)(a(n—1)+3) —3a(n—1)
< 8(n—1)(a(n—1)+3).

Since a(l) + 3 =4, we get a(n) + 3 <
2% 1(n—1)! and so a(n) < 2*" '(n—1)!-3.

Problem 277. (Due to Koopa Koo, Univ.
of Washington, Seattle, WA, USA) Prove
that the equation

Xy 2+ xyz=1
has infinitely many integer solutions (then
try to get all solutions — Editors).

Solution. Jeff CHEN (Virginia, USA),
FAN Wai Tong and GRA20 Problem
Solving Group (Roma, Italy).

It is readily checked that if # is an integer,
then (x, y, z) = (n, —n, 1) is a solution.

Comments: Trying to get all solutions, we
can first rewrite the equation as

@ =10’ = 1) = + 27

For any solution (x, y, z), we must have
X = 1=di’,y*— 1 =dv*, xy+z = +duv for
some integers d, u, v. The cases d is
negative, 0 or 1 lead to trivial solutions.
For d > 1, we may suppose it is
square-free (that is, no square divisor
greater than 1). Then we can find all

solutions of Pell’s equation s* —d#* = 1

(see vol. 6, no. 3 of Math Excalibur,
page 1). Any two solutions (s, #) and
(s1, t1) of Pell’s equation yield a
solution (x, y, z)=(s¢, 81, £dtyt;—sps) of

X +y 2+ 2z =1

Commended solvers: PUN Ying Anna
(HKU, Math Year 1) and WONG Kam
Wing (TWGH Chong Ming Thien
College).

Problem 278. Line segment SA is
perpendicular to the plane of the square
ABCD. Let E be the foot of the
perpendicular from A to line segment
SB. Let P, O, R be the midpoints of SD,
BD, CD respectively. Let M, N be on
line segments PQ, PR respectively.
Prove that A is perpendicular to MN.

Solution 1. Stephen KIM (Toronto,
Canada).

Below when we write XY L IJK..., we
mean line XY is perpendicular to the
plane containing /, J, K..... Also, we
write XY 1 WZ for vectors XY and WZ
to mean their dot product is 0.

Since SA L ABCD, so SA | BC. Since
AB 1 BC, so BC_LSAB. Since A,F are
in the plane of SAB, AE | BC. This
along with the given fact AE 1 SB
imply AE | SBC.

Since P, Q are midpoints of SD, BD
respectively, we get PQ||SB. Similarly,
we have OR||BC. Then the planes SBC
and POR are parallel. Since MN is on
the plane POR, so MN is parallel to the
plane SBC. Since AE | SBC from the
last paragraph, so AE | MN.

Solution 2. Kelvin LEE (Winchester
College, England) and PUN Ying Anna
(HKU, Math Year 1).

Let A4 be the origin, AD be the x-axis, AB
be the y-axis and 4S be the z-axis. Let
B=(0,a,0)and S=(0,0,s). Then C=
(a, a, 0) and E = (0, rs, ra) for some r.
The homothety with center D and ratio 2
sends Pto S, Qto Band Rto C. Letit
send Mto M’ and Nto N'. Then M’ is on
SB, N’ is on SC and M’N’||MN. So M’ =
0, 0, 5) + (0, a, =s)u = (0, au, s(1—u))
for some u and N’=(0, 0, s) + (a, a, —s)v
= (av, av, s(1-v)) for some v. Now the
dot product of AF and M’N’ is

(0, rs, ra)(av, a(v—u), s(u—v)) = 0.
SoAE 1 M’N’ . Therefore, AE | MN.

Commended solvers: WONG Kam
Wing (TWGH Chong Ming Thien
College).
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Problem 279. Let R be the set of all
real numbers. Determine (with proof)
all functions f> R—R such that for all
real x and y,

Ff@+y)=2x+ (£ (F () -x)

Solution. Jeff CHEN (Virginia, USA),
Salem MALIKIC (Sarajevo College,
31 Grade, Sarajevo, Bosnia and
Herzegovina) and PUN Ying Anna
(HKU, Math Year 1).

Setting y =0, we get
S =2x+f(f(f0) ). (D)

Then putting x = 0 into (1), we get
SO =7£(f(f0)). @
In (1), setting, x = £( £(0)), we get
SSSON)=2f(1(0) +£(0).
Using (2), we get f(/(0)) =2/ (f(0)) +

S(0). So f(f(0))=-/(0). Using (2),
we see f©(0) =—1(0) for k=2734,....

In the original equation, setting x = 0
and y =—f(0), we get
£0)==21(0) +f(f(f(-/(O))

=2/(0) +/(0)

—2f(0) =/(0) = =3/(0).

0. Then (1) becomes
Sf()=2x+f(—x). 3)

In the original equation, setting x = 0,

we get /() =/ (f(f () “

Setting x = (y) in (3), we get

SO =fFSON =2 ) +/ ).

Sof(=f () =~f(y). Settingy=-f(x)

in the original equation, we get
0=2x4f(f(f (-/(x)) ).

For every real number w, setting x =
w2, we see w =1 (f(f (- @))) ~ x).
Hence, fis surjective. Then by (4), w=
f(f(w)) for all w. By (3), setting x =
-w, we get f (w) = w for all w.
Substituting this into the original
equation clearly works. So the only
solution is /' (w) = w for all w.

Commended solvers: Kelvin LEE
(Winchester College, England),

So.f(0)

Problem 280. Let n and k be fixed
positive integers. A basket of peanuts
is distributed into » piles. We gather
the piles and rearrange them into n + &
new piles. Prove that at least £ + 1
peanuts are transferred to smaller piles
than the respective original piles that
contained them. Also, give an example
to show the constant £ + 1 cannot be
improved.

Solution. Jeff CHEN (Virginia, USA),

Stephen KIM (Toronto, Canada) and PUN
Ying Anna (HKU, Math Year 1).

Before the rearrangement, for each pile, if
the pile has m peanuts, then attach a label
of 1/m to each peanut in the pile. So the
total sum of all labels is n.

Assume that only at most k peanuts were
put into smaller piles after the
rearrangement. Since the number of piles
become n + k, so there are at least n of
these n + k piles, all of its peanuts are now
in piles that are larger or as large as piles
they were in before the rearrangement.
Then the sum of the labels in just these n
piles is already at least n. Since there are &
> 0 more piles, this is a contradiction.

For an example to show & + 1 cannot be
improved, take the case originally one of
the n piles contained £ + 1 peanuts. Letus
rearrange this pile into k£ +1 piles with 1
peanut each and leave the other n — 1 piles
alone. Then only these k£ + 1 peanuts go
into smaller piles.

Commended solvers: WONG Kam Wing
(TWGH Chong Ming Thien College).
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Olympiad Corner

(continued from page 1)

Problem 3. In a mathematical
competition some competitors are friends.
Friendship is always mutual. Call a group
of competitors a clique if each two of
them are friends. (In particular, any group
of fewer than two competitors is a clique.)
The number of members of a clique is
called its size.

Given that, in this competition, the largest
size of a clique is even, prove that the
competitors can be arranged in two rooms
such that the largest size of a clique
contained in one room is the same as the
largest size of a clique in the other room.

Day 2 (July 26, 2007)

Problem 4. In triangle ABC the bisector of
angle BCA intersects the circumcircle
again at R, the perpendicular bisector of BC
at P, and the perpendicular bisector of AC
at Q. The midpoint of BC is K and the
midpoint of AC is L. Prove that the
triangles RPK and RQL have the same area.

Problem 5. Let a and b be positive
integers. Show that if 4ab — 1 divides (4a”
—1)% then a = b.

Problem 6. Let n be a positive integer.
Consider

S={(x,1,2):x,,z€{0],.. ,n},x+y+z>0}

as a set of (n + 1)’ — 1 points in the
three-dimensional space. Determine
the smallest possible number of planes,
the union of which contains S but does
not include (0, 0, 0).

Convex Hull
(continued from page 1)

Case 1: (The boundary of H is the
pentagon A1A2A3A4A5.) If AA 1A2A3 or
A A4344 or A\ 4,4.45s does not
contain any point of B in its interior,
then we are done. Otherwise, there
exist By, B,, B; in their interiors
respectively. Then we see /\B,B,B5 is
a desired triangle.

Case 2: (The boundary of H is a
quadrilateral, say A,4,444s with Aj
inside.) If N\A,454, or /\A,A34, or
A\ 444345 or A\ AsdsA; does not
contain any point of B in its interior,
then we are done. Otherwise, there
exist By, B,, B3, B4 in their interiors
respectively. Then either /\B,B,B; or
/\B;B,B, does not contain A; in its
interior.  That triangle is a desired
triangle.

Case 3: (The boundary of H is a
triangle, say A14,A4s with 43, A, inside,
say Aj is closer to line 4,4, than A44.) If
AA 1A2A3 or AA 1A3A4 or AA 1A4A5 or
A\ A,4345 or A\ 434,45 does not
contain any point of B in its interior,
then we are done. Otherwise, there
exists a point of B in each of their
interiors respectively. Then three of
these points of B lie on one side of line
AsA,.  The triangle formed by these
three points of B is a desired triangle.




<<
  /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 true
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


