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Abstract

In a recent work by Beeler and Hoilman, the game of peg solitaire is gen-
eralized to arbitrary boards. These boards are treated as graphs in the
combinatorial sense. In this paper, we extend this study by considering
the windmill and the double star. Simple necessary and sufficient condi-
tions are given for the solvability of each graph. We also discuss an open
problem concerning the range of values for which a graph has a terminal
state with k pegs.

1 Introduction

Peg solitaire is a table game which traditionally begins with “pegs” in every space
except for one which is left empty (i.e., a “hole”). If in some row or column two
adjacent pegs are next to a hole (as in Figure 1), then the peg in z can jump over
the peg in y into the hole in z. The peg in y is then removed. The goal is to remove
every peg but one. If this is achieved, then the board is considered solved [1, 6]. For
more information on traditional peg solitaire, refer to [1, 5, 6, 7.

Figure 1: A Typical Jump in Peg Solitaire

1 2 3
x Yy z x Yy z x Yy z

In [3], peg solitaire is generalized to graphs. A graph, G = (V, E), is a set of
vertices, V, and a set of edges, E. Because of the restrictions of peg solitaire, we will
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assume that all graphs are finite undirected graphs with no loops or multiple edges.
In particular, we will always assume that graphs are connected. For all undefined
graph theory terminology, refer to West [8]. In particular, P, and K, will denote
the path and the complete graph on n vertices, respectively. The complete bipartite
graph with V = X UY, |X| =n, and |Y| = m is denoted K, . A vertex of degree
one is a pendant. A vertex that is adjacent to every other vertex is called universal
[8].

If there are pegs in vertices z and y and a hole in z, then we allow x to jump over
y into z provided that xy,yz € E. The peg in y is then removed. A graph G is
solvable if there exists some vertex s so that, starting with a hole in s, there exists
an associated terminal state consisting of a single peg. A graph G is freely solvable if
for all vertices s so that, starting with a hole in s, there exists an associated terminal
state consisting of a single peg. It is not always possible to solve a graph. A graph
G is k-solvable if there exists some vertex s so that, starting with a hole in s, there
exists an associated terminal state consisting of k nonadjacent pegs. In particular,
a graph is distance 2-solvable if there exists some vertex s so that, starting with
a hole in s, there exists an associated terminal state consisting of two pegs that
are distance 2 apart. Graphs such as the path, cycle, the complete graph, the
complete bipartite graph, and the hypercube were determined to be solvable in [3].
Those results relevant to the constructions in this paper are given in the following
proposition.

Proposition 1.1 [3]

(i) The star Ky, is (n — 1)-solvable.

(ii) The path P, is freely solvable if and only if n = 2.
(i1i) P, is solvable if and only if n is even or n = 3.
(iv) P, is distance 2-solvable if n is odd and n > 3.

(v) The complete graph K, is freely solvable for n > 2.

The goal of this paper is to expand on the results presented in [3]. In particular, this
paper represents the first serious attempt to characterize solvable graphs and freely
solvable trees. Because the more general problem of characterizing all solvable graphs
may be untractable, we instead consider only the specific cases of the windmill and
the double star graphs in this paper. Simple necessary and sufficient conditions are
given for the solvability of these graphs.

2  Windmill Graphs

In this section, we consider the windmill graph. The windmill graph has a universal
vertex u which is adjacent to B blades consisting of two vertices each. The blade
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vertices by,...,bop satisfy by;_1be; € E for i = 1,..., B. The windmill with B blades
is denoted W (B). We will also consider a natural variation of the windmill. In this
variant, the universal vertex u is adjacent to P pendant vertices, ps,...,pp in addition
to the B blades. The windmill variant with parameters P and B is denoted W (P, B)
(see Figure 2).

Figure 2: The Windmill Variant — W (4, 2)

Theorem 2.1 The windmill W(B) is solvable for all B. The windmill W(B) is
freely solvable if and only if B # 2.

Proof. We first show that W (2) is not freely solvable. Suppose that the initial hole
is in u. Without loss of generality, the first move is to jump from b, over b3 into u.
Similarly, the second is to jump from by over w into b3. Since the final two pegs are
in nonadjacent vertices, W (2) is not solvable when the initial hole is in u.

We now show that W(B) is solvable for all B when the initial hole is in byp. If
B =1, then W(1) & K3 is freely solvable. Assume that for some B > 1, W(B) is
solvable when the initial hole is in byg.

Consider W (B+1). Place the initial hole in bypyo. Jump from byp over u into bap.io.
Next, jump from bypyo over bopyq into w. Ignoring the holes in bypyq and byg.io, the
remaining graph is W (B) with a hole in byp. The claim then follows by induction.

To show W (B) is freely solvable for B > 3, it is sufficient to show that it is solvable
with the initial hole in u. Consider W (3) with the initial hole in u. Jump from bg
over b5 into u. Next jump from by over u into bs and from b; over by into u. Now,
jump from b5 over u into by. Finally, jump from by over b3 into w. Similarly, for
W (4), we jump from bg over b; into u. Next, jump from bg over u into by and from
by over bs into u. Now jump from by over u into bg. Jump from bg over bs into v and
from b; over u into by. Finally, jump from by over by into u.

Suppose that for some B > 3, W (B) is solvable with the initial hole in u and consider
W (B +2). First jump from byp over byp_; into u. Next jump from bep,4 over u into
bop and from bypyy over byp o into u. Finally, jump from bsp,3 over u into byp_;.
Ignoring the holes in the blades, the remaining graph is W(B) with a hole in u. The
claim then follows by induction. [

Theorem 2.2 (i) The windmill variant W (P, B) is solvable if and only if P <
2B.
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(i) W (P, B) is freely solvable if and only if P < 2B —1 and (P, B) # (0,2).
(1ii) W(P, B) is distance 2-solvable if and only if P = 2B + 1.
(tv) W(P, B) is (P — 2B + 1)-solvable if P > 2B + 1.

Proof. Note that if there is at most one peg in each blade and the center is empty,
then no moves are possible. If the center is empty, then the only possible move is to
jump from bg;_1 over by; into wu.

Suppose by;_1 and by; are both empty. Jumping from p; over v into be;_q and jumping
from p, over u into by; will “refill” the blade. Thus, each blade vertex will remove
at most one peg from a pendant vertex. Hence P < 2B is necessary for W (P, B) to
be solvable. Moreover, an algorithm that removes two pendants for each blade will
result in the minimum number of pegs.

To solve W (P, B), begin with the hole in pp_;. Jump from pp over u into pp_;. For
the remaining moves, do the following:

(i) If w is empty, then jump from by; 1 over by; into u for the largest possible i.

(ii) If w is not empty, jump from p; over u into either byp_; or bep for the largest
possible j. If however this move results in the final four pegs in by, by, bap_1,
and bep, instead do the following: First, jump from by over u into byp (or
bap_1). Jump from byp_; over byp into w and from p; over w into by. Finally,
jump from by over by into u.

(iii) If all pendants are empty, then the result follows from Theorem 2.1.

This algorithm will remove two pendants for each blade. Thus W (P, B) is solvable
when P < 2B. If P > 2B, then the above algorithm will leave P — 2B + 1 pegs in
P1sespp_2B, and bop_1. In particular, if P = 2B + 1, then these two pegs will be
distance 2 apart.

We now determine when W (P, B) is freely solvable. If the initial hole is in byp, then
the initial jump is from pp over u into bog. This reduces to the case above. If the
initial hole is in u, our first jump is from by over byg_; into u. We have two possible
options for our next move:

(i) Jump from byp_o over u into byp and from byp_4 over bop_5 into u. Ignoring
the holes in byp_4 and byp_5, this reduces the case of W (P, B — 2).

(ii) Jump from pp over u into bep_1. We are then forced to jump from bep_o over
bap_3 into u. Ignoring the holes in byg_5 and byp_3, this reduces to the case of
W(P—-1,B-1).

Thus P < 2B —1 is necessary for W (P, B) to be freely solvable. The other necessary
condition follows from Theorem 2.1. ]
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3 Double Star Graphs

One of the problems of [3] is to characterize solvable and freely solvable trees. An
important first step in this characterization is the special case of the double star. The
double star consists of two adjacent vertices u, and wu,. The vertex wu, is adjacent to
L pendant vertices denoted /4,...,¢r. Similarly, u, is adjacent to R pendant vertices
denoted 71,...,rg. Without loss of generality, assume that L > R. The double star
with parameters L and R is denoted DS(L, R) (see Figure 3).

Figure 3: The Double Star — DS(4, 3)

The double star is important in two respects. As shown in [3], to determine if a
graph is (freely) solvable, it suffices to show that it has a (freely) solvable spanning
subgraph. Fortunately, it is relatively easy to determine whether a graph has a
double star as a spanning subgraph. Second, the results concerning the double star
are particularly useful for the constructions in [2].

Theorem 3.1 (i) The double star DS(L, R) is freely solvable if and only if L = R
and R # 1.

(i) D(L, R) is solvable if and only if L < R+ 1.
(tii) DS(L, R) is distance 2-solvable if and only if L = R + 2.
() DS(L, R) is (L — R)-solvable if L > R+ 3.

Proof. Note that if both u, and u, are empty, then no moves are possible. Further,
if we jump from r; over w, into r; (or from ¢; over u, into ¢;), then this ends the
game unless the initial hole is in r;. However, if we jump from r; over u, into ug,
this allows a subsequent jump from ¢; over u, into u,. Hence a pendant on one side
of the double star can eliminate at most one from the other side. The peg in u, can
eliminate one additional peg in {1, ...,¢r}. Hence L < R+ 1 is necessary. Further,
any algorithm in which each pendant in {rq,...,rg} eliminates one in {¢1, ..., ¢;} will
be optimal.

Suppose that L > R and that the initial hole is in u,. The first jump is from rg
over u, into ug. Ignoring the hole in rg, this graph is DS(L, R — 1) with a hole in
u,. For this to be solvable, we must have L < (R — 1) + 1 by above. Since L > R
by hypothesis, L = R is necessary for DS(L, R) to be freely solvable. The other
necessary condition follows from [3].
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We now show that DS(L, R) is solvable if L = R or L = R+ 1. If R = 0, then
DS(0,0) and DS(1,0) are isomorphic to P, and Pj, respectively. These graphs are
solvable with the initial hole in u, [3]. Assume that for some R = k, DS(k, k) and
DS(k+ 1, k) are solvable with the initial hole in w,. Consider DS(k+ 1,k + 1) and
DS(k+2,k+1).

In each case, start with the initial hole in w,. In the first case, jump from ¢, over
up into u, and from 75,1 over u, into u,. Ignoring the holes in ¢ 1 and rgyq, the
remaining graph is DS(k, k). In the second case, jump from £y, 5 over u, into u, and
from ryq over u, into uy. Ignoring the holes in ;5 and 74,1, the remaining graph
is DS(k + 1, k) with a hole in u,. In either case, the claim follows by induction.

To show that DS(k, k) is freely solvable when k # 1, we need only check the case
where the initial hole is in a pendant, say 7,_;. Begin by jumping from ry over u,
into r;_1. Ignoring the hole in 7y, the remaining graph is DS(k, k — 1) with a hole
in u,. This is solvable by above.

If L > R+ 1, note that ry,...,rg will eliminate ¢;,....,{g by above. The subgraph
induced by the remaining pegs and w, is isomorphic to K3 _pgi1, which is (L — R)-
solvable [3]. In particular, if L = R+ 2, then the final two pegs are distance 2 apart.

]

The double star suggests an interesting open problem. Namely, what role, if any,
does the maximum degree of a tree (or in general a graph) have in its solvability?

4 Solvability Range

An interesting open problem involves the solvability range for a given graph. A
terminal state T C V is a set of nonadjacent vertices that have pegs at the end of
the game. The solvability range of a graph G is the set of all k such that & = |T| and
T is a terminal state of G. We denote the solvability range of a graph G by SR(G).

In analyzing the terminal states of a graph, the following theorem is useful.

Theorem 4.1 [3] Suppose that S is a starting state of G with associated terminal
state T'. Define the sets S" and T' by reversing the roles of “pegs” and “holes” in S
and T, respectively. It follows that T" is a starting state of G with associated terminal
state S'.

It seems to be the case that the solvability range for most graphs (including the
windmill) is an interval. In other words, SR(G) contains every integer between its
minimum value and its maximum value (see [4] for more information on the maximum
number of pegs that can be in a terminal state of a graph). A natural conjecture is
that the solvability range for all graphs is an interval. However, this is not the case,
as we will show in the following theorem.
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Theorem 4.2 The solvability range for the double star DS(L, R) is:

(i) SR(DS(L,R)) ={1,...L+R—2,L+R}if L=R;

(i) SR(DS(L,R)) ={L—R,...L+R—2L+R}ifL>R.

Proof. Let m be the minimum number of pegs in any terminal state of the double
star, as given in Theorem 3.1. For elements k € {m,...,L + R — 2}, simply use
the algorithm presented in Theorem 3.1 until there are k 4+ 1 pegs remaining on the
graph. Instead of jumping from r; over u, into u, (or from ¢; over w, into w,), we
jump from r; over u, into r; for any empty pendant ;. This will result in a terminal
state with k pegs. For a terminal state with L + R pegs, we begin with our initial
hole in rg. Our only jump is from wu, over w, into rg. As L + R is the independence
number of DS(L, R), this is the maximum number of pegs in any terminal state of

DS(L, R).

We claim that there is no terminal state with L + R — 1 pegs. If there were, then
we would be able to solve the double star from a starting state with three pegs by
Theorem 4.1. If all three of these pegs were in pendant vertices, then no moves
are possible. If S = {uw, u,,rg}, then any jump would result in two non-adjacent
pegs. A similar argument holds if S = {uy, u,, {1} or if there are pegs in exactly two
pendants. [

Thus, there is a “gap” or lacunae in the solvability range of the double star between
L+ R—2and L+ R. This gap naturally suggests several open problems regarding
the solvability range:

(i) Can a lacunae in SR(G) consist of more than one integer?
(i1) Can SR(G) contain multiple disjoint lacunae?

(i) Given any set of non-negative integers A, is there a connected graph G such
that SR(G) = A? What if we allow disconnected graphs?

(iv) Alternately, given any set of non-negative integers A, is there a connected graph
G such that A and SR(G) are disjoint? What if we allow disconnected graphs?

Acknowledgements

The authors wish to acknowledge the anonymous referees for their comments regard-
ing the final revision of this paper.



134 R.A. BEELER AND D.P. HOILMAN
References
[1] John D. Beasley, The ins and outs of peg solitaire, volume 2 of Recreations in

Mathematics, Oxford University Press, Eynsham, 1985.

[2] Robert A. Beeler and Aaron D. Gray, Threshold results for peg solitaire on
graphs, (in preparation).

[3] Robert A. Beeler and D. Paul Hoilman, Peg solitaire on graphs, Discrete Math.
311 (20) (2011), 2198-2202.

[4] Robert A. Beeler and Tony K. Rodriguez, Fool’s solitaire on graphs, (submitted).

[5] George I. Bell, Solving triangular peg solitaire, J. Integer Seq. 11 (4) (2008),
Article 08.4.8, 22.

[6] Elwyn R. Berlekamp, John H. Conway and Richard K. Guy, Winning ways for
your mathematical plays, Vol. 2, A.K. Peters Ltd., Natick, MA, second ed., 2003.

[7] Antoine Deza and Shmuel Onn, Solitaire lattices, Graphs Combin. 18 (2) (2002),
227-243.

[8] Douglas B. West, Introduction to graph theory, Prentice Hall Inc., Upper Saddle

River, NJ, 1996.

(Received 25 July 2011; revised 16 Nov 2011)




<<
  /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 /Warning
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


