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The concept of ASC (Algebraic structure count) is introduced into theoretical
organic chemistry by Wilcox as the difference between the number of so-called “even”
and “odd” Kekulé structures of a conjugated molecule. Precisely, algebraic structure
count (ASC-value) of the bipartite graph G corresponding to the skeleton of a con-

jugated hydrocarbon is defined by ASC{G}dif,M detA | where A is the adjacency
matrix of G. The determination of algebraic structure count of (bipartite) cyclic hex-
agonal-square chains in the the class of plane such graphs is known. In this paper we
expand these considerations on the non-plane class. An explicit combinatorial formula
for ASC is deduced in the special case when all hexagonal fragments are isomorphic.
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1. Introduction

The algebraic structure count (ASC-value) of a bipartite graph G is defined by

ASC(GIY /| deta |,

where A is the adjacency matrix of G.

The thermodynamic stability of an alternant hydrocarbon is related to the
ASC-value for the bipartite graph which represents its skeleton. The basic appli-
cation of ASC is in the following. Among two isomeric conjugated hydrocarbons
(whose related graphs have an equal number of vertices and an equal number of
edges), the one having greater ASC will be more stable. In particular, if ASC=0,
then the respective hydrocarbon is extremely reactive and usually does not exist
[4, 5]

In the case of the bipartite plane graphs containing only circuits of the
length of the form 4s + 2(s = 1,2,...) (benzenoid hydrocarbons) all perfect
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matchings are of the same parity [8]. Consequently, in this case ASC coincides
with the number of perfect matchings, i.e. K-value.

The enumeration of perfect matchings (Kekulé structures) is a classical
problem in the theoretical chemistry of polycyclic conjugated molecules with a
plethora of known counting formulae and several hundreds of published papers
[7]. This can be attributed to the fact that simple and powerful recursive method
exists for the calculation of K-values which is based on the formula K{G} =
K{G —e}+ K{G — (e)} (G — e stands for the subgraph obtained from the graph
G Dby deleting the edge ¢ of G and G — (e¢) stands for the subgraph obtained
from G by deleting both the edge e and its terminal vertices).

On the other hand, there are very few works dealing with ASC. Ten years
ago prof. Ivan Gutman with his colleagues started the systematic study of the
algebraic structure count (ASC) [11] —[17]. Although there are three possible for-
mulas:

ASC{G} = ASC(G — ¢} + ASC{G — ()},
ASC{G} = ASC(G — ¢} — ASCIG — ()}, (1)
ASC{G} = ASC(G — (¢)} — ASCIG — e}.

— the Gutman formulas [10], [18] for the algebraic structure count, it turned out
that for evaluating the ASC-values of some concrete bipartite graphs the follow-
ing theorem [6] was much more useful.

Theorem 1. Two perfect matchings are of opposite parity if one is obtained from
the other by cyclically rearranging of an even number edges within a single cir-
cuit. If the number of cyclically rearranged double bonds is odd, then the respec-
tive two perfect matchings are of equal parity.

By a hexagonal (unbranched) chain H we mean a finite, plane graph
obtained by concatenating m (m > 1) circuits of length 6 which we call hexa-
gons 1in such a way that any two adjacent hexagons (cells) have exactly one edge
in common, each cell is adjacent to exactly two other cells, except terminal cells
which are adjacent to exactly one other cell each and no one vertex belongs to
more than two hexagons.

The Cyclic hexagonal-square chain C, = C,(Hy, H», ..., H,) is a connected,
bipartite graph which consists of n hexagonal unbranched chains Hy, Ho, ..., H,,
cyclically concatenated by circuits of length 4 which we call squares (figure 1).

Square «o; (r;pir1gir15;) connects two terminal cells (hexagons) of H; and H;, |

fori=1,2,....,n—1,n (Hyy| def Hi) in such a way that every vertex of «; belongs

to exactly one hexagon. Denote the edges of «; belonging to H; and H; .| by g; and
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Figure 1. The plane cyclic hexagonal-square chains.

fir1 (fus1 e f1), respectively. Their end verticesarer;, s; and p; 1, q;+1 respectively,
as it is shown in figure 1 and figure 2.

Note that if p,+1 = p1 and ¢,+1 = ¢1, then the graph is the plane one, i.e. it
can be drawn on a plane without self-crossing of its edges (figure 1). Otherwise,
if p1 = ¢guy1 and g1 = p,11, then the graph is not the plane one, but it can be
drawn on a Mobius strip without self-crossing of its edges (figure 2).

The graphs H; (i =1, ..., n) are said to be mutually isomorphic if for every
iefl,...,n—1} thereis a (1, 1)-mapping y = ¢(x) of the vertex set of the graph
H; onto the vertex set of the graph H;;; such that the following conditions are
fulfilled:

(1) two vertices x and x’ are adjacent in H; iff ¢(x) and ¢(x’) are adjacent
in H;,1; and

(i1) in the case of the plane C,:
©(pi) = pit1,9(qi) = qiv1,9(ri) =ripy1 and  @(s;) = si41;

or
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Figure 2. The non-plane cyclic hexagonal-square chains.

in the case of the non-plane C,:

©(pi) = qiv1, 9(qi) = pit+1,0ri) =siy1 and  @(s;) = riq1.

Note that in the first case the graph C, contains two face-boundaries which
are different from squares and hexagons (the one of their regions is infinite). We
call them external circuits. In the second case there is only one external circuit
which is the boundary of the infinite region (on the Mobius strip). In [16] the
following theorem is proved.

Theorem 2. If all hexagonal chains H;(i = 1,2,...,n) in the plane graph C,
are mutually isomorphic then

(L — D)" + (L + D)")/2", if nis odd:;

ASC{Cy} = (L — D)" + (L + D)")/2" —2, if n is even,
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where L = Ko + K34+ K4 and D = /L2 +4(K,Ks — K2K3) and:

Ky =K{H; — (fi) — (&)}
K> = K{H; — (f;) — &i}
K3 = K{H; — fi — (gi)}
K4 = K{H; — fi — gi}.

The aim of this paper is to prove the following result:

Theorem 3. If all hexagonal chains H; (i =1,2,...,n) in the non-plane graph
C, are mutually isomorphic and / is the number of edges in the path from the
vertex ¢ to the vertex s; which does not contain vertices p; and rq, then

(L — DY" + (L + D)")/2" —2, if 1/2 is odd;

ASC{C,} = { (L —D)"+ (L+ D)"/2" +2, if [/2is even,

where L = K» + K3+ K4 and D =+/L2+4(K K4 — K»K3) and:

Ky = K{H; — (fi) — (&)}
K>, = K{H; — (fi) — &i}
K3 = K{H; — fi — (gi)}
K4 = K{H; — fi — gi}.

2.  Preliminaries

For the plane graphs in which every cell is a circuit of length of the form
4s +2 (s = 1,2,...) (for example molecular graphs of benzenoid hydrocar-
bons like hexagonal chains H;), all perfect matchings are of equal parity and
ASC{G} = K{G}. The enumeration of K-values for these graphs is well-known
problem [9]. There are several equivalent (different) explicit formulas for the
K-number of the hexagonal chains [20], [21]. For example, it is known for a long
time [8] that the number of perfect matchings of the zig-zag chain of »n hexa-
gons is equal to the (n + 2)-th Fibonacci number (Fy = 0, F1 = 1; Fpyo =
Fi+1 + Fr, k > 0) and the number of perfect matchings of the linear chain of
n hexagons is equal to n + 1.

Consider the non-plane graph C,,. Note that the number of vertices in H;
is 4m; + 2 where m; is the number of hexagons in H;. The requirement of the
graph C, to be bipartite and non-plane implies that n is odd.

In order to distinguish edges of «; in C,, we can represent them graphically
by two vertical and two horizontal lines as it is shown in figure 2. Consider now
a perfect matching of C,,. Observe that edges belonging to the perfect matching
can be arranged in and around a square in seven different ways (modes 1-7), as
it is shown in figure 3 (these edges are marked by double lines).
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Figure 3. The seven modes in which double bonds can be arranged in and around a square.

Definition 1. The arrangement word of a perfect matching of the graph C, is
the word u =wuuy...u, from the set {1,2,...,6,7}", where u; is the mode
(1-7) of the arrangement of edges of the perfect matching in and around the
square «; for i=1,...,n.

For example, the arrangement words of the perfect matchings represented in
Figures 4a, 4b, and 4c are u = 7766666, u = 2244443, and 2231313, respec-
tively.

The modes 4 and 5 (figure 3) are interconverted by rearranging two (an
even number) edges of the considered perfect matching. Therefore, it follows that
the perfect matchings of C, with arrangement of edges in and around a square
;i (1 < i < n) of modes 4 and 5 can be divided into pairs of opposite sign.
It implies, that the perfect matchings in which the mode 4 or 5 appears for any
a; (1 <i < n) can be excluded from the consideration when the algebraic struc-
ture count is evaluated.

3.  Good perfect matchings

Definition 2. The perfect matchings are called good if their arrangement words
belong to the set {1, 2, 3}".

Figure 4. The arrangement words: (a) 7766666, (b) 2244443, (c) 2231313.
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Note that the edge of a square which belongs to the external circuit (hor-
izontal lines in figure 4) are never in a good perfect matching. This means that
every good perfect matching of the graph C, induces in every hexagonal chain
H; (i = 1,...,n) a perfect matching of H; 1i.c. the edges of a good per-
fect matching of C, can be rearranged only within each fragment H; (i =
1,2,...,n). Hence all good perfect matchings are of equal parity.

In order to determine the value ASC {C,}, determine at first the number
of all good perfect matchings of C, using the so-called transfer matrix method
[8]. Denote the graphs H; — (f;) — (gi), Hi — (fi) — g, Hi — fi —(g) and
H; — fi —g by H;1, Hi», Hi3, Hjs and their K-values by K;1, K2, K; 3
and K; 4, respectively. Observe that the number K;; represents the number of
all perfect matchings of H; which contain both edges f; and g;; the num-
ber K;» represents the number of all perfect matchings of H; which contain
fi and do not contain g;; the number K;3 represents the number of all per-
fect matchings of H; which contain g; and do not contain f;; the number
K;4 represents the number of all perfect matchings of H; which do not con-
tain any of edges f; and g;. In this way, the set of all perfect matchings of H;
is divided into four disjoined classes. These classes (i.e. their elements) are said
to be assigned to the corresponding graphs H; ; (j =1,...,4).

Associate with each good perfect matching of C, a word jijy...j, of
the alphabet (1,2, 3,4} in the following way: If the considered perfect match-
ing induces in H; a perfect matching which is assigned to the graph H; ;, then
Jji = j. For example, the word jij,...J, for the perfect matching which is rep-
resented in figure 4c, is 4434141. Note that by choosing the edges of a perfect

matching of C, in H; and H;y; ( = 1,...,n; Hyyy def H;) we must not
generate one of modes 4 and 5 of arrangements of the perfect matching in
the square between H; and H;;; i.e. the subwords jijiy1 (G =1,...,n—1)

and word j,j; must not belong to the set {11, 12,31, 32}. According to the
foregoing we obtain the following statement.

Lemma 1. If we denote the number of all good perfect matchings of C, by
k{Cy}, then

K{Cn} = > K1 jiK2,jp o K-

Jngts Jijiv1 € {11,12,31,32); 1 <i<n—1

Let

0 0 Kis Kis
Ki1 Kip Kiz Kia

0 0 Kis Kis ’
Ki1 Kip Kiz Kia



290  O. Bodroza-Pantic¢| Algebraic structure count of some cyclic hexagonal-square chains

where

Ki1=K{H; — (fi) — (g)}
Ki>» = K{H; — (fi) — gi}
Ki3 = K{H; — fi — (g)}
Ki4= K{H; — fi — g}

Then the previous lemma can be written in the following form.

Lemma 2. The number of good perfect matchings of the graph C, 1is equal to
the sum of entries of the main diagonal of the matrix M- M, ---M, i.e.

kK{Cp} =tr(My-M---My).

4. Determination of the ASC-value for an arbitrary non-plane cyclic
hexagonal-square chain

In order to determine the value ASC{C,} we shall consider the remaining
perfect matchings of C, i.e. the ones whose arrangement words contain at least
one of numbers 6 and/or 7. Note that the number of vertices of H; (i =1, ..., n)
is even. Consequently, if an arrangement word u contains at least one of numbers
6 and/or 7 then this word belongs to the set {6,7}" i.e. all its letters are 6
and/or 7. Moreover, the number of perfect matchings of C,, with such arrange-
ment words is exactly two. If the colours of the vertices p; 1 and r; | are different
then u;y; = u; i.e. the subword u;u;;1 € {66, 77}; if the colours of the vertices
pi+1 and r;4 1 are identical then the subword u;u; | € {67, 76}.

Further, for each arrangement word u = wujuy...u, there is another one u =
uiuy - --u, which is “complementary” in the sense that

— {6, ifu =7

uj = 7 ifu =6 fori=1,...,n.

For each of these two only possible arrangement words (z and u) from the set
{6, 7}" there exists exactly one perfect matching. Note that their union makes the
external circuit. Let’s examine the parities of them. Since we can obtain one of
them from the other by cyclically rearranging the edges (double bonds) within
the external circuit, it depends on the number of vertices of Cj,.

If the number 7 is even then these perfect matchings are of opposite parity
(one of them is obtained from the other by cyclically rearranging an even num-
ber of double bonds). So, ASC{C,} = «{C,}, for n-even.

Consider now the case when the number n is odd. The length of the exter-
nal circuit is then = 2 (mod 4). Consequently, these perfect matchings are of
equal parity (one of them is obtained from the other by cyclically rearranging an
odd number of double bonds). Denote the path from the vertex ¢; to the vertex
s; which does not contain vertices p; and r; by g;s; and the number of vertices
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of this path by ¢;. Observe the arrangement word in which u, = 6 and the circuit
q151G252 - - - Gn1Sn—1GnSutn. Let i1, i2... ik (1 <ia <~ <ix) O<k<n—1)
be indices of letters 6 in the subword wujus...u,_; of the arrangement word
u. In the case k # 0, if we remove edges si;q;,+1 for j=1,...,k in the con-
sidered circuit and add edges Si;Ti;s Tij Dij+1 and Pij+1qi41 (G = 1,...,k),
then we obtain a new circuit whose length is ¢ + 1 4+ 2k (indicated by bold
lines in figure 4a), where ¢ = X!'_,c;. Rearranging edges of the perfect match-
ing in this circuit we obtain a perfect matching with the arrangement word in
{1, 2, 3,4}" (figure 4b). But, we can always rearrange the edges of the obtained
perfect matching within some of fragments H; to obtain a good perfect matching
(figure 4c¢). So, if the number of rearranged edges (in the first step) (c+142k)/2
is even, then ASC{C,} = «{C,} — 2; otherwise ASC{C,} = «{C,} + 2.
According to the foregoing we can formulate the following theorem.

Theorem 4. If C,, is the non-plane graph, then

k{Cy}, if n is even ;
ASC{C,} = { «{C,} =2, if n isoddand c+1+2k=0 (mod 4);
k{Cn}+ 2, if n isoddand ¢c+142k=2 (mod 4),

where ¢ is the sum of numbers of vertices in all paths g;s; fori =1,...,n; k is
the number of letters 6 in the subword ujus...u, 1 of the arrangement word
u (in wich u, = 6) and «{C,} is determined by lemma 2.

5.  Proof of theorem 3

Let now all hexagonal chains H;, i =1,2,...,n be mutually isomorphic.
Note that the number n have to be odd. (The condition for the non-plane graph
C, to be bipartite in the case when all hexagonal chains are isomorphic requires
that p; and r; are of the same colour.) Let us introduce the following notions:

MS M =My = =M,
def :
KK j=Kyj=-=Knj, j=1....4
In this case we can obtain both a recurrence relation and an explicit formula for
the number of good perfect matchings of C,. o
Lemma 3. In the case of isomorphic hexagonal chains H; (i =1,...,n) the

following relation holds
K{Cn} = (K2 + K3+ Kg)x{Cy_1} + (K1 K4 — K2 K3)k{Cp, 2}
with initial conditions

«{C1} = Ky + K3 + K4 and «{C>} = (K2 + K3 + K4)> + 2(K K4 — K2K3).
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Proof.  The characteristic equation of M is
A — (K + K3+ Kg)23 + (K2 K3 — K1 K)A> = 0. 2)
Using the Cayley-Hamilton theorem we obtain
M" — (K + K3+ K)M" ™' + (K2 K3 — K1 K)M" 2 =0
for n > 2. Consequently,
tr(M") — (Ky + K3 + Ktr(M"™1) + (K2 K3 — K1 Ka)tr(M" %) = 0

for n > 2. Using lemma 2 we obtain the desired recurrence relation for «{C,}.
]

The eigenvalues of the matrix M are A =i, =0, A3 = (L — D)/2 and
Aq = (L 4+ D)/2, where

L=K,+ K3+ K4 and D=\/L2+4(K1K4—K2K3). (3)
Since tr(M") = E?:M? we obtain the following statement.

Lemma 4. In the case of isomorphic hexagonal chains H; (i =1,...,n)
K{Cn} = [(L — D)" + (L + D)"1/2",

where L and D are given by (3).

In order to complete the proof of theorem 3 consider the perfect matchings
with arrangement words 6767 ...676 and 7676...767. Let [ be the number of edges
of g151. If I = 2 (mod 4) (note that the number of edges of pir; is = [ (mod 4)),
then the number ¢ + 1 +2k = Qk+ DI+ 1)+ 1+2k=1+2 = 0 (mod 4)
(figure 5a). In that case ASC{C,} = «{C,} — 2 (theorem 4). If /| = 0 (mod 4), then
weobtainc+14+2k = Qk+ DI+ D+ 1+2k =142 =2 (mod 4) (figure
5b). In that case ASC {C,,;} = «{C,,} + 2. Using lemma 4 we obtain the statement of
theorem 3.

Example.  For the both graphs in figure 5 the numbers K; — K4 are equal, i.e.

4 —23) + 4 +2V3)
Ki =K, =K4=1 and K3=23.ndK(C7)=( f) -';( + f) = 10084.

However, for the graph in figure 5a, [ = 6 = 2 (mod 4), which implies ASC
(C7) = 10084 — 2 = 10082. For the graph in figure 5b, / = 8 =0 (mod 4), which
implies ASC (C7) = 10084 + 2 = 10086.
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Figure 5. ASC(C7) = 10084 —2 = 10082, (b) ASC(C7) = 10084 + 2 = 10086.

Acknowledgment

This work was supported by the Serbian Ministry of Science and Technol-
ogy.

References

[11 C.E. Wilcox, Tetrahedron Lett. 7 (1968) 795.
[2] C.F. Wilcox, J. Am. chem. Soc. 91 (1969) 2732.
[3] M.JS. Dewar and H.C. Longuet-Higgins, Proc. Roy. Soc. London A214 (1952) 482.
[4] I. Gutman, N. Trinajsti¢ and C.F. Wilcox, Tetrahedron 31 (1975) 143.
[5] C.E. Wilcox, I. Gutman and N. Trinajsti¢, Tetrahedron 31 (1975) 147.
[6] N. Trinajsti¢, Chemical Graph Theory (CRC Press, Boca Raton, 1992).
[71 I. Gutman and S.J. Cyvin, Introduction to the theory of benzenoid hydrocarbons (Springer,
Berlin, 1989).
[8] D.M. Cvetkovic, M. Doob and H. Sachs, Spectra of Graphs (VEB Deutscher Verlag der
Wissenschaften, Berlin, 1982).
[9] S.J. Cyvin and 1. Gutman, Kekulé Structures in Benzenoid Hydrocarbons, Lecture Notes in
Chemistry 46 (Springer-Verlag, Berlin, 1988).
[10] I. Gutman, Z. Naturforsch. 39 a, (1984) 794.
[11] I. Gutman, Indian J. Chem. 32A (1993), 281.
[12] I. Gutman, J. Chem. Soc. Faraday Trans. 89 (1993) 2413.
[13] S.J. Cyvin, I. Gutman, O. Bodroza-Panti¢ and J. Brunvoll, Acta Chim. Hung. (Models in
Chemistry) 131(6) (1994) 777.
[14] O. Bodroza-Panti¢, S.J. Cyvin and I. Gutman, Commun. Math. Chem. (MATCH) 32 (1995) 47.
[15] O. Bodroza-Panti¢, I. Gutman and S.J. Cyvin, Acta Chim. Hung. (Models in Chemistry) 133
(1996), 27.
[16] O. Bodroza-Panti¢, Publications De L’Institut Mathématique 62(76) (1997) 1.



294 O. Bodroza-Pantic¢| Algebraic structure count of some cyclic hexagonal-square chains

[17] D. Babi¢, A. Graovac and I. Gutman, Polycyclic Aromatic Compoundes 4 (1995) 199.
[18] O. Bodroza-Panti¢ and R. Doroslovacki, J. Math. Chem. 35(2) (2004) 139.

[19] O. Bodroza-Panti¢, I. Gutman and S.J. Cyvin, Fibonacci Quart. 35(1) (1997) 75.

[20] R. Tosi¢ and O. Bodroza, Fibonacci Quart. 29(1) (1991) 7.

[21] R. Tosi¢ and O. Bodroza, Commun. Math. Chem. (MATCH) 24 (1989) 311.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


