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Abstract We define a phased graph G to yield an adjacency matrix A(G) having
general magnitude-1 values in the same locations as the usual unphased case, but
subject to the restriction that A be Hermitian. Some characteristics of such phased
graphs and their eigenspectra are contemplated and to some extent described. Differ-
ent graph energies are defined as suitable sums over adjacency-matrix eigenvalues,
with “occupation-number” coefficients € {0, 1, 2}.

Keywords Phases - Phased graph - Eigenvalue - Eigenvector - Eigenspectrum -
Total energy

1 Introduction

Modifications to a graph’s adjacency matrix might entail different possible weigh-
tings. Here, we consider a particular type of weighting by phases, which is to say that
each element aj; = 1 appearing in the adjacency matrix A is replaced by e'%ik where
0k is real and such that 6y; = —6;«. Thus, A keeps each of its entries with the same
modulus, O or 1, such that the result is a Hermitian matrix (A+ = A). Being Hermitian,
all the eigenvalues remain real.

Such phased matrices arise in several different contexts. First, they arise for
cyclic “polymer” graphs G when their cyclic (or translational) symmetry is used
to block-diagonalize the total parent graph—each block is a phased graph related

D. J. Klein () - V. R. Rosenfeld

Mathematical Chemistry Group, Department of Marine Sciences, Texas A&M University at Galveston,
Galveston, TX 77553-1675, USA

e-mail: kleind @tamug.edu

V. R. Rosenfeld
e-mail: rosenfev @tamug.edu; vladimir_rosenfeld @yahoo.com

@ Springer



J Math Chem (2011) 49:1238-1244 1239

to that of the basic repeat unit in G—see, e.g., [1] and a similar picture with more
phases occurs as the result of multicyclic symmetries for two- or three-dimensional
crystals, with the underlying idea going back to Bloch [2] in 1929. Second, phased
graphs arise in the quantum-theoretic Hiickel-model description in the presence of
a magnetic field—see, e.g., London [3] or also [4]. Third, phased cycles sometimes
arise as solutions to the cyclic (intrinsically graph-theoretical) Hubbard model near
the atomic limit. Fourth, phased graphs may sometimes be interpreted as representing
an acyclic reference system in Aihara’s approach [5-8] to resonance energy. Fifth, yet
further, there is a possibility that such a weight be relevant in the context of inorganic
“aromaticity”—see, e.g., [9]. Yet further phased graphs extend the notion of “signed”
graphs, such as have several times been defined and studied [10-16]. But there is
another general circumstance of long interest involving “flow” graphs, as reviewed in
[17]—for such cases, there is an orientation on the graph with a skew adjacency matrix
whose nonzero entries = %1 corresponding to edges {, k} with the “+” sign for a j; in
agreement with the orientation and the “—” sign when counter to the orientation—here
if one multiplies A by i to give a new Hermitian adjacency matrix A’ = i A, then A’
is seen to be that for a phased graph, with every phase = 4w /2. A similar remark
applies for the skew adjacency matrices of Kasteleyn [18].

Here, we pursue the general theory of phased graphs, utilizing standard graph-
theoretic notation—with a graph G = (V, E) specified in terms of vertex and edge
sets, V and E. The adjacency matrix A is allowed in our current investigation to be
phased. Further, following chemical tradition, reference is made to molecular energies
as > niAx(G), where A, (G) are eigenvalues, and different choices may be contem-
plated for the occupation numbers ny € {0, 1, 2}. The chemical energy is

£0(G) = max D> nihi(G), e
k

where the choices of n are taken to maximize the sum subject to the restriction that the
ni sum to n. This constraint gives neutral (uncharged) species, while other choices for
the ny correspond to ions and/or excited states. Another natural choice maximizes the
sum in (1) without the constraint that the occupation numbers sum to 7. In such cases,
one maximizes the sum without restriction on the value >, nx (butstilln; € {0, 1, 2})
to obtain

e = max M (G). 2
opt Optgnk 1 (G) )

Thus, the ny = 2 for A > 0 and ny > 0 for A; < 0, while we further understand that
ni = 1 for Ay = 1. Then, one identifies

Gopt =n— D ni 3)
k

as the associated charge. Note a contrast to Gutman’s [19] mathematical energy
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all
ematn (G) = D M (G)], €

k

which seems to have been intended to be an approximation to e9(G)—see also
McClelland [20] and Aihara [21]. A natural question is whether (and if so, when)
any of these examples might agree.

2 First results

A bipartite (or alternant) graph is recalled to be one for which the sites may be
bipartitioned into two sets of starred (*) and unstarred (o) sites such that the neighbors
of a site of one type are of the other type. Now, in a separate paper [22], it is found
for the phased cycle that, though the eigenvalues moved around with the choice of
phases, the even cycles maintained a symmetric distribution about 0, as was noted
for unphased bipartite graphs [23] by Coulson and Rushbrooke (in 1940). But in fact,
their eigenspectral symmetry is retained for phased graphs:

Theorem 1 Let G be a bipartite phased graph. Then, its (real) eigenvalue spectrum
is symmetric about 0. Moreover, let @ be a diagonal matrix which acts as the identity
on the x-space and as minus the identity on the o-space, whence ® A = —A®. Also,
if AC = AC, then @¢ (if # 0) is an eigenvector to A with eigenvalue —.

Proof The proof follows quite closely the proof for the unphased graph. It is eas-
ily seen that A and @ anticommute: A® = —@ A. Then, for an eigenvector ¢ with
eigenvalue A, we see that A acts on ¢ = b thusly Ac = A®E = —PAG = —Ac.

Indeed, the result persists for arbitrary magnitude entries as well—the single condi-
tion of Hermiticity being maintained. The formulation in terms of the anticommuting
operator @ need not be introduced, with one just looking at the eigenproblem expressed
in terms of the block components A, Ao, Aok, Aco Of A as well as ¢, and ¢, of ¢,
and seeing that the replacement of ¢, + C, by ¢x — C, yields an eigenvalue —A. But
the formulation in terms of an anticommuting operator like @ is useful in extensions
[24-27] to Hubbard and PPP models. Indeed, if the electron hopping parameter is
phased in these extended models, the present @ may be suitably modified for these
models in the bipartite case.

A further straightforward result concerns (necessary and sufficient) conditions for
the chemical and mathematical energies to agree:

Proposition 2 Let G be a phased graph. The equality eo(G) = &, (G) holds iff
the numbers #1 (G)and#_(G) of positive and negative eigenvalues are both < n/2.

Proof This easily follows a result of Gutman and Trinajsti¢ [28,29] for unphased
graphs.

Again, the result also persists for arbitrary magnitude entries, while maintaining the
condition of Hermiticity. As an immediate consequence of Propositions 6 and 7, we
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have an extension of a more widely-known (for unphased graphs) condition for agree-
ment between &y,¢h and the chemical energy ep—namely that &y, (G) = €0(G)
for bipartite G. But what seems to us much more (chemically) interesting is that:

Theorem 3 For a general phased graph &, 1, (G) = £opt(G).

Proof Since trA = 0; and since the trace operation is invariant under unitary trans-
formation U AU, the negative eigenvalues sum to the negative of the sum of the
positive eigenvalues: >, oA =—2>,;_ oA Thus,2>, gA =2, (A—>, A=
2 Al = emath (G).

This is a straightforward result, giving a perfectly well-defined chemical meaning to
&math (G) in general, but still seems not to have been previously clearly enunciated.
Also, upon taking the complex conjugate of the eigenvalue equation, one obtains:

Proposition 4 If all the phases of a phased graph are changed in sign, then the
eigenvalue spectrum remains fixed, while the eigenvectors change to their complex
conjugates.

3 Transformation by di-uns

For the single cycle and beyond it proves of use to consider the effect of diagonal uni-
tary transformations, or di-uns, on a phased adjacency matrix: A — UAUT, where
U is a diagonal unitary matrix—earlier considered by McWeeny [30] and by Mallion
[31]. Being a similarity transformation, this di-un preserves eigenvalues, and more-
over, the eigenvectors are simply related, with corresponding components of the same
magnitude.

The cyclomatic number of a graph G is the minimum number of edges needed to be
deleted in order to render the result acyclic. It is well-known (e.g., [32], Ch. 1) that for
aconnected G, y = |E| — |V| + 1. For a connected graph, deletion of the maximum
number y of edges while retaining connectivity leaves a spanning tree 7', and each
edge of G not in T is termed a chord (of G with respect to 7).

Proposition 5 Let T be a tree with an unphased adjacency matrix A(T) and a phased
adjacency matrix W(T). Then, there exists a diagonal unitary matrix U such that
UWUT = UWU™" = A. Phasing does not influence the eigenspectrum of a tree.

Proof We show by an inductive argument that the required unitary matrix exists. It is
clear that for n = 1 vertices such a matrix exists. Now, let j be a terminal vertex of T
and 77 be that tree with vertex j deleted (along with its incident edge), and let U be a
diagonal unitary matrix such that U1 A{ U 17 isunphased (where A1 isthe (n—1) x (n—1)
submatrix of A corresponding to 77). Let ¢'% be the diagonal value for the vertex k
to which j is adjacent in 7. Now, let U be the diagonal unitary matrix for which its
j-th diagonal entry is e/ —%#%) and with remaining diagonal entries as in U;. Then,
clearly, in UAUT, the phase of each edge in 77 is eliminated, and for the (j, k)-th
entry of UAU one has (UAU*)jk =U;jAjUp, = e @k=0ik) o1%jk o =19k — 1. Thus
an unphasing di-un has been achieved.
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Theorem 6 All phased single cycles with the same value of 0y are equivalent under
di-uns.

Proof If we pick a di-un with the j-th diagonal entry = ¢'%i.i+1, j € [1,n — 1], and
n-th diagonal entry = 1, then U AU ~! is unphased except for the edge {1, n}, which
ends up with phase 6y for the arc from n to 1. Conversely, the inverse transformation
(by U™") carries this special phased cycle, with all the phase localized in edge {1, n},
to any other phased cycle with net phase 6y, and thence they all occur in the same
di-un equivalence case.

Corollary 6.1 The nonzero phases of a phased cycle may be localized entirely in any
one of the edges of the cycle, whence this exceptional edge has weights e*%. The
nonzero phase 0y of a phased cycle may be uniformly distributed over all the edges,
whence the directed edges (j, j + 1) have weights ¢'%/",

This last uniformly-distributed case evidently “explains” the cyclic symmetry found
in Theorem 2 of our accompanying paper [22]. That is, the di-uns manifestly reveal
a cyclic symmetry directly in the adjacency matrix, which then appears in the eigen-
spectrum.

Corollary 6.2 Let A be the adjacency matrix of the phased n-cycle, let Co be the
(unphased) matrix with (j, k)-th entry 8j,1, and let o, = Cé’aoCO_p. Then,
opAc, = A*, whence 6y = 0 gives commutation o,A = Ao . If there is uniform
distribution with 0; j11 = 7 /2, then 0y Ao), = —A, which is anticommutation.

Theorem 7 Let G be a connected phased graph with cyclomatic number y (G). Then,
there is a di-un which brings the phased adjacency matrix W(G) to another W' (G)
with no more than y (G) nonzero phases for y (G) chords.

Proof Let £(G) be asetof y(G) chords in G, whence removal of these from G leaves
atree T. By Proposition 5, there is a unitary transformation which will bring the phases
on this subtree all to 0. Thence, any (possible) nonzero phases are left solely on the
edges of £(G).

Along with this result, our consideration on the symmetries for the phased cycle
shed some light on what symmetries might persist for more general phased graphs.
Evidently, one should adjust the phasing through the judicious use of di-uns so as to
obtain a (visual) weighting pattern (with directed, weighted edges) preserving as much
of the unphased symmetry as possible—whence it is that symmetry which persists.

We say that two ordered sequences (aj, a,...,a,) and (b1, b, ..., b,) are
1-interlaced if eithera; < by <a) <b) <---<a, <b,orb) <a; <b) <ap <
.-+ < b, < ap.Wesay thatordered sequences (a1, a2, . .., ap)and (cy, 2, ..., cy) are
m-interlaced,m — 1 € Z_, if there exists a sequence (b1, ba, . .., b,) whichis (m—1)-
interlaced with (ay, aa, ..., a,) and l-interlaced with (cy, c2, ..., ¢,). Equivalently,
when p+¢q =m and p, g € Z, sequences (ai, az, ...,ay) and (b1, ba, ..., b,) are
interlaced iff there is a sequence (b1, by, ..., b,) p-interlaced with (ai, az, ..., an)
and g-interlaced with (cy, ¢z, ..., ¢y).

Theorem 8 For y = cyclomatic number of G, the eigenvalue spectrum of the phased
G is 2y -interlaced with the eigenvalue spectrum of the unphased correspondent graph.
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Proof As preparation, recall the standard result [33] (p. 119) that on deletion of a given
vertex (or better placing O in all the positions of a row and corresponding column)
of A = A(G), a new matrix Ag is obtained which is I-interlaced with A. We denote
the 1-interlacing Ag ~1 A. Thus, if first a vertex is so disconnected in A, then recon-
nected with phased weights to give A’, one has A ~1 Ag ~; A’, so that A and A’ are
2-interlaced. Now, via Theorem 7, the nonunity phases may be localized in no more
than y edges. Doing so and treating (disconnecting and reconnecting) a vertex in each
one of these < y edges, then yields a sequence of ever higher interlacing relations up
to 2y -interlacing.

Note that this theorem applies even for trees, when we take O-interlacing to mean that
the 2 eigenspectra are equal.

Next, let ' = y/(G) denote the minimum number of vertices which need to be
removed from G to make it acyclic. Then

Theorem 9 The eigenvalue spectrum of a phased G is 2y’ -interlaced with the eigen-
spectrum of the unphased correspondent graph.

Proof The proof is quite parallel to that of Theorem 8. One needs to note that in the
proof of Theorem 7, the edges on which the phases are localized may be chosen to be
those that are coincident at the set of y’ vertices which when deleted make G acyclic.

In general ¥’ < y, and in some cases ¥’ < y, so that Theorem 9 then improves on
Theorem 8.

4 Conclusion

Several first results for phased graphs and for graph energies have been noted.
Also, some chemical aspects of graph energies so widely considered in mathemat-
ical literature have been clarified.

Acknowledgments The authors acknowledge the support of the Welch Foundation of Houston, Texas,
via grant BD-0894.

References

1. A.Tang,Y.Kiang, G. Yan, S. Tai, Graph Theoretical Molecular Orbitals (Science Press, Beijing, 1986)

2. F. Bloch, Quantenmechanik der Electronen in Kristallgittern. Zeit. Physik 52(7-8), 555-600 (1928)

3. F London, Théorie quantique des courants interatomiques dans les combinaisons aromatiques. J. Phys.
Radium 8(10), 397-409 (1937)

4. E. Heilbronner, H. Bock, The HMO Model and Its Application, Vol. 3.Verlag Chemie, Weinheim, 1968
and 1978 (in German); Wiley, London, (in English) (1976)

5. J. Aihara, Topological resonance energy, bond resonance energy, and circuit resonance energy. J. Am.
Chem. Soc. 98, 27502758 (1976)

6. J. Aihara, A generalized total w-energy index for a conjugated hydrocarbon. J. Org. Chem. 41,
2488-2490 (1976)

7. J. Aihara, Resonance energies of benzenoid hydrocarbons. J. Am. Chem. Soc. 99, 2048-2053 (1977)

8. J. Aihara, Aromatic sextets and aromaticity in benzenoid hydrocarbons. Bull. Chem. Soc. Jpn. 50,
2010-2012 (1977)

@ Springer



1244 J Math Chem (2011) 49:1238-1244

14.
15.
16.

17.
18.

19.
20.

21.

22.
23.

24.

25.
. J.R. Bolton, A. Carrington, A.D. McLachlan, Electron spin resonance studies of hyperconjugation in

27.
28.

29.
30.

31.

32.
33.

. H. Masui, Metalloaromaticity. Coord. Chem. Rev. 219-221, 957-992 (2001)
. O. Sinanoglu, Structural covariance of graphs. Theor. Chim. Acta 65(6), 255-265 (1984)
. O. Sinanoglu, New method qualitative quantum chemical deductions on organic or inorganic mol-

ecules or clusters directly from structural formulas or ORTEP diagrams. Theor. Chim. Acta 68(4),
251-270 (1985)

. O. Sinananoglu, The new pictorial structural covariance method for qualitative quantum chemistry. II:

Arenes with or without polyene side chains and polyene bridges. J. Math. Chem. 2(2), 117-136 (1988)

. O. Sinanoglu, The new pictorial structural covariance method for qualitative quantum chemistry. III:

fused polycyclics and their ions. J. Math. Chem. 2(2), 137-154 (1988)

S.L. Lee, R.R. Lucchese, S.Y. Chu, Topological analysis of eigenvectors of the adjacent matrices in
graph theory: the concept of internal connectivity. Chem. Phys. Lett. 137(3), 279-284 (1987)

S.L. Lee, R.R. Lucchese, S.Y. Chu, Net signs and eigenvalues of molecular graphs: some analo-
gies. Chem. Phys. Lett. 191(1-2), 87-91 (1992)

D.J. Klein, A.T. Balaban, Generalized Hiickel-Mobius rule. J. Mol. Struct. (Theochem) 259,
307-315 (1992)

L.R. Ford, D.R. Fulkerson, Flows in Networks (Princeton University Press, Princeton, 1962)

P.W. Kasteleyn, in Graph theory and crystal physics, ed. by F. Harary Graph Theory and Theoretical
Physics (Academic Press, London, 1967), pp. 44-110

I. Gutman, The energy of a graph. Ber. Math.-Stat. Sekt. Forschungszent. Graz 103, 1-22 (1978)

B.I. McClelland, Properties of the latent roots of a matrix. The estimation of w-electron energetics.
J. Chem. Phys. 54, 640-643 (1971)

J. Aihara, Matrix representation of an olefinic reference structure for monocyclic conjugated hydro-
carbons. Bull. Chem. Soc. Jpn. 52, 1529-1530 (1972)

D.J. Klein, V.R. Rosenfeld, Phased cycles. J. Math. Chem. (accepted)

C.A. Coulson, G.S. Rushbrooke, Note on the method of molecular orbitals. Proc. Cambridge Phil.
Soc. 36, 193-200 (1940)

A.D. McLachlan, Self-consistent field theory of the electron spin distribution in r-electron radicals.
J. Mol. Phys. 3(3), 233-252 (1960)

A.D. McLachlan, Spin density and spin correlation in triplet states. Mol. Phys. 5(1), 51-62 (1962)

aromatic ions. Mol. Phys. 5(1), 31-41 (1962)

J. Koutecky, Contribution to the theory of alternant systems. J. Chem. Phys. 45, 3702-3704 (1965)

I. Gutman, N. Trinajsti¢, Graph theory and molecular orbitals. The Loop Rule. Chem. Phys.
Lett. 20(3), 257-260 (1973)

I. Gutman, N. Trinajsti¢, Graph theory and molecular orbitals. Top. Curr. Chem. 42, 49-93 (1973)

R. McWeeny, Ring currents and proton magnetic resonance in aromatic molecules. Mol. Phys. 1,
311-321 (1958)

R.B. Mallion, Some graph-theoretical aspects of simple ring current calculations on conjugated
systems. Proc. R. Soc. A 341, 429449 (1975)

W.T. Tutte, Graph Theory (Addison-Wesley Publishing Company Reading, Massachusetts, 1984)

M. Marcus, H. Minc, A Survey of Matrix Theory and Matrix Inequalities (Allyn and Bacon,
Boston, 1964), p. 119

@ Springer



	Phased graphs and graph energies
	Abstract
	1 Introduction
	2 First results
	3 Transformation by di-uns
	4 Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 149
  /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 0.40
    /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 149
  /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 0.40
    /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 599
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


