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Abstract We construct a measure of entanglement for general pure multipartite states based
on the Plücker coordinates of the Grassmann variety. In particular, we step by step construct
measures of entanglement for general pure bipartite, three-partite, four-partite, and m-partite
states.

1 Introduction

In the field of quantum information theory it is very important to get a deep understand-
ing of quantum entanglement. However, the quantification of multipartite entangled states is
not an easy task and it usually relies on higher mathematical tools from different branches
of mathematics. In recent years, there has been a lot of activity to quantify such entangled
states and still this problem is not completely solved even for pure multipartite states. A lin-
early homogeneous positive functions of unnormalized pure states invariant under stochastic
local quantum operation and classical communication (SLOCC) transformations give entan-
glement monotones [1]. The authors also have presented a general mathematical framework
to describe local equivalence classes of multipartite quantum states under the action of lo-
cal unitary and local filtering operations. Their analysis has lead to the introduction of en-
tanglement measures for the multipartite states, and the optimal local filtering operations
maximizing these entanglement monotones were obtained. Briand et al. [2] have studied
the invariant theory of trilinear forms over a three-dimensional complex vector space, and
applied it to investigate the behavior of pure entangled three-partite qutrit states. They de-
scribed the orbit space of the SLOCC group SL(3,C)×3 both in its affine and projective
versions in terms of a very symmetric normal form parameterized by three complex num-
bers. They have also shown that the structure of the sets of equivalent normal forms is
related to the geometry of certain regular complex polytopes. Miyake and Wadati [3] have
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explored quantum search from the geometric viewpoint of a complex projective space. Re-
cently, Lévay [4] have constructed a class of multi-qubit entanglement monotone which
was based on construction of Emary [5]. His construction is based on bipartite partitions
of the Hilbert space and the invariants are expressed in terms of the Plücker coordinates
of the Grassmannian. We have also constructed entanglement monotone for multi-qubit
states based on Plücker coordinate equations of the Grassmann variety, which are central
notion in geometric invariant theory [6]. In this paper, we will construct a measure of en-
tanglement for general multipartite states based on the complex algebraic variety. In par-
ticular, in Sect. 3 we will construct an entanglement measure for general bipartite states,
which coincides with concurrence. In Sect. 4 we will construct a measure of entanglement
for three-partite states which also coincides with generalized concurrence, and in Sect. 5,
following the same recipe, we will construct a measure of entanglement for general four-
partite states. Finally, in Sect. 6, we will generalize our result into the general pure multi-
partite states. Now, let us start by denoting a general, pure, composite quantum system with
m subsystems as Q = Qp

m(N1,N2, . . . ,Nm) = Q1Q2 · · ·Qm, consisting of the pure states

|Ψ 〉 = ∑N1
k1=1

∑N2
k2=1 · · ·∑Nm

km=1 αk1,k2,...,im |k1, k2, . . . , km〉 and corresponding to the Hilbert
space HQ = HQ1 ⊗ HQ2 ⊗ · · · ⊗ HQm , where the dimension of the j th Hilbert space is
Nj = dim(HQj

). We are going to use this notation throughout this paper. In particular, we
denote a pure two-qubit state by Qp

2 (2,2). For those readers who are unfamiliar with alge-
braic and projective variety we give a short introduction to these topics, however the standard
references for the complex projective variety are [7, 8].

Let {f1, f2, . . . , fq} be continuous functions Cn → C. Then we define a complex space
as the set of simultaneous zeroes of the functions

VC(f1, f2, . . . , fq) = {(z1, z2, . . . , zn) ∈ Cn : fi(z1, z2, . . . , zn) = 0, ∀1 ≤ i ≤ q}. (1)

The complex space becomes a topological space by giving them the induced topology from
Cn. Now, if all fi are polynomial functions in the coordinate functions, then the real (com-
plex) space is called a real (complex) affine variety. A complex projective space CPn is
defined to be the set of lines through the origin in Cn+1. That is, CPn = (Cn+1 − 0)/ ∼,
where ∼ is an equivalence relation define by (x1, . . . , xn+1) ∼ (y1, . . . , yn+1) ⇔ ∃λ ∈ C − 0,
such that λxi = yi∀ 0 ≤ i ≤ n. For n = 1 we have a one dimensional complex manifold
CP1, which is a very important one, since as a real manifold it is homeomorphic to the
2-sphere S2, e.g., the Bloch sphere. Moreover, every complex compact manifold can be em-
bedded in some CPn. In particular, we can embed a product of two projective spaces into
the third one. Let {f1, f2, . . . , fq} be a set of homogeneous polynomials in the coordinates
{α1, α2, . . . , αn+1} of Cn+1. Then the projective variety is defined to be the subset

V(f1, f2, . . . , fq) = {[α1, . . . , αn+1] ∈ CPn : fi(α1, . . . , αn+1) = 0, ∀1 ≤ i ≤ q}. (2)

We can view the complex affine variety VC(f1, f2, . . . , fq) ⊂ Cn+1 as a complex cone over
the projective variety V(f1, f2, . . . , fq).

2 Grassmann Variety

In this section, we will define the Grassmann variety in terms of the Plücker coordinate
equations [9] which is necessary for understanding what follows in the following section,
where we will construct measure of entanglement based on the Plücker coordinate of the
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Grassmann variety. Let V be a complex vector space of dimension d ≥ 2 and 0 < r < d

be an integer. Then the Grassmannian Gr(r, d) is defined as the set of all r-dimensional
subspaces of V , that is

Gr(r, d) = {W : W is a subspace of V of dimension r}. (3)

Alternatively, the Grassmannian Gr(r, d) can considered as the set of all r − 1-dimensional
linear projective subspaces of CPd−1. The simplest example of the Grassmannian is Gr(1, d)

which is the set of all one dimensional subspaces of complex vector space V which is the
complex projective space on V . Now, we can embed Gr(r, d) into P(

∧r
(Cd)) = CPN , N =

d!
(d−r)!r! − 1, by using the Plücker map L → ∧r

(L), where L is the subspace to be embed-

ded in the exterior product
∧r

(Cd) for 1 ≤ r ≤ d which is a subspace of CN1 ⊗ · · · ⊗ CNm ,
spanned by the anti-symmetric tensors. The Plücker coordinates Pi1,i2,...,ir ,1 ≤ i1 < · · · <

ir ≤ d are the projective coordinates in this projective space. Next, let C[Λ(r, d)] be a
polynomial ring with the Plücker coordinates PJ indexed by elements of the set Λ(r, d)

of ordered r-tuples in {1,2, . . . d} as its variables. Then the image of the map

κ : C[Λ(r, d)] → Pol(Matr,d ), (4)

where Matr,d is a r×d matrix, which assigns to Pi1i2...ir the bracket polynomial [i1, i2, . . . , ir ]
is equal to the sub-ring of the invariant of the polynomials. The bracket function
[i1, i2, . . . , ir ] on the given matrix Matr,d is equal to the maximal minor formed by the
columns from a set of {1,2, . . . , d}. Alternatively, let {e1, e2, . . . , ed} be a basis for complex
vector space V . Then the canonical basis for

∧r
V is given by

{ei1 ∧ ei2 ∧ · · · ∧ eir | 1 ≤ i1 < · · · ≤ i1 ≤ d}. (5)

Now, let W be a r-dimensional subspace of V with basis {w1,w2, . . . ,wr} then the Plücker
coordinates is given by Pi1,i2,...,ir (W) = w1 ∧ w2 ∧ · · · ∧ wr . Moreover, the kernel Ir,d of
the map κ is equal to the homogeneous ideal of the Grassmann in its Plücker embedding.
Furthermore, the homogeneous ideal Ir,d defining Gr(r, d) in its Plücker embedding is gen-
erated by the quadratic polynomials

PI,J =
r+1∑

t=1

(−)tPi1,...,ir−1,jt Pj1...jt−1jt+1,...,jr+1 , (6)

where I = (i1 . . . ir−1),1 ≤ i1 < · · · < ir−1 < ji , for i = 1, . . . , r + 1, and J = (j1, . . . , jr+1),
1 ≤ j1 < · · · < jr+1 ≤ d are two increasing sequences of numbers from the set {1,2, . . . , d}.
Note that the equations PI,J = 0 defining the Grassmannian Gr(r, d) are called the Plücker
coordinate equations. For example, for Gr(2, d) and r = 2, we have

PI,J = −Pi1,j1Pj2,j3 + Pi1,j2Pj1,j3 − Pi1,j3Pj1,j2 , (7)

where I = (i1), and J = (j1, j2, j3). Note that, by its construction, the Grassmannian
Gr(2, d) is a homogeneous space with the Plücker coordinates are invariant under transfor-
mations of the form S ⊗ · · · ⊗ I ⊗ I , where S ∈ SL(2,C) rotating the linearly independent
basis vector in L. Moreover, there are many complex manifolds that cannot be embedded in
complex projective space.
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3 Measure of Entanglement for General Pure Bipartite States

The simplest composite quantum system is the bipartite states. So, in this section, we will
concentrate on the construction of a measure of entanglement for general pure bipartite
states based on Plücker coordinates of the Grassmann variety. Let us consider the quantum
system Qp

2 (N1,N2). We now define a matrix

Mat1
N1,N2

=

⎛

⎜
⎜
⎝

α1,1 α1,2 . . . α1,N2

α2,1 α2,2 . . . α2,N2

...
... . . .

...

αN1,1 αN1,2 . . . αN1,N2

⎞

⎟
⎟
⎠ , (8)

where, we have only 1 permutation by definition. This is very important to keep in mind
when we construct an entanglement measure for multipartite states based on the Plücker
coordinates of the Grassmann variety. In the case of multipartite states we need to apply this
procedure for all possible permutation of indices. Now, let us consider a quantum system
Qp

2 (2,N2), where in this case we have r = N1 = 2 and d = N2. Then, we define

E2
I,J (Mat1

N1,N2
(ν,μ)) =

3∑

t=1

(P
i1,jt
1 P

1
i1,jt

+ P
j1...jt−1jt+1,...,j3
1 P

1
j1...jt−1jt+1,...,j3

)

= P
i1,j1
1 P

1
i1,j1

+ P
j2,j3
1 P

1
j2,j3

+ P
i1,j2
1 P

1
i1,j2

+ P
j1,j3
1 P

1
j1,j3

+ P
i1,j3
1 P

1
i1,j3

+ P
j1,j2
1 P

1
j1,j2

, (9)

where Mat1
N1,N2

is give by matrix (8). Thus, a measure of entanglement for general pure
bipartite states based on equation (9) is given by

E(Qp

2 (N1,N2)) =
(

N2

∑

ν<μ

E2
I,J (Mat1

N1,N2
(ν,μ))

)1/2

=
(

N2

N1∑

l1>k1=1

N2∑

l2>k2=1

|αk1,k2αl1,l2 − αk1,l2αl1,k2 |2
)1/2

, (10)

where (Mat1
N1,N2

(ν,μ)) refers to rows ν and μ of matrix (8). This measure coincides with
the generalized concurrence given in [10, 11]. However, this measure of entanglement which
corresponds to rows ν < μ of matrix (8) is invariant under action of SL(2,C).

4 Measure of Entanglement for General Pure Three-Partite States

In this section, we will construct a measure of entanglement for general pure three-partite
states based on the same method with which we have constructed a measure of entanglement
for bipartite states. However, in the case of the bipartite states we only need to consider
one matrix, that is, there is only one permutation, but for three-partite states we need to
consider all possible permutations, namely three possible permutations of j1, j2, j3. So, let
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us consider the quantum system Qp

3 (N1,N2,N3). Then we define the matrices

Mat1
N1,N2,N3

=

⎛

⎜
⎜
⎝

α1,1,1 α1,1,2 . . . α1,N2,N3

α2,1,1 α2,1,2 . . . α2,N2,N3

...
... . . .

...

αN1,1,1 αN1,1,2 . . . αN1,N2,N3

⎞

⎟
⎟
⎠ , (11)

Mat2
N1,N2,N3

=

⎛

⎜
⎜
⎝

α1,1,1 α1,1,2 . . . αN1,1,N3

α1,1,1 α1,2,2 . . . αN1,2,N3

...
... . . .

...

α1,N2,1 α1,N2,2 . . . αN1,N2,N3

⎞

⎟
⎟
⎠ . (12)

The matrix Mat3
N1,N2,N3

can also be constructed by permutation of indices of the matrix
Mat1

N1,N2,N3
. Now, following the same recipe as in the case of the bipartite states, we can

construct a measure of entanglement for general pure three-partite states as

E(Qp

3 (N1,N2,N3))

=
(

N3

3∑

j=1

∑

ν<μ

E2
I,J (MatjN1,N2,N3

(ν,μ))

)1/2

=
(

N3

4∑

t=1

(P
i1,jt
j P

j

i1,jt
+ P

j1...jt−1jt+1,...,j3
j P

j

j1...jt−1jt+1,...,j3
)

)1/2

=
(

N ′
3

3∑

j=1

∣
∣αk1,k2,k3αl1,l2,l3 − αk1,lj ,k3αl1,kj ,l3

∣
∣2

)1/2

(13)

where e.g., (Mat1
N1,N2,N3

(ν,μ)) refers to rows ν < μ of matrix (11). The measure of entan-
glement for three-partite states (13) coincides with generalized concurrence [11] and has
a well-defined geometrical interpretation in terms of the Plücker coordinates of the Grass-
mannian. This geometrical illustration can gives us some intuition about the properties of
multipartite entanglement in general. Moreover, this measure is an entanglement monotone
for three-qubit states.

5 Measure of Entanglement for General Pure Four-Partite States

Next, we will construct a measure of entanglement for general pure four-partite states fol-
lowing the same recipe as in the case of three-partite states. However, the difference in this
case compares to three-partite states is that we have more than two sets of permutations.
So, let us first look at the first set of permutations which is given by permutations of the
following matrix

Mat1
N1,N2,N3,N4

=

⎛

⎜
⎜
⎝

α1,1,1,1 α1,1,1,2 . . . α1,N2,N3,N4

α2,1,1,1 α2,1,1,2 . . . α2,N2,N3,N4

...
... . . .

...

αN1,1,1,1 αN1,1,1,2 . . . αN1,N2,N3,N4

⎞

⎟
⎟
⎠ . (14)
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That is, MatjN1,N2,N3,N4
, j = 2,3,4 can be constructed in the same way as in the case of

three-partite states by permutation of indices of matrix (14). The second set of permutations
can be constructed by simultaneous permutations of two of the indices of the matrix

Mat1,2
N1,N2,N3,N4

=

⎛

⎜
⎜
⎝

α1,1,1,1 α1,1,1,2 . . . α1,1,N3,N4

α2,2,1,1 α2,2,1,2 . . . α2,2,N3,N4

...
... . . .

...

αN1,N2,1,1 αN1,N2,1,2 . . . αN1,N2,N3,N4

⎞

⎟
⎟
⎠ . (15)

Again, the matrix Matk,l
N1,N2,N3,N4

for 1 = k < l = 2,3,4 can be constructed by permutations
of matrix (15). For example, for quantum system Qp

4 (2,2,2,2), we have

Mat1,2
2,2,2,2 =

(
α1,1,1,1 α1,1,1,2 α1,1,2,1 α1,1,2,2

α2,2,1,1 α2,2,1,2 α2,2,2,1 α2,2,2,2

)

,

Mat1,3
2,2,2,2 =

(
α1,1,1,1 α1,1,1,2 α1,2,1,1 α1,2,1,2

α2,1,2,1 α2,1,2,2 α2,2,2,1 α2,2,2,2

)

.

(16)

Thus, for four-partite states, we need to consider to different types of matrices which we
have constructed by different sets of permutations. Now, we can construct a measure of
entanglement for a general pure four-partite state as

E(Qp

4 (N1,N2,N3,N4)) =
(

N4

[
4∑

j=1

∑

ν<μ

E2
I,J (MatjN1,N2,N3,N4

(ν,μ))

+
∑

k<l

∑

ν<μ

E2
I,J (Matk,l

N1,N2,N3,N4
(ν,μ))

])1/2

, (17)

where, e.g., (Mat1
N1,N2,N3,N4

(ν,μ)) refers to rows ν < μ of matrix (14) and

(Mat1,2
N1,N2,N3,N4

(ν,μ)) refers to rows ν < μ of matrix (15). For multi-qubit states, this mea-
sure of entanglement is an entanglement monotone by construction.

6 Measure of Entanglement for General Pure Multipartite States

In this section, we would like to generalize our result from four-partite states to m-partite
states in a straightforward manner. For example, the first set of permutations is given by
permutations of the matrix

Mat1
N1,N2···Nm

=

⎛

⎜
⎜
⎝

α1,1,...,1 α1,1,...,2 . . . α1,N2,...,Nm

α2,1,...,1 α2,1,...,2 . . . α2,N2,...,Nm

...
... . . .

...

αN1,1,...,1 αN1,1,...,2 . . . αN1,N2,...,Nm

⎞

⎟
⎟
⎠ . (18)

All other sets of permutations can be constructed by permutations of the matrix
Matp1,p2,...,pm

N1,N2,...,Nm
for all (p1,p2, . . . , pm) ∈ σ(j1, j2, . . . , jm), where σ(j1, j2, . . . , jm) denotes

the sets of all possible permutations of j1, j2, . . . , jm as we have illustrated in the cases of
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three- and four-partite states. Next, we can construct a measure of entanglement for general
pure multi-partite states as

E(Qp

4 (N1,N2, . . . ,N4)) =
(

N4

∑

∀(p1,...,pm)∈σ(j1,...,jm)

∑

ν<μ

E2
I,J (Matp1,...,pm

N1,...,Nm
(ν,μ))

)1/2

, (19)

where, e.g., (Mat1
N1,N2,...,Nm

(ν,μ)) refers to rows ν < μ of matrix (18) from the first set of
permutations of j1, j2, . . . , jm. Again, by construction this measure of entanglement is an
entanglement monotone for multi-qubit states.

7 Conclusion

In this paper, we have constructed a measure of entanglement for multipartite states based on
the Grassmannian Gr(r, d), which was defined in terms of the Plücker coordinate equations.
By construction our measure vanishes on product states and it is invariant under actions
of the special linear group. In particular, we have explicitly constructed measures of en-
tanglement for bipartite states, three-partite states and four-partite states in a concrete way
that can be directly applied to any such general pure state. The measure of entanglement
coincides with the concurrence for bipartite and three-partite states, which can be seen di-
rectly from the expression and our measure of entanglement is an entanglement monotone
for multi-qubit states. Finally, we hope that our result can give some geometrical insight to
solving such interesting problem of the fundamental quantum theory with wide application
in emerging field of the quantum information and quantum computing.

Acknowledgements The author gratefully acknowledges the financial support of the Japan Society for the
Promotion of Science (JSPS).

References

1. Verstraete, F., Dehaene, J., De Moor, B.: Phys. Rev. A 68, 012103 (2003)
2. Briand, E., Luque, J.-G., Thibon, J.-Y., Verstraete, F.: J. Math. Phys. 45, 4855 (2004), quant-ph/0306122
3. Miyake, A., Wadati, M.: Quantum Inf. Comput. 2, 540–555 (2002)
4. Lévay, P.: J. Phys. A: Math. Gen. 38, 9075–9085 (2005)
5. Emary, C.: J. Phys. A: Math. Gen. 37, 8293 (2004)
6. Heydari, H.: J. Math. Phys. 47, 012103 (2006)
7. Griffiths, P., Harris, J.: Principle of Algebraic Geometry. Wiley, New York (1978)
8. Mumford, D.: Algebraic Geometry I: Complex Projective Varieties. Springer, Berlin (1976)
9. Mumford, D., Fogarty, J., Kirwan, F.: Geometric Invariant Theory, 3rd edn. Springer, Berlin (1994)

10. Gerjuoy, E.: Phys. Rev. A 67, 052308 (2003)
11. Albeverio, S., Fei, S.M.: J. Opt. B: Quantum Semiclass. Opt. 3, 223 (2001)


	Measure of Entanglement for General Pure Multipartite States Based on the Plücker Coordinates
	Abstract
	Introduction
	Grassmann Variety
	Measure of Entanglement for General Pure Bipartite States
	Measure of Entanglement for General Pure Three-Partite States
	Measure of Entanglement for General Pure Four-Partite States
	Measure of Entanglement for General Pure Multipartite States
	Conclusion
	Acknowledgements

	References



<<
  /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


