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Abstract— An interesting property of the Voronoi tessellation 
is studied in the context of its application to the analysis of 
hydration shells in computer simulation of solutions. Namely 
the shells around a randomly chosen cell in a Voronoi 
tessellation attract extra volume from outside. There is a 
theoretical result which says that the mean volume of the first 
shell around a randomly chosen cell is greater than the 
anticipated value. The paper investigates this phenomenon for 
Voronoi tessellations constructed for computer models of point 
patterns with different variability of the Voronoi cell volumes 
(Poisson point process, RSA systems of hard spheres and 
molecular dynamics models of water). It analyzes also the 
subsequent shells, and proposes formulas for the mean shell 
volumes for all shell numbers. The obtained results are of 
value in calculations of the contribution of hydration of water 
to the “apparent” volume of the solutes. 

Keywords- Voronoi tessellation; topological neighbors; shell 
volume; solvation shell 

I.  INTRODUCTION 
It is an established opinion that the structure of water 

close to a solute molecule differs from the structure in pure 
or bulk water (at some distance from the solute) [1]. The 
charge of an ion or the size of a neutral molecule influences 
the mutual arrangement of the water molecules close to the 
solute molecule. This “hydration water” may have a lower or 
higher density, depending on the solute. The investigation of 
hydration water plays an important role in molecular 
biology. It governs the folding-unfolding process of proteins. 
The “apparent” volume of solutes depends on hydration 
water. The addition of a solute molecule to water results in a 
difference Vapp between the volumes of the prepared solution 
and the volume of the water content as pure liquid. The 
measurement of the apparent volume is a task of 
experimental research and computer simulations in physical 
chemistry of solutions, in particular for the interpretation of 
the results of volumetric experiments in molecular biology 
[2-5]. 

The apparent volume may be divided in two parts: 
Vapp = Vint + ΔVwater. The intrinsic volume Vint is the neat 
volume of the solute molecule, sometimes defined as its van 
der Waals volume, and ΔVwater is the contribution of water, 
which accounts for a possible difference between the 

densities of bulk and hydration water. The latter can be 
written as 

 hhwater nvVΔV 0−= , (1) 

where Vh is the volume occupied by the hydration water 
molecules, nh is the number of these molecules, and v0 is the 
mean volume of a water molecule in bulk water [1]. The 
calculation of ΔVwater gives the possibility to separate the 
contribution of the intrinsic volume Vint from the apparent 
volume. 

Formula (1) is general in the sense that the notion 
“hydration water” is not defined here explicitly. To use this 
formula, the parameter Vh has to be concretized and the 
number of solvent molecules nh has to be known. One of the 
ways to make it is using the Voronoi diagram technique, 
which is described in many papers and books, see e.g. [6,7]. 
In this approach to each atom a cell is assigned, its Voronoi 
cell. This cell represents a volume belonging to the atom. 
This approach is very attractive for analysis of computer 
models of molecular systems and is used for many years 
[8,9]. 

However this tool may be more powerful if the cells are 
considered amounting to the entire Voronoi tessellation 
decomposing space. Using this tessellation enables to 
establish topological neighborhoods of the cells (atoms). The 
nearest neighbors (the first topological neighbors or “the 
geometrical neighbors”) of a given central atom represent the 
first Voronoi shell around this atom. The next topological 
neighbors form the subsequent shells. Thus in this approach, 
hydration water can be determined by the water molecules in 
the first (or in a few of the closest) Voronoi shells around the 
solute molecule. 

To our knowledge there are only a few papers where 
such a description of hydration water has been used. Only 
the first Voronoi shell was considered in the papers [10-12], 
the first and second ones were discussed in paper [13]. 
Another approach is based on the simple idea to determine 
hydration water by a layer of given thickness R around the 
solute molecule. However, there is uncertainty to choose the 
value of R, and a difficulty to estimate the possible error of 
the calculated volume of hydration water. In spite of this, the 
method is used in many papers, see in particular [4,5,14]. By 
the way, sequences of shells have also been studied in the 2D 



case for the structural analysis of patterns, polycrystals and 
foams, where some topological laws of the tessellation were 
found and investigated [15-17]. 

When the authors began to use Voronoi shells in the 
volumetric analysis of hydration water, an interesting 
observation was made: the shell volumes turned out to be a 
bit larger than expected. This fact was first observed by 
Weiss [18] for the first shell. It seems that the set of cells in a 
shell is not a representative subset of a tessellation. In the 
present paper we study this phenomenon systematically, 
based on computer simulations for various systems of atoms. 
This leads to formulas for a more accurate calculation of the 
contribution of hydration water ΔVwater to the apparent 
volume of solutes. 

II. THE FIRST SHELL 
It is well known that for the case of a completely random 

point system (a Poisson process of points) a randomly 
chosen Voronoi cell has on average f = 15.54 faces. The 
mean number of faces changes if instead of a randomly 
chosen cell a volume weighted cell is considered. The 
corresponding mean value fw is calculated by ∑∑ iii vfv , 
where vi and fi are the volume and the number of faces of the 
i-th cell. It can be shown that fw = 16.577, i.e. the value is 
somewhat larger than f. This may be plausible since in some 
sense the volume weighted cell is larger than a randomly 
chosen one and the number of faces and the volume of 
Poisson Voronoi cells are positively correlated [19-20]. 

The difference between fw and f depends on the disorder 
of the system. As it will be shown below for Voronoi 
tessellations of our systems, it holds 

 ( ) 2
0

2 vfff w σ∝− , (2) 

where v0 is the mean volume of the typical Voronoi cell and 
σ2 is the variance of its volume. The results of computer 
simulations carried out by the authors confirm the validity of 
(2), see Table 1 and Fig.1. 

The quantity fw appears in the following formula (3), 
which seems to be unexpected. Let V1 be the mean volume 
of the first shell around a randomly chosen cell. Weiss [18] 
has shown that 

 wfvV 01 = . (3) 

One could perhaps think that it should be V1=v0f. Indeed, 
the first shell contains in average just f cells, and the mean 
cell volume is v0. However, the situation is more 
complicated, the random variables “cell volume” and 
“number of faces” are not independent. 

Since fw > f the shell contains some extra volume. A 
possible explanation is that there are generating points that 
contribute to the shell, which are far from the central cell and 
possess cells with large volumes. In other words, far 
“geometrical neighbors” of the central point have on average 
cell volumes greater than v0. 

Let us to introduce “the mean volume of a cell inside the 
first shell” by v1 = V1 / f. (The authors are aware that they do 
not use a quite correct terminology. The mean volume of a 
cell inside the shell is mathematically defined a bit 
differently by considering the random numbers of cells in 
shell. By the way, these two means coincide very well as a 
special calculation carried out by the authors has shown). 
Using the parameter v1, formula (3) can be rewritten as 

 ffvv w
01 =  (4) 

Note that the volume V1 (and accordingly v1) could be 
obtained explicitly by calculation of cell volumes in shells. 
The Weiss formula gives another possibility, namely to 
calculate it using the topological characteristics (f and fw). 

Table 1 shows numerical values for the discussed 
characteristics obtained by simulation for various models. 
Model 1 is a system of 512,000 random points in a cubic box 
with periodic boundary conditions. The edge of the box is 
equal to 80 length units, which implies that the mean cell 
volume is v0=1. The models 2 - 4 are systems of centers of 
500,000 random monodisperse non-overlapping spheres of 
radii 0.2, 0.25 and 0.3 correspondingly, obtained by the RSA 
(random sequential adsorption) approach, see [21]. These 
points are also in a cubic box with periodic boundary 
conditions. The box edge is again chosen to ensure v0=1 for 
the mean volume of the corresponding Voronoi cells. The 
different radii were used in order to obtain different 
variances of the Voronoi cell volumes distributions. The 
models 5 - 6 are usual molecular dynamic models of pure 
water with different temperatures and constant density. Such 
water models are used as solvents in molecular biology and 
physical chemistry simulations [3,4]. Every sample consists 
of 10,000 water molecules, which are considered for the 
Voronoi analysis as points centered at the oxygen atoms. 

For every model the Voronoi tessellation was calculated. 
The numbers of faces and volumes for all Voronoi cells 
were

 

Figure 1.  Parameter δ = (fw - f)/f for the various models as a function of 
the variance of the Voronoi cell volume 



TABLE I.  AVERAGE CHARACTERISTICS OF THE FIRST SHELL FOR THE STUDIED MODELS. 

Model f fw fw/f v0 σ2 V1 v1 

1. Poisson  15.536 16.573 1.06676 1 0.1782 16.5685 1.06628 

2. RSA 0.20 15.500 16.289 1.05091 1 0.1304 16.3043 1.05169 

3. RSA 0.25 15.447 16.084 1.04124 1 0.1007 16.0891 1.04115 

4. RSA 0.30 15.377 15.840 1.03008 1 0.0681 15.8224 1.03023 

5. Water 280K 15.921 16.049 1.00804 29.825A3 3.170612 
0.01130 30.0645 1.00802 

6. Water 490K 15.221 15.367 1.00956 29.825A3 3.680857 
0.01523 30.1107 1.00957 

The mean number of cell faces f, the number of faces fw for the volume weighted cell, their ratio, the mean volume of the typical cell v0, the variance of cell 
volume σ2, the mean volume V1 of the first shell, and the mean volume v1 of the cells in the first shell. In the last two lines in the 6-th column both the true 

and normalized mean volumes are presented. 
 

determined and used to obtain the mean values in Table 1. 
The mean values for the Poisson and RSA models are 
obtained by averaging over 50,000 randomly chosen central 
cells. For the water models the averaging was performed 
over 999 independent configurations of a molecular 
dynamics simulation run of water, using 1000 water 
molecules in every configuration as central cells. 

The very good coincidence of the numbers in the fourth 
and last columns confirms the validity of formula (4) for all 
models considered. Remember that the values fw/f in the 
fourth column are obtained from topological information, 
whereas the metric values V1 and v1 in Table 1 are calculated 
directly from the cell volumes. 

Fig. 1 demonstrates the behavior of  the  parameter  δ = 
(fw – f) / f as a function of the variance of the Voronoi cell 
volume for our models. We see a linear behavior as predicted 
in formula (2). However, our line does not go through the 
origin though one can think that the value δ should be zero at 
σ2 = 0. This means that the behavior of δ via σ2 may be more 
complicated than predicted by formula (2). 

III. THE SUBSEQUENT SHELLS 
Fig. 2 illustrates a series of subsequent shells around a 

single cell in 2D. Such shells are well defined in the Voronoi 
tessellation: the cells of the k-th shell have common faces 
with cells of the (k-1)-th shell and are not adjacent to cells of 
the previous shells. In this section we will analyze the 
subsequent shells in our 3D models discussed above. 

Let nk be the mean number of cells belonging to the k-th 
shell, and Vk be the mean total volume of the k-th shell, 
which is determined as the sum of volumes of the shell’s 
cells. The mean volume vk of the cells inside the k-th shell is 
defined as Vk/nk. 

We now study the value vk in dependence on shell 
number k. Fig. 3 shows results obtained for the models 
considered. (Note, working with many shells, the averaging 
was made only for 5000 typical cells). One can see that the 
mean cell volume vk has a maximum value for the first shell 
(k=1), decreases then systematically with growing k, and 
converges towards the mean volume of a single cell v0. 

Note it is always vk > v0, which looks strange from a naive 
point of view. Indeed, if one would try to calculate the mean 
volume of a single cell for the whole system based on the 
shells then a result greater then v0 would be obtained, as long 
as k is finite. A possible explanation for this behavior was 
already given in the context of discussion of formulas (3) and 
(4). Now we see that not only the first shell but also the other 
shells are able to attract extra volumes from outside. 

It is possible to develop an approximation formula which 
gives the mean cell volume vk for any k-th shell for Voronoi 
tessellations, thus to generalize formula (4), which holds for 
the first shell. To do this, let us assume that any face of a cell 
is able to attract some extra volume. In other words, the 
mean volume vi of the cell adjacent to the i-th face of a given 
cell is greater than v0. As mentioned above, this is possible if 
some far geometrical neighbors have mean cell volumes 
larger than v0. Thus one can write vi = v0γ, where the factor   
γ = 1+δ is greater than 1, and δ is a small correction term. 

Using the factor γ, the mean volume of the first shell V1 
can be written as 

Figure 2.  2D illustration of the Voronoi tessellation of a system of 
points shown as dots. Shells around the central cell are marked. The 
cells belonging to the k-th shell are the k-th topological neighbors of 
the central cell (with a red point). 



 

 γ011 vnV = . (5) 

Comparison with formula (3) yields 

 ff w=γ  (6) 

and 

 ( ) fff w −=δ . (7) 

Assuming that γ is a universal factor for all faces of all 
cells of the tessellation, we can determine the mean volume 
of the second shell as 

 δγ 01022 vnvnV −= .  

The first term is the total volume “attracted” by the outer 
faces of the first shell. (Note that the number of the outer 
faces of the first shell determines the number of cells in the 
second shell). The second term takes into account the fact 
that some extra volume attracted to the first shell had been 
involved at the expense of the second shell and must be 
subtracted. This formula can be rewritten as V2 = n2v0γ2, 
where 

 ( )212 11 nn−+= δγ .  

For the mean cell volume in the second shell defined as v2 = 
V2 / n2 , we get: 

 202 γvv = .  

 
 

The same reasoning may be used also for the following 
shells. Thus we obtain 

 kk vv γ0= , (8) 

with 

 ( )kkk nn 111 −−+= δγ , (9) 

where δ is given by formula (7), and k > 1. 
It is useful to have an asymptotic formula for γk which 

does not depend on the values nk-1 and nk. Such a formula can 
be derived by assuming that the number nk is proportional to 
the surface area of the k-th shell. The surface is roughly 
spherical and its area is approximately proportional to the 
square of its radius. The radius of the k-th sphere can be 
estimated as kD, where D is a scale parameter (a “diameter”) 
of the cells, which is a constant for a given tessellation. Thus 

( ) 22
1 1~ kknn kk −− , which gives: 

 221 kkasympt
k δδγ −+= . (10) 

One can see that both formulas for the γk factors 
(asymptotic (10) and initial (9)) give very close values for 
prediction of the vk values, see Fig. 4. 

IV. APPLICATIONS 
As we have seen, shells attract extra volume from 

outside. This means that in the analysis of hydration water by 
Voronoi tessellations we should take into account this 
phenomenon to calculate the correct contribution of water in 
the apparent volume ΔVwater, see also the introduction. 

The mean volume assigned to nk independent molecules 
in bulk water is v0nk. However if they constitute a Voronoi 
shell this value should be corrected by the factor γk, i.e. it is 
equal to v0nkγk. Thus, if one presents the volume of hydration 
water as a sum of volumes of the nearest Voronoi shells Vh = 
V1 + V2 + V3 + …, the formula for the calculation of ΔVwater 
can be written as: 

 
…+−+

+−+
+−=Δ

3303

2202

101

γ
γ
γ

nvV
nvV
nvVV water

 (11) 

Fig. 4 helps to estimate the value of the correction factor 
γk. For unit mean volume (v0 = 1), Fig.4 presents directly the 
values of γk. For Poisson points the correcting factor for the 
first shell is about 7%, for the next shells it is smaller, but up 
to the 10-th shell it is still larger than 1%. For water, which is 
more important in physical applications, the effect is smaller 
because the variance of the Voronoi cell volumes in water is 
smaller, see Table 1 and Fig.1. This yields for the first shell γ 
= 1.0080, for the second γ2 = 0.00603, for the third 
γ3 = 0.00447 for water at 280K. 

Figure 3.  Mean cell volume vk in shells as a function of shell number k 
calculated for the models discussed in section 2. 



 
However, these estimations are not yet useful for real 

solutions, since they are obtained for shells around a single 
cell. In real solutions a solute molecule can be rather large. 
Then the first shell of the solute contains a larger number of 
Voronoi cells n1

solute than a single Voronoi cell, see Fig.5. 
Using the formula (5) we can write: 

 γ011 vnV solutesolute = . (12) 

 

For the other shells we can also obtain formulas similar to 
(8) and (9): 

 solute
k

solute
k

solute
k vnV γ0=  (13) 

with 

 ( )solute
k

solute
k

solute
k nn 111 −−+= δγ . (14) 

Here the value δ correspond to the pure solvent, however the 
values nk

solute depend on the solute studied. 
We estimated values of γk

solute for the molecular dynamics 
model of a polypeptide water solution simulated in [22]. We 
found the mean numbers n1

solute = 332, n2
solute = 513 and 

n3
solute = 775. They yield γ2

solute = 1.0028 and γ3
solute = 1.0027 

for δ = 0.008. For the first shell obviously γ1
solute = γ =1 + δ= 

1.0080, see (12). 
Thus for larger solute molecules the γ - factors for the far 

shells becomes smaller than for a single cell, see (9). 
However for the first shell it is the same as for a single 
central cell. 

V. CONCLUSION 
In this paper we investigated the Voronoi shells around a 

given cell in a Voronoi. tessellation. The work was 
motivated by the unexpected property of the shells to have 
mean volumes larger than the mean volume of the same 
number of cells distributed independently. Ignoring this 
property may have undesirable consequences in applications 
of the Voronoi method to analyze the solvation shells in 
computer models of solutions. 

We analyzed successive shells in models containing 
around 500,000 disordered points obtained by the Poisson 
process and by the RSA method to get different variations of 
the Voronoi cell volume. We have shown that all shells 
“attract” extra volume from outside, and this value depends 
on the variability of the point systems: the effect decreases 
with decrease of variations of the cell volume. 

The mean volume of a cell inside the k-th shell vk 
(reciprocal density of the shell) has a maximum value for the 
first shell (k=1), and decreases with growing k converging 
towards the mean volume of a single cell v0. At that vk > v0 
for all k. This fact looks strange from a naive point of view. 
It indicates that the set of cells in the shell is not a 
representative subset of the tessellation. 

Simple formulas for estimation of extra volume attached 
to the k-th shell were presented. They can be used for the 
investigation of solvation shells in computer models of 
solutions, in particular, for the calculation of the contribution 
of hydration water to the “apparent” volume. Important for 
such studies, the analysis of computer models of liquid water 
shows a small effect (less then a percent) for water solutions. 
This results from rather small variations of the Voronoi cells 
in water in comparison with a model based on a Poisson 
point process. 

Note that formula (3) is mathematically exact, whereas 
our generalization (formulas (9) and (14)) is only a result of 

Figure 5.  2D illustration of Voronoi shells around a large “solute 
molecule” (a cluster of cells wit red points in the center). The cells of 
the k-th shell are the k-th topological neighbors of the cells of the 
“solute molecule”. 

Figure 4.  Values of vk as a function of shell number k for Poisson 
points (upper curves, squares), for the model RSA 0.30 (mid curves, 
circles), and for the water model at 280K (lower curves, triangles). 
Shown are the values taken from Fig. 3 (black, large symbols), and 
those predicted by formula (8) (red, small symbols) and (10) (blue, 
lines)



heuristic approximations. The authors hope that this paper 
will encourage mathematicians to create a rigorous theory of 
mean shell volumes in tessellations. 

ACKNOWLEDGMENT 
Financial support from Alexander von Humboldt 

Foundation and from RFFI grant 08-03-00140 is gratefully 
acknowledged. 

 

REFERENCES 
[1] E.A Melwyn-Hughes, Physical Chemistry, Pergamon Press, London, 

1961. 
[2] A. Cooper, D. Cameron, J. Jakus, G.W. Pettigrew, “Pressure 

perturbation calorimetry, heat capacity and the role of water in 
protein stability and interactions,” Bioch. Soc. Transactions, vol. 35, 
part 6, 1547-1549, 2007. 

[3]  D. Paschek, “Heat capacity effects associated with the hydrophobic 
hydration and interaction of simple solutes: A detailed structural and 
energetical analysis based on molecular dynamics simulations,“ J. 
Chem. Phys., vol. 120, 10605- 10617, 2004. 

[4] N.Smolin, R.Winter, “A molecular dynamics of SNase and its 
hydration shell at high temperature and high pressure,” Biochim. 
Biophys. Acta., vol. 1764, 522-534, 2006. 

[5]  I. Brovchenko, R. R. Burri, A. Krukau, A. Oleinikova, and R. 
Winter, “Intrinsic thermal expansivity and hydrational properties of 
amyloid peptide Abeta42 in liquid water,” J Chem. Phys, vol. 129, 
195101, 2008. 

[6] A. Okabe, B. Boots, K. Sugihara, S. Chiu, Spatial Tessellations- 
Concepts and Applications of Voronoi Diagrams, Wiley, New-York, 
2000. 

[7] N.N. Medvedev, The Voronoi-Delaunay Method for Non-crystalline 
Structures, SB Russian Academy of Science, Novosibirsk, 2000 (in 
Russian). 

[8]  F.M. Richards, “Calculation of Molecular Volumes and Areas for 
Structures of Known Geometry,” Methods in Enzymology, vol. 115, 
440-464, 1985. 

[9] E.E. David and C.W. David, “Voronoi Polyhedra as a Tool for 
Studying Solvation Structure,” J. Chem. Phys., vol. 76, 4611, 1982. 

[10] K. Hermansson and M. Wojcik, “Water exchange around Li+ and 
Na+ in LiCl(aq) and NaCl(aq) from MD Simulations,” J. Phys. Chem. 
B, vol. 102, 6089-6097, 1998. 

[11] P.F.B. Goncalvesa and H. Stassenb, “Free energy of solvation from 
molecular dynamics simulation applying Voronoi-Delaunay 
triangulation to the cavity creation,” J. Chem. Phys., vol. 123, 
214109, 2005. 

[12] B.Bouvier, R. Grünberg, M. Nilges, F. Cazals, “Shelling the Voronoi 
interface of protein-protein complexes predicts residue activity and 
conservation,” Proteins: Structure, Function, and Bioinformatics, vol. 
76(3), 677 – 692, 2008. 

[13] T.M. Raschke, M. Levitt, “Nonpolar solutes enhance water structure 
within hydration shells while reducing interactions between them,” 
PNAS, vol. 102 (19), 6777–6782, 2005. 

[14] I. Vaisman, J F. K. Brown, and A. Tropsha, “Distance Dependence of 
Water Structure around Model Solutes,” J. Phys. Chem. vol. 98, 
5559-5564, 1994. 

[15] D.A. Aboav, “The arrangement of grains in a polycrystal,” 
Metallography, vol. 3, 383-390, 1970. 

[16] D.Weaire and N. Rivier, “Soap, cells and statistics – random patterns 
in two dimensions,” Contemp. Phys., vol. 25, 59-95, 1984. 

[17] T. Aste, K. Y. Szeto, and W. Y. Tam, “Statistical properties and shell 
analysis in random cellular structures,” Physical Review E, vol. 54 
(5), 5482-5492, 1996. 

[18] V. Weiss, “Second-order quantities for random tessellations of R^d,” 
Stochastics and Stochastic Reports, vol. 55, 195-205, 1995. 

[19] R.Schneider and W.Weil, Stochastic and Integral Geometry, Springer, 
Berlin-Heidelberg, 2008. 

[20] D. Stoyan, W.S. Kendall and J. Mecke, Stochastic Geometry and its 
Applications, Wiley, Chichster. 1995. 

[21] J.W. Evans, “Random and cooperative absorption,” Rev. Modern 
Phys., vol. 65, 1281-29. 1993. 

[22] M. A. Andrews, I. Brovchenko, R. Winter, “Effect of Temperature on 
the Structural and Hydrational Properties of Human Islet Amyloid 
Polypeptide in Water,” Proceedings of the NIC Workshop 2008, NIC 
Series, Vol. 40, 153-156, 2008. 

 



E

Copyright e 2010 by The Institute of Electrical and Electronics Enginecrs. Inc.
All rights reserved.

Copvt'ight und Reprinl Perntissions'. Abstracting is permittccl with crcdit to tl.rc source. Librarics nray photocopy
bcyond thc l inlits of US copyright law. lbr privatc use of patrons. those arlicles in this volume that cairy a codc'at
thc bottonl 01'the flrst page' provided that the per-copy fce indicated in thc codc is pai<l through thc Copyright(' learance Ccntcr. 222 Roscu'ood Drive, Danvcrs. MA 01923.

Othcr copying, rcprint' or republication requcsts should be addrcssed to: IEE,E Copyrights Managcr. tEEE, Service
Centcr. ,145 Hoes Lane, P.O. Box 133, piscataway, NJ 0gg55_ I 331 .

The puper's itt thi's book compri'se the proceeclings of the meeting menrionecl on the crn,ct. uttd title puge. The.t, rcflect
theau/hor's't lpit l ionsand,intheintere'||Sr|t ime|l 'cl i 's'geminatiott,arepublishctla'spre'sentetlttt l t |
Their irttlu.sion in this public.ation does not ner:e.s.sarih,c.onstitute enclor.sement Ln /he editor..;, tha IEEE C,rrrpitu
Societ.t', or /he In.stitute of Elecrrical and Electrutnics Enpineers. Inc,.

IEEE Computer Society Order Nurrber pll l2
ISBN- I 3 : 97 8-0-1 695 -41 t2-9
BMS Pan # CFPIOT3A-PRT

Library of Congress Number 2010926903

Additional c'opies nta.r, be ordered /i-ont:

I IrEE C'ompr.rter Society
Custontcr Sen' ice Center

10662 Los Vaqueros Circle
P.O.  Bor  3014

l -os  A lami tos .  CA 90720-1314
Tcl: + I  800 2.72 6657
Fax: + I 714 821 4641

http: I 'c()lltpulcr. 
ol g!sDrcs.,

c s b0r) k s lrllelllpu te r. or-t-t

IEEE Service Ccnter
445 Hoes Lane
P.O.  Box  133 I

Piscatau,ay. NJ 08tj55- 133 I
Tel: + I  732 981 0060
Fax: + I 732 981 9661

httf :''ishop. icc.e.org, sl orc,'
c u ston r ct,ser\, i ce iir.. i L-L-e. of g

IEEE C'ontputer  Socicty
AsialPacific Officc

Watanabc Bldg. .  l -4-2
M inant i -Ao-vanra

Minato-ku.  Tokyo I  07-00(12
. IAPAN

T e l :  + l J l  3 3 4 0 l J l l l l t
Fax:  + 8 l  3 340t t  35_53

tol i )  o.01e ia c() l l lpLt lcr .org

Ittdiridtrul ltuper REPRINTS nta.v be ordert,d ut-. <rcprint:,rr e t,ruPrrtcr.t,rI

Editorial production by Juan E. Gucrrero
Cover art production by Joc Daigle/Studio productions

Printed in the United States of An.rerica by Applicd Digital hragin-e

I E F E
@computer' soctety CPS *

Conf erence Publ ishirg S6rvices

IEEE Computer Society
Conference Publishing Services (CpS)

http :/iu,u'll.,.conrputer. org/cps


	Cover1
	Cont_1
	Cont_2
	Cont_3
	PID1297795
	Cover_2


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


