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Abstract- When monitoring spatial phenomena, we are not just 
interested in measurements at sensed locations but also at loca-
tions where no sensors were placed. To estimate the scalar field 
where no sensors are deployed, we need to interpolate the data. 
We are interested in how the best sampling design is to be found 
and best used to draw conclusions about the field as whole. First 
of all, a performance metric is defined to quantify how well the 
sampling network collecting data in a given region. Secondly, 
near-optimal collecting data strategy proposed minimizes the 
integral of the Kriging variance over the area of interest. Thirdly, 
several approaches proposed make the optimization more com-
putationally efficient. Finally, the proposed methods are verified 
respectively by simulation. 

I. INTRODUCTION 

In marine environments, accurately measuring quantities 
such as temperature, salinity, chlorophyll, and concentration 
of various nutrients is useful to scientists understanding of 
marine ecosystems. Generally speaking, these quantities of 
interest are scalar fields and each of them is characterized by a 
single scalar quantity which varies spatiotemporally. Accor-
dingly, understanding the physical oceanography and how it 
couples with the biological dynamics is necessary for tackling 
a number of important open problems. 

Mobile sensor networks composed of underwater gliders 
provide new tools for observing and monitoring the environ-
ment [1]. When monitoring spatial ocean process, we are not 
just interested in observations at sensed locations but also at 
locations where no sensors were placed. To estimate the scalar 
field where no sensors are deployed, we need to interpolate the 
data. Intuitively, the more the measurements near the location 
estimated is desired, the less the reconstructed errors. In other 
words, the spatial distribution of the observations affects the 
estimation error. If the budget for the survey is not limited, 
then the optimal sampling strategy is the one that just achieves 
the desired precision. However, the budget is always limited, 
therefore, how to place the sensors or deploy the mobile sen-
sor networks to collect the data that best reveals the ocean 
processes of the interest given available resources is a key 
question. 

Fiorelli et al. focused on sampling at smaller spatial scales 
and addressed the problems of gradient climbing and front 
tracking in [2]. Leonard et al. designed near-optimal sampling 

path using objective analysis as performance metric in [1]. 
Zhang and Sukhatme proposed an adaptive sampling algo-
rithm for estimating a scale field using a robotic boat and a 
sensor network in [3]. All of them assumed that the communi-
cation between the networks is frequent. However, this condi-
tion isn’t always satisfied under large scales ocean sampling. 
Krause et al. proposed a near-optimal algorithm to solve a 
problem similar et al. to ours in [4]. They assumed that the 
spatial process is Gaussian. However, it is not always univer-
sal.  

Both the theoretical analysis and the empirical study show 
that the Kriging technique outperforms other commonly used 
techniques, which account for spatial correlation are more 
efficient than those that do not. One of factors affecting Krig-
ing estimation and the associated accuracy is statistical infe-
rence model. All kind of methods were tried to refine statistic-
al model such as covariance function or variogram, for exam-
ple, in [5], [6], and [7]. In this paper we don’t discuss about 
how to calculate covariance function or variogram. Another 
factor is the spatial configuration of the available observations. 
Therefore, the Kriging variance can be used to construct an 
objective function for designing optimal spatial sampling 
strategies and that problem has attracted the interest of a num-
ber of authors.  

Van Groenigen discussed the influence of variogram para-
meters on optimal sampling schemes for mapping by Kriging 
in [8]. McBratney et al. used variogram form previous data to 
calculate optimal sampling density, given certain accuracy in 
[9]. Van Groenigen el al. proposed a spatial simulated anneal-
ing method to optimize spatial sampling schemes for obtaining 
the minimal Kriging variance in [10]. On the one hand, all of 
approaches above are lacking for taking Kriging computing 
time into account. Obviously, acquiring every Kriging estima-
tion and variance need to calculate a large linear system and 
an inverse matrix. Therefore, selecting the optimal sampling 
locations from a set of candidate locations maybe result in 
excessive computation time. On the other, none of the ap-
proaches above guarantees a constant-factor approximation of 
the best set of sensor locations in polynomial time. 

In this paper, we improve the searching algorithm in two 
ways, which one is to reduce computation time using Kriging 
variance updated equation [11], the other is to use heuristic 
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algorithm. For the latter, we give a proof which guarantees a 
constant-factor approximation of the best set of observation 
locations in polynomial time. 

The paper is organized as follows. In section 2, ordinary 
Kriging technique is represented. In section 3, the sampling 
performance metric used to design the near-optimal collecting 
data strategy is defined and we would prove the solution by 
the near-optimal heuristic algorithm to have a guaranteed min-
imum performance level of 1−1/e when compared to the op-
timal solution. Several approaches make the optimization 
more computationally efficient in section 4. The proposed 
methods are verified respectively by simulation in section 5. 
Concluding remarks are in section 6. 

II. SCALE FIELD ESTIMATION  

This section reviews the geostatistical Kriging procedure for 
the estimation of spatial processes, see e.g. [12]. It is assumed 
that the covariance function has calculated from previous data. 
The scalar field (e.g., temperature, salinity) observed at each 
point x is viewed as a random variable ( )z x . According to the 
difference of the mean function ( )z x , Kriging can be classified 
simple Kriging (SK), ordinary Kriging (OK) and universal 
Kriging (UK). We only discuss OK here.  

Suppose the random function ( )z x satisfy with second or-
der stationary, and then the covariance function           

1 2[ ( ), ( )]c z x z x only depends on difference 1 2x x− . Kriging 
procedure is concerned with the estimation of ( )z x , an un-
known value at known locations x . Now data ( )iz x  1,i n=  
are observed at known locations. For simplicity, we assume 
that the observation error is zero.  The OK estimation and va-
riance at locations x are represented by ˆ[ | ( )]z x z X  and 

2 ˆ[ | ]z Xσ , respectively, where  ( )z X  indicates the set of 
available sampling values at known locations 1[ , , ]T

nX x x= . 
ˆ[ | ( )]z x z X  is best linear unbiased estimation, which is com-

bination of ( )z X , can be written as: 
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Using method of Lagrange multiplier, equation (2) can be 
transformed into: 
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Where, μ is a Lagrange multiplier, ( , )i jc x x is the covariance 

between observation points ix and jx , ( , )jc x x  is the cova-
riance between location x  to be predicted and the observation 

point jx . Substituting (3) into (2), we can derive the Kriging 
variance: 
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Equation (4) can be written in matrix form as: 
2 1ˆ[ ( | )] ( , ) T
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III. OPTIMIZING SAMPLING 

We are interested in how the best sampling design is to be 
found and best used to draw conclusions about the field as 
whole. However, the budget is always limited, therefore, how 
to select the best locations out of the whole sampling space to 
collect the data is a key issue. 

A.  Sampling Performance Metric 
In this section we define a performance metric to quantify 

how well the sampling network collecting data in a given re-
gion. Recall that an objective is to estimate an unknown value 
at known locations according to the measurements at known 
locations. Therefore, the metric should reflect how a particular 
collected data set reduces the estimation error. 

Kriging variance can be used as a quantitative measure of 
the impact of the sequence of measurements on the error in the 
sampling scheme. Form (3) and (4), it shows that the Kriging 
variance depends only on the distances between x  and 
the n measurement locations ix , the geometry of the n  mea-
surements and the covariance function (variogram). The val-
ues of the sample observations have no influence. In other 
words, if the covariance function is known, the Kriging va-
riance can be predicted for any proposed sampling strategy 
prior to the actual survey. Kriging is, therefore, an ideal tool 
for designing optimal spatial sampling strategies. Therefore, 
the integrated Kriging variance (IKV) is used as the perfor-
mance metric: 

2

,

ˆ( ) [ ( | )]
x d X d

g X z x X dxσ
∈ ⊆

= ∫                        (6) 

Where, d  is the continuous sampling space. 
   In most studies, the Kriging predictions are calculated on a 
grid where one value represents character of the whole. IKV 
can be calculated at the grid in discrete formula: 
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Where, ix denotes the thi  discrete grid, t is the total number 
of grids, D is discrete sampling space. 



B. Searching Algorithm 
Let 0 0

1
0 [ , , ]k

Tx xX =  be previous locations in which the da-
ta have collected. Let 1[ , , ]T

n nX x x= be adding optimal loca-
tions need to measure. Given the previous measurements, our 
goal of adding new measurements is to minimize the integral 
of the Kriging variance over the sampling space. Therefore, 
the objective function is defined by: 

*( ) min[ ( )]
n

n k n
X D

obj X Arg g X +
⊂

=                              (8) 

Here, 0[ ; ]k n nX X X+ =  
The sampling problem is formulated as selecting n  loca-

tions out of total number of t candidate locations, which satis-
fies with (8). There are approximate n

tC  different ways to se-
lect n  locations form t  locations. When using exhaustive 
searching algorithm, the computing time is unacceptable to a 
large scales ocean sampling. For example, if a region with size 
100×100km is consisted of each grid with size 1×1km, the 
computing time of finding 100 best grids in the region is 
enormous. 

An often used heuristic searching algorithm is to start from 
an empty set of locations *

0X = ∅ , and greedily add locations 
one at a time until * * *

1[ , , ]T
n nX x x= . Usually, the greedy rule 

makes ( )k ig X +  decrease the most at iteration. Therefore, the 
greedy rule is defined as:  

1( *) max[ ( ) ( )], 1i k i k iObj x Arg g X g X i+ − += − ≥               (9) 

Greedy searching algorithm does not guarantee an optimal 
solution which is only near-optimal. Compared to other 
searching algorithms, however, greedy algorithm only spends 
n t⋅  steps searching for the near-optimal solution. In section 
below, we will analysis the performance level of the solution 
by greedy algorithm in theory. 

C. The Approximation Bound 

For the near-optimal solution by the greedy algorithm, we 
will use submodularity to have a guaranteed minimum per-
formance level when compared to the optimal solution. 
Definition 1 [13] Given  a  finite  set D , a real-valued  func-
tion f on  the  set  of  subsets of D  is  called  submodular  if 

( ) ( ) ( ) ( ), ,f A f B f A B f A B A B D+ ≥ ∪ + ∩ ∀ ⊆  

Equivalently, a proposition deduced by Nemhauser[13] shows 
that a set function is submodular if for all A B D⊆ ⊆ , 

D Bx∈ − , ( { }) ( ) ( { }) ( )f A x f A f B x f B∪ − ≥ ∪ − . 

However, the function ( )g X does not satisfy with the sub-
modularity. We construct a function ( )nf X : 

 0( ) ( ) ( )n k nf X g X g X += −                   (10) 

One can infer:  

*
1

1
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             (11) 

Proposition 1 The set function ( )nf X  is monotonic submo-
dular. 
Proof. Set 1 2n nX X D⊆ ⊆ , 2nx D X∈ − . Assuming that the 
reduced value of adding element x to the set 1nX  is 1( )x k nXδ + , 
which is called marginal benefit 
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Form ref. [14], we can obtain two equations below: 
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Where, | ni Xλ  and 
|

*
i Xn

λ denotes the weight assigned to the data 

when predicting ( )z x   and 1( )nz x + by the data measured at 
locations nX  respectively. 
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Substituting (13), (14) into (15), one can get following result: 
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Lemma 1[13] Let f be a monotone sbumodular set function 
over a finite set D  with ( ) 0f ∅ = . Let GX  be set of the first 
n  elements chosen by greedy algorithm and ( )

n
nX D

OP Max f X
⊂

= , 

then 
1( ) (1 )n

G
nf X OP

n
−≥ −  

According (11), it clearly finds that the near-optimal solution 
by lemma 1 is equivalent to the solution derived form greed 
rule (9). Therefore, the value of near-optimal solution by gree-
dy algorithm is at least 1 [( 1) / ]nn n− − times the optimal value. 
This bound can be achieved for each n  and has a limiting 
value of ( 1) /e e− . 

IV. ACCELERATING THE SEARCHING ALGORITHM 

Although greed algorithm could greatly reduce the number 
of searching steps, the computing time is very large because 
choosing every near-optimal location need to calculate t  in-



verse matrixes and large linear systems and search for all the 
candidate locations in the sampling space at iteration. We im-
prove the computational efficiency in two ways which one 
changes the style of the calculating Kriging variance, another 
change the process of the searching for the near-optimal loca-
tions. Both ways can be combined for even more efficient 
computation. 

A. Updated Kriging Variance Algorithm (UKVA) 
Suppose that the iteration has been executed i ( 1i ≥ ) steps, 

the goal of the ( 1)thi + iteration is to find *
1ix +  based on greedy 

rule (9). In order to find *
1ix + , greedy algorithm need to search 

t i−  ( )t i steps and every step searching requires recalculat-
ing the inverse matrix 1iH + . For IKV minimization, where we 
consider calculating the inverse matrix alone, the complexity 
of this operation is 3( )nΟ , which consumes much computation 
time. 

According to (5), applying updated Kriging variance equa-
tion proposed by Barnes [11], one can get following formula: 

2 2 2
1 1 1ˆˆ ˆ[ ( | )] [ ( | )] ( ) /i i i iz x X z x X r r Dσ σ+ + += − −          (17) 

Where, 1 1( , )i ir c x x+ +=  is the covariance between the new lo-
cation of observation and x ; 1ˆ i iir H V−= Λ  is the covariance be-
tween the estimation error associated with ˆ( | )iz x X  and x ; 

1
1 1( , ) T

ii i i iD Hc x x −
+ += − Λ Λ  is covariance between the errors 

associated ˆ( | )
i

z x X ; and 1 1 1[ ( , ), ( , ),1]i i i ic x x c x x+ +Λ = . 

Substituting (17) into (9), one can obtain the formula below: 
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1 1 1

1

ˆ( *) max{ ( ) / }
t

i i i
i

Obj x Arg r r D+ + +
=

= −∑                  (18) 

At starting of iteration, calculating inverse matrix iH  only 
once instead of t i−  different inverse matrices 1iH +  could 
find *

1ix +  based on (18). In other word, applying UKVA could 
reduce by 1t i− −  calculating inverse matrix 1iH + at each itera-
tion. Therefore, computation time can be reduced greatly 
while the results form two different methods are fully equiva-
lent. 

B. Accelerating Searching Algorithm Using Voronoi Partition 
(ASAVP) 

Whether it is for the objective function (9) or (18), evalua-
tion criteria are consistent, that is, the adding observations 
could reduce the Kriging variance the most. In other words, 
the goal is to find sensor placement with least uncertainty after 
observations. For the large sampling space, the consuming 
time of choosing the near-optimal sampling locations is unac-
ceptable even using UKVA. 

The property of the submodularity, for all A B D⊆ ⊆ , 
D Bx ∈ − , ( { }) ( ) ( { }) ( )f A x f A f B x f B∪ − ≥ ∪ − , implies that 

adding a new sampling x  when we only have a small set of 
sampling A  gives us more advantage than adding to a larger 
set of sampling B . Using this characteristic, we can improve 
speed of the greedy searching algorithm by choosing the op-

timal sampling locations in local sampling space instead of the 
whole sampling space.  

The question, however, is how to find such regions. We 
propose a method of Voronoi partition to obtain the local 
sampling space in which the optimal sampling lies. The Voro-
noi partion 1( ) [ , , ]nV X v v=  of Ω generated by the point 

1[ , ]nX x x=  is defined by: 

( ) { | || || || ||, }i i jv x x x x x x j i= ∈Ω − ≤ − ∀ ≠         (19) 

Where, let sampling space Ω be a convex polygon. Each 
( )iv x  is called Voronoi cell. Using previous sampling points 

plus near-optimal locations obtained by greedy searching algo-
rithm generate Voronoi diagram which is used to partition the 
sampling space. According to (19), one can infer that there is 
only one observation in each Voronoi cell. According to sub-
modularity, adding a new sampling into a larger Voronoi cell 
gives us more advantage than adding a new sampling into a 
smaller one. Therefore, the optimal sampling location must lie 
in the largest Voronoi cell. Choosing the optimal sampling 
locations in the largest Voronoi cell instead of the whole sam-
pling space can save a great deal of computing time. The 
searching algorithm is detailed in tableⅠ. 

Applying the ASAVP, assume that there are m previous ob-
servations and n  new adding sampling points needed to be 
find out of t candidates, the thi  iteration only requires approx-
imate / ( )t m i+  steps searching. It clearly finds that the 
searching speed of average one of the near-optimal observa-
tions gets faster and faster with the number of sampling in-
creasing because the local searching space becomes smaller 
and smaller. 

V. SIMULATION RESULTS AND DISSCUSSION 

We performed simulations with the following parameters: 
sampling space size 100×100km, grid size 2×2km, 10 existing 
observations at locations (10.3,20.6), (20.2,80.3), (40.5,30.2), 
(40.7,90.5), (10.4,50.6), (70.3,90.5), (60.7,60.4), (80.7,40.2), 
(95.6,10.5), (95.3,90.6).We used the covariance function de-
rived during the AOSN 2003 experiment in [1]: 

2 2
1 2 0 0( , ) exp( / )c x x c d d= −                      (20) 

TABLEⅠ 

ACCELERATING SEARCHING ALGOTITHM 
Name:  accelerating searching algorithm 
Input:  1. searching space Ω (convex polygon) 
           2. the set of earlier measurements S , S ⊂ Ω  
           3. the number of the new adding measurements, n  
Output: the near-optimal set of measurements, X  
1: X = ∅  
2: for i=1 to n 

{ 
3:   use X S∪ generating Voronoi diagram in the whole sampling space Ω  
4:   calculate all Voronoi cells’ area 
5:   using greedy algorithm, searching for *ix  in the largest Voronoi cell 

6: *iX X x← ∪  
} 



Where, 1 2| |d x x= − is Euclidean distance, 0 25d = km is spa-
tial decorrelation scale of temperature during Monterey Bay 
during AOSN 2003. Scaling factor 0c has no effect on the 
sampling scheme and let 0 2c = . All the simulations are im-
plemented on a personal computer with hardware: Intel CPU 
3.2GHz and 1GB ram and software: Matlab 2008a on Micro-
soft Windows XP Professional. 

A. Comparing the Results between the Improved and Conventional 
Algorithm 

1) The Results between UKVA and Basic Kriging: As can 
be seen from Fig.1, the distribution of variance computed by 
basic Kriging and UKVA, respectively, is exactly the same 
based on 10 existing observations. However, the computing 
time is very different, which is detailed in section B. 

 
Fig.1 The distribution of the variance; left: variance computed by basic Krig-

ing; right: variance computed by UKVA 

2) The Results of ASAVP and Basic Algorithm: Fig.2 shows 
that the sampling point searched by ASAVP at iteration lies in 
the Voronoi cell whose area is the largest. It obviously finds 
that the new sampling points searched by ASAVP are nearly 
consistent with the sampling point searched by basic algorithm 
in the whole sampling space except for at 4th  iteration. The 
boundary of the largest Voronoi cell traversing the grid in 
which the near-optimal sampling point lie results in the incon-
sistency between sampling point searched by ASAVP and 
basic algorithm. Two ways is advised to avoid such case. The 
one is to reduce the grid size; the other is to increase a step 
searching if the optimal sampling point is on boundary of the 
Voronoi cell. Fig.3 shows the distribution of the variance in 
the whole sampling space computed based on the optimal 
sampling points plus 10 earlier observations. 

B. Comparing the Computing time 
We divide the optimizing process into two phases: compu-

ting Kriging variance and searching for the optimal sampling 
location. In the first phase, we compute the Kriging variance 
using UKVA and basic algorithm respectively. And we search 

for the optimal sampling location by ASAVP and basic 
searching algorithm separately in the second phase. The com-
puting time using different methods searching for one and five 
new adding sampling points is showed in table Ⅱ. When us-
ing the classical method (Basic + Basic), it obviously find that 
the total computing time is proportional to number of sam-
pling points. When using improved method (UKVA + 
ASAVP), however, average computing time of searching for 
one sampling point decreases as the number of sampling 
points increasing. The more sampling points are added, the 
searching space is smaller, and therefore, the searching speed 
of average one of the optimal observations is faster and faster. 

VI. CONCLUSIONS AND FUTURE WORK 

In this paper, it is has been shown how sampling schemes 
can be optimized by minimizing the integrated Kriging va-
riance. The main contribution of this paper lies in two aspects. 
One is that we use submodularity to get an approximately 
bound of near-optimal solution by greedy algorithm. On the 
other, we propose two approaches to reduce the computation 
time of searching for the near-optimal sampling location based 
on known covariance (variogram). The main advantage of 
improved algorithms is that the searching speed of average 
one of the near-optimal sampling gets faster and faster with 
the number of sampling increasing. Therefore, this algorithm 
is very suitable for a large scales ocean sampling. 

While the greedy searching algorithm certainly does not 
guarantee an optimal solution, but it dose provide a good first 
guess for other algorithm, such as  sequential exchange algo-
rithm, which is our next work. In addition, how to deploy mo-
bile sensor platforms, such as underwater glider, following the 
optimal path connected the best sampling locations searched 
by our proposed algorithm to measure the ocean character is 
our next future work. 

TABLE Ⅱ 

COMPARING THE COMPUTING TIME 

Type of methods Consuming time (second) 
1 sampling point 5 sampling points 

Basic + Basic 148.9688 746.9625 
UKVA + Basic 66.7344 334.8653 
Basic + ASAVP 25.8906 98.5469 
UKVA + ASAVP 13.8125 41.4219 

 
 
 

Fig.2 The process of searching for 5 near-optimal sampling locations; × and ● indicate the existing observation locations and the near-optimal sampling loca-

tions in previous stage respectively; ◇ and + indicate near-optimal sampling location at thi iteration by ASAVP and basic algorithm respectively.
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Fig.3 The distribution of the variance in the whole sampling space at iteration 

REFERENCES 

[1] N. E. Leonard et al., “Collective motion, sensor networks and ocean 
sampling,” Proceedings of the IEEE, vol. 95, no. 1, pp. 48-74, 2007. 

[2] E. Fiorelli et al., “Multi-AUV control and adaptive samplingin Monterey 
Bay,” in Proceedings IEEE AUV 2004: Workshop on Multiple AUV Op-
erations, 2004. 

[3] B. Zhang and G. S. Sukhatme, “Adaptive Sampling for Estimating a 
ScalField using a Robotic Boat and a Sensor Network,” Robotics and Au-
tomation, 2007 IEEE International Conference, April 2007, pp. 3673- 
3680. 

[4] A. Krause, A. Singh and C. Guestrin, “Near-optimal sensor placements in 
Gaussian processes: theory, efficient algorithms and empirical studies,” 
Journal of Machine Learning Research, September 2008, pp. 235-284. 

[5] R. A. Olea, “A six-step practical approach to semivariogram modelling,” 
Stoch Environ Res Risk Assess, vol. 20, pp. 307-318, 2006. 

[6] N. Cressie, “Fitting variogram models by weighted least squares,” Ma-
thematical Geology, vol. 17, no. 5, pp. 563-586, 1985. 

[7] P. M. Atkinson and C.D. Lloyd, “Non-stationary variogram models for 
geostatistical sampling optimisation: An empirical investigation using 
elevation data,” Computers & Geosciences, vol. 33, pp. 1285–1300, 2007. 

[8] J. W. van Groenigen, “The influence of variogram parameters on optimal 
sampling schemes for mapping by Kriging,” Geoderma, vol. 97, pp. 223-
236, 2000. 

[9] A. B. McBratney, R. Webster, T.M. Burgess, “The design of optimal 
sampling schemes for local estimation and mapping of regionalized va-
riables: I. theory and method,” Comput.Geosci, July 1981, pp. 335-365. 

[10] J. W. van Groenigen, W. Siderius and A. Stein, “Constrained optimisa-
tion of soil sampling for minimisation of the Kriging variance,” Geoder-
ma, vol. 87, pp. 239-259, 1999. 

[11] R.J. Barnes and A.G. Watson, “Efficient updating of Kriging estimations 
and variances”, Mathematical Geology, vol. 24, no.1, pp. 129-133, 1992 

[12] H. Gao, J. Wang and P. Zhao, “The updated Kriging variance and optim-
al sample design,” Mathematical Geology, vol. 28, no. 3, pp. 295-313, 
1996. 

[13] G.L. Nemhauser and L.A. Wolsey, “An analysis of approximations for 
maximizing submodular set functions-I,” Mathematical Programming, 
14, pp. 265-294, 1978  

[14] X. Emery, “The kriging update equations and their application to the 
selection of neighboring data,” Comput Geosci, no. 13, pp. 269–280, 
2009 

 

 

0 50 100
0

20

40

60

80

100

 

 

0 50 100
0

20

40

60

80

100

 

 

0 50 100
0

20

40

60

80

100

 

 

0 50 100
0

20

40

60

80

100

 

 

0 50 100
0

20

40

60

80

100


	Select a link below
	Return to main menu
	Return to previous view



<<
  /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




