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Abstract  
Proteins crystallization is a commonly used technique for 

protein analysis and subsequent drug design. It predicts the 
three-dimensional arrangement of the constituent amino acids, 
which in turn indicates the specific biological function of a protein. 
Protein crystallization experiments are typically carried out 
manually on multi-well plates in the laboratory. These experiments 
are slow, expensive, and error-prone. We present the design of a 
multi-well plate microfluidic biochip for protein crystallization; 
this biochip can transfer protein samples, prepare candidate 
solutions, and carry out crystallization automatically. To reduce 
the manufacturing cost of such devices, we present an efficient 
algorithm to generate a pin-assignment plan for the proposed 
design. The resulting biochip enables control of a large number of 
on-chip electrodes using only a small number of pins. Based on the 
pin-constrained chip design, we present an efficient 
shuttle-passenger-like droplet manipulation method to achieve 
high-throughput and defect-tolerant well loading. 

1. Introduction 
Proteins play a key role in all biological processes. The specific 

biological function of a protein is determined by the 
three-dimensional (3D) arrangement of the constituent amino acids. 
Therefore, the 3D structure of a protein needs to be understood for 
effective protein engineering, bioseparations, rational drug design, 
controlled drug delivery, as well as the design of novel enzyme 
substrates, activators, and inhibitors [1].  A widely used method to 
study the 3D structure of proteins is to crystallize the proteins and 
determine the structure using X-ray diffraction [2].  

Proteins are crystallized in mainly four different ways: batch, 
vapor diffusion, liquid/liquid (free interface) diffusion, and dialysis 
methods [3]. We focus here on batch crystallization methods, where 
the protein to be crystallized is mixed with the crystallizing agents 
at the required concentration at the start of the experiment. In this 
case, supersaturation is reached immediately upon mixing. Protein 
crystallization is a multi-parametric process that involves the steps 
of nucleation and growth, where molecules are brought into a 
thermodynamically unstable and a supersaturated state. In order to 
“hit” upon the correct parameters for the crystallization of proteins, 
a large number of experiments (103 to 104) are typically required, 
which leads to the consumption of substantial protein volumes and 
long time durations. 

Efforts are ongoing to reduce the consumption of proteins by 
miniaturizing the crystallization setup. Screening for protein 
crystallization includes many repetitive and reproducible pipetting 
operations. To ease this manual and time-consuming task, several 
automatic methods have been introduced [4, 5]. Despite such 
efforts at reducing protein volumes, these processes still consume a 
significant amount of protein samples (in the microliter range) and 
they are labor-intensive. 
   Recent studies have focused on the application of a 
high-throughput and inexpensive technology, referred to as digital 

microfluidics, to protein assays. Digital microfluidics is an 
emerging technology that aims to integrate fluid-handling on a chip. 
Bioassay protocols are scaled down (in terms of liquid volumes and 
assay times), and run on a microfluidic chip by manipulating 
discrete droplets of nanoliter volumes using a patterned array of 
electrodes [6]. By reducing the rate of sample and reagent 
consumption, digital microfluidic biochips enable continuous 
sampling and analysis for on-line, real-time, chemical and 
biological analysis, which make it uniquely suitable for high 
throughput protein crystallization [7]. Recent years have seen the 
emergence of computer-aided design tools for digital microfluidic 
biochips [8-11].  
   Recent studies have also shown the feasibility of carrying out 
protein crystallization on a digital microfluidic biochip. In [12], 
Srinivasan et al. presented a fabricated digital microfluidic biochip 
for protein stamping, which is capable of handling transportation 
and mixing of droplets enclosing protein samples with 
concentrations up to 0.01 mg/ml. The implementation of the basic 
operations in protein crystallization clearly highlights the promise 
of a protein crystallization biochip that relies on digital 
microfluidics. However, no automated chip design technique has 
thus far been proposed. 

In this paper, we present a prototype design of a multi-well 
plate biochip for protein crystallization. The chip layout consists of 
96 wells for high-throughput processing. To reduce control 
complexity and fabrication cost, an efficient pin-assignment and 
control scheme is also proposed and applied to the design. In this 
way, a large number of on-chip electrodes can be controlled using a 
small number of control pins, with minimal impact on the system 
throughput. Based on the pin-constrained chip design, we present 
an efficient shuttle-passenger-like droplet manipulation method to 
achieve high-throughput and defect-tolerant well loading. 

2.  Digital Microfluidics  
   A digital microfluidic biochip utilizes the electrowetting  
phenomenon to manipulate and move nanoliter droplets containing 
biological and chemical samples on a two-dimensional electrode 
array [13]. A unit cell in the array includes a pair of electrodes that 
acts as two parallel plates. The bottom plate contains a patterned 
array of individually controlled electrodes, and the top plate is 
coated with a continuous ground electrode. A droplet rests on a 
hydrophobic surface over an electrode, as shown in Fig. 1. It is 
moved by applying a control voltage to an electrode adjacent to the 
droplet and, at the same time, deactivating the electrode just under 
the droplet. This electronic method of wettability control creates 
interfacial tension gradients that move the droplets to the charged 
electrode. Using the electrowetting phenomenon, droplets can be 
moved to any location on a two-dimensional array.  
   By varying the patterns of control voltage activation, many 
fluid-handling operations such as droplet merging, splitting, mixing, 
and dispensing can be executed in a similar manner. For example, 
mixing can be performed by routing two droplets to the same 
location and then turning them about some pivot points. The digital 
microfluidic platform offers the additional advantage of flexibility, _________________________________________ 
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Fig. 1: Fabricated digital microfluidic arrays. 

referred to as reconfigurability, since fluidic operations can be 
performed anywhere on the array. Droplet routes and operation 
schedules are programmed into a microcontroller that drives 
electrodes in the array. In addition to electrodes, optical detectors 
such as LEDs and photodiodes are also integrated in digital 
microfluidic arrays to monitor colorimetric bioassays [12]. A film 
(filler fluid) of silicone oil is typically used to prevent evaporation 
and cross contamination [13]. 

To address the need for low-cost, PCB technology has been 
employed recently to inexpensively mass-fabricate digital 
microfluidic biochips. Using a copper layer for the electrodes, 
solder mask as the insulator, and a Teflon AF coating for 
hydrophobicity, the microfluidic array platform can be fabricated 
by using an existing PCB manufacturing process [14]. This 
inexpensive manufacture technique allow us to build disposable 
PCB-based microfluidic biochips that can be easily plugged into a 
controller circuit board that can be programmed and powered via a 
standard USB port. However, a large number of independent 
control pins necessitates multiple PCB layers, which adds 
significantly to the product cost. We can address the electrodes  
separately by employing a serial-to-parallel interface on the device. 
However, this method requires active circuit components on the 
PCB, e.g., logic elements such as gates and flip-flops, which lead to 
increased cost and power consumption.  

3. Multi-Well-Plate Biochip Design for Protein 
Crystallization 

   In this section, we present a multi-well plate design prototype 
for protein crystallization. As discussed in Section 1, to “hit” on the 
correct parameters for the crystallization of proteins, typically a 
very large number of experiments (103 - 104) are required. To 
achieve high efficiency, we use a multi-well plate design for 
parallel processing, as in microbatch crystallization. The schematic 
for the design is shown in Fig. 2. The overall chip size is the same 
as that of a standard Society for Biomolecular Screening (SBS) 
multi-well plate. The chip has 96 wells and there are electrode 
pathways to connect these wells to reagent-loading and 
protein-loading ports.  

 Fig. 3 shows the specific configuration of the wells. Note that 
unlike microbatch crystallization, where reagents and proteins are 
preloaded either manually or by robotics, here reagent and protein 
droplets are automatically transported along the pathways from 
their input loading ports to the wells. The rest of the chip real estate 
is used for accommodating the reagent and protein input wells. In 
addition to the protein reservoir that a user loads, there are two 
additional reservoirs that the user can load. These additional 
reservoirs can be loaded with any user-selected additives such as 
glycerol or detergents. Additives can stabilize the proteins and there 
are numerous reports on the use of additives to improve the quality 
and size of protein crystals [15]. As we gain a better understanding 
of scaling issues, we will increase the number of wells on-chip, 
since space (real estate) is available.  

 
Fig. 2: Schematic view of a 96-well chip that automatically sets 
up 96 reagent condition solutions.  

 

Fig. 3: Schematic top-view of four wells and the surrounding 
electrodes. 

 
Fig. 4: Illustration of wire-routing limits on a PCB layer. 

 
4. Pin-Constrained Chip Design 
   Next we assign control pins to address the electrodes in the 
proposed design. There are a total of 1284 electrodes in the chip, 
including electrodes in wells, transportation pathways, and reservoirs. 
If direct addressing is used, i.e., each cell of the patterned electrodes 
is accessed directly and independently via a dedicated control pin, a 
total of 1284 pins will need to be wired. However, a large number of 
electrodes leads to a cumbersome wiring problem for control pins, 
especially when PCB technology is used for fabrication. In PCB 
technology, the diameter of the via hole is usually comparable to the 
electrode pitch size. Therefore, there is only a limited number of 
control lines that can be routed on one layer of PCB. As shown in Fig. 
4, the via hole diameter is 40% of the electrode pitch. Therefore, only 
four control pin can be wired in any row. To route a large number of 
control pins, a multi-layer PCB design is needed, which is 
prohibitively expensive. Therefore we adopt a pin-constrained design 
method referred to as “Connect-5” algorithm, which allows a control 
pin to be connected to multiple electrodes, thereby reducing the total 
number of pins [16].  
   This pin-assignment approach relies on using a regular 
distribution of pins, referred to as Bagua repetition, see Fig. 5. Given 
a biochip array, the “Connect 5” algorithm uses tiling of the Bagua 
repetitions to cover all the electrodes on the array. As shown in Fig. 5, 
five copies of Bagua repetitions are sufficient to cover a biochip array 
of any size. Therefore, only 5 pins are needed to address all the 
electrodes on the array. The control pins assigned to the electrodes 
using this method in a microfluidic array allow free movement of 
droplets without causing unintentional operations [16].  
   We modify the above pin-assignment procedure above to make it 
applicable for our well-plate design. Note that the well-plate design 
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Fig. 5: Assigning pins to an electrode array using the“Connect-5” 
algorithm. 
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Fig. 6:  Example of pin-assignment example for a 4-well-plate 
design.  

can be viewed as a special case of the two-dimensional array where 
parts of the array are occupied by wells and segregation walls. 
Unoccupied electrodes between wells can be used as transportation 
pathways. Therefore, the pin-assignment for these electrodes does not 
need to be changed. The overall pin-assignment procedure is as 
follows. 

1. Start with a two-dimensional electrode array of the same 
size as the target well-plate design, but with no cells 
reserved as wells or segregation regions. Apply the 
Connect-5 algorithm to generate a preliminary 
pin-assignment result. For example, to generate a 
pin-assignment result to the multi-well chip in Fig. 3, a 
preliminary result is first derived, as shown in Fig. 6(a). 

2. Next, consider the electrodes that will make up the 
segregation regions and wells in the multi-well design. 
Disconnect these electrodes from their control pins, see Fig. 
6(b). 

3. Finally, group the electrodes occupied by each well and 
connect each group to a single control pin. For independent 
control of each well, the group control pins must be different 
not only from each other but also from the pins assigned to 
the electrodes on the transportation pathway. The modified 
pin-assignment result is shown in Fig. 6(c). 

   Note that in Fig. 6(c), the same patterns of pin assignment repeat 
in both column and row directions with a period of 6. Based on this 

 
 

(a) 

 
(b) 

Fig. 7: (a) Illustration of a 6×6 electrode well unit. (b) Pin 
assignment using 5 pins for the 96-well chip (unit well size = 6×6 
electrodes). 

 
Fig. 8: Wiring of a well unit.   

observation, we can adjust the size of the unit well to obtain a more 
regular pin-assignment result. Here define a well unit as a single well 
and the routing pathways round it. In the design in Fig. 6(c), the size 
of the well unit is 7×7. We first shrink the size of the unit well from 
7×7 to 6×6 (since the period of the repetitive pin-assignment patterns 
is 6) electrodes, as shown in Fig. 7(a). Next we apply the Connect-5 
algorithm to get a pin assignment for the 96-well chip with the 
adjusted unit well size, see Fig. 7(b).  
   For a 96 well plate design with well unit of size 6×6, there are a 
total of 1284 electrodes in the chip, including electrode in wells, 
transportation pathways and reservoirs. Therefore, a total of 1284 
control pins are needed for direct addressing. In contrast, the design 
in Fig. 7(b) only needs 5 pins to control all the electrodes on the 
transportation pathways, thereby significantly reducing the total 
number of control pins to 181.  
   The pin-constrained design using the Connect-5 method not only 
significantly reduces the number of control pins but it also provides 
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an easy wiring solution. According to [16], electrodes sharing the 
same pin in the pin-assignment result from Connect-5 algorithm are 
diagonally aligned. Therefore they can be easily wired diagonally, as 
shown in Fig. 8. Moreover, the diagonal wiring allows the diameter 
to be almost the same as the electrode pitch size. Thus, this efficient 
wiring plan allows the 181 pins to be wired on a 2-layer PCB. Recall 
that the direct-addressing method needs 1284 control pins, which 
requires a 4-layer PCB and thereby increases the fabrication cost by a 
factor of 1.6~2 [17]. Moreover, the 181 pins can be easily 
incorporated using standardized 3-mil feature-size technology. In 
contrast, to fit the 1284 pins in the direct-addressing-based design, 2 
mil technology, which usually cost 3-5x times more than 3 mil 
technology, has to be used. Therefore, the pin-constrained design 
achieves a reduction of fabrication cost by a factor of 5-10x. The 
reduction is more significant when the wiring-plan design cost is 
considered.      

In Fig. 7(b), every well unit has the same pattern of pin- 
assignment. This is because the dimension of the unit well is the same 
as the period of pin-assignment patterns form Connect-5 algorithm. 
This regular pin-assignment result facilitates the use of an efficient 
well-loading algorithm, which will be discussed in Section 5.  

5. Shuttle-Passenger-Like Well-Loading Algorithm 
   In this section, we focus on the problem of loading the wells with 
sample and reagent droplets on the pin-constrained chip. The goal is 
to efficiently route the sample and reagent droplets to their 
destination wells. Note that in the 96-well chip design in Fig. 7(b), 
every 6×6 well unit has the same pattern of pin-assignment. 
Therefore, any sequence of manipulations in a single well unit will 
cause the same manipulations in all the other well units. Although 
this “synchronizing” property leads to reduced freedom of droplet 
manipulations, it allows the concurrent manipulation of multiple 
droplets. Based on this observation, we propose a parallel 
shuttle-passenger-like routing method for high-throughput well 
loading.  

We illustrate the well-loading algorithm using an example. Fig. 9 
shows a pin-constrained chip which consists of four 6×6 well units. A 
dispensing reservoir is located at the top right corner on the chip. 
Three droplets D1, D2, and D3 are to be dispensed and routed to three 
destination wells. If the droplets are placed on the start points as 
indicated in Fig. 11, the routing can be carried out simultaneously by 
applying the control-pin actuation sequence 5 2 4 1 3 5 4 

3 2 1. The actuation sequence will route all the droplets (if any) 
at the upper left corner of the well units to the well within the same 
unit, just as synchronized shuttles that carry passengers from fixed 
start points to fixed destinations. The shuttles run regularly 
irrespective of whether there is any passenger. To go to a specific 
destination, a passenger needs to get to the correct starting point and 
wait for the shuttle (pin actuation sequence) for pick-up and routing 
to the destination (well).  

Routing of droplets to the starting point can also be carried out 
using the shuttle-passenger-like method. Therefore, the proposed 
well-loading method contains two steps.          
   In the first step, droplets to be routed are transported to the 
corresponding start points in their destination well units. This step is 
carried out as follows: 

a) Calculate the electrode-activation sequence to route the     
droplet to the farthest starting point away from the source 
reservoir.  

b) Select a subsequence from the sequence from a) for each 
droplet that can be route d to its starting point.  

c) Applying the electrode-activation sequence from a), and 
dispense each droplet at a specific time corresponding to the 
start of its subsequence. 

 
Fig. 9: Loading of three droplets using shuttle-passenger-like 

method. 

   Next, a second pin-actuation sequence is applied to route droplets 
to their target wells. The overall routing steps take little time because 
all the wells can be filled using only two pin-actuation sequences.  

6. Defect tolerance  
The design proposed in Section 4 and Section 5 may suffer from 

fabrication defects or operational faults. In this section, we propose a 
“cross loading” based method to achieve defect tolerance for the 
proposed chip design. We rely on the use of known testing and 
diagnosis methods to locate defect sites [18]. 
   We first classify defects into three categories based on their 
locations on the chip. Note that the well-loading algorithm proposed 
in Section 5, wells are loaded from one side, i.e., right side or left side. 
Therefore, not all the electrodes are used. If a defect occurs in these 
unused electrodes, then it will not affect droplet manipulations on the 
chip. We refer to this type of defects as benign defects. In the design 
proposed in Section 4, benign defects include all the defects in the 
unused entrance electrodes for the well and all the electrodes between 
the bottom entrance electrodes and the left/right routing pathways if 
all the wells are loaded from the right/left side. For these benign 
defects, no defect tolerance is needed. 
   The second category of defects occurs on the electrodes used by 
the well-loading algorithm on the electrode rows but not on the 
routing pathways. These defects are referred to as loading pathway 
defects. They can be bypassed by simply changing the side from 
which the well is loaded. 
   The third category includes all the defects on the routing 
pathways. Therefore, we refer to them as routing pathway defects. 
Unlike loading pathway defects, these defects affect the loading 
operations for more than one well unit. They cannot be bypassed by 
simply changing the side from which the well is loaded. Instead, we 
use a “cross loading” method for defect tolerance. Two iterations of 
well-loading operations are carried out, one in the column direction 
and one in the row direction. If the defects occur on the routing 
pathways in the well-loading operation in the column direction, the 
loading of all the wells within the same column with the defects will 
be skipped. The skipped wells will then be loaded in the well-loading 
operation in the row direction and vice versa.  

7. Evaluation of Well-Loading Algorithm and Defect 
Tolerance  

In the section, we evaluate the proposed pin-constraint design 
and the shuttle-passenger-like well-loading algorithm.  

7.1 Loading time  
We first calculate the time needed for loading the wells on a 

pin-constrained chip and a chip with independent pins 
(direct-access). In a direct-access chip, the time required to load all 
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Fig. 10: Critical path for the multi-well chip (for both the 
direct-access and pin-constrained chips). 

 
Fig. 11: Evaluation of failure rates for pin-constrained chip and 
independently controlled chip. 

the wells is determined by the time taken by a droplet to traverse 
the critical path, i.e., from the dispensing reservoir to the farthest 
well, as shown in Fig. 10. For an N × N array, the routing time for 
the critical path is 2N – 3 clock cycles. The proposed pin-constrained 
chip has the same critical path. Using the well loading algorithm from 
Section 5, a droplet can be routed along the critical path one electrode 
per clock cycle with no stalled cycles. Therefore, the routing time is 
also 2N – 3 clock cycles. Thus we conclude that the pin-constrained 
design provides the same routing efficiency as the direct-access 
design, while it achieves a significant reduction in the number of 
control pins.  

7.2 Defect tolerance  
Next we examine the defect tolerance of the proposed 

pin-constrained design by injecting random defects. A design is 
deemed to be robust if the injected defect can be bypassed using the 
defect-tolerance methods proposed in Section 6. Some defects may 
block all the routing pathways to one or more wells, and these wells 
cannot be loaded. In this case, a failure occurs on the chip.     
   Next we define a parameter referred to as “failure rate”. Let Nt 
be the total number of biochips in a representative sample, and let 
Nf  be the number of defective chips that suffers from a failure. 
Then the failure rate f is defined by the equation f = Nf / Nt .  
   We run the simulations with difference defect occurrence 
probabilities for the pin-constrained chip and record the failure 
rates. As a baseline, we also carry out defect injection for a 
direct-access chip. Results are obtained by averaging outcomes 
from 200 simulation runs, see Fig. 11. Note that if we do not set 
any upper limit on the well-loading time, any defect that can be 
bypassed in the direct-access chip can also be bypassed in the 
pin-constrained chip. This is because we can manipulate only one 
droplet to load only one well in any iteration of 
shuttle-passenger-like routing, which allows the same degree of 

freedom as in the direct-access chip. However, this scheme results 
in a significant increase in the well-loading time. Therefore, in our 
evaluation, we use a restricted definition of failure for the 
pin-constrained design; it refers to the case that the injected defects 
cannot be bypassed using the “cross loading” method.  

Fig. 11 shows that, as expected, the introduction of pin 
constraints leads to a slightly higher failure rate compared to the 
direct-access chip. However, this increase is acceptable in practice 
due to the significant reduction in the number of control pins for the 
proposed design.  

8. Conclusion  
   We have presented a multi-well plate based digital microfluidic 
biochip design for protein crystallization. The proposed biochip is 
capable of concurrently setting up 96 conditions, thereby achieves 
high throughput. We have also applied an efficient algorithm to 
generate a pin-assignment plan for the proposed design, which 
enables control of the biochip with only a small number of pins. 
Compared to directly addressable biochip, the proposed 
pin-constrained design achieves a significant reduction in fabrication 
cost. We have also described efficient droplet-routing algorithms for 
defect-tolerant well-loading.  

References  
[1] A. Fersht, Structure and Mechanism in Protein Science: A Guide to 

Enzyme Catalysis and Protein Folding. W. H. Freeman, NY, 1998. 
[2] J. C. Kendrew et al., “A three-dimensional model of the myoglobin 

molecule obtained by x-ray analysis”, Nature, vol. 181, pp. 662-666, 
1958.  

[3] N. E. Chayen, “Recent advances in methodology for the crystallization 
of biological macromolecules”, J. Crystal Growth, vol. 198, pp. 
649-655, 1999. 

[4] N. E. Chayen et al., “An automated system for micro-batch protein 
crystallization and screening”, J. Applied Crystallogr., vol. 23, pp. 
297-302, 1990. 

[5] J. R. Luft et al., “Microbatch macromolecular crystallization in 
micropipettes,” J. Crystal Growth, vol. 196, pp. 450-455, 1999. 

[6] R. B. Fair, “Digital microfluidics: is a true lab-on-a-chip possible?”,     
Microfluidics and Nanofluidics, vol. 3, pp. 245-281, 2007. 

[7] R. B. Fair et al., “Chemical and biological applications of 
digital-microfluidic devices”. IEEE Design & Test of Computers, vol. 
24, issue 1, pp. 10-24, 2007. 

[8] K. F. Böhringer, “Modeling and controlling parallel tasks in 
droplet-based microfluidic systems”, IEEE Trans. CAD, vol. 25, pp. 
329-339, 2006. 

[9] E. J. Griffith et al., “Performance characterization of a reconfigurable 
planar array digital microfluidic system”, IEEE Trans. CAD, vol. 25, pp. 
340-352, 2006. 

[10] T. Xu and K. Chakrabarty, “Integrated droplet routing in the synthesis 
of microfluidic biochips”, Proc. DAC, pp. 948-953, 2007.  

[11] P. -H. Yuh et al.. “Placement of defect-tolerant digital microfluidic 
biochips using the T-tree formulation”, ACM Journal on Emerging 
Technologies in Computer Systems, vol. 3, article 3, 2007. 

[12] V. Srinivasan et al., “An integrated digital microfluidic lab-on-a-chip 
for clinical diagnostics on human physiological fluids”, Lab on a Chip, 
vol. 4, pp. 310-315, 2004. 

[13] M. G. Pollack et al., “Electrowetting-based actuation of liquid droplets for 
microfluidic applications”, Applied Physics Letters, vol. 77, pp. 
1725-1726, 2000.  

[14] J. Gong and C. J. Kim, “Two-dimensional digital microfluidic system by 
multi-layer printed circuit board”, Proc. IEEE MEMS, 2005. 

[15] A. Moreno et al., “Combination of oils and gels for enhancing the growth 
of protein crystals”, J. Appl. Crystallogr., vol. 35, pp. 140 - 142, 2002.  

[16] T. Xu et al., “Automated design of pin-constrained digital microfluidic 
biochips under droplet-interference constraints”, ACM Journal on 
Emerging Technologies in Computing Systems, vol. 3, article 14, 2007.  

[17] http://www.pcbdesign.org/pcb-layout/understanding-pcb-layers. 
[18] T. Xu and K. Chakrabarty, “Parallel scan-like test and multiple-defect 

diagnosis for digital microfluidic biochips”, IEEE Trans. Biomedical 
Circuits and Systems, vol. 1, pp. 148-158, 2007. 

Critical Path 

301


	MAIN MENU
	Go to Previous Document
	CD/DVD Help
	Search CD/DVD
	Search Results
	Print


<<
  /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 1.4
  /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


