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1. Introduction

The Three-Dimensional Wind Field (3DWF) model is a microscale mass consistent diagnostic
model (Wang et al., 2005, 2010) developed by the U.S. Army Research Laboratory. Its three-
dimensional (3-D) geo-referenced (in latitude, longitude, and altitude) wind field output can be
displayed in various ways using the free and popular Google Earth™ software. Google Earth
offers not only relatively accurate geo-referenced imagery that can directly accommodate the
3DWF model’s 3-D gridded wind field output, but also provides high resolution satellite imagery
at various levels of detail textured over the application’s representation of the underlying terrain.
In Huynh et al. (2012), we discussed visualization of 3DWF model output using contours on
arbitrary vertical or horizontal cross sections, contours on terrain-following surfaces, wind vector
profiles, and wind vector fields on terrain-following surfaces; however, there is a need to expand
the visualization capabilities to include isosurfaces of model output, which will enable
researchers and model users alike to further investigate the behavior of the wind in complex
terrain. Different volume visualization techniques have been applied in many areas of research
such as in medical imaging and wind field modeling. However, for the scope of this report, we
have adopted the popular “marching cubes” (MC) algorithm (Lorensen and Cline, 1987) to
construct the triangulated isosurface facets representing a constant surface of wind speed. An
excellent review of the algorithm is presented by Newman and Yi (2006).

This technical report documents the implementation of the MC algorithm to construct 3-D
isosurfaces of the magnitude of the three wind components (u, v, w), as well as wind speed. In
order to display model results using Google Earth, code must be developed to output the
isosurfaces using Google Earth’s Keyhole Markup Language (KML). The saved KML file can
then be visualized using Google Earth or distributed through the Internet. This report also
provides a brief description of the design of a user-friendly graphical user interface (GUI) menu
to assist the 3BDWF model users in generating isosurfaces for display.

2. Isosurface Extraction and Visualization

Volumetric visualization techniques have been applied in various research fields. Medical
imaging in particular has historically had a specific need to render volumetric data as surfaces of
constant density. Other fields of science and research also have similar needs to render
volumetric data either collected through experimentation or produced through modeling. For
example, visualizing an isosurface of microscale meteorological model outputs, such as wind
speed, temperature, moisture, or concentration fields, provides the model user insight into the
behavior of these atmospheric parameters over complex terrain. The MC algorithm, first



described by Lorensen and Cline (1987), is a common technique for extracting isosurfaces from
a set of volumetric data. This algorithm is a sequential-traversal method, which, as the name
implies, marches through a set of cubes (voxels) of gridded data, as shown in figure 1. Lorensen
and Cline’s work was done in the medical imaging field, but the algorithm they describe can be
broadly applied to other disciplines where isosurface extraction is needed. The algorithm
combines speed and simplicity, through lookup tables, to extract one or more triangulated
surface facets that intersect the cube (voxel). These facets are then connected together to form
the 3-D isosurface. The isosurface can then be displayed using a visualization platform such as
the popular and freely available Google Earth.
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Figure 1. Vertex and edge indexing of a cube.

2.1 The Marching Cubes Algorithm

The fundamental idea behind the MC algorithm is to march through each gridded cube (voxel)
one at a time extracting facets of the isosurface that intersect that given cube. Summarizing
Lorensen and Cline (1987) with a slight modification for our use, the algorithm is as follows:

1. Read the gridded data to be processed into memory.

2. Classify or categorize the type of a given cube by comparing the values of the eight
vertices to the user-specified surface constant assigning it an index.

3. Use the index and a precomputed lookup table to determine which edges are intersected by
the isosurface.



4. For each intersected edge, compute the location of the intersection using linear
interpolation.

5. Output the triangular facets of the isosurface in KML format.

Note that we omit the computation of the vertex normals. Thus, following these steps, for a given
set of volumetric data such as gridded micro-scale meteorological model output, a set of facets of
constant value can be extracted.

2.1.1 Gridded Cube Classification

As illustrated in figure 1, a cube is defined by 8 vertices and the 12 edges that connect the
vertices. Following a standard indexing convention, we label the vertices and edges as indicated.
During the extraction process in order to classify a cube, each vertex is assigned two values: first
a scalar value of the parameter that we are interested in extracting isosurfaces of, and second, a
Boolean value indicating the state of the vertex. The state of the vertex is set to 1 if the vertex is
on or above the isosurface or is set to 0 otherwise. Since the cube has eight vertices, we can
encode the state of the cube’s vertices relative to the current isosurface value as an eight bit
integer. This indicates that there are 2° or 256 possible configurations; however, as discussed in
Lorensen and Cline (1987), this is reduced to 14 patterns of facets using both topological and
symmetry arguments. The original algorithm produces no more than four facets of the isosurface
in the current cube. Actually, there are 15 patterns if one includes the null set, i.e., there are no
facets of the isosurface intersecting the cube (voxel). These patterns, or cases, are illustrated in
figure 2, where the “marked” vertices are below the isosurface.
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Figure 2. The 15 basic cube facetizations once reduced by topological and symmetry arguments (Lorensen and
Cline, 1987).

One must be careful when implementing and using the MC algorithm. Diirst pointed out that
some of the cases can be faceted in multiple ways. Since the facetizations for certain classes are
not unigue, this can lead to ambiguities and extracted surfaces that are not topologically
consistent. There are seven classes, or cases, that have been demonstrated to be ambiguous (see
e.g., van Gelder, et al. [1994], Natarajan [1994], and Chernyaev [1995]). The ambiguous cases
are Cases 3, 4, 6, 7, 10, 12, and 13. A common example of a topologically inconsistent isosurface
due to these ambiguities is illustrated in figure 3.

Figure 3. An example of an ambiguity arising from topologically incompatible facetizations in neighboring grid
cells. Panel (a) illustrates the topologically inconsistent surface when a member of Case 3 is adjacent to a
member of Case 6, panel (b) is an alternate facetization of Class 6, and panel (c) is a topologically
consistent surface created by using the alternate facetization.



As illustrated in figure 3a, when a member of Case 3 (left cube) is adjacent to a member of

Case 6 (right cube), the default facetizations result in a topologically inconsistent surface. This
combination results in a “hole” in the surface. This topological inconsistency can be mended by
using the alternate facetization for Case 6, often labeled Case 6¢, shown in figure 3b and
illustrated in figure 3c. It is important to point out that the topological inconsistency illustrated in
figure 3a does not occur for all Case 3 cubes with an adjacent Case 6 cube. Recall that each of
the cases has at least two vertex configurations that result in the same facetization due to
topological reduction arguments. Here we have used the term “member” of a case to indicate that
this is one of the possible configurations that results in topologically inconsistent surface.
Though not illustrated, it can be shown that if the lower right corner on the back face of the

Case 6 cube is above the surface and the upper right corner on the front face of the same cube is
below the surface, then the default facetization will result in a topologically consistent surface.

2.1.2 Encoding of Cube Vertices and Edges

As discussed previously, the state of the vertices of a given cube can be encoded using an 8-bit
integer. We can also encode the state of the edges of the cube in a similar manner. Since there
are 12 edges, we can encode each edge state as intersected or not. This will yield a set of 12 bits,
which when ordered can be encoded as a set of three hexadecimal values. Figure 4 is an example
of an encoded cube of type Case 1. The vertex marked vO is below the isosurface. From
inspection, one can see that edges labeled €0, €3, and e8 are intersected by the isosurface.

Tables 1 and 2 are the vertex and edge states, respectively, for the cube represented in figure 4.
Following the encoding scheme, a lookup table can be created where the index into the lookup
table is given by the vertex state and the value is the edge state. The lookup table, also referred to
as the edgeTable is provided in the appendix.

v7 v6
v4 V3
el e9
8INS ~ - 3 [v3 e2 v2
v el el
v0 t0 vl

Figure 4. Isosurface facet for type Case 1, where the marked vertex vO is
below the isosurface.



Table 1. Example of a cube vertex encoding for Case 1 type cube represented in figure 4.

Vertex Index vi | v6 | v5 | v4 | v3 | v2 | vl | VO Index
Value
Bit (above/below) 0 0 0 0 0 0 0 1 1

Table 2. Example of a cube edge encoding for Case 1 type cube represented in figure 4.

Encoded
Edge Index ell [ el0 [ e9 | e8 | e7 | e6 | e5 | ed | e3 [ e2 | el | €0 Hex
Value
Bit 0 0 0 1 0 0 0 0 1 0 0 1
(intersected/not)
Hex Value 0x100 0x000 0x009 0x109

2.1.3 Locating Isosurface Intersection on Marked Edges and Facet Orientation

Referring to figure 4 in the previous example, we note that the three vertices of the facet are the
intersection points marked t0, t3, and t8, which are on edges €0, e3, and e8, respectively. There
are two things that must be done before the facet is fully defined: (1) locate the intersection point
of the isosurface on the edge and (2) determine the ordering of the vertices of the triangle. The
first can be accomplished using a simple linear interpolation to be described below and the
second depends on whether the marked vertex is above or below the surface.

For the microscale meteorological model referred to previously, the grid is a standard Cartesian
grid. We can locate any point in the domain by the tuple (x,y,z). Thus, for figure 4, we can
represent vertex vO by its tuple (Xvo, Yvo, Zvo). The adjacent vertices can be represented in a
similar fashion. Furthermore, for scalar values on the model grid we define the value anywhere
along the connecting edge of two vertices as

Sy —S,
S(X, Y, Z) :1—0(X_xv0)+sv0' (1)
v~ X0

Since s is known, solving for x yields

X = (le — Xyo )(S —Swo ) +X,p- (2)
S~ Swo

This same derivation holds true for both y and z as well. Therefore, we represent the intersection
point along any edge as follows:



(le — Xy )(S B SVO)

Xio = S, — Sy + X0

Yo = (yvl —Ywo )(S —Swo ) +Yoor (3)
Su ~Svo

Z, = (Zvl — Zyg )(S —Syo ) + 2,
Su Sy

In practice we also consider how close the isosurface is to a given vertex in value, as well as how
near in value two adjacent vertices are. So if [s—s,,| <1e™ or [s,, —s,,| <1e™, then we assign

the point of intersection as (Xvo, Yvo, Zvo).

2.2 Programming

In order to expand the capabilities of our current modeling and visualization framework (Huynh
et al., 2012) we implemented the MC algorithm and extended capabilities of the GUI as
described in this section.

2.2.1 Implementation of Marching Cubes Algorithm in Fortran90

While the original exposition by Lorensen and Cline (1987) regarding MC limited the number of
facets to four, we have chosen to adopt and implement a revised method discussed and made
available by Bourke (1994), which can accommodate up to five facets for a given grid cube.
While the published code from Bourke (1994) is in the public domain, it was originally
implemented in the C** programming language as part of a facet extraction and display program
using the OpenGL application programming interface. For our purposes, it was advantageous to
port the algorithmic portion of this code using Fortran90. Porting the algorithmic portion of the
C™" code to Fortran90 was relatively straightforward. Figure 5 is an example of a test case that
was used to confirm that the porting and implementation of the algorithm to Fortran90 was
consistent and correct. Figure 5 is the rendering of a sphere extracted from a simple data set
displayed within the Google Earth framework.
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Figure 5. Isosurface of a simple sphere displayed within Google Earth.

The implementation of MC presented here takes as input the “isovalue” to be faceted and the
model grid variable to be processed. Once the model output has been processed an output file is
produced, which contains the isosurface(s) encoded in KML. This file can then be read into
Google Earth and visualized. Listing 1 is an excerpt of a typical output for the isosurface
extraction. The excerpt contains a single facet represented as a single <Polygon> element in
KML, an <ScreenOverlay> element to indicate the scale or magnitude of the isosurface, and a
<Camera> element to facilitate an initial viewing angle. We also implemented the capability to
observe the time evolution of the isosurface.



Listing 1. Excerpt from KML file produced using the implementation of MC algorithm.

<?xml version="1.0" encoding="UTF-8"?>
<kml xmlIns="http://earth.google.com/kml/2.2">
<Folder>

<name>Frame with TimeSpans</name>

KML Preamble

<Placemark>

<Style>
<PolyStyle><color>DD0080FF</color><outline>0</outline><fill>1</fill>
</PolyStyle>

</Style>

<visibility>1</visibility>

<Polygon>

Facet using KML <extrude>0</extrude><altitudeMode>relative ToGround</altitudeMode>
<Polygon> <outerBoundaryls><LinearRing><coordinates>
68.9885101318359,34.4565925598145,618.657104492188
68.9885101318359,34.4565620422363,620
68.9884872436523,34.4565925598145,620
68.9885101318359,34.4565925598145,618.657104492188
</coordinates></LinearRing></outerBoundaryls>

</Polygon>

</Placemark>

Excerpted [ ...l

<ScreenOverlay>
<Icon><href>file:///C:/3DWF/wspdspec.jpg</href></lcon>
<overlayXY x="1" y="0.45" xunits="fraction" yunits="fraction"/>
<screenXY x="1" y="0.45" xunits="fraction" yunits="fraction"/>
<rotationXY x="0" y="0" xunits="fraction" yunits="fraction"/>
<size x="0" y="0" xunits="fraction" yunits="fraction"/>
</ScreenOverlay>

Scale using KML
<ScreenOverlay>

<Camera>
Initial Viewpoint <longitude>68.97 </longitude><Ilatitude>34.43
using KML </latitude><altitude>15000</altitude>
<Camera> <range>30000</range><tilt>5</tilt><heading>0</heading>
</Camera>
</Folder>
KML Termination </kml>

2.2.2 GUI and Google Earth Display

As in Huynh et al. (2012), we have implemented this extension to the modeling system
capabilities using a combination of Fortran90 modules and a GUI using HyperText Markup
Language version 4 (HTML v4) and JavaScript (JS). Figure 6 is a screen capture of the GUI used
to extract an isosurface from a 3DWF model grid.
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Figure 6. GUI for isosurface extraction.

The GUI takes input from the user requesting information such as the model output file to be
processed, which scalar field to extract an isosurface of, and what the desired isosurface value is.
The initial viewpoint is taken as the center of the 3DWF model domain with the domain
coverage indicated by a yellow bounding square. The user can also process a number of model
output files to produce an isosurface that evolves with time. The resultant animation from this
feature, however, is quite resource intensive when visualized within Google Earth application
and its use is not recommended at this time.

Once the processing of the model data is completed and a KML file has been generated the
output the file containing the isosurface(s) can be visualized within Google Earth. Two examples
of extracted isosurfaces are given in figures 7 and 8.

10
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Figure 7. Isosurface display of 3 m/s wind speed for a model domain volume of 10x10x4 km.
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Figure 8. Isosurface display of 6 m/s wind speed for the same domain in figure 7.

Figure 7 displays the isosurface of 3 m/s wind speed over a model domain near Kabul,
Afghanistan, diagnosed by the 3DWF model. Figure 8 is identical in space and time to figure 7
except an isosurface with a value of 6 m/s is displayed. The 3DWF model grid used in

figures 7 and 8 covered 10x10x4 km (with dx=dy=50 m and dz=20 m). As expected, with higher
wind speeds aloft, the vertical extent of the 3 m/s isosurface extends from 258 to 1560 m above
the lowest terrain elevation in the model domain (1891 m above sea level [ASL]), while the

6 m/s isosurface had a greater extent starting at 600 m above the lowest model terrain elevation
extending to 3980 m over the same elevation.

The color scale to the right is produced using the <ScreenOverlay> KML element. It has 64
levels of resolution with the maximum and minimum values mapped to the maximum and
minimum values of the scalar that is being visualized. The place marker also gives the value of
the extracted isosurface that corresponds to the color scale to the right. The Google Earth
Timescale element is also used to indicate the model valid time for the displayed data. This can
also be used to animate the isosurface in time if the user has enabled that feature of the extraction

12



tool. The Timescale tool can be operated manually by the user to advance the evolution of the
isosurface in time or set it to automatically advance. Using the Google Earth navigation tools, the
user can observe the extracted isosurface from many different views to analyze the underlying
data. The Google Earth platform provides visual context to the 3DWF model user. This context
is especially useful in areas with complex terrain or significantly built up urban and suburban
area. The visual context also provides users with indications as to why the model output is
behaving as it is, for example, is there an object that may be damming or retarding the flow
field?

2.2.3 Visualizing Scalar Data in General

The development of this isosurface extraction module is not limited to model grid output from
the 3DWF or Atmospheric Boundary Layer Experiment (ABLE) model output. This extraction
utility can be extended to process concentration fields provided by a dispersion model.

Figures 9 and 10 are examples of this extension.

13
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Figure 10. Isosurfaces of a contaminate plume with surface generated for 0.001, 0.003, and 0.005 ug/m®.

Figure 9 is an extended GUI to accommodate the extraction of scalars in general. In particular
the GUI has been extended to extract isosurfaces of scalars such as plume concentration and
temperature. Figure 10 is the display of three isosurfaces of a modeled contaminate plume. There
are three isosurfaces that are displayed with the isovalue set to 0.001, 0.003, and 0.005 ug/m°.
The facets include an alpha channel for translucent rendering.
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3. Conclusion

In support of performance and capability improvement of the 3DWF model, we previously
developed a 3-D visualization system using Google Earth as our scientific visualization platform.
This system was capable of displaying horizontal and vertical cross sections of model wind field
output, vector wind profiles, and a vector wind field on a terrain-following surface. Through the
adoption of Google Earth as a visualization platform, we provided the user with visual context of
the 3DWF model output. In this report, we have documented the extension of visualization
capabilities by implementing the MC algorithm for isosurface extraction and visualization. The
isosurface extraction capability was not limited to the output from the 3DWF model, but was
extended to include other scalar output such as contaminate concentration plumes and
atmospheric temperatures.

16
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Appendix. edgeTable and triTable Lookup Tables

Tables A-1 and A-2 provide the lookup tables used.

Table A-1. edgeTable listing the 256 possible edge intersections.

0 1 2 3 4 5 6 7
0 | x'000' x'109' x'203' x'30a’ X'406' x'50f" X'605' x'70c'
1| x'80c' X'905' x'a0f' x'b06' x'cOa’ X'd03' x'e09' x'f00'
2 | x190' x'099' x'393' X292’ x'596' X'49f' X'795' X'69c¢’
3 | x'99c¢' X'895' x'bof' X'a96' x'd9a’ X'c93' x'f99' x'e90'
4 | x'230' X'339' x'033' X'13a’ X'636' xX'73f' X'435' X'53c'
5 | x'a3c' x'b35' x'83f' X'936' x'e3a’ x'f33' x'c39' X'd30'
6 | x'3a0' X'2a9' x'1a3' x'0aa’ X'7a6' x'6af’ x'5a5' x'4ac’
7 | x'bac' X'aab' x'9af' X'8a6' x'faa' x'ead’ x'da9' x'ca0’
8 | x'460' x'569' X'663' x'76a’ X'66' x'16f' X'265' x'36¢'
9 | x'c6e’ X'd65' X'e6f’ x'f66' x'86a’ X'963' X'a69' x'b60'
10 | x'5f0' X'4f9' X'7f3' x'6fa’ X'1f6' X'Off' x'3f5' x'2fc'
11 | x'dfc’ x'cf5' x'fff' x'ef6' x'9fa’ x'8f3' x'bf9' x'af0'
12 | x'650' X'759' X'453' x'55a' X'256' x'35f' X'055' x'15¢'
13 | x'e5c' x'f55' x'c5f' x'd56' x'aba' x'b53' X'859' X'950'
14 | x'7¢c0' X'6¢9’ x'5¢3' X'4ca’ X'3c6' x'2cf' X'1c5’ x'0cc’
15 | x'fcc’ x'ech' x'dcf’ x'cc6' x'bca’ x'ac3' X'9c9’ x'8c0’
16 | x'8c0O’ X'9¢c9' x'ac3' x'bca’ x'cc6’ x'dcf' x'ech’ x'fcc'
17 | x'0cc' x'1c5' x'2cf' x'3c6' x'4ca’ x'5¢3' X'6¢c9’ x'7¢0’
18 | x'950' X'859' x'b53' x'aba' X'd56' x'c5f’ x'f55' x'e5¢'
19 | x'15¢' x'055' x'35f' X'256' x'55a’ X'453' X'759' X'650'
20 | x'af0’ x'bf9’ x'8f3' x'9fa’ x'ef6' x'fff' x'cf5' x'dfc'
21 | x'2fc’ x'3f5' x'Off' x'1f6' x'6fa’ x'7f3' x'4f9' x'5f0'
22 | x'b60' x'a69' X'963' x'86a’ x'f66' x'e6f’ X'd65' x'c6e’
23 | x'36¢' X'265' x'16f' x'066' X'76a’ X'663' x'569' X'460'
24 | x'cal’ x'da9' x'ea3' x'faa’ X'8a6' x'9af’ X'aab' x'bac'
25 | x'4ac' x'5ab' x'6af' X'7a6' x'0aa’ X'1a3' x'2a9' x'3a0'
26 | x'd30' x'c39' x'f33' x'e3a’ X'936' x'83f' x'b35' x'a3c'
27 | x'53c¢' X'435' x'73f' X'636' x'13a’ x'033' X'339' x'230'
28 | x'e90’ x'f99' x'c93' x'd9a’ X'a96' x'bof' X'895' X'99¢'
29 | x'69c¢' X'795' x'49f' X'596' X'29a’ x'393' x'099' x'190'
30 | x'fo0’ x'e09' X'd03' x'c0a’ x'b06' x'a0f' X'905' x'80c¢'
31 | x'70c¢' X'605' x'50f' X'406' x'30a’ X'203' x'109' x'000'

19




Table A-2. triTable listing the ordered edge connection graph for each facetization.

i i i i i — — — i i i — — — — — — i i i i i i — — — — — — i i i
Bl Bl ol Bl Bl ol Bl o B e I el Shr rull Il Bl Sl Bl Brul Sl Rl Bl Bl Bl Bl Rl BArul Brl Il Bl B
i i i i i — — — i i i — — — — — — i i i i i i — — — — — — i
Bl Bl Rol ol Bl ol ol o B Bl I el Ihn Bl Il Bl Bl Il Bl Bl Bl Bl Il Bl Bl Bl Bl Bl IS =N B
— — — — — — — — — — — — — — — — — — — — — — — — — — — — — o —
il Brill el Bl Bl Bl Bl s Bl Bl Bl Bl Rl Bl Bl vl Bl Bl Bl Bl Al Bl Bl sl Bl il Bl Bl Bl I NS B
— — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —
il Brill el Bl Bl Bl Bl s Bl Bl el Bl Rl Bl B Ayl Bl Bl Bl Bl Rl Bl Bl sl Bl Bl Bl Bl Bl B N (NTOR B

o — — o
TSI F T o F T | T || T |G| T[T T[T T | T o || T[T A~ F |G ||~
—
S| T < T T | T || FT|A o T[T TV~ || T T ~[w|FT|ow|o|o|T
— o o
S| F T[T T T || T o || T[T T[T T w|a| T T ~|a|F || a0
— — o —
TNV w | T|w|la|sd|F|w|ad|a|ls|a|la|ladalT] o~ | ~vw|lo|~|~|a|lo|o|vw|m|o|o|
ol — —
TN || e | TV|o|lo|lvw|FT]|o|w|o|wv|a|lad|lo|FT | ~|w|FT|d|o|v|lv|/dla|~|ad|a|a|w]| T
o o o o
TN ||| Tt FT ]t || ]|o|o|lv|a[F | w|a|FT|ad|v]|o|lov|ov|lo|a|~|a|~|a|F
- o J - | o
dTlow|lo|lw|t |9 |a|lw|A [T |v]|o|v|a|d|ld|lo|o|l~r|~|{~|lo|w|w|o|a|lo|~|~|o|m|w
— —
Tlo|lvw|w|lv|av|dv|w|ow|o|d|w|ad|o|o|o|~|v|ad|w| v|v]|a|lw]|o|[~|d|a|w|lo|ol|a
— o — —
dlo|ld|ow|lo|d|vw|w|a|jo|lo|a|d|lo|vw| v|vw| o|lo|w|lo|o|o|la|~|o|lo|D|o|w| A |~
o o — —
|||t |9 |o|a|lv|dv|an|d|w|d|w|o|o|o|lo|lw|m|o|d|nw|w|w|~|Ad|d|o|o|o]|w
o — o ol|o
w| w|w|w|la|lo|la|dlwv|Ad|wv]|d|lo|lo|t| st~ ~|w|~|d|lo|d|lo|lv]io|la|v|~|a|a
o o — — | —
o|lo|lo|lw|ld|m|v|aw|o|lo|lo|a|d|dv|w|vw]| o|lo|o|d|lo|d|lo|la|~|lo|la|d|lo|w|a]|S
ola|ln|lcs|lole|v|lv|lo|lb|le|o|lxs|lw|lalala|la|le|w|els|iv]|e|le|lv|le|lo|w| ool
Al B @|a|® | Slo|la 6o I || ISR S8 5|38 | 8[(8R NI
N|M o ld O |~ (06| Q|0 |0 || 0T M NIAHIO|~]O |10 |3 |02 (0 w030
XX XXX XXX X[ X[ 3| XX 3| %[ X|X[%|X|X|[>|>X|%X|[%X|>%|>|>%|%[*|>x]|x|x
alo|ls|w|lo|r|lo|lo|lold|la|o|ts|vw]/io|lr|o|lo|lold|la|o(s|vw]olr|lo|lolo|a|la|m
AR RIS AR A AR A R A A A R R R AR A A R A A R s A R R s R A A R A R A R R R
— — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —
i Bl Bl Rol Aol Bl Bol Boll Bod Boll Aol Rodl Aol Bl Boll Bl Bol Bol Bl o e Sn i Il Bl Bl Bl Bl Bl Bl Bl
— — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —
i Bl Bl Rol Aol Bl Bol Aol Bod Boll Aol Rodl Aol Bl Boll Bl Boll Bol Bl o e Bn B I Bl Bl Bl Bl Bl Il Bl
Ar Irl Bl B eyl B Bl B Bl il Al Bl Bl B Bl Bl Bl Bl Bl Bl B B Bl e Bl Bl el Bl I Bl Bl ey
Ar Irl Bl B eyl B Bl B Bl il Al Bl Bl B Bl Bl Bl Bl Bl Bl B B Bl e Bl Bl el Bl I Bl Bl ey
Ala|alalalala|lalala|lalalalalalalalalalala]|ala o ||~ — -
il A AR AR ARrl il il el Bl Al Bt el Bl Bl Bl Rl il Bl e R Bt Brull Bl I Bl Bl Rl IS Bl BRI R B
Ala|alalalala|lalala|lalalalalalalalalalala]|ala ||~ - | -
il Brull IRl Bl vl Bl Bl R B B Bl B Rl Bl Bl By B Bl Bl Bl il Bl Bl B~ N B Bl Bl BN Bl B PO B
Ala|alalalala|lalala|lalalalalalalalalalala]|ala o ||~ — = | o
rl Srull IRl Bl sl Bl Bl By B R Bl B Bl Bl By B il Bl Bl Bl Bl Bl I NS B sl Bl (- S sl I NS O
— o o — oo
TS| T T o F T | T || T |G|l T[T T[T T ||~ T ||| ||a|=
— o — — —
T T T o T T | T || T |a|am| T[T T[T o T |||~ T |o|m|d|o|o|a|=
o —
S| F T ST T | T o TV|eo|a|F|F|F| T ~]|FT|a|o|la|T|an|la|lo~|ad|o|o
o — o — — — —
TN | Vo | T|an|a|a|F | d|mw|o|d|lo|d|lo|T| ot |~|t|o|o|lo|d|la|s|s|ad|<x|o]|=
- o i
TN | Vo | T |d|lo|la|FT]|o|a|d|d|o|o|a|FT | ~|lo|t|o|w|o|cd|m|d|lo|o|m|«|o| <
- o o o o o — o —
dTlom|lo|m|ld|le|d|lo|ca|la|lo|a|d|ad|o|d|lo|o|lo|o|a|~|a|lo|~|~|a|q|a|a|o|a
- J —|lo|o o o |«
— —
llo|lo|d|d|o|lo|la|m|o|d|d|m|o|lm|lo|v|v|o|t|d|mw|o|lca|lo|d|lo|xt|o|«|<|<
O|lo|m| || |b|o|lo|b]|s Olw| ™| |¢ C|lo|l®|c|l0|=|b|lo|o|b||||m™m|c o
S|la|lo|lag|oc|g|lo|lo|lalo|s|la|8|le|lad|8|a|d|a|lo|la|d|o|a|lalaldlalo|an|R|S
Ol |INIM | OO |~10| | ©2|O0 T |D(FE |00 NI |~ 0|9 c|T |0 || D
XU X | XXX XXX X[ X[ X[ X[ X X[ *X[X|X|>X|X|X[X]|>%|>|[X]|>%|>|>%|%|[%|x]|X%|x
old|lan|m|s|w|lo|~|o|lo|lo|d|la|o|t|w]|o(~|lo|o|o]|u
o|ld|la|m|t|w|lo|~|lo|lo|ad|ld|la|d|la|ld|a|la|adld|d |V |d|d|d|N|N|N|q|[®H|®

20




— — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —
il Brill el Bl Bl Bl Bl R Bl Bl el Bl Bl Bl Bl sl Bl Bl Bl Bl Rl Bl Bl sl Bl Bl Bl Bl Bl el Bl B
—
T AT AT T AT T T o T T ~|G T o | T[T
— o
T F ||| AT T T[T AT T o T T G| o F e | FT|
T ||| T T T o T o | F|F| T[T T |~ T | T o |~ F e FF|
o o« o oo
TN AT | F|F|T]|o|alad|lw|s|FT|T|T|S|lo| T ~|lo|FT|F|~]a|a|a]|o| Tl
o
TN e | FT|o|F|F|F|a|a|a]|lo|a|TF T[T ~]lo|T]o|lo|T|T|o|l~[~[~]lo|T|o|F
— — i
TN | Fo|F|w|F|TF TV |o|lan|ad|o|F|TF|[T]o|a|T|o|lo|T|T|ow|lo|jlo|lo|a|T ||
o ol|o
FNlom|lo|ldg|d|o|FT]|o|lo|ad|d|a|w|a|s|FT|a|9|lo|m|o|lo|la|FT|o|~|~|a|o|FT|o|T
o —
Flo|t|o|lo|s|T|a|lan|o|ow|o|ad|o|lo|T|lolo|~|~|lo|~|lo| T |ow|lo|ad|lo|a|FT|a|F
— - o o
Flo|lo|lo|la|w|F| |G| |o|dg|o|d|lo|T|ow|lo|d|d|a|o|lo|F|d|lo|a|a|lo|FT|m|T
oo — o o — -
Sla|lo|lo|t|o|lo|s|x|a|o|a|lo|olo|o|al~|~]ad|lo|wd|o|a|o|ad|o|~|~]|~]o]|S
oo -
t|lo|lo|ld|la|a|a|w|o|lo|d|ad|lm|a|lo|o|o|a|d|~|lo|o|o|~|o|~|~|a|lo|o|lo]|S
o o — o o - — -
oldt|d|lo|a|a|ld|o|d|ln|o|o|lo|o|m|d|~|lo|ad|ad|la|a|~|lo|d|la|a|alo|a]|~]
—
o|lo|d|ld|lo|o|dv|n|o|la|a|ad|ls|ca|o|o|o|m|~|~|o|o|o|la|d|~|o|d|lo|w|lo]|w®
o — - | — o —
t|d|o|lm|t|o|la|ow|t|o|d|s|o|d|d|s|d|~]|o|lo|ln|o0|o|m|m|lo|lo|c|o|o|o]|=
o o o oo -
Sl |d|o|la|m|o|o|d|lo|m|o|lo|o|lm|o|~|lo|d|la|ld|la|~|~m|a|a|a|S oo~~~
oO|lo|m| || |b|o|o]|L g Ol || o|loloala|lm|w]| |- 0| ol -~ L g © | ® |0 oo
P PV S| w| BB B H|IB S BRI B 3[B|IVS[/865C3[9(8|5|8[8(8|13|9
O~ IN ™Mo ||| 0T | ©L2|0I |~ 1O WL M| N0 1w |00 0|92 c| | P
X I X | X | X[ XX X[ X[ X[ X[ X|X[X|X|X|[X|X|[X|X|>X[X|X%|>X|[X]|>|>|>%|>%|[>|X%]|X%|X
old|lau|w|s|lw|lo|r|o|lo|lo|ld|la|m|ds|vw]/o|~|lo|lo|lo|d|la|lo|st|w]|o]|~
olr|o|lo|lc|c|oc|o|S|S|a|lo|la|ad|lalalalalaldlalalala|d|V|N Q| |q|[Q]|w
(2] (2] (o)) (2] — — — — — — — — — — — — — — — — — — — — — — — — — — — —
Al Irl Bl B eyl B Bl B Bl sl Bl Bl Bl B Bl Bl Bl Bl Bl Bl B B Bl e Bl Bl el Bl I el Bl ey
Ala|alalalala|lalala|lalalalalalalalalalala|ala ||~ - | -
il Brull IRl Bl Bl Bl Bl By B B Bl B Rl Bl Bl By B Bl Bl Bl IRl B Bl I~ N B il Bl V=R sl B N B
o
Al vl Bl Bl sl BAull Bl HRrsl el Bl Bl Bl Rl HArul SRl Bl Bl Bl Bl Bl vl BArull Rl IS Bl Bl Bl BT sl BRSO RS By
S| ||| AT AT T T || T T T w| T oo
— —
TN T T || T[T | T |G| T]|o|lo| T[T T T <|T | ~|lo|o|T|ad|lo|s|o|st|m]|o
— ol|ld|w |« —
S| T | F T | T o T | |w| T[T T T o V|t |w|o|F | ~|a|a|a|a|o]|a
—
TS| T T o T T | T o T |w|lo|F T[T T | ~]|T|ow|lo|lw|T|a|w|~|w|~|a]|~
o — — —
TN || o | T |ow|lo|lo|T| w|lo|lad|o|d|w|o|TF|a|l~|o|o|t|w|o|w|o|ad|d|a|d|o]|o
o o |«
T ||| V| o|lan|la|FT]o|d|d|d|wv]|o|lo|T | w|s|~|~|lo|lo|ln|o|lan|m|s|w]|o|m]|~
o — o
TN | V|| T |mw|lo|lw|FT|d|vw|o|vw]|o|lo|d|T|o|o|d|t|m|o|m|ad|lds|c|o|m|a|o]| <
- — — —
7Tlo|lo|o|lad|o|lo|la|w|o|G|a|m|w|o|d|o|m|o|~|ad|lo|v|t|t|a|o|a|w|o|w|S
o |lolo - o A |
— o —
Tlow|lw|d|la|d|o|lv|d|ld|la|d|o|o|o|lo|st |t |w|d|lo|w|o|~|~|[t |t |o|m|L|O]|©
— — — —
| lo|ad|m|w|w|w|ow|d|lo|o|o|ad|d|lo|lo|o|lo|lojlv|la|v ~M|lo|la|lo|lo|d|l~|D|o|o
o — o - | o
o|lo|o|w|lo|o|lo|lo|m|lo|d|d|lm|o|d|w|d|lm|o|lo|d|a|s|o|d|d|a|a|s|a|w]|w
o - o
dlo|lo|d|lad|wd|lo|v|a|d|o|w|o|lo|m|o|v|t|w|a|o|d|o|~|m|w]|o|o|o|w|o]|w®
olo|™m| |- = D | o|o|b]|s < ||| O ¢ ¢ R P R 3 L r r Y - R P R ¢ c
o|lo|lo|c|lo|b|lo|le|e|l@|E|8|c|lw|(da|da|I2IL|S(L|E|R|IL|IL|R E eS|
SO~ HFINT®MIO|T D% || @2 |0 X |~|O A0 (MmN || O || ©| 2|
XX | X X[ X X[ X[ X[} [ X[ X X[ X|X|X|[X|X|[>|X%|X|[X|X%|X|[X|>%|>|>%|%|[X%|Xx]|X|x
v|lw|lo|~r|lo|lo|lo|ld|a|w|s|w|lo|~|lo|lo|lold|la|lo|ls|vw]o|lr|lo|lo|lo|d|la|o|s|w
o|lo|o|lo|®o || RN |N|IK|IR | KIK | RIR|IR | d|w|w|@d |0 |0 |d|o|d|b |||

21




Al ERu B Bl Bl Bl Bl il el e Brul Bl Bl Bl Rl il B il Brul el Bl Bl Bl IRl il Bl Bl Bl Bl Bl Bl Al s
o o
Tl T T e T T T o ||| =TT T T[T T A || T T T || T |o |||
S )T~ T T T | V| w|~|F[FFFF | T~ |w|FT|T| T |« FT |||
i
Sl ||| AT T T e | T oo T[T T T T T Ao T T T o T || ||
o —
TV w|V|w|la|la| T ~|lo|w|~|lo|~|a|T|w|lad|T]|o|lo|lad|o|a|T|a|FT]| oo |
o
Tl TV e|V|o|lo|lw|T|o|dvg|o|ow|~|d|o|T|ojo|T|w|o|vw|w|w|T|o|FT|o|o|FT|T
o — ol o
T T o | V|| || T|o|w|t|d|o|o|xs|T|ojw|FTF|d|wv|a|d|o|T|o|T | w|w|T|F
- — — o oo - - |«
dTlo|ld|t|d|m|a|lv|/o|lvd|o|w|o|~|d|d|lo|lo|lv|d|lo|jo|v]|v|d|cw|o|FT|lo|lo| TS
— . (=4 — |
dTl~|lo|w]|o|lo|lan|la|st|lo|w|d|~|o|ow|t|o|w|ad|m|d|o|o|ad|o|o|lo|T|o|w|T|S
— | — — — | -
G| ~|m|~|o|t|o|w|lo|ld|a|d|d|o|w|d|o|lo|vw]|/o|lo|lw|la|w|io|w|T|lm|o| TS
— ol|lo - - o o | o
Slw|lo|lds|la|a|lad|t|a|lo|lo|~|o|o|lw|o|o|w|d|lwv]|ad|d|lo|wv|w|lo|ojlo|a|o|a]|S
o|lo|« -
olo|dg|lo|ld|la|ls|w|o|lo|~|o|ad|~|a|a|S|o|w|m|v]|o|lv]|w|a|o|o|d|ow|o|lwo]|S
o o - o -
~|lt|w|o|d|d|w|lom|~|lo|m|o|d|d|s|~|o|lo|lo|low|o|o|d|o|v|o|d|la|a|a|w]|S
— o|lo|o — o
wlom|ad|lo|d|~|A|lo|lo|dt|a|o|t|d|ad|d|w|d|lo|o|d|lo|vw|wm|o|o|w|low|ow|o]|w]|wo
— — — — —
o|lo|lol~|lw|d|lo|t|a|w|o|la|v]|o|lo|low|o|o|d|d|a|d|lo|D|o|w|w| wv|m|a|m]|w
— - o o
t|lo|lw|d|lo|lo|~|m|~|lo|m|lo|lo|d|s|~|lo|lm|o|o|d|lo|d|o|w]|o|d|ld|d|d|o]|=
- - - - - ~ - - - - - - - - - = ol |m| ]|« G Ohlo|lolb|l=|lo|lc|m®|2|o
LI | S| E LIl eSS |o|lc|lw|lo|8|E|lv|c|loc|lvw|b|lo|c|w|d|@
S| 2| ® || | OIT|INIM|IO | [©O© |~ |0 12| |0 |0 |00 M| N0 |~ |00 <
XXX XX X)) X | X | XX X[ X[ X[ X|X|>%|X|X|X|X|>|>[%X|%|>%|>%|>%|X|Xx|x
old|n|lm|s|w|lo|r|lo|lo|lojd|la|o|s|w]|o|l~r|o|lo|lo|d|la|o(s|vw]| olr|lo|lo|lo]|o
olo|lo|lo|lo|lo|o|lo|lo|lo|RIR KRR RIKRIKIRIR || |w|X|d|d|w|w|0|0|e |
— — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —
— — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —
il S A AR AR ARrel vl il vl B rul el B Bl Bl Bl Bl Rl Bl B rul Brul Bl Bl Bl Bl Rl il il Brul Bl B B B
Alad|d|d]|ad|a|la|lalalalalalalala|lalalalalalala]a Al ||| | —
il I A AR AR ARl vl vl vl B rull Bl el sl Bul B vl Bl Rl Rl el el e Bl B I3 Bl Il Bl U Bl B IS B
— — — — — — — — — — — — — — — — — — — — — — — — — — — — — —
il S A AR AR ARrel vl il A vl Brul el B Bl Bl Bl Bl Rl Bl B ru Srul Bl Bl B I?-S Bl il il Brull B rul B = B
— — — — — — — — — — — — — — — — — — — — — — — — — — — — — o —
il Sk A AR AR ARrel vl il B rul B rul el B Bl Bl Bl Bl Rl Bl B rul Brul Bl Bl Bl BEA Bl il il Brul Bl B B B
TSI || T o T T FT]o| FT|o|~|F|[F|F|FT]o|FT]|o|lo|o|T|T|o|FT|a|FT|o|F
o o o
TSI ||| T e T T T~ T o|am| T[T T[T o T ||| T | T || T || T | o]
o — —
S ||| ST T T o T |o|FF|F| TG T o|la|a|T|T|a|T]o|FT|o]|F
-
TN o | T ~|~]ow|FT|ojlo|o|~|~|lo|lo|T|o|d|d|ld|d|lo|o|a|T|o|lo|lo|x]|om]|T
[ - oo o o
TV I~ T | ||| T|a|d|o|o|o|a|a|T| vt|lo|m|d|lo|la|st|o| T | s|s||o|a]|T
— o
TN AT o|lo|a|FT|o|lo|d|d|d|o|lo|T | o|lo|o|n|o|lo|lo|s|T|a|w|ow|w0]|o]|F
— ol o — |~
dTlolo|d|~|o|lo|m|~|lo|~|lo|~|ad|d|o|lo|lo|lo|m|o|d|ld|la|a|a|d|a|ad]|o]|o]|<
- — oo o — o
dli~|~|w|d|o|la|lda|la|lo|m|o|d|~|~|d|o|lo|dt|o|d|lo|lo|m|t|o|m|d|o0|o|m|a
alal] - o - o o
dTla|d|lo|lo|lo|lala|lo|~|a|ad|d|ad|lo|~|d|lm|o|lo|jo|o|t|d|lo|t|a|ad|o|a|<]|©
— o o | o
A|lo|lo|lo|la|d|lo|~|m|o|lo|la|o|lo|~|d|s|ad|d|lo|s|A|lo|m|m|lc|o|t|m|o|m]|<
— —
olo|d|d|d|an|o|ld|la|lo|~|lo|~|~|®m|o|lo|lo|lo|dt|o|a|d|lo|a|s|o|lo|d|d]|o]|o
o ol|o o o o
o|lo|c¢ w© | G —lih|ow|w|n]ls o|lws|m|o|lolo|o|m| | o]l i L|lo|lb|= |l | || O
2312121819168 18(9(38|8|6|8|8|0|2 |8 |n|n|lv| S| v GK|8 S8 v 6| v ld|v|o|®
V|| © L2 |00 |90 |« |QO|dN®MIF || O|~|D(0]|Q| T | O (%00 M| N |||~ | O
x x x x x X X X X x x x x x x x x x x x x x x x x x x x x x x x
wlologld|la|o|s|w|lolr|o|lo|lo|ld|la|lw|gs|lv]iolr|o|lo|lo|d|la|lm|s|w]|o|~]|o]|o
N|d|o| ool |e|f|df|f|f| ||| || |b|O|B|o|v|v|w|B|D
— — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —

2

N




— — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —
il S A AR AR ARrul vl il IRl N rul e B Bl Bt Bl Bl Rl Ll B ru Bu B Bl Bl Bl Rl il il U Bl B B B
o
Al Il B B Bl ISR il Bl Bl I NS B I Rl Bl Bl sl Bl Bl B B I B Er Rrl Bl I Bl Bl el Bl Bl B
—
Tl G| Vo | T T T oo | ||| T[] AT AT AT
o
A IR B BT B IS Bl B rul Rl T BRSO Bl BRul Bl Rl Rl Bl Bl e B B B B R i i B B B B A
— — —
Flald|ld|la|a| T s |lo|lojo|F | T || F|F|F|F|F|F | T o|F|T|T| T |o|F|F|TF|T|H
o - o — o
Fla|ls ||| 9| T ||~ ]a|F || ~]|F|F|F|F|F|[F|F|S|F|F|F|FS[F| |||
FJlo|~|~|lo|la|F o ~|lo|a|F|FT|o|F|F|[F|F|[F|F|F|w|F|F|F|F || F|F|F|T|H
— — — o o —
dl~lo|ls|ala|lols|~|~[a| T o|a|F T TS| T o|lo|T|FT|o| T |o|F|F|F|T|T
o« o o -
Adlad|s|d|la|ad|s|om|ow|la|ds| T | d|o|T|T|T|oa|TF ||| FT| T |o|F|a|[F|TF|F|T|T
o — o
olo|d|d|lo|lo|la|lo|la|lda|l~]|F|~|lo|FT|T|T |G|l FT]|o|a|F|T|a|T|o|F|F|F|T|T
- — o | = o o
A~ |o|t|~|la|la|loldg|la|t| |~ T|o|ld|lo|d|lo|ad|la|T|a|la|a|FT]o| ||
— — — o — o —
olo|d|s|d|ad|s || ~~]a|~]|a|a|s|T|d|lold|o|d|lo|o| T |o|lo|o|TF|a|F|T|T
— — o —
g | |d|m|olo|ld|ld|la|lo|o|lo|s|d|~]FT | |mw|lo|adlad|lm|o| T | a|lo|la|F|lo|F|F|T
— o o ol|lo|« o | — o
~lo|ldls |~~~ la|ad|d|lo|~|o|lo|adla|ld|lo|lad|d|o|la|o|a|o|w|lo]|S
— o — o o o o o -
Slo|dla|ld|~|~|~|lo|lda|~|S|lo|o|lo|o|d|lo|d|ld|la|o|la|a|m|d|o|a|o|o|m]|S
— —
t|lo|d|lm|s|o|ld|ld|la|lo|o|d|s|s|v|t|o|m|o|lo|d|m|lo|o|ca|lo|a|d|d|o|o]|«
Ol v c|lo|l=|b|lov|lv|B|-|©|  s|w|o|lo|lo|lo|®|c|©||b|lo|lo|lb|l=|(lc|®|o|O
Sl |a|lo|la|ld|d|laolalo|d|o|o|lo|a|a|8|la|cd|a|lE|lo|lo|lo|ld|dlojlale|ala
QIO D 80| 0| DO |~ |XF |0 NTMIO|IHAIE 0T |02 | |0 |~ (0N |0
X XXX X[ X[ XXX XXX X[ X[ X[ X[ >X|X|X|X|X|%|[X|>X|[>%|%|X|X%|X%|X%|>|X
t|lw|lol~r|lo|lo|lo|ldgla|le|dvs|vw]|lo|r|lo|lo|lolagd|la|lo|s|v]o|r|o|lo|lolag|la|m|s]|w
d|d|d|Sd|d|Ad|d |||l |d|F|T|S|F|T ||| F|T|D|b|w|w|D|w
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N
Al B B Bl B Bl Rl AUl Rl e e Bul BRsl B vl Aol Rl IRl Bl Bl Bl B B Bl Bl B B B B B B A
—
Al IR B Bl IRl Bl Rl ISV Rl B B IOV BRull Bl Rl il Bl B ru BArul BES Bl e i PN I B A - S B o B B
T T T T o | T T | T w|F| T T[T T e T Ao T[T T[T
—
Sl T F e T T T~ ||| T T T o T w|a|F| T | T o T | T |||
—
Tl T a| T A ~|o|T|w|a|w|F ||| T[T o|w|a|o|ad|o| T || T|o|la|FT|FT|w]|F
— o —
Tl T o | V||| T | ad| ||| T[T o[t |w|ad|w|T|o|T|w|s|T|T|o|F
o o | o
TN Vo | T~ F| S| |a|FF| T[T | T a|a|lot|la|s|FT || ||| Tl
- - -
TFlo|lo|ld|d|w|la|ld|vw|vi~|la| T w|~|FT|o|d|d|x|o|d|w|T|w|jlo|lv|a|d|FT|w]|T
— o o — —
TFlom|lo|lo|wv|~|lo|lo|~|[~|o|~| T ~]|lo|F|a|adld|o|d|lw|a| T || |lo|lo|w|FT|o|T
o —
FNMo|ld|lo|~|d|lo|v|mw|o|[(w]|w|FT|a|lv|FT|da|v|o|d|la|ds || T ||| |a|ow|T|o|T
— — — o o -
Alw|a|~|la|~|~|A9|lw|la|o|d|lw]|d|v|~|lo|lo|ld|lvw|v] o|lo|o|la|t|Ia|lt|@|L]|w]|S
o |- o o | — — -
wli~c|adld|~r|la|la|la|w|v|ldla|l~m|~|lom|o|a|lad|d|t|o|d|lw]|d|v|la|v|ia|w]|o|w]|S
— o — o —
~|la|w|la|ld|d|lo|~|a|o|w| o|w|lo|lo|w|vw|w|o|d|lw|o|lo|w|m|w|m|w|o|w|ow]|S
oo o — o
Sdlal~|lw|lu|o|v|la|ldlo|lad|la|v|~|o|~|s|d|o|d|a]|ad|v|v|lIala|lala|w]|w]|w]|L
— — o|lo|o
wlw|ad|~|d|o|~|w|lw|ln|o|o|®m|ow|o|w|lw|lo|d|d|w| ||t |L|A|A|a|s|<]| ]|
— — o — o
S|la|w|la|ld|o|lo|~|la|low|o|lo|d|o|lo|o|vw|w|o|ld|n|o|lo|o|a|w|m|w|o|o|w]|o
o|lo|ln|lw|le|l=|b|lo|lo|lb|l|lc|lc|®|o|/o|g|lo|m|c|l@|=|b]|lo| ||| |2
TN E|RNS (|8 | 3 ||| | ||| || @@ DS | v|@|oa|ld| oo dlob|a|®
O|ID | Q||| 2| F | OO |~O0O|HdIN|M|TO || 0|0 2] c ||~ |0 |0 N
x x x x x X X X X x x x x x x x x x x x x x x x x x x x x x x x
Nlo|gs|lw|lo|~|lo|lo|lo|lag|la|w|s|v]/o|r|o|lo|old|la|o|s|w|o|l~|o|lo|lo|d|lon|m
o|lo|s|ld|d|o|ld|as|d|lc|lo(d|o|d|c|lc|d|d|alalaladlaldlalaladlag|ld|la|la|w
dla|ldla|la|d|la|d Q|| Q||| Q|Q|N|N|VN|dN|N|N|d|N|N|N|N |||

23




List of Symbols, Abbreviations, and Acronyms

3-D three-dimensional

3DWF three-dimensional Wind Field

ABLE Atmospheric Boundary Layer Experiment
ASL above sea level

GUI graphical user interface

HTML HyperText Markup Language

JS JavaScript

KML  Keyhole Markup Language

MC marching cubes
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