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Abstract

Given an enormous static dataset of synthesized travel activity for all individuals in

the United States, we developed a robust data framework through which one can

easily query, manipulate, and analyze any set of trips within the nation. This data

was mapped using tableau software to display the aggregate travel activity for each

state. Then each trip was linked to the United states road network, and the shortest

path for each trip was found using dijkstra’s shortest path algorithm. The result is

an organized MySQL database that contains the location of every individual at every

point in the day.

By analyzing trip generation in the United States, we will display key statistics

in informative graphics. Specifically, given a node network of the entire nation and

trip generation files, we will provide a means to determine the number of vehicles,

people, and the average vehicle occupancy on each link in the network at each time

of the day.
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Chapter 1

Introduction

This thesis aims to visualize data from Wyrough?s thesis, which used stochastic

techniques to generate a set of trip files that model the activity of all Americans

throughout the day, thereby allowing the viewer to immediately gather information

on trip generation and vehicle flow throughout the day. Although the data generated

by our colleague is essential to our project, its form, a set of massive CSV files, which

vary in size and total to around 115 gigabytes, is impossible to e�ciently query or

manipulate. Thus, before any real visualization progress could be made, the data

that drives the visualization had to be restructured and stored in a database that

could be easily queried and manipulated.

Expecting that the data generated by Wyrough will be subject to many forms

of future analysis, ranging from ride-sharing to optimal repositioning of autonomous

vehicles, we decided that it would be of great utility to store and reorganize the data

into a more accessible form. Restructuring Wyrough?s data and storing it on an

online SQL server is not only essential for our project but will allow future students

to skip tedious data processing and move immediately into more fascinating problems.

Firstly, the data generated by Wyrough did not group trips into pixelated sets,

which is instrumental if one aims to e�ciently select trips within a geographic area.

Thus a procedure to pixelate the United States needed to be established. This

methodology provides a means of grouping trips that originate within a set of geo-

graphic coordinates into a distinct collection with a unique pixel id. More information

on the exact procedure of pixilation is provided in chapter ??.

The second step of data reorganization involved creating a set of State tables

in a Grid database that stores all pixels that have centroids within a given state.

Wyrough’s data stores in each row an individual’s travel activity. Since individuals

enter and leave their origin states throughout the day, the trips in a given row needed
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to be broken up according to their origin state. The State tables provide the means to

do this, and thus allow us to transform Hill’s data, which contain information grouped

by the individual, into a set of oTrip tables that house all relevant information about

each trip within each state. More information on the procedure used to generate the

Grid database is provided in section ??.
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Chapter 2

Creating The Pixel Grid

The first step of the visualization required that the United States be broken up into

pixels so that trips could be easily identified and tracked. Our analysis considers

the 48 contiguous states, which together span around 3.8 million square miles. Each

square pixel spans an area of .25 miles, implying that around 12 million pixels are

needed to uniquely map the entire country. The center of the National grid is at 37°N
Latitude, -97.50°W Longitude, placing the grid’s centroid close to the geographic

center of the continental US along the time meridian.

2.1 Pixel Structure and Algorithm Method

The primary motivation for creating a pixelated grid is to establish a simple method

to track, store and retrieve trips within the pixel. Thus each pixel object must contain

a unique id, an (i,j) coordinate, and the latitude and longitude of its four corners and

its centroid.

2.1.1 Geometric Analysis

In order to algorithmically create a pixelated grid, a methodology of mapping latitude

and longitude to (i,j) coordinates was established. Given that along a Meridian each

degree of latitude traverses approximately 69.174 miles and that along a Parallel each

degree of longitude traverses approximately 69.174 · cos(Latitude) one can map any

latitude and longitude coordinate to an (i,j) pixel. To determine the set of (lon, lat)

coordinates within a pixel, the angular height and width of each pixel as calculated.

The Y-height of a pixel is 0.00722814 degrees Latitude and the X-width of a pixel is
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0.00944344 degrees Latitude. Each (i,j) Pixel thus includes all points within:

YHeight = 0.00722814 | CenterLat = 97.5 | CenterLon = 37.0 (2.1)

CenterLat+ Y Height · i
cos(CenterLon+ Y Height · j) Longitude <

CenterLat+ Y Height · (i+ 1)

cos(CenterLon+ Y Height · (j + 1)

(2.2)

CenterLat+ Y Height · j Latitude < CenterLat+ Y Height · (j + 1) (2.3)

The inverse of the equation above was used to map (lon, lat) coordinates to pixel

coordinates and was imperative in constraining our algorithm to the US.

xPixel =i = floor(138.348 · longitude+ CenterLat · cos(latitude)) (2.4)

yPixel =j = floor(138.348 · latitude� CenterLon) (2.5)

Where floor casts the decimal result as an integer, rounded down, and 138.348 is

a correcting constant.

2.1.2 Methodoloy

The southwest and northeast corner of the US provided the initial and final (lon,

lat) coordinates of our grid. The initial point (southwest corner) has a longitude of

-120.5°and a latitude of -63.5°. The final point (northeast corner) has a longitude

of -63.5°and a latitude of 48.9°. Using equation 2.4 and 2.5, the initial and final

(i,j) coordinates corresponding to the corners of the nation were found and used as

starting and breaking conditions during pixel construction. Then, running through

a double for loop indexed by i and j, each (i,j) pair was sent to a Pixel class for

creation and then added to a hashtable. The Pixel class takes an (i,j) coordinate in

its constructor and using the equations in 2.1 determines the longitude and latitude

of its four corners and centroid. Furthermore, in order to prevent collisions within

the hashtable, each pixel creates a unique id by using its (i,j) coordinates as the input

for the Cantor pairing function, which uniquely encodes two natural numbers into

a single natural number. Since the Cantor pairing function only holds for positive
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numbers, i and j are o↵set by the absolute value of the initial (i,j) point.

fij = (1/2)·(i+|(InitialX+InitialY )|+j)·(i+|(InitialX+InitialY )|+j+1)+j+|(InitialY )|
(Cantor Function)

A sketch of the initialization loop is shown below.

for i in range(iStart, iEnd):

for j in range(jStart, jEnd):

Pixel = createPixel(i,j)

Pixels.add(Pixel.key(), Pixel)

2.2 Uploading Data to the SQL Database

Every pixel is added to a SQL database (mySQL). The database is located on a

rackspace cloud platform and is divided into several sections. The pixels are added

to the ”Grid” database, which has a table for each state as well as a table to store

pixels that fall outside of the borders of the united states. In the program, each

state is stored as a polygon object in a kdtree mapped to its centroid. When a new

pixel is created, polygons are returned in order of proximity to the state centroids.

Each polygon is then queried until the polygon which contains the pixel centroid is

found. This polygon is then queried for its state name, which coresponds to the table

to which the pixel is uploaded. The pixels are added with a runtime of about 80

pixels per second per thread, which allows us to create about 640 pixels per second

while multithreading on two quad core computeres with su�cient heap space. The

total creation time for a grid of about 18 million pixels is then about 8hrs. The

table structure is shown in the table 7.1. The table is updated with a java database

connector (JDBC) package.

Table 2.1: SQL Table Structure

ID X Y C Long C Lat BL Long BL Lat BR Long BR Lat TL Long TL Lat TR Long TR Lat
20172271942 2694 848 -70,81 43,13 -70,82 43,13 -70,81 43,13 -70,82 43,14 -70,81 43,14
20172271943 2693 849 -70,82 43,14 -70,83 43,14 -70,82 43,14 -70,82 43,14 -70,81 43,14
20172472799 2698 845 -70,78 43,11 -70,79 43,11 -70,78 43,11 -70,78 43,12 -70,78 43,12
20172472800 2697 846 -70,79 43,12 -70,79 43,12 -70,78 43,12 -70,79 43,12 -70,78 43,12
20172472801 2696 847 -70,80 43,13 -70,80 43,12 -70,79 43,12 -70,80 43,13 -70,79 43,13
20172472802 2695 848 -70,80 43,13 -70,81 43,13 -70,80 43,13 -70,81 43,14 -70,80 43,14

Table 7.1 is an extract from Grid.Maine on our rackspace account.
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Figure 2.1: The grid displayed on our OSM interface in TExas

2.3 Visualizing the Grid

The grid can be visualized through our Open Street Map Java Interface. In figure

2.1 the grid is downloaded from the server and displayed as a layer on top of the map.

When zoomed, the properties of the grid is displayed. The pixels are increasingly

non-square as one moves away from the (0,0) pixel.
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Figure 2.2: The grid displayed on our OSM interface in Texas zoomed in
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Chapter 3

Creating The oTrip Files

3.1 Wyrough’s Data

Each row in Wyrough?s data models the activity of one individual throughout the day

and is identified by a unique Person ID. Each trip represents a node in an individual?s

travel network. There are up to seven nodes in each row.

The first node in the network always has type H, indicating that each individual

begins his travel for the day from home. The other trip types, O and H, signify trips

departing from Other and Work, respectively, where Other denotes all recreational

trips. Each node also stores the type of its predecessor and successor as well as

important geographical data. Wyrough’s model assumes that the last trip of the day

always returns home, and thus the last trip of the day is not explicitly stated within

the data. In order to account for this when programmatically generating the oTrip

tables, all destination information for the last node was taken from the first node in

the row. Since all of Wyrough’s data is not essential for our analysis, the Block Code,

Activity Pattern, County Code and House Hold ID was ignored.

3.2 The Process

A java program that iterates through all lines within a file, extracts the necessary

information from each row, and uploads the data into the correct oTrip SQL table

was created. A second bash script was created that iterates through each State

Directory in Wyrough’s dataset and calls the aforementioned java program for each

file in the directory. Bear in mind that the data restructured by our program is over

100 gigabytes, thus creating the oTrip tables required a large amount of memory and
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incredibly processing speed. So much so that if it were run on a local computer it

would take over a month to finish, given the computer does not crash. The enormity

of the dataset required that we multithread our program on a rackspace server with

more memory and processing power. A further outline of our full-stack programming

setup can be viewed in programming choices.

As outlined in section 7.1 the MySQL database contains a set of State tables

within the Grid database, each of which contains the ids of all pixels that fall within

the state. To increase program simplicity, all of the Grid tables were aggregated using

SQL queries into a two-column global Info table that recorded the pixel id and the

name of the state to which the pixel belongs.

Given variations in the data, the code was constructed to modify its execution

based on the file’s input. For example, if an individual does not take seven trips

throughout the day, not all columns are populated with meaningful data. To compen-

sate, the program, upon detecting illogical input, stops reading data and progresses

to the next trip. Less trivially, some rows contained columns with erroneous latitudes

and longitudes that did not fall within the United States. In some cases, the whole

row contained absurd coordinates, whereas, for others, only a few nodes had nonsen-

sical information. To compensate for the latter case, the program scanned the row

skipping nodes with invalid data until an adequate destination coordinate was found.

The origin node and the destination node were then linked. If the origin location

was the first node in the row and no subsequent nodes had adequate coordinates, the

whole trip was discarded.

A java class, Pixel Generator, was created that takes a file as input. The con-

structor then calls a private function that iterates through each line of the file, parses

the line, and uploads the necessary information to the database. Each line, referred

hereafter as an individual’s travel network, was split into an array of strings. The

person id given by Wyrough’s data was stored for future use. If the first node in the

network had an erroneous latitude or longitude coordinate, the trip was discarded and

the program proceeded to the next line of the file. The code then iterated through

each node in the travel network using an index variable to reference the correct po-

sition within the travel network array. Additionally, a trip-number variable, TN, was

created to keep track of how many trips the individual actually takes. In order to

ensure that the program terminates at the end of an individual’s trip network, and

thus does not reference an erroneous cell, the code checks whether the current node

type or the successor’s node type is N or NA, breaking out of the loop if the condition

is true. In order to query the database, a unique trip id was created for each node
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in the row by dividing the trip number by ten and adding the result to the person id

variable.

The equations detailed in ?? were used to convert the geographic coordinates

(Lat, Long) of the origin and destination nodes to pixelated coordinates (x,y). Using

the cantor pairing function, the pixel coordinates were mapped to distinct pixel ids

that could be used to query the Global Info table for the correct oTrip table. After

fetching the state name from the global table, the trip information was uploaded to

the correct oTrip table. If the pixel falls between a state, or is mapped to a location

in the ocean, the Trip is put into the NoState table, which harbors all outliers. The

table schema is displayed below.

3.3 Utility of oTrip Files

With the data in the oTrip tables, one can access, manipulate, and analyze Wyrough’s

data across a variety of platforms ranging from web applications to desktop visualiza-

tion software. The trips, though now categorized by geographic origin, still retain the

original data, that is, each trip can still be mapped to a person’s travel network. The

new structure, however, distances the client from the massive data files and allows

for subsets of trips to be quickly selected. With this flexibility, one can distill key

statistics, such as average trip distance or the most active pixel, with much greater

e�ciency. Furthermore, the uniformity of structure within the oTrip tables greatly

enhances the developer’s ability to create informative and flexible graphics, ranging

from heat maps of trip generation to cumulative distributions of trip distances by

pixel, super-pixel, or state. Moreover, each of these graphs can be customized by

time of day. The most di�cult visualization task is to link the oTrip data to a road

network to visualize tra�c flow. In order accomplish this goal, one needs a method of

mapping latitude and longitude (or, better yet, pixels) to a node on the network and

an algorithm to calculate the shortest path on the network to the destination pixel.

10



Chapter 4

Creating The Network

4.1 Data Source

A dataset containing a network of the United States road system was provided by

Mike Bodden, the Vice President of Technology at ALK Technologies Inc. The dataset

consisted of two files. One file contained a list of node latitude and longitude coordi-

nates separated by spaces. The total number of nodes in the network is 497,712. The

second file, the link file, contained six space-delimited fields: Node A number, Node

B number, the distance of the link, the link speed limit, the link direction, and the

link name. The total number of links in the network is 1,058,557.

4.2 Cleaning The Data

In order to convert the raw data into a usable csv file, two python script were created

to clean the files. The node file did not contain decimal points in either the latitude or

longitude fields. Thus one script, nodeclean.py, added decimal points, node numbers,

and commas to the data file. For the link file, each line that contained Skip had to

be ignored and all of fields had to be comma delimited. Since not all of the rows

contained entries for all the fields and MySql tables cannot be of variable column

length, the program, linkclean.py, had to ensure that all empty fields were replaced

by comma separated empty strings. A python script later, and the link file was now

in a usable form. Uploading the two groomed files to the Global database, the data

for the US Travel network was now in place.
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4.3 Assigning Entry Nodes

To route all oTrip files onto the network, it was necessary to assign an entry node for

each pixel. To do this, every node in the network was first put in a 2d-tree, which

stores the nodes as key value pairs, where the key is the geographical location of the

node and the value is the node id number. The algorithm used for this process is

found in appendix B.1.3. Once every node was stored in the 2d-tree, the algorithm

runs through each state table in the oTrip database1 and runs the following SQL

query though the JDBC connector:

SELECT oTrip.State.oPixel, Grid.State.C_Long, Grid.State.C_Lat

FROM oTrip.State

LEFT JOIN Grid.State ON oTrip.State.oPixel = Grid.State.ID

GROUP BY oPixel

This query finds all oPixels being used in the current state for the purposes of

reducing the running time of the entry node algorithm. Once the algorithm knows all

unique pixels being used, it finds the closest node to the pixel by utilizing the kd-tree

method nearest. The nearest method runs through the kd tree in a red black BST

fashion2, reducing the query area by half for every iteration. The kd tree algorithm

used in this model can be found in appendix B.1.5. After the nearest node for a

pixel is found, it is stored in the database Global under in table EntryNodes3, where

geographical location of both the pixel and its corresponding entry node is stored.

The algorithm can be simplified as shown below.

for node n in Nodes:

put node location, id in kd-Tree

end

for state s in States:

Find all unique pixels P in s

for p in P:

store kd-Tree.nearest(p) in Global.EntryNodes

store associated data in Global.EntryNodes

end

end

1See chapter 7.1 for an overview of the database structure
2The red black BST is a famous data structure developed at Princeton University (?)
3See chapter 7.1 for an overview of the database structure
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4.4 Weighting The Links

Because the Dijkstra’s algorithm used in chapter 5 is run as a weight minimization,

every link in the network had to be stored with a weight. The two most regularly used

weight parameters used for Dijkstra’s are time and distance. In the model developed

in this thesis, time is used to weigh the links. To calculate the expected travel time

for a link, the speed limit of the link in mph is simply divided by the length of the

link un miles, and then multiplied by 3600 to get the expected travel time for a link

in seconds.

E[T ime(link)] =
Distance(link)

Speed(link)
3600 (4.1)

In the network used in this model, there are eight speed limits, which are classified

with the road type parameters 1 through 8. The classifications used for the speed

limit ⌦ given road type ✓ are shown in equation 4.2. The road types are the following:

1. Interstate

2. Special Interstate

3. Divided Highway

4. Arterial highways

5. Ramp

6. Slow local road

7. Good local road

8. Other

⌦ =

8
>>>>>>>>>>>>>>>>>><

>>>>>>>>>>>>>>>>>>:

65, if ✓ = 1

65, if ✓ = 2

55, if ✓ = 3

40, if ✓ = 4

5, if ✓ = 5

30, if ✓ = 6

35, if ✓ = 7

20, if ✓ = 8

(4.2)
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Chapter 5

Creating The Path Files

In essence the path database records the location of every individual in the United

States throughout the day. In e↵ect, it holds the data to draw any set of trips on the

network. From it one can determine the number of miles traveled along each segment

of a trip, record the arrival time at each node of a trip, plot an individual’s travel

activity throughout the day, and even determine the number of trips on a given link

in a period of time. The path files contain information on what exact roads in the

network are used for each trip, as well as the corresponding entry and arrival times for

each link. The potential utility of such a dataset is huge, as it contains information

that can be used for road planning, flow simulation, autonomous taxi positioning,

tra�c control and a number of other applications. Note: the arrival times at each

node are calculated using network data and are not dependent on the data generated

by Wyrough 3.

5.1 Creating The Framework

The framework used to create the path files is developed as a result of the available

data (chapter 3), the underlying network (chapter 4), as well as available hardware

and our programming choices (chapter 7). The framework was designed to run e�-

ciently on a 8vCPU, 30GB RAM, 1.2TB SD HD Ubuntu server through a java virtual

machine.

Java was chosen as a programming platform as it allows for an e�cient integration

of all the platforms that contains the necessary data. In order to create path files, it

was necessary to build a program that could combine data resources such as MySQL

and XML through fast and memory e�cient data structures and algorithms.

The top level java program created by the authors, PathFinder.java combines all

14



Figure 5.1: PathFinder Framework

of the above resources through a object oriented java interface, open source database

drivers, Princeton University java libraries and proprietary data structures imple-

mented by the authors. The top level java file and all its dependencies can be found

in appendix B. The framework is shown in figure 5.1.

5.1.1 Path Finder

The PathFinder program was designed to run as a multithreaded process, and there-

fore takes as input a from and to node ID.The multithreading process is explained in

section 5.3. PathFinder then opens a JDBC connection to the Global database and

fetches all the unique pixels that have trip originations as well as their associated en-

try nodes. This information is fetched from the EntryNodes table1. Once Pathfinder

1The algorithms used to find the entry nodes are explained in section 4.3
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has fetched all the unique oPixels and their entry nodes, the program sorts the pixels

by node, then pixel. The fetching, multi-thread division and sorting is done server

side through MySQL, and so this process does not consume memory or CPU time

allocated to the forked java process. The query sent to to MySQL server is shown

below.

SELECT Pixel, EntryNode

FROM EntryNodes

WHERE (EntryNode > ’from’ AND EntryNode < ’to’)

ORDER BY EntryNode, Pixel

Once PathFinder has fetched the necessary oPixel and EntryNode data from the

database the program creates a LinkObject. The LinkObject implementation is ex-

plained in section 5.2.1 and the code can be found in appendix B.1.3. PathFinder then

proceeds to create a new Dijkstra object by fetching all the links within a 250x250

mile square surrounding the source node. The distance calculation is made by moving

250 miles along Earth’s surface in the SW and NE direction, and creating a square

with the corresponding xmin, xmax, ymin and ymax values. The distance calculation

formula used in in Pathfinder.java is shown in equation 5.12

�2 = asin[sin(�1) · cos(%) + cos(�1) · sin(%) · cos✓

�2 = �1 + atan2(sin(✓) · sin(%), cos(%)� sin(�1) · sin(�2))

� : Latitude

� : Longitude

✓ : Bearing clockwise from north

% : Angular distance
d

R
d : Distance traveled = 250 miles

R : Radius of the earth = 3963 miles (5.1)

With the calculated boundary surrounding the source node, PathFinder retrieves

an iterable of DirectedEdges from LinkObject.java, which in turn keeps track of the

data structures containing the geographically sorted key, value pairs of edges in the

network. PathFinder then passes the source node and its associated iterable of Di-

rectedEdges to LinkDij, which returns to PathFinder a DijkstraSP object. The result

2Source: http://www.movable-type.co.uk/scripts/latlong.html
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of this process is that the PathFinder only in total fetches as many Dijkstra Ob-

jects as there are unique entry nodes, resulting in the most memory e�cient and

the fastest possible runtime given the size of the underlying dataset. The execution

sequence described above was developed as a result of runtime analysis of di↵erent

implementations PathFinder’s order of execution, which showed that the most time

and memory consuming part of the execution was related to creating new DijkstraSP

objects. The pseudo code related to this execution phase can be simplified as below:

connect to oTrip

get all trips T

for (trip t in T)

if(entry node trip[t] != entry node trip[t-1])

toss old DijkstraSP

fetch new DijkstraSP

else

reuse prev DijkstraSP

get path L to dest node

for(link l in L)

store trip segment in Path.State

5.2 Dependencies

5.2.1 LinkObject

When initiated, LinkObject connects to Global.Links3 and stores them in a KdTreeST

data structure, with the geographical location of the aNode of the link as the key,

and a bag og all links starting at node A as the value. This allows the LinkObject

to fetch DirectedEdges within geographical boundaries in O(log n) time, maximizing

the e�ciency of the searching part of the DijkstraSP initiation process, as well as

reducing the memory footprint and runtime of the DijkstraSP object it provides data

for. part of the execution was related to creating new DijkstraSP objects.

LinkObject also acts as a gatekeeper for NodeObject.java, and uses the data

contained in NodeObject to get information on the nodes associated with its links. If

PathFinder queries LinkObject for node information, LinkObject returns data from

3See chapter 7.1 for an overview of the database structure
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its associated NodeObject. This execution sequence was implemented to reduce the

total memory footprint of PathFinder, by using one NodeObject instead of two.

LinkObject contains a series of public methods to allow PathFinder to access its

private data structures.The pseudo code related to LinkObjects initiation sequence

can be simplified as below:

create empty KdTreeST tree

create new NodeObject

connect to Global.Link

get all links L

for (link l in L)

if(l.aNode already exists in tree)

fetch bag B linked to key

put link in B

tree.put(l.aNode, B)

else

create new bag B

put link in B

tree.put(l.aNode, B)

5.2.2 NodeObject

When initiated, NodeObject connects to Global.Nodes4 and and stores them in a

KdTreeST data structure, with the geographical location of the node as the key,

and its integer id as value. NodeObject contains a series of public methods to al-

low LinkObject to to access its private data structures.The pseudo code related to

LinkObjects initiation sequence can be simplified as below:

create empty KdTreeST tree

connect to Global.Node

get all nodes N

for (node n in N)

tree.put(node, node.ID)

4See chapter 7.1 for an overview of the database structure
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Figure 5.2: KdTreeST graphical representation

5.2.3 KdTreeST

The KdTreeST data structure used in this model is based on the KdTreeST imple-

mentation made by the authors in COS 2265

The implementation stores data in key value pairs, where the key is a point with

x coordinate equal to a longitude and a y coordinate equal to a latitude. To search

trough the data structure, the tree compares a query point with the x coordinate of

the root node. The tree then alternates between comparing the query node with the

y and x coordinates of the root of the subtree returned.

The result is that for each comparison, the tree becomes on average half as big. A

graphical representation of the KdTreeST implementation used in this framework is

shown in figure 5.2. The KdTree data structure is used in the PathFinder framework

to store both links and nodes by their location.

5.3 Multi Threading

As the execution sequence of PathFinder is sorted by entry node, its multithreading

is also constrained by node numbers. When PathFinder is executed server side, it is

forked by every 24000 entry nodes. The result of this is 20 parallel process running on

its own oTrip datasets containing as many trips as the node sequence it was assigned

holds. (Each entry node is mapped to multiple oPixels.

5COS 226 is a class on Algorithms and Data Structures at Princeton University
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The multi threading capabilities of were developed to allow maximum usage of

the 8vCPU, 30GB RAM, 1.2TB SD HD Ubuntu server.

5.4 PathFinder Output

Pathfinder writes its output to the MySQL database Path, which is partitioned by

state. The format of the output is shown in chapter 7.1.2, 27.

The columns in the Path tables are the following:

• ID

• PersonID

• Segment

• aNode

• bNode

• LinkID

• LinkName

• oPixel

• dPixel

• dTime

• aTime

• oType

• dType

• a Lat

• a Long

• b Lat

• b Long

• aNode Time

• bNode Time

The output deviates very little from trusted shortest path algorithms such as

Google maps. In addition, the travel times on each link are correspond to expected

travel times both in terms of distance, and roadtype.
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Chapter 6

Visualizing The Data

6.1 WebGL Globe Application

WebGL is javascript framework to create interactive 3D maps. Using WebGL, Trip

Generation Intensity was drawn as vertical bars on a 3D globe. The web-application is

hosted at: http://162.209.99.128/globe/. Make sure to allow the page to load before

hovering over each time segment (Chrome is recommended for WebGL applications).

WebGL is built upon a larger javascript framework called three.js. The general

recipe for creating a three dimensional globe is to create a series of three dimensional

meshes, style them with custom shading, add them to a three.js scene object, assign

a camera object to each scene, and use WebGL’s rendering platform to take care

of the visualization. The camera object essentially controls the user’s view of the

scene objects, thus giving them their three dimensional feel. Once the object class

is created, the client simply instantiates the class and adds points to the globe via a

JSON file that details the latitude, longitude, and magnitude of each point. Finally,

the client animates the globe, which renders it on the screen. The globe object class,

the html file, and the JSON file can be found in the appendix under globe.js and

index.html.

6.1.1 Creating The Data

In order to supply the data for the globe, a java program CreateJson.java was created

that iterates through each state in the oTrip table, fetches all pixels that have trips

within a given time period, sums the number of trips within each pixel, divides the sum

by a constant to create the magnitude, and, for each pixel, prints out the coordinates

and the magnitude in the proper format.
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Given the enormity of the dataset, pixels were aggregated into 50x50 hyper-pixels

and the time increment was expanded to three hours. The initial goal was to provide

smaller increments of time for the visualization; however, if the time increments or

the hyper-pixels were any smaller the web-application experienced functionality loss

due to latency caused by the size of the dataset.

6.1.2 Data Aggregation

After querying the database for all trips within a state and ordering by the (X,Y)
coordinates, the programs enters a while loop that iterates through all rows of the
result set, summing the trip magnitudes for all the pixels within the hyperpixel. An
integer counter keeps track of the number of pixels iterated through and resets the
magnitude to zero every time a hyperpixel is finished. The counter is initialized
to one in order to prevent infinite values for the corner case where the result set
is empty. The centroid of the hyper-pixel was used for the latitude and longitude
data. The most di�cult aspect of the program was catching all of the corner cases
and formatting the print statements correctly. This, however, is not of tremendously
interesting, and so the reader is left to peruse the code at the appendix.

Pseudo-Code:

for(t=0;t<=24;t= t+3)

for( state: XML.getallStates())

counter = 1

resultSet = SQL.query(?Query?)

while (resultSet.next())

if (j < 2501)

magnitude = magnitude + resultSet.get(index)

*Catch Corner Case 1:

end of Result Set and end of all states, print

Catch Corner Case 2:

End of Result Set Corner case, print

else

*Case 1: the last state in the while loop and last value in the resultSet, calculate centroid, print

*else: Calculate centroid, print,

magnitude = 0;

*get next row of result set, increment j;

magnitude = resultSet.get(index);

j = 2;

6.1.3 Discussion and Results

The most active region by far is the northeast, and the most active time period

appears to be from 6:00-9:00 p.m. One also may notice that California seems rather

sparsely populated. The reason for this is that Wyrough’s data in fact did not include

any files for California. The trips that are within California had their first trip of the

day in another state.
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Figure 6.1: WebGL Animation

6.1.4 Pictures

6.2 Tableau Visualization

The initial aim was to create a javascript application similar to what Mr. Fongaard

created for New Jersey last spring. However, given the size of the dataset, rendering

it on a browser appeared impossible. In order for Mr. Fongaard to draw the trips on a

google map interface, the data for each possible combination of origin and destination

pixel had to be hashed to a database. Each county’s hash combination required 2.2

megabytes of space, with all possible hash combinations for the county requiring

around 9 gigabytes of data. Given that the nation contains around 3000 counties and

over ten times as many hash combinations, the data would need to be stored on a

27 terabyte server with lightning network speed. Given the processing constraints, it

proved more realistic to process the data on Tableau Desktop, a data processing and

visualization platform, and then publish the finish work sheets to a Tableau Server
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that can be accessed by user ID and password.

Before displaying the visualizations, it is important to note some filtering tech-

niques used in order to eliminate errors in Wyrough’s data. A fraction of the trips’

departure times and/or arrivals times were negative values or values well above 86,400

(the number of seconds in a day). Given that no times should fall outside this range,

the data was filtered to remove these values. Although the error is troubling, the

majority of the trips generated by Wyrough fall within a valid time range and thus

removing these trips from our visualization does not drastically impact the results.
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Chapter 7

Programming Choices

The sheer size of the data our programs have process required that we think strategi-

cally and long term when we set up our software stack. In order to lay the groundwork

for future work and eliminate the use of hefty csv files, it was essential that the data

and the programs we created were stored and ran on a remote server. We chose to

use a rackspace Ubuntu Server since it has a linux operating system and allows for

easy installations of crucial packages, such as apache tomcat, java, jclouds, MySql,

and Apache 2. Apache Tomcat is a collection of apache services, such as the Apache

2 webserver and the Jasper JSP package, that give the server a robust library of soft-

ware to build upon. Apache 2, for example, allows us to host the WebGL application,

and jclouds allows us to run code on the cloud. Furthermore, one is able to take an

image of an Ubuntu server and rebuild it on an upgraded version. This proved crucial

since it allowed us to upgrade our server when we encountered speed and memory

issues throughout our research.

Our initial server had a 1 CPU core, 1GB of ram, a 20GB system disk, and

network speed of 200 Megabits per second. Since the data we are working with is

well over 200GB, we loaded a storage volume of 300GB to MySql on the server,

so that when MySQL queries the server for storage, the server allocates the extra

300GB disk storage for its task. However, when we set out to create the oTrip files,

we realized that we severely underestimated the processing intensity of the task. With

the basic server setup, it would have take over a month to only create the oTrip files!

After running a series of test we observed that our bottleneck occurred between the

attached storage volume and the server: the I/O capabilities between the server and

the attached volume just did not cut it.

To fix the issue we upgraded our server to have 8 CPU cores, 30GB of ram, 1.2

terabytes of system disk, and a network speed of 1.2 Gigabits per second. With the
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upgraded server, we were able to move the MySQL database onto the system disk

and thus house all data on the server. After the reconfiguration, the oTrip data was

process in a matter of days, rather than weeks. Nevertheless, the enormity of the

data proves to be an issue every step of the way, since the result sets of queries are

often millions of rows long!

7.1 Databases

7.1.1 Global

EntryNodes

The aim of the EntryNodes table is to provide a convenient mechanism to link a trip

to a node on the network. Since each trip is mapped to a .5x.5 miles pixel, the Pixel

ID of a trip (given in the oTrip table) provides the perfect primary key to link trips

to entry-nodes. One can then easily fetch all pixels corresponding to an entry-node,

get all the trips corresponding to those pixels, retrieve the destination pixels of those

trips, retrieve the exit nodes from the destination pixels, and run a shortest path

algorithm along the network. The latitude and longitude of both the entry-node and

the centroid of the pixel are included so that one can analyze the distribution of how

far entry-nodes are from the pixel that generated the trip.

Table 7.1: EntryNodes Table Structure

Pixel EntryNode Pixel C Lat Pixel C Long Node Lat Node Long
18889363902 25178 34.474 -120.291 34.486 -120.228
18889947034 24028 34.654 -120.534 34.655 -120.537
18890141398 24557 34.604 -120.450 34.629 -120.433
18890918897 24315 34.640 -120.469 34.639 -120.476
18891113273 24389 34.640 -120.460 34.639 -120.458
18891113274 24315 34.647 -120.471 34.639 -120.476
18891307650 24437 34.640 -120.451 34.639 -120.449
18891307655 24218 34.676 -120.505 34.678 -120.497
18891502025 24557 34.618 -120.410 34.629 -120.433
18891502028 24455 34.640 -120.442 34.639 -120.445
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Info

The Info table is primarily a helper table that maps the Primary Key, Pixel ID, to

a state name so that one can easily determine the state a pixel is in. This table was

useful in the creation of the oTrip tables, for it allowed us to determine which oTrip

table to insert each trip into.

Nodes

The Node table is instrumental in creating the Path Database since it maps nodes to

geographic coordinates. Its primary key is a Node Number.

Links

The Link table creates the edges of the network on which dijkstra runs, and thus is

instrumental in visualizing trip flow. Node A and Node B provide references to the

Node table so that one can determine the geographic coordinates of the edges of a

Link. In addition, each Link has a distance that is used along with the RoadType to

weight edges in the network.

7.1.3 Grid

The Grid database has 51 tables, the 50 states and an additional NoState. Each

table holds information about the pixels within it, including the ID, the (X,Y) grid

coordinates, and the latitude and longitude of all four of its corners and its centroid.

The grid tables were used to create the Info table in the Global Database.

7.1.4 oTrip

The oTrip database has 51 tables, the 50 states and an additional NoState. Each

row corresponds to a trip with a primary key, ID, that is a combination of the trip

number (Trip) and the PersonID. Various statistics acquired from Wyrough’s data,

such as the departure and arrival time, are contained within each row.

7.1.5 Database Statistics
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Database'Name Rows Size'(Gigabytes)
oTrip&(Total) 802,791,150.00&&&&&&&&&&&&&&&&&&&&& 114.30&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Global&(Total) 24,110,172.00&&&&&&&&&&&&&&&&&&&&&&&& 1.20&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Grid&(Total) 19,996,641.00&&&&&&&&&&&&&&&&&&&&&&&& 4.30&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Path&(Partially&Completed) 1,460,816,371.00&&&&&&&&&&&&&&&&&& 509.20&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Total'Size 2,307,714,334.00'''''''''''''''''' 629.00''''''''''''''''''''''''''''

Table'Names Rows Size'(Megabytes)
EntryNodes 2,093,296.00&&&&&&&&&&&&&&&&&&&&&&&&&& 322.96&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Info 20,484,110.00&&&&&&&&&&&&&&&&&&&&&&&& 765.46&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Links 1,034,662.00&&&&&&&&&&&&&&&&&&&&&&&&&& 80.35&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Nodes 498,104.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 21.54&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Global'(Total) 24,110,172.00''''''''''''''''''''''' 1,190.31''''''''''''''''''''''''

Table'Names Rows Size'(Megabytes)
Alabama 282,629.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 47.79&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Alaska J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Arizona 204,225.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 95.08&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Arkansas 236,707.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 48.86&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
California 781,281.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 136.02&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Colorado 331,319.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 88.75&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Connecticut 24,711.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 4.73&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Delaware 10,756.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 2.64&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Florida 306,021.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 70.91&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Georgia 261,903.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 50.95&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Hawaii J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J
Idaho 269,160.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 71.94&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Illinois 126,502.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 50.95&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Indiana 165,772.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 36.24&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Iowa 151,554.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 48.86&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Kansas 301,820.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 74.06&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Kentucky 216,524.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 42.57&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Louisiana 242,941.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 52.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Maine 170,444.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 34.14&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Maryland 39,060.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 12.08&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Massachusetts 44,942.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 12.08&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Michigan 340,057.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 75.10&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Minnesota 372,145.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 76.17&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Mississippi 278,277.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 45.71&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
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Missouri 298,977.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 60.41&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Montana 666,771.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 122.36&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Nebraska 417,702.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 68.81&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Nevada 497,821.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 90.87&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
New_Hampshire 37,577.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 9.98&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
New_Jersey 38,859.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 8.93&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
New_Mexico 551,799.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 102.40&&&&&&&&&&&&&&&&&&&&&&&&&&&&
New_York 150,590.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 49.92&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
NoState 7,113,569.00&&&&&&&&&&&&&&&&&&&&&&&&&& 1,596.98&&&&&&&&&&&&&&&&&&&&&&&&
North_Carolina 184,072.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 52.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
North_Dakota 297,852.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 63.55&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Ohio 145,350.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 43.60&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Oklahoma 360,483.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 62.50&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Oregon 443,004.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 89.80&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Pennsylvania 143,145.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 43.60&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Pixels J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J
Rhode_Island 6,070.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 1.59&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
South_Carolina 186,996.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 29.95&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
South_Dakota 367,545.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 68.81&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Tennessee 179,799.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 43.61&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Texas 1,296,414.00&&&&&&&&&&&&&&&&&&&&&&&&&& 201.13&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Utah 281,853.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 74.04&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Vermont 42,062.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 9.98&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Virginia 141,875.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 42.55&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Washington 250,107.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 66.73&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
West_Virginia 82,482.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 28.90&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Wisconsin 232,713.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 58.31&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Wyoming 422,404.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 84.56&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Grid(Total) 19,996,641.00''''''''''''''''''''''' 4,353.51''''''''''''''''''''''''

TableName Rows Size(Megabytes)
Alabama J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Alaska J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Arizona 265,019,445.00&&&&&&&&&&&&&&&&&&&&& 91,908.73&&&&&&&&&&&&&&&&&&&&&&
Arkansas J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 0.02&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
California 1,019,777.00&&&&&&&&&&&&&&&&&&&&&&&&&& 398.46&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Colorado 215,967,031.00&&&&&&&&&&&&&&&&&&&&& 68,704.80&&&&&&&&&&&&&&&&&&&&&&
Connecticut J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Delaware J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Florida J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Georgia J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&

Path&Database



Hawaii J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Idaho 35,666,970.00&&&&&&&&&&&&&&&&&&&&&&&& 20,285.75&&&&&&&&&&&&&&&&&&&&&&
Illinois J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Indiana J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Iowa 7,577,719.00&&&&&&&&&&&&&&&&&&&&&&&&&& 2,210.40&&&&&&&&&&&&&&&&&&&&&&&&
Kansas 16,269,804.00&&&&&&&&&&&&&&&&&&&&&&&& 6,902.78&&&&&&&&&&&&&&&&&&&&&&&&
Kentucky J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Louisiana J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Maine J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Maryland J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Massachusetts J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Michigan J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Minnesota 9,529,535.00&&&&&&&&&&&&&&&&&&&&&&&&&& 2,660.24&&&&&&&&&&&&&&&&&&&&&&&&
Mississippi J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 0.02&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Missouri J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 0.02&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Montana 12,250,933.00&&&&&&&&&&&&&&&&&&&&&&&& 4,173.33&&&&&&&&&&&&&&&&&&&&&&&&
Nebraska 34,126,904.00&&&&&&&&&&&&&&&&&&&&&&&& 11,647.58&&&&&&&&&&&&&&&&&&&&&&
Nevada 207,533,962.00&&&&&&&&&&&&&&&&&&&&& 76,004.98&&&&&&&&&&&&&&&&&&&&&&
New_Hampshire J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
New_Jersey J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
New_Mexico 54,557,687.00&&&&&&&&&&&&&&&&&&&&&&&& 31,387.03&&&&&&&&&&&&&&&&&&&&&&
New_York J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
NoState J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
North_Carolina J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
North_Dakota 9,187,509.00&&&&&&&&&&&&&&&&&&&&&&&&&& 3,449.82&&&&&&&&&&&&&&&&&&&&&&&&
Ohio J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Oklahoma 133,342,779.00&&&&&&&&&&&&&&&&&&&&& 37,921.75&&&&&&&&&&&&&&&&&&&&&&
Oregon 184,334,977.00&&&&&&&&&&&&&&&&&&&&& 71,336.72&&&&&&&&&&&&&&&&&&&&&&
Pennsylvania J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Rhode_Island J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
South_Carolina J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
South_Dakota 695,765.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 204.39&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Tennessee J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Texas 2,058,913.00&&&&&&&&&&&&&&&&&&&&&&&&&& 443.55&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Utah 13,520,688.00&&&&&&&&&&&&&&&&&&&&&&&& 4,204.79&&&&&&&&&&&&&&&&&&&&&&&&
Vermont J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Virginia J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Washington 251,448,904.00&&&&&&&&&&&&&&&&&&&&& 73,030.17&&&&&&&&&&&&&&&&&&&&&&
West_Virginia J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Wisconsin J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Wyoming 6,707,069.00&&&&&&&&&&&&&&&&&&&&&&&&&& 2,337.28&&&&&&&&&&&&&&&&&&&&&&&&
Path(Total) 1,460,816,371.00'''''''''''''''''' 509,212.59''''''''''''''''''''



Table'Name Rows Size'(Megabytes)
Alabama 14,045,217.00&&&&&&&&&&&&&&&&&&&&&&&& 2,000.68&&&&&&&&&&&&&&&&&&&&&&&&
Alaska J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 0.02&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Arizona 20,818,459.00&&&&&&&&&&&&&&&&&&&&&&&& 2,975.86&&&&&&&&&&&&&&&&&&&&&&&&
Arkansas 9,525,233.00&&&&&&&&&&&&&&&&&&&&&&&&&& 1,351.61&&&&&&&&&&&&&&&&&&&&&&&&
California 86,030.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 14.20&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Colorado 16,836,945.00&&&&&&&&&&&&&&&&&&&&&&&& 2,386.56&&&&&&&&&&&&&&&&&&&&&&&&
Connecticut 11,848,444.00&&&&&&&&&&&&&&&&&&&&&&&& 1,691.35&&&&&&&&&&&&&&&&&&&&&&&&
Delaware 3,112,024.00&&&&&&&&&&&&&&&&&&&&&&&&&& 447.74&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Florida 61,125,049.00&&&&&&&&&&&&&&&&&&&&&&&& 8,646.56&&&&&&&&&&&&&&&&&&&&&&&&
Georgia 32,077,939.00&&&&&&&&&&&&&&&&&&&&&&&& 4,560.26&&&&&&&&&&&&&&&&&&&&&&&&
Hawaii J&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 0.02&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Idaho 5,148,099.00&&&&&&&&&&&&&&&&&&&&&&&&&& 737.15&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Illinois 43,362,024.00&&&&&&&&&&&&&&&&&&&&&&&& 6,189.74&&&&&&&&&&&&&&&&&&&&&&&&
Indiana 21,112,514.00&&&&&&&&&&&&&&&&&&&&&&&& 3,015.70&&&&&&&&&&&&&&&&&&&&&&&&
Iowa 9,837,914.00&&&&&&&&&&&&&&&&&&&&&&&&&& 1,407.19&&&&&&&&&&&&&&&&&&&&&&&&
Kansas 9,290,284.00&&&&&&&&&&&&&&&&&&&&&&&&&& 1,328.55&&&&&&&&&&&&&&&&&&&&&&&&
Kentucky 14,627,779.00&&&&&&&&&&&&&&&&&&&&&&&& 2,089.81&&&&&&&&&&&&&&&&&&&&&&&&
Louisiana 14,813,619.00&&&&&&&&&&&&&&&&&&&&&&&& 2,117.07&&&&&&&&&&&&&&&&&&&&&&&&
Maine 4,351,043.00&&&&&&&&&&&&&&&&&&&&&&&&&& 623.90&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Maryland 21,637,637.00&&&&&&&&&&&&&&&&&&&&&&&& 3,089.10&&&&&&&&&&&&&&&&&&&&&&&&
Massachusetts 21,880,781.00&&&&&&&&&&&&&&&&&&&&&&&& 3,121.61&&&&&&&&&&&&&&&&&&&&&&&&
Michigan 32,677,252.00&&&&&&&&&&&&&&&&&&&&&&&& 4,642.05&&&&&&&&&&&&&&&&&&&&&&&&
Minnesota 17,909,713.00&&&&&&&&&&&&&&&&&&&&&&&& 2,536.51&&&&&&&&&&&&&&&&&&&&&&&&
Mississippi 9,635,085.00&&&&&&&&&&&&&&&&&&&&&&&&&& 1,367.34&&&&&&&&&&&&&&&&&&&&&&&&
Missouri 19,332,453.00&&&&&&&&&&&&&&&&&&&&&&&& 2,737.83&&&&&&&&&&&&&&&&&&&&&&&&
Montana 3,248,241.00&&&&&&&&&&&&&&&&&&&&&&&&&& 462.42&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Nebraska 6,044,073.00&&&&&&&&&&&&&&&&&&&&&&&&&& 858.78&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Nevada 9,094,061.00&&&&&&&&&&&&&&&&&&&&&&&&&& 1,289.75&&&&&&&&&&&&&&&&&&&&&&&&
New_Hampshire 4,346,827.00&&&&&&&&&&&&&&&&&&&&&&&&&& 618.66&&&&&&&&&&&&&&&&&&&&&&&&&&&&
New_Jersey 29,036,593.00&&&&&&&&&&&&&&&&&&&&&&&& 4,127.20&&&&&&&&&&&&&&&&&&&&&&&&
New_Mexico 6,731,764.00&&&&&&&&&&&&&&&&&&&&&&&&&& 963.64&&&&&&&&&&&&&&&&&&&&&&&&&&&&
New_York 64,470,849.00&&&&&&&&&&&&&&&&&&&&&&&& 9,200.21&&&&&&&&&&&&&&&&&&&&&&&&
NoState 558,642.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 80.41&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
North_Carolina 31,706,429.00&&&&&&&&&&&&&&&&&&&&&&&& 4,524.61&&&&&&&&&&&&&&&&&&&&&&&&
North_Dakota 2,051,494.00&&&&&&&&&&&&&&&&&&&&&&&&&& 294.55&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Ohio 38,091,689.00&&&&&&&&&&&&&&&&&&&&&&&& 5,436.87&&&&&&&&&&&&&&&&&&&&&&&&
Oklahoma 12,183,914.00&&&&&&&&&&&&&&&&&&&&&&&& 1,739.59&&&&&&&&&&&&&&&&&&&&&&&&
Oregon 11,937,814.00&&&&&&&&&&&&&&&&&&&&&&&& 1,703.94&&&&&&&&&&&&&&&&&&&&&&&&
Pennsylvania 41,575,384.00&&&&&&&&&&&&&&&&&&&&&&&& 5,932.84&&&&&&&&&&&&&&&&&&&&&&&&
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Rhode_Island 3,618,484.00&&&&&&&&&&&&&&&&&&&&&&&&&& 519.05&&&&&&&&&&&&&&&&&&&&&&&&&&&&
South_Carolina 15,475,801.00&&&&&&&&&&&&&&&&&&&&&&&& 2,192.57&&&&&&&&&&&&&&&&&&&&&&&&
South_Dakota 29,438.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 5.78&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Tennessee 21,092,985.00&&&&&&&&&&&&&&&&&&&&&&&& 2,988.44&&&&&&&&&&&&&&&&&&&&&&&&
Texas 225,884.00&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 34.16&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Utah 9,030,493.00&&&&&&&&&&&&&&&&&&&&&&&&&& 1,279.26&&&&&&&&&&&&&&&&&&&&&&&&
Vermont 2,054,949.00&&&&&&&&&&&&&&&&&&&&&&&&&& 292.42&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Virginia 26,506,821.00&&&&&&&&&&&&&&&&&&&&&&&& 3,750.76&&&&&&&&&&&&&&&&&&&&&&&&
Washington 22,345,437.00&&&&&&&&&&&&&&&&&&&&&&&& 3,162.51&&&&&&&&&&&&&&&&&&&&&&&&
West_Virginia 5,885,965.00&&&&&&&&&&&&&&&&&&&&&&&&&& 834.67&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Wisconsin 18,497,137.00&&&&&&&&&&&&&&&&&&&&&&&& 2,618.29&&&&&&&&&&&&&&&&&&&&&&&&
Wyoming 1,858,445.00&&&&&&&&&&&&&&&&&&&&&&&&&& 264.08&&&&&&&&&&&&&&&&&&&&&&&&&&&&
oTrip(Total) 802,791,150.00''''''''''''''''''''' 114,253.87''''''''''''''''''''



7.2 Programming Languages

We chose java as our main programming language due to familiarity, the wealth

of data structures the language contains, and the ease with which it connects with

MySQL . The Princeton algs4.jar package, which both of us have experience with from

COS 226, was heavily used in the implementation of our algorithms. Aside from java,

we used Python, Bash, HTML, and Javascript. Python, a robust scripting language,

allowed us to quickly and painlessly modify the network files whereas Bash automated

the execution of many of our larger processes. Lastly, HTML and Javascript were

used to construct the WebGL application.
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Appendix A

Visualizations
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Appendix B

Code

Java Page 187

Section B.1.1 Grid Creation Page 187
CreateGrid.java Page 187
Pixelization.java Page 188
XMLReader.java Page 190
CreateSqlTables.java Page 191
TestFrame.java Page 192

Section B.1.2 oTrip Generation Page 195
TripGenerator.java Page 195
CreateTable.java Page 196

Section B.1.3 Path File Generation Page 197
PathFinder.java Page 197
FindEntryNodes.java Page 199
NodeObject.java Page 200
LinkObject.java Page 201
LinkDij.java Page 202

Section B.1.4 Data Visualization Page 203
CreateJsonFiles.java Page 203

Section B.1.5 Database Assist and Data Structures Page 204
KdTreeST.java Page 204
CreateTables.java Page 208

JavaScript and HTML Page 208

Section B.2.1 WebGL Globe Animation Page 208
WebGL Globe.html Page 208
Globe.js Page 210

Python and Bash Scripts Page 213

Section B.3.1 Network Data Cleaning Page 213
Nodeclean.py Page 213
Linkclean.py Page 213
Restclean.py Page 213
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t
e
;

2
1

/
/

C
o
n
s
t
r
u
c
t
o
r

2
3

p
u
b
l
i
c

C
r
e
a
t
e
G
r
i
d
(
)

t
h
r
o
w
s

C
l
a
s
s
N
o
t
F
o
u
n
d
E
x
c
e
p
t
i
o
n
,

S
Q
L
E
x
c
e
p
t
i
o
n

{
x
m
l
R
e
a
d
e
r

=
n
e
w

X
M
L
R
e
a
d
e
r
(
)
;

2
5

p
i
x
e
l
s

=
n
e
w

S
e
p
a
r
a
t
e
C
h
a
i
n
i
n
g
H
a
s
h
S
T
<
S
t
r
i
n
g
,

S
e
p
a
r
a
t
e
C
h
a
i
n
i
n
g
H
a
s
h
S
T
<
D
o
u
b
l
e

,
P
i
x
e
l
i
z
a
t
i
o
n
>
>
(
)
;

k
e
y
S
t
a
t
e

=
n
e
w

S
e
p
a
r
a
t
e
C
h
a
i
n
i
n
g
H
a
s
h
S
T
<
D
o
u
b
l
e
,

S
t
r
i
n
g
>
(
)
;

2
7

f
o
r
(
S
t
r
i
n
g

s
t
a
t
e
:

x
m
l
R
e
a
d
e
r
.
g
e
t
A
l
l
S
t
a
t
e
s
(
)
)
{

2
9

S
e
p
a
r
a
t
e
C
h
a
i
n
i
n
g
H
a
s
h
S
T
<
D
o
u
b
l
e
,
P
i
x
e
l
i
z
a
t
i
o
n
>

s
t
a
t
e
T
a
b
l
e

=
n
e
w

S
e
p
a
r
a
t
e
C
h
a
i
n
i
n
g
H
a
s
h
S
T
<
D
o
u
b
l
e
,

P
i
x
e
l
i
z
a
t
i
o
n
>
(
)
;

p
i
x
e
l
s
.
p
u
t
(
s
t
a
t
e
,
s
t
a
t
e
T
a
b
l
e
)
;

3
1

}

3
3

i
n
t

i
S
t
a
r
t
;

i
n
t

i
E
n
d
;

3
5

i
n
t

j
S
t
a
r
t
;

i
n
t

j
E
n
d
;

3
7

d
o
u
b
l
e

i
n
i
t
i
a
l
l
a
t

=
2
4
.
5
4
4
0
9
1
;

3
9

d
o
u
b
l
e

i
n
i
t
a
l
l
o
n

=
-
1
2
0
.
5
;

d
o
u
b
l
e

f
i
n
a
l
l
o
n

=
-
1
0
6
.
2
5
;

4
1

d
o
u
b
l
e

f
i
n
a
l
l
a
t

=
4
8
.
9
8
7
3
8
6
;

4
3

i
S
t
a
r
t

=
(
i
n
t
)

M
a
t
h
.
f
l
o
o
r
(
1
3
8
.
3
4
8
*
(
i
n
i
t
a
l
l
o
n

+
9
7
.
5
)
*
M
a
t
h
.
c
o
s
(
M
a
t
h
.

t
o
R
a
d
i
a
n
s
(
i
n
i
t
i
a
l
l
a
t
)
)
)
;

j
S
t
a
r
t

=
(
i
n
t
)

M
a
t
h
.
f
l
o
o
r
(
1
3
8
.
3
4
8
*
(
i
n
i
t
i
a
l
l
a
t

-
3
7
.
0
)
)
;

4
5

i
E
n
d

=
(
i
n
t
)

M
a
t
h
.
f
l
o
o
r
(
1
3
8
.
3
4
8
*
(
f
i
n
a
l
l
o
n

+
9
7
.
5
)
*
M
a
t
h
.
c
o
s
(
M
a
t
h
.
t
o
R
a
d
i
a
n
s

(
f
i
n
a
l
l
a
t
)
)
)
;

j
E
n
d

=
(
i
n
t
)

M
a
t
h
.
f
l
o
o
r
(
1
3
8
.
3
4
8
*
(
f
i
n
a
l
l
a
t

-
3
7
.
0
)
)
;

4
7

i
S
t
a
r
t

=
2
0
0
0
;

4
9

i
E
n
d

=
2
4
2
1
;

5
1

S
t
d
O
u
t
.
p
r
i
n
t
l
n
(
"
i
S
t
a
r
t
:
"

+
i
S
t
a
r
t
)
;

S
t
d
O
u
t
.
p
r
i
n
t
l
n
(
"
i
E
n
d
:
"

+
i
E
n
d
)
;

5
3

S
t
d
O
u
t
.
p
r
i
n
t
l
n
(
"
j
S
t
a
r
t
:
"

+
j
S
t
a
r
t
)
;

S
t
d
O
u
t
.
p
r
i
n
t
l
n
(
"
j
E
n
d
:
"

+
j
E
n
d
)
;

5
5

P
i
x
e
l
i
z
a
t
i
o
n

f
i
r
s
t
P

=
n
e
w

P
i
x
e
l
i
z
a
t
i
o
n
(
i
S
t
a
r
t
,
j
S
t
a
r
t
)
;

P
o
i
n
t
2
D

f
B
l

=
f
i
r
s
t
P
.
g
e
t
_
b
l
(
)
;

5
7

P
i
x
e
l
i
z
a
t
i
o
n

c
e
n
t
e
r
P

=
n
e
w

P
i
x
e
l
i
z
a
t
i
o
n
(
0
,
0
)
;

5
9

P
o
i
n
t
2
D

c
e
n
t
e
r
B
l

=
c
e
n
t
e
r
P
.
g
e
t
_
b
l
(
)
;

P
o
i
n
t
2
D

c
e
n
t
e
r
B
r

=
c
e
n
t
e
r
P
.
g
e
t
_
b
r
(
)
;

6
1

S
t
d
O
u
t
.
p
r
i
n
t
l
n
(
c
e
n
t
e
r
B
r
.
t
o
S
t
r
i
n
g
(
)
)
;

i
n
t

a
=

0
;

6
3

S
t
r
i
n
g

u
r
l

=
"
j
d
b
c
:
m
y
s
q
l
:
/
/
1
2
7
.
0
.
0
.
1
:
3
3
0
6
/
G
r
i
d
"
;

6
5

f
o
r
(
i
n
t

i
=

i
E
n
d
;

i
>
=

i
S
t
a
r
t
;

i
-
-
)
{

6
7

C
l
a
s
s
.
f
o
r
N
a
m
e
(
"
c
o
m
.
m
y
s
q
l
.
j
d
b
c
.
D
r
i
v
e
r
"
)
;

C
o
n
n
e
c
t
i
o
n

m
_
C
o
n
n
e
c
t
i
o
n

=
D
r
i
v
e
r
M
a
n
a
g
e
r
.
g
e
t
C
o
n
n
e
c
t
i
o
n
(
u
r
l
,

"
t
h
a
r
a
l
d
"
,

"
p
u
t
i
n
"
)
;

6
9

S
t
d
O
u
t
.
p
r
i
n
t
l
n
(
"
"

+
i

+
"

/
"

+
i
E
n
d
)
;

f
o
r
(
i
n
t

j
=

j
S
t
a
r
t
;

j
<
=

j
E
n
d
;

j
+
+
)
{

7
1

P
i
x
e
l
i
z
a
t
i
o
n

p
i
x
e
l

=
n
e
w

P
i
x
e
l
i
z
a
t
i
o
n
(
i
,
j
)
;

d
o
u
b
l
e

k
e
y

=
p
i
x
e
l
.
g
e
t
_
i
d
(
)
;

7
3

P
o
i
n
t
2
D

c
e
n
t

=
p
i
x
e
l
.
g
e
t
_
c
e
n
t
r
o
i
d
(
)
;

S
t
r
i
n
g

s
t
a
t
e

=
x
m
l
R
e
a
d
e
r
.
g
e
t
C
l
o
s
e
s
t
S
t
a
t
e
(
c
e
n
t
)
;

7
5

P
o
i
n
t
2
D

b
l

=
p
i
x
e
l
.
g
e
t
_
b
l
(
)
;

7
7

P
o
i
n
t
2
D

b
r

=
p
i
x
e
l
.
g
e
t
_
b
r
(
)
;

P
o
i
n
t
2
D

t
r

=
p
i
x
e
l
.
g
e
t
_
t
r
(
)
;

7
9

P
o
i
n
t
2
D

t
l

=
p
i
x
e
l
.
g
e
t
_
t
l
(
)
;

i
n
t

x
=

i
;

8
1

i
n
t

y
=

j
;

8
3

P
r
e
p
a
r
e
d
S
t
a
t
e
m
e
n
t

t
o
t
a
l

=
m
_
C
o
n
n
e
c
t
i
o
n
.
p
r
e
p
a
r
e
S
t
a
t
e
m
e
n
t
(
"
R
E
P
L
A
C
E

I
N
T
O

"
+

s
t
a
t
e

+
"

V
A
L
U
E
S
(
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
)
"
)
;

8
5

/
/
I
D

t
o
t
a
l
.
s
e
t
D
o
u
b
l
e
(
1
,

k
e
y
)
;

8
7

/
/
X
/
Y

8
9

t
o
t
a
l
.
s
e
t
I
n
t
(
2
,

x
)
;

t
o
t
a
l
.
s
e
t
I
n
t
(
3
,

y
)
;

9
1

/
/
C
e
n
t
r
o
i
d

L
o
n
g
/
L
a
t

9
3

t
o
t
a
l
.
s
e
t
D
o
u
b
l
e
(
4
,

c
e
n
t
.
x
(
)
)
;

t
o
t
a
l
.
s
e
t
D
o
u
b
l
e
(
5
,

c
e
n
t
.
y
(
)
)
;

9
5

/
/
B
o
t
t
o
m

L
e
f
t

L
o
n
g
/
L
a
t

9
7

t
o
t
a
l
.
s
e
t
D
o
u
b
l
e
(
6
,

b
l
.
x
(
)
)
;

t
o
t
a
l
.
s
e
t
D
o
u
b
l
e
(
7
,

b
l
.
y
(
)
)
;

9
9

/
/
B
o
t
t
o
m

R
i
g
h
t

L
o
n
g
/
L
a
t

1
0
1

t
o
t
a
l
.
s
e
t
D
o
u
b
l
e
(
8
,

b
r
.
x
(
)
)
;

t
o
t
a
l
.
s
e
t
D
o
u
b
l
e
(
9
,

b
r
.
y
(
)
)
;

1
0
3

/
/
T
o
p

L
e
f
t

L
o
n
g
/
L
a
t
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1
0
5

t
o
t
a
l
.
s
e
t
D
o
u
b
l
e
(
1
0
,

t
l
.
x
(
)
)
;

t
o
t
a
l
.
s
e
t
D
o
u
b
l
e
(
1
1
,

t
l
.
y
(
)
)
;

1
0
7

/
/
T
o
p

R
i
g
h
t

L
o
n
g
/
L
a
t

1
0
9

t
o
t
a
l
.
s
e
t
D
o
u
b
l
e
(
1
2
,

t
r
.
x
(
)
)
;

t
o
t
a
l
.
s
e
t
D
o
u
b
l
e
(
1
3
,

t
r
.
y
(
)
)
;

1
1
1

/
/

S
t
o
r
e

P
i
x
e
l

1
1
3

t
o
t
a
l
.
e
x
e
c
u
t
e
U
p
d
a
t
e
(
)
;

}
1
1
5

m
_
C
o
n
n
e
c
t
i
o
n
.
c
l
o
s
e
(
)
;

}
1
1
7

}

1
1
9

/
*
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

P
U
B
L
I
C

M
E
T
H
O
D
S

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
*
/

1
2
1

/
/

G
e
t

A
l
l

S
t
a
t
e
s

I
n

T
h
e

G
r
i
d

p
u
b
l
i
c

I
t
e
r
a
b
l
e
<
S
t
r
i
n
g
>

g
e
t
S
t
a
t
e
s
(
)
{

1
2
3

r
e
t
u
r
n

p
i
x
e
l
s
.
k
e
y
s
(
)
;

}
1
2
5

/
/

G
e
t

N
u
m
b
e
r

o
f

P
i
x
e
l
s

I
n

T
h
e

G
r
i
d

1
2
7

p
u
b
l
i
c

d
o
u
b
l
e

S
i
z
e
(
)
{

r
e
t
u
r
n

p
i
x
e
l
s
.
s
i
z
e
(
)
;

1
2
9

}

1
3
1

/
/

G
e
t

A
l
l

P
i
x
e
l
s

M
a
p
p
e
d

t
o

S
t
a
t
e

p
u
b
l
i
c

I
t
e
r
a
b
l
e
<
D
o
u
b
l
e
>

g
e
t
K
e
y
s
(
S
t
r
i
n
g

s
t
a
t
e
)
{

1
3
3

r
e
t
u
r
n

p
i
x
e
l
s
.
g
e
t
(
s
t
a
t
e
)
.
k
e
y
s
(
)
;

}
1
3
5

/
/

G
e
t

X
C
o
o
r
d
i
n
a
t
e

t
o

P
i
x
e
l

1
3
7

p
u
b
l
i
c

i
n
t

g
e
t
X
(
d
o
u
b
l
e

k
e
y
)
{

S
t
r
i
n
g

s
t
a
t
e

=
k
e
y
S
t
a
t
e
.
g
e
t
(
k
e
y
)
;

1
3
9

P
i
x
e
l
i
z
a
t
i
o
n

p
i
x
e
l

=
p
i
x
e
l
s
.
g
e
t
(
s
t
a
t
e
)
.
g
e
t
(
k
e
y
)
;

r
e
t
u
r
n

p
i
x
e
l
.
g
e
t
_
x
(
)
;

1
4
1

}

1
4
3

/
/

G
e
t

Y
C
o
o
r
d
i
n
a
t
e

t
o

P
i
x
e
l

p
u
b
l
i
c

i
n
t

g
e
t
Y
(
d
o
u
b
l
e

k
e
y
)
{

1
4
5

S
t
r
i
n
g

s
t
a
t
e

=
k
e
y
S
t
a
t
e
.
g
e
t
(
k
e
y
)
;

P
i
x
e
l
i
z
a
t
i
o
n

p
i
x
e
l

=
p
i
x
e
l
s
.
g
e
t
(
s
t
a
t
e
)
.
g
e
t
(
k
e
y
)
;

1
4
7

r
e
t
u
r
n

p
i
x
e
l
.
g
e
t
_
y
(
)
;

}
1
4
9

/
/

G
e
t

P
o
i
n
t

C
e
n
t
r
o
i
d

t
o

P
i
x
e
l

1
5
1

p
u
b
l
i
c

P
o
i
n
t
2
D

g
e
t
P
i
x
e
l
C
e
n
t
r
o
i
d
(
d
o
u
b
l
e

k
e
y
)
{

S
t
r
i
n
g

s
t
a
t
e

=
k
e
y
S
t
a
t
e
.
g
e
t
(
k
e
y
)
;

1
5
3

P
i
x
e
l
i
z
a
t
i
o
n

p
i
x
e
l

=
p
i
x
e
l
s
.
g
e
t
(
s
t
a
t
e
)
.
g
e
t
(
k
e
y
)
;

P
o
i
n
t
2
D

r
e
t
u
r
n
P
o
i
n
t

=
p
i
x
e
l
.
g
e
t
_
c
e
n
t
r
o
i
d
(
)
;

1
5
5

r
e
t
u
r
n

r
e
t
u
r
n
P
o
i
n
t
;

}
1
5
7

/
/

G
e
t

P
o
i
n
t

B
o
t
t
o
m

R
i
g
h
t

t
o

P
i
x
e
l

1
5
9

p
u
b
l
i
c

P
o
i
n
t
2
D

g
e
t
P
i
x
e
l
B
r
(
d
o
u
b
l
e

k
e
y
)
{

S
t
r
i
n
g

s
t
a
t
e

=
k
e
y
S
t
a
t
e
.
g
e
t
(
k
e
y
)
;

1
6
1

P
i
x
e
l
i
z
a
t
i
o
n

p
i
x
e
l

=
p
i
x
e
l
s
.
g
e
t
(
s
t
a
t
e
)
.
g
e
t
(
k
e
y
)
;

P
o
i
n
t
2
D

r
e
t
u
r
n
P
o
i
n
t

=
p
i
x
e
l
.
g
e
t
_
b
r
(
)
;

1
6
3

r
e
t
u
r
n

r
e
t
u
r
n
P
o
i
n
t
;

}

1
6
5

/
/

G
e
t

P
o
i
n
t

B
o
t
t
o
m

L
e
f
t

t
o

P
i
x
e
l

1
6
7

p
u
b
l
i
c

P
o
i
n
t
2
D

g
e
t
P
i
x
e
l
B
l
(
d
o
u
b
l
e

k
e
y
)
{

S
t
r
i
n
g

s
t
a
t
e

=
k
e
y
S
t
a
t
e
.
g
e
t
(
k
e
y
)
;

1
6
9

P
i
x
e
l
i
z
a
t
i
o
n

p
i
x
e
l

=
p
i
x
e
l
s
.
g
e
t
(
s
t
a
t
e
)
.
g
e
t
(
k
e
y
)
;

P
o
i
n
t
2
D

r
e
t
u
r
n
P
o
i
n
t

=
p
i
x
e
l
.
g
e
t
_
b
l
(
)
;

1
7
1

r
e
t
u
r
n

r
e
t
u
r
n
P
o
i
n
t
;

}
1
7
3

/
/

G
e
t

P
o
i
n
t

T
o
p

R
i
g
h
t

t
o

P
i
x
e
l

1
7
5

p
u
b
l
i
c

P
o
i
n
t
2
D

g
e
t
P
i
x
e
l
T
r
(
d
o
u
b
l
e

k
e
y
)
{

S
t
r
i
n
g

s
t
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=
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.
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P
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p
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p
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;
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=
p
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n
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;
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P
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b
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b
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.
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P
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p
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p
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=
p
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n
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;
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b
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{
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u
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;
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c
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c
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c
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p
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p
r
i
n
t
S
t
a
c
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;
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b
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c
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b
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c
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b
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b
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b
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.
0
0
7
2
2
8
1
4
;

1
1

d
o
u
b
l
e

X
W
I
D
T
H

=
0
.
0
0
9
4
4
3
4
4
;

188



P
o
i
n
t
2
D

b
o
t
t
o
m
l
e
f
t
;

1
3

P
o
i
n
t
2
D

b
o
t
t
o
m
r
i
g
h
t
;

P
o
i
n
t
2
D

t
o
p
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p
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c
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c
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b
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;
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c
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c
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c
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c
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c
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c
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c
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c
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p
r
i
v
a
t
e

d
o
u
b
l
e

c
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b
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r
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+
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+
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+
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r
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r
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c
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p
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c
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b
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b
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g
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a
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.
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L
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T

+
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E
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;
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o
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l
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T
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E
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G
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;

4
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P
o
i
n
t
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D
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=
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e
w
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o
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D
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l
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t
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r
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u
r
n
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c
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c
r
e
a
t
e
b
o
t
t
o
m
r
i
g
h
t
(
i
n
t

i
,

i
n
t

j
)

{
4
7

i
+
+
;

d
o
u
b
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;
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b
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.
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;
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l
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=
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r
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;
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c
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p
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c
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b
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b
l
e

c
o
s
a
n
g
l
e

=
M
a
t
h
.
c
o
s
(
M
a
t
h
.
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R
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+
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;
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l
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;
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=
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r
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c
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c
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p
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;
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b
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b
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.
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+
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;
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l
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l
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;
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=
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r
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c
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c
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c
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c
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l
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h
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p
l
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=
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r
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;
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b
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r
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;
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b
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r
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;
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b
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b
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i
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u
b
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;
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P
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u
b
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b
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L
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u
b
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p
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P
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b
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p
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b
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c
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c
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.
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.
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.
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p
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.
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3
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r
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.
w
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.
d
o
m
.
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d
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;
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p
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r
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p
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.
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c
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p
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P
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c
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:
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P
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P
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P
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b
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c
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s
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p
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p
r
i
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i
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i
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c
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f
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t
c
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d
a
t
a

(
s
t
a
t
e

b
o
u
n
d
a
r
i
e
s

a
n
d

c
e
n
t
r
o
i
d
s
)

2
9

p
u
b
l
i
c

X
M
L
R
e
a
d
e
r
(
)
{

t
r
e
e
S
T

=
n
e
w

K
d
T
r
e
e
S
T
<
P
o
l
y
g
o
n
>
(
)
;

3
1

s
t
a
t
e
s

=
n
e
w

S
e
p
a
r
a
t
e
C
h
a
i
n
i
n
g
H
a
s
h
S
T
<
S
t
r
i
n
g
,

P
o
l
y
g
o
n
>
(
)
;

3
3

D
o
c
u
m
e
n
t
B
u
i
l
d
e
r
F
a
c
t
o
r
y

b
u
i
l
d
e
r
F
a
c
t
o
r
y

=
D
o
c
u
m
e
n
t
B
u
i
l
d
e
r
F
a
c
t
o
r
y
.

n
e
w
I
n
s
t
a
n
c
e
(
)
;

3
5

t
r
y
{
D
o
c
u
m
e
n
t
B
u
i
l
d
e
r

d
B
u
i
l
d
e
r

=
b
u
i
l
d
e
r
F
a
c
t
o
r
y
.
n
e
w
D
o
c
u
m
e
n
t
B
u
i
l
d
e
r
(
)
;

3
7

D
o
c
u
m
e
n
t

d
o
c
u
m
e
n
t

=
d
B
u
i
l
d
e
r
.
p
a
r
s
e
(
X
M
L
R
e
a
d
e
r
.
c
l
a
s
s
.

g
e
t
R
e
s
o
u
r
c
e
A
s
S
t
r
e
a
m
(
"
/
s
t
a
t
e
s
.
x
m
l
"
)
)
;

D
o
c
u
m
e
n
t

c
e
n
t
r
o
i
d
s
D
o
c
u
m
e
n
t

=
d
B
u
i
l
d
e
r
.
p
a
r
s
e
(
X
M
L
R
e
a
d
e
r
.
c
l
a
s
s
.

g
e
t
R
e
s
o
u
r
c
e
A
s
S
t
r
e
a
m
(
"
/
c
e
n
t
r
o
i
d
s
.
x
m
l
"
)
)
;

3
9

d
o
c
u
m
e
n
t
.
n
o
r
m
a
l
i
z
e
(
)
;

c
e
n
t
r
o
i
d
s
D
o
c
u
m
e
n
t
.
n
o
r
m
a
l
i
z
e
(
)
;

4
1

N
o
d
e
L
i
s
t

c
e
n
t
r
o
i
d
s

=
c
e
n
t
r
o
i
d
s
D
o
c
u
m
e
n
t
.
g
e
t
E
l
e
m
e
n
t
s
B
y
T
a
g
N
a
m
e
(
"
s
t
a
t
e
s
"
)

;
4
3

N
o
d
e

c
e
n
t
r
o
i
d
R
o
o
t

=
c
e
n
t
r
o
i
d
s
.
i
t
e
m
(
0
)
;

E
l
e
m
e
n
t

c
e
n
t
r
o
i
d
E
l
e
m
e
n
t
R
o
o
t

=
(
E
l
e
m
e
n
t
)

c
e
n
t
r
o
i
d
R
o
o
t
;

4
5

N
o
d
e
L
i
s
t

r
o
o
t
N
o
d
e
s

=
d
o
c
u
m
e
n
t
.
g
e
t
E
l
e
m
e
n
t
s
B
y
T
a
g
N
a
m
e
(
"
s
t
a
t
e
s
"
)
;

4
7

o
r
g
.
w
3
c
.
d
o
m
.
N
o
d
e

r
o
o
t
N
o
d
e

=
r
o
o
t
N
o
d
e
s
.
i
t
e
m
(
0
)
;

o
r
g
.
w
3
c
.
d
o
m
.
E
l
e
m
e
n
t

r
o
o
t
E
l
e
m
e
n
t

=
(
o
r
g
.
w
3
c
.
d
o
m
.
E
l
e
m
e
n
t
)

r
o
o
t
N
o
d
e
;

4
9

N
o
d
e
L
i
s
t

s
t
a
t
e
s
L
i
s
t

=
r
o
o
t
E
l
e
m
e
n
t
.
g
e
t
E
l
e
m
e
n
t
s
B
y
T
a
g
N
a
m
e
(
"
s
t
a
t
e
"
)
;

5
1

N
o
d
e
L
i
s
t

c
e
n
t
r
o
i
d
L
i
s
t

=
c
e
n
t
r
o
i
d
E
l
e
m
e
n
t
R
o
o
t
.
g
e
t
E
l
e
m
e
n
t
s
B
y
T
a
g
N
a
m
e
(
"

s
t
a
t
e
"
)
;

5
3

f
o
r
(
i
n
t

i
=

0
;

i
<

s
t
a
t
e
s
L
i
s
t
.
g
e
t
L
e
n
g
t
h
(
)
;
i
+
+
)
{

o
r
g
.
w
3
c
.
d
o
m
.
N
o
d
e

t
h
e
S
t
a
t
e

=
s
t
a
t
e
s
L
i
s
t
.
i
t
e
m
(
i
)
;

5
5

o
r
g
.
w
3
c
.
d
o
m
.
E
l
e
m
e
n
t

s
t
a
t
e
E
l
e
m
e
n
t

=
(
o
r
g
.
w
3
c
.
d
o
m
.
E
l
e
m
e
n
t
)

t
h
e
S
t
a
t
e

;
/
/
S
t
d
O
u
t
.
p
r
i
n
t
l
n
(
"
T
h
i
s

s
t
a
t
e

i
s

"
+

s
t
a
t
e
E
l
e
m
e
n
t
.
g
e
t
A
t
t
r
i
b
u
t
e
(
"

n
a
m
e
"
)
)
;

5
7

P
o
l
y
g
o
n

n
e
w
S
t
a
t
e

=
n
e
w

P
o
l
y
g
o
n
(
s
t
a
t
e
E
l
e
m
e
n
t
.
g
e
t
A
t
t
r
i
b
u
t
e
(
"
n
a
m
e
"
)
,

s
t
a
t
e
E
l
e
m
e
n
t
.
g
e
t
A
t
t
r
i
b
u
t
e
(
"
c
o
l
o
u
r
"
)
)
;

5
9

N
o
d
e
L
i
s
t

p
o
i
n
t
L
i
s
t

=
s
t
a
t
e
E
l
e
m
e
n
t
.
g
e
t
E
l
e
m
e
n
t
s
B
y
T
a
g
N
a
m
e
(
"
p
o
i
n
t
"
)
;

f
o
r
(
i
n
t

j
=

0
;

j
<

p
o
i
n
t
L
i
s
t
.
g
e
t
L
e
n
g
t
h
(
)
;
j
+
+
)
{

6
1

o
r
g
.
w
3
c
.
d
o
m
.
E
l
e
m
e
n
t

p
o
i
n
t
E
l
e
m
e
n
t

=
(
o
r
g
.
w
3
c
.
d
o
m
.
E
l
e
m
e
n
t
)

p
o
i
n
t
L
i
s
t
.
i
t
e
m
(
j
)
;

P
o
i
n
t
2
D

n
e
w
P
o
i
n
t

=
n
e
w

P
o
i
n
t
2
D
(
D
o
u
b
l
e
.
p
a
r
s
e
D
o
u
b
l
e
(

p
o
i
n
t
E
l
e
m
e
n
t
.
g
e
t
A
t
t
r
i
b
u
t
e
(
"
l
n
g
"
)
)
,
D
o
u
b
l
e
.
p
a
r
s
e
D
o
u
b
l
e
(

p
o
i
n
t
E
l
e
m
e
n
t
.
g
e
t
A
t
t
r
i
b
u
t
e
(
"
l
a
t
"
)
)
)
;

6
3

n
e
w
S
t
a
t
e
.
a
d
d
(
n
e
w
P
o
i
n
t
)
;

/
/
S
t
d
O
u
t
.
p
r
i
n
t
l
n
(
"
L
a
t
:

"
+

p
o
i
n
t
E
l
e
m
e
n
t
.
g
e
t
A
t
t
r
i
b
u
t
e
(
"
l
a
t
"
)

+
"
L
o
n
g
:

"
+

p
o
i
n
t
E
l
e
m
e
n
t
.
g
e
t
A
t
t
r
i
b
u
t
e
(
"
l
n
g
"
)
)
;

6
5

} N
o
d
e

s
t
a
t
e
c
e
n
t
r
o
i
d

=
c
e
n
t
r
o
i
d
L
i
s
t
.
i
t
e
m
(
i
)
;

6
7

E
l
e
m
e
n
t

c
e
n
t
r
o
i
d
E
l
e
m
e
n
t

=
(
E
l
e
m
e
n
t
)

s
t
a
t
e
c
e
n
t
r
o
i
d
;

P
o
i
n
t
2
D

c
e
n
t
r
o
i
d

=
n
e
w

P
o
i
n
t
2
D
(
D
o
u
b
l
e
.
p
a
r
s
e
D
o
u
b
l
e
(
c
e
n
t
r
o
i
d
E
l
e
m
e
n
t

.
g
e
t
A
t
t
r
i
b
u
t
e
(
"
l
o
n
"
)
)
,
D
o
u
b
l
e
.
p
a
r
s
e
D
o
u
b
l
e
(
c
e
n
t
r
o
i
d
E
l
e
m
e
n
t
.

g
e
t
A
t
t
r
i
b
u
t
e
(
"
l
a
t
"
)
)
)
;

6
9

t
r
e
e
S
T
.
i
n
s
e
r
t
(
c
e
n
t
r
o
i
d
,
n
e
w
S
t
a
t
e
)
;

s
t
a
t
e
s
.
p
u
t
(
s
t
a
t
e
E
l
e
m
e
n
t
.
g
e
t
A
t
t
r
i
b
u
t
e
(
"
n
a
m
e
"
)
,
n
e
w
S
t
a
t
e
)
;

7
1

}
7
3

P
o
l
y
g
o
n

n
o
s
t
a
t
e

=
n
e
w

P
o
l
y
g
o
n
(
"
N
o
S
t
a
t
e
"
,
"
#
f
f
0
0
0
0
"
)
;

s
t
a
t
e
s
.
p
u
t
(
"
N
o
S
t
a
t
e
"
,

n
o
s
t
a
t
e
)
;

7
5

}
7
7

c
a
t
c
h

(
P
a
r
s
e
r
C
o
n
f
i
g
u
r
a
t
i
o
n
E
x
c
e
p
t
i
o
n

e
)
{

e
.
p
r
i
n
t
S
t
a
c
k
T
r
a
c
e
(
)
;

7
9

} c
a
t
c
h

(
o
r
g
.
x
m
l
.
s
a
x
.
S
A
X
E
x
c
e
p
t
i
o
n

e
)
{

8
1

e
.
p
r
i
n
t
S
t
a
c
k
T
r
a
c
e
(
)
;

}
8
3

c
a
t
c
h

(
I
O
E
x
c
e
p
t
i
o
n

e
)
{

e
.
p
r
i
n
t
S
t
a
c
k
T
r
a
c
e
(
)
;

8
5

}
}

8
7

/
/

G
e
t

S
t
a
t
e

B
o
u
n
d
a
r
y

P
o
l
y
g
o
n

8
9

p
u
b
l
i
c

P
o
l
y
g
o
n

g
e
t
S
t
a
t
e
P
o
l
y
g
o
n
(
S
t
r
i
n
g

s
t
a
t
e
)
{

r
e
t
u
r
n

s
t
a
t
e
s
.
g
e
t
(
s
t
a
t
e
)
;

9
1

}

9
3

/
/

G
e
t

A
l
l

S
t
a
t
e

B
o
u
n
d
a
r
y

P
o
l
y
g
o
n
s

p
u
b
l
i
c

I
t
e
r
a
b
l
e
<
P
o
l
y
g
o
n
>

g
e
t
A
l
l
P
o
l
y
g
o
n
s
(
)
{

9
5

r
e
t
u
r
n

t
r
e
e
S
T
.
g
e
t
A
l
l
V
a
l
u
e
s
(
)
;

}
9
7

/
/

G
e
t

M
o
s
t

L
i
k
e
l
y

S
t
a
t
e

B
o
u
n
d
a
r
y

P
o
l
y
g
o
n

G
i
v
e
n

Q
u
e
r
y

P
o
i
n
t

q
9
9

p
u
b
l
i
c

S
t
r
i
n
g

g
e
t
C
l
o
s
e
s
t
S
t
a
t
e
(
P
o
i
n
t
2
D

q
u
e
r
y
P
o
i
n
t
)
{

P
o
i
n
t
2
D

n
e
a
r
e
s
t
P
o
i
n
t

=
t
r
e
e
S
T
.
n
e
a
r
e
s
t
(
q
u
e
r
y
P
o
i
n
t
)
;

1
0
1

P
o
l
y
g
o
n

n
e
a
r
e
s
t
S
t
a
t
e

=
t
r
e
e
S
T
.
g
e
t
(
n
e
a
r
e
s
t
P
o
i
n
t
)
;

i
f
(
n
e
a
r
e
s
t
S
t
a
t
e
.
c
o
n
t
a
i
n
s
(
q
u
e
r
y
P
o
i
n
t
)
)
{

1
0
3

r
e
t
u
r
n

n
e
a
r
e
s
t
S
t
a
t
e
.
g
e
t
N
a
m
e
(
)
;

}
1
0
5

e
l
s
e
{

190



f
o
r
(
P
o
l
y
g
o
n

p
o
l
:
t
r
e
e
S
T
.
g
e
t
A
l
l
V
a
l
u
e
s
(
)
)
{

1
0
7

i
f
(
p
o
l
.
c
o
n
t
a
i
n
s
(
q
u
e
r
y
P
o
i
n
t
)
)
{

r
e
t
u
r
n

p
o
l
.
g
e
t
N
a
m
e
(
)
;

1
0
9

}
}

1
1
1

} r
e
t
u
r
n

"
N
o
S
t
a
t
e
"
;

1
1
3

}

1
1
5

/
/

G
e
t

N
u
m
b
e
r

o
f

S
t
a
t
e
s

i
n

X
M
L

f
i
l
e

p
u
b
l
i
c

i
n
t

s
i
z
e
(
)
{

1
1
7

r
e
t
u
r
n

t
r
e
e
S
T
.
s
i
z
e
(
)
;

}
1
1
9

/
/

I
t
e
r
a
b
l
e

o
f

S
t
a
t
e

N
a
m
e
s

(
S
Q
L

F
r
i
e
n
d
l
y
)

1
2
1

p
u
b
l
i
c

I
t
e
r
a
b
l
e
<
S
t
r
i
n
g
>

g
e
t
A
l
l
S
t
a
t
e
s
(
)

{
r
e
t
u
r
n

s
t
a
t
e
s
.
k
e
y
s
(
)
;

1
2
3

}

1
2
5

/
/

I
t
e
r
a
b
l
e

o
f

S
t
a
t
e

C
e
n
t
r
o
i
d
s

p
u
b
l
i
c

I
t
e
r
a
b
l
e
<
P
o
i
n
t
2
D
>

g
e
t
A
l
l
P
o
i
n
t
s
(
)
{

1
2
7

r
e
t
u
r
n

t
r
e
e
S
T
.
g
e
t
A
l
l
P
o
i
n
t
s
(
)
;

}
1
2
9

/
/

D
r
a
w

a
l
l

P
o
l
y
g
o
n
s

(
T
e
s
t

M
e
t
h
o
d
)

1
3
1

p
u
b
l
i
c

v
o
i
d

d
r
a
w
T
r
e
e
(
)
{

t
r
e
e
S
T
.
d
r
a
w
(
)
;

1
3
3

}

1
3
5

/
/

M
a
i
n

T
e
s
t

E
x
e
c
u
t
i
o
n

p
u
b
l
i
c

s
t
a
t
i
c

v
o
i
d

m
a
i
n
(
S
t
r
i
n
g
[
]

a
r
g
s
)
{

1
3
7

X
M
L
R
e
a
d
e
r

x
m
l
R
e
a
d
e
r

=
n
e
w

X
M
L
R
e
a
d
e
r
(
)
;

S
t
d
O
u
t
.
p
r
i
n
t
l
n
(
x
m
l
R
e
a
d
e
r
.
s
i
z
e
(
)
)
;

1
3
9

/
/

S
t
d
D
r
a
w
.
s
e
t
X
s
c
a
l
e
(
-
1
3
6
,
-
6
6
)
;

/
/

S
t
d
D
r
a
w
.
s
e
t
Y
s
c
a
l
e
(
2
0
.
5
4
,
5
3
)
;

1
4
1

f
o
r
(
S
t
r
i
n
g

s
:

x
m
l
R
e
a
d
e
r
.
g
e
t
A
l
l
S
t
a
t
e
s
(
)
)
{

S
t
d
O
u
t
.
p
r
i
n
t
l
n
(
s
)
;

1
4
3

} /
*

1
4
5

S
t
d
D
r
a
w
.
s
e
t
P
e
n
C
o
l
o
r
(
C
o
l
o
r
.
G
R
E
E
N
)
;

i
n
t

p
o
i
n
t
s
=

0
;

1
4
7

f
o
r
(
P
o
i
n
t
2
D

p
:
x
m
l
R
e
a
d
e
r
.
g
e
t
A
l
l
P
o
i
n
t
s
(
)
)
{

p
.
d
r
a
w
(
)
;

1
4
9

p
o
i
n
t
s
+
+
;

}
1
5
1

f
o
r
(
P
o
l
y
g
o
n

p
:
x
m
l
R
e
a
d
e
r
.
g
e
t
A
l
l
P
o
l
y
g
o
n
s
(
)
)
{

1
5
3

S
t
d
D
r
a
w
.
s
e
t
P
e
n
C
o
l
o
r
(
p
.
c
o
l
o
r
(
)
)
;

p
.
d
r
a
w
(
)
;

1
5
5

} /
/
S
t
d
O
u
t
.
p
r
i
n
t
l
n
(
p
o
i
n
t
s
)
;

1
5
7

/
/
x
m
l
R
e
a
d
e
r
.
d
r
a
w
T
r
e
e
(
)
;

S
t
d
D
r
a
w
.
s
e
t
P
e
n
C
o
l
o
r
(
C
o
l
o
r
.
B
L
A
C
K
)
;

1
5
9

S
t
d
D
r
a
w
.
s
e
t
P
e
n
R
a
d
i
u
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.
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.
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.
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;
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b
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{
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c
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b
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c
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p
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p
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;
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P
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p
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c
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p
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c
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p
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p
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u
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p
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c
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d
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.
0
.
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c
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c
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c
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p
u
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=
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i
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;
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i
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b
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p
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p
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b
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p
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;
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o
u
b
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.
p
a
r
s
e
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o
u
b
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=
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.
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r
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u
b
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;

4
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=
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;
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=
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p
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;

4
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;
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l
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k
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;

4
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=
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;

i
n
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n
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=
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;

4
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S
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i
n
g

o
T
y
p
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=
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;

S
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p
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;
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o
T
y
p
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d
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p
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b
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[
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|
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{
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b
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b
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b
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b
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;

}
e
l
s
e

{
7
4

a
t
i
m
e

=
D
o
u
b
l
e
.
p
a
r
s
e
D
o
u
b
l
e
(
i
n
f
o
[
i
n
d
e
x

+
1
1
]
)
;

d
l
a
t

=
D
o
u
b
l
e
.
p
a
r
s
e
D
o
u
b
l
e
(
i
n
f
o
[
i
n
d
e
x

+
9
]
)
;

7
6

d
l
o
n

=
D
o
u
b
l
e
.
p
a
r
s
e
D
o
u
b
l
e
(
i
n
f
o
[
i
n
d
e
x

+
1
0
]
)
;

i
f
(
d
l
a
t

=
=

0
.
0

|
|

d
l
o
n

=
=

0
.
0
)

{
7
8

f
o
r
(
j

=
i

+
1
;

(
d
l
a
t

=
=

0
.
0

|
|

d
l
o
n

=
=

0
.
0
)

&
&

j
<

7
;

j
+
+
)

{
i
n
t

t
e
m
p
i
n
d
e
x

=
(
j

-
1
)

*
9

+
1
2
;

8
0

i
f
(
i
n
f
o
[
t
e
m
p
i
n
d
e
x

-
5
]
.
e
q
u
a
l
s
(
"
N
A
"
)

|
|

i
n
f
o
[

t
e
m
p
i
n
d
e
x

-
3
]
.
e
q
u
a
l
s
(
"
N
"
)
)
{

s
k
i
p

=
t
r
u
e
;

8
2

b
r
e
a
k
;

}
8
4

a
t
i
m
e

=
D
o
u
b
l
e
.
p
a
r
s
e
D
o
u
b
l
e
(
i
n
f
o
[
t
e
m
p
i
n
d
e
x

+
1
1
]
)
;

d
l
a
t

=
D
o
u
b
l
e
.
p
a
r
s
e
D
o
u
b
l
e
(
i
n
f
o
[
t
e
m
p
i
n
d
e
x

+
9
]
)
;

8
6

d
l
o
n

=
D
o
u
b
l
e
.
p
a
r
s
e
D
o
u
b
l
e
(
i
n
f
o
[
t
e
m
p
i
n
d
e
x

+
1
0
]
)
;

d
T
y
p
e

=
i
n
f
o
[
t
e
m
p
i
n
d
e
x

-
3
]
;

8
8

S
t
d
O
u
t
.
p
r
i
n
t
l
n
(
d
l
a
t

+
"

"
+

d
l
o
n

+
"

"
+

d
T
y
p
e

+
"
f
i
r
s
t
"

+
j

+
"
i
:

"
+

i
)
;

}
9
0

i
f
(
s
k
i
p
)
{

b
r
e
a
k
;

9
2

} i
f
(
d
l
a
t

=
=

0
.
0

|
|

d
l
o
n

=
=

0
.
0
)

{

195



9
4

d
T
y
p
e

=
"
H
"
;

a
t
i
m
e

=
0
;

9
6

d
l
a
t

=
D
o
u
b
l
e
.
p
a
r
s
e
D
o
u
b
l
e
(
i
n
f
o
[
1
2
]
)
;

d
l
o
n

=
D
o
u
b
l
e
.
p
a
r
s
e
D
o
u
b
l
e
(
i
n
f
o
[
1
3
]
)
;

9
8

} i
=

j
-
1
;

1
0
0

} S
t
d
O
u
t
.
p
r
i
n
t
l
n
(
d
l
a
t

+
"

"
+

d
l
o
n

+
"

"
+

d
T
y
p
e

+
j
)
;

1
0
2

d
x
_
p
i
x
e
l

=
g
e
t
_
x
(
d
l
a
t
,

d
l
o
n
)
;

d
y
_
p
i
x
e
l

=
g
e
t
_
y
(
d
l
a
t
,

d
l
o
n
)
;

1
0
4

}

1
0
6

d
o
u
b
l
e

o
I
d

=
f
e
t
c
h
P
i
x
e
l
I
d
(
o
x
_
p
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p
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b
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P
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;
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P
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;
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;

i
n
s
e
r
t
.
s
e
t
D
o
u
b
l
e
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d
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;
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n
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i
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;
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;
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n
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s
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b
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e
(
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o
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;

i
n
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e
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.
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e
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o
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b
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e
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;
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i
n
s
e
r
t
.
s
e
t
D
o
u
b
l
e
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I
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;

i
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e
r
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n
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p
i
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l
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;
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n
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r
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e
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I
n
t
(
1
1
,
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p
i
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;

i
n
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b
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e
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;
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n
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b
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;
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b
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e
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;
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b
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;
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b
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e
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;
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p
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;
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p
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.
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b
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i
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i
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i
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i
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i
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p
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t
.
g
e
t
D
o
u
b
l
e
(
1
)
;

i
n
t

e
n
t
r
y
N
o
d
e

=
r
e
s
u
l
t
S
e
t
.
g
e
t
I
n
t
(
2
)
;

3
6

i
f
(
e
n
t
r
y
N
o
d
e

!
=

p
r
e
v
E
n
t
r
y
N
o
d
e
)
{

l
i
n
k
D
i
j

=
g
e
t
D
i
j
k
s
t
r
a
(
e
n
t
r
y
N
o
d
e
)
;

3
8

} p
r
e
v
E
n
t
r
y
N
o
d
e

=
e
n
t
r
y
N
o
d
e
;

4
0

/
/

F
i
n
d

S
t
a
t
e

4
2

P
r
e
p
a
r
e
d
S
t
a
t
e
m
e
n
t

g
e
t
S
t
a
t
e

=
m
_
C
o
n
n
e
c
t
i
o
n
.
p
r
e
p
a
r
e
S
t
a
t
e
m
e
n
t
(
"
S
E
L
E
C
T

S
t
a
t
e

F
R
O
M

I
n
f
o

W
H
E
R
E

(
I
D
=
"
+
p
i
x
e
l
+
"
)
"
)
;

R
e
s
u
l
t
S
e
t

r
e
s
u
l
t
S
t
a
t
e

=
g
e
t
S
t
a
t
e
.
e
x
e
c
u
t
e
Q
u
e
r
y
(
)
;

4
4

i
f
(
!
r
e
s
u
l
t
S
t
a
t
e
.
n
e
x
t
(
)
)
{

r
e
s
u
l
t
S
t
a
t
e
.
c
l
o
s
e
(
)
;

4
6

g
e
t
S
t
a
t
e
.
c
l
o
s
e
(
)
;

S
t
d
O
u
t
.
p
r
i
n
t
f
(
"

N
O

S
T
A
T
E

F
O
U
N
D

F
O
R

P
I
X
E
L
:

%
.
2
f
"
,

p
i
x
e
l
)
;

4
8

S
t
d
O
u
t
.
p
r
i
n
t
l
n
(
)
;

c
o
n
t
i
n
u
e
;

5
0

} S
t
r
i
n
g

s
t
a
t
e

=
r
e
s
u
l
t
S
t
a
t
e
.
g
e
t
S
t
r
i
n
g
(
1
)
;

5
2

r
e
s
u
l
t
S
t
a
t
e
.
c
l
o
s
e
(
)
;

g
e
t
S
t
a
t
e
.
c
l
o
s
e
(
)
;

5
4

/
/
F
i
n
d

t
r
i
p
s

5
6

P
r
e
p
a
r
e
d
S
t
a
t
e
m
e
n
t

g
e
t
T
r
i
p
s

=
t
r
i
p
_
C
o
n
n
e
c
t
i
o
n
.
p
r
e
p
a
r
e
S
t
a
t
e
m
e
n
t
(
"
S
E
L
E
C
T

I
D
,

P
e
r
s
o
n
I
D
,
o
P
i
x
e
l
,
d
P
i
x
e
l
,

d
T
i
m
e
,

a
T
i
m
e
,
o
T
y
p
e
,

d
T
y
p
e
,

o
L
a
t
,

o
L
o
n
g

F
R
O
M

"
+

s
t
a
t
e

+
"

W
h
e
r
e

(
o
P
i
x
e
l

=
"
+

p
i
x
e
l

+
"
)
"
)
;

R
e
s
u
l
t
S
e
t

r
e
s
u
l
t
T
r
i
p
s

=
g
e
t
T
r
i
p
s
.
e
x
e
c
u
t
e
Q
u
e
r
y
(
)
;
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5
8

i
f
(
!
r
e
s
u
l
t
T
r
i
p
s
.
n
e
x
t
(
)
)
{

r
e
s
u
l
t
T
r
i
p
s
.
c
l
o
s
e
(
)
;

6
0

g
e
t
T
r
i
p
s
.
c
l
o
s
e
(
)
;

S
t
d
O
u
t
.
p
r
i
n
t
f
(
"

N
O

T
R
I
P

F
O
U
N
D

F
O
R

S
T
A
T
E
:

"
+

s
t
a
t
e

+
"
P
I
X
E
L
:

%
.
2
f

"
,

p
i
x
e
l
)
;

6
2

S
t
d
O
u
t
.
p
r
i
n
t
l
n
(
)
;

c
o
n
t
i
n
u
e
;

6
4

} w
h
i
l
e

(
r
e
s
u
l
t
T
r
i
p
s
.
n
e
x
t
(
)
)
{

6
6

d
o
u
b
l
e

t
r
i
p
I
D

=
r
e
s
u
l
t
T
r
i
p
s
.
g
e
t
D
o
u
b
l
e
(
1
)
;

d
o
u
b
l
e

p
e
r
s
o
n
I
D

=
r
e
s
u
l
t
T
r
i
p
s
.
g
e
t
D
o
u
b
l
e
(
2
)
;

6
8

d
o
u
b
l
e

o
P
i
x
e
l

=
r
e
s
u
l
t
T
r
i
p
s
.
g
e
t
D
o
u
b
l
e
(
3
)
;

d
o
u
b
l
e

d
P
i
x
e
l

=
r
e
s
u
l
t
T
r
i
p
s
.
g
e
t
D
o
u
b
l
e
(
4
)
;

7
0

d
o
u
b
l
e

d
T
i
m
e

=
r
e
s
u
l
t
T
r
i
p
s
.
g
e
t
D
o
u
b
l
e
(
5
)
;

d
o
u
b
l
e

a
T
i
m
e

=
r
e
s
u
l
t
T
r
i
p
s
.
g
e
t
D
o
u
b
l
e
(
6
)
;

7
2

S
t
r
i
n
g

o
T
y
p
e

=
r
e
s
u
l
t
T
r
i
p
s
.
g
e
t
S
t
r
i
n
g
(
7
)
;

S
t
r
i
n
g

d
T
y
p
e

=
r
e
s
u
l
t
T
r
i
p
s
.
g
e
t
S
t
r
i
n
g
(
8
)
;

7
4

d
o
u
b
l
e

o
L
a
t

=
r
e
s
u
l
t
T
r
i
p
s
.
g
e
t
D
o
u
b
l
e
(
9
)
;

d
o
u
b
l
e

o
L
o
n
g

=
r
e
s
u
l
t
T
r
i
p
s
.
g
e
t
D
o
u
b
l
e
(
1
0
)
;

7
6

i
f
(
l
i
n
k
O
b
j
e
c
t
.
g
e
t
N
o
d
e
(
d
P
i
x
e
l
)

=
=

n
u
l
l
)
{

7
8

S
t
d
O
u
t
.
p
r
i
n
t
l
n
(
"
N
O

N
o
d
e

F
O
U
N
D

F
O
R

P
I
X
E
L
:

"
+

d
P
i
x
e
l
)
;

c
o
n
t
i
n
u
e
;

8
0

} i
n
t

d
e
s
t
N
o
d
e

=
l
i
n
k
O
b
j
e
c
t
.
g
e
t
N
o
d
e
(
d
P
i
x
e
l
)
;

8
2

I
t
e
r
a
b
l
e
<
D
i
r
e
c
t
e
d
E
d
g
e
>

p
a
t
h

=
l
i
n
k
D
i
j
.
p
a
t
h
T
o
(
d
e
s
t
N
o
d
e
)
;

8
4

i
f

(
p
a
t
h

=
=

n
u
l
l
)
{

8
6

S
t
d
O
u
t
.
p
r
i
n
t
(
"
N
O

P
A
T
H

F
O
U
N
D

F
O
R
:

"
)
;

S
t
d
O
u
t
.
p
r
i
n
t
f
(
"
T
r
i
p
:

%
.
1
f

o
P
i
x
:

%
.
1
f

d
P
i
x
e
l

%
.
1
f

"
,

t
r
i
p
I
D
,

o
P
i
x
e
l
,

d
P
i
x
e
l
)
;

8
8

S
t
d
O
u
t
.
p
r
i
n
t
l
n
(
"
f
r
o
m
:

"
+

e
n
t
r
y
N
o
d
e
+

"
t
o
:

"
+

d
e
s
t
N
o
d
e
)
;

c
o
n
t
i
n
u
e
;

9
0

}

9
2

i
n
t

s
e
g
m
e
n
t

=
0
;

d
o
u
b
l
e

a
N
o
d
e
_
T
i
m
e

=
d
T
i
m
e
;

9
4

P
r
e
p
a
r
e
d
S
t
a
t
e
m
e
n
t

p
a
t
h
I
n
s
e
r
t

=
p
a
t
h
_
c
o
n
n
e
t
c
t
i
o
n
.
p
r
e
p
a
r
e
S
t
a
t
e
m
e
n
t
(

"
R
E
P
L
A
C
E

I
N
T
O

"
+

s
t
a
t
e

+
"

V
A
L
U
E
S

(
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
)
"
)
;

9
6

f
o
r
(
D
i
r
e
c
t
e
d
E
d
g
e

e
:

p
a
t
h
)

{
9
8

i
f

(
s
e
g
m
e
n
t

=
=

0
)

{
1
0
0

d
o
u
b
l
e

a
_
l
a
t

=
o
L
a
t
;

d
o
u
b
l
e

a
_
l
o
n
g

=
o
L
o
n
g
;

1
0
2

d
o
u
b
l
e

b
_
l
a
t

=
l
i
n
k
O
b
j
e
c
t
.
g
e
t
P
o
i
n
t
(
e
.
f
r
o
m
(
)
)
.
y
(
)
;

d
o
u
b
l
e

b
_
l
o
n
g

=
l
i
n
k
O
b
j
e
c
t
.
g
e
t
P
o
i
n
t
(
e
.
f
r
o
m
(
)
)
.
x
(
)
;

1
0
4

i
n
t

a
_
n
o
d
e

=
-
1
;

i
n
t

b
_
n
o
d
e

=
e
.
f
r
o
m
(
)
;

1
0
6

i
n
t

l
i
n
k
I
d

=
l
i
n
k
O
b
j
e
c
t
.
g
e
t
L
i
n
k
I
d
(
e
)
;

S
t
r
i
n
g

l
i
n
k
N
a
m
e

=
l
i
n
k
O
b
j
e
c
t
.
g
e
t
L
i
n
k
N
a
m
e
(
e
)
;

1
0
8

P
r
e
p
a
r
e
d
S
t
a
t
e
m
e
n
t

p
a
t
h
I
n
s
e
r
t
0

=
p
a
t
h
_
c
o
n
n
e
t
c
t
i
o
n
.

p
r
e
p
a
r
e
S
t
a
t
e
m
e
n
t
(
"
R
E
P
L
A
C
E

I
N
T
O

"
+

s
t
a
t
e

+
"

V
A
L
U
E
S

(
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
,
?
)
"
)
;

1
1
0

p
a
t
h
I
n
s
e
r
t
0
.
s
e
t
D
o
u
b
l
e
(
1
,

t
r
i
p
I
D
)
;

p
a
t
h
I
n
s
e
r
t
0
.
s
e
t
D
o
u
b
l
e
(
2
,

p
e
r
s
o
n
I
D
)
;

1
1
2

p
a
t
h
I
n
s
e
r
t
0
.
s
e
t
I
n
t
(
3
,

s
e
g
m
e
n
t
)
;

p
a
t
h
I
n
s
e
r
t
0
.
s
e
t
I
n
t
(
4
,

a
_
n
o
d
e
)
;

1
1
4

p
a
t
h
I
n
s
e
r
t
0
.
s
e
t
I
n
t
(
5
,

b
_
n
o
d
e
)
;

p
a
t
h
I
n
s
e
r
t
0
.
s
e
t
I
n
t
(
6
,

l
i
n
k
I
d
)
;

1
1
6

p
a
t
h
I
n
s
e
r
t
0
.
s
e
t
S
t
r
i
n
g
(
7
,

l
i
n
k
N
a
m
e
)
;

p
a
t
h
I
n
s
e
r
t
0
.
s
e
t
D
o
u
b
l
e
(
8
,

o
P
i
x
e
l
)
;

1
1
8

p
a
t
h
I
n
s
e
r
t
0
.
s
e
t
D
o
u
b
l
e
(
9
,

d
P
i
x
e
l
)
;

p
a
t
h
I
n
s
e
r
t
0
.
s
e
t
D
o
u
b
l
e
(
1
0
,

d
T
i
m
e
)
;

1
2
0

p
a
t
h
I
n
s
e
r
t
0
.
s
e
t
D
o
u
b
l
e
(
1
1
,

a
T
i
m
e
)
;

p
a
t
h
I
n
s
e
r
t
0
.
s
e
t
S
t
r
i
n
g
(
1
2
,

o
T
y
p
e
)
;

1
2
2

p
a
t
h
I
n
s
e
r
t
0
.
s
e
t
S
t
r
i
n
g
(
1
3
,

d
T
y
p
e
)
;

p
a
t
h
I
n
s
e
r
t
0
.
s
e
t
D
o
u
b
l
e
(
1
4
,

a
_
l
a
t
)
;

1
2
4

p
a
t
h
I
n
s
e
r
t
0
.
s
e
t
D
o
u
b
l
e
(
1
5
,

a
_
l
o
n
g
)
;

p
a
t
h
I
n
s
e
r
t
0
.
s
e
t
D
o
u
b
l
e
(
1
6
,

b
_
l
a
t
)
;

1
2
6

p
a
t
h
I
n
s
e
r
t
0
.
s
e
t
D
o
u
b
l
e
(
1
7
,

b
_
l
o
n
g
)
;

p
a
t
h
I
n
s
e
r
t
0
.
s
e
t
D
o
u
b
l
e
(
1
8
,

a
N
o
d
e
_
T
i
m
e
)
;

1
2
8

p
a
t
h
I
n
s
e
r
t
0
.
s
e
t
D
o
u
b
l
e
(
1
9
,

a
N
o
d
e
_
T
i
m
e
)
;

p
a
t
h
I
n
s
e
r
t
0
.
e
x
e
c
u
t
e
U
p
d
a
t
e
(
)
;

1
3
0

s
e
g
m
e
n
t
+
+
;

p
a
t
h
I
n
s
e
r
t
0
.
c
l
o
s
e
(
)
;

1
3
2

}
1
3
4

i
n
t

l
i
n
k
I
d

=
l
i
n
k
O
b
j
e
c
t
.
g
e
t
L
i
n
k
I
d
(
e
)
;

1
3
6

S
t
r
i
n
g

l
i
n
k
N
a
m
e

=
l
i
n
k
O
b
j
e
c
t
.
g
e
t
L
i
n
k
N
a
m
e
(
e
)
;

d
o
u
b
l
e

b
N
o
d
e
_
T
i
m
e

=
a
N
o
d
e
_
T
i
m
e

+
e
.
w
e
i
g
h
t
(
)
;

1
3
8

d
o
u
b
l
e

a
_
l
a
t

=
l
i
n
k
O
b
j
e
c
t
.
g
e
t
P
o
i
n
t
(
e
.
f
r
o
m
(
)
)
.
y
(
)
;

d
o
u
b
l
e

a
_
l
o
n
g

=
l
i
n
k
O
b
j
e
c
t
.
g
e
t
P
o
i
n
t
(
e
.
f
r
o
m
(
)
)
.
x
(
)
;

1
4
0

d
o
u
b
l
e

b
_
l
a
t

=
l
i
n
k
O
b
j
e
c
t
.
g
e
t
P
o
i
n
t
(
e
.
t
o
(
)
)
.
y
(
)
;

d
o
u
b
l
e

b
_
l
o
n
g

=
l
i
n
k
O
b
j
e
c
t
.
g
e
t
P
o
i
n
t
(
e
.
t
o
(
)
)
.
x
(
)
;

1
4
2

p
a
t
h
I
n
s
e
r
t
.
s
e
t
D
o
u
b
l
e
(
1
,

t
r
i
p
I
D
)
;

1
4
4

p
a
t
h
I
n
s
e
r
t
.
s
e
t
D
o
u
b
l
e
(
2
,

p
e
r
s
o
n
I
D
)
;

p
a
t
h
I
n
s
e
r
t
.
s
e
t
I
n
t
(
3
,

s
e
g
m
e
n
t
)
;

1
4
6

p
a
t
h
I
n
s
e
r
t
.
s
e
t
I
n
t
(
4
,

e
.
f
r
o
m
(
)
)
;

p
a
t
h
I
n
s
e
r
t
.
s
e
t
I
n
t
(
5
,

e
.
t
o
(
)
)
;

1
4
8

p
a
t
h
I
n
s
e
r
t
.
s
e
t
I
n
t
(
6
,

l
i
n
k
I
d
)
;

p
a
t
h
I
n
s
e
r
t
.
s
e
t
S
t
r
i
n
g
(
7
,

l
i
n
k
N
a
m
e
)
;

1
5
0

p
a
t
h
I
n
s
e
r
t
.
s
e
t
D
o
u
b
l
e
(
8
,

o
P
i
x
e
l
)
;

p
a
t
h
I
n
s
e
r
t
.
s
e
t
D
o
u
b
l
e
(
9
,

d
P
i
x
e
l
)
;

1
5
2

p
a
t
h
I
n
s
e
r
t
.
s
e
t
D
o
u
b
l
e
(
1
0
,

d
T
i
m
e
)
;

p
a
t
h
I
n
s
e
r
t
.
s
e
t
D
o
u
b
l
e
(
1
1
,

a
T
i
m
e
)
;

1
5
4

p
a
t
h
I
n
s
e
r
t
.
s
e
t
S
t
r
i
n
g
(
1
2
,

o
T
y
p
e
)
;

p
a
t
h
I
n
s
e
r
t
.
s
e
t
S
t
r
i
n
g
(
1
3
,

d
T
y
p
e
)
;

1
5
6

p
a
t
h
I
n
s
e
r
t
.
s
e
t
D
o
u
b
l
e
(
1
4
,

a
_
l
a
t
)
;

p
a
t
h
I
n
s
e
r
t
.
s
e
t
D
o
u
b
l
e
(
1
5
,

a
_
l
o
n
g
)
;

1
5
8

p
a
t
h
I
n
s
e
r
t
.
s
e
t
D
o
u
b
l
e
(
1
6
,

b
_
l
a
t
)
;

p
a
t
h
I
n
s
e
r
t
.
s
e
t
D
o
u
b
l
e
(
1
7
,

b
_
l
o
n
g
)
;

1
6
0

p
a
t
h
I
n
s
e
r
t
.
s
e
t
D
o
u
b
l
e
(
1
8
,

a
N
o
d
e
_
T
i
m
e
)
;

p
a
t
h
I
n
s
e
r
t
.
s
e
t
D
o
u
b
l
e
(
1
9
,

b
N
o
d
e
_
T
i
m
e
)
;

1
6
2

p
a
t
h
I
n
s
e
r
t
.
e
x
e
c
u
t
e
U
p
d
a
t
e
(
)
;

a
N
o
d
e
_
T
i
m
e

=
b
N
o
d
e
_
T
i
m
e
;

1
6
4

s
e
g
m
e
n
t
+
+
;

p
a
t
h
I
n
s
e
r
t
.
c
l
e
a
r
P
a
r
a
m
e
t
e
r
s
(
)
;

1
6
6

} p
a
t
h
I
n
s
e
r
t
.
c
l
o
s
e
(
)
;

1
6
8

} r
e
s
u
l
t
T
r
i
p
s
.
c
l
o
s
e
(
)
;

1
7
0

g
e
t
T
r
i
p
s
.
c
l
o
s
e
(
)
;

}
1
7
2

r
e
s
u
l
t
S
e
t
.
c
l
o
s
e
(
)
;
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1
7
4

t
o
t
a
l
.
c
l
o
s
e
(
)
;

1
7
6

m
_
C
o
n
n
e
c
t
i
o
n
.
c
l
o
s
e
(
)
;

t
r
i
p
_
C
o
n
n
e
c
t
i
o
n
.
c
l
o
s
e
(
)
;

1
7
8

p
a
t
h
_
c
o
n
n
e
t
c
t
i
o
n
.
c
l
o
s
e
(
)
;

}
1
8
0

p
r
i
v
a
t
e

L
i
n
k
D
i
j

g
e
t
D
i
j
k
s
t
r
a
(
i
n
t

s
o
u
r
c
e
)
{

1
8
2

P
o
i
n
t
2
D

f
o
c
a
l

=
l
i
n
k
O
b
j
e
c
t
.
g
e
t
P
o
i
n
t
(
s
o
u
r
c
e
)
;

P
o
i
n
t
2
D

N
E

=
g
e
t
B
e
a
r
i
n
g
(
f
o
c
a
l
,

4
5
.
0
)
;

1
8
4

P
o
i
n
t
2
D

S
W

=
g
e
t
B
e
a
r
i
n
g
(
f
o
c
a
l
,

2
3
0
.
0
)
;

/
/
S
t
d
O
u
t
.
p
r
i
n
t
l
n
(
"
S
q
u
a
r
e
:

C
e
n
t
e
r
:

"
+

f
o
c
a
l
.
t
o
S
t
r
i
n
g
(
)
+

"
N
E
:

"
+
N
E
.

t
o
S
t
r
i
n
g
(
)
+

"
S
W
:

"
+

S
W
.
t
o
S
t
r
i
n
g
(
)
)
;

1
8
6

d
o
u
b
l
e

x
M
i
n

=
S
W
.
x
(
)
;

d
o
u
b
l
e

y
M
i
n

=
S
W
.
y
(
)
;

1
8
8

d
o
u
b
l
e

x
M
a
x

=
N
E
.
x
(
)
;

d
o
u
b
l
e

y
M
a
x

=
N
E
.
y
(
)
;

1
9
0

I
t
e
r
a
b
l
e
<
D
i
r
e
c
t
e
d
E
d
g
e
>

e
d
g
e
s

=
l
i
n
k
O
b
j
e
c
t
.
g
e
t
E
d
g
e
s
(
x
M
i
n
,

y
M
i
n
,

x
M
a
x
,

y
M
a
x

)
;

1
9
2

L
i
n
k
D
i
j

l
i
n
k
D
i
j

=
n
e
w

L
i
n
k
D
i
j
(
e
d
g
e
s
,
s
o
u
r
c
e
)
;

r
e
t
u
r
n

l
i
n
k
D
i
j
;

1
9
4

}

1
9
6

p
r
i
v
a
t
e

P
o
i
n
t
2
D

g
e
t
B
e
a
r
i
n
g
(
P
o
i
n
t
2
D

f
o
c
a
l
,

d
o
u
b
l
e

b
e
a
r
i
n
g
D
e
g
)
{

d
o
u
b
l
e

f
o
c
a
l
L
a
t

=
f
o
c
a
l
.
y
(
)
;

1
9
8

d
o
u
b
l
e

f
o
c
a
l
L
o
n
g

=
f
o
c
a
l
.
x
(
)
;

f
o
c
a
l
L
a
t

=
M
a
t
h
.
t
o
R
a
d
i
a
n
s
(
f
o
c
a
l
L
a
t
)
;

2
0
0

f
o
c
a
l
L
o
n
g

=
M
a
t
h
.
t
o
R
a
d
i
a
n
s
(
f
o
c
a
l
L
o
n
g
)
;

d
o
u
b
l
e

b
e
a
r
i
n
g

=
M
a
t
h
.
t
o
R
a
d
i
a
n
s
(
b
e
a
r
i
n
g
D
e
g
)
;

2
0
2

d
o
u
b
l
e

r
a
t
i
o

=
2
5
0
.
0
/
3
9
6
3
.
1
6
7
6
;

2
0
4

d
o
u
b
l
e

n
e
w
L
a
t

=
M
a
t
h
.
a
s
i
n
(
M
a
t
h
.
s
i
n
(
f
o
c
a
l
L
a
t
)

*
M
a
t
h
.
c
o
s
(
r
a
t
i
o
)

+
M
a
t
h
.
c
o
s

(
f
o
c
a
l
L
a
t
)

*
M
a
t
h
.
s
i
n
(
r
a
t
i
o
)

*
M
a
t
h
.
c
o
s
(
b
e
a
r
i
n
g
)
)
;

d
o
u
b
l
e

n
e
w
L
o
n
g

=
f
o
c
a
l
L
o
n
g

+
M
a
t
h
.
a
t
a
n
2
(
M
a
t
h
.
s
i
n
(
b
e
a
r
i
n
g
)
*
M
a
t
h
.
s
i
n
(
r
a
t
i
o
)

*
M
a
t
h
.
c
o
s
(
f
o
c
a
l
L
a
t
)
,

M
a
t
h
.
c
o
s
(
r
a
t
i
o
)
-
M
a
t
h
.
s
i
n
(
f
o
c
a
l
L
a
t
)
*
M
a
t
h
.
s
i
n
(

n
e
w
L
a
t
)
)
;

2
0
6

n
e
w
L
a
t

=
M
a
t
h
.
t
o
D
e
g
r
e
e
s
(
n
e
w
L
a
t
)
;

2
0
8

n
e
w
L
o
n
g

=
M
a
t
h
.
t
o
D
e
g
r
e
e
s
(
n
e
w
L
o
n
g
)
;

2
1
0

P
o
i
n
t
2
D

p
=

n
e
w

P
o
i
n
t
2
D
(
n
e
w
L
o
n
g
,
n
e
w
L
a
t
)
;

r
e
t
u
r
n

p
;

2
1
2

}

2
1
4

p
u
b
l
i
c

s
t
a
t
i
c

v
o
i
d

m
a
i
n
(
S
t
r
i
n
g

a
r
g
s
[
]
)

t
h
r
o
w
s

S
Q
L
E
x
c
e
p
t
i
o
n
,

C
l
a
s
s
N
o
t
F
o
u
n
d
E
x
c
e
p
t
i
o
n

{
i
n
t

f
r
o
m

=
I
n
t
e
g
e
r
.
p
a
r
s
e
I
n
t
(
a
r
g
s
[
0
]
)
;

2
1
6

i
n
t

t
o

=
I
n
t
e
g
e
r
.
p
a
r
s
e
I
n
t
(
a
r
g
s
[
1
]
)
;

n
e
w

P
a
t
h
F
i
n
d
e
r
(
f
r
o
m
,

t
o
)
;

2
1
8

}
}

./
C
od

e/
P
at
h
F
in
d
er
.j
av
a

F
in
d
E
n
tr
y
N
o
d
es
.j
av

a

1
i
m
p
o
r
t

j
a
v
a
.
s
q
l
.
*
;

3
/
*
*

*
C
r
e
a
t
e
d

b
y
:

T
h
a
r
a
l
d

S
.

F
o
n
g
a
a
r
d

&
J
a
c
o
b

P
e
r
r
i
c
o
n
e

5
*

A
d
v
i
s
o
r
:

A
l
a
i
n

K
o
r
n
h
a
u
s
e
r

*
D
a
t
e
:

0
5
/
0
5
/
2
0
1
5

7
* *

P
a
r
t

O
f

P
r
o
j
e
c
t
:

O
R
F

3
7
6

-
I
n
d
e
p
e
n
d
e
n
t

W
o
r
k

9
* *

P
r
i
n
c
e
t
o
n

U
n
i
v
e
r
s
i
t
y

2
0
1
5

1
1

*
/

p
u
b
l
i
c

c
l
a
s
s

F
i
n
d
E
n
t
r
y
N
o
d
e
s

{
1
3

/
/

P
r
o
t
e
c
t
e
d

P
r
i
v
a
t
e

O
b
j
e
c
t
s

p
r
i
v
a
t
e

K
d
T
r
e
e
S
T
<
I
n
t
e
g
e
r
>

n
o
d
e
s
;

1
5

p
r
i
v
a
t
e

X
M
L
R
e
a
d
e
r

x
m
l
R
e
a
d
e
r
;

1
7

/
/

C
o
n
s
t
r
u
c
t
o
r

p
u
b
l
i
c

F
i
n
d
E
n
t
r
y
N
o
d
e
s
(
)

t
h
r
o
w
s

C
l
a
s
s
N
o
t
F
o
u
n
d
E
x
c
e
p
t
i
o
n
,

S
Q
L
E
x
c
e
p
t
i
o
n

{
1
9

n
o
d
e
s

=
n
e
w

K
d
T
r
e
e
S
T
<
I
n
t
e
g
e
r
>
(
)
;

x
m
l
R
e
a
d
e
r

=
n
e
w

X
M
L
R
e
a
d
e
r
(
)
;

2
1

C
l
a
s
s
.
f
o
r
N
a
m
e
(
"
c
o
m
.
m
y
s
q
l
.
j
d
b
c
.
D
r
i
v
e
r
"
)
;

2
3

S
t
r
i
n
g

u
r
l

=
"
j
d
b
c
:
m
y
s
q
l
:
/
/
1
2
7
.
0
.
0
.
1
:
3
3
0
6
/
G
l
o
b
a
l
"
;

C
o
n
n
e
c
t
i
o
n

m
_
C
o
n
n
e
c
t
i
o
n

=
D
r
i
v
e
r
M
a
n
a
g
e
r
.
g
e
t
C
o
n
n
e
c
t
i
o
n
(
u
r
l
,

"
t
h
a
r
a
l
d
"
,

"
p
u
t
i
n
"
)
;

2
5

P
r
e
p
a
r
e
d
S
t
a
t
e
m
e
n
t

t
o
t
a
l

=
m
_
C
o
n
n
e
c
t
i
o
n
.
p
r
e
p
a
r
e
S
t
a
t
e
m
e
n
t
(
"
S
E
L
E
C
T

*
F
R
O
M

N
o
d
e
s
"
)
;

2
7

R
e
s
u
l
t
S
e
t

r
e
s
u
l
t
S
e
t

=
t
o
t
a
l
.
e
x
e
c
u
t
e
Q
u
e
r
y
(
)
;

2
9

w
h
i
l
e
(
r
e
s
u
l
t
S
e
t
.
n
e
x
t
(
)
)
{

i
n
t

i
d

=
r
e
s
u
l
t
S
e
t
.
g
e
t
I
n
t
(
1
)
;

3
1

d
o
u
b
l
e

l
a
t

=
r
e
s
u
l
t
S
e
t
.
g
e
t
D
o
u
b
l
e
(
2
)
;

d
o
u
b
l
e

l
n
g

=
r
e
s
u
l
t
S
e
t
.
g
e
t
D
o
u
b
l
e
(
3
)
;

3
3

P
o
i
n
t
2
D

p
o
i
n
t

=
n
e
w

P
o
i
n
t
2
D
(
l
n
g
,
l
a
t
)
;

n
o
d
e
s
.
i
n
s
e
r
t
(
p
o
i
n
t
,
i
d
)
;

3
5

} r
e
s
u
l
t
S
e
t
.
c
l
o
s
e
(
)
;

3
7

t
o
t
a
l
.
c
l
o
s
e
(
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
C
r
e
a
t
e
d

K
d
T
r
e
e
"
)
;

3
9

}

4
1

/
/

G
e
t

a
l
l

s
t
a
t
e
s

i
n

s
t
a
t
i
c

X
M
L

d
a
t
a
s
e
t

a
s
s
o
c
i
a
t
e
d

w
i
t
h

p
r
o
j
e
c
t

p
u
b
l
i
c

I
t
e
r
a
b
l
e
<
S
t
r
i
n
g
>

g
e
t
A
l
l
S
t
a
t
e
s
(
)
{

4
3

r
e
t
u
r
n

x
m
l
R
e
a
d
e
r
.
g
e
t
A
l
l
S
t
a
t
e
s
(
)
;

}
4
5

/
/

G
e
t

c
l
o
s
e
s
t

n
o
d
e

g
i
v
e
n

c
l
o
s
e
s
t

p
o
i
n
t

p
4
7

p
u
b
l
i
c

I
n
t
e
g
e
r

i
F
i
n
d
C
l
o
s
e
s
t
(
P
o
i
n
t
2
D

q
)
{

r
e
t
u
r
n

n
o
d
e
s
.
g
e
t
(
q
)
;

4
9

}

5
1

/
/

F
i
n
d

c
l
o
s
e
s
t

n
o
d
e

g
i
v
e
n

q
u
e
r
y

p
o
i
n
t

q
p
u
b
l
i
c

P
o
i
n
t
2
D

p
F
i
n
d
C
l
o
s
e
s
t
(
P
o
i
n
t
2
D

p
)
{

5
3

r
e
t
u
r
n

n
o
d
e
s
.
n
e
a
r
e
s
t
(
p
)
;

}
5
5

/
/

T
e
s
t

E
x
e
c
u
t
i
o
n
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5
7

p
u
b
l
i
c

s
t
a
t
i
c

v
o
i
d

m
a
i
n
(
S
t
r
i
n
g

a
r
g
s
[
]
)

t
h
r
o
w
s

C
l
a
s
s
N
o
t
F
o
u
n
d
E
x
c
e
p
t
i
o
n
,

S
Q
L
E
x
c
e
p
t
i
o
n
{

F
i
n
d
E
n
t
r
y
N
o
d
e
s

e
n
t
r
y
N
o
d
e
s

=
n
e
w

F
i
n
d
E
n
t
r
y
N
o
d
e
s
(
)
;

5
9

f
o
r
(
S
t
r
i
n
g

s
t
a
t
e

:
e
n
t
r
y
N
o
d
e
s
.
g
e
t
A
l
l
S
t
a
t
e
s
(
)
)
{

6
1

i
f
(
s
t
a
t
e
.
e
q
u
a
l
s
(
"
N
o
S
t
a
t
e
"
)
)
{

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
S
t
a
t
e

f
i
n
i
s
h
e
d
:
"

+
s
t
a
t
e
)
;

6
3

c
o
n
t
i
n
u
e
;

}
6
5

C
l
a
s
s
.
f
o
r
N
a
m
e
(
"
c
o
m
.
m
y
s
q
l
.
j
d
b
c
.
D
r
i
v
e
r
"
)
;

S
t
r
i
n
g

u
r
l

=
"
j
d
b
c
:
m
y
s
q
l
:
/
/
1
2
7
.
0
.
0
.
1
:
3
3
0
6
"
;

6
7

S
t
r
i
n
g

u
r
l
G
l
o
b
a
l

=
"
j
d
b
c
:
m
y
s
q
l
:
/
/
1
2
7
.
0
.
0
.
1
:
3
3
0
6
/
G
l
o
b
a
l
"
;

C
o
n
n
e
c
t
i
o
n

m
_
C
o
n
n
e
c
t
i
o
n

=
D
r
i
v
e
r
M
a
n
a
g
e
r
.
g
e
t
C
o
n
n
e
c
t
i
o
n
(
u
r
l
,

"
t
h
a
r
a
l
d
"
,

"
p
u
t
i
n
"
)
;

6
9

C
o
n
n
e
c
t
i
o
n

c
_
C
o
n
n
e
c
t
i
o
n

=
D
r
i
v
e
r
M
a
n
a
g
e
r
.
g
e
t
C
o
n
n
e
c
t
i
o
n
(
u
r
l
G
l
o
b
a
l
,

"
t
h
a
r
a
l
d
"
,

"
p
u
t
i
n
"
)
;

P
r
e
p
a
r
e
d
S
t
a
t
e
m
e
n
t

t
o
t
a
l

=
m
_
C
o
n
n
e
c
t
i
o
n
.
p
r
e
p
a
r
e
S
t
a
t
e
m
e
n
t
(
"
S
E
L
E
C
T

o
T
r
i
p

.
"

+
s
t
a
t
e

+
"
.
o
P
i
x
e
l
,

G
r
i
d
.
"

+
s
t
a
t
e

+
"
.
C
_
L
o
n
g
,

G
r
i
d
.
"

+
s
t
a
t
e

+
"
.
C
_
L
a
t

f
r
o
m

o
T
r
i
p
.
"

+
s
t
a
t
e

+
"

L
E
F
T

J
O
I
N

G
r
i
d
.
"

+
s
t
a
t
e

+
"

O
N

o
T
r
i
p
.
"

+
s
t
a
t
e

+
"
.
o
P
i
x
e
l

=
G
r
i
d
.
"

+
s
t
a
t
e

+
"
.
I
D

G
R
O
U
P

B
Y

o
P
i
x
e
l
"
)
;

7
1

R
e
s
u
l
t
S
e
t

r
e
s
u
l
t
S
e
t

=
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o
t
a
l
.
e
x
e
c
u
t
e
Q
u
e
r
y
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)
;

7
3

w
h
i
l
e
(
r
e
s
u
l
t
S
e
t
.
n
e
x
t
(
)
)
{

d
o
u
b
l
e

i
d

=
r
e
s
u
l
t
S
e
t
.
g
e
t
D
o
u
b
l
e
(
1
)
;

7
5

d
o
u
b
l
e

c
_
l
n
g

=
r
e
s
u
l
t
S
e
t
.
g
e
t
D
o
u
b
l
e
(
2
)
;

d
o
u
b
l
e

c
_
l
a
t

=
r
e
s
u
l
t
S
e
t
.
g
e
t
D
o
u
b
l
e
(
3
)
;

7
7

P
o
i
n
t
2
D

q
P
o
i
n
t

=
n
e
w

P
o
i
n
t
2
D
(
c
_
l
n
g
,
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_
l
a
t
)
;

P
o
i
n
t
2
D

m
P
o
i
n
t

=
e
n
t
r
y
N
o
d
e
s
.
p
F
i
n
d
C
l
o
s
e
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t
(
q
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o
i
n
t
)
;

7
9

i
n
t

e
n
t
r
y
N

=
e
n
t
r
y
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o
d
e
s
.
i
F
i
n
d
C
l
o
s
e
s
t
(
m
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o
i
n
t
)
;

d
o
u
b
l
e

m
_
l
n
g

=
m
P
o
i
n
t
.
x
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)
;

8
1

d
o
u
b
l
e

m
_
l
a
t

=
m
P
o
i
n
t
.
y
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)
;

P
r
e
p
a
r
e
d
S
t
a
t
e
m
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n
t
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n
s
e
r
t

=
c
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n
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c
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n
.
p
r
e
p
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e
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t
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t
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m
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n
t
(
"
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E
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O
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n
t
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o
d
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)
;

8
3

i
n
s
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r
t
.
s
e
t
D
o
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b
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(
1
,

i
d
)
;

i
n
s
e
r
t
.
s
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t
I
n
t
(
2
,

e
n
t
r
y
N
)
;

8
5

i
n
s
e
r
t
.
s
e
t
D
o
u
b
l
e
(
3
,

c
_
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t
)
;

i
n
s
e
r
t
.
s
e
t
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o
u
b
l
e
(
4
,

c
_
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n
g
)
;

8
7

i
n
s
e
r
t
.
s
e
t
D
o
u
b
l
e
(
5
,

m
_
l
a
t
)
;

i
n
s
e
r
t
.
s
e
t
D
o
u
b
l
e
(
6
,

m
_
l
n
g
)
;

8
9

i
n
s
e
r
t
.
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x
e
c
u
t
e
(
)
;

i
n
s
e
r
t
.
c
l
o
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e
(
)
;

9
1

} m
_
C
o
n
n
e
c
t
i
o
n
.
c
l
o
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e
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)
;

9
3

c
_
C
o
n
n
e
c
t
i
o
n
.
c
l
o
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e
(
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
S
t
a
t
e

f
i
n
i
s
h
e
d
:
"

+
s
t
a
t
e
)
;

9
5

}
}

9
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}
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od
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F
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d
E
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N
od
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.j
av
a

N
o
d
eO

b
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.j
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a

1
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m
p
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r
t

j
a
v
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.
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.
*
;

3
/
*
*

*
C
r
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t
e
d
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:
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h
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r
a
l
d

S
.

F
o
n
g
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a
r
d

&
J
a
c
o
b

P
e
r
r
i
c
o
n
e

5
*

A
d
v
i
s
o
r
:

A
l
a
i
n

K
o
r
n
h
a
u
s
e
r

*
D
a
t
e
:

0
5
/
0
5
/
2
0
1
5

7
* *

P
a
r
t

O
f

P
r
o
j
e
c
t
:

O
R
F

3
7
6

-
I
n
d
e
p
e
n
d
e
n
t

W
o
r
k

9
* *

P
r
i
n
c
e
t
o
n

U
n
i
v
e
r
s
i
t
y

2
0
1
5

1
1

*
/

p
u
b
l
i
c

c
l
a
s
s

N
o
d
e
O
b
j
e
c
t

{
1
3

/
/

P
r
o
t
e
c
t
e
d

P
r
i
v
a
t
e

O
b
j
e
c
t
s

p
r
i
v
a
t
e

K
d
T
r
e
e
S
T
<
I
n
t
e
g
e
r
>

n
o
d
e
s
;

1
5

p
r
i
v
a
t
e

S
e
p
a
r
a
t
e
C
h
a
i
n
i
n
g
H
a
s
h
S
T
<
I
n
t
e
g
e
r
,
P
o
i
n
t
2
D
>

n
o
d
e
s
P
o
i
n
t
s
;

p
r
i
v
a
t
e

S
e
p
a
r
a
t
e
C
h
a
i
n
i
n
g
H
a
s
h
S
T
<
D
o
u
b
l
e
,

I
n
t
e
g
e
r
>

p
i
x
e
l
P
o
i
n
t
s
;

1
7

/
/

C
o
n
s
t
r
u
c
t
o
r

1
9

p
u
b
l
i
c

N
o
d
e
O
b
j
e
c
t
(
)

t
h
r
o
w
s

S
Q
L
E
x
c
e
p
t
i
o
n
,

C
l
a
s
s
N
o
t
F
o
u
n
d
E
x
c
e
p
t
i
o
n

{
n
o
d
e
s

=
n
e
w

K
d
T
r
e
e
S
T
<
I
n
t
e
g
e
r
>
(
)
;

2
1

n
o
d
e
s
P
o
i
n
t
s

=
n
e
w

S
e
p
a
r
a
t
e
C
h
a
i
n
i
n
g
H
a
s
h
S
T
<
I
n
t
e
g
e
r
,
P
o
i
n
t
2
D
>
(
)
;

p
i
x
e
l
P
o
i
n
t
s

=
n
e
w

S
e
p
a
r
a
t
e
C
h
a
i
n
i
n
g
H
a
s
h
S
T
<
D
o
u
b
l
e
,
I
n
t
e
g
e
r
>
(
)
;

2
3

r
e
a
d
N
o
d
e
s
(
)
;

}
2
5

/
/

P
r
i
v
a
t
e

h
e
l
p
e
r

m
e
t
h
o
d

t
o

c
o
n
n
e
c
t

t
o

N
o
d
e

D
a
t
a
b
a
s
e

a
n
d

s
t
o
r
e

l
i
n
k
s

m
e
m
o
r
y

2
7

p
r
i
v
a
t
e

v
o
i
d

r
e
a
d
N
o
d
e
s
(
)

t
h
r
o
w
s

C
l
a
s
s
N
o
t
F
o
u
n
d
E
x
c
e
p
t
i
o
n
,

S
Q
L
E
x
c
e
p
t
i
o
n

{
C
l
a
s
s
.
f
o
r
N
a
m
e
(
"
c
o
m
.
m
y
s
q
l
.
j
d
b
c
.
D
r
i
v
e
r
"
)
;

2
9

S
t
r
i
n
g

u
r
l

=
"
j
d
b
c
:
m
y
s
q
l
:
/
/
1
2
7
.
0
.
0
.
1
:
3
3
0
6
/
G
l
o
b
a
l
"
;

C
o
n
n
e
c
t
i
o
n

m
_
C
o
n
n
e
c
t
i
o
n

=
D
r
i
v
e
r
M
a
n
a
g
e
r
.
g
e
t
C
o
n
n
e
c
t
i
o
n
(
u
r
l
,

"
t
h
a
r
a
l
d
"
,

"
p
u
t
i
n
"
)
;

3
1

/
/

G
e
t

N
o
d
e
s

3
3

P
r
e
p
a
r
e
d
S
t
a
t
e
m
e
n
t

t
o
t
a
l

=
m
_
C
o
n
n
e
c
t
i
o
n
.
p
r
e
p
a
r
e
S
t
a
t
e
m
e
n
t
(
"
S
E
L
E
C
T

*
F
R
O
M

N
o
d
e
s
"
)
;

R
e
s
u
l
t
S
e
t

r
e
s
u
l
t
S
e
t

=
t
o
t
a
l
.
e
x
e
c
u
t
e
Q
u
e
r
y
(
)
;

3
5

w
h
i
l
e
(
r
e
s
u
l
t
S
e
t
.
n
e
x
t
(
)
)
{

3
7

i
n
t

i
d

=
r
e
s
u
l
t
S
e
t
.
g
e
t
I
n
t
(
1
)
;

d
o
u
b
l
e

l
a
t

=
r
e
s
u
l
t
S
e
t
.
g
e
t
D
o
u
b
l
e
(
2
)
;

3
9

d
o
u
b
l
e

l
n
g

=
r
e
s
u
l
t
S
e
t
.
g
e
t
D
o
u
b
l
e
(
3
)
;

P
o
i
n
t
2
D

p
o
i
n
t

=
n
e
w

P
o
i
n
t
2
D
(
l
n
g
,
l
a
t
)
;

4
1

n
o
d
e
s
.
i
n
s
e
r
t
(
p
o
i
n
t
,
i
d
)
;

n
o
d
e
s
P
o
i
n
t
s
.
p
u
t
(
i
d
,
p
o
i
n
t
)
;

4
3

} r
e
s
u
l
t
S
e
t
.
c
l
o
s
e
(
)
;

4
5

t
o
t
a
l
.
c
l
o
s
e
(
)
;

4
7

/
/

G
e
t

e
n
t
r
y
n
o
d
e
s

P
r
e
p
a
r
e
d
S
t
a
t
e
m
e
n
t

e
N
o
d
e
s

=
m
_
C
o
n
n
e
c
t
i
o
n
.
p
r
e
p
a
r
e
S
t
a
t
e
m
e
n
t
(
"
S
E
L
E
C
T

P
i
x
e
l
,

E
n
t
r
y
N
o
d
e

F
R
O
M

E
n
t
r
y
N
o
d
e
s
"
)
;

4
9

R
e
s
u
l
t
S
e
t

r
e
s
u
l
t
N
o
d
e
s

=
e
N
o
d
e
s
.
e
x
e
c
u
t
e
Q
u
e
r
y
(
)
;

5
1

w
h
i
l
e
(
r
e
s
u
l
t
N
o
d
e
s
.
n
e
x
t
(
)
)
{

d
o
u
b
l
e

p
i
x
e
l

=
r
e
s
u
l
t
N
o
d
e
s
.
g
e
t
D
o
u
b
l
e
(
1
)
;

5
3

i
n
t

n
o
d
e

=
r
e
s
u
l
t
N
o
d
e
s
.
g
e
t
I
n
t
(
2
)
;

p
i
x
e
l
P
o
i
n
t
s
.
p
u
t
(
p
i
x
e
l
,
n
o
d
e
)
;

5
5

}

5
7

r
e
s
u
l
t
N
o
d
e
s
.
c
l
o
s
e
(
)
;

e
N
o
d
e
s
.
c
l
o
s
e
(
)
;

5
9

m
_
C
o
n
n
e
c
t
i
o
n
.
c
l
o
s
e
(
)
;
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e

6
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p
u
b
l
i
c

P
o
i
n
t
2
D

g
e
t
P
o
i
n
t
(
I
n
t
e
g
e
r

n
o
d
e
)
{

r
e
t
u
r
n

n
o
d
e
s
P
o
i
n
t
s
.
g
e
t
(
n
o
d
e
)
;

6
5

}

6
7

/
/

G
e
t

n
o
d
e

I
D

o
f

p
o
i
n
t

p
u
b
l
i
c

I
n
t
e
g
e
r

g
e
t
N
o
d
e
(
P
o
i
n
t
2
D

p
o
i
n
t
)
{

6
9

r
e
t
u
r
n

n
o
d
e
s
.
g
e
t
(
p
o
i
n
t
)
;

}
7
1

/
/

G
e
t

n
o
d
e

I
D

a
s
s
o
c
i
a
t
e
d

w
i
t
h

p
i
x
e
l

7
3

p
u
b
l
i
c

I
n
t
e
g
e
r

g
e
t
N
o
d
e
(
d
o
u
b
l
e

p
i
x
e
l
)
{

r
e
t
u
r
n

p
i
x
e
l
P
o
i
n
t
s
.
g
e
t
(
p
i
x
e
l
)
;

7
5

}
}

./
C
od

e/
N
od

eO
b
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.j
av
a

L
in
k
O
b
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av

a

i
m
p
o
r
t

j
a
v
a
.
s
q
l
.
*
;

2
i
m
p
o
r
t

j
a
v
a
.
u
t
i
l
.
*
;

4
/
*
*

*
C
r
e
a
t
e
d

b
y

t
h
a
r
a
l
d

o
n

0
1
/
0
5
/
1
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.

6
*
/

p
u
b
l
i
c

c
l
a
s
s

L
i
n
k
O
b
j
e
c
t

{
8

/
/

P
r
o
t
e
c
t
e
d

P
r
i
v
a
t
e

O
b
j
e
c
t
s

p
r
i
v
a
t
e

N
o
d
e
O
b
j
e
c
t

n
o
d
e
O
b
j
e
c
t
;

1
0

p
r
i
v
a
t
e

K
d
T
r
e
e
S
T
<
B
a
g
<
D
i
r
e
c
t
e
d
E
d
g
e
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>

l
i
n
k
s
;

p
r
i
v
a
t
e

S
e
p
a
r
a
t
e
C
h
a
i
n
i
n
g
H
a
s
h
S
T
<
D
i
r
e
c
t
e
d
E
d
g
e
,

I
n
t
e
g
e
r
>

e
d
g
e
T
o
L
i
n
k
;

1
2

p
r
i
v
a
t
e

S
e
p
a
r
a
t
e
C
h
a
i
n
i
n
g
H
a
s
h
S
T
<
D
i
r
e
c
t
e
d
E
d
g
e
,
S
t
r
i
n
g
>

e
d
g
e
T
o
N
a
m
e
;

1
4

/
/

C
o
n
s
t
r
u
c
t
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r

p
u
b
l
i
c

L
i
n
k
O
b
j
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c
t
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)

t
h
r
o
w
s

S
Q
L
E
x
c
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p
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,

C
l
a
s
s
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t
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o
u
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c
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n

{
1
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l
i
n
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=
n
e
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K
d
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r
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B
a
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D
i
r
e
c
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d
E
d
g
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)
;

n
o
d
e
O
b
j
e
c
t

=
n
e
w

N
o
d
e
O
b
j
e
c
t
(
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;

1
8

e
d
g
e
T
o
L
i
n
k

=
n
e
w

S
e
p
a
r
a
t
e
C
h
a
i
n
i
n
g
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a
s
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S
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<
D
i
r
e
c
t
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d
E
d
g
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I
n
t
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>
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;

e
d
g
e
T
o
N
a
m
e

=
n
e
w

S
e
p
a
r
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t
e
C
h
a
i
n
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n
g
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a
s
h
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D
i
r
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c
t
e
d
E
d
g
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S
t
r
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n
g
>
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)
;

2
0

r
e
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d
L
i
n
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s
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;

}
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/
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y

2
4

p
r
i
v
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e
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o
i
d

r
e
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L
i
n
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s
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)

t
h
r
o
w
s

C
l
a
s
s
N
o
t
F
o
u
n
d
E
x
c
e
p
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n
,

S
Q
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E
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n

{
C
l
a
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.
f
o
r
N
a
m
e
(
"
c
o
m
.
m
y
s
q
l
.
j
d
b
c
.
D
r
i
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r
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;

2
6
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r
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=
"
j
d
b
c
:
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3
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o
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;

C
o
n
n
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m
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D
r
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v
e
r
M
a
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g
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t
C
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n
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u
r
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a
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l
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t
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;
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8

P
r
e
p
a
r
e
d
S
t
a
t
e
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e
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o
t
a
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=
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n
n
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c
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.
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r
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O
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;

3
0

R
e
s
u
l
t
S
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t

r
e
s
u
l
t
S
e
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=
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o
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a
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e
x
e
c
u
t
e
Q
u
e
r
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;

3
2

w
h
i
l
e

(
r
e
s
u
l
t
S
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n
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)

{
i
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i
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e
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l
t
S
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.
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;

3
4
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=
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;
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;
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c
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;
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t
e
x
S
h
a
d
e
r
:

[
’
v
a
r
y
i
n
g

v
e
c
3

v
N
o
r
m
a
l
;
’
,

2
1

’
v
a
r
y
i
n
g

v
e
c
2

v
U
v
;
’
,

’
v
o
i
d

m
a
i
n
(
)

{
’
,

2
3

’
g
l
_
P
o
s
i
t
i
o
n

=
p
r
o
j
e
c
t
i
o
n
M
a
t
r
i
x

*
m
o
d
e
l
V
i
e
w
M
a
t
r
i
x

*
v
e
c
4
(

p
o
s
i
t
i
o
n
,

1
.
0

)
;
’
,

’
v
N
o
r
m
a
l

=
n
o
r
m
a
l
i
z
e
(

n
o
r
m
a
l
M
a
t
r
i
x

*
n
o
r
m
a
l

)
;
’
,

2
5

’
v
U
v

=
u
v
;
’
,

’
}
’

2
7

]
.
j
o
i
n
(
’
\
n
’
)
,

f
r
a
g
m
e
n
t
S
h
a
d
e
r
:

[
2
9

’
u
n
i
f
o
r
m

s
a
m
p
l
e
r
2
D

t
e
x
t
u
r
e
;
’
,

’
v
a
r
y
i
n
g

v
e
c
3

v
N
o
r
m
a
l
;
’
,

3
1

’
v
a
r
y
i
n
g

v
e
c
2

v
U
v
;
’
,

’
v
o
i
d

m
a
i
n
(
)

{
’
,

3
3

’
v
e
c
3

d
i
f
f
u
s
e

=
t
e
x
t
u
r
e
2
D
(

t
e
x
t
u
r
e
,

v
U
v

)
.
x
y
z
;
’
,

’
f
l
o
a
t

i
n
t
e
n
s
i
t
y

=
1
.
0
5

-
d
o
t
(

v
N
o
r
m
a
l
,

v
e
c
3
(

0
.
0
,

0
.
0
,

1
.
0

)
)

;
’
,

3
5

’
v
e
c
3

a
t
m
o
s
p
h
e
r
e

=
v
e
c
3
(

1
.
0
,

1
.
0
,

1
.
0

)
*

p
o
w
(

i
n
t
e
n
s
i
t
y
,

3
.
0

)
;
’
,

’
g
l
_
F
r
a
g
C
o
l
o
r

=
v
e
c
4
(

d
i
f
f
u
s
e

+
a
t
m
o
s
p
h
e
r
e
,

1
.
0

)
;
’
,

3
7

’
}
’

]
.
j
o
i
n
(
’
\
n
’
)

3
9

}
,

’
a
t
m
o
s
p
h
e
r
e
’

:
{

4
1

u
n
i
f
o
r
m
s
:

{
}
,

v
e
r
t
e
x
S
h
a
d
e
r
:

[
4
3

’
v
a
r
y
i
n
g

v
e
c
3

v
N
o
r
m
a
l
;
’
,

’
v
o
i
d

m
a
i
n
(
)

{
’
,

4
5

’
v
N
o
r
m
a
l

=
n
o
r
m
a
l
i
z
e
(

n
o
r
m
a
l
M
a
t
r
i
x

*
n
o
r
m
a
l

)
;
’
,

’
g
l
_
P
o
s
i
t
i
o
n

=
p
r
o
j
e
c
t
i
o
n
M
a
t
r
i
x

*
m
o
d
e
l
V
i
e
w
M
a
t
r
i
x

*
v
e
c
4
(

p
o
s
i
t
i
o
n
,

1
.
0

)
;
’
,

4
7

’
}
’

]
.
j
o
i
n
(
’
\
n
’
)
,

4
9

f
r
a
g
m
e
n
t
S
h
a
d
e
r
:

[
’
v
a
r
y
i
n
g

v
e
c
3

v
N
o
r
m
a
l
;
’
,

5
1

’
v
o
i
d

m
a
i
n
(
)

{
’
,

’
f
l
o
a
t

i
n
t
e
n
s
i
t
y

=
p
o
w
(

0
.
8

-
d
o
t
(

v
N
o
r
m
a
l
,

v
e
c
3
(

0
,

0
,

1
.
0

)
)
,

1
2
.
0

)
;
’
,

5
3

’
g
l
_
F
r
a
g
C
o
l
o
r

=
v
e
c
4
(

1
.
0
,

1
.
0
,

1
.
0
,

1
.
0

)
*

i
n
t
e
n
s
i
t
y
;
’
,

’
}
’

5
5

]
.
j
o
i
n
(
’
\
n
’
)

}
5
7

}
;

/
/
i
n
i
t
i
a
l
i
z
e

c
a
m
e
r
a
,

s
c
e
n
e
,

m
e
s
h
,

e
t
c
.

5
9

v
a
r

c
a
m
e
r
a
,

s
c
e
n
e
,

r
e
n
d
e
r
e
r
,

w
,

h
;

v
a
r

m
e
s
h
,

a
t
m
o
s
p
h
e
r
e
,

p
o
i
n
t
;

6
1

v
a
r

o
v
e
r
R
e
n
d
e
r
e
r
;

v
a
r

c
u
r
Z
o
o
m
S
p
e
e
d

=
0
;

6
3

v
a
r

z
o
o
m
S
p
e
e
d

=
5
0
;

/
/
i
n
i
t
i
a
l
i
z
e

i
n
t
i
t
i
a
l
e

p
o
s
i
t
i
o
n

6
5

v
a
r

m
o
u
s
e

=
{

x
:

0
,

y
:

0
}
,

m
o
u
s
e
O
n
D
o
w
n

=
{

x
:

0
,

y
:

0
}
;

r
o
t
a
t
i
o
n

=
{

x
:

-
M
a
t
h
.
P
I
*
1
,

y
:

0
}
,

6
7

t
a
r
g
e
t

=
{

x
:

M
a
t
h
.
P
I
,

y
:

M
a
t
h
.
P
I

/
6
.
0

}
,

t
a
r
g
e
t
O
n
D
o
w
n

=
{

x
:

0
,

y
:

0
}
;

6
9

v
a
r

d
i
s
t
a
n
c
e

=
1
0
0
0
0
0
,

d
i
s
t
a
n
c
e
T
a
r
g
e
t

=
1
0
0
0
0
0
;

v
a
r

p
a
d
d
i
n
g

=
4
0
;

7
1

v
a
r

P
I
_
H
A
L
F

=
M
a
t
h
.
P
I

/
2
;

/
/

7
3

f
u
n
c
t
i
o
n

i
n
i
t
(
)

{
c
o
n
t
a
i
n
e
r
.
s
t
y
l
e
.
c
o
l
o
r

=
’
#
f
f
f
’
;

7
5

c
o
n
t
a
i
n
e
r
.
s
t
y
l
e
.
f
o
n
t

=
’
1
3
p
x
/
2
0
p
x

A
r
i
a
l
,

s
a
n
s
-
s
e
r
i
f
’
;

v
a
r

s
h
a
d
e
r
,

u
n
i
f
o
r
m
s
,

m
a
t
e
r
i
a
l
;

7
7

w
=

c
o
n
t
a
i
n
e
r
.
o
f
f
s
e
t
W
i
d
t
h

|
|

w
i
n
d
o
w
.
i
n
n
e
r
W
i
d
t
h
;

h
=

c
o
n
t
a
i
n
e
r
.
o
f
f
s
e
t
H
e
i
g
h
t

|
|

w
i
n
d
o
w
.
i
n
n
e
r
H
e
i
g
h
t
;

7
9

/
/
c
r
e
a
t
e

n
e
w

C
a
m
e
r
a

c
a
m
e
r
a

=
n
e
w

T
H
R
E
E
.
P
e
r
s
p
e
c
t
i
v
e
C
a
m
e
r
a
(
3
0
,

w
/

h
,

1
,

1
0
0
0
0
)
;
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8
1

c
a
m
e
r
a
.
p
o
s
i
t
i
o
n
.
z

=
d
i
s
t
a
n
c
e
;

/
/
C
r
e
a
t
e

n
e
w

s
c
h
e
n
e

8
3

s
c
e
n
e

=
n
e
w

T
H
R
E
E
.
S
c
e
n
e
(
)
;

/
/
c
r
e
a
t
e

a
3
D

g
e
o
m
e
t
r
y

8
5

v
a
r

g
e
o
m
e
t
r
y

=
n
e
w

T
H
R
E
E
.
S
p
h
e
r
e
G
e
o
m
e
t
r
y
(
2
0
0
,

4
0
,

3
0
)
;

s
h
a
d
e
r

=
S
h
a
d
e
r
s
[
’
e
a
r
t
h
’
]
;

8
7

u
n
i
f
o
r
m
s

=
T
H
R
E
E
.
U
n
i
f
o
r
m
s
U
t
i
l
s
.
c
l
o
n
e
(
s
h
a
d
e
r
.
u
n
i
f
o
r
m
s
)
;

u
n
i
f
o
r
m
s
[
’
t
e
x
t
u
r
e
’
]
.
v
a
l
u
e

=
T
H
R
E
E
.
I
m
a
g
e
U
t
i
l
s
.
l
o
a
d
T
e
x
t
u
r
e
(
i
m
g
D
i
r
+
’
w
o
r
l
d
.

j
p
g
’
)
;

8
9

/
/

s
h
a
d
e

t
h
e

m
a
t
e
r
i
a
l

m
a
t
e
r
i
a
l
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n
e
w

T
H
R
E
E
.
S
h
a
d
e
r
M
a
t
e
r
i
a
l
(
{

9
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u
n
i
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o
r
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:

u
n
i
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r
m
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v
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r
t
e
x
S
h
a
d
e
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:

s
h
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d
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r
.
v
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r
t
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x
S
h
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d
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r
,

9
3

f
r
a
g
m
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t
S
h
a
d
e
r
:

s
h
a
d
e
r
.
f
r
a
g
m
e
n
t
S
h
a
d
e
r

}
)
;

9
5

/
/
c
r
e
a
t
e

a
m
e
s
h

f
r
o
m

t
h
e

g
e
o
m
e
t
r
y

a
n
d

m
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t
e
r
i
a
l

a
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d

/
/
a
d
d
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o

s
c
e
n
e

9
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m
e
s
h

=
n
e
w

T
H
R
E
E
.
M
e
s
h
(
g
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o
m
e
t
r
y
,

m
a
t
e
r
i
a
l
)
;

m
e
s
h
.
r
o
t
a
t
i
o
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.
y

=
M
a
t
h
.
P
I
;

9
9

s
c
e
n
e
.
a
d
d
(
m
e
s
h
)
;

s
h
a
d
e
r

=
S
h
a
d
e
r
s
[
’
a
t
m
o
s
p
h
e
r
e
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]
;

1
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u
n
i
f
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r
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=
T
H
R
E
E
.
U
n
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c
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s
h
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d
e
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.
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;

m
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t
e
r
i
a
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=
n
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w

T
H
R
E
E
.
S
h
a
d
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r
M
a
t
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r
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a
l
(
{

1
0
3

u
n
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r
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:

u
n
i
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r
m
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v
e
r
t
e
x
S
h
a
d
e
r
:

s
h
a
d
e
r
.
v
e
r
t
e
x
S
h
a
d
e
r
,

1
0
5

f
r
a
g
m
e
n
t
S
h
a
d
e
r
:

s
h
a
d
e
r
.
f
r
a
g
m
e
n
t
S
h
a
d
e
r
,

s
i
d
e
:

T
H
R
E
E
.
B
a
c
k
S
i
d
e
,

1
0
7

b
l
e
n
d
i
n
g
:

T
H
R
E
E
.
A
d
d
i
t
i
v
e
B
l
e
n
d
i
n
g
,

t
r
a
n
s
p
a
r
e
n
t
:

t
r
u
e

1
0
9

}
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;

/
/
c
r
e
a
t
e

o
u
t
e
r

l
a
y
e
r

1
1
1

m
e
s
h

=
n
e
w

T
H
R
E
E
.
M
e
s
h
(
g
e
o
m
e
t
r
y
,

m
a
t
e
r
i
a
l
)
;

m
e
s
h
.
s
c
a
l
e
.
s
e
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(

1
.
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,

1
.
1
,
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.
1

)
;

1
1
3

s
c
e
n
e
.
a
d
d
(
m
e
s
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)
;

/
/
c
r
e
a
t

b
o
x

c
o
v
e
r

1
1
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g
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=
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w

T
H
R
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B
o
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G
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o
m
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,
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;

g
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o
m
e
t
r
y
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a
p
p
l
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r
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n
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T
H
R
E
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M
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r
i
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.
m
a
k
e
T
r
a
n
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n
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.
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;

1
1
7

/
/
i
n
t
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l
i
z
e

a
p
o
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n

t
h
e

g
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o
m
e
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r
y

p
o
i
n
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n
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T
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R
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.
M
e
s
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(
g
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o
m
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;

1
1
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/
/
i
n
t
i
i
a
l
i
z
e

t
h
e

r
e
n
d
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r

r
e
n
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r
e
r

=
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T
H
R
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E
.
W
e
b
G
L
R
e
n
d
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r
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r
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{
a
n
t
i
a
l
i
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:

t
r
u
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)
;

1
2
1

r
e
n
d
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r
e
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.
s
e
t
S
i
z
e
(
w
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h
)
;

/
/
a
d
d

e
v
e
n
t

l
i
s
t
e
n
e
r
s

1
2
3

r
e
n
d
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r
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.
d
o
m
E
l
e
m
e
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s
t
y
l
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.
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o
s
i
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’
a
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;

c
o
n
t
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n
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.
a
p
p
e
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d
C
h
i
l
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r
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n
d
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r
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.
d
o
m
E
l
e
m
e
n
t
)
;

1
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n
t
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r
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d
d
E
v
e
n
t
L
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;

c
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n
t
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.
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d
d
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n
t
L
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t
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n
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’
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s
e
w
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e
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l
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o
n
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u
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e
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e
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;
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2
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o
c
u
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n
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a
d
d
E
v
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n
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L
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n
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r
(
’
k
e
y
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n
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,

o
n
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o
c
u
m
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n
t
K
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y
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o
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n
,

f
a
l
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;

w
i
n
d
o
w
.
a
d
d
E
v
e
n
t
L
i
s
t
e
n
e
r
(
’
r
e
s
i
z
e
’
,

o
n
W
i
n
d
o
w
R
e
s
i
z
e
,

f
a
l
s
e
)
;

1
2
9

c
o
n
t
a
i
n
e
r
.
a
d
d
E
v
e
n
t
L
i
s
t
e
n
e
r
(
’
m
o
u
s
e
o
v
e
r
’
,

f
u
n
c
t
i
o
n
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)

{
o
v
e
r
R
e
n
d
e
r
e
r

=
t
r
u
e
;

1
3
1

}
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f
a
l
s
e
)
;

c
o
n
t
a
i
n
e
r
.
a
d
d
E
v
e
n
t
L
i
s
t
e
n
e
r
(
’
m
o
u
s
e
o
u
t
’
,

f
u
n
c
t
i
o
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)

{
1
3
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o
v
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r
R
e
n
d
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r
e
r

=
f
a
l
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e
;
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f
a
l
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;

1
3
5

}
/
/
a
d
d
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a
t
a
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o

t
h
e

g
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o
b
e

1
3
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f
u
n
c
t
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a
d
d
D
a
t
a
(
d
a
t
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o
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)

{
v
a
r

l
a
t
,

l
n
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s
i
z
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,

c
o
l
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r
,
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,

s
t
e
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,

c
o
l
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r
F
n
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r
a
p
p
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r
;

1
3
9

o
p
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s
.
a
n
i
m
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t
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=
o
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t
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.
a
n
i
m
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d
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f
a
l
s
e
;

t
h
i
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.
i
s
_
a
n
i
m
a
t
e
d

=
o
p
t
s
.
a
n
i
m
a
t
e
d
;

1
4
1

o
p
t
s
.
f
o
r
m
a
t
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o
p
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.
f
o
r
m
a
t

|
|

’
m
a
g
n
i
t
u
d
e
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;

/
/

o
t
h
e
r

o
p
t
i
o
n

i
s

’
l
e
g
e
n
d
’

i
f

(
o
p
t
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.
f
o
r
m
a
t

=
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=

’
m
a
g
n
i
t
u
d
e
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)

{
1
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3

s
t
e
p

=
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;

c
o
l
o
r
F
n
W
r
a
p
p
e
r

=
f
u
n
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o
n
(
d
a
t
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)

{
r
e
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u
r
n

c
o
l
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r
F
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(
d
a
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;

}
1
4
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}
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l
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(
o
p
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.
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o
r
m
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p
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;
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e
n
t

l
i
s
t
e
n
e
r
s

2
6
9

f
u
n
c
t
i
o
n

o
n
M
o
u
s
e
W
h
e
e
l
(
e
v
e
n
t
)

{
e
v
e
n
t
.
p
r
e
v
e
n
t
D
e
f
a
u
l
t
(
)
;

2
7
1

i
f

(
o
v
e
r
R
e
n
d
e
r
e
r
)

{
z
o
o
m
(
e
v
e
n
t
.
w
h
e
e
l
D
e
l
t
a
Y

*
0
.
3
)
;

2
7
3

} r
e
t
u
r
n

f
a
l
s
e
;

2
7
5

}
/
/
g
i
v
e

3
d

c
a
p
a
b
a
i
l
i
t
i
e
s

t
o

t
h
e

a
p
p

b
y

t
r
i
g
g
e
r
i
n
g

e
v
e
n
t

l
i
s
t
e
n
e
r
s

2
7
7

f
u
n
c
t
i
o
n

o
n
D
o
c
u
m
e
n
t
K
e
y
D
o
w
n
(
e
v
e
n
t
)

{
s
w
i
t
c
h

(
e
v
e
n
t
.
k
e
y
C
o
d
e
)

{
2
7
9

c
a
s
e

3
8
:

z
o
o
m
(
1
0
0
)
;

2
8
1

e
v
e
n
t
.
p
r
e
v
e
n
t
D
e
f
a
u
l
t
(
)
;

b
r
e
a
k
;

2
8
3

c
a
s
e

4
0
:

z
o
o
m
(
-
1
0
0
)
;

2
8
5

e
v
e
n
t
.
p
r
e
v
e
n
t
D
e
f
a
u
l
t
(
)
;

b
r
e
a
k
;

2
8
7

}
}

2
8
9

/
/
g
i
v
e

3
d

c
a
p
a
b
a
i
l
i
t
i
e
s

t
o

t
h
e

a
p
p

b
y

t
r
i
g
g
e
r
i
n
g

e
v
e
n
t

l
i
s
t
e
n
e
r
s

f
u
n
c
t
i
o
n

o
n
W
i
n
d
o
w
R
e
s
i
z
e
(

e
v
e
n
t

)
{

2
9
1

c
a
m
e
r
a
.
a
s
p
e
c
t

=
c
o
n
t
a
i
n
e
r
.
o
f
f
s
e
t
W
i
d
t
h

/
c
o
n
t
a
i
n
e
r
.
o
f
f
s
e
t
H
e
i
g
h
t
;

c
a
m
e
r
a
.
u
p
d
a
t
e
P
r
o
j
e
c
t
i
o
n
M
a
t
r
i
x
(
)
;

2
9
3

r
e
n
d
e
r
e
r
.
s
e
t
S
i
z
e
(

c
o
n
t
a
i
n
e
r
.
o
f
f
s
e
t
W
i
d
t
h
,

c
o
n
t
a
i
n
e
r
.
o
f
f
s
e
t
H
e
i
g
h
t

)
;

}
2
9
5

/
/
r
e
s
i
z
e

o
n

z
o
o
m
e

f
u
n
c
t
i
o
n

z
o
o
m
(
d
e
l
t
a
)

{
2
9
7

d
i
s
t
a
n
c
e
T
a
r
g
e
t

-
=

d
e
l
t
a
;

d
i
s
t
a
n
c
e
T
a
r
g
e
t

=
d
i
s
t
a
n
c
e
T
a
r
g
e
t

>
1
0
0
0

?
1
0
0
0

:
d
i
s
t
a
n
c
e
T
a
r
g
e
t
;

2
9
9

d
i
s
t
a
n
c
e
T
a
r
g
e
t

=
d
i
s
t
a
n
c
e
T
a
r
g
e
t

<
3
5
0

?
3
5
0

:
d
i
s
t
a
n
c
e
T
a
r
g
e
t
;

}
3
0
1

/
/
r
e
n
d
e
r

t
h
e

g
r
a
p
h

f
u
n
c
t
i
o
n

a
n
i
m
a
t
e
(
)

{
3
0
3

r
e
q
u
e
s
t
A
n
i
m
a
t
i
o
n
F
r
a
m
e
(
a
n
i
m
a
t
e
)
;

r
e
n
d
e
r
(
)
;

3
0
5

}
/
/
i
n
i
t
i
a
l
i
z
e

t
h
e

c
a
m
e
r
a

p
o
s
i
t
i
o
n

3
0
7

f
u
n
c
t
i
o
n

r
e
n
d
e
r
(
)

{

3
0
9

z
o
o
m
(
c
u
r
Z
o
o
m
S
p
e
e
d
)
;

r
o
t
a
t
i
o
n
.
x

+
=

(
t
a
r
g
e
t
.
x

-
r
o
t
a
t
i
o
n
.
x
)

*
0
.
1
;

3
1
1

r
o
t
a
t
i
o
n
.
y

+
=

(
t
a
r
g
e
t
.
y

-
r
o
t
a
t
i
o
n
.
y
)

*
0
.
1
;

d
i
s
t
a
n
c
e

+
=

(
d
i
s
t
a
n
c
e
T
a
r
g
e
t

-
d
i
s
t
a
n
c
e
)

*
0
.
3
;

3
1
3

c
a
m
e
r
a
.
p
o
s
i
t
i
o
n
.
x

=
d
i
s
t
a
n
c
e

*
M
a
t
h
.
s
i
n
(
r
o
t
a
t
i
o
n
.
x
)

*
M
a
t
h
.
c
o
s
(
r
o
t
a
t
i
o
n
.
y

)
;

c
a
m
e
r
a
.
p
o
s
i
t
i
o
n
.
y

=
d
i
s
t
a
n
c
e

*
M
a
t
h
.
s
i
n
(
r
o
t
a
t
i
o
n
.
y
)
;

3
1
5

c
a
m
e
r
a
.
p
o
s
i
t
i
o
n
.
z

=
d
i
s
t
a
n
c
e

*
M
a
t
h
.
c
o
s
(
r
o
t
a
t
i
o
n
.
x
)

*
M
a
t
h
.
c
o
s
(
r
o
t
a
t
i
o
n
.
y

)
;

c
a
m
e
r
a
.
l
o
o
k
A
t
(
m
e
s
h
.
p
o
s
i
t
i
o
n
)
;
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3
1
7

r
e
n
d
e
r
e
r
.
r
e
n
d
e
r
(
s
c
e
n
e
,

c
a
m
e
r
a
)
;

}
3
1
9

i
n
i
t
(
)

t
h
i
s
.
a
n
i
m
a
t
e

=
a
n
i
m
a
t
e
;

3
2
1

t
h
i
s
.
_
_
d
e
f
i
n
e
G
e
t
t
e
r
_
_
(
’
t
i
m
e
’
,

f
u
n
c
t
i
o
n
(
)

{
r
e
t
u
r
n

t
h
i
s
.
_
t
i
m
e

|
|

0
;

3
2
3

}
)
;

/
/
m
o
r
e

e
v
e
n
t

l
i
s
t
e
n
e
r
s
.

3
2
5

t
h
i
s
.
_
_
d
e
f
i
n
e
S
e
t
t
e
r
_
_
(
’
t
i
m
e
’
,

f
u
n
c
t
i
o
n
(
t
)

{
v
a
r

v
a
l
i
d
M
o
r
p
h
s

=
[
]
;

3
2
7

v
a
r

m
o
r
p
h
D
i
c
t

=
t
h
i
s
.
p
o
i
n
t
s
.
m
o
r
p
h
T
a
r
g
e
t
D
i
c
t
i
o
n
a
r
y
;

f
o
r
(
v
a
r

k
i
n

m
o
r
p
h
D
i
c
t
)

{
3
2
9

i
f
(
k
.
i
n
d
e
x
O
f
(
’
m
o
r
p
h
P
a
d
d
i
n
g
’
)

<
0
)

{
v
a
l
i
d
M
o
r
p
h
s
.
p
u
s
h
(
m
o
r
p
h
D
i
c
t
[
k
]
)
;

3
3
1

}
}

3
3
3

v
a
l
i
d
M
o
r
p
h
s
.
s
o
r
t
(
)
;

v
a
r

l
=

v
a
l
i
d
M
o
r
p
h
s
.
l
e
n
g
t
h
-
1
;

3
3
5

v
a
r

s
c
a
l
e
d
t

=
t
*
l
+
1
;

v
a
r

i
n
d
e
x

=
M
a
t
h
.
f
l
o
o
r
(
s
c
a
l
e
d
t
)
;

3
3
7

f
o
r

(
i
=
0
;
i
<
v
a
l
i
d
M
o
r
p
h
s
.
l
e
n
g
t
h
;
i
+
+
)

{
t
h
i
s
.
p
o
i
n
t
s
.
m
o
r
p
h
T
a
r
g
e
t
I
n
f
l
u
e
n
c
e
s
[
v
a
l
i
d
M
o
r
p
h
s
[
i
]
]

=
0
;

3
3
9

} v
a
r

l
a
s
t
I
n
d
e
x

=
i
n
d
e
x

-
1
;

3
4
1

v
a
r

l
e
f
t
o
v
e
r

=
s
c
a
l
e
d
t

-
i
n
d
e
x
;

i
f

(
l
a
s
t
I
n
d
e
x

>
=

0
)

{
3
4
3

t
h
i
s
.
p
o
i
n
t
s
.
m
o
r
p
h
T
a
r
g
e
t
I
n
f
l
u
e
n
c
e
s
[
l
a
s
t
I
n
d
e
x
]

=
1

-
l
e
f
t
o
v
e
r
;

}
3
4
5

t
h
i
s
.
p
o
i
n
t
s
.
m
o
r
p
h
T
a
r
g
e
t
I
n
f
l
u
e
n
c
e
s
[
i
n
d
e
x
]

=
l
e
f
t
o
v
e
r
;

t
h
i
s
.
_
t
i
m
e

=
t
;

3
4
7

}
)
;

t
h
i
s
.
a
d
d
D
a
t
a

=
a
d
d
D
a
t
a
;

3
4
9

t
h
i
s
.
c
r
e
a
t
e
P
o
i
n
t
s

=
c
r
e
a
t
e
P
o
i
n
t
s
;

t
h
i
s
.
r
e
n
d
e
r
e
r

=
r
e
n
d
e
r
e
r
;

3
5
1

t
h
i
s
.
s
c
e
n
e

=
s
c
e
n
e
;

r
e
t
u
r
n

t
h
i
s
;

3
5
3

}
;

./
C
od

e/
G
lo
b
e.
js

B
.3

P
y
th

o
n

&
B
a
sh

S
cr
ip
ts

B
.3
.1

N
et
w
o
rk

D
a
ta

C
le
a
n
in
g

N
o
d
ec

le
a
n
.p
y

1
i
m
p
o
r
t

s
y
s

i
m
p
o
r
t

s
t
r
i
n
g

3
d
e
f

m
a
i
n
(
)
:

l
i
n
e

=
s
y
s
.
s
t
d
i
n
.
r
e
a
d
l
i
n
e
(
)

5
m
y
l
i
s
t

=
[
]
;

w
h
i
l
e
(
l
i
n
e

!
=

"
"
)
:

7
m
y
l
i
s
t

=
l
i
n
e
.
s
p
l
i
t
(
"
,
"
)
;

p
r
i
n
t

"
,
"
.
j
o
i
n
(
m
a
p
(
s
t
r
,

m
y
l
i
s
t
[
:
5
]
)
)
,

9
r
e
s
t

=
m
y
l
i
s
t
[
5
]
.
s
p
l
i
t
(
)
;

i
f

l
e
n
(
r
e
s
t
)

=
=

1
:

1
1

p
r
i
n
t

"
,
"

+
r
e
s
t
[
0
]

+
"
,
"
;

e
l
s
e
:

1
3

b
=

r
e
s
t
[
1
:
]
;

p
r
i
n
t

"
,
"

+
r
e
s
t
[
0
]

+
"
,
"

+
"

"
.
j
o
i
n
(
m
a
p
(
s
t
r
,

b
)
)
;

1
5

l
i
n
e

=
s
y
s
.
s
t
d
i
n
.
r
e
a
d
l
i
n
e
(
)

m
a
i
n
(
)
;

./
C
od

e/
N
od

ec
le
an

.p
y

L
in
k
cl
ea

n
.p
y

d
e
f

m
a
i
n
(
)
:

2
l
i
n
e

=
s
y
s
.
s
t
d
i
n
.
r
e
a
d
l
i
n
e
(
)

m
y
l
i
s
t

=
[
]
;

4
i

=
0
;

w
h
i
l
e
(
l
i
n
e

!
=

"
"
)
:

6
w
h
i
l
e
(
"
S
k
i
p
"

i
n

l
i
n
e
)
:

l
i
n
e

=
s
y
s
.
s
t
d
i
n
.
r
e
a
d
l
i
n
e
(
)
;

8
l
i
n
e
.
s
t
r
i
p
(
"
\
r
"
)
;

m
y
l
i
s
t

=
l
i
n
e
.
s
p
l
i
t
(
)
;

1
0

i
f

l
e
n
(
m
y
l
i
s
t
)

=
=

4
:

p
r
i
n
t

s
t
r
(
i
)

+
"
,

"
+

m
y
l
i
s
t
[
0
]

+
"
,

"
+

m
y
l
i
s
t
[
1
]

+
"
,

"
+

m
y
l
i
s
t
[
2
]

+
"
,

"
+

m
y
l
i
s
t
[
3
]
;

1
2

e
l
i
f

l
e
n
(
m
y
l
i
s
t
)

=
=

5
:

p
r
i
n
t

s
t
r
(
i
)

+
"
,

"
+

m
y
l
i
s
t
[
0
]

+
"
,

"
+

m
y
l
i
s
t
[
1
]

+
"
,

"
+

m
y
l
i
s
t
[
2
]

+
"
,

"
+

m
y
l
i
s
t
[
3
]

+
"
,

"
+

m
y
l
i
s
t
[
4
]
;

1
4

e
l
i
f

l
e
n
(
m
y
l
i
s
t
)

>
5
:

p
r
i
n
t

s
t
r
(
i
)

+
"
,

"
+

m
y
l
i
s
t
[
0
]

+
"
,

"
+

m
y
l
i
s
t
[
1
]

+
"
,

"
+

m
y
l
i
s
t
[
2
]

+
"
,

"
+

m
y
l
i
s
t
[
3
]

+
"
,

"
,

1
6

p
r
i
n
t

’
’
.
j
o
i
n
(
m
a
p
(
s
t
r
,

m
y
l
i
s
t
[
4
:
]
)
)
;

i
=

i
+

1
;

1
8

l
i
n
e

=
s
y
s
.
s
t
d
i
n
.
r
e
a
d
l
i
n
e
(
)

m
a
i
n
(
)
;

./
C
od

e/
L
in
kc
le
an

.p
y

R
es
tc
le
a
n
.p
y

1
i
m
p
o
r
t

s
y
s

i
m
p
o
r
t

s
t
r
i
n
g

3
d
e
f

m
a
i
n
(
)
:

l
i
n
e

=
s
y
s
.
s
t
d
i
n
.
r
e
a
d
l
i
n
e
(
)

5
m
y
l
i
s
t

=
[
]
;
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w
h
i
l
e
(
l
i
n
e

!
=

"
"
)
:

7
m
y
l
i
s
t

=
l
i
n
e
.
s
p
l
i
t
(
"
,
"
)
;

p
r
i
n
t

"
,
"
.
j
o
i
n
(
m
a
p
(
s
t
r
,

m
y
l
i
s
t
[
:
5
]
)
)
,

9
r
e
s
t

=
m
y
l
i
s
t
[
5
]
.
s
p
l
i
t
(
)
;

i
f

l
e
n
(
r
e
s
t
)

=
=

1
:

1
1

p
r
i
n
t

"
,
"

+
r
e
s
t
[
0
]

+
"
,
"
;

e
l
s
e
:

1
3

b
=

r
e
s
t
[
1
:
]
;

p
r
i
n
t

"
,
"

+
r
e
s
t
[
0
]

+
"
,
"

+
"

"
.
j
o
i
n
(
m
a
p
(
s
t
r
,

b
)
)
;

1
5

l
i
n
e

=
s
y
s
.
s
t
d
i
n
.
r
e
a
d
l
i
n
e
(
)

m
a
i
n
(
)
;

./
C
od

e/
R
es
tc
le
an

.p
y
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