Bird Migration in Changing Habitats

J Smith/ NASA GSFC
Creative Commons — photo by Andreas Trepte, www.photo-natur.de)




Software Entropy Catastrophe

Refactoring ..... Fancy word for

“Back to Square One “



The remodeling project

Diagnostics for climate change impacts
and management/conservation

Hardware acceleration with GPGPUs

Wrap-up




_IBirdMigrationGU

Cperations

public BirdMigrationGUK String title )
private JComponent createContent{ )
private MenuBar cresteMenuBar{ )
public BirdMigrationMainTab getMainContent{ )
public BirdMigrationStatTab getStatContent{ )
public BirdMigrationDataTab getDataContent{ )
public void addLineTolog( String info )
private void copyToClipboard{ )
public void actionPerformed{ ActionEvent event )
private void attemptExit{ )

blic void ind Stei 0.4
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Cyperations
public BirdMigrationMainTab{ PESAPopulation P

= BirdMigrationMainTab

StatTab statTabRef )

public JPanel cresteMainParamPanel )

public void disableControl )

private JPanel cresteMainPanel )

public JPanel initMainDisplay )

public void displayMainMap{ )

public void drawBirds( int day )

private void updateBirdFrame{ int day )

public void updateBirdFrame{ )

public void actionPerformed{ ActionEvent event )

statTah

S
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E BirdMigrationStatTab

Artributes
private JPanel statContentPanel
private JPanel statDisplayPanel
private JPanel statDescriptionPanel
private JTextArea statDescriptionArea
private JComboBox selectPopulation
private JComboBox selectAnalysis
private PApplet statDisplay

birdinfo

[ BirdInformationGU

dataConten|

=1 BirdMigrationDataTab
Artributes

private JPanel dataContentPanel

Cyperations
public BirdMigrationSttTab{ PESAPopulation newgen[0..*] )
public JPanel createStatChooserPane )
public void addPESAPopulation{ PESAPopulation population )
private JPanel createStatPanel )
public JPanel initStatDisplay )

private JPanel dataDisplayPanel

public void actionPerformed{ ActionEvent ¢ )

Artributes
private DefaultValueDataset birdCompassValue
private DefaultValueDataset birdSpeedValue
private DefaultValueDataset birdFuelValue
private XYSeries distanceSeries = new XYSeries{"Distance”)
private JLabel livingLabel
private JLabel daylabel

private JPanel dataDescriptionPanel
private JTextArea dataDescriptionArea
private PApplet dataDisplay

private JPanel datalmagePanel
Cperations
public BirdMigrationDataTab{ )
public JPanel cresteDataChooserPanel )
private JPanel createDataPanel )
public JPanel initDataDisplay )
public void displayNDVIData{ NDVIData data )
public void addNDViltem{ NDVIData data )
public void displayNDVIDatalnfo{ NDVIData data )
public void actionPerformed( ActionEvent event )

statManage

[=IStatGUIManager

Artribures

Operations
public StatGUIManager{ )

public void displayStat{ String stat, PESAPopulation pesas |

Cperations
public BirdinformationGUK String title )
private JPanel createDistanceGraph{ )
private JPanel cremeCompass{ )
private JPanel createSpeedGage( )
private JPanel cresteFuelPanel )
public void setCompassValue({ float value )
public void setSpeedValue{ float value )
public void setFuelValue({ float value )
public void addDistancePoint{ int day, float value )
public void clearDistanceSeries{ )
public void setLivinglLabe) int bnum, PESA pesa, int day )
public void setDayLabel int day )
public void clearLabels{ )




Bird Migration Window

File Edit

(‘Main = Stastistics =~ Data Log

( N ;
[ Spawn ) 1000 birds

M )
[ Migrate )

 ———
( Pause )

[ Migrate One Day )

1
[ Reset Population )

Animation Interval 100

View bird 11 (

View Day 90 (

[ Toggle Bird View )

Row,Col index = 115,346

Current Fuel = 1873.7303

Direction = 323.7151

Distance Traveled = 2872800.0

Stop behavior = 12

Bird is alive

Birds finished migrating. Total Runtime = 119.954 ms.Migration Completed after 90 days
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File Edit

Bird Migration Window

["Main = Stastistics = Data Log)

Play

Clear
Select NDVI file
( Display ) [ gridl0minfrsMay & |

Print NDVI Info

NDVI data item April99PESA added
NDVI data item April8288 added

NDVI data item AprilAvePESA added
NDVI data item grid10minfrsMay added
NDVI data item jun8288 added
NDVI data item May8288 added

(Example layer)
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java.lang

/\

bird

bird

BirdBehaviors

java.lang

PESA

-------

- alive : boolean(]

- atDestination : boolean
- baseSpeed : float

= col : int[]

= direction : float[]

- distanceTraveled : float[]
- endLat : float

- feedTime : int

- fitness : float

= flyTime : int

= fuel : float(]

- fuelMax : float

- fuelRate : float

- fuelThreshold : float
- latitude : float(]

- leanMass : float

= log : String(]
longitude : float(]

= name : String

= num : int

- restTime : int

wmias » Pumell

java.lang

/\

bird bird

PESAPopulation

java.lang

/ name : String

- PESAbirds : PESA[]

= currentDay : int

- doneMigration : boolean
- popRuntime : long

+ PESAPopulation()

+ doneMigrating() : boolean
+ getAtDestinationCount() : int
+ getBird(int) : PESA

+ getBirds() : PESA[]

+ getCurrentDay() : int

+ getLivingCount(int) : int

+ getPopRunTime() : float

+ getPopSize() : int

+ migrate(int) : String

+ restartMigration() : void

+ setName(String) : void

+ spawnPESAs(int) : void

+ toString() : String




O O O Bird 11 Information Window

Diagnosﬁc Nutnt. Bird 11 is ALIVE

(State Variables)
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North American Bird Conservation Regions

January through June (Maximum count totals = 55,205)

Maximum
Count

Latitude
(°N)

Longitude
(*W)

Location

18700

38.30

98.80

[Cheyenne Bottoms Wildlife Management Area, Kansas

3018

44.70

97.00

Dry Lake B, Clark County, South Dakota

1928

29.90

95.90

Rice fields, Harris County and Waller County, Texas

1500

41.80

91.50

Coralville Reservoir, Johnson County, lowa

1500

29.30

89.90

Grand Terre, Jefferson Parish, Louisiana

1500

40.70

95.60

|Riverton Wildlife Area, Fremont County, lowa

1087

29.10

95.20

Brazoria National Wildlife Refuge, Brazoria County, Texas

1000

27.80

97.40

Corpus Christi, Texas

1000

39.40

91.10

Ted Shanks Wildlife Arca, Missouri

1000

44.40

95.30

|Redwood County, Minnesota

1000

53.30

112.50

ill Lake, Alberta

1000

34.70

91.90

Anderson's Fish Hatchery, Lonoke County, Arkansas

858

29.70

94.60

(Chambers County, Texas

833

44.70

NABCI

97.70

Pond near Dry Lake, Clark County, South Dakota

US Shorebird Conservation Plan
USFWS survey data
Bird Phenology Network
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igratory Bird Survey Manager- BearRiver2006counts

S Results
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* Use MPI/CUDA hybrid
to utilize every GPU in

cluster
* e Use rank to bind

2x Processors per Tesla Slngle GPU for 1
(MPI Nodes 0 and 1)
Processor on a node

* * 240 cores per GPU

S e 1920 cores in entire
per Tesla
(MPI Nodes 2 and 3) C| uster







* 1,024,000 birds

e Laptop integrated card (16 cores)
— Average 89.92 (ms)
— Total 1798.474854 (ms)

e 5.45x faster than unoptimized
e 2.2x faster than cache optimized

* Desktop GTX 260 (216 cores)

— Average 3.82 (ms)

— Total 76.470993 (ms) (Tim Blattner)

* 113.96x faster than unoptimized
e 45.95x faster than cache optimized




Acceleration

& Tesla S1060
K GTX 260
GeForce 9400M
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(Tim Blattner)




* Model totally reworked and revamped

* Parallel implementation of key routines
e Model-View-Controller abstraction

Predator-prey
-»  Problem domain size
Tailored application views




* Convergence of evidence tests

* Diagnostics for climate change change impacts
* Management-Conservation-Public (USFWS/BCR)

45,000,000 Bird Watchers




