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Why openModeller?

« Proof of concept: specimen occurrence data as
Infrastructure for research and policy making

« First prototype developed as part of the speciesLink project
(2001-2005)

- Open source, C++, available at sourceforge
- Attracted international collaboration: University of Kansas and

University of Reading
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Why openModeller?
« Modeling process is usually quite complex and time
consuming

« requires great expertise in a number of software and tools
(different formats, different software, ...)

. framework capable of dealing with different projections,
coordinate systems, and formats

« By using such a framework, specialists would be able to
concentrate more on the analysis then on preparation of
data




Thematic project funded by Fapesp (2006 — 2009)
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openModeller basic functions

Work with multiple algorithms.

Allow different interfaces on top of the same library (desktop,

command line, web)

Support different input formats (for both points and rasters).

Platform independent (runs on GNU/Linux, Mac OSX and
Windows).

“crqa iy POLIjIe=




openModeller architecture

Interfaces (desktop, command line, web service, etc.)

- A

plugins

modelling, pre-analysis, post-analysis API
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Reference Center on Environmental Information
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Brazilian not-for-profit, non-governmental organization that aims to
contribute towards a more sustainable use of Brazil's biodiversity through
dissemination of high quality information.
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The speciesLink network (splink.cria.org.br)

soecieslink & um sistema distribuido de
Infnrmagﬁn que integra em tempo real,
dados primarios de colegies cientificas. O
sistema foi desenwolvido gragas ao apoio
das instituigEES: FAFESF, BIF, RS
Foundation & CRIA.
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155 colegies & sub-colegies
28059 295 registros on-line
1,293 714 geareferenciados

ZE0,1232 nomes diferentes de espécies
22 oct 2008 - 0205
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speciesLink evolution
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FAPESP Nov 2005 Out 2008
~700k records ~3M records
~40 collections ~ 160 collections and subcollections
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speciesLink regional servers
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speciesLink indicators

Animals, 305,837 1
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roorganisms, 8. 725

66% Plants
28% Animals

5% “broad scope”

1% microorganisms
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Brasil, 2,574,011 —\

others, 122,059
Paraguai, 3.771
Peru, 12,115
Equador, 12,422
México, 12,881
Wenezue la, 15,292
Srgentina, 17.210
Estados Unidos, 20,319
7, 21,799

Calémbia, 40,0158

not informed, 57,959

85% from Brazilian collections
15% from foreign collections
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Mordeste 414712 reg [0,2665 regikmz2)

Morte 429972 reg (01116 reg/km2)

Centro-Deste 219678 reg (0,1369 regikm2)

Sul 449739 reg (0,.7218 reg/kmz)
Sudeste 942852 reg (10162 regfkmz)

y, “HL, L

A, 29 \‘I_DFJ =
EM, 3

FE, 4

PE, 7

Ezse indicador mostra o nomera de colecdes e sub-colecdes conectadas & rede speciesLink por estado brasileiro.
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dados e ferramentas
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ASE - Herbario da Universidade Federal de Sergipe

Univerzidade Federal de Sergipe
Como citar & Condiges de uso

i- VTR,
Tty

spLink  Instituigioe Colegdo Cataloge Nome cientifico Forma de registro Reine Filo Classe Ordem Familia GEnero
S l.....LIFS ASE 5402 Tabebuia impetiginosa S Plartae - - - Bignoniaceae Tabebuia
CPMA - Colegio de plantas medicinais e aromaticas ' = &- &-
Universidade Estadual de Campinas ! %:"
Como citar & Condigées de uzo LMIEA P
spLink  Instituicio Colecdo Cataloge Nome cientifico Forma de registro Reine  Filo Classe Ordem Familia Género
S0 l....CF‘QEI.-'J'-. CPhA 1076 Tabebuia impetiginoza = Flantaes - - - Bignoniaceas Tabebuia
EAL - Herbvrio Prisco Bezerra @.‘
Univerzidade Federal do Ceara u F
Como citar & Condigies de uso
spLink Instituicio Colecao Catalogo Nome cientifico Forma de registro Reine Filo Classe Ordem Familia Género
S l.....LIFC E&C 41404 Tabebuia impetiginosa - Plartae - - - Bignoniaceae Tabebuia
S l.....LIFC E&C 41405 Tabebuia impetiginosa - Plartae - - - Bignoniaceae Tabebuia
I=p

E5SA - Herbario da Escola Superior de Agricultura Luiz de Queiroz NI
E=zcola Superior de Agricultura Luiz de Cueiroz Eb.?ﬂ
Como citar & Condigées de uzo -

spLink Instituicio Colecdo Cataloge Nome cientifico Forma de registro Reine  Filo Classe Ordem Familia

S0 l... E=ALG EZA 36432 Tabebuia impetiginoza = Flartae Magnoliophyta - - Bignoniaceaes
S0 l... E=ALG EZA 36436 Tabebuia impetiginoza = Flartae Magnoliophyta - - Bignoniaceaes
soe Al ESALG ESa 31663 Tahehuia impeticinosa S Plartae Macgnoliophyts - - Bignoniaceas

Espécies Subespécie Autor do nd
impetiginosa - (Mart ex DT

Espécies Subespécie Autor do nd
impetiginosa - [Mart. ex DC

Espécies Subespécie Autor do nd

impetiginosa - (Mart. ex DC
impetiginosa - (Mart. ex DC
Género Espécies  Subespécie M
Takebuiz impetiginoza - [h
Takebuiz impetiginoza - [h
Tahehuia impetiginosa - -
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| Occurrence search
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HOME SPECIES COUNTRIES DATASETS OCCURRENCES SETTINGS ABOUT

accurate results for the species, area or time period that is of interest,

Add search filter

| Scientific name v | |is v | | [ AddFiter |

Enter a scientific narme and click Add Filter.

This filter will return any records that have a matching name given for the identification of the aorganism,
regardless of how the organism is classified.

This search matches 646 occurrence records.

Actions
Yiew Matching records as table  Matehing records on map
Specify: Data providers to be included in search  Datasets to be included in search

Download:

Create:

Sample results

Scientific Dataset Institution Code Collection Code Catalogue
Name Number
Tebobuis . herbario  Musee Naconal de Costa fieborie Nacionalde 5345
Tbcbue ., herario  [iwseq Nedonal de Costa Herbario Nedenol de 103352
[hebue ., hebario MUt Maconal de Coste erbarie Nagionclde 500
rbebue L SvsTes

Tabebuiz Missouri Botanical W

Iniciar

Basis of
Record

Specimen
SpeCimen
Specimen

Unknown

Please add filters and click Search to perform a search for occurrences records, Specify more filkers to narrow your search to get more

Your current search

Fliters can be removed by olicking on the
inUs Signs,

Classification includes Species:
Tabebuia impetiginosa =

[ Search ]

Date Coordinates Country

Zosta .

Rica Miew

Casta .

Rica e

Zosta .

Rica Miew
T
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Create Niche Model

This tools provides an integration between openModeller and the occurrence point data available within the portal. v
Its main purpose 15 to demonstrate the integration of GBIF-rnediated occurrence data with other applications like ‘c‘-\la

rmodelling tools,
Please be aware that the significance of the modelling result varies greatly with the selection of meaningful parameters,

This integration takes the occurrence points provided by your search, subrits these points and the layers selected to openModeller.
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annual mean temperature Precipitation of wettest maonth

Mean diurnal range Precipitation of driest month
Isothermality Precipitation seasanality
Temperature seasonality Precipitation of wettest wuarter
Maximurm termperature of warmest month Precipitation of driest quarter
Minimurm termnperature of caldest month Precipitation of warmest quarter

Precipitation of coldest quarter

B EEEEEE

Temperature annual range

Mean termnperature of wettest quarter
Mean termperature of driest quarter
Mean termnperature of warmest quarter
Mean temperature of coldest quarter

Annual precipitation

Create Model
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Your current search

Actions
Yiew: Matching records as table  Matching records on map . e
Impetiginosa
Specify: Diata providers to be included in search  Datasets to be included in search  Countries to be
included in search
W
Download: Spreadsheet of results  Darwin gore (maximum 100,000)  Google Earth {roaximum 50,0003 m
Epecies in results
Create: Mewd MNiche Model

Your Generated Niche Model

Its main purpose is to demonstrate the integration of GBIF-rmediated ococurrence data with other applications like

rmodelling tools.
Fleasze be aware that the significance of the modelling result varies greatly with the selection of meaningful parameters.

This inteqgration takes the occurrence points provided by yvour search, submits these points and the layvers selected to openModeller.
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Classification includes Species: Tabebuia
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Good models depend on data
(quantity and quality),
tools, and knowledge
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- Agricultural Automation Laboratory (LAA)
« Architecture, algorithms and software engineering

- Architecture and High Performance Computing (LAHPC)
« Cluster and grid computing

- Adaptive Techniques Laboratory (LTA)
. Adaptive algorithms

e leam:

- 6 faculty members

- 5 PhD, 1 MSc and 10 undergraduate students

« SC rships from FAPESP, CNPq, CAPES, FDTE
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Contributions of Poli-USP to oM

. New architecture with focus on interoperability

New algorithms: modeling and analysis

« High performance computing

Software development process

— Unit tests

— Process documentation

Case studies

- Environmental services: pollinators
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Architecture

» Facilitate integration with other applications
- Make modeling available to other applications
- Access data from distributed sources
. Examples
- GBIF — Global Biodiversity Information Facility
- IABIN — InterAmerican Biodiversity Information Network

. Paradigm: Service-oriented architecture

— Break oM into a set of services

. that can invoke (and be invoked by) other applications
« Cluster: available as a high performance modeling service
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Web interface to the service-oriented oM
g- '-_. lgin
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Welcome to the openModeller project home page!

opertiodeller sz to provide 8 Recbis, wvzer frendly, oow-pletform environemert mhere the ertre process of conductng a
furdamartsl niche modelng expariment can be cermied cut. The software ircludes Ffacilties for readmg speces occurrence erd
amvirermartal date, selacton of srvirgnmerdal yecs en ahich the medel should be bated, creating a furdamental reche mesiel
and projeching the model nlo an environmental scenano. A number of algonthms are prowided as plugens, including GARP,
Clmate Space Hodel, Bwechmats Envelopes, Suppost Vedor Machras and others

Tha Broject i Surrantly Bawng deveioped by tha Centra da Referdnca em Informachs Ambanis (CRIA), Escols Paltdoncs da UEP
(Pak), snd In@duts Nasdrs de Petguwint Eioaamd (INPE] 82 &n cpen-source mliabwe. It o funded by Fundsclo de Ampars &
Pesgurss do Esteds de Sdo Paula (FAPESS), the Ircohesh projecs, snd by wndnndusls that have generously contributed ther trme
Previous ollsborstory mdude the BDWorld popect [(Umeverpty of Reeding). the Uresprpty of Keraes Neturel HMgtory Myseum &
Bigdremrpsly Sasaarch Cantar (KU}, and othsr indovidus’ partciparts.

soeniodele 5 8 hevdaments! Akche mosellng Hbiey. rewedig & wrifarm methad for rodellag GEDuhon BatterAl LG B vatety of meseling algerthang.
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New Algorithms

. Importance of having more algorithms
- Performance: computational and biological (functional)
« Modeling algorithms

- GARP

. AdaptGARP: based on adaptive techniques
« P-GARP: parallel version for cluster execution

- MaxEnt: maximizes entropy
- Environmental Distance: Mahalanobis distance
- Neural Networks: learn from examples

« Analysis algorithms

- Jackknife: layers selection
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Performance improvement

T(GARP) T(PGARP) np |speedup lefficiency
0,68817 06817 1 1.01 1.01
0,68817, 04176 2
068817 03545 3 Speedup x #processors
0,68817 02919 4
0,68817, 0,2708 5 3,50
0,68817, 0,2436 6
0,68817 0,2414 7 3,00
0,68817 02144 8
0,68817, 02119 9 250
0,68817, 0,2285 10
0,68817, 0,2362] 20
0,68817 0,2233 40 £200
®
o
o 1,50
Obs.:
O speedup representa o 1.00
numero de vezes que um
algoritmo paralelo é mais 0.50
rapido do que um
sequéncia, considerando o 0,00
melhor algoritmo 0 10 30 40
#processors
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High performance computing

Why high performance computing?

- Modeling and projection are computer intensive
- Up to many days to complete on a desktop computer!
Computer cluster infrastructure

. SGI 88 cores:11 nodes, 2 quad Intel Xeon 2.0 GHz and 8 GB
ram memory; E

. Hosted at USP-CCE Datacenter
. Dedicated to oM

. Parallel version of oM’s algorithms
- P-GARP, P-bestSubsets,

« Cluster power available on oM Desktop
“cma oy LsP




Case study: ecosystem services — pollination

Peponapis spp x Cucurbita spp
e Tereza C.GIANNINI (Thesis project)

* Peponapis (Eucerini, Apidae)
*bees specialized on flowers of the genus Cucurbita. Neotropical
distribution with diversity center in Mexico.

e Cucurbita spp
epumpkins: 13 wild and 5 cultivated species. Diversity center in Mexico.

e Distributions patterns?




Case study

« Distribution of pollinators x commercial x native pumpkin

Cultivated

Peponapis oumpkins

Spp -~
R pruih'gg
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Future plans & Team (Poli-USP)

.Plans
« Web Interface to service-architecture, cluster and grid computing,
o Mmore algorithms: parallel versions of Jackkniffe, MaxEnt, ANN
« Human resources on modelling: users and developers

o Case studies

« Profs: AM Saraiva, PLP Correa, LM Sato, JJ Neto, ET Midorikawa, RLA
Rocha, E Murakami (UDESC)

. Graduate Students: FS Santana, F.Rodrigues, ESC Rodrigues, RL
Stange, SL Stanzani, TC Giannini.

« Undergrad. students: Danilo, Mariana, Albert, Alex, Igor, Jefferson...
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Thank you

http./7 opbenmodeller . sf. net
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