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Chapter I¢ Introduction to Kepler

1 INTRODUCTION KBPLER

Scientists in a variety of disciplines (e.g., biology, ecology, astronomy) need acsesntific data and
flexible means for executing complex analyses on those data. Such analyses catubsdcasscientific
workflowsin which the flow of data from one analytical step to another is captured in a formal workflow
language. The Kepler praji® overall goal is to produce an opsaurce scientific workflow system that
allows scientists to design scientific workflows and execute them efficiesitther locally or through
emerging Griebased approaches to distributed computation.

1.1 WHAT IKEPLER

Kepler is a software application for the analysis and modeling of scientific data. Using@egmehical
interface and components, scientists with little background in computer science can create executable
scientific workflowswhich areflexible tools for accessing scientific data (streaming sensor data, medical
and satellite images, simulation output, observational data, etc.) and executing complex analysis on the
retrieved data(Figurel.l).
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FIGURE.1: ASCIENTIFIC WORKFL@ARP_SINGLESPEMESTRULESETXML) DISPLAYEDTNE KEPLER INTERFAEGE
WORKFLOW PROCES$EESES OCCURRENCRAOAD CREATE AN EOGICAL NICHE MODEL.

Kepler includes distributed computing technologies that allow scientisth#we their data and workflows

with other scientists and to use data and analytical workflows from others around the world. Kepler also
provides access to a continually expanding, geographically distributed set of data repositories, computing
resources, ad workflow libraries (e.g., ecological data from field stations, specimen data from museum
collections, data from the geoscienceB)jgurel.2).
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FIGURHE.2: A WORKFLOW (EMIIMPLELINEARREGRESSRIXML) THAT PERFORMDPLOTS A SIMPLE LIREREGRESSION
ON A METEOROLOGIOWTA SET STORED REHNIY ON THE EARTHIGRID ACCESSED VWG@RKFLOW ACTOR.

The Kepler system aims at supporting very different kinds of workflows, ranging frotevelé LJt dzY o A y 3 ¢
workflows of interest to Grid engineers, to analytical knowledge discovery workflows for scie(figtsre

1.3), and conceptualevel design workflows that might become executable only as a result of subsequent
refinement steps:

! Ludascher, B., I. Altintas, C. Berkley, D. Higgins, E. Jaegéy M. Jones, E. Lee, J. Tao, Y. Zhao. 2005.
Scientific Workflow Management and the Kepler System, DOI: 10.1002/cpe.994

1C
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FIGURHE.3: THE PROMOTER IDENIATION WORKFLOWT®PICAL SCIENTIRNOWLEDGE DISCOVERYRKFLOW THAT
LINKS GENOMIC BIODMOTECHNIQUES SUCHEROARRAYS WITH BIBORMATICS TOOLSSIAS BLAST TO IDEENTAND
CHARACTERIZE EUKARE®ROMOTERS.

Kepler builds upe the maturePtolemy Il frameworkdeveloped at the University of California, Berkeley
Other scientific workflow environments include academic systsoch asSCIRunTriang Taverna and
commercial systemsSgitegic/PipelinePilot, Infasense/Accelrys? For a detailed discussion of these and
other workflow systems, please saép://www.gridbus.org/reports/GridWorkflowTaxonomy.pdf

1.1.1FEATURES

Using Kepler, $entists can capture workflows in a format that can easily be exchanged, archived,
GSNAAZ2YSRZ YR SESOdzZiSR® . 20K YSLI SNDR& AyldaAGABS D! L
its actororiented modeling paradigm make it a very versatile ltdor scientific workflow design,

prototyping, execution, and reuse for both workflow engineers and end users. Kepler workflows can be

2 Altintas, |, C. Berkley, E. Jaeger, M. Jones, B. Ludascher, S. Mock, Kepler: An Extensible System for Design
and Execution of Scientific Workflows, system demonstration, 16th Intl. Conf. on Scientific and Statistical
Database Management (SSDBM'04)230une 2004, Santorini Island, Greece.
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SEOKIY3ISR Ay -a[ dzaAy3a tiaz2ftSyeQa 26y az2RStAyYy3 al NJ dzLJ
following features?

Access to Scientific Datd@heKepler component library contairen Ecological Metadata LanguaeML)
ingestionactor (EML2Datasétusedto accessdownload and previewEML describedlata sources. The
EMI2Datasetactor allows Kepler to import multitude of heterogeneous data, making it a very flexible
tool for scientists who often deal with many data and file formatssimilar actor exists for Darwin Cere
described data setD@rwinCoreDataSourde® Ly I R R RéatiTalyextoral®wsf s dccess
and incorporate data stored in Excel spreadshtets

Graphical User InterfaceJsers can build workflon®A I Y SLIX SNR& Ay ddzAi 6 A DS INI LIKAOI
are dragged and dropped onto a Workflow canvaswhere they can be connectedusibmized, and then
executed.

Distributed Execution(Web and Grid S NJJA O S & Web and &iidf séiLB actors allow scientists to
dziAf AT S O2YLMzil GA2Yy Il f NBaz2dz2NOSa 2y G§KS WebServikey |
actorprovidesthe user with an interface to seamlessly plugimd execute any WSElefinedWeb service.

In addition to generidVeb services, Kepler also includes specialized actors for executing jobs on the Grid,
e.g., actors for certificatbased authenticationgProxyor GlobusProxy Grid job submissionGlobusJof

and Gridbased data acce¢&ridFTIP Thirdparty data transfer on the Grid can be established uSngFTP

and SREStorage Resource Brokemtors

Pl
>
Q¢
(et
-

Prototyping Workflows: Kepler allows scientist® prototype workflows before implementing the actual

O02RS ySSRSR T2 NCéipSitazidricanybdusellSa.Jf IS NI & f thayprompistthel S &
scientist for critical information about an act®,®3 ® X i K S and @i idfdtdadiony | Y S

Seachable Libraries:Kepler has a searchable library of actors and data sourmesid under the
Componentsaand Data tab®of the application with numerous reusable Kepleomponents and an ever
growing collection of data sets

Database Access and Queryiri{epler include¢JDB&ompliant)database actorssuch as thédBConnect
actor, which emitsa databaseconnection token(after use login) to be used by any dowtteamDBQuery
actor that needs it.

Other Execution EnvironmentsSupporting foreign language interfaces via the Java Native Interface (INI)
gives the user flexibility to reuse existing analysis components and to target appropriate computational
tools. For example, Kepler (through Ptolemy) already includdsatéab acta. Actorsthat executeR code
(RExpression, Correlation, RMean, RMediad,others) are also included in the standard actor library. Any
application that can be executed on the command line can also be executed by the Kepler
CommandLinExecctor.

Data Tansformation: Kepler includes a suite afata transformation actor¢XSLT, XQuery, Perl, etc.) for
linking semantically compatible but syntacticalgompatibleWeb services together.

3 Ibid.
4The Excel spreadsheets must be saved as delimited text files.
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Flexible Executin: Keplerworkflows can besxecutedin batch modefrom the command line or a web
service. Additionally hte BrowserUlactor caninject user control and input anywhere in a workflow via the
dz& SWED Browser.

ConfigurableLibraries Users can onfigure their own actor libraries via aemantic typeinterface or
download (and upload) additional actors from the Kepler repository.

1.1.2ARCHITECTURE

Kepler builds upon the maturtolemy Il frameworkdeveloped at the University of CaliforniBerkeley
Ptolemy llis a software framework developed as part of tReolemy project which studies modeling,
simulation, and design of concurrent, reahe, embedded system&epler 2.5 is baseoh Ptokmy 119.1.

Kepler inherits from Ptolemy the actariented modeling paradigm that separates workflow components
(dactor<) from the overall workflow orchestration (conducted byirectorst), making components more
easily reusable. Through the actoriented and hierarchical modeling features built into Ptolemy, Kepler
scientific workflows can operate at very different levels of granularity, fromléweléplumbing workflows
(that explicitly move data aroundr start and monitor remote jobs, for example) to higvel conceptual
workflows (that interlink complex, domakispecific data analysis step&epler also inherits modeling and
design capabilities from Ptolemy, inclng the Vergigraphical user interfacand workflow scheduling and
execution capabilities.

Kepler extensions to Ptolemy include an ever increasing number of components (@ateds) aimed
particularly at scientific applicationgemote data and metadta access, data transformations, data
analysis, interfacing with legacy applications, Web service invocation and deployamehpprovenance
tracking among others Target application areas include bioinformaticemputational chemistry
ecoinformatics, ad geoinformatics.

PTOLEMWERGII(A VERYBRIEFOVERVIEW

Ptolemy II, developed at the University of California, Berkeleyan opersourcesoftware framework
developed as part of the Ptolemy proje&tolemy lliis a Javdased component assembly framerk with
a graphical user interface called Vergil.

The Ptolemy project studies modeling, simulation, and design of concurrentjmeglembedded systems.

The focus is oembedded systemgarticularly those that mix technologies including, for examptelog

and digital electronics, hardware and software, and electronics and mechanical devices. The focus is also
on systems that are complex in the sense that they mix widely different operations, such as networking,
signal processing, feedback contnmipode changes, sequential decision making, and user interfaces.

5Hylands, Christopher, Edward Lee, Jie Liu, Xiaojun Liu, Stephen Neuendorffer, Yuhong Xiong, Yang Zhao,
Haiyang Zheng, Ptolemy Overview,
http://www.ptolemy.eecs.berkeley.edu/publications/papers/03/overview/overview03.pdf
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Ptolemy Il takes a componebasedview of design, in that models are constructed as a set of interacting
components. A model of computation governs the semantics of the interaction, anditmueses a
discipline on the interaction of components.

Ptolemy Il offers a unified infrastructure for implementations of a number of models of computation. The
overall architecture consists of a set of packages that provide generic support for allnabdemputation
and a set of packages that provide more specialized support for particular models of computation.

Examples of the former include packages that contain math libraries, graph algorithms, an interpreted
expression language, signal plotteasid interfaces to media capabilities such as aulixamples of the

latter include packages that support clustered graph representations of models, packages that support
executable models, andomains which are packages that implement a particular maafetomputation?

The Vergil GUI is a visual edjtarritten in Java. Using Vergil, users can graphically construct and run
scientific workflows. For more information about Vergil, see ftelemy documentation

MODELINGMARKUHANGUAGEMOML)

Modeling Markup Language (MoML), the primary persistent fillenat for Ptolemy Il models, is an
Extensible Markup Language (XML) schema. It is intefudtexphecifying interconnectionsf parameterized
components and is the primary mechanism for constructing models whose definition and execution is
distributed over the network.

The key features of MOML include:

wWeb integration MoML is an XML schenmatended for use on the InterneFile references are via URIs
(in practice, URLS), both relative and absolute, so MoML is equally comfortable working in applets and
applications.

wlmplementation independenceMoML is designed to work with a variety mbdelingtools.

wExtensibilit: Components can be parameterized in two ways. First, they can have named properties with
string values. Second, they can be associated with an external configuration file that can be in any format
understood by the component. Typically, the configuratigii be in some other XML schema, such as
PlotML or SVG (scalable vector graphics).

wClasses and inheritanc€omponents can be defined in MoML as classes which can then be instantiated
in a model. Components can extend other components through an ebjaatitedinheritance mechanism.

8 Ibid.
7 Ibid.
8 Ptolemy User Manuahttp://www.eecs.berkeley.edu/Pubs/TechRpts/2007/EEXDB 7-7.pdf
9 1bid.
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w Semantics independenceMoML defines no semantics for anténconnection of components. It
represents only the hierarchical containment relationships between entities with properties, fbets,
and the connections between their ports. In Ptolemy II, the meaning of a connectiosgthantics of the
model) is defined by the déctor for the model, which is a property of the tdgvel entity. The director
defines the semantics of the interconnection. MoML knows notlahgut directors except that they are
instances of classes that can be loaded by the class loadeassighed aproperties.

For detailed information about MOML and its syntax gsie see thétolemy user manual, Chapter 7

1.2HISTORY OF TKEPLERROJECT

Kepler was founded in 2002y researchers at thélational Center for Ecological Analysis and Synthesis
(NCEAS3t University of California Santa Barbara, 8@ Diego Supsomputer Center (SDSat)University

of California San Diego, and thniversity of California Davies part of theScience Environment for
Ecological Knowledg&EEKand Scientific Data Manageme&¥M projects.

The Kepler software extends tftolemy llsystem deveaiped by researchers at the University of California
Berkeley. Although not originally intended for scientific workflows, Ptolemy Il provides a mature platform
for building and executing workflows, and supports multiple models of computation.

Kepler hadiad many releases:

Alpha, April 2005.

Beta 1, June 2006.

Beta 2, July 2006.

Beta 3, January 2007.
1.0, May 2, 2008.

2.0.0, June 2010, major improvements to the GUI, modular design and KAR (Kepler Archive Format)
handling.
2.1.0,September30, 2010.
2.2.0,June 14, 2011.
2.3.0, January 20, 2012.
2.4.0, April 5, 2013.
2.5.0,0ctober 28 2015.

Kepler isan open collaboration with many contributors from diverse domains of science and engineering,
includingecology, evolutionary biology, molecular biology, geology, chemistry, computer science, electrical
engineeringpceanographyand others Members from the following projeci@re airrently contributingto

the Kepler project

=A =4 =4 -4 -4 -4

=A =4 -4 -4 -4

SEEK: Science Environment for Ecological Knowledge

SDM Center/SPA: SDM Center/Scientific Process Automation

Ptolemy Il: Heterogermus Modeling and Design

GEON: Cyberinfrastructure for the Geosciences

ROADNet: Redime Observatories, Applications, and Data Management Network

EOL: Encyclopedia of Life

Resurgence

CIPRes: Cyberinfrastructure for Phylogenetic Research

REAP: Realtimenfironment for Analytical Processing

Kepler/CORE: Development of a Comprehensive, Open, Reliable, and Extensible Scientific
Workflow Infrastructure

CAMERACommunityCyberinfrastructurdor AdvancedMicrobial EcologyResearck& Analysis

=4 =8 =8 4 -4 -8 -8 8 -8 -4

]
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1 bioKeplerAComprehensiv8ioinformaticsScientificWorkflow Modulefor DistributedAnalsisof
LargeScaleBiologicaData

I WIFIRE: A Scalable D&ieven Monitoring, Dynamic Prediction and Resilience Cyberinfrastructure

for Wildfires

NBCR: National Biomdl Computation Resource

BBDTC: Biomedical Big Data Training Collaborative

9 IPPD: Integrated EnAm-End Performance Prediction and Diagnosis for Extreme Scientific
Workflows

==

==

Contributing membergointly determine the goals for Kepler as well as contribute to the design and
implementation of the software system. We welcome contributions and encourage other people and
projects to join as contributing memberd$zor more infomation about contributing to Kepler, please see
Section 1.5.

Some Kepler members receive support from various grants, including but not limited tdJatienal
Science Foundation under awards 0225676 for SEEK, 0225673 (AWBBRBPF8r GEON, 0619060 for
REAP, 0722079 for Kepler/COREG2565 for bioKeplei0941692 for DISCOSand1331615 for WIFIRE
by the National Institutes of Health P41 GM103426 for NBCRR@6d5M114821 for BBDTgythe Gordon
and Betty Moore Foundation award to Calit2 at UCSD for CAMBRhe Department of Energy under
Contract No. DEEC0201ER25486 for SciDAC/SDM &1&5C0012630 for IPPD

Work was conducted with logistical support from the National Center ¢oidgical Analysis and Synthesis
(a Center funded by NSF Grant #H5B3768), the University of California Santa Barbara, and the State of
California.

TheCenter for Hybrid and Embedded Saofive System§CHESS) at UC Berkeley, is supported by Denso, IHI,
National Instruments, and Toyota, and was previously supported by Agilent, Bosch, General Motors,
Hewlett-Packard, HSBC, Infineon, Lockheed Martin, Microsoft, and ThalesTefleSwarm Research

Center one of six centers administered by the STARnet phase of the Focus Center Research Program (FCRP)
a Semiconductor Research Corporation program is sponsored by MARCO and DARB#RHhResearch

Center (Industrial CybePhysical Systems), is supported by IBM and United Technologies, and was
previously supported by The Multiscale Systems Center (MuSyC), one of six research cendelrsifiated

the Focus Center Research Program, a Semiconductor Research Corporation program.

Ptolemy is supported by the Defense Advanced Research Projects Agency (DARPA) (TerraSwarm and
MuSyC, see above), tidational Science Foundatiamder awardsl446619 (Mathematical Theory of CPS)
1329759 (COSMQIand 0931843 (ActionWebs)and previous awardst0720882 (CSRHS: PRETgnd
#1035672 (CPS: Medium: Timing Centric Softwanel) previously by the Air Force Research Laboratory
under agreement numbers FA87H8-2-0001 and FA87501-G0023, the Army Researchlhoratory under
Cooperative Agreement Numbers W9110IF2-0019 and W911NE1-2-0038, and theNaval Research
Laboratory(NRL #N003-12-1-G015.

1.3KEPLERONTRIBUTORS

The following people(in chronological order)have made antributions to the Kepler code and
documentation
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Matthew Jones
Zhengang Cheng

Jing Tao
Dan Higgins

Tobin Fricke
Shawn Bowers
Timothy McPhillips
Jagan Kommineni
Kevin Ruland
Vitaliy Zavesov

Samantha Katz

Kirsten MengetAnderson
Derik Barseghian

Ben Leinfelder

Sean Riddle

Mark Schildhauer

Sven Koehler
Madhusudan Gujral
Merve lldeniz

Anand Kulkarni

Tomasz Zok
Tianhong Song
Mai Nguyen
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Chad Berkley
Efrat Frank

SteveMock
Yang Zhao

Rod Spears
Laura Downey
Bing Zhu

Jenny Wang
Matthew Brooke
Zhije Guan

Tristan King

Edward Lee

Lucas Gilbert

Carlos Rueda

Aaron Schultz

Debi Staggs

Faraaz Sareshwala
Chandrika Sivaramakrish
Anatoly Loy

Manish Anand

Paul JMorris
Shweta Purawat
Alok Singh

llkay Altintas

Bertram
Ludaescher
Xiaowen Xin

Christopher
Brooks
Werner Krebs

Wibke Sudholt
Nandita Mangal
John Harris
OscarBarney

Norbert
Podhorszki
Josh Madin

Daniel Crawl
Nathan Potter
Jim Regetz
David Welker
Jianwu Wang
Daniel Zinn
Lei Dou
Gongjing Cao

Marcin
Plociennik
Michal Owsiak

CharlesCowart

Contributions to Kepleare welcome. Please s&ection 1.50r detais on how to contribute. Thanks!

1.4FUTUREKSOALS

The Kepler project is an ongoiegllaboration, and we will continue to refine, release, and support the
Kepler software. Our aim is to improve and enhance the Kepler scientific workflow system to yield a
comprehensive, open, reliable, and extensible scientific workflow infrastructuteldeifor serving a wide
variety of scientific communities.

The goal of future Kepler development is to (i) enable multiple groups in a number of distinct disciplines to
easily create, support, and make available dorspecific Kepler extensions; (ii) ther support those
crucial features that are needed by all disciplines; and (iii) provide for the wide range of deployment
scenarios required by different disciplines and distinct research settings.
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More specifically,fture goals include making Kepler:

Independently ExtensibleRather than enforcing conventions that might slow progress in the various
disciplines contributing to Kepler, wdan to further enable independent extensibility of Kepler while
making it easy to package domaspecific contribuibns ina way that ensures both the stability of the
overall system and clearly indicates what components are expected to work well together.

With the 2.0 release of Kepler, we have created a module system that allows us to separate Kepler base
system functionality from domairspecific extensions. We have divided Kepler into a set of mandatory
modules (the kepler suite); a set of extension modubet communicae with the kernel via weltlefined

and generic extension interfaces; and a number of actodubes for distinct discipline&Ve developed a
configuration management system to support downloading, installing, and updating the Kepler distribution
and a Module Manager fodiscovering and installing standard and drarty modules and specifying
modulesto be employed during execution. With this architecture, thoarties can now develop alternative
modules with additional capabilities suitable for particular science domains.

Consistently ReliableReliability for developers andsars alike ensures #t Kepler can be applied
confidently as dependable cyberinfrastructure. We are working to ensuretinua reliability (both for

when Kepler is used as a desktop research application and as middleware that other cpmeific
applications can build upon@urapproachof dividing Kepler into the Kepler kernel and extensionveidit
enable other development teams to freely develop new modules and actor packages as needed without
endangering the stability of the kernel, and even to replace standard extensi®meeded.

Open Architecture, Open ProjectVe will disseminatglans, designs, and system documentation as we

develop them and provide mechanisms for suggestanmd feedback throughout the course of the project.

We will also actively engage the usssmmunity and gather requirements, advice, and feedback on

priorities, both from those alread®2 YYA GGSR (2 dzaAy3I YSLI SNJ oA dSdx GKS
scientists who could benefit.

Comprehensive (Entb-End) SystemWe plan to widen the scopaf Kepler by providing new, fundamental
enhancements that will benefit all user communitienhancing Kepler witmew and improvedyeneric
capabilities for data, service, and workflow manageménbre specifically, we are working on new and
more comprehensive systems for:

1 Data ManagementWe plan to support data management tasks in a generic way within the Kepler
framework so that all data management tasks (e.g., cdlitigp and managing the flowaf data into
and out of workflows, comparing and visualizing data and metadata, converting data formats, and
managing data references) are handled transparently by the workflow execution framework rather
than by specialpurposeactors.

1 Extenal Service rad Grid ManagementCurrently, Kepler workflows thahake extensive use of
external services generally use actwiented approaches for managing and accessingséh
servicesWe are working tdoetter enable the system to carry out computations on the oyl
set of computing resources at run time, based on resource availability and preference) and
make it easier for users to share and redeploy workflows in different environmbentddition,
we are working on integratesupport for managing authentitian and authorization information.
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1 Workflow ManagementOur goal is foKeplerto provide comprehensive support for erd-end
workflow managemertt from initial prototyping to workflow executionWe are working to make
the application aware of the sciefiti context in which workflows are being run, the flow of data
through and across successive workflows (as is common in scientific research), and the origin of
workflows In addition, we will continue to improve suppofor common workflow management
taskssuch as designing, storing, and validating individual workflows; organizing workflows, data,
and results within the contexdf a particular project or research study; and capturing and querying
the provenance of workflows and data. The Kepler workffow-manager and provenance
modules will provide a whole new suite of functionality for managing workflows.

Please se the Kepler/CORE Web pader detailed information &out specific features that are under
development, and/or theBug base€or more features that we are adding and improving in the coming
months.

1.5PARTICIPATING KEPLEREVELOPMENT

Kepler is an open source crgsject collaboration and we welcome contributions of all types.
Participants can gdahvolvedby joining a mailing list (either for developers or users), participating in IRC
chat, or getting a Kepler SVN account to view or contribute to the Kepler source.

Individuals can join th&eplerdev mailing list to interact with the rest of the development team or the
keplerusersmailing list to request and/or exchangser support. Tacurrent ist of subscribergs available
only tolist membersandcan be viewedafter subscriptiofat the mailing list info page.

Many of the Kepler developers use IRC to chat on a daily basis. We usgkiyglec channel on
irc.ecoinformatics.org:6667 for outiscussions. More details on how to use IRC can be found c8ER&K

IRC page

The code for Kepler is managedam SVNepository. Readonly access is open for all. If you needirite
to the SVN repository, please vikitps://kepler-project.org/developerdor instructions. You can use any
SVN cliento access the Kepler repository

To check out and build the Kepler source code, you will need to have Java 7 or later, Ant 1.8.2 or later, and
SVN 1.6 or later. For development with Eclipse, these have been tested with Eclipse Ganymede and SVN
1.6, with Subclipse 1.4.7.

DOWNLOADING THRUILD

To download the latest version of the build from the repository, you will want to create a new directory and
then execute the svn checkout (co) command, as in the following example.

mkdir <modules.dir>

cd < modules. dir>

svn co https://code.kepler - project.org/kepler/trunk/modules/build - area
cd build - area
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<modules.dir> is the name of the directory where the build will be stored, as well as the modules you will
be working on. A good name for this folder miget something like kepler.modules.

RETRIEVINBKEPLER ANBTOLEMY

Now that the build system has been downloaded, you will use the build system to retrieve Kepler and
Ptolemy.

First, you need to decide whether you would like to work with the latest,\likelstable development
GSNEAZ2Y 2F YSLI SNI ONBFSNNBR (2 Fad GKS adNHzy1¢ 2F YSLJ
stable release, such as 2.5.0.

To work from the trunk, issue the following command:

ant change -to 1 Dsuite= Kepler

Toretrieve Kepler version 2.5.0:

ant change -to 71 Dsuite=kepler -2.5.0

SonS SELJX | yI (A anychahdeto@dmmand i§ dolbg: W

What is actually first retrieved is something known asu#te. A suite contains information on where to
retrieve thedesired versions of Kepler and Ptolemy. This is used by the system to retrieve the appropriate
versions of Kepler and Ptolemy.

By default, when you typ&int get-Dsuite=kepleR you are making a request for a particular suite named
G 1 SLX SNE I formatian®i how o dowiloAd Kepler and Ptolemy.

A final note: when you dd&Hnt get-Dsuite=<suite.name@you retrieve not only the suite, but all the
modules that are associated with the suite as well. If you want to retrieve a single module insteaditef
of modules, type#nt get-Dmodule=<module.namé&instead.

NOTE

If you are behind a firewall and do not have access to port 22 and you are working off the trunk, then the
download ofPtolemy will fail when you execute thiéint changeto -Dsuite=keplefcommand. In this case,
you must download™olemy manually using the following command:

svn co https://source.eecs.berkeley.edu/svn/chess/ptll/trunk <kepler.modules>/ptolemy
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RUNNINGKEPLER

Now that you have downloaded the Kepler Bulgstem and have used it to retrieve the Kepler version that
interests you, you are ready to run. Just type:

ant run

Note that it would be possible for a new user to get started without having to enter a command between
get and run by chaining these camands in ant. So, for example, if you wanted to download and run Kepler
from the trunk all in one command, you could type:

ant change -to T Dmodule=kepler run

1.5.1USINGECLIPSE

SeeKepler and Eclipder more detailed instructions. However, in most cases, these instructions should be
adequate.

1. Type :

2. Open Eclipse in a new or existing workspace

3. Choose Under the folder, choose c€lick
4. Click right next to the field. Go to and select the <module.dir>

directory where you saved the build and downloaded yowduies. Click
The projects that were generated will be automatically detected by Eclipse. Cligkieh
6. KarDoclet.java uses doclet code from tools.jdilyou are using Java 7 on a Alac OS X
machine, you will need to add tools.jar to the lig external jars:
Windows-> Preferences> Java> Installed JREs
Select the default JRE Edit-> Add External Jars [Path to JDKJ/lib/tools.jar
If you have theSubversiveeclipse plugin installegiou can select the newly generated projects, right click
2y (UKSYZ OK2234S a{KINB tNR2SOlaé¢s IyR F2fft2¢ GKS Ayaf
Kepler repository(https://code.keplerproject.org/code/kepler). Repeat the process for the ptolemy
project using thePtolemy repositorfsvn://soure.eecs.berkeley.edu/chess/ptll/).

o

If you have the Subversive plugin installed, Bgelating the local copy of the Kepler sources

To run Kepler, ceate a new Java Application Run Configuration: with projexader, Main class:
org.kepler.Kepler

These instructions and further reference details, including how to run a workflow from the command line
and setting system properties, can be foundt&epler Build System Instructions and Overview

1.5.2CONTRIBUTING KEPLER

In order to contribute directly to Kepler, omaust use a named account. This enables the user to make
changes to the web site or the SVN repositories. In general, people withaedess should only make
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changes to modules with which they are directly involved or that they have discussed withl¢lante
Infrastructure and Development Teams. Please be sure you have contacted the appropriate Team(s) before
you request an account.

To request a named account, send an emapitac@ecoinformatics.orgith your name, association, and
a brief description of your project needs.

1.6 REPORTINBUGS

The Kepler project usddedminefor reporting bugs as well as feharing future development plans. Please
register yourself bgreating a new accourtb participate in future plans, bug reportand updates.

Redmines one examplef a class of programs calléDefect Tracking Systeghar, more commonly¢Bug
Tracking Systems Defect Tracking Systems allow individual or groups of developers to keep track of
outstanding bugs in their product effectively.

1.7 FURTHEIREADING

As part of the outreach effort for Kepler, we have produced a variety of documents and publications.
Publications of interest include:

1 Scientific Workflow Management and the Kepler SystB. Ludascher, |. Altintas, C. Berkley, D.
Higgins, E. Jaegérank, M. Jones, E. Lee, J. Tao, Y. Zwawgurrency and Computation: Practice
& Experiencel8(10), pp. 1039065, 2006.

Additional publications are listed on the Kepler web sitétip://kepler-project.org

Independent publications of the collaborating projects can be reached at their main webSHEEK
SDMCentelSPAKBISSPAPtolemy GEONbioKepler andCAMERA
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2 INSTALLING ANRUNNINGKEPLER

2.1 SYSTEMREQUIREMENTS
Recommended system requirements tepler:

300 MBof disk space

512MB of RAMminimum, 1 GB or more recommended

2 GHz CPBhinimum

Java 1.7

Network connection (optional). Although a connection is not required to run Kepler, many
workflows require a connection to access networked resosirce

1 R software (optional). R is a language and environment for statistical computing and graphics, and
it is required for some common Kepler functionality.

=A =4 =4 4 =

Java 17 or later is requied. It can be obtainedfrom your system administrator or onlinat:
http://www.oracle.com/technetwork/java/javase/downloads/index.html

Kepler has many actors that utilize R, so installing R is recommeinitiedivww.r -project.org/.

2.2INSTALLINEEPLER

Kepler is an opesource, crosplatform software program that can run on Windows, Macintosh, or Linux
based platforms. Instructions for each platform are contained in the following sections.

2.2.1INSTALLING ONINDOWS

Follow these steps to download and install Kepler for Windows.

Java 1.7 or later is requied. It can be obtainedfrom your system administrator or onlinat:
http://www.oracle.com/technetwork/java/javase/downloads/index.html

Kepler has many actors that utilize R, so installing R is recommeimitiedAivww.r -project.org/.

1. Click the following linkhttps://kepler-project.org/users/downloadsand select the Windows
installer.

2. Save the install file to your computer.

3. Doubleclick the irstall fle to open the install wizard. We recommend that you quitpabgrams
before continuing with the installation. You can cancel the installation at any point via the Quit
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button in the lower right corner of the installer. To proceed with the installation, click the Next
button.

4. Click the Next button. An informaticstreen containing notes about the application appears. Click
Next once you have read through the information to select an installation path. By default, the
software will be installed in @Program FileKeplerx.y. The installer will create the target
directory if it does not yet exist. If the directory already exists, the installer will confirm the location
before possibly overwriting an existing version.

5. Choose the packs to install. Once you have selected an installation, click the Next button.

6. TheKepler installer displays a status bar as the installation progresses. If Kepler has previously
been installed on the system, the installer will overwrite any existing cache files.

Once the installation is complete, a confirmation screen opens. 7a
uninstdler program is also created in the installation location. A |ﬁ(
Kepler shortcut icon will appear on your desktop. kepler

2.2.3INSTALLING OMACINTOSH

TheMacinstaller will install the Kepler application on your systdawa is included as part of the Mac OSX
operating system, so it need not be installed.

Kepler has many actors that utilize R, so installing R is recommelnmidiegdiwvww.r -project.org/.

Follow these steps to download and install Kepler for Macintostesys:

Click the following linkattps://kepler-project.org/users/downloadand select the Mac install file.
Save the install file to your computer.

Doubleclick the install icon that appears on your desktop when the extraction is complete.
Follow the steps presented in the install wizard to complete the Kepler installation process.

rPoObdPE

A Kepler icon is created undeApplications/Keplex.y. The icon gabe dragged and dropped to the
desktop or the dock if desired.

2.2.4INSTALLING ANNUX

TheLinuxinstaller willinstall the Kepler application.

Java 17 or later is requred. It can be obtainedfrom your system administrator or onlinat:
http://www.oracle.com/technetwork/java/javase/downloads/index.htm|
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Kepler has many actors that utilize R, so installing R is recommenitiedi\www.r -project.org/.
Follow these steps to download and install Kepler for Linux:

1. Click the following linkattps://kepler-project.org/users/downloadandselect the Linux install.
Save the install file to your computer
3. Doubleclick the install file to open the install wizard. Ifdou@d A O1 Ay 3 G(GKS Ayaidl tt FAf
on your system, you may run the commajala ijar installer -file -namein a
terminal to open the install vziard. We recommend that you quit all programs before continuing
with the installation.
4. The Kepler installer displays a status bar as the installation progresses. If Kepler has previously
been installed on the system, the installer will overwrite any é@xistache files.

n

2.3STARTINGKEPLER

To start Kepler on a PC, doualéck the Kepler shortcut icon on the desktop. Kepler can alsddreed
from the Start menuNavigate to Start menu > Arograms, and selecKeplek to start the application.
On a Mac, the Kepler icon is created und@plications/Keplex.y. The icon can be dragged and dropped
to the desktop or the dock if desired.

To start Kepler on a Linux machine, use the following steps:

1. Open a shell window. On some Linux systemsgd shn be opened by rigitlicking anywhere on
the desktop and selectingOpen Termindl Speak to your system administrator if you need
information about your system.

2. Navigate to the directory in which Kepler is installed. To change the directory,aisé tommand
(e.g.,cd directory_name).

3. Type./kepler.sh to run the application.

The main Kepler application window opgsgure 21). From this windowyou can access and run existing
scientific workflows and/or create your own custom scientific workflow. Each time you open an existing
workflow or create a new workflow, a new application window ogeMultiple windows allow you to work

on several workbws simultaneously and compare, copy, and paste components between workflows.

To start Kepler from the command line (optionally loading a workflow), use the following command:

kepler.sh [ - nosplash] [workflow.xml | workflow.kar]

- nosplash start withou t showing splash screen.

On Windows, the executablekepler .bat instead ofkepler .sh .

To run a workflow XML from the command line:
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kepler -runwf[ -nogui | - redirectgui dir] [ -nocache] [-noilwc][ - paraml
valuel ...] workflow.xml

- nogui r un without GUI support.

- nocache run without kepler cache.

- noilwc run without incrementing LSIDs when the workflow changes.

- redirectgui dir redirect the contents of GUI actors to the specified
directory.

To run a workflow KAR from the command line:

kepler.sh -runkar [ -nogui | - redirectgui dir] [ - force] [ - paraml valuel
...] workflow.kar

- force attempt to run ignoring missing module dependencies.
- nogui run without GUI support.

- redirectgui dir  redirect the contents of GUI actors to the sp ecified
directory.

You can specify the values of workflow parameters

kepler .sh -runwf -x4 -y"foo" workflow.xml

The above commanduns dworkflow.xmE, stting the parameters x = 4 and= "fod'. The full command
line usage for the Kepler executablendae found by running:

kepler .sh ih

2.4 THEUSERANTERFACE

{OASYUGATAO 62Nl Ft26a I NB SRAIGSRanddpRintafdes. Théd majoy’ Y S LI SN
sections of the Kepler application wiow (Figure 21) consist of the following:

1 Menu bar: provides access to all Kepfeinctions

1 Toolbar. provides access to the most commonly uségplerfunctions

1 Components, DataAccess, and Outline are@onsists of a Components tab, a D&, and an
Outline tab. The Components and Data tabs eacttain a search function and display the library
of available omponents and/or search results. The Outline tab displays an outline of components
that are in your current workflow.

1 Workflow canvas provides space for displaying and creatmgrkflows.

1 Navigation area displays the full workflow. Click a section of the workflow displayed in the

Navigation area to select and display that section on the Workflow canvas.

Each of these interface areas is described in more detail in the following sections.
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FIGURHE.1: EMPTY KEPLER WOW WITH MAJOR SEGNIE ANNOTATED.

2.4.1MENUBAR

Running horizontally across the top of the Kepler applicatibe, Menu bar contains the seven Kepler
menus: File, Edit, View, Workflow, Tools, Window, and Hahmmon menu &m functions, such as Copy,

Paste and Delete, are assigned keyboard shortcuts, which can also be used to access the functionality. These
shortcuts, when relevant, appear to the right of each menu item.

The following sections describe each menu in gredétail.

2.4.1.1HLEMENU

The File menuwhich is the first menu in the Menu bar, contains commands for handling files and for exiting
the application: New Workflow, Open, Recent Files, Close, Save, Save As, Export As, Print, and EXxit.

New Workflow:open a new application windovielect Blank, FSM, or Modal Model. For more information
about FSM and Modal Models, please seeBtelemy documentation

27


http://www.eecs.berkeley.edu/Pubs/TechRpts/2007/EECS-2007-7.pdf

Chapter Z; Installing and Running Kepler

h LJS yopen a workflonsaved in a KAR (Kepler Archive format) or XML (.xml or .moml) onto the Workflow
canvas. Texbased files text (.txt) or HTML (.html), for examplewill be opened in a viewing window.

Recent Fileslist and open recent up to 10 workflows (KAR or XML formhat) were successfully opened
before.

Save save the workflow displayed on the Workflow canvas and any other related files KeRa(Kepler
Archive formatile.

Save Assavethe current workflow to a new KAR file.

Export: savethe current workflowas MoML odelingMarkup LanguageXML, to a static image (GIF or
PNG), or to an interactive HTML representation.

Print: print the graphical representation of thevorkflow. A page setupwindow is usedto set the paper
size, source, margins, and orientation.

Closeclose the current Workflow canvas

Exit exit the Kepler applicationf a workflow is open, a dialog box will prompt a user to save or discard
changes. Users can also cancel and returiinéomain application window.

2.4.1.2EDITMENU

Edit menu itemsare primarily used to modify the Workflow canvas, allowing users to cut, copy, and paste
selected entities. In addition, Undo and Redo commands can be used to modify the history of workflow
changes.

Undo: (Ctrl+Z) Undo the most recent change. Thindce command can be performed multiple times to
undo the history of wdkflow changes. The size of the  history  buffer
is limited only by available RAM.

Redo: (Ctrl4Y) Redo the most recent change: KS awSR2¢ O02YYlFIYR OFy 0SS LISNF2NY
redo the history of workflow changes.

Cut: (Ctrl+X) Cut the selected entities.
Copy:(Ctrl+C) Copy the selected entities to the clipboard.
Paste:(Ctrl+V) Paste the contents of the clipboard to the Workflow canvas.

Delete: (Ctrl+X or Delete keyDelete the selected entities.
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2.4.1.3VIEWMENU

View menu items control how the workflomppears on the Workflow canvas. Zoom items are also available
via theToolbar.

Zoom Rese(Ctrl+Equals)Reset the vievef the Workflow canvato the default settings.

Zoom In(Ctrl+Shift+EqualsMagnify theWorkflow canvas for a more closg view. Kepler provides fixed
levels of zoom.

Zoom Out(Ctrl+Minus} Pull backfor a more distant view of the Workflow canvaéepler provides fixed
levels of zoom.

Zoom Fit(Ctrl+Shift+Minus) Display the current workflow in its entirety on the Workflow canvas.
Automate Layout(Ctrl+T)Make a workflow more readable by automatigatonfiguring actor locations.

XML ViewView the current workflow in XML mode. The workflMeML (i.e. XML will be displayed in a
viewing window.

2.4.1. AWORKFLOW

Workflow menu items are used to run and modify open workflows.

Runtime Window: The Runtime Wihdow command opens a Run window, which allows users to adjust
workflow parameters and run, pause, resume, or stop workflow execution. Workflow results are displayed
in the window as well.

Add Relation:Add a Relation to the Workflow canvas. Rielas> ¢ KA OK YA 3IKG | f &2 o8
allow actors tadbrancte output to multiple placesFor more information about Relations, sBection 3.2.7.

Add Port:Add aport to the Workflow canvas. Select Input, Output, Input/Output, Input Multip@titput
Multiport, or Input/Output Multiport. For more information about ports, segection 3.2.4.

2.4.1.5TooLs

The Tools menu contains a number of useful tools #ratused tduild and troubleshoot workflows.
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Animate at Runtime:Select this menu it@ to highlight the actor that is currély processing as the
workflow is run. The active actors will be denoted with a red highligbte: This command is only relevant
when an SDF Director is used.

Listen to Director:Opena viewing window that display G KS 5ANBOG2NDa | QliAGAGes y2i
preinitialized, initialized, prefired, iterated, and wrapped up.

Create Composite ActorCreate a new composite actor on the Workflow canvas. For more information
about composite actors, please sBection3.2.3.

Expression Evaluato©pen an Expression Evaluation windesed toevaluate anyKeplerexpression. For
more information about the expression language, f&ePtolemy documentation

Instantiate Component:Open the designated component on the Workflow canv@asmponents can be
identified via class name (e.gtolemy.actor.lib.Rampor via a URL. Use this menu command to easily
access components that are not inded in the Kepler component tree (e.g., the DDF Director or Ptolemy
actors that are not included in the default Kepler library).

Instantiate Attribute: Openthe designatedattribute on the Workflow canvadttributes are identified by
class name (e.gptolemy.vergil.kernel.attributes.EllipseAttribute

Check System Setting®pena window containing system settings.

Ecogrid  Authentication Provide &g in credentials or log out after using
features in Kepler that require authentication (e.g., an autiieated data search for the KNBa¢Ehgrid) or
uploading actors to the Kepler actor library)

Preferences: Set various Kepler preferences, including local and remote directories used to find
components for the component library and services used for dataces.

Text Editor:Opena simple text editor used to create, edit, and save text files.

Module Manager: View modules in the current suitdpad and save module configurations, view
downloaded modules, and view available modules, and switch diffarent module configuration. For
more information on the module manager, see Chapter 12.

JVM Memory SettingsAdjust how much memory is allocated to Kepler. If your computer has available
RAM, you may want to allocate more memory to Kepleirfzyeasing the Max Memory setting. This may
improve performance.

2.4.1.6WINDOW

Access the Runtime Window via the menu option.
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2.4.1.7HELP

The Help menu contains information about the current version of Kepler as well as links to useful help
documertation.

About: Opena window containing the current Kepler version number.
Kepler DocumentationAn index of useful Kepler documents.

Modules DocumentationAn index ofdocumentation for the installed modules.

2.4.2TOOLBAR

The Kepler dolbar contairs the most commonly uset&epler finctions fFigure 22). The Toolbar can be
dragged and dropped to a convenient screen location. Closing the Toolbar returns it to the default position
beneath the Menu bar and above the Workflow canvas.

The Toolbar consistif three main sections: View, Run, and Ports, discussed in more detail below.

e POy e

FIGURR.2: THE KEPLER TOGRB

2.4.2.1VIEWTOOLS

View tools Table 2.} are used t@oom in, reset, fitand zoom out thevorkflow on the Workflow canvas:

Zoom In:Magnify theWorkflow canvas for a more closg view. Kepler provides fixe

@ levels of zoom.

@ Zoom ResetReset the vievof the Workflow canvaso the default settings.
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Zoom Hi: Display the current workflow in its entirety on the Workflow canvas.

O

Zoom Out:Pull back for a more distant view of the Workflow cankaepler provides fixeq
levels of zoom.

TABLR.1VIEW TOOLS

2.4.2.2RUNTOOLS

Run tools Table 2.2 are used taun, pauseand stopthe workflow.

Run:Run the workflowThe button will have an orange highlight when the workflow
running.

il
=

PausePause the workfiw. The button will have an orange highlight when the workfl
is paused. To resume the workflow, click the Run button.

Stop: Stop workflow executionThe button will have an orange highlight when t
workflow is stopped. To restart the workflow, click the Run button.

TABLE.2: RUN TOOLS

2.4.2.3PORTTOOLS

Port tools Table 2.3 are used to add Relations or Portsnorkflows:

»

Input Port: Add a single input port. A single input port can be connected to only a §
channel of data. Single ports are designated with a dark triangle on the Workfloxase

Output Port: Add a single output port. A single output port can emit only a single cha
of data. Single ports are designated with a dark triangle on the Workflow canvas.

Input/Output Port: Add a bidirectional port, which can receive send a single channg
of data.

A A

Multiple Input Port: Add a multiple input port. A multiple input port can be connected
multiple channels of data. Multiple ports are designated with a hollow triangle on
Workflow canvas.
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Multiple Output Port: Add a multiple output port. A multiple output port can em
multiple channels of data. Multiple ports are designated with a hollow triangle on
[:;' Workflow canvas.

Multiple Input/Output Port: Add a multiple input/output port. A multiple input/outpu
¢:] port can receive or send multiple channels of data. Multiple ports are designated W
hollow triangle on the Workflow canvas.

’ Relation: Add a Relation. Relatiors 0 NI y OK £  Iso tHat dathcanTbe Sedt to
multiple placesn the workflow.

TABLR.3: PORT TOOLS

2.4.3COMPONENTOATAACCESRANDOUTLINFAREAS

The Components and Data Access area contains a library of workflow components (e.g., directors and
actors, under the Components tab) and a search mechanistodating those components, as well as data

sets (under the Data tab). The Outline area displays an outline tree of the components that are being used
in the current workflow. When the application is first opened, the Components tab is displayed.

2.4.3.1COMPONENTSAB

Kepler comes standard with over 350 components that are stored on the local machine and can be used to
create an innumerable number of workflows with a variety of analytic functidhs. default set of Kepler
processing comonents is displged under the Components tab in the Components and Data Access area.
Users can easily add new components or modify existing components. See Chapter 5 for more information
about adding components to the local library.

Components in Kepler are arrangedlinete highlevel categorizations: Components, Projects, and Statistics
(Table2.4). Any given component can be classified in multiple categories, appearing in multiple places in
the component tree.

Category Description

Componens Contains a standarlibrary of all components, arranged K
function.

Projecs Contains a library of projedpecific components (e.(SEEK
or OPRe¥

Statistics Contains a library otomponents for use in statisticg
analysis.

TABLR.4: COMPONENT CATEGERIN KEPLER

Browse for components by clicking through the component trees, or use the search function at the top of
the Components tab to find a specitomponent.

To search for components:
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1. In the Components and Data#ccessarea to the left of the Workflow canvas, select the

Components tab.

Type in the desired search stringS @3 ®> G CAt S wSIF RSNE O

3. Click theSearchhutton. Thesearch resultaredisplayed in the Components and Data Access area,
replacing the default list of componentsYou may notice multiple instances of the same
component. Because components are arranged by category, the same component may appear in
multiple places in the searaiesults.

4. To use one or more components in a workflow, simply drag the desired components to the
Workflow canvas.

5. Toclear the search results and-display thecomplete component libraryclick theCancebutton.

n

NOTE:If you knowthe name of a componérand its location in the Component library, you can navigate
to it directly and then drag it to the Workflow canvas.

2.4.3.2DATATAB

Via its search capabilities, Kepler provides access to data stored remotely on the EarthGrid, which contains
a wide ollection of ecological and geographical resources. Select the DatgFighre 2.3)in the
Components and Data Access area to find and retrieve remote data sets.
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FIGURR.3: THE DATA TAB. A SEARHAS BEEN PERFOBRNWE LOCATBATOS METEOROLOGICA®ATA SET STORED ON
THE EARTHGRID.

To search for datan the EarthGrid through Kepter

=

In the Components and Dafsccess areaselect theData tab

2. Click the Sources button and select the services to search (deselecting unnecessary sources
decreasesearch time).

3. Type in the desired search string (e.g., Datos Meigicos)Make sure that the search string is
spelled correctly. (You can also enter just part of the entire sitiggP I d> a5 G2aé¢0d LT
requires authentication (e.g., searches on the KNB Authenticated Query source), use the Tools >
Ecogrid Authenticatio menu option to specify credentials.

4. Click theSearchbutton. The search may take several momen¢hen the search is complete, a
list of search resulté.e., Data actorsyill be displayed in th€omponents and Data Access area.

5. To use one or more datactors in a workflow, simply drag the desiradtorsto the Workflow

canvas.

When a dataset is dragged from the Datab to the Workflow canvas, Kepler downloads the data from the
remote source and stores it in the Kepler cadlikere it can be accessedylihe workflow or easily
previewed.The cache (i.e.., thiekepler ¢ directory) is in the us@® HOME directorywhichis the default
working directory wheneveone first opens a Command Windoan(Windowsplatforms) or a terminal
window ©n Macor Linux).On MacandLinux syste = (i KS Od®~YeWil ghéhgeddirectories to the
home directoryOnce data is stored in the cache, Kepler will automatically access the local copy rather than
re-download the data. If you would prefer to 4@ownload the data, angou are using afEML2Dataset
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actor, select theCheck for latest version parameterto override the default behavior. See

Chapter 6 for more information.

Information aboutdownloaded datacan be revealed inhree ways: (1) on the Workflow canvaglr over
the5 I G I loufpiitpaitkiéireveal a tooltip containinthe name and type of datar (2) rightclick the

Data actor andedect Get Metadata to open a window that contains more information about the data set
(Figure 24) or (3) preview the dat set by rightclicking the data actor and selecting Preview from the drop

down menu(Figure 2.6

2

Data Set Description

Identifier: tao.1.1
Catalog System:  knb

Title: Datos Meteorologicos
Individual: Mr. Rodrigo Torrens

Auth System: knb
COirder: denyFirst
=

ALLOW: read ublic

Individual: Mr. Rodrigo Torrens
Diata Tables, Images, and Other Entities:
Data Table:
Mame: Datos Meteorologicos
Description: Dtos Estacion meteorologica La Hechicera para e? 2001
Fhysical Structure Description:
Object Mame: sample.dat
Size: 188860 bytes —
Character
Encoding: Rl
Mumber of Header 1
Lines:
Record Delimiter: \n
Text Format: flii'leanxgitmhym Record column
Simple Delimited: [FJI:Ili‘rjneter:
Case Sensitive? no
Mumber Of Records: 100
- Type Missing
Attribute Column . Measurement Measurement Accuracy Accuracy
Name Label D it “nf Type Domain Llhna Report Assessment ER
alue Code
Date of - ) Format MMDD/YY
DATE DATE collection =g datetime Precision
— )

FIGURR.4: METADATA FOR TBIETOS METEOROLOGIDA%A SET.
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FIGURR.5: PREVIEWING A DASET.
Downloaded data can be output in a variety of form&se Chapter 6 for more information.

The EarthGrid currently interfaces with KNB Metacat databBlseKnowledge Network for Biocomplexity
(KNB)is a national network intended to facilitate ecological and environmental research on biocomplexity.
It enables the efficient discovery, access, interpretation, integration, and analysisasfy kinds of
ecological data from a highly distributed set of field stations, laboratories, research sites, and individual
researchers?

To configurea datasearchto search a subset of the EarthGridick the Sources buttdinom the Data tab

Select the sources to be searched and theetyf documents to be retriewk (Figure 26) Each service
requires that at least onecorresponding dcument typeis selected (e.g, the KNB Metacat EcoGrid
Querylinterface service requires that either Ecological Metadata Language 2.0.0, 2.0.1, or 2.1.0 is selected)
If you try toddeselect all of the relevant dcumenttypes, theservice is automatically deselected aell.

The documat types (e.g., Ecological Metadata Language 2.0.0) refer to the metadata specification used by
the data sets. For more information about metadata, please see Chapter 6.

10 Knowledge Network for Biocomplexity (KN@bsite, http://knb.ecoinformatics.ag.
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