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1 Overview

1.1 Intr oduction

This projectwill develop thehigh-performance,computationaltechnologyinfrastructureneededto
analyzethepast,present,andfuturegeospatialdistributionsof living componentsof Earthenvironments.
This involves moving a suiteof key predictive, geostatisticalbiological modelsinto a scalable,cost-
effective clustercomputingframework; collectingandintegratingdiverseEarthobservationaldatasets
for input into thesemodels;and deploying this functionality as a Web-basedservice. The resulting
infrastructurewill beusedin theecologicalanalysisandpredictionof exotic speciesinvasions.Thisnew
capabilitywill bedeployedat theUSGSMidcontinentEcologicalScienceCenterandextendedto other
scienti�c communitiesthroughtheUSGSNationalBiological InformationInfrastructureprogram.

1.2 ReferencedDocuments

Table 1. ReferencedDocuments

DocumentTitle Version Date
SoftwareEngineering/ DevelopmentPlan 1.2 2002-09-26
SoftwareRequirementsDocument 1.2 2002-10-17

1.3 DocumentOverview

Thisdocument,theConceptof Operations, describestheInvasiveSpeciesForecastingSystem(ISFS)
from anoperationalpointof view. It is not intendedto imply adesignor convey implementationrequire-
mentsfor thefunctionalitydescribedherein.

It providesa brief introductionto the functionalarchitectureof thesystemthroughits intendedex-
ternal interfaces,and describesa high level descriptionof the elementsthat will be combinedin the
prototype. It alsopresentsthe physicalarchitectureof the systemanddiscussesthe operationof the
systemthroughthosephysicalcomponents.

Finally it describesthesystem'soperationalscenariosthroughaseriesof “usecases.” Theseusecases
explain in detailhow wethink userswill interactwith thesystem,andthetypesof systemfunctionsthey
will initiate throughtheir tasks.Theusecasesareillustratedwith early renditionsof theuserinterface
elementsthatwill supporttheiroperation.
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2 ISFS Functional Ar chitecture

2.1 SystemDescription

The ISFSsystemwill have usersfrom governmentagencies,universities,industry, andthegeneral
public. To the users,the ISFS is deployed as a web browser basedsystemthat will presentoptions
for applying a seriesof modelsto available datasetsyielding predictive result sets. The systemcan
ingestdatafrom differentsourcesandin differentformatsandexisting modelscanbeeitherrun,or new
onescreated.Thesystemoutputsmapsandadditionalinformationdepictingtheappliedmodelandthe
predictedspeciesdistributions.
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Figure1. Context Diagram

2.2 External Interfaces

Theprimarymeansof interfaceto theISFSwill beaW3 standardscompliantwebbrowser. All GUI
developmentefforts for externalinterfaceswill bethroughweb-basedclientarchitecturethatusesHTTP
astheprimarymeansfor interactingwith thesystem.Supplmentaryinterfacesfor ingestmayincludea
securedFTPpush/pulltechniquethatwill bescheduledthroughtheGUI.
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Standingordersfor requireddataproductswill beaccomplishedthroughsubscriptionsto thevaried
datasourcesincludingtheDAAC, NBII, USGS,andotherdatasourcesTBD. Differentlevelsof access
for public,modeluser, modelbuilder, anddeveloperwill beestablishedanddocumentedin theSRD.

The user interface is implementedthroughan HTTP connectionto browser-basedGUI to select
modelsanddatasets,andto applytheselectedmodelto theselecteddataset.TheGUI is alsothevector
for returningprocessedoutputto theenduser.

2.3 Inter nal Ar chitecture

Theoverall internalarchitectureof theInvasive SpeciesForecastingSystemis presentedin Figure2.
It consistsof threemajor conceptuallayers: (1) a Front End Layer that providesa suiteof graphical
userinterfacesto thevariouscomponentsof thesystemthatmustbeaccessedby thevariousclassesof
usersof the system,(2) an Application Layer whosesubsystemssupportthe activities, computations,
andwork�o ws thatde�ne theISFSmodelingprocess,and(3) a BackendLayerthatprovidespersistent
archive storagefor both systemanduserneeds.Eachof thesemajor layersandtheir subsystemsare
explainedin greaterdetail in thesectionsthatfollow.

Figure3 depictsthe�o w throughthesystem.

ISFS Functional Architecture

System Archive Private Archive Public Archive Constants

Ingest Pre-processing Post-processingModeling

Front End Layer

Application Layer

Back End Layer

GUI GUI GUI GUI

Figure2. ISFSFunctionalArchitecture
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Figure3. ISFSDataFlow
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2.3.1 Front End Layer

TheISFSfront endwill supportavarietyof interfacesthatallow controlledandtailoredaccessto the
varioussubsystemsof theoverall system.Thefront endconsistsof a graphicaluserinterfacesubsystem
with bothclient-andserver-sidecomponents.

2.3.1.1UserInterfaceSubsystem

The User InterfaceSubsystemprovides a way of managinginformationandperforminganalyses
by meansof dynamicallyconstructedactivity-and-information spaces,or role-basedviews. Thevarious
role-basedviews aredeliveredthroughdynamicallyconstructed,personalizedWebpages.

A pro�le databasemaintainsa pro�le of eachuser's statusandpreferences.Activities are imple-
mentedby a library of routinesaccessedthroughthecontrolson awebbasedformsinterface.Eachuser
is assigneda particularrole, which enablesthemto performcertainactionsbut not others,andto view
certaintypesof informationbut notothers.Rolesincludethefollowing:

� “Administrator”— This role providescompleteaccessto theISFSwebsystem.An administrator
would beableto manageotherusersandhave accessto their workspace,preferencesandautho-
rizationinformation.

� “Model Builder” — This role is intendedfor theuserthatwishesto con�gure andtailor themodel
relatedtasks.TheModelBuilder is someonewhohasbeenauthenticatedandauthorizedto upload
andingestdatain preparationfor otherusersto performrepeatedmodelruns.TheModel Builder
hasregisteredwith the systemandmaintainsan active logon nameandpassword to accessthe
system.The Model Builder maintainsa pro�le within the systemthat remembersthe Builder's
dataselectionsandmakesthoseselectionsavailableto theBuilderuponlogin.

� “Model User” — This role is intendedfor a userto selectspeci�c input dataandrun it through
a previously con�gured ISFS model run. The Model User hasregisteredwith the systemand
maintainsan active logon nameandpassword to accessthe system.The Model Usermaintains
a pro�le within thesystemthat rememberstheUser's dataselectionsandmakesthoseselections
availableto theUseruponlogin.

Theroleswill bemaintainedby incorporatingtheLightweightDirectoryAccessProtocol(LDAP).
LDAP is aprotocolfor accessingonlinedirectoryservicesover theTCP/IPnetwork protocol,andcanbe
usedto accessstandaloneLDAP directoryservicesor directoryservicessupportingtheX.500standard.
It providesa standardway for Internetclients,applicationsandWebserversto accessdirectorylistings
of thousandsof Internetusers(http://wp.netscape.com/newsref/pr/newsrelease126.html ).

2.3.2 Application Layer

Theapplicationlayerconsistsof four subsystemsthatsupporttheactivities,computations,andwork-
�o ws of the ISFS:Ingest,Preprocessing,Modeling,andPostprocessing.Thesesubsystemsmaybe in-
voked by theusersequentially, arbitrarily, anditeratively to supportthevariousstepsthatmake up the
ISFSmodelingprocess.They mayalsobeinvokedautomaticallyby usingprocessingscriptsasexplained
below.

2.3.2.1IngestSubsystem
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Theingestsubsystemwill serve astheinitial “entry point” for all datausedin thesystem.Thedata
fall into thethreemaincategories:�eld point measurements,imagery, andancillarylayers.Thesecate-
gorieswill befurtherde�ned in theRequirementsAnalysisDocument.Commonto thethreecategories
is thatall dataingestedinto thesystemwill beassociatedwith somegeographiclocation.Therewill bea
validationstepto verify theintegrity of thedatabeforeingest,andeveryeffort will bemadeto ascertain
thatthedataoriginatedfrom anauthoritative source.

Within the subsystemuserswill be ableto upload�eld datain a tabular form usingstandardtem-
platesprovidedby theInvasive SpeciesForecastingSystem.Thesetemplateswill ensurethatall system
required�elds will be capturedandwill be in an accessibleformat (suchasa spreadsheet,database,
or simpleASCII list). Satellitedatawill be includedprimarily from externalsatellitedataarchivesbut
alsouser-suppliedsatellitedataor airborneimagerymaybeused.Theprimarysourcefor ancillarylay-
erswill initially beUSGSbut heretoo the ingestsystemwill allow user-suppliedancillary layersto be
incorporatedinto thesystem.

Dataingestedinto thesystemfall into threecategories:

1. A Tabular �le (typically from �eld observationsandcontaininglatitude,longitude,dateinforma-
tion, andobservedvaluesat thegivenpoint)

2. Rasterlayers(typically imagedataor GIS “grids” whichextendover a largeareaandhave oneor
morelayersof informationandcanhave differentspatialresolutionfor thepixel size).

3. A boundaryareaspecifyingthe region of interest(suchasboundaryof a nationalpark or mon-
ument). The areacanbe de�ned by a vectorGIS �le, a binary rasterimage,or simply a list of
boundingcoordinates.

The systemwill allow only one tabular �le and one boundaryareabut multiple rasterdata�les
for eachmodelingscenario. The format for the tabular datawill be a commadelimited ASCII �le
containingthefollowing elementsfor eachgroundobservation(hardreturnsaregivenherefor clarity in
thedocument,theactualvalueswouldbeononeline):

� siteID,

� upperleft X, upperleft Y,

� upperright X, upperright Y,

� lower left x, lower left y,

� lower right x, lower right y,

� largeplot ID (if thesiteis partof a largerplot, if not �ll with somethinglike -999)

� dateof collection,

� observedvariable1, ..., observedvariableN

While theupperright, upperleft, lower right andlower left maybetoo closeto distinguishwith the
given GPSaccuracy (that is, they would all be reportedasthe samevalues),this format would allow
largerplotsto explicitly de�ne thegivenarea(asopposedto asinglepoint)andthusallow moreexplicit
extractionof theimagedatafor anappropriatearea.
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Mechanismsfor dataacquisitionswill besecuredftp-pushfor any usersupplieddataor automated
securedftp pull from the externalarchives. Userswill be issuedusernamesandwill be authenticated
throughpasswords.Useractivity andpreferenceswill be loggedandarchived in thesystem.A speci�c
list of externalarchivesandrequireddatasetswill beestablishedandmaintainedaspartof theingestsub-
system.Theinterfacesto thesearchiveswill benegotiatedanda thoroughunderstandingof sourceand
targetschemawill beincludedin theinterfaceagreement.Theingestsubsystemwill monitorthenumber
andvolumeof databroughtinto thesystem,with anability to breakthisdown by location,user, andex-
ternalarchive. Formalproceduresfor ingestof thesedatawill bedocumentedasthedata/sourcespeci�c
requirementsbecomeevident. As a generalstandardoperatingprocedurewe will capturemetadataand
QA typedatathatwill describeeach�le to beingested.

For the purposeof establishingthe baselinecanonicalexample,we will assumethat the datasets
exist and are storedlocally on our servers. Oncethe HPC technologyhasbeenappliedand proven
we canexpandour ingestroutinesto includeadditionalthemes(ancillary layers)and interfaceswith
governmentanduniversity databases.Formal proceduresfor ingestof thesedatawill be documented
asthedata/sourcespeci�c requirementsbecomeevident. As a generalstandardoperatingprocedurewe
will capturemetadataandQA typedatathatwill describeeach�le to beingestedandwrite thatinto the
�le headeror storeit in adatabaserecordassociatedwith theunique�le identi�er.

2.3.2.2PreprocessingSubsystem

Thepre-processingstagemanipulatesthedataresultingfrom theingeststageinto a format/structure
that canbe usedby the modelingcomponentof the system.Limited pre-processingis neededfor the
tabular data,sincetheformatwill bespeci�edin theingestphase.

Thesubsystemmayperformresamplingif theinput rasterlayersarenot at thesameresolution.The
mergeddataproductwill bewritten to thearchive in acommonanalysisformat,possiblyGeoTIFF.

The primarycomponentof the pre-processingstagewill be to extract, for eachsite (asde�ned by
the coordinatesin the tabular �le), the informationfrom eachrasterlayer for that site. Thesevalues
extractedfrom therasterlayerswill beappendedascolumnsto the ingestedtabular �le. Theresultsof
thispre-processingstepwill bereferredto asthe“mergedtabular data”.

A secondarycomponentof the pre-processingstagewill be to createnew variablesfrom existing
columnsof themergedtabular �le. Thesenew variableswill eitherbepre-programmedor user-de�ned
functionsof theexisting columns.Theresultsof this stepwill bereferredto asthe“merged,augmented
tabular �le” .

Either a “merged tabular �le” or a “merged, augmentedtabular �le” is requiredto go on to the
modelingstage.

2.3.2.3Modeling

Modelingin the�rst versionof theISFSwill beempiricalin natureandutilize statisticaltechniques.
Thegeneralthemeof themodelingwill beto predicta certainspeciesmigrationthroughor invasionof
habitatbasedonremotesensingimageryandancillarydatalayers.Themodelingsubsystemwill support
� vebasicwork�o w activities:

Step1 — Data Array Construction.Eachmodelwill requirean arraycontainingthe response,or
dependent,variable(the “Y” variable)anda setof predictor, or independent,variables(the “X” vari-
ables).Constructingthedataarrayneededfor modelingwill startwith a setof geographiccoordinates.
Thesewill likely comefrom thegeographiccoordinatesassociatewith thetabular �eld dataof interest.
In additionto thecoordinates,theY variablewill beextractedfrom thetabular �eld data,eitherdirectly
or asa functionof oneor moreelementsin the �eld data. The X variableswill comefrom any of the
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threedatasources.X variablesfrom the�eld datacanalsobedirectlyextractedor beafunctionof oneor
moreelementsfrom thedata.X variableswill beextractedfrom thesatelliteandancillarydataby using
thecoordinateinformationfrom the�eld datato extractvaluesfrom the imageryfor thecorresponding
pixels.TheseX variablescancomedirectly from thesatelliteor ancillarydataor bea functionof oneor
moresatelliteor ancillaryvariables.A diagramof themodelingarrayis shown in Figure4.

Figure4. Schematicof ModelingArray

Step2 — Model Selectionand Fitting. Oncethearrayis constructed,modelselectionwill involve
screeningX variablesto seewhich aremost relatedto the Y variable. Methodsto be consideredare
graphicalexploratoryanalysis,stepwiseregression,andcombinatorialscreening.The variablesfound
to relateto the Y variablewill be relatedthroughstatisticalmodels.Modelsto be consideredfall into
thegeneralizedlinearmodelsframework usinggeneralizedleastsquaresandregressiontreemodelsand
othersasapplicable.

Step3—ModelDiagnostics.Modeldiagnosticswill includeassessingthe�t of themodelandtesting
the assumptionsimplicit to the model. Of particularinterestwill be the spatialnatureof the dataand
assumptionof spatialindependentor, alternatively, accountingfor spatialdependencewithin themodels.

Step4 — Model Acceptance/Adjustment/Re�nement. Resultsfrom the diagnosticswill be usedto
eithercon�rm the appropriatenessof the modelor in�uence adjustmentsor re�nementsto the model.
Adjustmentsor re�nementswill requirereturningto step2, modelselectionand�tting.

Step5 —ModelOutput.Onceanappropriatemodelis accepted,modeloutputwill includethemodel
formula itself aswell asmetadatadescribingtheuserresponsiblefor themodelselectionandthe data
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usedto drive themodel.

2.3.2.4Post-processing

The post-processingsubsystemusesoutputsfrom the Modeling Subsystemto generatevisual and
graphicalproductsthatarethenmadeavailableto theuser. In a typical scenario,theresultsof theOLS
regressionare appliedto the input satelliteand DEM datato provide a preliminarymap of the total
plantsin the region. Kriged estimatesof the residualsof this regressionarethenaddedto this mapto
produceanimprovedmap.Thepostprocessingsubsystemwill typically produceastandard,application-
interchangeableoutput�le, suchasanIDL �le with ENVI headerinformation,thatcanbeusedby other
applicationsto reprojectthedataandoverlaywith otherdatalayersasrequestedby theuser. The �nal
dataproductswill bepackagedwith theappropriatemetadata,assigneda uniquedatasetidenti�er, and
archived.

2.3.3 BackendLayer

Thebackendlayerprovidespersistentstoragefor bothsystemanduserneeds.

2.3.3.1Archive

TheISFSbackendconsistsof anarchive subsystemlogically comprisingsystem,private,andpublic
partitions. Subsystemcontrol will be coordinatedby a databasethat will storepointersto archived
�les. Initially, the �les that we maintainwill be containedin a logically arrangeddirectorystructure
andindexedwith a unique�le ID. For externallystoreddata,thearchive systemwill storea �le ID and
pointeror URL thatcanbeusedto retrieve andstagethearchived�les for subsequentprocessing.
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3 ISFS Physical SystemAr chitecture

3.1 Hardware

Figure5 illustratesthephysicalarchitectureof the ISFS.TheUserInterfaceSubsystemhasclient-
and server-side components.Client workstationscan be any computerequippedwith a World Wide
WebConsortium(W3C) standardscompliantwebbrowser. Somecommonlyavailableplug-insmaybe
requiredfor certainfunctions,but the interfacewill pushmostof the complex renderingfunctionsto
the server. Our minimum supporteddisplayresolutionwill be 1024x768pixels. The web server will
bea standardtwo- or four processorIntel Pentium-or AMD Athlon-basedcomputerrunningtheGNU
Linux operatingsystem. The Apachehttp daemonwill be runningasa serviceusingSecureSockets
Layer (SSL) on a TCP port that hasagreedupon with the systemadministrator. We also will usea
standardtwo- or four-processorIntel Pentium-or AMD Athlon-basedcomputerrunningtheGNU Linux
operatingsystemto hostthePre-andPostprocessingSubsystems.A separatesimilar systemoptimized
for PostgreSQLwill host the Ingestand Archive Subsystems.The preprocessinghost will frontend
the Modeling Subsystembut parallelcodesupportingcoremodelingoperations,suchaskriging, will
be executedon variousBeowulf clusters,including experimentalclustersprovided by the ESTO/CT
programand, ultimately, a dedicatedclusterthat the projectwill build at the USGSsite. Additional
detailsaboutthe clusterand all other aspectsof the logical and physicaldesignwill be provided in
subsequentversionsof thesesoftwareengineeringdocuments.

3.2 Communications

The network transportbetweenthe client workstationsand the Web Server will useHyper Text
TransferProtocol(HTTP). For the userto uploadnew datasetsa secureversionof the File Transfer
Protocol(FTP) will alsobe required. Both theseprotocolsuseTCP/IP(the Internetprotocol)as the
neutrallayer for communicationwith theweb server. We areconsideringtwo optionsfor thenetwork
transportlayeron thecluster. GigabitEthernetis a small fractionof thecostof thefasterMyrinet andit
is probablyfastenoughfor our purposes.Thecostof the increasedI/O time mustbebalancedagainst
the hardwarecostandthe complexities of implementingMyrinet. We will be performingengineering
tradeoff studiesto determinethe�nal clustercon�guration.

3.3 Implementation

TheISFSwill be implementedusingthebestmix of scriptingandprogramminglanguagesto meet
userandsystemdevelopmentneeds,includingApache,CHI, ION, Python,Java,andPostgresClient. The
generalapproachto work�o w controlandprocessschedulingwill beimplementedthroughuser/machine
interactionsthat constructparameterized,bundledSQL andOScommandsthatcanbe queued,sched-
uled,andultimatelyexecutedon thedatabasehostandBeowulf clusters.All activities will bebounded
by executionstatusreportsandinform theuserof taskreadinessandruncompletenessandinsurethein-
tegrity of theintermediaryprocessingsteps.Thecurrentsystemarchitectureassumesthatall computers
exceptfor theclientworkstationswill bePostgreSQLdatabaseclients.Thedatabaseservesto coordinate
applicationfunctionsandmanagesthedaemonprocessesrunningon theWebServer, ProcessingHosts,
Archive Host,andtheDatabaseServer itself. In additionthedatabasewill betherepositoryfor required
informationto performoperations.Thedatabaseclassdiagramin Figure6 identi�es thedifferenttypes
of dataneededto supporttheISFSsystem.
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Ingest
+Unique File ID
+File Name
+File Type - (raster,tabular,boundary)
+File Source
+File Size
+FTP Command (get)
+Job Signal (get model output)
+Data Suite (copy)

Archive
+Unique File ID
+File Location
+Filesystem Select
+File Type (map, point, param, executable)
+File Size
+FTP Command (put)
+Model Run Bundle (files, param, script)

GUI
+User ID
+User Credentials
+User Preferences
+Palletes
+Widgets
+Scripts
+Dialog Options
+Menu Options
+Form Options
+HTTPD Options

Postprocessing
+Model Executables
+Model Parameters
+Data Files In (map, point)
+Execution Scripts
+Product to Ingest
+Job Signal (wait,run,fail,error,complete)

Modeling (Statistical)
+Model ID
+Model Version
+Required Filetypes
+Required Param
+Param Valid Range
+Model Select
+Evaluate (files,params,model - OK)
+Product Valid (yes,no)
+Script Phrase (stepwise regression)
+Script Phrase (spacial correlation)
+Script Phrase (variogram)
+Script Phrase (other algorithm)

Preprocessing
+User Files (get)
+User Params (get)
+Check File (ok,not ok)
+Model Select
+Evaluate (files,params,model -OK?)
+Script Concat
+Host Select
+Job Signal (Notify GUI -ready-)
+Merge Command (tabular, raster,boundary)
+Augmentation (tabular)
+Script Phrase (preparation)

ISFS Subsystem Datatype Classes

RDBMS

Figure6. ISFSDatabaseClasses
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4 UseCases

Wehaveusedthe“UseCase”Model 1 to describethesystemandsubsystemsfrom thepointof view
of variousactorsinteractingwith thesystem.

4.1 Actors

Theprimaryactorsandtheirgeneralgoalsare:

Administrator hascompleteaccessto the system,monitorsperformance,andcoordinatesandautho-
rizessystemdesignchanges,etc.

Model Builder is ableto build tailoreddatasetsaswell asnew analyticalroutines.

Model User is ableto build tailoreddatasetsto beusedby existinganalyticalroutines.

1Cockburn,Alistair, Writing EffectiveUseCases, Addison-Wesley PubCo,2000
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4.2 UseCase1: Run a pre-de�ned model

Primary Actor: ModelUser

Goal: Userrunsapre-de�nedmodel.

Scope: ISFS

Level: UserGoal

Preconditions:

1. Useraccountexistson thesystem.

2. Input �les areaccessibleby thesystem.

3. Desiredanalysisroutineintegratedinto thesystem.

Trigger:

SuccessEnd Condition: ModelUserhasrun themodelandgeneratedappropriateresults.

Failed End Condition: ModelUserunableto obtainresults.

Main SuccessScenario:

1. ModelUserlogsin to thesystemandstartsasession.

2. Model Userselectsinput �les from list of availableoptions,selectsdesiredanalysisroutine
from availableoptions,andhits “Run” button.

3. ModelUserreceivestheoutputpredictive mapanduncertaintymap.

4. Model User receives the associatedmetadatadescribingoutput �les, run parameters,and
performancestats.

5. Model Usercanoptionallysave therun resultswith personalannotationsin personalreposi-
tory.

Extensions:

Open Issues:
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4.3 UseCase2: Createa newdata �le for analysis

Primary Actor: ModelBuilder

Goal: Model Builder createsnew data�le anddocumentationfor subsequentanalysisby themodeling
subroutine.

Scope: ISFS/ Pre-ProcessingSubsystem

Level: UserGoal

Preconditions:

1. Useraccountexistson thesystem.

2. Input �les in a formatunderstoodby thesystem.

Trigger: A new �le to beanalyzedis available.

SuccessEnd Condition: Userhascreatednew data�le anddocumentationfor subsequentanalysis.

Failed End Condition: Userunableto createuseabledata�le.

Main SuccessScenario:

1. ModelBuilder logsinto thesystemandstartsasession.

2. ModelBuilder selectsto build adatasuite.

3. ModelBuilderuploadsa tabular dataset.

4. Model Builder is informedthat thedatasetuploadedinto thesystemandcanview thedata
set.

5. ModelBuilder views thedataset.

6. ModelBuilder selectscorrespondingrasterlayers.

7. ModelBuilderactivatesthemerging of rastervariablesinto thetabular data.

8. ModelBuildergeneratesmetadatadocumentationfor thenew data�le.

9. Model Builder canoptionally save the new data�le with personalannotationsin personal
repository.

Extensions:

Open Issues:
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4.4 UseCase3: Createnew explanatory variables

Primary Actor: ModelUser

Goal: ModelUsercreatesnew variablesto beusedwithin themodelingsubsystem.

Scope: ISFS/ Modelingsubsystem

Level: UserGoal

Preconditions:

1. Useraccountexistson thesystem.

2. TabularDataSet:(multiple) rasterdatasetshave beenselectedtheuserandingested/merged
with thesystem(seeUseCase2).

Trigger: Userwishesto createadditionalvariablesbeyondthe“bands”containedin therasterdata.

SuccessEnd Condition: ModelBuilderhascreatednew variablesfor usein themodelingsubsystem.

Failed End Condition: ModelBuilderunableto createnew variables.

Main SuccessScenario:

1. ModelUserlogsin to thesystemandstartsasession.

2. ModelUsernavigatesto theModelingSubsystemandinterface.

3. ModelUserspeci�estheresponsevariable.

4. ModelUserselectsvariablesto de�ne spatiallocation.

5. ModelUserde�nesfunctionof currentlayersusedto createnew layer/variable.

6. ModelUserusesthemodelingsubsystemto determinesigni�cant variablesfor predictionof
theresponsevariable.

7. ModelUserdecideswhetherto includespatialmodelof residualsin the�nal prediction.

8. ModelUserchoosesto view amap.

9. ModelUseris presentedwith imageof model.

Extensions:

Open Issues:
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4.5 UseCase4: Createa newmodel for analysis

Primary Actor: ModelBuilder

Goal: ModelBuilderbuildsanew model.

Scope: ISFS/ Pre-ProcessingSubsystem

Level: UserGoal

Preconditions:

1. Useraccountexistson thesystem.

2. Input �les in a formatunderstoodby thesystem.

Trigger: A new �le to beanalyzedis available.

SuccessEnd Condition: Userhascreatednew modelandmetadatafor subsequentanalysis.

Failed End Condition: Userunableto createuseablemodel.

Main SuccessScenario:

1. ModelBuilder logsinto thesystemandstartsasession.

2. ModelBuilder choosesto selectadatasuite.

3. ModelBuilder selectsadatasuite.

4. ModelBuilder choosesto view datasuite.

5. ModelBuilder choosesto view existingmodel.

6. ModelBuilder choosesto createanew model.

7. Model Builder selectsinput �les from list, selectsvariablesto be includedin analysis,and
hitsa “Run Data”button.

8. ModelUserreceivestheoutputpredictive mapanduncertaintymap.

9. Model User receives the associatedmetadatadescribingoutput �les, run parameters,and
performancestats.

10. Model Builder can optionally save the resultsfrom the new model with annotationsand
associatethemodeloutputwith theselecteddatasuite.

Extensions:

Open Issues:
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5 UseCaseIllustrations

Thesystemwill have accessfrom thevariousNationalBiological InformationInfrastructure(NBII)
memberpages,asfollows:

Figure7. A link from theNBII InvasiveSpeciesInformationNode.

Figure8. A link to theISFSfrom theInvasivespecies.gov menubar.
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5.1 UseCase1 Illustrated: Run a pre-de�ned model

1. ModelUserlogsinto the
systemandstartsa session

2. ModelUserselectsa data
suite.

3. ModelUserselectsinput
�les from list, selectsdesired
analysisroutinefrom available
options,andhitsa “Run Data”
button.

4. ModelUserreceivesthe
outputpredictive mapand
uncertaintymap.

5. ModelUserreceivesthe
associatedmetadatadescribing
output�les, runparameters,
andperformancestats.

6. ModelUsercanoptionally
save therun resultswith
personalannotationsin
personalrepository.
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5.2 UseCase2 Illustrated: Createa new data �le for analysis

1. ModelBuilder logsinto the
systemandstartsa session

2. ModelBuilderselectsto
build adatasuite.

3. ModelBuilderuploadsa
tabular dataset.

4. ModelBuilder is informed
thatthedatasetuploadedinto
thesystemandcanview the
dataset.

5. ModelBuilderviews the
dataset.

6. ModelBuilderselects
correspondingrasterlayers.

7. ModelBuilderactivatesthe
merging of rastervariablesinto
thetabular data.
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8. ModelBuildergenerates
metadatadocumentationfor
thenew data�le.

9. ModelBuildercan
optionallysave thenew data
�le with personalannotations
in personalrepository.
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5.3 UseCase3 Illustrated: Createnew explanatory variable(s)

1. ModelUserlogsinto the
systemandstartsa session.

2. ModelUsernavigatesto the
ModelingSubsystemand
interface.

3. ModelUserspeci�esthe
responsevariable.

4. ModelUserselectsvariables
to de�ne spatiallocation.
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5. ModelUserde�nesfunction
of currentlayersusedto create
new layer/variable.

6. ModelUserusesthe
modelingsubsystemto
determinesigni�cant variables
for predictionof theresponse
variable.

7. ModelUserdecideswhether
to includespatialmodelof
residualsin the�nal
prediction.

8. ModelUserchoosesto view
amapof model.
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9. ModelUseris presented
with imageof model.
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5.4 UseCase4 Illustrated: Createa new model for analysis

1. ModelBuilder logsinto the
systemandstartsa session.

2. ModelUserchoosesto
selectadatasuite.

3. ModelBuilderselectsadata
suite.

4. ModelBuilderchoosesto
view datasuite.

5. ModelBuilderchoosesto
view existingmodel.

6. ModelBuilderchoosesto
createanew model.

7. ModelUserselectsinput
�les from list, selectsvariables
to beincludedin analysis,and
hitsa “Run Data”button.
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8. ModelUserreceivesthe
outputpredictive mapand
uncertaintymap.

9. ModelUserreceivesthe
associatedmetadatadescribing
output�les, runparameters,
andperformancestats.

10. ModelBuilder can
optionallysave theresultsfrom
thenew modelwith
annotationsandassociatethe
modeloutputwith theselected
datasuite.
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A Glossary

BP Biotic Predictionproject
CT ComputationalTechnologiesproject
CONOP Conceptof Operations
COTS CommercialOff TheShelf
CSU ColoradoStateUniversity
DAAC DistributedActiveArchive Center
ESTO EarthScienceTechnologyOf�ce
FTP File TransferProtocol
GSFC GoddardSpaceFlight Center
GUI GraphicalUserInterface
HTTP Hyper-Text TransportProtocol
ISFS Invasive SpeciesForecastingSystem
NBII NationalBiological InformationInfrastructure
NREL NaturalResourcesEcologyLaboratory
RDBMS RelationalDatabaseManagementSystem
SEP SoftwareEngineering/ DevelopmentPlan
USGS UnitedStatesGeologicalSurvey
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