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Thefollowing documentationshallbeprovidedin ful�llment of thismilestone:
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² Text of themilestoneandits duedate

² Contactinformationfor theleadsoftwareengineerandteammembers

² A writtendescriptionof theapplicationbeingdeveloped

² Preliminaryrequirementsde�nition for theapplication

² Strategy for phasedapproachto softwaredevelopmentfor thefull lifecycleof themodel,linkedto
therequirements

² Designelementsthatenableease-of-maintenanceandrobustintegrationof experimentalmodules

² Plansfor opensource,softwarereuse,portability, andinteroperabilitywith othercommunityef-
forts

² Plansfor managingthesoftwarecon�gurationandcontrollingmultipleversionsof thesoftware

² Plansfor ensuringthataccepted(anddocumented)softwarepracticesandprocessesareadopted
andfollowed(qualityassurance)

² Plansfor communityengagementbeyonddeliveryandreceiptof comments

² Plansto collaboratewith theCT EvaluationTeam'sefforts to instrumentdevelopmentcodes

² Evaluation/auditprocess

² Softwaremaintenanceplan

² Validationplan

² Risk assessmentandmitigationplan
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1 Overview

1.1 Intr oduction

This projectwill develop thehigh-performance,computationaltechnologyinfrastructureneededto
analyzethepast,present,andfuturegeospatialdistributionsof living componentsof Earthenvironments.
This involvesmoving 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
Con�gurationManagementPlan 1.0 2002-04-08
QualityAssurancePlan 1.0 2002-04-08
Risk ManagementPlan 1.0 2002-04-08
Conceptof Operations 1.0 2002-07-15
SoftwareRequirementsDocument 1.0 2002-07-15
SoftwareDesignDocument TBD TBD
SoftwareTestPlan TBD TBD
SoftwareMaintenanceManual TBD TBD
SoftwareUser'sGuide TBD TBD

1.3 Document Overview

Thisdocument,theSoftwareEngineering/ DevelopmentPlan, describesourplanfor developingthe
softwarefor theInvasiveSpeciesForecastingSystem(ISFS).

Section2 providesanintroductionto theprojectandadescriptionof theprojectpersonnelandgroups
thatwill beinvolvedwith theproject.

Section3 hasa descriptionof thesoftwareapplicationanda list of preliminaryrequirementsfor the
software.

Sections4 and5 describethetechnicalandmanagementapproachto thedevelopmentrespectively.
Productassuranceis discussedin section6 andelaboratedon in two otherdocuments:

theCon�gurationManagementPlanandtheQualityAssurancePlan.
This is intendedto bea“li ving” documentandwill beupdatedthroughouttheproject.At eachmajor

milestone,changesto thisplanwill besummarizedin section7.
Contactinformationfor all teammembersis includedin appendixA anda glossaryof acronymsis

in appendixB.
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2 Intr oduction

2.1 Background

Theprimaryproductof this work will bea dynamicand�e xible applicationsystemthatwill allow
resourcemanagersto integratehigh-resolutionsatellitedatawith other typesof ground-baseddatain
order to model and analyzeregional-scalebiotic resources.We refer to the systemas an “Invasive
SpeciesForecastingSystem”(ISFS).As shown in Figure1, the ISFSwill ingesta wide rangeof data,
includingcountryandnational-level plantandanimaldistribution data,point data,soil andatmospheric
data,andremotelysenseddata. The informationproductsproducedby the systemwill be predictive
spatialstatisticalmodelsandelectronicandprintedmapsof potential“hot spots”of nativeplantdiversity,
including: (1) probablelocationsof rarehabitats,(2) probablelocationsof relict speciesassemblages,
(3) potentialareasof future invasion,(4) spatialauto-correlationswith cross-correlationstatisticsfor
singleexotic species,(5) accuracy assessmentsof native andexotic plantdiversity, (6) evaluationlevels
of uncertaintyin mapsof naturalresources,and(7) classi�cationandregressiontreesfor mapaccuracy
usingmulti-phase(double)sampling.

Invasive
Species
Forecasting
System

Information
Management and
modeling (USGS,

NASA, CSU, UCD)

- Predictive modeling
- Synthesis
- Data formatting
- Species taxonomy
- Data gathering

- Analysis and
   display tools

- Data accessibility
   via the web

Vegetation and soils
plot data (USFS,

USGS, BLM)

Point data on public
lands (USFWS,

NPS, USGS)

Watershed-level
data on fishes

(USGS)

National data on

diseases (USGS)
birds, mammals, and

County-level
data on vascular
plants (BONAP)

National-scale maps
of non-native

species distributions

Predictive models
of the spread of
invasive species

National, regional,
and local priorities
for control efforts

Reports on the
status and trends

of non-native
species in the U.S.

to invasion

Predictive models of
habitats vulnerable

INPUTS OUTPUTS

Figure 1. Illustrationof how theInvasiveSpeciesForecastingSystem�ts into theoverall USGSinvasive
speciesmeasurement andmonitoringapproach.
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2.2 Organizationand Responsibilities

2.2.1 Project Personnel

As shown in Table2, this projectwill involve ecologists,computerscientists, engineers,andstatis-
ticiansfrom NASA GoddardSpaceFlight Center(GSFC),theUSGSMidcontinentEcologicalScience
Center(MESC), theUSGSNationalBiological InformationInfrastructureProgram(NBII), andtheCol-
oradoStateUniversityNaturalResourcesEcologyLaboratory(NREL):

NASA GSFC:
² JohnL. Schnase(PI)
² JamesA. Smith(CI)
² JohnE. Dorband
² JacquelineLe Moigne
² Jeffrey T. Morisette
² Jeffrey A. Pedelty
² CurtA. Tilmes

USGSMESC:

² ThomasJ.Stohlgren(CI)

USGSNBII:

² MichaelT. Frame(CI)

CSU NREL:

² MohammedA. Kalkhan
² RobinM. Reich

Drs.Schnase(PI) andJ.A. Smith(CI) will providehigh-level guidanceto theprojectandcoordinate
overall activities. Dr. Dorbandwill provide high-level guidanceto the clustercomputerinfrastructure
developmentandtechnologytrainingactivities. Dr. Pedeltywill leadprototypecodedevelopmentand
testingassisted by Drs. DorbandandLeMoigne. Mr. Tilmes will leadthe systemarchitecturedesign
andintegrationcomponentof theprojectandwill coordinatetheproject's formal softwareengineering
strategy andcommunitydeploymentplan. Dr. Morisettewill provide statisticalexpertiseandassistin
the developmentof geostatisticalalgorithms. In addition,we will contractwith oneor moresoftware
engineerswhowill beresponsiblefor producing�nal codeanddocumentationproducts.

Dr. Stohlgren(CI) will provide high-level guidanceto the sciencecomponentof the project and
coordinatethe activities of USGSandCSU.Dr. Kalkhanwill provide training andmodelingexpertise
andcoordinatetheacquisition,formatting,anddelivery of dataproductsfor theproject. Dr. Reichwill
provide statisticalexpertiseandassist in the developmentof geostatisticalalgorithms.Mr. Frame(CI)
will coordinateintegration of productsand servicesinto the USGSNBII programand will facilitate
communitydeploymentactivities.

Completecontactinformationfor teammemberscanbefoundin appendixA onpage24.
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Table 2. Detailedbreakdown of tasksandanticipatedresponsibilities.
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Data Ingest
Ancillary layers MK ² ² ²
Field data(points) TS/MK ² ² ²
Remotesensing(grids) JM ² ² ² ² ² ² ² ²
Automation (WWW) TBD ² ² ² ² ² ² ²

Preprocessing
Quality Assurance CT ² ² ²
Formats (GIS,S+,Matlab) CT ² ² ²

Modeling components
Model selection MK/JM ² ² ² ² ² ² ²
Testsfor autocorrelation MK/JM ² ² ² ² ² ² ²
Modeling / kriging MK/JP ² ² ² ² ² ² ²
Modeling / co-kriging MK/JP ² ² ² ² ² ² ²
Web-basedimplementation JLS/TS ² ² ² ² ² ² ² ²

Mapping
Summaries/description TS ² ² ² ²
Prediction TS/JLS ² ² ² ²
Web-basedimplementation JLS/TS ² ² ² ² ²

Reporting & Documentation
Internetdocumentation MF
Brie�ng material JLS
SoftwareEng.Plan CT ² ² ² ² ²
Con� gurationMgmt Plan CT ² ² ² ²
Quality AssurancePlan CT ² ² ² ²
Annual reports JLS/JAS ² ² ²
Final report JLS/JAS ² ² ²

New Users
TS

Hardware
GSFC JD ² ²
USGS TBD

Software
Algorithms RR ² ² ² ² ²
Prototyping JP ² ² ² ² ² ² ²
Engineering CT ² ² ² ² ² ² ²
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3 Statementof the Problem

3.1 Objectives

Thespeci�c objectivesof thisprojectincludethefollowing. Wewill:

² Developanduseacommunitystandardfor implementinghigh-performance,landscape-scale,pre-
dictivebiologicaldistributionmodels;

² Createahigh-performance,parallelimplementationof theUSGSPlantDiversity (invasivespecies)
modelcode;

² Documenttheuseof softwareengineeringtechniquesthat fosterreproducibilityandcommunity-
widesoftwareprocessimprovementsin thesedomains;

² Engageanextendedcommunityof scientiststhroughtheestablishedNBII communityinfrastruc-
tureprogram;and

² Empower theecological,environmental,andpublichealthcommunitiesby expandingtheirpartic-
ipationin high-performancecomputingandgreateruseof NASA data.

3.2 Description of Application

Justtestingchangebars.
TheInvasive SpeciesForecastingSystemis basedon a spatial,geostatisticalmodelcalledPlantDi-

versity. ThePlantDiversitymodel,developedby colleaguesatNREL andMESC,focusesontheecolog-
ical analysisandpredictionof exotic speciesinvasions.Themodelis recognizedasboth importantand
representative of how problemsof this typearebeingapproachedby variousbiological,environmental,
andecologicalcommunities.

Predictivespatialmodelsdevelopedfrom multi-scaledataareanexcellentexampleof datasynthesis
for naturalresourcemanagementandpublic health.Spatialstatisticsandgeostatisticsprovide a means
to develop spatialmodelsthat canbe usedto correlatecoarsescalegeographicinformation(e.g.,dig-
ital elevation models,burn areas,remotelysenseddata)with multi-scale�eld measurementsof biotic
and abiotic variables. Integral to the creationof spatialmodelsis the collection of appropriatedata.
Drs. Stohlgren,Kalkhan,andReichhave developeda multi-phase,multi-scalesamplingapproachthat
involvesstrati�cation of areasof interestfrom remotelysenseddata,randomlocationof �eld sampling
pointswithin strata,andsamplingwith multi-scaleplots. Datacollectionfrom multi-scaleplotsallows
extrapolationof resultsto largerscaleswith calculableerror.

The ability to modelsmall-scalevariability in landscapecharacteristicsrequiresthe generationof
full-coveragemapsdepictingcharacteristicsmeasuredin the �eld. While many spatialdatasetsde-
scribinglandcharacteristicshaveprovenreliablefor macro-scaleecologicalmonitoring,theserelatively
coarsescaledatafall shortin providing theprecisionrequiredby morere�ned ecosystemresourcemod-
els. Spatialstatisticsandgeostatisticsprovide a meansto develop spatialmodelsthat canbe usedto
correlatecoarsescalegeographicaldatawith �eld measurementsof biotic variables.This generalland-
scapeanalysisapproachis being usedsuccessfullyto addressa rangeof naturalresourceand public
healthissues.

Figure2 summarizesthestepsinvolved in theUSGSmodelingapproach.Theprocessbeginswith
stepwiseregression and trend surfaceanalysisfor geographicalvariablesand measuresof focal taxa
to evaluatelarge-scalespatialvariability in the study area. Oncea spatial,or temporaldependency
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is establishedfor a given variable, this information can be usedto interpolatevaluesfor points not
measured.If thesevariablesarespatiallycorrelatedwith the variableof interest,this informationcan
be usedto improve estimates.The useof auxiliary information in spatialpredictionis referredto as
cokriging. Oneof theappealingfeaturesof cokriging is that theauxiliary informationdoesnot have to
becollectedat thesamedatapointsasthevariableof interest.Thisallowsusto combineremotesensing
and�eld datato provide a full coveragemapwith a higherresolutionthanwould have beenpossibleby
usingremotesensingor �eld dataalone.

Prior to �tting the cokriging model, the residualsof the model describingthe large-scalespatial
variability areanalyzedfor anisotropy (spatialautocorrelationchangeswith direction).Theresidualsare
alsoevaluatedfor thepresenceof spatialcross-correlationwith theindependentvariablesincludedin the
large-scalemodel,or variablesfor which only dataassociatedwith �eld plot locationsareavailable. If
no spatialcross-correlationis detected,the residualscanbemodeledusingordinarykriging, otherwise
theresidualsaremodeledusingcokriging.

The ability to spatiallymodel �eld dataallows integrationover any speci�ed geographicalregion
(i.e.,point- andplot-level �eld data,managementunit, watershed,region) to obtaina point estimateand
associatedstandarderrorof prediction.In essence,thesetypesof predictivemodelsprovide information
on large-scalespatialvariability, while �eld dataprovidesinformationon small-scalespatialvariability
aswasdemonstratedfor exotic plantsin Rocky MountainNationalPark (Figure3).

Model Output:
GIS Map Products

Potential Spread of
Exotic Species,

Hot Spots of Native
Plant Diversity,

Cryptobiotic Crusts

Distribution

Soil Variables:
Carbon, Nitrogen, P,

Silt, Sand, Clay, Other

Forest Parameters,
Wildlife Critical

Habitats

Hazards:
Fire, air pollution, other.

TREND SURFACE
ANALYSIS WITH

STEPWISE
MULTIPLE

REGRESSION

IS THERE SPATIAL
AUTOCORRELATION
IN THE RESIDUALS

ARE RESIDUALS
CROSS-CORRELATED

WITH OTHER
VARIABLES

FINAL TREND
SURFACE

MAP

MODEL
RESIDUALS

USING
KRIGING

MODEL
RESIDUALS

USING
CO-KRIGING

Input Variables:
- Remotely Sensed Data (TM,MSS,
    SPOT, RADAR, other),
- Derived Remotely Sensed Data
    (Vegetation Indices, Tasseled Cap,
    PCA, other),
- Topographic Data (Elevation, Slope
    Aspect),
- Soil Data (N, C, Sand, Clay, other)
- Vegetation Data (% cover, total plants,
    native, exotic, forest characteristics,
    other),

    crusts, wild fire - ecology, other)
- Additional information (geology, weather,
    hydrology, traffic pollution, other)

- Other Biotic information (cryptobiotic

Yes

No

No
Yes

Figure 2. Thedevelopmentof predictive spatialmodels for exotic plantspecies, uncertainty, forestpa-
rameters,soil variables,and other biotic and abiotic factorsrelies on the creationof trend
surfacemapswith stepwisemultiple regressionresidualsusinganOLS procedure.
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Figure 3. Examplepredictedprobability distributionmapof weedswithin 9500ha.at theRocky Moun-
tainNational Park, Colorado, USA.

Figure 4. CurrentPredictive ModelingProcess

The current implementationof this modelingprocess(Figure 4) relies on a collection of poorly
integratedCOTS applications. The kriging and cokriging steps(No. 4), currently performedwithin
the statisticalpackageS-Plus,are time-consumingand signi�cantly limit the scalingcapacityof this
approach. This project will focus on improving the performanceof kriging and cokriging and will
encapsulatethemodelingprocesswithin acomprehensive,user-friendlyapplicationframework.
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3.3 Preliminary Requirements

TheInvasiveSpeciesForecastingSystem(ISFS)will:

1. Provideaweb-accessiblegraphicaluserinterface.

2. Enabletheuserto selectfrom a list of availabledatasetsor to uploadnew data.

Datasetswill include,ataminimum:

(a) Nestedplot survey dataof plantspecies

(b) Photointerpretedmapspecies

(c) Fieldsamplesof soil to determinetotalcarbon,nitrogen,andsoil textureandbiotic variables

(d) Digital ElevationModel (DEM) andLandsatTM data(30x 30m resolution).

3. Performpredictivemodeling

(a) Run a StepwiseOrdinaryLeastSquare(OLS) regressionto develop a multivariatemodel
relatingthepresenceof exotic species(=Y) to slope,aspect,elevation,biotic variables,soil
properties,theoriginalTM bandsandindicesderivedfrom TM bandsvariables(=X), select-
ing thebestmodelbasedonAkaike's InformationCriteria,Corrected(AICC).

(b) Test the hypothesisthat the residualsarenot spatiallyautocorrelatedwith themselvesand
cross-correlationwith theinput variables,usingMoran's I teststatistic.
If there is no indication of spatial autocorrelation, usethe modelfrom the stepwiseOLS
regression. Whenthere is a statisticallysigni�cant indicationof auto-andcross-correlation,
thefollowing stepswill beperformed:

(c) Fit isotropicvariogrammodelsto theempiricalvariograms(andempiricalcross-covariograms),
consideringGaussian,spherical,andexponentialmodels,selectingthebestmodelbasedon
thelowestAICC.

(d) Krige (or cokrige when cross-correlationis present)a residualsurfaceand include these
variablesin theOLSmodel.

4. Producemapsandreportsof currentdistribution, potentialdistributions,andvulnerablehabitats
with known levelsof uncertainty.

(a) Interactively displaymaps.

(b) Allow userto downloadthedigital mapdatain avarietyof forms.
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4 TechnicalApproach

4.1 Development Envir onment

Figure5 shows the generalarchitecturewe plan for our developmentenvironment. This projectis
a multi-agency collaborationinvolving scientistswhoserangeof experiencewith softwareengineering
andapplicationdevelopmentis varied. Oneof our goalsis to helpdevelop goodsoftwareengineering
practices(“lead by example”) andconvey NASA expertisein high-performancecomputingto our col-
leaguesat USGS.It is thereforeimportantthat we maintainagility and �e xibility with hardwareand
softwareoptionsat all stagesof developmentandbe awareof the constraintsandopportunitiesof the
USGScontext in which theresultsof thiswork will ultimatelybedeployed.

We will keepproject-speci�chardwareto a minimum,performingmostdevelopmenton distributed
non-dedicatedresources. We planto prototypethehardwarearchitecturefor our applicationat Goddard
and thenmove it to USGS.With a �e xible architecture,we canre-implementthe systemon a larger
cluster.

...
...
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Figure5. HardwareDevelopment Environment

We will acquirea developmentcomputer(BPDEV) to be locatedat NASA GoddardSpaceFlight
Centerin Greenbelt,Maryland.Wewill useBPDEVto developtheInvasiveSpeciesForecastingSystem
(ISFS)asa web applicationthat utilizes an attachedcommoditycluster. BPDEV will run the Linux
operatingsystem,aspackagedby RedHat, Inc. It will beprofessionally administeredby theLaboratory
for TerrestrialPhysics(LTP)ComputingFacility (LTPCF)systemadministration(SA) staff.

As developmentof theapplicationwarrants,wewill acquireandinstall aprototypeclusteratGSFC.
Oncetheapplicationis ready, wewill install theapplicationandclusterat the“customer”siteatUSGS.

The SA responsibilitiesfor BPDEV will includeOS upgrades/patches,securitymonitoring,daily
backups,applicationsoftwareupgrades,maintenanceof useraccounts,etc. BPDEV will run a variety
of publicdomainandCOTSsoftware,includingCVS,theConcurrentVersionsSystem; theApacheweb
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server environment;Splusfrom Insightful; ArcInfo from ESRI,IDL, ENVI, andION from RSI; Matlab
from Mathworks;Java,FORTRAN, C, andC++ compilers;etc.

BPDEVwill serveastheCVSrepository, undercontrolof theCon�gurationManager(CM). Devel-
opersat CSUandUSGSwill deliver new softwareand/ordatato a secureincomingftp directory, from
which theCM will transferthematerialto CVS.Thencftp daemonand�le permissionswill beusedto
maintainthe securityof this incomingdirectory, andonly GSFCshell userswill be ableto accessthe
transferred�les.

BPDEV will hosta privateweb site andserve asthe front endto the GSFCdevelopmentcluster,
which will enableus to build and test the clusterand the front-endweb software in a highly secure
environment.

We will alsomaintaina public web site at http://ltpwww.gsfc.nasa.gov/BP, which we will useto
makeour requireddeliveriesto theCT project.

4.1.1 Security

The BP projectdevelopmenthostswill be coveredby the Laboratoryfor TerrestrialPhysics(LTP)
securityplan.All administrationwill beperformedin accordancewith NASA ProceceduresandGuide-
linesexpressedin NPG2810.1,Securityof InformationTechnology.

In particular, login accessto BPDEV will only be allowed with SecureShell (SSH),andwill be
restrictedto speci�c IP addresseswithin thegsfc.n asa.gov domain.

4.2 Community Engagement

Theproductsof this work will beusefulto otherscientistsandto stateandlocal landmanagement
agencies.We will schedulea seriesof design,review, andtrainingmeetingswith agenciesthatcollabo-
ratewith MESConthisandrelatedprojects.Theclientsweintendedto work with includethefollowing:

² USDepartmentof Agriculture
² USFishandWildlife Service
² NationalParkService
² USForestService
² Long-TermEcologicalResearchNetwork
² Universityof CaliforniaatDavis
² ColoradoNaturalHistoryProgram

² TheNatureConservancy
² ColoradoStateUniversity
² NaturalResourceEcologyLaboratory
² TheBiotaof NorthAmericaProgram
² Bureauof LandManagement
² GrandStaircase-EscalanteNational Monument
² Rocky MountainNationalPark

Wewill alsodeliverproductsto theextendedcommunitythroughanestablishedandsigni�cant com-
munity infrastructureprogram:USGS'sNationalBiological InformationInfrastructure(NBII).1 NBII is
a broad,collaborative programto provide increasedaccessto dataandinformationon theNation's bi-
ological resources.NBII links diverse,high-quality biological databases,information products,and
analyticaltools maintainedby NBII partnersandothercontributorsin governmentagencies,academic
institutions,non-governmentorganizations,andprivateindustry. NBII partnerswork on new standards,
tools,andtechnologiesthatmake it easierto �nd, integrate,andapplybiologicalresourcesinformation.
Resourcemanagers,scientists,educators,andthe generalpublic usetheseprogramsto answera wide
rangeof questionsrelatedto themanagement,use,or conservationof thisNation'sbiologicalresources.

1Seehttp://www.nbii.gov for additionalinformation
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4.3 Reuseand Reusability Strategy

Reuseis akey tenetof thisprojectandwill beapproachedfrom two directions:

1. Reuseof otherwork within oursoftwareapplication

2. Includingdesignelementswithin oursoftwareto make it easyfor otherprojectsto reuseourwork

4.3.1 Reuse

Previous researchat CSU and USGShasresultedin numerousalgorithmsand software modules
relatedto thesoftwareapplicationwe intendto develop. We alsohave a numberof prototypingefforts
alreadyunderway to incorporateandanalyzethesoftwareavailableto us to determineits applicability
andappropriatenessfor reuse.

In addition,we areconsideringa numberof COTS packagesandframeworks thatareheavily used
by thescienti�c communityandwhetheror not we canbuild on functionality thatalreadyexistswithin
thosepackages.Sinceamajorgoalof thisprojectis to vastlyimprovetheperformanceof ourcodeusing
HPC techniques,the COTS packagesmay not be ultimately incorporated,but we may be ableto take
advantageof certaindesignelementsanyway.

4.3.2 Reusability

Oursoftwarewill bedesignedanddevelopedsothatit will beeasyfor ourwork to bereusedin future
software. Wherepossibleandappropriate,we intendto developdistinctmodulesimplementingcertain
functionality. By carefully consideringthe interfacesand fully documentingthe softwareapplication
programinterfaces(APIs), themoduleswill beeasierfor othersto reuse.

As thecommunitydoesmakeuseof anumberof COTSframeworks(IDL, SPLUS,etc.),wemaybe
ableto makeportionsof ourcodeaccessiblefrom thoseframeworks.

We will considerportability throughoutthedesignanddevelopment,attemptingto encapsulateany
architecturedependencies.This will make the codeeasierto adaptto other systems. We intend to
compileandtestoursoftwareonmultiple architecturesto ensurethisportability.

4.4 DefectTracking

We will implementtheBugzilla DefectTrackingSystem,to trackbugsandenhancementrequests.
Bugzillaallows usto entera defectinto thedatabase,assignit to a speci�c individual, assigna priority
andattachinformationabouttheissue(i.e. how to reproduce,analyses,plans,etc.).

Eachbug is tracked throughthe variousstatesof its lifecycle from newly enteredto resolved and
resolutionveri�ed. If a bug hasa dependency (can't be�x eduntil someotherbug is resolved),thatcan
benotedin thedatabaseaswell.

Bugzillaalsoprovidesnumerousreportsandmakesit easyto keeptrackof thework plannedwithout
losingissues“throughthecracks.”

4.5 SoftwareLifecycle

TheISFSwill bedevelopedusingaphasedapproachbasedonthe“spiral” approachto thetraditional
waterfall model.Thissectiondescribesourplanned�o w throughthemajordevelopmentphasesandour
intendedactivities,productsanddocumentationfor eachphase.
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Figure6 depictsthephasesof thewaterfall, theformal reviews thatareplanned,andthedocuments
thatwill beproduced.Many of thedocumentswill berevisedandextendedin subsequentphases.

Software Maintenance Manual (SMM)

Software User's Guide (SUG)

Software Design Document (SDD)

Software Test Plan (STP)
Software Requirements Document (SRD)
Concept of Operations (CONOP)

Software Requirements Review (SRR)

Preliminary Design Review (PDR)

Requirements Analysis

Preliminary Design

Detailed Design

Implementation

Testing

Maintenance

prototyping

Figure 6. SoftwareLifecycleWaterfall

After theinitial releaseof thesoftware,we will revisit requirementsanddesign,makingchangesas
neededto addadditionalfunctionalityand,in particular, increaseperformance.

Along with our structuredapproachintendedto producea high quality, polishedproduct,we will
alsobeperformingprototypingactivities to experimentwith differentwaysof approachingtheproblem.
We will be sharingthe prototypeversionsof the applicationwith our USGScollaboratorsandgetting
feedbackthatwill beincorporatedinto thesystemdesignanddevelopment.

4.5.1 RequirementsAnalysis

We will documenttheoperationof thesystemin a Conceptof Operations(CONOP).TheCONOP
will includeddescriptionsof the intendeduseof the software,anda breakdown of the softwarecom-
ponentsthat will be part of the �nal system. It will alsodescribethe external interfacesthat will be
implementedby thesoftware.

Thisplanincludesaveryhigh level descriptionof thesoftware,its objectivesandhigh level require-
ments.We will decomposeandanalyzethoserequirements,deriving furtherdetailedrequirementsthat
will be documentedin a SoftwareRequirementsDocument(SRD). The SRD will be the formal docu-
mentationof therequirementsthatthesystemproducedby theprojectwill meet.

Specialeffortswill bemadetogatherrequirementsfromthescienti�c communitythatwill potentially
usethesoftware.As discussed,a majorobjective of theprojectis to producesoftwarethatcanbeeasily
used(andcomponentsthatcanbere-used),requirementswill beincludedthatwill re�ect thisobjective.

We will have a formal Software RequirementsReview (SRR)to validatethe �nal setof require-
ments.Thereview will ensurethattheacceptedrequirementsarecomplete,concise,andconsistent.
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After theSRR,we will baselinetherequirements.After that,therequirementswill beplacedunder
formal con�gurationmanagement,andchangeswill besubjectto approval by theprojectCon�guration
ControlBoard(CCB) (SeetheCon�gurationManagementPlan (CMP) for moreinformation.)

A SoftwareTestPlan (STP) will be producedthat describesthe testingthat will be performedto
validatethat thesoftwaremeetsthe requirements.It will includea Veri�cation Cross-ReferenceIndex
(VCRI) thatindicatestheveri�cation methodsthatwill beusedfor eachrequirement(inspection,analy-
sis,demonstration,or testing)andmapstesteventsto speci�c requirements.

4.5.2 Preliminary Design

Working from theSRDandCONOP, thesystemdesignwill bere�ned into a high level view of the
systemandsoftwarecomponents.

A SoftwareDesignDocument(SDD)will beproducedto capturethecompletearchitecturaldescrip-
tion of the software. This will include a descriptionof the functional data�o w within the software
anddetaileddocumentationof the interfacesandinteractionsthat the softwarewill have with external
entities.

TheSDD will includea RequirementsTraceabilityMatrix (RTM) thatwill maptherequirementsto
thesoftwarecomponentsthatwill implementthefunctionalityneededto meettherequirement.Thiswill
ensurethateachrequirementis ful�lled in the�nal software.

The SDD will be subjectedto a Preliminary Design Review (PDR) to ensurethat the software
describedis feasibleandcorrect,andthatit will ultimatelymeettherequirements.

In particular, the designwill be reviewed with regard to softwarereuse,portability, andinteroper-
ability with othercommunityefforts. Thesoftwarewill bedesignedfor ease-of-maintenanceandrobust
integrationof experimentalmodules.

4.5.3 DetailedDesign

Thevariouscomponentsthataredescribedin theSDDwill bedesignedanddevelopedby individuals
andsmallteams.As moredetaileddesignproceeds,designartifactsdocumentingthedesignof software
moduleswill becollectedandaddedto theSDD. In particular, we intendto capturethe following (for
moduleswherethey arerelevant):

² Suf�cient detail to describethe architecturalfeatures,moduleinterfaces,APIs, classhierarchies
andfunctionalityof themodule.

² A descriptionof theproblemclassfor which thecodewasdesigned.

² An enumerationof theequationssolvedandtheir boundaryconditions.

² A descriptionof numericalmethodsusedin thecode.

² A descriptionof parallelizationtechniquesused.

² Referencesto easilyaccessiblepublishedpapersor documentsrelevantto thedesign.
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4.5.4 Implementation

During implementation,sourcecodedocumentationwill augmentthe SDD to fully describethe
software.Suf�cient internaldocumentationwill beusedto ensurethatotherscanunderstandthestructure
and�o w of thecode.Thisdocumentationwill include:

² An overview of the code: key routinesand datastructures,and groupingof routinesand data
structuresinto functionalunitsor reusableobjects/classes.

² Commentsdescribingthepurposeof eachsigni�cant datastructure/variableusedin thecode.

² Headercommentsfor eachfunctionalroutinethatconformto theNASA templateguidelines.

² Internalcommentswithin eachfunctionasrequiredfor describingkey codesegmentsor explaining
subtletiesof thealgorithmor datarepresentation.

4.5.5 Testing

During the designphases,the SoftwareTestPlan (STP) will be elaboratedand extended. It will
ultimately includedocumentationof the detailedsoftware testingprocedures,including detailsof the
testcasesthatmakeupeachtestevent:

² Specifyall inputandoutputdatarequired.

² Describethe software componentsand functionality that the test caseveri�es and the speci�c
requirementssatis�ed.

² Specifythe systemcon�guration, libraries,executables,andany othertestenvironmentrequire-
mentsnecessaryto successfully performthetestcase.

As defectsarenotedduringtestedthey will beenteredinto theDefectTrackingSystemdescribedin
section4.4onpage14.

As theuser'soperationalinterfaceis tested,a SoftwareUser'sGuide(SUG)will alsobedeveloped.

4.5.6 Maintenance

We intendto maintaintheprojectwebsite inde�nitely, includingall theprojectdocumentationand
at leastthe latestsoftwarereleasebaseline.All softwareversionscanbe retrieved from the software
con�gurationmanagementtool (CVS)asneeded.

Major softwaredocumentsandreleasesof thesoftwaredeliveredto theESTO/CT Projectwill also
behostedon their projectwebsitepermanently.

A separateSoftwareMaintenanceManual (SMM) will complementtheSoftwareDesignDocument
(SDD). It will provide suf�cient detail to allow maintenanceof thesourcecode,implementationof new
features,andenhancementsto thefunctionalityof thesoftwaresystem.
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4.6 Build strategy

Weplanto developthesoftwaredevelopmentthroughseveralbuild iterations.Eachbuild will either
addfunctionalityto thesoftware,or increasetheperformanceof thesoftware.

Themajorbuild milestonesare:
MILESTONEE CodeBaselineCompleted
MILESTONEF First CodeImprovementCompleted
MILESTONEG SecondCodeImprovementCompleted

As describedabove,wewill bedevelopingacomprehensivetestsuiteto verify functionality. Wewill
performregression testingat eachmajormilestoneto ensurethatno previously demonstratedfunction-
ality is lost. We will capturedetailedperformancestatisticsto analyzetheperformanceimprovements.
Wewill alsothoroughlydocumentthehardwarearchitectureusedfor eachtest.

As thecodeis baselinedandpreliminarydesignis performed,we will re�ne our build strategy and
determinethefunctionalityweexpectto includewith eachmajorbuild.

4.7 Toolsand Technologies

Throughoutthisyearweareexploringseveraltechniquesfor ingestingdataandverifying thevalidity
of the inputsto thesystem.We will de�ne andimplementthe humaninterfacestructureandelements
thatwill comprisetheGUI. Ourbaselinecodewill bere-writtento takeadvantageof multipleprocessors.

Our softwaretools,wherever possiblewill be freeor opensourcewhensuchoptionsareavailable.
Suchtools are generallymore cost effective, secure,and standardscompliant than their commercial
counterparts.

We fully expect to usethe power of a relationaldatabasemanagementsystem(RDBMS) to cap-
ture metadataand to ensurethat datapoints fall within acceptedranges. Our databasewill be at the
core of every functional elementof our systemand will be the foundationupon which eachmodule
will be built. Our prime candidateis the UC Berkeley derived PostgreSQLdatabase(available from
http://www.postgresql.org ). Our reasonsfor choosingPostgreSQLincludebut arenot limited to:

² Stability

² Therich setof built in datatypes(includinggeometricandnetwork)

² Thecapabilityfor creatingcustomdatatypes

² Tight languageintegrationwith C, C++,Perl,Python,andprocedurallanguages

² SQL92compliance

² Highly con�gurableaccesscontrol

² Easeof administration

Ourwebserveris anApacheHTTPServer(availablefrom http://www.apache.org) TheApachehttpd
server is a powerful, �e xible, HTTP/1.1compliantweb server that implementsthe latestprotocols. It
is highly con�gurable andextensiblewith third-partymodules. It s alsoeasily integratedwith many
popularserver side integrationoptionsincluding mod perl. It comeswith usefuldocumentation,full
sourcecode,andanunrestrictive license.

Our interfacebuilding componentsarestill beingevaluated,but wewill probablyuseamix of:
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² Java (availablefrom http://www.sun.com),

² Python(availablefrom http://www.python.org),

² JavaScript(describedin http://wp.netscape.com/eng/mozilla/3.0/handbook/javascript)

² CGI (describedin http://hoohoo.ncsa.uiuc.edu).

All of theselanguagesandscriptingtools are ideal for creatingandcustomizingweb contentand
applications(GUI) deliveredthroughthewebserver to browserenabledclients. All thesetoolsusedin
concertwill give theinterfacethepower, �e xibility , andcustomizationoptionsthatouruserswill expect.
Theuserpreferencesandparameterswill of courseresidein andbeservedby ourPostgreSQLRDBMS.

Ourmodelingcomponentswill include:

² IDL, theInteractiveDataLanguage

² ENVI, theEnvironmentfor VisualizingImages

² ION, IDL On theNet

(all available from http://www.rsinc.com) as they are ideally suitedto the analysisanddisplayof
geostatisticalinformation.

Wearecontinuingto explorethefollowing technologies:

² S-PlusandFORTRAN to developourstatisticalanalysisandvisualizationmethods(availablefrom
http://www.insightful.com/products/product.asp?PID=10).

² WehaveevaluatedtheESRItoolsandhave foundthemto bebothtooexpensiveandfeatureladen
to beincludedaspartof thesecondyeareffort. We will try to useGRASSin lieu of theArcInfo
suiteto performthemappingfunctionsandcoordinatesystemtransformations.

² Our hardwarewill be commodityX86 basedcomputerswith fastEthernetandlarge harddrives
thatwill work in theBeowulf (http://www.beowulf.org/) clusterarchitecture.

² GRASSGIS (GeographicResourcesAnalysisSupportSystem)(availablefrom
http://www3.baylor.edu/grass/index2.html) asatool toanswerourmapcreationrequirement.GRASS
GIS is an opensource,free softwareGeographicalInformationSystem(GIS) with raster, topo-
logical vector, imageprocessing,andgraphicsproductionfunctionality that operateson various
platformsthrougha graphicaluserinterfaceandshell in X-Windows. It is releasedunderGNU
GeneralPublicLicense(GPL).

² Wewill beworkingwith JakartaTomcat.Tomcatis theservletcontainerthatis usedin theof�cial
ReferenceImplementationfor the Java Servlet(http://java.sun.com/products/servlet/index.html)
andJavaServerPages(http://java.sun.com/products/jsp/) technologies.TheJavaServletandJavaServer
Pagesspeci�cationsaredevelopedby SunundertheJavaCommunityProcess(http://jcp.org/).
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5 ManagementApproach

5.1 Schedule

Figure 7 is the overall high level schedulefor the project. More detailsof speci�c tasksare in
appendixC “TaskDescriptions”andappendixD “ScheduleDetail”.

Figure7. Schedule

5.2 Evaluation

This project involvesa relatively small, tightly knit developmentteam. Ongoingprogresswill be
monitoredby theProjectManager(PM) throughperiodicstatusmeetingsandinformal reports. In ad-
dition to this informal evaluation,the scheduleincludesnumerousformal reviews andmilestonesfor
majordeliveries.Specialmanagementattentionwill beusedto manageto thescheduleto ensurethatthe
milestoneswill bemet.

5.3 Risk Management

We intend to implementa formal risk managementstrategy for identifying, assessing, analyzing,
monitoringandmitigatingrisks.

Therisk managementstrategy is describedin theRiskManagementPlan (RMP).

5.4 Validation Plan

Thetestingregimenandotherveri�cation activitieswill ensurethatthesoftwareasdevelopedmeets
therequirementsde�ned for it. Wealsoplanto implementvariousvalidationactivities to ensurethatthe

20of 34



BP-SEP-1.2 September26,2002

softwaremeetstheneedsof thecustomerandperformsasexpected.
We will involve thecustomer(user)communityearly in thesoftwaredevelopmentprocess,through

our formal requirementsanddesignreviews. This will validateour baslinedrequirementsanddesign,
keepingus on courseto producesoftware that will be valuableanduseful to the customer. The cus-
tomerwill alsobeprovidedwith earlyprototypeversionsof thesoftwareandhandson trainingwith the
softwareasappliedto realworld problems.

We will beholdinganannualworkshopto presentthesoftwareandspeci�c applicationsusingit to
anevenwider customeraudience.This will give usdirect feedbackinto theneedsof thecustomerand
ensurethatwe incorporatetheminto thedesignof thesoftware.
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6 Product Assurance

6.1 Con�guration Management

Wewill useformalcon�gurationmanagementtechniquesto controlandmanagethechangesthatare
inevitablein any project.

Detailscanbefoundin theCon�gurationManagementPlan (CMP).

6.2 Quality Assurance

We will usea variety of Quality Assurancetechniquesto maintainconsistentlyhigh quality in the
softwareproductsweproduce.

Detailscanbefoundin theQualityAssurancePlan (QAP).

22of 34



BP-SEP-1.2 September26,2002

7 Plan UpdateHistory

7.1 Version1.2,September 26,2002

Addedseveralmoreteammembersto appendixA: RobertBaker, David Herring,David Kendigand
David Obler.

AddedappendixC “TaskDescriptions”andappendixD “ScheduleDetail”.
Addedsection4.7“ToolsandTechnologies”.
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A Contact Inf ormation

A.1 TeamMembers

Robert Baker
SSAI
10210 Greenbelt Road
Suite500
Lanham,MD 20706

Phone: +1 301-867-2073
Fax: +1 301-867-2191
Email: Robert Baker@sesda.com

John E. Dorband, PhD
NASA GoddardSpaceFlight Center
Building 28,RoomS206
Code935
Greenbelt, MD 20771

Phone: +1 301-286-9419
Fax: +1 301-286-1634
Email: John.E. Dorband. 1@gsfc.n asa.gov

Michael T. Frame
Biological ResourcesDivision
US GeologicalSurvey
Reston,VA 20192

Phone: +1 703-648-4164
Fax: +1 703-648-4224
Email: mike frame@usgs.gov

David Herring
NASA GoddardSpaceFlight Center
Building 33,RoomA325
Code913.0
Greenbelt, MD 20771

Phone: +1 301-614-6219
Fax: +1 301-614-6307
Email: David.D .Herring @gsfc.na sa.gov

MohammedA. Kalkhan, PhD
Colorado StateUniversity
NaturalResourceEcology Laboratory
NREL-A244
Fort Collins,CO 80523-1499

Phone: +1 970-491-5262
Fax: +1 970-491-1965
Email: mohammed@nrel.c olostate .edu

David Kendig
NASA GoddardSpaceFlight Center
GlobalChangeMasterDirectory
Code902
Greenbelt, MD 20771

Phone: +1 301-867-2084
Fax: +1 301-614-6695
Email: David.J .Kendig@ gsfc.nas a.gov

JacquelineJ. Le Moigne, PhD
NASA GoddardSpaceFlight Center
Building 28,RoomW186
Code935
Greenbelt, MD 20771

Phone: +1 301-286-8723
Fax: +1 301-286-1777
Email: lemoign e@backserv.gsfc. nasa.gov

JeffreyT. Morisette, PhD
NASA GoddardSpaceFlight Center
Building 33,RoomG325
Code923
Greenbelt, MD 20771

Phone: +1 301-614-6676
Fax: +1 301-614-6695
Email: Jeffrey .T.Moris ette.1@g sfc.nasa. gov
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David Obler
SSAI
10210 Greenbelt Road
Suite500
Lanham,MD 20706

Phone: +1 301-867-2151
Fax: +1 301-867-2191
Email: David.O bler@gsf c.nasa.g ov

JeffreyA. Pedelty, PhD
NASA GoddardSpaceFlight Center
Building 33,RoomG325
Code923
Greenbelt, MD 20771

Phone: +1 301-614-6609
Fax: +1 301-614-6695
Email: Jeffrey .A.Pedel ty.1@gsf c.nasa.go v

Robin M. Reich,PhD
Departmentof ForstSciences
Colorado StateUniversity
Ft. Collins,CO 80523

Phone: +1 970-491-6980
Fax: +1 970-491-6754
Email: robin@c nr.colos tate.edu

John L. Schnase,PhD
NASA GoddardSpaceFlight Center
Building 28,RoomW230D
Code930
Greenbelt, MD 20771

Phone: +1 301-286-4351
Fax: +1 301-286-1777
Email: schnase @gsfc.na sa.gov

JamesA. Smith, PhD
NASA GoddardSpaceFlight Center
Building 33,RoomG125D
Code920
Greenbelt, MD 20771

Phone: +1 301-614-6020
Fax: +1 301-614-6015
Email: James.A .Smith.1 @gsfc.na sa.gov

ThomasJ. Stohlgren,Phd
MidcontinentEcologicalScienceCenter
US GeologicalSurvey
Ft. Collins,CO 80523

Phone: +1 970-491-1980
Fax: +1 970-491-1965
Email: toms@nrel.colos tate.edu

Curt A. Tilmes
NASA GoddardSpaceFlight Center
Building 32,RoomS36C
Code922
Greenbelt, MD 20771

Phone: +1 301-614-5534
Fax: +1 301-614-5269
Email: Curt.Ti lmes@gsf c.nasa.g ov

A.2 Document / SystemAccess

ESTO/CTdeliverablesfor thisprojectareavailableathttp://ltpwww.gsfc.nasa.gov/BP/deliverables.html.
Thebaselinesystemalongwith completedocumentationareavailableontheproject'sBPDEVcomputer
(frio.gs fc.nasa. gov ). Usersmaylog onto thesystemto runthebaselineprogram(pleasecontact
JohnSchnaseat6-4351for useridandpassword). In addition,a tar�le is availablefrom boththewebsite
andtheISFShomedirectorythatcanbeusedto build thebaselineenvironmentonadifferentmachine.
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B Glossary

AICC Akaike's InformationCriteria,Corrected
API ApplicationProgramInterface
BP Biotic Predictionproject
BPDEV Biotic PredictionDevelopmentHost
CCB Con�gurationControlBoard
CI Co-Investigator
CT ComputationalTechnologiesproject
CM Con�gurationManager/ Con�gurationManagement
CMP Con�gurationManagementPlan
CONOP Conceptof Operations
COTS CommercialOff TheShelf
CSU ColoradoStateUniversity
CVS ConcurrentVersionsSystem
ESTO EarthScienceTechnologyOf�ce
FORTRAN FORmulaTRANslatorcomputerlanguage
GSFC GoddardSpaceFlight Center
IDL InteractiveDataLanguage
ION IDL On theNet
IP InternetProtocol
ISFS InvasiveSpeciesForecastingSystem
LTP Laboratoryfor Terrestrial Physics
LTPCF Laboratoryfor Terrestrial PhysicsComputingFacility
NBII NationalBiological InformationInfrastructure
NPG NASA ProceduresandGuidelines
NREL NaturalResourcesEcologyLaboratory
OLS OrdinaryLeastSquareregression technique
OS OperatingSystem
PDR PreliminaryDesignReview
PI PrincipalInvestigator
RMP Risk ManagementPlan
RSI ResearchSystemsIncorporated
RTM RequirementsTraceabilityMatrix
SA SystemAdministration
SDD SoftwareDesignDocument
SEP SoftwareEngineering/ DevelopmentPlan
SMM SoftwareMaintenanceManual
SRD SoftwareRequirementsDocument
SRR SoftwareRequirementsReview
SSH SecureShell
SUG SoftwareUser'sGuide
TBD To BeDeterminedor To BeDeveloped
USGS UnitedStatesGeologicalSurvey
QAP QualityAssurancePlan
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C Task Descriptions

Table 3. TaskDescriptions

ID # TaskName
1 INGEST- Validation
2 The systemshall verify integrity, but not necessarilyvalidatethe quality of the databefore

ingest.
3 INGEST - Field Data
4 Thesystemshallprovidestandardtemplatesfor ingesting�eld datain a tabular form.
5 Thetemplatesshall includeall required�elds to becaptured.
6 Thetemplatesshallbein anaccessibleformat(suchasspreadsheet,database,or simpleASCII
7 INGEST - RemoteSensingData
8 The systemshall supportingest from external satellitedataarchives (suchas the Goddard

DAAC).
9 Thesystemshallsupportingestof user-suppliedsatellitedataor airborneimageryfrom digital

�les.
10 Thesystemshallsupportingestof user-suppliedlayers.
11 Thesystemshallsupportingestof user-supplieddata�les for ancillarylayers.
12 INGEST - Data Acquisition
13 Thesystemshallprovideaccountingandloggingby requiringusers' nameandpassword.
14 Testtheformatfor thetabular datato includetabandwhite spacedelimitedtables,alongwith

commadelimited
15 Testandevaluateonly allowing onetabulardatasetfor eachmodelrun
16 Convert all imagedatasetsto GeoTiff asacommondataformat
17 PRE-PROCESSING- MergeData
18 Testtheextractionof valuesfrom therasterdatasetsfor eachlocationgivenin thetabulardata
19 Begin a testto appendtheextractedrastervaluesto the tabular datasetswith propercolumn

headingsindicatingwhich raster�le andlayerwasusedto createthecolumn
20 Begin evaluatingtheconversionof rasterdatasetsto GeoTiff formatfrom theIngestphase
21 Begin testingre-samplingof therasterdatasothatall rasterdataarethesamespatialresolution,

keepingacopy of theoriginal andre-sampleddata
22 MODELING
23 Thesystemshallallow theability to specifyresponseandexplanatoryvariablesfrom theavail-

abledatabases.
24 Thesystemshallhave theability to ”�t” modelsthroughleastsquares(or other)optimization

routines.
25 Thesystemshallprovidescreeningtechniquesto quantitatively assesswhichexplanatoryvari-

ablesarerelatedto theresponsevariable(suchasstepwiseregression).
26 Thesystemshallcalculategeospatialstatistics(suchasvariograms).
27 Thesystemshallbeableto outputmodelresultsandrelevantmodeldiagnostics.
28 POST-PROCESSING Reprojecting Data

Table3 continued
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continuedTable 3
29 Thesystemshallproduceadata�le suitablefor reprojectionby externalCOTSutilities.
30 USER INTERFACE Graphical User Interface
31 Install andcon�gure Bugzilla trackingsystemfor trackingdevelopmentbugs
32 Install andcon�gure CVS for softwareversioncontrolthroughoutdevelopment
33 Thesystemshall includea GraphicalUserInterface(”GUI”) to supportuserinteractionwith

thesystem.
34 USER INTERFACE BaselinePresentationof Concept(POC)
35 A workingprototypeof thesystemwill run theestablishedbaselinefrom abrowserwindow
36 The prototypewill launcha gasgaugewhenthe baselineis executedto show the processis

running
37 When the baselineprocessis completed,the prototypewill be able to launchthe resultant

imagein anew window
38 A review of the ISFSprototypeby thepotentialusergroupsill provide valuablefeedbackon

systemfeatures,layout,design,andexpectations
39 MILEST ONE F Delivery Requirements
40 Con�gure andtestfrio aspartof themedusaclusterto runaprocesson32nodes
41 Run prototypekriging in parallel on medusawith error-checkingfor �nal output of kriged

surface
42 Createversion1.0of parallelkriging codefor �nal outputimage
43 Evaulateandtuneperformanceof vers.1.0of kriging codefor asynchronoustransfer
44 Design,constructanddeploy theLinux ClusteratColoradoSateUniversity
45 Deliverproducts25X thanthebaselineimplementation
46 Createscalingcurvesfor parallelkriging codeto increasethenumberof processors
47 UpdatetheDesignDocumentwith latestchangesnotedin draft form
48 DistributeupdatedDesignDocumentDraft to teammembersfor review
49 Review UpdatedDesignDocumentDraft andnotecorrectionsandchanges
50 FinalizeanddeliverupdatedDesignDocument
51 UpdatetheRequirementsDocumentwith latestchangesnotedin draft form
52 DistributeupdatedRequirementsDocumentDraft to teammembersfor review
53 Review UpdatedRequirementsDocumentandnotecorrectionsandchanges
54 FinalizeanddeliverUpdatedRequirementsDocument
55 Write draft of initial Testplan/proceduresdocument
56 Distributedraft of testplanto teammembersfor review
57 Review draft of Testplan/proceduresdocument
58 Deliver initial Testplan/proceduresdocument
59 Makeall documentedsourcecodeavailablevia theprojectswebsite
60 MILEST ONE F - Project Milestones
61 BaselinePresentationof Concept(POC) is completedandcanbe presentedto demonstrate

usabilityof thesystemasabrowserbasedsolution
62 Version2.0kriging code�ne tunedandcompletedandreadyfor deploymentasasystemsolu-

tion
Table3 continued
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continuedTable 3
63 Browserto back-endconnectivity achievedallowing theuserto login andsuccessfullyupload

datasetsto thesystem,run thosedatasets,andview theresultsasimage(s)
64 Modelrunssuccessfullyusingbrowserandmedusacluster, paving thewayfor implementation

in theCSU(ColoradoStateUniverstity)cluster
65 Linux Cluster@ CSUrunningandprocessingasspeci�ed
66 ISFSperformingasspeci�ed,expectationsachievedat25x thebaselineimplementation
67 MilestoneF - All DocumentationCompletedandreadyfor distributionvia projectwebsite
68 MilestoneF - All RequirementsDelivered
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Seescheduleonnext 4 pages.
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