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Preface

Thisdocumentdescribesversion3.2of theDistributedOceanographicData
System(DODS),adatasystemintendedto allow researcherstransparentaccessto
oceanographicdata—storedin any of severaldifferent®le formats—acrossthe
Internet.UsingDODSfunctionlibraries,many existingdataanalysisprograms
canbeeasilymodi®edto accommodateaccessof distantdatasetsin amanner
identicalto theaccessof localdatasets.DODSincludesaprotocolfor the
transmissionof dataacrosstheInternet,andsupportsselectionof datausing
constraintexpressions,andtranslationof datafrom oneformatto another.

An overview of thesystem's useis presented,andspeci®ctasksillustrated,for
dataprovidersaswell asfor users.
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0.1 Tasks Illustrated in this Guide

For aquickstartto getting,installing,andusingDODSsoftware,seethelist
below of tasksdescribedin thisdocument.

ü GettingtheDODSsoftware.(page91)

ü InstallingtheDODSsoftware.(page91)

ü UsingaDODSclient. (page28)

ü Re-linkingadataanalysisor displayapplicationto becomea DODSclient.
(page32)

ü Creatingandinstallinga DODSserver.

ü InstallingtheDODSserver andCGI ®lters. (page55)

ü Startingandcon®guringthehttpdserver. Dueto thevarietyof
availableservers,this taskis beyondthescopeof themanual.Please
referto thedocumentationfor theparticularserver in questionfor
moreinformation.

ü Implementinganew DODS-compliantAPI. (TheDODSToolkit
Programmer's Guide)

ü Writing aDODSCGI program.(TheDODSToolkit Programmer's Guide)

ü Writing theCGI serviceprograms.(TheDODSToolkit Programmer's
Guide)

ü A list of all supportedAPIs. (page30)
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0.2 Who is this Guide for?

Theuserdocumentationfor DODScoverstwo groupsof users:thosewhowantto
provideaccessto datavia DODSandthosewhowantto usedata.In many cases
thepeoplewill beoneandthesamesincemostproviderswill alsobedatausers.

Thisdocumentationassumesthatthereadersarefamiliarwith computers,but are
notnecessarilyprogrammers.

Thisguidealsocontainstechnicalinformationthatwill beof assistanceto
programmerswhoplanto write new DODS-compliantAPIs for asyet
unsupporteddatamodels.Dataprovidersanddataconsumersmay®nd some
generalquestionsansweredby thismaterial,but it is notnecessaryto know any of
it in orderto usethesystem.
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0.3 Organization of this Document

Thisbookis organizedinto separatesectionsfor dataproviders,dataconsumers,
andtechnicalreferencematerialfor programmers.

Part I is for everybodywhowantsto useDODS.

Chapter 1 providesa high-level overview of theentiresystem.

Part II is for dataconsumers,thatis, thepeoplewhowantto look atdatausing
theDODSsystem.

Chapter 3 shows how to look atdatausingDODS.It includesasection
aboutthetheoreticalandpracticalproblemsof datamodeltranslation.
It alsoexplainshow to build aDODSclient,which is theprogram
usedto look atDODSdata.

Part III is for dataproviders,or peoplewhowantto make theirdataavailable
throughDODSservers.

Chapter 5 shows how to useDODSto makeyourdataavailableto others.
It explainshow to setupaDODSserver to provideDODSdatato
DODSclients,andalsocontainsinformationaboutmodifyingor
writing aDODSserver.

Part IV containstechnicalinformationabouthow DODSworks.This
informationis providedto peoplewhowantto write new librariesto use
DODSthroughacurrentlyunsupportedAPI.

Chapter 6 containsgeneralinformationaboutDataandDataModels.
This is importantinformationto have for peopleintendingto use
DODSto providedatato others.It coverstheDODSdataattribute
anddatadescriptorstructures.Thechapteralsocontainsasection
outlining theproblemsassociatedwith DataModel translation.

Appendices

Appendix A on page91containstheinstructionsfor installingtheDODS
libraries,andsoftwarethatrequirestheselibraries.

GlossaryA smallbut usefulcollectionof terms.
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0.4 Conventions

Thetypographicconventions shown in Table1 arefollowedin thisguideandall
theotherDODSdocumentation.

Table1: TypographicConventions
����������	�
�����
��

Typedby thecomputer, or in acodelisting.
�����������������

Typethispreciselyaswritten.
Variables Usedasaplaceholderfor auser-speci®edor vari-

ablevalue. Chooseanappropriatevalueanduse
thatin place.

Button Text Usedto indicatetext onaGUI button.
Menu Name This is thenameof aGUI menu.

Whenreferringto abuttonin amenu,wewill oftenusethenotation:
Menu,Button . For example, Options,Color s,Foregr oun d would indicatethe

Foregr ound buttonin theColors menu,selectedundertheOptions menu.
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1
What is DODS?

TheDistributedOceanographicDataSystem(DODS)providesaway for ocean
researchersto accessoceanographicdataanywhereon theInternetfrom awide
varietyof new andexistingprograms.By developingnetwork versionsof
commonlyuseddataaccessApplicationProgramInterface(API) libraries,such
asNetCDF, HDF , JGOFS, andothers,theDODSprojectcancapitalizeonyears
of developmentof dataanalysisanddisplaypackagesthatusethoseAPIs,
allowing usersto continueto useprogramswith which they arealreadyfamiliar.

TheDODSarchitectureusesaclient/server model,with aclient thatsends
requestsfor dataoutontothenetwork to someserver, thatanswerswith the
requesteddata.This is exactly themodelusedby theWorld WideWebwhere
clientprogramscalledbrowserssubmitrequeststo webserversfor thedatathat
makeupwebpages.Of course,DODSclientscandomuchmorethanbrowsethis
data.Using�e xible datatypessuitablefor many uses,includingscienti®cdata,
theDODSserversdeliver realdatadirectly to theclientprogramin theformat
neededby thatclient.

In fact,thenetwork communicationmodelusedby DODSusesUniform Resource
Locator(URL) addressesandwebservers(�

����� �

) to deliver datato the
researcher. This is doneby usingtheDODSsoftwareto convert a researcher's
dataanalysissoftwareinto asophisticated(thoughspecialized)webbrowser. In
additionto providing network-compatibleversionsof populardataaccessAPIs,
theDODSprojectalsoprovidesasoftwareclientandserver toolkit to helpother
developerscreatenetwork-compatibleDODSversionsof otherAPIs.

To expandtheuniverseof dataavailableto auser, DODSincorporatesapowerful
datatranslationfacility, sothatdatamaybestoredin datastructuresandformats
de®nedby thedataprovider, but maybeaccessedby theuserin amanner
identicalto theaccessof localdata®leson theuser's own system.Thoughthere
arelimitationson thetypesof datathatmaybetranslated(SeeSection6.1.2on
page69), thefacility is �e xible andgeneralenoughto handlemany of thepossible
translation.Therearetwo importantresults:
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ü A usermaynotneedto know thatdatafrom onesetarestoredin a format
differentfrom datain anotherset.Further, it maybepossiblethatneither
datasetis storedin a formatreadableby theoriginal (i.e. withoutDODS)
versionof thedataanalysisanddisplayprogramheor sheuses.

ü No segmentof DODSuserswill beeffectively cutoff from accessingdata
becauseof its storageformat.A scientistwhowishesto makehisor her
dataavailableto otherDODSusersmaydosowhile keepingthatdatain
whatmayactuallybeahighly idiosyncraticstorageformat.Of course,it
doesn't have to bein ahighly idiosyncraticformat.Thepoint is thatDODS
canhandlea widevarietyof possiblecases.

Thecombinationof theDODSnetwork communicationmodelandthedata
translationfacility make DODSapowerful tool for theretrieval, sampling,and
displayof largedistributeddatasets.ThoughDODSwasdevelopedby
oceanographers,its applicationis notconstrainedto oceanographicdata.The
organizingprinciplesandalgorithmsmaybeappliedto many other®eldswhere
datacanbestoredoncomputers.

Thepopulationof peoplewhomaybeinterestedin asystemsuchasDODSmay
bedividedinto dataconsumersanddataproviders.Thoughit wasanimportant
observationto thedevelopmentof DODSthatthetwo rolesareoftenassumedby
thesamescientists,thedivision is ausefulonefor theintroductionof thesystem.
Thefollowing two sectionsprovideabroadintroductionto therolesof data
consumeranddataprovider. Theremainderof thisguideis organizedaroundthis
distinctionbetweenclassesof users.
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1.1 Why Use DODS to Read Data?

A scientistwishingto examineandsamplesomedatasetwill typically be
comfortableusingarelatively smallnumberof dataanalysisanddisplayprograms
or packages.Someof thesepackageswill useoneof thepopulardataaccessAPIs
currentlyavailable.However, few dataaccessAPIsprovidedirectaccessto
distributeddata 1, sothisaccessmustbemadewith network tools,suchasweb
browsersor �

� �

. While relatively straightforward in principle,thisprocesscan
nonethelessbecometime-consumingandsomewhatchallengingin practice.

Thefollowing exampleillustratessomeof thedifferencesbetweenaccessing
distributeddatawith thetoolscurrentlyin widespreaduse,andthesameoperation
usingDODS.

1.1.1 An Example: Using ftp

Theadventof theWWW hasmadepossiblesimpledatabrowsersthatallow
sophisticatedinteractive samplingof on-linedatasets.Usinga webbrowserand

�

� �

, ausercansampleany of severallargeoceanographicdatasetsavailableon
theInternet.However, thereareseveralproblemswith thesedatasearchengines
thatmayonly becomeapparentwhenauseractuallytriesto usethedata.

Amongtheproblemsthatcanarisearethosethatappearwhenausertriesto use
theresultsof onedatasetto searchaseconddataset.Supposethatauserwishesto
chooseasea-surfacetemperatureimagefrom theNOAA/NASA Path®nder
AVHRR archive at:

�

��� ������� � ����	�	 ���	�
���

���

��


��


	 ��	

���

������� � ��������� � ��� ��� ���
� �����

� �

�	� 


usingtheresultsof a time-seriesgeneratedfrom theCOADS Climatologyarchive
at:

�

��� �������

�

���������

�

�����

��


��	�	

���

�����

�

���




� ��
 ��� 	������ � � �������

Thestepsaretheoreticallystraightforward:

¶ Createthetimeseriesfrom theCOADS Climatologyarchive. This is done
by answeringthemenuof optionson theCOADS webpage.

· Import thetimeseriesfrom step1 to theuser's localdataanalysissystem.
Notethatthisstepmayitself requireseveralsteps:

¶ Thedatamustbedown-loaded,using �

� �

or asimilarprogram.

1Thephrasedistributeddatarefersto datasetsthatresideondifferentcomputerswhicharelinked
by a network suchastheInternet.Thecomputersmayor maynot bephysicallyremotefrom each
other. Themainpoint is thatthecomputersmanagetheirdataresourcesindependently. In thisguide
thetermsremoteanddistributedareusedto imply independentlymanagedresources.
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· Oncedown-loaded,thedatamayhave to beconvertedinto a format
thatcanbereadby thedataanalysisprogram.

¸ Examinethedataandformulatea requestto theAVHRR archive. This is
againdoneby answeringthemenuof optionon theAVHRR Webpage.
NotethattheCOADS andAVHRR pagesarenotcompletelycompatiblein
this respect.For example,thedateformatsof thetwo pagesaredifferent.

¹ Import theresultof step3 to theuser's localdatadisplaysystem.Thismay
alsorequireseveralsteps:

¶ Thedatamustbedown-loadedagain.

· And again,oncedown-loaded,thedatamayhave to beconvertedinto
a formatthatcanbereadby thedataanalysisprogram.Notethatthe
setof availableformatson theCOADS pagearedistinctfrom the
availableoptionsfrom theAVHRR archive.

º Think abouttheresults.

Thoughtheprocedureis straightforwardandthewebserversdesignedto make
samplingthedatasetsasimpletask,uponcloseexamination,thecombinationof
thestepsmaycreateunforeseendif®culties.For example,a requestto theCOADS
server will returneitheraspreadsheetsuitablefor useonaPC,anetCDFformat
®le, or a®le in oneof aselectionof simpleASCII formats.If theuseris fortunate,
thereturned®le will alreadybein a formatcompatiblewith thedesiredanalysis
package.But notall userswill besofortunate.Oftenthis®le mustbeconvertedto
someother®le formatbeforeit canbeimportedto theuser's analysisprogram.
Thismayor maynotbeasimpletask.

Evena®le formatfor whichauseris properlyequippedmaybeusedin an
unfamiliar manner. For example,theindependentanddependentvariablesmight
bein adifferentorderor anASCII data®le mayusetabsinsteadof spaces.

Assumingtheimportof theCOADS datahasbeenaccomplishedandboundaries
for theAVHRR searchidenti®ed,thetaskof selectingfrom thesecondarchive
maybegin. Unfortunately, therequestto theAVHRR archive will returneithera
GIF picture,anHDF format®le, or a raw (binary)data®le. Again,importingthis
outputinto theuser's analysisprogrammayor maynotbesimple,but it will not
bethesameprocedureastheoneusedfor the®rst datarequest.

Otherproblemsarealsoapparent.TheCOADS Climatologysamplingprogram
requeststheusersupplydates(monthandday),whereastheAVHRR archive asks
for theªJuliandayº(anintegerbetween1 and365or 366).Oneserver will accept
ªSºandªWºto indicateSouthlatitudesandWestlongitudes,while theother
requiresthatthesebeindicatedwith negative coordinatevalues.Thesamplingof
theCOADS dataset,while �e xible, maynotallow samplingin themannerthe
userneeds.It cannot,for example,provideasectionexceptalonga line of
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constantlatitudeor longitude.If auserwantedto seeasectionalongaNE-SW
line, it wouldbea challengingandtime-consumingtaskto assembleonefrom
many smalldatarequests.

Further, it mightbedesirableto usetheresultsof samplingthesetwo databasesto
constructa timeseries.Thiscouldconceivably meanrepeatingtheentire
proceduremany times.

1.1.2 An Example: Using DODS

To producethesamedataselectionusingDODS,auserwould follow essentially
thesamesteps.However, thestepsthemselveswouldbeperformeddifferently.
Oncetheuser's dataanalysispackagehasbeenconvertedto aDODSclient
(Section3.1onpage31),the accessesto theremotedatasetsaremadethrough
theanalysispackageitself. Insteadof specifyingadata®le by a pathname
referenceto somelocaldisk®le, theuserspeci®esaURL, whichmaypoint to
eithera localor a remotedataset.Hereis a recapof thesameoperation,outlined
asthey wouldbeperformedby aDODSapplicationprogram:

¶ Createthetimeseriesfrom theCOADS Climatologyarchive. This is done
by usingthesamplingfacilitiesof whatever dataanalysisprograma
scientistis familiarwith. If desired,DODSconstraintexpressionsmaybe
usedto reducethenetwork load,or to provideasamplingschemenot
supportedby thedataanalysisprogram.

· Thedataneednotbeimportedto theuser's dataanalysisprogram,sinceit
wasdown-loadedandconvertedautomaticallyin step1.

¸ Examinethedataandformulatea requestto theAVHRR archive. This is
againdonethroughthesamplingfacilitiesof whatever dataanalysis
programtheuseris using,andDODSconstraintexpressions.Notethat,
whatever theiractualformat,bothCOADS andAVHRR archivesappearto
theDODSclient to bestoredin identicalformats.

¹ Thedataneednotbeimportedto theuser's dataanalysisprogram,sinceit
wasdown-loadedandconvertedautomaticallyin step3.

º Think abouttheresults.

It is importantto notethatanydataanalysispackagethatcanhandleoneof the
DODS-supporteddataaccessAPIscanbeconvertedinto aDODSclientprogram
capableof readingdatastoredby all of theDODS-supporteddataaccessAPIs.
(Therearesomelimitationson translation.SeeSection1.1.3onpage8 and
Section6.1.2onpage69 for moreinformation.)Therefore,assumingtheuserhas
someanalysispackagecapableof doingtherequiredsamplingandanalysison
localdata,all thestepswouldbeperformedfrom within thatpackage,justasif
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theuserwereoperatingon local®les.Theresultis asimplerprocedure,even
thoughthesameessentialstepsarefollowed.

TheDODSscenariohas,amongothers,thefollowing advantages:

ü Theuserneednot learnaboutany of thearchival formats,sincetheDODS
server andclientcooperateto deliver thedatain theformatin whichthe
analysispackageexpectsto seeit. Whereastheuserof theftp server hasto
worry aboutimportingthedatainto theanalysisprogram,theDODSclient
programimportsit transparently.

ü Theusercansamplethedistantdatasetsin any fashionsupportedby hisor
herown (local)analysispackage.Unnecessarydataneednotbesentover
theInternet.

ü By appendingaconstraint expressionto theURLsgivento theanalysis
program,theusercansampledatausingtechniquesthattheiranalysis
programcannotdo.2

ü A substantialamountof thesearchingandsamplingis performedon the
server machines.ThisreducesInternettraf®c, aswell asdecreasingtheload
on thelocalmachine.

1.1.3 The DODS Client

DODSusesaclient/server model.As mentionedpreviously, theDODSservers
aresimply �

����� �

webservers,equippedto interpreta DODSURL sentto them.
(SeeChapter5.) TheDODSclientprogramcanbeany programthatusesoneof
thesupportedAPIs,suchasJGOFSor netCDF.3

WithoutDODS,anapplicationprogramthatusesoneof thecommondataaccess
APIssuchasnetCDFwill operateasshown in ®gure1.1. Theusermakesa
requestfor datafrom theapplicationprogram.Theprogramin turnuses
proceduresde®nedby thedataaccessAPI to accessthedata,which is stored
locally on thehostmachine.SomeAPIsaresomewhatmoresophisticatedthan
this,of course,but theirgeneraloperationis similar to thisoutline.

Theoperationof aDODSclient is illustratedin ®gure1.2.Here,thesame
applicationprogramthatwasusedin ®gure1.1hasbeenlinkedwith aDODS
versionof thedataaccessAPI. Now, in additionto beingableto uselocaldataas

2For example,supposea userwishesto accessthe NODC XBT databaseusinga programthat
usesthe netCDFAPI. A programthat canprocessthe arraysthat netCDFmanipulatesarelargely
unsuitablefor XBT stationdata. However, a usercan de®neconstraintexpressionsin the URL
to samplethe dataanddeliver it in a form the netCDFAPI canuse. For moreinformationabout
constraintexpressions,seeSection4.1.For moreinformationaboutdatamodelsandtranslation,see
Chapter6.

3Or aprogramspeciallydevelopedto readdatafrom DODSservers.
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Data Access API
(e.g. JGOFS, netCDF, etc.)

Application Program

Data

Figure1.1: TheArchitectureof aDataAnalysisPackage.

before,theapplicationprogramis ableto accessdatafrom DODSserver
anywhereon theInternetin thesamemannerasthelocaldata.

To make someprograminto a DODSclient, it mustonly bere-linkedwith the
DODSimplementationof thesupportedAPI library. This is asimpleprocess,
generallyrequiringonly a few minutes.Theprocesswill createaprogramthat
acceptsURLs,specifyinga locationfor thedatasomewhereon theInternet,in
additionto ®le pathnameswhichonly specifya locationon thelocalplatform's
®le system.(SeeSection3.1onpage31.)

DODSalsoprovidesadatatranslationfacility. Datafrom theoriginaldata®le is
translatedby theDODSserver into aDODSdatamodelfor transmissionto the
client. Uponreceiving thedata,theclient translatesthedatainto thedatamodelit
understands.(SeeChapter6 for moreinformationabouttheDODSdatamodel.)
Becausethedatatransmittedfrom aDODSserver to theclient travel in theDODS
format,thedataset's originalstorageformatis completelyirrelevantto theuserof
aDODSclient. If theclientwasoriginally designedto readnetCDFformat®les,
thedatareturnedby theDODS-netCDFlibrary will appearto have beenreadfrom
anetCDF®le, whatever theactualformatof the®lesfrom which thedatawere
read4. If theprogramexpectsJGOFSdata,theDODS-JGOFSlibrary will return

4Notethat thereis a limit to whatcanbetranslated.An API meantto supporttwo-dimensional
arraysmaybeableto handleone-dimensionalvectordata,but a programdesignedto processone-
dimensionalvectordatawill not know what to do with a two-dimensionalarray. The setof data
accessAPIssupportedby DODScontainseveralsuchmismatches.SeeSection6.1.2for moreinfor-
mation.
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Application Program

DODS-Compliant

Data Access API

Data Network
Connection

DODS Server

Data

Figure1.2: TheArchitectureof aDataAnalysisPackageUsingDODS.



1.1 Why Use DODS to Read Data? 11

datathatseemto have comefrom aJGOFSdataset,again,nomatterwhatthe
actualinput®le format.

DODSdoesnotpretendto remove all theoverheadof datasearches.A userwill
still have to keeptrackof theURLsof interestingdatasetsin thesamewayauser
mustnow keeptrackof thenamesof ®lescontaininginterestingdata.A DODS
catalog service is in theprocessof beingconstructedthatwill helpusersscanthe
availabledatasets.
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1.2 Providing Data with DODS

TheDODSdataprovider is thepersonor organizationwilling to make their
digital datasetsavailableto thecommunitywith aDODSserver.

Thedesignersof DODSrecognizedthatmany of thedatausersarealsothedata
providers,andDODSwasbuilt with a recognitionthatproviding thedatashould
beassimpleandasstraightforwardaspossible.In many cases,oncea localweb
server is equippedto becomeaDODSserver, ascientistneeddovery little
beyondwhatmustbedonesimply to make thedataavailablelocally. (i.e.,Putthe
datainto a®le formatthatcanbereadby thelocally useddataanalysisand
displayprograms.)Thetasksof adataprovider canbeseparatedinto threeparts:

ü Installandcon®guretheDODSserver. (Section5.2onpage55.)

ü Createwhatever ancillarydata®lesareneededby thedataset(if any).
(Section1.2.2onpage12.)

1.2.1 The DODS Server

TheDODSdataserver is simplymadeupof a regular �

��� � �

serverequippedwith
CGI programs(or ®lters)thatwill respondto requestsfor datasetstructure,data
attributes,anddataitself. (SeeSection6.2onpage71 for adescriptionof thedata
returnedby theserequestsandseeSection2.1onpage18 for adescriptionof the
DODSURL syntaxusedto sendtheserequests.)Mostof thetaskof adata
provider consistsof con®guringthisserver. While perhapsnota trivial task,it
potentiallyrepresentsfar lesseffort thanpackagingadatasetfor submissionto
somecentraldataarchive. Furthermore,modifyingaserver's con®gurationto
accommodatenew datawill beanalmosttrivial task,involving thesimpleediting
of acon®guration®le.

1.2.2 Ancillar y Data

In orderfor aDODSclient to acceptdatafrom aDODSserver, it mustbeableto
allocatethedatastructuresandarrangeinternallabelsto organizetheincoming
data.Theinformationtheclient library needsto do thisorganizingis calledthe
ancillarydata5. For many APIs,theancillarydatais inherentin thedata®les
themselves,andtheDODSserver cangleanthatinformationby scanningthedata
®les.For largedataarchives,wherescanningthedata®lesis impractical,andthat
mightnotchangeoften,DODScancachetheancillarydatato speedaccesstimes.
Whenaclient requeststheancillarydata,theDODSserver cancheckthisdata
cache®rst beforescanningthedata®les.

5It is also referredto as the Data DescriptorStructureand the Data Attribute Structure. See
Chapter6 for moredetailsaboutthesestructures.
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This featureis usefulin othercasesbecausenotall data®le formatsare
self-describing.For example,adatasetmightcontainseveral®lesof timevs.
temperaturedata;theheaderinformationdescribingwhichnumbersare
temperatureandwhich timemaybein adifferent®le or maysimplybe
understoodby theuserof thelocaldataanalysisprogramequippedto look at this
data.As anexample,dataaccessedby DODSserversusingtheFreeFormdata
accessAPI requireprovider-createdancillarydata®les.

1.2.3 Administration and Centralization of Data

UnderDODS,thereis nocentralarchive of data.DataunderDODSis organized
in amannersimilar to theWorld WideWebitself. Thatis, all oneneeddo to make
one's dataavailableis to startupaproperlycon®gured�

����� �

server onan
Internetnodethathasaccessto thedatato beserved.Eachdataprovider is freeto
join andto leave thesystemwhenit is convenient,just asany proprietorof aweb
pageis freeto deleteit or addto it aswhimsydemands.

Of course,ascanalsobeseenon theWorld WideWeb,therearesome
disadvantagesto thelackof centralauthority. If nooneknows aboutawebsite,
noonewill visit it. Similarly, listing a datasetin acentraldatacatalog,suchasthe
GlobalChangeMasterDirectory(�

����� � ���

�

�����

���

�

�

�

��


	 � 	

���

�	���

), canmake
dataavailableto otherresearchersin awaythatsimplycon®guringaDODSserver
doesnot. DODSprovideda facility for registeringadatasetwith theGCMD
catalog,whichmakesthedatasetknown to theDODSdatalocationservice.

Theremainderof thisbookwill bedividedinto threemajorsections:instructions
on thebuilding andoperatingof DODSclients;a tutorialandreferenceon
runningDODSserversandmakingdataavailableto DODSclients;andtechnical
documentationdescribingtheimplementationdetails(andthemotivationbehind
many of thedesigndecisions)of theDODSsoftware.
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Part II

UsingDODSto ReadData





2
Using DODS

A userusesDODSwith aDODSclientprogram.Thisclientprogrammayhave
beenacquiredby theuser(for example,theDODSMatlabandIDL graphicuser
interfaces,or Ferret,a freewaredataanalysispackageeachuseDODSfor data
access),or maybeaprogramconvertedto usetheDODSlibrary for dataaccess
(seeChapter3.

In eithercase,thereareasetof issuesthatmustbeaddressedin orderto usea
programto accessdatathroughDODS.Theissuescanbeclassedinto two groups.
Onesetof issuesinvolvescon®guringthesystemto provide DODSwith the
helperapplicationsandenvironmentvariablesit requires.Theothersetconcerns
themannerin whichausercommunicateswith aDODSserver. Wecover this
®rst.
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Figure2.1: Partsof aDODSURL (withoutaconstraintexpression)

2.1 How DODS Finds Data

Oncelinkedto theDODSlibraries,aDODSclientcreatedfrom anexisting
programwill work exactlyasbeforewhenrunusinglocal®les.However, auser
canalsospecifyaDODSUniform ResourceLocator(URL) to indicatesomedata
®le ona remotehostmachine.Whentheprogramreceivesthis URL, theDODS
librarieswill recognizeit asremotedata,andissuea network requestfor thedata.
If a userhasalsoinstalledaDODSserver on thelocalmachine,thenlocaldata
maybeaccessedeitherthroughtheir local®lenamesor theirDODSURL.

A URL is simplyauniquenamefor someInternetresource.The®gure2.1shows
thepartsof a typicalDODSURL.

Thepartsof theURL are:

protocol Theprotocolof anInternetrequestmaybethoughtof asthekind of
conversationtheclientexpectsto have with thetargetmachine.For
example,awebbrowserlike NetscapeNavigatorwantsto ®nd aserver that
canreturnhypertext documents,while anftp clientwantsto ®nd aserver
thatcanunderstand®le transferrequests.A webbrowserequippedto
displayhypertext documentswill specify �

��� �

astheprotocolfor its
conversation,andhopethatthetargetmachinehasan �

����� �

daemon
listening.

host Thehostnamein aURL is simply theInternetaddressof thehostmachine
runningwhatever server canreply to thespeci®edprotocol.

server A specialfeatureof the �

����� �

server processis thatit maybecon®gured
to executeCommonGateway Interface(CGI) programs uponreceiptof a
properlyspeci®edURL. This is used,for example,by Internetsearch
enginesthataskauserto ®ll outa form. TheCGI speci®cationwill be
speci®cto theserver in question,andthepartof theURL thatfollows the
CGI nameis passedto theCGI uponinvocation.Thisdatamayincludea
®le name,but it mayaseasilybesomearbitrarystringof instructions.The
DODSserver is simplyasetof CGI scriptsexecutedondemandby the
�

����� �

server. Here,theDODSserver is representedby aCGI scriptcalled



�

�

�




�

.

�lename If aCGI is notspeci®ed,thepartof theURL afterthehostnameis
simply thenameof a®le thatis to bereturnedto theinquiringbrowser. If a
CGI is speci®ed,the®le is givento theprogramasits argument.
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URL suf�x If youareissuinga DODSrequestfrom a non-DODSclient,suchas
awebbrowser, youcanspecifythetypeof requestby appendingasuf®x to
theURL. Differentsuf®xesdemanddifferentservicesfrom theserver. The
differentservicesarelistedin Section2.2onpage20. If youareusing
DODSfrom aDODSclient,or aclientprogramadaptedto usetheDODS
DAP library, youdonotneedto useaURL suf®x. For example,to use
DODSfrom Matlab,with theMatlabGUI or command-lineclients,youdo
notneedto useasuf®x. To useDODSfrom a simplewebbrowserlike
NetscapeNavigator, youwill needto useasuf®x.

TheURL in ®gure2.1shows aclient requestto the �

��� � �

server on themachine
� � ���

���

� �

�

� � �

�

���	�

, for anetCDFdataset(speci®edby the 


�

�

�




�

in the
�

�

� � ���


 directory)containedin a®le called ��


� ���

��


�

. Uponreceiving this
URL, the �

����� �

server executesthespeci®edDODSserver module(


�

�

�




�

),
which retrievesthe®le is in adirectorycalled

� 	���	

relative to wherever the
�

����� �

server looksfor its data1.

DODSURLscangetsomewhatmorecomplicatedthanthissimpledescription.In
particular, they cancontainªconstraintexpressionsºthatlimit a requestto data
satisfyingasetof conditions,andthey cancontainrequeststo speci®cDODS
services,besidesthedatadelivery servicesuggestedhere.Constraintexpressions
aredescribedin moredetailin Section4.1onpage36,while thearrayof services
providedby DODSserversaredescribedin Section2.2onpage20.

2.1.1 Security

SomeDODSdataproviderswill chooseto controlaccessto someor all of their
data.Whenyourequestdatafrom oneof theseservers,theDODSclientwill
promptyou for ausernameandpassword. If youwantto avoid theprompt,you
canmake theDODSURL evenmorebaroqueby embeddingausernameand
password in it, like this:

!<"$"�%������_=K7)@)>�� %8Rc7�7	�c6V>#5�
��
�
����5#6�5c7��.6�>$:��_L�%�!���5#6)587���@�"

F

�����

1Theonly partof theURL whosespellingis not at thediscretionof theadministratorof thehost
machineis the ������� , andthe ������� at thebeginningof theCGI scriptname.Eventhe ��� , indicating
netCDF, canbechanged,althoughfor clarity's sake, we hopepeoplewon't do so. Incidentally, the
������� is a relic, datingfrom theearlydaysof theWorld Wide Webandthe®rst hypertext protocol
standards.It standsfor ªNon-ParsingHeaderº(SeetheCGI 1.1Standardfor moreinformation.),and
is theonly way to passdatathroughmany httpdserversunparsed.
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2.2 The DODS Services

Up to now, wehave treatedtheDODSserver asif it hasonly oneservice:
providing datato clientswhoaskfor it. It is truethatthis is themostimportant
serviceaserver provides.However, it is alsotruethattheserver providesseveral
otherservicesbesidesthat. In fact,ful®lling a requestfor dataactuallyrequires
threeseparaterequestsfrom theclient,usingthreedifferentservicesof theDODS
server.

Theservicesrequestedfrom aDODSserver arespeci®edin asuf®x appendedto
theURL describedin ®gure2.1.Dependingon thesuf®x supplied,theserver will
provideoneof theseservices:

Data Attrib ute Thisservicereturnstheentiredataattributestructurefor the
givendataset.This is a text ®le describingtheattributesof eachdata
quantityin thatdataset.(SeeSection6.4.2onpage82 for moreinformation
aboutdataattributes.)Thisserviceis activatedwhentheserver receivesa
URL endingwith �

� 	 �

.

Data Descriptor Thisservicereturnstheentiredatadescriptorstructurefor the
givendataset.This is a text ®le describingthestructureof thevariablesin
thedataset.(SeeSection6.4.1onpage81 for moreinformationaboutdata
descriptors.)Thisserviceis activatedwhentheserver receivesaURL
endingwith �

�����

.

DODSData Thisservicereturnstheactualdatarequestedby agivenURL. This
is nota text ®le, but is encodedasaMultipurposeInternetMail Extensions
(MIME) document.Thisserviceis activatedwhentheserver receivesa
URL endingwith �

� � ���

ASCII Data ThisservicereturnsanASCII representationof therequesteddata.
Thiscanmake thedataavailableto awidevarietyof browserprograms.
Thisserviceis activatedwhentheserver receivesaURL endingwith �

	�� �

or �

	��������

.

WWW Interface Whentheserver receivesa URL endingin � �

� � 


, it produces
anHTML form containinginformationfrom thedatasetthatyoucanuseto
constructa sensibleURL with which to requestDODSdata.TheWWW
Interfaceis alsotriggeredwhentheDODSserver receivesaURL that
referencesadirectoryinsteadof a®le.

Information Thisservicereturnsinformationabouttheserver anddataset,in
human-readableHTML form. Thereturneddocumentmayinclude
informationaboutboththedataserver itself (e.g.server functions
implemented),andthedatasetreferencedin theURL. Theserver
administratordetermineswhatinformationis returnedin responseto sucha
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request.Thisserviceis activatedwhentheserver receivesaURL ending
with �

�


��

�

. SeeSection5.2.3onpage56 for moreinformationabouthow
to con®guretheinformationservice.

Version Thisservicereturnstheversioninformationfor theDODSserver
softwarerunningon theserver. Thisserviceis triggeredby aURL ending
with �

� ���

.

Help Thisservicereturnssomehelptext in responseto animproperlyspeci®ed
URL. Thisserviceis triggeredby aURL endingin any suf®x thatis not
recognizedby theDODSserver.

NOTE: A requestfor datafrom aDODSclientwill generallymake three
differentservicerequests,for dataattributes,datadescriptors,andfor
data.TheprepackagedDODSclientsdo this for you,soyoumaynot
beawarethatthreerequestsaremadefor eachURL. Thatis, aDODS
clientmayacceptaDODSURL specifyingsomedata,suchasthe
oneshown in ®gure2.1. In thiscase,theDODSclient library (suchas
nc-dods)will accepttheinputURL, andappendthedifferentsuf®xes
to thatURL, makingthreedistinctrequeststo theDODSserver.

2.2.1 WWW Interface

EachDODSserver implementsaservicecalledtheWWW Interface.This is a
way to useastandardWebclient,suchasNetscape,to getinformationaboutthe
dataservedby aspeci®cserver.2 TheWWW Interfacehastwo modesof
operation:thedirectorylevel andthe®le level.

If aDODSURL referencesadirectoryinsteadof a®le on theserver machine,the
server producesa listing similar to thatshown in ®gure2.2.

Clicking onadatasetshown in thedirectory-level listing will produceanHTML
form similar to theonein ®gure2.3. Thetop line in thewindow (ªDataURLº)
showsa URL thatmakesa requestfor aDODSdataset.Thewindows below it
show thevariablesthatmakeup thedataset.Youcanedit theform to selectthe
datayou'd like to seefrom thisdataset,andtheWWW Interfacewill edit theData
URL sothatit only requeststhedatayouareinterestedin. Whendone,youcan
pushtheªASCIIº button,to seeanASCII representationof thedatayou've
requested.Netscapecannothandlebinarydata,soif youwantto usethebinary
data,youshouldcopy theURL in theDataURL window to theDODSclient
you'd like to use.

2TheWWW Interfaceis only availablefor serverslaterthanversion3.1.
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Figure2.2: WWW Interface- DirectoryLevel
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Figure2.3: WWW Interface
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2.3 Using a DODS Program

Therearesomecon®gurationissuesausermustconsiderin orderto useaDODS
clientapplicationprogram.Thereis ashortlist of softwarethatis requiredfor
someof theadvancedfeaturesof DODS,andsomeenvironmentvariablesthat
controltheexecutionof theDODSsoftware.For apieceof softwarethathasbeen
convertedto useDODS,aftertheseconditionsaresatis®ed,theprogramwill run
in thesamemannerit ranbefore.Asidefrom network delays,theusershouldnot
beableto tell thatthey areaccessingdatafrom theInternet.

Finally, thoughit mayseemunnecessaryto mention,in orderfor aDODSclient
applicationto communicatewith aDODSserver, thecomputerrunningthe
DODSclientmustbeconnectedto theInternet.

2.3.1 Requirements

In orderto useof someof thefeaturesof theDODScoresoftware,auser's
computermusthave someadditionalsoftwareinstalled,andavailableon the
user's ������� , in �	��
	��� 
�
�
	�

� ���


 or �	��
	��� 
�
�
	�

�������

.

ü The
�����

� Tcl /Tk interpreter(or whatever programis indicatedby the
��
���� ����� environmentvariable)is usedby theGUI manager to providea
progressindicatorthatdisplaysthestatusof apendingdatarequestasit is
beingprocessed.It is alsousedby theerrorreportingsystemto display
errormessagereceivedfrom theserver.

ü The ���

� �

program,theGNU compressionsoftware,is usedto
decompressdatamessagesreceivedfrom aDODSserver. If thisprogramis
not installed,theDODScoresoftwaretells theserver not to send
compressedmessages,sodatamaystill bereceived.However, having the
compressionsoftwareinstalledandavailablewill increasethedatatransfer
rate.

Therequiredsoftware,like DODSitself, is freesoftware.Referto AppendixA on
page91 for informationaboutacquiringthatsoftware.

2.3.2 Envir onment Variab les

After successfullyrelinkinganapplicationprogramwith theDODSlibraries,
thereis ashortlist of environmentvariablesthatmaybede®ned.Only

��
	��� 
�
�
�� is required.Theotherthreevariablesareonly usedto overridedefault
valuescontrollingtheGUI managerprocess.Mostusersmaysafelyignorethem.
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��
���� 
�
�
�� indicatestherootdirectoryof theDODSsoftware.TheDODScore
softwaremustbeableto locateutilities thatarelocatedin this directory
tree.

��
���� ��� � cancontainthenameof theprogramusedby theGUI manager . A
usermightwish to changethisvariableto point to a ªsafeºTcl/Tk
interpreter;whatever programis usedheremustbeableto processTcl and
Tk commands.Thedefault valueis the

��� �

� program.

��
���� ��� � �

�

� � indicatesthenameof any initializationcommandrequiredby
theGUI manager. Thedefault initializationstringexecutestheTcl program
in �	��
	��� 
�
�
	�

��������� � � ���

�

� �

�

��� �

.

��
���� � ��� �	��� maybeusedto turnoff theGUI manager. Setthevalueof this
variableto 


�

, andtheprogressindicatorandtheerrormessagewindows
will notbedisplayed.

NOTE: Theuserhassubstantialcontrolover theGUI manager. Youcan
changetheprogramthatlistensfor GUI commandsfrom

� � �

� to
anythingelse,andyoucanactuallychangetheactionof theGUI
commandsby editingtheTcl codein the®les

� � ���

�

���

�

����


,
����� ���

�

����


, and
� � �

�

��� ���

�

����


. (Thesearein the �	��
	��� 
�
�
��

�������

directory.) However, editingthese®lesandvariableswill notchange
theform of themessagesfrom theDODSserver, andfrom thecore
softwarethataremeantto invoke theseprograms.In otherwords,the
usermaymesswith these,but mustbecarefulto leave theGUI
managerin a form thatwill beableto processthemessagesit
receives.

2.3.3 The Error System

TheGUI manageris usedto displayerrormessagesto theuser. Themessages
themselveswill varywith theserver implementation.Referto thedocumentation
of theparticularserver, or consulttheserver's

�


��

�

Service(SeeSection5.1.1on
page51.),for a list of theerrormessagesthatmightbeissuedby aparticular
server.

2.3.4 Temporar y Files

UsingaDODSclientapplicationwill createanumberof temporary®les.They
arecreatedwith the

� � �




	 �����

function,sotheirnameswill correspondto the
rulesfor thatfunctiononyoursystem(Seethemanualpagefor

�	� �




	����
	��

, or
type

� 	




�	� �




	 �

for moreinformation.)Duringnormaloperation,DODSwill
deletethetemporary®lesit createsasit goes.However, if executionof theDODS
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client is somehow interrupted,these®lesmayremain,andwill have to bedeleted
by hand.



3
The DODS Client

Therearemany differentdataanalysispackagesin use.Somepackages,suchas
MATLAB andIDL, arecommerciallyavailable,but many morearewritten for a
specializedneedor application.Many of theseuseoneof thewidely availablesets
of scienti®cdataaccessfunctions(calledanApplicationProgramInterface, or
API ) suchasNetCDF, JGOFS,or HDF. Thereis greatvarietyamongall these
programs,but onefeaturethey shareis thatthey all accessdatathrough®les
containingthatdata1. Thatis to saythateachprogrambeginsby identifyinga®le
containingthedatatheuserwishesto examineor analyze.

A DODSclient is simplyadataanalysisapplicationlinkedwith theDODS
librariesinsteadof thestandarddataaccessAPI. Usingthisprogram,ausercan
look at®lescontainingdatain thesamewayaswaspossiblewithout theDODS
libraries.However, by usingtheselibraries,ausercanalsouseaURL (URL) ,
insteadof a simple®le name,to specifydatalocatedanywhereon theInternet.
Figure1.1and®gure1.2illustratetheoperationof anapplicationprogramlinked
with astandarddataaccessAPI, andthesameprogramlinkedwith theDODS
versionof thatAPI.

A DODSclient is thenadataanalysisapplicationprogrammodi®edto becomea
webbrowser, somewhatlike any otherwebbrowser (NCSAMosaic, Netscape
Navigator) with whichyoumaybefamiliar. A webbrowsercanonly displaythe
datait receives,however. WhatmakesaDODSclientdifferentfrom anotherweb
browseris that,unlike Netscape,oncethedatahasbeenreceivedfrom aDODS
server, theDODSclientapplicationcancomputewith it.

Likeawebbrowser, aDODSclientacceptsaURL from auser, andparsesit to
comeupwith aprotocol,anaddress,andamessage.(SeeSection2.1onpage18
for moreinformationaboutURLs.) Thebrowserthensendsa messageto the
address,directedto theserver whocanservicethedesiredprotocol,askingfor the
informationspeci®edin theremainderof theURL. Unlike a typicalwebbrowser,

1This is not true of someAPIs, suchasJGOFS.That API, however, usesa datadictionaryto
allow theuserto think thatthedataaccessis through®les.
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aDODSclientwill notknow whatto dowith datareturnedfor awebpage
containingtext andpictures,but aDODSserver will returnscienti®cdatathata
DODSclientcanunderstandandprocess.

Hereis asimpleexample,usingthe 


� � � ���

program.Thisprogramsimplyprints
out thecontentsof anetCDFformatteddata®le, speci®edon thecommandline,
like this:
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UsingDODS,thissamefunctionmaybeexecutedfrom any computerconnected
to theInternetby substitutingaURL for the®lenameabove:
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(See®gure2.1Asidefrom thefactthatthedatais remote,andmustbespeci®ed
with aURL, theprogramwill seemto functionin thesameway it hadwith the
simplenetCDFlibrary (albeitsomewhatmoreslowly dueto having to make
network connectionsinsteadof local®le operations).Youcan®nd

�
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(the
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programlinkedwith theDODSlibrary) in the
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directory.Runningtheabove commandwill producethefollowing output:
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AlthoughtherearepackagedDODSbrowsingprogramsthatausercanuseto
look atdata,theusercanalsoconstructhisor herown. Linking aDODSAPI with
analreadyexistingprogramallows auserto createacustomizedwebbrowserthat
canaccessdataavailablefrom any DODSserver connectedto theInternet.

TheDODSAPIsaredesignedto accuratelymimic thebehavior of several
differentcommonlyusedscienti®cdataAPIs. As of thiswriting (May 22,2003),
theDODSAPI setincludes:
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Table3.1: SupportedAPIs

API Description Components
netCDF Supportfor griddeddata,suchassatellitedata,in-

terpolatedshipstationdata,or currentmeterdata.
Server and
client.

JGOFS Supportfor relationaldata, such as Sequences.
Createdby the Joint Globar OceanFlux Study
(JGOFS)projectfor usewith oceanographicsta-
tion data.

Server and
client.

HDF Supportfor griddeddata.Commonlyusedfor as-
tronomicaldataandmodeldata.

Server only.

DSP Oceanographicand geophysicalsatellite data.
Provides supportfor imageprocessing. Devel-
opedattheUniversityof Miami/RSMAS.Primar-
ily usedfor AVHRR andCZCSdata.

Server only.

GRIB Support for gridded binary data. GRIB is the
World MeteorologicalOrganization(WMO) for-
matfor thestorageof weatherinformationandthe
exchangeof weatherproductmessages.

Server only, due
in early1999.

BUFR The WMO's standardsetof codesfor the trans-
missionandstorageof meteorologicaldata,using
acompressedformatwith eachdatavalueoccupy-
ing the leastnumberof bits necessaryto contain
its rangeof values. Suitablefor meteorological
observationsmadefrom a singlepoint or set of
points.

Server only, due
in early1999.

Free-
Form

On-the-�y conversion of arbitrarily formatted
data,including relationaldataand griddeddata.
May be used for sequencedata, satellite data,
modeldata,or any otherdataformat that canbe
describedin the �e xible FreeForm formatde®ni-
tion language.This server canbe usedto serve
datastoredin almost all home-grown data for-
mats.

Server only; no
client required.

native
DODS

TheDODSclasslibrary maybeuseddirectly by
a client program. It supportsrelationaldata,ar-
ray data,griddeddata,anda �e xible assortment
of datatypesthat canbe combinedto c accom-
modatemostdatamodels.

Client.

TheAPI setis extensible,meaningthatdeveloperscanusetheDODSsoftware
toolkit to write DODS-compliantversionsof new APIs. SeeTheDODSToolkit
Programmer's Guidefor moreinformation.

Themostimportantresultof thisarchitectureis that,justastheuseof the
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�
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programabove is identicalto theoriginal 


� � ���	�

, ausercanuseremote
DODSdataandcontinueto usethesamedataanalysisanddisplayprogramswith
whichheor sheis familiar. Any programthatusesoneof theDODS-supported
APIsmaybere-linkedto usetheDODSversionof thatAPI. ThiscreatesaDODS
client. Thatandaconnectionto theInternet,areall thata researcherrequiresto
gainaccessto theavailableDODSdata.

3.1 Con�guring Programs to Use DODS

Relinkinganexistingprogramwith theDODSimplementationof somedataAPI
is asimpleprocedure.Find thedirectorythatcontainsthesource/objectcodeof
theprogramyouwantto re-link andmodify themake®le(typically called

� 	�� �

�

��
��

) for theprogramsothattheDODS-compliantAPI library is usedin
placeof thestandardAPI library. (If youcan't ®nd thelibrariesonyoursystem,
seeAppendixA onpage91,or askthesystemadministrator.) Theselibrariesare:


���� � 	 �����

�

	

Softwarecommonto all of theDODS-supportedAPIs.

DODSalsousesfacilitiesfrom somestandardlibraries,andthesemustalsobe
includedin thelink to resolve all thesymbols.
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TheWorld WideWeblibrary. Thiscontainsthefunctionsusedto
communicatebetweentheDODSclientandserver.


�������
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Functionsfrom the
��
 � � � �

library areusedto communicate
betweenDODSclientprocesses.
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Containsde®nitionsnecessaryfor the
��
 ��� � �

library. Theuseof this
library in thelink is not relatedto theuseof Tcl by DODSclients.
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�

	

TheGNU C++ classlibrary (This is notnecessaryif using �

���

to
re-link.)

Youwill alsoneedto includethelibrary containingtheDODS-compliantversion
of theAPI. Thenameof this library of coursedependson theAPI, but it is
generallyin theform
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WhereAPI is anabbreviation indicatingtheAPI emulatedby thespeci®edlibrary.
For example,theDODS-compliantnetCDFlibrary is called
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and
theJGOFSversionis
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.
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3.1.1 An Example Using netCDF

The 


� �����	�

programis a simpleutility thatprintsthecontentsof a
netCDF-format®le to standardoutput.Thissectionoutlinestheprocessusedto
modify the 


� � ���	�

make®leto link thatprogramwith theDODSnetCDFAPI,
therebyturning 


� �����	�

into anetwork-readyDODSclient. Theprocessof
linking any otherprogramwith thecorrespondingDODSlibrary is entirely
analogousto thisoneandonly requiresthesubstitutionof theprogramnameand
theappropriatelibrary.

First thelink �ags weremodi®edsothatthelibrary searchpathwould includethe
likely placesto ®nd theDODSlibraries:
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�
�� is anenvironmentvariablethatindicatestherootdirectoryof the
DODSinstallation,andin thismanualis usedasshorthandfor thisdirectory. It is
typically calledsomethinglike

� � ������
�� � 	 

�

��
���� . If youcannot®nd these
directoriesonyoursystem,consultyoursystemadministrator, or referto
AppendixA onpage91 for informationaboutacquiringandinstallingtheDODS
software.

After thelink �ags weremodi®ed,theDODSlibrarieswereaddedto thelist of
librariesused.Theorderin which thelibrariesarelistedis important.
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NOTE: BecauseDODSis implementedasa coresetof classescontainedin
onelibrary (


 ��� � 	 � ���

�

	

) andasetof specializationsof thoseclasses
in asecondlibrary (


����




��� �������

�

	

), andbecausethereis acircular
dependencebetweenthosetwo libraries,they mustbeincludedtwice
in thelinker command.

Finally, �

���

wassubstitutedfor thelink command.2

3.1.2 Potential Problems

Whenauserlinks anexistingaprogramto theDODSlibraries,thereareseveral
possibleconditionsthatmaycauseproblems.

ü SomeprogramsusemorethanoneAPI.

ü SomeprogramsaccessdatausingbothAPI andUNIX systemcalls.

ü Someprogramsuseundocumentedfeaturesof theAPIs.

2It is possibleto use����� insteadof ����� , but in thatcase,��������� mustbeaddedto theendof the
library list.
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If this is thecasefor agivenprogram,thereis generallynogoodsolutionbeside
rewriting thesoftwareto conformto astrictusageof thedatareadingpartsof the
givenAPI. Of courseif theproblemis thattheprogramusesmorethanoneAPI,
youcantry linking theprogramwith aDODS-compliantversionof thesecond
API aswell.

ü Re-linkedprogramscanbevery large.

TheDODSlibrariesarelarge,andthe �

���

,
�
���

,
��
 � � � �

, and
����


librarieson
which they arebuilt areevenlarger. Thismeansthattheexecutableversionof a
re-linkedDODSclientcanseemunreasonablyobese.Muchof thediskspaceis
occupiedby symboltables,whichcanberemovedfrom theexecutable®le with
the

����� � �

utility. In many cases,ausercanrecover asubstantialamountof disk
spacethisway.

CAUTION: Without familiarity with theDODSsoftware,it is bestonly to
strip theexecutable®les.Strippingobject®lesor librariesmight
leave themin auselessconditionfor thelinker. Furthermore,
strippinganexecutable®le removessymbolnames,whichmay
makediagnosingproblemsmoredif®cult.

TheDODSlibrariesonly affect thedatareadingfunctionalityof thespeci®ed
API. TherearenoDODSreplacementsfor functionslike netCDF's 


� �
����� � � ���

,
thatwrite datato adisk®le. Thesefunctionsareincludedin theDODS-compliant
API library, but they operatein amanneridenticalto theoriginal (non-DODS)
versions,thatis, they work on local®lesonly, attemptingto write ªover the
networkº will resultin anerror.
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3.2 Writing New DODS Programs

TheDODSsoftwaremayalsobeusedto write new programs.Thismaybedone
eitherthroughoneof theDODS-supportedAPI libraries,suchasnetCDFor
JGOFS,or by usingtheDODSdataaccessprotocoldirectly. Thereareadvantages
anddisadvantagesto eachapproach.

Thebiggestadvantageof writing new codeusinga DODS-supportedAPI suchas
netCDFor JGOFSis thattheprogrammerin questionis probablyalreadyfamiliar
with theuseof thatAPI. Writing aDODSprogramusinganadaptedAPI is not
signi®cantlydifferentthanwriting thesameprogramwith theoriginalAPI. While
writing thisnew program,it will beusefulto rememberthatthedatatheprogram
useswill oftenberemote,implying thatdataretrieval maynotbeinstantaneous,
andthatimplementationof local cachingto storerequesteddatamightbeagood
idea,but otherthanthat,theprocessis thesameaswriting aprogramusingthe
regularAPI.

It is alsopossibleto usetheDODSdataaccessprotocoldirectly. This is
somewhatmoreinvolvedthanusingoneof theDODS-compliantAPI libraries,
andC++ is theonly languagesupportedfor this. However, thisapproachcan
providesubstantiallymoreef®cientprograms.For furtherinformationaboutthis
approach,referto thetechnicalinformationabouttheDAP in TheDODSToolkit
Programmer's Guide.



4
Data Anal ysis with DODS

TheDODSsoftwareis notonly a datatransportmechanism.UsingDODS,you
cansubsamplethedatayouarelookingat. Thatis, youcanrequestanentiredata
®le, or justasmallpieceof it.
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4.1 Selecting Data: Using Constraint Expressions

TheURL suchasthisone:
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refersto theentiredatasetcontainedin thebuoys.nc®le. A usermay, however,
chooseto samplethedatasetsimplyby modifying thesubmittedURL. The
constraint expressionattachedto theURL directsthatthedatasetspeci®edby
the®rst partof theURL besampledto selectonly thedataof interestfrom a
datasetevenfor programsthatdonothave abuilt-in way to accomplishsuch
selections.Thiscanvastlyreducetheamountof dataa programneedsto process,
andreducethenetwork loadof transmittingthatdatato theclient.

4.1.1 Constraint Expression Syntax

A constraintexpressionis appendedto thetargetURL following aquestionmark,
asin thefollowing examples:
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A constraintexpressionconsistsof two parts:a projection andaselection,
separatedby anampersand(

�

). Eitherpartmaycontainseveralsub-expressions.
Eitherpartmaybepresent,or both.


������ ����
������ ������������
������ ����� �"! �"���#��! ���$�����%���#��! &

A projection is simplyacomma-separatedlist of thevariablesthatareto be
returnedto theclient. If anarrayis to besubsampled,theprojectionspeci®esthe
mannerin which thesamplingis to bedone.If theselectionis omitted,all the
variablesin theprojectionlist arereturned.If theprojectionis omitted,theentire
datasetis returned,subjectto theevaluationof theselectionexpression.The
projectioncanalsoincludefunctionalexpressionsof theform:

')(

�+*-,/.0� �2143���5 ���63��#5 ��������� �63���5 �87
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wheretheargumentsarevariablesfrom thedataset,scalarvalues,or other
functions.

A simpleselectionexpressionis abooleanexpressionof theform

variableoperator variable
or

variableoperator value
or

function(3 �#5 ���63��#5 �����������63��#5 � )

Where

operator canbeoneof therelationaloperatorslistedin table4.1onpage40;

variable canbeany variablerecordedin thedataset;

value canbeany scalar, string,function,or list of numbers(Listsaredenotedby
comma-separateditemsenclosedin curly braces,for example,

�

3,11,4.5� .);
and

function is a functionde®nedby theserver to operateonvariablesor values,and
to returnabooleanvalue(SeeSection4.1.3onpage41).

Eachselectionclausebeginswith anampersand(
�

) representingtheªANDº
booleanoperation1.

NOTE: The
�

is actuallyapre�x operator, notanin®x operator. Thatis, it
mustappearat thebeginningof eachselectionclause,nomatterwhat.
Thismeansthataconstraintexpressionthatcontainsnoprojection
clausemuststill have an

�

in front of the®rst selectionclause.

Thereis no limit on thenumberof selectionclausesthatcanbecombinedto
createa compoundconstraintexpression.Datathatproducesa true(non-zero)
valuefor theentireselectionexpressionwill beincludedin thedatareturnedto
theclientby theserver. If only apartof somedatastructure,suchasaSequence,
satis®estheselectioncriteria,thenonly thatpartwill bereturned.

NOTE: Dueto thedifferencesin datamodelparadigms,selectionis not
implementedfor theDODSarraydatatypes,suchasGrid or Array.
However, many DODSserversimplementselectionfunctionsyou
canusefor thesameeffect. Youcanquerytheserver for the
functionsit implementswith theusageserviceoutlinedin
Section4.1.3onpage41.

1TheªORºfunctionmaybeimplementedwith a list. For example,to saythati mustequal3 OR
11youwouldwrite i = � 3,11� Theclauseevaluatesto truewheni equalsany oneof theelements.
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Simple Constraint Expression Examples

Considerthedatadescriptorin ®gure4.1.1.The®gureis anexampleof theData
DescriptorStructure, oneof themessagesreturnedby a DODSserver in
responseto a queryaboutsomedataset.Thefull syntaxdescriptionfor this
structureis givenin Section6.4onpage81. For themoment,it is only important
thatit is thedescriptionof adatasetcontainingstationdataincludingtemperature,
oxygen,andsalinity. Eachstationalsocontains20oxygendatapoints,takenat 20
®xeddepths,usedfor calibrationof thedata.

Thefollowing URL will returnonly thepressureandtemperaturepairsof this
dataset.(Notethattheconstraintexpressionparserremovesall spaces,tabs,and
newline charactersbeforetheexpressionis parsed.)Thereis only aprojection
clause,withoutaselection,in thisconstraintexpression2.
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Figure4.1: SampleDataDescriptor
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Incidentally, wehave assumedthatthedatasetwasstoredin theJGOFSformat3

on theremotehost
� ����	




�

�

� ���

, in a®le called
��
 ��
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. For thesake of
brevity, from hereonwewill omit the®rst partof theURL, to concentrateon the
constraintexpressionalone.

2For thesakeof clarity, thisandseveralof thefollowing constraintexpressionexamplesspanmul-
tiple lines.While theconstraintexpressionevaluatorignoresnewline characters,programlimitations
of theDODSclientwill likely preventauserfrom typinganewline in aconstraintexpression.

3Becauseit containsanarray, thedatasetpicturedin Figure4.1.1is technicallynotavalid JGOFS
dataset.Wehave includedthearrayfor pedagogicalpurposes,andhopethattheJGOFSpuristswill
forgiveus.
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If weonly wantto seepressureandtemperaturepairsbelow 500metersdeep,we
canmodify theconstraintexpressionby addingaselectionclause.
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In orderto retrieve all of eachcastthathasany temperaturereadinggreaterthan
22degrees,usethefollowing:
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Simpleconstraintexpressionsmaybecombinedinto compoundexpressionswith
logicalAND (

�

). To retrieve all stationswestof 60degreesWestandnorthof
theequator:
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As wasmentioned,thelogicalOR canbeimplementedusinga list of scalars.The
following expressionwill selectonly stationstakennorthof theequatorin April,
May, June,or July.

� � � 	���� �




������	���� �


 �


�	��

�

"

�

" ��� ��	���� �


 �

���




�

�

���31��#$ �*� �#�

�

If ourdatasetcontaineda®eld called
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� , indicatingthemonthin
whichmonsoonshappenedthatyear, wecouldmodify thelastexamplesearchto
includethosemonthsasfollows:
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In otherwords,a list cancontainbothvaluesandothervariables.If
monsoon-monthwasitself a list of months,asearchcouldbewrittenas:
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For arraysandgrids,thereis aspecialway to selectdatawithin theprojection
clause.Supposewewantto seeonly the®rst ®veoxygencalibrationpointsfor
eachstation.Theconstraintexpressionfor thiswouldbe:
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By specifyingastride value,wecanalsoselectahyperslab of theoxygen
calibrationarray:
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Thisexpressionwill returnevery®fth memberof the
"�
 ��	�


array. In otherwords,
theresultwill bea four-elementarraycontainingonly the®rst,sixth,eleventh,
andsixteenthmembersof the

"�
 � 	 


array. Eachdimensionof a
multi-dimensionalarraysmaybesubsampledin ananalogousway. Thereturn
valueis anarrayof thesamenumberof dimensionsasthesampledarray, with
eachdimensionsizeequalto thenumberof elementsselectedfrom it.
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4.1.2 Operator s, Special Functions, and Data Types

ThedatatypesaccessiblethroughtheDODSsoftwarearelistedanddescribedin
Section6.3onpage72. It is advisableto befamiliarwith thesetypesbeforetrying
to constructcomplex constraintexpressions.

Theconstraintexpressionsyntaxde®nesanumberof operatorsfor eachdatatype.
Theseoperatorsarelistedin table4.1

Exceptfor the � operationde®nedon theURL datatype,all theoperatorsde®ned
for thescalarbasetypesarebooleanoperatorswhoseresultdependson the
speci®edcomparisonbetweenits arguments.Referto Section4.1.4onpage41
for adescriptionof theURL datatypeandits operator.

The ��� operatorreturnstruewhenthecharacterstringon theleft of theoperator
matchestheregularexpressionon theright. SeeSection4.1.5onpage42 for a
discussionof regularexpressions.

TheStructure, Sequence, andGrid datatypesareeachcomposedof acollection
of simplerdatatypes.The. andoperatorsallow auserto referto thesubsidiary
variableswithin thesecompoundtypes.For example,
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indicates
thevalueof the

����	��

memberof the
����	�� � �


 sequence.

Thearrayoperator
� �

is usedto subsamplethegivenarray. Seepage39 for an
explanationandexampleof its use.

Table4.1: ConstraintExpressionOperators.

Class Operators

SimpleTypes
Byte, Int32,
UInt32,
Float64
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String
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URL 	

CompoundTypes
Array
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Sequence �

Grid
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Therearethreespecialfunctionsde®nedto operateon theList datatype.The
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functionreturnsthenumberof elementsin thegivenlist, the 


�

�

� �

functionreturnsthelist elementindicatedby theinput index, andthe
��� ������� ���

function,which returnstrueif thegivenvalueequalsany memberof thelist. Note
thatthebehavior of the 


�

�

� �

functionis unde®nedfor indicesbeyondtherange
of thelist.

4.1.3 Using Functions in a Constraint Expression

A DODSdataserver mayde®neits own setof functionsthatmaybeusedin a
constraintexpression.For example,thedataserver containingtheexampledata
from ®gure4.1.1mightde®nea

���

�

��	�� ���

functionto returnthedensityof the
waterat thegiventemperature,salinityandpressure.A querylike thefollowing
would returnall thestationscontainingwatersampleswhosedensityexceeded
1.02755�� *%&�� .
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Functionslike thisonearenotastandardpartof theDODSarchitecture,andmay
vary from oneserver to another. A usermayqueryaserver for a list of such
functionsby sendingaURL endingwith ª.infoº.For example,youcanquerythe
dataserver installedon theDODShomesitewith thefollowing URL:
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Thedatareturnedwill beanHTML message,readablewith astandardweb
browser, containingdocumentationof theserver runningon thegivensite,andthe
datanamedin theURL. In thiscase,youwill learnthatthespeci®edserver
de®nestwo functionsthatcanbeusedin aconstraintexpression:

geolocate(variable, lat1, lat2, lon1, lon2) Returnstheelementsof variablethat
fall within theboxcreatedby (lat1,lon1) and(lat2,lon2).

time(variable, start time, stop time) Returnstheelementsof variablethatfall
within thetime interval start time andstop time.

4.1.4 Using URLs in a Constraint Expression

TheDODSdataaccessprotocolde®nesaspecialdatatypeto handledistributed
data:URL. This is ascalardatatype,muchlike theStringtype,intendedto hold
oneDODSURL. It generallypointsat someremotedatasetor datavalue.Using
thisdatatype,aconstraintexpressionmaymake thedatareturnedfrom one
DODSdataserver dependentondataheldatanentirelydifferentsite.

In orderto accommodatethisdatatype,DODSde®nesaspecialªdereferenceº
operator	 . Similar to its functionwith pointersin C, applyingthis operatorto a
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URL returnsthedataspeci®edby thatURL. TheURLdatatypeitself contains
only acharacterstring. It mustbedereferencedto producea referenceto thedata
namedby theURL.

Examples

Thefollowing examplewill returnall thestationscontainingoxygenvalues
greaterthan®fteen:
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Similarly, thefollowing constraintexpressionwill yield all thestationsin the
datasetwhosevalueis greaterthanthatof theoxygenvalueindicatedby theURL:
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Finally, supposethatthedatasetitself containedavariableof typeURL, andthat
thisURL containedtheaddressof oxygendatastoredatsomeothersite.Thedata
descriptorfor thedatasetmight look like thefollowing:
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Wecannow write thepreviousconstraintas:
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URLsstoredin remotedatasetsmayalsobeusedin theprojectionclauseof the
constraintexpression.Imaginea datasetthatconsistsonly of a list of URLs for
eachsquaredegreeof latitudeandlongitude.A usercouldquerythisdatasetfor
theactuallist of URLs,or, by usingthe 	 operator, couldconstructa constraint
expressionthatwould returntheactualdataindicatedby theURLs in thetarget
dataset.

4.1.5 Pattern Matching with Constraint Expressions

Therearethreeoperatorsde®nedto compareoneStringdatatypeto another. The
�

operatorreturnsTRUE if its two inputcharacterstringsareidentical,andthe
� �

operatorreturnsTRUE if theStringsdonotmatch.A third operator, ��� is
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providedthatreturnsTRUE if theStringto theleft of theoperatormatchesthe
regularexpressionin theStringon theright.

A regularexpressionis simplyacharacterstringcontainingwildcardcharacters
thatallow it to matchpatternswithin a longerstring.For example,thefollowing
constraintexpressionmight returnall thestationson thesamplecruiseat whicha
sharkwassighted:
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Mostcharactersin a regularexpressionmatchthemselves.Thatis, anªfº in a
regularexpressionmatchesanºfº in thetargetstring.Thereareseveralspecial
characters,however, thatprovidemoresophisticatedpattern-matching
capabilities.

�

Theperiodmatchesany singlecharacterexceptanewline.

	

� �

Thesearepost®xoperators,which indicateto try to matchthepreceding
regularexpressionrepetitively (asmany timesaspossible).Thus,

�

	

matchesany numberof
�

's. Theoperatorsdiffer in that
�

	 alsomatches
zero

�

's,
���

matchesonly aseriesof oneor more
�

's,and
� �

matchesonly
zeroor one

�

.

`[ ... ]'

De®neaªcharacterset,º whichbeginswith
�

andis terminatedby
�

. In the
simplestcase,thecharactersbetweenthetwo bracketsarewhatthissetcan
match.Theexpression

�

�

���

matcheseitheranupperor lower case
�

.
Bracketscanalsocontaincharacterranges,so

� "��3.��

matchesall the
numerals.If the®rst characterwithin thebracketsis acaret(

�

), the
expressionwill only matchcharactersthatdonotappearin thebrackets.For
example,

����"��3.��

	 only matchescharacterstringsthatcontainnonumerals.
�

�

Thesearespecialcharactersthatmatchtheemptystringat thebeginningor
endof a line.

���

Thesetwo charactersde®nea logicalORbetweenthelargestpossible
expressiononeithersideof theoperator. So,for example,thestring
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. Thescopeof
theORcanbecontainedwith thegroupingoperators,
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Theseareusedto groupaseriesof charactersinto anexpression,or for the
ORfunction.So,for example,
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	 matcheszeroor morerepetitions
of thestring

		� �2


.
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Thereareseveralmorespecialcharactersandseveralotherfeaturesof the
charactersdescribedhere,but they arebeyondthescopeof thisguide.TheDODS
regularexpressionsyntaxis thesameasthatusedin theEmacseditor. Seethe
documentationfor Emacs[1] for acompletedescriptionof all thepattern-
matchingcapabilitiesof regularexpressions.

Examples

In theabove example,ausermightwonderwhetherthesharkcommentshadbeen
spelledwith upperor lowercaseletters.Thefollowing constraintexpressionwill
returnany stationthatmentionsasharkin upperor lower case.
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Of course,thiswouldmiss � �
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andsoon. Theconstraintcouldbe
written this way to catchall oddpermutationsof upperandlower case:
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4.1.6 Optimizing the Query

Usingthetoolsprovidedby DODS,ausercanbuild quiteelaborateand
sophisticatedconstraintexpressionsthatwill returnpreciselythedataheor she
wishesto examine.However, asthecomplexity of theconstraintexpression
increases,sodoesthetimenecessaryto processthatexpression.Therearesome
techniquesausermayuserto optimizetheevaluationof aconstraintthatwill ease
theloadon theserver, andprovide fasterrepliesto DODSdatasetqueries.

TheDODSconstraintexpressionevaluatorusesaºlazyevaluationº algorithm.
Thismeansthatthesub-clausesof theselectionclauseareevaluatedin order, and
parsinghaltswhenany sub-clausereturnsFALSE. Considera constraint
expressionthatlookslike this:
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If theserver encountersastationwith nooxygenvaluesover15.0,it doesnot
botherto look at thetemperaturerecordsat all. The®rst sub-clauseevaluates
FALSE, sothesecondclauseis never evenparsed.

A carefulusermayusethis featureto hisor heradvantage.In theabove example,
theorderof theclausesdoesnot reallymatter;therearethesamenumberof
temperatureandoxygenmeasurementsat eachstation.However, considerthe
following expression:
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For eachstationthereis only onemonthvalue,while therearemany oxygen
values.Passingaconstraintexpressionlike thisonewill forcetheserver to sort
throughall theoxygendatafor eachstation(whichcouldbein thethousandsof
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points),only to throw thedataawaywhenit ®ndsthatthemonthrequesteddoes
notmatchthemonthvaluestoredin thestationdata.Thiswouldbefarbetterdone
with theclausesreversed:
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Thisexpressionwill evaluatemuchmorequickly becauseunwantedstationsmay
bequickly discardedby the®rst sub-clauseof theselection.Theserver will only
examineeachoxygenvaluein thestationif it alreadyknows thatthestationmight
beworthkeeping.

Thissortof optimizationbecomesevenmoreimportantwhenoneof theclauses
containsa URL. In general,any selectionsub-clausecontainingaURL shouldbe
left to theendof theselection.Thisway, theDODSserver will only beforcedto
go to thenetwork for dataif absolutelynecessaryto evaluatetheconstraint
expression.
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4.2 A Word About Data Translation

Oncearesearcheris freedfrom thecon®nesof usingonly localdata,heor she
will soondiscover thatthereis awealthof dataavailableon theInternet,and
nearlyall of it is storedin formatsincompatiblewith herown. Worse,thedata
formatsareoftenmutuallyincompatible,renderingtheconfusioncomplete.
DODSprovidesasolutionapplicableto a greatmany suchproblems.

WhenaDODSserver retrievesdatafrom somedistantmachine,thatdatamaybe
in any of several®le formatssupportedby DODS.Theserver translatesthedata,
however, into anintermediateformatfor transmission.Uponreceiptof the
messagescontainingdata,theDODSclientsoftwareunpacksthedatainto the
form expectedby thecallingclientprogramandreturnsit to thatprogram.
Becauseall datamustbetranslatedinto thesameintermediateformat,DODS
becomesapowerful formattranslatorfor datasets.In effect, thismeansthata
programdesignedto readanddisplayJGOFSdatacanlook at theDODSdata
catalogandseeeverythingasJGOFSdatasets.A netCDFprogramcanlook at
thosesamedatasets,from thatsamecatalog,andthink they areall in netCDF
format.Thissystemof translationallows a researcherto ignorethequestionof
formatsandconcentrateon thedataalone.

Of course,therearesometranslationsthatcannotbedonetransparently, if they
canbedoneatall. Considera two-dimensionalarrayof satellitesea-surface
temperaturemeasurements.Assumethedatais storedin netCDFformatonsome
machinecalled
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. Thedatamightbeuniquelyspeci®edby some
URL, say �
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�

. However, wereauserto
feedthatURL to a JGOFS-originatedDODSclientdesignedto draw propertyvs.
depthgraphsof stationdata,no translationfacility wouldbeableto mapthe
originaldatainto a form accommodatedby theclientprogram.

Theissuesof datamodelsanddatatranslationareimportantonesto thedata
provider. Theseissuesarediscussedin detailin Section6.1.2onpage69
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5
The DODS Server

SeetheDODSServer installationguidefor mostof this information.

Therearetwo separatepiecesto thetaskof installingaDODSdataserver:
installingandcon®guringtheserver itself, andtelling theuniverseof possible
usersaboutit.1 Only the®rst will beconsideredin thischapter. DODSprovides
avenuesfor doingthesecond,includingaCatalogServiceindexing DODS
datasets,andcooperationwith theGlobalChangeMasterDirectory, but theseare
still underconstruction.

A DODSserver is nothingmorethana World WideWebserver (�

����� �

) equipped
with CommonGateway Interface(CGI) programsthatenableit to respondto
requestsfor datafrom DODSclientprograms.WebserversandCGI programsare
standardpartsof theWeb,andthedetailsof theiroperationandinstallationare
beyondthescopeof thisguide.For furtherinformationaboutthese,consultoneof
themany World WideWebreferencesnow available.For thepurposesof
understandingtheDODSarchitecture,auserneedonly understandthefollowing:

ü A Webserver is aprocessthatrunsonacomputer(thehostmachine)
connectedto theInternet.Whenit receivesaURL from someWebclient,
suchasausersomewhereoperatingNetscapeor Mosaic,it packagesand
returnsthedataspeci®edby theURL to thatclient. Thedatacanbetext, as
in a webpage,but it mayalsobeimages,sounds,aprogramto beexecuted
on theclientmachine,or someotherdata.

ü A properlyspeci®edURL cancauseaWebserver to invoke aCGI program
on its hostmachine,acceptingtheinput thatwouldhave goneto thehttpd,
andreturningtheoutputof thatprogramto theclientwhosenttheURL in
the®rst place.TheCGI is executedon theserver. TheDODSserver relies
on this facility.

1Thesecondstepis, of course,optional.
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5.1 Server Architecture

A requestfor datamadeto theclientDODSlibrary will resultin threedifferent
requestsfor datato aDODSserver. Theusersimplyentersa singleURL, as
describedin Section2.1onpage18. ThecoreDODSsoftwarethenmodi®esthe
URL into threeslightly differentforms,andmakesthreerequestsfor datato the
server. The®rst requestis for theªshapeºof thedata,andconsistsof thedataset
descriptorstructure,describedonpage81. Thesecondrequestis for theattributes
of thedatatypesdescribedin theDDS.Thisstructureis describedonpage82.
Thelastrequestis actuallyfor thedata.

Theresponseto theDDSandDAS requestURLs is text formattedusingthe
grammarsin table6.4andtable6.3. This text canthenbeparsedby thecallerto
determinethestructureof thedataset,typesandsizesof eachof its components
andtheirattributes.Dependingon thedataaccessAPI usedto accessthedata,
thesestructuresmaybederivedeitherfrom informationcontainedin thedataset
or from ancillaryinformationsuppliedby thedatasetmaintainersin separatetext
®les,or both.Thedatain thesestructures(whichcanbethoughtof asdataabout
therealdata)maybecachedby theclientsystem.

TheDODSDAP is astatelessprotocol.Theprotocolentrypoints maybethought
of asthedifferentmessagesto whichaDODSserver will respond.(A messageis
justaURL specifyinga request.)Eachof theprotocolentrypointsdoesasingle
isolatedjob andthey canbeissuedin any order. Of course,it maynotmakesense
to theuserto askfor thedatabeforeaskingfor thedatadescriptionstructure,but
thatis not theserver's problem.Thisseparabilityallows theuserto cachedata
locally if needbe,sothatfutureaccessesto thesamedatasetcanskip theretrieval
of thesestructures.

To understandtheoperationof theDODSserver, it is usefulto follow theactions
takento reply to adatarequest.Thediagramin ®gure5.1laysout therelationship
betweenthevariousentities.ConsideraDODSURL suchasthefollowing:
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WhenthisURL is submittedto aDODSclient, it will contacttheWebserver
(httpd)runningon theplatform,
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. Whentheconnectionhas
beenestablished,theclientwill forwardto theserver theremainingpartsof the
URL:
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. As theserver parsesthisstring,it
will noticethat
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 correspondsto thenameof thedirectorywhereit keeps
its CGI programs.(Theactualdirectorynameis speci®cto theparticularweb
server used,andthedetailsof its installation.Typically, thewebserver
documnetationmightcall it the �
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directory, andit might referto
somethinglike
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 .) It looksin thatdirectoryto
seewhetherthereexistsa CGI programcalled 
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, which is thenameof the
netCDFDODSserver packagedwith DODS.Finally, theserver executesthat
program,specifyingtherestof theURL (
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in thiscase)for an
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argument.Thestandardoutputof theCGI programis redirectedto theoutputof
the �

����� �

, sotheclientwill receive theprogramoutputasthereply to its request.

For APIs thataredesignedto readandwrite ®les,suchasnetCDF, theCGI
programwill beexecutedwith theworkingdirectoryspeci®edby the �
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con®guration.On the
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server, for example,all CGI programs
areexecutednative to thedirectory
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of theURL, then,speci®esthe®le ��
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SeveralexistingdataAPIs,suchasJGOFS,arenotdesignedwith ®le accessas
their fundamentalparadigm.TheJGOFSsystem,for example,usesan
arrangementof ªdictionariesºthatde®nethelocationandmethodof accessfor
speci®eddataªobjects.º A URL addressingaJGOFSobjectmayappearto
representa®le, like thenetCDFURL above.
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However, theidenti®er(
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) aftertheCGI programname(


�

�

�

�
� )
represents,nota®le, but anentryin theJGOFSdatadictionary. Theentrywill, in
turn, identify a®le or adatabaseindex entry(possiblyonyetanothersystem)and
amethodto accessthedataindicated.(The �

����� �

server mustbeavalid JGOFS
userto have accessto thedictionary.)

Notethatthenameandlocationof the
�

�

� � ���


 directory, aswell asthenameand
locationof theworkingdirectoryusedby theCGI programs,arelocal
con®gurationdetailsof theparticularwebserver in use.Thelocationof the
JGOFSdatadictionaryis acon®gurationissueof theJGOFSinstallation.Thatis
to saythesedetailswill probablybedifferentondifferentmachines.

5.1.1 Service Programs

At thispoint, therequestfor data,encodedin aURL, hascausedthe �

����� �

server
to executetheCGI programthatrepresentstheDODSserver. TheDODSserver,
in turn,executesoneof severaldifferentservice programs,andreturnstheresult
of thatexecutionto theclient. Thoughtheremaybeothersavailableonagiven
machine,®veof theservicesconstitutethecorefunctionalityof theDODSserver:

ü DataAttribute

ü DataDescription

ü Data

ü ASCII Data

ü Information
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DODS Client

httpd

DODS Server

(CGI Filter) (Catalog, Usage, etc.)

DDS Service

Data Service

Other Services

DAS Service

DATAAncillary Data

Figure5.1: TheArchitectureof aDODSDataServer.
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NOTE: ThereareotherimportantDODSservices.For adescriptionof all the
DODSservices,seeSection2.2onpage20.

TheDODSserver is structuredasadispatchfunction,invoking ancillaryhelper
programsto provide its services.InstallingaDODSserver involvesmakingsure
thateachof therequiredhelperprogramsis availableto theserver software.Here
is a tableof thehelperprogramsrequiredfor eachof theDODSservicesfor the
netCDFserver. For anotherDODSserver, thenamesof someof thehelper
programswouldhave adifferentroot (e.g. ��� for theFreeFormserver, �
� for
JGOFS,etc.).

Table5.1: DODSServices,with their suf®xesandhelperprograms.

Service Suf�x Helper Program

Data At-
tribute

�

��	��




� � 	 �

Data De-
scriptor

�

�����




� �����

DODSData �

� � ���




� �������

ASCII Data �

	�� �

or
�

	 �������

	�� ����� ��	�


Information �

�


��

� � � 	

�

�

, see Section 5.2.3 on
page56 for con®gurationinfor-
mation.

WWW
Interface

� �

�	��


None

Version �

�����

None
Help Anything

else
None

Theserviceprogramsarestartedby theCGI dependingon theextensiongiven
with theURL. If theURL endswith `.das'thentheDAS serviceprogramis
started.Similarly, theextensioǹ .dds'will causetheDDSserviceto runandso
on. TheCGI program(theªdispatchºscript),whichservesto dispatchtherequest
to oneof thethreeserviceprograms,canbeverysimple.In theserversdistributed
with DODS,theCGI is simplyashellscriptthattakesits own nameandcatenates
theenclosedURL suf®x. Theservices,beingmorecomplex programs,will
generallybewritten in C or C++.

On theclientside,theusermaynever seethe`.das,' `.dds,' or `.dds'URL
extensions.Nor will theusernecessarilybeawarethateachURL givento the
DODSclientproducesthreedifferentrequestsfor information.These
manipulationshappenwithin theclient library, andtheuserneednever beaware
of them.



54 The DODS Server

Theremaybemorethan®veserviceprogramsfor agivenserver
implementation.2 A server mayprovideotherªservices,º suchasthecatalog
service,or aservicespeci®cto aparticulardataimplementation.Thethreedata
services,however, constitutetheminimumcon®gurationfor a functionalserver.
All threeservicesareinvolvedin datarequests,astheclientprogramwill usethe
outputfrom the

�����

and
�����

servicesto allocatememoryandde®neparameters
for theoutputof the

�������

service,which is theactualdatarequested.The
remainingtwo services,theASCII andinformationservices,areprimarily
intendedfor interactive use,asthey makedatasetandserviceinformationdirectly
availableto a browserclient,suchasNetscape.

2A coupleof services,suchasthe versionandhelp services,arebuilt into the server software,
andneednocon®guration.
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5.2 Installing a DODS Server

Mostof thetaskof installinga DODSserver consistsof gettingtherequiredWeb
server installedandrunning.Theintricaciesof this task,andthevarietyof
availableWebserversmake this taskbeyondthescopeof thisguide.Proceedwith
thefollowing stepsonly aftertheWebserver itself is operational.

InstallingtheDODSCGI programsandthedatato beservedis a relatively simple
operation.After installingtheDODSsourcetreeandbuilding thesoftware,(See
AppendixA onpage91), theuserneedonly copy theCGI programfrom the

�����

directoryin theDODSsourcetree( �

�

��
���� 
�
�
��

� �������

) to oneof thedirectories
wheretheWebserver expectsto ®nd its CGI programs.Theexactnameof this
directoryis animplementationdetailof theWebserver itself.

Theserviceprogramsusedby theCGI aregenerallykeptin thesamedirectoryas
theCGI itself, althoughthiscanbechangedby modifyingtheDODSCGI
dispatchscript.

NOTE: Theserver programscomewith releasenotesandinstallationnotes,
in ®les 
 �����

�

� and �

�

�����

���

, amongothers.Thesewill befoundin
thedistribution directoriesfor theparticularserver. For example,the
documentationfor theJGOFSserver will befoundin

�	��
	��� 
�
�
	�

� �������

�

����� �

�
�

� �������

. SeeTheDODSToolkit
Programmer's Guidefor additionalinformationaboutserver
documentation.

After installingtheCGI programandtheservices,thedatato beprovidedmustbe
put in somelocationwhereit maybeservedto clients.Again,thelocationof the
datadependson thecon®gurationof theWebserver andtheAPI usedby theCGI
services.Mostoften,datathatis servedby aWebserver is keptin the �

� ��� � �

directory, theexactpathnameof which is speci®edin the �

��� � �

.con®guration®le.
A server mayalsobeenabledto searchauser's homedirectorytreeor mayfollow
links from the �

��� � ���

directory(if theserver is enabledto follow symbolic
links). Theremaybeyetotheroptionsprovidedby thespeci®cserver usedin a
particularinstallation,sothereis reallynoway to avoid consultingthe
con®gurationinstructionsof theWebserver.

As noted,thelocationof thedatadependsnotonly on thecon®gurationof the
Webserver, but alsoon theAPI usedto accessthedatarequested.For example,
thenetCDFserver simplystoresdatain apathrelative to theworkingdirectoryof
theCGI program,�

� � � � �

, while theJGOFSserver usesits datadictionaryto
specifythelocationof its data.Referto thespeci®cinstallationnotesfor each
API for moreinformationaboutthelocationof thedata.
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5.2.1 Con®guring the Server

Theissuesof server con®gurationdependto a largeextenton theparticularserver
in question.TheDODSserver for JGOFSdatais con®gureddifferentlythanthe
DODSserver for netCDFdata.Eachserver comeswith its own installationand
con®gurationinstructions.Thesecanbefoundin a ®le called �

�

�	���

���

in the
distribution directoryfor theserver. Theserver distribution directoriesarein

����
	��� 
�
�
	�

� � ���

. Hereis achecklistof itemsthatneedto beattendedin orderto
installany DODSserver:

ü Is the �

��� � �

server con®guredto executeCGI programs?

ü Are themainCGI andsubsidiaryCGI programsinstalledin theserver's
CGI directory?For thenetCDFAPI, thesewill becalled 


�

�

�




�

, and



� � 	 �

, 


� �����

, andsoon. Theserver CGI's for otherAPI'swill have
comparablenames.

ü Is the ���

� �

programinstalledin the ������� of the �

��� � �

server?This is used
to compressdatamessagesreturnedto theclient.

5.2.2 Constructing the URL

After adatasethasbeeninstalled,andtheserver programsinstalled,youneedto
know whatits addressis. Section2.1onpage18containsanexplanationof the
variouspartsof theDODSURL, includingadiagramin ®gure2.1.Referto this
section,with acopy of theWebserver con®gurationdatareadilyavailable.Using
thecon®gurationdata,you shouldbeableto determinetheappropriateURL for
thedatayouareserving.

Rememberthatthewebserverwill have its own de®nitionof therootdirectoryfor
data,andanotherde®nitionfor CGI programs,dependingon thecon®guration.

5.2.3 Documenting Your Data

DODScontainsprovisionsfor supplyingdocumentationto usersaboutaserver,
andalsoaboutthedatathatserver provides.Whenaserver receivesan
informationrequest(throughthe

�


��

�

servicethatinvokesthe
� � 	

�

�

program),it
returnsto theclientanHTML documentcreatedfrom theDAS andDDSof the
referenceddata.It mayalsoreturninformationabouttheserver, andmoredetail
aboutthedataset.

If you would like to providemoreinformationaboutadatasetthanis containedin
theDAS andDDS,simplycreateanHTML document(without the




�

� � 


� and

 ����� �

� tags,whicharesuppliedby the
�


��

�

service),andstoreit in thesame
directoryasthedataset,with anamecorrespondingto thedataset®lename.For
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example,thedatasets��


� ���

��


�

, �	


� �2


��


�

, and ��


� � 	

��


�

mightbe
documentedwith a®le called �	


� �

� �

�	� 


.

Youmaypreferto overridethismethodof creatingdocumentationandsimply
provideasingle,completeHTML documentthatcontainsgeneralinformationfor
theserver or for agroupof datasets.For example,to forcetheinfo server to return
aparticularHTML documentfor all its datasets,youwouldcreateacomplete
HTML documentandgive it thenamedataset�

�����

, wheredatasetis thedataset
name.

More informationaboutproviding userinformation,includingsampleHTML
®les,andacompletedescriptionof thesearchprocedurefor ®ndingthedataset
documentation,is to befoundin TheDODSToolkit Programmer's Guide.

5.2.4 Testing the Installation

It is possibleto testtheDODSserver to seewhetheraninstallationhasbeen
properlydone.Theeasiestway to testtheinstallationis with asimpleWebclient
like Netscapeor Mosaic.(A simpleWebclientcalled �

��� � � 


is providedin the
DODScoresoftwarewhichcanretrieve text from Webservers.Look for it in the

�

�

��
	��� 
�
�
��

� �������

directory.)

Thesimplesttestis simply to askfor theversionof theserver, or thehelp
message.TheDODSserver useshelperprogramsto returntheDAS, DDS,and
data.If youwantto testtheserver itself, andnot thecon®gurationof thehelper
programs,theversion,help,or info serviceswill suf®ce. IssuingaURL with

�

� ���

on theendwill returntheversioninformationfor thisserver, appending
�

�


��

�

will returntheinfo message,andissuingaURL with anonsensesuf®x or
� �

� 
 �

will returnahelpmessage:
�

�

��� ����


�

����� � ��� � � ���

���

� �

�

� � �

�

���	� � �

�

� � � �




�




�

�

�




� � ��	�� 	������ ���

��


�

�

� ���

�

�

��� ����


�

����� � ��� � � ���

���

� �

�

� � �

�

���	� � �

�

� � � �




�




�

�

�




� � ��	�� 	������ ���

��


�

�

�


��

�

�

�

��� ����


�

����� � ��� � � ���

���

� �

�

� � �

�

���	� � �

�

� � � �




�




�

�

�




� � ��	�� 	������ ���

��


�

� �

� 
 �

To returnthedataattributestructureof adataset,useaURL suchasthe
following:3

�

�

��� ����


�

����� � ��� � � ���

���

� �

�

� � �

�

���	� � �

�

� � � �




�




�

�

�




� � ��	�� 	������ ���

��


�

�

��	��

Referto Section6.4.2onpage82 for adescriptionof a dataattributestructure.
Youcancomparethedescriptionagainstwhatis returnedby theabove URL to
testtheoperationof theDODSserver.

Youcanuseyourwebclient to testtheDODSserver by usingit to submitURLs
thataddressspeci®cservicesof theclient. SeeSection2.2onpage20 for
informationabouthow to requestindividual services.If any of theservicesfail,
youcancheckthelist of helperprogramsin Section5.1.1onpage51 to ®nd out

3The ���	����� � programknows abouttheDODSprotocols,soyou canalsoomit the �

���
	

suf®x,
andusethe �

�

optionto the ���	����� � command.This tells ���	����� � to append�

���
	

for you.
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which is missing.Fromthewebbrowser, youcanaccessall theDODSservices,
exceptthe(binary)dataservice.However, if all theotherswork, youcanbe
relatively assuredthatonewill, too.

Usingthe � �

�	� 


suf®x producestheWWW Interface, providing a forms-based
interfacewith whichausercanquerythedatasetusingasimplewebbrowser.
There's moreabouttheWWW Interfacein Chapter3.
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Figure5.2: TheArchitectureof aDODSClientGUI.

5.3 Displa ying Information to the DODS User

DODScontainsasystemthatallows aDODSserver adegreeof controlover the
user's graphicuserinterface(GUI). Thissystemrunsthesystemprogress
indicator, thatdisplaysto theuserthestatusof apendingdatarequest.However, a
server mayalsousetheGUI interfaceto displaymessagesto theuser, suchas
errormessages,andevento querytheuserfor information.

5.3.1 GUI Architecture

SinceDODSis built insideadataaccessAPI, andsincetheapplicationprogram
thathasbecometheDODSclientwaspresumablynotbuilt with network I/O in
mind,aDODSclientwill typically notdoany processingatall while it awaitsa
returnmessagefrom adatarequest.Any communicationthatmusthappen
betweentheDODSsoftwareandtheusermustoccurwithout theinvolvementof
theapplicationprogramthathasinvokedtheDODSsoftware.To avoid this
limitation, DODSstartsupaGUI manager sub-process.Thissub-processcan
receive datafrom theDODScoresoftware,andcanoperatetheuser's graphical
userinterface.

Theoperationof theGUI manageris illustratedin ®gure5.2. As seenin the
®gure,theclientapplicationcanusuallycontroltheuser's screen,but duringa
datarequest,thiscommunicationis suspended.Until therequestreturnscontrolto
theclientapplication,messagesreturnedfrom theDODSserver canbedisplayed
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to theuserby passingthemto theGUI managersub-process,whocandisplay
themin awindow to theuser.

TheGUI managerin 3.2usesaTcl/Tk interpreter(the
��� �

� programis the
default) to interpretmessagesfrom theserver. ThesemessagesusuallycontainTcl
programsto displayinformationto theuser. However, the

��� �

� interpretercan
alsobesentprogramsto querytheuserfor moreinformation,or draw little rabbits
on thescreenor any othergraphicfunctiontheserver needsto have displayedto
theuser. SeeTcl andtheTk Toolkit [3] for moreinformationaboutTcl.

By default, theGUI managerinitializesby runningtheTcl programsin the®les
�������

�

� �

�

����


,
����� ���

�

����


and
��� �

�

�������

�

����


. (Thesearestoredin
����
	��� 
�
�
	�

�������

.) Server commandsto theGUI managercanusethefunctions
de®nedin these®les.NotealsothattheusermaybeusingaªsafeºTcl interpreter,
with a restrictedsubsetof theusualarrayof Tcl commandsavailableto it. The
usercancontrolthesefeaturesof theoperationof theGUI by changingseveral
environmentvariables.Thesearedescribedin Section2.3.2onpage24.

A server will usethefeaturesof theGUI managerto displayerrormessagesto the
user. A server mayalsousetheGUI to queryauserto correctwhatever condition
causedtheerror. For example,if auserhasmisspelledsomepartof aconstraint
expressionin aURL submittedto aserver, theserver cansendtheconstraint
expressionbackto theuserin aneditwindow, with instructionsto ®x it. Theuser
canedit theexpression,andsendit back,allowing theserver to proceedwithout
submittinganew request.Consulttheclientandserver toolkit manualfor more
informationabouttheError objecton thissubject.
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5.4 Building DODS Data Servers

Thoughserversareincludedin theDODScoresoftware,someusersmaywish to
write theirown DODSdataservers.Thearchitectureof the �

��� � �

server andthe
DODScoresoftwaremake thisa relatively simpletask.

A usermaywish to write hisor herown DODSserver for any or all of the
following reasons:

ü Thedatato beservedmaybestoredin a formatnotcompatiblewith oneof
theexistingDODSservers.

ü Thedatamaybearrangedin a fashionthatallows auserto optimizethe
accessof thosedataby rewriting theserviceprograms.

ü Theusermaywish to provide ancillarydatato DODSclientsnot
anticipatedby thewritersof theserversavailable.

Thedesignof theDODSlibrary make thetaska relatively simpleonefor a
programmeralreadyfamiliarwith thedataaccessAPI to beused.Also, though
theserversprovidedwith theDODScoresoftwarearewritten in C++, they may
bewritten in any languagefrom which theDODSlibrariesmaybecalled.

Onceit is invoked,aCGI programscoopsupwhatever input is goingto the
standardinputstreamof theWebserver (�

����� �

) thatinvokedit. Further, the
standardoutputof theCGI is pipeddirectly to theWWW library, whichsendsit
directlybackto therequestingclient. ThismeansthattheCGI programitself need
only readits input from standardinputandwrite its outputto standardoutput.

Mostof thetaskof writing aserver, then,consistsof readingthedatawith the
dataaccessAPI andloadingit into theDODSclasses.Methodfunctionsde®ned
for eachclassmake it simpleto outputthedatasothatit maybesentbackto the
requestingclient.

Referto TheDODSToolkit Programmer's Guidefor speci®cinformationabout
theclassesandthefacilitiesof theDODScoresoftware,andinstructionsabout
how to write anew server.
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6
Data and Data Models

Basicto theoperationof DODSis thetranslationof datafrom oneformatto
another. A DODSserver mustreaddataonsomediskandtranslateit into an
intermediateformatfor transmissionto theclient. It is to thequestionof these
formatsto whichweshallturn®rst.
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6.1 Data models

Any datasetis madeupof dataandadatamodel. Thedatamodelde®nesthe
sizeandarrangementof datavalues,andmaybethoughtof asanabstract
representationof therelationshipbetweenonedatavalueandanother. Thoughit
mayseemparadoxical,it is preciselythis relationshipthatde®nesthemeaningof
somenumber. Without thecontext providedby adatamodel,anumberdoesnot
representanything. For example,within somedataset,it maybeapparentthata
numberrepresentsthevalueof temperatureat somepoint in spaceandtime.
Without its neighboringtemperaturemeasurements,andwithout thelatitude,
longitude,depth,andtime,thesamenumbermeansnothing.

As themodelonly de®nesanabstractsetof relationships,two datasetscontaining
differentdatamaysharethesamedatamodel.For example,thedataproducedby
two differentmeasurementswith thesameinstrumentwill usethesamedata
model,thoughthevaluesof thedataaredifferent.Sometimestwo modelsmaybe
equivalent.For example,anXBT measuresa timeseriesof temperature,but is
usuallystoredasaseriesof temperatureanddepthmeasurements.The
temperaturevs. timemodelof theoriginaldatais equivalentto thetemperature
vs. depthmodelof thestoreddata.

In acomputationalsense,adatamodelmaybeconsideredto bethedatatypeor
collectionof datatypesusedto representthatdata.A temperaturemeasurement
mightoccurashalf anentryin asequenceof temperatureanddepthpairs.
However thedatamodelalsoincludesthescalarlatitude,longitudeanddatethat
identify thetimeandplacewherethetemperaturemeasurementsweretaken.
Thusthedatasetmightberepresentedin aC-like syntaxlike this (®gure6.1):

�

	���	 � �����

,�
���	��9�31 
�	����

,�
���	��9�31 
 �




�

��


� 	�
 ���




� ��� � �

��


� 	�
 ��	 ���

��


� 	�
 � ��	����

�

���	���




�����

, 
 ��	�����1 ��� � �

�

�

, 
 ��	�����1 � � � ����� 	�������� �

�

� 	������

�


�� ��� � ��	�� � �




�

Figure6.1: ExampleDataDescriptionof XBT Station

In theabove example,adatasetis describedthatcontainsall thedatafrom a
singleXBT. Thedatasetis called


������ ����	���� �


 , andcontains�oating-point
representationsof thelatitudeandlongitudeof thestation,andthreeintegersthat
specifywhentheXBT wasreleased.The


�� ��� ����	�� � �


 containsasingle
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sequence(called
� 	����

) of measurements,whicharehererepresentedasvaluesfor
depthandtemperature1.

A differentdatamodelrepresentingthesamedatamight look like this (®gure6.2):

�

	���	��������

�

��� � ���������
�

, 
���	�����1 
�	����

, 
���	�����1 
 �




�

�


�� ��	�� � �




�

�

��� � ���������
�

��


� 	�
 ���




� ��� � �

��


� 	�
 ��	 ���

��


� 	�
 � ��	����

�

� ����� �

�

����� �




���(�

, 
���	�����1 ��� ���

�

�

, 
���	�����1 � � � � ��� 	�� � ��� �

�

��	 � ���

�


������ ����	���� �




�

Figure6.2: ExampleDataDescriptionof XBT StationUsingStructures

In thisexample,severalof thedatahave beengrouped,implying a relation
betweenthem.Thenatureof therelationshipis notde®ned,but it is clearthat


�	��

and

��


 arebothcomponentsof

�� ��	�� � �


 , andthateachmeasurementin the
��	 � �

sequenceis madeupof depthandtemperaturevalues.

In thesetwo examples,meaningwasaddedto thedatasetonly by providing a
morere®nedcontext for thedatavalues.No otherdatawasadded,but still the
secondexamplecanbesaidto containmoreinformationthanthe®rst one.

Thesetwo examplesarere®nementsof thesamebasicarrangementof data.
However, thereis nothingthatsaysthatacompletelydifferentdatamodelcan't be
justasusefulor justasaccurate.For example,thedepthandtemperaturedata,
insteadof beingrepresentedby asequenceof pairs,asin ®gure6.1and®gure6.2,
couldberepresentedby apair of sequencesor arrays,asin ®gure6.3

Therelationshipbetweenthedepthandtemperaturevariablesis no longerclear,
but, dependingonwhatsortof processingis intended,thismaynotbethat
importanta loss.

Thechoiceof acomputationaldatamodelto containsomedatasetdependsin
many caseson thewhimsandpreferencesof theuser, aswell ason thedata
analysissoftwareto beused.Severaldifferentdatamodelsmaybeequallyuseful

1In the remainderof this document,the phrasesequencedata, or just sequence, will meanan
orderedset of elementseachof which containsone or more sub-elementswhereall of the sub-
elementsof anelementaresomehow relatedto eachother.
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Figure6.3: ExampleDataDescriptionof XBT StationUsingArrays

for agiventask.Of course,somedatamodelswill containmoreinformationabout
thedatathanothers,but this informationcanalsobecarriedin a scientist's head.

Notethatwith acarefullychosensetof datatypeconstructors, suchasthose
we've usedin theprecedingexamples,ausercanimplementanin®nite numberof
datamodels.Theexamplesabove usetheDODSDatasetDescriptorStructure
(DDS) format,whichwill becomeimportantin laterdiscussionsof thedetailsof
theDODSDataAccessProtocol.Theprecisedetailsof theDDSsyntaxare
describedin Section6.4.1onpage81.

6.1.1 Data Models and APIs

A dataaccessApplicationProgramInterface (API) is a library of functions
designedto beusedby acomputerprogramto read,write, andsampledata.Any
givendataaccessAPI canbesaidto de®neimplicitly somedatamodel.Thatis,
thefunctionsthatmake up theAPI acceptandreturndatausingacertain
collectionof computationaldatatypes:multi-dimensionalarraysmightbe
requiredfor somedata,scalarsfor others,lists for others.Thiscollectionof data
types,andtheiruseconstitutethedatamodelrepresentedby thatAPI. (Or data
models—thereis noreasonanAPI cannotaccommodateseveraldifferent
models.)

Amongothers,DODScurrentlysupportstwo verydifferentdataaccessAPIs:
netCDFandJGOFS.ThenetCDFAPI is designedfor accessto griddeddata,but
hassomelimited capacityto accesssequencedata.TheJGOFSAPI provides
accessto relationalor sequencedata.BothAPIssupportaccessin several
programminglanguages(at leastC andFortran)andbothprovideextensive
supportfor limiting theamountof dataretrieved.For exampleaprogram
accessingagriddeddatasetusingnetCDFcanextractasubsampledportionor
hyperslab of thatdata.Likewise,theJGOFSAPI providesapowerful setof
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operatorswhichcanbeusedto specifywhichsequenceelementsto extract(for
example,ausercouldrequestonly thosevaluescorrespondingto datacaptured
between12:01amand11:59am)aswell asmaskingcertainparametersfrom the
returnedelementssothatonly thoseparametersneededby theprogramare
returned.

6.1.2 Translating Data Models

Theproblemof datamodeltranslationis centralto theimplementationof DODS.
With aneffective datatranslator, aDODSprogramoriginally designedto read
netCDFdatacanhave someaccessto datasetsthatuseanincompatibledata
model,suchasJGOFS.

In general,it is notpossibleto de®neanalgorithmthatwill translatedatafrom
any modelto any other, without losinginformationde®nedby thepositionof data
valuesor therelationsbetweenthem.Someof theseincompatibilitiesareobvious;
adatamodeldesignedfor timeseriesdatamaynotbeableto accommodate
multi-dimensionalarrays.Othersaremoresubtle.For example,asequencelooks
verysimilar to acollectionof lists in many respects.However, asequenceis an
orderedcollectionof datatypes,whereasa list impliesnoorder. However, there
aremany usefultranslationsthatcanbedone,andtherearemany othersthatare
still usefuldespitetheir inherentinformationloss.

For example,considera relationalstructurelike theonein ®gure6.4. This is
similar to theexamplesin Section6.1onpage66,rearrangedto accommodatean
entirecruiseworthof temperature-depthmeasurements.This is thesortof data
typethattheJGOFSAPI is designedto use.
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Figure6.4: ExampleDataDescriptionof XBT Cruise

Notethateachentryin the
� � ��� � �

sequenceis composedof a tupleof datavalues
(oneof which is itself asequence).Werewe to arrangethesedatavaluesasa
table,they might look like this:
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Thiscanbemadeinto anarray, althoughthatintroducesredundancy.
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Thedatais now in a form thatmaybereadby anAPI suchasnetCDF. But
considertheanalysisstage.Supposeauserwantsto seegraphsof stationdata.It
is notobvioussimply from thearrangementof thearraywhereastationstopsand
thenext onebegins.Analyzingdatain this formatis nota functionlikely to be
accommodatedby aprogramthatusesthenetCDFAPI.
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6.2 Data Access Protocol

TheDODSDataAccessProtocol (DAP) de®neshow aDODSclientanda
DODSserver communicatewith oneanotherto passdatafrom theserver to the
client. Thejob of thefunctionsin theDODSclient library is to translatedatafrom
theDAP into theform expectedby thedataaccessAPI for which theDODS
library is substituting.Thejob of aDODSserver is to translatedatastoredona
disk in whatever formatthey happento bestoredin to theDAP for transmissionto
theclient.

TheDAP consistsof four components:

¶ An intermediatedatarepresentationfor datasets.This is usedto transport
datafrom theremotesourceto theclient. Thedatatypesthatmake up this
representationmaybethoughtof astheDODSdatamodel.

· A formatfor theancillary data neededto translatea datasetinto the
intermediaterepresentation,andto translatetheintermediaterepresentation
into thetargetdatamodel.Theancillarydatain turnconsistsof two pieces:

ü A descriptionof theshapeandsizeof thevariousdatatypesstoredin
somegivendataset.This is calledtheDataDescriptionStructure
(DDS).

ü Capsuledescriptionsof someof thepropertiesof thedatastoredin
somegivendataset.This is theDataAttributeStructure (DAS).

¸ A procedure for retrieving dataandancillarydatafrom remoteplatforms.

¹ An API consistingof DODSclassesanddataaccesscallsdesignedto
implementtheprotocol,

Theintermediatedatarepresentationandtheancillarydataformatsareintroduced
in Section6.3onpage72andSection6.4onpage81,below. Thestepsof the
procedureareoutlinedin Section5.1onpage50,andtheDODScoresoftwareis
describedin theTheDODSToolkit Programmer's Guide.
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6.3 Data representation

Therearemany populardatastorageformats,andmany morethanthatin use.
Theseformatsareoptimized(it they areoptimizedatall) for datastorage,andare
notgenerallysuitablefor datatransmission.In orderto transmitdataover the
Internet,DODSmusttranslatethedatamodelusedby aparticularstorageformat
into thedatamodelusedfor transmission.

If thedatamodelfor transmissionis de®nedto begeneralenoughto encompass
theabstractionsof severaldatamodelsfor storage,thanthis intermediate
representation–thetransmissionformat–canbeusedto translatebetweenonedata
modelandanother.

TheDODSdatamodelconsistsof a fairly elementarysetof basetypes,combined
with anadvancedsetof constructsandoperatorsthatallows it to de®nedatatypes
of arbitrarycomplexity. Thisway, theDODSdataaccessprotocolcanbeusedto
transmitdatafrom virtually any datastorageformat.

Theelementsof theDODSdataaccessprotocolare:

ü BaseTypesThesearethesimpledatatypes,like integers,�oating point
numbers,strings,andcharacterdata.

ü Constructor TypesThesearethemorecomplex datatypesthatcanbe
constructedfrom thesimplebasetypes.Examplesarestructures,
sequences,arrays,andgrids.

ü Operators Accessto datacanbeoperationallyde®nedwith operators
de®nedon thevariousdatatypes.

ü External Data RepresentationIn orderto transmitthedataacrossthe
Internet,thereneedsto beamachine-independentde®nitionof whatthe
variousdatatypeslook like. For example,theclientandserver needto
agreeon themostsigni®cantdigit of a particularbytein themessage

Theseelementsarede®nedin greaterdetailin thesectionsthatfollow.

6.3.1 Base Types

TheDODSdatamodelusestheconceptsof variablesandoperators.Eachdataset
is de®nedby asetof oneor morevariables,andeachvariableis de®nedby aset
of attributes.A variable's attributes—suchasunits,nameandtype—mustnotbe
confusedwith thedatavalue(or values)thatmayberepresentedby thatvariable.
A variablecalled

� ��� �

maycontainanintegernumberof minutes,but it doesnot
containaparticularnumberof minutesuntil acontext, suchasaspeci®cevent
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recordedin adataset,is provided.Eachvariablemayfurtherbetheobjectof an
operatorthatde®nesasubsetof theavailabledataset.This is detailedin
Section6.3.3onpage77.

Variablesin theDODSDAP have two forms.They areeitherbasetypesor type
constructors.Basetypevariablesaresimilar to prede®nedvariablesin procedural
programminglanguageslike C or Fortran(suchas

�




�

or
�




���

�

���

	

1

). While
thesecertainlyhave aninternalstructure,it is notpossibleto accesspartsof that
structureusingtheDAP. Basetypevariablesin theDAP have two prede®ned
attributes(or characteristics):name,andtype.They arede®nedasfollows:

Name A uniqueidenti®erthatcanbeusedto referencethepartof thedataset
associatedwith thisvariable.

Type Thedatatypecontainedby thevariable.Thiscanbeoneof �

�����

, ��


� 	�


,
� ��
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,
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 ��	��9��1

, �
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�� , and ��


�

. Where:
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is asinglebyteof data.This is thesameas
�




���

�	


� � �

�

	��

in ANSI
C.

��


� 	�


is a32bit two'scomplementinteger—it is synonymouswith long in
ANSI C whenthattypeis implementedas32bits.

� ��


� 	�


is a32bit unsignedinteger.
,�
���	��9�31

is theIEEE64bit �oating pointdatatype.

�

�����


�� is asequenceof bytesterminatedby a null character.

�

� 


is astringcontaininga DODSURL. Pleasereferto Section2.1on
page18 for moreinformationaboutthesestrings.A special	 operator
is de®nedfor a URL. If thevariable

� ��� � � 


is de®nedasa URL data
type,then

����� ����


indicatesthestringspellingout theURL, and
	

����� ����


indicatesthedataspeci®edby theURL.

Thedeclarationin aDDSof avariableof any of thebasetypesis simply thetype
of thevariable,followedby its name,andasemicolon.For example,to declarea

� �




�

� variableto bea32-bit integer, onewould type:
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� 	�
 ���




�

�

�

6.3.2 Constructor Types

Constructortypes,suchasarrays,structures,andlists,describethegroupingof
oneor morevariableswithin adataset.Theseclassesareusedto describedifferent
typesof relationsbetweenthevariablesthatcomprisethedataset.For example,an
arraymight indicatethatthevariablesgroupedareall measurementsof thesame
quantitywith somespatialrelationto oneanother, whereasa structuremight
indicateagroupingof measurementsof disparatequantitiesthathappenedat the
sameplaceandtime.
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Therearesix classesof typeconstructorvariablesde®nedby theDODSDAP:
lists,arrays,structures,sequences,functions,andgrids.Thetypesarede®nedas:

List Thelist typeconstructoris usedto hold listsof 0 or moreitemsof onetype.
Listsarespeci®edusingthekeyword


���� �

beforethevariable's class,for
example,


 � �����




� 	�


or

���� �

�

� � �

. Accessto theelementsof a list is
possibleusingoneof thethreeoperatorsshown in table6.1:

list.

��


��

�

� Returnstheintegerlengthof thelist.

list.


�

�

� � �

Returnsthenth memberof thelist.

list.
� � ������� ����� 
 � � �

Returns
�������

if thevalueis amemberof thelist.

NOTE: Thesyntaxof theseoperatorsdiffersbetweentheirusein a
C++ programandaconstraintexpression.Thelengthof some
list, givenby


 � � �

�


��


��

�

�

���

in aprogram,wouldbe

��


��

�

�

� 
�� ��� �

in aconstraintexpression.Similarly, in a
constraintexpression,thepositionof avaluein a list is given
by 


�

�

� 
���� ��� ��	 
 ��� �

, andthepresenceof avalueis
indicatedby

��� ������� � 
 � ����� � 	 
 �����

. SeeSection4.1on
page36 for moreinformationaboutconstraintexpressions.

A list declarationto createa list of integerswould look like thefollowing:
� � ���

��


� 	�
 � �




�

�

� �

Array An array is aonedimensionalindexeddatastructureasde®nedby ANSI
C. Multidimensionalarraysarede®nedasarraysof arrays.An arraymay
besubsampledusingsubscriptsor rangesof subscriptsenclosedin brackets
(

���

). For example,
����� � � 	�� � 1��

would indicatethevaluein thefourth row
and®fth columnof the

� � � �

array.2 A chunkof anarraymaybespeci®ed
with subscriptranges;thearray

��� � ���+
 ����"�� � 	 � 1��

indicatesanarrayof
ninerowsandtwo columnswhosevalueshave beenlifted intactfrom the
larger

� � � �

array.

A hyperslab maybeselectedfrom anarraywith astridevalue.Thearray
representedby

� � � � ��
 �#
 �	��" � � 	 �+1��

wouldhave only ®verows; the
middlevaluein the®rst subscriptrangeindicatesthattheoutputarray
valuesareto beselectedfrom alternateinputarrayrows. Thearray

����� ���+
 � 	 ����"�� � 	 � 1��

wouldselectfrom every third row, andsoon.
table6.1shows thesyntaxfor arrayaccessesincludinghyperslabs.

To declarea
�����

arrayof �oating pointnumbers,thedeclarationwould
look like thefollowing:

, 
���	�����1 ��	���	 ��$�� �+� ���

2As in C, DODSarrayindicesstartat zero.
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In additionto its magnitude,everydimensionof anarraymayalsohave a
name.Thepreviousdeclarationcouldbewritten:

,�
���	��9�31 � 	���	 �

�

���

� �

�(��$�� ��� � ���

�

��� ���

Structure A Structureis aclassthatmaycontainseveralvariablesof different
classes.However, thoughit impliesthatits membervariablesarerelated
somehow, it conveys no relationalinformationaboutthem.Thestructure
typecanalsobeusedto groupasetof unrelatedvariablestogetherinto a
singledataset.The

� 	���	������

classnameis asynonym for
� ��� � ��� � ���

.

A Structuredeclarationcontainingsomedataandthemonthin which the
datawastakenmight look like this:
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���

Usethe � operatorto referto membersof aStructure. For example,
� ��	 ����� � � �




�

�

���




�

� would identify theintegermemberof theStructure
de®nedin theabove declaration.

SequenceA Sequenceis anorderedsetof variableseachof whichmayhave
severalvalues.Thevariablesmaybeof differentclasses.Eachelementof a
Sequenceconsistsof avaluefor eachmembervariable.ThusaSequence
canberepresentedas:

� ��� ����� � ���

...
. . .

...
� .�� ����� � . �

Every instanceof sequence� hasthesamenumber, order, andclassof
membervariables.A Sequenceimpliesthateachof thevariablesis related
to eachotherin somelogicalway. For example,asequencecontaining
positionandtemperaturemeasurementsmight imply thatthetemperature
measurementsweretakenat thecorrespondingposition.A sequenceis
differentfrom astructurebecauseits constituentvariableshave several
instanceswhile astructure's variableshave only oneinstance(or value).
Becauseasequencehasseveralvaluesfor eachof its variablesit hasan
impliedstate, in additionto thosevalues.Thestatecorrespondsto asingle
elementin thesequence.

A Sequencedeclarationis similar to aStructure's. For example,the
following wouldde®neaSequencethatwouldcontainmany memberslike
theStructure de®nedabove:
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Notethat,unlike anArray, aSequencehasno index. Thismeansthata
Sequence's valuesarenotsimultaneouslyaccessible.Like aStructure, the
variable

� ��	 ����� � � �




�

�

���




�

� hasasinglevalue.Thedistinctionis that
this variable's valuechangesdependingon thestateof theSequence.

Grid A Grid is anassociationof an � dimensionalarraywith � namedvectors
(one-dimensionalarrays),eachof whichhasthesamenumberof elements
asthecorrespondingdimensionof thearray. Eachdatavaluein thegrid is
associatedwith thedatavaluesin thevectorsassociatedwith its
dimensions.

As anexample,consideranarrayof temperaturevaluesthatis six columns
wideby ®verows long. Supposethatthisarrayrepresentsmeasurementsof
temperatureat ®vedifferentdepthsin six differentlocations.Theproblem
is theindicationof thepreciselocationof eachtemperaturemeasurement,
relative to oneanother.3

If thesix locationsareevenlyspaced,andthe®vedepthsarealsoevenly
spaced,thenthedatasetcanbecompletelydescribedusingthearrayand
two scalarvaluesindicatingthedistancebetweenadjacentverticesof the
array. However, if thespacingof themeasurementsis not regular, asin
®gure6.5thenanarraywill beinadequate.To adequatelydescribethe
positionsof eachof thepointsin thegrid, thepreciselocationof each
volumeandrow mustbedescribed.

Thesecondaryvectorsin theGrid datatypeprovideasolutionto this
problem.Eachmemberof thesevectorsde®nesavaluefor all thedata
valuesin thecorrespondingrankof thearray. Thevaluecanrepresent
locationor timeor someotherquantity, andcanevenbeaconstructordata
type.Thefollowing declarationwouldde®neadatatypethatcould
accommodateastructurelike this:
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��� �/�

,�
���	��9�31 � 	���	 � ����� ��	




� ����� � � ��� � �

�

��$����

,�
���	��9�31 ����� ��	




� � �+� ���

,�
���	��9�31 � � ���

�

��$����

�

����	���� �������




���

In theabove example,anvectorcalled
��� � �

� wouldcontain®vevalues
correspondingto thedepthsof eachrow of thearray, while anothervector
called

� � � � 	




���

mightcontainthescalardistancebetweenthelocationof
thecorrespondingcolumn,andsomereferencepoint. The

� � ����	




���

array
couldalsocontainsix (latitude,longitude)pairsindicatingtheabsolute
locationof eachcolumnof thegrid.

3The absolutelocationandorientationof the entirearray is speci®edby anothersetof scalar
values;wearehereconsideringtherelationshipbetweendatatypemembers.
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Figure6.5: An IrregularGrid of Data.
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6.3.3 Operator s

Accessto variablescanbemodi®edusingoperators.Eachtypeof variablehasits
own setof selectionandprojectionoperatorswhichcanbeusedto modify the
resultof accessingavariableof thattype.table6.1lists thetypesandthe
operatorsapplicableto them.In thetable,operatorshave themeaningde®nedby
ANSI C exceptasfollows: thearrayhyperslaboperatorsareasde®nedby
netCDF[4], thestringoperatorsareasde®nedby AWK[2] , andthelist operators
areasde®nedby CommonLisp[5] .

Two of theoperatorsdeserve specialnote.Individual®eldsof typeconstructors
maybeaccessedusingthedot ( � ) operatoror thevirtual ®le systemsyntax.If a
structure

�

hastwo ®elds
�������

and
����� � ����	�� � ���

, thenthose®eldsmaybe
accessedusing

�

�

�������

and
�

�

��� � ������	������ �

or as
��� � �����

and
����� � � ����� 	��������

.
Also, aspecialdereferencing	 operatoris de®nedfor aURL. This is roughly
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Table6.1: Classesandoperatorsin theDAP.

Class Operators

SimpleTypes
Byte, Int32,
UInt32,
Float64
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��� � 
2�

�

�

String
��� �

���

URL 	

CompoundTypes
Array
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Structure �

Sequence �

Grid
� � � 	���� � ��� � � �

� � � 	���� � ����� � � � � � � � �	�

�

analogousto thepointer-dereferenceoperatorof ANSI C. Thatis, if thevariable
� ��� � � 


is de®nedasa URL datatype,then
� ��� ��� 


indicatesthestringspelling
out theURL, and 	

� ��� ��� 


indicatestheactualdataindicatedby theURL.

More informationaboutvariablesandoperatorscanbefoundin thediscussionof
constraintexpressionsin Section4.1onpage36.

6.3.4 External Data Representation

Eachof thebase-typeandtypeconstructorvariableshasanexternal
representationde®nedby theDODSdataaccessprotocol.This representationis
usedwhenanobjectof thegiventypeis transferredfrom onecomputerto another.
De®ningasingleexternalrepresentationsimpli®esthetranslationof variables
from onecomputerto anotherwhenthosecomputersusedifferentinternal
representationsfor thosevariabletypes.

Constraintexpressionsdonotaffecthowa base-typevariableis transmittedfrom
aclient to a server; they determineif avariableis to betransmitted.For
constructortypevariables,however, constraintexpressionsmaybeusedto
excludeportionsof thevariable.For example,if aconstraintexpressionis usedto
selectthe®rst threeof six ®eldsin astructure,thelastthree®eldsof thatstructure
arenot transmittedby theserver.

ThedataaccessprotocolusesSunMicrosystems'XDR protocol[6] for the
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Table6.2: TheXDR datatypescorrespondingto DODSbase-typevariables

BaseType XDR Type
Byte


���� �	��� �

Int32

���� 
��


��

UInt32

���� �




���

�	


��� 
��


��

Float64

���� � � ��� 
��

String

���� � ��� �


��

URL

���� � �����


��

externalrepresentationof all of thebasetypevariables.table6.2shows theXDR
typesusedto representthevariousbasetypevariables.

In orderto transmitconstructortypevariables,thedataaccessprotocolde®nes
how thevariousbasetypevariables,whichcomprisetheconstructortype
variables,aretransmitted.Any constructortypevariablemaybesubjectto a
constraintexpressionwhichchangestheamountof datatransmittedfor the
variable(seeSection4.1onpage36 for moreinformationaboutconstraint
expressions.).For eachof thesix constructortypesthesede®nitionsare:

Array An Array is sentusingthe

���� 	���� 	 �

function.ThismeansthatanArray
of 100 ��


� 	�


s is sentasasingleblockof 100

���� 
��


�� s,not100separate

���� 
 �


�� s.

List A List is sentasif it wereanArray.

Structure A Structure is sentby encodingeach®eld in theorderthose®eldsare
declaredin theDDSandtransmittingtheresultingblockof bytes.

SequenceA Sequenceis transmittedby encodingeachitem in thesequenceasif
it wereaStructure, andsendingeachsuchstructureaftertheother, in the
orderof theiroccurrencein thesequence.Theentiresequenceis sent,
subjectto theconstraintexpression.In otherwords,if noconstraint
expressionis suppliedthentheentiresequenceis sent.However, if a
constraintexpressionis givenall therecordsin thesequencethatsatisfythe
expressionaresent4.

Grid A Grid is encodedasif it wereaStructure (onecomponentaftertheother,
in theorderof theirdeclaration).

Theexternaldatarepresentationusedby aDODSserver andclientmaybe
compressed,dependingon thecon®gurationof therespective machines.The

4Theclient processcanlimit the informationreceivedby eitherusinga constraintexpressionor
prematurelyclosingtheI/O stream.In thelattercasetheserver will exit without sendingtheentire
sequence.
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compressionis doneusingthe ���

� �

program.Only thedatatransmissionitself
will beaffectedby this; thetransmissionof theancillarydatais notcompressed.
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6.4 Ancillar y data

In orderto usesomedataset,ausermusthave someinformationathisor her
disposalthatis notstrictly includedin thedatasetitself. This information,called
ancillary data (andsometimescalledmetadata5), describestheshapeandsizeof
thedatatypesthatmake up thedataset,andprovidesinformationaboutmany of
thedataset's attributes,aswell. DODSusestwo differentstructures,to supply
thisancillaryinformationaboutaDODSdataset.TheDatasetDescriptor
Structure(DDS)describesthedataset's structureandtherelationshipsbetweenits
variables,andtheDatasetAttributeStructure(DAS) providesinformationabout
thevariablesthemselves.Bothstructuresaredescribedin thefollowing sections.

6.4.1 Dataset Descriptor Structure

In orderto translatedatafrom onedatamodelinto another, DODSmusthave
someknowledgeaboutthetypesof thevariables,andtheirsemantics,that
compriseagivendataset.It mustalsoknow somethingabouttherelationsof
thosevariables—eventhoserelationswhichareonly implicit in thedataset's own
API. Thisknowledgeaboutthedataset's structureis containedin a text
descriptionof thedatasetcalledtheDatasetDescriptionStructure .

TheDDSdoesnotdescribehow theinformationin thedatasetis physically
stored,nordoesit describehow thedatasetAPI is usedto accessthatdata.Those
piecesof informationarecontainedin theAPI itself andin theDODSserver,
respectively. Theserver usestheDDSto describethestructureof aparticular
datasetto a translator—theDDScontainsknowledgeaboutthedatasetvariables
andtheinterrelationsof thosevariables.In addition,theDDScanbeusedto
satisfysomeof theDODS-supportedAPI datasetdescriptioncalls.For example,
netCDFhasa functionwhich returnsthenamesof all thevariablesin anetCDF
data®le. TheDDScanbeusedto getthatinformation.

TheDDSis a textualdescriptionof thevariablesandtheir classesthatmake up
somedataset.TheDDSsyntaxis basedon thevariabledeclarationandde®nition
syntaxof C andC++. A variablethatis amemberof oneof thebasetypeclasses
is declaredby writing theclassnamefollowedby thevariablename.Thetype
constructorclassesaredeclaredusingC'sbracenotation.A grammarfor the
syntaxis givenin table6.3. Eachof thekeywordsfor thetypeconstructorand
basetypeclasseshave alreadybeendescribedin Section6.3onpage72. The

�

	���	������

keyword hasthesamesyntacticfunctionasStructure but is usedfor
thespeci®cjob of enclosingtheentiredatasetevenwhenit doesnot technically
needanenclosingelement.

DifferentdataaccessAPIswill storetheinformationin theDDSin different
5We have learnedto shyaway from this termsincewe have foundthat`metadata'to oneperson

is `data' to another;thecategorizationoftenlimits theusefulnessof theunderlyinginformation.
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Table6.3: DatasetDescriptorStructureSyntax

dataset �

R�"#Rc7)@�"��

declarations � name �

declaration �

?$7_"

declaration
base-typevar �

�

"$>�=

F

")=<><@��

declarations � var �

�

@	�)=8@VL

F

@
�

declarations � var �

�

>;?V5���
����	
�� �

declaration �


	�

�

�

declarations � var �

base-type ���

"#@

�ML<"

���

����L<"

���

���$6$R�"��

�

�

"$>;?�L<:

�c>��

var name
namearray-decl

array-decl � integer  

� name! integer  

name User-chosennameof dataset,variable,or arraydimension.

places.SomeAPIsareself-documentingin thesensethatthedata®lesthemselves
will containall theinformationaboutthestructureof theirdatatypes.OtherAPIs
needsecondary®lescontainingwhatis calledancillarydata, describingthedata
structure.For someAPIs,suchasnetCDF, gatheringtheancillaryinformation
from thedataarchive maybea time-consumingprocess.TheDODSserver for
theseAPIsmaycacheancillarydata®lesto save time. An exampleDDSentryis
shown in ®gure6.6. (SeeSection6.1onpage66 for anexplanationof the
informationimpliedby thedatamodel,andfor severalotherDDSexamples).

WhencreatingaDDSto bekeptin anancillary®le, youcanusethe " characteras
acommentindicator. All charactersafterthe " ona line areignored.

6.4.2 Dataset Attrib ute Structure

TheDatasetAttributeStructure (DAS) is usedto storeattributesfor variablesin
thedataset.An attributeis any pieceof informationaboutavariablethatthe
creatorwantsto bindwith thatvariableexcludingthetypeandshape,whichare
partof theDDS.Attributescanbeassimpleaserrormeasurementsor aselaborate
astext describinghow thedatawascollectedor processed6. In principle,
attributesarenotprocessedby software,otherthanto bedisplayed.However,
many systemsrely onattributesto storeextra informationthatis necessaryto
performcertainmanipulationsof data.In effect,attributesareusedto store
informationthatis used̀ by convention' ratherthan`by design'.DODScan

6To de®neattributesfor theentiredataset,createanentry for a variablewith thesamenameas
thedataset.
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Figure6.6: ExampleDatasetDescriptorEntry.

effectively supporttheseconventionsby passingtheattributesfrom datasetto
userprogramvia theDAS. Of course,DODScannotenforceconventionsin
datasetswherethey werenot followedin the®rst place.

Similarly to theDDS,theactuallocationof theDAS storagewill vary from one
API to another. Data®lescreatedwith someAPIswill containwithin themselves
attributeinformationthatcanbecontainedin theDAS. For theseAPIs, theDAS
will beconstructeddynamicallyby theDODSserver from datawithin the®les.

OtherdataaccessAPIsmusthave attributeinformationspeci®edin anancillary
data ®le. APIs thatcontainattributeinformationcanhave thatinformation
enrichedby theadditionof theseancillaryattribute®les.These®lesaretypically
storedin thesamedirectoryasthedata®les,andgiventhesamenameasthedata
®les,appendedwith �

��	��

.

Thesyntaxfor attributesin aDAS is givenin table6.4.Everyattributeof a
variableis a triple: attributename,typeandvalue.Notethattheattributes
speci®edusingtheDAS aredifferentfrom theinformationcontainedin theDDS.
Eachattributeis completelydistinctfrom thename,type,andvalueof its
associatedvariable.Thenameof anattributeis anidenti®er, following thenormal
rulesfor anidenti®erin aprogramminglanguagewith theadditionthatthe`/'
charactermaybeused.Thetypeof anattributemaybeoneof: Byte, Int32,
UInt32, Float64, Stringor Url . An attributemaybescalaror vector. In thelatter
casethevaluesof thevectorareseparatedby commas(,) in thetextual
representationof theDAS.

WhencreatingaDAS to bekeptin anancillary®le, youcanusethe " characteras
acommentindicator. All charactersafterthe " ona line areignored.
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Table6.4: DatasetAttributeStructureSyntax

DAS

$"�"$>;?�I$=#"<@c7��

var-attr-list �

var-attr-list var-attr
var-attr-list var-attr
(emptylist)

var-attr variable
�

attr-list �

container
�

var-attr-list �

global-attr
alias

global-attr
�

�$6_I8R��

variable
�

attr-list �

attr-list attr-triple �

attr-list attr-triple
(emptylist)

attr-triple attr-typeattributeattr-val-vec �

attr-val-vec attr-val
attr-val-vec � attr-val

attr-val numericvalue
variable
ªstringº

attr-type ���

"<@

��L<"

�	�

� ��L<"

���

���$6$R)"��

�

�

"$>;?ML<:

�8>��

alias

��c?)Rc7

alias-namevariable �

variable user-chosenvariablename
attribute user-chosenattributename
container user-chosencontainername
alias-name user-chosenaliasname
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Container s

An attributecancontainanotherattribute,or setof attributes.This is roughly
comparableto thewaycompoundvariablescancontainothervariablesin the
DDS.Thecontainerde®nesanew lexical scopefor theattributesit contains7.

Considerthefollowing example:
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Figure6.7: An Exampleof AttributeContainers

Here,theattribute �

��
�


�

��	 � � � 	 � �

wouldbeassociatedwith thestringªEvansº,
and �

��
�


� ���

�

with thenumber53. However, theattribute
�

��
�


�

� 	�� ��
 � 	

�

��	 � � ��	 � �

wouldbeassociatedwith thestringªFinkºand
�

��
�


�

� 	�� ��
 � 	

� ���

�

with thenumber26.

Usingcontainerattributesasabove,youcanconstructaDAS thatexactlymirrors
theconstructionof aDDSthatusescompounddatatypes,like Structure and
Sequence. Notethatthoughthe �

��
�


attributeis a container, it hasattributesof its
own, aswell. Thisexactlycorrespondsto thesituationwhere,for example,a
Sequencewouldhave attributesbelongingto it, aswell asattributesfor eachof its
membervariables.Supposethesequencerepresenteda singletimeseriesof
measurements,whereseveraldifferentdatatypesaremeasuredateachtime. The
sequenceattributesmightbethetimeandlocationof themeasurements,andthe
individual variablesmighthave attributesdescribingthemethodor accuracy of
thatmeasurement.

Aliases

Building on thepreviousexample,it mightbetruethatit wouldbeconvenientto
referto Matildawithoutpre®xingevery referencewith �

��
�


. In thiscase,wecan
de®neanalias attributeasfollows:

7Containers,aliases,andglobalattributeswereintroducedinto DODSat version2.16. In early
DODSreleases,theDAS wasnot a hierarchicalstructure;it wassimilar to a ¯at-®ledatabase.Al-
thoughusingthenew structureis stronglyrecommendedfor new code,old codewill still work with
theold DAS. SeeTheDODSToolkit Referencefor adescriptionof thechangesmadeto theAttrTable
class.
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Figure6.8: An Exampleof AttributeAlias

By de®ninganequivalencebetweenthealias
� 	�� ��
 � 	

andtheoriginalattribute
�

��
�


�

��	�� ��
 ��	

, thestring
��	�����
 ��	

� ���

�

canbeusedwith or without thepre®x
�

��
�


. In eithercase,theattributevaluewill be26.

Global Attrib utes

A globalattribute is notboundto aparticularidenti®erin adataset;these
attributesarestoredin oneor morecontainerswith thename�


��	� 	 


or ending
with �


 �	��	�


. Globalattributesareusedto describeattributesof anentiredataset.
For example,aglobalattributemightcontainthenameof thesatelliteor ship
from which thedatawascollected.Here's anexample:
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Figure6.9: An Exampleof GlobalAttributes
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Globalattributescanbeusedto de®neacertainview of adataset.For example,
considerthefollowing DAS:
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Figure6.10:An Exampleof GlobalAttributesIn Use

Here,adatasetcontainstemperatureandsalinitymeasurements.To aid
processingof thisdatasetby someDODSclient, longnamesaresuppliedfor the

�

��� �

and �

	 
 �

variables.However, adifferentclient (FNO)spellsvariablenames
differently. Sinceit is seldompracticalto comeupwith general-purpose
translationtables8, thedatasetadministratorhaschosento includethesesynonyms
underthe

, �


 �


 �	� 	 


attributes,asaconvenienceto thoseusers.

SimilarconveniencescanbeprovidedusingtheAlias feature.In theexamplein
®gure6.10,thetemperaturevariablecanbereferredto as

, �


 �


 �	� 	 


� � if
desired.Thatis, aglobalaliascanprovideaclientwith aknown attributenameto
queryfor someproperty, evenif thatattributenameis notanintegral partof the
dataset.

8ªTemperatureºcanbespelledªTº, ªTempº,ªTEMPERATUREº,ªTEMPº,andsoon. Worse,
ªTºis alsocommonlyusedfor ªTime.º



88 Data and Data Models

Usingglobalattributes,adatasetor catalogadministratorcancreatea layerof
aliasesandattributesto make DODSdatasetsconformto severaldifferentdataset
namingstandards.Thisbecomessigni®cantwhentrying to compileaDODS
datasetdatabase.



Part V

Appendices





A
Installing the DODS Software

Thecurrentversionof theDistributedOceanographicDataSystemcoresoftware
is 3.2. Notethatthisnumberappliesonly to thecoresoftware.Theindividual
servers,clients,andclient librarieshave theirown versionnumbers.

Full informationaboutthelatestversionsof theDODSsoftwareis availablefrom
theDODSwebsite:DODSHomepage.

Thisversionof DODSusesCGI standard1.1.1.



92 Installing the DODS Software

A.1 Acquiring the DODS Software

The DODS Web Site

WerecommendthatyouusetheDODSHomepageto obtainthemostcurrent
versionof thesoftware.TheªSoftwareºpageincludesa form for selectingDODS
components.Completingtheform automaticallycreatesacustomcompressed
archive of all thesoftwarecomponentsyouselected,whichyoucanthen
downloadto yourown machine.

Whenever possible,youshouldusetheprovidedbinarysoftwareratherthan
trying to compileandlink DODSyourself.Compilingwill work, but theDODS
softwareis large,andit takesa long time to compile.

Don't forgetto selectthecoresoftwareaswell asthespeci®cdataaccessAPI or
server youneed.For aDODSclient,youwill alsoneed�

��
��

�

�

and ���

� �

.

By Anon ymous FTP

TheDODSsoftwaremaybedown-loadedby anonymous�

���

from theDODS
ftp site.

Don't forgetto down-loadthecoresoftware
��	��

®le aswell asthe
� 	��

®le
correspondingto whatever dataaccessAPI youneed.

TheDODSprojectprovidesasmallnumberof archive ®lescontaininglinked
librariesandexecutablesfor somecomputingplatforms.Youshouldusethese
®leswhenever possible,to avoid thehassleof compilingthesoftwareyourself.
TheDODSsoftwareis asubstantialchunkof code,andit takesa long time to
compileandlink.
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A.2 Installing the Software

To install theDODSsoftware,chooseadirectoryto betheDODSrootdirectory.
Thisdirectorymustbeidenti®edwith the ��
	��� 
�
�
�� environmentvariablefor
theDODSsoftwareto run.

First,settheworkingdirectoryto the ��
	��� 
�
�
�� directory.For example,
��
 � �����

��
����

�


�
�
��

��� � � ����
�� ��	 

�

��
	� �

� �

�	��
	���

�


�
�
	�

Next, expandthearchiveswith ���

� �

andunpacktheexpanded®leswith
��	��

:
���

� � � �

��
	���

��)�)�����


�

��	��

�����

��	�� ��

�

� ��
����

�3)�)�����


�

� 	��

If yougot the®lesvia anonymousftp, youwouldhave to repeattheprocessfor
eachdown-loadedarchive ®le, specifyingthenameof eachcomponent®le. For
example:

���

� � � �

��
	���

� � ��������


�

��.

�

� 	��

�����

��	�� ��

�

� ��
����

� � ��������


�

��.

�

��	��

Building the DODS Core

Unpackingthecoresoftwarearchive will createacon®gurescriptin the
��
���� 
�
�
�� directory. Thecoresoftwaremaythenbebuilt with:

� �

�	��
	���

�


�
�
	�

�

� � �


��

�

�

��� �

��	 ���

If youdownloadedbinary®les,youcanskip theªbuildingº steps.

Building a DODS Client or Server

Unpackingtheclient library archivesin the ��
���� 
�
�
�� directorywill produce
directoriessuchas �
�

� � � ���

for theJGOFSsoftwareand 


� � �������

for thenetCDF
software.Thesewill appearin the

� ���

subdirectoryunder��
���� 
�
�
�� . Eachof
thesedirectorieswill alsobeequippedwith acon®gurescriptto createamake®le,
sothebuild procedurefor themis thesameasfor thecoresoftware,for example:

� �

�	��
	���

�


�
�
	�

� �������




��� �������

�

� � �


��

�

�

��� �

��	 ���

Getting the Software Used by DODS

Severalpiecesof softwarearerequiredto runDODS.Theseareall freesoftware,
andaredescibedin AppendixB onpage99.
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A.2.1 Installing the DODS Libraries

In orderto link andrunclientprograms,theonly DODSsoftwarethatmustbe
installedaretheDODSlibraries.Thefollowing libraries,describedin
Section3.1onpage31mustbeinstalledin the

� � � ����
����

directory, or
somewhereelsewherethelinker will ®nd them.Simplycopy theminto that
directoryfrom theDODSdistribution.

ü

���� � 	 �����

�

	

ü TheDODSversionof theAPI yoursoftwareuses.

In additionto theDODSlibraries,thefollowing softwareis alsorequiredto link a
DODSclient. Youcanobtainthemfrom theDODSHomepageor DODSftp site.
(Look underyourmachinetype,thenunder��
	���

� � 	 � � 	

�

���	��
����

.) The®rst two
librariesshouldbepartof theTcl/Tk distribution. Theotherthreelibrariesare
GNU software.

ü

���������


�

	

ü

�������
 ��� ���

�

	

ü

���� � ���������

�

	

ü

������ 


�

	

(Regularexpressionsoftware.Partof the
���

�

��


package.)

ü

����

� �

	

(Compressionsoftware.Partof the ���

� �

distribution.)

To runaDODSclient,youshouldhave the
� � �

� and ���

� �

programsin the ������� ,
andthefollowing Tcl programsmustbeeitherin the ��
���� 
�
�
��

�������

directory:

ü
� � �

�

� �

�

����


ü
��� �

�

� �����

�

����


ü
����� ���

�

����


A DODSclientwill still executewithout theseprograms,but important
functionality, includingtheGUI managerandthedatacompressionwill beabsent.
Referto the �

�

�	���

���

®le includedin eachdistribution for speci®cinformation
aboutsettingup theclient.



A.3 The DODS Client Initialization File ( �

� ����� ���

) 95

A.3 The DODS Client Initialization File ( �

����������	

)

Thefollowing sectionrefersonly to DODSclientsfrom release3.2andafter.

WhenaDODSclientstartsup, it checksto seewhethertheuserhasan
initialization®le availableto controlthesettingof anumberof parametershaving
to dowith caching,proxyservers,andotherhttp issues.If this®le is not found,
oneis createdin theuser's homedirectory, usingdefault values.1

Theclient initialization®le is usuallycalled �

�����������

, andis usuallylocatedin
theuser's homedirectory. Youcanchangethisby creatinganenvironment
variablecalled ��
���� -���-�� � �

�

� � andsettingit to thefull pathnameof the
con®guration®le. As of DODSversion3.4,youshoulduse��
���� -�


��,

instead.
��
���� -���-�� � �

�

� � is deprecated,andwill disappearin futurereleases.

Hereis a samplecon®guration®le:

1 " �

	 � � 
�� � �
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�
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� ��	���� �


 �

��
��

2 � � �

�

-���-�� �

���

3
�

� �

�

-���-�� �

�

����
 �

��
�"

4
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��$

5 ���
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� ��� � 
 � �

��"

6 -���-	� �
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�
�
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���

�

� ����� � � �����

�

� ��� ��� ��	 �
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7 � �
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 � �

��)���1�"�"

8 ��
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����� �

�

���������
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� � ���
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���2,
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��� ��� �
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���

�

11 � �

,��

��� �

� �

12 �

���

�

�

�

�2�

�

�

� � ��� �

��"

Comments

Startinga line with a " makesthatline acomment.

Caching

Theparameterson lines2 through7 controlcaching.TheDODSclientcanstore
datayou've requestedonyour localcomputer. If yourepeata request,thedatacan
beretrievedfrom this localcache,saving theexpenseof anetwork connection.
Mostwebbrowsersoperatethesameway. Youcancontrolthecachingbehavior
with thefollowing con®guration®le parameters.

1Thedefaultvaluesenableamaximumcachesizeof 20megabytes,acacheexpirationtimeof 24
hours,andnoproxyservers.
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-���-�� � 
�
�
	� Thisparametercontainsthepathnameto thecache's topdirectory.
If two or moreuserswantto shareacache,thenthey mustbothhave read
andwrite permissionsto thecacheroot.

�

� � -���-	� � ��� 
 � Thevalueof
�

� � -���-	� � ��� 
 � setsthemaximumsizeof the
cachein megabytes.Oncethecachereachesthissize,cachingmoreobjects
will causecachegarbagecollection.DODSwill ®rst purgethecacheof any
staleentriesandthenremove remainingentriesstartingwith thosethathave
thelowesthit count.Garbagecollectionstopswhen90%of thecachehas
beenpurged.

�

� � -���-	� ��� 
 � � Thisparametersetsthemaximumsizeof any individualobject
in thecachein megabytes.Objectsreceivedfrom aserver largerthanthis
valuewill notbecachedevenif there's roomfor themwithoutpurging
otherobjects.

Many webdocuments,andDODSdata,aredeliveredwith anexpirationdatein
theirheaderinformation.Generally, this is donefor time-sensitive information
thatmaynotbevalid aftertheexpirationdate.Youcancontrolthebehavior of the
DODSclientwith respectto expirationdateswith two con®guration®le
parameters.

� �

�


�
 � � ��� � 
 ��� If thevalueof thisparameteris 1 (one),thenexpirationdates
will beignored,andthecachingbehavior will beruledby the

� �

,

���

�

� � ��� � 
 ��� parameter.

� �

,

�	�

�

� � ��� � 
 � � Any datareceivedwithoutanexpirationtimewill expire in
thenumberof secondsgivenby thisparameter. If ���

�


�
 � � ��� � 
 ��� is zero,
this will applyto all data,whetheror not it comeswith anexpirationdate.
Thevalueis givenin seconds.Thecon®gurationin theexampleis setfor 24
hours.

Proxy Servers

A DODSclientcannegotiateproxyservers,with helpfrom directionsderived
from its con®guration®le. Therearethreeparametersthatcontrolproxybehavior.
Therecanbemorethanoneof eachof thesedeclarations.

��
�
 �

�

� ��


�

��
 This identi®esa proxyserver to usefor all DODSrequests,
exceptfor requestsspeci®callymodi®edby theothertwo proxybehavior
directives.Theformatis:

��
�
 �

���

� ��


�

��


�

����������	
���

�

�
���������������
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Whereprotocol is thenameof aninternetprotocol,andproxy URL must
bea full URL to thehostrunningtheproxyserver. HTTPis theonly
internetprotocolsupportedby DODS,soprotocolwill alwaysread�

�����

.
Therecanbemorethanoneproxydeclaration,in whichcase,theDODS
clientwill usethe®rst proxyserver on thelist thatresponds.

��
�
 �

� ,


	
 The ��
�
 �

� ,


	
 parameterprovidesaway to specifythatURLs
whichmatcha regularexpressionshouldbeaccessedusingaparticular
proxyserver. Thesyntaxfor PROXY�FOR is:

��
�
 �

��� ,


	


�

������� ��� �������
���
	�	
����


�

���
�������
�����

�4���

������	

�

Whereregularexpressionis anexpressionwhichmatchestheURL or
groupof URLs. For example`http://dax.dods.org/.* �hdf' wouldmatcha
URL endingin `.hdf' at dax.dods.org. Theregularexpressionusesthe
POSIXbasicsyntax.proxy URL is thesameasabove.

The¯agsparameteris anoptionalintegerthatcon®gurestheregular
expressionmatcher. A valueof zerosetsthedefault. Thefour �ag values
andtheirmeaningsare:


 ��� � ��� �

�

� ��� If set,usethePOSIXextendedsyntaxregularexpressions.
To setthis,add1 to thevalueof ¯ags.


 ���

�

�

� �

�

�

� If set,then � and
� �

�����

�

don't matchnewline. Also, the
regularexpressionmatcherwill try a matchbeginningafterevery
newline. Setthisby adding2 to ¯ags.


 ��� � -�� � � If set,thenweconsiderupper- andlowercaseversionsof
lettersto beequivalentwhenmatching.Setby adding4 to ¯ags.


 ���

�


���� � If set,thenwhen ��
 ��� is passedto regexec,thatroutinewill
reportonly successor failure,andnothingabouttheregisters.Add 8
to ¯agsto setthis.

Youcan®nd abrief tutorial to regularexpressionsin theDODSbookshelf.
SeetheDODSdocumentationpageat DODSHomepage.

�


 ��
�
 �

�

Usethisparameterto saythataccessto acertainhostshouldnever go
throughaproxywithoutusingthemorecomplicatedregularexpression
syntax.Thesyntaxof

�


 ��
�
 �

�

is:

�




�

��
�
 �

���

����������	
���

���

�
	���
������

Whereprotocol is asfor ��
�
 �

�

����


�

��
 , hostnameis thenameof thehost,
notaurl.
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Compression

Many DODSserverssupportcompressionof thereturneddata.Thiscan
save network bandwidth,andtransmissiontime. Youcantell yourclient to
asktheserver for compresseddataby includinga line in your �

������� ���

®le
like this:

� �

,��

��� �

���

Usingavalueof zerowill make theclient requestonly uncompresseddata.
If thedirective is omitted,thedefault valueis zero.

Validation

Cachingdatalocally canberisky if thedatain questionchangeoften.The
�

� �

�

�

�

�

�

�

� ����� � optioncontrolswhethertheDODSclientchecksthe
validity of thecacheddata.Thevalidity checkin thiscaseis simplya
comparisonof thedatethedatawascachedwith theªLast-modi®edºdate
of theremotedata.If thecon®gurationvalueis setto 1, theclientwill
alwaysvalidatethecacheddata.If setto 0, thedatawill notbevalidated
(but mayexpire,accordingto thecachepolicy setby the

� �

,

���

�

� � ��� � 
 ��� con®gurationdirective).

If thedirective is omitted,thedefault valueis zero.Thatis, thedefault
behavior is not to validatethedata.



B
Software you will need for DODS

To doanythingwith DODS,you'll needto beableto unpackthearchive ®lesyou
candownloadfrom theDODSsite.To save spaceandtransmissiontime,the
archive ®lesarecompressedwith the ���

� �

program.Youwill have to have acopy
of thatprogramto unpacktheDODSsoftware.

Mostof thesoftwareyou needfor DODSis avaliablefrom theGNU archives.
Referto http://www.gnu.org for instructions.Look at
http://www.gnu.org/order/ftp.html for a list of mirrorsof thatarchive. Usethe
mirror closestto you, thetransmissionwill befaster.

gzip This is theGNU compressionandde-compressionprogram.Youwill need
to install it beforeyoucanunpackany of theothersoftwaredescribedhere.
Thispackageis not availablein theDODSdistribution,sinceit is usedto
unpackthedistribution archive ®les.

Follow theinstructionsto installeachof thefollowing softwarepackages.
Typically, you would installapackagecalled �

���

asfollows:

���

� � � � �

�

���

�

� 	��

����� �

��	�� 
 �

�

�

� �

�

���

�

� � �


��

�

�

��� �

��	 ���

��	 ��� �




� � 	 
�


This is simplyaguide,of course,andtheinstallationinstructionsfor each
softwarepackageshouldbefollowedcarefully.
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B.1 Running a DODS Server

If you useoneof theplatformsfor whichDODSsuppliesa binarydistribution,
youonly needthefollowing softwareto runaDODSserver.

Perl Perlis usedfor theserver dispatchscript.(SeeSection5.1onpage50.) This
is themainCGI programconstitutingtheDODSserver. Youmusthave Perl
version5 or later. (Alternatively, you canalsorewrite thedispatchscriptto
useanotherscriptinglanguage,suchasyourshell.However, we think
installingPerlis generallyasimplertask.)YoucangetPerlfrom theGNU
archives,or from http://www.perl.com.

B.2 Running a DODS Client

If you useoneof thepre-compiled,out-of-the-box,DODSclients,youwill need
noadditionalsoftwareto runDODS.However, youcanusetheªGUIºfeatureof
theDODSclient1 by installingthefollowing software.Werecommendthis,asit
providesusefulinformationabouttheprogressof datatransmissionor error
conditions.

Tcl/Tk TheTcl languageandTk librariesareavailablefrom
http://www.scriptics.com.Youshouldinstall theentirepackage,including
the

� � �

� interpreterprogram2 andthe
��
 ��� ���

package.The
�����

�

interpreteris partof theTcl/Tk coredistribution package.Thispackageis
alsoavailablein theDODSdistribution,but theoneavailablefrom theTcl
sitemaybemorecurrent.

1This is not to beconfusedwith theDODSMatlabor IDL GUIs,which areclientsof theirown.
This is simplyaclient featurethatcandisplaytransmissionanderrorinformationto theuser.

2YoucanalsouseasafeTcl interpreter. Referto theTcl documentationfor information.
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B.3 Building DODS

If youneedto build theDODSsoftware,or link it to existing libraries,youwill
needthefollowing GNU software.Referto http://www.gnu.org for instructions.
Look athttp://www.gnu.org/order/ftp.html for a list of mirrorsof thatarchive. Use
themirror closestto you, thetransmissionwill befaster.

GNU C++ Compiler DODSneeds�

���

, theGNU C++ compilerto compile.

binutils TheGNU linker is partof thispackage.

libstdc++ ThestandardC++ library.

GNU Make GNU Make is notessential,but will make like easier.

�ex TheGNU lexical-analyzergenerator

bison TheGNU parsergenerator.
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alias

A synonym. DODSusesaliasesin its attribute-namingscheme.An attributecan
have analias,or secondname,by whichausercanidentify it. An aliascanhave
aliasesof its own, but at thispoint, it becomesdif®cult to keeptrackof what
pointsto whom,andwedonot recommendthis.

Application Program Interface (API)

An API is simplyacollectionof functionsanddatatypesaprogramusesto access
someservice.Thedatatypesandfunctionsde®nedin

� � � � �

� � , suchas
�����




�

�

� �

, �

� ��� � � �

,
,

�

�

� , and �

��� ��� � �

, constituteacommonlyusedAPI for C
programI/O. Theadvantageof anAPI is thatit insulatestheuserfrom the
implentationdetailsof theprogram.

Array

An arrayis anorderedsetof variables.Themembersof aDODSarraymustall be
of thesamedatatype.Array membersmaybeaccessedwith the

� �

operator. That
is,

	�����	 � � 1��

speci®esthe®fth memberof
	���� 	 �

. Notethattheindex of the®rst
arraymemberis zero.Arrayswith multipledimensionsarede®nedas
single-dimensionalarraysof arrays.For example,a two-dimensionalarrayis an
arrayof arrays.

attrib ute

A qualityof adatavariable.Thiscouldbethemethodusedto measurethe
variable's value,thenameof thescientistwhomeasuredit, thecolorof thesky at
thetime,or whatever mightberelevant.

CommonGatewayInterface (CGI)
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A CGI programis aprogramthatis executedby ahttpdserver uponreceiving an
appropriatelycon®guredURL. TheDODSserver is aCGI program.CGI is an
Internetstandard.DODSusesversion1.1.1of theCGI standard.

compounddata type

A compounddatatypeis onethatis constructedfrom otherdatatypes.A
compoundtypecanbebuilt from simplebasetypesor from othercompounddata
types.Arrays, Lists, Grids, Sequences, andStructuresareall compoundtypes,
becausethey areall de®nedasaggregatesof otherdatatypes.

constraint expression

A constraintexpressionis appendedto aDODSURL to selectdatafrom thedata
setidenti®edby theURL.

constructor type

SeeCompoundDataType

container attrib ute

A containerattributecontainsotherattributes.Theanalogyis with acompound
datavariable,suchasaSequenceor Structure, thatcontainsothervariables.

daemon

A daemonis simplyaprocessthatrunsunattendedonaUNIX computer. An
�

����� �

server is generallyrunasadaemon.It' snotclearhow thepeculiarspelling
cameinto use.

Data AccessProtocol (DAP)

TheDAP is themethodaDODSclientusesto retrieve datafrom aDODSserver.
TheDAP consistsof anintermediatedatarepresentation, anancillary data
format, aprocedure for requestingthedatafrom aserver, andanAPI with which
to executetheprotocol.

Data Attrib ute Structure (DAS)

This is aDODSconstruct,showing a list of variables,andattributesassociated
with thosevariables,for agivendataset.A variable's attributesmayincludesuch
thingsastheinstrumentthatrecordedit, qualitycontrolinformationandsoon.
Theresponseto a

� 	��

requestto aDODSserver is aDAS.

Data Description Structure (DDS)

This is aDODSconstruct,showing a textual representationof adataset's data
model.Theresponseto a

�����

requestto aDODSserver is aDDS.
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data dictionary

This is a JGOFSconstruct.TheJGOFSAPI usesdatasetnamesinsteadof ®le
namesto referto datasets.TheAPI usesthedatadictionaryto look up thedata
setnames,whereit ®ndsthe®le namesor URLs to which thenamerefers.

data model

Thedatamodelof a particulardatasetcanbede®nedasthesetof relationships
betweenthevariablesthatmakeup thatdataset.Theimportantthing to remember
is thatit is this relationshipthatprovidesmeaningto eachof thenumbersrecorded
in thatdataset.For example,without therelationshipof theadjacentlocation
measurement,a temperaturemeasurementis justanumberwith nomeaning.

dataset

A quantityof data,consideredasaunit. A datasetmayoccupy onecomputer®le,
or several.A DODSdatasetis adatasetthatis servedthroughaDODSserver.

DODS

DistributedOceanographicDataSystem.They wroteabookaboutit once.

global attrib ute

A dataattributethatappliesto anentiredataset.

Grid

TheGrid datatypeconsistsof anarraywith nameddimensions,andaone
dimensionalarraycorrespondingto eachdimension.It is usedto de®nedatagrids
with irregularspacing.

GUI manager

TheDODScoresoftwarecancreateaclient-sidesub-processwith which to
managetheuser's screendisplay. Mostclientsadaptedto usingDODSwill notbe
ableto displayintermediateresultsof a dataquery, norwill they beableto make
senseof network errormessages.TheGUI managercreatesapathwhereby
messagescantravel from theDODSserver to theDODSclientcoresoftwareto
theuserwithout returningto theclientapplication.TheDODScoresoftwarecan
alsousetheGUI managerby itself, withoutmessagesfrom theserver.

HTML

Hyper-text MarkupLanguage.This is thetext formattinglanguagein whichweb
pagesarewritten.

httpd
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Thehttpdserver is thewebserver. Webclients,suchasbrowserslike Netscapeor
Mosaic,sendmessagesto httpdserverson themachineidenti®edin a URL. The
returnmessagesfrom theseserversarethedatathatis displayedto theuser.

info service

The
�


��

�

serviceprovidesinformationabouttheusageof aparticularserver. This
is meantto includesuchinformationasany functionsde®nedby theserver for use
in constraintexpressions,errormessages,therevisionof theserver software,and
a list of any datamodeltranslationsde®nedfor thatserver.

lazy evaluation

A methodof evaluatinga logicalexpressionwhereevaluationhaltsafterfurther
evaluationcouldproducenochangein theresult.For example,whenevaluatinga
stringof sub-expressionslinkedby a logicalAND, a lazyevaluatorwouldhalt
afterthe®rst falsesub-expression,becauseevaluationof subsequent
sub-expressionswouldnotchangetheresult.

List

A List is anunorderedlist of variables.DODSlist membersmustbeof only one
datatype,but thetypemaybeany of thebaseor constructortypes.

Sequence

A Sequenceis adatatypesimilar to astructure,but multi-valued.It is possibleto
think of aSequenceasanarrayof Structurevalues.Unlike anArray, however,
only onevalueof theSequence,correspondingto theSequencestateis available
at any onetime.

state

SeeSequence.A sequencecanbethoughtof asamulti-valuesstructure.Unlike
anarray, whereall thevariable's valuesareavailableat once,thevaluesof a
sequence's membersareonly availablefor thecurrentstate.Whenthestate
advances,new variablesbecomeavailable.

stride

A stridevalueis usedto selectahyperslabfrom anarray. If
�

is a10by 10array,
then

� �+" �#
 ��.�� �+" �#
 �+.��

is a hyperslabconsistingof everysecondpoint in both
dimensions.

Structure

TheStructuredatatypeis asetof variables,similar to a structurein thelanguage.

Uniform ResourceLocator (URL)
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A URL is anamethatis uniqueacrosstheInternet.It is analogousto a®le name
onasinglemachinein thatit identi®essomeresourcethatmightbedataor a
program.

UsageService

Seeinfo service.
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Hereis a list of theacronymsyou're likely to runacrosswhile readingaboutor
usingDODS.

ADDE AbstractDataDistribution Environment(of theSSECof U.Wisc)

AICC Arctic Icebreaker CoordinatingCommittee

AIST AdvancedInformationSystemsTechnology(ESTO-GSFC)see:
http://esto-doc.gsfc.nasa.gov/

API ApplicationProgramInterface

Ar cIMS Arc InternetMapServer

ASCII AmericanStandardCodefor InformationInterchange

AXL Arc eXtensibleMarkupLanguage

BAA BroadAgency Announcement

BLOB BinaryLargeOBject

BMRC Bureauof MeteorologyResearchCentre

BSM (OGCBasicServicesModel)

CDC ClimateDataCenter

CDC ClimateDiagnosticsCenter

CESSE Centerfor EarthandSpaceScienceEducation(Camb., Mass.)

CEOS CommitteeonEarthObservationSatellites

CGI CommonGateway Interface
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CIP CatalogInteroperabilityPro®le

CIRES Cooperative Institutefor Research(in) EnvironmentalSciences

CLIV AR ClimateVariability andPredictability

COARDS Cooperative Ocean-AtmosphereResearchDataStandard

COM CommonObjectModel

CODAR

CORBA CommonObjectRequestBroker Architecture

CORE ConsortiumonOceanResearchandEducation

CSC CoastalServicesCenter

DAAC DistributeActiveArchive Center

DAP DataAccessProtocol

DBCP DataBuoy Co-operationPanel

DE Digital Earthhttp://www/digitalearth.gov/

DECEND DeepSubmergenceSciencein theNext Decade
http://www.unols.org/dessc/descend/descend.htm

DESSC DeepSubmergenceScienceCommittee

DIAL

DIF DirectoryInterchangeFormat

DISC DataandInformationServicesCenter(of GES).

DISS DataandInformationSystemandServices(of EarthSystemScienceand
Applications?)

DLESE (Digital Library for EarthSystemEducation)

DNS DomainNameSystem

DODS DistributedOceanographicDataSystem

DRDS DODSRelationalDatabaseServer

DSP

ECHO EOSDISClearingHOuse

ECMWF
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EDG EOSDataGateway

EDISP EarthDataInformationSystemsProject

ELIS EnvironmentalLegal InformationSystems

EOS EarthObservingSystem

EOSDIS EOSDataandInformationSystem

EPA EnvironmentalProtectionAgency

ESDIS EarthScienceDataandInformationSystemProject(GSFC)
http://spsosun.gsfc.nasa.gov/ESDIShome.html

ESE (NASA) (seeDLESE?)

ESG(II) EarthSystemGrid II

ESRI EnvironmentalSystemsResearchInstitute

ESSA EarthSystemScienceandApplications

ESTO EarthScienceTechnologyOf®ce(ofGSFC)http://esto.gsfc.nasa.gov

FIC FleetImprovementCommittee

FGDC FederalGeographicDataCommittee

FSU FloridaStateUniversity

GAC GlobalAreaCoverage

GeoTIFF

GCMD GlobalChangeMasterDirectory

GCRMN GlobalCoralReefMonitoringNetwork

GES GSFCEarthSciences

GILS GovernmentInformationLocatorService

GIS GeographicalInformationSystem

GLOSS GlobalSeaLevel ObservingSystem

GML GeographyMarkupLanguage

GN GeographyNetwork

GODAE GlobalOceanDataAssimilationExperiment

GOOS GlobalOceanObservingSystemhttp://ioc.unesco.org/goos/whatis01.htm
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GOOS IOSGOOSInitial ObservingSystem

GPS GlobalPositioningSystem

GrADS Grid AnalysisandDisplaySystem

GRASS GeographicResourcesAnalysisSupportSystem

GSFC GoddardSpaceFlight Center

GSO GraduateSchoolof Oceanography

GTS GlobalTelecommunicationsSystem

GTSPP GlobalTemperatureandSalinityPro®leProgramme

GUI GraphicalUserInterface

G-XML GeographyMarkupLanguage

HDF HierarchicalDataFormat

HDF-EOS HierarchicalDataFormat- EOS

html HyperText MarkupLanguage

http thehypertext transportprotocol

IDL Interactive DisplayLanguage

ITR InformationTechnologyResearch(NSF)

JDBC JAVA DatabaseConnectivity

JGOFS JointGlobalOceanFlux Experiment

JPL JetPropulsionLaboratory

JSP JAVA Server Pages

LAS LiveAccessServer

LDEO

MARS MeteorologicalArchive andRetrieval System(Neville Smith)

MATLAB Matrix Laboratory

MBARI Monterey BayAquariumResearchInstitute

MEL MasterEnvironmentalLibrary

MIME MultipurposeInternetMail Extensions

MIT MassachusettsInstituteof Technology
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MMS MineralsManagementService

MODIS ModerateResolutionImagingSpectroradiometer

MPA MasterPriceAgreement(Stateof RI)

MrSID Multi-resolutionSeamlessImageDatabase

NIAC – NASA Institutefor AdvancedConcepts

NAML NationalAssociationof MarineLaboratories

NASA NationalAeronauticsandSpaceAdministration

NCDC NationalClimaticDataCenter

NCEP NationalCenterfor EnvironmentalPrediction

NetCDF NETwork CommonDataFormat

NITF

NGDC NationalGeophysicalDataCenter

NCDDC NationalCoastalDataDevelopmentCenter

NNDC NOAA NationalDataCenters

NOAA NationalOceanicandAtmosphericAdministration

NODC NationalOceanographicDataCenter

NOPP NationalOceanographicPartnershipProgram

NRC NationalResearchCouncil

NRL Naval ResearchLaboratory

NSF NationalScienceFoundation

NSIDC NationalSnow andIceDataCenter

NVODS NOAA Virtual OceanDataSystem

ODBC OpenDatabaseConnectivity

OGC OpenGISConsortiumhttp://www.opengis.org/

OGCTC OGCTechnicalCommittee

OSU OregonStateUniversity

OOPC OceanObservationPanelfor Climate

OVD OceanVisualDatabase
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PES PlanetEarthSciencehttp://www.planearthsci.com

PICat PublishableInventoryandCatalog

PMEL Paci®cMarineEnvironmentalLaboratory

PO-DAAC PhysicalOceanography- DistributedActive Archive Center

POV Pointof View

RARGOM RegionalAssociationfor Researchon theGulf of Maine

RCP RemoteProcedureCall

RDB RelationalDataBase

RFC Requestfor Comments(Speci®cationDocument).http://www.faqs.org/rfcs/

RFQ

SAF SatelliteApplicationFacility

SAIC ScienceApplicationsInternationalCorporation

SCCWRP SouthernCaliforniaCoastalWaterResearchProjectAuthority

SCESPSStandingCommitteeonEarthScienceProductsandServices

SDE SpatialDatabaseEngine

SDK SoftwareDevelopmentKit

SDTS

SGT ScienceGraphicsToolkit (PMEL)

SIG

SOAP SimpleObjectAccessProtocolhttp://www.w3.org/TR/SOAP/

SOOP Shipof OpportunityProgram(GOOS)

SSEC SpaceScienceandEngineeringCenter(U. Wisconson)

SST seasurfacetemperature

STT SpaceTimeToolkit (UAH)

SVF SingleVariableFormat

TAO TropicalAtmosphereOceanarray

TEDS TacticalEnvironmentalDecisionSupportSystem

TCP IP TransmissionControlProtocol/InternetProtocol
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THREDDS THematicReal-timeEnvironmentalDistributedDataServices

UAH

UCAR UniversityCorporationfor AtmosphericResearch

UFS UniversalFile System

UMAC UpperMidwestAerospaceConsortium

UNEP UnitedNationsEnvironmentalProgram

UNOLS University-NationalOceanographicLaboratorySystem

URI Universityof RhodeIsland

URI Uniform ResourceIdenti®er(SeeRFC2396)
http://www.faqs.org/rfcs/rfc2396.html

URL Uniform ResourceLocator

USGS UnitedStatesGeologicalSurvey

VOS VoluntaryObservingShip

VPF VectorProductFormat

WCS WebCoverageServer (OGCBSM)

WFS WebFeatureServer (OGCBSM)

WHOI WoodsHoleOceanographicInstitution

WMS WebMappingServicesOGCWMS (WebMappingServices)spec

WRS WebRegistryServer (OGCBSM)

WMT WebMappingTestbed.SeeWMS.

WOCE World OceanCirculationExperiment

WWW World WideWeb

XML ExtensibleMarkupLanguage
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GUI, seegraphicuserinterface
GUI manager, 24,25, 59

initialization,25
turningoff, 25

gzip,24,80

H
helpservice,21
hostname,18

� �

�	��


, 20,21
httpd,18
hyperslab,39, 68, 74

I
info

service,56
�

�


��

�

, 21
info service,21

�


��

�

service,41
initialization

client,95
GUI manager, 25

initialization®le, 95
installation
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installing
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J
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L
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libstdc++,31,101
limiting accessto data,19
linking
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parseorder
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password
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DataAccess,71
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security
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installing,55
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