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Preface

Thisdocumentescribeversion3.2 of the DistributedOceanographibData
System(DODS),a datasystemintendedo allow researchersansparenaccesso
oceanographidata—storedh ary of severaldifferent®le formats—acrosthe
Internet.Using DODSfunctionlibraries,mary existing dataanalysigorograms
canbe easilymodi®edto accommodatacces®f distantdatasetin amanner
identicalto theacces®f local datasetsDODSincludesa protocolfor the
transmissiorf dataacrosgheInternet,andsupportsselectionof datausing
constrainexpressionsandtranslationof datafrom oneformatto another

An overview of the systems useis presentedandspeci®ctasksillustrated for
dataprovidersaswell asfor users.



Preface

0.1 Tasks lllustrated in this Guide

For a quick startto getting,installing,andusingDODS software,seethelist
below of tasksdescribedn this document.

c:

Gettingthe DODSsoftware. (page91)
Installingthe DODS software. (page91)
Usinga DODSclient. (page28)

Re-linkinga dataanalysisor displayapplicationto becomea DODSclient.
(page32)

CreatingandinstallingaDODSsener.

U InstallingtheDODSsenerandCGl ®lters. (pageb5s)

i Startingandcon®guringthe httpdsener. Dueto the variety of
availableseners,thistaskis beyondthe scopeof themanual.Please
referto thedocumentatioffior the particularsenerin questiorfor
moreinformation.

U Implementinganev DODS-complianAPI. (TheDODSToolkit
Programmers Guide

Writing aDODS CGI program.(TheDODSToolkit Programmers Guidé

Writing the CGl serviceprograms(TheDODSToolkit Programmers
Guide

U A list of all supportedPls. (page30)
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0.2 Who is this Guide for?

Theuserdocumentatiotior DODS coverstwo groupsof usersthosewho wantto
provide accesgo datavia DODSandthosewho wantto usedata.ln mary cases
the peoplewill be oneandthe samesincemostproviderswill alsobedatausers.

This documentatiomssumeshatthereaderarefamiliarwith computersbut are
not necessarilyprogrammers.

This guidealsocontaingechnicalinformationthatwill beof assistancé
programmersvho planto write nev DODS-complianfAPIs for asyet
unsupportediatamodels.Dataprovidersanddataconsumersnay ®nd some
generaljuestionsansweredy this material but it is notnecessaryo know ary of
it in orderto usethesystem.



Vi

Preface

0.3 Organization of this Document

Thisbookis organizednto separatsectiongor dataproviders,dataconsumers,
andtechnicalreferencematerialfor programmers.

Part | is for everybodywho wantsto useDODS.
Chapter 1 providesa high-level overview of theentiresystem.

Part Il is for dataconsumerghatis, the peoplewhowantto look at datausing
theDODSsystem.

Chapter 3 shawvs how to look atdatausingDODS. It includesa section
aboutthetheoreticabndpracticalproblemsof datamodeltranslation.
It alsoexplainshow to build aDODSclient,whichis the program
usedto look at DODSdata.

Part Ill is for dataproviders,or peoplewho wantto make their dataavailable
throughDODSseners.

Chapter 5 shavs how to useDODSto make your dataavailableto others.
It explainshow to setupa DODSsenerto provide DODSdatato
DODSclients,andalsocontaingnformationaboutmodifying or
writing aDODSsener.

Part IV containgechnicalinformationabouthow DODSworks. This
informationis providedto peoplewho wantto write new librariesto use
DODSthrougha currentlyunsupported\Pl.

Chapter 6 containsggenerainformationaboutDataandDataModels.
Thisis importantinformationto have for peopleintendingto use
DODSto provide datato others.It coversthe DODSdataattribute
anddatadescriptorstructuresThechapteralsocontainsa section
outlining the problemsassociateavith DataModeltranslation.

Appendices

Appendix A on page91 containgheinstructiondor installingthe DODS
libraries,andsoftwarethatrequireshesdibraries.

GlossaryA smallbut usefulcollectionof terms.



0.4 Conventions vii

0.4 Conventions

Thetypographicconventions shavn in Tablel arefollowedin this guideandall
theotherDODSdocumentation.

Tablel: TypographicCorventions

Typedby thecomputeror in acodelisting.
Typethis preciselyaswritten.

Variables Usedasaplaceholderfor auserspeci®edr vari-
ablevalue. Choosean appropriatevalueanduse
thatin place.

Button Text Usedto indicatetext on a GUI button.
Menu Name | Thisisthenameof a GUI menu.

Whenreferringto abuttonin amenu,we will oftenusethe notation:

Menu,Button | For example, Options,Color s,Foregr ound |would indicatethe

buttonin the Colors menu,selectedinderthe Options menu.
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What is DODS?

TheDistributedOceanographiDataSystem(DODS) providesa way for ocean
researchero acces®ceanographidataanywhereonthe Internetfrom awide
variety of new andexistingprogramsBy developingnetwork versionsof
commonlyuseddataaccesg\pplication Programinterface(API) libraries,such
asNetCDF, HDF, JGOFS, andothersthe DODSprojectcancapitalizeon years
of developmentof dataanalysisanddisplaypackageshatusethoseAPls,
allowing usergto continueto useprogramswith whichthey arealreadyfamiliar.

TheDODSarchitectureusesaclient/serer model,with aclient thatsends
requestdor dataout ontothe network to someserver, thatanswersith the
requestedlata.This is exactly the modelusedby the World Wide Webwhere
clientprogramscalledbrowvserssubmitrequestso web senersfor the datathat
malke up web pages Of course DODS clientscando muchmorethanbrowsethis
data.Using e xible datatypessuitablefor mary usesjncludingscienti®cdata,
theDODSsenersdeliver realdatadirectly to the client programin the format
neededy thatclient.

In fact,thenetwork communicatiormodelusedby DODS usedJniform Resource
Locator(URL) addresseandwebseners( ) to deliver datato the
researcheiThisis doneby usingthe DODS softwareto corvertaresearches'
dataanalysissoftwareinto a sophisticatedthoughspecializedwebbrowser In
additionto providing network-compatibleversionsof populardataacces#\Pls,
the DODS projectalsoprovidesa softwareclientandsener toolkit to helpother
developerscreatenetwork-compatibleDODSversionsof otherAPIs.

To expandthe universeof dataavailableto auser DODSincorporates powerful
datatranslatiorfacility, sothatdatamay bestoredin datastructuresandformats
de®nedby the dataprovider, but maybeaccessetly theuserin amanner
identicalto theacces®f local data®les on the users own system.Thoughthere
arelimitationson thetypesof datathatmaybetranslateqSeeSection6.1.2on
page69), thefacility is e xible andgeneraknoughto handlemary of the possible
translation.Therearetwo importantresults:
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U A usermaynotneedto know thatdatafrom onesetarestoredin aformat
differentfrom datain anotherset. Further it maybe possiblethatneither
datasetis storedin aformatreadabléoy theoriginal (i.e. without DODS)
versionof the dataanalysisanddisplayprogramheor sheuses.

U No sggmentof DODSuserswill beeffectively cut off from accessinglata
becausef its storagformat. A scientistwho wishesto make hisor her
dataavailableto otherDODS usersmaydo sowhile keepingthatdatain
whatmay actuallybe a highly idiosyncraticstoragdormat. Of courseijt
doesnt have to bein a highly idiosyncraticformat. The pointis thatDODS
canhandleawide variety of possiblecases.

Thecombinationof the DODS network communicatioomodelandthe data
translatiorfacility make DODSa powerful tool for theretrieval, sampling,and
displayof large distributeddatasetsThoughDODSwasdevelopedby
oceanographerits applicationis not constrainedo oceanographidata.The
organizingprinciplesandalgorithmsmaybe appliedto mary other®eldswhere
datacanbe storedon computers.

Thepopulationof peoplewho maybeinterestedn a systemsuchasDODS may
bedividedinto dataconsumersinddataproviders. Thoughit wasanimportant
obserationto thedevelopmeniof DODSthatthetwo rolesareoftenassumedby
thesamescientiststhedivision is ausefulonefor theintroductionof the system.
Thefollowing two sectiongprovide a broadintroductionto therolesof data
consumeranddataprovider. Theremaindeof this guideis organizedaroundthis
distinctionbetweerclasse®f users.
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1.1 Why Use DODS to Read Data?

A scientistwishingto examineandsamplesomedatasetvill typically be
comfortableusingarelatively smallnumberof dataanalysisanddisplayprograms
or packagesSomeof thesepackagesvill useoneof the populardataacces#PIs
currentlyavailable. However, few dataacces#\Pls provide directaccesso
distributeddata !, sothis accessnustbe madewith network tools,suchasweb
brovsersor . While relatively straightforvard in principle,this procescan
nonethelesbecomedime-consumingandsomevhatchallengingn practice.

Thefollowing exampleillustratessomeof thedifferencedetweeraccessing
distributeddatawith thetools currentlyin widespreadise,andthe sameoperation
usingDODS.

1.1.1 An Example: Using ftp

Theadwentof the WWW hasmadepossiblesimpledatabrowvsersthatallow
sophisticatedhteractve samplingof on-line datasetsUsinga webbrowserand

, ausercansampleary of severallarge oceanographidatasetsvailableon
thelnternet.However, thereareseveral problemswith thesedatasearchengines
thatmayonly becomeapparentwvhenauseractuallytriesto usethe data.

Amongtheproblemshatcanarisearethosethatappeamwhena usertriesto use
theresultsof onedataseto searcha seconddatasetSupposedhata userwishesto
choosea sea-sudcetemperaturémagefrom the NOAA/NASA Path®nder
AVHRR archie at:

usingtheresultsof atime-seriegeneratedrom the COADS Climatologyarchive
at:

Thestepsaretheoreticallystraightforvard:

9 Createhetime seriesfrom the COADS Climatologyarchive. Thisis done
by answeringhe menuof optionsonthe COADS webpage.

Importthetime seriesfrom stepl to the users local dataanalysissystem.
Notethatthis stepmayitself requireseveralsteps:

1 Thedatamustbedown-loadedusing or asimilar program.

Thephrasalistributeddatarefersto datasetshatresideon differentcomputersvhich arelinked
by a network suchasthe Internet. The computersnay or may not be physicallyremotefrom each
other Themainpointis thatthe computersnanageheir dataresourcesndependentlyin this guide
thetermsremoteanddistributedareusedto imply independentlynanagedesources.
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Oncedown-loadedthedatamayhave to be corvertedinto aformat
thatcanbereadby the dataanalysigprogram.

Examinethedataandformulatearequesto the AVHRR archive. Thisis
againdoneby answeringhe menuof optiononthe AVHRR Webpage.
Notethatthe COADS andAVHRR pagesarenotcompletelycompatiblen
this respectFor example thedateformatsof thetwo pagesaredifferent.

L Importtheresultof step3 to theusers local datadisplaysystem.This may
alsorequireseveralsteps:

1 Thedatamustbedown-loadedagain.

And again,oncedown-loadedthe datamayhave to be corvertedinto
aformatthatcanbereadby thedataanalysisprogram.Notethatthe
setof availableformatsonthe COADS pagearedistinctfrom the
availableoptionsfrom the AVHRR archive.

° Think abouttheresults.

Thoughthe proceduras straightforvard andtheweb senersdesignedo malke
samplingthe datasets simpletask,uponcloseexamination the combinationof
thestepsmay createunforeseenlif®culties. For example,arequesto the COADS
senerwill returneithera spreadsheetuitablefor useon a PC,anetCDFformat
®le, or a®le in oneof aselectionof simpleASCII formats.If theuseris fortunate,
thereturned®le will alreadybein aformatcompatiblewith thedesiredanalysis
packageBut notall userswill besofortunate.Oftenthis ®le mustbe corvertedto
someother®le formatbeforeit canbeimportedto the users analysigprogram.
This mayor maynotbeasimpletask.

Evena®le formatfor which a useris properlyequippednaybeusedin an
unfamiliar manner For example theindependenanddependenvariablesmight
bein adifferentorderor an ASCII data®le may usetabsinsteadof spaces.

Assumingtheimportof the COADS datahasbeenaccomplished@ndboundaries
for the AVHRR searchidenti®ed thetaskof selectingrom the secondarchive
may begin. Unfortunatelytherequesto the AVHRR archive will returneithera
GIF picture,anHDF format®le, or araw (binary)data®le. Again,importingthis
outputinto theusers analysisprogrammay or maynotbe simple,but it will not
bethe sameprocedureasthe oneusedfor the®rst datarequest.

OtherproblemsarealsoapparentThe COADS Climatologysamplingprogram
requestsheusersupplydategmonthandday),whereaghe AVHRR archive asks
for the2Julianday®(anintegerbetweenl and365or 366). Onesener will accept
ascand@WPeto indicateSouthlatitudesandWestlongitudeswhile the other
requireghatthesebeindicatedwith negative coordinatevalues.The samplingof
the COADS datasetwhile e xible, maynotallow samplingin themannetthe
userneedslt cannotfor example,provide a sectionexceptalongaline of
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constantatitudeor longitude.If auserwantedto seea sectionalonga NE-SW
line, it would bea challengingandtime-consumindaskto assembl@nefrom
mary smalldatarequests.

Further it might bedesirableo usetheresultsof samplingthesewo database®
constructatime series.This could concevably meanrepeatinghe entire
procedurenary times.

1.1.2 An Example: Using DODS

To producethe samedataselectionusingDODS, a userwould follow essentially
thesamesteps.However, the stepsghemseleswould be performeddifferently
Oncetheusers dataanalysispackageéhasbeencorvertedto aDODSclient
(Section3.1onpage3l),the accessew theremotedatasetsaremadethrough
theanalysigpackagétself. Insteadof specifyinga data®le by a pathname
referenceéo somelocal disk ®le, theuserspeci®es URL, which maypointto
eitheralocal or aremotedatasetHereis are capof the sameoperationputlined
asthey would be performedby a DODSapplicationprogram:

9 Createthetime seriesfrom the COADS Climatologyarchive. Thisis done
by usingthe samplingfacilitiesof whatever dataanalysigprograma
scientistis familiar with. If desired DODS constrainiexpressionsnaybe
usedto reducethe network load, or to provide a samplingschemenot
supportedy the dataanalysigprogram.

Thedataneednot beimportedto theusers dataanalysigorogram sinceit
wasdown-loadedandcorvertedautomaticallyin stepl.

Examinethe dataandformulatea requesto the AVHRR archie. Thisis
againdonethroughthe samplingfacilities of whatever dataanalysis
programthe useris using,andDODS constrainexpressionsNotethat,
whatever their actualformat,both COADS andAVHRR archivesappeato
theDODSclientto bestoredin identicalformats.

1 Thedataneednotbeimportedto theusers dataanalysisprogram sinceit
wasdown-loadedandcorvertedautomaticallyin step3.

° Think abouttheresults.

It isimportantto notethatanydataanalysigpackagehatcanhandleoneof the
DODS-supportedataacces#\Pls canbe convertedinto aDODSclient program
capableof readingdatastoredby all of the DODS-supportedataacces#PIs.
(Therearesomelimitationsontranslation.SeeSectionl.1.3on page8 and
Section6.1.2on page69 for moreinformation.) Thereforeassumingheuserhas
someanalysigpackagecapableof doingtherequiredsamplingandanalysison
local data,all the stepswould be performedrom within thatpackagejust asif
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theuserwereoperatingonlocal ®les. Theresultis a simplerprocedureeven
thoughthe sameessentiastepsarefollowed.

The DODSscenarichas,amongothers thefollowing advantages:

U Theuserneednotlearnaboutary of thearchival formats,sincethe DODS
sener andclientcooperatéo deliver thedatain theformatin whichthe
analysigpackagexpectsto seeit. Whereaghe userof theftp sener hasto
worry aboutimportingthe datainto theanalysigprogram the DODS client
programimportsit transparently

i Theusercansamplethedistantdataset#n ary fashionsupportedy his or
herown (local) analysigpackagelUnnecessargataneednot be sentover
thelnternet.

U By appending constaint expressionto the URLs givento the analysis
programtheusercansampledatausingtechniqueshattheir analysis
programcannotdo?

U A substantiahmountof thesearchingandsamplingis performedon the
sener machinesThisreducednternettraf®c, aswell asdecreasingheload
onthelocal machine.

1.1.3 The DODS Client

DODSusesaclient/serer model. As mentionedoreviously, the DODSseners
aresimply webseners,equippedo interpreta DODSURL sentto them.
(SeeChapters.) TheDODSclient programcanbeary programthatusesoneof
the supportedAPls, suchasJGOFSor netCDF?

Without DODS,anapplicationprogramthatusesoneof thecommondataaccess
APIs suchasnetCDFwill operateasshavn in ®gurel.1. Theusermakesa
requesfor datafrom theapplicationprogram.Theprogramin turn uses
proceduresie®nedby thedataacces#PI to accesshedata,whichis stored
locally onthe hostmachine. SomeAPIs aresomevhatmoresophisticatedhan
this, of course put their generabperationis similar to this outline.

Theoperationof aDODSclientis illustratedin ®gure1.2. Here,thesame
applicationprogramthatwasusedin ®gurel.1hasbeenlinkedwith aDODS
versionof thedataacces®PI. Now, in additionto beingableto uselocal dataas

2For example,supposea userwishesto accesshe NODC XBT databaseisinga programthat
usesthe netCDFAPI. A programthat canprocesgshe arraysthat netCDFmanipulatesare largely
unsuitablefor XBT stationdata. However, a usercan de®neconstraintexpressionsn the URL
to samplethe dataanddeliver it in a form the netCDFAPI canuse. For moreinformationabout
constrainexpressionsseeSectiord. 1. For moreinformationaboutdatamodelsandtranslationsee
Chapter6.

30r aprogramspeciallydevelopedto readdatafrom DODSseners.
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Application Program

V

Data Access API
(e.g. JGOFS, netCDF, etc.)

V

Data

Figurel.1: TheArchitectureof a DataAnalysisPackage.

before theapplicationprogramis ableto accesslatafrom DODSsener
arywhereonthelnternetin the samemannerasthelocal data.

To make someprograminto a DODSclient, it mustonly bere-linked with the
DODSimplementatiorof the supportedAPI library. Thisis asimpleprocess,
generallyrequiringonly afew minutes.The proceswill createa programthat
acceptdJRLs, specifyingalocationfor the datasomevhereon theInternet,in
additionto ®le pathnamesvhich only specifyalocationonthelocal platform's
®le system(SeeSection3.1onpage3l.)

DODSalsoprovidesadatatranslatiorfacility. Datafrom the original data®le is
translatedy the DODS senerinto a DODS datamodelfor transmissiorto the
client. Uponreceving thedata,theclienttranslateshe datainto the datamodelit
understandqSeeChapter6 for moreinformationaboutthe DODSdatamodel.)
Becausehe datatransmittedrom a DODS sener to theclienttravel in theDODS
format,thedatasets original storagdormatis completelyirrelevantto the userof
aDODSclient. If theclientwasoriginally designedo readnetCDFformat®les,
thedatareturnedby the DODS-netCDHibrary will appeato have beenreadfrom
anetCDF®le, whatever the actualformatof the®lesfrom which thedatawere
read. If the programexpectsJGOFSdata,the DODS-JGOFSibrary will return

“Notethatthereis alimit to whatcanbetranslated An API meantto supporttwo-dimensional
arraysmay be ableto handleone-dimensionalectordata,but a programdesignedo processone-
dimensionalvector datawill not know whatto do with a two-dimensionakrray The setof data
acces#\Pls supportedby DODScontainsereralsuchmismatchesSeeSection6.1.2for moreinfor-
mation.
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Application Program

v

DODS-Compliant
Data Access API

/

Data Networl_<
Connection

DODS Server

/

Data

Figurel.2: TheArchitectureof a DataAnalysisPackageJsingDODS.
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11

datathatseemto have comefrom a JGOFSdatasetagain,no matterwhatthe
actualinput®le format.

DODSdoesnot pretendo remaove all the overheadf datasearchesA userwill
still have to keeptrackof the URLs of interestingdatasetsin the sameway a user
mustnow keeptrackof thenamesf ®les containinginterestingdata.A DODS
catala serviceis in the procesf beingconstructedhatwill helpusersscanthe
availabledatasets.
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1.2 Providing Data with DODS

The DODSdataprovideris the personor organizationwilling to male their
digital datasetswvailableto the communitywith aDODSsener.

Thedesigner®f DODSrecognizedhatmary of thedatausersarealsothe data
providers,andDODSwashuilt with arecognitionthatproviding the datashould
be assimpleandasstraightforvard aspossible In mary casespncealocalweb
sener is equippedo becomea DODS sener, a scientistneeddo very little
beyondwhatmustbe donesimply to make the dataavailablelocally. (i.e., Putthe
datainto a®le formatthatcanbereadby thelocally useddataanalysisand
displayprograms.)Thetasksof a dataprovider canbe separateihto threeparts:

U Installandcon®guretheDODSsener. (Section5.2on pageb5.)

U Createwhatever ancillarydata®lesareneededy thedataset(if any).
(Sectionl.2.2onpagel2.)

1.2.1 The DODS Server

TheDODSdataseneris simply madeup of aregular sener equippedwvith
CGIl programgor ®lters)thatwill respondo requestdor datasestructuredata
attributes,anddataitself. (SeeSection6.2 on page71 for adescriptiornof thedata
returnedby theserequestandseeSection2.1on pagel8 for adescriptiorof the
DODSURL syntaxusedto sendtheserequests.Most of thetaskof a data
provider consistof con®guringthis sener. While perhapshotatrivial task,it
potentiallyrepresentgar lesseffort thanpackaginga datasefor submissiorto
somecentraldataarchive. Furthermoremodifyingasener's con®guratioro
accommodateew datawill beanalmosttrivial task,involving the simpleediting
of acon®guratior®le.

1.2.2 Ancillar y Data

In orderfor aDODSclientto acceptdatafrom aDODSsener, it mustbeableto
allocatethedatastructuresandarrangednternallabelsto organizetheincoming
data.Theinformationtheclientlibrary needgo do this organizingis calledthe
ancillarydat&. For mary APIs,theancillarydatais inherentin the data®les
themseles,andthe DODS sener cangleanthatinformationby scanninghe data
®les. For large dataarchives,wherescanninghe data®lesis impractical,andthat
mightnotchangeoften,DODS cancachetheancillarydatato speecaccessimes.
Whena clientrequestshe ancillarydata,the DODS sener cancheckthis data
cache®rst beforescanninghedata®les.

SIt is alsoreferredto asthe Data DescriptorStructureand the Data Attribute Structure. See
Chapter6 for moredetailsaboutthesestructures.
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Thisfeatureis usefulin othercasedecauseotall data®le formatsare
self-describingFor example,a datasetmight containseveral®les of time vs.
temperaturelata;the headeinformationdescribingwhich numbersare
temperatur@ndwhichtime maybein adifferent®le or maysimply be
understoodby the userof thelocal dataanalysisprogramequippedo look at this
data.As anexample,dataaccessetly DODSsenersusingthe Freeform data
accesAPI requireprovidercreatedancillarydata®les.

1.2.3 Administration and Centralization of Data

UnderDODS, thereis no centralarchive of data.DataunderDODSis organized
in amannersimilar to the World Wide Webitself. Thatis, all oneneeddo to make
ones dataavailableis to startup a properlycon®gured seneronan
Internetnodethathasaccesgso thedatato be sened. Eachdataprovider is freeto
join andto leave the systemwhenit is corvenient,justasary proprietorof aweb
pageis freeto deleteit or addto it aswhimsydemands.

Of courseascanalsobe seernon the World Wide Web,therearesome
disadwantagedo thelack of centralauthority If nooneknows aboutawebsite,
noonewill visitit. Similarly, listing a datasetn a centraldatacatalog suchasthe
GlobalChangeMasterDirectory ( ), canmalke
dataavailableto otherresearchers away thatsimply con®guringaDODSsener
doesnot. DODS providedafacility for registeringa datasetwith the GCMD
catalogwhich makesthe datasetknown to the DODSdatalocationservice.

Theremaindeiof thisbookwill bedividedinto threemajorsectionsinstructions
onthebuilding andoperatingof DODSclients;atutorial andreferenceon
runningDODS senersandmakingdataavailableto DODSclients;andtechnical
documentationescribingheimplementatiordetails(andthe motivationbehind
mary of thedesigndecisionspf the DODS software.
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Using DODS

A userusesDODSwith aDODSclient program.This client programmayhave
beenacquiredby the user(for example,the DODS MatlabandIDL graphicuser
interfacesor Ferret,afreavaredataanalysigpackageeachuseDODSfor data
access)or maybea programcornvertedto usethe DODSlibrary for dataaccess
(seeChapter3.

In eithercasethereareasetof issueghatmustbeaddresseth orderto usea
programto accesslatathroughDODS. Theissuesanbe classednto two groups.
Onesetof issuegnvolvescon®guringthe systento provide DODSwith the
helperapplicationsandervironmentvariablest requires.Theothersetconcerns
themannerin which ausercommunicatesvith aDODSsener. We cover this
®rst.
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Figure2.1: Partsof aDODSURL (withouta constrainexpression)

2.1 How DODS Finds Data

Oncelinkedto the DODSlibraries,a DODSclientcreatedrom anexisting
programwill work exactly asbeforewhenrun usinglocal ®les. However, auser
canalsospecifya DODS Uniform Resourcé.ocator(URL) to indicatesomedata
®le onaremotehostmachine Whenthe programrecevesthis URL, theDODS
librarieswill recognizat asremotedata,andissuea network requesfor thedata.
If auserhasalsoinstalleda DODSseneronthelocal machinethenlocal data
maybe accesseditherthroughtheirlocal ®lenamesr their DODSURL.

A URL is simply auniquenamefor somelnternetresourceThe®gure2.1shavs
thepartsof atypical DODSURL.

Thepartsof theURL are:

protocol Theprotocolof aninternetrequesimay bethoughtof asthekind of
corversationthe clientexpectsto have with the targetmachine For
example,awebbrowserlike NetscapdNavigatorwantsto ®nd a sener that
canreturnhypertet documentswhile anftp clientwantsto ®nd a sener
thatcanunderstan®le transferequestsA webbrowserequippedo

displayhypertett documentswill specify asthe protocolfor its
conversationandhopethatthetargetmachinehasan daemon
listening.

host Thehostnamein aURL is simply the Internetaddres®f the hostmachine
runningwhatever sener canreply to the speci®edprotocol.

sewver A specialfeatureof the sener processs thatit maybe con®gured
to executeCommonGatevay Interface(CGl) programs uponreceiptof a
properlyspeci®edJRL. Thisis usedfor example by Internetsearch
engineghataska userto ®ll outaform. The CGl speci®catiorwill be
speci®cto thesenerin questionandthe partof the URL thatfollows the
CGI nameis passedo the CGI uponinvocation.This datamayincludea
®le name but it mayaseasilybe somearbitrarystringof instructions.The
DODSseneris simply asetof CGl scriptsexecutedon demandby the
sener. Here,theDODSsener is representetly a CGl scriptcalled

lename If aCGlis notspeci®edthe partof the URL afterthehostnameis
simply the nameof a ®le thatis to bereturnedo theinquiring browser If a
CGlis speci®edthe®le is givento the programasits argument.
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URL suf x If youareissuinga DODSrequesfrom anon-DODSclient, suchas
awebbrowser you canspecifythetype of requesby appending suf®x to
the URL. Differentsuf®xesdemandlifferentservicedrom thesener. The
differentservicesarelistedin Section2.2 onpage20. If youareusing
DODSfrom aDODSclient, or aclient programadaptedo usethe DODS
DAP library, youdo notneedto usea URL suf®x. For example,to use
DODSfrom Matlab,with the MatlabGUI or command-lineclients,you do
notneedto usea suf®x. To useDODSfrom asimplewebbrowserlike
NetscapeéNavigator youwill needto usea suf®x.

TheURL in ®gure2.1shavs aclientrequesto the sener onthemachine
, for anetCDFdatase{speci®edby the in the
directory)containedn a®le called . Uponreceving this
URL, the sener executeghe speci®edODS sener module( ),
whichretrievesthe®Ile is in adirectorycalled relative to wherever the
sener looksfor its datd.

DODSURLs cangetsomavhatmorecomplicated¢hanthis simpledescription.n
particular they cancontain®constrainexpressionsthatlimit arequesto data
satisfyinga setof conditions,andthey cancontainrequestso speci®cDODS
servicespesideghe datadelivery servicesuggestethere.Constrainexpressions
aredescribedn moredetailin Sectiord.1 on page36,while thearrayof services
providedby DODSsenersaredescribedn Section2.2 on page20.

2.1.1 Security

SomeDODSdataproviderswill chooseo controlacces$o someor all of their
data.Whenyourequestatafrom oneof theseseners,the DODS client will
promptyoufor ausernamendpassverd. If youwantto avoid the prompt,you
canmake the DODSURL evenmorebaroqueby embeddingausernameand
passwrdin it, like this:

Theonly partof the URL whosespellingis not at thediscretionof the administratoof the host
machineis the , andthe atthebegginningof the CGI scriptname.Eventhe |, indicating
netCDF, canbe changedalthoughfor clarity's sale, we hopepeoplewon't do so. Incidentally the

is arelic, datingfrom the early daysof the World Wide Web andthe ®rst hypertet protocol
standardslt stand€or 2Non-RirsingHeader{Seethe CGI 1.1 Standardor moreinformation.),and
is theonly way to passdatathroughmary httpdsenersunparsed.
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2.2 The DODS Services

Up to now, we have treatedthe DODSsener asif it hasonly oneservice:
providing datato clientswho askfor it. It is truethatthisis the mostimportant
serviceasener provides.However, it is alsotrue thatthe sener providesseveral
otherservicesdesideghat. In fact, ful®lling arequesfor dataactuallyrequires
threeseparateequestdrom theclient, usingthreedifferentservicef the DODS
sener.

Theservicegequestedrom aDODS sener arespeci®edn a suf®x appendedo
the URL describedn ®gure2.1. Dependingon thesuf®x suppliedthesener will
provide oneof theseservices:

Data Attrib ute This servicereturnsthe entiredataattribute structurefor the
givendatasetThisis atext ®le describingheattributesof eachdata
quantityin thatdataset(SeeSection6.4.2on page82 for moreinformation
aboutdataattributes.) This serviceis actvatedwhenthe senerrecevesa
URL endingwith

Data Descriptor This servicereturnsthe entiredatadescriptorstructurefor the
givendatasetThisis atext ®le describingthe structureof thevariablesn
thedataset(SeeSection6.4.1on page81 for moreinformationaboutdata
descriptors.)This serviceis actvatedwhenthe sener recevesa URL
endingwith

DODSData Thisservicereturnstheactualdatarequestedby a given URL. This
is notatext ®le, but is encodedasa MultipurposelnternetMail Extensions
(MIME) documentThis serviceis actvatedwhenthesener recevesa
URL endingwith

ASCII Data Thisservicereturnsan ASCII representatioof therequestediata.
This canmale thedataavailableto awide variety of brovserprograms.
This serviceis actvatedwhenthesener recevesa URL endingwith
or

WWW Interface Whenthesenerrecevesa URL endingin , it produces
anHTML form containinginformationfrom the datasethatyou canuseto
constructa sensibldJRL with whichto requesDODSdata. The WWW
Interfaceis alsotriggeredwhenthe DODSsener recevesa URL that
references directoryinsteadof a®le.

Information This servicereturnsinformationaboutthesener anddatasetin
human-readable TML form. Thereturneddocumeninayinclude
informationaboutboththedataseneritself (e.g.sener functions
implemented)andthe dataseteferencedn the URL. Thesener
administratodeterminesvhatinformationis returnedn responseo sucha
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requestThis serviceis actvatedwhenthesener recevesa URL ending
with . SeeSectionbs.2.30n page56 for moreinformationabouthow
to con®guretheinformationservice.

Version Thisservicereturnsthe versioninformationfor the DODSsener
softwarerunningonthesener. Thisserviceis triggeredby a URL ending
with

Help Thisservicereturnssomehelptext in response¢o animproperlyspeci®ed
URL. Thisserviceis triggeredby a URL endingin ary suf®x thatis not
recognizedy theDODSsener.

NOTE: A requesfor datafrom a DODSclientwill generallymale three
differentservicerequestsfor dataattributes,datadescriptorsandfor
data.Theprepackage@®ODSclientsdo this for you, soyou maynot
beawarethatthreerequestaremadefor eachURL. Thatis,aDODS
clientmayaccepia DODSURL specifyingsomedata,suchasthe
oneshavn in ®gure2.1. In thiscasetheDODSclientlibrary (suchas
nc-dodswill acceptheinputURL, andappendhedifferentsuf®xes
to thatURL, makingthreedistinctrequestso the DODSsener.

2.2.1 WWW Interface

EachDODSsenerimplementsa servicecalledthe WWW Interface.Thisis a
way to usea standardNVebclient, suchasNetscapeto getinformationaboutthe
datasenedby a speci®csener? The WWW Interfacehastwo modesof
operationthedirectorylevel andthe ®le level.

If aDODSURL references directoryinsteadof a ®le onthesener machinethe
sener produces listing similarto thatshavn in ®gure2.2.

Clicking onadataseshawvn in the directory-level listing will produceanHTML
form similarto theonein ®gure2.3. Thetopline in thewindow (2DataURL®)
shavs a URL thatmalkesarequesfor aDODSdatasetThewindows below it
shaw thevariableshatmake up the datasetYou canedittheform to selectthe
datayou'd like to seefrom this datasetandthe WWW Interfacewill editthe Data
URL sothatit only requestshe datayou areinterestedn. Whendone,you can
pushthe®ASCII° button,to seean ASCII representationf thedatayou've
requestedNetscapeannothandlebinarydata,soif youwantto usethebinary
data,you shouldcopy the URL in the DataURL window to the DODSclient
you'd like to use.

2The WWW Interfaceis only availablefor senerslaterthanversion3.1.
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2.3 Using a DODS Program

Therearesomecon®guratiorissuesa usermustconsidelin orderto usea DODS
clientapplicationprogram.Thereis a shortlist of softwarethatis requiredfor
someof theadwancedeatureof DODS,andsomeervironmentvariableshat
controlthe executionof the DODS software. For a pieceof softwarethathasbeen
convertedto useDODS, aftertheseconditionsaresatis®edthe programwill run
in thesamemanneiit ranbefore.Asidefrom network delaysthe usershouldnot
beableto tell thatthey areaccessinglatafrom the Internet.

Finally, thoughit mayseemunnecessario mention,in orderfor aDODSclient
applicationto communicatevith a DODS sener, the computerunningthe
DODSclientmustbeconnectedo the Internet.

2.3.1 Requirements

In orderto useof someof thefeaturef the DODS coresoftware,ausers
computemusthave someadditionalsoftwareinstalled,andavailableon the
users ,in _ or _

i The Tcl /Tk interpreter(or whatever programis indicatedby the
_ environmentvariable)is usedby the GUI manager to provide a
progressndicatorthatdisplaysthe statusof a pendingdatarequesasit is
beingprocessedlt is alsousedby the errorreportingsystento display
errormessageecevedfrom thesener.

i The programtheGNU compressiosoftware,is usedto
decompresdatamessagersecevedfrom aDODSsener. If this programis
notinstalled,the DODS coresoftwaretells the sener notto send
compressedtessagesodatamaystill bereceved. However, having the
compressiosoftwareinstalledandavailablewill increasehe datatransfer
rate.

Therequiredsoftware,like DODSitself, is free software. Referto AppendixA on
page91lfor informationaboutacquiringthatsoftware.

2.3.2 Environment Variables

After successfullyelinking anapplicationprogramwith the DODSlibraries,
thereis ashortlist of ervironmentvariablesthatmaybe de®ned.Only

is required.The otherthreevariablesareonly usedto overridedefault
valuescontrollingthe GUI manageprocessMostusersmay safelyignorethem.
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- indicategherootdirectoryof the DODS software. TheDODScore
softwaremustbe ableto locateutilities thatarelocatedin this directory
tree.

- cancontainthe nameof the programusedby the GUI manager . A
usermightwishto changehis variableto pointto a@safeTcl/Tk
interpreterwhatever programis usedneremustbe ableto processlcl and
Tk commandsThedefaultvalueis the program.

- indicateghe nameof ary initialization commandequiredby
the GUI manaer. Thedefaultinitialization stringexecuteghe Tcl program
in _ -

- may be usedto turn off the GUI managerSetthevalueof this
variableto , andtheprogressndicatorandtheerrormessagevindowns
will notbedisplayed.

NOTE: Theuserhassubstantiatontroloverthe GUI managerYou can
changehe programthatlistensfor GUI commandgrom to
arything else,andyou canactuallychangeheactionof the GUI
commanddy editingthe Tcl codein the®les _ :

,and . (Thesearein the _
directory) However, editingthese®les andvariableswill notchange
theform of themessagefom the DODSsener, andfrom thecore
softwarethataremeantto invoke theseprogramsin otherwords,the
usermaymesswith these but mustbe carefulto leave the GUI
managein aform thatwill beableto procesgshemessagett
receves.

2.3.3 The Error System

The GUI manageis usedto displayerrormessage® theuser Themessages
themseleswill vary with the senerimplementationReferto thedocumentation
of theparticularsener, or consultthesener's Service(SeeSection5.1.1on
page51l.),for alist of theerrormessagethatmightbeissuedby a particular
sener.

2.3.4 Temporary Files

UsingaDODSclientapplicationwill createa numberof temporary®les. They
arecreatedwith the function,sotheirnameswill correspondo the
rulesfor thatfunctionon your system(Seethe manualpagefor , or
type for moreinformation.)During normaloperation DODSwiill
deletethetemporary®lesit createsasit goes.However, if executionof theDODS
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clientis somehw interruptedthese®les mayremain,andwill have to bedeleted
by hand.



The DODS Client

Therearemary differentdataanalysispackagesn use.Somepackagessuchas
MATLAB andIDL, arecommerciallyavailable,but mary morearewrittenfor a
specializetheedor application.Many of theseuseoneof thewidely availablesets
of scienti®cdataaccesdunctions(calledan ApplicationProgram Interface or
API1) suchasNetCDF, JGOFSor HDF. Thereis greatvarietyamongall these
programsput onefeaturethey shares thatthey all accesslatathrough®les
containingthatdata. Thatis to saythateachprogrambeginsby identifyinga®Ile
containingthe datathe userwishesto examineor analyze.

A DODSclient is simply a dataanalysisapplicationlinkedwith the DODS
librariesinsteadof the standarddataacces\PI. Usingthis programa usercan
look at®les containingdatain the sameway aswaspossiblewithoutthe DODS
libraries.However, by usingthesdibraries,a usercanalsousea URL (URL) ,
insteadof a simple®le name to specifydatalocatedanywhereon the Internet.
Figurel.1and®gurel.2illustratethe operationof anapplicationprogramlinked
with a standardiataaccesg\PI, andthe sameprogramlinked with the DODS
versionof thatAPI.

A DODSclientis thena dataanalysisapplicationprogrammodi®edto becomea
webbrowvser somavhatlike ary otherwebbrowvser (NCSA Mosaic, Netscape
Navigator) with which you maybefamiliar A webbrowsercanonly displaythe
datait receves,howvever. Whatmakesa DODS client differentfrom anothemveb
browseris that,unlike Netscapepncethe datahasbeenreceived from aDODS
sener, the DODS clientapplicationcancomputewith it.

Likeawebbrowser aDODSclientacceptsaa URL from auser andparsest to
comeup with a protocol,anaddressanda message(SeeSection2.1 onpagel8
for moreinformationaboutURLSs.) Thebrowvserthensendsa messagéo the
addressdirectedto the sener who canservicethe desiredprotocol,askingfor the
informationspeci®edn theremaindeof the URL. Unlike atypicalwebbrowser

1This is not true of someAPIs, suchasJGOFS.That API, however, usesa datadictionaryto
allow the userto think thatthe dataaccesss through®les.
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aDODSclientwill notknow whatto dowith datareturnedfor awebpage
containingtext andpictures but aDODSsener will returnscienti®cdatathata
DODSclientcanunderstanéndprocess.

Hereis a simpleexample,usingthe program.This programsimply prints
outthecontentof anetCDFformatteddata®le, speci®ecnthe commandine,
like this:

UsingDODS, this samefunctionmay be executedirom ary computerconnected
to thelnternetby substitutingpa URL for the®lename above:

(See®gure2.1 Asidefrom thefactthatthedatais remote andmustbe speci®ed

with aURL, the programwill seento functionin thesameway it hadwith the

simplenetCDFlibrary (albeitsomevhatmoreslowly dueto having to make

network connectionsnsteadof local ®le operations)You can®nd (the
programlinkedwith the DODSlibrary) in the

directory.Runningtheabore commandwill producethefollowing output:
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AlthoughtherearepackagedODS browsing programghata usercanuseto
look atdata,theusercanalsoconstructis or herown. Linking aDODSAPI with
analreadyexisting programallows a userto createa customizedvebbrowserthat
canaccesslataavailablefrom ary DODSsener connectedo thelInternet.

The DODSAPIs aredesignedo accuratelymimic thebehaior of several
differentcommonlyusedscienti®cdataAPls. As of thiswriting (May 22,2003),
the DODSAPI setincludes:
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Table3.1: SupportedAPIs

API Description Components
netCDF Supportfor griddeddata,suchassatellitedata,n- Sener and
terpolatedshipstationdata,or currentmeterdata. client.

JGOFS Supportfor relationaldata, suchas Sequences Sener and
Createdby the Joint Globar OceanFlux Study client.
(JGOFS)projectfor usewith oceanographista-
tion data.

HDF Supportfor griddeddata. Commonlyusedfor as- Seneronly.
tronomicaldataandmodeldata.

DSP Oceanographicand geophysicalsatellite data. Seneronly.

Provides supportfor image processing. Devel-
opedattheUniversityof Miami/RSMAS.Primar
ily usedfor AVHRR andCZCSdata.

GRIB Supportfor gridded binary data. GRIB is the
World MeteorologicalOrganization(WMO) for-
matfor thestorageof weathelinformationandthe
exchangeof weathemproductmessages.

Seneronly, due
in early1999.

BUFR  The WMO's standardsetof codesfor the trans-
missionandstorageof meteorologicatlata,using
acompressetbrmatwith eachdatavalueoccupy-
ing the leastnumberof bits necessaryo contain
its rangeof values. Suitablefor meteorological
obserationsmadefrom a single point or setof
points.

Seneronly, due
in early1999.

Free- On-the-y cornversion of arbitrarily formatted

Form data, including relationaldataand griddeddata.
May be usedfor sequencedata, satellite data,
modeldata,or ary otherdataformatthatcanbe
describedn the e xible Freeform formatde®ni-
tion language. This sener canbe usedto sene
datastoredin almostall home-gravn datafor-
mats.

Sener only; no
clientrequired.

native The DODS classlibrary may be useddirectly by
DODS aclient program. It supportsrelationaldata,ar

ray data,griddeddata,anda e xible assortment

of datatypesthat canbe combinedto ¢ accom-
modatemostdatamodels.

Client.

The API setis extensible meaninghatdeveloperscanusethe DODS software
toolkit to write DODS-compliantersionsof new APIs. SeeTheDODSToolkit

Programmers Guidefor moreinformation.

Themostimportantresultof this architectures that,just asthe useof the
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programabore is identicalto theoriginal , ausercanuseremote
DODSdataand continueto usethe samedataanalysisanddisplayprogramswith
which heor sheis familiar. Any programthatusesoneof the DODS-supported
APIsmaybere-linkedto usethe DODSversionof thatAPI. Thiscreatea DODS
client. Thatanda connectiorto theInternet,areall thataresearcherequirego
gainaccesgo theavailableDODSdata.

3.1 Conguring Programs to Use DODS

Relinkinganexisting programwith the DODSimplementatiorof somedataAPI
is asimpleprocedureFind thedirectorythatcontainsthe source/objectodeof
the programyou wantto re-link andmodify the male®Ie (typically called

) for the programsothatthe DODS-complianAPlI library is usedin
placeof the standardAPI library. (If youcant ®ndthelibrariesonyour system,
seeAppendixA onpage9l, or askthe systemadministrata) Thesdibrariesare:

Softwarecommonto all of the DODS-supportedPls.

DODSalsousedacilitiesfrom somestandardibraries,andthesemustalsobe
includedin thelink to resole all thesymbols.

TheWorld Wide Weblibrary. This containghe functionsusedto
communicatéetweerthe DODSclientandsener.

Functiongrom the library areusedto communicate
betweerDODSclient processes.

Containde®nitionsnecessarjor the library. Theuseof this
library in thelink is notrelatedto the useof Tcl by DODSclients.

The GNU C++clasdlibrary (Thisis notnecessaryf using  to
re-link.)

Youwill alsoneedto includethelibrary containingthe DODS-compliantersion
of the API. Thenameof this library of coursedepend®nthe API, butit is
generallyin theform

WhereAPIl is anabbreiation indicatingthe APl emulatedy the speci®edibrary.
For example the DODS-compliannetCDFlibrary is called and
the JGOFSversionis
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3.1.1 An Example Using netCDF

The programis asimpleutility thatprintsthe contentsf a
netCDF-forma®le to standardutput. This sectionoutlinesthe procesaisedto
modify the malke®leto link thatprogramwith the DODSnetCDFAPI,
therebyturning into a network-readyDODSclient. The procesof
linking ary otherprogramwith the correspondindgpODSlibrary is entirely
analogougo this oneandonly requireshe substitutionof the programnameand
theappropriatdibrary.

Firstthelink ags weremodi®edsothatthelibrary searchpathwouldincludethe
likely placeso ®nd the DODSlibraries:

_ is anervironmentvariablethatindicategheroot directoryof the
DODSinstallation,andin this manualis usedasshorthandor this directory It is
typically calledsomethindike . If youcannot®ndthese
directorieson your systemconsultyour systemadministratgror referto
AppendixA onpage91l for informationaboutacquiringandinstallingthe DODS
software.

After thelink ags weremodi®ed,the DODSlibrarieswereaddedo thelist of
librariesused.Theorderin whichthelibrariesarelistedis important.

NOTE: BecausdODSis implementedisa coresetof classesontainedn
onelibrary ( ) anda setof specializationsf thoseclasses
in asecondibrary ( ), andbecausehereis acircular
dependencbetweerthosetwo libraries,they mustbeincludedtwice
in thelinker command.

Finally, wassubstitutedor thelink command

3.1.2 Potential Problems

Whenauserlinks anexisting aprogramto the DODSlibraries,thereareseveral
possibleconditionsthatmay causeproblems.

U SomeprogramaisemorethanoneAPI.

i Someprogramsaccesslatausingboth APl andUNIX systencalls.

i Someprogramauseundocumentefeaturesof the APIs.

2It is possibleto use insteadof , butin thatcase, mustbeaddedo theendof the
library list.
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If thisis the casefor agivenprogram thereis generallyno goodsolutionbeside
rewriting the softwareto conformto a strictusageof thedatareadingpartsof the
givenAPI. Of coursef theproblemis thatthe programusesmorethanoneAPI,
you cantry linking the programwith a DODS-compliantersionof thesecond
APl aswell.

U Re-linkedprogramscanbeverylarge.

TheDODSlibrariesarelarge,andthe , , and librarieson
whichthey arebuilt areevenlarger This meanghatthe executableversionof a
re-linked DODS client canseenmunreasonablpbese Much of thedisk spaceds
occupiedby symboltables which canbe remoredfrom the executable®le with
the utility. In mary casesausercanrecover a substantiabmountof disk
spacehisway.

CAUTION: Withoutfamiliarity with the DODS software, it is bestonly to
strip the executable®les. Strippingobject®lesor librariesmight
leave themin a uselesgonditionfor thelinker. Furthermore,
strippinganexecutable®le remoressymbolnameswhich may
male diagnosingproblemamoredif®cult.

TheDODSlibrariesonly affectthe datareadingfunctionality of the speci®ed
API. Thereareno DODSreplacement®or functionslike netCDFS ,
thatwrite datato a disk ®le. Thesefunctionsareincludedin the DODS-compliant
API library, but they operatdn amanneiidenticalto theoriginal (non-DODS)
versionsthatis, they work onlocal ®lesonly, attemptingto write 2overthe
network®will resultin anerror
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3.2 Writing New DODS Programs

The DODS softwaremay alsobe usedto write new programs.Thismaybedone
eitherthroughoneof the DODS-supportedPI libraries,suchasnetCDFor
JGOFSpr by usingthe DODSdataaccesgrotocoldirectly Thereareadwantages
anddisadwantagedo eachapproach.

Thebiggestadwantageof writing new codeusinga DODS-supporte@Pl suchas
netCDFor JGOFSss thatthe programmein questionis probablyalreadyfamiliar
with theuseof thatAPI. Writing a DODS programusinganadaptedPI is not
signi®cantlydifferentthanwriting the sameprogramwith theoriginal API. While
writing this new programit will be usefulto remembethatthe datathe program
useswill oftenberemote,implying thatdataretrieval maynot beinstantaneous,
andthatimplementatiorof local cachingto storerequestediatamightbe agood
idea,but otherthanthat,the processs the sameaswriting a programusingthe
regularAPI.

It is alsopossibleto usethe DODSdataaccesprotocoldirectly. Thisis
someavhatmoreinvolved thanusingoneof the DODS-complianiAPI libraries,
andC++is theonly languagesupportedor this. However, this approacttan
provide substantiallymoreef®cient programsFor furtherinformationaboutthis
approachreferto thetechnicalinformationaboutthe DAP in TheDODSToolkit
Programmers Guide
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The DODS softwareis notonly a datatransporimechanismUsingDODS,you
cansubsampl¢hedatayou arelooking at. Thatis, you canrequestainentiredata
®le, or justa smallpieceof it.
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4.1 Selecting Data: Using Constraint Expressions

The URL suchasthisone:

refersto the entiredatasetontainedn thebuoys.nc®le. A usermay, however,
chooseo samplethe datasesimply by modifying thesubmittedURL. The
constaint expression attachedo the URL directsthatthe datasetspeci®edoy
the®rst partof the URL besampledo selectonly the dataof interestfrom a
dataseevenfor programghatdo not have a built-in way to accomplistsuch
selectionsThis canvastlyreducetheamountof dataa programneedgo process,
andreducethe network load of transmittingthatdatato the client.

4.1.1 Constraint Expression Syntax

A constrainexpressioris appendedo thetamget URL following a questionrmark,
asin thefollowing examples:

A constrainexpressiorconsistof two parts:a projection anda selection,
separatethy anampersand ). Eitherpartmaycontainseveral sub-expressions.
Eitherpartmaybe presentpr both.

A projection is simply acomma-separatdi$t of thevariableghatareto be
returnedo theclient. If anarrayis to be subsampledhe projectionspeci®egshe
mannetin whichthesamplingis to bedone.If the selectionis omitted,all the
variablesn theprojectionlist arereturned If the projectionis omitted,theentire
datasets returnedsubjectto the evaluationof the selectionexpression.The
projectioncanalsoincludefunctionalexpression®f the form:
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wheretheagumentsarevariablesrom the datasetscalarvalues,or other
functions.

A simpleselectionexpressioris a booleanexpressiorof theform

variableopemtor variable

or
variableopemtor value
or
function( _ _ _)

Where

operator canbeoneof therelationaloperatorgistedin table4.1on page40;
variable canbeary variablerecordedn thedataset;

value canbeary scalaystring,function,or list of numbergLists aredenotedoy
comma-separatdtbmsenclosedn curly bracesfor example, 3,11,4.5.);
and

function is afunctionde®nedby the senerto operateon variablesor values,and
to returnabooleanvalue(SeeSectiord.1.3on page4l).

Eachselectionclausebegginswith anampersand ) representinghe3AND°
boolearoperation.

NOTE: The isactuallyapre x operatornotanin®x operator Thatis, it
mustappeaatthe beginningof eachselectionclauseno matterwhat.
This meanghata constrainexpressiorthatcontainsno projection
clausemuststill have an in front of the ®rst selectionclause.

Thereis nolimit onthenumberof selectiorclauseghatcanbecombinedo
createa compoundconstrainiexpression Datathatproduces true (non-zero)
valuefor theentireselectionexpressiorwill beincludedin thedatareturnedo
theclientby thesener. If only apartof somedatastructure suchasa Sequence
satis®eghe selectioncriteria,thenonly thatpartwill bereturned.

NOTE: Dueto thedifferencesn datamodelparadigmsselectionis not
implementedor the DODS arraydatatypes,suchasGrid or Array.
However, mary DODS senersimplementselectionfunctionsyou
canusefor thesameeffect. You canquerythesener for the
functionsit implementswith the usageserviceoutlinedin
Sectiord.1.3onpage41.

1The20ORCfunctionmaybeimplementedwith a list. For exampleto saythati mustequal3 OR
1lyouwouldwritei = 3,11 Theclauseevaluatego truewheni equalsary oneof the elements.
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Simple Constraint Expression Examples

Considerthedatadescriptotin ®gure4.1.1. The®gureis anexampleof the Data
DescriptorStructure, oneof themessagesturnedoy a DODSsenerin
responseo a queryaboutsomedatasetThefull syntaxdescriptiorfor this
structurds givenin Section6.4 on page81. For themoment,t is only important
thatit is thedescriptiornof a datasetontainingstationdataincludingtemperature,
oxygen,andsalinity. Eachstationalsocontains20 oxygendatapoints,takenat 20
®xeddepthsusedfor calibrationof thedata.

Thefollowing URL will returnonly the pressurendtemperatur@airsof this
dataset(Notethatthe constrainexpressiorparseremovesall spacestabs,and
newline characterbeforethe expressioris parsed.)Thereis only a projection
clausewithouta selectionjn this constrainexpressioR.

Figure4.1: SampleDataDescriptor

Incidentally we have assumedhatthe datasetvasstoredin the JGOFSformaf®
ontheremotehost ,in a®le called . For the sale of
brevity, from hereonwe will omit the®rst partof the URL, to concentrat®n the
constrainexpressioralone.

2Forthesale of clarity, thisandseveralof thefollowing constrainexpressiorexamplesspanmul-
tiple lines. While the constrainexpressiorevaluatorignoresnenline charactersprogramimitations
of theDODSclientwill likely preventa userfrom typing a newline in aconstrainiexpression.

Becaustt containsanarray thedatasepicturedin Figure4.1.1is technicallynotavalid JGOFS
datasetWe have includedthe arrayfor pedagogicapurposesandhopethatthe JGOFSpuristswill
forgive us.
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If we only wantto seepressur@andtemperaturg@airsbelov 500 metersdeepwe
canmodify the constrainexpressiorby addinga selectionclause.

In orderto retrieve all of eachcastthathasary temperatur@eadinggreatetthan
22 dggreesusethefollowing:

Simpleconstrainiexpressionsnay be combinednto compoundexpressionsvith
logical AND (). Toretrieve all stationswestof 60 degreesWestandnorthof
theequator:

As wasmentionedthelogical OR canbeimplementedisingalist of scalarsThe
following expressiorwill selectonly stationstakennorthof theequatoiin April,
May, June,or July.

If our datasetontaineda®eld called , indicatingthe monthin
which monsoon$appenedhatyear we couldmodify thelastexamplesearcho
includethosemonthsasfollows:

In otherwords,alist cancontainbothvaluesandothervariables.If
monsoon-montlvasitself a list of monthsa searchcouldbewritten as:

For arraysandgrids, thereis a specialway to selectdatawithin the projection
clause.Supposeave wantto seeonly the®rst ®ve oxygencalibrationpointsfor
eachstation.Theconstrainexpressiorfor thiswould be:

By specifyinga stride value,we canalsoselecta hypeslab of theoxygen
calibrationarray:

This expressiorwill returnevery ®fth memberof the array In otherwords,
theresultwill beafour-elementarraycontainingonly the ®rst, sixth, eleventh,
andsixteentimemberof the array Eachdimensiorof a
multi-dimensionahrraysmaybe subsampleéh ananalogousvay. Thereturn
valueis anarrayof the samenumberof dimensionsasthesampledarray with
eachdimensionsizeequalto the numberof elementselectedromit.
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4.1.2 Operator s, Special Functions, and Data Types

Thedatatypesaccessibléhroughthe DODS softwarearelistedanddescribedn
Section6.3on page72. It is advisabldo befamiliarwith thesetypesbeforetrying
to constructtomplex constrainexpressions.

The constrainexpressiorsyntaxde®nesa numberof operatorgor eachdatatype.
Theseoperatorarelistedin table4.1

Exceptfor the operatiorde®nedonthe URL datatype,all the operatorsle®ned
for thescalarbasetypesarebooleanoperatorsvhoseresultdepend®n the
speci®edcomparisorbetweerits aguments Referto Sectiord.1.4on paged4l

for adescriptionof the URL datatypeandits operator

The operatoreturnstruewhenthe charactestringon theleft of the operator
matchegheregularexpressiorontheright. SeeSectiond.1.50n paged2for a
discussiorof regularexpressions.

The Structue, SequenceandGrid datatypesareeachcomposeaf a collection
of simplerdatatypes.The. andoperatorsllow auserto referto thesubsidiary
variableswithin thesecompoundypes.For example, indicates
thevalueof the membetrof the sequence.

Thearrayoperator is usedto subsamplehegivenarray Seepage39 for an
explanationandexampleof its use.

Table4.1: ConstrainExpressiorOperators.

Class | Operators
SimpleTypes

Byte Int32
UlInt32,
Float64
String

URL

Compoundlypes

Array

List

Structue
Sequence
Grid

Therearethreespecialfunctionsde®nedto operateon the List datatype. The
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functionreturnsthe numberof elementsn thegivenlist, the
functionreturnsthelist elementindicatedby theinputindex, andthe
function,whichreturnstrueif thegivenvalueequalsary memberof thelist. Note
thatthebehaior of the functionis unde®nedor indicesbeyondtherange
of thelist.

4.1.3 Using Functions in a Constraint Expression

A DODSdatasener mayde®neits own setof functionsthatmaybeusedin a
constrainexpression For example the datasener containingthe exampledata
from ®gure4.1.1mightde®nea functionto returnthe densityof the
waterat the giventemperaturesalinity andpressureA querylike thefollowing
would returnall the stationscontainingwatersamplesvhosedensityexceeded
1.0275

Functiondike this onearenot a standargartof the DODSarchitectureandmay
vary from onesenerto another A usermayqueryasener for alist of such
functionsby sendinga URL endingwith 2.info°. For example,you canquerythe
datasener installedon the DODShomesite with thefollowing URL:

Thedatareturnedwill beanHTML messageeadablaevith a standardveb
brawser containingdocumentatiomf the sener runningon thegivensite,andthe
datanamedn the URL. In this caseyouwill learnthatthe speci®edsener
de®negwo functionsthatcanbeusedin aconstrainiexpression:

geolocatevariable, latl, lat2, lon1, lon2) Returngheelementf variablethat
fall within thebox createddy (/at1,/onl1) and(latZ2lon2).

time(variable, start_time, stop.time) Returngheelementf variablethatfall
within thetime intenal starttime andstoptime.

4.1.4 Using URLs in a Constraint Expression

TheDODSdataaccesprotocolde®nesa specialdatatypeto handledistributed
data:URL. Thisis ascalardatatype,muchlike the Stringtype,intendedo hold
oneDODSURL. It generallypointsat someremotedatasebr datavalue.Using
this datatype,a constrainiexpressiormay make the datareturnedrom one
DODSdatasener dependentn dataheldatanentirelydifferentsite.

In orderto accommodatéhis datatype, DODS de®nesa speciaPdereference®
operator . Similarto its functionwith pointersin C, applyingthis operatotto a
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URL returnsthe dataspeci®edoy thatURL. The URL datatypeitself contains
only acharactestring. It mustbe dereferencetb produceareferencdo thedata
namedby the URL.

Examples

Thefollowing examplewill returnall the stationscontainingoxygenvalues
greaterthan®fteen:

Similarly, thefollowing constrainexpressiorwill yield all the stationsn the
datasetvhosevalueis greatethanthatof the oxygenvalueindicatedoy the URL.:

Finally, supposdhatthe datasettself containeda variableof type URL, andthat
this URL containedhe addres®f oxygendatastoredat someothersite. Thedata
descriptorfor thedatasetnightlook like thefollowing:

We cannow write the previous constraintas:

URLs storedin remotedatasetsnayalsobe usedin the projectionclauseof the
constrainexpressionimaginea datasethatconsistonly of alist of URLs for
eachsquaredegreeof latitudeandlongitude.A usercouldquerythis datasetor
theactuallist of URLS, or, by usingthe operatorcouldconstructa constraint
expressiorthatwould returnthe actualdataindicatedby the URLsin thetarget
dataset.

4.1.5 Pattern Matching with Constraint Expressions

Therearethreeoperatorsle®nedio compareone Stringdatatypeto anotherThe
operatorreturnsTRUE if its two input charactestringsareidentical,andthe
operatorreturnsTRUE if the Stringsdo notmatch.A third operator is
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providedthatreturnsTRUE if the Stringto theleft of the operatormatcheghe
regularexpressionin the Stringontheright.

A regularexpressioris simply a charactestring containingwildcardcharacters
thatallow it to matchpatternswithin alongerstring. For example thefollowing
constrainexpressiommightreturnall the stationson the samplecruiseat which a
sharkwassighted:

Most characterén aregularexpressiormatchthemseles. Thatis, an3®in a
regularexpressiormatchesanf in thetamgetstring. Thereareseveral special
charactershowever, thatprovide moresophisticategbattern-matching
capabilities.

Theperiodmatchesary singlecharacteexcepta newline.

Thesearepost®xoperatorswhichindicateto try to matchthepreceding
regularexpressiorrepetitively (asmary timesaspossible).Thus,
matchesry numberof 's. Theoperatordifferinthat alsomatches
zero 's, matchenly aseriesof oneormore 's,and matchesonly
zeroorone .

T...T
De®nea?characteset® which beginswith andis terminatedby . In the
simplestcasethecharacterbetweerthetwo bracletsarewhatthis setcan
match.Theexpression matchesitheranupperor lower case .
Bracketscanalsocontaincharacterangesso matchesll the
numeralslf the®rst charactewithin thebracletsis acaret( ), the
expressionwill only matchcharactershatdonotappeain thebraclets. For

example, only matchesharactestringsthatcontainno numerals.

Thesearespecialcharactershatmatchthe emptystringatthe beginningor
endof aline.

Thesetwo charactergle®nealogical OR betweerthelargestpossible
expressioron eithersideof theoperatar So,for example the string

matchesither or . Thescopeof
the OR canbecontainedwith the groupingoperators, and

Theseareusedto groupa seriesof characterinto anexpressiongr for the
OR function. So,for example, matcheseroor morerepetitions
of thestring
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Thereareseveralmorespecialcharacterandseveral otherfeaturef the
characterslescribecdere,but they arebeyondthe scopeof this guide. TheDODS
regularexpressiorsyntaxis the sameasthatusedin the Emacseditor Seethe
documentatiofior Emacdq1] for acompletedescriptiorof all the pattern-
matchingcapabilitiesof regularexpressions.

Examples

In theabove example,a usermightwonderwhetherthe sharkcommentadbeen
spelledwith upperor lower casedetters.Thefollowing constrainexpressiornwill
returnary stationthatmentionsa sharkin upperor lower case.

Of coursethis would miss and andsoon. Theconstraintcouldbe
written this way to catchall odd permutation®f upperandlower case:

4.1.6 Optimizing the Query

Usingthetoolsprovidedby DODS,ausercanbuild quite elaborateand
sophisticate@onstrainexpressionshatwill returnpreciselythedataheor she
wishesto examine.However, asthecompleity of theconstraintexpression
increasessodoesthetime necessaryo procesghatexpression.Therearesome
technigues usermay userto optimizethe evaluationof a constrainthatwill ease
theloadonthesener, andprovide fasterrepliesto DODS datasetjueries.

The DODS constrainexpressiorevaluatorusesa °lazy evaluation® algorithm.
This meanghatthe sub-clausesf the selectiornclauseareevaluatedn order and
parsinghaltswhenary sub-clauseeturnsFALSE. Considera constraint
expressiorthatlookslike this:

If thesener encounters stationwith no oxygenvaluesover 15.0,it doesnot
botherto look atthetemperatureecordsatall. The®rst sub-clauseevaluates
FALSE, sothesecondlauses never evenparsed.

A carefulusermayusethis featureto his or heradwantagen theabore example,
theorderof the clausesloesnotreally matter;therearethe samenumberof
temperatur@andoxygenmeasurementt eachstation.However, considerthe
following expression:

For eachstationthereis only onemonthvalue,while therearemary oxygen
values.Passinga constrainexpressiorik e this onewill forcethesenerto sort
throughall the oxygendatafor eachstation(which couldbein thethousandsf
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points),only to throw the dataaway whenit ®ndsthatthe monthrequestedioes
not matchthe monthvaluestoredin the stationdata. Thiswould befar betterdone
with the clauseseversed:

This expressionwill evaluatemuchmorequickly becauseinwantedstationsmay
be quickly discardedy the®rst sub-claus®f the selection.Thesener will only
examineeachoxygenvaluein the stationif it alreadyknows thatthe stationmight
beworth keeping.

This sortof optimizationbecomegvenmoreimportantwhenoneof theclauses
containsa URL. In generalary selectionsub-clauseontaininga URL shouldbe
left to the endof the selection.Thisway, the DODSsener will only beforcedto
goto thenetwork for dataif absolutelynecessaryo evaluatethe constraint
expression.
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4.2 A Word About Data Translation

Oncearesearcheis freedfrom the con®nesf usingonly local data,heor she
will soondiscover thatthereis awealthof dataavailableon the Internet,and
nearlyall of it is storedin formatsincompatiblewith herown. Worse thedata
formatsareoftenmutuallyincompatiblerenderinghe confusioncomplete.
DODSprovidesasolutionapplicableto a greatmary suchproblems.

Whena DODS sener retrievesdatafrom somedistantmachinethatdatamaybe
in ary of several®le formatssupportecdby DODS.The senertranslateshedata,
however, into anintermediatdormatfor transmissionUponreceiptof the
messagesontainingdata,the DODSclient softwareunpackghe datainto the
form expectedby the calling clientprogramandreturnsit to thatprogram.
Becausall datamustbetranslatednto the samentermediatdormat,DODS
becomes powerful formattranslatorfor datasetsln effect, this meanghata
programdesignedo readanddisplayJGOFSdatacanlook atthe DODSdata
catalogandseeeverythingasJGOFSdatasetsA netCDFprogramcanlook at
thosesamedatasetsfrom thatsamecatalog,andthink they areall in netCDF
format. This systenof translatiorallows aresearcheto ignorethe questionof
formatsandconcentrat®n thedataalone.

Of coursetherearesometranslationghatcannotbe donetransparentlyif they
canbedoneatall. Consideratwo-dimensionaarrayof satellitesea-sukice
temperatureneasurement®ssumethe datais storedin netCDFformaton some
machinecalled . Thedatamightbe uniquelyspeci®edy some
URL, say . However, werea userto
feedthatURL to a JGOFS-originate®ODS clientdesignedo draw propertyvs.
depthgraphsof stationdata,notranslatiorfacility would be ableto mapthe
original datainto aform accommodately theclientprogram.

Theissuesf datamodelsanddatatranslatiorareimportantonesto thedata
provider. Thesdssuesarediscussedh detailin Section6.1.2on page69
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The DODS Server

Seethe DODS Sener installationguidefor mostof this information.

Therearetwo separat@iecedo thetaskof installinga DODSdatasener:
installingandcon®guringthe sener itself, andtelling the universeof possible
usersaboutit.! Only the®rstwill beconsideredn this chapter DODS provides
avenuedor doingthesecondjncludinga CatalogServiceindexing DODS
datasetsandcooperatiorwith the Global ChangeMasterDirectory but theseare
still underconstruction.

A DODSsener is nothingmorethana World Wide Websener ( ) equipped
with CommonGateavay Interface(CGl) programghatenableit to respondo
requestdor datafrom DODSclient programsWebsenersandCGI programsare
standargartsof the Web,andthe detailsof their operatiorandinstallationare
beyondthe scopeof this guide. For furtherinformationaboutthese consultoneof
themary World Wide Webreferencesiow available.For the purpose®f
understandinghe DODS architecturea userneedonly understandhefollowing:

U A Webseneris aprocesghatrunson acomputer(the hostmachine)
connectedo the Internet.Whenit recevesa URL from someWebclient,
suchasausersomevhereoperatingNetscaper Mosaic,it packagesand
returnsthedataspeci®edy the URL to thatclient. Thedatacanbetext, as
in awebpage but it mayalsobeimages soundsa programto be executed
ontheclientmachineor someotherdata.

U A properlyspeci®edJRL cancausea Websenerto invoke a CGl program
onits hostmachineacceptingheinputthatwould have goneto the httpd,
andreturningthe outputof thatprogramto theclientwho sentthe URL in
the®rstplace. The CGl is executedonthesener. TheDODSsenerrelies
onthisfacility.

1Theseconctstepis, of course pptional.
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5.1 Server Architecture

A requesfor datamadeto the client DODS ibrary will resultin threedifferent
requestdor datato aDODSsener. Theusersimply entersa singleURL, as
describedn Section2.1 on pagel8. The coreDODS softwarethenmodi®esthe
URL into threeslightly differentforms,andmakesthreerequestdor datato the
sener. The®rstrequests for the2shapedf the data,andconsistof the dataset
descriptorstructuredescribedn page81. Thesecondequesis for theattributes
of thedatatypesdescribedn the DDS. This structureis describedn page82.
Thelastrequesis actuallyfor thedata.

Theresponsdo theDDS andDAS requestJRLsis text formattedusingthe
grammarsn table6.4 andtable6.3. Thistext canthenbe parsedy thecallerto
determinghestructureof the datasettypesandsizesof eachof its components
andtheir attributes.Dependingon the dataacces#\P| usedto accesshedata,
thesestructuresnaybederived eitherfrom informationcontainedn the dataset
or from ancillaryinformationsuppliedby the datasemaintainersn separateext
®les, or both. Thedatain thesestructuregwhich canbethoughtof asdataabout
therealdata)maybecacheduy theclientsystem.

The DODSDAP is a statelesprotocol. The protocolentrypoints maybethought
of asthedifferentmessaget whichaDODSsener will respond(A messagés
justa URL specifyingarequest.Eachof the protocolentrypointsdoesasingle
isolatedjob andthey canbeissuedn ary order Of coursejt maynotmale sense
to theuserto askfor the databeforeaskingfor thedatadescriptionstructure put
thatis notthesener's problem.This separabilityallows the userto cachedata
locally if needbe,sothatfutureaccessew the samedatasetanskip theretrieval
of thesestructures.

To understandhe operationof the DODSsener, it is usefulto follow theactions
takento reply to adatarequestThediagramin ®gure5.1laysouttherelationship
betweerthevariousentities.Considera DODS URL suchasthefollowing:

Whenthis URL is submittedo a DODSclient, it will contactthe Websener
(httpd)runningon the platform, . Whentheconnectiorhas
beenestablishedthe clientwill forwardto the senertheremainingpartsof the
URL: . As thesener parseshis string, it
will noticethat correspondso thenameof thedirectorywhereit keeps
its CGI programs(Theactualdirectorynameis speci®cto the particularweb
sener usedandthedetailsof its installation. Typically, thewebsener

documnetatiomightcall it the directory andit mightreferto
somethindike .) It looksin thatdirectoryto
seewhetherthereexistsa CGI programcalled , Whichis thenameof the

netCDFDODSsener packagedvith DODS. Finally, the sener executeghat
program specifyingtherestof the URL ( in this case)or an



5.1 Server Architecture 51

argument.The standardutputof the CGI programis redirectedo the outputof
the , sotheclientwill receve theprogramoutputasthereplyto its request.

For APIsthataredesignedo readandwrite ®les,suchasnetCDF the CGl
programwill beexecutedwith theworking directoryspeci®edoy the

con®gurationOnthe sener, for example,all CGI programs
areexecutednative to thedirectory . Thelastsection
of theURL, then,speci®eghe®le in thedirectory:

Severalexisting dataAPls, suchasJGOFSarenot designedvith ®le accessas
theirfundamentaparadigm.The JGOFSsystemfor example,usesan
arrangementf 2dictionariesthatde®nethelocationandmethodof accesdor
speci®edlata?objects. A URL addressing JGOFSobjectmayappeato
represena®le, like thenetCDFURL above.

However, theidenti®er( ) afterthe CGI programname( )
representsjota®le, but anentryin the JGOFSdatadictionary Theentrywill, in
turn, identify a®le or adatabaséndex entry(possiblyon yetanothersystem)and
amethodto accesshedataindicated.(The sener mustbeavalid JGOFS
userto have accesgo thedictionary)

Notethatthe nameandlocationof the directory aswell asthenameand
locationof theworking directoryusedby the CGI programsarelocal
con®guratiordetailsof the particularwebsenerin use.Thelocationof the
JGOFSdatadictionaryis a con®guratiorissueof the JGOFSnstallation. Thatis
to saythesedetailswill probablybedifferenton differentmachines.

5.1.1 Service Programs

At this point, therequesfor data,encodedn a URL, hascausedhe sener
to executethe CGI programthatrepresentthe DODSsener. TheDODSsener,
in turn, executesoneof severaldifferentservice programsandreturnstheresult
of thatexecutionto theclient. Thoughtheremaybe othersavailableon a given
machine®ve of the servicesonstitutethe corefunctionality of the DODS sener:

U DataAttribute

i DataDescription

U Data

i ASCIl Data

U Information
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DODS Client [ — ~

httpd
DODS Server Other Services
, —
(CGil Filter) (Catalog, Usage, etc.)
_ Data Service
DAS Service
: DDS Service

 _4 AN

DATA

Ancillary Data

Figure5.1: TheArchitectureof aDODS DataSener.
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NOTE: ThereareotherimportantDODS services For adescriptionof all the
DODSservicesseeSection2.2on page20.

TheDODSsener is structuredasa dispatchfunction,invoking ancillaryhelper
programgo provide its servicesInstallinga DODS sener involvesmakingsure
thateachof therequiredhelperprogramss availableto thesener software.Here
is atableof the helperprogramgequiredfor eachof the DODS servicedor the
netCDFsener. For anothelDODS sener, thenamesof someof thehelper
programswvould have adifferentroot (e.g. _for theFreeformsener, _for
JGOFSegtc.).

Table5.1: DODS Serviceswith their suf®xesandhelperprograms.

| Sewice | Sufx | Helper Program \
Data At- _
tribute
Data De- _
scriptor
DODSData _
ASCII Data or
Information , see Section 5.2.3 on
page56 for con®gurationinfor-
mation.
WWWwW None
Interface
Version None
Help Anything None
else

Theserviceprogramsarestartedby the CGIl dependingn the extensiongiven
with the URL. If the URL endswith ".das'thenthe DAS serviceprogramis
started.Similarly, theextension'.dds'will causehe DDS serviceto runandso

on. The CGI program(the2dispatch%cript), which senesto dispatchtherequest
to oneof thethreeserviceprogramsgcanbevery simple.In the senersdistributed
with DODS,the CGl is simply a shellscriptthattakesits own nameandcatenates
theenclosedJRL suf®x. Theserviceshbeingmorecomple programsyill
generallybewrittenin C or C++.

Ontheclientside,theusermaynever seethe ".das, ".dds, or ".dds' URL
extensionsNor will theusernecessarilype avarethateachURL givento the
DODSclient produceshreedifferentrequestgor information. These
manipulationshapperwithin theclientlibrary, andthe userneednever be aware
of them.
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Theremaybe morethan®ve serviceprogramdor a givensener

implementatiorf. A sener mayprovide otheraservice8,suchasthe catalog
service0r aservicespeci®cto a particulardataimplementationThethreedata
serviceshowever, constitutethe minimumcon®guratiorfor afunctionalsener.

All threeservicesareinvolvedin datarequestsastheclient programwill usethe
outputfromthe_.  and_.  servicedo allocatememoryandde®neparameters
for the outputof the _ servicewhichis theactualdatarequestedThe
remainingtwo servicesthe ASCII andinformationservicesareprimarily
intendedor interactve use,asthey make dataseaindserviceinformationdirectly
availableto a browserclient,suchasNetscape.

2A coupleof servicessuchasthe versionandhelp servicesarebuilt into the sener software,
andneedno con®guration.
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5.2 Installing a DODS Server

Most of thetaskof installinga DODS sener consistof gettingtherequiredWeb
senerinstalledandrunning. Theintricaciesof this task,andthevariety of
availableWeb senersmale this taskbeyondthe scopeof this guide.Proceedvith
thefollowing stepsonly afterthe Webseneritself is operational.

Installingthe DODS CGI programsandthe datato be senedis arelatively simple
operation After installingthe DODS sourcetreeandbuilding the software, (See
AppendixA onpage9l),theuserneedonly copy the CGI programfrom the
directoryin theDODSsourcetree( - ) to oneof thedirectories
wherethe Websener expectsto ®nd its CGI programs The exactnameof this
directoryis animplementatiordetail of the Websener itself.

Theserviceprogramausedby the CGl aregenerallykeptin the samedirectoryas
the CGl itself, althoughthis canbe changedy modifyingthe DODS CGI
dispatchscript.

NOTE: Thesener programsomewith releasenotesandinstallationnotes,
in ®les and , amongothers.Thesewill befoundin
thedistribution directoriedfor the particularsener. For example the
documentatioffior the JGOFSsenerwill befoundin

- . SeeTheDODSToolkit
Programmers Guidefor additionalinformationaboutsener
documentation.

After installingthe CGI programandthe servicesthe datato be provided mustbe
putin somelocationwhereit maybesenedto clients. Again, thelocationof the
datadepend®nthe con®guratiorof the Websener andthe API usedby the CGl
servicesMost often,datathatis senedby a Webseneris keptin the

directory theexactpathnamef whichis speci®edn the .con®guratior®le.
A sener mayalsobeenabledo searchausers homedirectorytreeor mayfollow
links from the directory(if theseneris enabledo follow symbolic

links). Theremay beyet otheroptionsprovided by the speci®csener usedin a
particularinstallation,sothereis really no way to avoid consultingthe
con®guratiorinstructionsof theWebsener.

As noted,thelocationof thedatadependsot only on the con®guratiorof the
Websener, but alsoon the API usedto accesshe datarequestediFor example,
thenetCDFsener simply storesdatain a pathrelative to theworking directoryof
the CGl program, , while the JGOFSsener usesits datadictionaryto
specifythelocationof its data.Referto the speci®cinstallationnotesfor each
API for moreinformationaboutthelocationof the data.
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5.2.1 Con®guring the Server

Theissueof sener con®guratiordependo a large extentonthe particularsener
in question.The DODSsener for JGOFSdatais con®guredifferentlythanthe
DODSsener for netCDFdata.Eachsener comeswith its own installationand
con®guratiorinstructions.Thesecanbefoundin a®le called in the
distribution directoryfor thesener. The sener distribution directoriesarein

- . Hereis achecklistof itemsthatneedto beattendedn orderto
installarny DODSsener:

U Isthe sener con®guredo executeCGI programs?

U ArethemainCGI andsubsidiaryCGI programsnstalledin thesener's
CGl directory?For thenetCDFAPI, thesewill becalled ,and
_ , _ ,andsoon.ThesenerCGl'sfor otherAPI'swill have
comparableames.

U Isthe programinstalledin the of the sener? Thisis used
to compresslatamessagereturnedo theclient.

5.2.2 Constructing the URL

After adatasehasbeeninstalled,andthe sener programsnstalled,you needto
know whatits addresss. Section2.1on pagel8 containsanexplanationof the
variouspartsof the DODSURL, includinga diagramin ®gure2.1. Referto this
sectionwith acopy of theWebsener con®guratiordatareadily available. Using
thecon®guratiordata,you shouldbe ableto determingheappropriatdJRL for
thedatayou areserving.

Remembethatthewebsenerwill have its own de®nitionof therootdirectoryfor
data,andanotherde®nitionfor CGI programsdependingn the con®guration.

5.2.3 Documenting Your Data

DODS containsprovisionsfor supplyingdocumentationo usersabouta sener,
andalsoaboutthedatathatsener provides.Whenasener recevesan
informationreques{throughthe servicethatinvokesthe program),it
returnsto theclientanHTML documentreatedrom the DAS andDDS of the
referencedlata.|t mayalsoreturninformationaboutthe sener, andmoredetail
aboutthe dataset.

If youwouldlike to provide moreinformationabouta datasethanis containedn

theDAS andDDS, simply createanHTML documen{withoutthe and
tags,which aresuppliedby the service)andstoreit in thesame

directoryasthe datasetwith a namecorrespondingo thedatase®lename.For
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example thedatasets , , and mightbe
documentedvith a®le called

You may preferto overridethis methodof creatingdocumentatiomndsimply
provide asingle,completeHTML documenthatcontainsggenerainformationfor
thesener or for a groupof datasetskor example to forcetheinfo senerto return
aparticularHTML documenfor all its datasetsyou would createa complete
HTML documentindgive it thenamedataset , wheredatasets the dataset
name.

Moreinformationaboutproviding userinformation,includingsampleHTML
®les,anda completedescriptionof the searchprocedurdor ®ndingthe dataset
documentationis to befoundin TheDODSToolkit Programmers Guide

5.2.4 Testing the Installation

It is possibleto testthe DODS sener to seewhetheraninstallationhasbeen
properlydone.Theeasiestvay to testtheinstallationis with a simpleWebclient

like Netscaper Mosaic. (A simpleWebclientcalled is providedin the
DODS coresoftwarewhich canretrieve text from Webseners. Look for it in the
- directory)

Thesimplesttestis simply to askfor the versionof thesener, or thehelp
messageTheDODS sener useshelperprogramgo returnthe DAS, DDS, and
data.If youwantto testthe sener itself, andnotthe con®guratiorof the helper
programstheversion,help,or info serviceswill suf®ce. Issuinga URL with
ontheendwill returntheversioninformationfor this sener, appending
will returntheinfo messageandissuinga URL with a nonsenssuf®x or
will returnahelpmessage:

To returnthe dataattribute structureof a datasetusea URL suchasthe
following:3

Referto Section6.4.2on page82 for adescriptionof a dataattribute structure.
You cancomparehedescriptioragainstwhatis returnedoy theabore URL to
testthe operationof the DODS sener.

You canuseyourwebclientto testthe DODS sener by usingit to submitURLs
thataddresspeci®cservicef theclient. SeeSection2.2 on page20 for
informationabouthow to requesindividual serviceslIf ary of theservicedalil,
you cancheckthelist of helperprogramsn Section5.1.1on page51to ®nd out

%The programknows aboutthe DODS protocols,soyou canalsoomit the suf®x,
andusethe  optionto the commandThistells to append for you.
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whichis missing.Fromthewebbrowser you canaccessll theDODSservices,
exceptthe (binary)dataservice.However, if all the otherswork, you canbe
relatvely assuredhatonewill, too.

Usingthe suf®x produceghe WWW Interface, providing aforms-based
interfacewith which a usercanquerythe datasetisinga simplewebbrowser
Theres moreaboutthe WWW Interfacein Chapter3.
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Figure5.2: TheArchitectureof aDODS ClientGUI.

5.3 Displaying Information to the DODS User

DODS containsa systemthatallows a DODS sener a degreeof controlover the
users graphicuserinterface(GUI). This systenrunsthe systemprogress
indicator thatdisplaysto the userthe statusof a pendingdatarequestHowever, a
sener mayalsousethe GUI interfaceto displaymessage® theuser suchas
errormessagesndevento querythe userfor information.

5.3.1 GUI Architecture

SinceDODS:is built insidea dataacces#\PI, andsincetheapplicationprogram
thathasbecomeahe DODS clientwaspresumablynot built with network I/O in
mind,aDODSclientwill typically notdo ary processingtall while it awaitsa
returnmessagérom a datarequestAny communicatiorthatmusthappen
betweerthe DODS softwareandthe usermustoccurwithout theinvolvementof
theapplicationprogramthathasinvoked the DODS software. To avoid this
limitation, DODSstartsupa GUI managjer sub-processThissub-processan
receve datafrom the DODS coresoftware,andcanoperateheusers graphical
userinterface.

The operationof the GUI manageis illustratedin ®gure5.2. As seernin the
®gure,theclientapplicationcanusuallycontrolthe users screenput duringa
datarequestthis communications suspendedJntil therequesteturnscontrolto
theclientapplicationmessagessturnedrom the DODSsener canbedisplayed



60

The DODS Server

to theuserby passinghemto the GUI managesub-processyho candisplay
themin awindow to theuser

TheGUI managein 3.2usesa Tcl/Tk interpreter(the programis the
default) to interpretmessagefom the sener. ThesemessagessuallycontainTcl
programdo displayinformationto theuser However, the interpretercan
alsobesentprogramgo querytheuserfor moreinformation,or draw little rabbits
onthescreeror ary othergraphicfunctionthe sener needgo have displayedo
theuser SeeTcl andthe Tk Toolkit [3] for moreinformationaboutTcl.

By default,the GUI manageinitializesby runningthe Tcl programsn the®les
_ : and . (Thesearestoredin
_ .) Senercommandgo the GUI managecanusethefunctions
de®nedn these®les. NotealsothattheusermaybeusingasafeTcl interpreter
with arestrictedsubsebf the usualarrayof Tcl commandswvailabletoit. The
usercancontrolthesefeaturef the operationof the GUI by changingseveral
ervironmentvariables. Thesearedescribedn Section2.3.2on page24.

A senerwill usethefeaturesf the GUI manageto displayerrormessageto the
user A senermayalsousethe GUI to querya userto correctwhatever condition
causedheerror For example,if auserhasmisspelledsomepartof a constraint
expressiorin a URL submittedto a sener, the sener cansendthe constraint
expressiorbackto theuserin aneditwindow, with instructiongto ®x it. Theuser
canedittheexpressionandsendit back,allowing the sener to proceedwithout
submittinga new requestConsultthe clientandsener toolkit manualfor more
informationaboutthe Error objecton this subject.
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5.4 Building DODS Data Servers

Thoughsenersareincludedin the DODS coresoftware,someusersamaywish to
write their own DODSdataseners. Thearchitectureof the senerandthe
DODS coresoftwaremale this arelatively simpletask.

A usermaywish to write his or herown DODSsener for ary or all of the
following reasons:

i Thedatato be senedmaybestoredin aformatnotcompatiblewith oneof
theexisting DODSseners.

U Thedatamaybearrangedn afashionthatallows a userto optimizethe
acces®f thosedataby rewriting theserviceprograms.

U Theusermaywishto provide ancillarydatato DODSclientsnot
anticipatedoy thewritersof the senersavailable.

Thedesignof the DODSlibrary make thetaskarelatively simpleonefor a
programmealreadyfamiliar with the dataaccess#\PI to beused.Also, though
thesenersprovidedwith the DODS coresoftwarearewrittenin C++,they may
bewrittenin ary languagdrom whichthe DODSlibrariesmaybe called.

Onceit is invoked,a CGI programscoopaip whaterer inputis goingto the
standardnput streamof the Websener ( ) thatinvokedit. Furtherthe
standardutputof the CGl is pipeddirectly to the WWW library, which sendst
directly backto therequestinglient. This meanghatthe CGI programitself need
only readits input from standardnput andwrite its outputto standardutput.

Most of thetaskof writing a sener, then,consistf readingthe datawith the
dataacces®PI andloadingit into the DODS classesMethodfunctionsde®ned
for eachclassmake it simpleto outputthe datasothatit maybesentbackto the
requesting:lient.

Referto TheDODSToolkit Programmers Guidefor speci®cinformationabout
theclassesndthefacilitiesof the DODS coresoftware,andinstructionsabout
how to write anew sener,
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Data and Data Models

Basicto the operatiornof DODSis thetranslationof datafrom oneformatto
another A DODSsener mustreaddataon somedisk andtranslateét into an
intermediatdormatfor transmissiono theclient. It is to the questiorof these
formatsto whichwe shallturn ®rst.



66

Data and Data Models

6.1 Data models

Any datasetis madeup of dataanda datamodel. Thedatamodelde®neshe
sizeandarrangementf datavalues andmay bethoughtof asanabstract
representationf therelationshippetweeronedatavalueandanother Thoughit
may seemparadoxicaljt is preciselythis relationshiphatde®neshemeaningof
somenumber Without the context provided by a datamodel,anumberdoesnot
represenarything. For example,within somedataset,it maybeapparenthata
numberrepresentthe valueof temperatur@t somepointin spaceandtime.
Withoutits neighboringemperatureneasurementsndwithoutthelatitude,
longitude  depth,andtime, the samenumbemeansothing.

As themodelonly de®nesanabstractetof relationshipstwo datasetscontaining
differentdatamay sharethe samedatamodel. For example thedataproducedy
two differentmeasurementsith the sameinstrumenwill usethesamedata
model,thoughthevaluesof the dataaredifferent. Sometimeswo modelsmaybe
equivalent.For example,anXBT measureatime seriesof temperaturehut is
usuallystoredasaseriesof temperatur@anddepthmeasurementS.he
temperatures. time modelof theoriginal datais equivalentto thetemperature
vs. depthmodelof the storeddata.

In acomputationatensea datamodelmay beconsideredo bethedatatypeor
collectionof datatypesusedto representhatdata.A temperatureneasurement
mightoccurashalf anentryin asequencef temperatur@anddepthpairs.
However the datamodelalsoincludesthe scaladatitude,longitudeanddatethat
identify thetime andplacewherethetemperatureneasurementseretaken.
Thusthedatasetmightberepresenteth a C-like syntaxlike this (®gure6.1):

Figure6.1: ExampleDataDescriptionof XBT Station

In theabore example,a datasetis describedhatcontainsall thedatafrom a
singleXBT. Thedatasetis called , andcontains oating-point
representationsf the latitudeandlongitudeof the station,andthreeintegersthat
specifywhenthe XBT wasreleasedThe containsasingle
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sequencécalled ) of measurementsyhich arehererepresentedsvaluesfor
depthandtemperature

A differentdatamodelrepresentinghe samedatamightlook like this (®gure6.2):

Figure6.2: ExampleDataDescriptionof XBT StationUsing Structures

In this example several of the datahave beengroupedjmplying arelation

betweerthem. Thenatureof therelationships notde®nedut it is clearthat

and arebothcomponentef , andthateachmeasuremerit the
sequencés madeup of depthandtemperaturealues.

In thesetwo examplesmeaningwasaddedo thedatasetonly by providing a
morere®nedcontet for the datavalues.No otherdatawasaddedput still the
secondexamplecanbe saidto containmoreinformationthanthe®rst one.

Thesetwo examplesarere®nement®f thesamebasicarrangemenof data.
However, thereis nothingthatsaysthata completelydifferentdatamodelcant be
justasusefulor justasaccurate For example the depthandtemperaturelata,
insteadof beingrepresentetly a sequencef pairs,asin ®gure6.1and®gure6.2,
couldberepresentetly a pair of sequencesr arraysasin ®gure6.3

Therelationshipbetweerthedepthandtemperaturerariabless nolongerclear
but, dependingn whatsortof processings intendedthis maynotbethat
importantaloss.

Thechoiceof a computationatlatamodelto containsomedatasetdependsn
mary caseonthewhimsandpreferencesf theuser aswell asonthedata
analysissoftwareto beused.Severaldifferentdatamodelsmaybe equallyuseful

In the remainderof this documentthe phrasesequencelata, or just sequencewill meanan
orderedset of elementseachof which containsone or more sub-elementsvhereall of the sub-
element®f anelementaresomehw relatedto eachother
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Figure6.3: ExampleDataDescriptionof XBT StationUsingArrays

for agiventask. Of course somedatamodelswill containmoreinformationabout
thedatathanothers put thisinformationcanalsobe carriedin a scientists head.

Notethatwith a carefullychosersetof datatype constructors suchasthose
we've usedin the precedingexamplesa usercanimplementanin®nite numberof
datamodels.Theexamplesabore usethe DODS DataseDescriptorStructure
(DDS) format,whichwill becoma@mportantin laterdiscussion®f the detailsof
theDODSDataAccessProtocol. Theprecisedetailsof the DDS syntaxare
describedn Section6.4.1on page81.

6.1.1 Data Models and APIs

A dataacces#\pplicationPrograminterface (API) is alibrary of functions
designedo be usedby a computeprogramto read,write, andsampledata.Any
givendataacces#\PI canbe saidto de®neimplicitly somedatamodel. Thatis,
thefunctionsthatmake up the APl accepiandreturndatausinga certain
collectionof computationatlatatypes: multi-dimensionahkrraysmight be
requiredfor somedata,scalardor others|ists for others.This collectionof data
types,andtheir useconstitutehe datamodelrepresentety thatAPI. (Or data
models—therés noreasoran API cannotaccommodatseveraldifferent
models.)

Amongothers DODS currentlysupportgwo very differentdataacces#\PIs:
netCDFandJGOFS.ThenetCDFAPI is designedor accesdo griddeddata,but
hassomelimited capacityto accessequencelata. The JGOFSAPI provides
accesdo relationalor sequenceata.Both APIs supportaccessn several
programmindanguagesat leastC andFortran)andboth provide extensve
supportfor limiting theamountof dataretrieved. For examplea program
accessing griddeddatasetisingnetCDFcanextracta subsamplegortionor
hypeslab of thatdata.Likewise,the JGOFSAPI providesa powerful setof
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operatorsvhich canbe usedto specifywhich sequencelementdo extract(for
example,ausercouldrequesbnly thosevaluescorrespondingo datacaptured
betweerl2:0lamand11:59am)swell asmaskingcertainparameter§rom the
returnecelementsothatonly thoseparameteraeededy the programare
returned.

6.1.2 Translating Data Models

Theproblemof datamodeltranslatioris centralto theimplementatiorof DODS.
With aneffective datatranslatora DODS programoriginally designedo read
netCDFdatacanhave someaccesso datasetsthatuseanincompatibledata
model,suchasJGOFS.

In generaljt is notpossibleto de®neanalgorithmthatwill translatedatafrom
ary modelto ary other withoutlosinginformationde®nedby thepositionof data
valuesor therelationshetweerthem. Someof theseincompatibilitiesareobvious;
adatamodeldesignedor time seriesdatamaynot be ableto accommodate
multi-dimensionahrrays.Othersaremoresubtle.For example,a sequencéoks
very similarto a collectionof listsin mary respectsHowever, asequencés an
ordered collectionof datatypes,whereaslist impliesno order However, there
aremary usefultranslationghatcanbedone,andtherearemary othersthatare
still usefuldespitetheirinherentinformationloss.

For example,considerarelationalstructurdike theonein ®gure6.4. Thisis
similarto theexamplesin Section6.1on page66, rearrangedo accommodatan
entirecruiseworth of temperature-deptimeasurements.hisis thesortof data
typethatthe JGOFSAPI is designedo use.

Figure6.4: ExampleDataDescriptionof XBT Cruise

Notethateachentryin the sequencés composeaf atuple of datavalues
(oneof whichis itself asequence)Werewe to arrangehesedatavaluesasa
table,they mightlook like this:
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This canbe madeinto anarray althoughthatintroducesedundang

Thedatais now in aform thatmaybereadby anAPI suchasnetCDF But
considerthe analysisstage. Suppose userwantsto seegraphsof stationdata.lt
is notobvious simply from thearrangementf the arraywherea stationstopsand
thenext onebeggins. Analyzingdatain this formatis notafunctionlikely to be
accommodately a programthatuseshe netCDFAPI.
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6.2 Data Access Protocol

TheDODSDataAccessProtocol (DAP) de®neshow a DODSclientanda
DODSsenercommunicatavith oneanotherto passdatafrom the senerto the
client. Thejob of thefunctionsin theDODSclientlibrary is to translatedatafrom
the DAP into theform expectedby thedataaccesAPI for whichthe DODS
library is substituting.Thejob of aDODSsener is to translatedatastoredon a
diskin whatever formatthey happerto be storedin to the DAP for transmissiorio
theclient.

The DAP consistof four components:

1 Anintermediatedatarepresentatiorfor datasets.Thisis usedto transport
datafrom theremotesourceto the client. The datatypesthatmale up this
representatiomaybethoughtof asthe DODSdatamodel.

A formatfor theancillary data neededo translatea datasetinto the
intermediatgepresentatiorandto translateheintermediateepresentation
into thetamgetdatamodel. Theancillarydatain turn consistf two pieces:

U A descriptiorof theshapeandsizeof thevariousdatatypesstoredin
somegivendataset. Thisis calledthe Data DescriptionStructue
(DDS).

i Capsulaescription®f someof the propertiesf the datastoredin
somegivendataset. Thisis the Data Attribute Structue (DAS).

A procedue for retrieving dataandancillarydatafrom remoteplatforms.

1 An API consistingof DODSclassesinddataaccesgallsdesignedo
implementtheprotocol,

Theintermediatelatarepresentatioandtheancillarydataformatsareintroduced
in Section6.30on page72 andSection6.4on page81, belon. The stepsof the
procedurereoutlinedin Section5.1 on page50, andthe DODS coresoftwareis
describedn the TheDODSToolkit Programmers Guide
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6.3 Data representation

Therearemary populardatastoraggormats,andmary morethanthatin use.
Theseformatsareoptimized(it they areoptimizedatall) for datastorageandare
not generallysuitablefor datatransmissionln orderto transmitdataover the
Internet,DODS musttranslatehe datamodelusedby a particularstoraggormat
into thedatamodelusedfor transmission.

If thedatamodelfor transmissions de®nedo be generaknougho encompass
theabstraction®f seseraldatamodelsfor storagethanthisintermediate
representation—thieansmissioriormat—canbe usedto translatebetweeronedata
modelandanother

The DODSdatamodelconsistof afairly elementarsetof basetypes,combined
with anadwancedsetof constructeandoperatorghatallows it to de®nedatatypes
of arbitrarycompleity. Thisway, the DODS dataaccesprotocolcanbe usedto
transmitdatafrom virtually ary datastoraggormat.

Theelementof the DODSdataaccesprotocolare:

U BaseTypesThesearethesimpledatatypes,like integers, oating point
numbersstrings,andcharactedata.

U Constructor TypesThesearethe morecomple datatypesthatcanbe
constructedrom the simplebasetypes.Examplesarestructures,
sequencesrraysandgrids.

U Operators Accesgo datacanbeoperationallyde®nedwith operators
de®nedonthevariousdatatypes.

U External Data Representationin orderto transmitthedataacrosghe
Internetthereneedso be a machine-independede®nitionof whatthe
variousdatatypeslook like. For example theclientandsener needto
agreeonthemostsigni®cantdigit of a particularbytein themessage

Theseelementarede®nedn greaterdetailin the sectionghatfollow.

6.3.1 Base Types

The DODSdatamodeluseghe conceptof variablesandoperatorsEachdataset
is de®nedby a setof oneor morevariablesandeachvariableis de®nedby a set
of attributes.A variables attributes—suchasunits,nameandtype—musmotbe
confusedwith the datavalue(or values)thatmayberepresentetly thatvariable.
A variablecalled may containaninteger numberof minutes but it doesnot
containa particulamumberof minutesuntil a contet, suchasa speci®cevent
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recordedn adataset,is provided. Eachvariablemayfurtherbethe objectof an
operatothatde®nesa subsebf the availabledataset. This is detailedin
Section6.3.3onpage’7.

Variablesn the DODSDAP have two forms. They areeitherbasetypesor type
constructorsBasetype variablesaresimilar to prede®nedariablesn procedural
programmindanguagedike C or Fortran(suchas or ). While
thesecertainlyhave aninternalstructureijt is not possibleto accespartsof that
structureusingthe DAP. Basetypevariablesn the DAP have two prede®ned
attributes(or characteristics)name andtype. They arede®nedasfollows:

Name A uniqueidenti®erthatcanbeusedto referencehe partof thedataset
associateavith thisvariable.

Type Thedatatypecontainedy thevariable.This canbeoneof : ,
, , ,and . Where:

is asinglebyte of data.Thisis thesameas in ANSI
C.

is a32bit two's complemeninteger—it is synorymouswith longin
ANSI C whenthattypeis implementedis32 bits.

is a 32 bit unsignednteger
isthelEEE 64 bit oating pointdatatype.
is asequencef bytesterminatedoy a null character

is astringcontaininga DODSURL. Pleaseaeferto Section2.10on
pagel8 for moreinformationaboutthesestrings.A special operator
is de®nedfor aURL. If thevariable is de®nedasa URL data
type,then indicateghestringspellingoutthe URL, and
indicateghedataspeci®edy the URL.

Thedeclaratiorin aDDS of avariableof ary of the basetypesis simply thetype
of thevariable followed by its name,anda semicolon.For example,to declarea
variableto bea 32-bitinteger onewould type:

6.3.2 Constructor Types

Constructotypes,suchasarrays structuresandlists, describehe groupingof
oneor morevariableswithin adatasetTheseclassesreusedto describelifferent
typesof relationsbetweerthevariableshatcomprisethe datasetFor example,an
arraymightindicatethatthe variablesgroupedareall measurementsf thesame
quantitywith somespatialrelationto oneanotherwhereasa structuremight
indicatea groupingof measurementsf disparatequantitieshathappeneatthe
sameplaceandtime.
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Therearesix classe®f typeconstructovariablesde®nedoy the DODS DAP:
lists, arrays structuressequencesunctions,andgrids. Thetypesarede®nedas:

List Thelist typeconstructoiis usedto hold lists of 0 or moreitemsof onetype.
Lists arespeci®edusingthe keyword beforethevariables classfor
example, or . Accesgo theelementof alist is
possibleusingoneof thethreeoperatorshavn in table6.1:

list. Returngheintegerlengthof thelist.
list. Returnghe nth memberof thelist.
list. Returns if thevalueis amemberof thelist.

NOTE: Thesyntaxof theseoperatorgliffersbetweertheirusein a
C++ programanda constrainexpression.Thelengthof some
list, givenby in aprogramwould be

in aconstrainexpressionSimilarly, in a
constrainexpressionthe positionof avaluein alist is given
by , andthe presencef avalueis
indicatedby . SeeSectiord.10on
page36 for moreinformationaboutconstrainiexpressions.

A list declaratiorto createalist of integerswould look like thefollowing:

Array An array is aonedimensionalndexed datastructureasde®nedby ANSI
C. Multidimensionalarraysarede®nedasarraysof arrays.An arraymay
be subsampledsingsubscriptor rangesf subscriptenclosedn braclets
(). Forexample, would indicatethevaluein thefourth row
and®fth columnof the array? A chunkof anarraymaybe speci®ed
with subscriptrangesthearray indicatesanarrayof
ninerows andtwo columnswhosevalueshave beenlifted intactfrom the
larger array

A hypeslab maybeselectedrom anarraywith astridevalue. Thearray
representedly would have only ®verows;the
middlevaluein the®rst subscriprangeindicateshatthe outputarray
valuesareto be selectedrom alternatanputarrayrows. Thearray
would selectfrom every third row, andsoon.
table6.1shavs the syntaxfor arrayaccessemcludinghyperslabs.

To declarea arrayof oating pointnumbersthedeclaratiorwould
look like the following:

2Asin C, DODSarrayindicesstartat zero.
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In additionto its magnitudegvery dimensiorof anarraymayalsohave a
name.The previousdeclaratiorcouldbewritten:

Structure A Structureis a classthatmay containseveralvariablesof different
classesHowever, thoughit impliesthatits membewariablesarerelated
somehwy, it corveys no relationalinformationaboutthem. The structure
type canalsobe usedto groupa setof unrelatedsariablesogetherinto a
singledatasetThe classnameis a synorym for

A Structuredeclaratiorcontainingsomedataandthe monthin which the
datawastaken mightlook like this:

Usethe operatorto referto memberf a Structue. For example,
would identify theintegermemberof the Structue
de®nedn theabove declaration.

SequenceA Sequencés anorderedsetof variableseachof which mayhave
se/eralvalues.Thevariablesmaybe of differentclassesEachelemenbf a
Sequenceonsistf avaluefor eachmembervariable. Thusa Sequence
canberepresenteds:

Everyinstanceof sequence hasthesamenumbeyorder andclassof
membervariables A Sequencempliesthateachof thevariabless related
to eachotherin somelogicalway. For example,asequenceontaining
positionandtemperatureneasurementsightimply thatthetemperature
measurementweretakenatthe correspondingosition. A sequencés
differentfrom a structurebecauséts constituenwariableshave several
instancesvhile a structures variableshave only oneinstancgor value).
Becausea sequenceasseveralvaluesfor eachof its variablest hasan
implied state, in additionto thosevalues.The statecorrespond#o asingle
elementin thesequence.

A Sequencédeclaratioris similarto a Structue's. For example the
following would de®nea Sequencéhatwould containmary memberdike
the Structue de®nedabove:
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Notethat,unlike anArray, a Sequenceasnoindex. Thismeanghata
Sequencs valuesarenot simultaneoushaccessibleLik e a Structue, the
variable hasasinglevalue. Thedistinctionis that
this variables valuechangesiependingn the stateof the Sequence

Grid A Grid is anassociatiorof an  dimensionahrraywith  namedvectors
(one-dimensionarrays) eachof which hasthe samenumberof elements
asthecorrespondinglimensiorof thearray Eachdatavaluein thegrid is
associateavith the datavaluesin the vectorsassociateavith its
dimensions.

As anexample,consideranarrayof temperatur@aluesthatis six columns
wide by ®ve rows long. Supposehatthis arrayrepresentsneasuremenisf
temperaturat ®ve differentdepthsn six differentlocations.The problem

is theindicationof the precisdocationof eachtemperatureneasurement,
relative to oneanotheP

If thesix locationsareevenly spacedandthe®ve depthsarealsoevenly
spacedthenthe datasetcanbe completelydescribedisingthearrayand
two scalarvaluesindicatingthe distancebetweeradjacenterticesof the
array However, if thespacingof the measurements notregular, asin
®gure6.5thenanarraywill beinadequateTo adequatelylescribehe
positionsof eachof the pointsin thegrid, the precisdocationof each
volumeandrow mustbedescribed.

Thesecondaryectorsin the Grid datatype provide a solutionto this
problem.Eachmemberof thesevectorsde®nesa valuefor all thedata
valuesin thecorrespondingankof thearray Thevaluecanrepresent
locationor time or someotherquantity andcanevenbea constructodata
type. Thefollowing declaratiorwould de®nea datatypethatcould
accommodata structurdik e this:

In theabove example,anvectorcalled would contain®ve values
correspondingo the depthsof eachrow of thearray while anothewector
called might containthe scalardistancebetweerthelocationof
thecorrespondingolumn,andsomereferencepoint. The array
couldalsocontainsix (latitude,longitude)pairsindicatingthe absolute
locationof eachcolumnof thegrid.

3The absolutelocation and orientationof the entire array is speci®edby anothersetof scalar
values;we arehereconsideringherelationshipbetweerdatatype members.
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Figure6.5: An Irregular Grid of Data.

6.3.3 Operator s

Accesdo variablescanbe modi®edusingoperatorsEachtype of variablehasits
own setof selectiorandprojectionoperatoravhich canbe usedto modify the
resultof accessin@ variableof thattype. table6.1liststhetypesandthe
operatorapplicableto them.In thetable,operatordrave the meaningde®nedby
ANSI C exceptasfollows: thearrayhyperslaboperatorareasde®nedoy
netCDF[4], thestringoperatorareasde®nedoy AWK][2] , andthelist operators
areasde®nedoy CommonLisp[5] .

Two of the operatorgiesere specialnote. Individual ®eldsof type constructors
maybeaccessedsingthedot( ) operatoror thevirtual ®le systemsyntax.If a
structure hastwo ®elds and , thenthose®eldsmaybe
accessedsing and oras and .
Also, aspecialdereferencing operatoiis de®nedfor a URL. Thisis roughly
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Table6.1: Classesandoperatorsn the DAP.

Class | Operators
SimpleTypes

Byte Int32
UlInt32,
Float64
String

URL

Compoundlypes

Array

List

Structue
Sequence
Grid

analogouso the pointerdereferenceperatorof ANSI C. Thatis, if thevariable
is de®nedasa URL datatype,then indicateghestringspelling
outthe URL, and indicategheactualdataindicatedby the URL.

More informationaboutvariablesandoperatorcanbe foundin thediscussiorof
constrainexpressionsn Sectiord.1on page36.

6.3.4 External Data Representation

Eachof thebase-typa@ndtype constructorvariableshasanexternal
representatiorde®nedby the DODS dataaccesgprotocol. Thisrepresentatiors
usedwhenanobjectof the giventypeis transferredrom onecomputerto another
De®ninga singleexternalrepresentatiosimpli®esthetranslationof variables
from onecomputerto anothemvhenthosecomputersisedifferentinternal
representationfor thosevariabletypes.

Constrainexpressionsio not affecthowa base-typevariableis transmittedrom
aclientto asener;they determindf avariableis to betransmittedFor
constructotype variableshowever, constrainexpressionsnay beusedto
excludeportionsof thevariable.For example,if a constrainexpressioris usedto
selectthe®rst threeof six ®eldsin a structurethelastthree®eldsof thatstructure
arenottransmittecby the sener.

ThedataaccesprotocolusesSunMicrosystemsXDR protocol[q for the
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Table6.2: The XDR datatypescorrespondingo DODSbase-typevariables

BaseType | XDR Type
Byte
Int32
Uint32
Float64
String
URL

externalrepresentationf all of thebasetypevariablestable6.2 shavs the XDR
typesusedto representhevariousbasetypevariables.

In orderto transmitconstructotype variablesthe dataaccesgrotocolde®nes
how thevariousbasetype variableswhich comprisethe constructotype
variablesaretransmitted Any constructotype variablemaybe subjectto a
constrainexpressionwhich changesheamountof datatransmittedor the
variable(seeSection4.1on page36 for moreinformationaboutconstraint
expressions.)For eachof the six constructotypesthesede®nitionsare:

Array An Arrayis sentusingthe  _ function. ThismeanghatanArray
of 100 sis sentasasingleblock of 100 s,not100separate
S.

List A Listis sentasif it wereanArray.

Structure A Structue is sentby encodingeach®eld in theorderthose®eldsare
declaredn the DDS andtransmittingtheresultingblock of bytes.

SequenceA Sequencés transmittedoy encodingeachitemin the sequencasif
it werea Structue, andsendingeachsuchstructureafterthe other in the
orderof theiroccurrencen thesequenceTheentiresequences sent,
subjectto the constrainiexpressionln otherwords,if no constraint
expressionis suppliedthentheentiresequencés sent.However, if a
constrainexpressiornis givenall therecordsin the sequencéhatsatisfythe
expressioraresent.

Grid A Grid is encodedsif it werea Structue (onecomponenafterthe other
in theorderof their declaration).

Theexternaldatarepresentationsedby aDODSsener andclientmay be
compressedjependingnthe con®guratiorof therespectie machinesThe

“Theclient processcanlimit theinformationreceied by eitherusinga constraintexpressioror
prematurelyclosingthe I/O stream.In thelatter casethe sener will exit without sendingthe entire
sequence.
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compressioiis doneusingthe program.Only thedatatransmissioritself
will beaffectedby this;thetransmissiomf the ancillarydatais not compressed.
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6.4 Ancillar y data

In orderto usesomedataset,a usermusthave someinformationat his or her
disposathatis notstrictly includedin thedatasetitself. Thisinformation,called
ancillary data (andsometimegalledmetadate’), describeshe shapeandsizeof
thedatatypesthatmale up the dataset,andprovidesinformationaboutmary of
thedatasets attributes,aswell. DODSuseswo differentstructuresto supply
thisancillaryinformationabouta DODS dataset. The DataseDescriptor
Structurg(DDS) describeshe datasets structureandtherelationshipdbetweerits
variables andthe Datasefttribute Structurg(DAS) providesinformationabout
thevariablegshemseles. Both structuresaredescribedn thefollowing sections.

6.4.1 Dataset Descriptor Structure

In orderto translatedatafrom onedatamodelinto anotherDODS musthave
someknowledgeaboutthetypesof thevariables andtheir semanticsthat
comprisea givendataset. It mustalsoknonv somethingabouttherelationsof
thosevariables—eenthoserelationswhich areonly implicit in the dataset own
API. Thisknowledgeaboutthedatases structureis containedn atext
descriptionof the datasetalledthe DatasetDescriptionStructue .

The DDS doesnot describenow theinformationin thedatasets physically
stored nor doesit describenow thedatasetAPI is usedto accesshatdata. Those
piecesof informationarecontainedn the API itself andin the DODSsener,
respectiely. Thesener useshe DDSto describahestructureof a particular
dataseto atranslator—the DDS containsknowledgeaboutthe datasetariables
andtheinterrelationsf thosevariables.In addition,the DDS canbe usedto
satisfysomeof the DODS-supportedPI| datasetdescriptioncalls. For example,
netCDFhasa functionwhich returnsthe namef all thevariablesn anetCDF
data®le. TheDDS canbeusedto getthatinformation.

TheDDSis atextual descriptiorof the variablesandtheir classeshatmalke up
somedataset. The DDS syntaxis basedn thevariabledeclaratiorandde®nition
syntaxof C andC++. A variablethatis amemberof oneof thebasetypeclasses
is declaredoy writing the classnamefollowed by the variablename.Thetype
constructoclassesredeclaredusingC's bracenotation.A grammaifor the
syntaxis givenin table6.3. Eachof the keywordsfor thetype constructomand
basetypeclassehave alreadybeendescribedn Section6.3on page72. The

keyword hasthe samesyntacticfunctionasStructue but is usedfor
thespeci®cjob of enclosingthe entiredatasetevenwhenit doesnottechnically
needanenclosingelement.

Differentdataacces#Plswill storetheinformationin theDDS in different

SWe have learnedo shyaway from this termsincewe have foundthat” metadatato oneperson
is “data'to anotherthe categorizationoftenlimits the usefulnes®f theunderlyinginformation.
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Table6.3: DataseDescriptorStructureSyntax

dataset declamtions name
declamation declamtion
base-typevar
declamtions var
declamtions var
declamation declamtions var
base-type
var name
namearray-decl
array-decl integer
name integer
name Userchosemameof dataset,variable,or arraydimension.

places.SomeAPIs areself-documentingn the sensdhatthedata®lesthemseles
will containall theinformationaboutthe structureof their datatypes.OtherAPIs
needsecondaryles containingwhatis calledancillarydata, describinghe data
structure For someAPIs, suchasnetCDF, gatheringheancillaryinformation
from the dataarchive maybeatime-consumingrocessThe DODSsener for
theseAPIs may cacheancillarydata®lesto save time. An exampleDDS entryis
shavn in ®gure6.6. (SeeSection6.1 on page66 for anexplanationof the
informationimplied by thedatamodel,andfor severalotherDDS examples).

Whencreatinga DDS to bekeptin anancillary®le, you canusethe characteas
acommenindicator All charactersifterthe onaline areignored.

6.4.2 Dataset Attrib ute Structure

The DatasetAttribute Structue (DAS) is usedto storeattributesfor variablesn
thedatasetAn attributeis ary pieceof informationaboutavariablethatthe
creatorwantsto bind with thatvariableexcludingthetypeandshapewhichare
partof theDDS. Attributescanbeassimpleaserrormeasurements aselaborate
astext describinghow the datawascollectedor processe? In principle,
attributesarenot processethy software,otherthanto bedisplayed However,

mary systemsely on attributesto storeextrainformationthatis necessaryo
performcertainmanipulation®f data.In effect, attributesareusedto store
informationthatis used by convention' ratherthan by design'.DODScan

5To de®neattributesfor the entiredatasetgcreatean entryfor a variablewith the samenameas
thedataset.
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Figure6.6: ExampleDataseDescriptorEntry.

effectively supporttheseconventionsby passinghe attributesfrom datasetto
userprogramvia the DAS. Of course DODS cannotenforcecorventionsin
datasetsvherethey werenotfollowedin the ®rst place.

Similarly to the DDS, the actuallocationof the DAS storagewill vary from one
API to another Data®les createdvith someAPIswill containwithin themseles
attribute informationthatcanbecontainedn the DAS. For theseAPIs, the DAS
will beconstructedlynamicallyby the DODS sener from datawithin the ®les.

Otherdataacces#\Pls musthave attribute informationspeci®edn anancillary
data ®le. APIsthatcontainattribute informationcanhave thatinformation
enrichedby the additionof theseancillaryattribute ®les. These®lesaretypically
storedin the samedirectoryasthe data®les,andgiventhe samenameasthe data
®les,appendedvith

Thesyntaxfor attributesin a DAS is givenin table6.4. Every attribute of a
variableis atriple: attribute name typeandvalue.Notethatthe attributes
speci®edusingthe DAS aredifferentfrom theinformationcontainedn the DDS.
Eachattribute is completelydistinctfrom thename type,andvalueof its
associatedariable. Thenameof anattributeis anidenti®er following thenormal
rulesfor anidenti®erin a programmindanguagewith theadditionthatthe /'
charactemaybeused.Thetypeof anattribute maybeoneof: Byte Int32,

Uint32, Float64 Stringor Url. An attribute maybescalaror vector In thelatter
casethevaluesof thevectorareseparatethy commas,) in thetextual
representationf the DAS.

Whencreatinga DAS to bekeptin anancillary®le, youcanusethe characteas
acommenindicator All charactersifterthe onaline areignored.
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Table6.4: DatasefAttribute StructureSyntax

DAS 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 variable attr-list
attr-list attr-triple
attr-list attr-triple
(emptylist)
attr-triple attr-typeattribute attr-val-vec
attr-val-vec | attr-val
attr-val-vec attr-val
attr-val numericvalue
variable
astring®
attr-type
alias alias-namevariable
variable userchoservariablename
attribute userchoserattribute name
container | userchosercontainemame
alias-name | userchoseraliasname
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Container s

An attribute cancontainanotherattribute, or setof attributes. Thisis roughly
comparabldo theway compoundvariablescancontainothervariablesin the
DDS. Thecontainerde®nesanew lexical scopefor theattributesit contains

Considetthefollowing example:

Figure6.7: An Exampleof Attribute Containers

Here,theattribute would beassociateavith the string®Evans®,
and with thenumbers3. However, theattribute
would beassociatedavith the string@Fink®and
with thenumber26.

Usingcontainemattributesasabore, you canconstrucia DAS thatexactly mirrors
theconstructiorof a DDS thatusescompoundiatatypes,like Structue and
SequenceNotethatthoughthe attribute is a containerit hasattributesof its
own, aswell. This exactly correspondso the situationwhere for example a
Sequencwould have attributesbelongingto it, aswell asattributesfor eachof its
membewariables.Supposehe sequenceepresented singletime seriesof
measurementsyhereseveral differentdatatypesaremeasuredteachtime. The
sequencattributesmight bethetime andlocationof themeasurementandthe
individual variablesmight have attributesdescribinghe methodor accurag of
thatmeasurement.

Aliases

Building onthe previousexample,it might be truethatit would be corvenientto
referto Matilda without pre®xingevery referencewith . In thiscasewe can
de®neanalias attribute asfollows:

"Containersaliasesandglobal attributeswereintroducedinto DODS at version2.16. In early
DODSreleasesthe DAS wasnot a hierarchicalstructure;it wassimilar to a at-®le databaseAl-
thoughusingthe new structures stronglyrecommendeébr new code,old codewill still work with
theold DAS. SeeTheDODSToolkit Refeencédor adescriptiorof thechangesnadeto the AttrTable
class.
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Figure6.8: An Exampleof Attribute Alias

By de®ninganequialencebetweerthealias andtheoriginal attribute
, thestring canbeusedwith or without the pre®x
. In eithercasetheattribute valuewill be 26.

Global Attrib utes

A global attribute is notboundto a particularidenti®erin a datasetthese
attributesarestoredin oneor morecontainersvith thename orending
with _ . Globalattributesareusedto describeattributesof anentiredataset.
For example,a globalattribute might containthe nameof the satelliteor ship

from which thedatawascollected.Here’s anexample:

Figure6.9: An Exampleof Global Attributes
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Globalattributescanbe usedto de®nea certainview of adatasetFor example,
considetthefollowing DAS:

Figure6.10: An Exampleof GlobalAttributesin Use

Here,adatasetontaingemperatur@ndsalinity measurementgo aid
processin@f this dataseby someDODSclient,long namesaresuppliedfor the

and variables However, a differentclient (FNO) spellsvariablenames
differently Sinceit is seldompracticalto comeup with general-purpose
translatiortable$, thedataseadministratohaschoserto includethesesynoryms
underthe  _ attributes,asa corvenienceo thoseusers.

Similar corveniencesanbe provided usingthe Alias feature.In theexamplein
®gure6.10,thetemperatureariablecanbereferredtoas  _ if
desired.Thatis, aglobalaliascanprovide a clientwith aknown attribute nameto
queryfor someproperty evenif thatattribute nameis notanintegral partof the
dataset.

8aTemperatureBanbe spelled®T?, aTemp®, AaTEMPERATURE®, aTEMP?,andso on. Worse,
aTojs alsocommonlyusedfor @Time?
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Usingglobalattributes,a datasebr catalogadministratocancreatea layer of
aliasesandattributesto malke DODSdatasetsonformto severaldifferentdataset
namingstandardsThis becomesigni®cantwhentrying to compileaDODS
datasetlatabase.
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Installing the DODS Software

The currentversionof the DistributedOceanographiDataSystenmcoresoftware
is 3.2. Notethatthis numberappliesonly to the coresoftware. Theindividual
seners,clients,andclientlibrarieshave their own versionnumbers.

Full informationaboutthe latestversionsof the DODS softwareis availablefrom
theDODSwebsite: DODSHomepage.

Thisversionof DODSusesCGI standardL.1.1.
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A.1 Acquiring the DODS Software

The DODS Web Site

We recommendhatyou usethe DODS Homepageto obtainthe mostcurrent
versionof the software. The2Software®pageincludesaform for selectingpODS
componentsCompletingthe form automaticallycreatesa customcompressed
archie of all the softwarecomponentyou selectedyhich you canthen
downloadto your own machine.

Wheneer possibleyou shouldusethe provided binary softwareratherthan
trying to compileandlink DODS yourself.Compilingwill work, buttheDODS
softwareis large,andit takesalong timeto compile.

Don't forgetto selectthe coresoftwareaswell asthe speci®cdataaccess\P| or
seneryouneed.For aDODSclient,youwill alsoneed and

By Anonymous FTP

The DODS softwaremaybe dowvn-loadedoy anorymous fromthe DODS
ftp site.

Don't forgetto down-loadthe coresoftware ®le aswell asthe ®le
correspondingo whatever dataacces#\PI you need.

The DODSprojectprovidesa smallnumberof archive ®les containinglinked
librariesandexecutablegor somecomputingplatforms.You shouldusethese
®leswheneer possibleto avoid the hassleof compilingthe softwareyourself.
The DODSsoftwareis a substantiathunkof code,andit takesalongtime to
compileandlink.
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A.2 Installing the Software

To installthe DODS software,choosea directoryto bethe DODSroot directory

This directorymustbeidenti®edwith the - ervironmentvariablefor
theDODS softwareto run.

First, settheworking directoryto the _ directoryFor example,

Next, expandthearchiveswith andunpackthe expanded®leswith

If yougotthe®lesvia anorymousftp, youwould have to repeathe procesgor
eachdown-loadedarchive ®le, specifyingthe nameof eachcomponen®le. For
example:

Building the DODS Core

Unpackingthe coresoftwarearchive will createa con®gurescriptin the
- directory Thecoresoftwaremaythenbe built with:

If youdownloadedbinary®les,you canskip the®tuilding® steps.

Building a DODS Client or Server

Unpackingtheclientlibrary archivesin the _ directorywill produce
directoriessuchas for the JGOFSsoftwareand for thenetCDF
software. Thesewill appeain the subdirectoryunder _ . Eachof

thesedirectorieswill alsobeequippedvith acon®gurescriptto createa male®le,
sothebuild procedurdor themis the sameasfor the coresoftware,for example:

Getting the Software Used by DODS

Severalpiecesof softwarearerequiredto run DODS. Theseareall free software,
andaredescibedn AppendixB on page99.
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A.2.1 Installing the DODS Libraries

In orderto link andrun clientprogramsthe only DODS softwarethatmustbe
installedarethe DODSlibraries. Thefollowing libraries,describedn
Section3.1on page31 mustbeinstalledin the directory or
somevhereelsewherethelinker will ®nd them.Simply copy theminto that
directoryfrom the DODSdistrikution.

i

U TheDODSVversionof the API your softwareuses.

In additionto the DODS libraries,thefollowing softwareis alsorequiredto link a
DODSclient. You canobtainthemfrom the DODSHomepageor DODSftp site.
(Look underyour machinetype,thenunder .) The®rsttwo
librariesshouldbe partof the Tcl/Tk distribution. The otherthreelibrariesare
GNU software.

c:

(Regularexpressiorsoftware. Part of the package.)

c:

(Compressiomoftware. Part of the distrikution.)

To runaDODSclient,you shouldhave the and programsn the :
andthefollowing Tcl programanustbeeitherin the - directory:

A DODSclientwill still executewithouttheseprogramsputimportant
functionality includingthe GUI manageandthe datacompressionvill beabsent.
Referto the ®le includedin eachdistrilbution for speci®cinformation
aboutsettingup theclient.
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A.3 The DODS Client Initialization File ( )

Thefollowing sectionrefersonly to DODSclientsfrom release3.2 andafter

Whena DODSclientstartsup, it checksto seewhethertheuserhasan
initialization ®le availableto controlthe settingof a numberof parameterbaving
to dowith caching proxy seners,andotherhttpissueslf this®le is notfound,
oneis createdn theusers homedirectory usingdefault values!

Theclientinitialization®le is usuallycalled , andis usuallylocatedin

theusers homedirectory You canchangehis by creatinganervironment

variablecalled _ _ andsettingit to thefull pathnameof the

con®guratior®le. As of DODSversion3.4,youshoulduse  _ instead.
_ _ is deprecatedandwill disappeam futurereleases.

Hereis a samplecon®guratior®le:

© 0 NOoO O b~ WN PR

e =
N R O

Comments

Startingaline witha makesthatline acomment.

Caching

Theparametersn lines2 through7 controlcaching.The DODSclientcanstore
datayou've requesteadn yourlocal computerIf yourepeatarequestthedatacan
beretrieved from thislocal cache saving the expenseof a network connection.
Mostweb browvsersoperateahe sameway. You cancontrolthe cachingbehaior
with thefollowing con®guratior®le parameters.

1 Thedefaultvaluesenablea maximumcachesizeof 20 megabytesa cachesxpirationtime of 24
hours,andno proxy seners.
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_ This parametecontainghe pathnameo the caches top directory
If two or moreuserswvantto sharea cachethenthey mustbothhave read
andwrite permissiongo thecacheroot.

- - Thevalueof - - setsthe maximumsizeof the
cachein megabytesOncethe cachereacheshis size,cachingmoreobjects
will causecachegarbagecollection.DODSwill ®rst pumgethe cacheof ary
staleentriesandthenremove remainingentriesstartingwith thosethathave
thelowesthit count. Garbagecollectionstopswhen90%of the cachehas
beenpumed.

_ This parametesetsthe maximumsizeof ary individual object
in the cachen megabytes Objectsreceved from a sener largerthanthis
valuewill notbecachedavenif theres roomfor themwithout purging
otherobjects.

Many webdocumentsandDODSdata,aredeliveredwith anexpirationdatein
their headeinformation.Generallythisis donefor time-sensitie information
thatmay notbevalid afterthe expirationdate.You cancontrolthe behaior of the
DODSclientwith respecto expirationdateswith two con®guratior®le
parameters.

_ If thevalueof this parameteis 1 (one),thenexpirationdates
will beignored,andthe cachingbehaior will beruledby the
parameter

- Any datareceved withoutanexpirationtime will expirein
thenumberof secondgivenby this parameterlf _ is zero,
thiswill applyto all data,whetheror notit comeswith anexpirationdate.
Thevalueis givenin secondsThe con®guratiorin theexampleis setfor 24
hours.

Proxy Servers

A DODSclientcanneyotiateproxy seners,with helpfrom directionsderived
from its con®guratior®le. Therearethreeparameterthatcontrol proxy behaior.
Therecanbemorethanoneof eachof thesedeclarations.

- Thisidenti®esa proxy sener to usefor all DODSrequests,
exceptfor requestspeci®callymodi®edby the othertwo proxy behaior
directives. Theformatis:
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Whereprotocolis the nameof aninternetprotocol,andproxy.URL must
beafull URL to thehostrunningthe proxy sener. HTTPis theonly
internetprotocolsupportedy DODS, so protocolwill alwaysread
Therecanbe morethanoneproxy declarationjn which casethe DODS
clientwill usethe®rst proxy seneronthelist thatresponds.

The _  parameteprovidesawayto specifythatURLs
WhICh matcha regularexpressiorshouldbe accessedsinga particular
proxy sener. Thesyntaxfor PROXY FOR is:

Whereregularexpressioris anexpressiorwhich matchegshe URL or
groupof URLs. For examplehttp://dax.dods.gf.* hdf' would matcha
URL endingin ".hdf atdax.dods.ay. Theregularexpressioruseshe
POSIXbasicsyntaxproxy URL is thesameasabove.

The agsparameters anoptionalintegerthatcon®guregheregular
expressiommatcher A valueof zerosetsthedefault. Thefour ag values
andtheirmeaningsare:

_ If set,usethe POSIXextendedsyntaxregularexpressions.
To setthis,add1 to thevalueof "ags

- If set,then and don't matchnewline. Also, the
regularexpressiommatchemwill try amatchbeginningafterevery
newline. Setthis by adding2 to ags

_ If set,thenwe considemupper andlowercasesersionsof
lettersto be equivalentwhenmatching.Setby adding4 to ags

_ If set,thenwhen is passedo regexec, thatroutinewill
reportonly successr failure,andnothingabouttheregisters.Add 8
to agsto setthis.

You can®nd a brief tutorial to regularexpressionsn the DODSbookshelf.
Seethe DODSdocumentatiopageat DODSHomepage.

_ Usethis parameteto saythataccesgo a certainhostshouldnever go
througha proxy without usingthe morecomplicatedegularexpression
syntax.Thesyntaxof _ is:

Whereprotocolis asfor _ , hostnamas the nameof the host,
notaurl.
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Installing the DODS Software

Compression

Many DODSsenerssupportcompressiomf thereturneddata. This can
save network bandwidth,andtransmissiortime. You cantell your clientto
askthesenerfor compressedataby includingaline in your ®le
like this:

Usingavalueof zerowill make theclientrequesbnly uncompressedata.
If thedirective is omitted,thedefault valueis zero.

Validation

Cachingdatalocally canberisky if thedatain questionchangeoften. The
optioncontrolswhetherthe DODSclientcheckshe

validity of thecacheddata.Thevalidity checkin this cases simply a
comparisorof the datethe datawascachedwith the2Last-modi®ed®late
of theremotedata.If thecon®guratiorvalueis setto 1, the clientwill
alwaysvalidatethe cacheddata.If setto O, thedatawill notbevalidated
(but may expire, accordingto the cachepolicy setby the

- con®guratiordirective).

If thedirective is omitted,thedefault valueis zero. Thatis, thedefault
behaior is notto validatethe data.



Software you will need for DODS

To do anythingwith DODS,you'll needto beableto unpackthearchive ®lesyou
candownloadfrom the DODSsite. To save spaceandtransmissioriime, the
archve ®lesarecompressewith the program.Youwill have to have acopy
of thatprogramto unpackthe DODS software.

Mostof the softwareyou needfor DODSis avaliablefrom the GNU archves.
Referto http://wwwgnu.og for instructions.Look at
http://wwwgnu.og/order/ftphtml for alist of mirrorsof thatarchive. Usethe
mirror closesto you, thetransmissiorwill befaster

gzip Thisis the GNU compressiomndde-compressioprogram.Youwill need
to install it beforeyou canunpackary of the othersoftwaredescribechere.
This packages not availablein the DODSdistribution, sinceit is usedto
unpackthedistribution archive ®les.

Follow theinstructiongo install eachof the following softwarepackages.
Typically, youwould installa packagecalled asfollows:

Thisis simply aguide,of course andtheinstallationinstructionsfor each
softwarepackageshouldbefollowed carefully
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Software you will need for DODS

B.1 Running a DODS Server

If you useoneof the platformsfor which DODS suppliesa binarydistribution,
you only needthefollowing softwareto runaDODSsener.

Perl Perlis usedfor the sener dispatchscript. (SeeSection5.1 onpage50.) This
is themainCGI programconstitutingthe DODS sener. You musthave Perl
version5 or later (Alternatively, you canalsorewrite thedispatchscriptto
useanotherscriptinglanguagesuchasyour shell. However, we think
installingPerlis generallya simplertask.) You cangetPerlfrom the GNU
archves,or from http://wwwperl.com.

B.2 Running a DODS Client

If you useoneof the pre-compiledput-of-the-box DODSclients,youwill need
no additionalsoftwareto run DODS.However, you canusethe2GUI°featureof
theDODSclient: by installingthefollowing software.We recommendhis, asit
providesusefulinformationaboutthe progresof datatransmissioror error
conditions.

Tcl/Tk TheTcl languageandTk librariesareavailablefrom
http://wwwscriptics.comYou shouldinstall the entirepackageincluding
the interpretemprogrant andthe packageThe
interpreteris partof the Tcl/Tk coredistribution packageThis packagés
alsoavailablein the DODSdistribution, but the oneavailablefrom the Tcl
sitemaybemorecurrent.

Thisis notto be confusedwith the DODS Matlabor IDL GUIs, which areclientsof their own.
Thisis simply a clientfeaturethatcandisplaytransmissioranderrorinformationto the user
2You canalsouseasafeTcl interpreter Referto the Tcl documentatiotfior information.
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B.3 Building DODS

If youneedto build the DODS software,or link it to existing libraries,you will
needthefollowing GNU software. Referto http://wwwgnu.og for instructions.
Look at http://mwwwgnu.og/order/fp.himl for alist of mirrorsof thatarchive. Use
themirror closesto you, thetransmissiorwill befaster

GNU C++ Compiler DODSneeds ,theGNU C**+ compilerto compile.
binutils TheGNU linker is partof this package.

libstdc++ ThestandardC+* library.

GNU Make GNU Make is notessentialbut will male like easier

ex TheGNU lexical-analyzegenerator

bison The GNU parsergeneratar
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Glossary

alias

A synorym. DODSusesaliasedn its attribute-namingschemeAn attribute can
have analias,or seconchame by which a usercanidentify it. An aliascanhave
aliase%f its own, but atthis point, it becomeglif®cult to keeptrackof what
pointsto whom,andwe do notrecommendhis.

Application Program Interface (API)

An APl is simply a collectionof functionsanddatatypesa programuseso access
someservice.Thedatatypesandfunctionsde®nedn , suchas

, , and , constitutea commonlyusedAPI for C
programI/O The ad\antageof anAPlis thatlt insulateghe userfrom the
implentationdetailsof the program.

Array

An arrayis anorderedsetof variables.Themembersf aDODSarraymustall be
of thesamedatatype. Array membersnaybeaccessedith the  operator That
is, speci®eghe ®fth memberof . Notethattheindex of the®rst
arraymembeiis zero.Arrayswith multiple dimensionsirede®nedas
single-dimensionarraysof arrays.For example,a two-dimensionahrrayis an
arrayof arrays.

attrib ute

A quality of adatavariable.This couldbethe methodusedto measurghe
variables value,the nameof the scientistwvho measuredt, thecolor of the sky at
thetime, or whatever mightberelevant.

Common GatewayInterface (CGl)
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A CGl programis a programthatis executedoy a httpdsener uponreceving an
appropriately}con®guredJRL. TheDODSseneris aCGl program.CGlis an
InternetstandardDODSusesversionl.1.10f the CGl standard.

compounddata type

A compoundatatypeis onethatis constructedrom otherdatatypes.A
compoundypecanbebuilt from simplebasetypesor from othercompoundiata
types.Arrays Lists Grids, SequencesndStructuesareall compoundypes,
becaus¢hey areall de®nedasaggregyatesof otherdatatypes.

constraint expression

A constrainexpressioris appendedo a DODSURL to selectdatafrom thedata
setidenti®edby the URL.

constructor type

SeeCompoundata Type

container attrib ute

A containenattribute containsotherattributes. Theanalogyis with acompound
datavariable,suchasa Sequencer Structue, thatcontainsothervariables.

daemon

A daemoris simply a procesghatrunsunattendedn a UNIX computer An
seneris generallyrun asadaemonlt's not clearhow the peculiarspelling
cameinto use.

Data AccessProtocol (DAP)

TheDAP is themethoda DODSclientusego retrieve datafrom aDODSsener.
The DAP consistof anintermediatedatarepresentationanancillary data
format a procedue for requestinghe datafrom a sener, andan API with which
to executethe protocol.

Data Attrib ute Structur e (DAS)

Thisis aDODS constructshaving alist of variables andattributesassociated
with thosevariablesfor a givendataset. A variables attributesmayincludesuch
thingsastheinstrumenthatrecordedt, quality controlinformationandsoon.
Theresponsdéoa_  requesto aDODSseneris aDAS.

Data Description Structure (DDS)

Thisis aDODSconstructshaving a textual representatioof a datasets data
model. Theresponséoa_  requesto aDODSsenerisaDDS.
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data dictionary

Thisis aJGOFSconstruct.The JGOFSAPI| usesdatasetnamesnsteadof ®le
namedo referto datasets.The APl useshedatadictionaryto look up thedata
setnameswhereit ®ndsthe®le namesr URLsto whichthe namerefers.

data model

Thedatamodelof a particulardatasetcanbe de®nedasthe setof relationships
betweerthevariableghatmalke up thatdataset. Theimportantthing to remember
is thatit is this relationshigthatprovidesmeaningo eachof thenumbersecorded
in thatdataset. For example withouttherelationshipof the adjacentocation
measuremeng temperatureneasuremens justa numberwith nomeaning.

dataset

A quantityof data,consideredsa unit. A datasetmayoccufy onecompute®le,
or several. A DODSdatasets adatasethatis senedthrougha DODS sener.

DODS

DistributedOceanographiDataSystem.They wroteabookaboutit once.

global attrib ute

A dataattribute thatappliesto anentiredataset.

Grid

The Grid datatype consistf anarraywith nameddimensionsandaone
dimensionahrraycorrespondingo eachdimension.lt is usedto de®nedatagrids
with irregularspacing.

GUI manager

The DODS coresoftwarecancreatea client-sidesub-proceswith whichto
managehe users screerdisplay Most clientsadaptedo usingDODSwill notbe
ableto displayintermediateesultsof a dataquery norwill they beableto malke
sensef network errormessagesihe GUI managecreates pathwhereby
messagesantravel from the DODS senerto theDODSclient coresoftwareto
theuserwithoutreturningto the clientapplication.The DODS coresoftwarecan
alsousethe GUI manageby itself, without messagefom the sener.

HTML

Hypertext Markup LanguageThisis thetext formattinglanguagen whichweb
pagesarewritten.

httpd
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Thehttpdseneris thewebsener. Webclients,suchasbrowserslike Netscaper
Mosaic,sendmessagem® httpdsenersonthe machineidenti®edin a URL. The
returnmessagefom thesesenersarethe datathatis displayedo the user

info sewice

The serviceprovidesinformationabouttheusageof a particularsener. This
is meantto includesuchinformationasary functionsde®nedby the senerfor use
in constrainexpressionserrormessagesherevision of the sener software,and
alist of ary datamodeltranslationgle®nedfor thatsener.

lazy evaluation

A methodof evaluatinga logical expressiorwhereevaluationhaltsafterfurther
evaluationcould produceno changen theresult. For example whenevaluatinga
stringof sub-e&pressiondinkedby alogical AND, alazy evaluatorwould halt
afterthe®rstfalsesub-e&pressionpecaus@valuationof subsequent
sub-epressionsvould notchangeheresult.

List

A List is anunorderedist of variables DODSIlist membersnustbeof only one
datatype, but thetype maybeary of thebaseor constructotypes.

Sequence

A Sequencés adatatype similarto a structure put multi-valued.It is possibleto
think of a Sequencasanarrayof Structurevalues.Unlike anArray, however,
only onevalueof the Sequence;orrespondingo the Sequencstateis available
atary onetime.

state

SeeSequenceA sequenceanbethoughtof asa multi-valuesstructure Unlike
anarray whereall thevariables valuesareavailableat once thevaluesof a
sequencs'membersareonly availablefor the currentstate.Whenthe state
adwancesnew variablesbecomeavailable.

stride

A stridevalueis usedto selecta hyperslalfrom anarray If isal0by 10array
then is a hyperslatzonsistingof every seconcpointin both
dimensions.

Structure

The Structuredatatypeis a setof variables similarto a structurein thelanguage.

Uniform ResourceLocator (URL)
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A URL is anamethatis uniqueacrossheInternet.lt is analogougo a®le name

onasinglemachinein thatit identi®essomeresourcehatmightbe dataor a
program.

UsageSewice

Seeinfo service.



108 Glossary




Acronym Glossary

Hereis alist of theacrorymsyou're likely to run acrosswhile readingaboutor
usingDODS.

ADDE AbstractDataDistribution Ervironment(of the SSECof U.Wisc)
AICC Arctic Icebreakr CoordinatingCommittee

AIST AdvancednformationSystemsTechnolog(ESTO-GSFC)see:
http://esto-doc.gsfcasagov/

API ApplicationPrograminterface

ArcIMS Arc InternetMap Sener

ASCIlI AmericanStandardCodefor Informationinterchange
AXL Arc eXtensibleMarkupLanguage

BAA BroadAgeng Announcement

BLOB BinaryLarge OBject

BMRC Bureauof MeteorologyResearciCentre

BSM (OGCBasicServicesVodel)

CDC ClimateDataCenter

CDC ClimateDiagnosticLenter

CESSE Centerfor EarthandSpaceScienceEducation/Camb, Mass.)
CEOS Committeeon EarthObseration Satellites

CGl CommonGatevay Interface
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CIP CataloginteroperabilityPro®le

CIRES Cooperatie Institutefor Researclfin) EnvironmentalSciences
CLIVAR ClimateVariability andPredictability

COARDS Cooperatie Ocean-Atmospher@esearctbataStandard
COM CommonObjectModel

CODAR

CORBA CommonObjectRequesBroker Architecture

CORE Consortiumon OcearResearclandEducation

CSC CoastalServiceLenter

DAAC Distribute Active Archive Center

DAP DataAccessProtocol

DBCP DataBuoy Co-operatiorPanel

DE Digital Earthhttp://www/digitaleartgov/

DECEND DeepSubmegenceSciencean the Next Decade
http://wwwunols.og/dess/desend/deserd.htm

DESSC DeepSubmegenceScienceCommittee
DIAL

DIF DirectoryInterchangd-ormat

DISC DataandInformationServicesCenter(of GES).

DISS DataandInformationSystemandServices(of EarthSystemScienceand
Applications?)

DLESE (Digital Library for EarthSystemEducation)
DNS DomainNameSystem

DODS DistributedOceanographiDataSystem
DRDS DODSRelationalDatabas&ener

DSP

ECHO EOSDISClearingHOuse

ECMWF
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EDG EOSDataGatavay

EDISP EarthDatalnformationSystemsProject
ELIS EnvironmentalLegal InformationSystems
EOS EarthObservingSystem

EOSDIS EOSDataandInformationSystem
EPA EnvironmentalProtectionAgeng

ESDIS EarthScienceDataandInformationSystemProject(GSFC)
http://spsosun.gsfasagov/ESDIShome.html

ESE (NASA) (seeDLESE?)

ESG(Il) EarthSystemGrid Il

ESRI EnvironmentalSystemd&Researchnstitute
ESSA EarthSystemScienceandApplications

ESTO EarthSciencelTechnologyOf®ce(of GSFC)http://esto.gsfc.nasa.gov
FIC FleetimprovementCommittee

FGDC FederalGeographidataCommittee

FSU FloridaStateUniversity

GAC GlobalAreaCoverage

GeoTIFF

GCMD GlobalChangeVasterDirectory

GCRMN GlobalCoralReefMonitoring Network
GES GSFCEarthSciences

GILS GovernmentinformationLocatorService

GIS GeographicalnformationSystem

GLOSS GlobalSealevel ObservingSystem

GML GeographyMarkupLanguage

GN GeographyNetwork

GODAE GlobalOcearDataAssimilationExperiment

GOOS GlobalOceanObservingSystemhttp://ioc.unesco.gfgooswhais0l.him
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GOOS I0S GOOSiInitial ObservingSystem

GPS GlobalPositioningSystem

GrADS Grid AnalysisandDisplay System

GRASS GeographidkesourcegnalysisSupportSystem
GSFC GoddardSpace-light Center

GSO Graduateschoolof Oceanography

GTS GlobalTelecommunicationSystem

GTSPP GlobalTemperatur@endSalinity Pro®leProgramme
GUI GraphicalUserinterface

G-XML GeographyarkupLanguage

HDF HierarchicalDataFormat

HDF-EOS HierarchicalDataFormat- EOS

html HyperText MarkupLanguage

http thehypertet transporiprotocol

IDL Interactve DisplayLanguage

ITR InformationTechnologyResearch(NSF)

JDBC JAVA Databas&onnectiity

JGOFS JointGlobalOceanFlux Experiment

JPL JetPropulsionLaboratory

JSP JAVA SenerPages

LAS LiveAccessSener

LDEO

MARS MeteorologicalArchive andRetriesal System(Neille Smith)
MATLAB Matrix Laboratory

MBARI Montereg Bay AquariumResearchnstitute
MEL MasterEnvironmentalLibrary

MIME MultipurposelnternetMail Extensions

MIT Massachusettsistituteof Technology
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MMS MineralsManagemen§ervice

MODIS ModerateResolutionmagingSpectroradiometer
MPA MasterPriceAgreement{Stateof RI)

MrSID Multi-resolutionSeamlestmageDatabase
NIAC —NASA Institutefor AdvancedConcepts
NAML NationalAssociationof Marine Laboratories
NASA NationalAeronauticaandSpaceAdministration
NCDC NationalClimatic DataCenter

NCEP NationalCenterfor ErvironmentalPrediction
NetCDF NETwork CommonDataFormat

NITF

NGDC NationalGeophysicaDataCenter

NCDDC NationalCoastaDataDevelopmeniCenter
NNDC NOAA NationalDataCenters

NOAA NationalOceanicandAtmosphericAdministration
NODC NationalOceanographiDataCenter

NOPP NationalOceanographiPartnershigProgram
NRC NationalResearclCouncil

NRL Naval Researcltaboratory

NSF NationalScienceFoundation

NSIDC NationalSnav andice DataCenter

NVODS NOAA Virtual OcearDataSystem

ODBC OpenDatabas&onnectiity

OGC OpenGIS Consortiumhttp://wwvopengis.ay/
OGCTC OGCTechnicalCommittee

OSU Oregon StateUniversity

OOPC OceanObsenration Panelfor Climate

OVD OceanVisualDatabase
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PES PlanetEarthSciencehttp://wwwplanearthsaccom

PICat PublishabldnventoryandCatalog

PMEL Paci®cMarine ErnvironmentalLaboratory

PO-DAAC PhysicalOceanographyDistributedActive Archive Center
POV Pointof View

RARGOM Rgjional Associatiorfor Researclon the Gulf of Maine
RCP RemoteProcedureCall

RDB RelationalDataBase

RFC Requesfor CommentgSpeci®catiorDocument) http://wwwfaqgs.og/rfcs/
RFQ

SAF SatelliteApplication Facility

SAIC ScienceApplicationsinternationalCorporation

SCCWRP SoutherrCaliforniaCoastaMWaterResearchProjectAuthority
SCESPS StandingCommitteeon EarthScienceProductsandServices
SDE SpatialDatabasé&ngine

SDK SoftwareDevelopmenkit

SDTS

SGT ScienceGraphicsToolkit (PMEL)

SIG

SOAP SimpleObjectAccessProtocolhttp://wwwwv3.0ig/TR/SCAP/
SOOP Shipof OpportunityProgram(GOOS)

SSEC SpaceScienceandEngineeringCenter(U. Wisconson)

SST seasurfacetemperature

STT SpaceTime Toolkit (UAH)

SVF SingleVariableFormat

TAO TropicalAtmospheréceararray

TEDS TacticalErvironmentalDecisionSupportSystem

TCP IP TransmissiorControl Protocol/InterneProtocol



115

THREDDS THematicReal-timeEnvironmentalDistributedDataServices
UAH

UCAR University Corporatiorfor AtmosphericdResearch

UFS UniversalFile System

UMAC UpperMidwestAerospacéConsortium

UNEP UnitedNationsErnvironmentalProgram

UNOLS University-NationalOceanographitaboratorySystem

URI Universityof Rhodelsland

URI Uniform Resourcddenti®er(SeeRFC2396)
http://wwwfaqgs.og/rfcs/rf@239%.html

URL Uniform Resourcé.ocator

USGS United StatesGeologicalSuney

VOS VoluntaryObservingShip

VPF VectorProductFormat

WCS WebCwerageSener (OGCBSM)
WFS WebFeatureSener (OGCBSM)

WHOI WoodsHole Oceanographitnstitution
WMS WebMappingServicelOGCWMS (WebMappingServicesgspec
WRS WebRgjistry Sener (OGCBSM)

WMT WebMappingTestbed SeeWMS.
WOCE World OcearCirculationExperiment
WWW  World Wide Web

XML ExtensibleMarkupLanguage
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