
SC2001/GriPhyN

Exploring Vir tual Data Concepts in a Physics
Data Reconstruction Application

IanFoster foster@cs.uchiago.edu
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Abstract: This memodescribesthedemodatabaseandaccesslanguageusingseveral
differentviews.

1 The Database As Designed

Figure1 shows thedatabasedesingusingtheobjectmodelingtechnique.Theactualimplementationof
theprototypewill bedescribedin section2 (page2).
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Figure1: OMT of thedatabaseasdesigned.

Any instanceof physicalattributes,ascapturedin theMETADATA class,canbeusedto describeoneor
moredatafile onalogicalbasis.Any logicalfilenameLFN canbedescribedby morethanonemetadata
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attribute.Unlesswehearotherwisefrom thephysicists,weneedto assumeamany to many relationship
betweenthesetwo classes.

Any logical filenameLFN canbeincarnatedinto oneor morephysicalfile PFN, asdistinguishedby its
URI. Therelationshipbetweenlogical filenamesandphysicalfilenamesis thereplicacatalog.

A logical filenameis a specialkind of ACTUALPARAMETER usedwhencapturingthe processcon-
text of aTRANSFORMATION, thustheoptionalmultiplicity betweenLFN andACTUALPARAMETER.
Otherparametersthatarenot logical files, includenumericalor stringvaluesto a transformation.The
valueattributecaptureseitherthe logical filename,or thevalueof a non-fileparameter. ThustheLFN
doesnot containany attributes,asit is just anspecializationof aparameter.

Any TRANSFORMATION canbedescribedby theexecutableandany numberof relatedFORMALPA-
RAMETER. A databaseimplementationwouldneedto modela transformationID.

The interrelationbetweenTRANSFORMATION, ACTUALPARAMETER andFORMALPARAMETER is
themostcomplex, andexpressedin threepartially relatedrelationships:

� A transformationis characterizedby its parameters.Thesignatureof thetransformationincludes
inputandoutputparameters,not limited to files.A transformationmayhaveanarbitrarynumber
of formal parameters,thusthe1:N relationshipbetweenTRANSFORMATION andFORMALPA-
RAMETER.

� A transformationmayhave morethanonederivation,usingdifferentvaluesfor theparameters,
andasa set identifiedby their set-identifier, usuallya numberwhich is constantfor the same
relatedactualarguments.

� Therelationshipsfrom a transformationto its formal andactualparametersarenot independent
of eachother. Eachinstantiationof an actualparametermapsto exactly oneformal parameter
describingtheentry, asshown by thedashedline. On theotherhand,theremayexist morethan
oneinstantiationof a formal parameterfor thesamefunction in differentactualparametersets,
asshown by theN:1 relationshipbetweenthetwo parameterclasses.

It maybethecasethata ternaryrelationshipbetweenthethreeclassesmoreaptly capturestheinterre-
lationships.Thetransformationendwould have a 1 multiplicity, theformal argumenta N multiplicity
andtheactualargumentaM*N multiplicity.

Fromthis perspective, it lookssensibleto view thetransformationandformal argumentsasoneblock
possiblycalledprocessto whichoneor moreactualparameterimplementationsmayexist. A view akin
to thiswastakenin theprototypicalimplementationshow below.

2 The Database As Prototyped

Thefirst view dealswith thedatabasefrom a designandimplementationperspective. Afterwards,the
accesslanguageto theprototypeis beingdescribed.

2.1 The Design View

Figure2 (page3) shows aOMT chartof thedesigneddatabaseasusedin theprototype.Althoughit is
unusualto modelidentifiersexplicitly, for a databasebasedimplementationthey make sense.Shown
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in colorarepartswhicharenot implemented.
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Figure2: OMT diagramof tablerelations.

Thedemodatabasemaintainsthefollowing tables.

TRANFORMATION describestransformationfunctionfor theexecutionof programs:

xid ID
environment string
executable string

PARAMETER is the parentclassto file-basedparameterslike logical filenamesas well as non-file
parameterslike numericaland string arguments.As parentclass,it provides only the parameterid
commonto its siblings:

pid ID

LFN is thelogical filenamewhichdescribesafile argument:

urn string

ARG on theotherhanddescribesanon-fileargument,e.g.anumericalor stringargumentto a transfor-
mationwhich is notafile:

value string

DERIVED describestherelationshipbetweenabstract,formalTRANFORMATION andconcrete,actual
PARAMETER:

ddid ID
flag enum
position integer

Thepid andxid areimplicit foreignkeys. Togetherwith thepositionthey form theprimarykey. The
deriveddataid (ddid),currentlynot implemented,allows to groupsetsof actualarguments.

Theflag describesthekind of parameterused.It helpsto distinguishbetweeninput filenames,output
filenames,stdiofilenamesandregularnon-fileparameters.Eachtransformationwill have at leastone
parameterfor theresultingoutputof theoperation.
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TRANSFORMATION
xid env. executable

(a)

DERIVED
xid pid ddid flag pos

(b)

PARAM.
pid value

(c)

RC
pid URI

(d)

Table1: Thefour tablesin thecurrentimplementation.

A PFN helpsto mapanabstractlogical filenameto oneor moreconnectedphysicalfilenames:

uri string

TheMETADATA mapsbetweenphysicsattributesandrespective logicalfilenames.Currently, metadata
is not implemented,thusshown in blue.

Anotherpieceof informationmaybegainedby reusingthesametransformationtemplatefor morethan
onesetof actualparameters,thustheintroductionof addid in theDERIVED tableto denoteacommon
set.For similar transformations,the machinetype or somekind of costcould be modeled,shown as
red relationshipbetweenTRANFORMATION andDERIVED. It is just a conceptualideawhich might
fit into our framework, but is not yet implemented.

2.2 Implementation-specific modifications to the design

In thedatabase,theclasshierarchyof parametersis modeledasjust onetablePARAMETER, because
thetypesof theargumentsiblingsoverlap:

pid ID
value string

The relation betweenlogical filenamesand physicalfilenamesis the replica catalog.The database
schemasimplifiestherelationandclassby definingaREPLICA CATALOG table:

uri string
pid ID

The relationshipbetweenthe classesMETADATA andLFN is assumedto be many to many, thusthe
relationshipneedsto beexplicitly modeled:

pid ID
mda ID

Thephysicsrelatedattribute setsneedto bekept in a tableof their own, for instancea ATTRIBUTE
table,or somethingsimilar:

mda ID
key string
value string
?more? ?type?

Thus,thecurrentimplementationis madeupof thefour tablesshown in table1.
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3 Implementation of The Access Langua ge

The virtual dataaccesslanguagecontainsa specificationpart which changesthe database(like SQL
modify, insertanddelete)andaderivationpartwith readsthestoredtransformations(like SQLselect).

Fromanabstractpoint of view, a functionalspecificationof a transformationcanin onestroke define
all necessarycomponents,e.g.
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We found that this functionalandatomicspecificationcanbe equivalently translatedinto a seriesof
proceduralstepswhichdefinethefunctionandits relatedsetof arguments,asshown abstractly:

start transaction
define function ...
define input file ...
define output file ...
define other arguments ...
commit transaction

Thelanguagedescribedhereis a”quick hack” to getusgoinginsteadof implementingawell-designed
context freegrammar. An examplewill beprovidedin section4 (page10).

3.1 begin

begin xid
begin programname

With thebegin statement,a transactionin thedatabaseis started,definingandchangingeachof the
tableasrequiredalongthe way. If the programendsprematurely, the opentransactioncanbe rolled
back.Also, while thetransactionis in progress,it will notbevisible to other, simultaneouslyconnected
derivationclients.

Startinga transactionblock requiresto specify the transformationfor which the block is used.The
block itself definestheactualargumentsto beused.

Therearetwo formsto definea transformation.If thetransformationid from theTRANSFORMATION
tableis known, it canbeusedasashortcutfor apreviouslyspecifiedtransformation.It is notnecessary
to lookupunknown transformation- theargumentsarematchedto thedatabase,andif thetransforma-
tion templateis known, it will bere-used.

Whenspecifyinga new transformationor whenforcing (seebelow) a new transformation,somepath
to theexecutable,or its programURI, needto be specified.Everythingbeyond that is assumedto be
partof theformal argumentspecification,which is storedin thetemplate.

The formal argumentsshouldcontaina $digit placeholderfor eachlogical filenameandparametric
argument(seebelow) thatwill bespecifiedwithin theblock.

begin /bin/cat

In theabove example,/bin/cat will be assumedto be the programURI. Currently, environments
arenot supported,thoughthiscanbefittendinto DAGMan.
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3.2 Transaction Bloc k Arguments

arg string
file i|o lfn
stdin lfn
stdout lfn
stderr lfn

Within a block, file argumentsandnon-file parametersfor the transformationcanbe specified.The
respective position in the actualargumentlist is implicitly given by the position in the transaction
block.

Stdioargumentdo not have thenotionof a position,but they have a singletonpatternto them:within
any transactionblock,eachof stdin, stdout andstderr maybespecifiedonly once.

The non-file parametervaluemay containwhitespaces.The file argumentusesa oneletter direction
flag for the file argumenta logical filename,e.g.whetherit is an input file or outputfile. Currently
definedwith a meaningare ’i’ and ’o’ for input andoutputfiles respectively. The translationof the
logical filenameto oneor morephysicalfilenamesis doneelsewhere.

arg -n
file i asdf
file i qwer
stdout zxcv

If a logical filenameor parameterstring alreadyexists, the existing onewill be used,unlessa new
incarnationis forced.If adependency alreadyexists,thatis, theparameterid, transformationid, derived
dataid andparameterpositionactingasprimarykey alreadyexist, no new dependency will becreated
unlessforced.

Thefile parameteris actuallya genericway to specifyany type of argument.The possiblesetof
charactersandtheir meaningsareshown in table2. Unknown charactersarenot yet caught.

c type

- regularnon-fileargument
i logical file, input
o logical file, output
I redirectionof stdin from lfn
O redirectionof stdout to lfn
E redirectionof stderr to lfn

Table2: Meaningof thetypecharacter.

3.3 cancel end

end
cancel

With thefinalend clause,thetransactioncanbecommitted.Alternatively, atransactionmightberolled
backwith cancel. Eitherend or cancel finish thetransactionblockopenedby begin.
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3.4 rc

rc lfn pfn

Therc fills thereplicacatalog.It allows for any logical file thespecificationof oneor morephysical
files.Thefirst existing physicalfile will usuallybetaken.

rc asdf /tmp/xx
rc qwer /tmp/yy
rc zxcv /tmp/zz
rc zxcv /tmp/ww

The mappingmay be specifiedinsideor outsidea tranformationblock. If specifiedoutside,the new
mappingwill immediatelybecommittedto thedatabase.Within a block, thecommittmentis delayed
to the block finalizer. If the logical filenameis known, its parameterid will be reused.If thereare
severalto chosefrom, only thefirst will beused.

Forcinga logicial file namemappingcreatesanew instance(eachtime) to mapto aphyscialfilename.
I amnotsurehow usefulthatis. If themappingalreadyexists,it will bereusedunlessbeingforced.

3.5 Interlude Example 1

begin /bin/cat
arg -n
file i asdf
file i qwer
stdout zxcv

end

rc asdf file://tmp/xx
rc qwer file://tmp/yy
rc zxcv file://tmp/zz
rc zxcv file://tmp/ww

Assumethat the above data is enteredinto the catalogs.Also assumethat the file /tmp/xx and
/tmp/yy exist, aretextual,andreadable.Calling thecommandget zxcv, it will eventuallyinvoke
/bin/cat with the appropriateargumentsof -n, /tmp/xx, and/tmp/yy to producea physical
file /tmp/zz, whichcontainsthecontentsof formerfiles includingtheline numbers.

3.6 force

force begin ...
force arg ...
force file ...
force rc ...
force get ...

Theforce prefix beforecertaincommandsenforcesthecreationof duplicates.Thespecificnatureis
describedin thesectiondealingwith thecommand.Using theforce prefix beforea get command
might build therequiredfile insteadof makeing it.
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3.7 get

This commandwill beobsoletedin favor of thedag command.Theget commandis limited to local
compute-andfilesystems.

get lfn

Whereasthe previously shown commandsall dealwith settingup the catalogsandmanipulatingthe
data,theget commandretrievesthedata,makinguseof thecatalogedstructuresanddependencies.

resolve lfn into set of pfns
IF any pfn in set exists THEN return pfn
obtain pid for lfn
find first transformation for pid

where it is an output flag
find all parameters for transformation

ordered by parameter position in derived
FOREACH parameter

IF parameter has input type THEN
recurse with lfn
add returned pfn to correct argument list

ELSIF parameter has output type THEN
resolve lfn into set of pfns
add first? best? pfn to correct argument list

ELSE
add parameter to argument list

invoke actual transformation
return pfn from above

3.8 dag

Thedag commandallows to createa directedacyclic graphandmatchingjob descriptionsfitting for
Condorfrom theinterdependenciesstoredin thedatabase.Currently, thecompleteDAG will becreated.
Futurereleaseswill markthosenodesfor which dataexist asdone,andonly generatecompletererun
DAGsfor forcedexecution.

dag basename lfn

Thefirst argumentprovided is thebasefilenameto beusedto generatea DAG andto usefor logging
purposes.TheDAG filenamesuffixesin .dag andthelog filenamein .log.

The secondargumentis thenameof a logical file that needsto be recreated.From the dependencies
stored,aDAG to createthisfile will begenerated.Eachnodein theDAG will benumberedA, B, .., Z,
BA, BB, .., ZZ, BAA, BAB, .. ZZZ, etc.For eachnode,a job submissionfile with suffix .job will be
created.

obtain parameter id for logical filename
select all functions which contain this filename as output
obtain XID,DDID of function to use for creating the file
collect information about the transformation
collect all arguments for the actual transformation ddid

order by position
FOREACH argument
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IF type is ’-’ THEN
add value to parameter vector

ELSIF type is ’i’ or ’I’ THEN
recurse with input lfn
add ddid to parents for argument
obtain pfn for lfn
add pfn to parameter vector or stdin

ELSIF type is in [’o’,’O’,’E’] THEN
obtain pfn for lfn
add pfn to parameter vector or stdout/stderr

ELSE
complain

generate node name
mark node as visited
generate DAG node submission file
return ddid

Above Pseudocodeshows theinnerloop to createa DAG. In thecurrentversion,logical filenamesare
translatedinto physicalfilenames.It couldbeenvisionedthatwith sessionarguments(seesection3.12),
anabstractDAG usinglogicalfilenamescanbeconstructed,sincethecurrenttool mightnotbetheideal
placeto make any mappingdecisions.

open DAG file
IF file can be created THEN

call dagger for given lfn
dump job subscriptions to dag file
dump dependencies from parents

ELSE
complain

3.9 dump

dump rc
dump *
dump replica_catalog
dump parameter
dump transformation
dump derived

Dumpsthecontentof thespecifiedtablein thedatabase.Usinganasteriskwill dumpthecontentof all
tables.

3.10 debug

debug key level

Setthedebug level for a certainkey.

3.11 exit

exit
<EOF>

The explicit exit commandor just an endof file conditionexit the commandinterpreter. The user
will bewarnedaboutoutstandingtransactions,whichwill berolled back.
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3.12 set unset sho w

set key value
unset key
show
show key
show key key ..

For futurepurposes,it mightbefeasibleto declaresessionspecificvariablesto modify programbehav-
ior. Theset commandallows to associateakey with anarbitraryvalue.Thekey mustfollow rulesfor
identifiier specificiationin mostcomputerlanguages.

Theunset commandreleasesapreviously createdassociation.With thehelpof theshow command,
youcaninspectoneor morespecific,or all known associations.

3.13 save load

save pfn
load pfn

Thesave commandatthiswriting only storespreviouslyuser-specifiedassociations(seesection3.12)
into aphysicalfile. Theassociationsarestoredin thesameway they wouldbetypedin.

Theload commandallowsto readthosefile-storedassociations.Sincethemainevenloopis employed
for evaluation,a completeinclude functionality is provided by theload command.Nestedincludes
areallowed,thoughcirculardependenciesarenot checked(currently).

4 The Diamond Example

random

half half

sum

f.a f.a

f.b f.c

f.d

Figure3: Thediamonddagexamplefrom Condor.

TheCondordiamonddagis anexamplefor anacyclic directedgraphof dependencies,seefigure3. A
top noderandom generatesan even randomnumber. Two processeshalf calculatethe half of the
number. A final nodesum addsthehalf. In theprocess,a numberof logical (and,of course,physical)
files is produced.Theinputfiles in termsof thecommandlanguageareshown in figure3 (page11).

Thefirst transactiondefinestheprogramdemo-random which producesa resultonstdout which
in turn is capturein thelogical file f.a.
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#
# demo-02: the diamond dag
#
begin demo-random

stdout f.a
end

begin demo-half
stdin f.a # <=> file I f.a
stdout f.b # <=> file O f.b

end

begin demo-half
stdin f.a
stdout f.c

end

begin demo-sum
file i f.b
file i f.c
stdout f.d

end

rc f.a a.out
rc f.b b.out
rc f.c c.out
rc f.d d.out

Table3: Definitionsfor thediamonddagin termsof theinput language.

Thesecondtransactionreadsf.a from stdin andprintsits resultonstdout. Thethird transaction
usesthesameprogramasthesecondstransaction,thusemploying thesametransformation.Only the
derived data id will changefor thenew setof actualparametersenteredinto thederiveddatatable.

Thefinal transactiontakestwo input files asregularfiles, which arepassedon thecommandline.The
resultis producedonstdout, andagaincapturedin afile.

Finally, the translationsfrom logical to physicalfilenamesaredefined.In future releases,it mustbe
possibleto describethelogical file in termsof aURN andphysicalfiles in termsof URIs.Thoughany
logical file may mapto morethanonephysicalfile, currently, only thefirst mappingis taken. In the
future,a costfunctionmustbeemployed to take the”best” mapping.Figure4 shows thecontentof a
freshdatabaseafterinsertingthediamondfrom table3 (page11).

Submittingtheget A f.d command,five files will becreated,containingtheDAG submissionand
job submissions.TheDAG anda samplenodejob submissionfile areshow in table5.
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TRANSFORMATION
xid env. executable

1 demo-random
2 demo-half
3 demo-sum

(a)

PARAM.
pid value

1 f.a
2 f.b
3 f.c
4 f.d

(b)

DERIVED
xid pid ddid flag pos

1 1 1 O -1
2 1 2 I -1
2 2 2 O -1
2 1 3 I -1
2 3 3 O -1
3 2 4 i 0
3 3 4 i 1
3 4 4 O -1

(c)

RC
pid URI

1 a.out
2 b.out
3 c.out
4 d.out

(d)

Table4: Contentof thetablesafterinsertingdiamond.

Job B B.sub
Job C C.sub
Job D D.sub
Job E E.sub
PARENT B CHILD C
PARENT B CHILD D
PARENT C D CHILD E

# Filename: D.sub
#
Universe = vanilla
Executable = demo-half
Log = A.log
Input = a.out
Output = c.out
Notification = NEVER
Queue

Table5: submissionfiles for theDAG (left) andnodeD (right).
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