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Abstract: This memodescribeghe demodatabasendaccesdanguageusingseveral
differentviews.

1 The Database As Designed

Figurel shavs thedatabaséesingusingthe objectmodelingtechniqueTheactualimplementatiorof
the prototypewill bedescribedn section2 (page2).
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Figurel: OMT of thedatabasasdesigned.

Any instanceof physicalattributes,ascapturedn the METADATA class canbeusedto describeoneor
moredatafile onalogical basis Any logicalfilenameL FN canbedescribedy morethanonemetadata



attribute.Unlesswe hearotherwisefrom thephysicistswe needto assumemary to mary relationship
betweerthesetwo classes.

Any logical flenameL FN canbeincarnatednto oneor morephysicalfile PFN, asdistinguishedy its
URI. Therelationshipbetweenogical filenamesandphysicalfilenameds thereplicacatalog.

A logical filenameis a specialkind of ACTUALPARAMETER usedwhen capturingthe processcon-
text of a TRANSFORMATI ON, thusthe optionalmultiplicity betweerL FN and ACTUAL PARAMETER.
Otherparametershatarenotlogical files, includenumericalor stringvaluesto a transformationThe
valueattribute captureseitherthelogical filename or the value of a non-file parameterThusthe LFN
doesnot containary attributes,asit is justanspecializatiorof a parameter

Any TRANSFORMATI ON canbe describedy the executableandarny numberof relatedFORMAL PA-
RAMETER. A databasémplementatiorwould needto modelatransformationD.

The interrelationbetweenTRANSFORMATI ON, ACTUAL PARAMETER and FORVALPARAMETER is
themostcomple, andexpressedn threepartially relatedrelationships:

¢ A transformationis characterizetby its parametersThe signatureof thetransformatiorincludes
inputandoutputparameterspotlimited to files. A transformatiormay have anarbitrarynumber
of formal parameterghusthe 1:N relationshipbetweenT RANSFORMATI ON and FORMAL PA-
RAMETER.

¢ A transformatiormay have morethanonederiation, usingdifferentvaluesfor the parameters,
and asa setidentified by their set-identifier usuallya numberwhich is constantfor the same
relatedactualarguments.

e Therelationshipdrom atransformatiorto its formal andactualparameterarenotindependent
of eachother Eachinstantiationof an actualparametemapsto exactly oneformal parameter
describingthe entry asshavn by thedashedine. Onthe otherhand,theremay exist morethan
oneinstantiationof a formal parametefor the samefunctionin differentactualparametesets,
asshawvn by the N:1 relationshipbetweerthetwo parameteclasses.

It maybethe casethataternaryrelationshipbetweerthe threeclassesnoreaptly capturegheinterre-
lationships.The transformatiorendwould have a 1 multiplicity, the formal amgumenta N multiplicity
andtheactualagumentaM*N multiplicity.

Fromthis perspectie, it looks sensiblgo view the transformatiorandformal agumentsasoneblock
possiblycalledprocesgo which oneor moreactualparameteimplementationsnayexist. A view akin
to thiswastakenin the prototypicalimplementatiorshav below.

2 The Database As Prototyped

Thefirst view dealswith the databasérom a designandimplementatiorperspectie. Afterwards,the
accessanguageo the prototypeis beingdescribed.

2.1 The Design View

Figure2 (page3) shavs a OMT chartof thedesignediatabasasusedin the prototype Althoughit is
unusualto modelidentifiersexplicitly, for a databasdasedmplementatiorthey make senseShown



in colorarepartswhich arenotimplemented.
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Figure2: OMT diagramof tablerelations.

Thedemodatabasenaintainsthe following tables.
TRANFORMATI ON describedransformatiorfunctionfor the executionof programs:

xid ID
environment string
executable  string

PARAMETER is the parentclassto file-basedparameterdike logical filenamesas well as non-file
parameterdike numericaland string aguments.As parentclass,it provides only the parametelid
commonto its siblings:

pid ID
LFNis thelogical filenamewhich describes file agument:

urn string

ARG on the otherhanddescribes non-fileagument,e.g.a numericalor stringargumentto atransfor
mationwhichis not afile:

value string

DERI VED describesherelationshipbetweerabstractformal TRANFORVATI ON andconcreteactual
PARAVETER:

ddid ID

flag enum

position integer
The pid andxid areimplicit foreign keys. Togethemwith the positionthey form the primary key. The
deriveddataid (ddid), currentlynotimplementedallows to groupsetsof actualarguments.

The flag describeghe kind of parameteused.It helpsto distinguishbetweeninput filenamesputput
filenamesstdio filenamesandregular non-file parametersEachtransformatiorwill have at leastone
parametefor theresultingoutputof the operation.



TRANSFORMATION DERIVED PARAM. RC
xid | env. | executable xid | pid | ddid | flag | pos pid | value pid [ URI

@) (b) (© (d)

Tablel: Thefour tablesin the currentimplementation.

A PFN helpsto mapanabstractogical filenameto oneor moreconnecteghysicalfilenames:
uri  string

The METADATA mapsbetweerphysicsattributesandrespectie logical filenamesCurrently metadata
is notimplementedthusshavn in blue.

Anotherpieceof informationmaybegainedby reusingthe sametransformationemplatefor morethan
onesetof actualparameterghustheintroductionof addidin the DERI VED tableto denotea common
set. For similar transformationsthe machinetype or somekind of costcould be modeled,shavn as
red relationshipbetweenTRANFORVATI ON and DERI VED. It is just a conceptualdeawhich might
fit into our framework, but is notyetimplemented.

2.2 Implementation-specific modifications to the design

In the databasethe classhierarchyof parameterss modeledasjust onetable PARAMETER, because
thetypesof theargumentsiblingsoverlap:

pid ID
value string

The relation betweenlogical flenamesand physicalfilenamesis the replica catalog. The database
schemasimplifiestherelationandclassby defininga REPLI CA_CATALOGtable:

uri  string

pid ID
The relationshipbetweerthe classedVETADATA andLFN is assumedo be mary to mary, thusthe
relationshipneedgo be explicitly modeled:

pid ID

mda ID

The physicsrelatedattribute setsneedto be keptin atable of their own, for instancea ATTRI BUTE
table,or somethingsimilar:

mda ID

key string

value  string

?more? ?type?

Thus,the currentimplementatioris madeup of thefour tablesshavn in table 1.



3 Implementation of The Access Language

The virtual dataaccesdanguagecontainsa specificationpart which changeghe databasdlike SQL
modify, insertanddelete)andaderivation partwith readsthe storedtransformationglike SQL select).

Fromanabstractpoint of view, a functionalspecificatiorof a transformatiorcanin onestroke define
all necessargomponentse.g.

(01..0n) = function[spec](%1..iar, P1--P0O)

We found that this functionaland atomic specificationcan be equivalently translatednto a seriesof
proceduraktepswhich definethe functionandits relatedsetof agumentsasshavn abstractly:

start transaction

define function ..

define input file ...
define output file ..
define other argunents ..
commt transaction

Thelanguagealescribedereis a’quick hack”to getusgoinginsteadof implementingawell-designed
contet freegrammarAn examplewill beprovidedin section4 (pagel0).

3.1 begin

begin xid
begi n programane

With thebegi n statementa transactiorin the databasés started definingandchangingeachof the
tableasrequiredalongthe way. If the programendsprematurelythe opentransactioncanbe rolled
back.Also, while thetransactioris in progressit will notbevisibleto other simultaneouslgonnected
derivationclients.

Startinga transactiorblock requiresto specify the transformatiorfor which the block is used.The
blockitself definesheactualamgumentdo beused.

Therearetwo formsto defineatransformationlf thetransformatiorid from the TRANSFORMATI ON
tableis known, it canbe usedasa shortcutfor a previously specifiedransformationlt is notnecessary
to lookupunknavn transformation the agumentsarematchedo the databaseandif thetransforma-
tion templateis known, it will bere-used.

Whenspecifyinga new transformatioror whenforcing (seebelav) a new transformationsomepath
to the executable or its programURI, needto be specified Everythingbeyond thatis assumedo be
partof theformal agumentspecificationwhichis storedin thetemplate.

The formal agumentsshouldcontaina $digit placeholderfor eachlogical filenameand parametric
argument(seebelaw) thatwill be specifiedwithin the block.

begi n / bin/ cat

In the above example,/ bi n/ cat will be assumedo be the programURI. Currently ervironments
arenot supportedthoughthis canbefittendinto DAGMan.



3.2 Transaction Bloc k Arguments

arg string
filei|lo lfn
stdin | fn
stdout Ifn
stderr I fn

Within a block, file agumentsand non-file parameterdor the transformationcan be specified.The
respectre positionin the actualagumentlist is implicitly given by the positionin the transaction
block.

Stdio agumentdo not have the notion of a position,but they have a singletonpatternto them:within
ary transactiorblock, eachof st di n, st dout andst der r maybe specifiedonly once.

The non-file parametervalue may containwhitespacesThe file agumentusesa oneletter direction
flag for the file agumenta logical filename,e.g. whetherit is aninput file or outputfile. Currently
definedwith a meaningare’i’ and’o’ for input and outputfiles respectiely. The translationof the
logical filenameto oneor morephysicalfilenamess doneelsavhere.

arg -n
file i asdf
file i qwer
stdout zxcv

If alogical filenameor parameterstring alreadyexists, the existing onewill be used,unlessa new

incarnationis forced.If adependencalreadyexists,thatis, theparameteid, transformatiorid, derived

dataid andparametepositionactingasprimarykey alreadyexist, no new dependencwill becreated
unlessforced.

Thefi | e parameteis actually a genericway to specify ary type of agument.The possibleset of
characterandtheir meaningsareshavn in table2. Unknown characterarenotyet caught.

Lc] type |
- | regularnon-fileagument
logicalfile, input

logicalfile, output
redirectionof st di n fromIfn
redirectionof st dout tolfn
redirectionof st derr tolfn

m[o[—[o[—

Table2: Meaningof thetypecharacter

3.3 cancel end

end
cancel

With thefinal end clausethetransactiorcanbecommitted Alternatively, atransactiormightberolled
backwith cancel . Eitherend or cancel finishthetransactiorblock openedoy begi n.



34 rc

rc I fn pfn

Ther c fills thereplicacatalog.lt allows for ary logical file the specificationof oneor morephysical
files. Thefirst existing physicalfile will usuallybetaken.

rc asdf /tnp/xx

rc gwer /tmp/yy
rc zxcv /tnp/zz
rc zxcv /tnp/ ww

The mappingmay be specifiedinside or outsidea tranformationblock. If specifiedoutside,the nen
mappingwill immediatelybe committedto the databaseWithin a block, the committments delayed
to the block finalizer If the logical filenameis known, its parameteid will be reused.If thereare
severalto chosefrom, only thefirst will beused.

Forcingalogicial file namemappingcreatesa new instancg(eachtime) to mapto a physcialfilename.
| amnotsurehow usefulthatis. If the mappingalreadyexists, it will bereusedunlessheingforced.

3.5 Interlude Example 1

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

end

rc asdf file://tnp/xx
rc gwer file://tnp/yy
rc zxcv file://tnp/zz
rc zxcv file://tnp/ww

Assumethat the above datais enteredinto the catalogs.Also assumethat the file / t np/ xx and
[t np/ yy exist, aretextual, andreadableCallingthecommandyet zxcv, it will eventuallyinvoke
/ bi n/ cat with the appropriateagumentsof - n, / t np/ xx, and/ t np/ yy to producea physical
file / t mp/ zz, which containghe contentsof formerfiles includingtheline numbers.

3.6 force

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

Thef or ce prefix beforecertaincommand£nforceghe creationof duplicatesThe specificnatureis
describedn the sectiondealingwith the commandUsingthef or ce prefix beforeaget command
mightbuild the requiredfile insteadof makeing it.



3.7 get

This commandwill be obsoletedn favor of thedag commandTheget commands limited to local
compute-andfilesystems.

get Ifn

Whereaghe previously shavn commandsall dealwith settingup the catalogsand manipulatingthe
datatheget commandetrievesthedata,makinguseof the catalogedtructuresanddependencies.

resolve Ifn into set of pfns
IF any pfn in set exists THEN return pfn
obtain pid for |fn
find first transformation for pid
where it is an output flag
find all parameters for transformation
ordered by paraneter position in derived
FOREACH par anet er
| F parameter has input type THEN
recurse with Ifn
add returned pfn to correct argunent |i st
ELSI F paraneter has output type THEN
resolve Ifn into set of pfns
add first? best? pfn to correct argument |ist
ELSE
add paraneter to argunent |ist
i nvoke actual transformation
return pfn from above

3.8 dag

Thedag commandallows to createa directedacgyclic graphandmatchingjob descriptionditting for

Condorfrom theinterdependenciestoredin thedatabaseCurrently thecompleteDAG will becreated.
Futurereleasewill markthosenodesfor which dataexist asdone,andonly generatecompletererun
DAGsfor forcedexecution.

dag basenane |fn

Thefirst agumentprovided s the basefilenameto be usedto generatea DAG andto usefor logging
purposesThe DAG filenamesufiixesin . dag andthelog filenamein . | og.

The secondargumentis the nameof a logical file that needsto be recreatedFromthe dependencies
stored,a DAG to createthisfile will begeneratedEachnodein the DAG will benumberedj, B, .., Z,
BA, BB, ..,ZZ, BAA, BAB, .. ZZZ, etc.For eachnode,ajob submissiorfile with sufix . j ob will be
created.

obtain paraneter id for logical filenane

sel ect all functions which contain this filenane as out put

obtain XD DD D of function to use for creating the file

coll ect information about the transformation

collect all argunents for the actual transfornmation ddid
order by position

FOREACH ar gunent



IF type is '-' THEN
add val ue to paraneter vector
ELSIF type is "1’ or "I’ THEN
recurse with input |fn
add ddid to parents for argument
obtain pfn for |fn
add pfn to paranmeter vector or stdin
ELSIF type is in['0",”0,’E] THEN
obtain pfn for |fn
add pfn to paranmeter vector or stdout/stderr
ELSE
conpl ain
generate node nane
mark node as visited
gener at e DAG node submission file
return ddid

Above Pseudocodshavs theinnerloop to createa DAG. In the currentversion,logical filenamesare
translatednto physicalfilenameslit couldbeervisionedthatwith sessioragumentgseesection3.12),
anabstracDAG usinglogicalfilenamesanbeconstructedsincethecurrenttool mightnotbetheideal
placeto make any mappingdecisions.

open DAG file
IF file can be created THEN
call dagger for given Ifn
dunp job subscriptions to dag file
dunp dependenci es from parents
ELSE
conpl ain

3.9 dump
dunp rc
dunp *
dunp replica_catal og
dunp paranet er

dunp transformation
dunp derived

Dumpsthe contentof thespecifiedablein thedatabaseUsinganasteriskwill dumpthe contentof all
tables.

3.10 debug

debug key I eve

Setthe delug level for a certainkey.

3.11 exit

exit
<ECF>

The explicit exi t commandor just an end of file conditionexit the commandinterpreter The user
will bewarnedaboutoutstandingransactionswhichwill berolled back.



3.12 set unset show

set key val ue
unset key

show

show key

show key key ..

For future purposesit mightbefeasibleto declaresessiorspecificvariableso modify programbeha-
ior. Theset commandhllows to associate key with anarbitraryvalue. The key mustfollow rulesfor
identifiier specificiationin mostcomputedanguages.

Theunset commandeleases previously createdassociationWith the help of theshowcommand,
you caninspectoneor morespecific,or all knovn associations.

3.13 save load

save pfn
| oad pfn

Thesave commandatthiswriting only storegpreviously userspecifiedassociationgseesection3.12)
into a physicalfile. Theassociationarestoredin the sameway they would be typedin.

Thel oad commandallowsto readthosefile-storedassociationsSincethemainevenloopis emplo/ed
for evaluation,a completeinclude functionality is provided by thel oad commandNestedincludes
areallowed, thoughcirculardependenciearenot checled (currently).

4 The Diamond Example

random

f.d

Figure3: Thediamonddagexamplefrom Condor

The Condordiamonddagis anexamplefor anacgyclic directedgraphof dependencieseefigure 3. A
top noder andomgeneratesn even randomnumber Two processes$al f calculatethe half of the
number A final nodesumaddsthe half. In the processa numberof logical (and,of course physical)
filesis producedTheinputfilesin termsof thecommandanguageareshavn in figure 3 (pagell).

Thefirst transactiordefinesthe programdeno- r andomwhich producesaresulton st dout which
in turnis capturein thelogicalfile f . a.
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#
# denp-02: the di anond dag
#
begi n deno-random
stdout f.a
end

begi n deno- hal f

stdin f.a # <=> filel f.a
stdout f.b # <=>file Of.b
end

begi n deno- hal f
stdin f.a
stdout f.c

end

begi n denp- sum
filei f.b
filei 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 the diamonddagin termsof theinputlanguage.

Thesecondransactiorreads . a from st di n andprintsits resultonst dout . Thethird transaction
usesthe sameprogramasthe seconddransactionthusemplging the sametransformationOnly the
derived data id will changéefor thenew setof actualparametergnterednto the derived datatable.

Thefinal transactiortakestwo input files asregularfiles, which arepassedn the commandlineThe
resultis producedn st dout , andagaincapturedn afile.

Finally, the translationdrom logical to physicalfilenamesare defined.In future releasesit mustbe
possibleto describethelogicalfile in termsof a URN andphysicalfiles in termsof URIs. Thoughary
logical file may mapto morethanonephysicalfile, currently only the first mappingis taken. In the
future,a costfunction mustbe emplgred to take the "best” mapping.Figure4 shavs the contentof a
freshdatabaseafterinsertingthe diamondfrom table3 (pagell).

Submittingtheget A f. d commandfive fileswill becreatedcontainingthe DAG submissiorand
job submissionsThe DAG anda samplenodejob submissiorfile areshav in table5.
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TRANSFORMATION PARAM. DERIVED RC
xid | env. | executable pid | value | | xid | pid | ddid | flag | pos| | pid | URI
1 deno-r andom 1| f.a 1 1 1 O -1 1| a.out
2 deno- hal f 21 fb 2 1 2 I -1 2 | b.out
3 deno- sum 3| fc 2 2 2 O -1 3| c.out
4 fd 2 1 3 I -1 4 | d.out
@ . 2 3] 3] o] 1 )
(®) 3] 2] 4| 1| o0 @
3 3 4 i 1
3 4 4 Oo| -1
(c)
Table4: Contentof thetablesafterinsertingdiamond.
Job B B. sub # Filenane: D. sub
Job C C. sub #
Job D D. sub Uni ver se = vanilla
Job E E. sub Execut abl e = deno- hal f
PARENT B CHI LD C Log = A log
PARENT B CH LD D | nput = a.out
PARENT C D CH LD E CQut put = c.out
Noti ficati on = NEVER

Queue

Table5: submissiorfiles for the DAG (left) andnodeD (right).
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