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1. INTRODUCTION
Althoughenormousamountsof dataexist in “well-behaved” for-

matssuchasrelationaltablesandXML, massive amountsalsoex-
ist in non-standardor ad hocdataformats. Ad hoc formatsarise
in diversedomainssuchastelecommunications,bioinformations,
and �nance. Ad hoc datacomesin many forms: ASCII, binary,
EBCDIC,andmixedformats.It canbe�x ed-width,�x ed-column,
variable-width,or even tree-structured.It is often quite large, in-
cluding somedata sourcesthat generateover a gigabit per sec-
ond [3]. It frequentlycomeswith incompleteor out-of-datedoc-
umentation,andtherearealmostalwayserrorsin thedata.Some-
timestheseerrorsarethe mostinterestingaspectof the data,e.g.,
in log �les whereerrorsindicatethatsomethingis goingwrongin
theassociatedsystem.

Thelackof standardtoolsfor processingadhocdataforcesana-
lyststo roll theirown tools,leadingto scenariossuchasthefollow-
ing. An analystreceivesanew adhocdatasourcecontainingpoten-
tially interestinginformationanda list of pressingquestionsabout
that data. Could shepleaseprovide the answersto the questions
asquickly aspossible?The accompanying documentationis out-
datedandincomplete,soshe�rst hasto experimentwith thedata
to discover its structure.Eventually, sheunderstandsthedatawell
enoughto hand-codea parser, usuallyin C or PERL. Pressedfor
time, sheinterleavescodeto computetheanswersto thesupplied
questionswith the parser. As soonas the answersarecomputed,
shegetsa new datasourceanda new setof questionsto answer.

Throughher heroicefforts, the dataanalystansweredthe nec-
essaryquestions,but the approachis de�cient in many respects.
Theanalyst's hard-wonunderstandingof thedatais embeddedin a
hand-writtenparser, whereit is dif�cult for othersto bene�t from
herunderstanding.Theparseris likely to bebrittle with respectto
changesin the input sources.Consider, for example,how tricky it
is to �gure out which $3's shouldbe $4's in a PERL parserwhen
a new column appearsin the data. Errors in the dataalso pose
a signi�cant challengein hand-codedparsers.If the dataanalyst
thoroughlychecksfor errors,then the error checkingcodedom-
inatesthe parser, making it even moredif�cult to understandthe
semanticsof the dataformat. If sheis not thorough,then erro-
neousdata can escapeundetected,potentially corrupting down-
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streamdataprocessing.Finally, in answeringthe speci�ed ques-
tions,theanalysthadto codehowto computethequestionsrather
thanexpressingthequeriesin a declarative fashion.Many of these
pitfalls canbeavoidedwith carefuldesignandsuf�cient time, but
ananalystrarelyhassuchluxuries.However, with theappropriate
tool support,many aspectsof thisprocesscanbegreatlysimpli�ed.

The PADS system[5] allows analyststo describead hoc data
sourcesdeclaratively. Thedescriptionstaketheformof types,based
on a dependenttype theory[6]. PADS basetypesdescribesimple
objectssuchasstrings,numbers,dates,andIP addresses.Records
and arraysspecify sequencesof elementsin a data source,and
unionsand enumsspecify alternatives. Any of thesestructured
typesmaybeparameterized,andusersmaywrite arbitraryseman-
tic constraintsaswell. The PADS languageis bothexpressive and
concise.For example,92pagesof theOPRAstandardfor options-
market transactionsis capturedby a 450-linePADS description.

The PADS compilerproducesa customizablelibrary for parsing
agivenadhocdatasource.A suiteof toolsbuilt aroundthis library
includesstatisticaldata-pro�ling tools,suchashistograms[?], ac-
cummulatorsand clusteringalgorithms[8]. Also includedis an
instanceof theGalaxqueryengine[1] thatpermitsadhocsources
describedin PADS to be viewed asXML and to be queriedwith
XQuery [4]. Lastly, an interactive front-endhelpsusersproduce
PADS descriptionsandinvoke toolswithout having to learnthede-
tails of the PADS languageor tool interfaces. An open-source
implementationof PADS is availablefor download[2].

2. USING PADS
In our demonstration,we will presentthefollowing scenario,in

which anAT&T dataanalystinteractively createsa PADS descrip-
tion for a new datasource,usesPADS tools to learnaboutthedis-
tribution of valuesanderrorsin herdata,andwrites andexecutes
simplequeriesto performbasicanalysistasks.We will alsohave
availableotherPADS applicationsfrom otherapplicationdomains.

Ouranalyst'staskis to processprovisioningdata.In thetelecom-
municationsindustry, provisioning refersto the complex process
of convertinganorderfor phoneserviceinto theactualservice.In
practice,AT&T' s Sirius project discovers provisioning problems
proactively by compilingweekly summariesof thestateof phone
serviceorders. Thesesummaries,which arestoredin �at ASCII
text �les, cancontainmorethan2.2GBof dataperweek.Figure1
containssampleSiriusdata.

Provisioningsummariesstoretheprocessingdateandonerecord
perorder. Eachorderrecordcontainsaheaderfollowedby anested
sequenceof events.Theheaderhas13pipeseparated�elds: theor-
dernumber, AT&T' s internalordernumber, theorderversion,four
differenttelephonenumbersassociatedwith theorder, thezip code,
a billing identi�er, theordertype,a measureof thecomplexity of



0|15/Oct/2004:18:46:51
9152|9152|1|9735551212|0||9085551212|07988|no_ ii15227 2|EDTF_ 6|0|AP RL1|DUO|10|16/ Oct/20 04:10:0 2:10
9153|9153|1|0|0|0|0||152268|LOC_6|0|FRDW1|DUO| LOC_CRTE|10014 76800| LOC_OS_10|17/O ct/200 4:08:14 :21

Figure1: Tiny exampleof Sirius provisioning data.

Figure2: L AUNCHPADS Interacti ve User Interface.

theorder, anunused�eld, andthesourceof theorderdata.Many
of these�elds areoptional,in whichcasenothingappearsbetween
the pipe characters.The billing identi�er may not be availableat
thetimeof processing,in whichcasethesystemgeneratesaunique
identi�er pre�xedwith thestring“no ii” to indicatethenumberwas
generated.Theeventsequencerepresentsthesubsetof 400possi-
ble statesa serviceordergoesthrough;it is representedasa new-
line terminated,pipeseparatedlist of state,timestamppairs.It may
be apparentfrom this descriptionthat English is a poor language
for describingdataformats!

The analyst's �rst task is to write a parserfor the Sirius data
format. Like many ad hoc datasources,Sirius datamay contain
unexpectedor corruptedvalues,so the parsermusthandleerrors
robustly to avoid corruptingthe resultsof analyses.With PADS,
theanalystwritesadeclarativedatadescriptionof thephysicallay-
out of her data. If the analystis new to PADS, shecan usethe
LAUNCHPADS interactive interfaceshown in Figure2 to help her
createa PADS description.Shebeginsby loadinghersampledata
into thedataview (top-right frame)andthenselectsa fragmentof
datato describein the gridview (middle frame). In the gridview,
the analystiteratively re�nes the descriptionof the selecteddata.
In this example,shehasselectedtheheaderpartof anorderrecord
andis de�ning its compositestructure,whichincludesthreephone-
number�elds. This re�nement stepterminateswhen the analyst
hasassociatedabasetype,suchasstring,phonenumber, date,etc.,
with every valuein thesampledata.Onceall selectedvalueshave
anassociatedbasetype,LAUNCHPADSgeneratesthetreeview (left-
handframe). The treeview depictsthe abstractsyntaxof a PADS

description.In this view, theanalystcanre�ne thedescriptionby
creating,removing, andrenamingthe generatedtypes. Shemay
also add semanticconstraintsthat specify relationsbetweenone
partof thedataandanother, for examplethatone�eld in a typeis
somefunctionof another�eld in a differenttype.

Whentheanalystis satis�edwith thedescriptionin thetreeview,
shecantestherdescriptiononalargerfragmentof sampledata.To
do this, LAUNCHPADS generatessyntacticallycorrectPADS code,
which is shown in Figure4 andinvokesthe PADS compilerto pro-
duceaparsinglibrary from thegenerateddescription.Description-
independenttoolsarelinkedwith thedescription-dependentlibrary
andmadeavailableto theanalystthroughmenusin the LAUNCH-
PADS interface.

Theanalystcantestherdescriptionby applyingtheaccummula-
tor tool to a largersampleof data.For eachtypein a PADS descrip-
tion, accumulatorsreportthe numberof goodvalues,the number
of badvalues,andthedistributionof legal values.In theLAUNCH-
PADS interface,recordsidenti�ed by theaccumulatorascontaining
errorsaredisplayedin the dataview. The analystcanthendeter-
minewhethertheerrorsaredueto genuineerrorsin thedataor due
to incompleteor out-of-datedocumentation,in whichcaseshecan
re�ne thedescriptionto improve its coverage.

This phasehelpsthe analystlearn the layout and the meaning
of thedata,determinethecompletenessof the format's documen-
tation, identify different representationsfor “data not available”,
andlearnthedistribution of valuesfor particular�elds, etc. When
�nished with this phase,theanalystmaybereadyto asksomeba-
sic queriessuchas“Selectall ordersstartingwithin a certaintime
window,” and“What is theaveragetimerequiredto go from a par-
ticular event stateto anotherparticularevent state”. Suchqueries
are useful for rapid information discovery and for vetting errors
andanomaliesin databeforethe dataproceedsto a down-stream
processor is loadedinto a database.

With PADS, the analystusesXQuery to queryher ad hoc data
source.BecauseXQuery is designedfor semi-structureddata,its
expressivenessmatchesadhocdatasourceswell. For example,the
analystcanwrite the expressionbelow to produceall ordersthat
startedin October, 2004.

$pads/Psource/orders/elt[events/elt[1]
[tstamp/rep >= xs:date("2004-10-01")

and tstamp/rep < xs:date("2004-11-01")]]

Existing PADS toolsmaynot solve all theanalystsproblems,in
which case,shemaywrite herown PADS applicationsthatcall di-
rectly the PADS-generatedparsingor tool libraries. Most impor-
tantly, her effort hasproduceda reusabledescriptionthat shecan
sharewith other analysts. The fact that useful software artifacts
aregeneratedfrom the descriptionsprovides strongincentive for
keepingthedescriptionscurrent.

3. ARCHITECTURE
ThePADSsystem,depictedin Figure3,consistsof its description

language,compiler, run-time system,and pre-de�ned tool suite.
Fromadescription,thecompilergeneratesa library of description-
dependentparsingfunctions. Thegeneratedlibrary is linked with
acorerun-timelibrary anddescription-independenttool programs.
Currently, the statisticalpro�ling tool providesaccumulatorfunc-
tionsandfunctionsthatemploy randomizedandapproximatetech-
niquesto createhistogram,wavelet[7], andquantile[8] summaries.
TheXML toolproducesacanonicalXML view of aPADSsource[4]
andimplementsthedatamodelrequiredby theGalaxXQueryen-
gine(notshown here).Theformattemplateallowstheusertopretty
print the datainto a delimitedformat suitablefor loadingin a re-
lational database. The format programallows usersto override
how elementsof eachtypearedisplayedandto omit certain�elds
entirely from the datasource. Lastly, a usermay write a custom
applicationin C to implementtheir own analyses.

We describea few key languagefeaturesto illustrate the lan-
guage'sexpressivenessandcompleteness.Thelanguageprovidesa
type-basedmodel:basictypesspecifyatomicdata,while structured



Figure3: PADS Ar chitecture

typesdescribecompounddatabuilt from simplerpieces.Figure4
containsthePADS descriptionfor theSiriusdataformat.Typesare
declaredbeforethey areused,so the typethatdescribestheentire
datasource(summary_t ) appearslastin thedescription.

ThePADS library providesalargecollectionof usefulbasetypes
suchas8-bit signedintegers,32-bitunsignedintegers,IPaddresses,
dates,andstrings,which may be physicallycodedin e.g. ASCII,
EBCDIC, or binary. To describemorecomplex data,PADS pro-
vides a collection of structuredtypes loosely basedon C's type
structure.A Pstruct describesanorderedsequenceof datawith
unrelatedtypes.In Figure4, thetypedeclarationfor thePstruct
order_t (Lines35–38)containsanorderheaderfollowedby the
literal character'|' , followed by an event sequence.PADS sup-
portscharacter, string,andregularexpressionliterals. A Punion
describesalternativesin thedataformat(Lines9–12),anda Popt
type speci�esoptionaldata(Lines 17–21). A Parray describes
varying-lengthsequencesof dataall with thesametype. Thetype
onLines32–34containsthesequenceof ordereventsandindicates
thateachelementin thesequencehastypeevent_t . It alsospec-
i�es that the elementsareseparatedby vertical bars,andthat the
sequenceis terminatedby anend-of-recordmarker. PADS provides
a rich collectionof array-terminationconditions:reachinga maxi-
mumsize,�nding a terminatingliteral, or satisfyingapredicate.

From a description,the PADS compiler generatesa C library
for parsingand manipulatingthe associateddata source. From
eachtype in a PADS description,thecompilergenerates(1) an in-
memoryrepresentationof the type, (2) parsingandprinting func-
tions, and (3) a parsedescriptor, which recordsthe stateof the
parse,thenumberof detectederrors,andthecodeandlocationof
the �rst errordetectedin a valueof that type. Becausea distinct
parsingfunction is generatedfor eachtype in a PADS description,
PADS supportsmultiple-entrypoint parsing,which accommodates
ef�cient processingof very large-scaledata[5]. Parsedescriptors
enableerror-aware processingof a datasource.Dependingupon
thenatureof theerrorsandthedesiredapplication,userscantake
theappropriateaction: halt theprogram,discardpartsof thedata,
or repairthe errors. This �e xibility makesit possibleto continue
processingof very largesourcesevenwhenerrorsareencountered.

The PADS systemsolves importantdata-managementtasks: it
supportsdeclarative descriptionof adhocdataformats,its descrip-
tions serve asliving documentation,andit permitsexplorationof

1. Precord Pstruct summary_header_t {
2. "0|";
3. Punixtime tstamp;
4. };
5. Pstruct no_ramp_t {
6. "no_ii";
7. Puint64 id;
8. };
9. Punion dib_ramp_t {

10. Pint64 ramp;
11. no_ramp_t genRamp;
12. };
13. Pstruct order_header_t {
14. Puint32 order_num;
15. '|'; Puint32 att_order_num;
16. '|'; Puint32 ord_version;
17. '|'; Popt pn_t service_tn;
18. '|'; Popt pn_t billing_tn;
19. '|'; Popt pn_t nlp_service_tn;
20. '|'; Popt pn_t nlp_billing_tn;
21. '|'; Popt Pzip zip_code;
22. '|'; dib_ramp_t ramp;
23. '|'; Pstring(:'|':) order_type;
24. '|'; Puint32 order_details;
25. '|'; Pstring(:'|':) unused;
26. '|'; Pstring(:'|':) stream;
27. };
28. Pstruct event_t {
29. Pstring(:'|':) state;
30. '|'; Punixtime tstamp;
31. };
32. Parray event_seq_t {
33. event_t[] : Psep('|') && Pterm ( Peor );
34. };
35. Precord Pstruct order_t {
36. order_header_t order_header;
37. '|'; event_seq_t events;
38. };
39. Parray orders_t {
40. order_t[];
41. };
42. Psource Pstruct summary_t{
43. summary_header_t summary_header;
44. orders_t orders;
45. };

Figure4: PADS description for Sirius provisioning data.

ad hoc dataandvetting of erroneousdatausinga standardquery
language.The resultingPADS descriptionsandqueriesarerobust
to changesthat may occur in the dataformat, makingit possible
for morethanonepersonto pro�tably useandunderstanda PADS

descriptionandrelatedqueries.
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