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1 Intr oduction

ToXgeneis a template-basedeneratorfor large collectionsof syntheticXML documentsunderdevel-
opmentat the University of Toronto as part of the ToX (Toronto XML Engine)project. This document
describeshebasicfunctioningof ourtool andthe ToXgeneTemplateSpeci cationLanguaggTSL).

TSL templatesare essentiallyXML Schemd1] speci cationsannotatedvith speci cationsof proba-
bility distributionsand CDATAcontentdescriptorsusedfor generatingooth attributesandelements.Like
XML Schemaspeci cations, TSL templatesareXML documentsFor increasedeadability we presenthe
XML Schemanotationof TSL in our examplesusingtypewriter face . TSL-speci c annotationsre
attributesor elementsaddedo aschemalocumentijn eithercaseannotationsrepre xedby thestringtox-
andpresentedisinga diff erent font.

1.1 De nitions

Def. 1- Type: Atypeisadatatype,asde nedin[1]: atypeis oneof asimpleType oracomplexType .

Def. 2 - Instance: An instanceof a type is someXML contentthat conformsto . Instancesof a
simpleType arecharactedata(CDATA literals, while instancesf a complexType areeither XML
elementsCDAT Aliterals, or a mix of both.

Def. 3- Gene: A geneis thespeci cationof someXML contentthatconformsto atype.

1.2 Anatomy of atemplate

A TSL templateis an XML documenivhoserootis atox-template elementasspeci ed by the following
DTD:

<IELEMENT tox-template (tox-distribution|simpleType|complexType [tox-1 ist]
tox-document)*>

Thesearethemainmaindeclarationsn atemplate We cover eachof themthroughouthis document.

tox-distrib ution : de nes a randomnumbergeneratoraccordingto the given distritution (seeSec-
tion 2).
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simpleType : de nesa genefor literals (i.e., CDATAvalues)conformingto the speci ed simple
type (asspeci edin [1]).

complexType : de nesagenefor documenfragmentghatconformto the speci ed comple type
(asspeci edin [1]).

tox-list : de nes a main memoryrepositoryfor valuesthat canbe sharedduring the creationof the
actualXML documentgseeSection8).

tox-document : de nesthegeneratiorof oneor moreXML document®f agiventype(seeSections).

Installation instructions

Platform requirements: ToXgeneshouldrun onall Java platforms.It hasbeendevelopedandtested
underLinux andSolaris,usingthefollowing:

— JREcompatiblewith JDK 1.4.1;

— Xercesl.4.4;
— PoBoy 1.1 (persistenbbjectmanager).

Installation instructions:

1. Downloadandunzipthe le
2. Setthefollowing ervironmentvariables:

— TOXGENEOMEshouldpoint to the full path of the directory whereyou unzippedthe
package.
— XERCESHOMEshouldpoint to thefull pathof the directorywhereyou copiedthe Xerces
jar le.
3. Add $(TOXGENEHOME)/bin to your PATHvariable.

4. To testyour installation, executethe script toxgene. You shouldget the responseshavn in
Figurel.

1.4 Executing ToXgene

Templatesare processedn two steps: validation and generation. The validation processstartswith the
parsingof the templatedocument,which is doneby the XercesXML parserusing the ToXgeneDTD.
Syntacticahndsomesemantie@rrorsarecaughtatthistime andreportedoy the Xercesparsemutomatically
The next stepin the validationdetectsothersemanticerrors,suchasreferenceto non-&istentdatatypes
or path expressionsn lists (seeSection8). After the validation stepsare done, ToXgenemovesto data
generatiormode, whentheactualprocessingf thetemplateoccurs.

ToXgenetakesseveral commandoptionsthat specifyhow it behaes. Invoking ToXgenewithout argu-

mentsgivesa list of valid options(seeFigure 1), mostof which areself describing.We next discusssome
of theseoptions:

-v : whenexecutedin verbosemode, ToXgeneoutputsseseral messagess the templateis being
parsed.This modeis helpful for developinganddehuggingtemplates.
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Usage: ToXgene <options> <template file>

where possible  options include (<default value>):

-c Check template only; do not generate files <false>

-h Print this message

-v  Verbose mode <false>

-w Omit warning messages <false>

-n Add a new line after each element close tag <false>

-t Show elapsed time <false>

-s v Use "v" as initial random seed

-0 [p[fl[sIN Use a persistent object manager <false>:
p is the path where to store temporary files
f is the fraction of the memory used for buffering
s is the size (in kilobytes) of the memory buffers
the default values are: p=".", f=0.5 and s=8KB

Figurel: ToXgeneoutputlisting invocationinstructions.

-n : this option makes ToXgenebreaklines after eachelementclosingtagin the outputdocuments.
This optionsmalkes ToXgenes output more humanreadableandthus, also helpsin dehuggingthe
templates.

-s . uses asmasterandomseed.This optionis usefulif onewantsto repeata workloadfrom a
giventemplate.

o [ [ [ 1] : thisoptiontells ToXgeneto usea persistenbbjectmanagel(POM) to storethe
intermediatecontentwhenprocessinghetemplatesThispermitsToXgeneto generateXML datathat
is largerthanthe memoryof the machinebeingused(asis thetypical situationin mostbenchmarks).
For details,referto Sectionl1.

2 Specifyingvalue distrib utions

Valuedistributions are declaredby tox-distrib ution elements.Userde ned multinomial distributions are
speci edwith theaid of enumeration subelementasshavn below:

<IELEMENT tox-distribution (enumeration*)>
<IATTLIST tox-distribution
name ID #REQUIRED
type (constant | exponential | geometric | lognormal
normal | uniform | user-defined) 'uniform’
mininclusive CDATA #REQUIRED
maxInclusive CDATA #REQUIRED
mean CDATA #IMPLIED
variance  CDATA#IMPLIED>

<IELEMENT enumeration = EMPTY>
<IATTLIST enumeration value CDATA#REQUIRED
tox-percent CDATA #REQUIRED>

Theattributesof atox-distrib ution elementarede ned asfollows:

name: uniquelyidenti es thedistribution within thetemplate;



mininc lusive: speci estheminimumvaluethatis dravn from the distrikution;
maxInc lusive: speci esthe maximumvaluethatis dravn from the distrikbution;
type: speci esthetype of thedistribution; it canbe oneof:

— constant: speci esaconstandistribution wherethevaluedrawn is alwaysmininc lusive ;

— exponential: speci es an exponentialdistribution, with expectedvalue speci ed by attribute
mean;

— geometric: speci esageometriadistribution, with meanvaluespeci ed by attribute mean;

— lognormal: speci esalog-normaldistribution, with expectedvaluespeci edby attribute mean
andvariancespeci ed by attribute variance ;

— normal: speci esa normaldistribution, with expectedvalue speci ed by attribute mean and
variancespeci ed by attribute variance ;

— unif orm: speci esauniformdistribution in theintenal (default);

— user-de ned: speci es a arbitrary userde ned distrikution given by enumeration elements
(seebelaw).

Userde ned distributions are speci ed by enumeration elementsggachcontainingthe following at-
tributes:

value: numericoutcome(thefollowing musthold: mininc lusive ~ value  maxinc lusive ).

tox-percent: probabilitymassassociatedavith thevalue.

2.1 Examples:

Example 1. De nition of anexponentialdistribution:

<tox-distrib ution name="n-par s” type="e xponential” minValue="1" maxValue="5" mean="2" />

|
Example 2. A userde ned distribution:
<tox-distrib ution name="discount” type="user -de ned” min="0" max="30" >
<enumeration  value="0"  tox-percent="50" />
<enumeration  value="5"  tox-percent="25" />
<enumeration  value="10"  tox-percent="15" />
<enumeration  value="30"  tox-percent="10" />
</ tox-distrib ution >
|

3 SpecifyingsimpleType sand constants

A simpleType is aspecializatiorof a basetype(e.g.,string,integer, etc.). EachsimpleType inherits
the propertiesof thebasetypeit builds upon. Thefollowing basetypesaresupportedn TSL.:

Numericaltypes: integer, unsignednteger, long, unsignedong, int, unsignednt, short, byte, non-
negative integer, positive integer, non-positve integer, negative integer, decimal, oat anddouble;
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String;
Date;
ID, IDREF andIDREFS.

Typesare either namedor anonymous A namedtype is declaredonce, independentlyof elements
or attributes,andis referenceduy its name. The samenamedtype canbe usedby multiple elementsor
attributesin atemplate Anonymoustypesaredeclaredvithin elemenbr attribute speci cations andcannot
bereused.

Thisthe generalnotationfor specifyingsimpletypesin TSL.:

<simpleType name="type _name">
<restriction base="base type">
< />

< />
</restriction>
</simpleType>

Of coursethename attribute is only usedfor de ning namedsimpletypes.Eachfacetelementre nes
the de nition of thetype; the propertiesspeci edin afacethave to conformwith the canonicalproperties
of thebasetypebeingre ned. Importantnote: all facetsareoptional;if no facetsareprovided, the default
valuesfor the correspondindpasetype areused.

The generatiorof instancef ID , IDREF and IDREFS typesis coveredin Section8. We now give
moredetailson the variousfacetsthatspecifythe generatiorof instance®f eachof the basetypes.

3.1 Numerical types

An instanceof a numericaltypeis a stringrepresentatioof a numbey extractedfrom theinterval speci ed
by . Instancesof a numerictype are eitherrandomlyselectedrom the
intenal or sequentiallycomputedasdiscussedelon. XML Schemade nes variousnumericdatatypes,
someof which have in nite domains(e.g.,theintegers). ToXgene,however, imposesboundson the max-
imum andminimum valuesallowed for eachnumerictype supported. Table3.1 shavs the maximumand
minimumvaluesfor eachof thenumerictypessupportedy ourtool.

Thesearethefacetsusedfor de ning numericaltypes:

mininclusive . de nesthe minimumvalueallowed for instance®f thetype. The new valuehas
to begreaterthanor equalto the default valuefor the basetype.

maxinclusive : de nesthe maximumvalueallowed for instance®f thetype. The new valuehas
to besmallerthanor equalto the default valuefor the basetype.

minExclusive . de nes a value for which all allowed instancesof the type have to be strictly
greaterthan. This value hasto be greaterthan or equalto mininclusive + , where isthe
smallesiabsolutenumberthatcanberepresentetly the machine(e.g.,1 for integerdatatypes).

maxExclusive : de nes a value for which all allowed instancesof the type have to be strictly
smallerthan. This value hasto be greaterthan or equalto maxInclusive -, where isthe
smallesiabsolutenumberthatcanberepresentetly the machine(e.g.,1 for integerdatatypes).

!It is naturalto do so,sincewe canrepresenbnly nitely mary numberson digital computersaryway.



Base type | mininclusive | maxinclusive | Example ||

integer MINLONG MAXLONG 123
unsignedint 0 4294967295 123
long MINLONG MAXLONG 123
unsignedLong 0 MAXLONG 123
int -2147483648| 2147483647 123
short -32767 32768 123
byte -127 128 123
nonNegativelnteg er 0 MAXLONG 123
positivelnteger 1 MAXLONG 123
nonPositivelnteg er MINLONG 0 123
negativelnteger MINLONG -1 123
decimal MINFLOAT | MAXFLOAT | 123.45
float MINFLOAT | MAXFLOAT | 123.456
double MINFLOAT | MAXFLOAT | 123.456

Table1: Supportechumericaldatatypes.MAXLONGnd MINLONGrepresentespectiely the largestand

smallestinteger numberthat canbe representedby the (Java virtual) machineToXgeneisbeing executed.
Similarly, MAXFLOABNAMINFLOATrepresenthelargestandthesmallestoating pointnumberghatcan

berepresentedl hesevaluesmayvary amongdifferentimplementationsf the Java virtual machine Please
referto thedocumentatiomf yourlocal Java runtimeenvironmentfor details.

tox-format : speci esformattinginstructionsfor writing the actualinstance®f thetype. For numer
ical values,we usethe formattingcorventionsof the NumberFormat Java class(for moredetails,
see[3)).

tox-number : this is ToXgenes main annotationfor specifyingnumericvalues. It providesthe fol-
lowing attributes:

<IELEMENT tox-number EMPTY>
<IATTLIST tox-number
mininclusive CDATA #IMPLIED
maxInclusive CDATA #IMPLIED
tox-distribution IDREF #IMPLIED
sequential (yes|no) 'no’
format CDATA#IMPLIED>

— tox-distrib ution : speci esadistribution usedto generatanstance®f thetype. If noneis pro-
videdauniform distribution ontheinterval [mininc lusive , maxInc lusive ] is used.

— sequential : speci eswhetherthe numbersaresequentiallygeneratedthe default valuefor this
attribute is no. Bothincreasinganddecreasingequenceareallowed. Theincrements speci-
ed by providing aconstantlistribution; anincremenf +1is usedf nodistributionis speci ed.
Consecutie instancesf the type form anincreasingsequencetartingat mininc lusive if the
increments positive, or adecreasingequencatartingat maxinc lusive otherwise.

— format : sameastox-format above;this onetakesprecedence.
— mininc lusive : sameasabaove; this onetakesprecedence.



— maxinc lusive : sameasabove; this onetakesprecedence.

Example 3. AnonymoussimpleType for positive integersin the interval [1,1000]. SeeSection4 for
moredetailson elementdeclarations:

<element name="my_element">
<simpleType>
<restriction base="positivelnteger">
<mininclusive value="1"/>
<maxInclusive value="1000"/>
</restriction>
</simpleType>

</element>
[ ]

Example 4. NamedsimpleType for sequentiallygeneratednteger numbers. Consecutie instantsof the
typeform thesequencéd00,98, 96,...:

<tox-distrib ution name="c1l” type="constant” mininc lusive="-2" maxlInc lusive="-2" />
<simpleType name="sequential">
<restriction base="Integer">
<tox-number sequential="y es” tox-distrib ution="c1” maxInc lusive value="1000" />

</restriction>
</simpleType>

3.2 Datetypes

Dateliteralsarealsogeneratedrom anintenal. Thereis only onebasedate type,whosedefault minin-
clusive andmaxinclusive  valuesareJanuarylst,1 A.D. andJanuarylst,3000A.D., respectiely.
Thesamdacetsusedfor specifyingnumericaltypesarealsode ned for datetypes,exceptfor tox-number ,

whichis replacedoy:

tox-date : speci esarandomdategeneratoandhasthefollowing attributes:tox-distrib ution , min-
Inclusive ,maxinclusive  andformat, with the sameusageasde ned for numericalypes:

<IELEMENT tox-date EMPTY>
<IATTLIST tox-date
start-date CDATA #REQUIRED
end-date CDATA#REQUIRED
tox-distribution IDREF #IMPLIED
format CDATA#IMPLIED>

Instancesof datetypesare generatedy addinga randomnumberof days to the startdateof the

speci edintenal . israndomlychoserfrom thegivendistribution; if no
distributionis speci ed, is uniformly choserfrom theintenal ,
where returnsthe numberof daysbetweernthedates and . In ary case,

Importantnote: all dateconstantsn a template,suchasmininclusive values,are speci ed using
theformatYYYY-MM-dd. Outputformattinginstructionsfollow the standardsn the DateFormat class

in the Javalanguagd2].



| Type | Description |

text A textual stringgenerated@ccordingo the TPC-HbenchmarK5] rules.
word A word, extractedfrom the list of words usedin the XMark bench-
mark[4].
xmrk _text A textual stringgeneratedccordingo the XMark benchmarkules.
fname A rst name extractedfrom thelist of rst namesn the XMark bench-
mark.
Iname A lastname extractedfrom the list of lastnamesdn the XMark bench-
mark.
city A city name extractedfrom thelist of citiesin the XMark benchmark.
province A province name,extractedfrom the list of provincesin the XMark
benchmark.
country A country name, extractedfrom the list of countriesin the XMark
benchmark.
domain An internetdomain name, extractedfrom the list of domainsin the
XMark benchmark.
email An emailaddres®f theform . @, where isaninstanceof fname,
is aninstanceof Iname and is aninstanceof domain .
gibberish A random string in
#!A!*!(!)!_!'1: !$!+ 1{1}1[1],?,-,/ 1~ )

Table2: Prede nedtox-string types.

Example5. Thefollowing examplespeci esatypefor dateliterals,usingdd/MM/yyyy asformatpattern:

<simpleType name="x _date">
<restriction base="date">
<minlinclusive value="1998-01-01"/>
<maxlInclusive value="2001-28-12"/>
<tox-format value="d d/MM/yyyy"/ >
</restriction>
</simpleType>

3.3 String types

ToXgenecomeswith several prede nedstring generatorsaslisted in Table 2; the default string type is
gibberish.Stringliteralsarede ned by the following facets:

minLength : de nesthevaluefor the minimumlengthallowedfor instance®f thetype.

maxLength : de nesthevaluefor the maximumlengthallowed for instance®f thetype. If neces-
sary instancesretruncatedo t themaximumlengthspeci ed.

pattern : speci esa patternto which the instancesf the type have to conform. ToXgeneuses
this patternwhen generatingthe instancesof the type. ToXgenesupportsa subsetof the pattern
speci cationlanguagen [1].

tox-string : thisis themainannotatiorfor specifyingstringtypes,andhasthefollowing structure:



<IELEMENT tox-string EMPTY>
<IATTLIST tox-string
type CDATA 'gibberish'
minLength CDATA #IMPLIED
maxLength CDATA #IMPLIED
tox-distribution IDREF #IMPLIED>

— type: speci esthetype of the stringsto be generatedthe defaultis gibberish.The basicstring
that comewith ToXgenearelistedin Table2. Userde ned string typescanalsobe used(see
Section10).

— minLength : sameasabove; this onetakesprecedence;
— maxLength : sameasabove;this onetakesprecedence;

— tox-distrib ution : speci esa distribution for determiningthe length of instancef this type;
an uniform distribution in the intenal is usedif no distribution is
provided.

Thedefaultvaluesfor minLength andmaxLength arel and200,respecirely.

Example 6. A namedsimpleType for stringliteralsbasedon a pattern:

<simpleType name="isbn type">
<restriction base="string">
<pattern  value="[0-9] 10 "/>
</restriction>
</simpleType>

3.4 Constants

Constantsaare alsoinstance®f a simpleType andin ToXgeneare declaredusingtox-value elements.
Constantganbe usedfor specifyingthe contentof bothelementsandattributes.

<I[ELEMENT tox-value (#CDATA)>

Example 7. Declarationof anintegerconstant:

<simpleType name="my_constant">
<restriction base="integer">
<tox-value>10</ tox-value>
</restriction>
</simpleType>

4 Specifyingattrib utesand elements

In this sectionwe discussthe speci cation of attributesand elementsthat have simpleType content.
Theseare the building blocksfor complexType speci cations,coveredin Section5. The notationfor
specifyingelementsandattributesis asfollows:



<IELEMENT element ((simpleType|complexType|tox-expr*)?)>
<IATTLIST element

name CDATA#REQUIRED

type CDATA#IMPLIED

minOccurs CDATA'l'

maxOccurs CDATA'1'

tox-distribution IDREF #IMPLIED

tox-recursionLevels IDREF #IMPLIED

tox-reset (yes|no) 'no'

tox-omitTag (yes|no) 'no"™>

<IELEMENT attribute (tox-expr|simpleType)>
<IATTLIST attribute
name CDATA#REQUIRED
type CDATA#IMPLIED
tox-minOccurs CDATA'1'
tox-maxOccurs CDATA'l'
separator CDATA #IMPLIED
tox-distribution IDREF #IMPLIED>

Elementsandattributesarespeci ed by aname,atype,andcardinalityconstraintsThetype of anele-
mentor attribute canbeanamedype(seeprevioussection)or ananorymoustype; elementcanhave either
simpleType sorcomplexType s;attributescanhave only simpleType s. Thetox-expr annotations
discussedh Section?.

Thesearetheattributesusedin thede nition of elements:

name: speci esthe nameof theelement.

type : providesinformationaboutthetypefor theconteniof theelementlIf notspeci ed,theelement
declaratiommustcontainananorymoustypespeci cation. Whenprovided,it mustbeeitheranamed
type (simpleor comple) previously declaredor a basetype. Whena a basetype is speci ed, the
contentof the elements generatedisingthe canonicakpeci cationsof thetype (seeSection3).

minOccurs : speci esthe minimum numberof occurrencegor the element.Valid valuesarenon-
negative integers.

maxOccurs : speci esthe maximumnumberof occurrencegor the element.Valid valuesarenon-
negative integersor unbounded .

tox-distrib ution : speci esadistribution usedto determingheactualnumberof occurrencesf theel-

ementatgeneratioriime. If omitted,anuniformdistributionin theintenal

is used.Recallthateachdistributionis alsode nedin termsof a intenal, whichmightcon-
ict with theinterval de ned for theelement.In suchcasestheintenal speci edfor thedistribution

takesprecedencandwarningmessageareissuedby ToXgeneattemplatevalidationtime.

tox-recur sionLe vels: speci esavaluedistribution thatgovernsthe depthof therecursiontreewhen
generatingecursve content.

tox-reset: whensetto yes, the genesfor all descendantlementsand/orattributesare reseteach
time aninstanceof the elementis produced.For example,resettinga tox-number speci cationfor
sequentiallyincrementechumbergestartshe numericsequencspeci ed by theannotation.

As for attribute declarationspame andtype have exactly the sameuseasabore, thuswe focuson
theremainingattributesnext. As farasXML Schemas concernedan attribute is simply a
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Figure2: Speci cationandinstantiatiorof recursve elemengenesNotethereferencdo distribution "r1"

thatdeterminefhiow mary

pair; the value of the attribute is a string, and canbe a list of words In ToXgene,eachword is viewed
mpletype: an attribute whosevalueis a single string has1 occurrencewhile
an attribute whosevalueis a list hasmary occurrences.The tox-minOccur s, tox-maxOccur s andtox-
eterminethe numberof occurrencegor attributes,and behae similarly to the
attributesminOccurs , maxOccurs andtox-distrib ution for elementdeclarations. The separator

attribute speci eswhich characters usedto separatéhewordsin alist-valuedattribute; its default valueis

asan “occurrence”of a si

distrib ution areusedto d

[T 1]
’

<element name="person" maxOccurs="500"
tox-recur sionLe vels ="r1" >
<complexType>
<element name="name" type="name _type"/>
<element name="age" type="age _type"/>

<element name="children">

<complexType>

<element name="person" maxOccurs="5"/>
</complexType>

</complexType>
</element>

(a) Speci cationof arecursve gene.

Level 0 person

children

Level 1 person person

children

(b) Structureof resultingXML elements.

recursve levelswill begenerated.

Example 8. Speci cationof elementsisingnamedandanorymoustypes:

<simpleType name="my_int">

<restriction base="in

teger">

<tox-number mininc lusive="5" maxinc lusive="100" />

</restriction>
</simpleType>

<element name="capacity"

type="my _nt"/>

<element name="age" type="nonNegativelnteger"/>
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Example 9. Specifyinganorymoustypesin attribute declarations:

<attribute name="address">
<simpleType>
<restriction base="string">

<tox-string type="gibberish” maxLength="25" >
</restriction>
</simpleType>
</attribute>

<attribute name="currency">
<simpleType>
<restriction base="string">
<tox-value >CDN</tox-value> <!-- a constant -->
</restriction>
</simpleType>

</attribute>

4.1 Specifyingrecursive elements

ToXgenealsosupportghe generatiorof recursie XML content,determinedy threeparametersthetotal
numberof (recursie) elementsto be generatedthe numberof children per element,and the numberof
levelsin therecursion.Figure?2 illustratesthe generatiorof recursve contentwith ToXgene.

5 SpecifyingcomplexType s

Similarly to asimpleType ,acomplexType canbenamedor anorymous.Namedtypescanbeusedto
de ne thecontentof differentelementsn atemplate. Thesyntaxfor specifyingcomplex typesis asfollows:

<IELEMENT complexType ((tox-alternatives| tox-scan | tox-sample | tox-foreach [
tox-if |attribute | element | tox-string | tox-number |
tox-value | tox-expr)*)>

<IATTLIST complexType
name ID #REQUIRED
mixed (true|false) ‘false'>

Asin[1], aninstanceof acomplexType mightcontaina CDAT Astring,oneor moreelementspramix
of elementandCDAT Astrings(in this casethe attribute mixed hasto besetto true in thecorresponding
typedeclaration) By de nition, only elementsvith complexType canhave attributes.

Regardingthe notationfor specifyinga complexType , element , attribute , tox-string , tox-
number andtox-value werecoveredalreadyin previous sections;tox-scan, tox-sample , andtox-expr,
which areusedfor specifyingqueriesover previously de ned content,arecoveredin 8; nally, tox-if and
tox-alternatives de ne the conditionalgeneratiorof contentandarecoveredin Section9.

5.1 Specifyingelementswith complexType

Similarly to simpletypes,comple typescanbenamedor anorymousandnamedypescanbeusedto de ne
the contentof multiple elements.The following examplessummarizeshe notationfor specifyingcomple

types.

Example 10. Speci cationof anorymousandnamedcomple type. Notethe anorymouscomplex typefor
theprice elemenhasmixedcontentde nedbythecurrency elementindatox-number speci cation:
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<complexType name="my_book">

<attribute name="isbn" type="isbn _type"/>
<element name="title" type="string">
<tox-string type="te xt" />

</element>

<element name="price">
<complexType mixed="true">
<element name="currency">
<simpleType>
<restriction base="string">
<tox-value >CDN</ tox-value>
</restriction>
</simpleType>
</element>
<tox-number tox-distrib ution="c1” format="0.00" />
</complexType>
</element>
</complexType>

;'element name="book" type="my _book"/>

6 Specifyingdocuments

A documentspeci cationis TSL consistsof a nameand an elementdeclarationwhich de nes the root
elemenitof thedocumenbeinggeneratedThetox-document annotatiorhasthefollowing properties:

<IELEMENT tox-document  (element)>
<IATTLIST tox-document
name CDATA#REQUIRED
copies CDATA'1'
starting-number CDATA'O
DTD-file = CDATA#IMPLIED>

Thesearetheattributesthataffecttheatox-document speci cation:

name: the nameof thedocument.ToXgeneautomaticallyappends".xml" extensionto all docu-
mentsit generatesDocumentghathave morethanonecopy (seebelowv) arenamedby appendingan
uniqueintegeridenti er to thedocumennhame(e.g.,book00.xml ,book01l.xml ,etc.).

copies: determineghe numberof documentgo be generatedy ToXgeneusingthe sameelement
speci cation. Eachdocumentwill containits own root element(a differentinstanceof the element
de ning thedocument) This featureallows theemulationof situationsn whichthedatabaseonsists
of multiple (similar) documentseachcontaininga singleobject,asopposedo having a singledoc-
umentcontainingall objectsin the databaseBy default, copiesarenumberedrom O to the number
speci ed.

star ting-n umber: speci estheinitial valuefor numberinghedocuments.

DTD- le: speci esavaluethatis addedio the DOCTY PHleclaratiorof eachdocumengyenerated.

Example 11. Speci cationof a documenfor a book catalog,containingfrom 100to 200 instance®f the
my_book type:
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<tox-document name="books” >
<element name="books">
<complexType>
<element name="book" type="my _book" minQtty="100" maxQtty="200"/>
</element>
</complexType>
</ tox-document >

7 Specifyingexpressions

Expressionsrethe basefor de ning queries somesimplecomputationsandintegrity constraintsover the
databeinggeneratedThefollowing grammarsketchdescribeshevalid expressionsn atemplate:

+ - * | %#

We now discusseachof theterminalsymbols.

string: a CDATAliteral enclosedy singlequotemarks(e.g.,'maple leafs' );

date: adate enclosedy singlequotemarks,in theYYYY -MM-DD format(e.g.,'1998-06-28" );
oat: a oating pointnumberwritten usingthe format#0.0# (e.g.,123.45 );

int: anintegernumbeywritten usingtheformat#0 (e.g.,123);

name: anameof anamedsimpletypedeclaredn thetemplate);

path_expression:a pathusedfor navigatingelementsn queriegseeSectiong).

The operatorsallowedin anexpressionarethe usualarithmeticoperatorq+, - , * and/ ), the modulo
operator(%9, andthe the string concatenatioroperator(#). Expressionsn ToXgeneare typed. Table3
shawvs theresultingtypesfor valid expressiongndthe casesvhereautomaticdtype castingis done.

The resultof a pathexpressionmight be an atomicvalue (of ary of the typessupported)or a list of
atomicvalues(seeSection8 for detailson how queriesarewritten andevaluated). ToXgenealsooffersthe
mostcommonaggrgateoperation®n theresultsof pathexpressionsasshovn in Table4.

Expressionsare evaluatedin the usualleft to right manner;the order of evaluationof expressionds
asfollows: queriesand namedtype referencesmultiplication, division and modulo; all other operators.
Parenthesisanbeusedto overridethedefault precedenceA nameaypereferencevaluategso aninstance
of thenamedsimpletype.

Example 12. Thefollowing exampleshavs how to pre x a sequentiallyincrementechumericvalueswith
astring:
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| operand 1 | operand 2 | operator | type |

int int +-*/,% int
float float +,- %/ float

int float +,- %/ float *
float int +,- %/ float *
date int +,- date

int date + - date

ANY ANY # string *a

&No warningis issuedf bothoperandsreof typestring

Table 3: Resultingtypesfor valid operationsaccordingto the operandsn ToXgene.Lines marked with a
starindicatesituationswhereautomatictype castingis doneby ToXgene,a warning messaget template
validationtime is issuedin suchcases.Any othercombinationof operandsand operatorgesultin error

ANY representary type.

Input Output
name | list/atom | type description | type
MIN list int ,[float ,date | returnsthesmallestvaluein thelist unch
MAX list int [float ,date | returnsthelargestvaluein thelist unch
COUNT list ANY returnsthe numberof elementsn thelist int
SUM list int ,float returnsthe sumof all valuesin thelist unch
AVG list int float returnsthe averageof thevaluesin thelist float
LEN atom ANY returnsthelengthin charactersf theoperand| int
CONCAT list ANY returnsthe concatenatiorof all itemsin the | string
list, treatedasstrings

Table4: Aggregateoperatorsn ToXgene.

<simpleType name="key">

<restriction base="positivelnteger">
<tox-number sequential="y es” />
</restriction>

</simpleType>

<element name="book _id">
<tox-expr value=""book'# key " />
</element>

7.1 Debhugging expressionexecutions

ToXgeneofferssomedehugginginformationthatmight helpunderstandinghe parsingof expressionsvhen
executedin “verbose’mode(-v optionin the commandine). We recommendyou usethis modewhen
writing templatesto make sureyour expressiongietevaluatedtheway you expectthemto be.

Hereis anexampleof the outputof ToXgenein verbosanode:

E’Irocessing tox-expr  for: [a]+([b]+[c])*[c)/[d]
parsed expression: ([a]*+(([b]+[ch*(cVIdD))
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Thefollowing is afragmentof ToXgenes outputin verbosanodewhenprocessinghe make orders
templatein the TPCHsample:

Processing  tox-expr  for: [PartKey]
parsed expression: [PartKey]
Processing  tox-expr  for: (([Partkey]+([i]*(250+([PartKey]-1)/1 000))) 9%1000)+1

parsed expression: ((PartKey]+([i]*(250+(([PartKey]-1) /1000) )))%10 00)+1)

8 Specifyinglists and queries

In mary situationsone needsto generatecorrelatedcontent. For instance,one might wantto generatea
catalogof books(uniquelyidenti ed by their ISBN values)anda collectionof reademreviews aboutthese
books. Evidently eachreview hasto referto an existing book (e.g.,includean ISBN valuepresentin the
catalog).Thisis calledelemensharing(the contentof someelementss sharedwith others). The ToXgene
approacHhor elemensharingisto rst generatall datathatwill besharedn a“temporarymemory”called
atox-list , andquerythislist wheneer necessary

A list declaratioris similarto a documenteclaratiorin the sensahatbothincludean elementspeci -
cationthatis usedto generateheir content(the documenitself or theitemsin thelist). Theactualnumber
of elementsn alist is dictatedby theoccurrenceatternfor theelementeclarednsideit (i.e.,theelements
distribution or minOccurs , maxOccurs values).Thefollowing DTD fragmentdescribeghe syntaxfor
declaringlists:

<IELEMENT tox-list (element)>
<IATTLIST tox-list
name ID #REQUIRED
unigue CDATA#IMPLIED
where CDATA#IMPLIED
readFrom CDATA#IMPLIED
abort  (yes|no) 'no’
dump (yes|no) 'no"™>

name: uniquelyidenti es thelist within atemplate;

unique: speci esuniquenessonstraintgor the elementsn thelist; seedetailsbelow;

where: speci esmoreelaboratentegrity constraintover the elementsn thelist; seedetailsbelow;
readFrom: speci esa le from whichtheelementsn thelist areread;

abort: determinesvhetherthetemplateprocessings abortedwhenelementgeadfrom alist violate
ary of theintegrity constraintspeci edfor thelist;

dump: determinesvhetherthelist shouldbewrittento a le for laterreuse.

Example 13. Declaratiorof alist with 100book“records”. Eachrecordcontainsa uniquelSBN andatitle
of abook:
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<tox-list name="book _list” unique="book/isbn” >
<element name="book _rec" minOccurs="100" maxOccurs="100">
<complexType>
<element name="isbn" type="isbn _type"/>
<element name="title">
<simpleType>
<restriction base="string">
<tox-string type="te xt" />
</restriction>
</simpleType>
</element>
</complexType>
</element>
</ tox-list >
|

For the momentwe discusshow the elementsn alist aregeneratedby ToXgene.Section8.4 describes
how alist canbereadfrom a le. Eachelementin thelist is generatedhdependenthandvalidatedagainst
thelist's integrity constraintsjf the elementviolatesary of the constraintst is discarded.This processgs
repeatedintil all elementsn thelist aregeneratedFor instancefor thelist speci edin Examplel3, each
time abook _rec elements generatedits isbn valueis comparedo thosefor the booksalreadyin the
list; if thisisbn valuewasassignedo anexisting book, the elementis discardedptherwise the element
is addedto thelist. Of coursethefrequeng of repeatedsbn valuesdepend®on the speci cationof the
isbn _type andthenumberof instancesn thelist.

8.1 Querying lists

Queriesin ToXgeneare speci ed using cursorsandtox-expr annotations. Eachcursorspeci es a path
expression relative to alist or to anothercursor which determines list of elementsover which the cursor
iterates. As mentionedbefore,queriesare expressionthusdeclaredn tox-expr annotations.Eachquery
is boundto a cursor thustox-expr elementghat de ne querieshave to be descendantsf someelement
de ning acursor By default, a queryis boundto its closestancestorcursor Cursorsin ToXgenework in
the usual“one-element-at-a-timefhode: eachqueryreturns(possiblya setof) valuesthataredescendants
of the currentelementf the cursoronly.

A pathexpressions asequencef labelsseparatety '/ '. A labelis oneof alist nameanelemenname,
avariablename(referringtoanamecdcursor)or'! ' (shorthandor CDATA. All pathexpressionin ToXgene
areenclosedyy squarebraclets. For example,the pathexpressionfbook list/book reclisbn/!]
returnsall isbnvaluesof all bookrecordsin book _ist ; [$a/isbn/!] returnstheisbn of the current
elemenin thecursornameda (seeexamplebelav). All pathexpressionsn ToXgenearefully speci ed: no
wildcardsareallowed.

Therearetwo typesof cursorsin ToXgene differing ontheway they accessheir contentsdeclaredby
thefollowing annotations:
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<IELEMENT tox-scan  ((tox-scan|tox-sample|tox-foreach|tox- exprla ttribu telele ment|
tox-iftox-alternatives)*)>
<IATTLIST tox-scan
path CDATA#REQUIRED
name CDATA#IMPLIED
where CDATA #IMPLIED>

<IELEMENT tox-sample  (((tox-scan|tox-sample|tox-foreach|tox-exp nN*)|
(attribute|element)*)>
<IATTLIST tox-sample
path CDATA#REQUIRED
name CDATA #IMPLIED
where CDATA#IMPLIED
tox-distribution IDREF #IMPLIED
duplicates (yes|no) 'yes'>

<IELEMENT tox-foreach ((tox-scan|tox-sample|tox-foreach|tox-exp rlattr  ibute| elemen t|
tox-if|tox-alternatives)*)>
<IATTLIST tox-foreach
path CDATA#REQUIRED
name CDATA #IMPLIED
where CDATA #IMPLIED>

tox-scan: speci esa cursorfor a sequentiakcanover alist of elementgesultingfrom evaluatinga
pathexpression.Thefollowing attributesareusedfor de ning thecursor:

— path: speci esapathexpressiorrelative to alist or to anancestocursor(seeexampleof nested
cursorsbelav) from wherethe elementof the cursorareextracted;

— name: necessarpnly whendeclaringnestedcursorswithin the onebeingspeci ed (seeexam-
ple of nestectursorshelaw);

— where: speci esconditionsfor the selectionof the elementgesultingfrom evaluatingthe path
expressionseeexamplebelow).

A cursoris populatedasfollows: the pathexpressionis evaluatedreturninga list of elementgthat
matchthe pathexpression)gachelements checled againsthe conditionsin the where clauseand
thosethatdo not qualify arediscarded.

tox-sample: speci esa cursorfor samplingfrom a list of elementgesultingfrom evaluatinga path
expression.All attributescommonto tox-scan andtox-sample cursorsbehae in the sameway as
above (path, name andwhere ). Thefollowing attributesareexclusive to tox-sample cursors:

— tox-distrib ution: speci esadistribution in theintenal , thatdeterminesvhich element
of thelist is samplecdhext;

— duplicates: determinesvhetherthe sameelementcanbe samplednorethanonce.

tox-foreach: speci esa cursorthatis instantiatedor eachelementthat matcheghe given pathex-
pression.This cursoris especiallyusefulfor producingcomple types.

Example 14. Theelemente nition below speci esaqueryoverthebook list , de nedin Examplel3.
Notethatonecande ne newv randomcontentwithin a cursor(asin theauthor elementspeci cation):
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<tox-document name="books” >

<element name="book" minOccurs="100">
<complexType>
<tox-scan path="[book _list/book _rec]” name="a" >
<attribute name="isbn" type="isbn _type">
<tox-expr value="[$a/isbn/I]" />
</attribute>

<element name="title" type="string">
<tox-expr value="[title/!]” />
</element>

<element name="author"  maxOccurs="5" type="string">
<tox-string type="gibberish” maxLength="30" />
</element>
</ tox-scan >
</complexType>
</element>

</ tox-document >
]

The exampleabore shavs how path expressionin queriesbind to cursors. One cande ne the path
relative to acursomame asin [$a/isbn/!] . However, explicit namingis requiredonly whendeclaringnested
cursors By default, eachpathexpressiorbindsto its closestancestocursor thusin the exampleabore, the
expressiongtitle/!] and[$a/title/!] areequwvalent.

ObsenethatthelSBN valueof eachbookis declarecasanelemenin thebook list —andasattributes
in thebook element.As shavn in the exampleabove, bothelementsandattributesin adocumentdeclara-
tion canincludequeries.However, list recordscannothave attributes: we stresghefactthatlists aremeant
for temporarystorageof data,for queryingpurposesnly, and elementdeclarationsalonesufce for this
purpose.

Example 15. Nestedqueries. The following exampleillustratesthe speci cation of querieswithin list
de nitions (notethede nition of theauthors elementin thenewv book list ) andof nestedqueries:
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<tox-list name="book _list” unique="book/isbn” >
<element name="book _rec" minOccurs="100" maxOccurs="100">
<element name="isbn" type="isbn _type"/>
<element name="title">
<simpleType>

<restriction base="string">
<tox-string type="te xt" />
</restriction>
</simpleType>
</element>
<element name="author _id" type="integer" maxOccurs="5">

<tox-sample path="[author _list/author]” duplicates="no” >
<tox-expr value="[id/l]" />
</ tox-sample >
</element>
</element>
</tox-list >

<tox-document name="books” >

<element name="book" minOccurs="100">
<complexType>
<tox-scan path="[book _list/book _rec]” name="a" >
<attribute name="isbn" type="isbn _type">
<tox-expr value="[isbn/']" />
</attribute>

<element name="title" type="string">

<tox-expr value="[title/!]” />

</element>

<attribute name="authors" type="IDREFS" maxOccurs="unbounded">

<tox-scan path="[$a/author .id]" >
<tox-expr value="author'#[!]" />
</ tox-scan >
</attribute>
</ tox-scan >
</complexType>
</element>

</ tox-document >
[ ]

A few words are worth mentioninghereon how the speci cationsin Examplel5 are processedes-
pecially with respectto the authors attribute in the book element. First, note that the “records” in
book _list now containa randomnumber(up to 5) of authoridenti ers, which aresampledwithout rep-
etition from anotherlist. Assumethat theseidenti ers are declaredto be uniquewithin thatlist, so we
getup to 5 distinctauthorid's in eachrecordin book list . Asin Examplel4,the speci cationof the
book elementde nes a sequentiakcanover therecordsin book list , copying boththe ISBN andthe
title in eachrecord. Here,however, we de ne the authors  attribute, containingall authoridenti ers in
eachbookrecord.This canbedoneby declaringanesteccursorovertheauthor id elementswithin each
book _rec in thelist. Notethereferencdo the outercursoris madeby de ning a pathexpressiorrelative
to its name($a in the example). Also, note that maxOccurs is setto unbounded for the authors
attribute, meaningthattherewill be asmary itemsin thelist asthereitemsmatching[$a/author  .id]
(i.e.,authoridenti ers in thecurrentbookrecordof the outercursor).

8.2 Speci cation of ID, IDREF and IDREFS attrib utes

Asiillustratedin Examplel5, onecanuselists with uniguenessonstraintandquerieso produceattributes
of type ID, IDREF and IDREFS. The samemechanismsan be usedto enforce“referential integrity”
amongdocumentsaswell. For a completeexample,considerthe catalogsample which producesa docu-
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mentcontaininga book catalogwith 500 booksand1000review documentseachreferringto an existing
book.

8.3 Whereclauses

Otherintegrity constraintscanbe speci ed whengenerating list via where clauses.Eachclausede nes
multiple predicatesnvolving querieshatarechecled wheneer anew elements generatedor readfrom a
le). Whereclausesareusedalsofor specifyingselectioncriteriain cursorsandthe samenotationapplies
in bothcases:

+ - | %#

The symbolabore representshe emptystring, thusmakesthe quali er optional. The de nition for
EXP andall rulesthatderive from it areidenticalto theonesspeci edin Section7, we repeathemherefor
thecorvenienceof thereader Thepredicate€Q DIF, LT, LEQ GT, GEQcorrespondo and

, respectiely?.

Example 16. Thefollowing list containssequentiallyincrementedntegervaluesusedaskeys for theorder
relationin the TPC-HdatabaseThewhereclauséan thelist speci esthatonly the rst 8 numberdrom each

groupof 32(i.e., ) areused,asrequiredby the TPC-Hspeci cation:
<tox-list name="order _keys0" where="LT([OrderKey]%32,8)">
<element name="OrderKey" minOccurs="1000" maxOccurs="1000">
<simpleType>
<restriction base="nonNegativelnteger">

<maxlInclusive value="1000"/>
<tox-number sequential="y es”/>
</restriction>
</simpleType>
</element>
</tox-list>
| ]

Example 17. Join of lists.The following exampleshavs how nestedcursorscan be usedto implement
a join operationbetweenlists L1 andL2. Note thatthe where clausein the outer cursorde nes a se-
lection criterion (L1/a/x>100 ), while in the inner cursorthe where clausede nes the join condition
(L2/bly =L1/alx ):

2\We usethe pre x notationsimply becausene cannothave anglebraclets inside attributesin XML documentgremember
ToXgenetemplatesare XML documents).
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<element name="el" maxOccurs="unbounded">
<complexType>
<tox-scan path="[L1/a]” where="GT([x],100)" name="a" >
<element name="x" type="integer">
<tox-expr value="[x]" />
</element>
<element name="y" maxOccurs="unbounded">
<simpleType>
<restriction base="interger">
<tox-scan path="[L2/b]" where="EQ([y],[$a/x])" >
<tox-query expr="[y]" />
</ tox-scan >
</restriction>
</simpleType>
</element>
</ tox-scan >
</complexType>
</element>

8.4 Readinglistsfrom les

As mentionedearlier lists can be “dumped” into les for later reuse(by settingthe dump attribute to

yes on the list declaration). For convenience,the lists are written to XML documents. We stressthat
althoughdumpingalisttoa le producesanXML documentthisis notthepreferrednethodfor generating
documentsn ToXgene. Thetox-document declarationprovides moreresourcedor this tasksuchasthe

ability of generatingattributes,to cite justone.Moreover, ToXgeneimplementsa simplegarbagecollection
mechanismwhich enforcesthat only lists that are used(directly or indirectly) in a documentdeclaration
are populated. Thus, no dataat all is generatedor templateshat do not declaredocuments.ToXgenes

garbagecollectoralsoensureghatthe memoryusedby a list is freedassoonasall queriesde ned over it

areexecuted.

Evidently lists canbepopulatedvith the contentsof XML documentsnot necessarilgeneratedby our
tool. This meanghatonecanreusepreviously generatedontent,sayfor growving anexisting collectionof
documentsaswell asusingrealdatain thedocumengeneratiorprocessOnetypical exampleis the useof
realcountrynamesn documents.

Thereareafew importantthingsto mentionhere.First,anelementspeci cation,describinghetype of
the“records”beingreadhasto be declared.Thevalidity checkingof pathexpressionsandtypeinferencing
in ToXgenearedonebeforeary datageneratiortakes place,thusthe elementdeclarationis requiredfor
verifying the integrity of the expressionsand queriesin the template. We note that only the elementsof
interestneedto be declaredi.e., the documenimight containmoreelementghanthosein thelist declara-
tion). Secondonly elementsn theinput XML documentare consideredattributesareignored. Finally,
integrity constraintover lists readfrom les aredeclaredn the sameway asfor lists beinggeneratedy
ToXgene.List “records”thatviolateary constrainfarediscardedtheabor t attributeindicatesvhetherToX-
geneshouldabortthegeneratiorprocesshouldalist recordreadviolateanintegrity constraintsle ned for
therespectie list. At templateprocessingime, ToXgeneoutputsthe actualnumberof elementghatwere
generatedr readfor eachlist:
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ToXgene V2.1 - (c) 2001 by University of Toronto and IBM Corporation
*xxx o Parsing  template: Done!

Generating 1500 elements in order _keysO: Done!
Generating 1500 elements in order _keysl: Done!

Reading list Parts from temp/orders _input.xml: Done! 2000 elements read.
Generating 1500 elements in order _listO: Done!

Generating 1500 elements in order _listl: Done!

Generating 1500 elements in order _list2: Done!

Reading list  priorities dist  from input/priorities.xml: Done! 5 elements read.
Reading list ship _-modelist from input/ship  _modes.xml: Done! 7 elements read.
Reading list  ship _instructions Jdist  from input/ship  _instructions.xml: Done!

4 elements read.

All ToXgenesampletemplatesncludelists thatarereadfrom XML documents.

9 Specifyingrandom structures

In this sectionwe describegwo usefulannotationsysedfor introducingsomecontrolledrandomness the
datageneratiorprocessn ToXgene:

<IELEMENT tox-if (tox-then, tox-else?)>
<IATTLIST tox-if
expr CDATA#REQUIRED>

<IELEMENT tox-then (tox-alternatives|tox-scan|tox-sample| tox-fo reach| tox-if |
element]|attribute)*>
<IELEMENT tox-else (tox-alternatives|tox-scan|tox-sample| tox-fo reach| tox-if |

element|attribute)*>

<IELEMENT tox-alternatives (tox-option*)>
<IATTLIST tox-alternatives
tox-distribution IDREF #IMPLIED>
<IELEMENT tox-option ((attribute|element|tox-if|tox-alternative s|tox-  expr|
tox-string)*)> <IATTLIST tox-option odds CDATA#REQUIRED>

tox-if, tox-then, tox-else: theseannotationgrovide IF-THEN-ELSEblocks,which canbe nested.
The decisionon which branchto take is madebasedon the logical value of the expressionde ned
by theexpr attributein the IF statementSuchexpressionis declaredn the sameway asa integrity
constraint(seeSection8.3). The ELSEblock is optional.

tox-alternatives, tox-option: theseannotationgrovide a way to randomlychooseone processing
pathamongvariousoptions. Eachtox-option hasa contentdescriptor(e.g.,an elementdeclaration)
andthe oddswith which that option will be chosenasfollows. Let be the oddsfor

tox-option elementgan error occursif ). The valuesyield the following
probabilityranges:

[
[

For Example, supposethe odds are 30,30,20(no needto sum up to 100); the braclets will be
(thelastoptionis alwaysassigneall probabilitymasdeft). Theprocessing
of atox-alternatives consiststhen of simply generatinga randomnumberaccordingto the given
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probability distribution and determiningin which braclet this numberfalls, andthus, which option
to process.The contentof the optionsneednot be relatedin ary way: one candeclarecompletely
differentstructuresand/orgenedor describingthe XML contentto be generatedAlso, a tox-option
might be empty thusallowing the speci cationof optionalcontent(seeexamplebelow).

Example 18. Alternative waysof specifyingoptionalcontentin ToXgene:

<l--  the first method uses a random number generator and an IF-THEN-ELSE construct-->
<simpleType name="rand">
<restriction base="nonNegativelnteger">

<maxlInclusive="100"/>
</restriction>
</simpleType>

<tox-if expr="GT( rand,50)” >
<element name="my_element" type="my _type"/>
</ tox-if />

<l--  the second method uses alternatives/options -->
<tox-alternatives >
<tox-option odds="50">
<element name="my_element" type="my _type"/>
</ tox-option >
<tox-option odds="50"/>
</ tox-alternatives >

10 Usinguser-de ned CDATA generators

ToXgenecanbe extendedto allow the useof other CDATA generatorshanthe onesthatcomewith it by
default. This sectionexplainshow this canbedone.

All ToXgenes CDATA generatorsnustimplementthefollowing interface:

package genes.literals;

public interface Cdata
public  void setRandomSeed(int seed);
public  String getCdata(int length);

The rst methodgivesarandomseedhatshouldbeusedby the CDATA generatarThisaimsatallowing
the generatiorof the exact samecontentwhenthe samemasterandomseedis speci ed (recallthe -s
commandine option).

The secondmethodshouldreturna string literal to be usedin the datathatis outputby ToXgene. If
length is positve, the stringto be returnedmustbe exactly length  characterdong. If length is -1,
the CDATA generatorcanreturna string of ary length. This last modeis usefulwhenthe userwantsto
bypasghespeci cationof minLenght andmaxLength valuesand,thus,avoid truncatingstrings.

For example,supposene provide a CDATA generatoffor email addressethat outputsstringsof min-
inumlenght5 andmaximumlength20. Supposeave usethis CDATA generatoin atemplatenvhich speci es
minLength andmaxLength tothesevalues.Whenprocessinghistemplate,ToXgenewill setlength
to anumberuniformly distributedbetweerb and20, say10, andpasst to the CDATA generatarHowever,

it could bethe casethatthe emailaddresgeneratedt thatiterationhasmorethan10 characterandmust
betruncated.
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All registeredstringtypesin ToXgenearelistedin a le calledsetup/cdata.cf g whichis bundled
in thetoxgene.jar le. Eachline in this le associatea CDATA type nameto a givenJava class,and
default valuesfor minLength andmaxLength for thattype. By default, this le containsthefollowing
entries:

text;util.cdata.tpch.Text;1;200

xmrk_text;util.cdata.xmark.Text;1 ;200
email;util.cdata.xmark.Emails;-1; -1
fname;util.cdata.xmark.FirstNames -1;-1
Iname;util.cdata.xmark.LastNames; -1;-1
city;util.cdata.xmark.Cities;-1;- 1
country;util.cdata.xmark.Countrie s;-1;- 1
province;util.cdata.xmark.Provinc es;-1; -1
domain;util.cdata.xmark.InetDomai ns;-1; -1

word;util.cdata.xmark.Names;-1;-1

Notethe-1's speci edasminLength andmaxLength for mostof thetypes. For thesetypes,ToX-
genewill pass-1aslenght for therespecire CDATA generators.

Whena givenstringtypeis referencedn atemplate, ToXgenewill try to loadthe associatedlassand
immediatelyafter that call setRandomSeed . An errorwill occurif the speci ed classcannotbe found
by the Java classloader Oneimportantnote hereis that ToXgenewill createonly 1 Cdatageneratorof
eachtype, thusminimizing the amountof memoryused. The gibberishstring generatoiis integratedinto
ToXgenes codedirectly.

For conveniencewe pravide the sourcecodeof all default CDATA generatorshatcomewith ToXgene
in thesrc directory

11 Usinga persistentobject manager

ToXgenecanmalke usea PersistenObjectManager(POM) the “temporary”datathat mustbe keptin tox-
list elementsstoolargeto t in mainmemory As discusseaarlier this featureis activatedby passinghe
-0 [ [ [ 11 commandine optionwheninvoking ToXgene.

Theoptionalparameters, and specify: the pathwhereto storethe les containingthe temporary
data;the fraction of the memorythat shouldbe usedfor buffering; andthe sizein kilobytesof the buffer
pages,respectiely. The default valuesfor theseparameterare.” (i.e., the les will be placedin the
directorywhereToXgeneis beingexecuted) 50%,and8KB.

All les usedby thePOMareplacedin thedirectoryspeci edby (thedefaultvalueof isthedirectory
from whereyou invoke ToXgene All such les arecalledtg file _ , where isanidenti er usedby the
POM. Thevalueof is completelyirrelevantto ToXgeneitself. Thus,onecanspecifyadirectoryresiding
in adifferent le systemandtake adwantageof parallell/O.

Notethatusinga POM hassereral performancemplications.Notethat ToXgenehasno controlon how
the POM doesmemorymanagementin fact, ToXgenecompeteswith the POM for memoryfor generat-
ing new randomdataandfor processingjueries. Also, accessinglatavia a POM requiresexpensve 1/0O
operations.On top of that, thereis the overheadmposedby the POM boolkeepingoperationsaswell. The

and parametersillow the userto adjustthe working of the POM in two ways. First, the closer isto
1, the morebuffering will be effective. However, high valuesof meanthat ToXgenehasless“working
memory” andthusmight not be ableto procesghe templatewithout swapping(doneautomaticallyby the
Javavirtual machine).Similarly, higher valuesmeanthePOMwill performl/O overlargerchunksof data.
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For queriesthat performsequentiabccesgo dataitems(seeSection8), this will meanfewer cachemisses
dueto locality of reference.

ToXgenetriesto usememoryandexecutequeriesasef ciently aspossible However, theoptimalvalues
for and are,of coursetemplatedependentSome“guidelines”for choosingthesevaluesare. If your
templatedoesmostlysequentiatcansandperforms'simple” queriesusehighvaluesfor and ; otherwise,
experimentwith lower values. We alsonotethat, wheneer possible allowing someextra memoryto the
Javavirtual machineandnotusingthe POMwill yield muchbetteroverall performance.

Note on uniquenessconstraints. As discussedh Section8, onecanspecifyuniquenessonstraintover
elementsn thelists. Therefore duringthe generatiorof thelist, ToXgenekeepsanindex thatcontainsthe
keys thathave beenused.We notethat,evenwhenusinga POM, thisindex is keptin primarymemory due
to high 1/0 costsof dynamicallymaintaininganindex on secondarynemory This alsoappliesfor whena
listis readfrom a le.

Of cours,oneway of generatingkeys for datasetghatdo not t in memorywithout the uniqueness
constraintis by usingsequentiallyincrementedhumbers.n fact, this is theway usedby mostbenchmarks.
In doing so, one saves both memory by avoiding the materializationof a key index, andalsotime, since
uniquenesss guaranteedby construction.

26



References

[1] D. C. Fallside. XML schemapart 0: Primer - W3C candidaterecommendation. Available at
http://mww.w3.or g/ TR/Xx mls chema- 0/ , October24 2000.

[2] JavaSDK - DateFormat classdocumentationAvailableat
http://java.sun. com/j2 se/ 1. 3/ docs/ap i/ ja va/t ext /D at eFor mat.h tml .

[3] JavaSDK - DecimalFormat classdocumentationAvailableat
http://java.sun. com/j2 se/ 1. 3/ docs/ap i/ ja va/t ext /Decimal For ma. ht ml.

[4] A. R.SchmidtF. WaasM. L. KerstenD. Florescu]. ManolescuM. J.Care, andR. Busse.The XML
BenchmarkProject. TechnicalReportINS-R0103,CWI, AmsterdamThe NetherlandsApril 2001.

[5] TransactiorProcessindg?erformanceCouncil. TPCBendimarkH - DecisionSupport 1999. Revision
1.3.0.

27



Appendix

A Creditsand contactinformation

ToXgeneis the datageneratoffor the ToX project, developedat the University of Toronto. This tool was
developedby DenilsonBarbosaunderthe supervisionof Alberto Mendelzon bothfrom the University of
Toronto,in cooperatiorwith JohnKeenlgsideandKelly Lyons,from theIBM TorontoLab.

This work waspartly fundedby the Departmenbf ComputerScienceof the University of Toronto,the
NaturalSciencesandEngineeringResearctCouncil of CanadaBell University Laboratories|BM Corpo-
ration,thelBM Centrefor AdvancedStudiesandthe IRIS Network of Centresf Excellence.

Acknowledgments. Of courseToXgenewould not have beenpossiblewithout the useof otherpeoples
code.For copyright (andgratitude)reasonsye statethat:

This productincludessoftwaredevelopedby the ApacheSoftware Foundation
(http://www.apac he. or g/).

This productusesPoBo/ — A Packageof PersistenDbjectJava Collections,developedby NorthBranch-
Logic (http://enteract. com/"wagman/N or th Branc hLogic .h tml anddistributedaccording
tothe GNU LesserGeneralPublicLicense.

A.1 Other ToXgeneresources

ToXgenewebsites:
http://www.cs.t oro nt 0. edu/ tox /t oxgene/
http://www.alph awork s. ib m.com/t ech/ to xge ne

ToXgenediscussiorforum:

http://www.alph awork s. ib m.com/f or umt oxgene. nsf/ main
ToXgenerelatedpublications:

— DenilsonBarbosaAlbertoMendelzonJohnKeenlgsideandKelly Lyons. ToXgene:atemplate-
baseddata generatorfor XML . In Proceeding®f theFifth InternationalWorkshopontheWeb
andDatabasegWebDB 2002). Madison,Wisconsin- June6-7,2002.

— DenilsonBarbosaAlbertoMendelzonJohnKeenlgsideandKelly Lyons. ToXgene: A template-
baseddata generatorfor XML . In Proceeding®fthe2002ACM SIGMODInternationalCon-
ferenceon Managemenif Data— Demoprogram.Madison,Wisconsin- June4-6,2002.

Pleasaeportbugsby emailto toxgene-bugs@cs .to ro nt o. edu
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B ADTD for TSL

Thefollowing DTD is usedto validatethetemplatesy ToXgene.

<IELEMENT tox-template

(tox-distribution|simple Type|complexType|
tox-document)*>

<l

XML Schema definitions

Fkkkkk

needed

<l-- Just a copy of
<IELEMENT simpleType

<IATTLIST simpleType

Khkkkk
what's in the XML Schema specifications

(restriction)>
name CDATA #IMPLIED>

<l--  tox-string, tox-number  and tox-value are all ‘literals",
inside  a restriction definition -->
<IELEMENT restriction ((tox-value | pattern) |
((minLength |maxLength)* tox-string)
((mininclusive | maxinclusive |

<l

<IATTLIST restriction

<IELEMENT pattern
<IATTLIST pattern

<IELEMENT mininclusive
<IATTLIST mininclusive

<IELEMENT maxInclusive
<IATTLIST maxInclusive

<IELEMENT minExclusive
<IATTLIST minExclusive

<IELEMENT maxExclusive
<IATTLIST maxExclusive

<IELEMENT minLength
<IATTLIST minLength

<IELEMENT maxLength
<IATTLIST maxLength

<IELEMENT tox-format
<IATTLIST tox-format

<l--  The tox-percent
chose from the list

<IELEMENT enumeration
<IATTLIST enumeration

<l--  This

but this will do for

<IELEMENT complexType

maxExclusive | tox-format)*,
(tox-scan|tox-sample|tox-foreach))>

Here we have ALL 45 XML Schema datatypes! ->

base (string|integer|long|unsignedLong|intjunsig
short|byte|nonNegativelnteger|positivelnte
nonPositivelnteger|negativelnteger|decimal
float|double|date) #REQUIRED>

EMPTY>
value

CDATA#REQUIRED>

EMPTY>
value CDATA#REQUIRED>

Fkkkkkk

Fkkkkkk

EMPTY>
value CDATA#REQUIRED>

EMPTY>
value CDATA#REQUIRED>

EMPTY>

is an simplified

value CDATA#REQUIRED>

EMPTY>
value CDATA#REQUIRED>

EMPTY>
value CDATA#REQUIRED>

EMPTY>

value CDATA#REQUIRED>
gives of that
>

the probability particular

EMPTY>

value CDATA#REQUIRED
tox-percent CDATA#REQUIRED>
version of the XML Schema definition
our needs -->

((tox-alternatives|tox-scan|tox-sample|to
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thus can go

minExclusive [
(tox-number|tox-date)?)
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element being
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tox-if|attribute|element|tox-string|tox-number
tox-value|tox-expr)*)>
<IATTLIST complexType name CDATA#IMPLIED

mixed (truelfalse) 'false™>
<l-- These elements are like the XML Schema elements, and are used to define
data types and tox-files -->

<I[ELEMENT element ((simpleType|complexTypel|tox-expr*)?)>
<IATTLIST element name CDATA#REQUIRED
type CDATA#IMPLIED
minOccurs CDATA'l'
maxOccurs CDATA'l'
tox-distribution IDREF #IMPLIED
tox-recursionLevels CDATA#IMPLIED
tox-reset (yes|no) 'no
tox-omitTag (yes|no) 'no’

no>

<IELEMENT attribute (tox-expr|simpleType)>

<IATTLIST attribute name CDATA#REQUIRED
type CDATA#IMPLIED
tox-minOccurs CDATA'1'
tox-maxOccurs CDATA'1'
tox-distribution IDREF #IMPLIED
separator CDATA #IMPLIED>

<l--
ToXgene specific elements
>
<l--  elements for defining skewed value distributions ->
<IELEMENT tox-distribution (enumeration*)>
<IATTLIST tox-distribution name ID #REQUIRED
type (constant | exponential | geometric |
lognormal | normal | uniform | user-defined)
‘uniform’
mininclusive CDATA#REQUIRED
maxlInclusive CDATA#REQUIRED
mean CDATA#IMPLIED
variance  CDATA #IMPLIED>
<l--  These define string literals -->
<IELEMENT tox-string EMPTY>
<IATTLIST tox-string type CDATA 'gibberish’
minLength CDATA#IMPLIED
maxLength CDATA #IMPLIED
tox-distribution IDREF #IMPLIED>
<l--  These define numeric literals. This element will be extended in the
future to add things like different formatting for the numbers, according
to the XML Schema definitions for numeric datatypes. -->

<IELEMENT tox-number EMPTY>

<IATTLIST tox-number  mininclusive CDATA#IMPLIED
maxlInclusive CDATA #IMPLIED
tox-distribution IDREF #IMPLIED
sequential (yes|no) 'no
format CDATA#IMPLIED>

<l--  These elements define date literals -->

<IELEMENT tox-date EMPTY>

<IATTLIST tox-date start-date CDATA#REQUIRED
end-date  CDATA#REQUIRED
tox-distribution IDREF #IMPLIED
format CDATA#IMPLIED>
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<l--  The tox-value element is used to specify user-defined constants  -->
<IELEMENT tox-value (#PCDATA)>

<l-- A tox list is a repository for literals that are shared by the files
in the template -->

<IELEMENT tox-list (element)>

<IATTLIST tox-list name ID #REQUIRED
unique CDATA#IMPLIED
where CDATA#IMPLIED
readFrom CDATA#IMPLIED
abort  (yes|no) no
dump (yes|no) ‘no">

<IELEMENT tox-alternatives (tox-option*)>
<IATTLIST tox-alternatives tox-distribution IDREF #IMPLIED>
<IELEMENT tox-option ((attribute|element|tox-if|tox-alternative s|tox-e  xpr|

tox-string)*)>
<IATTLIST tox-option odds CDATA#REQUIRED>

<l--  These elements implement ToXgene's query language -->

<IELEMENT tox-scan  ((tox-scan|tox-sample|tox-foreach|tox-expr|a ttribut  elelem ent|
tox-if|tox-alternatives)*)>
<IATTLIST tox-scan path CDATA#REQUIRED
name CDATA#IMPLIED
where CDATA #IMPLIED>

<IELEMENT tox-sample  (((tox-scan|tox-sample|tox-foreach|tox-exp n*)|
(attribute|element)*)>
<IATTLIST tox-sample path CDATA#REQUIRED
name CDATA#IMPLIED
where CDATA#IMPLIED
tox-distribution IDREF #IMPLIED
duplicates (yes|no) 'yes'>

<l--  this element allows the nesting of content -->

<IELEMENT tox-foreach ((tox-scan|tox-sample|tox-foreach|tox-exp r|attri butele lement|
tox-if|tox-alternatives)*)>

<IATTLIST tox-foreach path CDATA#REQUIRED
name CDATA#IMPLIED
where CDATA#IMPLIED>

<IELEMENT tox-expr EMPTY>
<IATTLIST tox-expr value CDATA#REQUIRED
format CDATA#IMPLIED>

<IELEMENT tox-if (tox-then, tox-else?)>
<IATTLIST tox-if expr CDATA#REQUIRED>

<IELEMENT tox-then (tox-alternatives|tox-scan|tox-sample|tox-fo reach|t ox-if|
element|attribute)*>
<IELEMENT tox-else (tox-alternatives|tox-scan|tox-sample|tox-fo reach|t ox-if|

element|attribute)*>
<l--  This element defines the actual XML documents that are generated. -->

<I[ELEMENT tox-document  (element)>

<IATTLIST tox-document name CDATA#REQUIRED
copies CDATA'l
starting-number CDATA'0'
DTD-fle =~ CDATA#IMPLIED
pad (yes|no) 'no">
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