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ABSTRACT
Popularwebtemplatinglanguagesembedgeneral-purposeprogram-
ming languages.The ExtensibleTemplatingLanguagewasborn
out of questioningthe fundamentalassumptionthat the front-end
markup-generatingengineof a multi-tier webapplicationrequires
all the power andexpressivenessimplied by thatdesign.ETL re-
strictsthesetof languagefeaturesto ausefulsubsetthatprovidethe
necessaryfunctionality without compromisingthe simplicity and
understandabilityof templates.By forcibly limiting what canbe
doneby templates,weensureabetterseparationof presentationde-
tails from businesslogic. Furthermore,ETL improvestheanalyz-
ability of sourcetemplatesby usinganXML-basedrepresentation
wheremarkupis intermingledwith XML elementscorresponding
to programmingconstructs.This approachreducesthepossibility
of generatingimpropermarkupandfacilitatestool-building includ-
ing semantically-awareeditorsanddebuggers.ETL runsinsideof
theExtensibleTemplatingLanguageServerwhich is currentlyem-
ployed by InfoSpaceto serve millions of requestsper day using
over sixty thousandETL templates.

Categoriesand SubjectDescriptors
D.2 [Software]: SoftwareEngineering;D.3 [Software]: Program-
ming Languages;C.2 [Computer SystemsOrganization]: Net-
works

Keywords
Restricteddomain-specificprogramminglanguage,staticanalysis,
webserver, templates,XML, XSLT, markup,WML, HTML.

1. INTRODUCTION
The loosely-coupledclient/server modelimplied by thecurrent

breedof applicationsdeployed via the World Wide Web presents
substantialnew complexities for applicationdevelopers. A vari-
ety of new programminglanguagesandparadigmsattemptto ad-
dressthesenovel problems. One importantcharacteristicof this
new world of softwaredevelopmentis theneedto generateHTML,
WML, andothermarkuplanguagesto describeclient-sidepresen-
tationandbehaviour.

Theoriginalserver-sidedynamicmarkup-generationcapabilities
of theWebweredefinedby theCommonGateway Interface[23].
For eachrequestof a CGI, thewebserver mapsHTTP requestde-
tails into environmentvariables,command-linearguments,andthe
standardfile descriptors. In particular, the standardoutput writ-
ten by that processwas sentby the Web server as the response
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1 <? $books = GetBooks(...); ?>
2 <html>
3 <table>
4 <? for ($i=0; $i < count($books); ++$i) { ?>
5 <tr>
6 <td><? print($books[$i][author]); ?> </td>
7 <td><? print($books[$i][title]); ?> </td>
8 </tr>
9 <? } ?>

10 </table>
11 </htm>

Figure1: Cleanly-written PHP templatesrequireonly the sim-
plest programming languageconstructs. Unfortunately, over
the evolution of the presentationlayer, PHP developerssome-
times engagein far broader interactions becausethe power of
the languageallows them to do so.

to the client browser (insteadof simply respondingwith an un-
changingfile from disk). Over time, varioustechniquesaroseto
reducethecostof eachrequest:extensionmechanismssuchasthe
Apachemodulesystem[2] andscriptinglanguageshostedby the
Webserverhaveincreasedperformanceby eliminatingprocesscre-
ationoverhead.

Today, server-sidemarkupgenerationis dominatedby expres-
sive andflexible general-purposeprogramminglanguagessuchas
Java[3], Perl[41], andPHP[11]. Ironically, thelanguagesarethen
mostlyusedin fairly restrictedways,oftenbeingtied to a templat-
ing syntax(e.g., JSP[28] for Java or HTML::Template[39] for
Perl). For example,considerthePHPtemplatein Fig. 1. Theonly
constructsrequiredby the templateare a) somemeansof popu-
lating a datamodel from the back-endbusinesslogic (line 1); b)
data-driven iteration(line 4); andc) simpleexpressionevaluation
to accesspartsof thedatamodel(lines6 and7). Theextra power
providedby typical templatinglanguagesnotonly goesunused,but
it alsocomplicatescertainimportantanalysesof thecode.For ex-
ample,the obviously critical propertythat a template’s execution
terminatesis undecidablefor thesegeneralpurposelanguages.

For mostwebapplicationdevelopmentframeworks, therestric-
tionsdesiredof thefront-endtemplatinglayerareimposedonly by
processandconvention.Templateauthorsareaskedto limit them-
selvesto asubsetof theavailablefeaturesof a languageasameans
of facilitatingscalable,secure,well-behavedsystems.Importantly,
however, thereis nothinginherentthatpreventspresentationcode
from, for example,makingindividualdatabaseconnections(which
would impactperformance)or maintainingundesirableserver-side
state(which would imposeadditional requirementson the load-
balancingmechanismandreducescalability). Languagessuchas
PHPactuallyencouragethis undesirablemixing of front-endpre-
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Figure 2: Web servicesenablethe fr ont-end templating tier to
communicatewith back-endapplicationsvia standard Inter net
Protocolssuch as XML and SOAP; they no longer needto be
aware of distrib uted object protocolsor data models.

sentationwith back-endbusinesslogic [15]. Thatfactfurtherblurs
thecommonorganizationalline betweenfront-endpresentationde-
velopersandback-endapplicationengineers.

Anothersubstantialproblemwith existing templatingtechnolo-
gies is that they often involve the lexical mixing of two separate
programmingparadigms.JSP, for example,is implementedin terms
of a pre-processingrewrite of thetemplateinto a Java servlet[14].
Pre-processingapproachesareconvenientfor programmerexpres-
sivenessbut have a hugehiddencostin complicatingsoftwareen-
gineeringanalysesandtoolsthatcouldotherwisehelpunderstand,
maintain,andevolve thecomplex systems[5, 16][36,p. 424]. The
preciseanalysisof an arbitraryJSPtemplatenecessarilyrequires
full knowledgeof boththerewrite rulesandthesemanticsof Java.

1.1 Restricting the language
Almost all popularmarkuptemplatinglanguagesintegratewith

a general-purposeprogramminglanguage. This approachoffers
someadvantages.For example,undoubtedlythe languageis suf-
ficiently powerful andexpressive for the needsof markupgener-
ation. Additionally, numerouslanguage-level tools suchascom-
pilers anddebuggers,arealreadyavailablefor the templatinglan-
guageto leverage.For platformprovidersthathave a largeinvest-
mentalreadymadein a general-purposelanguage,it is naturalto
extendthatinvestmentto a templatinglanguage.1

Despitethe broadassumptionthat a markuplanguagerequires
the useof a general-purposeprogramminglanguage,an obvious
alternative exists: usea domain-specificlanguagespecificallytai-
loredto theneedsof generatingmarkup.Suchanapproachcanmit-
igateseveral of the problemsmentionedpreviously. In particular,
usinga restrictedprogramminglanguageat thefront-endto gener-
atemarkupcanenforcebetterseparationof front-endpresentation
from back-endapplicationlogic and may simplify the templates
suchthatthey areeasierto write, read,andevolve.

If we limit the functionality of a markuptemplatinglanguage,
onecapabilitythatremainsimportantis accessingback-endappli-
cations. The architectureof the classicthree-tierapplicationap-
pearsat thetopof Fig. 2. Historically, thecommunicationbetween
thefront-endandback-endserversusesanobject-baseddatamodel
andinvolvesremoteprocedurecall mechanismssuchasDCOM or

�
XSLT canbeusedin a templatingstyle[12, 2.3], but popularuse

of XSLT alsoleveragesscriptingextensionsto dealwith thefar too
severerestrictionsof thelanguage.

Corba. As the web servicearchitecturedepictedin the bottomof
Fig. 2 increasesin popularity, theneedfor thefront endtemplating
languageto reasonabout language-level objectsis reduced. In-
stead,theXML datamodelimpliedby webservicescanbethepri-
marycommunicationformatandthefront endneedonly useInter-
netstandardssuchasHTTPandXML in interactingwith otherap-
plications. This observation suggeststhatmarkuplanguagesneed
only concernthemselveswith a singledatamodelandcanthusbe
madesimplerto learnanduse.

1.2 Analysis of markup templates
Given the wide variety of browsers,crawlers, and other user

agents,it is important that the markupcreatedby the presenta-
tion layer conformsto appropriateInternetstandards.For exam-
ple, WML markupneedsto first bewell-formedXML andsecond
bevalid with respectto theappropriateschemaor DTD [17]. Al-
thoughHTML browsersaremoreforgiving of variationsin syntax,
best-practicesstill dictatethatthemarkupreturnedcomplywith the
HTML specification[30]. Populartemplatinglanguagesincluding
PHP, JSP, ASP, andmany othersprocessarbitrarytext andareigno-
rantof therulesof themarkupbeinggenerated:themistakenclose
tagon line 11 of Fig. 1 goesunnoticedby PHP, yet will resultin a
user-perceivedcompletefailureunderanXHTML browser.

Tools such as HTMLTidy [31] are available to check the re-
sponsesfrom servers for conformance,but often testinginvolves
simply using various browsersto exercisethe applicationwhile
looking for bugs. Both of theseapproachesrequireexhaustively
visiting every pageof interest.For quality assuranceto scale,we
requireaway to staticallyanalyzethesourcetemplatesthemselves
to gainconfidencethat they will, in fact,generatepropermarkup.
If staticanalysisof templatescanrule out thepossibilityof certain
kindsof errors,testingtimeandcostscanbedramaticallyreduced.

Another importantrequirementfor software developmentsys-
temsis to supportad-hocqueriesof thesourcecode.For smalland
simpledynamicweb applications,the automatedanalysisof tem-
platesis oftenunnecessary:awebdeveloperor two understandsall
of the code. Over time, however, thesesimpleapplicationsgrow
in sizeandcomplexity suchthat toolsanalyzingthe templatesbe-
comeanessentialpartof maintainingandevolving thesystem.For
example,a site may wish to addan extra input field to all of its
registrationforms. If agenericform is notalreadyfactoredout into
a commonlocation,thefirst stepin approachingthetaskis finding
all the forms. Or supposea new handhelddevice hasa limitation
in its handlingof cookies:weneedameansof narrowing thescope
for carefulreview to only placeswherethatcookieis manipulated.

Typically, webdevelopersapproachtheabove scenarioswith an
arsenalof impreciselexical tools. While thesetools may satisfy
somesimplequeries,whenthedesiredqueryhasadditionalstruc-
ture, lexical approachesfall short. Supposewe wish to find dead
codeto simplify our application.No regularexpressionwill let us
identify all unreachabletemplatesto satisfythatquery. To analyze
moredeeply, weneedto uncover thesemanticstructureof thetem-
platinglanguage.Typically, thatrequiresalanguage-specificparser
andmuchgreatereffort in building a valuabletool or anextensible
integrateddevelopmentenvironment[35, 27].

1.3 XML supportsanalysesand tools
An increasinglypopularway to perform structuredqueriesof

programminglanguagesourcecodeis to usestandardXML tools
suchasXSLT [12] andXQuery [7] to operateover a complemen-
tary XML-basedrepresentation[4, 33, 18, 29]. With a carefully-
chosenXML representation,valuablesemanticsof thecodeareim-
mediatelyavailable to XPath expressions,thus enablinga broad
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classof sourcecodetools. However, for a general-purposepro-
gramming� language,XML is unwieldyfor useastheprimaryrep-
resentation.Instead,the conventionalgrammar-basedlanguageis
editedby humansandis only convertedinto XML for the tools to
use.

This researchappliesthe benefitsof an XML representationof
sourcecode to the domainof restrictedmarkup templatinglan-
guages.Becauseweb developersarealreadywriting markupdi-
rectly, it is naturalfor themto expressthelimited logic of theirdy-
namictemplatesdirectly in markupaswell. Importantly, this lets
us usea singlerepresentationfor both developersand tools. For
example,we canuseschema-awareXML editorsto easilyprovide
syntaxcoloringandcompletioncapabilities.

In this paper, I introducethe ExtensibleTemplatingLanguage.
Fromoneperspective, ETL is anXML-basedtemplatinglanguage
thatembedsprogrammingconstructsdirectlyin theXML represen-
tation, intermingledwith literal target-languagemarkup. Alterna-
tively, wecanview ETL asanimperativedomain-specificprogram-
ming languagethatusesXML asits surfacesyntaxandsimplifies
thewriting of programsthatgeneratemarkuplanguages.

ETL leverageswell-formednessandlocal-validity checksof the
sourcetemplateto supportthosesamepropertiesin thegenerated
responsemarkup.By limiting theprogramming-languageconstructs
to includeonly thefeaturesthatareappropriateat thefront-endof
a scalableweb applicationarchitecture,we easenumerousanal-
ysesand encourageproperseparationof the presentationdetails
from thebackendapplication.Finally, becauseof its useof XML
as a representation,ETL simplifies ad-hocsoftware engineering
analysesto bettersupportevolution andmaintenanceof largedy-
namicweb applications.We have built an ETL runtimeinsideof
a production-qualityweb server, the ExtensibleTemplatingLan-
guageServer. InfoSpacerunsETLS to serve millions of requests
perdayusingover sixty thousandETL templates.

1.4 Outline of paper
Therestof thispaperis organizedasfollows. Section2 explains

the ExtensibleTemplatingLanguageand its benefits. Section3
detailsour implementationanddescribesour experiencesin using
ETL in productionsystemsover the lastyear. Section4 describes
andcontrastsrelatedwork andSection5 concludes.

2. EXTENSIBLE TEMPLA TING LANGUAGE
The ExtensibleTemplatingLanguageis an imperative markup

templatinglanguagethatallows webdevelopersto interminglelit-
eral XML markupwith XML-basedprogramminglanguagecon-
structs.Our primarydesigngoalsfor ETL wereto:2

1. Allow easyanalysesof sourcetemplatesto permitdevelop-
mentof supportingtools;

2. supportonly theessentialprogramminglanguageconstructs
requiredby a templatinglayer;

3. focusonanimperative programmingmodel;and

4. utilize an XML datamodel pervasively to integrateseam-
lesslywith InternetandWebstandards.

An ETL templatemustbe well-formedXML that is valid with
respectto thelanguage’s XML SchemaDefinitions[38, 6]. By en-
forcing thoserequirements,we catcha largeclassof syntacticand

�
A fifth designgoal was to enableautomatictranslationof our

legacy languageinto ETL. Thispaperfocusesonly ontheessential
language,andSection3 mentionsourmigrationto ETL abit more.

Figure 3: This integrated development envir onment basedon
Homesitewaseasyto build using customtag information gen-
eratedautomatically fr om the XSD schemafor ETL. The envi-
ronment supports automatic completion of namesof elements
and their valid attrib utes.Help information extractedfr om the
server codebaseis alsoreadily available in the IDE.

1 <?xml version="1.0"?>
2 <bl:template xmlns:bl="http://www....">
3 <bl:set var="#xml/books">...</bl:set>
4 <html>
5 <table>
6 <bl:for-each var="#xml/books/book">
7 <tr>
8 <td><bl:get var="@author"/></td>
9 <td><bl:get var="@title"/></td>

10 </tr>
11 </bl:for-each>
12 </table>
13 </html>
14 </bl:template>

Figure 5: The ETL template corresponding to Fig. 1’s PHP
codeis required to be well-formed XML. Thus, the developer
avoids the mistake fr om line 11of the PHP example.

semanticprogrammingerrorsvery early in the developmentpro-
cesswithout needfor theETL compilerat all. Thoseschemasare
alsousedby our developmentenvironment(seeFig. 3) to support
syntaxcoloring and completionof elementand attribute names.
Additionally, becauseof how easyit is to analyzeXML trees,it
is straightforward to build numerousad-hocsoftwareengineering
toolsthatarelanguage-aware.For example,it wastrivial to build a
call-graphextractor(seeFig. 4).

ETL intentionallyrestrictsthesetof programmingconstructsto
limit theamountof logic performedin thefront-endof a multi-tier
web-deliveredapplication.As aresult,weachievebetterseparation
of presentationandapplication,thuspermittingtheir independent
evolution. ETL is alreadyusedby dozensof productionapplica-
tions,demonstratingthatthesetof availableconstructsis sufficient
for real-world use.

An exampleETL templateappearsin Fig. 5 and is analogous
to the PHP examplefrom Fig. 1. The sourcecodeis simply an
XML documentwith root elementbl:template .3 The template
containsotherelementsin thebl:* namespacewhich we refer to

	
The“bl” standsfor “baselanguage.” For brevity, we usenames-

paceprefixes consistentlyto refer to elementsin distinguished
namespaceURIs.
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Figure 4: This call-graph of templatespossibly used in generating an HTML page footer was extracted using server-side XPath
expressionsand a simplePerl script.

asETL primitives(seeSection2.1). Additionally, thetemplatecan
containmarkupfrom arbitrary other namespaces(or unqualified
elements)whichwe call literal resultmarkup(seeSection2.5).

ETL templatesareprocessedwithin thecontext of anHTTP re-
quest.Thepathspecifiedin theURL of therequestselectsa tem-
platewhereprocessingstarts.Theprimarygoalof executingatem-
plateis to generatean HTTP responseincluding the markupdoc-
umentalongwith the variousHTTP headerssuchasthe content-
type,cookiesettings,andothermeta-data.Generally, anETL tem-
plate is similar to a methodin an object-orientedprogramming
language: it can invoke other templatesas subroutinesand can
alsoperformsubsidiaryHTTP requeststo otherservers(seeSec-
tion 2.4).

2.1 Primiti ves,attrib utes,and slots
An ETL primitive is anelementin thebl:* namespacethathas

aspecificwell-definedbehaviour insideof anETL template.Prim-
itiveseitheroutputtext to the currentdestinationstream(initially
theresponsedocument)or performsomeside-effect (or both).For
examplethe bl:set primitive assignsa variablea valuewithout
outputting any text, while the bl:http primitive outputseither
http or https basedon whetherthecurrentrequestarrivedover
anordinaryor secureconnection.

Thebehaviour of aprimitive is controlledby its attributes.Some
primitives,suchashttp mentionedabove,arealwaysempty—they
never areallowed to containchild elements.Otherprimitivesare
allowedto benon-empty, usingthemarkupgeneratedby theircon-
tainedelementsasanextra implicit argument.For example,in:

<bl:if var="showcopyright"> (C) 2002 </bl:if>

the contentsof the bl:if areoutput if andonly if the variable’s
valueis non-empty.

Many primitivesderive their argumentsnot from individual at-
tributesbut from pairsof attributesthat aretogethercalleda slot.
For example,thebl:cr directiveoutputslinefeeds,andthenumber
of linefeedsit generatesis determinedby aslotcalledcount . That
slot is specifiedusinga pair of attributes:count andcount-var .
Theattributesaremutually-exclusive: it is a statically-checkeder-
ror to specify both on the samebl:cr element. The count at-
tributehastypexsd:integer andis usedto provide a literal inte-
gerargumentto theprimitive. In contrast,thecount-var attribute
hastypebl:identifierType (a restrictionof xsd:string ) and
namesavariableto evaluateat runtime.In bothcases,theresulting
valueis usedasthenumberof linefeedsto generate,but for @count
thatnumberis setstaticallywhile for @count-var it is determined
dynamically(at run-time).

Using a pair of attributesto representa logical field is a novel
mechanismto improve type-safetyandeaseanalysis.Thecommon

alternative is using a small domain-specificlanguageinside the
valueof anattribute.For example,wecouldhaveusedcount="2"
or count="$num" to representtheliteral number2 or thedesireto
usethecurrentvalueof thevariable“num”, respectively. (XSLT’s
value-of elementusesthisbasicapproach.)Unfortunately, when
usinga singleattribute, the type for the attribute’s valuemustbe
broadenedand is hencelessprecise. That lack of precisioncan
allow moredevelopererrorsto go uncaught.

Primitivescan, of course,have numerousarguments,someof
which arecontrolledby slotsandothersby individual attributes.
Whenanargumentis allowedto besetonly via anattributeinstead
of a slot, that parameterof the directive cannotbe influencedat
runtime. Often this restrictionis imposedto permit optimizations
or to improve our ability to supportstaticanalyses.For example,
bl:get writesout thevalueof a variableandhasa @transform
attributethatsupportsvariousencodingsor decodingsof thevalue
(e.g.,url-encode or xml-decode —seeSection2.3). We disal-
low theuseof @transform-var becausewewantto alwaysknow
from staticinspectionwhattransformationsmayoccur, thusfacili-
tatingsomeanalysesandoptimizations.

2.2 Variables and values
As with all imperative programminglanguages,ETL hastheno-

tion of variablesthatstorevalues.Variablescanbedeclaredinside
a singlebl:header element(which is requiredto be the first el-
ementin a template)and are assignedvaluesusing the bl:set
primitive. The targetvariableis namedvia the @var attributeand
the value is given by @value , @value-var , or by executingthe
childrenof thebl:set element.For example:

<bl:set var="baseuri"><bl:http/>://<bl:get
var="hostname"/>/</bl:set>

might set the variablenamed“baseuri” to the value“http://www.
infospace.com/”.While executingits containedelements,bl:set
redirectsthedefaultoutputstreamto beusedto constructavalueto
assignto thevariable;theoutputstreamis restoredafter thechild
elementsare processed(e.g., allowing nestingof bl:set primi-
tives).4

After assignment,valuesare retrieved by referencingthem by
namein a slot or by copying them directly to the output stream
usingbl:get . Undeclaredvariableshave dynamicscopeandlive
until theendof processingthecurrentrequest,while declaredvari-
ableshave static scopeand may only be referencedin the same
template.



Several other primitives follow this samepattern. For example

bl:set-mime-type evaluatesits containedelementsto generate
a valueto beusedfor theMIME content-typeof theresponse.
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ETL hasthenotion of specialreserved variablesthatmayhave
side-ef� fectsandareusedinternally for conveying requestparame-
tersor othersystem-level details.Thesereservedvariablesalways
startwith theoctothorpe(“#”) characterandmayberead-only(e.g.,
#browsertype ) or mayalterthebehaviour of primitivesbasedon
thevaluethey areassigned.Unlike ordinaryvariables,thereis no
guaranteethat the valueretrieved from a reserved variableequals
whatwaslaststored.

Variousother datais accessibleto ETL templatesvia buckets.
Bucketscanbethoughtof astop-level elementsin avirtual (lazily-
evaluated)XML datamodelthatis implicitly availableto ETL tem-
plates.They replacefield referencesandaccessormethodsof dis-
tinguishedobjectsin languagessuchasJava. For example,where
a JSPdevelopermightwrite:

<%= request.getHeader("User-Agent") %>

theETL developeraccessesthe#http bucket instead:

<bl:get var="#http/User-Agent"/>

Numerousbucketsexist in theXML datamodelproviding waysto
accessURL parameters,HTTPheaders,usersettings,configuration
datafor applicationsandbrands,andcookies.

Oneadditionalbucket,#xml , is uniquein thatthevaluesits vari-
ablesbind to areXML treesinsteadof just strings.Whenthevari-
able is evaluatedin a context that requiresa string, the subtreeis
serializedin its XML syntax. Additionally, a trailing XPath ex-
pressionis allowed after the variablenamewhenreferencingthe
#xml bucket. This featureallows easyqueryingof XML values
andintegratesXPathcleanlyinto ETL.

2.3 Transformers & formatters
HTTP andXML standardshave variousdifferentencodingfor-

matsto supportarbitrarydataover channelsthatallow limited rep-
resentations.For example,whenpassinga GET parameterto an
HTTP request,the valueis insertedinto the URL usingan URL-
encodingformatthatinvolves(amongotherthings)convertingeach
SPACEcharacterto a+ character. To supportsuchencodingformats
in a generalway, ETL definesa setof “transformers.”

A transformeris a streamingconverterfrom onebytesequence
to another. For example, the url-encode transformerconverts
“hello world” into “hello+world”. Many transformershave an in-
versethatis alsosupported:theurl-decode transformerconverts
“hello+world” into “hello world”. Transformerscan be usedby
ETL codewhenever a variable is being set (via bl:set ) or ac-
cessed(via bl:get ) usingthe transform attribute which speci-
fies anorderedwhitespace-separatedlist of transformersto apply.
For example:

<bl:get var="a" transform="trim urlencode"/>

resultsin writing out the valueof the variablea after first elimi-
natingleadingandtrailing whitespaceandthenURL-encodingthe
resultingtrimmedstring.Theorderof transformationsdoesmatter.
Using

<bl:get var="a" transform="urlencode trim"/>

resultsin a differentoutputstring. If a contains“ Hello World
”, the former exampleproduces“Hello+World ” while the latter
variantgenerates“+Hello+World+ ” becausethetrimming occurs
on the URL-encodedstringwhich alreadyhasspacesreplacedby
“+” characters.

Formattersaresimilarto transformers,but their inputisastream-
ing virtual XML document(similar to SAX, the Simple API for

XML [21]) and their output is a text stream. Numerousprimi-
tives that generateXML as their output have a formatter slot
that namesthe formatterto use. Several built-in formattersexist
or XSLT stylesheetscanbeused.WhenusingXSLT asa format-
ter, the eventsfirst constructa DOM that is thentransformedvia
thenamedstylesheet,letting thestylesheetgeneratetheformatter’s
responsestring.

2.4 Control flow
Therearefour primarymeansof control flow in ETL: template

selection,conditionalsandloops,exceptions,andremoteinvoca-
tions.

2.4.1 Templateselection
Requestsmadeof theETL server alwayshave anassociatedab-

stractsitethatcanbeexplicitly specifiedaspartof theURL, or can
be implicitly basedon theHostname headerof theHTTP request
(e.g.,whenmultiple hostnamesreferto thesameserver). Thatsite
nameis usedto selectwhich templateis invokedfor theinitial pro-
cessingof a requestandwhenever the bl:call primitive is used
to executeanothertemplateasa subroutine.Templateselectionis
analogousto methoddispatchin object-orientedprogramminglan-
guages. Importantly, ETL only permitsboundedrecursion,thus
ensuringtermination.

For example,an index.htm pagemaybl:call aheader.htm
templateto outputabannerfor thetopof apage,thendosomework
to generatethemeatof thepage,andfinally invoke footer.htm to
generateanotherbannerfor thebottom. Thedefault header.htm

at thetop-level of thehierarchymayprovide somebasicfunction-
ality, while anoverridingheader.htm implementationcouldspe-
cializethebanner.

2.4.2 Conditionalsandloops
ETL supportsboth bl:choose /bl:when /bl:otherwise and

bl:if constructs.They behave muchas they do in XSLT. The
primarydifferenceis thatETL doesnot permit thegeneralityof a
domainspecificexpressionlanguage,andinsteadusestwo slotsto
representtheguardconditions.For example:

<bl:if var="pagenum" less-than-var="max-page">
<a href="...">Next</a>

</bl:if>

Althoughthis is slightly moreverbosethana domain-specificlan-
guagein a test attribute, it doesmake it easierto useXPath to
find occurrencesof specificoperationsbeingusedin conditional
guards. Additionally, it allows us to factorout the left-hand-side
valueof acomparisonguardinto thebl:choose parentelementto
approximatetheconvenienceof a switch statement:

<bl:choose var="pagenum">
<bl:when less-than="1">..</bl:when>
<bl:when equals="1">..</bl:when>
<bl:when greater-than-var="max-page">..</bl:when>
<bl:otherwise>..</bl:otherwise>

</bl:choose>

where eachof the bl:when clausescomparethe samevariable
(without redundantspecificationof its name).

For looping,only data-drivenloopsaresupported.Becauseonly
finite datastructuresexist, this ensuresthat loops terminate. A
bl:for-each primitive iteratesover nodesin a node-setof an
XML variableor splits stringsat a specificdelimiterandoperates
on thesubstrings.
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2.4.3 Exceptions
Someprimitives throw run-time exceptions. For example,as-

signing a string that containsill-formed XML to an XML-typed
variableresultsin a parseexception. To recover from thoseex-
ceptions,bl:try blocksthat includebl:catch andbl:finally
childrenblocksaresupported.Additionally, templates(especially
subroutines)canusebl:throw to generatetheirown exceptionsto
behandledby higherstackframes.

2.4.4 Remoteinvocation
Two mechanismsareprovidedto allow templatesto interactwith

back-endapplicationsandotherhosts.SimpleHTTPrequests,both
GETsandPOSTs,aresupportedusingabl:http-include prim-
itive thatspecifiestheURL alongwith POSTdata,asrequired.Al-
ternatively, a bl:ws-call primitive invokesa web servicegiven
its end-pointandtheargumentsto thewebservice.5 In bothcases,
theoutputof theprimitive is thedocumentreturnedby theserver.

2.5 Literal markup
While typical templatinglanguagesaretext-based,ETL is based

insteadon the higher level abstractionof markup. It is this dis-
tinction that enablesETL to favor generatingwell-formedoutput
documents.For example,anASPtemplatemight read:

<a href="<%= target %>"><%= link_name %></a>

whichhassemanticsthatarestrictly textual—it concernsitself with
outputtingarbitrarycharactersequences.Unfortunately, this snip-
pet:

<a hre=<%= target %>><%=link_name %></b>

is essentiallythesameastheprecedingcode,despitethe fact that
this secondexamplecontainsseveralerrors.

Asamarkup-basedtemplatinglanguage,ETL favorswriting tem-
platesthatwill generatewell-formedandvalid markup.For exam-
ple,to outputaliteral XML fragmentsuchas“<b>Good</b> ”, that
fragmentcanbewritten directly in theETL template.However, to
generatethe ill-formed XML fragment“<a>Bad</b> ”, you must
fall backonoutputtingindividual charactersandwrite:

&lt;a&gt;Bad&lt;/b&gt;

NotethatETL doesnotforbidoutputtingill-formed markup,it only
encouragespropermarkupby makingthatcommoncasefar more
naturalto write.

Of course,themarkupwe needto outputoftenincludesdynam-
ically computedattributesandcontent(aswith our initial ASPex-
ample). To outputan attributewith its valuederived from a vari-
able,you canwrite:

<a href="?target">...</a>

wherethe?target syntaxmeansto usethevalueof variable“tar-
get” ratherthanthe literal characters?target 6 Alternatively, one
canwrite:

<a><at:href><bl:get var="target"></at:href>...</a>

�
Webserviceinvocationis apartof anupcomingversionof ETLS.

A leadingbackslashis ignoredandsuppressesthespecialmeaning

of thequestionmark in caseyou really do want theattributeto be
setto thosesevencharacters.

Here,the href attributeof the a elementis given the valuecom-
putedby evaluatingtheelementscontainedby at:href . Thespe-
cial namespaceat is usedto make this formatmoreconcisethan
thelong-windedxsl:attribute variantthatXSLT uses.Thelo-
cal nameof theat:* elementis usedasthenameof theattribute,
andthecontentscanbearbitraryETL code(e.g.,includingcondi-
tionalsandsubroutines).No matterwhich form is usedto specify
dynamicattribute values,the languageensuresthe properquota-
tionsandencoding.Furthermore,by usingtheDTD or XSD of the
outputdocument’s desiredmarkuplanguage,we canconfirm that
attributenames(andsometimestheir values)arecorrect.

Anothercommonneedis to conditionallyincludea tag. For ex-
ample,considerthis ill-formed templatefragment:

<bl:if var="#pro/usebold">
<b>

</bl:if>
Possibly bolded text

<bl:if var="#pro/usebold">
</b>

</bl:if>

Althoughtheintent is reasonable,XML requirespropernestingof
elementsandthusdisallows this code. Instead,ETL supportsthat
behaviour usinga specialbl:if-var attributeon anarbitrarylit-
eralresultelement:

<b bl:if-var="#pro/wantbold">
Possibly bolded text

</b>

wheretheoutputof both theopenandcloseb tagsis controlledby
thetestof thesinglevariable(andthecontentsof theb elementare
alwaysexecuted).This techniquealsoletsusfactorout theguard,
thuseliminatingthepossibilityof amismatchbetweenthetestused
for thestarttagandtheoneusedfor theendtag.

Commentsareanothersubtleaspectof markuptemplatinglan-
guages.They fall into two categories:1) traditionalcommentsin-
tendedfor the developersnever to be part of the generatedout-
put; and2) target-languagemarkupcommentsthatareintendedto
be sentover the wire as part of the responsedocument. Similar
to XSLT, the former arewritten assimpleXML commentsusing
the<!-- ... --> syntax,while commentsintendedfor the re-
sponseareconstructedusingthebl:comment primitive.

Finally, to supportinternationalizationof templates,developers
can chooseto use the bl:tt (token translation)primitive in all
placeswhereliteral text or markupwould appear. For example,
insteadof writing Hi <bl:get var="name"/> , a properlyinter-
nationalizedtemplatemight read:

<bl:tt id="greet1">Hi</bl:tt><bl:get var="name"/>

Eachtemplatehasa correspondingdictionaryof token-translation
definitionsfor the variouslocalesthat have beendefined. Based
on therequest’s localeselection(eitherfrom a stylizedURL or the
Accepts-Language header),theappropriatedictionaryis usedto
replaceeachbl:tt elementwith theXML fragmentto which the
givenidentifiermaps.

2.6 Controlling whitespace
Whitespacecharactersin a sourcetemplatehave mixed uses.7

In somecases,thedeveloperwishesto improve the readabilityof
�
Whitespacethat is not a part of the XML Infoset [13], suchas

whitespacebetweenattributesinsideelementtags,is discardedby
the XML processorbeforethe applicationseesit andis therefore
notcontrolledby therulesdescribedin this section.
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<foo>
   <bar>
      Hello   World
      <baz>   </baz>
   </bar>
</foo>

�1 �
� �

6 7

1 6 7�
� �

�

whitespace-only
whitespace-only content
leading/trailing whitespace
internal whitespace

Figure 6: XML has various kinds of whitespacenodes. ETL
permits careful control over which nodesareconsideredsignif-
icant.

the programby using indentationor blank lines. In other cases,
the whitespaceis intendedto be copiedinto the outputdocument
or a variable’s value. The xml:space attribute provided by the
XML standard[10, 2.10] is not sufficiently expressive to support
thediverseneedsof thetemplateauthor. Carefulcontroloverwhich
whitespaceis deemedmeaningfulis critical to generatingtheright
markup.It alsocanimprove performanceandreducememoryand
bandwidthconsumptionby eliminatingtheneedto process,store,
andtransmitunnecessaryextra characters.

ETL permitsfine-grainedcontrol over the whitespacethat will
begeneratedvia two orthogonalspecialattributesthatareallowed
on every XML elementin sourceETL documents:@bl:space-
nodes and @bl:text-nodes . Theseattributesare inheritedby
contained(i.e., children)elementsandtheir contentsunlessover-
ridden.They controlthevariousclassesof whitespaceillustratedin
Fig. 6: the @bl:space-nodes attributecontrolswhitespace-only
(andwhitespace-onlycontent)nodes(1, 5, 6, and7 in thefigure),
while @bl:text-nodes controlsleading/internal/trailingwhites-
paceof text nodes(2, 3, and4 in the figure). Importantly, these
whitespacerulesarestatically-scoped:a calledtemplateis not im-
pactedby a calling template’s attributeannotations.

Theallowedsettingsfor @bl:space-nodes are:a)preserve,
to leave the whitespaceunchanged;b) compact, to replacese-
quencesof 1 or more whitespacecharacterswith a single space
(0x20); c) strip, to eliminatethe text nodeentirely; or d) nor-
malize to stripwhitespacenodesthatcontainonly newline (0x0A)
charactersentirelyandreplacesequencesof 1 or morewhitespace
charactersthat includea spaceor a tabwith a singlespace(0x20).
For @bl:text-nodes , the above settingsare extendedby trim
which trimsall leadingandtrailing whitespace.

2.7 Customtags
ETL allowscustomtagsto definenew abstractionsonly in terms

of built-in primitives. The mechanismETL provides is basedon
abstractsyntaxtree(AST) rewriting similar to Scheme’s hygienic
macrosandothersyntacticmacrosystems[32, 1]. Given that the
AST of anETL templateis simply theXML sourcecodeitself, we
simply useXSLT to describetherewrite rules(seeFig. 7). Those
rulesarethenappliedto thesourcetemplatethusreducingthatcode
to containonly the corelanguage.That reducedtemplateis then
byte-compiledfor execution. This approachallows a greatdeal
of flexibility in new abstractionswithout compromisingour tight
controlover thelimited behaviour wepermitthepresentationlayer.

3. IMPLEMENT ATION & EXPERIENCE
A byte-codecompilerandruntimefor the ExtensibleTemplat-

ing Languageis an integral part of InfoSpace’s ETL Server 2.0.

Template
�

AST Runtime Artifact

Parsing Compilation
�

(a)
�

Template
�

AST Runtime ArtifactSource Code

Preprocessing Parsing Compilation
�

(b)
�

Template/AST
�

Runtime Artifact

Compilation
�

Custom−tag
�

XSLT Rewrites
�

(c)
�

Figure 7: The pre-executionprocessingof various templating
languagescan be fairly involved. The pipeline (a) illustrates
a mod perl-lik e systemwhere the template is parsedand then
byte-compiledinto the runtime artifact, while (b) shows a JSP-
lik e preprocessingsystemwhere the template is first converted
into textual source code which then is parsed and compiled.
ETL’ s useof XML (c) allows the web developer to manipulate
and analyzethe AST thus simplifying the system.

Figure 8: The ETL Server hasa web-basedadministration in-
terface to support configuration and management.

Byte-compilationhappenstransparentlyandresultsin upto a100%
performanceimprovementover the fully interpretedlanguagethat
ETL replaces.TheETL Serveris architectedasanISAPI extension
to Microsoft’s IIS and could be easily portedto any web server
that exposesa similar ExtensionControl Block interface. IIS is
usedto managethe raw socket connectionsandmany HTTP pro-
tocol details,but ETLS generatestheresponsefor all incomingre-
quests.Theimplementationof ETLS is aboutsixty thousandnon-
comment,non-blanklinesof C++ code.

In additionto supportingthe ETL language,our secondaryde-
sign goalsin building ETLS were: 1) to be an appliancenetwork
box, so thatall interactionswith theserver couldoccurvia simple
network protocolssuchasHTTP andSMB fileshares;2) support
easymanagementvia HTTPandplatformspecificmanagementin-
terfacessuchasthe Microsoft ManagementConsole(MMC) and
theServiceControlManager;and3) to provide supportfor secure
debuggingandrun-timereflectionon templateexecution.

To supportadministrative managementof theserver, we imple-
mentedspecialprimitivesin a separateadmin namespacethatex-
posereflectionandconfigurationcapabilities. For example,with
theseprimitivesyou canretrieve anXML dumpof thestateof the
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Template ‘books.html.etl’ has 0 errors.
0 template(’books.html.etl’) {
1 set_simple(#xml/books := ’...’)
2 #element(’<html>’,’</html>’) {
3 #element(’<table>’,’</table>’) {
4 for-each(#xml/books/book) {
5 #element(’<tr>’,’</tr>’) {
6 #element(’<td>’,’</td>’) {
7 get(@author)

} // #element(’<td>’,’</td>’)
8 #element(’<td>’,’</td>’) {
9 get(@title)

} // #element(’<td>’,’</td>’)
} // #element(’<tr>’,’</tr>’)

} // for-each(#xml/books/book)
} // #element(’<table>’,’</table>’)

} // #element(’<html>’,’</html>’)
} // template(’books.html.etl’)

Figure 9: To support debugging, the ETL server permits de-
compilation of the internal representationof the ETL template
fr om Fig. 5. The nestingof elementsis preserved,but the byte-
codeshave beenlinearized for performance.

cachedURL-to-templatemappingor resetthat cache.Thesespe-
cial capabilitiesareonly availablewhentherequestis properlyau-
thenticatedandauthorized.To facilitateeasymanagementof the
server, we implementeda webapplication(in ETL, of course)that
organizesandexposestheseunderlyingprimitivesand integrates
thedocumentationfor theserver (seeFig. 8). All serverparameters
aresettablevia admin:* primitives,andthe server is configured
by executinga distinguishedetl-server-conf.etl templateat
startup.

To facilitatedebugging,ETLS supportsnumerousspecialURL
parameters,eachprefixed with etl- , thatenablespecialprocess-
ing of the request.As with the specialprimitives,theseextra be-
haviours function only whenthe requestis authenticatedandau-
thorized. For example,?etl-show-resolution suppressesthe
normal responsedocumentand insteadgeneratesan XML docu-
ment that describesthe dynamiccall graphusedin servicingthe
request. Another parameter, ?etl-decompile can be addedto
a URL to requestthat theserver dumpthe internalbyte-compiled
representationastheresponse(seeFig. 9). Otherparameters,such
as ?etl-no-random and ?etl-dummy-ads , simplify testingby
eliminatingsomemajorpointsof non-determinismin templateex-
ecution.Thesecapabilitiesenormouslysimplify regressiontesting.

Although the specialetl-* parametersare very valuable,of-
ten single-steppingthroughcodeor usingbreakpointsstill is the
bestway to track down specificproblems. To that end,we built
an ActiveX-baseddebugger(Fig. 10) that embedsitself in Inter-
net Explorer and communicateswith the ETL server via a sepa-
ratepersistentTCP connection. It supportssinglestepping(both
forwardsandbackwards)aswell asthesettingof breakpointsand
the inspectionof variablesandrequestparameters.Thedebugger
alsoprovidesa convenientdisplaymechanismfor tracemessages
(outputusingbl:trace ) andotherwarningmessagesthatwould
normallybesentto thestandard-erroroutput.

InfoSpace’s productionweb tree containsover sixty thousand
ETL templatesandthe clustersof ETL Serversserve millions of
requestsper day. Many of the currenttemplatesweregenerated
by a complex multi-stepautomaticmigrationprocessfrom a lower
level proprietarytemplatinglanguagethatpre-datesETL. Theau-
tomaticmigrationwasmadepossibleby the fact that the preced-
ing language,too, wasvery restrictive on the languagelevel con-

Figure10: The ETL debuggerhasfivemain components:1) the
byte-codesbeing executed;2) the presentationof the response
thus far generated;3) the addressand tool bars; 4) the warning
and trace messageconsole;and 5) the variable inspectionpane.

structsit afforded.However, that language,like ASPandJSP, was
text-based,not markup-based,anduseda proprietaryandobscure
syntaxthatmadewriting toolsandanalyzingthesourcecodeespe-
cially troublesome.

As partof migratingfrom our legacy languageto ETL, wewrote
a lint-style checker to uncover ambiguitiesin the original source
templates. That script uncoveredabout forty-five thousandtotal
major warningsspanningaboutfourteenthousandtemplatesthat
requireda humanto resolve anambiguityor anerror. Fortunately,
mostof thecorrectionswerestraightforwardandtheentireprocess
only took a coupleof monthsof backgroundwork by our webde-
velopmentteams.The quantityof bugsfound in the templatesof
thelegacy languagesuggestthesubstantialadditionalvaluethatthe
staticcheckingof ETL provides.

Currently, only a couplehundredtemplateshave beenauthored
directly in ETL outsideof theserver developmentteam.Most no-
tably the administrationinterfacewaswritten using the tools de-
scribedabove, and the feedbackfrom thoseweb developershas
beenextraordinarilypositive.

4. RELATED WORK
Earlier work, including JavaML, arguesthat XML addsmuch

value as a complementaryrepresentationfor sourcecode[4, 29,
33,18]. ETL takesthenext stepandusesXML astheprimaryrep-
resentationfor a markuptemplatinglanguage—anapproachthat
provesespeciallyworthwhile becausetemplatedevelopersareal-
readywriting markupdirectly.

XSLT [12] is the only populartemplatinglanguagethat usesa
restrictedlanguage.Unfortunately, it suffersfrom threefatalweak-
nessesfor our intendedusagescenario:1) its declarative model
confusesdevelopersusedto proceduralprogramming;2) it is a bit
too limited, often causingthe needto useit in conjunctionwith
a server-sidescripting languagesuchasJavaScriptor Visual Ba-
sic (in particular, XSLT doesnot supportbuilding its datamodel
by doing web serviceor otherHTTP requests);and3) it lacksa
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streamingoutputmechanism,thuslimiting its applicabilityto large
incrementally-processable� documentsor situationswherethe de-
sireduserexperiencemakesit importantto sendsomeHTML over
thewire while theremainderof processingoccurs.XExpr [24] and
XInclude[20] aretwo otherlanguagesthatuseanXML represen-
tationbut focuson domainsevenmorerestrictedthanthemarkup-
generatingtemplateproblemthatETL solves.

LAML [26, 25] hassimilar goalsto ETL, but takes an oppo-
site approach:LAML embedsthe simpler markup languagesin
Scheme,an especiallypowerful and expressive language. Each
markupelementhasa correspondingmirror procedurethatoutputs
theappropriatetags,doesvalidity checking,andotherwisereflects
thesemanticsof themarkuplanguage.Thus,LAML getsmany of
the samebenefitsof ETL with respectto increasingthe probabil-
ity of generatingwell-formedmarkup.However, it usesthesyntax
of Scheme’sS-expressionsratherthanXML markup,thusforgoing
theability to leverageXML-basedtoolsfor analysis.Additionally,
theextra power of Schemeis in directcontradictionof our goalof
reducingthe expressivenessof the language.A similar approach
hasbeenappliedby embeddingmarkupin Haskell andCurry, two
otherfunctionallanguages[37, 22,19].

<bigwig> is anothersignificantresearchproject [9] that has
similar goals. That work addsa first classmarkup-fragmenttype
to a conventionalprogramminglanguage.Thatsystemis moreag-
gressivein its verificationof thewell-formednessof markupvalues:
aniterativedata-flow analysisboundsthepossiblevalueswhichcan
thenbeconfirmedto bevalid [8]. As with theotherapproachesthat
useageneral-purposelanguage,thebenefitsETL providesin sepa-
ratingthepresentationdetailsfrom back-endapplicationsarelost.

5. CONCLUSIONS & FUTURE WORK
The ExtensibleTemplatingLanguagequestionsa fundamental

assumption:thatthefront-endmarkup-generatingengineof amulti-
tier webapplicationrequiresa general-purposeprogramminglan-
guage. We designedETL by carefully choosingthe minimal re-
quired languageconstructs,giving thosefeaturesan XML syn-
tax, and permitting them to be intermingleddirectly with literal
markup.Limiting thepower of thetemplatinglanguageforcesim-
proved separationof front-endpresentationdetailsfrom back-end
applicationlogic. Additionally, ETL is simplerthanothertemplat-
ing languages,exposingaunifiedXML datamodelandintegrating
cleanlywith modernInternetandwebstandards.

By leveraginga100%XML syntax,wemakeanalysesandtools
especiallyeasy. In particular, we show how the structureof the
sourceprogramcanbeusedto reducetheprobabilityof generating
ill-formed or invalid responsedocuments.We introduceda novel
useof pairsof attributes,calledslots,to improve thetype-safetyof
theXML syntax.ETL alsocontributesataxonomyof XML whites-
pacealongwith rulesfor finer-grainedcontrolof whichwhitespace
is significant. To supportextensibleabstractions,ETL usesXSLT
asarewrite enginefor macro-likecustom-tags.Wehaveoverayear
of experiencerunningETLSin productionandit servesmillions of
requestsperday.

While developingETL, ournovel usesof XML exposedacouple
of limitationsin importantwebstandards.First,ETL’s slot syntax
would bemorepreciselyvalidatedby theXML SchemaDefinition
languageif XSD supportedbettercontrol over setsof attributes.
Thereis currentlyno way to expressthenotionthatexactly oneof
a pair of attributesmustbegiven,thusour systemmustcheckthis
constraintprocedurally. Second,we have found limitations in us-
ing XSLT for sourceto sourcetransformationsof ETL templates.
A templatedevelopermaycareaboutnon-infosetsyntacticartifacts
suchasnewlines betweenattributes,but XSLT discardsthosede-

tails [40].
Thus far, we have beensatisfiedwith increasingour ability to

catchmarkuperrorsstatically. Enablingprovably well-formedre-
sponsedocumentsis a noblegoal and time will tell whetherour
needswill justify applying<bigwig> ’s lessons.Another inter-
estingareafor futurework is usingPerl-like taint checkingon in-
put variablesto improve thesecurityof theserver. Combinedwith
server-integratedsupportfor input parameterintegrity andvalida-
tion, thesefeaturescoulddefeatmany attacks[34].

Over the comingmonths,we expect to learna greatdeal from
theincreasedusageof theExtensibleTemplatingLanguageandits
server, but alreadyETL andETLShave beenanenormoussuccess
in revitalizing theInfoSpaceplatform.
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