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ABSTRACT

Populamwebtemplatingdanguagesmbedjyeneral-purposgrogram-
ming languages.The ExtensibleTemplatingLanguagewas born
out of questioningthe fundamentabssumptiorthat the front-end
markup-generatingngineof a multi-tier web applicationrequires
all the powver andexpressienessmplied by thatdesign. ETL re-
strictsthesetof languagdeaturedo ausefulsubsethatprovide the
necessaryunctionality without compromisingthe simplicity and
understandabilityf templates.By forcibly limiting what canbe
doneby templateswe ensureabetterseparatiorf presentatiomle-
tails from businesdogic. FurthermoreETL improvesthe analyz-
ability of sourcetemplatesy usingan XML-basedrepresentation
wheremarkupis intermingledwith XML elementscorresponding
to programmingconstructs.This approachreduceghe possibility
of generatingmpropermarkupandfacilitatestool-building includ-
ing semantically-avare editorsanddeluggers.ETL runsinside of
the ExtensibleTemplatingLanguageSenerwhichis currentlyem-
ployed by InfoSpaceto sene millions of requestgper day using
over sixty thousandETL templates.

Categoriesand Subject Descriptors

D.2 [Software]: SoftwareEngineeringD.3 [Software]: Program-
ming LanguagesC.2 [Computer SystemsOrganization]: Net-
works
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1. INTRODUCTION

The loosely-couplectlient/sener modelimplied by the current
breedof applicationsdeplo/ed via the World Wide Web presents
substantiainev compleities for applicationdevelopers. A vari-
ety of new programminganguagesnd paradigmsattemptto ad-
dressthesenaovel problems. Oneimportantcharacteristicof this
new world of softwaredevelopments theneedto generatdd TML,
WML, andothermarkuplanguageso describeclient-sidepresen-
tationandbehaiour.

Theoriginal sener-sidedynamicmarkup-generationapabilities
of the Web weredefinedby the CommonGatevay Interface[23].
For eachrequesbf a CGl, the websener mapsHTTP requeste-
tails into ervironmentvariablescommand-lineagumentsandthe
standardfile descriptors. In particular the standardoutput writ-
ten by that processwas sentby the Web sener as the response
Copyright is held by theauthor/avner(s).
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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 <?} 7>

10 </table>

11 </htm>

Figure 1: Cleanly-written PHP templatesrequire only the sim-
plest programming language constructs. 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-
changindfile from disk). Over time, varioustechniquesaroseto
reducethe costof eachrequest.extensionmechanismsuchasthe
Apachemodulesystem[2] andscriptinglanguage$ostedby the
Websenerhaveincreasegerformancdy eliminatingprocessre-
ationoverhead.

Today sener-side markupgenerationis dominatedby expres-
sive andflexible general-purposprogramminganguagesuchas
Java[3], Perl[41], andPHP[11]. Ironically, thelanguagesirethen
mostly usedin fairly restrictedways,oftenbeingtied to atemplat-
ing syntax(e.g., JSP[28] for Java or HTML::Template[39] for
Perl). For example,considerthe PHPtemplatein Fig. 1. Theonly
constructsrequiredby the templateare a) somemeansof popu-
lating a datamodelfrom the back-endbusinesdogic (line 1); b)
data-drveniteration (line 4); andc) simple expressionevaluation
to accesgpartsof the datamodel(lines6 and7). The extra power
providedby typicaltemplatinganguagesiotonly goesunusedhbut
it alsocomplicatesertainimportantanalyse®f the code. For ex-
ample,the obviously critical propertythat a templates execution
terminatess undecidabldor thesegenerapurposdanguages.

For mostweb applicationdevelopmentframeworks, the restric-
tionsdesiredof thefront-endtemplatinglayerareimposedonly by
processaandcorvention. Templateauthorsareasledto limit them-
selesto a subsebf theavailablefeaturesof alanguageasameans
of facilitating scalablesecurewell-behaed systemsimportantly
however, thereis nothinginherentthat preventspresentatiorcode
from, for example,makingindividual databaseonnectiongwhich
would impactperformancepr maintainingundesirablesener-side
state (which would imposeadditional requirementson the load-
balancingmechanismandreducescalability). Languagesuchas
PHP actuallyencouragehis undesirablemixing of front-endpre-
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Figure 2: Web sewicesenablethe fr ont-end templating tier to
communicatewith back-endapplicationsvia standard Inter net
Protocolssuchas XML and SOAP; they no longer needto be
aware of distrib uted object protocolsor data models.

sentatiorwith back-endousinesdogic [15]. Thatfactfurtherblurs
thecommonorganizationaline betweerfront-endpresentatiomle-
velopersandback-endapplicationengineers.
Anothersubstantiaproblemwith existing templatingtechnolo-
giesis that they often involve the lexical mixing of two separate
programmingaradigmsJSRfor exampleisimplementedn terms
of apre-processingewrite of thetemplateinto a Java servlet[14].
Pre-processingpproachesarecorvenientfor programmesexpres-
sivenessut have a hugehiddencostin complicatingsoftwareen-
gineeringanalysesandtoolsthatcould otherwisehelpunderstand,
maintain,andevolve the complex systemdb5, 16][36, p. 424]. The
preciseanalysisof an arbitrary JSPtemplatenecessarilyrequires
full knowledgeof boththerewrite rulesandthe semanticof Jaa.

1.1 Restricting the language

Almost all popularmarkuptemplatinglanguagesntegratewith
a general-purpos@rogramminglanguage. This approachoffers
someadwantages.For example,undoubtedlythe languageis suf-
ficiently powerful and expressie for the needsof markupgener
ation. Additionally, numeroudanguage-leel tools suchascom-
pilersanddeluggers,arealreadyavailablefor the templatinglan-
guageto leverage.For platform providersthathave a large invest-
mentalreadymadein a general-purposi&anguageijt is naturalto
extendthatinvestmento atemplatinglanguagé-

Despitethe broadassumptiorthat a markuplanguagerequires
the useof a general-purposerogramminglanguage an obvious
alternatve exists: usea domain-specifidanguagespecificallytai-
loredto theneedof generatingnarkup.Suchanapproactcanmit-
igate several of the problemsmentionedpreviously. In particular
usingarestrictedprogrammindanguageat the front-endto gener
atemarkupcanenforcebetterseparatiorof front-endpresentation
from back-endapplicationlogic and may simplify the templates
suchthatthey areeasierto write, read,andevolve.

If we limit the functionality of a markuptemplatinglanguage,
onecapabilitythatremainsimportantis accessindpack-endappli-
cations. The architectureof the classicthree-tierapplicationap-
pearsatthetop of Fig. 2. Historically, thecommunicatiorbetween
thefront-endandback-endsenersusesanobject-basedatamodel
andinvolvesremoteprocedurecall mechanismsuchasDCOM or

IXSLT canbeusedin atemplatingstyle[12, 2.3], but popularuse
of XSLT alsoleveragescriptingextensiongo dealwith thefartoo
severerestrictionsof thelanguage.

Corba. As the web servicearchitecturedepictedin the bottom of

Fig. 2 increases popularity the needfor thefront endtemplating
languageto reasonaboutlanguage-leel objectsis reduced. In-

steadthe XML datamodelimplied by webservicessanbethe pri-

mary communicatiorformatandthe front endneedonly uselnter

netstandardsuchasHTTP andXML in interactingwith otherap-
plications. This obsenration suggestshat markuplanguageseed
only concernthemseleswith a singledatamodelandcanthusbe
madesimplerto learnanduse.

1.2 Analysisof markup templates

Given the wide variety of browsers, crawlers, and other user
agents,it is importantthat the markup createdby the presenta-
tion layer conformsto appropriateinternetstandards.For exam-
ple, WML markupneedso first be well-formed XML andsecond
be valid with respecto the appropriateschemaor DTD [17]. Al-
thoughHTML browsersaremoreforgiving of variationsin syntax,
best-practicestill dictatethatthemarkupreturnedcomplywith the
HTML specificatior{30]. Populartemplatinglanguagesncluding
PHR JSRASP, andmary othersprocessrbitrarytext andareigno-
rantof therulesof the markupbeinggeneratedthe mistalenclose
tagon line 11 of Fig. 1 goesunnoticedby PHP yetwill resultin a
userperceved completefailureunderan XHTML browser

Tools suchas HTMLTidy [31] are available to checkthe re-
sponsedrom senersfor conformanceput often testinginvolves
simply using various browsersto exercisethe applicationwhile
looking for bugs. Both of theseapproachesequireexhaustvely
visiting every pageof interest. For quality assuranceo scale,we
requireaway to staticallyanalyzethe sourcetemplateshemseles
to gain confidencehatthey will, in fact, generateropermarkup.
If staticanalysisof templatesanrule outthe possibility of certain
kindsof errors,testingtime andcostscanbe dramaticallyreduced.

Another importantrequirementor software developmentsys-
temsis to supportad-hocqueriesof the sourcecode.For smalland
simple dynamicweb applications the automatecdanalysisof tem-
platesis oftenunnecessaryawebdeveloperor two understandall
of the code. Over time, however, thesesimple applicationsgrow
in sizeandcomplity suchthattools analyzingthe templatesde-
comeanessentiapartof maintainingandevolving the system.For
example, a site may wish to add an extra input field to all of its
registrationforms. If agenericform is notalreadyfactoredoutinto
acommonlocation,thefirst stepin approachinghetaskis finding
all theforms. Or supposea new handhelddevice hasa limitation
in its handlingof cookies:we needa meansf narraving thescope
for carefulreview to only placeswvherethatcookieis manipulated.

Typically, web developersapproachthe above scenariosvith an
arsenalof impreciselexical tools. While thesetools may satisfy
somesimplequerieswhenthe desiredqueryhasadditionalstruc-
ture, lexical approachesall short. Supposewve wish to find dead
codeto simplify our application.No regularexpressiorwill let us
identify all unreachabléemplatego satisfythatquery To analyze
moredeeply we needto uncoverthe semanticstructureof thetem-
platinglanguageTypically, thatrequiresalanguage-specifiparser
andmuchgreatereffort in building a valuabletool or anextensible
integrateddevelopmentervironment[35, 27].

1.3 XML supportsanalysesand tools

An increasinglypopularway to perform structuredqueriesof
programminganguagesourcecodeis to usestandardXML tools
suchasXSLT [12] andXQuery[7] to operateover a complemen-
tary XML-basedrepresentatiod, 33, 18, 29]. With a carefully-
chosenXML representationjaluablesemantic®f thecodeareim-
mediatelyavailable to XPath expressionsthus enablinga broad



classof sourcecodetools. However, for a general-purposero-
gramminglanguage XML is unwieldy for useasthe primaryrep-
resentation.Instead the corventionalgrammasbasedanguagds
editedby humansandis only corvertedinto XML for thetoolsto
use.

This researchappliesthe benefitsof an XML representatiomf
sourcecodeto the domainof restrictedmarkup templatinglan-
guages. Becausewneb developersare alreadywriting markupdi-
rectly, it is naturalfor themto expressthelimited logic of their dy-
namictemplatedirectly in markupaswell. Importantly this lets
us usea singlerepresentatiorfior both developersandtools. For
example,we canuseschema-aare XML editorsto easilyprovide
syntaxcoloringandcompletioncapabilities.

In this paper | introducethe ExtensibleTemplatingLanguage.
Fromoneperspectie, ETL is an XML-basedtemplatinglanguage
thatembedgprogrammingonstructglirectlyin the XML represen-
tation, intermingledwith literal target-languagenarkup. Alterna-
tively, we canview ETL asanimperatve domain-specifiprogram-
ming languagehatusesXML asits surfacesyntaxandsimplifies
thewriting of programgshatgeneratanarkuplanguages.

ETL leveragesvell-formednessndlocal-validity checksof the
sourcetemplateto supportthosesamepropertiesin the generated
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Figure 3: This integrated development environment basedon

Homesitewas easyto build using customtag information gen-
erated automatically fr om the XSD schemafor ETL. The ervi-

ronment supports automatic completion of namesof elements
and their valid attrib utes. Help information extracted from the

sewver codebases alsoreadily available in the IDE.

responsenarkup.By limiting theprogramming-languageonstructs 1 <?xml version="1.0"?>
to includeonly thefeatureshatareappropriateat the front-endof 2 <bltemplate xmins:bl="http://www....">
a scalableweb applicationarchitecture we easenumerousanal- 3 <bliset  var="#xml/books">...</bl:set>
ysesand encourageproper separationof the presentatiordetails 4 <html>
U - - 5 <table>
from the baclend application. Finally, becausef its useof XML . u "
. : i . . 6 <bl:for-each var="#xml/books/book">

as a representationETL simplifies ad-hocsoftware engineering 5 <tr>
analysedo bettersupportevolution and maintenancef large dy- 8 <td><bl:get var="@author"/></td>
namicweb applications.We have built an ETL runtimeinside of 9 <td><bl:get var="@title"/></td>
a production-qualityweb sener, the ExtensibleTemplatingLan- 10 </tr>
guageSener. InfoSpacerunsETLS to sene millions of requests 11 </bl:for-each>

. . 12 </table>
perdayusingover sixty thousandETL templates. 13 <himi>

1.4 Outline of paper

Therestof this paperis organizedasfollows. Section2 explains
the ExtensibleTemplatingLanguageand its benefits. Section3
detailsour implementatioranddescribeur experiencesn using
ETL in productionsystemsver thelastyear Section4 describes
andcontrastselatedwork andSection5 concludes.

2. EXTENSIBLE TEMPLATING LANGUAGE

The ExtensibleTemplatingLanguageis an imperatve markup
templatinglanguagethat allows web developersto interminglelit-
eral XML markupwith XML-basedprogramminglanguagecon-
structs.Our primary designgoalsfor ETL wereto:?

1. Allow easyanalysef sourcetemplateso permitdevelop-
mentof supportingools;

2. supportonly the essentiaprogramminganguageconstructs
requiredby atemplatinglayer;

3. focuson animperative programmingmodel;and

4. utilize an XML datamodel penasiely to integrate seam-
lesslywith InternetandWebstandards.

An ETL templatemustbe well-formed XML thatis valid with
respecto thelanguages XML SchemaDefinitions[38, 6]. By en-
forcing thoserequirementswe catcha large classof syntacticand

2A fifth designgoal was to enableautomatictranslationof our
legag/ languagento ETL. This paperfocusesonly ontheessential
languageandSection3 mentionsour migrationto ETL abit more.

14  </bl:template>

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

semanticprogrammingerrorsvery early in the developmentpro-

cesswithout needfor the ETL compilerat all. Thoseschemasre
alsousedby our developmentervironment(seeFig. 3) to support
syntax coloring and completionof elementand attribute names.
Additionally, becauseof how easyit is to analyzeXML trees,it

is straightforvard to build numerousad-hocsoftware engineering
toolsthatarelanguage-aare. For example,it wastrivial to build a

call-graphextractor(seeFig. 4).

ETL intentionallyrestrictsthe setof programmingconstructso
limit theamountof logic performedn the front-endof a multi-tier
web-delveredapplication.As aresult,we achieve betterseparation
of presentatiorand application,thus permitting their independent
evolution. ETL is alreadyusedby dozensof productionapplica-
tions,demonstratinghatthe setof availableconstructss suficient
for real-world use.

An exampleETL templateappearsn Fig. 5 andis analogous
to the PHP examplefrom Fig. 1. The sourcecodeis simply an
XML documentwith root elementbl:template .5 Thetemplate
containsotherelementdn thebl:* namespacghich we referto

3The“bl” standsfor “baselanguagé. For brevity, we usenames-
pace prefixes consistentlyto refer to elementsin distinguished
namespactRIs.
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asETL primitives(seeSection2.1). Additionally, thetemplatecan
containmarkup from arbitrary other namespaceéor unqualified
elementswhich we call literal resultmarkup(seeSection2.5).

ETL templatesare processedvithin the context of anHTTP re-
quest. The pathspecifiedin the URL of therequestselectsa tem-
platewhereprocessingtarts. Theprimarygoalof executingatem-
plateis to generatean HTTP responseéncluding the markupdoc-
umentalongwith the variousHTTP headersuchasthe content-
type,cookiesettingsandothermeta-dataGenerallyanETL tem-
plate is similar to a methodin an object-orientedprogramming
language: it caninvoke othertemplatesas subroutinesand can
alsoperformsubsidiaryHTTP requestdo otherseners (seeSec-
tion 2.4).

2.1 Primiti ves,attrib utes,and slots

An ETL primitive is anelementn thebl:* namespacthathas
aspecificwell-definedbehaiour insideof anETL template Prim-
itiveseitheroutputtext to the currentdestinationstream(initially
therespons@&ocumentr performsomeside-efect (or both). For
examplethe bl:set  primitive assignsa variablea value without
outputting ary text, while the bl:http  primitive outputseither
http or https  basedon whetherthe currentrequestarrived over
anordinaryor secureconnection.

Thebehaiour of aprimitiveis controlledby its attributes.Some
primitives,suchashttp mentionedabove, arealwaysempty—theg
never areallowed to containchild elements.Otherprimitivesare
allowedto be non-emptyusingthe markupgeneratedy their con-
tainedelementsasanextraimplicit agument.For example,in:

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

the contentsof the bl:if
valueis non-empty

Marny primitivesderive their algumentsnot from individual at-
tributesbut from pairsof attributesthat aretogethercalleda slot
Forexample thebl:cr  directive outputdinefeedsandthenumber
of linefeedst generatess determinedy aslot calledcount . That
slotis specifiedusinga pair of attributes:count andcount-var
The attributesaremutually-exclusive: it is a statically-checkd er-
ror to specify both on the samebl:cr  element. The count at-
tribute hastypexsd:integer ~ andis usedto provide aliteral inte-
gerargumentto the primitive. In contrastthecount-var  attribute
hastypebl:identifierType (arestrictionof xsd:string ) and
namesavariableto evaluateatruntime.In bothcasestheresulting
valueis usedasthenumberof linefeedsto generatebut for @count
thatnumberis setstaticallywhile for @count-var it is determined
dynamically(atrun-time).

Using a pair of attributesto represent logical field is a novel
mechanismo improve type-safetyandeaseanalysis. Thecommon

areoutputif andonly if the variables

alternatve is using a small domain-specifidanguageinside the
valueof anattribute. For example we couldhave usedcount="2"

or count="$num"  to representheliteral number2 or thedesireto
usethe currentvalue of thevariable“num?”, respectiely. (XSLT's
value-of  elementusesthis basicapproach.Unfortunatelywhen
usinga single attribute, the type for the attribute’s value mustbe
broadenedandis hencelessprecise. That lack of precisioncan
allow moredevelopererrorsto go uncaught.

Primitives can, of course,have numerousarguments,someof
which are controlledby slots and othersby individual attributes.
Whenanarguments allowedto besetonly via anattributeinstead
of a slot, that parameterof the directive cannotbe influencedat
runtime. Often this restrictionis imposedto permitoptimizations
or to improve our ability to supportstaticanalyses.For example,
bl:.get  writesout the value of a variableandhasa @transform
attribute thatsupportsvariousencodingor decodingsf the value
(e.g.,url-encode  or xml-decode —seeSection2.3). We disal-
low theuseof @transform-var  becauseve wantto alwaysknow
from staticinspectionwhattransformationsnay occur thusfacili-
tating someanalysesndoptimizations.

2.2 Variablesand values

As with all imperatize programmindanguagestETL hastheno-
tion of variablesthatstorevalues.Variablescanbe declarednside
asinglebl:header element(which is requiredto be thefirst el-
ementin a template)and are assignedvaluesusing the bl:set
primitive. The targetvariableis namedvia the @var attribute and
the valueis 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 setthe variablenamed“baseuri” to the value “http://www.
infospace.com/”While executingits containedelementsbl:set
redirectshedefault outputstreamto be usedto constructavalueto
assignto the variable;the outputstreamis restoredafter the child
elementsare processede.g., allowing nestingof bl:set  primi-
tives)?

After assignmentyaluesareretrieved by referencingthem by
namein a slot or by copying themdirectly to the output stream
usingbl:get . Undeclaredvariableshave dynamicscopeandlive
until theendof processindghe currentrequestwhile declaredvari-
ableshave static scopeand may only be referencedn the same
template.

4Several other primitives follow this samepattern. For example
bl:set-mime-type evaluatesits containedelementso generate
avalueto be usedfor the MIME content-typeof theresponse.



ETL hasthe notion of specialresened variablesthat may have
sideefectsandareusedinternally for conveying requesiparame-
tersor othersystem-lgel details. Theseresered variablesalways
startwith theoctothorpg“#”) characteandmayberead-only(e.g.,
#browsertype ) or may alterthebehaiour of primitivesbasedn
thevaluethey areassigned.Unlike ordinaryvariables thereis no
guaranteeahatthe valueretrieved from a resered variableequals
whatwaslaststored.

Variousother datais accessibl¢o ETL templatesvia buckets
Bucketscanbethoughtof astop-level elementsn avirtual (lazily-
evaluated)XML datamodelthatisimplicitly availableto ETL tem-
plates. They replacefield referencesandaccessomethodsof dis-
tinguishedobjectsin languagesuchasJava. For example,where
aJSPdevelopermightwrite:

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

the ETL developeraccessethe#http bucketinstead:

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

Numerousbucketsexist in the XML datamodelproviding waysto
acces$JRL parameterHTTP headersysersettingsconfiguration
datafor applicationsandbrandsandcookies.
Oneadditionalbucket, #xml , is uniquein thatthevaluesits vari-
ablesbind to areXML treesinsteadof just strings.Whenthe vari-
ableis evaluatedin a context thatrequiresa string, the subtreeis
serializedin its XML syntax. Additionally, a trailing XPath ex-
pressionis allowed after the variable namewhen referencingthe
#xml bucket. This featureallows easyqueryingof XML values
andintegratesXPathcleanlyinto ETL.

2.3 Transformers & formatters

HTTP andXML standard$ave variousdifferentencodingfor-
matsto supportarbitrarydataover channelghatallow limited rep-
resentations.For example,whenpassinga GET parameteto an
HTTP requestthe valueis insertedinto the URL usingan URL-
encodingormatthatinvolves(amongotherthings)corvertingeach
SPACEcharacteto a+ characterTo supportsuchencodingormats
in ageneralway, ETL definesa setof “transformers.

A transformeris a streamingconverterfrom onebyte sequence
to another For example,the url-encode  transformercorverts
“hello world” into “hello+world”. Mary transformerdave anin-
versethatis alsosupportedtheurl-decode  transformeiconverts
“hello+world” into “hello world”. Transformerscan be usedby
ETL codewheneer a variableis being set (via bl:set ) or ac-
cessedvia bl:get ) usingthetransform  attribute which speci-
fies an orderedwhitespace-separatdidt of transformergo apply
For example:

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

resultsin writing out the value of the variablea after first elimi-
natingleadingandtrailing whitespaceandthenURL-encodingthe
resultingtrimmedstring. Theorderof transformationsloesmatter
Using

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

resultsin a differentoutputstring. If a contains® Hello  World
", the former exampleproduces‘Hello+World " while the latter
variantgenerate$+Hello+World+ " becausehetrimming occurs
on the URL-encodedstring which alreadyhasspacegeplacedoby
“+" characters.

Formattes aresimilarto transformersbuttheirinputis astream-
ing virtual XML document(similar to SAX, the Simple API for

XML [21]) and their outputis a text stream. Numerousprimi-
tives that generateXML as their outputhave a formatter  slot
that namesthe formatterto use. Several built-in formattersexist
or XSLT stylesheetganbe used. Whenusing XSLT asa format-
ter, the eventsfirst constructa DOM thatis thentransformedvia
thenamedstylesheetletting the stylesheegenerate¢heformatters
responseatring.

2.4 Control flow

Therearefour primary meansof control flow in ETL: template
selection,conditionalsand loops, exceptions,and remoteinvoca-
tions.

2.4.1 Templateselection

Requestsnadeof the ETL sener alwayshave anassociate@b-
stractsitethatcanbeexplicitly specifiedaspartof theURL, or can
be implicitly basedon the Hostname headerof the HTTP request
(e.g.,whenmultiple hostnameseferto the samesener). Thatsite
nameis usedto selectwhichtemplates invokedfor theinitial pro-
cessingof a requestand wheneer the bl:call primitive is used
to executeanothertemplateasa subroutine. Templateselectionis
analogougo methoddispatchin object-orientegorogrammindan-
guages. Importantly ETL only permitsboundedrecursion,thus
ensuringtermination.

Forexample,anindex.ntm  pagemaybil:call aheader.htm
templateto outputabannerfor thetop of apage thendosomework
to generatehemeatof thepage andfinally invoke footer.htm  to
generateanotherbannerfor the bottom. The default header.htm
atthetop-level of the hierarchymay provide somebasicfunction-
ality, while anoverriding header.ntm implementatiorcould spe-
cializethebanner

2.4.2 Conditionalsandloops

ETL supportsboth bl:choose /bl:when /bl:otherwise and
bliif  constructs. They behae muchasthey doin XSLT. The
primary differenceis that ETL doesnot permitthe generalityof a
domainspecificexpressiorlanguageandinsteadusestwo slotsto
representhe guardconditions.For example:

<bl:if var="pagenum"”
<a href="...">Next</a>
</bl:if>

less-than-var="max-page">

Althoughthis is slightly moreverbosethana domain-specifidan-
guagein atest attribute, it doesmale it easierto use XPathto
find occurrence®f specificoperationsbeing usedin conditional
guards. Additionally, it allows us to factorout the left-hand-side
valueof acomparisorguardinto thebl:.choose  parentelemento
approximatehe corvenienceof aswitch ~ 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 redundanspecificatiorof its name).

For looping,only data-drvenloopsaresupported Becausenly
finite datastructuresexist, this ensureghat loops terminate. A
bl:for-each primitive iteratesover nodesin a node-setof an
XML variableor splits stringsat a specificdelimiterand operates
onthesubstrings.



2.4.3 Exceptions

Someprimitives thron run-time exceptions. For example, as-
signing a string that containsill-formed XML to an XML-typed
variableresultsin a parseexception. To recover from thoseex-
ceptionsplitry  blocksthatincludebl:catch  andbl:finally
childrenblocksare supported.Additionally, templateqespecially
subroutinesganusebl:ithrow  to generateheirown exceptionsto
be handledby higherstackframes.

2.4.4 Remotanvocation

Two mechanismareprovidedto allow templatego interactwith
back-endapplicationsandotherhosts.SimpleHTTP requestshoth
GETsandPOSTsaresupportedisingabl:http-include prim-
itive thatspecifiegshe URL alongwith POSTdata,asrequired.Al-
ternatvely, a bl:ws-call primitive invokes a web servicegiven
its end-pointandthe agumentso thewebservice® In bothcases,
the outputof the primitive is thedocumenteturnedby the sener.

2.5 Literal markup

While typical templatinglanguagesiretext-basedETL is based
insteadon the higherlevel abstractionof markup. It is this dis-
tinction that enablesETL to favor generatingwell-formed output
documentsFor example,an ASP templatemight read:
<a href="<%= target %>"><%= link_name %></a>
which hassemanticshatarestrictly textual—it concernstself with
outputtingarbitrarycharacteisequencesUnfortunately this snip-
pet:
<a hre=<%= target %>><%=link_name %></b>
is essentiallythe sameasthe precedingcode,despitethe fact that
this secondexamplecontainsseveralerrors.

Asamarkup-basetemplatinganguageETL favorswriting tem-
platesthatwill generatevell-formedandvalid markup.For exam-
ple,to outputaliteral XML fragmentsuchas"<b>Good</b> ", that
fragmentcanbewritten directly in the ETL template.However, to
generateheill-formed XML fragment‘<a>Bad</b> ", you must
fall backon outputtingindividual characterandwrite:

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

NotethatETL doesnotforbid outputtingill-formed markup,it only
encouragepropermarkupby makingthatcommoncasefar more
naturalto write.

Of course the markupwe needto outputoftenincludesdynam-
ically computedattributesandcontent(aswith our initial ASP ex-
ample). To outputan attribute with its value derived from a vari-
able,you canwrite:

<a href="?target">...</a>
wherethe?target  syntaxmeango usethe valueof variable“tar-
get” ratherthanthe literal charactertarget © Alternatively, one

canwrite:

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

SWebserviceinvocationis a partof anupcomingversionof ETLS.

8 A leadingbackslaslis ignoredandsuppressethespeciameaning
of the questionmarkin caseyou really do wantthe attribute to be

setto thosesevencharacters.

Here,the href attribute of the a elementis given the value com-
putedby evaluatingthe elementscontainecdby at:href . Thespe-
cial namespacat is usedto make this format more concisethan
thelong-windedxsl:attribute variantthat XSLT uses.Thelo-
cal nameof theat:* elements usedasthe nameof the attribute,
andthe contentscanbe arbitraryETL code(e.qg.,including condi-
tionalsandsubroutines) No matterwhich form is usedto specify
dynamicattribute values,the languageensureshe properquota-
tionsandencoding.Furthermoreby usingthe DTD or XSD of the
outputdocumens desiredmarkuplanguagewe can confirm that
attribute namegandsometimesheir values)arecorrect.
Anothercommonneedis to conditionallyincludeatag. For ex-
ample,considetthisill-formed templatefragment:

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

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

Althoughtheintentis reasonableXML requirespropernestingof
elementsaandthusdisallows this code. Instead ETL supportsthat
behaiour usinga specialbl:if-var attribute on an arbitrarylit-

eralresultelement:

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

wherethe outputof boththe openandcloseb tagsis controlledby
thetestof thesinglevariable(andthe contentf theb elementare
alwaysexecuted).This techniquealsolets us factorout the guard,
thuseliminatingthepossibilityof amismatchbetweerthetestused
for the starttagandthe oneusedfor the endtag.

Commentsare anothersubtleaspeciof markuptemplatinglan-
guages.They fall into two cateyories: 1) traditionalcommentsn-
tendedfor the developersnever to be part of the generatecbut-
put; and2) tamget-languagenarkupcommentghatareintendedto
be sentover the wire as part of the responsedocument. Similar
to XSLT, the former arewritten assimple XML commentsusing
the <!-- --> syntax,while commentsntendedfor there-
sponseareconstructedisingthebl:comment  primitive.

Finally, to supportinternationalizatiorof templatesdevelopers
canchooseto usethe biitt  (token translation)primitive in all
placeswhereliteral text or markupwould appear For example,
insteadof writing Hi <bl:get  var="name"/> , aproperlyinter
nationalizedemplatemightread:

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

Eachtemplatehasa correspondinglictionary of token-translation
definitionsfor the variouslocalesthat have beendefined. Based
ontherequess localeselection(eitherfrom a stylizedURL or the
Accepts-Language  header)the appropriatalictionaryis usedto
replaceeachbl:itt  elementwith the XML fragmentto which the
givenidentifiermaps.

2.6 Controlling whitespace

Whitespacecharactersn a sourcetemplatehave mixed uses’
In somecasesthe developerwishesto improve the readabilityof

"Whitespacethat is not a part of the XML Infoset[13], suchas
whitespacéetweenattributesinside elementtags,is discardedy
the XML processobeforethe applicationseest andis therefore
not controlledby therulesdescribedn this section.



<foo>

1 <bar>

2 Hello3 World
4 <baz>5 </baz>
6 </bar>7

</foo>

1 6 7 whitespace-only

5 whitespace-only content
2 4 leading/trailing whitespace
3 internal whitespace

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

the programby using indentationor blank lines. In othercases,
the whitespacds intendedto be copiedinto the outputdocument
or a variables value. The xml:space attribute provided by the

XML standard10, 2.10]is not sufficiently expressie to support
thediverseneedf thetemplateauthor Carefulcontroloverwhich

whitespacés deemedneaningfulis critical to generatingheright

markup. It alsocanimprove performanceandreducememoryand

bandwidthconsumptiorby eliminatingthe needto processstore,
andtransmitunnecessargxtra characters.

ETL permitsfine-grainedcontrol over the whitespacehat will
be generatediia two orthogonalspecialattributesthatareallowed
on every XML elementin sourceETL documents:@bl:space-
nodes and @bl:text-nodes . Theseattributesare inherited by
contained(i.e., children) elementsandtheir contentsunlessover-
ridden.They controlthevariousclasse®f whitespacdllustratedin
Fig. 6: the @bl:space-nodes  attribute controlswhitespace-only
(andwhitespace-onlygontent)nodes(1, 5, 6, and7 in the figure),
while @bl:text-nodes  controlsleading/internal/trailingvhites-
paceof text nodes(2, 3, and4 in the figure). Importantly these
whitespaceulesarestatically-scopeda calledtemplateis notim-
pactedby a calling templates$ attributeannotations.

Theallowed settingsfor @bl:space-nodes are:a)pr eser ve,
to leave the whitespaceunchanged:b) conpact, to replacese-
quencesof 1 or more whitespacecharacterswith a single space
(0x20); c) stri p, to eliminatethe text nodeentirely; or d) nor -
mal i ze to stripwhitespacenodeghatcontainonly newline (Ox0A)
characterentirely andreplacesequencesf 1 or morewhitespace
charactershatincludea spaceor a tabwith a singlespaceg(0x20).
For @bl:text-nodes , the above settingsare extendedby tri m
which trims all leadingandtrailing whitespace.

2.7 Customtags

ETL allows customtagsto definenew abstractionsnly in terms
of built-in primitives. The mechanisnETL providesis basedon
abstractsyntaxtree (AST) rewriting similar to Schemes hygienic
macrosand othersyntacticmacrosystemd32, 1]. Giventhatthe
AST of anETL templateis simply the XML sourcecodeitself, we
simply useXSLT to describethe rewrite rules(seeFig. 7). Those
rulesarethenappliedto thesourceemplatehusreducingthatcode
to containonly the corelanguage. That reducedtemplateis then
byte-compiledfor execution. This approachallows a greatdeal
of flexibility in new abstractionsvithout compromisingour tight
controloverthelimited behaiour we permitthepresentatiotayer

3. IMPLEMENT ATION & EXPERIENCE

A byte-codecompilerandruntimefor the ExtensibleTemplat-
ing Languages an integral part of InfoSpaces ETL Sener 2.0.

Parsing Compilation

77 T

Template AST Runtime Artifact

(CY

Preprocessing Parsing Compilation

(b)

Template Source Code AST Runtime Artifact

D Compilation

Template/AST Runtime Artifact

Custom-tag

XSLT Rewrites
()

Figure 7: The pre-executionprocessingof various templating
languagescan be fairly involved. The pipeline (a) illustrates
a mod_perl-lik e systemwhere the template is parsed and then
byte-compiledinto the runtime artifact, while (b) shovsa JSP-
lik e preprocessingsystemwhere the template is first cornverted
into textual source code which then is parsed and compiled.
ETL’ suseof XML (c) allows the web developer to manipulate
and analyzethe AST thus simplifying the system.
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Figure8: The ETL Server hasa web-basedadministration in-
terface to support configuration and management.

Byte-compilatiorhappensransparentlyandresultsn upto a100%
performancemprovementover the fully interpretedanguagethat
ETL replacesTheETL Seneris architectechsanISAPI extension
to Microsoft's IIS and could be easily portedto ary web sener
that exposesa similar ExtensionControl Block interface. 1IS is
usedto managehe raw soclet connectionandmary HTTP pro-
tocol details,but ETLS generatesheresponséor all incomingre-
quests.Theimplementatiorof ETLS is aboutsixty thousandhon-
commentnon-blanklinesof C++ code.

In additionto supportingthe ETL languagepur secondaryde-
signgoalsin building ETLS were: 1) to be an appliancenetwork
box, sothatall interactionswith the sener could occurvia simple
network protocolssuchasHTTP and SMB fileshares;2) support
easymanagementia HTTP andplatformspecificmanagemerin-
terfacessuchasthe Microsoft ManagementConsole(MMC) and
the ServiceControlManager;and3) to provide supportfor secure
dehuggingandrun-timereflectionon templatesxecution.

To supportadministratve managemenof the sener, we imple-
mentedspecialprimitivesin a separateadmin namespacéhatex-
posereflectionand configurationcapabilities. For example,with
theseprimitivesyou canretrieve an XML dumpof the stateof the




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)
Y Il #element('<td>','</td>")
8 #element('<td>','</td>") {
9 get(@title)

Y Il #element('<td>','</td>")
Y I #element('<tr>','</tr>")
} 1 for-each(#xml/books/book)
} I #element('<table>’,'</table>’)
} I #element('<html>’,'</html>")
} /I template(’books.html.etl’)

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

cachedURL-to-templatemappingor resetthat cache. Thesespe-
cial capabilitiesareonly availablewhentherequests properlyau-
thenticatedand authorized. To facilitate easymanagemenof the
sener, we implementeca webapplication(in ETL, of course)that
organizesand exposestheseunderlying primitives and integrates
thedocumentatioffor thesener (seeFig. 8). All senerparameters
are settablevia admin:*  primitives, andthe sener is configured
by executinga distinguishecktl-server-conf.etl templateat
startup.

To facilitatedehugging, ETLS supportsnumerousspecialURL
parameterseachprefixed with etl- , thatenablespecialprocess-
ing of the request.As with the specialprimitives, theseextra be-
haviours function only whenthe requestis authenticatecind au-
thorized. For example, ?etl-show-resolution suppressethe
normal responsedocumentand insteadgenerategan XML docu-
mentthat describeghe dynamiccall graphusedin servicingthe
request. Another parameter?etl-decompile can be addedto
a URL to requesthatthe sener dumpthe internal byte-compiled
representatioastheresponséseeFig. 9). Otherparameterssuch
as ?etl-no-random and ?etl-dummy-ads , simplify testingby
eliminatingsomemajor pointsof non-determinisnin templateex-
ecution.Thesecapabilitiesenormouslysimplify regressiortesting.

Although the specialet-*  parametersre very valuable,of-
ten single-steppinghroughcode or using breakpointsstill is the
bestway to track down specificproblems. To that end, we built
an ActiveX-baseddelugger (Fig. 10) that embedstself in Inter
net Explorerand communicatesvith the ETL sener via a sepa-
rate persistenfTCP connection. It supportssingle stepping(both
forwardsandbackwards)aswell asthe settingof breakpointsand
the inspectionof variablesandrequestparametersThe detugger
alsoprovidesa corvenientdisplaymechanisnfor tracemessages
(outputusingblitrace ) andotherwarningmessagethatwould
normally be sentto the standard-errooutput.

InfoSpaces productionweb tree containsover sixty thousand
ETL templatesandthe clustersof ETL Senerssene millions of
requestger day Marny of the currenttemplateswere generated
by a complex multi-stepautomatianigrationprocesdrom alower
level proprietarytemplatinglanguagethatpre-date€€TL. Theau-
tomatic migrationwas madepossibleby the fact that the preced-
ing languagetoo, wasvery restrictve on the languagdevel con-
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Figure10: The ETL debuggerhasfive main components:1) the
byte-codesbeing executed;?2) the presentationof the response
thus far generated;3) the addressand tool bars; 4) the warning
and trace message&onsole;and 5) the variable inspectionpane.

structsit afforded. However, thatlanguagelike ASPandJSRwas
text-based not markup-basedanduseda proprietaryandobscure
syntaxthatmadewriting toolsandanalyzingthe sourcecodeespe-
cially troublesome.

As partof migratingfrom ourlegag/ languageo ETL, we wrote
a lint-style checler to uncover ambiguitiesin the original source
templates. That script uncovered aboutforty-five thousandtotal
major warningsspanningaboutfourteenthousandemplatesthat
requireda humanto resole anambiguityor anerror. Fortunately
mostof the correctionsverestraightforvard andtheentireprocess
only took a coupleof monthsof backgroundwvork by our webde-
velopmentteams. The quantity of bugsfoundin the templatesof
thelegag/ languagesuggesthesubstantiahdditionalvaluethatthe
staticcheckingof ETL provides.

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

4. RELATED WORK

Earlier work, including JasaML, arguesthat XML addsmuch
value as a complementaryepresentatiorfior sourcecode[4, 29,
33,18]. ETL takesthenext stepandusesXML asthe primaryrep-
resentatiorfor a markuptemplatinglanguage—arapproachthat
proves especiallyworthwhile because¢emplatedevelopersare al-
readywriting markupdirectly.

XSLT [12] is the only populartemplatinglanguagethat usesa
restrictedanguagelUnfortunatelyit suffersfrom threefatalweak-
nessedor our intendedusagescenario: 1) its declaratve model
confuseglevelopersusedto proceduraprogramming?) it is a bit
too limited, often causingthe needto useit in conjunctionwith
a senerside scriptinglanguagesuchas JavaScriptor Visual Ba-
sic (in particular XSLT doesnot supportbuilding its datamodel
by doing web serviceor otherHTTP requests)and3) it lacksa



streamingoutputmechanismthuslimiting its applicabilityto large

incramentally-processablocumentsor situationswherethe de-

sireduserexperiencemakesit importantto sendsomeHTML over

thewire while theremaindeof processingccurs. XExpr [24] and

Xlnclude [20] aretwo otherlanguageshatusean XML represen-
tation but focuson domainseven morerestrictedthanthe markup-

generatingemplateproblemthatETL solves.

LAML [26, 25] hassimilar goalsto ETL, but takes an oppo-
site approach: LAML embedsthe simpler markuplanguagesn
Scheme,an especiallypowerful and expressie language. Each
markupelementhasa correspondingnirror procedureghatoutputs
theappropriateags,doesvalidity checking,andotherwisereflects
the semanticof the markuplanguage Thus,LAML getsmary of
the samebenefitsof ETL with respecto increasingthe probabil-
ity of generatingvell-formedmarkup.However, it usesthe syntax
of Schemes S-expressionsatherthanXML markup thusforgoing
the ability to leverageXML-basedtoolsfor analysis. Additionally,
the extra power of Schemas in directcontradictionof our goal of
reducingthe expressienessof the language.A similar approach
hasbeenappliedby embeddingnarkupin Haslell andCurry, two
otherfunctionallanguage$37, 22, 19].

<bigwig> is anothersignificantresearchproject[9] that has
similar goals. Thatwork addsa first classmarkup-fragmentype
to a conventionalprogramminganguage Thatsystemis moreag-
gressvein its verificationof thewell-formednessf markupvalues:
aniterative data-flav analysisboundshepossiblevalueswhichcan
thenbeconfirmedto bevalid [8]. As with theotherapproachethat
useageneral-purposkanguagethe benefitsETL providesin sepa-
ratingthe presentatiormetailsfrom back-endapplicationsarelost.

5. CONCLUSIONS & FUTURE WORK

The ExtensibleTemplatingLanguagequestionsa fundamental
assumptionthatthefront-endmarkup-generatingngineof amulti-
tier web applicationrequiresa general-purposprogrammingan-
guage. We designedETL by carefully choosingthe minimal re-
quired languageconstructs,giving those featuresan XML syn-
tax, and permitting them to be intermingleddirectly with literal
markup.Limiting the power of thetemplatinglanguageorcesim-
proved separatiorof front-endpresentatiordetailsfrom back-end
applicationlogic. Additionally, ETL is simplerthanothertemplat-
ing languagesexposinga unified XML datamodelandintegrating
cleanlywith moderninternetandweb standards.

By leveraginga 100% XML syntax,we make analysesndtools
especiallyeasy In particular we shav how the structureof the
sourceprogramcanbe usedto reducethe probability of generating
ill-formed or invalid responsalocuments.We introduceda novel
useof pairsof attributes,calledslots,to improve the type-safetyof
theXML syntax.ETL alsocontritutesataxonomyof XML whites-
pacealongwith rulesfor finer-grainedcontrolof which whitespace
is significant. To supportextensibleabstractionsETL usesXSLT
asarewrite enginefor macro-like custom-tagsWe have overayear
of experiencaunningETLS in productionandit senesmillions of
requestperday

While developingETL, ournovel usesof XML exposedacouple
of limitationsin importantweb standardsFirst, ETL’s slot syntax
would bemorepreciselyvalidatedby the XML ScheméeDefinition
languageif XSD supportedbettercontrol over setsof attributes.
Thereis currentlyno way to expressthe notionthatexactly oneof
a pair of attributesmustbe given, thusour systemmustcheckthis
constraintprocedurally Secondwe have found limitationsin us-
ing XSLT for sourceto sourcetransformation®f ETL templates.
A templatedevelopermaycareaboutnon-infosesyntacticartifacts
suchasnewlines betweenattributes,but XSLT discardshosede-

tails[40].

Thusfar, we have beensatisfiedwith increasingour ability to
catchmarkuperrorsstatically Enablingprovably well-formedre-
sponsedocumentss a noble goal andtime will tell whetherour
needswill justify applying<bigwig> ’slessons.Anotherinter
estingareafor future work is usingPerl-like taint checkingon in-
putvariablesto improve the securityof the sener. Combinedwith
senerintegratedsupportfor input parameteintegrity andvalida-
tion, thesefeaturescould defeatmary attackg34].

Over the coming months,we expectto learna greatdeal from
theincreasedisageof the ExtensibleTemplatingLanguageandits
sener, but alreadyETL andETLS have beenanenormoussuccess
in revitalizing the InfoSpaceplatform.
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