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1 Intr oduction

XML hasbecomethe prime standardor dataexchangeon
theWeh To exchangedatacurrentlyresidingin databases,
one needsto publish it in XML, i.e, to extract datafrom
the databasend transformthe datainto an xmMmL format.
In practice datapublishingis oftendonewith a predefined
“schema”. A communityagreeson a certainschemaand
subsequentlgll memberof thecommunityexchangeheir
dataw.r.t. the predefinedschema,by ensuringtheir pub-
lished (target) xML datato conformto the fixed schema.
This is called schema-directed xmL publishing. Theneed
for this is particularlyevidentin biological dataexchange
andservicesHowever, it is nontrivial to ensurehatthetar
getxML dataconformsto agivenschemaThedifficulty is
introducedby, amongothers,recursionin atargetschema,
whichis commonin, e.g., biologicalontologieq7].

With xML publishingalsocomegheincreasingheedfor
maintaining target XML data. The underlyingsourcedata
often changesand evolves, andthe sourceupdatesshould
bereflectedin its xmL targetaccuratelyandefficiently. A
naie approaclwould beto recomputehexML targetfrom
scratchin responseo sourcedatachangesThisis notvery
realisticin mary applicationswhere xmL publishingin-
volves voluminousdataand may take hoursto complete.
Thissuggestthatoneneedgo dealwith updatesncremen-
tally: propagtetheupdategrom thesourcedatatoits xmML
targetwith minimal recomputation While this is reminis-
centof traditionaldatabas&iew maintenanceincremental
updatesaremorechallengingfor hierarchicalandpossibly
recursve xML views constrainedy a predefinedschema.

In responsdo the needwe proposeda nen approach
for schema-directegublishingof relationaldatain xmL,
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baseddnthenovel notionof attributetransformatiorgram-
mars(ATGs [3]). ATGs provide guidanceon how to define
views conformingto target schemag¢bTDs) andbetterstill,
they automaticallyensureschemaconformance.We also
developedan incrementalalgorithmfor maintainingxmL
views producedby ATGs [4], basedon new incremental
computationtechniquedhat capitalizeon the hierarchical
structureof XML dataanduniquefeaturesof ATGs.
Recentlywe have implementeda middlevare system
that supportsboth schema-directed ML publishingbased
onATGs, andincrementalipdate®f XML views createdoy
ATGs. We have alsobeendeplgying andevaluatingthe sys-
tematthe EuropearBioinformaticsinstitute(esi). Ourex-
perimentalresultsarepromising: our systemis capableof
efficiently publishingreal-life biological data(in the order
of GigaBytes)andguaranteeinghe XML viewsto conform
to predefinedrecursve) DTDs; morewer, our incremental
updatealgorithmoutperformshe recomputatiorapproach
by two ordersof magnitude.The systemwill possiblybe
adoptedy EBI in thenearfuture. To the bestof our knowl-
edge,it is thefirst practicalsystemthat supportsschema-
directedxmL publishingandincrementalipdates.
Takingreal-life datafrom GeneOntology[7] (G0), this
paperdemonstratefiow this systemcan efficiently pub-
lish the Go datain xmL w.r.t. a predefinedrecursve DTD,
and how it incrementallyupdatesthe taget xmL datain
responsé¢o changedo theunderlyingGo database.

Related work. Although a numberof xmL publishing
systemshave beendeveloped(e.g., [5, 8, 6, 9, 10]), none
of thesesystemgakes schema-conformandato account.
Type-checkingapproachego DTD conformanceare im-
practicalsincetype checkingof transformationseven for
simple DTDs, is computationallyintractablefor extremely
restrictedviews and undecidablefor realistic views [1].
Worsestill, type-checkingdoesnot provide ary guidance
onhow to repairanxmL view thatdoesnottypecheck.
The notion of ATGs was proposedn [3] andtheincre-
mentalupdatealgorithmwas developedin [4]. However,
thework in this paperis thefirst effort to fully implement
ATGs andincrementalipdatescombinethemin a uniform
system,andto verify the effectivenessof the techniques
in real-life applications. Furthermore,in our implemen-
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Sourcerelational schemaR:
pri mary_terns(go.id,
terns(go.i d, nane,
ancestors(parent_id, child.d)
mai n(proteinid, name, source)
protei n2go(protein.id, go.id)

TargetDTD Dy:
<! ELEMENT db
<I ELEMENT term

name,
updat ed)

updat ed)

(ternt)>

(children, id, tnane,
updat ed, proteins)>
<! ELEMENT children (ternt)>
<! ELEMENT proteins (protein*)>
<! ELEMENT protein (pnane, pid,

/* #PCDATA is onmitted here. */

source) >

Figurel: Exampleof a sourceschemaandatargetDTD

tation we developednew optimizationideasthat were not
exploredby [3, 4]. Anotherextensionof ATG wasproposed
in [2] for integration,whichis not partof thisdemosystem.

2 Schema-DirectedPublishing

The problemof schema-directed publishing canbe stated
asfollows: givenabTD D, to defineaview ¢ for relational
database$ suchthato (1) isanxmML documentonforming
to D. We conductschema-directedublishingby meanf
Attribute TransformatiorGrammargATGs [3]).

GivenanarbitrarytargetDTD D, anATG definesaview
asfollows: (1) For eachelementtype A in D, it defines
avariable$ A; intuitively, eachA elementn an XML tree
is to have a variable$ A, which containsa singlerelational
tupleasits value. (2) For eachelementypedefinition(pro-
duction) A — « in D, whereq« is aregular expressiont
specifiesa setof semantiqulessuchthatfor eachelement
type B in «, thereis a rule for computingthe valuesof
$B via sQL queriesithe queryis treatedasa functionthat
may take $A asa parameter Given a relationaldatabase
1, the ATG is evaluatedtop-davn: startingat the root el-
ementtype of D, evaluatesemanticrules associatedvith
eachelementypeencounteredandcreatenodedollowing
theDTD to constructhetargetXML tree.Thevaluesof the
variable$ A areusedto controlthe construction.

As anexample,considermpublishing(simplified) Go [7]

datain xmML. TheGo datais storedin arelationaldatabase,
which, asshawv in Fig. 1, consistf threerelationsfor Go
terms: pri mary_t er mstoresthe Go i d, nane andthe
date of the last updatefor eachprimary term; similarly
for othert er ms; asa term may be composedof other
terms,the compositionhierarcly is givenby theances-
t or s relation(keys areunderlined).Thedatabas&asalso
two relationsfor proteins: mai n specifiesthei d, nane
andsour ce of eachprotein;andpr ot ei n2go tellshow
t er meandpr ot ei nsarerelated.

Now onewantsto constructa target XML documentl’
that containsall the primary termsimmediatelyunderthe
root, alongwith their compositionhierarcly andthe pro-
teinsthey arerelatedto. Furthermore?’ is requiredto con-
form to the DTD D, givenin Fig. 1. Obsene that D, is
recursive: at er mmay have othert er ns asits children;
thisleadsto XML treesof unboundediepths.

An ATG o specifyingthe publishingis shovn in Fig. 3.

db

term term term
children id tname updated proteins
term  term term protein protein

chilfren id tname updated prciteins pname pid  source

Figure2: An XML treeconformingto D

Whenbeingevaluatedoverthe Go databasery producesa
target XML treeT asdepictedn Fig. 2, asfollows.

(2) It first createshe root element,db, andthentriggers
the rules associatedvith the productiondb — t ernt.

Obsenre that the productioncontainsa Kleene star; thus
thereis no boundon the numberof thet er mchildrenof

theroot. Thesechildrenare determinedoy the evaluation
of the sQL query@, over the Go databasewhich returns
all thepri mary t er mtuples. For eacht of thesetuples,
at er melements createdasa child of theroot, carryingt

asthevalueof its variable$term. Theoperator' <" in the
rule denotegheiterationfor generatinghet er mchildren,
correspondingo theKleenestar

(2) At eacht er melement, thexmL treeT is expandedy
generatinghechildrenof ¢. In contrasto thelastcasethe
productionfor t er mtells us that ¢ hasexactly five chil-
dren: chi l dren, i d, nane, updat ed andsour ce.
The variablesassociatedvith thesechildren are assigned
valuesextractedfrom fields of the parentvariable$term,
e.g., $children inheritsthevalue$term.go_id.

(3) At eachchi | dr en elementc, thetargettreeT' is fur-
ther expandedas follows. The sQL query @5 finds the
go_ids of all thechildrentermsof ¢ fromtheancest or s
relation,by using$children.go_id asaconstanparameter;
it thenextractstuplesfrom thet er mrelationusingthese
go_ids. For eacht’ of theseuples,at er mchild of cis cre-
atedcarryingt’ asthe valueof its variable,andthet er m
nodeis in turn processe@sdescribedn (2).

(4) Similarly, at eachpr ot ei ns child p of t er m¢, the
SQL query @3 extractsall the pr ot ei n tuplesrelatedto
t from the mai n and pr ot ei n2go relations, by using
$proteins.go_id asa constant.For eachof thesetuplesa
pr ot ei n child of p is generatedwhosechildrenarein
turn createdasdescribedn (2).

Steps(2) and (3) are repeateduntil the tarmget tree T’
cannotbefurtherexpandedi.e.,, whenall thet er nsatthe
leaves of T" are no longercomposedf othert er ns. At
this pointthe evaluationof the ATG is completed.

ATG hasseveral salientfeatures.First, whenthe evalu-
ation of an ATG terminatesthetarget xmL treegenerated
is guaranteedo conformto its embeddedTD. Secondit
adoptsa data-driven semanticsthe expansionof an XML
treein therecursve casearedeterminedy thesourcedata.
Third, it is easyto use ATGs to specify schema-directed
XML publishing.The bTD productiongprovide a guidance
on how to write semantiaulesto expandthetreethatcon-
formstotheDTD. Thereis noneedo learnanew language:
onecanwrite ATGs aslong asshe/heknows sQL andDTD.
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db — term*
Q1: $term— select go.id, nameupdatedfrom primary.terms

term — children, id, thame, updated, proteins
$children= $term.gaid,  $id = $term.gaid,
$tname= $term.name,  $updated= $term.updated,
$proteins= $term.gaid,

children — term*
Q2: $term«— select t.go.id, t.namet.updated
from ancestors, termst
where $children= a.parentid and a.child.id = t.go.id

proteins — protein*
Q3: $protein— select m.namem.proteinid, m.source
from protein2gop, mainm
where $proteins= p.gaid and
p.proteinid = m.proteinid
protein — pname, pid, source
$pname= $protein.name, $pid = $protein.gaid,
$source= $protein.source

Figure3: An exampleATG o
3 IncrementalUpdates

Theincremental update problemfor ATGs canbe statedas
follows: givenan ATG o, arelationaldatabasd, the xmL

view T' = o(I), andchangesAT to 7, to computexML

changesAT to T suchthatT & AT = o(I & AT), where
the operator® denotegshe applicationof theseupdatesin

contrastto recomputinghe new view from scratch,ncre-
mentalupdateof ATGs improvesperformancedy applying
only thechanges\7' to theold view 7.

Our incrementalalgorithm[4] is basedon a notion of
AATG. A AATG Ao is staticallyderived from an ATG o
by deducingandincrementalizingsQL queriesfor generat-
ing edgesof XML views. In responséo relationalchanges
Al to the sourcedata, Ao computesxML changesAT
via the incrementalizedsQL queries,which yield a pair
of relations(E*, E~), denotingthe insertions(buds) and
deletions(cuts) of the edgesof the old XML view T, re-
spectvely. More specifically this is carriedout in three
phases(1) a bud-cut generation phase thatdetermineghe
impactof AI on existing parent-child(edge)relationsin
theold xML view T' by evaluatinga fixednumberof incre-
mentalizedsQL queries;(2) a bud completion phase that
iteratively computesnewly insertedsubtreegop-davn by
pushingsqQL queriesto the relationalbBMS; and finally,
(3) a garbage collection procesghat removesthe deleted
subtrees. It minimizesunnecessaryecomputationvia a
novel cachingstratgy suchthat eachnew subtreein the
XML view is computedat mostonceno matterhow mary
timesit occursin the xmL view, and moreover, it maxi-
mally reusessubtreedn the old XML view. The caching
stratgy is basedon the subtree property of xmL dataand
ATGs. eachsubtredn anxML view generatedby anATG is
uniquely determined by the tuple-\alue of the variableas-
sociatedwith the subtreeroot. This allows usto efficiently
identify andreuseexisting subtreewia a hashtable.

As anexample,considerchangeg\ I to theGo database
I thatmodify theancest or s relationsof t er ns, which
can be understoodas group updates consistingof inser
tions and deletionsof multiple ancest or s tuples. Re-
ferring to the xmML view T of Fig. 2 generatedy o (1),

the correspondingkML changesAT arecomputedasfol-
lows. Thebud-cut-generatiophasegeneratea setof cuts
tothe(chi | dren, t er m) edgesof T, aswell asa setof
budsN:ern consistingof the newly insertedt er mtuples,
in responsdo A/. It thendeletesthe edgeof the cuts,
and createsa t er mnodefor eachtuple in Nye.,, along
with edgesfrom the root db or chi | dr en elementsto
theset er ms. Then, the bud-completionphasegenerates
the subtreedor thesenew t er ns, maximumlyreusingthe
subtreeghat have beencomputedor are alreadyin 7' by
capitalizingon the subtreeproperty Finally, afterthe sub-
treeareconstructedthe garbagecollectionprocessunsin
thebackgroundo remove the subtreesleletedby the cuts.
Notethatthe physical deletionis delayedsuchthatthe re-
movedsubtreeganbereusedn thebud-completiorphase.

Anothersalientfeatureof the incrementalalgorithmis
thatit computesAT in parallelwith the updatingprocess
of T"with AT'. More specifically eachiterationin thegen-
erationphasecomputesAT to acertaindepthbeloy newly
addedbuds, andthus partial resultsof the new xmL view
canbereturnedto the usersbeforethe computatiorof AT
is completedihis allows lazy evaluation that overlapsthe
view updateprocesswith clientaccess.

4 SystemAr chitecture

Our middleware supportstwo evaluationmodes: publish-
ing andincremental updates. SeeFig. 4 for its architecture.

In the ATG-basedxmL publishing mode, the system
takesan ATG o anda sourcerelationaldatabasd asinput
andgeneratesi targetxmL view T' = o(I) thatconforms
to theDTD embeddedn o. Specifically it parsess, gener
atesa queryplanfor evaluatingthe sQL queriesembedded
in o, andpusheghe sQL queriesdown to the underlying
DBMS to extract datafrom the sourcel. The systemhas
fully implementedthe optimization techniquesproposed
in [3], including querycompositionto reducecommunica-
tion costbetweerthe middlevareandthebBMS. The xmL
view T’ is storedin a subtregpool with ahashtablebuilt on
top of it, leveragingthe subtreepropertydescribeckarly

In the incrementalupdate mode, the systemaccepts
SQL updatesand a handle(hame)for an ATG o (seealso
Fig. 5(a)); it thenconductsthe relationalupdatesderives
Ao, evaluatesAo usingourincrementahlgorithmto com-
putexmL changeso thecorrespondinggML view, andup-
dateghesubtregoolandthehashtableaccordinglyasde-
scribedin the lastsection.Alternatively, the systemallows
theunderlyingbems to functionindependentlyandaccept
updates;an update monitor (not exploredin [4]) detects
sourceupdatesandtriggersour incrementalalgorithmto
propa@tethechangedo XML views automatically

Theuserinterfaceof thesystems shovnin Fig. 5(a). In
awindow onecanselectanddisplaya sourceschemaand
anATG; thesystemalsosupportsaninterfacefor accepting
SQL updatesandfor the choiceof ATG publishingor in-
crementaupdates.A graphictool is providedto facilitate
ATG design. OutputxML datais browsedby poppingup
anothewindow (Fig. 5(b)).
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Graphical User Interface

] - - — - publish

Delta queries AATG Incremental
generation update
algorithm
cremental maintenance [}
~sQL
Evaluation Query : N
optimization Ay composition B : ;
- SQLi : | update
Publishing S mgnitor
,,,,,,,,,,,,,,,,,,,, . v

GO: Gene Ontology Database at EBI

incremental

i
' aT : AT
! .
y |
L S —
View T
hash index Subtree
for subtrees pool

Relational
updates &1

Figure4: Systemarchitecture

a Directed P g and —_0Ox

ei/Dev/ATG/files/demo.dat | v | Target Schema: |/home/xibel/Dev/ATG/files/di| v | | Edit

Source Schema -
primary_terms {go_id. name, up -
terms(go_id, name, updated) |% term E children
ancestors (child_id, parent_id) :
main (protein_id, name, source id
protein2go (protein_id, go_id) tname
updatec

[ »
Database Interface
insert into| protein2go -

proteins yM protein B pname String
select o~
SELECT m.name, m.protein® id. m.source FROM i
from|all_protein2ge | protein2go p, main m WHERE $proteins = p.go_id ng
where and p.protein_id = m.protein_id String
delete from| protein2go bl 5
veners Graph | Attributes | Rules
Run Clear
Status Information:
XML Interface Graph Legend: =
Bublish Update means | * >

(a) Visualuserinterface

XML Tree before updating

XML Tree after updating

</protein= - </protein= -
<protein= <protein=
<pname=P10883</p <pname=399999<,
<pid=1405</pid> <pid=999999.</pid:
<source=IPRO</s0L <source=IPRO</s
</protein> </protein=
=/proteins= </proteins>
</terms= </term=
<fchildren> <fchildren=

<id=GO:0003674</id=
<tname=molecular_funct

<id>GO:0003674-</id>

<thname=molecular_functic

<updateds>2001-03-30 04:2 <updated:=>2001-03-30 04

<proteins/= - =zproteins/= =
3 A 3

(b) XML databeforeandafterupdates

Figure5: Userinterface

5 Demonstration Overview

Thedemonstrationwill shav thefollowing.

Schema-diected publishing. To illustrate the main as-
pectsof ATG-basedxML publishing,we shav how to pub-
lish GeneOntology(Go) datain XML w.r.t. predefinede-
cursive DTDs via ATGs. We demonstrat¢hatour systemis
efficientwhendealingwith thereal-life data.

Incremental updates. To verify the effectivenessof our
incrementalalgorithm, we shav how sourceupdatescan
be efficiently propagtedto xML views createdoy ATGsIn
contrastto the recomputatiorapproach:the former takes
seconddo evaluatewhile thelattertakesminutes.

Aids to ATG specification. We provide a graphicuserin-
terfaceto facilitate ATG design(Fig. 5(a)). An ATG is de-
pictedasa graph,in which eachedgerepresents parent-
child relationin a productionin the target bTD. Clicking
onthe edge,atext window displaysthe correspondinge-
manticrule andallows the userto displayandedittherule.

Aids to answer analysis. We also demonstrategraphic
toolsfor viewing the publishedxmL data,andfor illustrat-
ing updatepropagationfrom sourceto targetby comparing
XML views beforeandafterupdategFig. 5(b)).
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