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ABSTRACT

We address the problem of eflicienily construcling ma-
Lerialized XML views ol relational databases. In our
sciling, the XML view is specilicd by a query in the
declarative query language of a middle-ware system,
called SilkRoule. The middle-ware system evaluales a
query by sending one or more SQL queries Lo Lhe Lar-
gel relational database, integrating Lhe resulling tuple
streams, and adding the XML tags. We locus on how
Lo best choose Lhe SQL gueries, withoul having control
over Lhe target RDBMS.

1. INTRODUCTION

AML is the universal data-exchange format belween
applications on Lthe Web. Mosl existing data, however,
is stored in non-XML database systems, so applications
typically converl data into XML [or exchange purposes.
When received by a larged application, XML dala ean
bt re-mapped inbo Lthe application’s data structures or
targel dalabase system. Thus, XML often scrves as a
language [or delining a wiew of non-XML daia.

We are inlercsted in Lhe case when the source data
is relational, and Lhe exchange of XML dala is belween
separale organizalions or businesses on Lhe Web., This
seenario is common, becanse an important use of XML
is in business-lo-business (B2B) applicalions, and mosi
business-critical data is stored in relational database
syslems [RDBMS). This scenario is also challenging, be-
cause Lhe mapping [rom the relational model Lo XML is
iIIJ‘I[’?I‘l!‘IILI_}" complex and Ty b dillicult Lo compute ef-
licicnily. Relational data is latl, normalized (3NF), and
iLs schema is oflen propriciary.  For example, relation
and attribule names Iy refer Lo a i_‘.l.’nupz’l.u:,"ﬁ inlernal
organizalion, amd this information should nol be ex-
posed in the exported XML data. In conlrasit, XML
daia is nesited, unnormalized, and ils schema (eg., a
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DTD or XML Schema) is public. The mapping [rom
Lhe relational daia to XML, Ltherelore, usually requires
nested queries, joins of mulliple relations, and possibly
inlegralion of disparale dalabases.

In Lhis work, we address Lthe problem of evaluating
clliciently an XML view in Lhe contexi of SilkRoule [5],
a relational Lo XML middle-ware system. In SilkRoule,
a relational to XML view i specilied in Lthe declar-
alive query language RXL. An BXL guery has con-
strucls [or data extraction and lor XML construclion.
We are inleresied in the special case of malerializing
large RXL views. In praclice, large, materialized views
may be alypical: ofien the XML view is kepl virinal,
and users’ queries exiracl small ragmenis of Lthe enlire
XML view. For example, SilkRoule supporls composi-
tion of wser-defined queries in XML-QL [4] and virtual
RXL views and translates the composed queries inlo
SQL. SilkRoule's query composition algorithm is de-
scribed elsewhere [5]. Our goal is Lo supporl dala-exporl
or warchousing applications, which reguire a large XML
view of Lhe entire database. In Lhis ease, compuling Lhe
AML view may be cosily, and query oplimization can
yield dramatlic improvements.

Shanmugasudaram el al. [9] evaluale experimentally
a varicly of approaches for publishing XML data in a
relational query engine. In our scenario, the XML doc-
ument delined by an BRXL view Lypically exceeds Lhe
size of main memory, Ltherelore, Lhe sorled, ouler-undon
approach |9 best suits our needs. This approach con-
structs one large, SQL query [rom Lhe view query; reads
Lthe SQL query’s resulling Luple stream; and Lthen adds
XML tags. The SQL guery consisis of several lefi-outer
joins, which are combined in ouler unions. The resuli-
ing Luples are sorted by the XML clement in which Lhey
oceur, s0 Lhal the XML tagging algorithm can execule
in constant space 9. SilkRoute initially used a more
naive approach, in which ithe view query was decom-
poscd inlo mulliple SQL gueries that do nol coniain
ouler joins or ouler unions. Each resull is sorted Lo
permil merging and Lagging of Lthe tuples in constant
space. We call Lhis Lthe fully pariilioned siralegy.

This work makes iwo conlributions. First, we show
experimentally Lthat neither of the above approaches is
oplimal. This is surprising [or Lhe sorted ouler-union
sirategy, becanse only one SQL query is generaled, and
Lherefore has ithe greatest polential for oplimization by
Lhe RDBMS. In cxperiments on a HOMB database, we
found that the outer-union gquery was slower than Lhe



Supplier (*suppkey, name, addr, nationkey)
PartSupp(*partkey, suppkey, awvailqgty)
Part(#partkey, name, mfgr, brand, =zize, retail)
Customer (#*custkey, name, addr, nationkey, ph)
Lineltem{*orderkey, partkey, suppkey, lmo, qty, prc)
Orders{*orderkey, custkey, status, price, date)
Hation{*nationkey, name, K regionkey)
Region(*regionkey, name)

Figure 1: Fragment of TPC-H Schema

queries produced by Lthe [ully-partitioned strategy. We
found Lthat Lthe oplimal strategy generates mulliple SQL
queries, bul fewer Lthan the Mully partitioned sirategy,
Ltherefore Lthe oplimal SQL gueries may conlain ouler
Joins and ouler unions. XML tagging still uses constani,
space, becanse il merges sorbed tuple streams. The op-
Limal siralcgy execules 2.5 Lo 5 Limes [asier Lthan the
sorled ouler-union and [ully-partitioned sirategies.

Given Lhis finding, we wanl Lo devise an algorithm
for decomposing an RXL view query inlo an oplimal
sel of SQL queries. This problem is complicated by two
issues.  First, the RXL view query may be large, be-
canse il construcls an XML document and, Ltherelore, is
as complex as the outpul schema. Puablic DTD's have
up Lo several bundreds clements and several Lthousand
allribules, Lthereflore Any program or query gencraling
XML documenis for those DTDs must have a compa-
rable complexily [7]. This rules out exhanslive-search
sirategies like the dynamic-programming algorithm of
System R [B]. Second, our algorithm must [unclion
in a middle-ware system, and, therelore cannol rely on
RIDBMS-specilic heuristics.

Our second contribution is a greedy oplimization al-
gorithm [or the XML view-evaluation problem. The
algorithm decomposes a RXL query inlo a sel of SQL
queries. The scarch algorithm is guided by estimaeles of
query cost and data siee provided by the RDBMS. We
cvalualed ihe algorithm on lwo views ol the TIPC/H
database and found thal, [or bolh views, il generated
the oplimal stralegics.

2. MOTIVATING EXAMPLE

We motivale Lthe problem of eflicient generation of
XML views from databases with an example. 'We use
the TPC Benchmark 'H' database [11], which conlains
information aboul parts, the supplicrs of Lthose parls,
customers, and Lheir parl orders. Fig. 1 conlains a [rag-
ment of Lhe dalabase’s schema specified in datalog syn-
tax. Key altributes are denoled by the ™ prefix. For
example, the Supplier relation has [our attribules and
iLs key is Lhe suppkey allribute.

We assume Lthat information in Lhis database needs
Lo be exporied in Lhe lormal determined by ihe DTD
in Fig. 2. This DTD specilics Lthe XML [ormal for the
cntire conlenls of Lthe TPC database. Each supplier
clement includes ils name, ils nation, Lhe geographi-
cal region of Lthe naiion, and a list of Lthe supplier’s
parts. Each part clement includes a parlt name and
a list. of orders pending for Lthe pari. Each erder ele-
ment includes an orderkey, Lhe associaled customer, and

<?xml encoding="US-ASCII"%#:>

<!ELEMENT suppliers (supplier#)>

<!ELEMENT supplier {(name, nation, region, parts)>
<IATTLIST supplier ID ID>

<IELEMENT name {#PCDATA) >

<!ELEMENT nation  (#PCDATA)>

<IELEMENT region {#PCDATA) >

<!ELEMENT part {name, order#)>

CIATTLIST part 1D ID>

<!ELEMENT order {orderkey, customer, cnation)>
<IATTLIST order ID ID>

<|ELEMENT orderkey (#PCDATA)>
<!ELEMENT customer {(#PCDATA)>

Figure 2: DTD of XML data about suppliers.

Lhe customer’s nation. The name, nation, region, and
customer clemenis all contain sirings.

To keep the example simple, we designed a DTD
Lhal [ollows Il-i:l'.-llr'rl“:" [rom Lhe relational schema, bul
in practice, Lhis may not be possible. DTDs [or dala ex-
{”.'hz’l.ngi? arc created h:.r agrecimenl hedween prarlners and
will nol maich each pariners relational schema exactly.
The DTD is also not unigque: a dillerent. IXTTD might be
specificd by a public consortium of paris suppliers Lo
provide accoess Lo order information [or Ltheir customers.
These requirements rule oul antomalic generalion of Lhe
DTD or of the mapping belween Lhe relational schema
and Lthe DTD.

In SilkRoule, the mapping [rom the relational schema
o the XML view is specilicd in BXL {Relational o
AML translormation Language). BXL combines iLhe
exlraction parl of SQL (Lhe from and where clauses),
wilth the consiruclion part of XML-QJL (the construct
clanse). Fig. 3 contains the RXL query mapping Lhe
relational data to an XML outpul that is valid with re-
spect Lo our DTD. As in SQL, the from clanse declares
luple variables Lhat iterate over Lables. In Lhis example,
$s is a luple variable Lthat ilerales over Lthe Supplier
Lable. The where clause contain condilions over Lhese
variables: [or example $s.nationkey — $n.nationkey
15 a join condition. The construct clause specilies an
XML [ragment, which may contain expressions over Lthe
Luple variables.

RXL has three [eatures Lhal support creation of arbi-
trarily complex XML structures: nested gueries, block
struclure, and Skolem linclions. Nested querics oc-
cur inside construct clauses o construcl sels of sub-
clements. The block structure permils independent. sub-
gqueries Lo construct dillerent sels of elemends, e, par-
allel blocks express union. For example, the oulermost
query in Fig. 3 has two sub-gueries delimited by block
boundaries {. ..}, cach consiruciing a dillereni sel of
clements. Skolem [unclions I:nm. illustrated hirrr::l CELI
be used Lo luse objects construcied by dillerent queries,
which is usclul in dala integration.

To evaluale the RXL query computing the XML view,
we muslh compule one or more SQL gueries Lo exiracl
and group Lhe dala lor the XML view Lhen add the XML
Lags. We [ocus here on gencrating the SQL queries.
Each sub-query in Lthe view delinition corresponds Lo a
SQL query, bul they are correlated, and it is unclear



from Supplier $a

construct

<gupplier> <name>$s.name</name>

| { from Nation $n

where %$z.nationkey = ¥n.nationkey

congtruct

<nation>$n.name< /nation>

| from Region $r
where $n.regionkey = $r.regionkey
construct <region>§r.neme</region> } |}

[{ from PartSupp Sps, Part spJ
where $a.suppkey = $ps.suppkey, |
$pe.partkey = $p.partkey

congtruct

<part> <pame>¥$p.name</name>

{ from LineItem $1, orderz %o

where $ps.partkey = $l._partkey,

$p=.auppkey = $1.suppkey,

$1.orderkey = $o.orderkey
construct
<order>

<orderkey>$o.orderkey</orderkey>
| from Customer %c
where $o.custkey = $c.custhkey

conatruct
<customer>§c.name</customer>

| from Nation $n2
where $c.pationkey =

02 . nationkey
construct

<cpnation>$n? . name</cnation’

) -};Inrd&r} }
</part> }]

{Iﬂuppliar}-

Figure 3: Query 1 : RXL view of TPC-H.

<supplier=
51(suppkev(l,1y) -
Supplier{suppley(L.1), _, _.
1 S
<nation= <part=
51 1{suppkay(1,1),name2, 17} -— 51 {zuppkey(1,1).pname(2, X)) -—

Supplier{supplcey(1.1). _ . _. mationkey), Suppben(suppkey(l 1), _. _. ],
Nation(nationkey, name{2,1), } PartSupp{partiey, suppkeyv(l, 13, 3.
Partipartkey, pname(2,2), . _, , )

Figure 4: View tree for query fragmont

how Lo pul them together. To illusirale, we use the
simpler RXL query contained in the boxes in Fig. 3.
The sel of all possible choices are best visnalized on
Lhe intermediate representation lor RXL gueries, which
we call a view bree. Fig. 4 depicis the view Lree [or our
simplificd BXL gquery. Each node eorresponds Lo an ele-
ment in one of Lhe construct clanses in the RXL query,
and is annolated by a non-recursive dalalog query Lhad
compules all instances of Lhal node in the outpol. XML
Il is also possible Lo derive [rom Lthe gueries the molii-

<supplier> <suppher>
i = i
-
<pation> <part= <pation> <part=
) (b)
<zupplier> <supplier>
»
. . -
<nation> <parf> -<nation> <part=
{ch {d}

Figure 5: Execution plans for query fragment

plicilies of ithe parent/child relationships, which are in-
dicaled by Lhe labels 1 and #: Lthe 1 belween <supplier>
and <nation> indicates Lhal each <supplier®> clement
in Lhe oulpul XML document will have exactly one child
ol lype <pation>, and Lhe * belween <supplier> and
<parl> means Lhad <supplier> may have zero or more
many children of Lype <part>. Sec. 3.5 describes how
Lo derive the mulliplicities antomaltically.

The view tree makes it clear how Lo generale queries.
A "1 labeled edge requires an inner join, while a * re-
quires a left ouler join. Henee, Lhe view Lroe corresponds
Lo Lthe [ollowing SQL query:

salect s.suppkey, n.name, [.partkey, [.name
from Supplier s, Nation n
whare s.nationkey = n.nationkey
laft outer join
(select ps.suppkey as suppkey, p.name as pname
from PartSupp p=s, Part p
where ps.partkey = p.parthkey
) as Q

on s.suppkey = [.suppkey
order by s.suppkey

We need an ouler join becanse Lthere could be suppli-
ers withoul paris, and they need Lo appear in the XML
document. The erder-by clause groups tuples [rom Lhe
same supplier togelher and allows Lhe Lagger Lo con-
struclt Lhe <supplier> clement using little memory.

We call the above guery a “unilied” translation, be-
canse il corresponds Lo Lhe entire view Lree and produces
one relation. IU s equivalent Lo the sorted owler undion
query in [9]. This is nol ihe only choice. We can splil
Lhe view Lree inlo connecled components, and generate a
separale SQL query for cach such component. Fig. 5 il-
lusiraies how io do Lhis systemalically: (a) corresponds
Lo the query above, while (b), (c), and (d) are three al-
Lernative ways Lo parlilion Lhe view Lree into connecled
components. Each produces a sel of SQL gueries. For
example, plan {b) resulis in the two SQL gueries:

salect s.suppkey, n.name
from Supplier s, Nation n
whare sS.nationkey = n.nationkey



